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The Tautomerism of Alpha Diketones.

II. Benzhydryl Phenyl Diketone

By E. P. KouLer AND N. WEINER

In the first paper of this series! it was shown
that benzyl phenyl diketone differs from the
isomeric beta diketone not only in the extent to
which it is enolized under various conditions but
also with respect to the manner in which it is
acylated and alkylated. In order to study the
effect of an additional phenyl group we have pre-
pared the corresponding benzhydryl compound
by rearranging benzoyl diphenyl ethylene oxide
with bases

(CeHs);C——CHCOCH; —> (CsH;).CHCOCOCH;

O

That the additional phenyl group has little if
any effect on the reactions which involve both of
the carbonyl groups, is shown by the ease with
which the new diketone reacts with ortho pheny-
lene diamine to form a quinoxaline derivative,
and the repidity with which it is oxidized to
benzoic and diphenyl acetic acids by alkaline
hydrogen peroxide

N
/NCH (CeHy)s
<— (CsH;),CHCOCOCH; —>
\ CeH: 1
X
I

CeHsCOH + (CsHe).CHCO.H

The additional phenyl group, however, has a
marked effect on the enolization. Unlike the less
highly phenylated compound the diketone does
not form a copper derivative and does not de-
velop color in an alcoholic solution of ferric
chloride. It not only gives a negative result
when titrated with bromine by the Kurt Meyer
method but also resists bromination under all
conditions. It therefore is completely ketonic,
the additional phenyl group depressing the
enolization as effectively as it does that of the
isomeric phenyl dibenzoyl methane.

In strong aqueous alkalies the solid yellow
diketone slowly turns red without dissolving. Its
red solutions in alcoholic alkalies and in sodium
alcoholate doubtless contain enolates but it is
difficult to isolate them because in these alkaline
solutions the diketone undergoes the benzilic re-
arrangement with the utmost ease—the counter-
part of the ease with which phenyl dibenzoyl-

(1) Kohler and Barnes, Turs JOUrRNAL, 54, 211 (1932},

miethane is cleaved to benzoic acid and desoxy-
benzoin
(CeH,).CHCOCOCH; + H,0 —>
(CeH;),CHC(CsHs;) OHCOOH
111
Although these alkaline solutions are exceed-
ingly unstable they were used successfully for
methylating the diketone not only with dimethyvl
sulfate but also with methyl iodide. In each case
but one product was obtained and a methoxyl
determination showed that this is an O-methyl
derivative. The diketone also was readily ben-
zoylated, both by means of the Schotten-Baumann
reaction and with benzoyl chloride in pyridine.
Here likewise the result is a single compound—the
O-benzoate. In respect to alkylation and acyla-
tion, therefore, benzhydryl phenyl diketone differs
wholly not only from all beta diketones but also
from all alpha keto esters that have been described.
(CsH}5);C==C (OCH;) COCsH; <— (CsH;):CHCOCOCH; —>
v
(CoHs)==C(0COCsH;)COCH;
v
Since the diketone is not enolized, both car-
bonyl groups are available for interaction with
ketone reagents, but the two groups would not be
expected to react with equal ease. Some reac-
tions with agents of this type involve but one of
the carbonyl groups and give rise to a single
product. In these cases, doubtless, tlie outcome
does not depend upon the relative activity of the
groups but upon the relative stability of the
two possible products. Thus the diketone is very
easily reduced, both catalytically and with zinc
and acid, and all methods of reduction give a
single product
(C4H;):CHCOCOCH; + 2H —»
(CeHs):CHCOCHOHCH;
VI
Here only the carbonyl group adjacent to phenyl
appears to be affected but since it is known that
the system R'COCHOHR? —= R!CHOHCOR?
is mobile both in acid and in basic media, the
formation of a single product indicates only that
the two possible carbinols differ greatly in sta-
bility, and the structure of the product shows
which of the two is the more stable.
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Similarly, the diketone reacts very readily with
hydroxylamine acetate and at least 919, of the
product consists of a single monoxime. The
structure of this oxime could not be established
with certainty, but whatever its structure, it
doubtless represents merely the form most stable
under the conditions of the experiment, because
oxime formation is reversible at every step.

In reactions with organic magnesium comm-
pounds, however, the situation is different be-
cause the Grignard reaction is not reversible.
This reaction, accordingly, gave rise to isomeric
products—as, for example, in the case of methyl-
magnesium iodide, the two isomeric ketols VII

and VIII
CH,

(CsHs)zCH"“é‘COCeH, < (CaHs)zCHCOCOCeHs —

OH
VII
i
(CsHy):CHCO—C—CH;
OH
VIII

Owing to the formation of secondary products,
the isolation of the ketols involved consider-
able losses but it was possible to estimate the
relative amounts with sufficient accuracy to show
that they vary greatly with the nature of the mag-
nesium compound. Thus with methylmagnesium
iodide, less than 509 of the product is formed by
addition to the carbonyl adjacent to the benz-
hydryl group (VII) while with phenylmagnesium
bromide more than 759 of it is due to this mode of
addition.

As will be seen from the foregoing account the
most congpicuous peculiarity of benzhydryl phenyl
diketone is its behavior on alkylation and acyla-
tion. The significance of this behavior will be
discussed in a later paper dealing with similar
substances.

Experimental Part

Benzhydryl phenyl diketone cannot be pre-
pared by the method that was used successfully
for obtaining benzyl phenyl diketone, namely,
by rearranging an isomeric oxido ketone with
hydrogen chloride. When this method was
applied to benzoyl diphenyl ethylene oxide,
water was eliminated and the result was a com-
pound which contained very active chlorine but
no active hydrogen, and which was oxidized to
ortho dibenzoyl benzene. The product is there-
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fore an indane derivative and the reaction is rep-
resented by the equation

(CeH;),C——CHCOC:H;

O/ _CHC5H5 +
+ HCl co H,O
C(CeH;)Cl
XI11

Since it was impossible to rearrange the oxido
ketone with acids it was necessary to resort to
bases. Here also considerable difficulty was
encountered due to the reluctance of the diketone
to crystallize and the ease with which it undergoes
the benzilic acid rearrangement. But once crys-
tals were available for inoculation the diketone
could be prepared without much trouble by
operating in a boiling solution, limiting the
quantity of base and acidifying promptly. The
procedure was as follows.

A solution of 3 g. of sodium in methyl alcohol was added
to 30 g. of the oxido ketone dissolved in the smallest pos-
sible quantity of boiling ethyl alcohol. As soon as the
vigorous reaction subsided the red solution was acidified
(10 g. of sulfuric acid diluted to 50 cc.), then diluted to one
liter with cracked ice, and extracted with ether. The
extract was dried with sodium sulfate and evaporated as
completely as possible in order to remove all of the alcohol.
The residual yellow oil was crystallized by dissolving it in
twice its volume of absolute ether, chilling the solution to
—15-20°, and then diluting it to incipient cloudiness with
low-boiling petroleum ether and inoculating it. Under
these conditions the diketone crystallized rapidly in long
flat needles resembling benzil both in form and color and

melting at 49-50°. The yield was 22-25 g, or 73-84 9.
Anal. Caled. for CaHyOp: C, 84.0; H, 5.3. Found:
C, 83.9; H, 5.4.

Oxidation.—To a solution of 3 g. of the diketone in 25
cc. of methyl alcohol were added first 1.7 g. of 309, hydro-
gen peroxide, and then 0.6 g. of sodium hydroxide dissolved
in 5 cc. of water. A vigorous reaction followed the addi-
tion of the base and the red color of the solution disap-
peared. By suitable manipulations the colorless solution
yielded 2.0 g. of diphenylacetic acid and 1.2 g. of benzoic
acid.

Condensation with o-Phenylenediamine, Benzhydryl
Phenyl Quinoxaline. IL.—A solution of 4.0 g. of the
diketone and 2.4 g. of ortho phenylene diamine hydro-
chloride in 40 cc. of alcohol was boiled for an hour, then
allowed to cool. It deposited 4.65 g. of a solid which after
recrystallization from alcohol melted at 198-199°.

Anal. Caled. for CoyHyoN,: C, 87.1; H, 54. Found:
C,87.2; H,5.6.

Reaction with Bases, «,8,3-Triphenyl Lactic Acid. IIL
—The benzilic acid rearrangement product of the diketone
is most readily obtained directly from the oxido ketone.
Thus when 10 g. of the ketone was added to 60 cc. of a
saturated solution of potassium hydroxide in methyl alco-
hol, the mixture rapidly passed through the color changes
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of vellow, orange and deep red, then gradually became
colorless and solidified. The resulting potassium salt
was dissolved in 600 cc. of hot water, the solution was fil-
tered to remove a small quantity of insoluble material,
then acidified. After recrystallization from acetone and
petroleum ether the acid melted, with brisk decomposition,
at 243-245°, The yield was 10 g.

JAnal.  Caled. for CyHys0;5: C, 79.3; H, 5.7.
C,79.2; H, 54.

The brisk decomposition at the melting point represents
loss of water and results in the formation of triphenyl
acrylic acid. Thus 1.03 g. of the acid heated to 240~260°
in a metal bath lost 0.13 g. instead of 0.11 g. calculated and
left an acid which melted at 208-212°.

The methyl ester of triphenyl lactic acid, prepared by
means of the silver salt, crystallized in acicular prisms and
melted at 186°.

Anal. Caled. for CpHyOs: C, 79.5; H, 6.0. Found:
C, 79.4; H, 6.1.

Methylation of the Diketone, a-Methoxy g-Phenyl
Benzalacetophenone. IV.—A solution of 0.27 g. of so-
dium hydroxide in 30 cc. of water was added slowly to a
solution of 2.0 g. of the diketone in 20 cc. of methyl
alcohol. The solution turned red but remained clear.
The red solution was shaken with 3 g. of dimethyl sulfate
until the red color disappeared. It deposited 1.83 g. of
yellow solid melting before recrystallization at 98-104°
and after recrystallization from methyl alcohol at 103-
104°. An additional 0.1 g. of the same product was ob-
tained from the acid filtrate making a total yield of 949,

Anal. Caled. for C»Hy30,: C, 84.1; H,5.7; OCH;, 9.9.
Found: C, 83.9; H, 5.8; OCH;, 10.2.

Methylation with methyl iodide at the ordinary tem-
perature is too slow to be feasible because much of the
diketone undergoes the benzilic acid rearrangement.
Higher temperatures are more favorable for methylation
but even at these temperatures the diketone, in part, is
rearranged into triphenyl lactic acid which is then
methylated., The best results were obtained as follows.
A solution of 0.33 g. of sodium hydroxide was added a
drop at a time through a reflux condenser to a boiling
solution of 2 g. of the diketone and 3 g. of methyl iodide in
10 cc. of methyl alcohol. FEach drop of base produced a
red color and no more base was added until this color had
changed back to yellow. When all of the diketone had
disappeared the solution was neutralized and diluted with
water. It deposited a yellow oil which later solidified.
On treatment with ether a part of the product dissolved,
leaving 0.35 g. of a colorless solid which was identified as
the methyl ester of triphenyl lactic acid. The ethereal
solution and the ethereal extract of aqueous alcoholic
solution yielded 1.43 g. of the same methoxyl compound
that had been obtained with dimethyl sulfate.

Benzoylation. Benzoate of «-Hydroxy-g-phenyl Ben-
zalacetophenone. V.—Benzoylation in pyridine by the
usual procedure gave a product which after recrystalliza-
tion from acetone and petroleum ether melted at 161°.
The yield was 93.59%. The same product was obtained
when the sodium derivative was benzoylated in the follow-
ing manner. A solution of 0.5 g. of sodium hydroxide in
5 ce. of water was added to a solution of 2 g. of the dike-

Found:
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tone in dioxane. To the resulting red solution a solution
of 1.5 g. of benzoyl chloride in 10 cc. of dioxane was
added slowly with vigorous shaking until the color dis-
appeared. The solution was then mixed with ether and
washed with water until free from dioxane. The ethereal
solution yielded 2.15 g. of the benzoate and 04 g. of a
yellow oil composed mainly of unchanged diketone.

Anal. Caled. for CypsHpO3: C, 83.2; H, 5.0. Found:
C, 83.1; H, 5.2

The benzoate is not hydrolyzed by acids and it is uot re-
duced by hydrogen and Adams’ catalyst. Bases convert
it into the same prcducts that would be obtained by similar
treatinent of the diketone and hydroxylamine acetatc
transforms it into the same oxime that is formed from the
diketone.

Reduction: 1,3,3-Triphenyl-1-hydroxy Propanone (VI).
—When a solution of 2 g. of the ketone in 3 ce. of ethyl
acetate was shaken with hydrogen in the presence of
Adams’ catalyst, the gas was absorbed rapidly until one
mole had disappeared, whereupon absorption stopped
abruptly. The solution contained but one substance, melt-
ing at 125-126° when crude and at 128° after recrystalliza-
tion from acetone-petroleum ether. Catalytic reduction
in acetic anhydride was less rapid, but it likewise gave
only the product melting at 1280. Reduction in an alkaline
medium was not feasible, owing to the ease with which the
diketone is rearranged, but reduction with zinc and acid
occurred readily; it likewise gave but the one product.

The reduction product proved to be identical with a sub-
stance which had been obtained previously from an oxido
alcohol.? The formation in these diverse ways leaves no
doubt as to its structure

(CeHs)zC*-/CHCHOHCGHa —_—

(CeH5).,CHCOCHOHCH; < (C¢Hs):CHCOCOCH;

The reduction product could not be rearranged into an

isomeric ketol by boiling with acids or with bases. In an
alkaline solution it forms an oxime which melts at 159°.

Anal. Caled. for CnHpsO:N: C, 79.5; H, 6.0. Found:
C,79.5; H, 6.3.

Oxime of the Diketone.—When the diketone was
treated in the usual manner with hydroxylamine acctate
it formed a single monoxime—a substance which crystal-
lized from ether—petroleum ether in nodules of fine needles
and which melted at 135-136°.

Anal. Caled. for CyH;;:O.N: C, 80.0; H, 5.4. Found:
C,79.7; H,57.

The oxime forms a copper derivative with cupric acetate
and it develops a deep red color in alcoholic solutions of
ferric chloride. It therefore belongs to the class of a-
oximes®—the oximes in which the hydroxyl group is
trans with respect to an RCO group.

II. The Reaction with Organic Magnesium
Compounds

When the diketone is added to excess of stand-
ardized methylmagnesium iodide* it consumes

(2) Kohler, Richtmyer and Hester, Te1s JoUrRNAL, §3, 216 (1931}.
(3) Taylor and Marks, J. Chem. Soc., 2302 (1930); 2018 (1931).
(4) "Tuis JoUurNaL, 53, 205 (1931).
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almost exactly two moles of reagent and liberates

0.47 mole of methane. These values show that it

inaugurates the series of reactions which are

represented as follows
CH;,

CH, QHz

l | !
(CGHs)QCH(!:'——COCaHs —_— (CeHQgCHCﬁMCC&Hs

A TOng C  OMgX OMgX
T (CAHL).CHCOCOCH,
\L CH; CH;,

I i
(CeHs)zCHCOCCsHs —_ CH4 + (CsHs)gC‘:—‘CMC—CGHs

B OMgX D OMgX OMgX

Independent experiments showed that while the
magnesium derivative B is largely enolized by a
second molecule of the reagent, it also in small
part combines; it is therefore formed in a some-
what larger proportion than is indicated by the
gas evolved.

As the chart shows, it is not possible to secure
the ketol VII—corresponding to A—by operating
in this manner. This ketol can however be ob-
tained by adding one equivalent of the reagent to a
solution of the ketone. It was identified with a
substance which had been obtained previously
in an entirely different series of reactions and
which had been represented by formula VIIL.®
Its melting point seems unduly high for a sub-
stance of this type but we have verified the
formula by relating the ketol to known sub-
stances by means of a series of reactions which
can be represented as follows

CH;
\
(CeHs)zCHCOCOCeHs —_— (CeHs)zCHCCOCGHa
VII
OH
?Hz ?eHs
(CGHS)QCHC_CCGHS
i |
OH OH
CH;

l
(CeHs)zCHCOCO;CHa —_— (CeHs)zCHCCOzCHs
IX OH

The isomeric ketol VIII corresponding to B and
D can be obtained by operating in the usual man-
ner. When it is treated with phenylmagnesium
bromide, a part of it is converted into the mag-

(5) Kohler, Am. Chem. J., 36, 536 (1906).
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nesium derivative D but a part of it also combines
with the reagent and forms the magnesium deriva-
tive of a glycol that is isomeric with X. Hydro-
gen iodide converts it into an indane derivative

CsHs CH3 CH.’S
| 5 i
(CGHs)zCH?-—CCeHs -~ (CeHs)zCHCOCCGHs —_—
! i
OH OH ;

OH
X1 VIII
——CHCsH;
) fe}
\C
C(CH,)C:H;
XI11

1,3,3-Triphenyl-2-methyl-2-hydroxy Propanone-1, VIIL
—A solution of methylmagnesium iodide made from
0.9 g. of magnesium was added to a solution of 10 g. of the
diketone in 50 cc. of ether. The product was 9.5 g. of an
oil that was free from diketone. A solution of 4.5 g. of
this oil in 20 cc. of methyl alcohol was shaken for a minute
with 10 cc. of 209, methyl alcoholic hydroxide, then acidi-
fied and diluted with water. From the aqueous alcoholic
solution ether extracted 2.5 g. of a substance which crys-
tallized in needles and melted at 178°, This substance
was identified as the ketol by comparison with an authentic
sample.® The melting point given in the earlier paper is
188°, A repetition of the experiment showed that this is
an error; the melting point is 178°.

1,3,3-Triphenyl-1-methyl-1-hydroxy Propanone-2, VIII.
—An ethereal solution of 10 g. of the diketone was added
to a solution of methylmagnesium iodide containing 2 g. of
magnesium. An orange solid separated but redissolved
immediately. The mixture was stirred for several hours
to complete the precipitation of a magnesium compound
which separated slowly. This solid magnesium compound
yielded a solid product while the solution yielded only oils.
The solid crystallized from ether—petroleum ether in
needles melting at 72-73°,

Anal. Caled. for CoyHy00s: C, 83.5; H, 6.3. Found:
C, 83.5; H, 6.5.

1,3-Diphenyl-1-methylindanone-2, XII.—With reduc-
tion in view, the ketone (VIII) was heated for an hour and
a half with excess of hydriodic acid but instead of being re-
duced it was condensed to an indane derivative. After
recrystallization from acetone, the product melted with
decomposition at about 185°,

Amnal. Caled. for C»Hys0: C, 88.6; H, 6.0. Found:
C,884; H,6.3.

1,2,3,3 - Tetraphenyl - 1 - methylpropanediol - 1,2, XI.—
A solution of 2 g. of the same ketol (VIII) was added to a
solution of phenylmagnesium bromide made from 2 g. of
magnesium. The solution was boiled for six hours before
it was decomposed with acid in the usual manner. It
yielded 0.5 g. of fine needles which after recrystallization
from ether—petroleum ether melted at 184°.

Anal. Caled. for C2:Hy60.: C, 85.3; H, 6.6. Found:
C,84.8; H, 6.6.

1,1,3,3-Tetraphenyl-2-methylpropanediol-1,2, X.—A so-
lution of 5 g. of the oil obtained by adding methylmagne-



