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The formation of diethyl dichloromethylmethylmalonate (II) from diethyl methylsodiomalonate (I) in ’ghe reaction with
chloroform or from the thermal decomposition of sodium trichloroacetate in the presence of this carbanion suggests this

product arises from a carbene precursor.

TFollowing the kinetic demonstration by Hine!
showing that the basic hydrolysis of chloroform
proceeds through dichlorocarbene, many reactions
have been reported in which this intermediate has
been postulated.? The electrophilic nature of bi-
valent carbon species is substantiated in their
reactions with olefins,® amines* and alkoxide ions.’
The reaction of bivalent carbon species with car-
banions has been postulated in several reactions.®
Pentene-1 was formed when methylene chloride was
added to an ethereal solution of n-butyllithium.s
It has been suggested that this product arises from
addition of chlorocarbene to n-butyllithium to
yield 1-chloro-n-amyllithium, which undergoes a-
elimination to form the olefin by way of a hydride
transfer. The synthesis of cyclopropenes from the
reaction of prapenyllithium derivatives with meth-
ylene chloride has been suggested as arising from the
reaction of the lithio compound with chlorocarbene
followed by a-elimination of the chloride ion to
yield a vinylcarbene, which then undergoes cycli-
zation to a cyclopropene.®® Other nucleophilic
organo-lithium compounds such as t-butyllithium
have been reported® to yield olefins and cyclopro-
panes on reaction with chlorocarbene, the latter
being formed by intramolecular insertion. The re-
action of phenylsodium with methyl chloride yields
ethylbenzene, = - propylbenzene, and isopropyl-
benzene, which are postulated as arising from the
addition of the carbanion to ecarbene, CH,.%d
Kirmse®e reports the reaction of alkyllithio com-
pounds with chloroform.

In order to obtain some preliminary information
on the reaction of bivalent carbon species with
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The mechanistic implications are discussed.

“getive” methylene and methinyl groups on con-
version to their respective carbanions, the reaction
of diethyl methylsodiomalonate (I) with dichloro-
carbene was investigated.

The reaction of chloroform with carbanions de-
rived from several monosubstituted malonate esters
has been investigated by K6tz and Zoérnig.” In the
case of diethyl methylmalonate, on conversion to I
the reaction with chloroform is reported to yield
as one of the products a compound formulated as
diethyl dichloromethylmethylmalonate, II. In
order to elucidate the mechanism of formation of

CHs\C CO.Et CH3>C <COzEt
Nat+ = “CO;Et CL,CH CO:Et
I II

II, a study of this reaction was performed.

Results

To obtain evidence for the possible intermediacy
of dichlorocarbene, the sodium salt of diethyl
methylmalonate (I) was prepared in dry 1,2-dimeth-
oxyethane, and to this solution there was added an
equivalent amount of sodium trichloroacetate
(known to undergo thermal decomposition to di-
chlorocarbene).! The resulting solution was re-
fluxed for two hours and on filtration followed by
fractional distillation there was obtained in 349
vield a fraction which was subsequently shown to be
of structure II. The infrared spectrum of this frac-
tion was identical in all respects to the fraction of
the same boiling range obtained in 309, yield from
the reaction of the sodium salt I with chloroform
following the procedure of Kotz and Zérnig.” In
the reaction with chloroform a 409 yield of diethyl
methylmalonate was also obtained. Since the orig-
inal structural assignment of II rested solely on
elemental analysis, a more rigorous structural proof
was considered desirable.

The interesting behavior of the diester, on
saponification, shows that the structure originally
proposed is indeed correct. On saponification of
the diester II with aqueous ethanolic potassium
hydroxide followed by acidification, there was ob-
tained a compound identified as #rans-g-chloro-
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methacrylic acid, II1.Y An authentic sample of
this acid was prepared according to the procedure
described by Bieber, which consisted of the addi-
tion of chlorine to methyl methacrylate and the
dehydrohalogenation of this dichloro adduct with
aleoholie  potassium  hydroxide.  The infrared
spectri of the acids obtained from cither route were
identical.  The formation of the trans-chloro :wcid
from II can be rationalized by the following se-
quence:

.~ 0
cH., 79 ¢y, C—0 CH,. ,C—OH
™~ A _ 3\ / N/
p-ous, (79T LS|
e O o C
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The facile loss of carbon dioxide and chloride ion is
supported by the fact that the decomposition of
salts of @-haloacids is known to proceed quite
readily in many cases.!! The stereospecific nature
of this process can readily be rationalized by steric
considerations for elimination at the transition
state.?? The general applicability of this reaction
to synthetic pursuits of substituted #rans-g-halo a-
substituted acrylic acids is of some interest.

By utilizing bromoform in the reaction with car-
banion I the dibromo compound corresponding to
IT was isolated in 209 yield and on treatment with
alcoholic potassium hydroxide was converted into
trans-G-bromomethacrylic acid, the structure of
which was confirmed by infrared comparison with
an authentic sample of this acid prepared according
to procedure described by Bieber.1

Discussion

The formation of II during the thermal decom-
position of sodium trichloroacetate in the presence
of I is highly suggestive of dichlorocarbene addition
to I. The nucleophilic carbanion should readily
attack the electrophilic dichlorocarbene and the
anion thus formed is immediately protonated.
The result can be rationalized in the following
mechanistic route:

heat
(1) CCLCO,Na —> CCl,~Na*+ 4+ CO,
(2) CCL-Na* —s CCly + NaCl
(3) R-Na*(I) 4+ CCl, —> RCCl,~Na*

(4) RCCl,"Na* + Moisture or —> 11
unchanged RH

Step 3 is similar to the previously suggested
nucleophilic additions to bivalent carbon species.®
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The formation of II from chloroform (or the cor-
responding dibromo derivative from bromoform) is
also consistent with a carbene mechanism. Closs
reports the intermediacy of dichlorocarbene in the
reaction of n-butyllithium with chloroform (trapped
by cyclohexene).’* The formation of dichlorocar-
bene from chloroform on reaction with alkoxide ions
is well substantiated.>=® The carbanion I in the
reaction with chloroform can function both as a
base (proton abstraction) and a nucleophilic adden-
dum leading to the formation of II. This bears
resemblance to the reaction of n-butyllithium with
methylene chloride to yield 1-pentene.f* The
formation of II in the reaction of I with chloroform
can be rationalized in the following steps:

(1) R-Na*(I) 4+ CHCl; —> RH + CCl;~Na+
(2) CCL~Na*—> CCl; + NaCl
(3) R-Na*(I) + CCl; —> RCCl,~"Na*

(4) RCCL~Na* +
RH or CHC}; or H* in work-up —> 11

Experimental

All melting points (capillary tubes) and boiling points are
uncorrected. Infrared spectra were recorded on a Perkin-
Elmer Model 21 recording spectrometer.

Reaction of Diethyl Methylsodiomalonate with Sodium
Trichloroacetate.—Sodium metal (3.0 g., 0.13 g.-atom) was
added to 80 ml. of dry 1,2-dimethoxyethane (distilled from
lithium aluminum hydride). Diethyl methylmalonate (20.0
g., 0.12 mole) was added all at once. A vigorous evolution
of hydrogen resulted and on stirring for 4 hr. a yellow-brown
solution was obtained. Sodium trichloroacetate (22.0 g.,
0.12 mole) was added and complete solution resulted. The
mixture was refluxed with stirring for 2 hr. during which
time a tan solid precipitated. The mixture was cooled and
filtered and the residual solid (weight 15 g.) was washed with
ether. The brown-black filtrate was concentrated on a Rinco
evaporator. The residue was distilled through a Nester-
Faust spinning band column and gave a small forerun (2.0
g.) followed by 11.0 g. (34%) of diethyl dichloromethyl-
methylmalonate (IT), b.p. 86-88° (1.5 mm.). A redistilled
sample had b.p. 76-77° (0.7 mm.). The vapor phase chro-
matographic analysis utilizing a 209, Dow 11 Silcone-fire-
brick column showed only trace amounts of impurities.

Angl. Caled. for C,H1,0,Cl: C, 42.03; H, 5.49; Cl,
27.58. Found: C, 42.30; H, 5.70; Cl, 27.89.

Reaction of Diethyl Methylsodiomalonate with Chloro-
form.—Sodium (3.0 g., 0.13 g.-atom) was added to anhy-
drous diethyl ether (50 ml.). Diethyl methylmalonate (23.0
g., 0.13 mole) was added all at once. A vigorous evolution
of hydrogen occurred and the reaction was allowed to proceed
overnight with stirring and refluxing. A few specks of
unchanged sodium were removed and the ether was removed
by distillation under reduced pressure. A solid remained
which was evacuated with an oil pump to remove the last
traces of ether. Chloroform (20.0 g., 0.16 mole) was added
and on gentle warming the mixture became yellow and an
exothermic reaction oceurred. After the exothermic reaction
subsided the mixture was refluxed for 1 hr. during which a
brown solid precipitated. Water was added and the mixture
was acidified with dilute sulfuric acid. The mixture was
extracted with ether, the ethereal extracts dried over an-
hydrous sodium sulfate, and the ethereal solution concen-
trated on the Rinco evaporator. The residue was distilled

(13) G. L. Closs and L. E. Closs, J. Am. Chem. Soc., 82, 5723
(1960).
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through a Nester-Faust spinning band column to yield 9.0 g.
of diethyl methylmalonate (40%), b.p. 43-54° (0.8 mm),
and 11.0 g, of diethyl dichloromethylmethylmalonate (33 %),
b.p. 73-75° (0.5 mm.). A dark pot residue remained (4.0
g.). The infrared spectrum of the dichloro fraction was
identical in all respects to that of the fraction formed in the
sodium trichloroacetate run listed above.

Reaction of Diethyl Methylsodiomalonate with Bromo-
form.-—The reaction wus performed as in the chioroform run
listed above. Sodium (2.0 g., 0.09 g.-atom), 100 ml. of
anhydrous diethyl ether, and 17.0 g. (0.10 mole) of diethyl
methylmalonate were utilized. On removal of the ether,
bromoform (33.0 g., 0.13 mole) was added and on gentle
warming a vigorous exothermic reaction occurred. The
mixture was refluxed for 1 hr. and then filtered from the solid
which separated. The mixture was concentrated under re-
duced pressure and distilled through the spinning band
column to yield 8.0 g. of bromoform (269, recovery), b.p.
25-36° (3.5 mm.); 5.0 g. diethyl methylmalonate (30%),
b.p. 57-65° (2.5 mm.); and 6.0 g. (209%,) of diethyl dibro-
momethylmethylmalonate, b.p. 105-107° (2 mm.). A
redistilled fraction had b.p. 105-107° (2 mm.). A dark pot
residue remained.

Anal. Caled. for CgHyO.Brs:
Found: C, 31.40; H, 4.37.

Saponification of Diethyl Dichloromethylmethylmalonate.
—Diethyl dichloromethylmethylmalonate (II) (9.0 g., 0.035
mole) was added to a potassium hydroxide (7.0 g., 0.125
mole) solution in 60 ml. of 95% ethancl and 20 ml. of water.
The solution was allowed to reflux overnight. The ethanol
and water were removed by distillation under reduced pres-

C, 31.06; H, 4.05.
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sure and the pasty solid which resulted was extracted once
with ether. The residue was dissolved in ice water and
acidified with dilute sulfuric acid. A solid precipitated
which was filtered and dried. The solid was dissolved in hot
acetonitrile and was filtered to remove insoluble salts. On
cooling in the freezer (—20°), 3.0 g. (71%) of trans-g-chloro-
methacrylic acid was ohtained of m.p. 57-58°, lit. m.p. 57~
H8°.9

Anal. Caled. for CH;0.Cl: C, 39.85;
29.42. TFound: C, 39.99; H, 3.85; Cl, 29.47.

The infrared spectrum and mixed melting point were
identical to those of an authentic sample of trans-g-chloro-
methacrylic acid prepared according to the procedure de-
seribed by Bieber.1

Saponification of Diethyl Dibromomethylmethylmalonate.
—The reaction was run as in the saponification above. A
639, yield of trans-g-bromomethacrylic acid was obtained of
m.p. 63.0-64.0°, lit. m.p. 64.5-65.0°. The infrared spec-
trum and the mixed melting point were identical to those of
an authentic sample of this acid prepared according to Bie-
ber’s procedure.’ The analytical sample was crystallized
from acetonitrile.

Anal. Caled. for CH;0.Br: C, 29.12; H, 3.05; Br,
48.44, Found: C, 29.44; H, 3.28; Br, 48.27.

H, 4.18; (I,
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When sec- and fert-benzylic aleohols or tert-aliphatic alcohols were heated in dimethyl sulfoxide at 160-~185° for nine to six-
teen hours, dehydration produced olefins in 70-859, yield. The direction and stereochemistry of this elimination are re-

ported, and based on these data a mechanism is offered.

In recent years several interesting reports have
appeared in the literature describing new reactions
and applications of dimethyl sulfoxide.* Among
these was a paper by Searles and Hays’ in which
they describe the formation of simple sulfoxides by
heating the corresponding sulfide in dimethyl sulf-
oxide. When 5-hydroxy-2,3,4,5-tetrahydrobenzo-
[b]thiepin (I) was treated under these conditions,
instead of a sulfoxide 2,3-dihydrobenzo(b]thiepin
(II) was formed. In this report we wish to describe
a number of examples of this dehydration and com-
ment on the course of this reaction.

The general experimental conditions involved
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(5) 8. Searles, Jr., and H. R. Hays, J. Org. Chem., 38, 2028 (1958).

In general the suggested path involves carbonium ions.

OH

I II

heating one mole of the aleohol in four to eight moles
of dimethyl sulfoxide at 160-185° for nine to sixteen
hours. When low boiling olefins were products,
these distilled during the reaction and were collected
in an appropriate trap, while the high boiling olefins
were conveniently isolated by dilution of the reac-
tion mixture with water, extraction with petroleum
ether followed by distillation. In addition to com-
pound I, the other aleohols dehydrated by this pro-
cedure are listed in Table I. The resulting olefins
were identified by physical constants, infrared spec-
tra, and in some cases by conversion to solid dibro-
mides,

The dehydration of a-phenethyl alcohol in di-
methyl sulfoxide gave styrene which under the

(CHy):S0
A



