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Our interest in electrophilic catalysis of acyl transfer reactions’ has led us to investigate 

the non-bonded interaction between the guanidinium cation of enzymic arginine residues and 

carboxylate oxyanions. Crystallographic results for carboxypeptidaseZ indicate that a gusnidinium- 

carboxylate interaction between arg-I45 and the terminal carboxyl of the peptide chain appears 

important in binding and orienting the substrate. In lactate dehydrogensse, several srginines 

appear to function in catalysis and in binding of coenzyme and substrate; one srginine appears to 

be associated with the hydroxyl of lactate and to facilitate the proton removal that promotes 

hydride transfer and one is associated with the carboxylate anion of lactate. 3 It is of fundamental 

importance to determine both the extent of association between gusnidinium cations and oxyanions 

(eq. 1) and the effect of that association on the reactivity of the oxyanion 

O---H-N:, 
XOZ- + (HZN)3C+ + X$- + : 

NO---H---N;;/ 
c!=.=NHz (I) 

In this paper, we report the effect of association with guanidinium ion on the rate of 

reaction of a carboxylate anion by investigation of the monophenyl ester of succinic acid which 

hydrolyzes by a pH independent pathway between pH 4. 5 and 9 involving intramolecular nucleo- 

philic attack of the succinate csrboxylate anion (eq, 2). 4 This system represents an uncomplicated 

case of nucleophilic catalysis by a carboxylate anion Since an important driving force for the 

reaction should be the ion-dipole attraction between the carboxylate anion and the carbonyl dipole, 

we expected that association with guanidinium ion would inhibit the reaction Rates of release of 

phenol from phenyl hydrogen succinate5 were measured spectrophotometrically 4*6 at 30” C; pH 

was maintained at 7.00 in aqueous solution using a 0. IM sodium phosphate buffer. The rate 

constants for hydrolysis of phenyl succinate (i) demonstrate inhibition by gusnidinium ion (Table 1) 

The results in water indicate a negligible salt effect. 
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Table 1 

The Effect of Gusnidinium Ion of the Rate of Cleavage of 2 
Ilh 

Ionic Strength k (min-‘) 
Solvent 

[C(N$Iz,,‘] 
(added NaCl)(M.) “at 30. 0” 

Hz0 0 5. I 0.145 
0 5. 1 0.139 
0. 5 5. 1 0.115 
1. 0 5. 1 0.110 
1. 5 5. 1 0.103 
2. 0 5. 1 0. 0941 
3. 0 5. 1 0. 0865 
4. 0 5. 1 0. 0807 
4. 5 5. 1 0. 0819 
4. 5 5. 1 0. 0825 
5. 0 5. 1 0.0739 
0 1. 1 0. 142 
0 4. 1 0.143 
0 0. 1 0.143 
1. 0 1. 1 0.109 
2. 0 2. 1 0. 0983 
3. 0 3. 1 0. 0859 
4. 0 4. 1 0. 0778 

12 M CH~OH 0. 0 0 0. 0854 
in 0. 5 0. 5 0. 0746 

Hz0 0. 75 0. 75 0. 0702 
1.0 1.0 0. 0657 
1. 25 1. 25 0. 0631 
1. 5 1. 5 0. 0637 
1.75 1. 75 0.0599 
2. 0 2. 0 0. 0594 

12 M CH$!N 0 o. 106 
0. 25 0. 25 0. 0922 
0. 375 0. 375 0. 0899 
0. 50 0. 50 0. 0877 
0. 625 0. 625 o. 0855 

Table 2 

Association Constants and Rate Constants from Data in Table 1 (see Eqs. 3-7) 

Solvent ki(min-‘) 

Hz0 0.143 
+&!.L * 

12 M CH,OH in Hz0 0. 085 0. 040 0: 68 
12 M CH&N in Hz0 o. 106 0. 072 3. 3 

Table 3 

Rate of Cleavage of 2, in Water in the Presence of Arginine 

Arginine(M) Ionic Strength(M) k,(min-‘) at 30. 0” 
0. 2 0. 3 0.134 
0. 3 0. 4 0.136 
0. 5 o. 6 0.129 
0. 7 0. 8 0. 123 
0. 8 0. 9 0.121 
1.0 1. 1 0.118 
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0’ 9 
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+ C5H50 (2) 

C-o- 

2, a 3 Q 
-c: - 4 

Mh MA 

We interpreted the data on the basis of the following model:’ 

d[ArOH]/dt = 4[S-] + k,[SGH] =kotS] (3) 

[SGH] = rsCs-]CC+H+] (4) 

[sl = ~SGHJ + IX-j (5) 

k. = (kl + k,K[GH+])/(l+ K[GH+] (6) 

Rearranging eq. 6 gives: 

+ k, (7) 

Using eq. 7. k. was plotted against l/[:GH’ 1 yielding k2 from the intercept and K from the slope. 

The results are in Table 2. 

Experiments with arginine also show inhibition (Table 3) but the solubility of arginine is 

not high enough to acquire data which would enable evaluation of k2 through the use of eq. 7. How- 

ever, if we make the approximation that (kl - k2) is roughly equal to 4, eq. 8 results. When eq. 8 

l/k0 = l/k1 + (K/kl)[GH+g (8) 

is applied to the data in Table 3, an approximate association constant can be estimated, K= 0. 20M’. 

In other research, we utilized the effect of association (es. 1) on acidity constants for 

measurement of association constants between guanidinium ions and oxyanions (eq. I);* typical 

values (anion, Ksssociation in M-‘) are: CH3C02-, 0. 37; C1CH2C02; 0.43; HC03-,0.46; H2P04-, 1.4. 

The two association constants, K = 0.20M-’ for arginine and 0.55 M-’ for gnanidinium ion. 

determined in the kinetic study reported here are comparable, therefore, to the association 

constants determined by pK measurements for carboxylate anions. 

The inhibition in rate (kl roughly twice k2) by association to guanidinium ion may not be 

due to the decrease in nucleophilicity of a csrboxylate when hydrogen bonded to a gusnidinium ion 

Gaetjens and Morawetz4 found that in the cleavage of aryl succinates the substituent effects in the 

aryl group are very large and indicate that resonance effects develop in the transition state based 

on p-NO2 and p+!(0)CH3 substituents. This suggests that the rate-determining step is a break- 

down of the tetrahedral intermediate, 2, rather than the unlikely conclusion in the paper by 

Gaetjens and Morawetz that this is an SN2 displacement at acyl carbon. 9 Therefore, the reason 

for inhibition by guanidinium ion probably involves shift of the equilibrium, i&3, towards 2 
m 

caused by stronger complexing of GHf with 2, than with 3. IM 
It is also possible that GH+ both inhibits this reaction by complexing with the carboxylate 

ion in 6 and catalyzes the reaction by any one of several hypothetical means such as association 

of GHf with i. Although this would lead to another association constant, K’, and another rate 
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constant, k3, since 2, is in equilibrium with 3 kt[ i-GH] is kinetically indistinguishable from 

k,[ $GH]; therefore, a kinetic treatment based on reaction through any other complex such as 

[i-GH] is indistinguishable from the treatment leading to eq. 7 and K and kZ (Table 2) represent 

all effects and interactions with 2, and 2 However, it seems reasonable that complexing of GH+ 

with the carboxylate group of 2, is the strongest interaction in this system, so we conclude that 

these results give an approximate insight into the strength of association between guanidinium 

and carboxylate ions and the effect of such association on the reactivity of csrboxylate anions. 

In the following communication, lo a catalytic effect of gusnidinium cation on reaction at 

a phosphate anion is reported; tetramethylammonium ion is not effective in catalysis. Therefore, 

guanidinium ion has been demonstrated to have interactions with consequences for rates both for 

phosphates and carboxylates, and sodium ion and tetrsmethylammonium ion do not have those 

rate effects. However, the association constants sre small and it is not clear that the 

associated structure shown in eq. 1 is predominant over all other structural interactions such 

as those involving one hydrogen bond or those occurring through the intermediacy of water 

molecules. 
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