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Participation of Neighbouring Groups in the Hydrolysis of 
3-Hydroxy-2 - pyridylmethyl Phosphate 

By Y uIiI-ro ~ I U R A K U I I ,  * J uxzo SUNASIOTO, ant1 HIDEYUKI ISHIZU 
(Jlefiavtirient of Ovganic Sjvztltesis, Facztlty of ETzgiweeving, KYUSILZL University, I;ulzuoka 8 12. Jafiaiz) 

Suiizritury 'I'he reactive species in thc hydrolysis of 3- 
hydroxy-2-prridyliiietlivl phosphate are the iicutral 
zwitterion, the monoanion, and the dianion, of which the 
last species is the niost labile; the intramolecular cata- 
lytic effect of the hydroxy-group is niuch greater than 
that of the pprirliniuni group, and causcs a unique rate 
enhancernciit. 

IN ow- studics on the hydrolysis reactions of  hctero- 
aromatic phosphates, wc have reported evidcncc for an 
intraniolecular general acid catalysis, which results in a 
niarlwl rate enhancement, in the hydrolysis of 2-pyi-idyL 
ineth\-l1 and 8-quinolyl This specific eiiect, 
due to the participation of neighbouring groups, appears to 
aid the transfer of a proton to the ester oxygen at which 
bond cleavage takes place. T\'e now report on the signifi- 
cant intrariioleculsr catalvtic effect of the hydrosy-group 
in the spontaneous hydrolysis of :)-hvdrosy-ZZ-pvridyf- 
inethyl phosphate (I) .3 This \vorJ\: :tlso clarifies which 
neighbouring group, the I-pyridiniuni or the 3-hydroxy- 
group, 11;~s the greater intramolecular catalytic effect in this 
hydrolysis. 

The spontancous hydrolysis of (I) was carried out at GO, 
70, and 80" in aqueous media with an ionic strength of 
& I 0  (NaC10, or KNO,) over the pH range 1.0-10.0. 'The 
pH >. rate profiles are shown in the Figure; the reaction 

followed apparent first-order kinetics. 'I'he acid dissocia- 
tion processes shown in Schenie 1 may be reasonably 
assigned to (I). The specific rate constants and the acid 
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I~ICL'RE. Tirc pH vs. itate Profiles for the liydrolysis of 3-1Lydro.t-y- 
2-p~'~fid?~Eiiiethyl pliosphate at p = 0.1 ; 0 and V , e.xpe.rime,tlal 
poigtts at 60 artd SO", ~cs:spectively. Solid lines are thsmeticnl 
citwes cnlcrilafcd from vnlaies listed in Tables 1 and 2 by u s i ~ g  
eqziatzoit 1 .  
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TABLE 1. Specific rate consIa?itsa and activation parameters fo. tlie spontaneous hydvolysis reactioits of 3 - ~ ~ ~ d r o . ~ y - 2 - p 3 l v i ~ y l ~ ~ i e ~ l ~ ~ ~ ~  p J ~ w  
phate nt 60 and 80°, nnd p = 0.1 

Species I' kH+ x 104 k x 105 1,: AH: A S  
("1 (M -1 s-1) (s-l) (kcal mol-If (kcal mul-1) (e.u.) 

Zwitterion 60 0.534 25.1 2 1 4  -5  

Zwitterion 60 0.376 30.6 29.9 4-6 

Monoanion 60 1-17 30.4 29.7 $ 8  

Dianion 60 2-52 29.1 28.5 4-6 

(%A) 80 4-58 

( H A  so 5-16 

(HA) 80 15.7 

(A) so 30.5 

8 Calculatedfiy the aid of dynamic acid dissociation constants listed in Table 2. 
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SCHEME 1 

dissociation constants at elevated temperatures were 
calculated from the kinetic data using equations 1 and 2; 
the results are summarized in Tables 1 and 2. 

TABLE 2. Acid dissociation constants of 3-~ldvo,r?/-2-~yvid?/E- 
naetlzyl phosphate at 25, 60, mad 80" ar7d p = 0-1 

Temp. 
pK8 25" a 60"b 80" b 

P K W  - 1.16 1.00 
P K W  4.54 3.88 3.80 
~ K E A  5.75 5.48 5.55 
~ K O H  9.67 9.4s 9-52 

Obtained by means of potentiometric titration. 
b Estimated kinetically using equation 1. 

where ko is the overall rate constant and h,+ refers to the 
specific rate constant for the acid catalysis, while kLItAt 
K , ,  and kA are the specific rate constants for the hydroly- 
sis of the neutral zwitterion, the monoanion, and the 
dianion, respectively ; T ,  stands for the total concentration 
of the phosphate species. When the first term on the right 
hand side of equation 1 was replaced for the hydrolysis of 
the monocationic species (H,A) , calculation of the specific 
rate constant and the corresponding activation parameters 
for this reaction yielded anomalous values, thus excluding 

this possibility. In the present case, the neutral zwitterion 
and monoanionic forms are relatively less reactive in the 
various ionic species, in contrast to the case of Z-pyridyl- 
methyl and 8-quinolyl phosphate. The most reactive 
species is the dianionic species, which has one proton 
exclusively on the hydrory-group. The absolute value of 
the specific rate constant for the neutral zwitterion of 
3-hydrosy-2-pyridylmethyl phosphate is, however, ca. 3 x 
ancl 29x as large as those for 8-quinolyl phosphate and 
2-pyridyhnethyl phosphate, respectively. The mono- 
anionic species of the present phosphate was also found to 
hydrolyse ca. 100 x faster than that o f  2-pyridylmethyl 
phosphate. Therefore, the substitution of a hydroxy- 
group in the 3-position of 2-pyridylmethyl phosphate 
results in a large enhancement of the hydrol!-sis rates of 
the zwitterion ancl the nionoanionic species. In the former 
species either the pyridinium or the hydroxy-proton is 
transferred to the ester oxygen in the transition state, 
while in the latter species i t  is the phosphate or hydroxy- 
proton. The extreniely large rate enhancement for the 
monoanionic species over the zwitterion suggests that the 
intramolecular participation of the 3-hydrosy-group takes 
place in the transition state of hydrolysis. The dianionic 
species of (I), which is the most labile towards hydrolysis, 
is considered to pass through the reaction steps shown in 
Scheme 2, in agreement with the activation parameters 

SCHE~IE  2. 

listed in Table 1. The favourable formation of the acti- 
vated complex is thought to  be due to two factors: ( i )  
sterically favoured ring-formation which involves the proton 
to be transferred, and (ii) large electron density a t  the ester 
oxygen due to the completely ionized phosphate moiety, 
both factors aiding the proton acceptability of the ester 
oxygen. 
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