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Abstract: In the course of our study on neurotoxic Cy--palyacetylenic alcohols of the toxic plant, Cicuta virosa, virols
A (1), B (2), and C (3) were synthesized by stereoselective routes to confirm their stereochemistry and to obtain supply of

these con p(‘)'uﬁ(k for plldl‘miiulu)g,lmn studv,  The \)muc\m used chiral 3- hydroxy-1-alkyne uununlb blocks, PdU)
Cu[(l\-g_lﬁ!} zed coupling of acetylene with vinyl chloride, and heterocoupling reaction of acetylene mediated by Cul.  As

result, the absolute configuration of the stereogenic center of virols A(1), B (2), and C (3) was confirmed as 5, 5, and
-'\, respectively. © 1999 Elsevier Science Ltd. All rights reserved.
Keywords: Cicuta virosa, C--polyacetylenic alcohol, toxin

INTRODUCTION
Water hemlock, Cicuta virosa (Umbellitferac), which is widely distributed in the temperate regions, is well
known as a violent toxin to all classes of hivestock and human beings.  The major toxic component of the plant,
. 3 . - . .
cicutoxin (4),” was isolated and its planar structurc was reported in 1953, which was shown to induce tonic and
clonic convulsions and breath paralysis by affccting the central nervous system.  Although cicutoxin (4) s a

chemically and pharmacologically interesting polyacetylenic alcohol, its precise mode of pharmacological action
has not been studicd because of its chemical instability.  Our phytochemical investigation isolated cicutoxin
analogues, virols A (1),* B (2), and C (3),” from the plant as the minor toxic components, which are
chemically more stable than cicutoxin (4) (Fig. 1). The absolute configuration of the stcrcugcnic center of
virols A (1) and C (3) was assigned tentatively as S and S, respectively, by spectroscopic method,™ while that

of virol B (2) remains unscttled.  In order 1o confirm the absolute stercochemistry of virols A (1) and C (3), to
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determine that of virol B (2), and to supply the compounds in substantial quantity for pharmacological studies. we

dedded to synthesize vinls A (1), B (2), and C (3) starting from chiral buiding blocks developed by Takano eral.”
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The syntheses of virols A (1), B (2), and C (3) using chiral

promising method to elucidate the absoiute configuration at the stercogenic center.  Chiral 3-hydroxy-i-
alkynes® were considered to be the best building blocks for the present syntheses, since the terminal alkynes
could be coupled with alkeny! halides under Sonogashira’s conditions” and with another terminal alkyne under

Cadiot-Chodkiewicz’s conditions.”

Our strategy y ind (€ c
oJ B I3 =
oo 1y artinng {Sohome 1Y oorov © s e 3 - < al 5 P
coupling rcactions {(Scheme 1).  The route a uscs a coupling reaction of alkcnyl halides § or 6 with terminal

5.8, 6, and 9 can be
prepared fmm chiral 3-hydroxy-1-alkynes 11 and 22 in a stereosclective manner, we started our synthesis of

virol A (1) from (S)-1-octyn-3-ol (11)."
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The cross-coupling reaction of 11 with frans-1,2-dichlorocthylene under modified Sonogashira’s
conditions™ proceeded stereoselectively to produce 12 in good yield (Scheme 2).  Hydroalumination of 12

= 72,8

followed by protonolysis gave 5 The other segment 16 in the synthesis of virol A (1) was prepared as
follows: cross-coupling reaction of 14 with cis-1,2-dichlorocthylene followed by dehydrochlorination” gave
16. Although 16 was rather unstable and polymerized instantancously on concentration, its coupling rcaction
with § in the presence of (PRCN),PAClL, and Cul was carricd out.  As a result, a major part of 5 was recovered

- £ onn 07
/

and the expecied product 17 was not satisfactorily produced (maximal yicid: 23%) probably because of side
reactions producing sclfpolymerization compounds of 16. The fact that the coupling reaction of § with 13
under the same conditions as in the reaction of § and 16 gave the desired 18, clearly shows that usc of a

compound bearing a diyne moiety in its molccule dosc not give satisfactory results in this type of coupling

reaction.”
Z \/\/>///\\\/Cl AN
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‘&) -unCmQ’ﬂuy’%Eﬂe {5 equiv), { V., i i, 3h{91%). b
Na[AlH,(OCH,CH,0CH,),] (1 equiv.). THF. -10 °C, 2 h; then sat. NH,Cl aq. -10 °C-r.t. {87%); c) 3,4-dihydro-[2H]-pyran (1.5 equiv.), PPTS (0.1 mol¥%j),
CH,Cl;, rt., 3h (98%): d)cis-1,2-dichiorcethylene {4 equiv.}, (Ph,P),Pd (5 mol%). Cul (15 mol%), n-BuNH, (5 equiv.), benzene, r.t. 15 h(92%}; e) TBAF

(25 equiv.), THF, r.t. 21.5h (91 %) 1) (PhCN),PdCI, (10 moi%). Cul (5 mol%), piperidine (110 equiv.), .t 3 h {28%): g) (PhCN),PdCI, (5mol%). Cul (10

10/ 9 -
HIUI/D[ plpmluuu. (£

mol%), piperidine (110 equiv.), r.t., 3 h (85%).
Scheme 2
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5 with cthynyltrimethylsilance followed by desilylation.  The other segment 19 was prepared from 13 by the
flitcraturc method.”  The reaction of 8 with 19 in the presence of Cul and pyrrolidine compicted the synthesis
of virol A (1) in a good yield (Scheme 3).  All spectroscopic data were identical with those of natural virol A.™
Both the synthetic and natural virol A indicated optical rotations, {a}, +15.4 7 (¢ 0.67, McOH) and +15.5" (¢
1.10, MeOH),” respedtively, revealing that the configuration at the stereogenic center (C-12) was determined as S.
Since the route b was found to be appropriate for the synthesis of virol A (1), we next started the
synthesis of virol C (3) by the same route. (§)-1-Decyn-3-0l (22)" was prepared from threitol derivative
20) W in three
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protonolysis gave 24, which was subsequently treated with n-Buli to produce the segment 9. Cross-coupling

=

reaction of 9 with 19 proceeded smoothly to give virol C (3) in a good yield.  All spectral data of the synthetic
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virol C, including its optical rotation, were identical with those of the natural compound.r‘f Thus, the absolute

configuration of virol C (3) was confirmed as S.

. _M
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HO™ ™y - > O)-/u.,H
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4, OH
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d R S
- HO>/”’}T/
N c 4:/\/\,0’_{ virol A (1)
2,// ~" "0OH '//
i3 19 .

Reagents and conditions a) ethynyltrimethyisilane (2.5 equiv.}, (PhCN),PdCl, (17 mol%), Cul (17 mol%), piperidine (170 equiv.), r.t., 3 h (81%), b} TBAF
(1.7 equiv.), THF, r.t, 10 min (98 %); c) I, (5 equiv.), morphorine (5 equiv.), benzene, 60°C, 2 h (92%): d) Cul (10 mol%). pyrrolidine (100 equiv.), 1.1.2 h
91%).

Scheme 3
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19
Reagents and conditions :a) nhexylcopper lithium (3 equiv ), E,0, -30°C, 1 h: b) PPk, (8 equiv.). CCl,, reflux, 26 h (71 %, 2 selps): ¢} n-Bull (6 equiv.),

HMPA (6 equiv.), THF, -35 "C, 1.5 h (65%); d) trans-1,2-dichloroethylene (5 equiv.), (Ph,P),Pd (5 mol%). Cul (10 mol%), piperidine (2 equiv.). benzene. r.t.,
4h (85%). &) NalAlH,{(OCH,CH,0CH,),] (1.2 equiv.), THF,-10°C, 2 h; then sal. NH,Cl aq -10°C-1.1. (84%); ) rBuli (6 equiv.), HMPA (6 equiv.), THF -35
°C.1.50 (77%); g) 19 (1.1 equiv.). Cul {10 mol%), pyrrolidine (31 equiv.), .t., 2 h (65%).

Scheme 4

Cérmrnbrrral A
Structuras A

Virol B (2), {a]s #2217 (¢ 0.21, McOH), C,-H,Os, showed very similar OH
UV absorption maxima (7. 231, 243 and 257 nm) to those of falcarindiol (25) (5. = ~F

234, 246 and 260 nm).” The 'H and "C NMR signals of virol B (2) showed, HQ, _Z
revealed the presence of two acetylenes (O 64.9, 69.8, 75.6, 81.2), an olefin SN

(5wdc 5.51/128.1: 5.59/134.3), an oxymethine (8,/8. 5.18/58.6), an falcarindiol (25)
oxymethylene (8,/0. 3.75/61.3), a methyl (80 0.88/14.1) and cight methylenes (8,/6- 1.25-1.30,/22.6, 29.1,
29.3, 31.79; 1.39/29.1; 1.79/30.8; 2.11/27.7; 2.43/15.8).  Corrclation of thesc 'H and “C NMR signals was

unambiguously confirmed by the HMQC spectrum.  Moreover, the HMBC gpectrum of virol B (2) cdlarified
the connectivitics of the functional groups, allowing us to proposc the structure for virol B (2) without

stercochemistry.
The construction of the diyne moicty was undertaken as the final step in the synthesis of virol B (2).  As
the segment 29 appcared to be a suitable partner for coupling reaction with 19, it was prepared from threitol

derivative (26)" via four steps: debenzylation of 26 followed by oxidation, the Wittig olefination” and formation
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of alkyne (Scheme 5). Double climination reaction of 28 resulted in the formation of the expected acetylene 29.
Finally, cross-coupling reaction of 29 with 19 under modified Cadiot-Chodkicwicz’s conditions proceeded
smoothly to afford virol B(2) in a g(md vield. The synthesis of virol B (2) proposed the S -configuration at C-8.
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19 virol B (2)

Reagents and conditions :a) H, 10%-Pd on carbon, MeOH-CHCI;, r.1, 15 min (85%) ; b) (COCH; (3 equv.), DMSO(

{8equiv.), CH.Cl;, -78 °C, 1.5 h, then

/

El:N (9 equiv.), -78 “C-r.t.; ¢) nroctyltriphenylphosphonium bromide (1.5 equiv.), n-Buli (1.3 equiv.). THF-HMPA (1:1), -78°C, 1 h, then 0 "C, 19 h (54%, 2
steps); d) rBuli (6 equiv.), HMPA (6 equiv.). THF, -35 °C, 1.5 h (73%); e} Cul (10 mol%), pyrrolidine {176 equiv.), r.t, 2 h (91%).

Scheme 5

Although Wittstock et al.™ obtained two polyacetylenic alcohols from C. virosa whose planar structures
are the same as those of virols B (2) and C (3), they reported no data leading to determination of their absolute
configuration at the stereogenic center.  Wittstock et ¢f. also suggested that both alcohols arc isomerized by
allylic rearrangement in the isolation process from the extract.  In our experiment, we clearly detected virols B
(2) and C (3) in the methanol extract of the plant by the HPLC method, and could not observe isomerization

between virols B (2) and C (3), indicating both virols (2 and 3) to be genuine natural products in the plant.

Bioassay
The acute toxicity (LDs,) of virols A (1), B (2), C(3). and cicutoxin (4) in micc was determined by the

Litchfield-Wilcoxon method.™  The result demonstrated that virols B (2) and € (3) show no acute toxicity even

at 100 mg/kg of intraperitoncal injections, whereas cicutoxin (4) and virol A (1) arc strongly toxic.  The
preliminary toxicological data suggested that the length of the conjugation in the molccule has an important rolc
in the toxicity.
Table 1 Acute toxicity of the cicutoxin and the virols
cicutoxin (1) virol A (2) virol B (3) virol C (4)

LD;, mg/kg 2.8 9.5 >100 >100

.

(umol/kg) (10.8) (36.7) (>400) >400)

CONCLUSIO?

In the C--polyacetylenic cicutoxin homologues from C. virosa, virols A (1), B (2), and C (3) were
svnthesized to supply them for pharmacological study.  Morcover, their absolute stercochemistrics were
completely established by the syntheses of the virols.  Investigation on the mode of action of virol A (1)-

v of the structure-activi 1?\ relationshin of the
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compounds will be reported clsewherc in the near futurc.

EXPERIMENTAL SECTION

All reactions were carricd out in oven-dried glassware under argon atmosphere, unless otherwise noted.
All solvents were reagent grade. Diethyl ether and tetrahydrofuran (THF) were freshly distilled over
sodium/benzophenone  ketyls under argon atmosphere prior to usc. Dichloromethane  and
hc‘camcthylph()sphnramidc (HMPA) were also distilled over calcium hydride. Merck silica gel-60 (230-400
mesh ASTPV‘l) was used for column Cui’()ﬁ‘mtt)gl’apu) \JpﬁCd} rotations weie recorded on JASCO DIP-370 and
DIP-340 polarimeters.  Infrared spectra and Ultraviolet spectrum were also recorded on a JASCO A-100-S-IR
spectrometer and & HITACHI U-3000 spcctr()photumctcr, respectively.  'H and P"C NMR spectra were
measured at 300 and 75 MHz, respectively, with a Varian Gemini 2000 spcctr()mctcr and at 500 and 125 MHz.
respectively, with a JEOL IMN-GX500 spectrometer.  Chemical shifts are reported as parts per million (ppm)
downfield from tctrdmcth\,i«,lldnt (TMS) in o units, and coupling constants arc given in hertz. TMS was
defined as 0 ppm for 'H NMR spectra and the center line of the triplet of CDCL was also defined as 77.1 ppm
for "C NMR spectra.  Multiplicity is indicated as follows: s (singlct); d (doublet); dd (doublet of doublets); ddd
L(\l

(danhlat of donhle danhlete)s t (trinletys m {fmualtinletys hr (hraad) ot NMace enectra weres reonrded on 1
\UUUUI\A I MUV u\’ul’l\l“} ‘l lk)l\-"’, i1t \lllulelJLuL} L7 \lll ll(l\,l] [ V1L AVEAH I 3}J\.ﬂ\4ll(l WYLl TR L) J

IMS-DX303, IMS-AX-500 dnd JEOL HX-105 spectrometers.

(S)-(E)-1-Chlorodec-1-en-3-yn-5-0l (12)
A miavinre onf £ CY i _netun_2alt 711204 mty " 21 mmn] nineridine () /1{; ml d AA mmal) premell DL
ATTHXATC OG0 (770 i -UGY -0 (a1, 274 1 A MG, PIpenaince (v. M. .00 MG, aisS=-1, 2

dichloroethylene (1.12 g, 11.7 mmol), Pd(PPh,), (1 35 mg, 1 7 umol), and Cul (41 4 mg, 233 umol) in
benzene (1.3 mL) was stirred at room temperature for 3 h. EtO was added to the reaction mixture and then the
resulting solution was washed with saturated solution of agucous NH,Cl and brine, successively, dried over
MgS0., and concentrated in vacuo.  Purification by column chmmuiogrdph\' on silica gel (n-hexane-AcOEL,

103:1 v/v) gave the title wmpnund 12 (395 mg, 919%) as a colorless oil: [a), +7.0° (¢ 0.57, CHCL). IR v,..
(ncat): 3314, 2214, 1586 cm’™. H-NMR (300 MHz, CDCL) 6: 0.90 (br.t, /=6.9 Hz, 3H), 1.22-1.39 (m, 4H),
1.40-1.50 (m 2H), 1.60-1.81 (m, 2H), 1.92 (br. s, 1H), 4.45 (dt, J=1.4, 6.6 Hz, LH), 5.96 (dd, J=13.7, 1.4
HL, lH) .53 (d, J=13.7 Hz, 1H). "C-NMR (75 MHz, CDCl,) &: 13.9, 22.3 24.8, 31.4, 37.6, 62.9, 79.9,
93.0, 113.4, 130.9. MS m/z: {80( M'+2), 186 (M"), 168, 151, 117, 95, 51 High- resolution MS caled
for C,H.;0"ClL (M'): 186.0811. Found: 186.0821.

(S)- (lF 3F) 1-Chlorodeca-1,3- dien 5-0l (5)
1Y LAY e —— TUE /4 1) Adnd e ten Vet 3T STOCL s
lU d \lllull\)“ O 14 \"?U\l Illh, PN lJ Illill(”} 1“ i (v lllL) WdS daaca UJ\ P\«'\ DO VT IUC \ /U 0 W W
solution in toluene; 620 uL, 2.15 mmol) in THF (3 mL) at -10 °C over 10 min. The rcaction mixture was
stirred at -10 °C for 2 h and quenched with EtO and saturated solution of aqueous NH,Cl. The resulting mixture
was gently warmed up to room temperaturc.  The arganic layer was washed with brine, dried over MgS0,, and
concentrated in vacuo.  Purification by column chmmatngraph\ on silica gel (n-hexane-AcOEt, 10:1 viv) gave
thc title caamnannd 8 (15 mo R7r/r\ a¢ g enlorloce ol Ter 1 L?” {/ {) \’) CHCIY IR v {neat) 2237 1AS1

LIUV VATV GIHIG o \JIV HIg, U7 70 ) A QG VULIIINSS UL (VA ) T A MR ANCIRJo REN Vpa \HIVAGLJ. JUOU0, VUL

'H-NMR (300 MHz, CDCL) o: 0.89 (br., J=6.9 Hz, 3H), 1.20-1.44 (m, 7H), 1.43-1.65 (m. 2H), 4.14
(@ J=6.3 Hz, 1H), 5.72 (ddd, J214.8, 6.3 1.4 Hz, 1H). 6.17 (dd, J=14.8, 11.3 Hz, 1H). 6.20 (d, J=13.0
Hz, 1H), 6.45 (dd, J=13.6, 11.3 Hz, 1H). “C-NMR (75 MHz, CDCL) &: 14.0, 22.6, 73 0,31.7,37.2, 72 .4,
121.1, 126.2, 133.2, 137.5. MS m/z: 190 (M'+2), 88 (M), 153, 117, 99, 81 (100%). IUh resolution
MS caled for C, H,-O"Cl (M*"): 190.0938. Found: 190.0937. Caled for CZ,EH;-OR"'CI (M'): 188.0968.
Found: 188.0971.

1-(Tetrahydropyranyloxy)-4-pentyne (14)

A mixture of 4-pentyn-1-ol (13; 1.00 g, 11.9 mmol), 3,4-dihydro-[2H]-pyran (1.63 mL. 17.8 mmol),
and pyridinium p-tolucnesulfonate (300 mg, 1.19 mmol) in cH ,CL (60 mL) was stirred at room tcmpcmture tor
3h.  EtOwas added to the reaction mixture and then the resulting solution was washed with brine, dried over
MgSO,, and concentrated in vacuo.  Purification by column chromatography on silica gel (n-hexane-AcOEL,
10:1 v/v) gave the title compound 14 (2.00 g, >98%) as a colorless 0il.  "H-NMR (300 MHz, CDCL,) &: 1. 45-
1.63 (m, 4H), 1.64-1.87 (m, 4H), 1.95 (t, J=2.6 Hz, 1H), 2.32 (dt, J=2.6, 6.8 Hz, 2H), 3. 43-3.56 (m, 2H
3.77-3.93 (m, 2H), 4.60 (. J=3.5 Hz, 1H). “C-NMR (75 MHz, CDCL,) & 15.26, 19.44. 25.42, 28.63,
30.¢ )I, 62.19, 65.79, 68.46, 84.01, 98.87. MS m/z: 168 (M), 167, 149 (100%), 85. High-resolution MS
o~
Ldl

Fonee 0 LI Y INAT 1Y 147 1TAOYTT Covaimede 147 1008
I0F Cipnllys\n (VL -1 10/ 1u /1. r0Ound: 10/.10206.

2-[(Z)-7-Chlorohept-6-en- 4-ynvl 1-oxy]tetrahydropyran (15)
A mixture of 147 (2.00 g, 11.9 mmol), n-butylamine (5.88 mL, 59.5 mmol), cis-1,2-dichlorocthyicnc



(4.61 g, 47.6 mmol), PA(PPh;), (687 mg, 0.595 mmol) and Cul (359 mg, 1.79 mmol) in benzene (25 mL) was

lg, nmol), PA(PPh;}; { .395 mmol) and Cul (339 mg, 1.79 yenzen LY was

stirred at room temperature for 15 h EtzO was added to the reaction mixture and then the resulting solution was

washed with saturated solution of aqueous NH,C! and brine, successively, dried over MgSQ,, and concentrated

in vacuo. Purification by column chmmatographv on silica g,cl (n -hexane-AcOEt, 10:1 v/v) gave the title
-1 \ I

u)mp()‘u‘nu 15 (2.50 g, 92%) as a colorless oil. IR v, (ncat): 2216 cm'. ‘H-NMR (300 MHz, CDCL) o
1.46-1.65 (m, 4H) 1.66-1.82 (m, 2H), 1.87 (dt, J=13.2, 7.2 Hz, 2H), 2 52 (dt, J=7.2, 2.1 Hz, 2H), 3.47-
3.57 (m, 2H), 3.82-3.92 (m, 2H), 4.62 (br.t, /=3.6 Hz, 1H), 5.85 (dt,J=7.4, 2.1 Hz. 1H), 6.30 (d, J=7.4
Hz, 1H). “C-NMR (75 MHz, CDCL) & 16.5, 19.5, 25.5, 28.7, 30.6, 62.2, 65.9, 75.0, 98.7, ‘)8.9, 112.0,
127.1. MS m/z: 230 (M'+2), 228 (M"), 193, 144, 128, 91, 85, 67, 57, 43. High- resolution MS caled for
C:H, 0, "Cl (M*'-H): 229.0809. Found: 229.0799. Caled for C:H,-Q,"Cl (M) 228.0917. Found:

228.0860. Caled for CpH 0,”ClL(M™-H): 227.0838. Found: 227.0828.

2-(Hepta -4,6-diynyl-1-oxy)tetrahydropyran (16)

A mixturc of 15 (2.17 g, 932 mmnl\ and TBAF (1.0 Msolution in THF; 23.8 mL, 23.8 mmol) in THF
(75 mL) was stirred at room tcmpzmlurt, Ior 21.5 h Thc reaction mixture was washed w 1th satumtcd solution
of aqucous NH.Cl and brine, dried over MgSQ,, and concentrated in vacuo.  Purification by column
chromatography on silica gm (n- ncmnc AcOEt 30:1 viv) gave the title compound 16 (1.66 g, 91%) as a slightly
brown oil. IR vg,, (neat): 2226 cm”.  'H-NMR (300 MHz, CDCl;) &: 1.48-1.64 (m, 4H), 1.63-1.76 (m, [H).
1.76-1.92 (m, 3H), 1.97 (t, J=1.1 Hz, 1H), 2.39 (dt, J=1.1, 6.9 Hz, 2H), 3.42-3.58 (m, 2H). 2.77-3.92 (m.
2H), 4.59 (1, J=4.1 Hz, 1H). PC-NMR (75 MHz, CDCL,) & 16.0, 19.5, 25.4, 28.2, 30.6, 62.2. 64.6, 63.0,
65.7. 68.5, 77.9, 98.9.  MS m/z: 193 (M'+1), 192 (M"), 91, 90, 89, 85, 55, 44, 40. High-resolution MS
caled for CoHs0, (M™-H): 191.1072.  Found: 191.1066.

(S)-(8E,10E)-1-(Tetrahydropyranyl-2-oxy)heptadeca-8,10-diene-4,6-diyn-12-ol (17)

A mixturc of 5 (79.5 mg, 420 umol), 16 (120 mg, 624 umol), PACL(PhCN), (16.1 mg, 42.2 umol), and
Cul (4.23 mg, 21.0 umol) in piperidine (4.2 mL) was stirred at the room temperature for 3 h.  Et.O was added
to the reaction mixturc and then the resulting solution was washed with saturated solution of agueous NH.Cl and
brine, successively, dried over MgSO,, and concentrated in vacuo.  Purification by column chromatography on
silica gel (n-hexane-AcOEL 6:1 vv) gave the title compound 17 (33.1 mg, 23%) as a colorless oil: [a], +10.7°
(¢ 110, CHCL). IR Vo, (neat): 3400, 2225, 1630 em’. 'H-NMR (300 Milz. CDCL) & 0.89 (br.t, 3H),
1.19-1.43 (m, 6H), S
J=7.0 Hz. 7H) 3.

50-1.64 U“ 6H), 1.50-1.64 (m, 1H, exchangablc with D,O), 1.66-1.97 (m, 4H), 2.47 (t.
-3.59 (m, 2H), 3. 70-3.97 (m, 2H), 4.17 (q, J=6.2 Hz, 1H), 4.60 (m, 11), 5.61 (d.
(dd, J=15.2, 6.5 Hz, 1H) 6.27 (dd, J=15.2, 11.0 Hz, [H), 6.68 (dd, I 13 2_ 11.0 Hz,
z, CDCly) &: 14.0 L()7 19.5, 22.6, 25.0, 25.5, 28.5, 30.7, 31.7,

. 62.2,
II\I\ 4y AW il '\1(/ "‘/1'
40.0, 143.7. MSm/fz: 344 (M), _'/1, , 85
1

d
MH ()3.{).

(0% ).
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(S)-(6E,8E)-Pentadeca-6,8-dien-4-yne-1,10-diol ( 8

A mixture of 5 (';H 9 mg, 488 um()i) 4- pcntvn i-ol (

o) and P. [(Q R 40 1 imaly in nineridine (3 ml Y vrag ehirres
wmos) and LUr (7.8 IIIE, w7 WiGGn g, 10 PIpCNIGINC (O Ly Was SUITCG d

added to the reaction mixture and then the resulting solution was washed with saturated solution of agucous
NH.CI and brinc, successively, dried over MgSO,, and concentrated in vacuo.  Purification by column
chromatograph) on silica gc.l (n hexane- AcOEt, 2:1 v/v) gave the title compound 18 (98.0 mg, 83%) as d

; 42,1 mg, 300 umol), PACL(PhCN). (9.4 mg. 25
i 2

h Et () w:

at the roaom tomnerature tny “1¢
il i 3 oal. L Was

ac room l\zlllllhl(ll\llh 107
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COHOTICSS Ol l(lJ[)‘T‘l‘l <4 ( 1D, IVICA ll"l} II\ Vm3\ \\_I’ILH} JUUT, D=0 L, 210 LI . -iNivik k VIFZ,
CDCL) &: 0.88 (br.t, /=6.7 Hz, 3;4) 1.20-1.44 (m, 6H), 1 .m-] .64 (m, 2H), 1.78 (quint, J=6.2 Hz, 2H),
2.46 (dt J=1.9, 6.2 Hz, 7H) (t J=6. 7 H? 2H) 4 13 ]H) 5.38 (d J=15.5 Hz, 1H), 5.74 (dd,
J=13.2, 6.7 Hz, 1H), 6.22 (dd, 5 , 10.9 Hz, 1H), 6.50 (dd l 15.5, 10.9 Hz, 1H). BC-NMR (75MHzeg,
CDCly) &: 13.9, 16.1, 22.5, 25 (), 31. 3 31.7, 37.1, 61.6, 72.4, 80.2, 92.4, 111.9, 130.0, 138.2, 140.3.
MS m/z: 236 (M'), 218 (M-18), 137, 71. High-resolution MS caled for Cﬁ.m()a (M"): 236.1776.  Found:
236.1772
(S)-(7E,9E)-Dodeca-7,9-dien-11-yn-6-0l (8)

A mixture of 5 (100 mg, 319 umol), cthynvltrimethylsilane (78.1 mg, 800 umol), PAdCL(PPh.). (20.3 mg,

53.0 umol) and Cul (10.0 mg, 53.0 wmol), in plpcndmc (5.3 mL) was stirred at room tcmpcmturc for 3 h.
Et,O was added to the reaction mixture and then the resulting solution was washed with saturated solution of
aquecous NH.Cl and brine, successively, dried over MgSO,, and concentrated in vacuo.  Purification by
column chromatography on silica gel (n-hexanc-AcOEt, 10:1 v/v) gave TMS-acetylene (165 mg. 81.0%) as a
colorless oil: [a]s +10.2° (¢ 0.15, CHCL). IR v,,. (ncat): 36035, 3430, 2118 ecm”. 'H-NMR (300 MHz
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CDCL) &: 0.20 (s, 9H), 0.90 (br.t, J/=6.9 Hz, 3H), 1.22-1.45 (m, 6H), 1.47-1.63 (m, 2H), .96 (br s, 2H,
exchangable thh D>0) 4, Iﬁ(u. l 6.3 Hz, 1H). 5.62 (d, /=15.7 Hz, 1H), 5.81 (dd, /=15.1, 6.3 Hz, 1H).
6.25 (dd, J=15.1, 10.9 Hz, 1H), 6.63 (dd, J=15.7, 10.9 Hz, 1H). ”( -NMR (73MHz, CDCL) :-0.2, 13.9,
22.5, 25.0, 31.7, 37.3, 76.7,97.3, 104.4, 111.3, 129.3, 139.6, 142.3. MS m/z: 250 (‘\/l) 235, 207, 193,
179, 151, 99, 73 (1(}(}9’5). uxgh IC\u}uuuu MS caled for \,1 H. (uoi (TV'I) 250.1751.  Found: 230.1718.

To the solution of TMS-acetylenc (598 mg, 2.38 mmol) in THF (16 mL) was added TBAF (1.0 M
solution in THF, 4.07 mL, 4.07 mmol) at 0 °C. The reaction mixturc was gently warmed up to room
temperature and stirred for 10 min. To the reaction mixture were added EtO and saturated solution of aqucous

NH.Cl.  The organic layer was washed with brine, dricd over MgSO,, and concentrated in vacuo.
Purification by column (hrnm,mmr,mhv on silica ml (n-hexane-AcOEt, 10:1 \_:/1_:) gave the title C{)]]\lp()und_ R
(421 mg, 99%) as a colorless ml [(1}|;+25 9° (¢ () 69, CHCL). IR vu, (ncat): 3308, 2234 cm”’. 'H-NMR
(3()() MHz, CDCl)b 0.89 (brt J=6.9 Hz, QH) 1.18-1.45 (m 6H), 1.48-1. ()()(m 2H), 3.03 (d, /=2.2 Hz,
IH), 4.17 (q, /=6.4 Hz, 1H), 5.58 (ddd, J=15.7, 2.2, 1.1 Hz, 1), 5.83 (dd, J=13.2, 6.4 Hz. 1H), 6.26
(ddd, J=15.2, 10.7, 1.1 Hz, 1H), 6.66 (dd, /=15.7, 10.7 Hz. 1H). "C-NMR (75MHz, CDCl) &: 14.0, 22.5,
25.0, 31.7, 37.2, 72.3, 79.7. 82.8, 110.3, 129.0, 139.8, 143.0.  MSm/z: 178 (M), 161. 133, 122, 107, 99
(]()()f ), 7() 77,71, High-resolution MS caled for C,H,,O (M™): 178.1358.  Found: 178.1385.

-

A mixture uf4 pcm)n 1- ()1(13 100 mg, 1.19 mmol), morphorine (1.55 g, 17.8 mmol), and iodine (1.51
g, 5.95 mmol) in benzene (17 mL) was stirred at 60 °C for 2 h.  The reaction mixture was concentrated in
vacuo.  Purification by column chmmdmgrdphv on silica gc‘ (n-hexane-AcOEt, 2:1 v/i) gave the title

,,,,,,,,,,, 11Q /72U s OGN shisela HB YOO st LI _NINAR 720 AL

L\MlllJlJullLl 17 \ZIou llls, g /U} d8 a COWTIess Ol lI\ de \“Ldl} )._J'J (59 ¥ B T1-INIVIN (OUY LVlnL \ .l}\ h) ()
1.60-1.90 (m, 3H), 2.50 (t, J=7.0 Hz, 2H), 3.75 (1, /=6.0 Hz, 2H). "C-NMR (7’)M z, CDCL) 6:-60.5. 17.2,
31.0, 61.2, 93 9. MS m/:: 210 (M), 1”7 83, ()D High- rcsnlutmn MS caled for (M) 209.9543.

Found: "()9.9341

(S)-(8E,10FE)-Heptadeca-8,10-diene-4,6-diyne-1_12-diol (virol A) (1)

A mixture of 8 (286 mg, 1.60 mmol), 19 (370 mg, 1.77 mmol), and Cul (32.0 mg, 0.160 mmol) in
pyrrolidine (16 mL) was stirred at room temperature for 2 h.  E6O was added to the reaction mixture and then
the resulting solution was washed with saturated solution of aqueous NH,Cl and brine, successively, dried over

I rhr ity i~ I A~MEr
Mg%(} and concentrated in vacuo.  Purification by column chromatography on silica gel (n-hexane- AcOE,

2:1 vjv) gave the title compound 1 (378 mg, 91%) as a colorless oil: [a]y+15.4° (¢ 0.67, MeOH) (lit.™ [a],
+15.57 (¢ 1.10, McOH)). IR v, (neat): 3302, 2361 cm’. 'H-NMR (300 MHz, CDCl;) &: 0.89 (br.t. J=6.7
Hz, 3H), 1.18-1.46 (m, 6H), 1.20-1.62 (m, 2H), 1.71 (br s, 2H, exchangeable with D,O), 1.80 (m, 2H), 2.48
(t, J=7.0 Hz, 2H), 3.75 (t, J=6.2 Hz, 2H), 4.17 (quint., J=6.5 Hz, 1H), 5.61 (d, /=15.4 Hz, 1H), 5.84 (dd,
J=15.2, 6.5 Hz, 1H), 6.27 (dd, J=15.4, 10.9 Hz, 1H), 6.68 (dd, /=15.4, 10.9 Hz, 11{). “C-NMR (75MHz,
CDCI )h 14.0, 16.2, 22.5, 25.0, 30,9, 31.7, 37.2, 61.4, 65.8, 72.3, 74.(). 76.9, 84.8, 110.2, 129,1, 14().3,
144.0. MS m/z: 260 (M), 242 (M-18), 155, 105. High-resolution MS caled for C,-H.,O, (M'-H.O):

oy

242.1671. Found: 242.1671. All spectral data were agreed with those of natural product.™

(25,35)-1-Chloro-2,3-(0O-isopropylidene)decan-2,3-diol (21)

To a suspension of Cul (490 mg, 2.58 mmol) in Et,O (5.5 mL) was added n-hexyl lithium (0.88 M
solution in n-hexanc, 5.8 ml,, 5.15 mmul) at -30 °C.  After | h, a solution of 20" (163 mg, 3135 umol) in E£O
(3.7 mL) was added dre opwise over 5 min.  The reaction mixture was stirred for 1 h, quenched with saturated
solution of aqueous NH,CL, and then gently warmed up o room temperature,  Et;O was added to the reaction
mixturc and thc organic layer was washed with brine, dried over Mg,SO4 and concentrated in vacuo.
Purification by C()lumn Lhromamgjmph\ on silica é,f.,l (n hcxanm_ AcOEL 4:1 viv) gave the crude product (118
IT]E), W HILI] wWas USLU IUI UlL next reaction V\]UlUul IUILHLI ])Ul]l](.d“()“

A mixture of the crude alcohol (1 18 mg) and PPh; (806 mg, 3.07 mmg)!} in CCL (13 mL.) was refluxed for
26 h.  The reaction mixture was filtered through a Celite pad.  The resulting filtrate was washed with brine.
successively, dried over MgSQ,, and concentrated in vacuo.  Purification b) column chromatography on silica
gel (n-hexane-Et,0, 100:1 v) gave the titic compound 21 (90.7 mg, 71% (2 steps)) as a coloriess oil: ja], -

1.47(c 1.20, CHCL). H-NMR (300 MHz, CDCL) &: 0.89 (br.t, /=6.7 Hz, 3H), 1.22-1.52 (m, 10H), 1.41

(s, 3H1), 1.43 (s, 3H), 1.55-1.66 (m, 2H), 3.61 (d, J=4.9 Hz, 2H), 3.82-3.93 (m, 2H). "“"C-NMR (75MHz.
CDCly) d: 14.0, 22.6, 25.9, 27.0, 27.5, 29.1, 29.6, 31.8, 33.5, 44.4, 79.4, 80.3, 109.3.  MS m/z: 235
(M'+2), 233 (M 1()()%) 1()9 High-resolution MS caled for C:HxO."Cl (M*'): 235.1279. Found:

o~ Ay — -

235.1272.  Caled for CsHy0."Cl(MY): 233.1308.  Found: 233.1311.
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To a solution of HMPA (0.50 mL, 2.90 mmol) in THF (6 mL) was added n-BuLi (1.6 M solution in n-
hexane, 1.81 mL, 2.90 mmol) at -35 °C.  After 30 min, a solution of 21 (120 mg, 0.485 mmol) in THF (6

ml) was added dropwise over 5 min. The reaction mixturc was stirred for 90 min and quenched with
saturated solution of agueous NHL,Cl. The rc%ul{ing mixturc was gently warmicd up o room temperature,
Et,O was added to the reaction mixture and the organic layer was washed with brine, dried over MgSQ., and
concentrated in vacuo.  Purification by column chromatogmph\ on silica gel (n- hexanc-AcOEt, 10:1 v, \) gave
the title compound 22 (48.6 mg, 65%) as a color lws m] [a]p-4.57 (¢ 0.71, CHCL) (lit.™ [a], -3.4° (CHCL.,

1 \v- iy sy Pl I

93% c.c. )) IR v, (IlLd[) 354,1, 33iZ, 2il6cem . 'H-NMR (JUU MHz, CDCi, 3) o 0.86 (Dr t, J=6.9 liz,
3H), 1.16-1.57 (m, 10H), 1.62-1.82 (m, 2H), 2.41 (br.s, 1H), 2.46 (d, J=1.9 Hz, [H), 4.37 (dt, J=1.9, 6.6
Hz, 1H). HC NMR (73 MHz CDCl;)b 13 9 22.5, 24.9, 29.0, 29.1, 31.6, 373 6_.... 72, 7 85.1. MS
miz: .313 (M), 139, 121, 97, 83, 70, 41 (100%). All spectral data were identical with those of the reported
data.™

(S)-(E)-1-Chlorododec-1-en-3-yn-5-0l (23)

A mixture of 1-decyn-3-ol 22 (33.5 mg, 0.217 mmol), piperidine (43.0 wl, 0.43 mmol), rrans-1,2-
dichloroethylene (86.0 ul, 1.08 mmol), Pd(PPhs), (12.5 mg, 10.9 umol), and Cul (4.1 mg, 21.7 umol) in
benzene (0. 12 mL) was stirred at room temperature for 4 h.  E6O was added to the reaction mixture and then
the resulting solution was washed with saturated solution ot aqucous NH,Cl and brine, successively, dried over
MgSQ,, and concentrated in vacuo. Purification by column chromatography on silica gel (n-hexane-AcOEt,
10:1 v/v) gave the title compound 23 (42.1 mg, 85%) as a colorless oil: ], +7.2° (¢ 0.39, CHCL). IR v,,,
(neat): 3333, 2361 Lmi. ‘H-NMR (300 MHz, CDCl,) &: 0.89 (br.t, J=6.7 Hz, %H) 1.17-1.37 (m, 8H). 1.38-
1.32{(m ’)I—n 1.65- 78 {m 2HY. 1.83(br. 5. 1H) ,AA&-.{,I” J=1.9, 6.6 Hz, 1H), 3.96 (dd, ./=13.7, 1.9 Hz,

f
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1H), 6,54 (d, J=13.7 Hz, 1H). "C-NMR (75 MHz, CDCL) o: 14.0, 22.5, _5.(), 29, "‘).ﬁ. 31.7, 37.6,
62.9, 79.8, 92.9, 113.3, 130.8. MS m/z: 215 (M'+1), 213 (M'-1), 179, 115 (100%). High-resoluti(m MS
caled for C.H,O' Cl (M*): 215.1017.  Found: 215.1017. Caled for C.H,O'Cl (M-1): 213.1046.
Found: 213.1060.

(S)- (lE E) 1- Chlorodﬂdeca 1 3 dien 5-0! (24)

f\ 17 mrnnh m THF IH 2 mL \ at =10 °C Fnr 1) min lhn roactingn mivhire
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stirred at -10 °C for 2 h and quenched with F[ﬂO and saturatcd solution of aqueous NH.CL.  The resulting

mixture was gently warmed up to room temperature. The organic layer was washed with brine, dricd over

MgS(l, and concentrated in vacuo. Purmcam)n by colunn Lhr()mal()graph) on silica gel (n-hexanc-AcOFEt,
s

=

10:1 v/v) gave the title compound 24 (25.0 mg, 8 r?:) as a colorless oil: ], +15.8° (¢ 0.80, CHCL). IR v,,
{ncat): 73"’ 1651, 1385 cm”.  'H-NMR (300 MHz, CDCl,) &: 0.88 (br.t, J=6.9 Hz. 3H), 1.14-1.44 (in,

10H), 1.45-1.64 (m, 2H), 4.14 (q, /=06.0 Hz, IH), 5.72(dd, J=14.8, 6.6 Hz, 1H), 6.17 (dd, J=14.8, 11.0
Hz, IH), ().2() (d, /=13.7 Hz, [H), 6.45 (dd, /=13.7, 11.0 Hz, IH). “C-NMR (75 MHz, CDCl,) & 14.1,

22,6, 25.3, 29.2, 29.5, 31.8, 37. 3, 72.4, 121. 1 126.2, 133.2, 137.4. MS m/z: 218 (M +2), 216 (M), 181,

163, 97 (100%). High-resolution MS calcd for C,,H,,0"Cl (M**): 218.1251. Found: 218.1225. Calcd for
C,.H,, 0"CL(M): 216.1280.  Found: 216.1264

(S)-(FE)-Dodeca-3-en-1-yn-5-o0i (9)

To a solution of HMPA (4 5.9 ul, 0.27 mmol) in THF (0.3 mL) was

) dded n-Buli (1.6 M soiution in #-
hg ne; .16 mL, 0.27 mmol) at -35 °C After 1 h C

1mol) C. Afterlh, a solﬁiam of 24 (9.7 mg, 44.9 umol) in THF (0.3 mL)
wa ddcd dr()p\a isc at -35 °C over 5 min and stirred at -35 °C for 2 h.  The reaction mixture was quenched
vuth saturated solution of aqueous NH,Cl and gently warmed up to room temperature.  Et,O was added and

organic layer was washed with brine, dricd over Mg"ﬁ'O and concentrated in vacuo.  Purification by Cniumn

chmmamgmphy on silica gel (n- hexane-AcOEt, 10:1 vAY) gave :hc title Cumpm'rd 9 (6.2 mg, 77%) as a
colorless oil: [a], +13.5% (¢ 0.62, CHCL). IR v, (ncat): 3389, 3314, 2104, 1635 cm™. 'H-NMR (300 MHz.

CDCL) 8: 0.88 (br.t, J=6.7 Hz, 3H). 1. 12-1.48 (m, 10H), 1.48-1. ()(m 2H), 2 h)(d J=2.2 Hz. IH), 4.17
(g, J=7.1 Hz, 1H), 5.70 (ddd, J=13.9, 1.3 Hz, 1H). 6.26 (ddd, . S Hz. 11). “C-NMR
-7 7

c o
{J

{75 Mz, CDCL) 6: 13.9, 22,5, 25,1, 29,1, 29.3, 31.7, 36.8. 72.1, 77.8. Hi 3. )n 147.8. MSm/z: 180
(M"), 151,95, 81 (100%). High-resolution MS caled for C,,H,,0 (M"): 180.1514.  Found: 180.1520

(S)-(8FE)-Heptadeca-8-ene-4,6-diyne-1,10-diol (virol C) (3)
A mixture of 9 (3.9 mg, 32.8 umol), 19 (7.5 mg, 36.1 umol), and Cul (1 mnl) in pyrrolidine

8u
(ﬂ 3 mL) was stirred at room temperature for 1.5 h.  EtO was added to the rc'nr‘ i0n xture and then the

3
.:J‘
I



rc‘snlhnu solution was washed with saturated solution of ag jucous NH.Cl and brine, successively, dried over

MgSO,, and concentrated in vacuo.  Purification by lumn chromatography on sxhc:a gel (n- hL\(It ~OEL,
3:1 viv) gave the title compound 3 (5.6 mg, 65%) as a C()loricss oil; ], +6.8° (¢ 0.44, MLOH) (B e, +6.4°
(c 0.82, MeOH)). IR v,,, (neat): 3605, 3435, 2233, 1602 cm'i ‘H-NMR (300 MHz, CDCl) & 0.88 (br.t,

e LEY 2Ll LT 2 -
I=6.7 Hz, 3H), 1.18-1.44 (m, 10H), 1. 47-1.7{}{111, 2H), 1.80 (quint, /=6.3 Hg, 2H), 2.47 (t. /=06.3 Hz, 2H).

3.76 (t. J=6.3 Hz, 2H), 4.17 (dg, J=1.1, 6.0 Hz, 1H), 5.73 (dd, /=15.9, 1.1 Hz, 1H), 6.28(dd, J=15. 9. 6.0
Hz, 1H). "C-NMR (75MHz, CDCL) &: 13.9, 16.0, 22.5, 25. 1, 29.1, 29.3, 30.8, 31.7, 36.9, 61.4, 65.5
72.1, 73.3, 74.7, 83.5, 108.6, 149.0. MS m/z: 262 (M), 261, 231, 217, 191, 177, l(ﬂ 149 135, 127, 57
/l{\l\ff FRAt ’1/’1 012 i d. DN 100710Q ‘

il § P

LLUU~ f} ﬂlgll l\«ﬁUlUUUll ]‘.\Vl») LdlLU IUI \.,]”l"lﬁ(O‘ \'Vl } i‘} 2. round: 202, 19290, SPL(.U'LH (.]r.l[d WCIcC
identical with those of natural product.™

Isolation and structure clucidation of virol B (2)

Cicuta virosa was collected in Sendai in May, 1992, Flesh plant material (1.8 kg) of rhizoma of C.
virosa was cxtracted with McOH at room temperature for 3 days after mincing in the solvent.  The McOH
cxtract was filterted and the filtrate was concentrated in vacuo (residue; 200 g), and distributed between EtO and
H-O. The concentrated EtO layer (20.0 g) was scparated roughly by column chromatography on silica gel
(200 g) (n-hexane and n-hexanec-acctone (Y/1, 4/1, 7/3, 3/2, I/l v/v, stepwisc)) and vielded 18 fractions
(fraction A-R).  The fraction K (0.65 g), which was cluted with n-hexanc-acctone (4:1 viv) was subjected to
column chromatography on silica gel (65 g) to afford the fraction K-1 (149 mg) with n-hexane-AcOFEt (7:2 viv)
cluent. The fraction K-1 was further purified by column chromatography on silica gel (14 g) with CHCl;-
MeOH (199:1 vA’) to give virol B (2; 40.6 mg) as a colorless oil: [e], +221° (¢ 0.21, McOH). IR (CHCL) v
et 3396, 3420, 2255 cm‘; UV (FtO) A4 (£): 230.8 (1 174) 243.2 (1148), 256.6 (708) nm. 'H-NMR
300 MHz, CDCL) 5: 0.88 (1, J=7.0 H 17, ki) H 1.39 (m, 2H), 1.79 (quint, .

:rf
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OH, H-2). 2.11 (¢, J=7.5 Hz, 2H, H-11), 2,43 (1, J=7.0 Hz, 2H, H-3), 3.75 (t, J=7.0 Hz, 2H. H-1), 5.18 (d.,

J=8.0 Hz, 1H, H-8). 5.51 (dd, J=10.5, 0 Hz, 1H, H-9). 5.59 (dt. J=10.5, 7 Hz, 1H. H-10). “C-NMR
7.

(
(125 MHz, CDCL) o: 14.1 (g, C-17), 13.8(t, C-3), 22.6 (r, C-15), 27.7 (t, C-11), 29.1 (¢, C-12), 29.1 (t, C-
13), 29.3 (1, C-14), 30.8(1, C-2), 31.8 (t, C- 1()) 38.0 (d. C-8), 61.3 (1, C-1). 64.9 (s. C-3). 69.8 (s, C-6),
75.6 (s, C-7), 81.2 (s, C-4), 128.1 (d, C-9), 134.3 (d, C-10). EI-MS m/z: 262 (M"), 261 (M'-1), 244, 23],
202, 191, 177, 163, 57 (100%). High-resolution EI-MS caled for C-H,,0, (M'): 262.1933.  Found:
262.1911.

(25,35)-4-Chloro-2,3-(0O-isopropylidene)butane-1,2,3-triol (27)

A mixture of 26™ (258 mg, 957 umol), 10%-Pd/C (26 mg) and CHCL (1 drop) in McOH (5 mL) was
stirrcd dt room tcmpcrdturc for 15 min under H, dtm()sperL The reaction mixture was filtered through a Celite
pad and concentrated in vacuo.  Purification by column chromatography on silica gel (#-hexanc- AC()} , i
Vi) gave the title (nmn(mml 27 (1()4 mg, ()“)r/r\) as a colorless oil: lul +2.9° (¢ 1.44, CHCL \ IR v .. (nm[\
3445 cm'. ‘H- NMR (300 MH? (I)Cl ) O 145 (s, 6H), 1.86-1 L)‘) (m IH L\Lhdnvdblc with D-0), 3.60-
3.76 (m, 2H), 3.66 (dd, J=11.8, 6.0 Hz, IH) 3.89 (ddd, J=11.8, 5.1, 3.8 Hz, 1H), —HH(dt J=7.7. 4.1 Hz,

iH), 4.17 {ddd, j=7.7, 6.0, 5.1 Hz, i1H). "C-NMR (75 MHze, CDCL,) &: 27.0, 27.2, 44.2, 62.3, 76.3, 79.7,
PIOUT. MS m/z 167 (M-13), 165 (M'-15), 1035, 43, High-resolution MS caled f'n C.H,0. Cl (;‘u* -Me):
167.0289.  Found: 167.0280. Caled for C.H,,0,"Cl (M"-Me): 165.0318.  Found: 165.0309.

(28)

m Al Ty
I ./} WS (lUULU 120
Cl

(2S, 35)-(Z)-1-Chloro-2,3- (O isopropyridene)dodcc 4-ene-2,3-dio

— n [ MY Mt
lU da \iHILU ‘ﬁUlUUUll Ul \J\dl\l blllUl IUL, (1.1\.' ul;, e -+l HIII]UI) H] iU hb (

4.81 mmol) at -78 °C. After 20 min, a solution of alcohol 27 (144 mg, 801 ume Y

added dropwise for 10 min. The reaction mixture was stirred at -78 °C for 1.5 h and Et, N (l (5 mL, 7.21
mmol) was added dropwisc over 10 min and stirred for 15 min.  The reaction mixture was gently warmed up
to room temperature and difuted with Et.O.  The resulting mixture was washed with 11,0 and brine, dried over

) featard s oy T o i A writho Firpthoar o 2 fa
PAEQO_; and concentrated in vacuo. 1 ¢ Cruac pf()uu\,l Was usca without turther lJunuuuu(:n

To a solution of octyltriphenylphosphonium salt (547 mg, 1.20 mmol) in THF (2 mL)-HMPA (2 ml.).
which was prepared from I-bromooctane and PPh, was added dropwise #-Buli (1.6 M solution in #-hexanc.
651 uL 1.04 mmol) at -5 °C over 10 min. ~ Asolution of the crude aldehyde in THF (2 mL) was added to the

Nver S Aftor

l\.a(.lL-U\ll] llJL\LUl\,» (ll. ‘78 C Uyl J llHllLlL\.rﬁ MAlvl }h lhb lbll\-ll\l“ ll“\LLllL V\ll'! W (UlllbLl UIJ L\J {) C ('IH.L{ 5UIILL} f\“
19 h.  EtO was added to the reaction mixture and then the resulting solution was washed with H.O and brine.
successively, dried over MgSO,, and concentrated in vacuo.  Purification by column chromatography on silica
gel (n-hexane-AcOEt, 50:1 v/v) gave the title compound 282 (118 mg. 54% (2 steps)) as a colorless oil and its
E-isomer 28F (8.9 mg, 4% (2 steps)) as a colorless oil: 28E: [« -13.3" (¢ 0.12, CHCL). "H-NMR (300
MHz, CDCL) 6: 0.88 (t, J=06.0 Hz, 3H). 1.16-1.41 (m, 10H), .44 (s, 3H), 1.54 (s, 3H). 2.06 (dt, J=7.7. 7.4
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z. 1H), 5.44 (dd, J=15.1, 8.1 Hz, TH). 5.85 (dt, J=15.1, 7.7 Hz. 1H). "C-NMR (75 MHz.
14.1, 22.6, 27.0, 27.2, 28.8, 29.1, 29.7, 32.3, 43.5, 47.9, 74.5, 80.4, 102.2, 126.2, 137.9. MS
(M), 261, 250, 239, 85 (100%). ~High-resolution MS caled for €, -0.7Cl (M): 274.16%9.
Q -

I

'?.,57(;}(1, J=11.8,49 Hz IH\ l(\'?(ri(l J=11.8, 4.1 Hz, IH\ 3.90(ddd, J=8.1,49 41 Hz, IH).
I H

N ol " e a W VAN Y

194 ~ £
424,  Culed for CLH..0.7Cl

Fo 274.1738.  Caled for C,HLG CF (M*-Me): 261.1436.  Found: 261.1

(M™-] e): 259.14)5. Found: 259.1428. 28Z: [(l] +7.5° (¢ 0.48, C_HCI) 'H-NMR (300 MHz, CDCI )&
088 (br.t, J=6.0 iz, 3H). 1.13-1.52 (m 10H), 1.46 (s, 3H), 1.46 (s, 3H), 1.98-2.25 (m, 2H). 3.56 (dd.
71=12.0, 4.8 IH), 3. 7() (dd, ]—ll 9, 3.9 Hz, 1H), 3.88 (ddd, /=8 4, 4.8, 3.9 Hz, 1H), 4 70 (dt, J=0.7,
¥ 4 e 1EHNY ;’1&2(! It —1N Q 1 H~ HY :'77/]‘! 1Y (Y7 772U, L]\ B sNONAD 7775 KL
Q.7 1RL, llll Pl s ] \U i, J—117.0, O l- 1 k1L lll}, -7 \uul J= 1.0, UL f, 1.0 114, lll) - \AVl[\\l‘,’ AVll]L-
CDClL;) o: 14.1, 22.6, 2() 9 27.3, ._7 9, 29.1, 29.2, 29.6, 31.8, 43.2, 74.4, 80.2, 109.7, 125.6, 137.5. MS
mlz: 276 (M+ ), 274 (M ), 261, 239, 85 (100%). ngh resolution MS caled for CisH--0." ClL (M*):

8.

276.1670.  Found: 276.1694. Calcd for C;H.-Q.*Cl (MM:274.1699.  Found: 274.171

(§)-(Z)-Dodec-4-en-1-yn-3-0l (29)
To a solution of HMPA (1 mL, 6.0 mmol) in THF (3 mL) was added #-BuLi (1.6 M solution in n-hexanc,
3.8 mL, 6.0 mm()l) al -35 °C.  After 30 min, a solution of 28 (276.3 mg, 1.0 mmol) in THF (5 mL) was
added dropwise at -35 "C over 5 min and stirred for 90 min.  The reaction mixture was quenched with saturated
solution of aqueous NH,Cl and gently warmed up to room temperature.  Et,O was added to the resulting
mixture and thc organic layer was washed with brine, dried over MgSQ,, and concentrated in vacuo.
Purification by colmn chromatography on silica gel (n-hexane-AcOEt, 6:1 v/v) gave the title compound 29
(131.4 mg, 73%) as a colorless oil: Ja], +103° (¢ 0.22, CHCL). IR v,,, (neat); 3381, 3312, 2364 cm’. ‘H-
NVIR(3()() MHz, CDCL) 6: 0.88 (1, J=6.9 Hz, 3H), 1.13-1.46 (m, 10H), 1.84 (br.s, exchangable with D,0.
[H), 2.13 (dt, J=7.1, 6.6 Hz, 2H), 2.50 (d, J=2.2 Hz, 1H), 5.11-5.27 (m. 1H). 5.52-5.66 (m, 2H). "C-
NMR (75 MHz, CDCly) &: 14.1, 22.6, 27.6, 29.1, 29.2, 29.3, 31.8, 58.1, 73.0, 84.2, 128.8, 1344 MS

miz: 180 (M), 179, 81 (100%). High-resolution MS caled for C,HwO (M'-1): 179.1430. Found: 179.1469.

(S)-(Z)-Heptadec-9-ene-4,6-diyne-1,8-diol (virol B) (2)

A mixture of 29 (120 mg, 0.67 mmol), 19 (140.7 mg, 0.67 mmol), and Cul (127.6 mg, 0.67 mmol) in
pyrrolidine (6.7 mi) was stirred at room temperature for 40 min.  Saturated solution of aqueous NH.Cl was
added to the reaction mixture and then the quenched mixture was extracted with Et,O.  The organic layer was
washed with brine, dried over MgSQ,, and concentrated in vacuo.  Purification by column chromatography on
silica gel (n-hexane-AcOEL, 3:1 vAv) gave the title compound 2 (159.7 mg, 91%) as a colorless oil: [a], +232° (¢
0.33, MeOH). IR v,.. (neat): 3595, 3418, 2254 cm’. 'H-NMR (300 MHz, CDCL) &: 0.88 (1, J=0.9 Hz,
3H), 1.18-1.47 (m, 10H), 1.62 (br. S, 1H, (,X(,hangablc with D,0), 1.79 (quint, J=13.2, 6.9 Hz, 2H), 1.94 (br.
s, 1H, exchangable with [L,0), 2.05-2.16 (m, 2I1), 2.43 (t, J=6.9 Hz, 2H), 3.75 (1, J=6.9 Hz. 2H), 3.18 (d.

J— Ql\”q Hl\ S AS.85 AS (m ’)H\ ”{_\H\AD 1’7-( AML CCTWEY S 1A I\Q 27 A 27 A& 201 ’?()') ’)()’Z
PESISPAVIDG VAR Y § MO IR SO 3. UJ \ux LK) LTINIVIN O Vi Z, ooy Go k. b, 2O, L4y D700, LY,

1
30.8, 31.8, 38 6, 61.4, 65.0, 69 8, 7. 7, 81.3, 128.3, 134.5. MS m/z: 262 (M), 261, 217, ()l(l()()%)
High-resolution MS caled for Ci-Hys0, (M™-1):261.1853. Found: 261.1846.  All spectral data were identical
with those of the natural product.

Acute Loxicity test
Male mice of ddY strain (21-25 g) were purchased from Nihon SLC Co. (Hamamatsu, Japan).  The mice
were housed in group of 10 per cage (30x30x16 cm), on keeping in air-conditioned room (22«2 °C of the

ambhient temneratnre and S3+59% nf the himiditey writh 172 h Haht ovele and allawed to take fond (1527 ahrained
amoient ICMpCrdaiure dnag 2ox27 O ¢ DUMIGHY ) WA 12 0 Hgnt CYGC, dant dnOwWEed W) 1axe Iaoa (-2 O0dmed

from Funabashi farm Co., Funabashi, Japan) and water ad lib. Samplcs were suspended in physiological
saline containing 2% alabia gum, and administered in gecometrical progression between 0-100% of lethal dose by
intraperitoncally (10 mL/]-c;:, body weight) to the mice. 10) mice were used per a group in the same dosc.  The

I8 Jiiee were oot ed accordine to the Litchfield-Wilcoxon's method.”
J_AJ( V(lll‘\a‘ AR A ¥ b“llll(ll\dkl (ILL\IIUIJIE (AU SRS ULV SIS ) E llbl\l' YY IIWAPANIEIY D BiINLEIVAA,

1. A part of the work was presented in the 39th Symposium on the Chemistry of Natural Products, Sapporo,
1997 S}mp()sium Pdpcrs Pp- Sﬂ 338.
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Clin. Toxicol., 1984 22, 157-166. ¢) North, D. S.; Nelson, R. B. West. J. Meu" 1985, 143, 250. d)
Smith, R. A;; L,cvus‘ D. lr)t Hum. T()!czml ]987 79 240-241. ¢) Panter, K. E.; Kcecler, R. F.; Baker, D.
C. J. Anim. Sci., 1988, 606, 4()7 2413, f) TL,USChLI E.; Grcg,cr H. ,Adrmn V. Phwmcuc 1990 43,
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