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experiments with cracking catalysts do not neces
sarily prove heterogeneity of surface. We do not 
intend to imply by this that silica-alumina has a 
homogeneously active surface—there is consider
able evidence for heterogeneity, and in theory we 
should expect such heterogeneity depending on the 
geometry of the aluminum and silicon atoms in the 
surface. We wish merely to indicate that by using 
the concept of the mobility of the surface, poisons 
need not be present in amounts stoichiometrically 
equivalent to the total active surface to cause 
essentially complete deactivation. The surface of 
cracking catalysts then behaves to a certain degree 
like a two-dimensional mobile acid. 
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Available methods1 - 3 6 - 1 4 of synthesis of y-bu-
tyrolactone are not easily workable and give poor 
yields. A consideration of the mechanism of re
action of ethylene oxide as discussed by Hammett16 

suggested that the alkylation of malonic ester by 
ethylene oxide in the presence of anhydrous alumi
num chloride might be an effective method for the 
preparation of 7-hydroxy acids. Breslow and 
Hauser4 have previously described the alkylation 
of acetoacetic ester with benzyl chloride in the pres
ence of boron trifluoride. 

The present reaction may be explained as 
AlCIs 

CH2(CO2C2He)2 >-

CH(CO2C2Hs)2 + AlCl2 + HCl(evolution) 

C H 2 - C H 2 - C O H® CH(CO2C2H6)J 
1 I •* I 
CH2 O HOH C H 2 - C H 2 - O A l C l 2 

Experimental 
Sixty-four grams (0.4 mole) of malonic ester dissolved 

in 50 ml. of absolute chloroform was added slowly to 34 g. 
(0.25 mole) of coarsely powdered anhydrous AlCl8

16 in a 3-
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necked flask fitted with a reflux condenser, a dropping fun
nel, an all-glass stirrer and a gas inlet tube. Hydrogen 
chloride was evolved. Ethylene oxide, generated by 
dropping 21 g. (0.26 mole) of ethylene chlorohydrin slowly 
on 20 g. (0.5 mole) of powdered sodium hydroxide under 
absolute toluene, was passed into the reaction mixture a t 
room temperature with mechanical stirring. The rate of 
introduction of ethylene oxide was regulated so that the 
ether refluxed. After addition was complete, the mixture 
was cautiously acidified with 5 N hydrochloric acid, and 
then refluxed for five hours. The solid which separated on 
acidification dissolved within a few minutes. The light 
greenish mixture was then cooled, saturated with salt and 
extracted with benzene. The benzene extract was washed 
with a small amount of water, dried over anhydrous sodium 
sulfate and concentrated. The residual thin liquid was 
fractionated under reduced pressure. 

The vield of 7-butvrolactone obtained as a colorless thin 
liquid, b.p. 8 5 - U 0 ° " ( l l mm.) ; 105-120° (15 mm.) , was 
quantitative (based on the ethylene chlorohydrin used). 

Anal. Calcd. for C4H6O2: C, 55.8; H, 6.9; neut .equiv. , 
X6. Found: C, 55.42: H, 7.3; neut. equiv., 84, 86; n36 

1.3760. 
The liquid 7-lactone which boiled usually over a range 

could be collected in two distinctly different fractions which 
had the same contents of carbon and hydrogen and same 
saponification equivalent. This property is possibly due 
to a dimorphism as suggested by Sueur." 

In one experiment the two fractions were: I , b .p . 85° 
(11 mm.) , 105° (15 mm.) , yield 5 g.; I I , b .p . 130° (11 
mm.) , 140° (15 mm.) , yield 17 g. In other experiments 
the relative proportions of the two fractions varied. 

In more or less identical yield the two fractions gave a 
2,4-dinitrophenylhydrazide, m.p . 93-94°. 

Anal. Calcd. for Ci0H12N1O6: C, 42.26; H , 4.225; N , 
19.72. Found: C, 42.48; H , 4.323; N , 19.59. 
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Breslow and Hauser1 have observed that a re
active methylene compound, e.g., acetoacetic ester, 
can be ar-alphylated by benzyl chloride in the 
presence of an acid catalyst such as boron tri
fluoride. A similar reaction, viz., alkylation of 
cyanoacetic ester by means of ethyl chloroacetate 
in presence of anhydrous aluminum chloride, has 
been studied by the present author. 

The yield of the alkylated product varied with 
the amount of catalyst used, but unlike a base-
catalyzed reaction even a large amount of the acid 
catalyst failed to produce in a single step a di-
condensation product. The results of comparative 
runs of experiments carried out in presence of an 
acidic catalyst and a basic catalyst are tabulated. 

Experimental 
Alkylation of Cyanoacetic Ester with Ethyl a-Chloroace-

tate to Yield the Monocondensation Product. Acid Cata-
(1) D S. Breslow and C. R. Hauser, T H I S JOURNAL, 62, 2385, 2389 

(1940). 
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Reactive methylene 
compound 

Cyanoacetic ester 

a-Cyanosuccinic ester 

Alkylating agent 

Ethyl chloroacetate 

Ethyl chloroacetate 

1. 
2. 
3. 

4. 

5. 
6. 

TABLE I 

Catalyst 

1 mole of AlCl1 

2 moles of AlCl3 

1 mole of KaOC2H5 

2 moles of NaOC2H8 

1-7 moles of AlCIi 
1 mole of XaOC2H6 

% Yield of product" 

50% 
Quantitative 
50% mono-condensation product + 10% 

dicondensation product 
35% dicondensation product + 10% mono-

condensation product 
Nil 
30% dicondensation product 

• The yield depends on the freshness of the AlCIj. 

lyst (1 M).—To 13 g. (0.1 mole) of coarsely powdered an
hydrous aluminum chloride was added dropwise a solution 
of 11.3 g. (0.1 mole) of cyanoacetic ester and 12 g. (0.1 
mole) of ethyl ar-chloroacetate in 25 ml. of dry chloroform with 
constant shaking of the externally cooled reaction mixture. 
The addition of t he solution was attended with evolution 
of hydrogen chloride followed by dissolution of the catalyst. 
The brown reaction mixture was left at room temperature 
till gas evolution had ceased. After careful decomposition 
of excess aluminum chloride with ice the reaction mixture 
was worked up in the usual manner. The residual liquid 
after removal of the solution was fractionated under vacuum. 

The yield of colorless liquid product, b.p. 105° (10 mm.), 
was 11.5 g. (50%). Anal. Calcd. for C9H13NO4: C, 54.27; 
H, 6.5; N , 7.03. Found: C, 53.97; H, 6.63; N, 7.32. 

A portion (2 g.) of the distillate on hydrolysis with 2 0 % 
hydrochloric acid and subsequent crystallization proved to 
be succinic acid (0.8 g.), m.p. 185°, singly and on admixture. 

The catalyst even if increased to 2 moles or more always 
gave the above monocondensation product alone in quanti
tative yield but never any dicondensation product. 

Sodium Ethoxide Catalyst.—To sodium ethoxide (pre
pared from 1 g. (less than 0.05 mole) of sodium metal and 
12 ml. of absolute alcohol) was added 5.65 g. (0.05 mole) of 
cyanoacetic ester with constant shaking and external cool
ing. The sodio salt formed was left a t room temperature 
for an hour or so after which 6 g. (0.05 mole) of ethyl chloro
acetate in 5 ml. of absolute alcohol was dropped in with 
external cooling and constant shaking of the reaction mix
ture. Eight to ten hours reflux on a water-bath and subse
quent working up in the usual manner gave 4.9 g. (50%) of 
the monocondensation product and 1.4 g. (10%) of a glycer-
ol-like dicondensation liquid product, b .p . 145° (10 
mm.) . Calcd. for C13H19NO6: C, 54.73; H, 6.66; N, 4.91. 
Found: C, 54.52; H, 6.77; N, 4.83. 

Acid hydrolysis of the dicondensation product (3 g.) gave 
tricarballylie acid (1 .5g . ) , m.p. 165°; on admixture with an 
authentic sample the m.p. was 164-165°. 

As already pointed out the acid catalyst yielded no di
condensation product under any of the above experimental 
conditions. I t could be prepared only when a base catalyst 
was employed as described below. 

In One Step.—2.3 g. (0.1 mole) of sodium metal was dis
solved in 30 ml. of absolute alcohol. To the cold sodium 
ethoxide was added 5.7 g. (0.05 mole) of cyanoacetic ester. 
The resulting mixture was intermittently warmed on a 
water-bath for about an hour. A solution of 12 g. (0.1 
mole) of ethyl a-chloroacetate in 10 ml. of absolute alcohol 
was added dropwise to the cold sodio salt. After leaving 
overnight the mixture was refluxed on a steam-bath for 10 
hours. The reaction mixture was cooled and worked up in 
the usual way to get 1 g. (10%) of monocondensation prod
uct, b .p . 105° (10 mm.) , and 4.9 g. (35%) of dicondensa
tion product, b .p . 145° (10 mm.) . 

Monocondensation to Dicondensation Product.—Three 
grams (0.025 mole) of ethyl a-chloroaeetate was added to 
the sodio salt of ethyl or-cyanosuccinate prepared from 4.98 
g. (0.025 mole) of the ester and 0.681 g. (0.025 mole) of so
dium metal. The reaction mixture was colored violet. The 
usual processing gave (30%) of the ethyl a-cyanotricarballyl-
ate, b .p . 145° (10 mm.) . 
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Stranks and Harris1 have reported that there is 
no carbon isotope discrimination in the reaction 
Co(NHj)4CO3

+ + H2O + 2 H + = 

Co(NHa)4(H2O)2 +++ + CO2 (1) 

In an oxygen tracer study on a related reaction 
Co(NH3) sC03+ + 2 H + = Co(NH 3) sH 20+++ + CO2 (2) 

Hunt, Rutenberg and Taube2 showed that in re
lease of carbonate, the Co-O bond is not severed, 
but rather the C-O bond. Since reaction (2) 
is analogous to what can reasonably be supposed 
to be a stage in the net reaction (1) 
Co(NHs)4(H2O)CO3+ + 2 H + = 

Co(NHs)4(H2O)2+++ + CO2 (3) 

there is an apparent inconsistency in the two ob
servations which, while it can be resolved by one 
of several assumptions, forces none as a conclusion. 
We have therefore undertaken an oxygen tracer 
study of reaction (1), for comparison with-the 
results obtained in reaction (2), similar to that 
conducted for this reaction, but have increased 
the power of the tracer results by examining also 
the isotopic composition of the carbon dioxide 
liberated both in reactions (1) and (2). The 
method for isotopic assay of the water bound in Co-
(NHs)4(H2O)8

+++ was developed during the course 
of other research on the ion, and will be described 
more fully when these results are published. 

Experimental 

The salt (Co(NHa)4COs)NO3-V2H2O was prepared accord
ing to the method of Grubitsch.3 The purity was checked 
by electrolytic determination of the cobalt content (calcu
lated, 22.84%; observed, 22.86%). The salt (Co(NHs)6-
CO3)NO3H2O was part of a preparation used previously.1 

The tracer experiments with ( C O ( N H S ) 4 C O 3 ) N O 3 - 1 A H 2 O 
were performed by preparing a solution of this compound 
in water enriched in H j 0 . u Perchloric acid in water of 
isotopic composition very near to that in the solution was 
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