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STTUCTURA1 EFFECTS ON THE 8CID-CATALYZED HYDROLYSIS OF

_28-
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The rates of acid-catalyzed hydrolysis o٤ (E)-3-

carbaxy-4-pheny1 (1),4-(1-naphthyl (2),4,4-dipheny1{3)

and 4-methyl, 4-phenyl( -but-3-enaic-( ا anhydrides are

compared in dioxane-water mixtures at different temp-

eratures and pH values and are in the sequence I ) 2)

The rate decreases with increase of pH,reAches3 ا)٠

a minimum at abaut pH 3.1 then increases gradually

ti11 pH 5.7.

INTRODUCTION

Hydrolysis of carboxylic anhydrides 1n initially neutral

salution 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-

tiwe, than those observed for nucleophiliE substitution at a

saturated carbon atom4 .2. Buntan and co-workers have reportedthat

bond breaking is not kinetically important in the hydrolysis of
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some carbaxylic anhydrides and the reaction is Elower in the

less aqueous solvents.The reactivities of symmetrical anhydrides

of both aliphatic and aromatic carborylic acids Bre increased by

elEctron-attracting substitutentE٩،5 However although ر some work

on the kinatics of the hydrolysis af Anhydrides has been repor=

ted, the pH-rate profile and solvent effect on the hydrolysis of

unsymmetrical e,8-unsaturated carboxylic anhydrides have not

been much studied. Thus 1t was of great interest to investigate

the rate of hydrolyAis of unsymmetrical anhydrides 1-4 which

contain an olefinic linkage conjugated with only one cArbonyl

group and eRtended conjugation with one or tso aromatic rings.

EIPERINENTAL

The (E) anhydrides 1, m٠p٠١ 166-79C6; 2, m.٠p٠, 165-60C7; 3,

m٠P٠ 149-510C٥, and 4, m٠p. 1120C9, were prepared and their

structures conFirmed.

The 1HNHR were determnined in CDCl with و a Bucker WH-40٥ instru-

ment (TMS as internal standard).

Anhydride 2: 4HNMR,- 6 = 3.81 {dJ=2.5 Hz; CH;), 7.60

(dd, ;H2 د د1,5,8 7-H), 7٠63 (mc; 2-, 3-H)٠ 7٠66 (dd, = 8,

1.5 Hz, 4-H)٠ 7٠93,8.11 (AA'BB' system, J= 9 Hz; 5-, 6-H),

7٠99 (dd, ;Hz د11.5,8 1-H), 8,57 (4, J٠= 2.5 Hz; 8-H).

Anhydride 4: 1HNMR.-6 = 3..49 (٢, J = 1 Hz; CH;), 2.68 (t,

٥ = 1 Hz; e), 7.25 (dd, J= 8, 1٠5 H; 1-H), 7٠44 (me; 2-,3-H)٠
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Kinetic Measureuente

The rates of hydrolysis of dicarboxylic anhydrides(1-4) were

studied in different mixtures of redistilled C0,-free rater and

pure dioxane و1٥.< containing different buffersl at p, s 1٠2-5.7

and at 25-50°C. The kinetic measurements «er4 macle using 0.015unl

of anbydrie in 100 ml buffer. The general procdure wsed for

the hydrolysis of anhyrides by addition of aniline42 could not

be applied to the anhydrides 1-4, because the reaction with ani-

1ine as ؟ too sl0w. Fortunately reaction with hydroxide is also

relatively slow at low temperature, so that the acids produced

could be titrated directly with alkali13.A titrimetric procedure

involving the estimation of the Iibrated dicarboxylic acid in

the presence of diphenol purple as indicator41 was folloRed. The

structures of the dicarboxylic acid produced after complete

hydrolysis rere identical with that stated in the 1iterature6-9.

A thermostat was used so that the temperature could be

adjusted to ± 0.02·C. The rate constants H٤ Mere calculated gra-

phically by using the integrated form of the first order rate

equation and were reproducible rithin ± 16.

RESULTS AND DISCUSSION

The specific rates of the acid-catalyzed hydrolysis of the

dicarboxylic anhydridesl-4 in different buffer solutions at pH,s

1.2-5٠7 in 502 aqueous dioxane {v/v) were presented in Table 1

at the given temperatures. Fig 1 shows the inverted bell-Ehaped

rate-pH profile with a minimum at about pH 3.5. This indicates
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that acid catalysis is consderably 1ess effective than base

catalysis.At the Minimum in the pH-rate prafiIe H/k107م= , where

k andذ h are the catalytic coeffecients of acid and base,
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A statistical Ieast squares treatment15 of the Arrhenius

equation was used to calculate the activation energy ased ج ض

on the rate constant K at pH values 1.2 and 5.7 in 502 aqueous
dioxane.The. و. طو enthalpies ( ,( يره entropies ( ( ه5 and free energies

.( ٨G) of activation and also the Arrhenius frequency factor (A)

were calculated using the absolute rate equationl6 and are given
in طو Table 2 . However, although the values of ' ه and r يه ع

anhydrides 1-4 samewhat change as the structures are changed,
 ع

the compensation effect betreen 'H د and TAs1م ays a part in
 ع هو..

keeping AG more or 1ess constant, This is ascertained by the

1inear relationship between then with slope unity.

Enhancement of the rate of hydrolysiE ٣ith the increase of

the dielectric constant o٤ the medium (D) can be attributed to

the high polarity and greater solvation of the transition state.

The 1inear relationship betweem 1og Kر and D1/2I+1 with posi-

tive slope indicates the dipolar interaction17، The dielectric

constants of the dioxane-water mixtures were obtained from data

of AkerloF16. The results are presented in Table 3 . The linear

relationship betreen 1og K1 and 10g [H50] rith slope equals to unity

at pH,s 1.2 and 5.7 indicate that a water molecule acts as a

strong nucleophile and is involved in the rate-determining

step19. Thus, from the given results and rate profile the
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hydrolysis seens to take place by A٨2,and the reaction is cata-

yzed by both acid and by base but catalysis by base is ratherا 

more effective since it becomes dominant while the Aolution is

sti11 acidie4٩٠ THe bimolecular mechanism is aubstantiated by
the و values of E, ٥g7 d ج٨ the Arrhenius frequeney factor 1og 8.

The large negative value of entropy of activation indicates that

initia1 protonation is followed by synchronous displacement of

the carboxylate group (A2 or S2ر ) with no discrete tetrahedrel

intermediate20٠21.

The 1o٣ sensitivity o٤ the reaction to substituent effect

is in accord with the 8٨2 mechanism.

However, in the usymmetrical anhydrides، 1-4, the 6nly

reactive centre of nucleophilic attack is the nonconiugated

carbony1 group rhere conjugation of the other carbonyl group

with the olefinic linkage and its extention to aryl group 1owers

itA susceptibility toward nucleophilic attack (Scheme1). The

sequence of reactivity 1223»4 reveals that the important effect

which influences hydrolysis, simiIar to cyclization of acids to

anhydrides, 1s steric in origin21. It appeArE that the 1arger

the substituent, the lower is the rate of hydrolysis. Tabie 2

shows that both enthalpy and enteropy changes become 1ess favor-

able to hydrolysis.

Acknorledgeuent: The author thanks Prof. Dr، P. Weyeratahl,
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TABLE 1

RELATION BETWEEN pH VALUES ٨N٥ VELOCITY CONSTANTS ٨T DIFFEMENT

TEMPERATURES IN 50% AOUEOUS DIOXANE

٤oCHم 

1.2 25 3.327 2.U51 ± ه& ب 0٠770
30 5.246 1.919 ا٠467 1.27 و
35 7.805 6.998 3.071 2٠ 047
40 11.643 10.619 4.734 3.199
45 17٠٩12 16٠032 7.423 5.118
50 25.645 24.266 11٠515 7.933

2.1 40 7٠293 6.397 2.687 2.175

3٠1 40D 5.374 4.989 2.303 1٠791

4.8 40 8.700 8،316 4٠٥94 2.303

5٠7 25 4.222 3.838 2٠047 0.870
30 6.525 5.757 3.071 1٠407
35 9.852 ٥.700 4.862 2.239

40 14.840 12.794 7.293 3٠455
45 22٠134 18.936 10.747 5.374
50 • 9 ٦7652٦ ا ى٤4 15.737 ٥،316

1
- إ: أ.

 أ،
 ز

 جم٤
 إلإببببيي
٣,٠٠٠9

" Te buffersused are reported in literaturel4. The buffer

solutions were prepared in 1arge batches in order to give

reproducible media.
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TABLE 2
ACTIVATION PARAMETERS FOR THE HYDROLYSIS OF ANHYDRIDE8 (1-4)

IN 50٤ AOUEOUS DIOXANE

 لج م3 و ل
]1og A ٨٥pH ه - ه و$٥ ه هH«٥ ه ٥G o٥Anhydridelvalue K cAl K cal cal deg-1 K٠ cal

m٥ l- 1 m٥1-1 mo1-1 mo l-1

1 1.2 16.581 15.955 21.562 22.704 8.5693
5٠7 15.670 15.044 23.987 22.552 8.0٩27

2 1.2 17.042 16٠416 20.273 22٠761 8.8491
5٠7 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 8،6859

1.2 با 18٠424 17.798 18.259 23.513 9.2869
5.7 17.503 16٠877 21.047 23.465 8٠681 4ا

TABLE 3

RELATION BETWEEN VELOCITY CONSTANTS AND DIELECTRIC CONSTANTS

OF THE NEDIUN AT pH 1.2 AND 5.7

D-٧ 4 + 1og k1
Anhydride mixtuze Dو٥٥ 

(٧/v) pH 1.2 pH 5٠.7

٤ 60:40 35.39 0.9763 1.0847
50:50 37.41 1.0661 1٠1715
40:60 39.45 1.144 ب4 1.2500
30:70 41.80 1.2108 1.3056
20:80 1.2625 .اة19 1.3671

2 60:40 35.39 0.9132 1.0266
50:50 37,41 1.0261 1.107٥
40:60 39.45 1.0937 1٠1714
30:70 41.80 1.1562 1.2406
20:80 4.19 1.2108 1.2970

3 60:40 35.39 0.5840 0٠7602
50:50 37.41 0.6752 0.8629
4ب0:60 39.45 ٥.7405 0.9395
30:70 41.80 0,8059 0.9991
20:80 4 .ا19 0,8552 1.0612

4 60:40 35.39 0٠4081 0.4494
50:50 37.41 0٠5049 0.5383
40:60 39.45 0.5840 0.6122
30:70 41.80 0.6511 0.6868
20:80 4 .ا19 07198 0.7504
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FIGUREG1

Fig. 1: pH-rate profi1e ٤or the Hydro1ysis oF anhydride 1
 رو-و{ يي

8t 40٩C 3٨٥and ,3 صت4
50% aqueaus dioxane.
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 الى ي اقص

 لأهيدرات صمى وسط فى المامي الحلل معدل على التامى المركب امخر

 ك -إيو٣- بيوت- -اريل٤- كيمئى-٣(-٨١

 ألله مسيد سحموف شاديه

 الجديدة مس مص عن جامعة البات كلية

 القاهرة

 الكياه قسي

٣٠- ب (E)  ى ي لاميدرات حمضى ومط فى المامي الحلل معدت مقامة

 -مخيل-٤ و(٣) فيتميل -داى٤ و٠٤(٢) -)ا-شقشيل(٠٤(١) -فينيل٤- بوكمس

 د> والما الديوئان من سضاليط فى -إيوك٣- -بيوت(٤) فينل-٤ جان د دعد٠.٠

• مخلف هيدروجينى وأ معلفه اره حي

• ٤٤٣٤٢<١  الأى العوالى كتع العددت هذه ان وجد وقد

,

-٦٦ لا= وج وقد لصل جيى ري الهيد الأس بزياده يتخقض المامى المعلل معدل أر ايضا

٠٧٥-- ه  أد وجيتن هيد أس حتت كدربجيا يزداد ثم ار؟ هيدروجينى أس عد اجاه
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