
J. Org. Chem. 1982,47,3695-3699 

Kinetic Evidence for the Occurrence of the Oxydianionic Tetrahedral 
Intermediates in the Hydrolyses of Methyl Salicylate and Methyl 

o -Methoxybenzoate in a Highly Alkaline Medium 

3695 

M. Niyaz Khan* and T. 0. Olagbemiro 

Department of Chemistry, Bayero University, Kano, Nigeria 

Received March 4,  1982 

The kinetics of hydrolyses of methyl salicylate and methyl o-methoxybenzoate have been studied at various 
hydroxide ion concentrations ranging from 0.01 to 4.40 M for methyl salicylate and from 0.005 to 0.200 M for 
methyl o-methoxybenzoate at 35 OC. The observed rate constants are independent of [OH-] within the range 
0.01-0.04 M and vary according to the equation kow = A + B[OH-] + C[OH-I2 within the range 0.04-3.60 M 
for hydrolysis of methyl salicylate where A = k,kl[HzOl/(k-l + k3), E = kzk4/(k-z + k,), and C = kZkd(/(k, + 
k4). The observed rate constants for hydrolysis of methyl o-methoxybenzoate follow the equation kow = B'[OH-] 
+ 6[0H-l2 where E' = k{kd/(k-{ + k2? and 6 = k{kiK'/(k-{ + kd). The pH-independent observed rate constants 
are -10' and - 106 times larger than the corresponding values for water-catalyzed cleavages of methyl benzoate 
and methyl o-methoxybenzoate, respectively. This rate enhancement has been attributed to the probable 
intramolecular general-base-catalyzed neutral hydrolysis of methyl salicylate. The ratios BIB' and C/C1 have 
been found to be 0.0214 and 0.0004, respectively. The appearance of C and C' terms in the kinetic equations 
has been attributed to the existence of the oxydianionic tetrahedral intermediates in the reaction mechanisms. 
The temperature dependence of hydrolysis of methyl salicylate has also been studied at two different OH- 
Concentrations. The intramolecular general-base-catalyzed rate enhancement has been found to be due to a favorable 
AS*. The hydrolytic cleavage of methyl salicylate has been found to be sensitive to the ionic strength. The probable 
mechanisms for hydrolyses of both esters are considered. 

The mechanism of hydrolytic cleavage of the ester bond 
is of great importance because of ita involvement in many 
biochemical reactions.' Bender et aL2 have studied the 
hydrolytic cleavage of p-nitrophenyl salicylate and other 
related compounds, and the aim of their studies was to find 
out quantitatively the effect of the neighboring hydroxyl 
group on hydrolysis. Capon and Ghosh3 have studied the 
neutral and alkaline hydrolysis of phenyl salicylates and 
ita derivatives and have discussed the mechanism of these 
reactions. These studies, however, were carried out at 
rather low alkalinity where the existence of an oxydianionic 
tetrahedral intermediate could not be detected. Since the 
pioneering work of Biechler and Taft4 on the kinetically 
detectable oxydianionic tetrahedral intermediate in the 
alkaline hydrolysis of anilide, a large number of papers 
have appeared to support the existence of such interme- 
diates in the alkaline hydrolysis of various amides6 and 
imides! To the best of our knowledge, the oxydianionic 
tetrahedral intermediate has not been found in alkaline 
hydrolysis of any ester except ethyl oxamate.' In this 
paper we are, for the first time, reporting kinetic evidence 
for the existence of an oxydianiomic tetrahedral inter- 
mediate (1) in the alkaline hydrolysis of compounds con- 
taining only an ester group which could be hydrolytically 
cleaved. Methyl salicylate, in particular, has medicinal 
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importance, and thus a detailed diagnosis of the mecha- 
nism of hydrolysis of this compound would help, to some 
extent, to provide a better understanding of its in vivo 
reactivity. 

Experimental Section 
Materials. Methyl salicylate (2) was prepared from salicylic 

acid with a standard procedure in 83% yield. The spectral data 
as well as the boiling point (bp 224-225 "C) were in complete 
agreement with literature values.8 

Methyl o-methoxybenzoate (3) was prepared from 2 with di- 
methyl sulfate as the alkylating agent.ss The boiling point (bp 
229-230 OC) as well as the spectral data were in agreement with 
literature valuessb (yield 52%). 
All other chemicals used were of analytical grade. Deionized 

glass-distilled water was used throughout the kinetic studies. 
Kinetics. Reaction mixtures containing all the reaction com- 

ponents except substrate (either 2 or 3) were prepared in a total 
volume of either 49.2 or 48 mL of water as the solvent and were 
then placed in a thermostatic water bath for equilibration at 35 
"C. After about 10-15 min of equilibration, the reaction was 
initiated by adding either 0.8 or 2 mL of concentrated stock 
solutions of either 2 or 3, respectively, to the equilibrated reaction 
mixture. The stock solutions of substrates were prepared in 
ethanol. This technique thus added 1.6% and 4% ethanol into 
the reaction mixtures for hydrolysis of 2 and 3, respectively. An 
aliquot of 2-3 mL was withdrawn from reaction mixture at dif- 
ferent time intervals and placed in a 3-mL quartz cuvette which 
was then quickly placed into the cell compartment of the spec- 
trophotometer. The decrease in optical density of the reaction 
mixture due to disappearance of substrate was recorded at Tied 
wavelengths of either 340 (for 2) or 310 nm (for 3) by using a 
Hitachi 100-50 double-beam UV-visible spectrophotometer. 

I 

(9) (a) Fieser, M.; Fieser, L. F. 'Reagents for Organic Synthesis"; 
Wiley: New York, 1967; Vol. 1, p 293. (b) 'Handbook of Chemistry and 
Physics", 49th ed.; Chemical Rubber Publishing Co.: Cleveland, OH 1968. 
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Table I. Effect of Ionic Strength on 
Hydrolytic Cleavage of 2 

Khan and Olagbemiro 

ionic 
strength, 10zkobsp,b M'' 

M min- cm- A-b 

0.4 2.05 f 0.03 4130 f 22 0.075 i: 0.005 
1.2 2.24 * 0.03 4068 i- 19 0.080 f 0.004 
2.0 2.41 * 0.03 4150 f 21 0.084 i- 0.004 
2.8 2.63 f 0.03 4020 f 16 0.099 i 0.004 
3.9 2.88 i- 0.06 4060 * 32 0.096 2 0.007 
4.4 3.13 i- 0.05 4032 f 28 0.115 i- 0.006 

a Conditions: 2.266 X M methyl salicylate, 0.4 
Error limits are standard deviations. M NaOH, 35 "C. 

Figure 1. Plots showing the dependence of ka on temperature 
for the 123 step (e), the (k3 + k,) step (O), and the k4 step (0). 
The solid lines are generated from eq 2 by using the respective 
values of In A and E, listed in Table 11. 

There was always a maximum lapse of -30 s on the average 
between the time of removal of an aliquot and the time at which 
its optical density was recorded. During this period, the error 
due to the drop in the temperature of reaction mixture was 
considered to be negligible because the constant temperature (35 
"C) for most of the kinetic runs was close to the ambient tem- 
perature (-29 "C).  Almost all the kinetic runs were carried out 
at up to 5-8 half-lives with at least ten readings, and the ab- 
sorbance changes were found to be -0.8 and -0.4 absorbance 
units for hydrolyses of 2 and 3, respectively. The sodium hy- 
droxide concentrations were kept 2 X 10L2 X lo4 and (2-6) X 
lo2 times larger than the respective concentrations of 2 and 3. 
Under such conditions, the reaction kinetics were found to follow 
pseudo-fmt-order rate law. The observed pseudc-fmt-order rate 
constanb, koM, were calculated from eq 1 by using the nonlinear 

(1) 

leastcsquarea technique.'O In eq 1, AM and A, are the absorbance 
values at any time t and at t = m, Eapp is the apparent molar 
absorption coefficient, and Xo is the initial concentration of 
substrate. With the nonlinear leastcsquares technique, k-, E 
and A, were considered as three unknown parameters. T X  
fittings of the observed data to eq 1 were found to be reasonably 
good for all kinetic runs. The percent deviations between obse~ed 
and calculated values of absorbance were found to be less than 
2% prior to 3-6 half-lives for most of the kinetic runs. 

At the end of a few kinetic runs, the W spectra of the reaction 
products were recorded and compared with those of authentic 
samples containing the expected products. Good agreement was 
always obtained. 

Results 
The ionic strength effect in the alkaline hydrolysis of 

2 has been studied within the range of 0.4-4.3 M at  35 "C  
and a t  0.4 M NaOH. The observed pseudefmborder rate 
constants were found to increase with an increase in ionic 
strength (Table I). 

AoM = EapppXoe-k*t + A ,  

~~ 

(10) The linear and nonlinear least-squares computer programs in 
BASIC were developed, and all computations were carried out on a 
Commodore Professional 3016 computer. 

Figure 2. Plots showing the dependence of k o u  on hydroxide 
ion concentration at 35 "C for hydrolysis of methyl salicylate (0, 
0) and methyl o-methoxybenzoate (0). The solid lines are gen- 
erated by using eq 4 with the constants A, B, and C listed in Table 
I11 for methyl salicylate and eq 5 with the constants B' and C' 
listed in Table I11 for methyl o-methoxybenzoate. 

The effect of temperature on alkaline hydrolysis of 2 has 
been studied within the temperature range of 30-55 "C at 
two different OH- concentrations. The observed data are 
shown graphically in Figure 1 and were found to reasonably 
fit the Arrhenius and Eyring equations (eq 2 and 3, re- 
spectively). The various activation parameters were 

(2) 

(3) 
calculated from eq 2 and 3 by using linearlo and nonlinearlo 
leasbsquares techniques and are summarized in Table 11. 

The hydrolyses of 2 and 3 have been studied a t  various 
[OH-] ranging from 0.01 to 2.0 M and 0.005 to 0.200 M, 
respectively, a t  a 2.0 M ionic strength and 35 "C. The 
observed pseudo-first-order rate constants as shown in 
Figure 2 were found to follow an empirical equation (eq 
4) within an OH- concentration range of 0.04-2.00 M for 

(4) 
hydrolysis of 2 and of 0.005-0.200 M for hydrolysis of 3. 
The empirical parameters A-C were calculated by using 
linear least-squares techniques, and the results obtained 
are summarized in Table 111. The relative numerical 
values of B and C (Table 111) reveal that the C term con- 
tributes -9% to koW a t  2.0 M NaOH for hydrolysis of 2 
whereas for hydrolysis of 3 it contributes -34% to  kohd 
a t  0.2 M NaOH. Although -9% contribution is not 
enough to validate the use of C terms, the standard de- 
viation of constant C (Table 111) does not render it sta- 
tistically insignificant. The hydrolysis of 2 appeared to 
be insensitive to [OH-] within the range of 0.01-0.04 M. 
In order to check further the validity of this term in eq 
4 for hydrolysis of 2, we also carried out the reaction ki- 
netics at a constant ionic strength of 4.4 M within the 
[OH-] range of 0.4-4.4 M. The data are shown graphically 
in Figure 2. These data were also found to follow eq 4 
within the [OH-] range of 0.4-3.6 M, and the empirical 
parameters calculated from eq 4 are also shown in Table 
111. A least-squares treatment resulted a negative value 
for constant A with a standard deviation of more than 
1300% for hydrolysis of 3. This shows that A is statisti- 
cally insignificant compared with the other terms in eq 4. 
The observed pseudo-first-order rate constants obtained 
for hydrolyses of phenyl o-metho~ybenzoate~ (1.8 X lo4 
min-' a t  pH 7.2 and 59.2 "C) and p-nitrophenyl o-meth- 
oxybenzoate2 (1.47 x lob miti-' at pH 8.0 and 25 "C) reveal 
that the contribution due to water-catalyzed hydrolytic 
cleavage of 3 compared with hydroxide ion catalyzed 
cleavage would be expected to be insignificant even a t  the 
lowest [OH-] attained in the present study. When the 

In koM = In A - E,/RT 

kohd = (k,T/h)e-(m* - T s * ) / R T  

k o b d  = A + B[OH-] + C[OH-]' 
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Table 11. Activation Parameters of Hydrolytic Cleavage of 2" 
AF* ,b AH*: -AS*: cal E ,  ,e max dev; 

reaction step kcal/mol kcal/mol deg- mol'' In A: s-' kcal/ mol % 

23.44 19.10 c 0.28 14.1 c 0.8 22.52 f 0.48 19.14 i 0.48 7.6 
22.87 16.76 * 0.52 19.8 i 1.6 19.74 * 0.36 16.87 c 0.22 5.5 

k S d  

k4g 23.18 14.84 c 0.70 27.0 f 2.2 16.40 c 0.58 15.13 i 0.36 4.8 
k ,  + k , f  

Conditions: 2.266 x M methyl salicylate; = 2.0 M. AF* was calculated from the relationship kobsd = 
Maximum deviation between observed and calculated values of rate constants. ( K B T / h )  exp(-AF*/RT) at 35 "C. At 

0.02 M NaOH. e Error limits are standard.deviations. f  At 0.4 M NaOH. g k ,  (s- ' )  was calculated from the relationship 
k ,  = kobsd (at 0 .4  M NaOH) - kobsd (at 0.02 M NaOH) where k ,  = B. 

Table 111. Empirical Parameters Obtained from Eq 4 and 4 for Hydrolytic Cleavages of 2 and 3 
ionic strength, 

ester M 103A,C min-' 10zB(B1),c M-' min-' 102C(C1): M-Z m in-' 106Rmsy min-' 
2 b  2.0 8.33 * 0.32 3.99 C 0.09 0.200 c 0.004 3.119 

4.4 5.24 2 4.01q 6.31 c 0.45 0.230 c 0.110 32.65d 
3e 2.0 -0.372 c 5.383 187 i 15 493 C 7 4  551.8 

2.0 186 c 8 491 i 51 552.1f 

a Rms= (2; (kob&i - kcalcdi)*/(N - p ) ) ' 1 2 ,  wherep is the number of unknown parameters. Conditions: 2.266 X lo-, 
Sodium hydroxide concentration range is 0.4-3.6 M. M methyl salicylate, 35 "C. 

e Conditions: 8.69 X lo - ,  M methyl o-methoxybenzoate, 35 "C . f Calculated from eq 5 .  
Error limits are standard deviations. 

Scheme I 
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observed data were subjected to eq 5, the resulting values 
of B' and C1 (Table 111) were changed only by 0.5% and 
0.8% , respectively. 

(5) 

Discussion 
The pH-rate constant profiles (Figure 2) for hydrolyses 

of both esters 2 and 3 indicate that there is a change in 
rate determining steps with change in [OH-]. This con- 
clusion is based on many earlier studies carried out on 
related reactions." In extensive studies of the alkaline 
hydrolysis of esters12 and amide@ carried out under con- 
siderably low alkaline medium conditions, the existence 
of an oxydianionic tetrahedral intermediate was not ob- 
served, but a t  higher pH it was observed in many reac- 
t i o n ~ ~ ~  involving amide and imide bond cleavage. From 
these studies as well as from the one carried out on hy- 
drolysis of formamide15 we concluded that the existence 
of an oxydianionic tetrahedral intermediate is not an im- 
plicit function of either the alkalinity of the reaction me- 
dium or the structural features of the substrate but is 
rather a composite function of both effects. 

The enhanced reactivity of phenyl salicylate3 and sali- 
cylamide16 in comparison to that of phenyl o-methoxy- 

~~~~~ 

(11) Cunningham, B. A.; Schmir, G. L. J.  Am. Chem. SOC. 1967,89, 
917. Fedor, L. R.; Bruice, T. C. Zbid. 1965, 87, 4138. Hershfield, R.; 
Schmir, G. L. Ibid. 1973,95,8032. Khan, M. N.; Khan, A. A. Indian J. 
Chem., in press. 

(12) Jencks, W. P. Chem. Rev. 1972, 72,705. 
(13) Bender, M. L. Chem. Rev. 1960,60,53. Bolton, P. D.; Jackson, 

G. L. A u t .  J .  Chem. 1971, 24,969. 
(14) Sander, E. G. J. Am. Chem. SOC. 1969,91,3629. Menger, F. M. 

Ibid. 1973,95,432. Lynn, K. R. J .  Phys. Chem. 1965,69,687. Behme, 
M. T.; Corders, E. H. J.  Org. Chem. 1964,29, 1255. 

(15) Khan, M. N.; Ahmad, R.; Khan, A. A. Indian J .  Chem., Sect. A 
1976,14A, 961. 

(16) Bruice, T. C.; Tanner, D. W. J. Org. Chem. 1965, 30, 1668. 

benzoate and o-methoxybenzamide, respectively, in the 
plateau regions of pH-rate profiles have been attributed 
to the participation of the neighboring hydroxyl group 
acting as either a general-base or general-acid catalyst. 
Although the mechanism has not been unambiguously 
sloved, the preferred mechanism may be shown as in 
Scheme I. 

In Scheme I, the nature of the rate-determining step has 
not been discussed by earlier workers. However, it  has 
been well established in various acyl-transfer reactions" 
that in a stepwise mechanism, the rate-determining step 
depends upon the relative acidity of leaving group and 
nucleophiles. Thus in hydrolytic cleavages of phenyl 
salicylate and p-nitrophenyl salicylate, the nucleophilic 
water attack (assisted by a neighboring ionized hydroxyl 
group) should be the rate-determining step because the 
leaving groups are much more acidic compared with the 
hydroxyl group in 4. The enhanced reactivity due to the 
neighboring hydroxyl group could possibly be detected only 
in those reactions where nucleophilic attack would be the 
rate-determining step. This conclusion is based on the 
observed enhanced hydrolytic cleavage of p-nitrophenyl 
acetatel8 in presence of 0-[ (dimethy1amino)methyll benzyl 
alcohol (ODMBA) while no such enhanced reactivity was 
observed for the hydrolytic cleavages of methyl formatelg 
and acetylch~line'~ in the presence of ODMBA. The no- 
nappearance of an enhanced reactivity in the hydrolysis 
of ethyl salicylate? where the leaving group is less acidic 
than a hydroxyl group,2o supports the conclusion of the 
dependence of enhanced reactivity on the nature of the 
rate-determining step. Similarly, Fife et alF1 have observed 
a value of koH nearly io3 times larger for cleavage of tri- 
fluoroethylo-(2-imidazoyl) benzoate than the corresponding 
value for the cleavage of methyl 0-(2-imidazoyl)benzoate. 

On recaptitulating the observations of earlier and 
present studies we are led to the mechanisms shown in 
Schemes I1 and I11 for alkaline hydrolysis of 2 and 3, re- 
spectively. 

(17) Hupe, D. J.; Jencks, W. P. J.  Am. Chem. SOC. 1977, 99, 451. 
Gresser, M. J.; Jencks, W. P. Ibid. 1977, 99,6963. Pohl, E. R.; Wu, D.; 
Hupe, D. J. Ibid. 1980, 102, 2759. 

(18) Hine, J.; Khan, M. N. J. Am. Chem. SOC. 1977,99, 3847. 
(19) Unpublished observations. 
(20) Ballinger, P.; Long, F. A. J. Am.  Chem. SOC. 1960,82, 795. 
(21) Fife, T. H.; Bambery, R. J.; DeMark, B. R. J. Am. Chem. SOC. 

1978,100, 5500. 
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Scheme I11 The pH-independent rate of hydrolysis of 2 (Figure 2) 
0 0- OMe indicates that within the [OH-] range of 0.01-0.04 M, the 

Thus, under such conditions, the eq 8 is reduced to eq 10. 
I 

OMe OMe hobEd = ~ & I [ H ~ O I / ( ~ - I  + (10) 

I k4 and k5 paths are insignificant in comparison to k, path. II 

8 
I 

9 
/ 

t MeOH 

0Me 

In Schemes I1 and 111, structures 5-9 were considered 
to be transient intermediates, and hence application of the 
steady-state approximation yields the kinetic equations 
6 and 7 for hydrolysis of 2 and 3, respectively, where Ki' 

k&4Kil[OH-] [HZO] 

(k-1 + kJ(1 + Ki'[OH-]) 
+ 

k&i'[0H-l2(k4 + k&[OH-]) 

(1 + Ki'[OH-])(k-, + k4 + k&[OH-]) 

kobnd = 

(6) 

= Ki/[HzO] = K,/K, with K, = aH[S-]/[SH]. Under the 
experimental conditions, 1 << Ki'[OH-], and also k2 + k4 
>> k&[OH-] and kl' + k,' >> kiKTOH-1, as discussed in 
earlier studies.6 Applying these assumptions, the eq 6 and 
7 are reduced to eq 8 and 9, respectively. Equations 8 and 

(8) 

(9) 

9 are similar to the empirically observed eq 4 and 5, re- 
spectively, with A = k3kl[H20]/(k-1 + k3), B = k&4/(k-2 
+ k4), C = k&&/(k-, + k4), B' = kl'K;/(kl' + k,'), and 
C' = kl'k,'K'/(k-l' + k,'). The value of B' is nearly lo3 
times smaller than the corresponding value obtained a t  
59.2 "C in the hydrolysis of phenyl o-methoxyben~oate~ 
and nearly 4 times smaller than that of methyl benzoate.22 

k&i[H2Ol + k2[OH-I(k4 + k&[OH-l) 
kobsd = (k-1 + K3) (k-2 + k4) 

kl'[OH-](k,' + k,'KlOH-]) 
(k-1' + k2/) IZobsd = 

(22) Hegarty, A. F.; Bruice, T. C. J.  Am. Chem. SOC. 1970,92, 6575. 

The average value of hob,+ in the region of the pH-rate 
constant profile where eq 10 is strictly true, was found to 
be (9.60 f 0.05) X min-l. I t  can be shown that this 
value is nearly lo4, lo5, and lo2 times larger than the rate 
constants for water-catalyzed cleavage of methyl ben- 
~ o a t e , ~ ,  methyl o-methoxybenz~ate,~~ and methyl 0-(2- 
imidazoyl)benzoate,21 respectively. The rate enhancement 
due to a neighboring hydroxy group is significantly larger 
than the one obtained in p-nitrophenyl salicylate.2 

A further increase in [OH-] beyond 0.04 M causes an 
increase in k o b d .  This indicates that, under such condi- 
tions, the inequality k3kl[HZO]/(k-, + k3)  >> k,[OH-](k4 
+ k&[OH-]) is no longer true, and the observed rate 
constants vary according to eq 8. The calculated values 
of B and C are 45 and 2.5 X lo3 times smaller than B' and 
C', respectively. This difference of reactivity could be 
attributed to (i) a significantly stronger electron-donating 
power of the 0-0- group compared with the o-OMe group 
and to (ii) an intramolecular electrostatic repulsion be- 
tween two negatively charged groups (0-0- and (-O-) in 
7.25 A possible stabilization due to intramolecular hy- 
drogen bonding in 6 as shown in 10 will partially offset the 

0- 
I 

8- 

10 

rate-retarding electron-donating effect of 0-0-. The ratios 
B/C (-20 M) and B'/C1 (-0.38 M) clearly display the 
probable existence of intramolecular hydrogen bonding in 
6. The observed points at 4.0 and 4.4 M NaOH were found 
to be negatively deviated from the plot (Figure 2) which 
could be due to the failure of the assumption that k2 + 

(23) Estimated from the corresponding values of phenyl benzoateU 
and phenyl o-meth~xybenzoate~ with temperature correction and a 100- 
fold change due to the difference in the acidity of the leaving groups. 

(24) Mollin, J.; Baiaa, A. A. Collect. Czech. Chem. Commun. 1978,43, 
304. 

(25) We thank to one of the referees of J.  Am. Chem. SOC. for pointing 
our attention toward it. 



J. Org. C h e m .  1982,47,3699-3706 3699 

k4 >> kd([OH-] as discussed earlier in other reactions.' 
There appears to be different opinions about assigning 

the factors which control the rate enhancement of intra- 
molecular reactions.% The observed values of activation 
parameters at 0.02 M NaOH (Table II), where contribution 
of the k3 step is nearly loo%, are comparable with those 
of various intramolecular nucleophilic reactions.2s-n The 
comparison of these values with those obtained recently 
in neutral hydrolysis of phenyl benzoate2' indicates that 
the entire rate acceleration in the pH-independent hy- 
drolytic cleavage of 2 comes from a favorable AS* value 
while the AH* value is actually unfavorable compared with 
that of phenyl benzoate. The activation parameters ob- 
tained at 0.4 M NaOH, where the contributions due to the 
k3 and k4 steps constitute -40% and -60% of the rate, 
respectively, indicates that an increase in the contribution 
of the k4 step to the total rate decreases the values of both 
AH* and AS*. Significantly low values of AH* AS* were 
obtained for the k4 step (Table 11) which are comparable 
with those obtained in alkaline hydrolysis of monomethyl 
phthalate% and di-n-butyl phthalateB The similarity of 
activation parameters obtained for hydrolytic cleavages 

(26) Fife, T. H.; Hutchines, J. C. E.; Wang, M. S. J. Am. Chem. SOC. 

(27) Graafland, T.; Engberta, J. B. F. N.; Kirby, A. J. J. Org. Chem. 

(28) Benko, J.; Holba, V. Collect. Czech. Chem. Commun. 1978, 43, 

(29) Khan, M. N.; Khan, A. A., Indian J.  Chem., Sect. A 1977,15A, 

1975,97,5878. 

1977,42,2462. 

193. 

220. 

of phenyl salicylate30 and methyl salicylate under com- 
parable conditions indicates the involvement of an almost 
similar reaction mechanism. In the hydrolysis of phenyl 
salicylate, the nucleophilic attack could be considered as 
the rate-determining step because of the considerably high 
acidity of the leaving group compared with the nucleophile. 
However, in the hydrolysis of 2, both the leaving group and 
nucleophile have almost similar aciditiesm in 5 and 6. But 
the probable intramolecular hydrogen bonding in 10 will 
make the expulsion of the leaving group more facile than 
that of nucleophile. Under such circumstances, we propose 
that nucleophilic attack is more likely to be the rate-de- 
termining step in the hydrolytic cleavage of 2. 

A kinetically indistinguishable additional step in Scheme 
I1 as shown in eq 11 may be ruled out on the basis of the 

Kl1 OH- 
5 6 + H20 (11) 

observed values of AS* obtained for both the k3 and k4 
steps. A significant role for eq 11 should result in ap- 
proximately similar values of AS* for both the k3 and k, 
steps provided nucleophilic attack is the rate-determining 
step. 
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The pyrolysis of the vinyldiazomethanes 6 (X = H), 8,9, and 10 gives mixtures of 3H-pyrazoles and cyclopropenes. 
The kinetics and product distribution for each case lead to a determination of the rate of vinylcarbene formation 
and, therefore, a direct determination of the relative carbene stabilities. The conclusion is that carbene 14 is 
more stable than 15. These results are then used as a basis for a discussion of the carbenes generated from the 
singlet photochemistry of unsymmetrical cyclopropenes, 11. 

Introduction 
Vinvylcarbenes have attracted considerable interest 

recently as probable intermediates in a variety of related 
reactions. Examples include the pyrolysis of cyclo- 
propenes,' the singlet photochemistry of cyclopropenes,2 
and the pyrolysis3 and photolysis4-6 of vinyldiazomethanes. 
As is well recognized, there are a variety of electronic states 
possible for vinylcarbenes: a nonplanar singlet and triplet 
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95, 7536 (1973). 

. .  . ,  
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and G. E. Palmer, ibid., 98,6225 (1976). 

corresponding to la (the singlet could, depending on the 

l a  l b ,  +,* = -,+ 2a 2b 2c 
c ,  *,* = +,- 

substituents present, have ionic character lb or IC), planar 
singlets of the type 2b (27r or u2)'p8 and 2c (47r or p2), and 
both singlet and triplet corresponding to 2a (37r or up). 
Both molecular orbital  calculation^'-^ and ESR resultssJO 
indicate that triplet 2a is the most stable of the states, but 

(7) J. H. Davis, '.f. A. Goddard, and R. G .  Bergman, J. Am. Chem. 
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Soc., 99, 2427 (1977). 
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