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2,2-Dichlorocyclopropanone acetals (II), prepared from ketene acetals and dichlorocarbene, are readily pyrolyzed to a-

chloroacrylic esters (III).

which adds to ketene acetals to give 2-phenyl-2-chlorocyclopropanone acetals.
chloroacetals follow different patterns depending upon their structures,

A mechanism for this transformation is suggested. Benzal chloride yields phenylchlorocarbene,

The reductive dehalogenation of these
All of the cyclopropanone acetals are remarkably

stable to hydrolysis, e.g., cyclopropanone diethylacetal may be recovered from its solution in concentrated hydrochloric acid.
More strenuous conditions of hydrolysis produces ring fission as does bromination.

Ketene acetals (I) react with dichlorocarbene,
generated by the action of sodium ¢-butoxide on
chloroform, to form the 2,2-dichlorocyclopropanone
acetals (IT). These products (Ila—f), which may
be obtained in yields of 40-609, can be isolated
only by distillation under low pressures as they
undergo pyrolysis above 100° to the corresponding
a-chloroacrylic esters III (a—f) and an alkyl
chloride.

Rl OR
RR'C=C(OR), gt OR |
+ — — R'R*C=CCICOOR
cal +
*la—f Cl [af  Ila—f RCI
a, Rl = R? = H,R = CH,
b Rl = R? = H, R = CoH;
¢,R' = H,R? = R = CH,
d R! = H, R* = C;Hy, R = CH,
e, R' = H, R? = n-Coll;, R = CH,
f, R' = R = R = CH,

The pyrolysis of II to III, which occurs quite
rapidly at 140-150°, gives the chloroacrylic esters
in quantitative yield. The mechanism of this
rearrangement appears to involve an allylic car-
bonium ion (IV) which reacts with the expelled
chloride anion to give the products. Evidence for
such a reaction course was obtained by the pyroly-
sis of IIf in solvents that react with the intermedi-
ate carbonium ion IV. When IIf was pyrolyzed in
a solution of methyl orthoisobutyrate, methyl
isobutyrate and methyl ortho-a-chloro-g-methyl-
crotonate (V) were formed? along with the normal
pyrolysis product IIIf. Also, when IIf was re-
fluxed in a sevenfold excess of n-butyl alcohol, an
829, yield of #n-butyl a-chloro-8-methylcrotonate
(VI) was obtained. The alkyl chloride was #-
butyl chloride and the methoxyl groups of IIf
appeared as methyl alcohol. As the methyl
ester IIIf was not affected by refluxing in n-butyl
alcohol, the carbonium ion IV would seem to be the
most likely intermediate to account for the forma-
tion of VI and »n-butyl chloride.

The pyrolysis of the dichlorocyclopropanone
acetals (II) to the chloroacrylic esters (III) is
analogous to previously reported reactions, e.g.,
the conversion, wiaz halocyclopropane inter-
mediates, of indenes to B-halonaphthalenes,® pyr-
roles to B-substituted pyridines,4 indoles to g-

(1) Wisconsin Alumni Research Foundation Research Assistant,
1956—-1958.

(2) Cf. the bromination of dimethylketene dimethylacetal in the
presence of methyl orthoisobutyrate (8. M. McElvain and W. R,
Davie, THIS JoURNAL, T4, 1816 (1952)).

(3) W. E. Parham, ¢t ¢l., ibid, 77, 1177 (1955);
J. Org. Chem., 22, 730, 1473 (1957).

(4) E. R. Alexander, et al., THIS JOURNAL, 72, 2760 (1950).

78, 1437 (1956);

haloquinolines® and more recently of 2,2-dibromo-
bicyclo[3.1.0Jhexane to 2-bromo-2-cyclohexen-1-
ol.5

CHs OMeﬂ, <CH3\202001%(0Me)2 CI°, T
CH3 OMe v +
MeCl
Cl

1, (CHs)zCHC( OMe)3

2, CIS
(CH3):C=CCIC(OMe); + (CH;).CHCOOMe + MeCl
\7
n-C,H,OH ) —MeOH
V——m—m—m—m—m—> (CH3)2C=CC1C(OhIe)g?C4H9 —_—

H
D
(CH3)C=CCIC(OMe)OC,H;

D -~ MeOH i n-C4yH,OH
(CH;),C=CCIC(OC,Hy); «——
OMe
(CH;),C=CCIC—0OC,H,
cl- N 0C,H;
q/®

(CH3)2C=CC1COOC4Hg(n) + n-CaHgCl
VI

The reaction of dichlorocarbene with phenyl-
ketene dimethylacetal (VII) was more complex
than those involving the simpler ketene acetals I.
The reaction product distilled over a 50° range.
Infrared analysis indicated steadily increasing
triple bond character through the fractions, a
maximum of ketene acetal double bond character
in the intermediate fractions and a shift in the
carbonyl peak from 5.76 to 5.84 u (unconjugated to
conjugated ester) in the intermediate fractions with
almost complete absence of carbonyl absorption in
the highest boiling fractions. The spectra of these
latter fractions had characteristic orthoester bands
in the 8-10 u region.” These fractions conse-
quently, were hydrolyzed with dilute acid. From
this hydrolysis methyl phenylpropiolate was ob-
tained in good yield. This ester was present in
the intermediate fractions of the distillate as shown
by saponification to phenylpropiolic acid. These
fractions also were found to contain unreacted
ketene acetal and its hydrolysis product, methyl
phenylacetate.

(3) G. Magnanini, Ber., 20, 2608 (1887).

(6) P. S. Skell and S. R. Sandler, THIS JoURNAL, 80, 2024 (1958).
(7) S. M. McElvain and R. E, Starn, Jr., sbid., 77, 4571 (1955).
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The formation of the orthoester, believed to be
dimethyl ¢-butyl orthophenylpropiolate (X), re-
quires the initial formation of 2,2-dichloro-3-
phenyleyclopropanone dimethylacetal (VIII). De-
hydrochlorination of VIII by the butoxide anion to
the cyclopropene IX followed by a concerted elimi-
nation of chloride ion, ring opening and attach-
ment of a butoxide anion would produce the ortho-
ester X. The normal esters methyl phenyl-
propiolate and methyl phenylacetate result from

CeHs OMe _HCI

H\CV\OMe

¢l VIII
OMe

.,\ - /O.\/Ie
oMe' 25, ¢,H.c=CCOC Hy
X OMe

(1 X

the partial hydrolysis of X and VII, respectively,
during the workup of the reaction mixture. In-
asmuch as three moles of base are necessary to
produce the orthoester X from the ketene acetal
VII and chloroform, it would be expected that un-
reacted VII would remain when only the one
mole of base required to form the cyclopropanone
acetal VIII was used. The formation of X from
VIII means that this acetal effectively competes
with the chloroform for the available base.

Support for the cyclopropene intermediate IX
is furnished by a comparison of the rates of reaction
of the cyclopropanone acetals IIb and IIf with
potassium ¢-butoxide. The reaction of IIb with
two moles of the base is highly exothermic and
gives an immediate precipitate of potassium
chloride. The reaction product, obtained in 709
yield, is diethyl #-butyl orthopropiolate (XII),
the structure of which was established by elemental
analysis, infrared spectroscopy, and hydrolysis
to ethyl propiolate. With one mole of the base a
mixture of this orthoester and unreacted IIb was
obtained, indicating that the intermediate cyclo-
propene XI is more reactive toward the base than
is ITb. Consequently, it was not possible to iso-
late the cyclopropene derivative.

CeH;CH=C(OMe), <525

VII
CiH;

OC.H, OC;H;
"-'O(‘ H. {?Ocng = Z {F
IIh —OC:Hs 0C,H; HC=CC~0OCH,lt1
v XI1 OC,H;
¢p XT

When IIf, which cannot form a cyclopropene,
was heated with potassium f-butoxide in #-butyl
alcohol solution there was no immediate reaction
and after refluxing for one hour only a faint
precipitate of potassium chloride was apparent.
After three days of refluxing, a considerable pre-
cipitate of potassium chloride had accumulated.
The main reaction product was the pyrolysis
product IIIf which probably contained some of the
corresponding ¢-butyl ester. A small amount of
what appeared to be dimethyl f-butyl ortho-a-
chloro-B3-methylcrotonate, resulting from the com-
bination of the f{-butoxide anion with the allylic
carbonium ion IV, comprised the higher boiling
fraction.
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The fact that the cyclopropanone acetals ITa-f
can be successfully prepared while the 2,2-dichloro-
3-phenylcyclopropanone acetal (VIII) cannot be
isolated indicates that the latter compound under-
goes dehydrochlorination more readily than chloro-
form or ITa—f. This behavior is doubtless due to
the activation of the 3-hydrogen of VIII by the 3-
phenyl substituent.

Benzal chloride reacts with sodium ¢-butoxide in
the presence of the ketene acetal If to yield 2-chloro-
2 - phenyl - 3,3 - dimethylcyclopropanone dimeth-
vlacetal (XIII) in 779, yield. This reaction,
which is noticeably less vigorous than the omne
involving chloroform (If—IIf), most certainly
involves the intermediate phenylchlorocarbene,
C¢H;CCl. The acetal XIII shows no reaction
with 29 bromine in carbon tetrachloride solution
or with alcoholic silver nitrate solution. Even
after two hours of refluxing in methanolic potas-
sium hydroxide solution an aliquot, after acidi-
fication, gave only a slight cloudiness with silver
nitrate solution. However, XIII was quanti-
tatively pyrolyzed to methyl «-phenyl-g-methyl-
crotonate (XIV).

“/CHa}z ql (OMe)Z
; {CHj)2C=CiC¢H;)COOMe

X111
CeH: X1V

When phenylchlorocarberne, as generated from
benzal chloride, was allowed to react with ketene
diethylacetal (Ib), the resulting cyclopropanone
acetal XV could not be distilled without partial
pyrolysis. The reaction product, therefore, was
completely pyrolyzed before the distillation was
continued. When this reaction mixture was
fractionated, it was found to contain 539, of the
original benzal chloride. The reaction products
were ethyl atropate (XVI) and ethyl cinnamate,
which were isolated in 41 and 199 yields, respec-
tively, based on unrecovered benzal chloride. After
it was found that benzal chloride did not react with
Ib in the absence of base and, consequently, that
such a reaction could not have been the source of
ethyl cinnamate, it appeared that the formation of
this ester must have resulted from a base-induced
decomposition of XV. If this acetal were dehydro-
chlorinated to the corresponding cyclopropene
XVII, it seems likely that this intermediate could
undergo alcoholysis to form cinnamate and ethyl ¢-
butyl ether. No effort was made to find this latter

product.
(OEt):
Ib CeH,cHCL, \Cl
FocH, — CH,=C(C;H;)COOEt
C.H XV -
’ Etcl  XVI
OEt
OEt

XV 20C.H, \

: . -GHOH 11, CH=CHCOOEt
C:H, XVII +

-C;H,OFEt

The formation of the cinnamic ester by this
process requires two equivalents of the base and
explains the large recovery of unreacted benzal
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chloride. Obviously, this chloride is less readily
dehydrochlorinated than is the chlorocyclopro-
panone acetal XV. Evidence for this reaction
course was obtained when ketene dimethylacetal
(Ia), benzal chloride and two equivalents of sodium
t-butoxide were allowed to interact. From this
reaction a 58%, yield of methyl cinnamate was ob-
tained; no methyl atropate was found.

An attempt was made to generate diphenyl-
carbene from benzhydryl chloride, but no evidence
of such a product was obtained. When benzhy-
dryl chloride was treated with potassium ¢-butoxide
in the presence of the ketene acetal If, the only re-
action product was benzhydryl ¢-butyl ether.

Dechlorination of the Chlorocyclopropanone Ace-
tals.—It seemed that a cyclopropene might be
prepared by the removal of the elements of ethyl
hypochlorite from IIb with sodium in the manner
that ketene acetals are obtained from «-bromo-
orthoesters.® It was found, however, that IIb
reacted very slowly with sodium sand in pentane.
After a week of stirring this mixture, 449, of the
acetal IIb was recovered and an intractable red
tar remained as the reaction product. Doering?
has reported that sodium converts gem-dibromo-
cyclopropanes to allenes. It is possible that the
tar obtained from IIb and sodium was a polymer of
the corresponding diethoxyallene.

The reaction of sodium with IIb in the presence
of ¢-butyl alcohol proved more successful. A 279,
yield of cyclopropanone diethylacetal (XVIII)
and a small amount of diethyl ¢-butyl orthopropio-
late (XII) were obtained.

Na [’OCgHD\g
b ¢-C,H,0H v + XII

XVIII

The acetal XVIII was also prepared by the
procedure of Dull and Abend,® which involves the
reaction of IIb with diazomethane.

An extension of this reductive dechlorination of
IIf did not produce the corresponding cyclopro-
panone acetal, but instead B-methylcrotonaldehyde
dimethylacetal (XXI) was obtained in 269, yield.
The formation of this product indicates that the
intermediate anion XIX undergoes an E; type of
elimination involving one of the ring bonds to form
the anion XX, which then is protonated to form
XXI.

(OMe), 2

(CHy)p LY
f =2
C.H,OH K
X

Py

— (CHy);C==CH==C (OMe),
XX

(CH;),C=CHCH(OMe),

XXI1

The phenyl chlorocyclopropanone acetal (XIII),
in contrast to IIb, reacted exothermically with
sodium sand in benzene, but as in the case of IIb
the reaction product was a red resin and 359, of
unreacted XIII was recovered. When ¢-butyl
alcohol was used with the sodium in benzene,

(8) P. M. Waliters and S. M. McElvain, Ta1s Jour~NaL, 62, 1482
(1940).

(9) W. von E. Doering, Tetrahedron, 2, 75 (1858).

(10) M. F. Dull and P. G. Abend, personal communication; areport
of the work of these authors appears in an accompanying paper.
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XIII was smoothly reduced to the cyclopropanone
acetal XXII in 929, yield. In contrast to its
precursor XIII, the acetal XXII is stable up to

250°.
(CH&MW

CeH;

The excellent yield of XXII in this reduction
is doubtless due to the ability of the phenyl group
to stabilize the intermediate carbanion. The lack
of such stabilization is probably the reason the
dichlorocyclopropanione acetals behaved so dif-
ferently in the sodium-alcohol reduction.

All of the cyclopropanone acetals are quite
resistant to hydrolysis. After heating IIf with
concentrated hydrochloric acid at 90-95° for 14
hours, 339, of the acetal was recovered; the re-
mainder was converted by pyrolysis to the ester
IT1If and corresponding acid. Cyclopropanone
diethylacetal (XVIII) is soluble in concentrated
hydrochloric acid and may be recovered unchanged,
after standing 0.5 hr. at room temperature, by
dilution with water. When this acid solution of
XVIII was refluxed, the acetal was converted to
a mixture of chloroacetone (34%), ethyl propionate
(129,) and propionic acid (30%). Lipp!! has re-
ported that cyclopropanone hydrate rearranged
slowly on standing and more rapidly on heating
to propionic acid. The solubility of XVIII in
the concentrated acid indicates the formation of
the oxonium salt XVIIIa. The cation of this salt
is quite stable at room temperature, but at elevated
temperatures is converted by the chloride anion to
(a) the hemiacetal of cyclopropanone by attack at
the oxonium center and (b) the enol ether of chloro-
acetone by attack at a methylene carbon of the
ring. Hydrolysis of the latter compound yields
chloroacetone while rearrangement of the hemi-
acetal gives ethyl propionate, which then is par-
tially hydrolyzed to propionic acid.

{OCHz),
Na

XIII —_)CJ-IQOH

XXII

OEt OEt OFt
coned. HCI -E1C1
| = & -
ORc OF:t 49
XVIIT Xviila H €17 H

| -som |

H;09
CHsiCCHgCI (3—~ CH,=CCH,C! CH;CH,COOEt
6 roe
CH;CH.:COOH

Anhydrous hydrogen chloride showed no re-
action with XVIII at 30°, but at 95° yielded ethyl
propionate as the only product besides unreacted
starting material.

Unlike XVIII, the 2-phenylcyclopropanone ace-
tal XXII is not soluble in concentrated hydrochloric
acid. When XXII was heated in refluxing hy-
drochloric acid for two hours, 409, of unreacted
XXII was recovered. The remainder of the acetal
was converted to a mixture of products boiling
over a wide temperature range. Other than an

(11) P. Lipp, et al., Ann., 499, 1 (1932).

OEt
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Fig. 1.—1nfrared spectra: (a) 2,2-dichlorocyclopropanone dietliylacetal (11b), 0.3 A/ carbou tetrachloride solution, 0.1-
mnt. cell; (b) cyclopropanone diethylacetal (XVI11), 0.3 M curbon tetrachloride solutiou, (.1-mmmn. cell; (c¢) 2-phenyl-2-
cliloro-3,3-dimethyleyclopropanone dimethiylacetal (X111); (d) 2,2-dimethyl-3-plhicnyleyclopropanone dimethylacetal
(XXI1); (e) 2,2-dichloro-3,3-dimethyleyclopropanone dimethylacetal (11f)
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Pig. 2.-—Nueclear magnetic resonance spectra: top, 2,2-dichlorocyclopropanone diethylacetal (I1b); bottom, cyclopropanoue
diethylacete! (XVIII).

examination of the infrared spectrum, which showed
the presence of carbonyl and hydroxyl functions,
110 attempt was made to characterize this mixture,
The cyclopropanone acetal XVIII reacts with
bromine at a moderate rate to yield a mixture of
ethyl B-bromopropionate and ethyl «,3-dibromo-
propionate in approximately equal amounts. The
formation of these esters doubtless involves the
intermediate carbonium ion XVIIIb, which may

Br, 52 —EtBr
NXVIIT —— CH:BrCH.C(OEt), Br® —————>
CH,BrCH,COOEt
XVIllb
l —HBr

Brg
CH,BrCH=-C(OEt), —> CH,BrCHBrCOOEt + EtBr
XVIlle

eliminate ethyl bromide to form the mono-
bromoester or lose hydrogen bromide to give the
ketene acetal XVIIIc. Further bromination of
the latter compound produces the dibromoester.

This pattern of bromination is analogous to the
bromination of ketene acetals to monobromo and
dibromo esters.!?

The dichlorocyclopropanone acetal IIb reacts
with bromine to yield only the monobromoester,
ethyl ,B8-dichloro-B-bromopropionate (XXIII),
which was characterized by dehydrobromination
of ethyl 8,8-dichloroacrylate.

Br. eOEt
11b —> CCLBrCH,COOEt ——>» CCl=CHCOOEt
XXIII

The infrared spectra of some representative cy-
clopropanone acetals are shown in Fig. 1. These
spectra were run as a liquid film between sodium
chloride crystals unless otherwise stated. Each
of the acetals has medium to strong absorption
peaks between 7.05 and 7.19 4, between 7.98 and
8.20 u, and, with one exception, viz., 2,2-dichloro-
cyclopropanone diethylacetal (IIb), between 9.85
and 10.10 u. Absorption in this latter region is

(12) S. M. McElvain and W. R. Davie, THIS JoURNAL, T4, 1816
(1952).
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apparently not related to the cyclopropane structure
as Allen and co-workers have pointed out that in
a random selection of organic compounds 427,
contained one or more moderate or strong ab-
sorption peaks between 9.7 and 10.05 u.!* The
same authors noted that absorption in the 3.2 u
region, which previously had been ascribed to the
methylene group of the cyclopropane structure, is
also unreliable. The spectra of Fig. 1 show no
absorption at 3.2 u, but a shoulder appears consist-
ently at 3.35 u. It is not likely that absorption at
this latter wavelength is related to the cyclopropyl
C-H bond as it is apparent in the completely sub-
stituted cyclopropane IIf.

The nuclear magnetic resonance spectra of 2,2-
dichlorocyclopropanone diethylacetal (IIb) and
cyclopropanone diethylacetal (XVIII) are shown in
Fig. 2. These spectra were obtained at 40 mega-
cycles per second in a magnetic field of approxi-
mately 9400 gauss. The compounds were run neat
in a 5-mm. spin tube. The zero of reference in
each spectrum was taken as the resonance position
of pure benzene contained in an inserted sealed
capillary tube. The shift values of the main peaks
in the spectra were determined by the audio fre-
quency side band method in cycles per second
from the benzene reference.

For IIb the shift values for the ethyl group
methylene hydrogens (main peak), the cyclopropyl
methylene hydrogens and the ethyl group methyl
hydrogens (main peak) are 114, 193 and 212 cycles
per second, respectively. The areas under the
curves are in the ratio of 2:1:3, respectively.

For XVIII the shift values for the ethyl group
methylene hydrogens (main peak), for the ethyl
group methyl hydrogens (main peak) and for the
cyclopropyl methylene hydrogens are 128, 223 and
237 cycles per second, respectively, The areas
under the curves are in the ratio 2:3:2, respectively.

Acknowledgment.—The authors are indebted to
Professor Paul Bender of this department for the
determination and interpretation of the nuclear
magnetic resonance spectra of compounds IIb and
XVIII. They also are grateful to Professor M. F.
Dull, Department of Chemistry, University of
Pittsburgh, for the use of his procedure for the
preparation of cyclopropanone diethylacetal from
ketene acetal and diazomethane,

Experimental

The ketene acetals I used in this work were prepared by
methods previously reported.l4

2,2-Dichlorocyclopropanone Acetals (II).—To a suspen-
sion of sodium ¢-butoxide, prepared by addition of 2.4 g.
(0.1 mole) of sodium hydride to 100 ml. of ¢-butyl alcohol,
was added 0.1 mole of ketene acetal. The flask was fitted
with a small pressure-equalizing dropping funnel containing
11.9 g. (0.1 mole) of chloroform. While stirring (magnetic),
the contents of the flask were cooled in an ice-water-bath
until the ¢-butyl aleohol began to crystallize. Then the
chloroform was dropped into the flask at a rapid rate such
that the temperature did not rise above 50°. When addi-
tion of the chloroform was complete, the ice—water-bath was
removed and stirring continued until the contents of the
flask warmed to room temperature. The mixture was then
treated with water (100 ml.) to dissolve the precipitated
salts. Ether was added to aid separation. The organic

(13) C.F. H. Allen, ¢t al., J. Org. Chem., 22, 1291 (1957).
(14) S. M. McElvain, ¢! al., THIs JoUrRNaL, T4, 1816 (1952); 77,
5601 (19533); Org. Syntheses 28, 45 (1943).
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layer was separated and the aqueous layer extracted twice
more with ether. The combined ether fractions were dried
(magnesium sulfate) and distilled at reduced pressure to
yield the dichlorocyclopropanone acetal. The physical
constants, yields and analytical data are listed in Table I.

An alternate method of isolation of the dichlorocyclopro-
panone acetals involved removal of the ¢-butyl alcohol sol-
vent by distillation at reduced pressure followed by extrac-
tion of the residue (salts and product) in a Soxhlet extractor
for 2~4 hours. No improvement in yield resulted with this
method.

Pyrolysis of 2,2-Dichlorocyclopropanone Acetals. a«-
Chloroacrylic Esters (III).—A 0.025-mole sample of a 2,2-
dichlorocyclopropanone acetal was heated with magnetic
stirring in a 50-mil. flask fitted with a 25-cm. Vigreux
column connected to a small Dry Ice—acetone trap carrying
a calcium chloride drying tube. At 140-150° the reaction
became vigorous and the evolved alky! chloride caused foam-
ing. When foaming ceased the flask was allowed to cool
and the column washed with a small amount of ether.
Fractionation through a 30-cm. Podbielniak column gave
the a-chloroacrylic ester in yields approaching theoretical.
The Dry Ice-acetoue trap contained about 1 g. of methyl
or ethyl chloride (b.p. —24 or 12°, respectively). The
pliysical constants and analyses of these esters are listed in
Table II.

To 3.0 g. (0.02 mole) of methyl a-chloro-8-methylcroton-
ate (IT1f) was added 25 ml. of 10% sodium hydroxide and
25 ml. of ethanol. The mixture was stirred magnetically
and refluxed for 2 hours. Acidification with dilute sulfuric
acid and extraction yielded 2.1 g. (75%) of a-chloro-8-
methvicrotonic acid. The melting point after two recrys-
tallizationrs from petroleum ether (b.p. 60°) was 85-86°
(previously reported® nmi.p. 85-86°); neut. equiv. 135.5,
caled. 134.6. Elemental analysis showed 44.8Y, carbon,
5.429, hvdrogen and 26.49%, chlorine (Caled.: C, 44.6;
H, 5.24; CI, 26.4).

Reaction of Phenylketene Dimethylacetal with Chloroform
and Base.—To a suspension of sodium ¢-butoxide, prepared
by addition of 4.8 g. (0.20 mole) of sodium hydride to 175
ml. of ¢-butyl alcohol, was added 20.51 g. (0.125 mole)
of plienylketene dimethylacetal. While stirring, the con-
tents of the flask were cooled to 0°. Then 15.0 g. (0.125
mole) of chloroforin was added in one portion. The reac-
tion was exothermic and cooling was necessary to keep the
reaction temnperature below 50°. After the reaction sub-
sided tlie coolant was removed and the contents of the flask
were stirred at room temperature for 1 hour. The ¢-butyl
aleohol was removed by distillation at reduced pressure.
The residue (salts and products) were transferred to a Soxh-
let extractor and extracted with ether for 12 hours. The
ether was removed and the products fractionally distilled
through a 30-cm. Podbielniak column at 18 mm. to give the
following fractions: (a) 1.30 g., b.p. 110-118°, »*D 1.5071;
(b) 2.35 g., b.p. 118-121°, n¥%p 1.5021; (c) 1.40 g., b.p.
121-130°, »2%p 1.5013; (d) 2.05 g., b.p. 130-135°, n%p
1.5058; (e) 2.00 g., b.p. 135-145°, n¥%p 1.5168; (f) 2.20
g.. b.p. 145-158°, n%p 1.5246; (g) 1.95 g., b.p. 158-161°,
n?p 1.5167; (h) 4.30 g., b.p. 161-163°, »%»p 1.5108.

Fractions a and b were largely methyl phenylacetate
(19.5%,) as shown by infrared analysis (carbony! peak at
5.76 ©) and saponification of fraction b to phenylacetic acid,
m.p. 77-78°.

Ilrractions ¢, d and e were mixtures of methyl phenylace-
tate, phenylketene dimethylacetal and methyl phenylpro-
pionate as indicated by infrared analysis of fraction d which
showed carbonyl peaks at 5.76 and 5.84 u, the ketene acetal
peak at 6.08 x and the triple bond peak at 4.49 u. Esti-
mated recovery of unreacted ketene acetal was 16%,.

Fraction f contained the highest proportion of rpethyl
phenylpropiolate. This was shown by saponification of
the fraction to phenylpropiolic acid (509%), m.p. 137-138°,
mixed melting point with an authentic sample, 137-139°.

The major component of fractions g and h is dimethyl ¢-
buty!l orthophenylpropiolate (X) (20%). This was sub-
stantiated by infrared analysis of fraction h, which showed
strong absorption peaks previously attributed to ortho es-
ters? in 8-10 u region in addition to the triple bond peak at
4,49 1. The spectrum also indicated normal ester imipurity
(slight carbony! peak at 5.84 u). The orthoester could not
be further purified by redistillation. To a 2.85-g. sample

(15) B. Prentice, Ann., 292, 279 (1896).
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TABLE I
YIELDS, PROPERTIES AND ANALYSES OF THE 2,2- DICHLOROCYCLOPROPANONE ACETALS (II)
Com- Yield, B.p. Caled. Analyses, % Found
pound Formula % n¥p 4% °C, Mm, C H c1 H Cl
Ila C;HeCLO, 40 1.4477 1.2419 57-39 13 35.1 4.61 41.4 35.60 4.92 40.8
IIb C/H.CLO, 68.4 1.4410 1.1373 69-70 9 42.3 6.08 35.6 42.17 6.02 36.2
IIc CeH1sCLO, 52 1.4504 1.2027 71-72 13 38.9 5.43 38.3 39.15 5.56 38.0
11d C/Hp,CLO;, 56 1.4486 1.1473 30 0.1 42.3 6.08 35.6 42.68 6.12 35.4
Ile CeHuCLO, 55 1.4520 1.1288 80-82 6 45.1 6.63 33.4 45.23 6.66 32.7
I1f C/HCLO: 61 1.4560 1.1750 30 0.2 42.3 6.08 35.6  42.56 6.13 35.8
TasLE 11
a-CHLOROACRYLIC EsTERS (III)
Analyses, %
Com- ————B.p. Caled. Found
pound Formula n¥*p 2, °C. Mm. C H Cl C H C1
IIIa C,H,Cl10. 1.4407 1.1864 139° 39.8 4.18 29.4 39.01 4.21 27.9
IIIb CsH,;Cl10, 1.4378 1.1175 44 15° 44.6 5.25 26.4 45.32 5.49 26.8
IIIc C¢H,Cl10, 1.4551 1.1535 63 17 44.6 5.25 26.4 44.94 5.24 26.4
111d Ce¢H,ClO, 1.4550 1.1035 75-76 18 48.5 6.10 23.9 48.48 6.17 23.2
IIle C7H1;;Cl0, 1.4572 1.0793 72 8 51.7 6.83 21.9 51.86 6.88 21.8
111f CsHClO, 1.4628 1.1264 172-173 48.5 6.10 23.9 48.76 6.08 22,

¢ Previously reported (C. S. Marvel and J. E. Cowan, TH1s JOURNAL, 61, 3156 (1939)), »%Dp 1.4400, d%, 1.189, b.p. 57-59°

(55 mm.).

® Previously reported (C. S. Marvel, et al., ibid.,

62, 3495 (1940)), n®p 1.4384, b.p. 51-53° (18 mm.). ¢ Previ-

ously reported (G. Kahlbaum, Ber., 12, 343 (1879)), #??p 1.4563, d% 1.0933, b.p. 160.8°.

of this orthoester was added a mixture of 14 ml. of water and
1 ml. of concentrated sulfuric acid and refluxed for 2 hours.
Ether extraction, drying (magnesium sulfate) and distilla-
tion yielded 1.35 g. (799%,) of methyl phenylpropiolate, b.p.
138-140° (17 mm.), a®p 1.5610; previously reported!®
b.p. 132-133° (16 mm. ), n2Dp 1.5618. Saponification yielded
phenylpropiolic acid, m.p. 136-138°, mixed melting point
with an authentic sample, 136-138°.

Reaction of 2,2-Dichlorocyclopropanone Diethylacetal
(IIb) with Potassium ¢-Butoxide. Diethyl {-Butyl Orthopro-
piolate (XII).—To a solution of potassium ¢-butoxide, pre-
pared by addition of 3.91 g. (0.10 g. atom) of potassium to
100 ml. of ¢-butyl alcohol, was added 10 g. (0.05 mole) of
1Ib. An immediate precipitation of potassium chloride
occurred and the reaction temperature rose rapidly to 70°.
After 4 hours stirring, the reaction mixture was poured into
a water—ether system. The aqueous layer was separated
and extracted twice with ether. The combined ether
fractions were dried (magnesium sulfate) and distilled
through a 30-cm. Podbielniak coluinn to yield the fractions:
(a) 0.25 g., b.p. 168-173°, n%p 1.4132; (b) 1.25 g., b.p.
173-179°, »%»p 1.4170; (c) 2.15 g., b.p. 179-182°, n¥p
1.4170; (d) 3.15 g., b.p. 182°, n%p 1.4228.

Redistillation of fractions b, ¢ and d gave an analytical
sample of diethyl ¢-butyl orthopropiolate (XII), b.p. 179-
180°, #*p 1.4170, 425 0.9100.

Anal. Caled. for CH20:: C, 65.9; H, 10.05. Found:
C, 66.32; H, 10.30.

To 10 ml. of 19, hydrochloric acid in a separatory funnel
was added 2.70 g. of XII. The mixture was shaken for 10
minutes during whicli an exothermic reaction was evident.
Ether was added, the aqueous layer separated and extracted
twice with additional ether. The combined ether fractions
were dried (magnesium sulfate) and distilled to yield 1.15 g.
(87%) of ethyl propiolate, b.p. 115-119°, n%*Dp 1.4076;
C, 60.92; H, 6.55 (Caled.: C, 61.1; H, 6.17). The infra-
red spectrum was completely superimposable upon that of a
synthetic sample prepared by the method of Perkin and
Simonsen.!7

Reaction of 2,2-Dichloro-3,3-dimethylcyclopropanone Di-
methylacetal (IIf) with Potassium ¢-Butoxide.—To a solu-
tion of potassium #-butoxide prepared by addition of 3.9 g.
(0.10 g. atom) of potassium to 100 ml. {-buty! alcohol, was
added 20 g. (0.1 mole) of IIf. An immediate precipitate
did not occur, as it did in the reaction of 2,2-dichlorocyclo-
propanone diethyvlacetal, and only a slight cloudiness was
evident after 1 hour refluxing. Therefore, the mixture was
refluxed for 3 days while the precipitate of potassium chlo-
ride became more voluminous. The mixture was trans-

(18) C. Moureu, e al., Ann. chim,, [9] 2, 276 (1914).
(17) W. Perkin and J. Simonsen, J. Chem, Soc., 91, 833 (1907).

ferred to a separatory funnel with the aid of ether and 50
ml. of water. The aqueous layer was separated and ex-
tracted twice more with ether. The aqueous layer was
then acidified with nitric acid and an aliquot titrated to
determine the chloride ion concentration. Tlie results in-
dicated that 749, of one covalent chlorine had become ionic
chlorine.

The combined ether fractions were dried (magnesium sul-
fate) and distilled at 19 mm. to yield the fractions: (a) 1.65
g., b.p. 80-83°, n¥*p 1.4528; (b) 1.40 g., b.p. 83-86°,
n%p 1.4538; (c) 2.50 g., b.p. 86-87°, n®p 1.4547; (d)
2.40 g., b.p. 87-89°, »%p 1.4536; (e) 2.60 g., b.p. 89-92°,
n%p 1,4530; (f) 1.45 g., b.p. 92-95°, n2p 1.4521; (g) 1.35
g., b.p. 95-100°, n¥p 1.4512; (h) 2.60 g., b.p. 100-107°,
7n?D 1.4503.

Infrared analysis of fractions a, ¢, e, g and h indicated
the absence of any pure product. Unreacted starting mate-
rial was evident in all fractions except h. There were nor-
mal ester peaks (methyl or ¢-butyl a-cliloro-g-methyleroton-
ate) distributed in every fraction.

Fraction h, and the immediately preceding fractions to a
lesser extent, showed infrared spectra characteristic of the
orthoester function’ (absorption peaks at 8.12, 8.72, 9.26
and 9.95 x). This is believed to be due to dimethyl ¢-butyl
ortho-a-chloro-g-methylerotonate. This assignment is sup-
ported by chlorine analysis of fraction h: Cl, 14.98; caled.
for C;nHxOs5Cl, Cl, 14.97.  An attempted purification of the
orthoester involving pyrolysis, to destroy starting material,
and subsequent saponification, to preferentially remove nor-
mal ester, failed to produce an analytically pure compound.

Pyrolysis of 2,2-Dichloro-3,3-dimethylcyclopropanone Di-
methylacetal (IIf) in Methyl Orthoisobutyrate.—A mixture
of 6.7 g. (0.033 mole) of 1If and 32.70 g. (0.22 mole) of
methyl orthoisobutyrate was refluxed through a 30-cm.
Podbielniak fractionating column surmounted with a total
reflux-partial take-off still-head. The material was totally
refluxed for 0.5 hour then distillate was slowly withdrawn
to yield the fractions: (a) 1.05 g., b.p. 65-70°, n*p 1.3586;
(b)1.45 g., b.p. 70-102°, n2%p 1.38!1; (c)2.75 g., b.p. 102-
130°, n%p 1.3988; fractions d, e and f, 27.10 g., b.p. 130°,
n%p 1,4010; (g) 0.40 g., b.p. 48-68° (15 mm.), %D 1.4166;
(h) 0.45 g., b.p. 68-70° (15 mm.), n%p 1.4400; (i) 3.25 g.,
b.p. 70-80° (15 mm.), »%*p 1.4559; (j) 1.75 g., b.p. 80°
(15 mm.), »%*p 1.4512.

Fraction b contained methyl isobutyrate as shown by
infrared analysis and refractionation of the fraction to ob-
tain 0.45 g. of pure methyl isobutyrate, b.p. 91°, n%p 1.3811.

Fractions ¢, d, e and f were methyl orthoisobutyrate
(919%,) as determined by refractive index and infrared
analysis.

Fractions g, h and i were mixtures of methy! orthoiso-
butyrate and methyl a-chloro-g-methylerotonate (II1f).
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Fraction j was a mixture of II1f with methyl ortho-a-
chloro-g-methylcrotonate (V) the latter being present to the
extent of 809, as shown by chlorine analysis of fraction j to
give a V'fllue of 19.39%,; IIIf contains 23.99, chlorine, while
V contains 18.2%, chlorine. Infrared analysis indicated a
mixture of about 909, orthoester and 109, normal ester.

_ Fraction j when treated with anhydrous hydrogen chlo-
ride gave pure methyl a-chloro-g-methylcrotonate (IIIf)
whose infrared spectrum was superimposable upon that of
the authentic material.

Pyrolysis of IIf in »n-Butyl Alcohol. #-Butyl a-Chloro-g-
methylcrotonate (VI).—A solution of 10 g. (0.05 mole) of
I1f in 22.2 g. (0.3 mole) of n-buty! alcohol was stirred mag-
netically and refluxed for 1 hour. The flask then was
fitted with a 30-cm. Podbielniak column and a still-head and
the following fractions taken: (a) 2.57 g., b.p. 56-64°, n2p
1.3692; (b) 0.35 g., b.p. 64°, #%p 1.3650; (c) 0.50 g., b.p.
64-78°, n%p 1.3682; (d) 0.65 g., b.p. 78-80°, n%p 1.3750;
(e)1.30g., b.p. 80-115°, n*p 1.3882; (f)11.4 g., b.p. 115°,
n%Dp 1.3970; (g)0.70 g., b.p. 39-48° (15 mm. ), n2Dp 1.3997;
(h) 1.25 g., b.p. 48-75° (15 mm.), n%p 1.4352; (i) 1.15 g..
b.p. 75-108° (15 mm.), »%p 1.4556; (j) 7.89 g., b.p. 108-
112° (15 mm.), n2Dp 1.4592.

Fractions a through d were mixtures of methy! alecohol and
n-butyl chloride. On the basis of refractive indices 2.03 g.
(63.5% vield) of methyl alcohol and 3.37 g. (73.39, vield)
of n-butyl chloride were present in these fractions. This
distribution was confirmed by quantitative preparation of
the 3,5-dinitrobenzoate from the methyl aleohol, 1 g. of
fraction a yielding 1.60 g. of methyl 3,5-dinitrobenzoate.

Fraction d was washed with concentrated sulfuric acid
and the insoluble top layer isolated as pure n-butyl chloride,
b.p. 79°, n%p 1.4015. Fractions e and f contain unreacted
n-butyl alcohol. Fraction i is mostly the normal pyrolysis
product, methyl a-chloro-g-methylcrotonate (I1If) (15.6%)
as determined by comparison of the infrared spectrum with
that of an authentic sample. Fraction j is pure z-butyl a-
chloro-8-methylcrotonate VI and represented an 829 yield.

Anal. Caled. for CH;;ClO,: C, 56.8; H, 7.84; Cl,
18.6. Found: C, 56.41; H, 7.93; Cl, 19.4.

Fraction j was saponified with 209, sodiuni hydroxide
solution to yield a-chloro-g-methylerotonic acid, m.p. 83—
85°. Refluxing methyl a-chloro-3-methylcrotonate with 1-
butanol for one hour produced none of the butyl ester VI.

2-Phenyl-2-chloro-3,3-dimethylcyclopropanone Dimethyl-
acetal (XIII).—To a solution of potassium ¢-butoxide, pre-
pared by addition of 20 g. (0.5 g. atom) of potassium to 300
ml. of ¢-butyl alcohol, was added 38.7 g. (0.33 mole) of
dimethylketene dimethvlacetal followed by 59.4 g. (0.37
mole) of benzal chloride. The mixture was stirred magnet-
ically and heated to 60-70° for 3 hours. Potassium chlo-
ride precipitated gradually and tlie mixture turned a light
greeil. The temperature was reduced to 50° while ¢-butyl
alcohol was removed at reduced pressure. The semi-solid
residue was treated witl sufficient water to dissolve the salts
and ether was added. The aqueous layver was separated and
extracted twice with additional etlier. The combined etlier
lavers were dried (maguesiuin sulfate) and distilled (30-cm.
Podbielniak column) to vield 61.6 g. (779%) 2-phenyl-2-
chloro-3,3-dimethyleyclopropanone dimethylacetal (X1II),
b.p. 87° (0.25 mm.), m.p. 37-38° after refractionation.

Anal. Caled. for C3H:ClO,: C, 64.9; H, 7.12; (I,
14.73. Found: C, 64.76; H, 6.95; Cl, 14.52.

Pyrolysis of X1II. Methyl «-Phenyl-3-methylcrotonate
(XIV).—A 3.10-g. sample of XIII was heated to 195° with
stirring for 2 hours. Methyl cliloride, b.p. —24°, was
evolved and collected in a Dry Ice-acetone trap. Upon
distillation of the residue 2.25 g. (929;) of methy! a-phenyl-
B-methylerotonate (X1V), b.p. 66° (0.06 mm.), =%D
1.5265, d%, 1.0380, was obtained. It was found to contain
75.489, carbon and 7.52%, hvdrogen; sapn. equiv. 186.3,
193.5 (caled. for CyyHOs: C, 75.8; H, 7.43; sapn. equiv.,
190.23); previously reported!® b.p. 142° (26 mm.). The
ultraviolet spectrum had an inflection at 225 mu, log ¢ 3.85
(95% ethanol), with strong end absorption.

The «-phenyl-8-methvicrotonic acid recovered (92%
from the saponification equivalent determination had m.p.
152.5-153° after one recrystallization from petroleuin ether
(90°); previously reported® in.p. 151°.

(18) E. Blaise and A. Courtot, Bull. soc. chim., [3] 85, 593 (1906).
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Reaction of Ketene Diethylacetal (Ib), Benzal Chloride
and Sodium /- Butoxide.—To a suspension of sodium ¢-butox-
ide in ¢-butyl alcohol, prepared by addition of 5.3 g. (0.22
mole) of sodium hydride to 200 ml. of ¢-butyl aleohol, was
added 23.2 g. (0.20 mole) of ketene diethylacetal and 32.2
g. (0.20 mole) of benzal chloride. The mixture was stirred
magnetically and heated to 70° for 4 hours. The mixture
was then cooled and poured into water to dissolve the salts.
Ether was added, the aqueous layer separated and extracted
twice more with ether. The combined ether fractions were
dried (magnesium sulfate) and distilled at 0.20 mm. to
yvield 17.00 g. (5639,) of unreacted benzal chloride. When
the distillation was continued the low pressure could not be
maintained with the high oil bath temperature (105°).
It was evident that pyrolysis of the 2-phenyl-2-chlorocyvclo-
propanone diethylacetal (XV) was occurring. Therefore
the distillation was stopped and the contents of the distilling
flask were pyrolyzed at 155-160° and atmospheric pressure
for 0.5 hour. A Dry Ice-acetone trap attached to the sys-
tem collected about 2 g. of ethyl chloride, b.p. 12°, during
this process. Subsequent distillation yielded 6.70 g. of
ethyl atropate (XVI), b.p. 133-138° (18 mm.), and 3.10 g.
of ethyl cinnamate, b.p. 148-152° (18 mm.) (41 and 19%¢,
respectively), based on unrecovered benzal chloride.

The redistilled ethyl atropate had =#%»p 1.5240, 2%,
1.0419, and a saponification equivalent of 174.4 (caled.
176.2). The ultraviolet spectrum had Amax 253 mu, log e
3.81 (959, ethanol); previously reported!® for ethyl atro-
pate: b.p. 120.2-120.4° (14 mm.), #¥p 1.5260 and d'¢%
1.0508.

The redistilled ethyl cinnammate had »%»p 1.5358 and a
saponification equivalent of 183 (caled. 176.2). The infra-
red spectrum was indistinguishable from that of the authen-
tic material. The ultraviolet spectrum, Amax 277 mgu, log ¢
4.19 (959, ethanol), compared favorably with that of the
authentic material, Amax 277 my, log € 4.34. The cinnamic
acid recovered (809,) from the saponification equivalent
determination had m.p. 133-134°, after one recrystalliza-
tion from water.

This reaction was repeated with ketene dimethylacetal
(Ia), benzal chloride and two equivalents of base as follows.
To a solution of potassium ¢-butoxide prepared from 15.64
g. (0.4 g. atom) of potassium and 400 ml. of ¢-butyl alcohol,
was added 17.62 g. (0.2 mole) of Ia and 32.2 g. (0.2 mole)
of benzal chloride. The mixture was heated at 65° for 4
liours, while being stirred magnetically. After cooling, the
mixture was transferred to a separatory funnel with the aid
of ether and 200 inl. of water. The aqueous layer was sepa-
rated and extracted twice more with ether. The combined
ether extractions were dried (magnesium sulfate) and dis-
tilled to vield 5.75 g. (18.5%) of benzal chloride and 15.45
g. (589, based on unrecovered benzal chloride) of impure
(low refractive index) methyl cinnamate. There was 110
1naterial suggestive (infrared and boiling point) of me‘th,\'l
atropate. However, there was 4.35 g. of a higher boiling
material that distilled over a wide temperature range (147-
160°, 20 mm.) and was not investigated further. The dis-
tillate intermediate between benzal chloride and methyl
cinnamate showed a carbony! peak in tlie infrared at 5.83 u
but no double bond peak. Since it boiled over a wide range
(6.0 g., b.p. 106-138°, 20 mm.) it was not investigated fur-
ther.

Although the methyl cinnamnate fractions crystallized
when seeded with authentic methy] cinnamate and cooled,
the infrared absorption spectrum contained some foreign
peaks in addition to all the peaks of the spectrum of the
authentic material. Its ultraviolet absorption spectrum
showed Amax 277 mu, log € 4.19. Authentic methyl cinna-
mate showed Amux 277 1y, log e 4.33. The saponification
equivalent was 189.0 and 189.5 (caled. 162.78), indicating a
purity of 85%, if the iinpurities are non-saponifiable. The
acid isolated from the saponification equivalent in good
vield had m.p. 134-135° after one recrystallization from
water and melted at 133-135° on admixture with authentic
cinnainie acid.

To demonstrate that the cinnamic ester was not formed
from the direct reaction of Ia with benzal chloride, equi-
molecular quantities of these compounds were refluxed to-
gether and the infrared spectrum determined after 1 hour
and after 4 hours refluxing; no new absorption peaks were
apparent. The spectrum was identical to that of a freshly

(19) K. Auwers and ¥. Eisenlohr, J. prakt. Chem., 84, 89 (1911).
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prepared equimolar mixture of ketene dimethylacetal and
benzal chloride. The spectrum of the composite was
equivalent, in turn, to the spectrum obtained by super-
imposition of the spectrum of ketene dimethylacetal upon
that of benzal chloride.

Similar results were obtained when 0.02 molar quantities
of ketene dimethylacetal and benzal chloride were heated
at 65° for 4 hours with 5 ml. of £-butyl alcohol.

Attempts to Form a Carbene from Benzhydryl Chloride.
Benzhydryl ¢-Butyl Ether.—To a solution of potassium -
butoxide, prepared from 6 g. (0.15 g. atom) of potassium
and 180 ml. of ¢-butyl alcohol, was added 17.4 g. (0.15 mole)
of dimethylketene dimethylacetal followed by 30.2 g. (0.15
mole) of benzhydryl chloride. The mixture was heated for
2 hours at 60-70° while being stirred magnetically. After
several minutes potassium chloride began to precipitate.
The mixture was poured into a water—ether system to dis-
solve the salts. The aqueous layer was separated and ex-
tracted twice more with ether. The combined organic
fractions were dried (magnesium sulfate) and distilled to
yield 28.8 g. (80%) of benzhydryl ¢-butyl ether, b.p. 105~
106° (0.2 mm.), m.p. 84-55°, after three recrystallizations
from petroleum ether (b.p. 35°).

Angl. Caled. for C;Hp»O: C, 85.0; H, 8.39.
C, 85.38; H, 8.64.

Cyclopropanone Diethylacetal (XVIII).—To a solution
of 160 ml. of ¢-butyl alcohol in 800 ml. of benzene was added
34.5 g. (1.5 g. atom) of sodium sand and 40 g. (0.2 mole) of
2,2-dichlorocyclopropanone diethylacetal (IIb). The mix-
ture was stirred for 0.5 hour before an exothermic reaction
began and cooling was necessary. Additional benzene (600
ml.) was added to facilitate stirring. After 24 hours,
water was added cautiously to dissolve the salts and to re-
act with any unchanged sodium. The aqueous layer was
separated immediately and extracted twice with ether.
The combined organic fractions were dried (magnesium sul-
fate) and fractionally distilled through a 30-cm. Podbielniak
column over a period of several days with a high reflux to
take-off ratio in order to separate the large amount of ben-
zene from the product., This distillation yielded 7.10 g.
(27%) of cyclopropanone diethylacetal (XVIII). An ana-
lvtical sample had b.p. 120-121°, »2p 1.3980, 4%, 0.8663.

Anal. Caled. for C;H,Os: C, 64.6; H, 10.83. Found:
C, 64.10; H, 10.50.

Varying amounts (0~10%,) of diethyl ¢-butyl orthopro-
piolate (XII), b.p. 169-175°, were obtained from this and
repetitions of this experiment.

The cyclopropanone acetal XVIII was also prepared by
the following procedure of Dull and Abend.l® To 23.2 g.
§0.2 mole) of ketene diethylacetal and 0.75 g. of cuprous
iodide in 50 ml. of petroleum ether (b.p. 65-68°) was added
dropwise a solution of 9.3 g. (0.22 mole) of diazomethane in
500 ml. of petroleum ether. The mixture was stirred mag-
netically. The reaction flask was connected to a Dry Ice—
acetone condenser and a caleium chloride drying tube.
The reaction was exothermic but did not cause refluxing.
W'.hen all the diazomethane solution had been added, the
mixture was filtered to remove the catalyst and the poly-
methylene by-product. The filtrate was distilled to re-
move the solvent and reduce the volume to about 100 ml.
This residue was treated with 5%, sulfuric acid to decompose
the unreacted ketene diethylacetal and ether added. The
organic layer was separated and extracted twice with 30-ml.
portions of 109 sodium carbonate. After drying (mague-
sium sulfate) the organic fraction was distilled to yield 7.40
g. (28%,) of cyclopropanone diethylacetal (XVIII).

Sodium-Alcohol Reduction of IIf to 8-Methylcrotonalde-
hyde Dimethylacetal (XXI).—To a solution of 200 nl. of ¢-
butyl alcohol in 1 liter of benzene was added 46 g. (2 g.
atoms) of sodium sand and 50 g. (0.25 mole) of 2,2-dichloro-
3,3-dimethylcyclopropanone dimethylacetal (XV). The
mixture became moderately warm and it was necessary to
add benzene (730 ml. additional) periodically to permit
efficient stirring (Hershberg). When all the sodium had
reacted, water was added to dissolve the precipitated salts.
The aqueous layer was removed and extracted twice with
ether. The combined organic fractions were dried (magne-
sium sulfate) and fractionally distilled through a 30-cm.
Podbielniak column over a period of several days with a
high reflux ratio in order to separate the large amount of
benzene from the product. This distillation yielded 8.80
g. (26.5%) of @-methylerotonaldehyde dimethylacetal
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(XXI), b.p. 107-109°, n?p 1.4058. The infrared spectrum
had the absorption peaks: 5.97(s), 6.92(s), 8.2-8.8(s),
9.6(s), 10.1(s), 11.42(s).

Anal. Caled. for CHs0,: C, 64.6; H, 10.85. Found:
C, 65.12; H, 10.34.

This compound gave a red 2,4-dinitrophenylhydrazone
derivative, m.p. 182-182.5° (from 959 ethanol). The
2,4-dinitrophenylhydrazone derivative of authentic g-
methylcrotonaldehyde had m.p. 180.5-182°.% The mixed
melting point was 181-182°. The infrared spectra of these
two 2,4-dinitrophenylhydrazones are identical.

Reduction of 2-Phenyl-2-chloro-3,3-dimethylcyclopro-
panone Dimethylacetal (XIII). 2,2-Dimethyl-3-phenylcyclo-
propanone Dimethylacetal (XXII).—To 125 ml. of benzene
containing 3.45 g. (0.15 g. atom) of sodium sand was
added 12.05 g. (0.05 mole) of XIII. The mixture was
heated to 60° where an exothermic reaction began to take
place. Immediately 25 ml. of #butyl alcohol was added
and stirring continued (Hershberg). The reaction mixture
refluxed from the heat of reaction for 2 hours; it then was
heated to maintain reflux for an additional hour. After
cooling, water was added slowly to destroy small amounts of
unreacted sodium and to dissolve the precipitated salts.
The aqueous layer was separated and extracted with ether.
The combined organic fractions were dried (magnesium sul-
fate) and distilled to yield 9.45 g. (929,) of XXII, b.p. 60—
62° (0.20 mm.), n%p 1.5008, d%, 0.9883.

Anal. Calcd. for C13H1502: C, 757, H, 8.79.
C, 75.72; H, 8.59.

A 1-g. sample of XXII was heated at 250° for one hour
to determine its stability toward heat. Distillation yielded
quantitative recovery of XXII, b.p. 51° (0.05 mm.), #%Dp
1.5008.

The above reduction was repeated without the ¢-butyl
alcohol. To 50 ml. of benzene containing 2.3 g. (0.1 mole)
of sodium sand was added 12.05 g. (0.05 mole) of XIII.
There was no imniediate reaction, but as the temperature of
the mixture was raised and vigorous stirring (Hershberg)
continued an exothermic reaction sufficient to cause reflux-
ing began. When the initial reaction subsided the mixture
was refluxed for an additional 2 hours, Then water was
added, slowly at first, to destroy the small amount of unre-
acted sodium and dissolve the precipitated salts. The
aqueous layer was removed and extracted three times with
ether. The combined organic fractions were dried (magne-
sium sulfate) and the ether and benzene removed at reduced
pressure. The residue was distilled yielding 4.25g. (35.2%,)
of starting material. The distillation flask contained 4.15
g. of an orange-red tar which was soluble in organic solvents
but could not be crystallized or distilled without further de-
composition. The aqueous layer contained 64.4%, of the
chlorine from the starting material as chloride ion.

Attempted Acid Hydrolysis of Cyclopropanone Acetals.—
(a) When 5 g. of 11f was treated with 0.91 g. (0.025 mole)
of anhydrous hydrogen chloride in a small amount of ether
there was no apparent reaction. The material was dis-
tilled (0.2 mm.) to yield 4.65 g. (939,) of starting material.

(b) When anhvdrous hvdrogen chloride was bubbled
througli 5 g. of IIf for several hours at room temperature
and the saturated material allowed to stand stoppered over-
night there was no apparent reaction. Distillation (0.2
inm.) yielded 4.35 g. (87%) of unreacted starting material.

() A 6.60-g. sample of I1f was treated with anhvdrous
hydrogen chloride viz a bubbling tube for 2 hours at 95°.
Distillation (0.15 inm.) gave 5.65 g. (85.6%) of unreacted
starting material. There was no evidence of any pyrolysis
product, methy! a-chloro-g-metliylcrotonate (1I1f).

(d) To 10 ml. of concentrated hydrochloric acid was
added 3.45 g. of IIf. The lieterogeneous mixture was
stirred imagnetically at 95° for 14 hours. The mixture was
extracted several times witll ether, the combined ether ex-
tractions washed with distilled water, dried (magnesium
sulfate) and the ether removed by distillation. The residue
was distilled (0.3 mm.) to vield fractions: (a) 0.30 g., b.p.
31.5°, n®*p 1.4602; (b) 0.95 g., b.p. 31.5-32°, n%»p 1.45986;
(¢) 0.10 g., b.p. 3242°, n¥p 1.4581; (d) 1.10 g., b.p. 42°,
n¥p 1.4568.

These fractions contained varying amounts of unreacted
starting material IIf, and of methyl a-chloro-3-methylero-
tonate (IIIf). Fraction a was almost pure I11f; fraction d
was almost pure 11f. On the basis of the refractive indices

Found:

(20) 8. M. McFElvain, of of., THIS JOURNAL, 64, 1966 (1942).
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of the fractions it was calculated that they contain 1.6 g.
g%f%) of unreacted starting material and 0.86 g. (24%,) of

The distillation pot, from which these fractions were
distilled, contained 0.75 g. (23%) of a-chloro-g-methyl-
crotonic acid.

(e) To a mixture of 15 ml. of 109, hvdrochloric acid and
75 ml. of methanol was added 5.95 g. of IIf. The homo-
geneous mixture was stirred magnetically at room tempera-
ture for 24 hours then refluxed for 1 hour. Methanol was
removed by vacuum distillation at room temperature.
The residue in the flask separated into two layers. Water
and ether were added, the aqueous layer separated and ex-
tracted twice with ether and the combined ether fractions
dried (magnesium sulfate). Distillation yielded 3.5 g.
(60%) of starting material contaminated with traces of the
pyrolysis product I1If. Distillation of the water layer from
the separation yielded no organic material.

(f) To 1 g. of cyclopropanone diethylacetal (XVI1I) was
added 6 ml, of concentrated hydrochloric acid. The
liomogeneous solution was allowed to stand at room tem-
perature for 0.5 hour and then diluted with 6 ml. of water
which caused a second layer to separate. The mixture was
extracted with ether and the ether extractions dried (mag-
nesium sulfate). Distillation recovered 0.7 g. (70%) of
unchanged XVII1,

(g) To 2 g. of XVIII was added 12 ml. of concentrated
hiydrochloric acid and the resulting solution heated on the
steam-bath for 20 minutes. The mnixture was then distilled
under reduced pressure; no residue remained. The distil-
late was neutralized with solid sodium carbonate and ex-
tracted with ether. The ether fraction was dried (magne-
sium sulfate) and distilled to yield 0.185 g. (129,) of ethyl
propionate and 0.476 g. (34%) of chloroacetone. The ethyl
propionate was characterized by its infrared spectrum which
was identical with that of an authentic sample. The chloro-
acetone was characterized by its infrared spectrum which
was identical to that of an authentic sample, and by its 2,4-
dinitrophenylhydrazone derivative, m.p. 124-125.5°, which
on admixture with an authentic sample nelted at 122-123°.

The aqueous fraction was acidified with sulfuric acid and
continually extracted with ether for 24 hours. This ex-
tracted fraction was titrated with 0.1 N sodium hydroxide
indicating 4.58 milliequivalents of an acid (309% from the
cyclopropanone diethylacetal). The sodium salt was then
isolated and converted to the p-toluide, m.p. 125-126°,
which on admixture with the p-toluide of propionic acid
melted at 125°.

() When XVI1II was treated with anhydrous hydrogen
chloride at room temperature for 1.5 hours, 0.3 of an
cquivalent was absorbed but infrared analysis disclosed no
new product. Treatment of 1.15 g. of the acetal with hy-
drogen chloride at 95° produced a 387, vield of ethyl pro-
pionate, but no chloroacetone. Unchanged cyclopropanone
acetal (2197) was recovered.

(i) To 20 ml. of concentrated hydrochloric acid was
added 5 g. of 2,2-dimethyl-3-phenylcyclopropanone di-
methylacetal (XXII). The heterogeneous miixture was
refluxed for 2 hours and extracted with benzene. Distilla-
tion at 0.05 mm. yielded 1.85 g. (40%) of XXII, b.p. 54—
58°, n¥p 1.5080, and 1.80 g. of a mixture, b.p. 58-76°,
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7D 1.5159. The latter fraction gave an infrared spectrum
containing carbonyl and hydroxy!l absorption peaks and was
not investigated further.

Bromination of Cyclopropanone Diethylacetal (XVIII).—
To 1.3 g. (0.01 1nole) of cyclopropanone diethylacetal in 15
ml. of carbon tetrachloride was added a solution of 1.6 g.
(0.01 mole) of bromine in 10 ml. of carbon tetrachloride via
a dropping funnel over a period of 0.5 hour. The bromine
color was dissipated immediately and the resulting solution
was light yellow. The solvent was removed by distillation
during which hydrogen bromide and soine ethyl bromide
were evident. Vacuum distillation (7 mun.) of the residue
thirough a 30-cnt. Podbielniak column gave the fractions:
(a) 0.10 g., b.p. 66-75°, n2p 1.4527; (b) 0.35 g., b.p. 76—
85°, n®b 1.4677; (c) 0.50 g., b.p. 85-87°, =n%p 1.4774;
(d) 0.60 g., b.p. 87-88°, n2p 1.4866; (e) 0.20 g., b.p. 89°,
n¥p 1.4952,

Fraction a was mostly ethyl B-bromopropionate, char-
acterized by its infrared spectrum.

Fractions d and e were mostly ethyl «,8-dibromopropio-
nate. The infrared spectra of these fractions were super-
imposable upon that of authentic material prepared by ac-
tion of bromine on ethy! acrylate.

Infrared analysis of fractions b and c indicated that they
were mixtures of the monobromo and the dibromo esters.
On the basis of the refractive indices of the fractions it was
found that the monobromo ester was produced in 419, yield,
the dibromo ester in 399, yield.

Bromination of 2,2-Dichlorocyclopropanone Diethylacetal
(IIb).—To 10 g. (0.05 mole) of IIb was added a solution of
8 g. (0.05 mole) of bromine in 7 ml. of carbon tetrachloride
via a dropping funnel. An ice-water-bath was necessary to
cool the exothermic reaction which developed after approxi-
mately one-quarter of the bromine had been added. Tlie
bromine color was not dissipated completely until the mixture
was stirred extensively after each addition of bromine solu-
tion. Removal of solvent and distillation vielded 9.65 g.
(77.3%) of etliyl g8,8-dichloro-g-bromopropionate (XXII1),
b.p. 40-46° (0.07 inm.). A middle fraction boiling at 43—
44° (0.07 mun.), n®p 1.4857, d%, 1.6138 was analyzed.

Anal. Caled. for C;H;BrClL,0,: C, 24.03; H,
total halogen, 60.35. Found: C, 24.51; H, 3.04;
halogen, 60.6.

A 6.65-g. sample of the ester XX11I was added to a solu-
tion of 0.027 mole of sodium ethoxide in absolute ethanol.
An immediate precipitation occurred and an exothermic re-
action was evident. The mixture was stirred for 3 hours at
room temperature and then refluxed for 0.25 hour. Ether
(20 ml.) was added, the mixture filtered and distilled to vield
0.80 g. (17.59%) of ethyl 8,8-dicliloroacrylate, b.p. 173-
177°, n®p 1.4621; chlorine content: 41.8% (caled. 40.7);
previously reported!? b.p. 173-175°.

This ester was saponified by shaking with 5% sodium
Livdroxide in a separatory funuel until homogeneous (about
5 minutes). Isolation of the acid yielded 8,8-dichloroacrylic
acid, m.p. 75-76° after two recrystallizations from petro-
leum ether; previously reported?® mi.p. 76-77°.

2.83;
total

(21) O. Wallach, 4nxn., 193, 20 (1878).
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The reaction of diazomethane with ketene diethylacetal (1II) and phenylketene diethylacetal (V) has been found to give
cyclopropanone diethylacetal (1I) and phenyleyclopropanone diethylacetal (IV), respectively, the latter also being obtained

by the reaction of phenyldiazomethane with I1I.

Ethy! diazoacetate and II1 gave only carbethoxymethylketene diethyl-

acetal (V1), while ethyl a-bromoacrylate was obtained from the reaction of bromoform and potassiun ¢-butoxide with 1I1.
The formation of unstable 2,2-dibromocyclopropanone diethylacetal as a precursor is postulated.

McElvain and Weyna®? have shown that when
chloroform and benzal chloride are treated with
(1) Taken from the thesis of Phillip G. Abend submitted in partial

fulfillment of the requirements for the Ph.I), degree at the University
of Pittsburgh, 1938,

sodium f-butoxide in the presence of a variety of
ketene acetals the resulting dichloro- and phenyl-
chlorocarbene adds to the ketene acetals to form

(2) S. M. McElvain and ’hilip I.. Weyna, T#1s JOURNAL, 81, 25379
(1959).



