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amouynt was insufficient for rigid purification. Reperted
melting poin{s ef glyoxal 2,4-dinitrephenylosazene are:
311-312°.8 306~338.1

(18) T. L. iacqhs agd W. J. Whitcher, TH1s JousrwnaL, 64, 2635
(1942).
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Anel. Caled. for CiH;s0sNs:

N, 26.79.
26.28.

Found: N,

€19) H. H. Straim, sbid., 87, 758 (1035).
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The Structure of Diethyl Dibenzhydrylmalonate!

By ArtHur C. CoPE AND WiLLIAM R. Lyman
RECEIVED MARrcH 3, 1953

Dibenzhydrylmalonic seidt (X VI) has been prepared by reaction of its dibenzhydry! ester XV with hydrogen chloride.

The diethyl ester IV of X V] was prepared from the silver salt and ethyl iodide,

This ester proved to be identical with a com-

potnd first reported by Kohler, which eriginalty was thought to have the O-benzhydryl (ketene acetal) structure I because

of the method of synthesis and behavigr upen hydrolysis.

a-Keto-3,8-dibenzhydryl-g-carbethoxypropionic acid. (XI)

has been found to undergo an unusual reaction, when heated above the melting point, in which benzhydryl groups rearrange

from carbon to oxygen.

Carbon menoxide was evolved, and the principal preduets formed were dibenzhydryl benzhydryl-

malonate (XIII) and monoethy! monobenzhydryl benzhydrylmalonate (XIV}.

The alkylation products obtained by reaetion of
benzhydryl bromide with the bromomagnesium
derivatives of diethyl benzhydrylmalonate and
ethyl benzhydrylcyanoacetate originally were
thought te have the O-alkyl (ketene acetal) struc-
tures ¥ and I1.3%* These structures were based on
the method of synthesis, which now is known to be

(G RCHC C<OCH(CaH5)‘A
T T Noe s

COOCH;
I

OCH(CeHs)z
( CQH&)SCH""C=C<
{ OCH;
CN

II

inconclusive because reactions of other bromo-
magnesittm enelates have been found to result in
either O- or C-substitution,*® and upon degrada-
tion of the compounds by acid hydrolysis. Both
were stable under the wsual conditions of alkalinme
hydrelysts, but were eleaved by concentrated hy-
drechlorie aeid at 175°%, yielding benzhydrylacetic
acid and benzhydryl ethyl ether.

The fact that the alkylation product obtained
from the sodium enolate of diethyl benzhydryl-
malonate (IIT) and benzhydryl bromide was iden-
tical with the compound originally formulated as
I suggested that it actualty was diethyt dibenzhy-
drylmalonate (IV).* Indirect evidence for the es-
( CeHy e CHCH(COOC Hy)s —> [(CoHsRCH hC(COOC:Hy)e

1301 Al

tablishinent of formula IV rather than I as correct
was obtained by preparing the unsymmetrical di-
substituted malonic ester VI, both by alkylation
of I with di-p-tolylmethyl chloride, and by alkyl-

(1) Abstracted from a thesis submitted in partial fulfillment of
requirements for the Ph.D. degree at the Massachusetts Institute of
Technology by Wilkam R. Lyman.

(2) E. P. Kohter, Am. Chem. J., 34, 132 (1805).

¢3) ®. P. Kohler and M. Reimer, thid., 38, 347 (1905).

(4) E. P, Kohler and W. D. Peterson, THurs Journar, §&, 1073
(1933).

(5) E. P, Kohler and M. Tishter, ¢béd., 54, 1596 (1932).

(6) A. C. Cope, tbid., 56, 721 (1934).

ation of V with benzhydryl bromide. The same
product VI was obtained from both alkylations,
indicating that the benzhydryl and di-p-tolylmethyl
groups were attached to the central carbon atom;
isomeric but different O-alkyl derivatives (analo-
gous in structure to I} would have been formed by
the two routes.®

($-CH,CsH,).CH CH(COOC.H;).
A%

(p-CH,CeH,).CH

(CeH;):CH
VI

In the present work, an unambiguous synthesis
of IV has been completed, and unusual reactions
of intermediates in projected syntheses of IV have
been studied. In the first route to IV that was
investigated, ethyl dibenzhydrylacetoacetate (VII)
was prepared by the alkylation of ethyl benzhy-
drylacetoacetate. The structure of VII was es-
tablished by treatment with 209, potassium hy-
droxide in refluxing 809, ethanol, which resulted
in cleavage but failed to saponify the ester group,
yielding -ethyl dibenzhydrylacetate (VIII). Cleav-
age of VII with potassium hydroxide in boiling di-
ethylene glycol formed dibenzhydrylacetic acid
(IX). The acid IX also was formed from IV under
these conditions, and this fact establishes structure
IV beyond doubt.

>C(COOC2H5)2

(IZH(Cer,)z

CH,COCCOOCH, {(CsHs):CH :CHCOOR
CH(CeH;)2 VIII, R = CoH;
VII IX,R=H

Attempts to oxidize the methyl ketone group of
VII to carboxyl with sodium hypochlorite or so-
dium hypobromite were unsuccessful, the keto ester
VII being recovered.

It was pessible to condense VII with benzalde-
hyde in the presence of alcoholic sodium hydroxide,
forming ethyl «,a-dibenzhydrylcinnamoylacetate
(X) (42%). Qxidation of X with potassium per-
manganate in acetone yielded the a-keto acid XI
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(38%). Attempts to oxidize X1 to the monoethyl
ester of dibenzhydrylmalonic acid with alkaline

CH(CeHs)s CH(C:Hs)
C6H5CH=CHCO%COO'CzH5 ROOCCOCCOOCH;
CH(CeHs): H(CeHy)z

X XILR =H
XII, R = GH,

hydrogen petoxide were unsuccessful. XI was re-
covered unchanged at room temperature, and at
80° was cleavedg as a (-keto ester, forming ethyl
dibenzhydrylacetate (VIII). The keto acid XI
also was recovered utichanged after attempted oxi-
dation with alkaline potassium permanganate,
and after treatment with hydrazoic acid. The
ethyl ester XII of the acid XI decomposed with gas
evoliition when heated in the presenice of powdered
soft glass at 190-210°. However, although loss of
carbon mormoxide and formation of IV might be ex-

ected in this reaction, the only product that was
isolated was a small amoutit of sym-tetraphenyl-
etharte.

Thermal decomposition of a-keto acids normally
occurs with loss of carbon dioxide to form an alde-
hyde, or carbon monoxide to form an acid. When
XI was decomposed at 190-200°, 78.5-91.8 mole
per cent. of carbon monoxide, 4.2-8.2 mole per cent.
of carbon dioxide and 25.5-28.2 mole per cent. of
water were evolved as gaseous products. Two
neutral solid products formed in the decomposition
were separated by crystallization from ethanol,
and proved to be dibenzhydryl benzhydrylmalon-
ate (XIII} and monoethyl monobenzhydryl benz-
hydrylmalonate (XIV).

(CeH;),CHCH [COOCH(CeHs)als
XIII

COOC:H,
<csH5>,CHCH<
COOCH(CeH;),
X1V

The struecture of XIII was proved by saponifica-
tion and decarboxylation with potassium hydroxide
in diethylene glycol, forming two equivalents of
benzhydrol atid one of benizhydrylacetic acid, An
authentic sample of XIII was prepared from the
silver salt of benzhydrylmalonic acid and benz-
hydryl bromide, and was identical with XIII ob-
tained by decompositionn of XI. The structure of
XIV was proved by saponification with dilute al-
coholic sodium hydroxide, forming one equivalent
of benzhydrol and one of benzhydrylmaleonie acid,
and confirmed by synthesis of an identical authen-
tic sample from the silver salt of the monoethyl
ester of benzhydrylmalonic acid and benzhydryl
bromide.

The mechanism by which XIII and XIV are
formied on decomposition of the a-keto acid XI
has not been investigated. . Rearrangement of a
benzhydry! group from carbon to oxygen occurs
in the formation of both compounds, and an inter-
molecular reaction must be involved in the reac-
tion leading to XIII, for this compound contains
three ben[zlgydryl groups while XI contains only
two. It is possible that XIII is formed by an
ester interchange reaction from two moles of
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XIV. Monoethyl hydrogen dibenzhydrylmalonate
(XVIII) aggarently is not an intermediate in the
formation of XIV, for XVIIT loses carbon dioxide
in the normal manner on heating, yielding ethyl
dibenzhydrylacetate (VIII).

The remarkable resistance of diethyl dibenzhy-
drylmalonate (IV) to alkaline hydrolysis undoubt-
edly is due to steric hindrance by the large benz-
hydryl groups. It has been shown that ¢-butyl es-
ters are cleaved rapidly by cold sohitions of hydro-
gen chloride in methanol’ at the bond between
oxygen and the #-butyl group, which probably oc-
curs because of the stability of the ¢-butylcarbon-
ium ion. Such cleavage is much less subject to
steric hindrance than alkaline hydrolysis, and
might be expected to occur with berizhydryl esters
for reasons similar to those responsible for easy
cleavage of t-butyl esters. Dibenzhydryl dibenz-
hydrylmalonate (XV) has been prepated by the
alkylation of XIII with benzhydryl bromide, and
was cleaved readily by hydrogen chlotide at 0°,
forming dibenzhydrylmalonic acid (XVI) (819).
The structure of this acid was confirmed by de-
carboxylation at the melting point, which yielded
dibenzhydrylacetic acid §IX). Reaction of the
silvet salt of dibenzhydrylmalonic acid with ethyl
iodide yielded diethyl dibenzhydrylmalonate (IV),
which was identical with the product obtained by
Kohler’s method,? completing a synthetic proof of
the structure of his product as IV, In another syn-
thesis of an authentic sample of IV, monoethyl
monobenzhydryl dibenzhydrylmalonate (XVII)
was prepared by alkylation of XIV, and cleaved
to monoethyl hydrogen dibenzhydrylmalonate
(XVIII) with hydrogen chloride at 0°. Reaction
of the silver salt of XVIIT with ethy! iodide also
yielded the diethyl ester IV.

CH(CeHs )
Rooc-—é—*coow

F
CH(CeHs),
XV, R = R’ = CH(CeH;)s
XVI,R=R’=H
XVII, R = C«;Hs, R’ = H(CsHs);
XVIIL,R = H, R’ = CH,

Experimental®

Ethyl Dibenxhydrylacetoacetate (VII).—The sodium eno-
late of ethyl benzhydrylacetoacetate® was prepared from 59,
molar excess of the ester and 6.8 g. (0.3 mole) of powdered
sodium in 150 mi. of benzene by stitring at 60-70° until 2
clear solution was obtained. A solution of benzhydryl
bromide® (1% molar excess) in an egual volume of benzene
was added, and the mixture was protécted from moistutre
with a drying tube and stirred at 55~60° for 72 hours. After
cooling, 200 ml. of water was added, the layers were sepa-
rated, and the benzene layer was washed with water. The
aqueous layers were extracted with benzene, and the com-
bined benzene sohitions were coucentrated under reduiced
pressure. ‘The regidual oil was dissolved in 600 ml. of warm
95%, ethanol, and the golution was allowed to cool slowly to
room temperature. The white granular ¢rystals of VII that
separated were fecrystallized twice fromi ethanol, anud then
melted at 151-168°; yield 34-429, in several preparations.

Anal. Caled. for CuHuOs: C, 83.08; H, 6.54. Found:
C, 83.08; H, 6.62.

(7) 8. G. Cobiett and A. Schuvider, #bid., 68, 3382 (1941).

(8) Melting poisits are corrected aud boiling points are uncorrected.

(9) G. G. Henderson and M. A. Parker, J. Chem. Soc., Tt, 676
(1897); H. Kagi, A#n., 446, 64 (1920).

(10) C. Courtot, Ann. chim., [9] 8, 80 (1916).
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Attempts to oxidize VII to XVIII by treatment with so-
dium hypochlorite or sodium hypobromite in the presence
of a small amount of pyridine!! were unsuccessful, the ester
VII being recovered unchanged.

Ethyl Dibenzhydrylacetate (VIII).—Ethyl dibenzhydryl-
acetoacetate (VII) (3 g.) was added to 50 ml. of 209 po-
tassium hydroxide in 809 ethanol and heated under reflux
for 28 hours. The ethanol was removed by distillation,
and ice and water were added to the residue. The solid
that formed was separated by filtration, dissolved in ether,
and concentrated after filtration to remove inorganic mate-
rial. The residue was crystallized from 50 ml. of 959
ethanol and yielded 1.53 g. (569%) of VIII, m.p. 109.5~
111°. An aualytical sample that was recrystallized twice
from 959, ethanol melted at 112-113°,

Anal. Caled. for CyHO:: C, 85.67; H, 6.71.
C, 85.65; H, 6.77.

The ester VIII also was prepared from dibenzhydrylacetic
acid (described below) through the silver salt (obtained in
039, yield) by reaction with ethyl iodide in benzene (88%
yield); m.p. 109-110°. The procedure was similar to one
described below for preparation of XV.

Dibenzhydrylacetic Acid (IX).—Diethyl dibenzhydryl-
malonate (IV) (2.74 g.) was added to a solution of 1 g. of
potassium hydroxide in 6 ml. of diethylene glycol and 0.5 mi.
of water. The mixture was heated with a flame (70 min-
utes) so that tlie diethylene glycol refluxed and part of the
water distilled. The ester melted and dissolved as it was
saponified. The contents of the flask solidified on cooling
and were pulverized in a mortar with 70 ml. of water. The
suspension was extracted with 120 ml. of ether in three por-
tions, and the extracts were washed with 30 ml. of water.
The combined agueous solutions were heated to expel ether,
cooled and acidified with hydrochloric acid. The acid IX
that separated was collected on a filter, dried and recrystal-
lized from 50 ml. of 509 ethanol; yield 1.57 g., m.p. 182.5-
183.5°. An additional 0.06 g. obtained from the mother
liquor made the total yield 756%.

Anal. Caled. for CysHuO:: C, 85.68; H, 6.16. Found:
C, 85.63; H, 5.97.

The acid IX also was obtained from ethyl dibenzhydryl-
acetoacetate (VII) by a similar procedure.

Ethyl «,a-Dibenzhydrylcinnamoylacetate (X).—Freshly
distilled benzaldehyde (7.8 g.) and the sodium hydroxide
solution prepared by dissolving 1.6 g. of sodium in 60 ml.
of 959, ethanol were added to a solution of 17 g. of VII in
400 ml. of boiling 959 ethanol. The mixture was heated
under reflux for 3.3 hours and cooled overnight at 5°. The
crude reddish-brown solid that separated was boiled with
75 ml. of isopropyl alcohol, and the hot suspension was
filtered; X separated from the filtrate as light yellow crys-
tals in a yield of 8.4 g. (42%), m.p. 167-170°. Varying
proportions of the reactants, shorter or longer reaction times,
and crystallization from ethanol or butanol gave yields of
30-40%. Recrystallization from ethanol gave an analytical
sample of X as white needles, m.p. 169-170°.

Anal. Caled. for CsuH30:: C, 85.05; H, 6.22. Found:
C, 85.01; H, 6.50.

a-Keto-8,8-dibenzhydryl-g-carbethoxypropionic  Acid
(XI).—A solution of 19.5 g. of X in 300 ml. of acetone was
added to a solution of 26 g. of potassium permanganate iu
200 ml. of water and 700 ml. of acetone. The mixture was
shaken and allowed to stand at room temperature for 63
hours, with cooling by cold water during the first 5 hours to
" keep the temperature from rising. The excess permangan-
ate was reduced with sodium bisulfite solution, and the mix-
ture was filtered to separate manganese dioxide, which was
washed thoroughly with aqueous acetone. The acetone
was distilled from the filtrate under reduced pressure, and
the solid that separated was collected on a filter and washed
with ether to remove unoxidized X, leaving 8.5 g. (45%) of
the white, crystalline potassium salt of XI. This salt is
relatively insoluble in water or acetone but soluble in mix-
tures of the two, and can be recrystallized from 959, ethanol.

The potassium salt was sliaken in a separatory funnel with
170 ml. of 209, hydrochloric acid and 90 ml. of ether, and
the aqueous layer was extracted with two 90-ml. portions
of ether. The combined ether solutions were washed with

Found:

(11) R. C. Fuson, J. W. Bertetti and W. E. Ross, THIS JOURNAL,
54, 4380 (1932).
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water, dried over sodium sulfate, and concentrated under re-
duced pressure. The residual oil was crystallized from 809,
ethanol, yielding 6.92 g. (86% from the potassium salt.
38% over-all) of the keto acid XI, m.p. 177-179° (dec.).

Anal. Caled. for CseHyuOs: C, 78.01; H, 5.73. Found:
C, 77.81; H, 5.85.

An attempt to oxidize XI at room temperature with the
alkaline hydrogen peroxide obtained from sodium peroxide
and ice-water resulted in recovery of XI unchanged. An
attempted oxidation with alkaline hydrogen peroxide at 80°
for 3 hours resulted in ketonic cleavage instead and formed
ethyl dibenzhydrylacetate (VIII) (59%,), identical by m.p.
and mixed m.p. with the authentic sample described above.
After heating with hydrogen peroxide in acetic acid XI was
recovered unchanged, as was the case on treatment with
chromic acid in aqueous acetic acid at room temperature or
on heating briefly. The acid XI also was recovered after
boiling with dilute aqueous alkaline potassium permangan-
ate for one hour.

Treatment of XI with hydrazoic acid in chloroform
under various conditions resulted in recovery of the acid
unchanged.

Ethyl «-Keto-8,8-dibenzhydryl-g-carbethoxypropionate
(XII).—A solution of 1.0 g. of the a-keto acid XI in 30 ml. of
absolute ethanol was cooled with ice, saturated with dry
hydrogen chloride, stoppered and allowed to stand at room
temperature for 3.5 days. The solution was concentrated
under reduced pressure, and the residue was dissolved in
ether and washed with sodium bicarbonate solution and
water. The ether solution was concentrated and the residue
was dissolved in 20 ml. of 959% ethanol, treated with
Norit, and erystallized by cooling. The yield of the ester
XII obtained in two crops was 0.74 g. (739%,), m.p. 120-121°,

Anal. Caled. for CsyH305: C, 78.45; H, 6.20. Found:
C, 78.44; H, 6.00.

A sample (0.50 g.) of the a-keto ester XII was mixed with
0.05 g. of powdered soft glass and heated; gas evolution
began at 190° and the temperature was maintained at 210°
for two hours, until evolution of gas had practically ceased.
Crystallization of the residue from 25 ml. of 95%, ethanol
yielded 0.10 g. of sym-tetraphenylethane as the only solid
product that could be isolated; m.p. 194-203°, and after
one recrystallization from ethanol, m.p. and mixed m.p.
with an authentic sample, 208-211°.

Thermal Decomposition of «-Keto-8,5-dibenzhydryl-g-
carbethoxypropionic Acid (XI).—Weighed samples of the
a-keto acid XI were decomposed by heating in a small flask
at 190-200° for 20 minutes, until gas evolution ceased, in a
stream of nitrogen (introduced from a gas buret), which
passed over the sample and through tubes containing Drier-
ite (for determination of the amount of water formed) into
a second gas buret. The gaseous products of decomposi-
tion, diluted with a known volume of nitrogen, were col-
lected in the second buret over saturated salt solution, and
analyzed in an Orsat apparatus. Data from decomposition
of 1.279- and 1.875-g. samples were as follows, with the yields
of gaseous products expressed as fractional molar equiva-
lents: carbon monoxide, 0.785, 0.913; carbon dioxide,
0.042, 0.082; water, 0.282, 0.255.

The red residue from decomposition of 3.44 g. of the a-
keto acid XI under the conditions described above was dis-
solved in ether and washed with water. Distillation of the
ether left a residue that was crystallized from 75 ml. of 959,
ethanol, yielding 0.70 g. of a white crystalline product, m.p.
145-148°. One recrystallization from ethanol yielded
0.57 g. of pure dibenzhydryl benzhydrylmalonate (XIII),
m.p. 152-153.5°.

Anal. Caled. for CoHsOs: C, 83.68; H, 5.69. Found:
C, 83.60; H, 5.88.

Concentration of the mother liquor yielded 1.3 g. of an-
other product as impure yellowish crystals, m.p. 85-90°.
Two recrystallizations from ethanol yielded 0.60 g. of pure,
white crystalline monoethyl monobenzhydryl benzhydryl-
malonate (XIV).

Anal. Caled. for CaH»04: C, 80.16; H, 6.07; OCH;,
9.70. Found: C, 80.19; H, 6.20; OC,Hjs, 9.69.

Structure of Dibenzhydryl Benzhydrylmalonate (XIII).—
A solution of 0.30 g. of the ester XIII (obtained by heating
X1I) and 0.50 g. of potassium hydroxide in 6 ml. of diethyl-
ene glycol and 0.5 ml. of water was heated for 10 minutes so



July 20, 1953

that the water distilled out of the solution. The cooled
residue was poured into 50 ml. of water, allowed to stand
until the solid formed had coagulated, and filtered, separat-
ing 0.15 g. (86%) of benzhydrol, m.p. and mixed m.p. with
an authentic sample, 65-67°. The filtrate was acidified
with hydrochloric acid, and the precipitated acid was re-
crystallized from 959, ethanol, yielding 0.08 g. (74%) of
benzhydrylacetic acid, m.p. and mixed m.p. with an au-
thentic sample, 154.5-156°.

An authentic sample of XIII was prepared from benzhy-
drylmalonic acid,? by first converting 7.30 g. of the acid to
the silver salt (according to the general procedure of Liit-
tringhaus and Schade®?), which was obtained in a yield of
12.64 g. (97%). A suspension of the silver salt in 100 ml.
of benzene was stirred and heated under reflux while 12.20
g. of benzhydryl bromide in 50 ml. of benzene was added
dropwise (5 minutes) and for 20 minutes longer. The mix-
ture was cooled, filtered to remove silver bromide, and con-
centrated under reduced pressure. The residue was crys-
tallized from 1500 ml. of 95% ethanol and yielded 10.33 g.
(70%) of analytically pure XIII, m.p. and mixed m.p. with
a sample obtained from the thermal decomposition of XI,
152.5-153.5°.

Structure of Monoethyl Monobenzhydryl Benzhydryl-
malonate (XIV).—A solution of 0.14 g. of the ester XIV
(obtained by heating XI) in 50 ml. of 5%, sodium hydroxide
in 509, ethanol was heated under reflux for two hours, and
concentrated to remove the ethanol. The residue was di-
luted with water and extracted with ether. Concentration
of the ether extracts and crystallization of the residue from
10 ml. of pentane yielded 0.029 g. (563%) of benzhydrol.
Acidification of the alkaline aqueous solution, extraction
with ether, concentration of the extracts and crystallization
of the residue from a mixture of 15 ml. of ether and 20 ml. of
commercial pentane yielded 0.054 g. (67%) of benzhydryl-
malonic acid, identified by melting point and the formation
of benzhydrylacetic acid by decarboxylation that occurred
on melting.

An authentic sample of XIV was prepared in 889, yield
from the silver salt (prepared by the general procedure of
ref. 12) of monoethyl hydrogen benzhydrylmalonate by
treatment with benzhydryl bromide in benzene under con-
ditions similar to those described above for preparation of
XIII. The authentic sample of XIV after recrystallization
from ethanol melted at 112-113° and showed no depression
in mixed melting point with XIV from the thermal decompo-
sition of the a-keto acid XI.

Dibenzhydryl Dibenzhydrylmalonate (XV).—The sodium
enolate of dibenzhydryl benzhydrylmalonate was prepared
by stirring a solution of 9.0 g. of the ester XIII in 250 ml. of
dry toluene with 0.33 g. of powdered sodium for five hours
at 100°. A solution of 3.54 g. of benzhydryl bromide in 10
ml. of toluene was added, and the mixture was stirred for
five hours at 100° and allowed to stand for 4 days at room
temperature. The toluene solution was washed twice with
water and concentrated under reduced pressure. The resi-
due could not be crystallized successfully, so it was heated
under reflux for 1.5 hours with 600 ml. of 5% sodium hy-
droxide in 809 ethanol to saponify any of the original ester
XIII that was present. After distillation of the ethanol
under reduced pressure ether and water were added, and
1.76 g. of a white crystalline solid that was ifisoluble in
either phase was separated; m.p. 125-130°. Concentra-
tion of the ether solution and crystallization of the residue
from ethanol yielded an additional 1.13 g., m.p. 127-132°.
The first of these crops of crude XV was recrystallized {from
400 ml. of 95% ethanol and yielded 1.41 g. of pure XV,
m.p. 140-141° (the total yield of XV melting above 137°
was 2.41 g. or 22%).

Anal. Caled. for CssHyuOs: C, 85.90; H, 5.77. Found:
C, 85.86; H, 5.91.

Dibenzhydrylmalonic Acid (XVI).—The ester XV (0.57
g.) was dissolved in 40 ml. of ethyl acetate and 10 ml. of
absolute ethanol, and the solution was saturated with hy-
drogen chloride at 0° and allowed to stand at that tempera-~
ture for four hours. The solution was concentrated to dry-
ness under reduced pressure, and a solution of the residue

(12} A, Liitringhaus and D. Schade, Ber., T4, 1566 (1941),
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in 30 ml. of ether was extracted with two 20-ml. portions of
2%, potassium hydroxide and 10 ml. of water. The com-
bined aqueous layers were heated on a steam-bath to remove
ether, cooled and acidified with hydrochloric acid. The
precipitated organic acid was collected on a filter, dried and
recrystallized from 60 ml. of benzene. The yield of XVI
was 0.262 g. (81%), m.p. 188-191° (dec., softening at 183°).

Anal. Caled. for CyHpO,: C, 79.78; H, 5.54. Found:
C, 79.93; H, 5.78.

A sample (0.2 g.) of the acid XVI was decarboxylated by
heating above the melting point until gas evolution ceased.
Crystallization of the residue from benzene yielded 0.11 g.
of dibenzhydrylacetic acid (IX), identified by m.p. and
mixed m.p. with an authentic sample of IX described above.

Synthesis of Diethyl Dibenzhydrylmalonate (IV) from
the Acid XVI.—The silver salt was prepared from 100 mg. of
XVI by the general procedure of ref. 12 in a yield of 127 mg.
(85%). A suspension of the salt in 25 ml. of benzene was
warmed on a steam-bath with 0.20 ml. of ethyl iodide for
25 minutes. The mixture was filtered and centrifuged to
remove silver iodide, concentrated to dryness, and the resi-
due was crystallized from 7 ml. of 95%, ethanol. The yield
of the ester IV was 76 mg., m.p. and mixed m.p. with a
sample prepared by alkylation of III,% 178-180°.

Monoethyl Monobenzhydryl Dibenzhydrylmalonate
(XVII).—The sodium enolate was prepared from 15.0 g. of
the ester XIV and 0.62 g. of powdered sodium in 150 ml. of
dry benzene, by stirring under reflux for 4.5 hours. A
solution of 6.65 g. of benzhydryl bromide in 50 ml. of ben-
zene was added, and the mixture was stirred and heated
under reflux for 4.5 hours. After cooling, the benzene solu-
tion was washed with dilute hydrochloric acid and water,
and then was concentrated under reduced pressure. The
residue was heated under reflux for four hours with 300 ml.
of 5% sodium hydroxide in 65% ethanol to saponify any
X1V remaining, and concentrated under reduced pressure
to remove ethanol. The aqueous residue was extracted
with ether, and the extracts were washed with water, dried
over sodium sulfate, and concentrated under reduced pres-
sure. Crystallization of the residue from 600 ml. of 959,
ethanol yielded 4.29 g. (256%) of XVII, m.p. 128-131°.
An analytical sample was recrystallized from ethanol as
needles with a constant melting point of 132.5-133.5°.

Anal. Caled. for C4HgO4: C, 83.78; H, 6.07; OC,Hj,
7.14. Found: C, 83.59; H, 6.18; OC.Hs, 7.19.

Monoethyl Hydrogen Dibenzhydrylmalonate (XVIII).—
A solution of 1.00 g. of the ester XVII in 50 ml. of dry ether
and 25 ml. of absolute ethanol was saturated with hydrogen
chloride at 0°, stoppered, and allowed to stand at that tem-
perature for four hours. The solvent was removed under
reduced pressure and the residue was dissolved in ether and
washed with water. After distillation of the ether, the
residue was crystallized from 959% ethanol. The yield of
XVIII was 0.616 g. (83%), m.p. 169-171° (dec.). An
analytical sample that was recrystallized several times from
ethanol melted at 169-171° (dec., with softening at 160°,
inserted at 150° and the temperature raised 5° per minute).

Anal. Caled. for CaHxO4: C, 80.16; H, 6.08. Found:
C, 79.91; H, 6.24.

A sample (0.20 g.) of XVIII was decarboxylated by heat-
ing above the melting point until no more gas was evolved.
The ethyl dibenzhydrylacetate that was formed was recrys-
tallized from 959, ethanol, and was obtained in a yield of
0.136 g. (756%), m.p. and mixed m.p. with an authentic
sample of VIII, 109-111°.

Synthesis of Diethyl Dibenzhydrylmalonate (IV) from
XVIII.—The monoethyl ester XVIII (0.193 g.) was con-
verted to the silver salt (0.206 g., 87%) by the general pro-
cedure of ref. 12. The silver salt and 0.1 ml. of ethyl iodide
were added to 10 ml. of benzene and the mixture was warmed
on the steam-bath for 15 minutes. The silver iodide was
separated by filtration, and the filtrate was concentrated to
dryness. The residue was crystallized from 15 ml. of 959,
ethanol, and yielded 0.149 g. (72%) of IV, m.p. 172-178°.
After one recrystallization from ethanol the IV from this
preparation had m.p. and mixed m.p. with a sample prepared
by alkylation of III® of 177-179°.
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