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showed no absorption in the carbonyl region, but a sharp 
band a t  2.83 U .  Chromatography of this material on 25 g. of 
alumina of activity 3 gave rather clean-cut separation of 
two components present in a ratio of about 1: 1.3. The first 
component, ethyltritylcarbinol, which was present in the 
smaller amount, was eluted Kith hexane. After two crys- 
tallizations from hexane, the melting point was 92-93.6", 
and there was a sharp absorDtion band a t  2.83 U .  

A n a l .  Calcd. for C22Hd3: C, 87.4; H, 7.3 .  Found: C, 
87.0: H,  7.3. 

The second component, Z,Z,Z-triphenylethanol was eluted 
with 1 : 1 hexane-benzene. After two crystallizations from 
hexane, the melting point was 108.8-109.9", and there was 
infrared absorption a t  2.82 p, but the spectrum differed 
substantially in other areas from that of ethyltritylcarbinol. 
Melting points reported for 2,2,2-triphenylethanol are 103- 
105',1 104-105°,14 107',15 and 110.5".16 

Chromic acid oxidation of ethyltritylcarbinol. A solution of 
32.4 mg. of the alcohol of m.p. 92-93.6", and of 10.7 mg. 
of chromic anhydride, in 1 ml. of glacial acetic acid (dis- 
tilled from permanganate) was allowed to stand a t  room 
temperature for about 14 hr. At the end of this period, clear 
needles had crystallized from the solution. After 10 ml. of 
uater had been added to the reaction mixture the product 
was collected, washed with water, and dried: wt .  25 my. 
(785;1), m.p. 122.8-124'. The infrared spectrum of this 
product was identical a i th  that of ethyl trityl ketone, m.p. 
122.5-125' (cf. below). 

Ethyl  trity2 ketone was prepared from diethylcadmium and 
tripheriylacetyl chloride according to t$he procedure de- 
scribed for preparation of methyl trityl ketone. Yield data 
are recorded in Table I. The ketone, separated by chroma- 

(14) S. Weinstein, B. I<. Morse, E. Grunwald, K. C. 
Schrieber, and J. Corse, J. Am. Chem. SOC., 74, 1119 (1952). 

(15) W. Schenk and R. Ochs, Her., 49,610 (1916). 
(16) J. Danilow, J .  Russ. Phys. Chem. SOC., 51,122 (1920). 

tography on alumina of activity 3, m w  crystallized twice 
from ethanol to yield material of m.p. 122.5-125'. 

Anal .  Calcd. for C2?HLUO: C, 88.0; H, 6.7. Found: C, 
87.9; H, 6.8. 

The hydrocarbon mixture separated by chromatography 
on alumina was analyzed by gas chromatography and found 
to exhibit only the band for triphenylmethane and that 
assigned to triphenylpropane. At  257", in a 1.6-m. column, 
under conditions giving retention times of 5.4 and 6.5 min. 
for triphenylmethane and -ethane respectively, the time 
for the band assigned to triphenylpropane was 7.8 min. 

n-Hutgl trityl ketone was prepared in s, cadmium reaction 
carried out similarly to those described for its homologs. 
Separation of the ketone from the hydrocarbons by chroma- 
tography on alumina of activity 3 was somewhrtt lesa clean- 
cut than for the lower homologs, but was satisfactory. 
Chromatography of a reaction product weighing 765 mg. 
yielded an initial fraction of 397 mg. of a mixture of ketone 
and hydrocarbons. Succeeding fractions of ketone contained 
less than 17, hydrocarbons and m-eighed 362 mg. The mix- 
ture in the initial fraction was analyzed by gas chroma- 
tography and found to contain 92 mg. of triphenylmethane, 
171 mg. of l,l,l-triphenylpentane, and 132 mg. of butyl 
trityl ketone. In a 3-m. column, a t  290' and with 21 cm. 
of helium pressure, retention times for the three compounds, 
in the order mentioned above, were 15.0, 28.5, and 43 min. 
For analysis, the ketone was crystallized from ethanol 
to yield material of m.p. 82.8-83.8'. 

Anal .  Calcd. for CZaHz40: C, 87.8; H, 7.3. Found: C, 
87.5; H, 7.3. 

l , l , l -Triphenylpentane was separated by gas chroma- 
tography, in a 3 m. 15 mm. 0.d. column, of the first fraction 
of material separated by chromatography on alumina. After 
crystallization from ethanol, there was obtained hydro- 
carbon of m.p. 60-61.2'. 

A n a l .  Calcd. for C23H24: C, 92.0; H, 8.0. Found: C, 91.8; 
H, 8.0. 
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The condensations of ethyl, isopropyl, and t-butyl acetates with benzophenone to form the corresponding 8-hydroxy esters 
were effected by sodium amide in liquid ammonia, but controlled conditions were required with the first two alkyl acetates. 
Certain of these conditions were the same as those previously used with lithium amide, but certain of them were different. 
In  contrast to lithium amide, sodium amide failed to effect the condensation of ethyl acetate with acetophenone. Four 8- 
hydroxy esters were shown to undergo cleavages with catalytic amounts, and, in certain cases, with equivalent amounts of 
sodium amide in liquid ammonia but not with lithium amide. Possible reasons for these cleavages are discussed. Metallic 
cation effects and mechanisms are considered. The condensations are suggested to require the formation of a weaker base. 

In a previous investigation3 it was shown that 
ethyl and isopropyl acetates can be condensed with 
benzophenone by means of one equivalent of lith- 
ium amide in liquid ammonia to form the cor- 

(1) Supporkd in part by the Office of Ordnance Resrarch, 
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U. S. Army. 

5Q 
(3) W. R. Dunnavant and C. R. Hauser, J .  Org. C h m . ,  
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responding @-hydroxy esters, provided the ketone 
is added to the reaction mixture soon after the 
alkyl acetate. Otherwise the alkyl acetate under- 
goes self-condensation. In  the present investigation 
it was found that these condensations can be ef- 
fected similarly with one equivalent or slightly 
more of sodium amide in liquid ammonia provided 
that, not only is the ketone added immediately 
after the ester, but also that the reaction mixture 
is neutralized within a few minutes. Otherwise the 
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TABLE I 
YIELDS O F  @-HYDROXY ESTERS FROM ALKYL ACETATES WITH BEKZOPHEXOKE BY SODIUM AMIDE I N  LIQVII) A4MMONIA 

~ 

Cond. 
Exp. Alkyl Equiv. Ioniz. Time, @-Hydroxy 
NO. Acetate NaNHz Time, min.= hIin. Ester Yield, % 
1 Ethyl 1 1  00 5 I 71-73 
2 Ethyl 1 Ob 60 I O C  

3 Ethyl 2 00 60 I 7 2  
4 Ethyl 2 15 60 I O C  

5 Isopropyl 1 Ob 5 I1 56 
6 Isopropyl 1 Ob A0 I1 O C  

t-Butyl 1 20 GO I11 55 
8 t-BLItyl 1 Ob 60 I11 54 
r 

9 t-Butyl 2 20 60 I11 70 

a Time allow-ed after adding the ester to the reagent before adding the ketone. Although the ketone was added immedi- 
ately after the ester, a few seconds probably elapsed. Benzophenone was recovered in yields of 8595%. 

reaction undergoes reversion (see next section). 
These condensations, as well as that of t-butyl 
acetate which requires no special conditions with 
either lithium amide or sodium amide, may be repre- 
sented by general Equation 1. 

MNH? 1. (C&H.)zC=O 
CHsCOOR .__f AICHzCOOR 

lia. NH3 2. NHiCl 
(CsHj)&(OH)CHzCOOR ( I )  

11 = Li or Xa I. R = C2Hj 
11. R CH(CH3)Z 

111. R = C(CHa)$ 

Certain of these condensations were also effected 
with two equivalents of sodium amide in liquid 
ammonia. The results are summarized in Table I. 
The ionization-time column in this Table designates 
the period allowed for the ionization of the a- 
hydrogen of the alkyl acetate before adding the 
ketone, and the condensation-time column the 
period after adding the ketone. The immediate 
addition of the ketone after the ester is signified 
by zero ionization time, although a few seconds 
probably elapsed in the procedure employed (see 
Experimental). The resulting reaction mixtures 
were poured into liquid ammonia solutions of am- 
monium chloride. This inverse neutralization pro- 
cedure was employed to minimize the possible 
cleavages of the P-hydroxy esters. 

It can be seen from Table I that good yields of 
@-hydroxy esters I and I1 were obtained with one 
or slightly more than one equivalent of sodium 
amide when the ionization time was zero and the 
condensation time only five minutes (exps. 1 and 
5 ) ,  whereas the benzophenone was recovered when 
the ionization time was again zero but the con- 
densation time was one hour (exp. 2 and 6). 
Under both conditions the @-hydroxy esters were 
formed as their sodio salt, for example, 1’, but under 
the latter condition this salt underwent cleavage 
to regenerate the ketone. Such cleavages are further 
considered in the next section. 

(C6Hj)2C-CHzCOOC2Hj 

I’ 

I 
ONa 

On the other hand, a good yield of P-hydroxy 
ester I was realized with two equivalents of the 
reagent when the ionization time was zero and the 
condensation time was even one hour (exp. 3) .  
This lack of appreciable cleavage under these 
conditions may be ascribed to the conversion of 
monosodio 8-hydroxy ester I’ to the disodio deriva- 
tive I”, which might be expected to be more stable 

Na 
(CaHs)zC-CHCOOCzHj 

I” 

towards cleavage. Although the formation of 
disodio salt I” with two equivalents of sodium 
amide was not established, evidence has previously 
been obtained3 that the corresponding condensation 
of ethyl acetate with benzophenone by two equiva- 
lents of lithium amide does produce the analogous 
dilithio salt. 

In  contrast to @-hydroxy esters I and 11, P- 
hydroxy ester I11 was obtained with one equiva- 
lent of sodium amide even when the ionization time 
was twenty minutes, and the condensation time 
one hour (exp. 7, Table I). This may be attributed 
to less tendency for the further reaction of sodio 
t-butyl acetate, a low concentration of which is 
presumably present in equilibrium (see next 
section). The somewhat better yield of &hydroxy 
ester I11 with two equivalents of sodium amide than 
with one equivalent (compare exp. 9 with 7 and 8) 
may indicate that the additional driving force 
that should be furnished by the conversion of the 
monosodio B-hydroxy ester to its disodio derivative 
is required for maximum yield. 

The fact that @-hydroxy ester I was obtained 
with two equivalents of sodium amide when the 
ionization time was zero but not when it was fifteen 
minutes (compare exps. 3 and 4) indicates that an 
extra equivalent of sodium amide did not exert 
the type of stabilizing effect on the intermediate 
sodio ethyl acetate observed previously3 with an 
extra equivalent of lithium amide on the inter- 
mediate lithio ester. This was substantiated by 

I 
ONa 
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treating ethyl acetate alone with two equivalents 
of sodium amide in liquid ammonia for twenty 
minutes, after which a 12% yield of acetoacetic 
ester was obtained. Some acetamide might also 
have formed but none was isolated. Earlier workers 
have similarly reported only low yields (51.5%) of 
acetoacetic ester or acetamide from ethyl acetate 
and sodium amide4,5 in liquid ammonia5 or ether.4 

Since ethyl acetate has now been condensed with 
benzophenone in 71-73% yields by one or two 
equivalents of sodium amide in liquid ammonia 
and converted to acetamide in 10% yield by two 
equivalents of this ~ e a g e n t , ~  the ratio of attack of 
this reagent a t  the a-hydrogen of this ester versus 
the carbonyl carbon appears to be about 7:l .  
The ratio might even be higher since the ionization 
of the a-hydrogen should be reversible, whereas 
that of acetamide formation mould presumably 
be irreversible. 

Although sodium amide effected the aldol type 
of condensation of ethyl acetate with benzophenone, 
this reagent (one or two equivalents) failed to 
bring about the corresponding condensation of this 
ester with acetophenone, even when the ketone was 
added immediately after the ester. Instead the 
intermediate sodio ester evidently effected the 
ionization of an a-hydrogen of acetophenone to  
form the sodio ketone, since the ketone was re- 
covered on acidification. The recovered material 
gave an enol test with ferric chloride indicating 
the presence of acetoacetic ester or benzoylace- 
tone. Previously3 ethyl acetate has been condensed 
in good yield with acetophenone by means of two 
equivalents of lithium amide, and one equivalent 
of this reagent would probably be equally satis- 
factory. This metallic cation effect appears to be 
attributable to  the greater nucleophilic nature 
of the lithio ester to add to the carbonyl group 
of the ketone, presumably through coordination at  
the carbonyl oxygen, as indicated in IVa or IVh 

CEI, 

IVa IVb 

The sodio ester, which should coordinate to a 
smaller degree, functions as the stronger base 
ionizing the a-hydrogen of the ketone as indicated 
in V. 

HeC-H 

I )  L 
CeH5-C CH2COOCnHs 

V 
- 

14) A W. Titherly, J. Chem. Soc,  81,  1520 (1902). 
15) C. R. Hauser, R. Levine, and R. F. Kibler, J .  Am. 

Chem. Soc., 6 8 , 2 6  (1946) 

A similar metallic cation effect has been pre- 
viously observed in the reactions of lithio and sodio 
t-butyl acetates with acetophenone.6 

Cleavage of B-hydroxy esters. Although ethyl, 
isopropyl, and t-butyl acetates can be condensed 
with benzophenone by means of one to two equiva- 
lents of sodium amide in liquid ammonia (see 
Table I), the resulting P-hydroxy esters can be 
cleaved again by catalytic amounts of this reagent 
and, in certain cases, even by equivalent amounts. 
These and certain related results are summarized 
in Table 11. In all of these experiments the reaction 
mixtures were neutralized inversely to  ensure that 
the cleavage observed had occurred during the 
four hour period allowed, not during the neutrali- 
zation. 

TABLE I1 
CLEAVAGE OF @-HYDROXY ESTERS BY ALKALI AMIDES IN 

LIQUID AMMONIA DURING FOUR HOURS 

Benzo- Recov. 
Exp. P-Hydroxy rlllrali phenone @-Hydroxy 
N o .  Ester Amide Equiv. Yield, Ester, % 

ro 

1 I - T 
3 I 
4 I 
5 I 
6 I 
I I 
8 I 
9 I1 

10 IT1 
11 I11 
12 I11 

7 

- 

Sodium 
Sodium 
Sodium 
Potassium 
Potassium 
Lithium 
Lithium 
Lithium 
Sodium 
Sodium 
Sodium 
Sodium 

0.2@ 26 
1.25 89 
2 . 0  0 
1.0 71 
1.2 67 
0.1 0 
1 .0  0 
2.0 0 
0.15 86 
0.15 82 
0 .5  21 
1.0 0 

42 
0 

94 
0 
0 

96 
96 
93 
0 
0 

69 
91 

‘ Neutralized after only five minutes. 

First, consideration will be given to the use of 
catalytic amounts of sodium amide, which effected 
the cleavages of all three of the B-hydroxy esters 
studied, I, 11, and 111, to form benzophenone 
and presumably the corresponding alkyl acetate 
(exps. 1, 9, and 10). While only the ketone was 
isolated, the appropriate fraction of the reaction 
product from &hydroxy ester I was indicated by its 
infrared spectrum to contain ethyl acetate. All 
of the ,&hydroxy esters were probably cleaved com- 
pletely within much less time than the four hours 
allowed, since appreciable cleavage of I was ob- 
served within five minutes (exp. 1). These reactions 
are brought about presumably because the neutral 
ketone and alkyl acetate molecules are more stable 
thermodynamically than the neutral B-hydroxy 
ester. The mechanism may be considered to involve 
a @-elimination of the sodio salt of the p-hydroxy 
ester, for example, 111’) but only that amount of the 
P-hydroxy ester corresponding to the mole per- 
cent of the catalyst employed is first converted to 
this intermediate. The remainder of the free p- 

(6) C. R. Hauser and W. H. Puterbaugh, J .  Am. Chem. 
Soc., 75,4756 (1953) 



hydroxy ester is gradually converted to this inter- 
mediate as it neutralizes the sodio alkyl acetate, 
a low concentration of which is present in equi- 
librium (Scheme A). 

NaNHz (NH3! 
15 mole % t 

I11 
( CeH&C=O + NaCH2COOC(CH& 4 I11 

CH&OOC( CHa)a + 
111', etc. 

In  agreement with Scheme A, less than half of 
@-hydroxy ester I11 underwent cleavage with 0.5 
mole % of sodium amide (exp. ll), and essentially 
none of B-hydroxy ester I11 was cleaved by one 
equivalent of the reagent (exp. 12). In  this last 
experiment essentially all of the @-hydroxy ester 
was immediately converted to its sodio salt 111', 
leaving none to serve as an acid in the last step. 

One of the @-hydroxy esters, I, was also cleaved 
with a catalytic amount of sodium ethoxide in 
ethanol. A number of P-hydroxy esters have pre- 
viously been cleaved with alcoholic alkali alkoxides 
but an equivalent or more of the reagent has gener- 
ally been employed.' The mechanism would pre- 
sumably be similar to that shown in Scheme A. 
However, even with an equivalent of an alkoxide 
ion, which is a much weaker base than the amide 
ion, the 8-hydroxy ester would probably be con- 
verted only gradually to its anion, and the last step 
may be considered to be effected mainly by the 
alcohol used as solvent. 

Kext, consideration will be given to the use of 
an equivalent or slightly more of sodium amide or 
potassium amide, which effected the cleavage of 
@-hydroxy ester I (exps. 2, 4, and 5, Table 11) but 
not that of &hydroxy ester I11 under similar con- 
ditions (exp. 12). Since both sodio ethyl acetate and 
sodio t-butyl acetate can be condensed in high 
yield with benzophenone (see Table I), this dif- 
ference in the relative ease of cleavage of the two 
resulting sodio &hydroxy esters I and I11 appears 
to be due to  the relative tendencies towards side- 
reactions of the sodio ethyl and sodio t-butyl 
acetates, low concentrations of which are pre- 
sumably present in equilibrium. In  agreement with 
this, ethyl acetate is known to be converted by 
sodium amide in liquid ammonia through the sodio 
ester to its self-condensation product or cor- 
responding acid amide much more readily than t- 
butyl acetate (see previous section). The relation- 

( 7 )  See H. E. Zaugg, J .  Am. Chem. Soc., 72, 3001 (1952). 

ship between the formation and cleavage of sodio 
B-hydroxy ester I' may be represented tentatively 
by Scheme B. 

SCHEME B 

(C6Ha)zC-cHzCOOCzHs 
I lis. NHs 

ONa I' 

NaNHr 14 NHK1 

I 
(CoHs)zc=O + NaCHzCOOGHs 

J slow 

side reactions 

However, an attempt to  isolate acetoacetic ester 
or acetamide from the cleavage product of P- 
hydroxy ester I was unsuccessful. Perhaps these 
products were converted to derivatives that escaped 
detection. Actually, only low yields of the 8- 
keto ester and amide have previously been obtained 
from ethyl acetate and sodium amide4,5 (see pre- 
vious section). 

The possibility that the @-hydroxy ester I was 
cleaved by an equivalent of sodium amide because 
the benzophenone was removed from the equi- 
librium seems unlikely, since I11 was not cleaved. 
In  line with this, evidence was obtained that the 
ketone was not converted to the addition compound 
(CoH&C(ONa)NH2 by reaction with sodium 
amide, a low concentration of which might have 
been present in equilibrium. Thus, the suspension 
resulting from the replacement of the ammonia 
by ether appeared to contain none of this salt- 
like product, which should be insoluble in ether 
(see Experimental). 

A better established example of a cleavage by an 
equivalent of sodium amide brought about be- 
cause of further reaction of one or both of the prod- 
ucts was observed previously6 with sodio-@- 
hydroxy ester VI in ether. In  this cleavage the ke- 
tone and sodio ethyl acetate present in the equi- 
librium underwent hydrogen-metal exchange fol- 
lowed by Claisen apylation of the resulting sodio 
ketone (Scheme C). Sodio salt VI was formed from 
the corresponding @-hydroxy ester and an equiva- 
lent of sodium amide. 

SCHEME C 

L--_.- / metal-hydrogen 
exchange 

( CsH&OCHCOCHa)Na c- 
CeH5COCHzNa + CH3COOGH 
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Jt can be seen from Table I1 that, whereas p- 
hydroxy ester I was cleaved with one equivalent 
or slightly more of sodium amide or potassium 
amide, the B-hydroxy ester was recovered after 
standing with two equivalents of sodium amide 
under similar conditions (exp. 3). This lack of 
appreciable cleavage with two equivalents of 
reagent, which is in agreement with the observa- 
tion in the previous section concerning the condensa- 
tion of ethyl acetate Kith benzophenone (see Table 
I), may be ascribed to the formation of the rela- 
tively stable disodio @-hydroxy ester I”. 

It can be seen further from Table I1 that, in 
contrast to sodium amide, a catalytic or equiva- 
lent amount of lithium amide failed to effect ap- 
preciable cleavage of B-hydroxy ester I during four 
hours, although longer time or more drastic condi- 
tions might possibly produce some cleavage. This 
metallic cation effect appears to be ascribable to 
less ionization of the lithium-oxygen bond and more 
chelation in the lithio-P-hydroxy ester VI1 than in 
the corresponding sodio-@-hydroxy ester 1’. 

( CF,H~)~C--CH~-C-OC?H~ 
I I /  

OLi + 0 
VI1 

A similar metallic cation effect has previously 
been observed6 in ether with sodio-@-hydroxy ester 
1‘1 and the corresponding lithio-&hydroxy ester. 
Although the lithio-p-hydroxy ester failed to cleave 
appreciably in refluxing ether it was cleaved in 
refluxing toluene to form benzoylacetone and the 
self-condensation product of acetophenone.6 

It should be mentioned that @-hydroxy ester 
VI11 has recently3 been cleaved by means of 1.25 
equivalents of sodium amide in liquid ammonia 
to form, after inverse neutralization, benzophe- 
none and ethyl hydrocinnamate in high yields. 
This @-hydroxy ester has now been cleaved simi- 
larly with one equivalent of potassium amide. In 
contrast to sodio P-hydroxy ester 111 which was 
stable for a t  least four hours (see Table II), the 
sodio or potassio p-hydroxy ester VIII’ establishes 
an equilibrium with benzophenone and the alkali 
ethyl hydrocinnamate apparently on the side of the 
two latter components (Equation 2). 

I Nah’H9 
CsHjCH2 

. _. ~- 
(CeH5)2C-CHCOOC2H5 --+ 

lig. NHa 1 
OH VI11 

CsHbCHn 
I 

(CeHs)?C-CHCOOC2H6 (2) 
I 

ONa VIII’ 

If 
$ 1  Na 

(C&)2C=O + CeHs-CH2CHCOOC2H5 

If this position of equilibrium is later estab- 
lished, i t  could presumably be ascribed to steric 
factors. Indirect support for this position of equi- 

librium is our observation that sodio ethyl hydro- 
cinnamate, prepared from the ester and sodium 
triphenylmethide in ether, failed to yield B-hydroxy 
ester VI11 with benzophenone in this medium even 
though the reaction mixture was neutralized in- 
versely. The ketone and ester were largely re- 
covered. Actually 6-hydroxy ester VI11 was ob- 
tained, not by an aldol type of condensation,s 
but through the benzylation of the dilithio deriva- 
tive of @-hydroxy ester I (Equation 3).3 

2 LiNHz Li 1 .  CeHsCHzCl + I -+ (C6Hs)&-CHCOOC2Hj - 
lio. NHa I 2. NHICI 

OLi 
VI11 (3)  

Factors in condensation. The greater thermody- 
namic stability of the neutral ester and ketone mole- 
cules than the neutral @-hydroxy ester (see above) 
suggests that the addition of the sodio or lithio 
alkyl acetate to the carbonyl group of benzophe- 
none to form the metallo @-hydroxy ester is de- 
pendent on the formation of the more weakly basic 
anion of this product (Equation 4) .g Contributing 
(Ce,H,),C=O + IIICH2COOR J 

( C B H ~ ) ~ C C H ~ C O O R  (4)  
I 
0 N -+ 

factors may be chelation, especially with the lithio 
derivative as indicated in VII, and precipitation 
of the product. 

In  line with this hypothesis, lithio malonic ester, 
the anion of which is a weaker base than an alk- 
oxide ion such as that shown in Equation 4, failed 
to add to  the carbonyl group of benzophenone in 
liquid ammonia during one hour, and the starting 
compounds were recovered. The lithio malonic 
ester was prepared by means of an equivalent of 
lithium amide in liquid ammonia. The condensa- 
tion failed even in the presence of excess lithium 
amide, which mas employed to effect ionization of 
the a-hydrogen of the possible condensation product. 

Similar observations have been reported by ear- 
lier workers. Thus, sodio and lithio malonic esters, lo 

prepared by means of sodium and lithium tri- 
phenylmethides in ether, failed to add to the car- 
bonyl group of benzaldehyde in this solvent and the 
malonic ester was recovered. Malonic ester was 
condensed with benzaldehyde by sodium ethoxide 

(8) The possibility of effecting the aldol type condensa- 
tion of lithio- or magnesium-bromo ethyl hydrocinnamate 
with benzophenone seems worthy of consideration. Although 
the Reformatsky reaction of ethyl a-bromohydrocinnamate 
with this ketone has apparently not been reported, that 
with 2-methylcyclohexanone has been achieved; R. Grew,  
Ber., 76B, 1076 (1943). 

(9) For similar suggestions in the condensations of sodium 
diphenylmethide and dialkali phenylacetates with benzo- 
phenone see P. J. Hamrick, Jr., and C. R. Hauser, J .  Am. 
Chem. Soe., 81, 3146 (1956); P. J. Hamrick, Jr., and C. R. 
Hauser, J .  Am. Chem. Soe., 82, 1957 (1960). 

(10) G. W‘ittig, U. Todt, and K. Nagel, Ber., 83, 110 
(1950). 
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or amines in refluxing ethanol, but the product 
was benzalmalonic ester (22%). lo Apparently the 
dehydration of the intermediate aldol furnished the 
needed driving force. 

Finally, it should be pointed out that the present 
addition reaction illustrated by Equation 4 is 
analogous to those of the common organometallic 
compounds such as sodium diphen~lmethide,~ 
phenyllithium, and the Grignard reagent with 
ketones or aldehydes, a t  least most of which' form 
more weakly basic anions, 

 EXPERIMENTAL'^ 
Condensations of alkyl acetates with benzophenone by sodium 

amide. Ethyl, isopropyl, and t-butyl acetates were con- 
densed with benzophenone by 1-2 equivalents of sodium 
amide in liquid ammonia12 to form @-hydroxy esters I, 11, 
and I11 respectively. The results including failures are sum- 
marized in Table I. Some experiments are described in de- 
tail below. 

A. Experiments wi th  ethyl acetate. In Experiment 1, 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 0.22 mole of 
sodium amide in 400 ml. of commercial anhydrous liquid 
ammonia. Since 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 solu- 
tion of 36.4 g. (0.2 mole) of benzophenone in 70 ml. of anhy- 
drous ether was poured immediately into the addition 
funnel and allowed to run into the reaction flask as rapidly 
as possible, the addition funnel being rinsed with a little 
ether. The resulting white suspension was stirred for 5 min. 
and was then inversely neutralized b y  pouring it into a solu- 
tion of ammonium chloride in liquid ammonia.The am- 
monia was evaporated to dryness. The residue was stirred 
with cold water and filtered to yield a white solid, n-hich crys- 
tallized from petroleum ether (b.p. 60-90') to give 38.1 g. 
(71'%) of ethyl @-hydroxy-p,@-diphenylpropionate (I), m.p. 
86-87', reportedl3m.p. 87". 

In Experiment 3, a solution of 17.6 g. (0.2 mole) of ethyl 
acetate in an equal volume of ether was added rapidly to a 
stirred solution of 0.4 mole of sodium amide in 400 ml. of 
liquid ammonia followed immediately by 36.4 g. (0.2 mole) 
of benzophenone in 70 ml. of ether (see previous experiment). 
The resulting black solution was stirred for 1 hr. and was 
inversely neutralized with ammonium chloride. The ammonia 
was evaporated on the steam bath as 300 mi. of ether was 
added. Water was added and the aqueous layer was thor- 
oughly extracted with ether. The combined ethereal solu- 
tion was dried and evaporated to a residue which, upon 
crystallization from petroleum ether (b.p. 60-90') gave 
38.7 g. (727,) of @-hydroxy ester I, m.p. 85-86". 

B. Experiments with isopropyl acetate. In Experiment 5, a 
solution of 16.5 g. (0.16 mole) of isopropyl acetate in an 
equal volume of ether was added rapidly to a stirred sus- 
pension of 0.16 mole of sodium amide in 400 ml. of liquid 
ammonia, followed immediately by 30 g. (0.16 mole) of 
benzophenone in 70 ml. of ether (see experiment 2 with ethyl 
acetate). The suspension was stirred for 5 min. and was in- 
versely neutralized with ammonium chloride. The ammonia 
was replaced by ether. Water was added and the aqueous 
layer was thoroughly extracted with ether. The combined 

(11) The melting points were taken on a Fisher-Johns 
melting point apparatus. 

(12) For the preparation of the reagent see C. R. Hauser, 
F. W. Smmer, and J. T. Adams, Org. Reactions, VIII, 122 
(1954). 

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

ethereal solution was evaporated and the residue was crys- 
tallized from petroleum ether (b.p. 60-90') to give 26.1 g. 
(56%) of isopropyl-@-hydroxy-@,@-diphenylpropionate (II), 
m.p. 101-102'. 

Following removal of 11, the filtrate was concentrated 
and cooled to  yield 10.2 g. (34%) of crystalline benzophe- 
none, m.p. 46-47', reported'* m.p. 4848.5'. 

C. Experiment wi th  t-butyl acetate. In Experiment 9, a solu- 
tion of 23.3 g. (0.2 mole) of t-butyl acetate in an equal volume 
of ether was added to a stirred suspension of 0.4 mole of 
sodium amide in 400 ml. of liquid ammonia. After stirring 
for 20 min., 36 g. (0.2 mole) of benzophenone in 75 ml. of 
ether was added. The reaction mixture was stirred for 1 hr. 
and was inversely neutralized with ammonium chloride. 
The ammonia was replaced by 300 ml. of ether. Water was 
added and the aqueous layer was thoroughly extracted 
with ether. The combined ethereal solution was dried and 
evaporated. The residue was crystallized from ethanol to 
give 41.5 g. (700j0) of t-butyl @-hydroxy-p,@-diphenylpro- 
pionate (111), m.p. 92-93", reported1& m.p. 92-93'. 

Treatment of sodio ethyl acetate with acetophenone. A reac- 
tion identical to Exp. 1, Table I (above), with ethyl acetate 
was carried out, but using 0.2 mole of acetophenone in place 
of benzophenone. The ethereal residue a t  the end of the 
reaction workup was vacuum distilled to give 20.1 g. (8470) 
of recovered acetophenone, b.p. 8S-9O0/l6 mm, reportedl6 
b p. 88.5" a t  16 mm. Yeither the combined ethereal solution, 
nor the orange residue obtained upon its evaporation gave a 
positive enol test. 

Repeating this experiment, but using 2 equivalents of 
sodium amide gave a similar result. 

dttempted condensataon of ethyl hydrocannamate with 
benzophenone. To a stirred suspension of 0.07 mole of sodium 
amide in 300 ml. of anhydrous liquid ammonia was added 
16.8 g. (0.07 mole) of solid triphenylmethane. The deep red 
solution was stirred for 15 min. and 12.2 g. (0.07 mole) 
of ethyl acetate in an equal volume of ether was added. 
The red triphenylmethide color was discharged a t  the end of 
the addition and a gray suspension formed. After stirring 
for 5 min., 12.5 g. (0.07 mole) of benzophenone in 25 ml. of 
ether was added. The gray suspension was stirred for 1 hr. 
and was then inversely neutralized with ammonium chloride. 
The ammonia was replared by ether and water was added. 
The aqueous layer was thoroughly extracted by ether. 
The combined ethereal solution was dried and the solvent 
was removed. The resulting orange residue was crystallized 
from petroleum ether (b.p. 60-90") to give 15.6 g. (9370) of 
recovered triphenylmethane, m.p. 92-93', reported" m.p. 
93-94'. Concentrating and cooling the filtrate precipitated 
10.2 g. (8270) of benzophenone, m.p. 46-47'. The remain- 
ing filtrate was distilled to give 10.65 g. (85%) of recovered 
ethyl hydrocinnamate, b.p. 246-248" a t  750 mm, reported's 
247' a t  760 mm. 

General procedure fo r  cleavages of @-hydroxy esters I, 11, 
and I11 by alkalz amides. The yields of benzophenone ob- 
tained by the cleavage of the @-hydroxy esters and/or the 
per cent recovery of the @-hydroxy esters upon noncleavage 
are summarized in Table 11. 

To a stirred suspension of the appropriate quantity of the 
alkali amide (see Table 11) in 400 ml. of anhydrous liquid 
ammonia were added 0.05-0.08 mole of the @-hydroxy ester 
in sufficient ether to effect their solutions. The resulting sus- 
pensions were stirred for 4 hr. and were then inversely neu- 
tralized by pouring them ni th  stirring into solutions of am- 
monium chloride in liquid ammonia. The ammonia was then 

(14) E. Linnemann, Ann., 133,1(1865). 
(15) K. Sisido, H. Xozaki, and 0. Kurihara, J .  Am. Chem. 

(16) C .  R. Noller and R. Adams, J .  Am. Chem. SOC., 

(17) P. Sabatier and M. Rlurat, Compt. rend. 158, 764 

(18) W. H. Perkin, J .  Chem. SOC., 69, 1025 (1896). 

SOC., 74,6254 (1952). 

46,1889 (1924). 

(1914). 
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eplaced by 300 ml. of ether and water was added. The aque- 
ous layers were extracted thoroughly with ether. The con- 
bined ethereal solutions were dried and then evaporated. 
The resulting residues were then fractionally crystallized 
from petroleum ether (b.p. 60-90") to give recovered p- 
hydroxy ester and/or benzophenone. Since the @-hydroxy 
ester is only slightly soluble in this solvent, it  crystallizes 
first, reduction of the solvent volume and cooling being rp- 
quired for recovery of the ketone. In  each case the identities 
of the p-hydroxy ester and ketone were verified by com- 
parison of their infrared spectra with those of the respective 
authentic substances. 

In a repetition of Experiment 2, Table 11, involving 6- 
hydroxy ester I and one equivalent of sodium amide, the 
ammonia was replaced by ether a t  the end of 4 hr. and the 
ethereal suspension, without being neutralized, was filtered 
through a fritted-glass funnel. Benzophenone (86%) was 
obtained from the ethereal filtrate in the usual manner fol- 
lowing acidification with aqueous hydrochloric acid. The 
solid on the funnel was shown not to contain a benzophe- 
none-sodium amide addition complex by its noninflamma- 
bility, and by the fact that its acidification produced no 
benzophenone. 

Cleavage of p-hydroxy ester I by sodium ethoxide. To a solu- 
tion of 0.0008 mole of sodium ethoxide in 50 ml. of absolute 
ethanol was added 2.0 g. (0.007 mole) of D-hydroxy ester I. 
The mixture was allowed to stand at room temperature with 
occasional shaking for 48 hr. when complete solution was 
achieved. The solution was poured with stirring into a solu- 
tion of 5 ml. of concd. hydrochloric acid and 25 ml. of water. 
Much (50 ml.) of the solvent was removed, and the residue 

extracted n-ith ether. There was isolated 2.6 g. (8575) of the 
2,4-dinitrophenylhydrazone of benzophenone, m.p. 236- 
238', reportedl9m.p. 238'. 

In a blank experiment with @-hydroxy ester I and ab- 
solute ethanol, essentially complete recovery of this com- 
pound was realized. 

Attempted condensation of malonic ester and benzophenone 
by Eithium amide. To a stirred suspension of 0.1 mole of 
lithium amide in 400 ml. of anhydrous liquid ammonia was 
added 16 g. (0.1 mole) of diethyl malonate in an equal volume 
of ether. The suspension was stirred for 5 min. and 18.2 g. 
(0.1 mole) of benzophenone in 40 ml. of anhydrous ether 
was added. After stirring for 1 hr. the suspension was in- 
versely neutralized with ammonium chloride. The ammonia 
was replaced by 300 ml. of ether. The combined ethereal 
solution was then evaporated. The resulting residue was 
vacuum distilled to give 14.8 g. (92%) of recovered diethyl 
malonate, b.p. 94-98' at 18 mm, reported20 b.p. 88-89" a t  
13 mm. Also, 15.9 g. (88%) of benzophenone was re- 
covered, b.p. 186-189' a t  15 mm. The benzophenone 
reaction, after solidification, was crystallized from petro- 
leum ether (b.p. 60-90') to  give crystals of the ketone, m.p. 

Repetition of this reaction, but using 2, 3 or 4 equivalents 
of lithium amide, gave comparable recoveries of the ketone 
and diester in each case. 

46-47'. 

DURHAM, N. C. 

(19) N. R. Campbell, Analyst ,  61, 393 (1936). 
(20) H. Reitter and A. Weindel, Ber., 40, 3361 (1907). 
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DL-Lysine monohydrochloride has been prepared in 63y0 over-all yield from cyclohexanone by a three-step synthesis which 
involves: (1) nitrosation of cyclohexanone to give 2,6-dioximinocyclohexanone (75%), (2) reaction of 2,6-dioximinocyclo- 
hexanone in ethanolic sodium ethoxide with acetic anhydride to give ethyl 5-cyano-2-oximinovalerate (92y0 ), and (3) hydro- 
genation of ethyl 5-cyano-2-oximinovalerate over Raney nickel in acetic anhydride containing a basic co-catalyst followed 
by hydrolysis with hydrochloric acid to give DL-lysine monohydrochloride (92y0). Discovery that ethanol could be used as 
solvent for step (2) and Raney nickel as catalyst for step (3) more than doubled the overall yield obtained in previous versions 
of this 

I n  two previous paperss4 the two similar syn- 
theses of m-lysine from cyclohexanone outlined 
below as routes (A) and (B) (p. 1303) were described. 

In  both syntheses the key reaction was the 
"partial cleavage'' of 2,6-dioximinocyclohexanone 
to 5-cyano-2-oximinovaleric acid or a derivative. 
It is readily apparent that conversion of cyclo- 
hexanone to  lysine via this key reaction offers 'an 

(1) A preliminary account of this work appeared in 

(2)  Present address: General Aniline and Film Corp., 

(3)  A. F. Ferris, G. S. Johnson, F. E. Gould, and H. K. 

(4 )  A. F. Ferris, G. S. Johnson, and F. E. Gould, J .  Org. 

Chem. & I n d .  (London) ,  996 (1959). 

Linden, N. J. 

Latourette, J. Org. Chem., 25, 492 (1960). 

Chem., 25 ,  496 (1960). 

extremely facile synthesis of this important amino 
acid, quite possibly more direct than any pre- 
viously reported. Neither of the previous versions of 
this synthesis realized its full potential, however, 
since both suffered from unsatisfactory yields in 
the steps following the relatively satisfactory ini- 
tial nitrosation (75y0 yield). Thus in the first 
version of the synthesis (route A),3 the yield in 
the partial cleavage step was 62% and in the re- 
duction step only 43y0, giving an over-all yield 
of 20y0. In  the second version (route B),4 the excel- 
lent 88% yield of the partial cleavage was in 
part offset by the necessity for introducing a 
separate acylation step (76% yield), so that the 
over-all conversion of 2,6-dioximinocyclohexanone 
t o  ethyl 5-cyano-2-oximinovalerate mas 67%. 


