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together in sealed degassed Pyrex ampules prepared by freeze-
pump—~thaw method. The solutions were then heated at 100 °C
for 2.5 h, which corresponds to five half-lives of the initiator. After
reaction the tubes were quenched in ice—water and opened before
GLC analyses.

Control Experiment Ruling Out Reactions of Phenyl
Disulfides with Either Phenyl Radicals or BP. p-Chloro-
thiophenol (0.2 M), BP (5 X 1073 M), and naphthalene (5 X 1073
M; internal standard) were heated in chlorobenzene at 100 °C
for 2.5 h with (2 X 103 M) and without addition of phenyl di-
sulfide. The addition did not change at all the yields of benzene
and benzoic acid, thus, giving invariable k,/kq.

Analytical Procedure. The reaction mixtures were analyzed
ona 6 ft X 1/, in. stainless steel column packed with 10% OV-101
or 10% OV-17 on Chromosorb W by temperature programming
from 80 to 200 °C by using Varian Vista 4600 GC equipped with
FID and CDS 401 data system. Benzene and benzoic acid were
separately analyzed, the latter being silylated with 1,1,1,3,3,3-
hexamethyldisilazane before GLC analyses.

Analytical Method. The relative rates (k,/kgy) for the thio-
phenols were obtained from the slopes of the lines attained by
eq 5.
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During the development of an efficient synthesis of the
commercially valuable aggregation pheromone lineatin (1),!
we investigated the addition of dichloroketene to allylic
ether 2.2 Initial experiments wherein dichloroketene was
generated by dehydrohalogenation of dichloroacetyl
chloride or by zinc dehalogenation of trichloroacetyl
chloride gave only low yields of adducts. In the case of
dehydrohalogenation route, the low yields were attributed
to polymerization of dichloroketene by triethylammonium
chloride® produced during ketene formation. This ap-
proach was abandoned after methods to circumvent this
problem by slow addition of reagents® failed to give useful
yields of adducts.

In the case of the dehalogenation route, low yields were
attributed to ZnCl,-induced side reactions. Sequestering
of ZnCl, by addition of phosphorus oxychloride* gave a low
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yield (33% overall) of the desired {2 + 2] cycloadduct 3
(7%) and a moderate yield of the product 4 (26%) arising
from rearrangement (Figure 1). Indeed, reaction of di-
chloroketene with allyl ethers and allyl sulfides 5 typically
results in rearrangement (6) rather than [2 + 2] cyclo-
addition (7). The proposed mechanism for the forma-
tion of the rearrangement product is a [3,3]-sigmatropic
rearrangement of the initially formed dipolar intermediate
8. This process is presumably promoted by ZnCl,. For
the reaction of dichloroketene with allylic ether 2, the
addition of phosphorus oxychloride did not provide suf-
ficiently strong ZnCl, complexation to prevent its catalysis
of this rearrangement. Substitution of 1,2-dimethoxy-
ethane for phosphorus oxychloride efficiently suppressed
the formation of 4, and a 50-60% yield of 3 could be
realized. Optimum conditions were 4—6 equiv of 1,2-di-
methoxyethane/equiv of trichloroacetyl chloride with the
reaction carried out in refluxing ether for 4-5 days.

In this paper, we report that the use of 1,2-dimethoxy-
ethane as a cosolvent for [2 + 2] dichloroketene addition
to allyl ethers and allyl sulfides has general utility. Ad-
dition of dichloroketene to each substrate in Table I using
our modified conditions gave none of the Claisen rear-
rangement products. Several of these substrates have been
previously shown to yield predominantly Claisen-type
rearrangement products when dichloroketene was gener-
ated by the standard trichloroacetyl chloride/zinc me-
thod.® For each substrate dichlorocyclobutanones were
the major products. Yields of the {2 + 2] cycloadducts
were, for the most part, in the range of 66-85%. Although
certain of the products were unstable and tended to de-
compose during distillation or chromatography, dechlo-
rination with zinc proceeded smoothly to yield the corre-

(4) Krepski, L. R.; Hassner, A. J. Org. Chem. 1978, 43, 2879.

(5) Brady, W. T. In The Chemistry of Ketenes, Allenes and Related
Compounds, Part I; Patai, S., Ed.; Wiley: New York, 1980; pp 279-308.
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Malherbe, R.; Rist, G.; Bellus, D. J. Org. Chem. 1983, 48, 860.
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Table I. Reaction of Dichloroketene with Allyl Ethers and

Sulfides
dichlorocyclobutanone  cyclobutanone
allyl derivative (% yield) (% yield)
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sponding cyclobutane derivatives.

The [2 + 2] cycloaddition of dichloroketene to thioketal
and ketal derivatives of «,8-unsaturated ketones would
constitute a formal nonphotochemical method for the cy-
cloaddition of a ketene to «,3-unsaturated ketones. Since
preparation of ketals of many, a,8-unsaturated ketones
results in mixtures in which the unsaturation is «,3 and
8,v, we centered our attention on thioketals. These sub-
strates are known to undergo ring expansion of the di-
thiolane moiety when treated with dichloroketene” under
ordinary conditions. Thus, addition of dichloroketene to
28, has previously been reported to yield 29.7

When we reacted dichloroketene with 28 in the presence
of 1,2-dimethoxyethane, we obtained a diminished yield
of 29 and concomitant formation of a second more polar
component 30 (~26% yield), whose elemental composition
and spectral characteristics (IR vy, 1690, 1710 cm™) in-
dicated it was a 2:1 adduct of dichloroketene and 28
(Figure 2).

The structure of 30 was deduced by a series of *C and
'H NMR experiments involving selective decoupling of 'H
signals and observation of their effect on long-range 'H/3C
couplings. Thus, irradiation of the signals due to the hy-

drogens on the C,; methyl caused decoupling of Cy (CCl,, .

(7) Rosini, G.; Spineti, G. G.; Foresti, E.; Pradella, G. J. Org. Chem.
1981, 46, 2228.
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5 98.20), but not C4(CCl,, § 91.10). Disappearance of
long-range 'H/3C coupling at Cy, (6 131.55, —CH==) was
also observed in this experiment, while the '3C signals of
both carbonyl groups (Cs, Cg) remained unchanged. Ir-
radiation of the signal due to the vinyl hydrogen on C,,
did not result in decoupling of either carbonyl carbon
resonance but did decouple C, (CCl,, § 91.10). Irradiation
of the signals due to the hydrogens on C; and Cy caused
decoupling of both carbonyl carbon resonances. These
experiments establish the atom connectivity of the 11-
membered ring of 30. The 'H NMR spectrum of 30 shows
additional signals due to the isolated CH, groups (C,; and
Ci3) and two quaternary methyls (on Cy). Given the
symmetry of the C,;—C,; fragment and its required con-
nectivity to C, and C,,, the substitution pattern of the
cyclohexenyl ring of 30 is apparent.

Although an attractive route to 30 is via dichloroketene
addition to 29 (Figure 2, route b), this reaction does not
give more than trace quantities of components with thin-
layer chromatographic behavior similar to 30. An alter-
native process for the formation of 30 involves route a
shown in Figure 2. This pathway would be expected to
increase in importance if zinc ion activity were decreased
by complexation with 1,2-dimethoxyethane. A search of
the reaction mixture of the reaction of 28 with dichloro-
ketene for the intermediate 31 proposed in route a revealed
only 29 in the chromatographic region expected of 1:1
dichloroketene adducts of 28.

Reaction of 32 with dichloroketene under our modified
conditions gave a 44% yield of 33 (Figure 3). We were
similarly unsuccessful at suppressing the 3,3-sigmatropic
rearrangement during addition of dichloroketene to 34-36
(Figure 4). Analysis of (GC/FTIR) of the reaction mix-
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tures from reactions of 34-36 with dichloroketene failed
to reveal any evidence for cyclobutanone formation.

Experimental Section

NMR spectra were recorded on a Bruker WM400 spectrometer
unless otherwise stated. 'H NMR spectra (60 and 100 MHz) were
recorded with Varian EM-360 and Bruker SY100 instruments.
Infrared spectra were recorded as neat films between NaCl plates
on a Perkin-Elmer 599B spectrophotometer unless otherwise
noted. Mass spectra were obtained with a Hewlett-Packard 5985B
GC/MS/DS system operating at 70 eV. Gas chromatographic
analysis utilized a Hewlett-Packard 5880A operated with a J&W
fused silica DB-1 capillary column (15 m X 0.25 mm), a flame-
ionization detector, and a suitable linear oven temperature pro-
gram. Elemental analyses were performed by M. Yang of the
Department of Biological Sciences, Simon Fraser University, with
a Perkin-Elmer Model 240 elemental analyzer.

Solvents and reagents were used as supplied from commercial
sources with the following exceptions. Chromatography solvents
were distilled before use. Anhydrous ether was obtained from
freshly opened cans (Fisher Scientific) or by distillation from
lithium aluminum hydride. Tetrahydrofuran (THF) was distilled
from sodium or potassium benzophenone kety! immediately prior
to use. 1,2-Dimethoxyethane was distilled from lithium aluminum
hydride immediately prior to use. Zinc was activated by the
method of Krepski and Hassner.* All reactions involving air- or
moisture-sensitive reagents were performed under an argon at-
mosphere. '

Synthesis of Allyl Ethers and Allyl Sulfides. Allyl phenyl
ether (18) allyl methyl sulfide (23) were commercial products
(Aldrich). Cinnamyl methyl ether (27) and 2-methyl-2-propenyl
methyl ether (24) were prepared by methylation of the corre-
sponding alcohols with dimethyl sulfate.® Allyl phenyl sulfide
(20) was prepared from allyl bromide and thiophenol.?

Preparation of 3-Methyl-2-butenyl Phenyl Ether (9).
Phenol (10.0 g, 106 mmol) was added to a stirred mixture of
acetone (50 mL) and K,CO; (17.0 g, 123 mmol) at room tem-
perature. After 10 min, 1-bromo-3-methyl-2-butene (14.9 g, 100
mmol) was added and the mixture stirred at room temperature
for 16 h. After filtration and solvent removal in vacuo, the residue
was dissolved in hexane (100 mL) and washed with water (2 X
50 mL). Drying (anhydrous MgSQ,), solvent removal, and dis-
tillation yielded 9: 10.2 g, 63%; bp 60-63 °C (0.1 mmHg); 'H NMR
(CDCl,) 4 7.28 (2 H, phenyl, m), 6.93 (3 H, phenyl, m), 5.51 (1
H, C=CH, tm, J,;, = 7 Hz), 4.51 (1 H, OCH,, d, J,;,, = 7 Hz), 1.80
(3 H, CHj,, s), 1.74 (3 H, CHj, s).

Preparation of 3-Methyl-2-butenyl Methyl Ether (12).
1-Bromo-3-methyl-2-butene (7.45 g, 50.0 mmol) was added
dropwise to a solution of NaOCH; (61 mmol) in anhydrous
methanol with stirring over 10 min. After a further 0.5 h, the
reaction mixture was poured into pentane (75 mL) and water (100
mL). The pentane layer was separated and dried over anhydrous
MgSO0,. Careful removal of the pentane at atmospheric pressure
through a Vigreux column followed by distillation of the residue
yielded 12: 2.3 g, 46%; bp 104-105 °C (760 mmHg); a forerun
[1.2 g; bp 80-104 °C (760 mmHg)] was contaminated with ~20%
of the tertiary ether resulting from Sy2’ reaction; 'H NMR (CDCl,)
5 4.95 (1 H, C=CH, s), 4.89 (1H, C=CH, s), 3.82 (2 H, OCH,,
8), 3.32 (3 H, OCH,, s), 1.73 (3 H, CHj, s).

Preparation of 3-Methyl-2-butenyl Phenyl Sulfide (15).
This compound was prepared in 50% yield by the Znl,-catalyzed

(8) Merz, A. Angew. Chem., Int. Ed. Engl. 1973, 12, 846.
(9) Herriot, A. W.; Picker, D. Synthesis 1975, 447.
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reaction of 2-methyl-3-buten-2-ol with thiophenol:'° bp 75~78 °C
(0.2 mmHg); 'H NMR (100 MHz, CDCl,) 6 7.6-7.1 (5 H, aromatic,
m), 541 (1 H, vinyl H, t, J = 8 Hz), 3.63 (2 H, SCH,, d, J =8
Hz), 1.83 (3 H, CHg, 8), 1.70 (3 H, CHj, s).

General Procedure for the Cycloaddition of Dichloro-
ketene with Allyl Ethers or Allyl Sulfides. A solution of the
allyl ether or sulfide (20 mmol) in anhydrous ether (75 mL) and
1,2-dimethoxyethane (10 mL) containing activated zine (4.0 g,
62 mmol) and trichloroacetyl chloride (6.0 mL, 54 mmol) was
refluxed under an argon atmosphere for 40-60 h. The reaction
mixture was filtered and the excess Zn rinsed with anhydrous ether
(3 X 25 mL). The ether was removed in vacuo and the residue
dissolved in hexane (100 mL). Insoluble material was removed
by filtration and the filtrate washed with saturated NaHCO4
solution (2 X 100 mL) and with brine (50 mL). After drying
(anhydrous MgS0,), the solvent was removed in vacuo and the
crude product purified by distillation or chromatography on silica
gel.

General Procedure for Reductive Dechlorination of the
Dichlorocyclobutanone Adducts. A solution of the dichloro
cycloadduct (5 mmol) in methanol (20 mL) saturated with NH,Cl
was stirred with Zn powder (2 g) at room temperature for 1-3 h.
Filtration and solvent removal in vacuo yielded a mixture of the
product with Zn salts. The residue was partitioned between ether
(75 mL) and water (25 mL). After further washing with water
(2 X 25 mL), the ether solution was dried (anhydrous MgSO,)
and concentrated to yield the product. Final purification consisted
of bulb-to-bulb distillation at reduced pressure.

Preparation of 2,2-Dichloro-3,3-dimethyl-4-(phenoxy-
methyl)eyclobutanone (10). Reaction of dichloroketene with
9 yielded 10 (65%) after purification by distillation [bp 110-115
°C (0.1 mmHg)]. The distillate slowly crystallized, and an ana-
lytical sample was obtained by recrystallization from pentane:
mp 46-47 °C; 'H NMR (CDClg) 6 '7.3-6.8 (5 H, phenyl, m), 4.28
(1 H, OCH, dd, J,,,, = 10 Hz, J,;,, = 5 Hz), 4.11 (1 H, OCH/, t
J =10 Hz), 3.97 (1 H, C, H, dd, Jocw = 10 Hz, Jocy = 5 Hz),
1.61 (3 H, CHj, s), 1.32 (3 H, CH,, s); mass spectrum, EI m/e
(relative intensity) 274, 272 (2, M™), 148 (32), 107 (14), 94 (18),
79 (7), 77 (15), 55 (100). Anal. Caled for Cy3H,,0,Cly: C, 57.16;
H, 5.17. Found: C, 57.35; H, 5.06.

Preparation of 3,3-Dimethyl-2-(phenexymethyl)cyclo-
butanone (11). Dechlorination of 10 yielded 11 in 89% yield
after bulb-to-bulb distillation: bp 90-100 °C (0.2 mmHg); !H
NMR (CDCly) 5 7.3-6.8 (5 H, phenyl, m), 4.19 (1 H, OCH, dd,
Jgem = 10 Hz, J,,;, = 4 Hz), 4.07 (1L H, OCH’, t, J = 10 Hz), 3.45
(IH,C,H, m) 292 (1 H, CH, dd, Jgem = 17Hz Jeu = 3 Hz),
2.69 (1H,C, H, dd, Jyer, = 17 Hz, J g = 2 Hz), 1.50 (3 H, CH,,
8), 1.26 (3 H, CH,, s); mass spectrum, EI m/e (relative intensity)
204 (7, M%), 111 (37), 95 (12), 94 (100), 78 (10}, 69 (80), 55 (48),
41 (15). Anal. Caled for Cy3H;¢04 C, 76.44; H 7.90. Found: C
76.80; H, 7.82.

Preparation of 2,2-Dichloro-3,3-dimethyl-4-(methoxy-
methyl)cyclobutanone (13). Reaction of 12 with dichloroketene
yielded 13 (76%) after vacuum distillation: bp 65-67 °C (0.1
mmHg); IR 2970 (m), 2930 (m), 2880 (m), 2825 (m), 1805 (s), 1466
(m), 1390 (m), 1245 (m), 1202 (m), 1178 (m), 1130 (s), 1103 (s),
932 (m), 860 (m), 808 (s) cm™; 'H NMR (CDCly) é 3.72 (1 H, OCH,
dd, J., =9 Hz, J,,. = 5Hz),3.62 (1 H,C,H,dd,J =10, 5 Hz),
3.56 (1 H, OCH’ dd, Jg., = 9 Hz, J;;, = 10 Hz), 3.32 (3 H, OCH,,
8), 1.53 (3 H, CH,, 5), 1.27 (3 H, CHj, 8); mass spectrum, EI m/e
(relative intensity) 139/141 (23), 125 (15), 119/121 (100), 45 (12);
CI (isobutane) 213/211 (100, M* + 1).

Preparation of 3,3-Dimethyl-2-(methoxymethyl)cyclo-
butanone (14). Dechlorination of 13 yielded 14 (73%) after
bulb-to-bulb distillation: bp 65-75 °C (15 mmHg); IR 2960 (m),
2920 (m), 2865 (m), 1775 (s), 1460 (m), 1380 (m), 1370 (m), 1248
(m), 1190 (m), 1123 (m), 1085 (m), 1040 (m) cm™’; TH NMR
(CDCly) 6 3.52 (2 H, OCH,, m), 3.31 (3 H, OCHj, s), 3.19 (L H,
C;H, m), 2.83 (1 H, C,H, dd, J, = 17 Hz, Jo,z = 3 Hz), 2.62 (1
H, C, H’,dd, J o = 17 Hz, Jo = 2 Hz), 1.42 (3 H, CH,, 5), 1.2
(3 H, CHj, s); mass spectrum, ﬁlI m/e (relative intensity) 110 (15),
85 (1()0), 83 (13), 82 (30), 69 (23), 67 (12), 45 (15), 41 (20); mass
spectrum, CI (isobutane) m/e 143 (10, M* + 1) 111 (100).

(10) Guindon, Y.; Frenette, R.; Fortin, R.; Rokach, J. J. Org. Chem.
1983, 48, 1357.
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Preparation of 2,2-Dichloro-3,3-dimethyl-4-[(phenyl-
thio)methyl]cyclobutanone (16). Reaction of 15 with di-
chloroketene yielded 16 (66%) after distillation: bp 135-140 °C
(0.3 mmHg); *H NMR (CDCl;) 4 7.5-7.3 (5 H, phenyl, m), 3.69
(1H,C,H, dd, Jscy = 10 Hz, J5cu = 6 Hz), 3.49 (1 H, SCH, dd,
Jgem = 14 Hz, J,;. = 6 Hz), 3.00 (1 H, SCH’, dd, J,,,, = 14 Hz,
J,. = 10 Hz), 1.65 (3 H, CHj, s), 1.38 (3 H, CHjy, s). Anal. Caled
for C3H,,CL,08: C, 53.99; H, 4.88. Found: C, 54.15; H, 5.10.

Preparation of 3,3-Dimethyl-2-[(phenylthio)methyl]-
cyclobutanone (17). Dechlorination of 16 yielded 17 (69%) after
bulb-to-bulb distillation: bp 105-110 °C (0.2 mmHg); 'H NMR
(CDCly) é 7.3-6.8 (5 H, phenyl, m), 3.25 (1 H, SCH, dd, J,,,, =
13 Hz), 2.85 (1 H, C, H, dm, Jgcy = 11 Hz), 2.70 (1 H, SCH’, dd,
Jygem = 13 Hz, J;. = 11 H2), 2.31 (1 H, C, H, dd, J,,,, = 16.5 Hz,
JCZH =22 HZ), 2.15 (1 H, C4 H, dd, Jgem = 16.5 'HZ, JCg’H =1.8
Hz), 1.09 (3 H, CH,, S), 0.88 (8 H, CHj, s); mass spectrum, EI
m/e (relative intensity) 220 (100, M* + 1), 178 (10), 111 (42), 110
(35), 69 (39), 45 (20). Anal. Caled for C3H,408: C, 70.87; H,
7.32. Found: C, 71.03; H, 7.42.

Preparation of 2,2-Dichloroe-3-(phenoxymethyl)eyclo-
butanone (19). Reaction of 18 with dichloroketene yielded 19
(86%) after vacuum distillation: bp 103-110 °C (0.1 mmHg); 'H
NMR (CDCl;) 6 7.3-6.8 (5 H, phenyl, m), 4.38 (1 H, OCH, dd,
Jgem = 10 Hz, J,;. = 6 Hz), 4.23 (1 H, OCH’, dd, J,.,, = 10 Hz,
Jywic =6 Hz), 358 (1 H,C, H, dd, J,., = 17 Hz, J ;. = 9 Hz), 3.40
(1H, C3 H, m),3.28 1 H, C, H', dd, J,,, = 17 Hz, J,;. = 9 Hz).
This compound proved to be unstable in air and decomposed over
a period of several days.

Preparation of 2,2-Dichloro-3-[(phenylthio)methyl]-
cyclobutanone (21). Reaction of 20 with dichloroketene yielded
21 (33%) after purification by silica gel chromatography (hex-
ane/ethyl acetate, 4:1). The chromatography caused extensive
decomposition, and the yield of crude product was much greater:
IR 3060 (m), 2930 (m), 1810 (s), 1584 (m), 1483 (m), 1440 (m),
1390 (m), 1258 (m), 1215 (m), 1180 (m), 1088 (m), 1060 (m), 1027
(m), 983 (m), 746 (m), 695 (m) em™; *H NMR (CDCl,) 8 7.2-7.5
(5 H, phenyl, m), 3.43 (2 H, C;H, C;H, m), 3.08 (3 H, C,H’, SCH,,
m). This adduct was further characterized after dehalogenation
because of its unstable nature.

Preparation of 3-[(Phenylthio)methyl]cyclobutanone (22).
Dechlorination of 21 yielded 22 (73%) after bulb-to-bulb dis-
tillation: bp 80-90 °C (0.2 mmHg); IR 3050 (m), 2960 (m), 2910
(m), 1780 (m), 1578 (m), 1476 (m), 1433 (m), 1378 (m), 1255 (m),
1229 (m), 1085 (m), 1020 (m), 737 (s), 688 (m) cm™; 'H NMR
(CgDg) 6 7.3-6.9 (5 H, phenyl, m), 2.65-2.55 (2 H, C, H, 19-line
multiplet), 2.46 (2 H, SCH,, d, J = 7.5 Hz), 2.37-2.27 (2 H, C,
H’, C, H’, 14-line multiplet), 2.05-1.92 (1 H, C; H, 28-line mul-
tiplet); mass spectrum, EI m/e (relative intensity) 192 (100), 150
(75), 149 (33), 148 (46), 135 (95), 130 (27), 123 (48), 117 (60), 110
(20), 109 (26), 83 (23), 69 (20), 65 (15), 55 (19), 45 (15), 41 (18).
Anal. Calcd for C;;H;,08: C, 68.71; H, 6.29. Found: C, 68.88;
H, 6.40.

Preparation of 2,2-Dichloro-3-methyl-3-(methoxy-
methyl)cyclobutanone (25). Reaction of 24 with dichloroketene
yielded 25 (28%) after distillation. The yield of crude product
was better, but extensive decomposition occurred during the
distillation: bp 70-80 °C (0.1 mmHg); IR 2985 (m), 2930 (m),
2890 (m), 2825 (m), 1815 (s), 1460 (m), 1400 (m), 1202 (m), 1118
(s), 985 (m), 756 (m) cm™; tH NMR (CDCl,) é 3.60 (1 H, OCH,
d, Jpem = 9.5 Hz), 3.50 (1 H, OCH’, d, J., = 9.5 Hz), 3.37 B H,
OCHj,, s), 3.23 (1 H,C, H, d, J,, = 17 Hz), 3.01 1 H,C, H', d,
Jgem = 17 Hz), 1.44 (3 H, CHj, 5); mass spectrum, CI (isobutane)
m/e (relative intensity) 197/199 (80, M* + 1).

Preparation of 3-Methyl-3-(methoxymethyl)cyclo-
butanone (26). Dechlorination of 25 yielded 26 (87%) after
bulb-to-bulb distillation: bp 80-90 °C (15 mmHg); IR 2960 (m),
2920 (m), 2870 (m), 1780 (s), 1460 (m), 1383 (m), 1275 (m), 1185
(m), 1105 (m), 962 (m) cm™; *H NMR (CDCly) 6 3.40 (3 H, OCHj,
s),3.39 (2H, OCH,, s), 3.02 2 H, C; H, C, H, dm, J,,, = 20 Hz),
267 2H, C; H/, C, H, dm, J,,» = 20 Hz), 1.33 (3 H, CH,, s);
mass spectrum, Cl (isobutane) m/e (relative intensity) 129 (90,
M* + 1), 97 (100). Anal. Caled for C;H;,0,: C, 65.60; H 9.44.
Found: C, 65.55; H, 9.37.

Reaction of Dichloroketene with 23 and 27. Reaction of
dichloroketene with allyl methyl sulfide (283), using the standard
protocol, rapidly produced a complex mixture of products, which

Notes

promptly decomposed. Reaction with cinnamyl methyl ether (27),
on the other hand, went extremely slowly with over 70% enreacted
allyl ether left after 48 h. "H NMR analysis of the crude reaction
mixture indicated that the major product was the result of Claisen
rearrangement rather than [2 + 2] cycloaddition. Neither of these
reactions was investigated further.

Preparation of the Ketals and Thioketals. 7,9,9-Tri-
methyl-1,4-dithiaspiro[4.5}dec-6-ene (28) was prepared according
to the procedure in ref 7. 1,4-Dioxaspiro[4.5]dec-6-ene (34) was
prepared according to the procedure in ref 11. 1;4-Dioxaspiro-
[4.4]non-6-ene (35) was purchased from Aldrich and distilled prior
to use. Preparation of 1,4-dithiaspiro[4.5)dec-6-ene (36), using
the standard BF3Et,0 method, gave a mixture of «,3- and 8,v-
unsaturated ketals.

Preparation of Dichloroketene with 7,9,9-Trimethyl-1,4-
dithiaspiro[4.5]dec-6-ene (28). The mixture obtained from
reaction of dichloroketene with 28,” under the conditions described
above (Table I) for allyl ethers and thioethers (reflux 20 h), was
subjected to chromatography on silica gel with hexane/ethyl
acetate (95:5) as eluent. This separation gave a 33% yield of
2,2-dichloro-3-keto-4,7-dithia-1,10,10-trimethylbicyclo[6.3.1]do-
dec-8(12)-ene [29; mp 94-95 °C (lit.” mp 90-92 °C] and 10% of
2,2,9,9-tetrachloro-3,8-dioxo-4,7-dithia-10,12,12-trimethyl-
bicyclo[8.3.1]tetradec-1(14)-ene (30). 30: mp 162-164 °C; IR
(Nujol) 1690 (s), 1710 (s) em™; 'H NMR (CDCl,) 5 1.00 (3 H, CH;,,
s), 1.13 (3H, CHy, s), 1.43 (1 H, Cy; H, br d J,,,, = 14 Hz), 1.49
(3H, CHy, d, J = 3.5 Hz), 2.03 (1 H, C;3H, br dd, J,,, = 17 Hz,
JCNH =2 HZ), 2.45 (1 H, C11 H, d, Jgem =14 HZ), 2.49 (1 H, Cl3
H,dd J,, = 17 Hz, J¢ s = 2.5 H2),3.08 1 H,C;c H, d, J = 14
Hz), 3.13 (1 H, Csg H, dt J = 2.5, 14.5 Hz), 3.46 (1 H, Cy 4 H, td,
J =25,14 Hz), 359 (1 H, Cs4 H, m), 597 (1H,CyH,brdJ
= 2 Hz); 'H NMR (CgDg) 6 0.79 (3 H, CHj, s), 0.94 (3 H, CH,,
s), 1.31 (1 H, Cy; H, brd, Jp.n = 14 Hz), 1.35 (3 H, CH,, d, J =
1Hz), 191 (1 H, Cyg H, brd, J = 14 Hz), 2.08 (1 H, Cs H, J =
14 Hz), 2.18 (1 H, Cy3 H, br d, J,, = 17 Hz), 2.55 (1 H, C;3 H,
br dd, Jyen = 17 Hz, J¢ 5 = 2.5 Hz), 2.72 (1 H, C;; H, br d, J.p,
= 14 Hz), 3.00 (2 H, Cy H, m), 6.24 (1 H, C;, H, d, J = 2.5 Hz);
13C NMR (CDCly) § 23.36 (q), 27.56 (q), 29.16 (t), 31.21 (s), 32.40
(q) 33.53 (t), 39.11 (t), 42.11 (t), 49.15 (s), 91.10 (s), 98.20 (s), 131.55
(d), 140.11 (s), 189.53 (s), 194.31 {s); mass spectrum, m/e (relative
intensity) 316 (17), 314 (14), 288 (10), 275 (186), 273 (386), 271 (27),
255 (29), 254 (12), 253 (100), 252 (12), 251 (97), 206 (46), 205 (11),
204 (69), 197 (27), 195 (12), 189 (13), 170 (64), 161 (31), 153 (13),
145 (10), 144 (24), 143 (13), 142 (31), 141 (15), 139 (23), 133 (14),
129 (21), 128 (13), 127 (19), 93 (14), 92 (58), 91 (44), 89 (22), 98
(12), 83 (19), 79 (31), 78 (11), 77 (78); mass spectrum, CI (iso-
butane) m/e (relative intensity) 439 (1), 437 (2), 435 (1) M +
1). Anal. Caled for C;sHCl,0,8,: C, 41.50; H, 4.15. Found:
C, 41.91; H, 4.28.

When the reaction of dichloroketene with 28 was carried out
as described above, except that the reaction solvent was 1,2-di-
methoxyethane, the yields of 29 and 30 were 42% and 27%,
respectively.

Reaction of Dichloroketene with 32. The mixture obtained
from reaction of dichloroketene with 32, under the conditions as
described (Table I) for allyl ethers and thioethers (reflux 24 h),
was purified on silica gel with hexane/ethyl acetate (10:1) as
eluent. The major product crystallizéd from hexane to yield 44%
of 1-keto-2,5-dithia-9,9-dichloro-6,8,8-trimethylnon-6-ene (33): mp
84-87 °C; IR (Nujol) 1700 cm™; *"H NMR (CDCL,) 5 0.51 (3 H,
CHj, s), 1.67 (3 H, CHy, s), 2.08 (3 H, CH;, d, J = 3 Hz), 2.97 (2
H, S(CHQ)QS, m), 3.32 (1 H, S(CHg)zS, m), 3.97 (1 H, S(CHz)gs,
m), 5.64 (1 H, vinyl H, brs); 13C NMR (CDCly) 5 24.21 (g), 25.74
(q), 28.77 (q), 32.48 (t), 38.25 (t), 49.26 (s), 97.58 (s), 137.53 (d),
187.79 (s), 194.09 (s); mass spectrum, m/e (relative intensity) 286
(9), 284 (13), 113 (100); mass spectrum, CI (isobutane) m/e
(relative intensity) 287/285 (M + 1). Anal. Caled for
Cl()H“OClgSz: C, 4210, H, 4.91. Found: C, 42.01; H, 5.09.
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The introduction of a phenyl group « to a carbonyl is
a useful step in the synthesis of a variety of biologically
interesting compounds. Among the most successful phe-
nylation procedures are the SgN; reaction,! the reaction
of arylboranes with a-bromo ketones? and the reaction of
(p-tolylsulfonyl)azo olefins® or a,8-epoxy ketones* with
lithium diphenylcuprate. The conceptually simple phe-
nylation procedure based on reaction of a-halo ketones
with phenylcopper reagents fails to give good yields be-
cause of a competing reduction (eq 1).® Our approach to

o} (o 0
Br Ph
PhaCuLi
— (1)

80% 4%

this problem is based on the observation that enamines
are readily brominated at low temperature in the presence
of triethylamine.? Although we find that solutions of the
brominated products are stable for at least several hours
at room temperature, concentration of the solutions results
in decomposition. However, 'H NMR analysis of the re-
action mixture obtained from the morpholine enamine of
cyclohexanone revealed a quantitative yield of the allylic
bromide 1 (eq 2). We examined the reaction of a freshly
prepared THF solution of 1 with a variety of organo-
metallics (PhM) with the results shown in eq 3. Results
obtained with a variety of enamines by using Ph,CuLi are
shown in Table I. The sequence appears to provide a
simple method for the phenylation of symmetrical ketones
in good yield. The enamine of acetophenone, which can
form only a vinylic bromide, is phenylated in relatively
poor yield (19%, Table I).

The regiochemistry of the phenylation reaction was
briefly examined by using the equilibrium mixture of

(1) Bunnett, J. F. Acc. Chem. Res. 1978, 11, 413.

(2) Brown, H. C.; Nambu, H.; Rogic, M. M. J. Am. Chem. Soc. 1969,
91, 6852.

(3) Sacks, C. E,; Fuchs, P. L. J. Am. Chem. Soc. 1975, 97, 7372.

(4) (a) Marino, J. P.; Jaen, J. C. J. Am. Chem. Soc. 1982, 104, 3165.
(b) Wender, P. A;; Erhardt, J. M.; Letendre, L. J. J. Am. Chem. Soc. 1981,
103, 2114,

(5) The synthesis of halogenated enamines has been reviewed. In most
cases the products are $-halo enamines (XC=CNH,). De Kimpe, N.;
Schamp, N. Org. Prep. Proced. Int. 1981, 13, 245.

O

N~ Brp-784C

THF, EtgN Br @
1
0
Ph )
1+ ppm o238 —=250C @)
(2) HaO*

19%* (PhLi)

68% L[PhCUS(CHg),)
78% (PhCu)

94% (PhaCuli)

*VPC yields

morpholine enamines of 2-methylcyclohexanone (2 and 3,
eq 4). Interestingly, Ph,CuLi and PhCu give a different

0 0
J ) ° j
N N CHs CHG Ph
CHg + CHg i 7 pn +
H 3

17% 68% (PhaCuli)
54% 18% (PhCu)

48: 52
(4)

regioisomer major product. In neither case, however, is
the ratio of products related simply to the ratio of starting
enamines. Presumably this is-a result of the known ability
of organocuprates to react with allylic substrates both with
and without allylic rearrangement.®

Experimental Section

All the enamines except that of acetophenone were prepared
by the azeotropic method.” The enamine of acetophenone was
prepared by using TiCl, as a water scavenger.? Phenyllithium
and copper(l) iodide were purchased from Aldrich and were used
without any purification. A typical reaction sequence is described
for the preparation of 2-phenylcyclohexanone.

2-Phenylcyclohexanone. Bromine (5 mmol, 0.8 g) was added
dropwise to a solution of the morpholine enamine of cyclohexanone
(5 mmol, 0.84 ml) and triethylamine (5.5 mmol, 0.77 mL) in THF
(5 mL) at -78 °C. After 10 min, the cold bath was removed, and
the reaction mixture was stirred for 10 additional minutes. Ether
(10 mL) was added to the flask, and the ammonium salt was
filtered. The bromo enamine solution was injected to a flask
containing 5 mmol of Ph,CulLi in 5 mL of THF. [The organo-
copper reagent was prepared 5 min earlier by the addition of 5
mL of PhLi (10 mmol) to a suspension of Cul (5 mmol, 0.95 g)
in THF (6 mL) at -23 °C.] The reaction mixture was stirred for
2 h at 23 °C and for 1 h at room temperature. Cold hydrochloric
acid was added (10 mmol, 5 mL), and after 6 h, the organic layer
was separated, the water layer was extracted twice with 10 mL
of ether, the combined organic layers were dried with K,CO;, and
the ether was evaporated. Silica gel chromatography [hexane-
ether (60:40)] gave 2-phenylcyclohexanone as a white solid, mp
55-56 °C (0.76 g, 87% yield): 'H NMR (CDCl,) 6 1.5-2.6 (m, 8
H), 3.4-3.8 (m, 1 H), 7.2-7.4 (m, 5 H); MS, m/e (relative intensity)
174 (M*, 3), 120 (25), 105 (100), 91 (8), 77 (64). In a separate
experiment, solvent was removed from the bromo enamine so-
lution and the residue (1) was examined: 'H NMR (CD,;CN) &
1.6-3.1 (m, 10 H), 3.7 (t, 4 H), 4.9 (m, 2 H).

With a similar procedure, the following compounds were
prepared.

(6) Maruyama, K.; Yamamoto, Y. J. Am. Chem. Soc. 1977, 99, 8068.
(7) Herr, M. E; Heyl, F. W. J. Am. Chem. Soc. 1952, 74, 3627.
(8) White, W. A.; Weingarten, H. J. Org. Chem. 1967, 32, 213.
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