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Ethyl 2,3-epoxy-4,4-dimethylhept-6-eneoate. A solution of
0.5 mole of tetramethylammoniumn ethoxide in 800 ml. of
absolute ethanol?” was added during 1.5 hr. to 61.3 g. of
ethyl chloroacetate and 55.5 g. of redistilled 2,2-dimethyl-4-
pentenal.® After isolation of product as usual, distillation
(36-in. column) provided 16.7 g. (17¢%) of erude glycidate,
h.p. 92.5-102° (4.3 mm.), n% 1.4436. Redistillation gave
material with a constant n% of 1.4447; b.p. 97° (3.0 mm.),
d?® 0.9742, Mp 54.13 (caled. 53.64).

Anal. Caled. for C) HisOs: C, 66.64: H, 9.15. Found: C,
66.91; H, 9.36.

Also isolated from the reaction was 22.7 g. of ethyl ethoxy-
acetate (349 yield), b.p. 56° (15 mm.), n3; 1.4008, d2° 0.9637
(reported® h.p. 155-158°, n% 1.4009), M 33.29, (caled.
33.21).

Anal. Caled. for CeH,205: C, 54.52; H, 9.16; Sapon. equiv,,
132. Found: C, 54.20; H, 9.40; Sapon. equiv., 131.

A portion of the distillate obtained upon removal of sol-
vent from the reaction mixture was tested with 2,4-dinitro-
phenylhvdrazine; the test was positive; melting point of the
precipitate, 117.5~118° (reported® for the hydrazone of the
pentenal, 117-118°),

Ethyl 2,8-epoxy-4,4-dimethylpentanoate. A solution of 9.2
g. of potassium in 250 ml. of dry ¢-butyl alcohol was added
dropwise to 14.3 g. of redistilled pivalaldehvde (Columbia
Organic Chemicals, Inc.) and 29.5 g. of ethyl chloroacetate
over 2 hr. at 25°. The next day the mixture was treated as
usual. Distillation (36-in. column) gave 19.3 g. (679),
h.p. 81° (59 mm.), n5 1.4232-1.4264. Redistillation pro-
vided 8.7 2. (3097) of ethyl 2,3-epoxy-4,4-dimethylpentano-
ate, b.p. 57-65° (3 mm.), n3¢ 1.4253-1.4258, A third distil
lation gave material of constant n’y 1.4255, b.p. 68° (4
mm.), d2° 0.9648, Mp 45.68 (caled. 44.86). The product gave
a positive epoxide test with hydriodic acid and no precipitate
with 2,4-dinitrophenylhydrazine.

(35) We wish to thank Dr. J. B. Dickey of the Tennessce
Eastman Corp., Kingsport, Tenn., for providing this ma-
terial.

(36) 8. M. McElvain and W. R. Davie, J. Am. Chem. Soc.,
73, 1400 (1951).

(37) K. C. Brannock, J. Am. Chem. Soc., 81, 3379
(195M.
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Anal. Caled. for CgH 605 C, 62.78: H, 9.35: Sapon.
equiv., 172. Found: C, 62.70; H, 9.51; Sapon. equiv., 175,

Reaction of benzaldehyde, phenyl chlorothiolacetate, «nd
polassium. t-butoride. Potassium ¢-hutoxide (0.09 mole) in
t-butyl aleohol was added (1 hr.) to benzaldehyde (9.1 ¢
and pheny] chlorothiolacetate® (16,0 g.) in ether at 0°
After 1 hr., the usual isolation, two distillations (6-in.
column), and chilling resulted in 119, of greasy phenyl
phenylthiothiolacetate (III). Recrystallization gave color-
less 111, m.p. 63.5-65°. No other substance was isolated.

With anhydrous potassium acetate in dry ethanol (or
methanol) as the base, the yield of recrystallized ITI, h.p.
1852 (0.0 mn.), was 567, m.p. 64-65°.

Anal. Caled. for CiH 2080 C, 64.58: H, 4.65: Sapon.
equiv. 130. Found: C, 64.25; H, 5.25; Sapon. equiv. 128,

Interestingly, under the same conditions in the ahsence
of benzaldehvde, no III was isolated.

I1I was saponified?? by adding 1 equivalent to 2 g.-atomn
proportions of sodium in absolute ethanol,? followed by 1
equivalent of water. The resulting salt was acidified and the
phenylthicacetic acid (CsHsSCH.CO,H) recrvstallized (hex-
ane); m.p. and mixture m.p., 64.5-65.5°: anilide, m.p. 81.5—
82.5° (Kofler hot stage) (reported,® 82-83°); p-bromo-
phenaevl ester, m.p. 87-88°. )

Anal. Caled. for C;H;;BrO:S: Br,
21.46.

For svnthesis of ITI, henzenethiol (2.20 g.) was dissolved
in 20 ml. of ahsolute ethanol containing 0.02 mole of potas-
sium ethoxide, and phenyl chlorothiolacetate (2.00 g.) in
15 ml. of ethanol was added. Potassium chloride was sepa-
rated. The filtrate was warmed slightly, and cooled. Upon
addition of water, ITT precipitated. After two recrystalli-
zations from hexane, the m.p. was 64-65°, undepressed by
the product from the potassium acetate reaction: vield,

10%.

NasHviLLE 5, TENN.

21.88. Found: Br,

(38) C. E. Dalgliesh and F. (i. Mann, .J. Chem. Soc., 559
(1947).

(39) E. Vinkler, J. prakt. Chem., 139, 115 (1941); Chem.
Abstr., 37, 4072 (1943).
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The Darzens Condensation. I. Reaction of Chloroacetamides
with Acetone and Cyclohexanone

A. J. SPEZIALE axpo H. W. FRAZIER

Recetved January 20, 1961

Fthvl chloroacetate undergoes the Darzens condensation with acetone or eyclohexanone regardless of hasic agents used.
In contrast, N,N-diethyl-a-chloroacetamide, presumably because of the relatively lower acidity of its a-hydrogens, does
not readily undergo the Darzens condensation. Instead, v-keto amides are produced as the predominant product. These
arise from displacement of the chlorine by the enolates of acetone and cyclohexanone when either potassium t-butoxide
or sodium hydride is used. If either methoxide or ethoxide is used, the same products are formed along with a-alkoxy amides.

The Darzens glycidic ester condensation! has
been applied to only a few a-chloro amides.!?
However, some discrepancies were noted in some

(1) (a) M. 8. Newman and B. J. Magerlein, Org. Reactions,
V, 413 (1949). (b) M. Ballester, Chem. Revs., 55, 283 (1955).

(2) (a) E. Fourneau, J. R. Billeter, and D. Bonet, J.
Pharm. Chem., 49, (1934); (b) O. von Schickh, Ber., 69, 967
(1936); (c) 8. Bodforss, Ber., 52, 142 (1919).

of the glycidamide work. Fourneau?? reported a 55%
vield of 3,3-dimethylglycidamide (Ia) (m.p. 85-87°)
from acetone and chloroacetamide when sodium
ethoxide was used as the condensing agent, but von
Schickh?® reported an 809, yield (m.p. 121°)
when metallic sodium was used. Forneau? also
stated that 3,3-diethylglycidamide, prepared from
diethyl ketone and chloroacetamide, melted at
148°, However, he also reported a melting point
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of 104° for the same compound obtained from the
reaction of the glycidic ester with ammonia.

In view of these reports and our interest in re-
actions of chloro amides and chloro esters,® we
decided to investigate the Darzens condensation
of acetoue and cyclohexanone with chloreaceta-
mides and chloroacetates. 15

Cyclohexanone and N,N-diethyl-a-chloroaceta-
mide in the presence of sodium methoxide in ether,
sodium ethoxide in toluene, or sodium ethoxide
with no solvent gave a mixture or products. In
these reactions, 40-569 of the cyclohexanone was
recovered unchanged and 20-489 of the chloro-
amide was converted to the a-alkoxyacetamide. A
high boiling fraction which was isolated in 18-35%,
vield showed infrared ahsorption at 2.95 x (OH),
5.85 p (carbonyl), 6.10 g (amide), and at 11.58,
12.00 ¢ (epoxide).

Acetone and N,N-diethyl-a-chloroacetamide in
the presence of sodium methoxide gave similar
results. About 309, of the chloroacetamide was
converted to the e-methoxyamide and the epoxy
fraction (359, wyicld) showed infrared absorption
similar to the products from the cyclohexanone re-
action: 3.83 u (carbonyl), 6.10 x (amide), and 10.9
w (epoxide).

The extensive side reactions (displacement of the
a-chlorine atom and formation of carbonyl and
hydroxyl containing by-products) clearly indicated
that the use of chloroacetamides in the Darzens
condensation for the production of glycidamides
(Ib and IIa) was considerably more complicated
than the glyeidic ester synthesis, ta

To circumvent the formation of a-alkoxyamides
as by-products, our attention was focused on potas-
sium {-butoxide* and sodium hydride’ as the con-
densing agents. Neither of these reagents would be
expected to displace the a-chlorine atom and both
were shown to be superior to methoxide and eth-
oxide in glycidic ester formation.

(3) A, J. Speziale and R, C. Freeman, J. Org. Chem.,
23, 1883 (195%).

(4) W. 8. Johnson, J. 3. Belew, L. J. Chinn, and R. H.
Hunt, J. Adm. Chem. Soc., 75, 4095 (1953).

(5) After this work was completed, . Vasiliu and L.
Gertler [Chem. Absir., 32, 1944 (1958); Chem. Abstr., 53,
19921 (1959)] reported that cyclohexanone with N-methyl-
N-phenyl-a-chloroacetamide gave 649 and 27-569; yields
of the epoxy amide with potassium é-butoxide or sodium in
ethyl or butyl ethers respectively. .V-Ethyvl-A-phenyil-
a-chloroacetamide behaved similarly in that 57 and 47¢;
vields were obtained. The epoxy amides derived from acetone
and methyl ethyl ketone with N-(2-thiazoy1)chloroacetamide
were also reported.

(6) Recently a-chloroacetonitrile has heen used success-
fully in the TDuarzens condensation with aliphatic and
alicyvelic ketones in the formation of epoxy nitriles. G. Stork,
W. 8, Worrall, und J. J. Pappas, J. Am. Chem. Soc., 82, 4315
(1960). See ulso N. V. Phillips, British Patent 735,990.
V. F. Martynov and A. V. Shchelkunov, J. Gen. Chem.
(I".8.8.R.), 1271 (1956) and F. F. Blicke and J. A. Faust,
J. Am. Chem. Soc., 76, 3156 (1956).

(7) Sodium Hydride Dispersed in Oil, Metal Hydrides
Inc., Beverly, Mass. Revised 4/58, p. 13-14,
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Cyclohexanone or acetone with N, N-diethyl-a-
chloroacetamide in the presence of potassium (-
butoxide in {-butyl alcohol gave only carbonyl
containing fractions. There was no evidence for the
formation of the a-~butoxyamide in either reaction.
The infrared spectra of the distilled materials
were identical with those obtained in the other
alkoxide reactions.

In contrast to von Schickh? and Fourneau?
acetone and a-chloroacetamide in molar ratios of
2:1, 3.3:1, and 10:1, respectively, with potassium
i-butoxide (one equivalent) gave 6.5-14.8%, yield
of Ia (m.p. 124-125°). There was no evidence by
infrared for the keto amide. Large amounts of un-
identified waxy solids were obtained.

Acetophenone reacted normally with N, N-di-
ethyl-a-chloroacetamide to give 609% yield of a
mixture of the diastereoisomers of N,N-diethyl-3-
phenyl-3-methylglycidamide. There was no keto
amide formed.

The reaction of cyclohexanone with N,N-diethyl-
a-chloroacetamide with sodium hydride in hexane
was performed at 50°. Ethyl chloroacetate under
these conditions gave a 909, yield of the epoxy
ester. The rate of hydrogen evolution at 50° was al-
most as fast as when the chloroacetate was used at
30°. Thus, the chloroamide reacts more slowly
with sodium hydride in the formation of its enolate
than does chloroacetate. The evolution of hydrogen,
however, abruptly stopped at 699, conversion due
undoubtedly to the coating of sodium hydride
by the precipitated sodium chloride. The carbonyl
containing fraction amounted to 799, after ac-
counting for the unreacted cyclohexanone and chlo-
roacetamide. However, the infrared spectrum of
this material showed the same bands as the meth-
oxide and ethoxide reactions.

Acetone and N,N-diethyl-a-chloroacetamide, in
the presence of sodium hydride gave essentially
the same mixture of carbonyl containing products
as in the methoxide experiments.

Thus, whereas ethy! chloroacetate reacted with
either acetone or eyclohexane to give high yields
of the epoxy ester (Id and IIc) regardless of the
basic condensing agent used, N,N-diethyl-a-chlo-
roacetamide with these ketones gave mixture of
products regardless of the base used.

All major fractions in the alkoxide and sodium
hydride experiments showed infrared absorption at
5.81-5.85 pand at 10-11 u. The carbonyl component
appeared to be the major product by infrared analy-
sis. The identity of the carbonyl containing com-
ponent was necessary to ascertain whether a-keto
amides (IIT) were formed by rearrangement of the
epoxy amide as reported in the Darzens condensa-
tion with halo esters® or whether the vy-keto amides
(IV and V) were produced by alkylation of the
enolate of the ketone by the chloroamide. Authentic
samples of the epoxy amides were also required to

(8) Reference 1a, pp, 420-421, 423,
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determine their infrared spectra and whether they
would undergo rearrangement to the a-keto amides.
Infrared absorption in the hydroxyl region could
be due to diols formed by the opening of the oxi-
rane ring. The enols of the a-keto amides were
excluded since the products gave a negative ferric
chloride test.s

Authentic samples of the epoxy amides (Ib and
IIa) were prepared by treatment of the sodium
salts of the respective glycidic acids (Ic¢ and IIb)
with oxalyl chloride. The epoxy acid chlorides,
without isolation, were converted to the amides at
—35° by reaction with diethylamine. Under these
conditions, the epoxy group remained essentially
intact. The a-keto amides (I1Ia,b) were prepared by
the action of isopropylmagnesium bromide and
cyclohexylmagnesium chloride on ethyl diethyl-
oxamate. The y-keto amides (IV and V) were pre-
pared from levulinyl chloride and diethylamine and
by the alkylation of N-(1-cyclohexenyl)pyrrolidine
with N,N-diethyl-a-chloroacetamide respectively.
The four keto amides were converted to their 2,4-
dinitrophenylhydrazones. A comparison of these
with the 24-dinitrophenylhydrazones prepared
from the epoxy fractions of the Darzens condensa-
tion showed the vy-keto amides (IV and V) to be
the carbonyl containing component. The infrared
spectra of the four keto amides and the authentic
epoxy amides were also compared with Darzens
condensation reaction products. This comparison
confirmed the presence of epoxy amides and that the

(9) The Darzens condensation of acetone and ecyclo-
hexanone with ethy! chloroacetate (ref. 1a and Johnson
ref. 4), chloroacetonitrile (Stork ref. 6) and N,N-diethyl-
a-chloroacetamide (present investigation) clearly demon-
strates the relative acidity of the a-hydrogen atoms of the
halocarbonyl component as it affects the course of the
Darzens condensation. An aldol type mechanism for the
Darzens condensation has been demonstrated. [M. Ballester
and D. Perez-Blanco, J. Org. Chem., 23, 632 (1958) and
H. E. Zimmerman and L. Ahramjian, J. Am. Chem, Soc.,
82, 5459 (1960)]. The sucecess of the Darzens condensation
rests on the fact that the enolate of the chloro carbonyl
compound is formed in preference to that of the ketone or
aldehyde (when the ketone or aldehyde are present as sub-
strates). The a-hydrogen atom in ethyl chloroacetate and
chloroacetonitrile will be more acidiec than those in acetone
or cyclohexanone due to the inductive effect of the a-
chlorine atom and the electromeric effect of the carbonyl
and the nitrile groups. However, the greater resonance
stabilization of amides as compared to esters by contribu-

o D
tion of resonance forms O=C—NR: <«—» O0—C=NR,,

would predict that chloroacetamides would be less acidie
than chloroacetates, This decrease in acidity would account
for the alkylation of acetone and cyclohexanone, and for
the displacement of the a-chlorine atom by methoxide and
ethoxide in the case of a-chloroactamides. The order of
acidity or ease of carbanion formation of the reactants in
the Darzens condensation can be formulated as chloro-
acetonitrile > ethyl chloroacetate > acetone = ecyclo-
hexanone > N,N-diethyl-a-chloroacetamide. The intro-
duction of an aromatic group on the nitrogen atom of the
amide would increase the acidity of the o-hydrogen atom
and the amide would thereby compete favorably in the
Darzens condensation. [Sce Vasiliu and Gertler (ref. 5)).
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v-keto amides were the only carbonyl components
present. There was no evidence either by infrared
analysis or from the 2,4-dinitrophenylhydrazones
for the presence of a-keto amides in the Darzens
condensation of acetone and cyclohexanone with
N,N-diethyl-a-chloroacetamide.?

In an attempt to effect the Darzens condensation
of chloral with N N-diethyl-a-chloroacetamide in
the presence of t-butoxide, 809 of the amide was
recovered unchanged. However, almost one equiv-
alent of chloride ion was produced. This indicated
that chloral had undergone reaction and that di-
chlorocarbene might have been formed in a manner
analogous to action of base on trichloroacetate
esters,!® This supposition proved correct. When
chloral and cyclohexene were treated with potassium
t-butoxide, a 409, yield of 1,1-dichloronorcarane
was isolated. These experiments clearly demon-
strated the preference for carbene formation over
the abstraction of a proton from the amide.

The infrared spectrum of epoxy compounds with
respect to assignment of bands specific to the oxi-
rane ring has been studied. In general, bands for the
epoxide group appear at 8.0 p and 10.5-12.3 p.1
The bands in 11 and 12 x regions are believed to be
the most characteristic for trans- and cis-1,2-epoxy
alkanes, respectively.’? In glycidic esters, bands
attributable to the epoxy group were observed at
8.0, 825, 11.25, 11.75-12.0, and 12.0-12.25 4.
Assignment of bands to cis- and trans-epoxy esters
were not made. These absorptions show there is no
significant effect of conjugation between the epoxy
and ester groups.!3 Various investigators have noted
a splitting of the ester carbonyl group in epoxy
esters and House! has offered a rationale for this

(10) W. E. Parham and F. C. Loew, J. Org. Chem., 23,
1705 (1958).

(11) J. Bomstein, Anal. Chem., 30, 544 (1958).

(12) O. D. Shreve, M. R. Heether, H. B. Knight, and
D. Swern, Anal. Chem., 23, 277 (1951).

(13) E. D. Bergmann, S. Yaroslavsky, and H. Weiler-
Feilchenfeld, J. Am. Chem. Soc., 81, 2775 (1959).

(14) H. O. House and J. W. Blaker, J. Am. Chem. Soc.,
80, 6389 (1958).
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TABLE I

INFRARED SPECTRA” 0F SOME GLycIDIC ACID DERIVATIVES

Frequencies in Microns

Compound Carbonyl Epoxide
Ethyl 3.3-pentamethyleneglyeidate 5.70 5.79 7.83 10.81 11.11 11.50 12.00
(TTe
Fithyl 3,3-dimethylglyeidate (Td) 5.60 5.78"  7.81 8.00 10.81 11.75 11.85
Sodium 3,3-pentamethyleneglyeidate 6.18 7.98 8.07 11.00 11.08 11.79 12.06
(1T
Sodium 3.3-dimethvlglyveidate (Te)” 6.17 8.04 11.19 11.90
N, N-Dicthyl-3,3-pentamethylene- 6.11 7.83 7.91 10.85 11.13 11.58 12.00
glveidimide (ITa)
N, NV-Diethyl-3,3-dimethylglyeidamide 6.10 7.81 8.03 10.01
(Ihye
3.3-Dimethyvlglveidamide (1a)87 35.99 7.73 8.06 10.98 12.31
N, V-Diethyl-3-methyl-3-phenyl-
glyeidamide
\¢ 6.07 7.80 8.21 1005 11.17 11.50 12.10
137 6.07 7.78 8.05 10.99 11,16 12,11
¢ 6.07 7.93 10.95 11.50 11.95

< PTaken in 0.2 mm. sodinm chloride eell using a Perkin-Elmer Model 21 instrument.

" Qee reference 14, € 39, carbon

tetrachloride solution. ¢ 365 chloroform solution. ¢ Capillary film 0.01 mm. 7 409, Nujol mull. ¢ NH, absorption at 2.87,

2.04, 3.05, 3.15, and 6.34 4.

hehavior. Schaer® has found that the epoxy bands
in a,8-cpoxy aldehydes appear at 8.0 u and 11.25
u. The infrared spectrum of 3-(p-methoxyphenyl)-
glycidamide is reported® and the epoxide absorp-
tion appears at 11.0 g,

Our infrared data are presented in Table T and
assienments for the oxirane ring correspond to those
previously given for a.8-cpoxy esters. For diagnos-
tie purposes, the bands in the 10.5-11.5 u were
more relinble than those in 8.0 g reglon.

EXPERIMENTATLY

Ethyl 3.5-pentamethylencglycidate (11e). The procedure as
wiven by Metal Hyvdrides” was followed exeept that methanol
was omitted and hexane was used as solvent. To a flusk
previouslv swept, with nitrogen, there was added 49.0 g.
(0.5 mole) of evelohexanone, 67.3 g. (0,55 mole) of ethyl
chloroaectate, and 125 ml of hexane. The mixture was
cooled ta 0-5°, under nitrogen, and a suspension of 12.0 g,
0.5 moled of sodinm hydride (aetnal eharge 24.6 g sodinm
hydride in oil, 507 7 assav, 07.5G; purity) in hexane was added
in T hr.at ) 10%0 At this time only 36.49% of the thearetieal
amount. of  hyvdrogen was evolved., The ixture  was
allowed, to warm to room temnperature and stirring eontin-
ued for 7.5 hir,, ot which fime the theoretieal amount of
hvdrogen hud heen evolved., The mixture was filtered and
the filter enke was dissolved i witer and Utrated potentio-
metrically for chioride 1on (0,325 maole). The liexane mother
liquors were coneentrated and the epoxy estert distilled:
Wi R6.6 « (93600 vieldd; bope 91° (2,0 ) wf) 1.4578~
1.-158%0),

At H0-52% the reaction time was 6.5 hr. and a yield of
OO 40 was obtained.

Equimelar amounts of evelohexanone and sodium hy dride
in hexane at 0-25° liberated less than 1% of the theoretical

(13) C. Schaer, Hely. Chim. Acla, 75, 674 (1958).

(16) V. F. Martynov and (. Olman, J. Gen. Chem.
(U.S.8.R.), 27, 1944 (1957).

(17) Meclting points and boiling points are uncorrected.
Microanalyses by Du-Good Laboratories, St. Louis, Mo.
We are indebted to Dr. B, Katlafsiky and Mr. O. Kinast for
the infrared speetra.

amount of hvdrogen in 3 hr. Oue equivalent of ethy] chlore-
acetate was then added and reaction continned as indicated
ahove. The epoxy ester was isolated in 88.47%,. Thix indicates
that the enolate of the ketone is not formed to an appreciable
extent and that reaction of sodium hydride with chloroester
in the presence of cyeloheranone is direct.

Equimolar amounts of ethvl chloroacetate and sodium
hvdride in hexane gave rise to 859 of the theoretical amount
of hvdrogen in 3 hr. at 0-5°, The additional 15% hydrogen
was liberated on addition of 1 equivalent of cyclohexanone
at 0-5° in 2 hr. Tpoxy ester was not isolated in this instance
but rather a 29.49, recovery of evelohexanone, and nondis-
tillable, nonidentified residuc. Evidently, the enolate of
the chloro ester underwent acetoacetic ester condensation.

Ethyl 3,5-dimethylglyeidate (1d). The procedure of John-
son! was used with some modification. A solution of potas-
sium #-butoxide (prepared from 16 g. (0.41 g-atom) of
potassium and 400 ml. of -butyl aleohol dried by distilling
from sodium; assav (99.959%.) was added to a mixture of 23.2
g, (0.4 mole) of acetone and 49 g, (0.4 mole) of ethyl ehloro-
acctate over a period of 2 hr, at 10--15° and held at this tem-
perature for an additional 2 hr. The resetion was run under
an atmosphere of nitrogen, The t-hutyl aleohol was removed
in gacuo to a maximum pot temperature of 50°. Tither was
added to the residue and the mixture quenched with the
minimum amount of water and separated. The ether was
dried with magnesium sulfate and evaporated to driness,
Distillation of the residue afforded 43.1 g, (74.8%, vield)
of ethyl 3.3-dimethylglveidate: bop. 65-67° (7.0 mlY; 2737
1.4192. Johnsont reported a 665 vield; b.p. 87-80.5° (30
mm.); np 14181,

Sodiun 3.3-peniamethylencylyeidale (1Th). T a solution
of sodium ethoxide in ethanel (7.48 ., 0.33 g.-utom of so-
dinm and 145 ml. of ethanol) at 0-5°, 60 g, (0.33 mole) of
ethyl 3.3-pentamethvleneglveidate was added in 0.5 hr.
The clear vellow solution was treated dropwise with 6.0 g.
(0.33 mole) of water at 0-5°, The solid preecipitated imme-
diatelv. The mixture was allowed to warm to room tempera-
ture and stirred overnight. The solid was filtered, washed
with ether and dried; wt. 57.5 g. (99% vield).

Sodium 3,3-dimethylglycidate (Ic). This was prepared
according to the procedure for the cyclohexyl derivative
from 4.4 g. (0.19 g.-atom) of sodium, 100 ml. of ethanol,
27.4 g. (0.19 mole) of ethyl 3,3-dimethylglycidate, and 3.4 g.
(0.19 mole) of water. The yield was 24 ¢., 91.6%.

N N-Diethyl-8,3-pentamethyleneglyeidamide (I1Ta). A sus-
pension of 41 g. (0.23 mole) of sodium 3,3-pentamethylene
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glycidate in 200 ml. of dry benzene was cooled to 0-3°
and treated with 10 drops of dry pyridine followed by 44.5 g.
(0.35 mole) of freshly distilled oxalyvl chloride.’® The addi-
tion of oxalyl chloride required 1 hr. and was controlled by
the rate of evolution of earbon monoxide and carhon dioxide.
The mixture was held at 0-5° for 0.5 hr., then evaporated to
dryness in vacuo below 15°. A fresh 150-ml. portion of dry
benzene was added. This was distilled 72 vacuo below 15°
and the crude epoxy acid chloride was dissolved in ether and
cooled to —25 to —30°. A solution of 33.6 g. (0.46 mole) of
diethylamine in 100 ml. of ether was added at this tempera-
ture during 2 hr. The mixture was held at —20° for 0.5 hr.,
warmed to —10° and treated with 50 ml. of water. The ether
layer was separated and, while dryving with magnesium sul-
fate, the solvent was removed in vacuo. The epoxy amide was
distilled, b.p. 123° (1.5 mm.) n%y 1.4831, wt. 34.8 g, 71.6;
vield. Redistilled material boiled at 90° (0.15 mm.) 0%}
1.4828-1.4832.

Anal, Caled for Ci,HyNOs: C, 68.21, H, 10.02, N, 6.63.
Found: G, 68.10, H, 10.01. N, 6.67.

N, N-Diethyl-3,3-dimeih ylglycidamide (Ih). The compound
was prepared by the method given for N, N-diethyl-3,3-
pentamethyleneglycidamide from 20 g. (0.145 mole) of
sodium 3,3-dimethyl glveidate, 27.9 g. (0.22 mole) of oxalyl
chloride, and 21.4 g. (0.29 mole) of diethylamine. The epoxy
amide was distilled at 79° (0.15 mm.); n2% 1.4540; wt. 7.8 ¢.;
31.5% yield.

Anal. Caled. for CeHi:NOg: C, 63.18; H, 10.01; N, 8.18.
Found: C, 63.28; H, 10.20; N, 8.22.

1-(Diethylcarbamoylmethyl) cyclohexanone (V). N-(1-Cyclo-
hexenyl)pyrrolidine’® was prepared in 939 vield [b.p.
62° (0.35 mm.)] from 196 g. (2.0 moles) of cyeclohexanone
and 497 ¢. (7.0 mole) of pyvrrolidine in 1.5 1. of benzene. A
modification of the method of Stork2® was used for the alkyl-
ation of the enamine. A mixture of 45.3 g. (0.3 mole) of N-
(l-evelohexenvl)pyrrolidine, 49.5 g. (0.33 mole) of A,N-
diethyl-a~chloroacetamide, 1.67 g. (0.01 mole) of potassium
iodide, and 500 ml. of dryv methanol was heated under a
nitrogen atmosphere at reflux (66°) for 17 hr. Titration of
an aliquot with silver nitrate showed that 929 of the theo-
retical amount of chloride ion was formed. Fifty milliliters
of water was added, the mixture heated under reflux for 1
hr. at 70°, and the excess methanol removed 7n vacuo. The
residue was treated with 150 ml. of water and 10 ml. of 109
sulfuric acid (pH 1.0) and extracted with ether. Evaporation
of the ether left 49 g. (78.67) of light, vellow oil. Distilla-
tion of this material gave 25.2 g, (40.59% vield) of desired
product; b.p. 120° (0.6 mm)) %) 1.4830. Infrared: 5.85 u
(carbonyl), 6.10 & (amide): 8.00, 8.78, 8.88 u.

Anal. Caled. for C.HxuNOL: () 68.21: H, 10.02; N, 6.63.
Found: C, 67.95: H. 10,18 N, 6.71.

The 2,4-Dinitrophenylhydrazone was prepared by treating
3.7 g of V with 100 ml. of 24-dinitrophenylhydrazine-
phosphoric acid reagent?' on the steam bath for 0.5 hr.
The mixture was cooled, poured into 500 ml. of water, and
extracted with chloroform. vaporation of the solvent and
recrystallization of the residue from cthyl acetate-hexane
mixture gave 5 g. (73¢7) of the phenvlhydrazone as orange
needles m.p. 158-159°. The melting point wa= raised to 162-
163° after two additional reervstallizations from ethyl ace-
tate-hexane. A mixture melting point with the 2,4-dinitro-
phenylhydrazone prepared from the evelohexanone—chloro-
acetamide Darzens reaetion produet was not depressed:
m.p. 161-163°.

(18) L. B. Barkley, M. W. Farrar, W. N, Knowles, and
H. Raffelson, J. Am. Chen. Soc., 76, 5017 (1054).

(19) G, Stork and H. K. Langesman, J. Awm. Chent. Soe.,
78, 5128 (1956).

(20) G. Stork, R. Terrell, and J. Szmuszhoviez, J. Ane.
Chem. Soc., 76, 2020 (1054),

(21) T.. F. Fiecser, Experiments in Organic Chemistry,
. €L Heath and Co., Boston, Mass., 1957, p. 316.
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Anal. Caled. for CisHas N3O C) 55.23; H, 6.44; N, 17.84.
Found: C, 55.32; H, 6.19; N, 17.51.

N, N-Diethylcyclohexylglyoxylaniide (11Th). Lthyl N V-
diethyvloxamate?? was prepared in 78, vield [b.p. 118-120°,
(85 mm.) n¥ 14416] from ethyl oxalate and diethyvlamine.

The ghvoxylamide was prepared according to the procedure
of Barre.?? Cyelohexylmagnesivim bromide, prepared from
106 g. (0.625 mole) of evelohexyl bromide and 15.5 g. (0.64
g.-atom) of magnesiunm in 225 ml. of ether, was treated with
6.6 g. (0.3 mole) of ethyvl VNV, V-diethvloxmmate at —15
to —20° 11 80 min. The misxture was held at —15° for 0.5
hr., allowed to warm to 0° and then treated with 60 ml. of
acetie aeid in 200 ml. of water. The cther layer was sepa-
rated and combined with the ether extraet of the aqueous
laver. After removal of the ether, a solid remained in the
liguid residue. This was filtered (10 g and reeryvstallized
from absolute ethanol to give 8.3 g. of the {ert~carbinol,
2,2-dievelohexyl-2-hydroxy-V, V-diethylacetamide, m.p.
181-181.5°; infrared: 3.02 u (hydroxyl); 6.23 u (amide).

Anal Caled. for CiHuNO.: €, 7307 H, 11.26; N,
1.74. Found: C, 72.84; H, 11.25; N, -L80.

The liquid residue was distilled to give 17.6 g (20,79
recovery) of unchanged ethyl Vo V-diethyloxamate and 42.3
g, (509, vield) of N, N-dicthyievelohexyviglvoxylamide:
bap. 9192° (0.25 mm) 1% 14760, Infrared: 5.86 u (car-
bonyl), 6,11 p (amide), 944 wand 10.22 4,

Anal, Caled, for CaHaNO: O 68210 1,
Found: C, 67.81: H, 10.24; N, 6.81.

The 2,4-dinitrophenylhydruzone prepared as deseribed
above was obtained after one reeryvstallization {rom ethyl
acetate -hexane In 745 vield as yvellow needles, mp, 118~
119°, The analvtical sample melted av 119-120°.

Anal. Caled, for (i HuN;OL: C 55.23: H, 6.44: N, 17.84,
Found: %, 55.23; H, 6.22; N, 17.067.

N N-Diethyllevalinamide (IV), Thix e-keto amide, pre-
pared by the procedure of Huskelberg,2® was obtained in
27.6%, vield: hop. 80° (0.30 mm.) »3 14576, Haskelberg
reported a vield of 607 : 13 1.457. The infrared absorption
spectriny showed the carbonyl band at 5.83 u and amide
hand at 6.1 u.

The preparation from levuliny ehloridei gave somewhat
higher vields. A solution of 38 g. (0.5 mole) of levulinie acid
in 61 g. (0.51 mole) of thiony ehloride in 150 ml. of dry ben-
zene wax heated at reflux for 1.75 hr. The solvent was re-
noved in racuo. The crude acid chloride was dissolved in
150 ml. of ether and treated with 74 g. (1.0 mole) of diethyl-
amine at 10-15° during 1 hr. The amine hyvdrochloride was
filtered and the levulinanide recovered by distilation:
wt. 536.1 g. (65.6% vield) h.p. 87-104° (045 mm) w7
1.4563. Redistillation gave pure material in 3.5 bop.
00-91° (0.85 mm.) 2% 1.4570. Infrared: 5.83 u (earhonyl),
6.10 x (amide), 7.95, 8.62, and 8.82 u.

Anal. Caled. for CuHiNOs: C, 63.13; H, 10.01: N, N8,
Found: C, 63.39; H, 10.19; N, 8.18.

The 2,4-dinitrophenylhydrazone, prepured as described
ahove, was formed in 954 vield after reerystallization from
othyl acetate-hexane. The yvellow-orange plates melted
at 188°. After a second reervstallization, the melting point
was raised to 121-122°. A mixture melting point with the
2 4-dinitrophenylhydrazone of the produet from aectone
and N A-diethvl-a~chiloroacetamide was nat depressed (.
120-121°).

Anal. Caled. for CpHa N0, ¢f) 51.27;
Found: €. 51.46; H, 6.17: N, 19.63.

N, N-Diethylisopropylylyorylamide (11Ta). This com
pound was prepured from 60 g. (0.49 mole) of isopropy!
bromide 14.6 g. (0.6 g.-atom) of magnesium. and 69.34 g
(0.40 mole) of ethyl N, N-diethyvloxamate according to the
procedure for the evelohexyl analog. On distillation of the

10.02: N, 6.63.

H, 6.003; N, 19.93.

(22) R. Barre. dwun. Chin., 9, 204 (1928).

(23) L. Haskelberg, J. Ani. Chent. Soc., 70, 2830 (14480

(24) N. 1.. Drake and (. M, Faker, UL S0 Patent 2,581,-
842,
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crude material, there was obtained 34.2 g. (50% yield)
of glvoxvlamide, b.p. 106-115° (11.5 mm.) n% 1.4438-
1.4450 and 17.4 g. [b.p. 115-125° (11.5 mm.) n%’ 1.4456~
1.4458] of a mixture of unchanged oxamate and {tert-
carbinolamide (infrared analysis). Redistillation of the
glvoxvlamide fraction gave pure material; wt. 29.8 g.
(43.5% vield) b.p. 106-110° (11.5 mm.) =% 1.4435.
Infrared: 5.80 u (curbonyl), 6.12 x (amide), and 9.62 u.

Anal. Caled. for CsHyNO,: C, 63.13; H, 10.01; N, 8.18.
Found: C, 63.57: H, 10.07; N, 7.90.

The 2,4-dinitrophenylhydrazone prepared as described
above, was isolated in 839, vield, m.p. 60-62°. Three re-
erystallizations from hexane raised the m.p. to 74-75°.

Anal. Caled. for C;;HyNO;: C, 51.27; H, 6.03; N, 19.93.
Found: C, 51.38; H, 6.10; N, 19.60.

3.3-Dimethylglycidamide (1a). To a suspension of 28 g.
(0.3 mole) of chloroacetamide and 220 ml. (3.0 mole) of
acetone, there was added a solution of potassium {-butoxide
in ¢-butyl aleohol (prepared from 12 g. (0.315 g.-atom) of
potassium and 300 ml. of dry {-butyl aleohol distilled from
sodinm) under nitrogen at 5-10° in 2 hr. The mixture was
stirred 1 hr. at 10~15° and then the accetone-t-butyl aleohol
was removed n vacuo at 40 mm. The residue was treated
with 500 ml. of acetone and filtered. The filter cake was dis-
solved in water and wus shown to contain 0.3 mole of chlo-
ride ion. The acetone mother liquors were concentrated
in racuo to give 59.5 g. oil which was digested with hexane,
The hexane insoluble portion weighed 23.0 g. (m.p. 80-100°)
and the soluble portion weighed 29.0 g. The latter material
showed no absorption in the infrared for amide group and
was discarded. Repeated attempts at purification of the
hexane insoluble colid finally afforded 4 g. (11.69% vield)
of 3,3-dimethyvlglycidamide; m.p. 124-125°,

Anal. Caled. for C;HoNO,: C, 52.16; H, 7.68; N, 24.38.
Found: C, 52.17; H, 7.03; N, 24.46.

The infrared spectra of the erude material and fractions
isolated from it were very similar but not identical with
the speetrum of 3,3-dimethylglveidamide. All fractions con-
tained epoxy bands in the 10-11 u region. These by-products
could arise via the Darzens condensation of chloroacetamide
with the acetone self-condensation products. A 1:1 and 3:3-1
ratio of acetone to umide gave essentially the same results.

Fourneau® and von Schickh? reported m.p. 85-87°
and 121° respectively for this compound.

Reuction of cycloheranone with N.N-diethyl-a-chloroaceta-
mede. 1. A =olution of 49.0 g. (0.5 mole) of eyclohexanone.
X2 g (0.55 mole) of N, N-diethvl-a-chloroacetamide, and
125 ml of hexane was cooled to 0-5° and treated with
suspension of 24.6 g, (0.5 mole) of sodium hydride (509
dispersion in oil) during 45 min. The off-gas hydrogen was
passed throngh o Wet Test Meter. About 2¢, of the hydro-
gen was evolved during this period. The mixture was heated
to 50° in 2 hr. (505 hydrogen total). Rate of hyvdrogen evolu-
tion inereased and continued to 6995 of theory in 8 hr. No
additional hydrogen was evolved during the next 4 hr. and
cven when the temperature was raised to 70-72°, The mix-
ture was filtered and the filter cuke, after thorough washing
with hexane, was cautiously added to absolute ethanol.
After the excess sodinm hydride had reacted, water was
added and aliquots were titrated for chloride and hydroxide
ions, These titrations indicated that 669, of the amide and
68447 of hydride had undergone reaction. The solvent
wis eviaporated from the hexane solution and the products
distilled. There was recovered 27.50, of evelohexanone and
24.49% of the chloroamide. The main fraction was colleeted
at 73-113° (0.14 mm); #% 1.4730-1.4800; wt. 60.2 g.
(57.4¢5 vield on cyclohexanone charged, or 79.09 yield on
evelohexanone consumed). Redistillation of this fraction
afforded: T) b.p. 42-96° (0.17 mm.) % 1.4800; 3.2 g., 1D
b.p. 100-102° €0.17 mm.) n¥ 1.4820; 20.0 g., I1D) b.p. 109 -
[12° (0.27 min) w3 148200 235 g, IV) b.p. 112° (0.27
mm.) ny 148005 2.7 g,

The infrured spectra of these four fractions were com-
prrved with those of authentic samples of 1-(diethylearba-
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moylmethyl)eyclohexanone, N,N-diethyvleyelohexylglyoxyl-
amide, and N,N-diethyl 3,3-pentamethylene glycidamide.
None of the glyoxylamide was present. These fractions
were assayed by using the band at 8.88 u for the v-keto amide
and the band at 11.13 u for the epoxy amide. All fractions
contained a mixture of the y-keto amide and epoxy amide.
The per cents of keto amide increased and the epoxy amide
decreased from fractions I-1V.

These fractions averaged 57% of keto amide and 33% of
epoxy amide. The over-all vield by infrared analysis based
on cyclohexanone consumed was 279, v-keto amide and 21%
of epoxy amide.

The 2,4-dinitrophenylhydrazone of fraction III (infrared
assay 76% v-keto amide) prepared as described previously,
was isolated in 74.29% yield. The orange needles melted at
163-164° and the melting was not depressed on mixing with
an authentic sample of the 24-dinitrophenylhydrazone of
1-(diethylearbamoylmethylevelohexanone) m.p. 161-163°.

Anal. Caled. for CisHaN:Os: C, 55.23; H, 6.44; N, 17.89.
Found: C, 54.60; H, 6.33; N, 17.89.

The semicarbazone of fraction III isoluted in 21.84; yield
was recrystallized from hot water, m.p. 179-180°,

Anal. Caled. for Ci;HeuNOy: C, 58.18; H, 9.01; N, 20.88.
Found: C, 58.67; H, 8.97; N, 20.83.

In a second experiment, sodium hydride was added at 50°.
The temperature was gradually raised to reflux (73°).
Hydrogen evolution completely stopped after 16 hr. at 469
of theory. There remained 619 of unchanged sodium hy-
dride. A 489, recovery of ¢yclohexanone and 56.49; recovery
of chloroamide were also made. The infrared spectrum of the
crude product was no different from fractions I and 1I above
and contained bands at 5.85 and 8.88 u (carbonyl) and at
10.85 u, 11.13 », and 12,00 u (epoxide). Infrared analysis of
the crude gave 42%; y-keto amide and 17C; epoxy amide.
The yields were therefore 219, keto amide and 99 epoxy
amide.

Methanol did not catalyze the condensation of cyclo-
hexanone with N,N-diethyl-a-chloroacetamide as noted by
Metal hydrides? for the analogous rcaction with ethyl
chloroacetate.

2. To a mixture of 29.4 g. (0.3 mole) of cyclohexanone and
45 g. (0.3 mole) of N,N-diethyl-a-chloroacetamide, under
nitrogen, a solution of potassium ¢-butoxide in f-buty! alco-
hol (prepared from 12.0 g. (0.31 g.-atom) of potassium and
300 ml. of dry é-butyl alcohol) was added 4t 10-15° in 1.75
hr. The mixture was stirred overnight at 10-15° the (-
butyl alecohol was removed in vacuo and the residue treated
with ether und water. The water layer was separated and
shown to eontain (0.3 mole of chloride ion). The ether solu-
tion was dried and distilled. There was obtained 34.5 g.
(54.5G¢) vield of material; b.p, 99-114° (0.25 mm.). A resi-
due of 20 g. was not distillable up to 195° (0.25 mm.). The
infrared spectrumn of the product showed no cther bands
(therefore no a-t-butoxyamide) but only bands which were
characteristic for the epoxy amide at 6.10, 10.85, 11.13,
and 12.0 g and bands at 5.85 and 8.88 u for a ketone car-
bonyl. The intensities of the bands indicated thut the prod-
net consisted of 40¢; epoxy amide and 60¢, 4-keto amide.

3. When the ubove reaction was repeated with 20.4 g.
(0.3 mole) cyclohexanone, 74.8 g. (0.5 molejotf N, V-diethyl-
a-chloroacetamide and 28.3 g. (0.5 mole) of sodium meth-
oxide! in 125 ml. of cther, there was isolated 45% of un-
changed c¢velohexanone, 19.3°% N, A-diethyl-a-niethoxy-
acetamide {b.p. 108° (25 mm.): 2% 1.4450; I[nfrared:
amide, 6.1 g, and ether, 9.0 u] and 25.99% of material, b.p.
90-115°/0.25 mm. n*% 1.4850. On redistillation of the last
fraction, three fractions were obtained in 18.7% yield:
I, b.p. 83-87° (0.11 mm.) ny 1.4925, 2.3 g.; II, b.p. 88-91°
(0.11 mm.) n% 1.4850, 4.0 g.; III, b.p. 97° (0.14 mm.)
n% 1.4850, 4.5 g. The infrared spectra of these fractions
were pot significantly different from the sodium hydride
reaction.

With sodium ethoxide in toluene,!® essentiaslly the sanie
results were obtained. Cyclohexanone (567%), N, A-diethvl-
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a-ethoxyvacetamide [41%: h.p. 51° (0.3 mm.) n% 1.4432.
Anal. Caled. N = 8.80. Found N = 8.75. infrared: amide,
6.1 » and ether, 9.0 4] and carbonyl fraction (26.09 yield)
b.p. 74-120° (0.8 mm.) n% 1.4800-1.4832 were isolated.
The infrared spectrum of the last fraction did not differ
from that of the previous experiment.

Another experiment was performed under the usual Dar-
zens conditions.!a Dry sodium ethoxide 27.4 g. (0.40 mole)
was added to a mixture of 35.5 g. (0.36 mole) of cyclohexa-
none and 59.0 g. (0.40 mole) of N,N-diethyl-a-chloroaceta-
mide at 0-5° in 70 min. under nitrogen. The mixture was
allowed to warm to room temperature and stand overnight.
It was then heated to 90° for 2 hr. cooled and poured into
ice water and acidified with a few milliliters of glacial
acetic acd. This was extracted with ether and the ether solu-
tion dried and the solvent evaporated. The residue was dis-
tilled to give 51.8% of cvelohexanone, 609, of N,N-diethyl-
ethoxvacetamide [h.p. 50°/0.3 mm. Anal. Caled. N = 8.80.
Found N = 9.03] and 269, of material, b.p. 102-117°
(0.15 mm.) n% 1.4820-1.4832. The last fraction, collected into
three fractions of about 5° boiling range, was not significantly
different by infrared analysis from the sodium hydride
reaction.

Reaction of acetone with N,N-diethyl-a-chloroacetamide.
1. The procedure of von Schickh?® was followed as closelv as
possible except that sodium methoxide was used in place
of sodium amide. Von Schickh did not give the vield of
N, N-diethyl-3,3-dimethylglycidamide but reported its boil-
ing point at 122-124° (0.3 mm.).

A solution of 4.50 g. (0.3 mole) of N, N-diethyl-a-chloro-
acetamide in 450 ml. of acetone was treated with 16.2 g.
(0.3 mole) of sodium methoxide over 80 min. at 0-5°.
The mixture was held at this temperature for 2 hr., allowed
to warm to 23-25° in 5 hr. and held for 10 hr. The salts
were filtered (95.49 of chloride ion), acetone was removed
and the residue distilled. There was obtained a low boiling
material [b.p. 54-80° (53~26 mim.)] which was not identi-
fied, a 309, yield of N,N-dicthvl-a-methoxvacetamide (h.p.
79-80° n% 1.4480), and 34.59% of material, h.p. 112-130°
(13mm.) n% 1.4573. The last fraction was redistilled and five
cuts were taken; bp. 91-120° (5.4 mm.) n% 1.4505-1.4585.
Tnfrared spectra were not significantly ditferent from sodium
hvdride reaction (below),

2. A solution of 174 g. (0.3 mole) of acetone, 45.0 g.
(0.3 mole) of N,N-diethyl-a-chloroacetamide, and 125 ml.
of hexane was treated with 14.4 g. (0.3 mole) sodium hyv-
dride, (509, dispersion in oil) in 75 ml. of hexane in 1 hr. at
5°. The mixture was stirred 19 hr, at 25° at which time onlv
36%% of the theoretical amount of hvdrogen was liberated.
An additional 39.5 2. (0.68 mole) of acetone was added
at 25° and the remainder of the hvdrogen (6849) was liber-
ated in 40 min. The mixture was filtered and an aliquot of
an aqueons solution of the filter ecake showed that the
theoretical amount of ehloride ion was formed and that all
the sodium hvdride had reacted. The solvent was removed
and the Hquid residue distilled: b.p. 72-85° (0.25 mm.)
7% 1.4538-1.4570; wt. 41.2 g. (78.8% vield). Redistillation
gave two fractions in 649 vield. I: h.p. 65-70° (0.25 mm.)
13y 1.4540 at 24.8 g. TT: h.p. 70-79° (0.25 mm.) n% 1.4562 at
9.6 g. Infrared spectra of Fractions T and II were almost
identical (intensities varied) and were compared with those
of authentic samples of N,N-diethvllevulinamide, N, N-
diethylisopropylglvoxylamide, and N A-diethvl-3,3-dimeth-
viglveidamide. Both fractions consisted of a mixture of the
y-keto amide and epoxy amide (none of the glvoxylamide
was present in these fractions or in the erude material) and
were assaved by using the band at 8.82 u for the y-keto
amide and the band at 10.91 u for the epoxy amide. These
fractions contained 369 of the y-keto amide and 649 of the
epoxy amide. The over-all yield by infrared analysis was 33
and 419 respectively.

The 2,4-dinitrophenylhydrazone of Fraction IT (infrared
assay 73% vy-keto amide) was prepared as described above
in 619 vield, m.p. 122°. A mixture melting point with au-
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thentic ~ N,N-diethyllevulinamide-2,4-dinitrophenylhydra-
zone (m.p. 121-122°) was not depressed (m.p. 121°),

3. A solution of 23.2 g. (0.40 mole) of acetone and 59.8 g.
(0.4 mole) of N,N-diethyl-a-chloroacetamide was treated
with potassium #-butoxide in ¢-butyl alcohol [16.0 g. (0.41
g.~atom) of potassium and 400 ml. of {-butyl alcohol] under
nitrogen at 10° during the course of 2 hr. The mixture was
allowed to stir 1 hr. at 10° and the solvent removed in vacuo.
Ether and water were added to the residue and the layers
separated. The aqueous layer contained 0.43 mole of chlo-
ride ion. The ether layer was dried and evaporated to give
61.9 g. (90.49,) of oil. On distillation three fractions were
obtained: I: b.p. 60-70° (1.0 ml); n% 1.4540; 23.0 g.;
II: 70-80° (1.0 mm.) n% 1.4569, 12.3 g.; III: 145-160°
(1.0 mm.) n3’ 1.4802 (10.8 g.). Fraction III (no epoxide,
infrared) was discarded. Fractions I and II were almost
identical in their infrared spectra: 5.78 u (carbonyl), 6.13 u
(amide), and 10.91 x (epoxide). The intensity of the bands
indicated that fraction I contained more rpoxide than IIL.
No evidence for the a-f-butoxv amide was found. Fractions
I and II, obtained in 51.47; vield, assaved 389, for v-keto
amide and 6297 for epoxy amide.

N, N-Diethyl-8-methyl-8-phenylglycidamsde. This compound
was prepared by the i-butoxide methed as deseribed for
ethyl 3,3-dimethyv] glvcidate from 24 g. (0.2 mole) of ace-
tophenone, 29.9 g. (0.2 mole) of N,V-diethvl-a~chloroacet-
amide, 8.0 g. (0.2 g.-atom) of potassium, and 250 ml. of
i-hutyl aleohol. There was obtained 47.6 g. of erude oil which
by infrared analvses showed no absorption in the 5.8 u
region. The oil was distilled; A: b.p. 119-126° (0.25 mm.);
25.7 g., 609 vield. The distilled glveidamide partially solidi-
fied on standing. The infrared spectrum of the semisolid
mags was not different from the crude. A portion was re-
crvstallized from hexane to give pure material; B; m.p.
94-95°. The hexane mother liquors were evaporated to give
an oil (C).

Anal. Caled. for Ci,HyeNOy: C, 72.07; H, 8.21; N, 6.00.
Found: (A) C, 71.80; H, 8.10; N, 5.92. (B) C, 71.06; H,
8.56; N, 6.52.

The infrared spectra of A, B, and C were run in 3¢ chloro-
form. All showed aromatic bands at 13.1 and 14.3 u. (A)
6.05 u {amide); 7.89, 11.16, 12.1 u (epoxide). (B) 6.05 n
(amide); 7.89, 11.16, 12.1 u (epoxide). (C) 6.05 g (amide);
7.92, 11.16, 11.95 u (epoxide).

Fractions B and C are the dinstereoisomerie glycidamides.
There were distinet differences in the intensities of the bands
in the 10.5-12.0 u region. The band at 12.1 u present in
fraction B was absent in the spectrum of fraction C and 11.93
« band in fraection C was a shoulder on the 12.1 g hand in
A.

Reaction of chloral with N, N-diethyl-a-chlovoaceiamnide.
A solution «f potassium -butoxide (7.8 g.; 0.2 g.-utom) of
potassium and 230 ml. of {-butyl aleohol was added to n
mixture 29.5 g. (0.2 mole) of ehloral and 29.9 g. (0.2 mole)
of N,N-diethvl-a-chloroacetamide at 10-15° over 2 hr.
This was allowed to stir for 2 hr. at 10-15° and the -huty!
aleohol removed under pressure. Fither was added and the
mixture quenched with water. An analysis of the aqueons
layver showed that 92.59 of chloride ion had been produced.
The ether laver wus evaporated to an oil (20.5 ) which on
distillation gave 24 g. (80,277 vield) of starting amide; L.
60-61° (0.58 mm.). The infrared spectrum was superimpos-
able with that of the starting material.
1,1-Dichloronorcarane.? To a suspension of potassium /-
butoxide (0.2 mole) and eyvelohexene (16.4 g., 0.2 mole) in
pentane (200 ml.), chloral (29.5 g., 0.2 mole) was added

(25) We are indebted to Dr. K. W. Ratts for this experi-
ment.

(26) W. von L. Docering and A. K. Hoffman, J. Am.
Chem. Soc., 76, 6162 (1954), W. von E. Doering and W. A.
Henderson, J. Am. Cheni. Soc., 80, 5276 (1958).
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dichloronorcarane?; 9.3 g., 409 yield; b.p. 80-81° (16 mm.)
ny 1.4990.

over 45 min. while maintaining the temperature below 10°.
After standing overnight, the mixture was filtered and the
filter cake washed with pentane. The pentane filtrate was

stripped to an amber liquid which was distilled to give 1,1- St. Lovuis 66, Mo.
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Conjugate Addition of Disodiophenylacetate to Ethyl Cinnamate to Form
erythro- and threo-4-Carbethoxy-2,3-diphenylbutyric Acids

ROBERT B. MEYER! ano CHARLES R. HAUSER
Received January 20, 1961

Disodiophenylacetate, prepared from phenylacetic acid and two molecular equivalents of sodium amide in liquid am-
monia, underwent conjugate addition to ethyl cinnamate to form erythro- and thres-4-carbethoxy-2,3-diphenylbutyric acids
in approximately equal amounts. The configurations of these isomers were established by hydrolysis and by esterification
to the diacids and diethyl esters, respectively. The conjugate addition appeared to occur nonstereospecifically, The ester
acids and also the monoethyl esters of glutaric and 3-phenylglutaric acids underwent rapid hydrolysis with excess sodium

hydroxide solution at room temperature.

Disodiophenylacetate, prepared from phenylace-
tic acid and two molecular equivalents of sodium
amide in liquid ammonia, has recently been ob-
served? to undergo conjugate addition to ethyl cin-
namate to form diacid II. Ester acid I was con-
sidered to be an intermediate (Equation 1).

2 NaNH:

CeH;CH.COOH —rm>
lig. NIl

Na L. CsHsCH==CHCOOC:1Is
C.H;CHCOONa >

2. neutralization

hiydrolysis
CsH;CHCH,COOC:Hy ~————> CH,CHCH,COOH

CsH:CHCOOH CsH;CHCOOH
I II

The stereochemistry of this reaction has not been
studied. Neutralization of the reaction mixture in
liquid ammonia with ammonium chloride afforded
w969 yield of a mixture of the diastercomers of
ester acid 1. The higher melting isomer of I was iso-
lated in 4995 yield and the lower melting isomer in
32% yield; most of the remaining 159 of the product
was probably the latter isomer (sce Txperimental).
Ilach of these isomers gave satisfactory analyses
not only for carbon and hydrogen but also for the
cthoxy group; moreover they gave acceptable
neutralization equivalents. Their infrared speetra
showed sharp peaks at 5.82 and 5.90 u,® whereas
the spectrum of cach of the diastereomers of diacid
IT exhibited a single carbonyl peak at 5.88 4.3

When the condensation was performed using
potassium amide or lithium amide, similar results
were obtained. However, in the latter casc the
vields were somewhat lower.

(1) American Cyanamid Co. Fellow, 1959-1960.

(2) C. R. Hauser and M. T. Tetenbaum, J. Org. Chem.,
23, 1146 (1938).

(3) See L. J. Bellamy, The Infrared Specira of Complex
Molecules, 2nd ed., Wiley, New York, 1938, pp. 161, 178.

The configurations of each isomer of ester-acid I
were determined by hydrolysis by means of dilute
hydrochloric acid to form the diastereoisomers of
diacid II, the configurations of which have been
well established.%® Thus, the higher melting ester-
acid was assigned the erythro configuration Ia and
the lower melting isomer the fhreo configuration
Ib, since they gave the erythro- and threo-diacids
ITa and IIb in yields of 99 and 799, respectively.
Furthermore, the higher and lower melting isomers
of ester-acid I were esterified with ethanol to form
the erythro- and threo-diethyl esters I1la and IIIb
in yields of 97 and 469, respectively. Authentic
samples of these diesters were prepared by esteri-
fication of the corresponding diacids.

H H

(‘sHs\\/.i\//(‘Hg('OOR’ ('r,lin\/ly‘('}—]g(:‘OOR'

- [N
Roocw(‘m: <',;H,,"KT/7\(‘()<)R

H I8
erythro threo
Ian. R = H R’ = (,H, Ib. R = H, R’ = C,H;
(M.p. 189.5-190°) (M.p. 104-105°)
ITa. R =R’ =H IIb. R =R’ =H

(M.p. 230-231°)
I1Ia. R = R’ = C.H;,

(M.p. 92.5-03°)
IVa. R = R = CH;,

(M.p. 142-142.5)

(M.p. 212-213°)
IIlh. R = R’ = C.H;
(M.p. 76-76.5%)
IVh. R = R’ = CH,
(M.p. 85-86°)

Although the acid-catalyzed hydrolyses and
esterifications mentioned above involved refluxing
aqueous or cthanolic solutions or suspensions for
several hours, little if any epimerization appeared
to occur. Certainly complete epimerization in each
reaction, which would have to be assumed if the

(4) 8. Avery and W. D. Maclay, J. Am. Chem. Soc., 51,
2833 (1929).

(5) D. Lednicer and C. R. Hauser, J. Am. Chem. Soc.,
80, 6364 (1938).



