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Acid Dissoc iat ion  Constants  of  Phenols  and Reaction Mechanism 

for the React ions  of  Subst i tuted Phenyl  Benzoates  

wi th  Phenoxide  Anions  in Absolute  Ethanol 

l k - H w a n  Urn*, Yeon-Ju ttong, and Dong-Sook Kwon 

Department of Chemistry, Ewha Womans University, Seoul, 120-750, Korea 

Abstract: Acid dissociation constants of 10 substituted phenols have been measured by 
a kinetic method together with second-order rate constants for the reactions of aryl 
benzoates (X- "'Cd-hCO-OCdh-Y) with Z-substituted phenoxide (Z-Cdq40) and EtO in 
absolute ethanol at 25.0+-0.1°C. The kinetic results support a stepwise mechanism flJr 
the present acyl-transfer reaction. © 1997 Elsevier Science Ltd. 

INTRODUCTION 

It has  been sugges ted  that  acy l - t ransfe r  reactions would occur via a stepwise 

mechanism with a tetrahedral  addition intermediate, or via a concerted mechanism with a 

single transit ion s ta te]  -4 Buncel et al. have proposed that  acy l - t ransfer  reactions would 

proceed via a s tepwise  mechanism based on poor Hammett  correlation of log k with a -  

subst i tuent  constants  for the reaction of a series of substi tuted phenyl acetates with 

phenoxide. 1 However,  Will iams et  al. have claimed that acy l - t ransfe r  reactions would occur 

v/a a concerted mechanism from the observation of a linear Br6ns ted- type  plot for the 

reaction of p -n i t ropheny l  acetate with a series of substi tuted phenoxides. 2 Recently, a 

similar conclusion has  been drawn from the studies of s t ructure- react iv i ty  correlations by 

Jencks a and isotope effects by Hengge. 4 

Since subst i tuents  on the aromatic ring in phenol can influence nucleophilicity as well 

as nucleofugality by changing its acidity, phenoxides have been frequently used to 

invest igate  acy l - t r ans fe r  reaction mechanism as entering or leaving groups. Although the 

effect of subst i tuents  has  been known to be more significant in organic solvents than in 

H20, previous studies were  performed mostly in H20. One of the reasons is considered to 

be lack of pKa data  in organic solvents. Scat tered information on the pK,  values of 

phenols in absolute ethanol (EtOH) is available. England and House reported the pK~, 

value of 15.8 for unsubst i tuted phenol in EtOH at 25°C. ~ Guanti et al. measured pK~, values 
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of a series of substituted phenols in EtOH at 22E using a kinetic method. 6 However, the 

pKa values of substituted phenols in EtOH at 25E are not available. Therefore, we have 

measured pKa values of 10 substituted phenols in EtOH at 25.0+0.1E and performed a 

systematic kinetic study' to investigate the mechanism of acyl-transfer reactions in EtOH as 

shown in the following Scheme. 

S c h m e  

O O 
II II 

X-C6H4C-OCd-D.-Y + Nu- :" X-Cd-t4C-Nu ÷ -OC6I-h-Y 

X = p-OMe, p-Me, m-Me, H, p-Cl, m-C1, p-CN, p-NO2. 

Y = p-Me, m-Me, H, p-C1, m-Cl, p-Br, m-MeCO, p-MeCO, p-EtOCO, p-CN, p-NOz 

Nu- = EtO-, Z-C6H40- 

Z = p-Me, m-Me, H, p-Cl, m - C l ,  p-Br, m-MeCO, p - M e C O ,  p-EtOCO, p-CN. 

RESULTS AND DISCUSSION 

M e a s u r e m e n t  of  A c i d  Dissociat ion Constants. - Reaction of aryl benzoates with ethoxide 

(EtO-) and substituted phenoxides (Z-Cd-hO-) obeyed pseudo-first-order kinetics up to over 

90% of the total reaction. Pseudo-first-order rate constants (kobs) were obtained from the 

slope of the plots of In (Ao~-At) vs time. Generally, five different concentrations of 

nucleophile solutions were used to obtain second-order rate constants from the slope of the 

plot of kobs vs the concentration of nucleophile. The plot of/cobs vs  [EtO-] was linear with a 

slope of 12.1 M-is -1 and passed through the origin, indicating that the contribution of EtOH 

to the pseudo-first-order rate constant is negligible. The corresponding plots for Z-Cd-hO- 

were also linear but did not pass through the origin (positive intercepts) due to the 

contribution of EtO- to the kob~ in the present reaction conditions. 

It has been well known that aryloxide (ArO-) is in equilibrium with EtO- in absolute 

ethanol by solvolysis as eqn 1. The solvolysis constant of ArO- in EtOH, Ks, can be 

written as eqn 2, in which Ka is the acid dissociation constant of ArOH in EtOH (eqn 3) 

and K~to represents the autoprotolysis constant of EtOH (eqn 4). 
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Ks 
ArO- + EtOH • , ArOH + EtO- - . . . . . . . . . . . . . . . . . . . .  (1) 

K.~ = [EtO-]~[ArOH]~ / [ArO-]~ 

= K~.to / K~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2) 

Ka 
ArOH + EtOH , ' ArO- + EtOH2 + - . . . . . . . . . . . . . . . . . .  (3) 

Kauw 

EtOH + EtOH EtO- + EtOH2 + - . . . . . . . . . . . . . . . . . .  (4) 

Both the anionic species, ArO- and EtO-, can react with PNPB with rate constants 

k ~ >  and k Et°-, respectively. Accordingly, a simple pseudo-first-order rate equation can be 

written as eqn 5, in which [ArO-]~ and [EtO-]~ represent the equilibrium concentrations of 

ArO- and EtO-, respectively. Fxln 5 can be rewritten as eqn 6, in which [base]tot is the 

sum of [ArO-]~ and [EtO-]~. Fxln 6 can be further reduced to eqn 7 under a condition of 

K.~ / [ArOH]~ << 1. 

ka, s = ka~°-[ArO-]~ + /~t°-[EtO-]~ 

kobs = 

kam - + /~to- Ks / [ArOH]~ 

1 + Ks / [ArOH]~ 

. . . . . . . . . . . . . . . . . . . . . . .  ( 5 )  

[base]tot . . . . . . . . . . . . . . . . .  (6) 

kobs / [base]tot = k ~ ° -  + k Et°- Ks / [ArOH]~ . . . . . . . . . . . . . . . .  (7) 

In Figure 1 are demonstrated typical plots of ksos / [base]tot vs 1 / [ArOH]~,. [base]tot 

was kept in the range of 0.02 - 0.1 M to avoid any changes in the actual base 

concentration due to absorption of CO~ by the reaction mixtures. [ArOH]~, was kept below 

0.05M to eliminate any possible homo-hydrogen bonding 7 which would cause undesirable 

results. Good linear lines were obtained in all cases, and values of /cAr°- and kEt°-Ks were 

obtained from the intercepts and slopes of the plots, respectively. The k *~°- values obtained 

in this way aN)ear to be comparable with the ones obtained from an independent method 

described in the preceding section, t e .  from the plots of kous vs [ArO-]. Since k Et°- was  
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determined to be 12.1 M-is -1 in the present 

system (Table 3), Ks values can be 

calculated from eqn 7'. Therefore, Ka 

values can be calculated from eqn 2 using 
the known gauto value of 10 -Lnt8 at 2 5 t .  s 

The pK, values for Z - subs t i t u t ed  

phenols (Z-C6H4OH) determined in this 

way in EtOH at 25.0~ are summarized in 

Table 1 together with some reported pK, 

values of phenols in EtOH determined at 

22~2.6 

The pK, value of unsubstituted 

phenol (Z=H) in the present study is 

obtained to be 15.76, which is in excellent 

agreement with the value of 15.8 reported 

by England and House. '~ The pK, value of 

phenols obtained in EtOH at 25.0 

appears to be about 0.1 pK, unit larger 

than the corresponding one obtained at 22 

°C in EtOH by Guanti e t  al. 6 This 

difference is considered to be acceptable 

since K, value has been known to be 
9 dependent on temperature. 

As shown in Table 1, the pK, ' s  of 

1.o 

-¢ 
g) 

~t 

0.8 

0.6 

0.4 

0.2 

~ M e  

0.0 
0 2'0 

[ArOH]'leq 
100 

Figure 1. Typical plots of kobs/[base]~ 

vs  1/[ArOH]~ for the reactions of 

PNPB with Z-C6H40- in absolute EtOH 

at 25.0±0.1 °C. 

phenols in EtOH appear to be about 5 pKa unit larger than those in H20, and such 

difference becomes even larger for the more basic phenols. It is found that the pK, 's  of 

Z-C6H4OH in H20 are linearly related with the ones in EtOH, i.e. p K ,  (in EtOH) = 1.30 

pKa (in HzO) + 2.70. A similar linearity has been obtained from the correlation of pKa's of 

15 phenols in H20 with the ones in 50% aqueous EtOH at 25~C by Cohen et  aL l° The 

slope was calculated to be 1.19 ± 0.01, slightly smaller than the one obtained in the 

present system, t° This is consistent with expectation, since the electronic effects of 

subst~uents on basicity are expected to be more significant in absolute EtOH than in 50% 

aqueous EtOH. Therefore, the pK~ values of Z-CM-hOH obtained in the present system are 

considered to be quite reliable, and the above relationship between the pKa in EtOH and the 

one in H20 can be used to estimate the pK~ value of any substituted phenol whose pK,~ in 

H20 is known. 

R e a c t i o n  Mechanis t rL  In Table 1 are summarized second-order rate constants for the 

reactions of p-nitrophenyl benzoate (PNPB) with Z-substituted phenoxides (Z-C6H40-) 

together with the pKa values of these phenols determined in EtOH at 25.0~C. As shown in 

Table 1, the reactivity of phenoxide anions toward p-nitrophenyl benzoate (PNPB) increases 
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Table  1. Summary  of Second-Order  Rate Constants  (k A~°-) for the Reactions of PNPB with 

Z-Subs t i tu ted  Phenoxides (Z-Cd-hO-) and pKa Values of Phenols in EtOH at 25.0±0.1°(;. 

Z /d~o-, M-Xs 1 pK. 

p-Me .301 15.99 
m-Me .184 15.83 

H .144 15.76 
p-C1 .0570 14.90 
m-C1 .020 14.47 
p -Br  .0348 14.80 
p-EtOCO .00446 13.78 
m-MeCO .0321 14.64 
p-MeCO .00260 13.26 
p-CN .00165 13.04 

(15.72) ~ 
(15.58)" 
(14.80)" 
(14.40)" 
(14.69)" 

10.19) b 
10.08) b 
9.95) b 
9.38) b 
9.02) b 
9.34) b 
8.~) b 

9.19) b 
8.05) b 
7.95) b 

a) pK.  values determined at 22~C. 6 b) pK.  values in H~O at 25°C. 17 

with increasing the basici ty of phenoxides. This  is graphically demonstrated in Figure 2 by 

correlat ing the rate  constant  for phenoxide anions (log /t At°-) with the pK.  of the 

c o r r e s p o n d i n g  pheno l  d e t e r m i n e d  in th is  s t udy .  A s  s h o w n  in the  plot,  a good  l inea r  

Br6ns ted - type  plot has  been obtained. 

However,  EtO- is found to be only 84 

t imes more react ive than PhO- toward 

PNPB in the present  sys tem (e.g. k Et°-= 
12.1 M-is  -J, k vh°-= 0.144 M-Is  -1) , although 

the former is over 4 pK,  units more basic 

than the latter. Therefore, EtO- would 

cause a significantly negative deviation 

from the linearity in Figure  2. Such a 

negat ive deviation in a Br6ns ted- type  plot 

has been often observed for highly basic 

nucloephiles, such as HO-, RO- and 

oximate anions in aqueous medium, and 

solvation of these highly basic anions has 

been sugges ted  to be responsible for the 

negat ive deviation. 11-1a 

The /~Nuc value in the present system 

was calculated to be 0.75 +- 0.03 , which is 

identical to the one obtained from the 

corresponding reactions perforrred in F I ~  

containing 20 mole % DMSO. 14 Similar B N~ 

values (0.7 - 0.8) have been reported for the 

reactions of p-ni t ro~enyl  acetate (PNPA) with 

a series of substituted phenoxides in g20.1-3 

0 

-1 

b ~-2 
o 

-3, 

-4 
12 

/ O :  -Me 

~"m-MeCO 
S m-CI 

, . ~  p-EtOCO 
i~ p-MeCO 

B s ~  = 0 . 7 5 ( ± 0 . 0 3 )  

I'3 14 I'5 I'6 
pK a (Z-C6H4OH) in EtOH 

17 

Figure  2. A Br6ns ted- type  plot for the 

r eac t ions  of PNPB with va r ious  

Z-subs t i tu ted  phenoxides in absolute 

EtOH at 25 .0+0.1E.  
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Table 2. Summary of Second-Order Rate Constants (k ~°-) and the Results of Hammett 

Treatment for the Reactions of Y-substituted Phenyl Benzoates (C6HsCO-OC~H4-Y) with 

EtO- in Absolute EtOH at 25.0-+0.1~2. 

Y k n°-, M ls-1 a a 0 a 

p-Me 0.274 -0.17 -0.12 -0.17 
m-Me 0.301 -0.07 -0.07 -0.07 

H 0.389 0 0 0 
p-C1 1.35 0.23 0.27 0.23 
m-C1 1.84 0.37 0.37 0.37 
p-Br 1.35 0.23 0.26 0.23 
p-EtOCO 2.23 0.45 0.46 0.64 
m-MeCO 1.73 0.38 0.38 0.38 
p-MeCO 2.28 0.50 0.46 0.87 
p-CN 7.59 0.66 0.69 1.00 

p-N02  12.1 0.78 0.82 1.27 

p 1.7 (+0.1) 1.8 (-+0.1) 1.1 (-+0.1) 

r 0.986 0.996 0.956 

The magnitude of B Nu~ value has been considered to represent the degree of bond formation 

at the transition state (TS) between the nucleophile and the substrate. Therefore, one can 

consider that the degree of bond formation between a phenoxide anion and the carbonyl 

carbon of PNPB is about the same both in EtOH and in H20 based on the magnitude of 

the B Nu~ value. 

Since the present B Nu~ value alone does not give any further information on the TS 

structure, we have studied the effect of substituents in the leaving group. The kinetic 

results are summarized in Table 2 for the reactions of Y-substituted phenyl benzoates 

(Cd-IsCO-OCd-14-Y) with EtO- in absolute EtOH at 25.0X2 along with the results of Hammett 

plots with use of a, a 0, a -  substituent constants. As shown in the Table, the reactivity of 

the substituted phenyl benzoates increases generally with increasing the acid strengthening 

ability of the substituent Y in the leaving phenoxide. This is demonstrated graphically in 

Figure 3. However, interestingly, the Br6nsted-type plot in Figure 3 shows a relatively high 

degree of scatter compared with the one in Figure 2. Furthermore, the magnitude of B L6 

has been calculated to be -0.40 + 0.04, which is significantly smaller than the B Nu~ value of 

0.75 +- 0.03. The comparison of B LG with B Nu~ suggests that the effect of substituents in 

the leaving group is less sensitive than the one in the nucleophilic phenoxide, and leaving 

group departure is much less advanced than nucleophilic attack at the rate-determining step. 

This argument can be further rationalized by comparing the Hammett correlations 

obtained using a,  a 0, and a-  constants. As shown in Table 2, Hammett type treatment of 

leaving group effects results in the best correlation with a ° substituent constants while the 

poorest correlation is obtained when a -  constants are used. When a partial negative charge 

develops in the oxygen atom of the leaving phenoxide upon the leaving group departure 

at the TS of the rate-determining step (RDS), the negative charge can be delocalized 
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on the aryl substituent by direct 

resonance. Therefore, one might expect 
2 

the best correlation with a -  constants if 

leaving group departure were involved in 

the RDS. The fact that a 0 constants give 

the best correlation implies that direct 14 

resonance interaction between the 

substituents in the leaving group and the 

reaction centre is absent in the TS of the 
0 0. 

RDS. Therefore, one can suggest that 

leaving group departure is little advanced oC~ 

at the RDS for the present reaction 

system. -1, 

The present results are consistent 

with the previous results obtained for the 

acyl-transfer reactions of substituted 

phenyl acetates with phenoxide anions in -2 

H20 and in DMSO-H20 mixtures of 

varying compositions, i .e. a constants 

gave extremely poor Hammett correlation, 

while a° constants resulted in better 

correlation but with a high degree of 

scatter, t" Similar results have been also 

observed for nucleophilic substitution 

reactions at sulfur ib and phosphorus 

02 

CN 

EtOCO 

. . . . .  "" ~"~r~ p-Br 
~ ( - ~  p-CI 

p-Me 

.8 ~ = - 0 . 4 0 (  -+ 0 . 0 4 )  
i i i i i 

1 12 13 14 15 16 17 

PKa(Y-CeH4OH) 

Figure 3. A Br6nsted-type plot for the 

reactions of Y-substituted phenyl 

benzoates with EtO- in absolute EtOH 
at 25.0-+ 0.1 °C. 

centres, ~': i .e.  Hammett treatment of leaving group effects in alkaline ethanolysis of 

substituted phenyl sulfonates and phosphinates gave much better correlation with a 0 (or a ) 

than a -  constant, supporting a stepwise mechanism. 

Table 3. Summary of Second-Order Rate Constants for the Reactions of p-Nitrophenyl 

X-Substituted Benzoates (X-Cd-hCO-OCd-h-NO~-p) with PhO- and EtO- in Absolute EtOH 

at 25.0-+ 0.1 ~C. 

X k~o-, M-is 1 /fito-, M-is 1 

p-MeO 0.0351 2.17 

p-Me 0.0983 5.44 
m-Me 0.129 8.~ 

H 0.144 12.1 
p-C1 1.26 85.1 
m-C1 2.21 171 
p-CN 18.4 1,485 

p-NO2 34.5 2,656 
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In order to get more information on the reaction mechanism, the effect of substituents 

in the benzoyl moiety of the substrate has been studied. Second-order rate constants are 

summarized in Table 3 for the reaction of p-nitrophenyl X-substituted benzoates 

(X-C6H4CO-OC6Ha-NO2-p) with PhO- and EtO- in absolute EtOH at PAT. The reactivity 

of the substrates increases significantly with increasing the acid strengthening ability of the 

substituent X in the benzoyl moiety for both PhO- and EtO- systems. This has been 

graphically demonstrated in Figure 4. As shown in the plots, excellent Hammett correlations 

are obtained with a constants. The p x values are calculated to be significantly large, e.g. 

2.85 and 2.96 for the reactions with PhO- and EtO-, respectively. Since the electronic 

effects of subsfituents on rates and equilibria are known to be more significant in EtOH 

than in H20, one needs to normalize p x (rate) with p x (equilibrium) in order to eliminate 

solvent effect and to get useful information about the TS structure at the RDS. The p x 

value for dissociation of X-C6H4CO2H in EtOH has been reported to be 1.957.1'~ Division of 

the p x values in the present system by 1.957 gives normalized p x values of 1.46 and 1.51 

for the PhO- and EtO- system, respectively. These normalized p x values are still very 

large. One might attribute the large p x values to a proximity effect, since the benzoyl 

substituents X are closely located from the 

reaction centre. However, the nature of 

reaction mechanism is considered to be 

more responsible for the large p x values 

in the present system. An electron 

withdrawing substituent (EWS) in the 

benzoyl moiety would accelerate the 

nucleophilic attack to the carbonyl carbon 

of the substrate by increasing the 

electrophilicity of carbonyl carbon and by 

stabilizing the negatively charged TS at 

the RDS. Therefore, one might expect a 

large positive p x value for the attacking 

process of anionic nucleophiles to the 

carbonyl carbon of the substrate. 

However, the negative charge in the TS 

would be diminished upon the departure of 

the anionic leaving group (p-NO2-C6I~O-). 

Consequently, an EWS in the benzoyl 

moiety would retard the departure of the 

leaving group. Therefore, one should have 

a small p x value due to the opposite 

substituent effects, if the leaving group 

departure were involved in the RDS. In 

fact, much smaller p x values compared 

6- 

P x = 2.96( _+ 0.07) 

.00 O- / m-Me ~ I  
/ p-Me 

~-MeO ~j,w 
/ A #  w -  px  = 2.85(+0 .10)  

~ 2  ~ 

o I PhO" 

-4 -6.4 o'.o o'.4 d.s 1.2 

(x) 

Figure 4. Hammett plots for reactions 

of p - n i t r o p h e n y l  X - s u b s t i t u t e d  

benzoates (X-C6H4CO-OC6H4-NOz-p) 

with PhO- and EtO- in absolute EtOH 

at 25.0-+0.1 ~. 
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with p y values have been reported for the aminolysis of Y-substituted phenyl 

X-substituted benzoates ( X - C M - h C O - ~ - Y ) ,  1~ in which leaving group departure is known 

to be the RDS. However, if the leaving group departure were not involved in the RDS or 

little advanced in TS of the RDS, one should obtain large p x values, and this is what we 

observe. 

Therefore, the large p x values obtained in the present system clearly support that the 

present acyl transfer reaction proceeds v ia  a stepwise mechanism in which bond formation 

by the anionic nuleophiles is significantly advanced but bond breaking by the anionic 

leaving group is little advanced at the TS of the RDS. This is consistent with the 

preceding argument based on the magnitude of ~Suc and B LG, and the results of better 

Hammett correlation with a 0 than with a -  constants. 

EXPERIMENTAL 

M a t e r i a l s .  - Aryl benzoates (X-CAt4CO-OCdt4-Y) were easily prepared from the reactions 

of X-substituted benzoyl chloride with Y-substituted phenol in the presence of triethylamine 

in methylene chloride as reported in literature. 18 Their purity was checked by means of 

melting points and spectral data such as IR and 1H NMR characteristics. Phenols and other 

chemicals used were of the highest quality available (Aldrich) and recrystallized or distilled 

before use. Absolute ethanol was distilled over magnesium activated by iodine just before 

use under a nitrogen atmosphere. 

K i n e t i c s .  - The Kinetic studies were preformed with a Hitachi U-2000 model UV-vis 

spectrophotometer for slow reactions (t~ > 10 seconds) or with an Applied Photophysics 

SX 17MV stopped-flow spectrophotometer for fast reactions (t~ < 10 seconds) equipped 

with a Neslab RTE-110 model constant temperature circulating bath to keep the 

temperature of reaction mixture at 25.0+0.1~. The reactions were followed by monitoring 

the appearance of the leaving phenoxides at a f'LXed wavelength corresponding to the 

maximum absorption (~lmx) of Y-C6I-hO-. All the reactions were carried out under 

pseudo-first-order conditions in which the concentration of nucleophiles was at least 10 

times greater than that of the substrate. Generally, five different concentrations of 

nucleophile solutions were used to obtain second-order rate constants from the slope of the 

plots of observed rate constants (kob~) versus nucleophile concentrations. However, ten to 

twelve different concentrations of phenols in constant base (potassium ethoxide) 

concentration were used to determine pKa of phenols in a kinetic method. All the solutions 

were prepared freshly just before use under a nitrogen atmosphere and transferred using 

Hamilton gas-tight syringes to avoid absorption of CCh. Other details in kinetic methods 

were similar to the ones described previously. 1~14 



5082 I.-H. UM et al. 

ACKNOWLEDGEMENT 

We are grateful for the financial supports from the Korea Science and Engineering 

Foundation (94-0501-09-3) and from the Basic Science Research Institute Program of 

Ministry of Education of Korea (BSRI-96-3422). 

REFERENCES 

1. (a) Buncel, E.; Um, I. H.; Hoz, S. J. Am. Chem. Soc. 1989, 111, 971. (b) Pregel, M. J.; 

Dunn, E. J.; Buncel, E. J. Am. Chem. Soa 1991, 113, 3545. (c) Tarkka, R. M.; Buncel, 

E. J. A m  Chem. Soc. 1995, 117, 1503. 

2. (a) Ba-Saif, S.; Luthra, A. K.; Williams, A. J. Am. Chem. Soc. 1987, 109, 6362. (b) 

D'Rozario, P.; Smyth, R. L.; Williams, A. J. Am. Chem. Soc. 1984, 106, 5027. (c) 

Bourne, N.; Chrysfiuk, E.; Davis, A. M.; Williams, A. J. Am. Chem. Soc. 1988, 110, 

1890. 

3. Stefanidis, D.; Cho, S.; Dhe-Paganon, S.; Jencks, W. P. J. Am. Chem. Soc. 1993, 115, 

1650. 

4. (a) Hengge, A. C.; Hess, R. A. J. Am. Chem. Soc. 1994, 116, 11256. (b) Hengge, A. 

C.; Edens, W. A.; Elsing, H. J. Am. Chem. Soc. 1994, 116, 5045. 

5. England, B. D.; House, D. A. J. Chem. Soc. 1962, 4421. 

6. Guanfi, G.; Cevasco, G.; Thea, S.; Dell'Erba, C.; Petrillo, G. J. Chem. Soc. Perkin 1I. 

1981, 327. 
7. Bordwell, F. G.; McCallum, R. J.; Olmstead, W. N. J. Org. Chem. 1984, 49, 1424. 

8. Briere, G.; Crochon, B.; Felici, N. Compt. rend 1962, 254, 4458. 

9. Albert, A.; Serjeant, E. P. The Determination of Ionization Constants; Chapman and 

Hall: 1984; pp. 11-12. 

10. Cohen, L. A.; Jones, W. M. J. Am. Chem. Soc 1963, 85, 3397. 

11. Jencks, W. P.; Gilchrist, M. J. Am. Chem. Soc 1968, 90, 2622. 

12. Terrier, F.; MacCormack, P.; Kizilian, E.; Halle, J. C.; Dererseman, P.; Guir, F.; Lion, 

C. J. Chem. Soc. Perkin Trans 2. 1991, 153. 

13. Urn, I. H.; Oh, S. J.; Kwon, D. S. Tetrahedron Lett. 1996, 36, 6903. 

14. Um, I. H.; Jeon, J. S.; Kwon, D. S. Bull. Korean Chem. Soc. 1991, 12, 406. 

15. Jaffe, H. H. Chem. Reu. 1953, 53, 191. 

16. Menger, F. M.; Smith, J. H. J. Am. CherrL So~ 1972, 94, 3824. 

17 Jencks, W. P.; Regenstein, J. In Handbook of Biochemistry.  Se lec ted  Data for 

Molecular Biology; Sober, H. A. Ed. The Chemical Rubber Co. Cleveland, OH. 1968; 

pp. J-188-225. 

18. (a) Kitsch, J. F.; Hubbard, C. D. Biochem. 1972, 13, 2483. (b) Humffray, A. A.; Ryan, 

J. J. J. Chem. Soc. (B) 1967, 468. (c) Katritsky, A. R.; Langthome, R. T.; Muathin, 
H. A.; Patel, R. C. J. Chem. Soc. Perkin Trans 1. 1983, 2601. 

(Received in Japan 25 December 1996; accepted 20 February 1997) 


