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TaBLE I

REeacTiON OF 5-CHLORO-2-PENTANONE WITH
VarioUs BASE-SOLVENT SYSTEMS

Yield®:? Yield??
of of
cyclo- cyclo~
propyl propyl
methyl methyl
ketone, ketone,
Base-solvent % Base-solvent %
NaOHe 4 85 t-BuOK-DMSOe 84
NaOH-H;0¢:¢ 98 {-BuOK-Et,0d¢ 100
NaOH-(507,

(DMSO0-509,

Ho0)e 96 PhOK-MeOH/ 40
MeOK-MeOHe 93 KzCOa—HzOd e 7
EtOK-EtOHe 100 NaOAc-MeOHs 0
t-BuOK—--BuOHe 98 Et;N-CsHee 0
¢ Measured by glpe. ? Estimated uncertainty =+=29%. ¢No

¢ Con-
9 Con~

solvent. Conditions: 120 min at 100°. ¢ Heterogeneous.
ditions: 15 min at 30°. 7 Conditions: 15 min at 25°.
ditions: 120 min at reflux.

assessment of the relative importance of stabilizing
conjugation of the carbonyl group with the developing
three-membered ring,? transition state entropy effects,
or other factors which might be responsible for prefer-
ential eyclization to cyclopropyl methyl ketone.

Experimental Section

The base (3 mmol) in 10 ml of solvent was added to 5-chloro-2-
pentanone? (2 mmol) and isobutylbenzene (Ethyl Corp., internal
standard), and the reaction mixture was magnetically stirred for
the desired reaction time. A 1-ul sample was injected directly?
into a Varian Aerograph flame ionization gas chromatograph using
a 20 ft X 1/s in. column of 209, XF-1150 on Chromosorb P
operated at 150°. When the solvent was water or 509, DMSO~
509, H:0, 20 ml of {-butyl alcohol was added to make the re-
action mixture homogeneous before injection. Peak areas were
measured with a Disc integrator.

Registry No.—5-Chloro-2-pentanone, 5891-21-4.

(8) A.C. Knipe and C. J, M. Stirling, J. Chem. Soc., B, 808 (1967).
(9) A glass insert filled with glass wool prevented column contamination,
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The reaction of vinyl halides with lithium dialkyl-
copper compounds!—? appeared promising as a method
for the stereochemical correlation of certain chiral
olefins. A pilot study with B-bromostyrene (909
trans, 109, cis) (1) has shown that the bromine atom

(1) E. J, Corey and G, H, Posner, J, Amer. Chem. Soc., 89, 3911 (1967);
90, 5615 (1968).

(2) H. O. House, W. L., Respess, and G. M. Whitesides, J. Org. Chem.,
81, 3128 (1966).

(3) G. M. Whitesides, W, F. Fischer, Jr., J. 8. Filippo, Jr., R. W, Baghe,
and H. O, House, J. Amer. Chem. Soc., 91, 4871 (1969).
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can be replaced by secondary, tertiary, and phenyl
groups by this method. Several side reactions, of
potential mechanistic interest, were noted. Thus,
when the R group was isopropyl, the reduced compound
3, R = ¢-C;H;) was obtained as 409, of the Cu
product. With R as t-butyl, half of the Ci product
was 3, R = -C,Hjy; isobutylene, recovered and identified
as the dibromo derivative, was formed during the reac-
tion in this case. Another reduction product, styrene,
was always obtained, often as a major by-product.
Reaction of the pure stereocisomers of 1 with lithium
diphenylcopper gave much biphenyl and styrene. Stil-
benes were formed in small amounts, with predomi-
nating, but not exclusive, retention of configuration,
trans-1 giving 189, cis- and 849 trans-2, and cis-1
giving 709, cis- and 309, trans-2.

H /Br = H\ /R
Y=o R N PhCH,CH,R + olefin
/TN /N
Ph H Fh H 3
1 2

Experimental Section*

Reaction of Lithium Diisopropylcopper with 3-Bromostyrene.—
To a suspension of 7.6 g (0.04 mol) of cuprous iodide in 20 ml of
ether at —15° was added 0.40 ml (0.076 mol) of commercial 1.9
M isopropyllithium in pentane.! The solution was cooled to
—178°, and 1.5 g (0.008 mol) of 8-bromostyrene® in 10 ml of ether
was added. The mixture was stirred at —78° for 1 hr, warmed
to about —15°, and worked up as above to give 0.8 g of a mixture
containing (vpc isolation) styrene (trace), 1-phenyl-3-methyl-
butane (409,), and ¢rans-1-phenyl-3-methylbutene (609%).
The 1-phenyl-3-methylbutane had nmr (CDClL) & 0.95 (d, 6,
J = 5 eps, CH;), 1.50 (m, 3, -CH,CH-), 2.60 (m, 2, ArCH,),
and 7.17 (m, 5, phenyl); mass spectrum (75 eV) m/e (relative
intensity) 148 (19) (CuHiet), 92 (100) (C;Hs™), 91 (64). trans-
1-Phenyl-3-methylbutene had nmr (CDCl;) 6 1.06 (d, 6, J = 6
cps, CHy), 2.41 (m, 1, > CH), 6.17 (m, 2, vinyl), and 7.2 (m, 5,
phenyl); ir (Alm) 1370, 1385 [sym doublet, ~-CH(CHj;),], 968
(irans -CH=CH-), and 745, 694 ecm ™ (-C¢Hs); mass spectrum
(75 eV) m/e (relative intensity) 146 (34) (CyHy*), 131 (100)
(M* — 15), and 91 (49) (C;H:*).

Reaction of Lithium Di-t-butylcopper with g-Bromostyrene.—
To a suspension of 9.5 g (0.05 mol) of cuprous iodide in 20 ml of
anhydrous ether at —15° was added 50 ml (0.10 mol) of commer-
cial 2.0 M {-butyllithium in pentane.! The solution was cooled
to —78°, 2.0 g (0.011 mol) of B-bromostyrene® in 15 ml of ether
was added, and the solution was stirred at —78° for 1 hr. It
was allowed to warm slowly to 0° with a stream of nitrogen pass-
ing through the flask and into a test tube (protected from light)
containing bromine in carbon tetrachloride. The bromine solution
warmed and decolorized; the solvent was removed; and the res-
idue was distilled to give 1,2-dibromo-2-methylpropane: bp 50°
(10 mm); nmr (CDCI;) 8 1.88 (s, 6, CH3) and 3.88 (s, 2, CH:Br),
comparable with literature values.” The main reaction mixture
was worked up in the usual way and distilled to give 1.2 g, bp
75-78° (6 mm), of a mixture of 1-phenyl-3,3-dimethylbutane
(50%) and trans-1-phenyl-3,3-dimethylbutene (509%,). The two

(4) All melting points were determined on a Fisher-Johns apparatus and
are uncorrected. Nuclear magnetic resonance spectra were recorded on a
Varian A-60A instrument and reported in # units from tetramethylsilane.
Mass spectra were obtained on a Hitachi RMU-6A mass spectrometer,
Infrared spectra were recorded on a Perkin-Elmer Infracord. Unless other-
wise stated, vapor phase chromatography (vpe) was carried out on a 256%
QF-1 column; analytical compositions have not been corrected for thermal
conductivity differences. All reaction vessels were flamed out; anhydrous
ether was distilled from an ethereal solution of lithium aluminum hydride.

(5) Obtained from Alfa Inorganics, Inc.

(6) Obtained as & mixture of 90% trans and 109% ¢is isomers by action of
aqueous sodium carbonate on the dibromide of trans-cinnamic acid; see
C. Dufraisse, Ann. Chim. (Paris), 17, 1383 (1922).

(7) N. 8. Bhacea, D. P, Hollis, L, F. Johnson, E. A, Pier, and J. N.
Shoolery, “Varian NMR Spectra Catalog,” Vol. II, National Press, 1963,
Spectrum 412,
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products were separated by vpc. 1-Phenyl-3,3-dimethylbutane:
nmr (CDCl;) 5 0.94 (s, 9, t-Bu), 1.50 (m, 2, RCH:R), 2.55 (m,
2, ArCH:R), and 7.20 (s, 5, phenyl); ir (film) 1370, 1390 (unsym
doublet, t-Bu), and 698, 733 em™* (CeH;); mass spectrum (75
eV) m/e (relative intensity) 162 (14) (Ci2Hist), 57 (100) (CH,*).
1-Phenyl-3,3-dimethylbutene: nmr (CDCls) 6 0.94 (s, 9, t-Bu),
6.24 (s, 2, vinyl), and 7.25 (m, 5, phenyl); ir (film) 1375, 13980
(unsym doublet, t-Bu), 975 (trans -CH=CH-), and 747, 694
em™t (-CeHs); mass spectrum (756 eV) m/e (relative intensity)
160 (27) (CyoHyet), 145 (100) (M+ — 15), 91 (50) (C;Hyt), and
57 (7) (CHy).

A repetition, using the products above in place of the 8-bromo-
styrene, gave no change in the composition of the produect,
indicating that the olefin is not reduced by the organometallic.

Reaction of Lithium Diphenylcopper with trans- and cis-8-
Bromostyrenes.—To a suspension of 5.2 g (0.027 mol) of cuprous
iodide in 10 ml of ether at 0° was added 25 ml (0.055 mol) of
commercial phenyllithium in 70:30 benzene-ether.® The solu-
tion was cooled to —78°, and a solution of 1.0 g (0.0055 mol) of
vpe-purified trans-g-bromostyrene in 10 ml of ether was added.
The solution was stirred at —78° for 3 hr and then worked up in
the usual way to give 1.0 g of a heavy oil containing large amounts
of bipheny! and styrene (80% of the mixture). The stilbene
fraction (20%,) contained, by vpe analysis and isolation, using
a 209, Apiezon L column, 169, cis-stilbene, mp 4-7° (1it.* mp
5-6°), and 849, trans-stilbene, mp 124-125 (lit.* mp 124°).

When the above reaction was repeated using vpe-purified ¢fs-3-
bromostyrene, the stilbene fraction contained 709, cis- and 30%
trans-stilbene,

Registry No.—LiCuR,, R = ¢C;H; 24012-11-1;
LiCuR,, R = -CH,, 23924-63-2; LiCuR,, R = Ph,
23402-69-9; cis-1, 588-73-8; trans-1, 588-72-7.

(8) D. 8. Brackman and P. H, Plesch, J. Chem. Soc., 2188 (1952).
(9) J. C. Irvine and J. Weir, 1bid., 91, 1384 (1907).
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The S-oxides of thiocarbonyl compounds have
recently attracted considerable attention. Sulfines
have been synthesised by Sheppard and Dieckmann,?
and by Strating and coworkers® by dehydrochlorination
of sulfinyl chlorides and the oxidation of thio ketones.
syn and ant? isomerism in sulfines has been detected
by nmr spectroscopy.>* Cyecloaddition of enamines
oceurs across the C=8 double bond of sulfines and the
related sulfenes by nucleophilic attack at the sulfur,?3¢
and Ulrich has pointed out that the products obtained
are consistent with a bond polarization of the following

type.®

(1) SBupported by Grant-A-2305 from the National Research Counecil of
Canada, This support is gratefully acknowledged.

(2) W. A. Sheppard and J., Dieckmann, J. Amer. Chem. Soc., 86, 1891
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(3) (&) B. Zwanenberg, L. Thijs, and J. Strating, Tetrahedron Lett., 2871
(1968). (b) B. Zwanenberg, L. Thijs, and J. Strating, bid., 3453 (1967).
(¢) J. Strating, L. Thijs, and B. Zwanenberg, ibid., 65 (1966); J. Strating, L.
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(4) 8. Ghersetti, L. Lunazzi, G. Maccagnani, and A. Mangini, Chem,
Commun., 834 (1962).
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The range of known S-oxides has been extended
to include those of thicamides 1 (R’ = NR'%),S
thioacid chlorides 1 (R’ = Cl),” dithiocarboxylic
esters,?® and sulfinyl and sulfonyl sulfines.?

Diphenyleyclopropenethione S-oxide was prepared
in anticipation of chemical properties quite different
from that of S-oxides prepared hitherto.

In the initial experiments direct oxidation of di-
phenyleyclopropenethione (2) with lead tetraacetate,
following a procedure of Owen,® gave diphenyleyclo-
propenone, elemental sulfur, and lead acetate. Scheme
I represents a possible mechanism for this conversion.

The products of the reaction demand attack by the
oxidant at the thione carbon rather than at the sulfur,
Similar results were obtained with m~chloroperbenzoic
acid.

A successful route to the S-oxide involved reaction
with monoperphthalic acid at low temperature with
very rapid work-up of the product. The initial prod-
uct of the reaction proved to be the salt of the S-oxide
with phthalic acid 3 obtained in nearly quantitative
vield, analogous to the hydrosulfate of diphenyleyclo-
propenone (4).°

Ph
CO,H
-
- COH
Ph
co,~
SOH @i
Ph COH
3
Ph
OH | HSO,~
Ph
4

Compound 3 was completely insoluble in nonpolar
solvents, but the orange solution in acetonitrile allowed
determination of the absorption spectrum. This
showed maxima at 225, 270, 295, and 310 mgy, con-
sistent with the presence of a diphenyleyclopropene
moiety,? while the visible absorption maxima at 333
and 438 my were tentatively assigned to the S-oxide
absorption.® A potassium bromide disk infrared
spectrum showed bands at 1685 and 1695 (carboxylate
carbonyl), 1842 (cyclopropene C==C stretch!?), and
3420 em™! (hydroxyl) consistent with the structure
proposed for 3. The salt 3 was hygroscopic, and,
while it was somewhat more stable than the free S-ox-~
ide 5, decomposed slowly at room temperature with the
evolution of sulfur dioxide. Owing to the antiaro-

(8) H. Ulrich, “Cycloaddition Reactions of Heterocumulenes,” Academic
Press, New York, N. Y., 1967, p 188,

(8) W. Walter and K. D. Bode, Justus Liebigs Ann. Chem,, 681, 84 (19865).

() J. F. King and T. Durst, Tetrahedron Lett., 585 (1963).

(8) T.J. Adley, A. K. M, Anisuzzaman, and L. N. Owen, J. Chem. Soc.,
C, 807 (1967).

9) R. Breslow, T. Eicher, A, Krebs, R. A, Peterson, and J. Posner, J.
Amer. Chem. Soc., 8T, 1320 (1965).

(10) G. L. Closs, Advan. Alicycl. Chem., 1 (1968).



