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It has been recently reported® that the Darzens
condensation of methyl dichloroacetate and benzalde-
hyde with a suspension of sodium methoxide in dry
ether yields the a-chloro epoxide, methyl 2-chloro-2,3-
epoxy-3-phenylpropanoate (I). These authors re-
ported that their product was stable to concentrated
sulfuric acid at 150° for 5 hr., but was decomposed by
base to a dehydrochlorinated polymer. The former
observation made us quite skeptical of the assignment
of structure from our past experiences with the acid-
sensitive nature of a-chloro epoxides.
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CsHs—CH—CCl—CO:CH,
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Our interests in the rearrangement and chemistry
of a-chloro epoxides! prompted us to repeat this
Darzens condensation. We have found that a yellow
liquid is the only isolable product of the reaction and is
obtained in 649, yield. Its chemical and physical
properties agree with those reported® except for an
absorption band at 945 em. ! which the Russian authors
attributed to an epoxide ring vibration. Since benzoic
acid has a strong band at 945 cm. !, we believe that this
absorption band is due to the acid as a contaminant.
We found that the crude product contained this band
after only a few aqueous base washings, but after
several more base washings and careful fractional
distillation, the absorption band was absent from the
spectrum.

The infrared absorption spectrum of the yellow
liquid product exhibited a single, sharp carbonyl
peak at 1724 e¢m.—!. This single carbonyl absorption
may have led the Russian investigators to the assump-
tion that only one carbonyl group was present. This
need not be the case since pyruvie acid and its esters
also exhibit a single, sharp carbonyl absorption. *

The nuclear magnetic resonance spectrum of this
product was most convincing that the structural
assignment was incorrect. An epoxide ring proton
with an «-phenyl substituent is expected at approxi-
mately 7 6.0. This is observed for the proton of trans-
2,3-diphenyl-2,3-epoxypropionitrile: (r 5.98), of trans-
stilbene oxide (= 6.32), and in styrene oxide (r 6.17).5
We, however, observed the proton absorption in the
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Darzens condensation product at 7 3.85. Since this
low r-value is indicative of a highly deshielded proton
and since we have already observed the instability of
a-chloro epoxides and their rearrangement to a-
chloro ketones, this allows two isomeric a-chloro keto
esters for consideration as possible structures for this
product. They are methyl chlorophenylpyruvate (II)
and methyl a-chlorobenzoylacetate (III, R = CHjy).
The single carbonyl in the infrared spectrum is highly
suggestive of 11 rather than III.
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CeH;—CH—C—CO;CH, C;,Hs—é——CH—COgR

II III

We, therefore, carried out independent syntheses
of both 11 and IIT (R = Et). Methyl chlorophenyl-
pyruvate (II) was prepared by chlorination of methyl
phenylpyruvate with lithium chloride and copper(IT)
chloride in dimethylformamide® giving only a 219,
vield of the oa-chloro ketone (II), whereas sulfuryl
chloride chlorination gave a 549, yield of methyl
chlorophenylpyruvate (II). Its chemical, physical,
and spectral properties were identical with those of the
Darzens condensation product.

Treatment of ethyl benzoylacetate with lithium chlo-
ride and copper(1I) chloride in dimethylformamide
gave no reaction; however, treatment with sulfuryl
chloride gave a 919, yield of ethyl a-chlorobenzoyl-
acetate (III, R = Et). The nuclear magnetic reso-
nance absorption frequency of the single proton of
this compound occurred as a singlet at 7 4.41.

Attempts to prepare the intermediate a-chloro
epoxide I by peroxidations of methyl trans-a-chloro-
cinnamate (IV) were carried out. However, treatment
of IV with either perbenzoic acid, trifluoroperacetic
acid using disodium hydrogen phosphate as base,
basic 309 hydrogen peroxide in acetonitrile,” or 979,
t-butyl hydroperoxide using Triton B as base® gave
no evidence of reaction and only starting material was
obtained.

Allowing for the normal mechanism of the Darzens
condensation applying to this case with the inter-
mediacy of the a-chloro epoxide I, this then establishes
another example of predominant chlorine migration
in an epoxide-carbonyl rearrangement and permits
the following reaction scheme to be written. It is
also of interest to note that none of the alternative
product of hydrogen migration, IIT or its methyl
ether, could be isolated from the Darzens condensa-
tion. This then infers that chlorine migration is
greatly favored, if not exclusively favored, in the rear-
rangement.

NaOCH;s
C:H;:CHO + CLCHCO,CH; ———>

ether

cl 0
AN | y}
[CsHsCH—CﬂCOQCHa] —_— CGHacH— ‘—CO2CHS

1
I I1

(6) E. M. Kosower, W. J. Cole, G. 8. Wu, D. E. Cardy, and G. Meisters,
J. Org. Chem., 28, 630 (1983).

(7) D. H. Rosenblatt and G. H. Broome, ibid., 28, 1290 (1963).

(8) G. B. Payne and P. H. Williams, bid., 26, 651 (1961).



2460

This result is of interest in two respects: (1) that
chlorine migration accompanies the epoxide—carbonyl
rearrangement under basic (or neutral) conditions in
the relatively nonpolar solvent, ether, and (2) its
mechanistic implications.

Our previous results' of chlorine migration in the
epoxide—carbonyl rearrangement at the time appeared
to be reasonably accommodated by a mechanism in-
volving either a slow ring-opening step to a dipolar
structure V (R = Ar’) followed by a fast intramolecular
transfer of chlorine, or formation of an ion pair VI
(R = Ar’) which collapses intramolecularly to yield
the observed a-chloro ketone products. However,
in the present case R is equal to carbomethoxy. This

0~
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Ar Cl H'A{ Cl- R
v VI

would make the ion pair VI less likely, assuming that
a single mechanism is operative independent of the
nature of Ar and R. Involvement of V, or a modi-
fication of it, would also be in line with other ring-open-
ing reactions of epoxides, e.g., bimolecular attack by
some nucleophiles,® where bond breaking has progressed
further than bond making in the transition state of
the rate-determining step.

Studies are presently under way which are expected
to decide more fully these mechanistic questions.

Experimental

The Reaction of Benzaldehyde and Methyl Dichloroacetate
with Sodium Methoxide.—In a 250-ml. three-necked round-
bottom flask equipped with a reflux condenser fitted with a drying
tube, a mechanical stirrer, and a solid addition apparatus, was
placed 30 g. (0.2 mole) of methyl dichloroacetate, 22 g. (0.2 mole)
of benzaldehyde, and 100 ml. of anhydrous ether. While stirring
at 0°, 15 g. (0.25 mole) of powdered sodium methoxide was added
in small amounts. After complete addition, the yellow hetero-
geneous reaction mixture was allowed to warm up to room tem-
perature and then refluxed for 1.5 hr. After completion of the
reaction, water was added to dissolve all the insoluble salts. The
ether layer was separated, washed several times with water, and
dried over anhydrous magnesium sulfate. After the removal of
solvent under reduced pressure, a thick yellow oil remained.
This was fractionally distilled collecting 21 g. (64%) of a yellow
liquid boiling at 135-137° (6 mm.), n*p 1.5302. This yellow
liquid was redistilled through a spinning band column, collecting
the fraction boiling at 84-86° (0.03 mm.) [lit.* b.p. 135° (6 mm.),
n®p 1.5260, 669 yield].

Anal. Caled. for C,oHO;Cl: C, 56.49; H, 4.27; Cl, 16.67.
Found: C, 56.60; H, 4.35; Cl, 16.38.

The spectral properties of this compound consist of the follow-
ing: infrared spectrum, 3.3 and 3.4 (vw), 5.8 (8), 6.7 (vw), 6.9
and 7.0 (w), 7.7 (m), 7.9 and 8.0 (m), 9.0 (shoulder), 9.9 (s), 11.5

(9) SeeJ. K. Addy and R. E. Parker, J. Chem. Soc., 915 (1963), and pre-
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trophotometer using carbon tetrachloride as solvent (unless otherwise stated)
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(m), 13.4 (shoulder), and 14.2 (8) u; n.m.r. spectrum, + 2.67 (5),
3.85(1), 6.30(3).

Methy! Phenylpyruvate.—In a 250-ml. round-bottom flask
fitted with a reflux condenser and a drying tube were placed 26 g.
(0.146 mole) of phenylpyruvic acid,! 25 ml. of methanol, 60 ml.
of ethylene chloride, and 1 g. of p-toluenesulfonic acid. This
was then refluxed for 15 hr., cooled, washed with a 109 sodium
carbonate solution and water, and dried over anhydrous magne-
sium sulfate. Removal of solvent under reduced pressuregave25g.
of a yellow oil which was recrystallized from Skellysolve B giving
12 g. (43%) of pure methyl phenylpyruvate, m.p. 71-73° (lit.!2
m.p. 75°).

Methyl Chlorophenylpyruvate. A. Using Sulfuryl Chloride.—
In a 100-ml. three-necked round-bottom flask fitted with a reflux
condenser with a drying tube, an addition funnel, and a magne-
tic stirrer is placed 14 g. (0.08 mole) of methyl phenylpyruvate in
50 ml. of carbon tetrachloride. While stirring at 45-50°, 11 g.
(0.082 mole) of sulfuryl chloride was added dropwise. After
addition the reaction mixture was allowed to react for 2.5 hr.
This was then washed three times with water and dried over an-
hydrous magnesium sulfate. The solvent was removed under
reduced pressure leaving a yellow oil. Fractional distillation
afforded 9 g. (549,) of methyl chlorophenylpyruvate boiling at
83-84.5° (0.03 mm.), n®p 1.5361. The infrared and n.m.r.
spectra of this compound were identical to the compound ob-
tained by the Darzens condensation reaction.

B. Using the Method of Kosower.*—In a 100-ml. three-necked
flask fitted with a mechanical stirrer, thermometer, and reflux
condenser were placed 18.7 g. (0.11 mole) of copper(II) chloride
dihydrate, 2.3 g. (0.054 mole) of lithium chloride, and 30 ml. of
dimethylformamide. After heating to 80° while stirring, 8 g.
(0.045 mole) of methyl phenylpyruvate was added and this mix-
ture was stirred at 80-90° for 1.5 hr. The dark reaction mixture
was diluted with 30 g. of ice followed by sufficient dimethylform-
amide to dissolve the small amount of precipitated copper(I)
chloride. The clear green reaction mixture was extracted with
four 50-ml. portions of ether. The ether layers were combined,
washed with 100 ml. of water, and dried over anhydrous magne-
sium sulfate. Removal of solvent under reduced pressure gave 5
g. of a light orange oil. Fractional distillation gave 2 g. (219,
yield) of the desired product, b.p. 84-85° (0.07 mm.), n%¥D
1.5282).

Ethyl «-Chlorobenzoylacetate.—This reaction was carried out
in the same manner as part A in the synthesis of methyl chloro-
phenylpyruvate, using the following reactants: 14 g. (0.073
mole) of ethyl benzoylacetate in 50 ml. of carbon tetrachloride
and 11 g. (0.082 mole) of sulfury! chloride. Distillation afforded
a clear colorless liquid boiling at 106-108° (0.03 mm.), n¥Dp
1.5318 [lit.}3 b.p. 175-177° (10 mm.), n?p 1.532]. Fifteen grams
(919%) of pure ethyl a-chlorobenzoylacetate was obtained.

The spectral properties of this compound were as follows: in-
frared spectrum, 3.6 (vw), 3.9 (m), 5.7 (8), 6.0 (8), 6.3 and 6.4
(m), 6.7 (vw), 6.8 (w), 6.9 (m), 7.2 (w), 7.3 {m), 7.6 (m), 7.7
(8), 7.9 (s), 8.3 (m), 8.5 (8), 8.6 (m), 8.8 (w), 9.0 (vw), 9.1 (w),
9.3 (vw), 9.8 (m), 10.0 (m), 10.5 (w), 11.4 (w), 12.1 (m), 12.8
(w), 13.0 (w), 13.6 (w), and 14.5 (8) u; n.m.r. spectrum, r
1.92-2.14 and 2.40-2.62 (multiplets, 5), 4.41 (1), 5.79 (quartet,
2), and 8.83 (triplet, 3).

2,3-trans-Diphenyl-2,3-epoxypropionitrile. —This epoxide was
prepared according to Payne and Williams,® m.p. 70-71°, 74%
yield (lit.® m.p. 70-70.5°, 769, yield).

trans-Stilbene Oxide.—This epoxide was prepared according to
Reif and House!t; m.p. 68-69°, 829 yield (lit.!* m.p. 68-69°,
70-75% yield).
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