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being relatively insensitive to steric and electronic
effects in the aldehyde moiety.

EXPERIMENTAL!!

p-Dimethylaminophenylcarbinols (II1). The new amino
carbinols listed in Table I were prepared from the appro-
priate alkyl- or arylmagnesium bromide and p-dimethyl-
aminobenzaldehyde, except for the cyclohexyl derivative,
which was prepared from cyclohexylmagnesium chloride.
The halides (except m-bromocumene) and the aldehyde
were commercial products. The Grignard reagents were pre-
pared by reaction of the halides, in 2-3 volumes of ether,
with a slight excess of magnesium. p-Dimethylaminobenz-
aldehyde was added as a solution in benzene, and the reac-
tion was stirred at room temperature for 2-10 hr. Hydrolysis
was accomplished in aqueous ammonium chloride, the ether
layer was dried over calcium sulfate, and the residue was
recrystallized from benzene-petroleum ether (b.p. 30-60°)
[except in the case of 1-(4-dimethylaminophenyl)-4-methyl-
1-pentanol, which was crystallized from petroleum ether
alone],

p-Dimethylaminobenzhydrol, m.p. 69-70° (reported!?
69-70°) was prepared by the reduction of the ketone with
sodium bornhydride. p-Dimethylaminophenyl-1-naphthyl-
carbinol, m.p. 98-99° (reported!’® m.p. 97-98°) was pre-
pared as described previously.13

Preparation of the aldehydes. Sulfanilic acid (60 g., 0.31
mole) was dissolved in a solution of 18.4 g. of sodium car-
bonate in 200 ml. of water, and diazotized at 0-5° by the
addition of 64 ml. of coned. hydrochloric acid and a solution
of 24.4 g. of sodium nitrite in 75 ml. of water in portions.
When diazotization was complete and a slight excess of
nitrous acid was present, the solution was buffered by the
addition of 70 g. of sodium acetate in 200 ml. of water (pH
ca. 6). A solution of 0.20 mole of the amino carbinol in 500

(11) Microanalyses by Spang Microanalytical Labora-
tory, Ann Arbor, Mich. Melting and boiling points were not
corrected for stem exposure.

(12) XK. Albrecht, Ber., 21,3292 (1888).

(13) F. Sachs and L. Sachs, Ber., 38, 511 (1905).
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ml. of acetone was then added, followed by an additional
250 ml. of acetone. The mixture, which became red in a
few minutes, was allowed to stir under a nitrogen atmosphere
at 0-5° for 30 min. and then for an additional 30 min. after
the removal of the ice bath. The mixture was diluted with
water and extracted with ether. After removal of solvent from
the dried solution, the aldehyde was distilled under an
atmosphere of nitrogen.

Methyl m-bromobenzoale, b.p. 69-70°/0.2 mm. (reported!*
b.p. 122.5°/15 mm.), was prepared in 849, yield from
commercial m-bromobenzoic acid by the method of Clinton
and Laskowski, 15

m-Bromophenyldimethylcarbinol, A solution of 150 g.
(0.70 mole) of methyl m-bromobenzoate in 300 ml. of ether
was added to 2.25 moles of methylmagnesium bromide in
1.5 1. of ether and the mixture was stirred overnight. Hy-
drolysis with aqueous ammonium chloride was followed by
isolation in the usual manner. The product, 130 g. (85%),
distilled at 79-80°/0.24 mm.

Anal. Caled. for CoH;BrO: C, 50.25; H, 5.16. Found:
C, 50.10; H, 5.03.

m-Bromocumene.’® m-Bromophenyldimethylcarbinol (130
g., 0.60 mole) was hydrogenolyzed in three batches, each
utilizing 3 g. of 5%, palladium-on-charcoal catalyst in 200 ml.
of glacial acetic acid and 1 ml. of 70% perchloric acid,
under 40 1b. initial hydrogen pressure, at room temperature.
Approximately 1 hr. was required for each reaction. After
removal of the catalyst the combined acetic acid solutions
were combined and about 75% of the acetic acid was re-
moved under reduced pressure. The residue was diluted
with water and steam distilled. Fractional distillation
yielded 96 g. (809) of colorless liquid, b.p. 208-210° (re-
ported? b.p. 208-210°).

ANN ArBoOR, MicH.

(14) A. M. Kellas, Z. Physik. Chem., 24, 245 (1897).

(15) R. O. Clinton and 8. C., Laskowski, J. Am. Chem.
Soc., 70,3135 (1948).

(16) The synthesis of this compound was adapted from
an unpublished procedure of Professor R. E. Ireland.

(17) E. C. Sterling and M. T. Bogert, J. Org. Chem., 4,
20 (1939).
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The success of the aldol type of condensation of ethyl or isopropyl acetate with benzophenone by lithium amide in liquid
ammonia to form the corresponding S-hydroxy ester was found to be dependent on minimizing the self-condensation of the
alkyl acetate before adding the ketone to the reaction mixture. This was accomplished either by adding the ketone very soon
after the ester or by employing excess reagent over the one equivalent required to form the intermediate lithio ester. This
was not necessary with t-butyl acetate. When two equivalents of lithium amide were used, the monolithio derivative of the
B-hydroxy ester first formed in the condensation was converted to the dilithio derivative of the g8-hydroxy ester. This was
demonstrated by adding benzyl chloride to the reaction mixture to form the a-benzyl derivative of the g-hydroxy ester.
Consideration is given to the bearing of these results on the earlier general procedure for synthesizing g8-hydroxy esters and
to the relative ease of self~condensations of the alkyl acetates.

Recently? ethyl acetate was condensed with
various ketones or aldehydes by means to two
molecular equivalents of lithium amide in liquid

(1) Supported by the Office of Ordnance Research, U. S.
Army.

ammonia to form the corresponding B-hydroxy
esters. For example, this ester was condensed
with benzophenone to give g-hydroxy ester I in

(2) W. R. Dunnavant and C. R. Hauser, J. Org. Chem.,
25, 503 (1960).
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vields of 80-849,. Similarly, isopropyl and i-
butyl acetates were condensed with this ketone
to produce 8-hydroxy esters 11 and III respectively.

(CeH.s)z(lj—‘CHchOR

OH

ILR =C.H;
II. R = CH(CH;),
III. R = C(CH;;);

The general procedure involved the addition
of the alkyl acetate to the reagent followed by the
ketone after fifteen to twenty minutes. This time
interval was allowed to permit the jonization of an
a-hydrogen of the ester to form the lithio ester,
which was presumably the reactive intermediate.
The formation of such an intermediate might be
expected to require only one equivalent of the rea-
gent; indeed, this amount of reagent was satis-
factory for the condensation of {-butyl acetate with
benzophenoue to form III. However, one equivalent
of the reagent failed to effect the condensation of
ethyl acetate with this ketone under similar con-
ditions, and the ketone was largely recovered.

We have now found that ethyl acetate can be
condensed with benzophenone by means of one
equivalent of lithium amide provided the ketone
is added immediately after the ester; this pro-
cedure produced a 699, yield of g-hydroxy ester
I. On the other hand, when the ketone was added
twenty minutes after the ester as in the earlier
procedure, a 249, yield of acetoacetic ester was
obtained, and 899, of the ketone was recovered.
Evidently most of this 8-keto ester was produced
before the ketone was added, as about the same
yield (289;) was realized on treating ethyl acetate
alone with the reagent for twenty minutes. Some
of the -keto ester appeared to be formed within
a few seconds when the reaction mixture turned
from gray to black, as the material obtained on
stopping the reaction after such an observation
gave a positive enol test with ethanolic ferric
chloride. These results show that ethyl acetate is
first converted very rapidly to its lithio derivative
by an equivalent of lithium amide in liquid ammonia
but that, unless the ketone is added immediately,
this intermediate condenses with unchanged ester
to form acetoacetic ester. Both the g-hydroxy
ester and g-keto ester are produced in the reaction
mixture as their lithio derivatives (Scheme A),

Scheme A
{NH:

LiNH,
CH,CO0C:H; ———> LiCH,COOC:H;
lig. NHs
‘ (CeHs).C—CH,COOC,H;

OLi
CH;COGHQCOOCQHE, _—_—

(CeHs):C=0

LiCH;COOC:Hs r

Li
CH;COCHCOOC,H; + CH,COOC;H,
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Although ethyl acetate is first converted largely
to its lithio derivative, the small amount of un-
changed ester present in equilibrium is sufficient
to lead to the formation of considerable acetoacetic
ester because ethyl acetate is regenerated continu-
ally in the last step (see Scheme A).3

It should be mentioned that only a 229, yield
of B-hydroxy ester I was obtained on repeating
the experiment in which the ketone was added
immediately after the ester. However, in this
run the ethyl acetate-lithium amide mixture had
turned from gray to black before all of the ketone
had been added indicating that selfcondensation
of the ester had begun (see above). Actually the so-
called immediate addition of the ketone required
a few seconds, and the time lapse might have been
slightly greater in the second experiment. Also,
because of the tendency of the lithium amide to
cling to the walls of the reaction vessel above the
liquid medium, the use of just one equivalent of
the reagent might sometimes result in slightly less
than an equivalent entering into the reaction.
This should favor the selfcondensation of the ester.

Similarly, isopropy! acetate reacted rapidly and
largely with one equivalent of lithium amide in
liquid ammonia to form its lithio derivative, which
condenses either with benzophenone or with un-
changed ester depending on how soon the ketone
is added after the ester. Thus, an 829, yield of
B-hydroxy ester 1I was obtained when the ketone
was added immediately after the ester, whereas
only a 39, yield of the S-hydroxy ester was isolated
when the ketone was added twenty minutes after
the ester. In the latter experiment a 509 yield of
isopropyl acetoacetate was produced. These two
courses of reaction are analogous to those repre-
sented in Scheme A for ethyl acetate.

Thus, under appropriate conditions, ethyl and
isopropyl acetates as well as i-butyl acetate can
be condensed with benzophenone by means of one
equivalent of lithium amide in liquid ammonia to
form S-hydroxy esters, I, II, and III, respectively
(Equation 1).

1, (CeHs):C=0

LiNH,
1

liq. NH 2, NHiCl

I, II, or III (1)
R = CgHs, CH(CH;;)?, or c(cﬁa)s

These results with one equivalent of lithium am-
ide together with those with more than one equiva-
lent of the reagent are summarized in Table L
The ionization-time column in this table indicates
the period after adding the ester to the reagent
before adding the ketone. The condensation time
after adding the ketone was one hour, the reaction
mixtures then being poured into ammonium
chloride in liquid ammonia. This inverse neutrali-

(3) This last step may be effected by the lithium ethoxide
formed as by-product in the condensation of lithio ethyl
acetate with unchanged ester, but this would form ethanol
which would then liberate ethyl acetate from the lithio ester.
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zation procedure was employed to minimize pos-
sible cleavages of the g-hydroxy esters, although
it has been shown not to be required in the prepa-
ration of 8-hydroxy ester I (see note 5 in ref. 2).

TABLE I

YieLps or 8-HyYpRoXY ESTERS FROM ALKYL ACETATES AND
BENZOPHENONE BY LiTHIUM AMIDE UNDER Various CoNDI-

TIONS
Toniz.
Exp. Alkyl Equiv. Time, g-Hydroxy
No.  Acetate LiNH; Min.® Ester Yield, %
1 Ethyl 1 15-20 I 0°
2 Ethyl 1 0° I 69, 22¢
3 Ethyl 1.1 0.5 I 67
4  Ethyl 1.25 0.5 I 78
5  Ethyl 2 3 I 82
6 Ethyl 2 15-20 I 80-84¢
7  Ethyl 3 20 I 60
8  Ethyl 4 20 I 58
9 Isopropyl 1 15-20 1I 37
10 Isopropyl 1 0° II 82
11  Isopropyl 2 15-20 II 80°¢
12 ¢-Butyl 1 15-20 II1 71¢
13 ¢-Butyl 1.25 3 III 71
14  {-Butyl 2 15-20 111 870
15  t-Butyl 2.1 15-20 III 76

@ The time allowed after adding the ester to the reagent
before adding the ketone. ? A 249, yield of acetoacetic
ester was obtained; 89% of the ketone was recovered. ¢ Al-
though the ketone was added immediately after the ester, a
few seconds probably elapsed. ¢ In this experiment the ethyl
acetate~lithium amide mixture turned black before all of
the ketone was added. ° Reported previously in ref. 2.
7 A 50%-yield of isopropyl acetoacetate was obtained, and
559 of the ketone was recovered.

It can be seen from Table I that the yields of I
were more consistent with an excess of the reagent
than with just one equivalent. Thus, even though
the ketone was not added until thirty seconds after
the ester, 1.1 and 1.25 equivalents of the reagent
produced the B-hydroxy ester in yields of 679,
and 789, respectively (experiments 3 and 4).
The latter yield is about as high as that (80-849)
obtained with two equivalents of the reagent when
the ketone was added three or twenty minutes
after the ester (experiments 5 and 6).

The fact that two equivalents of lithium amide
but not one produced S-hydroxy ester I when the
ketone was added twenty minutes after the ester
indicated that the extra equivalent of the reagent
retarded the self-condensation of the ethyl acetate
This was confirmed by treating ethyl acetate alone
with two equivalents of the reagent for twenty
minutes, after which no acetoacetic ester could
be isolated. However, the selfcondensation of
ethyl acetate was not stopped indefinitely by an
extra equivalent of lithium amide, a 319, yield of
acetoacetic ester being obtained with two equiva-
lents of the reagent after two hours. A 409, yield
of the 8-keto ester was realized with one equivalent
of the reagent after only one hour.*
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Besides retarding the selfcondensation of ethyl
acetate, the extra equivalent of lithium amide
was found to convert the monolithio g-hydroxy
ester I’ that is presumably first formed in the con-
densation of lithio ethyl acetate with benzophenone
(see Scheme A) to the dilithio g-hydroxy ester
I”. This was established by treating the reaction
mixture with an equivalent of benzyl chloride,
which produded the o«-benzyl derivative IV in
619 yield (Equation 2),

1. 2LiNH;

CH,CO0C.H; ——— >
2. (CsHs):C=0

Li
é 1. CaH:CH:C
(CEHE.)ZO— HCOOCsz ————
2. NH(CI
Li
I”
C¢H;CH.,

(Csﬁs)z(f—(‘?HCOOCZHs (2)
OH

IV was also obtained in 619, yield by treating
B-hydroxy ester I with two equivalents of lithium
amide followed by one equivalent of benzyl chlo-
ride.

That the benzylation product was the a-benzyl
derivative and not the possible benzyl ether of §-
hydroxy ester I®* was supported by its infrared
spectrum, which gave strong absorption at 2.8
¢ indicating that the hydroxyl group had been
retained. The structure of the benzylation product
was established as IV by cleavage with sodium
amide in liquid ammonia to form benzophenone
and ethyl hydrocinnamate which was saponi-
fied and isolated as hydrocinnamic acid (Equation
3).8

NaNH:

v —-1—N—H> (CeH;):C=0 4+ C¢H;CH.CH,COOC.H; (3)
1q. £}

Incidently, the type of alkylation of the dilithio
B-hydroxy ester illustrated in Equation 2 may
furnish a useful method for synthesizing not only
IV which appears not to have been prepared pre-
viously, but also various other a-alkyl derivatives.

The condensation with two equivalents of lith-
ium amide might appear to involve the intermediate
formation of dilithio ethyl acetate, Va or Vb,
which might add to the carbonyl group of benzo-
phenone to form directly dilithio g-hydroxy ester

(4) The yields of acetoacetic ester reported here may not
represent the maximum amount of the g-keto ester formed,
as only 549, of the g-keto ester was recovered in a blank
ﬁxperiment with two equivalents of the reagent for one

our,

(5) Another preferential benzylation of a carbanion over
an oxide anion has been observed with the dianion

(CsH)C—0; P. J. Hamrick and C. R. Hauser, J. 4m.
Chem. Soc., 81, 493 (1959).

(6) Reactions with sodium amide will be further con-
sidered in a later paper by C. R. Hauser and W. R. Dunna-
vant.
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Li,CHCOOC,H; LiCH=(E—OLi
OC,H;
Va Vb

I”. However, lithium amide seems unlikely to be
a sufficiently strong base to effect the secondary
ionization that would be required to produce
dilithio ethyl acetate. Indirect evidence against the
formation of an appreciable amount of such
a dilithio derivative is the previous observation’
that treatment of ethyl acetate with two equiva-
lents of lithium amide in liquid ammonia followed
by two equivalents of benzyl chloride produced the
monobenzyl derivative, ethyl 3-phenylpropionate
(309%), but apparently none of the dibenzyl
derivative of ethyl acetate. On repeating this ex-
periment, we obtained, besides the monobenzylated
ester, some stilbene (179%) which has previously
been produced by the action of lithium amide
in liquid ammonia on benzyl chloride.® The forma-
tion of this dimeric olefin may indicate the pres-
ence of some essentially free lithium amide, al-
though other bases in the reaction mixture might
have effected the reaction.

The reactive intermediate in the condensation
of ethyl acetate with benzophenone by two equiva-
lents of lithium amide seems more likely to be es-
sentially monolithio ethyl acetate, possibly coordi-
nated with the extra equivalent of the reagent as
in VIa or VIb or in a dimer or trimer.

OLi /0~Li
CHy=C CH,=C NH,
. N LS
O — LiNH, 0— L1
S
C2H5 C2H5
Via VIb

Some sort of coordination is indicated by the
fact that an extra equivalent of lithium amide
retards the selfcondensation of ethyl acetate (see
above) whereas sodium amide, which should co-
ordinate to a smaller degree, fails to exhibit such
a retarding effect under similar conditions.® The
retarding of the selfcondensation of ethyl acetate is
presumably the result of more complete ionization
of its a-hydrogen leaving relatively less unchanged
ester to enter into condensation with the lithio
ester as required by theory.? Apparently the two
equivalents of lithium amide coordinate with the
carbonyl as well as the alkoxide oxygen of ethyl
acetate to make the ester an effectively stronger
acid. This may lead to the formation of the co-
ordinated monolithio derivative VIa or VIb, or
perhaps to an anion of VIb resulting from the

(7) C. R. Hauser and W. J. Chambers, J. Org. Chem., 21
1524 (1956).

(8) C. R. Hauser, W. R. Brasen, P. 8. Skell, 8. W.
Kantor, and A. E. Brodhag, J. Am. Chem. Soc., 78, 1653
1956).

(9) See C. R.¥Hauser and B. E. Hudson, Org. Reactions,
Vol. I, 276 (1942),
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ionization of a hydrogen on nitrogen. The more
complete ionization of the o-hydrogen of ethyl
acetate cannot be ascribed solely to a mass action
effect by amide ion, as this base is effectively weaker
in lithium amide than in sodium amide towards
diphenylmethane, which has no point for coordi-
nation of a metallic cation. Thus, whereas sodium
amide in liquid ammonia converts this hydrocarbon
to its anion which can be alkylated,' lithium amide
produces an insufficient concentration of the carb-
anion for successful alkylation under similar condi-
tions. !

Regardless of the structure of the intermediate
lithio ethyl acetate, benzophenone must react
preferentially with it rather than with excess lith-
ium amide, as B-hydroxy ester I was obtained in
approximately 609 yield when three equivalents
or even four equivalents of the reagent were em-
ployed (see experiments 7 and 8, Table I). This
result cannot be accounted for on the basis that
benzophenone first adds reversibly an equivalent
of lithium amide to form (CsH;).C(OLi))NH,
and that the lithio ethyl acetate then condenses
with the ketone present in equilibrium, as the addi-
tion of the amide is effectively irreversible in liquid
ammonia, Thus, on first adding benzophenone to
two equivalents of lithium amide followed by ethyl
acetate, none of 8-hydroxy ester I was obtained and
the ketone was largely recovered on acidification.

Tn Table 1, although the yields of g-hydroxy
ester IT from isopropy! acetate were about the same
with one or two equivalents of the reagent under
the appropriate conditions (experiments 10 and 11),
those of B-hydroxy ester III from i-butyl acetate
appeared to be slightly higher with two or 2.1
equivalents of the reagent (experiments 14 and 15)
than with one or 1.25 equivalents (experiments 12
and 13). This might indicate that the maximum
yield with {-butyl acetate requires the conversion
of the product to its dilithio derivative. Some of this
derivative was evidently produced on treating
B-hydroxy ester III with two equivalents of the
reagent, as subsequent addition of benzyl chloride
gave VIT (109,). The yield could probably be im-
proved by longer reaction time (see Fxperimental).

CGH5CH2

(CeH;).C—CHCOOC(CH,),

|
OH

ViI

On the basis of the present results certain
modifications may be made in the earlier procedure?
for the synthesis of B8-hydroxy esters from ethyl
acetate and various ketones or aldehydes. The time
interval after adding the ester to the reagent before
adding the ketone may now be shortened, if de-

(10) C. R. Hauser and P. J. Hamrick, Jr., J. Am. Chem.
Soc., 79, 3142 (1957).

(11) Unpublished results of P. J. Hamrick and C. R.
Hauser.
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sired, from fifteen to twenty minutes to three
minutes or less (see Table I). If this time interval
is so shortened, the full extra equivalent of lithium
amide is not required even in the condensation of
ethyl acetate with benzophenone. However, this is
not necessarily true for the condensations of this
ester with other ketones, with certain of which the
further driving force furnished by the conversion
of the product to its dilithio derivative may be
required for maximum yield.

While the general procedure employing two
equivalents of the reagent has previously been
shown? to produce good to excellent yields in the
condensations of ethyl acetate with certain ketones
having «-hydrogen, it has now been found not to
be satisfactory with acetone, with which much
tarry material was produced. However, a 449,
yield of the corresponding B-hydroxy ester VIII
was obtained with 1.25 equivalents of the reagent
under special conditions (see Experimental).

(CH3)2?—0H200002H5

OH
VIII

Relative rates of self-condensations of alkyl acetates.
It has previously been observed in this laboratory*2
that ethyl acetate is selfcondensed by sodium
triphenylmethide in ether somewhat faster than
isopropyl acetate, and that these two esters are
selfcondensed much more rapidly than t-butyl
acetate (Scheme B).

Scheme B
(CeHs)sCNa
CH;COOR th__> NaCH2’COOR + (CeH;);CH
ether
NaCH:;COOR
CH;COCH,COOR ——m—>

Ng
CH;COCHCOOR -+ CH,COOR
Relative rates, R = ethyl > isopropyl > ¢-butyl

Similar to the observation made above in con-
nection with Scheme A, a small amount of un-
changed alkyl acetate present in the equilibrium of
the first step is sufficient for the production of
good yields of the selfcondensation product, as
the alkyl acetate is regenerated continually in the
last step. That the equilibrium of the first step,
acid-base reaction is far on the side of the ester
anion is strikingly illustrated by the almost im-
mediate discharge of the characteristic red color of
the sodium triphenylmethide reagent by a molecular
equivalent of the alkyl acetate.

In line with these relative rates of selfcondensa-
tions of alkyl acetates, treatment of ethyl and
isopropyl acetates with equivalents of lithium

(12) Ph.D. thesis, B. Abramovitch, Duke University
(1942) p. 33.
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amide in liquid ammonia for twenty minutes pro-
duced considerable ethyl and isopropyl acetoace-
tates, whereas similar treatment of ¢-butyl acetate
gave no significant amount of its self-condensation
product. Addition of benzophenone to the reaction
mixtures after this time gave B-hydroxy esters
I, 11, and III in increasing yields of 09, 39, and
719%, respectively (see Table I). However, the
yield of the ethyl acetoacetate isolated was only
about half of that of isopropyl acetoacetate (see
notes b and f, Table I). This apparent discrepancy
appears to have been due to some destruction of
the former 8-keto ester* or possibly to some attack
of the lithium amide at the carbonyl group of ethyl
acetate to form acetamide although an attempt to
isolate this product was unsuccessful.

EXPERIMENTAL!®

Condensations of alkyl acetates with benzophenone by
lithium amide (Table I). The preparation of the lithium
amide in liquid ammonia and the apparatus used were de-
seribed previously.? After the blue color of the lithium metal
had been discharged in the main body of the reaction mix-
ture, the reaction flask was shaken manually to effect the
conversion of particles of the metal on the walls above the
liquid ammonia to lithium amide, which was obtained as a
thick, white suspension.

In Table I are summarized the results obtained from the
condensations of ethyl, isopropyl, and t-butyl acetates with
benzophenone to form 8-hydroxy esters I, IT and IIT respec-
tively. The B-keto esters resulting from selfcondensations of
ethyl and isopropyl acetates are noted in this table. Some
typieal experiments are described in detail below.

A. Experiments with ethyl acetate. In Experiment 1, a
solution of 35.2 g. (0.4 mole) of ethyl acetate in an equal
volume of dry ether was added to a stirred suspension of
0.4 mole of lithium amide in 440 ml. of commercial, anhy-
drous liquid ammonia. The reaction flask was then shaken
manually to effect contact of the ester with small amounts
of lithium amide on the walls of the flask above the main
body of the reaction mixture. After stirring for 20 min.,
72.8 g. (0.4 mole) of benzophenone in sufficient ether to
effect solution (140 ml.) was added. The reaction mixture
was stirred for 1 hr. and was then inversely neutralized by
pouring it with stirring into a solution of ammonium chlo-
ride in liquid ammonia. The ammonia was evaporated on
the steam bath as 300 ml. of ether was added. The resulting
ethereal suspension was shaken with 200 ml, of cold water
and the aqueous layer was extracted with several 100-ml.
portions of ether. The combined ethereal solution was dried
over magnesium sulfate and then evaporated. The residue
was dissolved in boiling petroleum ether (b.p. 60-90°) and
the solution treated with charcoal and filtered. The solution
was stirred with cooling in an ice bath to precipitate 65 g.
(899,) of ecrystalline benzophenone, m.p. 46-47°. The
solvent of the filtrate was removed, and the residue was dis-
tilled to yield 7.3 g. (24%) of ethyl acetoacetate, b.p. 73—
74° at 14 mm; reported!* b.p. 74° at 14 mm. The product
gave an infrared spectrum identical with that of the authen-
tic B-keto ester, and a positive enol test with ethanolic ferric
chloride.

(13) The melting points were taken on a Fisher-Johns
melting point apparatus. Infrared spectra were produced
with a Perkin-Elmer Infracord using mineral oil mulls. The
elemental analysis were by Galbraith Microanalytical
Laboratories, Knoxville, Tenn.

(14) Heilbron, Dictionary of Organic Compounds, Vol. 11,
Oxford University Press, New York, N. Y., 1953, p. 486.
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In Experiment 2, a solution of 17.6 g. (0.2 mole) of ethyl
acetate in an equal volume of ether was added through the
addition funnel as rapidly as possible to a stirred suspension
of 0.2 mole of lithium amide in 400 ml. of anhydrous liquid
ammonia. As frothing occurred, a reaction vessel having a
volume twice that of the amide suspension was used. As
the last of the ester passed through the stopcock, a solution
of 36.4 g. (0.2 mole) of benzophenone in 70 ml. of ether was
poured immediately into the addition funnel and allowed to
run into the reaction flask as rapidly as possible, the addi-
tion funnel being rinsed with a little ether. The mixture
was stirred for 1 hr. and was then inversely neutralized with
ammonium chloride. The ammonia was replaced by ether.
After adding water and thoroughly extracting the aqueous
layer with ether, the combined ethereal solution was dried
and solvent evaporated. The residue was crystallized from
petroleum ether (b.p. 60-90°) to give 37.2 g. (69%) of ethyl
g-hydroxy-g,8-diphenylpropionate (I), m.p. 86~-87°; re-
ported?® m.p. 87°. The filtrate was reduced in volume and
cooled with stirring in an ice bath to give 5.3 g. (14%) of
crystalline benzophenone, m.p. 46-47°, after two crystalliza-
tions from petroleum ether (b.p. 60-90°).

Ethanol is a good crystallizing solvent for B-hydroxy
ester I, but isolation of benzophenone is made difficult by
its high solubility in this solvent.

B. Ezperiments with isopropyl acetate. In Experiment 9,
a solution of 25 g. (0.24 mole) of isopropyl acetate in an
equal volume of ether was added to a stirred suspension of
0.24 mole of lithium amide in 400 ml. of anhydrous liquid
ammonia. After 15 min., a solution of 43.5 g. (0.24 mole) of
benzophenone in 80 ml. of ether was added. After stirring
for 1 hr., the reaction mixture was inversely neutralized with
ammonium chloride. The ammonia was replaced by ether
and water was added. After several ether extractions of the
aqueous layer, the combined ethereal solution was dried
over magnesium sulfate and then evaporated. The residue
was crystallized from 959, ethanol to yield 2.2 g. (39%) of
isopropyl B-hydroxy-8,8-diphenylpropionate (II), as color-
less, rod-shaped erystals, m.p. 101-102°,

Anal. Caled. for CioH20;: C, 76.02; H, 7.09. Found:
C, 75.93; H, 7.03.

Reducing the volume of the filtrate and cooling gave
37.5 g. (86%) of benzophenone, m.p. 46-47°, after recrys-
tallization from petroleum ether (b.p. 60-90°). The filtrate,
following removal of the ketone, was distilled to yield 8.8 g.
(50%) of isopropyl acetoacetate, b.p. 78-80° at 10 mm., re-
ported b.p. 79-80° at 11 mm.!® The 8-keto ester gave a posi-
tive enol test with ethanolic ferric chloride and reacted with
aqueous cupric acetate to give a green crystalline salt, m.p.
177-178°, after two crystallizations from aqueous metha-
nol; reported’” m.p. 179-180°.17

In Experiment 10, a solution of 25 g. (0.24 mole) of iso-
propyl acetate in an equal volume of ether was added to a
stirred suspension of 0.24 mole of lithium amide in 400 ml.
of liquid ammonia, followed immediately by 44 g. (0.24 mole)
of benzophenone in 100 ml. of ether (see Exp. 2 with ethyl
acetate). The resulting gray suspension was stirred for 1 hr.
and was inversely neutralized with ammonium chloride. The
ammonia was replaced by ether and water was added. After
several extractions of the aqueous layer with ether, the
combined ethereal solution was dried and evaporated. The
residue was crystallized from petroleum ether (b.p. 60-90°)
to give 56 g. (82%) of ester II as large colorless, rod-shaped
crystals, m.p. 101-102°,

C. Experiments with t-butyl acetate. In Experiment 12, a
solution of 20 g. (0.17 mole) of t-butyl acetate in an equal
volume of ether was added to a stirred suspension of 0.17
mole of lithium amide in 400 ml. of liquid ammonia. After

(15) H. Rupe and E. Busolt, Ber., 40, 4537 (1907).

(16) J. C. Shivers, M. L. Dillon, and C. R. Hauser, J.
Am. Chem. Soc., 69, 119 (1947).

(17) C. Moureu and R. Delange, Compt. rend., 134, 46
(1902).
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stirring for 15 min., 31 g. (0.17 mole) of benzophenone in
60 ml. of ether was added. The resulting mixture was stirred
for 1 hr. and was inversely neutralized with ammonium
chloride. The ammonia was evaporated to dryness and the
solid residue was treated with water and filtered. The dried
solid was recrystallized from 959, ethanol to give 36.6 g.
(719%) of B-hydroxy ester III, m.p. 93-94°; reported!® m.p.
92-93°.

Benzylation of dilithio derivative 1" to form IV. A. From
ethyl acetate and benzophenone. To a stirred suspension of
0.4 mole of lithium amide in 400 ml. of anhydrous liquid
ammonia was added 17.6 g. (0.2 mole) of ethyl acetate in an
equal volume of ether. After stirring for 15 min., 36.4 g.
(0.2 mole) of benzophenone in 50 ml. of ether was added to
form a dark blue, then dark gray suspension. The mixture
was stirred for another 15 min., and 25 g. (0.2 mole) of
benzyl chloride in 25 ml. of ether was added. An insoluble
gray mass formed in the ammonia. Stirring was continued
for 1 hr. and the reaction mixture was then inversely neu-
tralized with ammonium chloride. The ammonia was
evaporated and the solid residue was stirred with cold
water. The resulting mixture was filtered. The solid cake
was crystallized from ethanol to yield 42,2 g. (61%) of ethy!
a-benzyl-g-hydroxy-g8,8-diphenylpropionate (IV), m.p. 109-
109.5° after two crystallizations from ethanol. The infrared
spectrum showed ester carbonyl absorption at 5.8 u and
hydroxyl absorption at 2.8 4.

Anal. Caled. for CoHoiQy: C, 79.97; H, 6.71. Found: C,
79.99; H, 6.70. C, 80.06; H, 6.85.

B. From B-hydrozy ester 1. To 0.07 mole of lithium amide
in 400 ml. of anhydrous liquid ammonia was added 10 g.
(0.037 mole) of B-hydroxy ester I in 25 ml. of ether. After
stirring for 30 min., 4.66 g. (0.037 mole) of benzyl chloride
in 10 ml. of ether was added and the mixture was stirred
for 1 hr., followed by neutralization with ammonium chlo-
ride. The ammonia was evaporated and the residue was
treated with water. The resulting mixture was filtered and
the solid cake was crystallized from ethanol to yield 8.8
g. (61%) of B-hydroxy ester IV, m.p. 109-110°. Reducing
the volume of the filtrate gave 2.8 g. (28%) recovery of
B-hydroxy ester I, m.p. 86-87°. The samples of IV prepared
by the two methods gave identical infrared spectra and no
mixed melting point depression.

Cleavage of B-hydrozy ester IV, To a stirred suspension of
0.017 mole of sodium amide in 200 ml. of anhydrous liquid
ammonis was added 5.0 g. (0.014 mole) of 8-hydroxy ester
IV in ether solution. The resulting solution was stirred
for 4 hr. and then was neutralized with ammonium chloride.
The ammonia was replaced by ether and water was added.
After thoroughly extracting the aqueous layer by ether,
the combined ethereal solution was dried over magnesium
sulfate and evaporated. The residue was treated with
petroleum ether (b.p. 60-90°) and stirred in an ice bath to
vield 2.1 g. (849%) of crystalline benzophenone, m.p. 47—
48°, The sample gave no mixed melting point depression
with, and an infrared spectrum identical with that of an
authentic sample of benzophenone.

The petroleum ether filtrate was concentrated and the
residue was refluxed with aqueous sodium hydroxide for 4
hr. The cooled alkaline solution was extracted with ether
and was then acidified to produce a cloudy solution. The
acidified solution was extracted with ether and the ether was
evaporated to yield a residual oil. The oil upon crystalliza-
tion from petroleum ether (b.p. 60-90°) gave 1.62 g. (78%)
of crystalline hydrocinnamic acid, m.p. 47-48°; lit.}* m.p.
48.5°. The admixture melting point with an authentic
sample was 47-48°. The infrared spectrum was identical in
every respect with that of the authentic sample.

(18) K. Sisido, H. Nozaki, and O. Kurihara, J. Am. Chem.
Soc., 74, 6254 (1952).

(19) C. Willgerodt and F. H. Merk, J. prakt. Chem., [2],
80, 196 (1909).
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Benzylation of B-hydroxy ester III to give VII. To a stirred
suspension of 0.1 mole of lithium amide in 300 ml. of anhy-
drous liquid ammonia was added 15 g. (0.5 mole) of 8-
hydroxy ester III in 25 ml. of anhydrous ether. After stirring
the resulting suspension for 20 min., 6.33 g. (0.5 mole) of
benzyl chloride in 15 ml. of ether was added slowly. A gray
precipitate formed immediately. The mixture was stirred
for 1 hr. and was then inversely neutralized with ammonium
chloride. The ammonia was evaporated and replaced by
ether. Water was added and the aqueous layer was thor-
oughly extracted by ether. The combined ether solution
was dried over magnesium sulfate and evaporated to a color-
less oily residue having the odor of benzyl chloride. Treat-
ment of the residue with 959, ethanol permitted crystalli-
zation of 3 g. (10%) of t-butyl a-benzyl-g-hydroxy-g,8-di-
phenylpropionate (VII) in the form of needle-like crystals,
m.p. 104-105°. The infrared spectrum showed carbonyl
absorption at 5.8 u, and hydroxyl absorption at 2.75 u.

Anal. Caled. for CeeHy05: C, 80.37; H, 7.26. Found: C,
80.29; H, 7.19.

The filtrate from above was reduced in volume and cooled
to yield 8.6 g. (57%) of recovered starting ester III, m.p.
92-93° after a second crystallization from ethanol.

Treatment of ethyl acetate with excess lithium amide followed
by benzyl chloride. To a stirred suspension of 1.0 mole of
lithium amide in 600 ml. of liquid ammonia was added 44
g. (0.5 mole) of ethyl acetate in an equal volume of ether.
The resulting gray suspension was stirred for 2 min, and
126.6 g. (1.0 mole) of benzyl chloride in 80 ml. of ether was
added. After stirring for 1 hr. the ammonia was replaced
by ether and the resulting mixture neutralized with cold,
dilute hydrochloric acid. There was obtained 33 g. (26%,) of
recovered benzyl chloride b.p. 66-68° at 20 mm., and 18.2
g. (22%) of ethyl hydrocinnamate, b.p. 245-248° at 758
mm.; reported?® b.p. 247° at 760 mm. The temperature of
the distillate then rose rapidly to about 300°, at which
temperature stilbene began to clog the column and appara-

(20) W. H. Perkin, J. Chem. Soc., 69, 1025 (1896).
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tus. There was obtained 15.2 g. (17%) of crude stilbene, m.p.
119-120°. After recrystallization from ethanol (Norit), the
product melted at 122-123°; reported?! m.p. 124°,

Treatment of benzophenone with lithium amide followed by
ethyl acetate. To a stirred suspension of 0.4 mole of lithium
amide in 400 ml of liquid ammonia was added 36.4 g. (0.2
mole) of benzophenone in 100 ml. of anhydrous ether. The
gray suspension was stirred for 20 min., and 17.6 g. (0.2
mole) of ethyl acetate in an equal amount of ether was
added. The resulting dark black solution was stirred for 1 hr.,
and was then neutralized with ammonium chloride. There
was obtained 30.2 g. (84%) of recovered benzophenone,
m.p. 47-48°, none of B-hydroxy ester I being isolated.

Condensation of lithioethyl acetate with acetone. To a stirred
suspension of 0.62 mole of lithium amide in 400 ml. of anhy-
drous liquid ammonia was added 44 g. (0.5 mole) of ethyl
acetate in an equal volume of ether. The resulting gray sus-
pension was stirred for 2 min., and 21 g. (0.5 mole) of acetone
(dried over magnesium sulfate) in a little anhydrous ether
was added. The resulting black solution was stirred for 1 hr.
and was then inversely neutralized with ammonium chlo-
ride. The ammonia was replaced by 300 ml. of ether, and
150 ml. of cold water was added. After thorough extraction
of the aqueous layer with ether, the combined ethereal
solution was dried and evaporated. The residue was distilled
to give 16 g. (26%) of ethyl B-hydroxy-g-methylbutyrate
(VIII), b.p. 175-176° at 738 mm.; reported?? b.p. about
180°.

Anal. Caled. for C;Hy0s: C, 57.51; H, 9.65. Found: C,
57.41;H, 9.65.

When the reaction was repeated allowing the condensa-
tion to proceed for 1 hr. instead of 10 min., a 259, vield
of hydroxy ester VIII wag obtained.

Durram, N. C.
(21) T. W. J. Taylor and A. R. Murray, J. Chem. Soc.,

2079 (1938).
(22) A.Semljanizen and A. Saytzeff, Ann., 197, 73 (1897)

[CoNTRIBUTION FROM THE RESEARCH DEPARTMENT, UN1ON CarBIDE CHEMICALS CoO.]

The Oxidation of Unsaturated Acetals and
Acylals with Peracetic Acid

DONALD L. HEYWOOD axp BENJAMIN PHILLIPS

Recetved March 18, 1960

A series of unsaturated dioxolanes, acetals, and acylals based on «,8-unsaturated aldehydes were prepared and oxidized
with peracetic acid. The major products in most cases were the anticipated epoxides, but when noncyclic acetals were
used, or when the reaction was catalyzed by sulfuric acid, the predominant products of oxidation were the corresponding
unsaturated esters. The novel peracid oxidation of acetals to esters was found applicable to saturated acetals also.

The literature concerning epoxides of «3-
unsaturated aldehydes and their acetals and
acylals is very sparse. The simplest member of the
series, 2,3-epoxypropionaldehyde, has been re-
ferred to often in connection with the autoxidation
of fats but was synthesized and statisfactorily
characterized only recently.! Koégl prepared 2,3-
epoxybutyraldehyde by lead tetraacetate cleavage
of 2,3-6,7-diepoxyoctane-4,5-diol,? and the epoxides

(1) G. B. Payne, J. Am. Chem. Soc., 80, 6461 (1958);
81, 4901 (1959),
(2) F. Kogl and H. Veldstra, Adnn., 552, 1 (1942).

of 2-ethyl-2-hexenal and crotonaldehyde were pre-
pared by sodium hypochlorite oxidation of the
unsaturated aldehydes.® The diethyl and ethylene
glycol acetals of 2,3-epoxypropionaldehyde were
prepared by dehydrochlorination of the chloro-
hydrins,* and three other acetals (the diethyl and
ethylene glycol acetals of 2,3-epoxypropionaldehyde
and the ethylene glycol acetal of 2,3-epoxy-3-phenyl-
propionaldehyde) were prepared by perbenzoic acid

(3) C. Shaer, Helv. Chim. Acta, 41, 614 (1958).
(4) K. Taufel and P. Sadler, Z. Untersuch. Lebensm., 65,
540 (1933); Chem. Abstr., 27, 4702 (1933).



