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Rat';!s of hydrolysis. kH + , of methyl 2-chloro-2.3,3,3-tetrafluoro-(III), 2,3-dichloro-2,3,3-tri­
f1uoro-(lV), 2,2.3-trichloro-3,3-difiuoro-( V). 2,3,3,3-tetrafiuoro-( VI) and 3-chloro-2,3,3-trifiuoro­
propanoate (VII) were measured in O' 5M-HCI in aqueous methanol (80% vol; 76% wt) at 40, 50 
and 60°C. The relative rate constants, k rct (50°C). (for the propanoate III, kH + = 4'3 . 10- 5 I. 
. mol- 1 s - 1; k rc 1 = 100) are 311, 100, 38, 9'4, 44 and 15 for the esters II, III, IV, V, VI and VII, 
respectively (experimental error ± 9%). It was found that k r c 1 = al3 where a and 13 are the 
following factors for groups in the position 2 and 3: CCIF 10, CHF 4'2, CCl 2 2'8, CF3 10 and 
CCIF2 3'6. The rate constants obey the isokinetic relationship. For the ester III the dependence of 
log kObS on logarithm of hydrogen chloride concentration is linear at concentrations 0,08-
2·4 moll- 1 which, together with high activation entropy ~S* for the esters III - VII ( - 167 
to -- 217 J .mol-1 K -1), shows that the hydrolysis proceeds by an AAC2 mechanism. 

Hydrolysis of esters of fluorinated carboxylic adds has been kinetically investigated 
in neutral1 - 9, basic1o - 13 and acid 14-16 media. Fluoroacetates have been studied 1-16 

most often , their reactivity being compared4 •6 ,7,lo-12 . 14 with the corresponding 
chloroacetates. Thus, e.g., neutral hydrolysis of chlorinated acetates is about 
an order of magnitude4 ,7 slower. The rate of neutral hydrolysis of perfiuoroacetates 
decreases with increasing length of the perfluorinated chain 2

•
8

. Under the same condi­
tions, the rate decreases with increasing length of the unbranched alkyl and this rela­
tionship can be linearly correlated2

• In the acid hydrolysis of fluorinated acetates 
the effect of the acyl on the reaction rate was not proportional to the number of fluo­
rine atoms l

, the reaction being faster for difiuoro- and trifluoroacetate but slower 
for monofluoroacetate as compared with ethyl acetate. A remarkable effect was 
observed l5 in acid hydrolysis of phenyl trifluoroacetate. In this case, the dependence 
of the monomolecular reaction rate on concentration of mineral acid exhibited 
a marked maximum at about 1 moll- 1 and it could not be correlated with the acidity 
function Bo. With the methyl ester, this effect was even more pronounced16

. 

In connection with the mentioned results a study of acid-catalyzed hydrolysis 
of methyl fluoropropanoates, containing both fluorine and chlorine atoms, was 
of interest. We investigated therefore a series of the following esters: methyI2-chloro­
-2,3,3,3-tetrafluoropropanoate (III), methyl 2,3-dichloro-2,3,3-trifluoropropanoate 
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(1 V), methy I 2,2,3-trichloro-3,3-difluoropropanoate (V), methyl 2,3,3,3-tetrafluoro­
propanoate (VI) and methyl 3-chloro-2,3,3-trifluoropropanoate (VIl). Methyl pro­
panoate (ll) was chosen as the reference compound. The hydrolysis was carried out 
in aqueous methanol in which the esters 11 J - VII were well soluble (Fig. ]). Since 
at room temperature the fluorinated propanoates were hydrolyzed lip to 30 times 
more slowly than methyl propanoate, and the experimental error was thus very 
large, we performed the measurements at 40-60°C. In an excess of mineral acid the 
hydrolysis can be considered as pseudomonomolecular reaction , de~ cribed by the 
rate constants kobs (S-I). 

EXPERIMENTAL 

The temperature was measured with an accuracy of ::l: 0·05°e. Gas--liquid chromatography was 
carried out on a Chrom 41 chromatograph (Laboratorni pi'istroje, Prague; FID, stainless steel 
columns, internal diama"ter 0'3 cm. carrier gas nitrogen)_ 1 H NMR spectra were taken in deuterio­
chloroform on a Varian XL-100-15 in strument (Palo Alto), 19F NMR spectra were recorded 
using CC1 3 F as standard. Kinetic measurements were performed in a U-IO ultratherm ostat 
(Mechanik PrLlfgerate, Medingen), accuracy ± 0·05°e. Acid- base titrations were carried out 
on an OP-202/ 2 pH-meter (Radelkis, Budapest). 

Chemicals: Methyl 2-chloro-2,3,3,3-tetrafluoropropanoate (Ill ). methyl 2,3-dichloro-2,3 .3-tri­
fiuoropropanoate (I V ), methyl 2,3,3-trichloro-3,3-difluoropropanoate (V), methyl 2.3,3.3- tet ra­
fluoropropanoate (VI) and methyl 3-chloro-2,3,3-trifluoropropancate (Vll) were prq:ared 
according to the described procedures t 7. Purity of the esters 1- Vll was checked by gas- liquid 
chromatography and NMR spectra; prior to the hydrolysis the esters 111 - Vll were distilled 
under diminished pressure. The propanoate III contained about 0-5 % of VIII, the propanoa.te I V 

was contaminated with about 5% of Vlll and 1 % of CCI 2 F- CFr COOCH 3 , the propancate VI 

contained less than 1% of III and the compound Vll abou t 2% of CF3- CHCI- COOCH 3 . 

ivfeasllrelllenls of hydrolysis rates. The solubility of the ester IV was measured in aqueou s 
methanol, acetone, dioxane and tetrahydrofuran at 20°e. As seen from Fig. 1, the desired 10% 

[H20), %vol. 

FIG. 1 

Solubility of CCIFr CClF-COOCH 3 (IV) in 
aqueous organic solvents: 1 methanol, 2 ace­
tone, 3 dioxane, 4 tetrahydrofuran 
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sol ubil ity of the ester is best achieved in aqueou s methanol. For kinetic measurements we used 
an 80 : 20 mixture of methanol and water, corresponding to the weight ratio 76: 24. Concentra­
tion of hydrogen chloride in the rcacti o n mixture was about O· 5 moll - I and conCCnlra tion 
of 1- VJI wa s also a pproxim<ltely O' 5 mol 1- I. 

A thermostated solution of hyd rochl o ric acid (2'5 836 g; 2'()27M-HCI) was placed into a 10 ml 
flask, followed by the rmoslal':d methan o l (6'4034 g) and finally the halogenopropanoate IV 
(1'0474 g). Because of different demily o f the component s. two la ye rs formed which were mixed 
at the zero time. Fro m the homogeneo us mixture I ml sa mpics werc wi thdrawn a nd titrated 
with 0'02028M-13a(OH) z: 

I,S 60 780 I 680 2 10:80 4080 5 2tlO 5 880 7 740 

V, ml 11· 75 11· 86 11· 89 1205 12·11 12·29 12 '3 1 12·70 

T he dependen ce o f hydrolysis rale of the estC!' III on acid conccn trati o n was measurcd a na­
logously. The exact concentration of the acidic sol Lit ions wa s determined by acidobasic titration 

(Na2840 7.10 H 2 0 a s standard ). 

Processing vI re5u!ls. First, the consumption of the hydroxide, Va' at thc time 1 = ' 0 was 
ca lculated by linea r regression o f In V versus I. Further, fo r eac h pair o f the values Vj and I j 

the concentration of the este r, c j ' was calcu lated . In caku lation of thc constant s k o bS by linear 
regression it wa s necessa ry to exclude point s at the cnd o f the measuremcnt s becausc hcrc a reversc 
reac tion or possibly an a utocata lyt ic cITect of the acid liberated from the csters 111 - ,.. co uld 
interfer. For this reason, the differential ratc co nsta nt s k j for thc concentraticn c han ge /';e during 
the time /';1 were calculated according to the relation 

_ 2:!_-=-c j - J t1c 1 

t1t c (j-(j _ 1 Cj+C j _ 1 

When at higher I values the plot of k j again st I was no t parallcl with thc time axis, the co rres­
ponding values were excluded from the calculation. The rate con stants kobs were cal c ulated 
by linear regression of In (cj) upon I and from them the rate constan ts k ll ( + ) (I mol - 1 s - 1 ) 

were calculated (Table I). The same procedure was used for calculation of dependence of hydro­

Iys;s rate of the ester IlIon the concentrat ion of the acid. 

RESULTS AND DlSCUSSION 

The order of the rate constants /(11( + ) is the same at 40, 50 and 60°C (Table 1). The 
esters II I - VlI react more slowly than methyl propanoate. Both in pentahalogeno­
propanoates (II I - V) and tetrahalogenopropanoates (VI and Vll), the halogen-con­
taining groups in the r:J.- or p-position relative to the carboxyl affect in the same sense 
the hydrolysi s rate. We tried to express thi s effect as a ratio of the corresponding 
rate constants. The results are shown in Table 11. If a chosen group in the r:J.- or p-posi­
tion is assigned a relative value, we get values of the factors for the other groups: 

- CCIF- > - CHF- > - CCl z- CF 3 - > CCIF 2-

r:J. = 10 4·2 2·8 p = 10 3·6 
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The relative rate constant of a compound of the type C(p)-C(a)- COOCH3 is tben 
a product of both these factors, i.e. k,el = IXP. The thus-obtained k,e l values (Ta­
ble I) for the studied series agree well with the experimental values their deviations 
being smaller than the experimental error. Using these factors we calculated the 
rate constant kH( + ) for methyl 2,2-dichloro-3,3,3-triftuoropropanoate (VlII; TableI). 
The factors IX and P comprise a ll effects (inductive, electrostatic and steric l8

) of the 
halogenated group on the ester group reactivity. 

The experimental rate constants were determined with a relatively large experi­
mental error. For this reason - and a lso because they were determined at only three 
temperatures - we do not calculate the activation parameters for tbe single com­
pounds. In general, the activation enthalpy IlH* of the esters 1- VlI ranges from 

TABLE I 

Rate constants, kH + , for acid hydrolysis of esters I- VIII (concentration of HCI 0, 48-0, 5Imo!. 
. 1- 1 ) 

- - ---------
kH+ = kob./ [HCI). 105 ± 9%a 

k ,el k,e l 
Ester 50°C calc. 

40°C 50°C 60°C 
- --- ----- - ------". 

CH3 COOC2 Hs 12 24 36 364 
II CH 3 CH2 COOCH 3 13 20·5 32 311 
III CF3- CCIF- COOCH3 4'3 6'6 10·6 100 100 -
IV CCIF 2- CCIF- COOCH 3 1·5 2·5 4·4 38 36 
V CCIF2- CCI2- COOCH 3 0·45 0·7 1-3 9·4 10 
VI CF3- CHF- COOCH 3 1'6 2'9 5'3 44 42 
VII CCIF 2- CHF-COOCH3 0·78 0·98 1'3 15 
VIII CF3- CCI 2- COOCH 3 1-85b 28 

a Mean of two measurements; b calculated using k,e l-

TABLE II 

Effect of groups on the rate of acid hydrolysis of halogenopropanoates llI- VII (50°C, concentra­
tion of HCI 0-5 mol l-I) 

Parameter 

Ratio of 
rate constants 
Mean 

llI/ IV 2-65 I VjV 3-53 
VI/VII 2-91 

2-78 3-53 

CClF/CHF 

llIjVI 2'28 
IVjVll 2-5 

2-39 
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37·6 to 56'2 kJ m01- 1 and the activation entropy L1S * is in the region -167 to 
-217 J mol- 1 K- 1

, the corresponding parameters for et hyl acetate (1) a nd methyl 
propionate (11) lying inside the mentioned intervals. 

To verify that the esters 11- Jill are hydrolyzed by the same mechanism, we used 
the isokinetic relation 19 for the mutual dependence of rate consta nt s at two tempera­

tures (In kH ( + ) at T2 vs In k,,( +) at TJ For all combinations of temperatures (40, 50 
and 60°C) the slope of this linearized relationship is in the critical region 19 where 
its small change (due e.g. to experimental errors) affec ts enormou sly the magnitude 
of the calculated isokinetic temperature Til ' From the correlat ion of rate constants 
at 40 and 60°C we calculated the isokine ti c temperature T~ = 97 K (slope b = 
1'027, correlation coefficient r = 0'986). For 40 and 50°C the following para­
meters were found: T~ = 200 K, b = 1·055, r = 0·996, for 50 and 60°C: Til = 
= -751 K , b = 0'979, r = 0·996 (here the isokinetic temperature is negative which 
is not exceptionaI19

•
20

). The result of the correlation ShOWS 19
•
20 that the observed 

values do not contradict a common mechanism. 

Since the hydrolysis rates for phenyl trifiuoroacetate 1 5 and methyl trifiuoroacetate 16 

depend anomalously on the concentration of the mineral acid, we checked whether 
an a nalogous a nomaly can be found for the tetrafiuoropropanoate IJ I. As shown 
in Fig. 2, in the region 0·08 -].] moll - I the rate constant of the pseudomono­

molecular reaction, kobs ' depends linearly on hydrogen chloride concentration 
and only then the dependence deviates from the linear course. At 2'4moll- J the 

curve obviously still does not reach its maximum . 

FIG. 2 

Dependence of rate constant of acid hydro­
lysis, kobs , on hydrogen chloride concentra­
tion: 1 CF3-CClF-COOCH 3 (III). 2 CF 3-

-COOCH3 (see ref. 16
) 
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For a decision between the hydrolytic mechanism s Al and A2, one of the criteria 

is thc lin ear dependence of log kobS on the acidity function 2) Ho according to the 

Zucker-Hammett hypothesis 22 .23 or an analogous dependence on the logarithm 

of the mineral acid concentration (log ('1m)' Tn the region of hydrogen chloride 

concentrations up to J moll - I, the plot of the acidity function Ho against log ('HCI 

is linear both for water 21 and [or aqueous methanol 24 as so lvents. We checked 

graphically that the acidity function for hydrochloric acid changes in the range 

25 - 50°C only negligibly as compared with the experimental error of our measure­

mcnt s. Furthcr, our considerations wei c based on the fact that acidity function s 

in a n aq ueou s solution correlate linearly 25 with those for aqueous solvents and that Ho 

changcs with the methanol or ethanol content also linearly26. Since we found no pu­

blis hcd valucs of Ho for aqueou s methanol of the concentration employed by us, 

wc approximated them by the values for a so lution of hydrogen chloride in 50% 

aqucous ct!JanoI 27 .28 . The obtained d ependence of log kobs on acidity function is 

lincar up to hydrogen chloride concentration of 1·5 moll - 1 and then it deviates 

markcdly fro)11 thc lincarity. On thc othcr hand, thc log /cobs values correlate well 

with thc log ('HCI values (Fig. 3; r = 0'9969). This fact supports thc assumed A2 

mechanism for hydrolys is of thc esters ll- Vll. In the light of the previous re­
sult sI5.16.23.2lJ.30 it is evident that the reaction involves an acyl-alkoxyl bond fission , 

i.e. an AAC2 mechanism23.31 in which the rate-determining step is rcaction of the 

protonatcd cster with watcr (Schcmc 1). 

ra s t 

RCllc-COOCH) -1- 1-1)0 + ~ [RcIF- C(OH)OCH)l(+) + H 20 

s low 

[RCIF- C(OH)OCH)l( + ) + 2 H 20 :;;-~ RCIF-C(O H)20CH3 + H30 + 

RCIF = polychlorofluoroalkyl 

S CH EME I 

Another critcrion for assignmcnt of the bimolecular mecha ni sm AAc2 is the large 
activation entropy ilS * which usually23.)2 amounts to -80 to - 150J)1101- 1 K - I 

(whereas for a monomolecular mechanism it does not exceed -60 J )1101- 1 K-)). 

I n our case these values are even higher ( - 167 to - 217 J 11101-) K -)), corresponding 

nUlllericaIIy to those for neutra l hydrolysis of methyl esters of perfluoroacids 3 

in 70% aqueous acetone or hydrolysis of alkyl trifluoroacetates4
.6 . 8 in aqueous 

dimethyl sulfoxide, containing more than 50% (vol) of dimethyl sulfoxide. Since 

al so for ethyl acetate and methyl propanoate we observed unusuaIly high f..S * 
values, we conclude that they reflect specific solvation of the activated complex 
in the given medium. 
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