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_ The rates of acid-catalyzed hydrolysis of (E)-3-
o carboxy—ﬁ—phenyl(1).4—(i—naphthyl)(2).4,ﬁ—dipheny1(3)
= and 4-methyl, 4-phenyl(4)-but-3-encic- aﬁhydrides are
compared in dioxané-water mixtures at different temp-
eratures and pH values and are in the sequence 1 > 23
3 > 4. The rate decreases with increase of pH,reaches

} a minimum at about pH 3.1 then increases gradually

till pH 5.7.

e A

INTRODUCTION

Hydrolysis of carboxylic anhydrides in initially neutral
solution have been studied extensively. Reaction is retarded by
the addition of non-polar solvents to the water and values of
energies of activation are lower, and the entropies more nega-
tive, than those observed for nucleophilié¢ substitution at a

- saturated carbon atom!-2. Bunton and co-workers3 ﬁave reported that

i bond breaking is not kinetically important in the hydrolysis of
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some carboxylic anhydrides and the reaction is slower in the
less agqueous solvents.The reactivities of symmetrical anhydrides
of both aliphatic and aromatic carboxylic acids are increased by
elécfron—attracting substitutents*.3, However,although some work
on the kinetics of the hydrolysis of anhydrides has been repor-
ted, the pH-rate profile and sclvent effect on the hydrolysis of
unsymmetrical o,p-unsaturated carboxylic anhydrides have not
been much studied. Thus it was of great interest to investigate
the rate of hydrolysis of unsymmetrical anhydrides 1-& which
contain an olefinic linkage conjugated with only one carbonyl

group and extended conjugation with one or two aromatic rings.

EXPERIMENTAL

The (E) anhydrides I, m.p., 166-7°C6; 2, m.p., l65-6°C7; 3,
m.p., 149-51°C8, and 4, m.p. 1129C?, were prepared and their
structures confirmed.
The 1HNMR were determined in CDCI; with a Bucker WH-400 instru-
ment (TMS as internal standard).

Anhydride 2: LHNMR.- 6 = 3.81 (d, J = 2.5 Hz; CHz2), 7.60
{dd, J = 8, 1.5 Hz; 7-H), 7.63 {(mc; 2-, 3-H), 7.66 (dd, J = 8,
1.5 Hz, A—H), 7.93, 8.11 (AA'BB’ system, J = 9 Hz; S-, &-H),
7.99 (dd, J = 8, 1,5 Hz; 1-H), 8,57 (£, J = 2.5 Hz; 8-H).

Anhydride 4: 1HNMR.- 6 = 3.49 (q, J = I Hz] CH;). 2.68 (t,

J =1 Hz; Me), 7.25 (dd, J = 8, 1.5 Hz; !-H), 7.44 (me; 2-,3-H).

~027-



Women'z Coll. Ann. Rev.
Yol. 15 (1890).

Kinetic Measurements
The rates of hydrolysis of dicarboxylic anhydrides(1-4) were
studied in different mixtures of redistilled CO;-free water and
; pure dioxane™ containing differenlt bufferstl at pH, s 1.2-5.7
and at 25-50°C. The kinetic measurements wers made using 0.015inul
of anhydride in 100 ml bul(er. The general procedure used for
the hydrolysis of anhyrides by addition of aniltinet2 could not
be applied to the anhydrides 1-4, because the reaction with ani-
line was too slow. Fortunately reaction with hydroxide is also
relatively slow at low temperature, so that the acids produced
could be fitrated directly with alkalild A titrimetric procedure
involving the estimation of the liberated dicarbexylic acid in

the presence of diphencl purple as indicator!l was followed. The

| structures of the dicarboxylic acid produced after complete
hydrolysis were identical with thet stated in the literatures-9.

A thermostat was used so that the 'tempe;ature could be
adjusted to + 0.02‘C. The rate constants k; were calculated gra-
phically by using the integrated form of the first order rate

equation and were reproducible within + 1%.

RESULTS AND DISCUSSION
The specific rates of the acid-catalyzed hydrolysis of the
dicarboxylic anhydridesl-% in different buffer solutions at pH,s
1.2-5.7 in 50% aqueous dioxane {v/v) were presentéd in Table 1
at the given temperatures. Fig 1 shows the inverted bell-shaped

i rate-pH profile with a minimum at about pH 3.5. This indicates
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that acid catalysis is considerably less effective Lhan base
catalysis.At the minimum in the pH-rate profile ky /ka=107, where
ka and iy are the catalytic coeffecients of acid and base,
respectivelyts,

A statistical least squares treatment!5 of the Arrhenius

# based

equation wae used to calculate the activation energy E

on the rate constant k; at pH values 1.2 and 5.7 in 50% aqueous

dioxane.The enthalpies { b!f%.entropies ( 55*) and free energies

{ aG*) of activation and also the Arrhenius frequency factor (A4)

were calculated using the absolute rate equationlé and are given
*

s
in Table 2 . However, although the values of 24 and & § for

anhydrides 1-4 somewhat change as the structures are changed,

el p
the compensation effect between A H™ and TAS#pluys a part in

keeping ZLGq#mDre or less constant. This is ascertained by the

_; linear relationship between them with slope unity.
e : Enhancement of the rate of hydrolysis with the increase of

the dielectric constant of the medium {P) can be attributed to

the high polarity and greater soivation of the transition state.
The linear relationship betweem log k1 and D-172D+1 with posi-
tive slope indicates the dipolar interaction!?, The dielectric
constants of the dioxane-wédter mixtures were obteined from data
of Akerlofl®. The results are presented in Table 3 . The linear
relationship between log ki and log [H,0] with slépe equals to unity
at pHys 1.2 and 5.7 indicate that a water molecule acts ag a
strong nucleophile and is involved in the rate-determining

. step!?. Thus, from the given results and rate profile +the
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hydrolysis seems to take place by Aac2,and the reaction is cata-
lyzed by both acid and by base but catalysis by base ie rather
more effective since it becomes dominant while the solutien is
still acidicts. The bimolecular mechanism is substantiated by

&

the values of 1?% 557 and the Arrhenius frequency factor log A.
The large negative value of entropy of activation indicates that
initial protonation is followed by synchronous displacement of
the carboxylate group (A2 or Sy2) with rio discrete tetrahedral

intermediate20.21,

The low sensitivity of the reaction to substituent effect

.

5 in accord wilh the A,c¢2 mechanism.

However, in the usymmetrical anhydrides, 1-4, the only
reactive centre of nucleophilic attack 1is the nonconjugated
carbonyl group where conjugation of the other carbonyl group
with the olefinic linkage and its extention to afyl group lowers
its susceptibility toward nucleophilic attack (Schemel}. The
segquence of reactivity 1>2>3>4 reveals that the important effect
which influences hydrolysis, similar te cyclizetion of acids to
anhydrides, is steric in origin2i. It appears that the larger
the substituent, the lower is the rate of hydrolysis. Table 2
shows that both enthalpy and enteropy changes become less favor-

able to hydrolysis.

Acknowledgement: The author thanks Prof. Dr. P. Weyerstahl,
Institute fUr Organische Chemie, Technische Universitht Berlin,
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TABLE 1

RELATION BETWEEN pH VALUES AND VELOCITY CONSTANTS AT DIFFERENT

TEMPERATURES IN 50% AQUEOUS DIOXANE

108 x k; sec-1
pH* toC Anhydride
1 2 3 4

1.2 25 3.327 2.851 1.203 0.770
30 5.246 4,467 1.919 1.279
35 7.805 6.998 3,071 2,047
40 11.643 10.619 4,734 3.199
45 17.912 16.032 7.423 5.118
50 25.0845 24.266 11.515 7.933
2.1 40 7.293 6.397 2.6B7 2.175
_ 3.1 40 5.374 4.989 2.303 1.791
: 4.8 40 g.700 8.316 4.094 2.303
5.7 25 4.222 3,938 2,047 0.870
, 30 6.525 5.757 3.071 1.407
35 9.852 8.700 5.862 2.239
e 40 14.840 12.794 7.293 3,455
o 45 22,134 18.9136 10.747 5.374
- 50 31.986 27.764 15.737 g.316

-:I “The buffersused are reported in literaturell. The buffer
solutions were prepared in large batches in order to give

reproducible media.
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ACTIVATION PARAMETERS FOR

IN 50T AQUEOUS DIOXANE

TABLE 2

THE HYDROLYSIS OF ANHYDRIDES (1-4}

2+ o -
PH E¢ HSHyge - & Bape bd?;o log Asqpe
Anhydride |value| K cal K cal |cal deg-1| K. cal
mol-1 mol-1 mol-1 mol-1
1 1.2 16.581 15.955 21.562 22.704 8.5693
5.7 15.670 15.044 23.987 22,552 B.0427
2 1.2 17.042 16.416 20.273 22.761 08.8491
5.7 16.121 15.495 22.843 22,645 8.2911
3 1.2 17.963 17.337 18.947 23.267 9.1373
5.7 17.042 16.416 21.065 22.997 B.5859
4 1.2 18.424 17.798 18. 259 23.513 9.2869
5.7 17.503 16.877 21.D47 23.465 B8.68l4
TABLE 3

RELATION BETWEEN VELOCITY CONSTANTS AND DIELECTRIC CONSTANTS

OF THE MEDIUM AT pH 1.2 AND 5.7

D-W 4 + log ki
Anhydride mixture quo
{v/v) pH 1.2 PH 5.7
1 50:40 35.39 0.9763 1.0847
50:50 I7.41 1.0661 1.17135
40:60 39.45 1.1444 1.2500
30:70 41,80 1.2108 1.3056
20:80 44,19 1.2625 1.3671
2 60:40 35.39 0.9132 1.0266
50:50 37.41 1.0261 1.1070
40:60 39.45 1.0937 1.1714
30:70 41.80 1.13562 1.2406
20:80 44,19 l1.2108 1.2970
3 60140 35.239 0.5840 0.7602
50:50 37.41 0.6752 0.8629
40:560 39.45 0.7405 0.,9395
30:70 41.80 0.8059 0.9991
20:80 44.19 0.8552 1.0612
4 60:40 35.39 0.4081 0.4494
50:50 37.41 D.5049 0.5383
40:60 39.45 0.56840 0.6122
J30:70 41.80 0.6511 0.6868
20:80 44.19 0.7198 0.7504
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Fig. 1: pH-

rate profile for the hydrolysis of anhydride |

——=e, 2 o—mn , 3 O—0 and 4 o—q at 40°C in

50% aquecus dioxane.
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