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SUMMARY

I . Titde

A study on the Isolation of Novel Natural Products from the Benthic

Colonial Organisms of the Korean Waters

II. Objectives and Significance

Marine natural products chemistry is among the fastest developing fields of
sciences. Despite its relatively short history, structures of more than 5500 novel
secondary metabolites have been determined, and marine natural products
chemistry has greatly contributed to the progress of many related fields
including medicinal sciences, chemistry and biology by providing essential

informations and research means.

Acknowledging the great potential in this field, leading countries have put
tremendous efforts and have found numerous biologically active and
structurally unique compounds culminating in more than 40 patents. Some lead
compounds are expected to appear in the market in near future. However,

chemical investigation of marine organisms has never been seriously pursued



scientists. Considering the tremendous academic and industrial potentials of
marine natural products and international competition for valuable substances,

research in this field is a matter of urgency.

As the first systematic approach to natural products of Korean water marine
organisms, the ultimate objectives of this research are the isolation, structure
determination, and bioactivity testing of novel secondary metabolites from
benthic colonial organisms. To achieve these goals, research strategy,
experimental techniques, and data interpretation skills will be developed to the
level of leading research groups in this field. This will serve as foundation for

comprehensive long-term researches.
[Il. Contents and Scope

1. Previous results on natural products of benthic colonial animals were
collected and systematically analyzed.

2. Benthic animals were collected from various sites of domestic waters and
were‘ taxonomically classified. Target organisms were selected by combination of
literature survey, bioactivity tests and chemical analysis of organic crude

extracts. Selected animals were collected in large scale.



3. Organic materials were extracted with various solvents. Secondary
metabolites were isolated by utilizing various chromatographic techniques guided
by bioactivity tests and chemical analysis. .

4. Structures of secondary metabolites were determined by combined
chemical and spectroscopic methods including modern 2-D NMR experiments.

5. Structurally determined natural products were tested for bioactivities such

as brine shrimp toxicity, cytotoxicity, antiviral and antiinflammatory .activities.

IV. Results and Suggestions

1. Data of over 1800 metabolites of sponges, coelenterates, and tunicates
were collected and organized. These might cover, if not all, most of compounds
identified prior to '90. Database was made on the basis of biological classification
and bioactivity. Based upon frequency of isolation, structural uniqueness and
bioactivity, over 600 representative metabolites were selected and analyzed for
isolation methods, structural characteristics, bioactivities, total synthetic methods,
biosyntheses, and biomedical potentials. In addition, chemically investigated
genera and species were biologically classified. This would be useful in

predicting the structural types and biogenetic origins of new natural products.



would be useful in predicting the structural types and biogenetic origins of new
natural products.

2. More than 260 Kg of benthic colonial animals were collected from four
expeditions to the South Sea. Classification of 21 coelenterates and 43 sponges
has been performed by taxonomists. Based cn the results of brine shrimp
toxicity, P388 antileukemic, and antiviral activity tests, TLC and proton NMR
measurements of the crude organic extracts, 4 species of coelenterates and 2
species of sponges were selected for chemical investigation .

3. Two diterpenoids of the xenicane class were isolated from the gorgonian
Acalycigorgia inermis. Structures of these compounds were determined as
acalycixeniolide B and its derivative by NMR analysis and literature survey.
Four novel ceramides were isolated from the gorgonian Acabaria undulata.
Structures of these new sphingolipids were determined by combination of
spectral analysis and chemical synthesis. In addition, two novel polyhydroxy
steroids were isolated from the same animal.

4. Seven steroids including five novel compounds were isolated from the
soft coral Alcyonium gracillimum. Structures of these compound were
determined as a steroidal ketal of the furospirostan class, two hemiketals of the
related furostan class, a steroidal enol-ether, a steroidal ketone, and two

pregnanes. The hemiketals exhibited both cytotoxicity and antiviral activity. In

) -~10 -



addition, nine novel metabolites were isolated from the hydroid Solanderia
secunda. Structures of these compounds were determined as cyclopropane-
containing C,, fatty acid latones.

5. A highly cytotoxic macrolide was isolated from the sponges Pachastrella sp.
and Jaspis sp. The structure of this compound was determined by NMR analysis
as pectenotoxin II, a potent DSP(diarrhetic shellfish poisoning) toxin of
dinoflagellate origin. Bioactivity tests revealed that this compound possesses
unusually potent cytotoxicity and antiviral activity. To evaluate the
pharmaceutical potential of this compound, in vivo bioactivity is currently under
investigation. Psammaplin A, a dimeric alkaloids of the bromotyrosine class
was isolated from the same sponges. This compound exhibited brine shrimp
toxicity and cytotoxicity. In addition, an unusual base was isolated from the
same sponge mixture. The structure of this compound was determined as 2',3'-
didehydro-2'3'-dideoxyuridine by spectroscopic methods.

6. In total, 27 compounds of 7 structural types were isolated from 6 benthic
colonial animals of the Korean waters. Structures of these compounds were
determined by combination of database analysis, spectroscopic techniques and
chemical methods. Literature survey revealed that many of these metabolites
have been never reported from marine organisms. Bioactivity test showed that

several of these compound possess brine shrimp toxicity, cytotoxicity and



Marine natural products chemistry is among the fields of sciences with great
academic and industrial potentials. However, chemistry of Korean water marine
organisms has never been systematically investigated. The results of this study
clearly demonstrated domestic marine organisms possessing the potential to be
prolific sources of both biologically active and structurally unique compounds. In
conclusion, this study will serve as a basis of further comprehensive investigation

of marine natural products.
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Table 2-1. List of coelentrates collected from Korean Waters

# animal collection coliection name

site date
91-12 gorgonian Seoguipo 9171 Calicogorgia granulosa
(=92J-15) gorgonian Seoguipo 92/11
91-14 gorgonian Seoguipo 91/1 Anthoplexaura dimorpha
91-15 gorgonian Seoguipo 91/1 Plexauroides rigida
(=92J-27) gorgonian Seoguipo 92/11
91-21 gorgonian Seoguipo 91/1 Euplexaura erecta
91K-1 gorgonian Geomundo 91/11 Euplexaura anastomosans
91K-2 gorgonian Geomundo 91/11 Acabaria undulata
91K-3 gorgonian Geomundo 91/11 Acabaria bicolor
91K-4 gorgonian Geomundo 91/11 Acalycigorgia inermis
91K-6 gorgonian ‘Geomundo 91/11 Euplexaura erecta
91K-7 gorgonian Geomundo 91/11 Acanthogorgia japonica
92J-14 gorgonian Seoguipo 92/11 Eupleaura crassa
92J-16 gorgonian Seoguipo 92/11
92J-17 gorgonian Seoguipo 92/11
92J-19 gorgonian Seoguipo 92/11 Bebryce thomsani
92J-20 gorgonian Seoguipo 92/11 Acalycigorgia irregularis
92J-33 gorgonian Seoguipo 92/11 Acalycigorgia radians
92J-43 gorgonian Seoguipo 92/11 Verrucella stellata
92J-1 soft coral Seoguipo 92/11 Dendronephthya palaoensis
92J-30 soft coral Seoguipo 92/11 Alcyonium gracillimum
92J-33 soft coral Seoguipo 92/11 Dendronephthya suensoni
91-16 black coral Seoguipo 91/1 Antipathes japonica

(=horny coral)

91-10 hydrozoan Seoguipo 91/1 Solanderia secunda

Table 2-2. List of sponges collected from Korean Waters
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(=92J-24)
91K-25
91K-26
91K-27
91K-29
91K-31
91K-33
91K-35
91K-36
91K-37
92J-2
92J-3
92J-4
92J-5
92J-7
92J-8
92J-10
92J-11
(=92J-55)
92J-13
92J-25
92J-32
92J-34
92J-35
92J-36
92J-38
92J-40
92J-46
92J-47
92J-52
92J-53
92J-54
92J-57

Seoguipo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
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Ircinia sp.
Stelleta sp.

Jaspis sp.

Phakellia sp.
Callyspongia sp.
Raspailia trachystyla
Erylus sp.

Discodermia calyx
Discodermia sp.
Pachastrella sp.
Hymeniacidon sinapium

Suberites sp.

Chondrilla australe

Discodermia sp.

Esperiopsis sp.

Erylus nobilus

Phakellia elegans




2.3 ABAHE &3

A AQE A7 #E AFANN FEH= APFAEE v 9gs
A AAZ ELHE FHULE 1009 7HA] o] dola v @ A2 FFHY M=2¢ A
84 FAWHol BasgE AAot B AFAAME dAY 1Y 2
5¢& Z¥39 brine shrimp toxicity, DNA-~cleavage, plasma membrane enzyme
assay ¥ A T AR S FYn Y AYUEHEE F9 HE
A7 gFste Aoz ATFFIAFE Afd. ol AHYAETF brine
shrimp®} DNA-cleavage assayt A dAFo=z 84Hx o9 plasma
membrane enzyme assayt @A 71&€EYFo|t}.

E dF0A AFdE AMZA FE A8 2FEFEC dT 4719 BATAE
¢} P388, DNA-binding, antivirals % A7 93iq FHQ AHEAH=E 4+
Aae A 1A dxo ZA43 dFAReER B RaNdAE A7 371A 4Y
g9 99, 49 R ZEAH M T ofls}t 2o st

YA brine shrimp assay® oA YF <) brine shrimp(Artemia salina)&
ARg-ste] MAES] A 54E& &4A AAE 4 U= LF9 in vivo VA
o|th(Meyer et al, 1982). ©o] AMYL FFu 4A AP & glon AP =
of A4 & A@AA 13 AL¥H A4 os ALH Ut RE FEL I
F Fosty 270 vtz Fo| Sy w2 SHEZL AP FEE BFo] AL
9 G EFAE A& T UuE AdAA o] g &85 3.

Brine shrimpe AA2 #3& 334 %4(Michael et al, 1956; Tarpley 1958;
Areekul and Harwood 1960; Grosch 1967), mycotoxin®] %42 A (Brown et al,
1968; Brown, 1969; Harwig et al, 1971 Eppley, 1974; Korpinen, 1974;
Eng-Wilmot and Martin, 1979), 33 2 H&ZZ A (Hood et al, 1960), A I A A
¢ &#%(Robinson et al, 1965), AURZEHF 549 5AZH(Granade et al,
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1976), 22WF FFY *EZF(Richter & Goldstein, 1970), phorbol ester<]
cocarcinogenicity% A (Kinghorn, 1967), #1%¢] SA4Ed9 X457 (Vanhaecke,
19815l AH&-€ <l7F AT

o]% McLaughlin groupel] &3] A& AHEP FEATA AN &4
HES FAsed 14 4gez 4857 s dgAol AFHALH Tt

As= in vitro cell culture assay®Z &3] o]§HE= 9KB, 9PS

m

EHE
cytotoxicity = % ARAE Bole Ao Yelgth(Meyer et al, 1982). ¥
g ole} gal2etulAs 2N 7 FAUEH receptord] HE AFHE
o] #&5 A g Mol brine shrimp A7t HAge] At FALE receptord
HNa QE E2¥ in vivo systemeZ B FE= 30 ol (personal
communication).

o] oz HAEY oW AT F2E-F Bl £ UAT dHFA o
e 474 w498 4 .29 mechanism-based bicassay®] @& R&¥ 4 U0
AAHez HFAE AT oM A AL F e ARe FHAE
47} 9129 =4 mechanism-based bicassayTo.& 13 A& AAE F$ o
gle] e E FLridd ¥ TAHAEAES EF ¥ 97 A+ Aon. ]
o] H])3 brine shrimp assays Z& in vivo systemollA] AytEQl EZAEE F3
oz oW FgrjHos F4& YEHE BF AEY 71 U

o] AMMEe YFEAZEY brine shrimp?] 4¢& FIAA 48ARF #FF
(naupli)< 39419} Z7) & ¥ XE(eg. 10, 100, 1000 ppm)2] A& FYst] 24
AZHE e QEARE 54 5A4S B4tk FAMHE A3 FHe F=d 109
ZHe 5L AHEEH olF 39 wEstd AP AL LCx(B0 % lethal
concentration at which 50 % of brine shrimp die)2 YE B crude extractell A
LCso7} 1000 ppm o]8lo]®d folAde] e o2 253} Brine shimpe] &< 4
A 78 4 glen ARE oA ¥F Ee YFERATE & d ¢ BEYE F



9137_ de HFAA AHAE RIAAE 4AAT FA FEn.

Brine shrimp assay$} 9KB, 9PS cytotoxicityZtell & 4% 4@ Aol =R
2 Yeh} = 2 (Fisher-Irwin test p=0.036 kappa=056) ¥A4&F 49 AdA 2
gyoz oY 4% YL Zo|tt Brine shrimpe] ¥ A& FH 3 HFA
o2 £4% 23¢ ¥sIiv Fu FIsdx 54 FYFEe B F fv
mechanism-based bioassay& A PA|AF &}

2 a7 ¢ste] $45%E mechanism-based bioassay= DNA-cleavage
assay7} 9lth o] HHH& ¢HA¥] DNAE &AANA DNARAS JAdeE2R 7
ZHoz YAR F4L Asts 84& Zohir iod. A FFAE A
£53 9= bleomycin®] °l# & FE&7|AE 71 dEAQA EZo|Y epicatechin,
procyanidin Bs, 5-alk(en)yl resorcinols%-ol ©] Aoz dH® £AE°IYH. °
A4l A= supercoiled DNA($X 174 form I DNA)SH AAABE A 4] o
ANz WYF supercoiled DNAS] @AY HPF27F 7oA form I(EE form
Iz W FIEE A3 GFgE Bt form % form UE agarose M7
E4 o3 B Sz 44 238 95 4 3ok o FAYLE AFHE W)
74A] 8 ~ 10212 ¥l dER gon Alge AFFE 1 mgoldt oJER AAES
A4 A olF AFdtta & + & Aoln.

Brine shrimp$} DNA-cleavage assay ©|9]¢] @A  d7dd 93t =9
AXNFQ AYBAHAEE HI2d MEFY in viro FEEF AP duEA
plasma membraned] EA&E AFHA HA2AE ol &3 WHol Uk o] L
AE Adstd ¥ AFo] A5 (Brightman et al, 1992) AAZ sulfonyl
ureaA) %, adriamycin adduct$-©] ©] system®& GAstd FUEAE Vel R
2 <2iA JtH(personal communication). ©] FAYL ot WPFAE Sy AETY
(cell membrane)ol] Y& EHe FALae FEE A HE2 FE°] AXUE F
FHE A4 golE AE upgdA Axrd EAste A HEE AEFTH



& gAY ety FEo] AFUER FF € "YUt gleER ez we
355 FEE S & dov 2 A V& LAY EAHY F-F8]
HE Agd §38 221 + e 7ddn.

o] AW plasma membraned] &3t reductase?t oxidased| 4
7tz &A%t AR AYUEAE & 4 Aok ANEELS $A4 F(rat)d AN
plasma membraneS #8389 redox enzyme fractiond +=vh. plasma
membrane(reductase)® NADH, Coenzyme Q% ZAHEZ & §7 Tris HCI buffer
o %ol 37 ColA WA plasma membraned] Sl reductase®) 4 W3HE
ztz} 58, 108%F0] 243t} reductase] EAWSE Coenzyme Qoo FHAEAEE
#2sted ¢ F Aok Coenzyme Qo8] FAAZE UV 410 nmE o] &3t 53
T U

2. 4. THATHZ Asg AA

ARE AMEA FE ANBY ¢ H7IEFEEA WF¥ thin layer
chromatographic analysis, 2| &3% 4 59 AHE THsHA Az 2 F
9 éorgonians, 1%9] soft coral, 1%9 hydrozoan® 2%9] spongesE FHATFU
A AEz HAsYt. BA gorgonian Acalycigorgia inermis(A 2 E 91K-4)&
AAE A8 %ol 5 kgojAola P388 cell-lined] & AMEHHE(ECo 109 u
g/ml)¢} brine shrimpd wWH§ SAUCxn 127ppm)el $-43t%th.  Gorgonian
Acabaria undulata(N 2W 3 91K-2) FF % AHEHY=(P38 257 pg/ml,
brine shrimp LCso 296 ppm)€ YEMiUS. AF= ol dg EEs= soft
coral Alcyonium gracillimum 9A] P388 AESA=(ECs 224 ug/ml)7} 431
BFXA 43 & 9 A 4ol Rug d7t JoH AT dder A
A3



AAE 24 gFez APAG kg ©l4) hydrozoan Solanderia secunda
(NBHE 91-100¢ AYTHEE HAAUA goy 394 hydrozoand] W &
7+ des vesins Juioz AEFAE dAY st & A2 434H
YA A7) EFHUTG. A ABFAMNE AEEANN AFE Reniera
sp.(91K-10)3} Pachastrella sp.(91K-19)°] dxt& oz AARAHAEH 2 olf+= &
1y Az go] 5 kgol4doln brine shrimpol] ¥t toxicity ¥4 27t g4
7] @&t (g7} Leso 129 61 ppm).

4719 A F9 A dF FAEY Eeo F2FAAAYGl guHULT
2 d3E A 3 - 634 24=HAG.

2.5 234y

2.5.1. 7171 R A<

NMRZ4L Varian Unity-500& ©]8& %}t Proton NMR-S S500MHzel A
carbon NMR& 125MHz) A %33 tl. Chemical shifts internal standards$l
TMS(tetramethyl silane)t} CDCls, MeOH-ds, benzene-ds, acetone-ds & ©]-83}
o 2333t BE NMRA YL VaranAllAq 338 Vnmr softwareE o] €313
o] Ztzte] Ao o]g¥ pulse width, transmitter power, delay ¥ evolution
timeE< 71 &A3¥Y #< ol838%tt. HPLCE Spetra-physics#| 9] Isochrom
isocratic pump$} ternary gradient pumpE R 23t £ APHNA =Y AF
& A9y FL8HELS  injector(Rheodyne 7825)¢F detector(Shodex RI,
Spectra-physics UV) @ Linear 2-pen recorder® TAEHUTH EFA R o] A3
HPLC column® YMC silica semiprep column(l x 25cm), YMC Cis reversed

phase semiprep column(l x 25 cm), Altech econosil semiprep column(l x 25cm)



9 77t¢] guard column cartridge(Aldrich)ol9ith. FT-R% UV £342&
Mattson Galaxy$h Milton-Roy £%718 ol-838te] Q0BT Lew-resolution EI
mass HloJEbs Agstmst tYste A4 223 High-resolution EI CI
% FAB mass H|°|Et: University of California Riverside #414dolA dojxd.
W 33 % (optical rotation)€ JASCO digital polaimeter& ©]&3t9] Aojzot. HAE
9] §A(melting point)2 Fisher-JohnsAte] 717]1& o] &3t ZAH 9t FIER
o 22 2 Eeo] o §8 RE §ush NS GREF S AHE8AY EPFS A
F3le Algst .

ol\

2.5 2 AAEY 2 R &9

SCUBA tolyeoz AFd A8E AFAAM dry ice2 WFAULHA HFEHE
27] AA7A YERACBT)SAT. Ad A8E AN FAT HA s A&
3 gRE FES AAT F VL2 FEIAAT FEUUL HAEY 54
o wil ZFAEEL dichloromethanel. 2 23], methanol® 23] 181 HUAFES
a2 deoz & F&87] st f718vd ARE BbsE AXE Z
7} 2 - 39 Axo|Ut}. Rotavapor$} vacuum pumpE ©] €3t {71 8vE AAT
Z2FZE2L ¥4 329 saltE AASY St E3 n-butanolE EHFHAUT
Butanol%< £ul€ AAF H TLCEAH Ao 93  silicatt Cis
reversed-phase vacuum flash chromatography& 3l$1t}. Flash chromatographyell
Ag"E  gvlE  silica®d) A$E  n-hexane®t EtOAce] ERYS, gm
reversed-phase?] 79 water$t MeOH9| E£gd& F2 o] &3 2FEE9
o] @i TLCA) o#7/19 spotse] YeEbd 7-$-9E flash chromatography & 3t
7)de] n-hexane® 10% aqueous MeOHE o83t E¥&Act Flash

chromatographyel] 93] FAe] uwel 2el®@ Zzte] fractions& 'H NMR
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spectrum3} brine shrimp toxicity test 23}& F%3td AYPA HAEY &9
& HAsdt. AAES EA7t &UE fraction Ao W} silicadt Cis
reversed-phase HPLCE ©] 834 {8 AAES 4384 &3, AA3}AG

HPLCo)) °]&€ ¥ solvent system< silica®l 7991+ n-hexaned® EtOAce &
39, reversed-phase?] 799+ MeOHY CHsCN3 waterd] £ Y-S F=2 o8
&3t



Al 3 %. Gorgonians®] WAL= 3E

3.1 479 W73

ZAEFEL qY AGE A7 oA HAFER A M FoY YE=
B2aerh @A7A 727 A A% HAEFT F B6%7 olg2FH FEHU
=9 ol FAEL BT A AY FAEF AWEFE(F 30%) HEME F
Zulzolt, Y AA7ARNY AFEFE ZAFTEA AAAY 23 dAEZRS
E¥xY 2F71 A8 #FH UL B Frh W9A HAEY £34 dHA
Ay Y ZASERY &£3E 3709 olF(subphyla)d Hydrozoa(hydroids)<t
Scyphozoa(jelly fishes)l A& 23 thAlE A o] tidd] =&4 ¢AH 3 Anthozoaol
F9] AlcyonariaZ(class)dll &3t SEAAT JFHez ¥AHR .

Alcyonaria”& OctacoralliaZzo]l 2t 30 2% 6719 E(order)o2 FAH
o] sltth. o]F el A Alcyonacea(soft corals)$} Stolonifera®& AXx thA G4 &ol
w7 5] 8] Gorgonacea(gorgonians, sea whips and sea fans)$®} Pennatulacea®2 7}
gusoA ©o] WA HAEL AlcyonariaZ A= Alcyonacea$t
GorgonaceaSs F71¢] &d £33l FEZRE IAFHoR FEFEFHAL(90% o)
Zoanthida (zoanthid)&e|A U¥-o] AAEo] LAHUE ¥, olEL AYT Y9A
2 E3| sea anamonesY} hard corals5 o2 HEE ©X 2 79 oA HAE
o] 33 =&/ F&INE Eolth(Faulkner, 1984b).

B F3FEol a8dKe| AlcyonariaZte] AEL @ALEE tFER7
&l (29 75%° g3te FATE UAF) LRF HepAEY BHE A XA
o1 o] F ol gorgoniansll Al F71E S5 719 R B BHo2NH H

g stotd A7l AREe NFA A2 BATAR F871E AW FHE

=



AHEEEol EHENLH olF 82T BE 7t AYT AHALAEE YEHUNT
(Coll, 1992).

BREEY FAEL AdA ASE ¥k} Zo] 2 YEF/Y £X7 WFTH
e B oz ES FFHO) e HAEAY FHRE W BFH o
Soft corals, gorgonians, sea pens(Pennatulacea®)?] HIAE L A R Eo]
terpenoids &-& polyprenyl part& 717 mixed biosynthetic productso|t}. ©]|E 9]
terpenoids, &3] diterpenoids® 1 ©4FZo] X323 gUste Fd o LA L
¢ terpenoid chemistry9] 7/ldS ulE AXd ol2g%tl. Terpencids FA =
diterpenoids?t €=3<Q o4& A A& 9 diterpenocidsol A= cembrane FBL 2zt
I e EZol 9G4 (>65%)8 AAg i lrhkreland et al, 1988; Faulkner, 1984b).

HtHo]  zoanthids$t stony coralselA FEE HAELS A9 diREo
alkaloidse]®] ©|&% zoanthid Palythoa spp.olA 3&¥ palytoxinsE 2 T29)
EFER #eE 27 oBE BYHY 5422 F9 38N (Faulkner, 1984b). E&
hydroidsell 4| &= polyketides?t 183 stoloniferdl A= terpencids$} &7 g
prostaglandins7} & 521 t}. Sea anemones| A% HZ amino acidsYt bases®l A
719% EHE0 FEH Ut

A7)§ vie} o] gorgonians®] FAEL 55 729 ZYE A==
TR o] §ou 53 Z ¥ dE W ¢S 2ok 196999 Caribbean
gorgonian  Plexaura homomalla2%-¥ AAUoN oI 4L 713
prostaglandin A%} fr=HE TAF Ao HYAAEY FLALE dd Q4N
AZ17t € AL YF Y fHslth. ot Caribbean gogornian Pseudopterogorgia
elisabethae| 4| %% ¥ diterpene glycosides, pseudopterosins® EJEIE Y E3
o 29A =29 MEFel Ack(Look et al, 1986; Fautin, 1988). th4 ¥ gorgonian?!
Lophogorgia spp./l*] &% cembrane diterpenoid, lophotoxin & A] A7 4] ¥ 9]
acetylcholine receptor®] FZHT9} Altzheimer§e] d7 4 Aoz ol&s5m g



OR?

OR?

pseudoplerosinA:R1 =R?=R%=H
B:R'=Ac,R2=R%=H
C:R'=R®=H,R%=Ac
D:R'=R?=H,R%=Ac

pseudopterosin E

pseudopterosins - antiinﬂammatory. analgesic.
(Pseudopterogorgia elisabethae)

CHO

“10Ac

ow

s
o .

lophotoxin - acetylcholine receptor binder

moritoside - cytotoxic
(Lophogorgia spp.)

(Euplexaura sp.)

fuscoside A fuscoside B

fuscosides - antiinflammatory, selective inhibitor of 5-lipoxygenase
(Eunicea fusca)

Fig.3-1. Potential drugs isolated from gorgonians.
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acetylcholine receptor®] FZAT9} Altzheimer 8] AF4 Aoz o] &5 9]
tH(Culver et al, 1985).0|E o|®lo| X Euplexaura sp.2%H ¥ 783 g4
A moritoside, Eunicea fiscaZ4-El AolZ ZY{ 2PYER fuscosideF ol F3st
™} (Fusetani et al, 1985 Shin & Fenical, 1991)(Fig. 3-1). &3 &£4% HAEL o}
Uy Pseudopterogorgia elisabethae®l ZF&EL 34 EFe 982 ofHn 3l
o

3. 2. Acabaria undulata®) hAFEA

Gorgonians<- horny soft corals8la= H209 3gHgoz:= WA
(Gorgonacea)dll &@4. ¢8 dddMs 74, 5%, AFEFA Y Bl A3
o 3xE BY ARY, FARY, UFESFY FHE oed. HIEH
(gorgonians)E E5°] Ui E ZAA HoA FAE AEY vtk =29 F(soft
corals)} TEET. ¥ AFA HAE 583 EAo] Ax¥ gorgonianst AE
T ZHdA  AF¥Y Aabaria undulata(N BRI 91K-2)$}  Acalycigorgia
inermis(N &9 3. 91K-4) ot o] & AP A5 4F FI/RFEEN G7
TLCE4, P388, antiviral, DNA-binding, brine shrimp toxicitys ¢ A= =
4277t & Asd vlsid &Y.

Gorgonian Acabaria undulata(91K-2)= '91'd 11494 3l AR H29
dAF-E9 M= SHNA SCUBA ©iojd 93tdq A=A A Mz A
BE FFY4olN 2 main bodyel F717F 3 mmeo| &}, FA A7t 20 cm|THe
EA gorgoniansdll A& £Fd 3%t 2 %9 FHFH EHo2AME HPH »=
FA 9] calysesE 23 U= Aol

aEdAM TUFE JIFRAY 3 kg9 A8 E dichloromethanel.Z2 F&3% F
silica vacuum flash chromatography& ©}83}< polarityd] 2§ £ & st}



2129 fractions] ¥ 'H NMREHZ% F13 =9 F4(n-hexane/EtOAc = 55
- 2:8)& ZE fractionsoll A Foldt EAEc] ¥ U AL TASAY o
el AZ Cis reversed phase HPLCZ & 4789 £4(91K-2-1 ~ -4)7} £ HA
o o] £9 FxE ofddA HdHE uis}t Zo] NMR s34 53ukgo o3}
o] sphingosine fr=H 2 A4 = AcH(Fig. 3-2).

Z YAEAQ 91K-2-1¢ 3 AY uA2 Aot o Ede BC NMRZ
25 27709 peaks7t LEIHTHFig. 3-10). 12} upfield peaks7te] intensity 3
7t "¢ AA 2] M9 carbon signalsol overlapEo] $l&ol WY @9
28 wo FHs Bobstry] st C NMR A 8olA delay timeg 10 seco] 4o
2 8 9(T: valued] Aol 2] carbonZte intensity9] *}ol& glel”] $13td) A&
A% A3 7719 carbon signals®] overlap¥ o] 1&< wAsYTh =3 'H NMR
o) % upfield protonsZtell overlapping®] =i 413t1cH(Fig. 3-9).

Proton NMRZ}9 A upfield signals®] overlapping®] vi-$- 4% ROE Ro} o]
32 long chain fatty acidelA 719& Aoz FFHAJY. 53] F/49 upfield
methyl signals® A2 overlapdo] o8 Y methylenes(éd -1.2 ppm)#
‘coupling% e o2 Hol 91K-2-1& 2709 fatty acids7} 2Ed EZYS &
F AU

Proton COSY NMR3 proton decoupling®l ¢34 downfield protons7te] 4
2347 =8gdk(Fig. 3-11). 9A & 6294 YEG proton(lH, brd,J=7.3 Hz)&
D20 exchanged@ol4 AtgtAEH ol protond] downfield chemical shifte} °C
NMRel A 2] 6 1741144 YEld quaternary carbon signale secondary amide$]
£AE 9usgrt. IR spectrumolA 3300 cm's} 1626 cm’ol bt ZE
absorption bandst® ©] #4& XA 3% cHFig. 3-12). Amide protong & 3.909|
methine proton(1H, m)3} coupleS 3l 2.9 ©| methine protone WAl & 4.32(1H

brdd, J=6.8, 4.4), 3.95(1H, brdd, J=11.2, 3.4), 3.69(1H, brdd, 11.2, 3.2)9] 4} protons
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_\J\/\/\/\/\ fooJAufo

EHOO%(CHO) =H : ¥~

2(EHO)HOS(CHD) = H ‘(3) oipAuepip-6'8 - €-

€HO%(2HD) = Y ‘(3'7) oipAyepipesiel-1 1016’8 - ¢~
E4D9(CHD) = H ‘(@) cipAyspip-6'8 - L-2-H16

L-C-M16



7} couple® At C NMR data(d 74.26s, 62.29d) % DEPT @9 @e] o
3t o]lE2 Z}Z} secondary alcohold®} primary alcohold] 3|33+ methine®
methylene protonsZ 3|4 5 At} Proton NMRE DO exchange A &4 & 4.32
3.95, 3.69¢] broad¥ peak’} sharp® double doublet® W A3} IR spectrumol]
A YERE 3400 cm™ signal® o] AFE FQAAA Fot

8 4.329) YEld secondary alcoholic proton< & 5.53¢] olefinic proton® 3%
H 4459 1o o] olefinic proton® AP AAHo A& ¢ 5779 AX
proton 27§19} methylene protons& 7A-#3t9 FE & double bond(d 5.43, 5.36)
9} A= AUk Olefinic protonszte] vicinal coupling constants®] 7443}
(J=154, 154 Hz) °|% % double bondst =¥ E-configuration® ©|Fi &9
wE A o] AL IR spectrum’oll 970 cm ™ol YEMG absorption band$) # A =
AAE =) v gto g §222(2H, t, J=7.6 Hz)ol YElY a-carbonyl methylene
protons & 1.61(2H, quint, J=7.2 Hz)& 7-#3l9 upfield methylene( s -1.2)¢
ZA5o] AU o|ZA 91K-2-1¢] B E downfield protonsd ¢ 3] 34 =)o
o] B8 ¥ FZ¢ proton assignmentst Fig. 3-37 zt}.

ERRAIEF 91K-2-1& HZ A=Y AgdA HAF sea anemone
Paracondylactis indicus2%¥] %89 sphingosinedl8¢ A< N-palmityl-
octadecasphinga-4(E) 8(E)-dienine® Fd3AY /AIE EZA=2Z FSFHUAY
(Chakrabarty et al, 1994). Octadecasphinga-4(E)8(E)-dienined| = C-2¢ C-3 ¥
Y X7} asymmetric carbon centers& ©]F 3L $lv}l. o] centers®] stereochemistry<l)
i3t original paperd|Al AdA ] EAE= EE sphingosine-type amine
alcohols?} D-erythro-configuratione]gt= A3} o] &9 C-2(3 5479 C-3(d
743)9] °C NMR data’7t ¥4¥ N-octadecanoyl- D-erythrosphingosine®] “C
NMR data(® 54.7% 73.1)¢} 2 AXJd= ARl 93iA (25°,3R") & D-enythro

g RuHAY. AT a2y MAE 53] open-chain 739 stereoisomerel A



OH OH

543 vy ST 2.98 2.92
536 5.53 _
R 196 - 21 N2 $ 3,

2.22 ﬁ H

OH OH

R\w o
5.53 390 A 3.95,
2,05 o 39
, 2.22 H
R'/\”/ 6.24
91K-2-4 o

Fig. 3-3. Partial structures and '"H NMR assignments for compounds 91K-2-1 ~ -4,

40



“C NMR data7t A9 $48A d2x 47t wldsy] e o] asymmetric
centers®] stereochemistry& & U W&3A AAY oS =4 A7)88E A
= 3o

91K-2-19] % hydroxy groups® Z#HA|AH 13 E 6-membered ringS A
3l7] $8td PPTS(pyridinium p-toluenesulfonate)& &vulz o]&3l9 22-
dimethoxy acetonest ¥H8-& AAth o] A} AAE cyclic ketal 91K-2-5¢] 'H
NMRe| A C-1 ~ C-39] 4 protonsZte] coupling constants& &7 3t ch(Fig. 3-2,
-14). o] w&l C-2 protonse ketal ring®lA] axial position] X389 (C-1 ~
C-2 = 9.3, 49 Hz) C-3 YA] axial orientation o|F+& ZHol HESHFAHHC-2 -
C-3 = 95 Hz). 23 B2 91K-2-19] sterochemistry 2S'3R' Ro] £ 3tA 2
A5k 221} optical rotation 3¢ FFF A A A At (b
+106°2 R3® wihel $Est £ 91K-2-19] A$oE [ap o] -80°22
do] Aok zdH o dolekg WFEA AFHME 7t BT EZ9
absolute stereochemistry7} €2ld £33 AMZ widsH:s Aoz HAHE + ¥

ot aA ek 28A & 79 original paperdlA AA| G AAA ) EAdE B

rin

*H

sphingosine-type amine alcohols?} D-erythro-configurationgli= AA| XA o]
gt} o] AAE £93 87 st AF7AA o]Fl3 sphingosined] ¥ A7
#& ZABACY AAZ L-erythro-sphingosine®] AJEZ #2]5o] absolute
stereochemistry G Al §Ade] 95t ZAE AHLE FAY 4 AAK. Chebaane
& M. Guyot, 1986; M. Nakagawa et al, 1990). 22|22 AQAd & BE
sphingosine derivatives?} D-erythro-configuration®] gt 713 %8 ZEY S
¢ 4 ot 87t Y7 ceramide(91K-2-1)¢] absolute stereochemistryg& &
o E9siA 93]7] Y8l absolute stereochemistry7} &2 sphingosineS 2
H¥] o] ceramide® AT FHFAAT FPHo=2 oY F e
sphingosine®] A& ol glo FAFY FEAUA 91K-2-48 FA4st] FAF oA



ojr}.

91K-2-19] FxEA4 QlojAH E& EA= o] EZ EAsE FAY long
chain fatty acid$} amide parts Zo]e] ZAAo|t}, o] EAo] Ry nuiel o)
octadecadiened} palmitic acid amide®2 FA5 o] 1=X] oYy ©t& chain length
€ 713 F-Ee2 FA4H et 458 A8 959 mass spectrum &
89t o

Sphingolipids¢] mass spectrum patternd] W@ ATE Z o]Fojx glon A
Zo] 2 fragmentation patternol WE nomenclature7tA = AAFHo] it}
91K-2-19] ¥ mass spectrum datadl 4= m/z 5179141 molecular ion®. 2 oA
A& peak7t BN C0 base peak7} m/z 281014 EAHYL £ BE major
ion°] m/z 298(relative abundance 40%)°lA4 uweElstth(Fig. 3-13). Ceramides®]
fragmentation ion pattern HHHE WEYW o5 Z7 G T patternol] 3G &
t}H(Adams & Ann, 1993)(Fig. 3-4). &= ©|# mass spectrum 54 uo|e} &3}
9} 3l ceramide partql N-acyl group2 palmitic acidl A fei& Rez A=Y
on Y& E 39 long-chain F4& octadeca-4,8-diene.2 A Hr} ojAL
F O BH3A 37 A% enzymed ©] 43ty o] ERE R EAE )

91K-2-1, cholesterol esterase, 50 mM tris-buffer(pH 7.5)& methanold] o]
3 37 TAA R Tt FAFE Fo| hexaneo B FE5 YT} Sl ATZ ey
E AAY Fo F= IHEY 5 % methanolic HCl €94L 718t 142 A= A
of F9 ZtrEME AWAY esterrt YAET. o] M EL Moz HEdo &
E AAR F G 2L GC(Gas chromatography)2 48 %), g8 71
fatty acid methyl ester& standard® ©]€3}9 retention time2 H]ZF A=
methyl palmitate} 5 Y% peak’} major peak GC spectrum’dolld FAF Yt
o] ’39] Ao 938t 91K-2-12 N-palmityl-octadecasphinga- 4(E),8(E)-dienine
olgt= ol B&3A W HAck(Fig. 3-2).
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A BR9 91K-2-27F U =AM AU o 39 HY BC
NMR ¥ IR spectrum® 91K-2-13 ¢ fAlstith(Fig. 3-15 ~ -17). NMR
dataidol oI F ER HolHe WA “C NMRAA 91K-2-1¢ 5749
upfield methylene carbonse] A}#} thAlol downfield®] olefinic regiondl 7§
AM2& carbonse] R FHolul ole] 483t Wirt 'H NMRIAME 2ASY
t}, 28E2 91k-2-2& M71¢) double bonds& 7} sphingatriene o] 33} 3
o

A zo] Uehd double bond?] $1X& ZAA37] 98t proton decoupling 43
& ¥ A3 4709) olefinic protons( & 599, 2H; 559, 1H; 552, 1H)°| *t]i coupling
& &&= &, conjugated double bond®] EAZb WASHNUT. o AHE UV
spectrum®] 226 nmolA UERG Anax(e=7500)¢] M= FHEHUG. Mass
spectrum pattern< 91K-2-13 #Ar8t%l 2.8 m/z 533¢)14 molecular ion peak7t
aAHQY. 222 91K-2-29] F+RE octadecasasphinga-4,8,10-trienine . 2
A 5) 1k (Fig. 3-2, 3-3). Conjugated double bond®] configuration& @733}7] 3}
o] C-7 methylene protons(8 2.16)3% C-12 methylene protons(é 2.04)& 742t
irradiation¥ A3 C-8 proton(§ 5.52)3# C-11 proton(d 5.59)°] doublet® ¥ 3%
o1 coupling constants: 2}2Z} 14.7 Hz9t 142 Hzol ot o] Aol &3t F Jj
9] conjugated double bond= E configurationg& 33 fl& RoE ¥ Hu.
91K-2-13 Hd¢ X JE F/Me asymmetric carbon centers€]
stereochemistry= a-hydroxy protonsZte] coupling constants®] FAd] ¢35t
91K-2-13} 2 erythro-9°] T3 A

E & FAERY 91K-2-30] Y HPLCEAAA AT 91K-2-2
o wlastA 2 o] B3¢ 'HY ®C NMR % IR spectrume 91K-2-13 wj$- #-4}
39 (Fig. 3-18 ~ -20). Ao]HdL 91K-2-1¢] &A= F N9 methyl groups
(C NMR - & 1409 x 25 'H NMR - & 087, 6H)o] o] EZNE A



methy! groups(®*C NMR - & 2270, 22.67, 1414, 'H NMR - & 0.88, 3H, 0.86,
6oz ANFE FHolth F47F methyl groupl 2 NFHUA P7 = =&
methined] 33} peak EF AAE XM AHAUHEC NMR - 5 2797
'H NMR - § 151).

A Zo] BAY branch®] A& NMRaH ) oste] AAS YT} Steroidse] 7
Fol &3 & 4 1= AAY F methyl group® °C NMR chemical shifts7} w4
FAHet A& branching point”} long chain®] terminal¢! A& JYEHE RHo|n H
NMRI X% & 086(6H, d, J=68 Hz)o] YEld % methyl groupso] EU3
methine#} couplingg &Y. 2322 91K-2-3& 91K-2-1¢] hydrocarbon
terminal®] methyl”]7} A8 F=AYo] a2 additional methyl group
A%’44  mechanismO2HE o EFLE olFE K49 long chainsF
octadecasasphingosine®] FEE Aoz FZHAUA(Fig. 3-2, 3-3).

o] A& MA37] Asted At Hg-& AAEHAT. 91K-2-3(2 mg)S
methanol 8 midl *oli 2M 4t 2 mlE 7} ¥ 6412 54 #F35)h o vt
TERES HLo2 H3x ¥31E NaCl €9 Wi hexanel 2 &34, &
&89¢& anhydrous magnesium sulfate® Z&A]7]3 magnesium sulfate® o 7}
e &wlE AA¥ Fol normal phased HPLCE major peakS &) std
methyl palmitate 1 mgS AU} o] EF9 FAHL GCo 93l o]Fo Y. =
o] 39 mass specrtum® ZAF Z3 YA methyl palmitates] L=
molecular ion peak(m/z 270)7} 9o Ao agl=2 5 719 long chainZdl
terminal methyl branch7} &A)&+ chain® octadecasphingadiene2. 2 38 At}

E O F=H4d 91K-2-47F $Y® HPLC A4 ZHU. o 239
'H NMR# “C NMR ¥ IR data 9] 91K-2-13% wj$ §A}stdcHFig. 3-21 ~
-23). NMRAZl Slojx 9 fd@ =ojd& 91K-2-1¢ C-89 olefinic carbonsd}

protonso] P38} signalso] upfield signals® WAFHYots Hoju zemz



91K-2-4= ¢]Al% wu} glo] erythro-octadecasasphinga-4-enineS.2 ZAH AT
(Fig. 3-2, 3-3). Ceramides 91K-2-1 ~ -49] key protonse] ¥ assignments=
Table 3-13 2t

SphingolipidsE 1 %7} wWl$ t¥sti 1ESES braind nerve tissuedl
ggoz &AYY. Long-chain acyl CoAst olwxAl serined S¥E
dihydrosphingosines®] flavoproteinol] ¢8| #st=lo] A4¥ E2<& sphingosines
ol ¥.21] o] sphingosinesd] A8 amino group®| = & acyl CoAs} g
ste] ¥4 9 N-acyl sphingosines& ceramides@} 3 ¥t} Ceramidest 94 7]l
& A 3l= hydroxyl group® £ o8& EdEo| 4834 phosphosphingolipids(PSL)
s} glycosphingolipid(GSL) f=AE& A&

Phosposphingolipids24+ CDP-choline?} %83 %€ sphingomyelin,
ceramide  aminoethylphosphonate¢!  phosphonosphingolipids(PnSL), ceramide
phosphoethanolamine(CPEA)S ] $12.5] glycosphingolipidsdl &38= RAE2=
cerebrosides®} gangliosides?t $1tH(Fig. 3-5). Cerebrosidest & 7§9 sugar
unit(glucose\} galactose)7} A8 ZHolv} gangliosides® 27} ©]/¢9] sugar unit7}
AT Aoy, }E2F B F2 EAstE PSLE sphingomyelinol® HF F3F
289 7A%dE ZINEEL AstaE PoSLol 9, A%, 4A, ZAFEMASL,
Ao A iAse] CPEAE 8% F3F S8A 448 &gt GSLL 39,
7%, A4, 23, A, A2, FYFE L HFAEA TAHAHHori & Sugita,
1993).

Sphingosine derivativest #BEZF, 945 E R ZFFESAA EA3HAA
ou 91K-2-1 ~ -4¢} Z& sphingadienined] iz LAE & Wi¢ =&

2

Sea anemone Paracondylactis indicuslAd #8]¥ N-palmityl- erythro-
octadecasphinga-4(E) 8(E)-dienine(91K-2-1)3% 9] sea anemoned] &3}

anemonia sulcata®lq @AY N-lauryl-erythro-docosasphinga-4(E),8(E)- dienine



Table 3-1. Proton and carbon NMR assignments for compounds 91K-2-1 ~ 4e

# 91K-2-1 91K-2-2 - 91K-2-3 91K-2-4

1 [3.69(1H, brdd, 11.2, 3.2)|3.69(1H, brdd, 11.2, 3.2){3.70(1H, brdd, 11.2, 3.2)|3.70(1H, brdd, 11,2, 3.2)
3.95(1H, brdd, 11.2, 3.4)(3.93(1H, brdd, 11.2, 3.4)(3.95(1H, brdd, 11.2, 3.4)(3.95(1H, brdd, 11.2, 3.9)
2 |3.90(1H, m) 3.90(1H, m) 3.91(1H, m) 3.90(1K, m)

3 [4.32(1H, brdd, 6.8, 4.4) |4.32(1H, brdd, 6.8, 4.4) {4.32(1H, brdd, 6.8, 4.4) {4.31(1H, brdd, 6.8, 4.4)
4 |5.53(1H, dd, 15.4, 6.8) |[5.53(1H, dd, 15.4, 6.1) |5.55(1H, dd, 15.4, 6.6) |[5.53(1H, dd, 15.5, 6.8)

5 [5.T7(1H, dt, 15.4, 6.1) [5.77(1H, dt, 15.4, 6.1) [5.79(1H, dt, 15.1, 6.6) |5.78(1H, dt, 15.5, 6.6)

6 |2.11(2H, m) 2.16(24, m) 2.13(2H, m) 2.05(2H, brg, 7.3)
7 |2.07(2H, m) 2.16(2H, m) 2.06(2H, m)

8 |5.36(1H, dt, 15.4, 6.4) |5.52(1H, m) 5.36(1H, dt, 15.4, 5.4)

9 |5.43(1H, dt, 15.4, 6.4) (5.99(1H, m) 5.43(1H, dt, 15.6, 6.0)

10 [1,96(2H, brq, 6.8) 5.99(1H, m) 1.98(2H, brq, 6.8)

11 5.59(1H, m)

12 2.04(2H, bryq, 7.2)

18 [0.87(3H, t, 6.6) 0.87(3H, t, 6.8) 0.86(6H, d, 6.8) 0.87(3H, t, 6.6)
2" |2.22(2H, t, 7.6) 2.22(2H, t, 7.6) 2.23(2H, t, 7.6) 2.22(2H, t, 7.8)

3" 11.61(2H, quint, 7.2) 1,63(2H, quint, 7.2) 1.64(2H4, quint, 7.3) 1.63(24, quint, 7.2)

16 [0.87(3H, t, 6.6) 0.87(3H, t, 6.8) 0.88(3H, t, 7.3) 0.87(3H, t, 6.6)

* Proton NMR spectra were obtained in CDCl3 solution at 500 MHz, Chemical shifts are reported in & values(ppm
downfield from Me4Si). J values are reported in Hz,
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o] #2¥ o] U oo tHChakrabarty et al, 1994; Chebaane & Guyot, 1986).

91K-2-1 ~ -4¢} #& sphingosine fX=Au o228 JAAF A2 729
cerebrosides, ceramides, gangliosides5< AE A9 13 dAIERAFH F=I7} WS
fAEtd  2Ee ol2Y7tA] 8 VAL EA REAUY. azy HAIdE
dinoflagellate, tunicate, sponge, echinoderm% <& HYAESZRE A2 7R
EZE0] A ShHL o i} Fv|BE, Fupolgx, YT AHEPAERE B
iHe] FEE E1 lon F F9 £AL AYAel € v ik (Kawano et al,
1990; Kobayashi et al, 1988; Gulavita & Scheuer, 1989; Faulkner, 1991; 1992;
Natori et al, 1993; 1994; Jin et al, 1994)(Fig. 3-6).

Aol A 4 719 sphingosine fE olgjdx o2 7|9 HY & E£F
o] E§slo] glo] polar fractionsd] th¥ 'H NMR &4 &jstd =7 wt. o
¥¥ HPLC A& o433l EZ £ A= A7 HAEl E3d 419
peakE YdAtt. NMR £4 23} o|&& EF polyhydroxy steroids® F&5 3029
FZ3FQA WM A ~ D ringe FY3d9 side chainolA ¢ double bondR
methylation®] #FeMT Zol7t e Az fAE EZEE2 AL HARK(Fig.
3-24, -25). 28 Y polyhydroxy steroids®] mixtureolx] &£3 & 4 & uie 2
o] ol &34 polarityd] o]zt A9 flo] €+ Yz £/ 7153
o ool Wi HAWPo2 ¥5o] o|E mixtureE acetic anhydrides} ¥-&A)H
polyacetates€ UAAT H EE€ A=EdAes 1 A} F 79 £FH(91K-2-6,
=79 £ 433 ch(Fig. 3-7).

€3 91k-2-69] °C NMRolM & 25 32719 peaks’t %A= AH(Fig. 3-27).
w2} 91K-2-62 Coxg steroidd] F units®] acetyl”]7} 2¥€ 32 AFHA.
8 130 ~ 140°1A4 ¥AY ¥ 789 methine carbonst 3ht9] o|F A EAE
LYERARIIL upfield regiono] Weld 870¢] methyl carbonst ©] Edo] HIAAU

Cxs steroid®]9] cholestane®] C-24 $1x]9] methylation®] ¥o}d ergostaned ¥ 2
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Fig. 3-6. Sphingosines and related metabolites from marine organisms
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Fig. 3-6. continued.



91K-2-6

Fig. 3-7. Polyhydroxy steroids isolated from the gorgonian Acabaria undulata.



249 7H54¢ AT

& 80 - 600 e 5709 signalsE 91k-2-69] 5917t AFHALL on)
atdch. 28y Qe mixtured] 'H NMR3} Hl@slo] o acetylation ¥H-gollA
570¢] AtslE carbonsF 2719 acetoxyl carbons® W3I{ Ho] @HE At 6
66.20(s)9} 62.44(d)lx EHAE F N9 carbons® chemical shiftste YuHE <
polyhydroxy steroido}jAl &A3+E 43lEl carbons®] chemical shifts}+ 43 3%F
Z}o](5-10 ppm)E YERATE wrebA] o] 2719 carbond hydroxy?] WAl ether
U epoxideS free hydrogen® 3ZtA & oxygeno] ZAYHE Aol E93lglon
carbon®] chemical shifts®] 4 0.2+ epoxided 7FsAo]l ¢ H2L 9uay
o}

Epoxide®] &A= proton coupled °C NMRelA ¢ Jeus] &Aooz FHHAU
t}, dyt3 o2 one bond carbon-proton coupling constant 83 carbong] s-p
character®] 4l <l ¥], FL7]9] F7F % ring sizedl 93t AF A= Ao 2
¢4 ek AY A< hydrocarbonol A 9] 'Jewt 125 HzB£019 oxygenol 2%
® AS$ol= 140 ~ 143 Hz AXo|v}. =3 ring size® coupling constantd] & %
%<& v]lx 6-membered ©]4ol¥ acyclic system¥ #}o]7} glo.\} ring size’t &

E42 FAxE #AAA cyclopropaned A+ 161 Hzol}l o] &vH(Wehrli & Wirthlin,
1978; Kalinowski et al. 1984).

Polyhydroxy steroid mixture®] proton coupled C NMReld & 70 - 60
regionS A3 B & 70229 69.959014 vElG F €] carbons(CDCholA = 2
Z} § 67.80% 66.54)= X5 methine®] A ¥ 3 coupling constant?] 143 Hz F %=
& Yerddl vlstd & 6244(CDChoA & & 6550)9] methine carbon 176.2 Hz
¢] one bond coupling constant® Zi YLl =@ uch(Fig. 3-28). °]
epoxide®] ZH¥ 22 coupling constantd]l 17573 A A&t Aol uwlelA

91k-2-6°]+= A 71%F 2709 secondary acetoxyl”]¢} 1709] tertiary hydroxy”| <}



7 1709) epoxide7|7} EAFel ¥ AT

9ol AF @ carbon NMRel th@ 3|4& EF proton NMR spectrum®.=
Q1 =5 Qch(Fig. 3-26). AA 871¢] methyl protons7t &A3s =Ron ©lETF 4
71¢] methyl7l7} doublet2 W}EHG R additional methylel C-24 methined] 2%
g9ee ousan. & 50018t AgelA 2719 double bondsst 2709 «
—acetoxy methines] #%3HE peaks7t A5 126 epoxide protone & 3.55914
broad singlets] ®el2 Uehgth & 47600 YEhd proton& DO exchange A ¥l
A AR o.m 2 tertiary hydroxy protone] £33t

91k-2-69] AA< FZE proton COSYSH decoupling AP <j3te] 2A =
Qoo FZ9 ¥ HMQCS HMBCS 2-dimensional hetero NMRA @l 25
o] o]2e] AtH(Fig. 3-20 ~ -32). WA & 55491 el protone chemical shift
- ¢} coupling pattern®2 2o} acetoxy bearing C-3 methineo] E&A27 o]
protong 71202 & C-1, -2 ¥ -4 $4x% 6 protons7t R decoupling %t
cosydde) ostd AUk WakA o] steroid?] A ringdlE C-3 acetoxyl”]
2 A9 ge FL7E & Aol wd Arh A-ring9 protonsF H-48(5 1.66)
3} tert-hydroxy proton(d 4.76)Akoldll long-range couplinge] EAstE Rl ¥
591=14 ©o]& 4-bond W couplinge2 #HA=Uer wetA hydroxy groupe
C-5 carbonoll F@HI &0l £33

C-5 carbon®] %<& chemical shift(s 7691)% C-6¢] £ th& oxygeno] H¥
o] 9 &g guEgitt. TRZRANME C-59 C-60] F74 Astd Bso= C-5
¢} chemical shift7t & 75 - 80¢1 wr@d] C-69X7} A=A F%E Hl= C-5
carbon& & 70 E-olA 275 cH(Faulkner, 1988; 1992). wtebx C-3% whtr}h
A2 C-6% acetoxyl groupel AEH gles] & 5299 A& C-6 protond} o
3550] 1E epoxide proton#¢] couplingsl 23] epoxide®] X7t C-7, -8l

2452}, o] 5 protonszte] coupling constant( <15 Hz)7} cyclohexane ringell



Ho

golde] AYAQA vicinal coupling(12 ~ 4 HoET wj$ e AL A=z
epoxide ring®] EA& <18 C-6, -7 protonsZte] dihedral angleo] ¥H3}d7] of
Foz ARHAAH.

Side chain %# 9 A| proton decoupling®} COSYA gl ¢3ldq C-20 ~ C-28
o AXY¥ EE protonse] FHBAIT WY YHFezA C-2291X71 double
bondZ, @il C-2491X)7} methylationso] Sl&o] ZAAHUT: o] e
ergostane E&E 71 o4 steroids®e] carbon NMR H| o] 9= YFHU
t}(Faulkner, 1992).

AN AFEA e FE F 91k-2-69 C9 D ringsE 33 protonse}
carbons®?] chemical shifts9} coupling patternsoll o} 3 WH3IE Zo} B & g
22 7FF durEQ 64 bicyclicd olFx e o2 ARHJY wEbA
91k-2-62 A%} B rings7} A13t¥ ergostane AFe] EAYol £93AHFig.
3-7).

Proton, carbon % COSY NMRel 93t A|AE T2 HMQC ¥ HMBCA
ol 93t FTHHUG. WA o] EFo| EAd= A9 EE protonated carbonse}
protonste] @@ A7 HMQCAEA 23t 3 Aot =¥ HMBC A3 93}
o] key protons$} carbonszte] 2-bond®} 3-bond correlationo] ©i ¥E Ak &
3] C-4a, -50H, -7, -1959] H¥E 4709 protons®t A/B ringoll HAX|§ A 7
¢] carbonszt9| long-range coupling®] T ¥RPL2A 71 A7 HAG A,
B rings®] #&7} 493 AFHAUR. @A 91k-2-69] F=E AT v glo]
3,6-diacetoxy-7,8- epoxy-5-hydroxyergosta-22-ene2.2 %3 Hoo wetry 3T
3t
(Fig. 3-7).

AR E9 FEE 356-trihydroxy-7,8-epoxyergosta—22-ened o] &9 3stt}

rr
¢

91k-2-63 ¥4 ¥Ed 91k-2-79 protond# carbon ¥ COSY datas
91k-2-634 wj-¢- FAFEAch(Fig. 3-33 ~ -35). A, B rings®] 4F3} patterne €+



8 $Ystglen C, D ringsol e signals® A9 A&t NMR 4 3l
o}xe] xpo]d& 91k-2-69] C-220] $1X| % double bondst C-28 methyl7]|7} Abet
A HolUoh. wEkA 91k-2-7L 36-diacetoxy-7,8-epoxy-5-hydroxy- cholestane
ojn] FFEL 3,56-trihydroxy- 7,8-epoxycholestaneq] ¢} ¥ & tH(Fig. 3-7).

EAxA 23 91k-2-6, -7 R 38 FAELS EF S € AFBERY
HE ¢E b7l e RS #Adsd. ¢ AHEF polyhydroxy steroids=
o2 JEd A F YA £E¥3}a on 53 HGFEZFET AP HUWE
A 2AHL o, 8L FIFEANA &3] LAHE ulet o] saponing] FE
2 EA37IE 3t free hydroxyZlY sulfate’]d] FHil2 WAL E o7 g
(Faulkner, 1992).

AGFEEA £ 9 polyhydroxy steroids® o 3¢, dujolg|x, 3ul Ay
E T Ug® AYEAHEAE Yo & FEE Ex Yo B dAFNANE =2F
SEANA Y P388 cell-lined] tHE A& &7t ©]E polyhydroxy steroids

d 71% Aoz Aztdr,

3. 3. Acalycigorgia inermis®] tAFER

Gorgonian Acaalycigorgia inermis(91K-4)& 91\d 1196 d3sjote] ARE B
9 A=t M=l A boat divinge.2 APEHUT. FAY M2 A 2
Aol e F7|7} 15 cm "L EA gorgonianF A E v$ AL £F &34
t}. Main body?] F71% 3 mm ©|3l M % fragilestgl o™ 71X $% 1 ~ 3
7}2 branching pattern E=& @X2fn. 1 %¢ FeiHA EHC2AME 3 mm
ol s A calysesE I Y& HolUrh

A FAF YSRAF A8 5 kgo2HE dichloromethane .2 &35

silica vacumm flash chromatographyel] ¢]&}o polarityo] w& &g 3594



Proton NMR£4] éﬂ} B4 non-polard fractions(n-Hex'EtOAc = 8:2 ,_7:3)0“ A |
Eolg EAEY &Ast =Eut. o] fractionsg FFH 2 WHd A
HPLC(n-Hex:EtOAc = 7:93 - 10:90) £&d3 F /¢ HAEo E:SHUY(Fig. .-
3-8).

FOAEEY 91K-4-1& M9 Euge aAz dejxer “C NMR
spectrumd-ol A 19749] @47t EAge] =2 5ch(Fig. 3-37). DEPT A4@4d3% o
EL Z7 4709 quarternary, 57019 methine, 971¢] methylene ¥ 1719 methyl2
TAHo] &0l v A} o] EA9 downfield signals% 175.4(C)= carbonyl,
153.0(C), 135.9(C), 123.9(CH) ¥ 112.1(CH2)F 4719 signals 27§19 double bonds
2 HAgUct. E=3 2085(C), 89.1(CH), 75.4(CHz), 70.6(CHz2)% 470¢] carbons 1
M9 ketone®} 3709] oxygeno] AHE carbonso] A\t 170¢] terminal allenest 174
9] oxygen®] Z¥¥ methyleneS.2 4=}t 'H NMR spectrumo] A% carbon
NMRo 483t signalsEo] YebtH(Fig. 3-36). & 70 ppmo| 39 carbonsdl &
€ 8709 protonse] 25 3.8 ppmeoldtelA YE}on o 28 #UY methyl
signale} 1.69 ppmo|A YE}A vinyl methyl groupe] &EA7F =&yt

Z} protonZte] A@@AAE COSY NMRF} proton decouplingdl ¢}&te w383
o AtHFig. 3-38). WA & 4983} 4974 X% 270¢] broad singlet protons:
t} & protons#9 coupling®] A3F YO 22 exocyclic methylened o]l H&3]tl.
8 5359 $IA§ olefinic proton(1H, brt, J=7.8 Hz)& ©¢] E3A9 {HU3F methyl
protons$} long range coupling® ©]%9 E§ upfield methylene#% coupling<
skl & 5.12(1H, m)$F 4.96(2H, m)ol] $1X]% protonsE A E couplingS & ¥
o olUel ZEE upfield protons(s 215 ~ 2.10)#%E couplingg olEd& Aol
wAEUY. o] 4| protonse] chemical shifts, coupling patterns®} carbon
signals(é 2085, 89.1, 75.4)= terminal allene®] H¥A<Ql patterno.E FHAs] e

o COSY NMR# decouplinge] €}3te ©] allene”]7} 709 methylene®d QA



91K-4-1 91K-4-2
(acalycixeniolide B)

Fig. 3-8. Structures of diterpenoids isolated from the gorgonian Acalycigorgia inermis.



of'ee & 4 AN

A2 couplingg °|¥& F /09 protons(é 4.16, dd, J=11.9, 69 Hz: 3.92, dd,
J=12.5, 11.9 Hz)< upfielddll 91X § methine proton(é 1.59, m)3} coupling& ©} %
Aem o] protone TA 210 ~ 2159 $X % proton® couplingS &tk 3§
a-carbonyl methine proton(é 291, brq, J=7.0 Hz) upfield protone® coupling&
05 = N o ‘-’-}‘.9.3 upfield proton(é 1.08, 1H, dddd, 14.0, 11.0, 3.9 Hz)9
coupling pattern®.Z%-¥ ©] proton®] CH;-CH2-CH spin system?] 4 A&
3yt

o]4¢] NMRAIga]4¢] A2 EUE gorgonians$} soft coralsell thale &
A7HA] Bagd EE HAAEY Fx9 wjug A 2 dEAAM Aalycigorgia
inermis®] WAMEZAZ R 3¥E acalycixeniolide B $9# EAYol FAHYT
(Fusetani et al, 1987). Norxenicane#®] norditerpene¢l acalycixeniolide
B(91K-4-1)9] 39} carbon ¥ proton assignments: Table 3-29} 2t}.

Acalycixeniolide B(91K-4-1)¢} &7 FdjALE&32<Q 91K-4-27} HPLCE o] &
st e APz ZIYHUT. o] EFe 'HY ®C NMR spectra:
91K-4-13 vj-$ {-AFstltH(Fig. 3-39, -40). NMRAel dojA e Fa§ xpo]H &
dA C NMReIM 20709} signalo] @AY HozA wetMq o 2o
norditerpened] 91K-4-1 3 @) $H@ diterpened & FEHAUT 91K-4-19)
allened] 3F3t= 3709 signals(d 2085, 89.1, 75.4)°] 4719 signals(é 132.8,
1234, 257, 179)Z WA HA LY vl$7] o]EF upfieldd] X & 2577 17.99
signals<> DEPTA 8723} methyl carbon o] ¥&c}.

old] 483+ Wsst 'H NMRAME 25 At Allened] 3128 protons
o] Atz th4lel] A2 olefinic protono] & 5.11(1H, brt, J=7.8 Hz)d] YEl o
B S¥70e] vinyl methylZ}7} & 1713 169914 2A=EAT. 2 219 proton

signals®| chemical shifts®} coupling pattern< acalycixeniolide BS} )¢ $A}35t



Table 3-2. Proton and carbon NMR assignments for compounds 91K-4-1 and -22

91K-4-1 91K-4-2
E
1H 13C 1H 13C
1 |4.16(1H, dd, 12, 6.9) 70.57 t |4.15(1H, dd, 11.8, 6.8) 70.57 t
3.91(1H, dd, 12, 12) 3.89(1H, dd, 11.8, 11.8)
175.43 s 175.72 s
2.91(1H, brg, 6.2) 44.91 d |2.82(1H, brq, 6.5) 44.64d
4a (2.08(1H, m) 41.13 d {2.08(1H, m) 41,13 d
1.65(1H, m), 1.09(1H, m) 30.18 t {1.58(1H, m), 1.07(1H, m) 30.08 t
6 |2.20(1H, dt, 12.7, 3.6) 39.84 t |2,19(1H, m)
1.95(1H, m) 1.96(1H, m) 39.88 t
135.85 s 135,97 s
5.34(1H, brt, 7.7) 123,88 d (5.34(1H, brt, 7.8) 123.84 d
2.48(1H, ), 2.08(1H, m) 24.99 t |2.48(1H, m), 2.08(1H, m) 24,98 t
10 |2.34(1H, m) 35.55 t [2.33(1H, m) 35.54 t
2.20(1H, dt, 12.7, 3.6) 2.20(1H, dt, 12.2, 3.4)
11 152.93 s 153.05 s
11a1.99(1H, ddd, 11.5, 7.0, 2.9) | 49.80 d |1.96(1H, m) 49.76 d
12 |2.02(1H, m), 1.59(1H, m) 26.25 tb|2.02(1H, m), 1.54(1H, m) 26.91 te
13 |2.10(2H, m) 25.86 tb|2.12(24, m) 25,75 te
14 |5.12(1H, quint, 6.6) 89.09 d [5.11(1H, tt, 7.1, 1.5) 123.41 d
15 208.45 s {1.01(3H, s) 132.82 s
16 |4.70(2H, m) 75.40 t |1.71(3H, brs) 25.33 q
17 |1.68(3H, brs) 16.46 q |1.69(3H, brs) 16.43 q
18 |4.97(1H, brs) 112,14 t |4,98(1H, brs) 112,02 t
4.70(1H, brs) 4,97(1H, brs)
19 1.69(3H, brs) 17.87 q

2 Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 and 125 MHz
respectively. Chemical shifts are reported in & values(ppm downfield from Me4Si). J
values are reported in Hz, Assignments are aided by decoupling and COSY experiments,
Carbon multiplicities were determined by DEPT experiments. P-¢ Assignments may be
interchanged.



th. NMRAOIA e ojshgre 2E W8 acalycixeniolide BS terminal allene
group®| dimethy! vinyl groupS.2 X #go 2 A 71538}

ol 9} zto] 91K-4-2 xenicaned ¢ diterpene lactone®.2 FZ7} AAH Y9
FAzAIES 59 F2E 7M1 Re2 AAAE ERAo] Kuril Islandsel A 13
§ Paragorgia arborea2%-¥] 3o Rig AL wASFYoY EBA8E S
&3 X3t FIY SAUAAE olF7A #AA REAcHStonik et al, 1990).
NorxenicaneA| 2] norditerpene?] acalycixeniolide B(91K-4-1)¢} 91K-4-2¢] J 3%
2 carbon¥} proton assignmentst Fig. 3-9 @ Table 3-2¢} Zt}.

91K-4-13% -2& E5 nine-membered ring€ 7} xenicaneA 89 EAE o]
t}. Geranyl geraniol®] 1¥3} 39 isoprene units?} cyclization® 3t FAH
xenicaneZ 4 3| ¥ diterpencids®] HEF &L 2HF Fuoltt. o] AdY &
ZEL FE soft corals, gorgonians$} brown algaeZ %€l @ZAED 53] brown
algaedl] 1°}*4= dolabellane, extended sesquiterpenes tlE-o] 3t A ZF 9 sy
2 E ¥ & N(Faulkner, 1988).

Acalycixeniolide B FZZA 3} 4 fertilized starfish egge] AT L L o
Aste g &9/ Rag vt ik (Fusetani et al, 1987). o] AEA=E g
dxEs BAV Y Ae2A B AFHME A8 2FFE4 U MU=
57443} P3883} brine shrimp testlAl $4+¢ AE&dasdE Jvehiidon o
E-& acalycixeniolide B(91K-4-1)¢} 91K-4-2¢]] 7]Q1§ Rog FZ&4r},

dEHoz & d7dMe §8 udete deddd MYEE  Acalycigorgia
inermis®}t Acabaria undulatas T %9 gorgoniansZ%-E 2719 diterpenoidss} 4
/1€ sphingosines& ##3Ax E£F 27019 polyhydroxy steroids® acetylated
formo 2 £ on Odd NMR 433 #7883 wgd osid mE g2
o F+x& AR



342 3 %W Y

3.4.1. 7171 & A<

NMRZ7#3& 500 MHz Varian Unity-500& ©|-83%1t. Proton NMR-Z
500MHzl A4 carbon NMR& 125 MHzol4 %7331t} Chemical shiftsi internal
standards¢] TMS(tetramethyl silane)ut CDCls& ©] -3t FA3d3ich. & NMR
AYPL VarianAtol A FF 3§ Vnmr softwareE ©]83t1ev Zzte] Ay o] 84
pulse width, transmitter power, delay ¥ evolutiion timeE& 7] 239 <L o] &
3t9lt}. HPLCE spetra-physics#} 9] Isochrom isocratic pumpE R A 23l & A
HAo A PR AFE AHESAY. F84-FL  injector(Rheodyne 7825)}
detector(Shodex RI) Spectra-physics UV detector @ Linear 2-pen recorder® T
AHA. EAEgd A8} HPLC column YMC silica semiprep column(l cm
X 25 c¢cm), YMC Cis reversed phase semiprep column(l x 25 cm)$} 2}2}9] guard
column cartridge(Aldrich)©]%1t}. GC= Hewlett PackardA}$] HP 5890 model® A}
€392 GC columne SP380& AH83%H. Rotavapor: Buchi RE-1013 121
g Agsigich 7182995 9 £dd o|§% RE &g A%S GREFE
AL83AY EPEE AFH3 AMS3iT.

3. 4. 2. 91K22% ¢ IQE ¥ R £3

3.42. 1 A89 A3 2 {71E29 327 flash chromatography

AY3 Acabaria undulata®) AFL 19919 104 AR A MES QiR =
23 4 25-30 mol| A SCUBA tho|®o g3jA o]Fo] FHow o] Ag: A3



e FA 8894 ¢A3] = YT RAHAGD IFRIAIFTY AsRHET
AF: 3 kg)E ZA F2} methylene chloride 1.5 LE 718t A&l 48417 WX
& Fo 2 84& dHUAULY o] AL T BEF Fo dol AA {Frx
FEEY ¢ 666 go] 4o Aot

o] 2%&E&& ZF flash chromatography® #2}57] 93] n-hexanes
ethylacetate®] &3 9(10% ethylacetate/n-hexane2.2%€ 100% ethylacetate”7}A]),
methanole T£AHWE §EARY. o|FA LW 11709 £ (fraction, fx)& 22
49E AAT ¥ 'H NMRE 4% 23 #v A& 2% tArEaol fx-6(60%
ethylacetate/n-hexane: 240 mg), fx-7(70% ethylacetate/n-hexane: 70 mg),
fx-8(80% ethylacetate/n-hexane: 20 mg), fx-9(90% ethylacetate/ -hexane: 120
mg)® fx-10(100% ethylacetate: 240 mg)°l] Eg=o] Ao ¥d Ao 7]elg fx
de o2 HAFAE &3] SAste T R BEES AW, AE R steroids7t
EFHAA

3. 4. 2. 2. Sphingosine =X &9 &g

1449 azvEagys E8d fx 6 - 9(n-hexane/EtOAc = 46 ~ 1:9)&
methanoldl]l %0]3 %X &+ ERAL spartan filter(Aldrich)2 33k Fof] o] &
4E& HPLCE o|§3td £ 43 &% sphingoshine FEAMES AAHYMC
Cis reversed phase column, RI detector, 2 ml/min). &8+ 100% methanol-&
ALg3l9d o] N-palmityl erythro-octadecasasphinga-4(E),8(E), 10(E)-trienine
(=91K-2-2), N-palmityl erythro-octadecasasphinga-4(E),8(E)-dienine
(=91K-2-1), N-palmitoyl 18-methyl-erythro-octadecasphinga-4(E), 8(E)-dienine
(=91K-2-3), N-palmityl erythro-octadecasphinga-4(E)-enine (=91K-2-4)¢] &Y
3 ZZ A retention time 27.2, 30.1, 334, 358 ¥4 ZZ 7.7 mg, 546 mg,



123 mg, 114 mge g EIHA.

N-Palmityl erythro-Octadecasasphinga-4(E),8(E)-dienine(=91K-2-1): mp.
82-83; [alp -8.0°%c 05 CHCh): UV(CHiCN) max 203 nm(e 7000); LREIMS:
m/z(relative intensity) 250(14), 281(100), 298(40), 320(5), 352(4), 366(3), 486(3),
504(3), 517(5), 535(1); IR(KBr), 3400(-OH), 3300(-NH), 2960, 2920, 2854,
1627(C=0), 1470, 1053, 970, 725 cm™; 'H NMR(CDCls, 500 MHz) & 6.29(1H, brd,
7.3, NH), 5.77(1H, dt, 154, 6.1, H-5), 553(1H, dd, 154, 6.8, H-4), 543(1H, dt,
154, 6.4, H-9), 5.36(1H, dt, 154, 6.4, H-8), 4.32(1H, brdd, 6.8, 44, H-3), 3.95(1H,
brdd, 112, 34, H-1), 390(1H, m, H-2), 3.69(1H, brdd, 112, 34, H-1), 2.98(1H,
brs, OH), 2.92(1H, brs, OH), 2.22(2H, t, 7.6, H-2'), 2.11(2H, m, H-6), 2.07(2H, m,
H-7), 1.96(2H, brq, 6.8, H-10), 1.61(2H, quint, 7.2, H-3"), 1.24(38H, m), 0.87(6H,
t, 66, H-18, H-16'); ®C NMR(CDCl;, 125 MHz) & 17411(C), 133.38(CH),
131.26(CH), 129.09(CH), 128.95(CH), 74.26(CH), 62.29(CHs), 54.54(CH), 36.80(CHby),
3258(CHe), 32.34(CH2), 32.14(CH»), 3190(CHz), 31.88(CHz), 29.68(CHz) x 3,
2966(CHo), 29.64(CHz2) x 2, 2958(CH2) x 2, 2951(CH2 x 2, 29.37(CHp),
2934(CHz), 29.32(CH2), 29.29(CHa), 29.20(CHz), 25.75(CH»), 22.66(CHz) x 2,
14.09(CHs) x 2.

N-Palmityl erythro-Octadecasphinga-4(E),8(E),10(E)-trienine(=91K~2-2)
mp. 65-66; [alp -4.0%c 05 CHCls); UV(CH:CN) hmax 223 nm(e 7500); LREIMS:
m/z(relative intensity) 164(22), 179(32), 248(100), 281(31), 298(13), 320(6), 352(23),
515(19), 533(3); IR(KBr), 3390(-OH), 3290(-NH), 2920, 2852, 1625(C=0), 1570,
1470, 1380, 1260, 1110, 1080, 1050, 988, 728 cm™; 'H NMR(CDCls, 500 MHz) &
6.24(1H, brd, 7.3, NH), 599(2H, m, H-9, -10), 577(1H, dt, 154, 6.1, H-5),
559(1H, m, H-11), 553(1H, dd, 154, 6.1, H~-4), 552(1H, m, H-8), 4.32(1H, brdd,
6.8, 44, H-3), 393(1H, brdd, 112, 34, H-1), 3.90(1H, m, H-2), 3.69(1H, brdd,



112, 32, H-1), 2.78(1H, brs, OH), 2.65(1H, brs, OH), 222(2H, t, 7.6, H-2'),
2.16(4H, m, H-6, -7), 2.04(2H, brq, 7.2, H-12), 1.63(2H, quint, 7.2, H-3'),
1.25(34H, m), 0.87(6H, t, 68, H-18, -16'); “C NMR(CDCl, 125 MHz) &
173.92(C), 13326(CH), 13310(CH), 131.16(CH), 130.74(CH), 129.96(CH),
129.50(CH), 74.58(CH), 62.50(CHa), 54.38(CH), 36.80(CH>), 32.61(CHz), 32.05(CHa),
32.01(CHa), 31.92(CHa), 31.82(CH2), 29.70(CH2) x 3, 29.66(CHz2) x 2, 29.63(CHa),
2950(CH2), 29.39(CH2), 29.36(CH2 x 2, 29.29(CH2), 29.19(CH2), 29.18(CHa),
25.75(CHa), 22.69(CH2), 22.66(CH2), 14.12(CHs), 14.10(CHs).

N-Palmityl  erythro-octadecasphinga-4(E),8(E)~dienine(=91K-2-3): mp.
76-77; [alp -6.0°%(c 0.5 CHCl3); LREIMS: m/z(relative intensity) 250(38), 281(100),
298(38), 320(13), 332(8), 352(5), 500(4), 516(3), 531(4), 549(0.3); IR(KBr),
3402(-OH), 3302(-NH), 2922, 2854, 1628(C=0), 1576, 1468, 1054, 975, 730 cm™;
'H NMR(CDCls, 500 MHz) & 6.27(1H, brd, 7.3, NH), 5.79(1H, dt, 15.1, 6.6, H-5),
555(1H, dd, 154, 6.6, H-4), 543(1H, dt, 154, 6.0, H-9), 5.36(1H, dt, 154, 54,
H-8), 4.32(1H, brdd, 6.8, 44, H-3), 3.95(1H, brdd, 11.2, 34, H-1), 391(1H, m,
H-2), 3.70(1H, brdd, 11.2, 3.2, H-1), 282(2H, brs, OH), 2.23(2H, t, 7.6, H-2'),
2.13(2H, m, H-6), 2.06(2H, m, H-7), 1.98(2H, brq, 6.8, H-10), 1.64(2H, quint, 7.3,
H-3'), 151(1H, m, H-21), 1.25(36H, m), 0.88(3H, t, 7.3, H-16'), 0.86(6H, d, 6.8,
H-18); “C NMR(CDCl;, 125 MHz) & 173.94(C), 133.49(CH), 13131(CH),
129.11(CH), 128.93(CH), 74.61(CH), 62.44(CHz), 54.41(CH), 39.04(CHa2), 36.84(CH>),
3260(CH2), 32.33(CHz2), 32.13(CH2), 31.93(CHz), 29.90(CH2), 29.70(CH2)x3,
2067(CH2)x2, 29.65(CHz2)x2, 29.60(CH2), 29.57(CH2), 29.52(CH2), 29.37(CH2)x2,
29.29(CH2), 29.22(CHa), 27.97(CH), 27.41(CHa), 25.77(CHa), 22.70(CHs), 22.67(CHb3),
14.14(CHa).

N-Palmity! erythro-octadecasphinga-4(E)-enine(=91K-2-4): mp. 88-89; [alp



-60%c 05 CHCl); LREIMS: m/z(relative intensity) 250(25), 281(100), 298(35),
312(5), 488(4), 500(2), 506(4), 519(2), 537(0.2); IR(KBr), 3360(-OH), 3300(-NH),
2920, 2853, 1640(C=0), 1550, 1470, 1094, 1075, 1043, 972, 730 cm; 'H NMR
(CDCls, 500 MHz) 8 6.24(1H, brd, 7.3, NH), 5.78(1H, dt, 155, 6.6, H-5), 553(1H,
dd, 155, 6.8, H-4), 431(1H, brdd, 6.8, 44, H-3), 3.95(1H, brdd, 11.2, 39, H-1),
390(1H, m, H-2), 3.70(1H, brdd, 11.2, 3.2, H-1), 268(2H, brs, OH), 2.22(2H, t,
78, H-2"), 2.06(2H, brq, 7.3, H-6), 163(2H, quint, 7.2, H-3"), 1.25(46H, m),
0.87(6H, t, 6.6, H-22, -12'); ®C NMR(CDCls, 125 MHz) & 173.91(C), 134.30(CH),
128.77(CH), 74.68(CH), 6251(CHz), 54.46(CH), 36.84(CH2), 32.28(CHz), 31.92(CH2)
x 2, 29.70(CHz) x 3, 29.69(CHz) x 3, 29.66(CH») x 3, 29.64(CH») x 2, 29.51(CHy),
'29.49(CHz2), 29.36(CH2) x 2, 29.29(CHz), 29.22(CH»), 29.12(CH2), 25.76(CH2) x 2,
2269(CHz) x 2, 14.12(CH») x 2.

3. 4. 2. 3. 91K-2-5(=N-Palmityl erythro-octadecasphinga-4(E),8(E)-dienine
acetone ketal)e] A4

N-Palmityl erythro-octadecasphinga-4(E),8(E)-dienine(91K-2~1,34 mg),
PPTS (32 mg), 2,2-dimethoxypropane(0.5 ml)& o}HE 20 mld) =ol3 8A|7F &
¢t FFAIZ Fo EsN 03 miE B3 142 F¢ oA 78 &9 33
$7)9 AFEAE ol 88A AAYR Fo 30% ethylacetate/hexanesS L& 4wz
A-&3ted HPLC(YMC silica column, RI detector, 3 ml/min)Z %% 73
retention time 1384 &34 £=HAd

'H NMR(CDCl;, 500 MHz) & 5.76(1H, dt, 155, 64, H-5), 545(1H, dd, 15.5,
6.6, H-4), 540(1H, m, H-9), 537(1H, m, H-8), 513(1H, brd, 8.3, NH), 4.08(1H,
~dd, 94, 73, H-3), 400(1H, dd, 11.2, 49, H-1), 3.83(1H, m, H-2), 3.65(1H, dd,



112, 94, H-1), 212(2H, t, 78, H-2), 211(2H, m, H-6), 2.06(2H, m, H-7),
196(2H, brq, 65, H-10), 156(2H, quint, m, H-3), 149(H, s), 142(3H, s),
1.26(38H, m), 0.88(6H, t, 6.8, H-22, -12).

3. 4. 2. 4. Sphingosine =M &9 71413
3. 4. 2. 4. 1. Enzymedl] &3 91K-2-19] 71483}

91K-2-1(1 mg), cholesterol esterase(l unit), 50 mM pH 7.5¢ tris-buffer
(05 mDE methanol 01 mis] 0|3 37 °ColA 853 F% WA® Fol hexane
o2 &Y. §E AFFTLINZ AAT Fo G IFE) 5% methanolic
HCl £942 71819 1A A% Ao F¥ sieEsfd APde ester7t 3480
o] ¥lg-E& hexanelZ F&dtd &WE AAY Fo Et £ZE& GC=2 £43%
4. o8 7}A fatty acid methyl ester® standard®2 o] &3 %ow 1 A
methy! palmitate$} %Y & peak’} major peak® GC spectrumolA &<lo] HIU
t}.

3. 4. 2. 4. 2. 3ol o 91K-2-39] 7t,E S

91K-2-3(2 mg)& methanol 8 mid ol 2M &4l 2 mlE 71 Foll 64
B¢ FHEHAC o] MEEFES 2oz A3|x E3E NaCl &4 ¥
hexanel.2 ZZ39tt F&£ 9L anhydrous magnesium sulfate® HFA|7]3
magnesium sulfateg <oIF}sges HujE AAF Fo| silica HPLC(15%
EtOAc/hexane, retention time 8 min, 2 ml/min)Z major peak® #2)3} methyl

palmitate 1 mg< LA} o] 2R FAHL YA GC(SP 380 column, flow rate



50 ml/min, injector temp. 250, oven temp. 195, Fid detector temp. 260, carrier
gas Np)ol| 9]3te] o]Fo] Hon peak retention timee 3.5 minol At = 9 ¥
¢] A$E& normal phased silica HPLCZ ¥ &8 methyl palmitate® A2}tE=
24 1 mg& dUew. of 3¢9 'H NMR spectrum& Z43 A3} authentic
methyl palmitate®} Y3928 mass spectrum® Z3% methyl palmitate®]
molecular iond] 3F 3= m/z 270 peak7t 4ol A}

3. 4. 2. 5. Polyhydroxylated steroids®] %

1274 azveagys 283 fx-102 methanold] 9|3 spartan
filter(Aldrich)2 o33 Foj o] &8 HPLCE o| &3t & Bi(YMC Cis
reversed phase column, RI detector, 2 ml/min) retention time 16.2 ¥4 136
mg9] polyhydroxylated steroids®] &§&Eo] Qo] Rt} o] AEdAx = o ol €
3 AL EIste Aol E/MEEI] Wil acetylation ¥8&E& A F
HPLCZ %g& A%39Yrt. 10 ml round-bottomed flaskell ©] EHE 6 mg,
acetic anhydride 0.3 ml, pyridine 0.5 mIE R 4A]7F F¢F A2(25 °C)oll A mut
ANZA g9 FFE #FQAFs] 93t TLCE ol &3t FA® 23 FHEZAY
spotd 2olX % M2E AAFEY spoto]l A e B

Rotavapor$} vacuum pumpE ©]-83}9 acetic anhydride$®} pyridineE #| 7 s}
3L acetonitrile® £ &4 w2 AL839 HPLC(YMC Cis reversed phase column, RI
detector, 25 ml/min)2 E&3F A3} retention time 2558NA vF
3,6-diacetoxy-7,8-epoxy-5-hydroxyergosta-22-ene(=91k-2-6)¢} 27.2%-o|A 2%
9] 3,6~diacetoxy-7,8-epoxy-5-hydroxycholestane(=91k-2-7)o] <o} Ht}.

3,6-Diacetoxy-7,8-epoxy-5-hydroxyergosta-22-ene(=91k-2-6): 'H NMR
(CeDs, 500 MHz) & 554(1H, m, H-3), 529(1H, brd, 1.0, H-6), 5.24(1H, dd, 156,



78, H-23), 5.15(1H, dd, 156, 83, H-22), 476(1H, d, 2.4, OH), 355(1H, s, H-7),
2.41(1H, ddd, 127, 5.1, 1.7, H-4a), 1.99(1H, m, H-2a), 1.87-1.96(3H, m, H-9, -20,
-24), 1.70-1.77(3H, m, H-la, -12, -14), 1.72(3H, s, OAc), 169(3H, s, OAc),
1.66(1H, m, H-48), 1.59(1H, m, H-16), 1.48(1H, m, H-25), 1.26-1.39(5H, m, H-28,
-11, -15), 1.12-1.19(2H, m, H-18, -16), 1.03(3H, d, 6.8, H-21), 1.00(3H, d, 68,
H-28), 1.00(1H, m, H-17), 0.89(6H, d, 68, H-26, -27), 0.86(1H, m, H-12),
0.74(3H, s, H-19, 048(3H, s, H-18); C NMR(CsDs, 125 MHz) & 170.89(C,
OAc), 169.49(C, OAc), 13580(CH, C-22), 13272(CH, C-23), 7691(C, C-5),
70.22(CH, C-6), 69.95(CH, C-3), 66.:20(C, C-8), 62.44(CH, C-7), 55.76(CH, C-17),
53.84(CH, C-14), 4346(CH, C-24), 42.40(C, C-13), 41.77(C, C-10), 40.66(CH,
C-20), 40.09(CH, C-9), 3814(CH, C-12), 3619(CH; C-4), 3355(CH, C-25),
32.18(CHz, C-1), 27.96(CHz, C-16), 27.41(CH; C-2), 22.09(CHz C-15), 21.32(CHs
C-21), 21.29(CH,, C-11), 20.98(CHs, OAc), 20.37(CHs, OAc), 20.36(CHs, C-26/-27),
19.88(CHs, C-26/-27), 18.90(CHs, C-19), 1820(CHs, C-28), 12.61(CHs, C-18); 'H
NMR(CDCls, 500 MHz) & 535(1H, dd, 15.1, 7.6, H-22), 512(1H, dd, 15.1, 83,
H-23), 5.11(1H, d, 1.0, H-6), 452(1H, d, 2.4, OH), 355(1H, s, H-7), 2.20(3H, s),
2.10(1H, dd, 11.2, 8.2), 1.95-2.06(2H, m), 1.99(3H, s), 1.86-1.92(2H, m), 1.82(1H,
m, H-24), 164-181(3H, m), 137-160(3H, m), 1.23-136(7H, m), 1.12(1H, m),
1.093H, s, H-19), 1.01(3H, d, 6.3, H-21), 0.90(3H, d, 6.8, H-24), 0.86(1H, m),
0.82(6H, d, 6.8, H-26, H-27), 0.74(3H, s, H-18); *C NMR(CDCl;, 125 MHz) &
171.44(C, OAc), 170.24(C, OAc), 13517(CH, C-22), 132.58(CH, C-23), 76.52(C,
C-5), 70.09(CH, C-3"), 69.64(CH, C-6"), 66.64(C, C-8), 62.32(CH, C-7), 55.53(CH),
53.75(CH), 43.01(CH), 42.39(C), 41.53(C), 40.30(CH), 39.93(CH), 37.95(CH2),
35.33(CHz), 33.14(CH), 31.82(CH2), 29.70(CHz), 27.59(CHz), 26.81(CHz), 21.98(CH),
21.36(CHs), 21.21(CHz), 21.13(CHs) x 2, 21.10(CHs3), 20.11(CHs), 19.64(CHy),



12.67(CHs).

3,6-Diacetoxy-7,8-epoxy-5-hydroxycholestane(=91k-2~7): 'H NMR(CqDs,
500 MHz) & 555(1H, m, H-3), 529(1H, brd, 1.0, H-6), 477(1H, d, 24, OH),
355(1H, s, H-7), 242(1H, ddd, 125, 5.1, 1.7, H-4a), 199(1H, m, H-20), 1.89(1H,
dd, 115, 81, H-9), 1.79(1H, dt, 127, 37, H-12), 172(3H, s, OAc), 1.71(3H, s,
OAc), 1.65(1H, m, H-48), 1.76-162(4H, m, H-1a, -14, -16), 1.40-1.25(9H, m, H-2
8, -11, -15), 1.24-1.17(3H, m, H-16), 1.13(1H, dt, 13,5, 35, H-18), 1.07-0.96(4H,
m), 0.94(3H, d, 24, H-21), 093(6H, d, 2.4, H-26, -27), 0.93-0.89(2H, m, H-12),
0.74(3H, s, H-19, 047(3H, s, H-18); C NMR (CeDs, 125 MHz) & 17091(C,
OAc), 16952(C, OAc), 7691(C, C-5), 70.25(CH, C-6), 69.97 (CH, C-3), 66.25(C,
C-8), 62.45(CH, C-7), 56.04(CH, C-17), 53.75(CH, C-14), 4253(C, C-13), 41.75(C,
C-10), 40.08(CH, C-9), 39.88(CHz;, C-24), 3824(CH, C-12), 36.32(CH; C-22),
36.29(CH, C-20), 36.16(CH; C-4), 32.17(CHs, C-1), 28.38(CH, C-25), 27.46(CHa,
C-16), 27.40(CHz, C-2), 24.28(CHz, C-23), 23.00(CHs, C-26/-27), 22.74(CHs,
C-27/-26), 2208(CH; C-15), 21.28(CH;, C-11), 2098(0Ac), 20.37(OAc),
19.00(CHs, C-21), 18.89(CHs, C-19), 12.43(CHs, C-18).

3. 4. 3. 91K-42 7€ HAE 35 ¢ &4¢

e

3.4.3. 1LA89 A 2 %7183 %7 flash chromatography

A5 Acalycigorgia inermis(Al2¥ 3 91K-4)¢] AP 19918 10¥ AEE
At M=} giatr-x 28 4 25-30 molA SCUBA tholH e oajA o]Fof A
o o] AgE AR 2= FA §2oA &Hd Ty PFid RaAHJYYG B
FREAFY ABRARFAF S kg)E 2A Fel methylene chloride 2 LE 713519



A2 8AZL FAF Foll 2 94 AL o FAEL A BEH Fd
2o AA #712FEE ¢S 1514 go] 2o Ao

o] 2%3&E& RNF flash chromatography® #2371 $13 n-hexanes
ethylacetate®] &3 9(100% n-hexaneS Z%E] 100% ethylacetate7}X]), acetone,
methanol& €A U2 S&AIAY. 1A ¥ 18749 & (fraction, fx)& 47
8918 AAT ¥ 'H NMR& 34% 23 $9 Ut 28 JAHRAO] fx-4015%
ethylacetate/n-hexane: 485 mg)3 fx-5(20% ethylacetate/ n-hexane: 410 mg)l
TEso lge]l w3 AU 7Y fxollE A7 HFPEA &3] A 28
g B33 AW, At 4 steroids7t TEEH A

3. 4. 3. 2. 91K-4-1(=acalycixeniolide B)$} 91K-4-29] &&

91K-4-12 &A% a=2viE8y(20%9F 30% ethylacetate/hexane f£x)ol]
A dFaez B Fo HPLC(high performance liquid chromatography)eil
o &34 BHAHYMC silica column, RI detector, 2 ml/min).
Acalycixeniolide BE 7% ethylacetate/hexaneo]| A} retention time 27 ¥, 10%
ethylacetate/hexaned] 4] 182 #ojtt. ald 4L 53 mg ©|9 U&7} 2L &
% dloletg FUth. 'H NMR(CDCl, 500 MHz) & 534(1H, brt, 7.7, H-8),
5.12(1H, quint, 6.6, H-14), 498(1H, brs, H-18), 4.97(1H, brs, H-18), 4.70(2H, m,
H-16), 416(1H, dd, 12, 6.9, H-1), 3.91(1H, dd, 12, 12, H-1), 291(1H, brq, 6.2,
H-4), 248(1H, m, H-9), 2.34(1H, m, H-10), 220(1H, dt, 127, 3.6, H-10),
217-1.94(8H, m, H-4a, -6, -9, -1lla, -12, -13), 1.65-156(2H, m, H-5 -12),
1.68(3H, brs, H-17), 1.09(1H, m, H-5); ®C NMR(CDCl;, 125 MHz) & 208.45(C,
C-15), 17543(C, C-3), 15293(C, C-11), 135685(C, C-7), 12388(CH, C-8),
112.14(CH2, C-18), 89.09(CH, C-14), 75.40(CH., C-16), 70.57(CHz, C-1), 49.80(CH,



C-1l1a), 4491(CH, C-4), 41.13(CH, C-4a), 39.84(CH, C-6), 3555(CH; C-10),
30.18(CHz, C-5), 26.25(CH;, C-12), 25.86(CH;, C-13), 24.99(CHz, C-9), 16.46(CHj,
C-17).

91K-4-2% acalycixeniolide B} Fd# &4 15 mgol EHUo9
HPLCS®] peak retention time 7% ethylacetate/ hexanedlA 215%, 10%
ethylacetate/hexanedl A 16& 14 Ee =t o] E29 &% dolet= dhgd 2
t. 'H NMR(CDCL, 500 MHz) & 5.34(1H, brt, 7.8, H-8), 5.11(1H, tt, 7.1, 15
H-14), 498(1H, brs, H-18), 497(1H, brs, H-18), 4.15(1H, dd, 11.8, 6.8, H-1),
3.89(1H, dd, 11.8, 11.8, H-1), 2.82(1H, brq, 6.5 H-4), 248(1H, m, H-9), 2.33(1H,
m, H-10), 2.20(1H, dt, 12.2, 34, H-10), 2.13-2.04(8H, H-4a, -6, -9, -1la, -12,
-13), 2.02-193(m), 1.71(3H, s, H-16), 1.69(3H, s, H-17), 162(3H, s, H-19),
160-149(2H, m, H-5, -12), 1.07(1H, m, H-5); “C NMR(CDCl, 125 MHz) &
175.72(C, C-3), 153.05(C, C-11), 13557(C, C-7), 132.82(C, C-15), 123.41(CH,
C-14), 123.84(CH, C-8), 112.02(CH; C-18), 7057(CHz, C-1), 49.76(CH, C-1la),
44.64(CH, C-4), 41.13(CH, C-4a), 39.88(CHz, C-6), 35.54(CH,, C-10), 30.08(CH,
C-5), 2691(CH;, C-12), 25.75(CHs, C-16), 25.33(CH; C-13), 24.98(CH2 C-9),
17.87(CH;, C-19), 16.3(CHs, C-17).
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Fig. 3-10. Carbon NMR spectrum of compound 91K-2-1.
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Fig. 3-16. Carbon NMR spectrum of compound 91K-2-2.
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Fig. 3-22. Carbon NMR spectrum of compound 91K-2-4.
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Fig. 3-30. TOCSY spectrum of compound 91K-2-6.
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Fig. 3-34. Carbon NMR spectrum of compound 91K-2-7.
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Al 4 7. Soft corals®] WAIEZ

4. 1. 479 =743

dWtH o2 soft coralsolgti B ZAAFELS Yoz wrw=gn]
E(HHHA, Alcyonacea)d] 480 49 AAIEIx Rac ANFHY vge &
H(polyp)o] FS(coenencyme)so] JFEH gl ﬂ%(énthocodia)*c‘: &5 gld.
TAE gold F2 WA Rgoln] S d=giv)s} v &

ZATEL HFHAAEN oA AAFEY HB7te T8 AXNE AR
i e soft corals gorgonians®} ¥7 ZFFEEL SESHuIT. HAEY F
Z¢ &= olA soft corals$} gorgonianstolls FaE FEo| fid. B
¥ HAE F terpenoids7} 80% °]¥& AA|s}v diterpencids?t 7HF WWEA F
593 a3F N % cembranoids #X=M7F 713 Edth= 3L gorgoniansst &3
3 dAStL Aok E=Y A9 EE terpenpoidse] @& FFoly FH87)9 FF R
AR YAME FEFTZO A X Ut & FFH AL ¢AH =
Eold 4L 714 terpenoids® 5o ol FEFT 7+ AAFHQ FHoln
o #F S(genus)olyt F(species)d] FE Yoz o] Er}. Terpenoidso] &)
dE Hol¥ ZF87]E 71 steroids7t 43I+ LSNP prostnoidsT unusual
polyketides\} lipid part& 7}% mixed biosynthetic products® =EX A dof A
.

Soft coralst o|E2¥E ¥H¥ UAEF 4347t AXSA, ¥, 29, ¥
UL, YA, T2 A (antifouling)F I BEPYEE RFS Qo] g
Stolu S AEIA A FHAA T8 AXNE AL Sl A2 HE HA
ol ¥ AF7h MA(sponges)olt 45 E(tunicates)l AFHE FFL ¥
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YJeER e glou o]E soft coralse] HAEIYR AFHAQ] FdA AA s
ZaAol FAE AL YuidAE gtn. A Lol FHYP AHE Rol:
artemethergl= E3¢] ¢d w Atk o] AL {3 E Artemisia annua Lo}
A o] sesquiterpenoid artemisinin®] endoperoxide®] %= °]™H(Qinghaosu
Research Group, 1980; Schmidt & Hofheinz, 1983; Avery et al, 1992). o] &3 o]
H 2 SAYEA dojX7E FYLY terpencidse] YFolEts AL nAY
# %Y terpencids®] B ZFEEY IAENYNFY FoAdL Adn. t¢r Z
FEEY HAEL dtH oz AU FE7t & AGFFIE vldtd 4TI
rornz AYY AEH AgFHolLd M= Ago] vl ¥t wEbA soft
corals& HIE Y AT EY FoAL "HdxE FojEA %€ o BRI,

4. 2. Alcyonium gracillimum$] tAIERA

909 14¥, 79 R 929 11¥e] AFE MAX Adol AT HY, B4 R ¥
49 =& (-20 mol X SCUBATto|Y & o|88te] ¢ 8kgo] A8 & AF3HAch
o] A& AVE 20 cm XY E&A ¥z WEHDUEIY FAIGE RFo=s
AR £34ZE Ha Qo o] BEY 2FFELS FPulo| A9 P38BY Wi A
ZEA testsol X A=Y AP BA(LCS0 7.0 pg/mlst 22.7 pg/ml)E& et

WERANY MR % 5 kgd A4 aFdA Axdo FEY gFES
AAF # dichloromethane2.2 #&3 i §vl= AFFL72 AAS%G &9&
AAR Fo] G BFHFEL silica vacuum flash chromatography2 F4do) wa} 4
Mo Yoz Yyglon silica X reversed-phase HPLCOll 9J3jA] o] £y
B 779 HAES £ G(Fig. 4-1). ©o] EAES F2E ofdd] AHE vt
Zol £33 Wfd 93 Cy steroids®t Cx pregnanesZ ZASHU. EJARE
ZAE3 o]EF 91-18-1 ~ -5% Ol EAL AEZ= disHden AI¥A
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= ZA4d3} 91-18-2¢9 -35& AXEAD Yutol2AAE I &) WA
t}.

91-18-1& 3FMqzaNz EIHHNSH £A4 CznHwOs7t high-resolution
mass$} carbon NMR datadl] ¢34 ZAAY=HAcH(Fig. 4-7, -13). o,B-Unsaturated
ketone & 200.15(s), 158.15(d) R 127.39(d)8) carbon signal, IR spectrum?d&]
1690 cm™ol Uehd Z¥ #% band ¥ UV spectrumdl A YERG dmax 228 nmol
daA 4A A § AAHFig. 4-11,12). olo) 443t 'H NMR signalEo] 3
712(1H, d, J=103 Hz)$} 584(1H, d, J=10.3 Hz)dlA LASHATH(Fig. 4-6). °C
NMR spectrum®] 4] downfieldel YEl= & 119.87(s), 82.04(s) R 80.36(d)<]
signal&& ©] &2 ketal groupe] EAAGE AL B Foh. IR spectrum®]
3000-4000 cm™ A 9o] OH7]%| £¥ absorption band7t UEhIA] FgEed ol
ketalo] hemiketalo] o}Yi FHE ketalo]2te AHdE $HE Aoz HHHAG.
% ketal center carbon® chemical shift o] & 119.87(s)o.& Ut Kketal
carbon(d 105-110)e] W|3<} 10 ppmAE RAgEH o]RAL ketalo] F 9
tetrahydrofuran ringsol ¢}¥ spiro-ring typel.2 EA ¥t AL 9udgr
(Shin & Fenical, 1988; Agrawal et al, 1985).

o] ¥d9 AAHY F2& 'H X “C NMRE H &% <& 714 NMR 238
7 ¢g#dd 2479 C NMR doleg wme M #JAE 5 AU
High-resolution mass datat ©] £Zo] Al /9 ringsZ o|FoJ A& ey
2A=d proton ¥ carbon NMR datad] 7]12% EJF2AF 23 A-C ringsS soft
coral Minabea spolA #2 ¥ withanolidesA| €<l minabeolides$} o}F fAl5lAth
(Ksebati & Schmitz, 1988). W&A cyclic ketal?] $X& AAsE= Ao AHFQA
T2 249 HYolUrt. o]A& HMQCS proton COSY NMRA 9 Aag F%
3t o] FolAth(Fig. 4-8, -9). WA HMQCH| <934 91-18-1¢] EAst= RE
proton-bearing carbons®} protons7te] AF@@{AZF HEE = Hyh 5 0.96(d,
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J=73 Hz)9l YEld C-21 methyl groupd} coupling€ ©|FE #Y¥ methine
proton & C-20 proton®] & 2084 ¥ZAHU. ©] proton®] F-& chemical shift
£ C-209] vicinal carbon & C-227} oxygenatedslo] 1&g <9vsigitt. = 'H
NMR spectrumol 4 & 4.45(ddd, J=7.5, 74, 7.2)9} YEl3 downfield methine
proton& 8 1.98, 1.80, 1.23% 3709 proton®} direct coupling& ©|F 3 ¢loP ol
% 8 1.985 1.23 protonse FY§ carbono]l Z¥E methylene carbony ] HMQC
NMR 239 93l ¢A5AY. t1$7] o|]E ¥ protonsS 51.18%) $1X ¥ proton
A% couplingg %29 § 1.803 1.189] protonse ¥ ¥ methine carbond] 33
&= ol 9A HMQC A#d 3t FAHJTD. ol o] 4
-CHCH:.CH(O)CH-¢] F-& F&7} 9o} A

o] RET=x9 YA+ proton decoupling®} COSY NMR Hojel g9 34
of ozt AAHAT. C-21 methyl protons& irradiationd}$1-€¢ ) C-20 methine
(8 2.08)°] broad quintet(J=7.0 Hz)S.2%-E] sharp doublet(J= 6.1 Hz)Z v}E}ytt}.
T COSY dlojet #4444 o] protond C-21 methyl ©]9le] 5 1.809 protons}
direct coupling€ 3t3 IRNew oA AFH uiel o] & 1.809] proton §
445 proton® A3 AdH] it o] C-163 C-200] FY¥ methine protono.
2 47499 A& vy ojdutE} C-142HE C-17¢ AFH C-214 o2&
dd9 A4uuAs B&sA =yt vhAgo2 § 1.34(s), L17(s)o] YEldE 5
70¢] methyl peaks®] chemical shift #t3# splitting pattern AT AXI¢ C-25
7t AsEe] e A& 9.

A9 AHE FTHS & 9 o] dAEA LS Ha9 AYSL & carbon 9
7} C-16, -22, -25°]%) C-227} ketal center& ©|¥& Cz steroidal ketalZ 4)2ts)
At o] A4S HMBC 43 939 AF=Ad(Fig. 4-10)(Table 4-8). & key
protons?] 18, 21, 26, 279] methyl protons$} C-22 ketal carbon® ¥ {34 QA s}

i Y= B2E Alol9 long-range correlationsoll 234 [55]-bicyclic ketal®] &
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A7F FAHUNe £ 19 methyl protons®] long-range correlationso] <& A
ring®] a8-unsaturated carbonyl®] EA%x ¥4 UYF=H UK Table 4-8). 23 o2
€3 91-18-12 furospirostand steroidel &3& A2 F2I7 AFHJG.
91-18-19] proton ¥ carbon$ assignmentsi= Table 4-13 v},

Steroid®] side chain®] [55]bicyclic ketal® ©]$o]d furospirostan steroids:
dEE SANENM g0 AN E soft coral Isis hippuris23-8 £3
¥ 2 79 23T gelA AH(Kazlauskas et al, 1977; Higa et al, 1981; Rao et
al, 1988)(Fig. 4-2). 18]y {42 EoA do|A furospirostan steroids:E XEF7}
a Az e Aol ol saponing] aglycone FE|2 Ao st ook
ol A9 steroids® €T3 ¥& 4 31t}. Furospirostan saponinsZol g+
£ cytotoxic’, antifungal® ® mulluscicidal’ activity® 2] Fu 489 & s5to)
F4EYU AEE UH(Reddy et al, 1984; Harborne & Baxter, 1993; Chen &
Snyder, 1987; Sato & Sakamura, 1973).

Furospirostan steroids®] F&ZA e 3lojA 713 ol8l& AL C-22¢) &A3}
T ketal center®] stereochemistry& ZAst= Holg, EJZAlY 93td wA &
A bicyclic ketaldl spirostan steroids¢] C-22 configuration® 229 A& ¢
Aol A Wl 98t S'(a-orientation)Z ZA 325 furospirostan steroids
e Fvljsadt B-3(PtO2) A& FQ furostan derivatives} spirostan steroids
o &vlsist Wgd ojstd PYAE Ao FYdIE Ao HE furospirostan
steroids®] C-22 configuration® S'Z Z&& UK (Callow & Massy-Beresford,
1957; Thompson et al, 1959)(Fig. 4-3).

Soft coral Alcyonium gracillimumz%-¥] £2lg HAIER 91-18-12 oA
9] ¥t} &2 (asymmetric carbon center) &€& Zi o}, ol PR ELS YutH
A steroidst FFE Folvt C-165 C-229] Ao EAste Wiy G125 A
2& Zolrt. o]€9 configuration® NOEDS X3 ¢ejxd Ed3¢ NMRAE.9
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Table 4-1. Proton and carbon NMR assignments for compound 91-18-12

# 14 13¢C

1 7.12(1H, 4, 10,3) 158.15 d
2 5.84(1H, d, 10.3) 127.39 d
3 200.15 s
4 2.37(1H, dd, 17.6, 14.2) 40.96 t

2.22(1H, dd, 17.6, 3.9)

5 1.91(1H, m) 44.22d
6 1.44(24, m) 27.51 t
7 1.72(1H, m), 0.96(1H, m) 31.70 t
8 1.63(1H, m) 35.26 d
9 1.01(1H, m) 49.93 d
10 39.03 s
11 1.73(1H, m), 1.45(1H, m) 21,02 t
12 1.77(1H, m), 1.20(1H, m) 39.79 t
13 40.74 s
14 1.18(1H, m) 55.99 d
15 1.23(1H, m), 1.98(1H, m) 31.42 t
16 4.45(1H, ddd, 7.5, 7.4, 7.2) 80.36 d
17 1.80(1H, m) 61.79 d
18 0.80(3H, s) 16.47 q
19 1.01(3H, s) 13.06 q
20 2.08(1H, m) 38.37d
21 0.96(3H4, d, 7.3) 14.66 q
22 119.87 s
23 1.98(24, m) 33.66 t
24 1,98(1H, m), 1.70(1H, m) 37.05 t
25 82.04 s
26 _ L1i7(3H, s) - 30.22 gb
27 1.34(3H, s) 28.45 ¢

8 Proton and carbon NMR spectra were recorded in CDCl; solution at 500 and 125
MHz, respectively. Chemical shifts are reported in & values, J values are
reported in Hz, Carbon multiplicities were determined by DEPT experiments.
Assignments were aided by proton decoupling, COSY, HMQC, and HMBC experiments. b
Assignments may be interchanged.
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vliel) 9)&e] AASHUAL C-163 C-219] & protonsE irradiationd}d C-17
proton peak® =7} ZF 51% 22%8 F/HHALY C-20 protond
irradiationd}d C-18 methyl protons®] 6.7% S7FHAct. =2y C-167 C-20
protons Atol9] nOet #ZHA @stct. weba C-169) configuration S'2 2 A
HA

a8y C-229 configuration® C-213% C-20 protonsE& irradiationd| % C-23
protons®] nOet |AHA Jgk7] wWiEoll o] carbon? configurationd & &
A3}l NMR data B2 g4 2l3te] ZAHAHTable 4-2, -3). Configuration©]
22R¢] wallogenin® 22S-epimers(Fig. 4-4)¢) 'H NMR spectrum H|¢)E}& H] 3}
B wallogenin®] C-16 proton chemical shift’} 4.15 ppmeo]y 22S-epimers)
chemical shift= 445 ppmo|®] % “C NMR spectrum ®|°|E}o]A wallogenin®]
C-20, 21, 22, 23°] &2} 375, 16.7, 1204, 30.091 wkA o] 22S-epimerg! strictagenin
< 383, 147, 120.2, 32.2°]H(M.-H. Yang et al, 1989). ¥ 91-18-12 C-16
proton®] chemical shift gte] & 4.45°]% C-20, 21, 22, 23¢] chemical shift g2 3
384, 14.7, 1199, 33.7¢I11t}. o] F}EL 22R-configuration® 7} wallogenin®} o}
219 22S-epimers} o}F FAEE 91-18-19 C-22¢9) configurationS S'2 8}
Aot ol g3 o] do o] A FRE (16S,20S,22S)-5¢-furostan-22,25-epoxy—
1-en-3-onel.2 AAH AL,

91-18-2&= #MuN=z EHNoH oEF9 £A2L high resolution
mass$t “C NMR data®l 91814 CzHeOs= 2AHATHFig. 4-19, -15). 91-18-2
o £% dolete 91-18-1% o}F fFAFSIATHFig. 4-14 ~ -19). 'H NMR3} “C
NMR ©lolet& z}43 2@ AT 91-18-2% 91-18-1% SUF A-E ringsE
#agle Aol FAHJAHFig. 4-14, -15). 28 5C NMRAA F2E o]l
TAANUT. 91-18-19]14 & 82049 YE} WY quaternary carbon(C-25)9]
91-18-29| A& & 28289 “}E}}i= methine carbon signalZ ¥lH ATt B9tk o}y
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Strictagenin Ry = Me, R, = CH,OH

Rubragenin Ry = CH,OH , R, =Me

_.‘n\\‘

Me

“ICH,OH

Wallogenin

Fig. 4-4. Furospirostan steroids isolated from terrestrial plants.
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Table 4-2. Proton NMR data for strictagenin, rubragenin, wallogenin2,

and 91-18-1b

# strictagenin rubragenin wallogenin 91-18-1
16 [4.45(1H, q, 7.5)]|4.45(1H, q, 7.5){4.15(1H, q., 7.5)[4.45(1H, ddd, 7.5, 7.4, 7.2)
18 |0.78(3H, s) 0.77(3H, s) 0.88(H, s) 0.80(3H, s)
19 0.84(3H, s) 0.83(3H, s) 0.82(3H, s) 1.01(34, s)
21 [0.78(34, d, 7) |0.99(3H, d, 7) |1.00(3H, d, 7) |1.00(3H, d, 7.3)
26 [3.35(2H4, d, 11) |3.35(2H, d, 11) {3.35(2H, d, 11) [1.17(3H, s)

3.50(3H, d, 11) |3.44(2H, d, 11) [3.57(2H, d, 11)
27 {1.16(3H, s) 1.36(3H, s) 1.14(3H, s) 1.34(34, s) s

1.b Carbon NMR spectra of strictagenin, rubragenin, and wallogenin and 91-18-1 were
obtained in CDCl3 solution at 270 and 500 MHz respectively. Chemical shifts are
reported in & values(ppm downfield from Me4Si). J values are reported in Hz.
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Table 4-3, Carbon NMR assignments for strictagenin, rubragenin, wallogenin®,

and 91-18-1b
# strictagenin rubragenin wal logenin 91-18-1
1 73.9d 74.0 d 74.0 d 158.15 d
2 40.4 d 40.3d 40.4d 127,39 d
3 66.2 d 66.7 d 66.7 d 200.15 s
4 36.1t 3H.8t 3.8t 40.96 t
5 37.4d 38.2d 38.2d 44.22 d
6 28.3t 281t 28.1¢t 27.51 t
7 32,0t 2.1t 321t 31.70 t
8 35.6d 35.5d 35.4d 35.26 d
9 55,0 d 54.6 d 54.7d 49.93d
10 42.6 s 42.5s 42.5s 39.03 s
11 4.4t 4.4t 244t 21.02 t
12 40.4 t 9.8t 39.8¢t 39.79 t
13 40.3 s 40.1s 40.7 s 40.74 s
14 56.3 d 56.2 d 55.6 d 55.99 d
15 30.7 t 31.9 t 29.7 te 31.42 t
16 8i.1d 80.6 d 79.2d 80.36 d
17 62.1d 62.0 d 62.1d 61.79 d
18 16.2 q 16.3 q 16.6 q 16.47 q
19 5.9q 5.6 q 5.6 q 13.06 q
20 38.3d 38.5d 37.5d 38.37d
21 147 q 14.8 q 16.7 q 14.66 q
22 120.2 s 120.1 s 120.4 s 119.87 s
23 32.2¢ 328t 30.0 te 3705t
24 3.8t H1t 32.8¢t 33.66 t
25 85.8 s 84.1s 84.7s 82.04 s
26 68.9t 69.5t 63.0 t 30.22 qd
27 23.9q 25.3 q 24.0 q 28.45 qd

a.b Carbon NMR spectra of strictagenin, rubragenin, and wallogenin and 91-18-1
were obtained in CDCl3 solution at 68 and 125 Miz, respectively. Carbon
multiplicities of 91-18-1 were determined by DEPT experiments. Assignments for
91-18-1 are based upon HMAC and HMBC. ¢:d Assignments may be interchanged.
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2} 5 119.879] ketal carbon(C-22)9] signalel upfield2 shifts]o] & 110499 et
ok 4gstE zolFo] 'H NMRAME vk yrh 8 1348k 117¢] Y wd
singlet methyl signal® & 0.88(J=6.4 Hz)3} 0.87(J=64 Hz)Z wlAUS. = IR &%
vlojeto] A} 7% -OH peak’} 3450 cm™'o] Uelth(Fig. 4-17). o] ZE Wg:
91-18-1 & furospirostan &3] tetrahydrofuran F ring®] €32 hemiketal2 ®}3
RE oulsi}. olst o] 91-18-29] FFE steroidal hemiketal(furostanol){l
(16S,20S)-5a-furostan-1-en-22-ol-3-one2. & A A H At}

91-18-2 4] 91-18-13 FAUF H|thA ©x(asymmetric carbon centers)E
7R3 dr}. o] &R key protonE9 chemical shifts®} coupling constantst
91-18-13 A9 SYsHHPC B2 C-169 configuration EF 91-18-17% $YF A
o2 #HHHUYG. HAT ketald hemiketalz 877 Mz TE C-29
configuration® NMRA}&8.9) 9% configuration®] FZo¢] E7158ch. EdxA}
of &3d FY¥ hemiketal7] & 713 furostanols®] ZAFdT ketal”]& 71
furospirostans9 U ¥ configuration®.2 EAISo] e} dArje] GE FAH
FAE AANY AL GAHRA gt

91-18-29} vi-¢ FAIE 91-18-3¢] FUF HPLC A ANnAZ £
5t} o] 839 #214]L high resolution mass spectrumst 3C NMR spectrum
delelel]l #A CrHeoO:2 AAHAG(Fig. 4-25, -21). ©] 2L 91-18-29 W
@3 fAEE f9¥ Aolde BC NMROIA 91-18-29] 5 40.89(CHo)%}
4419(CH) signals®] & 168.90(C)$t 123.90(CH)®] olefinic carbon signals2 WHAQ
& Ao|thFig. 4-20 ~ -25). '"H NMR spectrum®] %= t)-¢3}+ olefinic proton
peak7} 8 6.07(brs)o| M e THFig. 4-20). E 91-18-2¢] IR spectrumo] A Uje}
w9 1680 cm™ peak’} 91-18-39]4 1665 cm & shift¥] QtH(Fig. 4-23). o] &
2ol & FYF 27 91-18-32 91-18-29] o ,B-unsaturated carbonyl group®] «,
B-a’,B’-unsaturated carbonyl group2.2 ul@ EZAE HHHUY. Leid EAF
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v @) A E o] % functional groupe] EAVTE AL WY HAY 4 AU
agez o] A9 FRE (16S,205)-5a-furostan-1,4-dien-22-o0l-3-oneS. & 24
5)QQtH(Table 4-4). 2dA8 XAIAS 91-18-29) -3& EF AEHE B35
.

A2e 239 91-18-47F HPLCA S8 A¥uA2 Qo] . o €A
B}4] CymHuO2 & high resolution mass$t C NMR spectroscopic data®l <]3]4
AAE QHFig. 4-33, -27). 91-18-4¢] spectral data: 91-18-2¢ fAH3% A-C
ring® side chain®] terminal isopropyl group& FU¥ Aoz AAHATHFig.
4-26 ~ -33). &A% 5C NMR spectrumol X Z8& olFEo] EAHAU. 8
1651(C-18)3 15.48(C-21)14 el methyl signalsFol 347t oxygenol 2
39 methylene carbon®2 up#o] § 6380014 yelton] 91-18-2¢] EA&HA|
Q= E 319 o|Z2ZEE UEE carbon signalso] 8 146.15(s)9k 106.04(s)l A
Uel wirh wpAgez 91-18-29] C-17 methine carbon peak7} 3 62674
upfield2 shifts]o] § 47.70914 ek 3tk 'H NMR spectrumo] = dw#<l
steroids®] C-183 C-21¢] #3st= 5 719 singlet methyl groupsd 3hte 8
159(s)o Y oo t& s isolated methylene®] E|2 8 3.91(dd, J=106,
17 Hz2)3 & 331(d, J=10.6)o) JEl}tHFig. 4-26). ©|9 Z& NMR 4o WiiE
22A2 $ A= FY9F F2E C-207 C-227t o|FEYE o|F L C-18% C-22
7} oxygenol &18)A ZHE S Cy steroid®] D ring® side chaine] Z#Ho| A4
® A2 & 6-membered cyclic enolether2 ¥4 = ).

o8 A& 2-D NMR A¥] gsix &FH A ZE protonsst carbons
9] signalst 'H COSY$t HMQC A3l <3t} A#3tA assigns] AH(Fig. 4-28,
-29). D ring® side chainAlo]o] 8 A€ dihydropyran ring®] &A= HMBC 449
o] 9dd AARHUHFig. 4-30)(Table 4-8). Vinyl methyl proton® olefinic
carbonsA}o]¢] long-range correlationst C-203} C-22Atol¢] ©|5Zd¥ e EAE
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Table 4-4. Carbon NMR assignments for compounds 91-18-1 ~ -3

# 91-18-1 91-18-2 91-18-3
1 158,15 d 158.21 d 155,68 d
2 127,39 d 127.37 d 127.53 d
3 200.15 s 200.10 s 186.30 s
4 40.96 t 40.89 t 123,90 d
5 44,22 d 44,19 d 168.90 s
6 27.51 t 27.46 t 2.7 t
7 31.70 t 31.60c t 338.71 t
8 35.26 d 35.26 d 35,16 d
9 49,93 d 49.91 d 50.15 d
10 39.03 s 38.9 s 43.55 s
11 21.02 t 20.94 t 22.66 t
12 39.79 t 39.78 t 39.37 t
13 40.74 s 40.99 s 40.01 s
14 55.99 d 56.01 d 55.15 d
15 31.42 t 31.40¢ t 31.91 t
16 80.36 d 81.10 d 80.99 d
17 61.79 d 62.67 d 62.59 d
18 16.47 q 16.51 q 16.40 t
19 13.06 g 13.03 g 18.75 q
20 38.37 d 39.60 d 39.90 d
21 14.66 q 15.48 q 15.48 q
22 119.87 s 110.49 s 110.54 s
23 37.05 t 36.87 t 36.92 t
24 33.66 t 32.81 t 32.53 t
25 82.04 s 28.28 d 28.33 d
26 30.22b q 22.554 q 22.60° q
27 28.45b q 22.434 q 22.47¢ q

& Carbon NMR spectra were obtained in CDCl3 solution at 125 MHz. Carbon
multiplicities were determined by DEPT experiments. Assignments for 91-18-1 are
based upon HMQC and HMBC. Assignments for 91-18-2 and 91-18-3 are aided by
comparison with 91-18-1. b-¢ Assignments may be interchanged.
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HFAANA FAem & 39174 3319 protonsF C-12, C-13 R C-174}o] 9]
correlation C-18¢] 43so] o+ A& &UANA FUAth. £ o] protonss}
C-229] correlation®] &}3]A] C-229} C-184}¢]71 oxygenS.Z d&AHo Utl:s A
o] ¥z} o]} o] #A 91-18-4%= 6-membered cyclic enolether ring& 7}
Cz steroide}= Al o] W&t A &< AHTable 4-5).

91-18-57} #AHE HPLC o 93jA FMuAMZ Ao Hov o AE
A9 A4 high resolution mass ® °C NMR &% dlolelo] &#1A CzxHeO:
2 BASAN(Fig. 4-39, -35). 91-18-59] £33 vlojet= 91-18-29} 433 FA
slen 53 A-C ringsol #33 = signalsts A9 U sdck(Fig. 4-34 ~
-39). A% “C NMR spectrumol A § 214.83¢] carbonyl peak’t $23 oo
2 yesten IR spectrumol M= A 2& carbonyl absoption band7} 1710 cm™ o
A ZstA vet BoH(Fig. 4-35, -37). WA 91-18-5& A 2& carbonyl group&
7} steroid FEH o] £t

o] A|2& ketone group?] $X i proton chemical shift, proton decoupling
R 'H COSY ®lelgt #4o| 9|t} sjAHATHFig. 4-34, -36). 'H NMRol] 3lof
A 8 26 - 2.0 regiono] ¢ X% 571¢] protonse EF a-carbonyl protonsZ 34
HAH(Fig. 4-34). 1822 C-4 methylene& A 4F¥ YA 3719 protons®]
carbonyl group®] F#¢] -CH(=0)CHz-¢] ¥dl2 ujds o] A& Ao £t
'H COSY NMReIA C-21 methyl protons(d 1.10, d, J=6.8 Hz)3} C-20 methine
proton(3 2.52, dq, J=10.3, 6.8 Hz)®2] correlation®] ¥&3lA =8 yony C-21
methyl protons& decoupling € WX C-209] splitting pattern®] ¥3 3 doublet
2 W3 tHFig. 4-36). &= C-20 proton®] chemical shift7} 433 downfield2
shiftq9e] 1o] AFH C-2271 A3t5 o] &g Jet W &oh o) 33 2 Holg
4] 939 carbonyl carbon®] Y= C-222 FQUHo o] A 77 AA
= AvH(Table 4-6).
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Table 4-5. Proton and carbon NMR assignments for 91-18-42

# 14 13C

1 7.16(1H, d, 10.0) 158.33 d
2 5.86(1H, d, 10.0) 127.41 d
3 200.13 s
4 2.37(1H, dd, 17.6, 14.2) 40.96 t

2.22(1H, dd, 17.6, 3.9)
5 1.93(1H, m) 44.31 d
6 2.08(1H, m), 1.42(1H, m) 27.49 t
7 1.73(1H, m), 0.98(1H, m) 31.54 t
8 1.38(1H, m) 35,58 d
9 1.07(1H, m) 50.15 d
10 39.11 s
11 1.83(1H, m), 0.90(1H, m) 20.83 t
12 2.10(1H, m), 0.92(1H, m) 31.66 t
13 41.18 s
14 1.35(1H, m) 54.34 d
15 1.69(1H, m), 1.35(1H, m) 24.20 t
16 2.08(1H, m), 1.42(1H, m) 27.90 t
17 1.58(1H, m) 47.70 d
18 3.91(1H, dd, 10.6, 1.7) 63.80 t
3.31(1H, d, 10.6)

19 1.00(3H, s) 12.99 q
20 106.04 s
21 1.59(3H, s) 16.79 q
22 146.15 s
23 2.09(1H, m), 1.48(1H, m) 30.59 t
24 1.33(2H, m) 36.81 t
25 1.52(1H, m) 27.90 t
26 0.89(3H, d, 6.4) 22.58b q
27 0.89(3H, d, 6.4) 22.57 q

2 Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 and 125
Mz, respectively, Chemical shifts are reported in & values. J values are
reported in Hz. Carbon multiplicities were determined by DEPT experiments.
Assignments were aided by proton decoupling, COSY, HMQC, and HMBC experiments, b
Assignments may be interchanged.
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Table 4-6. Carbon NMR assignments for compounds 91-18-1 and -52

# 91-18-1 91-18-5
1 158,15 d 158.19 d
2 127.39 d 127.40 d
3 200.15 s 200.19 s
4 40.96 t 40.96 t
5 4.22 d 4,22 d
6 27.51 t 27.584 t
7 31.70 t 31.23 t
8 35.26 d 35.63 d
9 49.93 d 49.88 d
10 39.03 s 38.94 s
11 21,02 t 21.28 t
12 39.79 t 39.58¢ t
13 40.74 s 42.84 s
14 55.99 d 55.69 d
15 31.42 ¢ 24.31 t
16 80.36 d 27.514 t
17 61.79 d 52.05 d
18 16.47 q 12.42 ¢q
19 13.06 q 12,99 q
20 38.37 d 49.40 d
21 14.66 q 16.55 q
22 119.87 s 214.83 s
23 37.05 t 32.39 t
24 33.66 t 39.72¢ t
25 82.04 s 27.70 d
26 30.22b q 22.41° q
27 28.45> q 22.37° q

8 Carbon NMR spectra were obtained in CDCly solution at 125 MHz, Carbon
multiplicities were determined by DEPT experiments, Assigmments for 91-18-1
are based upon HMQC and HMBC. Assigmments for 91-18-5 are by comparison with
91-18-1. b-e Assignments may be interchanged.

- 143 —



A mAZ Aol 91-18-6& 91-18-1 ~ -5t zF o2 C NMR
oA @A 2170¢] signals® YiElith. High resolution mass E|°|Et¢} carbon
NMR A28 £Astd o] Ed9 EA4E CaHxO0Z AR5 AHFig. 4-47, -41).
'H NMR, ®C NMR, IR, UV spectrum Hjo|g} £4jd] &3d o] £3& 91-18-1,
2 R 553 £UF A-D ring® 7HAIL AoE AL 2o F3low 'H COSY,
HMQC, HMBC A% 9o o] Ed9 HHF{ FZXE pregna-1,20-dien-3-one
o2 A5G (Fig. 4-40 ~ -46)(Table 4-7, -8). EAZAl0} o5 o] EZAL
olMol] SAHR @& Pacific soft coralolA EHUY & EFvolest 2
dxste deid 229 Aoz HAH A} (Higgs & Faulkner, 1977).

91-18-7 9] AMe mAM= do] Hon BC NMRH high resolution mass
spectrumol] 2)3te] o] A9 AL CuHxOZ HASAHFig. 4-49, -53). ©I
29 &3 doleE 91-18-63% HAIshY § 15845(d)F 127.26(d) “ERE
olefinic carbons®] & 3892(t)% 38.19(t)2 upfield shift¥} o™ & 200.09(s)9
carbonyl carbon® downfield2 shiftso] & 212.15(s)o] WEFtTHFig. 4-48 ~
-53). olg|¢ Ho]MEL 'H NMR spectrum M= el 91-18-69) § 7.15%
5.859] olefinic signals®] upfield signals2 X = AcH(Fig. 4-48). B9 of# IR
spectrumel| 4] 1685 cm™o} R Y aB-unsaturated carbonyl group®] &% band’t
1715 cm™2 o] EHUHFig. 4-52). 2H =2 91-18-7¢ 91-18-69 A ring©|
hydrogenate® pregna—-2-en- 3-one2 ZA S AcHTable 4-7). EAXAL Al 9
9 o] 3L HAEA=Z BEYHAL Fhoy 91-18-6& FAde HAAAA
key intermediate®2 ¥AHATHE Aol FAHAHSchow & McMorris, 1977).
91-18-63} -7¢ Cu degraded steroid¢] pregnane#e] ERAEo|ch EAZAle] 9
% X F7tA pregnane A9 EZL HYPEANME =EA CAH F A
Eawo] ¢aA UcH(Kingston et al, 1977; 1979; 1982; Higgs & Faulkner, 1977;
Cimino et al, 1979; Black et al, 1985; Wasylyk et al, 1989)(Fig. 4-5).
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Table 4-7. Proton and carbon assignments for compounds 91-18-6 and -7¢

91-18-6 91-18-7
#
Iy 13C 14 130
1 |7.15(1H, d, 10.3) 158.45 d |2.02(1H, ddd, 15.1, 6.4, 2.0) | 38.62 t
1.36(1H, m)
2 |5.85(1H, d, 10.3) 127.26 d |2.38(1H, ddd, 15.6, 13.7, 6.4) | 38.19 t
2.29(1H, brddd, 15.6, 5.4, 2.9)
3 200.09 s 212,15 s
4 [2.37(1H, o, 17.6, 14.2) 40.91 t |2.27(1H, dd, 14.9, 14.7) 4473 ¢t
2.22(1H, dd, 17.6, 3.9) 2.08(1H, ddd, 14.9, 3.9, 2.2)
5 |1.92(1H, m) 44.28 d |1.53(1H, m) 46.78 d
6 |1.42(2H, m) 27.55 t |1.33(2H, m) 28.95 t
7 |1.75(14, =), 0.99(1H, m) 31.33 t |1.73(1H, m), 0.94(1H, m) 31.82 t
8 |1.46(1H, n) 35.70 d |1.41(1H, m) 35.52 d
9 |0.99(1H, ) 50.17 d |0.76(1H, ddd, 12.7, 10.3, 4.4) | 54.09 d
10 39.00 s 35.77 s
11§1.79(1H, m), 1.40(1H, m) 20.75 t |1.54(1H, m), 1.31(1H, m) 21.05 t
12(1.77(1H, m), 1.10(1H, m) 37.26 t [1.69(1H, m), 1.04(1H, m) 37.44 t
13 43.61 s 43.61 s
14/1.10(1H, m) 55.45 d |1.04(1H, m) 55.44 d
15/1.69(1H, m), 1.20(1H, m) 24.59 t [1.67(1H, m), 1.19(1H, m) 24.79 t
16(1.79(1H, m), 1.58(1H, m) 27.11 t |1.79(1H, m), 1.56(1H, m) 27.20 t
17|1.98(1H, m) 55,19 d |1.96(1H, m) 55.38 d
18/0.63(3H, s) 12.97 v |0.61(3H, s) 12.94 q
19]1.02(3H, s) 12,99 ¢P[1.01{(3H, s) 11.50 q
2015.76(1H, ddd, 17.1, 10.3, 7.3){139.46 d |5.75(1H, ddd, 16.9, 10,7, 7.6) {139.74 d
21(4.99(1H, dd, 10.3, 1.0) 114.64 t |4.97(1H, dd, 10.7, 2.2) 114.55 t
4.96(1H, ddd, 17.1, 1.0, 1.0) 4.96(1H, ddd, 16.9, 1.0, 1.0)

Proton and carbon NMR spectra were recorded in CDCl; solution at 500 and 125 MHz,
respectively, Chemical shifts are reported in & values(ppm downfield from MesSi). J
values are reported in Hz, Assignments are aided by decoupling and COSY experiments.
Carbon multiplicities were determined by DEPT experiments. Assignments for 91-18-6 and
-7 are based upon BMQC and BMBC, P Assignment may be interchanged.
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Table 4-8. Results of HMBC Experiments with compounds 91-18-1, -4, and -6

c

Hp

91-18-1 91-18-2 91-18-3
1 3,5 9, 10 5 9, 10 3,5 9, 10
2 4, 10 4, 10
4 3, 5 10 5 6, 10 3, 5
15 8, 16
16 13
17 13, 18, 20, 21
18 13, 14, 17 12, 13, 17 12, 13, 14
19 1, 5,9, 10 59 10 1, 5,9, 10
20 13, 17, 21
21 17, 22 17, 20, 22 17
26 24, 25, 27 24, 25, 27
27 24, 25, 26 24, 25, 26

& Experiments were performed at 125 MHz in CDCl3 solutions. Parameters were
optimized for couplings of 8 Hz, P Numbers are protons which exhibited H-C

correlations. Other protons are omitted for clarity.
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Alcyonium gracillimum®] =%&8< P3883% HSV-TIdl Wisis Zz 43¢
A EF5J(Cx 224 ug/mD3 Fupol2 2 AFH(Cs 7 ug/mDE YHEPRAT. &3
8 qAEREY ATRY=E 5HE 2} hemiketal 91-18-2% P388 cell
linedl WFHA FRAESY HESHYICH 78 ug/mDE Hov 91-18-2¢
91-18-32 human cytomegalovirus®] W3} Z+z IC«3.7 # 7.2 ug/ml€ e
ATHTable 4-9, -10, -11). 2 91-18-4% Ywix| EF& Fgoly Fujolgx
47t Qe Aoz J4d.

4.3 A9¥H

4.3 1 AE9 A R #71€29 F&3 asFEa=tEOYY

Soft coral Alcyonium gracillmum®] A3& MAE 23 44 25-30 molA 3
B(o1d 149, 74 R '92d 119)9 ZH SCUBA thole] 3l o]fo] Hon
ol NgE AN 2= FA WEL REHUG. YFRBFTA AR(YF 4 kg)¥’
Ao WA ste] L& A 5| 27 22} methylene chloride 2 LE 7H3to] A&
AA 48AZF WA Y Fo] 2 £94E Fuern o FFE GA BEF Fo
ofd A {72FEEY ¥ 9.22 go| g Hrt

o] 3&E& F¥F flash chromatography2 ¥¥837] $8] n-hexaned}
ethylacetate®] E391(100% n-hexane2 Z5-E] 100% ethylacetate7}A]), acetone,
methanol& EAWNE &A1Y °1FA4 Aol 13749 £Y(fraction, x)& &4F
£¥E AAE ¥ 'H NMRE 33% 2% $v) & 2% hAEAe] £x-2(10%
ethylacetate/n-hexane: 0.030 g), fx-3(15% ethylacetate/ n-hexane: 1.56 g),
fx-5(40% ethylacetate/n-hexane: 1.02 g) R fx-6(50% ethylacetate/n-hexane: 0.91
2o TS 3UTol W3 A Vet fxole A HIAWE &I A=
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Table 4-9. Antiviral activity of compounds 91-18-1 ~ -3

el: ug/ml
Toxicity | Antiviral activity(EC50)] Selectivity index
Sample H I
CCs0 HSV-1 HSV-2 HSV-1 | HsV-2
91-18-1 39,87 >39.87 >39.87 4 1
91-18-2 7.58 >7.58 >7.58 a1 1
91-18-3 7.59 >7.59 >7.59 4 <1
Acyclovir | >250 1.5 3.89 >166. 67 64.27| 7|E%E
Ara-C 7.7 0.7 0.81 11.00 9.51 | J|&YE
Table 4-10, Antiviral activity of compounds 91-18-1 ~ -3
Wl pg/al
Antiviral activity(EC50)
Sample ¥ =
AD-169 Davis
91-18-1 2.7 Q.7
91-18-2 3.7 3.7
91-18-3 7.2 7.7
Ganciclovir 0.37 0.37 71 &GS
PFA 19.3 57.7 71ENE
AD-169 and Davis are strains of human cytomegalovirus
Table 4-11. P388 activity of compounds 91-18-1 ~ -3
el pug/ml
sample P388(EC50) ] 3
91-18-1 2100
91-18-2 8.11
91-18-3 79.4
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3 R B33} A, AP @ steroids7t F8& HAHEZR ol

A&4AF azveaddd o @ fx-2¢ 3& oAl gravity column
chromatography(3 x 15 cm) ¥ 37] 9189 10%(500 ml), 15%(250 mi¥ 57}
o] £) 20%(500 ml) R 25%(500 ml) ethylacetate/hexane, 100% ethylacetate
(500 ml), 28] i methanol(500 mDZ A2 §EAIA BF 10719 4oz 4
Fol Ao o]§2 thA] HPLCE £ HUY

4. 3. 2. 91-18-1¢] #¥

Gravity column chromatography® ¥@¥ fx-5(80 mg), 6(50 mg) B 7(40
mg)E RolA 12% ethylacetate/ hexanedl] 0|3l spartan filter(Aldrich)2 o 3}&
Fol o] £4g 2L fvlE §FNoR A8 YMC silica columng o]-&%
HPLC(RI detector, 2.5 ml/min)ol A retention time 21.6 ¥} Y49+ peak& 2¢
i °)RA& A reversed phase Cis columng A8-3te] ThA] HPLCS o 91-18-1
o] 434 30 mg o] Hh(acetonitrile, 2.5 ml/min, retention time 25.5 ). mp.
181-183°.

[alp -20.7°c 0.5, CHCl3); UV(CHiCN) Mmax 228 nm(e 11500); HRCIMS:
M'+H obsd 413.3048, calecd 413.3056(C2zHs103); LREIMS:m/z(relative intensity)
412(4), 397(9), 354(6), 343(8), 298(45), 283(15), 269(27), 177(8), 139(100), 122(9);
IR(KBr) 2930, 2870, 1690, 1450, 1380, 1260, 1170, 1135, 990, cm 5 'H
NMR(CDCl3, 500 MHz) & 7.12(1H, d, 10.3, H-1), 5.84(1H, d, 10.3, H-2), 4.45(1H,
ddd, 7.5, 7.4, 72, H-16), 2.36(1H, dd, 176, 14.2, H-48), 2.21(1H, dd, 176, 3.9
H-40), 2.08(1H, m, H-20), 1.87-2.01(5H, m), 1.60-1.81(6H, m), 1.39-1.50(3H, m),
1.34GH, s, H-26/27), 1.12-1.26(3H, m), 1.17(3H, s, H-27/26), 1.01(3H, s, H-19),
0.96(3H, d, 7.3, H-21), 0.93-1.03(2H, m), 0.80(3H, s, H-18); *C NMR(CDCl;, 125
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MHz) & 200.15(C, C-3), 15815(CH, C-1), 127.39(CH, C-2), 119.87(C, C-22),
82.04(C, C-25), 80.36(CH, C-16), 61.79(CH, C-17), 55.99(CH, C-14), 49.93(CH,
C-9), 44.22(CH, C-5), 40.96(CHz, C-4), 40.74(C, C-13), 39.79(CH, C-12), 39.03(C,
C-10), 38.37(CH, C-20), 37.05(CH;, C-23), 3526(CH, C-8), 33.66(CH;, C-24),
3L.70(CHz, C-7), 31.42(CHz, C-15), 30.22(CHs, C-26), 28.45(CHs, C-27), 27.51(CHz,
C-6), 21.02(CH,, C-11), 16.47(CHs, C-18), 14.66(CHs;, C-21), 13.06(CHs, C-19).

4. 3. 3. 91-18-29] &g

15744 AzviEagdzE 8@ x-5(501 mg)E 35% ethylacetate/
hexaned] *50]il spartan filter(Aldrich)2 3@ Fo| o] §4& HPLC(YMC
silica column, RI detector, 2.5 ml/min)2 ¥ 3} retention time 11.6 o 2
+ peakE® 2 2.3 o]RA € reversed phase Cis columng A}-83to] thA] HPLCE &
g3t 91-18-271 ¢34 30 mg Aol tHacetonitrile, 2 ml/min, retention time
204 ¥). mp. 43-45°.

[alp -38%c 05, CHCl3; UV(CH:CN)Amax 225 nm(e 11100); HRCIMS:
M’'+NH4'- H2O obsd 414.3357, calcd 414.3372(CzHuNO2); LREIMS:m/z(relative
intensity) 414(1), 396(18), 353(100), 298(6), 283(45), 269(83), 149(5), 121(6);
IR(KBr) 3450, 2950, 2930, 2870, 1680, 1450, 1380, 1260, 1170, 990 cm™; 'H
NMR(CDCls, 500 MHz) ¢ 7.11(1H, d, 103, H-1), 584(1H, brd, 10.3, H-2),
458(1H, ddd, 85, 7.3, 6.3, H-16), 2.34(1H, dd, 17.6, 14.3, H-48), 2.20(1H, dd, 17.6,
39 H-4a), 2.04(1H, m, H-20), 1.97(1H, ddd, 12.2, 7.3, 5.1, H-15), 1.89(1H, m,
H-5), 1.75-1.82(2H, m), 1.74-1.60(5H, m), 1.52(1H, m, H-25), 1.38-1.48(3H, m),
1.36-1.29(2H, m), 1.26(1H, m, H-15), 1.11-1.21(2H, m), 1.02(3H, d, 7.3, H-21),
1.00(3H, s, H-19), 093-1.02(2H, m), 0.88(3H, d, 6.4, H-26/27), 0.87(3H, d, 64,
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H-26/27), 081 (3H, s, H-18) ; ®C NMR(CDCls, 125 MHz) & 200.10(C, C-3),
158.21(CH, C-1), 127.37(CH, C-2), 110.49(C, C-22), 81.10(CH, C-16), 62.67(CH,
C-17), 56.01(CH, C-14), 4991(CH, C-9), 44.19(CH, C-5), 40.99(C, C-13),
40.89(CH2, C-4), 39.78(CHz, C-12), 39.60(CH, C-20), 3899(C, C-10), 36.87(CHz,
C-23), 35.26(CH, C-8), 3251(CHz, C-24), 3L.60(CHz, C-7), 31.40(CH., C-15),
28.28(CH, C-25), 27.46(CHz, C-6), 22.55(CHs, C-26), 22.43(CHs, C-27), 20.94(CHz,
C-11), 1651(CHs, C-18), 1548(CH;, C-21), 13.03(CHs, C-19)

4. 3. 4. 91-18-39] #2]

1&3¢ azvEagdEz 28§ fx-6(455 mg)E 45% ethylacetate/
hexane®] 0|3l spartan filter(Aldrich)2 o3} o] o] £4& HPLC(YMC
silica column, RI detector, 25 ml/min)2 #2389 retention time 19.2 & Y2
t peak® B3 o] A& reversed phase Cis columng A}43t4 tiA] HPLCE &
2| 8te] 91-18-30] 454 34 mg ¥l A Hacetonitrile, 2 ml/min, retention time
182 ¥). mp. 123-125°.

[alp -10.2°(c 0.5, CHCl); UV(CH:CN) Mux 236 nm(e 13000); HRCIMS:
M'+H obsd 413.3054, calcd 413.3056(CxH4103); LREIMS:m/z(relative intensity)
412(0.2), 410(2), 394(48), 351(42), 267(26), 248(100), 171(10), 165(48), 121(11),
115(8); IR(KBr) 3450, 2950, 2870, 1665, 1625, 1450, 1380, 1250, 1070, 890 cm™’; 'H
NMR(CDCl;, 500 MHz) & 7.04(1H, d, 100, H-1), 6.02(1H, dd, 10.0, 1.7, H-2),
6.07(1H, brs, H-4), 459(1H, q, 7.3, H-16), 2.48(1H, ddd, 129, 12.9, 49, H-68),
2.36(1H, ddd, 129, 33, 33, H-6a), 2.06(1H, m, H-20), 194-2.03(2H, m),
1.76-1.85(3H), 1.62-1.72(4H, m), 154(1H, septet, 6.7, H-25), 1.28-1.38(3H, m),
1.24(3H, s, H-19), 0.98-1.21(4H, m), 1.03(3H, d, 7.5, H-21), 0.90(6H, d, 6.5, H-26,
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27), 0.87(3H, s, H-18),, *C NMR(CDCls, 125 MHz) & 186.30(C, C-3), 168.90(C,
C-5), 15568(CH, C-1), 12753(CH, C-2), 12390(CH, C-4), 11054(C, C-22),
80.99(CH, C-16), 62.59(CH, C-17), 55.15(CH, C-14), 52.34(CH, C-9), 43.55(C,
C-10), 41.01(C, C-13), 39.90(CH, C-20), 39.37(CH., C-12), 36.92(CHz, C-23),
3516(CH, C-8), 33.71(CHz, C-7), 32.77(CH;, C-6), 32.53(CHs;, C-24), 31.91(CHy,
C-15), 2833(CH, C-25), 22.60(CHs, C-26), 22.47(CHs, C-27), 22.66(CHz, C-11),
18.75(CHs, C-19), 15.48(CHjs, C-21), 16.40(CHs, C-18)

4. 3. 5. 91-18-4¢] £3

Gravity column chromatography® #2% fx-3(130 mg)& 8% ethylacetate/
hexaned] 9|3l spartan filter(Aldrich)2 9#& Fo] o] &£4g 2 Sv|E &
Edog A3 HPLCEZ I FAHF(YMC silica column, RI detector, 2.5
ml/min) retention time 198 #A %zte] ETES EFY 91-18-47F Ao A
o.0] o]A& reversed phase Cis column& ©]83tq ©A] HPLC# Z3# €58 &
Ao) 6 mg Yo} Hacetonitrile, 3 ml/min, retention time 286 ). mp. 52-53.

[alp +34.0°(c 0.5, CHCl3); UV(CHsCN) Muax 224 nm(e 10600); HREIMS: 1\)1+
obsd 396.3034, calcd 396.3028(C7H«02); LREIMS:m/z(relative intensity) 396(100),
340(10), 292(7), 268(8), 191(7), 149(7), 110(9); IR(KBr) 2930, 2870, 1680, 1630,
1445, 1260, 1170, 785 cm’; 'H NMR(CDCls, 500 MHz) & 7.16(1H, d, 10.0, H-1),
5.86(1H, brd, 100, H-2), 391(1H, dd, 106, 1.7, H-18), 3.31(1H, d, 106, H-18),
2.37(1H, dd, 176, 14.2, H-48), 2.22(1H, dd, 17.6, 3.9, H-4a), 2.00-2.15(4H, m),
1.93(1H, m, H-5), 1.83(1H, m), 1.67-1.75(2H, m), 1.59(3H, s, H-21), 1.54-1.63(2H,
m), 1.52(1H, m, H-25), 1.41-1.50(2H, m), 1.28-1.40(6H, m), 1.07(1H, m), 1.00(3H,
s, H-19), 0.98(1H, m), 0.95(1H, m), 0.89(6H, d, 6.4, H-26, -27); *C NMR(CDCls,

— 1563 —



125 MHz) & 200.13(C, C-3), 158.33(CH, C-1), 146.15(C, C-22), 127.41(CH, C-2),
106.04(C, C-20), 63.80(CH,, C-18), 54.34(CH, C-14), 50.15(CH, C-9), 47.70(CH,
C-17), 4431(CH, C-5), 41.18(C, C-13), 4096(CH; C-4), 39.11(C, C-10),
3681(CHz, C-12), 35.58(CH, C-8), 31.66(CH,, C-23), 31.54(CHz, C-7), 30.59(CHz,
C-24), 27.90(CHz, C-25/-16), 27.90(CH, C-16/-25), 27.49(CH,, C-6), 24.20(CHa,
C-15), 22.58(CHs, C-26/-27), 2257(CHs, C-27/-26), 20.83(CHz, C-11), 16.79(CHs,
C-21), 12.99(CHs, C-19)

4. 3. 6. 91-18-5¢] £%

Gravity column chromatography® 8§ fx-4(110 mg)E 9% ethylacetate/
hexaneol] 39¢]3L spartan filter(Aldrich)2 3§ Fo) o] £94& 2L EuE £
E902 Ao YMC silica columng ©]-§# HPLC(RI detector, 2.5 ml/min)el
A] retention time 20 £l U2 & peakE® X 03 ©]RAE& A reversed phase Cis
columng AMg3te oAl HPLC3tY 91-18-57} &34 10 mg QoA
(acetonitrile, 2 ml/min, retention time 26.4 ¥). mp. 55-57°

[alo +22.4°(c 0.5, CHCl3); UV(CHiCN) Amax 229 nm(e 10600); HREIMS: M’
obsd 3983161, calcd 398.3185(CzH«02); LREIMS:m/z(relative intensity) 398(100),
383(7), 342(11), 327(23), 299(31), 271(61), 245(8), 229(8), 161(9), 122(25) 99(23),
81(17); IR(KBr) 2930, 2870, 1710, 1690, 1450, 1370, 1265, 780 cm; 'H
NMR(CDCls, 500 MHz) & 7.13(1H, d, 10.3, H-1), 5.85(1H, d, 10.3, H-2), 2.52(1H,
dg, 10.3, 6.8, H-20), 2.45(1H, ddd, 17.1, 9.3, 64, H-23), 2.36(1H, dd, 17.6, 14.2,
H-48), 2.35(1H, ddd, 17.1, 9.3, 6.3, H-23), 2.21(1H, dd, 17.6, 3.9, H-4a), 1.98(1H,
ddd, 126, 34, 34, H-128), 192(1H, m, H-5), 1.57-1.77(5H, m), 153(1H, m,
H-25), 1.38-1.49(6H, m), 1.30(1H, ddd, 126, 126, 34, H-12a), 1.10(3H, d, 6.8,
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H-21), 1.09-117(3H, m), 092-1.07(2H, m), 101(3H, s, H-19), 0.89(6H, d, 6.8,
H-26, 27), 0.72(3H, s, H-18); ®C NMR(CDCh, 125 MHz) & 214.83(C, C-22),
200.19(C, C-3), 15819(CH, C-1), 127.40(CH, C-2), 5569(CH, C-14), 52.05(CH,
C-17), 49.88(CH, C-9), 4940(CH, C-20), 44.22(CH, C-5), 42.84(C, C-13),
4096(CHz; C-4), 39.72(CH;, C-23/-12), 39.58(CHz, C-12/-23), 3894(C, C-10),
3563(CH, C-8), 32.39(CH, C-24), 31.23(CHz C-7), 27.70(CH, C-25), 27.58(CHj,
C-6/-16), 2751(CHs, C-16/-6), 2431(CH; C-15), 22.41(CHs, C-26), 22.37(CHs,
C-27), 21.18(CHz, C-11), 16.55(CHs, C-21), 12.99(CHs, C-19), 12.42(CHs, C-18)

4. 3. 7. 91-18-63% 91-18-79] £¥

Gravity column chromatography2 #2]# fx-2(170 mg)& 7% ethylacetate/
hexaneol] 9|3 spartan filter(Aldrich)2 a3 Fo] o] &4& L L& &
F9o2 AHgste HPLCE E¥ ZAIHYMC Cis silica column, RI detector, 2
ml/min) retention time 205 ¥olA ¢fzte] B¢ EE ¥ ¥ pregna-20-ene-3-
one(=91-18-7)¢] 2 mg Yo} Aoy 23 Horx 4% pregna-1,20-diene-3-one
(=91-18-6)¢] 80 mg o] At EEEE ¥H3L U+ pregna-20-ene-3-one
(=91-18-7)< reversed phase Cis columng ©]-83% HPLCZ tiA] £&% A3} 1
mge] £43A Yol 3 tHacetonitrile, 3 ml/min, retention time 21 #).

Pregna-1,20-diene-3-one: mp. 126-127; [a¢lp +354°(c 0.5 CHCl); UV
(CH3CN) Amax 228 nm(e 12000); LREIMS:m/z(relative intensity) 298(74), 283(100),
270(12), 229(31), 177(20), 163(19), 134(24), 122(60), 107(22); IR(KBr) 2920, 2850,
1685, 1630, 1440, 1380, 1270, 1010, 930 cm™; 'H NMR(CDCls, 500 MHz) &
7.15(1H, d, 10.3, H-1), 5.85(1H, d, 10.3, H-2), 5.76(1H, ddd, 17.1, 10.3, 7.3, H-20),
499(1H, dd, 10.3,1.0, H-21), 4.96(1H, ddd, 17.1, 1.0, 1.0, H-21), 2.37(1H, dd, 176,
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142, H-48), 2.22(1H, dd, 17.6, 39, H-4a), 198(1H, m, H-17), 1.92(1H, m, H-5),
1.65-1.84(5H, m), 158(1H, m, H-16), 1.49(1H, m, H-16), 1.37-145(3H, m),
1.20(1H, m, H-15), 1.06-1.13(2H, m, H-12,-14), 1.02(3H, s, H-19), 0.93-1.05(2H,
m, H-7, -9), 0.63(3H, s, H-18); ®C NMR(CDCk, 125 MHz) & 200.09(C, C-3),
158.45(CH, C-1), 139.46(CH, C-20), 127.26(CH, C-2), 11464(CHz, C-21),
5545(CH, C-14), 55.19(CH, C-17), 50.17(CH, C-9), 44.28(CH, C-5), 436l(C,
C-13), 4091(CH: C-4), 39.00(C, C-10), 37.26(CH; C-12), 35.70(CH, C-8),
31.33(CHz, C-7), 27.55(CHs, C-6), 27.11(CHz, C-16), 2459(CH,, C-15), 20.75(CHz,
C-11), 12.99(CHs, C-19), 12.97(CHs, C-18)

Pregna-20-ene-3-one: mp. 113-115°. [alp +125%c 0.2, CHCls); UV(CHsCN)
10 dmec LREIMSim/z(relative intensity) 300(100), 285(36), 272(16), 231(5D),
217(10), 163(10), 121(12); IR(KBr) 2040, 2850, 1715, 1640, 1440, 1250, 910, 685
cm’’; 'H NMR(CDCls, 500 MHz) 8 5.75(1H, ddd, 169, 10.7, 7.6, H-20), 4.97(1H,
dd, 107, 22, H-21), 496(1H, ddd, 169, 1.0, 1.0, H-21), 2.38(1H, ddd, 156, 137,
6.4, H-28), 2.29(1H, brddd, 156, 54, 29, H-2a), 2.27(1H, dd, 149, 147, H-43),
2.08(1H, ddd, 149, 39, 22, H-4a), 202(1H, ddd, 151, 6.4, 2.0, H-1a), 1.96(1H, m,
H-17), 1.79(1H, m, H-16), 1.64-1.75(3H, m), 1.47-1.60(3H, m), 1.42(1H, m, H-11),
1.25-1.31(4H, m), 1.19(1H, m, H-15), 1.01(3H, s, H-19), 098-1.10(2H, m, H-12,
-14), 094(1H, m, H-9), 0.76(1H, ddd, 127, 103, 44), 061(3H, s, H-18); “C
NMR(CDCl, 125 MHz) & 21215(C, C-3), 139.74(CH, C-20), 11455(CHz, C-21),
5544(CH, C-14), 55.38(CH, C-17), 54.09(CH, C-9), 46.78(CH, C-5), 44.73(CH;,
C-4), 43.61(C, C-13), 3862(CHz, C-1), 38.19(CHz, C-2), 37.44(CHz, C-12), 35.77(C,
C-10), 3552(CH, C-8), 31.82(CH; C-7), 2895(CH; C-6), 27.20(CH, C-16),
24.79(CHe, C-15), 21.05(CHz, C-11), 12.94(CHs, C-18), 11.50(CHs, C-19)
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Fig. 4-7. Carbon NMR spectrum of compound 91-18-1.



"T-81-T6 punodwod jo wnnsads YWN XSOD uoloid ‘8- “S1d

v 4 g {

[ (RS S RSV DUV SN S

L] (4

-0°2

071

(wda)

o]

L L 1,5\3 il ﬁq\iﬁa ;ﬁjjﬁ

— 159 —



‘1-81-16 punodwos yo wnndads DOWH "6-¥ Sid

(O 1y

Gl (¢1 ) [41% [G* (&3] o/ oe Ca el L1 Gl 6El ]
1 | T | i1 1 [} y B s t t 1 e
<
o>

9
e
-V
- €
-
(a;

— 160 —



"1-81-16 punodwod yo wnnoads DGWH “01-F S1d
(wdd) 14

0e oy 09 08 coT 021 ori 094 (41224 00e
T_F_»..._...._..r:....._...._.:LL.:_._.._TC___..LLL.E..._LL.....:_.....rrrr_LLLLLLLLLJJ

0 o v o W o
m < w ©vw v ©
Y

AR SRR RERRN RIS RS SRR LR L
(=
m

: _ : Foe
’ F
o -3 m
IS S D {11 TR =
(BT TS CSITTT ST ST DS ISSETETE ORI IDmE T ".Muﬂn.”u |u|. .u..M.l.. Mm . “I “” .M nmnv a 24 g

—

MMy )

- 161 —



"panunuod "g1-f 81y
(wddj 1
0c ov 09 08 001 021 ori 091 G831 0Ge

paado s viaasdeianta s besaabagagdaasataasa basa bl b i b g ia b s diaaiia deiisiiiigl

- : e 5.

g

s

I

Y Y

R

Hr

'
"o
1
ne

h
'

< S Y 2z =

T T

- 162 —




"Panunuod ‘g1 -4 814
RRIRO LS PR I

15 Gy 0% G9 074 08 Cb GGl G611 &)

i TR A BT ST AT A [ EPUTErar S B BN | ]

b0 b

W07

!

Gri

Uity

TPV W VSN0 S SRR [PUURP SEAUII S

ge 1

1
-—
—

inl
(e

Tal
oyl
<

48°0
(ydd)
s

M| a

- 163 —



‘I-8I-16 ﬁ::OQEOO Jo wnnoads Al '11-¢ .anm ,.25

Jagunuaaey
006 06/ 0007 O0GEF  00SF  0G/F 0002 002 OO0  OOSE 00OV
-.—-n_~__—~_F____—_M_—n_m—n__-n_—__L_-_—_~M_—_— 0S
— - 65
- - 08
] | ] — 99 e j
i ~— 3
e | —
— - 0L !
w
3
Il
— -6 9
e
o
i =3
— — 08
— - S8
TTTTTT 'TTT T H . T 06
i ~ ﬁﬂu_—~__ﬂ__ﬁ.dq__-~_qn___..d44~—__-m.ﬂ_— I

BIld  SjUSWNJISU]  u0S}Iey



"1-81-16 punodwod jo wnnoads A 71 ‘81
SJajauouey

082 0.2 0274 052 0 24 0E2 (0774 o1 002

—_._-..__.m-__—-——_—————_-_-—__—b-hLL___—__-.-_n-——_~»--——_____—p__—p——_[P_-.____

6z -
201

T A N Q0 &L 8 2 LU O

~ 165 —



"1-81-16 punodwos jo wnnoads WID uonnjosar-ysiy ¢y "8
855 .

885

b
BCECB

8ob 85¢ 88t 862 82 851 8 8S

1]
HH gl
:S5HM 818y618:1€3 48 =1d (EHNY 13 (-01-16 (BI¥0N) M5
<YMl 8¢0¢ :sfis urys: Uy 808868121311 8= AE'I=]  9=MU§

N 8¢ bO:bB:0«(B:60 b6-ONH-C1  1=PDI X #SGAGHBYE(IS

it

- 166 —



wdg

—_——— e A

"T-81-16 punodwod Jo wnndads YWN uolold “pI-p S1f

2 €

S23NUTR T FWIL NOILISINDIY VIOl
89.2€ 37IS 14

SNISS330Ud YIY0

NOZ1ISINDJIY HOISIJSHd 3EN0C
28 SNOILIi3d=H “ON
ZUNLYHISNIL INIT6AY

33sn ¢'6 HIOIK 35°0d

33% 000°0 AY130 NOILYXV W
998 268°7 3WIL NOIXISINODY
IH 070008 HIOIK TYH1I2<S
THW EYB 667 AININO3ES

+H 3AH3SE0
d-3-4s-2-31dy-9-83-16

- 167 —



R
~
i
i
lt

999729 - — =

L1774

0oLl

002 tL— '
sz i~/ . -
2667 09—

BES° 0TS -

L0t Bt A Rt Ay G Snt Bt A aub R A ant i Sl St et A A et e ol i L At i B e Sk e far B LA St vl e i e et S e

YT "I'_I’_l“r_r"

989°RGY- B

008993 -

962°80t- -

- 168 —

ppm

40

60

80

100

140

60

180

Fig. 4-15. Carbon NMR spectrum of compound 91-18-2.
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Fig. 4-21. Carbon NMR spectrum of compound 91-18-3.
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Fig. 4-26. Proton NMR spectrum of compound 91-18-4.
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Fig. 4-32. UV spectrum of compound 91-18-4.
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Fig. 4-35. Carbon NMR spectrum of compound 91-18-5.
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Fig. 4-41. Carbon NMR spectrum of compound 91-18-6.
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-carbonline#] 2] alkaloids, unusual phospholipids, polyhydroxy steroids&°ly °¢]&
% polyketidesE& AT o8 HAEL 47 HFAYE2FH &3] ¢AHE EFE
o]o|A] hydroids®] JLf% WAIERA R RI)d= 28 HFig. 5-1)
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(o] OH OH X

o OH OR O
OO od

garveatin A: X=0 garveatin C : R = Me
B:X=H> D:R=H
O OH OH O
HO, I I l CO,Me I I l CO,Me
(o) OMe (o] OMe
. [0}
2-hydroxygarvin A garvin A quinone

OH (o} OH )

O OH
MeO,C
o
(1 LI
o)
o}
o o

annulin A annulin B
o OH (o} OH (o}
/ 002M0
]
HO X OMe
garvin A
(o} OH
oo
(oXe) OMe
garvalone A garvalone B

aromatic polyketides isolated from Garveia annulata

Fig. 5-1. Metabolites of hydroids.
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Br

OH OH © =
N
() T
~o ‘ R2 H R!
2 R'=Et,RZ=H,
R' = Me, R?=H, and
(Garveia annulata) R'=Et,R% =Br
(Agalophenia pluma)
OR!
HO——H @

+

O—u—OCHZCHzNRz 2
&

R' = CygHas, R% = Me,

R' = Cy4Hz9, R? = Me, and

R! = CH=CHC14Hag, RZ = H
(Solanderia secunda)

ACO R‘
R'= R2=H. R3=0Ac, R4=WY
o R3 w

AcO,, R'=R%=H, R? = OAc, R* .)/\)k(

R2
HO™ R! R'=R?=0Ac, R®=H,R*= T
(Eudendrium glomeratum)

R'=R*=0Ac, R?=R%®=Hand
Rl =R‘=H, R2=R3=OAC
(E. glomeratum)

Fig. 5-1. continued.
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Hydroids®] diAl& 3% 553 22 anthraquinone#] 9] polyketidesE2A4 °|&
< 9 Y AEEFEHE 1] =% AR /143 @248 230 3o
OJEL I & HZAY Wi FRIFL2E tpYh} British Columbiad] A4 8t=
g ¥F) NB2REEYHNLEE hydroidse] HEAQ HAIEZRZ H7ld e of
2 &l wrh

B dFdME AFxEs ARE 2#dA hydroid Solanderia secunda® ©T+%
AR F712FEE U BUGAT 59 ZHEA o] ABE UAF
A AFddel ZFAAGD. 2 olfE M AFE whel 2] hydroidsy HAE
o ¥ xHo] wjg WGsez YPHUPAHEE e AEFY & R 7xF
AL HFAAE A7 QoA FaF V92 AGHUAY] q&ol.

5. 2. Solanderia secunda® WAHER

8 vgte A=A &3t MES dARE L NAZA A YA
hydroid Solanderia secunda ¢ 10 kg€ A3 Act. S. secunda= 3 & 4
< ddiolA 7Hg &3] 2AHE FFEEEFTY syolr. JBAFSE gorgonians
S obF FAEY AR FUNEL BAsgta ¥, o] &L A Pzt 20
- 40 cmBERA R d(fan) BEFE Fa glon AT 24 ga Yo a2y
=9 WF-FA gorgoninolEil B $E chitinde FFHo] fE HA
gorgonians$} 7¥ Hr}.

BERAND AN8E 2EAA ARAA 8¢ AAS Fo dichloromethane
€ 0|83 FIERE FEFHL vt AFFLIZ AASNAY. L6E AAR
Fo F= JH{HEE silica flash chromatographyE 319 2 79 £Hoz Uyx %
9} HPLC(silica normal phase$} Cis reversed phase)& ©]83t 2% 9719 &3
€ E83Ad(Fig. 5-2).
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91-10-1 and -2 (epimer) 91-10-3 and -4 (epimer)

91-10-5 and -6 (epimer) 91-10-7 and -8 (epimer)
@)
0]
4
HO
HO i AcO
91-10-9 91-10-10 and -11 (epimer)

Fig. 5-2. Cyclopropane-containing C,, fatty acid lactones isolated from

the hydroid Solanderia secunda.
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A4 F3Axe FA(moderate polarity)& B FHAEZAY 91-10-19]
viscous liquid®] ¥ejz EAHAUT. o £dY C NMRAAE 2T 2749
signalse] @A H UM (Fig. 5-5). olEF & 176579] JYEl G quarternary carbon&
esteric carbonyl carbono. 2 dAEHAS D olefinic regiongl & 12303, 131.67,
133.16, 134.01¢] JEFE 4709 methine carbonsS 270 9] double bonds®] €AE =
HuUAh =¥ 3719 oxygen-bearing methine carbons(d 71.42, 74.60, 81.47), 3yt
9] methyl carbon(d 14.05) R 117§¢] methylene carbons7} DEPT A #e| ¢34
A A

91-10-1¢] “C NMR4IN Hol@ AL carbonyl carbond A|9Fae
quarternary carbon©] f1th= A< o] AL 91-10-19] long-chain fatty acid4l€|
o EF9E gUd ez FHHUG. 35‘& e upfield regionol 3719
methylene ¥ methine resonances(é 23.04, 2143, 7.88)7} €AHUEY o]=
cyclopropane ring®] &A1& YehjE Aol 'H NMR £& “C NMRe| 483+
g8 signaleg YeEM) A (Fig. 5-4). & olefinic region® oxygen-bearing proton
regionl 2zt 47019 3709 proton resonances’} 2= Ut Upfield regiond]
terminal methyl protons(é80.88)3 cyclopropane protons&.2 AzZtEE 4709
proton peaks ©]¢jo & protonsE WAHA ¥Ut. & 20 ~ 3.0 regionol 67}
9| protons®] WASHAEH ol carbonyl group®] a-protons®} double bond<)
allylic positione] EA3t= REZ A4 HAH.

91-10-1¢] F2%+ 'H COSY$ proton decouplingel] 93te] fj#& FAHA
H(Fig. 5-6). WA terminal methyl2 %€ A]#3to 27§¢] double bond, 3719
oxygen-bearing methines(é 4.18, 3.64, 4.09), 17§19} cyclopropane ring ¥ 17]¢]
carbonyl groupg X ¥3tE 227019 carbonsoE ©o]|F9A long chaino] ZAHUA
o}

91-10-1¢]= 271¢] double bonds7t EA¥d. o|EF C-169 X & double
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bond:= C-17(8& 5.30)9) vicinal coupling constants(10.7 Hz)2%-¥ Z configuration
& A%l WAk 28y proton signalszte] overlappinge] 4% C-12 double
bond¢] geometry: coupling constant® #5F¥ 4 fI%lch. o] £A& HAs7] A
3] C-11, -149] protons& irradiation® A3} C-129} C-13 protons®] coupling
pattern®] 22} doublet® WFANL.9 coupling constantt 156 HzZ FY33Ah
w}2lA C-129) double bond geochemistry: E configurationd € ¢ 4 sltt.

Cyclopropane ringdl ZA8t& ¥ asymmetric carbon centers(C-8, -10)|
stereochemistry= asymmetric centerse] %% protonst] coupling pattern©|
% B2xsiglema C-9 methylene protonse] coupling constantsZH-E HIZH3L
t}. Cyclopropane ringl41€] protonZt9] coupling costantst Jgem ~ Juwans ~ 5
Hz, Jus ~ 8 Hzelth 22]22 C-83 C-109] AdlF wjo] ciseld C-99 F
protons®] A# A<l coupling constantse 2z} 15 Hz(5, 5, 59 21 Hz(8, 8, 5)&
Uehjojoksin) utt2 A<l wide] transo]d coupling constantst EF 18
Hz(8, 5, 52 uEehyojof ¥

a#d 91-10-19) 'H NMRAS § 0603 0684 X C-9 protonsE <]
coupling constants® 2}2Zt 19.6 Hz(88, 54, 54 Hz)$} 196 Hz(88, 54, 54 H2)Z
A AAMAQ coupling constants®] ol A coupling constants®] 7] RF
C-83 C-109] AtiA<Q wldo] transd& B4 =AU

o] EAY FxZAA ojH F& EAE 3708 oxygen-bearing
methines(C-7, -11, 14)$} carboxylic group(C-1)#¢] d@o¥-olt}, ojgo] 4%
AY¥Y lactoneo|t} ethers] HEE o|Fi YA FL free hydroxy groupH
carboxylic acidZ &AstE A9 2§ A3y A5t 91-10-1& pyridine s vl
o] A acetic anhydrides} ¥-$A1%1 A3} diacetated] 91-10-10°] FHEEIAZ o
o] Zt}(Fig. 5-2).

91-10-10¢] 'H NMR# COSYA#Z# o] &3 91-10-19 C-11% C-14
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hydroxy”17} acetylation®|©] 8d€ Hols) C-7 methine proton® chemical shift,
coupling pattern coupling constants%-o]A ¢}%¥ w7t QAUcH(Fig. 5-41, -43).
o] d¥dd+= 91-10-19) glojA C-13} C-7°] oxygen bridged &t} =z
25 e A& YU ojgo] 91-10-1& 8-membered ring€ 7}
Cz fatty acid lactones®.2 Fx7} W3] ZAASAJN(Fig. 5-2). 91-10-134}
91-10-10¢] &3¢ NMR assignmentsi= Table 5-1 R 5-63 Zo}H(Fig. 5-4 ~
-9, -41 ~ -43).

AL 24 91-10-27F $UY¥ HPLCZAAN EIHA. o] 82 'H
NMR R “C NMR datat= 91-10-13} w}$ #A}alich(Fig 5-10, 5-11). 'H COSY
of o3 o]Fojz FxEN ARE 91-10-17 FYF X9 functional group®]
ARG RE B9 FAK(Fig. 5-12). &% C-8 ~ C-119) carbons ¥ protons
o] £33 dolete] %7kl Ao]HE Yellith(Table 5-2). 218 H C-9 protonse)
coupling pattern®] multiplet2 Y E}A C-83% -99] configuration® &8 4 1
A7) W& o EAE MAHI] A 91-10-2& pyridine SwNA acetic
anhydrides} ¥8-A130 A3} diacetate HEM<Q 91-10-110] Ao} FHow HAHo
2 C-9 protons®] ZZt ©YE chemical shifto}l4] Eg7] w&e] coupling
constants€ A&3A & F AL C-8% -99 configuration®] HA| 91-10-13}
9% cis-configurationgd€ ¢ 4 AN (Fig. 5-45). ©] EAF 91-10-19
diacetate # XA ¢) 91-10-10¢] th¥ NMR assignments= Table 5-63} zt}. o]
SZEY £% HoletE 2 43 24 B JlA FAF AojHL $AY 5 A
AR C-11 proton?] coupling constants(91-10-10, Jio-u= 3.2, Ju-12= 83, Ju-13=
15 91-10-11, Juw-u= 7.3, Ju-= 54)7} B2ttE Hol# EAE C-8% -99 *C
NMR chemical shifts o] €% 2gm wixgez C-8 ~ -13¢) ojz2:
protons¢] 'H NMR chemical shifts Z°] @ascte 2& ¢ + UAATHTable
5-6). 2Bz oln AFY U= FAFJo2E FYF 91X functional groupe
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Table 5-1. Proton and carbon NMR assignments for compounds 91-10-1 and -2

91-10-1 91-10-2
E 2
IH 13C4 lH 13C
1 176.57 s 176.55 s
2 (2.44(2H, m) 32,66 t (2.43(24, m) 274 t
3 |1.85(2H, n) 29.02 t |1.86(2H, m) 29.07 t
4 [1.68(2H, m) 24.14 t {1.70(24, m) 24.16 t
5 |1.53(2H, m) 26.44 t (1.53(24, m) 26.49 t
6 {1.85(2H, m) 37.05 t |1.79(2H, m) 37.11 ¢
7 (4.09(14, dt, 6.4, 7.8) 81.47 d |4.05(1H, dt, 6.4, 6.8) 81.58 d
8 |1.15(1H, m) 21.43 d (1.05(1H, m) 20.46 d
9 {0.68(1H, ddd, 8.8, 5.4, 5.4) [ 7.88 t [0.71(2H, m) 8.96 t
0.60(1H, ddd, 8.3, 5.4, 5.4)
10(0.98(1H, m) 23.04 d {0.99(1H, m) 23.22d
11{3.64(1H, dd, 7.8, 3.4) 74,60 d |3.66(1H, dd, 7.8, 4.9) 74.74 d
12{5.78(1H, m) 133.16 d |5.75(14, m) |133.58 d
13(5.78(1H, n) 131.67 d |5.75(1H, m) 131.64 d
14{4.18(1H, dt, 4.4, 6.4) 71.42 d |4.16(1H, dt, 3.9, 6.3) 71.56 d
15{2.32(2H, n) 35.30 t |2.34(1H, ddd, 14.6, 7.8, 6.3) 35.32 t
2.28(1H, ddd, 14.6, 7.1, 6.3)

16/5.37(1H, dtt, 10.8, 7.3, 1.5)|124.03 d [5.37(1H, dtt, 10.7, 7.1, 1.5)|124.04 d
17|5.59(1H, dtt, 10.8, 7.3, 1.5)[134.01 d |5.57(1H, dtt, 10.7, 7.1, 1.5)133.92 d
18(2.05(2H, brdt, 6.8, 6.8) 27.43 t |2.05(2H, brdt, 7.3, 7.3) 27.43 t
19{1.34(2H, m) 29.27 t |1.36(2H, m) 29.26 t
20|1.28(2H, m) 31.49 t {1.29(2H, m) 31.49 t
21{1.28(2H, m) 22,54 t |1.29(2H, m) 22.54 t
22/0.88(3H, t, 7.1) 14.05 q [0.89(3H, t, 7.1) 14.04 q

2 Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 Miz. Chemical
shifts are reported in & values(ppn domnfield from MesSi). J values are reported in
Hz, Carbon NMR spectra were obtained in CDCl3 solution at 125 Mz, Assignments are
aided by decoupling and COSY, and HMQC experiments.
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ZHAREA o|s} & £33 vloletde WIE WFAL F 9LVl AstdE 91-10-2
7} 91-10-12] C-11 epimergtil HE A& 4 gUth(Fig. 5-2).

AL B2 91-10-37% 91-10-471 £ HUG. o] EAE 9A] 91-10-19]
Y 91-10-29} FAH}E fatty acid lactones® Ao v F8F Aol C-194
A 2& double bond7} YEI}TE HolArHFig. 5-16 ~ -21). o] A& F&
A proton decoupling® 'H COSY NMR A§le elstd Fx7} 24 AckFig.
5-16, -18, -19, -21). C-2 methylene 2.2 %€ A}&3to] C-22 terminal methylo]
oJ2F REE correlationo] W &8 =2yttt C-1614 -19 double bond¢] geometry
£ 4% coupling constant(C-16, 91-10-3, J=10.7 Hz, 91-10-4, J=12.2 Hz; C-19,
91-10-3, 11.2 Hz, 91-10-4, 122 Hz)o| ¢34 Z-configurationo.2 ZAA U}
E C-129) 91X ¥ double bonde] geometry:= 91-10-3¢] A$-ol= 9 wi71A
2 double bond protons7t9] coupling constant(J=15.6 Hz)2%-¥] E configuration
ol ¥ o} 91-10-49] AfE o] F¥< protons7t AAA e} proton
decouplingd @l &3t ZAAFHJG. diALER 91-10-49] 3 366(C-11)o]n}
419(C-14)8] protons& irradiation3t}& W C-133% C-12¢] protons7t ZZ}
double doubletd] A& & 4 ANSH coupling constansts= 155 Hzflt}. 28] =
2 C-12 geometry: E-configurationo.2 &UHYtH(Fig. 5-2)(Table 5-2).
91-10-3% 91-10-4% 91-10-13 91-10-29 A$S wlA/LA 2 C-119] epimer
2 oAXY 91-10-1% 91-10-3, =z 91-10-28 91-10-4= ZUF
stereochemistry € & 222 ¥yadh

E Y& FAHEZEQA 91-10-59 91-10-6°] HAMG A A HEFHon o
£3E9 'H NMR#% C NMR data 94] 91-10-1°]1} 91-10-28} o}F SAMSI
tHFig. 5-22, -23, -26, -27). £ 4% Ao]H& 'H NMR spectrumie] & 579}
5.73%14 vinyl protons2 7S & peak’t F7tH oz JEikon ojd Fga=
A7t °C NMR AolM = @25 0|5 132.80d, 127.99d) ©] EAEL o|FA Y
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Table 5-2. Pronton and carbon NMR assignments for compounds 91-10-3 and -4

91-10-3 91-10-4
t 3
1H 3¢ | 14 13¢
:
1 176.55 s 176.56 s
2 |2.44(2H, m) 32,70 t |2.43(2H, m) 32.75 t
3 [1.85(2H, m) 29.05 t [1.86(2H, m) 29.07 t
4 {1.69(2H, m) 24.17 t {1.69(2H, m) {2416t
5 |1.55(2H, m) 26.47 t [1.53(2H, m) 26.49 t
6 |1.85(2H, m) 37.07 t {1.79(2H, m) 37.10 t
7 [4.09(1H, dt, 6.4, 7.6) 81.46 d [4.05(1H, dt, 6.6, 7.5) 81.54 d
8 {1.16(1H, o) 21.44 d |1.06(1H, m) 20.47 d
9 [0.68(1H, ddd, 8.8, 5.4, 5.4) | 7.87 t |0.71(2H, m) 8.94t
0.60(1H, ddd, 8.8, 5.4, 5.4)

10/0.99(1H, m) 23.04 d [0.99(1H, m) 23.21d
11|3.65(1H, dd, 7.6, 4.4) 74.57 d |3.66(1H, dd, 8.0, 4.5) 74.71 d
12{5.77(1H, dd, 15.6, 4.4) 133.07 d |5.76(1H, m) 133.47 d
13|5.81(1H, dd, 15.6, 5.0) 131.80 d |5.76(1H, m) 131,73 d
14{4.20(1H, dt, 3.9, 6.6) 71.37 d |4.19(1H, dt, 4.2, 6.0) 71.50 d
15(2.36(2H, m) 35.30 t (2.35(24, m) 35.30 t
16{5.41(1H, m) 124,44 d |5.41(1H, m) 124.41 d
17|5.30(1H, dtt, 10.7, 7.3, 1.5){126.66 d |5.30(1H, dtt, 12.2, 7.5, 1.4)(126.60 d
18{2.81(2H, dd, 7.3, 7.3) 25.73 t |2.81(2H, dd, 7.3,7.3) 25,73 t
19|5.57(1H, dtt, 11.2, 7.3, 1.5){131.92 d |5.56(1H, dtt, 12.2, 7.5, 1.4)[131.90 d
20|5.41(1H, m) 132.29 d {5.41(1H, m) 132.32 d
21{2.07(2H, brdq, 7.6, 7.6) 20.60 t |2.07(2H, brdq, 7.0, 7.0) 20.60 t
22(0.98(34, t, 7.6) 14.23 q {0.98(3H, t, 7.5) 14.24 q

s Pronton and carbon NMR spectra were recorded in CDCl3 solution at 500 MHz. Chemical
shifts are reported in & values(ppm downfield from Me4Si). J values are reported in
Hz, Carbon NMR spectra were obtained in CDCl3 solution at 125 MHz, Assignments for
91-10-3 and -4 are aided by comparison with 91-10-1 and -8 and COSY experiment, -
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gy o wold & EF 379 o|FARE /1A fatty acid lactoneshs AL S o
+ AUtk A¥W AMHA F2E proton decouplingd} 'H COSY Ayl o5d
Z2AHNen] 2 A3 91-10-59 91-10-6& C-4, -12, -160] o|FAHQY fatty
acid F=XEYol FAHAAU(Fig. 5-22 ~ -24, -26 ~ -28). 91-10-5¢] &} ¢
EA8E C-49 o389 geometryE AA57] 9138t C-6 methylene protons
(3 257)% irradiation® A3} C-5 proton(d 5.73)¢] pattern©] double doublet(J=
113, 7.2 Hz)2 W3t on o|24 C-4 bond9 geometry: Z configurationd] ¢)
93 Ao 91-10-5¢ 91-10-69] E#vlolelE AAE EHs B 91-10-59%
91-10-6 HA A& 1l-epimer@A |8} 91-10-5= 91-10-13} 2|3 91-10-6&
91-10-2¢ %4z} YU stereochemistry & zH=rthHFig. 5-2)(Table 5-3).

FALR 2844 E dE FE=AQ 91-10-73 91-10-8¢] EE =AU} o) &
ZE YA £% dolelE: 91-10-1 ~ -63} o}F fAEGROn $49F ol
°|Fd¥e F7t EF 447t EA¥E HolAH(Fig. 5-30 ~ -36). 91~10-79]
W ©|FAHS configurationse] ZAH UL Z o]FAYS] geometry: C-163}
C-19¢] 7l vicinal coupling constant(10.73} 108 Hz)ol 9814 Z configuration
Yol USRS T C-49 79l C-6 methylene protonsE irradiationd}s
C-5 methine proton(3 5.74)¢] double doublet(J=11.2, 7.3 Hz)2 W3 HE Hozx
Y HA Z configuratione 2 ZAHc}h. 22y C-12 double bond®] #3$-ol=
C-12, -13 protonsol Yett= 91X} C-49} -5¢] protonse] A U] decoupling
o SAME BAY geometryE L] oMl W&o 91-10-13% NMR datad
Bl 28] E configuration®.2 ZAQs gt 91-10-8L 91-10-7¢] 11-epimer=A
91-10-2¢% F YUY stereochemistryE 71A|8] L epimer{l 91-10-7& 91-10-13}
YT stereochemistryE Z=vhH(Fig. 5-2)(Table 5-4).

AR AR 91-10-971 £5%iek. °C NMR 4 YolA & 749 esteric
carbonyl group(d 176.62), 271¢] double bonds(3 135.82, 13355, 127.60, 124.42) 1
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Table 5-3. Proton and carbon NMR assignments for compounds 91-10-5 and -6¢

91-10-5 91-10-6
3
1H 13C . 1H 13C

1 176,88 s 176.99 s
2 |2.73(1H, ddd, 13.2, 5.9, 2.9) | 37.69 t |2.73(1H, ddd, 13.2, 5.9, 2.9) | 37.69 t

2.30(1H, m) 2.30(1H, m)
3 |2.84(1H, mn) 24.41 t |2.86(1H, m) 24.38 t

2.12(1H, m) 2.12(1H, m)
4 |5.79(1H, m) 131.70 d |5.78(1H, m) 131.73 d
5 |5.73(1H, m) 127.99 d [5.76(1H, m) 128.11 d
6 {2.57(1H, ddd, 14.0, 10.3, 6.4)| 34.30 t [2.63(1H, ddd, 14.2, 10.5, 6.4){34.21 t

2.19(1H, ddd, 14.0, 8.1, 1.7) 2.26(1H, ddd, 14.2, 7.8, 1.5)
7 |4.01(1H, ddd, 10.3, 8.1, 1.7) | 80.76 d [4.05(1H, ddd, 10.3, 7.3, 1.0) | 80.87 d
8 |1.02(1H, m) 19.73 d |1.14(1H, m) 20.56 d
9 10.78(1H, ddd, 8.3, 5.4, 5.4) | 9.02 t |0.74(1H, ddd, 8.8, 5.4, 4.9) 7.96 t

0.70(1H, ddd, 8.4, 5.4, 5.4) 0.60(1H, ddd, 8.3, 5.4, 5.3)
10{1.02(1H, m) 23.02 d {1.01(1H, m) 23.31d
11[3.67(1H, dd, 6.3, 4.9) 74.74 d (3.66(1H, dd, 7.3, 4.4) 74.36 d
12(5.79(1H, m) 133.91 d [5.78(1H, m) 133.09 d
13{5.79(1H, m) 132.80 d {5.78(1H, m) 132,72 d
14[4.17(1H, dt, 5.3, 6.8) 71.57 d |4.18(1H, dt, 5.5, 6.8) 71.42d
15{2.33(2H, m) 35.29 t (2.32(2H, m) 35.26 t
16|5.37(1H, brdt, 11.0, 7.1) 124.02 d [5.38(1H, brdt, 11.1, 6.8) 124.08 d
17{5.58(1H, brdt, 11.0, 7.3) 133.62 d |5.58(1H, brdt, 11.1, 7.3) 133.85 d
18]2.04(2H, dt, 7.3, 7.3) 27.82 t [2.05(2H, dt, 7.3, 7.3) 27.40 t
19]1.35(24, m) 29.26 t [1.36(2H, m) 29.24 t
20{1.29(2H, m) 31.50 t |1.28(2H, m) 31.47d
21{1.29(2H, m) 22.53 t |1.28(2H, m) 22.51 t
22/0.89(3H, t, 7.1) 14.04 q [0.89(3H, t, 6.8) 14.02 q

& Proton and carbon NMR spectra were rec orded in CDCls solution at 500 MHz, Chemical
shifts are reported in & values(ppm downfield from Me4Si). J values are reported in Hz.
Carbon NMR spectra were obtained in CDCl3 solution at 125 MHz. Assignments are aided by

decoupling and COSY, and HMQC experiments. 221



Table 5-4. Proton and carbon NMR assignments for compounds 91-10-7 and -8

91-10-7 91-10-8
#
1H 13C 1H 13C

1 176.84 s 176.90 s
2 [2.73(1H, ddd, 13.2, 5.9, 2.9) 37.70 t{2.74(1H, ddd, 13.7, 5.9, 2.9) | 37.71 t

2.30(1H, ddd, 13.2, 11.7, 4.9) 2.33(1H, ddd, 13.7, 4.9, 1.5)
3 |2.85(1H, m) 24.42 t2.85(1H, m) 24.42 ¢t

2.12(1H, m) 2.12(1H, m)
4 |5.79(1H, m) 131.76 d|5.79(1H, m) 131.82 d
5 |5.74(1H, m) 127.99 d{5.74(1H, m) 128.10 d
6 |2.58(1H, ddd, 14.0, 10.2, 6.8, 1.3)| 34.31 t|2,57(1H, ddd, 14.0, 10.3, 6.4) 34.23 ¢

2.19(1H, ddd, 14.0, 8.0, 1.9) 2.26(1H, ddd, 14.0, 7.8, 1.5)
7 |4.01(1H, ddd, 10.2, 8.0, 1.9) 80.70 d|4.01(1H, ddd, 10.0, 8.3, 1.9) | 80.79 d
8 [1.03(1H, m) 19.76 d{1.14(1H, m) 20.60 d
9 [0.78(1H, ddd, 8.1, 5.4, 5.3) 8.99 t|0.74(1H, ddd, 8.8, 5.1, 5.1) 7.97 t

0.70(1H, ddd, 8.1, 5.4, 5.3) 0.60(1H, ddd, 8.8, 5.1, 5.1)
10{1.03(1H, m) 23.49 d|1.01(1H, m) 23,32 d
11|3.67(1H, dd, 6.8, 4.9) 74,69 d|3.67(1H, dd, 7.8, 4.9) 74.37 d
12{5.79(1H, m) 133.50 d|5.79(1H, m) 133.03 d
13|5.79(1H, ) 132.83 d|5.79(1H, m) 132.711 d
14|4.19(1H, dt, 6.8, 5.1) 71.48 d|4.20(1H, dt, 5.9, 4.9) 71.40 d
15{2.36(2H, m) 35.29 t(2.33(2H, m) 35.30 t
16{5.41(1H, m) 124.39 d|5.41(1H, m) 124.47 d
17|5.29(1H, dtt, 10.8, 7.3, 1.5) 126.60 d|5.30(1H, dtt, 10.7, 6.8, 1.5) |126.66 d
18{2.81(2H4, dd, 7.3, 7.3) 25.73 t[2.81(2H, dd, 7.1, 7.1) 25,74 t
19{5.57(1H, dtt, 10.7, 7.3, 1.5) 131.93 d|5.57(1H, dtt, 10.7, 7.3, 1.5) |131.82d
20|5.41(1H, m) 132.30 d|5.41(1H, m) 132.24 d
21|2.07(2H, brdg, 7.3, 7.6) 20.59 t{2.07(2H, brdq, 7.3, 7.3) 20.60 t
22(0.98(3H, t, 7.6) 14.24 q|0.98(3H, t, 7.6) 14.23 q

a2 Proton and carbon NMR spectra were rec orded in CDCl3 solution at 500 MHz, Chemical
shifts are reported in & values(ppm downfield from Me4Si). J values are reported in Hz.
Carbon NMR spectra were obtained in CDCls solution at 125 MHz, Assignments are aided by

decoupling and C0SY, and HMQC exp&rimmts._ 220



g 3 Ay oxygen—béaring carbons(d 81.29, 75.10, 74.29)& Eﬂ'sﬂk‘ 25 227
] carbon signalse] ¥AHU L £ HMQC dYe €34 proton-carbonzte] A
¥ correlation®] assigngol =}l & 12.169] carbon signal® Wg3t:= § 0.713}
0.89¢] proton signalst 91-10-9 YA & FE=MNEH vlIAVAZ & 79
cyclopropane ring€ 73 &g & & UNHFig. 5-2, -37, -38, -40).
91-10-9¢ AA A FAFZE 'H COSY AHd) <8t} A HAUH(Fig. 5-39).
Fig. 5-20] AAY AAY o] ¥4 C-73 -139 alcoholic bond, C-149] esteric
bond R C-113} C-169] °]5A¥E 713 fatty acid lactoneol gt A& & 4 3l
t}. o] YAFEALS 91-10-1°]4 91-10-29) allyic rearrangment’} doivt A€
Aoz AR o] EA9 NMR assignments: Table 5-5¢ 2t}

°|& Solanderia secunda®] WAIEZAEL 91-10-9& Adsnes EF C-T,
-8, -10, -11, -14% A /19] asymmetric centers& TEHOo.2 3 Ut} o]EF
C-8, -10%5 cyclopropaned] 4% centers®] Atiujd-E C-9 methylene protonse]
coupling constants2%-¥ trans® AAHU oY YA M asymmetric centerse]
YA wjdL B&3=] gt o] EAES stereochemistryE ¥3]17] 18t nOe
% NOESY 43& Ax32Y configurationg ZAE 4 & vlojet& A7) of
2l H}. o€ macrolidest} long-chain fatty acidsollA] &8 & 4 gle R Zo] &
Ao HAE 353 dFFFLEZ2E NMR AHd 984 oS long-chain
asymmetric centers®] Y2 wjde] AR L Eite ¥ Aoz JYFE. we}
] p-biphenylcarboxylic acid ester =& WES X4 FAATZEYHE A=
d7golt. 3tAT NMR data® A3 438 Bd FYY stereochemistryE Z+=
¥ A9 aF F 91-10-1, -3, -5, -7 91-10-2, -4, -6, -82 ¥ + 1oy
o] AFEUNE= AMZ 11-epimer BAY UASFE & F Aok AF7AA oA AT
fatty acid lactones®] stereochemistry: o}z ZA® u} gid.

91-10-1 ~ -9& X5 cyclopropane€ 7}% Cx fatty acid lactoneselt}. &3
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Table 5-5. Proton and carbon NMR assignments for compounds 91-10-92

91-10-9

*
14 13¢
1 176.62 s
2 2.44(2H, m) 32.69 t
3 1.87(2H, m) 29.24 t
4 1.70(1H, m), 1.56(1H, m) 26.46 t
5 1.54(2H, m) 24,15 t
6 1.82(2H, m) © 3713t
7 - 4.12(1H, dt, 6.3, 7.6) 81.29 d
8 1.14(1H, m) 24.86 d
9 0.89(1H, ddd, 8.3, 5.4, 5.4) 12.16 t
0.71(1H, ddd, 8.3, 5.4, 5.4)

10 1.41(1H, m) 19.24 d
11 5.37(1H, dd, 15.1, 8.3) 135.62 d
12 5.56(1H, dd, 15.1, 8.3) 127.60 d
13 3.92(1H, dd, 6.3, 6.3) 75.10 d
14 3.49(1H, ddd, 7.8, 6.0, 4.8) 74.29 d
15 2.25(2H, m) 31.07 t
16 5.42(1H, dtt, 9.8, 7.8, 1.5) 124.42 d
17 5.57(1H, dtt, 9.8, 7.3, 1.5) 133.55 d
18 2.04(2H, dt, 6.8, 7.1) 27.36 t
19 1.35(2H, m) 29.06 t
20 1.30(2H, m) 31.50 t
21 1.27(2H, m) 22,62 t
22 0.89(3H, t, 6.8) 14.03 q

¢ Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 Mz,
Chemical shifts are reported in & values(ppm downfield from MesSi). J values
are reported in Hz. Carbon NMR spectra were obtained in CDCl3 solution at 125
Mz, Assignments are aided by decoupling and COSY, and HMGC experiments,
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Table 5-6. Proton and carbon NMR assignments for compounds 91-10-10 and -112

91-10-10 91-10-11
*
1H 13C - 1H 13C
1 176.56 s 176.51 s
2 12.43(2H, m) 32.89 t |2.42(2H, m) 32.86 t
3 [1.86(2H, m) 29.14 t {1,86(2H, brg, 6.0) 29,17 t
4 |1.70(1H, m), 1.56(1H, m) 24.19 t [1.69(1H, m), 1.55(1H, m) 24,21 t
5 {1.53(2H, m) 26.57 t [1,52(2H, m) 26.58 t
6 [1.79(2H, m) 36.97 t {1.78(2H, brdt, 5.9, 6.1) 37.17 t
7 {4.05(1H, dt, 5.4, 8.1) 81.16 d [4.06(1H, dt, 6.8, 7.1) 81.22d
8 |1.21(1H, m) 21.69 d |1.04(1H, m) 20.57 df
9 (0.74(1H, ddd, 8.3, 5.4, 5.4) | 8.39 t |0.74(1H, ddd, 8.3, 5.4, 5.4) | 9.36 t
0.60(1H, ddd, 8.3, 5.4, 5.4) 0.70(1H, ddd, 8.3, 5.4, 5.4)
10/1.04(1H, m) 20.52 d [1.04(1H, m) 20.62 df
11|4.83(1H, ddd, 8.3, 3.2, 1.5) | 75.73 d |4.88(1H, dd, 7.3, 5.4) 75.46 d
12]5.69(1H, m) 130,57 d |5.64(1H, dd, 15.6, 5.4) 130,92 d
13(5.71(1H, m) 129,50 d |5.68(1H, dd, 15.6, 5.4) 129,35 d
14{5.27(1H, m) 73.09 d |5.25(1H, m) 73.11d
15(2.43(1H, m), 2.34(1H, m) 32.28 t {2.41(1H, m), 2.32(1H, m) 32,28 t
16/5.28(1H, dtt, 11.2, 7.3, 1.5)|123.17 d [5.28(1H, dtt, 10.7, 7.3, 1.5)[123.18 d
17]5.51(1H, dtt, 11,2, 7.3, 1.5){133.33 d {5.50(1H, dtt, 10.7, 7.3, 1.5)(133.35 d
18/2.01(2H, brdt, 6.4, 7.8) 27.38 t (2.01(2H, brdt, 6.8, 7.3) 27.39 t
19{1.34(2H, m) 29,21 t [1.34(2H, m) 29.19 t
20(1.29(2H, m) 31.51 t {1.29(2H, m) 31.50 t
21{1.29(2H, m) 22,57 t |1.29(2H, m) 22,56 t
2210.89(3H, t, 7.1) 14.07 q [0.89(3H, t, 6.8) 14.07 q
0AC 170,12 sc 170,11 s&
2.07(3H, s)b 21.25 q42.06(3H, s)® 21.25 gh
170.12 sc 170.09 sz
2.05(3H, s)b 21,21 q4{2.05(3H, s)e 21.23 gb

2 Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 Miz. Chemical
shifts are reported in & values(ppm downfield from MesSi). J values are reported in
Hz, Carbon NMR spectra were obtained in CDCl3 solution at 125 MHz. Assignments are
aided by COSY and HMAC experiments, ¢-i Assignments may be interchanged.
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ZAE 3} o|EL ¥ AEFol5 hydroidsE& BHIRE ZAFESY AERZE W
< Bo| AQAEYE FAFHUT. gy FRA L2 AR cyclopropanyl fatty
acid lactones®] 4 ¢ red algae, sponges, mollusks% o2 %8 d¢AQ v U4
(Fig. 5-3)(Higgs & Mulheirn, 1981; Niwa et al. 1989; Nagle & Gerwick, 1990;
Ojika et al, 1990).

o|]% %32 LILaurencia hybrida2%¥l F#&¥ tricyclic compound$!
hybridalactone® A% Urx] EAEL F4719 Z54 6idd A A= A
9] 53} o] EF phospholipids& ©]§+ Cx arachidonic acid2%-¥] 7]¥
54 prostaglandins, leucotrienes¥ prostancids& A4 3t HFAAA EsE =
AEo|v] ueA phospolipase Az 5-lipoxygenases arachidonic acid cascadeel] #
date o Fad UF A= 2 duE 2FAFE YEHY. olE
arachidonic acidolA 71 9% & A Eo| arachidonic acid cascaded] #3t= &4
& AARP=E Yehiis AL v I8¢ dHold.

E dFoH F27F 249 91-10-1 ~ 9= 5 arachidonic acidollA 7]9 3
A ¥k E BT il(chain length7} C), fAHE $IX ] FLT 28718 23
Aok, 2222 o|E Solanderia secunda®] WAHEZREo| Y& Cx fatty acid
lactonesi Z& AYBVATE JehdA 9 R 433 FHEIEY = AAHY
Ho| Y% prostanocids®] Aol BedE Ao Y H9F AL s A
2& 2949 AL gFqM A7FA} JAFHL e EoFold(Fenical &
Faulkner, personal comm.). W&ty F=2A% o] ¢E5HE Y2 o|E 34
N 29380 244305 AHBAET $42 A4

AgHoz ¥ AFNA hydroid Solanderia secundaZ%-¥] 25 9719 M 2&
cyclopropane-containing Cz fatty acid lactones® #3l3 +3=& AAs A
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hybridalactone constanolactones A and B (epimer)

(red alga Laurencia hybrida) (red alga Constantinea simplex)
(0]
o)
P
OH
7

OH

halichondlactone (left) and neohalichondlactone (right)
(sponge Halichondria okadai)

aplydilactone
(mollusc Aplysia kurodai)

Fig. 5-3. Cyclopropane-containg fatty acid lactones from marine organisms.
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5 3 A@wH

5.3 1 Az AY 2 471829 &3 n&3az2vtEaYy

Hydroid Solanderia secunda®] Q& AAX 23 4 25-30 mojA 23]('91
914, 79) R ARRE A A=Y diAfE 28 4 25-30 molA 1391
109) SCUBA tole] 84 ol%o] Hou o ARE AYs| ot 54 £
A ¢A3s T YEid RuHUt I5RAFTU NERHAZFAE: 5 ke)E ZA
%2} methylene chloride 2 LE 718to] M-2oA] 48A17F X3 Fo] 1 £9& 7
HuUlen o] AAE oAl AEG Fol dojd AA FIZR5FEE ¥ 107 g
o] ¥of A4

o] XFFEE WTF silica flash chromatography® ¥ 87] $3] n-hexaned}
ethylacetate®] £ (5% ethylacetate/n-hexane®. Z¥-E] 100% ethylacetate7} ),
acetone, methanold €M UE §EARA. 1A Ao 18719 ¥ Y(fraction, fx)
€ 47 $vE AAY ¥ 'H NMRE 34% Az $v) & 24 garedol
fx-12(55% ethylacetate/n-hexane: 100 mg), fx-13(60% ethylacetate/ n-hexane:
70 mg), fx-14(65% ethylacetate/n-hexane: 170 mg), fx-15(70% ethylacetate/
n-hexane: 140 mg)R fx-16(100% ethylacetate: 130 mg)o] T g5 o] g1Lo] 8
Ao 7189 fxlle o AP £3] SASE ¥31 R B33 A, Al
% steroids7t X #E A

5. 3. 2. 91-10-1¢9] £¥)

1A~ d gt g ﬂiu}ilﬂﬂg &% fx-13(70 mg), -14(170 mg), -15(150 mg)
2 -16(130 mg)& ZZ 42%\} 50% water/acetonitriled] *=¢]3. Maxi-clean Cis
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filter(Alltech) 2 o3}@ Fo] 2 EFAL LF8viz A8de HPLC(YMC
reversed phase Cis column, RI detector) #2]8% retention time 265 ¥(2
ml/min)# 33.6 £(25 ml/min)e] 91-10-12] peak’} UElton] 2z} AlgdA &
¥ AMFL 224 mgol At

'H NMR(CDCls, 500 MHz) & 5.78(2H, m, H-12, -13), 559(1H, dtt, 10.8, 7.3,
1.5, H—1;7), 5.37(1H, dtt, 108, 7.3, 1.5, H-16), 4.18(1H, dt, 4.4, 6.4, H-14), 4.09(1H,
dt, 64, 78, H-7), 3.64(1H, dd, 7.8, 34, H-11), 2.44(2H, m, H-2), 2.32(2H, m,
H-15), 2.05(2H, brdt, 6.8, 68, H-18), 1.85(4H, m, H-3, -6), 1.68(1H, m, H-4),
153(3H, m, H-5, -5), 1.34(2H, m, H-19), 1.28(4H, m, H-20, -21), 1.15(1H, m,
H-8), 0.98(1H, m, H-10), 0.88(3H, t, 7.1, H-22), 0.68(1H, ddd, 88, 54, 54, H-9),
060(1H, ddd, 83, 54, 54, H-9): “C NMR(CDCl;, 125 MHz) & 17657(C),
134.01(CH), 133.16(CH), 131.67(CH), 124.03(CH), 81.47(CH), 74.60(CH), 71.42(CH),
37.05(CHa), 35.30(CHa), 32.66(CHa), 31.49(CHa), 29.27(CHz), 29.02(CH2), 27.43(CHz),
26.44(CH2), 24.14(CH2), 23.04(CH), 22.54(CHz), 21.43(CH), 14.05(CHs), 7.88(CHo).

5. 3. 3. 91-10-2¢] &%

147¢ Z2viEagyz 2 x-14(170 mg), £x-15(140 mg), R
fx-16(130 mg)S ZzZ} 50% water/acetonitriled] <$0]3 Maxi-clean Cig
filter(Alltech)2 }Y Fo] L EFYE §&58vl2 AM83t HPLC(YMC
reversed phase Cis column, RI detector)2 €28 retention time 29.0 #(25
ml/min)e] 91-10-29] peak’} YElon Zk AlgodA BI§ AAMFES 195 mg
ol ot

'H NMR(CDCl3, 500 MHz) & 5.75(2H, m, H-12, -13), 557(1H, dtt, 10.7, 7.1,
1.5, H-17), 537(1H, dtt, 10.7, 7.1, 1.5, H-16), 4.16(1H, dt, 3.9, 6.3, H-14), 4.05(1H,
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dt, 64, 68, H-7), 3.66(1H, dd, 7.8, 49, H-11), 2.43(2H, m, H-2), 2.34(1H, ddd,
146, 7.8, 6.3, H-15), 228(1H, ddd, 146, 7.1, 6.3, H-15), 205(2H, brdt, 7.3, 7.3,
H-18), 1.86(2H, m, H-3), 1.79(2H, m, H-6), 1.70(2H, m, H-4), 153(2H, m, H-5),
1.36(2H, m, H-19), 1.29(4H, m, H-20, -21), 1.05(1H, m, H-8), 0.99(1H, m, H-10),
089(3H, t, 7.1, H-22), 071(2H, m, H-9); “C NMR(CDClL, 125 MHz) &
176.55(C), 133.92(CH), 13358(CH), 131.64(CH), 124.04(CH), 81.58(CH), 74.74(CH),
71.56(CH), 37.11(CH2), 35.32(CHz), 32.74(CHz), 31.49(CHz), 29.26(CHz), 29.07(CH),
27.43(CHy), 2649(CHz), 24.16(CH2), 23.22(CH), 2254(CHz), 20.46(CH), 14.04(CHs),
8.96(CHo).

5. 3. 4. 91-10-3¢] ¢

L5 AzvEagdE £ fx-14(170 mg), fx-15(140 mg), =
fx-16(130 mg)¥ ZHZ 50% water/acetonitriled] 0] Maxi—clean Cis
filter(Alltech)2 3§ Fo] 22 EFAE §&58v= AM83tqd HPLC(YMC
reversed phase Ciz column, RI detector)2 #}3}l'" retention time 185 ¥(25
ml/min)] 91-10-2¢] peak7} WYElo™ 2zt ARe|A £ AAFL 41 mgol
At

'H NMR(CDCls, 500 MHz) 8 581(1H, dd, 156, 50, H-13), 5.77(1H, dd, 15.6,
44, H-12), 557(1H, dtt, 112, 7.3, 1.5, H-19), 541(2H, m, H-16, -20), 5.30(1H,
dtt, 107, 7.3, 1.5, H-17), 420(1H, dt, 3.9, 6.6, H-14), 4.09(1H, dt, 64, 7.6, H-7),
365(1H, dd, 76, 44, H-11), 281(2H, dd, 7.3, 7.3, H-18), 2.44(2H, m, H-2),
2.36(2H, m, H-15), 2.07(2H, brdq, 7.6, 7.6, H-21), 1.85(4H, m, H-3, -6), 1.69(2H,
m, H-4), 1.55(2H, m, H-5), 1.16(1H, m, H-8), 0.99(1H, m, H-10), 0.98(3H, t, 7.6,
H-22), 068(1H, ddd, 88, 54, 54, H-9), 0.60(1H, ddd, 88, 54, 54, H-9); “C
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NMR(CDCls, 125 MHz) & 17655(C), 133.07(CH), 132.29(CH), 131.92(CH),
131.80(CH), 126.66(CH), 124.44(CH), 81.46(CH), 74.57(CH), 71.37(CH), 37.07(CHz2),
35.30(CHz), 32.70(CHa2), 29.05(CHz), 26.47(CHz), 25.73(CHz), 24.17(CHa2), 23.03(CH),
21.44(CH), 20.60(CHz), 14.23(CHs), 7.87(CHa).

5. 3. 5. 91-10-4¢] #&

1574 a2viEagdz 2% x-15(140 mg), ¥ fx-16(130 mg)< Z+7
50% water/acetonitriled] 0] Maxi-clean Cis filter(Alltech)2 3§ o] &
E¥4E §58vl2 A8 HPLC(YMC reversed phase Cis column, RI
detector)2 #2]3'A retention time 20 ¥(25 ml/min)o} 91-10-29) peak’} YE}
won 7 AlgeA @ AAMFL 41 mgelfid.

'H NMR(CDCls, 500 MHz) & 5.76(1H, m, H-13), 576(1H, m, H-12),
556(1H, dtt, 122, 7.5, 14, H-19), 541(2H, m, H-16, -20), 530(1H, dtt, 12.2, 7.5,
14, H-17), 419(1H, dt, 4.2, 6.0, H-14), 4.05(1H, dt, 6.6, 7.5, H-7), 3.66(1H, dd,
80, 45, H-11), 281(2H, dd, 7.3, 7.3, H-18), 2.43(2H, m, H-2), 2.35(2H, m, H-15),
2.07(2H, brdq, 7.0, 7.0, H-21), 1.86(2H, m, H-3), 1.79(2H, m, H-6), 1.69(2H, m,
H-4), 153(2H, m, H-5), 1.06(1H, m, H-8), 0.99(1H, m, H-10), 0.98(3H, t, 7.5,
H-22), 0.71(2H, m, H-9); “C NMR(CDCl, 125 MHz) & 17656(C), 133.47(CH),
132.32(CH), 131.90(CH), 131.73(CH), 126.60(CH), 124.41(CH), 81.54(CH),
74.71(CH), 71.50(CH), 37.10(CHo), 35.30(CH2), 32.75(CH2), 29.07(CHz), 26.49(CHz),
25.73(CH2), 24.16(CH2), 23.21(CH), 21.44(CH), 20.47(CH2), 14.24(CHs), 8.94(CH>).
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5. 3. 6. 91-10-59] £

&P AzvkEadse 2@ x-12(100 mg), -13(70 mg) B -14(170
mg)E &7} 42% water/acetonitriled] *¢]3L Maxi-clean Cis filter (Alltech)2 <}
B Fo) e EFYLE £E54v2 Al839 HPLC(YMC reversed phase Cig
column, RI detector, 2 ml/min)Z ¥&]3}A retention time 288 ¥¢] 91-10-5¢]
peak7l GEFtom 2 AlgolA Ee@ AAFL 42 mgolth

'H NMR(CDCls, 500 MHz) & 5.79(3H, m, H-4, -12, -13), 573(1H, m, H-5),
558(1H, brdt, 11.0, 7.3, H-17), 537(1H, brdt, 11.0, 7.1, H-16), 417(1H, dt, 53,
6.8, H-14), 401(1H, ddd, 103, 81, 1.7, H-7), 367(1H, brdd, 63, 49, H-11),
2.84(1H, m, H-3), 2.73(1H, ddd, 132, 59, 29, H-2), 257(1H, ddd, 140, 10.3, 64,
H-6), 2.30(1H, m, H-2), 2.33(2H, m, -15), 219(1H, ddd, 140, 81, 17, H-6),
2.J2(1H, m, H-3), 204(2H, dt, 7.3, 7.3, H-18), 1.35(2H, m, H-19), 1.29(4H, m,
H-20, -21), 1.02(2H, m, H-8, -10), 0.89(3H, t, 7.1, H-22), 0.78(1H, ddd, 83, 54,
54, H-9), 070(1H, ddd, 84, 54, 54, H-9) *C NMR(CDCls, 125 MHz) &
176.88(C, C-1), 133.91(CH, C-12), 13362(CH, C-17), 132.80(CH, C-13), 131.70(CH,
C-4), 12799(CH, C-5), 12402(CH, C-16), 80.76(CH, C-7), 7474(CH, C-11),
7157(CH, C-14), 37.69(CH, C-2), 35.29(CH;, C-15), 34.30(CHs, C-6), 31.50(CHp,
C-19), 29.26(CHz, C-20), 27.42(CHe, C-18), 24.41(CHa, C-3), 2349(CH, C-8),
22.53(CHz, C-21), 19.73(CH, C-10), 14.04(CHs, C-22), 9.02(CHz, C-9).

5. 3. 7. 91-10-69] ¥%)

A5 azvEagds B3 x-10(130 mg)d -11(110 mg)E Z44 43%
water/acetonitrileol] 359]31 Maxi-clean Cis filter (Alltech)2 o33 Fof & &
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Fag 2542 A83od HPLC(YMC reversed phase Cis column, RI detector,
3 ml/min)2 ¥2)3}% retention time 47.0 &o] 91-10-69] peak’} JElxtow 7}
A B £ AAMFL 35 mgolAH.

'H NMR(CDCls, 500 MHz) & 5.78(3H, m, H-4, -12, -13), 5.76(1H, m, H-5),
558(1H, brdt, 11.1, 7.3, H-17), 638(1H, brdt, 111, 6.8, H-16), 418(1H, dt, 55,
6.8, H-14), 405(1H, ddd, 103, 7.3, 10, H-7), 366(1H, brdd, 7.3, 44, H-11),
2.86(1H, m, H-3), 2.73(1H, ddd, 13.2, 59, 29, H-2), 263(1H, ddd, 142, 105, 64,
H-6), 230(1H, m, H-2), 232(2H, m, -15), 226(1H, ddd, 142, 7.8, 15, H-6),
2.12(1H, m, H-3), 2.05(2H, dt, 7.3, 7.3, H-18), 1.36(2H, m, H-19), 1.28(4H, m,
H-20, -21), 1.14(1H, m, H-8), 101(2H, m, H-10), 0.89(3H, t, 6.8, H-22), 0.74(1H,
ddd, 88, 54, 49, H-9), 0.60(1H, ddd, 83, 54, 53, H-9) “C NMR(CDCls, 125
MHz) & 176.99(C, C-1), 13309(CH, C-12), 13385(CH, C-17), 132.72(CH, C-13),
131.73(CH, C-4), 128.11(CH, C-5), 124.08(CH, C-16), 80.87(CH, C-7), 74.36(CH,
C-11), 71.42(CH, C-14), 37.69(CH; C-2), 3526(CH, C-3), 3421(CH; C-6),
31.47(CHz, C-20), 29.24(CH,, C-19), 27.40(CH;, C-18), 24.38(CHz, C-3), 23.31(CH,
C-10), 2251(CH,, C-21), 20.56(CH, C-8), 14.02(CHs, C-22), 7.96(CHz, C-9).

5. 3. 8. 91-10-7¢] g

A&t ZzetEaggdz 28 x-12(100 mg), -13(70 mg) R -14(170
mg)& Z+7 42% water/acetonitriled] *9]31 Maxi-clean Cis filter(Alltech)2 o 3%
& Fo 2L EHYL £&8viz2 AME3t] HPLC(YMC reversed phase Cis
column, RI detector, 2 ml/min)2 £33 % retention time 19.8 #9°] 91-10-79
peak7} YElt o 2 AgojA EE¥ AN FLS 16 mgolAitt.

'H NMR(CDCls, 500 MHz) & 5.79(3H, m, H-4, -12, -13), 5.74(1H, m, H-5),
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557(1H, dtt, 107, 7.3, 1.5, H-19), 541(2H, m, H-16, -20), 529(1H, dtt, 10.8, 7.3,
15, H-17), 4.19(1H, dt, 6.8, 5.1, H-14), 401(1H, ddd, 10.2, 7.8, 1.9, H-7), 3.67(1H,
dd, 6.8, 49, H-11), 2.85(1H, m, H-3), 2.81(2H, dd, 7.3, 7.3, H-18), 2.73(1H, ddd,
132, 59, 29, H-2), 258(1H, dddd, 140, 102, 68, 1.3, H-6), 2.36(2H, m, H-15),
2.30(1H, ddd, 132, 11.7, 49, H-2), 2.19(1H, ddd, 14.0, 80, 1.9, H-6), 2.12(1H, m,
H-3), 2.07(2H, brdq, 7.3, 7.6, H-21), 1.03(2H, m, H-8, -10), 0.98(3H, t, 7.6,
H-22), 0.78(1H, ddd, 81, 54, 53, H-9), 0.70 (1H, ddd, 81, 54, 54, H-9); Bc
NMR(CDCl;, 125 MHz) & 176.84(C), 13350(CH), 132.83(CH), 132.30(CH),
131.93(CH), 131.76(CH), 127.99(CH), 12660(CH), 124.39(CH), 80.70(CH),
74.69(CH), 71.48(CH), 37.70(CHz), 35.29(CH2), 34.31(CH2), 25.73(CHz), 24.42(CHa),
23.49(CH), 20.59(CHz), 19.76(CH), 14.24(CH3), 8.99(CHo).

5. 3. 9. 91-10-89] #9

n&A¢ aznEagdye 223 x-10(130 mg)# -11(110 mg)E 44 43%
water/acetonitriledl] *9°]3 Maxi-clean Cis filter(Alltech)2 3§ Fo] e &
FAe £& L2 A8t HPLC(YMC reversed phase Cis column, RI detector,
3 ml/min)2 #2353 retention time 325 ¥¢] 91-10-89 peak’} YEIWoP Z
NEo A B2 AAFL 20 mgol Tt

'H NMR(CDCls, 500 MHz) & 5.79(3H, m, H-4, -12, -13), 574(1H, m, H-5),
557(1H, dtt, 10.7, 6.8, 15 H-17), 541(2H, m, H-16, -20), 530(1H, dtt, 10.7, 6.8,
15, H-17), 4.20(1H, dt, 59, 4.9, H-14), 4.01(1H, ddd, 10.0, 83, 1.9, H-7), 3.67(1H,
dd, 7.8, 49, H-11), 2.85(1H, m, H-3), 2.81(2H, dd, 7.1, 7.1, H-18), 2.74(1H, ddd,
137, 59, 29, H-2), 257(1H, dddd, 140, 10.3, 64, H-6), 2.33(2H, m, H-15),
2.33(1H, ddd, 137, 49, 15, H-2), 2.26(1H, ddd, 14.0, 7.8, 1.5, H-6), 2.12(1H, m,
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H-3), 2.07(2H, brdq, 7.3, 7.3, H-21), 1.14(1H, m, H-8), 1.01(1H, m), 0.98(3H, t,
76, H-22), 0.74(1H, ddd, 88, 5.1, 5.1, H-9), 0.60 (1H, ddd, 88, 5.1, 5.1, H-9); *C
NMR(CDCl;, 125 MHz) & 176.90(C), 133.03(CH), 132.71(CH), 132.24(CH),
131.82(CH x 2), 128.10(CH), 126.66(CH), 124.47(CH), 80.79(CH), 74.37(CH),
71.40(CH), 37.71(CH2), 35.30(CHz), 34.23(CHa), 25.74(CHz2), 24.42(CHa), 23.32(CH),
20.60(CH, CHo), 14.23CH3), 7.97(CH>).

5. 3. 10. 91-10-9¢} #&

A&gY AzvieEazid2 3@ x-10(130 mg)s} -11(110 mg)e Z2 43%
water/acetonitrile®] 59]3L Maxi-clean Cis filter(Alltech)2 o33 Fo] e &
gge §& 82 AHE3l9 HPLC(YMC reversed phase Cis column, RI detector,
3 ml/min)2 £ 3 retention time 44.6 ¥ 91-10-99 peak’} YElton 2z
Ao A E2¢ AANFLS 10 mgol U

'H NMR(CDCl;, 500 MHz) & 557(1H, dtt, 9.8, 7.3, 1.5, H-17), 556(1H, dd,
151, 83, H-12), 542(1H, dtt, 98, 7.8, 1.5, H-16), 537(1H, dd, 15.1, 83, H-11),
4.12(1H, dt, 6.3, 7.6, H-7), 3.92(1H, dd, 63, 6.3, H-13), 3.49(1H, ddd, 7.8, 60, 48,
H-14), 2.44(2H, m, H-2), 2.25(2H, m, H-15), 2.04(2H, dt, 6.8, 7.1, H-18), 1.87(2H,
m, H-3), 1.82(2H, m, H-6), 1.70(1H, m, H-4), 1.56(1H, m, H-4), 154(2H, m,
H-5), 141(1H, m, H-10), 1.35(2H, m, H-19), 1.30(2H, m, H-20), 1.27(2H, m,
H-21), 1.14(1H, m, H-8), 1.01(1H, m), 0.89(1H, ddd, 8.3, 54, 5.4, H-9), 0.89(3H, t,
6.8, H-22), 0.71(1H, ddd, 83, 54, 54, H-9); “C NMR(CDCl;, 125 MHz) &
176.62(C), 133.62(CH), 13355(CH), 127.60(CH), 124.42(CH), 81.29(CH), 75.10(CH),
74.29(CH), 37.13(CH2), 3269(CHz), 31.50(CHz), 31.07(CHz), 29.24(CHz), 29.06(CHy),
27.36(CHz), 26.46(CH2), 24.86(CH), 24.15(CHz), 22.62(CHz), 19.24(CH), 14.03(CHs),
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12.16(CHo).

5. 3. 11. 91-10-10¢] ¥4

10 ml round-bottomed flaskell 91-10-1 15 mg, acetic anhydride 0.3 ml,
pyridine 0.5 ml& ¥ 1A B¢ A2(25 °CO)A ARG, wE9 FF7E &
A7) Aste] TLCE ol 838t £AYT A3 FIEH spotd HolA g A=
& AAESY spote] 73tA YEF il Rotavapor$d vacuum pumpE ©]£314
acetic anhydride®} pyridine® AA3t3 acetonitrile® HEEWE Al83 Y
HPLC(YMC Cis reversed phase column, RI detector, 25 ml/min)2 ¥23% 43
retention time 254%°]4 91-10-10°] 1.3 mg 9] At}

'H NMR(CDCls, 500 MHz) & 571(1H, m, H-13), 569(1H, m, H-12),
551(1H, dtt, 11.2, 7.3, 1.5, H-17), 5.28(1H, dtt, 11.2, 7.3, 1.5, H-16), 527(1H, m,
H-14), 483(1H, ddd, 83, 32, 1.5 H-11), 4.05(1H, dt, 54, 8.1, H-7), 2.43(3H, m,
H-2, -15), 2.34(1H, m, H-15), 2.07(3H, s, OAc), 2.05(3H, s, OAc), 2.01(2H, brdt,
6.4, 7.8, H-18), 1.86(2H, m, H-3), 1.79(2H, m, H-6), 1.70(1H, m, H-4), 1.56(1H,
m, H-4), 153(2H, m, H-5), 1.34(2H, m, H-19), 1.29(4H, m, H-20, -21), 1.21(1H,
m, H-10), 1.04(1H, m, H-8), 0.89(3H, t, 7.1, H-22), 0.74(1H, ddd, 83, 54, 54,
H-9), 060(1H, ddd, 83, 54, 54, H-9); ®C NMR(CDCl;, 125 MHz) & 176.56(C),
170.12(C), 170.12(C), 133.33(CH), 130.57(CH), 129.50(CH), 123.17(CH), 81.16(CH),
75.73(CH), 73.09(CH), 36.97(CHz), 32.89(CH2), 32.28(CH2), 31.51(CHy), 29.21(CHg),
29.14(CH2), 27.39(CH2), 2657(CH2), 2419(CHz), 2257(CHz), 21.69(CH),
21.25(0CHs), 21.21(OCHs), 20.52(CH), 14.07(CHas), 8.39(CHby).

- 236 —



5. 3. 12. 91-10-11¢] ¥4

10 ml round-bottomed flaskel 91-10-2 2.0 mg, acetic anhydride 0.3 ml,
pyridine 0.5 mi& Wi 1N ¢ A(25 °C)ollA ARG, w89 §7& &
A3t7] $13te] TLCE o83ty FHE A} FLEZY spotd Holx] & A=
¥ B4EY spotel ZstA et W Rotavapor$t vacuum pumpE ©]-8-3td]
acetic anhydride$} pyridine® A|AS I acetonitrile® $FEv|E Alg3ty
HPLC(YMC Cis reversed phase column, RI detector, 25 ml/min)2 #2|% 23
retention time 2402914 91-10-11°] 1.6 mg ¥ At}

'H NMR(CDCl;, 500 MHz) & 568(1H, dd, 156, 54, H-13), 5.64(1H, dd, 158,
54, H-12), 550(1H, dtt, 10.7, 7.3, 1.5, H-17), 528(1H, dtt, 10.7, 7.3, 1.5, H-16),
5.25(1H, m, H-14), 4.88(1H, dd, 7.3, 54, H-11), 4.06(1H, dt, 68, 7.1, H-7),
242(2H, m, H-2, -15), 241(1H, m, H-15), 2.32(1H, m, H-15), 2.06(3H, s, OAc),
2.05(3H, s, OAc), 2.01(2H, brdt, 6.8, 7.3, H-18), 1.78(2H, brdt, 59, 6.1, H-6),
1.69(1H, m, H-4), 155(1H, m, H-4), 152(2H, m, H-5), 1.34(2H, m, H-19),
1.29(4H, m, H-20, -21), 1.04(2H, m, H-8, -10), 0.89(3H, t, 6.8, H-22), 0.74(1H,
ddd, 83, 54, 54, H-9), 0.70(1H, ddd, 83, 54, 54, H-9); °C NMR(CDCl, 125
MHz) & 17651(C), 170.11(C), 170.09(C), 133.35(CH), 130.92(CH), 129.35(CH),
123.18(CH), 81.22(CH), 75.46(CH), 73.11(CH), 37.17(CH2), 32.86(CH2), 32.28(CHo),
31.50(CHg), 29.19(CHz), 29.17(CHa2), 27.39(CHz), 26.58(CHz), 24.21(CH2), 22.56(CHb),
21.25(0CHzs), 21.23(0OCHz3), 20.62(CH), 20.57(CH), 14.07(CHs), 9.36(CHa).
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Fig. 5-27. Carbon NMR spectrum of compound 91-10-6.
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Fig. 5-42. Carbon NMR spectrum of compound 91-10-10.
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A 6 &. s AEE(sponges)d] HEE

6. 1. 47 W7 - AT E2FE JAVAHEE M

gdutdy oz oofFo] AYHE HAL A FAAZ & & ded ¥4, M
Z22%E fdso MLHAAY &34 S fPo2 ALHE AT dA=
E Be 9ohEo] Azot AIERTE FAsAoY 3 W] o3 WY
Ha AdH] giE FUHn F344S gad AFeE ALE Ao HF-Eol

o

AQEANA FAHIAY & oz P48 Y8 =W AFL
z ARFrAAdE $BE GAE SHck st U4 FRED FNAM 2
2 g iAol HF ALeAdAA JAYY + YA 9. FFFIEHE €
HLFAAES Aol QEAY R o FolgdE Ffgol s o F7HEH.
WG A %FAlolE ol AFALE YEY W AYY R I¥LH 489
283 2% Boollgt aRo] gFFez ALHUE Ffd AFALE A8 F
F& + AE ¥8x4o] 100 % Fuslojel dot. ol T AL FRFANA
2 o fgolH fAsE AARY AEEDL 37 A2 5T F U0 71
AEE FRAE AN F dE AR 2¥A X A+

Hgu| QB o AEERo] AAHE ASdE ATFT FRGA AV
27 29 AAFo2E dgsix d@el Y& F AT oleHez: U
Wogel o8 YEEAL TUF A& § W AEoG. AR Il 4
7tA] ozl ge] w2 48 W FF7F B cell densitydl AW 43E FUE
7, APE AeolA wgsortEe G do] 4 FAHE A, EE A
AT ARZAFE FAE7] A wWFAzte] HolAm qEA A7 HeiR
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o g ugEd ¥ 299 AFAE EoXE AT Aot FARGUE ZE
A EAlE ALY ugzdd i o] ofFx FEI FHHo UA
ot Aotk dA F& AYrIAdEe] AGHAYE Lda EARS HEsI] A
3 AL d7E s Jernz Zutd AW Yoz Jldd.

3% macroorganism9 -4l ALFR FAZ WAAERE A UE FE
oA s|AHolok gt $H &4A 7T F ' AFA2HEH AR == OF
Aol g3 AZdvjd AT FET EFTFol /HsAAE HEMF ¥k a7
U asymmetric center’t Wi BFE Fxo AHBAHEZDY A e IHUA
o] B7lsaAY AAAel Doz diFAAsdA Y dAFAH (cultivation)o] ¢
&3t $4o] v ¥ macroorganism® W FA s okEF S WA= A
S FAREY FWo| AAAY FHAA LA JHedol . SYHEEY
B FEL Agss e dA ALAES AF Austd A4 Quinine,
vincristine, colchicine, morphine %] =2 X3¢ 4ot} 2y HAYAIE F9
HNE JAHEFE, 235E, DAGAR, cA7EHF A4 53 A9F A7 w2
A2 gA QS0 wol 2AHI e o AIPEL AF FHo| ot A
£ "de] EAojd.

olg]¢ FES x| ¥ )Y macroorganismo] &JFF ME HAFHZHA AL
o2 A ZFEA ZRY AL oRAY FAEAE REr} 2y HIE0 T4
F HYTEZRE YT HAEEF Ade) Bl FUHL A& 0T AT
Ao fr8Ad dAME HIAE ATFEF FAAE AloldAE Az Ao] 5
oA ¥t L&Y W AdA S FAY AFAEC] HLUNAES FAEAT
EHEA v JZA 48 & RAo] w2 HFAES] djAE R saxitoxin,
okadaic acid, tetrodotoxin %< MY EFEUH EZ EF ¥
macroorganismol A A& #AHAD RAolth. 53] HHUFES Aol o YEA

di wAHE AEHEZC dYFEY F¥ FTASE wEHDold, fungi
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cyanobacteria £ Ho|Z {F4¥ dinoflagellate T4 7| 9= Ao] oju]
Y. 1EE HUFTEY AHFAHEFD A7+ 2 A=A A= HASHE
2 g Btolys HIUABE AT AR FFE AT F= Y= Ao

6.2 dATES Prtojs R FIAE

gutolg| 4], FHAE BF F QAo HE FAGL AXE (vlolg &,
FAE)Y 4FE At AREAFHE YehlE TEFH] U (1FAHA A8A
] A%).

719 @& Fupojx, FFAI AMESH AUE AW 7|& XNEA 4 o
& Aol A&Hez AYEE 4 A2E A8A7 aFH . oz A
o9 AR £ HAENA €A AEEFH 1 Ay T 19 33U v
¥ EE FEA ALE T3 AEE Aol ALFRY AR V= FAw
FEHOE HYFHAENA olF Eoke AFE MY Mol /M wda
¥ 4 o 197080 o]AFE HFHAES FPutolElx Aol disiM Bae H
o] A%k ol diF AAHY AFE wu ¥ et 1978d)] Rinehart?} 7}
3o AEE e A7 A Fgupolgx AES $AY HE
Cyanobacteria, Phaeophyta, Chordata (Ascidiacea)| 4] 7} 2.9 Porifera (319
5 &), Cnidaria, Echinodermatadl = 93 3% (Rinehart et al, 1981). HZ
9 AFAME Frejus e HAFEEANH 9 % (Sea Pharm Inc) FRAA= 239
' AFE, bryozoans, ascidianolA 8 %7} H+x Aoz Yehdtt (Blunt et al,
1985). ojs} L ATFAAE T & o Y AR ¢ANUE} =& HEFAA
Futolg|: o] ¥B FEX 7 Ede AL & F U Fulojyx JE
€ HASE in vitro APWEAA AXEHE FA FEF & 4 s LS
A Y o Futolei JEFA FAAAEEL FAN FHE o] ALY A
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FA7Y FEH3A A2yl € = U o

AA7A gutolg A2 AL AL o2 @A ¥ed 2 FAME M3
433 QA AL ribivarind acyclovirelth. Hzxe] #utolzi2A9] AdAAL Y
AAE 53 HAFTES FAEY AT JAIE A2 433 LI AV U4
Bergmann] 9|3 3B 2HE arabinoside bases AL 7|2 HANA @AY
unnatural nucleoside?] A& 8o i FAel FFH7 AFAG
(Bergmann et al., 1957). °o|RAE& AF ara-A%} ara-Ce /g2 ojojxrh

fr

Bergmannel ¢]3] spongothymidine, spongosine, spongouridineo] 3dWFE
Cryptotethya crypta 258 €24 o3 & JFBENHE nucleoside’t &5
7] A1&3t}. Ara-A (9-B-D-arabinofuranosyladenine)= X|Z&# ¢ gorgonian
Eunicella cavolinil A 3'-0-acetyl #%4 % spongouridines} 7 wAHUY}
(Cimino et al.,, 1984). Ara-A+ 1 oA 3iFH oz FAH <A UAD &
A 196430 Fupolglx Ayt Hx2 SAHL 2F 197080 Futol= A4
H o2 Herpes encephalitis®] A& AMEHUT. HANA AL ol @ #Fulo]
# 2 nucleoside® RY2 3o AM2E F=49 AL =¥ @3} AZT, ribivarin,
acyclovirdt 22 Bu} Y& i o] #ulo]z 247} /s A k(Fig. 6-1.).

A AF ¥ unusual bases o] = HAFEZHE T+ I, Futoly
2, FAF, 29, d9gA, 52 EAEC] ¢AHL Yo JEF & dT79
FE SR Y, Putolgl2 EAVL 2o} FEE E e EFEL 29319
off ¢ ZoH(Fig. 6-2).

M2 AR 3872 E 7 $FFYE acanthifolicin®} okadaic acide 27|
e AT7HAM A9 FAle RaSHA (Schmitz et al, 1981, Tachibana et al,
1981). Acanthifolicin 72l B3]} S| HWFE Pandaros acanthipliumo| A v] FAd &
oz g EFoltl. Acanthifolicin® ©]Zd} bacteriadA] €HE polyether
antibiotics®} 7202 uj$ RASU Y episulfide’] & FHE Aol EAFH AU
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t}. Acanthifolicin®] M¥%5A-L in vitro P388, KB, &3 L1210¢] W3} EDso7}.
Z}2t 0000208 pg/me, 0.0021 pg/me, 0.0039 pg/meol BHPLD EfFol e SAHL
in vivool A 014 ug/weol AT}, oMHAE acanthifolicin® in vivodl M FAF= o3}
AME F3¢ dgaadrt #F=x g%Okadaic acide YEHGNA Q7| A
S € Halichondria okadai®t 7} B3l X AAE H. melandocia) X &2 = At}
Schmitz®} Gopichandt YAl ¥ A HES5HE FHF¥ A okadaic acidg #
23} Tsukitani$} Kikuchit miced] W@ 5A4& 3T BH okadaic acidE
88ttt Okadaic acid= P388% L1210 thsl EDso?} 22k 0.0017 pg/me,
0.017 pg/méo] @3 KB cell okadaic aciddl €3l 0.0025 pg/méolA 30 % ©f
4 JAHALY 0005 ug/meo = 80 % ©]F JASHUL. Miced A= 0.12
ng/kg ©149 FENA FA4o| vElgon (LDw 0192 m/kg) SAHEE st A =
in vivo P388 A &H 7} YA sttt Okadaic acide 2§ gl &3 ¢
ZA =¥ dinoflagellate Prorocentrum lima®] SAAEYUol ¥R 2w scallop,
mussel 59 ¢ & diarrhetic shellfish poisoning®] 9AEZA=Z ¥ A} Diarrhetic
shellfish poisoningS ©°F7|AIF|E RINFANAY okadaic acide] EA&=
dinoflagellate®] Y%l Dinopysis acuminata® F3 €t}

dEHYANM AP ANAFE Halichondria okadai®] ZFEENAH B in
vivo B16 melanoma A &7%7} #& o] Hirata 52 600 ked] ARE A3
4 EE FAsAY. 21 A 8% 9 halichondrins& #3%c} (Hirata and
Uemura, 1986). ©] % °}A] halichondrin B+ B16 melanomal A} ICs7} 0.093 ng/mé
g ZolAd &#E JYEhUY. Halichondrin BE in vivo B16 melanoma %
P388 leukemiacll wiste] AN A3 T/C 7t 4% 244 % (50 pg/ke) R 323 %
(10 ug/ke)® &2 EFAE YEMAY. 283 in vivo L1210 leukemia olA]:=
T/C7} 375 % (100 us/ke)ol @Rk

H. okadai®|X 273 ¥ halichondrin®] JAF AAFA = FAAA 4 dsfA =
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olAE FEH Ho] Bl H. okadai®] AFZZl @l halichondrin® ¥ 3] &
37t B3 4§ AMSlY AlRE FE5Y dodx #3¥ ASE2%H halinchondrin
o] o}F M3 FEHE FoE w|FojHol HAFE ST "AE] YAF
A7t obdrt dAEt. £F9 veolE H. okadaiZF-¥ £ wFtAaY of
3 AR YAFAE FREA G

o= Kishi group o) €3t halichondrin B} norhalichondrin B7} 3183
o2 A3 FAH (Aicher et al, 1992) %22 halichondrins®] dF R g
o B Aol g Aoz JddH. ,

AR A=A ANHY AAEE Phakellia carteris] £2FEENA 43I# in
vitro P388 ¢AIEEAo] F&=HAt (EDw 0.74 ug/mb). In vitro P388 Aol &3}
o GAAHEL 33% 2 halichondrinsg} FAH} FZEE 7HA halistatin 10] &
2=l Halistatin 1 in vitro P388|4 EDso7t 4 x 107 pe/mee] @3on
NCIe1 4 9] 60 cell line antitumor screening paneldl sl ¥# Glo7t 7 x 1070 Mol
g3t FHT AE54E RAT. Halistatin 1€ in vivo P38Rol M= 42 ¥ &F
¥ EFE B T/C 330 % (40 pe/ke)& JERAUTH (Pettit et al., 1993).

Tedanolide= 7}8]|B.M ¢ HAHEE Tedania ignis 25E #2¥ macrolidel
¥ 2%9] macrolide$} &3 lactone ring®| ©@4FF ] oA o] FojAAG
Z7+d A ringe BAstn YRt (Schmitz et al., 1984). Tedanolide® @A E
EAo] wl$ Z¥std EDsov} in vitro KBAA 0.00025 ue/me, P3889lA 0.000016
we/mee]l ST AT in vivodlAe ¥FFAA FAIAE di FEFHoUH.
Tedanolide?] #l W& SAL 12~14 pe/ke ©1A 2. in vivo P388NA T/C7}
156 pg/kgolA 123 %°llth. Tedanolides M5 (daehel disixE A A7}
7 el

A AFHE Theonella sp.8] HAFE9 F&E0| starfish egg assay R
AXEAR ZANA 33 @40 AEHUY. A8 F227 misakinolide A
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7} @ HA = (Sakai et al, 1986, Kato et al., 1987) in vitro P388, HCT-§,
A549, MDA-MB-231 (human breast adenocarcinoma)o} WalA ICs7} 42} 10, 4,
4, 05 ng/m9] 7Y FFo|Utt. 183 Candida albicansol) thdte] FAF &
7} 1ol MIC 7} 5 ug/méd=t. In vivo P388 A= T/C7} 145 % (0.5 mg/ks) ©ll
234,

A=FANA AP AAFE Spongia sp.& in vitro P38 leukemiaZ A& &A
€ 3% A spongistatins& EE AT} (Pettit et al, 1993). Spongistatins]
ANEY #$FL ¢ FolA 400 kgl Spongia sp.2H-E 4.34 mg 9] spongistatin
2€ 4AY. Spongistatinst: MEE e macrolide 2A "¢ ZHE in vitro
getaAE Jehigith. NCI9 60 human tumor cell line A FF9 A EA
Glso7t 25~35 x 10" M o] @3+ Zd¢ FGaAH}E Yehdch. Spongistatin
1o dside AAMYAZE athymic moused] 1259 in vivo FYEFE NCIel
A AEFA A4

oA quinones & hydroquinones, sesquiterpenes?’t ZA¥E mixed
biosynthetic productsE& @ZAstE= AL 18 E8A goy o] EAEL I o
242 7] Wi o}F FL3th. Dysidea avaraZH-¥] &€ avarol& o]
o) &3 EF2AMe Hzxe2 ¥FE Aot Truns-fused decalin typed| ring
junctiong X3 drimaneEFZH & 7HA o] £FLS d&3E quinonef =AY
avarone® #7 EHA Avarol2 A FATA did AL ey
mouse L5178y lymphoma cell linedl tWi$t AEXEAELE BAFYY. o8& EF
HIVE ulo]z2d] tid Z@EAAE vedo] B2 F5& ¢4

Avarol % avaroned} HA}¥F sesquiterpene hydroquinone 2 quinone$l
arenarol?} arenarone°] EjBFoA HPE Dysidea arenariaZ¥-¥] ¥ Ut
Arenarol®] FZE o §3l& diacetate FEMY XM FAFZE EAd) ot FH

HAG. olge 2F AxS5AE JYehdAEd quinone?l arenaroneo] o83
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hydroquinone, arenarol2t} 108 AE HEFAHo] Z3dct HAIG AU
isospongiaquinone®| Australiaol x| ¥ Fasciospongia rimosaZ%-¥ £ H
t}. o] 83L& polyoma virusd] ZHE PVs cultured cellso] A|EEAL o
o] £33} dihydro f=A< ¢ HFUAET A8H ALs H#A(oxidative
phospholylation)dll d& 714 2 A3 AFHE 71 Aoz Basd.

Hippospongia metachromia24-€] ¥ € ilimaquinoned] +x& XH AATF
Z B4 93t dAHULY o] ERo| et st e £z uEs
A7 HEel olA9 Adujd e FAHAG. o] EFE AZAZ F 4o HAHE E
2o @3 ¢ixd A7EA= €Y A2E ¥ FHo HZ ilimaquinoned HIV
HpolZ o i JAEFAI wig I F{rFE & FHIVA g+ ga2de=
AHdol ¥rE Y.

Okinawaol X }3 & Hippospongia cf. metachromia®] A 8.2 %€ 2719 A2
& prenylated quinoneE ¢l metachromins AS} B7F £ 5}, o] EdEe X
t E3% dolgd A ZBAHUG. E o] EAEL L1210 HIEY A E
(leukaemia cello] w3fA FHE=E 2d B¢ ol ZHF dHdolg &
(coronary vasodilating activity)2 ¥t}

Aeroplysinin- [ &  Aplysina aerophoba, A. cavernicola, A. archeri,
Pseudoceratina crassa, Verongula rigida, Psammaplysilla purpurea oA g
¥ bromotyrosine fXA°]t}. Bromotyrosine #FE#=  Aplysinidaest
Aplysinellidea®2] (Verongida®) AY EE HAFTEA ¢ZHAY. HegAg
Aplysina sp. 1A %°] bromotyrosine FEM7F YAHZ FS FYF doj.
Aeroplysinin- I & KB, HL-5 HS-5 celld Wi MEHEAZEL Yehligled in
vivo L1210 94 F4EFHE YENSY O FEFEE RIHA &% (Minale
et al., 1976).

Aplysinopsine 3|5 E Aplysinopsis sp.8t Smenospongia echinad X * &
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2329 tryptophan §EAo]th (Hollenbeak and Schmitz, 1977). °|& HAFES].
25EM A% in vivo P38 FLAFI BES0} (T/C 135 % at 02 ne/ke)
O BHANEL 2AY A} aplysinopsine] ¥ H AT} Aplysinopsine in vitro
KB, P388, 2] L1210o] sl 4] At (EDso 0.87 pe/mt, 38 ue/nt,
3.7 ug/m) in vivo P3880|Y} in vivo B16 melanomadl A& W EH7} YEIGA 4%k
o},

HWEE Aplysina archeriZ%€l bromotyrosine ZA€¢ fistularin 3¢}
11-ketofistularin 37} £ HATt. o) &L feline lerkemia virusdll W3ty 212t EDso
22 WM, 42 WM& Jehigloh o5 #mpolgla EFHE AZT (3 -azido-3
-deoxythymidine) Bt} %383 2° 3’ -dideoxy cytidine (ddCyd)$t #AE A=
oju} MEEA ] dol Ao gl EFolT.

New ZealandlAd AFQ AAFE Latrunculia spoillX ZEHE AX5HL 4
o] F2Ho2% Fu7} A+ dibromotyrosine =3 discorhabdino] #3253
t} (Perry et al., 1986). Discorhabdin& in vitro P388%} 4] EDs”} 0.03 ug/méS1vh.
%2 9) bromotyrosine F-EHE VerongidaZd] &&= s|AFENA T SAH A
Discorhabdin® Q%3¢ bromotyrosine FX# ¢ €8 F EZE bromotyrosine
=4 ol7]Edd AE7A] Verongida ©]#]¢] HHFENA bromotyrosine #%=
A7 A FLF dolt

A F8}o A2 YW Topsentia genitrixZ €] 37§¢] bisindoleA] alkaloids
Q! Tosentin-A,-B13} -B27} &8 HA} ©l&L EF #¢, ol EFHE Y
eEldtt. #HZ  topsentins©] decarbonylation® o] #AF AoB FHIHE
nortopsentins”?} F}elB.81¢] A Spongosorites$t Halichondria2 %€ #8 HAc}.
o] 5L H|E gulo|E|2 FAIE gloy YT FYAAE Ao EAEFHE I5
SAcH(Sun, et al. 1991).

Az A AAQ HAEE Crambe crambeZ%-E] HSV-13 L1210 murine
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acanthifolicin

ceasst
RYYYY)

X
<oy L
LYY = of

H H

halichondrin B:R'=H, R2=H
C:R'=0OH,R%=H

halistatin | : R! = H, R? = OH

tedanolide

Fig. 6-2. Cytotoxic and antiviral compounds isolated from sponges.
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OMe

OMe misakinolide A

OMe

spongistatin 1 : R'= Cl, R®= Ac
2:R'=H,R%=Ac
3:R'=ClLR?®=H
Fig. 6-2. continued.
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Fig. 6-2. continued.
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aplysinopsin
OMe OMe
Br.__~ Br Br Br
HO W R Br “%, OH
OH
O\ H H P
N= N \)k/o N{ =N

o} B o)

discorhabdin A discorhabdin C

R! N

topsentin-A :R' = R%=H
.l 2
discorhabdin D -B1:R"=0OH,R*=H
-B2:R'=0H, R%=Br
Fig. 6-2. continued.
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R2
H
/ o + n OJ) ,)\/\NHz
\\‘.. "'II

N\/\/NHZ
“ay, O\/ (CHz)n/\Ir

(0]

crambescidin 816 : R' =R? = OH, n = 13
830:R'=R?=0OH,n=14
844 :R'=R%=0OH,n=15
800:R'=H,R?=0H,n=13

calyculin A:R' =CN,R?®=H,R®=H
B:R'=H,R2=CN,R%=H
C:R'=CN,R%=H, R®=Me
D:R'=H,R%2=CN, R®=Me

mycalamide A : R=OH
COOH

(o]
7 H
onnamide A : R= A’V\/WKN/\/\/NTNHZ
H
NH

Fig. 6-2. continued.
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leukemiadl HE AAEFA7 FES o] EHERAL ¥ 2 crambescidins 816,
830, 844, 800°] Ao At} Crambescidins 816, 844, 800 1.25 pg/well o FEoA
HSV-1& @43 JA A (Jares-Erijman et al., 1991).

AdEHYe HAVFE Discodermia calyx A4 E2|& calyculin A= starfish
egg assay°l 93 ZAFUT (Kato et al, 1986). In vitro L1210 o df A=
LDs7} 175 ng/m¢ 2 78 &3E Jeldt. In vivo A& Ehrlich ascites}
P388 leukemia o}A T/C7t Z+Z 2458 %t 144.4% (15 we/kg)S YERAT
Calyculin A% [*H] thymidine, -uridine, -leucine®] L1210 A¥u #& Ash=
Roz ¥ At Calyculins B-DE L121091A calyculin A9} BH|&£¥ Ao AXE
54 Y

AEHGANA AFD AAEE Theonella sp. 14 VSV (Vesicular Stomatitis
Virus), HSV-1, A-59¢] i3t ¢ Futelzlx A7 FEH 4ELS +3
% A3} onnamide AS 239}t (Sakemi et al., 1988). New Zealando| A |3
2 AREE Myasle spold 1€ mycalamide At Onnamide ASH #AHE 7
ZE BHEa ANe in vitroolA #utolgix AFRE JEMRAT (Perry et al,
1986)

6. 3. Pachastrella sp. & Jaspis sp.8] HAQE

E AgdaAe 133z g 28 AFe R ARE sH)dA 209
F9 HAFTEES APARA 23EE A brine shrimpd] did F4& A4
At € APAAME GAESA (FgEIHY AR)9 ARE2A brine shrimpol]
A 54& #2&¥) Brine shrimpdl tig S GAE SS9 dHd 43
#A%E olvl Bag vl itk (Meyer et al, 1982). Brine shrimp SA444 43
£ Table 6-1¢] A &3t
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Table 6.1. Brine shrimp lethality of various sponges collected from the South Sea of Korea.

classification code number LCsq (ug/ml)
Strongglyphora corticata 917-1 956
Spirastrella insignis 917-2 >1000
Spirastrella abata 917-3 589
Callyspongia conforderata 9174 >1000
Suberites sp. 917-5 >1000
Cliona celata 917-6 521
Reniera sp. 91K-10 12
unidentified 91K-13 632
Paspailia hirsuta 91K-16 >1000
Pachastrella cribruna 91K-17 1748
Pachastrella sp. & Jaspissp. 91K-19 61
Asteropus simplex 91K-22 >1000
Myxilla productius 91K-14 >1000
Myxilla setoensis 91K-15 >1000
Ircinia sp. 91K-25 125
Stelleta sp. 91K-26 >1000
unidentified 91K-27 297
unidentified 91K-29 >1000
Jaspis sp. | 91k-31 >1000
Phakellia sp. 91K-33 >1000
unidentified 91K-34 637
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OH

o
N % R'R?=0,and R' = OAc, R®=H
- (Jaspis stellifera)
Br MeN
X
o “
jaspamide (=jasplakinolide)
(Jaspis sp.) . .
(Jaspis stellifera)
OHC\N N F o)
|
| MeO O MeO  O_ O N/
o]
OH /
N
jaspisamide A OH N
(Jaspis sp.) O
=
(o) OMe
OH
HO

pachastrelloside A
(Pachastrella sp.)

Fig. 6-3. Natural products isolated from sponges of the genera Jaspis and Pachastrella.
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ZAHE NEF AZE FHYdA APE AR 9IK-19944 e 54 #F
5o} (LCw 61 ug/me) o] Ao tiste] §A4E EFdd FsAo. 91K-19
= &9l Pachastrella sp.2 EFHULY 2 Fd tA AY AAE B
Pachastrella sp.8t Jaspis sp.9] ¥4 E¥A el w3t 91K-19¢] dadd g
g3 249 A2 ge 3T 4493 & F QY wgFEe d& BN UA =
=T L B Q& %9 Pachastrella sp.8t ¢4&S] @& Wol A9 Jaspis sp.E
o] ol YN+t

Jaspis sp.o] ¥ JEATE HlZF Fo] FHojgle] AT HE depsipeptide
¢l jasplakinolide (jaspamides) (Zabriskie et al., 1986, Crews et al., 1986), ¥ %4
B (iso)malabricane triterpenes (Tsuda et al.,, 1991, Ravi et al., 1981), A X544
B macrolided] jaspisamides (Kobayashi et al, 1993) 3 9| sterols
(stelliferasterol, jaspisterols, codisterol, crinosterol) ¥°] 23 Ho| 319 (Fig. 6-3).

wtal o Pachastrella sp.ol d@ JEQTE ¥z slof Q1A ¥okX saponin
9] pachastrelloside A (Hirota, 1990), Z&|iL #uloj2|=4 sesquiterpenetr
(Rinehart, 1990)7} B350 &Rl

91K-192%-8 4% AgYd JE < £dse AXARA brine shrimp
assayE A43te zt @A} brine shrimpd] W SAHAAEE 339 JH8A
e 243U AT 2gA4L 6548 WHd 2% es 91K-19-1 ~
-3% 3719 HIAEEL £ H(Fig. 6-4).

6. 3. 1. 91K-19-1(pectenotoxin )¢ &4

23 91K-19-1¢ §7|&vjo] 433 # 3on A2dqAaE dAFoz ¢A
3 Wolr}l. 2R NMR spectrum& £241317] 9154 chloroform-d, acetone-ds,
methanol-ds 59] £vlolA 2zt NMRE Hoj& Zi} acetone-dsoll 4 peaks?]
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91K-19-1 (pectenotoxin 1)

OH OH
Br. Br

NN N
H

91K-19-2 (psammaplin A)

HN l

HO
O

91K-19-3 (2',3-didehydro-2',3"-dideoxyuridine)
Fig. 6-4. Structures of natural products isolated from the sponge sample 91K-19.
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g7t 718 FHo.

%4 'H NMR spectrum& 2% 65 ppmol4 1.0 ppmel] ZA signalEe] z=2
A £EHol 8L functional group E9°] £ EATE & + AALs FAl
macrolide®] 'H NMR spectral patterng A-3A171A 3% cHFig. 6-6). °C NMR
spectrumo| & & 47719] carbon signalo] &0 AT FFE A Fo| He
22 F4HJA(Fig. 6-7).

91K-19-19] °C NMR spectrumel ] §38¢ RA& 1097, 107.8, 97.8 ppmel
A 378¢] quaternary carbon E°] #5% Zolt}. 832 ppm ~ 609 ppm ¥ 10
7Me] oxygenated carbon signalE®} d#XA o] ALH Ew compound 1
polycyclic ether type$] macrolided] E2YE AZT F YUY &x 3749
Hydroxy signal %ol 'H NMRYA deld Ax o 32 syl 469
ppm ~ 3.31 ppmo] YE}IYE proton signal T4 11709 signale] 83.2 ppm ~
609 ppm®] 107§9] oxygenated carbon# correlating Rt} (CH x 9, CHz x 1).
2.26 ppm ~ 1.48 ppm 9 proton signal & 493 @AYo e 7z
At 25 7709 methyl signale] 8= o8] o] F 47l quaternary carbonl]
¥-2 methyl group (1.70, 1.26, 1.17, 1.16 ppm, singlet)e]l2o.® Y™z 370 CH
o] £-2 methyl group (1.08, 0.96, 0.93 ppm, doublet)o] At}. ©]A+9] datas$} COSY,
TOCSY A3dl A% 25 6719 HEFZE UY 4 AUt

ojgjg FEFZRd IAFHY EIARAE HE F3} om LA EA
petenotoxin 9] F&¢ 433 AFE & + ANCE Y& petenotoxin D& =
ME S5 (Diarthetic Shellfish Poisoning)e] €2AE&22 79¥so X-ray
crystrallographyel €3] =2 37} %82 u Ut (Yasumoto et al., 1985,
Murata et al., 1986).

B39 pectenotoxin 19} “C NMR data®t 91K-19-1¢] “C NMR datag& H|
wF A3 A9 XL & 4 AN 91K-19-19] FABMSE EAE 27 m/z
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8818914 [MNa'l o] 23 m/z 859.0914 [MH'] o]-&°] #5 o] pectenotoxin II
TUERAYSL A HFig. 6-8).

Big =% o3 pectenotoxin 1¢ 'H ¥ “C NMR data’l $A3
assign FHojX] #ormz ol MLt Petenotoxin I¢ 'H ¥ ¥C NMR
spectrat "¢ EAste] G4AF assignment’t 94X @gtrh. TOCSY, HETCOR,
Long-range HETCOR, Homonuclear J-resolved 2D experiments $& o]&3l9 ¢
¥ assignment® A =35H% ). Tetrahydrofuran ring®} tetrahydropyran ring& A
#1%  pectenotcxin I £249) Wi @4£F4L 'H COSY, HETCOR, =231
TOCSY datadl A3t A assign HUT(Fig. 6-9, 6-10). EA=
tetrahydrofuran ring3} tetrahydropyran ring¢] methylene proton S| &-& g4
st FHH ded AUt FHE 2479 methylene proton®] splitting
pattern3} coupling constants ® chemical shift: Homonuclear J-resolved 2D
experimentdl] &3t} Aol

Quaternary carbono] ##® 4719 methyl group (C-42, C-43, C-44, ¥
C-46)2 779 methyl protons®] H-13, H-17, H-26, H-28 9] long-range
coupling€ long-range HETCOR A YoM #&35to assign FAcHFig. 6-11).
Ketal# hemiketal& ©]%3l $l3= quaternary carbons C-213 C-36€ H-20/H-22
R H-407¢] long-range couplings] 93] assign HU. 3749 oxygenated
quaternary carbons C-12, C-18, C-25% %<& W02 assign {4ttt C-12=
H-42, H-11 ¥ 11-OH$} correlationg el ew] C-18& H-43, H-17, H-17
¢ correlationg RSt} C-25% H-44, H-28% correlation® X St} H-2, H-4,
H-5, H-8, H-9, H-19, H-20, H-23, H-24, H-26 R H-34 %9 T35 proton
signal Homonuclear J-resolved 2D experiment®l] )8} chemical shift<} coupling
constantE 73 AcHFig. 6-12). 11-OH$ 37-OHE H-11, 11-373%} correlation&
B} Methyl carbon C-429} C-44% CDCholM © & £2 50| assigno] HY
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Table 6.2. 1H- and 13C -nmr assignments of pectenotoxin II

position | 13C (125 Hz)a IH (500 MHz)? long-range 15C- TH [ DBc(125 TH(s00MHz)?
MHz)®
correlation
1 1126 s H-41 1725
2 487 d  |2.24dd(9.2,7.0) 477
3| 76.6 d |3.45ddd (11.0,9.2,2.2) 75.7 3.39
4 302 t | 1.12dd (3.9, 11.0); 1.49 dd (10.9, 2.2) 292
5 223 ¢ ]1.79dd (109, 3.9); 1.51 dd (13.0,9.7) 218
6 347 t |16lm 34.0
7 107.8 s 107.0
8 331 ¢ |246dd(12.7,7.0); 1.50 dd (12.7, 5.1) 324
9 225 ¢ 2.05m; 1.66 m 219
10 813 d |4.27ddd(8.3,60,1.3) 0.1 422
11 757 4 |396d(1.3) 74.4 4.20
12 819 s H-42; H-11; 11-0H 81.6
13 444 + |2.88d(16.2);1.92d(16.2) 436 2.95, 1.91
14 2135 s 212.6
15 79.8 d |3.74d4(1.8) 7838 3.72
16 716 d  |4.19ddd(12.5,3.5,1.8) 70.8 422
17 366 t |2.01dd(3.9,3.5);1.28dd (12.5,3.9) 35.8
18 804 s H-17; H-17, H43 80.1
19 288 ¢+ |2.21dd(13.0,8.2);1.86m 280
20 342 ¢+ |1.88m; 1.58dd (10.0, 1.4) 335
21 109.7 s H-20; H-22 109.2
22 79.7 d |3.81dd(9.6,5.2) 78.5
23 29.9 ¢ |2.02¢; L61t(11.0) '29.2
24 37.9 ¢t |1.39dd(5.3,2.5); 1.57dd (11.0, 5.3) 37.1
25 845 s H-26; H44 843
26 50.9 ¢ |1.64dd(13.5,4.9); 1.55dd (123, 11.0) 50.0
27 309 d |260m 303 2.49
28 1408 4 |5.30d(10.0) 141.1 5.29
29 1309 s H-46 129.7
30 1353 4 |6.38dt(15.7, 1.8) 135.5 6.46
31 1222 4 [5.38dd(15.7,3.0) 119.5 535
32 832 d [4.69q(3.0) 83.2 476
33 749 d |54313.0) 73.6 5.50
34 33.9 ¢ }2.23ddd (13.0,10.5, 3.0); 2.13 ddd (13.0, 6.0, 333
1.5)
35 826 d |4.46dd (10.5,6.0) 81.6 4.50
36 978 s H-40 96.9
37 714 4 }330dd(8.0,1.7) 7.1 3.40
38 303 4 [207m 29.2
39 279 ¢ [1.20m;1.63m 26.9
40 60.9 t |3.96ddd (13.1, 10.9, 2.5); 3.56 dd (10.9, 4.4) 60.8 4.00,3.76
41 155 ¢ [1.08d(7.0) 14.8 1.07
42 233 ¢ |[L17s 233 1.20
43 263 ¢ [1265s 25.9 1.40
44 268 ¢ |Li6s 26.3 116
45 237 ¢ [096d(6.6) 234 0.92
46 126 ¢ |170s 12.4 1.68
47 179 ¢ [0.93d(7.0) 17.3 1.01
11-0H 3325
36-OH 4.33 brs
37-OH 3.49d(8.0)

a: Chemical shifts were reported relative to the residual solvent peaks in acetone-d (2.04 ppm, 29.8 ppm)

b: Chemical shifts were reported relative to the residual solvent peaks in CDCl3 (7.26 ppm, 77 ppm)
¢: Coupling constants for this signal were not measured due to overlapping with solvent peak.
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t}. o] 49 pectenotoxin 119} assignment: Table 6-2¢] A 3AH.

6. 3. 2. 91K-19-2(psammaplin A)%] %75.

91K-19-29] 'H NMR spectrume w4 @3tsich(Fig. 6-13). 3719

aromatic proton signal®] 7.45, 7.13, 6.87 ppm¢] Z+Z} Vel o 764 ppmo] EL

£ signal® peak intensity7} AlZte]l Adel] wel #AEAT. o] v Fo] o
proton< exchageable proton®.2 FA =AU}

o] 239 ¥C NMR spectrumdl M % 11709 carbon signalo] #&= At
(Fig. 6-13). Coupling constant 85 Hz¢] (ortho coupling) 27§¢] proton# coupling
constant 2.0 Hz® (meta coupling) 17§¢] protono] F|FAEHEZ trisubstituted
aromatic ring®] &4& 'H NMRAA A& 4 AU

382 ppml singlet&.2 YEYE 2709 protonse] TOCSY spectrumel Al 374
9] aromatic proton®} X5 correlationg Xt (Fig. 6-14). 1822 382 ppm9)
proton< aromatic ring®)l 92 ¥ methylene groupe] At} 355 ppm (qaurtet,
7.0 Hz)3} 2.87 (triplet, 7.0 Hz)oll YElE= 212t 2714 9] protone A E couple
o] e Zzte thA] TOCSY spectrumol*] 7.64 ppm$] proton3} correlation
< YERAY 764 ppme protond OHY NH®F & exchangeable proton?l
o]8} correlation® YENE 355 ppm¢] proton®] HETCORe]A 39.1 ppm<]
carbon# correlationg YEUT. 2222 39.1 ppme| carbond oxygeno] opd
nitrogenol] 9Z¥ ZHAoZ Roloy ) 2.87 ppme protone HETCOR experiment
ol 384 ppm$e carbonol] cerrelation® BN oEZ 384 ppme carbon YA
oxygen©] ©}'d hetroatomel]l ¥Z€ AL & + YU} Fig. 6-15).

Long-range HETCOR experiment®l 4 3.82 ppm<®] proton#} carbonyl carbon

(1640 ppm) % 1533 ppme carbon# correlationg B QA cHFig. 6-15). 2322
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ol el AF#E FY3Y Fig. 6-59 2L FETRE FAY + U, o4 gL
FETEE BEURAE @ A3 dAd AAFE Psammaplysilla spiA 229
psammaplin A¢] F&¢ A {FAE ¢ 4 AN (Quinoa and Crews, 1987).
R3¥ NMR data’} compound 91K-19-2¢] data®t UX|3t1o.n EIMSAAME
psammaplin A9 FAA3 UX3E molecular ion cluster& BoFUcH(Fig.

6-16).
6. 3. 3. 91K-19-3(2’,3'-didhydro-2’,3'-dideoxyuridine) 8] &

34 91K-19-32 'H NMR spectrum®lX 2 & protonE°| 7.87~3.75 ppm %
Aol detE= Aol A FHolAH(Fig. 6-17). 7.87 ppm (doublet, 8.3 Hz)#} 552
ppm (doublet, 8.3 Hz)2] 27} proton®] coupledtil o™ 692, 643, 594, 4.85,
3.78/3.75 ppm9] protonE°] £33 22 couplingS RY}.

“C NMR spectrumol A+ % 9719) carbon& ¥ 4 U105 2749 carbonyl
carbons (166.3 ppm, 152.7 ppm)7} YebdthFig. 6-17). 'H NMR, “C NMR, 'H
COSY, HETCOR speetra | 2432l patterno] nucleoside #¢] patternz} FA}a}
Ao o9t ribose ring®] 2° ,-3’ -proton#} carbono.Z FAHE signal E0] 4
9|32 2 downfield (136.1 ppm, 127.1 ppm)el Y eI} unsaturation © HeAYe 3
¥ & YA (Fig. 6-18). Nucleosided] #& AL @3 91K-19-3& oA
3'd Aplysina sp.olA 2AE 2° 3 -didehydro-2" ,3' -dideoxyuridine® ¥Y &
AdEL & # dAY (Kondo et al, 1992).

6. 4. AT 7A
2 Al MEET]E= brine shrimp assayd] 243l F3d{Peore Ead
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O(X)

(X0 _z (X)0

\’I{N/\/X

H

X =N, S or other heteroatom

Fig. 6-5. Partial structures of compound 91K-19-2.
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BAEY dsixe 42 FAESA (cytotoxicity)dl tiste] FHHoE PAs3]
t}. Brine shrimp toxicity$} Al 25439 BHF FABAE v Burt Heof 3]
on & BuA9 239M% A3 Rt £ AESAHE Yl A&
ulolg)x AE4E Fuksle A4 Borz gulolgjx A4 diFHME FH4E&
AA .

. Pectenotoxin 01} ¥8Ho2 %7} AL halichondrins, okadaic acid 59
JMNTEHL F geA AMdo]R psammaplin A% 2 bromotyrosine A EE3
Ql fistularin 3, 11-ketofistularin 3o M= Fulolgl= &E#A7} B 3o
ad 3 2,3 -didehydro-2' ,3° -deoxyuridine®} & AL nucleosided! 2’ ,3
’ ~didehydro-2’ ,3’ -dideoxycytidine (ddeCyd), 2’ 3’ -didehydro-2" ,3’
-dideoxythymidine (ddeThd)s]l WM E ulolejx FIrl o] BiHo Ue
upo|o},

6. 4. 1. Pectenotoxin I (91K-19-1)¢] A=]&A

Pectenotoxin I o] AN E 13H o2 3FF9 Ay A in vitro
FaaAE AT In vitro F¢ETY PN Purdue ¥ GAEANA AP}
fdom JQAMAZY (HT-29), Y (A-549), ¥ MCF-73% 2L dx4 1y
GHE Wt JAEAE ST FHAH o] A FGAHEL A
pectenotoxin M7} LCso ¢ 107%~10"" pg/mee] wj$- 28T AAzHE el
t} (Table 6-3).

Table 6-3. Cytotoxicity of pectenotoxin II aganist human cancer

cell-lines”
cancer cell-lines pectenotoxin II adriamycin
HT-29 (colon) 1.0 x 10-13 5.6 x 10-4
A -549(1ung) 2.4 x 10-13 3.1 x 10-4
MCF-7 (breast) 2.3 x 10-12 2.0 x 10-2

* LCso (50 % lethal concentration) ug/mé
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°]& positive control2 A}8-¥ adriamycin (doxorubicin)el w]&te <F 10°~
10° Wit ZEE ZAAT FHAE SAo] YT 2H3}o] pectenotoxin T9} &3}
7b @¢d] a9l 5384 g% AY sHeAel =R A Yasumoto et al
o o3 Rid vl &std FHol Y FAALPAAME adriamycindl] B3 FAo]
508 A== ZdtA Jebid. In vitro FYERS in vivo FA L FFA v
g = A in vitrod) A 2] pectenotoxin 18] GHE A &} adriamycinoi
8t 10°~10"817} B ¥slm2 kML (Therapeutic index) 238 adriamycin
i 458 471 ok (A9 ¥ adriamycin® LDse B2 FAHA] 13~14 mg/
ke, pectenotoxin II 9] LDs= 0.26 mg/kg o] QATh).

Pectenotoxin I+ Fd ALH FLEFA ANE 3o nIFIHGAT7LE
(NCDl 2uiA 609 7HA9] AAMAAMZ dhdted Aol =HAr) AU leukemia,
A, 22, FFAZAY, A4, @2, AFY, AFHAY, 9 59 609
7HAl A EO] i@ A 53] HY, BFY, FHFENAAG, AR, Fay, A
Fd FEY 9 2 7R GAE dEe MYgAHQA dAEAE YEMIA. B
A GAE @ FFAA Glo7t 10°~10° M Fx9 7Y AL Uyehye
o Fd AT U AEe LCso Aol 9 100 ¥l AEolmE HYMdE 43
i £ F o "FFYGATF LM E pectenotoxin ol thate] 433 Fu|
€ 7RI A AAGAEE ol Ao dF in vivo FLES AL AYsta
At

Pectenotoxin II = DNA-cleavage assayYt rat plasma membrane assayol A
E5F wd He 371 JehdA 4tk a8 B2 pectenotoxin IE DNA 4 of
U4 AERAAe ds-gd @A E FAEsA FE Aoz AFHr
Pectenotoxin I 29 #FAME #39 40| EASHE polycylic ether &
A% v}R7HA 2 jonophore H¥-E 3= Ao] ofdst FAH: vk Pectenotoxin

Oo] d3liMe 537t 2950 len goz Edo| FRHE B in vivo o|F
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99 A2 A4S F3F AYolrt. Pectenotoxin Mo tisfA Fulojgx &
e SR oY FHAFE oM E dgutojzlx 37Ut FEHA F

6. 4. 2. Psammaplin A(91K-19-2)¢] A= &4
Psammaplin AT in vitro murine leukemia (P388)¢} Q1A <+ (A-549) A X
o thste HAL &%t Psammaplin Aol B ¢ EF AMA F5E9 ¢A

X 9A &347 el (Table 6-4).

Table 6-4. Cytotoxicity of psammaplin A aganist human cancer cell-lines®

cancer cell-lines pasmmaplin A 5-fluorouracil
P388 (murine leukemia) 0.64 0.2
A-549 (lung cancer) 6.43
* LCso pg/mé

Psammaplin A%} 22 bromotyrosine A€ 3§E<Q fistularin 3 SolA 3
vlolZ 2 Ay ¥ASI JleEg o] EXd M Fulolgx EHRE ZAF
ot HSV-13} HSV-29] s AASAEd 27149 virus ZFNA &£ HE
Futel 2l &7 #EHA Gt (Table 6-5).

Table 6-5. Antiviral activity of psammaplin A®

Psammaplin A ACVa Ara-C

HSV-1 > 6.5 1.3 1.49
HSV-2 > 6.5 4.5 9.79

* LCso pg/mé
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6. 4. 3. 2' -3’ -didehydro-2’ -3’ -dideoxyuridine(91K-19-3)¢] Ajz]&A

Unusual nucleoside #¢] #utolgj2a &dd] disixes B A77 Hol sl
o] AL gulolel 24 AT 9 tFE-S unusual nucleoside Foll #F Aoltt, @
A7A E3HE acyclovir, AZT, Ara-A 5°] 2% unusual nucleoside 79 Ak
Eolt}.

Unusual nucleoside #¢ YU&<Q ddeThd (2° -3’ -didehydro-2' -3
-dideoxythymidine), ddeCyd (2" -3’ -didehydro-2' -3’ -dideoxycytidine)&
leukemia virus, sarcoma virus, HIV %] &ulolg]lx a7} gl Aoz <A
ded € Ag4daA &8 2 -3 -didehydro-2' -3’ -dideoxyuridine® ©]E
3% 7271 v¢ fAEER JidE A3 FutolEx AAE AASGY. 2
Ay 7)de oJRYAE 2 -3 -didehydro-2' -3' -dideoxyuridine® 3&u}o]gj 2
E3E verliA gtk HSV-13 HSV-2¢] dis] aupolajx E3E ANsIYE
¥l LCsoZ} 25 33 pg/mt o] ol Aet,

6. 5. AUy
6.5 1. A89 AA, #71849 %% % flash chromatography
A AR 91K-199) AFL 19919 10¥ AEE H99 Hx9 g s 23
4] 25-30 mm o)A SCUBA t}o|qo] o3t o]Fojhr}t AYE ABE dry ice
€ 01839 FA YEFHAJLT 1 oA FutEo] -20C A HEFHYL}

&3t d 91K-19€ (5 kg, wet weight) ZA Ho| 4264 MeOH : CHLCly (1:1)
2 FEAd. olE #AANANA $539 BFT CHCLFOZ £Y8gt. 28
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CHXCLE S 45589 90 % aqg. MeOH3H n-hexane3 2.2 T A Y3},
%<& %9 n-BuOHZ 2.2 &3t oA IAAEER Ao 4FF
¢l 8% brine shrimpel h3te] S4H & sttt 2 A} 90 % aq. MeOHS
o 714 540l &80 At RAe2 Yehgtd brine shrimpol ¥ LCs (50
% lethal concentration) value: 7 pg/mSith F¥H o2 235E9 3F LCwik
o] 1000 ug/mt ol&tol®W FeAe] UE Aoz AFsEd 2 J|FoE B LCs
7 pg/mbe 433 FE F4L v

90 % aqg. MeOH%€ C-18 reversed phase flash column®.2 3¥e] o] &
ettt &8s H:0 : MeOH (1:3) — H:0 : MeOH (1:5) — H20 : MeOH
(1:9) — MeOH ¢o2 3gen nx%oz EtoACS CHXLE columng
washing 3t 2F 8719 £8o] Ao =v] 2 FANA fraction 2 (F-2)9A4 7}
4 7% ¥ brine shrimp £4¢] HEHAY (LCso 0.1 ug/me). Fraction 1, 39X %
2z} LCso7t 0.4 pg/me, 0.2 pg/m 2 ViERLT),

6.5 2 AAES] £

Brine shrimpel] twidte] 71 #Aol ¥& fracton 2 (F-2)& ©Al CI8
reversed phase preparative HPLC columng $3 3o 8719 £3& A} &%
£ vl Hz0 : acetonitrile : MeOH (10:3:4)2.2 3t} Fractions 3~6¢4] brine
shrimp toxicity7} A& 129 major band= fraction 524 retention time2 42
min®]$1t}. Fraction 5 (P-5)& ©HA] Cl18 reversed phase semi-prerative HPLC
column® $#3t9 compound 91K-19-1(pectenotoxin )& FANY HAo=Z
. Flash column chromatographyel]l €3] dojH W fraction 1 (F-1)& C-18
reversed phase vacuum flash HPLC columng ¥3¢¥ t}A] C-18 reversed
phase HPLC columng $%33}l9 compound 91K-19-3(2',3'-didhydro-2',3'-
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dideoxyuridine) & FAY I AU} Fraction 2 (F-2)& C-18 reversed .
phase preparative HPLC column® %338l AR fraction 3 (P-3)& C-18
reversed phase HPLC columng Al 339 compound 91K-19-2(psammaplin

A)E AUt

Pectenotoxin II: FABMS m/z 881.8(MNa"), 859.0(MH"), 'H and C NMR;
Table 6-2.

Psammaplin A : low resolution EIMS (220eV) m/z 668/667/66/664/663
(MH"), 334/332 (5), 318/316 (2), 301/299 (1.5), 283/281 (2), 218/216 (19), 213/211
(99), 201/199 (14), 138/136 (9), 133 (12), 132 (100) ; 'H-NMR (500 MHz,
acetone-ds) 7.64 (NH, t, 55 Hz), 7.45 (H-2, d, 2.0 Hz), 7.13 (H-6, dd, 85 Hz, 2.0
Hz), 6.87 (H-5, d, 85 Hz), 382 (H-7, s), 355 (H-10, q, 7.0 Hz), 2.87 (H-11, t,
70 Hz) ; C-nmr (125 MHz, acetone-ds) 164.0 (C-9), 1533 (C-8), 153.1 (C-4),
1343 (C-2), 1305 (C-1), 1304 (C-6), 117.0 (C-5), 110.0 (C-3), 39.1 (C-10), 384
(C-11), 284 (C-7).

2" 3’ -didehydro-2' ,3’ -dideoxyuridine : 'H-nmr (500 MHz, acetone ds)
7.87 (H-6, d, 83 Hz), 692 (H-1' , m), 643 (H-2' , ddd, 5.7 Hz, 22 Hz, 2.1 Hz),
594 (H-3' , ddd, 5.7 Hz, 26 Hz, 1.6 Hz), 552 (H-5, d, 8.3 Hz), 485 (H-4' , m),
378 (H-5' , dd, 128 Hz, 31 Hz), 3.75 (H-5' , dd, 128 Hz, 30 Hz) ; “*C-nmr
(125 MHz, methanol-d4) 1663 (C-4), 1527 (C-2), 1431 (C-6), 1361 (C-2' ),
127.1 (C-3' ), 1025 (C-5), 91.3 (C-1" ), 89.1 (C-4" ), 639 (C-5" ).
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JS07140048 Scan 2 RT=0:31 100%=37344 mv 15 Jul 93 8:13
Compacted SLRP +EI PATINE-YESS (NBA)

100 — 1542

e d 391.8 4478 511.5
0 LI I L L B N A B LB A
350 400 450 500
+ x3 {
100 —
3518
| 5915
0— ||[r1||||v1|' i
550 600 650 700 750 800 850 920

JS07140048 Scan 2 RT=0:31 100%=10078 mv 15 Jul 93 8:13
Compacted SLRP +El PATINE-YESS (NBA)

100 — 881.8

841.8

859.0

824.0

897.8

I 9120
N l

| i
760 780 800 820 840 860 880 900

|V bl
1 T 1] 1 T

l[. " ulll’ T
T 1 [ T T T I

Fig. 6-8. FABMS spectrum of compound 91K-19-1.
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oA AYsE FYFES AUFEFT ANTA AE2HE RS FEsa 72
& 249 F AUSAEE 3459 24154 E BASE A AP 54
% A 1% dEdE $59 1A ATE 9@ 7Rg 2N Aste] AT7A
A Bs FALTHA BB A4 Y@ A7E FYY v 2 Fo ATUE
& AN & ATAH] W AAF B4, 7719 AA, ANZA 5E
o AP 54 R VARAE 24 9B FHATNA A2e) ARFolUTh

AU dTAHE WFOE o] A 2% WEdE AAEY £ U 722
4g 32 ATEEZ o] Fo Yol APY 639 N2ZHE 09 VLB
& 2asd AT 728 ALY AFTUEY ¥ 33 WEdE ddso
2@ AAEe) U TLHA 2R H43} 47109 ARE TS 7
28 9¥s AR5 AED JYE AR o2 WAVHEE 45 NS
Exz s

2 a7e 2o d7d3E %39 teH 2,

180 AMTA A8 et '90d ojdd] nud A AR EAE 24
o] olg slzzse AEWY 249 L AAVYES TE database® THEY
o EQ 18000 EHE ol HAE F UL, 72H B4, AIYYE o8
Sol gJato] 600 HEEAE AYst] T2 B0 we RN #3 B T
22394, 4579 54, BAVYE, 224 L ARHR A7AF R AQAF
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2. gt Ao i A A APAYPE T3 97F 260 kg ol A
ATA FEol AAHNA. olEF 21F9 AFFTEF 43F9 HAFEol I
AE7Hed &t EFANG. N8 F7125FEE] W brine shrimp 54, &
uiol 2|2, P388 #¥¥4, DNA-binding ¥ A &A= TLC, ¥4 NMRTY 3t
&3 54L& FHEA 439 BFFEDR AARE AE8d Ao {18 E o &3
o f71ERE FET A I @& £, silicat ¥4 vacuum flash
chromatography, silica ¥ 44 HPLC, Shphadex LH-20 5 t}43% £y S o
€3t HAES BT o FAAA w 4o F YABAE=S NMR &
A2 T3 HIES FAFHAY. AAE HAELS 2-D NMR 38239 da4E
F¥eo 7xE AARALY T2/ 2RE HAEY AHBHYEE FAHHAL.

3. Gorgonian Acalycigorgia inermis2%-¥| acalycixeniolide B% brine shrimp
of 3% 5A& 7= 2709 xenicaneA diterpenoidsE £33ttt £33 gorgonian
Acabaria undulata2%-€] 471¢] A2 & ceramided sphingolipids7} #2Hit}. o]
Y Tt £3A8 ANF A4 F4d o ZAHQYG. =7 279 A2
polyhydroxy steroids7} $d& A8ZXE U

4. Soft coral Alcyonium gracillimum®. Z%-¥ 5719 AEAL FEFHF 7719
steroids”7t -2 HAH. EFAE Aol 95t o] furospirostan H ] ketals,
furostanAl €] hemiketals, enol-ether, pregnanes §2.8 7%/} AARAHAY}. =37
hydroid ~Solanderia  secundaZ%-¥l 9719 A Ede] EIPHYon =F
cyclopropane”| & 713 Cz fatty acid lactones©.2 F27} 2AH AUt}

5. I Pachastrella sp.%t Jaspis sp.8] ERAZHE T ATEHL 2E
macrolide] £Z°] €23t NMRE #3348 HHo) o3t o] 2L 3#Yd
5214 =< pectenotoxin O Ye] ¥R 7|2 HYBPE FAHGH o) B3¢
s ZY MESZF Prlejzlx aAE 2o L0 Waen 45 @ Ay
53 & £98A93 @A in vivo AL EFFo|r},
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9% ASZ%-E bromotyrosinedlX] ##§ dimeric alkaloidq! psammaplin
A7} 2= Ao brine shrimpd] ¥ AEXEAE Jehiigich £ YT A8
22E unusual base®l 2',3'-didehydro-2’,3’'-dideocyuridine®] #HAo® £
A8 FAF EFAE A4 gt Fx7 dFHUG.

6. TR GEE AL MAE 63 AMTAH FEZRE 2149
Bo] EEHAG. o8 FRE vi¢ HF3q terpenoids, steroids, ceramides,
fatty acids, macrolide, alkaloids, modified base 5 9#l1F& W3ttt X
A 2F o]EF tarE AERY] wHHev UFE brine shrimp 54, AXS
A 2 gutojga F AYUBHEE Z3 &) ¥R

E A7 oA AFE vt} Zo] HY HAE AFE FEF 7 44
A o] 7hsAdol ¥ EokEA AIIFAME on 4371z A JAFHA
FE i lon Be dFAFE 43 o Y Fue HIE d7E 4
AEF W2 BFHAA QA AF AEL AY FEE TA X3 3. 2
gy, 8 479 dg= vt 24 AYEe Y YEE HIAE AFUY
53], gAY AEA P22 A7} uj¢ S FFAAUL oh& &
ATAFAE FF9 Bng AAFon FTHHY AY AYE ATE AT TLT 7
A2 ¥4€ o2 AgdEn.
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