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phenolic hydroxyl in the original spruce lignin 
sulfonic acid. 

3. Evidence has been obtained that vanillin-
formation occurs as a two-stage reaction, namely, 

Cupric enol acetoacetic ester with chlorine gave 
cupric chloride,2 but with bromine, iodine,2 di-
phenylmethylene chloride* and ethylsulfocyanide* 
cuprous derivatives were produced. The non
existence of cupric mercaptide5 and of solid 
cupric iodide made the appearance of the cup
ric compounds impossible. However, it seemed 
theoretically improbable that the chemical course 
of cupric enolate reactions should vary so markedly 
with the chemical character of the reagent and we 
were, therefore, led to reexamine the reactions in 
which the formation of cupric derivatives has been 
accepted. 

Experimental Results 

The appearance of cupric chloride in the ex
periment of Schonbrodt2 must have been due to 
an excess of chlorine, since we found that the 
theoretical amount of cuprous chloride was formed 
by adding a carbon tetrachloride solution of a 
mole and a half of chlorine to a suspension of a 
mole of cupric enol acetoacetic ester at 0° and the 
same result was obtained on repeating the experi
ment with a solution of the cupric enolate in boil
ing carbon tetrachloride. As the second product, 
a-chloroacetoacetic ester was produced. The 
experimental details are given in Table V. 

At ordinary temperature, acetyl chloride re
acted readily with cupric enol acetoacetic ester, 
in ether or benzene suspension, yielding cuprous 
chloride, O-acetylacetoacetic and a-chloroaceto
acetic esters. Diacetoacetic ester could not be 
isolated and, if C-acylation occurred, the free 
ester, not the copper enolate, must be formed, 
since all the available copper appeared as cuprous 

(1) THIS JOURNAL, 57, 159, 165 (1935). 
(2) Schonbrodt, Ann., 353, 168 (1889). 
(3) Klages and Panto, Ber., 32, 1433 (1899). 
(4) Kohler, Am. Ckem. J., 22, 69 (1899). 
(5) Klason [Ber., 20, 3412 (1887) ] showed that cuprous mercaptide 

is formed from cupric sulfate and ethyl mercaptan. 

a preliminary hydrolysis of the sulfonic acid radical 
followed by an intramolecular fission, the latter 
change consisting of a "reversed aldol" reaction. 
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chloride.6 The results of three semi-quantita
tive experiments are tabulated in Table I. 

TABLB I 

The cupric enolate was suspended in ether (benzene 
used in III), acetyl chloride added at room temperature, 
cuprous chloride filtered off, the solvent removed at re
duced pressure from the filtrate and the residual oil ana
lyzed for halogen. An aliquot portion of the oil (total in 
I) was extracted with alkali, the products worked up in the 
usual way and the results given under alkaline extraction. 

Chloroacetoacetic ester calculated is weight of ester 
equivalent to halogen present in the residual oil: (II) 
0.59057 g. subs, gave 0.1231 g. AgCl; (III) 0.4573 g. 
subs, gave 0.0763 g. AgCl. The chloro ester regenerated 
after alkaline extraction in I was not pure. The ester was 
redistilled and the fraction of b. p. 100-105" at 30 mm. an
alyzed. Calcd. for C6H9O3Cl: Cl, 21.6. Found: Cl, 
15.3. The redistilled ester (1.5 g.) and 0.75 g. of thiourea 
gave 1.1 g. of methylaminothiazole carboxylic ester. 
The regenerated chloro ester in III (1.5 g.), gave 0.8 g. of 
the thiazole carboxylic ester. 

O-Acetylacetoacetic ester calculated is weight of total 
residual oil less weight of calculated chloroacetoacetic 
ester. One gram of the O-acyl ester and 1.3 g. of phenyl-
hydrazine gave 0.75 g. of acetphenylhydrazide in I and II. 

Cuprous chloride calculated is amount equivalent to 
copper enolate used. Percentage of products accounted 
for is total weight of isolated products divided by total 
weight of reagents used. 
Expt. no. 
Copper enolate, g. 
Acetyl chloride, g. 
Time, hrs. * 

I calcd 
Cuprous chloride, g. i . ' 

I found 

V 

"rt 

Ii 
fil

ti 

•A 

jd
u

c
t 

S-. 

Pro 

Total g. 
( Sample, g. 

II 
V 

O-Acetylacetoacetic ester, 
S-

B . p . ( ° C ' 
( mm. 

Chloroacetoacetic ester, g. 

B.P.{°C-\ mm. 

•g J O-Acyl ester, g. 

E-, J Chloroacetoacetic 
[ ester, g. 

i ucts ac counted for, % 

f calcd. 
\ found 
/ calcd. 
\ found 

I 
30 
11 
48 

9.2 
9.2 

29.5 
29.5 

19.8 
117-119 

32 
7.1 

95-103 
30 

19.8 

7.1 
95.5 

II 
30 
11 
50 

9.2 
9,2 

30.1 
24.0 

14.0 
119-121 

33 
4.3 

95-107 
30 

22.9 
17.6 
7.3 
5.4 
97 

III 
10 

3.7 
12 

3.1 
3.4 
9.7 
9.0 

6.8 
114-116 

20 
1.5 

7.8 
7.4 
1.9 
1.6 

95.5 

The action of acetyl chloride upon cupric enol 
(6) Net [Ann., 266, 52 (1891)] found that the alkali-soluble 

product contained mainly acetoacetic and a little diacetoacetic 
ester. The neutral product was shown later [ibid., 276, 200 (1893)] 
to he O-acetylacetoacetic ester. 
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diacetoacetic ester proceeds progressively. Ether 
or benzene suspensions of the enolate, a t ordinary 
temperature, gave a green insoluble crystalline 
copper compound containing halogen and mainly 
the O-acetate of diacetoacetic ester. The green 
copper derivative was not pure, as it contained a 
small amount of cupric chloride, but analysis 
showed t ha t the empirical formula is CgHnC^CuCl. 
The results of the experiments with acetyl chlo
ride and cupric enol diacetoacetic ester are given 
in Table I I . 

At room temperature, acetyl chloride had no 
action upon the green, basic enolate in ether sus

pension. The products formed on heating the 
basic enolate with an equivalent of acetyl chlo
ride in benzene were cupric chloride, some cu
prous chloride and diacetoacetic ester. The 
basic enolate boiled with benzene (nine hours) or 
toluene (one hour) underwent a partial (3-5%) 
decomposition. The experimental details are 
given in Table V. 

Acetyl chloride reacted slowly with cupric enol 
benzoylacetoacetic ester a t ordinary temperature, 
but an intermediate, basic derivative could not be 
isolated. With two equivalents of acetyl chlo
ride the cupric enolate, in boiling benzene, gave 

TABLE II 

Ether used as diluent (benzene used in III). The mixtures were kept in glass-stoppered flasks, stored in vacuum 
desiccators. In II, the reaction mixture was boiled for twenty hours and then stored as above. The green solid was fil
tered off, analyzed, the solvent removed from the filtrate and the residual oil distilled. Unless the main fraction gave 
no coloration with ferric chloride, an ether solution of the ester was washed with 10% alkali, the insoluble O-acetate re
distilled and the alkali-soluble ester converted to cupric enol diacetoacetic ester. 

The O-acyl ester calculated is that theoretically possible from the enolate involved in the reaction. In II, III and 
IV, the O-acyl ester (1 g.) and 1.1 g. of phenylhydrazine gave 0.5 g., 0.4 g. and 0.5 g. of acetphenylhydrazide, respectively. 
In II, III, V and VI, the yield of pure O-acyl ester was 59.5, 82, 55.6 and 52.7% of that calculated for the respective ex
periments. In view of the ease of hydrolysis and decomposition [Claisen, Ber., 33, 3778 (1900)] of the O-acyl ester, it is 
safe to state that more of the ester was actually present in the reaction product than appears from the table, which gives 
the amounts of pure ester isolated. 

In V and VI, the solid product was extracted with hot, dry benzene (75 cc. and 25 cc, respectively) and unchanged 
enolate recovered. Basic derivative calculated is theoretical yield possible from the enolate involved in the reaction. 
Samples of the basic derivative (I and VI) were acidified with dilute acid, the liberated ester distilled and converted to 
cupric enol diacetoacetic ester. Portions of the basic enolate (V and VI) treated with cold water gave cupric enol diaceto
acetic ester. 

Expt. no. 
Copper enolate, g. 
Enolate/chloride 
Time, days 
Unchanged enolate, g. 

Basic deriv.,g. { ^JjJj 

Anal. C8H11O1CuCl (A) 

calcd. 
Cu 
Cl 
Cu 
Cl 

Acidification of (A) < 

Products in filtrate • 

found 

Sample, g. 

Diacetoacetic ester, g. < , ' 

Copper enolate, g. { £ j j j 

Total, g. 

Fracs., g. 

O-Acetyldiaceto-
acetic ester, g. 

(1) 

B. p. 

(2) 

B. p. 

calcd. 
found 

B. p. 

0C. 
Mm. 

0C. 
Mm. 

0C. 
Mm. 

Copper diacetoacetic ester from fracs. (1) or (2) 
[ Sample, g. 

Treatment with water < Copper diacetoacetic f calcd. 
( ester, g. \ found 

I 
10 

1:1.5 
21 

6.7 
6.4 

23.4 
13.2 
23.4 
16.4 
5.0 

.2 

.9 

.4 

.1 
.4 
.0 

3. 
2. 
3. 
3. 
6. 
2. 

>100 
1 

2.6 
110-112 

1 
5.3 
1.8 

II 
20 
1:1 
35 

13.3 
13.0 

III 
12 
1:1 
18 

7.9 
8.0 

IV 
10 

1:1.5 
14 

6.7 
6.3 

V 
42 
1:1 
55 

4.5 
25.0 
22.5 

VI 
20 
1:1 
180 
2.0 
12.0 
11.1 

22.8 22.95 23.8 24.0 23.6 
12.65 12.65 14.05 13.4 

3.6 
>120 

5 
6.3 

120-122 
5 

10.6 
6.3 

120-122 
5 

2.5 

0.8 
100-108 

2 
5.2 

108-110 
2 

6.4 
5.2 

108-110 
2 

0.9 
>110 

3 
4.1 

110-123 
3 

5.3 
2.8 

121-122 
3 

1.9 

0.6 
>108 

2 
17.4 

108-118 
2 

19.8 
11.0 

112-113 
2 

4.4 
5.0 
3.3 
3.4 

13.6 
5.0 
3.2 
2.9 
3.4 
3.1 
10.0 
7.4 

110-125 
6 

0.5 

9.5 
5.0 

127-128 
6 

1.9 
2.0 
1.5 
1.5 
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O-acetylbenzoylacetoacetic ester,7 cupric and 
about 20% of cuprous chloride. The results, tabu
lated in Table III, show that the main products 
are cupric chloride and the O-acetate of benzoyl-
acetic ester, but a semi-quantitative isolation of 
the latter compound was not realized. 

TABLE III 

Ten grams of cupric enol benzoylacetoacetic ester, 3 g. 
of acetyl chloride and benzene were heated in an all-glass 
apparatus protected from moisture. Copper was deter
mined as CuO. The O-acyl ester isolated in a preliminary 
experiment (b. p., 150-155° at 1 mm.; da> 1.1474; »20D 
1.5206) was analyzed. Calcd. for CiSH16O5: C, 65.2; 
H, 5.8. Found: C, 64.91; H, 5.77. O-Acyl ester calcu
lated is theoretical yield possible from amount of enolate 
used. The distilled ester contained 0.46 and 0.67% of 
halogen in I and II, respectively. The O-acyl ester gave a 
red coloration with ferric chloride. Cold 5% NaOH 
rapidly hydrolyzed the ester: 8.3 g. of O-acyl ester (II) 
gave 4.5 g. of O-acetate and 1.9 g. of benzoylacetoacetic 
ester. In III, the O-acyl ester (2 g.) and 1.6 g. of phenyl-
hydrazine gave 0.8 g. (74% yield) of acetphenylhydrazide. 

Expt. no. 
Time, hrs. 
Solid product (A) g 

Anal. (A) 

Calcd. 
CuCl2 

Found 

[ Calcd., 
O-Acetyl I Found, 

ester B. p. I 

{ Cu 
ICl 
f Cu 
Ul 
S-
S-
0C. 
mm. 

I 
8 
2.8 

47.0 
53.0 

10.5 
8.8 

151-157 
1 

II 
10 
2.3 

50.4 

10.5 
9.0 

160-170 
3 

III 
10 
2.4 

50.1 
47.2 
10.5 
9.4 

163-165 
2 

Nef6 found that cupric enol acetoacetic ester and 
benzoyl chloride in large excess gave dibenzoyl-
acetoacetic ester as the neutral reaction product. 
Later,8 using one-half as much chloride, he iso
lated acetoacetic, mono- and dibenzoylacetoacetic 
esters and the O-benzoate of acetoacetic ester. 
We found that the relative proportions of these 
products varied with the amount of chloride used. 
The semi-quantitative data are summarized in 
Table IV. 

After heating molecular amounts of cupric enol 
acetoacetic ester with chlorocarbonic ester in ben
zene for two hours at 100°, Nef8 obtained cupric 
enol acetylmalonic ester together with unchanged 
chloro ester and concluded, therefore, that the 
latter compounds did not interact. We found 
that two equivalents of the chloro ester and the 
enolate, in boiling benzene during one and one-
half hours, yielded cupric enol acetylmalonic 
ester, some free acetylmalonic ester, cuprous chlo
ride and unidentified products. All the available 

(7) Bernhard [Ann., 181, 165 (1894)] stated that the O-acetate 
could not be distilled, but we found that the ester distilled with only a 
slight decomposition. 

(S) Met, ibid., »76, 200 (1893). 

copper appeared as cuprous chloride after pro
longed boiling of a reaction mixture containing 
excess chloro ester. Cupric enol benzoylacetic 
ester and 1.5 moles of chlorocarbonic ester, in 
boiling benzene during ten hours, gave cuprous 
chloride, free benzoylmalonic ester, some uniden
tified products, but relatively little of the cupric 
enolate of the benzoylated ester.9 The results 
are included in Table V. 

The primary action of one equivalent of ethe
real hydrogen chloride upon cupric enol acetoace
tic ester, in ether suspension and in an atmosphere 
of dry nitrogen, gave an impure product contain
ing the corresponding insoluble, unstable basic 
cupric derivative. The product invariably con
tained cuprous chloride10 and unchanged cupric 
enolate. The results of these experiments are 
summarized in Table VI. Attempts to purify 
the basic derivative by extraction with warm sol
vents led to decomposition. With cold water, 
the derivative gave mainly cupric enol aceto
acetic ester and cupric chloride. With benzoyl 
chloride, at ordinary temperature, cuprous chlo
ride, cupric enol benzoylacetoacetic ester, O-ben-
zoylacetoacetic and a-chloroacetoacetic esters 
were formed. The experimental details are given 
in Table V. 

It appeared possible, in the above experiment, 
that ethereal hydrogen chloride acted upon cupric 
enol acetoacetic ester to form cupric chloride, 
liberating acetoacetic ester from one-half of the 
enolate, and that a molecular complex of cupric 
dhloride was formed with the unchanged enolate. 
At ordinary temperature, however, anhydrous 
cupric chloride and cupric enol acetoacetic ester, 
in ether suspension, do not interact, but, in boiling 
benzene, the enolate reduces cupric to cuprous 
chloride and simultaneously a-chloroacetoacetic 
ester is produced. The result of a semi-quantita
tive experiment is given in Table V. 

On adding an equivalent of ethereal hydrogen 
chloride to a suspension of cupric enol benzoylace
toacetic ester in ether a basic derivative was 
formed containing unchanged enolate (5-10%). 

(9) Bernhard [ibU., 181, 165 (1894)] obtained the acidic products, 
benzoylmalonic and benzoylacetic esters, along with a neutral oil, 
which contained dibenzoylsuccinic ester, but consisted mainly of O-
carbethoxybenzoylacetic ester. 

(10) The liquid product contained besides acetoacetic, some 
chloroacetoacetic ester and a small amount of non-volatile oil, pos
sibly diacetosuccinic ester. The appearance of the chloro ester 
and the fact that some cupric enolate remained unchanged shows 
that a secondary reaction occurred in which, possibly, the hydrogen 
chloride acted upon two molecules of the basic derivative with forma
tion of cuprous chloride, acetoacetic and chloroacetoacetic esters. 
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TABLE IV 

Experiments I—III were made at room temperature, using ether as diluent. Aliquot portions of the solid products 
were acidified to determine the amounts of copper halide and enolate present. Ether solutions of the fraction (2) were 
washed with 10% NaOH and the O-acyl ester redistilled. II. Cuprous chloride analyzed electrolytically. Calcd. 
for Cu2CIj: Cu, 64.16. Found: Cu, 63.96. Two grams of fraction (1) and 2 g. of thiourea gave 0.55 g. of methylamino-
thiazole carboxylic ester. 

The cupric enolate was added to boiling benzoyl chloride solutions by the extraction method ["Organic Syntheses," 
Vol. XIII, 1933, p. 60] in IV and V. V. Unchanged chloride was estimated by heating 3 g. of fraction (1) with excess 
alcoholic potash, acidifying and weighing the liberated benzoic acid (2.1 g.). Free benzoylacetoacetic ester in fraction (2) 
was separated as the cupric enolate. The neutral oil was washed with 10% NaOH and redistilled. Two grams of the O-
acyl ester and 2 g. of phenylhydrazine gave 1.7 g. of benzoylphenylhydrazide. 

The chloride was added during one to two minutes (except in VI when the time was thirty minutes) to boiling, me
chanically stirred benzene solutions of the cupric enolate in VI-IX. The mixtures were stirred one-half to three-quarter 
hour at the boiling point, filtered hot to remove the cuprous chloride, cooled and the cupric enol benzoylacetoactic ester 
collected by filtration. 

VI. An ether solution of 1 g. of fraction (1) with aniline and KjCO3 gave 0.5 g. of benzanilide. An ether solution of 
fraction (2) was extracted with 10% NaOH, the alkaline extract acidified and the liberated oil converted to cupric enol 
benzoylacetoacetic ester. The neutral ester (0.5 g. and 0.5 g. of phenylhydrazine) gave 0 3 g. of benzoylphenylhydrazide. 

VII. One gram of fraction (1) gave 0.2 g. of benzanilide. 
VII-IX. The C-acyl ester in fraction (2) was isolated directly by extracting with aqueous copper acetate. The 

neutral oils in VII, VIII and IX gave 1 g., 0.4 g. and 0.4 g. of benzoylphenylhydrazide, respectively. 
VIII. Halogen determination of fraction (1): 0.6295 g. subs, gave 0.213 g. AgCl. 
IX. One gram of fraction (1) gave 0.3 g. of methylaminothiazole carboxylic ester: 4.1 g. of the fraction gave 1.6 g. 

of cupric enol acetoacetic ester and 1.6 g. of a mixture of the cupric enolates of chloroacetoacetic and acetoacetic ester. 
Percentage of products accounted for is total weight of isolated products divided by the total weight of the reagents 

used. 
Expt. DO. 
Copper enolate, g. 
Enolate /chloride 
Time, hours 

Solid 
products 

Total, g. 
( Solid, g. 

i 
50 
1:2 
24 

29.0 
26.0 

. ... . . Benzoylacetoacetic ester, 
^ H «. 11.8 

• C a t I O n _ f "C. 141-142 
I B p - \ M m - 3 

Total cuprous chloride, g. 13.5 
Total cupric enol benzoylacetoacetic 

ester, g. 
f Total g. 

J M Mm. 

Fractions 
from 
nitrate 

(D 

(2)< 

(3) 

Recovered chloride, g. 
Chloroacetoacetic ester, g. 
Total, g. 
B ' 4 l 
Cupric enol benzoyl acetoacetic 

ester, g. 
C-Acyl ester, g. 
B. p., 0C. 
O-Acyl ester, g. 

^ ' ( 1 
Non-volatile oil, g. 

Products accounted for, % 

A basic enc )late, containing about 

15.5 
35.4 

93-105 
30 

17.3 
165-168 

3 

3.8 

II 
50 
1:1 
96 

39.6 
30.0 

19.2 
143-146 

2 
11.0 

28.6 
23.9 

95-100 
35 

8.4 
7.2 

145-148 
3 

142-143 at 3 mm. 
10.8 

146-147 
1.5 

11.4 
99 

5% of 

6.6 
145-148 

3 
0.2 

98.5 

cupric 

III 
50 
1:1 
84 

39.5 
30.0 

19.6 
142-143 

1.5 
10.4 

29.1 
23.6 

95-110 
32 

6.6 
138-139 

2 

97 

IV 
20 
1:2 
3 

5.8 

5.8 

11.8 
97-103 

35 

9.7 
165-173 

5 

1.6 
1.4 

6.4 
148-149 

1 
8.7 
96 

V 
15 

1:3 
3 

4.7 

4.7 

15.6 
80-85 

5 
12.6 

7.9 
165-185 

5 

0.7 
.6 

5.1 
154-155 

4 
5.7 
97 

VI 
15 

1:1.5 
1 

8.0 

3.7 

4.3 
6.6 

70-80 
6 

2.4 

8.9 
150-158 

5 

6.7 
5.9 

2.1 

1.0 
98 

VII 
15 

1:1.5 
0.75 
7.9 

4.0 

3.9 
6.1 

72-82 
5 

0.9 

9.6 
150-160 

5 

7.1 
6.3 

1.9 

1.0 
98 

Discussion 

VIII 
15 
1:1 

0.75 
10.0 

2.9 

7.1 
6.3 

68-80 
6 

2.5 
4.3 

158-160 
6 

3.1 
2.8 

0.6 

0.3 
96.7 

IX 
15 

1:1 
0.75 
11.5 

3.2 

8.3 
5.4 

68-72 
4 

2.9 
155-15 

4 

2.0 
1.8 

0.8 

0.3 
93 

chloride was obtained from cupric enol benzoyl-
acetone. However, the cupric enolates of diace-
toacetic ester and acetylacetone with an equiva
lent of ethereal hydrogen chloride yielded readily 
the pure basic cupric derivatives as green, insolu
ble, crystalline compounds. When acidified, the 
basic enolates gave cupric chloride and liberated 
the theoretical amount of diacetoacetic ester and 
acetylacetone, respectively. At ordinary tempera
ture, water converted the basic compounds to the 
original cupric enolates. The results are tabulated 
in Table VI. 

Until 1888, organic substitution was considered 
to always proceed by direct replacement of an 
atom or group in an organic molecule by an 
equivalent atom or group of a reactant. It was 
then shown11 that sodium enol acetoacetic ester 
has an O-Na structure and, to explain the forma
tion of C-alkyl products with an alkyl iodide, it 
was assumed that iodine and alkyl added at the 
unsaturated a,/3-carbon atoms of the enolate, 
followed by a spontaneous elimination of sodium 

(11) Michael, / . prakt. Chem., 37, 473 (1888); Am. Chem. J., 10, 
158 (1888); 14, 481 (1892). 
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TABLB V 

Solutions of chlorine in CCl4 added to mechanically stirred suspensions of the cupric enolate in CCl1. 
carboxylic ester: 11 g. of chloro ester gave 8.3 g. of crude cupric enol chloroacetoacetic ester. 

I I . Anal. Calcd. for C6H9OiCl: Cl, 21.6. Found: Cl, 19.7. One gram of chloro ester gave 1.2 g. of methylaminothiazole carboxylic ester. 
I I I . Anal, of fraction (2). Calcd. for CeH9O3Cl: Cl, 21.6. Found: Cl, 22.4. Two grams, of chloro ester gave 1.8 g. of thiazole ester. 
IV. Liquid products extracted with alkali left 1 g. of unidentified, insoluble oil. Liberated oil from alkaline extract distilled as summarized in table. 

(1.4 g.) of (1) gave 1.1 g. of cupric enol acetoacetic ester; 1 g. of (2) gave 0.6 g. of cupric enol acetyl malonic ester. 
V. Liquid products extracted with alkali left 1.3 g. of unidentified, insoluble oil. Acidified alkaline extract gave benzoylmalonic ester which gave 12.4 g. of cupric 

enolate. 
VI . Fraction (1) extracted with alkali left 0.85 g. of unidentified, insoluble oil. Acidified extract gave 8.4 g. of oil (b. p. , 160-165° a t 2 mm.) which gave 7.5 g. of 

cupric enol benzoylmalonic ester. 
VI I . Fraction (2) gave 5.2 g. of O-benzoylacetoacetic ester (b. p . 144-146° a t 2 mm.) and an oil which gave 1.6 g. of cupric enol benzoylacetoacetic ester. 
V I I I . Two grams of (1) gave 1.1 g. of methylaminothiazole carboxylic ester. 
I X . Two grams of diacetoacetic ester gave 2 g. of cupric enolate. 
X . Two grams of solid extracted with cold water left 0.7 g. of insoluble residue. Anal. Calcd. for Cu2Cl2: Cu, 64.0. Found: Cu, 57.8. Fraction (1) gave 5.5 g. 

of cupric enol diacetoacetic ester. 
X I . Crude product analyzed (1) and after crystallization from benzene (2). Calcd. for CIeHi2O8CuCl: Cu, 15.51. Found: 
X I I . Anal, of recovered solid. Calcd. for C8HnO4CuCl: Cu, 23.4. Found: Cu, 24.15. 
XIV. Basic derivative heated in sealed ampoule. Anal, recovered solid. Calcd. for C6H7O2CuCl: Cu, 31.9. Found: 

Solid products 

Cu, (1) 16.32; (2) 15.50. 
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C u p r i c E n o l a t e 
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TABLE VI 

Ethereal hydrogen chloride was added to mechanically stirred ether suspensions of the enolates. In II, III and V 
the apparatus, equipped with a stirrer and a sealed-in, sintered filter plate arranged to permit of a separation of the prod
ucts in an atmosphere of nitrogen, was maintained under a pressure (3 cm.) of dry nitrogen. In II and III, the liberated 
ester contained chloroacetoacetic ester (3.7 g. and 0.4 g., respectively) as indicated by a halogen determination. The 
liberated ester in II deposited 1 g. of an unidentified, blue copper enolate. The basic derivative in IV was analyzed 
Calcd. for C8HHO4CUCI: Cl, 13.12. Found: Cl, 13.24. 

V. Basic derivative analyzed. Calcd. for CjH7O2CuCl: Cl, 17.95. Found: Cl, 19.0. The ether solution of the 
liberated acetylacetone was concentrated, treated with aqueous copper acetate and gave 0.3 g. of cupric enol acetylacetone. 
In two experiments similar to V, using the reagents in the same proportions, the basic derivative contained unchanged 
enolate (9-18%). The product was extracted with hot benzene and then analyzed correctly. 

I Expt. no. II III IV V I V I I 

Cupric enolate of 

Acetoacetic ester, g. 
Diacetoacetic ester, g. 
Benzoylacetoacetic ester, g. 
Acetylacetone, g. 

t Benzoylacetone, g. 
HCl, g., in 

cc. solution 
Ether suspension, cc. 

Basic deriv. (A) < . j 
{ found, g. 

Anal, of (A) 

Liberated 

CH9O1CuCl 
C8H11O4CuCl 

Cu calcd. for \ CI8HUO4CUCI 
CjH7O2CuCl 
C10H9O2CuCl 

Found Cu 
Ester calcd., g. 
Ketone calcd., g. 
Ester (a) found, g. 
Ketone (b) found, g. 

B- P- { Mm. 

Cupric enolate 

from sample < , . ; 
I (b) g. calcd., g. 

fc mnd, g. 

10 

1.14 
32 
40 
7.1 
7.1 

27.8 

30.3 
4.05 

3.7 

78-80 
15 
1 

1.2 
1.3 

50 

5.69 
44.2 
100 

35.4 
31.0 

24.9 

21.4 

87-88 
30 

50 

5.69 
44.2 
100 

35.4 
36.0 

24.9 

16.5 

102-104 
50 

6.9 

0.62 
7.9 
50 
4.6 
4.6 

23.37 

23.05 
2.9 

2.6 

112-115 
30 
2 

2.4 
2.0 

5 

0.34 
5.0 
25 

3.1 
3.2 

19.01 

18.38 
2.2 

2.1 

2.1 

2.4 
2.3 

1.4 

0.20 
12 
50 
1.1 
1.1 

31.9 

31.75 

0.5 

0.5 
0.65 
0.3 

5 
0.55 

15 
50 

3.4 
3.1 

24.3 
25.6 

2.1 

2.6 

iodide.12 The viewpoint was later developed for 
a large number of organic reactions involving 
groups of unsaturated atoms.13 

According to all chemical precedent, each of 
the two A-a-/3-carbon systems of cupric enol 
acetoacetic ester should unite with a molecule of 
chlorine and the addition compound should spon
taneously break up 

CH,CClCHClCOOEt 

>Cu 

°\ 
CH,CClCHClCOOEt 

CuCl2 + 2CH„COCHClCOOEt 

(12) This interpretation was based on the assumption that the 
A-0-C of the enolate was relatively the most positive atom in the 
molecule. This was a wrong conclusion, since the polar and free 
chemical energy relations at the slightly neutralized sodium atom 
must be far more developed and the reaction should, therefore, 
proceed through direct union of the halogen at this atom. Re
cently1 the formation of C-alkyl derivatives was explained from this 
viewpoint, assuming the preliminary formation of a hexacyclic 
polymolecule. 

(13) For literature see, T H I S JOURNAL, 32, 990 (1910); «S, 2394 
(1931); M, 387 (1932). 

The above experimental results prove, however, 
that the reaction proceeds to completion with a 
molecule and a half of chlorine and yields cuprous, 
not cupric, chloride. This course shows that the 
reaction does not take place by addition of chlo
rine to the two unsaturated carbon systems, nor 
by direct union with the copper. Indeed, the 
formation of a-chloroacetoacetic ester and cu
prous chloride in the action of cupric chloride upon 
cupric enol acetoacetic ester shows that the affinity 
of one of the chlorine atoms of cupric chloride for 
copper is less developed than for the unsaturated 
a-carbon atoms of the enolate. It might appear 
that the primary action of chlorine upon cupric 
enol acetoacetic ester results in the formation of 
cupric chloride and that the latter, subsequently, 
is reduced by unchanged enolate. However, the 
reduction was only observed in boiling benzene 
and cannot account for the production of cuprous 
chloride in the reactions of the cupric enolate at 
ordinary temperature. The conclusion, there-
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fore, seems unequivocal that cuprous chloride is 
formed through a basic intermediate. The chemi
cal behavior of cupric enolates toward other re
agents also shows unmistakably that the reaction 
proceeds in two stages. The first phase may take 
place by addition of the halogen to one of the A-
a-0-carbon systems 
CH,CClCHClCOOEt CH8COCHClCOOEt 

K c u — + 

CH1C=CHCOOEt CHsC(OCuCl)=CHCOOEt (B) 

or, far more likely, directly through formation of 
a hexacyclic polymolecule.1 

CH1-C=CHCOOEt CH1COCHClCOOEt 

< ? 
>Cu*Cl —> /CuCl 

°< °< 
CHr-C=CHCOOEt CH8C=CHCOOEt" (B) 

Although basic derivative B could not be sepa
rated in a pure state in any of the reactions studied 
with cupric enol acetoacetic ester, pure com
pounds, corresponding to B, were isolated in the 
action of acetyl chloride and hydrogen chloride 
upon related cupric enolates. The results afford 
evidence that these reactions proceed progres
sively through basic, intermediate compounds 
analogous to B. Evidently, halogen does not act 
upon derivative B as it does in the first stage on 
the neutral cupric enolate, but in a chemically 
unique manner. The appearance of cuprous chlo
ride shows that the affinity of the A-a-C of the 
basic enolate for chlorine is so developed, in com
parison with that at the copper, or the A-jS-C, 
that, with the union of the halogen at the a-C 
atoms, cuprous chloride is forced out of the sys
tem 
CH8C(OCuCl)=CHCOOEt 

Cl 

A, — 
CH8C(OCuCl)=CHCOOEt 

Cu2CIi + 2CH8COCHClCOOEt 
Corresponding to the above reaction with chlo

rine, only a molecule and a half of acetyl chloride 
is required to complete the reaction with cupric 
enol acetoacetic ester. An intermediate, basic 
derivative could not be isolated, because the re
action was rapid, but the characteristic color 

(14) The tendency to form basic cupric enolates, e. g., B, seems to 
be a characteristic property of cupric enolates, as Wislicenus [Ber., 
38, 839 (1902)] obtained corresponding basic cupric derivatives by 
heating cupric enol acetoacetic ester with alcohols. 

changes assumed by the reaction mixture, the for
mation of cuprous chloride and the proportion of 
acetyl chloride required show that the course of 
the reaction is analogous to that of chlorine. The 
relatively slightly positive copper in cupric enol 
acetoacetic ester should reduce the negative in
fluence upon the A-a-carbon much less than the 
sodium in the sodium enolate. There should be, 
therefore, far less tendency to form a C-acyl de
rivative1 and the reaction should proceed pri
marily as follows 
CH8-C=CHCOOEt CH8C(OCOCH8)=CHCOOEt 

O* COCH8 

Cu* Cl —»- + 

A 
CH1-C=CHCOOEt CH8C(OCuCl)=CHCOOEt (B) 

The basic intermediate B should show less tend
ency than the neutral enolate to yield a C-acyl 
derivative with acetyl chloride, since the influence 
of positive energy of the metal in B upon the A-
a-carbon is less than in the neutral enolate. In 
the second phase, two molecules of the basic eno
late function with one of the chloride to form 
polymolecule C, in which, due to affinity relations, 
the chlorine is in contact with the A-a-carbon 
atoms, the acetyl with the enolic oxygen and cu
prous chloride is forced out of the system 

CHr-C=CHCOOEt 
I * 

ClCuO Cl 
I (C) — » Cu2Cl, + 

ClCuO * COCH1 

CH8-C=CHCOOEt 
CH8COCHClCOOEt + CH,C(OCOCH8)=CHCOOEt 

The primary phase of the action of acetyl chlo
ride upon cupric enol acetoacetic and diacetoace-
tic esters is analogous, although the reaction pro
ceeds more slowly with the latter enolate and, be
sides the O-acetyl ester, the intermediate basic de
rivative could be isolated. The behavior of the 
respective, intermediate, basic derivatives with 
acetyl chloride differs; cupric chloride, not cu
prous, was obtained along with the O-acetyl ester 
from the basic derivative of diacetoacetic ester. 
Replacing the a-hydrogen in the basic intermedi
ate by the negative acetyl group, must greatly de
crease the affinity of the a-carbon for chlorine. 
For this reason, in the polymolecule with acetyl 
chloride the chlorine is in contact with the copper 
and cupric chloride is formed on decomposition 
of the complex. Similar affinity relations be-
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tween halogen and the a-carbon of analogously 
structured basic cupric enolates should always 
lead to the appearance of cupric chloride. 

It was not possible to isolate an intermediate, 
basic cupric compound in the action of benzoyl 
chloride upon cupric enol acetoacetic ester, but 
it seems probable from the color changes and re
action products that the reaction proceeds mainly 
through the formation of a polymolecule, which 
undergoes primarily the following retrogression 

CH3C=CHCOOEt CHjC=CHCOOEt 
0 < 0 < 

^>Cu*Cl ^ \CuCl 

\ COC9H6 COCH6 

CH8C=CHCOOEt CH5COCHCOOEt 
The free enol benzoylacetoacetic ester, being more 
acidic than enol acetoacetic ester, displaced some 
of the latter ester from unchanged cupric enolate 
and, consequently, cupric enol benzoylacetoacetic 
ester competed in the reaction. At ordinary tem
perature (Table IV, I—III), the relatively inert 
benzoyl chloride reacted slowly upon cupric enol 
benzoylacetoacetic ester, but with excess chloride 
at the boiling point of benzene (IV and V), the 
reaction proceeded rapidly, with the result that 
the enolate did not appear in the product and 
practically all free benzoylacetoacetic ester was 
replaced by a non-volatile oil, probably the corre
sponding O-benzoate. This secondary reaction is 
less pronounced (VI and VII) with decreasing 
concentration of the chloride. 

With the relatively inert benzoyl chloride, at 
ordinary temperature (I-III), comparatively little 
O-benzoylacetoacetic ester is produced from cupric 
enol acetoacetic ester. This part of the reaction 
proceeds undoubtedly analogously to that formu
lated above for acetyl chloride. Increasing the 
temperature of the reaction increases the reac
tivity of the chloride and it appears that under 
conditions which lead to rapid reaction less C-
acyl product is formed. Thus addition of hot 
benzene solutions of the cupric enolate (IV and 
V) to boiling solutions of benzoyl chloride in ben
zene increased the yield of O-acyl ester about 2.5 
times. Relatively little C-acyl ester was isolated, 
but more of the non-volatile oil and all of the cop
per appeared as cuprous chloride. The main 
course of the primary reaction, however, always 
leads to the formation of a C-acyl derivative, 
either as the free ester or as the cupric enolate. 
With the appearance of the latter, especially in 
the presence of excess chloride at higher tempera

tures (IV-VII), the reaction proceeds further, re
sulting in the production of non-volatile products. 
The cupric enolate reacted in boiling benzene 
(VIII and IX) with even one equivalent of chlo
ride to give more non-volatile oil than at room 
temperature and only one-third as much O-acyl 
ester appeared at the higher temperature. Simi
larly, with the cupric enolates of benzoylacetic 
and acetoacetic esters, the relatively inactive 
chlorocarbonic ester yields mainly a C-acyl ester; 
the free ester with the former and cupric enol 
acetylmalonic ester with the latter. In contrast, 
acetyl chloride rapidly yields an O-acyl ester with 
cupric enol acetoacetic ester. I t appears, there
fore, that reactive acyl halides yield O-acyl de
rivatives in rapid reactions and that C-acyl deriva
tives are mainly produced from relatively inert 
chlorides in reactions proceeding slowly. Al
though acetyl chloride acts only slowly upon cu
pric enolates of diacyl acetic esters the formation 
of an O-acyl derivative is inevitable because, as 
stated above, adverse affinity relations between 
chlorine and the unsaturated a-carbon of the eno
late preclude the formation of a C-acyl derivative. 

Theoretically, stereomeric O-benzoates of aceto
acetic ester should exist and by treating a mixture 
of acetoacetic ester and pyridine with benzoyl 
chloride a liquid O-benzoylacetoacetic ester was 
obtained, which is isomeric with the solid ester 
formed from cupric enol acetoacetic ester and ben
zoyl chloride.8 The ester prepared by the latter 
reaction melts at 42° and is less soluble in petro
leum ether than the ester prepared with pyridine. 
Under comparable conditions, the latter ester is 
rearranged by sodium enol acetoacetic ester to 
sodium enol benzoylacetoacetic ester somewhat 
faster than the solid ester, but the rates are not 
very different. Both esters absorb hydrogen and 
react with bromine at about the same rate. The 
esters have the same boiling point and refractive 
index, but the density of the solid ester is slightly 
greater than that of the liquid ester. Attempts 
to interconvert the isomers by heat,18 or by expo
sure to sunlight, failed; in strong ultraviolet 
light the liquid ester decomposed after 125 hours 
while the solid ester remained unchanged. 
Whether the O-benzoates of acetoacetic ester 
should be classed as ordinary stereomers is open 
to doubt because they seem, rather, to belong to 

(15) Claisen [Attn., 291, 108 (1898)] obtained an O-beazoate in 
the benzoylation of benzoyldiacetylmethane with pyridine, which he 
considered stereomeric with the compound formed with potassium 
carbonate. These compounds were readily interconverted by heat. 

file:///CuCl
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that considerable class of isomeric substances, 
whose isomerism depends undoubtedly upon the 
spatial arrangement of atoms in molecules, but 
which cannot be explained from the current stereo
chemical viewpoint.16 

The above experimental results are of general 
interest for organic theory. The Kekule concep
tion of doubly-linked carbon atoms assumes that 
two atoms are joined by two valences and implies 
that the strength of the union, the nature and 
amount of the free chemical energy at each of the 
unsaturated carbons are independent of atoms or 
radicals directly attached. One of us17 pointed 
out that linked carbon atoms only possess the 
same chemical character when each is under iden
tical chemical influences, otherwise their chemical 
properties differ, but this difference usually be
comes manifest only with the use of mild reagents 
as addenda. The behavior of basic cupric eno-
lates affords strong experimental support of this 
view. Notwithstanding the appearance of an un
saturated a-(S-carbon group in the basic cupric 
enolate of acetoacetic ester, a mole of the ex
tremely additive chlorine unites only with the A-
a-carbons of two enolate molecules, with sever
ance of cuprous chloride and appearance of double 
linkages between the |8-carbons and attached oxy
gens. This unilateral course of addition is equally 
clear in the reaction with acetyl chloride, a re
agent that never adds bilaterally to doubly-linked 
carbon atoms; functioning here, however, with 
union of chlorine at the A-a-carbon and with 
acetyl at the enolic oxygen, thus forcing the forma
tion of cuprous chloride. Benzoyl chloride acts 
similarly, with the appearance of some O-benzo-
ate, but more largely with union of benzoyl to the 
energetic A-a-carbon of a second molecule of the 
basic enolate. The course of these singular reac
tions is probably connected with the slight chemi
cal hindrance to the separation of -CuCl from the 
enolic oxygen and the large heat of formation of 
cuprous chloride and a-chloroacetoacetic ester.18 

(16) Michael, T H I S JOURNAL, SS, 1638, footnote 17 (1933). 
(17) Michael, J. frakt. Chem., 87, 473 (1888); 60, 414, 479 

(1899). 
(18) The heat of formation of a-chloroacetoacetic ester is not 

known, but its value must be considerably larger than that of aceto
acetic ester. Calculating the heat of formation for the products 
obtained in the action of 4.98 g. of chlorine upon 15 g. of cupric enol 
acetoacetic ester, the amounts of these reagents required for com
plete reaction, and substituting the value of acetoacetic for that of 
a-chloroacetoacetic ester, gives the value 15.9 kcal., whereas 13.1 
kcal., is obtained if the given quantity of chlorine reacted to give 
cupric chloride. It would seem, therefore, that in this, as in the 
great majority of organic reactions, the heats of formation of the re
action products determine the maximum degradation of energy 
and thus the course of the reaction. 

These reactions show unmistakably that the repre
sentations of double linkages in terms of valence 
are crude and unscientific.19 

The progressive chemical breaking up of cupric 
enolate molecules are excellent illustrations of a 
general rule: viz., that polysubstitutions, or poly-
pseudosubstitutions, proceed progressively; inde
pendently whether the several like or unlike 
atoms or groups are attached to different carbons20 

or to a single carbon.21 The important rule of 
progressive substitution has received little attention 
in organic theory. To illustrate its importance, 
three characteristic, wrongly interpreted reactions 
will be considered from its standpoint. The for
mation of ketene, trimethylene and carbon mon
oxide from bromoacetyl bromide, trimethylene 
dibromide and chloroform, respectively. Ali
phatic a-bromo esters, but not acyl halides, react 
readily with zinc, and zinc alkyl halide deriva
tives react violently upon acyl halides. The 
current explanation that the halogen atoms in 
bromoacetyl bromide are removed simultane
ously is, therefore, obviously impossible and the 
reaction must proceed in steps: CH2BrCOBr + 
Zn —>• CH2(ZnBr)COBr —•*• CH2=CO + 
ZnBr2. The same objection may be raised 
against the simultaneous removal of the two 
bromine atoms from trimethylene dibromide; 
here, too, the reaction must be progressive with 
the primary formation of CH2(ZnBr)CH2CH2Br. 
Then, because the Zn of -ZnBr has a strong affinity 
for bromine, favored by their close spatial dispo
sition (1,5), the free chemical energy at the zinc 
can overcome the very considerable chemical 
hindrance to the formation of trimethylene, which 
is energetically inconceivable from the usual point 
of view. Equally improbable is the direct re
placement of two chlorine atoms of chloroform by 
hydroxyl; a more logical interpretation is the 
primary appearance of C(OH)Cl2H, which, be
cause the hydroxyl greatly decreases the affinity 
of carbon for chlorine and hydrogen, decomposes 
spontaneously. HCClCl2 + H2O —>• HC(OH)Cl2 

—>• HCOCl —> CO + HCl. 

Of general interest too, is the bearing of the ex
perimental results in this and previous papers1 on 
the mechanism of inter molecular chemical changes. 
The chemical behavior of the enolates can hardly 

(19) It has not been possible to correctly represent carbon un-
saturation stereometrically in terms of valence linkage or electrons. 
See, T H I S JOURNAL, SS, 1638, footnote 17 (1933). 

(20) Michael, J. prakt. Chem., 60, 415 (1899). 
(21) Michael, Ba., 3«, 4028 (1901). 
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be rationally explained without assuming that 
double molecules, or polymolecules, possess definite 
intermolecular, atomic structures,22 i. e., they owe 
their formation, not to the affinity between mole
cules as reacting units, but to the developed 
affinity of atoms in one molecule for atoms in 
the associating molecule.23 The results also give 
strong experimental support to theoretical views 
explaining the formation of organic isomers from 
unsaturated compounds on the basis of the polar 
and energy relations of the unsaturated atoms for 
the reactants, functioning as addenda,24 since 
they show that such chemical forces exert strong 
directive influences upon the course of the reac
tion. 

Experimental 
Preparation and Properties of O-Benzoylacetoacetic 

Ester. (A) Liquid Ester.—A mixture of 24 g. of pyridine, 
32.5 g. of acetoacetic ester and 35.1 g. of benzoyl chloride 
was allowed to react for two days, diluted with ether and 
solid removed. The filtrate was washed with hydro
chloric acid, 10% alkali and the solvent removed. The 
residual oil gave fractions: (1) 5.4 g., b. p. up to 153° at 
3 mm.; (2) 39.6 g., b. p. 153-155° at 3 mm.; (3) 6.8 g. 
residue. 

Fraction (2) gave no color with ferric chloride and did not 
solidify after two to three days at —20°, even after a 
crystal of the solid isomer had been added. 

Anal. Calcd. for C18Hi4O4: C, 66.64; H, 6.03. Found: 
C, 66.53; H, 6,42. 

One gram of the ester and 0.9 g. of phenylhydrazine in 
ether solution gave 0.75 g. of benzoylphenylhydrazide. 

(B) Solid Ester.—Fifty grams of cupric enol aceto
acetic ester and 43.7 g. of benzoyl chloride in 150 cc. of 
ether were allowed to react for two hours at room tem
perature and the mixture then boiled for two hours. 
The solvent was distilled off, the residue treated with water 

(22) For literature see, T H I S JOURNAL, 57, 159 (1935). 
(23) Huckel, "Theoretische Grundl. d. org. Chemie.," 1931, Vol. I, 

p. 232, Vol. II , pp. 223,226, 236, questions the intermediate formation 
of polymolecules in chemical reactions, mainly on the ground that 
"although such compounds are quickly formed at ordinary tempera
tures, substitutions then proceed immeasurably slowly" and that 
polymolecules "perhaps no longer practically exist" at temperatures 
sufficiently high for rapid substitution. Even if one accepts the 
latter, unproven, statement, Hiickel's conclusion is fallacious. He 
considers that the polymolecules of organic compounds and reac
tants "are in balanced equilibrium at temperatures when the re
action proceeds fast, or moderately slowly," but overlooks that, if 
one component of such a balanced system undergoes change, a bal
anced equilibrium is again instantaneously reestablished. Evi
dently, a reaction may proceed quickly and entirely through one 
component, even if it exists only in traces under the conditions of 
fast decomposition. Indeed, Huckel [ibid., Vol. I, p. 181] advances 
this, generally accepted relationship to explain the C-alkylation of 
sodium enolates [see, T H I S JODRNAI., 87, 160 (1935)]. Further, 
Hiickel's assumption regarding the relative quantity of the decom
posing constituent of a polymolecule is entirely without experimental 
support and the relative facility of polymolecular decompositions 
evidently depends upon the chemical character of its constituents.— 
(A. M.) 

(24) Michael, J. prah. Chem., SO, 319 (1899); »8, 489 (1903); 
THIS JOURNAL, SS, 1003 (1910). 

and the solid separated by filtration. The filtrate was 
extracted with ether, and the extract fractionated; (1) 
5.3 g., b. p. up to 150° at 3 mm.; (2) 9.2 g., b. p. 150-155° 
at 3 mm.; (3) 5.2 g„ b. p. 180-185° at 2 mm.; (4) 2-3 g. 
residue. 

Fraction (2) redistilled gave 7 g. of O-benzoylaceto-
acetic ester, b. p. 142° at 2 mm., which gave no color 
with ferric chloride. Anal. Calcd. for CnHuO4: C, 
66.64; H, 6.03. Found: C, 66.87; H, 6.23. One gram 
of the ester and 0.9 g. of phenylhydrazine in ether solution 
gave 0.7 g. of benzoylphenylhydrazide. 

(C) Comparison of Properties.—The boiling points 
determined under identical conditions were 139° at 1.5 
mm., bath at 175°. Both esters have the same refractive 
index, »40D 1.15100. The densities at 40° were 

Liquid ester Solid ester 
density mol. refr. density mol. refr. 

I 1.1055 63.33 1.1088 63.15 
II 1.1049 63.36 1.1091 63.12 

Mol. refr. calcd. 61.47. 

Determination II was made after the liquid ester had 
been redistilled and the solid ester recrystallized and sub
sequently distilled. 

Molecular weight by freezing point in benzene: calcd. 
234; found (a) liquid ester 223; (b) solid ester 220. 

Solubility.—The ester was dissolved in petroleum 
ether (b. p. 32°) at room temperature, the solution cooled 
to the required temperature, 1-cc. portions of the super
natant solution pipetted into a weighed flask and the 
solvent removed. 

Expt. Residue, g. Av. soly./cc. Temp., ' C . 

Liquid 
1 0.11520 - 2 0 
2 .10685 0.111 
3 .17839 0 
4 .17730 .178 

Solid 
5 0.00891 - 2 0 
6 .00851 0.009 
7 .03353 0 
8 .03463 .034 
9 .02865 0 

10 .02868 .029 
11 .01045 .010 -19 

Ester used in determination 7 and 8 was six months old; 
ester recrystallized for determinations 9-11. 

Rate of Rearrangement with Sodium Enol Aceto
acetic Ester.—Solutions of 1.95 g. of sodium enol aceto
acetic ester in 10 cc. of acetic ester were treated at 30° 
with 3 g. of each of the O-benzoates. The time of appear
ance of solid was noted and the yield at the end of forty-two 
!hours. In the first experiments the solid was filtered off, 
acidified and converted into the cupric enolate. The ob
servations are summarized. 

Ester used Liquid Solid Liquid Solid 
• Solid after mixing, hours 3.75 5.75 0.33 3.5 
Na salt after 42 hours, g. 2.6 2.0 2.65 1.85 
Yield of Cu salt, g. 2.5 1.9 
Calcd. yield Cu salt, g. 2.6 2.0 
Cu salt m. p., 0C. 226-227 223-224 



Feb., 1936 REACTIONS OF COPPER ENOL ACETOACETIC ESTERS AND RELATED COMPOUNDS 368 

Summary 
1. The action of one and a half moles of chlo

rine upon a mole of cupric enol acetoacetic ester 
yields one mole of cuprous chloride and two moles 
of a-chloroacetoacetic ester. 

2. The action of acetyl and benzoyl chloride 
upon cupric enol acetoacetic ester was investi
gated semi-quantitatively, under varying condi
tions. In the former, rapid reaction all of the 
available copper appears in the reaction products 
as cuprous chloride and the O-acetyl ester is pro
duced along with a-chloroacetoacetic ester. The 
course of the latter reaction depends upon the ex
perimental conditions: at room temperature, 
some O-benzoyl but mainly C-benzoylacetoacetic 
ester is formed, together with cuprous chloride, 
acetoacetic and a-chloroacetoacetic esters. The 
relative amount of the O- to that of the C-deriva-
tive decidedly increases when temperature condi
tions favor less slow reactions, e. g., at the boiling 
point of benzene, 2.5 times more O-benzoylaceto-
acetic ester is produced than at room temperature. 

3. The action of acetyl chloride upon cupric 
enol diacetoacetic ester is progressive, yielding, 
at first, the basic, chloro-cupric derivative together 
with the O-acetate of diacetoacetic ester. In the 
second phase of reaction, the products are cupric 
chloride together with some cuprous chloride and, 
apparently, a second molecule of the O-acyl ester. 

4. At ordinary temperature, acetyl chloride 
acts slowly upon cupric enol benzoylacetoacetic 
ester: in boiling benzene, cupric chloride, together 
with about 20% cuprous chloride and, mainly, O-
acetyl benzoylacetoacetic ester are produced. 

5. Contrary to Nef, an excess of chlorocar-
bonic ester reacts upon cupric enol acetylmalonic 
ester, in hot benzene solution, to form high boil
ing oils and cuprous chloride. Chlorocarbonic 
ester and cupric enol acetoacetic ester, during one 
and one-half hours in boiling benzene solution, 
yield mainly the cupric enolate of acetylmalonic 
ester, whereas free benzoylmalonic ester is pro
duced from cupric enol benzoylacetic ester. 

6. The above experimental results show that 
the chemical behavior of cupric enolates toward 
chlorine and acetyl chloride is entirely different 
from the accepted viewpoint. Although basic, 
chloro-cupric enolates could not be isolated in 
the cupric acetoacetic and benzoylacetoacetic 
ester reactions, the appearance of cuprous chlo
ride shows that the reactions must proceed 
through such intermediates. Even the so strongly 

additive chlorine does not combine with both A-
a-/3-carbons of the intermediate, but adds only to 
the A-a-carbons of two enolate molecules, with 
formation of a-chloroacetoacetic ester and with 
expulsion of cuprous chloride. Substituting the 
a-hydrogen of cupric enol acetoacetic ester by 
negative acetyl causes not only a better neutrali
zation of the copper in the new molecule, but also 
a decrease in the affinities of the a-carbons for 
acyl groups. With the diacetoacetic ester eno
late and acetyl chloride, this change manifests it
self in a decrease in the a-carbon reactivity and 
in a greater stability of the isolatable, basic 
chloro-cupric intermediate. Benzoyl is more 
negative than acetyl and this, more negative, in
fluence upon the A-a-carbon shows itself decidedly 
in the behavior of the benzoylacetoacetic ester 
enolate toward acetyl chloride. The affinities of 
the A-a-carbon in the intermediate for chlorine 
and for acetyl are now so reduced that, to the ex
tent of about 80%, the chlorine reacts with the 
copper, to form cupric chloride and the O-acetate 
of benzoylacetoacetic ester appears as the second 
product. 

7. The action of ethereal hydrogen chloride 
upon cupric enolates is progressive, yielding pri
marily the basic chloro-cupric enolates. Pure 
basic derivatives could be obtained from the cu
pric enolates of acetylacetone and diacetoacetic 
ester, but not from the enolates of benzoylacetone, 
acetoacetic, or benzoylacetoacetic esters. The 
behavior of the basic enolate of diacetoacetic ester 
toward heat, water and acetyl chloride was ex
amined. The impure derivative obtained from 
cupric enol acetoacetic ester was treated with 
benzoyl chloride and the products determined. 

8. It was found that cupric is reduced to cu
prous chloride by the action of cupric enol aceto
acetic ester in hot benzene solution. This reduc
tion is attributed to the smaller affinity of one of 
the chlorines of cupric chloride for copper than 
for the A-a-carbon of the cupric enolate. 

9. On account of the high heat of formation of 
cuprous chloride and the production of consider
ably more a-chloroacetoacetic ester from a given 
amount of chlorine in a reaction leading to the 
formation of cuprous rather than cupric chloride, 
a decidedly larger heat of formation is generated 
in the former reaction. This thermal factor un
doubtedly determines the possible maximum deg
radation of chemical energy and thus accounts for 
the apparently abnormal course of the reactions. 
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10. Two isomeric O-benzoates of acetoacetic 
ester were prepared and examined. It is sug
gested that the spatial structures of the esters 
must differ from those expressed in the usual type 
of stereomers. 

11. The results in the progressive chemical 
retrogressions of enolates are interpreted by the 
primary formation of polymolecules with definite 
intermolecular structures. The reactions illus
trate the general rule "that all substitutions, or 

A new reaction which affords a qualitative test 
for linolenic acid has been found in the behavior 
of this acid toward arsenophosphotungstic acid. 
The reagent, arsenophosphotungstic acid, is pre
pared as for the determination of uric acid by the 
method of Benedict.1 The test is applied by lay
ering 1 cc. of oil over 5 cc. of the reagent, heating 
for one hour in a boiling water-bath, and noting 
the color developed in the reagent layer. A posi
tive reaction is indicated by the development of a 
deep blue color. The reaction will not take place 
in a medium such as acetone, alcohol or ether. 

TABLE I 

RESULTS OBTAINED WITH THE TEST WHEN APPLIED TO 

VARIOUS MATERIALS 
. Reaction . 

Linolenic 
Material Qual. Quant., % content, % 

Methyl linolenate (prepared by Used as 
method of Rollett*) + + + + + standard 99.8 

Methyl Hnolate (prepared hy 
method of Rollett') 0 

Methyl linolate (crude) + + + 9 * 3 ? 
Sodium oleate (Merck's U. S. 

F.) 0 
Linseed oil + + + + 8 1 * 9 34* 
Perillaoil + + + + 36 * 6 41* 
Soya bean oil + 3 * 1 2.2« 
Corn oil 0 
Cotton seed oil 0 

The reaction would probably be given by acids 
more highly unsaturated than linolenic acid, but 
as such acids do not occur in vegetable oils, the 
test is specific for linolenic acid or its esters in 
these oils. In applying the color test to fats or 
oils of animal origin, it may well be that arachi-

(1) S. R. Benedict, / . Biol. CUm., 92, 161 (1931). 
(2) E. T. Rollett, Z. physioi. Chem., 68, 410, 422 (1909). 

pseudosubstitutions, proceed progressively, 
whether the several like or unlike replaced atoms 
or groups are attached to different carbons or to 
a single carbon." Thus, the synthesis of ketene 
and trimethylene by the action of zinc on bromo-
acetyl bromide and trimethylene bromide proceed 
through CH2(ZnBr)COBr and CH2(ZnBr)CH2-
CHzBr, respectively, as intermediates with sub
sequent elimination of zinc bromide. 
CAMBRIDGE, MASS. RECEIVED OCTOBER 19, 1935 

donic acid, and perhaps other highly unsaturated 
acids, would make the test non-specific. 

The application of this color test in the deter
mination of an unknown oil is easily recognized. 
There are only four vegetable oils considered in 
Jamieson's monograph3 which would give an in
tense color with arsenophosphotungstic acid— 
linseed, perilla, chia seed and hemp seed oils. An
other class, containing about 2% of linolenic acid 
would give a weak color test. Included in this 
group are such oils as soya bean, lumbang, mus
tard seed and rape seed oils. Only a total of 
about twenty vegetable oils would give a positive 
reaction and these could be subdivided as indi
cated. The test might be used to indicate adul
teration or rancidity in the oils of the group, as 
linolenate content would primarily be affected in 
either case. It would only be necessary to com
pare the color developed by the oil in question to 
that developed by a known sample of the oil. 

It is of interest to note that arsenic acid, phos
phoric acid, sodium tungstate and phosphomolyb-
dic acid do not give this reaction with linolenic 
acid. 

Quantitative Value.—The reaction is to be 
regarded, at present, as being only roughly quan
titative. The difficulty in obtaining adequate 
miscibility of oil and reagent preclude to a certain 
degree the application of the reaction to exact 
quantitative measurements. Using a purified 
methyl linolenate as a standard, a series of deter
minations was made on various materials as indi-

(3) G. S. Jamieson, "Vegetable Fats and Oils," Chemical Catalog 
Co., New York, 1932. 
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