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Abstract: The Smly-mediated reductive coupling between alkynyloxiranes and ketones provides a new
route to 2,3-pentadiene-1,5-diols. The preferred stereochemistry observed in the coupling products is the
result of the new C-C bond forming anti with respect to the opening epoxide ring. Yields and
diastereoselectivities are dependent on the alkynyloxirane substitution pattern.

© 1998 Elsevier Science Ltd. All rights reserved.

Particuiariy vaiuable are those reactions that preserve the unsaturation present in the starting materiais, as
the products can be further elaborated within a synthetic scheme. Thus, SmIz promotes the coupling of carbonyl
compounds with allylic derivatives? and vinyloxiranes> where these substrates behave, in a formal sense, as
nucleophilic allylating agents. Similarly, a number of propargylic derivatives2:4 behave as synthetic equivalents
of the propargyl-allenyl anion synthon when treated with SmIj in the presence of ketones. By analogy,
alkvnvloxlranes. under the same reductive conditions, should provide an entry into alkoxy propargyl-allenyl

inding the synthetic utility of those substrates, which arc normally

alkynyloxiranes 1 with carbonyl compounds (Scheme 1). This paper reports ihe siereoselective synthesis of
allenic diols 2 in this fashion.6
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RESULTS AND DISCUSSION

Representative alkynyloxiranes 1a-j were selected for this study. They were obtained by epoxidation of
commercial or readily available enynes that were prepared using conventional procedures.
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The addition of a mixture of a carbonyl compound and an alkynyloxirane 1a-j to SmI; in THF gave in
general good yields of coupling products 2 (Scheme 1, Table 1) and also provided clean reaction mixtures, as
well as a simple procedure since the end of the reaction was easily visualized by the turning of the Smlp
characteristic blue solutions into a yellow-green suspension. A reaction temperature in the range 0-(-5°C) was

starting 1a and unidentified side products accounted for the remaining of the reaction mixture. The use of
HMPA, that is known to facilitate many Smlp-mediated reactions,’ led with the same epoxide to intractable
mixtures where substantial amounts of unreacted 1a were detected by IH-NMR. In contrast to the related
intermolecular reactions between propargylic esters and ketones, where products resulting from coupling at both
the propargylic and allenic positions are observed,32 only allenic products were found in this case. Small
amounts of 1-ethynyl-2-iodocyclohexanol (3a), the result of epoxide ring opening on unreacted epoxide by
iodide anion,8 usually accompanied the formation of allenes 2 derived from 1a.

Table 1 reveals that, while both terminal and substituted alkynes can be employed successfully, the degree
AP crilntidrdine o lan nerwida mi;mar ammanes A ha amasinl Faer tha tnnrma Af tha rannts Ty winldg Frnmm
of suostitution at the epoxXide ring appears to o¢ Ciucial 1of ine oulCome Of ine reaclion. 1nus, yieiGs irom

alkynyloxiranes further substituted at both epoxide termini were uniformly high, with the exception of the Ph-
substituted alkyne 1c (entry 11). However, the absence of substitution at any of those positions resulted in
much lower yields of coupling products and the competing reduction of the epoxide? with formation of the
enynes 4 (Scheme 2); in one case (entry 14), the aldol product 5 (Scheme 2) was also obtained. 10



Entry Epoxide Rs Re T (°C) t (min) Product YO8 g/ synb
(%)
1 1a (CHp)s -5 150 2a 74 49:1
2 la (CH2)¢ 0 90 2b 77¢ 23:1
3 1a (CHp)4 0 45 2¢ 36¢ 33:1
4 1a Me Me -5 180 2d 81 57:1
5 1a Et Et 0 120 2e 73¢ 73:1
6 1a Me Ph(CH2)> -5 60 2f 84 3.0:1
7 1a Me (CH2)2CH=CH, 0 120 2¢g 64¢ d
8 1a Me (CH2)3CN 0 80 2h 64¢ d
9 la n-Hex (CH2)10COxMe 0 90 2i 67¢ 45:1
i0 ib (CH2)s -5 50 Zj 77 >50: i€
11 1c (CH2)s -5 45 2k 38 22:1
12f id {CH2)s -5 5 2i 508
13 le (CH2)s -5 <1 de 76h
14 if Et Et -5 270 2m 281 13:1
15 1g (CHy)s -5 90 2n 43i 1.2:1
16 1h (CH3)s -5 60 20 96 12:1
17 1i (CHy)s -5 120 2p 89 33:1
18k 1j (CHp)s -5 210 2q 741 4.5:1m
3 Unless otherwise specified, the General Procedure was used. See Experimental. ® Values obtained from 1H NMR or HPLC (entries
17,18) daia taken on the purified producis. € Also isolated was 3a in 3-7% yicld. ¢ Precise ratio could not be deiermined. ¢ A singie

isomer to the limit of detection of NMR and GC. [ Reaction run with three equivalents of Smiy. 8Also isolaied were 1d (53%), 3d
(4%) and 44 (5%) (Scheme 2). h See Scheme 2. 1 Also isolated were 1f (21%), 4F (8%) and 5 (9%) (Scheme 2).J Also isolated was
6 (20%) (Scheme 3). ¥ Reaction run with five equivalents of cyclohexanone. ! Combined yield of 2q and 8 (see Scheme 4). ™

Diastereomeric ratio is the result of assuming that diol 8 comes exclusively from anti-2q.
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The coupling reaction is tolerant of some useful functionality, both in the carbonyl substrate (entries 7-9)
and in the alkynyloxirane (entries 12, 16-18). One exception is the hydroxyl group of substratc 1g (entry 15;
Scheme 3) which interferes with the coupling presumably by protonation of an organosamarium derived from
the alkynyloxirane (vide infra). In marked contrast to ketones, aldehydes perform poorly in the coupling
reaction. As previously noted,!! the aldehyde carbonyl is comparatively very reactive towards SmlIy and side

reactions often preclude effective couplings.42.d Thus, the coupling between 1a and 3-phenylpropanal
nranaaded in veru lnur vield and nn nther aldahvude wac tacted
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The reaction of the silyl ether 1j with cyclohexanone has some mechanistic interest. When performed
under the standard conditions, with equimolar amounts of 1j and ketone, a low yield of coupling product 2q
was obtained, being the dimer 7 the major product of the reaction (Scheme 4; Table 2). Also isolated were the
enyne 4j and some unreacted 1j (4%). The formation of the dimer was dependent on the 1j/cyclohexanone ratio

and could be [otally suppressed by increasing the amount of cyclohexanone to at least 4 equivalents relative to

nts of the uncounled allene 9 and the diol 8 (the
1
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Effect of the Relative Amount of Cyclohexanone

Entry 4 (%) T(%) 29 (%) 9 (%)
1 1 10 32 27 -
2 2 26 21 42 -
3 4 <7 - 690 i0
4 5 - - 74b -

2 = Molar ratio of cyclobexanone o 1j. ® Combined yield 2q+8.

The formation of the dimer 7 and its suppression in the presence of excess cyclohexanone are interpreted
as an indication that resonance-stabilized radicals 10 (Scheme 5), produced in the one-electron transfer from

Smlj to the starting alkynyloxirane,!3 are involved in the coupling. Thus, for substrate 1j, the formation of
etyl radical anion 12 and 10. In this

the ketyl 12
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of an organosamarium 1i
substrate 1g (Scheme 3) indicates that, to some extent, organosamarium species are also involved.14 Given
these overall results and literature precedence in Sml;-mediated couplings involving ketones, 13 it is likely that

i derived from 10. The formation o in the reaction of the hydroxy-substituted

both mechanisms could be operative in general.
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In general, the SmI-promoted between alkynyloxiranes and ketones took place with low to moderate
diastereoselectivity. Monocyclic substrates without bulky substituents gave coupling products with low
diastereoselectivity (see entries 14-16 in Table 1) probably as a result of the conformational flexibility of the
presumed intermediates 10 or 11 (Scheme 5). The rigidity imposed by the added ring in bicyclic substrates 1a-
c results in moderate axial diastereoselectivities. Bicyclic substrate 1b, with a methyl substituent at the alkynyl
terminus (entry 10, Table 1) was exceptional in that a single isomer, as judged by NMR and capillary GC, was
obtained. With substrates 1g-j (entries 15-18, Table 1) the nature of the hydroxyl protecting group was also
found to exert a s1gn1ﬁcant effect on dlaswreoselecuvny Thus, no select1v1ty was found with hydroxy or

uZ.y J su LW VY UMA LGS Ui 1Uav LU u i SLALLLIIL VYA dLd LaLy
cnlantivie Tha cntinli;co tiolme o nunnhionl Latama famtsiae £ O Tahla 1) mendiand a1l tha faiie maocoihly Sonen o
SUICLLIVE. 1HG COUPILIED UdlE a Pi dlldl ACWWHC \CHUIC> U=, 14UIC 1) PIVUULCU dl UIC 1vul pUbblUlb lbUlllClb,

with two of them predominating over the others in a ratio within the range of related couplings. This indicates
that the carbonyl addition proceeds with no facial selectivity.

The stereochemistry of the major product is the result of the new C-C bond forming anti to the opening
epoxide. Therefore, the formation of allenic diols with this new Smlp-promoted coupling is stereochemically
complementary to the alternative organocuprate SN2' displacements on alkynyloxiranes bearing a propargylic
hydroxyl group.>€ Stereochemical assignments followed from chemical correlations of the coupling products
diols obtained by stereochemically well defined literature procedures, The rest

in the LAH reduction of the epoxypropargyl alcohol 13 (Scheme 6) was identical to the diol 2d predominating
in the Smlz-promoted coupling reaction. Since the LAH reduction of pr" ‘argyi a

reported to lead to products resuiting from overall syn hydride attack,16 our major product is the resuit of the
new group entering anti with respect to the opening epoxide. The methyl~subst1tuted allenes 2j and 2q were
similarly correlated with the products obtained by the cuprate SN2' displacements on propargyl alcohols 14 and

16. This known anti process3¢ afforded the minor (syn) diastereomers of 2j (not obtained in the Sml;-
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Also obtained in the cuprate reactions of 14 and 16 were the alkynyi diois 15 and 17, respectively, derived
from direct cuprate addition to the epoxide, as weli as the alienic diols 2a and 2p (diastereomeric mixtures), the
result of alkynyloxirane reduction under the reaction conditions.>
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In conclusion, the Sml-promoted reductive coupling between alkynyloxiranes and ketones provides a
new strategy for the synthesis of penta-2,3-diene-1,5-diols with moderate anti diastereoselectivity. This
stereochemical preference is complementary to that observed using alternative literature methodology. In
general, effective couplings are realized when the alkynyloxirane substitution pattern favors electron transfer

aver iodide-nromoted ring-onening
ge-pro rnng-opéning.

Experimental.

General. All reactions involving air- and moisture-sensitive materials were conducted under an atmosphere
of dry Ar. THF was freshly distilled from sodium/benzophenone and, for rcactions with Smlp, it was
deoxygenated prior to use. Dichloromethane, and DMF were distilled from CaH3 and stored over 4 A molecular
sieves. The carbonyl reagents used in the coupling reactions were distilled immediately prior to use. Organic
extracts were dried over NazSQy, filtered and evaporated under reduced pressure. Flash column
chromatography20 was performed on silica gel (230-400 mesh). HPLC purifications were carried out with
either LiChrosorb Si60 (7um, 25 x 2.5 cm) (column 1) or pPorasil (10um, 19 x 1.5 cm) (column 2) columns.
1H and 13C RMN spectra were obtained in CDCl3 at 250 MHz and 62.9 MHz, respectively. IR data include
only characteristic absorptions. Mass spectra were obtained at 70 eV. GC-MS analysis were performed at 70-
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General Epoxidation Procedure. In a typical experiment, to a solution of the appropriate enyne (47.0
mmol) in CH>Cl2 (182 mL) at 0°C was added MCPBA (70.5 mmol). The solution was stirred for 30 min,
allowed to warm to room temperature and further stirred for 13 h. 1M NaOH (100 mL) was added and the
layers separated. The aqueous layer was extracted with CH2Clz (50 mL) and the combined organic extracts
washed with 1M NaOH (2 x 50 mL). The residue after evaporation was purified as indicated for the individual

cases.

4-(tert-Butyldiphenylsilyloxy)but-1-yne. Tert-Butyldiphenylsilyl chloride (4.31 g, 15.0 mmol) was added
dropwise at room temperature to a solution of but-3-yn-1-ol (1.00 g, 14.0 mmol) and imidazole (2.13 g, 31.0
mmol) in DMF (8.4 mL) under Ar. After stirring the solution for 30 min water (10 mL) was added, the mixture
was stirred further 20 min, diluted with CH2Cl3 (10 mL) and the aqueous layer extracted with CHCl; (3 x 10
mL). The combined organic layers were extracted with HO (5 x 5 mL). The crude after evaporation was
purified by flash chromatography (5:95 EtOAc/hexanes) to yield the title compound (4.40 g, 100%) as a
colorless oil: 'H NMR & 1.10 (s, 9H, (CH3)3-C), 1.97 (t, J = 2.5 Hz, 1H, H-1), 2.50 (td, J = 7.0, 2.5 Hz,
2H, H-3), 3.82 (t, J = 7.0 Hz, 2H, H-4), 7.3-7.5 (m, 6H), 7.7 (m, 4H); 13C NMR 5 19.2, 22.6, 26.7, 62.3,
69.3, 81.4, 127.6, 129.7, 133.5, 135.5; IR (neat) v 3300, 2110, 1115 cm-1; HRMS calcd for CooH,40Si
308.159644, found 308.159181.

6-(tert-butyidiphenyisiiyioxy)-2-hexyihex-I-en-3-yne (4d). Cacchi's procedure?? was foliowed:
Pd(PPh3)2(0Ac); (65 mg, (.08 mmoi) was added to a soiution of 4-(tert-butyidiphenyisiiyioxy)bui-i-yne (1.75
g, 5.7 mmoi) and oct-i-en-2-yi irifiate?> (93%, 1.00 g, 4.1 mmoi) in DMF (i4 mL) and tributylamine (20 mL)
at 70°C under Ar and the solution was mainiained ai the same temperaiure for i h. After cooling to room
temperature, H2O (30 mL) was added and ihe resuiting mixiure was stirred for 20 min and the iayers separated.
The organic iayer was washed with H,O (5 x 10 mL). The residue after evaporation was purified by fiash

4w an - Taverd

chromatography (2.5:57.5 EiOAc/hexanes) to yieid 4d (1.83 g, 35%) as an oii: *H NMR 5 0.8

T AVR AW AN O s -

9 (i, J = 6.5 Hz,

3H, CH3), i.08 (s, 9H, (CH3)3-C), 1.3 (m, 6H), 1.4-1.5 (m, 2H), 2.i2 {i, J = 7.4 Hz, 2H, C,-CH,), 2.61
(t, J = 6.9 Hz, 2H, H-3), 3.81 (i, J = 6.9 Hz, 2H, H-6), 5.15 (i, / = (.96 Hz, iH, H-1), 5.23 (d, J = 1.7 Hz,
iH, H-1), 7.3-7.4 (m, 6H), 7.7-7.8 (m, 4H); 13C NMR 5 14.1, 19.2, 22.6, 23.5, 26.7, 28.0, 28.6, 31.6,
37.4, 62.5, 82.1, 86.7, 119.8, 127.6, 125.6, 132.2, 133.6, 135.5; IR {(CHCl3) v 2210, 1610, 1110 cm-!
Anai. Caicd for CogH3g08i: C, 80.33; H, 9.16. Found: C, 80.08; H, 9.17.

6-(tert-Rutvldiphenylsilyloxy)-1,2-epoxy-2-hexylhex-3-vne (1d) Enyne 4d (0.80 g, 1,91 mmol) was
suhjected to the General Epoxidation conditions to afford, after flash chromatography (5:95 EtOAc/hexanes) and
HPLC (Column 1, 9 mI/min, 5:95 EtQAc/hexanes, tg = 16 min) the epoxide 1d (0.65 g, 78%) as an oil: 1H
NMR 5 0.90 (distorted t, 3H, CH3), 1.06 (s, 9H, (CH;);-C), 1.3 (m, 6H), 1.5-1.7 (m, 4H), 248 (t, /= 69
Hz, 2H H-5), 270(d, J= 55Hz 1H H-1),293(d, J=55Hz, IH H-1), 376 (t, J= 69 Hz, 2H H-6),
7.3-7.5 (m, 6H), 7.7 (m, 4H); 13C NMR 5 14.0, 19.2, 22.5, 22.8, 25.5, 26.7, 29.0, 31.7, 364.5, 51.1, 54.6,
62.2,79.7, 808, 1277, 129.7, 1335, 135.5; IR (neat) v 1115 cm-!. Anal. Calcd for CagH150,8i: C, 77.37;
H, 8 82 Found: C, 77.46; H, 897,

(Z)-7-(tert-butyldiphenylsilyloxy)hept-2-en-4-yne (Z-4e). A solution of 4-(rert-
butyldiphenylsilyloxy)but-1-yne (1.80 g, 6.50 mmol) in E{;NH (7 mL) was added to a solution of (Z)-1-
bromopropene (0.94 g, 7.8 mmol), Pd(PPh3),Cl; (0.11 g, 1.62 mmol) and Cul (0.12 g, 6.50 mmol) in E;NH
(20 mL) at room temperature. The resulting solution was stirred for 15 h. Diethyl ether (15 mL) and saturated
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NH,C1 (10 mL) were added, the mixture was stirred for 20 min and the layers separated. The aqueous layer
was extracted with diethyl ether (10 mL). The residue after evaporation was purified by flash chromatography
(2.5:97.5 EtOAc/hexanes) to give a 86:14 Z/E mixture of (4e) (1.40 g, 70%) as a colorless oil. A second
chromatographic separaiion (1:99 EtOAc/hexanes) afforded a sampie (0.70 g) enriched in the Z-isomer (93.7):
1H NMR 3§ 1.06 (s, 9H, (CH3)3-C), 1.83 (dd, J = 6.8, 1.7 Hz, 3H, H-1), 2.62 (td, J = 7.0, 2.0 Hz, 2H, H-
6), 3.81 (t, J = 7.0 Hg, 2H, H-7), 5.4-5.5 (m, 1H, H-3), 5.90 (dq, J = 10.6, 6.8 Hz, 1H, H-2), 7.3-7.5 (m,
6H), 7.7 (m, 4H); 13C NMR 35 15.7, 19.2, 23.7, 26.7, 62.7, 78.2, 91.5, 110.2, 127.6, 129.6, 133.6, 135.5,

127 A, TN AITMT N AANN 1L 1110 1
137.0, IIN (XT3 ) V L4WRT 1000, 111U CIE.

(55*,6R*)-1-(tert-Butyldiphenylsilyloxy)-5,6-epoxyhept-3-yne (1e). Enyne 4e (93% Z, 600 mg, 1.72
mmol) was epoxidized according to the General Procedure to afford, after flash chromatography (5:95
EtQAc/hexanes), the epoxide le (401 mg, 64%) as a colorless oil: TH NMR § 1.06 (s, 9H, (CH;);5-C), 1.38
(d, J = 5.2 Hz, 3H, H-7), 2.50 (td, J = 6.9, 1.6 Hz, 2H, H-2), 3.11 (dq, J = 5.2, 4.0 Hz, 1H, H-6), 3.39 (dt,
J = 4.0, 1.6 Hz, 1H, H-5), 3.76 (1, J = 6.9 Hz, 2H, H-1), 7.3-7.5 (m, 6H), 7.7 (m, 4H); 13C NMR 5 14.6,
19.2, 22.9, 26.7, 45.7, 53.9, 62.2, 76.0, 83.5, 127.7, 129.7, 133.5, 135.5; IR (neat) v 2230, 1110 cm-L;

HRMS calcd for C19H250,Si (M-'Bu) 307.11543, found 307.11399.

(E)-Dec-3-en-1-yne (E-4f). Potassium tert-butoxide (4.70 g, 41.0 mmol) was added to a suspension of
iodomethyltriphenylphosphonium iodide24 (11.00 g, 20.0 mmol) in THF (300 mL) at room temperature. The
resulting solution was cooled to -78°C and (£)-non-2-enal (2.90 g, 20.0 mmol) in THF (43 mL) was added.
The mixture was stirred at the same temperature for 2 h and then allowed to warm to room temperature over 90
min. After adding hexanes (50 mL) the mixture was extracted with brinc (2 x 20 mL) and water (10 mL). The
residue after evaporation was purified by flash chromatography in hexanes to afford the enyne E-4f (1.10 g,
41%) as a volatile yellowish oil: 1H NMR 8§ 0.8-0.9 (m, 3H, H-10), 1.3-1.4 (m, 8H), 2.1 (m, 2H, H-5), 2.76
(d, J = 2.0 Hz, 1H, H-1), 5.4 (dm, J = 16.0 Hz, 1H, H-3), 6.24 (dt, J = 15.9 Hz, 7.0 Hz, 1H, H-4); 13C
NMR § 14.0, 22.5, 28.5, 28.7, 31.6, 33.0, 75.5, 82.6, 108.4, 147.0; IR (CHCl3) v 3300, 2100 cm-1.

(3§*45*)-3,4-Epoxydec-1-yne (1f).52 Enyne E-4f (0.40 g, 2.94 mmol) was epoxidized according to
the General Procedure to afford, after flash chromatography in hexanes, the epoxide 12 (0.17 g, 39%) as a
volatile colorless oil.

(2R*,35*)-2,3-Epoxy-3-methylpent-4-yn-1-ol (1g).25 The General Epoxidation Procedure was applied
to (Z)-3-methylpent-2-en-4-yn-1-ol (1.00 g, 10.4 mmol). Flash chromatography (25:75 EtOAc/hexanes) of the
crude product afforded the epoxide 1g (0.72 g, 62%) as a colorless solid: mp 40-41°C.

(35* 45*)-5-Benzyloxy-3,4-epoxy-3-methylpent-1-yne (1h). (E)-3-Methylpent-2-en-4-yn-1-ol (10 g,
0.1 mol) was added to NaH ( 3.74 g, 0.15 mol) in THF (210 mL) at 0°C and the mixture was stirred for 2 h
with occasional cooling while hydrogen was evolved. Benzyl bromide (23.13 g, 0.13 mol) was added, stirring
continued for 48 h and the whole poured over ice/water (~ 30 g). The mixture was exiracied with diethyi ether
(4 x 30 mL),the combined organic extracts washed with brine (3 x 20 mL) and dried (Na2SQy4). The residue
after evaporation of the solvents was partially purified by flash chromatography (5:95 EtOAc/hexanes) to yield
(E)-benzyloxy-3-methyl-3-penten-1-yne (17.2 g) which contained ~ 14% of benzyl bromide: 'H NMR
3 1.56 (s, 3H, CHj), 2.87 (s, 1H, acetyienic), 4.1 (d, J = 6.5 Hz, ZH, CH,-C=C), 4.52 (s, 2H, CH,-Ph), 6.1
(m, 1H, H-C=C), 7.2-7.4 (m, 5H). Without further purification this material (2.1 g) was subjected to the
General Epoxidation conditions to afford, after flash chromatography (10:90 EtOAc/hexanes) the epoxide 1h
(1.45 g, 60% over two steps) as an oil: 'H NMR § 1.50 (s, 3H, CH3), 2.32 (s, 1H, H-1), 3.42 (apparent t, J =

~ = - - ~ -  yr ww =

5.2 Hz, iH, H-4), 3.56 (dd, J = 11.3, 5.5 Hz, iH, H-5), 3.67 (dd, J = 11.3, 5.0 Hz, iH, H-5), 453 (d, / =
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11.8 Hz, 1H, CH-Ph), 4.63 (d, J = 11.8 Hz, 1H, CH-Ph), 7.3-7.4 (m, S5H); 13C NMR 5 18.3, 49.8, 62.1,
67.5,70.3, 73.2, 83.6, 127.7, 127.8, 128.4, 137.5; IR (neat) v 3290, 2110 cm-1; HRMS calcd for Cy3H1407

AL P A AN s s

202.09942, found 2(2.09860.

(35*,45*)-5-(tert- Butyldiphenylsilyloxi)-3,4-epoxy-3-methylpent-1-yne (1i). The silylation procedure
described above was applied to (E)-methylpent-2-en-4-yn-1-0l (2.50 g, 26.0 mmol). The crude after

evanaration wage nurifiad hv flach lhrnmntnargnhu (’l :07 EtQAc/hexanes) to viald (F).&8.{f2r¢-
vﬂyvl—‘-lv yu;ll:vv & ASRAFALR ™ AR L\Jll.lul-\lbl\h Aed L A AT RIS ERE IVO/ w7 Jl\/lu l“ ,- "‘6' [ 2l

butyldiphenylsilyloxy)- 3-methylpent-3-en -1-yne (8.02 g, 92%) as a yellowish oil: IH NMR 5 1.08
(s, 9H, (CH3)3-C), 1.65 (d, J = 1.1 Hz, 3H, C3-CH3), 2.81 (s, 1H, H-1), 4.29 (d, J = 6.2 Hz, 2H, H-5),

6.14 (td, J = 6.2, 1.3 Hz, 1H, H-4), 7.4-7.5 (m, 6H), 7.7 (m, 4H); 13C NMR 5 17.4, 19.1, 26.7, 60.6, 74.6,
6.1, 117.8, 127.7, 1297, 133.4, 135.5, 138.1; IR (neat) v 3280, 1110 cm-L. This enyne (1.00 £, 3.0 mmob)

UNsedy 1 L7 EIdensy RIULy ALY \MUGLS ¥ JLoUUy L LAY VIM . ALID WLy UV (1L,UV By JWUT uuuux}

was epoxndlzed according to the Gencral Procedure and the epoxide 1i (0.90 g, 86%) was obtained after flash
chromatography (5:95 EtOAc/hexanes) as a yellowish oil. The analytical sample was obtained after HPLC
purification (Column 1, 8 mL/min, 5:95 EtOAc/hexancs, tg = 23 min): 1H NMR § 1.07 (s, 9H, (CH3)3-C),

12W /e 2 . TN D21 fe TH T 1N 2 A1 (¢ T — K211 1LY LI AY 271 /A4 T _ 1| 7 £711. 1LY LI
Lo \Dy JhIy VFTNAIY )y Ladd \Oy 110y LE71 )y JWL \G 7 = J.J 114y 111y 11757 ), J.7 1 \UU, J — oFy J.O XL, 111, XX-

5), 3.79 (dd, J = 11.7, 5.3 Hz, 1H, H-5), 7.4-7.5 (m, 6H), 7.7 (m, 4H); 13C NMR 5 18.2, 19.2, 26.7, 50.3,
61.8, 63.8, 70.2, 83.8, 127.8, 129.5, 129.8, 132.9, 133.1, 135.5; IR (neat) v 3280, 2090, 1110 cm-1; HRMS
caled for CaoH2602S8i 350.170209, found 350.170229. Anal. Calcd for CpyH260,8i: C, 75.40; H, 7.47.

Thannde £ 74 Q4. LT 7 A
CcOuna: ., /4.7%, 11, .43,

(E)-6-(tert-Butyldiphenylsilyloxy)-4-methylhex-4-en-2-yne (4j). n-BuLi (1.3 M in hexanes, 6.9 mL, 9.0
mmol) was added dropwise to a solution of (E)-5-(tert-butyldiphenylsilyloxy)-3-methylpent-3-en-1-yne (2.50
g. 7.5 mmol) in THF (26 mL) at -78°C and, after stirring the solution for 45 min, Mel (2.65 g, 18.7 mmol) in
THF (8 mL) was added. The solution was stirred at the same temperature for 30 min and allowed to reach room
temperature over 2 h. Water (10 mL) was added, the aqueous layer was extracted with ether (3 x 10 mL) and the
combined organic layers were washed with brine (5 mL). The crude product was purified by flash
chromatography (5:95 EtOAc/hexanes) to yield enyne 4j (2.40 g, 92%) as an oil: 1H NMR § 1.06 (s, 9H,
(CH3)3-C), 1.61 (s, 3H, C4-CH3), 1.95 (s, 3H, H-1), 4.26 (d, J = 6.2 Hz, 2H, H-6), 5.95 (1, J = 6.2 Hz,
1H, H-5), 7.3-7.4 (m, 6H), 7.7 (m, 4H); 13C NMR 5 4.1, 17.8, 19.1, 26.7, 60.7, 82.2, 83.2, 119.3, 127.6,
129.6, 133.6, 134.9, 135.5; IR (CHCl3) v 2240, 1725, 1115 cm-1; HRMS calcd for Co3H30Si 348.19094,
found 348.19002.

(45*,58*)-6-(tert-Butyldiphenylsilyloxy)-4,5-epoxy-4-methylhex-2-yne (1j). The General Epoxidation
Procedure was followed with enyne 4j (2.25 g, 6.90 mmol). Purification by flash chromatography (5:95
EtOAc/hexanes) afforded the epoxide 1j (1.80 g, 77%) as a colorless oil. The analytical sample was obtained
after HPLC purification (Column 1, 8 mL/min, 5:95 EtOAc/hexanes, tg = 20.5 min): 1H NMR § 1,06 (s, 9H,
(CH3)3-C), 1.31 (s, 3H, C4-CH3), 1.83 (s, 3H, H-1), 3.35 (t, J/ = 5.3 Hz, 1H, H-5), 3.70 (dd, J = 11.6, 5.3
Hz, 1H, H-6), 3.78 (dd, J = 11.6, 5.3 Hz, 1H, H-6), 7.3-7.5 (m, 6H), 7.7 (m, 4H); 13C NMR 5 3.5, 18.7,
19.2, 26.7, 51.1, 62.0, 64.1, 78.5, 79.5, 127.7, 129.8, 133.0, 133.2, 135.5; IR (CHCl3) v 2240, 1115 cm-1,
Anal. Caled for Co3H230,8i: C, 75.78; H, 7.75. Found: C, 75.79; H, 7.76.

Smiy-Mediated Coupling between Alkynyloxiranes and Ketones. General Procedure. SmI3 (ca. 0.1M in
THF) was prepared26 as reported from diiodoethane,27 diiodomethanel? or iodine!b. In a typical experiment the
mixture of 1 (1.14 mmol) and a ketone (1.14 mmol) in THF (6 mL) was added dropwise under Ar to Sml (ca.
0.1M in THF, 2.56 mmol) at the temperature indicated in Table 1. The mixture was stirred until disappearance
of the epoxide as judged by TLC or until the blue solution turned yellow-green (Table 1). The reaction mixture
was poured over saturated K2CO3 (10 mL) and the aqueous layer was extracted with EtOAc (3 x 25 mL). The
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crude product after evaporation was purified by flash chromatography as specified for the individual cases listed
below.

2-[2-(1-Hydroxycyclohexyl)ethenylidene |cyclohexanol (2a). Eluent: 40:60 EtOAc/hexanes. Colorless
solid: mp 105-107°C; 1H NMR 3 1.3-1.8 (m, 15H), 1.9-2.0 (m, 2H), 2.36 (br d, J = 12.7 Hz, 1H), 3.1 (br s,
2H, OH), 4.0 (m, 1H, H-1), 5.36 (t, J = 2.9 Hz, 1H, H-C=C=C, syn-isomer), 5.41 (t, J = 2.7 Hz, 1H, H-
C=C=C, anti-isomer); 13C NMR & 22.5, 22.6, 22.8, 23.8, 23.9, 25.5, 25.6, 26.5, 26.8, 30.1, 30.2, 35.9,
36.0, 37.4, 37.7, 38.6, 69.0, 69.2, 70.9, 71.1, 103.2, 103.4, 110.9, 111.1, 193.7, 193.9; IR (CHCl3) v
3350, 1975 cm-1. Anal. Calcd for Cy4H;,0,: C, 75.62; H, 9.98. Found: C, 75.49:; H, 10.17.

2-[2-(1-Hydroxycycloheptyl)ethenylidene]cyclohexanol (2b). Elution with 10:90 EtOAc/hexanes
provided iodide 3a (6%). Further elution with 25:75 EtOAct/hexanes afforded the diastereomeric mixture of 2b
as a yellowish oil. The diastereomers were separated by HPLC (Column 1, 10 mL/min, 35:65 EtOAc/hexanes).
(1S*,1'S*)-Isomer (anti-2b): tr = 43 min; colorless solid; mp 98-99°C; 1H NMR § 1.2-2.1 (m, 19H),
2.4 (brd, J =129 Hz, 1H, H-3), 3.0 (br s, W = 43.8 Hz, 2H, OH), 4.0 (m, 1H, H-1), 545 (t, J = 2.8
Hz, 1H, H-C=C=); 13C NMR § 22.0, 22.3, 23.8, 26.5, 29.3, 30.2, 35.9, 41.1, 41.7, 69.1, 74.9, 104.5,
111.1, 192.8; IR (neat, diastereomeric mixture) v 3650-3100, 1970 cm-1. Anal. Calcd for C; sH240n: C, 76.23;
H, 10.23. Found: C, 75.92; H, 10.37. (1S*,1'R*)-Isomer (syn-2b): tr = 52 min; oil; !H NMR & 1.3-2.1
(m, 19H), 2.4 (br d, J = 13.5 Hz, 1H, H-3), 2.5 (br s, 2H, OH), 4.0 (m, 1H, H-1), 546 (t, J = 3.3 Hz, 1H,
H-C=C=); 13C NMR § 22.2, 22.5, 23.9, 27.0, 29.4, 30.2, 36.2, 41.3, 41.7, 69.2, 74.9, 105.2, 111.5,
192.6; HRMS calcd for C15H2402 236.17763, found 236.17818. Data for 1-ethynyl-2-iodocyclohexanol
(3a).: 'H NMR 5 1.2-1.4 (m, 1H), 1.5-1.9 (m, 4H), 2.1-2.4 (m, 3H), 2.61 (s, 1H), 2.74 (s, 1H), 4.17 (dd,
J =123, 4.3 Hz, 1H, H-2); 13C NMR & 23.3, 28.1, 37.5, 37.9, 45.4, 72.6, 74.4, 84.7; IR (neat) v 3420,
3280, 2100 cm1; MS (EI) m/z (%) 250 (9, M), 207 (10), 128 (15), 127 (85), 123 (base, M-I), 105 (22), 103
(13), 95 (77), 94 (14), 93 (19), 91 (13), 81 (60), 79 (36), 78 (12), 77 (36), 69 (18), 68 (14), 67 (78), 66 (19),
65 (17), 63 (11), 55 (68), 54 (12), 53 (76), 51 (28).

2-[2-(1-Hydroxycyclopentyl)ethenylidene]cyclohexanol (2c). Elution with 10:90 EtOAc/hexanes
provided iodide 3a (3%). Further elution with 25:75 EtOAc/hexanes afforded the diastereomeric mixture of 2¢
as a yellowish oil. The diastereomers were separated by HPLC (Column 1, 10 mL/min, 75:25 EtOAc/hexanes).
(15*%,1'S*)-Isomer (anti-2¢): (r = 43 min; pale yellow solid; mp 95-96°C; 'H NMR 6 1.2-1.5 (m, 3H),
1.6-2.0 (m, 10H), 2.0-2.1 (m, 2H), 2.4 (br d, J = 13.0 Hz, 1H, H-3), 2.7 (br s, W2 = 34.3 Hz, 2H, OH),
4.0-4.1 (m, 1H, H-1), 5.55 (t, J = 3.0 Hz, 1H, H-C=C=); 13C NMR 5 23.5, 23.6, 23.9, 26.6, 30.3, 36.0,
40.0, 40.5, 69.2, 80.4, 103.0, 111.4, 192.6; IR (neat, diastereomeric mixture) v 3500-3200, 1970 cm-1;
HRMS calcd for C13Hp902 208.14633, found 208.14605. (15*,1'R*)-Isomer (syn-2c): tgr = 51 min, oil;
IH NMR § 1.3-1.5 (m, 3H), 1.7-2.0 (m, 10H), 2.0-2.1 (m, 2H), 2.4 (br d, J = 13.3 Hz, 3H, OH, H-3), 4.0-
4.1 (m, 1H, H-1), 5.55 (t, J = 3.3 Hz, 1H, H-C=C=); 13C NMR § 23.5, 23.6, 23.8, 26.7, 27.0, 30.1, 36.1,
39.9, 40.4, 40.5, 69.1, 80.2, 103.1, 103.1, 111.5, 192.6; HRMS calcd for C13H007 208.14633, found
208.14649.

2-(3-Hydroxy-3-methylbut-1-enylidene)cyclohexanol (2d). Elution with 15:85 EtOAc/hexanes provided
iodide 3a (3%). Further elution with 60:40 EtOAc/hexanes afforded the diastereomeric mixture of 2d as a solid.
The analytical sample was obtained by HPLC (Column 2, 6 mL/min, 65:35 EtOAc/hexanes, tg = 20.74 min):
mp 53-54°C; 1H NMR § 1.1-1.3 (m, 9H), 1.23 (s, CH3_ overlapped with mult. at 1.1-1.3, anti-isomer), 1.25
(s, CH3 overlapped with mult. at 1.1-1.3, anti-isomer), 1.29 (s, CH3, overlapped with mult. at 1.1-1.3, syn-
isomer), 1.32 (s, CH;3, overlapped with mult. at 1.1-1.3, syn-isomer), 1.6-1.7 (m, 2H), 1.9-2.0 (m, 2H), 2.28
(br d, J = 13.7 Hz, 1H), 3.73 (s, 2H, OH), 3.9 (m, 1H, CH-OH), 5.42 (t, J = 2.9 Hz, 1H, H-C=C=C, anti-
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, 359, 69.0, 69.2, 69.4, 69.7, 103.7, 104.0, 110.5, 110.8, 192.7, 193.1;
1960, 1160 cm}; HRMS caicd for C11H 130, 182.13068, found 182.12888. Anal. Caicd for Cy1H130: C,
72.47; H, 9.96. Found: C, 72.06; H, 10.04.
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2-(3-Hydroxy-3-methyl-5-phenylpent-1-enylidene)cyclohexanol (2f). Eluent: 40/60 EtOAc/hexanes. Oil:
IH NMR & 1.3-1.4 (m, 6H), 1.35, 1.38 and 1.42 (s, CH3_overlapped with mult. at 1.3-1.4), 1.7-1.8 (m, 1H),
1.8-2.0 (m, 3H), 2.0-2.1 (m, 2H), 2.41 (br d, J = 13.8 Hz, 1H), 2.6-2.7 (m, 2H), 3.31 (br s, 1H, OH), 4.1
(m, 1H, H-1), 5.4-5.5 (m, 1H, H-C=C=C), 7.1-7.3 (m, 5H); 13C NMR § 23.6, 23.9, 26.5, 26.5, 26.9, 27.2,
28.4, 30.1, 30.4, 30.5, 30.7, 36.0, 36.0, 44.1, 44.6, 69.2, 69.3, 71.7, 71.8, 71.9, 102.8, 103.3, 103.3,
111.4, 1119, 125.6, 128.3, 142.4, 142.5, 192.9, 193.3, 193.7; IR (neat) v 3300, 1975 cm-}; HRMS calcd
for C1gH2407 272.17763, found 272.17749.

2-(3-Hydroxy-3-methylhepta-1,6-dien-1-ylidene)cyclohexanol (2g). Elution with 10:90 EtOAc/hexanes
provided iodide 3a (7%). Further elution with 25:75 EtOAc/hexanes afforded the diastereomeric mixture of 2g
3.1 (brs, W;2 = 23.8 Hz, 2H, OH), 4.0 (m, 1H, H-1), 4.9-5.0 (m, 2H, H-7"), 5.3-5.4 (m, 1H, H-C=C=),
5.7-5.9 (m, 1H, H-6"); 13C NMR 5 23.4 , 23.6, 23.9, 26.5, 26.7, 26.8, 27.1, 27.2, 28.2, 28.6, 29.8, 30.1,
30.2, 30.4, 35.7, 35.8, 35.9, 41.0, 41.2, 41,7, 69.1, 69.1, 69.2, 71.6, 71.6, 71.8, 71.9, 102.8, 103.2,
103.2, 1109, 111.2, 111.7, 114.2, 138.7, 138.9, 192.8, 193.2; IR (neat) v 3500-3200, 1970 cm-1; HRMS
calcd for Cy14Hp707 222.16198, found 222.16173.

E udwnvu 79 _ hudeavurunlabovulidomal S sothulhaont K omomiteilsa (MhY Rlatinn with 10.00
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Methyl 12-hexyl-12-hydroxy-14-(2-hydroxycyclohexylidene)tetradec-13-enoate (2i). Elution with 10:90
EtOAc/hexanes provided iodide 3a (5%). Further elution with 25:75 EtOAc/hexanes afforded the diastereomeric
mixture of 2i as a colorless oil. The diastereomers were separated by HPLC (Column 1, 10 mL/min, 25:75
EtOAc/hexanes). (1S*,1'R*)-Isomer (syn-2i): tg = 27 min; colorless oil; IH NMR 5 0.8-0.9 (m, 3H,
CH3), 1.3-2.1 (m, 37H), 2.2-2.3 (m, 2H), 2.4 (br d, J = 13.0 Hz, 1H), 3.66 (s, 3H, CO2-CH3), 3.8-4.0 (m,
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IH, CH-OH), 5.37 (t, J = 3.3 Hz, 1H, H-C=C=); 13C NMR 5 14.1, 22.6, 23.7, 24.9, 26.8, 29.1, 29.2,
29.4, 29.5, 29.6, 29.7, 30.0, 30.1, 31.8, 34.1, 36.3, 40.9, 51.4, 69.0, 73.6, 103.6, 112.5, 174.3, 192.3;
HRMS calcd for C27H4g04 436.35526, found 436.35592. (1S*,1'S*)-Isomer (amti-2i): tg = 31 min;
colorless oil; 'H NMR $0.86 (1, J = 5.95 Hz, 3H, CH3), 1.3-2.0 (m, 37H), 2.3 (m, 2H), 2.4 (br d, J = 12.5
Hz, 1H), 3.65 (s, 3H, CO2-CH3), 4.0-4.1 (m, 1H, CH-OH), 5.36 (t, J = 2.7 Hz, 1H, H-C=C=); 13C NMR 5
14.1, 22.6, 23.6, 23.7, 23.8, 24.9, 26.7, 29.1, 29.2, 29.4, 29.5, 29.6, 29.7, 30.0, 30.1, 31.8, 34.1, 35.9,
41.0, 51.4, 69.0, 73.9, 103.3, 112.2, 174.3, 192.4; IR (neat, mixture of isomers) v 3600-3150, 1970, 1740
cm!, Anal. Calcd for Cp7H4g04: C, 74.26; H, 11.08. Found: C, 74.40; H, 11.16.

(18*1'S*)-2-{2-(1-Hydroxycyclohexyl)prop-1-en-1-ylidene]cyclohexanol (anti-2j). Eluent: 40:60
EtOAc/hexanes. Colorless solid: mp 97-99°C; 1H NMR § 1.2-1.7 (m, 15H), 1.76 (s, 3H, CH3), 1.7-1.8 (m,
1H), 1.9-2.1 (m, 2H), 2.3-2.4 (m, 2H), 390 (dd, J = 8.8, 4.6 Hz 1H, H-1); 13C NMR 5 15,1, 22.4, 225

Wy lwdmaddy

23.8, 25.7, 26.9, 30.2, 36.1, 36.3, 36.9, 69.3, 72.4, 109.1, 110.8, 191.7; IR (KBr) v 3300, 1960, 950 cm-1.
Anal. Calcd for CisHy403: C, 76.21; H, 10.24. Found: C, 76.32; H, 10.31.

2-[2-(1-Hydroxycyclohexy)-2-phenylethenylidene)]cyclohexanol (2k). Eluent: 30:70 EtOAc/hexanes.
The isomers were scparated by HPLC (Column 2, 6 mL/min, 35:65 EtOAc/hexanes). Data for the less polar
isomer (68% of mixture): 1H NMR § 1.2-1.8 (m, 15H), 2.0-2.2 (m, 4H), 2.49 (br d, J = 12.6 Hz, 1H), 4.11
(brs, W2 = 7.0 Hz, 1H, OH), 7.2-7.3 (m, 3H), 7.51 (d, J = 6.5 Hz, 2H); 13C NMR § 22.5, 22.7, 23.5,
25.6, 26.6, 29.8, 36.0, 37.0, 38.0, 69.5, 73.4, 109.9, 116.5, 126.8, 1279, 129.2, 136.8, 195.4; IR
(CHCl3) v 3540, 3340, 1960 cm-l; HRMS calcd for CogH2602 298.19328, found 298.19392. Data for the
more polar isomer (32% of mixture): IH NMR § 1.3-2.1 (m, 15H), 2.5 (d, J = 11.6 Hz, 1H), 4.0 {m, 1H,
CH-OH), 7.2-7.3 (m, 3H), 7.4-7.5 (m, 2H); 13C NMR 5 22.5, 22.8, 24.0, 25.7, 26.8, 30.3, 36.1, 36.9,
38.1, 69.4, 73.2, 110.3, 117.0, 126.9, 128.0, 129.3, 136.7, 194.7; IR (CHCl3) v 3600, 3400, 1960 cm"1;
HRMS calcd for CooH2602 298.19328, found 298.19392.

6-(tert-Butyldiphenylsilyloxy)-4-(1-hydroxycyclohexyl)-2-hexylhexa-2,3-dien-1-0l (21). First eluted with
5:95 EtOAc/hexanes were enyne 4d and recovered 1d (5%). Further elution with 10:90 EtQAc/hexanes
afforded iodide 3d. Finally, diol 21 was eluted with 20:80 EtOAc/hexanes as an oil: 1H NMR 5 0.87 (t, J = 6.8
Hz, 3H, CH3), 1.05 (s, 9H, (CH3)3-C), 1.1-1.7 (m, 19H), 1.9-2.0 (m, 2H), 2.2-2.4 (m, 3H), 3.73 (t, J =
6.3 Hz, 2H, H-6), 3.96 (s, 2H, H-1), 7.4 (m, 6H), 7.6-7.7 (m, 4H); 13C NMR § 14.1, 19.0, 22.2, 22.3,
22.6, 25.6, 26.8, 27.9, 29.2, 29.5, 30.4, 31.6, 36.9, 37.3, 62.8, 64.3, 72.0, 109.7, 114.2, 127.7, 129.7,
133.3, 135.5, 194.9; IR (neat) v 3360, 1900, 1110 cm-!; HRMS calcd for C34Hs003S1 534.352924, found
534.353584. Data for 6-(tert-butyldiphenylsilyloxy)-2-hexyl-1-iodohex-3-yne-2-0l (3d): unstable
oil; IH NMR & 0.87 (distorted t, 3H, CH3), 1.06 (s, 9H, (CH3)3-C), 1.3 (m, 6H), 1.4-1.5 (m, 2H), 1.7-1.8
(m, 2H), 2.21 (s, 1H, OH), 2.49 (1, J = 6.8 Hz, 2H, H-5), 3.37 (d, J = 10.1 Hz, 1H, H-1), 3.46 (d, J = 10.0
Hz, 1H, H-1), 3.77 (t, J = 6.8 Hz, 2H, H-6), 7.3-7.4 (m, 6H), 7.6-7.7 (m, 4H); 13C NMR § 14.0, 19.1,
20.8, 22.5, 22.8, 24.8, 26.8, 29.2, 31.6, 40.6, 62.2, 69.3, 81.2, 83.1, 127.6, 129.7, 133.5, 135.5; IR (neat)
v 3450, 2240, 1110 cm-1,

3-Ethyltrideca-4,5-dien-3,7-diol (2m). Elution with 5:95 EtOAc/hexanes led to enynes 4f (73:27E/Z:) and
recovered 1f (21%). Further elution with 10:90 EtOAc/hexanes afforded ketone 528 followed by diols 2m as an
oil: 1H NMR § 0.8-0.9 (m, 9H, CH3), 1.2-1.4 (m, 8H), 1.4-1.6 (m, 6H), 2.10 (br s, W, = 18.2 Hz, OH),
2.31 and 2.38 (br s, W2 = 44.7 Hz, OH), 2,90 (br s, W, = 21.4 Hz, OH), 4.1 (m, 1H, H-7), 5.24 (dd, J =
6.2, 2.1 Hz, H-4), 5.30 (dd, J = 6.3, 2.3 Hz, H-4), 5.37 (t, J = 6.4 Hz, H-6), 5.44 (t, J = 6.1 Hz, H-6); 13C
NMR 5 8.0, 8.0, 14.0, 22.6, 25.4, 25.5, 29.1, 31.8, 32.8, 32.9, 37.4, 69.8, 70.3, 74.2, 74.3, 99.5, 100.7,
101.4, 200.0, 200.2; IR (neat) v 3300, 1960 cm-1; HRMS calcd for CysHp6O (M-H,0) 223.206162, found
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223.206291.
& r77 YL -~ i 5 V2 TR T . o o W e - - an @ -
5-(1-Hydroxycycionexyi}-3-meinyipenia-3,4-diene-1,2-diol (Zn). Elueni: EtOAc. First eiuted was dioi 6
Lo¥Y ho__ al .y _ TYNY 7N s Y -~ - s
followed by ihe solid iriol Zm thai was furiher purified by HPLC (Column 2, 6 mL/min, EtOAc): mp T4~ 10"(,,
lrv\ﬂlh.i‘ill_ QXTY 1T "N 73 ) 4 " O YH_ AYXY LNTr N\ 1 M~ o1 b 4 AN TY ATT suwr v oA -~ - -
i INVIR © 1.4-1.0 {m, on), 1./U (G, 4 = 2.6 1z, >0, CH3), 1.72 (d, J = 2.9 Hz, 3H, CH3), 3.53-3.7 (m
T 1Y AV e » AYTT EXY N FAEZIN £ ... 1 & 4 /2 4 A £ YY 1YY TY 2\, T2 ATR 47 & 120 m s r  mA -~ am s
f1-1), 4.U4L \UX 3, 913, I'1~4, \ M1 ), 5.0 &G 2.4 (I, J = 2.0 11z, 10, 11-)); *°C | Ko 1J.7, 10U, Z2Z.3, L..4,
AN £ AN L NE A AN AN N0 £ O M 4 4 £AF M1 1 MA s MAM 101 om aNnA N anA - v - P PN
L4.)y 44.0, £I. 4, DI.F, 31.¥, I8.0, JO0./, O4.4, 04.3, /1.1, /4.0, <./, 1UL. [/, 1UZ&, 1UA. 1, 1U3.7, 19K.3,
100 £. YN £8TTE N\ VANAD 1nce T sIRMen e 1 10 7/ YT N s 4N M1t 1A~ O A s
170.0; I (LIIV13) V O, 1700 CII*) MIRUVID CaICd 10TF U 12019WU3 (IVI-1) Z1l.1334Z,tound £211.15273. Data
Frw B ounendbhailoenceda 2 4 2. . 19 I} LN, 117 AThAD o 1 "M A fa T ~ ~ T AT TV 1 M AN s ATY o~ wEn
101 o= Y 1PCIta-Oy9-UICH- 1,4-U101 (V). *N INVIN 0 1./4 (L, J = J.£4 IZ, dn), 1.Y-2.0 (0r 8, ZH, Uf),
2 &80 724 F_— 1172 £77 L7~ 1IT IT 1\ 2 777 7313 b 4 1172 2 £ ¥YI.. 1YY TIY 1\ 4 N ool 1TY YT A 1 0~ 1
D07 \UU, v = 11.3, V.7 K1Z, 111, 11-1), 2.75 \Q4, v = 11.3, 3.0 Nz, 1N, -1}, 4.3 (M, in, n-Zj, 4.8> {m,
LT LY &) 11[“ ATRATY @ 1T& Y £&EN "IN 71770 NI ANA O. T 7/TErM N\ Arnn 1nrn 1 srmaam 1 1~
LI, I179), “TO INIVERN 0 1.4, VOV, (4.4, 11.0, 7.3, LU4,0, IR (LIILI3) V DOUU, 1YOU CI™*; AKIVID caicd 101
I . N 1T1ANELEONQ friamd 114 NLTAO
6LV L 19.UU0UO, LUUNU 114.UV/ 40,

Oil: 1H NMR 5 1.2-1.6 (m, 10H), 1.73 (t, J = 2.9 Hz, 3H, CH3), 2.94 (br s, 1H,
3.4-3.6 (m, 2H), 4.18 (br s, Wys2 = 19.0 Hz, 1H), 4.54 (s, 2H, O-CH-Ph ); 5.
C=C=C), 7.2-7.3 (m, 5H); 13C NMR § 15.6, 22.3, 22.4, 25.4, 37.9, 38.5, 38.6, 70.6. 7 71.2, 72.
72.6, 73.3, 102.3, 102.7, 103.2, 103.5, 127.6, 127.7, 128.3, 137.6, 137.7, 198. , 198.4; IR (neat) v 3380,

1970 cm-1. Anal. calcd for C19H2405: C, 74.45; H, 8.67; found: C, 74.38; H, 8.54.

1-Benzyloxy-5-(1-hydroxycyclohexyl)-3-methylpenta-3,4-dien-2-ol (20). Eluent: 35:65 EtQAc/hexanes.
(

1-(tert-Butyldiphenylsilyloxy)-5-(1-hydroxycyclohexyl)-3-methylpenta-3,4-dien-2-ol (2p). Eluent: 25:75
EtOAc/hexancs. Oil: TH NMR § 1.08 (s, 9H, (CH3)3-C), 1.2-1.6 (m, 10H), 1.67 (d, J = 2.9 Hz, 3H, Cs-
CH3, syn-isomer), 1.71 (d, J = 2.9 Hz, 3H, C;3-CH3, anti-isomer), 2.50 (d, J = 4.1 Hz, 1H, OH), 2.70 (d, J
= 5.2 Hz, 1H, OH), 3.64 (dd, J = 10.3, 7.2 Hz, 1H, H-1), 3.75 (dd, J = 10.3, 4.1 Hz, 1H, H-1), 4.1 (m,
1H, H-2), 5.3 (m, 1H, H-5), 7.3-7.5 (m, 6H), 7.7-7.8 (m, 4H); 13C NMR & 15.4, 15.7, 19.2, 22.4, 25.4,
26.8, 38.1, 38.4, 66.4, 66.7, 70.1, 72.5, 102.2, 102.8, 103.2, 127.7, 129.8, 133.0, 133.5, 198.4; IR
(CHCl3) v 3380, 1930, 1430, 1115 cm-!; HRMS calcd for CagH360,Si (M-H;0) 432.248373, found
432.248459.

(2R*,45*)-[ I-(tert-Butyldiphenyisilyloxy)-5-( 1-hydroxycyciohexyi)-3-methyihexa-3,4-dien-2-ol (2q).

Elution with 5:95 EtOAc/hexanes afforded enyne 4j and allene 9. Further elution with 20:80 EtOAc/hexanes
afforded dimer 7 followed by the mixture of diols Zq and 8, that were separated by HPLC (Column 1, 12

mL/'min, 25'75 EtGAc/hexanes) (ZR*,ﬂiS *)-Isomer (anti-2q): tR = 22 min; oil; {H NMR & 1.07 (s, 9H,
..... iese s s a s OH), 1.66 (s, 3F . ,

06

-~
e
T.t
[
-’
w
(-
«
-
._
...
t\
—~
B
o
.‘I
>
p—
4}
+
-
o
—~
,5
E
>~
b—-
4 )—.-
o
~I
-
o
g
N
=)
[
.
g
~
|
¢ P
4
L
N
—
.'-T
o
2
g

)

I =)
N O
jas
N

~I
[
o~
a.
&
~
s ’_
o &
L]

S ESE I
- b
-

[ O QN

1

4

i

N
X
!\.)

‘[\)
(]
w

\

»]

\]

3\.) —

o]

.« A
L]

—_

a

)

(2

BT

<

= o

~ &
19

- ,E
*

PN
e
e
o
£
[}
)
o0

"
o)

o]
2 &
=}
T
S
Py .
1 Q)
W
2]
~.1 =
o
s | ~
-
=

LR | 9\
El
M
p—
[—

4
.
1]
]
N
/
(
Ll
q
1
‘
y
N

~J
—
r
:[1
Faniy
)

W) T
w
X
byl
@]
~
[e—ry
[N}
1]

—~

[ = T,

o

<

1l

w
~l
2 W
[u—y
O
wl.\)
N l\)

N
* U

'21
o S ¢
N A I

|

-~
h Y -]
oSG
1 [t
S
N Q.
[] Q_
~1
~N SO
]
[
<
1
W v N
el
0 I
o I
[E—
:{:- '
S @
[
~
)
o
Q
w

o
[y
o
(U]
1 Lh
et
»
oS
o

o]

=

=]

[N

)’ O

: ~J

B

~)
W
haP
LTS
&S\ ?3 :g



J. M. Aurrecoechea et al. / Tetrahedron 54 (1998) 3833-3850 3847

1975, 1115 cm1; HRMS calcd for C23H300,Si 366.201509, found 366.201777. Data for 1,10-Di(tert-
butyldiphenylsilyloxy)-3,5,6,8-tetramethyldeca-3,4,6,7-tetraene-2,9-diol (7): Oil; 1H NMR §
1.06 (s, 9H, (CH3)3-C), 1.6 (m, 3H, CH3), 1.7 (m, 3H, CH3), 2.4 (m, 1H, OH), 3.62 (dd, J = 10.1, 7.1 Hz,
1H), 3.72 (dd, J = 10.1, 3.9 Hz, 1H), 4.1-4.2 (m, 1H), 7.3-7.4 (m, 6H), 7.7 (m, 4H); 13C NMR § 15.5,
15.7, 17.8, 19.2, 26.8, 66.8, 67.2, 73.0, 101.8, 102.3, 127.7, 129.8, 133.2, 135.6, 200.7, 200.8; IR
(CHCl3) v 3550, 3450, 1600, 1110 cm-1; HRMS calcd for C46Hs304Si; 730.38737, found 730.38742. Data
for (2R*,45%)-2.(tert-Butyldiphenylsilyloxy)-5-(1-hydroxycyclohexyl)-3-methylhexa-3,4-
dien-1-ol (8): tr = 19 min; oil; TH NMR 5 1.08 (s, 9H, (CH3)3-C), 1.2-1.6 (m, 14H), 1.56 (s overlapped
with m at 1.2-1.6, CH3), 1.72 (s, 3H, CH3), 3.50 (apparent d, 2H, H-1), 4.27 (apparent t, 1H, H-2), 7.3-7.4
(m, 6H), 7.6-7.7 (m, 4H); 13C NMR & 13.4, 14.3, 19.4, 21.9, 22.0, 25.4, 27.0, 35.3, 36.3, 64.5, 72.0,
75.3, 100.6, 107.5, 127.5, 127.7, 129.7, 129.8, 133.5, 133.9, 135.7, 135.8, 197.5; IR (CHCl3) v 3300,
1970, 1110 cm-1; HRMS calcd for C9H4003Si (M-H0) 446.26411, found 446.26282.

4-(1,2-Epoxycyclohexyl)-2-methylbut-3-yn-2-ol (13). n-BuLi (1.42 M, 2 mL, 2.85 mmol) was added
dropwise to a solution of 1-ethynylcyclohexene (0.300 g, 2.83 mmol) in THF (3.3 mL) at -78°C and the
resulting solution stirred at this temperature for 15 min, allowed to warm to room temperature over 1 h and
recooled to -78°C. A solution of acetone (0.164 g, 2.83 mmol) in THF (1.5 mL) was slowly added, the reaction
mixture allowed to reach 25°C and kept at this temperature for 3 h. Brine (5 mL) was added and the aqueous
layer was extracted with diethyl ether (3 x 15 mL). The residue after evaporation was purified by flash
chromatography (12:88 EtOAc/hexanes) to afford 4-(1-cyclohexenyl)-2-methylbut-3-yn-2-ol (0.350 g,
76%): 'H NMR & 1.48 (s, 6H, CH3), 1.5-1.6 (m, 4H), 2.0-2.1 (m, 4H), 2.5 (br s, 1H, OH), 6.0 (m, 1H, H-
=C); 13C NMR & 21.3, 22.1, 25.4, 29.0, 31.1, 31.4, 65.3, 83.6, 91.1, 120.0, 134.6. This material 0.260 g
(1.83 mmol) was treated with MCPBA according to the General Epoxidation Procedure. The title epoxide 13
was obtained after purification by flash chromatography (10:90 EtOAc/hexanes): 1H NMR & 1.1-1.4 (m, 4H),
1.45 (s, 6H), 1.8-2.0 (m, 1H), 2.0-2.1 (m), 2.61 (br s, OH), 3.27 (t, J = 2.2 Hz, 1H); 13C NMR 5 18.7,
19.2, 23.9, 29.6, 31.2, 50.1, 59.9, 64.8, 82.1, 86.7; IR (neat) v 3400, 1170 cm-!.

Preparation of anti-2d from 13. LAH (0.088 g, 2.33 mmol) was added to alcohol 13 (0.070 g, 0.388
mmol) in THF (18 mL) and the mixture was refluxed for 6 h. Water (5 mL) was added and the whole extracted
with EtOAc (5 x 15 mL). The residue after evaporation was purified by flash chromatography (30:70
EtOAc/hexanes) to yield allene an#i-2d (0.050 g) contaminated with an unknown impurity. Further purification
under the same conditions yielded a pure sample of anti-2d.

1-[{(1,2-Epoxycyclahexyl)ethynyl]cyclohexanol (14). The procedure previously described for 13 was
applied to cyclohexanone to afford, after flash chromatography (10:90 EtOAc/hexanes), the epoxide 14 (64%
over two steps) as a yellowish oil: 1H NMR § 1.1-1.6 (m, 12H), 1.7-2.2 (m, 6H), 2.30 (br s, W;,, = 50.0 Hz,
1H, OH), 3.28 (s, 1H, CH-0); 13C NMR & 18.8, 19.3, 23.1, 24.0, 25.0, 29.8, 39.7, 50.2, 60.0, 68.4, 84.5,
85.7; IR (CHCl3) v 3400, 1070 cm-1; HRMS caled for C4H500; 220.14633, found 220.14607.

Preparation of syn-2j from 14. MeLi (1.6 M, 4.3 mL, 6.8 mmol) was added dropwise to a suspension
of Cul (0.65 g, 3.4 mmol) in THF (35 mL) at -25°C. After stirring at that temperature for 45 min a solution of
14 in THF (1 mL) was added, the mixture was stirred at -25°C further 30 min and allowed to reach room
temperature overnight. A 1:1 mixture of sat NH4Cl and 3% NH,OH (10 mL) was added and the mixture was
stirred 1 h. The aqueous layer was extracted with diethyl ether (3 x 15 mL) and the combined organic layers
were washed with water (2 x 10 mL). Flash chromatography (35:65 EtOAc/hexanes) of the residue after
evaporation afforded a 7:5:1 mixture of alkyne 15, syn-2j and diol 2a (0.160 g, 100%) that were separated by
HPLC (Column 1, 12 mL/min, 70:30 EtOAc/hexanes). Data for 2-(1-Hydroxycyclohexyl)ethynyl-2-
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methylcyclohexanol (15): tg = 27 min; mp 104°C; 1H NMR 5 1.2-1.3 (m, 6H), 1.29 (s, overlapped with m
at 1.2-1.3, CH3), 1.4-1.6 (m, 9H), 1.6-1.9 (m, 8H), 3.13 (dd, J = 10.8, 3.9 Hz, 1H, H-1); 13C NMR 5 22.7,
237, 23.7, 24.9, 25.2, 26.9, 32.6, 38.5, 40.0, 40.3, 40.4, 68.8, 76.5, 86.8, 88.5; IR (CHCl3) v 3340 cm1;
HRMS caicd for CysH240,: 236.177630, found 236.177115. Anal. calcd for C1sHyO2: C, 76.27; H, 10.17.
Found: C, 75.85; H, 10.33. Data for (1§*,1'R*)-2-[2-(1-hydroxycyclohexyl)prop-1-en-1-
ylidenelcyclohexanol (syn-2j): tg = 34 min; mp 110-111°C; !H NMR 5 1.3-1.8 (m, 18H), 1.77 (s,
overlapped with m at 1.3-1.8, CH3), 1.9-2.1 (m, 2H), 2.34 (apparent d, J = 14.2 Hz, 1H), 3.9 (m, 1H, H-1);
13C NMR § 14.7, 22.4, 22.6, 24.0, 25.7, 26.9, 30.5, 36.2, 36.3, 37.0, 69.2, 72.2, 109.5, 111.6, 191.0;
HRMS calcd for C15sH,40, 236.177630, found 236.178569.

(3'S*,4'S*)-1-[5-(tert-Butyldiphenylsilyloxy)-3,4-epoxy-3-methylpent-1-ynyl]cyclohexanol (16). The
monnadiiea moad tn tha neamnentinem AL cnnwvida T2 wnn EANMAceind Fornon FEN & facs e 132 Lo 1_ 311 _\ 7N
Prustuulio usvu 1l uiv pivpalauvil VL CPUAIUL 19 Wad 1UUMUWOU HTUIE \L)=0={UEri-DUuly1uipncuyisilyloxy j-o-
methylpent-3-en-1-yne and cyclohexanone to yield, after flash chromatography (15:85 EtOAc/hexanes), the
epoxide 16 (26 %, two steps) as as oil: 'H NMR § 1.07 (s, 9H, (CH3)3-C), 1.34 (s, 3H, CH3), 1.5-1.7 (m,
8H), 1.9 (m, 2H), 1.98 (s, 1H, OH), 3.37 (t, J = 5.2 Hz, 1H, CH-0), 3.76 (d, J = 5.2 Hz, 2H, CH3-0), 7.4-
T E fon LLIN T 7 fon AT 137 NIMD & 10 L 109 229 A€ 1 AL T 2077 &N £AN £AN F£O0 S QAN
7.9 \1l}, OI11), /.7 (111, 411), L IVIVIRN U 10.U, 17.4, &4y 4.1, LULF, DF.f, DU T, UL U, UF.4, U0.I, 04.),
85.6, 127.7, 129.8, 132.9, 133.2, 135.5; IR (neat) v 3400, 2240, 1110 cm"!, Anal. calcd for C,sH3303Si: C,
74.96; H, 8.09. Found: C, 75.25; H, 8.16.

Preparation of syn-2g from 16. The reaction of alcohol 16 with Gilman's cuprate under conditions

similar to those described above for alcohol 14 afforded, after flash chromatography (12:88 EtOAc/hexanes)
and HPLC (Column 1, 10 mL/min, 25:75 EtOAc/hexanes), in order of elution, the alkyne 17 (33%), syn-2q
(27%) and 2p (14%, mixture of diasterecomers). Data for 1-(tert-butyldiphenylsilyloxy)-5-(1-
hydroxycyclohexyl)-3;3-dimethylpent-d.yn-2-0l (17): tz = 17 min; 1H NMR § 1,06 (s, 9H, (CH3)3-
C), 1.17 (s, 3H, CH3), 1.18 (s, 3H, CH3), 1.3-1.8 (m, 11H), 2.75 (br s, 1H, OH), 3.54 (dd, J = 8.3, 3.1
Hz, 1H, H-1), 3.72 (apparent t, 1H, H-1), 3.91 (dd, J = 10.0, 3.2 Hz, 1H, H-2), 7.4 (m, 6H), 7.6-7.7 (m,
4H); 13C NMR 5 19.2, 23.4, 24.4, 25.1, 26.7, 26.8, 34.1, 40.1, 40.1, 65.3, 65.8, 68.5, 77.2, 85.4, 89.0,
127.8, 129.8, 133.0, 135.5; IR (CHCl3) v 3400, 1110 cm-1. Anal. calcd for Cy9H4003Si: C, 74.95; H, 8.68.
Found: C, 74.71; H, 8.56.
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