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2
1. Introduction by Thakuret al. in 2012, usind.-ascorbic acid® as the chiral

. . . starting material (Scheme 1¥)ln 2014, §)-panaxjapyne A was
Phytochemicals are an important class of molecugsiant  piained by Fanget al. via the asymmetric transfer

defense and have been proved to possess a wide @nge pygrogenation (Scheme )In 1999, the Cai group completed
biological _functloné - Among them, polyace_tylen%ls? are a  the stereoselective synthesis df)-falcarinol (Scheme 1g)
class of highly value phytochemicals featuring ®itemating  starting from D-gluconolactoné® Recently, falcarinol was
single and triple bonds. To date, more than 140@rent  gynihesized via the asymmetric catalytic alkynplatby Yanget
polyacetylenes have been found Apiaceae, Araliaceae, and 4. (Scheme 1h¥’ In addition, various catalyzed reactions and

4 . . .
Asteraceae. Cl?;gglyacetylenéé such as cicutoxin, virols A anzymatic kinetic resolutions have also been useréparation
and C (Fig. 1y *exist in water hemlock. Cicutoxin, as a of chiral polyacetylene®:**

noncompetitive gamma-aminobutyric acid (GABA) receptor N
antagonist, has been investigated in toxicolgggeurology?®, C7H1s/ _, 9o
animal nutritioi". Additionally, these polyacetylenes have shown / OH ta HOJLKOTS 2 @
biological potential for developing novel anticotsant agents, = Z on s i o 0o
anti-nasopharyngeal carcinoffja anti-leukemia agerfts and ~ “""e S /_ ?)fg :>C7H15)K/S‘p-Tol4(b)
pesticide§’. Panaxjapyne A and panaxjapyne C separated from " Viret € \ o) x o
the roots ofPanax japonicus C have displayed inhibitory activity ot TN = gy @
against baker's yeastglucosidasé’ Falcarinol widely exists in _ 7 Asymmetric o s CaHy
plants such asPanax ginseng and carrdt?®®® and has CMANET ~ _hyorogenation, _ Z
demonstrated diverse bioactivities including artibeaf®?’ OH (S)t-dehydroxyvirol A gashee.  CoHhin AN ; @
anti-inflammatory®, neuritogeni® and serotonergic effeéts " ©
These polyacetylenes widespread in food plants, hisee been 7 L s =% )rq OH
investigated as important nutraceuticals toward huhealth”™®  Cas Panaxiapyne e b8 oJ_g| s @
Recently, CzyzewsKa& proposed that the potent insecticidal OH A
activity of falcarinol might be related to the GABA&rdlock in -~ Ciftis__hydogenation__ Q -
herbivorous insects, and GABAARs are important targsts o %;; N p— - CrHis “ ®
neuroactive pesticides such as avermectins. Inbpig the = HO
biological potential and unique structural featuias natural or " T— OHOHO 0 4
polyacetylenes and their analogs, we focus on dpirgjageneral mpis, Crfls 1 OTEOMS bomcono e @
strategies toward these potential selective inddetc with .~ Falcarinol s Asymmetri
GABA receptor as the target. OH A/1 , % /TTS\/CHO o
OH  99% ee. ti/zr;uc?;tallization1 15e
T —S——— e Scheme 1. Retro-synthetic analysis of selected natural C17-
5\! A polyacetylenes
N OH o
’ //’)3 45‘3 Based on above analyses, it is evident that thesfoaf
G P Cat AT accessing natural C17 polyacetylenes is the cariiiru of
OH  Cloutain OH OH Vsl AU required chiral center in an efficient manfet. Therefore, a
o Ji ﬁ/CyHrs GABA receptor general synthetic strategy toward natural C17 pelgdenes is
S e 5. highly desirable and would serve as a syntheti¢ too rapid
T e il Falcarinol entry to C17 polyacetylene molecular library for rtfier
oH - biological screening. Herein we first report the katnthesis of
/\CIZLMZ\ = vs virols A and C through the Zm(R)-ProPhenol complex
CaHs ‘l,..;,.,.mejapynec Catsn S % catalyzed asymmetric dlreqt addition. Comparecht grevious
OH OH Insecticidal Activity methods, our strategy is advantageous for the miega

construction of chiral centers required (>9@&. Furthermore,
the commercially available starting materials potgtie and the
corresponding aliphatic aldehydes were used to cffoportant

The polyacetylenes as shown in Fig.1 has been prglyio intermediates for diverse natural polyacetylenesis Tmethod
synthesized by using a variety of chiral intermesia(Scheme would serve as a general strategy for accessing C17
1)3"% The strategy to construct the desired chiral centepolyacetylenes as shown in Fig.1.
efficiently is the focus of the synthesis of natyalyacetylenes
and is of high interest to organic chemists. Siheeconfirmation

of the absolute stereochemistry of cicutoxin, wrél and C by Taking virol A for example, a convergent synthetate was
. . . l i)

Yoshisaki in ;Qgé, many efforts have been devoted to designed by retro-synthetic analysis, and the foofisthe

developing efficient strategies toward their totamteeses g nhesis route is to construct the chiral olefiaicohol units

(Scheme 1). Oshima et al. achieved the first togathesis of (red part) in a highly stereoselective manner. Aswsh in

virols A and C by preparing the key structural unitgcneme 2, the Pd-catalyzed coupling reactionsmf vialide 18
(9-oct-1-yn-3-ol1 from chiral threitol derivatives (Scheme £3). and protected 1, 3-diyne7lafford the TBDPS protected

In 200.2’ Stefan and Bco-workers prepar@)slv(rol C from chi_ral precursorl6, which was then subjected to deprotection, affording
sulfoxide (Scheme 1 ?.Afterwards, ©)-virol C was synthesized iro1 A vinyl halide 18 could be formed from propargyl alcohol
by the Sabitha group using the asymmetric epoxidais the key - 19 by the selective reduction. The desired propardyotel 19
step (S(?heme 1&.In 2005, the_ Punzi's group achlevepl the total\, <™ afforded via the Pd-catalyzed coupling reactioh
synthesis of §-1-dehydroxyvirol A with 84%ee via the (g hrogargyl alcoholb with trans-1,2-dichloroethylene, and the

- . 5 .
selective reduction of ketond (Scheme 1dj" The first  cpicy propargyl alcohollb can be synthesized from the
stereoselective total synthesis of panaxjapyne C ceagpleted corresponding  methyl  propiolate 20b  through  the

Figure 1. Selected natural C17-polyacetylenesApiaceae and
related bio-activity study

2. Results and discussion



hydrolysis/Cu-mediated  decarboxylation = sequence. edDir ¢ Theee values were determined by chiral HPLC.
addition of the methyl propiolate to aldehytih in the presence d e
of appropriate catalyst gave the requigeb. The addition time of hexanal was 24h.

Table 2. Synthesis of chiral alkynol unit20a-e of C17

Z OR __ OR . . . .
= Z
_ P 2z~ 17 chn~_~_c Polyacetylenes via the asymmetric addition of mefgpiolate
d CsH Z . .
Virol A SERESHEEHOn, Coftiny AN ——==""1T""""" {9 aliphatic aldehydes.
OH 16 R=TBDPS 18
< a P __Coe__coge 20 mol% L 22 OH
~ CHiZ  cH \/ Z N 40 mol% TPPO :
CgH = 5M11 sH11 Py +
—— CsH1 19 — \/ﬂ, — 205 —————>CsHi{” O RCHO \COOMe : R/\
I OH OH 15b 15 21 3 equiv Me,Zn 20 "Scoome

toluene,-10 °C, 24h

Scheme 2. Retrosynthetic analysis of virols A and C

OH OH
Zn-catalyzed asymmetric direct addition of termia#tynes MA/\ /v\/\
to aldehydes has been widely studied, featuring wolditions “Ncoome “Neoome
and good enantioselectivitiéS’® These methods focus on the  20a, 73% yield, 99% ee 20b, 71% yield, 99% ee

preparation of aliphatic propargyl alcohol in theymmetric

alkynylation of aliphatic aldehyde with methyl profsite.** " In oH or g OH

2012, Trostet al. reported the §S-ProPhenol/Zn complex /\/\ \/\ \/\
catalyzed asymmetric alkynylation of acetaldehydtarding the 20¢, 67% yie,d,CQ%%M; 20d, 71% yie,d‘CQ%%M:e 20e, 65% yie,(f%ggfze
(R)-alkynol product in 74% yield and with 98%.”* Based on

the method developed by Troet al., we speculate that the

(9-alkynol structural units (Red fragments in Fig.ekisted in “Unless otherwise noted, the reaction was carried mat b.0
C17 polyacetylenes could be constructed from theesponding ™Mol scale in toluene (1.0 mL).
aldehydes and methyl propiolate usin® R)-ProPhenol/Zn ®|solated yields.

catalytic system. Therefore, we chose the methypiptate 21 . . ]
and hexanal5b as substrates to optimize the reaction (Table 1). ~ Theeevalues were determined by chiral HPLC.

Initially, the reaction between methyl propiolate (3  The addition time of hexanal was 24h.
equivalents) and hexanabb proceeded smoothly in toluene at
-10 °C, in the presence ofR(R)-ProPhenol22 (20 mol %),
triphenylphosphine oxide (20 mol %), and JMe (3
equivalents), affording the key intermediaB-20b in 73% vyield
and with 93%ee (entry 1). Delightfully, theee value was

improved to 99% when 1.0 equivalent of methyl préi®was e generality of our designed route toward thel &ymathesis of
used (entry Zs. entry 1). When the reaction was performed at Ocq7 polyacetylenes, we chose the chiral alky26Band20b to

°C, theee value slightly decreased to 97% (entry 3 vs. e}ty  jcpieve the synthesis of natural virols A and C.
When the reaction was carried out in the presencdOoPo

catalyst and without triphenylphosphine oxide, t value Initially, we chose the designed convergent synthetute of
decreased to 91% (entry 4). When the addition tfibexanal  virol A (scheme 3 and 4, method A). The protected sithin
15b was shorten to 1 h, the enantioselectivity was almosl,3-diyne 17 was synthesized starting from 2-methylbut-3-yn-
unchanged (97%¢), while the yield slightly decreased to 65% 2-0l 23 as shown in Scheme’3Treatment of alkynoR3 with
(entry 5 vs. 4). When the amount of methyl prog®lacreased bromine in the presence of KOH in THF gave alkynyrbide
to 2 equivalents,§-20b was obtained in 71% yield and with 24 in 83% yield, followed by the Cu-catalyzed Cadiot-
96%ee (entry 6). Chodkiewicz cross-coupling reaction with terminal yalk 25,

. o . affording the diok6 in 87% yield. Selective protection of di26
Table 1. Reaction optimization for the stereoselective addiof with TBDPSCI gave alkynol27 in 93% vyield. Subsequent

methyl propiolate to hexanal for the synthesisef kagment of  gjimination reaction of alkynol27 with 18-crown-6 in the

With the optimized reaction conditions in hand, vhert
turned our attention to construct other chiral aliyunits existed
in C17 polyacetylenes based on this protocol. Aswshin Table
2, all the alkynol units were obtained in good yse{65%-73%)
and with excellent enantioselectivities (up to 988x To show

virol A. 1 presence of BCO; generated protected 1,3-diyn€ in 81%
i Ph OH i
oH Prho*q) OHQ"”;Ph yield.
CoHi S0+ X e, CsHi™ "X ‘ Br = OH _ OH
b ” COOMe miﬁ; /ZOb\COOMe \(T/// s OH_z 25 \T/\A
: (RR)-ProFhend! 22 23 24 83% yield ® 26 87% yield
Entry 2:1 Ligand/% Additive Temp/°C Yield/% Ee/%° — OTBDPS
c OH.~ Z d & OTBDPS
1 1:3 20 PEPO -10 73 93 —_— Z — =
2 11 20 PEPO -10 71 99 27°93% yield 17 81%yeld
. Scheme 3. Synthesis of protected 1,3-diyri¥. Reagents and
3 11 20 PEPO 0 73 97 conditions: (a) KOH, Bf THF, 0~25 °C, 0.5 h; (b) CuCl,
4 11 10 0 68 91 hydroxylamine hydrochloride, MeOH, 0~25 °C, 1 h; (c)
5 11 10 PEPO 0 65 97 TBDPSCI, DMAP, imidazole, DCM, 0~25 °C, 12 h; (d)
18-crown-6, KCQO;, toluene, reflux, 1.5 h.
6 1:2 20 PEPO 0 71 96

The total synthesis of virol A started from the ahir

#Unless otherwise noted, the reaction was carried @t @5 (S-alkynol 20b (99% e€) as in scheme 4 (method A). The
mmol scale in toluene (0.5 mL). hydrolysis of propiolat€0b in the presence of LiOH, followed
b solated yields. by CuCl-mediated decarboxylation gave propargybladd 1b in



85% yield. Then the chiral vinyl chlorid¥® was obtained in 85%
yield via the Pd-catalyzed coupling reaction afans-1,
2-dichloroethylene with the chiral alkyndb. The chiral allyl

alcohol 18 was obtained in Red-Al mediated selective reduction

form vinyl chloride 19 in 80% vyield. Finally, the chiral allyl
alcohol 18 was treatedwith 1, 3-diynel17 in the presence of
Pd(PPh), and Cul, affording TBDPS protected precurdé:
After simple separation of a celite column, the tieacproduct
was directly deprotected with TBAF, giving virol A 21% yield.
In another method, we combined decarboxylation l&freyl
carboxylic acid and the following Sonogashira cauglieaction
in one step (Scheme 4, method B). However, the twird
(35%) was still lower than method A.

f

method B
OH OH OH
: a : :
GO e GO 2 ST

method A
O;Me 19 (b) 85% yield;
(f) 35% yield

C
20b 99% ee 1b 85% vyield

OH

Cc W i
Cati A cl Virol A

21% yield

18 80% yield

Scheme 4. Total synthesis of virol A (Method A and Method B).
Reagents and conditions: (a) (i) LIOH, THF, 0~25 1Ch; (ii)
CuCl, CHCN, 13 h; (b) Pd(PR}, Cul, piperidine trans-1,2-
dichloroethylene, benzene, 0~25 °C, 6 h; (c) Red-B{F,
-20 °C, 16 h; (d) Pd(PhCbhOIl,, tert-butyl(hepta-4,6-diyn-
1-yloxy)diphenylsilanel?, Cul, piperidine, benzene, 0~25 °C, 6
h; (e) TBAF, THF, 0~25 °C, 0.5 hyf) (i) LiOH, THF,

0 °C~25 °C, 1h; (ii) Cul, Pd(PRRh, piperidine, trans-1,2-
dichloroethylene, acetonitrile, 40 °C, 6h.

Afterwards, another method was attempted to obtaiol ¥
(Scheme 5, method C). In this method, alcol® was
transferred into alcohd7 via the Pd-catalyzed coupling reaction
of trimethylsilylacetylene. Treating7 with TBAF gave alcohol
28 in 92% vyield. Finally, virol A was obtained in 90%el via
the Cu-catalyzed coupling reaction of 5-iodopentn4t-ol 29
with the chiral alkynoP8.

OH

OH

N b
a NG
18—>C5H“/\/\/\ — CsH11/\/\/\

method C T™MS
28 87% vyield 29 92% vyield
c

Virol A

30 i
\/\/OH 90% yield

4

OH OH OH OH
2 a = b 2 (e) 2
C7Hys X —_— C7H15/\ > CyH4s A — C7H15/\/\Br
COOMe . . Br .
20a 99% ee. 1a 85% yield 31 85% yield 32 80% yield
l ¢
OH OH
i : e H
VirolC <— - =

C7H1s A CrHas N

85%yield, 99% ee. 34.94% yield 3386%yield TMS

Scheme 6. Total synthesis of virol C. Reagents and conditigas
LiOH, THF, 0~25 °C, 1 h; CuCl, C}&N,13 h; (b) NBS, AgNQ@
0~25 °C, 4 h; (c) DIBAL-H, AIC), THF, -20~25 °C, 6 h; (d)
Trimethylsilylacetylene, Pd(PhCpjI,, Cul, piperidine, benzene,
0~25 °C, 6 h; (e) TBAF, THF, 0~25 °C, 0.5 h; (f)
5-iodopent-4-yn-1-080, Cul, pyrolidine, 0~25 °C, 6 h.

3. Conclusion

In summary, we have developed thB,R)-ProPhenol/Zn
complex catalyzed asymmetric direct addition ofpiotate to
aliphatic aldehydes for the construction of theralh{S)-alkynol
units that exist in natural C17 polyacetylenes aod)yields and
with excellent enantioselectivites (up to 9984. Besides, the
key structural fragment 1,3-diyri& in virols A and C was also
efficiently synthesized from 2-methylbut-3-yn-228. Based on
the protocol developed, we successfully achieved tibtal
syntheses of natural virols A and C in an overaldsiof 41.6%
and 39.7%, respectively. Both optical purities obls A and C
were up to 99%ee. This strategy represented by the total
syntheses of virols A and C would serve as a gemee#thod to
access other C17 polyacetylenes.

4, Experimental Section

All reactions were performed under an argon atmosgpher
Solvents were dried according to standard procedames
distilled before use. All reagents were purchasednceraially
and used without further purification, unless stagtitbrwise H
and ®C NMR spectra were recorded at 300 and 75 MHz,
respectively. High-resolution Mass spectra were idembron an
Agilent instrument by the TOF MS technique. Enantoin
excesseseg) were determined by chiral HPLC analyses using a
chiral column (Chiralpak OD-H), and elution with
isopropanol-hexane. The optical rotations were meed on
PERKIN ELEMER 341 Polarimeter.

4.1. General procedure of asymmetric addition of methyl
propiolate to aliphatic aldehydes

Scheme 5. Total synthesis of virol A (Method C). Reagents and To a stirred solution of methyl propiolate (0.84§71 mmol),

conditions: (a) Trimethylsilylacetylene, Pd(PhGGI), Cul,
piperidine, benzene, 0~25 °C, 6 h; (b) TBAF, THF25-<C, 0.5
h; (c) Cul, 5-iodopent-4-yn-1-d0, pyrolidine, 0~25 °C, 6 h.

Similarly, the total synthesis of virol C startedrh the chiral

(R, R)-ProPhenol (0.1278 g, 0.2 mmol), triphenylphosploride
(0.113 g, 0.4 mmol) in toluene (1 mL), dimethylzih@.5 mL,
1.2 M in toluene, 3.0 mmol) was added slowly at 0 After
stirring for 1.5 h at 0 °C, aldehyde (1mmol) was edidlowly
(24 h) via syringe at 0 °C, and quenched with wa@em[). The

alkynol 20a (99% ee) as shown in scheme 6. The hydrolysis of yixiyre was filtered through a celite pad. The agsguhase was

(9-20a in the presence okiOH, followed by CuCl-mediated
decarboxylation offered chiral alkyndla in 85% yield. Then
Ag-catalyzed bromination of chiral alkynda with NBS gave
the alkynyl bromide31 in 85% yield. The selective reduction of
alkynyl bromide 31 generated allyl alcohaB2 in 80% yield.
Alcohol 32 was transferred into alcoh8B via the Pd-catalyzed
coupling reaction of trimethylsilylacetylene in 869%ield.
Treating 33 with TBAF gave alcohoB4 in 94% yield. Finally,
virol C was obtained in 85% yield via the Cu-catalyzoupling
reaction of 5-iodopent-4-yn-1-8D with the chiral alkynoB4.

extracted with ether. The combined organic phases washed
with saturated brine, dried over anhydrous®@, concentrated
under reduced pressure. The residue was purifiediliza gel
chromatography to get the product.

4.1.1. Methyl (S)-4-hydroxyundec-2-ynoate: (S)-20a
Following the general procedure, the residue wadipdrby
silica gel chromatography (hexanes/ethyl acetaté)1® offer
(9)-20a (0.1551 g, 73% yield, 99%e) as colorless oil.of] p>°= -
7.2 € 1.05, CHCL); IR v (neat): 3336.3, 2926.8, 2856.9,
2236.7, 1720.3, 1463.5, 1436.2, 1251.6, 1127.14B)3.046.8,



986.6, 900.2, 752.3, 724.3, 634.7 tmH NMR (300 MHz,
CDCL) & 4.47 (ddJ = 12.5, 6.6 Hz, 1H), 3.76 (s, 3H), 2.67 {d,
= 5.8 Hz, 1H), 1.73 (dddl = 7.5, 4.9, 1.5 Hz, 2H), 1.44 (dd=
8.4, 5.5 Hz, 2H), 1.35 — 1.23 (m, 8H), 0.92 — 0.82 3#). °C

NMR (75 MHz, CDC}) & 153.58, 88.22, 75.77, 61.70, 52.41,

36.50, 31.36, 28.75, 28.72, 24.56, 22.23, 13.66. ISRESI
[M+Na]* caled for G,H,OsNa 235.1305, found 235.1305.
Enantiomeric excess was determined by HPLC with aaieir

5

Following the general procedure, the residue wadipdrby
silica gel chromatography (hexanes/ethyl acetaté)1® offer
(9)-20e (0.0911 g, 65% yield, 98%e) as colorless oil.ofp>°=
+33.7 € 1.05, CHCIL); IR Vi (neat): 3417.9, 3093.5, 3021.2,
2958.1, 2848.4, 2516.2, 2236.8, 1889.6, 1719.94264.436.5,
1408.3, 1258.6, 1125.1, 1069.6, 1042.1, 988.4, 295205.4,
828.1, 752.5, 633.9 ¢l 'H NMR (300 MHz, CDCJ) 5 5.97
(ddd,J = 17.0, 10.2, 5.3 Hz, 1H), 5.58 — 5.47 (m, 1H), 582)(

OD-H column (98:2n-hexanes: isopropanol, 1.0 mL/min, 220 = 10.2 Hz, 1H), 5.02 (ddl = 6.7, 5.3 Hz, 1H), 3.80 (s, 3H), 2.93

nm); major §-enantiomer,t= 15.71 min, minorK)-enantiomer
t, =14.13 min.

4.1.2. Methyl (S)-4-hydroxynon-2-ynoate: (S)-20b
Following the general procedure, the residue wadipdrby
silica gel chromatography (hexanes/ethyl acetaté)1® offer
(S)-20b (0.1308 g, 71% yield, 99%e) as colorless oil.ofp>°= -
5.5 € 1.05, CHCly); IR vpax (neat): 3336.3, 2926.8, 2856.8,
2236.7, 1719.9, 1463.5, 1438.5, 1252.7, 1125.66.85)6.046.8,
944.32, 912.6, 889.1, 822.3, 796.9, 752.5, 7299116 634.7
cm™; H NMR (300 MHz, CDG)) & 4.47 (q,J = 6.4 Hz, 1H), 3.76

(s, 3H), 2.66 (dJ = 4.7 Hz, 1H), 1.80 — 1.67 (m, 2H), 1.52 — 1.38

(m, 2H), 1.35 — 1.25 (m, 4H), 0.88 {t= 6.7 Hz, 3H).”°C NMR

(d, J = 6.7 Hz, 1H)."®*C NMR (75 MHz, CDCJ) 5 153.46,
134.48, 117.54, 85.55, 76.86, 62.33, 52.56. HRMS[ESNa]"
calcd for GHgO3;Na" 163.0366, found 163.0366. Enantiomeric
excess was determined by HPLC with a Chiralcel OD-Hiroal
(98:2 n-hexanes: isopropanol, 1.0 mL/min, 220 nm); major
(9-enantiomer ,t= 26.31 min, minor K)-enantiomer t= 22.08
min.

4.2, Synthesis of virol A (Method A and Method B)
4.2.1. Synthesis of (S)-oct-1-yn-3-ol: (S)-1b

(Method A) A solution of (S)-20b 0.9211g (5 mmol) and THF
(60 mL) were cooled to 0 °C, 1M aq LiOH (25 mmol, § e@s

(75 MHz, CDC}) & 153.57, 88.19, 75.78, 61.71, 52.40, 36.46 added at a slow rate. The solution was warmed todtséired

30.95, 24.23, 22.08, 13.54. HRMS ESI [M+Najalcd for

for an additional 1 h before it was quenched with ddyNaHSQ

CyH:0:Na" 207.0992, found 207.0992. Enantiomeric excesd®0 ML) . The aqueous phase was extracted by atefate. The

was determined by HPLC with a Chiralcel OD-H column 298:

combined organic phases were dried over anhydropSQyzand

nhexanes: isopropanol, 1.0 mL/min, 220 nm): rnaJ-Orconcentrated under reduced pressure. The residuelissdved

(9-enantiomer ,t= 17.07 min, minor K)-enantiomer ,t=14.94
min.
4.1.3. Methyl (S)-4-hydroxyhept-2-ynoate: (S)-20c
Following the general procedure, the residue wadipdrby
silica gel chromatography (hexanes/ethyl acetaté)1® offer
(9)-20c (0.1047 g, 67% yield, 99%e) as colorless oil.of]p>°= -
6.1 (c 1.05, CECly); IR vy (neat): 3417.9, 2958.1, 2875.8,
2236.8, 1719.9, 1436.5, 1383.5, 1258.6, 1123.42.610071.5,
1042.8, 985.3, 965.9, 905.4, 879.7, 852.7, 82695,.6] 752.5,
692.9, 633.9 cfly 'H NMR (300 MHz, CDCJ) § 4.51 (d,J = 6.0
Hz, 1H), 3.79 (s, 3H), 3.02 (d,= 5.8 Hz, 1H), 1.83 — 1.66 (m,
2H), 1.58 — 1.41 (m, 2H), 0.96 @= 7.3 Hz, 3H)¥C NMR (75

in acetonitrilg12 mL), CuCl (6 mmol, 1.2 eq) was added in one
portion to the mixture. The mixture was allowed to nvao rt
and stirred for another 13h. The aqueous phase xtecd by
ether. The combined organic phases were dried avgydaous
N&SQ,, and concentrated under reduced pressure. Thaueesi
was purified by silica gel chromatography (hexarebid
acetate 20:1) to givéS)-1b (0.536 g, 85% vyield) as a colorless
oil. [0]p?°= —6.3€ 0.70, CHCJ); IR Vyax (neat): 3336.3, 2926.8,
2856.8, 2731.7, 2114.9, 1710.9, 1632.3, 1436.59.637.337.3,
1312.3, 1276.6, 1184.5, 1046.8, 1027.8, 968.4, 4898626.5,
654.1, 627.9 ciy '*H NMR (300 MHz, CDCJ) § 4.30 (m, 1H),
3.10 (s, 1H), 2.40 (0= 2.1 Hz, 1H), 1.75 - 1.54 (m, 2H), 1.46 —
1.33 (m, 2H), 1.33 — 1.11 (m, 4H), 0.83Jt= 7.0 Hz, 3H).°C

MHz, CDCL) 6 153.64, 88.29, 75.69, 61.40, 52.45, 38.47, 17.88NMR (75 MHz, CDC}) & 84.82, 72.31, 61.71, 37.15, 31.03,

13.22. HRMS ESI [M+N4d] calcd for GH,,0;Na” 179.0679,
found 179.0679. Enantiomeric excess was determigeldR1L.C
with a Chiralcel OD-H column (98:2 n-hexanes: isoprapal.0
mL/min, 220 nm); major -enantiomer &= 19.49 min, minor
(R)-enantiomer,=17.45 min.

4.1.4. Methyl (S)-4-hydroxyhex-2-ynoate: (S)-20d
Following the general procedure, the residue wadipdrby
silica gel chromatography (hexanes/ethyl acetaté)1® offer
(S)-20d (0.1009 g, 71% vyield, 99%e) as colorless oil.ofp>°= -
5.8 € 1.05, CHCly); IR vnax (neat): 3336.3, 2926.8, 2856.8,
2732.2, 2236.2, 1720.1, 1463.5, 1436.1, 1379.10125.113.6,
1048.9, 955.9, 917.8, 825.5, 752.3, 726.2, 634.8;#MMNMR
(300 MHz, CDCY) & 4.45 (dd,J = 12.4, 6.5 Hz, 1H), 3.79 (s,
3H), 3.09 (d,J = 5.8 Hz, 1H), 1.87 — 1.75 (m, 2H), 1.04Jt=
7.4 Hz, 3H).*C NMR (75 MHz, CDC}) 5 153.64, 88.07, 75.76,
62.84, 52.45, 29.64, 8.88. HRMS ESI [M+Nagalcd for

24.33, 22.11, 13.53. HRMS ESI [M+Najalcd for GH,,ONa’
149.0937, found 149.0942.

4.2.2. Synthesis of
(S,E)-1-chlorodec-1-en-3-yn-5-ol: (S)-19

(Method A) A solution of Cul (57 mg, 0.3 mmol), Pd(Pfh
(86 mg, 0.75mmol),trans-1,2-Dichloroethylene(1.1 mL, 1.5
mmol) in benzene (3 mL) were cooled to 0 {§)-1b (189 mg,
1.5mmol) and piperidine (0.3 mL,3 mmol) were added
sequentially. The solution was warmed to rt and estifor an
additional 6 h before it was quenched with aq,8H3 mL). The
aqueous phase was extracted by ether. The combimehio
phases were dried over anhydrous,®@, and concentrated
under reduced pressure. The residue was purifiediliza gel
chromatography (hexanes/ehthyl acetate 10:1) te ¢8)-19
(0.238 g, 85% yield) as a colorless oi]{°= +8.0 € 0.57,
CHCly), lit** [a] o> = +7.0 € 0.57, CHCY); IR Vimax (Neat): 3336.3,

C/H100sNa’" 165.0522, found 165.0528. Enantiomeric excess wa8074.6, 3026.5, 2926.8, 2856.8, 2731.2, 2214.10514.704.3,
determined by HPLC with a Chiralcel OD-H column (98:21585.5, 1463.5, 1408.8, 1379.6, 1335.3, 1229.43.116.112.3,

n-hexanes: isopropanol, 1.0 mL/min, 220 nm);
(9-enantiomer ,t= 16.95 min, minor K)-enantiomer ,t=15.15
min.

4.1.5. Methyl (S)-4-hydroxyhex-5-en-2-ynoate:
(S)-20e

majorl046.8, 1026.4, 917.4, 848.6, 725.6, 657.1 4 NMR (300

MHz, CHCk) & 6.53 (dd,J = 13.7, 0.4 Hz, 1H), 5.95 (dd, =
13.7, 1.9 Hz, 1H), 4.47 (d,= 5.9 Hz, 1H), 2.00 (dJ = 4.9 Hz,
1H), 1.71 (dd,) = 6.6, 5.4 Hz, 2H), 1.43 (ddd,= 12.9, 9.3, 6.8
Hz, 2H), 1.37 — 1.26 (m, 4H), 0.89 Jt= 6.9 Hz, 3H).°C NMR

(75 MHz, CDC}) 5 130.30, 112.92, 92.61, 79.47, 62.53, 37.29,



31.06, 24.43, 22.17, 13.60. HRMS ESI [M+Najalcd for
CyH1:CIONE 209.0704, found 209.0704.

(Method B) A solution of(S)-20b 0.276g (1.5 mmol, 5 eq) and
THF (20 mL) were cooled to 0 °C, 1M aq LiOH (7.5 mn®kq)
was added at a slow rate. The solution was warmed amd
stirred for an additional 1 h before it was quenchétth 1M aqg
NaHSQ (15 mL) . The aqueous phase was extracted by eth
acetate. The combined organic phases were driedaowgdrous
N&SQ,, and concentrated under reduced pressure. Thaueesi
was dissolved in acetonitri(e mL) and the mixture was added to
a solution of Cul (57 mg, 0.3 mmol, 20%), Pd(BFR{B6 mg,
0.75 mmol), piperidine (0.3 mL, 3 mmol)trans-1,2-
dichloroethylene (0.55 mL, 7.5 mmol) at O °C. Tlodution was
warmed to 40 °C and stirred for an additional 6 foleeit was
quenched with ag Ni€I (3 mL) at 0 °C. The agueous phase was
extracted by ether. The combined organic phases dveze over

6

15.5, 10.9 Hz, 1H), 6.30 (dd= 15.3, 10.9 Hz, 1H), 5.87 (dd,
=15.2, 6.3 Hz, 1H), 5.63 (d,= 15.5 Hz, 1H), 4.20 (s, 1H), 3.79
(d,J = 3.3 Hz, 2H), 2.51 (t) = 6.7 Hz, 2H), 1.83 (t) = 6.3 Hz,
2H), 1.63 — 1.52 (m, 4H), 1.38 — 1.25 (m, 6H), 0.9 & 6.6
Hz, 3H).°C NMR (75 MHz, CDCJ) § 143.48, 139.72, 128.61,
109.78, 84.32, 74.19, 71.91, 65.44, 61.05, 36.85363 30.59,

0.55, 24.63, 22.21, 15.86, 13.64. HRMS ESI [M+Nalcd for

1 H240,Na" 283.1669, found 283.1669.

4.3. Synthesis of tert-butyl (hepta-4,6-diyn-1-yloxy)diphenylsilane
17

4.3.1. Synthesis of 4-bromo-2-methylbut-3-yn-2-ol:
24

A solution of KOH (60 g, 1.1 mol, 5.2 equiv) was dissal in
H,O(400 mL) and cooled to &C, Br, (8 mL, 0.15 mol, 0.75
equiv) was then added dropwise via syringe to theesti

anhydrous Ni80,, and concentrated under reduced pressuresolution. After 15 min, 2-methyl-3-butyn-2-@3 (20 mL, 0.20

The residue was purified by silica gel chromatogyaph
(hexanes/ehthyl acetate 10:1) to g{&-19 (0.098 g, 35%) as a
colorless oil.

4.2.3. Synthesis of
(S,1E,3E)-1-chlorodeca-1,3-dien-5-ol: (S)-18

A solution of Red-Al (0.42 mL, 3.5 M in THF, 1.5 mmeaind
THF (2 mL) were cooled to -2{C, (S)-19 (186 mg, 1.0 mol) in
THF (2 mL) was added at a slow rate. The solution wasned
to rt and stirred for an additional 16 h beforavis quenched

mol, 1 equiv) was added dropwise via addition funmdter
stirred for 30 min, the reaction was warmed to rt erttacted
with Et,O. The combined organic phases were dried over
anhydrous Nz50O, and concentrated under reduced pressure.
The residue was purified by silica gel chromatogyaph
(hexanes/ehthyl acetate 10:1) to afford crude pbdaf
4-bromo-2-methylbut-3-yn-2-d4 in 83% vyield.

4.3.2. Synthesis of 8-methylnona-4,6-diyne-1,8-diol:
26

with ag NHCI (1 mL). The aqueous phase was extracted by ether. CUCI (63 mg, 0.64 mmol, 2 mol%) was added to a smiubf

The combined organic phases were dried over anhgdMa$0O,,
and concentrated under reduced pressure. The eesiths
purified by silica gel chromatography (hexanes/ghtiicetate
10:1) to give(S)-18 (0.151 g, 80% yield) as a colorless oil] ™
= +24.3¢€ 0.52, CHQ)Y), lit** [a]p*° = +20.5 € 0.52, CHCJ); IR
Vmax (Neat): 3336.3, 3065.2, 2956.6, 2926.8, 2856.812
2671.7, 2193.7, 1821.1, 1708.1, 1652.2, 1585.33.546.407.3,
1341.3, 1284.4, 1261.4, 1229.5, 1046.8, 1022.7,432224.6,
695.6 crit; '"H NMR (300 MHz, CDC)) § 6.52 — 6.37 (m, 1H),
6.17 (dddJ=11.8, 7.4, 1.9 Hz, 2H), 5.78 — 5.66 (m, 1H), 4.14 (q
J=6.1 Hz, 1H), 1.70 — 1.50 (m, 3H), 1.36 — 1.20 (m,,6H89 (t,
J = 6.7 Hz, 3H).®C NMR (75 MHz, CDC}) 5 136.93, 132.63,
125.64, 120.54, 71.95, 36.88, 31.36, 24.64, 2213164. HRMS
ESI [M+NaJ calcd for GgH,,CIONa 211.0860, found 211.0860.

4.2.4. Synthesis of virol A:

A solution of Cul(57 mg, 0.3 mmol), Pd(PhGR),(86 mg,
0.75mmol) tert-butyl(hepta-4,6-diyn-1-yloxy)diphenylsilane (1.5
mmol) in benzene (3 mL) were cooled t8Q@, (S)-18 (283 mg,
1.5mmol) and Piperidine (0.3 mL,3 mmol) were added
sequentially. The solution was warmed to rt and estifor an
additional 6 h before it was quenched with aq,8H3 mL). The
aqueous phase was extracted by ether. The combimgzhio
phases were dried over anhydrous,®@, and concentrate
under reduced pressure. The residue was dissolv@tifand
cooled to 0°C. TBAF (1.0 M solution in THF, 1.8 mL, 1.8
mmol) was added slowly to the solution. The reactitirture
was gently warmed up to room temperature and stfomed.5 h.
To the reaction mixture were added@tand saturated solution

d

of agueous NHCI. The organic layer was washed with prine>

degassed 30% BuNHH,O (89 mL). The blue color was
quenched by the addition of a solution of {BH)HCI in water.
Pent-4-yn-1-0R5 (35 mmol, 1 equiv) was added and the reaction
mixture was cooled to 8C. When the solution became yellow,
4-bromo-2-methylbut-3-yn-2-ok4 (6.0 g, 36.75 mmol, 1.05
equiv) was added in MeOH (5 mL). A few minutes J6H)HCI
was added to the reaction mixture. After completidntte
reaction as determined by TLC, the aqueous mixta®warmed

to rt and extracted with ED. The combined organic phases were
dried over anhydrous N&O,, and concentrated under reduced
pressure. The residue was purified by silica gebrtatography
(hexanes/ehthyl acetate 2:1) to afford 8-methylrd@adiyne-
1,8-diol 26 in 87% yield'"H NMR (300 MHz, DMSO) 5.48 (s,
1H), 4.52 (tJ = 5.1 Hz, 1H), 3.41 (d] = 5.5 Hz, 2H), 2.33 () =

7.1 Hz, 2H), 1.58 () = 6.6 Hz, 2H), 1.34 (s, 6H}°C NMR (75
MHz, DMSO) 82.34, 81.53, 65.88, 64.60, 63.70, 59.36, 31.29,
31.13, 15.23. HRMS ESI [M+N&]calcd for GgH,O,Na’
189.0886, found 189.0891.

4.3.3. Synthesis of
9-((tert-butyldiphenylsilyl)oxy)-2-methylnona-3,5-d
iyn-2-ol: 27

To a stirred solution of 8-methylnona-4,6-diyne-j8l 26
(5.0 g, 30 mmol)in CH,Cl, (100 mL), triethylamine (9.3 mL,
66.1 mmol),tert-butylchloro-diphenylsilane (8.5 mL, 34 mmol)
and DMAP (47 mg, 0.38 mmol) were added sequential§’at
The reaction mixture was maintained for 12 h at £3 and
quenched with water. The aqueous phase was extractad wi
CH,Cl,. The combined organic phases were washed with
aturated aqueous NaHgOsolution, water and brine

dried over NgS0O,, and concentrated under reduced pressure. THePnSecutively, dried over anhydrous 8@, and concentrated

residue was purified by silica gel chromatography
(hexanes/ehthyl acetate 3:1) to giieol A (0.082 g, 21% yield)
as colorless oil.d]p*>= +15.9€ 0.67, MeOH), Iit* [o]p*° = +15.4

(c 0.67, MeOH); IR yax (neat): 3336.3, 3026.1, 2955.8, 2926.8,
2856.8, 2228.1, 2134.8, 1846.5, 1720.4, 1664.58 758 463.5,
1426.5, 1377.9, 1347.6, 1291.4, 1260.7, 1046.80.5)2084.2,
800.2, 726.9 cih 'H NMR (300 MHz, CDC)) & 6.71 (dd,J =

under reduced pressure. The residue was purifiediliza gel
chromatography (hexanes/ehthyl acetate 5:1) to idlrn
9-((tert-butyldiphenylsilyl)oxy)-2-methylnona-3,5yth-2-0l 27
in 93% yield*H NMR (300 MHz, CDCJ) § 7.68 (dd,J = 7.5, 1.9
Hz, 4H), 7.49 — 7.36 (m, 6H), 3.74 Jt= 5.9 Hz, 2H), 2.46 (1) =
7.1 Hz, 2H), 2.05 (s, 1H), 1.82 — 1.73 (m, 2H), 1.5%), 1.06
(s, 9H).*C NMR (75 MHz, CDCJ) & 135.24, 133.39, 129.29,



127.35, 81.12, 79.52, 67.13, 65.21, 64.22; 618188 30.77,
26.51, 18.89, 15.53. HRMS ESI [MEalcd for GgHs,.0,Si
404.2166, found 404.2166.

4.3.4. Synthesis of
tert-butyl (hepta-4,6-diyn-1-yloxy)diphenylsilane:
17

K,CO; (3.52 g, 25.5 mmol, 1 equiv) and 18-crown-6 (2.02 g

7.6 mmol, 0.3 equiv) were combined in a Schlenkkfltiged
with a reflux condenser and nitrogen adapter. Tlaskflwas
placed under N atmosphere. A terminally substituted
9-((tert-butyldiphenylsilyl)oxy)-2-methylnona-3,5-diyn-2-0l 27
(25.5 mmol, 1 equiv) was dissolved in toluene (77, @33 M)
under nitrogen atmosphere and transferred via dantouthe
reaction flask. The reaction mixture was heate@fx until the
reaction was completed determined by TLC (1.5 hg 3blution
was cooled to room temperature, extracted withbOEtThe
combined organic phases were dried over anhydropSQyzand
concentrated under reduced pressure. The residupusified by
silica gel chromatography (hexanes/ehthyl acetét&)2o afford
tert-butyl(hepta-4,6-diyn-1-yloxy)diphenylsilanel7 in 81%
yield'H NMR (400 MHz, CDCJ) § 7.65 — 7.52 (m, 4H), 7.40 —
7.25 (m, 6H), 3.65 () = 5.8 Hz, 2H), 2.36 (t) = 7.0 Hz, 2H),
1.88 (s, 1H), 1.70 (] = 6.4 Hz, 2H), 0.97 (s, 9H)’C NMR (100

7

A mixture of (S)-29 (286 mg, 1.60 mmol), 5-iodopent-4-yn-
1-01 30 (370 mg, 1.77 mmol), and Cul (32.0 mg, 0.160 mniol)
pyrrolidine (16 mL) was stirred at room temperatime2 h. E$0
was added to the reaction mixture and then thetiegidolution
was washed with saturated aqueous,BlHsolution and brine,
dried over anhydrous N&O,, and concentrated under reduced
pressure. The residue was purified by silica gebrlatography
(hexanes/ehthyl acetate 3:1) to giwieol A (0.374 g, 90%) as
colorless oil. §]p,>°= +15.9€ 0.67, MeOH), lit* [a],>° = +15.4 ¢
0.67, MeOH); IR wa.x (neat): 3336.3, 3026.1, 2955.8, 2926.8,
2856.8, 2228.1, 2134.8, 1846.5, 1720.4, 1664.58 258463.5,
1426.5, 1377.9, 1347.6, 1291.4, 1260.7, 1046.80.5)2084.2,
800.2, 726.9 cih'H NMR (300 MHz, CDCJ) & 6.71 (dd,J =
15.5, 10.9 Hz, 1H), 6.30 (dd,= 15.3, 10.9 Hz, 1H), 5.87 (dd,
=15.2, 6.3 Hz, 1H), 5.63 (d,= 15.5 Hz, 1H), 4.20 (s, 1H), 3.79
(d,J = 3.3 Hz, 2H), 2.51 (tJ = 6.7 Hz, 2H), 1.83 (tJ = 6.3 Hz,
2H), 1.63 — 1.52 (m, 4H), 1.38 — 1.25 (m, 6H), 0.91)& 6.6
Hz, 3H).*C NMR (75 MHz, CDCJ) & 143.48, 139.72, 128.61,
109.78, 84.32, 74.19, 71.91, 65.44, 61.05, 36.8536 30.59,
30.55, 24.63, 22.21, 15.86, 13.64. HRMS ESI [M+Na]cd for
C,H,,0,Na’" 283.1669, found 283.1673.

4.5, Synthesis of virol C

MHz, CDCL) & 135.55, 133.68, 129.64, 127.69, 76.69, 68.524:5-1. Synthesis of (S)-dec-1-yn-3-ol: (S)-1a

64.88, 64.46, 62.06, 30.90, 26.83, 19.22, 15.63. SAG! [M]
calcd for GaH,cOSi" 346.1747, found 346.1747.

4.4, Synthesis of virol A (Method C)

4.4.1. Synthesis of
(S,7E,9E)-12-(trimethylsilyl)dodeca-7,9-dien-11-yn-
6-ol: (S)-29

A solution of Cul(106 mg, 0.55 mmol), Pd(PhG®I), (157
mg, 1.37 mmol), trimethylsilylacetylene (3.18 mL72 mmol) in
benzene (5 mL) were cooled t8®, (S)-18 (515 mg, 2.73 mmol)
and piperidine (0.55 mL, 5.47 mmol) were added setjaiby.
The solution was warmed to rt and stirred for an taawhl 6 h
before it was quenched with aq MH (5 mL). The aqueous
phase was extracted by ether. The combined orghaises were

dried over anhydrous N&O,, and concentrated under reduced

pressure to provide crude TMS-acetyld®-28 (598 mg, 87%
yield).

To the solution of crude TMS-acetylei®)-28 (598 mg) in
THF (16 mL) was added TBAF (1.0 M solution in THE)4 mL,

A solution of (S)-20a 1.061g (5 mmol) and THF (60 mL)
were cooled to 6C, 1M ag LiOH (25 mmol, 5 eq) was added at a
slow rate. The solution was warmed to room temperadumct
stirred for an additional 1 h before it was quenchétth 1M aqg
NaHSQ (50 mL) . The aqueous phase was extracted by ethyl
acetate. The combined organic phases were driedaowgdrous
N&SQ,, and concentrated under reduced pressure. Thaueesi
was dissolved in acetonitri{@2 mL), CuCl (6 mmol, 1.2 eq) was
added in one portion to the mixture. The mixture adewed to
warm to room temperature and stirred for another. Ii3e
aqueous phase was extracted by ether. The combimgahio
phases were dried over anhydrous,®@, and concentrated
under reduced pressure. The residue was purifiedilica gel
chromatography (hexanes/ehthyl acetate 20:1) te ¢8)-la
(0.655 g, 85% yield) as a colorless oil]>= -5.2 € 0.71,
CHCly), lit** [a]p?° = 4.5 € 0.71, CHCJ); IR Vina (Neat): 3336.3,
2926.8, 2856.9, 2115.7, 1710.6, 1463.5, 1378.75833.303.3,
1254.2, 1123.9, 1046.8, 1022.8, 722.7, 654.6, 62hB.'"H
NMR (300 MHz, CDC}) 5 4.35 (ddJ = 6.5, 4.9 Hz, 1H), 2.44 (d,
J=2.1Hz, 1H), 2.33 (s, 1H), 1.78 — 1.60 (m, 2H), 15038 (m,

4.07 mmol) at GC. The reaction mixture was gently warmed up2H), 1.29 (dd,) = 10.7, 5.7 Hz, 8H), 0.86 (3,= 6.8 Hz, 3H).°C

to room temperature and stirred for 10 min. To thaction
mixture were added ED and saturated aqueous NH solution.
The organic layer was washed with brine, dried oveSRga and
concentrated under reduced pressure. The residupusified by
silica gel chromatography (hexanes/ehthyl acet@té)lto give
(9)-29 (0.389 g, 92% yield) as a colorless oit] f°= +27.3¢
0.69, CHCJ), lit * [a]p> = +25.9 € 0.69, CHCJ); IR Vpmax (NeAL):
3336.3, 3064.7, 2957.3, 2926.8, 2856.8, 2732.134671822.17,
1692.7, 1652.8, 1585.1, 1463.5, 1405.0, 1378.92.234.284.2,
1260.8, 1229.7, 1129.6, 1106.9, 1075.37, 1046.82.8) 822.1,
774.5, 639.6 cih'H NMR (300 MHz, CDCJ) & 6.69 (dd,J =
15.7, 10.8 Hz, 1H), 6.29 (dd,= 15.3, 10.8 Hz, 1H), 5.86 (dd,
=15.2, 6.4 Hz, 1H), 5.61 (dd,= 15.6, 2.3 Hz, 1H), 4.29 — 4.14
(m, 1H), 3.06 (dJ = 2.3 Hz, 1H), 1.68 — 1.49 (m, 3H), 1.47 —
1.25 (m, 6H), 0.92 (tJ = 6.7 Hz, 3H)."*C NMR (75 MHz,
CDCly) 8 142.41, 139.30, 128.52, 109.80, 82.40, 79.25,171.9
36.85, 31.37, 24.63, 22.21, 13.65. HRMS ESI [M+Nalcd for
C,,H1g0Na 201.1250, found 201.1251.

4.4.2. Synthesis of virol A (Method C):

NMR (75 MHz, CDC)) & 84.74, 72.41, 61.97, 37.31, 31.40,
29.34, 28.83, 24.66, 22.26, 13.69. HRMS ESI [M+Na]cd for
CyoH1gONE 177.1250, found 177.1250.

4.5.2. Synthesis of (S)-1-bromodec-1-yn-3-ol:
(S)-31

To a solution ofS)-1a (2.264 g, 10 mmol) in acetonitrile (40
mL) was added NBS (2.670 g,15mmol) and AgNIDB40 g, 2
mmol). The reaction solution was stirred for 4 hdark and
diluted with water (5 mL). The mixture was extractedth
diethyl ether (3x 30 mL). The combined organic phases were
dried over anhydrous N&O,, and concentrated under reduced
pressure. The residue was purified by silica gebrtatography
(n-hexane/ethyl acetate 10:1) to affo(d)-31 (1.982 g, 85%
yield) as a colorless oila]p*= —10.2 ¢ 1.05, CHCY), IR Viay
(neat): 3336.3, 2926.8, 2856.8, 2211.8, 1781.722711630.5,
1463.4, 1378.1, 1334.1, 1212.2, 1176.1, 1127.168)4.020.1,
939.4, 888.1, 723.5, 624.7 ¢t NMR (300 MHz, CDCJ) &
4.38 (t,J = 6.6 Hz, 1H), 1.90 (s, 1H), 1.73 — 1.64 (m, 2H), 1-46
1.26 (m, 10H), 0.88 (tJ = 6.7 Hz, 3H)."*C NMR (75 MHz,
CDCly) 6 80.91, 63.12, 44.53, 37.31, 31.40, 28.80, 24.887,



13.70. HRMS ESI [M+Na]calcd for GoH;-BrONa' 255.0355,
found 255.0355.

4.5.3. Synthesis of (S,E)-1-bromodec-1-en-3-ol
(S)-32

To a solution of aluminum
mg, 2.0 mmol) in EO (5 mL) was added slowly
DIBAL solution (1.0M in THF, 4.0 mL, 4.0 mmol)at
0 °C. The white solid was precipitated out nfro
the reaction solution with addition of DIBAL stilbn. On
the continuous addition of DIBAL solution, the whis®lid
dissolved, and the solution became clear yellow. rAftee
completion of DIBAL addition, the reaction mixture svatirred
for 10-15 min. Ther(S)-31 (205 mg, 1.0 mol) in EO (4 mL)
was added at a slow rate at 0 °C. The solution was edtmrt
and stirred for an additional 6 h before it was qune with aq
NH,CI (1 mL). The agueous phase was extracted by ether.
combined organic phases were dried over anhydropSQyzand
concentrated under reduced pressure. The residupusified by
silica gel chromatography (hexanes/ehthyl acetaté)lto give
(9-32 (0.187 g, 80% yield) as a colorless oit]{°>=+40.2 ¢
1.05, CHCJ), IR vy (neat): 3336.3, 2926.8, 2856.8, 2211.8,
1463.5, 1378.1, 1333.7, 1127.1, 1046.8, 1020.1,493888.2,
797.14, 772.5, 650.3¢chtH NMR (300 MHz, CDC}) & 6.43 —
6.20 (m, 2H), 4.14 (dd] = 6.3, 4.2 Hz, 1H), 1.79 (d,= 4.2 Hz,
1H), 1.57 (tdJ = 8.5, 4.5 Hz, 2H), 1.47 — 1.21 (m, 10H), 0.91 (t,
J = 6.7 Hz, 3H).”®C NMR (75 MHz, CDC}) & 140.12, 106.59,
72.32, 36.54, 31.42, 29.05, 28.83, 24.81, 22.27/113HRMS
ESI [M+NaJ calcd for GgH;sBrONa 257.0511, found 257.0511.

4.5.4. Synthesis of
(S,E)-1-(trimethylsilyl)dodec-3-en-1-yn-5-ol: (S)-33

A solution of Cul(57 mg, 0.3 mmol), Pd(PhGR),(86 mg,
0.75 mmol), trimethylsilylacetylene (1.1 mL, 1.5 minin
benzene (3 mL) were cooled td®, (S)-32 (283 mg, 1.5 mmol)
and piperidine (0.3 mL, 3 mmol) were added sequiintighe
solution was warmed to rt and stirred for an addéidhh before
it was quenched with aq NBI(3 mL). The aqueous phase was
extracted by ether. The combined organic phases dveze over
anhydrous Nz50O, and concentrated under reduced pressur
The residue was purified by silica gel chromatogyaph
(hexanes/ehthyl acetate 10:1) to g{®-33 (0.326 g, 86% yield)
as a colorless oilo]p>*= +11.5 € 1.05, CHCY), IR Vmax (N€Qt):
3336.3, 2926.8, 2856.8, 2135.9, 1628.2, 1463.57.B41378.1,
1132.7, 1089.6, 1046.8, 1017.6, 956.3, 843.5, 7592R2.1,
699.1, 651.5 cih'H NMR (300 MHz, CDCJ) & 6.23 (dd,J =
15.9, 6.1 Hz, 1H), 5.75 (dd,= 16.0, 1.4 Hz, 1H), 4.28 — 4.06
(m, 1H), 1.63 — 1.50 (m, 3H), 1.34 @@= 25.4 Hz, 10H), 0.90 (t,
J=6.7 Hz, 3H), 0.28 — 0.16 (m, 9HJC NMR (75 MHz, CDCJ)
& 146.55, 109.40, 102.80, 94.76, 71.91, 36.58, 3128411,
28.84, 24.88, 22.27, 13.70, -0.46. HRMS ESI TMalcd for
C1sH,50Si" 252.1904, found 252.1904.

4.5.5. Synthesis of (S,E)-dodec-3-en-1-yn-5-o0l:
(S)-34

To the solution of TMS-acetyler(&)-33 (598 mg, 2.38 mmol)
in THF (16 mL) was added TBAF (1.0 M solution in THEO7
mL, 4.07 mmol) at 0°C. The reaction mixture was gently
warmed up to room temperature and stirred for 10. Mnthe
reaction mixture were added ,Bt and saturated solution of
aqueous NKCI. The organic layer was washed with brine, dried

trichloride  AICI (166

over NaSQ, and concentrated under reduced pressure. The

residue was purified by silica gel chromatography
(hexanes/ehthyl acetate 10:1) to g{&e-34 (0.402 g, 94% yield)
as a colorless oil.o]p?®>=+15.7 € 0.62, CHC)), lit** [a]p>°
+13.5€ 0.62, CHC)); IR v (neat): 3336.3, 2957.2, 2926.8,
2856.8, 2856.8, 2103.7, 1717.2, 1665.1, 1629.73 B4@.378.7,

8
1258.9, 1180.5, 1133.5, 1077.5, 1049.6, 958.3,188840.3,
803.2, 722.9, 643.9 chiH NMR (300 MHz, CDC)) 6 6.29 (dd,
J=16.0, 5.9 Hz, 1H), 5.73 (ddd,= 16.0, 2.2, 1.5 Hz, 1H), 4.29
— 4.14 (m, 1H), 2.92 (d] = 2.2 Hz, 1H), 1.68 — 1.52 (m, 3H),
1.31 (s, 10H), 0.91 () = 6.7 Hz, 3H)."*C NMR (75 MHz,
CDCly) & 147.35, 108.25, 81.34, 77.41, 71.76, 36.57, 31.43,
29.10, 28.84, 24.86, 22.28, 13.70. HRMS ESI [M+Na]cd for
C1.H,ONa' 203.1406, found 203.1406.

4.5.6. Synthesis of virol C:

A  mixture of (§-34 (286 mg, 1.60 mmol),
5-iodopent-4-yn-1-080 (370 mg, 1.77 mmol), and Cul (32.0 mg,
0.160 mmol) in pyrrolidine (16 mL) was stirred atono
temperature for 2 h. &t was added to the reaction mixture and
then the resulting solution was washed with saturatdation of
aqueous NECI and brine, successively, dried over anhydrous

TMNa,SO,, and concentrated under reduced pressure. Thaueesi

was purified by silica gel chromatography (hexarebid
acetate 3:1) to giveirol C (0.356 g, 85% yield) as a colorless
oil. [a]p®® =+6.9 € 0.44, MeOH), Iit* [a],° = +6.8 € 0.44,
MeOH); IR v (neat): 3336.3, 2926.8, 2856.8, 2352.8, 2336.5,
22355, 2141.1, 1769.7, 1695.6, 1665.5, 1622.74 B5(1556.1,
1537.7, 1436.5, 1462.9, 1427.5, 1377.1, 1348.64 R4172.7,
1130.8, 1046.86, 924.5, 800.2, 722.9, 687.1"4rhNMR (300
MHz, CDCL) & 6.30 (dd,J = 15.9, 5.8 Hz, 1H), 5.75 (dd, =
15.9, 1.3 Hz, 1H), 4.20 (s, 1H), 3.78 (s, 2H), 2.49 &,6.9 Hz,
2H), 1.89 — 1.77 (m, 2H), 1.64 (s, 2H), 1.53 (@, 13.2, 6.3 Hz,
2H), 1.28 (d,J = 11.0 Hz, 10H), 0.90 (t) = 6.7 Hz, 3H)."*C
NMR (75 MHz, CDC}) & 148.53, 108.23, 83.12, 74.39, 72.99,
71.80, 65.22, 61.04, 36.60, 31.41, 30.58, 29.0883824.85,
22.27, 15.75, 13.70. HRMS ESI [M+Nagjalcd for G/H,O,Na"
285.1825, found 285.1825.
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