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Abstract - A critical $rVey of literature. concerning the cata.lysis, mechanisms, ·· 
and kinetics in vinyl ester hydl.'Olysis is presented tagether with new resu~ts. 
The relativsly fast alkaline and acid-catalysed hydrolyses usually ta..l(:e place with. 
acyl-o:x:ygen fis!Jion. · Gene~ base and nucleophilic oatalyses are known. Appreoi­
able neutral ester hydroly'!Jis by general base catalysis of water occurs generally. 
The unsymmetrically acid-cata.lysed parti tion of the tetrahedral intermediate formed 
in the neut;oa.l hydrolysis has been found to l~a.d to acid catalysis · if the ester has 
eleotronegative substituents •. Vinyl esters di!fer from other esters by the possi­
ble eleotrophiUc additiori to the double band. Thus !llerouey(II) and. thallium{III) 
ions cata.lyse the rea.otiori, arid acid oatalysis takes place by ~2 mech!l.nism at 
high acidities or when the formed oarbenium ion is structurally stabilized. 

INTRODUCTION 

R1coo, _.....R3 
2_.....c • c, 4 + H2o ~ 

R · R 
(1) 

(1) ü> 
Vinyl esters (1) are of importance as raw .material for polymer.s. The following discussion 
is, however, limited to monomeric esters. · The term vinyl ester is used for all kinds of 1-
alkenyl · or enol esters exoluding, however~ phenyl esters and similar compounds in which the 
double bond belange to an aroma.tio system. 'The first hydrolysis pr6ducts o:t vinyl esters 
are the oarbo:x:ylio aoid Cl) arid an aldehyde, a ketone, or even an acid halide (l) dependiilg 
on whether R2 is hydrogen, an a.lkyl or aeyl group, or halogen. As far as I am aware, there 
is only one extensive review of the kinetics. and mechanisms in vinyl ester hydrolysis. It 
is wri tten in Russia.n by Rekasheva ( 1) and i t deals also wi th vinyl ethers. The subjeot 
is oonsidered in general reviews of ester hydrolysis (Rer. 2 & 3). · 

Fig. 1. The logaritbm ·of the .experime:ri.tal rate ooeffioient .in water at 25 °C 
for the hydrolysis of vinyl aoetate (1, Ref. 4-7) and ethyl a.cetate (2, Ref. 
2) as a funotion of the losa.ritbm of h;ydrogen ion ooncentration. 

·- .": . 

'l'ypioal of the hydrolysis of oi'dinart esters is .that .the rate itrproportional to the oxonium. 
er h;ydroxide. ion cOnoentration öwr.Wide pB ranees·in the absenoe of other catalysts with a 
min1mum at the aoid side .as shoW!l iri Fig. · 1 for ethyl aoetate. Vinyl esters differ fl.'Om the 
oo. rrespo~·satura. ted este:t'B as followsa .. · ·(i) the aoid-oat~se .. d hydrolysis is slightly 
faste;r, . (ii) the alkalins hydrolysitt is oonsiderably . .faster, (l.ii) they have a signifi.cant·· 
pB..;independent or. neutral h;ydrolysis, (iv) deotrophilio .addition to .:the double bond. o.oourß •• · 
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The well-known Ingold's classificatio:n of eeter hydrolysis mechanisms (Ref. 2 & 8) is used in 
this review. The only lngold's mechanisms for which there is evidence in the case of vi:nyl 
esters are the BAe2, AAe2' and AAet mechanisms. Vinyl esters can bydrolyse also by the A~2 

mechanism. For the nucleophilic and general base catalyses the notations BAeN and BAe3' 
respectively, are proposed by Jey-self (Ref. 9) to distinguish them from the alkaline hydroly­
sis, BAe2• The acid catalysis due to unsymmetrically catalysed partition of the intermediate 

~ormed in the BAe3 reaction also needs a special notation. I propese the symbol A-BAe3 for 
rl. .. 

ALKALINE liYDROLYSIS (BAe2) 

Surprisingly few reliable kinetic data are available for th,e alkaline bydrolysis of vi:nyl 
esters. This is certainly caused by the high reaction rates and also by the tendency of 
vi:nyl esters to polymerize in alkaline solutions. ~~ published data are erroneous. In 
some cases buffer solutions were employed, when general base catalysis by buffer is possible. 
That probably was the case in the first kinetic study of vi:nyl esters performed by Skrabal 
and Zahorka ( 4) in 1927. The alkaline hydrolysis of vi:nyl acetate was followed in a borate 
buffer, and the value obtained for the rate coefficient seems to be too high by a factor of 

2 or 3· This is noticed if their value, 10;.; I<I-1 s-1· in waterat 25 °e, is compared with 
the more recent values 2.34 and 2.6 at 27 °e by Shimna and Sharma (10), 4.30 (?) by Ros­
tovskii ~ .!!.• (11), and 3.28 .at 20 °e by DePuy and Mahoney (7). Anothe:r reason for 
erroneous results ~ be the oo1,111110n ·use of alcoholic solutions with low water content in 
kinetic determinations. Aleabolysis which accompanies the hydrolysis ~ leBd to the 
formation of the correspondtng alkyl ester, the hydrolysis of which is then followed if the 
liberated acid is determined. This oan be the explanation, wby in a study (Ref. 11) per­
formed in 95.5 % aqueous ethanol almost identical values were obtained for the rate coeffi­
cients of vinyl and etbyl acetates. In another case (Ref. 12) the esters were em.ployed as 
methanol solutions, where methanolysis cotild have occurred as similar values ( 6. 22 and 6. 59x 
10-3 M-1 s-1, respectively) were obtained for vi:nyl·and ethylacetatein 60% aqueous 
methanol. At least in one case (Ref. 13) evidently the rate of solution rather than that of 
reaction was followed. 

In spite of the paucity of data and of the above-mentioned shortcomings, several generali­
.zations can be lila.de. (i) The reaction follows seccind-order kinetics. (H) The rate is 13-
45 times higher for a vi:nyl ester than for the corresponding saturated ester under the same 
conditions. Experimental results include the following data: k(vinyl acetate)/.!s,(ethyl 
acetate) = 44 in water at 25 °e (Ref. 7 &. 2) and 38 in 70 vol.%'acetone-water at 24.8 °e 
(Ref. 15), .!s,(isop:rOpe:nyl acetate)/.!s,(isopropyl acetate) c 15 in waterat 25 °e (Ref. 10 & 2), 
.!s,(1-cyclopente:nyl acetate)/.!s,(cyclopentyl acetate) • 32 in waterat 40 °e (Ref. 7), .!s,(1-
phe:nylvi:nyl. acetate)/~(1-.phe:nylethyl acetate). • 13 (Jfef• 16). (iii) The*corresponding . 
values of aotivation paramatere for vi:nyl esters (~T • 40-50 kJ/mol, ~ • -80 - (-150) 
J/(mol K), Ref. 7, 15 & 17) and.ethyl esters (Ref.2) are similar. (iv) Structural effects 
are similar for vinyl and corresponding saturated esters. Electronegative s~bstituents in­
crease the rate similarly in both cases (Ref. 14, 18 & 2). Ha.mmett•s equation is followed 
in the case of substituted benzoates, the reaction constant p being similar for vinyl (p .. 
2.48 in 13M water in ethanol at 25 °e; Ref. 14) and ethyl esters (p • 2.43 in 88% etha:nol­
water at 25 °e, Ref. 2). (v) Vinyl acetate h;ydrolyses about 10 times faster than isoprope­
:nyl acetate: .!s,(vi:nyl acetate)/.!s,(isoprope:nyl acetate) ,;, 11 in water at 20 °e (Ref. 7) and 6 
in water a~ 10 °e (Ref. 10), and 12 in 70 vol.% acetone""W'ater at 25 °e {Ref. 15). (vi) 
Electronegative substitu.ents in the vinyl gro. up inorease the rate (p • 0.47 for substituted 
1-phe:nylvi:nyl aoetates in 5 vol.% ethanol-water at 29.9 °e, Ref. 16). 

All of the above-mentioned faots are in aocordance with the BAe2 meohanism. Some incon­

sistent results were obtained when the site of bond fission was determined by the o:xygen-18 
method. Kiprianova and Rekasheva hydrolysed vinyl aoetate and benzoate in alkaline aqueous 
solutions containing o:xygen-18 (Ref. 19) and sevaral vi:nyl esters having an exoess of o:xygen 
-18 in the etheraal o:xygen or in botb o:xygen atoliiS (Ref. 14). The results were inter.preted 
by assuming that both vinyl-o:xygen and acyl-o:xygen fissions take plaoe (Ref.14 & 19) or that 
intramolectilar vinyl shift occurs in the formed .tetrshedral intermediate (Ref. 1). To 
clarify this controversy we redetermined the site of the bond i'ission by a slightly modified 
oxygen-18 method (Ref. 20). The results obtained for both vinyl and ethyl aoetate were very 
similar: The ratio ,!!(46)/,!(44) was found to be 2.;1 or 2.}8 :iri carbon dio:idde obtained from 
the a.cetate ion formed in the hydrolysis of vinyl a.cetate. The corresponding rat:!Dwas 2.24 
or 2.28 for ethyl acetate;. The calotilated values were 2.35 for acyl-o:xygen fission and 0.41 
for alkyl-oxygen fissicin. These resul.ts are in aocordance with the kinetio data and indicate 
that the alkaline hydrolysis of vinyl aoetate takes plaoe by the normal B Ae2 mechanism wi th 
acyl-oxygen fission. 
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The rate of hyd:rolysis of vinylene carbonate was found by Saa.di and Lee (21) to . be independ-
ent of the hyd:roxide ion concentra.tion, even if the concentration range was narrow. The 
reaction was faster than that of ethylene carbonate with activation enthalpyconsiderably 
lower and activation ent:ropy more negative. The results were interpreted as folfows: 

~c~ 
0 0 
'c"" 

II 
0 

}f~ 
0 .... o 

"...c._, 
HO 0 

~ fast 

~c~ 
HO )J 
.. ,-C:_. 

0 0 

liDCLEOPHILIC CAI'ALYSIS (B ACN) 

+H20 
slot HOCli-cHOH + Hco; O=CHCH20H 

+ Hco: 

' 

The meohanism of nucleophilic catalysis in ester hyd:rolysis may according to Bender and 
Turnquest (22) be •iritten ·as follo•rs: 

0 k 
R1~-oR2 ~ 
+ N .!.1 + N 

(2) 

The.notation BA~ is p:roposed for this mechanism {Ref. 9) to distinguish it from the BAC2 
mechanism of alkaline ester hyd:rolysis in which N .. HO- and where instead of the last step a 
p:roton trsnsfer takes pla.ce and where in strict sense· no catalysis occurs at all because HO­
is consumed in the reaction. 

Nucleophilic catalysis is common in the hyd:rolysis of phenyl esters, but is documented only 
in a few cases in the hydrolysis of vinyl esters because of their poorer leaving groups. One 
of the cases seems to be the imidazole-catalysed hyd:rolysis of ~nyl acetate studied by 
Reddy and Gehring (23). They f'ound by p:roton NMR spect:roscopy that first the concentra.tion 
of !-acetylimidazole ~ increased to a maximum and then. remained constant until most of the 
vinyl acetate had reacted• The final p:roduct was 1-imidazolylethyl acetate W. No kinetic 
measurements were perfoi'med. The suggested mechanism (3) is actually a genera.l base-cataly­
sed nucleophilic catalysis with water as the base. 

r-='\ +H20 
r='\ N NH ~ 

~ -+Ho+ V 3 
- + ~ CB2-cHO + B30 --==--

o- 0 0 -
r-\ I /=\. • I +CB~COOCH-cH~ 
N · N-G..QCH-CH2 

__,.. 
v-ccH3 + CH2-CH 

~· CH3 (i) 
CH2-CBOH + H20 ---+ CH3CHo + B20 

r=\ 
+V-c<>CB3 p-!'\, fCOCH3 

~~CH3+ 0 

(3) 

CH2-c-o 
In the hyd:rolysis of diksteri.e, 4-m8thylene-2.ooxetanone H J _ ~..0 , pyridine seems to act 

2 
as a nucleophilic catalyst, as concluded by Briody and S,atchell (24). Several bases were 
found to catalyse the reaction, but only pyridine seems to function as a nucleophile. Its 
catalytic constant is about sixty times higher than that of the about equally basic acetate 
io:ri and ca. 200 times higher than that of the sterically bindered 2,4-lutidine. The reaction 
will be oonsidered in the next chapter~ where also some indications of nucleophilic cataly­
sis in the hyd:rolysis of 2,2-dichlo:rovinyl chlo:roacetate will be presented. 

A ver,Y efficient intramolecular nucleophilic catalysis has been found by Klrby and Meyer 
(25) in the case of 2-acetoxycyclohexene- (2) and -cyclopentene-1~arboxylate ions. The 
hyd:rolyses were too fast to be measured, having half-lives of a second or lese. The mecha­
nislli was concluded to be the following: 

CXOH 

COOH 

B, BH+ 
(4) 
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G~IERAL BASE CATALYSIS (BAC3) 

The first kinetic measurements of the hydrolysis of vinyl acetate by Skrabal anO. Zahorka (4) 
already inclil.de data that show tha.t acetate ion catalyses the reaction, although the authors 
supposed that the rate increase was an electrolyte effect. The only case where eeneral base 
catalysis has bee:r. claimed to take place in vinyl. ester hydrolysis is the above-mentioned 
study by Briody and Satchell (24), when chloroacetate, acetate, and acetoacetat& ions were 
concluded to function as general bases when cat_alysing the hydrolysis of diketene • 

• I.Z 1.1 ••• . c , • 
B 

Fig. 2. Plots of the experimentBl. rate coefficients against the base· concentration 
for the hydrolysis of 2~2-dichlorovinyl chloroacetate in. aqueous buffer solutions 
wi th ionic strength o. 5 1>1 at 25 °C. The · bUrfer ratio was 1:1 ( cireles) exoept of 
some acetate buffers where .s,(AcO-):.s,(AcOH) was 5:1 _(triangles) or 1:2 {squares). 
Buffer bases: hydrogen phosphate ion in ordina.ry water ( 1), hydrogen phosphate 
ion in deuterium oxide (2), acetate iop in ordina.ry 'water (3), chloroacetate ion 
(4), and acetate ion in deuteri~ oxide (5). · . · . · · 

·we have recently performed a study of general base catalyeis in _the hydrolysis of 2, 2-di-
chlorovinyl chloroacetate (Ref. 26). The spectrophotometrically determined rates were . 
found to depend almost linearly on the base concentration (Fig. 2). A slight increase was 
sometimes found at the highest concentrations ~loyed and when the acid-base ratio of the 
buffer was decreased. A constant buffer ratio ( 1:1) was used in actual determinations. An 
appreciable neutral. hydrolysis .was alwqs· obse:rved. The reeults obtri.ined for. the base 
catalysis are collected in Tab:).e 2, The data are in general ~einent with those earlier 
found for general base-catalysed ester hydrolysis (Ref. 9 & 27). Especially characteristic 
are the values for the solvent isotope effect of the neutral and acetate ion-catalysed 
hydrolysis, the low values of activation enthalpy, and the highly negative values of. ac­
tivation entropy. The solvent isotope effect for the hydrogen phosphate ion-catalysed 
hydrolysis is exceptional. The rate of the imidazole-catalysed reaction. was found to depend 
on the wave length used, which ~ be due to the formation of some intermediate. These ·ob­
servations together w~th the ~igh rates (see below) can be indications of nucleophilic catal­
ysis by the two last-mentioned bases although it was not studied closer. 

T.A:BLE 1 •. Catalytic data of . the hydrolysis of 2, 2-dichlorovinyl chloroacetate 
in aqueous solution with the ionic strength of.0•5 M (NaC104 or LiC104) at 25 oc. 

ls.s ~~H20~ öl! 6§. 
Base P!_s 

10-3 M-1s-1 ls.s 2 kJ mol-t J mol-1 K-1 

H 0 
2 . 15.73 0.0213 2.97 49·7±0·9 - 135 .t. 3 

CH2ClCO; -11.15 1.30 

Hco; 10.25 3.68 

CH3co; 9.24 5·51 2.25 51.6t_2.5 - 115 ± 8 
ciH3CH2co; 9·12. 5·33 
HP02- 6.79 120 h10 
imi~zole z.o~ ~<>0-1000 
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Fig. 3. Brönsted plots for 2,2-dichlorovin;yl chloroaoetate (o) and vin;yl aoetate 
( A, Ref. 4) in water and diketene (•, Ref. 24) in 40 % dioxane-water at 25 °C. 

The Brönsted plots for the above data are shown in Fig. 3. No statistical corrections were 
made. The points for 2,2-dichlorovinyl chloroaoetate·satisfactorily obey the Brönsted rela­
tionship, with the exceptional point for imidazole and possibly also for the hydrogen phos­
phate ion. The other points give for the Brönsted coeffioient the value 0.37, whioh is in 
agreement with the earlier values 0.47 for ethyl dichloroaoetate (Ref. 27), 0.39 for ohloro­
methyl ohloroaoetate (Ref. 9), and 0.40 for substituted 2,2-dimethyl-1,3-dioxane-4,6-diones 
(Ref. 28), It is to. be noted that the point for water falls on the same line indioating 
that the mechanisms of neutral ester hydrolysis .and the reaotion catalysed by oarboxylate 
anions are the same. 

From Fig. 3 it is also seen that the two points oalculated for water and .the aoetate ion 
from Skrabal and Zahorka 1 s (4) data for vin;yl aoetate give a parallel line. The point for 
the alkaline hydrolysis of vin;yl aoetate lies clearly above the Brönsted.1 s 1ine as is found 
also in other oases (Ref• 9 & 27)• A direot nucleophilio attaok of the hydroxide ion evi­
dently takes plaoe without oatalysis. Figure 3 further inoludes the data for the hydroly­
sis of diketene measured by Briody and Satohell (24). Although the points are more soat­
tered, they see11 to confim their oonolusion that the chlo;t"'aoetate and aoetoaoetate ions 
and evidently also 2,4-lutidine aot as general bases and pyridine as a nuoleophile in this 
reaotion. In the case of. the aoetate ion general base catalysis is aocompanied by other 
reaotions• 

The mechanism for general base-catalysed ester hydrolysis (Ref. 29) is inoluded in the 
reaotion scheme presented in the chapter for the aoid oatalysis due to unsymmetrioally 
oatalysed deoomposition of the tetrahedral intemediate in neutral ester hydrolysis. The 
notation BAC3 was proposed for it to distingu.ish it from the mechanism of alkaline hydroly-

sis and to indicate that three molecules, ester, water, and the base, are in the transition 
state (Ref. 9). The same notation should be used for neutral ester hydrolysis. 

NEIJTiiAL ESTER HYDROLYSIS 

Only few data for the neutral hydrolysis of vinyl esters can be found in the literature, 
Skrabal and Zahorka (4) determ:i.ned the rate ooeffioient for vinyl aoetate and Yrjä.nä. (30) 
for vinyl ohloroaoetate in water. Yrjä.nä. also found that the values of aotivation enthalpy 
and entropy for the last-mentioned ester are of the same magnitudes as the values for other 
esters reaoting by the ~Ac3 meohanism (Ref. 2). Briody and Satohell (24) found that diketene 
has a pH-independent hycH'Olysis ;l.li the region of 1-8 and oonoluded on the basis of the low 
value of aotivation energy that iwyi-oxygen fission ocours. More extensive measurements 
have been perfomed in our laborator,y (Ref. 26, 31 & 32) in oonnexion with our studies on 
neutral ester hydrolysis in general. The choice of the esters and solvente was based on 
the possibility to obtain the most aoourate results by the conduotometric and spectrophoto­
metric methods employed. This sometimes limited severely the range of oonditions where in­
vestigations oould be made. 

Data illustrating struotural effects in the neutral hydrolysis of vin;yl esters are oolleoted 
in Table 2. It is seen that electronegative substituents inorease the rate greatly, as is 
usually found in neutral ester hydrolysis in aooo:rdance with the proposed mechanism (Ref. 2). 
More quantitative oonsidera1don of these strv,otural effects is not possible beoause of the 
pauoity of data under oomparable oonditions. 
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TABLE 2. Absolute a.nd relative rate coerticients for the neutral hydrolysis 
of vieyl esters in l!. '"!>" acetonitrile-water solutions at 25 °C • 

Ester l!. .!/(10~ s-1) ~1. Ref. 

CII~COOCB-cH2 0 0.0011~ 4 

CB2ClCOOCB-cH2 0 0.591 52~ ~0 

CB~COOCB..CC12 0 0.0427 ~ 1/410 31 

CB2ClCOOCB..CC12 0 17~5 15,000 1 ~1 

CB2ClCOOCB..CC12 40 1.22 --,- 31 

CBC12COOCB..CC12 40 14? 116 ~1 

CBC12COOCB..CC12 64 38.2 1 31 

CC13COOCB..CC12 64 2440 64 26 

CBC12COOCCl..CC12 64 661 17 ~2 
6 

cc13cOOCB~ 64 36.6 (1.7X10 ) 0,96 26 

CF 3cOOCB-cH2 64 562 (27X106) 15 26 

Solvent effects in the neutral hydrolysis of vieyl esters a.re seen from Fig. 4· The plots 
are of the same general type as usually found. for the reaction. The slopes of the. curves, 
sometimes called the apparent order of reaction in reSiiect to water, V&r3' between 5 and 7 
in. acetonitrile solutions rieb in water a.nd dilninish to a value below t'ito in solutions 
containing about 25 per cent of water. · 

The activation enthalpy is plotted as a i'tinction of the mole fraction. of water for the 
neutral hydrolysis of vii'lyl esters in acetonitrile-water solutions in Fig. 5· It is seen 
that the Values ot activa.tion enthalpy are low, &l.'ound. 40 kJ/rtiDl. All of the curves have 
similar fo~. There is aPdnimum at tbe.mole traction of abOut 0.95 followed b,y. a maximum 
at _!(water) of ca. 0.7. The. detailed form of tbe curves depends on the structure of tbe 
ester, probably rtiDstly on that of its alk;yl component. For methyl trifiuoroacetate · the 
curV&s are veey shallow araund the extreme values, which become. clearer for chloromethyl di­
chloroacetate a.nd &re most pronounced. for · tlie vin;yl ~sters. 

T .. ... ... 
...... -­• -I I 

0 
I 

0 

U. . . 1.1 . ~.4 ltl (CH20/.) 

Fig. 4• Plots. ot :tbe loe;a.rit.hm of tbe rate coefficient agaiilst the concen- · 
tration of water iD acetonitrile-water solutions ä.t 25 °C for the neutral 
hydroqsis of vi~l trinuproac-~ate (1), 1 ,2,2-trichlorovi.r.lyl dichloro• 
acetate (2)~ .vin;yl trieb. loroacetate Ü)t 2. ·~-diohloro~. 1 diohloroacetate 
(4), 2,2-dichlorQvi.r.lyl chlo:z:Oa.cetate (6J. a.nd J-1,2-dichloro•.1"'Propen;yl 2-
chloropropio:r~ate (7). The b:z:Oken line is for chlorometh;rl dichloroacetate 
(5, 'Bet. 33)~ . . .. ' . 
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Fig •. 5. Fig. 6. 
Variation of activation enthalpy (Fig. 5) and entropy (Fig. 6) as a function of 
the mole fraction of water in acetonitrile-water mixt\lres at 25 °C for the neutral 
hydrolysia of vinyl trifluoroacetate ( 1), 2, 2~ichlorovinyl trichloroacetate ( 3), 
2, 2-dicblorovinyl dichloroacetate ( 4), 2, 2-dicblorovinyl chloroacetate ( 6), and 
E-1,2-dichloro-1-propenyl 2-cbloropropionate (7) •. CurVes of comparison: Chlora­
methyl dicbloroacetate (5; broken line, Ref. 33) and methyl trifluoroacetate (2, 
dotted line, Ref. 34). · 

The curves for activation entropy (Fig. 6) ShOw similar trends as those for activation 
enthalpy. The values are highly negative, a.iound -200 J/(mol K). Methyl trifluoroacetate 
exhibits no· extreme values at all, but chloromethy"l dichlo:rOacetate and the vinyl esters 
have maxima and minima, which are located at almost tbe same water contents as the extreme 
v~ues for activation enthalpy. Hence the same factors, probably changes in solvent struc­
ture, influence activation enthalpy and entropy. :Because they depend on temperature, their 
dependence on the composition of solvent is different at different temperatures. 

* * TABLE 3. Values of tbe heat capacity of activation, t1.9.p • ~(ll!! )/'3'!, for tbe 

neutral hydrolysis of vinyl esters in .:2. ''%" acetonitrile""Water (AN) and di­
methylsulfoxide-water (DMSO) solutions. 

Ester Tamperature t:c* 
Ref. .E. 

interval~C 
:::1! 

J mol-1 K-1 

cF3COOCH-cH2 64 AN 0-25 - 656 + 10 26 
75 AN -3-25 -540 i 8 26 
85 AN 0-65 - 297 + 13 26 
94 AN o-65 - 182 i 16 26 

94 DMSO 7-55 - 411 + 46 26 
97 DMSO 15-85 - 176 + 38 26 
99 DMSO 18-85 - 138 i 59 26 

CC13COOCHooCH2 50·AN 0-40 - 423 .±. 4 26 
64AN 0-45 -384 .±. 4 26 

E-CH3CHClCOOCCl.CClCH; 0 - 225 + 21 ;2 
10 AN - 46 i 8 32. 

CHC12COOCCl.CC12 64 AN - 619 .±.50 26 
75 AN - 305 .±. 71 26 
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We have dirseted muoh attention to the temperature dependence of the rate of neutral ester 
hydrolysis, especially to structural and solvent effects on the heat capacity of activation. 
Neutral ester hydrolysis is a suitable rsaction for studying these effects because of. the 
low activation energy. Data for vinyl esters are given in Table 3. All the values of the 
heat capacity of aotivation are negatiV9, as generally found in rsactions whers transition 
state is mors polar than initial state (Ref. 29, 33, 34 & 35). The large variation of the 
values depends mainly on strong solvent effects. Cleve's (33 & 34) thorough investigations 
have shown that the values of the heat capacity of activation for the neutral hydrolysis of 
methyl trifluoroacetate and chloromethyl diohloroacetate in acetonitrile-water solutions 
have a maximum at a mole fraction of water of about 0.85 and a minimum at ca. 0.7. It was 
found· that the height of the maximum and the depth of the minimum are mors profound for the 
last-mentioned ester. The data for the vinyl esters studied seem to exhibit similar be­
haviour but with still l'.igher maxima and muoh lower minima. Negative values of the heat 
capacity of.activation are explained tobe due to the neoessity of breaking the solvation 
shell areund the rsaction centrs in activation. Thersfors the heat capacity of activation 
should be an important parameter when kinetic solvent effects are studied. The structure of 
the ester and especially of its alkyl oomponent seems to be of importa.nce in this rsspect. 
The data for vinyl esters are, however,· too few for any detailed discussion. 

TABLE 4• Kinetic data for the neutral hydrolysis of isomeric 1,2-dichloro-1-
propenyl 2-chloropropionates, CH3CHClCOOCCl=CClCH3, in 10 ''%" acetonitrile­
water at 25 °C (Ref. 32). 

~ llH* 6S ~ Isomer 
10-3 s -1 kJ mol-1 J mol-1 K-1 J mol-1 K-1 

z 1.526 ±. 0.003 34·9 ±. 0.1 - 182.0 ±. 0.4 - 84 ±.8 
E 1.073 ±. 0.003 33.8 ±. 0.1 - 188.3 i 0.4 - 46 ±. 8 

An interesting case is prssented by Rossi (32), who studied the hydrolysis of the isomeric 
1,2-dichloro-1-propenyl 2-chloropropionates. The observed clear differences are shown in 
Table 4. Structurally the isomers differ in regard to whether the 2-chlorine or the 2-
methyl of the propenyl component comes. in the vicinity of the carbonyl group in the main 
conformer with the plain of the Vinyl group about perpendicular against the carbonyl group. 
The water structure areund these groups was·proposed to be the most important factor. 

ACID CATALYSIS DUE TO UNSYMMETRICALLY .. CATALYSED PARTITION OF THE TETRAHEDRAL 
~IATE IN NEUTRAL ESTER HYDROLYSIS (A-BA03) 

Esters which have an apprsciable neutral hydrolysis exhibit an acid-catalysed hydrolysis 
witb several exceptional features (Ref. 2) as shown by Euranto and Cleve (36). (i) Polar 
factors are mors important than in the case of common esters. Electronegative substituents 
incrsase the rate, which then is higher than estimated. (ii) They have a lower activation 
enthalpy and a mors negative activation entropy than ordinary esters. (iii) There is often 
a rate maximum at ca. 2 M acid followed by a minimum at higher acidities. The maximum is 
partly due to a negative salt effect· in the accompanying neutral hydrolysis, but also the 
rate calculated as the differsnce between rates at equal concentrations of an acid and a 
corresponding salt and tbe rate measured at constant ionic strsngth behave exceptionally. 
The plot of the rate against the acid concentration is first concave downwards and rises 
steeply at higher concentrations. The rise was shown (Ref. 37) to reprssent.the normal AAC2 
rsaction. (iv) Thers is a strong negative salt effect as in neutral ester hydrolysis, bu~ 
in centrast to the normal acid-catalysed hydrolysis. (v) Added or~c solvent components 
decrsase their rate much more than the rate of simple esters. (vi) The kinetic deuterium 
oxide solvent isotope effect is the opposite to that of other esters, but in accordance with 
neutral ester hydrolysis. 

The above-mentioned several similarities of this exceptional acid catalysis with neutral 
ester hydrolysis suggested a speoial meohanism with a common intermediate which, in addition 
to the general acid-catalysed partition to rsaction products and starting materiale, could 
also deoompose via another path rsquiring an additional proton. This path was supposed to 
lead to tbe same intermediates that lie on the rsaction path of the AAC2 hydrolysis. No con­
clusive evidence for this meohanism, which we have also called a generäl base - specific 
oxonium ion catalysis, could tben be prssented. A rsaction scheme, rsprssented on the next 
page, was suggested. Last year, Kurz and Farrar (38), in a very thorough and elegant experi­
mental and theorstical study of the hydrolysis of ethyl trichloroacetate, prssented very 
oonvincing evidenoe for essentially the same meohanism. The notation A-l!AC3 is now proposed 

for it beoause of the experimental acid catalysis and of the common intermediate with the 
BAc3 rsaction. 
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+ H3o steps HO HO 

It ~ be expected that also vinyl esters exhibit the ·above-mentioned acid catalysis. Be­
causa· the factors which determine the relative contributions of the different reaction paths 
are very poorly known; we have perfo1.'111ed eXpei'iments· with 2;2-cl.ichlorovinyl chloroacetate. 
The results are shown in Fig. 7. Somewhat unexpectedly the added acid acts as an i:ohibitor 
of the reaction. However, sodium perchlorate lowers the rate mors strongly. The difference 

~ = ls, (HCl04) -,! (NaCl04) (5) 

is positive and can be considered to represent acid catalysis. As a function of .acid con­
centration, the valu~s ~f ~ give a slightly downward concaVe curve with initial slope of 

3.3x10-4 M-1 s - 1• A similar value, 3.0x10-4 M-1 s -1, was obtained from runs perfol.'llled at a 
constant ionic strength of 1 M. The low· accuracy achieVa.ble in these measurements prevents 
a detailed analysis of the results. The. genera.J. fo:m of the rate curves and the observed 
increase of the rate. in the range of 4 to 11 M perohloric acid suggests that the acid-cata­
lysed hydrolysis a.t lew acidities follows the A•BAC3 mechanism. . The valuee of the rate 

coefficients are higher than.those for the AAC2 hydrolysis of ethyl acetate, ethyl chloro­

acetate, and vinyl acetate with the !B/{10-4 M-1 s-1) values of 1.12, 0.81 (Ref. 2), and 
1.45 (Ref. 5), respectively. · 

-I .. .. 
'a -..... .. 

1.0 

0.1 

0 0.1 0 I 
Fig •. 7. The first-order rate coefficients for the byd.rolysis of 2, 2-cl.ichloro­
vinyl. chloroacetate in aqueous perchloric aoid solutions with variable (o) or 
constant . (NaCl~ ~) ionic strength of 1 M (A) am in so~um perohlorate ( •) 

solutions at 25 c. The dotted curve is calculated from equation (5). 

BIMOLECULAR AÖID-CATALYSED ~LYSIS (AA02) 

Skrabal and zahorka {4) were the l"irst to s~ the acid~atalysed hydrolysia of ~1 ace­
tate. On the basis of the reaction rate Skrabal (39) conclU!ied that the reaction takel! · · 
place by' the aame mechanism as ~e hydrolysil! of "eth,r-like" eeters. Palomaa .!1.1!• {40) 
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TABLE 5. Kinetic data for the acid-catalysed hydrolysis of esters R1COOcR2-cH2t 

1 ~ 
ksat ~(H20) * 6§.f 

R1 R2 Solvent -rel L\l! 
(Note a) - 10~-1 s-1 (Note b) ~(D2o' kJ mo1 .. 1 

Ref. 
oc J mol-1K-1 

CH3 H w 25 1.45 1.36 0.75 61.7 - 112 5 
50J' I1rl 65 20.0 64·3 - 108. 5, 43 
11M IM 80 0.74 72 - 88 44 

H H w 25 46.7 1.52 45 
50J' AW 25 17.8 61.2 - 92 45 

CH3CH2 H 50J' 11rl 65 15.4 55·5 - 136 43, 5 
CH3CH2CH2 H 50J' I1rl 65 9.12 61.5 - 123 43, 5 

11M IM 80 0.70 68 - 105 44 

C(CH3)3 H 50J'.JN 65 1.21 84 - 72 43, 5 
CH2Cl H 11M IM 60 59 - 133 41 

C6H5CH2 H 11M IM 60 77 - 73 41 

CH3 CH3 w 25 0.847 1.37 74·4 - 73 5 
50J' IM 25 . 0.495 5 
5.;6M DW 80 0.78 86 - 53 42 

Note a. W • water, 50J' AW •·-50 wt.% acetone-water, 50J' 11rl • 50 wt.% dioxane-water, 
11M IM • dioxane-water with .s,(H20) 11 M, 5.6M DW • dioxane-water with .s,(H20) 5.6 M. 

Note b. ~i • ~· (R1cooca2oiCH2) I~ (R1COOCHR2CH3) . 

· ·observed, however, the approximate eq~ity of the temperature coerticients for vinyl and -
prima.ry and second.a.J:7 acetates. Kipria.nova., Rekaeheva., .Kulieh, and co-workers (a.r. 19, 41 
& 42) performed oxygen-18 experiments with several vinyl and isopropenyl esters and found 
only little incorporation or oxysen-18 from water to the produced acids. They concluded 
therefore that the hydrolysis coeurred by alk;rl-oxysen fission wi th a mechanism similar to 
that or vinyl ethers {Rer. 1). On the basis or these oxysen-18 results and bis own kinetic 
investigations, Landgrebe {43) proposed several mechanisms with alk;rl-oxysen fission, which 
differed from the above mecha.nism. · Yrjä.nä (5) ehowed that the va.lues or activa.tion entropy 
were erroneously calculated in Landgrebe's paper and ca. 26 cal/(mol K) too hißh. He per­
rormed a thorough kinetic investigation or several vinyl esters. The most essential .kinetic 
ini'ormation about the acid-catalysed hydrolysis of vinyl esters known in 1968 is ehown in 
Table 5. All these kinetic data are in i'ull a.greement with the opinion that vinyl esters 
without strong electronegative or -positive substituents obey the A 2 mechanism in aqueous 
solutions with low acidity. Because the above-mentioned oxygen-18 '2Periments were incon­
sistent with the kinetic data we redetermined the site of bond fission (Ref. 46). Oxygen 
exchange between acetic acid and water was determined separately under the experimental con­
ditions and tak:en into acoount when the expected oxygen-18 exoesses were calculated. .The 
experimental results were in accordance with those calculated for. a.Cyl-oxygen b11t not for 
alk;rl-oxygen fission in the case or both vinyl and eteyl acetate. On the other band, the 
results for ~-butyl acetate ehowed alk;rl-oxygen fission. 

UNIMOLECULAR ACID-CA'l'ALYSED HYDROLYSIS (AAC 1) 

The only case where a unimolecular acid-catalysed bydrolysis with acyl-oxygen fission prob­
ably tak:es place in· the hydrolysis. of vinyl esters is that of diketene studied by Briody and 
Satchell {24).. They concluded from .th. e linear dependence of log Js against Bn. with a slope 
or 0.91 that this unimolecular meohanism preva.ils analogically with other r-lactones. The 
observed rate was 20-30 times hisner than that or ß-propiolactone. 

ACID CAT.AlniS INVOLVING RATE-LIMITING PROTON ATTACK ON C!lmON (~2 MECHANISM) 

Vinyl esters differ from otber esters in that the oarbon-carbon double bond is a second po­
tential functional group. Thus '!;he_ ~2 mecha.nism, known to be involved in v:l.nyl ether 
bydrolysis, is possible. Its occurrence in vinyl ester hydrolysis was first proposed by 
Kiprianova. and Rekasheva { 19). Even thoußh their interpretation was considered to be wrong 
in the above-mentioned cases, their data include cases where this mechani-sm veey probably is 
functioning. They found that the rates of vinyl benzoate and anisate (Rer. 44) and isopro­
penyl benzoate (Ref. 42) followed Bo rather. than .sg+ in aqueous dioxane solutions where the 
water ooncentration was low {0.44 M). They also found that the rate was hisher by a factor 
of 1. 5-2 in ordinaey water than in deuterium Oxide under similar cond:i. tions. A change in 
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mechanism is also indicated by the about 60 times .higher rate of isopropenyl tha.n of vinyl 
benzoate (Rei'. 42) ~ Also the Values oi' Hammett 's reaction constant p, .... 1. 3 for vinyl ben..,. 
zoates (Ref. 44) arid .... 1.1 tor isopropenyl benzoates (Ref. 42). are in acoordance with this 
mecha.nism. Landgrabe (47) investiga.ted by proton NMR !Jpectroscopy the bel:laviour oi' _ isopro..,. 
penyl .acetate in strong suli'uric and deuteriosuli'uric acids and showed tl:lat .protonation oi' 
the carbc)n.-carbon double bc)nd takes place and is followed by vinyl'""<>Jiygen . i'ission. 

· · - - - + +H 0 _ - __ _ 
R1COOCR2-cH + H+ ~ R1COOCR2CH --4, R1COOCR2CH 

2 3 . +' 3 Hr o ~ 
~ R1cob....cR2CH ~ R1COOH + CH k2 + H+ 

+ 3 3 

(~2) 

Noyce arid co"'WWrkers thoroughly studied eubstituent e.f,'f'ects, tbe depend,ence oi' rate on acid 
concentration, and solvent isotope. efi'ects in the hydrolysis of several vinyl esters end 
Showed convincingly tbat the A · 2. meoha.nism really is accoillpanied by tbe AS".2 mechanism 
(Ref. 6, 48 & 49). The last..,.m~~tioned mecha.nism is favoured by highaciditfes and tbe sta­
bility oi' the carbenium ion formed. The plots oi' log,! aga.inst Hammett's acidity function ~ 
are i'or esters witb electron-donating substituents, like R_-metho:xy-•'""&ceto:xystyrene, almost 
linear with slopes between •1.0 arid -1.1. För other vinyl esters the plots are more or less 
complex end tbey could be quantitatively analysed in terms oi' the two mechanisms. By this 
method it could be estimated (Ref. 6) tl:lat at Jio • 0 tbe A~2 mechanism accounts less tha.n 

0.5 % oi' the rate for vinyl acetate but about 20 % oi' tbe rate for isopropenyl aoetate. 
When the AAC2 mecha.nism prevails, an inverse isotope ei'i'ect (.! (H20) /,! (n2o) "" o. 75) was 

obtained, wbereas normal isotope ei'i'ects in the range oi' 2.5~3.2 we~ found when the mecl:la­
nism was A~2· 

METAL ION CATALYSIS 

Kiprianova, Rekasheva, and Samehenke investiga.ted the site oi'_ bond i'ission (Ref. 19) and the 
kinetics oi' tbe hydrolysis oi' vinyl esters catalysed by meroury(II) acetate or perchlorate 
in acid solutions (Rei'. 50 & 51). Halpern et .i!• (Rei'. 52 & 53) studied by 1'MR and IR 
spectroscopy the kinetics oi' the meroury(IIJ and tballium(III) ion-catalysed hydrolysis oi' 
isopropenyl acetate. Both groups proposed essentially similar mechanisms with. somewhat 
different views of the stZ'llctures oi' the intermediates and oi' the rate-limiting stage. The 
mechan1sm presented by Abley, Byrd, and Halpern (53) seems to be based on a more detailed 

· experimental study. · It is essential tl:lat the catalys1; add.s to the double bond and thus 
helps the addition oi' water. The rate-limiting step is the alkyl'""<>:xygen i'ission oi' the 
addition ccimpound. It dii'i'ers in this respect i'rom the otherwise similar ASE2 mechanism. 
Actual catalysts are orga.nomercury(II) and bis(o:rgano)tl:lallium(III) ions, wh1ch also can be 
i'ormed i'rom the ester and inorganic ions. 
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