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method previously reported in the literature.?

The following procedure for preparing compound 6 is re-
presentative. To a precooled {-30°C) stirred solution of 1(20
mmol)* was added 20 mmol of 2 slowly, the mixture was
maintained at -30°C for 6 hrs with stirring. The reaction
mixture was allowed to reach to room temperature. It was
then flash distilled and the usual workup afforded product 6,
purified by distillation.
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The rationalization of nucleophilic reactivity has intrigued
chemists since the monumental work of Ingold.! Basicity has
been most commonly used to correlate nucleophilicity,
although recently the vertical tonization energy has also sho-
wed good correlations with the nucleophilicity of various
types of anionic nucleophiles.? However, abnormally higher
nucleophilicity than predicted from the basicity has often ob-
served in the reactions of nucleophiles containing an atom
with one or more nonbonding electron pairs adjacent to the
reaction center (the a—position). Thus such a type of nucleo-
philes was termed a~nucleophiles and the enhanced nucleo-
philic reactivity of the ¢~nucleophiles was therefore termed
the a-effect.’

Many theories have been advanced to explain the cause of
the a-effect.* The suggested origins of the a-effect are 1)
ground-state destabilization of the a-nucleophile,® 2) transi-
tion—state stabilization,® 3} polarizability,” and 4) solvent ef-
fects.®? However any one of these effects alone does not ful-
ly account for the cause of the a-effect. Especially the sol-
vent effect has been the subject of controversy. It has been
claimed that in some studies the solvation effect is unimpor-
tant as the origin of the a~effect® but other studies,** in-
cluding theoretical molecular orbital calculations, indicate
that solvation should be an important factor.

Recently a systematic study has revealed that the solvent
effect on the e-effect is very important for the reaction of
p-nitrophenyl acetate (PNPA} with butane-2,3-dione mo-
noximate (1) as the a-nucleophile, in comparison with
p-chlorophenoxide (2) as the corresponding normal nucleo-
phile in dimethyl sulfoxide (DMSO)-H,O mixtures of varying
compositions.!> We have now studied the same reactions in

Table 1. Kinetic Data for Reactions of p-nitrophenyl acetate
(PNPA) with butane-2,3-dione monoximate (1) and p—chlerophe-
noxide (2) in CH;,CN-H;0 mixtures at 25.0°C

mol.% CHyCN &2), M-1s-1 K1), M-is-1 (1) k(2)
] 685 (.685) 65.8( 65.8) 96 { 96}
10.0 385 (-~ ) 372( - ) 97 (=)
20.0 255 (760} 29.5¢( 139 116(183)
30.0 JA97 (- ) 292( - ) 148( - }
40.0 198 (2.80) 35.6( 740) 180(264)
50.0 217 (5.90) 45.6( 1,680) 210(285)
60.0 266 (13.6) 67.5( 3,850) 254(283)
70.0 391 (34.9) 122( 8,200) 312(236)
80.0 712 (94.8) 263(17,200) 369(181)
90.0 2.12 (334) 943 (40,500} 445(121)

aThe data in parentheses are obtained from ref. 10 for the reactions
run in DMSO-H,0 mixtures.

various compositions of CH,CN-H,0 mixtures to examine
whether the previous result is a limited phenomenon only in
the DMSO-H,0 system.

MeC (0)C (Me) =NO~ oy
p-CICH,O™ (2)

In Table 1 are presented the second order rate constants
for the reactions of PNPA with (1) and (2). The rate con-
stants decrease gradually as CH,CN concentration increases
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Figure 1. Plots of the magnitudes of the a-effect, #(1)/#(2), vs. mole
% CHZCN (or DMSO} for reactions of p-nitrophenyl acetate with
butane-2,3-dione monoximate (1) and p-chlorophenoxide (2} at
25.0°C,

up to near 30-40 mole % CH4CN, in which rate minima are
observed. Furthermore the rate constants up to near 60-70
mole % CH3CN are still smaller than the one in pure H,0.
The present result is therefore quite unexpected, since sig-
nificant rate enhancements have generally been demonstra-
ted upon the medium change from protic to aprotic dipolar
solvents for the anionic nucleophilic reactions.!! The a-nu-
cleaphile (1} shows smaller rate decrease in H,O-rich region
and much larger rate enhancement in the CH 4CN-rich region
than the normai-nucleophile (2). Thus the magnitude of the
a-effect is turned out to be associated with the medium com-
position significantly, Figure 1 shows that the magnitude of
the o —effect is increasing with increasing CH,CN concentra-
tion in the medium, ie. from 96 in H,0 to 445 in 90%
CHLCN. Interestingly the present a-effect trend is quite dif-
ferent from the previous one which shows a maximum a-ef-
fect near 50 mole % DMSO, as shown in Figure 1 for a com-
parison purpose. Clearly the present result demonstrates
that the previously observed medium dependent a-effects is
not a confined phenomenon in the DMSO-H,0 mixtures but
a general one,

Recently it has been suggested that the solvent composi-
tion change does not cause any mechanism change for the
reaction of PNPA with (1) and (2) in the DMSO-H,0 mix-
tures.’? Therefore it is unlikely that the present medium
system would accompany any mechanism change. Also the
pKa values of (1) and (2) have been suggested to vary in a
similar manner as the solvent composition changes.% %1
Thus the observed effect of medium on the alpha-effect
would neither originate from a change in the mechanism nor
from the differences in the basicities of the two nucleophiles
as the solvent composition changes.

The rate decreases in the H,O-rich region, in which
hydrogen-bonding is most important,!! seems to originate
from more desolvation for the transition-state than for the
ground-state. This is not unreasonable since the negative
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charge on the transition-state is expected to be quite localiz-
ed at the carbonyl oxygen atom, based on the Bronsted B
value of 0.7-0.8 for the reaction of PNPA with
aryloxides,'?"™ while the one on the nucleophiles (1) and (2)
is considered to be widely delocalized on the whale molecule
by resonance. On the other hand, the transition-state would
be expected to get some stabilization in the CH4CN-rich
region, which is attributed to be responsible for the rate in-
creases in this medium range, since the solvation of the tran-
sition-state is now mostly considered due to the charge
dispersion interaction with CH,CN."

The medium dependent o-effect revealed by the present
work is clearly significant. However more kinetic studies
with thermodynamic work, such as measurements of solva-
tion energy by a calorimetric technique, are necessary to
dissect the medium effect into ground and transition-state
contribution'? for a complete interpretation of the present
result.

Acknowledgement. This research was supported by
grants from the Korea Science and Engineering Foundation
and from the Professor’s Research Fund of Ewha Womans
University.

References

1. (@} C. K. Ingold, “Structure and Mechanism in Organic
Chemistry”, 2nd Ed., Cornell University Press, Ithaca,
New York, 1969; (b} M. J. Harris, S. P. Mcmanus, Ed.
“Nucleophilicity, Adv. Chem. Ser.”, American Chemical
Society, Washington, DC, 1986.

2. E. Buncel, $.S. Shaik, LH. Um and S. Wolfe, ] Am.
Chem. Soc., 110, 1275 (1988).

3. J.O. Edwards and R, G. Pearson, J. Am. Chem, Soc., 84,
16 (1962).

4. Reviews; (a) N. J. Fina and J. O. Edwards, Int. J. Chem.
Kinet, 5, 1 (1973); (b) A. P. Grekov and V. Y. Veselov,
Usp. Khim., 47, 1200 (1978); {c} E. Buncel and S. Hoz,
Isr. j. Chem., 26, 313 (1985).

5. M. M. Heaton, . Am. Chem. Soc., 108, 2004 (1978).

6. E. Buncel, H. Wilson and C. Chuaqui, /. Am. Chem. Soc.,
104, 4896 (1982).

7. W. P. Jencks and J. Carriuolo, J. Am. Chem. Soc., 82,
1778 (1960).

8. (@) M. J. Gregory and T. C. Bruice, J. Am. Chem. Soc.,
89, 4400 (1967); (b} R. Curci and F. Di Furia, Int J.
Chem. Kinet., 7, 341 (1975); (c) M. Laloi-Diard, J. F.
Verchere, P. Gosselin and F. Terrier, Tetrahedron Leit.,
25, 1267 (1984); (d) R. A. Moss, S. Swarup and S. Gan-
guli, J. Chem. Soc., Chem. Commun., 860 (1987).

9. (a} S. Wolfe, D. J. Mitchell, H. B. Schiegel, C. Minot and
0. Eisenstein, Tefrahedron Lett., 23, 615 (1982); (b) C.
H. DePuy, E. W. Della, J. Filley, J. J. Grabowski and V.
M. Bierbaum, J. Am. Chem. Soc., 105, 2481 (1983).

10. E. Buncel and I. H. Um, J. Chem, Soc., Chem. Commuem.,
595 (1986).

11. A.J. Parker, Chem. Rev., 69, 1 {1969).

12. E. Buncel, I. H. Um and S. Hoz, J. Am. Chem. Soc., 111,
971 (1989).

13. 8. Ba-Gaif, A. K. Luthra, A. Williams, /. Am. Chem.
Soc., 109, 6362 (1987).

14. E. Buncel and H. Wilson, Acc. Chem. Res., 12, 42 (1979).



