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A very highly diastereoselective semipinacol rearrangement of 2,3-epoxy alcohols mediated by tin- 
(IV) chloride a t  ambient temperatures is shown to be applicable to a wide variety of migrating groups 
including methyl, tert-butyl, cyclopropy1, vinyl, alkynyl, phenyl, and 2-furyl. A synthetically valuable 
feature is that a mixture of syn- and anti-epoxy alcohols affords only a single diastereoisomerically 
pure 8-hydroxy ketone. Additional advantages of the reaction include the presence in the product 
of two adjacent stereocenters and the efficient creation of a new quaternary center, valuable features 
in the synthesis of a variety of natural products, 

Rearrangements involving carbon-to-carbon migrations 
are of long-standing Synthetic value and mechanistic 
interest. They include the Wagner-Meemvein' and Nametr 
kin2 rearrangements, the a-ketoP and pinacol-pinacolone 
rearrangements," and semipinacol rearrangements.s Re- 
cently, sequential Prins cyclization-pinacol rearrangement 
sequences with excellent stereocontrol have been reported? 
but control of stereochemistry during pinacol rearrange- 
menta is generally problematic? A further disadvantage 
of both pinacol-pinacolone and most semipinacol rear- 
rangements is the destruction of part of the unit containing 
two adjacent stereogenic centers. 

We now report a stereoselective semipinacol rearrange- 
ment of 2,3-epoxy alchols mediated by tin(1V) chloridelo 
(Scheme I). Notable features of the reaction include the 
presence in the product of two adjacent stereocenters, the 
creation of a new quaternary center, and efficient formation 
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of a &hydroxy ketone (Table I). Creation of quaternary 
carbon centers'' is a crucial aspect of several areas in total 
synthesis but is often difficult to accomplish; few general 
and efficient methods of constructing a quaternary center 
are available, and even fewer proceed with stereocontrol.ll 
Of additional synthetic value is that a mixture of syn12 
and anti epoxy alcohols affords only a single diastereo- 
isomerically pure @-hydroxy ketone. The semipinacol 
epoxide rearrangement, being a true rearrangement, is 
distinguished from pincacol "rearrangements"l3 in which 
dehydration occurs, as well as from rearrangements of 
epoxides to  ketones14 or aldehyde@ or of epoxy ketones 
to diketones,'B as has been demonstrated in related 
migrations induced by TiC4.l' 

(10) In Lewis acid-catalyzed rearrangements of epoxides, tin(IV) 
chloride has been seldom used; see: Rickbom, B. In Comprehensive 
Organic Synthesis; Troet, B. M., Fleming, I., Eds.; Pergamon Prees: New 
York, 1991; Vol. 3, pp 733-776. However, a deep-seated rearrangement 
involving adyotropic shift has beenreportedwith tin(IV) chloride: Scovell, 
E. G.; Sutherland, J. K. J. Chem. SOC., Chem. Commun. 1978,629. In 
contrast, 3e waa not formed in appreciable quantity when a solution of 
epoxide 2e in dichloromethane was saturated with HCI gae for 2 h. 

(11) Martin, S. F. Tetrahedron 1990,36,419. 
(12) Upon orienting the cycloalkenyl group and the bulkier of the other 

groups attached to the carbinol carbon atom to approximate coplanarity, 
the epoxide and hydroxyl groups then reside on the same or opposite 
faces, respectively referred to here as syn and anti. For a rationalization 
of the predominance of the syn isomer, see: Marson, C. M.; Benzies, D. 
W. M.; Hobson, A. D. Tetrahedron 1991,47,5491. 

(13) Corey, E. J.; Danheiser, R. L.; Chandraaekaran, 5. J. Org. Chem. 
1976,41, 260. 

(14) Parker, R. E.; Iaaacs, N. S. Chem. Reu. 1969,69,737-799. 
(15) (a) Maruoka, K.; Sato, J.; Yamamoto, H. J. Am. Chem. Soc. 1991, 

113,5449. (b) Morgans, D. J.; Sharplees, K. B. J. Am. Chem. SOC. 1981, 
103, 462. 

(16) Suzuki, M.; Watanabe, A.; Noyori, R. J. Am. Chem. Soc. 1980, 
102,2095. 

0 1993 American Chemical Society 



Construction of Quaternary Carbon Centers J. Org. Chem., Vol. 58, No. 22, 1993 5945 

Table I 
entry epoxideab syn:antic productold yield8 (% ) entry ep0xidea.b syn:anti@ productad yielde ( % 1 
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I 8  
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1mo 

1mo 
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7525 
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m20  

80.20 

SPh 3i 

OH 

3j 

OH 

3k 6% i OH 
CP i OH 

9 ; O H  

31 

& 3m 

3n 

H OH 

($3 H O H  30 

3P 

3Q 

73 

84 

88 

74 

64 

41 

67 

40 

56 

a All configurations depicted refer to racemic modifications. The allylic alcohol (25 "01) in benzene (50 mL) was stirred with aqueous 
tBuOOH (70%, 1.3 equiv) and VO(acac)s (20 mg) at room temperature, and monitored to completion by TLC. Reference 11. d The 2,3-epoxy 
alcohol (10 mmol) in dichloromethane (50 mL) wan stirred at 0 OC with tin(IV) chloride (2 equiv) and monitored to completion byTLC.e Isolated 
yield. 

Our particular contribution establishes the regioselective 
migration of a wide variety of moieties linked through a 
C-C bond, the migration proceeding with very high 
diastereoselection in every case studied. Additionally, the 
use of SnC4 rather than T i c 4  allows the rearrangements 
to be conducted efficiently at  20 "C and without the need 
for prior protection of the hydroxylic function, for example, 
as an epoxy silyl ether." Previous work has been largely 
or exclusively confined to acyclic systems. The present 
work shows that epoxy alcohol rearrangements can also 
be applied to many cyclic systems, thereby affording 1,2- 
difunctionalized alicycles of potential value in natural 
product synthesis. Epoxy silyl ether rearrangements 
involving 1,a-migrations of phenyl and vinyl groups in 
alicyclic systems using catalytic quantities of Lewis acids 
have been demonstrated.l* Migrations of aryl and vinyl 
groups in some enantiomerically enriched 2,3-epoxy al- 
cohols have been shown to proceed, usually with high 
enantiocontrol.17Jg Although epoxy silyl ethers have been 
shown to undergo rearrangement to j3-silyloxy aldehydes 

(17) Maruolm,K.;Hasegawa,M.; Yamamoto,H.;Suzuki,K.;Shimazaki, 

(18) Suzuki, K.; Miyazawa, M.; Tsuchihashi, G. Tetrahedron Lett. 

(19) Shimazaki, M.; Hara,H.; Suzuki, K.; Tsuchihashi, G. Tetrahedron 

M.; Tsuchihaahi, G. J. Am. Chem. SOC. 1986,108,3827. 

1987,28,3515. 

Lett. 1987,28,5891. 

using MABR,20 no aldehydic products were observed when 
SnC4 was used in the present study. 

2,3-Epoxy alcohols were prepared by epoxidation of the 
cycloalkenyl alcohols with tBuOOH and VO(acac)2.21 The 
allylic alcohols were preparedn either from the appropriate 
Grignard reagent and the cycloalkenyl ketone or from 
l-cyclohexenyllithium23 and the corresponding ketone. In 
cases where the diastereoisomeric epoxides were not readily 
separable, the synlanti ratioll was determined by lH NMR 
spectroscopy; the mixture of epoxides was then treated 
with SnC4.1° 

The wide variety of groups which migrate is shown in 
Table I. Yields reflect the relative ease of migration4121 of 
phenyls and vinyl groups,% as compared with methyl 
 group^.^ The migration of an alkynyl moiety is noteworthy 

(20) Maruoka, K.; Sato, J.; Yamamoto, H. Tetrahedron 1992,48,3749. 
(21) (a) Sharpless, K. B.; Michaelson, R. C. J. Am. Chem. SOC. 1973, 

95,6136. (b) Sharpleas, K. B.; Tanaka, S.; Yamamoto, H.; Nozaki, H.; 
Mioh, R. C.; Cutting, J. D. J.  Am. Chem. SOC. 1974,96,5254. (c) Sharpless, 
K. B.; Verhoeven, T. R. Aldrichimica Acta 1979,12,63. 

(22) Saunders, J. H .  Organic Syntheses; Wdey: New York, 1955; 
Collect. Vol. 111, p 22. 

(23) (a) For a preparation of I-cyclohex-1-enyllithihium see: Braude, E. 
A.; Coles, J. A. J. Chem. SOC. 1950, 2014. (b) For a preparation of 
1-cyclohept-1-enyllithim see: Braude, E. A.; Forbes, W. F.; Evans, E. 
A. J. Chem. SOC. 1963, 2202. 

(24) Suzuki, K.;Katayama, E.;Tsuchihashi, G. TetrahedronLett. 1984, 
25,1817. 
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(entries 7 and 81, since alkynyl groups have been found 
not to migrate in some pinacol rearrangement~,2~ although 
there are exceptions.2s A 2-fury1 group has been shown2' 
to migrate stereoselectively in a semipinacol rearrangement 
induced by Et3A1, although a tertiary center was created 
in contrast to the quaternary carbon center formed in entry 
5. Entry 6 is consistent with the migratory aptitude of 
the cyclopropyl moiety, which has been observed in pinacol 
rearrangements to be higher than that of simple alkyl 
groups such as methyl and 2-pr0pyl .~  Entry 4 reflects 
the preference for migration of tert-butyl over methyl, 
the partial rates for pinacol rearrangements in aqueous 
sulfuric acid having been determined as greater than 4000: 
1.29 Inversion at the migration terminus t o  give producta 
of the relative configuration shown was confirmed by 
single-crystal X-ray determination of 3c.3O 

The formation of the same diastereoisomer from either 
diastereoisomer of epoxy alcohol 2, e.g., entries 2,3,7, and 
8, would appear t o  exclude the intermediacy of a free 
carbocation. Neither, however, does a simple "push-pull" 
mechanism3I readily account for migration of a group of 
the anti-epoxy alcohol (e.g., entry 8); if conformational 
mobility is restricted (for instance by coordination of both 
oxygen atoms to a single atom of tin), then the likely 
geometrical requirement of an anti of the  
migrating group (R2) and the  epoxide oxygen cannot be 
met. The mechanism may be appreciably substrate- 
dependent, as is the pinacol-pinacolone rearrangement, 
for which there is no unique mechanism.6 A possible 
mechanism may involve activation of the cleavage of the 
C-0 bond of the epoxide by coordination of the epoxide 
oxygen atom t o  a Lewis acid or Bronsted acid and 1,2- 
migration concomitant with C-0 bond cleavage in a 
transition state geometry resembling that of ordinary 
nucleophilic substitution proceeding with inversion of 
configuration. A colinear arrangement of the migrating 
group, the epoxide carbon, and the departing oxygen group 
would thereby be required. 

The semipinacol epoxide rearrangements described 
herein are notable for the lack of possible competing 
processes, including attack by chloride and rearrangement 
to aldehydes or 1,Zhydride migrations to  give cycloal- 
kanones. These results show that the reaction can be 
effected at room temperature and in multigram quantities. 
Further aspects of the scope, stereochemistry, and syn- 
thetic applications of rearrangements of 2,3-epoxy alcohols 
are currently under investigation. 

Marson et  al. 

separations (J) are expressed in Hz. The following abbreviations 
are used to describe NMR signals: 8, singlet; d, doublet; dd, 
double doublet; t, triplet; q, quartet; m, multiplet; b, broad. l3C 
and 'H NMR spectra were obtained at operating frequencies of 
68.8 and 250 MHz, respectively. Mass spectra were obtained in 
the chemical ionization (CI) or electron impact (EI) mode, as 
specified in the text. Yields are for material assessed as 
homogeneous by TLC and lH NMR. Thin-layer chromatography 
was performed on 0.2-mm aluminum-backed silica plates and 
visualized using ultraviolet light or developed using cerium(1V) 
sulfate spray. Column chromatography was performed using 
silica gel 60 (230-400 mesh) under gravity. Petroleum ether (40- 
60 fraction) and ethyl acetate were distilled prior to use. 
Evaporation refers to the removal of solvent under reduced 
pressure, unless otherwise stated. 

Formation of 2,3-Alkenols: Procedure A. 2 4  l-Cyclohex- 
eny1)propand-01 (la). A solution of l-acetylcyclohexene (1.1 
g, 8.86 mmol) in dry tetrahydrofuran (20 mL) was treated dropwise 
at 0 O C  with a solution of methylmagnesium bromide (5.9 mL, 
17.7 mmol, 3.0 M in ether). The reaction mixture was stirred at 
room temperature overnight and then poured into ice-cold 
saturated ammonium chloride solution (25 mL). The aqueous 
layer was separated and extracted with ether (3 X 50 mL). The 
combined organic extracts were washed with water (100 mL), 
dried (MgSOd), and concentrated in vacuo. The residue was 
purified by column chromatography on silica using 10% ethyl 
acetate/petroleum ether as eluent to give la as a colorless oil (0.9 
g, 73 %): M+ 140.1203 (CsHleO requires 140.120); Rf = 0.59 (20% 
ethyl acetate/petroleum ether); Y,, (liquid film) 3340,2915, and 
1435 cm-1; SH (CDCls) 5.74 (lH, m), 3.78 (lH, e), 2.08-1.49 (8H, 
m) and 1.23 (6H, 8); 6c (CDCla) 143.8 (s), 118.7 (d), 72.8 (s), 28.8 
(q), 25.0 (t), 24.3 (t), 23.1 (t), and 22.3 (t); m/z +EI, 140 (M, 281, 

(61), 59 (loo), and 55 (45). 
24  l-Cyclohexenyl)-3-buten-2-o1 (lb). Following typical 

procedure A (above), l-acetylcyclohexene (4.0 g, 32.2 mmol) when 
treated with a solution of vinylmagnesium bromide (51.5 mL, 
51.5 mmol, 3.0 M in ether) yielded a residue which was purified 
by column chromatography on silica using 5% ethyl acetate/ 
petroleum ether as eluent to give l b  as a colorless oil (1.72 g, 
35%): R f =  0.36 (10% ethylacetate/petroleumether); 6~ (CDCh) 
5.86 (lH, dd, J = 19,13 Hz), 5.71 (lH, m), 5.17 (lH, dd, J = 19, 
1 Hz), 5.00 (lH, dd, J = 13, 1 Hz), 1.96 (4H, m), 1.51 (4H, m), 

(t), 75.4 (s), 26.4 (q), 25.2 (t), 24.2 (t), 23.0 (t), and 22.3 (t); m/z 

79 (481, 71 (321, 55 (481, and 43 (100). 1-Acetyl-2-ethenylcy- 
clohexane was also obtained as a colorless oil (0.52 g, 11 %): Rf 
= 0.62 (10% ethyl acetate/petroleumether); SH (CDCla) 5.91 (lH, 
m), 5.05 (2H, m), 2.79 (lH, m), 2.58 (lH, m), 2.10 (3H, s), and 
1.91-1.22 (8H, m); SC 141.4 (d), 138.0 (d), 115.6 (t), 114.3 (t), 56.7 
(d), 53.9 (d), 43.6 (d), 41.1 (d), 31.9 (t), 31.6 (t), 29.3 (q), 28.9 (t), 
28.7 (q), 25.4 (t), 25.3 (t), 24.6 (t), 23.4 (t), and 21.6 (t). 

1-( l-Cyclohexeny1)-1-phenylethanol (lc). Following typ- 
ical procedure A (above), l-acetylcyclohexene (6.0 g, 48.3 "01) 
when treated with a solution of phenylmagnesium bromide (24.2 
mL, 72.5 mmol, 3.0 M in ether) gave a residue which was purified 
by column chromatography on silica using 10% ethyl acetate/ 
petroleum ether as eluent to give IC as acolorless oil (4.6 g, 47%): 
M+, 202.1332 (C14HlaO requires 202.1357); Rf = 0.71 (20% ethyl 
acetate/petroleum ether); u,, (liquid film) 3350,2875,1655,1600, 
1490, and 1440 cm-1; 6~ (CDCb) 7.47-7.19 (5H, m), 5.89 (lH, m), 
and 2.19-1.50 ( l lH,  m); 6c (CDCb) 146.9 (s), 142.5 (81,127.9 (d), 
126.5 (d), 125.3 (d), 121.4 (d), 76.9 (s), 28.7 (q), 25.2 (t), 24.5 (t), 
22.8 (t), and 22.2 (t); m/z +EI, 202 (M, 151, 187 (20), 140 (20), 
129 (la), 121 (15), 105 (52), 91 (50), 77 (40), 67 (12), 55 (12), and 
43 (loo). 

24 l-Cyclohexenyl)-3,3-dhylbutan-2-01 (ld). Following 
typical procedure A (above), 1-acetylcyclohexene (5.0 g, 40.3 
mmol) was treated with a solution of tert-butyllithium (71.2 mL, 
120.9 mol, 1.7 M in ether/cyclohexane) yielding a residue which 
was purified by column chromatography on silica using 8 % ethyl 
acetate/petroleum ether as eluent to give Id as a colorless oil 
(1.31 g, 18%): M - 57, 125.0966 (C12H220 - C4H9 requires 
125.0966); R, = 0.62 (10% ethyl acetate/petroleum ether); u,, 
(liquid film) 3450,2960, and 1660 cm-I; 6~ (CDCls) 5.69 (lH, m), 

139 (M - 1, 701, 125 (981, 111 (55), 97 (52),91 (231, 79 (601, 67 

and 1.32 (3H, 8); 6c (CDCls) 144.2 (d), 141.5 (s), 121.0 (d), 111.8 

+E1 151 (M - 1, lo), 150 (17), 135 (181,123 (801,107 (30),95 (50), 

Experimental Section 

All melting points were determined with a hot-stage apparatus 
and are uncorrected. Chemical shifts for NMR spectra are quoted 
in ppm downfield from internal tetramethylsilane, and the line 

(25) (a) Suzuki, K.; Ohkuma, T.; Miyazawa, M.; Teuchihaahi, G. 
TetrahedronLett. 1986,27,373. (b) Magnus, P.; Lewis, R. T.; Huffman, 
J. C. J. Am. Chem. Soc. 1988,110,6921. (c) Wender, P. A.; Holt, D. A,; 
Sieburth, S. M. J.  Am. Chem. SOC. 1983,105,3348. 

(26) Schoenen, F. J.; Porco, J. A.; Schreiber, S. L.; Van Duyne, G. D.; 
Clardy, J. Tetrahedron Lett. 1989,30, 3765. 

(27) Suzuki, K.; Katayama, E.;Tsuchihashi,G. TetrahedronLett. 1983, 
24, 4997. 

(28) Shono, T.; Fujita, K.; Kumai, S.; Watanabe, T.; Nishiguchi, I. 
Tetrahedron Lett. 1972,31,3249. 

(29) Stiles, M.; Mayer, R. P. J. Am. Chem. SOC. 1969,81, 1497. 
(30) Adams, H.; Bailey, N.; Walker, A. J.; Marson, C. M. Manuscript 

in preparation. 
(31) Teuchihaahi, G.; Tomoaka, K.; Suzuki, K. TetrahedronLett. 1984, 

25,4253. 
(32) Cheer, C. J.; Johnson, C. R. J. Am. Chem. SOC. 1968,90,178. 
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2.09 (4H, m), 1.59 (4H, m), 1.34 (lH, bs), 1.29 (3H, s), and 0.93 

26.0 (q), 25.2 (t),23.7 (q), 23.1 (t), and 22.2 (t); m/z +EI, 126 (lo), 
125 (loo), 81 (12), 67 (17), and 57 (10). 

3 4  l-Cyclohexenyl)-l-phenyl-l-butyn-3-ol (lg). Following 
typical procedure A (above), 1-acetylcyclohexene (3.0 g, 24.2 
mmol) when treated with phenylethynyllithium [prepared from 
phenylacetylene (2.6 g, 25.4 mmol) and n-butyllithium (19.0 mL, 
29.0 mmol, 1.6 MI was found to give lg as a colorless oil (4.66 
g, 83%): Rf = 0.59 (20% ethyl acetate/petroleum ether); v- 
(liquid film) 3350, 2905, 1965, 1595, 1490, and 1440 cm-l; 6~ 
(CDCl3) 7.50-7.23 (5H, m), 6.10 lH, m), 2.23-1.49 (9H, m), and 
1.65 (3H, m); 6c (CDCl3) 140.3 (s), 131.7 (d), 128.2 (d), 128.2 (d), 
122.9 (s), 121.7 (d), 92.5 (s), 84.1 (s), 71.0 (s), 28.9 (q), 25.1 (t), 
24.0 (t), 22.3 (t), and 22.0 (t). 
2-( l-Cyclohexenyl)-4-phenylbutan-2-ol (lh). Following 

typical procedure A (above), 1-acetylcyclohexene (2.00 g, 16.1 
mmol) when treated with 2-phenylethylmagnesium bromide 
[prepared from 1-phenyl-2-bromoethane (8.95 g, 48.4 "01) and 
magnesium (1.16 g, 48.4 mmol)] yielded a residue which was 
purified by column chromatography on silica eluted with 15% 
ethyl acetate in petroleum ether to give 1 h as an oil (2.66 g, 72 % ): 
M+, 230.1663 (CleHaO requires 230.1671); v,, (liquid film) 3400, 
2920, 1600, and 1500 cm-1; 68 (CDCb) 7.35-7.15 (5H, m), 5.85 
(lH, m), 2.70-2.45 (2H, m), 2.15 (2H, m), 2.05 (2H, m), 1.90 (2H, 
m), 1.75-1.50 (4H, m and OH), and 1.40 (3H, 8) ;  6c (CDCb) 142.7 
(s), 142.0 (s), 128.3 (d), 125.6 (d), 120.1 (d), 75.0 (s), 42.3 (t), 30.5 
(t), 27.6 (q), 25.1 (t), 24.8 (t), 23.0 (t), and 22.3 (t); m/z +EI, 212 
(18), 125 (9% 91 (loo), 79 (38), and 85 (43). 

2-( l-Cyclohexenyl)-l-phenyl-3-buten-2-o1 (li). Following 
typical procedure A (above), l-(l-oxo-2-phenylethyl)cyclohexene 
(8.0 g, 0.040 mol) when treated with a solution of vinylmagnesium 
bromide (80.0 mL, 0.080 mol, 1.0 M in ether) yielded a residue 
which was purified by column chromatography on silica using 
5 % ethyl acetate/petroleum ether as eluent to give li as acolorless 
oil (1.55 g, 17%): M - 18, 210.1444 (CIBHZOO - HzO requires 
210.1448); Rf = 0.34 (5% ethyl acetate/petroleum ether); v- 
(liquid fii) 3450,3040,2940,2860,1660,1605,1500, and 1455 
cm-1; 6~ (CDCls) 7.20 (5H, m), 6.01 (lH, dd, J =: 17 , l l  Hz), 5.68 
(lH, m), 5.13 (lH, dd, J = 17, l  Hz), 5.07 (1 H, dd, J 11,l Hz), 
2.97 (2H, qm, J = 16 Hz), 2.06 (4H, m), and 1.56 (4H, m); 6c 

(d), 122.2 (d), 112.8 (t), 77.4 (e), 45.3 (t), 25.3 (t), 25.0 (t), 23.0 (t), 
and 22.3 (t); m/z +EI, 211 (M- 17,30), 210 (M- 18,25), 137 (80), 
119 (22), 91 (loo), 79 (20), 67 (25), and 55 (42). 2-Ethenyl-l- 
(1-oxo-2-phenylethy1)cyclohexane (1.90 g, 21 % ) was also 
obtained 6~ (CDCls) 7.22 (5H, m), 5.92 (lH, m), 5.03 (2H, m), 
3.70 (2H, s), 2.73 (2H, m), and 1.91-1.17 (6H, m); 6c (CDCls) 
210.8 (s), 209.8 (s), 141.4 (d), 138.4 (d), 134.4 (e), 133.9 (a), 129.7 
(d), 129.6 (d), 128.5 (d), 128.1 (d), 126.8 (d), 125.3 (d), 115.6 (t), 
114.6 (t), 55.0 (d), 52.1 (d), 50.1 (t),48.5 (t), 43.8 (d), 41.4 (d), 31.9 
(t), 31.3 (t), 29.2 (t), 25.4 (t), 25.3 (t), 24.4 (t), 23.9 (t), 22.9 (t), 
and 22.0 (t). 

1-( 1-Cyclohexeny1)-12-diphenylethan-1-01 (lj). Following 
typical procedure A (above), l-(2-phenylacetyl)cyclohexene (5.0 
g, 0.025 mol) was treated with a solution of phenylmagnesium 
bromide (11.7 mL, 0.035 mol, 3.0 M in ether) yielding a residue 
which was purified by column chromatography on silica using 
10% ethyl acetate/petroleum ether as eluent to give l j  as a 
colorlessoil (3.75g, 54%): Rf'0.77 (20% ethylacetate/petroleum 
ether); 6~ (CDCls) 7.21 (8H, m), 6.85 (2H, m), 5.88 (lH, m), 3.31 
(2H, w, J = 15 Hz), and 2.12-1.31 (9H, m). 

1-( 1-Cyclopenteny1)-1-phenylheptan-1-01 (lk). Following 
typical procedure A (above), 1-(1-oxohepty1)cyclopentene (2.7 g, 
0.015 mol) when treated with a solution of phenyllithium (10.8 
mL, 0.0195 mol, 1.8 M in ether/cyclohexane) yielded a residue 
which was purified by column chromatography on silica using 
5% ethyl acetate/petroleum ether as eluent to give 1 k as a colorless 
oil (1.50 g, 39%): M+, 226.1368 (C&& requires 226.1358); Rf 
= 0.82 (20% ethyl acetate/petroleum ether); v,, (liquid film) 
3350, 2910, and 1450 cm-'; 6~ (CDCla) 7.39-7.12 (5H, m), 5.70 
(IH, m), 2.39-1.52 (lOH, m), 1.21 (6H, m), and 1.86 (3H, t, J = 

(d), 125.0 (d), 76.9 (s), 40.5 (t), 32.5 (t), 31.9 (t), 29.8 (t), 24.9 (t), 
24.8 (t), 23.6 (t), 22.7 (t), and 14.1 (9); m/z +EI, 226 (M, 30), 211 

(9H, 8);  6c (CDCla) 142.3 (s), 123.0 (d), 78.8 (s), 38.6 (s), 27.3 (t), 

(CDCls) 142.8 (d), 140.1 (s), 136.6 (s), 130.8 (d), 127.9 (d), 126.6 

8 Hz); 6c (CDCls) 149.7 (s), 145.4 (s), 128.0 (d), 126.6 (d), 125.5 

(72), 197 (49), 183 (42), 141 (511, 129 (89, 105 (82),91 (50),81 
(65), and 77 (100). 
1-(1-Cyclohexeny1)-1-phenylheptan-1-01 (11). Following 

typical procedure A (above), 1-(1-oxohepty1)cyclohexene (3.0 g, 
15.3 mmol) when treated with a solution of phenyllithium (15.3 
mL, 27.6 mmol, 1.8 M in ether/cyclohexane) yielded a residue 
which was purified by column chromatography on silica using 
10% ethyl acetate in petroleum ether as eluent to give 11 as a 
colorless oil (2.35 g, 56%): M+, 272.2133 (C&& requires 
272.2140); v,, (liquid film) 3460, 2940, 2860, 1600, 1500, and 
1450 cm-1; 6~ (CDCla) 7.45-7.15 (5H, m), 6.9 (lH, m), 2.2-1.4 
(HH, m), 1.4-1.0 (8H, m), and 0.9 (3H, t, J = 7 Hz); 6c (CDCla) 
145.9 (s), 141.7 (s), 127.9 (d), 126.5 (d), 125.7 (d), 121.4 (d), 79.0 
(s), 39.2 (t), 31.8 (t), 29.8 (t), 25.3 (t), 24.8 (t), 24.8 (t), 23.5 (t), 
23.0 (t), 22.7 (t), 22.4 (t), and 14.1 (9); m/z +EI, 272 (17,254 (82), 
201 (42), 187 (1001, and 105 (33). 

1-( 1-Cyclohepteny1)-1-phenylheptan-1-01 (lm). Following 
typical procedure A (above), 1-(1-oxohepty1)cycloheptene (2.0 g, 
9.62 mmol) when treated with a solution of phenyllithium (9.6 
mL, 17.31 mmol, 1.8 M in ether/cyclohexane) yielded a residue 
which was purified by column chromatography on silica using 
5% ethyl acetate in petroleum ether as eluent to give l m  as a 
colorless oil (1.32 g, 48%): M+, 286.2294 (C&O requires 
286.2297); v,, (liquid film) 3480, 2940, 1600, 1500, and 1450 
cm-1; 6s (CDCls) 7.4-7.1 (5H, m), 6.1 (lH, t, J = 7 Hz), 2.2 (2H, 
dd, J = 7 and 11 Hz), 1.9 (3H, m), 1.7 (3H, m), 1.61.0 (13H, m), 
and 0.9 (3H, t, J = 7 Hz); 6c (CDCb) 148.3 (s), 145.2 (81, 127.8 
(d), 126.4 (d), 126.1 (d), 125.8 (d), 79.6 (s), 39.1 (t), 32.8 (t), 31.9 
(t), 29.8 (t), 29.7 (t), 28.3 (t), 27.0 (t), 26.9 (t), 23.7 (t), 22.7 (t), 
and 14.1 (4); m/z +EI, 286 (lo), 268 (51,201 (loo), 191 (42), and 
183 (12). 

2-Phenyl-3-buten-2-01 (lp). Following typical procedure A 
(above), 3-buten-2-one (2.0 g, 28.5 "01) when treated with a 
solution of phenyllithium (21 mL, 37.1 "01, 1.8 M in ether/ 
cyclohexane) yielded a residue which was purified by column 
chromatography on silica using 15% ethyl acetate in petroleum 
ether as eluent to give lp  as a colorless oil (0.5 g, 12%): M+, 
148.0889 (C&120 requires 148.0888); Y- (liquid fii) 3400,2980, 
1640,1600,1500, and 1450 cm-'; 6~ (CDCh) 7.50-7.15 (5H, m), 
6.15 (lH, dd, J = 10 and 16 Hz), 5.25 (lH, dd, J = 16 and 2 Hz), 
5.10 (lH, dd, J = 10 and 2 Hz), 2.10 (lH, bs), and 1.65 (3H, 8 ) ;  

112.4 (t), 74.8 (s), 29.3 (9); m/z +CI, 148 (5), 131 (loo), 121 (50), 
105 (33), and 91 (45). 

3-Phenyl-4-hexen-3-01 (lq). Following typical procedure A 
(above), 4-hexen-3-one (2.00 g, 20.4 mmol), when treated with a 
solution of phenyllithium (17 mL, 30.6 mmol, 1.8 M in ether/ 
cyclohexane), yielded a residue which was purified by column 
chromatography on silica using 15 % ethyl acetate in petroleum 
ether as eluent to give l q  as a colorless oil (1.10 g, 31%): M+, 
176.1193 (C12HleOrequires 176.1201); v-(liquidfii) 3460,2980, 
1600, and 1500 cm-1; 6~ (CDClS) 7.44-7.18 (5H, m), 5.82 (lH, dq, 
J = 15 and 1.5 Hz), 5.69 (lH, dq, J = 6 and 15 Hz), 1.88 (2H, q, 
J = 7 Hz), 1.71 (3H, dd, J = 6 and 1.5 Hz), and 0.81 (3H, t, J = 

(d), 124.1 (d), 76.8 (s), 35.1 (t), 17.8 (91, and 8.0 (9); m/z +EI, 176 
(lo), 159 (71, 147 (loo), 129 (18), 105 (30), 91 (27), 77 (281, and 
69 (70). 

Formation of 2,3-Alkenols: Procedure B. 1-( 1-Cyclohex- 
eny1)-1-cyclopropylethanol (If). Lithium (1.52 g, 23.0 mol) 
was beaten into thin sheets, and the sheets were cut into narrow 
strips and added to a 1000-mL, three-necked flask containing a 
broken Pasteur pipette and dry ether (200 mL). The vigorously 
stirred suspension was treated dropwise at room temperature 
with freshly distilled 1-chlorocyclohexene (9.15 g, 79.0 mol). The 
reaction mixture was stirred a t  room temperature overnight, and 
the resulting solution of 1-cyclohexenyllithium (31.4 mol, as- 
suming 40% conversion) was treated dropwise at 0 "C with a 
solution of acetylcyclopropane (2.64 g, 31.4 mol) in dry ether (60 
mL). The mixture was stirred at room temperature overnight 
and then poured into ice-cold ammonium chloride solution (200 
mL). The layers were separated, and the aqueous layer was 
extracted with ether (100 mL). The combined organic extracts 
were dried (Na2SOI/KzC03) and concentrated in uacuo. The 
residue was purified by column chromatography on silica using 
6 % ethyl acetate/petroleum ether as eluent to give 1 f as a colorless 

6c (CDCla) 144.9 (s), 144.9 (d), 128.3 (d), 127.0 (d), 125.2 (d), 

7 Hz); 6c (CDCh) 146.1 (s), 137.5 (d), 128.0 (d), 126.6 (d), 125.6 



6948 J. Org. Chem., Vol. 58, No. 22, 1993 

oil (4.64 g, 89%): M+, 166.1362 (CIIHlaO requires 166.1358); Rf 
= 0.45 (10% ethyl acetate/petroleum ether); v,. (liquid film) 
3400,2915, and 1435 cm-1; b~ (CDCh) 5.80 (lH, m), 2.09 (4H, m), 
1.59 (4H, m), 1.28 (lH,s), 1.20 (3H, 81,039 (lH,m),and0.37 (4H, 
m); SC (CDCg) 143.5 (a), 119.6 (d), 73.1 (a), 25.6 (q), 25.1 (t), 24.7 
(t), 24.1 (t), 22.4 (t), 20.5 (d), 1.3 (t), and 0.9 (t); m/z +EI, 165 

1-( l-Cyclohexenyl)-l-(2-furanyl)ethanol (le). Following 
typical procedure B (above), 2-acetylfuran (3.46 g, 31.4 m o l )  
gave a residue which was purified by column chromatography on 
silica using 10 % ethyl acetate/petroleum ether as eluent to give 
leasacolorleseoil(4.56g,76%): M+, 192.1154 (C12HlsOzrequirea 
192.1150); Rf = 0.35 (10% ethyl acetate/petroleum ether); v- 
(liquid film) 3390,2900,1650,1500, and 1445 cm-'; SH [(DaC)2- 
CO] 7.32 (lH, m), 6.24 (lH, m),6.13 (lH, m), 5.66 (lH, m), 4.31 
(lH, s), 1.95 (2H, m), 1.81 (2H, m), 1.50 (3H, a), and 1.48 (4H, 
m); SC [(DsC)zCO] 161.0 (e), 142.5 (a), 142.2 (d), 121.3 (d), 110.8 
(d), 106.0 (d), 73.7 (a), 26.6 (q), 25.8 (t), 25.4 (t), 23.8 (t), and 23.2 
(t); m/z +EI, 192 (M, 20), 177 (80), 149 (85), 111 (90), 95 (loo), 
and 81 (38). 

1-( 1-Cyclohexeny1)cyclohexan-1-01 (In). Following typical 
procedure B (above), cyclohexanone (8.91 g, 91 mmol) yielded 
a residue which was purified by column chromatography on silica 
using 5% ethyl acetate in light petroleum as eluent to give In  
as a colorless solid (15.3 g, 94%): mp 67-68 OC (recrystalliid 
from ethyl acetate/petroleum ether); v,. (KBr disk) 3300,2920, 
and 1650 cm-1; SH (CDCg) 5.75 (lH, m), 2.24-2.00 (4H, m), 1.75- 
1.40 (12H, m and OH), and 1.38-1.06 (H, m); SC (CDCla) 143.5 
(a), 119.7 (d), 73.3 (e), 35.7 (t), 25.7 (t), 25.1 (t), 24.0 (t), 23.1 (t), 
22.3 (t), and 22.0 (t); m/z +E1 180 (lo), 162 (351, 137 (421, 119 
(34), 109 (42), 105 (45), 91 (82), and 81 (100). Anal. Calcd for 

1-( 1-Cyclohexeny1)cyclododecan-1-01 (lo). Following typ- 
ical procedure B (above), cyclododecanone (3.44 g, 18.9 "01) 
gave l o  as white needles (3.45 g, 69%): mp 119.5-121.5 OC 
(recrystallizedfrom diiaopropy1ether);Rf = 0.21 (21 chloroform/ 
petroleum ether); v,. (KBr disk) 3350, 3050, 2940, and 2850 
cm-l; b~ (CDCla) 6.63-6.58 (lH, m), 3.13-3.00 (4H, m), 2.68-2.51 
(8H, m), and 2.40-2.21 (19H, m); 6c (CDCq) 142.4 (a), 120.9 (d), 
76.6 (a), 32.6 (t), 26.4 (t), 26.1 (t), 25.3 (t), 23.8 (t), 23.1 (t), 22.4 
(t), 22.3 (t), 22.0 (t), and 19.8 (t); m/z +EI, 264 (loo), 246 (221, 
137 (45), 122 (56), 109 (53), 81 (62), and41 (35). Anal. Calcd for 

Formation of 2,3-Epoxy Alcohols: Typical Procedure. 

A solution of l-(l-cyclohexenyl)-l-cyclopropylethan-l-o1(4.0 g, 
24.1 mol) and vanadyl acetyl acetonate (50 mg) in benzene (100 
mL) was treated dropwise at room temperature with an aqueous 
solution of tert-butyl hydroperoxide (4.34 g, 70%, 0.0337 mol). 
The reaction mixture was stirred at room temperature and judged 
complete after 16 h (monitored by TLC). The mixture was 
washed with saturated sodium sulfite solution (150 mL), dried 
(MgSO,), and concentrated in uacuo. The residue was purified 
by column chromatography on ailica using 10% ethyl acetate/ 
petroleum ether as eluent to give 2f as a colorless oil (3.43 g, 
78%): M - 15,167.1076 (CllH1802 - CHa requires 167.1072); Rf 
= 0.56 (10% ethyl acetate/petroleum ether); v,. (liquid film) 
3400 and 1445 cm-1; SH (CDCla) 3.35 (lH, m), 2.04-1.18 (8H, m), 
1.09 (3H, a), 0.92 (lH, m), and 0.39 (4H, m); SC (CDCld 70.3 (81, 
69.8 (a), 65.5 (s), 65.4 (e), 55.6 (d), 54.7 (d), 24.8 (t), 24.6 (t), 24.4 
(t), 22.1 (q), 21.5 (q), 21.1 (t), 20.8 (t), 20.7 (t), 19.3 (t), 19.3 (t), 
17.1 (d), 16.9 (d), 1.0 (t),O.2 (t), -0.3 (t), and -0.4 (t); m/z +EI, 
181 (M - 1,22), 167 (M - 15, lo), 165 (M - 17,40), 147 (20), 139 
(22), 128 (23), 112 (70), 98 (62), 85 (20), 69 (44), 58 (42), 55 (491, 
44 (loo), and 39 (60). 

2-( l,2-Epoxycyclohexanyl)pro~an-2-ol(2~). Following the 
typical procedure (above, room temperature, 4 h), 2-(l-cyclo- 
hexenyl)propan-2-01(3.0 g, 21.4mol) yielded aresidue which was 
purified by column chromatography on silica using 10% ethyl 
acetate/petroleum ether as eluent to give 2a as a colorless oil 
(1.48 g, 44%): Rf = 0.48 (20% ethyl acetate/petroleum ether); 
v,. (liquid film) 3400,2900, and 1400 cm-1; b~ (CDCU 3.40 (lH, 
m), 2.19 (lH, s), 2.03-1.18 (8H, m), and 1.24 (6H, 8 ) ;  Sc (CDCla) 
69.8 (s), 64.9 (s), 55.3 (d), 25.1 (q), 24.8 (q), 24.5 (t), 24.3 (t), 20.9 
(t), and 19.1 (t); m/z +EI, 156 (m, 37), 141 (12), 123 (13), 109 (15), 
and 98 (100). 

(M - 1, 40), 149 (M - 17, 55), 139 (25), and 137 (100). 

Cl2HmO C, 79.94; H, 11.18. Found C, 79.W; H, 11.39. 

Cl&lleOs: C, 81.75; H, 12.20. Found C, 81.46; H, 12.22. 

S m / m t i l - (  lf-E~~cyclohe~l)-l~yclOp~pyl~thanOl(2f)~ 
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syn-/ant&2-( 1~-Epoxycyclohexyl)-3-buten-2-ol(2b). Fol- 
lowing the typical procedure (above, 0 OC, 2.5 h), 2-(1-cyclohex- 
eny1)3-buten-2-01(1.52 g, 10 "01) yielded a residue which was 
purified by column chromatography on silica using 6% ethyl 
acetate/petroleum ether as eluent to give 2b as a mixture of 
diastereoisomers (0.86 g, 52 %): M+, 168.1143 (C&l& requires 
168.1150); Rf = 0.19 (10% ethyl acetatdpetroleum ether); v,. 
(liquid fii) 3410,2910, and 1635 cm-l; SH (CDCh) 5.82 (lH, dd, 
J = 18,12 Hz), 5.27 (lH, dd, J = 18,l Hz), 5.12 (ZH, dd, J = 12, 
1 Hz), 3.31 (lH, m), 2.26 (lH, e), 1.95-1.05 (8H, m), and 1.24 (3H, 
8);  Sc (CDCb) 140.3 (d), 115.2 (t), 72.3 (e), 64.0 (s), 55.5 (d), 24.7 
(t), 24.3 (t), 22.7 (q), 20.8 (t), and 19.2 (t); m/z +E1 150 ((M - 18, 
18),108(20),98(90),83 (40),70(45),55 (77),and43(100).2-(lf- 
Epoxycyclohexyl)-3,4-epoxybutan-2-ol was also obtained as 
a colorlees oil, isolated as a single diastereoisomer (0.13 g, 7%): 
Rf = 0.08 (10% ethyl acetate/petroleum ether); SH (CDCb) 3.31 
(1H, m), 3.12 (lH, m), 2.73 (lH, m), 2.68 (lH, dd, J =  5,6 Hz), 
2.37 (lH, bs), 2.11-1.29 (8H, m), and 1.27 (3H, 8) ;  Sc (CDCg) 69.5 
(e), 63.1 (a), 54.7 (d), 54.1 (d), 42.6 (t), 24.6 (t), 23.9 (t), 20.6 (t), 
19.8 (q), an 19.1 (t); m/z +E1 136 (5), 122 (8), 96 (l8), 80 (20), 70 
(20), 54 (24), and 42 (100); m/z +CI, 202 (M + 18,40), 185 (M + 1,30), 167 (M- 17, loo), 149 (40), 141 (20), 137 (50), 123 (56), 
and 107 (62). 

syn-amt ti-1-( 1,2-Epoxycyclohexyl)-l-phenylethanol(2c). 
Following the typical procedure (above, room temperature, 1.5 
h), 1-(1-cyclohexeny1)-1-phenylethanol (4.6 g, 27 "01) gave a 
residue which was purified by column chromatography on silica 
using 7% ethyl acetate/petroleum ether as eluent to give 2c as 
a white solid (2.3 g, 46%): mp 40-41.5 "C (recrystallized from 
petroleumether);&= 0.30 (10% ethylacetate/petroleum ether); 
v,, (KBr disk) 3460,3100,3070,1605,1500,1455, and 1440 cm-'; 
b~ (CDC&) 7.51-7.21 (5H,m), 3.71 (lH,m), 2.49 (lH, a), 2.05 (lH, 
m), 1.70 (2H, m), 1.65 (3H, a), and 1.45-0.90 (5H, m); bc (CDCls) 
143.4 (a), 128.0 (d), 127.2 (d), 126.1 (d), 73.6 (e), 65.0 (e), 55.9 (d), 
24.6 (t), 24.5 (t), 23.4 (q), 20.5 (t), and 18.8 (t); m/z +E1 218 (M, 
15), 216 (12), 200 (lo), 174 (25), 171 (30), 167 (15), 158 (50), 147 
(50), 141 (30), and 129 (100); m/z +CI, 219 (M + 1,25);218 (M, 
18),217 (20),201(12), 158 (lo), 121 (35), 105 (30),98 (92),91(20), 
83 (15),77 (20), 70 (151, and 43 (100). Anal. Calcd for CISIISOZ: 
C, 77.03; H, 8.31. Found C, 77.26; H, 8.14. 

syn-2-( 1~-Epoxycyclohexyl)-3,3-dimethylbutan-2-01(2d~. 
Following the typical procedure (above, room temperature, 4 h), 
2-(l-cyclohexenyl)-3,3-dimethylbutan-2-o1 (1.20 g, 6.58 mmol) 
was found to give 2d as a colorless oil (1.34 g, 100%): M - 17, 
181.1589 (C12Hz02 - OH requires 181.15891, M - 57,141.0909 
(C12HmOz - C& requires 141.0915); v,. (liquid film) 3470 and 
2960 cm-l; SH (CDC&) 3.43 (lH, m), 2.32 (lH, s), 2.03 (2H, m), 
1.76 (2H, m), 1.50 (2H, m), 1.34 (2H, m), 1.21 (3H, e), and 1-01 
(9H, 8); 6c (CDCls) 75.3 (s), 63.6 (s), 57.8 (d), 37.2 (s), 27.3 (t), 27.0 
(q), 24.2 (t), 20.6 (t), 20.2 (q), and 19.1 (t); m/z +EI, 141 (5), 123 
(221, 98 (1001, 83 (501, 70 (62), and 57 (50). 

gym- and anti-1-( lf-Epoxycyclohexyl)-l-(2-furanyl)eth- 
anol (20). Following the typical procedure (above, room 
temperature, 30 h), l-(l-cyclohexenyl)-l-(2-furanyl)ethan-l-ol 
(2.50g, 13.0mmol) yieldedaresiduewhichwaspurified by column 
chromatography on silica using 10% ethyl acetate/petroleum 
ether as eluent to give 20 as a colorless oil (diastereomer A, 0.35 
g, 13%) [M+, 208.1096 (C12HlaO~ requires 208.1099); Rf = 0.54 
(20% ethyl acetate/petroleumether); u,. (liquid film) 3350,2910, 
1570, and 1490 cm-1; SH (CDCb) 7.38 (lH, m), 6.31 (lH, m), 6.25 
(lH, m), 3.40 (lH, m), 3.03 (lH, s), 2.05 (lH, m), 1.86-1.63 (2H. 
m), 1.59 (3H, s), and 1.51-1.09 (5H, m); SC (CDCh) 157.2 (a), 
142.0 (d), 109.9'(d), 106.2 (d), 70.1 (a), 64.4 (d), 54.6 (d), 24.8 (t), 
24.6 (t), 21.8 (q), 20.7 (t), and 19.2 (t); m/z +EI, 208 (M, 4), 191 

70 (56), 55 (43), and 43 (100)3 and another colorless oil 
(diastereomer B, 0.13 g, 5%): Rf = 0.43 (20% ethyl acetate/ 
petroleum ether); SH [(D&)&Ol7.47 (lH, m), 6.35 (lH, m), 6.31 
(lH, m), 3.52 (lH, m), 2.88 (lH, a), 2.07-1.01 (7H, m), and 1.51 

71.5 (a), 63.7 (a), 55.5 (d), 25.8 (t), 25.4 (t), 22.5 (q), 21.4 (t), and 
19.8 (t). 2-Acetyl-2-(2-furanyl)cyclohexan-l-ol(3e) was also 
obtained as a colorless oil (0.65 g, 24%): M+, 208.1092 (C~sHlaOa 
requires 208.1099); Rf = 0.35 (20% ethylacetate/petroleum ether); 
v,, (liquid film) 3420,2905,2855,1690,1545, and 1490 cm-l; b~ 
(CDCla) 7.40 (lH, m), 6.39 (lH, m), 6.29 (lH, m), 4.47 (lH, m), 

(M- 17,62), 123 (lo), 111 (95), 98 (70), 95 (48), 91 (15), 83 (35), 

(3H, 8); 6c [(DgC)&O] 158.8 (a), 142.6 (d), 110.9 (d), 107.0 (d), 
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3.29 (lH, be), 2.16 (2H, m), 2.02 (3H, 8),1.82-1.49 (4H, m), and 
1.36 (2H, m); 6c (CDCb) 210.5 (s), 153.2 (s), 142.1 (d), 110.7 (d), 
108.3 (d), 70.2 (d), 57.5 (s), 29.7 (t), 27.0 (t), 25.8 (q), 21.8 (t), and 
20.2 (t); m/z +EI, 208 (M, 28), 165 (90), 148 (loo), 133 (20), 120 
(28, 111 (15), 95 (211, 81 (601, and 55 (16). 
syn- and ant&( 1,2-Epoxycyclohexyl)-l-phenyl- 1-butyn- 

3-01 (2g). Following the typical procedure above, 3-(l-cyclo- 
hexenyl)-l-phenyl-l-butyn-3-ol(3.Og, 13.3 mol) yielded a residue 
which was purified by column chromatography on silica using 
10% ethyl acetate/petroleum ether as eluent to give 2g as a 
colorless oil (diastereomer A, 2.08g, 65 % [M+, 242.1315 (ClsHz~Oz 
re.quirea242.1307;Rf= 0.50 (20% ethylacetate/petroleumether); 
v,, (liquid f i b )  3375,2890,2195,1595,1480, and 1435 cm-l; 6~ 
(CDCb) 7.42 (2H, m), 7.28 (3H, m), 3.51 OH, m), 2.88 (lH, 81, 
2.04 (4H, m), 1.82 (lH, m), 1.59 (3H, s), and 1.52-1.20 (3H, m); 

(e), 68.3 (s),64.5 (s), 55.2 (d), 25.5 (91, 25.1 (t), 24.6 (t), 20.7 (t), 
and 19.4 (t); m/z +EI, 242 (M, 51, 199 (20h 182 (161, 143 (loo), 
124 (M), 97 (72), and 42 (68)] and as a white solid (diastereomer 
B, 0.57 g, 18%): mp 96-98 OC (recrystallized from diisopropyl 
ether); Rf = 0.37 (20% ethyl acet&/petroleum ether); v,, (KBr 
disk) 3405,2945,2225,1490, and 1445 a-'; SH (CDCb) 7.43 (2H, 
m), 7.31 (3H, m), 3.57 (lH, m), 2.57 (lH, s), 2.20 (lH, m), 2.03- 
1.79 (3H, m), 1.61 (3H, s), and 1.6e1.21 (4H, m); 6c (CDCla) 
131.8 (d), 128.4 (d), 128.2 (d), 122.5 (s),89.8 (e), 84.2 (s), 69.0 (s), 
64.1 (s),56.1 (d), 25.9 (q), 24.6 (t), 24.6 (t), 20.8 (t), and 19.1 (t). 
Anal. Calcd for CleHleOz: C, 79.31; H, 7.49 Found C, 79.21; 
H, 7.55. 

sym/am#2-( 1,2-Epoxycyclohexyl)-4-phenylbutaa-2-01(2h). 
Following the typical procedure (above, room temperature, 5 h), 
2-(l-cyclohexenyl)-4-phenylbutan-2-ol (3.00 g, 13.2 mmol) was 
found to give 2h as an oily solid (2.37 g, 74%), as a mixture of 
diastereoisomers: v,, (KBr disk) 3460, 2940, 1600, 1500, and 
1450 cm-1; SH (CDCq) 7.4-7.1 (5H, m), 3.5 (lH, dd, J = 4 and 8 
Hz), 2.9-2.5 (2H, m), 2.2-1.1 (11H, m), and 1.6 (3H,s); SC (CDC13) 
142.6 (e), 142.5 (e), 128.5 (d), 128.4 (d), 125.8 (d), 125.8 (d), 71.7 
(s), 71.5 (e), 64.8 (e), 64.1 (s), 56.1 (d), 54.1 (d),40.6 (t), 40.4 (t), 
30.0 (t), 29.8 (t), 24.8 (t), 24.7 (t), 24.4 (q), 23.6 (q), 20.8 (t), 20.8 
(t), 19.2 (t), and 19.0 (t); m/z +CI, 247 (18), 229 (1001, 211 (75), 
203 (22), and 185 (22). Anal. Calcd for ClsHnOz: C, 78.01; H, 
9.00. Found C, 77.89; H, 9.02. 
8yn-/an ti-&( 1,2-Epoxycyclohexyl)-l-phenyl-3-buten- 

l-ol (21). Following the typical procedure (above, room tem- 
perature, 5 h), 2-(l-cyclohexenyl)-l-phenyl-3-buten-2-o1 (1.4 g, 
6.13 mmol) yielded a residue which was purified by column 
chromatography on silica using 5 % ethyl acetate/petroleum ether 
as eluent to give 2i as a colorless solid (diastereomer A, 0.11 g, 
7%) mp 71-73 OC (recrystallized from diisopropyl ether); Rf = 
0.52 (10% ethyl acetate/petroleum ether); v,, (KBr disk) 3470, 
3095, 1640, 1605, and 1500 cm-l; SH (CDCls) 7.25 (5H, m), 6.11 
(1H, dd, J = 18, 13 Hz), 5.31 (lH, dd, J = 18, 1 Hz), 5.21 (lH, 
dd, J = 13, 1 Hz), 2.97 (2H, e), 2.79 (lH, e), 2.31 (lH, s), and 
2.20-1.13 (8H, m); Sc (CDCb) 140.5 (d), 136.5 (81,130.8 (d), 127.8 
(d), 126.5 (d), 114.7 (t), 74.8 (s), 62.9 (s), 56.1 (d), 42.3 (t), 24.8 
(t), 24.4 (t), 20.5 (t), and 18.6 (t); m/z  +E1 (+ve FAB), 289 (12h 

Calcd for Cl&ImOz: C, 78.65; H, 8.25. Found: C, 78.46; H, 8.08.1 
and agreasy yellow solid (diastereomer B, 0.16 g, 11 %); Rf = 0.44 
(10% ethyl acetate/petroleum ether); v,, (KBr disk) 3480,3405, 
3080,2960,2870, and 1610 cm-I; SH (CDClS) 7.25 (5H, m), 5.95 
(1H, dd, J = 18, 13 Hz), 5.29 (lH, dd, J = 18, 1 Hz), 5.20 (lH, 
dd, J = 13, 1 Hz), 3.29 (lH, m), 2.96 (2H, s), 2.20 (lH, s), and 
2.1e1.19 (8H,m). 2-(l,2-Epoxycyclohexyl)-3,4-epoxy-l-phen- 
ylbutan-2-01 was also obtained as a white solid (0.57 g, 36% ): 
mp 55-56 OC; Rf = 0.25 (10% ethyl acetate/petroleum ether); SH 
(CDCb) 7.21 (SH, m), 3.19 (lH, t, J = 2 Hz), 2.90 (2H, s), 2.84 
(lH, e), 2.53 (2H, m), 2.31 (lH, e), and 2.20-1.10 (8H, m); 6c 
(CDCh) 135.9 (81,130.7 (d), 127.9 (d), 126.6 (d), 71.3 (s),62.1 (e), 
54.6 (d), 53.8 (d), 42.9 (t), 39.8 (t), 24.3 (t), 20.4 (t), and 18.7 (t). 
Anal. Calcd for C&,,Oa: C, 73.82; H, 7.74. Found C, 73.79; 
H, 7.70. 
syn-1-( 1,2-Epoxycyclohexyl)-lJ-diphenylethan- l-ol (2j). 

Following the typical procedure (above, room temperature, 3 h), 
l-(l-cyclohexenyl)-l,2-diphenylethan-l-o1 (3.75 g, 13.5 mmol) 
yielded a reaidue which was purified by trituration with petroleum 
ether to give 2j as a white solid (1.48 g, 37%): mp 127-128 "C 

6c (CDCb) 131.8 (d), 128.3 (d), 128.2 (d), 122.6 (s), 90.4 (~),83.9 

267 (22), 245 (M + 1,60), 227 (M - 17, loo), and 209 (52). Anal. 
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(colorless prisms recrystallized from diisopropyl ether/ethyl 
acetate); M+, 294.1625 ( C d n O z  requires 294.1620); Rf = 0.40 
(10% ethyl acetate/petroleumether); v,, (KBr disk) 3470,3035, 
2950,1605,1500, and 1450 cm-l; h (CDCh) 7.52-7.07 (lOH, m), 
3.47 (lH, s), 3.34 (2H, s), 2.58 (ZH, e), and 2.12-0.87 (8H, m); SC 

(d), 126.6 (d), 126.4 (d), 75.6 (81, 64.9 (81, 54.1 (d), 42.0 (t), 25.2 
(t), 24.4 (t), 20.8 (t), and 19.0 (t); m/z +EI, 294 (M, lo), 203 (14), 
158 (18), 105 (loo), 91 (32), and 77 (22). Anal. Calcd for 

syn- and anti-1-( 1,2-epoxycyclopentyl)-l-phenylheptan- 
l-ol (2k). Following the typical procedure (above, room tem- 
perature, 10 h), 1-(1-cyclopenteny1)-1-phenylheptan-1-01 (1.40 
g, 5.42 mmol) yielded a residue which was purified by column 
chromatography on silica using 8 % ethyl acetate/petroleum ether 
as eluent to give 2k as a colorless oil (diastereomer A, 0.38 g, 
26%) [Rf = 0.30 (10% ethyl acetate/petroleum ether); M+, 
274.1924 (C1aMO2 requires 274.1932); SH (CDCb) 7.48 (2H, m), 
7.36-7.20 (3H, m), 3.60 (lH, s), 2.73 (lH, 81, 2.14 (lH, m), 1.92 
(3H, m), 1.69-1.20 (13H, m), and 0.88 (3H, m); 6c (CDCb) 142.6 
(s), 128.1 (d), 127.0 (d), 126.3 (d), 74.3 (8),73.8 (s), 60.7 (d), 38.0 
(t), 31.8 (t), 29.8 (t), 27.0 (t), 25.8 (t), 23.0 (t), 22.7 (t), 19.6 (t), 
19.3 (t), and 14.1 (9); m/z +EI, 274 (M, l), 217 (4), 161 (16), 144 
(loo), 129 (32), 91 (261, and 43 (52)l and a colorless oil 
(diastereomer B, 0.020 g, 1%); Rf = 0.21 (10% ethyl acetate/ 
petroleum ether); SH (CDCh) 7.32-7.11 (5H, m), 3.53 (lH, s), 2.72 
(1H, s), 1.99-1.02 (16H, m), and 0.78 (3H, m); 6c (CDCh) 144.0 
(a), 128.1 (d), 126.9 (d), 125.7 (d), 75.1 (s), 73.8 (s), 62.3 (d), 37.4 
(t), 31.8 (t), 29.8 (t), 27.4 (t), 26.5 (t), 23.1 (t), 22.7 (t), 19.5 (t), 
and 14.1 (9). 
8ya-lanti-l-( l~Epoxycyclo~1)-l-phenyl~ptaa-l-ol(2l). 

Following the typical procedure (above, room temperature, 24 
h), l-(l-cyclohexenyl)-l-phenylheptan-l-ol(1.3g, 4.74 mmol) was 
found to give 21 as a colorless oil (1.12 g, 81%): M+, 288.2095 
(CleHmOz requires 288.2089); v- (liquid film) 3480,2940,2860, 
1500, and 1450 cm-I; SH (CDCb) 7.6-7.2 (5H, m), 3.5 (lH, m), 2.7 
(lH, be), and 2.3-0.7 (21H, m); 6c (CDCld 143.7 (s), 142.7 (81, 
128.1 (d), 128.0 (d), 127.0 (d), 126.8 (d), 126.4 (d), 126.0 (d), 76.4 
(8),75.3 (s), 65.3 (s),65.0 (s), 56.4 (d), 54.8 (d), 36.1 (t), 36.0 (t), 
31.8 (t), 29.9 (t), 25.2 (t), 24.7 (t), 24.4 (t), 24.2 (t), 23.1 (t), 22.7 
(t), 20.6 (t), 19.3 (t), 19.0 (t), and 14.1 (9); m/z +EI, 288 (lo), 270 
(22), 254 (37), 217 (62), and 203 (100). 
syn-/anti-1-( 1,2-Epoxycycloheptyl)-l-ph~nylheptan- 

l-ol (2m). Following the typical procedure (above, room 
temperature, 12 h), l-(l-cycloheptenyl)-l-phenylheptan-l-ol(1.32 
g, 4.62 mmol) was found to give 2m (0.9 g, 65% ): M+, 302.2229 
(CmHw02 requires 302.2246), M - 18,284.2136 ( C a m 0  requires 
284.2140); v,, (liquid fii) 3460, 2940, 2860, 1500, and 1450 
cm-1; 6~ (CDCb) 7.5-7.2 (lOH, m), 3.5 (2H, m), 2.5 (lH, bs), 2.3 
(lH, brs), 2.1-1.6 (8H, m), 1.6-0.9 (30H, m), and 0.85 (6H, m); 
Sc (CDCb) 144.0 (s), 142.6 (s), 128.1 (d), 128.0 (d), 127.1 (d), 126.9 
(d), 126.4 (d), 126.1 (d), 77.0 (81, 75.9 (s), 68.1 (e), 67.6 (e), 58.6 
(d), 57.5 (d), 36.4 (t), 36.3 (t), 31.8 (t), 31.0 (t), 29.9 (t), 28.5 (t), 
28.3 (t), 28.2 (t), 27.9 (t), 24.5 (t), 24.0 (t), 23.6 (t), 23.5 (t), 23.2 
(t), 23.1 (t), 22.7 (t), and 14.1 (q); m/z +EI, 302 (12), 284 (121,241 
(33), 217 (70), and 199 (100). 

1- ( 1 &Epoxy cy clohexy 1) cy clohexan- l-ol (2n). Following 
the typical procedure (above, room temperature, 12 h), 1-(1- 
cyclohexenyl)cyclohexan-l-ol(2.OOg, 11.1 mmol) yieldedaresidue 
which was purified by column chromatography on silica using 
15% ethyl acetate in petroleum ether as eluent to give 2n as a 
colorless solid (1.87 g, 91%): mp 69-70 OC (recrystallized from 
petroleum ether/ethyl acetate); v,, (KBr disk) 3470,2940, and 
1450 a - l ;  SH (CDCld 3.4 (lH, m), and 2.1-1.0 (19H, m); BC (CDCb) 
70.7 (a), 65.0 (a), 65.0 (d), 32.6 (t), 32.6 (t), 26.9 (t), 24.8 (t), 24.4 
(t), 21.5 (t), 21.1 (t), 20.9 (t), and 19.2 (t); m/z +EI, 196 (22), 179 
(42), 160 (22), 149 (55), 125 (60), and 111 (100). Anal. Calcd for 

syn-1-( 1,2-Epoxycyclohexyl)cyclododecan-l-ol(20). Fol- 
lowing the typical procedure (above, reflux, 6 h), 1-(1-cyclohex- 
eny1)cyclododecan-1-01 (2.0 g, 7.13 "01) was found to give 20 
as white needles (1.48 g, 70%): mp 103-105 OC; Rf = 0.31 
(chloroform); v,, (KBr disk) 3467 (br), 3015, 2936, and 2861 
cm-1; SH (CDCla) 3.24-3.21 (lH, m), and 2.03-1.16 (31H, m); 6c 

(t), 25.9 (t), 24.6 (t), 24.55 (t), 22.5 (t), 22.4 (t), 22.2 (t), 22.0 (t), 

(CDCls) 142.9 (s), 136.3 (s), 130.9 (d), 128.1 (d), 128.0 (d), 127.8 

C a n O z :  C, 81.60; H, 7.53. Found: C, 81.63; H, 7.58. 

C12Hm02: C, 73.43; H, 10.27. Found: C, 73.59; H, 10.19. 

(CDCla) 74.7 (s), 64.6 (s), 55.9 (d), 31.5 (t), 30.4 (t), 26.6 (t), 26.5 
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20.5 (t), 19.8 (t), 19.7 (t), and 19.3 (t); m/z +EI, 280 (3), 263 (71, 
183 (20), 98 (96),55 (80), and 41 (100). Anal. Calcd for CieHazOz: 
C, 77.09; H, 11.50. Found C, 76.80; H, 11.53. 
sym-/anti-l,2-Epoxy-3-phenylbutan-3-01 (2p). Following 

the typical procedure (above, room temperature, 48 h, reflux, 1 
h), 2-phenyl-3-buten-2-01 (0.50 g, 3.29 "01) was found to give 
2pasacolorlessoil(0.50g,71%): M+, 121.0660 (C1oHlzOmquires 
121.0653); Y- (liquid film) 3450, 2990, 1600, 1500, and 1450 
cm-'; b~ (CDCg) 7.61-7.20 (SH, m), 3.20 (lH, dd, J 3,4 Hz), 
2.88 (1H, dd, J = 3,5 Hz), 2.67 (lH, dd, J = 4,5  Hz), 2.10 (IH, 
brs), and 1.72 (3H, 8); SC (CDCh) 143.6 (a), 128.4 (d), 127.4 (d), 
125.0 (d), 70.7 (e), 58.7 (d), 44.4 (t), and 27.8 (9); m/z +EI, 147 
(5), 121 (loo), 104 (65), 91 (28), and 77 (26). 
~yn-/anti-2,3-Epoxy-4-phenylhexan-4-01 (2q). Following 

the typical procedure (above, room temperature, 5 h), 3-phenyl- 
4-hexen-3-01 (0.70 g, 3.95 mmol) was found to give 2qas a colorless 
oil (0.58 g, 76%): M+, 164.0831 (C1&202 requires 164.0837); 
Y, (liquid film) 3420,2970,1600,1500, and 1450 cm-'; SH (CDCl$ 
7.45-7.25 (5H, m), 3.03 (2H, m), 2.20 (lH, bs), 1.97 (2H, q, J = 
7 Hz), 1.24 (3H, d, J = 5 Hz), and 0.86 (3H, t, J = 7 Hz); m/z +EI, 
164 (8), 135 (75), 105 (loo), 91 (15), 77 (221, and 57 (40). 
Semipinacol Epoxide Rearrangement of 2,3-Epoxy 

Alcohols: Typical Procedure. 2-Acetyl-2-(cyclopropyl)- 
cyclohexan-1-01 (30. A solution of l-(1,2-epoxycyclohexyl~- 
1-cyclopropylethan-1-ol(2.0 g, 11.0 "01) in dry dichloromethane 
(120 mL) was treated dropwise at 0 "C with tin(1V) chloride (2.57 
mL, 5.72 g, 22.0 mol). The reaction mixture was stirred at 0 "C 
for 1.5 h (monitored by TLC) and then poured onto ice (150 g) 
and extradedwith dichloromethane (2 X 100 mL). The combined 
organic extracts were washed with dilute hydrochloric acid (150 
mL),water (150mL),andbrine (150mL) andthendried(MgSO4) 
and concentrated in vacuo to give 3f as a colorless oil (1.75 g, 
88%), asasinglediaatereoisomer;M+, 182.1300 (C1lHlsO~requires 
182.1306); Rf = 0.30 (20% ethyl acetate/petroleum ether); v,, 
(liquid film) 3420 and 1675 cm-'; SH (CDCg) 3.38 (lH, dd, J = 
12,2 Hz), 3.31 (lH, s), 2.21 (3H, a), 1.96-1.55 (5H, m), 1.334.90 
(4H, m), and 0.55 (4H, m); SC (CDCb) 216.5 (a), 76.2 (d), 53.9 (e), 
32.3 (t), 28.6 (t), 27.0 (d), 24.3 (t), 22.6 (t), 17.0 (q), 1.9 (t), and 
1.3 (t); m/z +EI, 167 (20), 164 (M - 18,8), 149 (12), 139 (loo), 
121 (40), 111 (33), 97 (601, 81 (70), 69 (851, and 55 (66). 
l-Acetyl-l-methylcyclohexan-2-ol(3a). Following the typ- 

ical procedure (above, 0 "C, 30 h), 2-(1,2-epoxycyclohexany1)- 
propan-2-01 (1.15 g, 7.36 mmol) yielded a residue which was 
purified by column chromatography on silica using 15% ethyl 
acetate/petroleum ether as eluent to give 3a as a clear oil (0.64 
g, 56%), as a single diastereoisomer: M - 15,141.0908 (CeHla02 
-CHarequires 141.0915;Rf = 0.30 (20% ethyl acetate/petroleum 
ether); Y, (liquid film) 3400,2930, and 1685 cm-'; b~ (CDCla) 
3.33 (lH, bs), 2.09 (3H, a), 1.82-1.19 (8H, m) and 1.18 (3H, 8 ) ;  bc 

(t), 22.6 (t), and 22.5 (q); m/z  +E1 156 (M, lo), 141 (M - 15,3), 
123 (10,109 (lo), 98 (80),95 (32), 85 (30), 81 (38), 70 (60), 59 (40), 
55 (28), and 43 (100). 
2-Acetyl-2-ethenylcyclohexan-1-01 (3b). Following the 

typical procedure (above, 0 "C, 1.5 h), 2-(1,2-epoxycyclohexanyl)- 
3-buten-2-01 (0.64 g, 3.8 mmol) was found to give 3b as a brown 
oil (0.61 g, 95%), as a single diastereoisomer: M+, 168.1130 
(Clal6O2 requires 168.1150); Rf = 0.41 (20% ethyl acetate/ 
petroleum ether); Y- (liquid film) 3400,2905,1700,1625, and 
1445 cm-1; 6~ (CDCb) 5.92 (lH, dd, J 18,12 Hz), 5.34 (lH, dd, 
J = 12, 1 Hz), 5.21 (lH, dd, J = 1 Hz), 3.82 (lH, m), 3.25 (lH, 
bs),2.11(3H,s), 1.69 (6H,m),and 1.48 (2H,m); SC (CDCb) 213.0 
(a), 138.0 (d), 117.9 (t), 72.9 (d), 59.0 (a), 30.1 (t), 28.8 (t), 26.0 
(q), 21.7 (t), and 21.5 (t); m/z +EI, 125 (20), 108 (30), 91 (32), 79 
(721, 55 (32), 49 (401, and 43 (100). 
2-Acetyl-2-phenylcyclohexan-l-o1(3~). Following the typ- 

ical procedure (above, room temperature, 2 h), l-(l,2-epoxycy- 
clohexy1)-1-phenylethanol (1.0 g, 4.58 mmol) was found to give 
3c as a white solid (0.99 g, 99 % ), isolated as a single diastereo- 
isomer: mp 83.5-85 "C (recrystallized from diisopropyl ether); 
Rf = 0.28 (20% ethyl acetate/petroleum ether); Y- (solution) 
3450,3025,2930,2860, and 1690 cm-'; SH (CDCb) 7.40 (5H, m), 
4.39 (lH, m), 3.24 (lH, bs), 2.26 (lH, t, J = 8 Hz), 1.94 (3H, a), 
and 1.82-1.32 (8H, m); 6~ (CDCb) 213.0 (81, 138.8 (81, 128.8 (d), 
127.6 (d), 127.2 (d), 72.7 (d), 60.3 (e), 30.0 (t), 28.2 (t), 26.1 (q), 
22.0 (t), and 21.4 (t); m/z +EI, 218 (M, lo), 201 (M - 17,201,175 

(CDCla) 217.0 (s), 75.7 (d), 52.4 (a), 33.5 (t), 31.1 (t), 25.8 (q), 23.7 
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(15), 158 (90), 143 (20), 130 (32), 115 (25), 105 (18), 91 (60), 77 
(20), and 43 (100); m/z +CI, 219 (M + 1,12), 201 (M - 17,40), 
175 (18), 158 (loo), 143 (20), 130 (331, 115 (30), and 105 (20). 
Anal. Calcd for ClJ-Il802: C, 77.03; H, 8.31. Found C, 76.75; 
H, 8.13. 
2-Acetyl-2-tert-butylcyclohexan-l-ol(3d). Following the 

typical procedure (above, 0 "C, 3 h), 2-(1,2-epoxycyclohexyl)- 
3,3-dimethylbutan-2-01(1.10 g, 5.55 mmol) was found to give 3d 
as a colorless oil (0.83 g, 75%), as a single diastereoisomer: M+, 
198.1624 (ClzHaO2 requires 198.1620); Rf = 0.37 (10% ethyl 
acetate/petroleum ether); Y, (liquid film) 3510,2950,2875,1680, 
and 1420 cm-1; 6~ (CDCg) 3.52 (lH, dd, J = 12,2 Hz), 2.21 (3H, 
e), 1.90.94 (8H, m), and 1.10 (9H, 8) ;  6c (CDCg) 218.5 (a), 75.8 
(d), 60.7 (s), 35.8 (a), 34.0 (t), 30.7 (t), 30.4 (q), 28.6 (q), 25.2 (t), 
and 24.0 (t); m/z + EI, 198 (M, lo), 123 (20), 109 (20), 81 (21), 
67 (12), 57 (42) and 43 (100). 
2-Acetyl-2-(2-furanyl)cyclohexn- 1-01 (30). Following the 

typical procedure above (0 "C, 1 h), l-(1,2-epoxycyclohexyl)-l- 
(2-furanyl)ethan-l-01(0.30 g, 1.44 mmol) was found to give 3e as 
a colorless oil (0.225 g, 75%), as a single diastereoisomer, 
spectroscopically identical with the sample prepared above. 
2-Acetyl-2-(phenylethynyl)cyclohexan-l-ol(3g). (1) Fol- 

lowing the typical procedure above (0 "C, 1 h), syn-3-(1,2- 
epoxycyclohexanyl)-l-phenyl-l-butyn-3-ol (0.56 g, 2.31 "01) 
reacted to give a residue which was purified by column chro- 
matography on silica using 10% ethyl acetate/petroleum ether 
as eluent to give 36 as white needles (0.24 g, 43%), as a single 
diastereoisomer: mp 63-64 "C (recrystallized from diethyl ether/ 
petroleum ether); M+ 242.1308 (C16HlsOz requires 242.1307); Rf 
= 0.32 (20% ethyl acetate/petroleum ether); v,, (KBr disk) 3590, 
3480,3330,1715,1625,1600, and 1575 cm-'; SH (CDCb) 7.42 (2H, 
m), 7.32 (3H, m), 4.30 (lH, t, J = 3 Hz), 3.31 (lH, bs), 2.41 (3H, 
a), and 2.09-1.44 (8H, m); 6c (CDCg) 209.6 (a), 131.6 (d), 128.4 
(d), 128.4 (d), 122.7 (a), 88.2 (s), 87.1 (a), 70.1 (d), 53.4 (a), 29.3 
(t), 28.4 (t), 26.1 (q), 22.0 (t), and 19.3 (t); m/z +EI, 242 (M, 80), 
241 (35), 191 (40), 182 (60), 181 (70), 171 (40), 165 (55), 153 (55), 
144 (30), 127 (40), 115 (30), 105 (401, 91 (38), and 77 (33); m/z 
+CI, 243 (M + 1, NO), 225 (401,182 (351, 105 (391, and 43 (22). 

(2) Following the typical procedure above (0 "C, 2.5 h), anti- 
3-(1,2-epoxycyclohexanyl)-l-phenyl-l-butyn-3-ol(O.O95 g, 0.392 
"01) was found to give 36 as white needles (0.055 g, 58%), as 
a single diastereoisomer, spectroscopically identical with the 
sample prepared above. 
2-Acetyl-2-(2-phenylethyl)cyclohexan-l-ol(3h). Following 

the typical procedure (above, 0 "C, 2 h), 2-(1,2-epoxycyclohex- 
any1)-4phenylbutan-2-01 (0.75 g, 3.05 mmol) yielded a residue 
which was purified by column chromatography on silica using 
25% ethyl acetate in petroleum ether as eluent to give recovered 
starting material (0.17 g) and 3h as a white solid (0.46 g, 78%): 
mp 114-115 OC (recrystallized fromdiisopropylether); v, (KBr 
disk) 3450,2990,1600,1500, and 1450 cm-l; SH (CDCh) 7.33-7.13 
(5H, m), 3.76 (lH, b m, (split by OH)), 3.08 (lH, br a), 2.58 (2H, 
m), 2.20 (3H, a), 2.10-1.78 (4H, m), 1.76-1.50 (4H, m), and 1.48- 
1.25 (2H, m); SC (CDCg) 216.0 (s), 142.0 (a), 128.5 (d), 128.3 (d), 
126.0 (d), 73.5 (d), 55.9 (a), 37.5 (t), 30.9 (t), 30.7 (t), 29.7 (t), 26.4 
(q), 22.5 (t), 22.2 (t); m/t  +CI, 247 (55), 229 (loo), 211 (42), 201 
(55), and 185 (40). Anal. Calcd for ClsH2202: C, 78.00; H, 9.00. 
Found C, 77.87; H, 8.95. 
2-Ethenyl-2-( l-ox~2phenylethyl)cyclohexan-l-ol(3i). Fol- 

lowing the typical procedure above (0 "C, 1 h), l-(l,2-epoxycy- 
clohexyl)-l-(ethenyl)-2-phenylethan-l-ol(0.150 g, 0.614 "01) 
was found to give 3i as a colorless oil (0.110 g, 73%), as a single 
diastereoisomer: mp 64-65 "C (recrystallied from diisopropyl 
ether/ethyl acetate); M+ 244.1457 (Cl&I&2 requires 244.1463); 
Rf = 0.13 (10% ethyl acetate/petroleum ether); u,, (KBr disk) 
3440,1700,1635,1605, and 1500 cm-l; SH (CDCb) 7.14 (3H, m), 
7.04 (2H, m), 5.90 (lH, dd, J = 18, 12 Hz), 5.32 (lH, d, J = 12 
Hz), 5.20 (lH, d, J = 18 Hz), 3.82 (lH, m), 3.78 (lH, d, J = 17 
Hz), 3.57 (lH, d, J = 17 Hz), 3.06 (lH, bs), 2.10 (lH, m), and 
1.79-1.22 (7H, m); 6c (CDCg) 211.7 (a), 137.7 (d), 134.3 (e), 129.7 
(d), 128.4 (d), 126.8 (d), 118.6 (t), 72.9 (d), 59.4 (a), 44.3 (t), 30.0 
(t), 28.5 (t), 21.7 (t), and 21.4 (t); m/z +EI, 227 (M - 17,5), 153 
(lo), 125 (20), 108 (50), 91 (loo), 79 (50), 65 (20), 55 (50), 49 (42), 
and 41 (28); m/z +CI, 245 (M + 1,40), 227 (M - 17,51), 153 (20), 
125 (22), 108 (loo), 91 (88), and 49 (70). Anal. Calcd for 
C&x302: C, 78.65; H, 8.25. Found C, 78.29; H, 8.05. 
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24 l-Oxo-2-phenylethyl)-2-phenylcyclohexan-l~l(3j). Fol- 
lowing the typical procedure above (0 "C, 1 h), l-(l,2-epoxycy- 
clohexanyl)-1,2-diphenylethan-l-ol (0.25 g, 0.85 mmol) gave a 
residue which was recrystallized from diisopropyl ether to give 
3j as a white crystalline solid (0.21 g, 84%),  as a single 
diastereoisomer: mp 54-56 "C; M+, 294.1620 (C&aO2 requires 
294.1620); R, = 0.48 (20% ethyl acetate/petroleum ether); u,, 
(KBr disk) 3475,3070,3040,1715,1605,1570, and 1500 cm-l; SH 
(CDCb) 7.32-7.06 (8H, m), 6.76 (2H, dd, J = 9,2 Hz), 4.24 (lH, 
m), 3.42 (2H, qm, J = 19 Hz), 3.17 (lH, bs), 2.22 (2H, t, J = 6 
Hz), and 1.69-1.20 (6H, m); bc (CDCls) 211.8 (s), 138.4 (s), 134.5 
(s), 130.0 (d), 129.0 (d), 128.3 (d), 128.1 (d), 127.5 (d), 126.9 (d), 
72.5 (d), 60.7 (s), 44.4 (t), 29.9 (t), 27.7 (t), 22.0 (t), and 21.3 (t); 
m/z +El, 294 (M, 4), 276 (M - 18,5), 203 (30), 175 (32), 158 (80), 
142 (32), 129 (70), 115 (50), 107 (34), 91 (1001, 79 (25), 65 (201, 
and 41 (14). Anal. Calcd for C&aOz: C, 81.60; H, 7.53. 
Found: C, 81.66; H, 7.65. 

2- (l-Oxoheptyl)-2-phenylcycl0pentan- 1-01 (3k). Following 
the typical procedure above (0 OC, 3 h), l-(1,2-epoxycyclopentyl)- 
1-phenylheptan-1-01 (0.38 g, 1.385 mmol) was found to give 3k 
as a colorless oil (0.45 g, 88%), as a single diastereoisomer: M+, 
274.1939 (Cl&Ia02 requires 274.1933); Rj = 0.27 (10% ethyl 
acetate/petroleum ether); u,, (liquid film) 3420,2920,1885,1595, 
and 1490 cm-1; SH (CDCls) 7.23 (5H, m), 4.41 (lH, t, J = 2 Hz), 
3.72 (lH, be), 2.34-0.92 (16H, m), and 0.73 (3H, t, J = 8 Hz); SC 
(CDCb) 214.5 (s), 139.1 (s), 128.9 (d), 127.4 (d), 126.7 (d), 80.4 
(d), 68.5 (s), 39.6 (t), 31.4 (t), 30.8 (t), 29.2 (t), 28.6 (t), 23.6 (t), 
22.4 (t), 20.7 (t), and 14.0 (9); m/z +EI, 159 (lo), 144 (loo), 129 
(12), 117 (12), 91 (20), 77 (lo), and 43 (35); m/z +CI, 275 (M + 

2 4  1-Oxoheptyl)-2-phenylcyclohexan-l-ol(31). Following 
the typical procedure given above (20 "C, 1 h), 1-(1,2-epoxycy- 
clohexy1)-1-phenylheptan-1-01 (0.50 g, 1.72 mmol) yielded a 
residue which was purified by column chromatography on silica 
using 15% ethyl acetate in petroleum ether as eluent to give 31 
as a colorless oil (0.37 g, 74% 1: M+, 288.2065 (ClsH2,302 requires 
288.2089); M+ - 18, 270.1974 (CleHz~0 requires 270.1983); v,, 
(liquid film) 3500,1700,1600,1500, and 1450 cm-l; SH (CDCls) 
7.4-7.2 (5H, m), 4.3 (lH, m), 3.3 (lH, bs), 2.3 (4H, m), 1.85-0.9 
(14H, m), and 0.8 (3H, t, J = 7 Hz); 6c (CDCls) 215.2 (s), 138.8 
(s), 128.8 (d), 127.7 (d), 127.1 (d), 72.7 (d), 60.1 (s), 37.6 (t), 31.4 
(t), 29.8 (t), 28.5 (t), 27.6 (t), 23.7 (t), 22.4 (t), 21.9 (t), 21.3 (t), 
and 14.0 (9); m/z +EI, 288 (lo), 270 (12), 217 (21), 158 (loo), 130 
(22), 91 (30), and 43 (48). 

2 4  l-Oxoheptyl)-2-phenylcycloheptan-l-ol(3m). Follow- 
ing the typical procedure above (0 "C, 2 h), l-(l,2-epoxycyclo- 
heptyl)-l-phenylheptan-l-ol(O.50 g, 1.7 mmol) yielded a residue 
which was purified by column chromatography on silica using 
15% ethyl acetate in petroleum ether as eluent to give 3 m  as a 
colorless oil (0.32 g, 64%): umLI (liquid film) 3500, 1700, 1600, 
and 1500 cm-1; SH (CDCl3) 7.35-7.15 (5H, m), 4.25 (lH, dd, J 
11 and 1 Hz), 3.20 (lH, bs) 2.35 (lH, m), 2.15 (3H, m), 2.05-0.90 
(16H, m), and 0.75 (3H, t, J = 7 Hz); Sc (CDCg) 215.3 (s), 141.3 
(s), 128.6 (d), 127.6 (d), 127.0 (d), 76.5 (d), 63.4 (s), 38.6 (t), 31.9 
(t), 31.5 (t), 30.2 (t), 28.7 (t), 27.6 (t), 24.1 (t), 23.1 (t), 23.0 (t), 
22.4 (t), and 14.0 (9); m/z +CI, 320 (251,303 (loo), 285 (38), and 
172 (62). 
l-Hydroxyspiro[5.6]dodecan-7-one (3n). Following the 

typical procedure above (0 "C, 24 h), 1-(1,2-epoxycyclohexyl)- 
cyclohexan-1-ol(l.50 g, 7.65 mmol) yielded a residue which was 

1, 80), 257 (M - 17, loo), 159 (95). 
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purified by column chromatography on silica using 15% ethyl 
acetate in petroleum ether as eluent to give 3n as a colorless oil 
(0.62 g, 41 7% ): M+, 196.1455 (C12Hm02 requires 195.1463); u,, 
(liquid film) 3450, 2940, 2860, 1695, 1500, and 1450 cm-l; SH 
(CDC13) 3.65 (lH, t, J = 7 Hz), 3.15 (lH, bs), 2.65 (ZH, m), 2.45 
(lH, m), 2.05 (lH, m), 1.90 (lH, m), and 1.85-1.20 (14H, m); Sc 

(t), 30.0 (t), 26.6 (t), 24.6 (t), 21.4 (t), and 21.3 (0; m/z +EI, 196 
(12), 178 (12), 149 (lo), 125 (601, 111 (50), 81 (67), 67 (57), 55 
(loo), and 41 (73). 
l-Hydroxyspiro[5.12]octadecan-7-one (30). Following the 

typical procedure above (room temperature, 24 h), syn-l-(1,2- 
epoxycyclohexyl)cyclododecan-l-ol(0.220 g, 0.79 mmol) gave a 
residue which was purified by column chromatography on silica 
using chloroform as eluent to give 30 as white needles (0.147 g, 
67%): mp 85-86.5 OC (recrystallized from diisopropyl ether); Rj 
= 0.27 (chloroform); u,, (KBr disk) 3515,2940,2865, and 1690 
cm-l; SH (CDCh) 3.72 (IH, dd, J = 7.5,3 Hz), 2.79 (lH, ddd, J 
= 18.5,10,5,3.5 Hz), 2.31 (lH, ddd, J =  18.5,10.5,3.5 Hz), 2.08- 
1.86 (2H, m), and 1.81-1.14 (27H, m); Sc (CDCls) 218.4 (s), 73.9 
(d), 55.4 (s), 37.0 (t), 35.6 (t), 30.5 (t), 28.8 (t), 26.9 (t), 26.5 (t), 
26.2 (t), 25.3 (t), 24.8 (t), 24.0 (t), 23.7 (t), 22.0 (t), 21.7 (t), and 
21.4 (t); m / t  +EI, 280 (15), 262 (9),96 (loo), 81 (58), 55 (54), and 
41 (55). Anal. Calcd for C1&9O2: C, 77.09; H, 11.50. Found: 
C, 77.04; H, 11.63. 
l-Hydroxy-2-phenylbutan-3-one (3p). Following the typical 

procedure above (0 OC, 1 h), 1,2-epoxy-3-phenylbutan-3-01(0.25 
g, 1.49 mmol) yielded a residue which was purified by column 
chromatography on silica using 35% ethyl acetate in petroleum 
ether as eluent to give 3p as a colorless oil (0.10 g, 40%): M - 
43,121.0661 (C&O requires 121.0653); u- (liquid film) 3400, 
2940, 1710, and 1600 cm-1; SH (CDCls) 7.45-7.10 (5H, m), 4.15 
(1H, dd, J = 12,9 Hz), 3.90 (lH, dd, J = 9,5  Hz), 3.70 (lH, dd, 
J = 12, 5 Hz), 2.15 (lH, bs), and 2.10 (3H, 5); 6c (CDCls) 209.3 
(a), 135.5 (s), 129.2 (d), 128.5 (d), 127.9 (d), 63.9 (t), 61.6 (d), and 
29.6 (9); m/z +EI, 146 (34), 104 (loo), 91 (32), 77 (25), and 43 (72). 
2-Rydroxy-3-phenylhexan-4-one (3q). Following the typical 

procedure above (0 OC, 0.5 h), 2,3-epoxy-4-phenylhexan-401(0.40 
g, 2.08 mmol) yield a residue which was purified by column 
chromatography on silica using 15% ethyl acetate in petroleum 
ether as eluent to give 3q as a colorless oil (0.23 g, 56%): M - 
44,148.0888 (Cl&20 requires 148.0881); u,, (liquid film) 3420, 
2980, 1710, and 1600 cm-l; SH (CDCb) 7.39-7.24 (3H, m), 7.20- 
7.14 (2H, m), 4.40 (lH, dq, J = 9, 7 Hz), 3.60 (lH, d, J = 9 Hz), 
3.10 (lH, brs), 2.37 (2H, qd, J = 7 , l  Hz), 0.99 (3H, d, J 7 Hz), 

(d), 128.7 (d), 127.7 (d), 69.1 (d), 66.9 (d), 35.7 (t), 20.0 (q), and 
7.8 (9); m/z +CI, 148 (35), 118 (100),91(44), 77 (12), 57 (681, and 
52 (43). 
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(CDCls) 215.9 (s), 74.3 (d), 54.9 (~1~39.8 (t), 34.2 (t), 30.3 (t), 30.0 

and 0.97 (3H, t, J = 7 Hz); Sc (CDCls) 212.8 (s), 136.2 (e), 129.1 


