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The rates of the solvolysis of eleven 3- and 4-substituted 1-(1-naphthylethyl) chlorides were determined in 809,
(v/v) aqueous acetone solution at 45 °C. The effect of substituents in 3- and 4-positions of the naphthalene
can be correlated with the LArSR relationship (log k/kg)34,40=—5.12 (6°+ 1.04 453*) —0.12 (correlation coefficient,

0.999; standard deviation, 4-0.12).

smaller than values in the corresponding benzene system under the same condition (p=—4.95, r==1.15).

The p value in the naphthalene is slightly larger and the r value is slightly

The

difference is reasonably interpreted in terms of the steric effect for the peri-hydrogen relative to the reaction center

at the a-position of the naphthalene.

The effect of substituents can be correlated with the LSFE relationship

for conjugatively electron releasing groups with high precision (R>>0.999) in the series, 3a and 4«; (log k/ky=
PO+ p."a,"). In this solvolysis, the 3a/4 inductive ratio, p; sa/p;,40» Was 1.37, only slightly larger than the meta/

para inductive ratio of 1.17 for the corresponding reaction in the benzene series.

The applicability of these equa-

tions to 3- and 4-substituted a-naphthyl system is also shown for some other reactivities.

In our studies of the substituent effect on chemical
reactivities, we established that the following Linear
Aromatic Substituent Reactivity (LArSR) relation-
ship!~® is, in general, applicable to electrophilic and
nucleophilic reactions of meta- and para-substituted ben-
zene derivatives:

log klky = p(c®+r*Asy™* +r-A4557) 1)

This holds on the assumption of additive description of
the substituent effect in terms of the unexalted polar ef-
fect of substituted phenyl groups and the aryl resonance
exaltation effect.

It has been generally assumed that the electronic effect
of substituents consists, to a first approximation, of in-
ductive and m-electronic effects.4~" We have shown
that the substituent effect on benzene reactivities can be
successfully correlated with the Linear Substituent Free
Energy (LSFE) relationship32-39:8) based on the 6;—o.*
combination in place of the 6°—A48z* combination in Eq.

(1):
log I‘/ko =P (Cici + qr+cx+ + QT_GN—) (2)

The first term, C,o0;, represents the contribution of induc-
tive effect and the last two, ¢," 6.* and ¢,” 6., the contri-
butions of m-electronic effects for conjugatively electron
releasing (—R) and attracting (4R) substituents, re-
spectively. o; is the inductive substituent constant
characteristic of given substituents and independent of
the resonance requirement of their reactions. o." oro,”
is the s-electronic substituent constant characteristic of
a given substituent describing the capability to donate or
attract electron through s-electron delocalization. Both
C; and ¢,* (¢,7) are characteristic variables giving a
measure of the inductive and m-electronic interactions
with the reaction center, respectively.

From a statistical analysis of substituted benzene reac-
tivities by means of Eq. (2), we arrived at two significant
conclusions.?2-34:8) (i) The transmission coefficient of
the inductive effect, C;, depends only on the position of
substituents and remains constant independent of reac-

* To whom inquiries should be addressed. Present
address; Department of Chemistry, Faculty of Science, Kyushu
University, Hakozaki, Fukuoka 812

tions in the benzene system, that is, C; is 1.00 for the para
and 1.17 for the meta position. (ii) The contribution
of the s-electronic effect, ¢, or ¢,~, effectively varies only
for substituents that may conjugate with the reaction
center and is a function of given reactions. Both ¢,* and
q,~ are standardized to be unity in 6,° scale and ¢,* is
0.50 in meta position. These are summarized in the
following generalized forms.

log (k/ke)p = ¢(1.000;+¢,%6," +¢,70,")
log (k/ke)m = p(1.170,+0.505,%) (3)

In naphthalene derivatives, there are ten positional
combinations between substituents and reaction centers,
excluding ortho and peri combinations. It is expected that
contributions of both the inductive and the a-electronic
effects may differ from each other, depending upon the
relative position of substituents in any single reaction.
Since the substituent constants, o; and ¢.*, are believed
to be characteristic of substituents independent of the
parent hydrocarbon, the application of Eq. (2) to the
substituent effect on the naphthalene system offers im-
portant information on the positional transmittance of
the inductive and m-electronic effects in naphthalene
reactivities.

Very few substituent effect data have been reported
on naphthalene, as compared with those on benzene
reactivities. Three electrophilic reactions have been
reported in which the effects of a wide range of substitu-
ents at almost all of the positions in the naphthalene sys-
tem are systematically investigated: (1) dissociation of
naphthoic acids in 509, aq. EtOH,%% (2) alkaline hy-
drolysis of naphthoic acid esters in aq. organic sol-
vents,10:11) (3) detritiation of tritionaphthalenes in CF;-
COOH.1%:13)  The first two reactions are representative
o-type reactivities in the benzene system, having no
large contribution of the z-electronic effect. Since an
acidic solvent was utilized in the last reaction, there were
some problems, e.g., the methoxy substituent was evi-
dently modified by direct solvent-substituent interac-
tion; only methyl and halogens could be treated as ordi-
nary substituents. In order to get more information on
the substituent effect for naphthalene reactivities in
which electron requirement of the reaction center a great
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deal differs from the first two, we choose the solvolysis of
substituted 1-(1-naphthylethyl) chlorides in an ordina-
ry aqueous organic solvent. This reaction is represent-
ative of carbonium-ion type reactions and gives compar-
atively large z-electronic effects of —R substituents at
the conjugative positions in the naphthalene.

The present paper is mainly concerned with the treat-
ment based on Eqs. (1) and (2) on the substituent effect
of the solvolysis of 3- and 4-substituted 1-(1-naphthyleth-
yl) chlorides in 809, aqueous acetone at 45 °C. These
effects can be directly compared with those of meta- and
para-substituted 1-phenylethyl chlorides which have been
studied extensively under the same conditions.3®)

Experimental

Materials. 3- and 4-Substituted 1-Acetylnaphthalenes:
Commercial 1l-acetylnaphthalene was purified by recrystalli-
zation of the picrate (mp 119—120 °C),'¥ followed by frac-
tional distillation of the regenerated ketone. No impurities
were detected by vpc. 4-Methyl-, 4-chloro-, 4-bromo-, and
4-methoxy-1-acetylnaphthalenes were prepared by the Friedel-
Crafts acetylation of the corresponding I-substituted naph-
thalenes and fractionated or recrystallized.!5-19  1-Acetyl-4-
cyanonaphthalene was synthesized from l-acetyl-4-bromo-
naphthalene by the method of Friedmann and Shechter'®
(459, yield), using CuCN in DMF.

1-Acetyl-4-ethylnaphthalene:  1-Ethylnaphthalene was ob-
tained by the Wolff-Kishner reduction!® of l-acetylnaph-
thalene in 849, yield. Friedel-Crafts acetylation of 1-ethyl-
naphthalene (32 g) with AcCl (19 g) and AICl; (33 g) in CS,
gave l-acetyl-4-ethylnaphthalene in 639, yield; bp 159—
159.5 °C/2.5 mmHg.2

1-Acetyl-3-chloronaphthalene : 1-Bromo-3-chloronaphthalene
was prepared according to the prescription of Fischer et al.?V
Chlorination of N-acetyl-4-bromo-1-naphthylamine (mp 195—
196 °C from MeOH or 95%, aq. EtOH)?::?» gave N-acetyl-
4-bromo-2-chloro-1-naphthylamine; mp 233—233.5 °C from
MeOH or 959 EtOH.?) 1-Bromo-3-chloronaphthalene
distilled at 141—145 °C/5 mmHg,?!+23 solidified on being left
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to stand (mp 45—50 °C), was obtained by deamination of
crude 4-bromo-2-chloro-1-naphthylamine (mp 108—110 °C)20
prepared by hydrolysis of the above naphthalide in EtOH-
aq. H,SO, solution.

A mixture of the bron.ochloronaphthalene and CuCN in
DMF solution was refluxed for 4 hr.1® The crude 3-chloro-1-
naphthonitrile obtained (mp 88—94 °C) was hydrolyzed in
AcOH-aq. H,SO, solution. The resulting 3-chloro-1-naph-
thoic acid was purified by recrystallization from aq. EtOH
and aq. AcOH; mp 229—232 °C.2»

The acid was successfully converted into the 1l-acetyl-3-
chloronaphthalene by application of Browman’s procedure??)
in 759, yield; via 3-chloro-1-naphthoyl chloride (mp 77—83 °C
from hexane). The fractionated product was recrystallized
from hexane.

1-Acetyl-3-bromonaphthalene:  3-Bromo-1-naphthoic acid (mp
234—237 °C from EtOH)?®) was prepared by a similar syn-
thetic route by Dewar and Grisdale;?® mercuration?6:2? of 3-
bromonaphthalic acid anhydride (mp 243.5—244.5 °C)25,28)
and subsequent decomposition of the mercurated product.26)
The acid was converted into 3-bromo-l-naphthoyl chloride
and subsequently to I-acetyl-3-bromonaphthalene by the
method described for the 3-chloro derivative.

1-Acetyl-3-cyanonaphthalene:  This ketone (7 g) was obtained
from l-acetyl-3-bromonaphthalene (10g) and purified by
recrystallization from benzene-hexane.

1-Acetyl-3-methoxynaphthalene : 4-Bromo-2-naphthylamine
(mp 71 °C)%9:30) was obtained, according to the prescription
of Bergman,?” from l-bromo-3-nitronaphthalene (mp 128—
130 °C)2" derived from the deamination of the diazonium
solution of 4-bromo-2-nitro-l-naphthylamine (mp 198—
201 °C).2» The 4-bromo-2-naphthylamine obtained was con-
verted into 4-bromo-2-naphthol (bp 130—132 °C/1.5 mmHg,
mp 117—120 °C)3Y) by the usual diazonium method; the
diazonium sulfate was decomposed by the dropwise addition
to ca. 409, aq. HySO, solution at about 80 °C. Methylation
of the 2-naphthol with Me,SO, in an alkaline solution gave
1-bromo-3-methoxynaphthalene (mp 112—114 °C).

Reaction of the bromide and CuCN in DMF and working
up by Friedmann’s procedure!® gave crude 3-methoxy-1-
naphthonitrile (mp 102—104 °C). Direct hydrolysis of the

TaBLE 1. PHYSICAL CONSTANTS AND ANALYTICAL DATA OF 3- AND 4-sUBSTITUTED (X) |-ACETYLNAPHTHALENES
Carbon Hydrogen Other
X Bp or Mp* — e DN —
Found Calcd Found Calcd Found Calcd
4-MeO-o 147°C/1.5mmHg, 71—72°C® 77.74 77.98 5.94 6.04
4-Me-a 136°C/1.5mmHg" 84.57 84.75 5.82 6.57
4-Et-a 159—159.5°C/2.5mmHg® 84.87 84.82 7.06 7.11
H-« 133—135.5°C/4mmHg® 84.92 84.64 5.76 5.92
4-Cl-a 142°C/1lmmHg® 70.31 70.43 3.80 4.43 17.60 17.32(CI)
4-Br-ot 141—143°C/0.7mmHg" 58.26 57.86 3.00 3.64 31.87 32.08(Br)
4-CN-« 134—135°C 79.54 79.98 4.36 4.65 7.19 7.17(N)
3-MeO-a 140—143°C/ImmHg 78.10 77.98 5.96 6.04
3-Cl-« 169—171°C/8mmHg,37—37.5°C 70.50 70.43 4.26 4.43 17.06 17.32(Cl)
3-Br-a 137—138°C/1lmmHg 57.85 57.86 3.63 3.64 32.04 32.08(Br)
3-CN-a 154—156°C 80.31 79.98 4.38 4.65 7.32 7.17(N)

a) Lit, bp 224—225 °C/15 mmHg,*”mp 72—74 °C; G. G. Joshi and N. M. Shah, /. Indian Chem. 29,225 (1952): Chem

Abstr., 47,5924 (1953), mp 69—71 °C; N. J. Leonard and A. M. Hyson, J. Amer. Chem. Soc., 71, 1392 (1949).

b) Lit,

bp 172—174 °C/12 mm Hg, mp 38 °C,'® bp 174—175 °C/15 mmHg; R. D. Haworth and C. R. Mavin, J. Chem. Soc.,

1932, 2720. c) Lit, bp 182 °C/10 mmHg.2®

d) Lit, bp 127 °C/1 mmHg.»

¢) Lit, bp 140—142 °C/1.5 mmHg,®

mp 35—37 °C; F. H. Bassilios, Y. A. Salem, M. Shawky, and M. Zaki, Ann. Chim. (Rome), 1968, 1139: Chem. Abstr.
70, 67979q (1969).f) Lit, 165—175 °C/2—4 mmHg,'® bp 141—143 °C/0.6 mmHg, mp 45—46 °C; S. Berkovic, Israel J.

. Chem., 1,1 (1963): Chem. Abstr., 60. 16672 (1964).

#)  All boiling and melting points were uncorrected.



November, 1975]

Solvolysis of 1-(1-Naphthylethyl) Chlorides

3349

TABLE 2. PHYSICAL CONSTANTS AND ANALYTICAL DATA OF 3- AND 4-suBSTITUTED (X) 1-(1-NAPHTHYLETHANOLS)

Garbon Hydrogen Other
X Mp or Bp* ———— —_———— P,
Found Calcd Found Calcd Found Calcd

4-Me-o 79—80.5°C 83.73 83.83 7.48 7.58
4.Et-a 162—168°C/4—5mmHg 83.72 83.96 8.04 8.05

H-« 65.5—66.5°C® 84.00 83.69 6.90 7.02
4-Cl-a 78—78.5°CP 70.07 69.74 5.22 5.37 17.19 17.15(Cl)
4-Br-a 70—72°C® 57.92 57.39 4.02 4.42 31.68 31.84(Br)
4-CN-o 79°C 78.94 79.17 5.33 5.62 6.99 7.10(N)
3-Cl-a 102—103°C 69.66 69.74 5.22 5.37 16.87 17.15(Cl)
3-Br-« 71—72°C 57.54 57.39 4.22 4.42
3-CN-« 82—84°C 79.34 79.17 5.59 5.62 7.41 7.10(N)

a) Lit, mp 62.5—63.5 °C,3¥ mp 62—64 °C; Y. Okamoto and H. C. Brown, J. Amer. Chem. Soc., 79, 1903 (1957).
Lit, mp 75.5—76 °C; C. C. Price and Sing-Tuh Voong, J. Org. Chem., 14, 111 (1949).
Berkovic, Israel J. Chem., 1, 1 (1963); Chem. Abstr., 60, 1667a (1964).

uncorrected.

nitrile in AcOH-aq. H,SO, gave 3-methoxy-1-naphthoic acid.
This material was purified by recrystallization from MeOH;
mp 220—223 °C. 1-Acetyl-3-methoxynaphthalene was pre-
pared by the same method as described before.

3- and 4-Substituted I-( 1-Naphthylethanols). Alcohols
were prepared by the LiAlH, reduction of the corresponding
ketones in the ethereal solution,3®:3?) unless otherwise stated.
The mixture was gently refluxed for about 1 hr and allowed
to stand overnight at room temperature, and treated in the
usual manner. The crude alcohols were purified by fractiona-
tion or recrystallization from appropriate solvents.

NaBH, in MeOH?® was utilized for the reduction of bromo-,
chloro-, and cyano-ketones. Gentle refluxing of the reaction
mixture was continued until the ketone was consumed, which
was confirmed by the disappearance of the 2,4-dinitrophenyl-
hydrazone of the corresponding ketone. The methanol
solution was decomposed by dil. HCI, neutralized, concent-
rated, and extracted with benzene.

The physical properties and the elemental analytical data
for ketones and alcohols are listed in Tables 1 and 2, respec-
tively.

3- and 4-Substituted 1-( 1-Naphthylethyl) Chlorides. All the
chlorides except for 3-chloro, and 3- and 4-cyano derivatives
were obtained by passing a stream of dry HCI gas into the
ethereal solution of purified alcohols at room temperature in
the presence of CaCl,.?—3" After prompt filtration, the ether
was evaporated under reduced pressure. The crude product,
dissolved in petroleum ether, was treated with excess K,COs,,

b)
c) Lit, mp 72—73 °C; S.
*) All melting and boiling points were

filtered and evaporated. The same treatment was repeated
twice. After final evaporation, the chloride was purified by
fractionation or recrystallization from appropriate solvents
(e.g., petroleum ether). In the case of methoxy derivatives,
the chlorinated products were directly employed for the rate
measurements without further purification.

For 3- and 4-cyano- and 3-chloro-1-(1-naphthylethanols),
chlorination with excess SOCI, in benzene was utilized. The
solution was gently refluxed until the peaks of O-H vibration
in IR spectra disappeared, and refluxing was further con-
tinued for 1 hr. Excess SOCI, was removed by azeotropic
distillation, dry benzene being added twice. The chlorides
obtained were purified by recrystallization from benzene-
hexane or fractionation (Table 3).

Solvent. Acetone which had been refluxed with KMnO,
for over 6 hr was distilled, dried over K,CO, for several days.
and fractionated. The stock solutions of 80% and 95%
aqueous acetone were prepared by mixing the nominal volumes
of acetone and freshly-boiled deionized water, both com-
ponents being measured at 25 °C.

Kinetic Measurements. The rates of the solvolysis of 3-
and 4-substituted chlorides were determined in 809% (v/v)
or 959 (v/v) aqueous acetone solutions at appropriate
temperatures by means of the usual titration method. The
procedure employed for these measurements was essentially
the same as that given in the literature.’®%% The bath
temperature was controlled to +0.02°C. For reactions
studied at below 0 °C, the runs were carried out in a thermo-

TaBLE 3. PHYSICAL CONSTANT AND ANALYTICAL DATA OF 3- AND 4-SUBSTITUTED (X)
1-(1-NAPHTHYLETHYL) CHLORIDES

Carbon Hydrogen Chlorine

), ) Bp or Mp* ——er —_— —_
Found Calcd Found Calcd Found Calcd
4-Me-a 103—104°C/1mmHg,41—41.5°C 76.19 76.28 6.22 6.40 17.50 17.32
4-Et-a 31.5—32°C 76.75 76.88 6.79 6.91 16.23 16.21
H-« 116—118°C/2mmHg» 75.85 75.79 5.77 5.82 18.87 18.59
4-Cl-a 59—60°C 64.08 64.03 4.22 4.48 31.73 31.50
4-CN-« 76—78°C 72.94 72.39 4.57 4.67 16.21 16.44
3-Cl-x 116.5—118°C/lmmHg 63.89 64.03 4.38 4.48 31.68 31.50
3-Br-« 137—138°C/1mmHg 53.56 53.47 3.63 3.74 13.02 13.15
3-CN-a 78—79.5°C 72.30 72.39 4.58 4.67 16.28 16.44

a) 4-Br-a derivative, bp 137—139 °C/1 mmHg; mp 58—60 °C. b) Lit, bp 128—129 °C/4 mmHg,*® bp 125—126

°C/2 mmHg; Y. Okamoto and H. C. Brown, J. Amer. Chem. Soc., 76, 1903 (1957).

were uncorrected.

*) All boiling and melting points
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stated bath maintained at 4-0.05 °C or better with cooling
by an external bath containing a dry ice-acetone solution.

All the runs at 45 °C and above were carried out at the
initial concentration of the chloride, ¢a. 0.02 mol/l in aqueous
acetone, in sealed tubes. After the ampoules (more than 10)
had been brought to bath temperature, each ampoule was
withdrawn at appropriate intervals and quickly immersed
into an ice-water bath with vigorous shaking to stop the
reaction. A 10 ml aliquot was pipetted, poured into ca. 50 ml
ice-cooled distilled acetone, and titrated with standardized
NaOH aqueous solution. Bromocresol purple or bromo-
thymol blue was employed as an indicator. The two ampoules
were allowed to react for at least 10 half-lives in a water bath
atca. 90 °C in order to get the infinity reading.

Kinetic runs below 45 °C were conducted in a stoppered
Erlenmeyer flask. Ten ml sample solutions were pipetted
out, at appropriate intervals, quenched with ice-cooled
acetone (ca. 50 ml) except for 4-MeO-x derivative, and
titrated immediately. For the 4-MeO-a one, about 100 ml
acetone which had been cooled about —60 °C with dry ice—
acetone was used to stop the reaction.

All the runs involving more than 10 measurements were
covered up to 70—85%, reaction. In the case of 4-CN-a
derivative, calculated values of infinity titers were employed
and runs were covered up to ca. 50% reaction. Rate con-
stants were determined from the integrated form of the first-
order rate equation by means of least squares calculation. The
experimental uncertainty of a run was estimated to be less
than 4-19%, and the rate constants from duplicated runs agreed
within 329,

TABLE 4. RATE CONSTANTS OF 3- AND 4-X-1-(1-
NAPHTHYLETHYL) CHLORIDES IN 80 AND
959%, AQ. ACETONE

< Solvent Temp kyx 108
% (VIV) (°G) (s
H-« 80 45 12.7%
4-Me-o 80 25 44.1
15 13.5
4-Et-o 80 25 33.6
15 9.83
4-Cl-a 80 45 2.79
4-Br-o 80 45 2.09
4-CN-a 80 95 0.64
75 0.099
3-MeO-a 80 45 3.42
3-Cl-a 80 85 5.79
75 2.14
3-Br-a 80 85 5.54
65 0.746
3-CN-a 80 93 2.61
85 1.19
75 0.475
4-MeO-« 95 —10 25.6
—20 9.71
—30 2.97
4-Me-o 95 45 2.36
5-MeQ-a? 95 85 8.98
75 3.55
6-MeO-g» 95 45 6.85
6-MeS-g» 95 45 1.36

a) Lit,3 12.3x 1078, b) Data taken from Part XI;
Y. Tsuno et al., This Bulletin, 48, 3356 (1975).
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Results and Discussion

The rate constants of the solvolysis of 3- and 4-substi-
tuted 1-(1-naphthylethyl) chlorides (denoted by 3« and
4a, respectively) in 809, (v/v) aq. acetone at various
temperatures are listed in Table 4. The solvolysis of 4-
MeO-a derivative was too fast to follow by our method
in 809, aq. acetone even at —35 °C, and an extrapola-
tion from the rates in 959, (v/v) aq. acetone solution was
employed. The reaction was retarded about 100-fold in
the latter solvent, and could then be followed by titra-
tion in the temperature range from —10 °C to —30 °C.
The rates of four derivatives, 4-Me-«, 5-MeO-a, 6-MeO-
B, and 6-MeS-f derivatives in both 809, and 959, aq.
acetone (Table 5) are correlated by

log kggy = 0.847 log kgye + 1.462 4)

with a correlation coefficient of 0.9991 and a standard
deviation of 40.031 (Fig. 1). From Eq. (4), the rate
constant of the 4-MeO-a derivative in 80%, aq. acetone
can be estimated to be 1.22 s~1 at 45 °C. The extrapola-
tion is supported by the substituent effect for substituted
1-phenylethyl chlorides;30 the solvent change from 809,
to 909, aq. acetone mainly brings about a change in the
p value but not in the r value of the LArSR Eq. (1). The
relative rates in 809, aq. acetone at 45 °C, together with
the activation parameters, are summarized in Table 5.

log k 809

) 1 1
—6 -5 —4 -3 -2
log £ 95%,

Fig. 1. Logarithmic plot of the present solvolysis rates
between 809, and 959, aq. acetone at 45°C.

Comparison between Naphthalene and Benzene Systems.

In 3- and 4-substituted 1-(l-naphthylethyl) chlorides,
the reaction center and substituent groups are in the
same relative positions as in m- and p- substituted 1-
phenylethyl chlorides, respectively. Figure 2 shows the
logarithmic plot of relative rates between the naphtha-
lene and the benzene systems under the same conditions;
in 809, aq. acetone at 45 °C. 'The correlation line sug-
gests that the degree of the m-electronic effect of substi-
tuents is slightly less effective in the naphthalene system
than in the corresponding benzene one.
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Table 5. RATE consTANTS AND log k/k, vALUES IN 809, (v/v) AQ. ACETONE AT 45 °C

5 ¢,

X kl Xs}.? ’ log (k/ ko) naphl) kcaf};nol 108 A log (k/ ko) benzb)

H-« 12.7 0.000 0.000
4-MeO-«a 1.22x 105** (2,38 x 103%) 3.98%* 4.76
4-Me-a 379* (2.36) 1.475 20.3 5 1.628
4-Et-« 313%* 1.391 21.0 9 1.534
4-Cl-a 2.79 —0.658 —0.480
4-Br-a 2.09 —0.784 —0.684
4-CN-a 0.0039* —3.51* 23.8 8.9
3-MeO-« 3.42 —0.570 —0.234
3-Cl-e 0.0730* —2.241% 24.8 10.9 —1.876
3-Br-« 0.0778* —2.213* 24.2 10.5 —1.947
3-CN-« 0.0179 —2.852% 24.0 9.7
5-MeO-« 33.09 (0.150%)
6-MeO-B 813*9 (6.85)
6-MeS- 223%% (1.36)

a) Values of the present solvolysis of substituted 1-(1-naphthylethyl) chlorides. b) Values of the solvolysis
of the corresponding meta- and para- substituted 1-phenylethyl chlorides in 809, (v/v) aq. acetone at 45 °C;

data taken from Ref. 3e.
Ref. 38.

(IOg k/ ko) a—naph

(lOg k/ko benz

Fig. 2. Log-log plot of the solvolysis rates between «-
naphthyl and benzene systems in 809, aq. acetone at
45 °C.

Equation (1) is applied to the solvolysis rates in the
naphthalene derivatives using the ¢° parameters derived
from benzene reactivities to give a correlation

log (k/ko)ga e = —5.12(c%+1.044G,") —0.12

with a correlation coefficient of 0.9990 and a standard
deviation of 40.116 (n=10) (Fig. 3). The correspond-
ing solvolysis rates in the benzene system under the same
conditions satisfy Eq. (1) with high precision (R=
0.9997).3¢,35)

log (Klko)m, p = —4.95(c%+1.1545,*) —0.023

The p value in the present naphthalene system is slightly
larger but the r value is slightly smaller than that in the
benzene system. The difference in the r value of the
two systems results in the curvature in Fig. 2.

Even if the inductive effect of the substituents may be
transmitted through space or carbon-carbon bond or

* Values were obtained by extrapolation from rates at other temperatures.

c) Rate constants in 95%, (v/v) aq. acetone at 45 °C are listed in parenthesis. d)

*% See text.

—0.5 (I) 0.5
604 1.04 dog*
Fig. 3. LArSR plot for the solvolysis of 3- and 4-X-a-

naphthylmethylcarbinyl chlorides in 809, aq. acetone
at 45 °C.

both, it is reasonably assumed from the geometrical
similarity that the contributions of the inductive effect
from 3o and 4o positions are approximately equal to
those from meta and para positions, respectively. If there
are any differences, they would be the slight diflerences
in bond length and/or bond order between the parent
naphthalene and the benzene.

ol
X X X
(I) (II) (III)
Chart 1
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One model in which the steric requirement at the
reaction center is analogous to the a-naphthyl derivative
(I) is the benzene derivative with a methyl group ortho to
the reaction site (II). In the dissociation of benzoic
acids in 509, aq. EtOH, the p value is 1.77 with (IT),362)
and 1.51 without an ortho methyl group (III).36b) In
the substituent chemical shifts of the hydroxyl proton of
substituted phenols in DMSO, p is 1.60 in (II)3® and
1.53 in (1II),3? both values having high precision. The
results indicate that, when a group is introduced into the
proximity of the reaction site, the p value is not necessari-
ly identical with that in the simple benzene system, pos-
sibly because of the difference in the solvation around
the reaction center. In the analysis of the substituent
effect on naphthalene reactivities, it was assumed that
the p value in the a-naphthyl system (I) is identical with
that in the benzene system (III).8:%100) However, we
consider that the assumption may not always be the case.

The r value for naphthalene solvolysis, 1.04, is smaller
than 1.15 for the corresponding benzene solvolysis. In
a-naphthyl derivatives, the peri-hydrogen prevents max-
imum overlap of the vacant orbital of the reaction site
developed in the transition state with the ring s-orbitals.
The peri-hydrogen steric effect causes a decrease in the
bond order between the reacting carbon and the ring
a-carbon. In the absence of the steric effect, it is sug-
gested by the MO reactivity indices that the sz-electronic
effect in the conjugated 4a position in the naphthalene is
more effective than in the para position in the benzene
system.%12:13:3)  Thus we may reasonably conclude
that the increased contribution of the s-electronic effect
in the 4a position is over-compensated by the decreased
bond order due to the effective peri-hydrogen steric ef-
fect, resulting in a smaller 7 value in the present solvoly-
sis.

The same type of approach is applicable to the data of
alkaline hydrolysis of ethyl 3- and 4-substituted 1-naph-
thoates in 859, aq. EtOH at 50 °C.19  Figure 4 shows
the log-log plot of the relative rates between the naph-
thalene and the corresponding benzene systems. An

(lOg k/ko) benz
Fig. 4. Log-log plot of the alkaline hydrolysis rates
between ethyl a-naphthoates (50 °C) and ethyl benzo-
ates (25 °C).
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excellent linear free energy correlation is obtained for all
the substituents except 4-NO, and 4-NMe,. The devi-
ations are reasonably interpreted in terms of the non-
coplanarity of these substituents with the ring due to the
peri-hydrogen steric effect.?? The application of Eq.
(1) to the hydrolysis of ethyl 1-naphthoates, except for
the above two substituents, leads to an excellent linear
correlation. The standard deviation from the regression
line is -£0.03 and the correlation coefficient, 0.999(n=
10).
10g (/ko)aa,0a = 2.19(c0+0.2745,*) + 0.02

On the other hand, the hydrolysis of ethyl benzoates
(85% aq. EtOH, 25 °C)38:39) is correlated by

1og (/ko)m,p = 2.54(c+0.2745,*) + 0.04
(R=0.997, s==0.08)

Nearly the same r value for both the naphthalene and
benzene systems is evident.

In this hydrolysis, the increased contribution of the
n-electronic effect in the 4« in the naphthalene is perhaps
compensated by the decreased bond order between the
ring a-carbon and the ethoxycarbonyl carbon, and con-
sequently the overall contribution of the s-electronic
effect becomes close to that in the para in the benzene
system.

The present solvolysis is a typical carbonium-ion reac-
tion and is known to show an exalted contribution of
resonance (n-electronic) effect from the substituents at
the conjugated position, whereas the ester hydrolysis is a
typical o-fit reaction having a small contribution of 7-
electronic effect. Thus it appears from the results in
both reactions that the substituent effect on 3- and 4-
substituted naphthalene a-reactivities can be treated suc-
cessfully by means of Eq. (1) in the same way as on m-

ApKa a—naphthoic

0 0.5

abenzolc
Fig. 5. The plot of ApK, of a-naphthoic acids vs. the
apparent g values from ApK, of benzoic acids in 509,
aq. EtOH.
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and p-substituted benzene reactivities, at least as far as
electrophilic reactions are concerned.?® Figure 5 shows
the plot of ApK, values of substituted 1-naphthoic acids
in 50%, aq. EtOHS®" against the apparent & values cal-
culated from the dissociation of benzoic acids in the same
solvent.?® In this case, however, considerable scattering
is observed in the correlation.

4-NO: o

ApKa a-naphthol

G phenol

Fig. 6. Relation between 4pK, in a-naphthols and the
apparent g derived from ApK, in phenols in H,O.

The above argument may be consistent with the re-
sults of the application of Eq. (1) to nucleophilic reac-
tivities of a-naphthyl system. An example is found in
the substituent effect for dissociation of 3- and 4-substi-
tuted 1-naphthols in water at 25 °C.4) Figure 6 shows
the correlation of 4pK, in the 1-naphthols with the ap-
parent & derived from 4pK, in m- and p-substituted
phenols in water. NO,, CHO, and COCgH; substitu-
ents in the 4-position may be forced out of coplanarity
with the parént naphthalene ring by peri-hydrogen steric
effect. Nevertheless the correlation line appears to be
curved upward. The vertical deviations for these 4R
substituents in 4-position from the line determined by 3«
substituents and — R 4o ones suggest a larger contribu-
tion of electron attracting s-electronic effect in the naph-
thols than that in the phenols. These findings of the
direction of the change of 7 in both the naphthalene and
the benzene systems are the same as the prediction based
on the simple MO theory, presumably because of the
less effective peri-hydrogen steric effect around the reac-
tion site in this dissociation.

Application of LSFE Egq. (2) to. - Naphthyl Reactivities.
According to Eq. (3), the contribution of inductive effect
from substituents in meta position is transmitted 1.17
times more effectively to a reaction center than in para
position. In the case of naphthalenes, the extent of the
inductive contribution is also expected reasonably to
depend upon the relative position of substituents to a
reaction center, such as 4«, 5a, 6a, and so on. When
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substituents are attached to another ring of the naph-
thalene, i.e., 5, 6, and 7-positions, the actual substituent
effects may, in general, not be described successfully by
any single set of substituent constants derived from the
benzene system. The n-electronic contributions relative
to inductive contributions from substituents at any posi-
tions of naphthalene system may differ from the relative
z-electronic contributions in the benzene system.

In the pioneering studies of the substituent effect for
dissociation of l-naphthoic acids, Dewar and Grisdale
proposed the FM equation®

o3 = 1ry,F + q,M

They considered simply that the field effect which cor-
responds to inductive effect in our sense was assumed to
be transmitted with reciprocal of the simple distance
between the ring carbons at which both substituents and
COOH group were attached. Later, similar or revised
treatments were employed by several authors in order to
interpret other electrophilic reactivities in the naphtha-
lene system.4?-49) However, these treatments are heavily
based on the assumption of the transmission coefficients
(1/r;; and g;;) in the parent naphthalene ring.

On the other hand, Taft et al. adopted an alternative
approach,?”) not based on any presumption of the trans-
mission coefficients. They utilized the substituent para-
meters, o; and 6g?, derived from the benzene system, and
analysed the substituent effect in the naphthalene system
empirically; the transmission coefficients were deter-
mined by

log k[ky = pio1 + proR® (5)

By means of statistical analysis, they examined the rela-
tive abilities of transmissions of both the inductive effect
(ratio of p;) and m-electronic effect (ratio of pg) for a
series of relative substituent positions. However, this
treatment based on the substituent constant pair, ¢; and
6z?, must not be applied to general electrophilic reactivi-
ties such as the present solvolysis.

We have attempted a similar statistical approach by
means of Eq. (2), where unique substituent constants, o;
and ¢.%, were employed instead of o; and 6% It would
be expected that the relative transmission coefficients of
inductive effect, C;, can be derived from a given reac-
tion. The expectation had been justified by the statisti-
cal analysis for both electrophilic and nucleophilic reac-
tivities in the benzene system; C; for meta relative to C;
for para is 1.17.

Conjugatively electron releasing (—R) substituents
and conjugatively electron attracting (-+R) substituents
should be treated independently by Eq. (2)1-3:8); ¢,*+ and
g,~ are substantially independent in any single reaction
except for a ¢-type reaction. Then, the present solvoly-
sis rates for only —R substituents were analysed by the
least squares application of the equation

log k/ky = pio;y + px'0c” (6)

The obtained statistical values are listed in Table 6,

together with the results for other electrophilic reactivi-

ties available in 3o and 4 series. The substituent param-
eters utilized in this analysis are listed in Table 7.

It is evident from the results that all of the four reac-

tivities are successfully described by Eq. (6) with high
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TABLE 6. STATISTICAL ANALYSIS OF q-NAPHTHYL REACTIVITIES FOR — R SUBSTITUENTS
log kfky=po; + p.t6.* + 0
Reaction Series 0: 0.7 d R®» 4-s® n®
Solvolysis® 3a —6.96 —2.56 —0.00 0.999 0.01 4(MeO, Cl, Br, H)
4 —5.09 —17.6 —0.06 0.999 0.07 5(MeO, Et, Me, Cl, Br, H)
Detritiation® 3 —7.81 —1.13 3(Me, Cl, H)
4o —5.87 —23.4 —0.09 0.996 0.14 5(Me, F, CI, Br, H)
Ester Hydrolysis? 3« 2.52 0.27 0.00 0.999 0.02 4(Me, Cl, Br, H)
4o 2.13 3.71 0.04 0.993 0.08 6(MeO, Me, F, Cl, Br, H)
Acid Dissociation® 3a 1.48 0.61 0.02 0.995 0.04 5(OH, Me, Cl, Br, H)
1.90™ 0.88M 0.04™ 0.997 0.04™ 5(0OH, Me, CL™ Br,» H)
4a 1.38 3.08 0.06 0.991 0.09 8(NH,,OH, MeO, Me, F, Cl,

Br, H)

a) Correlation coefficient. b) Standard deviation.

¢) Number of substituents.

d) Present study. e) Data taken

from Ref. 13. ) Data taken from Ref. 10. g) Data taken from Refs. 6 and 9. h) Corrected ApK, for Br and Cl

were employed; Ref. 38.

TABLE 7. SUBSTITUENT PARAMETERS, 6; AND 6,*®
Substituent o, ot
NH, 0.06 —0.42
OH 0.19 —0.34
CH,O 0.185 —0.281
CH, —0.045 —0.078
C,H; —0.045 —0.069
H 0.000 0.000
F 0.363 —0.118
Cl 0.348 —0.070
Br 0.337 —0.054

a) Parameters taken from Ref. 8.

precision (R>0.99). The reliability of both p; and p,*
values obtained in this approach is strongly dependent
upon both the number of the substituents involved in the
calculation and a wide variety of the electronic nature of
the substituents. Although the numbers of substituents
involved here are not sufficient in respective series of
reactivities given in Table 6, typical —R substituents
such as alkoxy, alkyl, halogen, and hydrogen, are in-
volved in the present solvolysis and in almost all of the
remainder.

Since rate data for 3« series are limited in number by
comparison with the meta series of the benzene system,
the precision with which the parameters p; and p." are
determined is inevitably restricted, nevertheless the
inductive contribution ratio, p;,3a/p;,4s, 1.37, appears to
be slightly large as compared with 1.17 for the corre-
sponding series in benzene systems. Similar ratios, 1.33,
1.19, and 1.38%®) are found in the detritiation, the ester
hydrolysis, and the acid dissociation, respectively. The
significance of these results might not be clear, but it is
suggested that the transmission coefficient for 3« series
relative to 4« in the naphthalene ring may differ slightly
from that in the benzene ring. This might indicate that
6,°and 6,,° are not exactly applicable to 4o and 3« series
in the naphthalene reactivity. The LArSR treatment
might be restricted for the application especially to the
effects of substituents in another ring positions in the
naphthalene. The LSFE treatment should be promising
for these cases.
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