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Arr. LI.—On the Hydrolysis of Esters of Substituted Ali-
phatic Acids; by E. W. Dean.

[Contributions from the Kent Chemical Laboratory of Yale Univ.—cexlv.]

6. SapoNIFICATION BY Soprum HyproxipE or HyDROXY AND
ALKYLOXY ACETATES AND PROPIONATES.

General Discussion.

Havixe recently determined the velocity constants of several
esters for their hydrolysis in decinormal acid, it was decided to
continue the study by measurements taken in alkaline solution.

Considerable work has been done in this line in conneetion
with the theory of steric hindrance and some of the esters in
the list included in this paper have been examined before.
Brief mention is mnade of the researches which have more or less
important bearing upon the experiments here described.

The velocity of saponification of ethyl acetate seems to have
heen measured first by Warder.* Soon after came a series of
very accurate and comprehensive measnrements by Reicher.t
He determined the relative effects of varions bases and also
showed that the effect of the alcohol radical in the ester is
practically constant.  Methyl esters decompose most rapidly and
the velocity decreases up the series. The differences, however,
are exceedingly slight beyond about the first tliree members.
Reicher’s experiments with the esters of different acids pointed
toward a decrease in velocity with increasing molecular weight.

The effect of the presence of neutral salts on the velocity of
saponification has been studied by Arrheniust and by Arm-
strong and Watson.§ Measurements have been made by Hjelt|
on esters of polybasic acids and by Goldschmidt® on acetacetic
ester. The most important work in the present connection is
that of Findlay and Turner®* and Findlay and Hickmans:tt
Here careful determinations have been made of the effect of
hydroxyl and alkyloxyl groups on the velocity of reaction.
In two cases the esters saponified have been included in the
series considered in this paper. The results of this work will
be taken up in detail later.

Preparation of Material.

Tlie esters used were in general portlons of the samne samples
hydrolyzed in acid solutmn results of which work} have been

* Ber., xiv, 1361. t Ann., cexxviii, 251,
tZeltsclu phvs Chem., i, 110.  § Proe. Roval Soc., Series A, lxxix, 564.
| Ber.. xxix, 110 ; xxxi, 1844, [ Ibid., xxxii, 3396.

** Jour. Chem. Soe., Ixyxvii, 747,
tt 1bid., xcv, 1004. 11 This Journal, xxxiv, 293,
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fully described. The list included ethyl acetate, ethyl glycol-
late, three alkyloxy acetates, ethyl propionate, ethyl lactate,
and ethyl alpha and beta ethyloxy propionates. The meth-
ods of preparation and properties of these esters need no discus-
sion here.

Solutions of hundredth normal barium hydroxide and approx-
imately fortieth normal sodinm hydroxide were prepared free
from carbonate by the usual methods. Hundredth normal
hydrochlorie acid was prepared and standardized by silver pre-
cipitation.

Lrocedure.

Measurements were made of reactions at two temperatures,
zero degrees and twenty-five degrees. Ior the former series
was used a small thermostat filled with jece and water and vig-
orously stirred. A temperature constant within a tenth of a
degree was easily maintained in this manner. For work at
twenty-five degrees the thermostat fully described in a previons
paper® was employed.

The actual experiments were carried on by a slight modifi-
cation of the method recommended by Ostwald.+ In the ther-
mostat were placed two tlasks, one containing a measured
amount of fortieth normal sodium hydroxide solution, the
other a solution of the ester of slightly smaller concentration
than that of the alkali. At the proper time an amount of the
ester solution equal to that taken of the sodium hydroxide was
withdrawn by means of a pipette and allowed to flow rapidly
into the reaction flask. This was shaken vigorously, replaced in
the thermostat and a ten cubic centimeter portion removed and
allowed to run into a known ¢uantity (15“*°) of hundredth nor-
mal hydrochloric acid. The excess of acid was then determined
by titration with centinormal barium hydroxide. Rosolic acid
was used as an indiecator, this having been proven by experience
to be better than phenolphthalein under the conditions described.

To obtain good constants by the method thus described
requires a moderate amount of skill in manipulation. We are
at present unable to compare its advantages with those of the
conductivity method of Walker,} employed by Findlay and
Hickmans.§ We therefore limit ourselves to stating the sources
of error and the precautions adopted. In order to be able
to check the reaction abruptly at the end of any interval of
time, a pipette which discharged the major portion of its con-
tents in four or five seconds was used. By vigorously rotat-
ing the flask into which the pipette was emptied the alkali was

* This Journal, xxx, 72.
t Ostwald-Luther, Physiko-Chemische Messungen, 8d ed., p. 529.
t Proe. Roy. Soc., Series A., Ixxviii, 157. § Loc. cit.
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immediately neutralized by the excess of acid present. In this
way a very sharp end-point was obtained, since in acid of such
dilution the velocity of decomposition of any ester is negligible.
It seems probable that irregularities in constants caused in this
way are very slight, especially in view of the fact that uniform
procedure was adopted for all measurements. The principal
cause of irregularities is the difficulty of titrating accurately with
such dilute solutions in the presence of relatively large amounts
of salts of the organic acids. On the whole, however, reason-
ably good constants were obtained even in cases where the
reaction proceeded with considerable velocity.

Calculations were made by the use of the titration formula®
for reactions of the second order.

> l V _' 14 Al
Y=o, Lo T los (To-Th) =
log T, — log (T — T,)]

T is the amount of HCI consumed by the excess of NaOH
at the time ¢. T, is the initial titration and T, the titration
value of the excess of NaOIl at the end of the reaction. All
values of T were of course obtained indirectly by subtraction
of the quantities of barium hydroxide from the fifteen cubic
centimeters of acid employed. V is the volume of the pipette,
and N the normality of the hydrochloric acid in terms of which
the reaction was measured.

In the tables are given the values of K and of the periods in
minutes over which the reactions proceeded with measurable
velocity.

TaBLE I.
Reaction at 0°.

Ester_....__. Ethyl Ethyl Ethyl Ethyl Ethyl
acetate  glycollate methyloxy ethyloxy propyloxy
acetate acetate acetate

Time.. ...... 300 35 25 25 25

(1-24 138 36°7 138 126

1-21 135 395 186 128

| 1-20 (9°7) 403 168 138

K.o....... {114 12+3 377 15°8 129

1-13 126 36°4 14°5 130

l 111 12+4 337 154 114

(116 305 123

Averages. . 1-17 129 364 159 12:7

Averages._. 1-19 12°8 37°1 15°2 129

(duplicate)

* Findlay, Practical Physical Chemistry, p.243. Ostwald-Luther, loc. cit.
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TasBLE I (continued).

Reaction at 25°.

Ester........ Ethyl Ethyl Ethyl Ethy! Ethyl
acetate glycollate methyloxy ethyloxy propyloxy
acetate acetate acetate
Time........ 60 10 5 15 12
(660 (56°4) 156 664 52°8
| 6:60 657 146° 624 (598)
K 685 676 119 624 517
"""" | 663 617 117 623 528
| 589 686 104 702 513
(678 630 e 65°3 e
Averages.. 656 653 128 648 521
Averages.. 654 653 118 618 491
(duplicate)
TaBLe IL
Reaction at 0°.
Ester____.... Ethyl Ethyl Ethyl Ethyl a Ethyl 8
propionate lactate glycerate ethyloxy  ethyloxy
propionate propionate
Time........ 275 25 25 180 185
(124 144 940 2:57 1415
| 115 158 9:80 2:09 115
K J 112 145 9:20 2:09 1-13
"""" 1120 13-8 870 1-98 0-98
| 1-11 14-4 888 1-89 1-00
[ 1'05 146 815 1:81 1-02
Averages. . 114 146 902 207 107
Averages._._ 1-18 14°3 112 1-92 1°10
(duplicate)
Reaction at 25°,
Time_ . ...... 90 10 10 110 80
(582 639 526 952 5'63
588 64°1 539 912 528
617 638 572 876 520
K. { 6-31 683 553 9:06 4+93
6-13 625 578 100 514
573 5907 60°] - 502
(588 I 64°6 I 446
Averages. . 594 63°7 57 929 502
Averages._ . 6:16 64-6 594 933 487

(duplicate)
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TasLE III,.—Summary.

A B
Ester......._. K(0°) K(5°) k(aff)* Ester___.__... K(25°) k(aff)*
Ethyl acetate  1:17 656 -0018 Ethyl acetate 65 0018
Ethyl glycol- Ethyl glycol-
late .- ____. 12°9 653 0152 late__ . .... 75 0152

Ethyl methyl-
oxy acetate. 364 128 ‘0335

Ethyl ethyl- Ethyl propio-

oxy acetate. 15°9 648 0234 nate__..... 53 ‘00134
Ethyl propyl- Ethyl lac-

oxy acetate 12'7 521 ... tate . _..... 635 0138
Ethyl propio- Ethyl phenyl-

nate_......_ 1-14 594 00134 acetate_... 12°4 *0056
Ethyl lac- Ethyl mande-

tate . ... .. 146 63°7 ‘0138 late ___._.. 66° 0417
Ethyl glycer- Ethyl methyl-

ate........ 902 573 -0228 oxy phenyl-

acetate._._ 23" ‘074

Ethyl alpha- Ethyl ethyl-

ethyloxy oxy phenyl-

propionate 2:07 929 ... acetate ___. 157 ‘053
Ethyl beta- Ethyl propyl-

ethyloxy oxy phenyl-

propionate 107 502  ___. acetate .... 13'3 049

Discussion of Results.

In the first part of the summary table are given the averages
of the series printed in full in Tables I and II. In addition
are stated the dissociation constants of some of the acids as
determined by Ostwald. The second part of the table contains
results taken from the paper of Findlay and Ilickmans,t which
seem to be of interest in relation to our work. The figures
in two cases do not agree, and this discrepancy is deserving of
slight discussion. Our constants for ethyl glycollate saponified
at twenty-five degrees are much lower than those of Findlay.
After a study of the possibilities of error in our method we are
of the opinion that Findlay’s results, obtained by the conduc-
tivity method, may be the more aceurate. We have not, how-
ever, been able to duplicate his results. In the other case, that
of ethyl propionate, we are convinced that Findlay’s figure is
decidedly too low. Calculations from the results of Reicher,}
obtained at a lower temperature, indicate a value of 57 +.
Our value of 59 is nearer than that of Findlay, which is 5-3.
In addition we would say that it is probable that the figures for

* Ostwald, Zeitschr. phys. Chem., iii, 176. Findlay and Turner. Jour.

Chem. Soc., xcv.
t Loc. cit. 1 Loe. cit.

Ay, JoUR. Sci.—FovRrTH SERIES, VoL. XXXV, No. 210. —Jv~E, 1913,
43
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some of the other esters in our list are probably too low for
the work at twenty-five degrees. Tle ratios obtained from the
constants for zero degrees have been considered of more weight
in the study of the results.

Aftera fairly close examination of the above figures we have
been unsucecessful in an attempt to obtain conclusions of very
general value. The one thing most apparent is that the velocity
of saponification of the ester is closely connected with the
strength of the acid from which it is derived. This is in
accord with the theory set forth by both Hjelt* and Sudbor-
ough,t that the velocity of saponification is controlled by two
factors, the strength of the acid and steric influences in the
molecule. At present we are unable to obtain any mathemat-
ical expression which will be of value in predicting the magni-
tude or direction of these steric influences.

Two or three points brought out by the tables deserve men-
tion. The effect of alkyloxy groups is very varied. IExtreme
cases are those of the esters of methyloxy acetic and beta ethy-
loxy propionic acids, which have respectively the greatest and
least velocities of all the series. The effect of the hydroxyl
group is nearly the same in the cases of glycollate and lactate,
but is decidedly less in the case of ethyl mandelate. In ethyl ﬂf])-
cerate steric influences prevent any logical comparison. Finally
it is to be noted that the ratios of saponification of these esters
are entirely different from those of their velocity of hydrolysis
in acid solution.

Summary.

1. The presence of a hydroxyl group in aliphatic esters
seems to produce an acceleration in the velocity of saponifi-
cation, although this effect is variable in its magmtnde

2. (a) Alkyloxv groups may cause an effect varying from a
tremendous acceleration to a slight retardation in different cases.

(b) The velocity of aapomhcatlon of alkyloxy esters of
similar constitution decreases with the size of the substituted
group.

3. DBeta substituted esters seem to decompose less rapidly
than isomeric alpha products, a single point of resemblance to
effects produced in acid hydrolysis.

4. The velocity of saponification is very largely controlled
by the strength of the acid from which the ester is derived.

It is onr intention to continue this study on the velocities of
several other esters and obtain if possible data which will enable
us to draw more general conclusions on the subject.

% Loc. cit. + Proc. Chem. Soc., xiii, 241.





