
���������� 	
� ��	��	 �� �
�����
���� ���	�����	��� ��
���������� �� ��
����������� ������	����†

������ �� �������* ��� ������� �� ����
�� 

���������	� 
� �
������� �	� ��
�
�������� �
��
��	 ����	
�� �	��������� ������� �� ����� !"�!� �#$
!��������	� 
� �
�������� %����� �
���&�� �!� �� #���� #������ �
���� �' �((�� )"*�� �#$

Received 25 April 2001; revised 23 June 2001; accepted 16 July 2001

ABSTRACT: The specific rates of solvolysis of 2-deoxy-�- and -�-D-glucopyranosyl-4�-bromoisoquinolinium ions (1
and 2) give excellent correlations in a Grunwald–Winstein equation approach for solvents with NT values more
positive than �1.4; the sensitivity to changes in NT value is considerably reduced in less nucleophilic solvents.
Copyright  2001 John Wiley & Sons, Ltd.
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Insertion of an �-alkoxy group accelerates enormously
the solvolyses of alkyl derivatives. For example,
ethoxymethyl chloride solvolyzes about 109 times faster
than n-butyl chloride.1 The generally accepted mechan-
ism involves a rate-determining ionization (Eqn. (1)), to
give a resonance-stabilized carbocation.1–4

ROCH2Cl ���Cl�
R O CH2

���R O
�

=CH2

� �
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One cannot, however, assume a unimolecular mechanism
purely on the basis of the appreciable acceleration, since
it was also found3 that the ethanolysis of methoxymethyl
chloride was accelerated by the addition of ethoxide ion
and the second-order rate coefficient for the super-
imposed process was 105 times that for the corresponding
reaction of ethoxide ion with methyl chloride. Such a
bimolecular process has been proposed to proceed with a
loose (open) transition state, with appreciable oxocar-
benium ion character.3,5–8

Knier and Jencks studied5 the reactions of N-
methoxymethyl-N,N-dimethylanilinium ions with nu-
cleophilic reagents in water at constant ionic strength.
They observed well-behaved second-order reactions with
a variety of neutral and anionic nucleophiles. For

solvolyses of the N-methoxymethyl-N,N-dimethyl-m-
nitroanilinium ion (3), a study was made of the effect
of solvent variation on the specific rates of solvolysis and
a reasonable logarithmic correlation with the correspond-
ing specific rates of solvolysis of the triethyloxonium ion9

was found.
A well-established technique for obtaining mechan-

istic information from the influence of solvent variation
on the specific rates of a solvolysis reaction involves use
of the Grunwald–Winstein approach. For reactions with
the possibility of appreciable nucleophilic assistance, the
extended (two-term) Grunwald–Winstein equation (Eqn.
(2)) is recommended:10

log�k�k0�RX � lNT � mYX � c �2�

where k and k0 are the specific rates of solvolysis of a
substrate RX in a given solvent and 80% ethanol
respectively, l is the sensitivity to changes in the solvent
nucleophilicity NT,11 m is the sensitivity to changes in the
solvent ionizing power YX (for a leaving group X),12 and
c is a constant (residual) term.

It is found, however, that Y� values, established13

using the 1-adamantyldimethylsulfonium ion containing
a neutral molecule leaving group, vary only slightly from
zero,12,13 and, for this type of R—X� substrate, the
analysis can be carried out with omission of the mYX

term.14 An analysis in this manner of six data points
obtained by Knier and Jencks5 led11,14 to an l value of
0.46 and correlation coefficient r of 0.983. With omission
of the point for 100% 2,2,2-trifluoroethanol (TFE; above
the correlation line), the l value became 0.55 (r = 0.992).

The alkoxymethyl derivatives can be considered as
prototypes for glucopyranosyl derivatives, and the
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appreciable nucleophilic assistance indicated by the l
value of about 0.5 also suggests the need to consider the
possibility of this type of solvent assistance during
solvolyses of appropriately substituted carbohydrate
derivatives.

Banait and Jencks15 observed a second-order reaction
of �-D-glucopyranosyl fluoride with anionic nucleophiles
in water, accompanied by a complete inversion of
configuration. Under identical conditions, no reaction
was found with neutral nucleophiles. An enforced
concerted mechanism was proposed, and it was also
suggested that solvolyses in water or TFE–ethanol
mixtures involved an intermediate glucosyl oxocar-
benium ion. However, the observation of general-base
catalysis to the hydrolysis16 requires that the catalyzed
reaction be either concerted or with attack on an ion-pair
that readily reverts to reactant. Sinnott and coworkers6

suggested, on the basis of calculations and multiple
kinetic isotope effects, that the �-fluoride hydrolyzed by
an SN2 pathway with an ‘exploded’ transition state and
the �-fluoride was more SN1-like in its hydrolysis,
consistent with the known greater reluctance of equator-
ial groups toward being displaced in an SN2 process.17
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A logical extension to the studies with the fluoride would
be to replace the fluoride by a neutral-molecule leaving
group. Recently, our interest in this area was rekindled by
the publication of a very thorough study18 of both the
kinetics and product formation for the solvolyses, at
65.0°C in a wide variety of solvent compositions, of the
2-deoxy-�- and -�-D-glucopyranosyl-4�-bromoisoquino-
linium ions (1 and 2). Compound 1 reacts the faster; for
example, by factors of 3.9 in 100% ethanol, 6.6 in 100%
water, and 14.5 in 100% TFE. The authors analyzed the
measured specific rates in terms of Grunwald–Winstein
plots against Y� values. As we pointed out earlier, Y�

does not change appreciably with solvent composition
and the moderate changes in specific rates led to
reasonably good plots, but with extremely large negative
slopes (m values of �3.64 for 1 and �4.78 for 2). Our
prior experience with this type of plot strongly suggested
that negative slopes of this magnitude are indicative of a
pronounced dependence on solvent nucleophilicity.
Accordingly, we have reanalyzed the data with use of
NT values rather than Y� values (Figs 1 and 2).

The values obtained from these plots of log(k/k0)
against NT are reported in Table 1. For all 40 solvents,
moderately good correlations are obtained, with slopes
(l values) of 0.51� 0.03 for 1 (r = 0.934) and a slightly
higher value of 0.65� 0.03 for 2 (r = 0.964). For the
previously studied 3 in 13 solvents at 25.0°C,5 a similar
value of 0.48� 0.04 (r = 0.967) was obtained. An
examination of Figs 1 and 2 shows, in each case, an
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outstanding linear correlation for the more nucleophilic
solvents (aqueous ethanol, aqueous methanol, and TFE–
ethanol mixtures with at least 30% ethanol content). A
plot for this region (28 solvents) gave surprisingly high l
values of 0.81� 0.02 (r = 0.9938) for 1 and of 0.92�
0.02 (r = 0.9960) for 2. These values are only slightly
below the value of unity (by definition) for SN2 solvo-
lyses at the methyl carbon of the S-methyldibenzothio-
phenium ion.14 The study of 3 in only 13 solvents
prevents any attempt to analyze these solvolyses in terms
of two possible distinct mechanistic regions.

The l values obtained from analyses of solvolyses of 1
and 2 in 11 of the 12 remaining solvents (the borderline
80% TFE–20% ethanol was omitted) are much lower
(Table 1), and with a considerably inferior correlation.
The inferior correlation is to be expected because of the
hump that is present for the data in TFE–water mixtures
for both of the plots. The origin of this hump is unknown.
It does not appear to be due to interaction of solvent with
the extra functionalities present, because the log(k/k0)
values for 3 can be placed very well onto the plot for 1.
One can use the data for solvolyses in TFE and 90%
TFE–10% ethanol to get an extreme value for l of 0.16 for
solvolyses of 1 and 0.24 for solvolyses of 2. These values
are within the range one would expect for a rather weak
nucleophilic solvation of a developing carbocation.11,19 It

should be mentioned that, although they are somewhat
obscured by the larger scatter of points, all of the
deviations and curvatures for solvolyses in the solvents of
low nucleophilicity, as seen in plots against NT, are also
evident in the earlier plots18 against Y�.

For the aqueous TFE solvents, the low l values are
consistent both with the claim that 1 and 2 solvolyze via
dissociative transition states, and with the formation by
internal nucleophilic attack of a bicyclic acetal, in yields
as high as 36–44% in pure TFE.18

In aqueous ethanol, aqueous methanol, and TFE–
ethanol solvents with appreciable ethanol content, the
arguments presented18,20,21 supporting the operation of
dissociative mechanisms, including statements that even
nucleophilic solvation will be unimportant for the
solvolyses of 1 and 2 in these solvents, are contrary to
the present demonstration of a large sensitivity of the
specific rates of reaction toward changes in solvent
nucleophilicity.

For 2, stereochemical studies indicate 87–95% forma-
tion of the ether product with inverted configuration in
aqueous ethanol and aqueous methanol, but there is
considerably less inversion for 1. It is surprising that the
very large sensitivity toward changes in solvent nucleo-
philicity in the more nucleophilic solvents, suggestive of
a pathway involving a mechanism that is close to a
classical SN2, is accompanied for the majority of these
solvolyses by considerably less than complete inversion
of configuration in the ether products. Further studies on
these and related systems, including an extension to
additional mixed solvent systems, would be worthwhile.
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The regression analyses were carried out using the
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Compound nb lc cd re Ff

1 40g 0.51� 0.03 �0.13� 0.19 0.9342 261
2 40g 0.65� 0.03 �0.10� 0.17 0.9641 501
3 13g,h 0.48� 0.04 �0.07� 0.16 0.9665 156
1 28i 0.81� 0.02 0.01� 0.05 0.9938 2076
2 28i 0.92� 0.02 0.03� 0.05 0.9960 3254
1 11j 0.26� 0.05 �0.59� 0.11 0.8660 27
2 11j 0.38� 0.04 �0.62� 0.08 0.9640 118

a Unless otherwise indicated, data from Ref. 18.
b Number of solvents.
c Sensitivity to changes in solvent nucleophilicity (with associated standard error).
d Constant term (accompanied by the standard error of the estimate).
e Correlation coefficient.
f F-test value.
g All available.
h From Ref. 5.
i NT values more positive than �1.4 (see text for more detail).
j NT values more negative than �1.4 (see text for more detail).
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ABSTAT statistical package (Anderson–Bell, Arvada,
CO, USA).
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