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last two cases, the base and triethyl orthoformate concentra-
tions were 0.65M and 0.781M, respectively.

Radioactivity measurements, The tritium activities of the
compounds were determined by the liquid scintillation
method?? employing toluene as the organic solvent. In gen-
eral, counting efficiencies were about 20%. All net counting
rates were converted to disintegrations per minute (d.p.m.)
by measurement of the exact counting efficiencies with cali-
brated HS? solutions.

Hydrogen exchange between fluoroform and dewterium oxide
catalyzed by 1.11N sodium hydrozide. A stainless steel pres-
sure vessel was charged with 90 ml. of 1.11N sodium hy-
droxide in deuterium oxide. The vessel was pressured up to
520 p.s.i.g. with 42 g. (0.60 mole) of fluoroform then shaken
for 1121 hr. at 15-25°. From time to time, small gas samples
were taken via a needle valve. After 1121 hr., <0.05%, ex-
change could be detected by mass spectrometric analysis.
Titration of the fluoroform saturated solution after venting
showed that 989 of the sodium hydroxide charged was pres-
ent. A qualitative test for fluoride ion (titanium(IV); hy-
drogen peroxide) was negative,

Hydrogen exchange between chloroform and deuterium oxide
catalyzed by 1.11IN sodium hydrozide. A heterogeneous mix-
ture of chloroform (0.50 mole) and 1.11N sodium hydroxide
(20.0 ml.) in deuterium oxide was shaken vigorously at 25°
for 2 hr. The chloroform, dried over calcium chloride and
distilled, had undergone complete exchange with the solvent
according to mass spectrometric analysis. Titration of the
aqueous layer showed that only 3.39% of the chloroform had
undergone decomposition to formate salts.

Hydrogen exchange between pentafluoroethane and deuterium
ozide catalyzed by sodium hydroxide. A glass ampoule was
charged with 5.0 ml. of 1.65N sodium hydroxide in deuterium
oxide, 5.0 ml. dioxane, and 2.0 g. (0.0167 mole) of penta-
fluoroethane.?t The mixture was shaken at room temperature
for 22 days. An infrared examination of the recovered penta-
Huoroethane (10 em. gas cell) showed no diminution in the
intensity of the single sharp carbon-hydrogen peak at 3.3 u
and no C-D band. A qualitative test on the aqueous layer
(which was saturated with pentafluoroethane) indicated that
no fluoride ion was produced. Likewise, the recovered penta-
fluoroethane was free of tetrafluoroethylene as indicated by
its infrared spectra and negative permanganate test.

Chloroform, when similarly treated, underwent complete

(23) V. P. Guinn, Liquid Scintillation Counting, Pergamon
Press, New York, N. Y., 1958, p. 126.

(24) Procedure for preparation is published elsewhere.
T. Bergman, J. Org. Chem., 23, 476 (1958).
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exchange in <2 hours as determined by mass spectrometric
analysis as previously described.

Hydrogen exchange between 1-H-heplafluoropropane and
deuterium oxide catalyzed by sodium hydrozide. A glass am-
poule was charged with 5.0 ml. of 1.65N sodium hydroxide
in deuterium oxide, 5.0 ml. dioxane and 6.5 g. (0.038 mole)
of 1-H-heptafluoropropane.?* The mixture was shaken at
room temperature for 21 days. The recovered gas, examined
by infrared spectroscopy, showed no detectable sign of ex-
change. Likewise, no hexafluoropropene, resulting from g-
elimination, was detectable. The aqueous layer was free of
fluoride ion.

Chloroform, when similarly treated, underwent complete
exchange in <2 hours as determined by mass spectrometric
analysis as previously described.

Attempled generation of heptafluoro-n-propyl anion from
phenylheptafluoro-n-propylearbinol and agueous sodium hy-
droxide. One gram of the subject carbinol when suspended in
5 ml. of 1.3N sodium hydroxide formed a white solid which
regenerated starting material on dilution with water, When
the suspension was warmed on the steam bath for approxi-
mately one hour and the mixture diluted, only starting
carbinol, free of benzaldehyde, was found in the oil layer
(infrared spectrum and negative dinitrophenylhydrazine
test). The aqueous layer, on acidification, gave a negative
dinitrophenylhydrazine test. The white solid is presumably
the sodium salt of the carbinol.

Attempted generation of dithioethylcarbene. To a suspension
of 36 g. (0.32 mole) of potassium t-butoxide in 102 g. (1.24
moles) of dry cyclohexene was added 61.5 g. (0.314 mole) of
triethyl orthothioformate. The mixture warmed up to 34°
and turned red-brown. The mixture was stirred for 1 hr,,
warmed at 75-82° for an hour, cooled, and vacuum stripped.
The 111 g. of volatiles contained approximately 939, of the
starting cyclohexene contaminated with ¢-butyl alcohol. A
total of 769 of the starting triethyl orthothioformate was
recovered by petroleum ether extraction of the residual salts
and distillation. There was no indication that dithioethyl-
carbene was trapped by cyclohexene.
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The magnesium enolate of 2,2-diphenylcyclohexanone (I) has been prepared g.nd its reactions have been investigated. In
addition, two benzal derivatives of 2,2-diphenylcyelohexanone have been examined.

This paper records the preparation and reactions
of the magnesium enolate of 2,2-diphenyleyclo-

(1) From the Ph.D. dissertation of James P. Collman,
University of Tllinois, 1958. Inquiries should be addressed to
James P. Collman, Department of Chemistry, University of
North Carolina, Chapel Hill, N. C. The author wishes to ex-
press his gratitude to Professor R. C. Fuson, who directed
his graduate studies during the period in which this work was
carried out, and to the National Science Foundation for &
fellowship.

hexanone (I). The 2,2-diphenylcycloalkanone ring
systems have been the subject of several recent
reports.3—12 The anticipated steric hindrance of the
adjacent, bulky phenyl groups is manifested by the

(2) Presented before the Organic Division of the American
Chemical Society at the 134th Meeting at Chicago, IIL,
September 7-12, 1958.

(3) N. R. Easton and 8. J. Nelson, J. Am. Chem. Soc., 75,
640 (1953).
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sluggish reactivity of the carbonyl group. Ior
example, difficulty has been encountered in the
preparation of carbonyl derivatives of the 2,2-
diphenyleycloalkanones. Attempts to condense these
ketones with organometallic reagents have met with
little success. 2,2-Diphenyleyclohexanone failed to
undergo the Reformatsky reaction.® When 7-
bromo-2,2-diphenylcycloheptanone was treated
with phenyllithium no 1,2-addition took place, but
a lithium enolate was formed. This enolate reacted
with acetyl chloride to form the enol acetate of 7-
bromo-2,2-diphenylcycloheptanone.®

It seemed that the 2,2-diphenylcycloalkanones
might form enolates that would provide a route to
new derivatives of these ring systems. The readily
prepared 2,2 - diphenylcyclohexanone (II) was
chosen as a starting point to explore this possi-
bility.

The magnesium enolate of 2,2-diphenyleyclo-
hexanone (I) was prepared by three conventional
procedures. Treatment of 2,2-diphenylcyclohexa-
none (II) with the phenyl Grignard reagent pro-
duced the enolate I as a white suspension in ether.
The action of magnesium on 6-bromo-2,2-diphen-
yleyclohexanone (III) resulted in the formation of
the enolate. When the bromo ketone III was added
to the phenyl Grignard reagent, a halégen exchange
took place resulting in the slow formation of the
enolate. The first method was found to be the most
suitable.

0
(CBHs)ZéM
11
0 - (0]
(CaHs)a A (Coly "
M=+ CoH:MgBr
or
. . Mg 111

These three reactions have numerous analogies.
The enolization of a hindered carbonyl group by a
Grignard reagent has been illustrated many

(4) P. N. Craig and I. H. Witt, J. Am. Chem. Soc., 72,
4925 (1950).

(5) G. Cauquil and J. Rouzard, Compt. rend., 237, 1720
(1953).

(6) W. B. Bennet and A. Burger, J. Am. Chem. Soc., 75,
84 (1933).

(7) R. E. Lyle, H. L. Fielding, G. Cauquil, and J. Rou-
zaud, J. Org. Chem., 20, 623 (1955).

(8) R. E. Lyle and R. A. Covey, J. Am. Chem. Soc., 75,
4973 (1953).

(9) R. E. Lyle, N. B. Martin, Jr., and H. L. Fielding, J.
Am. Chem. Soc., 75, 4089 (1953).

(10) A. Burger and W. B. Bennet, J. Am. Chem. Soc., 72,
5414 (1950).

(11) G. Cauquil, J. Rouzaud, R. E. Lyle, H. L. Fielding,
and G. G. Lyle, Bull. soc. chim. France, 513 (1955).

(12) H. E. Zaugg, M. Friefelder, and B. W. Horrom, J.
Org. Chem., 15, 1191 (1950).
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times.!3—1% The action of magnesium on an o-
halo ketone was used by Malmgren,* in a study of
the magnesium enolate derived from 3-bromo-
camphor. A recent report indicates that this type of
reaction may be utilized in the preparation of mag-
nesium enolates from simple aliphatic a-bromo
ketones.”” The halogen exchange between an a-
bromo ketone and a Grignard reagent is the basis
of the reductive debromination of a-bromo ketones.

The enolate I was found to react as a ‘“keto-
Grignard”’ reagent, that is, to form C-condensation
products. Carbonation of the enolate produced the
B-keto acid IV in a 619, yield. This acid lost carbon
dioxide at 135° to form 2,2-diphenyleyclohexanone
In).

0
o |
[ —C0 (ceHaz(‘jcorr
v

Treatment of the enolate I with acetyl chloride
resulted in the formation of the g-diketone V, which
was purified as its copper chelate VI. The action of
the enolate on ethyl acetate produced the 8-diketone
V in higher yield. The relatively low yields prob-
ably are best explained by the fast active-hydrogen
reaction between the 8-diketone and the enolate to
form 2,2-diphenyleyclohexanone and the magne-
sium enolate of the g-diketone. The infrared spec-
trum of the B-diketone exhibits bands at 1720-
1700 cm. ! and 1625-1580 cm. !, indicating a mix-
ture of enol and keto forms. The spectrum of the
copper chelate VI exhibits no absorption from
1600 cm.~* to 1800 em. ! but shows strong bands at
1590 em.=! and 1560 cm.—! These spectra are
typical of a @-diketone and its copper chelate.!?

I CHacCl (CeHs)s é/ECHa cu” T VI

CH COC2H5

The keto alcohol VII was formed by the interac-
tion of the enolate with p-chlorobenzaldehyde.
Attempted dehydration of this keto aleohol VII
resulted in a reverse aldol reaction. When a pure
sample of the adduct VII was heated at 175° for
two hours in the presence of air, p-chlorobenzoic

(13) E. P. Kohler, R. C. Fuson, and J. F. Stone, Jr., J.
Am. Chem. Soc., 49, 3181 (1927).

(14) R. C. Fuson and R. W. Hill, J. Org. Chem., 19, 1575
(1954).

(15) R. C. Fuson, C. H. Fisher, G. E. Ullyot, and W. O.
Fugate, J. Org. Chem., 4, 111 (1939).

(16) S. M. Malmgren, Ber., 35, 3910 (1902).

(17) J. Colonge and 8. Grenet, Bull. soc. chim. France,
1953, [10], C41.

(18) C. H. Fisher, H. R. Snyder, and R. C. Fuson, J.
Am. Chem. Soc., 54, 3665 (1932).

(19) H. F. Holtzclaw, Jr., and J. P. Collman, J. Am.
Chem. Soc., 79, 3318 (1057).
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acid and 2,2-diphenylcyclohexanone (II) were
formed. A trace of base present on the porcelain re-
action vessel may have catalyzed this transforma-
tion. The p-chlorobenzaldehyde wuas probably
autoxidized to p-chlorebenzoic acid.

0 g
ol L5
|
/S OH 0
vin N
»-CICeH,CHO 4-CICeH,COH
+ +
I 11

The enolate was found to add to acetone in a
similar manner to form the keto alcohol VIII in a
589, yield. The infrared spectrum of this substance
exhibits a carbonyl frequency at 1693 cm. ! This
low value is probably a manifestation of intra-
molecular hydrogen-bonding.

0 0} (|)H
1 CHJJCH; (C°H5)EjC(CH3)z

VIII

The enolate added to chalcone in the conjugate
manner. The unsymmetrical 1,5-ketone IX was iso-
lated in a 409 yield. The infrared spectrum of this
substance shows carbonyl absorption bands at
1676 ¢em.~tand 1705 em.~! which are assignable to
the conjugated and the unconjugated carbonyl
groups, respectively.

[0} Q Q
I
ICEHSCH=CH'C'CGH5 (C"Hs)ZécmcsHac&ccsHs
il e

IX

In anticipation of the dehydration of the g-keto
aleohol VII, p-chlorobenzaldehyde was condensed
with 2,2-diphenyleyclohexanone in the presence of
alcoholic potassium hydroxide to form the benzal
derivative X. Benzaldehyde reacted to produce a
similar «,8-unsaturated ketone XI. An examina-
tion of the ultraviolet spectra of these a, -unsatu-
rated ketones confirmed the expected exocyclic
position of the olefinic bonds. The ultraviolet spec-
trum of 2,2-diphenyl-5-cyclohexenone (XII) was
reported to exhibit a single maximum at 215 mpy
with a molar extinction coefficient of 13,000.> The
ultraviolet spectra of the o,8-unsaturated ketones X
and XTI exhibit single maxima at 292 myu (e 13,460)
and 268 mu (e 7,810), respectively.

0]

(CGHS)Z\@
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EXPERIMENTAL

Enolization of 2,2-diphenylcyclohexanone (1) with the
phenyl Grignard reagent. To a solution of the phenyl Grignard
reagent, prepared from 0.48 g. (0.02 g.-atom) of magnesium
and 3.5 g. (0.022 mole) of phenyl bromide, in 25 ml. of ether
was added a solution of 5.0 g. (0.02 mole) of 2,2-diphenyl-
cvelohexanone!! (IT) in 75 ml. of ether. The mixture heated
itself at reflux for 2 min. and was then stirred and heated at
reflux for 90 min. At the end of this time, a white suspension
was present in the flask. The enolate was not isolated but was
used <n situ.

The action of magnesivm on 6-bromo-2,2-diphenyleyclo-
hexanone (I1I). A 10-ml. portion of a solution of 3.29 g.
(0.01 mole) of 6-bromo-2,2-diphenyleyclohexanone? (III)
was dropped on 0.24 g. (0.01 g.-atom) of magnesium and a
small erystal of iodine. The mixture was heated and, after 2
min., the iodine color suddenly disappeared. The remainder
of the bromo ketone solution was added over a 15-min.
period. The mixture was stirred and heated at reflux for 2
hr. The mixture was decomposed with dilute hydrochloric
acid and ice, the organic layer was removed, and the aqueous
layer was extracted with 25 ml. of ether. The ether portions
were combined and dried over sodium sulfate. Removal of
the ether gave an oil which formed white erystals from hep-
tane; yield 1.98 g. (799%) ; m.p. 100-101°. A mixture melting
point with an authentic sample of 2,2-diphenyleyclohexanone
(II) was not depressed.

Treatment of 6-bromo-2,2-diphenylcyclohezanone (111) with
the phenyl Grignurd reagent. To a solution of 0.05 mole of the
phenyl Grignard reagent, prepared from 1.2 g. of magnesium
and 8.0 g. of phenyl bromide, in 75 ml. of ether was added
1.0 g. (0.003 mole) of 6-bromo-2,2-diphenyleyclohexanone
(III). The mixture was stirred and heated at reflux for 5 hr.
At the end of this time, the mixture was decomposed with
dilute hydrochloric acid and ice. The organic layer was re-
moved, the agueous layer was extracted with 25 ml. of ether,
the combined organic portious were dried, and the ether was
removed. The oil crystallized from heptane to form white
crystals melting at 99-100°. A mixture melting point with
an authentic sample of 2,2-diphenylcyclohexanone (1I) was
not depressed.

Carbonation of the enolate 1. To a suspension of 0.02 mole of
the magnesium enolate?! of 2,2-diphenyleyclohexanone (I)
in 100 ml. of ether was added 10 g. of crushed solid carbon
dioxide. The resulting slurry was stirred for 12 br. and then
decomposed with a mixture of dilute hydrochloric acid and
ice. The ether layer was removed, and the aqueous layer wus
extracted with two 25-ml. portions of methylene chloride.
The organic solutions were combined and dried. The solvent
was removed and the residue was dissolved in 20 ml. of ace-
tone. The acetone solution was combined with 50 ml. of
heptane, and the mixture was cooled to 0°. The resulting
white crystals were collected by filtration; yield 3.63 g.
(61%). The pure 3,3-diphenyl-2-ketocyclohexane carboxylic
acid (IV) melted at 135-136° with subsequent decarboxyla-
tion.

Anal.2? Caled. for CisHi0y: C, 77.53; H, 6.16. Found: C,
77.61; H, 6.33.

The infrared spectrum?® (Nujol) of this substance exhibits
strong absorption bands at 2550-2700 em.=!, 1723 cm. 7%,
1703 cm. 1, 1638 cm. Y, and 1600 cm. ™!

Decarbozylation of 3,3-diphenyl-2-kelocyclohexanecarbox-
ylic acid (IV). A 0.39-g. sample of the keto acid IV was heated
until it fused. Carbon dioxide was evolved for 2 min. Re-
crystallization of the resulting paste afforded white crystals

(20) All melting points are corrected.

(21) The enolate was prepared by enolization of 2,2-di-
phenyleyclohexanone with the phenyl Grignard reagent.

(22) The microanalyses were performed by Mr. Josef
Nemeth, Miss C. Higham, and Mrs. Frederick Ju.

(23) The infrared spectra were determined by Mr. Paul
McMahon and Miss Mary DeMott.
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0.20 g.; m.p. 100-101°. A mixture melting point with an
authentic sample of 2,2-diphenyleyclohexanone (II) was not
depressed.

Condensation of the enolate I with ethyl acetate. To a suspen-
sion of 0.02 mole of the enolate? I in 100 ml. of ether was
added a solution of 0.88 g. (0.01 mole) of ethyl acetate in 10
ml. of ether. The slurry was heated at reflux for 90 min., and
then another 0.88 g. (0.01 mole) of ethyl acetate was added.
The mixture was then heated at reflux for 3.5 hr. At the end
of this time the mixture had become a clear solution. The
solution was decomposed with ice and dilute hydrochloric
acid, and the organic layer was removed. The aqueous layer
was extracted with three 25-ml. portions of ether. The
ether solutions were combined and dried. The ether was re-
moved, and the residue was ecrystallized from methylene
chloride-heptane; yield 4.12 g.

The crystalline mixture was dissolved in 35 ml. of acetone,
water was added until the solution became cloudy, and then
another 5 ml. of acetone was added. To this solution was
added 1.5 g. of copper acetate monohydrate. The green mix-
ture was shaken for 3 hr. and allowed to stand for 12 hr,
The green solid was removed and washed with three 15-ml,
portions of acetone. The green chelate was reerystallized
from benzene-pentane; vield 1.89 g. (29%). The pure copper
chelate of 6-acetyl-2,2-diphenyleyclohexanone (VI) melted
at 264-265°.

Anal. Caled. for C4H;50,Cu: C, 74.36; H, 5.89. Found: C,
74.38; H, 5.96.

The infrared spectrum (chloroform) of this chelate ex-
hibits strong absorptions at 1590 em.=! and 1560 cm.™?
No absorption band is present in the 1600 em.™ to 1800
em. ! region.

The acetone filtrate from the chelation reaction was dis-
tilled until half the acetone had been removed. Twenty milli-
liters of water was added, and the solution was cooled. The
resulting white crystals were collected and dried; vield 2.6
g. (52, recovery); m.p. 96-97°. A mixture melting point
with 2,2-diphenyleyelohexanone (II) was not depressed. A
similar experiment with acetyl chloride gave the copper
chelate {VI) of V in 69; yield.

Formation of 6-ucetyl-2,2-diphenyleyclohexanone (V) from
its copper chelate. To a suspension of 1.48 g. of the copper
chelate VI in 25 ml. of ether was added 25 ml. of dilute hy-
drochlorie acid. The mixture was shaken for 15 min. The
organic layer was removed, extracted with sodium bicarbo-
nate solution, and then extracted with water. The ether solu-
tion was dried, and the ether was removed. The solid was re-
cryvstallized from methylene chloride-heptane; vield 1.0 g.
(7450). The pure 6-ucetyl-2,2-diphenyleyclohexanone (V)
melted at 104-104.5°.

Anal. Caled. for CyHyO,: C, 82.15; H, 6.89. Found: C,
82.07; H, 6.88.

The infrared spectrum (chloroform) of this substance ex-
hibits broad absorption in the regions 1720-1700 cm.™!
and 1625-1580 cm. ™!

Condensation of the enolale I with acetone. To a suspension
of 0.02 mole of the enolate? I in 100 ml. of ¢ther was added a
solution of 2.32 g. (0.04 mole) of acctone in 10 ml. of ether.
The slurry was heated at reflux for 14 hr. and decom-
posed with dilute hvdrochlorie aecid and ice. The ether layer
was removed, and the aqueous laver was extracted with 80
ml. of ether. The ether solutions were combined and dried.
The ether was removed, and the white powder was reerystal-
lized from heptane; yield 3.58 g. (689;). The pure 6-(a-hy-
droxyisopropyl)-2,2-diphenyleyclohexanone (VIII) melted
at 93-94°.

Anal. Caled. for CyH40y: C, 81.78; H, 7.84. Found: C,
81.66; H, 7.86.

The infrared spectrum (chloroform) of this substance ex-
hibits absorption bands at 3520 em. ! and 1693 em. ™!

Condensation of the enolate I with p-chlorobenzaldehyde. To
4 suspension of 0.02 mole of the enolate?! I in 100 ml. of
ether was added a solution of 2.8 g. (0.02 mole) p-chloro-
henzaldehyde in 50 ml. of ether at a rate to maintain boiling.

MAGNESIUM ENOLATE OF 2,2-DIPHENYLCYCLOHEXANONE

3166

Ten minutes were required for the addition. The resulting
clear solution was heated at reflux for 1 hr. and decomposed
with dilute hydrochloric acid and ice. Fifty milliliters of
methylene chloride was added; the organic layer was re-
moved and dried. The solvent was removed, and the white
solid was recrystallized from ethanol-methylene chloride;
vield 6.06 g. (76%). The pure 6-(a-hydroxy-p-chloroben-
zyl)-2,2-diphenyleyclohexanone (VII) melted at 156-157.5°.

Anal. Caled. for CasHp0,ClL: C, 76.83; H, 5.89. Found: C,
76.73; H, 5.99.

The infrared spectrum (Nujol) of this substance shows
strong absorption bands at 3520 ¢m. ™! and 1697 cm.™!

Pyrolysis of 6-(a-hydrozy-p-chlorobenzyl)-2,2-diphenylcy-
clohexanone (VII). A 1.0-g. sample of the adduct VII was
placed in a porcelain dish which was covered with a watch
glass and heated at 200° for 2 hr. When the system was
cooled, white crystals were found on the watch glass. A light
brown solid remained in the dish.

The white crystals were washed with 20 ml. of a 10% po-
tassium carbonate solution. The basic filtrate was acidified
with hydrochloric acid, cooled, and the white crystals were
collected; yield 0.15 g.; m.p. 242-243°. A mixture melting
point with an authentic sample of p-chlorobenzoic acid was
not depressed.

The residue remaining in the dish was recrystallized from
heptane; yield 0.29 g.; m.p. 100-101°. A mixture melting
point with an authentic sample of 2,2-diphenyleyclohexanone
(IT) was not depressed.

1,4-Addition of the enolaie I {o chalcone. To a suspension of
0.02 mole of the enolate?! I in 100 ml. of ether was added a
solution of 4.16 g. (0.02 mole) of chalcone in 50 ml. of ben-
zene. The mixture became a clear, light-yellow liquid and
heated itself under reflux spontaneously for 3 min. The solu-
tion was heated at reflux for 1 hr. and decomposed by pour-
ing on crushed ice and dilute hydrochloric acid. To the re-
sulting slurry was added 50 ml. of methylene chloride, and
the organic layer was removed. The organic solution was
dried and the solvent removed. The oily residue was crystal-
lized by dissolving it in 25 ml. of ether, adding pentane until
an oil began to form and then adding 5 ml. of ethanol. The
white crystals were collected and dried; yield 3.6 g. (409%).
The pure B~(3,3-diphenyl-2-ketocyclohexyl)-g-phenylpro-
piophenone (IX) melted at 110-111°.

Anal. Caled. for ngHgo()2Z C, 8646, H, 6.55. Found: C,
86.62; H, 6.60.

The infrared spectrum (chloroform) of this substance ex-
hibits strong carbonyl absorption bands at 1705 em.™! and
1676 ¢m.™?

Condensation of p-chlorobenzaldehyde with 2,2-diphenyl-
cyclohexanone (1I). A mixture of 6.16 g. (0.04 mole) of p-
chlorobenzaldehyde and 10.0 g. (0.04 mole) of 2,2-diphenyl-
cyclohexanone (II) was dissolved in 100 ml. of hot ethanol.
To this solution was added 30 ml. of a 4%, solution of potas-
sium hydroxide in ethanol. The mixture was allowed to stand
at room temperature for 12 hr. The resulting suspension was
cooled to 0° and filtered; the light yellow cryvstals were
washed with 25 ml. of cold ethanol; yield 12.6 g. (84%). The
pure 6-(p-chlorobenzylidene)-2,2-diphenyleyclohexanone (X)
melted at 146-149°.

Anal. Caled. for CyH,OCL: C, 80.54; H, 5.64. Found:
C, 80.33; H, 5.74.

The infrared spectrum (chloroform) of this substance
shows an absorption band at 1677 ¢m.™' assignable to the
conjugated carbony! group.

The ultraviolet spectrum (ethanol) shows a single ab-
sorption maximum at 292 mp with a molar extinction coef-
ficient, of 13,460.

Condensation of benzaldehyde with 2,2-diphenyleyclohexa-
nore (II). A mixture of 2.6 g. (0.024 mole) of benzaldehyde
and 5.0 g. (0.02 mole) of 2,2-diphenyleyclohexanone (II)
was condensed in the usual manner; vield 4.23 g. (62%). The
pure 6-benzylidene-2,2-diphenyleyclohexanone (XI) melted
at 100-110°,
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Anal. Caled. for CyxH,0: C, 88.72; H, 6.55. Found: C,
88.67; H, 6.58.

The infrared spectrum (chloroform) of this substance
shows absorption at 1677 cm.~! assignable to the conjugated
carbonyl group.

HEDGE, KRUSE, AND SNYDER

vOL. 26

The ultraviolet spectrum (ethanol) shows a single absorp-
tion maximum at 268 mu with a molar extinction coeflicient
of 7810.

URBANA, ILL.
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Some Condensation Reactions of Isopropylidene Malonate!

JOHN A. HEDGE,* CARL W. KRUSE,* anp H. R, SNYDER
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Isopropylidene malonate undergoes condensation with formaldehyde, acetaldehyde and benzaldehyde in dimethylforma-
mide at room temperature with no added catalyst to give the corresponding aldol-Michael products in excellent yields,
The condensation of isopropylidene malonate with other carbonyl compounds is also discussed.

Isopropylidene malonate (I) contains a methylene
group of unusually great acidity and an ester group
that undergoes hydrolysis under extremely mild
conditions. These features make it appear an at-
tractive alternative to malonic ester as a reagent
for the synthesis of compounds containing very
sensitive functions that might be altered under the
conditions of the ordinary malonic ester syntheses.
Some reactions of the reagent I with carbonyl
compounds and alkyl halides have been reported*—7;
in this paper several new aldol and Michael con-
densation products of isopropylidene malonate and
of the similar ester, benzylidene malonate® (III)
are described.

Although the structure of isopropylidene ma-
lonate (I) has been proved conclusively,* benzylid-
ene malonate has been regarded®® as a carboxy-3-
lactone as recently as 1954, this formulation being
patterned after the “Meldrum’s Acid” structure
originally suggested'® for I. To make certain that
IIT is the analog of I, its infrared spectrum was
examined ; the absence of carboxyl bands confirmed
the structure I11.

Condensations of I with aqueous formaldehyde,
with acetaldehyde, and with benzaldehyde, all in
dimethylformamide (DMF) at room temperature
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and with no added catalyst, gave nearly quantita-
tive yields of the aldol-Michael products II. The
product IIb from acetaldehyde was also obtained in
moderate yield from crotonaldehyde, obviously as
the result of the occurrence of a reverse aldol reac-
tion. Benzylidene malonate and formaldehyde also
reacted readily to form the produect similar to IIa.
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When the reaction of benzaldehyde and iso-
propylidene malonate was carried out in dimethyl
sulfoxide (DMSO) or glacial acetic acid, a mixture
of the aldol-Michael product (IIc) and the un-
saturated (aldol) product, isopropylidene benzal-
malonate, was formed. These solvents evidently are
less favorable to the Michael reaction than is
dimethylformamide. The same solvent effect also
was noted in the reaction of isopropylidene malo-
nate with the less reactive aldehyde, p-nitrobenzal-

dehyde. With this combination in dimethyl
sulfoxide only the unsaturated product, isopro-
pylidene p-nitrobenzalmalonate, was obtained

(749;), but in dimethylformamide a mixture of
this substance and the Michael product formed.
In dimethylformamide cinnamaldehyde reacted to
form only the aldol product, isopropylidene cin-
namalmalonate (829). It is interesting that in this
experiment, unlike that with crotonaldehyde, there
was no indication of the formation of products re-
sulting from a reversc aldol reaction. The reaction



