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ABSTRACT: The solvolyses of 1-naphthoyl (2), 2-naphthoyl (3), 4-methyl-1-naphthoyl (4) and 6-methoxy-2-
naphthoyl (5) chlorides in a variety of solvents were studied, and correlation analyses by using the single- and dual-
parameter Grunwald–Winstein equations were examined. An excellent linear relationship (R = 0.995) for 4, log
(k/k0) = 0.733YxBnCl � 0.269NOTs, was observed. An SN1-like mechanism with decreasing extent of nucleophilic
solvent participation was found in the solvolysis of 2 and 4. 2-Naphthoyl chloride is likely to have a mechanism at the
borderline of SN1-like dissociation and an addition–elimination process. 6-Methoxy-2-naphthoyl chloride shows
more SN1-like character than 3 and is associated with nucleophilic solvent intervention more pronounced than that for
2 and 4. The applicability and the advantages of using the YxBnCl scale for different types of substrates are discussed.
Copyright  2002 John Wiley & Sons, Ltd.
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Acyl chlorides are fundamental organic substrates with
high reactivity towards many kinds of transformations.1

Recent examples of physical organic2 and synthetic3

studies illustrate continuing interest in research on this
category of compounds. Concerning the kinetics and
mechanisms of the solvolysis of acyl chlorides, early
work by Hudson and co-workers suggested a dependence
of the mechanism on solvent composition.4 The failure of
employing the single-parameter Grunwald–Winstein
equation [Eqn. (1)],5 with the original Y values, to the
solvolysis of 4-nitrobenzoyl chloride6 and acetyl and
benzoyl chlorides4c in hydroxylic solvents was reported.

log�k�k0� � mY �1�

Mechanistic studies of the solvolysis of benzoyl
chlorides have advanced since the 1980s. Bentley et al.
proposed a limiting SN1 mechanism for the solvolysis of
4-methoxybenzoyl chloride,7 and different mechanisms

of solvolysis for aromatic acyl chlorides containing
different substituents were suggested from rate–product
selectivity studies.8 Non-linear log k vs mYCl

9 plots were
observed again.10 On the other hand, the solvent effect on
the solvolytic reactivity of a series of substituted benzoyl
chlorides (1) was examined2c using the Y values, YBnCl,
derived from the solvolysis rate constants of �-tert-
butyl(4-methylphenyl)methyl chloride and 2-aryl-2-
chloroadamantane,11a,b specific to benzylic substrates.11

An SN1 mechanism was realized in the case of 2,6-
dimethylbenzoyl chloride (1a), and SN1 mechanisms
with various extents of nucleophilic solvent participation
were found in the solvolysis of 1b–d, while different
types of non-SN1 reaction mechanisms were suggested
for the parent and deactivated benzoyl chlorides 1e–g.2c

The successful application of the YBnCl scale to the
benzoyl system made it desirable to explore the
possibility of employing the YxBnCl scale, the parameter
of solvent ionizing power suitable for the benzylic system
with extended charge delocalization based on the use of
�-tert-butyl(2-naphthyl)methyl chloride as the reference
standard,12,13 to the solvolysis of naphthoyl chlorides.

Consequently, the solvolysis of naphthoyl chlorides
2–5 in a variety of solvents was studied. The applicability
of the YxBnCl scale in Grunwald–Winstein-type correla-
tion analyses with single- and dual-parameter equations
[Eqns (1) and (2)14] can be confirmed, and the mechan-
ism of solvolysis may be understood.

log�k�k0� � mY � lN �2�
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1-Naphthoyl chloride (2), 2-naphthoyl chloride (3), 4-
methyl-1-naphthoyl chloride (4) and 6-methoxy-2-
naphthoyl chloride (5) were purified or prepared, and
were solvolyzed in a variety of solvents. The rates of

solvolysis were monitored conductometrically at appro-
priate temperatures. First-order kinetics were observed
up to at least 80% of the reaction. The rate constants at
25°C are shown in Table 1.

The solvolysis of 2 and 3 in acetone–methanol and in
acetonitrile–methanol has also been studied by Yoon et
al.15 For rate constants of methanolysis, the variation of
the two sets of data is within about 10%. Correlation
analyses using the single-parameter Grunwald–Winstein
equation [Eqn. (1)] against YCl,

9 YBnCl
11 and YxBnCl

12

were carried out. The results for all solvents (All),
nucleophilic solvents (AEM) and iso-dielectric solvents
(TE) are listed in Table 2. From this table it is clear that,
similarly to those reported previously,2c,10 poor correla-
tions and scattered data points for log k–YCl plots were
found in all four cases.

With the exception of 2-naphthoyl chloride (3), in
other cases the log k–YxBnCl plots yielded two lines with
excellent correlations (R � 0.99),16 one for aqueous
acetone, ethanol and methanol (AEM) and the other for
the trifluoroethanol–ethanol (TE) mixtures. The log
k–YxBnCl plot for 2 is shown in Fig. 1 as an example.
The appearance of a downward splitting line for poorly
nucleophilic trifluoroethanol–ethanol mixtures from that
for nucleophilic solvents suggests significant nucleophi-
lic solvent intervention in solvolysis, as was illustrated in
recent examples.2c,17 Moreover, the difference between
mAEM and mTE was found to exhibit various extents of
nucleophilic solvent intervention.18 From Table 2, �m
(mAEM � mTE) of log k–YxBnCl plots increased from 4
(0.052) to 2 (0,127) to 5 (0.230). Therefore, regression
analyses of log k values in Table 1 employing the dual-
parameter equation [Eqn. (2)] were carried out. Since the

�
,�� -� �	��	���
� ���� �	������� �� � °��

Solventb 2 3 4 5

100E 2.05 � 10�3 7.30 � 10�4 7.00 � 10�3 7.45 � 10�4

90E 6.70 � 10�3 2.08 � 10�3 2.37 � 10�2 2.18 � 10�3

80E 1.69 � 10�2 3.37 � 10�3 6.56 � 10�2 5.46 � 10�3

70E 4.03 � 10�2 5.58 � 10�3 – 1.07 � 10�2

60E 9.08 � 10�2 9.33 � 10�3 – 2.44 � 10�2

100M 1.51 � 10�2 4.55 � 10�3 4.35 � 10�2 5.40 � 10�3

90M 2.69 � 10�2 8.54 � 10�3 1.52 � 10�1c 1.29 � 10�2

80M 9.34 � 10�2 1.49 � 10�2 5.13 � 10�1c 2.60 � 10�3

70M 3.12 � 10�1c 2.13 � 10�2 – 5.97 � 10�2

90A 5.14 � 10�4 3.37 � 10�4 1.10 � 10�3 –
80A 1.96 � 10�3 7.58 � 10�4 5.30 � 10�3 1.05 � 10�3

70A 7.21 � 10�3 1.43 � 10�3 1.96 � 10�2 3.16 � 10�3

60A 2.68 � 10�2 3.28 � 10�3 7.81 � 10�2 9.94 � 10�3

50A – 9.24 � 10�3 – 3.44 � 10�2

100T 5.36 � 10�1c 8.96 � 10�3 – 3.33 � 10�2

80T20E 1.26 � 10�1 3.29 � 10�3 1.02c 1.59 � 10�2

60T40E 2.88 � 10�2 1.13 � 10�3 1.59 � 10�1c 4.74 � 10�3

40T60E 9.63 � 10�3 7.38 � 10�4 5.00 � 10�2 2.24 � 10�3

a In s�1.
b Abbreviations of solvents: A = acetone, E = ethanol, M = methanol, T = 2,2,2-trifluoroethanol. Figures shown are percentages by volume in water; 80T20E
indicates T–E 80:20 (v/v) and likewise for 60T40E and 40T60E.
c Extrapolated from the data at lower temperatures (see text).
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solvent nucleophilicity scale NOTs
19 was found to be

superior to NT
20 for substrates bearing anionic leaving

groups, such as in the solvolysis of various benzylic12 and
benzoyl chlorides,2c only the former scale was used. A
few rate data could not be included owing to the shortage
of N values for the corresponding solvents. Nevertheless,
it still covers a wide range of both Y (5.76 for YxBnCl

12 and
5.83 for YBnCl

11) and N (3.00 for NOTs
19) values, and has

11–15 data points, which make the outcome of a dual-
parameter regression analysis acceptable. The results are
given in Table 3.

Table 3 clearly indicates that an excellent correlation
(R � 0.99)16 can be found only in the case of 4 if the
parameters YxBnCl and NOTs were applied. A poor
correlation (R � 0.90) is realized for 3, whereas the
correlations are satisfactory (R = 0.95–0.98)16 for 2 and 5
no matter whether the YBnCl or YxBnCl scale was

employed. Therefore, the data in Tables 2 and 3 suggest
the superiority of using YxBnCl over other Y values in the
correlation analysis for the solvolysis of naphthoyl
chlorides.

There are three possible pathways generally consid-
ered for the solvolysis of acyl halides, namely the
unimolecular SN1-type dissociation [Eqn. (3)], the bimol-
ecular synchronous SN2-type reaction [Eqn. (4)] and the
stepwise addition–elimination reaction [Eqn. (5)], as
have been discussed.21

RCOX��
�

RC��O
SOH�� RCOOS � H� �3�

�
X�

RCOX � SOH��	TS
���RCOOS � X� � H� �4�

RCOX � SOH��
O

�
�

RCX
�

SOH�

��RCOOS � X� � H� �5�

Previous work on the mechanism of solvolysis for
benzoyl chlorides (1) indicated a dependence of the
reaction pathways on the nature of the substitutents,
based on the results of Grunwald–Winstein-type correla-
tion analyses [Eqns (1) and (2)], Hammett-type correla-
tion analysis [Eqn. (6)] and ab initio calculations.2c The
most reactive and sterically hindered 2,6-dimethyl-
benzoyl chloride (1a) was found to solvolyze with a
limiting SN1 mechanism [Eqn. (3)], whereas the less
reactive 2-methyl- (1b), 4-methoxy- (1c) and 4-methyl-
benzoyl chloride (1d) proceed via an SN1 mechanism
with a significant extent of nucleophilic solvent inter-
vention.2c The unsubstituted benzoyl chloride (1e) was
considered to solvolyze with a mechanism at the
borderline of unimolecular dissociation [Eqn. (3)] and
the addition–elimination [Eqn. (5)].2c However, for
benzoyl chlorides containing a deactivating substitutent,
such as 4-chloro- (1f) and 4-nitro- (1g), an SN2-like

�
,�� .� �	������
	� �������� ��
�! ��� �
�!��"���������
�#���
	� $%#�& '�()

Substrate Parameter na (solvent)b Rc m (SDd)

2 YCl 17 (All) 0.968 0.553 (0.037)
13 (AEM) 0.871 0.531 (0.090)

5 (TE) 0.990 0.448 (0.037)
YBnCl 17 (All) 0.957 0.532 (0.042)

13 (AEM) 0.987 0.666 (0.033)
5 (TE) 0.996 0.470 (0.024)

YxBnCl 17 (All) 0.968 0.533 (0.036)
13 (AEM) 0.993 0.657 (0.024)

5 (TE) 0.997 0.530 (0.025)
3 YCl 18 (All) 0.694 0.254 (0.066)

14 (AEM) 0.794 0.320 (0.071)
5 (TE) 0.886 0.201 (0.061)

YBnCl 18 (All) 0.708 0.260 (0.065)
14 (AEM) 0.962 0.445 (0.037)

5 (TE) 0.910 0.215 (0.057)
YxBnCl 18 (All) 0.737 0.278 (0.064)

14 (AEM) 0.982 0.448 (0.025)
5 (TE) 0.912 0.243 (0.030)

4 YCl 13 (All) 0.831 0.653 (0.112)
10 (AEM) 0.764 0.517 (0.163)

4 (TE) 0.998 0.620 (0.055)
YBnCl 13 (All) 0.970 0.633 (0.048)

10 (AEM) 0.973 0.720 (0.061)
4 (TE) 0.999 0.583 (0.016)

YxBnCl 13 (All) 0.989 0.650 (0.029)
10 (AEM) 0.996 0.715 (0.022)

4 (TE) 0.999 0.663 (0.016)
5 YCl 17 (All) 0.846 0.355 (0.058)

13 (AEM) 0.870 0.414 (0.071)
5 (TE) 0.992 0.314 (0.023)

YBnCl 17 (All) 0.832 0.364 (0.063)
13 (AEM) 0.994 0.594 (0.020)

5 (TE) 0.996 0.328 (0.017)
YxBnCl 17 (All) 0.842 0.391 (0.065)

15 (AEM) 0.992 0.600 (0.018)
5 (TE) 0.996 0.370 (0.066)

a Number of data points.
b Abbreviations of solvents as in Table 1.
c Correlation coefficient.
d Standard deviation.
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mechanism [Eqn. (4)] was found in nucleophilic solvents
and an addition–elimination mechanism [Eqn. (5)] in
trifluoroethanol–ethanol.2c Similar variation of mechan-
isms would be expected to proceed in the solvlolysis of
naphthoyl chlorides.

log�kX�kH� � ��� �6�

Among the four substrates investigated, 2-naphthoyl
chloride (3) is the least reactive, as shown from Table 1.
A comparison of its rate constants with those for benzoyl
chlorides2c indicates that the reactivity lies between those
of 1d and 1e in the more ionizing solvents, i.e. 70E, 60E,
80M, 70M, 70A to 50A and 100T to 40T60E, in line with
the trend of �� constants (�0.311 for CH3,22 �0.126,23

�0.13524 or �0.18 (K.-T. Liu, unpublished data) for 2-
naphthyl and zero for H). Although the result of
correlation analysis using the single-parameter equation
[Eqn. (1)] showed similar behavior in nucleophilic
solvents for 1d (m = 0.662, R = 0.990 against YBnCl)

2c

and for 3 (m = 0.448, R = 0.982 against YxBnCl, Table 2),
the correlation was different between 1d (R = 0.967
against YBnCl and NOTs)

2c and 3 (R = 0.844 against YxBnCl

and NOTs, Table 3) if the rate data in all solvents were
considered and Eqn. (2) was used. Logarithmic plots of
rate data for 3 in the present study against that for 1d in

the literature2c also exhibit scattered points (Fig. 2). On
the other hand, a poor correlation (R = 0.924) was
observed for 1e25 in all solvents by using the dual-
parameter equation [Eqn. (2)] against YBnCl and NOTs.
Furthermore, the plot of logk(3) vs logk(1e)2c gave
excellent linear relationships (R = 0.997) only in aqueous
acetone, ethanol and methanol (Fig. 3), and showed
significant deviations in 100T and 80T20E. Therefore,
the solvolysis mechanism of 3 in nucleophilic solvents
might be close to that of benzoyl chloride (1e), at the
borderline of unimolecular dissociation [Eqn. (3)] and
the addition–elimination process [Eqn. (5)], as was
suggested.2c The observed acceleration of solvolysis
rates for 3 compared with 1e in weakly nucleophilic
solvents (100T and 80T20E, Fig. 3) indicates that the
mechanism is closer to the unimolecular dissociation in
the case of 3 than 1e.

Table 1 indicates that 6-methoxy-2-naphthoyl chloride
(5) is slightly more reactive than the unsubstituted
substrate 3 with a rate ratios k(5)/k(3) of 1.3–4.8.
However, large rate enhancements, 100–1000-fold, due
to increasing resonance stabilization in the cationic
transition state by the 6-methoxy group, were found in
the solvolysis of the corresponding �-tert-butyl(6-meth-
oxy-2-naphthyl)methyl chloride (6)26 versus the parent �-
tert-butyl(2-naphthyl)methyl chloride (7).12 The ��

�
,�� 0� �	������
	� �������� ��
�! ��� 1���"��������� �#���
	� $%#�& '�()

Substrate Parameter na R m (SDb) l (SDb)

2 YBnCl,NOTs 14 0.986 0.656 (0.044) 0.335 (0.069)
YxBnCl,NOTs 14 0.984 0.648 (0.046) 0.241 (0.068)

3 YBnCl,NOTs 15 0.850 0.454 (0.082) 0.505 (0.131)
YxBnCl,NOTs 15 0.844 0.454 (0.082) 0.443 (0.125)

4 YBnCl,NOTs 11 0.985 0.745 (0.055) 0.432 (0.117)
YxBnCl,NOTs 11 0.995 0.733 (0.031) 0.269 (0.062)

5 YBnCl,NOTs 15 0.964 0.587 (0.051) 0.500 (0.081)
YxBnCl,NOTs 15 0.957 0.568 (0.066) 0.403 (0.099)

a Number of data points.
b

Standard deviation.
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constant for the 6-methoxy-2-naphthyl group was
estimated as �0.57 (K.-T. Liu, unpublished data).
Probably 5 solvolyzed with a mechanism different from
that for 3, but similar to that for 1c and 1d. Although no
good linear relationship was observed for 5 in the dual-
parameter correlation analysis (Table 3), two separate
lines, one for nucleophilic solvents (AEM) and the other
for poorly nucleophilic solvents (TE), were found in the
single-parameter plots (Table 2, Figure 4). Therefore, the
downward splitting of line for data points obtained in TE
(m = 0.370) from that in AEM (m = 0.600), i.e.
�m = 0.230, suggests the intervention of nucleophilic
solvents in the ionization process of 5 (see above). The
low m values (
0.6) in Tables 2 and 3 obtained from both
single-parameter [Eqn. (1)] and dual-parameter [Eqn. (2)]
regression analyses also revealed deviations from an SN1
process. The observation of an excellent linear logk(5)–
logk(1d) plot with R = 0.994 and m = 0.933 (Figure 5),
but a poor correlation for the logk(5)–logk(1e) plot (Fig.
6), provides additional evidence for the similarity of
solvolytic mechanisms between 5 and 1d.

A comparison of k(2) and k(3) (Table 1) reveals that 1-
naphthoyl chloride (2) is more reactive than 2-naphthoyl
chloride (3) in all solvents employed. The rate ratios are

1.5–5.0 in less ionizing but more nucleophilic solvents,
about 10–15 in others, and the largest (ca 60) in the least
nucleophilic trifluoroethanol. On the other hand, the
solvolysis of secondary 1-naphthylmethyl tosylate (8)
was found to be about 10–25-fold more reactive than the
2-naphthylmethyl analogue 9 in a variety of solvents.27

Both 2 and 3 could therefore be proposed to solvolyze, at
least in part, via an ionization mechanism [Eqn. (3)] in
solvents such as 60E, 70M, 100T and some other TE
mixtures. Indeed, Fig. 1 exhibits a splitting of lines, and

/����� 1� *�	�� 	
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Table 3 shows a fairly good linear relationship
(R = 0.984) from the dual-parameter correlation with
YxBnCl and NOTs in the case of 2. In other words, 2 is
likely to solvolyze via SN1 mechanisms involving a
certain extent of nucleophilic solvent intervention,
although it could be partially hindered by the peri-
hydrogen at C-8.

Table 1 shows a small increment of the solvolytic
reactivity, 2–8, for 4-methyl-1-naphthoyl chloride (4)
over that for 1-naphthoyl chloride (2). The logk–YxBnCl

plot gave two lines in both cases (Figs 1 and 7), and Table
2 reveals a smaller difference in the slopes for 4
(mAEM � mTE = 0.052) than that for 2 (0.127). Obviously,
the introduction of a 4-methyl substituent gives rise to
increased stability of the cationic intermediate, probably
due to a resonance effect (10) (Scheme 1), and thus a
decreased extent of nucleophilic solvent intervention in
solvolysis. Since good to excellent linear relationships in
the dual-parameter correlation [Eqn. (2)] were observed
for 4 (R = 0.995) and 2 (R = 0.984), and the NOTs scale
was defined from the reaction of methyl tosylate,17 the
intervention of nucleophilic solvents in this study would
probably be a kind of ‘participation’28 but not ‘nucleo-
philic solvation.’29 A discussion on the criteria for
nucleophilic solvent participation will be reported else-
where.

Accordingly, a spectrum of the change in solvolytic
mechanisms for the four naphthoyl chlorides 2–5 could

be suggested. The least reactive 2-naphthoyl chloride (3)
is likely to have a mechanism at the borderline of
unimolecular dissociation [Eqn. (3)] and the addition–
elimination process [Eqn. (5)]. The more reactive 6-
methoxy-2-naphthoyl chloride (5) shows more SN1-like
character but is associated with significant nucleophilic
solvent participation. Similarly to 5, SN1-like mechan-
isms are involved for 1-naphthoyl chloride (2) and the
most reactive 4-methyl-1-naphthoyl chloride (4) and with
decreasing extent of nucleophilic solvent participation
from 5 to 2 to 4, in line with the observed �m
(mAEM � mTE) of log k–YxBnCl plots discussed pre-
viously.

Furthermore, the present results demonstrate a further
example that the observation of excellent linear correla-
tions in the Grunwald–Winstein-type correlation analysis
using the YxBnCl scale [Eqn. (1)] and YxBnCl and NOTs

scales [Eqn. (2)] as solvent parameters could be regarded
as a criterion for the elucidation of solvolysis mechan-
isms for naphthoyl chlorides 2–5, in addition to other
systems already reported, such as benzhydryl,12,13b,c 9-
fluorenyl12,13a,30 and N,N-diphenylcarbamoyl.11c

Although Kevill and co-workers proposed the use of
the aromatic ring parameter I together with YX and NT

scales [Eqn. (7)] for studying the solvolytic behavior of
benzylic substrates,31 its inferiority compared with YBnX

for the solvolysis of benzylic32 and benzoyl2c,17a

derivatives has already been shown in our previous
work. Utilization of YxBnX was also found to be superior
to I and YX in benzhydryl and 9-fluorenyl solvo-
lyses.12,13,27,33 It is therefore desirable to compare these
two approaches in the solvolysis of naphthoyl chlorides.
A regression analysis using Eqn. (7), for example,
yielded less satisfactory results for 2 [n = 15 and
R = 0.955, Eqn. (8)] and 4 [n = 12 and R = 0.981, Eqn.
(9)] than those listed in Table 3. The small magnitudes of
h and their large difference (0.767 vs 1.26) also seem to
be unreasonable for interpreting the contribution of the
naphthalene ring.

log�k�k0� � mY � lN � hI �7�
log�k�k0� � 0�558 YCl � 0�670 NT � 0�767I �8�
log�k�k0� � 0�697 YCl � 0�636 NT � 1�26I �9�

/����� 4� *�	�� 	
 �	! + 
	� 1 �!�
��� ,-.���& ����	�� �� 
� 4
!&
�

����5� -

Copyright  2002 John Wiley & Sons, Ltd. J. Phys. Org. Chem. 2002; 15: 750–757

SOLVOLYSES OF NAPHTHOYL CHLORIDES 755



�'%� )�$'%

From single- and dual-parameter Grunwald–Winstein-
type correlation analyses with YxBnCl, or YxBnCl and NOTs

scales, the solvolytic mechanisms for naphthoyl chlorides
2–5 could be deduced. Along with the increasing trend of
reactivity from 3 to 5 to 2 and to 4, the mechanism
changes from that at the borderline of SN1-like unimol-
ecular dissociation [Eqn. (3)] and the addition–elimina-
tion process [Eqn. (5)] for 3, to a more SN1-like route and
involving significant nucleophilic solvent intervention
for 5. A purely unimolecular process is associated with a
decreasing extent of such a participation for 2–4.
Substituent effects enhancing resonance stabilization of
the cationic transition state might be responsible for the
increasing reactivity and the changing mechanisms. The
present results also demonstrate the wide applicability
and the advantage of using the YxBnCl scale to elucidate
the mechanism of solvolysis for different types of
substrates.

*6"*&$7*%�+ 

�������� Proton and carbon-13 NMR spectra were
recorded on a Bruker Model DMX-300 instrument. IR
spectra were measured on a Nicolet MANGA-IR 550
spectrometer.

	����
���� Spectral-grade or reagent-grade solvents
(Merck) were purified following conventional
methods34 for kinetic studies. Doubly deionized water
was used to prepare aqueous solvent mixtures for
solvolytic studies. Commercially available naphthoyl
chlorides (2 and 3) were purchased from TCI. 4-Methyl-
1-naphthoyl chloride (4) was synthesized from 1-bromo-
4-methylnaphthlene (Aldrich) to 4-methylnaphthalene-1-
carboxylic acid35 and then by treating with thionyl
chloride.36 6-Methoxy-2-naphthoyl chloride (5) was
prepared from the corresponding acid (Aldrich) and
thionyl chloride.37 The IR and NMR spectra were found
to be in accord with the assigned structures. All chlorides
were freshly purified prior to kinetic measurements.



���
� ������������� Rate constants were measured
by a conductimetric method at least in duplicate. The
conductivity cells containing solution of about 1 � 10�4–
1 � 10�5 M were placed in a thermostat with a tempera-
ture variation of �0.02°C. The error for the measurement
of k was �3%.

Most of the rate constants were monitored at 25°C. For
those measured at low temperatures the values are as
follows (in s�1): for 2 in 100T k(�10°C) = 2.53 � 10�2,
k(�5°C) = 3.44 � 10�2 and k(0°C) = 6.70 � 10�2, and
in 70M k(�5°C) = 9.58 � 10�3, k(0°C) = 1.79 � 10�2

and k(5°C) = 3.33 � 10�2; for 4 in 90M
k(�10°C) = 3.46 � 10�3, k(�5°C) = 6.30 � 10�3 and

k(0°C) = 1.15 � 10�2, in 80M, k(�10°C) = 1.41 � 10�2,
k(�5°C) = 2.81 � 10�2 and k(0°C) = 4.26 � 10�2, in
80T20E k(�10°C) = 2.58 � 10�2, k(�5°C) = 4.19 �
10�2 and k(0°C) = 8.20 � 10�2, and in 60T40E k
(�5°C) = 8.20 � 10�3, k(0°C) = 1.47 � 10�2 and
k(5°C) = 2.35 � 10�2. These data were extrapolated to
25°C by the use of an Arrhenius plot. The results at 25°C
are summarized in Table 1.
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