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SUMMARY

I. Title

Discovery of a Marine—Derived Cancer Stem Cell Apoptosis Inducer

IT. Objective and Significance of the Study

Currently the number of cancer patients worldwide reached 10.1 million and claims
6 million deaths annually, accounting for 12% of all deaths. If this trend continues,
the estimated annual cancer incidence would be increased to 15.7 million globally
and 10 million people will die of cancer as of 2020. Compared to other diseases,
cancer 1s unequivocally the expanding national burden from a socioeconomic
perspective because of the high direct costs of expensive diagnostics and treatment
costs. According to the health insurance statistics published in 2002, direct medical
costs for the treatment of cancer exceeded 1.1 trillion won, which accounts for 8.5%
of the total medical fee. Moreover, the indirect costs caused by cancer, including
disruption of economic activities, rehabilitation and care of terminally ill patients,
weakening of industrial competitiveness are estimated to 2-3 times the direct costs.
In addition to these economic losses, from a government's point of view, cancer is
the most serious health threats to the people in the age group with the most pivotal
role in a country. Therefore, an active government Involvement in these
socioeconomic problems caused by the cancer is necessary. In particular, korea is
currently experiencing a rapid social/cultural change resulted from environmental
problems due to the rapid economic growth over the past half-century, the
westernized food culture, and the extended overall life expectancy. Thus the
statistics on the numerical data of cancer is expected to be much more serious. In
2002, 63 thousand people, approximately 25.6% of all deaths died of cancer, which is

more than six times the deaths from traffic accidents. The proportion of older people



continues to increase and has already exceeded 7% which is the demographic trend
of an aging society. Judging by the fact that the risk factors of cancer such as
smoking, bad food, etc. have increased over the past 20 years, cancer incidence and
death rate of cancer are expected to continue to increase in the future.

One common feature of normal stem cells and CSCs is the ability to efflux the drug
from the cell, leading to a resistance of CSCs to anti—cancer therapy. Therefore,
recurrence or metastasis of cancer often occurs after an effective chemotherapy
such as 'targeted therapies',urgently requiring development of the fundamental
treatments that target cancer stem cells resistant to conventional therapies. Because
there is no proven evidence yet to link CSCs and tumor formation or maintenance, it
1s important to have knowledge and understanding of the molecular biology,
underlying the maintenance and the regulation of CSCs for a successful treatment
targeting CSCs without damaging normal cells.

Global anti-cancer market has reached over 70 billion dollars in size by 2008 and
this will continue to grow in the future. As the classical development strategy of the
anticancer drug based on synthetic small molecules has apparently faced a limitation
to present a sustainable drug pipeline with novel chemical structures, natural
products have received considerable attention as a breakthrough. In particular, the
biodiversity of the ocean is greater than that anywhere else on the planet. Therefore,
marine organisms produce a variety of structurally unique secondary metabolites as
a means of preserving species evolved over several billions of years. This resulted
in the high possibility of finding new protein targets, proposing an alternative
strategy to the current drug discovery program. Accordingly, the natural products
pharmaceutical market continues to grow gradually at an annual rate of 8-10%, and
the natural products drug discovery is a higher value—added business with high
investment efficiency of 20-50% net revenue as one marketed drug can create 1-2
trillion won of annual sales worldwide. For example, anticancer drug discovery 1is
underway using 33 of 45 marine natural products currently under clinical or pre-
clinical trial. Approximately 50% of the drugs currently used for treatment is natural

products or single compounds derived from natural substances. Comparative safety

9



and shorter development period of natural products can provide high success rate.
Therefore, biological resources including higher organisms, marine flora, marine
bacteria, and the natural substance industry are expected to be at the forefront of
the 21st century biotechnology industry and therefore, the importance of this
research field is becoming even more magnified.

As a result, considering the weakness in the drug discovery compared to the
leading countries, it is expected to be an opportunity to quickly gain a foundation of
the drug discovery by an intensive investment in the natural products drug discovery

to be rated as very weak compared to the developed world.

II. Contents and Scope of the Study

1. Natural products were selected for further studies through structural analysis and

anticancer assay of secondary metabolites derived from marine organisms.

2. Efficient synthetic strategies for the selected natural products were designed and

the total syntheses were accomplished.

3. A metal catalyzed reaction for the total synthesis of the natural product was

developed.

4. SAR (structure-activity relationship) was studied via the synthesis of the natural

products and their derivatives.

5. Stereochemistry of (+)-violapyrone C were validated.

IV. Results of the Study

1. Streptochlorin and violapyrone, marine—-derived secondary metabolites were
selected through structural analysis and anticancer assay for the further

investigation.
10



2. By performing a retrosynthetic analysis on the selected compounds, efficient

synthetic strategies were obtained.

3. Gold-catalyzed 2-pyrone synthesis was developed for the synthesis of the key

scaffold of violapyrone.

4. 28 of streptochlorin, (+)-violapyrone C and their analogs were synthesized and a
preliminary SAR study was carried out, providing 2 derivatives which have improved

anti—cancer activity.

5. Based on the developed violapyrone synthesis, (+)-, (=)-violapyrone C were
successfully synthesized and the optical rotations of these compounds were

measured, validating the stereochemistry of (+)-violapyrone C.

V. Conclusion and Discussion

Streptochlorin, violapyrone and their derivatives derived from this study have
been able to serve as a lead compound for the development of an anti—-cancer agent.
This can be a good example to show that the inherent difficulty in the follow—up
studies using marine natural products, especially material supply problem can be
overcome via fine chemistry.

In addition, efficient synthesis of 2-pyrone by using a gold catalyst will enable the
sustainable supply of natural products or medicinally important materials, facilitating
2-pyrone-based drug discovery. Moreover, 28 molecules derived from this study
have anticancer activity but also they are likely to have other bioactivity such as
anti—aging, anti—bacterial, anti—viral, metabolic diseases. In conclusion, these
molecules can be served as important materials for marine biotechnology and

biomedical research in the future.

(KEYWORDS : a4 E, sldddsE, &, d=7IMxE, @34, Marine organisms, Marine

natural products, Anti—cancer, Cancer stem cell, Total synthesis)
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Streptochlorin & 9% AT ofokxd QI F4 1Im Zolo EHZolA

® AF vhg globe] mlj gefol A
FEHo] 2007 dXe] gAY Hiud sFHAEo|HJournal of Microbiology and
Biotechnology, 2007, 17, 1403). 3}st7x%<1 #Ao|A & uw streptochlorin
A =(indole)# FAFE(oxazole) F+ 719 slH =L

dd¥  slelEdg= JHE oFal =

Y2 ¥ Streptomyces %9 438H= 04DH110 #Fal 44

IR
N
e
*?
r
P
S
w
iy,
ot
o
ofy
jubad
o
fru

=
streptochlorin & Al A 54 sigtEe] F7Fo =249 /Y 7S
g7keke 271 W 27191 Lipinski o WS WA 54 AWl Wi gt
AE Al AT ARAZA A 7HsAe]l Ark(Fig. 1).

/=N

o, _ Satisfying Lipinski's Rule of Five
Cl Molecular Weight = 195.00
N Hydrogen Bond Donor =1
N Hydrogen Bond Acceptor = 2
H LogP = 2437
Streptochlorine Molar Refractivity = 55.805

Figurel. Streptochlorin ¢ +%92} Lipinski %2

obx A Eerd A H@IPF @8] o] Foj A A= ZSkAIRE streptochlorin €]
71EA Q1 A & o]l NF-kB o Aol g olid dAxe] daAAd A

4 Abavt #eldte mEZEol AEHdY AA o FME MEAAY] F
o anE 2ol aol ARdATE T8 wEHAT B3 AL dolA s EHRFol
Z3tel W (combination prophylaxis)¥® AR WMH O ®  streptochlorin & 333t
9 7o BAWEA 2SS Ei 9io 7t owHE AL BEITHE Ao uhE X7 =
3t tl. welA streptochlorin @ AW A EA] T EA A A 2A e o] &
7beAdel digk AW Ad AFE fldlA=  streptochlorin 9] & (indole) i

FAbE(oxazole) ALY E TAHOE etz W] Tkl FAHAFEAE EEAHOE

Lo

FuF 5 JE SSPYEY el BEMolth, EY FF olE9 B4 WYY mi
[e)

=
92 ARHon SAFoEA FR-BAHNY FRVAZ B

27



oxazole

Streptochlorin & FZ-&A7Fe] A#AAAE 37| Al T2 TAHS olF=
Ql&E(indole) ¥ &AFE(oxazole) T+ 79 SHZ Y E FASZ thefst 5484 W3 o]

ol Aok st} (Fig. 2).

Route 2. Robinson-Gabriel Cyclodehydration

- . . Amide coupling )
A2 M (Retrosynthetic Analysis) lei

Qo 's]
v Y =CH, CFa iBu,
Ph, Bn

DS S e—— H—x
. . z z N
Y - Oxazole construction \:)\ H
=N . =N
- -
o |, O, 5 3

X . [========:=c
. Y.
B—x — N x Y =H Oy H
TR Z ~ YICI%
N

Route 1. van Leusen's oxazole synthesis

Figure 3. Streptochlorin & & g4 EA

A (retrosynthetic analysis)o|A] SAFEI1E] |
287 Y'e E=YdetAY dEY 2 ¥ ' Ao A7) X & ={dstr] A=
Zb7] v 7 7HAe] FAPFEE AR&EfoF ke Blo] v A th(Fig. 3). #7]3teHA
#HA oA streptochlorin & AlFel A Fuj7} 7Fe gk 8= 420 tryptamine & ©] &3]
EDC <3uks, 2wl&E-7tegld w83k (Robinson-Gabriel cylization), @43}
Hh-3 (chlorination) & T8 Wgo&Este= 6 @AY d# sshukgS Tl FAdol
7} 8o (Route2, Fig. 3). w3t A7 = Zuf 2 aldehyde o}
tosylmethylisocyanide(TOSMIC) & T &3t SAELE]E == van Leusen SAME:
FAHE A E FA el 7HssthRoute 1, Fig 3). flellAl d5e F 714 34
AegFe EqF Ao F3o| w} Q= (indole) 4,5,6,7 ¥ A9} A& (oxazole) L] ol

k2 Al(halogen), €238 (aliphatic), W&=(aromatic), 7€} 7|5 7](functional group)

=3
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23 st X877 =¥ streptochlorin FEAE @A o= Axs
FEaele]l 2 Wygo] ofgof vA= JIFS FHE F AvkFig. 3). webA
AlZE Wlell streptochlorin ¥} #AE ot gstES Ry A8 o 7+ /A

JFES DR FF] W wAHo AHgsel FEAS Tk

E 0 o
2
do
b

Wi
=

J

2. ATA

Al AAIE G BAS V2R A

Indole-3-carboxaldehyde =FH 1 @719 3sukgs T3 95 & U =dE4d
la & wge guiel 1.1 eq. Ky,CO3 ZFHolA tosylmethylisocyanide(TosMIC) ¥}
HES-3lo] 2AlEZ 18] E A= ‘van Leusen's SAFE @AW’ Boce (tert-butyloxy
carbonyl) & 7|5 =95t 2a = WSHAT (Scheme 1). 22 FHAEAEE 3l
°l=(indole)ad] 5 W &A4o] E47F =4H 2b 9 2 W 4o Hd77F =99 2¢ &

2359 FEAE g8 Yt (Schemel).

<N
o o=
H —
a. 1.1~1.5 eq. ToSMIC
Y { 1.1 eq. K,CO,, MeOH, Y N
X
\ X b. Boc,0, DMAP, TEA, , N
4 Boc CH2C|2 Boc
la:X=Y=7=H 2a:X=Y=Z=H
1b: X=Z=H Y=F 2b: X=Z=H,Y=F
1C:X=Ph Y=Z=H 2¢:X=Ph,Y=Z=H

Scheme 1. van Leusen SAFE AW S o] &3 streptochlorin %4 343

Streptochlorin X4 F/F5 ©eFslslr] 98] o]Hel= ‘Robinson—Gabriel 1123}
HES & o] &3slo] SAFEarEld] 2 M 9 Ao vkt X3VE =Skt olE 9%
A H A A 2 A tryptamine 3 = EDC(1—ethyl—3—(3—

dimethylaminopropyl) carbodiimide), HOBt N—Hydroxybenzotriazole) 8] E&< %o}

HzAbs) ofvtol = Agts g6t 3= 4a5 FHE 4 3k (Scheme 2).
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NH, Y
®) HN/§o
Ho Ay

EDC, HOBt, CH,Cl,, It N\
N

DDQ, H
ag- THF 4a:Y' = Ph, 4b: Y' = Me,
4c:Y'=Bn, 4d: Y' =iBu

v

v
o HN/% O>§N
—

1. PhyP, Cl,CCCls,
Et;N, CH,Cl,, rt

Ny T2.Boc,0, EN, N

N 5MAP, CH,Cl,, Boc
5a:Y'=Ph, 5b: Y'= Me 6a: Y'=Ph, 6b: Y'=Me
5c:Y'=Bn, 5d: Y'=iBu 6C:Y'=Bn, 6d: Y'=iBu

Scheme 2. Robinson—Gabriel 118 3WH-gS ©] €3t streptochlorin 54 43

3}letE 4a & DDQ(2,3-dichloro-5,6-dicyano—1,4-benzoquinone)< &3+ ¢ X4 &l%4
AFshbgel s FtERdr7 =YE 83E ba 7F HH, o= thA AAES] dE M-
1 X9 dadxrr @278 whgolA jkgo] FosiE A WAlstr] $13] Boc
H5717F =9dHo] 6a = ASATE SAE 29 ghaol #Hd77F =99 6a o W
e HAE AX HE, Wd, olAFEr7F =94 sigtE 6b, 6¢, 6d & AAT
(Scheme 2).

A ] mx e G A AZ 1(route DI FE 2(route 2)5 Fa A

H
6 S NCS (MN-chlorosuccinimide)& ©]-83t @43} ¥H5S A|Edlo] SALE

B (fluoro)?] 59 g2 daiazE gdxrvt &

SAFE 4 W Ao Xgrld] wE g wstE AT 5 A HAG(Fig. 4).
E3 A& 2 W gid FAaUt old ©E  XI7F EYHAE Bz
ol A v Z(conformation) 7} Awst 2=z o g WastA ==t o= dichloro SEAEo
2] ATt fEel AA e dEe 4RAon fEsted Fa® 9AE AL
T AHFig. 5)). oA WLE  streptochlorin WS o]&sle] &= 25 719

=
streptochlorin FEAE E=&3Q oM o]&S o] &3 Fx-g4 AAAFE P3Gt}
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Figure 5. 1 2 W §1219 A &7]el] w2 A =] 3}

— MM2 oy #HA3x=z 73 AL

Streptochlorin &} 77 FEAZES 7|¥te g F39 7 x4 FZ2-Z484 A= 34
ZS

S A 71A wEko m A E At (Fig. 6).
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Aromatic substitution »

Figure 6. 7+%—

AA van Leusen SAFE TS
=4 Robinson—Gabriel Oxazole

npxuk o 7 olEyl Lx}E X, X"9 X ¢ the

H

o€ A do]H streptochlorin G5

) dtt. o] A3} streptochlorin Q1=

Agatol Q%

61-}\6] @ %

=9 6 F< NCI A=

g4 aAAT A=

12819 Y, Z A A37E
o] g3lo] AL Y"$1H o] H317]
E4dska et (Fig. 6).

Foll st G o]

Fol A7) =

=74

B\

8o Z+2F C5 hydroxyl group, C2 chloro,

phenyl 59| #3718 SAFEZae] C2'el phenyl 717F =4E S ol o] =
HA AdES B F At @EE Tc, Tp, 7s). 53] AdEuE 2 W g
phenyl 717} 91591 w streptochlorin o H&] 7 ®} o]4F &ot&Ado] /HHAT=
Abdo] BE) A O ® streptochlorin TE-ZAAJAATE ol FTHOE g s ofof

sk 107 oA T(Fig. 7)).

Ma

ﬁ‘Me
=N =
-

oy "
] =M =N A=N
= I ° ! = e ! A I
|
Mad,
3 3 L) 3 3
N te N N Ta N 7n N
e Ma
e g f‘ e
o oﬁ; o o o o’i‘” ~n
=] o I I Br F
eo AN Ho 4 3 N o LN N e 3 AN
Br N 7o N N T N o7s §o7 N N7 N Ty
cH2l: ug/mL
d
ACHN 40 290 30 89
HCT15 >30 129 | 31 | =30 30 68 135 137 177 146 69 | 3.3 | 83 | 38 |107 -30 136 135
MM231 -30 -30 | 48 | =30 =30 100 155 30 30 30 279 | 52 |s30| 84 |111 30 =30 220
NCI-H23 211 177 | 32 | =30 =30 100 105 62 203 30 94 | 47 137 | 37 |115 -30 153 158
NUGC-3 183 123 | 33 | »30 30 101 103 40 =30 188 74 | 59 |80 | 30 |92z 30 140 142
pPC-3 >30 170 | 43 | =30 -30 100 102 220 189 30 121 | 85 |147| 42 |12 30 183 163
. _ - N . _ _
Figure 7. 34 ¥ t)3% 24 streptochlorin =4} 44
3. AR 2 doly
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All reactions were carried out under nitrogen unless otherwise indicated.
Anhydrous methylene chloride (CHyCly), diethyl ether, and tetrahydrofuran (THF)
were directly used from commercial source. Triethylamine was used without
further purification. All work—up, wash, and chromatographic solvents were
distilled. Sodium sulfate (Na,SO,) was anhydrous.

Thin layer chromatography (TLC) was used to monitor the progress of reactions
by co—spotting with the starting materials. UV lamp (254 nm) was used to monitor
the reaction. p—Anisaldehyde (1350 mL absolute ethanol, 50 mL concentrated
H,SO,, 37 mL p—anisaldehyde) was utilized as a common TLC visualizing solution.

Flash chromatographic purifications were performed using silica gel (230—400
mesh). '"H NMR, "’C NMR, and ""F NMR data were recorded on 500 MHz NMR in
chloroform—d;, acetone—ds, methanol—d, as a solvent and are described in parts
per million (ppm) from the residual chloroform (7.24 ppm and 77.23 ppm), acetone
(2.09 ppm, 205.87 ppm), and methanol (3.34 ppm. 49.86 ppm).

Peak multiplicates in 'H NMR spectra are abbreviated as s (singlet), d (doublet),
t (triplet), m (multiplet), dd (doublet of doublet), q (quartet), and dt (doublet of

triplet).

Procedure 1. General procedure for the synthesis of 3—formylindoles (la—1c)

To a solution of indole—3—carboxaldehyde, triethylamine (1.3 equiv.), and 10 mol%
DMAP in CHyCl, was added Boc,O (1.2 equiv.). The reaction was stirred at room
temperature until the starting material was completely consumed. The reaction was
diluted with CH,Cls, worked up with water. The organic layer was washed with
brine, dried over NasSQ,, filtered, and concentrated in vacuo. The crude residue
was purified by flash chromatography (EA/nHx = 1:5 for 1a, 1b; EA/nHx = 1:9 for

1c) to give compounds la—1c.

ANH
AN
Boc 12
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Following procedure 1 (1.5 equiv. triethylamine, 1.1 equiv. BocyO, and reaction
time: 30 min), compound la (5.1 g, 20.6 mmol) was obtained quantitatively from
indole—3—carboxaldehyde (3.0 g, 20.7 mmol); 'H NMR (500 MHz, CDCly) [J
10.08 (s, 1H), 8.27 (d, J = 7.3 Hz, 1H), 8.22 (s, 1H), 8.13 (d, / = 8.38 Hz, 1H),
7.40 (t, /= 7.9 Hz, 1H), 7.35 (t, /= 6.3 Hz, 1H), 1.69 (s, 9H); *C NMR (125 MHz,
CDCly) 8§ 186.0, 149.1, 136.7, 136.2, 126.3, 124.8, 122.4, 121.8, 115.4, 85.9, 28.3;
MS (APCD calced for C14H5NO3 145.1, found m/z 246.0 [M+H] "

A\

N
Boc 1b

Following procedure 1 (reaction time: 20 min), compound 1b (406.9 mg, 1.55 mmol)

was obtained in 98% vyield from 5—fluoro—indole—3—carboxaldehyde (257.1 mg,
1.58mmol); '"H NMR (500 MHz, CDCl;) 8[110.00 (s, 1H), 8.19 (s, 1H), 8.04 (dd, J
= 9.0, 4.4 Hz, 1H), 7.89 (dd, J = 8.8, 2.7 Hz, 1H), 7.08 (dt, /= 9.1, 2.7 Hz, 1H),

1.68 (s, 9H); '"C NMR (125 MHz, CDCly) §185.6, 160.4[1(d, Y = 241.4 Hz, C~
F), 148.6, 137.5, 132.4, 127.2 (d, *Jr = 10.7 Hz, C=0C), 121.3 (d, *4r = 4.2 Hz,
C-0), 116.4 (d, *Jr = 9.3 Hz, C—-H), 114.1 (d, /o = 25.6 Hz, C—H), 108.0 (d, L.

e = 24.7 Hz, C—H); ""F NMR (470 MHz, CDCly) & —117.9; MS (APCI) calcd for

C14H1,FNO; 263.1, found m/z 264.0 [M+H] ™"

0]
H

N_Ph

N
Boc 1C
Following procedure 1 (reaction time: 25 min), compound 1c (711.9 mg, 2.22 mmol)
was obtained in 98% yield from 2—phenyl—indole—3—carboxaldehyde (502.3 mg,
2.27 mmol); 'H NMR (500 MHz, CDCl;) 8[]9.70 (s, 1H), 8.38 (d, / = 7.1 Hz, 1H),
34



8.20 (d, J = 8.1 Hz, 1H), 7.37-7.49 (m, 7H), 1.25 (s, 9H); ’C NMR (125 MHz,
CDCls) 6188.4, 150.1, 149.4, 136.5, 131.2, 130.3, 129.4, 128.3, 126.1, 125.7,
125.0, 122.1, 119.9, 115.0, 85.2, 27.6; MS (APCI) caled for CyH;oNO3 321.1,
found m/z 322.0 [M+H] "

Procedure 2. General procedure for the synthesis of oxazoles 2a—2c¢

A solution of the compounds la-1c and 1.1 equiv. TOSMIC in dry MeOH containing
1.1 equiv. anhydrous K,COj3 was refluxed until the 3—formylindole was consumed
completely. The reaction was quenched with water and extracted with EtOAc. The
extracts were washed with water until free from of alkali, dried over NaySO,,
filtered, and concentrated n vacuo. The crude residue was purified by flash

chromatography to give compounds 2a—2c.

=N
O/\

—

N

Noc 2a
Following procedure 2 (eluent: EA/nHx = 1:9 to 1:1, reaction time: 7h), compound
2a (400.9 mg, 2.18 mmol) was obtained in 11% yield from compound la (5.1 g,
20.6 mmol); 'H NMR (500 MHz, CDCl3) 8[18.20 (d, /= 7.1 Hz, 1H), 7.92 (d, J =
1.5 Hz, 1H), 7.90 (s, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.37-7.40 (m, 2H), 7.32 (t, J
= 7.0 Hz, 1H), 1.68 (s, 9H); C NMR (125 MHz, CDCly) §149.9, 149.5, 146.5,

135.7, 126.8, 125.4, 123.6, 123.1, 122.0, 120.2, 115.7, 109.4, 84.6, 28.3; MS
(APCI) caled for C16Hi6N»O5 284.1, found m/z 285.2 [M+H] "
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Following procedure 2 (eluent: EA/nHx = 1:6, reaction time: 2.5h), compound 2b

(48.7 mg, 0.24 mmol) was obtained in 16% yield from compound 1b (388.9 g, 1.48
mmol); 'H NMR (500 MHz, CDCl;) 8[18.12 (bs, 1H), 7.92 (s, 1H), 7.89 (s, 1H),

7.43 (d, /= 8.8 Hz, 1H), 7.31 (s, 1H), 7.09 (t, /= 9.0 Hz, 1H), 1.67 (s, 9H); *C
NMR (125 MHz, CDCl3) & 159.8[1(d, 'Jo—r = 240.5 Hz, C—F), 150.0, 149.2, 146.1,
132.1, 127.6 (d, *Je-r = 10.3 Hz, C=C), 124.4, 121.9, 116.8 (d, *Jo-r = 9.3 Hz, C—
H), 113.3 (d, *Je—r = 25.1 Hz, C=H), 109.2 (d, *Je—r = 4.2 Hz, C—C), 106.0 (d, “Jc-
¢ = 24.7 Hz, C—H), 85.0, 28.3; '"F NMR (470 MHz, CDCl3) & —119.2; MS (APCI)
caled for C;4H;sFN,O5 302.1, found m/z 302.7 [M+]"

=N
O/\

—

N_Ph

N
Boc 2C

Following procedure 2 (eluent: EA/nHx = 1:9, reaction time: 24h), compound 2c
(173.8 mg, 0.67 mmol) was obtained in 30% yield from compound lc (709.5 mg,
2.21 mmol); 'H NMR (500 MHz, CDCls) 8[18.32 (d, /= 8.3 Hz, 1H), 8.02 (d, /J =
7.8 Hz, 1H), 7.85 (s, 1H), 7.46—7.85 (m, 3H), 7.41 (t, /= 8.2 Hz, 1H), 7.33—7.36
(m, 3H), 6.37 (s, 1H), 1.22 (s, 9H); "’C NMR (125 MHz, CDCl;) & 149.85, 149.78,
147.0, 136.6, 136.5, 134.0, 129.8, 128.7, 128.6, 126.6, 125.4, 123.7, 123.1, 120.7,
115.6, 109.5, 84.0, 27.6; MS (APCID) caled for CyHooN2O3 360.1, found m/z 361.0
[M+H]*

Procedure 3. General procedure for the synthesis of compounds 4a—4d

Tryptamine 3 was dissolved in CH,Cls, and then 1.1 equiv. acid, 1.1 equiv. EDC,
and 1.1 equiv. HOBt were added sequentially at room temperature. The reaction
was stirred at room temperature until the starting material was completely
consumed. The reaction was diluted with CH,Cl, (EA for 4a), worked up with water.

The organic layer was dried over Na,SO,, filtered, and concentrated /n vacuo. The
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crude residue was purified by flash chromatography (EA/nHx = 1:6 for 4a;
EA/nHx = 1:9 for 4d) to give compounds 4a and 4d.

HN

A\
H 4a

Following procedure 3 (reaction time: 21h), compound 4a (685.6 mg, 2.59 mmol)

was obtained in 83% yield from tryptamine (500.5 mg, 3.12 mmol); 'H NMR (500
MHz, CDCl3+CD30D) §[]9.18 (bs, 1H), 7.59 (d, /= 7.4 Hz, 2H), 7.55 (d, / = 7.8
Hz, 1H), 7.38(t, J = 7.3 Hz, 1H), 7.28-7.31 (m, 3H), 7.11 (d, / = 7.5 Hz, 1H),
7.02 (d, J= 7.5 Hz, 1H), 6.97 (s, 1H), 6.97 (bs, 1H), 3.68 (dd, J = 12.6, 6.5 Hz,
1H), 3.01 (t, /= 6.8 Hz, 1H); 'C NMR (125 MHz CDCl3+CDs;0D) §168.4, 136.7,
134.4, 131.5, 128.5, 127.3, 126.9, 122.6, 122.4, 121.9, 119.2, 118.5, 112.3, 111.5,
111.46, 40.6, 25.2; MS (APCI) caled for Ci;7H;gN2O 264.1, found m/z 265.1

[M+H]™"
HN/¢

A\
N 4

Following procedure 3 (reaction time: 21h), compound 4d (653.3 mg, 2.67 mmol)
was obtained in 86% yield from tryptamine (500.8 mg, 3.12 mmol); 'H NMR (500

MHz, CDCls) 8[]8.43 (bs, 1H), 7.59 (d, /= 7.8 Hz, 1H), 7.36 (d, / = 8.1 Hz, 1H),

7.19 (t, J= 7.6 Hz, 1H), 7.10 (t, J= 7.5 Hz, 1H), 6.99 (s, 1H), 5.58 (bs, 1H), 3.59
(dd, J = 12.7, 6.6 Hz, 2H), 2.95 (t, /= 6.7 Hz, 1H), 2.04—2.10 (m, 1H), 1.95 (d, J
= 7.3 Hz, 2H), 0.90 (d, J = 6.6 Hz, 1H); "*C NMR (125 MHz, CDCl3) §172.8, 136.6,
127.5, 122.3, 122.27, 119.5, 118.8, 113.0, 111.5, 46.4, 39.8, 26.3, 25.6, 22.6; MS
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(APCI) caled for C15Ho0NoO 244.2, found m/z 244.9 [M+]"

Procedure 4. General procedure for the synthesis of compounds ba—5d

To a solution of compounds 4a—4d in aqueous THF at O ° C was added DDQ. The
reaction turned to a deep red solution. After the starting material was consumed
completely, the reaction was diluted with EA, worked up with sat. NaHCO3; solution
to remove residual DDQ and its by—products. The organic layer was dried over
Na,S0Q,, filtered, and concentrated in vacuo. The crude residue was purified by

flash chromatography to give compounds ba—>5d.

Procedure 5. General procedure for the synthesis of compounds 6a—6d

PhsP (2 equiv. for compound 6d; 3 equiv. for compounds 6a, 6b, and 6¢) and
hexachloroethane (2 equiv. for compound 6d; 3 equiv. for compounds 6a, 6b, and 6c¢)
were dissolved in CH,Cly, at room temperature. After the addition of triethylamine
(6 equiv. for compound 6d; 4 equiv. for compounds 6a, 6b, and 6¢), a solution of
compounds ba—5bd in CH,Cl; was added to the mixture. After the reaction, the
mixture was diluted with CH,Cl, and worked up with water. The organic layer was
dried over Na,SOy, filtered, and concentrated in vacuo. The crude residue was
purified by flash chromatography and the resulting indole compounds 8 were

protected with Boc protection group using procedure 1.

=N <N
o >
— —
A\ A\
N N
H Boc 6a

Compound 6a (613.7 mg, 1.70 mmol) was obtained in 87% yield from the

corresponding indole compound (510.5 mg, 1.96 mmol) via procedure 1 (column

chromatography: nHx/EA = 10:1); 'H NMR (500 MHz, CDCly) §[18.22 (d, J = 7.3
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Hz, 1H), 8.12 (d, J = 7.6 Hz, 2H), 7.97 (s, 1H), 7.87 (d, /= 7.6 Hz, 1H), 7.42—
7.51 (m, 4H), 7.39 (t, /= 7.0 Hz, 1H), 7.36 (d, /= 7.0 Hz, 1H), 1.71 (s, 9H); *C
NMR (125 MHz, CDCly) §160.7, 146.4, 130.5, 129.1, 127.6, 126.9, 126.5, 125.4,
124.0, 123.7, 122.9, 120.4, 115.8, 109.7, 84.7, 28.4; MS (APCD) caled for
Cy2H0N303 360.1, found m/z 360.1 [M+H] "

NH,
<N
N\ . q __
N
H
A\
3 N
Boc 6C€

Compound 6¢ (42.6 mg, 0.11 mmol) was obtained in 9% overall yield from

tryptamine 3 (202.1 mg, 1.26 mmol) via procedures 1, 3, 4, and 5 (column
chromatography: nHx/EA/TEA = 12:1:0.5); 'H NMR (500 MHz, CDCl;) 8[]8.19 (d,
J=17.3Hz 1H), 7.84 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.25-7.39 (m, 8H), 4.20
(s, 2H), 1.68 (s, 9H); *C NMR (125 MHzCDClsy) & 162.0, 149.6, 146.4, 135.7,

129.0, 128.9, 127.3, 126.9, 125.3, 123.5, 122.64, 122.60, 120.3, 115.7, 109.7, 84.6,
34.9, 28.3; MS (APCI) caled for Cy3H99N,04 374.2, found m/z 375.1 [M+H]*

e N
HN o

—
N\ > A\
N
N ad Boc 6d

Compound 6d (30.4 mg, 0.09 mmol) was obtained in 13% yield over 3 steps from
compound 4d (653.3 mg, 2.67 mmol) via procedures 4, 5 (column chromatography:
nHx/EA = 3:1); '"H NMR (500 MHz, CDCly) 8[18.18 (d, /= 7.1 Hz, 1H), 7.83 (s,
1H), 7.76 (d, J = 7.8 Hz, 1H), 7.36 (t, /= 7.3 Hz, 1H), 7.31 (d, / = 7.1 Hz, 1H),
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2.71 (d, J = 7.1 Hz, 2H), 2.21-2.25 (m, 1H), 1.67 (s, 9H), 1.02 (d, J = 6.6 Hz,
1H); 'C NMR (125 MHz, CDCly) & 163.4, 149.6, 145.7, 135.7, 126.9, 125.2, 123.5,
122.34, 122.31, 120.3, 115.6, 109.9, 84.4, 37.3, 28.3, 27.8, 22.5; MS (APCID calcd
for CooHpyN,03 340.2, found m/z 341.1 [M+H] "

Procedure 6. General procedure for the synthesis of compounds 7a—"7g

Fresh N—chlorosuccinimide (1.2 equiv.) was added to the appropriate compound
(2a—2c, 6a—6d) in THF/CCl, at room temperature. The reaction was stirred at
room temperature until TCL analysis indicated that the reaction was completed
(normally 12h to 56h). After the reaction, the mixture was diluted with EA and
worked up with water. The organic layer was dried over NaySO,, filtered, and
concentrated in vacuo. The crude residue was purified by flash chromatography to
give the corresponding compounds. tButyl carbamate (Boc) was removed by

treatment with TFA at room temperature.

fN

—

Cl

A\

N 7a
Compound 7a (38.5 mg, 0.18 mmol) was obtained in 50% vyield over 2 steps from
compound 2a (483.2 mg, 1.70 mmol) via procedures 6 (column chromatography:
nHx/EA = 6:1 to 3:1); 'H NMR (500 MHz, CDs0OD) 8[18.13 (s, 1H), 7.98 (d, J =
8.0 Hz, 1H), 7.80 (s, 1H), 7.44 (d, /= 8.5 Hz, 1H), 7.21 (d, /= 7.6 Hz, 1H), 7.14
(dd, / = 7.8, 7.1 Hz, 1H); ’C NMR (125 MHz, CD;0D) §[J150.0, 145.3, 137.8,
125.9, 125.4, 123.9, 121.7, 121.5, 121.4, 112.9, 103.6; MS (APCI) calcd for
C11H,CIN2O 218.0, found m/z 218.8 [M+]"*
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b

Compound 7b (22.4 mg, 0.09 mmol) was obtained in 49% yield over 2 steps from
compound 2b (69.0 mg, 0.23 mmol) via procedures 6 (column chromatography:
nHx/EA = 9:1 to 3:1); '"H NMR (500 MHz, (CD3),CO) 8[]10.98 (bs, 1H), 8.24 (s,
1H), 8.02 (d, J = 2.7 Hz, 1H), 7.69 (dd, /= 10.0, 2.2 Hz, 1H), 7.55 (dd, J = 8.8,
4.6 Hz, 1H), 7.06 (dt, /= 9.2, 2.2 Hz, 1H); "C NMR (125 MHz, (CD3),CO) & 159.3
(d, 'Je—p = 234.0 Hz, C—F), 149.6, 143.7, 133.9, 127.0, 125.8 (d, “Je—¢ = 10.7 Hz,
C=0), 121.9, 114.1 (d, °Je—r = 10.3 Hz, C-H), 111.9 (d, *Jo—r = 26.5 Hz, C—H),
105.9 (d, “Je-r = 24.7 Hz, C-H), 103.8 (d, *Jo-r = 4.7 Hz, C-C); '"F NMR (470
MHz, (CD3),CO) & —124.4; MS (APCI) calcd for C,HgCIFN,O 236.0, found m/z
236.8 [M+]"

A\
N7
Compound 7c¢ (92.0 mg, 0.31 mmol) was obtained in 57% vyield over 2 steps from
compound 2c¢ (196.6 mg, 0.55 mmol) via procedures 6 (column chromatography:
nHx/EA = 9:1); 'H NMR (500 MHz, (CD3),CO) 8[J11.14 (bs, 1H), 8.29 (s, 1H),
7.57—7.64 (m, 4H), 7.44 (t, J = 7.5 Hz, 2H), 7.38 (t, /= 7.3 Hz, 1H), 7.28 (t, J =
8.0 Hz, 1H), 7.20 (t, , / = 7.5 Hz, 1H); 'C NMR (125 MHz, (CD3),CO) 8[J151.6,
142.8, 139.3, 137.2, 132.8, 129.7, 129.3, 129.0, 128.4, 127.2, 123.7, 121.6, 120.3,
112.6, 98.6; MS (APCI) caled for Cy7H1;CIN,O 294.1, found m/z 294.9 [M+]"
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Compound 7d (54.8 mg, 0.19 mmol) was obtained in 47% yield, over 2 steps from
compound 6a (613.7 mg, 1.70 mmol) via procedures 6 (column chromatography:
nHx/EA = 9:1 to 5:1); 'H NMR (500 MHz, CDCls) 8[18.51 (bs, 1H), 8.19 (d, J =
7.3 Hz, 1H), 8.11 (d, /= 7.4 Hz, 2H), 7.85 (s, 1H), 7.45-7.51 (m, 4H), 7.28—7.33
(m, 2H); "C NMR (125 MHz, CDCls) 8[]158.2, 143.0, 135.9, 130.7, 129.1, 127.1,
126.2, 124.7, 123.6, 123.5, 123.4, 121.5, 121.1, 111.7, 104.5; MS (APCI) calcd for
C17H,1CIN,O  294.1, found m/z 295.0 [M+H] "

7e

Compound 7e (89.3 mg, 0.38 mmol) was obtained in 79% yield over 2 steps from
compound 6b (144.7 mg, 0.49 mmol) via procedures 6 (column chromatography:
nHx/EA = 6:1 to 4:1); '"H NMR (500 MHz, CDCl;) 8[18.49 (bs, 1H), 8.04 (d, / =
7.8 Hz, 1H), 7.73 (d, /= 2.7 Hz, 1H), 7.42 (d, /= 8.0 Hz, 1H), 7.21-7.29 (m, 2H),
2.55 (s, 3H); C NMR (125 MHz, CDCly) 8[J158.5, 142.6, 135.8, 124.7, 123.4,
122.9, 121.7, 121.2, 121.1, 111.6, 104.4, 14.5; MS (APCI) caled for C;2HgCIN,O
232.0, found m/z 233.1 [M+H]"
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Compound 7f (9.4 mg, 0.03 mmol) was obtained in 66% yield over 2 steps from
compound 6¢ (42.6 mg, 0.11 mmol) via procedures 6 (column chromatography:
nHx/EA = 6:1); '"H NMR (500 MHz, CDCly) 8[18.49 (bs, 1H), 7.93 (d, J = 7.8 Hz,
1H), 7.33=7.72 (m, 5H), 7.25=7.28 (m, 2H), 7.19 (t, /= 7.3 Hz, 1H), 4.18 (s, 2H);
BC NMR (125 MHz, CDCl3) 8[J159.9, 143.1, 135.8, 135.2, 129.1, 129.0, 127.5,
124.6, 123.4, 123.1, 121.8, 121.2, 121.0, 111.6, 104.2, 35.2; MS (APCI) calcd for
C1sH;5CIN,O 308.1, found m/z 309.1 [M+H]"

g

Compound 7g (15.2 mg, 0.06 mmol) was obtained in 63% yield, over 2 steps from
compound 6d (30.4 mg, 0.09 mmol) via procedures 6 (column chromatography:
nHx/EA = 3:1); '"H NMR (500 MHz, CDCly) 8[18.79 (bs, 1H), 8.05 (d, J = 7.9 Hz,
1H), 7.74 (d, J = 2.5 Hz, 1H), 7.42 (d, / = 7.8 Hz, 1H), 7.23-7.30 (m, 2H), 2.73
(d, /= 7.3 Hz, 2H), 2.40-2.27 (m, 1H), 1.05 (d, J = 6.6 Hz, 6H); '°C NMR (125
MHz, CDCly) §[]161.4, 142.5, 135.9, 124.7, 123.3, 123.0, 121.5, 121.1, 121.0,
111.7, 104.3, 37.5, 27.8, 22.6; MS (APCI) calcd for Cy5H;5CIN,O 274.1, found m/z
275.1 [M+H]"
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Figure 48. »*CNMR spectrum of compound 7g
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2. A4y}

UM MeEe gFA EAS o R HAQlE (+)-violapyrone C ¢ A4S (9-(-
)-2-methyl-1-butanol < Z=%E2 % 3}+= hydroxyl 7]¢ Q9=3} HH& o g HEH
Azt olo]  wEl (S)-(-)-2-methyl-1-butanol & imidazole, iodine, Zg|il
PPhy; & ©o]&3 se=st wkgxye AH&sta, AHES F& vhEdASd Wittig
olefination & 93] PPhs ¥ WF&A|#A phosphonium salt 17 & 84%° &= AU}
(Scheme 3). X3k Wittig olefination & 913+ ®vbg AdlEZQ] <d3= 19 + 1,4-
butanediol 18 2] silver(I) oxide & ©]&3F A®%4 benzylation ¥} ©]o{& Swern
oxidation & E3al 82%¢ AA &= AAH(Scheme 3). o]Z A Ao]& phosphonium
salt 10 ¥} &H3]= 19 &= n-BulLi & 9]&3 Wittig ¥F-&%2741S 53l olefin 20 2=

A A
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Wittig olefination A &2l olefin 20 o] £A13}t= benzyl H3.7]9] A A9} e -ekA
oA A BA-EA Gd Ao R WS palladium FHjE o] &3 43 WSS
23] sAlo ©o]FA octanol 21 & 97% FEE LY H(Scheme 3). Nonyne 23 =
octanol 21 oA &d3)| =29 A3 H8-3} o]o]X]:= dibromo olefin 22, 18]3 ¥ HF-
BE ASREE 5 d¥e AAHE T ©aha-vh AsAds =Yske Corey-
Fuchs Bt&< Sl A& AH(Scheme 3).

1. imidazole, I, PPhs,
CH,Cl,, t, 83%

HO/\é/\Me > PP ol 8% Ph3P/\/\Me
Me ' 3 ) 0 I I\E/Ie
16 17
+

1. Ag,0, BNBI, CH,Cl,,

HO/\/\/OH re, 83% Bno/\/\n/H
18 2. DMSO, TFAA, DIPEA, 19 ©
CH,CI, -78 °C, 83%
n-BuLi, THF
0°Ctort, 77%

HO" """ ""Me Pd/C, H, BnO" """ ""Me

- Me 50 °C, 97% 20 Me
1. DMSO, TFAA, DIPEA, CH,Cl, (EZz=231
-78°Ctort H
° \/\/\/\
2. CBr,, PPhy, 0°Cto tt, Me
650 OVer 2 steps 23 fe
Br nBULi, -78 °C to rt,
Z Y Me then H,0, 96%
- Me

Scheme 3. (+)—Violapyrone C & 4 % —Partl

Nonyne 23 °l n-butyllithium ¥ methyl chloroformate & ©]-&3l] o AHE7]E

Astar, o]o] LDA(ithium diisopropylamide)®} tert-butyl propionate & A}&3}+=

rl

H
Zefolal F3FH-E (Claisen condensation)S §3l FiHAl 24 2 25 9 &E3&ES
A ATHScheme 4).
npx 9t GAR & ZuE o] 83t 6-endo-dig intramolecular alpha-pyrone A&
A=ttt =2 alkynophilic &, Ayt 3}8t7]57|eke] wkgo o] Fo FHS Zal
Aol Ad 10 of d b olF o8& Fujnkg A= wEA ddste 171348
ATde T stk A (SPhos) AuNTf, (SPhos = 2-—dicyclohexylphosphino—

4

2" ,6° —dimethoxybipheny, Tf = trifluoromethanesulfonate)& ©]&3% 4-

hydroxyl—2—pyrone %14 o] B uEnl it} o]e} {fAFSHA p—ketoester & 23+
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tautomer 13 =S EHA
(Table 1). PACI3, Ag,COs, InCls, Sc(OTD 3, AuCly 52 S&5FmE o] &8 wgolA =
- ki st e TES B AW
([Bis (trifluoromethanesulfonyl) imidate] (triphenylphosphine) —gold (I) (2:1) toluene
adduct) 15 <& w¥hgoA = wHRdE whel RbgAAE des F Y dE =9

P EALT UolEZH R (MeNOy) 4:1 EFE-
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o= 249 3 E 7S 73%9 FEE 4S F AT (entry 10, Table 1).

Table 1. ¥5FME )&% 2—-pyrone ¥4

(e} 12/13=1:1 OH OH
Me
Me " Me N catalyst fﬁ\/\/\/\
o Me+ oS Me solvent (O O Me
O~ ~otBU 4, O~ "OtBu 4 14: violapyrone |
entry” catalyst solvent” Conzz;;?on entry® catalyst solvent Con(\’;;ilon
(10 mol%) ¢ (10 mol%) ¢
14 PdCls 11 6¢ toluene 91
A AgsCOs3 34 7° (Ph‘frpf) AuN CHsCls 86
2
3¢ InCls AZ%/ M trace 8e THF 82
2
49 Sc(OTH) 5 trace 9f gold (11; cat- | ACOH/MeCN® | 100 (69)¢
5¢ AuCls 23 10! AcOH/MeNOy” | 100 (73)%

[a] The reactions were performed under N, atmosphere at room temperature. [b] A 4:1 mixture of acetic acid and the indicated solvent. [c]
Conversion percentages were determined by *H NMR. [d] Reaction quenched after 44 hr. [e] Reaction quenched after 20 hr. [f] Reaction
completed in 15 hr. [a] The value in parentheses indicates the isolated yields. [h]
[Bis(trifluoromethanesulfonyl)imidate] (triphenylphosphine)gold(l) (2:1) toluene adduct was used.

o] WFSZ7E p-ketoester 24 9} tautomer 25 o] &3ty EFEZH 8 &
skt

(0]

Me
X
1. nBuli, methyl chloroformate, f\/\/\/\Me y OH
.3 THE, _78°C tort _ O” "OtBu 24 Ve 10 md% Gold(l) cat. Jj e~ |
2. LDA, t-buty! propionate, OH + MeNO,/ACOH = 41, oo Ve

-78° 9 rt, 81% -
78°C, 86% over 2 steps Me -~ N () Ve

8
O OKBU 5 oo Me
Scheme 4. (+)—Violapyrone C 2] /4 & —Partll
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26 65% OVer 2 steps 27 28  Me
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Figure 51. ¥ % violapyrone C 9] optical rotation H] 1L

T3t 58 SHA EUEd 9 EHE RREA7MAY A AA FEo] 22%=A

All reactions were carried out under nitrogen unless otherwise indicated.

Anhydrous methylene chloride (CH,Cl,), toluene, acetonitrile (MeCN), dimethyl
2



sulfoxide (DMSO), nitromethane (MeNO;) and tetrahydrofuran (THF) were
directly used from commercial source. The concentration of nBuli was titrated
using (=) —menthol and 1,10—phenanthroline. All other reagents were used without
further purification. All work—up, wash, and chromatographic solvents were
distilled. Sodium sulfate (Na,SO,) was anhydrous. Thin layer chromatography
(TLC) was used to monitor the progress of reactions by co—spotting with the
starting materials. p—Anisaldehyde (1350 mL absolute ethanol, 50 mL
concentrated HsSO,, 37 mL p—anisaldehyde) was utilized as a common TLC
visualizing solution. Flash chromatographic purifications were performed using
silica gel (230—400 mesh). 'H NMR, and '*C NMR data were recorded on Varian
500—NMR in chloroform—d; as a solvent and are described in parts per million
(ppm) from the residual chloroform (7.24 ppm and 77.23 ppm). Peak multiplicates
in 'H NMR spectra are abbreviated as s (singlet), d (doublet), t (triplet), m
(multiplet), dd (doublet of doublet), q (quartet), and dt (doublet of triplet). Mass
spectra were performed by Surveyor MSQ Benchtop LC/MS (Thermo Finnigan)
and 6128 Quadropole LC/MS (Agilent Technologies) in KIOST.

(S) = (((6—Methyloct—4—en—1—yl)oxy)methyl) benzene 20: A mixture of
phosphonium iodide 17 (2.3 g, 5.00 mmol) and THF was cooled to 0C, and n—BulLi
in hexanes (1.85M, 2.7 ml, 5.00 mmol) was added. After the mixture was stirred at
room temperature for 30min., a solution of aldehyde 19 (1.2 g, 6.50 mmol, 1.3
equiv.) in THF was added at OC. The reaction mixture was stirred at room
temperature for 1 h, saturated aqueous NH,Cl was added, and the resulting mixture
was extracted with pentane, dried over Na,SO,, filtered, and concentrated in vacuo.
The crude residue was purified by flash column chromatography (CHsCls/Pentane
= 5:95 to 15:85) to give olefin 20 (892.1 mg, 3.84 mmol, 77%) ( 2.3:1 mixture of
(E) and (2 —isomers): 'H NMR (500 MHz, CDCl3y) & 7.33—7.34 (d, J= 4.1 Hz, 4H),
7.26=7.29 (m, 1H), 5.29-5.34 (m, 1H), 5.11-5.16 (t, /= 10.3 Hz, 1H), 4.50 (s,
2H), 3.47-3.49(t, J = 6.5 Hz, 2H), 2.33—2.36(m, 1H), 2.07-2.16 (m, 2H), 1.65—
1.71 (m, 2H), 1.17-1.35 (m, 2H), 0.92-0.93 (d, J = 6.6 Hz, 3H), 0.82-0.85 (t, J
= 7.4 Hz, 3H); C NMR (125 MHz, CDCly) & 138.9, 137.0, 136.97, 128.5, 127.92,

127.88, 127.82, 127.81, 127.7, 73.10, 73.07, 70.1, 70.0, 38.6, 33.5, 30.4, 30.2,
3



30.1, 29.9, 29.3, 24.3, 21.2, 20.6, 12.2, 12.0; HRMS(ESD for C;sHo30 [M—H]"~
calcd. 231.1749, found 231.1768.

(S) —6—Methyloctan—1—o0l 21: A mixture of olefin 20 (656.0 mg, 2.82 mmol) and
10% palladium on carbon (27.0 mg, 9.0 mol%)) was stirred under hydrogen at 50C
for 45 h. After completion of the reaction, the catalyst was removed by filtration
through a Celite pad and the filter cake was washed with CHyCl,. The filtrate
concentrated i wvacuo. The crude residue was purified by flash column
chromatography (EtOAc/n—Hexane = 1:20 to 1:5) to give primary alcohol 21
(395.9 mg, 2.74 mmol, 97%): 'H NMR (500 MHz, CDCl3) & 3.60-3.62 (t, / = 6.6
Hz, 2H), 1.52—-1.57 (m, 2H), 1.22—-1.32 (m, 7H), 1.06—1.12 (m, 2H), 0.81—-0.84 (t,
J=17.5Hz, 3H), 0.81-0.83 (d, J = 7.8 Hz, 3H); ""C NMR(125 MHz, CDCl;) 8 63.3,
36.8, 34.5, 33.0, 29.7, 27.1, 26.3, 19.4, 11.6; HRMS(ESI) for CgHz,O [M]" calcd.
144.1514, found 144.0677.

(S)—1,1-Dibromo—7—methylnon—1—ene 22: To a solution of DMSO (436.6 ul,
6.15 mmol, 6.0 equiv.) in CHyCl, at =78 C was added dropwise TFAA (427.3 ul,
3.07 mmol, 3.0 equiv.). After stirring at —78C for 10min. a solution of primary
alcohol 21 (147.7 mg, 1.02 mmol) in CH,Cl, was added dropwise. The resultant
cloudy mixture was stirred at =78 C for 1 h. DIPEA (892.4 ul, 5.12 mmol, 5.0
equiv.) was added slowly and the reaction mixture was allowed to warm to room
temperature for 2 h. The reaction was diluted with EtOAc, and quenched with H,O.
The organic layer was washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The crude residue was purified by flash column
chromatography (EtOAc/n—Hexane = 1:40) to give 21a (123.5 mg, 0.87 mmol,
85%). A solution of carbon tetrabromide (575.9 mg, 1.74 mmol, 2.0 equiv.) in
CH,Cl, was stirred at room temperature, and the solution was cooled in an ice bath.
Triphenylphosphine (911.0 mg, 3.47 mmol, 4.0 equiv.) was added in OC and the
reaction was stirred for 1 h. To this reaction was added a solution of 21a (123.5
mg, 0.87 mmol) in CHyCl,. The solution was warmed to room temperature and
stirred for 18 h. The reaction was diluted with CH,Cls, and quenched with H,O. The

organic layer was washed with brine, dried over Na,SO,, filtered, and concentrated
4



in vacuo. The crude residue was purified by flash column chromatography (100%
Pentane) to give dibromoolefin 22 (200.5 mg, 0.67 mmol, 65% (over 2 steps)): 'H
NMR (500 MHz, CDCl3) 8 6.35-6.38 (t, /= 7.0 Hz, 1H), 2.05-0.10 (q, 2H), 1.38—
1.39 (m, 2H), 1.25-1.30 (m, 5H), 1.07-1.13 (m, 2H), 0.83—0.85 (t, J = 7.2 Hz,
3H), 0.83-0.84 (d, /= 6.8 Hz, 3H); 'C NMR (125 MHz, CDCl3) § 139.1, 88.7, 36.5,
34.5, 33.3, 29.7, 28.4, 26.8, 19.4, 11.6; HRMS(ESD) for CoH9Bry [M+H]" calcd.
296.9853, found 296.9890.

(S)—7—Methylnon—1—yne 23: Dibromoolefin 22 (755.5 mg, 2.53 mmol) was
dissolved in THF under N, and cooled to —78C. The solution was treated with n—
BuLi in hexanes (1.85M, 5.9 ml, 10.90 mmol), stirred. After 1 h, the reaction was
allowed to warm to room temperature and stirred. After 3 hr, the reaction was
treated with H,0O, and extracted with pentane, dried over Na2S04, filtered, and
concentrated in vacuo. The crude residue was purified by flash column
chromatography (100% pentane) to give 23 (337.3 mg, 2.44 mmol, 96%): 'H NMR
(500 MHz, CDCly) & 2.15—2.18 (dt, /= 7.2 Hz, 2H), 1.91-1.92 (t, /= 2.7 Hz, 1H),
1.46-1.53 (m, 2H), 1.25—-1.44 (m, 5H), 1.06—1.14 (m, 2H), 0.82-0.85 (t, /= 6.8
Hz, 3H), 0.82-0.84 (d, /= 6.4 Hz, 3H); ""C NMR(125 MHz, CDCl3) & 85.0, 68.3,
36.2, 34.5, 29,7, 29.0, 26.5, 19.4, 18.6, 11.6; HRMS(ESI) for CyoH;7 [M—H] ™ calcd.
137.1330, found 137.1341.

(10S) —tert—Butyl 2,10—dimethyl—3—oxododec—4—ynoate 24: To a cold solution
(=787TC) of terminal alkyne 23 (22.8 mg, 0.16 mmol) in THF under Ny was added
n—Buli in hexanes (1.85M, 142.6 ul, 0.2638 mmol). The resulting mixture was
stirred for 40min. and methyl chloroformate was added and the reaction mixture
allowed warming to room temperature. The reaction was diluted with diethyl ether,
and quenched with H»O. The organic layer was dried over Na2S04, filtered, and
concentrated i wvacuo. The crude residue was purified by flash column
chromatography (EtOAc/n—Hexane = 1:30) to give 23a (31.3 mg, 0.16 mmol,
quantitative). tert—Butyl propionate (59.7 ul, 0.39 mmol, 3.0 equiv.) was added
dropwise to a stirred solution of LDA solution (2.0M, 1.31 mmol, 10.0 equiv.) at —

78 C. The mixture was stirred at this temperature for 30min. before 23a (25.8 mg,
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0.13 mmol) was slowly introduced and stirring continued at —78C for 2 h. The
reaction was diluted with diethyl ether, and quenched with sat. NH,CIl. The organic
layer was dried over NaySQ,, filtered, and concentrated in vacuo. The crude
residue was purified by flash column chromatography (EtOAc/n—Hexane = 1:35)
to give 24 (34.3 mg, 0.12 mmol, 86% (over 2 steps)): '"H NMR (500 MHz, CDCl3) &
12.27 (s, 1H), 3.40—3.44 (q, 1H), 2.39-2.41 (t, J = 7.0 Hz, 2H), 2.34-2.37 (t, J
= 7.1 Hz, 2H), 1.81 (s, 3H), 1.55 (m), 1.48 (s, 9H), 1.45 (s, 9H), 1.25—1.32 (m),
1.07-1.12 (m), 0.82-0.85 (t, /= 7.0 Hz, 6H), 0.82-0.84 (d, /= 6.6 Hz, 6H); °C
NMR (125 MHz, CDCly) & 183.8, 173.2, 169.0, 152.1, 104.5, 100.1, 96.8, 82.0, 81.9,
79.7, 75.3, 56.1, 49.9, 36.2, 36.1, 34.5, 34.4, 29.624, 29.617, 28.6 28.4, 28.32,
28.27, 28.22, 28.19, 28.17, 28.09, 28.0, 26.6, 26.6, 19.7, 19.4, 19.34, 19.26, 14.0,
13.6, 13.0, 11.6; HRMS(ESD for C;sHo9O3 [M—H]™ calcd. 293.2117, found
293.2127.

(S)—4—Hydroxy—3—methyl—6— (5—methylheptyl) —2H—pyran—2—one 8: A
solution of gold(I) cat. 15 (9.2 mg, 0.01 mmol, 10.0 mol%) and 24 (34.3 mg, 0.12
mmol) in MeNOy/AcOH (4:1) was stirred for 20 h at room temperature. The
reaction was diluted with EtOAc, and quenched with sat. NaHCO3;. The organic
layer was washed with brine, dried over Na,SO,, filtered, and concentrated in
vacuo. The crude residue was purified by flash column chromatography (EtOAc/n—
Hexane = 1:4 to 1:2) to give compound 8 (22.5 mg, 0.09 mmol, 81%): 'H NMR
(5600 MHz, CD3;0D) 8 5.99 (s, 1H), 2.47(t, /= 7.6 Hz, 2H), 1.85 (s, 3H), 1.62 (m,
2H), 1.36 (m, 2H), 1.33 (m, 2H), 1.32 (m, 1H), 1.15 (m, 2H), 0.87 (t, / = 7.0 Hz,
3H), 0.87 (d, /= 6.5 Hz, 3H); '"C NMR (125 MHz, CD;0D) & 169.3, 168.2, 165.0,
101.3, 99.0, 37.5, 35.7, 34.4, 30.7, 28.4, 27.6, 19.7, 11.9, 8.4; HRMS(ESI) for
C14H2205 [M] “caled. 238.1569, found 238.1564.
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Figure 52. 'H NMR Spectra of 4— (benzyloxy)butanal (19) in CDCly
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Figure 53. ®C NMR Spectra of 4— (benzyloxy)butanal (19) in CDClj,
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Figure 54. 'H NMR Spectra of 17 in CDCl;
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Figure 55. "*C NMR Spectra of 17 in CDClj
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Figure 56. 'H NMR Spectra of 20 in CDCl;
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Figure 57. "*C NMR Spectra of 20 in CDClj
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Figure 58. 'H NMR Spectra of (S)—6—methyloctan—1—ol (21) in CDCls
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Figure 59. ®C NMR Spectra of (S)—6—methyloctan—1—ol (21) in CDCl;
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Figure 60. '"H NMR Spectra of 22 in CDCl,
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Figure 61. **C NMR Spectra of 22 in CDCl;
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Figure 63. "C NMR Spectra of (S)—7—methylnon—1—yne (23) in CDCl;
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Figure 64. 'H NMR Spectra of 24, 25 in CDCl;
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Figure 65. "*C NMR Spectra of 24, 25 in CDCl;
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Figure 66. '"H NMR Spectra of (+)—Violapyrone C (8) in CD5;0D
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Figure 67. **C NMR Spectra of (+)—Violapyrone C (8) in CD;0D

14



12
OH “
me |
_
S Me
O OtBu
13
»M
| | N 1 ﬂ
IIII|IIII|IIIIIIIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII
12 11 10 g ] T [ 5 4 3 2 1 -0 PEL
Figure 68. '"H NMR Spectra of 12, 13 in CDCl;
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Figure 69. "C NMR Spectra of 12, 13 in CDCl;
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Figure 70. '"H NMR Spectra of Violapyrone I (14) in CD;0D
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Figure 71. *®C NMR Spectra of Violapyrone I (14) in CD;0D
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Figure 72. '"H NMR Spectra of 27 in CDCl;
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Figure 73. "*C NMR Spectra of 27 in CDClj
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Figure 74. '"H NMR Spectra of (R) —7—methylnon—1—yne (28) in CDCl;
H

X
\/\/\‘/\Me

Me
28

SN I — 1

180 160 140 120 100 80 (1] 40 20 Ppm

Figure 75. ®C NMR Spectra of (R) —7—methylnon—1—yne (28) in CDCl;
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Figure 76. '"H NMR Spectra of (R) —methyl 8 —methyldec—2—ynoate (29) in CDCl;
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Figure 77. *®C NMR Spectra of (R) —methyl 8 —methyldec—2—ynoate (29) in CDCl;
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Figure 78. '"H NMR Spectra of (=) —Violapyrone C (9) in CD5;0D
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Figure 79. **C NMR Spectra of (=) —Violapyrone C (9) in CD;0D
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