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SUMMARY 

I. Title 

A Study on the Isolation of Bioactive Substances from Sponges 

II. Objective and Significance of the Study 

Sponges (phylum Porifera) have been widely recognized as the most prolific 

sources of structurally unique and biologically active marine natural products. 

Since the chemical investigation of marine organisms has begun a few decades ago, 

sponges have been regarded as one of the most important target organisms. 

'-Jumerous bioacti ve metabolites have been isolated from these ani ma! s. Several 

compounds are currently in the clinical trials and expected to be commercially 

available in near future. In addition, sponge metabolites possessing unique and 

unusual bioactivity are frequently used as probes for pharmacological and 

biochemical researches. Leading countries are even pursuing the large-scale 

cultivation of sponges for biomedical purposes. Consequently, almost half of 

recent pub! ications on marine natural products chemistry as we! 1 as related 

chemical and biomedical sciences are on the metabolites of these animals. Due to 

the tremendous academical and industrial potentials of their metabolites, sponges 

are expected to be among the most important organisms for both basic and applied 

biomedical researches for a long time in the future. Despite the great abundance 

of these animals, however, sponges of Korean waters have been virtually neglected 

for biochemical investigation. 

The ultimate objective of this research is the development of novel natural 

products possessing potent and/or unique bioactivity from sponges. In the 

meanwhile. technical progress is es tab! ished on the whole precesses of marine 

natural products chemistry. To achieve this goal, secondary metabolites have been 

systematically isolated and structurally elucidated. In addition, diverse 

bioactiv1ties have been tested for natural and semi-synthetic sponge metabolites. 
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ID. Contents and Scope of the Study 

Sponges have been collected from several locations of the South and East Sea, 

Korea. In addition, tropical and cold-water specimens have been obtained either 

directly or through collaboration with foreign institutions. Target specimens 

have been selected by screening using bioactivity tests and chemical analysis. 

Secondary metabolites have been isolated from selected samples by utilizing 

various chromatographic techniques guided by bioactivity. Structures of natural 

products have been determined by combined chemical and spectral methods. Novel 

natural products have been extensively tested for bioactivity. 

IV. Results of the Study 

Sixty-seven species of sponges have been collected from the offshore of 

Baekdo Geomundo, Jaejudo, and Ulleungdo by skinSCUBA diving. Eighteen species of 

these animals from Guam and Pohnpei of tropical Paci fie have been col Jected 

through international collaboration. In addition, a few specimens have been 

col \ected from Antarctica. In total, specimens of more than 470 kg have been 

obtained for chemical analysis. 

2. Based upon the results of bioactivity tests including antimicrobial, 

cytototoxic, enzyme-inhibitory, and DNA-cleaving activities as well as 

brine-shrimp toxicity and chemical analysis of the crude extracts, six species of 

sponges have been selected as primary target specimens. 

3. Fourty-two secondary metabolites including twenty-nine novel compounds have 

been isolated from the selected animals by extraction and various chromatographic 

methods. Structures of these compounds have been determined by combined chemical 

and spectral methods in particular utilizing multidimensional NMR techniques and 

total synthesis. Novel compounds belong to diverse structural classes such as 

sesquiterpenoids, epidioxysteroids, polyacetylenes, acetyJenic glyceryl enol -

ethers, bis( indol e) imidazoles, bi sguanidi ne and indol izidine alkaloids, 

bromotyrosine- derived alkaloids, and biphenyl alkaloids. 

4. Extensive bioactivity tests revealed that several of novel compounds 

possessed potent and diverse bioactivities such as antimicrobial, cytotoxic, 

RNA.-cleaving activities as well as inhibitory activity against PLAz, 

Na' 1K' .\TPase, and reverse transcriptase(RT). Currently several compounds are 
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investig3ted in research institutions for in vivo activity and their mechanisms 

of acti,m. 

V. Conclusion and Discussion 

This research has unambiguously demonstrated the biomedical potential of 

sponges from both Korean and tropical waters. In addition, it has successfully 

proved the possibility of independent and qualified research on marine natural 

products in Korea. This research has provided a solid foundation for extensive 

chemical investigation of marine organisms and development of marine-derived 

drugs. 

The techniques developed during this study particularly those for isolation 

and structure elucidation of organic compounds and bioactivity test wil I be 

utilized in research on many related fields including chemistry, biochemistry. 

biomedical sciences, and chemical ecology. Biochemical information on sponges 

obtained by this study wi 11 be also avai I able for similar studies. ~ovel and 

bioactive metabolites isolated from sponges will be further studied for 

development of new and potential drugs_ In particular, some natural products 

and their analogues will be synthesized for this purpose. 
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%21::C 'd- 0 1~ -'i'-'1'.~ 7f~ '/lell/'ll '\J¾!-'ll£ 'l!-?JY ~ 0 1 ~',!Al {!cf. 

7.l ~ aJ .2.:s'c •HI'!%-% :s'c.!/-tj 'ii ell/'ll ¾!-'ll £ ❖¾, -'i'-'1'.¾ 7,;l 'l/ -Of 2 .el · "s~aJ 0 1 
%7t~"8~ 1hl'~~t::: ~ ~-=t-::: ~;;tfl ~"cl-,.,fg.<>11 ,Y.£. ~tt5:lo-J 1.l::: ~1-fl2-I 7J,e it. 
~. 9::1~ ~91%~-=t-~ t:flAJAg%9.J 't.j-t:flZj- 9::1.:it?tr9.l -$JAJ-£ %£~tni %71!}~. ~. 
~~. Ag~· ~EH~ % ~~~¢]:~ 91.:it<>ll lM?~~ 1}.!i!_.2.}- '?:°!-=iL?tJ~ ~1-:g.~t.2 '6J.fE-l 
i:ff.;J-5' 'll-'i'-2\>11~ ~I~ 7J'li 0 1 "lol ~•H "}1faj.2.:s'c 4~'92 91::C 'il-%"f~.-J 1H'l!2f 

'\!'ll'tr~.el •J~<>!l5'. 7jojy ~ojcf. 
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?~ '<'-i'-~ "'1 ~ :z\>11 '11 "" ·•ff\'! %%-"'-'i'-"1 11 ,1 ~'1l %'ii ?-½'l'! 'i'-' .ei r"l-"l '11 
~.£::: r:} 0Jtt <5ff~%~~-¥-Ei {_}~~£ ?-½ii}o:j {!-~~ 7H~7}i:f"AJ£ ~".Jji}:::r.~] 9J. 
cf <e \'!'f-"IIA]::: 'll'l/"l'U \'i"IIA1 20 ¾ olAJ.ej "1%'ll-£ ~.ll:-"' -of_:;i_ 'l).2-oj \'!-i'-<H 

AJ~~~ ~A} 2J 2.000 oJtf}~ ~~ f'r-7]%~o]r:}. 7J½~<tl ~tt!oJ]Ai ~ 'B..:;t~ ~-$-] 

::: A].li.9.J :i:flijojJAi t!'B%E-l ~2.1, ~~ ~1. ~2.]~-'8.9.J ~~ % ~H.!~11 ~'B% 
'?::! 7'-.9.J qg ~ £ uJt'.}tf} 2 ';.l..Q..of t:ff -¥-~.9.J ~ -=;1-2}~ ~ A};\J] ~ .Q.£. 9-~&"il}~'i ~J-f-~ t:fl -;:f

.2. "off 0J~~%~-=t-~ ~l~ 11½ -?¾~ ~J"'J-% 'Y§. ££15}9;lr:}. 

~<:d%c::!7"-oJ]Ai nffq.. -¾ilt! A]li.9.j :i:ff~r.ffAJ ;q<',!;j~ -¥--2.J l...},c}E.l \JOH 1;.1 -§-Off1! 
:'.j- 16"9".9.J ~0. Guam % ~r.ffcH~ 0J9.j .£Ai .i:g.o]r:}. AJ.li::: ~~~ 7J(Class)L} ~ 

(0rder)<>!1 -iz.oH~Al U.2 ~i5ffoJ1 Ai~tf}::: A].li~ r.ffAJ..Q..§ iil~.2.of :i:~~B A]li.9.j %-

1!~ ~t.H9.l ~ft ~~J}oJl 2.l~~}~r:}. oJ §- AJQ:{% {:!~lt o]-fl-::: ~Ai 4-CJ qe} 

~ 1J&H02f %&H0.9.J 1AJAi ~oj] iiff~%~o] tl?· Ai~iili:t:i]S.. ~-,2--0}2 °]ii.9.J ~'B 
%0] 7-l.Q.1 _!i!_..,:t_:'ijA] ~9.,t..Q..E...£ {l~~~ ~Z!~ 7}.\s"-'aoJ off~ ji-t:}. 'd-"9".9.J 'BCU:oJl 
Ai~~•:: t;ff~%-i,~ A]~~ '=;AJ.Q.~ ..2.~ 7JTI 'fl_.:;2-7} £1Al U~.Q..q ~'2- ~AJl~«l 

-t±1Jo] _2o}AJ2 '31£.oi ~ ~T~Of1Ai£ o]~..'.c.J,!-~ {1%~ 7ff~~TE.J E}t.:J.A,f-£- 0J¾ 
t]- 1:1} '3,!.Lt(Shin, et al. 1995). u}Al 0-{.Q....'.c. ~cff cff~ 0JE.j aff~%¥,<:: ~.AH ~J.117-11~ 

..Q...'.c. ~7' Jt 7}~ ~%£lei '31::: A]~Q...'.c.Ai nfl\! 100~¾ o].AJE.j -8¥~0] _lil_.:;r:q_2 

<?J._Q_u:j ~ <r!T110f]A~::: GuamcH'Of2.9.l-.$y -N-%<r!~.£ 1JJJ1 ~~~-? '31::: oJ{IoJ 9].c}. 

-'.!li:l~,,,.cl~ -eJ~~ ~,,_d;i.t A1l.¥.~,..a ~ tfJ{!.i.l- tl'-'c1.£ %~~.Q....'.c. 41'I~l2 
reverse transcriptase(RT), Na';K' - ATPase, PLA2, TOP0-1 % -? ¾9-l E±<>il cfl1l}- Ai 
'&fl ~Ad£ ~~S:l<>l '3,ltL '$Jl:l}o]i!-]A2.j, "'J~ ~,,_cl(in vivo)~ ~Lfl9.j.'?.j ~~ ~T7]-t! 

oJl .'?.js.j"o~~cr. ~'Z1~.$1.l ~*21- ~CJ~ ~H 0,J.~'Z1~!l~Of1Ai -Y-£ -&-%5:1::: ~1!-3:111 
3...'.c.t1}~_!1:flri] 1>Jttl~ oJ%'0'}~2 %~E.J .;z.&~~,<:: NMR:;i.j- .:J..i5fl,,_J ~~J-~~~ %1J..Q.. 

..'.c. IR. U\ % ~~~-!j 8J~Ofl ,Y..'.c. .$1.l,e.5}2 ¾71~~~ T&\!!~-& ~ 3J"O"}~ct. 

•11 I >f \:!£"11::: Al.la..e] •ffc:J. %1, 3c. 4-½%"1I cff~ :.f't"i 1,'-"12} Ag21~AJ 
oll 9-1~ ¾~ ~TtAAJA].li.$1.l ~1. ~'Z1%E.J ~2]1~1 %0 1 ,Y..'.c. ?~5:f9i2 ~l 2 7-} 

\1£oJ]';:::. '!-~1!B A]li~ cffi!J~H~-'4 ~~¥9-1 ~2] ~ T.Z ~1°1 ?~g~9:I,cl, :ti¾ 
\!5:.1! AJl 3 J.} 1;::Ls:_oJ]·2 ~21~ {1%~9-1 T.Z ~1.$1.l ~li-2.l- 1AJ1.{! ~~%9.l Agi:]~ 
-'89~ ~~ '§-£.! 1-J-~o] ?.£ o]foi~L}. 
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off 0Jtl_~~ ~.=jl-~ ~AJ~~~ol] 1:IJ"O"}cxj off-9-- f.1-o} ~2} 30cxj \:1.'?.l q:J,1-}~ ;Q2 9l 
cf. ·so.,;cn °1~"11£ •H 0J,g~~ cHA%'!1<>11 cfftt 'l'!-i'-71 ~-'i'-'"l'll.'i'.! ~~ ofL]!l:l.Q.l-f 
,Y.£ ~oj~ ~(tetrodotoxins)l-} 'itff~(shellfish poison) % ,4-{!~%.'?.l ~~~~Oil 

'I!'!! 'l'!-i'-7f i'!'l!"f.Q..s'. o]'f-"i'll½ ~o]cf. :::,_aJl-f 'SO'd_cj 'l!<>l]Ai '60\1cH &<>II o]§. 
~ 7].z!<>ll 7}i!J.~.:tiff<>il A~~"O"}!: AJ~ Plexaura homomalla<>i]Ai prostaglandins711 %£~! 

7f cff'l,1'.Q..£ ?'½~.2 15ff1B18-~<>l]A~ ~J~AJ ~~ct! ara-T(spongothymidine):zl- ara-l· 

(spongouridine)7} "M-7.:!~ '1!oJ 15ff 0J{l~~oll cff{!- ~~~<{! ~.,Z.7} AJ~,B ~~~ct!% 
7] 0Jct. ~'O"J ara-U9.f, ara-T~ modified nucleoside}fl {!~~.'?.] 7ff1:1J.'?.j ~A]7} ~ ~~ 

§.£.Ai ~.J:ff 'a°Jl:lfoji!f6 ~ ~J~~!.£. of-§-£/~ ara-A, ara-C, acyclovir, .\ZT %~ 7ff1tl 

% ~I'{! -tlx~'!l~ oj1!½ ~¾0-1 4-JO-f'lj_cf (Rinehart, 1988). 

~71( '60-70\:!tff).'?.] tff 0J~~~ <{!ff 9".5:.t!' ~:: ~:: tij~2} t:} 0J(! affocM±?J 

~ ~2 ~2 ?{!~¾;,} 9./~¾0i) cff~ A},j:j~ ..8.,?-7}, J?J:: a)~, ~~, oJEJi!), :§..f, 

% 47~~o]c}. oJ J]Z!¾E-1 ~.:;r-1:1Ji:J:: uff~ t!'"i!:'6fo:J ~.:{!-tffl-} AJlj!- ~-e-}cff<>ll A~~6}~ 

~H 0J~~% -¥-~~1.£. -':f~6}o:l ~~~oFcti .S.-AJ~~~:4 ~.,Z.1:1Ji:J~ o}-¥-x! o:l;i.J.~ol ~ 
%0-f'll.7] Jtil{i'-<>11 'ck~ '-]•g"t..2_~ 7f;<f ~cf. ?.fl. 'l'!-i'-cl'd--'§%t .:g..z, ~±-it % cff 
~•lx-it-'-f •H'I!. ~~ % '!!-\'-~ "!Ai i?:>11%~0 l!li.Q.oj 'l)'l!_-.J 'l'!-i'-'i! :-<Joj t ,fa]Ja. 
•H>l Of-'-fol, ~?~ cij.!;!.J'. 'l/ Ai-\'- :-<J¾•H :-<Jojo]!l:[cf. o] 7]{!~ •JOJ{)~'l,! 'l'!-i'-::C 

cf ~ 'l'! T n ¾'il .Q. .s<. ±. Tl-.2. .s<. 4 OJ Sa !l:[.Q. oj 'l'! -i'-~ ?'l! 1l t fl- 71 %'ll ~ -i'-x 7.l 11 ° I 
ojJ.j -'<l~?JE-1 ~c]~Aa:: ~11% ~;7:l ~-e-}9.1,t:}. oJo.il tt}c} -¥--?~ ~~~o] ~i!J~"a 

% B]*~ ~'lJ"J %%7f-'.,--'/J¾ lj'-A]'{! >ij Af1)-,a!l:[.Q.oj o] 7]{! ¾OJ] .!a.2'i! {)%'!,! 
¾ -'§a]~'Jo] ',l"'i'i! %'!,!~ 5• u]'<]:- 0 1~ 0 1 ~•ij<>l].5'. •l 0J~'l'!%~ ~'llt\¾ :-<itfO-f 
;:::'. ~_Q_~ Jl~oftHFenical, 1988). {!~~OflAi !:: of~ '5ff<'>J~q1~o-jJ cff<tf i:!1Joj o/a! 

a}<;ct..Q.l..} ,..._i]69.I 7-]cff ~]~7l<°d Hoffman La Roche~ ~'?Oil ~15~~.,Z.~~ ~~liifoj 1?J 
~ Aj 2t~ ~:: 1:l} 9.l.'Cf. 

·ao\:!rH ¾~oil 0 J~i!-J "aff 0J{!%~ <t!~~ ~ t!!}~ W7JJ 5.:J~t:}. {l.'?.J~%2} 11' 

'll "' {! ~ ,n <>II cij '{! A I :!I "l .fl. -i'-~ ~ 7 I ::: 11-¥-'-I ** 'l'!-i'-7] 'l± ~ "l ~ "l '11 ~oj ~ * 
5'. .-1711 '" !l:l .Q. oi O 1 <>11 n:f , 1 , » Tl-.2. 9.1 ~ ~ 'l'! -i'-n .sc. c 14 -'§ ;,J '-I 711 '" !l:l "1. 'l'! -i'-"1 9.1 .::;i 

'J<>il ~oJAi zj"} .2.-'f ~ell~ "'"' 'l'!-i'-~ :-<] 0J•l2 AJ • ~ · 'l'!.21 'll%'l'!-i'-1f 'll*f 'i'. 
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'1'!11--'1~2-ol ~~~11-~ ~-,1-n,g. ¾1l2--"- 11-ll- · 11•R~. ~ · ~~- ~111-~ % 'l!'l'! 
-la'-0t~ ~-,1-n°1 ~±).l'll-£ 'J'll-o-f<>I *%~-i'-~ '0•J-e-f::: Ol]7f ;,.71J -'19:J.cf. cJ~. 'll 
Zl~-i'-± *I~~ ±-i/5'- "f~"l'l! ~-i'-71 'll*I ,.1,1"12 'll.l/- ~,c_ "l-71 '<!c>il~ 711-.J"-I 
-?'r.Of<>l]).i <H'a~-i'-21->ll~ 4'•J-e-f::: Ol]7f ¾7f-o-f71] .sj~cf. EE~ -lat'll~ 11~0] 11{!~1 
~ ~11~ -¥-.W-S>.l %~(ofl: '9"l11%~E.l saponinso]l..} :!j5:.~ ~~~1l %)oJL} ~1It!" 
1Icllh=l-£ 7}~ ~~(of]: ~J~, -¥-~~i$ff~l %)oJlf{!- f~~t°'i <c!-=t-E-&~ ~ci~~ ~ 
:;r--.1::: ~-i'-~.'r. Lf•ILf711 -'1 ~cf. 

~%~611 t:fft!- A._!~~ '?.ft.~ %7}~ ~cff~ f~~l~<U <c!.,r-~ A] 0J~}Jil ~2 ~ 

~ · '!l•H~"l 'll.!i'.il- ic'c-Zl2--"- -.1<>1 c>il7ll"l'l! "'a.e]',J, AJe]~'ll<>il ~~ ~~~~ i'af 
(activity-guided separation), ~<c!~~ -=?--5:.. ~t!', -#-£-~119.J "YAJ % %% 7}18,._J~ 

"112<>11 ~*I -?"9~1711 -'1~2.r,j 0]<>11 a:fef ~11~"1~ ½-1:!.'r. 'l)'tl-o-J oj-','-oj0<)71] -'19:! 
cf. {!'ll711<>1],.i.'r. •H 0J-o!~?!<>ll cff~ :,!{l 0J 2"'°.sjoJ o]"l-~ Sea Pharm%~ >!l~.t1).f7f 
~~ ?iff 0J~~.g.~ <c!-,'-tilo:f 300o:j {]_~~~ ~~<5}i:: % oJ ~of~ lc!.,2-oJJ ~ 7Jo:f~ 

-o-f9icf. Bryostatins( 0]7.7]'l!<l] - •J~), didemnins(~"'i%~ - •J"fojejA, ';'I_S!joj>j)J, 
dolastatins( <c!~l%% ~J~), hal ichondrins(tsff ~%¥ - trJ~), manoal ide( ~H'B%% 
- :±'€1) %~ ~Afl 2-1~%.2..5:. 7ff~'tl cff:H~<U ~<c!~0lot pseudopterosins(7J-~%~ -

±'ll I::: oJoj 7]-\,''8.t11Mt2._s!_ 7ff"J-'1oJ '90\1cj ~.l/-"1 ).l't!-'12 ~cf. 
7J ~~ 11 ~ oJJA~ '80\1.t:ff o{l J.fl.5:..o] 7fl~{! multi -dimensional nuclear magnetic 

resonance(NMR), fast atomic bombardment mass(FABMS) % ¾7]~~7]½~ :s:.<u ::_ tifl 0J 
~~% ~-i'-~ "]~"12--"- '!/~A]9]71] -'19:l.2 oJ -lE-0)7f ~"o'~'l'!~'l'!-i'--"-.l/-"1 -lE-eJ-.1711 
~ ~1~CU 7'117]7} ~9ic.}. ~ ~~~ 71½ 4-¾..Q...£~ ?.£ ~;tpg soo 0J~t~ &.tg~ 

iltt! .,Z.~~ ~"11~ 4=- ~9i..Q..nf ~~~ 0JS:. 4- 1J mg o]AJo! 3MJlt5}~..Q..£!,_'r.. .,Z.~-3:j.Q. 

.£. ofl--9-- ~~~ ~I[! o}l-]c} ~AJ~tc"!~.!lc.t AJr:fl~..Q...£ 5:~oJ {>-½~~ ~»oJ~Cd%9.l 
7f'!/ol off-¥- cicJ~cf . .:J.ciLf NMR:;!f FABMS~ 7ff"J.". .,Z.~~ -il-'ll 0 ] 7f-\,'~ 'it?!~ -lE-0<f 
aJ,& 2,000 1.-f;tJ~ .:l oj~..Q...£ :lt1'AJ~..Q..nf %~2-1 °JS:. 4- mg Lff;t]~ 1 mg ojt;}.£.5:.. 

7f-\,'•l711 .sj9icf. 0J<>1] tcfef sj_s!_oJ .!i'.2-'1c: •H 0J~'l'!~~ ?.'r. ¾¾•1711 -'1~2.r,j oJ 
oj 10,000 ojAJ~ 'O!-Jl-?!oJ 'l!i3f"'i ~cf. 

AJeJ',!-A,l<>II ~oJ).i::: ~•H<>I] ';!el 0)%-'1'<! •Jo]11~. ).jj.£-Sj-'/l % '/e!'ll"l'l! lVJ 
,"_ 'll*I ;.J 0J-'12 1t±0<i•H. '<!"I""'!! % "'f'll~ 7]"\ *1l~ .Jil-aj ;.J•J"!'l! ',!-'/l{l"'IE. 
.'>. 'l'!~'97I ).j"\o-f9icf. 'l'l_-,1-cjAJ ~~-ll-<>llc: ±'ll -1,-7]-ll-?! 9.J<>IJ 1t±Lf 2-lE-"1%11 
% ;,Jcff~'l!o] 1'7fxl~2.r,j ~.,Z.~ cffAJ~~<>il ~oJAi::: <H'a•H"'°-lr7f 'll-'I "1~•1::: 
cff-o) •F'<!:.!f 7J'l,'- '>l ~"'1%~ % "'i).i ii'c>!l%~<>11 ~-i'-71 'll¾"19i2 -8-ll-119.J •ff'"'~ 
j,l~2.£Ai •i 0JoJ'!J-ll-9.J 7f-\,'A,joj ~~-'171 ).j"!~f9icf. AJ-jl-~ >i{l 0<JS!j.'r. 7f7.7f¾ ~ 
0<>11 ).1 'l/ <>1 Lf 1l *I ;<f.;; ~ •H 9.J 'll .se. Lf 9.J .;;~ •H "I 2--"- ~'lt-'1 ~2.oj 1l •H"i '-I .a;-~~ 
?JoJl ,,_~~it~ ";!l%:S:. ,t!~~ .£..Q..?lJ ~9ic.t, ~~J Phonpei. Fiji, Philippine, New 

Caledonia% ~r:ff cff~OJ' ~ff~o] Afl.£,&- ~.,Z.;t]~.Q..£ lj!-AJ~}~c.t, A]li.9-j ;tff~dJ~::_ 
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7 

I 



~•ff.el skin·SCUBA 0 19.l<>ll #4''!!-£ 0 ]%1'f7]<>11 o] 8 'l!t:f. 
· so Ii i:ff 'f 'li<>ll ,.I "! xi oJ ~ •ff 771"1 ,.J ~~<>II,., ~ '11 xi .2 'll::: 'l'! 'i'-1 •J,g. ii. "<"I'll 

r:f g :,.f :./t:I. 

--~-- ----------------

-
· ~T~ -¾"i:1 cR~% ±"Tt.2.. <t!.'Y~ r.Htg ~T7l~2-l ~~ <ti.~~ 

12.l~-'3 % %%7}i5"AJ 
~;t}eJ 2, ooo £..£ :t,J-r.H 

. <tl.--'.jl.9.-J l-lJtiJ 
· <t1. .;-i..cH-'?} -i-~ 

I . ~-,1-cf"J A~~ 

· <tl.-,1-t:~AJ A]Q:j 

it1Ii.1-~~ -=t-s.~~ 
(i'-0<f'l,' 500 °]1'f.ej %-l! 

-fi-%~~ ~ 2~A}~~ 

~~~~%~. ~•~~· •!~%. ~~~~~~~-
0<f's-.ej 'l'!'l!l•l~. 'll-i"c. ~4' 9.l~11ff.sc."}) 'al "l"\-.eJ 
.eJ 'l'!'l!. "i¾•l. ;fa].1a-•H %1 •H9.J'\1.>e.('l!t:ff,.,-¥-,ff'll 0JI 
A{!A~'d}(~:{!t:.H tJJ AJ.l:jL ~4-11 (Adtifl), 1Eff~ 1J.!i!. 
~.-f,ffl . .!/-4~1 •ff'll <>ii .el~ -:i•..!JcaJ •H'll 
~1U".&l "1!!2]ll"AJ£(6Ja]A~~. 7]~'%1:J(~~~±A-j?iH, ~1 

I Aj].£-li\-'S % I '!! ,g <>j "ii. -¥-~~ •H % I 

I ·-i-:~_~_~_-1._4'--i:ff_,._l_%_'!!_¾_,._J_._4'_,._J_~ __ _L_~_"_'_~_'S_.'r._<>l_l_.eJ_~_._4'_m_g _ _J l___!1=1 oJAJ o]~l-

4 ~.7:floj].£ ~~~cu ~,l'dJi::jo] -'t°"ff¾ o]f'.2 9l.Q.t.} o] ~o~_q_j {!£~--'.jl{]_o{]A-j 

:::: 7] ~5>-1 <tl._:;!.l-lJ~o{J '?-]oJl ~7-i~ ;.ff~¾ ~.,z...iJ~~ ~~~ ~ f 7}A] {l~-3}0:j Zl_-=;t 

~ 4-~~?il-2 9lct_ 

s.~?'i}o:f ;i;Ji.J Joo:11.1 n2-1 Tifi:HV:: ~-=t-~Al-~ -tl~~9-l on°J-t1%1I <t1.-r:::: ~~~ 
CU t;':!<>llA-1 o]o] AJ4p]ofl ~~'0"}';:1]..Q.of('97\12.l 7aq.. 4501a 0]'1{2-l <tl.T~tr ~£) .g..i::g 

14½AJotl £25:l:::: :ig. ~~cu JBoJlA-J ~,..J~<tl.%% 0JS::isl2 9lt::}. :2e-1q ~~ii ~ * 
%%~~ -8:~~;: ~"tr:'-!J ~~oj] 1:l]tf}oj '1{t::J-t]: ~;;;}~ L}e:}t..floi ~£1d, agar, 

carregenan, alginic acid% 0!]~¥-E:i o]%5:Joi .g. "'?- ¾~ ~~;i_f. lOol¾~ 1J~% A] 

<1-t ~ '95\1011 A]'t};r:l7] AJ-!}-t! ±:.~.'kJl pseudopterosins~ .'kJJ2-l~r2;: ~7lt! ~AJ~% 
£~ii~;: ZOoj¾~ ~1!oJ (~J,'-J1Jt ~ t:flr>JA~AJ BJ~% "d_~~O,j 91;: 1£oJct. 7el 
q ~.fi ~~~ ~?5], nl~2t ~.g.~ ~¥-2.t ii:·~· "ti.o-J]A~;: 7}7,1}¾ n]"CflOll 4,,.J,,.g~ 
g rfl~l~ ~~ %%~1!~ !l.2.§.h{ ~H 0J~~~ ~~'Ol:;:!. "d_~_q,] .'r..a:J¾ 'd~7\ei}2 91 

tf. 
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l1lo* ~~ ¾.&--tz 2r·p.- ~2HY lo~~[} 

1°oHi [i:{t ¾fy~[2~y to~-t- ~Jo.Py ~{r~li;iR,t°oHs [o;;;;;[c 20{.@[v~y lfoHi2 L lo% 

J'yfyfy ~fh{:1 ~y[fol@ fLm: li:[2~ ;1-:1 ~!¥ l:o{!i1[R [~1~1-0t:;{1~- [lo~~y ~{S?!YlY [fo 

l'Qlr:5l*f'l':' IQH::1~ toH:1~ 2-:¼ -lt-i:Th ~R>~ lolr{tzHrW -;;'-Ef-\ l.2~ ·1:i[o~ ~H-:i~ 

aofL~-4'"~ % H~R- folr#-E ~~I)':'. ~lR[n {L-t-ti> Hris % -Kl~ lo{L-E"~\'3S\' '?o:5 
To-/c[Y [lot,[olo[>' lo'i'[L ~ tel" 1S.-l1-t-R, ·1:1[0)<: i,.-t-R, 20!¥~l!>c [Y20,°v!o lo-t 

R, ~k){Y (ti fdi'vfelt:1 lo~~%% ~{:iR 1'\-H1.fRHL lo~~& anloli3.Pv tk-lo{n ~-½H:1 
[o~ii;,li: {-7.Qi• [ofb lof6f,: ~~~Hi~H1 "{::i[ofC fll~fR 20t¥''lo[R l=of!i.Pv!fO k{-i: 

,½ Toi¥%~ a:Si ~li:Fn lfo¾fdn1°v-'8-- V:?t rv ~ ¾,t°~ --S--f?L ~~a~ {ti~~ [O~~[L 

~Y2lo¼ ~1'6 l-ol,s:J~i .V:Pd:1 20%~1-o lofRHt~[L % f'oHRfeH:J ~ ~R '[2~ lo 
~Wt, {1.0-Yt -&Hn ~ ~Hr-& [o-l-R, -;;'%tf.'[n,t0olii '{:tJofe .fo.:5~ ~-t-R, Jolo* Jo il'lt 
ii1• 3:[foH~Ja acoto EP-i:~fR ao~~lr [o~~B- C{-!?(b{:1 -&Hn [ofL~t°YI-Y t.:-i 

lo~~ E{@-l-¾ :S[fo-l-R, [o{l[L1~.Pv -;;'~%[~~ tY~r 'f1!0~ f;:%~ {L-l-~ [lo~~ln 

-§ B!Jai::mqae4::,Je '-J8UnJ Ja48J4 sno1uamE[!J {oJ8UnJ Jahl.Ol ::,po1qmAs [.<?-ii- -E-~ 

'-El¥Be1. (ti. -M-~lflkP t::~%l~t ~Yi>i: fr ~%/rYt¼ 'Bi:1°i::- 'tfllii- -;;~~ 1°ya:1-t·R> 
·10 

Jofe ~ Hi-.f1:t~ ½Hn {L-t-R, ~H::t lfo~~{r*E ff;;-{} -a-~-t°olii- {~{n [J,of!f1:tHL [o~B:i-t 
R, ~to [foH~t'<i ~{¥J, 'FH~t{7Q'P5{-9.~{L¾ (o~fz to~-t- ~E{~lol~ :;FY* ~"C"~fz 
AeJ-X -!CJL Rao -;;[l--a-{r*E [-9.~ '{::1[0~ ~{L% iofy<f% to~-a-{r1lfC:: ?Y%* % 
su,aioJdo:,AJ8 'sappe4::,::msA[Od {oY~ ~Ti '{::1Jo~ fi-Hi-~{L [o"'C~ tolfo%R>R: Id. 
!l,ji-2;-{t¾ [o/>-lz >i'-c 2[J>ci!l- To!¥,0o [>'{&::'.!;, jajn ilo[o "j:i)o c:{tf2H~ ;aje[o 8m I 

3:t0o to~~~ 1)4?r{L [o&~ ~-C -i}:E '{::1[0~ ~:\1~7-k ~[J,if} lo~~~ tz:1~~[L% 
~~lz T--1: lo¾R>i< Rl<>,/<io 2ofs-">[njo l<,os ioi'z lotR il,EFi" fy[foi'tfo i,t;, ·1:1 

~ l:{.<?-1~-!1: ~lttil to~dZ -;E"C" lo~R>~ -;;~fR Io~¾clr to~lLFi'*IL% % ~[L Pi' 
¾feil -t'2HY -1;':ll,[L HWN P.,-j,cj:1 "j:1[0),: l,.H,-ffie ~f:1 {L[i-1,, lo~R>isc fvH1i i,, 

H,-ffie [o,°yi1-t-R, ljt 

·1:1i'z tc%l:1 J,',Fi"l«fv ~f• il: -t R> l><JL 

ii', 1,.-1.fzi't llol>1'lc -t'l&{L 2ofs-¾ ~CS:[Y [o'er,, j<,~[e;lo~ fy[fouopoas s,onpoJd 

JeJnieN aupe~ [osa::,uaps LI! sJapuoJ.:} sa::,uaJaJUOJ 4:,Jeasa1:1 uopJ09 f!- tf JL [fo f9;Z 

?,96, loltelY --1:i,, l,;EFi" llolzP.£ 'Z f\l>< fy[fo-l=lo 11-tl<'l<> i-ia ~i'<: :;{.@~[lo le-ffl' 

~ ¾Jo '{:1[0~ -Pih:~ [o'Il!,fo"tr 3'JfoHi[n -;;'~.f1:t'C~ tz:t°-i.fR lo-tR> ~R,~(oRi 

f'~.f1:t"C""Ri toH~!n ·z 



u]c.HE.J ~H 0JAJ~11 ~.:;t~ ~:1:ffJJtAl ~§. ~*!xJ<>l.g- 1:J~§.J,!-E-! ~~~-£- f"½-e-t 

oJ 7 -r~-"l- 'il•l~'S~ 4'l/i'fc %.e./ ~~"I'll '/'!'i'-7H'lf •J'/Jo/ '1/"J7/'<! "14/'ti ?:! 
0 Jq 'lt~l!f(medicinal chemistry)2} ~½ft-7J:9'.}~(bioorganic chemistry)9.j 1a1J$J.Q.5:. 

3.7II •J~~ 7;! 0 ]cf . .?;, 1'!'/'!~ >ef-'11.e./ ';lr]'t!'S \'/''1! ofyi!f 1'!'<!%-£ {l-7]:tf~"i.Q..s!. 
'lJ:tfA]{! -il-£-'11.e./ ';Jrl:t!"ll, 1'!'/'!%.e./ %~ 4l<>ilA1.e./ 3"1~"1 '.l•H'-1, 1'!'/'!~:z} >il 0 H 
1!.±'-1 D,A.2)-.e./ '1'tl.e./ 7]a/ %0] %.Q.~ '/'!'i'- EJ]af7f '\! 7;!o]r:f. 'E~ 1'!'/'!~ ><l>il.e./ 
~1PJltotal synthesis) .2.l<>il •H 0J1'!'<!%.e./ -\;j-~~ 'tt"ll 7]a/<>il 7]3'.~ cff.lf.%{! 
(leading compounds).e./ tJ-"lJo] 't!'l/i'] .s]£'i, 7;!o]t:f. o]cl~ '/'!'i'-c: ::i >ef>il.e./ ~ii'"/ 

'1l -1il- '1 ° I .2.1 "ii £ '<l 'i'-~ :zt 7 I ~ 9.1 "l% .e./ 1ff • J<>il "l 7.l "1 E..s!. ~'i:l "l 7 I "I 7 I a ff~ "'o I •H 
0J~~~ <r!.:;t-9.] ¾9.lt ,¥-~~.£ %~~ ~ojr:}. ttH!}Ai ~:1:H ~"3.g.~£.~ ff:.-W-5:-12 

91~ ~~~(red-tide toxins)% 1?;~ Z>ff 0r.H!<r!~0 ] J.ij§.¾ -t!1J~ cij~.Q.£. %~~ ~ 

ofu:j tc!-Y-% ,i_JQ.;..Q....£ of%x.f~ -8{0J~<E~oJq %£.;tfJ~ 4-.£ if¾~ ~oJcL 
tK 0J~~~9.] %%BJ-!J£ &r:} i'J<>l~Ai 9.Jq,1:%0 ]q tr~Q.{% oJ~9.] 7ff~7H•t"8°1 

~'l!•I 1',9.j'\j 7;! 0 ]cf. ~i:': o]'s-9.1 Scripps '/'!'i'-±"il-'7 !l2'\'! 0j]§_A7 •ff 0J1'!'/'!%~ o] 
-§-~ 0J~1,{»Jr-1Palaemon macrodactylus)~ .:&~oJ) ~t!' ~~!r.)~)4 ~~oj)Ai A).£8}.2 

91~ ~A~ ... ,g~o:il tij{t Jj!-~BJ;;i;l~l~ 7ijBJ(Fusetani Biofouling Project) %~ <r!.:;t-~2} 

c: A]Afll'fc: Sf7f .c1t:I. 0 1-"l- 'll•J;;foj 1'!'/'!%~ o]%~ •H 0J'il%.e./ 'ilel'il•ff<>il cfft) 'I'! 
.:;t ~ ,:i.tj- ~r.ffxj ~ 1a1J-!J1l ,._~cij~.Q.5:. ~o)tt ~-§-§.-¥-E-! ~11~~~ ;ttg-e-}2 {!~~ 

.Q.§_ 7fl•Ji'faj C: AJ£7f Off~ 'tt'l{ll'foj{! 7;!oJt:f. 

a]aff9.j •H 0J1'!'1'!% '<!'i'-c: s'!'<!'i.-9.I ~'(j:tf 'JI ';Ja]'tt"ll ~~'!!9.1 cff'l/AJ~ % % 

%:tf "J'l:!9.1 7H"J<>il 'l/%'\! 7;! 0 ]t:f. ~•H •1°J1'!'/'!~.e./ ~'i:l:tf¾ "J<ili'fc: 7f'l)- ~ .ll'<l 
:'. ¾%%'!! 9.j cff •J';J ~.e./ <>1 aj %0 1 t:f. 'll'l.!"i .Q.!a. ;;H 0J1'! '/'! % :'. ~'1/1'! '/'! %<>ii SJ ;;foj 
';l~>il cff.e./ 'o-£71 cff'i);;J ';tof >Cf'/'!"1JA7 ~'i:l:tf<>il *11,~ 0J.e./ 'i,-'l/£ ~!;!.ll'fc: ~ 0 1 
r:ff-¥-~~ ~~011 9.Iop.; ~7t"8'"tr}-r:}. o)~ ~»~trt7) -9-lt}- BJ~.Q..& .;Q 0J"A~2.J r.J~oJ 

"I, -l,-~-l)-~"J 7]'/l.e./ "!%, •HoJaJ'il~.eJ cff•J•ffOJ -z-oJ 'tt'M;;J AJ.lc.'i, J;!ojr:f. oJ~ 
% %%f>}:;:I_.7.} "0"}~ ~<r!~~ ~{!"0"}::: i>ffOJA~~~ t:ff~.Q_§_ OJ~-e-}o:f ~~~~ "-}¾-e-t 

~ ~,':: 1:i]-§-0 1 1:1]2~ Ai~"fi}2 i:J7JZ!OJ] 0J~BJ~$!.J 7ff1a1Jo) 7}18~ ~-2.£. 17-l"xl~ 
tH 0J1J%o] ~Al Uot u~ -t!Ad% _2...Q.2, 9J.ct. ~-2- uJ~~ ~1:l ~ ~.:;t-5:(\ational 

Cancer Institute )9.j- fr~ 'i!J.So:j}Ai ~ f¾-e:J lt 3J~.:~-ll ~ .!i!.~1l 11 ha! ichondrins2} 

bryos tat ins¾ zt zt ,._~ {!-e-t ~ ~n tt!_ %~ Lyssodendryx2f O] JJl ~ i!:il Bugu Ja neri ti na9.] r.H 
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2J 0J~~ A].£~tot -¥-~~~§_ ~"%l! ut ~r:}. <5ff 0JoJ"<!I~ ~~I .:g.~oJ"<!I~~ t:ff 2Jllff 0J 

<>II El~ %%'!!:'!!El cl'l,'';l!,tl,°_ o]{""]~.5'. %-~•I of"J•lol <>lei '1,-,'-s)oj]Ai A].5'.'92 
~~'-I ~•M:/lf:<] 'll-'8-•f:<]c: ,'i1-•f~cf. o] •J'llEJ 'll-'8-% -?cl•MAic: •1°Jn]';l!'!!,E] 1!::,}aj 

"1 ~el 'l1 •M 0J<>!l cf.-foj ¾el!El ~7110!1 ~%,sic: 7M'a<>!IAi ~~•I 'lfJil•l<>l 1Jt""J'll 
Ej ~-\_[aj',) ~~o] ~ojo) ~ ~o]cf. %~'8-~af 7]'lJEJ ¾% ojA] o]~aj~.5'. %-~~ 

•11% 's<2 ~~oj af% 'll-?']71 \;loj <1,-,'-7f*l7f cl'<!•l ~~'-I. 01 •J'll% "1%•171 
~]~Ai::: 1tfAi r:ffAJ "<!!~~ genetic mapping~ ~~}ot ~.if~}'E ~~~~ ~{!~ A]Al~t 

c: ¾~;,fEj -¥-~% -?s!'!l•M01 •le: % tl~,siojo) ~ '1'-'i'-71 \'J2 ~•fl •M 0J%'!!:EJ %~ 
:<f¾ x"l•lc: ,11;01 n]•l~ A.]'!jo]ojAi 7f:i,f¾ A]'l!O!le 11~0] oji>J-i- ~o]cf. '1,'-7] 

<ii 7f:<l 1l '"""J'll El 'll '8-.°. •M 0J';I!'!!, %•1 -\! ~'!!El -tl'ci ~oj] ~ oj Ai "''!l "1 "1 71] 7] 71 
'ii ~o]cf. 

71) n]'s-

•H 0J';1!'!!, %ell -\!'!!c'l! 'J1 ¾%~'!lo{] cj~ '11-'i'-~ ~.5'.•foj.g, 's-7fc: n]'s-0]oj n] 
'110!].5'. AJ"J7]Z) o]el~ -1'-J.J]c: 7114;-'i/ ~oJcf, ~•M 0 1"1-EJ '!l-¥-.2} 't!Z!EJ -tl -~ · '11 
oj]Aic: 2Pil7J-l!- ~.5'.~ nJell:,}~~.5'.Ai ';l!'!l-'8-~El il'.ll'll% ';!eJ "1"1•12 ~~oj .:i 

¾ ~ ~ot&.Ai ~ff 0J ~tg-%~ ~-,1-~ ~..Q.~~ 7J£~}.:il ~r:}. oJ~ 1tt:!f~§_ eel\!! 
Of]71 '93\:!.5'. 'l/-1'-0fl-tl 'l:!'ll% -Y'l•foj <1,•J:,}~7]% x'!l-?cl-1:!:li(Federal Coordinating 
Counci I for Science, Engineering and Technology : FCCSET) {!~}~ ~~*Uf .!i!.{!ft] 

't!i.l(Committee on Life Sciences and Health)7} '921;1 2~oJl ~{!t! r:ff~1 A}-lr;-.!i!.2 

Aio{] 2Pi]7] ';l!'!l-'8-~ '1{~% -Y'J~ 1171 ~"1'~0l¾EJ •f'--f.5'.Ai •J 0J ';l!'l!:'8-~% _¥_~A] 
,]2 ~c: '!JoJcf t:i'i'-'--1 oJojJ .¥-~'\'! cj-';'-~Ej ~0)7f ~'ci. !;'.'(!, ~'3. ojJ\..j:<J % 

.¥-~aj',) '1,-,'-~o)',)cjJ •J•foj •J0JA~'!!,'8-~:i} 71]'er71J:t](Genome Projects)'tJoJ 'i'->ilaf'<! 
~-,1-t:ff~-£- ~2 ~::: iE'ot2}'E° t:1]Ai ~ff 0J~¥¾~~ ¾J?..~ ,'.: r:fi, iE'~7i) E.ci\!r:}. 

% .!i!.2Aiofl l.-}E~\! o]~ ~¥~ '921;1.£ ~H 0J"<!I~-%Uf iE'ot~ ~-,1-Tt.£.::: ~~ fA}iE' 

oJ Of 4400'1) .teloJoj oJ¾ •fl0J~'11'!!,(c1Af; metabolism)oJ 1380'1) .tel-". ~cl.;J-5'-0] 
r:}. o] "5"(!!j~ ~-,1-~ 1EfcJ~}::: -¥,-Ai~ ~1'.J fA}-r?-.5!.oJo:j ~,z!, tf-7J, ~<ti%~ iE'ot.£ 

-¥-BJ~ {!~ fA}iE'~ :£~'8'}~ 7 -it-51..i:: ~~ 1l{r:}_ 

ol~oJ]Ai oR 0J~~ ¾~fl Z!~~ 7ff~oJl r:Jl~ ¾"%~-,1-i:: NIH(National Institute 

of Health).2.} National Sea Grant College Program% f 7}A] 7]~011 ~~tot '?.£ A]~ 

5:].2 9,lr:~. NIH.2.} ::I. {t'8'}.Q.l NCI(National Cancer lnstitute>~l:l~~,1-~)i:: ~J~~J, 
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Table 2-1. US Government's Fy 1992 Investment in Research in Support of 

~lari ne Biotechnology ( from FCCSET report, 1992) ($ Million) 

--~--
' EPA NIH NOAA NSF USDA ONR FWS FDA DOE Total 

--
M.ol. genetics 0.3 I. 8 I. 2 0. 7 2.0 2.0 0. 2 3.1 11. 3 

Biomaterials 0.2 0. 2 

Metabolis• 0.1 8.0 1.0 2.5 2.0 0.2 13.8 

Biofi lms 0.1 0.2 1.0 I. 3 

Bioprocessing 0.2 0. 4 I. 2 2. 0 0.2 4.0 

Environment 3. 5 3. 5 

Aquaculture 2.1 2. 9 0. I 4.1 0.1 0.3 0.2 9. 8 
- ----~-

1 
Total 0. 7 11. 9 5.9 8.0 6. 1 7. 0 0.3 3.4 0.6 43.9 

~~1p:J.li~] % !t~~~~ 7}~ ~~2-1 7fft:1Jo{J "'?X~<tl Q:j~~ ~}2 SlcL 0 ]~,<:>_ APil 

~ 'l!'i'-sl611 ~i>foj -\!%~ 7ff'lf'l!'i'--£ "I'll '?•J~ 1\"c'1! 0 fLJef .21-\'-~~ -ll-%'l!'i'-(cfl 

~ 9-1 1i.!Z! ~-=t-±9.l- contract-baseo{] 2-Jlt ~-=;t)~ -?-~~}2 Sltl EE't! ¾~ ~-=;tt:iJtiJ 

~ >!JAi, ,ff.£¾ 'l!'i'-",Hl 'l<l 7l'oi'~ >11-ll-. 'l,7'-C,,:zj-~ %%% -\!%~ 7fl•J~ ~'li"i"-1 

;i+1o-Jl -!l ~ ~°'l~}.:;i 9lc}. tifl 0J{l~~ ~.,Z.o{J SlofAi NIH2-j .'.3:1'9"~<tl ~°'l~ ~-?- Sl 

C: ¾Jl~ Afilll.£c:: '90\1 % 'l!'i'-71'/±~ ><l.5'. {I-Sf "'1611 al"tcfl~ 67fl~ ~'l!ll:1\~. 

Q../'t.l. ~~~'C.f~of ~cJ ~-=;z.~ 0 1 ~7l~T¾ !fllt ~±Al~% ~~~r~ Philippine\:J" 

-¥, Cebu~o{] ~?ifl7]AJ~ Z!_AJfi}~ ~,2-15H6fl A~~fi}i:: tifl 6J"!~A}.!c!2-J &-!j~~ ~:i!.9.l 

-'2%il~'"7-~ 4'-ti!lt ~~ ~? 9lc}. 

\C!7t 0 1 ~ofoJl 1f~i5}i:: 1£~ ntQ..f-~ -?- Sl~ O!l.2.i:: '88~ '91\:!Z! eJ~~l~ 

1ij•,!,£ ~lofoj ~,]1711611 A],e,j&fc:: 36,000oj % · "'1%:zt al'i!%611 cij~ ><l.>il"i"-1 

screening program¾ 35%o{] 15ffCJ'O"Ji:: r.H,._J,._g~o] tifl<'>J1}%oJcti:: ~o]ct. 1-lt {!7]~ 

H}9.}- ~o] oj;r,,J~"Cfl~-¥-E:i ~cj~ 7J~tl tJJ~%~ bryostatins2-! t:fl~~{! 1;,l -'it~;>;J 

7H~~ ~]"O"t°'l California t:ff~2-J ~-Y-~1.f ~%2...2. A~J711 .!]~.2. ~4-lt oH 0J-1%<tl o] 

;r,,J~"Cfl~ .g..~~ ~~;i+ r:ffeJ<'>J~-£ ~{!fi}2 9l..Q..n:j tiJ~%1l halichondrin% ,t{tfi}~ 

~n~%~~ t:fli!JOJ~.£ '.'Jew ZealandoJlAi ~~ ~{!?i}.:;l Slct. 

\IH!~Cl7} 1:.fft;J q1-=;t2}.Aj] %1J2...2. ~~~~2-j ~¾~<tl {l~~ 7H~6fl ~~ :g-9 
~ti::t:~] HJ~}o:j '.'Jational Oceanic and A.tmospheric A.dministration(l\'O.l.A) -'2-0"}.9.l 
\ational Sea Grant College Program,<:>_ r:ffq ~ 0 ]£t q17J]~ 1i.!{!~T~£-l ?}-7J~<tl 7] 

~ ~ %%~-!~ Aj~'6t2 9lc}. o] program,<:>_ 1966\:!o{J AJ~!99J.2..n:j 267H ?1-19.l-
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Table 2-2. Number and sources of samples to be collected in the NCI program for 

screening during 1986-1991(from Suffness & Thompson, 1988) 

I ~ar i ne Macro~~an isms 
5,000, shallow water((30 •). Indo-Pacific te• perate and tropical 

regions 
5,000, deep water(30-800 •). Caribbean and Atlantic regions 

Ir~pical RaiDforest Plants 
7,500, Southeast Asia 
7,500, Africa and Madagascar 
7,500, Central and South America 

~1_i croorgani sms 
1.500, fungi-soil origin 

,

1 

1.500, cyanobacteria-soil and other or1g1n 
2,000, diverse • arine • icroorganis• s (to be initiated in 1988) ___ _J 

~74li>}°'i ~{! 3501i}~ c],,.d-% 50°'i 7ij r.i'ttf ~~~611 AJ.<cl~}.2 9lc}. Sea Grant 

Program~ -2.'\!7I{! zt cflot~ '<l"f 'l'!'i'-~ "1-1:!•fl ~-2.'-I 80\'!tH 0 1-¥011:C: ~ 7H <cl'/
~~ i}%~~~ .A]~J~}:: 7J~JcJ ~c}.A].2 9lc}. California t:J~~ 47H ~~~c] % 

progran:~ AJ.<tl~}oJl .:g-%Q..£. aij 0J,,_g.~.£.-¥-t::i {!'lf" ~~~~~ ~~ti}°'i manoalide(tR 

1B), pseudoterosins({!~), fuscosides({!~). halimide(~~) % {!~ "'°li!.~~% 7ij 

~ii}'.:!J.2 pseudopterosin~ 7J1- {!t:;}!}~ c]{E- -1!~ t:ff.R:.:!f<'J AJ.:g. ,'-}uf]c]c}. !E~ 21 

;.J]7J~ ~i!}6~Q.£ ~e]1-:: 7]~~ 2.~.A} chitosan~ 7J~J.s:. % n:&_-i11J~ ~Jl-3:j 

<'J A]~ ~I ~ '8}oi .,,.J .:g-~ ~ c] c}. 
.,,.J 7] programc] ~ 611.£ Cni versi ty of Cal i fornia, Santa Barbara~ Center for 

~1ar i ne Biotechnology, Seri pps Institution of Oceanography( S10), Woods Ho I e 

Oceanographic Institute( WHO!), Harbor Branch Oceanogrnphi c Institution( HBOI ) % 

rff<"{:; ~f7lt!°2l- 1f-"'r~ £.i]7]t:;}~c] 11f-7l"t!E.J A].<cl~}61l 4-~l~ "r~lii}.2 912-nl 
.\merican Cynamid, Smith Kline % 7ir:ff~l~ 7JCci61]J.i.S:. ~A}~ ~~ {! · ~ · ~ .:g-% 

Q.5- ~R 0J,8%1l 1ij~ 9-I -8:td~ ~~¾ '8"}2 9lc}. 

q 

'lie'~ •H 0J{!%'ll 'c''i'-01I ~op.j nl~"1l "1~7.1 'l/£.5'. 'l'!-'i'-x"1°I ~'ltt>luf "1"'
~ ~.,,.6 ~~ !§- ~¥, ~c~o-j]J.~:: ~~"r¾o] u]~.£ ~7}.g.}:: '1!Q.£ ig7t1M2 9lct_ 0,J 

~oJ]AiE.J ~~~~ B]*~ o~oJ...g~.:g-~ ~:;:i-:: 801dr:H c]:f AJ-t:J-¥,~ 1-¥- f'S:.ii}61] ~ 
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-';'-7f 4-•l £j :;,_ 9.(~oj ~{!AJ, :;,j-¢/71 ;i;'l/, -l\"'1J"t°11'11 % -t!J!l7l 't/o/lAi ><I~ •f::: % .;/-

5'.;:: '92\1-'-1 {l-9, 20j ,!"1<>11 .}-Oloj ul-"\% ~'{] -\;'71-012 9.(r:I, 0 !§- 1J-'f-7lt!~ cff 
-¥-~ At~l ~.:;1-~~ .!,!..f}-15}2 9l..Q..a:l A]l:IJ?J-¥-oJ]Ai.£ ~~ ~~~ Tft:.Jti}2 9.l.t:}. ¾.il 

2-}A/l.£.C l-{!-'SoJ)Ai~ \.larine Communitypolis -=,1-AJoJJ 4;-~ 'aij 0J,._J~.£.-¥-E,) 27]~ ~ 

0J§\~'11%-'-1 '1!'i'-7ff".!' (NEOO, '90'.1 12"l'l'!. '88'.1-¥-"1 7,1{! 1500j'l'] <>111!) 2f>ll¾-¾ 
C:Pl~.se. 'i"'!;-Oloj 0 19.f -t!~.-1"9 •H 0J';li~-'-1 {!'l=Jaj ol-S-<>11 -t!~ '1!-'i'-'l'!"l(Research 
Center fer the Industrial Utilization of Marine Organisms Co,, MOC)~ Zill. &-% 

of:;,_ 9.(cf. 2f¢17l~'li<>ll;.J:::; '71'.1<>11 '1!'<!~ 'l!-e" •H 0J7j-¢/ 7J;i;'l'!1'J(Japan Marine 
Science and Technology Center, JAMSTEC)£ ¾Ad..Q...£ Aquamarine Jll~ti}oJl 1}tiff u],._~ 

%~ {!~~ oJ%(7, 9~~), -Wl:14{!-"s!il Marine Vision ;t~~ J.1]421-~].£.Ai ~-'itil611 

9J.oiA1~ {!7J½ 7ff~2} 1l%~ ~ Marine Frontier Project % t>ff 0J"c!l~.£.-¥-6J %%~ 

~% 1i'l!•lc::c11 '1±"1-01::: ¾it 7J->!l~ t:I-? 1'•J-of2 'Jlr:I. 
'1!1!'1!-i'- 7ff'l/~aj~!a.c:: 3QOoj7ff 7l'l=l7l- 15,000oj cff~'-H '1!-i'-~~sa_ ,'-AJxjoj cg. 

~_Q_.£. ~ ~?+~!. 7ff1[, ~ .!i!..2t:!, 7-0~4'-ilJ%~ Tft::Jtif!::: ".i~.:g.~7f11f'~tj(Bioindustry 

Development Center, BIDEC)9.f '88,1 2471 '1!TI7l'l=J 0 J '1!V•1"1 '.!'<I~ -Oi 0JAl~%~'1! 
.,:'-~(\larine Biotechnology Institute Co, MBI) %0 1 9.J._Q_a:j ~'ffl <5ij 0J~~*~ctl_.:;r-.c±. 
~ '88\:!-'fBi "Fine Chemicals from Marine Organisms" ~.:I.g~ -%-ff}-o,J gff 0J,B%~ 
1ff•J<>1I a: 'll ~"i"f:;,_ 9.(~oj AJ-'-1"< ~'<! ofl-]cl 71l'<!l/AJ>!I. '!f"'\>11. 'l!~"ll. -¥-~"J 
7.J~l -§- ?>ij 0J~~ ¾lH 7li5"-'2 .2.~Al-.2..l- ¾% :tt.~~l~ 7H~oJl t:Hl 7]~ ~ %%<tl..:;r-otl 
8\J{! 260Q:j~~ f.7.}tf}.2. 9.J.t:l-. o] 7]~2f" %7Jt:.H -%%.Q.£ ~~~ Fusetani 

Biofouling Project-'-1 -¥-~•J><l>!l 7ff".!'l=l"i~ ,lei 'l!"1"1 'llcf. 7]EI Mitsubishi, 
Sankyo, Santory-'§, 'iJ{!7]~oj]J.i ~.7.}~.Q.£_ ¾%~~ <tl..:;r-~ 4=-tr~~l-2 9.J._Q_a:j ~~Pl~ 
5:. c}-? ~o:j ?S} .2. 91 r:}. 

Townsvi 11 eoJl '?J tsff ctl_ ~~~ ~ 'iJ tf}-o:j aff 0J~ ctl_ %£ <tl.~6}9;11r! 

oJcial9.f r:J.J1-"1 1'.7l-'-1 •H~~'ll~ '11-i'-~ ~.£~ ~Pf¾~ 

o:1'8"1'-..g. ~J.ol ul"'- ol.s!. OOcct:: _.,,1:!'-, 

Roche71 ~'r~ ol:f •H 0J %%~'!1<>11 i:j~ '1!-i'-c:: ~%~ cff~ '11-i'-'<l *l~<>l];.J'<! 0 1-'i" 
oj ~.2..l.-} '80\:! c.H -'¥-it! 1 ~.2.J "New Investment Promotion Program"' .2.J ~ t±E...£. t:}A] 
ttl.:,Z-7} ll-"8!.l- ~~cl-. ~ii"] TownsvilleojJ ¾* <tl.-=7-±:.l"t! Australian Institute of 

~1arine Sciences(AIMS)7} AJl:1£1<>1 ctl_~7l- nff-¥- ~~ii"}c}. AIMS::: ~.,.,_1-¥-~ ~~~ 
,q~ Of<>il "l~-'-1 'll~ ~<>11 Indonesia% ASEAN ~71<>11'71"1 '<l*lrloj ';licll/'1! -U%'!l7J-
7] !g-,,._J %%%~Oil en~ <tl.-=7-~ ?tr~iil-2 9.lc}. ~c ~?:.:: A}~<tl.l'tl~ aH 0JA~~--B% 
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'll 'l'f'i'-Jff'!f cflAJ1i~-Ojj Cfl~ 7J;oj~ .!i!_~-'/'9.1~ ~'llj;loj 9.1.ai- 'l'!'i'-'lJ.2.1 'lie~~~ 
ajE-.s'. -15-"'il"I:: % .;i-7laf'll "l~Of]A7 •i 0J{!~~ 1fl•JOf] '/!oj..-12 9Jr:I. 

aJAlolOf] 9.lojA79.I ..-ij 0J1i~ %'11 %%¾!:~Of] cf~ 'l'!7:: :,\~ ol,lcj]u] '9-%
branch tl-g.}S!.j Pacific Institute for Bioorganic Chemistry(PIBOC)oflA-l f.£til~ 9l 

r:}. fS. ~-,1-t:ff~~ ~~ %71¥~2'- r:}cJ_iff-~ .E±~ %-oJo:j r:}oJit! i$ffOJ1J~ Aj.liS!.j 

•H1!£ ~J..-loj 'ljcff •H'll 0J% .21.ai-9.I •H"l0fl771"'1 <goj-&, 'ell..-J2 9.lE-uf 'l'!'i'->'li'J-9.I ~~ 
~ ac'i/£ ~1..-1<>1 .ai-"ll't-%-'l'!'i'-ii AJ.<r...-12 9Jr:I. 

7]E} ~7}~ afi 0J~~1l 7ff1![ ~-,1-~ 1tJlJli!.Tfl oJEHCI. !£i:!Jc_:::: tl¥-~ ±Tt..2. ~ 
7] project *}-'t!.Oi]A-l 4'-~~}2 9Jc}. ~oJl!: otl:::: SpainS!.l PharMar,-t.t.5:.A-l 801c_t:H ~1ti 
aJ~S!.l Florida~ %~~ ¾"J..Q...£ ~» 0J %%~~otl t:ffitl- 1?.1-TI ~~7)~..Q..§. u~ ~~ 
£ 1'1'<! Sea PharmAl71 lt%-~ ¾'cc~ .i;J Sea Pharm.2.1 Spain branch71 -lif.J1'1oj -1!!.J't! 
% 7)'/l ~ •H 0J1!~ %"11 -tl9.lol%9.I Jf'l{Of]'l! -'/';oJ..-1:: 7]'/J~Ai ~i:': -'1>'"J~ 'l'!'i'-'!l 
:,}~ \'12 9J t::1. ¾.ai-, 'l) £, 'l) i!j) % 7fl.'r. .ai-Of] A7 .'r. ~ ;:'. -'1,'0J~ 'l'f 'i'- '!,:,} 71 .!i!.2£1 of 
.\SE'\\ ~7}ojJA-l:::: ~,1- "?¾~ o}~ 1;.!-..Q..l-} aH 0J-'l~Ofl -t!l!: 7Jit! .!l~fS!.l~ ~~iil2 

9.lr:t_ 

•ffOJAJ~ {l-afl {!~~Of] cfl~ .;i-cfl.2.1 'l'!'i'-.>t;,J ~ cff'<l1'] u]u]1'1r:I. oj:: .;i-cij9.I ~ 
~~ ~ ~~.:g-~ ~,1-4'-¾oJ ~t!afE...£ \ef".::f-~o-J 9J.::::r:.1J 7]~,a}:::: 1:1}7} 3.AJ'{! ,¥-<,!_!l 

t::l.'r. .ai-cff.2.1 '1!~{;'0)9.I 'l'f'i'-'1!1JOf]Ai ajoJ'i!~o] •fl"i]£1oj.g, ~o] JI'!/ ~ oj{l-o]r:I. 

~l-JI~ ~tf! %%~~ ~-,1-~S!.j f~ -t!11~ ~18- ~%~~2} ~OJ 1:tJ-'d_ir % .srAJ1J~ 
Of] uj '!!eel 9JE_uj ~'lJ 711:: .:J. ~'IJ-'1>' 'c:7] 'l'f 'i'-Of] 9.1 ~ ~ ¾ AJ%9.I Jij 'l[ '.1 "1]%~0f] 'ls 
'1!1Jo] 'lJ¾"1oJ 9.lojA7 '!)"7]-'i'll 'l'!'i'-Of] 9.1~ >H.s'.¾ ~~9.1 1fl•J~ AJcijajE-.s'. ±9.1£1 
oj 9.l!:: '\J1JoJr:I ~"] ,;!~.;i-Of)A7.'r. ~'lJ:£19.1 .<'.7] '<l>l]Of] 9J2 ci-¥-<l':9.1 "1]%0] 1R•J 
¾Of] 9.lc: •R 0J1i~ %'11 %%~'l/Of] cfl~ 'l'!'i'-.>t;,J ~ ~ 01-l;!- ? 'lJ,r:I . .:J.aj\-f ;;Ji:', "! 
7'112+ ~ "T7ll~ ¾~.Q...£ aff 0J~~oJ1 r:fll!' ~11°1 ~~t 2~.!92. 9J..Q..o:J 4- 1H~ '?:1.-iL2'
"il Of] A7 :: AJ"J•l -'f-?~ '!, 2f 71 .<r.'i!-"12 9.lE-E..s'. 71771¾ A] 'll Of] oj {;'0)9.I 'l'! ',1-.'r. ti 
AJ~ ~ ~OJ ~AJj;lr:f. 

~•fl7JI:<] .;i-cJOf]Aj oj {;'o)Of]Ai ?OJ ~.ll. 'Yr~ ?'J¾'1! ¾il. 'l'!'i'-:,}"1]¾ -'/'"ii 'll 
.s'. AJ llj .,,_ 'l'! r:I g 2f 'ift::I. 

~.ai-;::•fl "'7A7 ic->111i~9.1 ~'l'!'l!c(•H 0J'l'!'i'-±1 
affoJuJ~~.£-¥-~ EPA 'M 7]Et~ 2.£.~_£~;tJl:IJ{!- ~{!('8ff 0J~-=jl.±) 

~n°J,.,.l%£-¥-Ei -t!~~ ¾\ ¾%~~ 7ijl-lJ(aH 0J'~-,L.±) 
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•H 0o'-t\ 'l'.! ~ .s'. -\'-BJ 11.&c;<J •H"IJ '<r"'i ( •H 0o''l'.! -i'-&c, ~ 'li-/J-~'l'.!-i'-&c I 
~;t_~AJ~~ ~~(i>ffOJ<t!.,Z.±, -¥-7Jt:.H~2., '?{!~.g-~) 

01~ ¾o{JAi tt~i5H 0J<t!,1-±o{]Ai:::: ~~n 6"ff 0J~%~o{l i'±tt <t!-=t-~ -?'!fir}::: ~t..H 
%'¥E.f ~tr;" <t!-,L7]~.Q...£Ai {t~-C;t;J9.f 'J~'l1_1!"2-j 7<JAi ~~]%~.£.J,!-tj 100 o:j {1~1l 

~ ~?l, -=t-~~ ~ ~tt I:!} 9.l,.Q..o:j 0 J~ % 1C]~,.t,s£.7} --9--4tt pectenotoxin- II( tfJ 
Yl, suberitenone B(2A]~,¾ <:tj~j), solandelactones C9.r G(~±Ai6M), euplexides 

('bJY. 'OJ"J§}) %2-l ~~o{l i:fftt .:V,4,-<t!.,Z.~ ?~¾O]t:}. EEtt .:;:!..A]~-% ~~l, 11~~ 
~ Oil'clJ, tfJcg %2-1 c.}0J(!: -taJ~,,_J ~zj-~ 7}~ ~.Q...£. -R-~tt eicosapentaenoic 

acid(EPA.) docosahexaenoic acid(DHA)%o{J t:.ff"!r}of u]1~ofl 2-j{t r.ffeJ1J{! <t!.,L~ 4 

~¾tll ti} o]o] oj~.£ r:H~ -'£{!ti"}::: -? ¾E.f ~-?~ ~2.Jtt 't:I} 9.l,c.}. EE{!- superoxide 

dismutase(S0D), phospholipase, haloperoxidase %2-1 ~~¾ tiff 0JuJ1~.£.-¥-E-J if:"aJ~l

'li.2.oj *~¾~"! JJ'IJ~ oJ%1'foj •JoJaJA~i!-%•i~ PLA,-!j- <M'lJ-ie-OlJAi 'if~AJ;,J c:<11 
"'cH}~}~r:}. ~:?:. ~i!J3_~oJ A~AJti"}::: 1tff~t ~~!i!..1!611 a)*!::: OJ'!Jo] nR.q. 3.2 A] 

c]~AJ 1!~~~ 7H~7}-1g--'ao] ~o} ~{!{!¾~. 7a,..Jr.R, -¥-?ar.l i5H 0J~-,L± %o.J]A1 l:l] 

2~ u~ 'Z!.,r.1.~~ 11£o:t ~..Q..q ¾eJ3.,e~ 'tr:~ r.R~ llH 0J % ~¥~.:!I 2t1~ oi 
~%..Q..~ ~"&}<:xj -9--?~ ~2}-~ ¼fA]:::: *~}2 9,lc}. o]~o!l.£ -¥-7Jr.ff. "8~:lJ-r.ff. 'tr:°,t! 
3Jr.H, 1"cl-cH, OJ1E}-r.H, ?J"Sr.R %5!.J cff~OIJA1 ±f§ -#-7) ~'Z!¥~ -1~1~"8 c.Jtc!~~. 
7] :lg--'a c}c.J'ff" %Oil r.J'1 'Z!-,L~ -0-}2 9,lc}. 

-~t-HE-1 "off 0Jt!'Z!~ -;1-,L~ 7]½-?~% 7-l ¾"d 7]~~& 11 ~~2}- t1].2"0'}t,1 °}cH~ 
~c}({!~~E-1 +¾~ 100..Q..£ "O'}'.'.e,£ ttll~ ~t.JI "?¾). 

0~ 0-,,-
~e .c,r 70 

--
!~%~ ~~, ~ llflOJ 60 

---

0~ ~c.J 'J.l -i'-3'c 7,j 1l 60 
- ---· -

A' 0 ",'lj 80 
------
~ J-Jr.H~~ ~cl, 1l "ii 60 
---

0 'll~ cH•J~~l%~¾~1 60 
------

I itVJ '>'. offaJAJ~( *71.:f~I 70 
-------- -

AJ7]9.j Ro.JJ L}E}t,:! tI}.2.j, .{{oj ~t-H~ iiff 0JzI¥1l <r!-,L-?¾,<:>. 7-l~ .'2..~ 1t!i]7]½0il 

';)_ojA1 ~{!~Oil t1]<5}0:\ ";J'c.J"O'J ~4£.Jo-J 9,l..Q..o:j <Z!.,Z.*0 1 r.f1t!~l ~ 0 } "? 7M ;.f!jl-~oi 

(Oil 1!%1JE-I .;z.s. ~~. offia, 7J~%~~ -!E--W-, %~%~ 1Ji:::Jo.Jl ~~ r.ffeJ-'t-8- %) 
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oJI 'l)_<>J,Jc: ~;,J\aj 4'¾oJI .S:.'i!t! ~419.J ~~7f7f I '-ff"IC: '?'§<>I! ~:zit! AJ'l/oltf. 
'£ t! 't! ,' '() Z! 9.l 't! 'i'--\r"i 9.J 'El "I 71 1l i>f oj ~ >ff cff-¥--ll': 9.l {'I_ 't! ~ 'l'! 'i'-'() 0 I •ff 0J 'l'! 't! % 
01 °1\:l ~AJ,,g% 7I~ %'l!oJ] ?"fi>f2 9J._Q_£.£ 'l'!'i'-9.J lf'lli\~ ¥l•ffAi C: 't!'i'-'l1"19.J 
.oj-¾ol ~ _il_O-/t/. 

•ff\'!%%(phylum Porifera)," .:;i_,,gtffoJI 0101 "'l'i'-AJoJI ¾~i>f9:l...Q.oj 71:f~ ~1 
9.J '/!iloJI "1%•foj ~!cf~ Ji%i>foj ~ti. ol~," ~~i>lc: •M 0J%-§- ¾oJ]Ai 71~ ti 
0Jt! ,,g%9.l "ILf'e. ~-'il71loJI 10,000% ol'o'0 1 Ai"s.S-lc: ~_Q_.£ 'l!"i"i 9J.cf. 0l-!t9.J 
l,': Jo c: cH '<!•I ',;j <>J 'll cff oJI J.i ~ t!"I oJI o I " c: Ji 9.J .£ c' •ff °'1 oJI Ai "s .S-f oj ,l',_{!Cj .'e.-\'
Ei 4:,-'t; 9,000 m9.] ,._dtfloJ1Ai£ '<=1J-{1~r:l-. EE.t! E.~71::: 151-1-t Baikal ~2.}- {!'~ YI~~ 

§_4"oJIAi.S:. "J{j'i:[cf. "'f-el 1-fef i"-•ffoJIAi::: "'f!:l•R's'!7J(Calcacea) 9%, .a,.•J,ff,'!7J 
(Hexactinellida) 2¾, .!i!..~'&fl~7J(Demospongiae) 114¾ % .£4"- 125 ¾0 1 .!i!..:i!.5:l<>l 9l 
..Q..Lt o1.!i!..2 ~,':_ uJ~.W- ¾o] wot AJ~l.£.::: 600 ¾¾ ~~i! ~..Q..§_ 4"~5:l.2 9.J.ct 

( 1J it ;;i:t, persona 1 commun. ) . 

t~~%~,': 7 ¾"ff" 1}1 Ai~ ~78~ c.} 0Jlt2}- ,:ij;g2.j -§-o]"1J.Q..§_ ~t;}o.-j 

•ff 0J ~ 'l'! % 'l'! .,,.. 9.J .'l'c 7I -¥- cl u ," ? .lil ~ "<>I ~ti. ti .a,. 0 I .'l'c 71 oJI 'l{ {'! '\! •H 
';1.el ~'l'I.% ¾oJIAi ,,gel~'ll %119.l ¾~'11£.71 off,¥- ~of {l,s'aj~ 't!'i'-9.l cH 
AJoJ '-J<>J ~_Q_oj :J. 7.:1:z/ ~•ff .£::' •M 0J,,g% ¾oJIAi 'i'!'t!%i\~aj_Q_.£ 7f~ %il. 

t! ~l'-1~ '-f>Clisf:J. 9J.tf. '70 '80\'!cffoJI .l!.2'\':! •H 0J{!¥'!l % 30> o]'o'0 1 •H's'!%%.£ 
-¥-BJ ~-½5:19;!..Q..o:j 0 ] := % · ~~% .£:lf(!: ~ tsfl 0J1~¾ tc!~ ~(phylum)..Q..,£.,q := ~ 
'l'I_ ,;jcij9.J -'i'¾ '1]£.o]cf(Ireland, et al, 1988: Fig, 2-11. •H'<!%%9.l ,s'_il_Ai)," c•H 
oJl ti.£. %7f0foj '9!-'94\'!oJ] .l!.2'\':! 'tl'i'- 7,:1:z/ ¾oJ]Ai 45•71 ol,!t9.l cHAl%'l!oJI cfft! 
~o]r.} Table 2-11. o]c'i~ 78~6~ lfo] ~4-~ t:-]-£;- 1J~5:]2 9lo-jA-j ~i~%% 
o] t.HoJ ~9:!~oJ]Ai ~}A]~}:= 1:1['%~ Aj4i--3:f..Q..§. ¾7f~t.2 9Jt::t(Chemical 

.\bstractsoJ] l-}E}\:! '96-'97E.] 9:!.,Z.__l,1__2 ¾oJlA-J 50%~ AJ:tj: ~¾ti, personal 

commur,, l. ~~~9:l_,1- ~~ 0 }1...]i!} oJ-§-2}- t:}~ ~%{!'~ :l.1-~~ 1J''f.floj] t:fl,t! 

qi-?- 5£~ ~-2-oJJ t1fl1f- ~~.;,J ojfo-jA).2 ~r:}-(Paul, 1987; Pawlik, 1993). 

tff~%~9.J Jd.9:!%~ .::1. ¾-W-7} ofl1f- c}OJii}O:j O:Jcl -'-~~~~ 71.!cl~ 7}~ ~~§

o] tJJe}S:j<>i 9.l.t:l-(Fig. 2-2) . .!f."tl Jd.~%0] ~elfff-'-J-£ 1-}1:.}Lfl:= 1:1]~.£ O:je} r:.H-¥-~ 

.ej •R 0JA,!~9.J cHAf%'lloJI BIOfoj "l'il•l?il ~of 'd-'lr>ll. •J'l!i!r>ll. •Jsf0 1"1~>ll. 1i. 

-40-



18 30 46 

• 'Microbes' 

Bl Bryozoans 

ml Tunicatfils 
697 383 • Echinoderms 

• Coelenterates 

• Sponges 

El 'Algae' 

Total= 1706 compounds 

447 

Fig_ 2-1. Phyletic distribution of marine natural products. 
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Fig_ 2 2. Distribution of sponge metabolites by structural classes. 
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Table 2-3. Phyletic distribution of marine natural products - recent trend 

(1991-1994). 
·------

Organisms 

--

icrobes(bacteria and fungi) 

"A 

B 

C 

E 

,1 

s 

T 

lgae'(include cyanobacteria) 

ryozoans 

oelenterates 

chinoderms 

olluscs 

ponges 

i.U1icates 

Total 
-

Number of 
publications 

% 

31 3. I 

I 74 17. 2 

10 3. I 

132 13. I 

49 4.8 

79 7.8 

460 45.5 

61 6.0 

I, Oil 100.0 

(from Chemical Abstracts Selects ~ovel Natural Products: Shin, personal 

commun. ) 

±.O<i•H>ll ±.'i'l~~>ll. \1"1"l>ll>!l -\i-.2..s'. 7fl~¾'<! •fl 0o'~'t!%0fl::: •111-ll-•fl~ i!i,'!1°1 
cf-? 'l'.~,ejo-f 9.J.cf. ~•fl •fl\1~ ~'t!~.s'.,,_i ~O'j~ :tl-Et•loJ {!'lJ!.f~ 7)-\,"'8°1 'ii-"i 
"12 9.J.J-11..f AJ'lj!.f 2f'l/0J ~'.'l¾'<! i!f'll¾ cff.lf.caj'<) <>II~ 1/llf&\1 Halichondria 

okadai.2.1- Lissodendryx 4i-.Q..~4'-tj ~2.J,¥! 3J~~1l halichondrin B, Luffariella 4j-.Q. 

~lj!-tj ~2.],¥! ±~. {!~¥il manoalide, Topsentia 4;-~ 3J~, ±~~~ topsentins, 

Xestospongia exigua,£4'-tj -lt-i!.],¥! 3J~~~ halenaquinone, Jaspis 4,-..Q..£,¥-tj ~2.J~ 
~J{!"tr, 3J~~il jaspamide, Discodermia dissoluta.£,¥-tj <?:!o-J{! ~J{!~, 3J~ ~ ~ 
~ Q:J~l~~ discodermide.2.1- discodermolide, Theonella 4;-~ 3J~ ~~~ 
cyclotheonamides. 

spongistatins %0] 

Spongia 

9l r:H de 

4,-2-j- Hyrtios 

Si l va and Scheuer, 1980: Hirata and Uemura, 1986: 

Bartik, et al, 1987: Zabriskie, et al, 1986: Crews. et al, 1986: Gunasekera, et 

al, 1991: Pettit, et al, 1993; Fusetani, et al, 1990: Faulkner, 1997: Fig. 2-3). 

oJ.,-.°_ ~!'ll!.f~ A,Hr ¾-'¥-Of) -'¥-'<!•1711 {!~'!! 7f~~ -1'-l~ ,:,!£~1!.s'.).i~ 't!'i'- 71~1 
71 <1'i!•I 'ii71l '!l71'1!2 9.J.cf. •111-ll-•M ~eJ:~'8%'!1~ {!'1J!.f2f t±'ll•loJ -'i'-lif~ ,.I 
AJ,'.?_ 3J~%11 halichondrin B~ cffeJ~-'d~ ~J"lr}oi u]~~ NCI.2.j- ir~~=-~ ~~71~ 
oJ if"~~=-~ \f{:! 4'--2-~ ~fi~Oil o] ~~~ 1-'Jt>}i:: tiff~ Lissodendryx¾ cffeJ..Q..£ 

0J6lt>}2 9).r:}~ ).HJ.o]t:}(Munro, personal commun. ). 

-43-



H H ,,,,,_Q ,, 
•. 

0 

H H H 
0 

0 

halichondrin B (Halichondria okada1) 
-antitumor 

manoalide (Luffariella spp.) 
- antiinflammatory, analgesic 

0 0 

halenaqu,none (Xestospongia exigua) 
-antitumor 

r 

.# N 
H 

H 
N 

topsentin-A (Topsentia genitrix) 
-antiinflammatory, antitumor 

OH 

~ 0 

HN 0 

HN --~ ·•. 0 ,,. .. 
Br Me:XO 

NH 

jaspamide (=jasplakinolide, Jaspis sp.) 
- antilungal, cytotoxic 

Fig. 2·-3. Bioactive metabolites isolated from sponges. 
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OH 

'• ,, OH 

OH 

OH OCONH2 

D1scodermide (top) and discodermolide(bottorn) (Discodermia dissoluta) 
-cytotoxic, antifungal 

cyclotheonamide A (Theonella sp.) 
-thrombin inhibitor 

Cl 

HO 

HO 
OH 

OAc 

0 

0 
H H OH 

OH 

spongistatin 1 (Spongia sp. and Hyrtios aftum) 
-cytotox1c 
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-il-% ~ 'l'! ~ lt 1'1 11 .sJ "<¾ >ff 'l!-£ f I ~ 11£ %'!,! .£A] .sJ 11 ilc'll .t"'i 'l'! 'i'-oJl 9J <>J ).i 
.sJ •fl'l'!%%-'l ¾Jl.'11-£ 'i'!"].Q_.s'c E.i!jt.J!c: ot!c: t!0<ff •Jefoji!j6>!] ~,"_ •J~>ll-"',,_i 
zt~£ 1M.2 ~~7} {i¾~.2 9l,..Q..n:{ ~~~_Q_.£.£ o],§-xj::: ara-A, ara-C, acyclovir, 

AZT % modified nucleosides}fl ~aJ:fl'-'8~~~ 7ff~oJ '50\-:!t:ff .=f1li Caribbean Sea~ 

-tff ~_Q_.£.Jf E-j i"-½~ .k!J3!.~-'g ~~ ara-T( spongothimidine )z} ara-U( spongouridine) oJl 
>1~1'12 9Jt:lc: ,,_l'\!olt:l(Rinehart, 19881. '\l">I~ ~'!,!-£ 3".~1'fc: oJ"1 •ff'l'!-il-~ 11 
.sJ"l¾ r--"'-%'ll~ ¾oJJ;.i ~'l'!~ ::i "l"il-"' '\J"'ll:lfoJl '11'8-"lc: ~.". eJ~ ±4'<>11 ::i~ 

t:1 O-lt.iel£ 0 1~.sJ "'t 0 1~ 'i'-~9.J- 7J"i~ '\leltf-'J 'JI ~lt~ ~'1171"/,"_ .sj")¾oll.-f 
7]EI ~'ll"l ±0<W.sJ >W'l!oJI \\1°1 °1%~2 9Jt:1. ~'<! 0 11..-fel 0 1~,". ~11':"l'l! 'l'!oJJ>i 
-il->l:lf~. '\!!:lf~ . .sJ · OJ'~. '\l~ · 'll•H~ % oJ"1 '<l\'!-ll':o).sJ 7Js. 'JI %%'l'!'i'-oJI "l 
cfl~ 7loj~ 1'loj ~.Q_aj uj~oJI£ t:i.a,. ¾<ff~ ~oj "t'\!;.J '\'!t:l(Fautin, 1988). 

•H'/'!%~.sJ ~'l'!~,"_ 3,500 ¾ oj'\)-ol 'l{ilj"] <)Jt:f. ol~,"_ -,'-~"].Q_.s'c aff~ 
r:} 0J"O"}o:j terpenoids, steroids, amino acids, I inear and cyclic peptides. 

polycyclic heteroaromatics, polyketides, nucleosides, mixed biogenetic products 

% 5'.c: '\!!~'11 "1 7l~oJJ;.i BJ¾'\'! ~'!!itol •Jal~<>! <)Jt:l(Fig, 2-2). 'l{Jj.sj 11': 
(phylum)~ ~~01 oJ~:,JJ c}0Jtt ~ ~~,& ~%-g,}.2 SJ.::: .?,! ~ ~~2} t;ffOJ~ ~~lr} 

2 ~e-o-}::::: ~~oJlAii:: %el]7} 'iii:: ~o]r:}. ~ll! o}l-]a} o]~~ op~~~~ -¥-"ff"~ 
~~_sj 4-½'/1£71 t:f;: ~'l'!~-& OJ.£1'10<] '/.l.:;J. Zj-Zj-_sj '\!!~-'J") 71~-£ 71-s) ~'!lit 
0 ] •JcJ-.-1 2;': 4-½"J£~ .'i'-oj ¾t:f. 'l!'li"!'l! '\!!~.sj -s):lf9.J- :t!>JoJI cj~ '\!!~~aj 
"1 %<>11 ~•ff~ c: 0 1 "1 ~ t! '\)- ,"_ -lt7IJII 1'1711 •ff 'l'!.sj ~ 'l'! 'll,.sj -s! 'll ~ '\!! ~~"il oJI cj ~ 
~Ht~ 0 t71A]{!cl(Haslam, 1986). 

•i'.'!%%,". ~'l,'3.:ii;,& ~-" 11411'1-='--"' o]-lt.sj tff>1%'!,!oj "ilt.JloJl -'o"ltt~<>J 9J¾ 
7}~-'8°] tiff-¥- ~r:}. ~ OJ-aj ~ of].£.Ai ?J~ lt DSP toxin~ okadaic acid::: tiff~ 
Ha}ichondria okadai of]Ai ~ g ~¾5:19:!.2.l.-}- 1J.~J.£.:: dinoflagellate 

Prorocentrum lima~ r.ffA ~~~o) ,t~5:l9ict(Faulkner, 1996) . .!El! tifl?B.'.: 
\'.t,'.: 7J.!t-ofl c}t!J~ ~"§ "i)~(epiphytes)oJ1..} microalgae, eubacteria, 

cyanobacteria, fungi%~ :;lf]\..JloJl r:}~2..£. .!,!..fi-'8"}2 9l.£.E..£.(Aplysina 

cai·ernicola2.} 7J-¥-:: ~~ -¥,I!)~ 38%7} bacteria)~~~ ~~oJ tiffi:;1~ 2-R

~ cff;.l~1J'l!0<I '8-'\!!1'1c: ujAJ'll, ~,"_ n]J<i]i-l}.sj tff;.f %11'1!>1.sJ 'i'--ll': 0 1 <>I 

'llt:I cff.R"]'l) "il.s'c 7l'l/ 'l'!'i'-71 \\lo]'\'! •fl'l'!.sj 'l!¾'l! Dysidea"r.sJ 7.J~~ 
.!,!_i:;1 terpenoids, chlorinated diketopiperazines, diphenyl ethers% "il~,.,.J ~ 
2.£. "t±~o] ~~ ~2 7]it!.S:. Ai.£. AJo]{t ~~~~ Y~l .!,!.-f¾-'8"}2 9J.::::r:~] o] 

-lt ¾ oJI ).i ~ ± ~ 'l! --'i'- .sJ ~ 'l'! ~ .". '8-'\!! -.-1 c: "o' ~ AJ '\!! ~ oJl .sJ -.-1 oJ ~ AJ '\'! ~ 2. 

..£ 2r'-4xl2 9.12.o:f ¾;:4.£. .!,!..;r.5:}2 1J_c}(Unson &. Faulkner, 1993: Faulkner, 

1997) . .!f:lt Theonella swinhoei.Q.I ~~~~ macrolides.tj. cyclic peptides::: 

.!2.-'¥- oHi:;1ofl ~t,]-o:j itJ-"3xj:i.J ~2 ztzt ¾~&ti:: unicellular heterotrophic 
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bacteria.9..f- filamentous heterotrophic bacteriaof! 21-e}o:j ~"8 ,¥! ,.q14 oJ 'i-t"~ 
11,c} (Bewley, et al, 1996). oJcJV: ~ofl ~CU--i;-}o:j 1"cJ~A'3 ~ll¾ Y.fl-ti}::: 

<)ff~..Q.§.1f-tj oJ~ uJ1'~¾ if;"cl, 1:1H 0Jti}o:j {!-~~ 7}j;)7} "if~ {1¥~21 i::ffeJ 
11-::!½ ~I~ Al.'i'.71 ~t:oJI oJ-¥- l!'!lc.-1711 ~~'92 ~cf. .::!.i>]\..f ~-?9.f {'!•-'l 
"f2_.s'_ ~11.-1:: ;>,!o] li':'ll~ o]~9.f ~'IJ->j'1_) •ff 0J:zf ~\'!~ 11-::!9.f ojaj%2_ 
"- 'll•loJ t!•ff'-'l"i 7IAl"f'1l '<l:zf::C 'fl,] 'i,1'12~cf. 

•ffl'!%~9.f cHAl~~oJI tj~ ,:\U)->j 2~,"_ -,': \'!-i'-~oJIAi o]u] -4'•~~ I'! 
~.1.j-~l]of!Ai u~.q.. -'-JA~]-i;-}Jil c}f9j,..Q.£.£ o:j7JAii:: ..2..~2}- Afl,£oJ ~af{l A}AJ9_! 

{!<q•] 'atnl-"'-1'! c1g:zi. ~cl(,:J %, 1993). 'l:!"1 •I~-?~ ¾9.f ~1'!~ 0 1 •ff 
I'!%~-". -\'-1'1 {,', 2] xi 'Ji 2- q tff 'a' A~ ~o] l'Jof -? >l!J ¾ o] 'a' 9.f •ff I'! o] ,:\ uj ->j 2-

.£ I'! -i'- "1 'Ii 2 A] .ll. .'r. "i Oj "l 2-.s'. .'r. '!/ 'll ~I 1'f oj "I .ll. 71 off -¥- 1l'c AJ "1 oj ~cf. o:I 
C}Ai Dysidea, Halichondria, Petrosia, Plakortis, Spongia, Xestospongia % 

';I 21 '!! "1 ~ '? 7ff 9.f 4,-½ >ii 9.f •12:: •J{! 'B ~ I'! ~9.f -?71 ->I,"_ I 10 ¾ 0 1 -.1) 
4,-o]l...} ¾oJ 1?..{o} Ai£21 :JJtiJ,& l:l]..215}7]7} off,¥- oi~r:}. ~"ff"~~_Q_.£ %~V: 

AJE-x.. .i.f~?J~011 a:tct r:t~ ~<fl.g.-£ -y.a--i;-r::: 7a-¥-.S:. =-~A, ur:t. !c."V:: m 
,"_ 1-¥-oJl::C '"[(order)o]q :zf(family) .l!.cf::C 4,- 0 Jt.f ¾oJI o:f;: ~o]~ ~~~ 
0 1 ,r. ½ "1 'Ii 2-E.-". ~I'!~ 9.f ~ ;g % 11 ~ 9.f 11:-i!- uJ "I '1l ~'"' 'tl 711 oJI 9.f -.1 oJ 11: "'I 
-.1 ::C ~ 0 1 oj ,l cf. cj ~o] •ff I'! %~oJI cff t! 1l'c-i!-"il 71I 71 "/-;t -.1,1 U0 1 oj cl 0 1 
{" 0 1 ~•i1'f2, %'l! AJ.ll.oJJ cff•JAi.'r. uj,foJI a:fal .lil-, :zf, ~,"_ 4,-½ 'i/cl1'f::C 
<>ii 7 l aJ , I U 2- .E'. -"- 11 ~ 9.f ¾ -i!- 'll -". ~ I'! ~ ½ ~ ~ ')! :: ~ .'i'. oJ il1 % 0 I \\l cf 
(Bergquist & Wells, 1983). 

o]ej~ if:"ff-~~21 oiaf%2} tl.~~21 ~{!-9",~ll21 5:.._v_y,i- :{J-CU-8"}2 'C!:tfl 

'-'I "I 9.f I'! 'I- ~ :zJ- l!- 7ff Of aj 2-.s'. AJ ,,i -"'- I'! ' 'l:! ,1 ~ I'! ~ :>:! uj I'! -i'- :: •ff I'! 9.f oj 

cl 7J %of]A{ ~£. Demospongiae7Jofl cfl-8"}o:j ~¾~..Q.§. 0 JfoiA'f 5¾tc}. .:I.2-jL.} 

Demospongiae7Jofl 4,-ti}i:: an~~~ ~. 2} ~~ 4,-ofJ tt}C} Y%6}i:: tj_ ~~$y 

¾"it7} uij.q.. c};;o] 1,#~~r:}. 1tl.~ aij 0J t!<flW ¾ofJAi off,¥- ¾iL'V: ~lj;l~ fa:} 

AJ-e-}::: :erpenoids.2.} terpene part7} '!r.Y-¥! mixed biosynthetic productsi:: o:j 

"1 ¾W9.f ~l'!oJI~ ~· qv~ ~± -~9.f •~-"- .½"l'li2-'-I ~~ 
Demos pong i aeofl 4,- -a-} ::: Di c tyocera ti da.9.} Dendrocera ti da 21 -¥- ~ of! Ai 7} ;g- ~ 
it!_t] 4'-¾5:J';C.c}. o]~~ i.}~~ ~ff-~ ~lt! A]lE-5:. o!%~r:}(Bergquist & 

\\ells, 1983). 4xinella, 4canthella 1il Hymeniacydon4:r-% r:.}~ ~oJl 4;-"8"}i:: tiff 

terpenoids7} 

isocyanide, isothiocyanates, formaides% nitrogen part7} terpeneoJl ~~t! 
~oJ ~ ~ E.ff ~ ~ 1l ~ -5:,A~ Di ctyocerati da.2..} Dendrocerat i da21 terpenoids.2..};:::: 

tg"iaf~l .,Z.~Bt:}. o]~t! terpenoidal alkaloids~ nitrogen~ 7]1c!_~ ,._~~,._,3 

11.~ofl £jti}o,J ~ 2J711£ lj!-7J cyanide~o] ~~;S_r,}(Garson, 1993). Verongida 
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~..Q..~-!j!-E-{::::: ct 0Jt!' ~Ef ~ bromotyrosineoJ]Ai -#-i!llt!' alkaloids~oJ ;g¾~..Q.. 

~ ~½~9;:l.;::::t:il 0 1~~ -=j!-S:.~'t! ~oJAJ~ Dietyoeeratida.Jt9..] ?{! 2} 

(\'erongiidae).'i'c {'!%"1.2..'i'c -a',-l,£)9;!,1 oJ %%SI •ff'l'!oJ t:'11 <if'IJ~ .Jil-.2.~ 
~'fffff71!{! -?-¥:! of{l- 0 Jr:H~ 3?1- ~ 7l :g&L PolyaeetyJenes~ •:ref ¾'ff~ 
tff ~ oJl ~ ft;J Ai f"¾~ 2 9)...Q.. Lt Petrosia, Raspai 1 ia, Xestospongia %011 Ai ~ 

•I 11 'll -.1 'l! ~~cf. 
•R'cl%~"1l"i:C: cf:: ~~o/l"i ~of_;;_7J7f oJa!s'E- ~oJt, %%SI ~'11% 

o] q4, tM-Z!~'.?:f.:::::c~] oJ~~ ~-?~ 4;'-..Q...£,¥-tj ~¾~..Q..-2., f"~~o-J ~~~..Q_ 

s'. 7 ~ 4,SI AJ'l).2.~ oj;,J><l2 :!:f~aj -.':%SI ><l.lt~ 0 1%£1::C: 11-71 \'lt:f. 
Plakortis, Prianos 1j,l Sigawsceptrella:4,-..Q...£ ,¥-E-{::::: eye! ic 

peroxidel-1 :J.~-'i'-"1 7l-lJ.YoJ 'll"'it! %'lJ~oj 4½£!9;lt:f. =Et! Petrosia, 

Yesrrospongia 1M Reniera%oJP·i::::: ~ 't! ~ ¾oJl Ai 7 of! 7t '9'iij E.tr 
qui no! izidine alkaloids ~ .:19.} .;z.&AJ..Q....£ {}At~ ~~§-~ ~-#-iit2 ~..Q..n:j 

4lgelas.9.} Adocia~..Q....£,¥-Bj terpene2} adenine ~~ guanidineo] ~~{! nff-¥-
Str" ~Eff~ mixed biogenetic produets7t J?io] f"¾~9it:L o] ~Oll.£ o:j?j ¾ 

*~ ~n~..Q....£-¥-Ei .;z.&~ ~~o] A]'9'iiJ •"lat¾ ~~iit.2 ~~~ tEH~ ~1l 
~ 0 1 \'1- 0 1 4¾5'19i cf. 

~7lt! Sf9.f ~oJ •R'l'!%%SI ~'l'!~,"_ 3,500 % 0 J'b'oJ 'l!"1"1 'll.2.1..-f ~ 
E'iit::::: ¾ ¾oJJAi ~2} 5% o]~~o] 't!.;z.~9i..Q..E..£ 11~1l~ ~Z!\t 7t~"S ::_ 

oJ~•I •i1- ..,cl. •Rl'ls/ ~'11%.". 'i'-.:C"1'11 t:f'lJ'Y:if 7J"ft! ~'i~-'J.2.~ '11 
Ofoj .2.~ 7Ji'! •fl 0J~'l'!~ '<l'i'-SI "111"1'11 ~P-lil- '-l><l'Of2 'l).2.oj 't!s'!-a': 0 1 
~ 'c!'i'-<>11 oJ'-1 :C: "il'J =Et! ><j<ff'Oft:f. t:j~oj ~•ff t:fZ/.£5'. "ix£!2 'll:C: •fl 
~*~ ~~~.9.J t.H~ ~"<l2t -'d-~~7t AJ~~ 7J-¥-- ~,~t ~H 0J~'t!~ ~~ 0 t 

q,1 ~AJ~ .£Yt! ~ ~'l'!il- 'l'!'i'-SI "11l"l't! ~'-I~ '-l><l'l! ~.2.~ 7l<fl~ 
i::L ttfctAi ~;;i:H::::: ~~ aJ r:HoJl.£ AJt:J-7] Z! tiff 0J~ 'tl.¥ ~.;z.~ '?£~ ,aff1?'!%¥E-l ~ 
'l'! il-"11 't!t! 'l'! 'i'-::: 'il ,1 l/"11 -\:!x%'l! ~ 'lfiil-"1- Y>il 's-<M SI ~ 'l'! % 'l'! 'i'-<?¾SI •JAJ 
"1- 'l'!'i'-<R'i/SI "/<Ro/Ix 3.'il 7l"i'l! ~oJt:1. 
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.... 't!"'l-£1 'll~I::: AJ.K£1 •fl'll, ¾~'1!7'-tl-'J AJ.K£1 ,;!'lj, ,;!'lj'\'! AJ.ll.£1 tfl•J•H 
11. %71~1:l~ f~, ~~%~ ~cl, -tl~il~ ~~ ~~. -'tlcl~,..'3~ ~1! % '¾JlelJ~ 
<?1 ~~~ ~.,i.sq ~~~ ty-et,a}_2 ~tt. 01 fi' ~-1'-.zt~~ cR-¥,~~ A]-~:if..Q.~ f~ 
~r~ ~~ ~ ~.Q...£. ,al~- ~71-Jrll!- 7J-41-!:: afi::J~oFsJ ~i.Jl.21 ~~71-Ll 7]{!ofl ~~~1-

9:l.c:f. l'c '1!7'-£1 tl-'J, ~t•J-'ll 'J! 'i!~P-1-'ll'l! '1!7'-•J-'/l ,"_ 0 fi!ll9-J- :Qcf_ 
,j-ll'Of;:: ~'c!J;l-,"_ -o'-"l•J 2,000 oJo-f~ ±"a ,#-7J~'!)!a.Ai Jt±i.f cf"J-it, 'i!"'i 

'll % 71cff-o'-"lc: "IJ.2jo-f'J:l_t:f. :J.aj'--f ±"a¾7J~'ll ¾OJ)Ai;:: ~'ll~ lll'l!~ ~'ll<>ll -
..ir,._J~~~~..,r.olfJ.f ~iff ~,2-iff~ lelJ~~ saponins, steroids, lignans, polyphenols, 

flavonoids % tt ¾'ff'~ ~11-& %~.:f!E...£. Cd-?-- ~ttA]?'JAJ ~2 ~ejl{-'goj 9.l.C 
~'ll½ '2.-'j'- cl'c~AJ![t:f_ •l's'!%~ AJ.ll.-e ~'ll~ 7J(C!ass)1..f ~(Order)<>!] Cjl-ofl'l!"l 
£J-2 6{1-"'"71ut r::}-op:1J_Q_£ ;tR~ 0 1 71-~tl- ~~R(?~ 0-35 m)of1 Af~-&r~ .£~ A/.li¾ 

<l'll-~-"- of'J:l.tl. AIJ:.£1 •i'll<ff'll- "i'4s"c- 4-a] 1..faf£1 "11-'1'-£., 711E-x, "1.SC.. ~%£ 
% 1j:J"iiH ~ %~H<tl: £Ai '?1t!2.J 7J-'8.:t.f~l2f- 16''9"~ King George1} ~0. Guam-'4 

Pohnpei 'if 'l!tffsff'!l 0J£1 .SC.Ai %olt:f. •H'll'i'! A]J:.£1 %'ii,". "t'-1~ AIJ:.c: ~\tti~ 
;I,. A}~A~.§-.'.{!o-\l ~$\-e-l~-2 ~S!l, A\li.~ British National Museum.:4 University of 

Auck! and<>!! £1 -"l itf 9:l. cf. 1/ el :ff-'/) ,"_ 'li '/l"l 'll 'lr-\l 'll 0J'H-,c, •~ J':.sii-'1/ 'l! •J{}!-J- 't;?/ 
~ ~J:}7!!E...£. ~~if}.2 reverse transcriptase(RT), Na'/K'-ATPase, PLA2, TOP0-1 %~ 

1!.±<>11 cij~ "i•H 't;'<J ,"_ ~'l/>11711£1 ,'-sr0 1 ~1£1::: 'l!x<>ll ttfel -e'c '1!7'-:zf"IIOJ]A1 ~ 
:?Jl r:}f';?jr:.}. Farnesyl protein transferase(FPT), cholesteryl ester transfer 

protein(CETP) ~,<: ~~~~~-Y-&.611 ~~'6-}9;1,..Q..n:j 3Jt1}0)~.6~ $J~ ~~(in vivo) 

~ of ~ot~ ~~ <c!-,?-7J~ctl ~~<c!-,t-&. 63.i!J~~~~ oJ~E.f National Cancer 

Institute<>!] z)z) ~-")il"f9:(t:f_ 
~~~~ 4¾2f ~cl;:: !"Q 0J~~~'-l-~61JA~ ,Y& ¾%5:I!:: <"Mit!:1~ 3.£.ot£.::i 

cijuj 1-1J1d£ oj-§-'15}~r:}. ~ A).E..£,¥-E-f ~<'cl~.g. ~~'15}i:: c•Ji:: dichloromethane2} 

\leOH. acetone ~::_ o\~~ ~1{1-~,& f~ oJ%ff},1.2..~ S ~½%~ Modified 

,upchan's Scheme% 0 1%0-foj 'l'l£1 "11719-J- .;;VJ<>ll ttf;: -.'-~~ O-f9:(t:f_ z)z)£1 -ltc~OJI 
i:ff•l"1;:: 1H NMR:;!f 1/el't;-'1)£1 4'"1~ ;;-foj op.fcffAf%'ll 0 1 J!c~'\'! -.'-~% ,;!'ll~ -'I-OJI 
ztzt~ ~~c.J ~:tJ,o\1 c~~t~ silica~::. reversed-phase vacuum. flash chromatography, 

Sephadex LH-20 column chromatography, ge1 -permeation chromatography, centrifugal 

countcurrent chromatography ¥~ ~CJ lclJ~~ ~~~}o:j ~~~£ ~j:}1.2...2. ~2]-&} 

9ic}. %:g9.l ~~~cl ~ ~~l ~ t:} 0J'{! column~ o]%l!: silica ~::. reversed-phase 
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HPLC¾ •J~"i_Q_.£ Af%1'foj ~.ll..ej9J.t:I. -.<el'\'! ~'l'!~.ej -i'-3'.:C: 1H-, 13C-. "N-NMR, 
1H-decoupl ing, DEPT, 1H selective INEPT % ~.7.}~~ NMRA}.li.2-} 1H COSY, TOCSY, 

~OESY, ROESY, HETCOR, HMQC, HSQC, HMBC, HMQC-TOCSY % multidimensional NMR AJ~:zj

IR, LV, optical rotation, CD, energy dispersive spectroscopy % ~.:.g-A}Jr..E-j ¾~~ 

'<! •H"14 2•HAJ -l!•J-.'"1(7],l'.2f~"'i~~1'].ej- California<i~"ll .ej-'J),cfli"l] .ejofoj 

ojf"C>j ~r:}. ~~Al-.liE-J -aff.6:l~..Q..§. {l~~E-l ~S. ~1°] oial¾ 7J~oJ]::: chemical 

degradation, total synthesis % %7]~~~ »Jitjol] E-Jtr}oi ~;\,]] -,1~~ 'rt"~ii}~r:}. 

,'!- 'll'i'-OilA1 -.<eJ'\'! .£::' ~'ll~,"_ 0Je]~ -a''!l-~2f %7].o:f"l"i'<l •J'lj_Q_!a_ .,Z.3'.7f ~ 
~o-J '>!1!.ej9J._Q_E..£ X -;:! "11!-i'-s.-.'"1.". A].£.ej;<J ?.j-'<):t:f. -,'-3'. -ij-'ljoJ ~li'\'! ~-l! 

011 tffoJ,,:: ,'!- 'll'i'-~ "'f>il"i_Q_.£ '!l•J"!'<l -',leJ~-'11& ~'!i1'f9J._Q_nj ~'?~ ~'!!,"_ 
"\ <i .ej ~ '§' 7 I '<!Oil '!l 'l! ~ 'if AJ 2f 7 I "1011 tj ~ -it'll -!le .ej -'l 0-f 9J. t: f. 

"11 2 ~ "6"ff'i"! Petrosia sp. 21 r:ff-'-1-~~ 

l 995 'c! 11-1, 7] '§', .'r..ej- "'] .'r. .l/-s'c.eJ 4'1) 20 25 m"il A7 SCUBA t:fo I •J 011 .ej 1'foj •H 

'l]'\'! •J'l!A]li 95B-8,"_ ~ 01 20-40 cm, ~ 2-3 cm '!i.'r.!a.A7 ~eJ'-fef 'll'l!.eJ •J'l'\_Q_.£ 
Aj :C: tj'i'i"ll 4;-1'f9J.t:f. oJ A].ll..ej -'4~,"_ Sf~"l-,"_ 'l'!~ 2%-'4 cj,cJ uJ.3.-'40]_:;:,_ 'l!-":' 

,"_ ii1JoJ;,cJ-'40Jnj 'il•H:C: '[!AJ_Q_!a_A7 "1"10-f:;:,_ ';! .l/-eJ~t:f. oJ •H'l!.". ;,Jgoil 
Strongylophora sp. §. -'§Zfx]9J...Q..4" .:J...:f -:irYl2l ~-W-~~7}-oi] E-j~t}o:j spiculeE-1 "&a 

EH~ =?:!-~~ ~2} Petrosia corticata.2-} -fi-A}l} "$JEH~ ~~~ :Q2 9J.i:: ~ 01 1Miii:5. 
t:L .:J.2-14 'l:!0]782£. oJ;.f,'-¾~ 11M ~~(!- ~zj- P. corticataoJJAi :::= strongylote 

tgEHE-1 spicule1li e;cfft»}:::=c11 1:f]t;}o:j o] A].E.oJl::::: oxea~EH~ spicule.£ ~7Jll ~;cff1{!r:} 

::: {lo] ~Z!xl 9;!.r:}. rt}C}A~ o] AJli:::= Petrosia 4roJl 4r-a,}::::: o]if:"-W.¾2£ ~¾~2 

.£ 7.:1-e"'i~~t:f(Seo, et al. 1998). oJ A]li.ej Jf.-i'!,,"_ ~;,cj ~,,tcij~_;;i_ -'/-AJ "'f'l'!Af"-f 

~'t\.ej •I'll.%~ .l/-'§'011 !a.e %0 Jt:fl %-it'll~ Por. 27). 
~cl~ tffOJ~~.g.oj] cff~ ~~¾A}oJl ~-6'}~ <tl_;cff.?J}A] Petrosia 4roJ]A~ ~c]{:! 

~'1'!~~%011 7f'l/ ',lei 'l{aj;sJ_:;:,_ %-i!-7f t:f 0J~ ~,"_ polyacetylene:,jJ .o:f~~oJt:f 
(Fig. 3··1J. oj~~ carbon chaino] ~2 .71~ t:fflj!-~o] unbranched x.Je>l 9J.2uj EJ,:Z 

.ej '?7f 30 ;i\',"_ Cl oJAJoJo-JAi '!J•J"!_Q_.£ -a'"'l'i/01 3.t:f. t:lJf."i'<! cal¾ -\!"1.la.'l! "I 
¾tHoJl A{~a-r::::: Petrosia ficiformisoJJA~ petroformynes 1-80J ~cJx.]9i..Q..uj Petrosia 
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OH 

# 

~ (CH2)"=-" (CH2), 

~ 
OH 

OH 

,,,, 
~ # 

,,_ 

OH 

~ (CH2)"=-" (CH2), 

~ # 
OH 

OH 

~(CH2)"=-" (CH2)4 

~ # 
OH 

OH 

petroformynes 1 - 4 (from top to bottom) 

Br 

0 

petrosamlne 

0 

0 

petrosin 

OH 

(CH,)13~ 

OH 

(CH2)13~ 

,,# 
(CH2)16 

(CH,)14~ 

petrosin A 

Fig. 3-1. ~1etabolites of sponges of the genus Petrosia. 

-53-

I. 
' 



sp. ic..-¥-E-f petrosynol;r.j, petrosynone%ol ~2]~9;i'c:t(Cimino, et al, 1989: 1990: 

Fusetar, i, et al, 1983; 1987). Petrosynol .1.} petrosynone ,':'_ 1 µ g/mL~ 18-.£of] Ai sea 

urchin Pseudocentrotus depressus~ 4'-1~~ ;.~j}l.~~~ ~~]ii}9}_.Q.oj t-Ju]..,g~ ~ 

starfish egg assayOffA{£ W,,_,3~ ..!i°'i f-9Jc:t. Poiyacetylene,£ Ajj9.-j~ cf,": J(j~~ 

~-HJ-%5'c .. ~ bis-quinolizidine alkaloid %£:;lJ]~oJ ~a:]~ ~t:}. t.ff.H:-!J'-1! %~£.~ 
P. seriataof]Ai ~~-¥! petrosin°J .:s!.2xl9ic:t. oJ %i.': oxoquinolizidine 

functirnality~ 7}A/.2 ~~oj vasodilative activity9..J- o-Jff~"30J ~.g..o) ~~~.Q. 

a:j \"es~ospongia sp.of]Ai£ ¥qJ~ ~~o] ~2J~9;it:}(Braekman, et al, 1982: 1984: 

Kobaya~hi, et al, 1989). =E1li 7}2]..1::!:~ffof]Ai ~ff~~ Petrosia sp . .5:..,¥-E-] polycyclic 

heteroaromatic pigment<'f.! petrosamineoJ ~2Jx.j9i.Q..a:j r:}~ 1'ff 0J.:;r~-1"~~ t:ffA}~~ 

~:z.} -'-/t::J6] %-.i.}15}7! o:fltroJl 0] Bf~ofl ~Atl5}~ tl],.,~%ofl 9..joffAi I[!:~~ {.! ~o] 0 t 
\JJt 4"~£1~ {!t:}. 0 1 %~ ,':'_ ~ 0 ]"6}71] THF -§-off "6}of1Ai ~ ~~fr 1-tEh-RL-} -'r%~ 
•J,ffoJ],jc:: .',l_cf"'iilc LfEf';l!cf(Molinski, et al, 1988). 

AJ7]~ t1}2.j- ~o] ~ ~~of]Ai ~ff{l-¥1 Alli 95B-8,<?. .:1 ..,g%~~ ~'ff"~o] ~'c!% 
,:f~.aj .2-.5'- q-4'1j;ol -'-1~-'-l 'l'\ 'i'-J-fi!ll"ilJ-i 0 1 ol 'll-\\'"19J, % ~'l! of'-1 cf >H {l '11 Al J..-'-1 
0J:z.} *71 ~'?~~ofl Li~ TLC~~. brine shrimp ?:JA}~(LD50 20 ppm)%~ ..,g2]~-'-3 

5'. '!;-'!i{:!2!7f cf~ •H'l:!"il elofoj "Jtij.aj.2-.5'- ~4'-0f'lJ:cf. cj~o[ ol %-lt-'-1 •!'<(o[ 
-\'-el 1.-f2f i:':•loJI ,lei 't!"11'f.E'..5'- J-l.lt2-! -1:l'!!~ iJ--iJ-o] %0 10-fcfc:: J-f'.! %% %ti-Of 

oj 'cl 'c-2-I 'll *Pl 'l.l cff "J 2-.5'- -:i 'll «l'li cf. 
-;! 'l!.-'rO/JAi c:: Petrosia sp . .5'--'/-EJ 'i'-i.aj.2-.5'- .-'.j,5'_ .<J0 1~ AJJ7f"I 7Jl'lloJJ 4/0f;:c 

15¾~ acetylenes 1}.1 polyacetylnes711 {!.~~£ ~2J6}9i.Q.~ NMR % .JE-~~-!j !clJ-~2.l 

-R-7JtJ-"8£ ~-ff}ol ~~~~.9.l- ~:iJll 1it:flt1H~% .£~"6}~ 'fJ:;lJl,Y~.£ ~l!Ji>t71l ,t-tgfi} 

'lJ:cf. ST~ database~ ol%~ 1i',~.£J-f 7,!2! o]~ ¾oJIA1 11%-'-l %1Jo] ,q.,..,;f:.I 'l} 

e1 "I "I U .°_ ~ %'ll-"- '1\'ll "19!. cf. •ff 'l:! %%-"--'1-"1 -l!',cl '11 oj cl ~'cl% ¾"ii Aj 
acetylenes.9.l- polyacetylenes~ .:r~~ ~Z!.~.£..9..J- chain {J_ol, ~%71 % ~~.:!:] r:} 0J 
~2! -'i'~tHoJI 7)'71¾ cf 0J~ ',ilcl'!!"S.2-.5'- 'lJ-Ofoj •i'l:!-'-1 polyketides7jl ~'<!% %"II 
Aj 7f?) ¾il.~ !/-l*I¾ *f"I-Of2 9.J.tl(Faulkner, 1996: 1997: Fu, et al, 1997: 
~1ancini, et al, 1997: Tsukamoto, et al, 1997: limeyama, et al, 1997: Guo, et al. 

1998· Seo. et al, 1998). 

~- <c!.:;:r-of]A1 !clJZ!_~ -t!<c!~~-£ ~~,~..Q...£ AJJt!.!i!.1E zr~i petrosiacetylenes 4·0 

§.. ~i:g1l" 4~~ C30 polyacetylene71] AJ~~-£ ~2Ji>}9J.c.t(Fig. 3-2). 0 ] §-,':'_ ~ff~.9.f 

polyacetylenes -¾Ol]Ai.£ ~&~..Q..£. uf.q... ~ 0lt! -¥-"ff"ofl ~-0-}a:j %A}~ %~.£.:: 
petrosynol zt ~ ~~ a-ff'i1 .4docia 4D1)Af ~CJ{! adociacetylenes7~ ~~H~ ¥ 0 Jn 
(F"aulkner, 1997: Kobayashi, et al, 1996). 0 ]~ '¾of]Ai petrosiacetylenes A.2-1- C~ 

7J't! brine-shrimp ~~2-t ~15:.~ Ai]£~~ ~ r.fft!°-5"] 7JtJ: RNA ~ti%.g.. L}Et1..ff9:l 

c}. ~~ o)~~ reverse transcriptase(RT), PL!\2, Na'/K'-ATPase %~ 1L±:.ofl tff't! ~1 
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H 

43-

H 

43-

RO 

43-

H 

43-

,OR H ,OR 
,,' ,,' 

3 c:? 11 ~ 15 16 43- 20 
'S: 28 ~ 

30 

95B-8-H(R = H, petrosiacetylene A) 
95B-8-HS(R = (S)-MTPA) 
95B-8-HR(R = {R)-MTPA) 
95B-8-HX(R = (S)-2-methylbutyrate) 

,OR 
,,' 

,, ,, 

c:? 

H 

~ 

95B-8-0(R = H, petrosiacetylene B) 
958-8-0S(R = (S)-MTPA) 
958-8-OR(R = (R)-MTPA) 

958-8-N(petrosiacetylene C, a mixture of 
-Na(R = H, 28S) and -Nb(R = H, 28R)) 

,,,,, 43-
RO 

, 
,,,H 

OR 

'S: ~ 
S:R= 3:2 

958-8-NaS(R = (S)-MTPA, 28S), 958-8-NbS(R = (S)-MTPA, 28R) 
958-8-NaR(R = (R)-MTPA, 28S), 958-8-NbR(R = (R)-MTPA, 28R) 

OH 
,OR 

,,' 
~ 

S:R= 4:1 

958-8-P(petrosiacetylene D, a mixture of 
-Pa(R = H, 28S) and -Pb(R = H, 28R)) 

958-8-PaS(R = (S)-MTPA, 28S), 958-8-PbS(R = (S)-MTPA, 28R) 
958-8-PaR(R = (R)-MTPA, 28S), 958-8-PbR(R = (R)-MTPA, 28R) 

Fig_ 3-2. Structures of petrosiacetylenes A-D and synthetic derivatives. 
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•fl-'ef-£ \..fEfcJl~tf_ oJ '/1_-','-~"-f::: .tJc ;ci-,i]~~>'i<>IJ J'IJ,j]"]~.Q.aj ;ci-t.lJJs-;;J7f *~"] 
~cf(Seo, et al, 1998: Shin, et al, 97-62420). 

S:.{t glycerol~ ~7}-AJoJl ,tl~~ acetyleneo] ether ~-ell.£ ~tJ-{! ~~ 10 ¾~ 
1i'c2J.-f9:!.Q.aj 1i'c""~"I •J'IJ"-f -ll-7] ~V'S<>il 9.f"foj oJ~9.f -i'-¾~ .;/-'l/Of9:!cf. ~~ 

¾Af 7.l"-f 0 !~ ¾<>iJAi 4%9.f ii'~,°_ "i¾•fl<>IJ Aj-'J.-f::: •ff'<! Raspailia pumila9.f R. 

ramosa~ r:fl.A}¥1J..£ &2{! raspailynes Bl, 82, isoraspailynes B, Bl %.Q..§. ~~11. 
cf(Guella, et al, 1986: 1987a: 1987b). oJ~"-f V"IJ 1i'ceJ'l! 6%9.f {!~'!l,°_ 

petroraspailynes Al, AZ, A3, BI, B2, 83.£ 'l/'l/"]~cl(Fig. 3-3). 'IJeJ'!fAJ ..l\-1) .!j 

2f oJ~,°_ 'll>i]9.f ~~>g AiJ.£'ll K5620i] tflOfoj ~'8~ l-fEft-ff~.Q.aj 1!.± 

topoisomerase IOI! <f.-foj "'l•fl'!t'll~ l-fEft-ff~cf. oj~"-f ll-'11 -tl'a9.f C12 ~Zj.Q._,a_ 

0 Jfo-{;c;j 9J..Q..of methyl ester.2.}- yneol-ene ~%7}~ ?!°2 9l::: {l~~o] 1¾ iE'a]5:l9i 

cf. ~ 'B. -','-{! Oil 9.f .-foj petryno I-"- 'll 'll 'l! oj ~'l! 9.f -','-¾::: 1i'c""~"f •J 'IJ .Q._,a_ .;/-'l/ 5'j 

9iE..of ~ti"] t1JcH~ t!-±2-J '11r.J11M~~ MTPA~ 0 )-S-l!- modified Masher's methodoj] 2-1 
i>'foj ',l-.j:l(cf (0htani, et al, 199]: Bernart, et al, 1994). 7eil-f -?:to]~ -i'-¾<>11£ 

~'r;;-f_;i 0 1 ~'li,°_ Ai].£->t'1l 0 ]l-f 7]Ef9.f 'i!e]'!t'll-& l-fEf1-ff;<j *"f9:!cf. 

Petroraspai lynes.2.f petrynol.ej -','-s. 'l,l '1/2]'!!'8<>11 't!~ 'l'!-i'-'1l"-f::: 1'12 ;;p,jJ~~"l 

Oil >l]o<ff"] ~cf (Seo, et al, 1998). 

2. Petrosiacetylenes~ ~aJ 1jJ, ~S.. ~~ 

0g%-Ofoj .1'.'l±~ A]li~ Me0H.£ •J--'1-•flAi "l'½~ -f<>IJ cf,J dichloromethane.Q..s'. 

1]-~ ?½i5}9J_.Q..oj n}A] 1:'.f .Q...£ MeOH.1-} dichloro- methane~ I: I ~tJ-%<l!l .Q..-.£ ?¾isl-9.i 
i:t. 0]~7-ll ;;ffAi ~o-j~ &{,-¾~~ r:}AJ dichloromethane2f, ~.£ oJ%"Olo:j ~11ffti"}9j_.Q.. 

o:J dichloromethane,½,:: c},l..j 85% aq. MeOH ¾.zt hexane.Q..£ c},·1..J ~1:1ffcr}9ir:}. ztzt~ 
~:t:!Oll t:ff(! brine shrimp lethality 4~ ~2} hexane¾.:: LD~o 410 µg/mL~ .!i!.91.Q. 
aj aq. Me0H %:'. 42 µg/ml-£ .l'.9:!,cf. o]Oil u:faf aq. Me0H %.eJ -§-off~ "!];,J.-f_;i 'l:! 

o-j ".' ¾"i'iH~:<>il •l•foj C" 24;- ,Y'1,/ a._;a_uf§..::J.eff:tt]~ AJ,j.-f9:!cf. -§-of-".:: 30• 

aq. l.1eOH. 20% aq. MeOH, 10% aq. MeOH, 100% MeOH, 100% EtOAc~ ~A~r:ff£ -S,.~ii}';;!_..Q. 

o:J o]~7ll ~o1~ {E-~(fraction, fx)~Oll r:N~H brine shrimp lethality~ ~1~ 12} 
%½~ e,Jcff_,a_ 133, 3.3, 0.3, 57, 88, 200 )1000 µg/ml.ej LDso¾ .l'.9:!,cf. 'E 'H ,~R 

'°'"'i§.',j~ 4\-°ll~ :,j"-f -!:t1J"f'l) 2'-f cffAf~'!loJ 20• aq. Me0H9.f ID• aq. >le0H -11:"i<>il 

).~ e~H-8'}.2 9lc}~ ~-"f-7} t!-~5:l 9ir:}. Proton NMR .2r1~2+~ brine shrimp 

lethality 7.l"-f~ ¾V•H ,l- ttll ¾.eJ~ 20% aq. Me0H-2) Ill"• aq. ~e0H 1/c"i<>il •H•ff,j 

( 18 reversed-phase HPLC.£. ~t'.B.%~ ~2.Jcr}9ir:}. 

-¥-"4~ sticky material£ ~aJ~ ~~ petrosiacetylene A(958-8-H)2.j ~A}~~ 
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1 

1· o~, , 
HO·,:EH . ~-(CH2),CH3 

3
, OH s 

95B-8-E(n = 7, raspailyne 81) 

95B-8-D(n = 6, raspailyne 82) 

95B-8-C(n = 5, petroraspailyne A 1) 

EO~ (CH,),CH(CH3)2 
HO•"' H. 'U 

OH 

95B-8-F(n = 6, isoraspailyne 8) 

95B-8-U(n = 5, isoraspailyne 81) 

95B-8-L(n = 4, petroraspailyne A2) 

E

O~ (CH2)5CH(CH3)CH,CH3 
HO"" H 'U 

OH 

95B-8-K(petroraspailyne A3) 

:\ EO R1 R2 
HO .... H I I 

OH (CH2)5CHCHCH3 

95B-8-S(R 1 
= R2 = H, 

petroraspailyne 81) 

95B-8-T(R1 = CH3, R2 = H, 
petroraspailyne 82) 

95B-8-G(R 1 = H, R2 = CH3, 

petroraspailyne 83) 

H _ •• o_i;, 
5 12 

0 

95B-8-A(R = H, petrynol) 

958-8-AS(R = (S)-MTPA) 

95B-8-AR(R = (R)-MTPA) 

OCH3 

tig. 3-3. Structures of acetylenic enol ethers of glycerol and petrynol. 
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HRDCIMS!high-resolution desorption chemical ionization mass)ofl 9-fiiff,q C30H4002.£ ~ 

'll"19itf(Fig. 3 41. 7i!Jl-f 21/:'1:l-'8 'l!"Jl!:"l 7.1210!] ~"6"f'i'! .2.-'f- 307fl~ 't!± peak 

71 l-fE]l-f0 1 'ljoj]S'. ~.,z.-.f:;,_ 13C NMR -"->'!E~oj),.1::C 157fl~ 't!± peak'#O!] l-fcll-f•I 

U"'.Uc}(Fig. 3-5). 0 ]::: ¥~ 958-8-H9.f -,L~7} C2-r:ff~"cJ~ 7}AJ2 91.g.g_ .9.jo]<5}~ 

7}_.Q_§. '&~~:i:J9fi:::t. o] ~~.9.j tJ±::: 13C ~MR 6~§~2} DEPT 1ltofl 9.j'8}0:j 3Jff.9.j 

quaternary carbons:zl- 57R9.j methine carbons, .:::12.!2 77ff.9.j methylene carbons..Q.£. q 
Et~r.HFig. 3-6•. oJ~,':_ 13C NMR9.l chemical shift {I:~ .:;}~tiff 1'!.~ 77ff9.j 

aliphatic methylenelo 32.07. 29.08, 28.90, 28,86, 28,84, 18.95. 17.41). 27fl~ 

oxygenated methine(o 62. 78, 52.56)21 oJ¾'.l~0!],,_1 ¾afl't:! 37i~ methine(o 134.62. 

128. 70. 126. 72).Q.:s'c •i"l"]'dcf. •fl"!"6"f7] <>!ill¾ .lfl!:.". 870-900!] l-fEf'<l 37H~ 

quaternary(• 83.58, 80.65, 77.93).2.}- l7R.9.J methine(O 74.20) carbono]9J,ct. 0 1~9.l 

chemi ca I sh i f ts t:- {l_ ~ ~ ~ oxygenated carbon of] %ff t:.Jii}'.li.Q. l-} signal 9-f =i.7] 7} aff lf-

?.," .2 ¥?Jo] ~.£. ~ "9'-'ci~ ~2 9lAJ ~,':_ ~~ 2~<5}0:j acetylene carbonsof]Ai % 

efl't:! :;;!.Q.:s'c 'i/zt.rJ'l;!cf. 'H NMR<>l],,_1 l7fl~ acetylene proton(o 2. 54. d. J O 2. 5 Hz) 

2j- 17Hs>~ carbinol proton(• 4.81, ddd, J.:. 5.9, 2.5, and 1.0 Hz)o] ~Z!~ ~oj o1 

c-jt} '&ff~£ 7J~~] AjA]ii}::: %7{o]i:::}(Fig. 3-7). 

Pe:rosiacetylene A.9.j --¥-~.;i.~::: 1H- 1H COSY.9.j- HMQC 9.J HMBC AJ~of] .9.j?>ff "rt~~ 

9;i_r.HFig. 3-8 and 3-9). ~<51 °1 %~.9.J ~~~~ --¥-*-,'-&~ terminal enol-yne:zl

symmetric allylic ene-diyne -,L~::: 0 ] -¥-~of] tft:Ji;}::: O:j~ 7H9.f 2-, 3-bond H-C 

correlation.Q..£. ~:it'ii] ~lxl9it:L r:ff~-=;t~¾ 7}~ ~~of]Ai 0J~9.f ¾uJ~:zj- '%1! 
-¥-~~ o]~::: ~-§-7J7} ~.9.Jxl9;l.Q.E...£. o]~~ Ai.£. ~~?>}::: -?;!,':_ 9.f1J~1,1} ca:1°1 ~ 

methy!l:"ne chainoJ9ir.}. o] tiff~~ ~%"~~of]Ai l-}E}\!- lI}1E(fragments)ofJ r:ff'!! 5ff~ 

_Q_.£. 0~¾xl9ir.}. o]2.} {roJ petrosiacetylene A(958-8-H).9.j -?-~::: r:ff~-,'-£~ 7}~ 

C30 tetraacetylenic diol->'- 7.l'lj.rj9icl(Fig. 3-2). 0 1 ~'!lo{] ;">fliif::C >i] 7fl~ o]¾ 

~ti' ¾of]Ai C-4Q.f- C-26 o]-¾~~9.f geometry::: "?-5: A.}oJ.9.j vicinal coupling 

constant(J,.s c J,s.21 ° 15.4 Hz)oj) ~"6"foj £->'- {l'lJ"19i-~cj cj'IJ~ ¾'iJO!] -1-IX]tfoj 

coup! ing constant~ ~11Y' "?- ~::: C-15 °] ¾~ ~ ,':_ al lyl ic carbon.9.j chemical 

shift( 817. 41 l.£.¥-Eoj Z geometry..£. A]1xl9i.Q.o:j %A.}(!- ~~~ petrosiacetylene D9.j 

-=;1-~.£.-',!-B{ 'i.j-~Q9ic} (Ariella, et al, 1992). f 7ff~ t:1]r:ff~ ~J5:(C-3, C-28)~ 0J 

'i]-i'-~-~ '1osher methodo{I ~tfoj 7.l'lj.rj9i.Q.cj cf:". %1121 ~'11] 0 ] ~oj] cf¾cf. 

--8-A}°t} r:ffA}~1J<t! petrosiacetylene 8(958-8-0)7} oily material.£ if:'2.Jxl9ir.L 

o\ ~~9.j ~A}~,':_ 2.~~°% ~ 2J~~(DCIMS) ~ 13C NMR 6.~E'tJ r:~JoJE}if:'~ofJ .9.j<'l} 

oj C,0H.,02->'- 7.l1!"19icl(Fig. 3-10 and 3-111. oj ~'!!~ ii'-'lt cJ]o]Ef::C 958-8-H.2\ cfl 

~6] -#,A}~}~.Q.l...} 7}"?J- ~ X}oj~ ~ 157ff9.j EJ.±r:~{l 307ff.9.j lJ±of] t.fft:Ji=.}::: signal 

oJ 13c \J~R AJoJ]A~ y~o] l-}E}\!- 1:loJr.t. :E~ 13C NMR AJof]Ai %~ 958-8-Ho{] "E.7:ff<'l} 

'i:! 'il¾,HJ- ¾ tfl-f7f ~<>I::' tfl'\!O!l >l->'-¾ 01¾7.l~~ peakl,-16 127.1321130.561°] 
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Lfcf);/i:f::: 7;! 0 Jt:f. ojo{j t:ff%-&fc: '/'!~7f 'H NMR ~"'/§:',jo{J-<i.£ 't!~.£1<>1 6 5.31 

(IH, br dd, J = IO. 7, 6.4 Hz):,} 5.36(1H, m)o{J >8.sl¾ olefinic proton~oj 1...fcf,lt:f 

(Fig. 3-12). a:.t-2.t)..~ petrosiacetylene B!:::: petrosiacetylene Ao{] ~~Hii}~ 37ff9.J AJ,¾ 

i!!Y¾o{f-<j 7f¾cJJojJ ~*I~ -&fLf71 ~~.£joJ 0 J¾i!!V..Q..sl '/1~ polyacetylene %.£>11 

-"" A~2jxj9J.9_uj oj_ir_ '1]-0foj -l":-'l"-1 t:f')JAJoj ~aoJ~ ~'l)_ir_ 12/>'1':dt:I. 01 •M.sl¾ 
01%7.l~"-I ~Jo>J;:: 'H 'H COSY.2} HMQC ~~o{j <>.jofoj C-12.2} C 13..Q..'i'c 7,j'lj.£j9J.t:l(Fig. 

3 13 and 3-14). 0J~ -'l-']i,f::: -\'R~ ¾71::: TOCSY AJ~<>fl"i -'f- 7f"-I allylic 

protons( o'Z.06, H-11: o'Z.02, H-6),& ~~l ~\J''O"l-~ correlationo] 1:1J.z1~ ~oJc+. 

.'E~ t:f~ .£::' -\'--11:'i'-~"-I ~•8.£ %'l!~ 20 NMR ~~o{j <>.ji,foj :tt'U>'19J.t:I. >f.sl¾ 

01¾7.l~"-I geometry::: coupling constant(J = IO. 7 Hz)o{j <>.ji,foj Z.'i'c 7,j'lj.£j9J.t:f. 2 

ci.!:!...£. 0] petrosiacetylene B!:::: petrosiacetylene A9.l ¾ 0JoJJ !tl*l~ AJ'%~tQ ¾.£.I 
-.fl...f7f ~~{:\ %.£>1].s'c 7,j'lj.£j';dt:l(Fig, 3-2). 

Petrosiacetylene C(95B-8-N)oJ 1f-~9.l oil§.. if:'2.]£]9i..Q..~ oJ ~il9.l ~A}~~ 
DCIMS.2} "c ~MRo{j <>.jOffAi C.,H.,02.s'c 7,j '!f.£j9J.t:f(Fig. 3-15 and 3-16). oj ~'ll<>.J NMR 

~"'/.!e',l t Of'i!"-1 "-1°1~% >ll"-11'12c: 958-8-H.2} tff'c)1'J -i/-Af1'f9,l.t:I. 'tl-'1 "c NMRo{J 

,'-J 01¾7.i!~.£ L.fcfcffc: 478.s] methine peak(o 134.41, 128.40, 126.47, 126.43).2} 16 

Jff~ upfield methylene carbons~ signal-i- 1;!J 27ff.9.) oxymethine peak~, .::12.)2 

acetylene carbonsoJJ A{ %eff {:! 27H9.l methine:z} 67ff $.I quaternary carbonsoJ ~ zl.:!c.J 9;l 

cf . .'j'- ~'l).s] "c ~MR -'lli~ >il 0J1'] •l..i.•a i"; 7,j2f 958-8-H.sj 37f.s] oJ¾.l~ ¾"-I 

~f1...f7f 95B-8-N<>fJAi C: .£::tf.£joJ ~%0 ] .'=.ej,lt:f, ojo{j AJ%1'fc: 'll_~7f 'H NMR<>fJAj 

'l{ {! xl ':d cf. 'tl-'1 %'ll 958-8- Ho{J Ai 'i'-¾"-1 t:f 1l -'11 ..Q.!a_ 'U 1'foj 'H NMRc "'I .!e 'll O I SJ ..J. 

~ 1t}:,e."O'}~:: t:1] ti] "O'}oi 958-8-No{] A1 :: t:ff 1t}:"O'] ~~(! OJ'AJ~ !=. 2-l Lff 9;i t:}. ~ 

terminal acetyleneo{]A1 -fH1{{! 271.9.l methine proton~0 1 6 2.54(1H, d, J:: 2.0 Hz) 

.2} 2.44(1H, d, J = 2.0 Hz)o{JAi Lfcl,l.9-uj 27ff"-I oxymethine proton¥01 6 4.82 (IH, 

br d. J = 6.2 Hz), 4.35(]H, ddd, J = 6.6, 6.6, 2.0 Hz)o{]Aj 'l{{!.£j';dt:l(Fig, 3-17). 

=El!- long-chain alphatic proton'fi"OJ ~~ ~~1li pattern..2..~ l-}"E:}~r:r. tqc}A1 

958-8-H~ 0J~ ~o{] ~::i:ff'8'}~ f 7H9.l yneol-ene ~~ "O'fl.}7f 958-8-N~k-1 ~ ij,~lt 

yneol§c 'c!:tf~ 7;!0Jt:f. oJ •1"'1t 'H·'H COSY, HMQC, HMBC %.sJ AJ~oj] <>.J•ffAj .;J-'lixJ 
'3:l.ct. tttctA1 petrosiacetylene c::: petrosiacetylene A~ C-4 °J¾~Uo] t!~~ ft-£ 

>115!. ii!~ cffafc;),cf(Fig. 3-2). 

c}~ ¾A}l! t:MAt-i-~t<l petrosiacetylene D(95B-8-P)7} oil tlJt::H~ ~c.J:!c.)9i.2..u:J 

o] ~~~ ~?;}~~ 2~~18- ~eJif:"~(DCIMS) ~ 1~C NMR :6.~§.~ t:i] 0 ]'co}~~o{] ~'8't 

oj C30H.,02!a. {j'!J.£j9J.t:f(Fig. 3-18 and 3-19). 0] '!!,1!<>.J 'H NMR:,} "c NMR ~"'/.!e'IJt 

958 8-02.f t:ij'c)1'J -i/-Af1'f9.J_t:f. -il-'l!~ ;>.foj 11 t 'H NMR c"'/.!e',l',/o{JAi o]¾7.i!~ 

(958-8-0~ 6 5. 312}- 5. 36)~1 iiff't:J.5:] !:: vinyl proton~0 ] .Aff£¾ upfield methylene 

proton~£ t:ff:;\J]:!c.)9;1.2..u:j 0 1~ 'Y~l 6 2. 77~1 e::i:ff'6'}1i'.! methylene proton~o] AtCt?;J.2 
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6 I. 990!] •H.s'-¾ methylene proton'!i'0] l.}Ef\:! ?,10]9it:r(Fig. 3-20). -'1{%0-f:::: 'c!~7f 
13

C NMRof]Ai.'r. '!f'1!S'JoJ 95B-5-0of] ~•HO-f's'! 17!~ o]¾'l!lJ-(6 127. 13:zf 130. 56)0!] •ff 
cJxjt! methine carbon~0] Xf·i!.}A]2 Aff.£¾ methylene carbon~o] ~7}~..Q...£ ~Z1_£j 

9;!t:r(Fig. 3 19). rtfefAi cffAf~~ 958-8-P:::: 958-8-0of] ~>ffO-f,;! 0-fl.}~ o]¾'ll_l]-oj 

l!~~ ~ci~ polyacetylene .fl-£.~11.£ 7J~5:l9i..Q..n:j ~;;i:ff"!rl-:: Jj!-~-;z.~:: 1H- 1H COSY 

£f H~QC -\!~of] ~O-foj '?;l'!IS'J9it:f. 'EfOf'lJ.:::: 0]¾'l!lf~ geometry:::: 6 2.87(2H, dt, J 

= 5.9. 2.9 Hz)£f 6 l.99(2H, dt, J = 6.4, 7.3 Hz)of] 1..fEf\:! allylic proton~-£ ztZ! 
irradiation~l-~ olefinic protons z:t~ coupling constant~ ~1l! ~.2}, 10. 7 Hz£. 

:lt1.!5:l9i..Q.£§. Z configuration..Q...£. ~~5:l9ic:t, ttl-tf·A~ petrosiacetylene n:: 
petrosiacetylene ~~ C-12 o]¾'ll_l]-o] ~~0-) .£~'\'! %.'r.-'l].s'- 'll_~ ;,:j~~t:r(Fig. 

3-2). 

Petrosiacetylenes A-D:: ..2..f %~~ ~7.l(C-3, C-28)oJJ 1:l]c.pg 'B±(asymmetric 

carbon center)~ -s.!2 9J.tl-. Secondary alcohol§. 0 ]lf-oi ~ 0 )~9-l CU~J-,1-:t.9-l 7J 1.'=. 
~Jtl~..Q..§. CD chirality method§. 7}-~l! ~..Q..§. OJ-af;:i-.J 91..Q..4 4- 1c.{! 

petrosiacetylene2!- ~~ yneol-eneoJn:::: oJ llJ1tJE.l ~¾OJ £1:l}~AJ *"O'l-r:l-:: ~7l7l

llJ1!£19it:HBernart, et al, 1994). ttj-c}Ai petrosiacetylene21 ~~n.,i-~:: MTPA 

(methoxy- a, a, a-trifluoromethylphenylacetic acid)~ o]%ii}o:j Kusumi.2-} Kakisawa 

7f 7ff'lf{t modified Masher's method~ "1%0] A].'r.S'j9;!t:f (Ohtani, et al, 1991: 

Shin, et al, 1995), 1•)-£1 (-)-MfPA ~~ 0J~~ chloride-a- oj-§-~foj %7]~'!!~ 

esterl..-} amide(secondary amine21 14-)~ \}'~ti}o:j 1H NMR >JoJ]Ai ct!.::J~ "?-±21 

chemical shifts9.l A~ 1:1]2:a}e:j 1:l]t:H~ ~±21 ~~1.,t-~~ ~1'0}:: o] 1JJ~ ,':_ ¾7] 

¥~21 3~}~ ,'-~Oil cgtiJ-£ {115}711 ~:: ~l~Ol]X. ~,'-ii}2 :t.J-2: 7 oJ-S-oJ "E"-%ii}:: 

-\!t"J,:jo]t:f. 

±i!J~ petrosiacetylene A(958-8-H)~ dry pyridineoJl ,a;-~~ (+J-.2.l (-)-MTPA 

chlorides.2-} ztzt 1i}%AJ{! .=f \}'~~~ HRMS.2-} 1H NMR spectrum~ ~9it:}(Fig. 3-21 ) . 

.:li!jl..f ;.'l;71].'r. -'¥- ~~~ spectrumo] Ai!a. -'l{O]O-fojo) ~of].'r. ~-,1-0-f.:;J.- (S)-MfP\ 

ester(958-8-HS)£f (R)-MTPA ester(958-8-HR)~ 1H NMR data:: ~~O-j 'll*]O-f'iJ_cf 

(Fig. 3-22 and 3-23). t:-J~oJ f 7H~ terminal acetylenic protons H-12} H-30°] 0 

2.6311H. d, J O 2.4 Hz), 2.59(1H, d, J = 2.4 Hz).s'- Ai!a. -'1{0]~f711 1..fEf,lt:f. o]i!Jtt 

~AJofJ cff{t AJ'lj ~ f 7f;,:j 4 ~'!/ 958-8-H7f 3R, 28S (~~ 3S, 28R)~ 'U-'i]-,1-~~ 

7}{1 ~¾9-l meso·-compound 0J7ll..-} f enantiomers(3R, 28R2} 3S, 28S)9.l t:1 racemic 

mixture§.. ~oJ oJ !fl 7} 7}18-ii}9,'l t:}. ~A~ ?J-9--~ ~ ¾ii} 71 ~l ii}o:j HPLCl..-} chiral GC 

..£ "?- *}i$1J peak9.l ~cJ~ AJX.ii}9,'l.Q..L} tiJAJ ii}l..-}~ peak..£~ ~c]x.]9ir.}. .!l¾~.Q..~ 

95B-8-H~ ;,:pi]~.Q..~ chiral center~ -?!°2 9J.:: (S)-2-methylbutyric acid.2-} tti%A] 
7':f ¥~ ~~l~ chirality~ '%7}AJZ! ester (958-8-HX)~ \}AJ~ ~Oil %<?J~ if:"~-£ 

~}'.:1:l,.Q..q o:l~~l ~l-l..-}9-l ~~..£.lV: if:"c]x.]9it:t(Fig. 3-24). n:}C}Ai petrosiacetylene -\ 
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::: 3R, 28S configuration~ Jf1! ,g.fl-f-$!.f meso-compound& ~¾~~ ~~oj l-fl'af~c.t 
(Fig. 3-21. 

Petrosiacetylene 8(95B-8-0)0ll t:ff15}oi Mosher's method~ ~%t! ~2}, 95B-8-H 

2) -'J+-.2) -'if'!Jtl 7,!2)-~ 'lj9;[..Q.i,j 1H COSY.2) TOCSY 1J'l:JOJ) 2)-ofoj f '/l% -\lf~~ 
95B-8-0S9.f 95B-8-0ROJI e>ff-6-lc: .!i'.:C -?±~ ~~-e-f,i) 7,,!'!i-of71I !'j9;l.r:f. ~•I TDCSY 

;t+Ji~,A~ l:l]c:H~~~cu 01 ~~E'-1 H-212}, H-25~ ~'-"11 _;;.y,g.}:::: ~}l-}E'-1 {! correlation 

0 1 t!{!S'Joj f terminal yneol-ene.2] -';1--l,'(C l~C-5. C-26~C 3Q)o] 7f-\,""6-f71] !'j9;l.cf_ 
0 ] 7J 2t petrosiacetylene BE'.l ¢J~J11H~ ;:_ petrosiacetylene A..2-.j- %~,g.}71] 3R, 28S..£ 

7.l'!il'J9;J.t:f(Fig 3-2). 

~lasher method¾ -3:l¾,g.}O:f petrosiacetylene C(95B-8-N)E'.l ~~1-;z.~½ ~1'6}c=i 
~ J..J.£..£-¥-E-i ofl7];(j ~'11t! ~AJ~ ~Z!,g.}9:tc.}. MTPA chlorides.2..j- 1t!%A]~ ~oj~ 

esters~ 1H NMR spectrumt oJ~o] iE>lt-}~ ~;go] o}q.:;r diastereomers9-] ~~~~~ 

c el Lff 9i r.}. 0 ] ~ ~ .Q..& MTPA. esteri f i cat ion 1t!%ofl 9-] t! stereochemical conversion 

:'. ~-ej 'lloJ',I? 'lf..Q.E..2. <>Jc: ~'1!0J)-'-i petrosiacetylene C "-f>il7f "6-ft-f.2] %'l/ 0 I 

o}LJ e} -'f- ~·9-] diastereomers(958-8-Na, 95B-8-Nb)9-j ~U~..£ e~n,g.t:::: ~o] ~tg 

"6-f~c} ojOJ) tcfaf 7-J-Z!EJ '<!%%OJ) cij.-foj HPLCOJI 2Jtl -l,'a]~ A)5'.tl 7,,!2)- -¥ 7ff.2j 

~'l/ 0 1 -l,',ell'J'licf; (SI MTPA ester.2.4'-i,j 95B-8-NaS"-f 95B-8-NbS, (R)-IITPA esters' 

-'/-"i 95B 8-NaR.lf 95B-8-NbR. oJ a; qj %2] ~'l/OJI ~l*J.-fc: .!i'.c' ?±c: 1H C0SY9.f 

TOCSY AJ1j..Q..s'_ ~~;;J ;sJ'!i'.'19;!.t:f. 0 ] -lj-2) AJcffaj~ 0J;'. 1H NMR AJOJl-'-1 %'!ltl ~l*I 

oJ) •ff 0J.-fc: -?± signal(H 1:,.f H 30)2] 'lJaj..Q..2. -"1'-'!itl sf ~'1!0Jl-'-i.2J 95B-8-Na.2) 

958-8-NbE.l AJt:H~qJ 0Jt 3:2& ~1xj9;1.r:} . .1:E.t! (S)-ester2.}, (R)-ester zJ:9-] 4'$: 
chemical shilt2) *f.2.-\'-1'] 95B-8-Na.2) 958-8-Nb.2] 0J>il•fl'll:'. ztzt 3S, 28S.2) 3S, 

28R.2. :,!'!il'J'J;l.cl(fig. 3-21. 

%~t! AJ~oJ] 9.J'6"}oi petrosiacetylene D(958-8-PJ9-] ¢J~l-=;t&~ &J..t~ ~2}, 0] 

%~ ~Al petrosiacetylene C.2-} u}~7}Al5:.. f ,¾9-] diastereomers(95B-8-Pa, 

958-8-Pbl~ i'c~>il ',J 0 ] .Se],);r:f. :'E.~ l,ffPA esters.2] 1H NMR ~OJI '.lJ.oJ-'-i H-1:zl 

H 30~ AJciaJ'Z! \'!-aJsJ.2.-\'-tj -Pa.2) -Pb7f 4:12) sJ-£.2. i"'~"ioJ 9J%oJ .Se],J;t:f. 

\1TP.\ estersZ!:9-1 1H t\MR AJ-9-j l:l]cff~ 'tl-±9.l ~~t! '?~9-1 chemical shift9-j ~}o]£ 

-'f-t:.i 7-J-Zf~ ~~]l;lff~ t 95B-8-Pa7} 3R, 28S, .=1..cJ.:;i 98B-8-Pb2-] ?J-9-:::: 3R, 28R5:.. 

7,J'!i'-J'?;(cf(Fig. 3 21. 

Petrosincetyleneso\] tH~ ~~li-1-~~ ~-=j1-~2f-::: e:jej 7}AJ l{!OjJJ..i %nJ§.¾ ,q 
"g-£ £~15}2 9ltt. qi~ ~~ 958-8-N:i} -P:::: ~~O!JJ..i diastereomers9-] ~t"~.£ 
i'->Htfi,j '1l>i) s)cff'i)%'l!'Z! 'ITPl.2)2] '<!%OJI EJ•i-'-i'l! .:2 AJ>l]7f .Se]\:! ~ 0 Jcf. -lj';~ 

'?cAr {'!.lf •H'1!0Jl<i -fl-<Rtl polyacetylenes ¾OJl-'-i >-J-7-J- t:f:" "-lojOJ]Ai •ff~'t:! -'-lli£ 

-¥-ci .J-i%"'J- 0 1~?J~l7} ~.z:!~ of]:: 9J...Q..L} %~t! A]R.&-¥-E-i diastereomers7} ~{! 

{! ~ ::_ petrosiacetylenes7} ~S..9-J ofl 0 ]ct(Ortega, et al, 1996). !p. ~;tff ~1] ::_ ~ 
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~ 958-8-H. -0, Nb, -Pa{!O!I ~<>1,_1 '8--'l-'E ~l*l'll C3:,.f c 28~ '(J>iJ•H'li,"_ 3R, 

285 ~~ 3S, 28R.£ Al.£ "c{o]a}r:}:::: ~ojc}. o] ,qAJ,':'_ ~;tff7J}A] .!i!..2B .£.~ C30 

polyacetylenes7} 3R, 2BR ~,':'_ 35, 28S %.Q..5:. %~~ ~11 Lijo{JAi !:::: ~J.,,_J %~ ~ ~ 

~ll~~,£ 7}1:tr:t;: At,.1,J_zf AJ?:}5:-/2 Sir::HFusetani, et al, 1987; Ochi, et al, 1994: 

Kobayashi, et al, 1996). 2i!J2 %'>!~ <]lc<>i),<j -l\'i!]{! 'l!'c!~~ '(J>i]•H'liol ,j.s'_ 

cH't_l-a-] c}.Sr:}:::: A}A;J ,':'_ tiff\:! %cH21 polyacetylenes~ <::J~).:,1-~7} ftt~t,J Ol]"i- ~7f'g

ofoj +>!PlV ~'-f-'l -l\';;g'-{aj "J'll<>il ~•i•i'1! 0 1 "'I'll~ ? ~cf:::: ,f,J~ ~ • ji>f_;,_ 

9l ct. 
P£•trosiacetylenes,':'_ .2.f -:;1--~~.Q.~ C30 polyacetylenesO{] 4i-~c.}. ¾~S:.A}'i'.j. 

Sn. database6l] tij~ s:.,q {i2} 0 1 1f-fi':::: <)HtB-%.g. ~tt! o}l....] 2} .£.~ tiij 0J~ ~~Oj]A1 

r:ffcJ6] E..i!:" ljl-'ff"oJl 4rlf0 1 E..i!:{1:d:cHFaulkner, 1997). ~al~ tiff 0J~~~ ~ 4}-Ar~ 

%~.5:.C ~~-2.-tiffo-J]Ai ~H{l,B Petrosia sp . ..£..!jtE-f if:'2}~ petrosynol ~ petrosynone 

%1+ .:1docia sp_ o{]A1 ~cl{! adociacetylenes7} ~;tf~ ~.Q...£.Ai ~ ~fO{]Ai if:"c]{! 

petrosiacetylenes~ ~le!~~~~ 7}*]7} ufl~ 'l![g,& _li!_o:j"9-~c.HFusetani, et al, 

1983: 1987a: Kobayashi, et al, 1996), 

3. Petroraspai lynes.2.j- petrynol~ *cl ~ "T.X.~1 

15% nJJ't!-£ ?%~ %..Q...£ ~t1ij¥! ~4-~~ofl t.fftsfl;,J 2~ {t-<:j- C1s reversed phase 

chromatography~ '\l.,_1•19J..Q.oj %cJ%aH..s'c: 30•. 20•. IQ% ll{I'<!½ ?%"'121- 100• ll{I 

t!-~ .:lC]2 100% Et0Ac~ ¾;t.}~..Q.~ A}%ti}~c}. ~o-J~ z.t *:t;Jof] i:ff~ 1H NMR ~~ 

.§c',j 41 '?'!-'l 209-f IO• ll{]'<!½ -?% 0-'I -t'"loJ]Ai 0 i*fctt<l*'ll~ e"'H71 .Si!{>l:cl. 0 1 

~ *~of] i:fl(! it~~'l! HPLC.£. -2..~ 117H~ ~~~~ *C]ti}9;1_.Q.oi oJ~~ -=;t~C ~ 

"i,f"'f.,;_~ •H-"121- ~~aj 'll%<>11 ~.-foj '?'!'ll!eJ~cl(Fig. 3-3). 

Jj'-"']~ <'J>i] '!i•H..s' -l\'i!J{! ~'il 958-8-E~ -l\';<f-'J ,"_ HRFABMS9-f 13C ~MR ;sf.l,_..s'.!/

E-j C17H2803.£ il15:l~c}. o] ¥~~ 13C NMR spectrumof]J.1~ Jj=.t::ef~ ~1]::_ olefinic 

carbon~ AJ%-!l'l! itl*l'l! 8100~160 of] 'c!-AJ A~l 7i~ 1'i::L··}:.ofl -off"c:Jt;}C signal( & 

156.6. 143.0, llO. 7)oJ ',){!{!cf:::: 'lJojcl(Fig, 3-25). t1~oj IR spectrum<>il<l 

carbonyl 7J7t -e.:tH-ttAJ u.goJ 1/"t!5:-f~r::L ttfefJ.1 °1 ~~E.j double bondof)C 

alcohol(~~ ether) o]L.} acetylene{!-~ 2/ t!-±~ electron densityoJ] cg~J~ 3.Jjl 

• Pli°· 'l%717f ':JY"1<>1 ~%~ 'l{? ~~ti. 2 '#<>115:. 13C NMR data<>ll•i::: oj-;! 1H 

~ mid-field signals ( §90.4, 89.5, 86.3, 75.4, 72.1, 63.9)71 'lf'(!!ej~cf. 

%1/ 958-8-E~ -i'-""c: 'H NMR:,.f 'H COSY, HSQC, HMBC% 2D NMR '\ll\Oil ~•foj -;; 

1£19:!cf(Fig, 3-26-3 29), 'l!"'i a 75.4(CH,), 72.l(CHl"-I 63.9(CH,l<>I] .\'l~l~ >ii 'l' 

±oJl ~~5:10, 9.l.C c}"} 7ff~ 4-5:::: -8"}1....}~ ~~¥! spin system~ 0 ]~2 9].r:}::: ~ 
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oJ BJ-t!x.19ic}. .:J..2:{ 0 .£ oJ ~~¥t lr--if:"-?-~~Ai -e-}qS>.] glycerol-£ ~2 91go[ ~ 

,j,:[tf. ~'l'! 86.45, 5.82, 5.55 'Ji 4.610!] -'/]>]~ '?¾ signals '()~ H-H 

coup! ing( 1H COSY AJ~ )2.f, 0J~ "?±9.l- o:)~ 7ffE.f down- ~~ mid-field 1t!-±.{!-S>.] 2-, 

3-, 4-bond H-C correJations(HMBC AJtl)~ \5"f1.-f~ yne-diene 7/~ ,eAH~ E.2'j4l'9ic}. 

0 1 •ff"l !l- "i"l•I::: ~Jl.~ %7J::: UV spectrumoJ]Ai 275( log e 3. 84)9.f 291 (3. 79) nm 

oJl L}E}\.! a-~ maxima0Jc}. ~7]~ glycerol ,¥-~2} yne-diene2}S>.] ~tl"t 83.99 ~ 

3.910!) -9-]>ltr ?¾21 8156.60!1 -'11•1~ B±'()~ HMBC correlationoJI ~•l"i 

yne-dieneo] glycerolS>.] C-1 ,U±.9.} ether ~ti"-£ \5"}2 9J.go] ~6j~c}. n:}c}Ai ~71 

tt l:l}si_t {[o] o]-¾~tl"~ o]-¥-::: f 7ffS>.] ,U±.{!-S>.J chemical shiftsS>.] fa;}o]J} off-~ 

(8156.6, CH: 86.3, CH) o]-R,::C o]¾~Uo] enol~ 1\i•ff~ o]-,t:;i 9l~ '1/''l! oft..]ef 

'cl'll~ -1:!±0il i:fftr shielding 1!..:,f7f -e 1!-¾~U.:if.'r. ~U!i'J"i 9171 •1Hc:0 itf. 

Glyceryl acetylenic enol-ether¾ ojfx] ~::: L]-ojA]S>.j t!:±,e ~~ 7ff~ upfield 

methylenes.2.1- 'fi}L}S>.] methyl carbonoJJ ~2}-5"}9,i.Q...E..£. o]fi"t .£.f yne-dieneoJ] Z.l A} 

i,'~ 1\i•ff-2. 'l:'!7,,l!i'Joj 91%0 1 'a':'ll•f9itf. 0 ] ~'!!Oil ~•ff•fc: -'f 7ij~ 0 J¾~~~ 

geometry::: protonsZ!S>-1 vicinal coupling constants (Ju.:. 6.4 Hz, J5, 6 ::- 10. 7 Hz) 

!c.-'i'-"1 lZ, 5Z configuration~_;,_ 0<]'l)!i'j9icf. 0 ]-2.Ai ~'!! 95B-8-E~ -'i'-±c: -:11\i~ 

acetylenic enoi ether of glycerol.£ ~~£f91t:f. STN database¾ oJ-§-t!" 'tr:"ti~A} 11 
2} 0 1 ~~t AJ"i5'"%ffoJl Ai~-e-}::: "!ff~ Raspailia pUllliJa.2.J, Raspailia ramosaS>.] t:ffA}~ 

,!-2. _ll.:;,,{! raspailyne Bl'lJo] 'lf1ij,:(t:l(Guella, et al, 1986: 1987a: 1987b). 

f}A~t!° ~~<c! 95B-8-D, -F ~ -U7} 3..f .lj!-A...!j~ ~~l ~tH.2. ~i?]5:-j9ic}. 2aij 

AJ 11~~~0!] ~~ if::x.}~(95B-8-D, Ci6H2503: 95B-8-F, C1aH3o(}3: 95B-8-U, C11H2a0J1 

~ ~l.21'!1~2::: IR2} UV data¾ .£~~]-o:) o]~S>.l ~~A],li::: raspailyne B11'- JiS>.] -'5-q,J 
•f9itf . .'E~ 1H NMR, 13C NMR, 1H COSY, HSQC, HMBC % cf•J~ NMR A,!~~ ZJ!.:,f.'r. 0 J~ 

£.f-7~ raspailyne B12}- %~~ acetylenic encl ethers of glyceroIJ:11 ~~~~ <u¾ 
•f9itf(Fig. 3-30-3-35). 1tfafAi o]~.ej ',''!,'0<f.ll. ¾oJIAi '!!~'a':"'l.:if 1H ',1 13C NMR 

data AJ~ a]J<lllt ;(j-oj::: linear chain~ ~ 014 ~EffS>.] ~}o]ofl 7l<tl~ ~oJc}. ~ 

yne-dieneS>.l tt ~ ~oJl 95B-8-D, -F, -u::: ztzt n-heptyl, iso-nonyl, isooctyl 7J7f 

ZJ!~'t! r,!o]cl(Fig_ 3-3). oJai~ •l"'f~ '1.:if9.f -1:!all~ ',''!,'0<f.ll,~ '!!ill~ ~'l!:zf 81 

2~ ~:zf ~'!! 958-8-D, -F, -Uc: R. pumila9.f R. ramosa~ i:jAf%'l!.2. _ll.:;i_{! 8f7f 

~:: raspailyne 82, isoraspailyne B ~ isoraspailyne Bl~..£ Z[Zf 1#~~r::],(Guella, 

et al, 1987a: 1987b). 

Afl.£¾ acetylenic enol ether glyceride<tl ~~ petroraspailyne Al 

(95B-8-C)7} -¥-~E.1 oil.2. ~i?)~~c}. oJ ~~~ ~7]tt raspailynes.2.} -7'-~~_Q_~ off 

q. *Af Of t..f -l'!: 'l:'! -,'-Oil ~ •f"i "i-0<f"i 'cl "J'/l ~-2. -,'-±~ 'iJ 0 1 ~.ll.5'! 9i~E..2. <>J 7J Oil Aj 

AJA~]"O'] AJ~~c}. o]~~~ ~At~t 2{f:-~.ig. ~eJ~~(HRFABMS)2} 13
C NMR t:~]oJE} ~ 

"'f<>II .sjof"i C1,H,.03.2. ~'l)5'!9it:f(Fig. 3-36). '<!"1 oJ ~'!/~ 1H NMR ~l!li.!e.',Joj]Ai 27fl 
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~ o]¾7el~"ll •JcJ-o};: 47i~ methine proton~~ signaJo] 6 6.45, 5.81, 5.55, 4.61 

"l] t-fEf,l.2.oj 571~ tl.o:f't! proton..-"lJ •icJ-Of;: peak~oJ 6 3.99, 3.91, 3.81, 3.61, 

3.55"l]Ai ~{!~9;!.cl(Fig. 3-37). !E \'!'"l?ll-t!"ll ~•flAi 6 2,30:zf l.41"ll Z/Z/ 27fl, 

::!.eJ2 6 I. 31o\l 67i~ methylene proton.;.~ -E>i7} t\'t\~9;1.2.oj 6 0. 90o\1Ai Pi~ 

methyl signaJoJ l-}E},lt}. 13C NMR c"'l.!e.'/l"l]Ai;: .'i'.-'f, 157fl~ peak~o] l-}E},l.2.oj 

DEPTAJtJofl 2.JiifiA1 methyl, metylene, methine, quaternary carbon~0 J 4'-7} ztzt 1, 

7, 5, 2.ss tt'tl~9;lcl(Fig. 3-38). 1H C0SYA.!~"ll ~o-}oj 'tl~ti 4'±~'11:~ ,.J'tl<!?llx 

tg~ii}711 ~15:J9;!,_Q_o:j 4"6::~ 7}A]2 9li:: £!: tt:±.~ ~ oJ¾~~2J, oxygenated 

methine carbon~£ .¥.Y~ .£.!: '!ft± peak~.£ HMOC ~tlofl S!.lSJO:f 
1
H NMR 6~§~"o'

~ .'i'-c' ?± peak ... :zf 'l}t\1'1711 'l'.!~~o-J 'l\tl(Fig. 3 39) . .:i.e1E-.sc 6 89. 5.2} 90. 3"ll 

1..-}E}iJ f- 7fl,S!.j quaternary carbon~ t quaternary hydroxy carbon2J, chemical shift 

..toJ <R'cl1'J -fl-A}o}!!l,.2.l-} ~"ti'-o':"I <jJoJE}-2} 't,'('!,Jo-J ~ a:j oJ peak.;.~ 17ij2j 1/¾{! 

t/ Q±~"lJAj 7J't\ti 1]~~~-& <,! "," 9.J.r:}. 

'll<ff•ff'l!-& .£~ti o] ~'!!~ ~~ti -i'-s.{!'!I ~ chemical shift{(~ 1-eel'"l'tl -o': 
~2'- HMBCAJtl .2i?.]2 chemical transformation.2)- synthesisofl S!.l"O"}O:f 0 1-T"o-f 1l,r:L 
HM0C-2} 1H COSY 1J~"lJ ~1'foj ,(j'l)'tj -'f, 7j2j oJ¾{!t/ '<!± peak~(6 150.6, CH; 6 

86.3, CH; 143.0. CH; 110,7, CH):zf 4'± peak..-(6 6.451.f 4.61)~ chemical shift '!,I: 

~~ ~1?! ~it!-~..Q...£. l-}E}Lf,~ ~2J, AJ-t:Jii) r:}~tlE ~~ ~ 4- 9lr:}. oJ~ .£!: ~AJ 

~ oJ i' 7ff~ oJ¾'{lt/-l,t AfOJ"ll ti 7ff2J 1/¾7.:!t)oJ 'l-1"11'1711 ~\'! ?[ '\l'll~o-J s]cf 

(Fig. 3 40) . .'£ HMBC1j~"l]A1 l-}El'd '\l-¾{!t/ lf!±~:zf 0 1 {!t) ~~"l] ~•i-O\;: 

methine proton~2}9-j long-range correlations(H-12.J- C-3, H-2~ C-4, H-59.} C-3, H 6 

2f C-41 £ o\ •M"I½ ,1,1-of!!l,cl(Fig. 3-41 ). Eno! ether bond~ -E>fl£ HMBC AJ~"l] 

J.j 1-fEI\:! 3 bond H-C couplings(H,[2f C-1', H-1'.2} C-l)"ll ~•ffJ.j t\'(]~9;!.cf . .'£~ 

Z!~~ 4-±~ .z!:9-j coupling constantsoJl 9-j-a}O:j f 7)9-j o]¾~tl-9-1 geometry::: .2.f 
Z.ss 7.:11~9;!.c\(J O 10,7 Hz; 6.3 Hz). tt\efJ.i petroraspailyne A\(958-8-C);: 

raspailyne Bl~ side-chain.9-j methylene0 J ~}1-t Wot~ ~H.5:..¾ acetylenic enol 

ethers of glycerol 71] 11¾!-'l!.s!c •fl"f~9J.r:l(Fig, 3,3). 

Petroraspailyne Alofi~ -e-r1-r~ 1:1Jcff~ 1rJ:±¾1J 0 1 glycerol.9-j C-2' <>il 1];j:]tft2 

9.lcf. 0 1 1t!±2J '!l<i•i'l!~ -il-'ll:zf o\-i-el -1!-'l! ~"i]-i'-s.~ t\'tlt ~'l'.!~21 %7].o:f~ 

a\ .;'-3' 'll ~2f '('I. t/Ai\ "ll ~ ~\oj o] '\'-o-J 'l\t:}. 'lJ,:,.j .o:f t/'!l- 958-8-C~ utl'\:\¾"l1 "1°12 

10% palladium-charcoal£ .a;,.aij§. --Jg.oJ]Ai 15A]{! ~'tl 4-±:!f- tt!:%~ A].£tf}~tl % 

ufl-it >!]7Jti '/"-"ll 1H NMR A"')E'/J-£ ~1-.f!!J.cjl-] o\¾'{/t/ 'lJ"l"ll l-}E\l-}'i'! peak.;.o] 

A}C}~\2 0 3.45011 ~a.2..~ oxygenated methlyene "'1'-±~ol l-}E}l-t alkyl ether 

glycerideZ! chimyl alcohol~ 1H NMR spectrum2} cff~-e-J ft,'-}·~¾ ..!i!..o:jf-9:lt:t(Fig. 

3-42). oJ ~;gc,JJ cff(!- 2iE"~~ 11~-!E~ ~2} -!E~}~,<:>_ C15H3203.£ ~15:Jo.J ~~~01 

27fl9.\ 0 1¾7.:!~:zf l7fl~ 1/¾~t/~ 7\,]2 9.19;!.g-!l- 'l[? 9.l.9;!.cf. ::,_,iq o] ¥'!!~ 
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Table 3 l. Carbon ~R Assignments for Petroraspailynes Al-A3 and 81-83. • 
~·-

C \o 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
I , 

2' 

3' 

----
Al 

156.5 d 

86.3 d 

89.5 s 

90.3 d 

110. 7 d 

143.0 d 

31. I t 

30.0 t' 

29.8 t' 

32.9 t 

23. 7 t 

14.5 q 

75.4 t 

72.1 d 

63.9 t 

AZ A3 
~-

156,5 d 156. 5 
86,3 d 86.3 
89,5 s 89.5 

90.4 s 90.4 

110. 7 d 110. 7 

142.9 d 143.0 

31. I t 31.1 

30.3 t 30.3 

28.0 t 30.6 

40.0 t 28.0 

29.2 d 37.B 

23.1 q 35. 7 

23.1 q 30.6 

II. 8 

19. 7 

75.4 t 75.4 

72.1 d 72. l 

63. 9 t 63.9 

Bl 82 83 

d 155. 8 d 155. 8 d 155.8 

d 86.6 d 86.6 d 86, 7 

s 76.0 s 76.0 s 76.0 

s 93.6 s 93.6 s 93.6 

d 20.3 t 20.3 t 20.3 

d 30.1 t 30.2 t 30.0 

t 30.0 t 30.3 t 30.6 

t 30. 4 t' 27.8 t 30.1 

t 30.3 t' 37. 7 t 28.5 

t 33.0 t 35. 7 d 40.2 

t 23. 7 t 30.6 t 29.2 

d 14.5 q 11. 8 q 23.0 

t 19.6 q 23.0 

q 

q 

t 75.2 t 75.2 t 75.2 

d 72. l d 72. l d 72. l 

t 63.9 t 63.9 t 63.9 

d 

d 

s 

s 

t 

t 

t' 

t' 

t 

t 

d 

q 

q 

t 

d 

t 

a \leasured in CD30D solutions at 125 MHz. Assignments were aided by DEPT, HMQC, 

and gHMBC experiments. b,c Interchangeable signals, 

ti]{:!~5.:(specific optical rotation: [alo)~ '9-~'0"}~r:-jt..] -0.1°(c 0.2, MeOH)~ aff-'f-

&/,"_ i:!E-.ss LfcfLf 'll>i]'i'-i ?,,'lj9.j AJ-'-IAJoj -li':>1171 5'j~cf. tcfafAi 01 %'ll<>il acetic 

anhydride~ 7}"6'}0:j di acetate %£~)~ t}-AJis"}~.Q.o:j 0 J %.X.~]E-J l:1]{176£( [aJo}~ ~ 

'll~ 7,,:zf -9.6°(c 0.15, Me0H)9.j "]..!."! ';,,"_ Uo] 'l!oJ ].cl(Fig. 3 43). 

o] ¾x>il~ '1.1*"1'1.l "J'/lE-.'a. :ij~i;f7] ~J..-foj ¾7]!}~"1 ,;!1['1/o] A]5'.5'j~cf. 

(R) ( ) 2,2 dimethyl-1,3-dioxolane-4-methanol-¾ DMFo-l] -!!j-oJ.2 NaH~ ~7}"6'}0:j P]Z!: 

-'81! ~W-~ foJ] bromodecane,£ 7}?i}2 J,i..].Z]: ~~ 9"7}.:&j.Q..£ ~{}8"}9;lr:}. -§-oH¾ Ai] 

7"j 8"} ~ ~}-ff~-£ {!- .2...i2. 7}~~t.fl ~ .:V-oJl s i 1 i ca gel column chromatography£. ~Cl 8"\ 
t;1 (S)-3 dodecyloxypropan-1,2-dio!o] ~oi ~r:}. oJ ~11~ acetylation J..]7'i A~AJB 
di acetate 'i'.j- ~ 'l1. ~ 958-8-C~ ~oft!~ AJ :'{]_ 4oJ1 r:}A] di acetate % £~]§.. ~ -eg J..] 7'j 

~oi~ ¥1l~- 1:1]20}9i1:-j1....J ~~ l\\1R 6~§.~oJl l...}E}1d peak~o] !H~ %~t.}~r:}. !£ 
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1' •lt<t/.£9.1 {(.£ ztzt ll.6°:,.f 9.6°~5' 1/ 'l/;<li;f"i Aj§c %'lit! ~-ll!i'c 'l!'i!5'1'll 

cf. 2ej."-s'c ~-ll 95B-8-C9.I 'l!cff•ff'lL'' 2'5 configuration~§c 7.l'll£1'l/cf. o!<.f :., 
0 1 ~~% petroraspailyne AI.sy ~~~ T&:: (-)-(S)-3-[((1Z,5Z)-dodeca-l,5-dien-

3 ynly•oxyl-propane-1,2-diol!i'c 7.l'llxJ'l/cf(Fig. 3-3). 

-B,,qlJ: r.ff)-}~~ petroraspailyne A2(958-8-L)o] ,lf:-CJ5:f~c}. HRMSOIJ 2-j,e-}O:j ~Al 
")oJ C,H260J!i'c 7,j'lJ'\! 01 ~119.i NMR '°'"!E'tJ ."_ 95B-8-C<.f cj<Ji;I il-Af1if~cf(Fig. 

3-44), 
13

C t\MR spectrumoJ}A~2.j %~t!' .7:}oj~,':'_ 95B-8-C2.] 8"h-t9-l upfield methylene 

peakJ} A}C}~ t.ff{loj] J.ff~o] ~}L}~ methine:zj- '6:}"t..l9-l methyl carbonoj] -afcJt;}::::: 

signals( 829.2, CH: 23. 1, CH3 JoJ Ltt:}iJ- ~o]11,t::}(Fig. 3-45). o] ~112-i 1H I\MR data 

6l])•1£ 95B-8-C2-] terminal methyloj] tffcJt;}:: signal( 80. 90. 3H, t, J .,, 7.1 Hz)2-J 

~1"12.f ',lEijJf '11•f~cf( aD.88, 6H, d, J = 6.4 Hz)(Fig. 3-461. 1H COSY, HMBC '§- 2D 

\MR ,._J ~oj]A1£ glycerol, yne-diene, enol ether % 95B-8-C.21 -=jl-~AJ9-l .£.~ ~~o] 

1'1J'{!5:J':tl.t:l . .:!.~.!:!...£ petroraspailyne A2;:::: petroraspailyne Al~ linear alkyl chain 

oil •fLf.sj methyl7!7f 1a,oj,± %.£>ii-"' ~zt5'1'l/~nj oJ ,j§c¾ "l-%719.I 'l!t/{l," -'f-

7ff~ methyl?]~ %~!8 chemical shifts ( 80.88, 6H)2} splitting pattern(d, J:::. 

6.4 Hz)§. .!i!_o} alkyl chain~ ir-¥-~..Q.§. '3:ff~5:l9;1.t:}. n:}i!}Ai petroraspailyne 

A2( 958-8-L) ," ( -1-( S) 3- [ ( ( l Z, SZ)-ll -methyldodeca-1, 5-dien-3 ynly )oxy J -propan 

1,2-diol!i'c 7,j'lJ£1'l/cf(Fig. 3-3). 

,¥-~~ q_Jf~] ~Eff§. '{t-i!]!H petroraspailyne A3(958-8-K)~ ~;,;}~~ HRFABMS9.} 
13C ,,rn 1"-"/<>11 9.l•f"i C,,H,,O,!i'c 7.l'll£1'licf(Fig. 3-471. 01 %]9.1 1"-'l/"f-"' QjA! 

raspai 1 ynesL} c} ~ petroraspai lyneszt t:ff %~1-':dE..n:l glycerol 2} acety 1 en ic enol 

ether7] % -=7-~.-!J~ ~~.£ .2..f e;(ff~}<;it:}. UpfieldoJl ~l*l~ ~5: 4-~ ¾7}~ ~15'.l 
15}2 958-8-K~ 13C NMR AJoJ]Ai 9-j f-E.~ =tl *}ol~ ~ f- 7ff~ methyl signals( 819. 7, 

CH3 11.8, CH3)7!- ~Z!:£19;1.t:};:::: ~oj9;1.t:l-(Fig. 3-48). o]~~ 13C :-JMR chemical shifts 

.2.f 1H ~MR( 80.87. t. J O 7.3 Hz: 0.86 d, J = 6.8 Hz) spectra oil-'i9.I splitting 

patterno] Ai.£ AJo]~}c};:::: A}1l~ linear chainoJ]A~ f- methyl?]~ ~]*]7} AJoJt;}'c};:::: 

?;!-!} .sju!&f~cf(Fig. 3 49). 7,j7f;acloJI ~"it! methyl 71.sj ~i"i c: HSQC<.f HMBC 1/~.9. 
§. lf"~:£19;1.t:}. ~ f- methyl protons( 80.87, 0.86)~ .2..f %'tltt carbons( 835. 7, 

CH; 30.6 CH2)2} H-C correlations~ L}a}y{9;1.E..n:l ~7}A]~ methyl proton( 80.86}~ 

cf;': ~fq9'.[ carbon( 037.8, CH2J2t.£ correlation-£ E.c11..R;ir:}. u:f-t!}A~ ~7}.::tj_Q{ 

methyl7];:::: C14 linear chain~ C-120!] ~tt":£1~ 9J.%oj ~~'O"}<;ir:}. o]~ {J-oJ t!'{:"!~ 

petroraspai lyne ~3( 958-8-K) ~ -=;t~::_ ( - ) -( SJ -3- [ ( {1 Z, 5Z) -12- me thy I tetradeca· 1, 5 

di en 3 ynl y )oxy] -propan I. 2-di ol !i'c 7.1 'll £1 'l/ cf( Fig. 3-31. 

1f."1f~ ~~].£ ~aJ!H petroraspailyne B1(958-8-S)~ ~;,;}~~ HRFABMS~ 13C \MR 

~~oJl ~~l-oi c1~H2503§. ~1!99;1.cl-(Fig. 3-50 and 3-51 l. 0 1 ~~~ ~~.::t}.R.:: 

raspailynesL} c}~ petroraspailynesOI] l:l]'O"t•'i ~cJ{t *}0 11:l~ S~1..-ff9;!.r:}. ~.::ti C\ 
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spectrum<>!JJ-i::: 275.2.f 290 nm 'i'-2-<>lf -'f- 7ff~ maxima7f l-fof\..f::: cff1]of! 't!•f'!/'11 237 

nm6fl 8"}1-t.£.l maximum ~ol €-;(ffii}l']ir:}. o]::: yne-diene ~%7]7} 1rtl.}-~ ~~ .£.Ja]t;}<l!_ 

tf. ''c ~~R spectrum<>i[J-i~ 7f'l)- -ic 'l'!:tl::: "l'-1~ of¾7.l~<>il •l"J"f'i':! '<).± 

signals( 0 ~143, 110) 0 1 upfield methylenes.£. 2.t!-t! ~oJ'.dr:L oJoJl {,l--§-%~i:: ~!} 

71 'H ~~R data<>i[J-i.5'. <:!~>'1"1 downfield regionof off-\'- Z!'t!"f"l 'l!<:l(Fig. 3-52). 

~',l 958-8-S<>lf '!l•i\:! -,'-,£"[ 'll:tf::: 'H COSY, HMQC, HMBC % 2D NMR '\!~<>If ~;;f 

"l .;J-')l,a<Jicf(Fig_ 3-52-3-55). Glycerol~ e>l::: 64.0-3.5<>1[ ~j;>j~ 'f_± signals 

z:!'21 couplingE...£. ~~5:-j9i..Q..o:J o] -¥-~21- double bond.2.}~ encl ether ~t}-5:. 

H-l/C-1' ~ H-I ';C-1 %.£-1 3-bond H-C correlations..£ ~:ltiiJ ~<tl£!9ic.}. r:~.,li\-o] 

HMBC 1lt<>IJA~::: H-1, H-2 %- olefinic protons.9.} acetylenic carbons( 893.6, C; 

76.0, C)Z!~ correlations.SC. ~'-'11 'l!-?!.>a'liE-E..ia. oj~oj J-j_ia_ "1'll 'c!~"l"1 <Ji,';of 

.Sa-j;;tr:}. tt}i!}A~ l--tu-JA].£.1 upfield carbons::: £.f '8'}1-J-.£.1 .z! ~~~ chain~ ojf.2 

9i2.oj *'ll 958 8-s::: 958-8-C~ C-5 °[¾7,l~of .'£:t}'\'! %5'.>if'lJoj ~',lo-f'lj_cf. oj 

i!]if}o:j ~9:1'€ petroraspailyne Bl~ -,l&.!:::: (-)-(S)-3-(((IZ)-dodeca-1-en-3-ynly) 

oxy]-propan 1.2-diol!a. 7,l'l/£!9J.<:l(Fig. 3-3). 

-8-A}'(! ~~ 'i! petroraspai lyne B2(958-8-T)~ if:'A}~ ~ 1l~if:'~61l 9-jti}o:j 

C"H2803.ia. ;;!1/>a9J.cl(Fig. 3-56). of £W.9J ~"h'"lll.::: 95B-8-S.2.f cff't!"I ¾;_f;;f'll_2. 

q 13C NMR:z} 1H NMR spectraOllA1 Afl&.¾ lf}l-}~ methyl7]9-j ~Afl7} E.ejiltHFig. 3-57 

and 3-581. ~-'o'"lll.¾ -'il'l!"l {l.s'.~ 7,l.2) -'ff.ia.¾ methyl7]<>il ~~foj o)>f'\'! NMR '\)"~ 

'lit!:: 958-8-K~ ::J-\'-9} :>12) %'!l"l"dcf l"C 619.6 CH,, 11.8, CH,, 'H 60.88(3H, 

t, J" 7.3 Hz), 0.87(3H, d, J O 6.8 Hz)]. ttfaf;_i ~'!! 958-8-T ")J-J ~71"1~ 

C-lOoJ] methyl 7j7} {HJ-{! branched chain~ ;Q.:il. SJ.%0] if:'t:g~}9;J.c}. o] tfl~ ~ HMBC 

AJ'lJ<>il-'i H-129} C-10 'JI C-11. H-13.2) C-9. C-10, 'JI C-11 {!2) 2-. 3-bond 

correlations?} t}'? ~~~..Q..£-A1 iH1irl ~¾.£19::!.t}. tt}C}A1 petroraspailyne 

B2( 958-8-T) ~ .:;z.,£::: ( - )- ( S)-3-[ (lZ)-10-methyldodeca-l -en-3 ynly )oxy] -propan 

1.2-diol.2. ;;l'l/>a9J.cl(Fig. 3-3). 

o}A]t!t..Q..5:. -#-A}it! ~~'t! petroraspailyne B3(95B-8-G)7} ±~ if:'&Js.l~cf. :i1."0ij 

,..J ~ 2Jif:°~Oll 9-ji>}o:] ~A}~ o] C15H2s03£ ~ 1 ~ 0 1 ~~9-j ~~A}.E.::: 

petroraspai Jynes Bl ~ B29.J, off~ -fi-A}ti}o:] glyceryl acetylenic enol etherE.I .5:..:: 
.:;-;g-£ if \..fofcff -\'9J.cf(Fig. 3-59). 0 1 ~'ll "1-'I o-f\..f.9j methyl7[.ia. o)-'f-<>J~ ~7f;sJ 

¾ ?,!2 9J.9J.2.oj "c NMR( 623.0, CH, x 2).2) 'H NMR( 60.89. 6H. d, J O 6.8 Hz) ;<fl!. 

,..J9-] ~~_Q_§. .!i!_o} ~7}A]7} linear chain2-} ~Oj] s,.p:]l}-oj E.ejiltHFig. 3·60~ 

3-61_\_ ILfefJ-i petroraspailyne B3 (958-8-G)~ .;,.,£::: (-)-(S)-3-l(lZ)-11 

methyldodeca- l -en-3-ynly )oxy ]-propan- I. 2-diol.ia. 'ii~ "l 'li cl( Fig. 3-3 I. 

AJ7]~ Bf9} ~oj -e': 'c!-'i'-<>i]J-i 711i'.5'. 'lj.5'. •ff"12J •ff"1.%* Petrosia sp . .2.-'/-Ei 

10 ¾9-J acetylenic enol ethers of glycerol7'll ~~hi ~c]t>}91t}. ~~~A}oJl 9-Jt>}~ 
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0 1~.': 100 oJ¾O!I ',{..-f!::: ~l'c!.sJ acetyleneJJJ 'J.1 polyacetylnes;,jJ -ti~~ ¾O!JAi cj'<! 

..-J c1i': -'/--il-0!1 <!;~cf!:: Af1)oJ ',loj~cl(Faulkner, 1997). -lee ~.,Z.OjJAi -a'-eJ~ ~'jl:,.f 

Raspailia spp.§..,¥-Eel ~.2~ 4=- ¾~ -%£~]~ AJJ.21'6'}.2:::: ~al~ ~~~ ¾ P. hebes 

.£-¥-E-f ~CJ~ 3 ¾S!.f ~~~4 Okinawa -C!ifofl A-1-~?tt~ Petrosia sp, Of/Ai .!i.2~ 

petrosynes ~oJ yne-dienic enol ether ~%71~ ~.2 ~!:::: ~.Q...£. ~oi;,.,f ~r:l
(Perry, et al, 1990; lguchi, et al, 1993). Petroraspailynes ~itl; acetylene?]~ N:.. 

Y~}.2 ~.AJ::: ?J_Q_l...} tifflB AcantheJJa carteri(;;. A, aurantiaca)~ ~~~<?..! 
hanishenols A.£} B.£ glyceryl enol ether 7]~ ~.2 ~c}(Mancini, et al, 1997). 

Raspailynes2} petroraspailynes7} ~%~ ~:zj. %~~ .;,.~~ if:t;JE...s;.,¥-e-j "b'-71 

~ glyceryl enol ether .s]oJl.'r. ..-f1..f.sj ~oj cf:'_ :,fJ'l!O!J 4,.-f!::: ~~~oJ -a'-eJ,a'l!.2.oj 

-a'-'!t~"i •J'd Oil .sj ..-foj 7 .,Z.if.71 'I! 'll >'1 'll cf. -'/--"I .sj '<!2 "ii ~~!a. '11"1 'l) petrynol 

1958-8-A).sj -a'->cf"1.': HRCIMS9.f "c Nl,JR -a'-"'10!1 .sj..-foj c,,H200,.s'. ~'l),'j'l!cl(Fig. 

3-62)_ oJ ~~~ 13C NMR data::: ~71~ glyceryl enol ethers.9.f,:::: ofl~ -'c}-oj'l5"}9ic.} 

(Fig. 3-63). ~~ downfieldoj] 1..-}E}\l olefinic carbon~ signals( 8134. 3, CH: 

128.5, CH)9.f midfield"!] \..fEf,± >ii 7J.sj carbon signals( 883.3, C; 74,0, C; 62.8, 

CH)~ .2~!?.l -11~1~ multiplicity7} petrosiacetylenes!?.l terminal yneol-ene 7J~ off 

q. ~Afirf9:{cf(Seo, et al, 1998). oJ -'/-§-71"11 ,";<ffirf!::: oJ¾~~.sj geometry::, 'H NMR 

oJ]A1 vicinal proton-proton coupling constant(J :::.15.1 Hz)!?.l 4~0{1 ~t>}o:j E§.. ~~ 

,a'l!tl(Fig. 3-64). oJ yneol-ene -'/-§-7].sj '"="ff!:: 1H COSY, HMQC %.sJ >cfil,~ Sf"J.2. 

.£ ..-1<>1 HMBC 1ltl"l)Aj 85.88, 5,59, 4.82 %.sJ '?±9.f '<l'll~ <!±~ '(}Oil 1..fEf,± oJ 

el correlation.2..s'. 'll¾>'l'l!cl(Fig, 3-65-3-67). 

cf:, ~~:,.f!::: 'i{eJ "c Nl,JR '1,'0!]Ai 8174. Z(C)O!J ;j_s!,oJ 'tMI:~ 'l!±signal ,': 

1740 cm 10!] 1.-fEf,± >J~ lR ~"et band9.f Ci-lt<>l ester.£ AJZ/,a'l!cf. oJ <!±!::: 8 

3.65(3H, s)oJ] Lf-t::}1d ?± signal:2} 7J~ HMBC correlation~ l-}E}1-ff9i.2. 0 ..£ %1l 
958-8-A::: t>}l-}2] methyl ester 7]~ :s.!"2 9.I.%~ ~ 4- 9J.9ir:}. oJ.2-} {toJ t>}l..f-!?.l % 

~~ o]fi:: 0J ~ terminii7} ~:lf't>l ~~x]9i.2.. 0 §.. upfield methylenes.2..§.. o]f~ 

~ ,?! 2~]7} f- 7ff!?.l terminal functionalities~ A~§.. ~~\}-~ ~ 4- 9J.9ir:}. ~ii] 

8 2.05(2H, dt, J O 6.8, 6,8 Hz)O!J ,V-J;>J~ allylic protons9.f 82,29(2H, t, Jc 7.6 

Hz)oJl -1]*1~ a-carbonyl protons~ .¥.~t>}i:: upfield protons z!-!?.l TOCSY data;: o] 

~ OJ¾t>}i:: ~1!~~ ~7i0Jr:L oj.2-} {foJ petryno1(95B-8-A)~ .,Z.S.i:: C12 linear 

carboxylic acid2] methyl ester.£ ~~5:l9ir:l(Fig. 3-3). 

Petrynol t C-3 -11*1011 t>lt.-}!?.l l:f]t:ff~ t!:±¾11~ -"?!2 91,r:}. Petrosiacetylenes 

.sj ~q.9.f of~7f>cJ.s'. 0 1 ~~.sj ~cj V>IJ•ff'll.': Mosher method"IJ .sj..-foj .;J-'l),'j'l!cf. 

~ 958-8-A9.f (-)-, (•)-MTPA chlorides~ 'li%AJ,j '1!%"1'lJ 958-8-AS.sj 958-8-AR 

E.j 1H \\1R spectrum AJoJ]A1 H-1, H·4~H-6 % l:l"JtH*J t!:±2.J- ~~~ ilj:l!?.l *±~ 
chemical shifts2] ::>:}oJ.£-¥-E-1 3R configuration..2.§.. AJ'Mxl~r:}. 01 %~:r.j- 'tfi!=l~ 
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C46 linear polyacetylenes~ petrocortynes~ -,!-S:~ l:lf.2~ ~zt ..:S:nl§..¾ ,.q..-1.Jo! ~ 

Z1£19ir:r(Seo, et a.l, 1998: Shin, et al, 1998). ~. -¥- ~1lE.J C-l""C-1101] ~ffcJt;}:: 

-'l--a''i'-~c: ~~-ol %'l!-Of9J.E-uj C-3 sJcff~ B±~ 'll"il•H'llx %'l!-Of9J_cf . .SC.~ "1% 
•H~ •i'll P. ficiformis~ tff-<H/:i/5'. 'i!/21 'l!aJ~ petrofor•ynes ~ s/20-foj.'r. %'l! 
t!' C-l~C-12E-] ~\1-;i.&~ 7:.!"2 9.I.9;:!,cr(Guo, et al, 1994: 1995). c~~o] petrynolof] 

A~ ester 7t 11 *l ~ C -12 "EE!.&::: petrocortynesoJI A~ acetyleneofl -&fl cJ<5}9;l c}. ,t-&;tJI LR 

9.1 A,HJ-AJ .'.!) 1li%o,J]A~ acetylene?]~ ~~01 ufl-¥-- -§-oJt;tcr:: A}A.L~. ~ ~.,2-oj]A~ ~cl 
{:!_ petrosiacetylenes4 adociacetylenesE-] 78-¥--£..£ '¼~ii] ~¾x.]2 9.I.cr(Kobayashi, 

et al, 1996). tt}i!}.A~ petrynol ~ petrocortynesE-] 1!~~~ ~.,2-~~(precursor) o]J-i 

4 ~'ofl~~(degradation product)§. 1!Zfx.J9ic}. 

'off~%~oJlA~ %eflt!' polyacetylenesC ¾ff-7} 11fl-¥-- cHJ'ti}..'iI. lf!.&:. chain2-] ~o! 

t..f "f%7I~ ~,:\7f -'j'-~-Ofcf(Faulkner, 1996: 1997: Umeyama, et al, 1997). ~'l)ofi...l 

af o/%.". off.\'- cf 0J~ 'ifcl'l/'1!-£ 1...fof~cf. \'lei 'l!al~ -'Jel'l/"J'll -o/oj.£ •Jo/'if 
~. A11£~AJ, 3J¾oJ, ~J1:1}ol2:IL:., ~d::.:t:~'ofl, brine-shrimp ~A,:l % ~n°r~ ? 'al% 
~.£0 ]tHFusetani, et al, 1987b: Cimino. et al, 1990: Issacs, et al, 1993: Guo, 

et al. 1994: Ha! lock, et al, 1995: Dai, et al, 1996a: Dai, et al, 1996b: 

Kobayashi, et al, 1996: Ortega et al, 1996: William & Faulkner, 1996: Fu, et al, 

1997). =Et!' '"M-¥-2.1 polyacetylenes :: ~~%~ %~2-J 1t!EH~ ~~AJ7J7l4, u.}1i1:1] 

%"ii~ -\'-'I~ "1"flo-f2, -l,l:Jf;.fal~ ~~;<f(gamete)~ sJJ3'.1i'c'll~ "l"flo-fc: % -'f,H't 
~...Q...£ n~-9-- %~~ ~~.£ ti}:: ~o] 1M"Z1£19;:!.r:r(Uno, et al, 1996: Tsukamoto, et 

al, 1997'. 

petrosiacetylenes A.2-} c:: brine-shrimp %1!oJl c:fl~}o:1 7J~ ~Aa (LCso o. 229-f. 19. 9 

ppm)-& q~}Lfl<;l..Q..1..-} c}~ petrosiacetylenes:: ~AJo] ~~ ,a:-J.9:lc}(LCw > 100 ppm). 

~cl&- J..~1) ~ RNA~ o]-§-~ reverse transcriptase(RT)oll t:.fl~ ~AJA~-&H ..-1.J~-41oJ1Ai 

petrosia..:etylenes .\£.j- c:: l0µgl20µL~ 18-£0ll.J..i template.£. 0 /%xf~'t! 165 R.\J4 

(llY 6J~ c:R~ii:-E..~-¥-E-1 ~aJ )~ !tl{!ti] ~t-flt!' ~ 0 lc}. 1li'Bo,J] o]~~ .¥:.~-a-}:: £~ 

petrosiacetylenes"E super-coiled D~A(pUC 119)~ ~~ ~t-i"6}Al U-9.J:t:}. tttc}A~ 

petrosiacetylenes A.2.} CE.l 7J~ ~"8~ 0)~9.J RNA {E-tfl182.r ~::_ ~~oj ~~ ~_Q_§. 

>g7--f5:j9:J.ct. T:C~'l! ~'BoJlAi petrosiacetylenes A.2.j- C~ .:g-~~...Q...£. allylic 

ene-diyne :Q-§-7]~ ?,!2 9.I.::c:~] l:f]ti}°'i ct~ %~~ 0 Jc-l~ :&l"--8--717} i!°'ixfo-J 9.I.c}. 

.22-!~5:.. :.;!CJ~ ~%oJL} radical~~~% ene-diyne7J2-j ,L;?;.~ ~t!o] --';!)c]~AJ2} 
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~~ ~ 0,.1.l..2 '.?.I:=: ~.Q...£. %i""5:J9j,r:t_ .214-f'<>ll.£ petrosiacetylenes B-2.} c::: 50µg/mL5!.j 

~5-oJIAi PLA,011 rff-.foj ¾'llx~ ;<J•ff'!!'ll(2\ZI 49•-"l 36•)-£ LfEILJl9i.2.Lf 

petrosiacetylenes A-2.} o::; ~t! Q.ffil~t:.}(20%.2.} 23%). !£~ petrosiacetylenes B-2.} C 

::: 20µg/ml~ -'8.SC.oJl,,_i Na';K'-ATPaseoj/ cff~ ~~ ;<J•ff~AJ(")-2) 26%.e\ 25•);;; cfcf 

1...ff Sir:}. 

~i?::!_ petroraspailynes % ~ ~.,Z.oj]A~ .,Z.$:.7} ~1B glycerol enol ethers<>ll r~ 

t!- 1"2.l~".8& ~A}t!- 12'- raspailynes.2} petroraspailynes Al, A2, A3 % yne-diene 

7]~ 7}~ ¥~¥~ 'tl~l2-l ~~~ Ai]:£.<{! K562<>ll t:ff~}oi ~~£2-] ~,,_a-& ,;!'2. 'lJ.go] 

')toj 'lief: LCso for 958-8-E, 81 µg/mL: -D, 26µg/mL: -F, 74µg/mL: -U, 69µg/mL: 

-C, 9. 2µg/mL: -L, 57 µg/mL, respectively. ~1B.<>ll -g-}t...}2-] double bond~ ,,_J,,_J"{t 
yne-ene 711<,!~ %',!~(958-8-S, -T. -G) ," '!!,,_J% LfEfLJl0</ *-.f'll,cl(LC5-0 > l00 µ 

g/mL). 0 ].£ o].ir-o-J acetylene2-] 0J~ojj '1l*lt!" double bonds7} oj~2-j ,.,gcJ~AJojJ ~ 

oj~g 'l! ? 'l/9:it:f. '£~ ~7l'!i%-£ o/%~ A.jlJoJ/Ai o/ -lj-," 5'.-'j'- 10µg/20µL~ 

-'8-5:.oJlA~ topoisomerase 12-] DNA ~t!-~-"8.£ ~~Rt>}::; -3!0) ~~~r:}. _:icJq 
yneol-ene "/%7/i;!- 7f~ petrynol(95B-8-A)::: %'l!~ ~.5'.oj/Aj -'1/.£ls-'82f 1f.'1c;<]•l 

'!!AJ g ~oj LfEfcff;</ *-.f9J.t:f. 

7}. AJli2-j ~ff:g 1M %71~~2-] i"-¾21- flash chromatography 

Al le. 958-8," 95\1 ll~oj/ ;,J~.5'. -2-•i(A].5'.. cffAJ-';'-.5'., "'ix) ?1! 20-25 mojlAi 

SCLB, cf0!•d<>il ~-.foj •ff~~9icf. •l~ ~Al t!'l)-oj/Ai E.afolofoj,'c,_,a_ "!%'\'! Aile.::: 

•J-t-.2..s'c ¾*~"1 "J%2oJI !a.'<!~9:lt:f. "!%!a.'<!~ 2 kg~ ,.l.ll.~ •ff•d-.f"i '?;1-711 -"I 
:' ~Oll Me0H.£ 't!->l-•lAi(2 L x 3) 'l'-½-.f9J..2.uj t:fAI dichloromethane.2._,a_ 't,-l,\--.foj 

(2 l x 3) f~ti"}~r:}. o}~]~.Q...£. Waring blender.£ Z! ~<>ll MeOH2j- dichloromethane 

~ J:] s°'~%'>j(2 L X ]).2__,a_ 'l'-½-.f9J.cf. 0 1'l/71] 0ffAj 'l:loJ~ 3'c'i'½%E.J 0J:'_ 
353.38 g 0 19:lt:f. ol 3'c'l'-/t%"1l rff-.f<>I dichloromethane(l L x 2)2f %(IL x I)E.j 

~~% oJ%15toi ~~2'- 7Jc:t2-] ~%.-tJ 'ff-£ ~J;4<rt~cf. 
1'ichloromethane¾<>l]Ai 'E!o-J~ 100.61 g~ c}Al 25% aqueous ~eOH(0.5 L x 2)2t 

hexane(O. 5 L x l )_Q_.£. C}A] ~ll~ti"}~t}. 25% aqueous MeOH*~ %off~ ~j.7-jti"l-2 ~oj 

~ £:?~~ 18. 53 g£ acetoneoJ) .:g.~A){l ~ C1s 24,- {I-~ .3..£o}X.:l'clll!J(5 cm x 5 

cm, Y~1C ODS-A 60-125 gel 400 mesh)¾ -'JA]1S"}~ct. -§-ofl-5:..::: 30% aq. MeOH, 20% aq. 

MeOH. 10% aq. MeOH, 100% l.1eOH, 100% EtOAc¾ 500 mL~ 'i!:"A~t:ij.£. -§-~t>}9l..Q..o:j ~o-J 11 

{;',~~ OJ:'_ ztzt ]4.80 g, 0.88 g, 0.30 g, 0.56 g, 0.07 gol9J.Cf. 21 ,'--.j 
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(fraction, fx)~Off t:f'8ff 1H NMR spectrum~ ~1Itf ~zf- Z~]- t:ffAf~~oj 20% aq. MeOH 

-2< l 0% aq. Me0H ./]L~ Oil ;.j 'l! Z! £19;! cf. 

l-L Petros i acetyl enes9.] ~2.J 

.\queous ~1eOH%,% .24,-{I-~ Cts 3..§..o]-.£.:::H.lllJ§.. ~C]ii"}o:j ~oi~ ~:Q;j 3(1()% aq, 

l.1eOH }~ 15% aqueous MeOHOl] ~o] :;i cotton..Q...£. O:j 2},it! ~oJJ C18 reversed-phase 

HPLC(Shiseido Capcell pak C18 column, 2 x 25 cm, RI detector, 2 ml/min)§.. ~CJ¾ 

Aj.5:.tf~9.1_cL Retention time 29, 36, 45, 60~oJl l-}.2.~ peak~~ ztzt .£..Q...:il r:]-A] ~ 

~ [: ~z-1-8"]-oJJA~ .§-2.].S,.uff~ 30% aqueous MeCN..Q..§.. cl]-~ 4oJl reversed-phase HPLC~ 

AJ;.J~f9;lcf. Retention time 26.5, 24, 28, 24.5./;LOI] 95B-8-H, -N, -0, -P7f Z/7-t 

3. 7, 2.1 4. 5, 4. 2 mg ~oi ~cl-. 

Petrosiacetylene A (958-8-H): colorless oil, [aJ2\ 0°(c0.63, MeOH): IR 

(KBrl vmax 3400 (broad), 3310, 2930, 2860, 2100, 1650, 1460, 1285, 1090, 1015, 

970 cm 1
: 

1H NMR (CDCl 3, 500 MHz) 8 5,91(2H, dddd, J = 15.4, 7.1, 7.1, 1.0 Hz, 

H-5, 26), 5.59(2H, ddt, J = 15.4, 5.9, 1.5 Hz, H-4, -27), 5.46 (2H, t, J = 4. 6 

Hz. H·l5, -16), 4.81 (2H, ddd, J = 5.9, 2,5, 1.0 Hz, H-3, -28), 2.90 (4H, dt, J = 

4. 9. 2. 2 Hz, H-14, 17), 2. 54 (2H, d, J = 2. 5 Hz, H-1, -30), 2.11 (4H, tt, J = 

7.1. 2,4 Hz, H·ll, -20), 2.05 (4H, td, J = 7,3, 7.1 Hz, H-6, -25), 1.44 (4H, m, 

H 10. 21), 1.39 (4H, m, H·7, -24), 1.36 (4H, m, H-9, -22), 1.29 (4H, m, H-8, 

-23): 13C ~MR (CDC!,, 125 MHz) 8 134.62 (CH x 2, C-5, -26), 128. 70 (CH x 2, 

C·4, 271, 126.72 (CH x 2, C.15, -16), 83.58 (C x 2, C·2, -29), 80.65 (C x 2, 

C-12, 19), 77.93 (C x 2, C-13, -18), 62.99 (CH x 2, C-3, -28), 32.07 (CH2 x 

2, C-6, 25), 29.08 (CH, x 2, C·l0, -21), 28.90 (CH2 x 2, C-7, -24), 28,86 (CH2 

x 2, C8, 23), 28.84 (CH2 x 2, C-9, -22), 18,95 (CH2 x 2, C-11, ·20), 17.41 

(CH2 x 2, C-14, -17); HRFABM.S [M+Na]' mlz 455.2949 (calculated for C30H4002Na, 

455. 2926 ). 

Petrosiacetylene B (958-8-0): colorless oil, {a]2\ -0.3° (c0.49, MeOH): IR 

(KBrl v max 3400 (broad), 3300, 2930, 2880, 2095, 1650, 1465, 1230, 1085, 970 

cm': 1H ~~R (CDCJ,. 500 MHz) 8 5,89 (2H, dddd, J = 15,1, 6.9, 6,9, 1.0 Hz, H-5. 

26), 5.59 (2H, dd, J=l5.I, 5.9Hz, H4, -27), 5.44 (IH, m, H-16). 5.41 (IH, m, 

H·l5), 5.36 (IH. m, H-12), 5.31 (IH, brdd, J = 10.7, 6.4 Hz, H-13), 4.82 (2H, br 

d, J = 5.9 Hz, H-3, ·28), 2,91 (2H, brd, J = 5,4 Hz, H-17), 2.77 (2H, dd, J = 

6.8, 5.9Hz, H-14I, 2.54 (2H, d, J=2,0Hz, H·l, -30), 2.12 (2H, tt, J=7.l. 

2.1 Hz, H·20I, 2.06 (4H, td, J = 7.3, 6.9 Hz, H-6, -25), 2.02 (2H, td, J = 6.9, 
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6.5 Hz. H-11), 1.45 (2H, m, H-21), 1.38 (4H, m, H-7, -24). 1.36 (2H, m, H-22), 

1. 33 (ZH, m, H·l0). 1.31 I. 28 (6H, m, H-8, -9, -23); 13C NMR (COCl,, 125 MHz) 8 

134.46 (CH, C-51-26), 134.40 (CH, C 51-26), 130.56 (CH, C-12), 129.40 (CH, C-15), 

128.40 (CH, C-41-27), 128.36 {CH, C-41-27), 127.13 (CH, C-13), 125.22 (CH. C-16), 

83.32 (C, C-2/-29), 83.31 (C, C-2/-29), 80.14 (C, C-19), 78,21 (C, C-18), 73.98 

(CH. C 11-30), 73,97 (CH, C-1/-30), 62.80 (CH, C-3/-28), 62. 79 (CH, C 31-28), 

31.93 (CH,. C-6/-25), 31.88 (CH2, C-6/ 25), 29,53 (CH,, C-10), 29.10 (CH,. 

C819). 29.06 (CH2, C-8/-9), 28.93 (CH2, C-21), 28.80 (CH,, C-71-24). 28.71 (CH2, 

C71 24). 28.68 ICH2. C-23), 28.66 (CH,, C-22), 27.22 (CH2, C-11), 25.55 (CH2, 

C-141. 18. 79 (CH2, C-20), 17.25 (CH2, C-17); HRFABMS [M•K]" mlz 473.2823 

(calculated for Cwf4202K, 473. 2777). 

Petrosiacetylene C (958-8-N): colorless oil, falZ\ 0.2° (c0.15, MeOH); IR 

(KBr) vmax 3400 (broad), 3295, 2930, 2855, 2100, 1660, 1465, 1240, 1060, 970 

cm', 'H ~ 1=1,, 500 MHz) 8 5,89 (IH, br ddd, J = 15.6, 6.6, 6.6 Hz, H-26), 

5.59(1H, ddd, J 0 15.6, 6.6, 1.5Hz, H-27), 5.47(2H, t, J=4.6Hz, H-15, -16), 

4.82 (lH, br d, J = 6.2 Hz, H-28), 4,35 (IH, ddd, J = 6.6, 6.6, 2.0 Hz, H-3), 

2.91 (4H, dt, J=4.4, 2,2Hz, H-14, -17), 2.54 (IH, d, J=2.0Hz, H-30), 2.44 

(lH, d, J = 2.0 Hz, H 1), 2,12 (2H, tt, J = 6,8, 2.0 Hz, H-11, 20), 2.07 12H, 

dt, Jc 6.6, 6.6 Hz, H 25), 1.69 (2H, m, H-4), 1.44 (4H, m, H-10, -21), 1.41 (2H. 

m. H 241, 1.39 (2H. m, H-22), 1.36 (2H, m, H-9), 1.32-1.27 (8H, m, H-6, -7, -8. 

-23); "c NMR(CDCI,, 125 MHz) 8 134,41 (CH, C-26), 128.40 (CH, C-27), 126.47 (CH, 

C-151-16), 126.43 (CH, C-15/-16), 84.98 (C, C-2), 83.58 (C, C-29), 80,48 (C. 

C-121 19), 80.39 (C, C-12/-19), 77.68 (C, C-131-18), 77.61 (C, C-131-18). 62. 79 

(CH, C 28), 62.33 (CH, C-3), 37.65 (CH2, C-4), 31.88 (CH2, C-25), 29.39 (CH2), 

29.19(rH2), 29.05 (CH2), 28.98 (CH2, C 10121), 28.89 (CH2, C-101-21), 28.84 (CH2, 

C-91, 28.70 (CH2 • C-24), 28.67 (CH2, C23), 28.65 (CH2, C22), 25.01 (CH2, C5), 

18. 79 (CH2, C-11/-20), 18. 76 (CH2, C-11/ 20), 17.22 (CH2 x 2, C-14, -17); HROCIMS 

[ M+l\H4]' mlz 452. 3529 ( calculated for C30H46N02, 452. 3529). 

Petrosiacetylene D (958-8-P): colorless oil, [a] 2
\ +5.2° (c0,27, MeOH), IR 

IKB,-) vmax 3400 (broad), 3295, 2930, 2850, 2095, 1650, 1460, 1290, 1090, 1010, 

970 cm', 'H NMR (CDC!,, 500 MHz) 8 5.89 (2H. ddd, J = 15.4, 6.1, 6.1 Hz, H5. 

261. 5.59 (2H, dd, J = 15.4, 6. 7 Hz, H-4, -27), 5.42 (IH, dt, J = 10, 7, 6.4 Hz. 

H-151, 5.39 (lH, dt, J O 10.7, 5.9 Hz, H-16), 4.81 (2H, br d. J = 5.9 Hz, H-3, 

-281, 2.87 (2H, dt, J = 5.9, 2.4 Hz, H-17), 2.54 (2H, d, J = 2.0 Hz, H-1, 301. 

2.12 (2H, tt, J ·c 7.1, 2.4 Hz, H-20), 2.06 (4H, td, J = 7, l. 6. 7 Hz, H-6, -25). 

2.03 (2H, dt, J = 6.4, 7.3 Hz, H-14), 1.45 (2H, m, H-21), 1.38 (2H, m, H-24), 
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1.36 (4H, m, H 7, 221, 1,32 (ZH, m, H-13), 1.29 (ZH, m, H-231, 1.28-1.25 (JOH, 

m, H-8~-12): 13C N~R (CDCI,, 125 MHz) a 134.56 (CH, C-5/-26), 134,41 (CH, 

C-5126), 131.30 (CH, C 15), 128.39 (CH, C-41-27), 128,30 (CH, C 41-27), 124.92 

ICH, C-16), 83.33 IC, C 21·29). 83.31 (C, C-21-29), 79,94 (C, C-19), 78.52 (C, 

Cl8), 73.98 (CH, C-l;-30), 73.96 (CH, C·l/ 30), 62.81 (CH, C-3/·28), 62.79 (CH. 

C-3/ 28), 31.95 ICH2, C-61-25), 31.88 (CH2, C-6/-25), 29.54 (CH2I. 29.50 (CH2). 

29.46 (CH2), 29.41 (CH2, C·l3), 29.27 (CH2), 29.19 (CH2), 28.95 (CH,, CZ!), 28.71 

(CH2, C-241. 28.69 (CH2, C-23), 28.65 (CH2, C-22), 27,13 (CH2, C-14), 18,79 (CH2, 

C201. 17.21 (CH2, C-17): HRFABMS [M,KJ' mlz 475.2927 (calculated for C30H4402K, 

475, 29781. 

c}. Petrosiacetylenes~ MTPA o-JlAB-j~ it!% (modified Mosher method) ~ 

butyric esterE.f 'U""& 

~1TPA o-Jl~E-Ji.j, it!-%~ Kakisawa groupoj]Ai 1991\:!o-Jl .!t...2l!° modified Masher's 

method~ o:}!ilc}(Ohtani, et al, 1991). il1ll~~ i:t!-¾~ ~~ ~ 0. 5 ml.$!.) dry 

pyridineoJl 3-5 mg£.] Alli~ .a;-~ .if-611 20 µL~ (-)- ~~ (+)-MTPA chlorides 

(methoxy a, a, a-trifluoromethylphenylacetic acid chlorides)~ 7}'0"}9fc)-, o] %~ 
% ~,?:oJlAi t-:2 t:ff.71 <5}611Ai 1-3 AJZ! ..iJ.7:Jt5}~Ai silica TLC.2. it!¾~ ~ 8lg ~~t}9;l 

cf. OIJAtj~ '11%0] op,<oj ~ ~~ ½"J~'l).ej ~'l,.s'.Ai 'f~~ ~Oil 0.5 mL.ej H20. 

0.3 ml£.] CH2Clz, l ml£.] MeOH% "i!:°Ait:fl£. 7}"0"}2 10 if:"Z! iJJ?:j"0"}91t:}. oiif:'E-1 -§-ufl~ 

J\ E}~ "..!l ~1"8 ~¾ 7t,l- 0J -0-}o-Jl Ai ~] 7{ {t :V-o-Jl ~ ~ ~~ 2.] 1ll2 ~ AJ if:"-& 2 ml 5!.] 5% 
EtOAc n-hexane %0..!lol] ~11 ~ silica Sep-pak column~ ~:1.j-J..]:!!_t:}. -§-2-l~~ c}A] 

qj"o'- HPLC(YMC ODS column, 1 cm x 25 cm, 2 ml/min., 5% aq. '-ieC~).£. ~2.Ja-}o:j 'ir-?'U: 
petrosi acety I enes5!.] MTPA ester~ ~ ~~}9;. c}. 

(S) MTPA ester of Petrosiacetylene A. From 3. I mg of 95B-8-H was 

obtained 2. 0 mg of 95B-8-HS: 1H NMR (CDCl 3 500 MHz) 8 7. 53 (4H, br d, J O 7. 3 Hz, 

~rH), 7.42 7.38 (6H, m. ~rH), 6.07 (IH, ddt, J = 15.1, 1.0, 7.1 Hz, H5), 6.03 

(lH, m, H28), 6.01 (IH, m, H-3). 6.01 (lH, ddt, J= 15.1, 1.0, 6.8Hz. H261, 

5.61 llH ddt, J - IS.I. 6.8, 1.5 Hz, H 4), 5.50 (IH, ddt, J = 15.1. 6.8, 1.5 Hz, 

H 271. 5.48 I2H, br t, J, 4.9 Hz, H-15, -16), 3.59 (3H, s, 0Me), 3.55 (3H, s, 

0<lel. 2.92 14H. dt, J = 4.9, 2.4 Hz, H 14, -17), 2.63 (lH, d, J O 2.4 Hz, H 30). 

2.59 IJH, d, Jc 2.4 Hz, H-l). 2.12 (4H, br t, J = 7. I Hz, H-11, -20), 2.08 (2H. 

dt, J, 7.1. 7.1 Hz, H-6), 2.05 (2H. dt. J = 7.1, 7.1 Hz, H25), 1.45 (4H, m, 

H-10, -21), 1,38 (2H m, H-71, 1.36 (4H, m, H-9, -22), 1.35 (2H, m, H-241, 1.28 
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(2H. m. H-8), 1.26 I2H, m, H-231. 

(R)-MTPA. ester of Petrosiacetylene A. From 3. 0 mg of 958-8-H was 

obtained 2.1 mg of 95B-8-HR; 1H NMR (CDCb 500 /.1Hz) ij7.53 (4H. br d, J.:. 7.3 Hz, 

\rHI, 7.42 7.38 (6H. m, ArH), 6.07 (IH, ddt, J = 15.1, 1.0, 7.1 Hz, H-26), 6.03 

IIH. m H 3), 6.01 (lH, m, H-28), 6.01 (IH, ddt, J = 15.1, 1.0, 6.8 Hz, H-5I, 

5.61 (lH, ddt, J = 15.1, 6.8, 1.5 Hz, H-27), 5.50 (lH, ddt, J = 15.1, 6.8, 1.5 

Hz, H 41, 5.48 (2H, br t, J = 4.9 Hz, H-15, -16), 3.59 (3H, s, OMe), 3.55 (3H. s. 

O\Jel. 2.92 (4H. dt, J = 4.9, 2.4 Hz, H-14, 17), 2.63 IIH. d, J = 2.4 Hz, H-1I, 

2.59 (IH. d. J, 2.4 Hz, H30), 2.12 (4H, br t, J= 7.1 Hz, H-11, 20) 2.08 (2H. 

dt, J, 7.1. 7.1 Hz. H-25). 2.05 (2H. dt, J = 7.1, 7.1 Hz. H6), 1.45 (4H, m, 

H-10, ·21). 1.38 (2H, m. H-24), 1.36 (4H, m, H-9, ·22), 1.35 (2H, m, H-7). 1.28 

(2H. m, H-23). I. 26 (2H, m. H-8). 

(S)-MTPA ester of Petrosiacetylene B. From 2.6 mg of 958-8-0 was 

obtained 1.7 mg of 95B-8-0S; 1H NMR (CDCl3 500 MHz) 87.53 (4H, br d, J:: 7.4 Hz, 

\rHI. 7.41-7.37 I6H, m, ArH), 6.07 (lH, ddt, J = 15.1, 1.0, 6.8 Hz. H-5). 6.03 

IIH. m H-28I, 6.01 (IH, m, H-3), 6.00 (IH, br dt, J = 15.1, 6.8 Hz, H-26), 5.61 

(lH. ddt, J = 15.1, 6.8, 1.5 Hz, H-4), 5.50 (lH, ddt, J = 15,1, 6,8, 1.5 Hz, 

H 27), 5.43 (IH. m, H-16), 5.41 (lH, m, H-15), 5.36 (lH, m, H-12), 5.34 (IH. m. 

H-13). 3.59 (3H s. OMe), 3.55 (3H, s, OMe), 2.93 (2H. dt, J = 5.0, 2,4 Hz, 

H-17), 2.78 (2H, br dd, J = 6.8, 5.9 Hz, H-14), 2.63 (IH, d, J = 2.4 Hz, H-30). 

2.59 (lH, d, J - 2.4 Hz, H-1), 2.13 (2H, tt, J - 7.3, 2.4 Hz, H20), 2.09 (2H, 

dt. J = 6.8, 6.8 Hz, H-6), 2.04 (4H, m, H-11, -25), 1.46 (2H. p, J = 7.3 Hz, 

H 21 ). 

(R)-MTPA ester of Petrosiacetylene B. From 2. 9 mg of 95B-8-0 was 

obtained 2.1 mg of 958-8-0R: 1H NMR (CDC!, 500 MHz) a 7. 53 (4H, br d, J = 7. 3 Hz. 

\rHI, 7.41-7.37 I6H, m, ArH), 6.07 (IH, ddt, J = 15.1, 1.0, 6.8 Hz, H26), 6.03 

( lH. m H-3), 6. 01 (lH, m, H-28), 6. 00 (lH, m, H-28), 5. 61 (IH, br dd, J = 15. 6. 

6.8 Hz H-27), 5,50 (IH, br dd, J = 15.1, 6.8 Hz, H-4), 5.43 (IH, m, H-16I, 5.41 

(IH. m. H-15), 5.37 (IH, m, H-12), 5.34 (IH, m, H-13), 3.59 (3H, s, OMe). 3.55 

(3H s OMel, 2.93 (2H, dt, J = 4.9, 2.4 Hz, H 17). 2.79 (2H, br dd, J = 6.4, 6.4 

Hz, H 14), 2.63 (IH, d, J - 2.0 Hz. H-1), 2.59 (IH, d, J - 2.0 Hz, H30), 2.13 

I2H. tt, J - 7.3, 2.4 Hz, H-20). 2.09 (2H, dt, J = 6.8. 6.8 Hz, H 25). 2.04 (4H. 

m, H-6 111, i.46(2H, p, J=7.3Hz, H-21). 

(S) MTPA ester of Petrosiacetylene C. From 2. 6 mg of 958-8-N were 

obtained 1. 7 mg of 95B-8-NaS and 1.1 mg of 958-8-NbS: 95B-8-NaS: 1H t\MR (CDCl3 

500 MHz) a7.53 I4H, br d, J = 7.3 Hz, ArH), 7.43-7.39 (6H, m, ArH), 6.03 (IH, br 
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d. J = 6.8 Hz, H-28). 6.01 (IH, ddt, J = 15.1, 1.0, 6.8 Hz, H-26), 5.54 (IH, td, 

J = 6.8. 2.0 Hz, H 3), 5.50 (IH, br dd, J = 15.1. 6.8 Hz, H-27), 5.48 (2H, m. 

H-15, -16), 3.60 <3H, s, 0Me), 3.56 (3H, s, 0Me), 2.93 (4H, dt, J = 4.9, 2.4 Hz, 

H-14. -171, 2.63 IIH, d, J=2.0Hz, H30), 2,54 (IH, d, J=2.0Hz, H-1), 2.13 

(4H. m. +II. -20), 2.05 (2H, dt, J = 6.8, 6.8 Hz, H-25), I. 79 (2H, m, H-4), 1.45 

(4H, p, J = 7.3 Hz, H-10, -21): 958-8-NbS: 1H NMR (CDC1 3 ) 87.53 (4H, br d, J = 

7.3 Hz, ~rH), 7.43-7.39 (6H, m, ArH), 6.07 (IH, ddt, J = 15.1, 1.0, 6.8 Hz, 

H-261. 6.01 IIH, br d, J = 6.8 Hz, H-28), 5.61 (IH, ddt, J = 15.1, 6.8, 1.5 Hz, 

H 271. 5.54 (IH, dt, J = 6.8, 2.0 Hz, H-3), 5.48 (2H, m, H-15, -16), 3.59 (3H, s, 

0Me), 3.55 (3H, s, 0Me), 2.93 (4H, dt, J = 4.9, 2.4 Hz, H-14, -17), 2.59 (IH, d, 

J=2.4Hz. H-30). 2.54 (IH, d, J=2.0Hz, H-1), 2,13 (4H, m, H-11, -20), 2.09 

(2H, dt. J = 6.8, 6.8 Hz, H 25), I. 79 (2H, m, H-4), 1.45 (4H, p, J = 7.3 Hz. 

H-10. -21 ). 

( R) -MTPA ester of Petrosiacetylene C. From 3. 9 mg of 958-8-N were 

obtained I. 7 mg of 958-8-NaR and 1.0 mg of 958-8-NbR: 958-8-NaR: 1H NMR (CDCl3 

500 MHz) 87.53 (4H, br d, J = 7,3 Hz, ArH), 7.43-7.39 (6H, m, ArH), 6.07 (IH, br 

dt. J = 15.1. 6.8 Hz, H-26), 6.01 (IH, br d, J = 6.3 Hz, H-28), 5.61 (IH, br dd, 

J = 15.1. 7.2 Hz, H-27), 5.52 (IH, br t, J = 6.6 Hz, H-3), 5.48 (2H, t, J = 4.6 

Hz, H-15. -16). 3.55 (6H, s, 0Me), 2.92 (4H, dt, J = 4,6, 2,1 Hz, H-14, -17). 

2.59 (IH, d, J = 2.4 Hz, H-30), 2.49 (IH, d, J = 2.4 Hz, H-1), 2.13 (4H, tt, J = 

7.3, 2.0 Hz, H-11, -20), 2.09 (2H, dt, J = 6.8. 7.3 Hz, H-25), 1.86 (2H, m, H-4), 

1.46 (2H. m, H-211• 958-8-NbR: 1H NMR (CDC1 3 ) 87,53 (4H, br d. J = 7.3 Hz, ArH), 

7.42-7.38 (6H, m, ArH), 6.03 (IH, br d, J = 6.3 Hz, H-28), 6,00 (IH, br dt, J = 

15.1, 7.1 Hz, H-26), 5.51 (IH, br t, J= 6.8 Hz, H-3), 5.50 (IH, m, H-27), 5.48 

(2H, t, J = 4.6 Hz, H-15, -16), 3.59 (3H, s, 0Me), 3.55 (3H, s, 0Me), 2.92 (4H, 

dt, J = 4.6, 2.1 Hz, H-14, -17), 2.63 (IH, d, J = 2.4 Hz, H-30), 2.54 (IH, d, J = 

2.0 Hz, H-1I, 2.13 (4H, tt, J = 7,3, 2.1 Hz, H-11. -20), 2,05 (2H, dt, J = 6.8, 

7.3 Hz. H 251, I.86 (2H, m, H-4), 1.45 (2H, m, H-21). 

(S)-MTPA ester of Petrosiacetylene D. From 2. 5 mg of 958-8-P were 

obtained 1.4 mg of 958-8-PaS and 0.4 mg of 958-8-PbS: 958-8-PaS: 1H NMR (CDC1 3 

500 ,1Hz: 87.53 (4H, br d, J = 7.3 Hz, ArH), 7.41-7.38 (6H, m, ArH), 6.07 IIH, 

ddt, J - 15.1. I 0. 6.8 Hz, H-5), 6.03 (lH, m, H-28). 6.01 (IH, m, H-3), 6.01 

IIH. brdd, J=l5.l, 6.8Hz, H-26), 5.61 (IH, ddt, J=l5.l, 6.8, 1.5Hz. H4), 

5.50 (IH. ddt, J = 15.1, 6.8, 1.5 Hz, H 27), 5,43 (IH, m, H-15), 5.41 (IH, m, 

H-16). 3.59 (3H, s, 0Me), 3,55 (3H, s, 0Me), 2.90 (2H, dt, J = 4.9, 2.4 Hz, 

H-17), 2.63 (IH, d, J = 2.0 Hz, H-30), 2.59 (IH, d, J = 2.4 Hz, H-1), 2.13 (2H, 
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tt, J ,. 7.3, 2.4 Hz, H-20), 2.08 (2H, dt, J = 6.8, 7.3 Hz, H-6). 2.06 (2H, m, 

H-25), 2.02 (2H, m, H-14), 1.46 (2H, p, J = 7.3 Hz, H-20): 958-8-PbS: 'H NMR 

(CDCl,I 87.53 (4H, br d, J, 7.3 Hz, ArH), 7.41-7.38 (6H, m, ArH), 6.07 (2H, ddt. 

J = 15.1, 1.0, 6.8 Hz, H-5, -26), 6.01 (2H, m, H-3, -28), 5,61 (2H, ddt, J = 
15.1, 6.8, 1.5 Hz, H-4, -27), 5.43 (lH, m, H-15), 5.41 (IH, m, H-16), 3.55 (6H, 

s, CJ,1e), 2.90 (2H, dt, J = 4.9, 2,4 Hz, H-17), 2.59 (2H, d, J = 2.4 Hz, H-1. 

-30). 2.13 (2H, tt, J = 7.3, 2.4 Hz, H-20), 2.08 (4H, m, H-6, -25), 2.02 (2H, m, 

H-14), 1.46 (2H, p, J = 7.3 Hz, H-21). 

(H)-MTPA ester of Petrosiacetylene D. From 3. 2 mg of 958-8-P were 

obtained 1.6 mg of 958-8-PaR and 0.5 mg of 958-8-PbR: 958-8-PaR: 'H NMR (CDCI, 

500 MHz) 87.53 (4H, br d, J = 7.3 Hz, ArH). 7.41-7,38 (6H, m, ArH), 6.07 (IH, br 

dd, J • 15.1, 6.8 Hz, H-26), 6.03 (IH, m, H-3), 6.01 (lH, m, H-28), 6.01 (lH, br 

dd, J 15.1, 6.8 Hz, H-5), 5,61 (lH, ddt, J = 15.1. 6,8, 1.5 Hz, H-27), 5.50 

(IH, ddt, J • 15.1, 6.8, 1.5 Hz, H-4), 5.43 (IH, m, H-15), 5.41 (lH, m, H-16I, 

3.59 (3H, s, 0Mel, 3.55 (3H, s, Cl,le), 2.90 (2H, dt, J = 5,4, 2.4 Hz, H 17), 2.63 

(lH, d, J = 2.4 Hz, H-1), 2.59 (IH, d, J = 2.4 Hz, H 30), 2.13 (2H, tt, J = 7.3, 

2.4 Hz, H-20), 2.09 (2H, dt, J = 7.3, 7.3 Hz, H-25), 2.04 (2H, m, H-6), 2.02 (2H, 

m, H-14), 1.46 (2H, p, J = 7.3 Hz, H-21): 958-8-PbR: 'H NMR (CDCh) 87.53 (4H, 

br d, J = 7.3 Hz, ArH), 7,41-7.38 (6H, m, ArH), 6.03 (2H, br d, J = 6.3 Hz, H-3, 

28), 6.01 (2H, m, H-5, -26), 5,50 (2H, br dd, J = 15,1, 6.8 Hz, H-4, -27), 5.43 

(IH, m, H-15), 5.41 (IH, m, H-16), 3,59 (6H, s, 0Me), 2.90 (2H, dt, J = 5.4, 2.4 

Hz, H-17), 2.63 12H, d, J = 2.4 Hz, H-1, -30), 2.13 (2H, tt, J = 7.3, 2.4 Hz, 

H 201, 2.06-2.01 (6H, m, H-6, -14, -20), 1,45 (2H, p, J = 7.3 Hz, H-21I. 

(S)-2-Methylbutyl ester of petrosiacetylene A. ~ii 958-8-H 0. 9 mg~ 3 

mLE-1 dry pyridine<>ll ~~ .:f 1 mL~ (S)-2-methylbutyric acid, 28 mg5ij DCC, 1 mgE.i 

DMAP~ ~Ajcfl.2, 7fi<f9J.cf. 'i'c~~~ 1J&;ccfl7J «l<>fJAj -'o'.g,<>fJA1 2 AJZ! %'<! 2'l!:~ -'I' 
~5:~ 0 J%tlo:l %uH~ ~17i~}91t}. ~Hf¥~ silica column chromatography(0.5 cm x 
10 cm)<>il ¼"tAJ{! CV- 10 ml.el 30• EtOAc/hexane %<1 5 mL!a. %½«f9J.cf. ~¾"l'l.! s\'c 
c] 1i ~1-E- semi - preparative reversed-phase HPLC(YMC ODS column, 1 cm x 25 cm, 5% 

aq. ~1eC\J).£. 0. 9 mg~ ~~ 958-8-HX~ 1f-,!,!)E.] oi I tgEij.£. :f,1~~}9.1,t}: 1H NMR (CDC1 3) 

86.00 (2H, br dt, J = 15.1, 6.8 Hz, H-5, -26), 5.86 (IH, br d, J = 6.4 Hz, 

H-3, 28), 5.84 (IH, br d, J = 6.4 Hz, H-31-28), 5,537 (lH, br dd, J = 15.1, 6.4 

Hz, H 41-27), 5.535 (IH, br dd, J = 15.1, 6.4 Hz, H-41-27), 5.49 (2H, t, J = 4.4 

Hz, H 15, 16), 2.93 (4H, dt, J = 4.4, 2.4 Hz, H-14, -17), 2.543 (IH, d, J = 2.0 

Hz. H l! 30), 2.538 (!H, d, J = 2.0 Hz, H-l/ 30), 2.40 (2H, hex., J = 6.8 Hz, 

H-2', ·2"1, 2.13 (4H, tt, J = 7.3, 2.4 Hz, H-11, -20), 2.07 (4H, dt, J = 6.8, 7.3 
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Hz, H-6, -25), 1.71 (JH, hex., J=7,3Hz, H-3'1-3"), 1.6B(IH, hex., J=7.3Hz, 

H3'!3") 1.50 (2H, m, H-3', -3"), 1.47 (4H, p, J = 7.3 Hz, H-IO, 211, 1.40 

I4H, p. , = 7.3 Hz, H-7, -24), 1.35 (4H, m, H-9, -22), 1.30 (4H, m, H-8. -23). 

l.16(3H, d, J=6.8Hz, H5';-5"), 1.J5(3H, d, J=6.8Hz, H-5'!-5"), 0.92(3H. 

t. J = 7.3 Hz. H-4'1-4"), 0.91 (3H, t, J = 7.3 Hz, H-4'/-4"): HRFABMS [M•Na]' mlz 

623. 4092 { calculated for C4oH5604Na, 623. 4076). 

Cl 'icetylenic enol ethers of glycerol~.2.f- petrynoIE.l ~e] 

~7Jt:- (5. 7}.) Petrosia sp . .9-J ~ ~~~..£..!j!-E:{ ~Efl~ 15% aqueous \.1eOH¾~ 

{J-~ Z:L~"tt ,V-611 24t ~ 0J C18 reversed-phase 3..£tJ}!f..:l~!!J.£ iE"e]'6'}o:j ~o-f {! ~ 

'1 2(20% aq. ~e0H, 0.88 g).g. 15% aq. Me0Ho\] ";-0 ].:;i Sep-pak filterss oj:,.ft, CV-<>!] 

-§-~{! %il<>fl t:l"O"f<>:f C15 reversed-phase HPLC(YMC ODS-A C111 column, 2 x 25 cm, RI 

detector, 2 ml/min. 15% aq. MeOH)..£ ~eJ~ AJ£i>}9ic.}. oi1f-~ ;..Jz:t retention 

time} 9, 13, 14(-¥, ¾.9-f ~~). 15, 17(f ¾.9-J ~~), 19~611 LL2 .. ::: peak%% zt4 
-5'.~2 r.f,j -'1f if:'_ ~{l-Ofoj)Aj %c] ,S-nij'i) 30% aq. MeCN~ss Bf'.£ '}oj] 

reversed-phase HPLC~ AJA]i>}9,;lr:}. njlj:t* A]:{! 14, 16.5, 17.5, 18.5, 20, 25, 30, 

31, 361,';<>!] 95B-8-A. -C, -S, -L, -D, -G, -T, 'JI -E7} Zj-Zj 2.0, 13.1, 3.2, 10.4. 

6.4. 10.4. 1.2, 3.3mg'<!oJ :ar:f. 

=Et! ~lo-J]) .. j ~o{~ti 2~ ~¢J' reversed phase 3..£.ot~.::u~Hn]~ ~~ 10% ollt! 

-£ "r¾0.E*(fx 3, 0.30 g).£ 15% D{JEJ~ 4-%Q!foJl ~0J2 Sep-pak columnE...£ ~:;r.f,tl: 

Jfoj] reversed- phase HPLC(YMC ODS-A, 2 x 25 cm, RI detector, 2 ml/min, 15% aq, 

\JeOH).£. ~2] ~ A] T_~t°'1 retention time 18, 20, 23, 24~oj] q.Q..::: peak~ 5:..Q.2 c.t 
A] reversed-phase HPLC(YMC ODS-A column, 2 x 25 cm, RI detector, 2 mL!min, 30"A'. 

aq. MeCN,5'. l,';cj-Ofoj 22. 24, 30, 311,':o{j;.j 2'-1 cflJ.f~'!) 958-8-U. -D, -K, -F~ A 

alltffss ZJ-7../ 2.8, 9.5, 1.7, 4.0 mg '<!oJ :ar:f. 

Raspailyne Bl (958-8-E): colorless oil, [a] 2
\ -3.6° (c0.32, ~eOH): LT 

\Me0HI >.max (log £ I 275 (3.841, 291 (3. 79) nm: IR (KBr) vmax 3350 (broad), 

2925, 2860. 2180, 1625, 1460, 1150, 1090, 1050 cm 1: IH NMR (CD30D, 500 MHz) 8 

6.451JH. d, J 0 6.4Hz, HI), 5.82(1H, dt, Jcl0.7, 7.3Hz, H-6), 5.55(1H. br 

d. J, !0.7 Hz. H5), 4.61 (IH, dd, J = 6.4, 2.5 Hz, HZ), 3.99 IIH, dd. Jc 

10.7, 4.9 Hz, H-1 I. 3.91 IIH, dd, J = l0.7, 5.9 Hz, H-1'I, 3.81 (IH, m. H-2'). 

3.6! ,1H. dd, J, 11.2, 5.4 Hz, H-3'), 3.55 (IH, dd, J = 11.2, 5.4 Hz, H-3'I. 

2.30 •,2H. ddt. J = 7.3. 1.5, 7.3 Hz. H-7), 1.40 (2H, quin., J, 7.3 Hz, H-8I. 

1.30 II0H, m, H-9- 14), 0.89 (3H, t, J = 6.8 Hz. H-14): 13C NMR (CDa0D, 125 t1Hzl 
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8156.5 (CH, Cl), 143,0 (CH, C6), 110.7 (CH, C-5), 90.4 (C, C-4), 89.5 (C, 

C-3I. 86.3 (CH, C-2), 75.4 (CH2, CJ'), 72,1 (CH, C2'), 63.9 (CH2, C-3'), 33.1 

(CH, .. : 12), 31.1 ICH2. C-7). 30.6 (CH2, C9!-I0! ll), 30.4 (CH2, C-9/-10/ ll). 

30.3 ICH2. C-9/ JOI-II). 30.0 (CH,, C-8), 23.7 (CH2. C-13), 14.5 (CH;, C-14) 

HRP.BMS [~l•Na]' mlz 303.1931 (calculated for C11H2s03Na, 303.1936). 

Raspailyne 82 (958-8-D): colorless oil, [a] 2
\ -4.1° (c0.40, \le0H): L'.\' 

(MeOH) >.max (log e) 276 (3.78), 290 (3.46) nm; IR (KBr) vmax 3350 (broad], 

2925, 2855, 2180, 1630, 1460, 1270, 1160, 1090, 1050 cm 1
; 

1H KMR (CD30D, 500 'IHz) 

86.45 IIH. d, J, 6.4 Hz, H II, 5.82 (IH, dt, J = 10.7, 7.3 Hz. H-6I. 5.55 (IH. 

br d, J = 10.7 Hz, H 51, 4.61 (IH, dd, J = 6.4. 2.4 Hz. H-2), 3.99 (IH. dd, J, 

10.7, 4.6 Hz, H !'I, 3.91 (IH, dd, J, 10.7, 5.9 Hz. H-1'), 3.81 (IH. m. H-2'). 

3.61 IIH, dd, J = 11.2, 5.4 Hz, H-3'), 3.55 (IH, dd, J = 11.2, 5.4 Hz, H-3'), 

2.30 I2H, ddt, J = 7.3, 1.5, 7.3 Hz, H-7), 1.40 (2H, m, H-8), 1.31 (8H, m, H 9, 

-10. II, 12), 0,89 (3H, t, J = 7,1 Hz, H-13); "c KMR (CD,OD, 125 ~Hz) 8156.6 

(CH. Cl), 143.0 (CH, C-6), 110. 7 (CH, C-5), 90.4 (C, C-4I. 89.5 (C, C3), 86.3 

(CH. C 21. 75.4 (CH2, C-1'), 72.1 (CH, C2'), 63.9 (CH2, C-3'), 33.0 (CH2, C-11). 

31.1 ICH2. C-7). 30.3 (CH,, C-9/-10), 30.2 (CH,, C-9/-10). 30.0 (CH,. C-8), 23.7 

(CH,. C 121, 14.5 (CH3 , C-13); HRCIMS [~•NH4]' mlz 284.2231 ( calculated for 

C,eH,oNO,, 284. 2226). 

Isoraspailyne B (958-8-f): colorless oil, laJ2\ -2.3° (c0.14, Me0H): l'\ 

(11eOH) >.max (log e) 275 (3,711, 290 (3.48) nm; IR (KBr) vmax 3400 (broad), 

2930, 2860. 2180, 1630, 1600, 1465, 1365, 1160, 1050 cm'; 1H NMR (CD30D, 500 IIHzi 

86.45I1H, d, J,6.4Hz, H-1), 5.82(1H, dt, J=l0.7, 7.6Hz, H6), 5.55(1H. 

ddt. Jc 10.7, 2.4, 1.5Hz, H-5), 4.62 (IH, dd, J=6.4, 2.4Hz, H-2). 3.99 (IH. 

dd, J, 11.0, 4.6 Hz, H-1'), 3.91 (IH, dd, J = 11.0, 6.1 Hz, H-1'), 3.Bl (IH, m. 

H-2'), 3.61 (IH, dd, J, 11.2, 4.9 Hz, H-3'), 3.56 (IH, dd, J, 11.2. 5.9 Hz. 

H-3'). 2.30 (2H. ddt, J = 7.6, 1.5, 7.3 Hz, H-7), 1,52 (IH, sept., J = 6.6 Hz. 

H-13I, 1.41 (2H m. H-8), 1.30 (6H, m, H-9, -10, II), 1.18 (2H, m, H-12). 0.87 

(6H, d, J, 6.8 Hz. H 14, -15); "c NMR (CD,OD, 125 MHz) 8156.5 (CH, C-1I. 143.0 

(CH. C 6), 110. 7 (CH, C-5), 90.3 (C, C-4), 89.5 (C, C·3), 86.3 (CH, C 2), 75.4 

(CH,, C !'), 72.1 (CH, C-2'), 63.9 (CH2, C-3'), 40,3 (CH2, C-12), 31.1 ICH2, C-7). 

30.9 (CH2, C-10I. 30.3 (CH2, C-9), 30.0 (CH2, CB), 29.2 (CH, CJ3), 28.5 ICH2, 

C-lll, 23.1 (CH3 x 2, C-14, -15); HRCIMS [M+NH4]' mlz 312.2537 (calculated for 

C 1sH11NClJ. 312. 2539). 

lsoraspailyne Bl (958-8-U): colorless oil, [a]2\ •I.0°(c0,32, Me0H)· n 
(MeOHI >.max (log e) 276 (3.82), 291 (3.63) nm; IR (KBr) vmax 3350 (broad), 
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2930, 2855, 2180. 1630, 1605, 1460, 1365, 1280, 1160, 1090 cm 1
: 

1H NMR (CD,DD, 

500 ~Hz) 8 6. 45 ( IH, d, J = 6. 3 Hz, H l), 5. 82 ( JH, dt, J = IO. 3, 7. 8 Hz, H=6 I, 

5.55 llH, br d, J - 10.3 Hz, H-5), 4.61 (IH, dd, J = 6.3. 2.4 Hz, H-2), 3.99 (lH, 

dd, J = 10. 7, 4.6 Hz. H l'I. 3.91 (lH. dd, J = 10. 7, 5.9 Hz. H-1'). 3.81 (lH, m, 

H-2'1. 3.61 (lH, dd, J = 11.2, 4.9 Hz, H-3'), 3.55 (lH, dd. J = 11.2, 5.9 Hz. 

H3'), 2.30 (2H, ddt, J = 7.8, 1.5, 7.3 Hz, H-7), 1.52 (lH, m, H-12), 1.41 (2H. 

m, H8), 1.31 (4H, m, H9, -10), 1.17 (2H, m, H-ll), 0.88 (6H, d, J= 6.3 Hz, 

H-13, 141: 13C NMR (CD,0D, 125 MHz) 8156.7 (CH, C-1), 143.0 (CH, C-6), ll0.7 

(CH, C-5·, 90,4 IC, C 4), 89.5 (C, C-3), 86,3 (CH, C-2), 75,4 (CH2, C-1'), 72.1 

(CH, C-2·1, 63.9 (CH,, C3'), 40.2 (CH2, C-ll), 31.1 (CH2, C-7), 30.5 (CH2, C-9), 

30.0 <CH;, C-8), 29.2 (CH, C 12), 28.3 (CH2, C 10), 23.1 (CH3 x 2, C-13, 14): 

HRF-\B~IS lq•t,.:ar m/:z 303. 1939 (calculated for C11H2s03Na, 303.1936). 

Petroraspailyne Al (958-8-C): colorless oil, [a] 2
\ -3.2° (c0,32, MeOH): UV 

1,1eDHI Amax (log e) 276 (3. 74), 291 (3. 58) nm: JR (KBr) vmax 3450 (broad), 

2925, 2860, 2160 (weak), 1630, 1560, 1260, ll00, 1050 cm 1
: 

1H NMR (CD,DD, 500 

l1Hz) 86.45 (lH, d, J = 6.3 Hz, H-1), 5.82 (IH, dt, J = 10.8, 7.3 Hz, H-6), 5.55 

(JH, br d. J = 10.8 Hz, H-5), 4.61 (IH, dd, J = 6.3, 2,4 Hz, H-2), 3.99 (IH, dd, 

J = 10.7, 4.6 Hz. H-I'), 3,91 (IH, dd, J = 10.7, 5.9 Hz, H-1'), 3.81 (IH, m, 

H-2'1, 3.61 (IH, dd, J = ll.2, 5,4 Hz, H-3'), 3.55 (lH, dd, J = 11.2, 5.4 Hz, 

H-3'), 2.30 (2H, ddt, J = 7.3, 1.5, 7.3 Hz, H-7), 1.40 (2H, m, H-8), 1.31 (6H, m, 

H-9, -10, ll), 0.90 (3H, t, J = 7.1 Hz, H-I2): 13C NMR, see Table : HMBC 

correlations H-l/C-2, C-3, C-1'; H-2/C-l, C-4, C-5, C-6: H-5/C-3, C-7: H-6/C-4, 

C-5, C-7, C-8: H 7/C-5, C-6, C-8 (-9): H-12/C-I0, C-ll: H-J'/C-1, C-2', C-3': 

H-2'/C 1· C-3': H-3'/C-l', C-2': HRFABMS IM•Na]' m/z 275.1627 (calculated for 

C1sH24031'.;a, 275. 1623 l. 

Petroraspailyne A2 (958-8-L): colorless oil, [a]'\ -3.2° (c0.40, MeOH): UV 

('1e0HI Amax (log e I 275 (3.82), 291 (3.64) nm: JR (KBr) vmax 3400 (broad), 

2925. 2860, 2180, 1630, 1460, 1370, ll60, 1050 cm 1
: 

1H NMR (CD,DD, 500 MHz) 8 

6.45 ilH. d, J = 6.8 Hz, H-1), 5.82 (lH, dt, J = 10. 7, 7.6 Hz, H-6), 5,56 (lH, br 

d. J = IO. 7 Hz, H 5), 4.62 (lH, dd, J = 6.8. 2.5 Hz, H-2), 3.99 (lH, dd, J = 

10.7, 4.9 Hz, H-I'), 3.91 (JH, dd, J = 10.7, 6.4 Hz, H-1'), 3.81 (lH, m, H-2'), 

3.61 (IH, dd, J = 11.2, 5.4 Hz, H-3'), 3,55 (lH, dd, J = 11.2, 5,9 Hz, H-3'), 

2.30 (2H, ddt, J = 7.6, 1.5, 7.3 Hz, H-7), 1.52 (IH, m, H-ll), 1.37 (2H, m, H-8), 

I.33 (2H, m, H-91, 1.20 (2H, m, H-I0), 0.88 (6H, d, J = 6.4 Hz, H-12, 13): nc 

MIR data, see Table : HMBC correlations H-l/C-2, C-4, C-1 '; H-2/C-4: H-7/C-5, 

C6, ca: H-12(13)/C-10, C-11, C-13(12): H-l'/C-1, C-2', C-3': H2'/C-3': 
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H-3' JC I', C-2': HRFABMS [M•Na]' mlz 266. 1879 (calculated for CrnH2603 , 266. 1882). 

Petroraspailyne A3 (958-8-K): colorless oil, laJ2\ +2.6° {c0.05, MeOH): UV 

IMeOH) Amax (log e I 276 (3.92), 290 (3. 74) nm: IR (KBr) omax 3400 (broad), 

2960, 2925, 2855, 2180, 1630, 1460, 1375, 1270, 1090, 1050 cm· 1
: 

1H NMR (CD30D. 

500 MHz) 86.45 (IH, d, J, 6,4 Hz, H-1), 5,82 (IH, dt, Jc 10.8, 7.3 Hz, H-6), 

5.56 (IH, br d, Jc 10.8 Hz, H-5), 4.61 (IH, dd, J = 6.4, 2.4 Hz, H-2), 3.99 (JH. 

dd, J, 11.2, 4.9 Hz, H-1'), 3.91 (IH, dd, J O 11.2, 5.9 Hz, H-1'), 3.81 (IH. m. 

H-2'), 3.61 (IH, dd, J = 11,2, 5,4 Hz, H-3'), 3.55 (IH, dd, J = 11.2, 5.4 Hz. 

H-3'), 2.30 (2H, ddt, Jc 7.3, 1.5, 7.3 Hz, H-7), 1.41 (2H, m, H-8), 1.36 (2H, m, 

H-13), 1.33 (IH, m, H-11), 1.31 (5H, m, H-9, -IO, -12), 1.12 (IH, m, H-11), 0.87 

(3H. t. Jc 7.3 Hz, H-14), 0,86 (3H, d, Jc 6,8 Hz, H-15): 13
[ NMR (CD,OD, 125 

MHzl data, see Table : HMBC correlations H-l/C-2, C-3: H-2/C-1, C-4: H-5/C-3, 

C-6. C 7: H-6/C 4, C-5, C-7: H-7/C-5, C-6, C-8: H-14/C-12, C-13: H-l5/C-11, C-I2. 

C 13: H-1'/C I. C-2', C-3': H-2'/ C-1', C-3': H-3'/C-J', C-2': HRFABMS [M•Na]' 

mlz 317. 2096 (calculated for C,sH30Q3Na, 317. 2093). 

Petroraspailyne Bl (958-8-S): colorless oil, [al 2
\ +0.5° (c0.21. MeOH): UV 

(MeOH) Amax (log e I 237 (3,57) nm: IR (KBr) omax 3400 (broad). 2930. 2860. 

1635, 1460, 1375, 1280, 1160, 1090 cm·': 1H NMR (CDaOD, 500 MHz) 86.36 (IH, d. J 

0 6.8 Hz, H-1), 4.44 (IH, dt, J = 6.8, 2,2 Hz, H-2), 3.96 (IH, dd, J = IO. 7. 4.9 

Hz, H·I'), 3.87 (IH, dd, J = 10.7, 5,9 Hz, H-1'), 3,80 (IH, m, H-2'), 3.61 (IH. 

dd, J, 10.7, 4.9 Hz, H-1'), 3.55 (IH, dd, Jc 11.2, 5,4 Hz, H-3'), 2.29 (2H, dt. 

Jc2.2, 7.0Hz, H-5), 1.51 (2H. quin., J 0 7.0Hz, H-6), 1.42 (2H, m, H-7). 1.31 

(8H. m. H-8, -9, -JO, -11), 0.90 (3H, t, J = 6.8 Hz, H 12): 13C NMR data, see 

Table: HMBC correlations H-l/C-2, C-3, C-1 ': H-2/C-l, C-4: H-5/C-l, C-2, C 3, 

C4. (-6(-7): H-6/C-4, C-5: H-12/C-l0, C-11: H-l'/C-1, C-2', C-3': H-2'/C-I', 

C-3': H-3'/C-1 '. C-2': HRFABMS [M•Naf mlz 277.1794 (calculated for CisH26DJNa, 

277. 1780). 

Petroraspailyne 82 (958-8-T): colorless oil, (a] 2
\ +5.5° (c0.05, MeOH): U\' 

(MeOH) -"max (Jog e) 238 (3.51) nm: IR (KBr) omax 3400, 2930, 2860, 1635, 1460. 

1400. 1160. 1090 cm 1: 
1H NMR (CD,OD. 500 MHz) 86.35 (IH, d, J O 6.4 Hz, H-1I. 

4.44 (IH. dt, Jc 6.4, 2.4 Hz, H-2I, 3.96 (IH, dd, J = 10.7, 4.9 Hz, H-1'I, 3.87 

(IH. dd, J, 10.7, 5.9 Hz, H-1'), 3,81 (IH, m, H-2'), 3.61 (JH, dd, J O 11.2, 5.4 

Hz, H-3'), 3.55 (IH, dd, Jc 11.2, 5.9 Hz, H-3'), 2.29 (2H, dt, Jc 2.4, 6.8 Hz, 

H-5I, 1.51 (JH, quin., J O 6.8 Hz, H 6), 1.40 (2H, m, H-7), 1.32 (6H, m, H-8, -9, 

10, -11), 1.14 (IH, m, H-9), 0.88 (3H, t, J O 7,3 Hz, H-12), 0.87 (3H, d, J' 

6.8 Hz. H-13): 13C 'iMR data, see Table: HMBC correlations H-l/C-2, C-3: H-5/C.l. 
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C 2, C 3, C 4: H 6IC4, C 5: H-!ZIC-10, C-II: H-13/C-9, C-10, C-11: H ! '/CI, 

C-2'. C·3'; H-3' ;C-1 ', C-2': HRFABMS [M+Na]' mlz 291. 1942 (calculated for 

C16H2sOJl'ia, 291. 1936/. 

PetroraspaiJyne B3 (95B-8-G): colorless oil, [aJ 25
0 ... 3_ 7° {c0.30, MeOH); LI\' 

("eOHI >.max (log , I 238 (3.57) nm: IR (KBr) vmax 3400, 2930, 2860, 2200 

(weak I, 1635. 1460, 1325, l!60, 1090, ]050 cm 1
: 

1H NMR (CDaOD, 500 MHz) 86.36 

IIH, d, J = 6.4 Hz. H-1), 4.44 (IH, dt, J = 6.4, 2.4 Hz, H-2), 3.97 (IH, dd, J, 

10.7, 4.9 Hz, H-1'), 3.88 (IH, dd, J = 10.7, 5.9 Hz, H-1'), 3.81 (IH, m, H-2'), 

3.62 i!H, dd, J, 11.2, 5.4 Hz, H-3'), 3.56 (IH, dd, J = IO. 7, 5.9 Hz, H !'), 

2.30 (2H, dt, J = 2.0, 6.8 Hz, H-5), 1.53 (IH, m, H-11), 1.51 (2H, m, H-6), 1.32 

(6H, m, H-7, 8, -9), 1.20 (2H, dt, J = 7.8, 7.8 Hz, H-10), 0.89 (6H, d, J = 6.8 

Hz, H-12, -13): 13C NMR data, see Table: HMBC correlations H-l/C-2, C-3, C-1': 

H ZIC I, C-4: H 5/C 3. C-4, C 6( 7): H-6/C-5. C-7(-8): H ll/C-12(-13): H 12 

l-13)·C 10, CII: H ]'/C-2', C-3': H-2'/C-l', C-3': H-3'/C-!', C-2': HRFAB'1S 

l~•.\la]' mlz 291.1950 (calculated for Cl6H2s03Na, 291.1936). 

Petrynol (958-8-A.): colorless oil, [al 2
\ +15.3° (c0,08, Me0H): IR (KBr) v 

max 3350 (broad), 2925, 2870, 1740, 1620, 1440, 1205, 1010 cm· 1
: 

1H NMR (COC! 3 ) 8 

5.88 IIH, dt, J = 15.1, 6.8 Hz, H-5), 5.59 (IH, dd, J = 15.1, 6.1 Hz, H-4I, 4.82 

IIH, m, H 3). 3.65 (3H, s, OMe), 2,54 (IH, d, J = 2.0 Hz, H-1), 2.29 (2H, t, J = 

7.6 Hz, H-ll), 2.05 (2H, dt, J = 6,8, 6.8 Hz, H-6), I.84 (IH, br s, OH), I.59 

(2H, m, H 10), 1.39 (2H, tt, J = 7.3, 6.8 Hz, H-7), 1.30 (4H, m, H-8, -9): 1'c N~R 

(CDCI,) 8174.2 (C, C 12), 134.3 (CH, C-5), 128.5 (CH, C-4), 83,3 (C, C 2), 74.0 

(CH, CJI, 62.8 ICH, C-3I, 51.5 (CH,, OMe), 34.l (CH,, C-11), 31,8 (CH,, C-6), 

28.9 (CH2, C-8), 28.7 (CH2, C-9), 28.5 (CH2, C-7), 24.9 (CH2, C IQ): HMBC 

correlations H-l/C-3. H-3/C-1. C-2, C-4, C-5: H-4/C-2, C-3, C-6: H-5/C-3, C-6, 

C-7: H-6/C 4, C-5, C-7: H-ll/C-9, C 10, C-12: OMe/C-12: HRCIMS [M·~H,J' mlz 

242.1762 (calculated for C13H2~N03, 242.1756). 

Petroraspai]yne A1(95B-8-C)9.j 4-~l} 1li%. l}itf~ 95B-8-C(4. 2 mg)~ o{]B-£ 

(1.5 ml Oil ¾-012. 10% palladium-charcoal(4 mg),£ 1'~ .:fo-Jl "J..g.~ 4'~r.ff7] 'O'}o-j]A~ 

15-'I" ~"1 1li%-'I ,:J. cf. «;-•i:: oj 2)'6'foj >ii 7J '6'f 9;!~oj %uff ~ 7,J-11£"f0ll-'i >ii 7J '6'f"1 
perhydroraspailyne ",lol 4 rug ~o-] itt}. [a]o -0.5° (c 0.09, Me0H): 1H \\1R(CD30D, 

500 IIHz, 8 3. 73 {IH, quin .. Jc 5.4 Hz, H 2'), 3.57 (IH, dd, J = 11.2, 4.9 Hz. 
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H 3'1, 3.50 (lH, dd. J = 11.2, 5.9 Hz, H 3'), 3.47 (IH, dd. J = l0.0, 4.9 Hz. 

HI'>. 3.45(2H, t, J=6.4Hz, HI), 3.40(IH, dd, J=I0.0, 6.!Hz, H-1'), 1.56 

(2H. quin., J' 7.0 Hz, HZ), 1.33 (2H, m, HZ), 1.28 (16H, ml, 0.89 (3H, t. J, 

6.8 Hz. H-12). '"c NMR(CD,OD, 125 MHz) 873.2 (CH2 , C-J'), 72.6 (CH2• C-1). 72.3 

(CH. C-2'). 64.6 (CH2, C3'), 33.1 (CH,, C-lO), 27.2 (CH2, C-2), 23.8 (CH2, C lll. 

14. 5 (CH3, C-12 I: HREIMS [M]' mlz 260. 2356 (calculated for C1;H3203, 260. 2351 I. 

Perhydropetroraspai lyne AIS!.J •tA~l~ !-1- it!-¾. Perhydropetroraspai lyne .\1 ( 3. 5 

mg)~ pyridine(0.3 mL)oJ] ~0J_2 acetic anhydride{0.2 mL)~ ~7}1{! ~oJl .Ad_..g.ofJAi 3 

>l'(f %0 ;,cjo-j 'i'-9it:f. >L:!,71-"'~ 0 I-§-0-loj -\!'"t~ t:1% HPLC(YMC ODS-A column. 0.5 

cm x 15 cm, acetonitrile, 2 ml/min)~ oJ-§-i>}o:j ~c]-e-}9i..Q..u:j retention time 15iE"oJl 

>l diacetate %£.>11713.4 mg 'l:!o-J '.lief. mp 4547 'C: [al, -II.6° (c0.l5, MeOH): 1H 

~MR(CD3DD. 500MHz) 8 5.IS(lH. m, HZ'), 4.32I1H, dd, J=ll.8, 3.8Hz, H-3'). 

4.12 (IH, dd, J = 11.8, 6.8 Hz, H-3'). 3.57 (lH, dd, J, 10.7, 5.9 Hz, H-1'I. 

3.54 (IH. dd, J, 10.7, 4.9 Hz, H-1'), 3.47 (IH, dt, J = 9.5, 6.6 Hz, H ]), 3.43 

ilH. dt. J = 9.5. 6.6 Hz. H-1), 2.04 (3H. s. OAc), 2.03 (3H, s, OAc). 1.56 (2H, 

quin .. J, 6.8 Hz, H-2). 1.33 (2H, m, H-3), 1.28 (16H, ml. 0.89 (3H. t. J = 7.1 

Hz, H-12). 

Perhydropetroraspai lyne Al S!.j ~ ~~. 7}) (RI ( - I 2,2-dimethyl 1,3-

dioxolane-4-methanol(ll6 mg, 0.878 mmol)~ Dv!F(l0 mL)oJl ~0J2 \laH (23 mg, 0.958 

mmol)% ~7}t! r:}g P-lzt %<tl reflux'l!-cl Bromododecane(0,3 mL, 1.250 m.mol)-£ 

syr i nge~ ~~H lg..2 r:}A] 3A] Z! %~ refluxis"}9i t:.}. ~~ is"}oj]A~ %uff ~ .:Ell 7l t! fl 
diethyl ether(40 ml)~ 142 r:p.] o] -#-71%.£ ~~ ~2., diethyl ether¾~~~~ 

.Q.!r. >il:,-J0-19:[t:I. \cl;'_ sH}~.,g. THF(30 mL)Oil "ro]:;i_ JO• HCl(5 mL)~ ~71~ i;Joil 'J 
~o{]Ai ~}*~ %11 .2.~A]nr:}. %off~ Afl.7il! .f,o{] i,J~ ~%¥Oil silica gel 

chromatography£ 1J.AJ~}'ltr:}(l x 17 cm). 20% EtOAc/n-hexane..Q..£. .§-i?JO"}oi ~%t+~l 
U ~ bromododecane2} ~'ir%.£ ~17i 'O""} 2. 50% EtOAc/ n-hexane.£. -§-i?J t"}o:j ( S) -3-
dodecy l oxy- l, 2-propandi ol ( 76 mg, 33% yield)~ ~9;:!,r:}: [a}o -0.1° (c 2.0, MeOH). 

t..l} (S)-3-dodecyloxy-l,2-propandiol(28 mg)~ pyridine(0.5 mL)oJl l:!;-o]:;J.. acetic 

anhydride(24 mg)~ ~7}1l! -f-o-l] AJ~o{]Ai 3A]{t %11 Aioi ,Y9ir:}. ~5:7}6~ oJ-8,-&} 

¢;/ ~~~ r:f¾ HPLC(YMC C18 column, acetonitrile, 2 ml/min)~ oj-§-?>"J.o:f ~2/tt~..2. 

o:! retention time 15~o{JAi diacetate i}.5:.~]7} 23 mg ~oi ~r:}. o] %~~ 1H I\JMR 

data~ petroraspailyne A12] ~~ ~~.Q...£. ~oi~ ~~2} %0Jl5}9J_c}. [a] 0 -9.6" (c 

L 15, \JeOH}. 
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(S)-~PA Ester of Petrynol. %1l 95B-8-A 1. 7 mg~ 0. 5 ml~ dry pyridineoJl 

~'l] ::ro,J 20 µL~ ( - \-~1TPA chloride(methoxy- a, a, a-tri fluoromethylphenylacetic 

acid chloride)~ 7}3l9;!.t:t, 0] %QJ/~ AJ..g.oj]J..~ ~2 t:ff7] .;-}ojJA~ 1-3 AJ<! 1:!J;>;J"O"}lc!A~ 

silica TLC£ 1tl%_q,j 1'.3J~ ~<?].;-}9_1t:}. oJ]AE-j~ 1tl%oJ o]Jf"o\ ~ ~% ~~~1!2-1 
±'!!!a.<i ~<,!t! ~<>ii 0.5 mL.9.f H20, 0.3 mL.9.f CH2C1 2, I mL.9.f Me0H~ i?'-itfl!a_ 7fo'f.2 
10 l,'-'(> •J-~l~]sdcf. 011,'-.9.f ¾nff9.f 7]Ef.9.f '"i"flA;l1E-½ 1) 0J -.f<>il'-i "1171~ ~<>ii \cl,°. 
~-'1;2.1 it!.2~ Ajif;~ 2 mL2-] 30% EtOAc/n-hexane %'!!/oJl ~<?.l :if- silica Sep-pak~ 18-
:z}A]nc}. %el 0-'l:: C}A] Q:{AJ HPLC(YMC ODS column, I cm x 25 cm, IO()% MeCt\)~ ~el 

.;-}o:j tt!:2t§AJ2.l '(f'?lt petrynol2.l (S)-MTPA ester(958-8-AS)~ :i:j~'O'f9ic.f: 1H 

\MR(COC! 3 500 MHz) 8 7.54 (2H, m. Ar), 7.44-7.38 (3H, m, Ar), 6.07 (IH, ddt, J • 

15.1, 1.0. 6.8 Hz, H-51, 6.01 (IH, br dd, J = 6.8, 2.0 Hz, H-3), 5.60 OH. ddt, J 

15.1. 6.8. I.5Hz. H4), 3.66(3H. s. OMe), 3.58(3H, s, OMe), 2.59(1H. d, J= 

2.0 Hz. H II. 2.30 (2H, t, J, 7.3 Hz, H-111, 2.09 (2H, ddt, J = 6.8, 1.5, 7.3 

Hz. H 61. 1.61 12H. quin .. J • 7.3 Hz, H-10), 1.40 (2H, quin., J = 7.3 Hz. H-7). 

J.31-1.29 (4H. m. H-8, -9): HRFAB,IS [M•Na]' mlz 463.1731 (calculated for 

C23H21F30s\a, 463. 1708). 

(R)-MTPA Ester of Petrynol. %'!! 958-8-AS.9.f %'lJ~ •,,'<lj~!a. ~A;j~ 'lJ.cf. % 

~ 958-8-A. 1.1 mg2J- 20 µLE.j (•)-MTPI\ chloride~-¥-E-J 0.9 mg2.l (R)-MTPA ester<tl 

958-8-ARJf 'l!~o.f ~cf: 1H NMR (CDC1 3, 500 MHz) 87.54 (2H, m. Ar), 7.44-7.38 

i3H. m, ,r). 6.03 IIH. br d, J • 6.8 Hz, H-3), 6.00 (IH, ddt, J, 15.1. 1.0, 6.8 

Hz. H-5) 5.50 (IH. ddt, J = 15.1, 6.8, 1.5 Hz, H-4), 3.66 (3H, s, 0Me), 3.59 

(3H. s. 0Me). 2.63 (IH, d, J = 2.0 Hz, H·l), 2.30 (2H, t, J = 7.3 Hz, H-11). 2.05 

(2H. ddt J = 6.8. 1.5. 7.3 Hz, H-6), 1.60 (2H. quin .. J • 7.3 Hz, H 10), 1.37 

(2H, quic .. J = 7.3 Hz. H-7), 1.29 (4H. m, H8, -9): LI (8AS8AR) HI, 20.5 

Hz: H 3, -8. 8 Hz: H-4, •52. 7 Hz: H-5. •32. 3 Hz: H-6. •19. 8 Hz: H-7. ·16.1 Hz: 

H 10, •2 9 Hz: H 11. •1.5 Hz. 
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File:2029612 :rae:nt:1_9 Mer Def 0.25 Acq: 2-FEB-1996 14:01:39 +0:53 ca 
ZAB-SE4F FAB+ Magnet BpM:154 BpI:4216495 TIC:42005708 Flags:NORM 
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Fig, 3-5. Carbon ~'.v!R spectrum of petrosiacetylene A(95B-8-Hl. 
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Fig. 3-6. DEPT spectrum of petrosiacetylene ~(958-8-H). 
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Fig. 3-7. Proton NMR spectrum of petrosiacetylene A(95B-8-H). 
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File:711960~ Ident:8_21 Mer Def 0.25 Acq:11 JUL-1996 08:33:29 T2:48 Ca 
ZAB-SE4F FABt Magnet BpM:176 BpI:9027256 TIC:101790784 Flags:NORM 
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Fig. 3-11. Carbon NMR spectrum of petrosiacetylene B(95B-8-0). 
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Fig. 3-12. Proton NMR spectrum of petrosiacetylene B(95B-8-0). 
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Fig. 3-13. Proton COSY spectrum of petrosiacetylene 8(958-8-0). 
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Fig. 3-14. HMQC spectrum of petrosiacetylene 8(958-8-0). 
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Fig, 3-16. Carbon NMR spectrum of petrosiacetylene C(95R-8-N). 
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Fig. 3-17. Proton N\lR spectrum of petrosiacetylene C(95B-8-N). 
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Fig. 3-19. Carbon ~MR spectrum of petrosiacetylene D(95B-8-P). 
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Fig. 3-20. Proton NMR spectrum of petrosiacetylene 0(958-8-P). 
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Fig. 3-22. Proton t\MR spectrum of compound 958-8-HS. 
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Fig. 3-23. Proton NMR spectrum of compound 958-8-HR. 
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Fig. 3-24. Proton NMR spectrum of compound 958-8-HX. 
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Fig. 3-25. Carbon NMR spectrum of raspailyne BJ(95B-8-E). 

- 105-

r 

Q ., 

I 
I 

I 



\ -

--

" ) 
-

~ 

\ ~ 
\ 

-

' 
) 

' ' 

\ 

\ 

' 
\ ____j. 

' 
' 

' 

' 
7 

I 

I 

Fig. 3-26. Proton NMR spectrum of raspailyne B1(958-8-E). 
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Fig. 3-27. Proton COSY spectrum of raspai lyne Bl (958-8-E). 
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Fig. 3-28. HMQC spectrum of raspailyne 81(958-8-E). 
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Fig, 3-29. HMBC spectrum of raspai lyne B1(958-8-E). 
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Fig. 3-30. Proton NMR spectrum of raspailyne B2(95B-8-D). 
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Fig_ 3-31. Carbon NMR spectrum of raspailyne 82(958-8-D). 
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Fig, 3-32. Proton NMR spectrum of isoraspailyne 8(95B-8-F}. 
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Fig. 3-33. Carbon N.\!R spectrum of jsoraspai lyne B(95B-8-F). 
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Fig. 3-34. Proton NMR spectrum of isoraspai lyne 81(958-8-U}. 
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Fig. 3-35. Carbon N~R spectrum of isoraspailyne B1(95B-8-U). 
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Fig. 3-37. Proton N.\1R spectrum of petroraspailyne AJ(95B-8-C). 
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Fig. 3-38. Carbon N~R spectrum of petroraspailyne A1(95B-8-C). 
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Fig. 3-39. Proton COSY spectrum of petroraspai lyne AI(95B-8-C). 
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Fig. 3-40. HMQC spectrum of petroraspailyne A1(95B-8-C). 
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Fig, 3-41. HMBC spectrum of petroraspailyne Al(95B-8-C). 
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Fig. 3-42. Proton NMR spectrum of perhydropetroraspailyne Al. 
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Fig. 3-43. Proton N~1R spectrum of acetylated perhydro
petroraspai lyne -\l. 
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Fig_ 3-45. Carbon NMR spectrum of petroraspailyne A2(95B-8-L). 
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Fig. 3-46. Proton NMR spectrum of petroraspai lyne A2(95B-8-L). 
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Fig. 3-48. Carbon NMR spectrum of petroraspailyne A3(95B-8-K). 
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Fig. 3-49. Proton l\\lR spectrum of petroraspai lyne A.3(958-8-K). 
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Fig. 3-51. Carbon NMR spectrum of petroraspailyne B1(95B-8-S). 

-13/-



\ 

\'------- ') 

\ ' 

\ • 

\ ' 

\ 7 

'\~ 

\ 
' 

I 
\ L 

,, 
-

--, 

' 

I 

\ 

Fig. 3-52. Proton NMR spectrum of petroraspailyne Bl{95B-8-S). 
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Fig. 3-53. Proton COSY spectrum of petroraspailyne B1{95B-8-S/. 
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Fig. 3-55. HMBC spectrum of petroraspailyne 81(958-8-S). 
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Fig. 3-57. Carbon :-JMR spectrum of petroraspailyne 82(958-8-Tl. 

· 137· 

~ 

. 
e 

a 
N 

I, 



N 

Fig. 3-58. Proton NMR spectrum of petroraspai lyne 82(958-8-T). 
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Fig. 3·60. Carbon NMR spectrum of petroraspailyne B3(958-8-G). 
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Fig. 3-61. Proton ~MR spectrum of petroraspailyne B3(95B-8-G). 
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Fig. 3-63, Carbon ~MR spectrum of petrynol(95B-8-A). 
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Fig. 3-64. Proton ~MR spectrum of petryno1(95B-8-A). 
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Fig, 3·65, Proton COSY spectrum of petrynol(95B-8-A). 
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Fig. 3-66. HMQC spectrum of petryno1(95B-8-A). 
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Fig. 3-67. HMBC spectrum of petryno1(95B-8-A). 
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tr}~ ¾ 2.J ~ "8"}~ ..Q.. oi hexane % t t:}AJ s i I i ca vacuum f 1 ash chromatography, s i I i ca 

~ re\·ersed-phase HPLC %~ oJ%"8"}e:j 2*} r.ijA}~~£ {E-aJ-t>}9ic}. oJ zf-~<>lJA~ 

brine-shrimpoJ] r.ff~ ~AJ 1l~2'- 1H NMR spectrum.2.£. ~aJ~AJ ~1l~ lr~~t~r:L 

44~ ~~611 t:.~t!- ~1Mt!- ~:-1R ~~ojj ~~to:l f-SJ__ r:ff,'-t~1IoJ steroids~ 0 ] .Sci;;.!: 

~ l-f steroids .'Et! •H '1! %%.eJ .if SL ~'cl~.£ .9.J 's-0!] Aj 'cl .:;i.7f 'lJ ¾'12 'll C: }!J ',! .9.J 

%'l)o]oj 's-"\-~ ,'-¾.2} 7J<lj~ 'tellf'11%'!lo] 7-]4;-aj~ss 'l!Zl'12 9,l~.E'.ss oJ½.eJ 

T&2f ,.,_~aJ~,.,_3£ ,t-tg~ 7t~J7t ¾~~tr:J-_:;i lfrt!'!9oi ~Fi1-~ 7114.r~J-~r:t(Giner, 

1993: [l'.\uria, et al, 1993: Faulkner, 1996: 1997). Chromatography£ -l:E-a]tt ~~ 

¥~ \IIR~ s]¾t! i1:'>r"'lll..eJ •«<40!] .9.Jtifoj -i'-z¾ ~'ll•]'l:!.cl. z\7-t.9.J oJQ.f :,t~ "J 
~Q.£ 27H~ {.!~~~ £~~ti:: 67ff~ steroids~ -,I-~7t 7,f~!9~tt(Fig, 3-68). 

2. Epidioxysteroids~ ~al, -,I-~~~ ~ ~a]ll"AJ 

%1l 96J-32-.'ii:: ~A..lj~ ,¥-1ftg 2-"1]£ ~a]~~r:t. ~~~~:i+ 13
C NMR ~:.g.At.E. 

.e] •H«IO!I .9.Ji>foj oj ¥,'l).e] i1:>:f-'J t C21H.0D, .5'. ~'lj,'J9;!t:l(Fig. 3-69 and 3 701. oj 

%~ ~ 1H ~MRojJA~ steroids>-J ~~~ ~ qc;t1-ff~r:t(Fig. 3-71 ). ~ 6 3. 99(1H, m):z} 

0. 70(3H. s)o{j 1.-fcf\) peak½~ Z/ZJ cholesterol-"l H-32} H-180!] •H 0J&fc: ~~ssAi 

-/48-



HO 

HO 

96J-32-A 

96J-32-C 
(epimers at C-24) 

96J-32-E 

24 

HO 

96J·32-B 

HO 

96J·32-D 

96J-32-F 

fig. 3-68. Structures of steroids isolated from the sponge Tethya. sp. 
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"c ~MRojJAi l-fEf\:! sf.2.f ~oJ 277ff.2.f '<!±-"- -'i'-'8-¥! oJ ~'l)oJ ~1\iaf"-1 cholestane71! 

steroid2}::: -5!~ Ei.':i1.-ff9ir:}. ~.9.J{:! ~:iiJ"~~oJJAi 3400 cm-101] 7J{t {fif band7} q 
Ef\:! "J\'! 0<f.2.f-t! l,'-~l,'--'jojJAi c:: 200 - 400 nmoJJ 'l'-'.llt! fj-~oJ l-fEfl-f0<J U9J_Q_E-'r_ 

o] ~?!,':'_ alcohol.£ A~7-.ts.]9ic}. 

Proton NMRAJoJl 9,lofAi~ ¾..e..(!- ~~~ 6 6.58(1H, d, J" 8.8 Hz), 6.26(IH, d, 

J.:. 8.8 Hz) l?,J 5.40(1H, dd, J::. 6.3, 2.0 Hz)oJJ L.}Et\:!- 3 7H~ olefinic signal~.£ 

Ai ~'&J 6 6.582} 6.26oJl ~]XJ'tt peakii"E-1 splitting patterns::: ti}L.}£1 isolated 

double bond~ e;(H¾ i:::~1,..ij9ir:}. ~tli~.Q...2. steroidsoJP,i::: C-4, C-5, C-22% o:j~ 

¥P:loJl double bonds7} ~;(ff~ ? 912.L.} isolated double bond::: '9""0"] ~Jt!=!].Q..§. ~ 

~t_!ct, (D'Auria, et al, 1993). !E.{t olefinic protons..2-] chemical shifts7} --J-t:.Jii] 

1;.!",':'_ ~9...2. .!i!_o} 5,8-epidioxysteroids9.j 6, 7-double bondO!J t;fft:J-ti}!::: ~..Q...£ ¾2r~ 
9;lcf. 1H NMRAJojlAi.2.f cf;: '9,'l)~ 6 0.38(1H. ml. 0.28(1H. ml 'JI 0.0112H, ml% cffl°' 

0-] upfieldoJl 1-}El'd signal~.2.Ai cyclopropane7l~ ,e~n~ .Si!-jt..ff9it:}. 

Proton NMR "1/oJJAj cej>J ~'l)~~ 13C NMR oj)Aj.!r. 'lf'<'J5'J9icf(Fig, 3-701. 6 

20.l?(CH), 12.93(CH), 12.68(CH2 ) % upfieldo-JJAi 1:1J~~ peak-§,,'.: disubstituted 

eye 1 opropaneo-Jl t;ff t:Ji5:}l;ir::.}. 13C NMR:zl DEPT1J. to-J]Ai methyl signal s7} ~ 11:~ 'l! 

steroidsojJ sJ-ofoj 17! 4'-~t! 47ff'#oJI "J'<'J5'J0<J U9Jc::cJJ 0 J~t l7ff.2.f methyl7J7f 

cyclopropane_Q__s!_ 'l'!i:!5'191%% .2.fuJ-Of9J.cf. 'Et! 6 142.38((), 135.39(CH). 130. 76 

(CHI, 119.80(CH)ojJ l-fEf'J signal~~ 27ff.2.f double bond.2.f ;"•ff~ cejcff9icf. 

0 iejt!, 'l/_ll_~ Sf•J_Q__s!_ ~'l) 92J-32-A.2.f 7ff"l"J',) -'i'-±c:: 1H COSY.2.f HMQC% 2~f 

1-! "1R -\!'!loJI .2.ft"foj -il-'li5'J9icf(Fig. 3-72 and 3-731. 'l!"l 0 1 ~'l!oJI ~•ff""fc:: !i'.C: 
"'!°±.2.f oJ~:2) ~1[5'JoJ 'llc: '<!±c:: HMQC AJ'!loJJ .2.f-ofoj 'l/~-OJ assign 5'J9icf(Table 

3-2). 1H COSY 1J~o-Jl ~'O'}o:j ?~ signals z!-2.J spin systems7} r.ff1f.~ 'Tt~~9J.:::r.~l 

key protonsc: H-3(6 3.991.2.f H-21(6 0.86loJ9icf. 'l!"l H-3 _Q__s!_J;'-i,J ,JaJ-t! spin 

system~ -f-~.'.:'.. o] ~~o] cholesterol:i.} %~l! A ring~ ,s!.2 91g~ t::i!-Jt.J19J.c:}. 

HMQC ,1;}3i.oj]Ai H-4~ methylene protons::: 15 2. 10:i.} I.90o-J]Ai 1:1Jz15:19J.:::r.~] 0 !~£1 15! 
::_ chemical shifts::: AIB ring junction~ C-5 ~];;t:]7} oxidation~ ~~ ~o]'O"}l;ic:t, 

cr}efAi 6 6.581) 6.26ojJAi l-fEf'<l isolated olefinic protonsc:: ztzt H 6.2.f H 7oJI •ff 0J 
<5}9;lc:t. ~::_ 1:1J~..Q..~ H-21 methyl protons£.1f.Bj A]~l! proton spin system,'.: 

eye I opropyl protonso-JJ .?J}AJ .5:.1il"'O'}l;i t:}. oJ £.Ai ~~ 96J -32-A::: cholesterol~ C-26 

methyl7J7} cyclopropane.Q.£ ~l!- It!±-~~~ ,s!.2 91::: ~o] ~~5:l9J.c:t. o}AJ~.Q. 

£ 1H ~MR spectrumo-J]Ai 15 5.40o-Jl l.-}E}\:!- olefinic signal,'.: H-11 proton.Q.£. ~1£19i 
Etil 2 o]-B-::: steroids9-j ~88~~ C-9(6 50-60)o-JJ -aHLJ'O'}::: peak7} 13C N~1R 

spectrumo{JAi l-}c:}1...}Al ~9J:.Q.~ H-62.J, H-7~ chemical shifts?} ~~~~ 

5,8-epidioxysteroids 5!._t:} ~cJ'O'l downfield shift xloi 917] !tff~0 J';tlt:}. 

%'lJ 96J-32-A.2.f -'i'-±oJJ cfft!, HM0C.2.f 1H COSY0<fli..2.f •J-'j ~ HMBC AJ'!!IH-C 
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Taole 3-2. Proton and carbon NMR assignments for 96J-32-A. 

# 

l 2. 07 ( lH, 

1. 65 (lH, 

2 l.91(1H, 

3 3.99 llH, 

4 2. l 0 ( lH, 

l.90(1H, 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

li1 

6. 26 I lH, 

6. 58 ( lH, 

5. 40 ( lH, 

2.25 (lH, 

2. 05 llH, 

1.80 (lH, 

1.69 (lH, 

1.95 (lH, 

1. 29 (lH, 

0. 70 (3H, 

1. 07 (3H, 

1. 41 (lH, 

0.86 (3H, 

1. 49 (lH, 

1.15 (2H, 

0.28 (lH, 

0. 38 (lH, 

0.01 (2H, 

0.98 (3H, 

H 

m) 

ddd, 13. 7, 3. 4, 

m); 1. 54 (lH, ml 

ml 

ddd, 13. 7, 5. 2, 

dd. 13. 7, 11. 7) 

d, 8.8) 

d, 8.8) 

dd, 6.3, 2.0) 

dd, 17, 1. 5. 91 

br d, 17. 1 ) 

dd, 12.2, 7.81 

m): 1. 58 (lH, m) 

m): 1, 41 (lH, m) 

m) 

s) 

s) 

m) 

d, 5,9) 

ml; 1.13 (lH, m) 

m) 

ml 

ml 

m) 

d. 5.91 

C HMBC (8 Hz) 

32. 54 

3.4) 

30.59 

66.33 

1. 7 I 36.05 2, 3, 5, 10 

82, 70 

135.39 5, 8 

130. 76 5, 8 

78.36 

142.38 

37. 91 

119, 80 8, 10, 13 

41. 26 9, 11, 13, 14, 

43, 77 

48.01 7, 8, 13. 18 

20,88 

28.10 

55.99 

12. 75 12, 13, 14, 17 

25.53 1. 5, 9, 10 

34.92 

18.39 17, 22 

35.52 

30.59 

20.17 

12. 93 

12.68 

19.07 

·-

18 

Proton and carbon ~~1R data were measured in CDCl3 solutions at 500 and 125 

~1Hz. respectively. .l.,ssignments were aided by 
1
H COSY, HMQC, and DEPT 

experiments. 
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coup! ing constant 8 Hz)..Q...£. ¾~~';Ucr(Fig. 3-74). Olefinic protons.2-} upfield 

methyl protons~~ .2.f -?~~ ~&::.~.1..f- oi el 7}.Al~ long-range coup! ings-& l.-}E}1..H 

'li:C:ciJ ~;;J H 61.f H 7 'JI H-11~ coupling;'_ z)z) C-6 'J.l C-9(11) double bond~ ;">ff 

~ ~:tf"O'] 1J¾"&}9ic}. .!E~ terminal cyclopropane ring.£ H-27.1..f- ~~~ t!'&::.~{!~ 
2- 3-bond couplingsoJl E.lti}o:l ¾~~';Uc}. 

~~ 96J-32-A~ ~cl 7H~ l:IJr:ff?J t!'± ¾11~ -?!-2 9)c}. 0 J§- ¾oJJAi C-5 

C-8, C-24, C-25 ~ 4 -'i'-]XlE.l l:l]t:H?J in±::::: ~~~cu steroidsoJJ::::: ~::::: ~..Q..§.A~ ~ 

'ii •ff'li~ 7.:!1! 0 1 _ll_7'-5'j'lJ.cf. 'l!><i 4'±~ 7,/2 'li><J U,;'_ C-5~ c-8~ 'll'il •ff',!;'_ 
1H ~\JR dataoJ]Ai H-6, H-7, H-18 ~ H-19~ chemical shifts~ ~a]~ %A}~~2} H]2. 

-8toi {i15:f9;!.c}. ;:::_iffoj] li!...2.~ ~~ 5a,Ba-epidioxyergosta·6,9(11),22 trien-3a-01 

;'_ H-6 H 7. H 18. H-197f z)z) 6 6.295, 6.606, 0. 744, l.099<>1JAi 'l{z!.5'j'lJ.cf 

(Greca, eta!, 19901. 92J-32-A<>IJAi:C: 0 J'!t4'±7fz)z)66.26, 6.58, 0.70, 1.07<>1I 

Ai 'lfz!.£jojAj cff>j&j ¾Af&f'l:[cf(Table 3-2). a:f;,fAi 96J-32-A~ rings A-D~ 'll'il•R 

~% ~~&}::::: ~.?:::::: 5a,Ba-epidioxysteroid~o] ~~~}9;!,c}. 

C-24.2} C-25% cyclopropaneoJl ~»cJ~}::::: tt]r:H~ t!'±:. ¾"i:J~ 'U~l tiff~~ ~OEDS 

>JiJ_<>__s!_ 7.l'll£!'l:lcf. 6 0.98<>1! ~!'-]~ H-27¾ irradiation¾ "l'li½ u:11 6 0.38<>1! ~l'-1 

ti: H-24E.l signal intensity?} 3.71] ¾7}"0'}9,ic} . .:ic{E..£. C-249.j- C-25~ AJt:HJ;lH~ ,<:>_ 

24R".25R'£ ~~5:.j9j_c}. 7cJ1-} o]~ l:l]r:H~ in± ¾"i:J,<:>_ C-17, C-20 % c}~ tt]cfl~ 

1t! ± % ')] 1-f ¾ {! aj -"--"- 'll 2 I ~ <>J '9 'li -"--"'--"- '!! C ff •ff '1i ~ 7.l 'll ;'_ ~ 71-w .-1 'l:l CI 
(Kobayashi, et al, 1993; Giner, 1993). ~~~..Q...£ ~;i:J 96J-32-A::::: 50,80 

-epidicxysteroid ?i]~oJJ 4i-"O'}::::: B~~.£. .:i2-3:7} ~~5:.]9;!,c}. 

¾<1'1 ~'l)'<) 96J-32-B71 .!j!-'lJ1\! >llj>Jj 2>11~ 1\/Eff_s!_ -i,'2J£j<;tlcf(Fig. 3-681 

~;i:t~o] C21H4003ttl 0J ~11~ 1H NMR2} 13C NMR A}R::::: 96J-32-A9.j- ufl--9- ¾Attr}9ic} 

(Fig. 3 75~3 771. 'H NMR "1J-<>IJAi~ ¾_ll_'1 5<loJ :C: 96J-32-A~ H-ll<>IJ •JtJ-Of:C: 

signal(6 5.40loJ Alel;:l~oj H 12~ signals(6 2.25, 2.05).'ic upfield-"- "1J-tJoJ oJ% 

1if'l:lt:l:C: {1°J'lir:f. "1'-'1 H-6, H-7~ signals.'ic • J• J;;lt-f• I upfield_s!_ 0 !%£1<;:lcl 

(96J-32-A: 6 6.58, 6.26; 96J-32-B: 6 6.49, 6.22), "c NMR spectrum<>IJAi.'ic %'lit! 

';'!.>:171 i'!1!£!<;(lcf. ~ C-9(111 double bond<>II •fftJol:C: signals(6 142.38, 119.80)oJ 

A}C}~..2..a:j c:H-8_ upfieldoj] 0]oJl oflc:J8"}::::: methine signals(& 51.04, 23.43)7} BJ~:i:j 

9;!,c.}. 7 2-{E..£. 96J-32-B::::: 96J-32-A9.j C-9 double bond7} hydrogenate~ %£~!~ 
0 J l/:',lof9J__<>_oj 'H COSY, HMQC, HMBC % 2-D NMR 1/il<>i]Ai.'ic ~"i-Oi %'li"1<;tlt:f(Table 

3 31. 

% ii 96J-32-A~ ufJtl7f>CJ _s!_ 96J-32-B.'ic oj i>J 7ff ~ SJ ci 'l) ,U± ¾'ll ½ 7,/2 91 

c}. 'i:!A{ '?±:.~ 2)2 ~A] U~ C-59.j- C-BE.l 0J~J llt~ ,<:>_ H-6, H-7, H-18 1;.l H-199.J 

chemical shiftsE.l B]2.£. ~ 2xl9!c}. C-59.j- C-8011 dioxide?} ~tf~ ~cfl~ 3)(}-'B .;r. 

~>J 5n,8o ~ 5P,8P '<!0 1 7f-\;''1ciJ 0 1 -'1--il'~ 'll>il'i'-~<>11 n:lel ~71'1 ciJ ~J5<J9.j '? 
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Table 3-3. Proton and carbon NMR assignments for 96J-32-B. 
~ 

# H C HMBC (B Hz) 

I 1.93 (IH, ml 34. 70 

1.67 (IH, ddd, 13. 7, 3.4, 3.41 

2 1.B2 (IH, br dd, 12. 7, 2.5) 30.13 

I. 53 (lH, ml 
3 3. 95 ( IH, ml 66. 46 

I 4 2. 09 (lH, br dd, 13.7, 3.41 36.95 2, 3, 5, 10 

I.89 (IH, dd, 13. 7, 13. 7 I 

5 82.13 

6 6. 22 (lH, br d, 8.8) 135.32 5, 8, IO 

7 6.49 (IH, d, 8.8) 130. 71 5, 8 
I 

8 79.43 

9 1.47 (lH, ml 51.04 

10 36.93 

11 I. 47 (lH, m): I. 18 (lH, ml 23.43 

12 i.96(1H, m I: I. 18 (lH, ml 39. 42 

13 44. 73 

I 

14 1.56 (IH, m) 51. 57 7, 8, 13. 18 

15 i.61(1H, m): 1.41 (IH, m) 20.65 13, 14 

16 1.91 llH. m); I. 37 (lH, ml 28.26 

17 1.1511H, ml 56. 35 

18 0. 78 (3H, s) 12. 72 12, 13, 14, 17 

19 0.86 13H, s1 18. 59 I, 5, 9, 10 

20 1.37 (lH, ml 34. 83 

21 0.85 13H, d, 6.11 18.20 17, 22 

22 1.47 IIH, ml: I. 09 (lH, ml 35.55 

23 1.1312H, ml 30.64 

24 0.27 1 IH, m) 20.22 

25 0.37 I lH, m) 12. 97 

~ 
0.09 12H. ml 12. 65 23, 24, 27 

' 0.98 13H, d, 5. 9) 19. IO 24, 26 7 
~ 

Proton and carbon ~MR data were measured in CDCI 3 solutions at 500 and 125 
~\Hz, respective 1 y. A.ssignments were aided by 1H COSY, HMQC, and DEPT 

experiments. 
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~7t ~ ~J~ ig;:c}. q 5a, 8a-epidioxide61JAi;: H-6, H-7 ~ methyl 7] 9-},9.j steric 

proximityc-n 9-l'l~ interference ttff~611 6 6.2482} 6.511ej]Ai .:!.CJ..:;:!. H-18, H-19;: 

oxygen:,f.ej 7Je]71 'l!"1:l!~-"--"- 6 0.821:,f 0.888o{]Ai ztzt 1,!{!'l:l_r:f. o]oj] "]O)oj 5 

0,80-~ ~-¥-;: oxygen.2}E.f steric proximity<>!) 9.Ji3loj H-18, H-199.j signaJoJ Zfzt 6 

1.175.2} 0.934.£ downfield shiftx.j;: Jtl~ H-6, H-79.j protons;: oj~ methyl7]5'.j- 7J 
e]7f 'l!"1"i•i 6 5.565 ',1 5.894o{]Ai •J{!{:l_t:f(Greca. et al, 19901. 92J-32-Bo{],]c: 

H-6, H-7, H 18, H-197) ztzt 6 6.26, 6.58, 0.70, 1.07oj]Aj •J'?:\5'J9;l~."-.s'. 5a.8a 

-epidioxysteroid.£ tff~.5:l9::lc}. 

C-245'.j- C-25% cyclopropanecJ] tfft:J-e-t;: 1:1J1:pg lf!-~ %1J9.J '11~1 llff~,'.: NOEDS 

11~~.s'. '>115'19:!t:). 6 0.980!] -?cl*ltt H-27-£ irradiation½ 1'19:!½ u:il 5 0.380!I .V-]5<] 

~ H-249.j signal intensity7} 3..71! ¾7}-0-}';f;.c}. 7ejE..£ C-245'.j- C-25E.f AJt:HllH~:=. 

24lt,25lt-". ~'l)5'j9;lt:f. .:ii!]L-f 0 ],. "itK~ ,U± ¾1lt C-17, C-20 % cf;: "itH~ 

,U_t ~1l2f -ll-Z!"i~-"'- 'llcl '!l!"1'9 ~~ 0 5'. 'ljtfl "fl~.eJ ~'llt ~7f-\f1')9:!cf -e'-~ 
',1 database ~A) -,!:,f 96J-32-A.2} u)~7)"l-"- 96J-32-B5'. {!~'lj'lJo] 'j.toj:l[tf(Fig. 

3 68). 

96J-32-A.2} -B .2jo{]'r. oji!] 71"1 epidioxysteroids7) U"il -11,a]5'j9;l~uj -i'-""7f 

-s! 'll 5'I 9:1 ~ t-f .2. -'F O I u I .21 "s-'1! ..;,-{] <>!I .eJ 1>\oj .l'.2 'l:! "l 11 ~ c: ~ 'll ~ o I 9:1 ~-"--"'- '1! 
\!-0-1 '1!.,:tttcf. \'!"i ~ 2"1].s'. -11,a]'l:I_ %'!1 96J-32-C.ej -11,")"l .°_ HRMSo{] .eji>')oj 

C,,H.,O,.s'. ~'lj5'j9;ltf(Fig. 3-78) . .:li!]L-f o] %'!1.eJ "c NMR spectrumo{]Aic: 297H tfl{! 

611 4PiE.J EJ,± signaloJ ~.z1x.j9;:!.c.}(Fig. 3-79). !E~ ¾~l! relaxation time~ "'r 
9;:!.;:t:il5:. ~ftit2.. 'r!.±9.l signal intensity7t Ai.£ tiff-¥- 1)-0]-0-}';f;.c}. 7ejE..£ 

96J-32-Cc: {l-Aftt -'f ~'l).ej ~U~.s'. ~zt5'J9;lt:1. ztzt.eJ ~'ll½ ~-?1')711 -11,a]1'f7l 

¥]-0-)oj oji!]7)"1 r:f 0Jtt ~Z!<>!]Ai HPLC-i,!- 1')9:!~L-f AJ-lJ-1'f;,<] -'i,1')9:!r:f. 7eflAi ;<>:~ 

% AJEfloj]Aj NMR Ofl-ej~_s!. %'!J-'i'-~.eJ ~1)~ A]'r.1'f9:lt:). \'!;<f o] ~'l).ej NMR tj]o]Bj 

ej]Ai downf i el doJl -9-I *I~ proton.2} carbonE.f chemical shi fts7t 96J -32-B5'.j- nff ~ %A} 

il)9:lt:HFig. 3 80). -'j' %'!1.eJ NMR Alli¾ •il'!l1'1 "]_;;_tt ~:,f ~'ll 96J-32-C.S'. 

96J-32-B.Q.} %~~ 5a,8a-epidioxy-3- hydroxysteroid~oJ 1if"f;:j~c}. !E~ 13C N~RcJ] 

l-}E.}\: 417~E.f signals -¾oJ]A~ steroid9.j rings A-D611 ~ff't:J~t:: signals ii"~ .5:.f 

peak intensity7f 7J"O"}u:j Ai.£. ,R--A}-0-}';;.cf. u:t~tAi 96J-32-C;: side chainE.f ~~lf 

X7} ct~ oJA,3~~1E.J ~~~~o] ~tg~t9J.r:}. 1H COSY, 13C NMR.2} DEPT AJtcJ] 9-j~}e:j 

minor peaks~ assign ~ ~2} 96J-32-C;: cholestane9.j C-24 ~P:J<>ll ethyl7]7} ~'it 
{:j stigmasterol 7-11~9.l %~~o] ~t>=j~c.}. Stigmasterol9.j side chain,'.: C-240,l 

asymmetric center¾ 7,.!-2. 9.l...Q..E..£. 96J-32-C;: 01 -9-1*19.l <1J~]llff~o] Ai~ c.};: f 
~.:g ~ 5a,8a-epidioxy-24-ethyl-cholest-6-en-3a-019.l ~~¥.£. ~Zf.5:l9ic}. o] tff 

"'4,& A]:::t]-O-}:: %7J.£.;: C-23-C-29% C-24 ~ 7 f-~611 ~]):11{! 'r!~~~ chemical 

shifts.el '1!5<)7) "]2aj ~ti] "]1'\oj(-0.2 ppm) Cl7, C-20, CZ!, C22 % 
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asymmetric center.£-¥-c-f ~cf ~°i{! 18-±.~~ .JB,;;~7~ ."!fcfi::(< 0.1 ppm) ol9:{t:f. % 

~'tt !iJ*loJl t.ijt:JtiH::::- tt± signal~ 3.7].£ n]foj f epimers 1!~ 0J~~ 1:1];:: 3:2 

~£~ {-~~9:l.LL 't!:"~S.A} ~:zj- f isomers £9- tMlB Tethya aurantia~ ~~11{1711 
~scidja nigra, ~~ Dendrogyra cylindrus %o-/JA• ~-?:!~ J:J} ~go) 1ifti:J~c} 

(Gunatilaka, et al. 1981: Findlay & Patil, 1984: Mishra, et al, 1996). 

~ .:L~]tgcR.£. ~cJ~ ~~ 96J-32-D~ iE'A}~ ~ HRMS~ 13C NMRoJJ ~ii}O:j C2aHH03 

.s'. {j1f£19icl(Fig_ 3-81 and 3 82). 0 1 ~'l).ej NMR datac: 96J-32-B.2} off-¥- %>fof'lJ. 

c~. 
13

C \'.1R AJC>Jl <;j_oJA•~ X}oJ~~ cyclopropaneC>JJ tfft:Jtil!:: peak~oJ A}c}~.Q.o:j .::!. 

cff-cl 6 135. 402! 132. 39<>11 o]efinic signaJ 0 i Aj.s!_o] 1-fcf;;!.2.nj 'H NMR<>il>1x 6 

5.19(1H, dd, J O 15.1. 7.8 Hz), 5.13OH. dd, J O 15.1, 7.8 Hz)<>il>i disubstituted 

olefin~ ~tg~~ signaJo] i:!~~9:l.c}(Fig. 3-83). f ~~~ 13c NMR% ;.,jJ~t,J l:IJ2 

t!" ~2} 96J-32-D~ 96J-32·B~ %~'(! ring structure~ $!-2 91,g~ ~oJt,}9;!.r::L 
7 c1E..£ 96J-32-D;:: 96J-32·B~ side chainoJ] -e,;cij'3"}~ cyclopropane ringo] ~2=191 
..Q.o:j .::!. t:ij{lo-1[ ;;ij.£.g. double bond~ ,si.2 91!:: ¾£~j§.. A,§zt£19ic}. 1H COSY~ 

proton decoupling AJ~.Q..£. side chain2.l proton spin system,& 4~~ ~2} double 

bond.ej ~i'-171 C-22'11-£ "#-ojcff'.);lcf. 0 1.2} ~o] ~'!! 92J-32-Dc: 5a,8a 

epidioxy cholesta 6, 22-dien-3~-ol.s!. -'i'-""71 :,j'l)£19icl(Fig. 3 68). 

'k~.z .. q ~21- 0 1 ~~ ~ tiff1B .4xinella cannabina, Raphidostila incisa, Tethya 

aurantia Thalysias juniperina, 1{1711 .4scidia nigra, {!-~ Dendrogyrus cyl indrus 

tt':?i'ct (Gunatilaka. et al, 1981: Findlay & Patil, 1984: Iguchi. et al, 1993: 

~njaneyulu, et al, 1995: Mirsha, et al, 1996). 

~~ 96J-32-E2.] iE'A}~~ HRMS~ 13C NMR:7llioJ] ~fi}o:j C21Ht403.£. 7.l78x}9!c}. 0 1 
¥1l~ ~..g-A~,R.~ 96J-32·D~ off~ %Atfit9J..Q.nf ~fi] rings A-DoJ] ~flt:J~t;:: 4,±.~ 

"± signal.ej -Y-1*1.eJ 'J•lc: 71.eJ %'ll1'f'lJ_cl(Fig, 3-84 and 3-85). NMR AJoJI 9loJ>i 

~ %~~ X}o] ~ ~ 96J-32-D~ C-22 double bondoj] ?ifft:Jfi}t: signal 0 J upfield 

methylene signal.£. t:ij~J~~r::f;:: {f 0 f~r::t. J.~E..£ %il 96J-32-E~ 5a,8a 

-epidioxy-cholest-6-en-3~-ol ~oJ iE'~ii}$'icL 96J-32-D~ nH!:7}Aj.£ o] 'i-il ~ ,q 
oj "1 "1 >i-i/:>11 %~<>ii >i -lf:ei £19;!.2.nj ~1'1 '1'!>11%~ Aplysi a dacty/ome/ a<>il,.i c: 

epidioxysteroids¾ ~t:11-·'-1·~~..£ ~2.J~ l:I~ ~c.}(Gunatilaka, et al, 1981: Findlay 

& Patil. 1984: lguchi, et al, 1993: Anjaneyulu, et al, 1995: Mirsha, et al, 

1996 I. 

A]li 96J-32~ &4-¼~C>J];:: 96J-32-A--E %2.J epidioxysteroids oj~~l5:. 

cholesterol% o:j el 7tA] ¾W-2.l steroids7} 1g-7,'J] ,e.;;:ff'3"}9;!.c.}. 2c1q o]~~ t:ff.!j!-.g. 

~ .£iAJ:-.j- ~ff OJ'A,§~~ oJc}-5'} 2 o:j c1.,,_~~oJlA• ~t,] ~Z!x.] t: ~o]E....£ l:IJ 2~ E.~711 
l-lJ~s.l :::= cyclopropyl steroidJ!]~C>JJ 4j-ii};:: %~ 96J-32-F1?.! ~CJ'3"}o:j 1H, 13C ~\1R:ij-
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HRMS Af.li2.l aff~oJJ 2.liftoi 25(26)-cyclopropylcholesterol.£. --=t-a.~ :Q:J-1!ift9;tr:t(Fig. 

3-86 and 3-87; Fig. 3-681. 

Epidioxysteroids::: 3Ja]~~ ~2t~ qetY!::: ~.Q..£. ~aj~ 9).r:t(Shin, 1989). 

tcf cfAj c' 'c! 'i'-<>11 Ai 1':aJ '\'! >ff .s'. ¾ %?! 96J-32-A9.f · B<>IJ cff •ff Ai .'r. cf 0J~ '? %.el 
~c-JJc]op..j- ~-rro:il cff~ ~"8~ ~~tit9;tr:t. Paper disk method~ o]-S,t>tcxf Bascillus 

subti 1 is, Staphylococcus aureus, Streptococcus sp., Escherichia coli %2.l ~ it};.-JJ 

ir2f ~tr Cand;da albfoans<>IJ cff~ lf-'8-£ ~'ll~ 7,j2f 96J-32-A9.f -8:C 20µg/ml.ej 

~5:oJ]A~ ¾<! 1£2-1 ll"AJ(inhibition zone 7-12 mm)~ LtEt\..ff9ir:t_ EE~ 

brine-shrimp ~AJ{=!~Ol]A~£ ~~ lt"S(LC~o 96 and 41 ppm)~ l-tEt\..ff9ir:t. 

7}. AJR.2.1 .:tff~ ~ 4}7J~~.£.) ~¾2--1- flash chromatography 

•ff'l! Tethya sp. (AJ.ll. 'll~ 96J-32):C '96\1 3-'!,l<>il Ai=tl.£ -2-•ff -li'-l:!2f '-l=t].'r.,;, 

't!.eJ ?1J lO 20 m<>i]Ai SCUBAcfoJ•J<>iJ .ejo-fo,J >ff{l£]~cf. >ff{]~ AJ.ll_!:: ~'l;<>i]Ai 

~AJ dryke.s'. 0J%AJ{! cf 0 1 "o'•ff<>IJAi 'c!'i'-&c.s'. ¾'!!o-fo,J 0J%2( 25°()<>1] !,l_'l!£J~ 

ct_ o] AJ.li:: ~¥~.&j1J. ~-¥f-.2..j- S,. ~¾~.£.! !}~~ ~AJ(1H N~R. TLC)7t ~ ~~,._.J 
<>I] !,l_-,>¾'l_l 7]~.ej >J.ll.(91K 3); '91\111-'!,l 7]-li'c.'r. ',l ~.'r.•ff<:!joJ]Aj >ff{J)9.f %'l!•f 

9;LQ.E.'L 'if7Jjj ~~t>t9;tr:t. A]R.~ -aff 8JA]~.:f freeze-drier.£%~ ~±~ ::ir- ~±{! 

A] li( ~S. ¾eJ 280g)~ 1:1JoJ51io-l] 1'2 methanol ( 1 L x 3)2..j- dichloromethane(l L x 

31 ;'; 7fO-fo,J ¾7]~?!% -'f½o-f~cf. %off~ %1,A]{!CV- l!~ "'°4½-liclll 95 g)-£ 

n-hexane2f" 10% aqueous methanol 2-) ~~l& 0 ] .§-ifta:J ~AJ Oil a}~ ~CJ~ a-t9f t:J 

(n-hexane: 2.87 g, aqueous methanol: 8.14 g). AJt]~AJ ~1~2'- hexane""5'" 0 ] 

brine-shrimp lar\"aeoJ] t:.ff~ ¾~X..(LDso 126 ppm)2.l lfAJ.£ LtE}\..ff9ir:t_ Hexane*~ 

acetone~ o] -§-"O"ta:J si 1 icaoJl -a-~;..]~ ~ si I ica vacuum flash chromatography( 10 cm 

x 7 cm. 60PF2;,,1)~ if}~t:}. %~~ -S,nff::: hexane2} ethyl acetate2.l -!-$J- 0~.Q..£.A~ 

100% hexane.Q..£..lj!-E:f A]--!J"?fta:J 100% ethyl acetateoJJ 0 ].S.7l7J}Al IO% gradient system 

~ 0 ]%t>}9;lt:}. 250 ml~ %~~ 442.l ~~~ 7tJ"<u ~&~ fl ¾c!J2..j- 1H \:-1R% ~~ 

8"]9,1,c}. oj ~.2} 20-40% ethyl acetate/hexane.£ %~~ ~Q!foJJ 2Xt cffA}~7Jo] ~4+ 
~o-j 9,;.g£ ~1J.?S}';t!_c}. 
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27;} t:~,q~~o] ~%~ ~~~ 'U-6"}°'f ~~6j]A1 ~~zJ.~~ "3'}~t:}. \-J-~ 2~]~ 

1J. (0.87 g)% 40% ethyl acetate/hexaneoJl ~~ Jr-I silica Sep-pak column(Alltech, I 

cm x I. 5 cm)% ~;r_f.AJ~ "9""8 ~'ir~~ AfJ;ij-e-}':d,cl. ¾¾~~ c:}.,'-] Z!&J.}{! -f 
silica HPLC(30% ethyl acetate/hexane, YMC silica column, 1 cm x 25 cm, Shodex RI 

detector. 2. 5 mL/min)¾ ~ 7.!.:zt retention time 38 41 minoJl 2*} i:ff,q~~oJ ~'ff 
~~Ai ~c]xj9::lt:}. 0] ~U~~ t:}A] reversed-phase HPLC(80% acetonitrile/ 

methanol. Shiseido Capcell ODS column, 1 cm x 25 cm, Waters RI detector, 2.5 

mLJm;n).s'. -.'•It! 7,l:,.f 5 7ff~ ~'l/(95J-32-A, -8, -c, -D. -E)oj 'li<>f~t:f. Z!Zl~ 
retention time~ 17, 20, 23, 24, 31 mino}9::l.Q..oj ~c]t!- ~~5!.j 0J,<: ztzt 12. 7, 

49. 2, 16. 5, 58. 0, 31. 7 mg 0 J9J,c:t, t!-Jt!. silica HPLC~ retention time 16 minoJJA1 ~ 

~ -!-U~.£ reversed-phase HPLC(100% MeOH, Shiseido Capcell ODS column, 2 ml/min) 

..Q...£. ~C]-6}o:j 47.8 mg~ ~~ 96J-32-F7} retention time 31 minOIP·1 ~oi~c}. 

96J 32-A.. amorphous white solid; mp 89-90°C: IR (KBr) 3400 (broad), 2950, 

2920, 2860, 1460, 1380, 1080, 1030, 970, 870, 680 cm': 'H NMR (CDC1 3 ) 6 6. 58 (IH, 

d, Jc 8.8 Hz, H-7), 6.26 (IH, d, J = 8.8 Hz, H 6), 5.40 (IH, dd, J = 6.3, 2.0 

Hz, H 11), 3.99 (IH, m, H·3I, 2.25 (I H, dd, J O 17.1. 5,9 Hz, H-12), 2.10 (IH, 

ddd, J, 13. 7, 5.2, I. 7 Hz, H-4), 2,07 (IH, m, H·l), 2.05 (lH, m, H-12), 1.95 

(IH, m, H 16), I.91 IIH, m, H-16), 1.90 (IH, dd, J = 13.7, 11.7 Hz, H-4), 1.80 

(IH, dd. J = 12.2, 7.8 Hz, H 14), 1.69 (IH, m, H-15), 1.65 (IH, ddd, J O 13.7, 

3.4, 3.4 Hz, H-1), 1.58 (IH, m, H·l5), 1.54 (IH, m, H-21-23), 1.49 (IH, m, H22I. 

1.41 I2H. m, H-16, -20), 1.29 (IH, m, H 17), 1.15 (ZH, m, H-2, 23), 1.13 llH, m, 

H·22I. 1.07 (3H, s. H-19), 0.98 (3H, d, Jc 5.9 Hz, H-27), 0.86 (3H, d, J O 5.9 

Hz, HZ!), 0.70(3H, s, H·l8), 0.38(1H, m, H-25), 0.28(1H, m, H-24), 0.01 (2H, 

m, H-26): "c NMR (CDC!,) 6 142.38 (C, C 9), 135.39 (CH, C 6), 130. 76 (CH, C 71, 

119.80 (CH, C 11). 82. 70 (C, C-5), 78.36 (C, C-8), 66.33 (CH, C·3), 55.99 (CH, 

C 171, 48.01 (CH, C·14), 43. 77 (C, C-13), 41.26 ICH2, C-12), 37.91 (C, C IO). 

36.05 (rH2, C-4I, 35.52 (CH2, C-22), 34.92 (CH, C·20), 32.54 (CH2, C·ll, 30.59 

(CH2 , C·2, C·23I, 28.10 (CH2, C-16), 25.53 (CHa, C·l9), 20,88 (CH2, C·l5), 20.17 

(CH, C 251, 19,07 (CH,, C·27), 18,39 (CH,. C·Zll, 12.93 (CH, C-24I, 12. 75 ICH,, 

C-18). 12.68 (CH2, C-26): HMBC correlations (optimized for 8 Hz) H-4/C-2, C-3. 

C 5, C-10: H 6/C 5, C-8: H 7/C 5, C-8: H-ll/C·8, C 10, C-13, H·IZIC 9, C 11, 

C-13, C 14, C-18: H·l4!C-7, C-8, C·l3, C-18: H-18/C·IZ, C-13, C-14, C·l7: 

H 19/C 1, C 5, C 9, C 10: H-21/C 17, C-22: H·27/C 24, C-25, C·26: HRDEI'1S ('1)' 

mlz observed 412.2971 (C21H4003 requires 412.2977): LRMS mlz (relative intensity) 
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412 (171, 396 (221, 380 (70), 362 (591, 285 123), 251 (23), 209 (161, 183 (15), 

152 1251, 95 (281. 69 (73), 55 (1001. 

96J-32-B. amorphous white solid; mp 114-ll5°C: IR (KBr) 3400-3300 (br), 

2950. 2860, 1470, 1450, 1380, 1080, 1040, 1020, 680 cm': 'H NMR (CDC!,) 6 6. 49 

(lH, d. J = 8.8 Hz, H-7), 6.22 (lH, br d, J = 8.8 Hz, H-6), 3.95 (IH, m, H-3I, 

2.09 (IH, brdd, J= 13.7. 3.4Hz, H-4), 1.96 (IH, m, H-12), 1.93 (lH, m, H-1I, 

1.91 (IH, m, H-16), 1.89 (IH, dd, J= 13.7, 13.7 Hz, H-4), 1.82 (lH, br dd, J= 

12.7, 2.5 Hz, H-2), 1.67 (lH, ddd, J = 13.7, 3.4, 2.9 Hz, H-1), 1.61 (IH, m, 

H 151, 1.53 (2H, m, H-2, -13), 1.50 1.44 (3H, m, H-9, -11, -22), 1.42 - 1.32 

(3H, m. H-15, -16, 20), 1.18 (2H, m, H-11, -12), 1.15 (IH, m, H-17), 1.13 (2H. 

m, H23), I.09(1H, m, H-22), 0.98(3H, d, J=5.9Hz, H-27), 0.86(3H, s, H-19), 

0.85 i3H, d, J = 6.3 Hz, H-21), 0.78 (3H, s, H-18), 0.37 (IH, m, H-24), 0.27 (IH, 

m, H-25). 0.09 (2H, m, H-26): 13C NMR (CDC!,) 6 135.32 (CH, C-6), 130. 71 (CH, 

C-7I. 82.13 (C, C-5), 79.43 (C, C-8), 66.46 (CH, C-3), 56,35 (CH, C-17), 51.57 

(CH, C 14), 51.04 (CH, C-9), 44.73 (C, C-13), 39.42 (CH2, C 12), 36.95 (CH2, 

C-4). 36.93 (C, C-10), 35.55 (CH2, C-22), 34.83 (CH, C-20), 34.70 (CH2, C-1), 

30.64 <CH2, C-23I, 30.13 (CH2, C-2), 28.26 (CH2, C 16), 23.43 (CH2, C-111. 20.65 

(CH2 • C-15), 20.22 (CH, C-25), 19.10 (CH,, C-27), 18.59 (CH,, C-19), 18.20 (CH,, 

C 21), 12.97 (CH, C-24), 12.72 (CH2, C-26), 12.65 (CH3, C 18): HMBC (optimized 

for 8 Hz) H-4/C-2, C-3, C-5. C-10: H-6/C-5, C-8, C-10: H-7/C-5, C 8: H 14/C-7, 

C-8, C 13. C-18, H-15/C 13, C-14: H 18/C-12, C-13, C-14, C-17: H-19/C-l, C-5. 

C-9. C IO: H-21/C-17, C22: H 26/C 23, C-24, C-27: H-27/C 24, C-26: HRDEIMS ()I)' 

miz observed 414.3133 (C21H~203 requires 414.3134): LRMS mlz (relative intensity) 

414 (221, 398 (29), 382 (22), 362 (13), 267 (12), 219 (13), 173 (19), 152 (67), 

135 (231, 107 (271, 95 (42), 69 (70), 44 (100). 

96J-32-C. white amorphous solid: 1H NMR (COCh key protons only) 6 6.48 

(lH, d, J = 8.7 Hz, H-8I, 6.22 llH, d, J = 8.7 Hz, H-7), 3.95 (lH, m, H3), 2.09 

(IH, br dd, J = 13.8m 3.9 Hz, H-4), 0.86 (3H, s, H-19), 0. 78 (3H, s, H-18), 0.89 

(3H. d, J = 6.3 Hz, H-21), 0.82 (3H, t, J = 7.3 Hz, H-29), 0.80 (3H, d, J = 6.8 

Hz. H-26), O. 79 (3H, d, J 'C" 6.8 Hz, H-27): 13C NMR (CDCh. numbers in parenthesis 

are chemical shifts of the minor diastreomer) 6 135.34 (CH, C-6), 130. 72 (CH. 

C 71. 82. 13 (C. C-5), 79.44 (C, C-8), 66.47 (CH, C 3), 56.31 (56.33, CH, Cl7). 

51.59 (CH, C·l4I, 51.07 (CH, C-9), 45.81 (46.03, CH, C-24), 44. 75 (C, C 13) 

39.44 :CH,, C 12), 36.97 (C, C-10), 36.95 (CH2, C-4), 35.62 (35.74, CH, C-20I 

34.72 CH2. C II, 33.75 (33.72, CH2, C-22), 30.15 (CH2, C-2I, 29.17 (28.96, CH. 

C25), 28.29 (CH2, C-16), 26.10 (26.39, CH2, C-28), 23.44 (CH2, C-11), 23.08 
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123. 02. CH,, C-23). 20. 67 (CH2, C-15), 19. 85 (19. 62, CH,, C-26), 19. 06 (18. 99, 

CH,, C27), 18.67 118.72, CH,, C 19), 18.20 (CH,, C-21), 12.66 (CH3, C-18). 12.00 

(12.35, CH3, C-29): HRDCIMS (M .. H)' mlz observed 445.3610 (C29H4903 requires 

445.3681 I: LR>IS m/2 (relative intensity) 462 (M•NH,, 7), 445 (36), 429 (93). 427 

11001. 411 (841, 409 (43), 393 (881, 161 (11), 152 (11), l09 (13). 

96J-32-D. white amorphous solid; 1H NMR (CDCiJ) 6 6.50 (lH, d, J.:. 6.8 Hz, 

H-7I. 6.24 (JH, br d, J, 8,3 Hz, H-6), 5.19 (JH, dd, J = 15.1, 7.8 Hz, H-23), 

5.13 II H. dd, J = 15.1, 7.8 Hz, H-22), 3.97 (IH, m, H-3), 2.11 (IH, ddd, J, 

13.7, 4.9. 2.0 Hz, H 4), 2,01 (JH, m, H-20), 1,97 (IH, m, H 12), 1.95 (IH, m, 

H-1I, I.92 llH, m, H-16), 1.91 (lH, dd, J = 13.7, 11,7 Hz, H-4I, I.84 (ZH, m, 

H-2. 24:. 1.75 IIH, m, H-15), 1.69 (JH, ddd, J = 13.7, 3.4, 3.4 Hz, H-1), 1.56 

(2 H. m, H-2. -14;. 1.511.42 (3H, m, H-9, -11. -25), 1.40 (JH, m, H-15), 1.37 

(IH, m, H 16), 1.26-1.19 (3H, m, H-11, -12, -17), 0.98 (3H, d, J = 6,8 Hz, H-21), 

0.90 I3H, d, J = 6.8 Hz, H-28), 0.88 (3 H, s, H-19), 0.83 (3H, d, J = 6.8 Hz, 

H-26I, 0 81 13H, d, J = 6.8 Hz, H-27), 0.81 (3H, s, H-18); "c NMR ICDCI,) o 
135.40 lrH, C-61-23), 135.39 (CH, C-61-23), 132.39 (CH, C-22), 130.73 (CH, C7), 

82. 14 (C C 51, 79.41 (C, C-8), 66.45 (CH, C-3), 56.13 (CH, C-17), 51.68 (CH, 

C-17). 51.06 (CH, C-9), 44.54 (C, C-13), 43.05 (CH, C-24), 39.80 (CH, C-20), 

39.32 (CH2, Cl2), 36.95 (C, C-10), 36,91 (CH2, C-4), 34.67 (CH2, C-1), 33.18 

(CH2, C-25), 30.11 (CH2, C-2), 28.90 (CH2, C-16), 23,39 (CH2, C-11), 20.90 (CH,, 

C-21), 20.66 (CH2, C-15), 20,15 (CH,, C 26), 19.64 (CH,, C-27), 18.17 (CH,, C-19). 

18.02 (IH3, C28' 12.83 (CH3, C-18I; HRDCIMS (M•H)' m/z observed 429.3358 

{C28Hta03 requires 429. 3369): LRMS mlz (relative intensity) 446 (M•r--..:Ht, 18), 429 

1641, 413 (71 I, 395 (64), 377 (100), 125 (12), l09 (10). 

96J-32-E. white amorphous solid: 1H NMR (CDC! 3 ) 6 6.50 (lH, d, J::: 8.3 Hz, 

H-7), 6.~4 (lH, d, J = 8.3 Hz, H-6), 3.97 (JH, m, H-3), 2.10 (IH, ddd, J, 13.7, 

4.9, 2.0Hz, H4), 1.96 (JH, m, H-12), 1.93 (JH, m, H-1), 1.91 IJH, m, Hl6I, 

I.91 IIH, dd. J, 13.7, 11.7 Hz, H-4I, I.83 (JH, m, H-2), 1.69 (IH, ddd, J = 

13.7, 3.9, 3.4 Hz. H-1I, 1.61 (ZH, m, H-14, -15), 1.57-1.53 (ZH, m, HZ, -251, 

1.511.47 (2H, m, H9, -11), 1.42 (lH, m, H-15), 1.40-1.31 (6H, m, H-16, -20, 

22. 23, -24, -24), I, 22 (JH, m, H 11 ), 1. 18 (IH, m, H-12I, 1.15-1.10 (2H, m, 

H 17, -231, 0.98 (lH. m, H-22I. 0.90 (3H, d, J • 6.4 Hz, H-21I, 0.88 (3H, s, 

H-19I. 0.86 (3H, d. J = 6.8 Hz, H-26), 0.86 (3H, d, J = 6.4 Hz, H-27), 0.79 (3H, 

s H 181 "c NMR iCDCI,) 6 135. 37 (CH, C-6), 130. 75 (CH, C-7I, 82. 14 IC, C-5), 

79.45 (C, CBI. 66.46 (CH, C 3), 56.40 (CH, C-17I, 51.56 (CH, C-14), 51.04 (CH, 

C 9), 44. 72 (C, C-13), 39.41 (CH,, C 12, C-24), 36.93 (CH2, C-4), 36.91 (C, 
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ClO), 35.93 (CH2, C22), 35.21 (CH, C-20), 34.68 (CHz, C-1), 30.10 (CH2, C2I, 

28.23 ICH2, C-16), 27.97 (CH, C-25), 23.78 (CH2, C_23), 23.40 (CH2, C-11), 22.80 

(CHs, C26), 22_53 (CH,, C-27), 20.60 (CH2, C-15), 18.56 (CH,, C-21), 18.16 (CH3, 

C-19), 12.61 (CH3, C-18): HRDCIMS (M+Hr mlz observed 417.3354 (C21H4~03 requires 

417.3369): LR~S mlz (relative intensity) 434 IM•NH,, 17), 417 (54), 411 (16), 401 

(881. 399 (JOO), 391 (II), 383 (57), 365 (JOO). 

96J-32-F. white amorphous solid: 1H NMR (COCIJ, key protons) 6 5.35 (lH, t, 

J = 2. 7 Hz. H-6), 3.52 (IH, m, H 3), 2.29 (IH, br ddd, J = 12. 7, 4.9, 2.0 Hz, 

H 41, 2.23 (IH, m, H-4), 1.99 (IH, m, H-6), 1.96 (IH, m, H-1), 1.84 (2H, m, H-2, 

6), I. 12 (2H, m, H-23), 1.07 (IH, m, H-22), I.DI (3H, s, H-19), 0.99 (3H, d. J 

, 5_8 Hz, H-27), 0.88 (3H, d, J = 6.8 Hz, H-21), 0.69 (3H, s, H-18), 0.39 (IH, m, 

H25), 0.29 (IH, m, H-24), 0.10 (2H, m, H-26): "c NMR (CDCl 3, minor in 

parenthesis) 6 140. 74 (C, C 51, 121. 71 (CH, C-6). 71,80 (CH, C-3), 56. 75 (CH. 

C-14), 56.07 (CH, C-17), 50.11 (CH, C-9), 42.30 (C, C-I3), 42.29 (CH2, C4), 

39.75 (CHz, C-12I, 37,24 (CH2, C-1), 36.49 (C, C-10), 36.44 (CH2, C22), 35.37 

(CH. C-20), 31.90 (CH, C-8), 31.89 (CH2, C-7), 31.65 (CH2, C-2), 30.65 (CHz, 

C-23). 28_20 (CH2, C 16). 24.28 (CH2, C-15), 21.07 (CH, C-24), 19.39 (CH3, C 19). 

19.08 <CH,, C-21I, 18.69 (CHa, C-27), 12.90 (CH, C-25). 12.68 (CH2, C26), 11.84 

(CH3, C-18): HRDEIMS (M)'m/z observed 384.3386 (C21H440 requires 384.3392): LRMS 

mlz (relative intensity) 384 (44), 369 (19), 351 (18), 314 (20), 299 (23). 271 

1100), 213 (14), 161 (8), 145 18). 
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F1le:7179515B Ident:27 Mer Def 0.25 Acq:17-JUL-1995 13:~·t:3~ +l:~j ~a~:1~,~~u~B_ 
70S EI+ Magnet BpM:55 BpI:2738911 TIC:71551312 Flags:HALL 
File Text:Shin (KORDI) 94K-31-1 DEI 
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Fig. 3-70. Carbon \MR spectrum of compound 96J-32-A. 
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f'ig. 3-71. Proton NMR spectrum of compound 96J-32-A. 
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Fig. 3-72. Proton COSY spectrum of compound 96J-32-A. 
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Fig. 3-73. HMQC spectrum of compound 96J-32-A. 
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Fig. 3-74. HMBC spectrum of compound 96J-32-A. 
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FJ.le:7179517B Ident:26 Mer Def 0.25 Acq:17-JUL-1995 14:38:59 +1:19 Cal:71'/9:iOlB_ 
70S EI+ Magnet BpM:44 BpI:388780 TIC:13125116 Flags:HALL 
File Text:Shin (KORDI) 94K-31-2 DEI 
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Fig. 3-76. Proton NMR spectrum of compound 96J-32-B. 
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Fig. 3-77. Carbon NMR spectrum of compound 96J-32-B. 
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ile:2029604B Ictent:16 Mer Def 0.25 Acq: 2-FEB-1996 09:·09:49 -i-1:05 Ca 
70S CI+ Magnet BpM:427 BpI:1459915 TIC:34092444 Flags:HALL 
File Text:Shin (KORDI) Unk. # 94K-31-F DCI (NH3) 
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Fig. 3-79. Carbon NMR spectrum of compound 96J-32-C. 
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Fig. 3-80. Proton N~R spectrum of compound 96J-32-C. 
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F11e:201961_4B ___ Ident:8 Mer Def 0.25 Acq: 1-FEB-1996 15:21:40 +0:34 Cal:2019601B_ 
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Fig. 3-82. Carbon l'i\1R spectrum of compound 96J-32-D. 
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fig. 3-84. Carbon NMR spectrum of compound 96J-32-E. 

- 176-



Fig. 3-B5. Proton t\l.\R spectrum of compound 96J-32-E. 
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Fig. 3-86. Carbon NMR spectrum of compound 96J-32-F. 
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Fig, 3 87. Proton \MR spectrum of compound 96J-32-F. 
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;;oJ] 4 ~ tfl"1'! Spongosorites genitrix~ cfl,'-]-~~ 

5~ ~ A] li 95J-35::: 1995 \::! 11 ~ til¾ Afl ~ £ Ai ;i.] .¥. ~CU~ ~~ 'T ~ ~ -?1J 
20 30 m AJ~o{]Ai SCUBA diving.Q...£. ::tff~5:f9J.t:.}. f~~ t:Jo]§:. 0 J~o-j{! 0 ] Off~~ 

~1t!~ ~~ {l-/4, Yi~~ ~t! ~,!,If~ ~2 9J.9J,.Q..o:j ~;g~~ ;g~ ~lJ~o] %7] 

01I oc~'!/ {!-9- -4' -a' olcff01I '-11-'l-.e.J A..!J'f)oj '!t"i~~-'1-"1 cff'<!"I 'l1 t 7J"J cff"I cc 
7t:! ~ ~.Q..!r.. ~t}:r:t::: ~oJc}. o] A].li::: ~1:.ij~.Q...£. ~oJ~ ~'i! c}t..]i!} ~{=-½% 

.e.J brine shrimp ls-'\l(LC50 21 ppm) 0 I "9-4'ofoj '1!-'1-cffAJ~~ -:'.l'll"f~t:f. 01 Alli-"-! 
"-g%~~ %1~ ~1..ff~ ~~7}o{J7ll ~9-]t! ~2f, Topsentia genitrix§:. 1,l~~..Q...£ 

~2lcc %~~ -i,'--l,-xj9;l_t:f . .:l,jt..f •1 "''i)t 1920\1<J01I -?~ '5--§-xj9;l_,i ~~~Ai 
~AH Oil::: Topsentia4;-2} Spongosorites4,-61] t:fft! Aff~ff-7} ~~5;.]2 9}.Q..l-} ~"ff'~At 

~ '(f01I 1!cffcf-4'-"-1 'R-7,l-~ 'lie: 7l¾ol '\i'll'i'! ~t 0ft.Jt:f_ .:l,jt..f -le '1!-'l-011Ai -:'.1 

•--'!'\'! Al .ii. 95J 3501I cffOffAi c: 'l!'l.!"f'l.! 'J•ff~"f ~'l):,.f o]>il~'l'!.e.J 5'. 0J ',[ ""sjcff 
~£.£. ..!i!_o} Spongosorites genitrix (family Halichondriidae).£. 1I~i}::: ~o] E} 

c.Jt;~ct::: ~~7}9.j ~~ 0 1 l-Jloj~r:H,.,_J1l7.}, personal commun.: Shin, et al, 

1 9981. 'f. 't! -le '1! -'I- 'll 011 Ai oj) ~ 01I •ff 'll 'l.! Al li.e.! 'a •ff aj 'l.! "< 'l) :,.f ""4'-½~ .e.J TLC 
-a''-1 "fli;:; ¾il't! 7,l:,.f 1992\1 7~011 %'l!'l.! ~101011Ai •ff'li"l~'s'.! AI.Ji.(AI.Ji.'1!~ 
92J-2)£! %'ll'l.! ~oj ',t-oj~t:f. u:f2fAi -l" '1!-'/-01]Aic: f 7}"1 Alli¾ 'lf"foj !Jo/ 
~ ~~2]- t!Zf% ~,=jl-~ tf}~ct, 

~~:?:-I.} ~.2.f- Topsentia-4.r-2} Spongosorites-4.r-E.1 t:H.lf.~~ ti~~~ bis(indole) 

71]~2-j alkaloids.£ ~~~c}. 1987\:ic'.>Jl Topsentia genitrix.£.lj!-E-j bis( indolyl) 

imidazole~ topsentin2} 7 %.T..~]~o] t:iJ-{!{! o] .:f oJ 7,j]~o{i ~O'}~ ~<t1¥~o] 

?iH~%~.£.lj!-E-j A]~~_Q_.£ .!i!.2xl°i 9J...Q..a:l ~Afl7J}AJ bis(indole)7]~ 7}~ t.fl~% 

cH t!.~%2-j 4-~ 50~ AJ!l'ff}.2 9J.ct (Faulkner, 1997: Bartik, et al, 1987: 

Tsuji i et al, 1988: Braekman, et al, 1987: 1989: Morris & Andersen, 1989: 

1990: Sakemi & Sun, 1991: Murray, et al, 1995). f-~ ~~Aj,!f 7]~..£ tryptophan 

c'.>Jl 7,(2 9l~ o] ~~ ,qj.¥,~Aa, ~J~. t>Jl:l}o]cjA, ±~. adrenergic receptoroll cH 
tt ";j_t:~~ ~~ -8' ct 0Jtt ,ta]~,..a~ L}l:.}t.H°i ~E.!~e:t ~_Q_§. ~ 'Y~-£ ig2 91 

~~ ~~.e.J ~'<la•~~ ~~~'l.! -'1-*.e.J ~t..f~ w~ 'l.!"1"12 Vtj 
\McConnell. et al, 1990: 1994: Phife, et al, 1996: Faulkner. 1997). c-j~o] 

topsentins ~ o] ~2} ,'-.:?:~..Q..§. %A}lt nortopsentins~ ~~~ ,'-~7} 1:1'].2~ ~ 

~-&}o:j %7]1t!%oJl E.!t! cH~A~-'Jo] .g-oj-3'}E.£ %711{;"8~ ~~AjoJq ~~%2-j ,'

~~~c'.>Jl E.ilt -lh:Lff.2}7} ~J-iq aja]tt t!.~%.£.-¥-E-i- -8-rt' A~2.J~,..a~~E.J ~½ 
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% !!.l~~ 7ij~OfJA-f£ %..Q..-e-f;;J 4}~£(..:J. 9.lct(Mancini, et al, 1996; Kawasaki, et 

al, 1994: 1996). 

L~%-.s!.'t! ¾'l! Alli 95J 35(92J 29.f ~~)¾ 7<f'lf1'1<>!1),, '1!3c1'fo] ?~~ >il71tt 

.if, MeOH.2.f CH2Cl2.se. '/}Jil-1'fo] -/i-7l~'l/-£ 4'-*"f~cf. oJ;,;/711 '/:!<>J ~ 3ci'-½~¾ ~:,f 
BuOH!a. -l,!,ctj1'fo] 'Jl:,f 71Ef.sj ~A.j 'ls)facfcj.,,f~'l/% >1171tt -'f BuOH%-£ ~"IJ<>ll a:faf 

hexanezj. aq. MeOH§. t:}A] i't-l:lff"B"}9ic}. Brine-shrimp i},t<>l] t:fl-0-}o:j 7Jl!: ~"8 (LC~o 

14. 7 ppm)~ L.}E}\! aq. MeOH ¾Ofl cf,glo:J C1a reversed-phase vacuum flash 

chromatography~ l!: ~ Zfzt~ ~:tJOil t:ff{t 1H NMR spectrum ~¾!!.l 7.12} --8-!!.ll!: ~ 
:ti oJl r.ij ~to:\ c},-q silica ~ reversed- phase HPLC'fi" lf!-~~ro:i 4 -¾!!.l ~ ~ ~~ iE:"i!l 
1'f~cflfig. 3 88). -li'c~"lli •1"1:,f {'~s12<>1I .sj1'fo] 01 ~.sj ',1-3',!, 'li1ltt sf 

0 ]§-:: 2 %!!.J ~2:j~ ~~2.j- 2 -¾9.l 1J.~~o]9;l'c}. o] ~:: £.f ~~~ J.iJN.qj 

K562<>ll cl-.foJ 7J{t "f"il¾ '--1Ef1-j9;lcf. 

2. Bis(indole)imidazoles!!.j i!!-Cl, ,1-~~1 ~ A~i?]~AJ 

~ .:!_ 39-~2-J -¥-~~ 2~..£ ~e){! ~~ 95J-35-A9.l ~A)-~:: HREJMS ~~oj) !!.j 

•foJ C20H,tf;,o.;a, ~ 1)£j9;lcl(fig, 3-89) . .:J.i!]'--f Me0H-d4 %"'1<>11.,,, ctj~{t 01 ~'l/9-1 

'H.2.f "c \~R spectra:C 5'.'¥-71 cl'i,!1'1 "l-{11'fo] 'H NMR data <>ll.,,, :C 28 71.s] ?±c~"I 
<>ll ojcJ-.f:C signalslf aromatic region2f >10 ppm<>ll "l-'lI1'1711 ¾11"1<>1 9l9J.cl(Fig, 

3-90). ~(!- 13C NMR spectrumo,JlAi.£ 39 7ff.'?.] signalso] downfield regionl>JJ L}EtL} 

~~t:}(Fig, 3-91). 0 ]2-{l! ~-'cl-.'.: pyridine-d5, DMS0-ck, acetone-Qi, THF-d6 % o:]2-{ 

~MR %offojl.,,i£ %'1!0-1711 't!~£19;lcf . .:J.e,]E.!a. ~'!! 95J-35-A:C -'f- ¾-!l-.sJ -i}Af{t 

%~E..! E~~]oJ.7-jL} A~§. MMt;:: 4;-.£..£ ~:tf-~t::: tautomers..£ ~2{5:]~t:}. ~A}~ 7t 

.ig.Aa& Vf~i5"f7] '9]-&}0:j DMS0-d6°'1l 0-f }%.2.f TFA(trifluoroacetic acid)¾~~~ %C!!l 
t'foJl),i \'1R data~ "'r'lltt {l:,f ~71~ ~AJol 5'.f .,,fef'll,.Q.Dj ',1-&.sj •1"1£ %01 

'6'fJII 5'j9;lt:f. a:fef.,,, 95J-35-A:C .,,i.s'. cff'sf1'1 "f:'. <l;-£5'. ;;!.~-o-f:C tautomeric 

compound .s'. ii~ "I~ 'l! cf. 

~~ 95J-35-A.'?.] NMR datao,J]Ai::: upfield regionoJl 4-±L} tJ±.'?.l signals7t ~ 

,1 t-fEfLfc<I ?J'9.lr:l(Fig. 3-92 and 3-93). 01;,j{t .,,I{!~ 0 / ~'1'!%01 benzene. 

pyridine, indole, imidazole, acridine, creatine, oxazole, oxazoline % lclJ~J,,.J 
2i!]\..l oj.<2.j- -R--A}~! heterocycles..£ 'Y"-£ -?-"85:Joi ~%,& E..1nJ~}9ic}. o]~ ;i;]A]i>} 

C ~Ji.~ ¾.7-l::: 1H NMR spectrumo-J]Ai D202}9-] ~~o] 7}~~ f' 7ff9-] 4-± signals 

7f downfield region<>ll.,,, 'lf{!{! ).fAJolcf: 812.50(IH, d, J = 2.3 Hz), ll.64(1H, 

d. J = 2_8 Hz). ci~ol ol %'lJol 'rls:J-<>ll cij{t !11!£([al 0 )7f ~,j ~.Q.Dj U\ 

spectrumo-JP·i£ 7J~t g:.g- band7} 372 nmo,J]Ai ~~~ .i.HJ.£ oJ¾ ;i;];i;J-&}9!c}. 0]2.f-
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~7,.IJ] carbon \IMR dataOflAi /J172.80il L}E}1d quaternary signal.::_ IR spectrumo-J]Ai 

1700 cm 1o-JJ L}E-h:! ~~ band.2} '1J~l t>}q~ conjugated carbonyl7]£. ,a~~.5:191t:}. 

o]c-j~ 1}-1.i!.~ t1}EJ~ 'O'}o:j 95J-35-A~ ~~::: 1H COSY, NOESY, HMQC. HMBC ~ 2 

~\~ ,,1R AJ~E-sc 7,l'jj"]<Jic\(Fig. 3-94~3-96). 'll"'1 o\ ~'il<>il 4ta\::: .5'.:': "± 

.eJ "±oj\ ':ft/'\'! ?±::: HMQC -\l~E-sc !/±"'I..-\ ><\'ll"l<Jic\. 'H COSY AJ~ojJAi si'aE
£.(sequentially) ~~,¥! 4 7ff~ proton signals( /JB.OO~7.22~7.18~7.5O)£ o]..i:p 

oi:z! ~'tq~ ~~{! spin systemo] ~Z:!x.19:f.tHFig. L o]~ ¾o-JlA1 ~~~ £1;: 4,~ 

A)-o].2-f coupling constants(J~8 Hz)7} "'o'-t:J'O'] 3..c}C A}~ .. £:·¥-E-f ortho-

disubstituted aromatic ring2-! ,e-:.i:ff7} ..Sa!~t}. :Et!' dll.64o-JJ L}E)-0 

D2O-exchangeable downfield signal.::_ dB. O8o-Jl 1..fE}\:l -?-± signal.2} ~ ~ ~~.5:Joi 

9J9ic\(J O 2.8 Hz) .. :::1_;ji:JJ ~><f.ej signal."_ NOESY -\l~"ilAi 87.50.eJ methine 

protonz} 7Jt!" correlation~ L}E)-l.jj9ic}. o]..£.Ai 'O'}L-}2-! 3-substituted indole 

moiety~ ~;.(H.7t ~1Ix.]9J.c}. %~t!" t:1J~..Q..£ dl2.5Oo-Jl -'fl*ltt signalE.-1 4-±~ 

l·\H~ -ts)-::= ct~ -o-}1...)-2-! 3-substituted indoles.l ,e::tff7} 1jf~~t}. o]~ f- 7ff~ 

indole -i'~::: H\IBC -\li!o{\Ai <>lei 7ff.eJ 2-, 3-bond correlations7f 'IJ:<'!'!lE-scAj .eJ 

1J~ tJt ~o] -%t:g5:}9it}. 

AJ7\~ 'f- 7j.ej indo\e¾ >\19.\~ 1-\-"1><\ -'H1,.eJ Cr-~ '>jA\ NMR AJ~"il .ej..-\<>J 7,j 

1f~9;lcL Downfieldo-Jl L}E}\:l 13')-1...)-2-J -?-± signal( 88.06, lH, s).::_ c)-~ 4-± 

signals'Lj- ~~ coupling~ oJfA] ?J-91:c}. HMQC AJ\PJ:il-o-Jl ~-a-}~ o] 4-±::: -a-)-q 

.eJ 'lc!~l'i'll olefinic carbon( 8117.I. CH)o{\ ~t/"1<>1 9J9icf. :lei'-! o\ ift ;:!21 
coupling constant(1Jrn = 176 Hz):: Dff-¥- -ijAi oj methine 0 J ~~ f- ¾~ 
heteroatomo] .£Y{! ringo{] 4;-Y~ OJ- 4- 9l9;:!,c}. o]~ A];;i;]-a-)-~ ¾.at!" ~;4::: 

HMBC AJijoj\Ai 88.06.ej ?c¼. signal:,} 8141,8:,} 131.9"1I 1..\Ef\:! quaternary 

carbons {!-2-) AJ't!i:!-7-117} ~~oj L}E}\:! ~oJtt(Fig.3-96). oJ ~~~ ~A)-~o] 

C20H14,'-J 4O ~-£ 22'!\I' «II f 7ff2-l indolezf- -a-)-q~ carbonyl( a 172. 8, C)o-JI tsffc:Jif}::: 

k!Al~ ¾~.2-f- -?~ ~J~-a-}~ ~7]t!- methine~ .£-qJ'O'}::: heterocycle.::_ imidazole 

ring<?J.o] ,:'t~ir)-9;!.tL tr)-2.}Al ~7Jtt tl}.2} i!"oJ ~it!~~ NMR %Dff0j].1.l .2..::: 4-±..2.J

t!-~~ signals7} o]"%..Q...£ L}E}\:! -5!.::, imidazole ringo-J]Ai NH -'?-±.2} oJ-¾~U0 ] 

oJ%"1<>1 ~;,j\:! hydrogen°J 1-N:,} 3-Noj\.eJ 7,jt)oj\ ttf;:' ring '-lJ-'/-o{IAi.eJ 0 1¾7,;!~ 

~ o\%·· taut.oroerism( 1H NMR spectrum °')Ai~ integration 'd] 55:45) ufl~~.£. O~~ 

"1 9i cf 

lmidazole.2f- indole ring~ ~tf'.::_ HMBC AJY6f]Ai OJA}~S'-l correlationsoJ ~~ 

1..\Eft.f><J ?.\9.l:71 u:j\-lf:oj\ -'/--!at 0 l~!lll NOESY AJ~oj\ .eJ~\oj 7,;!'ll"l<Jic\. 8 8.060!I '-I 
r:)-\:}- imidazole proton.::_ indoleg.J H-2'( IJB.08, lH, d, J = 2.8 Hz) ~ H-4'( a 
8.00, lH, d, J ::- 7.8 Hz) protons..2.}- %-If~..Q..£ q_!~Y-£- .!i!..o:j-f,9ic}. tt}2.l,Al 

indole2-! C-3'::: imidazole~ C-5.2} Ai~ ~itl-5:Jo-f 9193.r:.}. ..:le-f.E:.£ c}:=: indole~ 

~/82-
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C-3", carbonyl carbon, imidazoleE./ C-1 % ,i,~1 Jff!i/ quaternary carbons~ Ar£ ~ 

>f'JE.s. \'!:,:/"l»J 9ltfc: -',!o] 1,;e]"!E.s. %'lilt :,j~o]9J.tf. 0]£1 i}o] %'!! 
95J-35 ..\£.j ._,l..:Z.i; carbonyl?]~ 7}~ bis(indoloyl) imidazole.£. ~15:J'.'.dr:}(Fig. 

3 88)_ 

;'.~ 3'c"f 'l!"-1 ¾!-'!! 95J-35-Ac: 1987\'! "i¾•ff<>II "i"l-ofc: •HI'! Topsentia 

genitrix~1f-E-j ¾c],B topsentin A ~o] m~~t:t(Bartik, et al, 1987) . .1r..'V: %~ 

~ ~i1°] 7 ~-f Bahama -2'~5i/ 1Jiifloj]Ai ~n~~ iifflB Spongosorites spp. £.lj!--E-j 

~c]~oj deoxytopsentin_Q_.£ tgt:gs.)9;lt:}(Tsujii, et al, 1988). Y~l ~c]~ c}~ 

-? '%2-1 -ft .s:.~l ~ .1J~ ~ tsJ¾oJ, '8Jt:1}0] ci c., ~ ± ~.E;r.f-~ L,tB:}1.-Rc>l ~~ ~~ ~ 
~~•f9.!tfllicConnell, et al, 1990: 1994), o] %-!!~ ;.J•Js. -of"] o]-'f 'l!Z:!'i:! 10 

o:!¾5i/ topsentin °,-t nortopsentin 7-11~.'?.I ~~~~ l=IJ,?:!_.A}o{J ct}C} c}g7-1J tg1{1.5:lof 

-2..'iB 7]z.!" ~-·~.hi 1,!oj ~.Q..q ~,:::-011:: tff-¥-~ 12J.5:Joj 95J-35-A2.] 1~:: 
deoxytopsentin.Q...£ ~~£-19;.lt}(Murray, et al, 1995), 

if-"-~~ %~ ~! 95J-35-B7} 3&---Y/5£/ 2.~J.£. ~2/.£1 ~r:l oj ~~9./ ~;;i;}~ ~ 

HRE1\IS9..j-
13

C NMR ~"->lo-fl 9-fis"}o:j C2oH13BrN402 .£ tiff-'4£19ir:t(Fig. 3-97). 0 1 W1l9.f ~ 

.:.g-AL~':: 95J-35-A9.} AJt:.Jt>] {¾-,,qa-}9J.~1. . .} UV spectrumo-f]Ai 286( log e 3. 91) nmo-f] 

A6.s'.¾ 7Jlt :';'o' band7f 't\1(5'j~tf_ .:J.cjl-f IR spectrum<>il"i::C ~ 'l'!i'.f7f 'tl~'a"I 
U9J:r:t. f g~9.J ~MR A}R~ A1]11Ja-] t1J2{t ~2} ~~ 95J-35-A9.J 

1-carbonylimidazole ringo] 95J-35-Bol].£. tj~] ~Afft!r:}':: ~o] t::ci;-J:r:}(Fig. 

3-98 and 3-99) . .:J.2:il.-} indoles o-fl Offt:.Jif}':: t!-±:.9+ 4=-±:.~ chemical shifts.9.} 

splitting mode<>ilc: 'o'"J~ \'!i'.f7f 'j!Z:1_5'j9icf_ 'tl"i 1H COSY ~~<>il"i ;.j§. ,?;>.fajE. 

.£ ~~i:l!:::: 47ff~ aromatic protons(indole9.j 8 ring) cff{!o-fl 95J-35-Bo-flAi!:::: 1c!"AJ 

3 7fl9-f protons<>!) •R"J-ofc: signals '/)o] "JZ:!"19itf, 57.92(1H, d, J = 8.7 Hz), 

7.7111H. d, J = L4 Hz), 7.30(1H, dd, J = 8,7, 1.4 Hz)(Fig_ )_ of-!,f9-f coupling 

constants-2.l- ~~ "Ji=,ff§. ojfo-j .:s!_o} ~~ 95J-35-A.Q.j 3-substituted indole 0 ] 

95J-35-BoJ]Ai':: 3,5- ~,':_ 3,6-disubsituted indole.£ ~:£}t>}9lg~ ~? 9)_9ir:}. 

tr}-d7fA/ £ c}~ indole ring :E1t!" %--l.}~ pattern~ disubsti tuted indole.£ 'i!!~t} 

9:l,tf. 0 8.0l(lH, d, J O 8.2 Hz), 6.93(1H, d, J = LB Hz), 6.81(1H, dd, J = 8.2, 

LB Hzl. o]cJtt -'jl-3'caj 'l'!i'.fc: HMQC ~~<>II 9-[~ I-bond H-C correlation 0<f_ll_~ 7] 

1:.£ t>}o:j o]fo-j~ HMBC 1J~o-f}Al 0 ] ~ protons.2.} ~1:ltt methine ~ quaternary 

carbons Z!oJ] l.-}Ef\:! o:jc:i 7fl~ 2-, 3-bond H-C correlations.£. -¾tg~9ir:}. 

~ ~ 95J -35- BE.! i ndol e r i ngoJ] A~ 9-J ?:J ~ "J i=,ff ':: NOESY 1) to-fl E..J t>}o:j tr tg ~ 9i 

-c}. ~Al 811. 82o-Jl ffl*l"lt NH proton2j-9.j correlationo-fl ~if}o:j 8 7. 71.2.j methine 

protono] H-7'.£. A[1f~5dr:}. oJ signal9.f ~,':_ coupling constant(J cc 1.4 Hz).£ n] 

fo-j heteroatomo] C-6'o-f] ~~~o-j 91%-£ ~ 4=- 9J:9ir:}. n}1}7}A] £. 812. 50o-fl l.-} 

cf\:! NH proton2\9-f \OESY AJi'!'t!Jll<>II 9-f-ofoj H 7" proton9-[ ~l*l7f o6.93E.§. ~111 
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5:19:l.~u:1 ol 4-¾ signal~ ~~ coupling constant(J.:. 1.8 Hz).£-¥-~ c.};: ,7;1~71 

7f C-6'<>1I ~~!i]9;l,%oJ '#1'J:l!cf. 1,';<f-',]2-.5'.-'/-"1 ¾'}t! ~.:,f 95J-35-B~ indole 

rings2.I >J:t:[7Jc: il-fL-f~ bromine.:,f il-fL-f~ hydroxy17Jelc: A)A.joJ ceJ,Jcf. HMac2} 

HI\BC >Jt<>II ~il-foj cs·, C6'. C-7'~ chemical shiftsc: &123.5(CH), 115.3IC). 

115.l(CHl.5'. Z/Z/ ;,cJ'l))ij9:!t:l(Fig. ). '£t! %'lit! 11'1:l<>II ~1lfoj C-5", C-6". C 7" 

~ ~l*lc: Z/Z/ &113.3(CH), 155.4(C), 98.2(CH).5'. "'i'llQ9:!cf. Aromatic ring<>IJAJ 

~]:y±7]7t ~~~ (t±:.2.] chemical shiftsoJ] nJ*l:: ~ 8J2.] 1.£~ ..:;ic:J~ ttil, %7d 
95J.-35-B2.] indole ringso-Jl 9.J.<>iAi~ *l~ ~en:: 6'-bromo-6"-hydroxy7t ~~'O't~ 

t:t(Bre'tmaier &: \'oelter, 1987). t:.l~-o] C-6"o-Jl q]~t!- 4=,±:..'t!At2.J chemical shifts 

7f Z/Z!- &6.8l(IH, dd, Jc 8.2, 1.8 Hz, H-5")<-f 6.93(1H, d, J O 1.8 Hz, H-7")';'_ 

q·qq aromatic protons£-Ai:::: cfftj~] upfield shift-¥! ~ ::_ aromatic ringofJAi 

hydroxyl groupOi] 2-Jt!" ortho-effectof] ~t!- ~ 0 JE...£. 6u-hydroxyindole2.] ~~fl~ ci 

.£;- "'i"'l•f'licf. 0 J<-f ~o! ~~~ 95J-35-B~ ,'-¾c: 6' -bromine.:,f 6"-hydroxyl 7I 

~ J)-~\ bis(indoloyl)imidazole7-\J alkaloid.£ ~15::]9it:.HFig. 3-88). ~~~A} 1 
2.} o] ~~ ::_ tsX~ T. genitrix..£.-¥-Bf ..!i!....:J..-¥! topsentin B2 ~o] ~t>:f~t.t(Bartik, 

et al, 1987). :!E.t!- %-ilt!- ~~o] i[::_ AJ7lofl bromotopsentin~t:::: 0 Ji;.Q...£ ,._diiHoJl 

A~ .iff ~ '$J: %ff~ Spongosori tes spp. ~ -3J1:1tol ~ 6- ~ ~J 0J"g ~ ~~ .!i!..2 ~ 1:1} 91 c.} 
(Tsuji i, et al, 1988). oj .:f bromotopsentin::_ oijt;i! Hexadella sp. si.J. 

Spongosorites ruetzleri.2..-¥-Bf.£ ?¾'B 'd}7t ~L-t(Morris & A.ndersen, 1989: 

Sakemi & Sun, 1991 ). topsentins.2.j-

nortop5entins7} ~~12-J a 1 adrenergic receptor<>fl cfft!- l igand2-) ~ 1U"~ 11.t}A] {! 

cfc: Af1)oJ ",h'!Q9J,cl(Phife, et al, 1996). 

ig-~~ ..:;:z_~J.2.. -ftc]'{:! bromodeoxytopsentin(95J-35-C)~ -fE"At~ ::_ HREIMS.Sl.J. 13c 
SMR "'f.a<>IJ ~il-foj C20H13BrN,0.5'. ~'lf.s'j9;l,cl(Fig. 3-IOO). 0 J -l!,1)~ -li'c-%'"'1.a "'•I 

IR 2j- U\ spectrum::_ deoxytopsent in op .. + bromotopsent i nz]-- tiff-9- i}A}-g-}o:j %~ t.! ~ 
%7]S'.J. chromophore~ ~2. ~g..g- l .. fE.tL-ff~c.t. !E~ 1H NMR, 13C NMR, 1H COSY, H~IOC. 

HMBC %~ A}liS'-1 1:1]2.~ ~"ff)-o:j 1-carbonylimidazole2.} 'O'}t..}~ indole moiety~ ~ 

~H7} ~Vf'8j .sc:{1;;!-ct(Fig. 3-101 and 3-102). Deoxytopsentin(95J-35-A)~ 13C \MR 

:i.},E.9-} tI].2."3)-e:j .g..~ ~ *to]~::_ indoleofl 4i-'O'}'E" aromatic methine ¾.'?.l ii}L.t7t 

quaternary carbon( & ll5. 7, C)..Q..~ ~\!: ~o]c.}. o] 1tt~$1.l chemi.cal shift.!1.\- %~ 

95J-35-C~ ~;t.~~~ tI].2.~ ~2.} Aff!i-0] f"7}-¥!_ bromine ~A}7t 0] 1B'~ofl ~ii"~ 
:{o] ~~~}~L}. 

Deoxytopsentin o]q bromotopsentin2-j .7J1f-9-} n}-tl7tAJ~ 0 ] %7d~ T~:::: 2D 

NIIR >J 'IJ <>IJ ~ -ofoj ~ 'l) Q 9;l, cf. 1H COSY, HMQC ',) HMBC >J 'IJ ~ ~ 7-f C: bromine -1-! ,:f 7f 

indole~ C-51...f C-6<>1J ~~Qoj ~cfc: ~¾ t..f1'ft-ff9;l,cf: 87.88(1H, d, J, 8.2 

Hz), 7.71l!H, d, J = 1.4 Hz), 7.29(1H, dd, Jc 8,2, 1.4 Hz). NOESY AJ~<>i1Ai8 
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ll.81(1H. d. J O 2.8 Hz)Oil l.-fcf'<l NH signaiol 87. 710!1 ~l"I~ -?±21 7J~ 

correlation~ Ji!..~?9::l.~oi oj ?± signal9-l ~~ 1,3-coupling constant:::: 

bromineEj 1~~ol indoleEj C-6af:: -',!~ "IAl.,.19:!t:l(Fig_ 3-103). !E~ HMBC AJ~ 

Oi]Aj 87.880!1 1..fcf'<l -?±21 8103.60!1 ~l*I~ '<!± signal .i)Ej 3-bond 

correlation£ 0 ]~ A]Aj1Sl9;f,t:t(Fig, 3-104). oJ ~~9-l 1H NMR ~ COSY AJ_E.~ 

95J-35-A 'Ji -BEj c<fli21 >il'lJS-1 Sl.2~ ~1) NH ?±EJ chemical shift(811.81)7f 

'fc<f~ ~H-1 '1\ cijs)"I {l-AfS-f9:!.Q.E..2.(95J-35-A, 811. 64; 95J-35-B, 811. 82) 

bromineE.l *l:!fl"~ -9,J;i;J:::: ~;(1-~ eastern side indole9-l C-6'.£. ~-1J.5:l9::l.t:}. ttf-i!}Ai 

1!~1) 95J-35-C9-] .;z.~:::: bromodeoxytopsentin -old naming systemoJl tt}.§..;1 

6'-bromotopsentin A- .£. ~9.l.5:l9::l.t:} (Bartik, et al, 1987: Tsujii, et al, 1988). 

~7]lt tl}2} ~ 0 1 topsentins9-l ~~ ~10Jl ~o-JA'i 7}~ o-Jal¾ ~~ indoles, 

i111idazole, carbonyl group % .£.~ -¥,~.,Z.~ {!'9-l ~~oJ HMBC ~~.Q_.£. ¾~.5:JAJ 

~:::ct::: ~ 0 ]t:}. o]:::: o]~ .!j!-if:'.,Z..::t. ,qoJoj] ~?:jl} H-C couplings~ 3.717} ¢fol

(< 4 Hz) '!J'li"J'l] HMBC A.,!~Ej 'ljoj-£ ~ojl.-f71 u:ij~.Q..2. ",lZ)'{!t:f. 01~ •fl~"f71 

~1"1"1 "''l'i-'i'-<>IIA1:: NMR -l,'-"11\ 1=el"J •H"l<>ll El"l"1 >!]Al'{! 95J-35-CEJ .,z.~~ 
-'t'll~ 1JeJ-l,l-"I "IEEJ •f"I.Q..2. Al.£"19:!t:l(Fig. 3-100). 01 ~1JEJ ElMSO!IA1 m/z 

289(AJcfl'J.'i'. 401:zf 287(3S)Oi] l.-fcf'<l "J%ol peaks( 81 Br.i\ 79Br<>il Ej~J:: 

[\1-indole-H]oJl t;ffcJ~}5d,2 mlz 116(12)9..j peak;: [indoloyl group]oJJ aijcJir}~.Q..E.. 

£. ir}42-l monosubstituted indole7]E-I eAff7} OJ¾5:l9ict. EE~ 111/z 144(52)oJI t...}E} 

\! peak~ [3-carbonyl indole]ol] ~wc,fYE-5:.. bromine0J ~lt5:loi 9).AJ ~~ indole 

0J 95J-35-CE..i western sideoJl -11*1~~ t...}E}Lff9J.t:L 0J.£Ai 1!~1l bromodeoxy

topsentiriE-I T.:?:7} ~~-8'] ~t5:l9it:}(Fig. 3-88). 

{f-A}~ %1l~ isobromodeoxytopsentin(95J-35-D)7} ~~2-j f~~ 2~l§.. ~c] 

£)9ic+. ~aJ~~OfJ 2-!~lo:j ~A}~ 0 ] C20H138rN~0.£ ~1~ 0 J .g.1l~ ~~::~fli.;:: 
95J-35-C9.f cijs)i>j f;-Afi>f9:!t:l(Fig. 3 105~3 107). lR, UV, 1H NMR, 13C NMR, 1H 

COSY. HMQC, HMBC .lg-9..j ~~7,12J,;:: o] %1J.oj 6-bromoindole, indole, 

1-carbonylimidazole % 95J-35-CE-! .2..~ ,¥-~.,Z.&.¾ -s!-2 9.l.g~ 4E}1-ff9ir:t_ 22:l 
\..f 1H \MR "lli<>il cfl~ 'll'l!~ -l,'-"17.l:zf:: -%'le!~ coupling pattern<>ll.'i'. -!.--'i'-•12 

f %~9.J ?&: signalsE..J -1l*l0il 9.!.o-jA-j AJcJ-V: ;t.}oJJ} 9.l.%% .Scj1.-H9ir:\. 

Bromodeoxytopsentino-J]A-j bromineo] ~tl-,B indoleS>.l NH proton-S>.l signai 0 ] a 
11.8111H d, J O 2.8 Hz)<>il 1-fcf,l.Q.Lf 95J-35-D0i]AJ:: %'l!~ -?±71 812.4411H, 

d. J = 3. 4 Hz)o{l ~p:Jt>l-9.it:l-. !E~ oj '?~-2-1- NOESY correlation~ 1-rt:.l-L.Jl ~ signal 

~ 1]>121 coupl;ng mode( 87. 78, IH. d, J O 1.9 Hz).£ • j-','-oj !;!_of 95J-35·D0i]Aj 

t:, bromineo] ~A}S>.j western hemisphereo{] ~]fa:Jt!- indole.2-j C-6"011 ~~~% '1l" ? 

'319:l. c}. 

Bromodeoxytopsent i n:i} o}-t!:71-A] 5'.. i sobromodeoxytopsentin( 95J -35- D) .S>.J 
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-i'-i.e.J 7,e~.5'. 'il'o'-a':"10!] .e.jo-foj o]-'i'<>I 'l/t:I. EIMS spectrumo{]Ai mlz 209 o{j aij.q

C" peaK (AJt:ij3..7] 87)7} l . .f,'E}~r:}(Fig. 3-105). oJ fragment1;::: bromodeoxytopsentin 

ojJ).11;::: ~~ l..}r:}L}AJ U911r! ~2.5:.A~ Ji=.~~.'?.] substitution pattern.'?.] j:}o]~ q 
r:}LJl1;::: fJltt ,¾7-io]t:t_ HRMS if:°~ol] 2.)%ijA~ oJ fragment::: [M - bromoindole H] 

C>f! aflLJ-0-}1;::: ~..Q.£ '-f-t.},±..Q.uj 0]1;::: 95J-35-D.'?.] C-8 carbonyl7J~ 6"-bromoindole 

A} 0 l.'?.] C-C bond~ ~t:Jc>fl -a-ff'c:Jtil1;::: 7>!o]cl. o]. bond1;::: topsentins.<?.l high-energy 

EI mass.9-] fragmentationoj]A~ 7}~ tl71l ~li::!5:11;::: ~o}E...£ oJcJtt fragment5!.l ~Z1 
~ 6-bromoindole moiety7} 958-35-D2-] western sideo{] i]~J~~ l..}r:}1;:!!r:}(Bartik. 

et al, 1987: Tsujii, et al, 1988). oj l\to{]'io mlz 289(';;1-ti3-7J 46)£\ 287(47)0!1 

1-fEf\:! t! "-J-"i peaks!:: r~-indole-HJoj) •H"J-ol<>! mlz 116(16):z) ~"'I -of'-1-"I indole 

o] eastern sideoJ] ,e.;1:ij,Y~ 0J5'~}1;::: ~o]r:}. 0]9.J- ~o] bis(indoloyl)imidazole7l] 

{!~1l 95B-35-DE.j .,Z-.X.1;::: ·.;ft ... }2-J bromineoJ C-6"611 ~~,¥! isobromodeoxytopsentin 

-old naming systemOil ~~ti;1 6"-bromotopsentin A-..£ ~~s.]9:lt:t(Fig. 3-88). 

Topsentins.£/- nortopsentins % bisindole alkaloids~ off-¥- ct 0J~t2 7J~~ 

,,ga]lt'\J :lt:z)~ '-lcf\!t:1. ',!!2] 'i[ilj'l] 'JI 7f0<] ofl.s'.Ai!:: •J")El]2] 0 f, •J~-il:. •J¾ 

0J, ~J1::1}olc-{.A, ~~. 't!~l~ al adrenergic receptorsOil c:ff{t ligand~ ~tl'-a:j~ 

~ft} -§-o]i:HTsujii. et al, 1988: Sakemi & Sun, 1991: Murray, et al, 1995: 

Mancini, et al, 1996: Phife, et al, 1996). ~ ~..,Z.oJlA~:=: {1¥11 95J-35-C.2..} -D 

.e.j •J'l}~'3~ 'l_f>J].e.j >llJ'i!'jj <i]3'. K562o{] tij1'foj .1:\-'lJt) 7,e:z\ *'lJ'r_.e.j ~A,j-£ 7,/2 

~g ~ 1:1JZ!~t~t:t(LCso 0,9 µg/mL for 95J-35-C: 2.1 µg/mL for 95J-35-D). 

7l. Ajli~ ~ff~. ff-7l%1l~ f½ ~ flash chromatography 

tff't! Spongosorites genitrix (Alli~~ 95J-35) :=: 1995\1 11~ :All'?£ A~-'tl~ 

2t.ff ~{1 '?~~ "?{J 20-30 m A]~oj]A~ SCUBA cto]1:1J.Q...£ ;\ff{ls.]9:lt:}. 0 1 AJli~ 

N:~~ ~,tff ~1EJ'c:ff~.2 -¥-AJ AH:1At~~~~ ~M't!%~ -¥-~Oil 1l~At .2"r~ ~~]fit 

o{i ~Al *ojr:f. ~1/o{JAi cafojofoJ,'c_s!. -iJ-st;- <~%{! AJ.i,.!:: 'l'l_-i'-AJ!c. •J* ¾%'-I 

<>I ~,; aj 'l! -a' ,;j o] o] -'i'<>l 'll u:ij 111 ") -2 5 °c o{j Ai _ll_ t! '-191 cf . "] .g, "11'·1 {f 'lI :d i 'i! 
,·'-JR (1.3 kg):=: Waring blender.£ if:'~,¥!_-¥- Me0H(3 L x 3)2-t dichloromethane (3 L 

x 2l~- it!~ 4-¾~t~t:L oJ§- 4-~ 0~% ~'fit~ {t~ '&'ff"A]:?j ~~~ ¾71~1! 

(89. 2 g)ojJ <H•HA] !:: %2\ n-BuOH~ 0 1%•1<>! "l-"82\ %•H.£0!I ttf;': -a'•H~ •f9J.t:f. 
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BuOH ¾i {I-if z:!~t! ~( Z!~¾i!J 56. 9 g) of~& c},q n-hexane(8. 7 g).zf 15% 

aqueous MeOH(46. 8 g)~ o]%i=i}e:j 9"AJoJl rr}~ if:t1ff~ '6}9lct. Aqueous MeOH ¾:4 ~ 
-¥-(8. 7 g)~ {!'E...!]''6}o:f Cui reversed-phase vacuum flash chromatography¾ ~l9J.ct, % 

¾ f?.Aio-/) rr};: -§--e.) ~ ,': 50%, 40%, 30%, 20%, 10% aq. MeOH, 100% MeDH, acetone, 

EtO-\c o] ~c}. 

Flash chromatography.£. ~°'i ~ ~~ ¾ofJAi brine-shrimpo.J] t.ff~ ~.Ago] if".2 

(LC~o <. 20 ppm) 1H NMR ~~Ol]Ai o]J;}cff,·q.~~E.j ~~H7} l".f-~~ 20% aq. MeOH * 
( l. 64 g} .g- {;~ ~~ ~ ~ 50% EtOAc/hexaneoJ] %tsfl.A.] ?"j silica Sep-pak column.£.£ 

filter,U .?foj] %*~0-!l r:ff'&}cxf silica semi-preparative HPLC(YMC silica column, 1 

cm x 25 cm, elution speed 3.5 mL/min, n-hexane:EtOAc:THF .:. 5:3:2)~ 'O'}C:, 

95J-35-A, -8, -C, -D% 4¾E.l ~~~~ :tj~~}9,.ct, oj~~ .5:.f C1a 

reversed phase semi-preparative HPLC(YMC ODS-A column, elution speed 1.5 

ml/min, ueOWH20:THF c 6,5:2,5:J).>'.>i '1/"i)~ 1'f9;/cf. ~¾aj..Q.!r. -l,!-2) '1/"i)'E! ~'1'! 
€S>.l 0J.g %~ 95J 35-A~-D 1i£ ztzt 204.6, 155,6, 119.5, 120.4 mg 0 \9J.t:L 

~JB reversed-phase flash chromatographyoJ]Ai 10% aq, MeOH.£ %~~ %-(1.17 

g)Oj) r:ijt;~J.15:. %~lt silica~ C18 reversed-phase HPLC~ 7159 11.ctl.~% if:~l1A-JI 

~ '(;!2f 95J-35-A, -8, -C% 20• aq, Me0H -¼<>!)Ai -l,!-eJ'EJ ~2f %'ll~ ~'1!~0J Z) 

Zl 150_ 3. 186. 7, 79.1 mg 'll_oj ~cf. 
Deoxytopsentin (~ Topsentin A; 95J-35-A) - yellow amorphous solid: mp> 

280 'C. JR (KBr) omax 3400 (broad), 2920, 2850, 1700, 1600, 1515, 1455, 1425, 

1110 cm', UV ('le0H) Amax (log el 372 (4.17), 251 (4.24), 210 (4.57) nm: 1H 

~MR 10,Is0-d, • TFA)812.50 (!H, d, J O 2.3 Hz, H-1"), 11.64 (!H, d, Jc 2.8 Hz, 

H-1'I. 8.79 llH, d, J O 2.3 Hz, H-2"), 8.29 (JH, dd, J O 6.4, 2.3 Hz, H-4"), 

8.08 IIH, d, Jc 2.8 Hz, H-2'), 8.06 (lH, s, H-4), 8.00 (IH, d, J O 7.8 Hz, 

H4'I 758(1H, dd, Jc6.9, 2.3Hz, H-7"). 7.50(1H, brd, J 0 7.3Hz, H-7'), 

7. 32 I IH, m, H 6"), 7. 30 (JH, m, H-5" ). 7. 22 I lH, ddd, J O 7. 3, 6. 9, 0. 9 Hz, 

H6'), 7.18 (lH, ddd. J O 7.8, 6.9, 0,9 Hz, HS'): 13C NMR (DMS0-o',; • TFA) 8 

172.8 (C, C 8"), 141.8 (C, C-2), 138.4 (CH, C 2"), 136.8 (C, C 7a"), 136.5 (C, 

C-7a'I. 131.9 (C, C-5). 126.1 IC C-3a"), 125.3 (CH, C-2'), 124.3 (C, C 3a'), 

124.0 (CH, C6"), 122.9 (CH, C-5"), 122.3 (CH, C-6'), 121.4 (CH, C4"), 120.4 

(CH, C5'), 119,5 (CH, C-4'), 117.1 (CH, C-4), 113.7 (C, C-3"), 112.8 (CH, 

C-7"). 112.3 (CH, C-7'). 103.6 (C, C-3'): HMBC correlations H-4/C-2, C-5: 
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H 1·1c 3', C-3a', C-7a': H-2'/C-3', C-3a', C-7a': H-4'/C-3a', C-6': H-5'/C-7'. 

C 7a': H-6'/C-3a', C-4': H-7'/C-5', C-7a': H-2"/C-3", C-3a", C-7a": H-4"/C-6", 

C-7a": H-6"/ C-4~: H-7H/C-5": HREIMS [Ml. mlz observed 326.1176 (calculated for 

C20Hd-.;40, 326.1168): LRMS mlz (relative intensity) 326 (100), 210 (10), 209 

967>, 183 112). 163 (III, 144 (35), 116 (121. 

Bromotopsentin (.:. Topsentin 82: 95J-35-,B) yellow amorphous solid: mp) 

280 "C IR (KBrl "max 3400 (broad), 2920, 2850, 1700, 1585, 1525, 1450. 1425, 

1360, 1230. 1160. 1110 cm': UV (~e0H) Amax (log e I 375 (3,901, 286 (3.91), 

238 14 23), 210 (4.34) nm: 1H NMR (01I50-d,, TFA)aI2.50 (IH, d, Jc 3.2 Hz, 

H !"). 11.82 (IH, d, J O 2.8 Hz, H-1'), 8.44 (IH, d, Jc 3.2 Hz, H-2"), 8.11 

(IH, s H-4I, 8.09 (IH, d, J O 2.8 Hz, H-2'), 8.01 (IH, d, Jc 8.2 Hz, H-4"), 

7.92(1H, d. J 0 8.7Hz, H-4'), 7.71 (IH, d, J 0 1.4Hz, H-7'), 7.30(IH, dd, J 

c 8.7, 1.4 Hz, H 5'), 6.93 (IH, d, J O 1.8 Hz, H-7"), 6.81 (IH, dd, Jc 8.2, 

1.8 Hz. H 5"): 11C N~R (0~50-d, • TFA) aI71.8 (C, C-8"), 155.4 (C, C-6"), 141.6 

(C, C-2), 138. 5 (C, C-7a"), 137. 9 (C, C-2"), 137. 6 (C, C-7a' ), 130, 8 (C, C-5), 

126.7 •CH, C-2'I 123.5 (C, C-3a'), 123.5 (CH, C-5'), 122.2 (CH, C4"), 121.4 

(CH. C-4'I, 118.8 (C, C-3"), 116.5 (CH, C-4), 115.3 (C, C 6'), 115.1 (CH, 

C7'I, 114.1 (C, C-3"), 113.3 (CH, C-5"), 103.4 (C, C3'), 98.2 (CH, C-7"): 

HMBC correlations H-4/C-2, C-5: H-l'/C-3', C-3a', C-7a': H-2'/C-3', C-3a'. 

C-7·: ., 4'/C-5', C-7a': H-5'/C 3a', C-7': H 7'/C-3a', C-6': H-2"/C-3", C 3a", 

C-7a": H-4"/ C-6", C-7a": H-5"/ C-3a": H-7"/C-3a", C 5", C 6": HREIMS [M]' mlz 

observed 422. 0193 and 420. 0217 ( calculated for C20H13
81 BrN402 and C20H1/

9Brt-;~02 , 

422.0204 and 420.0222, respectively): LRMS m/z (relative intensity} 406 (97). 

404 (1001, 376 (18), 289 (40), 287 (35), 144 (52), 116 (12). 

Bro• odeoxytopsentin (95J-35-C) - yellow amorphous solid: mp 240-243 °C: 

IR IS:Br) >max 3300 (broad), 2920, 2850, 1705. 1590, 1520, 1455, 1420, 1360, 

1235, 1110 cm 1
: l'V (Me0H) Amax (log e I 367 (4.17), 250 (sh, 4.36), 235 

(4.40). 209 (4.61) nm: 1H NMR (DMS0-d, • TFl)al2.58 (IH, d, J O 2.3 Hz. H2"), 

11.81 IH, d. J, 2.8 Hz, H !'), 8.57 (IH, d, J, 2.3 Hz. H-2"), 8.23 (IH, dd. 

J 7.B, 1.2Hz. H4"), 8.06(IH, d. J•2.8Hz, H2'), 8.01 (IH, s, H-4I, 7.88 

IIH d J, 8.2 Hz, H-4'). 7.71 (IH, d, J, 1.4 Hz, H-7'), 7.58 (IH. dd, J 

7.8. 1.4 Hz, H-7"). 7.33 (IH, m, H-6"), 7.31 (IH, m, H-5"), 7.29 (IH, dd, Jc 

8.2. 1.4 Hz, H-5'): 13C NMR (DMS0-d, • TFA) ar72.4 (C, C-8"), 141.7 (C, C-2), 

139.1 ICH, C2"), 137.9 (C, C7a'), 137.5 (C, C-7a"), 131.2 (C, C5), 127.0 

(CH. C-2'), 126.3 (C, C-3a"), 124.8 (CH, C-6"), 123.9 (CH, C-5'), 123.8 (C, 

C 3a'i 123.7 (CH C-5"), 121.9 (CH, C-4"), 121.6 (CH, C-4'), 116.9 (CH, C-4I. 
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115. 7 (C C·6'), 115.5 (CH, C-7'), 114.2 (C, C-3"), 113.4 (CH, C-7"), 103.6 (C, 

C-3'): H~1BC correlations H-4/C-2, C•5: H-l'/C-3', C-3a': H-2'/C-3', C-3a', 

C·7': H 4' /C-3', C 3a', C-6', C-7a': H-5'/ C-3a', C-7': H-7'/C-3a', C-6: 

H-2"1C-3'. C-3a", C-7a": H-4"/C-3a", C-6", C-7a': H-5"/C-3a': H-6"/C-4": 

H-7"/C-3a", C-5", C-7a": HREIMS [M]' mlz observed 406.0250 and 404.0253 

(calculated for C20H1/1BrN40 and C20H1/
9BrN40, 406. 0255 and 404. 0273, 

respecti\ely) LR~1S mlz (relative intensity) 406 (96), 404 (100), 289 (40), 287 

135). 144 1521. 116 (12). 

I sobro• odeoxytopsent in ( 95J -35- D) - ye 11 ow amorphous sol id: mp 225-230 

"C: IR I,Brl omax 3300 (broad), 2925, 1705, 1590, 1520, 1455, 1423, 1360, 

1315. 1235, 1110 cm 1
: UV (~e0H) >.max (log e) 369 (4.02), 250 (sh, 4.21), 238 

14.231, 209 14.43) nm: 1H NMR (DMS0 d, • TFA)o12,44 (IH, d, Jc 3.4 Hz, H-1"), 

11.54 (IH, d. Jc 2.6 Hz, H-1'). 8.95 (IH, d, Jc 3.4 Hz, H-2"), 8.24 IIH, d, J 

c8.6Hz. H4"), 8.03(1H, d, Jc2.6Hz. H-2'), 7.98(\H, dd, Jc8.7, 1.2Hz. 

H 4'), 7.91 (IH, s, H-4), 7.78 (IH, d, J = 1.9 Hz, H-7"), 7.48 (IH, br d, Jc 

8.2 Hz, H-7'I, 7.42 IIH, dd, J = 8.6, 1.9 Hz, H-5"), 7.20 (lH, br dd, J = 8.2, 

7.8 Hz, H-6'I. 7.16 IIH, br dd, J = 7.8, 7.8 Hz, H-5'): 13C NMR (DMS0d6 • TFA) 

8174.I (C. C-8"). 142.9 (C, C-2), 138.6 (CH, C-2"), 137,6 (C, C-8"). 136.6 (C, 

C 7a'1. 133.1 IC, CS), 125.5 (C, C-3a"), 125.4 (CH, C-5"), 124.8 (CH, C-2'). 

124.6 (C. C 3a'), 123.3 (CH, C-4"), 122.3 (CH, C-6'), 120.3 (CH, Cs·). 119.7 

(CH. C-4'I, 118.7 (CH. C-4), 116.2 (C, C-6"), 115.5 (CH, C7"), 113.8 (C, 

C-3'). 112.3 (CH, C-7'), 105.0 (C, C-3'): HMBC correlations H-4/C-2, C 5: 

H l';C-2'. C-3', C 3a': H-2'/C-3', C3a', C-7a': H-4'JC-6', C-7a': H-5'JC-3a', 

C 7': H·6'JC-4', C 7a': H-7'J C-3a', C-5': H-l"JC-3", C-3a": H-2"JC-3", C-3a". 

C-7a": ,j 4" IC 5", C-6", C-7a", H-5" JC 3a", C-7": H-7" JC 3a", C-5", C 7a": 

HREI~1S [\1r mlz observed 406.0244 and 404.0266, respectively (calculated for 

C2oH13
8tBr\ 40 and C20H1/ 9BrN40, 406. 0255 and 404. 0273, res pee ti vely): lM-CaH6Br:\ I· 

mlz 209.0601 (calculated for C12H1N30, 209.0590): LRMS mlz (relative intensity) 

406 199 . 404 (100). 326 (37), 289 (46), 287 (47), 210 910), 209 187). 163 

(18). 116 (161. 
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92J-2-D(R1 = H, R2 = Br, isodeoxybromotopsentin) 

Fig. 3·88. Structures of the Topsentin alkaloids from the sponge 
Spongosori tes geni trix. 
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Fig. 3-89. HR\IS spectrum of deoxytopsentin (96J-35-A). 
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Fig_ 3-90. Proton NMR spectrum of deoxytopsentin (96J-35-A) in D~1S0-d6. 
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Fig. 3-91. Carbon NqR spectrum of deoxytopsent in ( 96J-35-A) in DMSO-d6 • 
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Fig. 3-92. Proton NMR spectrum of deoxytopsentin (96J-35-A). 
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Fig. 3-94. Proton COSY spectrum of deoxytopsentin (96J-35-A). 
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Fig. 3-97. HRMS spectrum of bromotopsentin (96J-35-B). 
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Fig. 3-98. Proton N\IR spectrum of bromotopsentin (96J-35-B). 
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Fig. 3-100. HRMS spectrum of bromodeoxytopsentin (96J-35"C). 
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Fig. 3-101. Proton ~~R spectrum of bromodeoxytopsentin (96J-35-C). 
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Fig. 3-102. Carbon NMR spectrum of bromodeoxytopsentin (96J-35-C). 
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Fig. 3-107. Carbon NMR spectrum of jsobromodeoxytopsentjn (96J-35-D). 
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-'11 5 ~ t>TI'i:! Stelletta sp.E.] r:TI,-'-}%'§1 

•fl\'! Stelletta sp.(Al.ii.'t!~ 96J-12):C "95\1 3~"11 Ai'l-lcl'c -'i'-~"11 ~1•1~ ~11 
2l •l'l-l'r. -f-'t!EJ ?1! IO 20 m"ilAi SCUBAcfol"J"il Ej-.f<>I •fl{l,ej~cl. 'lit ~"'121 
¥-~tg c~o] ~ oJ~2 9li:: oJ A]E2.) %~~ ~i!:'7}-0jJ 2-)~ if:'~{t ~2} ~Eij2.) <MitJ
~'l.! ~1°] S. grubii Schmidtsi.f, %Al-~}'.:d,t:}. .:Ia-ll-}- spicule2.) -¾'ff".2..1- ~£Oil 9lo-JA1 

S. gr.ubii2.) type specimens.2-.}$!.l *l-oJ1joJ ~AJ ~9,kc}. tt}C}Ai ~ A]lii:: -¾9-1 ~~o] 

<a;lo] Stelletta sp. (order Astrophorida, family Stellettidae)£.~ %~~9;i,r:}. 

,1cJ~-'8.'r.. ~1 ~21- Stelletta sp.9-j .X..-}½~.:: brine-shrimp larvaeoJ] t:H~l-of 
'd];;!..~ 7J~ ~-'8 LD50 110 ppm)~ 1..-}Elt-i9J...Q..o:j $J~"rr ~AJjoj]AiX.. Candida albicans 

of] tffS-fo:j 7:itsff ~-'s(paper disk method: inhibition zone 6 mm)~ l-tE}1-ff9;i,c}. oj A] 

.ll.:C •H':J'\'! 0Jt "!~l-1(260 g wet weight) .2-J~"ilAi %'l!~ 4;-21 •H\'!"11 <Kiif<>I 'c!-i'
~ 1.1}-7} J'i£.J ~~ ~ o}L.]a} ~4S-~~2.) :!f-~~ ~-'8(1H NMR, TLC analysis)oJ -¥-"rti} 
~2 %'l!~ ¾21 Al.ll.71 'c!-i'-~"il 0~%!;l_'t, ¾01~~-='._ii!_(Al.ii.'t!~ 94K-25: '94\1 II 

~ \el•K~El :>l~x.2-1 ~5'. •HQj"ilAi •H]l.2-1 %'l!-.1~~-='--"- -'i'- Al.ii.~ ~-.1<>111.1 
kg wet weight) V"'l -ll':"liil~cl. 

•ff\'!Al.ii.:C •H':J ";-Al ~'l,'"i]Ai -'=.cfolofo]65'. "~%A]{! -'f o] AJE!"i]Ai 'c!'i'-± 

5'. ¾'<!•f<>I 0~%21-25"C)"il -"'-'tl"1~cl. A].ll.~ •K"JAl{! -'f ~t Al.ii."il cH•f<>I 
methanol:!} dichloromethane.£ ? *H"l 7}tf}o:j -R,7]~~~ ~-½i.}9;!,r:}. ztztE..J -§-aij~ 

-¼"JAi{! -'f"il ~~ &'\'¼%"ii cff-.1<>1 '!l-2/ n-butanol21 -ll':-i-& 01%"1<>1 ±-s-21 71EI 
E..j ~~ ~1J7-itil9,i'ct, Butanolo{J %tiff{! ¾71~.': n-hexane:i.} 10% aqueous methano!S>.j 

~:tj~ oJ-§-tilo:J '9"-'SOil cc}~ {E-2)~ tf}9;!,.Q.o:j aqueous methanol %.':_ r:},i_J C18 

reversed -phased vacuum f 1 ash chromatography, Scphadex LH -20 co I umn 

chromatography, reversed-phase HPLC %-& oJ-8-tf}o:j 2*} .:ff,'-}-i-~-& ~Cl 15"}9;!,r:}. 0 ] 

2/'llEJ uff 'i!Jllufcf brine-shrimp"il cff~ -lif'll2l 1H NMR "'r'll~-"- 11cl~'ll %1/~ 4 
"f-e-f~cl. 

AJ7]E..j 1c1J"d.2.§.. 2-¾2-l alkaloids~ ~2J~}9i.Q.o:j ~~A}.liE..j iiff~OJJ E..jii}O:\ 

stellettadine A(96J-12-A)9.} stellettamide B(96J-12-B)2-] 'Y~¾ tg~tf] ~1Jii}9;!, 

cf(Fig_ 3-108). {i':~:a:fJi. &A]'.,2/ off"!-.17115'. stellettadine A:C of-? "12"11 'll-/c21 
Fusetani groupo{J E..jtf}o:j 0J~'off~o{j A~~tf}~ tiff1t! Stelletta sp.§..,¥-E:i ~2]B -¥-~ 
'ii% %1121 't!•H ',I ~11 %£>115'. •,!~,ej~t:1. ol AfAJt -,' 'c!'i'-~01 '96_ 2~ u],j
Santa Barbara61JA~ 7ff~{! Gordon Conferences-Marine Natural Products Sectiono-Jj),~ 

T-'¥- ~.B:~}7] ~~~ '96. l~o-Jl ~½;i;Jo-Jl f2"lt .J+'-J~ ~~ ~~t>}'.'.!J.t:} (Fusetani 
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Fig. 3-108. Structures of stet lettadine A and stel lettamide B. 
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& Tsukamoto, personal commun.: Tsukamoto, et al, 1996). 

stel lettadine A9.f, ~?Jll ~al~ alkaloid stellettamide s::: {!~~~-£ ~1J.;;-t9ir:}. 

7f"tg"O"t~cL ~aJ~AJ ~1 ~1} stellettadine A,2.f- stellettamide B::: tJ~'tr .:tt.1}9.} 

RNA ~'!ff:g:_1}7t '1l_g~ ~1!<~l9it:}. ~ ~.;7- ~1}::: ~'2- ~~l~½AJ1! Journal of 

Vatural Products<>!) 71]•ff>'l'li~oj(J997, 60, 611,613) ~•ff '§e]t,'"1!eJ 7]~<>11 tff~ 

'c!'/-71 9.j~ej ~i1':-'c!'/-~o{],,_1 ~".! ¾o]r:l(Shin, et al, 1997: Hori, personal 

commun. 1. 

,'- 'c!'i'-<>11,,_1 ~el~ 1'!'c!% ¾<>11,,_1 stellettadine Ac: sj~ ~*"'i<>lleJ -'i'-2Jl7l 

eJ *f0 !.'a. 'c!t;foj 9.J~ojj)-j 'l:[;cj _l;l_.:;J.7f oj','-oj~ ~'l)ojl-f-,' 'l'!'i'-~<>11,,_1 ;,jej %,,_IO!I 
~;cf aj 'cl •J 'ti ~!a_ ::1. '/-3'.9.f '§ ej '/t'B ~ .;/-'Jj i>f 'lJ_.:;J. '°cl".'!'. 'lf .lf.-\'! '/-3'.o{j Aj • j Sj t;f 'lj_ 'i'J 
¥-~~ if"~iit9;l.Q. 0 ..£ O:j7JoJl..i.i::: stellettamide B9.f- ~?JI]{!~~.£ t:tf<>l .~+1.~]~ ~ 

-'i"J'l:1"1 ::i ~~Pl ~"1!-8- r:f','-7l!a. ~r:f. 

2. Alkaloidsej -li'cel. .,Z.3'. ~'l! 'l1 '§e!t,'"1! 

~,.,_J¾ ~ ~~ ~~2.l it!-2~ ~cH~ ~al~ .g.~ 96J-12-A2.l ~At-'.,,J ~ HRMS,2.f

"c ,~R ;cf_ll.ojj ejt;foj C20Ha1N60.'a. 'j.1-oj*r:l(Fig. 3-109 and 3-110). 0 1 %'lleJ tN\!t;j 

~ -',-AJ ! *%"1! P.f -le:"'1"1<>11,,_1 1-fcf\:! sf9.f {t0 ! oj eJ ,aei 'll± 'i:!"'171 ~•N~tfc: 

.q>.J ~ 96J-12-Ao] peptideoJ 7it.l ~ ~ guanidine, urea, creatine Jg- mu! ti· 

nitrogenous 711~2.J -3[%717} ~;<ffl}-r:t::: ~~ 2.Ja]"O"t9it:L 13C NMR data "JoJ]Ai 6 

!60-150o{J oje] 7ffej signa!s 0 ! 'l±'l!-\'! ,,_f'\loj Cf,fej •N-'1½ ;cj;cjt;f'lJ_r:f. IR spectrum 

>.JoJlAi 3400(broad)1} 1630 cm 1oj]Ai t.lEh± 7J(t ~~ band;:: ztzt amine (~~ 

hydroxy! )2} amide7]2,J e;<H~ t::,a-J1..ff1lcl .9:.~ UV(Me0H) spectrumoJ]A~ }.. max7t ~nt 

,g11 282 nmoJl L}t:}\J ~~ multiple-conjugated double bonds7t '1l_g~ t.lE}1..ij1lcL 

ojAJej ;cf_ll.~ 'e_tff!a_ t;foj 96J-12-Aej 7N"f"i'c! '/-3'.c: 'H NMR, "c NMR, DEPT, 

'H COSY. HMQC, HtlBC-§- NMR ;cf_ll.ej •ff-;jojJ ejil"foj -?!a. ~'l!Sej'lJ.t:l(Fig. 3 Ill -

3-114). 'l:[;cj 1H N~R spectrumo{j;.j 6 7.22(1H, d, J = 10.8 Hz), 6.4411H, dd, J 0 

15.1. 10.8 Hz), 6.!6(1H. dd, J = 15.1. 8.3 Hzl<>il 1-fcl\:! 37Hej -:i~(sequentially) 

.Q...£ "e-?il~ signals::: ~tg~1! conjugated double bonds2,J e:.i:H~ t::~1...H1lt:t(Fig. 

3-111). HV!QC spectrumoJ] 2.J8l0:j AJAJ~ olefinic carbons2.J chemical shifts£ 0 ]§-0 ] 

double bonds<>!! ~~'i'! *±efc: •H"'l~ ,j,jt;f'lj_cf: 6!52.96(CH), !40.64(CH), 125.29 

(CH)(Fig. 3-1131. ojl,' % '<)± 8140.640!! ~~-\'! *±ej signa! 0 l 6 7.22.£ cff"il"j 

downfield shift5:l<>{ 9.1.::: ~~ carbonyJo]q imine ~~ cyano % electron

v,ithdrawing groupoj oJ methine JJ:1:2.l P- itl~loJl ~~xl<>i '11.::: ~.Q.~ oR~Q'3ict. 
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'H COSY spectrum:zf TOCSY '\!~~_s<_Jj'-oj 6 6.16<>1! 1..J-Ef,± olefinic signal(IH, dd, 

J=l5.l, 8,3Hz)oJ 62.35(1H, m), 1.40(2H, dt, J=7.3, 7.3Hz), l.98(2H, m)% 

9-1 methylene:z.1- methine protons~ ¾7.}~..Q..§.. 7{74' 6 5. IO(lH, br t, J.:. 7.1 Hz)of! 

L-fEl'<l olefinic proton signal<>!! 'l'!{lx!::: ~oJ 'ol"O'J'.5.t:l(Fig. 2-7). ;E.~ %'ll~ AJ 

~<>Ii .ejt,foj 6 l.98(3H, s), l.67(3H, s), 1.58(3H, s), 1.06(3H, d, J = 6.8 Hz)%<>!] 

-Y-1*1~ 47ff.ej methyl7]£ 0 ] long-chain<>!] 'l'!{lx!o-J 9J.%oJ 'ol"O'J'.5.t:f. oJcj~ •fl"'l,". 

HMBC AJ~oj]A7 oJ ~ 47j.ej methyl 'JI ~:<foj)A7 '1!-il-~ oj cl olefinic protons2.f 

neighboring carbons A}0 ]0l] 1.-}-E}\::!: 20 O:j 7ff2.J long-range H-C correlationso-Jl 2-!'5"}0:j 

0J%xJ9;lr:l(Fig. 3-114, Table 3-4). ;E.~ 6 7.22 9.f 1.98<>1] t-fcl'<l protons.2.f 6 

171.30(C)S!.f carbonyl carbon.21-9-1 H-C correlations!::: amide(imine or other 

nitrogenous) carbon°J linear long-chainS!.l olefinic endofl ~tf£lo-{ 9J.%~ ,¾~'6}~ 

r:}. o).2-} ~o] stellettadine A(96J-12-A)::: 147ij9-l 'f!&::.£ 0 1.!r-<>l ~ linear 

norsesquiterpenyl carbonyl part~ ~2 9J.%oJ 1#'6:l~c}. 
~~ 96J -12-AS!.l norsesqui terpenyl chainOil::: 3 719.l oJ¾~ tl-0 1 e~»~Jc}. o] 

,i- % cfl~"i'1! terminal double bond(C-9')-£ >!].21~ 1..J-oj:<j f Bjcff~ bonds(C-2', 

C-4' )S!.J geometry::: H-H coupling constants.2-} 13C NMR spectrumOIJAi,g,j chemical 

shifts.£ ~t£19;:!.c}. 1?:!~ Ai.£ 0 J¾-8-}i:: olefinic protons {!-$!.j t:ff~-8") 'C coupling 

constants(J4· 5- ~ 15.1 Hz)i:: £ configuration9.l ~~~~ ¾7'7} ~9;:l...Q..o:j C-2' 0]¾ 

'l!l/<>l] 'lll/'i! C-12'.ej upfield shift( 817.85) "1AJ £ configuration-& =<IA]~l"dr:I 

(Kalinowski, et al 1988; Breitmaier & Voelter, 1989). ttj-a}Ai stellettadine A~ 

2 '£, 4 'E geometry.£ 7}~ side-chain~ .!i!..%eil2 9.J.c}. 

~~ 96J-12-A~ oJJr-~ 20 1fl9.l ~±~A}~ ¾OJJkj ~7]{t norsesquiterpenyl 

part<>!] '-'~I=<] '?.!::: ~,". "c NMR spectrumoJ)A7 6 158,58(C), 155.68(C), 42.2l(CH2), 

42.0I(CH2 1. 27. ll(CH2 ), 26.89(CH2 ) %<>!] l-fcf'<l 6 1ff.ej '<)±~0 jr:f, 0 ],i-.ej chemical 

shifts~ carbon multiplicities~ ztzt t:fftj-8-] %A~ A·I] 7ff2-j ~..Q...2- o]Jr-o-f~ 9.l..Q.. 

E..£. ?iE-f symmetric{t t>}l...}2-j C6 linear unit7} ,e:::tij,Y~ ~ 4- 9.J.9;:!.c}. 
1
H 

decoupling AJ~:zf 'H COSY spectrum oj)Ai.'r. 6 3.78(2H, t, J = 6.4 Hz), 3.24(2H, t, 

J = 6.6 Hz), 1. 72(4H, m) % -9-IOJ]Ai "tl~tt C6 unit2-l methylenesOJl ~fitJ-t>}~ 4-± 

signals?} ~ it!.9-1 isolated spin system '-G- -CH2-CH2-CH2-CH2-"ti" o]Jr-2 9.J.g~ ~~~l 

..!2.o\f-9;:l.cHFig. 3-111 and 3-112). 1H NMR dataOllAi oj spin system2-J 0J ~ terminii 

oJl offc.J-8-t~ methylene protonsE.f 1:;.!-::_ chemical shifts(6 3.78, 3.24)9.l- splitting 

pattern(triplet)::_ oJ~o] heteroatoms o]L} electron-withdrawing groupOJJ "tl_~x.]~ 

91%% ~c-jLfl9;:l.ct. o]c-Jlt 1.!i!..9.} 6 158.58 ~ 155.680111-}E}\::! quaternary carbons2-l 

1:;.!-~ chemical shifts, 0 ] ~1l9.l {E-A}~OllAi E.2:i\::! 67fl2-} ~±~At %2-J 1.!i!..¾ ¾~ 
~..Q..§. ~~tt 7.l:zt oJ ~ .2.f~ JV:~AI~ %~tt ~w~-~ f 7ff2-j guanidine groups2-j 

~:::tfl ~0]9;:!.c}. tt}at,'-l 96J-12-A~ ?>}'L-}9.l C6 linear bisguanidino unit~ ~2 9.lg 
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Table 3-4. Proton and carbon NMR assignments for stellettadine A. 

' H C HMBC (8 Hz) 

1 158.58 

z' 3.24 (2H, t, 6.61 1 

3 1. 72 (2H, m) 42,01 1, 4 

4 27.11 3, 6 

5 l.72(2H, •I 26.89 3, 6 

6 3. 78 (2H, t, 6. 41 42.21 5, 8 

7' 

8 155.68 

1 ' ' 17!. 30 

2' 127.37 

3' 7. 22 I IH, d, 10, 8) 140.64 I ' 
' 

5' 
' 

14' 

4· 6. 44 ( IH, dd, 15. I, 10. 8) 125,29 5'' 6' 

5· 6.16 (lH, dd, 15. I, 8.31 152.96 3'' 4' 

6' 2.35 (IH, m) 38, 51 

7' 1. 40 (2H, dt, 7. 3, 7,3) 37,82 

8' I.98 12H, m) 26,39 

9' 5.10 (IH, br t, 7.1 I 125.27 11.' 12' 

o· 132.46 

1 1' 1. 67 (3H, br s) 25.90 9', 10', 12· 

2' 1.58 13H, hrs) 17,85 9'' JO', 11 ' 

3· I.06 13H, d, 6.8) 20. 53 5'' 6' 

1 4. I. 98 13H, br s) 12.37 1 . ' 2' 3' 
'- -~ 

Proton and carbon NMR data were measured in CD300 solutions at 500 and 125 MHz, 
respectively. Assignments were aided by 1H COSY, TOCSY, DEPT, HMQC, and H~lBC 
experiments. *Positions of nitrogens of guanidinium groups. 

~ ~ 4- 9l9i'c:t. o] sub-unit~ ~,:ff:: downfield carbons.2} methyelene protons.2}~ 

H~BC correlation(C-10'.f H-2 'JI H-3; C-82f H-6).2..s'c ¾'Jl!iJ~t:). 
¥ii 96J-]2 A~ oJ~::::: f" -¥-~~~~ bisguanidino group2j, ~Jj{t linear 

norsesquiterpenyl part.2}~ ~~~ HMBC % NMR ~:;g.A]-.liof] $!.J'8lo:J ~~ -¾~~ ~~ 
of1-j\..f 23J 6~9 Hz .s'c ~"!~ AJ{! HMBC '1,/~ojJAj •Ji'!i'!>iJJf \..fEf\..f;tJ U1.t% 0J 

~~~~ i!!-A]-~.Q...2. o]foi 4'---l't-Y~Z!~ ~tf-~ ~'{!~0]9ir:l-, !E.{t lN spectrumof]A~ 

7J~ .:S.7cl" maxi11umo] 282 nmofl 1..)-Ell-t ~~~11 a,a,v,6,-unsaturated amide(~ 260 

nm) .!tr:} ~~ ~:tt]-~E..~ oJ%~oi 9,lr:]-::::: ~.5:. additional chromophore 'G" guanidine 
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0 ) C-1 '9~ unsaturated carbonyloj) ~] ~1J-~o-J 91%.£ 2.jt1Jtit9J.t:}. 0]2]~to:J ~~ 

96J-12-A::: norsesquiterpenyl part.2-f. C6 bisganidino unit7t ~1{,J-,B ~~~ ~-e.HE.J 

a\kaloid'rc 'i'-""7f 7.l'll'-1'.dcf(Fig. 3108). ~71~ af.2.f ~c] 96J-12-Ac: c] 'll-7-.2.f 

7{.ej ~:'. -'-]7]"11 '!l-c'i::'c•HcJl-'-1 •fl~'i:! •ff'1! Stelletta sp . .9.J tfl-'-f1l:°ll'rc ',l_2'\'! 

stellettadine AQ} %~tt ~~~ ~ 0 1 ~~;t;tR.'?.l ~~.!j~ 1:1]~~ .!i!...2B ~~oJl 2-J 

i'>}o:j ¾ ~ 5:j 9i cH Fusetani & Tsukamoto, personal commun. : Tsukamoto, et al, 1996). 

Ste! lettadine AoJ] r:H'!5}o:j ~1f.B ~~o-11 n:}~~ o] ti~~.'?.] guanidine 7]7} 

free amine r:H{!o-JJ guanidiniwn.'?.] ~EH.£. eAH'!5}::: ~_Q_.£. .!l2x.j9;:lc}. ?A-l~~.£.-¥-B! 

~2]~ o] ~1l.'?.J ~ '9'"-'8(?%-'8)..Q..£. t1]1f-oi guanidinium salt~ ~AH::: ¾iE"V: 'C?i 
~ ,?.!2 <?J.c}, 22-jL} 7 ~.'?.l ,e~o-11:::: organic salto-Jl ~-"('~_Q_.£. u:r..s::: counterion 

of] t:ff'O"fO;f::: .!i!.27f £j;t;f '?J9JcL ~'tl 0 t1.-J2t %-~V: 1t!-i2i!<%~cHE-J Fusetani 

grouplo-j]A-j stellettadine A-2.j. l:l]~V: AJ7]o-lJ .!i!..2~ ~~~ stellettamide A.'?.] 7Ji'-o-Jl 

::: counterion..Q..£ phosphate(H2P04 )¾ .!i!..2'tl 0117} 919..L-} 0 1~ ~ .::!.~0 1 charge~ 

!f:! ¥-ii~ .R;,}~_Q_.£ ~i!J'!5},7) 1)'0'},o:f -'-t%t!- ~J~ 11 ion exchange chromatographyo-1] 

A-j %-½ 0Jl_Q_§_ ~{!AJ.'?.j phosphate buffer~ ~~o-1] €-AH"!5}::: counterion.1-} phosphate 

!§- negative ion{]:~ 2~~,..J~ ~:zj,'ll ~.Q_.£. iiij 0Jt!~~o] A}~AJ-e.ijo-j\Ai phosphate 

iong -?.!2 9.l.c}~ ~~ r:H~~l ~7] o-j~cHHirota, et al, 1990}. o] ~AJl~ ~H~?i} 

7] ~I ~}o:I ~ '{'!_ :q...~o-Jl-'--l::: scanning electron microscope SEM)~ oJ%"!5}o:j energy 

dispersive spectroscopy(50 KeV) ~~% "!5}9ic}. .2 ~:zj, counter anion9...£.A{ 

ch I or i de7} e-AH lJ-o] .!::. cJ ,le}. n:}i!}A-j stel 1 et tadi ne A( 96J -12-A) := 
norsesqui terpenyl bisguanidinium dichloride.£. .,Z.~7} ~,¾~_Q_~ 1ifi>f ~r:}. 

Bisguaidinium unit~ 7Hl ~1l~ <5H 0J~~~ ¾o-!JA-j ~t::J~l S.~711 ~7.1~o-J 7 f'
::: 10 ¾ u]1?.! 0 ]q ~~o-11 a:t~ if:°:£::: 1:1]2.~ 1'f~i]t>to:\ ¾ 2J.3.~, ~J~-rr. oHlfl, 7J 

?!'~~ ·'s Q.§.1f-E-f .!i!.2~ l:lf7t 9,lchFauikner, 1996: 1997). 

Ste! lettadine A.2.t ~~l ~ "d:q...{!oJ] ~t>}o:j stellettamide 8(96J-12-B)~ ~~ 

{! X'1",J/.'?.J ~2"J(gum) %~o] ~2]~9;lc}. oj ~~.'?.] ~A}~~ 2<5H"o" il'1f~A~2j. 
13C '"R >filccJI .ej&fcj c,.H.,N,0.5'. 7,j'lj.Soj~cf(Fig. 3-115 and 3-116). 0 ) ~'l).ej 1H 

\\1R, 13C ~MR. DEPT, JR, U\'%, 7]~-!:j~ if:°.:.g.A}li::: stellettadine A.9.}-::: ~t:Jt>] ~i!} 

Al ~ *~ ,'-}o]E.l ,!-S.191 J;}o]~o] t° ~~ ~? 9.l.9ic}. it!A-l 13C NMR datao-J]A-j 

al iphatic regionoJl -"?±:.7} ~.Y~ ~.± signals?} 47fft..} r:-j ?.toJ €-Aff"!5}9it}. 1H N~1R 

spectrum"il-'-i'r. methy\7]7f •f'-f cj \'JC] 'l{i'!xi9;l.2-uj( 83.14, 3H, s) o 4.0·3.0 

region~] -~'0'}.7il splitting5:J::: o:J~ 7HE-/ '?±:. signals?} L}E};;l't:r(Fig. 3-117). 

%1! 96J-12-A~ IR spectrumoJl-'-1 1630 cm 101] 1-}E},11t! 7JV: absorption band7} 

96J 12 Bo-I] ).1 ::: 1650 cm 1 
§. ~ it t!: ~ ~ ~ A}o-JI ~ ~n "15} ~ guan id i ne groupo l ~ ~ -!:I ~ 

amide£ ~t.}t!: ~ ~ ~u];;-}9j_c}. EE~.! l'\, spectrum AJOj]A-j.£. absorption maximumo] ~ 

20 mi ~.5:. 0JI}~_Q_.£. op8~<>i 9.J.go] ~7>1£j9lc}. u}A]~_Q_.£ ~2J~~oJJA-j.5:. ~± 
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-1:i_;,\.ej '?7\ stellettadine A"11 aj11"\"\ 47iL\ 7J±.~ ~o1 cs,\,±tj, .::!.s,\E'.§. 

96J-12-B::::: -,1-~~_Q_..£ stellettadine A~:: uff..!jt c}~ 71l~ofl .4r"ffl-::::: ¥~~o] if:"~ 
-Ol~t:1 

0 J %~ .°_ 1H COSY, TDCSY, HMQC, HMBC % 2D NMR 0<l.ll..eJ •ff"i"11 £l-OI"\ Aj§.,£: 

alkaloid§. -i'-~71 {!1,a~.Q.oj '1)~1,'-s..£ N0ESY 0<l.ll..eJ •l"i2f ~"11 '<!±Z!.eJ 0 ]¾ 

{!~"11 cff~ il-71-li'-•H '1!%"11 .ej..-loj ~~-o] .;p,f,a~t:l(Fig. 3 118~3-120). \:!"1 

H.~oc -'.Hl<>il .eJ-OI"\ 0 1 %11"11 ~•ffo-1::: .'i'.:C ?±>! ?±71 ~~~ '<!±71 1~-0l ,1 

1!<1~t:1. 1H NMR spectrum"1l,.i L\El'd u!l 7f.ej olefinic signals::: 1H COSY -';.!1'!"11 .eJ 

'6"}o:j if}l..}9-f disubstituted double bond.2.-f- -¥ 7]l~ trisubstituted double bonds.2- ~ 

1"1~cl: 8 6.B3(1H, br d, J O 11.2 Hz), 6.35(1H, ddd, J O 15.1, 11.2, 1.0 Hz), 

5.9DIIH. dd, J O 15.1. 8.3 Hz), 5.09(1H, br t, J O 7.1 Hz). 0 1 ~ ¾"11.,,1 86.80, 

6.35, 5.90 %0fl 1'-l*l~ ;.~] 7ll~ signals:::: A~.£ ~~ <;1~£/o-j 91go] proton 

decoupling:,} 1H COSY -';,)1'J.Q._s!. 'J.t-;;j'l!t:l(Fig. 3-118). EE~ 0 1 ~ '-11 7ff-"l olefinic 

protons.2.\- upfield protons :{!~ ~~~~ ~~~1\l.S:. 1H COSY ~'JE..s;. -rt"~S-19i~~ 
oJ ~oj .¥~-¥:! ztzt~ spin system n~ ~~,t:>_ TOCSY AJ~.Q...£ 7}~if}91,t:L ~if] (J 

6 83(IH)2) l.03(3H), 85.90(IH)2j 1,92 (3H), 82.28(IH)2) 5.09(IH), 81.67 3H)2) 

1.03(3H) %Oil ~Pl~! signals~ 0J~ ~_Q_.£ if}::; e:j~ correlationsE-1 ~Z!t ~~ 
96J-12-87} till-}~ {! chain.£..£ o]Jf-o-j~ -¥-if:°~ ~-iJ"fi}2 91%¾ ~i!:{4!9i.c.}. o] 

long-chainofl €-.:(H'O"}::: 3 7fl.$ij methyl 7].$il 11?:J::: oj~.$ij ?~ signals~ ~~l! 't!-~ 
signalsZ!"11 L\El'd ojaj Ji.el HMBC correlations"11 £l-OI"\ 2/2/ C-2', C-6', C-9'.s'. 

{!1,a~r:f. • f~7l"i-"- 8172.3701] L\Ef'd carbonyl carbon-'! -¥-1*1.£ H-3'( 86.831 

signal:,}.ej 3 bond H-C correlation"11£l;;-f"\ C-1 '.s'. "i1"1~r:I. 0 ].s'.,.1 ~-!! 
96J-l 2-B<>ll::: 96J -12-A~ {!- .[: 1 i near norsesquiterpenyl chain<>! e;tff tj<>] ~ti=!~ c} 

(Table 3 5). 

Stellettamide B.ej side-chain"1J::: -'f- 7ff.ej s]cl'l! o),s'l,~(C-2', C-4')2) -Of'-\ 

.el sJcff'l! '<!±¾'\l(C-6')0] ~•ff~r:f. o] ~ ¾"11.,,i C-2'.eJ geometry::: C-12'~ 

che,nical shift ( 612.94).9.\ H-3'~H-5' 'l,\ H-4'~H-13'-'J signals A\0]<>11 t-}E}\:! 7J~ 

N0ESY correlations"11 -'1"1"1 £5'. "11"1~.Q.oj C 4' o],s{!~.ej geometry.£ 'H 

spectrumoJ],1.i~ 'C vicinal coupling constant(J4- 5-.:. 15.1 Hz)oJl 9-IO}::<l £~ ~15:19! 

c}. C-6' li]t.H~¾"iJ.$il absolute configuration~ ~~l:IJ%2-{- GC ~~.Q.~ ~~~9:l,.2.. 

• j ,]Oil cf¾r:f. 

~-!! 96J-J2-8~ o]-'F-1,; L\oJ,] -','--l,'-.ej -i'-s. "I,.] 2D NMR AJ1'J"1] .ej..-f"\ .;J-'lf,ej~ 

c}. 1:lj~ 1H NMR spectrumoJJ,1.i upfield signals.$il '"o'-t:.J-?7} -¥-~~.Q.~ ¾~5:lo-J 9171:: 
-Of~.Q.L\ 1H C0SY2j HMQC -';j1'J {!:,j-.ej :it:,}aj'c! {!~.Q..s'. NMR data AJ"1],.j.ej .'i'.:" 

signals9.l ;J;J1<>[ 7}-'g:-"8-}9.'l.Q.a:j <>hi~ nitrogen°] bridge-headoj] 1Jfa:J'6:}:: ?i}Lt9.l 

[5.6]-bicyclic system~ e;tff?t tr~xJ9j_i::}. o] iiff~~ A]AJt>}:: -?°Jllt -¾:Ji:: TOCSY 
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1/~<>l/•1 H-3a( 83.90)-H-Ba( 83.67), H-3a and -3/3( 83.90 and 3.28)-H-9( a 
3.441, H-5al &3.58)~H-8a( 83.67) % oji>J 7fl9.j '8--Z!"!E.!a. 'lja] ~oj~ ~*19.J 4' 

±:. signals~ itl-1Jll ~~t>t::: H-H correlations7} t}? ~~'id -1!oltl EE.l]: HMBC A,J'il 
oJ]Aj H 3, H-Ba, H-9 %2.l 4-±9+ q_} ~~ ~±:.9+2.l H-C correlationso] t:}4- 4E}1d ~ 

'i'. 0 ];,Jl) •fl"1-£ ;sJ,:]1'f'll.tl(Fig. 3-120). of;<]"/E..'a. 1H NMR spectrum"i]Aj !..fEf,± 1'f 

4~ ~1l'H methy17l(o'3.I4, 3H, s):: 13C NMR dataoj]J.-j2.j ~1~V. chemical chifts 

( 854.30)9+ C-3, C-5, C-Ba %2}2.l HMBC correlations..£ bridge-head nitrogenoJl ~.Y 
o] c]t>}o:j stel lettamide B~ o]1f-::: -¥-~-i1-&i:: N-methyl 

i ndol i zi dinim2f- norsesqui terpene..Q...£ 7J 1 xi ~c}. 

o1 ~ f lj!-~-,2-.Z ,l.}0]2-j ~7J[:_ HMBC correlations(i.e,, H-9~C-l')oJ1 2-jts}o:f 

~~ ,l,tgx.j~J::: ~ ts}9.{c.}, of ~~ o}u}.£ of-§-.{!~ J values7} ~tti-3f~ HMBC AJ~ 
"i]Aj <\'1°1 7f'1,l) 'll~l¾ .'l'.2f1'f7] a:fl~E.!a. •W"'l't!cf. 7cjt-f H-9 signals9.J ',;!,'' 

chemical shifts( 63.44, 3,32)9+ ~~2-j if:':7+~-loJl cfl~ 2aJ::: f 7fl9.j 1r'-iE",,1-&7} fi} 

1.-fE.j amide bond£ 'l'!~"l"l 9;!~~ !..fEfJ.j/9;/tf, -li-'l! 96J-l2-Boj/Aj ~7Jl) sf-"} ~oJ 

quaternary ammonium(N-4) ionE-1 1:1JZ1_,':'_ counterionE-1 ,e.:.i:ff"@- .$!.JaJti}~c.}. o] ion,':'_ 

srn~ o] %~ energy dispersive spectroscopyojj 2.} ti}O:j chloride..£ ,t"tg !r.j Sic}. 

Stellettamide B2-] indolizidine 1,L{E-,':'_ C-1, N-4, C-8a %- Ail ~l~loJl ll]cff,g ~ 

~-& -?,.!-2 9.l.r:}. oJ ~E.] ~~lllff~ ,':'_ NOESY 1!~..Q....£ ,t"tgxj 9:lr:}, N-CH3 4-±E.l signal 

;'. H-3/3( 83.281 'Ji H-5/3( 83.40)1.f 7Jl! "1t'lH!Jll-!!- !..fcfi.Jl9;!cf . .!Ell %'ill! AJt"il 

9.J-.foj H-1( 83.16)2\ H-9( 83.44, 3.32) Z)9.j ¾-Z!-"J'1) ic-'lJlfo] ',\~':atf . .:t;,J!..f 1H 

~MR spectrumoJ],1,,{ zt signals~ chemical shifts7} t,]Jp- ~~ti}~..Q.E...£. indolizidine 

9.J 'lJ>i].'./-s. ~'!/"i] 9;/ojAj 7f'lt ¾.ii.~ -';'-~'1) H-1, H 8, N-CH3 {!9.j '8-7.!"f'1) AJ{±{± 

711::C -ll-'li"t -.f'll_t:f. 0 1 ~>ii~ •i11'f7] ~11'foj NMR %off¾ acetone ck£ sf2jloj %'ll 
~ ~OESY AJ~-£ ~Jtf ~.:if oJ ~ Aif 4-± signals AJ~ Z!-~ mutual correlations7} 

1M"::'1~9Jc:}: in acetone-4;, 83.56, 4.10, and 3.37 for H-1, H-Ba, and N-CH3, 

respectively. oJc]ti}o:j indolizidineoJ] ,e.:.i:ffti}i:: l::IJcff,g ¾AJE-1 '"crcH~ ~~]llfl~~ 
ls', 45', Bait£ ~fx/9;/t:f. 

it7el 96J-12-BoJ];:: indolizidine ~611.£ side-chain!!.l C-6'011 -8-}L}~ 1:ljt:f~ t!± 
%1J~ ?!°2 91,c}. o] t!±~ ~t:ff ~~]l:lff~(absolute configuration),'.: i'T7l~~~ {I: 

'£} ~t>ffit!-%011 S>.1~ 2-methylglutaric acid~ ~"g..Q..£. -iP~!cJ9ir:}(Carlsen, et al, 

1981 ). ~~ 96J-12-B~ RuC1 3 • xHzO ~uff ?5}o{]A~ Nal04~ 1t!%,•i.J94 2-methylglutaric 

acid~ ~Aj?5}9;1_c}. o] ¥~~ 1H NMR spectrum~ .it¾ ¥~4 ~~-8-l '1:Pf~}~..Q..o:j GC 

~~~ ~2}.£ %~-8-}~r:}. EE~ ~-'B¥2-l optical rotation([alo +17.5~)£ (S)·2 

methylglutaric acid<>!] <j1'foj '!!al s] {I:( •22°)1.f 719.J 'll*l1'f'll_tf. 0 1 c] •foj "1~11 
stellettamide 8(96J-12-B):::: indolizidine:l} norsesquiterpenyl amide 7} ~~~ 

alkaloids.'a. .:L 't-s.7) ~"j1'] 1'lJx/'lJ.t:f(Fig. 3-108). 
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3R 0J~~£-¥-E-i ..!i!..2.{! alkaloids::: -¥,f.;-J ?JE.q bicyclic indolizidine..Q...£ -?

'a'H ~~ ,'.: 7-12-J 'ltZ'!"i"i '1J':::cf(Faulkner, 1996: 1997). STN database.2\ \1*1 ¾-\l 
"E~§-~ -g"{J_Q_.£ t;}O:j ±,'-}'ti ~1} 10,000 0:JoJl 1@-"0l::: 7],eE.J t>ij 0J~~~ ¾oJ]Ai 

indolizidine71J alkaloids§.:::: 4=- \1~ ~~,2-tiff~ t>fl\1 Stelletta~-¥-BJ ~e]'t! 

stel lettamide A.2..1- ~,..JJ%~ Clavelina picta§.-¥-e,J piclavines7} 9l~ ~o]cHHirota. 

et al, 1990: Raub, et al, 1992) . ..:lejl .. .} f- ~<tl~ .5:.¥ stellettamide B.21-::: .:;is:_~ 

.Q..£. AJt::Jt;] ~et ~-- <tl.'.'.jJ-oJ]Ai 1J-ZHJ- ~~~ -'tl"rt"-'cl~ ~olf-2 9.l.Q.o:] 1"cl~,..J ot-¥
£ ~ ~,..doJ .£0};1;J_2. 9.lc}. 

11':~.?c'-l<>!l 2-J1,f\'! -i"c \'!-i'-<>!]Ai ~•l'i'! ~'ll ¾<>!)Ai stellettad;ne A:: -1:J•fl ;<jAi 

tR 0J~~5>.l -¥-~fl-£ 1M Q:f~l~l(antifouling agents)~ 7ff~J-~}:::: 1}1(Husetani 

Biofoul ing Project )oj]Ai ~{!s.j 9}.Q.oj ascidian Halocynthia roretzi %¾.2.1 ~e.ij,9.f 

lj!-~.g. -R-£~t:::: ~.._JoJ 91:: ~_Q_.£ 1Mi>'J~c.t(EDso 50 µg/mL), !E.{t o] 1l-1oJJAi ~ 

7Jll ~e]~ stellettamide A o] IIJl:: o]a] {1~1lo] o}1s- :::: J.l].£~AJ1} ~J~'tr ~:zj-

7f 11.~c:ij .!i!...2,5:./9;:lr:.}{Hirota, et al, 1990: Tsukamoto, et al, 1996). ~ ~--?-of}Ai::: 

paper-d;sk "J1l% o]%1,foj •J~iil: lf';j~ 41!~ ;(!:,f stellettad;ne A(96J-JZ-A).2\ 

stellettam;de B(96J-JZ-B)::: 25µg/mL2-J -'8-x<>!]Ai ~iil: Cand;da albhansoj] cff;;.foj 

Q..f~ Ai0ff~A,3(inhibition zone 4 and 9 mm for 96J-12-A and -8, respectively). 

~'<'! stellettad;ne A.2\ stellettam;de B2-j '\lcl=t!'B :a"'i:s!f1i<>!IA1 cff'c!;;.J ¾u] 

£¾ J..HJc:iJ ~Z:!.£19:lc}. 1:l}0 Je{6~ ¾~~ ~HJ- f4~±<t! reverse transcriptase 

(RT!Oil cfl~ ;,j1>fl'f!';j% 3".Af1'f7] ~I~ agarose-gel ';'!7]'ll% -';j~oj]Ai o] ~ ~\'!%0] 

template,a. 0]%~ RNA~ ~';'l_;;.J ~•flA]~.Q.uj 2 ;(!:,f RT<>!] cj~ "1•fllf';j2-j 41! 0] 

';'!oj :g.7f-\,-1if~cf. o] ~'J% -i'-"ii"f.£.,a. .;J-'!i;;.f7] ~J;;.foj sic?~ rRNA.2) mRNAOI] cfl~ 

~tiff~:;'.}~ 41 l~ ~:zj- f ~~ .!r..f-7} 50µg/mL~ ~£oj]A~ single- 2}

double-stranded RI\.\~ !tl~~l ~i!iffA]~C}(Shin, et al, 1997). 

~~~ {l~~ stellettamide B~ ~e]t!-'cloJl t:ij~}o:]:::: ca·· channel~ modulating 

effect.2) calmoduJ;n:,f.ej ;(!~>JoJI cfl~ \'!-i'-71 '!l-i"c %7.l<fl"l2 <>fOfcflOfoj]Ai ~~ ¾ 

otct(Hori. personal commun. ). !Et[ o/-:t2.l ~;{I 'Y°~,1-d::.(NCI )of}Ai 60-channel test 

~ c:i]%~to:] c:iJ ~1l~ 8J~~1}~ ~~~}2 9.lc}. 
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7t. Alli~ ~»~ ~ %71~~~ '"'}~2} flash chromatography 

•l\'! Stelletta sp. (Alli 't!~ 96J-12) !: '95\1 3-'1,<>I] Aj:;tJ.¥. e•fl ~1!"1- ;,f;cJ 

.'r. ?'l'i~ -?1! IO 20 m<>IJA1 SCUBAcfoJ"J<>IJ ~-ofoj •l{l~9;lcf. Alli~ %'liil- •H\'!~ 

-il-~ "z'-ll'l:!~l"'f'l' ~\Jeff~_;,_~ {l ')i>ef 2-?<>11711 ~-"]~ "f ::i ±{!t cf%:,} {!cf: 
uThis sponge was massive(2-cm thick), and the color was dark brown. The specimens 

were firm and slightly compressible. The skeleton was formed with large oxea 

{780-1250 x 15-32 µm) and plagiotriaene(450-750 x 20-48 µm) arranged compactly 

at the sponge surface, large oxyaster(30-50 µm in diameter), and smal 1 oxyaster 

(7.5-20 µmin diameter). This sponge was similar to Stelletta grubii Schmidt in 

its spicule type. however, our specimens had shorter megascleres than S. grubii 

(oxea 2000-2200 x 60 µm, plagiotriaene 1200 x 60 µm). In addition, large and 

small oxyasters had microspines at the end of the sharply pointed ray~(Hoshino, 

1981: Shin, et al. 1997). ~•fl 0 J A]li1'e ~\Jcj~_;,_ >ef\'!Af"f-/¾'t!.2.J- •ff\'!%~ -?{l 

'tl:<>11 .',l_;'.'(%~'t!~ Por. 26) %0 Jcf. 

•R{l~ Alli!: ~'!r<>l]A7 dry ice.'i'- -,l-<!; 0~%AJ{\ -'f 0 ] '\)-,j<>1JA7 l'!'i'-±.'i'- ¾'ll 
•l<>l 0J%.2(-25°C)<>I] !il_'tl,~9;lcf. oj Alli!: ~~~"l'tl -!/:-il-.2.J- ±'l'-½~<>11 cff~ i:f~ 
"J ~-'8-!/:"'i('H N'1R, TLC).2.J- 'l!:,}7f-,': '<\'i'-~<>IJA7 .',l_'f!%'tl 7J~.2.J- AJli(94K-25: '94 

\1 B'li 71 ~ .sc. •ff "'I <>11-'l •l {I 1.2.J- %'ll -of9:l~.!=.-"'- -'i'- Alli~ ~-ofoj ~"11 -!/:"'I 1'f9:l cf. 
).Jli/o- '\,'~<>IJA7 •fl"JAJ{\ -'f(¾•J I.I kg) 3 L %'\i.2.J- ajoJ;,J<>iJ '</.2 methanol(2 L x 

3)2} CH2Cl212 L x 3)% iic"f"l~.'i'- 'li..,_-Ofoj 7f1'foj %7J~'l/% 'l'-½1'f9:lcf. %off~ 

~>j,hJ~! -f ~~ :;,,4½~129.1 g)<>II cfl1'foj ~(I L):,} n-butanol(I L x 21.2.J- -!/:'I-£ 
oJ%ofoj ±,l-:,} 7JEf.2.J- -?%AJ 'l'I% >!]711'f9;J.cf. Butanol(6. 46 g) %<>11 cfl•flAj !: %oH 

~ .{JiJ, ¾"'ff"(! Jr.I r:fAl n-hexane(500 mL).21- 10% aqueous methano1(500 mL x 2)$!.l iE"~ 

% c]-S-iito:J '9"AJO!l a:t~ iE"al~ iit9.:f.r:t(n-hexane: 2.71 g, aqueous methanol: 3.72 

g). ztz.t~ ~~Oil r.~~ ~cJ:tl"AJ ~t ~:lr aq. methanot¾o] brine-shrimp larvaeolJ 

r:ff~ 7J~ ~AJ(LD~o 101 ppm),&- 1.-fEtt,ff'.'Jict. Aq. methanol%,,<:>_ dry methanol2} 

acetone~ oJ-S-tilo:J TLC grade$!.l ODS silica~] ¾~Al"{! ::ff- reversed-phase vacuum 

flash chromatography(5 cm x 6 cm, YMC ODS-A 60-125 gel 400 mesh)~ ~t~ct, 

Chromatography¾ ~l~ %-off:: methanolzj ~~ ~~Q!j..Q...s;.A-J 50% aqueous methanol .£ 

-¥-Ei Aj~~t°'I 100% methanol~l o]_g_7J7,1t;i.J 10% ~ methanoIE.l 0J½ ¾7fA]:1]2 a}AJ~ 

~-"'- 100% EtOAc.'i'- >i]~1'f!: gradient system% 0 J%-Of9;J.cl(%- 77H -!/:"!I. Z/z) 300 ml 

~g.J -§-off£. -§-½l5to:J ~,<:>_ ~QlJ,&- ~~ ~~{t .Y] z.j- ~'t,j ~.s;. ~"'ff"~!!-1 ¾eJ2} 1H 

\\IR spectrum~ ~~tit9.:f.c.L oJ ~:lf 20-10% aqueous methanol.s;. %*~ ~Q!J 
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0 i~fcflAf~'jjo] 1/¾'\'! ~~ 4.2\ 5(20-10• aq. MeOH)~ t/-6-foj "1.0C"l]A7 7c/~ % 

ft~ ~"}9j_r:}. \t~ 2~]~~(0,89 g)~ methanolo{l -l!r'tl lr-] liphophilic Sephadex 

column chromatography(LH-20, 2 cm x 50 cm, 100% methanol)~ '6"l-9lcl-. ¼ 417ff~ ~ 

~(5 mL)-£ 'l!,". 'i-] 4421 ~ctl"l] cfl-o-foj TLC-") 1H NMR "'l.ll.~"9½ -o-foj ~'<!~0 1 1/ 
%{! lt~-£ £~ lr-) %DH~ ~'tl- {!&.i>l-9J.r:l-. ~ftt! x.~~S>.l ~tg 1tl2~ ~~ 
(0.65 g)~ 45% aqueous methanolOIJ ~~ -f- C18 Sep-pak column(Alltech, 1 cm x 1.5 

cm)~ ~2}-AJ?'i HJ~AJ ~"'i!:"~~ AJljji>l-9;lr:l-. %-½QJJ£ C18 reversed-phase HPLC(45% 

aq. methanol, Shiseido Capcell ODS column, I cm x 25 cm, Shodex RI detector, 1.5 

ml/min}~ ~ 7,12} retention time 17 min(stellettadine A; 96J-12-A)~ 31 min 

(stellettamide B: 96J-12-Bl"l]A7 ~<;!~o] ~•15SJ'llt:1. o]~"l] cfl{t ~% 1l>ilc: C18 

reversed-phase HPLC(35% aq. methanol, YMC ODS H-80 column, I cm x 25 cm, Shodex 

RI detector, 1.3 ml/min).s'c 0 )-','oJoacf. ~%-'l~.s'c ~•l 11"1]'\'! ~'ll21 °J,". 
stellettadine A7l- 78. 7 mgoJ9i..Q.o:j stellettamide Bi:: 106.5 mg oj9Jc}. 

Stellettadine A(96J-12-A): a yellow gum: [a]n25 -25.3° (c0.4, CHCI 3 ): UV 

(MeOH)). max (log E) 282 (4.02) nm: IR (KBr) 3400 (broad), 2960, 1630, 1460, 

1380, 1250, 1100, 980 cm-•: 1H NMR (CD30D) 6 7,22 (IH, d, J = 10.8 Hz, H-3'), 6.44 

(IH, dd, J = 15.1. 10.8 Hz, H-4'), 6.16 (IH, dd, J= 15.1, 8.3 Hz, H-5'), 5.10 

(IH, br t, J = 7.1 Hz, H-9'), 3, 78 (2H, t, J = 6.4 Hz, H-6), 3.24 (2H, t, J = 6.6 

Hz. H3), 2.35 (IH. m. H6'). 1.98 (2H, m, H-8'), 1.98 (3H, 5, H-14'), 1.72 (4H. 

m, H4. 51, 1.67 13H, 5, H 11'), 1,58 (3H, s, H-12'), 1.40 (2H, dt, J = 7.3, 7.3 

Hz, H-7'1, 1.06 (3H, d, J, 6.8 Hz, H-13'): 13C NMR (CDCl 3 ) 6 171.30 (C, C-I'), 

158.58 (C, C !), 155,68 (C, C-8), 152.96 (CH, C-5'), 140.64 (CH, C-3'), 132.46 

(C, C 10'1, 127.37 (C, C-2'), 125.29 (CH, C-4'), 125.27 (CH, C-9'), 42.21 (CH,, 

C 6), 42.01 (CH2, C-3), 38.51 (CH, C-6'), 37.82 (CH,, C-7'), 27.11 (CH,, C-4), 

26.89 (CH2, C-5). 26.39 (CH2, C-8'), 25.90 (CH,, C-11'), 20.53 (CH,, C-13'), 17.85 

(CH3, C-12'). 12.37 (CH3 , C-14'); HMBC correlations (optimized for 7 Hz) H-3/C-1, 

C-4: H-4, 5)/C-3, C5: H-6/C-5: H-3'/C·l', C5', Cl4'; H-4'/C6': H-11'/C-9', 

C-10', C--12': H 12'/ C-9', C-10', C 11': H-13'/ C-5', C-6', C 7'; H-14'/C !', 

C-2', C-3': HRFABMS [M+HJ' mlz observed 377.3012 (calculated for C24H37N60, 

377.30291. 

Stelletta• ide B (96J-12-B)· a yellow gum: la]l~ -24.2° (c0.5, CHCl3), L'\ 
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(~eOH) /.. max (log E) 262 (4.20) nm: IR (KBr) 3450 (broad), 2930, 1650, 1535, 

1450. 1380, 975 cm': 1H NMR (CD,OD) 6 6,83 (lH, br d, J • 11.2 Hz, H3'), 6.35 

llH. ddd, J = 15.1, 11.2, 1.0 Hz, H-4'), 5.90 (lH, dd, J = 15.1, 8.3 Hz, H-5'), 

5.09 (H. br t, J = 7.1 Hz, H-9'), 3.90 (lH, ddd, J = 11.7, 11.7, 7.3 Hz, H-3), 

3.67 (lH, m, H-8a), 3.58 (IH, br d, J = 13.5 Hz, H-5), 3.44 (lH, dd, J = 13.2, 

7.3 Hz. H-9), 3.40 (IH, ddd, J = 13.5, 13.2, .3.9 Hz, H-5), 3.32 (lH, dd, J • 

13.2. 6.9 Hz, H-9), 3.28 (IH, m, H-3), 3.16 (lH, m, H-I), 3.14 (3H, s. 4Mel, 

2.40 (IH, m, H-2), 2.28 (IH, m, H-6'), 2.00 (2H, m, H-2), 1.94 (3H, m, H-8), 1.92 

(3H, d, J = 1.0 Hz, H-I2'), 1.89 (lH, m, H-6), 1,85 (lH, m, H-6), 1.67 (3H, br s, 

H-11·1, 1,59 (IH. m, H-8), 1.58 (3H, br s, H-I4'), 1.53 (IH, br d, J = 13.2 Hz, 

H 7). 1.36 (2H, m, H-7'), 1.03 (3H, d, J = 6.4 Hz, H-13'): 13C NMR (CD,ODI 6 

172.37 (C, C-I'), 148.52 (CH, C-5'), 135,62 (CH, C-3'), 132.32 (C, C-10'), 129.05 

(C, c2·1. 125.41 (CH, C9'), 125,39 (CH. C-4'), 73.96 (CH, C-8a), 61.05 (CH,. 

C-51. 57.56 (CH2, C 3), 54.30 (CH3, 4-Me). 40.52 (CH, C 1), 40.14 (CH,, C-9), 

38.30 ICH. C6'). 38.03 (CH2, C-7'), 26.89 (CH,, C-8'), 25.90 (CH,, C-11'). 25.14 

(CH2. C 21, 23.29 (CH,, C-8). 21.63 (CH,, C-7), 21.09 (CH,, C-6), 20.83 (CH,. 

C-13'), 17.84 (CH3 , C-14'), 12.94 (CH3 , C-12'): HMBC correlations (optimized for 

7 Hz) H-3/C-2, 4-Me: H-8a /C-2. C-3: H-9/C-l, C-2, C-8a: 4-Me/C-3, C-5, C 8a: 

H-3°/C-J'. C-5', C-12': H-4'/C-2', C3', C-6': H-5'/C-3', C-7', C 13': H-6'/C-4°, 

C-5'. C-7', C-8', C-13': H-I2'JC2', C3': H-14'/C-9', C-I0', c-11·: H-13'; 

C-5', C-6'; HRFABMS [M•HJ' observed 373.3210 (calculated for C24H~1N2D, 373.3219). 

c}. Oxidative cleavage of stellettamide B. 

af,qpq _;;,_sJ7]7f 1,'J<]{! IO ml 7'-~ ~af.c,3.o{] CCl 4(1 mLI. CHaCN(I ml), water 

11.5 mll 'JI ~'l! 96J-I2-B(6.6 mg, 0.016 mmol). Na104(41.3 mg, 0.192 mmoll-& '-fill] 

_;a_ >,g'lJ.cf. o] o]A,,'(biphasic) ~~;\f]ojJ cfA] RuCI,.H20(21.5 mg, 0.104 mmoll-& 7f~ 

'foj] 'J.g,o{JAj 2 ,]{! %'1! "f,s;,j] 21l!-of~cf_ %oW"-f .fl~'ll ~'l!% ~'lr ¾-li--ofoj 

>1171~ ~I ~-!j-~o{] MeOH(5 ml)% 7f~ Cf "i:z\-ofoj -l!-%'8 ~',!% >1171-of~cf. 
Methanol~ ~~ ¾'ff"t!- -1fl \:f,<:>_ ~~~ ~~~ reversed-phase HPLC(YMC ODS column, 

1 x 25 cm, 5% aqueous MeOH, 2 ml/min)..£ if;"alt!- ~:i} ( ... )-2-methylglutaric acid 

( 1.1 mg, 48% yield)7} ~oi ~_Q_oj oj ~~~ AJ;)!]::: authentic sample(Aldrich).2.}9.f 
1H t-.\1R spectrum~ 1::1]20{1 ~ii"}oi -¾~~~r:.}. (·)-2-methylglutaric acid: colorless 

oil: [alo" •15.5" (cO.l, MeOH): 1H NMR (CD30D) 6 2.45 (IH, m, H-2), 2,32 (2H, •. 

H41, I.89(1H, m, H-3), 1.72(1H, m, H-3), 1.I6(3H, d, J 0 6.8Hz, 2'1e). 

7}'?-~~H..£ ~ c:>1 ~ 2-methy)glutaric acid~ .,t~~ :tt1.l ~ gas chromatographic 
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analysisoJJ ~"O"}O:j ¾t:gx.}9;ii:::}. 1li%~ ~2-J,£ ~o-J7H ~~~ 5% HCl/Me0H -§-Qlj 1 mLOi] 

.a;-0J2 ~J;.H uJ~J~ -=f GC ~~~ ~ ~2}, ( + )-dimethyl-2-methyl-glutarate7} 

retention time 4.355 minoJJAi ~¾x.J9ft::}. ~-I{! authentic (~)-2-methyl glutaric 

acid(~ldrich)£-¥-BJ %qJ~ 2.J,1")01] ~"O'}O:j ~oj~ 'ti-%¥,'.: retention time 4.357 min 

<>l]Aj -l/cel:sj~cf. '£~ ~f"s~1) .llos\'i!c~ Vo-foj %'ll~ GC -l,L,;j~ ~ 7,,1) i>fi..f~ 

peak7f retention time 4.339 min<>ll,._1 "1½2'J~cf. GC -l,L,;j-£ ~]o-foj ,._1%~ 7]7lc: 

Hewlett-Packard HP 5890II gas chromatograph 0]9i..Q..a:j column,'.: w-wax-320 capillary 

column(0.32 mm x 300 mm), ~.5:. £.~,'.: injector, detector, ovenOll t:f"O"}O:j 7-fzt 280, 

280, 180 '°[ o] ~cf. 
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File:7109614 Ident:1_12 Mer Def 0.25 Acq:10-JUL-
ZAB-SE4F FABT Magnet BpM:154 BpI:2331063 TIC:24312606 Flags:HALL 
File Text:Shin {Kordi) 94K-25-B MEOH/NBA 
100 1 4 2.3E6 

95 2.2E6 .., = Peaks due to NBA matrix -· 90 2.1E6 
"" () = Peaks due to NBA matrix + Na 
w 85 2.0E6 

-0 80 1. 9E6 
~ 

,: 

"' 
75 136 1. 7E6 

" "' 70 1. 6E6 

" 'C 65 
I,. 

l.5E6 ro 
n 377 r 
~ 60 l.4E6 
C 
e 

I 0 55 l.3E6 
t:l ~ 

" " 50 l.2E6 
I r 

ro - 45 1. OE6 -ro 
r 9.3E5 r 40 
~ 
0. -· 35 8.2E5 
~ ro 

• 30 7.0E5 -"' 107 
"' 25 5.8E5 
'- 307 ' ~ 20 4.7E5 
"' ' ,. 15 289 3.5E5 

'120 '170 
10 2.3E5 

5 6291 389 
413 1.2E5 

273 . , 473 

0 O.OEO 

1 0 3 0 3 0 3 0 4 0 4 0 460 4 0 5 0 m/z 
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~------~~-rc125.293, 
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Fig. 3-110. Carbon :-JMR spectrum of stellettadine A(96J-45-Al. 
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, 
Fig. 3-111. Proton NMR spectrum of stellettadine A(96J-45-A). 
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Fig. 3-112. Proton COSY spectrum of stellettadine A(96J-45-A). 
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Fig. 3-113. HMQC spectrum of stellettadine A(96J-45-A). 
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File:'7109612 Ident:7_16 Mer Def 0.25 Acq:10-JUL-1996 11:SCT:44 +1:----stCa 
ZAB-SE4F FAB+ Magnet BpM:373 BpI:9259000 TIC:53305756 Flags:HALL 
'File Text:Shin .(Kordi) 94K-25-A MEOH/NBA 
100 3 3 9. 3E6 

95 8.8E6 

~ 90 = Peaks due to NBA matrix 8.3E6 --"' 85 7.9E6 
w 
' 80 7.4E6 --'" 75 6.9E6 

"' "' 70 6.5E6 

"' 00 65 6.0E6 
'C • 0 60 5.6E6 ~ 
1 

I § 55 5.1E6 ti 0 

"' ~ 50 4.6E6 I 
00 
~ 

45 4.2E6 • --• 40 154 3.7E6 ~ 
~ 

~ 35 3.2E6 --g- 30 136 2.BE6 

"' - 25 2. 3E6 "' "' ... 
20 1. 9E6 ' ,.. 

"" ' 15 1. 4E6 
"' - 10 .,, 9.3ES 

176 , . .. :i89..3Q.:/ . . ..::-.,. .•. 3. > .•. 

5 120 167 192 335 4.6E5 

0 '"'° 0.0E0 
1 0 1 0 2 0 2 0 0 4 0 4 0 5 0 5 0 m/z 
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Fig. 3-116. Carbon NMR spectrum of stellettamide B(96J-45-B). 
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Fig. 3-117. Proton NMR spectrum of stellettamide B(96J-45-8). 
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Fig. 3-118. Proton COSY spectrum of stellettamide B(96J-45-Bl. 

-233-



u 
~ 
E 

f 
~ 

I ; 

\II 
0 I ,, 

di 1·1 I' 
0 ' I ,, 

9 "' • I, ' 0 I fl 

~ I 

l l • 
I 

' ' ' • 1:1r ,'° 
I I -I I 
I ' ' ' ,. • ,' ' I I 

) • 
' q 

' 
' I I 

I • 
I { 

i I 
I 
I 

' I j 

' • ' ,. 
I 

' ' I 
I 

-
a. 

ru a. 
LL-

Fig. 3-119. HMQC spectrum of stellettamide B(96J-45-B). 
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Fig. 3-120. HMBC spectrum of stellettamide B(96J-45-B). 
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:<l] 6 ~ "5fl'i'! Dysidea sp. E-1 cflJ.}%1! 

tiff~ Dysidea sp. (A).li~~ VJP-6) ::._ Guam t.~~.2 Marine Laboratory~ ti:ff 0J,t~ 
'f 'll'i'-l!2f -e'c 'lj.;'{!oj] 9-i"foj 1996\1 7~ Guam ,jj 'll'l!o{]Ai SCUBA-". >fl'lJ>a~r:f. 
oJ A].E.E.j ~El~~~ ~1{!~ ~~::._ type species D. fragilis!l} off~ %.A}ti}9J.tt. 

2ej1.-f A].ll.9.j :<f>i]~ %'l/~ .!/-]-,,foj •H'll-l/:-ll-9.1 >i]7l]"f 'l,!.!/-]:<f'l) Sew Zealand9.i 

Prof. P. R. BergquistOJJ7ll ~~H:! 1:1} fiber2-] ~Effl...} if:".¥. %<>1JAi D. fragilis 9.J-i:::: 

~o] ~{3. A,J"~:PbJ.~ ~~)oJ y.!o} ~¾~..Q..5!. Dysidea 4:j-ol] 4,-"0"};:::: o]~,W-¾..Q..£ ~ 

'll "1 ~ cf. 
't!:'~ ~A}oJJ ~ti}~ Dysidea 4;-~ tiff~::._ t>ff\1%~~ ~<'ti~ <a~OiJAi.£ off~ ~ 

~~ -¥-W-otl 4,-(tr:}. ~af{l ~~~9-] ~7} 80£ 11-tl\l- ~ 0}l-]c} ~~~~ ¾"ff'L} 

7 ~~7} o~--9-- c}OJ'if}O:] polyhydroxy- and other rearranged steroids, sesqui , 

di - , and sester- terpenoi ds, terpene- qui nones( -hydroquinones), pol ybromi nated 

diphenyl ethers, chlorinated diketopiperazines, MAA(mycosporine-like amino 

acids) !g- ~~ t};: ~U,._J =!j 7]41~ 7}~ ~1l~oJ 0Ja}xlo-j 9lr:}. ~~~ ~~AJ 

2f .2.'1' s!i\9.1 '(;!2f.s'. •l'c!O!IAJ i'-½>ac: ~'1!%0] offoJAJ% *o{IAi 7f'b' cfoJ~ r,t 

,°_ 4'-:<[9.I Af-\jo]L-f oj'lj~ "f'-f9.J ",9.j ';1!%.s'.-'/-i;J ojej ¾-li-9.J ~'lj%o] 'l!i'!'B r,[ 

::_ -#-6f]7} ~:::: ~o]r:} Faulkner, 1996; 1997). Dysidea 4,-~ ~~~0] 0 ]~~ r:} 06 
~ 411.!:: ~~ff7.1}AJ Tt~xlAJ '?.f9l.Q..q o}o}.£ {}A}~ ofl1.! af1f! Theonella swinhoei 

9.1 7<!~"1,1 ;>J]cfloj] ¾'il"fc: oje] ¾-ll-9.I n]';ll%0!] 9-i"foj lVJ>a~-& 7f-'1;-AJoj -li 
r:t(L'nson & Faulkner, 1993: Bewley, et al, 1996). 

Guam r.ff~2~ aff 0J1]~ ~-i7-~2}-~ ~%~.,Z.oj]Al ~ A\li VJP-6~ ~-7-r.ff"t.Q..£. 

{!~~ 7J~l1;::: r:}g:zj- ~r:}: o] Dysidea4,-2.l an~:: _¥.~;;t}9.J, :nj~;;t} ~ ~AlA&~AJ 

~{!~ "§,e7J:;,;~01 ~1:ltt it~~ ?~~ ~7Joj]Al ~AJ'O"}.:il 9.l.Q..u:j ~if] r:}:: AlAl 

At~-~ ~:: ~n A}C}2 9J.9it:Hovergrow). ~t;] oJ~:: ~M1t! Cacospongia 4r~ 's.12 

91"::::: 7Jf-7} 1?19.J:1;:::r.~] 0 ] 7J~ Cacospongia oJJ1;::: ¾~2-J 1JA}9.}, 7]Ai¥-~ 1l}t;'o] "t! 

'i!>a~cf. ';1!%"'--'l-"19.1 4½~~ 0)%~ ~'b''./~o{]Aix Dysidea9.I ~4½%,°. 
CacospongiaoJl r.fft>}o:j %~tt ~AJ-& ~.Q..~.Q..u:j £~A}oJl r.f~! liJo-j1J1tjoj]Al5: ~n~ 

~ ,Y5:. ~-}It>}:= <>l.W- Pomacanthus imperatoroJl r.fftt 7J~~ .£~Q:J.Afl~2t¾ 1..,tc:}1..ff 

'i!,c}. ~F-H~~.Q..§.. ~o]~ ~"t~ qr:}1..f1;::: AJ~oJl op:}cffA}~~ol ~-#-xl<>l 9),~ 

7}~AcJoj 3.t:}1;::: ~::_ tiff OJ~~~ ~-=t-011 9J.°'1Al '9'-AJ~ A}"Jojo:j Dysidea 4,-oJ .!i!..<'.:9 

¾ ~~~1.! A~EH~ ~oJ~AJ::_ o] 1]%oJl 7Je:ttt ~c]~"S ~~oJ Y-R-xl<>l 91~ 7} 

-'g-Ajo] off~~ ~.Q..§.. .;ff~x}9ir:}(Paul, 1988: Thacker, et al, 1997). EE~~ ~ 
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14 15 

VJP-6-A 
(7-deacetoxyolepupane) 

AcO, ,,, 

0 

VJP-6-D 

CH30, ,, 0 

''•H 

VJP-6-G 

OAc 

VJP-6-J 

OAc 

CHO 
OAc 

VJP-6-B(polygodial) VJP-6-C 

AcO, ,,, 0 

0 

VJP-6-E VJP-6-F 

CH30, ,,, 
0 

H OH 

''••OH 0 
'•••oH 

VJP-6-H VJP-6-1 

Fig. 3-121. Structures of the sesquiterpenoids of the drimane class from 

the sponge Dysidea sp. 
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'i'-~oJl<i -'-Ii> VJP-621 ~?½~oJI cff{t -'-JaJ'!/'il£ ~-'-ftt {!2foJI£ ojaj ¾-ii-~ •l 
0J"-h!laJ 0 1oJI cj{t 7J{t 0<J•ff'!/Ail£ Lfof1.-ff9it:f_ 0 JaJofoj % -'-Ii>~ 'ljcff •ff"!~ •l 
'1! ¾oJl-'-l '!l*faf'<l '1!'i'-cffAJ2__s<_ {!'l)Of7fl 't! r,! 0 Jcf. 

-8--7]%ofl~ oJ%lt ~~9.J ~~. chromatography~ oJ%lt if;-2.J ~~l ~ if:~~~ 

"I-"-~ •ff"l %oJl 21tt ~ '1!'i'-~ '?e!"-f-l!c icol•l'l! 7 ¾~ {!ji-'!J-£ :1o~;;-1::: .£-\'-
10 ¾S'-1 drimane7ll sesquiterpenoids~ ~2.l, ~~ ~ ~~l~Z:.~ ,t"tgis"}9;!_t:}(Fig_ 

31211. -l:t•l 0 1~ % 2 ¾~ ji-'!J~ ~,ff,,,l"l 1'!'1!oJl-'-i '!fi"!'t! "171 ~::: 

12-nordrimaneS>.f Aff£¾ ~24.Q...£ 0]f°i~ 91%~ :QJ-'tl-&}9;!,r:}. ~2]:tj"j ~~ ~2f 
0] ;a,°_ •J"1-c!l 2] of~ .fl:~'!/Ail "i •K lt"-f~ Lfof1.-ff 9J.2_aj ~~-jl!Eff ~"I '!/Ail !E ~ 7,! 

:;r 91gg ~.ziis"}'.'.tlc.}. oJ ~,=jl-~2}::: ~~ ~~l~½AJ~ J . . Vat. Prod.ol] full 

paper_ia_ 7fl>ffxj9J_cf1Paul, et al, 1997). 

2. SesquiterpenoidsS'-j ~2.J, ~~~~ ~ ~eJ~-'8 

~H~.:H A]li::: %~ Z!~9.} waring blender~ oJ-S-lt ~:t.fl2J-~.£ 7] ~ ~Oil 
CH2C I,~ ~eOH_s!_ '/l~ Ofoj 'i'½"I~ t:f. Z!Zl ~ -l'-½~ £ ~{t 'f 7,J-'l[ %-lt..-foj %off 

~ AJJJ-i~ ::f:.~~~o-11 cff~flAi silica vacuum flash chromatography~ is"}'.:d_c}. o]~~ 

"J'll2-!a. 'f!oj~ Z!Zl~ li':"ioJ] cffil°foj 1H NMR:,.f TLC li':"1£ Ofoj oJ;cfcff-'-1~'!121 {'o 

>ff-lie ~',)..-f~cf 2 {!:,.f "l~'iloJl-'-i ¾'ll.'r. "1-'iloJl 0 J.;e.::: ojaj li':ct!OO 35• 

Et0,\c/hexane)oJl 0 JXf-t:ff,·t+~~oJ ~JlJ if:'~is"}::: ~oJ ~.z:!xj9;!,r:}. U:}2}A~ oJii~ ~ 

AJo] 1:1]';}~ ;.~J 7}.;i;J .::I.~(10-15%; 20-25%: 30-35% EtOAc/hexane).Q...£. L-}fo-I ~<cl.% 
9-j ~c]~ AJ.5:."0'}9,_c}. ~<cl_~~ ~c] 1'1Jtl~ ~~ silica semi- preparative HPLC~ 

ii}o:J ztzt_<'.!.j W~~ ~.->soJl tq,c} ~~lt!' .:foJl 'ir:S:.7} ~~ 1Jr--C>Jl:::: c1~ 

reversed-phase KPLC 2- _ia_ ;sJ ¾ "I '1l 'll ;<fj :,.f 'll -£ 7-f '!:I i::f. 0 ] aj ~ "J 'IJ 2_ _s!_ 'i'_-\'- IO % 

2-j t!Cf!¥(VJP-6-A~-J)7} ~o-I~.Q..o:j -lf:-cltt ~~_<'.!.j 0J,'.: .z,. r:RA}~~~ VJP-6-A:::: 

465 mg('&fl~ z:!~-¾i=!J_<'.!.j 1.9%)oj] ~,g.}9,_.Q..L-} L-}oiA] t:fl-¥-~_<'.!.j ¥~~ 10-25 mg 

(0. 04-0.1%) oj 9J.2_oj oj~ cff-'-fji-1! ',) VJP-6-G::: 2. 2 mg(O. OOBB•loJ] ~:,.f~f~cf_ 

~ r:.flA~?l~ VJP-6-A7} ~~_<'.!.j 2~1.£. -lf:-c]xj9ic}. oJ ¥~E.! ~;i;}~~ 

HREIMS9-j 13C NMR spectrumoJ] ~•1"1 Ci,H2603_s!_ 7.l'l)xj9icl(Fig. 3-122). oj ~'ll~ 
NMR ,cfl,_oJ]-'-l::: ~l'-f-"I acetoxyl7] [1H 82.04(3H, s): 13C 8 169.4(C), 20.B(CHall-"I 

;">ff7} 'l/~..-1 caj,±t:f. 1H NMR spectrumoJ]-'-i 8 6.02(1H, dd, Jc 2.0, 2.0 Hz)ojj Lf 
E}1d signal;'.!.j ~l*l.2-l splitting pattern,'.: °O'}L-}2-j ~~{! 0 1-¾~11'2-j e~H¾ _<'.!.ja]t;}:::: 

r,!2..-"- ojojJ AJ-§-..-f::: peaks7f 13C NMR dataoJl-'-i 8134,2(CH)~ 114.3(C)oJ] LfEf,±cf 

(Fig. 3 123 and 3 124). 0 ] ji-'l)Ej ~"l'soJ]-'-i f 7ff~ 0 )-¾'?e!t/£ "11-"l{t {!:,.f %'ll 
VJP-6-A~ ~%2C] ~-tl-¥ ~oJ ~tga-}9J_r:}. 
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0 / ~'1,/21 cff;>j)"J'l) .:;1-.E:C: 1H COSY, HMQC 'J,l HMBC -l)tJ<>I) .e.j-6"foj C?,'l),ej!l/t:f. 

~15] 1H \J\1R spectrum~ upfield regionO!l 1.,t'E}\:t A-fl 7ff~ methyl peaks~z}-~ HMBC 

AJ:;'±:;'±;,j)Ojj .e.j-;foj ring A~ B21 cfl;>J]"i'll ','-.E7f {11),e)!llcf. 13C~ 1H NMR data<>i]Aj 

Z/Z/ 898.l(CH) 'lo! 6.27(1H, d, J O 2.4 Hz)<>i) 1-fcf\J "/%7]:C: 1'11-f.e.J acetal(~,°, 

hemiac:etal J7l £. tcffA~ ~ ~c}. oj methine proton2f- ~7] ~ acetoxyl carbon2}2l 3-bond 

H C coupling.Q.§.Aj acetoxyl acetal "/%7].e.i ~><]71 7.l'l),e)!l/t:I. ol,c]i,/.Q.§. o]¾'?l 

t/2\ acetal7]~.e.J {It,,°, 20 NMR A,,ltj<>i]Aj ")'IJ ·iP!!,e)"]c: ,...-f9:l.Q.t..) •flcJ.-1:C: 't,± 

'J,l ?±!/:!;>'f~.e.J N'IR AJ<>j)A].e.j ~><]~ ~'1,/.e.J ~"l"'l¾ 2al~ Jiil o]ii' -'¥- 7fl21 a/% 
71 c: ;;lt..f.e.l -o!±'tl"l<>il 2).-loj A].s'. 'l'!?,!,e)oj ~g,& ~ 4' ~'lief. 0 ]aj.-foj s'!'l'!% 

VJP-6-A~ +&.::: 1-acetoxyl -1, 2-dihydrofuran7I¾ 7Hl [6, 6]-drimanel'll ~~~ ~ 

11 ,eJ 'li cf. 11' t! .EAf 12\ 0 I ~1! ,°, .:2: 4' 'l'! 'll .e.J .-fl\'! [lysidea 4r2\ 'l'! >ff%~ 
Dendrodoris spp.~.!jl-~ ~CJ¥! 7-deacetoxyolepupane..Q...£ mt:i1J.c}(Avila, et al, 

1991: Garson, et al, 1992: Butler & Capon, 1993). VJP-6-A~ optical rotation( 

[a)o25 -153. 9°)5'. .1!2-¥1 ._/:( [ale'' -166. 7°)2\ off~ ¾Af1'foj -'¥- ~~21 'll"il•R'llx % 

~~£ ¢J- "? 919:J.r:}. 
-#-Af ~ % 'I,! 'U v JP -6-871 "'I "'I .e.J 2"1I-"' ~ a] ,eJ 'lJ..Q. oj C1,H22D2.s'. ~"l"'l o] 7.l 'll ,eJ 

9:lcl(Fig. 3-125). oj %'1!121 1H NMR dataOj)Aj -'f,E.aj~ ~'l) ,°, tfl'<!.-J downfield<>i] -'f-
7fl.e.J signa]s71 t..fcl\J 1J 0 ]9:lt:f; 6 9,50(1H, d, J O 4.3 Hz), 9.43(1H, s). AJ%.-fc: 

carbon signa]s7f 6 201.9(CH)~ !93.2(CH)<>i] t..fcf';;!.Q.E..s'c 0 ] -lt.e.J chemical shifts£ 

o]-'/-o] Z/Z/ .-ft..f.e.J aldehyde~ a, P-unsaturated aldehyde.s'c •fl"'l,e)'lJ.cf(Fig. 3-126 

and 3 127). oj •i"'I~ "]"].-f:C: -'i'-R~ ,¾7] c: IR spectrumAJOj)Aj 17202\ 1680 cm 1<>1] 

t..fcl\J -'¥- 7i.e.j 7J~ ,&:,/~E.o] 9:lcf. 

~~ VJP-6-8.e.j .:;1-.E OjA] 20 NMR "f.llc.e.j •i"'!<>I] .e.j.-loj 'l!'lJ,e)~cf. -!:t.-J -'¥-
7ij.e.j aldehyde protons~ 8 !38.2(C, C-8) 'J,l 60.3(CH, C-9)<>f! ~><]~ 'i)±-l,> 2\.e.J 

7Jt! H~BC correlationsi:: aldehyde 7],S!.J -'tl~l~ zt-Zl C-112} C-12011 A]1A]~c}. ¥ 
~ VJP 6-A.e.j 7<)~~ of~7f"]-"' t..fni"] -¥-*.e.l ,'-.E:C: 

1
H COSY "rli 'J,l <ii 7i.e.J 

upfield proton signals.:z} ~~~ 'il~~.2}~ H-C correlatjons..2. ~~.5:)~t •. 0 )~)'6} 

oi t!~~ VJP-6-8~ ..,z.~;:: f 11{9.l aldehyde 7]~ 7}~ drimane7·ll sesquiterpenoid 

!i'. 7.l 11 "1 'li c I. 
j;'~.EAf '!12\ oj %'!!,", ~AJ.;J%2\ 'l'!;>J]%%.e.l ~'l'!~.s'c ~a] ~al~ 

polygodial~o] 1¾\''fi:l~.Q.t:Ji optical rotational value ([alo25 -123.4°).£ ~t!oJ]A~ .!i1.. 

.:;:!.{! {.!: ( la] 0
2~ -131°)2-} ?i~ ~:j;]-8"}9lC.r(Mori & Watanabe, 1986; Jansen & de Groot, 

1991l(Fig. 3-121). Polygodial~ ¥~.!i!..c}.I. -!t%~ off¾ ~.Q..£ L..i-¥-4 -#-~~ ~~ 
%5'.Aj oj ~'!!.e.J oj-&, '3t,°, C-112\ C-12<>1] ~]><]~ -'f- 7f.e.j a!dehyde7]7f o]Zj<l].£.e.j 

J;'<>I] ~] >] ~ .-f t..f.e.J amino7] .2.f ~~'{!%~ '!!.Q.i>j pyrrole7]¾ 'a '8 '"17] u:flii':.Q..s'. '!!al 

;,oj ~cl, n:fcfA] C 9 ~]><]21 'l);>Jj.:;'-.E7f '{!cfl.s'c ii 7<l-\'-<>i]c: -'¥- aldehydes Afoj.e.J ;,Jc] 
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71 'l!oJ pyrrole~ '!!'lll! "r" ~~E.£ off¾ ',!:o] -'-li!l~t:lc: -'-11.l.'r. !l2,aoj 9,lcl 

(Cimino et al, 1985). ~7ll! Bl£.f ~o] polygodial(VJP-6-B)c: •ff 0J'i!-l!- ¾Oll-'-ic: 

nudibranch 7J~ 'll-'11-'ii--l!-"ll-'-i\'! '!f'1!:laoJ ~~oj •H'll%-l!-"ll-'-i '!{'1,'\'! ~,"_ ~ 'll.,Z.71 

;l\].<S~ :(l:efo]cl. •M 0J'i!•H>ll"ll-'-i~ "1°1-'-I'>< 'a'~ ~l"-1~ 2"ilf ttil 0 1 ~'ll~ "l-'-1 

Dys;dea 4;- •ff'll~ 2-/l-l! <ff-'-l-l!-'!1°1 3c"]>el\'! 'll-'11%-l!-~ "111-ffoJI --t"i:laoJ 9.19.l\'! c',! 

..Q...£. ~Zf{!c}(Paul, personal commun.). 

-fi-,-'-t~ ~'c!¥'ll ¥~ VJP-6-C7} Ji!-A.Jl~ ~~l.£. if:"c)!c-)9lc}. o] ~~~ 

,"_ HRCI~S£,f "c N~R >elJlc~ •M"l"ll ~'0'1°'1 c.,H,,o,_,;_ :(l'!),a 9.lt:l(Fig. 3-128). 

"ll-'-i 19 7ij~ e!&o signals71 '!f'11>'19.l~l..f -'¥- 7ij~ acetoxyl7]~ i">ff71 1H£,f 

AJO{JA~ 117'11 AJ-1J!c-)91..Q.. 0 .£ oJ ~~ q:fA) oJ¾2C] sesquiterpenoid~oJ ~:tf-i5l9;f.c}: 
1H 82.02(6H, s): 13C 8171.2(C x 2), 21.l(CH, x 2)(Fig. 3-129 and 3-130). o] ~'ll 

~ ~ .,Z.e!c <>j -'-I NMR "I Jlc~ ~ lt "i \'! 'il "i Oil ~ "O"l°'1 dri mane;,fl -l!-'ll-"- ',-t-.j 1!~ oj -'¥-
1ij ~ acetoxyl7]~ ~*I c: ztzt C-11 ',I C-12£ >e]'!),a9.lc:<il .:J. i":71 c: HMBC -\!ll"ll-'-i 

6 4. 26( IH, dd, J O 11. 2, 5. 4 Hz, H-111:ef 4.12(1H, dd, Jc 10, 7, IO, 3 Hz, H-121"ll 

'9-l*l~ ?.±.~ carbonyl carbons.2.}~ 3-bond H-C correlations 0 )9itl {!7J't! 

7-deacetoxyolepupane ~ polygodial:z} o}1t7}A].£. ~;g VJP-6-C ~A] ~a:j~ ¥~,HJ 
0 1 ii'-~z-'-l"ll ~'0'1°'1 ',-t'O'f 1!t:l(Fig. 3-121 ). o] ~ 'll~.". ol-9- ;I\Ji"c"ll New Caledonia 

Oll-'-i •H'll'\'! •H'l! D. fusca~ -¥-<l-'-1~'!1£ !l2,a9.lt:l(Montagnac, et al, 1996). NMR 

A}.E.7} f(A}ii}~~ ~ o}q i?l optical rotational value( [a]o25 .. 37. 2°).£ .!i!.2{! {l:( 

ial," •37°Pf 71~ 'll"l"O"l~~E._,s-'¥- -l!-'ll.". ~~.-1 %'ll~ c',!~_,s 'i!zt'l'Jcl. 

-'i'-"'4 ~ "'I "11 'o'•M _,;_ -l,', cl '\'! {! -l!-'ll V JP-6-D~ -l,',>el-'J .". c.,H,.O,£ '{I '!l >'19.l cl( Fig, 

3-131). o] ~~2-j NMR A}.E.:: AJ-7)9.l VJP-6-A~-C~ -fi-A}{lo] 1?,l9}.Q..t.} ~o!{t {lo] 

cf4' '!f'1!£19.lt:I, 'ti>ei 13C NMR spectrum"ll-'-i 170.9(C), 165,6(C), 128.4(Cl"ll l..fEf\:! 

J.~] 7IE.j quaternary carbon signals~ '&}t..J-E.j a, ,8-unsaturated lactone~ ~,:ff~ 7J 

"9'0'] -'-l-'-1.-lc: ~~£ aJ"!£19.lcl(Fig, 3-132). o]~ >e]>e]"O"lc: %7J£c: lR spectrum 

AJ-oj]Ai vmax 17801-I- 1760 cm-1611 l..J-E.}\:! 7J{t ~::;g-~.s~ UV spectrumoJ]Ai ,,\max 

22llloge3,65) nm"ll t..fEI\:! peak0 l9.lt:f. ~>1! "c NMR data"li-'-i 890.7(CH)Oll -1'l"i~ 

el± 'Ji oloJI AJ%"O"l°'1 'H NMR"l)Ai 6 6.95(1H, dd, J= 1.9, 1.5 Hz)Oll t..f•II± 4'±:C 
- VJP-6-A£,f~ >el.ll. Bl_;;>_oJ] ~'0'1°'1- "O"lt..f~ acetal7I~ e•l~ ~ • ]"O"lc: ~.Q._,s •ff"! 

£19.lt:l(Fig. 3-133). 

oJAc/~ 'lJ!;!_~ BIEJ~_,s .-f°'1 ~'!J VJP-6-D~ .,Z.zc: 1H COSY, HMQC, HMBC 'Ji 
\OESY AJij~ :(j:ef~ ~l/.-loj -il-'li:SS9.lt:f. -l\-"O"] HMBC >ef.ll.Oll-'-i H 5, H-6, H-13, H-14 

9J H-1561] offcJo-}~ ?± signals~ 0 ]~611 °]-j-'&}~ ~± signals§-1-j-E.j -¥-?tt 2-, 

3-bond correlations::: o] ~~9-] 6-membered A~ B rings9..] -1'-~~ ~~~}~c~] 9J.o-iAi 

7}?]' ¾ii.tt ;r.}_E.oJ9;!_c}, ~7J{t lactone ring ~ Joj] ~'U~ acetoxy17]9..] ~,:ff::: 1H 

\lMR spectrumoJ]Ai 86. 95611 t..J-t::}\:! '?±~ lactone ~ acetoxyl-carbonyl carbons.2}-9..] 
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H-C correlations.2. 'll"t-.J ¾'ll!<J'.lJ.t:I . .::Laj'-1 o] ;a:f.ll_',!.Q..2.!::: ~'l! VJP-6-D9.j "f,,£. 

~ 7t'tgt;}::::r.il -¥-~t;t~c}. ~1-fll}~ acetoxyl7J~ 7}{1 lactone ring9.l ~~llff~,':'_ f 
7f;a:J "'aEl7f 71-l;---.f'.lJ.7] u:ff-lfco]t:I. ~ 2D NMR ;a:f.ll_-'1/ '1!71~ lactone carbonyl 2f 

acetal carbons.°_ Cll2f C-12 ¾ ojoc. ~1'-l<>ilx •ff'ljo] 7)-\,--.l'.lJ.t:I. 

0 11i'c"ll9.J •fl:,l.°_ 2D NMR '\l1J9.J %~"I'll •fl"'i<>il 9.J-.foj ;a:J'lJ'\'! C82f C9 ,U.±c 

9.1 chemical shifts.2.-¥-tj •fl7,,o] 7)-\,- .. l'.lJ.t:I. ~ 1H CDSY.9.f HMQC '\)lj.Q..2. ;a:J'l)'\'! 

H-6eq. H-7ax. H-7eq, H-11 %2\9.1 ¾~'\'! AJ'l!'l!>il<>il 9.J-.foj 8128.40!] ~l'-1~ 

quaternary carbono] C-8.£. ;;,:]1£19;!.E..t:Ji a}{!:7}A].£ H-5, H-7ax, H-7eq, H-13 %.2}9.l 

AJ'l!'l!>ll<>il 9.1-.foj 8165.69.I quaternary carbon°1 C-9.Q..2. ;,:J'l)!<j'.lJ.t:I, 'l!'l!"!.Q..2. 

a, fl -unsaturated carbonyl7]9.l 13C NMR datao{] 9).o-jA~ {!.±.L} ~.±. % ~7]%"8.£7} 

oRJ?.. 'C .!t!~7} a -i-l.7:]o{J ~i!-5:JA] ?..t:: 7J--9--0IJ:::: al:f!.±.SI chemical shift?} Pt!'&:. 
.!i!.C} -'.!~ downfield shift~t:}:::: ~,':'_ f"A]2.l At,'•Jo]t:1-(Wehrli &: Wirthlin, 1978: 

Kalinowski, et al, 19881, rtfelA1 8128,4.9.f 165.69.j ,U±71 Z!Zl a.9.f P~l'-1~ 'll-.1 

7] ~l t;ff A~ :::: lac tone carbonyl,':'_ C-12<>ll ~ j;J t;} .2 acetal carbon,':'_ C-11 O{J tiff't:.J~t::.}. 

o]c]t>}o:1 -8.~~ VJP-6-D9.l ,1-~:::: unusaturated r-lactone7J~ 7}{1 drimaneJI] 

sesqui terpenoid.£. ~ 1}5:l '.'.d_c}(Fig. 3-121 ). 

~il VJP-6-DoJ]~ C-5, C-10, C-11% A11 ip:]oJ] 1:!]t:HiJ t!~ ¾~(asymmetric 

carbon centers)7} ~.zfl{!c}. oJ~ ¾oJ]Ai A.JB rings t!:9-1 ~-i}-~9-j AJcflllH~~al.32 

o•lJ i].7.]{! H-5(1H, dd, J.::. 12.7, 2.0 Hz)~ coupling constants.2.j, H-51}1 H-132}- 1.1.::;J 

<t!" '"?.± signals.2.J,9-1 t\OE correlationsoJl ~B'}o:j trans~ ~~~~tl o}~7}A).£ H-13 

2f H II Afo]9.j NDE correlation<>il 9.j1'foj C-ll9.j AJcff•ff'll.°_ llll'.2. ;a:J'l)!<j'.lJ.cf. 

-8- Af ~ ~ 'l/ 'l] V JP-6- E7f -¥-"I 9.1 "'i >ii .2. -a', el !<j '.lJ..Q. oj HRCI MS "I .ll..9.f 13C NMR -a',A~ 

Oil 9.jofoj .::1 -a',;a:f").°_ CpH24D4.2. VJP-6-D.9.f -'ii-'l!tt :>,!.Q..2. •H"'i!<J'.lJ.cf(Fig. 31341. 

o] ~19.1 cf;: -a',-,t;a:f.ll_ OjA] VJP-6-D.9.f ojaj 7f;a:J \'!OilA1 off~ ¾Af-.1'.lJ.t:I. •ajt-f 
13C ~MR spectrumoJJAi f'E.cJ ~ ;(}o] ~ ~ VJP-6-D~ C-961] ~fl't::Jti}~ quaternary carbon 

9.1 signal ( 8 165. 4 I 0 1 upfield methi ne( 8 56. 1 ).2. cff >ii !<J '.lJ..Q.oj C ~ 7 methylene( 8 21. 4 I 

OjA] VJP-6-EOl]A]!::: olefinic methine( 8137.6).Q..2. Uf',']oj "1 ';l 0 ]9J.t:l(Fig. 3-135). 

o]oJl ,._J%til~ _j:}oJ~o] 1H NMR spectrumoJ]Ai.5:. ~:z!~oi ~;t}oJJAi~ .!i!..0 1.A] U9J:IJ Afl 

£¾ o]efinic protonoJ B6.90(1H, ddd, J :c 3.4, 3.4, 3.4 Hz)oJl l-}e.},;):c}(Fig. 

3 136 I. 

\"R ;a:f.ll_AJOi]Aj !;!.oj'i,' o]aj~ .'i'.c' '-fo]';J.°_ VJP-6-D9.j C-8(9) 0 ]¾7,,~0 ] 

VJP-6-E"i]Aj !::: C 7(8).2. o]-',i-~.Q..2.A] ?-§-o] 7f-\,--of9J.t:1. 0 ] •fl"'!.°_ 2D NMR "'f.ll.9.j % 

~"I'll •l"'i.Q.5'. 7f-l;--•f'l"f.Q.oj "t1'] H~BC '\l1JOIIA1 H-9 signal( 82.68, IH, m)2) C-7 

( 8137.6. CH) 1}.l C·-13( B14.2, CH3)2f-9..l long-range H-C correlations.£ ~~is'] iJ¾.:r-1 
9:lc}. o] ~;,;Joj]Ai21 l:l]t:H?J t!.± ¾~~ AJt:HllH~~ NOESY A}lioJJAi l-}e.}iJ: H-5.2.J, H-9 

Afo] 'Ji H 112\ H-13 Af0 19.I AJ'l!'ll>il<>il 9.1-.foj 911',llll'.2. ;a:J'l)!<j'.lJ.t:I. 0 ]aJ-.l"i ~~ 
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1J VJP-6-ESl -t"S.::: drimane71J sesquiterpenoidal lactone..Q..£ ~~xl~c:t(Fig. 

3 121 I_ 

~~2-] 2-~ll~ 'E!o-J~ ~~ VJP-6-F~ ~A}--~L~ .. HREIMS~ carbon NMR ~~Oil Sjii} 

oj c,;H-,-0,->'. •R""l>'J'J:ltf(Fig_ 3-137). cf;: ~'l'!~-"f • f~7f><J->'. oJ i!-'!l.e1 NMR ><f.llc 

~ drimane71l sesquiterpenoids~ ~~~'l! [6,6]-bicyclic systemo] ,e::::i:H"1J'~ .:s!.o:j ~ 

9:lct(fig_ 3138 and 3-139). "c ~MR spectrum -'o'-"1JA7 8175.8(Cl"11 L}Ef\:! signal.:zf 

!R ~t~_o-J]A~ 1765 cm 'oil 1.-}E.}\:! 7J~ ~.:.g- band~ '0"}1..}Sj saturated lactoneSl -e:i:n~ 
t::c!1.-ffq;lc}. o] %~Oil ~::::tij-a-}~ .£.~ ?±~ 1t!±2-J NMR AJoJlh]Sl 1l*l~ 2D NMR 1J"i! 
.e1 .i'c~"ll .e1o-foj '?;!'l/>')9:lcf_ :,;,.-J lactone carbonyl.e1 ~*le: 0] 'B±.2\ 81.69(\H, 

d, J O 13. 7 Hz, H-9)"1] -1'-]-"I~ o-fLf.e1 methine proton \ll 84.23(\H, dd, J O 8,3, 

6,4 Hz H-12).:,f 3,66(\H, dd, J O 11.2, 8.3 Hz, H-12)"11 -1'-l-"I~ methylene protons 

%2l.e1 H-C correlations"l] .e1•f"1 C-11.Q..s'. ><]'l/>')9:lcf, 0 1 ~'l'!i!-"11::: B ring"ll C-5, 

C-8, C 9, C-10 % 47J.e1 Bjci'i! 'il± ¾1J 0 I e>jo-f<JJ.c:cll oj l',- ¾"1IA] \':!><1 C-5.2\ 

C-10 % ,\/8 ring junction~ ~~l,1-~~ 60.90~/ L-~'f;f\1 H-52./ coupling 

constants(dd, J.:. 13.2, 2.9 Hz)~ H-13 methyl protons2-! NOE pattern.Q..5:.-¥,e-j trans 

£ 11711 '(;!'l/>'J'J:lcf_ ~'11 A7_s!_ 'l!'ll~ C8.:,f C-9.e1 -'o'ci"i 'lJ>ll•ff'll,"_ 01 ::.- Afol.e1 

~coupling constant(Ja 9 ~ 13. 7 Hz).2.} H-8 methine proton.2} H 13 methyl protons{! 

~ ~~~'l! 1,3- diaxial orientationOll 7l'l!t!- -?;!..Q..£ "'r~xl~ 7Jt!- NOE AJ-t!-lt71l.£ 

-fE-i al, 9l£ ~ ~~<_tlr:}. o] aJ"O"}o:j 11~~ VJP-6-FS] .=t,~;:: lactonized C ring~ 

7}~ {;¾22) sesquiterpenoid.2. ~15:J~r:}(Fig. 3-121). 

1-l'l'!-l!- VJP-6-G.e1 'a'c><f,;j ,"_ HRElMS ><f.ll..s!.-'i'-"i C,sHzsO.s'. 'l!<>i 'l[cl(Fig, 3 140) . 

.:J.ejt.f 13C NMR spectrumoJ]A7 16 ,w.ei peaks71 t.fcf;;l.Q.nj DEPT A,!~oJIA1 .5'.-!j'- 287H.e1 

"?~71- U±o-Jl ~ ~~ o-] 9J. g % t:1JZ1_-a-]-9;lr:}. cc}a}Ai EIMSoJ]),i 1..}E]-1(! mlz peak:::: 

[\\ OCH3r&11 offc..Jt}C ~o]n:j 0 ] ~~E--1 1l~l-!l'l! ~A}~~ C16Hzs02.2. ~~0 1 A]%j~r:L 

i'l-'ll VJP-6-G.e1 NMR ><f.llc::: VJP-6-F.2\ oje] 7}><1 \'!"1IA1 ci"" %Afo-f9J.cl, "7ejLf 13
( 

\~1R spectrum"o'-o-J]Ai 7}~ ~ *}0 ]~.': VJP-6-F2-J l] 175.8011 l..-}"E}j-lt) carbonyl 

carbon(C-11 )0 1 l] 107. 2(CJ2-J acetal carbon:;>.} 8 54. 3(CH3)2-J methoxy carbon.£>.~ l:lf:'i:! 
~o]9;fr:HFig. 3-141). oJo:j] >-J%i;-}~ tt!i}7} 1H NMR spectrumoJ]Ai.S:. {t~~e>i Aff.2.¾ 

acetal2} methoxy protons~ signa]s 0 ] /J4.72(1H, br s).9.} 3.28(3H, s)Oj] qr:~~q 
(fig. 3-142). EE~ VJP-6-FE.f IR spectrum~/.Ai 1765 cm 1

~} 1-}l;}~t'.! esterE-/ 7J~ 
stretching band7} ,qc}~ ~£. lactoneoJ acetal(~.': hemiacetal ).2. ~~ -?;!.,£ A]A1 

of')j_cf_ ol -l!-'l/.e1 Cf.i'c </jA] tH COSY, HMQC, HMBC % 2D ~MR A,)~"11 _eio-foj i:J-','-:;,< ',l 

~~:=ti) ~11¥-~~ acetal~ ~)~J::: o] proton(64.72)2} C-8(834.1, CH)~ C-9(8 

58.8, CHI %"-f.e1 H C AJ-l!'tl:711"1I _eio-foj C-11.Q..5'. 7,l'l/>')~.Q.nj methoxy7l.e1 -Y-1~1 '!. 

~ methoxy proton(carbon)2} acetal carbon(proton):ii-E--1 AJ~-lt7lloJl 2-Jfi}o:j C-lloJJ ~ 

~'B ~.2...2. 1?}-tg5'.l9;ir:}. u}A]~.2...2. C-112} C-12 .. qo]o-Jl e~ij?>}C ether linkage::::: 
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C 11:zl H 12( a3.96. 3.56) 'JI H-11:,) C-12( a72.2) Afo)Oj) \..f"-f\:! oj;,j 7ff.sj H~BC 'J 

'l±'l±7ll.5'. -il-'!l£l9lcf. 0 Ja)-ofoj {!~>J VJP-6-G.sj '!l'i'l-'1-x::: VJP-6-F.sj r lactone 

o] methoxy acetal.s'. 'cl~~ -ll-.5'."i).5'. :,j1)£j9lcf. 

%1l VJP-6-GoJl:::: C-59.} C-10 % ~'!J~~ trans AIB ring junction oJ.9.joj]£ C 

ring<>!) C 8. C-9. C-11% ;.j_ir_ o)¾i>f::: >ii 7ff.sj •Jeff')/ '<!± ¾1Jo) ~•ff~cf . .:J.;,j\..f 

proton coup] ing constants(Js 9 vs: Js 11 ~7. 5 Hz)2.j ~1 ~ 0]-§-S'.f c::J~]llff~~ 'Tf"~t;} 

c:cJ) 0 f-'¥-\'! .SC.%0 ) £1"1 *"f9:J.cf. tcfaf;.j o)~.sj AJcff"i 'll>il•ff'l!~ NOESY 'l)1j:,j 3><f 

~ .2.';!!'1!-'/-0f) .£l"foj -il-'!1£19:lcf. H-12 methylene protons ¾.sJ "f1.-f( a3.56):,j H 13 

methyl protons( &0.90) '()Of) \..fof\:! 7J~ NOE -\,''/±'/±71)::: C-12.9.f C-J3o) '8-'(/"Jk.5'. 

Jf:,,fo) ~)*IV¾ c;,jcff9lcf. !£~ H-5 methine proton( &0.80):,j H-9 methine( & 

1.641 >f0 ]0f).5'. ~OE correlationo) 0Ji'!£19lcf. 1!"11"1'<.! 3><f-1:! 5'.'l'!% 'l!~oJ -/"c '>!:zl. 

oJc]~ -t?-.z:t~~ '2-~lt¾ L}1.::t1.-fl7] 5f]3ffAi;:: B/C ring junction~ cis tgEff£ llff~l£f<>l 

9loJ 0 ~ ~~ ~ 4- 9l9J.c}: H-Ba, H-9a. a}~7};;i;].£. H-llS'.f P-orientation(C ringol] 

cff.,,foj)'i:. 0 ) '?±.9.f H-13 ;.fo).sj NOE correlation<>!) .sj"foj -il-'!l£19lcf. a:faf;.j 

VJP-6-G.sj C ringOf) ~•ff-of::: •Jeff')/ '<!±.sj -\,'effaj 'lJ>IJ•ff'l!~ Bfi',91,11n'.s'. :,j1)o) 

£19;!..Q.oj 0 ) 7,1:,)c: -fl-Af~ ~'!)'l] VJP-6-F.9.f::: C-9.sj 'lJ"IJ•ff'l! 0 J '/leJ'lJ¾ .sjn)"f9:J.cf 

(Fig. 3 121 I ~'!) VJP-6-G.sj 'lJ"i)-'/-x :,l'l).sj 'll~V-£ ~'l]Of7) ~)"foj -li'ct!% 3o;.f 

liH ~ 7.:121- 0 ] ~~¥2} %,·'-1-~ hemiacetal(VJP-6-G;:: acetal7l~ .1i!..%)7]~ ~2 9li:: 

t>}Lt~ sesqui terpenoi d7} 4-\:1 ~ ~~ ~ CtloJl Ai~ ti}:::: Dys idea 4,-0l]Ai ~2.J 5:-l t',d~o:j 

~ ;:'.Of).5'. 'it'll~ ~'l,!o] \J>i •ff'!l 0JOfJ;.j •ff~'\'! D. fusca.5'.J/-tj 'l{i'!'\'! •f7f 91%¾ ~ 

q_)."&}9;.!,t:}1Butler & Capon, 1993: Montagnac, et al, 1996). .::J..i.':{L} cJ~ 111.£ .7>1],q~ 

9l 'i:! 'l] >ii -'/-x::: 'll 'l! ~ NOE -ll':"1 Of) .sj "foj 1111' .5'. '?'ll £19;! g-£ ~'l.! "f 9:l cf. -i"c '1! -'I
Oil A~ ~])-llt lilt configuration~ E}l=·J"ci~ :lt~i>}7] ~]'&}o:j hemiacetalOll t:ij-i;'}o:j .!l.2. 

'\'! !'<MR ").ll..9.f VJP-6-Gii, •J.;;!.•ff 1-' 7,!:,) C 11 'JI .:J. -?'fl<>I) ~)><)~ '?± 'JI '<!±.sj 

chemical shifts7f 7j.sj 'l!*)"f9Jk.<e..5'. 0 );,j~ •ff"l<>ll cff~ -U-•h1-& ci"f>II £19;lcf 

(\1ontagnac, et al, 1996). 

H]2~ '9"AJ0J "jf~ ;gAJ~ {t.2.~ ~EM.£ ~el~ {1¥~ VJP-6-Hof[ r.ff?>}o:j 

ammonia~ carrier gas.£ 0 J%l!- HRCIMS ~~~ 4'-~lt ~2} '6}1..}~ ~--1.}~A}o] g. 

{quasi-molecular ion)oJ mlz 284.22250l] l.-}E},±~t:~] o]~ C16H3oN03 ~ [M+NH4]'<>!l '!:fftJ 

tl}9;.!,.Q.E.£ ~~~~ ~A}~ z'_ Ci6H2603.£ ~~5:J~t:}(Fig. 3-143). .::J..c:iL} 0 ] ~~~ 

"c NIIR spectrumOf]>ic: &105.4(CH), 102.2(CH), 76.9(C), 54.3(CH3) % 47j.sj ,0±7f 

::l~B ~5:~ e::tff7} E..i.':{,±.Q.o:j IR spectrumOl]Ai.£ 3450 cm 10ll hydroxyl7J ~*~ 

7J~}.2 W z'. stretching band7} L}E},±t:}(Fig, 3-144). cc}e}Ai ~~ VJP-6-HoJli:: -~ 

2J~~Oll Ai .'.Al]A]{! ~ .!i!.t:}- ti'}l.-} t:i ~z'. hydroxyl7]7} e::tff'6}o:j "J~l~ ~A}~~ 

CrnH28D,.5'. .ti¾ :,l'l;£j9;lcf. -1!-'!J VJP-6-H.sj NMR spectrum~ VJP-6-G.2} oj;,j.5'..5'. -fl-Af 
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~ ~ 0 1 ~9,tc}. ~i>l -"fAl-Oil e~fli>l-9J.1t:! methoxy acetalOil tsffcJ-t>l-::: ~± ~ .::j:-±71-

;,j.ej %'lH! ~]*]<>!]Ai 't!1!-"l9lt:f; 1H 84.66(1H, br s), 3.36(3H, s); 13C 8105.4 

(CHI, 54,3(CH3 )(Fig. 3-144 and 3-145), 

oj "1 ¾-\'f-.eJ 2D NMR o<f.ll.~ ¾~1'foj ~"ft! ~2f VJP-6-H::C VJP-6-G9.f ~~1'] 

%~~ ring A~ B~ .!i!.¾i>l-2 ~goJ ccixJ:c}. «l~l-Ai .2.~ .,Z.~~ ~l-oJ~~ ring C 

<>II -lJ%xJ<>J 'l)9lt:f. VJP-6-G.ej 13C NMR spectrum<>!IAi C-82f C-12::C z/z/ 834.I(CH)9.f 

872.Z(CH,)<>ll l;>i1'f~::Cci] 0 ]lii;oj 8102.2(CH)9.f 76.9(C).ej ~l*J!a. downfield shifts 

'\'! -',!~ <i!a.0 1 \..fEf\:! hydroxyl7l7f o]-lt '<!±<>II 'l!~-"l<>J 'l/%% .ejnj1'f~t:f . .:i;eJE. 

..£ VJP-6-G2.]' C-8 methine::z} C-12 oxymethyeleneo] VJP-6-HOi]A7::: ztzt quaternary 

carbinol::z} acetal(~~ hemiacetal).£ ~t!~ ~2....£ t>fl~~9ic}. o] '!fl~~ AJAJfi}~ 

7.l'li"i'cl ¾7J::C HMBC A.,!~<>!IAi H-9( 81.80, lH, br s) HMQC 'Ji H-132f.ej long-range 

correlation..Q...£ AJ~oJ ~9:1.1t'.!- 1} oj -§- t!-5:.2.}E.l 2-, 3-bond H-C AJ-t!-t!71J7l- ~?1{! 

~ 0 Jt:f. rtfefAi ~~ VJP-6-H::C -'f- 7fl.ej acetal:,f hemiacetal7J-i!- Z!Zl C-11:,f C-12<>1I 

.!i!.fti>}2 ~:: ~(vice versa).2...£ ~zt~9fcl-. o] OJA} Z!E-1 ~%7JE.l .,Z.~~ o] ~~ 

611 €-~ffi>}:: ¾OJ11: methoxy7)2.]' 9-±(t!-5:)E.l signals7} C-112.]' t!-±(.::j:-5:) signals9.} 

0 1¾.eJ(mutual) HMBC "lf't!'t!7ll~ E."1\lE.!a.Ai {)Ji] •fl'l!xJ9lt:f. olclO-foj ~'lj~ 

VJP-6-H.ej 'i'-~::C VJP-6-G.ej C-8:,f C-120!] hydroxyl7]7f 'ii~'\'! %.S'.>i]'lJoj 'if°Ojs/ 

t:f. 

~~ VJP-6-HOlJ:: drimane71! sesquiterpenoids2.]' ~t~~ trans AIB ring 

junction(C-5, C-10)<>11 "l'-7f1'foj C ring<>ll C-8, C-9, C-10, C-11% tetrahydrofuran.eJ 

5'.:C ~1*171 sjcfl'l) '<!± %AdE.!a. 0 1-'i'<>J"l 'l)t:f. N0ESY spectrum<>!IAi H leq(81.71), 

H-11( 84.66), H-13( 80.87)% <ii 71.eJ '?± AJ~-{)(mutual).ej ¾%'\'! AJ't\'t!7ll7f 'l!Z:! 
0 1 xj9lt:f .'£~ H-12( 85.15)9.f H-13 Afo)oj).S'. 7Jt! NOE 't\7J]7f •Jzj_xj9lt:f. 1/>il.af'c! 

3~1-1:! 5'.'/1£ 0 1%t! 'l'!'i'- 7,l:,f AJ71.eJ 4'±-1:Jo<f {!.ej N0E7f L-fEfL-f71 ~l•flAi::C B/C 

ring A}o]~ ~"it~~ cis orientation~ oJf'<>jo]: t}-oJ E-cixJ:ct. EE.~ H-111} H-12:: 

5'.-'f-71 C ring<>ll cfl1'foj P-orientation-£ -}Jojot't} 1'f~t:f. o];ejt! '§-{!"I •i'l!% t:i~ 

A]AJ-t>}:= -¾7-1..£:: H-lax ~ H-5 % a -orientation,& oJ"T'::: ~2...£ o]oj i{aj~ ~::: 

( trans ~IB junction) 4'±-1:!o<f9.f H-9( 81. 80)2f.ej NOE AJ't!'t!7ll 0 1t:f. 0 ] c]O-foj ~ii 
VJP-6-H.ej c ring<>!] ~J;.]t! sjcfl'l) '<!±%{1.eJ "l{cfl"i •I'll~ 8it,911',llll',12s'!a. -(;!1J 
xj9li:l(Fig. 3-121 ). 

~/454 2~1 tg1;ff..£ ~cl~ {1~11 VJP-6-12.]' ~Al-~~ HREIMS~ 13C NMR A}.li~~ 

Oil E.f '8"~o:f C14H2202..£ <)fl~~ 9:1. cl-( Fig, 3 · 146). Carbon NMR Oi]Ai sesqui terpenes54 'ff!±. 
"% 'fi}l..-}2-]' signaJo] A}Cl-~ A}~(norsesquiterpene) 0]~61].£ oJ ~~9.j ~~A}.li::: r:} 

~ ~~~:z.J-2-1 AJoj~o] ct? 1'1J-Z1£1~ct. 1tlAi 13c NMR A}liOiJA7::: A~] 7fl~ downfield 

carbonslf 8188.9(C), 183.0(CH) 'Ji 122.B(Cl<>ll \..fEf,lt:f(Fig. 3-147). cJ.:t<>ll::C ~ 

A} f 7HE.l t!-± signals:: 2 chemical shifts.£. li!.. 0 } ztzt unsaturated ketone2} 
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aldehyde.'<- 1:Zl'99i2-t-f iloJJ;.i '11-.Ml sf.2} ~oJ olefinic regionoJJ 's!;o:J 1'fl-f~ 1t) 

± signal'<! 'l!7.'!"19i7J o:ff-li':oJ] ii~ ,jJ 't!±7f 5'.-\'- tl•fl;,J;.i 1'fl-f~ enolized P 
-dicarbonyl 7]~ ~>ci"O"l-~ -1!..Q...£. ~1xJ~r:l-. o]i!itt ~oJti: ~%7JE.j e.J:M~ A]A]"B"l

:::: ¾11.l! ¾7i.£.:::: IR spectrumotJAi 3500(broad, -OH stretching)zf- 1620(C.:.O 

stretching of /3 -hydroxy- a , /3 -unsaturated ketone) cm 10j] 7J{t .::S:-~'t!E.7l- 1 .. }Eh± 
~2}, L\ spectrumo.J]Ai 294 (log.s 3.34) nmoJ] ~ ~~ maximumoJ l-}E}\:! ~ % oj9ic} 

(~akanishi & Solomon, 1977). :Et!- 1H NMR spectrum6J]Ai o'15.36(1H, d, J-:- 4.4 Hz) 

2/ 8.60(1H, d, J O 4.4 Hz)ojJ ;.j_ss coupling-£ •f:C: -'f- 7J~ signals7f 'lf{'!5ej9;!2-nj 

~1'J ~;:f7f 0,0.2} .2:\'!~'11-£ t_fefcfl:C: ;.f1,! 0 J enolized'\'! "/%71~ ;"•fl~ 7Joj1'J ;.J 

A}ti}9;lc}(Fig. 3-148). rr}r.}Ai ~~ VJP-6-1:::: ti}l.}9-1 enolized /3-dicarbonyl ~Eff9.j 

-3.l-%71~ ~.2 9)..9..u:f 0]cit!- ~o]{!- ~%7]:::: carbonyl 7J$!.l {!:.&: -'t!Al-9.J- enolic 

hydroxyl7J ;.foJ~ '?± 7.!t/oJI ~ofoj ¾>eJ7f '92 9.l.:C: ~2-.ss '\!IZ!5SJ9icf. 

oJAJej ojaj 7f>eJ 'lj.!i'.~ sfEJE__ss 1'foj VJP·6·A~·H %2/:C: ',/oJ1'fJIJ 

norsesquiterpeneJ.!]OfJ 4j:,·3}:::: ~~ VJP-6-1~ -,1-&.:::: tH COSY, HMQC ~ HMBC ~~.Q.~ 

Tt"~xJ~t:L 1i!Ai H'.iQC 1:llJ 01! ~"O'l-oi 01 ~~of] ,e-Af"O'l-~ ..£.~ -?&.9.} .::1§-0! ~~~ 
t!±~ A]1o] oJ~o-]~.Q..~ -?&.~Al- A}oJ~ AJ=t:!~7'11£ 1H COSY 1J~.Q...£ t:ff-¥-it o]f 

oj'lJ_cf 0 1 la;' -'j'- 7f"'i 'lj.!i'.~ 7,:1% ',l 7.!t/~ HMBC 'il~oJJ ~1'foj 7f~1'f9:l,:C:<ll ~;;J 

al.lSIH 13), 0.9IIH·!5) ',l 0.86(H·l41 % upfie!doj] i]"i~ singlet methyl peaks,> 

21- 'l!~'tt 10±§-~9-j H-C correlationsofl ~"O'l-oi A9.} Bring~ r:ff¥-~ ,?-S:.7} ~1s.19:l 

cf. 

~7Jlt a, .a-unsaturated carbonyl7]~ e;(»~ 88.60ofl ,¥-)*ltt -?± signal2}- 8 

188.9 ~ 122.8ofl il~ltt t!-&. signals z!.9-j H-C correlation.Q...£. 7i"~s.19:J.c.l-. EE~ .f 
At~ t!:±:..2.} H-132}~ 3-bond correlationO!] ~"O'l-oi .8-hydroxy- a, ,8-unsaturated 

carbonyl?]~ drimane ~~~ C-8, C-9 ~ C-110!] ~l*l~l-~ ~_Q_.£. iiff"'9s.19:lc.l-. 6 ]9.t 

cj*oj alBB.9~ 't)±.2} aI.B0(H·6eqJojJ ii"!~ "i'± ;.foJoJJ t.fEf\:! 3 bond 

correlation.5:. cJ~'tt iiff~~ A!A]'8"}'3:ic.}. c]~~ HMBC AJ~ol] ~~l-oi unsaturated 

carbonyl71~ '<!±~Zj '1/oJJ;.i~ ~;>J:C: 7,j'lj5ej'l;l2-t-f AJ,jJ~ •ff'lloJl:C: f 7f>eJ 7f~AJ 

oJ ~•iji;f9:l.cf. -"'; 1'ft-f~ ketone:,.f 1'ft.f~ enol 0 J Z!Zl C-8:,.f C·llojJ ~•H1'f:C: ~oJ 7f 

~•f9:l..2.Lf oJ9.f %,JoJI 1'ft_fej enol:,.f 1'ft_f~ aldehyde7f Z!Zl C-8:,.f C·ll<>li iJ;>J1'f:C: 

~5:. ~Cl ~_Q_.£. ~~J-0}'3:lc.}. cJ ~ 2D NMR AJofJA~ oi ~ 7ff9-] homo- ~ hetero

correlations7t llJ7.:!s.19:lgoj].£ ~-Y-~l-2 8 188.9(C)9.} 183.0(CH)Of] l...}El-1d t!±§-9-J 

~%7]~ !tl~iil ~~•5l~ ~oj ~7l-~~l-'3:17l JIJl~c]c.}: ,8-hydroxy-a,,8-unsaturated 

carbonyl7l0fl 9.l.c-JA~ carbonyl7]9.} ,8-olefinic carbon~ ;;<i~ {!-~ 13C N~1R shifts~ 

l.-}E}\)!c.}(Wehrli & Wirthlin, 1978: Kalinowski, et a.I, 1988). 

0 J l!:•ll~ •fl{!~ 1H ~IIR >efJl.ojJ;.1 alS.36:,.f 8.60<>l] t_fef,± "i'± signals ;.foJ.ej 

coupling constant~ '9-1JoJ] 9-Jtl-oi iifl~x]S;lc.l-. 'G- 0 ]§-z!~ coupling constant7t AJ 

-245-



t:J'8"J ~ {.l:0 ]9i..Q...!=..£.(J.:. 4.4 Hz) ~A2.J 7J-¥-, ~ ll-hydroxy-9(11)-unsaturated-

8-ketone.'?.l of~ojl c;~ ~~'O"}~c}(Fig. 3-148). o] 7J.!r-oJl:::: f- 4-±.'tl_A}:::: 44 
11-hydroxy\ protonz}- 11-olefinic protonoJl tiff't:Jti}.!=..£. 1::1J~ % ¾oiJ.Ai 0-}42.J ?±7} 

heteroatomoJ] ~'1J"~o-j ~7J:::: '8"}4 vicinal carbonsoJJ ~~{! 4-±:{!2.] coup! ing 

constant.2.f 71.21 -ll--'I~ iU% 1--fEf~ "? 9Jcl(Jackman & Sternhell, 1969). o].2.f 'l}cj 

.'r.. -f-A~~ 7J-¥-, 4 8-hydroxy-8(9)-unsaturated-1-1-aldehyde~ oJf-2. ~,-£ 7J.!r-oJJ:::: 

~ 0.Jt! ?±.'tl_A}~::_ ztzt 8-hydroxy protonz}- ll·aldehyde protonoJl aijcJt;}?!l t!_c}. 

7 ell-} 0 1 ~711 ~ 'B "?-±5t!A}~ :{!2-] coupling ~ ..iJ ::_ homoal lyl ic coup! ingoJ ~ :=r:i] 

4.4 HzE.l H-H coupling constant:= o]cJ1!! coupling ojJ .'?.l1!! -5!..Q...£. ~7]oJJ:::: AJl-}.7..] 

711 s'c ._to]cf. 0 ]e]-ofoj -U-§-'!l VJP-6-1.ej ','-xc: \GJ,°_ .ejo].5!.-'i drimane7110fl 4,.-f::: 

12-norsesqu i terpeno i d.5!. 'i'-x.71 'll ~-OJ -il-'ll "19J. cl( Fig. 3-121 I . 

• fs]").Q.-5!_ -U-§-'ll VJP-6-J7f "'i"'i.21 2>1].5!. -:,O,e],aj9J..Q.oj HRCIMS.2.f 13( ~MR ,q;;_ 
•H"10fl 9.ji>'foj -:,<,f,;jo] C1,HaoD,.s!. :,l'l/"]9J.cl(Fig. 3-149). 0 1 %'ll.2J ~,IR ,f.lc.s!.'i'-Iol 

f Jff.ej acetoxyl 7]9.j ;">17111711 E;,],l.Q.oj {( 1H 8 2.03(3H. s), 2.00(3H, s): 13C 

8l71.3(C), 170,5(CJ, 21,4(CH3 ), 21.0(CH3)} IR spectrum0f];,i£ ester "\-ll-.21 7Jt) 

%'ls' band7f 1740 cm.10f]-'i '\'!~"]9J.cl(Fig. 3-150 and 3-151). a:fef-'i VJP-6 I.ej 7<J 

~~ a}{!7}A].£. o] ~~% ~,q !H"~~ sesquiterpeneo] o}lJ is-}l-}~ 

norsesqui terpenoi d.£. -'.!!zt~ 9i c}. 

0 1 %'ll9.J NMR 0<f.lc~ cf;: drimane71] ~'l'!-§-21 •i]',l-0] s].2•1 -,', 121 VJP-6-Cef 

"12-f 7f'i 'c!Of];,i .Jl-;,f~ ~,% 'lJ-Z!-Of9J.cf. Norsesquiterpene.Q.-5!. Sf'!J.Q..s!_;j ~<>l"i\'! 
'O"}l-}E.j it!± signal~ .AjJ.21"6"}2:::: Jj=- ~~.'?.j 13c NMR A}lioj]Ai Jj=-E..cj:j .7..}oJ~ ::_ 

VJP-6-C.ej 863,9(C-12).2.f 62,7(C-8)0fi esfl.-f'1! f 71.21 oxymethylenes ¾.21 -Ofl-f7f 

VJP-6-JOf];,i::: 869.20!] ~l~lt! i;fl-f.21 oxymethine.Q..£ sf'i:! ~ 1',".Q.-5!.-'i cfl-¥--il'.21 cf 

~ EJ~ signals~ !1-l*li...+ multiplicity:= uff-5f- ft-A}~}~c}(Fig. 3-150). %'tl~ ~AJ 
oj 1H :,..,1R spectrumoJ]Ai.X. l-}e}q Aff.£.¾ methine proton2.] signai 0l 6 5.12(1H, ddd, J 

= 3 4, 2.9, 2.9 Hz)Of]-'i 'll'Z!"19J.cl(Fig. 3-151). 0]2-f~ ~AJ% %~0-f"] ~ ttll %'ll 

VJP-6-J:::: VJP-6-Coj]Ai C-112} C-12 % f 7fl.'?.j Jj!--~.Al(side-chain)oJ] ?i~t:J~}'.rt~ 

oxymethylenes %.21 ~fl-f7f >1171"1<>1 ::I. {!21 o] *<>II :,!~"]oj 9J'1! acetoxyl7I %9.j 

tf'-171 "I'll ring<>!] 7.l~'H %£>11.5!. ~zt"19J.cf. 

cf;: ~'l'!%9.J 7<)~21 • f~7f"i-" VJP-6-J.ej 'i'-x.5'. 2D NMR AJ~Ofl .ejo-foj 7.l'll"1 

9J.t:f. 1H COSY AJ~.ej :,121<>!] .ej~f'ci. 81.53(1H, ddd, J = 10. 7, 3.9, 3.4 Hz)Of] 1--fEf\:! 

?± signal,°_ 6 5.12(1H, ddd, J = 3.4, 2.9, 2.9 Hz), 4,14(1H, dd, J O 10.7, 3.9 

Hz). 4.0UIH, dd, J .:. 10. 7, 10. 7 Hz) % downfieldoj] l-}e}\:!- All 71~ signals 

{oxymethylene ~ oxymethineoJ] ?ifft:J~}::::) .2.f~ ~{:} ~~xJof ~go] ~t;,j~c}. 

H\IQC ~~oJl 2-]~}0:j 81.539-] 4-±:::: 13C NMR spectrum AJoJ]Ai 851.5011 ~P:l~ 
methine carbon<>!] 7.l~"1<>1 9J.Q.oj HMBC '\l~Ofl-'ic: 0 1 \l±.2.f 8 i.00(3H, s, H-13)oJI 
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l..}E}\l -'?± ,qoJE.j 3·bond correlationo] t::e]xJ:c.]-. .:le]..!=..£ o] methine~ C-9.2..£ 

AJ1x.f9;:lQ.of drimrme ~~ AJOf]A-1$1.J !t]~l.£ ..!i!_o} ~71~ oxymethylene ~ oxymethine 

:' ztzt C II 'l,l C-8.5'. "i'lJxJ9j:;i_ 'f 7ffE.i acetoxyl7l ojA! 0 i'!t ,:!'1,.<>il 1!\fxJ<>i 9J 
::: 7;!2..5'. •ff"ixJ9;lcf 0 !eJ{t •i"i~ cj~ "i"i-.f::: ¾71.5'.::: HMBC 1J~<>i!Ai H-11 
oxymethyelene protons2} C-8 tJJ C-9 t!:±Zl-$1.J H-C long-range couplings7]- 1:1J~{! -1! 
0]t:l. Drimane7-ll %~<>1JA-l %%~.2.~ ~z1.s-J::::: trans A/8 ring junction °1.9.l'<>ll Aff.5:. 

0] 1..-}E}\! C-82} C-9 l:IJr.R~ l.!± ¾Ad$'.J AJcff~ i)~]llff~~ o] ~<>I] •'?HJs-Jo-I 9l!:::: ~ 

±~A} A}o]$1.J ~~ coupling constant(J8. 9 = 3,4 H2)2} Y~I H-94 H-5(trans ring 

junction.2.~-¥-~ Bring<>!] cfft;]-~ axial, a-orientation.2.~ o]o] ~::,Js-Jo-I 9lg) A} 

0 !-'-1 ~DE AJi'H!711<>11 2-1..-1<>1 8s',9s'.5'. "i'llx!9;lcf. 0 !,.i-';e ~~'ll VJP-6-J-'-I -i'-3'::: 
diacetoxyl 71 ~ 7]-~ drimane7-ll 12-norsesqui terpenoids §.. ~ ~"O'J -rt"~ s-19:l r:1-( Fig. 

3-1211. 
g.~~Ato-JJ tr]-~tt! drimane ~~S-1 sesquiterpenoids!:::: "Y.£ ~AJ~~ ~ti] ~~ 

~%~%£-¥-tj r:l-* ~cJ{! 1:1]- 9J.r:l-(Jansen, 1991). ~rt! aij 0J~~<>l]A-l!:::: ..::l *~it! 
.'r.71 ~~ ,!0 1 l)ysidea~ "i*{t •ff'l'!%~.2f - o!~-& 3o-<,J-.f::: 7;!2..5'. -'/'~xi::: 
<;1.;t,J]~.g.£.ljl-~ ~ ~S-1 ~~oj iE""CJ'{! li} '.U~ ~oJr:1-(Garson, et al, 1992; Butler 

& Capon. 1993: Montagnac, et al, 1996). .EE.~ tr~~Al-<>11 Itr~tt! ~~ VJP-6- Il..} 

-Jz} ~~ norsesquiterpene ~Zj~ 7]-~ ~~~ tij 6J~~4 ~~~~ .£.f.5:.~Dj IIJl 

ttll.£ ~~~2 9J,c}. :re-]1....]- ~ ~~<>l]A-l iE""C]~ ~4 -if~ drimane~.24$1.J ~~~-¾ 

<>llA-l !:::: ~4 ~ ~S-1 11-nordrimaneJll sesquiterpenoids~o] ~~E.] ~~ Qf%~~ 
Polygonium hydropiper.£-¥-E:l ..!i!..25:.jo-! '.U~ ~o]r:t(Fukuyama, et al, 1985). r:7~0] 

12-nordrimane sesquiterpenoids7-ll ~~~!:::: .g. <t!ToJlA-1 ~z1_~ VJP-6-1~ -J7} ~ 

"o'-21- off 0J'~ 0J2}6"}0:j ,t]~2.] ~~¥~o]r:}(Paul, et al, 1997). 

'!!el~ •fl OJ~ '11~.:,.f \fAJ %£>11-'-I ~ellt'll<>II cff{t 3',Af<>II ttf.s'l'! drimane711 
sesquiterpenoids ¾<>l]A-l !:::: tiJl!f~]2]0}, t.J~?r, A~].£~AJ %,E.] ll"AJ~ 7}~ ojJ7} Ji. 

2'9<>1 9.lcl(Garson, et al, 1992). 1-'c '11-i'-<>l!Ai ~el{t ~'11~-'-I A~ellt'll-& ~'l){t 
1,:,\ ~'!! VJP-6-B(polygodial):' cf'<)-.! ,!:' -w.'r.(ICso 11.4 µM)oJIAj 'ljcj<>!f/-<>11 

-%~ti}:::: ~El]c]o} Photobacterium Jeiognathi~ ~~1(:!~(bioluminescence)~ !t!~ 
-01 "1>1l•l<JJ.cf. 2ej1.-f %'l!~ AJ~<>i!Ai VJP-6-A, -F, -G, -J%:' ,!:' "1•fflt'll 
I !C50 90-145 µM),£ t.fcf1.-ff9;lcf. Paper disk-It o!%tt •Jul~~ 1J"'i<>l!Ai.'r. VJP-6-B 

::::: 10µg 1 mLS-] ~.5:.oJ]A~ P. JeiognathioJ] cfft;}~ "o'-t:J-~ :tl""S(inhibition zone 8 mm) 

-£ .'i'.oj ?9;lcf. 2 '\-1-'-I lt'82.'e.Ai::: VJP-6-B, -D, -F7f Na'/K' -ATPase<>il cff-.foj "< 
{t "1•fflt'8£ 1.-fcf1.-ff9;!.2.uj(ztzt ICso 82, 98, 45 µM) VJP-6-F::: PLAz<>II cJ•ffAi.'r. 

"<~ "i•fflt'll(!Cso 113 µM),£ t.fcf1.-ij9;lcf . .:lejt.f %'lltt 1l~<>i!Ai cf:' ~'11~:' 

-tFJ~ ~"'1 1.-fcf1.-ff"i .,C-.f<)j_cf. 
~o--J=~,._J o].9-j'<>I].£ drimane sesquiterpenoids!:::: :t.}-'~f,._~Eff~~ ~~oj]Al {};{ff~ 
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~~~}c>f/ t:Rt!' .¥.-i1~!ff(antifeeding) .:W,-'g-&, Lfe'.}i..ff~ ~oJ ~a=!;cJ ~c:}(Jansen & 

de Groot, 1991). -1,_<ff off¾ ',!:k!a_ ~c] 'lfaJ'H VJP-6-B(polygodial).°. .a,.-'1,'2j i"c¾ 

2f •1°J2j ~"1AJ <>l-l!-0!] i:jo-foj t:ff'<)O-j 7J~ .¥c"1"1•1 .ff.::,.J-~ 71"]2 9J.t:l(Kubo, et 

al, 1976: Cimino, et al, 1985: Caprioli, et al, 1987). ~~tgAJ.:zj- t:i~c>i ~ ~ 

-,1-0i]Ai ?'.!~ "§•l~ AJ~ {!::,.j- Dysidea sp, 21 "°'l'½~:zt 'l!>ll't! VJP-6-A 

(7-deacetoxyolepupane).". .5'_-'f- 0 ] •M'l!:zt %'!!~- 't!1<>11 Ai"1if::: <>i"ff"<>ll i:jo-foj oj 

i1-- 7J~ .¥.~Aiiiff ~AJ~ l..}t::}i..ff9J_c:t(Thacker, et al, 1998) . .::Icjl..} r:}~ ~~~o-l] 

i:J•l•i:C -i,'-c]'i'! A].llc2l 0.,> 0 ] "l<>I ~~"l •J<>i Oj'!!~ 0 1"! {J,\~0-f;<j *o-f2 9,lt:f. 

~n~ Dysidea sp, (Alli.it!~ VJP-6) ~ 1996\1 7~ Guam 11 Afi>ff~E.l Apra Harbor 

Oll -¥,-4fB Sponge Mounde} ~el i:: Al <4 9-1 "'?1J 20-25 mOll Ai SCUBA.£ '-ff~ 5:19J. r:}. oJ 

A).llc2j 'J•i"l ~'l/0!) t:jO-foj Prof. P. R. Bergquist2l ±Z'!.". cf-jl-::,.j- '>/t:I. "The 

sponge had an encrusting morphology covering areas of 4 x 3 in. and producing 

upright lobes. Color of both the exterior and interior was dark grey in life 

and deep brown in spirit. The texture is friable, delicate, and easily torn. 

The surface is strongly conulose, each conule having a single, apical primary 

fiber extending from it and accessary leteral conules and fibers. As a result 

of the heavy content of coring material in the primary fibers, the sponge 

surface appears to have a whitish tracery. 0scules are not evident in the 

specimens, and the surface membrane between conules is smooth macroscopically 

but supports a thin superficial layer of uniformly sized sand grains. This 

layer is enhanced to 100 µm deep on conule surface and tips. The skeleton has 

a rectangular arrangement with simple primary fibers oriented to the conules, 

of even diameter( 60-120 µ m) throughout the body of the sponge and packed with 

sand grains, leaving very Ii ttle clear spongin evident. Fiber construction is 

stratified, and secondary fibers are oriented at right angles to the primaries, 

unbranched and cored to half the fiber diameter. The tissue is evenly 

infiltrated with pigment cells and shows no collagen enhancement near the 

surface or around canals. There are no evident algal or cyanobacterial 

symbi ants. Choanocyte chambers are oval . 40 µ m in I ongest dimension. " 

(Bergquist, personal commun.; Paul, et al, 1997). 0 J A].li2J .E~t ti.~H ~~~ 
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British Museum of Natural History(BMNH)o!l Dr. "1. Kelley-BorgesE.l ~~ ?rfojJ ~,.q 
xl<>l ')Jcf (.lf.,'!- 'l:!~ 1997. 5. 13. 1). 

,ff'l)'fl AJ.li.;:: %{;! Zf3'c.o\(Z[3'c ¾•J 25 g) -li':"i!~ A]{! -'/' CH2Cl2(1 L x 3)-"\ 

,1eaH( l L x 2).£ 'll-"l-1'foj '\'½1'f9;lcf. ztz/2J '!'¾"'I~ ~~ -'I' il'1J-¾-lf1'foj %off 

~ J:i]J-ilt ~?*~(3.6 g)oj] tfl~ff;,,J silica vacuum flash chromatography.£ i.}9.'t,t::.}. 

%eJ"'I."_ JOO• n-hexane .2..s'.-\'-61 A]a/1'foj 100• EtOAc<>ll 0 ].§.7]'!71>'1 off -e'cctlofcf 5• 

~ Et0.\c~ 0J~ %7}A]7]:: gradient system~ A}%,e-}9j_t::.}. oJejt! 1:1Ji:;J..Q...£. ~oi~ 
% 217!2j 1,':ctj2j z/z/<>11 cff1'foj 1H NMR:zf TLC -e',°'1~ o-foj 0 ]'-fcjAf~~2j ¥;>ff"fi" ""! 
'l]o-f9itf. ::i. {!:if "i"i--'ll<>IIA1 ¾'!lx "1--'ll<>ll o].§.;:: "iel 1":ctlOD• - 35• 

Et0\c/hexane)<>II o]'-l<iAf~~o] ';;\>ii 1,':¥.o-f;:: ~o] •J<'\:,j9;lcf. n:fefAj 0 ]-¥t."_ '9-

"cjoJ l:l]~lt J.i] 7}:7;] 1 ~(10-15%; 20-25%; 30-35% Et0Ac/hexane)..Q...£. 1-FrOi ~~¥ 

2j 1,':a]~ A].'r-o-f9;lcf. 

Sil ic.a flash chromatography.£...!,!-ci ~~'{! ~:tj 32'- 4(10%9.} 15% Et0Ac/hexane 

.2..s'. %-½ )¾ ~ ... foj %off~ 'fl'1J- 1'f"il Aj >ii ;,J ~ ~ '<l-ii-~<>11 cff 1'foj s i H ca 

semi-preparative HPLC(YMC silica column l cm x 25 cm, 4 mL/min, 12% 

EtD.\clhexane, RI detector).£. ~~ VJP-6-A, -C, -G~ VJP-A, -G, -C~ tr 

(retention time)..Q..§. 2'4-'&l-711 ~al'&l-9.'l,t}. ~al{! ~~~ 0J~ VJP-6-A, -C, -G7~ 

z)z/ 465. 0, 31. 2, 2. 2 mg o] 9;!cf. Flash chromatography2J 1,':tj 5-"\ 6(20•.o\ 25• 

Et0Ac,hexane)% ~iil-o:f silica semi-preparative HPLC(%~t!" column, 15% 

Et0Ac1hexane)..Q...£ ~a]{t ~4 %¾ trA~r.ij§.. VJP-6-F, -D, -E, -J, -J, -8 % o:{ 

"R %~ %~oj {t2.Jx]9;lt::.}. o]~~ t:}Aj C18 reversed-phase HPLC(YMC J' sphere 

ODS HBO column. l cm x 25 cm, 2.0 ml/min, 100• CH3CN).£..';'_ '!j;J]:,joj z/z) 6.7. 

10.4, 9.1 10.5, 6.3, ',l 16.0 mg~ s?-?~ VJP-6-B, -D. -£, -F, -1, -J7f ~oJ 

~t:l-. ~it! silirn flash chromatographyo-]]Ai "%1:J.£ ~"89-l %DH£%~{! ~:ti 
130 35• Et0Ac/ hexane)<>!] cff•ffAj.'r- %o12J >1171-"l silica HPLC(%'!!V column, JS• 

EtDk .. HPLC)<>li 2JV ~'li~2J 1,':e].o\ reversed-phase HPLC(l00• CH3CN)<>ll 2J'!! 1!>11~ 

'{! {j2f ,;;4''{! -li,'l) VJP-6-B.o\ -H7f z/2/ 24.6:zf 3.1 mg ~oJ~cf. 

7-Deacetoxyolepupane (VJP-6-A): white solid; mp 79-80 °C; [a1o2" -153.9° 

(cl.0. tJe0H): 1H N~R (CDCl 3 ) 6 6.27 (JH, d, Jc 2.4 Hz, H 11), 6.02 (IH, dd, J = 

2.0. 2.0 Hz, H-121, 2.45 (JH, ddd, J = 14.2, 4.9, 1.5 Hz, H-7eq), 2.25 (IH, br s. 

H 9), 2.04 (3H, s Ac), 1.97 (lH, br ddd, J = 13.2, 13.2, 6.8 Hz, H-7axl, 1.67 

(lH, m. H-6eq), 1.64 (lH. br dd. J = 12. 7, 3.4 Hz, H-leq), 1.53 (lH, ddddd. J = 
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13.7, 13.7, 13.2, 3.4, 2,9 Hz, H-2ax), 1.42 (IH, m, H-2eq), 1,40 (IH, m, H-3eq), 

1.23 (IH, dddd, J = 13.2, 12.2, 12.2, 4.9 Hz, H-6ax), 1.16 (IH, ddd, J = 13.2, 

13.2, 3.9 Hz, H 3ax), 1.06 (IH, ddd, J = 13.2, 13.2, 3.4 Hz, H-lax), 0.97 (IH. 

dd. J - 12.8, 2.4 Hz, H-5), 0.86 (3H, s, H-15), 0,80 (3H, s, H-I4), 0.78 (3H, s. 

H-13). i;C NMR ICDCl,I 6 169.4 (C, OAc), 134.2 (CH, C-12), 114.3 (C, C-8), 98.1 

(CH. C-I1), 63.7 (CH, C-9), 52.9 (CH, C-5), 42.0 (CH2, C-3), 39.3 (CH2, Cll. 

36. 7 (C, C-10), 33.3 (CH,, C-15), 32.9 (C, C-4), 23.0 (CH2, C-7), 22.5 (CH2, C 61, 

21.5 (CH,, C-14I, 20,8 (CH,, OAc), 18.4 (CH2, C-2), 13. 7 (CH,, C-I3); HREIMS 1111' 

mlz 278.1871 (calculated for C17H2603 , 278.1882); LRMS mlz (relative intensity) 278 

12), 219 147), 218 (73), 203 (92), 175 (15), 147 1141, 137 922), 123 (28), 109 

(31 ), 95 (39), 81 (65). 

Polygodial (VJP-6-8): white solid; mp 53-55 °C; [a]l5 -123,4° (c 0.3. 

EtOH); IR (KBr) vmax 3450 (broad, -OH), 2930, 2850, 1720 (-CHO), 1680 

(unsaturated aldehyde). 1460. 1370, 1070 cm· 1
: 

1H NMR (CDCb) 6 9. 50 (lH, d. J c. 

4.3 Hz. H-I1), 9.43 (IH, s, H-12), 7.10 (IH, ddd, J = 5.4, 2.4, 2.4 Hz, H-71. 

2.80 IIH, br s, H 9), 2.48 (IH, ddd, J = 20.5, 5.4, 4.4 Hz, H-6eql, 2.29 (IH. 

dddd, J = 20.5. 12.2, 3.9, 2.4 Hz, H-6ax), 1.81 (IH, ddd, J = 13.2, 4.9, 2.9 Hz, 

Hleq) 1.50 (2H. m, HZ), 1.44 (IH, m, H-3eq), 1.35 (IH, ddd, J= 13.2, 12.7. 

3.9 Hz, H·lax), 1.24 (IH, dd, J = 12.2, 4,4 Hz, H-5), 1.21 (IH, m, H-2ax). 0.93 

(3H s, H-14), 0.92 (3H, s, H 13), 0.89 (3H, s, H-15); "c NMR (CDC!,) 6 201.9 

(CH. Cl!), 193.2 (CH, C-12), 154.3 (CH, C-7), 138.2 (C, C-8), 60.3 (CH, C 9), 

48. 9 (CH, C 5), 41. 7 (CH2, C-3), 39. 5 (CH2, C-1 ), 36.8 (C, ClO), 33.1 (C, C 41, 

33.1 (CH,, C-I5), 25.2 (CH2, C-6), 21.9 (CH,, C-I4), 18.0 (CH2, C 21, 15,2 (CH,, 

C-13): H~BC correlations H-leq/C-2: H-5/C-6, C-9, C-10, C-13, C-14, C-15. 

H-6eq1C-5, C7, C-8, C-I0; H 6ax/C-5, C-7, C-8; H-7/C-5, C-6, C 9, C 12; 

H ll!C-9; H-I2/C-8, C-9; H-I3/C I, C 5, C-9, C-JO; H-14/ C-5; H-15/C 3. C-4, C 5, 

C-14: HRCJMS [M~:-JH1r mlz 252.1949 (calculated for C1sHwND2, 252.1963): LR~1S mlZ 

(relative intensity) 252 (59), 235 (M•H, 100), 222 (10), 205 (14), 109 (19), 98 

1151. 61 (271. 

VJP-6-C: colorless oil: [a]o2
~ •37.2° (c 0.1, Me0H): 1H NMR (COCb) 6 4.26 

(IH, dd, J = 11.2, 5.4 Hz, H 11), 4.12 (IH, dd, J = 10.7, 10.3 Hz, H-12I, 4.05 

ilH. brd, J=I0.7Hz, H-I2), 4.03(IH, dd, J=ll.2. 9.3Hz, Hll), 2.15(1H. 

m, H-8), 2.02 (6H, s, OAc x 21, 1.85 (IH. br dd, J = 13,2, 2.0 Hz, H-7eq), 1.67 

(IH, ddd, J=9.3, 5.4, 5.4Hz, H-9), i.60(1H, brd, J=l2,7Hz, Hleql, 1.54 

{IH, br ddd, J = 13, 7, 3.4, 3.4 Hz, H-2eq), 1,51 (IH, m, H-6eq), 1.42 (2H, m. 

H 2ax, 7ax), 1.36 (IH, m, H-3eq), 1.30 (IH, dddd, J = 13.2, 13.2, 12. 7, 3.4 Hz, 
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H-6ax). I. 13 (IH, ddd, J = 13. 2, 13. 2, 3, 9 Hz, H-3ax), J. 02 (IH, ddd, J = 12. 7, 

12. 7, 3.4 Hz, H-lax), 0.89 IIH. dd, J = 12.2, 2.0 Hz, H-5), 0.83 (3H, s, H-15), 

0.81 (3H, s, H 13), 0. 78 (3H, s, H-14); 13C NMR (CDC!,) 6 171.2 (C x 2, OAc), 63.9 

ICH2, C-121, 62.6 (CH,, C II), 56.2 (CH, C-5), 51.4 (CH, C 9), 41.8 (CH,. C-31. 

39.1 ICH,, Cl), 37.1 (C, C-10), 34,9 (CH, C-8), 33.4 (CH,, C-15), 33.2 (C, C-4), 

29.1 ICH,. C-7), 21.5 (CH,, C-14), 21.1 (CH, x 2, OAc), 18,4 (CH2, CZ), 17.5 (CH2, 

C-6), 16.4 (CH3, C-13): NOESY correlations H-lax/H-5, H-lax/H-5, H-lax/H-5, 

H-lax/H-9, H-lax/H-11( 84.26), H-3ax/H-15, H-5/H-9; H-6ax/H-J4; H-6eq/H 15; 

H-8/H-9; H-11( 84.26)/H-12( 84.05); H-12( 84.05)/H-13; H-12( 84.12)/H-13; HMBC 

correlations H-9/C-ll, C-12, C-13; H-11( 84.26)/C-8, C-9, II-Ac; H-12( 8 

4.12);C-7, 12-Ac; H-13/C-I, C-9, C-JO; H 14/C 3, C-4, C-5; H-15/C 3, C-4, C-5, 

C-14; HRc1,1s l~•NH4]' m/z 342.2630 (calculated for C1,Ha;N04, 342.2644); LRMS m/z 

(relative intensity) 342 (17), 325 (12), 265 (16), 223 (22), 205 (JOO), 189 (131, 

149 (22), 109 (13)_ 

VJP6-D: colorless oil: [a]o" 7.2°(c0,I, MeOH); UV(MeOH) Amax221 (log 

e 3.65) nm: [R (KBr) 11max 2930, 2850, 1780 (unsaturated r -lactone), 1760, 1210, 

1010, 970 cm', 1H NMR (CDCl3) 6 6.95 (IH, dd, J= 1,9, 1.5 Hz, H-11), 2.40 (IH, 

br dd. J = 18.6, 6.4 Hz, H-7eq), 2.17 (IH, dddd, J = 18.6, 11.2, 6.8, 1.5 Hz, 

H-7ax), 2.11 (3H, s, OAc), J.91 (IH, br dd, J = 13,1, 6.8 Hz, H-6eq), I.63 (IH, 

br dddd, J = 13.7, 13.7, 13.2, 2.9, H-2ax), 1.53 (2H, m, H-leq, -6ax), 1.47 (3H, 

m, H-lax -2eq, -3eq), 1.32 (IH, dd, J = 12. 7, 2.0 Hz, H-5), 1.22 (IH, ddd, J = 

13. 2. 13 2, 3. 4 Hz, H 3ax), 1, 16 (3H, s, H-13), 0, 94 (3H, s, H-15), 0, 88 (3H, s, 

H 14); 13C NMR (CDCl,1 6 170.9 (C, C-12), 169.1 (C, OAc), 165.6 (C, C-9), 128.4 

(C, C-8). 90.7 (CH, C-11), 50.9 (CH, C-5), 41.4 (CH,, C-3), 37.3 (C, C-10), 34.5 

(CH2, C-1), 33.3 (C, C-4), 33.3 (CH,, C-15), 21.7 (CH3, C-13), 21.4 (CH2, C-7), 

21.4 (CH,. C-14), 20,9 (CH,, OAc), 18,2 (CH,, C-2), 18.0 (CH,, C-6): NOESY 

correlations H-Zax/H-13, H-2ax/H-14, H-5/H-15, H-6eq/ H-15, H-11/H-13, H-13/H-14: 

H~BC correlations H-5/C-6, C-9, C-10: H-6eq/C-5, C-7, C-8, C-10: H-7ax/C-6, C-8, 

C9: H-7eq/C-5, C-6, C 8, C-9: H-11/C-8, C-12, C-OAc; H-13/C-I, C-5, C-9, c-JO; 

H 14/C-3, C-4, C-5; H-15/C-3, C 4, C-5; HRCJMS [M•NH,J' mlz 310,2025 (calculated 

for C17Hw\O~. 310.2018): LRMS mlz (relative intensity) 310 (100), 252 (52), 253 

(9), 250 110), 235 (25), 203 (8). 

VJP-6-E: colorless oil; la]a2~ -40.1° (c 0.1, Me0H); UV (Me0H) ,,\max 223 (log 

,3.78) nm; IR (KBrl smax 2930, 2870, 1770, 1350, 1190, 960 cm·': 'H NMR (CDC!,) 

6 6.90 (IH, ddd, J = 3.4, 3,4, 3.4 Hz, H-7), 6,43 (IH, d, J = 5.9 Hz, H-11), 2.68 

(IH, m, H9), 2.42 (IH, dddd, J=20,6, 5.4, 3.4, 3.4Hz, H-6eq), 2,12 (3H, s, 
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OAc), 2 09 (IH, dddd, J = 20.6, II. 7, 3.4, 3.4 Hz, H-6ax), 1.61 (IH, br d, J = 

13.2 Hz H-leq), 1.52 (IH, m, H-2ax), 1.47 (2H, m, H-2eq, -3eq), 1.36 (IH, dd, J 

=11.7, 5.4Hz, H-5I, 1.21 (IH, ddd, J=l3.7, 13.7, 3.4Hz, H-3ax), 1.19 (IH, 

ddd, J = 13.2, 13.2, 3.4 Hz, H-lax), 0.91 (3H, s, H-14), 0.90 (3H, s, H-15), 0.84 

(3H, s, H-13); 13C NMR (CDCl3) o 169. l (C, OAc), 166.6 (C, C-12), 137.6 (CH, C-7), 

126.3 (C, C 8), 93.5 (CH, C-11), 56.1 (CH, C-9), 49.3 (CH, C-5), 42.0 (CH,. C-3), 

38. 7 (CH2, C-1), 33.9 (C, C-10), 33.0 (CH,, C-15), 32.9 (C, C-4), 25.0 (CH2, C-6), 

21.2 (CH,, C-14), 20.9 (CH,, OAc), 18.1 (CH2, C-2), 14.2 (CH,, C-13); NOESY 

correlations H-lax/H-9, H-2ax/H-14, H-3ax/ H-5, H-3ax/H-15, H-5/H-9, H-5/H-15, 

H-6ax/H-14, H-6eq/H-15, H-11/ H-13; HMBC correlations H-5/C-6, C-9, C-13, C-14, 

C-15: H 6ax/ C-5: H-6eq/C-8, C-10: H-9/C-7, C-10, C-13: H-11/C-9, C-10, C-12, 

OAc: H 13/C·l. C-5, C-9, C-10; H-14/C-3, C-4, C-5; H-15/C-3, C-4, C-5; HRCIMS 

[M+NH4]' m/z 310. 2015 (calculated for C17HzaN04, 310. 2018); LRMS m/z (relative 

intensity) 310 (12), 293 (8), 279 (6), 233 (JOO), 124 (5), 109 (15). 

VJP-6-F: white solid: mp 75-76 °C: [a]o25 
.. 14.4° (c 0,3, MeOH): IR (KBr) 11 

max 2950, 2860, 1765 (ester), 1460, 1350, 1150, 1090, 990 cm1: 1H NMR (COCl,J o 
4.23 (IH, dd, J = 8.3, 6.4 Hz, H-12), 3,66 (IH, dd, J = 11.2, 8.3 Hz, H-12), 2.43 

IIH, ddd, J = 13.2, 4.9, 3.4 Hz, H-leq), 2,34 (IH, m, H-8), 1,95 (IH, dddd, J = 
12.2. 3.4, 3.4, 2.9 Hz, H-7eq), 1.74 (IH, dddd, J = 13,2, 3,4, 3.4, 2.9 Hz, 

H-6eq), 1.69 (IH, d, J = 13.7 Hz, H-9). 1.61 (IH, ddddd, J = 13,7, 13.2, 13.2, 

3.4, 3.4 Hz, H-2ax), 1.45 (IH, m, H-2eq), 1.42 (IH, m, H-3eq), 1,28 (IH, dddd, J 

= 13.7, 13.2, 12.7, 3.9 Hz, H-6ax), 1.19 (2H, m, H-3ax, -7ax), 1.07 (IH, br ddd, 

J = 13.2, 13.2, 3.4 Hz, H-lax), 0.98 (3H, s, H-13), 0.90 (IH, dd, J = 13.2, 2.9 

Hz, H-5), 0.85 (3H, s, H-15), 0.81 (3H, s, H-14); 13C NMR (COCI,) o 175.8 (C, 

CIII, 71.2 (CH2, C-12), 57.4 (CH, C-9), 55,5 (CH, C-5), 42.3 (CH,, C-3), 38.3 

(CH, C 8), 37.2 (CH,, C-1), 35.7 (C, C-10), 33.5 (CH,, C-15), 33.1 (C, C-4), 28.7 

(CH,, C--7), 21.2 (CH,, C-6), 21.2 (CH,, C-14), 18,2 (CH,, C-2), 15.5 (CH,, C-13); 

NOESY correlations H-2ax/H-13, H-2ax/H-14, H-3ax/H-15, H-3eq /H-14, H-3eq/H-15, 

H-5/H-9 H-6ax/H 13, H-6ax/H-14, H-6eq/H-15, H-8/H-13, H-13/H-]4: HMBC 

correlations H·2ax/C-I; H-7ax/C-6: H-8/ C-12: H-9/C-1, C-7, C-8, C-10, C-11, 

C 12. C-13: H-12/C-7, C-8, C-9, C-11: H-13/C-l, C-5, C-9, C-10; H-14/C-3, C-4, 

C-5, C-14: H-15/C 3, C-4, C 5, C-15: HREIMS [M]' mlz 236.1771 (calculated for 

C1~Hzt02, 236.1776): LRl.1S m/z (relative intensity) 236 (21), 221 (100), 180 (38). 

175 110), 161 (10), 153 (20), 120 (25), 81 (19), 

VJP-6-G: colorless oil: [a]n25 -21,6° (c 0.3, MeOH): IR (KBr) vmax 2930, 

1460, 1370, 1240, 1120, 1050, 990 cm 1: 1H NMR (CDC!,) o 4. 72 (IH, br s, H II), 
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3.96 (lH, dd, J O 9.3, 7.8 Hz, H-12), 3.56 (lH, dd, J = 11.2, 7.8 Hz, H-12), 3.28 

(3H, s, OMe), 2.59 (]H, m, H-8), 1.70 (JH, m, H-leq), 1.67 (lH, m, H-7eq), 1.64 

(IH, br d. J = 7.3 Hz, H-9), 1,61 (JH, m, H-7ax), 1.56 (IH, m, H-2ax), 1.46 (]H, 

dddd, J = 13. 7, 2. 9, 2. 9, 2.1 Hz, H-6eq), 1. 39 (IH, m, H-3eq), 1. 37 (IH, m, 

H2eq), 1.26 (IH, dddd. J = 13.7, 13.2, 12.2, 4.4 Hz, H6ax), 1,16 (JH, ddd, J = 

13.7, 13.2. 3.9Hz, H3ax), 1.04 (lH, ddd, J=l3.7, 13.2, 3.9Hz, H-lax), 0.90 

(3H. s. H·l3). 0.86 (3H, s, H-15), 0.82 (3H, s, H-14), 0.80 (IH, dd, J = 12.2, 

2.1 Hz, H-5): 13C ~MR (CDCla) 6 107.2 (CH, C ll), 72.2 (CH,, C-12), 58,8 (CH, 

C-9), 54.3 (CHa, OMe), 52.4 (CH, C-5), 41.9 (CH, x 2, C-1, -3), 34.3 (C. C-10), 

34.l (CH. C 8), 33.5 (CHa, C-15), 33.0 (C, C-4), 23,9 (CH2, C 7), 22.0 (CH3, 

C-14), 18.3 ICH2, C-2), 17.9 (CH2, C-6), 16.0 (CH3, C 13): NOESY correlations 

H-5/H 9, H-6ax/H-13, H-8/H-12( &3.96), H-ll/H-13, H-ll/OMe, H-12( &3.56)/H-13, 

H-13/H-14 HMBC correlations H-lax/ C-13; H-6ax/C-5: H-9/C-l, C-10, C-11, C-13: 

H-ll!C-8, C9, C-12, C-OMe: H-12/C-7, C-8, C-9: H-13/C-l, C-9, C-10: H-14/C-3, 

C·4, C-I4: H-15/C-3, C 4, C-5, C-15: OMe/C-ll: HREIMS [M-OCH3]' mlz 221. 1908 

(calculated for C1sH2~0. 221.1905): LRMS mlz (relative intensity) 221 (67), 205 

1100), 190 124), 180 130), 177 (68), 164 (38), 135 (20), 123 (27), 109 (13), 69 

(361. 

VJP-6-H: colorless gum: [a]l5 •2.8° (c 0.2, MeOH): IR (KBr) vmax 3450 

(broad, -OH) 2930, 2870, 1455, 1380, llOO, 1020 cm': 1H NMR (CDCl 3 ) 6 5.15 (IH, 

br s, H 12). 4.66 (JH, br s, H-11), 3.36 (3H, s, OMe), 2.00 (lH, ddd, J = 13.7, 

3.9, 2.4Hz, H-7eq). l.80(1H, brs. H-9), 1,71 (lH, ddd, J=l3.2, 4.9, 2.9Hz, 

Hleql, 1.61 (IH, m. H-6eq), 1.55 (lH, m, H-2ax), 1.51 (lH, ddd, J= 13.7, 13.7, 

5.9 Hz. H 7ax), 1.42 (2H, m, H-2eq, -3eq), 1.21 (IH, m, H-6ax), 1,17 (lH, m, 

H-3ax). 1.09 (JH, ddd, J = 13.2, 13.2. 2.4 Hz, H-lax), 0.96 (IH, dd, J = 12.2, 

2.0 Hz. H 5), 0.89 (3H, s, H-15), 0,87 (3H, s, H-13), 0,80 (3H, s, H-14): 13C N>IR 

iCDClal 6 l05.4 (CH, Cll), l02.2 (CH, Cl2), 76,9 (C, C-8), 65.1 (CH, C-91, 54.3 

(CHa. •Mel. 52.2 (CH, C-5), 41. 7 (CH2, C-3), 41.3 (CH2, C-1), 35.0 (C, C-10), 33.5 

ICH,. C-151. 32.9 IC, C-4), 30.9 (CH2, C-71, 21.9 (CHa. C-14), 18.7 (CH2, C6), 

18.4 !CH_, C-2), 15.3 (CH3, C-13); NOESY correlations H-lax/H-9, H-leg/H-11. 

H-leqlH-13, H-ZaxlH-14, H-5/H-9, H-6ax/ H-12, H-6a~/H-13, H-6ax/H-14, H-6eq/H-15, 

H-ll/H-13, H-ll!OMe, H-12/H-13: HMBC correlations H-5/C-4, C-6, C-7, C-10, C-13: 

H-7axI C·6, C-8, C·l2: H-7eq/C-5, C-9: H-9/C I, C-8, C-10, C-11, C-12, C 13: 

H ll/C-8, CID, C-12, C-OMe: H-12/C 8, C-ll: H-I3/C-l, C-5, C 9, C-10: H 14/C·3, 

C-4. C 5, C 15: H 15/C ·3. C-4, C-5, C-14: OMelC· ll: HRCIMS [M•NH,-H,O]° m/z 

284.2217 (calculated for C15H30N03, 284.2225). 
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VJP-6-1: white solid: mp 79-80 °C: [afo25 +9.6° (c 0.1, Me0H): l'V (Me0H) ,\ 

max 294 (loge 3.34) nm: IR (KBr) vmax 3500 (broad, -OH), 2930, 2870, 1620 (C=O 

stretching of P-hydroxy- a, P-unsaturated ketone), 1590, 1460, 1380, 1290, 1200, 

940 cm': 1H NMR (COC!a) 6 15.36 (lH, d, J = 4.4 Hz, 11-0H), 8.60 (lH, d, J = 4.4 

Hz, H 111, 2.48 (lH. ddd, J = 19.8, 7.0, 1,8 Hz, H-7eq), 2.39 (lH, ddd, J, 19.8. 

11.0, 7.7 Hz, H-7ax), 2.01 (lH, br d, J = 12.7-Hz, H-leq), 1.80 (lH. br ddd, J = 

13.6, 7.7, 1.8 Hz. H-6eq), 1.63 l!H, m, H-2ax), 1.58 (IH, m, H-6ax), 1.53 i!H m, 

H-2eql 1.45 llH, dddd, J = 13.6, 3.3, 3.3, 1,5 Hz, H-3eq), 1.30 (lH, ddd, J = 

12.7, 12.7, 3.7Hz, Hlax), 1.20(1H, m, H-3ax), 1.16(1H, dd, J=l2.0, l.8Hz, 

H-5I, 1.15 (3H, d, J = 0.7 Hz, H-13I, 0.91 (3H, s, H-15), 0.86 (3H, s, H 14): 13C 

N'IR (COClal a 188.9 (C, C-8), 183.0 (CH, C-11), 122.8 (C, C-9I, 50.3 (CH, C 51, 

41.4 (CH2, C3), 38.3 (CH2, Cl), 35.3 (C, C-10), 33,3 (CHa, C 15), 33.1 ICH2, 

C-7I, 32.9 (C, C-4), 25.0 (CHa, C-13), 21.3 (CHa, C-14), 18,9 (CH2, C-2), 17.7 

(CH?. C-6),: HMBC correlations H-6ax/C-5: H-6eq/C-8: H-7ax/C-6: C-8: H-7eq/C-5, 

C-6. C-8: H-111 C-8, C-9: H-13/C-l, C-5, C-9, C-10: H-14/C-3, C-4, C-5, C 15: 

H-151 C-3, C-4, C-5, C-14: HREIMS [M]' mlz 222.1614 (calculated for C14H2202, 

222.16191: LRMS mlz (relative intensity) 222 (11), 207 (1001. 189 (26), 179 (281. 

149 (151, 137 (15), 111 (13). 

VJP-6-J: white solid: mp 84-85 °C: [a]o25 •36.0° (c 0,2, Me0H): IR (KBr) ll 

max 29S0, 2870, 1740, 1370, 1250, 1000 cm·': 1H NMR (CDC!,) 6 5.12 (lH, ddd, J , 

3.4. 2.9, 2.9 Hz, H-8), 4.14 (lH, dd, J = 10.7, 3.9 Hz, H-11), 4.01 (lH, dd, J = 

10.7, 10.7 Hz, H-11I, 2.03 (3H, s, 8-0Ac), 2.00 (3H, s, 11-0Ac), 1.99 (lH, br 

ddd. J = 13.2, 2.9, 2.9 Hz, H 7eq), 1. 72 (!H, br dd, J = 13.2, 3.4 Hz, H leg), 

1.58 (!H. ddddd, J = 13.7, 13.7, 13.2, 3.4, 3.4 Hz, H-2ax), 1.53 (lH, ddd, J = 

10.7, 3.9, 3.4 Hz, H-9), 1.48 (2H, m, H6eq, -7ax), 1.431.39 (3H, m, H2eq, 

-3eq, ·6ax), 1. 16 llH, ddd, J = 13. 7, 13. 7, 3.4 Hz, H-3ax), 1.04 (lH, ddd, J = 

13.2, 13.2, 3.4 Hz, H-lax), 1.00 (3H, s, H-13), 0.90 (lH, dd, J= 11.7, 2.0 Hz, 

H 51, 0.86 (3H, s, H-15), 0.84 (3H, s, H-14): 13C NMR (CDCla) a 171.3 (C, OAcl, 

170.5 C. OAc). 69.2 (CH, C-8), 61.0 (CH2, C-11), 55.3 (CH, C-5), 51.5 (CH, C 9). 

41.8 ICH2, C 31, 39.5 (CH,, C-1), 37.0 (C, C 10), 33.6 (CHa, C-15), 33.2 (C, C 4). 

31.5 (CH2, C 71, 21.7 (CH3, C-14), 21.4 (CHa, OAc), 21.0 (CH,, OAc), 18.3 (CH2, 

C-2I, 17.3 (CH2, C-6), 13.0 (CH3, C-13): HMBC correlations H-5/C-4, C-6: 

H-ll/C·8, C-9, II OAc: H 13/C-l, C-5, C-9, C-10: H-14/ C-3, C-4, C-5: H-15/C-3, 

C-4. C 5, C-14: HRCIMS f~+NH4l' mlz 328.2494 (calculated for C,sH34N04, 328.2487): 

LRMS mlz (relative intensity) 328 (12), 251 (20), 191 (100), 175 (61, 135 (7). 

121 16 '· 109 (221, 95 (12). 
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Fig. 3-123. Proton NMR spectrum of compound VJP-6-A. 
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Fig, 3-126. Proton NMR spectrum of compound VJP-6-B. 
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Fig. 3-127. Carbon .\MR spectrum of compound VJP-6-B. 
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Fig. 3-128. HRMS spectrum of compound VJP-6-C. 
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Fig. 3-129. Proton NMR spectrum of compound VJP-6-C. 
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Fig. 3-130. Carbon NMR spectrum of compound VJP-6-C. 
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Fig. 3-132. Carbon N~1R spectrum of compound VJP-6-D. 
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Fig_ 3-133. Proton NMR spectrum of compound VJP-6-D. 
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Fig. 3-134. HR~lS spectrum of compound VJP-6-E. 
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fig. 3-135. Carbon :'-MR spectrum of compound VJP-6-E. 
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Fig, 3-136. Proton NMR spectrum of compound VJP-6-E. 
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Fig. 3-137. HRMS spectrum of compound VJP-6-F. 
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Fig. 3-138. Carbon NMR spectrum of compound VJP-6-F. 
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Fig. 3-139. Proton NMR spectrum of compound VJP-6-F. 
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Fig. 3-141. Carbon NMR spectrum of compound VJP-6-G. 
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Fig. 3-142. Proton NMR spectrum of compound VJP-6-G. 
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Fig_ 3-144. Carbon NMR spectrum of compound VJP-6-H. 
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Fig. 3-145. Proton \~1R spectrum of compound VJP-6-H. 
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Fig. 3-146. HR~1S spectrum of compound VJP-6- I. 
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Fig. 3-147. Carbon NMR spectrum of compound VJP-6-I. 
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Fig. 3-148. Proton ~MR spectrum of compound VJP-6-l. 
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Fig. 3-150. Carbon NMR spectrum of compound VJP-6-J. 
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Fig. 3-151. Proton ~~R spectrum of compound VJP-6-J. 
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~] 7 1l ~ff'?! Aplysinel la rhax~ cff_,,_t%'M 

Guam r.~~~9-1 ?>8°6~~'11-Y-{!oJJ ~t>}°i '96\1 8~ Guam~ A~"t8~~ Sponge Mound 

2} ~21~ t;~~~ 4=,{J 20-30 m9.I ~±:.2.\- '97\:! I~ Pohnpei1i ~~9-1 4-1J 25-30 moJl 
Ai ;;1:ff~'{! tff'E%~ ~pfysinella rhax(A]li ~~ ztzt VJP-29.} VJP-3)';:: iE:'ff"~,'cJ-E...£. 

Verongida ~(order)2.l Aplysinellidae 2-}(family)c>Jl 4~c}. Verongida,&c>Jl ~ti}~ tiff 
'<!%%~-"-I ';lEj '.I 1!:o:\~"l -l!,'1101 °1~~ 'lj7i-"-I ~_Q_.£. 'l),gi,\71"1! ¾1"~7f 0 f'-I 
'E 711~,._J..2...£. --fl-A}{t Dictyoceratida .s}ol] 4;-'5"}:: t>}t.l9.I .21-{family)'l! Verongidae.£. 

~ff'~}~ 7J.°l ti.9r E.}t:.J~7} 3}';:: ~t .£_eJ,%oJ: ~~~A}~ .z!:9-1 i=~E-1 t:ijAJo] ~o-{ 

~ct. o] ~A~,': 70\:!.t:Q 1Mo\l ~789-1 ~ft~_Q_§.. ,t.f~"O"}::: ~ 01 E}t::J-g}c}:: f-~oj q_l 

?I.a- ig71j x.lof ~;(K:= 7-{2.f !l.~ ~"ff~~}~of Verongida~E{ €-.l:B~ ~~-0}2. ~r::} 

(Bergquist & Wei ls, 1983). 

01 ¾s't<>fl 4r"fc: •H'<!§-011,t-l}~-j/.Q..£ i,fl.}-"-1 ~;,)'t! -ol-.Q..£ 'l),g'l!JJI 0Jc' oj 
cl 7fc<) Jl.'l! ¾<>l)<i ,f,g ¾Jl.i! J ~ 0)~-"-1 >1)1.JloJ]Aj cijAf"/%<>l] .<>.jiifoj ';1:AJS'j C: 

{'!'ll%-"-1 ';l:~-';J"l 7)-1:!of 'i'-3'c."l -laf'!Jo)9;l.cf. ~ Verongida<>ll 4,-i,fc: ¾Jl.i! •i'<!~'l! 
Aplysina. 4plysinel la, Ianthe} la, Psammaplysi J la, Pseudoceratina, Thorectopsamma, 

leronguia %.2...~~tj ~2lB 2~} t:ffA}~;:;tJ~!: -steroids, ::t]l:!JAJ % ~'l:lJ:&j.Q..~ ~H~ 
½ ")'i'-i! ojcj ¾-li--"-1 •ffOJ'A~%oJ]Ai '8-%"1.Q..s'. •J=i'i.S'Jc: %'ll-£ >il~•f.:J.· .£'¥
bromotyrosineoJJAi 7]-1:!~ %'l)~oJcf(Fig. 3·152). 'l!¾-"-1 \'!'i!'tl ofo].'c{!'l! 
bromotyrosineoJ]A• 7]~~ %~~t Verongida~ AJl~~ t:}~ aff~61lA7 :::= '9"ii\ t::~J\1 

~~5:-] :;i 91.2...0i .:J.2-l~ 754--611£ ~2lt!: ~il~ 0J01 ufl--9-- ~<:>{ ~H1J{! AJ.R..9-l ~~~ 
%~~(chemical homogeniety)~ ~11~2 9.ltl. it!~ Verongida§.-¥-ei ~2/.fd 

bromotYrosine %£;tfJ%~ <M~~.Q..§. ~t..ij9.{ 18-£7} trf-¥- 'i££..o:j{.-t}.H..~ ,?:!3': ¾~~ 
I• oj'\I) ;'-3'c.-a/'t.! '<!<>il-<1.£ oi~ cf0Jitfc}. 'E~ 0 ) g,°_ 1~-"-1 ¾ 0

)'-} ~i'§l ~7<J. 71) 
~~'?_/ J:!1}./-, ::t)2)~Z! Jt.~ %of) 1f-~'6"}.7i} t\."8" ~.z1xl2 9.lr.}-(idiosynchratic 

chemicals Gerhart. 1984). tr.}2}A• ~AH bromotyrosine -ft£;\\}§,~ Verongida~~ ~ 
~~ff-~~ ;:;t]lf(chemosystematic marker)£ ~2]4-2 9J.r.t{Bergquist & Wells, 1983). 

~<t!i~~~'l] ~~61]A~ \lerongida~~ bromotyrosine ¾£~]~~ tlfl4- ¾Jl-&}J\l 

?\1¼5:-12 9lr.t . .=l~~ oj~oJ ~~-,t~~..Q..~ uff--9- r:}OJ=~ ~~ o}l-]i!} ~ii] "$J<>J. ~J 
"fojcj~. jt±.;,j•ff. •J-~se:. •J-"t1'11•1°f % "1"1 ¾-ll--"-1 ~•l'!/AJ& ~2 9.l2.nj oJ-ll
\..f '1!>11%% 'B- •1'<!%%<>ll ciji) 'll•i"l £."1c<foJI cj~ .¥."l"l>!i(feeding deterrent)% 
,'{EH~~ ~%£ ~7Jll -?!"2 9,l_7] ttJl{to]c}(faulkner, 1997; Paul, personal commun. L 

o:fef<I ~•i ~-S;--"-1 •i 0J~'1!~ '1!'i'-'zl ¾<>lie: o\~% ¾lli! '1!-,LcijAJ£.-"- dfc: 'l!-
0 1 
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rJr:f. 'c/t.f 0 1 ~9./ <'Hie!.§-~ -Y-£ ~.£ fi;19.J 9J1:HLJ· of9J1:H"S <'ff~Oll ,.q~a}2 '.V. 
o-lAi t!~ 25HoJ]Ai ~ ~.z:!£1Al '?i2 9J.c.}(1)1}Af, personal common.) . .:!.~E...5:. ~ '"B. 
.,Z.oJ]A~ ~t:H tff~OiJAi ,:K~~ Verongida~E.j af1r! Aplysinella rhax~ ~..,Z.cffAJ..Q..£ 1J
,°_ r,!,°_ -:-.!%11 \t-"l9.J 4\'!of)Ai1\''1! 0 1'-l•I -Srt-ff9.J ~\'!% \'!'i'-'§oj9.J "ttcff~ ~J•R-'-1 
.'r. n ff -I'- % i1. ~ 'l! ,,_ ~ zt 't:! cf. 

'"B_..,Z.~2j-~ ~;k{ Jt.~t;}~ iifl1r! A. rhax3c.-¥-~ 8 ¾9./ bromotyrosineJI] alkaloids 

~ *"l•f9'tcf. ojej ¾-ll-9.J a/%7h'l- 71'1! 0 1"'9.J 'i'-""'1l'li.°. cff'<)-oJ "1"1~~4 ojej 
~-ff"~ 10, 2D 0). 3D ts.MR AJ~eH, 13C, 15N, DEPT, N-DEPT, 1H COSY, N·H COSY, TOCSY. 

H\\OC. HSLJC, gH~1BC. t\OESY, 
1
H-selective INEPT, SIMBA, HMQC-TDCSY) %% ¾0Jc}~ iE: 

-li""'l-"9.J cfzt'l"-1 •M"12f ii':t\"'°;.f<>!I 9.Jo-foj 0 !"'0 1 I ¾9.J 'lf"1~ %11"1 psammaplin 

s(VJP-3-A)-") 7 ¾9.J -:J%11(VJP-3-AI, -8, -C, -Cl, -D, -E, -Fl 'lJ¾ ',l~~oj -'f 

'l 'I 'i'-"'° <>!I cj • R -'-1 .'r. 'f-:J-£ 7,/ 711 '9 'l:l cf. A J % 11 ~ 9.J 'li >;) ,°_ 'lf "1 ~ % '!l 9.J 'll >;) 2f 9.1 
-r3'c"i \'!i'!<>IJ tLfaf psammaplins ~l(VJP-3-AI), B(VJP-3-B), C(VJP-3-CI, Cl 

(VJP-3-C1) ~ D(VJP-3-E)..£. tgtga}$1c:f. .::I~t.f c:},: f ¾9./ ~~,':. psammaplinsofl 

"i•loa 3.7J7f -1,I';'! 3.2 7J;:'.9.J •M 0J~\'!%ofJAi ~ofi!!, '? 1:1:: ojej 71"'19.J 's''s-~ 
-¥-~T&~ 7)2 9l9i..Q...!=..£ aplysinellins A(VJP-3-D)~ B(VJP-3-F).5:. c.}eJfJ ~~ 

t;~~c:}. 

~¾~~ t\\lR "Jt!Oll ~ti}o:f ..,z.~~ AjJA]~ + 9.1.go:iJ.£ ~..,Z.ti}.2 L:]1f,t.} c:} 0J~ 
-1-l"'l"'IC H, D, ~- S. Br. Cl P.f %i!ll7f E.%711..f '1!"1 <j!a.,¥;- "/%7J!a. 'i'-'3'il 0 1 ~ 
~ qJ~~~ ~:{!{El, CI, positive and negative FA.8, tandem FAB)Ol\Ai:::: ~:tM:! 2.~H 
AJ ~eJ~~A}.li~ ~~if}:::, ~o] t:W~iiJ ofi!=J-1~ ~~ff7J}Aj ~A}.J.:l~ ,t"tgoJ ~.li~ ~ 

,°_ 'lfi>J~ %-!l VJP-3 A-") -;]%-!J VJP-3-B<>!J ~2-f-ofcl(Fig, 3-153). '-foJ,cJ ~\'!%-lei 
~ ES!~S~ Ai.£¾ ~eJ~~,...J~-£ A]:S:.l5}7] -1}ti}o:f oJ ~oJ:~ ~tr ~-=t-7lt!'tl oJ~~ 

The \lass Spectrometry Facility, University of California, RiversideOIJ {f.~~ .9:.(£.j 

a}.:;r ' 12}~ 7]c}C]2 9.l::: 1:ll 0 ]c.}. tt}i!}.A.i ~~ff7J}A] 0 1~ ~ i:ff-¥-iE:'611 t:H~ %,._~ 

aj,zi -r±>l1)oJ ~li'B ~oJ oft-Jt:f. 
7 cj.E'..'>. HI~ !c- "-1"119.J 'l!-i'-7J;:J:oJ ~.E.'97I:: o-f9;/~~f !c- .!J¾!i!2Aiofl oJ~9.J 

~~~ +&.~ .!i!.-2..ei}:::: ~~ ~7}*t>}n:l ~¾iE:'~ {e,1'f;:t}E61l £!.lt>}o:j ,t"tg{i -tI]~ .:J. 

~~ -=7-:Z.oJl t:Hii}e:j ~{!~ 7:-!2 9l..Q..L}· -=t-~¾ 1[~11}7fl-} ~~~ N~R A}li.~ .!i!.2~} 

c: ",: ,°_ ,'l,0<I -',-ofoj •J'f 0 J~Oil cfftl %'ll "ll %.'r.~-.]9.J ½-1-12-f ~"ii 7Jo] -:J'l:l "l 
1H"J9.J Jf-\,'A,i >112 '>1 ~~"1<>11 71i"'ff~ .. 171 ~1•1"1.S'. sf,Pl•l"'l '1.lt ~~_;,_ '-1.E.'B 
c]. ufaf,J -~ -"'-2-'-1<>!1-'-ic: '>!"1~ %-!l"-1 psammaplin \(VJP-3-A)<>!I cj•JAi'1) -i'-~-"l 
-lf:,.:.gA}li~ ~2rr}2. L}u-]AJ {!~~oJl i:HoflAi~ 1HS'.j- 13C M1R A}Ji.9./ 1J-¥-~ ,._J~~Ji::;i 

\loJl .!i!,._L!.:8}:2 1J~l~ NMR spectra~ ~-¥-ii}AJ ~71.£ ~c.} . .!r..V:: +~~ ~~1R A}.li:S:. 

.!i!.0% S?]-8:}o:j ofci 4-~ ~ lJ&::, signals~ chemical shifts~ splitting 

patternsimultiplicity)~ 2.~£ f~ ~~ ~7JA]'{} .?;!~.£ ojc.J ~ti=j~t:}. 
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~\'l~.9./ -i'-s. '!l'IIJ.f r:J-!1-oJ ~•lt;-'89./ '1\-'1/.£ lf"fl \'!'J:.J:;i ~l:::: sf t!•H?Jf"l 

~laf{t 0<f.§.Oi/ 9Jt,f,'I_ 0 1~~ .5'.-'j' '!!QJJ'll "1l.¥c(K562)0!/ cflt,foj nfl-'f- 7J{t "f-'8% 1-fEf 

cff:;i ~tf(LC50 « 1 µg/mL). o/.2) t-J-!1-oJ A~a/l!-'89./ 7/"}-½ ~~ \'l-i'-7/'<!0il .ej.<) 

(D]~~ \ational Institute of Health.2.l- State University of New York, Stony Brook) 

t!- ~2} psammapl in 87} microtubule<>l] cflafl.A~ ~ o},¥-'i:! ~%0 1 ~_f)_l-}- actinot! r.ij{t 

7J{t binding,&- '8"}o:j .2 7]-3foJ O:jE}54 ~~~2}~ off~ AJo]{t ~~ ~.zi,e-}O:j 1l!::tff -V-
4r~~7} ~-8.J¾o]r:}(Spector, personal commun.). 

A 01 L.. 
T N.L 

~2J~~;t}fi..~ ~~:i.j- ~Cj~-'3£.l {l-'1f-£ ~.li,-i;'}~ '9-A] ~~~"&{~ ,½~:z} ?;~~~½ 
;:t.JojJ~ 1f-2~ ~ 7l]~o]c.}: aplysinellins A &: B for J. Am. Chem. Soc. 

(communication): psammaplins for Tetrahedron(full paper). 

2. Bromotyrosine alkaloids2' ~a) 'iJ ~S.. ~ ~ 

tij~ 4plysinella rhax';::_ '961c. S~oJI o]~~ Guam~ Sponge Moundi?.}2 ~c] ~ ;:t.] 

"l.el -'/'A~ 20-30 m(-'-/.§.'t!~ VJP-2).2\ '97"1 1-1! Pohnpei-:,l \'l'tl.9./ ?1! 25-30 m(A/.§. 

'ti.~ \JP 310i)-'-i SCUBAcf0 )•Joj/ 9./1'foj ~ff'll:sJ!lJ.tf. o/ ~ -'-)li~ "/%Oil ztzt ~>l"/ 
2-!c. +lil-5o/!ll.2-l-f 'Jeff~") ~-'8°1 -'-i!c. ~~1') 'll*)i>"f9.\2-oj(Kelley-Borges, 

personal commun. I s.~½~.el 'H NMR 0<f.§..£ -'5-'l,)1'f9.lcf. ttfef-'-1 f 7f0</ -'-/li¼ ~-,;-) 

"11-'-llc't!~ VJP-3) ~~") -a':"lJ.f ~\'l~.9./ -a':•l~ -'-/.S:.t,f9.!cf_ 

~~. ~~AJj-2.j lj!-{ffia tso]~ oJf:: o] AJ.E.::: ~l~ ~AJ ~~oj]Al -1=..ctoJo}oJA 
~ o]-§-li}c.<i t..,l~A]{! ~ o] AJt:,floJlAl Guamt:H~2.l Marine Laboratory§. ¾it!s-l<>i 
freeze dryer~ 0 1%'5;}o:j %-~ z!a_Af{! f- ~J-'g-J?!..Q.£ ~ ~-;r-~..Q..§. ¾¾5:f9;itL AJ 

2]~AJ£ ~1 ~2.j- A. rhaxE4 &.""?~~t brine-shrimp larvaeoJl !'.ijil}o:j AJ~J~J 7Jlt 

~AJ(LD~ 85 ppm)~ qe}1.-ff9it}. 

%~ i'!s.1'! A/.§.0!/ cji;foj methanolJ.f dichloro•ethane% 'i!->\-"/2-.5'. 7f-ofoj ./l-7) 

~~ g ~~-e,}9J.r:L ztzt5i! -§-off~ ¾~AJ{! .:foj] Yt!- ~4~~,& ~.2j- n-butano15ij 

~~£ o]-§--g,}o:j "g:1.j- 7Jr:}5ij 9-%-'8 ~'2~£ ~J7i-0-}9ic}. n-Butanol¾i'.:. ~ 0Jz!&. ,q 
~ -¥, n-hexane2} 10% aqueous methanol5ij ~~~ 0 ]%-e-}oj "9"-'soJl tt}~ ~~l ~ l:>}9.i.Q. 

Di aqueous methanol ¾i'.:. t}Al reversed-phase vacuum flash chromatography.2.} 

reversed-phase HPLC %~ l{!~~_Q_§. 0 !%-0-}0:j 2*} t:H,·1+€~.£ ~i.1lt}9J...Q..~ o] 2-f{f 

oJ]Ai 442.J -l'f:.Qljoj\ t:Ht} brine-shrimpojJ i::Jtt ~,._J AJ~1} 1H NMR spectru111..Q..§.. 1cl 
~A,:! %~~ ?-!1'6}~c.}. o]ej{t lalJ~..Q...£. ~oj~ ~1lqj psammaplin A(VJP-3-A)~ ,tl 

%-ll"-1 psammaplins Al(VJP-3-AI), B(VJP-3-B), C(VJP-3-C), Cl(VJP-3-Cl), D 

(VJP-3-E), aplysinellins A(VJP-3-D). B(VJP-3-F) ~ ~~] 8 ¾~ alkaloids~ ~cj 
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-t}~r:} 0 ]~.'?.J 1~~1 L-ij.'?.j 18£::: 2 ;j;}o]7} off-9-- ?'iAi f t:!J..}¥-~'t! psammaplins A 

~ Be: 1,'e]'H 0J0 1 Z!Zl 1,532 mg(A]_ll_ 'C!3c%'i/.eJ l.0Q%)2f 1.719 mg(l.12•1<>11 'if"f 
~..Q..L} L}J:JiAl ~~~ 15-25 mg l.5:.ttl *r.15:.JS;l.2 n]:±:(trace) r.ijA}~~'t! psammaplin 

\19.l {'-'f-c: 4.8 mg(0.003•1<>11 ~2f-,;-f~cf_ 

1 :=_ i!J"~S'.] 2~1£ ~c]-B ~~ VJP-3-A::: LRFABMS ~~oj]Ai mlz 665oJ] [q+Hr 

~~ [',J.'\a]'§. 1zt5:J::: ,e- peak(relative intensity 100)~ l-}E}L-ij9ic}(Fig. 3-154). 

EE~ o] peak f~.'?.J mlz 6632'- 667oJ].£ f 7ff.'?.J "b'-t:Jt;] ,e- peak7} ~~x]S;l..Q..o:j ztzt 

.eJ 3-7]<>11 cff~ <Jcffcaj',) s]::: 663/665/667 = 1,1.93,0_95 9- 1,2,1<>1] 2':l"f~cf_ 0 1 

'ic!,._J~ f- 7ff.S'.j bromine 5t!_7;}7} ~¾~ %~.<?.I ~'8a~'t! ~i!J~~ Jtf~:ioJl ~fft:J~}::: ~ 

.2.5'.<j ,]_ll_ \'JP 3°] l/:-\f~AJ.2.5'. Verongida .Jil-<>I] 4;--,;-foj a:fefAj VJP-3-ASc 'lJ"Jaf'ti 
bromot:1rosine i+~H.Q.l alkaloid~% .S'.jnJ'a"}::: ~..Q..£ ,._gzt5:.j9ir:}. 2._t;-ffAJ ~i!J~~ojJ,.1.i 

mlz 665.S'.] peak~ 664. 9566.Q..£. L}E}~:::c~] f 7ff.'?.J bromine~ _¥;~,.1.]7'l ~<B%7]%6ll 

A{ ~"O"j llJ-?1_5:.j::: fJl -'t!~(C, H, t--i, 0, S, Cl )611 cff(!- :J.t-ijAJ 5t!A}::gi!JJ.lltl-£ (!- ~ 

2j- 0 J peak::: C22H2/9Br81BrN405S2(7'1{!1J;, 664. 9562, Ll-0.4 mmu)Oi] ,aijt:J'a"}a:j u:}c},i.{ ¥ 
~ VJP-3-AS'.] ~A}~~ C22H24Br2N4Q5S2..Q..£. 1zt5:.JS;lc}. ..::lc-jl-} oJ §,1J.'?.J 13C NMR 

spectrum61]A{::: 0A] ll7H.S'.J signals ~oJ 1:1J~5:.j9ic}(Fig. 3-155). ..:J..ciE.£. VJP-3-A 

::: 1 I ,ff .eJ '<!±!a. 0 I "T"°1 ~ -'i' 7ff .eJ %'l! ~ -'i'--l/:0 I -tl ,g .2.!a. 'l'! '?'! 5a o-J ~ ::: 'll % .eJ cff 

~¥~ (symmetric compound)£. il~oJ L.ffBj ~c}. 

%~ VJP-3-A9..] ~A}~~ 12 7ff9..] ~..¥:~.5:.(unsaturation degree)~ l-}E}L-K9i:::t~l 

o]e-j(!- ~~ ~.¥.~s..::: o] ~119..l 13C NMR A}.liofJAi ~~ signals?} 8150-110 region 

ofJ 2.o:j9J.::: ~~ ~7:]15}o:j ~:±_(!- f 71!.S'.J aromatic part7} e;cff'a"}::: ~~ l..}EtL-ij9} 

ct. 13
( \'v1R spectrumof]Ai::: 8 134.41, 130.33, 116.94 %61! Al] 7ff.'?.J methine signals 

7} i.+ct;;;J;E..o:j 0 1 it61l r:ffi}o:j -'J%15}::: signals?} 1H NMR spectrumofJAi 87.37(d, J.,, 

1.9 Hz), 7.06(dd, J O B.I, 1.9 Hz), 6.73(d, J O B.I Hz)<>l]Aj 'li1'!5SJ'llt:l(Fig_ 

3-156). o] §- A·!l protons.'?.J ,-!-~ chemical shifts.2.J, -!t~~<tl coupling constants::: 

1,2.4- trisubstituted benzeneOilAi ~'O"] L}E}l..-}::: ~1)-.Q...£Ai ~il VJP-3-A.7} 

bromotyrosineof]A-l %~Kt!-~~%~% ci~ ~~'a"] 'a"}9J_c}. 

o] AJ.'?.j 1~~ t1}lJ..Q..£. 'a"}o:j oJ ~<B%.'?.J .,r.~::: 2D NMR ~~zj ~~~.J.toll .Q.Ja-t 

oj '(j'l)5SJ'llt:I. 'f\"1 1H COSY '\!t<>IIAi ~71~ >ii protons {!.ej ABX 'l!•ff'-f coupling0 ] 

'l{1'1_5ejo-j 1,2,4 trisubstituted benzene.ej ~•ff71 ~"15SJ'llt:f. !£~ HMBC '\!t<>l]Ai 0 ] 

,t >ii 4'±.2.f 8l53.04(C, C-4), 134.4l(CH, C-2), 130.53(C, C-1). l30.33(CH, C 6), 

l16.94ICH, C-3), II0.43(C, C 5) %<>11 L-fof,± ojaj '<!±Z!.eJ long-range coupling 0 ] 

if L}E};:;.!::::r:~] C-4 EJ~.'?.J -aromatic carbon ..Q...£Ai ~· r.fft:Ji5J ~~ chemical shift 

I 8153.041'-f '<!~V C-3 ',1 C-5 't_f±.ej i'r.°. chemical shifts( 8116.94. 110.431c: 

hydroxyl7].2.J, bromine ~A}7} ztzt aromatic ring9..] C-4.2.J- C-361] 1:f1tJ-5:-jo-j 9.l.g,£ .'?.Jal 

"f~cf_ 'Et! HMQC <Jt<>ll _eJ-;;-foj 13C NMR "l.ll-<>l]Aj 82B.69<>11 1-f•l'<l methylene 
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carbonetl) "J-¾-&r::: proton signa1s7r 1H NMR spectrumetl)Ai 33. 78(2H, s)Ol) 1-}Er\:l ~ 
:'. benzyl ic methylene2-.s'. ~Zj-5Sj~r:I. oj •ff"!% =<1=<1•1::C ~.fl.~ ¾71 ::C Hl,IBC AJ~ 

OlP·i o] benzylic methyelene-£ o}f!::: 10"± ~ 4-±si.J. aromatic ringE.I C-1, C-2, C-6 

O!j tfft:JO"};::: EJ$: ~ 4$:~A} z!E-1 O:ja-j correlations7} ~-Z!!H ~o]i::}. EE(!-%~~ 

methylene protons;::: 6165.77(C).2} 153.65(C)Oll l-l~}1d downfield carbons.2.}.£ H-C 

correlations~ .!;!.O:j9"9ic.}. o] ~-'cJ'~ 1:1]~ ~%7)!::: ~~'&}AJ ~~..Q..l..} f '8-±7} 

benzylic methylene7JE.I a.2.} .8011 -tl~.Q..£. ~~x.loi 9J.%% E.In]t>}9lc}. 

"c ~MR spectrum<>!! '-1 8 39. 572} 38. 51 <>II 1.-fEII± 't!&c signals~ oJ~<>il -'J%•1<>1 
1H N\JR AJ<>il'-i zJ-Zl 83.52(2H, t, J = 6.8 Hz), 2. 79(2H, t, J = 6.8 Hz)<>il 1.-fEII± 

signals'f:' spin system-'cJ' t>}Y,E.I ~~!H ethylenyl groupo) e~Rt>r';::: ~..Q..£. ~zt5:l9i 

c}. 0 1~ z.fZfE-1 methylenesC 13C NMR shifts7r offq_ %,'r'tf'off.£ ~..,Z.t>r,.2 1H shifts~ 

03.52Q.} 2.79£ t ;>;}oJ~ .'i!..•:f-Y9icL oJ~~ ethylenyl groupE.I 0J~01J ~oi9J.';::: ~ 

%71.£1 ~71 gA3£71 '-1-"- AJoJ~<>ll"l 71'{]~ ~2-.s'. •W"l5SJ~r:I. ~-!! VJP-3-A9.j 11: 
Ar~2f 0 /vj -?-~7} 7-l~~ -'f.~9-1 1f-~(partial) ~A.r~..Q...£-¥,tj 33.52~ methyelene 

<>11::C -l)&c-1-!=<171 .::1.el2 82.79.9.j methylene<>il::C ~ -1-!=<171 Z!Zl 'c!7,;!5SJ"1 ~%~ %4-
~ -? 9.!9:lr:} ({!$:t..} ~± % 2 1#E.I ~A}§. oJJi!..oi~ ~%7l7} ~~5:Joi 9,1,£ 78~ 
011';::: {'-~l.} 't!±E.l chemical shifts7} ~A] ~%: Jackman & Sternhell, 1969: Wehrli 

& Wirthlin, 1978: Kalinowski, et al, 1988). 0 ] _,I~~ ¾~ii}7] ~t>}O:j NMR -§-off¾ 

JJ-ISO·(j;.5'. Sf'£ 7,:1:,} •11..f.9.j '-fl.>'.¾ NH proton signaloj 87.97(IH, t, Jc 6.3 Hz)<>il 

'-fEf);/2.uj MeOH-d,<>ll'-i 83.52(2H, t, Jc 6.8 Hz)<>il l-fcfl± proton signaloj 83.65 

(2H, tt. J O 7.3, 6.3 Hz).>'. oJ%5SJ~r:I . .::1."11..I MeOH-d,<>ll'-1 82.79(2H, t, Jc 6.8 

Hz)<>il<1 'i'!1/>a~'i'! signal,"_ 82. 72(2H, t, J O 7.3 Hz)oJIA1 l-fEl'-1 chemical shift.et 

coupling pattern!!.-! ~ ~~7} ~'.'rl.'C}. :-.JH "?±9.lE.1 'C coupling~ MeOH-c/.t01])..i 0 

3. 52c-J] l-}E}\:!" methy\ene01] NH7!7} ~1:f ~oi 9..tg~ !?.fa!'6}~ ~o[nf oj 4-:1:: 4:!Af.2-} 

6165.7701] l-}E}'-d ~.Z ~A}.z!E-1 HMBC correlation,':'_ NH7} amide~ ~~15}.:;r 9l,<;% 

'l-t~2f %'-l<>il ~71~ benzylic methylene( 1H 83.78; 13C 28.69).9.j /1.Y.l~l<>II oj amide 

carbonyJoJ ,=AN?>"}af ~~-¥:! proton spin system-£ 7},~ ethyJene7)7} o) amide7).2.} /j 

153.65011 L}E}\± carbon(C-8)% 7i.i::J aromatic ring~ benzylic position(C-7)0!] ~~ 

5SJ::C ~-£ 'If~ "l'll~'<! %71715SJ~r:I. 

~~ VJP-3-AE.I ~A} .,Z.~01]),i 'Ji':'. ~~l~ ~ 13C NMR spectrum01]Ai 3153.65oJ] l.} 

E}iJ 1tL!::.E.I ~%712-] 'Tt"~2} %'¾J~ partial structures ,qojE.I <'ti~~.£ ~t>l!::: ~o] 

9:lc}. o] ~~E-1 ~:x.}A../01P,i \:}'~ ~±';::: t>}l.}E-1 "J±.2} t>}t..}E-1 '?±~A}01J ~.2}6}9,ft.} 

(t:fl~~1o].E:.£. ,:f,;.t.}A-1.g- 1/2.2. 1-Pr~.£ 78~). rr}e}Ai ~A}~-£ ~~i5}9'J.Ai O 

153.65~ ~~ chemical shift01l 7}~ ,YcJ~ ~%7]~ t>}l.}9-] oxime7]9j_r:}. rt}i!}Ai 0 ] 

't!±<>il cfl~ "1%~'<! "l-%71.9.J {i'lJ ',l oj9.f 'cl.%5'1::C <W~'i'-¾ '1!9.1 'll~~<>ll::C -'f-
7}:x.j 7}~AJo] e,.:t~6}9ir:}. ~ oxime7]7} freet>}7ll e~Ht>}.:;I s-s disulfide bond01I .'?-1 
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tl" i=' r:ff~.,:1-.:CE.) ~~ 0 1 7}-~-&}-$a.2..o:/ t}-;: -&}-L}E.j 7}-ir-'8.'.: 2f- 7ff2) oxime~ o/lr-::: 

{!$:5c!Al nE.J dioxide ~~(oj 1-'t- sulfur::: thiol.£. e;tfl) 0]9ir:} . .2ijq ~7]gAJ 

.£71 off-~ -e, 4 7j ~ ~"I 71 -C=N-0-0 N=C ~ 'a •ff~ -,'-A,j .-loj ~ 'a 2-."- \'!~xi c: ~ ,°_ 

AJ~l~ ~oiL}::::: ~o].!=_.£. ~:x}-E.j 7}~AJ ~ :x}~"O'J llflAJJ~.:;r oxime7]~ ,eAfl.2-.j- sulfide 

IinkageOil ~'{! \'!-?4°1 t:1-l\- V'it"l~c:f. 0 ]~ {t0 ] .-loj ~\'!'!!- VJP-3-A~ -'i'-""-c: 

bromotyrosine6flA-i *1:1J~ Cu -¥-iE"'Y~i} 7}~ t:.ff~~ alkaloid.£. ~1£19;!,r:l(Fig. 

3· 153). 

o]AJ21 'l)'l,'{;<"f;!f NMR •ff"!~ _sS_cj."- "!]A]'\'! "I-""-~ •l0J2-."- i;loj -li',~;!f ST\ 

database6fl t:ff~ ~,.q.~ ~ ~.2} VJP-3-A!::: bromotyrosineoj]Ai 7]~-V: dimeric 

compoundCU psammaplin A.2.} %~~ §-~~ 0 1 E-elhl°t:}. oJ ~~~ afl~ Psammaplysilla 

sp. -"--'I-Bi .1].'t."- ~clxl9i2-nj %'l!'{! '-]7]"11 Thorectosamma xanaOi]Aj.£ 'l!Z!'E! Sl7] 

9,lr:HQuinoa & Crews, 1987: Rodriguez, et al, 1987). ~ ~-i1~6f]Ai::::: ~;<fl K5626fl 

cffiiloj 7J'{! •ll.£~A,j(LC50 0.13 µg/mL)½ t..fol'-ffc: o] '!!-'ll21 '!/'/l.Y.]'{! ~c]~A,l½ 

"f>fl-'IE--"- ~'°- ~-li':71-er"il 21~.-foj ~di ¾0 lt:f . .'E~ .:1. 3/-¾ 7]3/-21 T/-'ll~ -Y-1"1 
oi ~~~ ~.g.7]{!(o]~E.j National Institute of Health.2-.j- State University of New 

York. Stony Brook)6fl E.)$l~ ~.2} A"]],:5;.LflE.j microtubule6fJ c.fltiflAi::::: binding affinity 

7f \:12-1..f(NIH) actin"ilc: cf'<!.-J 'll- 'slt/irfnj .:1. mode7f ojEf~ -i'!\'!%2/c: c:f;: ~ 0 1 

U,c}(SU'\jY)::::: }1-8,~ 1M9J:r:} (Hamel, personal commun.: Spector, personal commun. ). 

'{!'cl •ff\'!%'!!- 4. rhax"il'-1 cff'<!ir] .;.,°_ ~.£."- ~>jirfc: 0 1 cffAfi!-'ll~ .£6]oj;oJ] 'Ji 
7]EI A~•ff~.aj "!% jt:,.f~ .;J-'l/.-17] ~].-loj '98\1 9'!/0il Guam cj~.;;i.21 \'!-,'-~:,.f *% 
.2.."- 1/•ff ~-'I ~ 'l/ ~ ~ .,g. ?~irl~ t:1. 7 iii 21 1,~.'tOil Aj °'l "IC: '!! CJ-'8 o-f ·lH,;'<>il 
cj'{! 7J'{! 3'c"lo1"11 jt:,.f~ Of'{)irl9J.2-Lf oj ~'ii~ <ff'<!.-] ~,°_ '9'-'S"il 7]'{)~ •i4'0il 

t:H~ j;r,':_ %Off£.£ q_}"O'}oi 1'?J'-!:f.Q_.£. AJ~~ 4- 9l::::: ~21-E.J :ti~o:r,::::: AJ.:g.·or~1 *15l 
9J, i::}i &.7] % & Paul, personal commun. ) . 

Psammaplin A(VJP-3-A)~ -,'-J'o~ {i<'!/0<l.ll.Oi] 9.lo-fAj ';,!~oj 'l:!-il--'1."f irfc: Af~ :'. 

carbon \\1R spectrumoJlAi l17fl2.j carbon signals?}- {!~~9ic.}!:: ~o]c}. c}~ '3fl 0J.ig 

%2./-C ~2f tff~%~.£.-¥-Ei !:: 117ll ~,.r: 0 1-3'!21 llff-4'-011 ~fft:J'$}~ 12'.:t:½ 7}~ 

alkaloids7} .S~A] U:Jll ~,{!~r:}. o] ~ ~ 7iE.J ~,¥-7} bromotyrosine % brominated 

amino acid6fl 7]~-6'}7-ll..} oroidin-sceptrin 71J~o]q aldysin-phakellin 711~~~ 

bromopyrrole -¥-~£ 7}~ ~~~.£.Ai 7J~-&t2 r:tt"l!- ~2)~~£ ~.:;r 91!:: 7J1f-7t 

U,cHcafieri, et al, 1996a; 19966: 1997: 1998: Faulkner, 1996: 1997: Kobayashi, 

et al, 1997a: 19976: Mancini, et al, 19976: Tsukamoto, et al, 1996c: Walker, et 

al, 1981: Williams & Faulkner, 1996). .=!.ell..-} bromotyrosine :x}~l!:: C9.Q...'r.. -,LAJ~ 

~ ';.12..o:j bromopyrrole,':_ C~~.Q...£. 7'-AJ~oi 91:::::t:~\£ ~-,L'8'}2 {!A}2.j 1~::::: is}l-\~ 

C2 unit~ .22]2 .Jf-:x}E.j 1q-o:r]::::: '8;}L}9.j C6 unit~ amide bond§. aromatic ring6fl ~ 

~A]5'4 ~¾-!:jS?..§..::::: ~JAJ C110J4 °JE.) llfl-?-611 iifl"CJ'!}}::::: '?E.f 1B±~ 7}~ ~q1~ 0 l 
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~.-,.35:1 ~ ~ ~ 1!iJ'.,,.c!-!:f 4~of1Af 1...ilj!-1.-}.£ ~oj.£,!f ~o}r:1-(Fau1kner, 1996: 1997). 

~,!_.}~ ~~~11 psammaplin Al(VJP-3-AI) 0 ] 2c.~ ~2-J l:lJ.2.-aa(gum) ~EH.£. ~c] 

£19ic}. o] %~2-J t\MR ;i;]-E.-E psammaplin A~ t:fltJ~l %A~}9.1,c}. 1H N~R. 13C \lMR, 1H 

COSY, Hll•l'. HIIBC 'if 102)- 2D NMR 0<f_ll_;: oj ~'c!'!!-o) psammaplin A2} ~~-.J %'lit! 
3-bromo 4 hydroxy-toluene~ oxime, ~-thioethyl amide %2-J -¥-~-=;1-&~ ~2 9l..Q.tj 

~ 'l!l""l '""' 'E"\'! ~~-.J %'llY-& l-fEfcij')icf. :J.cjl-f 1
H NMR:,) 

13
C ~MR 0<f_ll_2j >i) 

uJ-tt l:l];J.'.:" ~ 7ff2.] signals~ chemical shiftsoJl 9l°iA~ 7]711~11 ..2..fa:}~ ~_Q_.£ 1¥
>)'ll 4' ~::: .>f 0 )7f 'Et% '!}{'i_-.f'lJ_cf. 'Et, 0 )"1t! ~",)-~ C-10 ethylenyl7J<>ll •fftj,;f 

~ -¥-~oJ].t.i r:i.f?, t ~.£ ~<'{!~}9,1.r:}: .d(VJP-3-A - -Al) •0.43 and •2.92 ppm for 

C-10 and C-11, respectively: -0.07 and +0, 16 ppm for H-10 and H-11, respectively. 

u:}e}Ai C-1101] ~~tJ disulfide linkageoJl ~!.j-7} ~~%~ oJ-? 9l9!r:L *'Yt! 7f 

-!g-Aj,':_ %~ VJP-3-A)~ psammaplin A~ ~,':_ t:fl~.,Z.S:.2-J "lllfr1iJ:..Q._£. o]fo-J~ 

monomerttl ~o]ct. AJ~l£. bromotyrosine71] alkaloids ¾Oil~ monomer.2.-l- dimer7f 1[:,\] 

{f-e!x./ ~ C\l7f E.~.::i:/ U,r:t(Rodriguez, et al, 1987: Faulkner, 1996). 0)2-Jt!- ~f-oJl 

~i5l disulfide bond7} ¥-o-J.::i:]~Ai thiol, thiocyanate, isothiocyanate %~ ~%71.£ 

~!.j-~t::}. Thiocyanatet+ isothiocyanate %2-j ~%7]0{]~ ~}q2-j 1:J&::-4:!.::i:}7} f7}5:]o-J 

9l..Q.L~ o) 12"~~.::i:}2-j relaxation timeoJ nfl-9-- {lei 13C NMR AJ~OJ]A~ l:lJz1~}7]7} lgA] 

Uc](l(a]inowski. et al. 1988). oJ ft"~]::: .:;r.;RAJ ~~~~Oj] 2-j~}O:] 11~~ ~A}~o] 

'lloJ..<J\'! sij7,!~ 7;:~.2_ oJ)AJ'Hcf. 

Psammapl in AoJJ 1:1-h~·7}i:: f- t:flA}~1l 11 psammapl in B(VJP-3-8)7} ~ ,':_ X..~,!,!f2-] 

¥11~ 2:\f].£ ~o-j !lt:.}. o] ~~~2-j ~A}~,':_ c} 0J~ ~~ff"~ AJt:l} 
13

C NMR ~~ 

Oil £.j ?r}o:j C2~H338r2\105S2.£ ~ 1] -5:l ~ r:}: HRFABMS fM I Hr mlz 752. 0381 ( calculation 

752.0358, Ll-2.3 mmu)(Fig. 3-157). o] ~~2-j 13C NMR spectrumoJ]A~~ 2..f 23 7R~ 

'\:.!± sigmls7} 1M"~:i.J9ic}(Fig, 3-158). cj~ % t:fl-¥-~,':_ psammaplin ,\.2.} ~qJ~fJ-iLt 

*Aj.isj chemical shifts~ LtE}1-fl9i..Q..E..£ VJP-3-87} psammaplin ,1,2-j %5:.::\f]c}::: ~ 0 1 

t::c11;.Jt}. 7 cjL} .2-~ signa}so] Ai.£ ~.'-fA!AJ '?12 oi2::::. 1]£~ ~fa:}~ L\-E}1..-R;:: ~ 

_Q_§.. n[-fo-j psammapl in A~ OJlr-;:: 27H~ half-structures?} %~'8JA/ 'r.f,':_ ~,& i!" 
? 919:J.r:}_ ~~l A~.£ ~% o]lr-~ "EE!~~~ chemical shifts ¾oJ]Ai oiL ~}4:: 
VJP-3-A.2.} ~~~l %'1lt! ~.Q..£ o]fo-j ..'.i!..0 } 2 7fl~ half-structures %£.1 i}q::: 
VJP-3-AE.1 half-structure9.)- E"~i}o:J -=;t-&.~'i! \l:!.if'!:::: L}u{A] iifL}2-] half-structure 

Oj]Ai ~o-j\! ~,& ~ 4' 9J.9j_t:}_ 
1~C ~qR spectrumO{JA~ qE}\:! VJP-3-B2.l ~~~,':_ 1H NMR~ 1H COSY dataoj]Ai£ E. 

cj~t:}(Fig. 3-159). ~Ai VJP-3-A.2.};:: ~eJ 6 7RE.J signals 0 1 aromatic region( 0 

7.5-6.5)011 i:.Afl<5}9j_cf. Proton COSY N~1Roj]A~ oJ~t 2 7ff2-] Ai§.~~~ .\BX spin 

system,£ o]lr--2 91goJ Scj\l..Q..E:..£ 2 7fl2-j 1,2,4-trisubstituted benzene..2-£ iifl~ 

£19:lcf. oJa-J't! •i"1t H'1QC2} H'1BC '\l~<>l) Ej-.foj %'ll£19icf. ~ 6 7H2l aromatic 
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fable 3-6. Proton and carbon >MR assignments for psammapl in B(VJP-3-B). 

' H C 

l 130,55 

2 7. 36 (lH, d, 2. 0) 134. 42 

3 110.43 

4 153.65 

5 6. 75 I IH, d, 8. 3) 116. 98 

6 7.06 (IH, dd, 8.3, 2.0) 130.32 

7 3.78(2H, s) 28.69 

8 153.03 

9 165.80 

10 3.51 (ZH, t. 6.8) 39.65• 

II 2.80 (2H, t, 6.81 38.56' 

l' 136.04 

2' 7.49 (IH, d, 2.01 134.62 

3' 116,48 

4' 149.57 

5' 7.47 (IH, d, 8.8) 123.27 

6' 7.21 (IH, dd, 8.8, 2.0) 130.00 

7' 3.86 (2H, sl 28.99 

8' l~.M 

9' 165.63 

10' 3.51 (2H, t, 6.8) 39.58' 

II' 2.80 (2H, t, 6.8) 38.48' 

12' 158.61 

HMBC (8 Hz) 

3, 4, 6, 7 

l, 3, 4 

2, 4, 7 

2, 6, 8, 9 

9, 11 

10 

1'3'4'6'7' 

l ', 3'. 4' 

2', 4', 7' 

l', 2', 6', 8', 9' 

9', 11' 

JO' 

\\le 3.02 (3H, s) 38.28 12' 
- _ ___l __ -----------~----"I--~--- --~ 

Proton and carbon NMR data were measured in CD30D solutions at 500 and 125 MHz, 
respectively. Assignments were aided by 1H COSY, HMQC, and DEPT experiments. a 

1 

Interchangeable signals. 

protonsQ.}, ~~l~ cc1rbons.9../-.£.i direct- ~ long-range H-C correlations 0 J r.}4- ~zi~ 
'3;!__.Q_E_~ aromatic rings~ .20{] eAflti-t:::: 1t}.± ~ -?.±7} .£.f 1~~] Aj 15:J9ft:f_ 

\lultidimensional NMR 1lt9.J ~4<>11 a:}E..'t! 2 7ff~ aromatic rings-¾ <5lt.l0f] "oH 

t:J-i:i}:::: ct!±~ "'?.±~,<:'. chemical shifts7} psammaplin A..2} t:ff1t}t>] ..g..,1,,}t;}9i_Q_l..t r:}~ 

t}Lr£.J 22JoJl ~~HBl~ 1t_l-.±.2.} -?.±:::: ~~71- AJt:J?5"l {Jt>}9ic}. H\1QC.2.j- H\1BC ~~011 

~ isl~ Aj ~{i signals~ 1:1p:J~ a-to:f T~J.-!j.Q.£ AJnj.!i!.~ 1i!A~ 1
H NMR spectrumo!l 91 
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oj<j 87.3611H, d, J O 2,0 Hz, H-21, 7,06(1H, dd, Jc 8.3, 2.0 Hz, H-6), 6,75 

{lH, d. J.:. 8.3 Hz. H-5) %oJl LtE.t1d A·l] signals.-2. ojlyl-o-{-zl spin system~ VJP-3-A 

et 7j .ej 'll *I ~191-"-l-f a 7, 79( lH, d, J O 2, 0 Hz, H-2' I, 7, 41( lH, d, J O 8, 8 Hz, 

H 5'), 7.31(1H, dd, J O 8,8, 2,0 Hz, H-6') %.e1 <J] -?d:cc: Bj~ %'lJ~ 
1.2,4-trisubstituted benzene oj2}.£ chemical shiftsoJl 9.lo-{J,,f ~ *}oj~ Ltt:lt.Jl9:l 
cf. "c ~'IR data of]<i5c. %'ll~ '1!!+71 :,!'lfxjoj a 151.57(C, C-4'), 135.04(C. 

C 1') 134,62(CH, C-2'), 125,00(CH, C-6'), 112,27(CH, C-5'), lll.48(C, C-3') % 

oj".5;! 7ij~ t!-..±::: chemical shiftsoJ] 9.lo-JA1 AJcJtt Jr!~}~ .!i!._o:jf-9:lt:}. 

\\1R A}.1£.2.] -¾~~~ ai~.Q...£.-lj!-B{ ~~ VJP-3-82.] .,Z-~oJl 9.lo-{Ai aromatic ring 

~ ~l.2.J~ c)-~ ¥-~~ VJP-3-A2} %~lt ~.Q...£. aij~3:.)9it:L Non-aromatic parts~ 

o]lr-::: carbon.2J- proton signa!s2-] chemical shifts, signal multiplicity(carbon), 

splitting pattern(proton) %011 9J.<>lA1 ~ %1l~ 7i2.J %<tl'O'}~tl. EElt 2D NMR 1J~ 
o-l] 91.o-J '-1 VJP-3 BJ} -A.2{ -'t!{!ii] ~~~ oximes, thioethyl amides. disulfide 

linkage* 7,J-2. 9.1.go] o:j~ 7ij2.] H-H, H-C correlations£. ¾rg5:l9i.Q..E...£. ~7]lt N~1R 

"-Jo-J]A7,2.J aromatic signals~ 1t!.~::: ringo-\l €-;cff"&}~ substituents7} ~tt ~..Q...5:.. 'tff 
~£l9icL 13C ~MR spectrumo-\l gJ_of;..~ 44.£1 aromatic signals~ VJP-3-A.9.r .1.~j~ifj H] 

20n ~ ~21- C-1 ', C-3', C-4', c-s'o!l tiffCJif}~ carbons~~ ? ppm ~.5:.s>.] ~*}~ 

l-fEf\l! cjJ "i~l<>I C-2', C6'of1Aic: '1!!.f7f 7j.ej 'lJ.9;lr:l(Table 3-6), ¾'ll~ •H"l~ 
VJP-3-A.ej 8 ring( left).ej C 4' hydroxyl7]71 cf:= "/%7].s'c '1!!.f.-f~2 o]ofl a:fel, 

C-4'5!.j l·-1, ortho ';.! para ~]j;]o-j] ztzt tiflcJ-B"}~ C-4', C-3'9.} C-5', C-1' %o-\1Ai~ 

,..Jc:J~ chemical shifts.Q.j 1i!:t.}7} l...}l::}t...}~ it):'B_ meta iJ.7:JoJl ~JcJ-B-}~ C-2'9.} C-6' ~ 

~ct~ ~toJ~ q1q1...ffA] U"~ ~..Q..£. ~zt£l9J.c.}. .=Ia-IE...£. psammaplin B~ psammaplin 

;.ej C4 hydroxyl7]7f cf:: "/%7].s'c '1!~ .fl-£;\f]~o] *'ll,-f~cf, HRFABMS *"Jof]Ai 

VJP-3-Ao-J] 1:1\~}9 VJP-3-8~ C.JffoN3oJ] -oicJ-B-}~ ~BJo] f7}5:lof 9.l,..Q..E...£. 0]~.£. 7'

"3~ '[%7171 C4'ofl 'll1'"1oJ 9.lc: 7,(-"..s'c •fl"Jxj'll,cl(Fig, 3153), 

oj f"7FE ,¥,~s>.] -=;ta:~ 15N ~MR, 15N·DEPT, N-H COSY % ~~ NMR A}li~ iifl~2.j

i.f<Pl 'tf%ofl .eJ~l<>I 7.l'l!"1'll-"-"1 STN database ~Alofi .e1~1<>1 psammaplin 871 'SI~ 
11 ~¾ '1-'<l~f~cf, :J.cjt-f 0 ! 'l!,'l,!.ej "!el~'ilofl i:ij~ 1J"i 0 1 ~.ll,xj;.<] U9l-"-E.3'. 

"i 71 Ai !:: A~ sst~r:f 

4}-.1.~{!- ~~cu psammap\in C(VJP-3-C)7} ~A...!js>.j 2~].£. {E-c]£l9J.c.}. o] ~~~ 13c 
\MR dataoJJA{"E c:JA] 127~.Q.j signals r{to] llJ~5:l9:l..Q..o:j 

1
H NMR spectrum.£. offJr- t!'i!:" 

~f";J_r:f. 0 Ji't ~MR "l.ll.¾ r:f:= ~'l!ofl i:ij~ "l.ll.9-f •li'.!.-J eJ;;i.•M 1": 7.l:zf 'He} "c NMR 

A}li~ .2..¥,7} psammaplin B(VJP-3-B)s>.] western part(C-1'~-12')9.} ~~is"] ~*lit¾ 

'l/{!.-f~r:f. 'E~ 'H COSY, HMQC, HMBC % 2D NMR '\ltof]Ai5c. VJP-3-89.f ~~~] %'lJ 
tt H-H l}l H-C correlations7} ~~£19:lc}. u:}c}J..~ ~~ VJP-3-C~ VJP-3-B.9.l 

western parts>.] monomero]7{l...} ~,<:>_ tt ~.Q.j western part7} disulfide bond~! ~a-}o:j 
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"i""- 7,l~B dimer(psammaplin A21 {!~"l'tll 'll ~.2.!r_ ~45eJ9icf. .2aj'-f C!l 

methyleneoj] <>flcJtf}!::: ~.:±:.~ 4-±- signals2-f chemical shifts7} VJP-3-B.9.t .!H~t>] ~ 

>J-of9:t_;,_ LRFABMS O!l"i.£ mlz ", 8400!I ['1•HJ'!r_ ~4SeJ::: peak7f 'j!{!Sej9i.2..E'.!r_ ';'l;cf 

E..j 7}-'8-'& ::_ A}~ i:iJ ,¥-~xj 9i.£.oi psammapl in C !::: psammapl in BE..! western partE..I 

dimers_ -t4SeJ9icf. oJ -l1':"i]oJ] cjt, "1* 7-,~;'_ VJP-3-C21 'll~t! -li',;cf,;Joj 'li"i"i 
\'! •K7,,'!1 ~.2.s_ -tztBcf. 

il-"H1 ~'ll't! psammaplin C!(VJP-3-CJ)oj xs!"'!21 "1>1] >Jsjs_ -li',c]Sej9icf. oj 

t!~.Y.E..I '.'-JMR r.~] 0 ]coi!::: psammaplin C-9.t ?i'E..j ~*Jti}~t:l-. 1,2,4-trisubstituted 

benzene, thioethylamide, oxime, N-methyl7J % VJP-3-CojJAi t.,t'E}\1 f-..R. ~%7]7} 

~"lo-] 7,/~oj:aj 9.l'licf. oj ~'ll21 NMR "f.ll.~ cf;: ~\'!~1f "i]'l!o-] sj_;;,_oj ~ 7,j2) 

C-10 ethylenyl7]0!] 4i't, 4'± 'J1 '<!±21 chemical shifts7f VJP-3-Al2/ 7121 'l)>]~ 

cf:: ~ ~ 'j!{!-of<lJ_cf. tcfaf;.i ~'l) VJP-3-Cl '.'_ VJP-3-A.2.f -AI21 '<!711.2.f • f~7f;,cjs_ 

VJP-3-C.s,.] disulfide linkage7} ¥oiAJ\l:!_Ai thiol, thiocyanate, isothiocyanate % 

21 "!%7l.5'. \'!tic monomer.£ ~4Sel9icf. cf;: psammaplins.2.f • f~7f;cJs_ oJ -l1':>il.e1 •H 

'?l '.'. 'll "lt! 2•H •J 11 •J-li'c"'i "' .ll..e1 1'J JafoJI .e1 o-foj 1f-'o'~ ~.2.s_ •J ztB cf. 

~%~ psammapl in D(VJP-3-E)7l- ~~ X~~E..j 2~] ~EH.£. ~aJs.]9ir:}. o] %~ 
E..j \~R A}E!::: r.}~ psammapl ins2.f- AJtJ(! ¾,q~,£ .s!..o:jf"<;:l..Q..L} ~ 7}A]~ ~oJ~ ~ 

0 1 1:1J7.'!_5:l 9J.c}. ~;,.f 13C NMR spectrumoJJAi c}~ 7fl~ methine carbons( 8143. 53, 

134.43. 130.36, 116.98. 112.49)7f '<!115'1"1 >ii 7fl(monomerl..f symmetric dimer) :;,,:;>. 
O:f".R 7F(asymmetric dimer)~ methine le!± signals~ l-}E.}\!! c}~ psammapl ins:zf, ~ 

.>foJ~ .'i'.oj1j'9icf. 0 JoJI •J%o-f::: \'!:§:}7f 1H NMR spectrumoJJ;.i.£ <!115'1"1 "i""- 'lf lie 
cl!i'Jc:: cf',! ,n.ei aromatic signals7f 'l!Z!!i'J'licf; 87.36, 7.10, 7.06, 6. 75. 6.54. 

o] ~ii~ ~-MR A}E.Oll l-}E.}\:! ?±.2.f- le!±~ chemical shi fts.2.} splitting pattern, 

multiplicity %~ c}~ ~qi~~ A}.li.2.f, -"i]~t>l 1:1J2,tff ~ ~:zj. VJP-3-E q:{A] 

VJP-3-Al-} -B9.} ~~t;J %~t!- eastern part~ ~2 ~%.£ ~ ? ~9}_.Q.u:j t}*H:! 
\\1R ,.,J "tloJJA~.5:: 3 bromo-4-hydroxybenzene, oxime, thioethylamide %~ e.J:fl7} ~.sfO"j 

Ee-Jxl:rt. tt}i!}Ai VJP-3-E~ -A~ western part7} ~ill! %.5:.~]~o] ~~fr}9;'!.t}. 

HMQC2..]- HMBC ~~oJ] ~t>}O:j' o] ~qi~o] thioethylamide, disulfide bond, oxime %~ 

~%7]~ ztzt t!' 1,1.J~ .!i!..%-f>}.2 ~~ A}A;Jo] '#t;:j~.Q.E....£ o] ~~~ -ys:_AJoJ]A{~ S1.. 

:':. ~.!t ~ western hemisphere~ benzene ri ngoJ] ~l!~ ~_Q_..£ iiff ~ ~ 9J. ct. 1H COSY, 

HMQC 1;,! HMBC A} .li~ & iJ-oJl ~ t>}O:j' eastern part~ 3-bromo-4-hydroxybenzeneoJl tiff t:J
<"it~ S1.. :':. 18'±7t ~ ~tiJ A]~~ 9}_.Q.E...£ 13C NMR AJoJl ~ o{ Ai western benzeneoJl 15H t:J 

signals~ 8143.53(CH). 136. !3(C), 131. 25((), 120.66(C), 112.491CHI. 

105.45(C)5:. ~zt5:J9J.cL !Et!" %~t!- 1:1J~.Q.5:. 0 1 benzeneoJl ~Plt!- ?±~ a 7.10 

(IH. d. Jc 2.0 Hz)9.f 6.54(1H, d, Jc 2.0 Hz)!r_ ;cJ1JSej9icf. oJ a; -'f- ?± ).foJ~ 

coupling constant?} 2.0 HzoJl ~21-t!- ~,': ~8a~~ meta *ll!".£ l-}E}\!! ~_Q_§. tiff,.,~ 
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9.f9icf. 0 1 Af1):,.J- HMBC -'lli¾ %t/1'foj 01 aromatic ringOIJAjE.J *l~"il•H¾ ~~1'I 
',/0fcff9i_Q.nj ~~R AJO!IA12.J chemical shi fts2.J 7ll1!0il 2.J1'foj z/z/2.J ~1*12.J "/%715'. 
ofJ~c] 7l-18-~}9J.ct. Database .z,qon 2-jtilJ?! .5:..~ ~~~ bromotyrosine-derived 

alkaloid~;: -¥-~TS..§...,1,,{ 3-bromo-4-hydroxybenzene~ ,st.2 ~;:c~] l:l]'ti}o:j 

psammapl in Doj]Ai:: =3.f%7}2-j 4-.£.1- J;]-t!~Efl7} 7]€-2.j ~~~4:: i'J~ X}o]~ L}t:}Lij 

9:i.2.E.£. {1~11~oJ ~~"8'}':d,c}. o] ~~~2-j !t!"~~ .,Z..S..£} ~cJ~"at ?:},¥-oJJ f:J.. 
~ 'E~of1 AJ;.~]~l 7]~~ ~o]r:}. 

3. Biphenyl alkaloids2-j ~Cl ~ ~$:. ~l 

Psammapl ins.2-.} ti"~! ,tl~~ '{} aplysinel 1 in A(VJP-3-D).2.J- B(VJP-3-F)7} ~ ~ ~ 

~2.J 2>1[ 'il•H.se. .,;t~J9.f9icf. 01.,-2.J ~MR -'lli:C psammaplins9.f:C oji!J 71"1 \'!O!IA1 
~ ;;:}oJ ~ !i!.o:j~'3:l.c}. 13C :-J~R spectrumoJ]Ai J.fl~¾ carbonyl carbono] ~ a 180ofJ q 
c.}\}:.Q.o:j aromatic carbons.£ ~~ Uo};;tf 20 o:j 7Hf4 signa!s7} 1M-7.1.5:.19;:lr:}. EE~ 

upfield methylenes.£ %7}-.,.lo:J 44 8 7fl~ L}EP;;{c}. AJ%<5};: ~~7} 1H i\MR 

spectrumoJ]Ai.£ -t!-~.s:.jo-j aromatic.2} aliphatic region .5:.f-7} ~~ ~1r"6}7-JI ~fi}9;'!. 

r:}. ID ;\\1R A}.li~ 1B_1tlfi] &Afi}2 r:}~ psammaplins.2.}.5:. l:1]2."?iij ~ ~2} o] ~~ ~ 

.i::~ 3 uni ts.£.! bromotyrosine ¾.£~1.£. '&aAd£lo-J 9J..Q..u:j ~%7].£.J .!rl*l.2.l- ¾'ff"oJl 910, 

Ai c}~ ~~~2}~~ 7-}oJ~ .!i!._~-£ ~ 4- 9.!.~c.}. 

.22-{:...t 1H COSY HMQC, HMBC ."§- ~1:lJ~~ 2D NMR 1:lJ1j.Q...£.~ aromatic regionoJl ~ 

-¥-l.} u~- \1-±7} A1§. ,2-~0ij 91~ o]-§-.£.J -,1-~¾ ~~O"J ~ 4-7} ~o-JAi -¥-~o]fi}7ll 

oJ~ AJ~.£.J ~2}oj] 1~\J NMR, N-DEPT, \l-H COSY, HSQC, gH~1BC, NOESY, 1H-selective 

l\EPT, SI'1B\. HMQC TOCSY % >ff.se.¾ 71\!JE.J cfxf.j,! NMR 1)~ 1!:,.J-i,- ¾t/ofoj ','-~~ 
~~3}~r:t . .2<5ffAJ ~~~~ A}.lioj] .£.J~ ,1-&.£.J {l¾2f ~2]~Aj {l~o] ~li~Aj U 
9.l:.Q.~£ ~ 0711011 "l A}A·ll~ -=t-&~ ~~ ?~ ~.Q.t.} ,1-3':..:!:j ~7cl1?1 Z!~-8'}7ll AJ~.!l 

~ z!Aj o1 ~ ~ ~~%~ 44 hi! units.£.! bromotyrosines§.. 0]~0,~ 9.!..Q.o:j A1J tt!~H 

unitt- .::.~ ~tfl7} ~~t] c}E.,u:f main chainoJl.£.J ~,UBJ~oj r:}~ f- units.£.! S-S 

bond.2-f-~ ~2J C-C bond¾ o]f.2 9.!..Q..o:j 2 ~2} '&ff<>J~~~oj]Aj~ ~{!'B U}7} 'il'J.:::: 
hexa- substituted biphenyl7]~ ~-'36}2 9J.~c}. f- ~~.£.J -=;tS:.~'Z.I J;}ol;:: 

ap]ysine' I in -'101] 9.lo,jAj;:: Al] it! ~n bromotyrosine.£.J C-9 ~±7} free amide.£ ~o-j 

9,l;::c~1 \:l t\o:j aplysinellin B9.j 1-9--:: oJ 'cJ::!::.7} r:}::_ bromotyrosine9.l benzene ring 

.£.J C-3 c1mine2} ~~t;}of cyclic amide¾ ~Aj~ 22Jtgt=.H.£. xJo-j9J.r:L Aplysinellins 

H--\- s:: 2.f 7]-e.9-l ~fl<>JA~~ ¾t'ff bromotyrosine alkaloids2.J,;:: 2 ~Efl.£.J AJol ~ 6 ] 

off-9-- 'rj,'-{ -8%1)£.Ai.9.J 7}Zl7} ofl-9-- ~~ ~_Q_.£. -'-&zt~r:}. 6 ] ~.£.J ~~~ -,1-S:..2--\-

12]~,._j ::_ 7:}-'foJl f.2~ i=~oJ]Ai ~~ oj]~o]c}_ 
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7}. A] li~ ~» ~, -R- 7] ~~ 2-j ~~ ~ fl ash chromatography 

~~~~ "&H~ ~plysinella rhax(,i..Jli ~:2:. VJP-2)::::: '96\:! B~o{J oJ~~ Guam9.j 

Sponge \lound2.}2 ~e.J::: Aj~~ -f-Ad 20-30 mo{JAi SCUBAc}oJ1::1Jo{J ~8"}0:j ,:ff~~<;ir}. 

=Et!%~~ ,i..Jif::: '97\::! 1~ Pohnpei~ ~~.£.! -f-~ 25-30 mo{]Ai.S:. ,:ff~5:J9j_c} (A] 

li. itl :2.. \'JP-3). 0 1 §- AJli~ 8Jcff~~ ~"8 ,<: ~~AJo{] .!i!.2B 4. rhax~ {i-A}ti}'.'!1-2.. 

oi ~ff{!~7fo{] 2-Jt! o];.~J°acH~ ~~ ~2}.S:. type speciesS>.t ~{:l_t;j ~*lti}'.'Jir:} 

("-elley-Borges. personal commun. ). rt}i!}Ai i°" 7}A] AJ_E.~ ~is}O:j ~~~ ~~2-j- ~ 

~~~ ~2.]~ A].£t;}9J_ct_ 

,:H~t! A]li-~ t!_~o{JAi ~Al dry ice£ t...J%A]{l -f o] AJcijo{JAi \langilaoo{] -'tlXl 

t! Guam t:H~2. Marine Laboratory£ o]%5:J<>l t..J%2(-25°C)o-l] .!l-t±5:J9!cL JJl~ A].li 

~ freeze-drier.~-%~ Z!~AJ{! ~ oJ AJli¾ "off 0J~-Y±£ "oJ~ ¾%ii}9J_c}. Z!~.:H 

A]li.(%2J" 153.3 g)g 1:1]0]:fio{] 142 methano1(2 L x 3)2-j- dichloromethane(2 L x zig 

2-Ji:}~ .Q.£ 7}tif~ *71%] ¾ ?¾'6}9J.c}. %nll¾ ¾~A]{! -f-611 1t'ff ~~ ~~ ~9" 

½~197.6 gl"il cflo-foj ~( l L x 11:zf n·butanolll L x 3)~ -l,'-:tj-£ 0 ]%o-foj ,t,'eP.J 

7]E}_q_j "r°%"8 ~% ~{17{'8}9J_c}. ~,<: ~~~~ ~ ~¾(63.98 g),<: {fQJ ¾,W-is}O:j % 

off;; >1171~ -1'1 methano1(500 ml x 215'. •fl4-½o-f9:li:f . .:lej'-f o] %"ii cfl~ 'H \11R 
-~~ ~2} AJ1::1J~2} 7JE}.£.j ~:k}t:.ffA}~?ltt! e~Hi>}::: ~_Q._.£. t::cfl..-} '\1:fJ7]ti}9j_c}. 

~,<: ~7J~g t! butano1%(24.97 g),<: %off~ {fQJ %.W-t! -'f-1 c}AJ n-hexane(l L 

x 2)2} 15% aqueous methanol(l,5 L x 2)~ ~~% o]-§-"B"}O:j ~AJo{] ct}~ ~2J~ '6}~ 

t:}(n-hexane: 7.29 g, aqueous methanol: 17.67 g). A~2]ll"A3 ~~~2} aqueous 

methanot%-oJ brine-shrimp larvaeo{] t:.fft! 7J~ ~A3(LD50 28.3 ppm)~ L}-E}1.-H9J.c}. 

-\queous methanol¾oll %tff.:H %1J.% 4lt;}o,j methanol% 0 J%B-}o,j ODS silicao{I 'g~Al 

{) .ljL reversed-phase vacuum flash chromatography(!:, cm x 5 cm, YMC ODS-A, 60- 125 

gel 400 mesh)~ 0"}9j_c}. %~t! -S-of::= methanol2} %~ ~UQl/.Q..!r..A-l 50% aqueous 

methanol §.1f-E-j A] ~8"}0:j 100% methanolo{] oJ~7J7J}A] 10% gradient system,£ o]%tt 

9).L}. 500 mL ~ -§-½t! 7-fZf~ ~Q!l~ ~QJ Z!~t! -Tl ~eJ2-j- 1H t-:MR£ i;-1t;}9j_.Q..TJi 

brine shrimpo{] t:.ff{t ~"8 £ ~~l 4~t>}5,1c}. 0 J ~2} 50-20% aqueous methanol£. % 

~-t! ~~o{] uff..<?· ~~711 -t!~¥01 ~%5:J<>l 9.I.g.g. ~'Z.!8"}-9:lc}. 

Reversed·phase flash chromatographyo{]Ai 50% aqueous MeOH§. %¾t! ~ajjo{] t:.ffis} 
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"1 "i-s9c 'f/'1fcUt.¾ &foj -S-offft "'17/ &f 'li cf . 'El.°. 2;>1/-§-'!l ( 2. 20 g)-£ .£¥ '1-1 o-f"1 

60• aqueous Me0H<>I] a,;-'l] -'tJ SPARTAN fi I ter~ Af,S.o-foj ~-S-'i/ ~'!!~ >i];>1o-f'lj_cf. \cl 
~ -§-~~ C1e reversed-phase HPLC(60% aq. methanol, Yl.1C-ODS-A. column, 1 cm x 25 

cm. Shodex RI detector, 2.0 ml/min)~~~;,.} retention time 7.5, 7.7, 7.9, 9.3, 

29 min <>I/ <i ~'11% VJP-3-F, -C, -Cl, ·D 'J.l -B7f z)z) ;\'a/"}'l:J,t:f. %'lit! HPLC<>I] 

Ai ;\'al %off'?} >l•l•l"1 'll>il~ ~ {!2} ~'ii VJP-3-B, -c, -Ci, -D 'JI -F71 z)z) 

513.3, 23.1, 16.0, 24.6, 16.2 mg ~oi~r:t: elution solvents, 90% aq. MeCN for 

VJP-3-F and -C: 8()% aq. MeCN for VJP-3-Cl and -D; 60% aq. MeCN for VJP-3-B, 

respectively. 

Flash chromatographyO{]A~ 30% aqueous MeOH~ %¾(!- if:' 0~0{] t:ffii'j-o:j !: %-~~ 1a1J 

t ~~ 2::\ll~~ ( 4. 63 g)~ 4J'5"}o:j C18 reversed-phase HPLC( 40% aq. MeOH, Shiseido 

Capcell column, 1 cm x 25 cm, Shodex RI detector, 1.5 ml/min)..£ ~2-l~ ~;,.} 
retention time 7.62} 21.8 min<>i]Ai ~cHAl~'l!'ll VJP-3-8(1,206 mg)-2} -A(l,385 mg) 

7~ ztzt ,¥.ej£j~r::~. oJeJ~~'?.I VJP-3-AI{4.B mg)~ retention time 19.6 minoJlA-i ,¥-

2J~9itt. !f..~ vacuum flash chromatography<>!JA-i 20% aqueous Me0H.£ %¾~ ~C!!j 

(0.73 g)Of] r.Rti}o1 %~~ HPLC(35% aq. ~e0H, YMC Pro-Cls column, 1 cm x 25 cm, 1.4 

ml/mini :;:f'lj-£ 71"! retention time 15.32} 25.l min<>l]Aj VJP-3-A(l47.3 mg)-2} -E 

1187.6 mg)7f z)z) ;\'a]xJ'l:J.cf. 

Psa• oapl in A (VJP-3 A) - a ye! low solid: 1H NMR(CD,0D) 6 7, 37 (2H, d, J = 

1.9Hz. H-2. 2'), 7.06(2H, dd, J=8.l, i.9Hz, H-6, -6'), 6.73(2H, d, J=8.l 

Hz. HS, -5'), 3.78(4H, s, H-7. -7'), 3.52(4H, t, J=6.8Hz, H-10, -10'), 2.79 

(4H, t. J = 6.8 Hz, H-11, 11'); "c NMR(CD,0D) 6 165.77 (C, C-9, -9'), 153.65 (C, 

C-8, 8'), 153.04 (C, C-4, -4'), 134.41 (CH, C-2, -2'), 130.53 (C, C-1. -I'), 

130.33 (CH, C-6, 6'), 116.94 (CH, C-3, -3'), 110.43 (C, C-5, -5'), 39,57 (CH2, 

C·IO, 10'), 38.51 (CH2 , C-11, -II'), 28.69 (CH2 , C-7, -7'); HMBC correlations 

H 2(2')/C 3(3'). C 4(4'), C-6(6'), C 7(7'); H-5(5')/C-J(l'), C-3(3'), C-4(4'); 

H·6(6'J,C 2(2'1, C-4(4'), C-7(7'); H-7(7')/C-2(2'), C-6(6'), C-8(8'), C9(9'); 

H !0(I0'I1C-9(9'), C-11(11'); H-11(11')/C 10(10'); HRFABMS [M•HJ" mlz 664.9566 

(calculated for C22H25
79Br81BrN406S2, 664.9562, ..1-0.4 mmu). 

Psauapl in Al (VJP-3-Al) - a ye! low gum: 1H NMR(CD,0D) 8 7. 37 (IH, d, J -

1.9 Hz, H 2), 7.06 (IH, dd, J = 8.4, 1.9 Hz, H-6), 6. 73 (2H, d, J = 8. 7 Hz, 

HS.I, 3.88 (2H, s, H7), 3.59 (2H, t, J = 7.3 Hz, H-10), 2.63 (2H, t, J = 7.3 

Hz, H·IIJI "c ~~RICD,00) 8165.77 (C, C-9), 153.65 (C, C-8), 153.04 IC, C-4), 

134.47 (CH, C-2), 130.13 (C, C·l), 130.93 (CH, C6), 116.94 (CH, C-3), 110.43 (C, 

C-5), 39 14 ICH2, C 10), 36.59 (CH2 , C 11), 28.15 (CH2, C-7); HMBC correlations 

H-2/C 3, C-4, C-6, C-7: H-5/C-I, C-3, C-4: H-6/C-2, C-4, C-7; H-7/C-2, C_-6, C-8, 
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C-9; H-10/C 9, C-11. 

Psaaaplin B (VJP-3-8) 

2.0 Hz. H-2'), 7.41 (!H, d, 

a yellow solid• 1H NMR(CD3DD) 8 7. 79 (lH, d, J = 

J = 8.8 Hz, H-5'), 7.36 (!H, d, J = 2.0 Hz. H 21. 

7.31 (lH, dd, J = 8,8, 2.0 Hz. H-6'), 7.06 (lH, dd, J = 8.3, 2.0 Hz, H-6), 6. 75 

(IH, d, J = 8.3 Hz, H-5), 3. 78 (2H, s, H-7), 3. 76 (2H, s, H-7'), 3.51 (4H, t, J = 

6.8 Hz. H-10, -10'), 3.02 (3H, s, N-Me), 2.80 (4H, t, J = 6,8 Hz, H-11, ll'); "c 
NMR(CD,OD) 6 165.80 (C, C-9), 165.63 (C, C-9'), 153.65 (C, C-4), 153.03 (C. C-8), 

152.54 (C, C-8'), 151,57 (C, C-4'), 135.04 (C, C-1'), 134.62 (CH, C-2'), 134.42 

(CH, C-2), 130.55 (C, C !), 130.32 (CH, C-6), 125.00 (CH, C-6'), !16.98 (CH, 

C-5), 112.27 (CH, C-5'), lll.48 (C, C-3'), 110.43 (C, C-3), 39.65 (CH,, C-10'). 

39.58 (CH2, C-10), 38.56 (CH,, C-11 '), 38.48 (CH2, C-11), 38.28 (CH,, N-CH,), 28.99 

(CH2, C-7'), 28.69 (CH2, C-7); HMBC correlations H-2/C-3, C-4, C-6, C-7; H-5/C-l, 

C-3, C-4; H-6/C 2, C-4, C-7; H-7/C-2, C-6, C-8, C-9; H-10/C-9, C-ll; H-ll/C-10• 

H-2'/C l', C-3', C-4', C-6', C-7'; H-5'/C-l', C-3', C-4'; H-6'/C-2', C-4', C 7'• 

H 7'/Cl', C-2', C-6', C-8', C-9'; H-10'/C-9', C-!l'; H-ll'/C-10' N-Me/C-I2'; 

HRF~BMS [M•H]' mlz 752. 0381 (calculated for C25H3/'Br81BrN10sS2, 752. 0358, L'.1-2. 3 

mmu). 

Psa•• aplin C (VJP-3-C) - a yellow solid: lH NMR(CD:30D) 8 7. 78 (2H, d, J .:. 

2.0 Hz. H-2. -2'1, 7.36 (2H, d, J = 8.8 Hz, H-5, -5'), 7.31 (lH, dd, J = 8.8, 2.0 

Hz, H 6, -6'), 3. 74 (4H, s, H-7, -7'), 3.41 (4H, t, J = 6.8 Hz, H-10, -10'), 3.05 

(6H, s. N-Me), 2.83 (4H, t, J = 6.8 Hz, H-I1, -ll'); "c NMR(CD,0D) 8165.69 (C, 

C9, 9'), 152.24 IC, C-8, -8'), 150.44 (C, C-4, -4'), 135.12 (C, Cl, -1'), 

133.52 (CH, C-2, -2'), 125.00 (CH, C-6, -6'), 110.49 (C, C-3, -3'), !10.27 (CH, 

C-5, -5'), 39.65 (CH2, C-10, -10'), 38.59 (CH,, C-ll, -ll'), 38.25 (CH,, N-CH,), 

29.01 (CH2, C-7, -7'); HMBC correlations H-2(2')/C-l(l'), C-3(3'), C4(4'), 

C-6(6'), C7 (7'); H-5(5')/C l(l'), C-3(3'), C-4(4'); H-6(6')/C-2(2'), C4(4'), 

C 7(7'); H-7(7')/C 1(1'), C-2(2'), C-6(6'), C-8(8'), C-9(9'); H-10(10')/C 9(9'), 

C-ll(Il'); H ll(ll')/C 10(10'); N-MetCl2(12'). 

Psaa• aplin Cl (VJP-3-Cl) a yellow oil: 1H NMR(CD30D) 8 7.78 (IH, d, J,,. 

2.0 Hz, H-2), 7.36 llH, d, J = 8.8 Hz, H-5), 7.31 (lH, dd, J = 8.8, 2.0 Hz, H-6), 

3. 74 I2H, s, H-7), 3. 71 (2H, br t, J = 6.8 Hz, H-10), 3.05 (3H, s, N Mel, 2.63 

(2H, br t, J = 6.8 Hz, H-!l); "c NMR(CD,0D) 8165.69 (C, C-9), 152.24 (C, C 8), 

150.44 (C, C-4), 135.12 (C, C-1), 133.52 (CH, C-2), 125.00 (CH, C 6), 110,49 (C. 

C3), 110.27 (CH, C-5), 39,12 (CH2, C-10), 38.25 (CH,, N-CH,), 36.57 (CH2, Cll), 

29.01 (CH2, C-7). 

Psaa• apl in D (VJP-3-E) - a yellow sol id: 1H NMR(CD300) 8 7. 36 ( lH, d, J ,,. 
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2.0 Hz. H-2), 7.10 (IH, d, J = 2.0 Hz), 7.06 (IH, dd, J = 8.3, 2.0 Hz, H-6), 6. 75 

(IH, d. a= 8.3 Hz, H-5), 6.54 (IH, d, J • 2.0 Hz), 3,94 (2H, s, H-7'), 3.78 (2H, 

s, H 7), 3.51 (2H, t, J = 6.8 Hz, H-10/-10'), 3.49 (2H, t, J = 6.8 Hz, 

H-101-10'), 2.80 I2H, t, J = 6.8 Hz, H-11/-11'), 2.77 (2H, t, J = 6.8 Hz, 

H-111-11·I; "c NMRICD,00) 8 165.84 (C, C-9'), 165.78 (C, C9), 153.62 (C, C4), 

153.07 (C. C81-8'I, 153.03 (C, C-8/8'), 143.53 (CH), 136.13 (C), 134.43 (CH, 

C 21, 131.25 (Cl, 130.57 (C, C-1), 130.36 (CH, C6), 120.66 (C), 116.98 (CH. 

C 5), 112.49 (CHI 110.46 (C, C 3), 105.45 (C), 39.63 (CH2, C-101-10'), 39.58 

(CH2, C 10110'), 38.50 (CH2 x 2, C-11, II'), 28.71 (CH2, C-7), 26.71 (CH,, 

C-7'): H~1BC correlations H-2/C-1. C-3, C-4, C-7; H-5/C-3, C-4, C-6; H-6/C-2, C-4, 

C-7: H-7.C 1, C-6, C-8, C-9; H-10(10')/C-9(9'), C-11(11'); H-11(11')/ C-10(10'); 

H 7'/C-8'. C 9'. 

Aplysinellin A (VJP-3-D) - a dark brown solid: 1H NMR(CD30D} 88.92 (lH, 

d, J = 2.0 Hz), 7.59 (lH, d, J = 2.0 Hz), 7.11 (lH, d, J = 2.0 Hz), 6.96 (lH, sl, 

6.81 (IH. d, J = 2.0 Hz), 6.28 (lH, d, J = 2.0 Hz), 6.18 (lH, d, J = 2.0 Hz), 

3.97 I4H. t, J • 6.8 Hz), 3.72 (2H, s), 3.68 (2H, br s), 3.51 (2H, br s), 3.13 

12H, t. i • 6.8 Hz); 13C NMRICD,0D) 8179.36 (C), 166.21 (Cl, 165.44 (Cl, 153.08 

IC), 152.90 IC), 151.22 (Cl, 150.43 (C), 146.81 (C). 143.67 (Cl, 141.25 (CHI. 

135.65 (CH), 135.47 IC), 134.56 (CH), 134.50 (Cl, 134.06 (CHI, 130.28 (C), 128.44 

IC). 127.46 IC), 126.33 (CH), 120.89 (CH), 121.57 (C), 118.69 (C), 115.01 (CH), 

110.47 (Cl, 93.09 IC), 41.05 (CH2), 40.00 (CH2I, 39.56 (CH,), 38,38 (CH,), 38.34 

ICH,I, 28. 72 (CH2I. 

Aplysinellin B (VJP-3-F) a dark brown solid: 1H NMR(CD30D) 68.22 (lH, 

d, J = 2.2 Hz), 7.92 IIH, d. J = 2.0 Hz), 7.34 (IH, d, J • 2.0 Hz), 7.31 (lH, d, 

J • 2.0 Hz), 7.15 (IH. d, J • 2.2 Hz), 7.03 (lH, dd, J = 8,3, 2.0 Hz), 6.93 (lH, 

s), 6.37 (lH, d, J = 8.3 Hz), 4.21 (2H, t, J = 6.8 Hz), 3.86 (2H, s), 3.77 (2H, 

sl, 3.49 (2H, t, J • 6.8 Hz), 2.78 (2H, t, J = 6.8 Hz), 2.32 (2H, t, J = 6.8 Hz); 
13C \\IR(CD,00I 8179.70 (Cl, 166.10 (Cl, 165.85 (Cl, 165.03 (Cl, 160.23 (Cl, 

154.25 (Cl, 153.77 (Cl, 153.00 (C), 144.21 (CH), 142.51 (C), 134.35 (CH), 134.31 

(CHI, 133. 19 (CHI, 132. 19 (CHI, 131.67 (C), 130.83 (Cl, 130.26 (CH), 129.98 (Cl. 

127.91 (Cl, 117.28 (CH), 116.37 (C), 114.58 (Cl, 112,51 (CH), 110.78 (C), 99.09 

(C), 39. 70 (CH2), 39.60 (CH2), 38.67 (CH2), 38.51 (CH,I, 38.44 (CH2), 28.96 (CH2). 
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Fig. 3-L59. Proton NMR spectrum of psammaplin B(VJP-3-B). 
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~l s ~ 

;i.J12" 30o:j\:!{l 6flOJ~~~o,l] cfl{t 'B-,t::: 'i!:"-'f-AJ7j] t:!J~tf}o:j ~L}. {!~~_Q_j ~~ 

i}oJI 9.loj;.Jc: 0 1"1 -2,-AJ-';l%%<fl 1\'l'!%<>ll •I~ •171 Ji!-!i'jt-f ~Hi'·"1'1.l "i'i'!<>ll•1c: .2. 

~]al o]~-£ if7}ii}2 9J.i:: ~o] t!~H2-! AJ~6]r:} (Attaway & Zaborsky, 1993: 

Faulkner, 1997). -tfl 0J~'B~ 'B-,1-9..] o:jcj t:ll~ ,,_~~~ ?Sfl~%~,<:'. 7}~ -¾Jl.tt ~!*]~ 
J:}A] tl~·- 9lc}. 1r:!~i>l ~tj-,1-~AJ .Q...2. ;.ij.£.,1::- %~ 2-1 ¾ti ~X.. ~9}0}1..] ?} ~ 'B %9-l 
-';lii!l~'ci~ r:foJ~oll-f 7J'i'.<>!I 9.lojJ.j.'r. ojEf~ •flOJAJ!;l--£ 'lf.'r.Of.:;J. 'Jlt:f. O:fi!fJ.j t! 
>H ~•ll>il"i2-.s'. •1°J~'l'!%0 lt-f 0 1-it 71~.s'. i>"fc: AJ~~- -;}71~~- ~ • 9./~ 'Ji AJ 
Eij~ <t!-=t-11.o-JlA~::: tiff~%%% 7}~ %il.tt 'BTcffAJ ~%.£. 6}2 9lc}. 

,fl 'i" %% .". ~ •ll :>ii "12-.s'. 7J ~ .5'. c' •fl OJ <>!I {l ;'I -lE-.£~12 912-"1 q-el t-lel i:!-•i <>ll 
,,_1'i'. 1ft 'tl'1l~lc: "l,,.iii':>11%% %~ ~ll-f01r:f . .:J.ell-f 'l!~ it· ~:>ii~ '1.161~ 1/-4' 

2-.s'. 'S\ci<>!i'·i~ •i's'!%%~ tl•l%'!!<>!1 ti~ 'l'!'i'-c: 71~ ,,_l'i'.5'!"1 u2 9.lc: -\J'lJol 
t:}. 1{£. ¾7}tf}2 9J.::: A~t:g:z}~~ -¾il._~2}- ~j;} 1J}.j,~.:J. 91::: ~7}{l.9.j ~~.A}41_ 

~.!i!..~ ~ltt 1~~.g- 22i!~ rtfl isff~~ ,,_!2.J~AJ%1l0ll cij{t 'B-,t::: c:fl't!15] ,l.]-S-~ ~°F 
olr:]. 

?~'BT~ ;i.('tl_A}~qj ~ '<'1fl~%~.2.4'--~ ~cJ~A,:J~1l {'-½'B-=t-'::: ~~%-& ~ 
c]ii}o:j -y~~ ~1J·Ol."J. tl 0Jtt ~cJ~AJ~ ~1-0-}o:j {!<tf~ o]% 7}18"-JoJ ~,':'_ %11 
~ AJ]AJtl::: ~~ ~Jf..£. ti-}2 1!,r:}. oJ~ .!rJtsij;.~ 3f-2.J l-}c} 1J-ti~(67 ¾ 415 kg):;'.} 

',!tH <i'!l 0J<>!I ~l*I~ Guam ::'•i(lB ¾ 15 kg)<>ll J.j.;j-&-fc: •fl'<!%%½ t:f-? •i'll•l'.l:!2-
cj L?'/;'%<>ll tH'l"! AJi!l~'1l2f ~~"1 -lE-"'1<>11 ~•1"1 'l'!'i'-tiAJ J.l.ll. 21 %'-& {!'lJ~l9.l 
ct. o]§- ¾<>IP-~ ,q.fi.~ 0J01 '¼~tf}t:.}2 't!lrH:! 6 ¾~ A].fi.<>l] .:ffii}of ~~~<tl {!~ 

% ~.:i2-¾ 4=,~gtf}9J.S>..o:j .:1 ~2} 29 ¾~ {!~~~ .¥.~B"t~ 42 ¾~ ~~~~ ~elB"f 

o:j ~~~ ~~tft9J,S>..a:j c.t 0J~ 12:Jll'~-£ 4~15}9J.c.t. {!~~it,<:>. ~2.~2..£. off~ 

c}OJtf}o:j sesquiterpenoids, epidioxy steroids, C30 polyacetylenes, linear 

acetylenic glyceryl ethers, bis(indole)imidazoles, bisguanidinium alkaloids, 

indol izidine alkaloids, bromotyrosine-derived alkaloids, bi phenyl ic alkaloids % 

o,Jc:f ,._~11-,._J~ 7]-'t!£ 7}~ ~1J~o] i:ge}s.lol 9.J.ct. ~~ ,._~e]~,._d ~1 ~2} 0 ]~¾ 

AJt=J'?-7} Ai].¥.~,._i aJ~ir ~ Ji~~'off ~,._a~ ?.!"2 9.l.%& ~'l!tf}<1tt:.L 01cit!- ~ ~ 

~~ ~2}~ ~Lff9.j OffOJ~~~ ~~S'.l -f'-¾~ r.ff~ ~J~AJ{! ~_Q_.£. 12fx.ja:j ~J~~ 

o<l-"i"i~! 'r.;eJ<>!I ~•1"1 AJ~'!l 7i'!f'l'!'i'-<>ll ~ 7loj~ ~ :;;!2-.s'. AtZ/{!Cf. 
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~ 4 ~J- ~-,'-7fl ~-&E -ig~ £. ~ 

t:fl §171 al£. 
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.2J"J-<>I/AjE-j •ff'l,'-tl'1!¾1-E-/ '1!-i'-o/1 rff'll •PNc, 30\:! o/AJ~ t;j/of'1]cf. o/ • / l0.000 
oJAJ£.l ~~~O] .!i!.,2,~ l:I} '3J.i 7i9.l 5'..~ ~noJ~~O] ~-7-£.1 r:ff~oJ9j_7il-} 1!.Afl£. <"d 

-,2-7} ~~15] ~~~~2 SJ.c>-IA-l ~~£.] ~*~ ~.2. ~~~E-1 ¾'ff"l...} ~*~.£ '8-<>ll r.fftff 
Ai.£ -S-71"0] "c{t:JJjl~ S2:Jt.} SJ.t:}. iil!~%~9.l ~~~~ ~~£.] ?*~£.o{J ~oiA-l o:j 

Ef E-j .5'.:: •H 0J'i!¥~ 'lt 5'-~ '!I£.>'. 'li 'l:! '6'/ .>!.2£1 q .::i. i'.f ~.aj -i'-~E-1 .Jif"J cfoJ~2f 

11:•1 '!!>!IE-/ oJ al%.2..>'. '1)1'foj •H 0J~ '1!¾1- ¾o/l-'l "l/"J1'] 2'<l0 /5'-E-/ -'i'--li-o/l 4i'1'f:C ~ 
.Q..>'. 'l/aJ"1 '<)cf(Faulkner, 1996: 1997). a:fefA1 •i'l:!%¾1-E-/ -tl'1!%-£ >!]71].aj.Q..>'. '1! 

.:;i--.f7] -'f/ OflAj :C ~ '1!¥ '1!-i'-E-/ >il'li 7/,,; "?¾0 / "1/"J'I! ,:i;</oj] x'>!•H 0 ( 'l!cf:C ~ t 
•H 0J'I! 'l'f % '1! .:;i-~ Afo/ o/]Aj :C ';! a/ '!/al "1 '<l r:f. 'li'l:! oj/ ~cfl E-/ •H 0J-tl '1! % 'l'l-i'-E-/ 'l! 
\lJ~<tl -?e,<:>. {l.1!~oJl l:f]t>l-o:J r.ff(t'6J o]nllJ: -4=-¾otl a-J.g-2:i 912 t!~~ ~-7-~ ~~ 
{l ~ •i 0J'i!% · A~,n~.ai "f.li.5'- ¾11:'-I -'i!-'I! 11 '!! 0 (r:f. 

O I "1 'll •H ;:i 4ro/l Aj A] "I 'B -i"c '1! -i'-E-/ ~ %.1if Jl'c::: •H 'l:! %¾/-.>'.-'i'-"1 -ti '1! %~ "i'-½"I 
oj -i'-~£1 'i!•/'!tAJ-£ -i/-'/l;';f.:;i -;!'lJ.aj 0 ]%"J'tl~ ',l-"!-.f:C ~ 0 /cf. 'l!•Jaj'1] 'l:!o//Aj 
0JJ'.E-/ ~li:C 3\1E-j 7/{!:oj/ 20 %.2J 11¥',/% .Ji/li.>'. 1'f'lJ..Q.oj A/.li.E-/ >fl'lJ?/±:C .\'

e( 1..faf '"•H£! '!!ti "l"l 'I[ ',1~'1!'1!% t!'li"f'licf. 'i!el'!t'llt •J• /'i!%, Ai/.£",A.j, 
'6J{!~lf,..3, DN.\.2.j- RNA ~aff %% A}~J~-9...2. 4~'0f:;:!_ tiJH}oJej.6..9.l tsJ<g(in t·ivo) ~ 

A.j t ~-'i'-E-/ -tlli'-7):,!oj/ E-j.<J-.f:C ~ 0 / 0JJ'.E-j 711"! 0 )9;!.cf. 
>ii 3•f \15'-71 % .li. 'Is 'l'I. A]~ oj/ Aj .2j '1!-i'-'1l 2f~ "f>il .aj .Q._>'. '!/ 711'1'l:! "JJ'.E-j '1! ,'

;Ji\ li ii} rij-'j'-l,: 'll '8--"l .2..>'. ,!AJ 'Is ~ -2..>'. 'ii zt'\'! cf. •H {l '\'J A/ .li..>'.-';'-"1 "I~ 'Is 'I,_ 4'½ 
%oJI rij 'Is i'.f ~ aj 11: .;j 2f A~ a I '!t '1J oJI ;:' 71 "f oj ¾ ~ '1! ,'-tij AJ .Q..>'. t! '!I '\'! 6 % E-j A I .li..>'. 

-fEi 29 ¾£-1 -8¥-1l~ .£~i>}::: 42 ¾£.1 t!~~~ ~~l~~l t>}9:l£'ai 0 1 ~ ¾6f]A-l 38 

%E-/ %'l!o/l rij•i;.J :C ,'-~E-j 7.11% ~.li.1'f'll.2 7/EI 4 ¾E-/ 11¾1-'l!o/l ti•iA1 :C 11:-%' 
~aj "J'lloJ/ E-/~ ,'~7,!'l/£ "l>i]aj.Q..>'. ~.li.~ ')/EjOj/Aj ~1] 7]'/l~ 0 ]%~ 2•HAJ 

ii •Jll:"1 "I.,;, ( ~ ~ -ti li'-7] 't!oJl E-1 -"l I o/l E-1 ~ .:;, ~E-1 ~ %~ 71 cf a( 2 '<l cf. -i"c 'l'! 'i'-oJI 
A-l -,2-~7~ 7i"tg{! ~!%~~~ .;r.£~'tl ~tt!611Ai£. tifl-9-- r:}0Jl5}o:j sesquiterpenoids, 

epidioxy steroids, C30 polyacetylenes, I inear acetylenic glyceryl ether&. 

bis( i ndo ! e) imi dazo les, indo/ i zidine al ka! oids, bromotyrosine-deri ved al kal oi d&, 

biphenylic alkaloids% r:} 0J{t ~~,...J~ 7]~~ 7H! %~~ 0 ] 0Je}xj<>i 9):c.}. 

,J,j'!i:AJ "';-'l/oJI '<)ojAj 1:'= '1!,'7]<'.!oJl "l>il.aJ-2..>'. ojcj %-wE-/ 11.±(PLA,, Na'1K· 

HPase, RT, TOPO-J)oj) t:f{t Ai%fi~AJ£1 ~A.Jl:;\Jl.7'11~ ~~l5}9j_t:}. ~~%oJl tH~ lh:l'9' 
~ ~21- 25 ¾ o]AJ£1 ~~~oj A~i!]~AJ ~2}-7} 91%% ~'tll5}9i.Q..a:j -? ~£1 ~AJ~ 

'lit ~,j .E-/"\E-1 ~~7]'1:!oJ]Aj 'll".! 'i!•l'!t-'1l2f 7J"toJI cfl~ 'l'!,'-7f ~.g %0 ]cf. -ls
t>j q..c] qer ~'Z}o-J]Ai ;tfl~B Petrosia~..Q...£.,¥-E:{ ~el~ petrosiacetylenes~ 7Je5!.l 
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,._g~!~"a~~:r.j, "-Jo]{t ~%7]~ 7,.!-2.. ~.Q.u:j 7J~tt Ai]:£~"-J;r.j- RNA ~6K(cleavage) 

1t.Z1-~ l..}E}Lfl9J..Q.E...£ ~~H :2'.J,"O:t~ lclJ~o.Jl ;y~ ~~~;y t:fli:!J,..~-8- 1M %x..~1.sy ~,._a 
0 1 711"1 %0 ]t:f. rtfcfA] -,' 'l'!'i'-O!}>llc: "63' -'.l'l!•l~'i:! .lii-Jt~ t:ff-'i'-.'l'- -i!"AJ•l ,!AJt! 
~-9-.5'. 'ii <l'f:! cf. 

~-=t-7} oJ~~}g:1~ -¥-~:i.f, .:2 A%:: r:}%:i.f- fit:}. t:J~E.l ~-YAl:tlo.J]Ai:: if1f!J·l 
.llc.2.j >j1J>e]ojE_'r_ \cl~.2.j 'l'!'l}-£ ,£~A],:j_t:f. .:li!.j'-f >!I JJ<f 'd£"il 20 "1%.el AJ.llc~ 
t,J~"(j}:]j_.Q.L} 7:]Q:f~ ~?"S(A.ustral Summero.Jl~ ~-2-oJ 7}~):i.f, ~~~fl~~ <>Jo:j-§-.Q.. 

.2. 'd.~~ ~To.Jl ¾~t! 0JE.l .a}7}~1.! J..J~:tj~o] ~7}*if}o:j ~~~11 ~-?-~ 4"8J 
~ ? \l:(9;/t:f. 'i!eJ~AJ_ej ~'lie,} ~'ll"i o]%7f-'o'-'\l.el '\l"'i-'i'-.'l'-Oil t:ffOffAi c: cJ3o_ej ?ii 
"I Oil Ai c: cf0Jt! ¾ £"11~ tl"J •l"i ~ 'l'! ~:,} 'ii cl ~'\I% B] 2 ~ A~ z/0 19;/E-1-f >!I t!'f:! 
'l'!.:;z."]·.>!]'l}Ai >!I* A]~"i]Aic: project base systemo] \l:(9;/g).5'. ~•l"i -\'-=;oJ•Hl 
o] -'f-{;!% 3'.:7]is-}9J.i::}. o]ci{t nJ~{t -¥-if:"Oil t:(6(J..i:: t;J,¥-E.l i:±~~ ~-=;t2}AJ]o.J],"1 .:i;] 

4r "i E- "- '"i' .:;z. ~ Oil 'l! 0 I cf. 
-l"' 'l'!'i'-0!}>!1.el -'i"•Joil .elt! t:ff.2.171"1£ "\-\'!~ 1/J'i!l\'! cf%"} 'lft:f. '<i"'i-,< 'l'! 

'i'-"il .el •f"i 6 '1! .el 1'c-li':-& ~ cff .2.1 '.'! ii': ~-.;>el Oil -'I'-:;,_ •l"i 5 '1! o I 711 >ff~-"' ~ ," 711 •H 

Oil 'l! 0 I oj I 'cl O I Ad Af %"ii 9J t:f. .'Et! 2 '1! .el 1,c-li':0 1 -i' 7f "i 2.5'. ~:;,_'ii Oil 'l/ oJ t:f. 

1. Jongheon Shin*, Youngwan Seo, Ki Woong Cho, Jung-Rae Rho, and Chung J. 

Sim. "Ste! lettamide B, a new indol izidine alkaloid from a sponge of the genus 

Stelletta", J. Xat. Prod. 1997, 60, 611-613. 

2. Youngwan Seo, Jung-Rae Rho, Ki Woong Cho, Chung J. Sim, and Jongheon 

Shin*, "Isolation of epidioxysteroids from a sponge of the genus Tethya", Bull. 

f-...or. Chem. Soc. 1997, 18, 631 -635. 

3. Valerie J. Paul*, Youngwan Seo, Ki Woong Cho, Jung-Rae Rho, Jongheon Shin*, 

and Patricia R. Bergquist, "Sesquiterpenoids of the drimane class from an 

undescribed sponge of the genus Dysideap, J. ABt. Prod. 1997, 60, 1115-1120. 

4. Youngwan Seo, Ki Yioong Cho, Jung-Rae Rho, Jongheon Shin", and Chung, J. 

Sim. "Petrocortynes and petrosiacetylenes, novel polyacetylenes from the sponge 

Petrosia sp." Tetrahedron 1998, 54, 447-462. 

5. Youngwan Seo, Ki Woong Cho, Hyi-Seung Lee, Jung-Rae Rho, and Jongheon 

Shin*, "New acetylenic enol ethers of glycerol from the sponge Petrosia sp. ", J. 

\at. Prod. in press. 
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6. Jongheon Shin*, Youngwan Seo, Ki Woong Cho, Jung-Rae Rho, and Chung J. 

Sim, '"\ew bisindole alkaloids of the topsentin class from the sponge 

Spongos'Jrites genitrix", J .. \8t. Prod. submitted. 

7. Jongheon Shin*. Youngwan Seo, Jung-Rae Rho, Ki Woong Cho, and \'alerie J. 

Paul·. ··\plysinel 1 ins a\ and B: Unusual bi phenyl alkaloids from the sponge 

lp!ysinel/a rhax", manuscript in preparation (J . . 4m. Chem. Soc.). 

8. Jongheon Shin*. Youngwan Seo, Ki Woong Cho, Jung-Rae Rho, and Valerie J. 

Paul', "Bromotyrosine-derived alkaloids of the psammaplin class from the sponge 

'1plysinella rhAx". manuscript in preparation (Tetrahedron). 

cf_ 

I. Structure determination of novel steroids isolated from the sponge Tethya_ 

cff-l_!!I0/11 "ii 7811 ¾ii I 1996. IO. 18 19, %\l<H0/2). 

2. Bromotyrosine-derived metabolites from the sponge Aplysinella rhax. c.ff~!.j

"l!I "ii 7911 %:ii (1997. 4. 25-26, .:;i_iljcffOj_;;,_). 

3. Sesqui terpenoids from a sponge of the genus Dys idea. c.fft!::t-1-~~ ~l 79:!l ¾ 
ii I 1997. 4. 25-26 . .:;i_iljcffOj_;;,_), 

4. \1etabol i tes of some coelenterates and sponges of Korean and Tropical 

waters. 'll-,'•ff 0J't'l%'8-"l:!I "ii 1:11 "l*cff!I 5o~7J'l, (1997. 5. 31-6. I, 'll-,' %7<! 
cH0/2.I. 

5. \ew bioactive polyacetylenes from a sponge of the genus Petrosia. The 9th 

~aito Conference Chemical and biological basis for the diversity of marine 

Ii fe. ( 1997. IO. 15-18, ~~ Kanakawa). 

6. 

11 %11 

Petrosiacetylenes from a sponge of the genus Petrosia. 

(1998. 4. 24-25, 0 1-'loj:<fcffOj_;;,_), 
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'E~! -i"c 'l'!-i'--"-1 'l12f-"- ~•ff,;f;,j l .z!-"-1 ~~~ ½.j,i_•f'lJ..Q.oj l .z!% ¾"l¾oJl 9J 
::: sf :I. cij"'i '.'. cf%2f 'latcf. 

I. >l].e'-.s'--'-] 01•il'i/t1! (petrosiacetylene) A~ C ',! ::1 "1--½"J'll (½.j,i_'t!~ 
97-62420) 

2. o}~i!.]A]1~t! (aplysinellin) A9} B ~ oJ~ o]%-tl '!J'H".:.EJl (¾~¾'dJ '%) 

~~~.2.£. ~ '?:1-=;t::: .2 ~'11 ~1-HC>J]A~ n]~ti}9.'J.T?! iff 0J~~~ ~ToJl 9J.o{,i.{ ,.q 
"--"-' >1 "'i oJl -'-1 ~ ~ 'll -"-1 'ii al l! 'll -"-1 ~ 1l oJI O l -"- ::: ~ 'l'! -i'-2f 1l % "I >!l -'J .Q..s'- '? '2l • I ::: 
ci] AiJ~•)'lJ.:;i_ c1~0J "t>!l-'8-%-'l'!-i'-~ -'t'•l<>i 'ljcff•ff"'ioJJ,;f;,J ~½•1711 -"1'.dcf. ~•I 
~ ~ 'll 'l'! -i'-9.I ~ 1l 2f 11 '<l ~ 'l'! ~ -"-I -ll'c aJ 1l >!l ~ -i'-~ 'll 'll oJl 9J o-J ).1 ::: "t >!I aJ '<l '?¾oJI 
2~"tt ~_Q_..£. ~7}~r.}. 0]i?:il! 1'tFi1-AJ2}::: ~l-H~ {l~il 7R~~~Oll 9J.o{A~ ~T? 
¾-"-! •JAJ2f 'l"-i'-"a"'i-"-1 "tcffoJl 3.71I 7]oj~ ~.Q..s'- 117-f'\'!c). 
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•i \'! %~.e.i ~ 'l'! %0!1 cff ti: -,,, 'l'! -'i'-~ ~.-foJ ~%.e.i •l 'll, ,,,1 .ll..tj -.'¾, ~ 'l'! ~.e.i 
-a'•l'li'il. {!~'l!.e.i .,z.i,.;1, %.x.>11.tj ~'\l. ~•1~"11.e.i ~'li % ~'l'!% 'l'!-'i'-.e.i 'il'll 
2f'li0il 9.lol.,,i "fCitf '!!~01 9.l9icf. ~o-j {!iic'!l 'l'!.,Z..tj OlAd2f'li~ ~'!!.tj -,'-3' 7,:1 

~ Oil 9.l oJ •i ::: -::i ~ ;i-.e.i ?€:Oil -2:'ll ti: ~~~ ~zt'i! cf. 5E ti: 711t.a1 ~ 4\'! Oil ,,,i •l 0J 
~~~ 'f!T9.J -t!-~~0t<t! ~AJ~~~ ~.,Z.Ol] ~Jii}O:j- o]af¾ ~9.] ii}1.-J-<tl ~V"tiil-7-J 
q 4' mg oJ<5}9.] _±~.Q..§. ~;(Hi5}::::: ~~~~ ~zI-~.Q...2. {-)"g"ii}::: ~Aj].£ t:ffJjt{t, t>H~ 

'i! ~~-"- ~ zt'i! cf. ,', 'l'!-'i'-Oil .e.j "lo! 7j '!!'i! 0 ] "1 ti: 'i]'/l7] ~ ,", •J'f.e.J AJ ~'!) 7K •J 
'll ci'1l-'f~ ~ltl: 'l'!-'i'-Oil 9.lol•l JL±. 71~~ -SJ'll 'if%ii ~o]cf. 

'f. ti: 1"c 'l'!-'i'-Oil .e.i "lo! -'i'-±71 7,:1 'li 'i! ~ 'l'! ~ :'. cf g .e.i % .x. Oil -SJ 'll "l ~~ ~ %0 I 
7f-l,-i;fcf. 

1. 1!11-~. ~•!~. "<~. ~~%7]!}~ %.e.J '11-'i'-it ~ltl: probe~ oJ-S, -,', '11-i'
oJl 9.]ti}:.I ~c]~ 4- 1l ¾9.l ~<'rl~ ¾oJ]Ai ~cJ4-::::: ii"}1.,t ~~ .:l o]~S!.l -1c]~AJ% 
4E]1-ff9icl, rtfel.,,i ~'l'!~.tj ~el~"ii2f 'l±Jil~ ~2 9.l:C ojej -a'o).e.j 7Js. 'll %% 
'Z!.,Z.~ ~]?[! ?-t!Q..£ oJ..g.o] 7}~ii}c}. ~ ~.,Z.ofl 9-]ii}O:j Tt~B ~Cd~9.l ~cJ4-::: 
0 I u I 'i'!I" '11-i'-~ Oil 'il '/1-5'! oJ 'l1 -'i'-.e.J ? '1~"- o 1 -s,o l 5'J 2 9.l cf. 

2. {.!~~ 7H~.£ >fl~ ,zJ..5:.~~.£. o]-§- ~ ~.,Z.oJIAi if:"c]{! ~~~9.l t:}4-::::: .,Z. 

~~.Q_.£ Aij.§..¾ ~~~o]c}. rt}C}Ai oJ~ ¾611--'·i AJcJ4-::: !!~% 2 ~+~l .._~ 1{J-Ad 

%.x.>il.s'.'i ,j%1l 71'!/% ~!ti: -::i.x.%~J.e.i "'!~% ?•!~? 9.l~"i "<.tf~.aj 'l'!-'i'-Oil 
5: ll-%01 7}~~}t:}. -=;1-~l ~ <U 0!].2.Ai Spongosori tes genitrix&.-¥-E-{ ~cl~ 
topsentins::::: 9.j~Oj]Ai 0 Ja] t:}4-2:.J ~-0,7} %~5:l'5J..Q..o=j 0]~oJI 7J~t!' J.ff.2.,'f_-. 

bisindole alkaloidsoJJ r:ff~ A2f~<U r:feJ tJ-"3t:1J~o] 7ff'~~2 9J.c.}. :E~ Petrosia 

sp. £-¥-~ ~cltt petrosiacetylenesoJl cfl~HA~£ 7Je:ft!- ~~q~~~ i...t1:-t1..n:: 7]~0 ] 

'Tt'tt:lir-1 ~1-oJl:: J.M.£.¾ !J~~l~ 7fll:IJ~ !tl~ {:!£¥~.£.~ ~% 7t18-AJoJ ¾~isle}. 

'1,-0-] l'c 'l!.-i'-0!].,,i '!!i'!'i! ~'!l"il:C 10 oj 2f'li(step)~5'. cff•J~{!oj 7f-'g-.-ft>j "/%71 
.e.J 'c\~5'. -S,oJtf %'!)',toJ cf? £~5'joj 9.l~E.~ 1!'1l"l'l! {1%11 71'/l-£ ~ltl: 'l'!-i'

Oil '!1-% 0 1 Jf-'g-~ ~ 0 1 cf. 
3. ~7]~~'3:j ~'ff~(total synthesis) ~ J.fl.2.¾ 'ffAJllJit,j(synthetic 

methodol )gy)~ 7HlclJ-& ~l"V:: ~.R.£ o]-§- ~o]~ ~;t:9.j, 7Je:f"V:: A~CJ~AJ.£ 7H.l ~ 

'l1 % ,c -ll- 7J >1-Of "I 'ii 'l1 -i'-¾ ~I ti: ~ .lF.~ ';! •I ~% 5'12 9.l cf. -,', 'l1 -'i'-Oil •l 1i'c •I 'i! 
2-::' ':'!'?'!%Oil cff•l•i:C 'll>IJ-,'-cic7Jf~J -',!"1.-J -il-'ll5'!'.d~E.~ ~~AJ_tj -li}.lF.5'. t/% 0 1 
7f-'g-oft>j oj 2f'lioJJ<1 ", 0 Jtl: a/%71¾ '1!~71 ~ti: •J'lj-l",.aj 'l'!-i'-Oi]'r. 7Joj7f 7f'o>•I 
r:+, o]a] ~ ~~~oj]Al.5:. petrosiacetylenes~ ¾.£.~!loJl cfl~ J!.2.f,~<t! ~il"AJ 7l]:tl~ 
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,;o;,J-.foj -1±'1 'l' 'i'-:zJ>!loJ]Ai ,;o•~•f2 ~:C: efoJcf. 
4. •H 0J'i;%-'-I 'i!•H~"i 'l'-'i'-~ ~!~ ?'i!~.5'. 0 1% - ,~•H>ll~ .,z.,,1,,-1::: 4% ',; 

%Oil ~ <>1 ;.J %% .;,; .°. 0 l % ',I;% '1!-'-1 'o'-1± '1! >il ::: \'.l ,°. .!/--1,' 0 l ~ 'l' '!!-Oil -'-I• loi & 115o1 
2 9J.cL ~,5;] .£~Q:j~l{antifeeding ::: feeding deterring), -¥-~~:.EJl(antifouling), 

~EH-R,.5:.(metamorphosis-inducing) Jg-,:: 7-121 .:ctlj!-7} ~~~on ~Hl ~o]c}. n:}c}A~ o] 

el~ :t\~A~•ff~(chemical ecology)"! >!l'i! 't!.,Z.oJJ ~ojAj •ff 0J';l%-'-1 ~'t!'!!-oJl ci~ 
1/!s!..2) 1/7Jl1 ~'cl~ :1 ;,f'fl:C: '!!? i!-717,,~ Jl.&coJcf. Guam cij~_;;,_ •H 0J,~%'t!.,Z.~:,f 
.Q.j 't-~ 'l!'i'-'r. oJel~ slJ"loJJAj AJa/{! ~~.2. 'l!c 'l!'i'-~oJ]Aj:C: ~'t\%.Q.j :tj~ ',i .Q.j 
~~:sf ~~ £ tJt:J-5} 2 ~~1 E-1 ~.,z.:zr,:: -';!;EH~~ '{:! .,z.~ 'frt:J,e,}::: ~_Q_.£ -,2-A,3 :£1 o, 
~cf. ,', 't! .,Z. ~ Oil Aj :C: •J'f-'-1 '1!'1 'l' 'i'-<>11 Ai 'r. -4'-? ~ 'i, cff •H "I -'-I AJ .la. ojJ cff ~ 'll ~ ,'; 
~l•foj 0 1 el~ -'8-.5'.~ o<J<l;-"i~.5'. l/%~ 71J'1°Jcf. 3'-~ .;;,t.ij.Q.j •H 0J'.l•H~ 'l''i'-~:,f 
~Oj-.foj -4'-el t..fel i:!:•R-'-1 •R'l"!oJ]Ai -1'-½'t! ~'t!%~ oJ.g-~ :tl~'.l•l~"i 'l'.,Z.;a Jll 
.ij6}2 9J.r:}. 

_Q_<2j'?;}o:j ~ ~.,Z.zjAJ]o.J]A~ 7H~l!. O:j~ 1r.!"1J7]½~ "'J.f-9.l ~~~~ t.H 0J,,_J~~ '" 
~~ ~ltt Ji.~71½.£ ~%'fl ,?;!o]JJ:j if"c]{! -ti~%,:: 1:±~~of!:!.j 7]~ ~ %%~-i2-~ 

~ltt ;;J~~~ 4'·1r!..Q...£ ~%~ ~oJr:L 
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Stellettamide B and stellettadine A, two alkaloids possessing carbon .!lkelet.ons of mixed 
bfogenetic origins, have been isolated from a sponge of the genus Stelletta. The structure of 
stellettamide B, a novel indolizidine alkaloid, has been determined by combined chemical and 
spectral methods. These componnds exhibit.(ld moderate antifungal and RNA-cleaving activities. 

In our search for bioactive substances from Korean 
water organisms, we encountered a sponge of the &"enus 
Stellett4 whose organic extract exhlblted moderate 
brine;Sbrimp lethality and anti.fungal activity. Activity. 
guided isolation using various chromato&raphic tech
niques yielded two alkaloids possessing carbon frame
works of mixed biogenetic origins. In thi• paper, we 
report the •tructure determination and bioactivities of 
steilett.am.ide B (1), a novel compound, and stellettadine 
A (2), a very recently isolated metabolite of the same 
sponge collected from Japanese waters.1 Both com
pounds possessed a linear norsesquiterpene moiety as 
a common structural feature; however, these compounds 
were structurally very distinct from each other. Ste}. 
letta.mjde B contained an indolizidine skeleton identical 
with that of stellettamide A (3), a previously reported 
metabolite of another Japanese sponge Stelleta sp., 
while stellettadine A possessed a linear bisguanidinium 
unit.2 
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The brown encrusting sponge (specimen no. 94K-25) 
was collected off the shore ofKeomun laland, South Sea, 
Korea.3 The specimens were exhaustively extracted 
with MeOH and CH2Cl2. Aft.er removal of salt by a 
partitioning of the combined crude extracts between 
n-BuOH and H2O, the n-BuOH layer was repartitioned 
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between Ii-hexane and 10% aqueous MeOH. Separation 
of the aqueous MeOH layer by Cu, reversed-phase flash 
chromatography followe-d by Sephadex Lff.20 column 
chromatography and reversed-phase HPLC of moder
ately polar fractions yielded pure alkaloids. 

Stellettamide B (1) was isolated aa a yellow gum that 
analyzed for C24f41N~ by a combination ofHRFABMS 
and 13C-NMR spectrometry. The presence of an amide 
functionality was readily recognized by a quaternary 
carbon signal at O 172.37 in the 13C-NMR spectrum 
(Table 1) and characteristic absorption bands at 3440 
(hr) and 1650 cm-1 in them spectrum. A UV maximum 
of 262 nm revealed that the amide contained at least 
one set of conjugated double bonds. 

The structure of the indolizidine part was determined 
by 2D NMR experiments. Despite partial overlapping 
of the upfield proton signals, a combination of the 1H 
COSY and HMQC data enabled us to define a bicyclic 
system as well as assignments of carbons and protons. 
In addition, the TOCSY data showed several long-range 
correlations in which the key correlations were observed 
between the H-30.(0 3.£0) and H-Sa (0 3.67), H·3 (0 3.90 
and 3.28) and H-9 (0 3.44), and H-So. (0 3.58) and H-Sa 
(0 3.67). This interpretation was further supported by 
HMBC correlations between the H-3, H-Sa, ff.9, and 
4.Me protons and neighboring carbons (Table l). 

The structure of the remaining norsesquiterpene unit 
was also determined by a combination of the 2D NMR 
techniques including 1H-COSY, HMQC, and HMBC 
experiments. In particular, it was possible to define the 
spin system throughout the entire chain by the TOCSY 
data in which overlapping correlations among all of the 
protons between H-3' and Me-13', H-5' and Me-12', H-5' 
and H-7', H-6' and H-9', and Me·ll' (also Me-14') and 
Me-13' .....-ere clearly observed. The geometry of two 
asymmetric double bonds at C-2' and C-4' was assigned 
as 2'E,4'E by NOESY correlations (H-3' and H-5', H-4' 
and Me-12') and measurement of the proton-proton 
coupling constant (J,•,5• = 15.1 Hz). 

Although the connection of the indolizidine with 
norsesquiterpene parts was not directly observed from 
the HMBC experiments (i.e., H-9 • C'·l), the downfield 
chemical shifts of the H-9 {0 3.44 and 3.32) and the 
molecular formula sugi'ested the connl:lction of partial 
structures by an amide bond in 1. The quaternary 
ammonium (N-4) of 1 indicated the presence of a 
counterion. This anion was determined as a chloride 
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no. H C HMBC~ 

I 
2 
3 

' 
6 
7 
8 •• 9 

3.16{1 H, m) 
2.<lO(l H, ml, 2.00{1 H, m) 
3.90 (1 H, ddd, 11.7, 11.7, 7.3) 
3.28(1 H, m) 
3.58 n H, br d, 13.5> 
3.<lO (l H, ddd, 13.5, 13.2, 3.9) 

40.5 
25.1 
57.6 

61.0 

1.89 (1 H, m), 1.85 (1 H, m) 21.1 
2.00(IH,m),l.53(1H,brd,13.2) 21.6 
1.9.f U H, m), 1.59 (1 H, m) 23.3 
3.67 {l H, m) 74.0 
3.<l<l (1 H, dd, 13.2, 7.3) <l0.1 
3.32 (I H, dd, 13.2, 6.9) 

-C-Me 3.U <3 H, •J 54.3 
l' 172.4 
2' 129.0 

2,4-Me 

2, 3 
I, 2 ,. 
3,5,Sa 

3' 6.83 (1 H, br d, 11.2) 135.6 l', 5', 12' 
4' 6.35 (l H, ddd, 15.l, 11.2, l.O) 125.39 2', 3', 6' 
5' 5.90{1 H, dd, 15.l, 8.3) 148.5 3', 7', 13' 
6' 2.28flH,m) 383 4' 5' 7' 8' 13' 
7' 136!2H.ml as:o ' ' ' ' 
8' l.!M 12 H, ml 26.9 
9' · - 5.09 (1 H, br t, 7.lJ 125.-Cl 
10' 132.3 
11' l.67(3H,br11J 25.9 
12' 1.92 (3 H. d, I.OJ 12.9 2', 3' 
13' 1.03 (3 H, d, 6.4) 20.8 5', 6' 
14' 1.68(3 H, bnl 17.8 9', 10', 11' 

• 1H· and 11C- NMR ,pectra ware obtained in CD3')D solutloM 
at 500 and 125 MHz, respectiv•ly. Auiil!menta were aided by 
COSY, TOCSY, DEPT, HMQC, and HMBC eitperiment.s. b Pa
rameten wu1 optimized for 7 Hz CH couplini com;tant.s. 

by an energy-dispersive spectroscopic experiment per
formed on a scanning electron microscope. 

The indolizidine system of 1 possessed asymmetric 
centers at C-1, N-4, and c.sa. Configuratiomi of these 
centers were determined by NOESY experiments. The 
NCHJ protons exhibited correlations with the H-3,8 (0 
3.28) and H-5/J (0 3.40) protons, while the H-1 proton 
showed strong correlations with the H-9 protons. Due 
to the proximity of signals ofH-1 (0 3.16) and NCIIJ (0 
3.14) in the 1H-NMR spectrum, however, the key cor
relations among the H-1, H-8a, and NCHa protons were 
not dear. This problem was solved by performing the 
NOESY experiment in Me2CO-de in which the mutual 
correlations among these protons were clearly observed 
(H-la; d 3.56, H-8a; d 4.10, N-CIIJ; 0 3.37). Thus, the 
relative confirurations were defined as IS* ,48* ,BaR*. 

In addition to the indolizidine system, compound 1 
possessed an asymmetric carbon center at C-6'. The 
absolute configuration of this center was determined 
using oxidation to 2-methylglutaric acid, a method 
adopted for the structure determination of stellettadine 
A.u Treatment of 1 with NaIO, in the presence of 
RuCb·xH20 as a catalyst yielded (S)-2-methylglutaric 
~d that waa confirmed by comparison of the 1H-NMR 

- and GC analysis data with an authentic sample and 
mea.;;urernent of optical rotation ([a]250 +17.5° (lit.1 

[o.JZ5o +22°)). Thus, the structure ofsU!llettamide B was 
unambiguously detennined as an alkaloid consisting of 
a norsesquiterpene and an indolizidine unit. Com
pounds possessing the indolizidine system have been 
rather rarely isolated frc:im marine organisms. To the 
best of our knowledge, this indolizidine skeleton of 
stellettamide B has been precedented only by stellet
tamide A from the sponge Stelletta sp. and piclavines 
from the tunicate Clauelina picta.6,1 

Compound 2 was isolated as a yellow gum that 
analyzed for C20H36N5O by a combination ofHRFABMS 

and 13C•NMR apectrometry. NMR anaJysia of2 showed 
that this compound poue1sed the identical norsesquit
erpene unit as l; however, the indoluidine ayatem of 1 
is replaced by a hiehly aymmetric Ce unit, both termini 
conaisting of carbona bearing heteroatom.s (0 168.58 and 
155.68 in the 13C-NMR apectrum). The molecular 
fonnu1a revealed that thel!le were carbons ()f panidines 
(or guanidiniums). A 20-nm bathochromic llhifl of UV 
maximum in 2 supported the attachment of a ,iuanidine 
to the carbonyl carbon of the norauquiterpene unit. 
Thus, 2 i• an alkaloid poueaein&" a linear bi•guanidino 
unit. A literature survey revealed that 2 wu identical 
with stellettadine A recently isolated from the sponge 
Sullttta sp.1 Comparia:on ohpectral data abowed very 
good correlation with publli,ihed data for this compound.11 

Stellettadine A and stellettamide A were reported to 
exhibit various bioactivitieii; the former induced larval 
metamorphosis of the ascidian Halocynthia roretzi, the 
latter was cytotoxic and antifullj'al. In our measure
ment of antifungal activity usine paper-diak method, 
stellettamide B (1) and atellettadine A (2) were moder
ately active again!!lt Candida albicans (inhibition zone 
4 and 9 mm for 1 and 2, respectively) at the concentra-
tion of 25 µg/mL. . 't, . 

1n addition to the antiftu:i,g.al activit,Y, a v in~t-
ing biochemica) action of 1 and 2 w~· ound. In a 
measurement ofreveni:e-transcriptase-· 'biting activ
ity using agarose-eel electrophoresis, we tind that the 
substrate.RNA waa totally digested. Sub uently, in 
a sim.il~ test using pure rRNAs and A, •telletta
tHne A ,and .sf:e.llrtt.amide B cleaved ho •ingle- and 
double-,;tranded RNA at the concentra · n of 50 µg/mL. 
The mechanism of this activity i.,. currently under 
investigation, and the resu1ts ,:!Ji-be published in due 
course. ., 

Experimental Section 

General Es::perlmental Procedures. NMR •pectra 
were recorded in CD3OD and (CDJ:liiCO solutions on a 
Varian Unity 500 spectrometer. 1H- and 13C-NMR 
spectra were measured at 500 and 125 MHz, respec
tively. All of the chemical •hift.s were recorded with 
respect to internal Me4Si, UV spectra were obtained 
in MeOH usin&' a Milton-Roy spectrophotometer. IR 
spectra were recorded on a Matt.eon GALAXY spectro
photometer. Mass spectra we1-e obtained by using a VG 
ZAB-2FHF high resolution mass spectrometer and 
provided by the Mass Spectrometry Facility, Depart
ment of Chemistry, University of California, Riverside. 
The FABMS data were obtained by adding the sample 
dissolved in MeOH to NBA (nitrobenzyl alcohol) matrix. 
The optical rotations were measured on a JASCO digital 
polarimeter using a 5-cm cell. Energy dispersive spec
tra were obtained by electron bombardments at 30 kV 
on a Philips 515 scanning electron microscope. GC 
analysis was performed on a Hewlett-Packard HP 5890 
II gas chromatograph using an C-wax-320 column. 
Temperatures of injector, detector, and oven were 280, 
280, and 180 °C, respectively. All solvents used were 
spectral grade or were distilled from glass prior to use. 

Animal Material. The specimens of Stelletta sp. 
(order Astrophorida, family Stellettidae) were collected 
by hand uaing scuba at 20- 30 m depth in August 1994, 
along the offshore ofKeomun bland, South Sea, Korea.~ 
This sponge was massive (2-cm truck), and the color was 
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dark brown. The specimens were firm and slightly 
compressible. The skeleton was formed with lar&'e oxea 
{780-1250 x 15-32 µm) and plagiotriaene (450-750 
x 20-48 µm) arranged compactly at the sponge surface, 
large oxyaster (30-50 ,um in diameter), and small 
oxyaster l7.5-20 µmin diameter). This sponge was 
similar to S. grubii Schmidt in its spicule type;11 how
ever, our specimens had shorter megascleres than S. 
grubii (oxea 2000-2200 x 60 µm, plagiotriaene 1200 x 
60 µm). In addition, large and small oxyasters had 
microspines at the end of the sharply pointed ray. 

Ez:traction and Iaolation. The samples were im
mediately frozen and kept at -25 •c until chemically 
investigated. The sponge (0.9 k&", wet wt) was defrosted, 
macerated, and extracted with MeOH (2 L x 2) and 
CH2Cl2 (2 L x 2). The combined extracts (29.1 g) were 
partitioned between H2O and n-BuOH. The n-BuOH 
layer was dried under vacuum (6.4 g) and repartitioned 
between n-hexane and IO% aqueous MeOH. The aque
ous 1t{eOH layer (3.7 g) was dried and separated by C1s 
reversed-phase vacuum flash chromatography (YMC 
ODS A 60-125 gel) by using .sequential mixtures ofH2O 
and MeOH as eluents (10, 20, 30, 50% aqueous MeOH, 
and MeOH). The fractions eluted with 10% and 20% 
aqueous MeOH were combined and subjected to Sepha
dex LH-20 column chromatography (100% MeOH). 
Fractions containini alkaloids were combined and 
separated by C1s reversed-phase HPLC (Shiseido Cap
cell column, 25% aqueous MeOH). Final purifications 
were made by C1a reversed-phase HPLC (YMC ODS
HBO column, 35% aqueous MeOH) to yield 106 mg of 1 
and 21 mg of 2. 

Stellettamide B (1): a yellow gum; [a.J2~n -24.2° (c 
0.5, CHCb); UV (MeOHJ Anwi (log 1:) 262 (4.20) nm; IR 
(KBr) v ....... 3440 (br), 2930, 1650, 1535, 1450, 1380, 975 
cm-1; HRFABMS [M + HJ+ mlz 373.3210, calcd for 
C2•H.1N2O 373.3219. 

Stellettadine A (2): a yellow gum; [a.Po -25.3° (c 
0.4, CHCbJ; UV (MeOHJ A111u (log 1:) 282 (4.02) nm; IR 
(KBr)vn,u 3400 (br), 2960, 1630, 1460, 1380, 1250, 1100, 
980 cm-1; HRFABMS [M + HJ+ mlz 377.3012, calcd for 
C20IIJ1N11O 377.3029. 

Oxidative Cleavaee of Stellettamide B (1). To a 
biphasic solution of 6.6 mg (0.016 mmol) of 1 and 41.3 
mg(0.192 mmoi) ofNaIO• in a mixture ofl mL ofCCI.i, 
1 mL ofCH3CN, and 1.5 mL ofH2O was added 21.5 mg 
(0.104 mmol) ofRuCla·xH2O. After vigorous stirring the 
mixture for 2 hat room temperature, the solvents were 

removed under vacuum. The residue was redissolved 
in MeOH and filtered on an ODS Cepak column. The 
filtrate was dried and separated by reversed-phase 
HPLC (YMC ODS column, 5% aqueous MeOH) to give 
1.1 mg of 2-metbylglutaric acid (48% yield): [a.Po 
+17.5° (c 0.08, MeOH) [lit.1 [a.Po +24.4° (c 0.5% in 
CHCb), lit.5 [a.]Un +22° (c 0.033 in MeOH)J; 1H NMR 
(CDCbJ O 2.45 (1 H, m), 2.32 (2 H, m), 1.89 (1 h, m), 
1.72 (1 H, m), 1.16 (3 H, d, J = 6.8 Hz). The synthetic 
2-methylglutaric' acid was dissolved in 1 mL of 5% HCl
MeOH-and left. overnight at room temperature. After 
removing the solvent under vacuum, the residue was 
redissolved and analyzed on a gas chromatograph. 
Dimethyl 2-methylglutarate had a retention time of 
4.355 min. An authentic compowid formed by the same 
method from(±) 2-methylglutaric acid (Aldrich) gave a 
peak at 4.357 min. 
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Ten sesquiterpenoids, including seven new ones, have been isolated from an undescribed sponge 
of the genus Dys idea. Compounds 1-8 are sesquiterpenoids of the drimane class, while 9 and 
10 are 12-norsesquiterpenoids of the same structural class. The structures of novel compounds 
have been determined by combined spectroscopic methods. These compounds exhibited 
moderate antimicrobial and enzyme inhibitory (Na+/K•-ATPase and PLA,.) activities. 

Sesquiterpenoids of the drimane class are widely 
recognized as bioactive metabolites of terrestrial plants 
and marine animals such as mollusks and sponges.1 

Amorig sponges, these compounds have been frequently 
isolated fromDysidea spp.1 -~ We encountered a species 
of Dysidea in a reef habitat on Guam that commonly 
overgrows another sponge, Cacospongia sp., causing 
necrosis and damage to the Cacosponzia sp. by destroy
ing its basal portions. 1n field experiments, crude 
extracts of Dys idea sp. and its major metabolite 7-deac
etoxyolepupuane caused necrosis in Cacospongia sp. 
when incorporated into agar strips at natural conCen
trations and placed in contact with Cacospongia sp. for 
7 days.5 In addition to its role in competition, 7-deac
etoxyolepupuane deterred predation by a spongivorous 
fish, Pama.can.thus imperatar, illustrating the multiple 
ecological roles that a single secondary metabolite m.'.l.y 
play.5 

We also found that the crude organic extract of 
Dysidea sp. exhibited potent antimicrobial activity 
against several strains of marine bacteria. Because of 
the multiple biological activities observed for the organic 
extract, we became interested in characterizing the 
complex mature of sesquiterpenoids present in Dys idea 
sp. We isolated several sesquiterpenoids oftht> drimane 
class by chromatographic methods. Herein we report 
the structures and bioactivities of 10 compounds includ
ing seven new ones. Compounds 1-8 are sesquiterpe
noids of the drimane class whose structural variations 
exist in the highly funct1onalized C ring, while 9 and 
10 are unusual 12-norsesquiterpenoids of the same 
structural class. Several compounds exhibited moderate 
antimicrobial activity and/or inhibitory activity against 
Na+/Ie-ATPase and PLA2, 

Results and Discullllion 

The sponge was collected at a site known as Sponge 
Mound in Apra Harbor, Guam (Mariana Islands),6 and 
was lyophilized, macerated, and exhaustively extracted 
with CH2Cl2 and MeOH The combined crude extracts 
were separated by silica vacuum flash chromatography 
using sequential mixtures of n-hexane and EtOAc as 
eluents. The presence of secondary metabolites in 
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non polar and moderately polar fractions was recognized 
by 1H-NMR analysis. Separation by silica and reversed
phase HPLC of these fractions yielded 10 compounds. 

The structures of three known metabolites, 7-deac
etoxyolepupuane (1), polygodial (2), and a derivative (3), 
were determined by a combination of spectroscopic 
analysis and comparison with reported data for these 
compounds.z-,,7 7-Deacetoxyolepupuane, previously iso
lated from the nudibranch mollusks Dendrodoris spp,8 

and an Australian sponge of the genus Dysidea,1 was 
the major metabolite; 1.9% of the dried sponge. Polygo
dial, a well-known bioactive constituent of terrestrial 
plants and marine mollusks, 1•7 was isolated for the first 
time from s sponge in this study. Compound 3 was 
isolated very recently from the sponge D. fusca collected 
from New Caledonia.' 

Compound 4 was isolated as a colorless oil. The 
molecular formula for this compound was deduced as 
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Table 1. Proton NMR As1ifllment.s for Sesquil.6rpenoids 4-8°'° 

p011ition 4 6 • ' 8 
lu l.47(m· 1.19 Cddd, 13.2, 13.2, 3.41 1.07 (br ddd, 13.2, 13.2, 3.4) 1.04 (ddd, 13.7, 13.2, 3.9) 

1.70(m) 
1.09 \ddd, 13.2, 13.2, 2.4) 
1.71 (ddd, 13.2, 4.tl, 2.9l 
l.55(m) "' l.53(m, 1.61 (br d, 13.2) 2.43 (ddd, 13.2, 4.9, 3.4) 

'" l.63(brdddd, 13.7, 13.7, 1.52 (ml 1.61 (ddddd, 13.7, 13.2, 13.2, 1.56(m) 
13.2. 2 9) ,., l.47(m• l.47(m) 

3u 1.22 (ddd. 13.2, 13.2, 3.4) 1.21 (ddd, 13.7, 13.7, 3.41 ,., l.47{m 1.47 (ml 

3.4, 3.4) 
l.45(m) 
1.19 (ml 
l.42(m) 

l.37(m) 
1.16 (ddd, 13.7, 13.2, 3.9) 
1.39(m) 

l.42(mJ 
1.17 (111) 
l.42(m) 

' 1.32 (dd, 12.7, 2.0) 1.36 (dd, 11.7, 5.4) 0.90 (dd, 13.2, 2.9J 0.80 (dd, 12.2, 2.lJ 
l.26(dddd, 13.7, 13.2, 

0.96 (dd, 12.2, 2.0J 
1.21 {ml '" 1.53 (m' 2.09 (dddd. 20.6, 11.7, 1.28ldddd, 13.7, 13.2, 

3.4,3.4) 12.7, 3.9) .. , 1.91 {br dd, 13 7, 6.8) 2.42 (dddd, 20.6, 5.4. 1.74 (dddd, 13.2, 3.4, 
12.2, 4.4) 

l.46(dddd, 13.7, 2.9, 1.61 (m) 
3.4, 3.4) 

'" 2.17 (dddd, 18.6, 
11.2, 6.8, 1.5) 

2.9, 2.9) 
U9(mJ 

2.9, 2.1) 
1.61 (,n) 

,., 2.40 (br dd, 18.6, 6.4) 6 90 (ddd, 3.4, 3.4, 3.4) 1.95 Cdddd, 12.2, 3.4, l.67(m) 

2.511(ml 
l.64(brd,7.3) 
4.72 lbr 1) 

1.61 (ddd, 13.7, 13.7, 5.91 

2.00 (ddd, 13.7, 3 9, 2.41 
3.4,2.9) 

8 2.34(m) 
8 2.68(ml 1.69 Cd, 13.7) 1.80 (br s) 

4.66 (br 1) 
5.15 (br ~) 

11 6.95 (dd, I 9, 1.5! 6.43 (d, 5.9) 

" 4 2:1 ldd, 11.3, 6.4) 3.96 /dd, 9.3, 7.8) 
3.56 tdd, 11.2, 7.11) 
0.90M 

3.66 !dd, 11.2, 8.3) 
13 1.16 (8/ 

" 0.88(1) 

" 0.94 (s) 
Ok 2.11 (1) 
OM, 

084 (s) 0.98(,) 
0.91 {1) 0.81 (s) 

0.90(5) 0.85 (I) 
2.12(1) 

0.82(1) 
0.86(1) 

3.28(1) 

0.87 (I,) 
0.80(1) 
0.89(1) 

3.36(1) 

~ Musund in CDCh solutions at 500 MHz; ,I in ppm {Jin H2); TMS as internal 1tandard. • AMienmenta wen, aided by 'H COSY, 
HMQC, and HMBC experim1t1t1. 

Table 2. Cubon NMR Assignment& for Compounds 4- 10'·• 

no.45678910 

1 34.5 t 38.7 t 37.2 t 41.9 t 41.3 t 38.3 t 39.5 t 
2 18.2 t 18.1 t 18.2 t 18.3 t 18.4 t 18.9 t 18.3 t 
3 4).4 I "°' 42.3 t 419 I 4L7 t 41.4 t 418 t 

• 33 3 s 32 9 ~ 33 I I 33 0 • 32.9 ~ 32.9 ~ 33.2 I 
5 50.9d 49 3 d 55.5d 52.4d 52.2 d 50.3d 55.3d 

' 18.0 t l5 0 t 21.2 t 17.9 t \8.7 t 17.7 t 17.3 t 
7 21.4 t 137 6 d :.!11.7 t 23 9 l 30.9 t 33.l t 31.5 l 
8 128.4 I IZ6.3 s 38.3d 34.l d 76.9 I 188.9 • 89.2 d 
9 165.6 I 56.l d 5Hd 58 8 d 65.1 d 122.8 I 51.5 d 

10 37.3 I 33.9 • 35.7 • 34.3 I 35.0 I 35.3 • 37.0 I 
11 9-0.7 d 93.Sd I 75.8 1 107.2d 105.4 d l83.0 d 6J.O t 
12 170 9 I 1666 1 71 2 t 72.2 t 102 2 d 
13 21 7 q 14.2 q 15.Sq 16.0 q 15.3 q 25.0 q 13.0 q 

" 21.4 q 21 2 q 21 2 q 22.0 q 21.9q 21.3 q 21.7 q 
15 33.3 q 33.0 q 33.5 q 33.5 q 33.5 q 33.3 q 33.6 q 

OM, 54.3 q 54.3 q 
QA, 169 ls 169.1 I 171.3 s 

170.5 ~ 
20.9q 20.9 q 21 ~ q 

21.0q 

• Mea.:.ured in CDCb solutum1. ~Assifllmenl.$ were aided by 
DEPI', HMQC, and HMBC experim1nt11. 

C11H2~0~ by a combination of HRMS and 13C-NMR 
analysis. The presence of an a,.8-unsaturated lactone 
was readily recognized by signals of quaternary carbons 
at O 170.9, 165.6, and 128.4 in the uc-NMR spectrum. 
This interpretation was supported by a strong absorp
tion band at 1760 cm-1 in the IR spectrum and an 
absorption maximum at 221 nm (log t: 3.65) in the UV 
spectrum. The signal for a me thine carbon at O 90. 7 
and a corresponding proton signal at O 6.95 (lH, dd, J 
= 1.9, 1.5 Hz) in the NMR data revealed the presence 
of an acetal functionality (Tables 1 and 2). 

With the aid of this information, the structure of 4 
was determined by a combination of 1H COSY, HMQC, 
HMBC, and NOESY experiments. Long-range correla
tions of H-5, H-6, Me-13, Me-14, and Me-15 with 
neighboring carbons were particularly helpful in deter
mining the structure of the A and B rings. The presence 
of a lactone ring and the attachment of an acetoxyl 
group to it were secured by long-range correlations of 
the acetal proton at O 6.95 in the 1H-NMR spectrum 

with both of the carbonyl carbons in the lactone and 
acetoxyl groups. The acetoxyl-bearing lad.one ring could 
be arrqed in two ways; the lactone carbonyl and acet.al 
carbons could be located at either C-11 or C-12. &
signments of the former to C-12 and the latter to C-11, 
respectively, were established on the basis of the chemi
cal shifts ofC-8 and C-9 determined by HMBC experi• 
ments; C-8 and C-9, J 128.4 and 165.6, re•pectively 
(Table 2). The orientation of the AB ring junction was 
determined aa trans by NOE correlations ofH-5 and Me-
13 with ring protons as well as the aplittinj' pattern of 
H-5 at O 1.32 (lH, dd, J = 12.7, 2.0 Hz) in the 1H-NMR 
spectrum. Similarily the llR* configuration was as
sianed on the basis ofa NOE correlation between H-11 
and Me-13. 

Compound 5 was isolated u a colorless oil. The 
molecular formula for this compound was established 
as C11H1-10t, identical with that of .f, by a combination 
ofHRMS and 13C-NMR lilpectrometcy. Spectral data for 
this compound were very similar to those obtained for 
4. The only &ignificant difference in the 13C-NMR 
spectrum was the replacement of the C-9 quaternary 
carbon at d 165.6 of 4 by a methine carbon at d 56.1 
and the replacement of the C-7 methylene at d 21.4 by 
an olefllllc carbon at O 137.6. The corresJ)Onding dif
ference was also observed in the 1H-NMR spectrum in 
which the signal for a new olefinic proton appeared at 
0 6.90 (lH, ddd, J = 3.4, 3.4, 3.4 Hz). These differences 
were accommodated by a ahift of the double bond from 
C-8 in 4 to C-7 in 5 and were confirmed by 2-D NMR 
experimenU!. The long-range correlations of H-9 with 
C-7 and C-13 were especially useful for this assignment. 
The relative confiilllations of the asymmetric carbon 
centers in ring C were assigned as 9R* ,UR• by NOE SY 
correlations between H-5 and H-9 and also between the 
H-11 and Me-13 protons. 

The molecular formula for compound 6, isolated as a 
white solid, was established as C1&ffu02 by combined 
HRMS and 13C-NMR analysis. The presence of a 
lactone ring was readily recognized by the signal for a 
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quaternary carbon at O 175.8 in the 13C•NMR spectrum 
and an absorption band at 1765 cm-1 in the IR spec• 
trum. The structure ofthis compound was determined 
by combined 2·D NMR methods. The position of the 
carbonyl carbon was assigned to C-11 on the basis of 
HMBC correlations of this carbon with H·9 and H-12. 
In additJon to the trans AB ring junction, 6 possessed 
additional asymmetric carbon centers at C-8 and C-9. 
The relative configurations of these centers were as
signed as SR• ,9S• on the basis of the large coupling (J8•9 

= 13.7 Hz) between these protons and a strong 1,3· 
diaxial NOE correlatJon between H·S and Me-13. 

The molecular formula of 7 was established as 
C1eHzsO2 by HRMS and 13C-NMR spectrometry. NMR 
data for this compound were similar to those obtained 
for 6. The only significant difference in the 13C.NMR 
data was the replacement of the carbonyl carbon at C-11 
(0 175.8) of 6 by an acetal (0 107.2) and a methoxy (0 
54.3) group in 7. Corresponding changes were also 
observed in the 1H-NMR spectrum in that signals of the 
new ·acetal and methoxy protons were found at O 4.72 
UH, br s) and 3.28 (3H, s), respectively. The structure 
of 7 was determined by a combination of 1H COSY, 
HMQC, and HMBC experiments. The ether linkage 
between C-11 and C-12 was established by long-range 
correlations between these carbons and attached pro
tons; C-11 and H-12, C-12 and H-11. Similarly, the 
attachment of the methoxy group to C-11 was confirmed 
by a lon&"-range correlation between the methoxy Proton 
and C-11. 

Compound 7 possessed three neighboring asymmetric 
centers at C-8, C-9, and C-11. The stereochemistry of 
these centers was assigned on the basis ofNOESY data. 
Spatial proximity between C-12 and C-13 was revealed 
by a NOE correlation between one (0 3.56) ofthe H-12 
methylene and the Me-13 protons. In addition, a NOE 
correlation was observed between H-5 and H-9. A 
molecular model study showed that, to exhibit these 
NOE correlations, the BC ring junction must be cia 
oriented, H-Su, H-9u. The f1 orientation of H-11 was 
also determined by a NOE correlation between this 
proton and Me-13. Thus, the relative configurations of 
the asymmetric centers of the C ring were assigned as 
BR*,9S•,lIR*. A literature survey revealed that the 
hemiacetal corresponding to 7 has been isolated from a 
sponge of the genus Dysidea3 and recently from D. 
fusca:4 The 11S* confi&"W'ation originally suggested3 

was revised to llR* on the basis of NOE analysis.4 
Comparison of spectral data showed good agreement 
between 7 and the hemiacetaJ.3,4 

Compound 8 was isolated as a colorless gum. The 
HRCIMS for this compound, obtained by usini" NHJ as 
a carrier gas, showed a quasi-molecular ion peak at mlz 
284.2225 that was interpreted as C1sH3oNOa by mass 
calculation and 13C-NMR analysis. Observation of four 
oxygen-bearing carbons at O 105.4 (CH), 102.2 (CH), 
76.9 (CJ, and 54.3 (CH3) in the 13C-NMR spectrum and 
a broad absorption band at 3450 cm-1 in the IR 
spectrum, however, suggested that 8 contained an 
additional hydroxyl group. Therefore, the molecular 
formula of 8 was thought to be C1sH2sO4. The NMR 
data for 8 were reminiscent of those obtained for 7. A 
combination of2-D NMR data revealed that 8 possessed 
the same A and B rings as 7. Replacement of signals 
ofC-8 and C-12, observed at0 34.1 (CH) and 72.2 (CH2J, 

respectively, in the llC-NMRspectrum of7 by downfield 
signals at O 102.2 (CH) and 76.9 (C) in 8 revealed that 
hydroxyl groups were attached to these carbons (Table 
2). Thus, the C-12 oxymethylene of7 was converted to 
an acetal (or hemiacetal) in 8, while the C-8 methine 
was converted to a quaternary carbinol group. Sup
porting information for these assignments was oHained 
by HMBC experiments in that H·9 exhibited long-range 
correlations with these carbons. Thus, compound 8 
contained two acetal or hemiacetal carbons at C-11 and 
C-12. ·A long-range correlation of C-11 with methoxy 
protons revealed that C-11 and C-12 were the methoxy 
acetal and hemiacetal carbons, respectively. Thus, the 
structure of 8 was determined as the 8,12-dihydroxy 
derivative of 7. 

In addition to the trans AB ring junction, 8 possessed 
neighboring asymmetric centers at C-8, C-9, C-10, and 
C-11. A spatial proximity among H-leq, H-11, and Me-
13 was found by mutual NOE correlations among these 
protons. An additional NOE correlation was also ob
served between H-12 and Me-13. A three-dimensional 
model study revealed that, to exhibit these correlations, 
the BC ring junction must be cis oriented. In addition, 
both H-11 and H-12 must be P-oriented to ring C. Thi,s 
interpretation was further supported by NOE correla
tions of H-9 with H-lax and H-5. Thus, the relative 
configurations of the C ring of 8 were defined as 
BR* .~R• ,1 IR* ,128*. 

Compound 9 was isolated as a white solid that was 
analyzed for C14H22O2 by HRMS and 13C-NMR spec
trometry. In addition to the lack of one carbon in the 
molecular formula, spectral data for thia compound were 
different from the other sesquiterpenoids in many 
aspects. The 13C-NMR spectrum of 9 showed three 
downfield signals at O 188.9 (C), 183.0 (CH), and 122.8 
(CJ (Table 2). Although the former two carbons were 
initially thought to be an unsaturated ketone and 
aldehyde, respectively, the occurrence of only one signal 
in the olefinic region of the 13C-NMR spectrum sug• 
gested the presence of an enolized ,8-dicarbonyl func
tionality. Supporting evidence for this interpretation 
included strong absorption bands at 3500 (broad, -OH) 
and 1620 (C-0 stretching of P-hydroxy-o..,8-unsaturated 
ketone) cm-1 in the m spectrum and an absorption 
maxim.um at 294 nm (log 1: 3.34) in the UV spectrum. 
In addition, the 1H-NMR spectrum showed a D2O 
exchangeable signal at O 15.36 (lH, d, J = 4.4 Hz) and 
another downfield signal at O 8.60 (lH, d, J = 4.4 Hz), 
which were coupled to each other (Table 3). Thwi, 
compound 9 possessed an enolized P-dicarbonyl group 
stabilized by hydrogen bonditli between the carbonyl 
oxyi"en and enolic hydroxyl proton. 

The structural elucidation of 9 was aided by a 
combination of 1H COSY, HMQC, and HMBC experi
ments. Long-range correlations of three methyl protons 
at O 1.15 (Me-13), 0.91 (Me-15), and 0.86 (Me-14) with 
adjacent carbon.s were particularly helpful for determin
ing the atructure of the A and B rinp. The presence of 
an a.,,8-unsaturated carbonyl group was confirmed by 
HMBC correlations between the olefinic proton at O 8.60 
and quaternary carbons at O 188.9 and 122.8. An 
additional long-rani"e correlation of the latter carbon 
with Me-13 enabled us to assign the location of the 
,8-hydroxy•o.fl•unsaturated carbonyl moiety to C-8, C-9, 
and C-11, which was further supported by a three•bond 
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Table 3, Protan NMR Asi.ii::nmcni... for Nol'l'etlqU1~erpenoid11 9 
and l(ld 

poait.ion • " ,u 1.30 (ddd, 12 7, 12.7, 3.7• 1.04 !ddd, 13.2, 13.2, 3.4) .. , 2 01 (br d, 12 1) 1.72 (br dd, 13 2, 3.4) 
2u 1.63 (m• 1.58 (ddddd, 13.7, 13.7, 

13.2, 3.4, 3.4) , .. 1.53 (m) 1.41 (m) 
3u I 20!m) l.16(ddd, 13.7, 13.7, 3.4) 
3oq 1.45 Cdddd, 13 6, 3.3, 3.3, 1.51 1.41 (ml 

• 1.16 !dd, 12.0, 1.8) 0.90 (dd, 11.7, 2.0) 
Su l.58{m! Ul(ml 
S,q 1.80 {I,,- ddd, 13 6, 7.7, 1.8) 1.48(m) 
7u 2.39{ddd, 19.8, 11.0, 1.11 1.48 (ml 
7,q 2.48 {ddd, 19 8, 1.0, 1.8! 1.99 Cbr ddd, 13.2, 2.9, 2.9) 
8 5.12 (ddd, 3.4, 2.9, 2.9) 
9 1.53 tddd, 10.7, 3.9, 3.4) 

" 860ld,H) 4.14 (dd, 10.7, 3.9! 
4.01 (dd, 10.7, 10.7! 

" 1.15 (d, 0.7) 1.00 (1) .. 0.86 (1) 0.84fd 

" 0.91 (1) 0.86(s) 
OAo 2.00 (1, C-8>, 2.00 <~. C-111 

"" 1536'd.4.•l 

c Measured II\ CDCli solutions ,t 500 MHz; tl in ppm {Jin Hz); 
TMS u in~rn•I standard. ~Anirnment. were aided by 1H COSY, 
HMQC, ,nd HMBC exp1rim1nt.. 

correlation of the carbon at O 188.9 with H-6eq. Of the 
two possible arrangements of the unsaturated carbonyl 
group, that is, either a ketone and an enol or an enol 
and an aldehyde at C-8 and C-11, respectively, the 
former was proved to be correct because the coupling 
constant between the enol and olefinic protons (J = 4.4 
Hz) was much larger than the homoallylic coupling 
expected from the latter arrangement. Thus, the struc
ture of 9 was determined as a 12-norsesquiterpenoid of 
the drimane class. 

The molecular formula of 10, a white solid, was 
deduced as C1sH3o04 by HRCIMS and 13C-NMR analy
sis. The presence of two acetoxyl groups, readily 
recognized by the NMR data, suggested that 10 was also 
a norsesquiterpenoid. Careful examination of the NMR 
data revealed that 10 was structurally closely related 
to 3. In addition to the spectral changes due to the loss 
of a carbon, the only significant difference in the 13C
NMR data was the replacement of one of the oxymeth
ylene carbons at d 63.9 (C-12) and 62.7 (C-8) by an 
oxymethme carbon at O 69.2. A corresponding differ
ence was also observed in the 1H-NMR spectrum in that 
a new downfield signal was found at O 5.12 OH, ddd, J 
= 3.4, 3.9, 2.9 Hz). Therefore, an oxymethylene group 
in 3 must be lost in compound 10. The structure of 10 
was defined with the aid of combined 2-D NMR meth
ods. The 1H COSY experiment showed that an upfield 
proton signal at O 1.53 was coupled with all of the 
oxymethylene and oxymethine signals at O 5.12, 4.14, 
and 4.01. This proton was assigned as H-9 because the 
carbon at O 51.4 bearing this proton showed a long
range correlation with Me-13 in the HMBC experiment. 
Therefore, two acetoxyl groups were attached to C-8 and 
C-11 of the 12-nordrimane skeleton. Supporting evi
dence for this mterprelation was the HMBC correlations 
of H-11 with C-8 and C-9. In addition to the trans AB 
ring junction, the relative configurations of asymmetric 
carbon centers of 10 were assigned as 8S'" ,9S'" on the 
basis of a NOESY correlation ofH-9 with H 5 together 
with the small VJcinal coupling (Js.9 = 3.4 Hz). Thus, 
the structure of 10 was determined as a diacetoxylated 
12-norsE'sq,.uterpenoid of the drimane class. 

Metabolites possessini norsesquiterpene carbon 11kel
etons have been occaaionally isolated from both marine 
and terrestrial orianisms. Among compounds of the 
drimane clua, 11-norsesquit.erpenoid• have been iao
lated from the folk medicinal plant Polygonium hydro
piper.8 To the be11t of our knowledge, however, 9 and 
10 are the first examples of 12-norsesquiterpenoids of 
the drimane class u natural products. 

Some of the marine-derived drimane sesquiterpenoids 
have been reported to exhibit antibacterial, antifuna"al, 
and cytotoxic activities.2 In our antimicrobial auays, 
2 exhibited potent inhibition (IC50 11.-4 µM) of the 
bioluminescence reaction of Photobacterium leiognathi, 
a symbiotic luminous bacterium of tropical fish, while 
1, 6, 7, and 10 exhibited weaker inhibition (JC50 90-
145 µM). In a method using filter paper disks, 2 was 
active (inhibition zone, 8 mm) against the same strain 
at a concentration of 10 µg/mL. In addition, 2, -4, and 6 
exhibited moderate inhibition ofNa+/1{+.ATPase (IC50 
82, 98, and 45 µM for 2, 4, and 6, reapectively). 
Compound 6 was also weakly active against PLA2 (ICso 
113 µM). All other compounds were inactive in the 
same test•. 

In addition to their pharmacological activities, ·dri
mane sesquiterpenoids exhibit antifeedant activity 
ai:-ainst potential predators.1 Polygodial (2), famous for 
its hot taste to humans, is reported to exhibit potent 
antifeedant activity aiainl!lt both terrel!ltrial insect• and 
carnivorous fish. 10- 12 Crude extractll of the Dy11idea 11p. 
and pure 7-deacetoxyolepupuane (1) also showed anti
feedant activity to reef fishes.5 The other compounds 
have not yet been tested as antifeedants. 

E:x:perimental Section 

General E:x:perimental Procedures. NMR spectra 
were recorded in CDCb solutions on a Varian Unity-
600 spectrometer. Proton and carbon NMR spectra 
were measured at 500 and 126 MHz, respectively. All 
of the chemical shifts were recorded with respect to 
internal Me4Si. IR spectra were recorded on a Mattson 
GALAXY spectrophotometer. UV spectra were obtained 
in MeOH using a Milton-Roy spectrophotometer. Mass 
spectra were provided by the Mass Spectrometry Facil
ity, Department of Chemistry, UniversityofCalifornia, 
Riverside. The optical rotations were measured on a 
JASCO digital polarimeter using a 5-cm cell. Melting 
points were measured on a Fisher-Johns apparatus and 
are reported uncorrected. All solvents used were spec
tral grade or were distilled from glass prior to use. 

Animal Material. The apecimens for extraction and 
taxonomic identification were collected by hand using 
scuba at 20-25 m depth in July 1996, off the western 
shore of Guam, at a site known as the Sponge Mom1d 
in Apra Harbor, Guam.6 The voucher specimens are 
deposited at the British Museum ofNatural History (no. 
1997.5.13.1). Morphological characters ofthe specimens 
are similar to those of the type species D. fragilis 
Montague. The sponge had an encrusting morphology 
covering areas of 4 x 3 in. and producing upright lobes. 
Color of both the exterior and interior was dark gray in 
life and deep brown in spirit. The texture is friable, 
delicate, and easily torn. The aurlace is strongly conu
lose, each conule having a single, apical primary fiber 
extending fro1.1 it and accessary lateral conules and 
fibers. AI, a result of the heavy content of coring 
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material lll the primary fibers, the sponge surface 
appears to have a whitish tracery. Oscules are not 
evident in the specimens, and the surface membrane 
between conules is smooth macroscopically but supports 
a thin superficial layer of uniformly sized sand grains. 
This layer is enhanced to 100 µm deep on conule 
surfaces and tips. The skeleton has a rectangular 
arrangement with simple primary fibers oriented to the 
conules, of even diameter (60-120 µm) throughout the 
body of the sponge and packed with sand grains, leaving 
very little clear spongin evident. Fiber construction is 
stratified, and secondary fibers are oriented at right 
angles to the primaries, unbranched and cored to half 
the fiber diameter. The tissue is evenly infiltrated with 
pigment cells and shows no collagen enhancement near 
the surface or around canals. There are no evident algal 
or cyanobacterial symbionts. Choanocyte chambers are 
oval, 40 µm in longest dimension. 

Extraction and Isolation. The freshly collected 
animals were lyophilized (dry wt 25 g), macerated, and 
repeatedly extracted with CH2Ch and MeOH. The 
combined crude extracts (3.6 g) were separated by silica 
vacuum flash chromatography by using gradient mix
tures of 11-hexane and EtOAc as eluents. Fractions 
eluted with non polar solvents {10-15% EtOAc-hexane) 
were combined and separated by semipreparative silica 
HPLC (YMC silica column, 12% EtOAc- hexane) to yield 
compounds 1, S, and 7 in the order of 1, 7 and 3; 465.0, 
31.2, and 2.2.mg for 1, 3, and 7, respectively. Fractions 
eluted with slightly more polar solvents {20-25% 
EtOAc- hexane) were combined and subjected to silica 
HPLC (YMC silica column, 15% EtOAc- hexane)toyield 
2, 4-6, 9, and 10 in the order of 6, 4, 5, 9, 10, and 2. 
Final purification was made by reversed-phase HPLC 
(YMC J' sphere ODS-H80 column, 100% CHsCN) to 
isolate 6.7, 10.4, 9.1, 10.5, 6.3, and 16.0 mg for 2, 4-6, 
9, and 10, respectively. Fractions eluted with moder
ately polar solvents {30-35% EtOAc-hexane) were 
separated by silica HPLC (15% EtOAc-hexane) and 
purified by reversed-phase HPLC (100% CHaCN) using 
the same columns to yield 2 and 8; 24.6 and 3.1 mg for 
2 and 8, respectively. 

7-Deacetoxyolepupuane (1): white solid; mp 79-
80 •c; [a.}250 -153.9° (c 1.0, MeOH (lit.2-3 {a)250 
-166.7°);2•3 HREIMS {M)· mlz 278.1871 (calcd for 
C11H2!;Oa, 278.1882). 

Polyjfodial (2): white solid; mp 53-55 °C; [a.Po 
-123.4° (c 0.3, EtOH) (lit.13·14 [a)25o -131°); IR {KBr) 
vrnu 3450 {broad, -OH), 2930, 2850, 1720 (-CHO), 1680 
(unsaturated aldehyde), 1460, 1370, 1070 cm- 1; HR
CIMS (M t NH4)~ mlz 252.1949 (calcd for C15H2sNO~, 
252.1963). 

Compo11nd 3: colorless oil; [a]25
0 +37.2° {c 0.1, 

MeOH) (lit.3 [a.)2Jo +37°); HRCIMS (M + NH.il' mlz 
342.2630 (calcd for C19H~O•, 342.2644). 

Compound 4: colorless oil; [a]25
0 -7.2° (c 0.1, 

MeOH); UV (MeOH) ;..., •• 221 nm (log, 3.65); IR {KBr) 
Vrnax 2930, 2850, 1780 (unsaturated y-lactone), 1760, 
1210, 1010, 970 cm-1; 1H- and 13C-NMR values, see 
Tables 1 and 2; NOESY correlations H-2ax/Me-13, 
H-2:u/-14. H-5/Me-15, H-6eq/Me-15, H-11/Me-13, Me-
13/Me-14; HMBC correlationsH-5/C-6, C-9, C-10; H-6eq/ 
C-5, C-7, C-8, C-10; H-7ax/C-6, C•8, C-9; H-7eq/C-5, C-6, 
C-8, C-9; H-l l/C-8, C-12, C-OAc; Me-13/C-l, C-5, C-9, 

C-10; Me-14/C-3, C-4, C-5; Me-15/C-3, C-4, C-5; HR
CIMS (M + NH.it mlz 310.2025 (calcd for C11H2sNO4, 
310.2018). 

Compound 5: colorless oil: [a]250 -40.1° {c 0.1, 
MeOH); UV (MeOH) lmax 223 nm (log f 3. 78); IR {KBrl 
Vmax 2930, 2870, 1770, 1350, 1190, 960 cm-1; 1H and 
13C-NMR values, see Tables 1 and 2; NOESY correla
tions H-lax/H-9, H-2ax/Me-14, H-3ax/H-5, H-3ax/Me-
15, H-5/H-9, H-5/Me-15, H-6ax/Me-14, H-6eq/Me-15, 
H-l l/Me-13; HMBC correlations H-5/C-6, C-9, C-13, 
C-14, C-15; H-6:u/C.5; H-6eq/C-8, C-10; H-9/C-7, C-10, 
C-13; H-11/C-9, C-10, C-12, Ac; Me-13/C-1, C-5, C-9, 
C-10; Me-14/C-3, C-4, C-5; Me-15/C-3, C-4, C-5; HR
CIMS (M + NH4)+ mlz 310.2015 (calcd for C11H2sNO4, 
310.2018). 

Compound 6: white solid: mp 75-76 °C; [a.]250 
+14.4° (c 0.3, MeOH); IR {KBr) v,,,u 2950, 2860, 1765 
{ester), 1460, 1350, 1150, 1090, 990 cm-1; 1H- and 13C
NMR values, see Tables 1 and 2; NOESY correlations 
H-2ax/Me-13, H-2ax/Me-14, H-3ax/Me-15, H-3eq/Me-14, 
H-3eq'Me-15, H-MI-9, H-Gax/Me-13, H-6ax/Me-14, H-Geql 
Me-15, H-8/Me-13, Me-13/Me-14; HMBC correlations 
H-2ax/C-1; H-7ax/C-6; H-&-'C-12; H-9/C-1, C-7, C-8, C·lO, 
C-11, C-12, C-13; H-12/C-7, C·8, C-9, C-11; Me-13/C-l, 
C-5, C-9, C-10; Me-14/C-3, C-4, C-5, C-14; Me-15/C-3, 
C-4, C-5, C-15; HREIMS (M)+ mlz 236.1771 (calcd for 
C1sH24(½, 236.1776). 

Compound 7: colorless oil; [o.]250 -21.6° (c 0.3, 
MeOH); IR (KBr) Vmu 2930, 1460, 1370, 1240, 1120, 
1050, 990 cm-1; 1H- and 13C-NMR values, see Tables 1 
and 2; NOESY correlations H-5/H-9, H-6ax/Me-13, H-8/ 
H-12 {0 3.96), H-11/Me-13, H-11/OMe; H-12 (0 3.56)1 
Me-13, Me-13/Me-14; HMBC correlations H-lax/C-13; 
H-6ax/C-5; H-9/C-1, C-10, C-11, C-13; H-11/C-8, C-9, 
C-12, C-OMe; H-12/C-7, C-8, C-9; Me-13/C-l, C-9, C-10; 
Me-14/C-3, C-4, C-14; Me-15/C-3, C-4, C-5, C-15; OMe/ 
C-11; HREIMS {M - OCHa)• mlz 221.1908 (calcd for 
C1sH2sO, 221.1905). 

Compound 8: colorless gum; [o.J25o +2.8° (c 0.2, 
MeOH); IR {KBr) vrn,¥ 3450 (broad, -OH), 2930, 2870, 
1455, 1380, 1100, 1020 cm-1; 1H- and 13C-NMR values, 
see Tables 1 and 2; NOESY correlations H-lax/H-9; 
H-leq/H-11, H-leq/Me-13, H-2ax/Me-14, H-5/H-9, H-6ax/ 
H-12, H-6ax/Me-13, H-6ax/Me-14, H-6eq'Me-15, H-11/ 
Me-13, H-11/OMe, H-12.IMe-13; HMBC correlations H-5/ 
C-4, C-6, C-7, c.10, C-13; H-7ax/C-6, C-8, C-12; H-7eql 
C-5, C-9; H-9/C-1, C-8, C-10, C-11, C·l2, C-13; H-11/C-
8, C-10, C-12, OMe; H-12/C-8, C-11; Me-13/C-1, C-5, C-9, 
C-10; Me-14/C-3, C-4, C-5, C·15; Me-15/C-3, C-4, C-5, 
C-14; OMe/C-11; HRCIMS (M + NH.i. - H2Ol'• mlz 
284.2217 {calcd for C1srlJoNO3, 284.2225). 

Compound 9: white solid; mp 79-B0 •C; {o.]250 +9.6° 
(c 0.1, MeOH); UV (MeOH) ;.,,..,. 294 nm {log f 3.34); IR 
{KBr) v,,..n 3500 (broad, -OH), 2930, 2870, 1620 (C=O 
stretching of P-hydroxy-o.,,B-unsaturated ketone), 1590, 
1460, 1380, 1290, 1200, 940 cm-1; 1H- and 13C-NMR 
values, see Tables 2 and 3; HMBC correlations H-6ax.1 
C-5; H-6eq/C-8; H-7ax/C-6, C-8; H-7eq/C-5, C-6, C-8; 
H-11/C·8, C-9; Me-13/C-1, C-5, C-9, C-10; Me-14/C-3, 
C-4, C-5, C-15; Me-15/C-3, C-4, C-5, C-14; HREJMS {Mt 
mlz 222.1614 (calcd for C14H22O2, 222.1619). 

Compound 10: white solid; mp 84-85 "C; [o.]25o 
+36.0° (c 0.2, MeOH); IR {KBr) Vrnu 2950, 2870, 1740, 
1370, 1250, 1000 cm· 1; 1H- and 13C-NMR values, see 
Tables 2 and 3; HMBC correlations H-5/C-4, C-6; H-11/ 

-340-



C 8, C-9, 11-OAc; Me-13/C-l, C-5, C-9, C-10; Me-14/C-
3, C-4, C-5; Me-15/C-3, C-4, C-5, C-14; HRCIMS (M + 
NH4)• mh 328.2494 (calcd for C1aH34NQ4, 328.2487). 
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Four steroids including two novel compounds have been isolated from a sponge of the genus Tethya. All of 
the compounds possess a Sa,80:-cpidioxy functionality as a common structural feature. Two new steroids. 1 
and 2, possess a cyclopropyl ring at C-24(26) of the side chain. The structures of these compounds have been 
determined by combined spectroscopic methods. 

Introduction 

Sponges (phylum Porifera) arc widely recognized as the 
most prohfic sources of both structurally unique and bio
logically active marine natural products.1 In a recent litera
ture survey conducted by this group, more than 40% of mar-

me originated metabolites have been isolated from these an
imals.i Metabolites of sponges arc consisting of compounds 
originated from various biogcnetic origins; steroids, 1er
pcnoids, peptides, polylcetides, purines and pyrimidines, and 
mixed biosynthetic products.1·3 In addition, numerous com
pounds have been reported to exhibit potent and diverse 
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hioac11vi1ies. Consequenliy, several leading compounds on 
the development of new drup from marine sources have 
been derived from these animals.~""" In Korean water, 
sponges are also among the mosc abundant henthic colonial 
animals However, chemistry of these organisms have at
tracted very little anention. 

S1ernids arc among the major groups of sponge meta
holitc!>. A,; in the ca.~c~ of metabolites of other stroclutal 
classes, numerous steroids possessing unprecedented carbon 
skeletons and functionalities have been isolated from these 
animals. 1·'_. In addition, several sponge-derived steroids 
have been reported to exhibit cytotoxic, antiviral, an
timicrobial, and enzyme-inhibitory activities. As a part of 
our search for novel substances from benthic oreanisms of 
the,. Korean wa1cr. we collected a sponge of the genus 
Te1hya off the shore of Keomun Island.' Silica vacuum 
flash chrnma1ography of the crude extract followed by silica 
and reversed-phuc HPLC has yielded several steroids pos
sessing the 5a,Ko.-epidioxy functionality as a common struc
tural feature Herein we report the structures of four com
pounds (1-4) including two novel ones bearing an unu~ual 
cyclopropyl ring at the side chain. All of protons and car
bons uf these compounds were also assigned on the basis 
of 2-D NMR experiments 

Resulh and Discuuion 

CompounJ I was ;i.olated a~ a white amorphous solid. 
The molecular formula of C':,H..,O, was deduced by a com
bination of high resolution ma.\S and 11C NMR spectrometry. 
A s1rong absorption hand at 3400 cm ' m the IR spectrum 
inJ1cated the prhence of a hydroxyl group(s). Characteristic 
signah of a 3-hydroxysteml were observed at 6 4Jll (IH, 
m, H-3) and 0.72 (3H, s, H-18) in the 1H spectrum. Sine.: 
27 carbon signals were observed in the "C NMR spectrum, 
1 was thought to be a sterol of the cholcstaoe class. 

Careful examination of the NMR data revealed several 
st1uctural feiltures. The "C NMR spectrum showed carbon 
signals of a di- ind a lfi-substituted doubk bond at 6 142.38 
(C). 135.39 (CH). 130.76 (CH), and 119.80 (CH) Duwn
field signals at 6 6.60 (IH, d, 1=8.8 Hz), and 6.29 (lH, d, J 
::88 H2) 111 !he 'H NMR s~clrum revealed 1hal !he disub
st1ti..1ed double bond was indeed an isolated one. Although 
there arc sever~! positions, t'.g. C-4, C-5, and C-22, pos
~ibk for a double IJOnJ in ,m: framework of steroids, !he 
chemical shifts and coupling modes of these protons were 
indicative of the presence of C-6 double bond with a 5,8-cp
idroxy funclionalily. The /ocalion of a trisubsli/lJ/ed double 
Pond was assigned to C-Q(J I) since the C-9 carbon, fte• 
quen1ly observed in the region or" 6 60-50 in commo11 
~,croids, was Il<l/ found in the 11C NMR spectrum of l. In 
addition, c.irbon s1gnal5 at 6 20.17 (CH), 12.98 (CH), and 
12 fi!! (CH:) and corresponding proton signals at 6 0.40 (IH, 
m), U.3{1 (IH, rn), and 0.03 (2H, m) in the NMR data,~, 
ve.i\ed 11\e prc~encc of a disub!.tituted cyclopropyl ring. Ob
setvation of fo11r methyl carbons, instead of five or more 
methyls of l"Ommon steroids, in rhc uc NMR spectrum rc
vcllled that one of the methyls of cholcstane skeleton mu~t 
be converted to a methylene forming a cyclopropane moiety. 

Ba~l·d on th,·~e interpretations. 1hc slructurc of I was dci
ermin~d b:, a cnmhinalinn nf 2-D NMR methods. All nf the 
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pro1on-bearing CUOOns and their proloflS were precisely 
matched by a HMQC c,cpcrimcm (fable 1). Tracing of the 
proton spin-couplings by the 1H COSY data, initiated from 
the H-3 proton, readily dctennined that I possessed che 
same A ring as cholesterol. Since the H-4 protons at 6 2.12 
(lH, ddd,J::13.7, 5.2, 1.7 Hz) and 1.92 (lH, dd,i,=13.7, 11. 
7 Hz) were not coupled with any of the olefinic protons, 
the adjacent C-S carbon must be oxidized. In the same 
manner, a combination of the 1H COSY and HMQC' ex
periments allowed 1he assignment of a spin system in
cluding the H-21 methyl protons at 6 0.88 (3H, d, J::5.9 Hz) 
and the cyclopropyl pr<Jtons suggesting the C·26 methyl 
group to be converted to a methylene. Thus, the siructure of 
I was defined as a 5,8-epidioxysteroid pos!,essing two dou
ble bonds at C-6 and C-9(11) and a cyclopropyl ring at C-
24(26). 

The structure of t was confirmed by a HMBC ell
pcriment (fable 1). Several long-range couplinp were ob
setved belWeen the key protons and their adjacent carbons. 
In partk:ular, the presence of a 5,8-epidioxy group was· con
firmed by couplings between the ll•2, H-6, and H-7 protons 
and the C-5 and C-8 catbons. Couplings bclWeen the H-11 
proton and C-8 and C-IO carbons assigned the C-9(11) dou
ble bond. Similarly the presence: of a cyclopropane ring at 
C-24(26) was confirmed by long-range correlations belWeen 
the H-27 methyl protons and C-24, C-25, and C-26 carbons. 

Compound I possessed asymmetric carbon centers at C-S, 
C-8, C·24, and C-25 which arc uncommon among steroids. 
S1ereochemistry of the cyclopropyl centers at C-24 and C-25 
was determined by a combi1,alion of proton.decoupling and 
NOEDS experiment~. Signals of the H-24 and H-25 protons 
were changed from multiplets to double-doublc..ctoublet~ (J: 
8.3, 4.4, 4.4 Hz for both) by irradiations of the H-23 and H-
27 protons, respectively. The small coupling between the ad
jacent protons (J:,.zs=-4.4 Hz) assigned trans orientation for 
the C-24(26) cyclopropanc ring. This inteipretation was sup. 
ported by a NOEDS experiment in which irradiation of the 
H-27 protons at 6 1.00 significantly enhanced the signal of 
the H-24 proton at S 0.30. Thus, the relative configurations 
of the cyclopropyl centers were determined as 24W ,25R•. 
Due to the spalial distance between the eyclopropane and D 
ring of steroidal nucleus. however. the absolute con
figurations of these centers were unable to be aSJiigned. 10 

The stereochemistry of the cpidioxy centers at C-5 and C
B coold be either Sa,80:- or :"ij3,8,B-. Since the C-S and C-8 
carbons did not contain any protons. the stereochcmistries 
of these centers were assigned by the chemical shifts of the 
adj.Jccn, p101ons. Chcmial shlfts of the H-6, H-7, H-18, 
and H-19 protons which would be influenced by the orien. 
tation of the epidioxy group were found at S 6.29, 6.60, 
0. 72, and 1.09, respeclivcJy. A literature swvcy revealed 
that these values were very similar to those of the same pro• 
tons reported as 6 6.30, 6.61, 0.74, and 1.01, rc;pectivcly, 
of a s1ruc11Jrally ,clated 5a,8a..cpjdiru:ystc,oid recently i~o
\ated from the plant Typha /atifolia. u Therefore, the con
figurations of these centers were inferred as 50:,80:-, as forth• 
er di.,cussed bier. Thus, lhe Sln.icwre of compound l was 
determined as 5a,8a-epidioxy•24(26)-cyc\opropylcholesta-6, 
9(11)-dicn-3!3-ol. 

A closely related compound 2 was isolined as ,a while wJ
id which was analyzed for C'~,H,1O, by a combination of 



Tablce I NMR assignments for compounds I and 2 

I 2 

"" c' H' HMBC" ,r c' HMBC' 

I 2 09 (m) 32.54 1.95 (m) 34.70 
1.67 (ddd, 13.7, 3 4, 3.4) 1.69 (ddd, 13.7, 3.4, 3.4) 

2 1 94 (m) 30.59 1.84 (br dd, 12.7, 2.5) 30.13 
I 56 (m) l.SS (m) 

3 4 01 (m) 66.33 3.97 (m) 66.46 
4 2 12 (ddd, 13.7, 5.2, 1.7) 36.05 2, 3, 5, 10 2.11 (br dd, 13.7, 3.4) 36.95 2, 3, 5, 10 

1.92 (dd, 13.7, I \.7) I.91 (dd, 13.7, 13.7) 
5 82.70 82 13 ,, 629 (d. 88) 135.39 5, ' 624 (hr d, 83) 135 32 5, R, '" 
7 6.60 (d, 8.8) 130.76 

'· 8 
6.51 (d, 8.8) 130.71 '· ' ' 7R 36 79.43 

9 142.38 l.49 (m) 51.04 
10 37.91 36.93 
II 5 42 (dd, 6 3, 2.0) 119.80 '· 10, 13 1.49 (m) 23.43 

1.20 (m) 
l2 2.27 (dd, 17.1, 5.9) 41.26 9, 11, 13, 14, 18 J.98 (m) 39.42 

205 (br d, 17.l) 1.20 (m) 
13 43 77 44.73 
14 1 82 (dd. 12.2. 7.8) 48.01 7, 8, 13, 18 1.58 (m) 51.57 7, 8, 13, 18 

" 171 (m) 20 88 1.63 (m) 20.65 13. 14 
I oil (m) 1.43 (m) 

16 197 (m) 28.IU 1.93 (m) 28.26 
143 (m) l 39 (m) 

17 1 JI (m) "" l.17 (m) 56.35 ,, 0.72 (s) 12 75 12, 13, 14, 17 0.80 (s) 12.72 12, 13, 14, 
17 
19 I 09 (s) 2'i.U I, 5, 9, 10 0.88 (s) 18.59 I, 5, 9, 10 

20 I 43 (m) 34.92 1.39 (m) 34.83 
21 0 88 (d, 5.9) 18.39 17, 22 0.87 (d, 6.1) 18.20 17, 22 
22 1 51 (m) 35.52 1.49 (m) 35.55 

1.15 (m) 1.11 (m) 
23 1 17 (m) 30.59 1.15 (m) 30.64 
24 0.30 (m) 20 17 0.29 (m) 20.22 
25 0 40 (m) 12.93 0.39 (m) 12.97 
26 0 03 (m) 12.68 0.11 (m) 12.65 23, 24, 27 

''measured in CDCI, solutions al 125 and 500 MHz, respectively. Assi&nments were aided by 'H COSY, TOCSY, HMQC, and DEPT ex
J)l!riments. 'Positions of corrcl.i.led carborui. Panmeters we,e optimi.zed for 8 Hz of coupling conSlants. 

high-resolution mass and 11C NMR spectrometry. The NMR 
data of this compound were very similar to those obtlllined 
for 1. The only significant difference in the 11C NMR spec
trum was the replacement or the C-9 and C-11 olefinic car
bons of 1 by upfield signals. Corresponding difference was 
also observed in the 1H NMR spectrum in which the signal 
of the H-9 olcfinic proton of I disappeared. Therefore, com
pound 2 was defined as the 9,11-dihydro derivative of 1 
that was confirmed by a combination of the 1H and nc 
NMR, 1H COSY, HMQC, and HMBC experiments (fable 
I). 

Compound 2 possessed all of the asymmetric carbon cent
ers (C-5, C-8, C-24, and C-25} of 1. By utilizing the same 
proton-decoupling and NOEDS experiments as 1, the con 
figurations of the cycloproyl centers were assigned as 24R", 
25R•. Stereochemistry of the epidioxy centers at C-5 and C
S was approached by the chemical shifts of the adjacent pro
tons. A literature survey revealed that the chemical shifts of 

the H-6, H-7, H-18, and H-19 protons were significantly in
fluenced by the stercochemistry at C-5 and C-8.11 That is, 
the orientations of oxygens attached lo the epidioxy centers 
influence the chemica1 shifts of the H-18 and H-19 methyl 
protons which in tum would change those of the H-6 and H-
7 olcfinic protons. In the case of a 5~.8~-epidioxide, due to 
the spatial proximity with oxygens, the H-18 and H-19 
met~yl protons would be shifted downfield. In contrast, the 
H-6 and H-7 protons would be shifted upfield because the 
interactions with the H-18 and H-19 methyls disappeared. 
This phenomenon would be reversed in a 5a,8ct-epidioxide 
in that the olefinic protons would be shifted downfield by 
the spatial proximity with the methyl protons which we1e 
shifted upfield by the disappearance of the interaction with 
the oxygens. Ju a result, the chemical shifts of the H-6, H-
7, H-18, and H-19 protons in a 5ct,8ct-epidioxide were ob
served at 6 6.25, 6.51, 0.82, and 0.89, respectively, while 
signals of the same protons were found al 6 5.57, 5.89, 1.18, 
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anJ 0 9J, reipeclively, in the corresponding 51l,Rll ep 
iJ1oxide." Smee the chemical shifts of lhc same protons of 2 
wtre found at 6 6 24, 6 51, 0.80, and 0.88, respectively, 
which were very similar to those obseived for the 5a,8a-ep
idioxidt, stereochemistry of 2 was aS5igned as 5a,8a. Thus, 
the structure of compound 2 was defined as 5a,8a-epidioxy-
24(26 ).cyclopropylcholesta-6 en-31l-o1. 

In addition to these compounds, two epimeric steroids (3 
and 4) were 1~olated as a mixture. The molecular fonnula 
of a white sol,d isolated by silica and reversed-phase HPLC 
was dcfmcd as CljlH .. O, by high-resolution mass data. 
However, ,ic NMR spectrum of this material showed 41 in
stead of the expected 29 carbon signals suggesting that this 
material was indeed a mixture of two compounds. Since all 
of the efforts to separate these compounds by chro
matogrnphic techniques did not succeed, however, the struc
tural elucidation was made 10 the mixture. Comparison of 
the 11C NMR datt revealed that most of carbon signals cor
responding to the A-C rings of 2 weic also present in the 
mixture. Mon:ovcr, the intensities of these signals were 
much strongc1 than those of other ca,bons. Therefore, the 
mixture was thought to be composed of two compound~ 
whose structural differences mu~t exist only at the side 
chain. 

A combination of 'H COSY and HMQC experiments of 
the mixture rt:vea!ed that the cyclopropyl moiety of 2 was 
converted to an isopropyl group. In addition, a new ethyl 
group was attached to the C-24 carbon. Therefore, these 
compounds were defined as 5a,8a-epidioxysteroids of the 
stigmasterol class of which structural difference was present 
in the stereochemistry of C-24, the only asymmetric carbon 
center a! the i1de chain. This interpretation was supponed 
by the 11C NMR data. Differences between chemical shifts 
of pairing carbons were generally larger for those located at 
C-24 and vicini1y (for carbon~ at C-23-C-29, 66 0.06--0.JS 
ppm) than other carbons (for carbons at Cl? and C-20-C-
22, .66 0-0.I: ppm). Thus, the structures of these com
pounds l3 and 4) were defined as 24R and 24S isomers of 
5a,8a epidioxystigmasta-5-en-11l ol. A literature suivey re
vealed that the.<,e steroids have been L~olatcd a.i metabolites 
of several marine animals such as the coelenterates Den
drogyra rylindrus and Me1ridi11m senile, the mollusc A
ply~ia dactyiomela, the sponges Suberiles camo~us and 
Thalys1a~ jumpuim,1, and the tunicate A.scidia nigra.' 1 1• 
However, signals of the methyl protons at the side chain 
were no! separ.ited enough to as.sign the stereochemistry of 
the C-24 asymmetric center. Based on the intensity of the H-
21 mcth}'l protons at 6 0.90 and 0.RlJ, the relative intensities 
between the epimcrs, 3 and 4 were estimated as 3; 2. 

Epidioxysteroids have been isolated from various natural 
sources In marine environment, these compounds have 
been frequently isolated from invertebrates_u-" To the best 
of our knowledge, however, the C-24(26) cyclopropyl-con
taining side chain of 1 and 2 is an unprecedented one 
among the natural epidioxystcroids. 

Experimental 

General. ~MR spectra were recorded in CUCI, solu
uon~ on , Varian Unity·500 ~pectrometcr. Proton and car 
boo NMR ~p,.:ctra wcrc mca~urcd at 500 and 125 Milz. 

H 

H 

2 

,. 

3 and 4 
(epimers a1 C 24) 

rcspcc1ively. All chemical shifts were recorded with respect 
to internal Me,Si. IR spectra were recorded on a Mattson 
GALAXY spectrophotometer. Mass measurements were pro
vided by the Mass Spectrometry Facility, Department of 
Chemistry, University of California, Riverside. Melting 
points were measured on a Fisher-Jones Apparatus and are 
reported uncorrected. All solvents used were spectral grade 
or were distilled from glass prior to use. 

Collection, extraction, and isolation. Tethya sp. 
(sample number 94K-31) was collected by hand using SCU
BA at 20-25 m depth in Nobember. 1994, along the shore 
of Keomun Island.~ The collected specimens were im
mediately frozen by dry ice and sent to the laboratory. The 
lyophilizcd animals (0.28 kg) were repeatedly extracted 
with CH1CI! (I L x 2) and Me OH (I L x 2) and dried under 
vacuum to yield Jark brown syrup (I 1.23 g). The crude ex
tract was partitioned between hexane (500 mL) and 10% 
aqueous methanol (500 mL). The hexane layer was dried 
(2.87 g) and separated by silica vacuum flash chromato
graphy (JO cm x 7 cm, 60PFi,,) by using sequential mix
tures of n·hexane and EtOAc as eluents. The fractions elut
ed with moderately polar solvents (20-40 % EtOAc in hex
ane) were combined and dried under vacuum to yield a pale 
yellow solid (0.87 g). This material was redissolved in JO% 
EtOAc in hexane and filtered through a s.ilica Sepak 
column. The filterate was subjected to semi-preparative 
HPLC (YMC silica column, 1 cm x 25 cm, 30% EtOAc in 
hexane) to yield epiJioxysteroids. Final purification was 
made by reversed-phase HPLC (Shiseido Capcell ODS 
column, 20% McOH in CHJCN) to give pure compounds; 
12.7, 49.2, and 16.5 mg for 1-3. rc.spcctively. 

Compound 1. a white ammphous solid, mp 89-90 "C: 
IR (KBr) v_,. 3400, 2950, 2920, 2860, 1460, 1380, 1080, 
1030, 970 cm '; HREIMS [M]' obsd 412.2971; calculated 
for C27H..,O1, 412.2977; LRMS m/z (relative intensity) 412 
(17), 396 (22), 380 (70), 362 (59), 2R5 (23), 251 (2J), 209 
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(16), 1S2 (25), 5S (100). 
Compound 2. a white amorphous solid, mp 114-115 

•c; IR (KBr) v_ 3400-3300 (broad), 2950, 2860, 1470, 
1-450, 1380, 1080, 1040 cm· I; HREIMS (M]* obsd 414. 
3133; calculated for C2,H.iO1, 414.3134; LRMS m/z 
(relative intensity) 414 (22), 398 (29), 382 (22), 362 (13), 
267 (12), 219 (13), 152 (67). 135 (23). 44 (100). 

Compound 3 and 4. a white amorphous solid; 
HRCIMS (M+H}' obsd 445.3610; calculated for ½H .. OJ, 
445.3681; 1H NMR (COCli, key protons of the major di• 
astcrcomcr) 0 6.48 (lH, d, J:8.7 Hz, H-7). 6.22 (IH, d, J: 
8.7 Hz, H-6), 3.9S (lH, m, H-3), 2.09 (lH, hr dd, J:13.8, 
3.9 Hz, H-4), 0.89 (3H, d, J:6.3 Hz. H-21), 0.86 (3H, s, H-
19), 0.82 (3H, t, J:7.3 Hz, H-29), 0.80 (3H, d, J:6.3 Hz, H-
26), 0.79 (3H, d, J:6.8 Hz, H-27), 0.78 (3H, s, H-18); uc 
NMR (CDC!" numbers in parenthesis arc chemical shif1s of 
the minor d1aMcrcomer) 0 135.14 (Cl!, C-6), 130.72 (CII, 
C-7). 82.13 (C, C-5), 79.44 (C, C-8), M.47 (CII, C-3), 
56.3((56.33, CH, C-17), S1.59 (CH, C-14), 51.07 (CH, C-
9), 45.81 (4603, CH, C-24), 44.75 (C. C-13), 39.44 (CH1, 

C-12), 36.97 (C, C-10), 36.95 (CH~, C-4), 35.62 (3S.74, CH, 
C-20), 34.72 (CH1, C-1), 33.75 (33.72, CH2, C-22), 30.15 
(CH2, C-2), 29.17 (28.96, CH, C-2S), 28.29 (CH2, C-16), 
26.10 (2639, CH2, C-28), 23.44 (CH1, C-11), 23.08 (23.02, 
CHi, C-23), 20.67 (CH2, C-15), 19.85 (19.62, CH3, C-26), 
19.06 (18.99, CHi, C-27), 18.67 (18.72, CHi, C-19), 18.20 
(CHi, C-21), 12.66 (CH1, C-18), 12.00 {12.35, CHi, C-29). 
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Abstract: Petrocortynes A·C (1-3) and petrosiacetylencs A·D (4-7), novel long-chain polyacetylenes and related 
metabolites have been isolated from a sponge of 1he a:enus Ptt~osia. Compounds I and 2 are C..6 linear 
teina:etylenes structurally related to petroformynes while J possesses an unusual y-pyrone ring formed by an 
oxidative cyclization of a diacetylen1c carbinol funclionality. Compounds 4-7 are highly symmetric C30 linear 
polyacetylenes in that 6 and 7 were isolated as unseparable mixtures of diastcrwmers. The s1t11c1urcs or lhese 
compounds have bwi elucidated by combined chemical and spectral methods. Absolute stcrcochcmistry has been 
detcm1incd by the moclif1r,d Mosher"s method. These compounds exhibited significant brine-shrimp lethality, RNA
clcav,ng activity. and/or moderate mhibitory activity against PLA2 and Na+fK+ A TPase. 
(c) 19<;17 Elsevier Sc1enre Ltd All nghts rt-served. 

Long-chain acetylenes and polyacetylenes are widely recognized as a representative group of sponge 

metabolites. Possessing the great structural diversity on both chain-lengths and functionalities, compounds of 

this structural class have been frequently isolated from sponges of the genera Adocia, Cribrochalina, Pakellia, 

Petrocia, Reniera, Siplwnochalina, and Xestospongia. 1 Several polyacetylenes have been reported to exhibit 

potent antimicrobial, cytotoxic, antitumor, antiviral, and enzyme-inhibitory activities as well as brine*shrimp 

lethality. 1· 12 In addition, some of these compounds exhibited important ecological roles including 

metamorphosis-inducing and antifouling effects agains1 larvae of ascidian and barnacle, respectively, and 

inhibitory activity of fertilization of starfish gamctes.13,14 

In our search for bioactive substances from Korean water organisms, we encountered a sponge of the 

genus Perrosia whose crude organic extract exhibited moderate toxicity (Wso 220 ppm} against brine*shrimp 

larvae.1 5 Bioassay-guided partitioning and vacuum flash chromatography of the crude extract followed by 

silica and reversed-phase HPLC yielded several long-chain polyacet.Ylencs. In this paper, we wish to report the 

structure elucidations and bioactivities of pctrocortynes A-C (1-3) and petrosiacetylenes A-D (4-7), seven new 

metabolites of two distinct structural types. Petroconynes A and B are C46 linear tetraacetylenes structurally 

related to petrofonnynes isolated from the Mediterranean sponge P. ficiformis.11,l2,l6,l1 However, the 

structures of these compounds arc distinguished from each other on the location of a diacctylenic carbinol 

functionality as well as lhe stereochemistry of asymmetric carbon centers. Petrocortyne C possesses an unusual 

y-pyrone ring fanned by an oxidative cyclization of the diacetylenic carbinol group of conicacetylene A. 

0040-4020/98/$19 00 © [ <;197 Ebt"virr Science Ltd. All 11ght~ 1t"",erved 
Plf· S0040.40~0(97i10290 1 
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Petrosiacctylenes A-Dare highly symmetric C30 linear polyacetylenes. In contrast to the other sponge-derived 

C30 linear polyacetylenes, however, petrosiacetylenes C and D were present as mixtures of unseparable 

stereoisomers which were unveiled only during the stereochemical studies based on the modified Mosher's 

method.7,9,1~ These compounds exhibited significant brine-shrimp lethality, RNA-cleaving activity, and/or 

moderate inhibitory activities against PLA2 and Na+fK+ A 1Pasc. 

Petrocortyne A (I) was isolated as a colorless gum which analyred for C46"1o02 by a combination of 

high-resolutmn mass and IJC NMR analysis. The presence of four acetylenic groups was readily recogni7.ed 

by characteristic carbon signals in the region of S 90 - 75 in the lJC NMR spectrum and absorption bands at 

3310, 2250, and 2100 cm·1 in the IR spectrum. Several partial structures were determined by a combination of 

IH NMR, lH COSY, HETCOR, HMQC, and HMBC experiments (Figure 1). The lH COSY data revealed 

lhat none of the partial structures were directly connected to each other. Since 1 possessed several aliphatic 

methylenes, the partial structures were considered to be linked to each other by linear alkyl chains. 

The lengths of alkyl chains and connectivities of partial structures were determined by a combination of 

chemical degradation, NMR experimems, and mass analysis. Ozonolysis of 1 followed by esterification with 

methanol under acidic condition yielded dimethyl esters of di basic carboxylic acids. GC analysis revealed that 

these were those of adipic (4\), suberic (Cg), and hexadecanedioic (Cl6) acids. Since the peak area of dimethyl 

adipate was much larger (1.61 times) than that of dimethyl suberate, it was believed that 1 possessed linear 

chains composed of two 4-, one 6-, and one 14-methylene carbons, respectively. Careful examination of the 

I H COSY and TOCSY data rev.!aled that the partial structure a was connected to d via a -Ol2CH2- unit 

The TOCSY data obtained by using parameters of various mixing times showed that terminal methylene 

protons of a-d were correlated with several upfield protons through relayed coherence transfer. The most 

upfield signals correlated with these protons were observed at S 1.32, 1.32, 1.25, and 1.35 for a-d, 

respectively. It is well known that, in the 1H NMR spectrum of a linear molecule, deshielding effect of a 

substiruem diminishes as the distance between it and a proton increases.19 Since the TOCSY correlations of the 

allylic protons of c reached to signals at 6 1.25, almost identical with the chemical shift of methylene protons in 

long-chain hydrocarbons, the terminal methylene of this panial structure must correspond to an end of a long 

chain, that is the C14 chain, while those of a and b were connected to the shorter C4 and/or Qi chains. Due to 

the severe overlapping of upfield proton signals, however, the connectivities of these partial structures were not 

determined by direct NMR analysis. 

Y\~/-
OH 

a 

d 

b 

e 

Figure 1. Partial structures of petrocortyne A(l). 
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This problem was solved by lamhanide-induced NMR signaJ-shifting experimems. Addition of Eu(fod)3 

in a 0)03 solution of 1 significantly shifted downfield signals of protons adjacent to the hydroxyl groups 

while those of other protons were almost unchanged. TOCSY experiments of this mixture showed that signals 

of the terminaJ methylene protons of a and b, observed at 6 2.27 and 2.11, respectively, were coupled with 

those of the identical methylene protons at 6 1.54, 1.43, 1.39, and 1.34. Accordingly these partial structures 

were connected to each other by a -CH2CH2CH2Clt2- unit, thus forming a Qs chain. Since the connectivities 

of three of four alkyl chains of I were confidently determined, the remaining -CH1CH1- unit must be located 

between d and e, forming a C4 chain. 

The structura1 interpretation of l based on NMR experiments and oronolysis was confirmed by mass 

analysis. EIMS data of l showed several conspicuous fragments containing linear alkyl chains (Figure 2). 

Fragments. observed at mfz 407 (relative intensity, 11) and 213 (20) were indicative of the location of the C14 

chain. Similarly those observed at mlz 435 (15) and 355 (43) revealed the locations of the C4 chains while a 

fragment found at mlt 503 (5) revealed that of the C6 chain. Thus, the planar structure of petroconyne A was 

unambiguously determined as a C'.46 linear tetraacctylene. 

--• mlz503 

~"',~~ --==~ 
HO m/Z355 

mlz407---~ 

Figure 2. Mass fragmentation of perroconyne A(l). 

Petrocortyne A (l) possessed four double bonds (C-4, C-21, C-27, C-43) and two asymmetric carbon 

centers (C-3, C-14). Based on the coupling constants between the olefinic protons (14,5 = 15.6 Hz, 14:!,44 = 

10.7 Hz), the geometry of double bonds at C-4 and C-43 was assigned as E and Z, respectively. The geometry 

of those at C-21 and C-27 were unable to be determined, however, since signals of the olefinic protons were 

overlapped to each other. Consequently the geometry of these double bonds was assigned as Z for both on the 

basis of chemical shifts of allylic carbons in the 13C NMR spectrum; 6 27.25 (C-26/-29), 27 .15 (C-26/-29), 

27.11 (C-23), 26.68 (C-20).20 

The absolute stereochemistry of the asymmetric centers at C-3 and C-14 was determined by the Kusumi 

and Kakisawa modification of Mosher's method.21,22 Treatment of 1 with (S)- and (R)-MTPA chloride in 

pyridine gave the co«esponding d\cstcrs IS and lR, respectively. All of the key protons of both compounds 

were unambiguously assigned by a combination of IH NMR, lH COSY, and TOCSY data. The absolute 

configurations were assigned as 3R, 14R by .6.(61S-61R) values for protons adjacent to the ester groups 

(Figure 3). Thus, the structure of petrocortyne A was detennined as a ~6 linear tetraacetylenic diol. A 

literature survey revealed that petroconyne A was suuctura1ly c!osely related to petroformynes isolated from the 

Mediterranean sponge P.ficiformis. Besides a double bond adjacent to the diacetylenic carbinol group, 

petrofonnyne 4 (8) in panicular possessed the same functional group~ as 1. However, the structures of these 

compounds were distinct from each other on exchanging the locations of panial sttUCtures a and d in Figure I. 
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Figure 3. Selected 6(6S-6R) of MTPA esters of l(top) and 2(bottom; 

In addition, the absolute configurations of asymmetric carbon centers were opposite from each olher. 

A closely related metabolite, petroconyne B (2) was isolated as a colorless gum. The molecular fo1mula 

of this compound was deduced as C4(,f{7202 by combined high-resolution mass and 13C NMR spectrometry. 

NMR data for this compound were very similar to those derived from 1, with the replacement of carbons and 

protons at C-43 and C-44 by upfield signals as the only difference, suggesting 2 to be the 43,44-dihydro 

derivative of 1. This interpretation was supported by a mass analysis. Although all of the fragments were not 

confidently analyzed, EIMS of2 showed several fragments which were larger than the corresponding ones of 1 

by a mass unit of 2 (Experimental Section). Confirmation of this interpretation as well as NMR assignments of 

key protons and carbons of 2 were established by a combination of the IH COSY, TOCSY, HMQC, and 

HMBC experiments. Stereochemistry of 2 was also determined by an application of the modified Masher's 
method. Since the .6.(62S-62R) values obtained by treatment of 2 with (S)- and (R)-MTPA chloride, 

respectively, were almost identical with those obtained for 1, the absolute configurations were also assigned as 

the same 3R, 14R as ](Figure 3). Thus, the structure of pctrocortyne B was defined as the 43,44-dihydro 

derivative of petrocortyne A. 

Petrocortyne C (3) was isolated as a colorless gum. The molecular formula of this compound was 

established as <A6H700J by combined high-resolution mass and 13C NMR analysis. Spectral data of 3 were 

highly compatible with those obtained for 1. However, the Be NMR spectrum showed several significant 

differences. The most no1iceable change was the replacement of signals of the diacetylenic carbinol group (C-

12 - C-16) of 1 by those at 6 180.45 (C), 170.11 (C, two carbons), and 112.66 (CH, two carbons) in 3. In 

addition, signals of the allylic methylenes at C-11 and C-17 were shifted downfield to 6 33.57 and 33.48, 

respectively. Corresponding differences were also observed in the 1H NMR spectrum in which signal of the H-

14 proton at 6 5.09 (IH, br s) of 1 was replaced by downfield signals at 6 6.23 (lH, d, J = 2.0 Hz) and 6.21 

(lH, d, J = 2.0 Hz). These differences were accommodated by a y-pyrone ring produced by an oxidative 

cyclization of the diacetylenic carbinol group of 1. Supporting evidences for this interpretation were obtained 

by IR and UV spectra; V max 1660 and 1600 cm-I, A max (log£) 252 (4.04) nm. 

Confirmation of the structure of 3 and NMR assignments of its key protons and carbons were established 

by a combination of the lH COSY, TOCSY, HMQC, and HMBC experiments. Long-range H-C correlations 

of the protons at 6 6.23, 6.21, 2.53 (2H, t, J = 7 .6 Hz), and 2.52 (2H, t, J = 7.6 Hz) with downfield carbons 

were particularly helpful to confirm the presence of the y-pyrone ring as well as its location. Thus, the structure 

of petrocortyne C was determined as a linear polyacctylene possessing a y-pyrone ring. Compound 3 contained 
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an asymmetric carbon center at C-3. The structural similarity of this compound wilh 1 and 2 suggested a 3R 

configuration. However, this speculation was not confirmed by the Masher's method since treatment of 3 with 

{S)- and (R)-MTPA chloride under various conditions resulted in rapid decomposition of the reactant. 

Biogenetica11y the -y-pyrone ring of pctrocortyne C (3) is considered most likely 10 be produced by an 

oxidative cyclization of the diacetylenic carbinol group of petrocortyne A (1) (scheme I). Oxidation of the C-14 

hydrox.yl group would fonn an unsaturated ketone. As frequently observed in the lipid biosynthesis, 

lipoxygenase-induced oxidation of a triple bond would synthesize a hydropcrox.ide as an intennediate.23,24 

Cleavage of the peroxide bond induced by an electron donor such as an elementary meta1 followed by 

cyclization involving another triple bond would fonn the y-pyrone ring. It is not unusual that secondary 

metabolites are found together with their putative biosyntheti.c precursors. As a recent ex:ample, adociace1ylene 

It contained a furan ring fanned by an ox.idative cyclization of an enediol group of petrosynol, a derivative 

isolated from the same specimen of the sponge Adocia sp.7 To the best of our knowledge, however, this is the 

first ex.ample of a compound possessing a -y-pyrone ring formed by an ox:idative cyclization of a diacetylenic 

carbinol group. 

>..~t-
HO 

petrocortyne A 

oxidation 

-\vl ~--"'-"·-
o 

petrocortyne C 

lipoxygenase 

-OH 

0 

lelectrori 
donor 

""-[ 
;,,,~l-

o 

Scheme 1. Proposed biosynthetic pathway of the y-pyrone ring ofpetroconync C(3). 

In addition to petroconynes A-C, several linear polyacetylenes were also isolated from the same 

specimen. However, all of these compounds were composed of 30 carbons instead of 46 carbons of 

pctroconynes. Petrosiacetylene A (4) was isolated as a colorless oil. The high-resolution mass data defined the 

molecular fonnula as C3oH400i for this compound. However, the l3c NMR spectrum of 4 showed only 15 

carbon signals suggesting the presence of a molecular symmetry in this compound. Since all of the proton and 

carbon signals were well-resolved in the NMR spectra, the structure of 4 was readily detennined as a symmetric 

linear tetraacctylene by combined 2-D NMR experiments. 

Compound 4 possessed three double bonds and two asymmetric carbon centers. The geometry of 

double bonds at C-4 and C-26 was assigned as E for both by measurement of the proton-proton coupling 

constant (14,5 = 126;1.1 = 15.4 Hz). However, that of the C-15 double bond located at the symmetric center of 

the molecule was no! detennined by coupling constant analysis. Although signal of the C-14 (C-17) allylic 

carbon was observed at very upfield (6 17.15) in the IJC NMR spectrum, shielding effect of the adjacent 

acetylenic group hindered us from defining the stereochemistry by chemical shift analysis. Consequently the 
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geometry of this double bond was assigned as Z from a comparison of the 13C NMR data with those of 7, a 

derivative possessing an asymmetric double bond at the same position, as discussed later. 

As in the cases of 1-3, the stereochemistry of the asymme1ric carbon centers at C-3 and C-28 was 

approached by the modified Masher's method. Surprisingly the (S)-MTPA ester (4S) gave an identical 1H 

NMR spectrum with the (R)-MTPA ester (4R). Moreover, signals of the H-1 and H-30 acetylenic protons, 

identical in the lH NMR spectrum of 4, were clearly resolved into two peaks of same area in 4S and 4R; 6 

2.63 (lH, d, J = 2.4 Hz) and 2.59 (lH, d, J = 2.4 Hz). A combination of the lH COSY and TOCSY data for 

both compounds revealed that the configurations of asymmetric carbon centers were opposite to each other. 

The only possible explanation for this phenomenon was that 4 must be either a meso-compound (3R, 28S) or 

an 1:1 mixture of enantiomers (3R, 28R and 3S, 28S). To clarify this, several attempts to separate the MTPA 

.esters by HPLC and GC resulted in the isolation of only one compound. In addition, similar attempts using the 

other semi-synthetic ester containing additional asymmetric carbon centers, bis-(S)-2-methylbutyl ester (4X) 

gave the same result. Thus, stereochemically petrosiacetylene A (4) was defined as a mesa- compound 

possessing the 3R, 28S configurations. 

A closely related metabolite, petrosiacetylene B (5) was isolated as an oil which analyzed for c3oH420i 

by high-resolution mass and 13C NMR spectrometry. Spectral data for this compound were reminiscent of 

those derived from 4. However, signals of 30 carbons, instead of 15 signals of 4, were observed in the 13C 

NMR spectrum of S revealing that the molecular symmetry of 4 disappeared in this compound. Careful 

examination of the 13C NMR spectrum showed that a triple bond located at the central part of 4 was replaced by 

a double bond in 5. Corresponding differences were a1so observed in the lH NMR spectrum in which signals 

of a new double bond and a double-allylic methylene protons appeared at 6 5.38 (lH, m), 5.33 (IH, br dd,J = 
10.7 and 6.8 Hz), and 2.79 (2H, dd, J = 6.8 and 5.9 Hz), respectively. Therefore, S was defined as che 

12,13-dihydro derivative of 4 1hat was confirmed by combined 2-D NMR experiments. 

In addition to the tenninal E double bonds at C-4 and C-26 (14,5 = h6,27.,. 15.1 Hz), S passessed two 

double bonds at C-12 and C-15. The geometry of the C-12 double bond was assigned as Z by measurement of 

coupling constant between the olefinic protons (112,13 = 10.7 Hz). The geometry of the C-15 double bond was 

assigned as Z from a comparison of the 13C NMR data with those of 7, as discussed later. Compound 5 

contained asymmetric carbon centers at the same C-3 and C-28 as 4. An application of the Masher's method 

showed that the absolute configurations of these centers were different from each other (3R,28S or 3S,28R) as 

observed for 4; acetylenic protons at 6 2.63 and 2.59 for both of (S)- and (R)-MTPA esters (SS and SR). All 

of the key protons of boch esters were confidencJy assigned on the basis of lH COSY and TOCSY experiments. 

The TOCSY data in panicular showed a correlation between H-21 and H-25 which was crucial to distinguish 

the protons adjacent to C-3 from those adjacent to C-28. Thus, the absolute configurations of asymmetric 

carbon centers of S were assigned as 3R,28S, identical with those of 4. 

Petrosiace1ylcne C (6), a colorless oil, had the composition C3c,I-420i by high-resolution mass and Be 
NMR spectroscopic methods. Spectral data of 6 wen: reminiscent of those derived from 4. Examination of the 

i3C NMR spectra reveii.Ied that signals of the C-3 double bond were replaced by those of upfield methylenes. 

Corresponding changes were observed in the 1H NMR spectrum in that signals of H-3 and H-28, attached to 

the hydroxy-bearing carbons were clearly resolved; 6 4.84 (H-28) and 4.37 (H-3). Detailed 2-D NMR 

experiments defined the strucmrc of petrosiacetylene C as the 3,4-dihydro derivative of petrosiacetylene A. 

In an attempt to detennine the absolute configurations of the asymmetric centers at C-3 and C-28, 6 was 
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also treated with (S)- and (R)-MTPA chloride. Surprisingly peak areas of the H-1 and H-30 acetylenic protons 

in the IH NMR spectrum of both of the MTPA-esters were significantJy different from each other, suggesting 

that 6 was indeed a mixture of s1ercoisomers. Consequently both of the MTP A esters were separa1ed by HPLC 

to yield two compounds each; 6aS and 6bS from the (S)-MTPA esters and 6aR and 6bR from the (R)-MTPA 

esters, respectively. From a combination of the 1H COSY and TOCSY experiments for each compound, the 

absolute configurations of the major component, 6a were assigned as 3S, 28S while those of the minor one, 6b 

were assigned as 3S, 28R. Based on a comparison of the peak areas of H-30 in the 1 H NMR spectrum of the 

MTPA esters, the relative concentration of6a and 6b was estimated as 3:2. 

Another related metabolite, petrosiacetylene D (7) was isolated as a colorless oil and a molecular fonnula 

of C:3()1-1«O2 was deduced by a combination of high-resolution mass and 13C NMR spectroscopic data. The 

replacement of a triple bond located at the central part of 4 by a saturated one was readily recogni:zcd in the 

NMR data. By a comparison of spectral data and also by combined 2-D NMR experiments, the structure of 7 

was defint.d as the 12,13-tetrahydro derivative of 4. 

In addition to the E double bonds at C-4 and C-26, 7 possessed a double bond at C-15. The geometry of 

this double bond was detennined as Z from an analysis of proton-proton coupling constant (/15,16 = 10.7 Hz). 

As mentioned earlier, compounds 4-6 contained a double bond at the same position as 7·. Since the chemical 

shifts of the allylic C-14 carbons of these compounds were very similar to each other (6 17.15, 17.25, 17.22, 

and 17.21 for 4-7, respectively), the geometry of the C-15 double bond was assigned as Z for all of these 

compounds. 20 

As observed for 6, the MTPA esterification of 7 revealed that this was indeed a 4:1 mixture of two 

stereoisomers. Separation of the mixtures of MTPA esters by HPLC followed by IH COSY and TOCSY 

experiments of each product assigned the absolute configurations of the major component, 7a as 3R,28S and 

those of the minor one, 7b as 3R, 28R. 

Stercochemical studies of petrosiacetylenes A-D revealed several unusual features. Firstly, 6 and 7 

existed as diastereomcric mixtures that were unveiled only by treatment with MTPA chlorides, compounds 

possessing asymmetric carbon centers. A literature survey revealed that enantiomeric polyacetylenes were 

isolated from specimens of a sponge collected from different locations.3 To the best of our knoweldge, 

however, this is the fint example of diastereomeric polyacetylenes isolated from the same specimen. Secondly, 

the absolute configurations of C-3 and C-28 of 4, S, 6b, and 7a were opposite from each other; 3R, 28S or 

3S, 28R. Although highly symmetric polyacetylenes possessing asymmetric carbon centers at the same 

positions have been previously reported, the stereochemistry of these centers has been always the same in a 

molecule; 3R, 28R or 3S, 28S.7,9,18 In addition, the stereochemistry of C-3 and C-28, common among all of 

the petrosiacetylenes was not identical to each other revealing that the absolute configuration of these 

asymmetric yneol-ene center was unpredictable. 

Sponge-derived polyacetylenes and related compounds are widely recognized to exhibit various 

bioactivities. In our measurement, 4 and 6 displayed significant toxicity (LCso 0.22 and 19.9 ppm for 4 and 6, 

respective~y) against brine.shrimp larvae while other pctrosiacetylenes were not toxic (LC50 > 300 ppm). In 

contrast to the potent toxicity of pctroformynes, however, petrocortynes were not toxic against brine-shrimp 

larvae.12.I6 In an inhibitory assay against RNA-based reverse transcriptase, 4 and 6 totally cleaved the 

template 16S rRNA obtained from Escherichia coli, at the concentration of I0µg/20µL while other compounds 

did not cleave it at all. On the other hand, all of the petrocortynes and pctrosiacetylenes including 4 and 6 did 
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not cleave a super-coiled DNA (pUC 119) at the same concentration. Our results suggested that the brine

shrimp lethality of these compounds resulted from the RNA-cleaving activity. Previously several linear 

polyacetylenes were reported to exhibit exceptionally potent brine-shrimp lethality.1,12.16 Toxicity of those 

compounds might also be attributed to the RNA-cleaving activity. Interestingly 4 and•6 contain an allylic ene

diyne functionality located at the central part of the molecule as a common structural feature which also 

distinguishes these compounds from othu petrosiacetylencs. Therefore, it would be quite appropriate to 

suppose that this functional group plays a very important role on the bioactivity. In addition to 4 and 6, 3 and 

7 exhibited weak inhibition against reverse transcriptasc at the concentration of IOµg/20µ.L. 

In the measurement of other enzyme-inhibitory activities.Sand 6 displayed moderate inhibition (49 and 

36%, respectively) against PLA2 at the concentration of 50µg/mL while other petrosiacetylcnes were much less 

active (20 and 23% for 4 and 7, respectively). Among petrocortynes, the y-pyrone-containing 3 was 

significantly more active (42%) than the others (31 and 17% for 1 and 2, respectively). Similarly 3, 5, and 6 

exhibited weak inhibition (22, 26, and 25%, respectively) against Na+/1(+ ATPase at the concentration·of 

20µg/mL while other compounds were not active. 

EXPERIMENT AL 

General Experimental Procedures. NMR spectra were recorded in CDCl3 solutions on a Varian 

Unity 500 spccttometer. Proton and carbon NMR spectra were measured at 500 and 125 MHz, respectively. 

All of the chemical shifts were recorded with respect to internal MC4Si. UV spectra were obtained in methanol 

using a Milton-Roy spectrophotometer. IR spectra were recorded on a Mattson GALAXY spectrophotometer. 

Mass spectra were obtained by using a VG ZAB-2FHF and a Jeol JMS-HX 110 high-resolution mass 

spectrometer and provided by the Mass Spectrometry Facility, Department of Chemistry, University of 

California, Riverside and Korea Basic Science Institute, Taejcon, Korea, respectively. The optical rotations 

were measured on a JASCO digital polarimeter using a 5 cm cell. GC analysis was perfonned on a Hewlett

Packard HP 5890 II gas chromatograph using an 0-wax-320 capillary column. Temperatures of injector and 

detector were 300 °c. A temperature gradient system was used for oven in that initial temperature was 

maintained at 270 °C for 5 min and then raised to 300 °C in the rate of 10 °C/min. All solvents used were 

spectral grade or were distilled from glass prior to use. 

Animal material. The specimens of Petrosia sp.(sample number 94K•l3) were collected by hand 

using SCUBA at 20-30 m depth in October, 1994 along the offshore of Keomun Island, South Sea, Korea.IS 

The sponge is mushroom shaped with a short stalk and measures 7 x 6.3 x 2 cm. The surface of the animal is 

smooth and has many osculcs 1-2 mm in diameter. The color is purple on the top, but beige underneath in life. 

Consistency of the specimen is very finn. This sponge has both thick and thin oxeas of various sizes; three 

categories of thick oxeas • 265-300 x 17-18, 100-160 x 11-12, and 60·90 x 12-15 µm (strongylotc); three 

categories of thin oxeas - 170..200 x 9-11, 120-160 x4-5, and45-55 x 2.5 µm. Morphologically this sponge is 

very similar to P. corlicata, but differs in possessing only oxcas and no large strongylotes. 

Extraction and isolation. The freshly collected samples were immediately frozen and kept at ·25 °c 

until chemically investigated. The sponge (5.5 kg, wet weight) was defrosted, macerated, and extracted with 

-357-



MeOH (6 L x 2) and CH2Cl2 (6 L x 2). The combined extracts (353. 41 g) were partitioned between CH2C'2 

and water. The CH2Cl2 layer (100.61 g) was dried under vacuum and re-partitioned between n-hexane (71.20 

g) and 25 % aqueous MeOH (18.53 g). 
An aliquot (10.80 g) of the hexane layer was separated by silica vacuum flash chromatography by using 

sequential mixtures of n-hexane and EtOAc as eluents. Fractions eluted with 25 35 % EtOAc/n-hexane were 

combined and separated by silica semi-prep HPLC (YMC silica column, 1 cm x 25 cm, 20% EtOAc/n-hexane). 

Final purification by reversed-phase HPLC (YMC C1s column, 1 cm x 25 cm, MeOH) yielded 1 (70.0 mg) and 

2 (25.7 mg). Fractions eluted with 40-45 % EtOAc/n•hexane were combined and separated by reversed-phase 

HPLC (YMC C1s-HPgo column, I cm x 25 cm, 10% aqueous MeOH) to afford 3 (19.5 mg). 

The aqueous MeOH layer was separated by C1s reversed-phase vacuum flash chromatography (YMC 

00S-A gel) using gradient mixtures of MeOH and water as eluents. A fraction eluted with 10% aqueous 

MeOH was separated by Cts reversed-phase HPLC (Shiseido Capcell pak column, 15% aqueous MeOH) to 

yield partially pure 4-7 in the order of 6, 7, 4, and 5. Final purification by HPLC under different solvent 

condition (30% aqueous MeCN) gave pure compounds; 9.5, 8.1, 11.7, and 8.2 mg for 4-7, respectively. 
Petrocortyne A(l) - a colorless gum: [a]25o +6.4° (c 0.25, MeOH); UV (MeOH) >... max (log E) 223 

(4.32) nm; IR (KBr) v max 3400, 3310, 2925, 2850, 2250, 2100, 1460, 1300, 1115, 1005, 970 cm·l; IH 

NMR (CDCl3) o 5.99 (IH, dt, I0.7, 7.3, H-43), 5.90 (IH, dt, 15.6, 7.0, H-5), 5.61 (lH, dddt, 15.6, 5.9, 

1.5, 1.0, H-4), 5.43 (IH, ddt, 10.7, 2.4, 1.0, H-44), 5.36-5.32 (4H, m, H-21, -22, -27, -28), 5.09 (lH, b, 

s, H-14), 4.83 (lH, b< d, 5.9, H-3), 3.06 (lH, d, 2.4, H-46), 2.56 (lH, dd, 2.0, 1.0, H-1), 2.32 (2H, dt, 

7.3, 7.3, H-42), 2.23 (2H, b, t, 6.3, H-17), 2.22 (2H, b< t, 6.3, H-11), 2.07 (2H, dt, 7.0, 6.7, H-6), 2.04 

(2H, m, H-20), 2.03 (2H, m, H-23), 2.02 (4H, m, H-26, -29), 1.53 (2H, m, H-18), 1.50 (2H, m, H-10). 

1.43 (2H, m, H-19), 1.39 (4H, m, H-7, -41), 1.37 (2H, m, H-9), 1.35 (4H, m, H-24, -25), 1.32 (4H, m, H-

8, -30), 1.30-1.25 (20H, m, H-31 - -40); 13C NMR (CDCl3) o 146.27 (CH, C-43), 134.29 (CH, C-5). 

130.20 (CH, C-22/-27), 130.06 (CH, C-22/-27), 129.64 (CH, C-21/-28), 129.30 (CH, C-21/-28), 128.54 

(CH, C-4), I07.88 (CH, C-44), 85.02 (C, C-12/-16), 84.96 (C, C-12/-16), 83.29 (C, C-2), 81.12 (CH, C-

46), 80.58 (C, C-45), 78.14 (C, C-13/-15), 78.13 (C, C-13/-15), 73.99 (CH, C-1), 62.78 (CH, C-3), 52.56 

(CH, C-14), 31.77 (CH2, C-6), 30.28 (CH2, C-42), 29.79 (CH2, C-30), 29.70 (CH2 x 2), 29.68 (CH2 x 2), 

29.67 (CH2 x 2), 29.59 (CH2), 29.45 (CH2, C-39), 29.40 (CH2, C-24), 29.35 (CH2 x 2), 29.19 (CH2, C-

40), 28.90 (CH2, C-19), 28.74 (CH2), 28.58 (CH2, C-9), 28.56 (CH2, C-7), 28.51 (CH2), 28.22 (CH2, C-

10), 27.95 (CH2, C-18), 27.25 (CH2, C-26/-29), 27.15 (CH2, C-26/-29), 27.11 (CH2, C-23), 26.68 (CH2, 

C-20), 18.67 (CH2, C-11/-17), 18.65 (CH2, C-11/-17); HRDCIMS [M+NH,J+ ml, 672.5101; calculated 

C4,;ll74NO2, 672.5720; LREIMS ml, (,etative intensity) 503 (5), 464 (9), 439 (46), 435 (15), 407 (11), 355 

(42), 341 (31), 325 (17), 299 (14), 273 (19), 171 (50), 145 (63), 111 (IOO). 

Petrocortyne B(2) - a colorless gum: [aJ25o +3.4° (c 0.26, MeOH); IR (KBr) v max 3400, 3300, 

2920, 2850, 2250, 2100, 1630, 1460, 1245, 1005, 970 cm·I; IH NMR (CDCl3) 6 5.90 (lH, de 15.6, 6.9, H-

5), 5.61 OH, b, ddt, 15.6, 6.4, 2.0, H-4), 5.36-5.33 (4H, m, H-21, -22, -27, -28), 5.09 (IH, dd, 2.0, 2.0, 

H-14), 4.84 (IH, b, d, 6.4, H-3), 2.56 (IH, b< d, 2.0, H-1), 2.23 (2H, td, 6.8, 2.0, H-17), 2.22 (2H, td, 

6.8, 2.0, H-11), 2.17 (2H, b<t, 7.3, H-44), 2.17 (IH, bn, H-46), 2.07 (IH, dt, 6.9, 6.9, H-6), 2.04 (2H, 

m, H-20), 2.03 (2H, m, H-23), 2.02 (4H, m, H-26, -29), 1.53 (2H, m, H-18), 1.51 (4H, m, H-IO, -43), 

1.43 (2H. m, H-19), 1.39 (2H, m, H-7), 1.37 (4H, m, H-9, -42), 1.35 (4H, m, H-24, -25), 1.32 (4H, m, H-

8, -30), 1.30-1.25 (22H, m, H-31 - -41); i3C NMR (CDCl3) 6 134.27 (CH, C-5), 130.20 (0-I, C-22/-27), 
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130.05 (Ol, C-22/-27), 129.63 (CH, C-21/-28), 129.29 (CH, C-21/-28), 128.53 (CH, C-4), 84.98 (C, C-

12/·16), 84.92 (C, C-12/-16), 84.81 (C, C-45), 83.28 (C, C-2), 78.12 (C, C-13/-15), 78.11 (C, C-13/-15), 

73.97 (CH, C-1), 68.01 (CH, C-46), 62.74 (CH, C-3), 52.50 (CH, C-14), 31.74 (Ol2, C-6), 29,75 (CH2, 

C-30), 29.67 (CH2 x 41, 29.64 (CH2 x 2), 29.59 (CH2), 29.56 (CH2), 29.49 (CH2), 29.36 (CH2), 29.31 

(CH2 x 2), 29.09 (CH2), 28.86 (CH2, C-19), 28.75 (CH2, C-42), 28.55 (CH2, C-7), 28.52 (Ol2, C-9), 

28.48 (CH2 x 2, C-8, -43), 28.18 (CH2, C-10), 27.91 (CH2, C-18), 27.22 (CH2, C-26/-29), 27.12 (CH2, C· 

26/-29), 27.08 (CH2, C-23), 26.64 (CH2, C-20), 18.63 (CH2, C·l 1/-17), 18.62 (CH2, C·ll/·17), 18.38 

(Cl-Ii, C-44); HRDCIMS [M+Nl-l4J+ mlz 674.5796; calculated C461-116NOi, 674.5877; LREIMS m/z (relative 

intensity) 466 (5), 437 (4), 369 (5), 357 (8), 343 (7), 327 (4), 301 (14), 189 (44), 175 (45), 145 (49), 133 

(66), 67 (100). 

Petrocortyne C(3) - a colorless gum: [aJ25o +6.2° (c 0.25, McOH); UV (MeOH) A max (log E) 252 

(4.04), 223 (4.31) nm; IR (KBr) v max 3400, 3310, 2925, 2850, 1735, 1660, 1600, 1465, 1150, 1025 cm·1; 

IH NMR (CDCl3) S 6.23 (IH, d, 2.0, H-15), 6.21 (IH, d, 2.0, H-13), 5.99 (IH, dt, 10.8, 7.3, H-43), 5.88 

(IH, dt, 15.1, 7.1, H-51. 5.61 (IH, ddt, 15.1, 6.4, 1.5, H-4), 5.43 (IH, ddt, 10.8, 2.4, 1.0, H-44), 5.39 

(IH, m, H-22), 5.36 (IH, m, H-27), 5.34 (IH, m, H-28), 5.33 (IH, m, H-21), 4.84 (IH, br d, 5.9, H-3), 

3.06 (IH, d, 2.4, H-46), 2.56 (IH, br d, 2.0, H·l), 2.53 (2H, t, 7.6, H-17), 2.52 (2H, t, 7.6, H·ll), 2.32 

(2H, br dt, 7.3, 7.3, H-42), 2.07 (4H, dt, 7.3, 7.3, H-6, -20), 2.04 (2H, m, H-23), 2.02 (4H, m, H-26, -29), 

1.66 (2H, m, H-18), 1.64 (2H, m, H-10), 1.41 (4H, m, H-7, -19), 1.39 (2H, m, H-41), 1.37 (2H, m, H-24), 

1.35 (4H, m, H-9, -25), 1.32 (4H, m, H-8, -30), 1.30-1.26 (20H, m, H-31 - -40); Ile NMR (CDCl3) S 

180.45 (C, C-14), 170.11 (C x 2, C-12, -16), 146.25 (CH, C-43), 133.85 (CH, C-5), 130.60 (CH, C-22), 

130.08 (CH, C-27), 129.54 (CH, C-28), 128.83 (CH, C-4), 128.73 (Ol, C-21), 112.66 (CH x 2, C-13, 

-15), 107.88 (CH, C-44), 83.37 (C, C-2), 81.12 (CH, C-46), 80.58 (C, C-45), 73.91 (CH, C-1), 62.67 (CH, 

C-3), 33.57 crn,. C-11/•17), 33.48 (CH2, C-11/· 17). 31.66 (Ol2, C-6), 30.30 (CH2, C-42), 29.80 (CH2), 

29.71 (CH2), 29.70 (CH2 x 2), 29.69 (CH2 x 2), 29.61 (CH2 x 2), 29.47 (CH2), 29.42 (CH2, C-24/-25), 

29.37 (CH2), 29.34 (CH2, C-24/-25), 29.21 (CH2, C-40), 28.95 (CH2, C-19), 28.76 (CH2, C-41), 28.53 

(CH2, C-7), 28.53 (CH2, C-9), 28.50 (CH2, C-8), 27.28 (CH2, C-26), 27.21 (CH2, C-29), 27.12 (Ol2, C· 

23), 26.75 (CH2, C-20), 26.59 (CH2, C-10), 26.36 (CH2, C-18); HRFABMS [M+Na]+ ml, 693.5249; 

calculated C46H7o()3Na, 693.5223; LREIMS ml, (relative intensity) 469 (I), 430 (7), 353 (I 1), 257 (7), 236 

(5), 213 (4), 195 (29), 173 (71), 143 (65), 73 (100). 

Petrosiacetylene A(4) - a colorless oil: {a] 25 o 00 (c 0.63, McOH); IR (KBr) v max 3400, 3310, 

2930, 2860, 2100, 1650, 1460, 1285, 1090, 1015, 970 cm·1; 1H NMR ((l)Cl3) S 5.91 (2H, ddt, 15.4, 1.0, 

7.1, H-5, -26), 5.61 (2H, ddt, 15.4, 5.9, 1.5, H-4, -27), 5.48 (2H, t, 4.6, H-15, -16), 4.83 (2H, ddd, 5.9, 

2.5, 1.0, H-3, -28), 2.92 (4H, dt, 4.9, 2.3, H-14, -17), 2.56 (2H, d, 2.5, H-1, -30), 2.13 (4H, tt, 7.1, 2.3, 

H-11, ·20), 2.07 (4H, td, 7.3, 7.1, H-6, -25), 1.47 (4H, m, H-10, -21), 1.41 (4H, m, H-7, -24), 1.38 (4H, 

m, H-9, -22), 1.31 (4H, m, H-8, -23); 13C NMR (CDCl3) S 134.37 (CH, C-5, -26), 128.45 (Oi, C-4, -27), 

126.46 (CH, C-15, -16), 83.32 (C, C-2, -29), 80.39 (C, C-12, -19), 77.67 (C, C-13, -18), 73.95 (CH, C-1, 

-30), 62.73 (CH, C-3, -28), 31.82 (CH2, C-6, -25), 28.82 (CH2, C-10, -21), 28.64 (CH2, C-7, -24), 28.61 

(CH2, C-8, -23), 28.59 (CH2, C-9, -22), 18.69 (CH2, C-11, -20), 17.15 (CH2, C-14, -17); HRFABMS 

[M+Na]+ m/z 455.2949; calculated C3oH4o02Na, 455.2926. 
Petrosiacetylene B(S} - a colorless oil: [a)2So -0.3° (c 0.49, McOH); lR (KBr) v max 3400, 3300, 

2930, 2860, 2095, 1650, 1465, 1230, 1085, 970 cm·l; IH NMR (CDCl3) S 5.91 (2H, br dt, 15.1, 6.9, H-5, 
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-26), 5.61 (2H, br dd, IS.I, 5.9, H-4, -27), 5.44 (IH, rn, H-16), 5.41 (IH, rn, H-15), 5.38 (IH, rn, H-12), 

5.33 (IH, br dd, 10.7, 6.8, H-13), 4.83 (2H, br d, 5.9, H-3, -28), 2.93 (2H, br d, 5.4, H-17), 2.79 (2H, 

dd, 6.8, 5.9, H-14), 2.56 (2H, d, 2.0, H-1, -30), 2.14 (2H, 11, 7.1, 2.1, H-20), 2.08 (4H, td, 7.3, 6.9, H-6, 

-25), 2.04 (2H, tel, 6.9, 6.5, H-1 I), 1.47 (2H, rn, H-21), 1.40 (4H, rn, H-7, -24), 1.38 (2H, rn, H-22), 1.35 

(2H, rn, H-10), 1.31-1.28 (6H, rn, H-8, -9, -23); Be NMR (CDCl3) 6134.46 (CH, C-5/-26), 134.40 (C-5/-

26), 130.56 (CH, C-12), 129.40 (CH, C-15), 128.40 (CH, C-4/-27), 128.36 (CH, C-4/-27), 127.13 (CH, C-

13), 125.22 (CH, C-16), 83.32 (C, C-2/-29), 83.31 (C, C-2/-29), 80.14 (C, C-19), 78.21 (C, C-18), 73.98 

(CH, C-1/-30), 73.97 (CH, C-1/-30), 62.80 (CH, C-3/-28), 62.79 (CH, C-3/-28), 31.93 (CH2, C-6/-25), 

31.88 (CH2, C-6/,25), 29.53 (CH2, C-10), 29.10 (CH2, C-8/-9), 29.06 (CH2, C-8/-9), 28.93 (CH2, C-21), 

28.80 (CH2, C-7/-24), 28.71 (CH2, C-7/-24), 28.68 (CH2, C-23), 28.66 (CH2, C-22), 27.22 (CH2, C-11), 

2-5.55 (CH2, C-14), 18.79 (CH2, C-20), 17.25 (CH2, C-17); HRFABMS [M+KJ+ mfz 473.2777; calculated 

C30H,2O2K, 473.2823. 
Petrosiacetylene C(6) - a colorless oil: [aJ2So •0.2° (c 0.15, McOH); IR (KBr) v max 3400, 3295, 

2930, 2855, 2100, 1660, 1465, 1240, 1060, 970 cm·1; 1H NMR (CDCl3) 6 5.91 (IH, br dt, 15.6, 6.6, H-

26), 5.61 (IH, br dd, 15.6, 6.2, H-27), 5.49 (2H, t, 4.6, H-15, -16), 4.84 (IH, br d, 6.2, H-28), 4.37 (IH, 

td, 6.6, 2.0, H-3), 2.93 (4H, dt, 4.6, 2.0, H-14, -17), 2.56 (IH, d, 2.0, H-30), 2.46 (IH, d, 2.0, H-1), 2.14 

(4H, tt, 6.8, 2.0, H-11, -20), 2.09 (2H, dt, 6.6, 6.6, H-25), 1.71 (2H, rn, H-4), 1.46 (4H, rn, H-10, -21), 

1.44 (2H, m, H-5), 1.40 (2H, rn, H-24), 1.38 (2H, rn, H-22), 1.34 (2H, m, H-9), 1.31-1.28 (8H, m, H-6, 

-7, -8, -23); Be NMR (CDCl3) 6 134.41 (CH, C-26), 128.40 (CH, C-27), 126.47 (CH, C-15/-16), 126.43 

(CH, C-15/-16), 84.98 (C, C-2), 83.58 (C, C-29), 80.48 (C x 2, C-12, -19), 77.68 (C x 2, C-13, -18), 73.98 

(CH, C-30), 72.85 (CH, C-1), 62.79 (CH, C-28), 62.33 (CH, C-3), 37.65 (CH2, C-4), 31.88 (CH2, C-25), 

29.39 (CH2), 29.19 (CH2), 29.05 (CH2), 28.98 (CH2, C-10/-21), 28.89 (CH2, C-10/-21), 28.84 (CH2, C-

9), 28.70 (CH2, C-24), 28.67 (CH2, C-23), 28.65 (CH2, C-22), 25.01 (CH2, C-5), 18.79 (CH2, C-11/-20), 

18.76 (CH2, C-11/-20), 17.22 (CH2 x 2, C-14, -17); HRDCIMS (M+NH4]+ mlz 452.3529; calculated 

C3ol4(iNO2, 452.3529. 
Petrosiacetylene 0(7) - a colorless oil: [aJ2So +5.2° (c 0.27, MeOH); IR (KBr) v max 3400, 3295, 

2930, 2850, 2095, 1650, 1460, 1290, 1090, 1010, 970 crn·1; 1H NMR (CDCl3) 6 5.91 (2H, dt, 15.4, 6.7, H-

5, -26), 5.61 (2H, dd, 15.4, 6.1, H-4, -27), 5.44 (IH, dt, 10.7, 6.4, H-15), 5.41 (IH, dt, 10.7, 5.9, H-16), 

4.83 (2H, br d, 6.1, H-3, -28), 2.89 (2H, dt, 5.9, 2.4, H-17), 2.56 (2H, d, 2.0, H-1, -30), 2.14 (2H, 11, 7.1, 

2.4, H-20), 2.08 (4H, td, 7.1, 6.7, H-6, -25), 2.03 (2H, td, 7.3, 6.4, H-14), 1.47 (2H, rn, H-21), 1.40 (2H, 

m, H-24), 1.38 (4H, m, H-7, -22), 1.34 (2H, rn, H-13), 1.31 (2H, rn, H-23), 1.29-1.26 (JOH, rn, H-8 -

-12); Be NMR (CDCl3) 6 134.56 (CH, C-5/-26), 134.41 (CH, C-5/-26), 131.30 (CH, C-15), 128.39 (CH, 

C-4/-27), 128.30 (CH, C-4/-27), 124.92 (CH, C-16), 83.33 (C, C-2/-29), 83.31 (C, C-2/-29), 79.94 (C, C-

19), 78.52 (C, C-18), 73.98 (CH, C-1/-30), 73.96 (C-1/-30), 62.81 (CH, C-3/-28), 62.79 (CH, C-3/-28), 

31.95 (CH2, C-6/-25), 31.88 (CH2, C-6/-25), 29.54 (CH2), 29.50 (CH2), 29.46 (CH2), 29.41 (CH2, C-13), 

29.27 (CH2), 29.19 (CH2), 28.95 (CH2, C-21), 28.84 (CH2, C-7), 28.71 (CH2, C-24), 28.69 (CH2, C-23), 

28.65 (CH2, C-22), 27.13 (CH2, C-14), 18.79 (CH2, C-20), 17.21 (CH2, C-17); HRFABMS [M+KJ+ mlz 

475.2927; calculated C3ol44O2K, 475.2978. 

Ozonolysis of petrocortyne A. To a stirred solution of 4.5 mg of 1 in 0.3 mL of dry pyridine was 

added 0.2 mL of acetic anhydride. After stirring the mixture at room temperature overnight, the solvent and 

excess anhydride were removed under vacuum. The residue was redissolved in 2 mL of dry CHCl3 and cooled 
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to •42 °C. Ozone was bubbled into the solution for 5 min and the mixture was further stirred at room 

temperature for 15 min. After removing the solvent by blowing with N2, 1 mL of cone. acetic acid and 0.3 mL 

of H2O2 (35%) were added to the residue and stirred at 50 °C for 13 hr. Afler drying the mixture under 

vacuum, 1 mL of 5% methanolic HCI was added. After stirring the mixture at room temperature overnight, the 

solvent was removed under vacuum and the residue was extracted with n•hexane. GC analysis of the extract 

gave peaks at 2.760 (area 0.58), 3.670 (0.36), and 16.230 (0.39) min retention, respectively. The peaks were 

detennined as methyl esters of adipic, suberic, and hexadecanedioic acids by co-injections with authentic 

compounds (Sigma). 

Preparation of MTPA esters of polyacetylenes. MTPA esters were prepared following the 

methods described previously.25 To a solution of a polyacetylene in 0.5 mL of dry pyridine was added 20 µI of 

(ST- or (R)•MTPA chloride. The mixture was allowed to stand under N2 at room temperature for 3 hrs. After 

confinning the consumption of starting material by TLC, 0.5 mL of H2O, 0.3 mL of CH2Cl2, and I mL of 

MeOH were added. After removing the solvents under vacuum, the residue was redissolved in 2 mL of 5% 
EtOAc/n-hexane and filtered through silica column. For 4•7, the residue was further separated by reversed· 

phase HPLC (YMC ODS column, 5% aqueous MeCN) to afford pure MTPA esters. 

(S)-MTPA ester of l. From 4.9 mg" of 1 was obtained 3.2 mg of 1S; 1H NMR (CDCIJ) 6 7.53 

(4H, br d, 7.3, ArH), 7.43-7.39 (6H, m, ArH). 6.21 (!H, dd, 2.0, 2.0, H-14), 6.06 (!H, dt, 15.6, 6.8, H-

5). 6.01 (!H. br dd, 6.8. 2.0. H-3). 6.00 (!H, br dt, 10.7. 7.3. H-43). 5.60 (!H, br dd, 15.6, 6.8, H-4), 

5.44 (IH, ddt, 10.7. 2.0. 1.5, H-44), 5.39-5.29 (4H, m, H-21, -22, -27, -28). 3.59 (3H, s, OMe), 3.55 (3H, 

s. OMe). 3.07 (!H. d, 2.0. H-46), 2.59 (!H, d, 2.0, H-1). 2.33 (2H, dt, 7.3, 7.3, H-42), 2.22 (2H. td, 7.3, 

2.0. H-11), 2.21 (2H, td, 7.3, 2.0. H-17). 2.08 (2H, td, 7.3, 6.8, H-6), 2.03-2.00 (8H, m, H-20, -23, -26, 

-29); HRFABMS [M+Na]+ 887.3760; calculated C,oflw'6OoNa, 887.3723. 

(R)-MTPA ester of 1. From 5.1 mg of 1 was obtained 3.9 mg of IR; lH NMR (CDCl3) 6 7.53 

(4H, br d, 7.3, ArH), 7.43-7.39 (6H, m, ArH). 6.22 (!H. dd, 2.0. 2.0, H-14), 6.03 (!H, ddd, 6.8. 2.4, 1.0, 

H-3), 6.00 (!H, dt, 15.1, 6.8, H-5), 6.00 (!H. br dt, 10.7. 7.3, H-43), 5.50 (!H, br dd, 15.1, 6.8, H-4), 

5.44 (IH, ddt, 10.7, 2.4, 1.0, H-44). 5.39-5.30 (4H, m, H-21, -22, -27, -28), 3.59 (6H, s, OMe), 3.07 (!H, 

d, 2.4, H-46). 2.63 (lH, d, 2.4, H-1). 2.33 (2H, dt, 7.3, 7.3, H-42), 2.23 (2H, td, 7.3, 2.0, H-17), 2.19 

(2H, td, 7.3, 2.0, H-11), 2.04 (2H, td, 7.3. 6.8. H-6). 2.03-1.99 (8H, m, H-20, -23, -26, -29); HRFABMS 

[M+Na]' .. 887.3735; calculated C5ofl54F6O6Na, 887.3723. 

(S)-MTPA ester of 2. From 4.1 mg of 2 was prepared 4.0 mg of 2S; lH NMR (CDCl3) 6 7.53 

(4H, br d, 7.3, ArH). 7.43-7.39 (6H, m, ArH). 6.22 (!H. dd, 2.0, 2.0, H-14), 6.06 (!H, ddt, 15.6, 1.0, 6.8, 

H-5). 6.01 (br dd, 6.8, 2.0, H-3), 5.60 (lH, ddt, 15.6, 6.8, 1.5, H-4), 5.39-5.28 (4H, m, H-21, -22, -27. 

-28), 3.59 (3H, s. OMe). 3.55 (3H, s. OMe). 2.59 (!H. d, 2.0, H-1), 2.22 (2H, td, 7.3, 2.0. H-11), 2.21 

(2H. td, 7.3, 2.0, H-17), 2.19 (!H, br s, H-46). 2.18 (2H, br t, 7.3. H-44). 2.08 (2H, td, 7.3. 6.8, H-6), 

2.04-1.99 (8H. m. H-20. -23, -26, -29). 

(R)-MTPA ester of 2. From 4.6 mg of 2 was prepared 3.7 mg of 2R; lH NMR (CDCl3) 6 7.53 

(4H, br d, 7.3, ArH), 7.43-7.39 (6H, m, ArH), 6.22 (lH, br d, 1.5, H-14), 6.04 (!H, br d, 6.8, H-3), 6.00 

(!H, br dt, 15.1, 6.8, H-5), 5.50 (lH, ddt, 15.1, 6.8, 1.0, H-4), 5.39-5.29 (4H, m, H-21, -22. -27, -28), 

3.59 (6H, s. OMe). 2.63 (lH, d, 1.5, H-1). 2.23 (2H, td, 7.3. 1.5, H-17), 2.19 (2H, td, 7.3, 2.0, H-11), 

2.19 (br s, H-46), 2.18 (2H, br t, 7.3, H-44), 2.05 (2H, td, 7.3, 6.8. H-6). 2.04-2.00 (8H, m. H-20, -23, 

-26, -29). 
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(S)-~TPA ester of 4. From 3.1 mg of 4 was obtained 2.0 mg of 4S; 1H NMR (CDCl3) 6 7.53 

(4H, br d. 7.3, ArH). 7.42-7.38 (6H, m, ArH), 6.07 (IH, ddt, 15.J, 1.0, 7.1, H-5), 6.03 (IH, m, H-28), 

6.01 (IH, m, H-3), 6.01 (IH, ddt, 15.l, 1.0, 6.8, H-26), 5.61 (lH, ddt, 15.l, 6.8, 1.5, H-4), 5.50 (lH, ddt, 

15.l, 6.8, J.5, H-27), 5.48 (2H, br t, 4.9, H-15, -16), 3.59 (3H, s, OMe), 3.55 (3H, s, OMe), 2.92 (4H, dt, 

4.9, 2.4, H-14, -17), 2.63 (lH, d, 2.4, H-30), 2.59 (IH, d, 2.4, H-1), 2.12 (4H, br t, 7.1, H-11, -20), 2.08 

(2H, dr, 7.l, 7.l, H-6), 2.05 (2H, dr, 7.1, 7.1, H-25), 1.45 (4H, m, H-10, -21), 1.38 (2H, m, H-7), 1.36 

(4H, m, H-9, -22), 1.35 (2H, m, H-24), 1.28 (2H, m, H-8), 1.26 (2H, m, H-23). 

(R)-MTPA ester of 4. From 3.0 mg of 4 was obtained 2.1 mg of 4R; 1H NMR (CDCl3) 6 7.53 

(4H, br d, 7.3, ArH), 7.42-7.38 (6H, m, ArH), 6.07 (IH, ddr, IS.I, 1.0, 7.1, H-26), 6.03 (IH, m, H-3), 

6.01 (lH, m, H-28), 6.01 (lH, ddt, 15.1, l.0, 6.8, H-5), 5.61 (IH, ddt, 15.1, 6.8, 1.5, H-27), 5.50 (IH, 

ddt, IS.I, 6.8, 1.5, H-4), 5.48 (2H, brr, 4.9, H-15, -16), 3.59 (3H, s, OMe), 3.55 (3H, s, OMe), 2.92 (4H, 

dt, 4.9, 2.4, H-14, -17), 2.63 (IH, d, 2.4, H-1), 2.59 (IH, d, 2.4, H-30), 2.12 (4H, brr, 7.1, H-11, -20), 

2.08 (2H, dr, 7.1, 7.1, H-25), 2.05 (2H, dt, 7.1, 7.1, H-6), 1.45 (4H, m, H-10, -21), 1.38 (2H, m, H-24), 

1.36 (4H, m, H-9, -22), 1.35 (2H, m, H-7), 1.28 (2H, m, H-23), 1.26 (2H, m, H-8). 

(S)-MTPA ester of S. From 2.6 mg of 5 was obtained 1.7 mg of SS; 1H NMR (CDCl3) 6 7.53 

(4H, br d, 7.4, ArH), 7.41-7.37 (6H, m, ArH), 6.07 (IH, ddt, 15.1, 1.0, 6.8, H-5), 6.03 (IH, m, H-28), 

6.01 (IH, m, H-3), 6.00 (lH, br dt, 15.1, 6.8, H-26), 5.61 (lH, ddt, 15.1, 6.8, 1.5, H-4), 5.50 (lH, ddt, 

15.6, 6.8, 1.5, H-27), 5.43 (lH, m, H-16), 5.41 (lH, m, H-15), 5.36 (IH, m, H-12), 5.34 (IH, m, H-13), 

3.59 (3H, s, OMe), 3.55 (3H, s, OMe), 2.93 (2H, dt, 5.0, 2.4, H-17), 2.78 (2H, br dd, 6.8, 5.9, H-14), 

2.63 (IH, d, 2.4, H-30), 2.59 (IH, d, 2.4, H-1), 2.13 (2H, tt, 7.3, 2.4, H-20), 2.09 (2H, dt, 6.8, 6.8, H-6), 

2.04 (4H, m, H-11, -25), 1.46 (2H, p, 7.3, H-21). 

(R}-MTPA ester of 5. From 2.9 mg of 5 was obtained 2.J mg of 5R; lH NMR (C003) S 7.53 

(4H, br d, 7.3, ArH), 7.41-7.37 (6H, m, ArH), 6.07 (lH, ddt, 15.1, 1.0, 6.8, H-26), 6.03 (IH, m, H-3), 

6.01 (IH, m, H-28), 6.00 (IH, m, H-5), 5.61 (IH, br dd, 15.6, 6.8, H-27), 5.50 (IH, br dd, 15.1, 6.8, H-

4), 5.43 (IH, m, H-16), 5.41 (IH, m, H-15), 5.37 (lH, m, H-12), 5.34 (lH, m, H-13), 3.59 (3H, s, OMe), 

3.55 (3H, s, OMe), 2.93 (2H, dt, 4.9, 2.4, H-17), 2.79 (2H, br dd, 6.4, 6.4, H-14), 2.63 (IH, d, 2.0, H-1), 

2.59 (IH, d, 2.0, H-30), 2.13 (2H, tr, 7.3, 2.4, H-20), 2.09 (2H, dt, 6.8, 6.8, H-25), 2.04 (4H, m, H-6, 

-11), 1.46 (2H, p, 7.3, H-21). 

(S)-MTPA esters of 6. From 3.1 mg of 6 were obtained 1.7 mg of 6aS and 1.1 mg of 6bS: 6aS; 
1H NMR (CDCl3) 6 7.53 (4H, br d, 7.3, ArH), 7.43-7.39 (6H, m, ArH), 6.03 (lH, br d, 6.8, H-28), 6.01 

(!H, ddt, 15.1, 1.0, 6.8, H-26), 5.54 (IH, td, 6.8, 2.0, H-3), 5.50 (IH, br dd, 15.1, 6.8, H-27), 5.48 (2H, 

m, H-15, -16), 3.60 (3H, s, OMe), 3.56 (3H, s, OMe), 2.93 (4H, dt, 4.9, 2.4, H-14, -17), 2.63 (lH, d, 2.0, 

H-30), 2.54 (lH, d, 2.0, H-1), 2.13 (4H, m, H-11, -20), 2.05 (2H, dt, 6.8, 6.8, H-25), 1.79 (2H, m, H-4), 

1.45 (4H, p, 7.3, H-10, -21): 6bS; 1H NMR (CDCl3) 6 7.53 (4H, br d, 7.3, ArH), 7.43-7.39 (6H, m, ArH), 

6.07 (lH, ddr, 15.1, 1.0, 6.8, H-26), 6.01 (lH, br d, 6.8, H-28), 5.61 (lH, ddt, 15.1, 6.8, 1.5, H-27), 5.S4 

(lH, dt, 6.8, 2.0, H-3), 5.48 (2H, m, H-15, -16), 3.59 (3H, s, OMe), 3.SS (3H, s, OMe), 2.93 (4H, dt, 4.9, 

2.4, H-14, -17), 2.59 (lH, d, 2.4, H-30), 2.S4 (IH, d, 2.0, H-1), 2.13 (4H, m, H-11, -20), 2.09 (2H, dt, 

6.8, 6.8, H-25), 1.79 (2H, m, H-4), l.4S (4H, p, 7.3, H-10, -21). 

(R)-MTPA esters of 6. From 3.9 mg of 6 were obtained 1.7 mg of 6aR and 1.0 mg of 6bR: 6aR; 
1H NMR (CDCl3) 6 7.53 (4H, br d, 7.3, ArH), 7.43-7.39 (6H, m, ArH), 6.07 (IH, br dt, IS.I, 6.8, H-26), 

6.01 (IH, br d, 6.3, H-28), 5.61 (lH, br dd, IS.I, 7.2, H-27), S.52 (lH, br t, 6.6, H-3), S.48 (2H, t, 4.6, 
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H-15, -16), 3.55 (6H, s, OMe), 2.92 (4H, dt, 4.6, 2.1, H-14, -17), 2.59 (IH, d, 2.4, H-30), 2.49 (IH, d, 

2.4, H-1), 2.13 (4H, tt. 7.3, 2.0, H-11, -20), 2.09 (2H, td, 7.3, 6.8, H-25), 1.86 (2H, m, H-4), 1.46 (2H, 

m, H-21): 6bR; 1H NMR (CDCl3) 6 7.53 (4H, b, d, 7.3, A<H), 7.42-7.38 (6H, m, A<H), 6.03 (IH, b, d, 

6.3, H-28), 6.00 (IH, b, dt, 15.1, 7.1, H-26), 5.51 (IH, b, t, 6.8, H-3), 5.50 (IH, m, H-27), 5.48 (2H, t, 

4.6, H-15, -16), 3.59 (3H, s, OMe), 3.55 (3H, s, OMe), 2.92 (4H, dt, 4.6, 2.1, H-14, -17), 2.63 (IH, d, 

2.4, H-30), 2.49 (IH, d, 2.0, H-1), 2.13 (4H, tt, 7.3, 2.1, H-11, -20), 2.05 (2H, td, 7.3, 6.8, H-25), 1.86 

(2H, m, H-4), 1.45 (2H, m, H-21). 

(S}-MTPA esters of 7. From 2.5 mg of 7 were obtained 1.4 mg of 7aS and 0.4 mg of 7bS: 7aS; 
1H NMR (CDCl3) 6 7.53 (4H, b, d, 7.3, A,H), 7.41-7.38 (6H, m, MH), 6.07 (IH, ddt, 15.1, 1.0, 6.8, H-

5), 6.03 (IH, m, H-28), 6.01 (IH, m, H-3), 6.01 (IH, b, dd, 15.1, 6.8, H-26), 5.61 (IH, ddt, 15.1, 6.8, 

1.5, H-4). 5.50 (IH, ddt, 15.1, 6.8, 1.5, H-27), 5.43 (IH, m, H-15), 5.41 (IH, m, H-16), 3.59 (3H, s, 

OMe), 3.55 (3H, s, OMe), 2.90 (2H, dt, 4.9, 2.4, H-17), 2.63 (IH, d, 2.0, H-30), 2.59 (IH, d, 2.4, H-1), 

2.13 (2H, tt, 7.3, 2.4, H-20), 2.08 (2H, td, 7.3, 6.8, H-6), 2.06 (2H, m, H-25), 2.02 (2H, m, H-14), -1.46 

(2H, p, 7.3, H-21): 7bS; 1H NMR (CDCl3) 6 7.53 (4H, b, d, 7.3, MH), 7.41-7.38 (6H, m, MH), 6.07 (2H, 

ddt, IS.I, 1.0, 6.8, H-5, -26), 6.01 (2H, m, H-3, -28), 5.61 (2H, ddt, 15.1, 6.8, 1.5, H-4, -27), 5.43 (IH, 

m, H-15), 5.41 (IH, m, H-16), 3.55 (6H, s, OMe), 2.90 (2H, dt, 4.9, 2.4, H-17), 2.59 (2H, d, 2.4, H-1, 

-30), 2.13 (2H, tt, 7.3, 2.4, H-20), 2.08 (4H, m, H-6, -25), 2.02 (2H, m, H-14), 1.46 (2H, p, 7.3, H-21). 

(R}-MT'PA esters of 7. From 3.2 mg of 7 were obtained 1.6 mg of 7aR and 0.5 mg of 7bR: 7aR; 
1H NMR (CDC!3) 6 7.53 (4H, b, d, 7.3, MH), 7.41-7.38 (6H, m, A<H), 6.07 (IH, b, dt, IS.I, 6.8, H-26), 

6.03 (IH, m, H-3), 6.01 (IH, m, H-28), 6.01 (IH, b,dd, IS.I, 6.8, H-5), 5.61 (IH, ddt, 15.1, 6.8, 1.5, H-

27), 5.50 (IH, ddt, 15.1, 6.8, 1.5, H-4), 5.43 (IH, m, H-15), 5.41 (IH, m, H-16), 3.59 (3H, s, OMe), 3.55 

(3H, s, OMe), 2.90 (2H, dt, 5.4, 2.4, H-17), 2.63 (IH, d, 2.4, H-1), 2.59 (IH, d, 2.4, H-30), 2.13 (2H, tt, 

7.3, 2.4, H-20), 2.09 (2H, dt, 7.3, 7.3, H-25), 2.04 (2H, m, H-6), 2.02 (2H, m, H-14), 1.46 (2H, p, 7.3, 

H-21): 7bR; IH NMR (CDCl3) 6 7.53 (4H, b, d, 7.3, MH), 7.41-7.38 (6H, m, MH), 6.03 (2H, b, d, 6.3, 

H-3, -28), 6.01 (2H, m, H-5, -26), 5.50 (2H, b, dd, 15.1, 6.8, H-4, -27), 5.43 (IH, m, H-15), 5.41 (IH, m, 

H-16), 3.59 (6H, s, OMe), 2.90 (2H, dt, 5.4, 2.4, H-17), 2.63 (2H, d, 2.4, H-1, -30), 2.13 (2H, tt, 7.3, 2.4, 

H-20), 2.06-2.01 (6H, m, H-6, -14, -25), 1.45 (2H, p, 7.3, H-21). 

(S)-2-methylbutyl ester of 4. To a stirred solution of 0.9 mg of 4 in 3 mL of dry CH2Cl2 were 

added I mL of (S)-2-methylbutyric acid, 28 mg of DCC, and 1 mg ofDMAP. The mixture was stirred under 

N2 at room temperature for 2hr. After removing the solvent by blowing with N2, the residue was separated by 

silica gel col um chromatography (0.5 cm x 10 cm) by using 10 mL of 30% EtOAc/hexane as an cluent. Final 
purification was established by semi-prep reversed-phase HPLC (YMC ODS column, 1 cm x 25 cm, 5% 
aqueous MeCN) to afford 0.9 mg of 4X as a colorless oil: 1H NMR (CDCl3) 6 6.00 (2H, br dt, 15.1, 6.8, H-

5, -26), 5.86 (IH, b, d, 6.4, H-3/-28), 5.84 (IH, b, d, 6.4, H-3/-28), 5.537 (IH, b, dd, IS.I, 6.4, H-4/-27), 

5.535 (IH, b, dd, 15.1, 6.4, H-4/-27), 5.49 (2H, t, 4.4, H-15, -16), 2.93 (4H, dt, 4.4, 2.4, H-14, -17), 

2.543 (IH, d, 2.0, H-1/-30), 2.538 (IH, d, 2.0, H-1/-30), 2.40 (2H, hex, 6.8, H-2', -2"), 2.13 (4H, tt, 7.3, 

2.4, H-11, -20), 2.07 (4H, td, 7.3, 6.8, H-6, -25), 1.71 (IH, hex, 7.3, H-3'/-3"), 1.68 (IH, hex, 7.3, H-3'/-

3"), 1.50 (2H, m, H-3', -3"), 1.47 (4H, p, 7.3, H-10, -21), 1.40 (4H, p, 7.3, H-7, -24), 1.35 (4H, m, H-9, 

-22), 1.30 (4H, m, H-8, -23), 1.16 (3H, d, 6.8, H-5'/-5"), 1.15 (3H, d, 7.3, H-5'/-5"), 0.92 (3H, t, 7.3, H-

4'/-4"), 0.91 (3H, t, 7.3, H-4'/-4"); HRFABMS [M+Na]+ mlz 623.4092; calculated C4oHs6O4Na, 623.4076. 
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Ten acetylenic enol eU1ers of glycerohi, including six new compounds (1-6) and a linear acelyle11ic olcoho! 
(7), have been isolated from a sponge of the re nus Pctrosia. The structures of the novel compounds were 
elucidated by spectroscopic methods. The 11b1olule stereochemislry or 1-7 wus determined by chcmic:il 
transformations and the Mosher method. Some of these compoundi exhibited weak cylotoxicity against 
a human leukemia cell-line (K-562). 

Acetylenic and polyacetylenic compounds are a rapidly 
i:rowin1 clast of sponie metabolites and exhibit ,reat 
structural variations in both chain lenilb and functional 
1roups.J-12 Several 1ponice-derived acetylene, and poly
acetylenes exhibit diverse and potent bio£octivity.2- 11 

In tho course or o 1eorch for bioocUve substances from 
marine oreonisms of Korean origin, we hove reported the 
structurea and bioactivities of several petrocortynes and 
petrosiacetylenes, novel polyacetylenes from an unde
scribed spon1e of the genus Ptttrosia (Nepheliospon,:iidoe) 
collected from Keomun hland.12 In addition to petrocor
tynes arid petrosiacetylene1, 1H NMR analysis of chro
matol:'l'aphic fractions of the crude extract of the above 
sponge revealed the presence of several metabolites of 
another structural class in more polar fractions. In this 
paper, we wish to report the structure elucidation and 
bioactivity of 10 acetylenic enol ethers of glycerol, including 
six new compounds (1-6) and a new acetylenic alcohol (7). 
All of the acetylenic enol ethers of glycerol are structurolly 
similar to the rospoilynes previously isolul.cd Croll\ the 
spongeS Rcupailia pumila and Raspailia romosa. 1l-l5 The 
acetylenic alcohol (7) contained a linear Cn carbon frame
work, which is reminiscent of those ofUic petrocortynes. 12 

,tesults and Discussion 

The sponie was collected and processed as described in 
the Experimental Section to yield 11 metabolites. The 
structures of four known metabo!itos, rospailyne lll, ra
spoilyne B2, isoraspailyne U, and isoraspailyne DI, were 
determined by a combination of spectroscopic analysis and 
comparison with reported data for these compounds, I• 

Compound I was isolated as n colorless gum. The 
molecular formula for this compound was deduced as 
C16Hii0a by o combination or HUMS nnd 11C NMR analy
sis. The speclrnl data of I were v.iry similar to those 
obtained for raspailyne 132, with the absence of NMR 
sienals of the uplield methylene in boU1 ofthe 1lC and 1H 
NMR spectra as the only noticenble differences (Table 1). 
A combination of 1H COSY, HMQC, and HMBC NMR 
experiments allowed the delerminaliun of lhe structure of 
1 os a linear glyceryl enol elher conloining an yne-diene 
group. 

Compound 1 possessed on usymmctric carbon ut C-2' of 
the glycerol moiety. Stereochemical ossigmnent 11t lhis 
carbon, os well ns eonfirmnlion of tlrn whole molecular 
structure, was achieved by chcmicul tninsformnlions 

• To wham Co'feopondcnco ,hould l>e oddrcHc<I Tel.: 82 (3~5) •00-6170. 
~•,,K: 82 (315J ~08 H93. E,,,,nil - Jl,1hm'il's.iri kurd,.rc.kr. 

HO•;Ef\Jcs,,.bHcH, 
2' OH I 

1 R•H 

3 

H OA 

# 
' 0 

7 R-H 

7S R • (S)•MTPA 

7R R • !RJ•MTPA 

OCHl 

(Scheme 1). Cntulylic hydrogenalion or 1 quantit11Live!y 
yielded Uie perhydroi:-onntcd derivutive 8. Thi11 compound 
was also obtained by treatment of (W-2,2-dimethyl-l,:J
dioxolune-4-meU1anol with bromododecmie i11 DMI•' fol
lowed by acidic hydrolysis, 01 indicated by the NMR dotn 
obtained. The optical rotation of compound 8 was almost 
negligible, und, therefore, the absolute conligurntion ot C-2' 
wus nol sulisfaclorily assigned. However, both samples of 
compou11d 8 were ucetylutcd with acetic anhydride in 
pyridine, and the optical rotutions oflhe 2',:J'-diacclyl.il.cd 
products obtnincd proved Urnt these were indeed the same 
compound !I, nn<l lhe 2'S configurution wns n11sii;11c-d for I. 
Thus, the structure of 1 wus unambiguously determined 
ns nn ucetylcuic enol ether of o glycerol. 

A relat.ed metubolite (2) was isolnlcd as a colorless gum, 
which unolyzcd for C16H~~03 by HUMS and iac NMH 

10 l02l/np(J803::i75 CCC $15.00 0 xxxx Amcricnn Chcmlc:,1 Sode Ly nn<l Amcricnn Society or l'harmnco1,:11o~y 
Publi~hcd on Web 00/00/0000 !'Am; EST: <4.2 
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be either a biorenetic deirrndation product or a precursor 
of tho petrocortyne3, 

Sponge-derived ncetylcnes and related compounds ore 
widely recoe-ni:rod for po Lent ond diverse bioaclivity, 1.l!·'.7 -u,11 
In our measurement of bioacUvities of i:;lyceryl cnol clhcr 
compounds, 1-3 of the ync-dicne series exhibited weak 
cytotoxicity against Uic human leukemia cell-line K-562 
(LC:.o 9.2, 57, 29 pg/mL, for 1-3, respectively), while 4-G, 
possessing U1c yue-enc group, were not ucLivc (LC~o > 100 
;,i/mL). 

E1perimcnt11l Section 

General E1pcrimentol Procedurcg, The oplicol rotations 
were measured on a JASCO digital polarimeter using 11 !S-cm 
cell. IR spectra were recorded on II Mauson Galaxy spectru
photometer. UV spectra were obtained in MeOH using 11 
Milton-Roy SJ)<lctrophot.omeler. NMU speclrll were recorded 
m C£lCIJ and CDJOD so\ut11:,rui, on II Vnrian Unity SOC 
spectrometer. Proton and carbon NMU spectra were measured 
at 500 and 125 MHz, respectively. All of the chemical shi~ 
were recorded with respect to internal Me.Si. MS were 
provided by the Mo$$ Spectrometry Facility, Department of 
Chemigtry, Umversity of Californin, River11ide, o.nd Korea 
Bllliic Science hutitute, Tncjeon, Korea. All solvents u1ed were 
spectral (:radt or were di11tilled from glass prior to use. 

Animal l'do.terinl. The specimens of Pctrm1ia gp, (s_ample 
number 94K-13) were cu!leclcd by hund usini Scuba ot o depth 
of20-30 m depth in October 1994 ond November 1995, along 
the 1hore of Keomun Island, Korcn. 21 Morpholoi::ically this 
sponi::c i11 very sunilar t.o P. curlicala, but diifers in po.sscssing 
only oxeos uml uo larlfe slroni,:ylulcs us spicule$. Detail.~ uf 
morphologieal characler11 were reported prcviuusly. 11 

Extraction and lsolntion. 'l'hc freshly collected samples 
were immediat.cly frozen and kept ot -25 •c unUJ invesLiit.i.ted 
chemically. The sponge (5.5 ki::. wet wt) was defrosted, mnccr
ated, and ci:tra~icd with MeOH (6 L x 2) nnd CHiCI, {6 L x 
2). The combined crude extract.5 (353. 41 i::l were partitioned 
between CH2Ch and H,O. The CH;Ch layer (100.61 i;::l was 
concentrated in vacuo, and the residue was repartitioned 
between 11-hexane (71.20 g) ond 15¼ aqueous MeOH {28.53 
i:J. An u\iquut (8.12 gl of the aqueous McOH Jtiycr was dried 
and subject<Jd to C'" reven,ed•phase vucuum !lash chrumul.uR
rnphy usini:: gcquential mixtures ofMeOH und H,O us clucnts 
(elution order: 30%, 20%, 10% aqueous MeOH, 100% MeOH, 
and ELOAc). The fraction (0.88 If) eluted with 20% aqueous 
MeOH was dried and separated by reversed•phase Hl'LC 
(YMC ODS-A column, 15% aqueous MeOH) l!.l yield, in order 
of elution, 7, 1, 4, 2, rMpniltne D2, G, 5, und rospuilyne ll 1. 
Finni purilicotiui was made by reversed-phase HPLC (YMC 
ODS-A column, 30% nqueou~ MeCN) lo ufford 7.3, 9.4, 13.l, 
10.4, €.2, 4.2, 6.-4, and 5.0 m{:' of raspuilyncs 131 and 82, l, 2, 
and 4-7 os colorless gums, respectively. 

The fraction (0.30 g) eluted wilh 10% aqueous McOH from 
vacuum flash chromulography was dried and separated by 
reversed-phase HPLC (15'Y,, aqueous MeOH) to yield, in order 
of elution, i.soraspailync Bl, ruspailyne 82, 3, and isoraspai
lyne B. l~urlher purification wos mode by rever11ed-phase 
HPLC (30% aqueous MeCNJ lo afford 12.5, 6.0, 3.8, nnd 5.7 
m~ of pure raspailyne D2, isoraspailynes 8 aud Bl, and 3 us 
colorless gums, respectively. 

Rospoilyne Bl: [al'15
0 -3.2' (c 0.08, MeOH); lit. valucl< 

-4.9" {c 0.47, CHChl; 1H and' 'C NMR and HRMS dala were 
comparable with repo1tcd ones. 

Raspailyne 82: [o.P50 -4.1" (c 0.40, McOH); lit. valucH 
-10.8° (c 0.065, CHCh) 1H and IJC NMH and HHMS data were 
comparable with reponed one~. 

lsorospailync 8: lul.,,;u -2.:1• (c 0.08, MeOII) 1H and 1 'C 
NMR nnd HRMS data comparnble with reported ones. 

Isoraspnilyne Bl: [o.F'n +1.0' (c O.lO, MeOHl 1H and 1-IC 
NMR and HHMS d:itn compiirublc with reported ones. 

Petrornspailync Al (l): lnF"u -3.2° {c 0.08, MeOH); UV 
(McOIIJ A,.,.., Clo;: f) 276 (3.74), 291 (3 5!!) nm; 1H (Kllr) ""'·" 

J11ur11c,/ .,f Nalurol Prudm:b C 

3450 (br), 2925, 2860, 2160 (weak), 1630, 1560, 1260, 1100, 
1050 cm· 1; 1H NMR (CDJOD) 0 6.-45 (lH, d,J = 6.3 Hz, H-1), 
5.82 OH, dt, J = 10.8, 7.3 Ht, H-6), 5.55 OH, brd, J = 10.8 
Hz, H-5), 4.61 OH, dd, J = 6.3, 2.4 Iii:, 11-2), 3.99 011, dd, J 
• 10.7, <1.6 lk H·l'), 3.91 (IJ-1, dd, J = 10,7, 6.9 Hz, H·l'J. 
J.81 llH, m, H-2'), 3.61 OH, dd, J = 11.2, 5.4 H:r., H·3'), 3.55 
OH, dd,J = 11.2, 5.4 Hz, H-3'), 2.30 (211, ddt,J = 7.3, U:i, 7.3 
Hz, H-7), 1.-40 (2H, m, H-S), 1.31 (6H, m, H-9, -10, -11), 0.90 
(311, t, J = 7,1 H1., H-12); l•1C NMH, 1<ce 'l'nblc l; IIMHC 
corrclalion.!111·1/C-2, C-3, C-I'; H-2/C-l, C-<I, C-5, C.::-6; 11•5/C-
3, C-7; H-6/C-4, C-5, C-7, C-8; H.7/C-!S, C·6, C-8(9); H-12/C-
10, C-11; H-1'/C-l, C-2', C-3'; H-2'/C-l', C--3'; H-3'/C-l', C-2'; 
HlWATIMS \M + Na]' m/z 275,Hi27 (calcd C1~11.N0,Na 
275.1623). 

PctrorHVllilyne A2 (2): lul.,:;u -3_2• (c 0.40, MeOHJ; UV 
{MeOH) ,l,.., (log,) 275 (3.82), 291 (3.64) nrn; JR (KBr) , •• ,,,. 
3400 (br), 2925, 2860, 2180, 1630, UU0, 1370, I 160, lOiJ0 cm 1; 
1H NMn (CD.,0D) 0 6.45 (lH, d, J.,, 6.8 Hz, 11·1), 5.82 (IH, 
dt, J = 10.7, 7.6 Hz, H-6), 5.56 UH, Uni, J = 10.7 Hz, H-5), 
-t..62 llH, dd,J = 6.8, 2.5 H:r., H-2), 3.99 (11-1, dd, J ~ 10.7, 4.9 
Hz, H-l'J, 3.91 OH, dd, J"' 10.7, 6.4 H:r., H·l'J, 3.81 OH, m, 
H-2'), 3.61 {lH, dd, J = 11.2, 6.-t. Hz, H-3'), 3.55 (lH, dd, J = 
11.2, 5.9 Hz, H-3'), 2.30 (2H, ddt, J,.. 1.6, 1.5, 7.3 Hz, H-71, 
1.52 ClH, m, H•lll, 1.37 (21-1, m, H-8), 1.33 (2H, m, 11-9), l.20 
(2H, m, H•l0l, 0.88 (6H, d,J = 6.<I H:r., H-12, -13); 1·1C NMH, 
1cc Tobie I; HMBC corrclolion1 H·l/C·2, C-3, C·l'; H-2/C-4; 
H-1/C-S, C-6, c.s; H-12113)/C-10, C-11, C-13{12); H-l'/C-1, C-2', 
C-3'; H-2'/C-3'; H-3'/C-J', C·2'; mmJMS [Ml· 111/z 266.1879 
(calcd CIGHo;OJ 266.1882). 

Pctrorospailyne A3 {3): 1Cll1'1u +2.G" (C' 0.05, MeOH); UV 
(MeOH) .l,. .. (loi:: d 276 (3.92), 290 (3.74) 11m; 1H (Kllr) ,.,., .. 
3400 (br), 2960, 2925, 2855, 2180, 1630, 1460, 1375, 1270, 
1090, 1050 c111· 1; 111 NMH (CD.,OJ)J ,16,<15 (Ill, d,J = 6.4 111., 
H-1), 5.82 tlll, dl,J = 10.8, 7.J lb, IJ.GJ, r,_r,c; (111, lir d, J = 
10.8 Hz, 11-5), 4.fil (Ill, dd, J = 6.4, 2.4 !fa, ll-2J, 3.99 (Ill, 
dd, J = 11.2, 4.9 Hz, 11-l'l, 3.!ll (UI, dd, J = 11.2, 5.9 llz, 
H-1'), 3.81 (IH, m, 11·2'), 3.61 {IH, dd, J = 11.2, 5.• Hz, H-:n, 
3.5J (IH, dd, J = 11.2, 5.4 llz, 11-3'), 2.30 (211, ddt, J = 7.:l, 
1.5, 7.3 Hz, H-7), 1.41 (2H, 111, H-81, 1.36 (211, m, H-13), l.JJ 
(lH, m, H-11), 1.31 (5H, m, H-9, -10, -12), 1.12(IH, m, H·lll, 
0.87 {3H, t, J = 7.3 Hz, H-14), 0.86 t3H, d, J = 6.8 Hz, H-15); 
,ac NMH, sec T:ible I; HMIJC correlations H-l/C·2, C-3; H-2/ 
C-1, C-4; H-5/C-3, C-6, C-7; 11·6/C-4, C-5, C-7; 11•7/C-5, c.c;, 
C-8; Il-WC-12, c.J:J; 11-Hi/C.JI, C-12, C.::•l:J; 11-1'/C·l, C·2', 
C-3'; 11-2'/C•I', C-3'; 11-:J'IC- I', C-2'; IIIWAIIMS IM+Nal · 111/z 
317.2096 (cnlcd c,.H11,0.,Nn 317.209:J). 

Pctror11sp11ilyne HI (4): 1(11:tr.u +0.5' (,· 0.21, McOl lJ; UV 
{MeOll) 1, •. ,. \log,) 2:n {:1.57) nm; lH lKHr) "'""' 34UO O,r), 
2930, 2860, 16:Jr,, 1460, 1375, 1280, 1160, 1090 cm·•; 111 NM It 
(CD.,OD)b 6.36(IH, d, J = 6.8 Hz, H-1), 4.-44 (lH, dt, J = 6.8, 
2.2 Hz, H-2), 3.96 (Ill, dd,J"' 10.7, <1.9 H1., H•l'), 3.IH {Ill, 
dd, J = IO 7, 5.9 Hz, II• I'), :J.80 (I] 1, rn, H-2'). 3,61 ( 111, dd, J 
= 11.2, 6.4 Hz, 11-:J'), !1.55 (Ill, dd, J = 11.2, 5.4 Jl1., 11.:n, 
2.29 (2H, dl, J = 2 2, 7.0 Hi, H•5), 1.51 (211, quiu, J = 7.0 11,., 
H-6>, 1.4'1.Cm, m, u.1), 1.:n urn, m, 11-s, -!), -io, -1\l, o.\)\) 
{3H, t, J = 6.8 !fa, ll-12); '"C NMH, 5cc 'l':iblc I; JIMBO 
correlations H-l/C-2, C-3, C-1'; 11-2/C-i, C-4; 11-5/C-I, C-2, C-3, 
C-4, C-6(7); H·G/C•-4, C-5; H-12/C·IO, C-11; H-1'/C• l, C·2', C-3'; 
H-2'/C-I', C-3'; 11-:l'/C-1', C-2'; llltFAIIMS [M + N:,J· mlz 
277.1794 (calcd C15li~,,OlN:1 277.17110). 

Pctroros11ailyne 82 [5): lr;tF5u +5.5° (c 0.05, MeOH); UV 
(McOH) J..,,,. {\ug , ) ins (3.51) nm; m (KUr) v, ..... 3400 lbr), 
2930, 2860, 1635, 1460, 1400, l 160, 1090 cm '; 'll NMH (CD,
OD) ,\ 6.:J5 OH, d, ,J = 6.4 llz, ll•ll, 4.•4 (Ill, dt, J = 6..1, 2.4 
H1., ff.2), 3.96 OH. dd,J = 10.7, 4.9 lh, ii-I'), 3.117 !lH, dd, J 
= 10 7, 5.9 Hz, H•l'J, 3.81 OH, m, H-2'), 3.61 (ill, dd, J = 
11.2, 5.4 Hz, H·3'J, 3.55 OH, dd,J = 11.2, 5.9 llz, H-:J'), 2.29 
(2H, dt, J = 2.4, 6.8 Hz, 11-5), 1.51 (211, quin., J"" 6.8 tlz, 
li-6), l.'\0(:.1.\l, m, 11-1), \.:J2 IC.II, 111, 11-H, .~), .H\, ·\\), \ 14 
(Ill, m, 11-9), 0.88 (:JJI, t, J = 7.:J llz, 11-12), 0.1!7 (:Ill, d, ,J =-
6 8 111., 11-13); 1·'C NMR, see Tuhle J; I IMBC corcclalions 11-1/ 
C-2, C-:J; H-5/C·l, C-2, C-3, C-4; H-li/C-4, C-5; l l-12/C-IO, C-1 I; 
JI.J3JC-9, C-10, C-ll; H•l'/C,l, C-2', C·3'; H-3'/C.J', C-2'; 
HlffABMS IM + N.il' m/z 291.19·12 (c,1kd C11,lbO.,N:1 
Wl.1936). 

-367-



0 Jwnu,l of Natural Prnducts 

Pclror,upuilync D3 (OJ; la)'~v +3, 7" (r 0.30, McOH), UV 
(McOHl ).,. .. (log,) 238 (3.57) nm; 1H {Kllr) , .• ,. 3400 (br), 
2930, 2860, 2200 {wenkl, 1635, 1-460, 1323, UGO, 1090, 1050 
cm ': 111 NMlt (Cll.O1)) .~ o,:u; (1 It, ,l •• , ,.., (i.,\ 111., 11-ll, '1.H 
(lJJ, <.J~, J - 6.4, t.4 Hz, ll-tJ, 3.1)1 OJI, dd, J = 10. 1, ,j_!J Hz, 
H-1'}, 3.88UH, dd, J= 10.7, 5.9 H1., H·l'l. 3.81 OH, m, H-2'), 
3.G2 Oil, dd, Jc 11.2, 6.1 llz, 11-:n, :J.5G (Ill, dd, J = 11.2, 
fi -1 I [1,, 11-3'), 2.:rn (211, dL, ,/ = 2.0, (Ul 111., 11-fil, 1./i=! ( 111, m. 
11-11), Uil cm, rn, H-GJ, L:J:l (Gil, m, 11-7. •ti, -9), l.:l0 (211, 
dL, J = 1.8, 7.8 Hz, H-lOJ, 0.89 (6H, d, J = 6 8 Hz, H-12, -13); 
1•C NMR, see Table I; HMBC correlations H-l/C-2, C-3, C-1'; 
H-2/C-l, C-4; H-5/C-3, C-4, C-617/; H-6/C-S, C-1(8), H-ll/C· 
12(13); H-12(13J/C-10, C-11; H-l'/C-2', C-3'; H-2'/C-l', C-3': 
H-3'/C-l', C-2'; HRFABMS IM + Na]• mh 291.1950 {calcd 
C,r,Hi.OaNn 291.1936). 

Pctrynol (7): lall~u + 15.3° (c 0.08, CHCh); m Uillr) v,.., .. 
3350 \hr), 2925, 2870, 1740, 1620, 1440, 1205, 1010 cm- 1; 1H 
NMR (CDCb) 0 5.88 (lH, dt, J = Hi.l, 6.6 Hz, H-5), 5.59 (IH, 
dd,J = lS.l, 6.I Hi:, H-4), 4.8:::(IH, m, H-:J), :J.65(3H,s, OMc), 
2.54,..tlH, d, J = 2.0 Hi, H-ll, 2.29 (2H, t, J = 7.6 Hz, H-lll, 
2.05 (2H, dt, J = 6.8, 6.8 Hz, H-6), 1.84 (ll-1, hrs, OH), 1.59 
(2H, m, H-10), 1.39 (2H, tt, J = 7.3, 6.8 Hi, H-7), 1.30 {4H, m, 
H-8, H-9); 1JC NMR(CDCb)O 174.2 (C, C-12), 134.3{CH, C-51, 
128.5 (CH, C-4), 83.3 (C. C-2), 74.0 (CH, C-1), 62.6 (CH, C-3), 
51.5 (CH;, OMe), 34.1 CCH2, C-lll, 31.8 (CH,. C-6), 28.9 (CHi, 
C-8/, 28.7 (CHz, C-9), 28.5(CHi, C-7), 2,j,9{CH,, C-10); HMHC 
eorrclutions H-VC-3; H-3/C-l, C-2, C-4, C-5; 11-4/C-2, C-3, C-6; 
H-5/C-3, C-6, C-7; H-6/C-4, C-5, C-7; H-ll/C-9, C-10, C-12; 
OMc/C-12, HRCIMS [M + NH•I• mlz 242.1762 (cakd C1aHJ,
NOJ 242 I 756). 

JlydrC>l,!enation of l. 'fo a stirred solution of 4.8 mg of l 
in l mL of dry MeOH, 4 m, of 10% paladium charcoal were 
tiddcd. 'l'he mixture w.11s stirred und.-r n Hi ntmospl1rrc for 
15 h at room tcmperalt,re. After removing the cataly~t by 
filtration through a !,!lass lilter, cvapornlio11 under vacuum 
gave -1.6 mg or pure 8 111 a colodoss oil; lo.1,:;u -0.6' (r 0.09, 
McOIU; 'H NMR (COJOO) ,} 3.73 (IH, m, IC-2'J, 3.57 (Ill, dd, 
J = ll.2, 4.9 Hz, H-3'), 3.50 UH, d<l, J = H 2, 5.9 Hi, H-3'J, 
3.47 UH, dd, J"" 10.0, 4.9 Hz, 11-1'), 3.45 (2H, t, J = G.4 Hz, 
H-lJ, HO DH, dd, J-= 10.0, 61 Hz, H-1'), 1.56 (2H, m, H-2J, 
1.33 (2H, m, H-3), 1.28 (16H, m), 0,89 (3H, t,J = 6.8 l-lz, H-121, 
lJC NMR (CDaODJ 6 73.2 (CH1, C-1'), 72.6 (CH1, C-1), 72.3 
{CH, C-2'), 64.6 (CH2, C-3'), 33.1 {CH2, C-10), 30.8 (CHJ x 2l, 
30.7 (CH2 x 3), 30.6 (CHl), 30.5 (CH,), 27.2 (CH~, C-2), 23.8 
(CH1 , C-11), 14.5 (CHJ, C-12); HREIMS IM!• mlz 260.2356 
(cnlcd C1~H.uOa 260.2351). 

AcctyJnLion of 8. 'l'o a stirred svluLion of 3.5 mg ofB in 0.3 
mL of dry pyridine, 0.2 mL of Ac,O were added. Afitr slirring 
lhe mixLure for 3 h at room tempcraLur11, lite solvent un<l 
excess reactant were removed by blowinl,! with Ni, Sepurnlion 
by reveriled-phase HPLC (YMC ODS column, MeCN} ,ave 2 7 
mi;:- of pure 9 as a colorless solid; mp 45-47"; lnl'lliu -11.6" (c 
0.16, MeOH); 1H NMR (CO~QD) 0 5.Ui (lH, m, H-2'), 4.320H, 
dd, J = 11.8, 3.B H:i, H-3'), 4.12 OH, dd, J = 11 6, 6.8 Ht, 
H-3'), 3 57 {IH, dd, J = 10.7, 5.9 Hz, H-1'), 3.54 UH, d<l,J"' 
10.7, 4.9 Hz, H-1'), 3.47 {lH, dl, J = 9.5, 6.G Hz, H-ll, 3.43 
{lH, dt, J = 9.5, 6.6 H.t, H-ll, 2.04 {3H, s, OAcl, 2.03 (3H, 11, 
OAc), 156 (2H, m, H-2), 1.33 (2H, m, H-3), 1.26(16li, 111), 0.89 
(3H. t, J = 7.1 Hi, 11-12). 

Synthesis of (S)-1,2-DiDcetoxy-3-dodecy Ioxypropane-
1,2-diol (9). To a stirred solutiM of 116 m~ of m).(-)-2,2-
dimethyl-1,3-dioxolane•4-methanol in 10 mL or DMF was 
added 23 ml,! or NnH Aftcr re!lu1tmg the n1i1tlure for l h, 0.3 
mL ofbromo<lo<lccane wag added by syringe. 'l'hc mixture wab 
refluxed for 3 h, and the goJvent remov.-d under vacuum and 
the residue partitioned between EL,0 and ll,O. The ether lnycr 
was dried, and the residue was redissolved in 30 mL or'l'Hl•'. 
On the ~dd;!fon of 5 mL of 10% HCJ, !he mfalllre was stirred 
ovcmighL nt room temperature After removing the :.olvent 
under vacuum, separation by i.i\icn column chromaloi;::raphy 
(1 x 17 cm, 50% EtOAc in hexane) G"UVC pure (S)-3-dodecy
loxyprop:me-l,2-dio! (8): [oP".11> -0.1• (c l.l, MeOH). At'elyl.i
tion of this co1npvun<l was performed by usin.l,l the same 
method,,~ for 6. 1"10111 21.0 mg uf(.S),3-<lo<lccyloxyprupan~ 
1,2-diol wmi ubtriillcd 17.2 mg uf (S}-l,2-di,1cc\.0X.)1•3-<l11<lcc_v-

6,·o el c,1 

lo~yprupane-1,2-<liol (ti) The 1H NMR <lulu of this con1poun<l 
were i<lenlico.l with those of 9: lal,ir,1, -9.6" (c 1.15, l\.foQH) 

(S)-MTPA Ester or 7. 'l'o ll stirrnl ~nl11Li011 or 1.7 1n1: of7 
in ll.:S 1111, ul dry 1,y1i,li111, wu.~ ml<l,,,1 :m pt, of ( l,MTl'A 
c/iiuri,fo. Alter i;tirrmg ~he mixture u11,!l-r N, 11( /'\JU/U tcmpc, 
aLure for 1 h, the .•ulvcn~ wn~ 1emov,•<l l1y hlow;uJ: wilh N, 
The residue w;1~ rcdis.w\vctl in 2 1111. or :JO'k l•:tOAc-l1t•xa11~ 
nud fihn,·<I tl,rnu1:h u X,·p-l'ul, Nilwn ,,,,]uUIH /\Ito·, to·,11ovi101: 
ll,c ~ulvc11l um!cr vncmm1, LIil• ,e.~idue wa~ ,,cparnl,cl l,y 
reversed-phai;c Hl'LC {YMC OlJS column, 100% McCN) lo 
yield 1.1 mg of7S 1u a colorless gum: 1H NMR(ClJCl,1l O 7.54 
(2H, m, Ar), 7.43-7.41 (3H, m, Ar), 607 /lH, d<ll, J so 15,l, 
l 0, 6.8 Hz, H-5), 6.01 (lH, hr dd, J = 6.8, 2.0 Hz, H·:J), b.6CI 
OH, <l<lt, J"' 15.l, G.8, 1.5, H-4), 3.66 C:111. b, OMe), !I ti6 Clll, 
s, OMd, Vi!l ( 111, d, J a. 2.0 111., II I), :::.:JO \211, t, ,J "' 7.:J ll,, 
H-lll, 2.09 (211, ddt,J = 6.8, l.f.i, 7.3 Iii, 11-6), 1.61 (211, quin, 
J"' 7.3 Hz, H-10), 1.40 (2!1, quin, J-=: 7.3 Hz, H-7), 1 3 I- 1.29 
(4H, m, H-8, -9); HUFAllMS IM -t N:I]• mlz 463 1731 (c(,lccl 
C;1JH11!-J~Nu 463.11()8/. 

(R).l\lTPA Ester of 7. Prepared as described for 7S. From 
1.1 m, of7 and 20 mLof(+).MTPA chloride was obtained O 9 
mg of7R as a colorless gum: 1H NMR (CDCIJ) /J 7.54 (2H, m, 
Ar), 7.-44-7.38 (3H, m, Ar), 6.03 UH, hr d, J cc 6.6 Hz, H·3l, 
6 00 (lH, ddL, J = 15.1, 1.0, 6.8 Hz, H-5), 5.50 (Iii, d<lL, J "' 
15.1, 6.8, 1.5 Hi, H-4), 3.66 (3H, ~. OMc), !1.59 C:lll. s, OMd, 
2.63 OH, cl, J = 2.0 Hz, H-J), 2.:JO (211, t, J == 7.3 Hz, /1-11 I, 
2.o;; (211, ddL, J = 6.8, 1.5, 7.3 Hz, H-6), 1.60 (2H, quin, J = 
7.3 Hi, H-10), 1.37 (2H, quin, J = 7.3 llr., H-7), 1.29 (4H, 111, 

H•8, -9); 6. (,)7S - ,}7m H-1, -20.5 Hz; Jl-3, -8.8 Hz: H--1, +5:l 7 
Hz; H-5, +32.3 Hz; H-6, +19.Slh; H-7, -t 16.l Hz; H-10, -c2 9 
Hz: H-11, +1.5 Hz. 

Cytotoiticity Assay.rl The humau Jeuke111in cell (K-562) 
was cultivated in u medium (lU'MI 1640 im:h,di11g W'i/, FJJS 
and 20 J'i:/mL of k,m:unycinl ul 37 •c uu<ler 5% COj alm,1-
sphcrc. 'J'hc cells were harvc1;Led by c11nLrifui::atiun nt lGOO rpm 
for 5 uun and wa.,h(!d wiLh l'IJS bu!for Lo remove the nw<li11111 
U~ini,:: u hcnux:ylomelcr under un invorlc<l mictuscope, lhe ccll,
were counkd nnd suspended (2 x 10' cl'll"1111L) m a ucw 
medium of the sumc cum;lilutcnts. The newly suspended ,·ells 
were didributed in!o .:i 96-well microplalc IO. l mL each), and 
samples dissolved in DMSO (series of sequential len-fold 
dilution, 0,1 mL each) were added. The suspensions were 
incubated al 37 •c under 5% COJ for 5 days. On the n<l<liLi,,n 
ofM'l"l' solutivn (1.1 mg/ml, of stock ~olutlon, 50 ;1L each), the 
s1.1spensions wurc incubated for 4 h under the same condiliun. 
Aller rcmovini;:: the ~upcmalanl wilh 11ucroplalc w:1~licr, 0 lf.i 
mL u( VMSO wus add,,d lo dissolve fo, mmmu. 'J')l(.' ubsvib.,z"c· 
wa~ mcas1.ued ul 540 nm with a 1nicrnp!ate reader CUio-lt.icl 
Model 3550) and IC,.,, value was cakulaLc<l. 
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