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Acyl-transfer reactions have been suggested to proceed 
either through a concerted mechanism or through a stepwise 
mechanism, depending on the nature of the nucleophile and 
the leaving group of substrates.1-11 It has generally been under­
stood that the reaction of esters with amine nucleophiles 
proceeds through a stepwise mechanism with an addition 
intermediate.3-4 However, the reaction of esters with anionic 
nucleophiles has not been completely understood, i.e., some 
studies have suggested a concerted mechanism5-8 while others 
have proposed a stepwise mechanism.9-11

Williams et al. have concluded that acyl-transfer reactions 
between anionic nuclephiles proceed through a concerted 
mechanism, based on the linear Br0nsted-type plot obtained 
from the reaction of 4-nitrophenyl acetate with a series of 
substituted phenoxide anions.5 A similar conclusion was drawn 
for phosphoryl- and sulfonyl-transfer reactions with anionic 
nucleophiles.5 However, Buncel et al. have suggested that 
acyl-transfer reactions proceed through an addition inter­
mediate, based on the poor Hammett correlation obtained 
from reactions of a series of substituted phenyl acetates, 
phosphinates and sulfonates with anionic nucleophiles.9

Linear free energy relationships (LFERs) have been em­
ployed as one of the most popular probes for determination 
of reaction mechanisms. However, the conclusion drawn 
based on LFERs alone has been suggested to be inconclu- 
sive.2a Additional evidence (e.g., kinetic isotope effect,2a 
oxygen isotope exchange,10 direct observation or isolation of 
intermediates.11) should be required to get more conclusive 
information about the reaction mechanism. We have recently 
reported spectral evidence for a stable intermediate along 
with kinetic evidence for the nucleophilic substitution reac­
tion of a cyclic sulfinate ester, dibenzo[1,2] oxathiin-6-oxide, 
with ethoxide anion in anhydrous ethanol.11a To obtain further 
information on the reaction mechanisms, we have now 
expanded our study to alkaline hydrolyses of paraoxone (1a) 
and parathione (1b) in dimethyl sulfoxide (DMSO)-H2。mix- 
tures of varying compositions, eq. (1), and found contrasting 
solvent effect profiles. A plausible cause of the contrasting
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Solvent : 15, 30, 45, 60, 75 and 90molc%DMSO in H2O

Figure 1. Plots showing contrasting solvent effect profiles for 
alkaline hydrolyses of paraoxone (1a) and parathione (1b) in 
DMSO-H2O mixtures at 25.0 土 0.1 oC.

solvent effect profile together with the TS structure is herein 
presented.

Figure 1 shows that the second-order rate constant in­
creases with increasing mole % DMSO in the reaction medi­
um for both reactions of 1a and 1b. However, surprisingly, 
the effect of solvent on rates is contrasting, i.e., the second- 
order rate constant for the reaction of 1a exhibits a down­
ward curvature while the one for the reaction of 1b shows an 
upward curvature.

Significant rate enhancements have often been reported 
for nucleophilic substitution reactions involving anionic nucleo­
philes as the solvent changes from H2O to DMSO.12,13 Such 
rate enhancements upon addition of DMSO to the reaction 
medium have been rationalized by postulates such as 
desolvation of the anionic nucleophile and/or stabilization of 
the transition state (TS).12,13 The negative end of the dipole 
of DMSO is exposed whereas the positive end is buried 
within the molecule. Therefore, DMSO stabilizes cations, 
whereas it strongly destabilizes anions due to the repulsion 
between the anion and the negative end of the dipole. It has 
generally been understood that destabilization of anionic 
species is more significant for small and charge localized 
anions than large and charge delocalized ones.12 Since earlier 
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studies on ester hydrolysis have concluded that substrate 
solvation changes are not responsible for rate enhancements 
in DMSO,12 one can suggest that destabilization of OH - is 
largely responsible for the rate enhancement upon addition 
of DMSO to the reaction medium. However, OH - is the 
common nucleophile for the reactions of 1a and 1b. There­
fore, the contrasting solvent effect profile (Figure 1) is clear­
ly not due to the ground-state (GS) but due to differential 
solvent effect on the TS.

The TS of the present reaction would be negatively charg­
ed either the reaction proceeds concertedly or stepwisely. 
Let 2 and 3 represent the addition intermediate of a stepwise 
mechanism and the TS structure of a concerted mechanism, 
respectively. If the present reaction proceeds through a 
stepwise mechanism, the TS structure would be similar to 
the intermediate 2. In this case, the negative charge on the 
TS would be developed partially on the X atom of the P=X 
moiety, whether the rate determining step (RDS) is the 
formation or the breakdown of the intermediate 2. Such an 
anionic TS would also be destabilized upon addition of 
DMSO to the reaction medium. Therefore, one can expect 
that the destabilization of the anionic TS would diminish the 
rate accelerating effect caused by destabilization of OH - ion 
upon addition of DMSO to a certain degree. Destabilization 
of the anionic TS would be more significant for the reaction 
of 1a than for that of 1b, since the negative charge on the TS 
of a stepwise mechanism (e.g., a TS similar to 2) is expected 
to be significantly more localized on the P-O- bond than on 
the P-S- bond due to the high polarizability of the S atom. 
Therefore, one can expect that the rate enhancement upon 
solvent change from H2O to DMSO would be less signifi­
cant for the reaction of 1a than for that of 1b if the present 
reaction proceeds through the intermediate 2. In fact, the rate 
enhancement upon solvent change from 15 mole % DMSO 
to 90 mole % DMSO is much smaller for the reaction of 1a 
than for that of 1b as mentioned above. Such difference in 
solvent effect on rates can only be obtain when the TS 
structure is similar to the intermediate 2 in which a partial 
negative charge is developed on the X atom of the P=X 
bond.

However, if the present reaction proceeds through a 
concerted mechanism, the negative charge on the TS 3 
would be dispersed on the two O atoms, but clearly not on 
the X atom of the P=X moiety. In this case, one cannot 
expect significant difference in the TS destabilization bet­
ween the hydrolysis of 1a and 1b. However, as shown in 
Figure 1, the effect of solvent on rate is significantly 
different, indicating that the hydrolysis of 1a and 1b does not 
proceed concertedly via 3.

Therefore, the contrasting solvent effect profile obtained 
in the present study suggests that the alkaline hydrolyses of

1a and 1b proceed through an addition intermediate 2. This 
argument is consistent with the conclusion drawn from 
LFERs that acyl-, phosphinyl- and sulfonyl-group transfer 
reactions between anions proceed in a stepwise mechanism 
with an addition intermediate.9-11, 14

Acknowledgment. The authors are grateful for the finan­
cial support from KOSEF of Korea (1999-2-123-003-5).

References

1. Jencks, W. P. Catalysis in Chemistry and Enzymology, 
McGraw-Hill: London, 1969; pp 463-553.

2. (a) Baxter, N. J.; Rigoreau, L. J. M.; Laws, A. P; Page, M.
I. J. Am. Chem. Soc. 2000, 122, 3375-3385. (b) Adalstein- 
sson, H.; Bruice, T. C. J. Am. Chem. Soc. 1998, 120, 3440- 
3447.

3. (a) Castro, E. A. Chem. Rev. 1999, 99, 3505-3524. (b) 
Castro, E. A.; Cubillos, M.; Santos, J. G.; Tellez, J. J. Org. 
Chem. 1997, 62, 2512-2517. (c) Castro, E. A.; Cubillos, 
M.; Santos, J. G. J. Org. Chem. 1996, 61, 3501-3505.

4. (a) Um, I. H.; Min, J. S.; Ahn, J. A.; Hahn, H. J. J. Org. 
Chem. 2000, 65, 5659-5663. (b) Um, I. H.; Min, J. S.; Lee, 
H. W. Can. J. Chem. 1999, 77, 659-666.

5. (a) Williams, A. Acc. Chem. Res. 1989, 22, 387-392. (b) 
Ba-Saif, S.; Luthra, A. K.; Williams, A. J. Am. Chem. Soc. 
1978, 109, 6362-6368. (c) Bourne, N.; Chrystiuk, E.; 
Davis, A. M.; Williams, A. J. Am. Chem. Soc. 1988, 110, 
1890-1895. (d) Deacon, T.; Farra, C. R.; Sikkel, B. J.; Wil­
liams, A. J. Am. Chem. Soc. 1978, 100, 2525-2534.

6. Stefanidis, D.; Cho, S.; Dhe-Paganon, S.; Jencks, W. P. J. 
Am. Chem. Soc. 1993, 115, 1650-1656.

7. (a) Hess, R. A.; Hengge, A. C.; Cleland, W. W. J. Am. 
Chem. Soc. 1997, 119, 6980-6983. (b) Hengge, A. C.; 
Hess, R. A. J. Am. Chem. Soc. 1994, 116, 11256-11263.
(c) Hengge, A. C.; Edens, W. A.; Elsing, H. J. Am. Chem. 
Soc. 1994, 116, 5045-5049.

8. (a) Guthrie, J. P. J. Am. Chem. Soc. 1996, 118, 12878. (b) 
Guthrie, J. P. J. Am. Chem. Soc. 1991, 113, 3941-3949.

9. (a) Pregel, M. J.; Dunn, E. J.; Buncel, E. J. Am. Chem. Soc. 
1991, 113, 3545-3550. (b) Buncel, E.; Um, I. H.; Hoz, S.
J. Am. Chem. Soc. 1989, 111, 971-975. (c) Tarkka, R. M.; 
Buncel, E. J. Am. Chem. Soc. 1995, 117, 1503-1507.

10. (a) Okuyama, T.; Takano, H. J. Org. Chem. 1994, 59, 472­
476. (b) Okuyama, T.; Lee, J. P.; Ohnish, K. J. Am. Chem. 
Soc. 1994, 116, 6480-6481. (c) Bender, M. Chem. Rev. 
1960, 60, 53-113.

11. (a) Um, I. H.; Kim, M. J.; Lee, H. W. Chem. Commun.
2000, 2165-2166. (b) Capon, B.; Ghosh, A. K.; Grieve, D. 
M. A. Acc. Chem. Res. 1981, 14, 306-312. (c) Perkins, C. 
W.; Martin, J. C. J. Am. Chem. Soc. 1985, 107, 3209-3218.
(d) McClelland, R. A.; Santry, L. J. Acc. Chem. Res. 1983, 
16, 394-399.

12. (a) Buncel, E.; Wilson, H. Ad^. Phys. Org. Chem. 1977, 
14, 133-202. (b) Parker, A. J. Chem. Rev. 1969, 69, 1-32. 
(c) Haberfield, P.; Friedman, J.; Pinkston, M. F. J. Am. 
Chem. Soc. 1972, 94, 71-75.

13. (a) Um, I. H.; Buncel, E. J. Org. Chem. 2000, 65, 577-582. 
(b) Um, I. H.; Hong, J. Y; Buncel, E. Chem. Commun.
2001, 27-28.

14. Bunton, C. A.; Gillitt, N. S.; Kumar, A. J. Phys. Org. 
Chem. 1996, 9, 145-151.


