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Synthesis of Two Diastereomers of C-1 ~ C-14 Segment in
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Abstract: In order to determine the stereochemistry of amphidinolide L (1), a
cytotoxic macrolide from a marine dinoflagellate, (85,95,11R)-2a and (8R,9R,11R)-
Zb, two diastereomers of the C-1 ~ C-14 segment and (8S5,95,11R)-4a and
(8R,9R,11R)-4b, two diastereomers of the C-7 ~ C-14 segment have been
synthesized, providing authentic samples for degradation products of 1.

© 1997 Elsevier Science Ltd. All rights reserved.

During our continuing studies on bioactive substances from marine dinoflagellates,! we have isolated a

PUPONPSIE SN, Yo G RPN [P L PRI TEOE OIS LI DU N Y-SR |
CYLOWAKC 2 /7-HIKINDCICU HIGLTOHJAC, atlpHdmoilac Lo (1), 1rom cul

ture of the dinoflagellate Amphidinium sp.
(strain Y-25), which was separated from the Okinawan marine flatworm Amphiscolops breviviridis?
Amphidinolide L (1) exhibited cytotoxicity against L1210 murine leukemia cells and KB human epidermoid
carcinoma cells in vitro (ICsg 0.092 and 0.1 ug/mL, respectively). The relative stereochemistries of the
epoxide and tetrahydropyran ring in 1 have been elucidated on the basis of NOE data, and the absolute
configurations at C-21, C-22, C-23, and C-25 have been established by enantioselective synthesis of two

diastereomers of the C-21 ~ C-26 segment.2 In order to determine the absolute configurations at C-16, C-18,

and C-20 in 1, we have synthesized one of eight possible diastereomers of the C-15 ~ C-26 segment as an
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Scheme 2
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* TBDPSCI, imidazote, CH;Cly, rt, 11 h; > DMSO, (COCI);, CH;Cly, -78 °C, 1 h, then Et3N, -50 °C;
¢ (i-PrO),POCH(CH3)CO;Et, t-BuOK, THF, -78 °C, 45 min and then rt, 30 min; ¢ TBAF, THF, rt, 1.5 h;
¢ CBry, PhsP, CH;Cly, 1, 12 h; f PhaP, CH;CN, 80 °C, 2 h

authentic sample for degradation products of 1.3 Furthermore, (85,98,! .‘) 2a and (8R,9R,11R)-2b, two
diastereomers of the C-1 ~ C-14 segment and (85,9S5,11R)-4a and (8R,9R,11R)-4b, two diastereomers of
he C-7 ~ C-14 segment in 1 have been synthesized in order to clarify the stereochemistry at C-8, C-9, and C-
i1in 1. Here we describe the synthesis of 2a and 2b and 4a and 4b and comparison of the {H and 13C

NMR data of 1 with those of 2a and 2b.

The synthetic route of 2a and 2b was based on a convergent strategy through Wittig reaction between
the phosphonium salt (3) and the aldehyde (4a or 4b) (Scheme 1), which can be derived from 1,4-butanediol
and methy! (S)-(+)-3-hydroxy-2-methylpropionate, respectively, commercially available.

The monoprotected diol (§) was subjected to Swern oxidation and then Horner-Emmons reaction to

yield the E-unsaturated ester (6), predominantly (Scheme 2). Deprotection of 6 and then bromination gave
tha hramida () whisrh wac trantad unth trinhanvlnhAacnhina ta nffard th I hAanitim cals 72
WiV UTULLLIUML \O ), WIIIVIL WdD llvaibvud Wil 1 lyll\vll ll}llUBylllllU WV aliviu L L4

AAAAAAA A S ) .

he (11R)-allyl alcohol (9),% prepared from methyl ($)-(+)-3-hydroxy-2-methylpropionate by five
steps, was oxidized with m-chloroperbenzoic acid (MCPBA) to yield a 3:2 mixture of the - and B-epoxides
(10) (Scheme 3). After four step conversion of this mixture, the tosylate (12) was obtained in 56 % yield.
Three carbon homologation of 12 was performed by treatment with NaCN and then Wittig reaction to give
the unsaturated ester (13). Deprotection of the acetonide in 13 and subsequent protection of the primary
hydroxy group yielded compound 14, which was oxidized with tetrapropylammonium perruthenate (TPAP)>
and then subjected to Wittig reaction with methyltriphenylphosphonium bromide to afford compound 15.
After reduction of 15 with DIBAL, Sharpless auy; metri

~
£3a8 SRR - L] LURLPILIS S8 I8 e

DET led to 85,95- and 8R,9R-epoxy alcohols (4a and 4b) in the ratio of ca. 9:1, while epoxxdanon with (-)-

e o I oF S| el APPSR { P | tAAsi A AL

DET afforded 4a and 4b in the ratio of ca. 1:10. CUUpung reaction of the aldehyde obtained by oxidaiion of

oxidation6 of the allyl alcohol (16) with (+)-

QI =9, waill

4a and the phosphonium salt (3) afforded (85, 95, and 11R)-Za (36 %) together with its 6Z-isomer (27 %).
Coupling reaction of 3 and the aldehyde derived from 4b yielded (8R, 9R, and 11R)-2b and its 6Z-isomer
(41 % and 29 %, respectively).

The 'H NMR data of 2a and 2b in comparison with those of amphidinolide L (1) were shown in Table
1. The chemical shifts of H-8 ~ H-11 and C-9, C-11, and C-28 in 1 were similar to those of 2a rather than
those of 2b (Table 2). Though the stereochemistry at C-8, C-9, and C-11 in 1 seems to be the same as those
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Scheme 3
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* MCPBA, NaHCO3, CH,Cly, 1, 14 h; ? DIBAL, CgHg, 0 °C, 1.5 h; ¢ (CH3);C(OCH3),, PPTS, CH,Cly, rt, 12 h; 9 Na, lig.
NH;, THF, -78 °C, 1 h; © TsCl, EtsN, DMAP, CH,Cl,, 0 °C and then rt, 13 h; ' NaCN, DMSO, 80 °C, 2 h; & DIBAL,
CH,Cl;, -78 °C, 30 min; ! PhyP=CHCO,Et, CgHg, 50 °C, 13 h; | 1 N HCI, THF, 40 °C, 19 h; | TBSCI, Et3N, DMAP,
CH,;Cly, rt, 1 h; X TPAP, NMO, MS-4A, CH;Cly, t, 17 h; | PhsPCH;3Br, n-BuLi, THF, 0 °C, and then rt, 1 h; ™ DIBAL,
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CHZC%Z, -78 C 3 h (T)’DE’F Tl(l"()l 0)4, f-BuGOH P"c-‘-A, =20 l" 12 l' Dess-Martin per Il’dlllullt, uu’!F it 4 h; P

N VA j ¥4
3, n-BuLi, THF, -20 °C, 30 min, and then rt, 13 h; 9 (-)-DET, Ti¢- Pr0\4,z _BuOOH, MS<A, -20 °C, 36 h; ' Dess-Martin

) s

periodinane, DMF, rt, 4 h; 5 3, n-BuLi, THF, -20 °C, 1 h, and then rt, 12 h.

of 2a, degradation experiments for 1 must be followed to confirm it. Compounds 2a and 2b as well as 4a
. £.1 o ooaabl et b Lo A Dol 1. 01 alale ool ol el o mmandatine bhao
and 4b may be useful as authentic samples for degradation products of 1, although the degradation has not

o

been carried out due to paucity of 1. Further large-scale cultivation of the dinoflagellate is in progress to
provide sufficient quantity of 1 for the degradation experiments.

Experimental Section

General Methods. Optical rotations were recorded on a JASCO DIP-370 polarimeter. The IR and
UV spectra were taken on a JASCO FT/IR-230 and JASCO Ubest-35 spectrophotometer, respectively. TH
and 13C NMR spectra were recorded on a Bruker ARX-500 spectrometer. FAB mass spectra were obtained
on a JEOL HX-110 spectrometer using glycerol as a matrix. EI mass spectra were measured on a JEOL DX-

303 spectrometer at 70 eV.
6-tert-Butyldiphenylsilyloxybutan-1-ol (5). To a solution of 1,4-butanediol (5.00 g, 55.5
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Table 1. 'H NMR Data of Amphidin

A% RSGaiEs

Segment in CgDe.
positn. 1 2a 2b
3. 6.96 (t, 6.0) 6.94 (t,5.7) 6.92 (t,6.3)
q. 1.98 (m) 1.90 (2H, m) 1.87 (2H, m)
1.95 (m)
5. 1.94 (m) 1.90 (2H, m) 1.90 (2H, m)
1.91 (m)
6. 5.62 (dt, 15,2, 7.2) 5.64 (dt, 15.4, 7.0) 5.60 (dt, 15.2,7.3)
7. 5.14 (dd, i15.2, 8.1) 5.18 (dd, 154, 7.5) 5.25 (dd, 15.2, 7.0)
8. 2.97 (dd, 2.1, 8.1) 3.01 (dd, 2.2, 7.5) 2.81 (dd, 2.2, 7.0)
9. 2.80 (ddd, 2.1, 3.7, 7.0) 2.78 (ddd, 2.2, 4.0, 7.3) 2.83 (ddd, 2.2, 3.3, 7.8)
10. 1.38 (ddd, 5.4, 7.0, 13.4) 1.36 (ddd, 4.7, 7.3, 13.1) 1.48 (ddd, 3.4, 7.8, 13.4)
1.26 (ddd, 3.7, 9.1, 13.4) 1.27 (ddd, 4.0, 8.0, 13.1) 1.24 (ddd, 3.3, 7.6, 13.4)
11. 1.88 (m) 1.84 (m) 1.72 (m)
12. 2.10 (dd, 6.4, 13. 4) 2.07 (dd, 5.4, 14.6) 2.09 (dd, 6.0, 14.3)
2.05 (dd, 7.5, 13.3) 1.87 (dd, 3.2, 14.6) 1.82 (dd, 4.3, 14.3)
27. 1.90 (brs) 1.91 (brs) 1.90 (brs)
28. 0.93 (d, 6.6) 0.93 (d, 6.3) 094 (d, 6.4)
29. 5.05 (d, 2.1) 5.30 (brs) 5.28 (brs)
4.98 (d, 2.1) 4.88 (brs) 4.87 (brs)

Table 2. 13C NMR Data of Amphidinolide L (1) and Two Diastereomers (2a and 2b) of the C-1 ~ C-14
C

Segment in CDCl5.
positn. 1 2a 2b
3. 141.26 d 142.87 d 142.80 d
4. 27.25 t 28.51 t 28.48 t
5. 30.76 t 31.23 t 31.29 t
6. 134.37 d 133.87 d 132.86 d
7. 129.11 d 130.21 d 131.38 d
8. 59.33 d 59.66 d 60.27 d
9. 59.24 d 58.87 d 57.19 d
10 38.65 t 38.73 t 38.23 t
11 29.65 d 29.68 d 30.81 d
12 46.11 t 40.92 t 40.61 t
28 19.61 q 19.69 q 20.75 q
29 114.92 t 110.40 t 110.45 t

mmol) in CH;Cl; were added imidazole (4.15 g, 61.0 mmol) and then tert-butyldiphenylchlorosilane
(TBDPSCI, 14.8 mL, 55.5 mmol) at 0 °C, and the mixture was stirred at room temperature for 11 h. After
addition of MeOH, the reaction mixture was partitioned between EtyO and saturated aqueous NH4Cl. The
organic phase was washed with brine and dried over MgSQy4. After evaporation of the solvent, the residue
was chromatographed on silica gel (hexane/EtOAc, 95: 5) to give compound 6 (1582 g, 48.2 mmol, 87 %)
as colorless oil; IR (neat) vmax 3430, 2985 1600, 1370, 126() and 1175 cm I. IH NMR (CDCl;) 6 1.05

nry . ~ F1TT I_HAIT\')t " AL (£1LT nAd
{SH, s8), 1.6 ~ 1.8 (4H, m), 2.00 (1H, brt, J = 7.4 Hz), 3.6 ~ 3.8 (4H, m), 7.35 ~ 7.45 (6H, m), and

7.7 (4H, m); EIMS m/z 328 (M+); HREIMS m/z 328.1846 M+, calcd for CpoH»8078i, 328.1859.
Ethyl (2E)-6-tert-Butyldiphenylsilyloxy-2-methyl- -2-hexenoate (6). To a solution of
oxalyl chlorlde (265 pL 3 04 mmol) in CH)Cl, (5. 8 mL), DMSO (323 uL, 4.56 mmol) in CHCl; (580 uL)

“ ad 1
was slowly added at -78 °C, and the mixture was stirred for 10 min. To the reaction mixture was dlupw'lse

=3

“
O~
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added a solution of 4-fer-butyldiphenylsilyloxybutan-1-ol (§, 500 mg, 1.52 mmel) in CHyCl; (2.23 mL).
After stirring at -78 °C for 1 h, Et 1.05 mL, 7.60 mmol) was added to the reacuon mixture, wluch was

allowed to warm to -50 °C. After addition of saturated aqueous NH4C] the reaction mixture was extracted
with Et0. The organic phase was washed with H2O and then brine, and dried over MgSOy4. The solvent
was evaporated to afford a crude aldehyde (514 mg), which was subjected to the following reaction without
purification. To a stirred suspension of +-BuOK (597 mg, 5.32 mmol) in THF (11 mL) was added
dusopropyl (1—ethoxycarbonylethyl)phosphonate (1 44 g, 6.08 mmol) m THF (11 mL) at 0 °C.  After
surrmg for 1 h, to the reaction mixture cooled to -78 °C was added a solution of the crude aldehyde (514 mg)
in THF (5.5 mL), and the stirring was continued at -78 °C for 45 r_nin hen room temperature for 30 min.

30

After addition of saturated aqueous NH4Cl, the reaction mixtur was extracted with EtyO. The organfc phdée
was washed with H>O and then brine and dried over MgSO4 After evaporation of the solvent the reSIdue

._L_,___n JRUpRIINI, N | imen ol Maagnn BN $n mlura e viyan AL IACN L e P |

was Crnroma Ug pm.u on mm.a gCl \HC&dllCIDLUﬂL }J J} 89) SIVC LUlllpUUllU U (+JV.0 L11E, l IU 1111v1, IJ '/O)
as colorless o;l IR (neat) vyay 2985, 1720, 1655, 1455, 1370, 1265, 1175, and 1060 cml; 'H NMR
(CDCl3) 8 1.05 (9H, s), 1. 29 (3H t, J=172 Hz), 1.68 (2H m), 1.83 (3H, brv.) 2.28 (2H, q, J=14 Hz),
3.68 (2H, t, J= 6.1 Hz), 4.19 (2H, q, J = 7.2 Hz), 6.76 (1H, dt, J = 1.1 and 7.4 Hz), 7.35 ~ 7.45 (6H,
m), and 7.6 ~ 7.7 (4H, m); EIMS m/z 410 (M*); HREIMS m/z 410.2274 M+, calcd for CysH34038Si,
410.2277.

Ethyl (2E)-6-Hydroxy-2-methyl-2-hexenoate (7). To a solution of the unsaturated ester 6
(427 mg, 1.05 mmol) in THF (3 mL) was added a | M THF solution (1.56 mL, 1.56 mmol) of
tetrabutylammonium fluoride (TBAF), and the reaction mixture was stirred at room temperature for 1.5 h.

After addition of Et0 and saturated aqueous NH4Cl, the reaction mixture was extracted with Et;0, and the
organic layer was washed with H»O and then brine, and dried over MgSOy4. The solvent was evaporated in
vacuo, and the residue was subjected to silica gel column chromatography (hexane/EtOAc, 4:1) to afford
m\mpr\nnﬂ 7 (1‘20 1 mg, {17 umnl 78 0//.\ as a ¢colorless nll IR fnnm\ Vimax 3 '%A'iﬂ ’)QR‘; 17’)(\ ldﬁﬁ I‘x’m
1265, 1175, and 1060 cmr ‘ lH NMR (CDCI3) 5 1.27 (3H t, J' 7 2 Hz), 1.42 (1H, brs), 1.68 (2H m)
1.83 (3H, brs), 2.24 (2H, q, J =17.4 Hz), 3.66 (2H, brt, J = 6.1 Hz), 4.19 (2H, q, J = 7.2 Hz), and 6.76

(1H, dt, J = 1.1 and 7.4 Hz); EIMS m/z 172 (M*); HREIMS m/z 172.1092 M*, caled for CoH 603,
172.1099.

AT

Ethyl (2E)-6-Bromo-2-methyl-2-hexenoate (8). A solution of compound 7 (502 mg, 2.92
mmol) in CH2C12 (5 mlL) was treated with tetrabromomethane (290 g, 8.75 mmol) and triphenylphosphine
{1.53 g, 5.83 mmol) at room temperature for 12 h. The mixture was diluted with CHCl3 and saturated
aqueous NaHCO3, and the reaction mixture was extracted with CHCl3. The organic layer was washed with
H;0 and dried over MgSO4. The solvent was evaporated in vacuo and the residue was subjected to silica gel
column chromatogrphy (hexanc/EtOAc 4:1) to afford compound 8 (606.2 mg, 2. 58 mmol 88 %) as a

o8 179N 144N 120N 19 £ ~Aen-1. 1L H NMR ™ K 1 /ALY
colorless Uu, IR \ucat) Vmax 470.!, 14\, 140V, 100V, 1.(..3.:, and 1175 cim *y TI1ANIVIN \\.U\.Jj} o 1.25 \ori,

t,/ = 7.2 Hz), 1.74 (3H, brs), 1.86 (2H, m), 2.23 (2H, q, / = 7.4 Hz), 3.28 (2H, t, J = 6.1 Hz), 4.08 (2H,
q. /=172 HZ) and 6.57 (IH dt, /= 1.1 and 7.4 HZ) EIMS m/z 234 (M*); HREIMS m/z 234.0232 M*’
calcd for C9Hy50,79Br, 234.0255.

(AR & _£ 3
[(4E)-5-Carbethoxy-4-hexenyl]triphenylphosphonium Bromide (3). To a solution of the

compound 8 (100 mg, 425 umol) in CH3CN (1.5 mL) was added triphenylphosphine (123 mg, 68 umol)
and the mixture was stirred at 80 °C for 2 h. The mixture was evaporated in vacuo and the residue was
washed with hexane to afford the phosphonium sait (3, 138 mg), which was used without further
purification.

(45)-5-Benzyloxymethyloxy-2,3-epoxy-4-methylpentan-1-0l (10). To a solution of 9
(3.53 g, 14.5 mmol) in CH,Cl; (25 mL) were added NaHCO3 (6.10 g, 72.6 mmol) and m-chloroperbenzoic
acid (7.10 g, 29.0 mmol) at 0°C, and the mixture was stirred at room temperature for i4 h. After addition of

saturated aqueous NaHCO3, the mixture was extracted with CHzCly. The organic phase was washed with

saturated aqueous NayS,03, H,O, and then brine, and dried over MgSO4 After evaporauon of the solvent,
the residue was subjected to silica ge] column chromatography (hcxanc/EtOAc 4:1) to gnve a 3:2 mixture of
o- and PB-epoxides (10, 3.37 g, 13.3 mmol, 92 %) as a colorless oil; [aJp2° -2.10° {c 3.73, CHCl3); IR
(neat) Vipax 3430, 2930, 1725, 1455, 1380, and 1045 cml; IH NMR (CDCl) for a-e pgx!dg 8 1.02 (3H, d,

(")

vy

J 70Hz) 1.73 (1H, brs), 176 (IH m), 2.95 (1H, dd J=23and 7.0 Hz) 3.00 (1H, m), 3.54 (1H,
m), 3.61 (2H, d, J = 5.6 Hz), 4.61 (2H, s), 4.78 (2H, s), and 7.26 ~ 7.36 (5H, m); 1H NMR for B-epoxide
6 1.03 (3H, d, J = 7.9 Hz), 1.73 (1H, br.s), 1.76 (1H, m), 2.92 (1H, dd, J = 2.3 and 6.8 Hz), 3.05 (1H,
m), 3.61 (2H, d, J = 5.6 Hz), 3.63 (1H, m), 4.56 (2H, s), 4.75 (2H, s), and726 7.36 (5H, m); FABMS
(Pos ) m/z 253 (M+H)"’ HRFABMS m/z 253.1444 (M+H)+ caled for C14H2104, 253.1440.
(4R)-5-Benzyloxymethoxy-1,2- lsopropyhdenedloxy-4 -methylpentane (11). To a
solution of the epoxide 10 (2.41 g, 9. 56 inmol) in benzene (40 mL) was dropwise added a 1.01 M toluene

701
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O,
i, 29.7 mmol) at 0 °C, and the mixture was st

MeOH (2 mL) to decompose the excess reagcm the reaction mixture was allowed to warm to room
temperature. Et;O and saturated aqueous potassium sodium tartarate were added and the resulting mixture

was stirred vigorously for 1 h. After extraction with EtzO, the organic phase was washed with H;0 and then
brine, and dried over MgSQ4. The solvent was evaporated to give a 8:1 mixture of 1,2-diol and 1,3-diol

U iiAv, aals i LA ERALY AN 4 a4 ames AV Saas W LGS W AALIE 1,&0101 alld

(2.31 g), which was subjected to the following reaction without separation. To a solution of the mixture
(2.31g)in CH2C12 (38 mlL) were added 2,2- dlmcthoxypropane (2. 34 mL, 19.1 mmol) and Lhen pyndlmum
p-toluenesuifonate (240 mg, 956 pmol), and the mixture was stirred at room temperature for 12 h. After
addition of H0O, the reaction mixture was extracted with Etp0. The organic phase was washed with brine,
and dried over MgSQ4. After evaporation of the solvent, the residue was chromatographed on silica gel

(hexane/EtOAc 9 1) to give the 12 acetomde 11 (1.91 g, 6.50 mmol, 68 % from 10) as colorless oil;

CHCl): 1455 01280 1110 and 1045 om-
HCl3); IR (neat) vnax 2935, 1455, 1380, 1110, and 1045 cmi I. THNMR (CDCl3) 8

.01 (1.2H, d, J = 6.8 Hz), 1.33 (0.6H, ddd, J = 5.0, 8.6, and 13.6 Hz), 1.35

irred for 1.5 h. After addition of

S [ E A L8 1ion of

. 4H, m), 1.64 (0.4H, m), 1.77 (0.6H, ddd, J = 5.2, 8.2, and 13.5 Hz), 1.84
(0.4H, m), 1.94 (0.6H, m), 3.4 ~ 3.5 (3H, m), 4.05 (1H, m), 4.19 (1H, m), 4. 60 (2H, s) 4.75 (2H, s),
and 7.26 ~ 7.36 (5H, m); FABMS (Pos.) m/z 295 (M+H)*; HRFABMS m/z 295.1930 (M+H)*, calcd for

C7H7704, 295.1909.

(2R)-4,5-Isopropylidenedioxy-2-methylpentyl p-toluenesulfonate (12). Sodium (2.98 g,
129 mmol) was added to liq. NH3 (120 mL) at -78 °C, and the mixture was stirred for i0 min. To the
mixture was dropwise added a solution of 11 (1.91 g, 6.48 mmol) in THF (30 mL) at -78 °C, and stirring
was continued for 1 h. After dilution with EtpO, NH4Cl was added to the reaction mixture until blue color of
the solution disappeared. After insoluble materials were filtered, the solvent was evaporaed to gwe a residue,

/1 nn

which was purified by silica gel column chromatography (hexane/EtOAc, 4:1) to give the alcohol (1.00 g,
§5.74 mmol. 88 %). To a solution of the alcohol (1.00 g, 5.74 mmol) in CH»Cly (5 ml) were added Eta

o~ ITF BMMLAVEy UU /U AV G SVIWNWLIVIA Vi MIV REVURIVL 20wy 112102 a2 [oAR7RCE) (VY odiikd) SYRAU QURLRS L85

(242 mL, 17.2 mmol) DMAP (70 mg, 574 umol), and D- toluenesulfonyl chlonde (2 19 g, 11.5 mmol) :
°C, and the reaction mixture was stirred at room temperature for 13 h. To the reaction mixture was added
MeOH (3 mL), stirring was continued for 30 min. After dilution with Ei;0, 1 N HCl was added and the
mixture was extracted with Et70. The organic phase was washed with saturated aqueous NaHCOQj3, H»O,
and then brine, and dried over MgSO4 After evaporation of the solvent, the residue was chromatographed
on silica gel (hexane/CHCl3, 2:1) to give the tosylate 12 (1.77 g, 5.40 mmol, 94 %) as a colorless oil;
[o]p26 -15.2° (¢ 0.30, CHCl3); IR (neat) Vmax 2940, 1455, 1360, 1170, and 1045 cmr'l; 'H NMR (CDC13)
6 0.95 (1.8H, d, J = 7.0 Hz), 0.97 (1.2H, d, J = 7.7 Hz), 1.30 (3H, s), 1.31 (3H, s), 1.60 ~ 1.75 (2H, m),
1.96 (0.4H, m) 2.02 (0.6H, m), 2.45 (’%H s) 3.43 (1H, m) 3.8 ~ 4.1 (4H, m), 7.34 (2H, d, J = 8.1 Hz),
and 7.79 (2H, d, J = 8.3 Hz); FABMS (Pos.) m/z 329 (M+H)*; HRFABMS m/z 329.1436 (M+H)*, calcd
for Ci6H2505S, 329.1422,
Ethyl (2E,5S)-7,8-1sopropylidenedioxy-S-methyl-2-octenoate (13). To a solution of the
tosylate 12(1.75g,5.33 mmol) in DMSO (38 mL) was added NaCN (523 mg, 10.7 mmol), and the reaction

mixture was stirred at 80 °C for 2 h. After dilution with HpO, the reaction mixture was extracted with btzu

Tha mlan chad O
LIC Ulsa.lub hase was washed with brine and dried over Mg SOq, The solvent was evaporated to give a

crude cyanide (1.23 g). To a solution of the cyanide in CH2Cly (20 mL) was dropwise added a 0.95 M
hexane solution of DIBAL (11.5 mL, 10.9 mmol) at -78 °C, and the mixture was stirred for 30 min. After
addition of MeOH (2 mL) to decompose the excess reagent, the reaction mixture was allowed to warm to

rOnm to "o h
room temperature. EO and saturated aqueous potassium sodium tartarate were added and the resulting

mixture was stirred vigorously for 1 h. After extraction with EtOAc, the orgamc phase was washed with
H,0 and then brine, and dried over ‘MgS0y4. The solvent was evaporated to glve the crude aldchyde (1 .09
g), which was subjected to the foliowing reaction without separation. To a solution of the aldehyde in
benzene (20 mL) was added (ethoxycarbonylmethylene)triphenylphosphorane (2.79 g, 8.00 mmol), and the
mixture was stirred at 50 °C for 13 h. The solvent was removed in vacuo and then the residue was purified
by silica gel column chromatography (hexane/EtOAc 19: 1) to gnve compound 13 (758 mg, 4.07 mmol 76%

oZ

I‘.

from 11) togemer with the cis-isomer (33 mg, 0.21 mmol, 4 %). 13: a coioriess oil; U.j[)2' -3.61° {c 6.33,
CHCI3); IR (neaf\ v—ax 2985, 1720, 1655, 1455, 1370, 1265, 1175, and 1060 cm!; 'TH NMR (CDCl3) &
0.95 (1 .8H, d, 7 Hz), 097 (1.2H, d, J = 6.7 Hz), 1.27 (3H, t, J = 7.2 Hz), 1.35 (3H, s), 1.40 (3H,
s), 1.49 (0.4H, m) 1.56 (0.6H, m), 1.66 (1H, m), 1.77 (1H, m), 2.10 (1H, m), 2.26 (1H, m), 3.47 (1H,
q, J = 6.0 Hz), 4.04 (1H, m), 4.15 (1H, m), 4.18 (H, q, J = 7.2 Hz), 5.83 (1H, d, J = 15.6 Hz), and 6.93
(1H, m); FABMS (Pos.) m/z 257 (M+__)+ HRFABMS m/z 257.1747 (M+H)*, caled for Cy4H2504,
257.1753.

Ethyl (2E,5S)-8-(t-Butyldimethylsilyloxy)-7-hydroxyl- -5-methyl-2-octenoate (14).

The compound 13 (420 mg, 1.64 mmol) was dissolved in THF (5 mL), 1 N HCI (820 pL) was added to this
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mixture with stirrine and the stirring was continued at 40 °C for 19 h. After addition of saturated aqueous

SRR VWAL VY 3 Jwsi1 & b Y AT Wl i 4
NaHCOs3, the reaction mixture was extracted with Et;O and then washed with H2O and then brine, and dried
over MgSO4.  After evaporation of the solvent, the residue was chromatographed on silica gel

(hexane/EtOAc, 4:1) 10 give 7,8-diol (340.5 mg, 1.57 mmol, 96 %) as a colorless oil. To a solution of the
diol (168 mg, 777 umol) in CH2Cl (1.5 mL) were added Et3N (120 pL., 854 umol), DMAP (3.8 mg, 31.1

202 | it Lo LA NS Wit St 2.0 L&V i, OO% 212U 7, AALVAS

umol), and t-butyldxmemylsﬂyl chioride (129 mg, 854 umol), and the reaction mixture was stirred at room
temperature for 1 h. After dﬂuuon with Etp0O, 1 N HCI was added and the rmxture was extracted with Et;0.
The organic phase was washed with saturated aqueous NaHCOs3, H20, and then brine, and dried over
MgSO4. After evaporation of the solvent, the residue was chromatographed on silica gel (hexane/EtOAc,
95:5) to give the alcohol 14 (121 mg 366 umol, 47 %) as a colorless oil, and 19 % of the diol (31 mg, 144

umol) was recovered. 14; [o]p?3 151° (c 4.07, CHC13) IR (neat) Vmax 3500, 2955, 1720, 1650, 1255,

-1. uxn.n: (OTYOIY R’ N £1IT ne QLT
and 1095 cm!; '"H NMR (CDCl3) § 0.06 (6H, s), 0.89 (9H, s5), 0.94 (1.8H, d, J = 6.4 Hz), 0.95 (1.2H, d,

J=6.8 Hz), 1.27 (3H, t, J = 7.2 Hz), 1.33 (1H, m), 1.8 ~ 2.45 (4H, m), 3.34 (1H, m), 3.57 (1H, m),
3.71 (1H, m), 4.17 (2H, q,J 7.1 Hz), 5.78 (1H, d, J = 15.2 Hz), 5.84 (1H, d, J = 15.2 Hz), and 6.92
(1H, m); FABMS (Pos.) m/z 331 (M+H)*; HRFABMS m/z 331.2291 (M+H)*, caled for C;7H3504Si,

331.2276.

Ethyl (2E.55)-7-(t-Butyldimethylsilyloxymethyl)-5-methyl-2,7-octadienoate (15). To
a solution of the alcohol 14 (121 mg, 366 umol) in CH2C12 (1.5 mL) were added molecular sieves 4A (183
mg) and 4-methyimorpholine N-oxide (64.3 mg, 549 pmol). After the mixture was stirred at room
temperature for 10 min, tetrapropylammonium perruthenate (6.4 mg, 18.2 pmol) was added to the reaction
mixture and stirring was continued at room temperature for 17 h. After insoluble materials were filtered off,
the solvent was evaporated in vacuo to afford a crude ketone, which was bubjected to the followmg reaction

without purification. To a solution of memyuripneny1pnospnonium bromide (261 mg, 732 pimol) in THF (7
ml.) was added a 1.6 M hexane solution of n-BuL.i (435 uL, 695 umol) at Q °C, and the mixture was stirred

QS GuuLie G 2.V iVa aavaduay SUIRLULE VUL TeTaA e iy VIS 23302 QL YV SIIAANG

at room temperature for 30 min. The crude ketone (108 mg) n THF (4 mL) was added to the mixture at 0 °C,
and the reaction mixture was stirred at room 1 temeprature for 1 h. After addition of saturated aqueous NH4C1

the reaction mixture was extracied with Etp0. The organic phase was washed with H2O and then brine, and
dried over MgSQ4. After evaporation, the residue was purified by a silica gel column (hexane/EtQAc, 49:1)

to afford 15 (56.1 mg, 173 p.mol 47 % from 14) as a colorless oil; [o]p23 -2.64° (¢ 1.20, CHCl3); 'H
NMR (CDCl3) 8 0.06, (6H, s), 0.89 (3H, d, J = 6.0 Hz), 0.91 (9H, s), 1.28 (3H, t, J = 7.0 Hz), 1.75-1.90
(2H, m), 1.95-2.05 (2H, m), 2.24 (1H, m), 4.03 (2H, s), 4.18 SZH q,J=7.1 HZ) 4.80 (1H, s), 5.08
(1H, s), 5.80 (1H, dt, /= 1.2 and 13.6 Hz), and 6.93 (1H, m); 3C NMR (CDCl3) 6 -5.45 (2C), 12.21,
18.30, 19.48, 25.85 (3C), 30.66, 39.33, 40.39, 60.04, 65. 70 110.45, 122. 64, 146.56, 147. 66 and

166.44; FABMS (Pos.) m/z 327 (M+H)*; HRFABMS m/z 327.2376 (M+H)*, calcd for CjgH3503Si,

2177 I8 A
Jal.a0I09.

(2E,55)-7-(t-Butyldimethylsilyloxymethyl)-5-methyl-2,7-octadien-1-0l (16). To a
solution of compound 15 (51.4 mg, 158 pmol) in CH2Cl; (1 mL) was dropwise added a 0.95 M CH,Cl,
solution of DIBAL (664 uL, 630 pumol), and the mixture was stirred at -78 °C for 3 h. After addition of
MeOH (1m i.i' ) o d\.«vcluyao\. the excess 1€u5\,u{, the reaction mixture was allowed to warm to room

temperature. EtpO and saturated aqueous potassium sodium tartrate were added to the reaction mixture,
which was stirred vigorously for 1 h. After extraction with EtOAc, the organic phase was washed with H,O

and then brine and dried over MgSOj4. The solvent was evaporated to give a residue, which was subjected to
cilica gal coliimn chraomataoranhy thavana/Rt(Q A 10 1\ to affard the allvl aleohol {1 6 44 9 mo 158 Ilmn]

SIULVA fled VUL VINVILIGIVELGRILY \LIVAGLIRY LA ik, WU QLAVIN WIU QGuiya QuvUaava 2s0 aiada

100 %) as a colorless oil; [a]D 4.3.45° (c 1.15, CHC]3) IR (neat) vax 3340, 2955 1460 1255, and 1085
cml; TH NMR (CDClg) $ 0.06, (6H s), 0.86 (3H d, J=6.5 Hz) 091 (9H s) 1.55 (lH br.s), 1.68
(1H, m), 1.80 (1H, dd, J = 8.3 and 13.9 Hz), 1.87 (1H, m), 2.0 ~ 2.1 (2H, m), 4.03 (2H, s), 4.08 (2H, d,
J =4.7Hz), 4.79 (1H, s), 5.07 (1H, d, J = 1.6 Hz), and 5.64 (2H, m); 13C NMR (CDCl3) 8 -5.41 (2C),
18.36, 19.43, 25.89 (3C), 31.16, 39.56, 40.37, 63.38, 65.78, 110.03, 130.51, 131.43, and 147.00;
FABMS (Pos. ) m/z 285 (M+H)*; HRFABMS m/v 285. 2274 (M+H)+ calcd for C16H330251 285 2250
28,38 7-(i-Butyidimethyisiiyloxymethyl)- A,.‘J epoxy-5-methyl-7-octen-1-ol

oa red suspens olecular sieves 4A (20 mg) in CH,Clj ( 15() L\ containing diethyl (+)-
tartrate (130 mg, 630 pmol) was added titanium tetrausopropomde (15 plL, pmol) at -20 °C, and
successwely a solutlon of the alcohol 16 (35 mg, 123 pmol) in CH2Cly (3 00 L) was dropwise added.
Afier stirring for 30 min, a 3.0 M 2,2,4-trimethylpentane solution of rerr-butyl hyurcpemmde (123 uL, 369
umol) was added and the resulting mixture was stirred at -20 °C for 12 h. The reaction mixture was poured
into a cold and stirring solution of FeSO4-7H20 (70 mg) and tartaric acid (20 mg) in H20 (200 uL). After
insoluble materials were filtered, 30% NaOH in brine was added to the filtrate, and stirring was continued at

0 °C for 1 h. The mixture was extracted with CH;Cl; and washed with H»O and then brine and dried over

o~

703
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MgSQ4. After evaporation of the solvent, the reszd-,.., ..as p"rif' ied by silica gel column chromatography
(hexane/EtOAc, 9:1) to afford compound 4a (13.3 4.3 umol, 36 %) and 4[) (1.5 mg, 5.0 umol, 4 %),
and 49 % of 16 (17 2 mg, 60.5 umol) was reeovered 4a:ac olorless oil; [(x]D 25 -18.9° (c 1.23, CHCl3); IR
(neat) Vimax 3445, 2955, 1460, 1255, and 1085 cm!; 'H NMR (CDCl3) 6 0.07, (6H, s), 0.91 (SH, s), 0.96
(3H, d, J = 6.6 Hz), 1.33 (1H, ddd, J = 5.4, 8.3, and 10.2 Hz), 1.63 (1H, ddd, J = 4.5 , and 13.8 Hz),

, 6.
5 Hz), 2.90 (1H, m), 2.9

1.73 (1H, br.s), 1.8 ~ 2.0 (2H, m), 2.08 (1H, dd, J = 6.1 and 13. 3.64
(1H, dd, J = 3.5 and 123Hz) 390(1H,dd,] 1.8 and 12.5 Hz), 4.05 (2H, s), 4 l(lH, s), and 5.09
(1H, d, J = 1.5 Hz); !3C NMR (CDCly) § -5.39 (20), 18.38, 19.63, 25.91 (30), 29.06, 38.67, 40.97,
54.55, 58.79, 61.58, 65.72, 110.40, and 146.58;, FABMS (Pos.) m/z 301 (M+H)*; HRFABMS m/z

301.2174 (M H)*, calcd for C15H330351 301.2199.
“(2R,3R,5R)-7- (t-Butyldlmethylsdyloxymethyl) 2,3-epoxy-5-methyl-7-octen-1-0l

(ALY Th. i d Al ]
(@0 ). 10C COMPpOUna «uv \l‘f 5 mg, 483 iiuu’.‘u 3% %) was prepared from the alcohol 16 (35 mg, 124

umol) under the similar procedure except using (-)-DET described above together with 4a (1.4 mg, 4.7
umol, 4 %), and 45 % of 16 (16.7 mg, 55.8 pmol) was recovered. 4b: a colorless oil: [0(]1325 +16.7° (c
1.44, CHCI3) IR (neat) Vmax 3445, 2955, 1460, 1255, and 1085 cm‘i IH NMR (LDL13) 3 0.07, (6H, s),
0.91 (9H, s), 098 (3H, d, J = 6.3 Hz), 1.40 (1H, m), 1.61 (1H, m), 1.8 ~ 1.95 (2H, m), 2.09 (1H, m),
2.87 (1H, m), 2.90 (1H, m), 2.98 (1H, m), 3.60 (1H, br.d, J = 18.8 Hz), 3.90 (1H, br.d, J = 12.6 Hz),
4.05 (2H, s), 4.81 (1H, s), and 5.89 (1H,d, J = 1.6 Hz) 13C NMR (CDCl3) 8 -5.40 (2C), 18.36, 20.11,
25.90 (30C), 29.74, 38.75, 40.67, 54.83, 58.19, 6i.60, 65.78, 110.45, and 146.65; FABMS (Pos.) m/z
301 (M+H)*+; HRFABMS m/z 301.2185 (M+H)*, caled for Cig nmnnq. 3012199

(M+H)*; HRFABMS m/z 301.2185 (M+H)?*, caled for C6H33038i, 301.21

Ethyl (2E,6E ,85,95,11R)-13- (t-Butyldlmethylsﬂyloxymethyl) -2,11-dimethyl-8,9-
epoxy- -2,6,13- tetradecatnenoate (2a). Toa su:,pension of Dess-Martin periodinane (21 2 mg, 50.0
pmol) in DMF (50 uL) was added the epoxy alcohol 4a (10.0 mg, 33.3 pimol) in DMF (50 uL). The
mixture was stirred at room temperature for 4 h. After addition of 10 % NajS;03-saturated NaHCO3
aqueous solution, the reaction mixture was extracted with EtO. The organic phase was washed with HyO
and then brine and dried over MgSO4. The solvent was evaporated to afford an aldehyde (10.4 mg), which
was subjected to the following reaction without purification. To a solution of compound 3 (50 mg, 100
umol) in THF (11 mL) was added 1.6 M n-BuLi in hexane (60 uL, 96 umol) at -78 °C. After stirring for 2

h a solution of the aldehyde (10.4 mg) in THF (100 p.L) was added with stirring and the stn’rmg was
continued at -20 °C for 30 min and then room temperature for 13 h. After addition of saturated aqueous
NH,4Cl, ihe reaction mixiure was extracted with Et20. The organic phase was washed with H;O and then
brine and dried over MgSOj4. After evaporation of the solvent, the residue was chromatographed on silica gel
(hexane/EtOAc, 95:5) to give compound 2a (5.3 mg, 12 pmol, 36 %) and its cis-isomer (3.9 mg, 9.0 umol
27 %). 2a: [a]p26 -12.6° (c 0.33, CHCl3); IR (neat) Vmax 2955, 1720, 1460, 1255, and 1085 cm-i; |
NMR (see Table 1), 13\, NMR ( {8¢C Table 2), FABMS ( (Pos. ) m/z 437 (P'l ”)+ HRFABMS m/z 437. 3065
{(M+H)*, calcd for Ca5sH45Q04Si, 437.3087.

Ethyl (2E,6E ,8R,9R,11R)-13-(t-Butyldimethylsilyloxymethyl)-2,11- dlmethyl -8,9-
epoxy- 2 6,13- tetradecatrienoate (2b). The compound 2b (5.9 mg, 13.6 umol 41 %) and its cis-

icnaman ') Q7 umanl 20 %\ ware nreanarad fram the enoxy aleahal 4h (100 mo 333 Ilmn]\

UL \'7‘- uls, Z.0 MIAVL, &7 /0] WUIL pRlpaiva il uae \., WLVUILIVLI TR {1V didgy JJoJ RV

essentially by the similar procedure described above. 2b: [a]pZ6 +20.5° (c 0.33, CHC13) IR (neat) Vmax

2955, 1720, 1460, 1255, and 1085 cm-!; 'H NMR (see Table 1); 13C NMR (see Table 2); FABMS (Pos.)

. om o= e e rTEe T i TR Ao ~—~

m/z 437 (M+H)*+; HRFABMS m/z 437.3115 (M+H)*, calcd for Ca5Hy504Si, 437.3087.
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