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 Optically Active Carboxylic Acid Solvents 
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In the previous paper1) we have demonstrated 

that the acetolysis of tert-butyl bromide pro-

ceeds with some linear rate acceleration in the 

presence of p-nitrophenol and some other p-
substituted phenols, while the presence of o-

:substituted phenols in which the hydroxyl 

groups are fixed by intramolecular hydrogen-
bridge does not cause any catalytic acceleration. 

From this it was concluded that the free 

hydroxyl group was distinctly the center of 

the reaction in those hydroxylic molecules 

including alcohols, phenols, carboxylic acids 

and water. It is, therefore, clear that they 

play a r6le not only as a general solvent but 
also as a kind of reactant molecule in the 

first ionization stage of the SN1-type solvolysis. 

 Thus it may be anticipated that, when the 

SN1-type solvolysis of a racemic halide is 

carried out in an optically active solvent, there 

would be observed a kinetic resolution in the 

first stage of the solvolysis with the result 

that the unchanged asymmetric halide may have 

some optical activity. This possibility of 

asymmetric solvolysis of SNI-type was examined

in the case of the solvolysis of(±)-α-phenethyl

chloride m(+)-α-methyl hydrogen camphorate

and in (-)-pinonic acid. This paper presents 
evidence in support of the existence of such 
kinetic resolution in those optically active 
solvents.
Sn2-type Kinetic Resolution of(±)-α-Phene-

thyl Chloride in Dioxane.-The rate studies on 
the SN1-type solvolysis in these optically active 
solvents in the presence of 0.1 m of triethyl-
amine showed that both of the reactions were 
of the first order in a-phenethyl chloride and 
of zero order in the added base, this being 
illustrated in Figs. 1 and 2. Although these 
results indicate that the reactions proceed pre-
dominantly by SN1 mechanism, they do not 
exclude a slight, presumably less than 1%, 
concurrency of SN2 mechanism2). 

As a control experiment, thererfore, the 
extent and direction of the SN2-type kinetic

Fig.1. Solvolysis rate of(±)-α-phenethyl

 chloridein(-)-pinoniczcid,[α]20D
-51 .5°,in the presence of 0.116M of

 triethylamine at 80.0--0.1℃. The initial

 concentration of the chloride,0.116Nt.

Fig.2. Solvolysis rate of(±)-α-phenethyl

chloride in a-methyl hydrogen campho-

 rate,[α]20D 58.0°, in the presence of 0.123

Mof triethylamine at 98.0±0.1℃. The

 initial concentrationof thechloride,

 0.123M.

resolution of a-phenethyl chloride was examined 

under the reaction conditions comparable to 

those of the SN1-type resolution. For this 

purpose the SN2-reaction of a-phenethyl chlo-
ride and triethylammonium salt of the optically 

active carboxylic acid was carried out in 

dioxane, which is a favorable solvent for the

1) K. Okamoto and H. Shingu, This Bulletin, 34
1131 (1%1). 
 2) H. Shingu and K. Okamoto, J. Chem. Soc. Japan, 

Pure Chem. Sec. (Nippon Kagaku Zasshi), 78, 547 (1957).
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TABLE I. SUMMARY OF OPTICAL PURITIES OF THE RECOVERED α-PHENETHYL CHLORIDE AND OF

 a-PHENETHYL ALCOHOL IN THE SN1-TYPE SOLVOLYSIS OF (f)-α-PHENETHYL CHLORIDE

a) Approximately the half life time for each reaction.

b) The alcohol obtained from α-phenethyl ester.

c) Configuration.

d) The run with L-(+)-α-phenethyl chloride;[α]15D 30.4°, optical purity 28.7%.

e} The acid, [α]15D 58.0°, chloroform.

f) The acid,[α]20D-75.0°, chloroform.

g) The reaction under SN2 mechanism.

h) The reaction time for the stage of 5%conversion of the chloride.

i) Deduced from the principle that the inversion of configuration occurs in the SN2-type

reaction.

SN2 mechanism. In the reaction with triethyl-

ammonium(-)-pinonate(the acid[α]20D-75°),

about 5% of(±)-a-phenethyl chloride was

consumed in 16hr. at 70℃ and the unchanged

chloride of 0.15% optical purity (z configura-

tion)was obtained(cf. Table I). A similar

reaction was carried out with triethylammonium

(+)-α-methyl camphorate(the acid[α]15D+58°)

and the unchanged a-phenethyl chloride showed

0.08% of optical purity(L configuration) after

ghr. at 100℃ at the stage of about 5% con-

version. These values would indicate the extent

of the kinetic resolution caused by the sup-

posedly co-existing SN2 mechanism in the SN1-

type reactions in these optically active carboxylic

acid solvents.

 Possibility of the Induced Resolution Caused 

by Kinetic Resolution at the Second Stage of 

SN1-type Solvolysis.-The slight resolution 

observed in the SN2 condition would indicate 

another mechanism for interpretation of the 

results of the SN1-type resolution. Since the 

intermediate in the SN1-type solvolysis is con-

verted to the product by a process quite 

similar to the SN2 mechanism, the starting 

chloride which is in equilibrium with the 

intermediate may also become optically active, 

even if the intermediate was kinetically re-

solved by an optically active nucleophile at 

the second stage of solvolysis, instead of being 

resolved at the first ionizing stage. 

 In order to examine this possibility, another 

control experiment was carried out under 

conditions that should cause kinetic resolution 

only at the second stage, i. e., the product 

forming stage. For this purpose acetonitrile, 

which does not react with the intermediate,

was used as a solvent for the solvolysis of α-

phenethyl chloride. As is expected from the

Sxl mechanism, the solvolysis rates optically

active nucleophiles(anilinium (-)-pinonate

and(+)-α-methyl camphorate)were found to

obey good first order kinetics at 85℃, this

being shown in Figs.3 and 4. Half way through.

the reactions the recovered α-phenethyl chlo-

ride did not give any optical activity for either
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Fig.3. Solvolysis rate of(±)-α-phenethyl

chloride in acetonitrile in the presence

of 0.675 rr anilinium (-)-pinonate at

85.0±0.1℃. The initial concentration of

the chloride,0.675 M.

Fig.4. Solvolysis rate of(±)-α-phenethyl

chloride in acetonitrile in the presence

of 0.682N anilinium(+)-α-methyl cαm-

 phorate at 85.0±0.1℃. The initial con-

 centration of the chloride,0.682 M.

of the nucleophiles within the experimental 
error, while the small amount of a-phenethyl 
alcohol obtained after hydrolysis of a-phenethyl 
pinonate showed about 5% of optical purity 
(D-configuration) (cf. Table I). This eliminates 
the possibility that the kinetic resolution at 
the second stage of the SNI-type solvolysis can 
induce any preceptible resolution at the first 
ionization stage. 
 Kinetic Resolution at the Ionization Stage of 

the SN1-type Solvolysis.-With these considera-
tions in mind, we first carried out the SN1-type

solvolysis in (+)-α-methyl hydrogen cam-

phorate in the presence of triethylamine at

98～100℃for 7.5 hr. until about 50%of

α-phenethyl chloride was consumed, and the

unchanged chloride had 0.54±0.13% of optical

purity (L-configuration) (cf. Table I). In a

similar experiment at 98℃ for 9.5 hr., α-

phenethyl chloride of 0.58±0.09% of optical

purity (L-configuration) was recovered. Al-
though the direction of the rotation of the 
recovered chlorides was the same as in the 
above mentioned reaction of the SN2 mecha-
nism in dioxane, the degree of optical purity,. 
i, e., the extent of the kinetic resolution, is 
obviously greater than the one expected in the 
SN2-type reaction under the corresponding 
reaction conditions, even after the correction 
of optical purity for the difference of the 
reaction percentage in both of the mechanisms. 
Hence it is evident that the optical rotation 
in the recovered chloride was predominantly 
caused by the kinetic resolution at the first 
ionization stage of the SN1-type solvolysis in 
(+)-a-methyl hydrogen camphorate. 

In a similar manner analogous experiments 
on the SN1-type solvolysis of a-phenethyl 
chloride in the other optically active solventt 
was carried out in the presence of triethyl 
amine in (-)-pinonic acids of various optical
rotations for 15 hr. at about 70℃. In pinonic

acid of optical rotations, (α]18D-10.9°, [α]20D

-51 .5°and [α]18D-76.1°, the unreacted chlo-

rides showed 0.27±0.08,0.20±0.05 and 0.13±

0.02%of optical purity(v-configuration),

respectively. 
 As above mentioned, in the resolution of 

T2 mechanism with triethylammonium the S, 
(-)-pinonate in dioxane the direction of 
rotation of the unreacted chloride was that of 
L-configuration, and this is just opposite to 
the one (D-configuration) observed in the 
reactions carried out in (-)-pinonic acid. This 
result clearly indicates that the kinetic resolu-
tion occurred at the first ionization stage of 
the SN1-type solvolysis in this optically active 
solvent. 
 Finally, the kinetic resolution at the ioniza-

tion stage of these SN1-type solvolyses may be 
considered as a further evidence for the solvent 
molecule playing a role as a kind of reactant 
in this stager. 
 Configuration of the Optically Active a-

Phenethyl Alcohol Derived from a-Phenethyl 
Esters of Optically Active Carboxylic Acids.-
In the reactions in (+)-α-methyl hydrogen

camphorate the isolated β-(α-phenethyl) α-

methyl camphorate was hydrolysed-with

alcoholic sodium hydroxide or reduced with

lithium aluminum hydride, and the optical

purity of the recovered α-phenethyl alcohol
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TABLE II. RELATIONSHIP BETWEEN CONFIGURATIONS OF RECOVERED α-PHENETHYL CHLORIDE

AND CC-PHENETHYL ALCOHOL DERIVED FROM α-PHENETHYL ESTER OBTAINED IN THE SN1-TYPE

 SOLVOLYSIS OF (±)-α-PHENETHYL CHLORIDE IN OPTICALLY ACTIVE CARBOXYLIC ACIDS

* It is assumed that the resolution at the second stage gives the alcohol with L-configuration 

by the SN2 mechanism (see text).

amounted to 2.24±0.28 and 2.95±0.74% (L-

configuration)for each run(cf. Table I),while

α-phenethyl alcohols derived from α-phenethyl

(-)-pinonate by alkaline hydrolyses showed

optical purities of 0.57±0.07 (D-configuration),

1.04±0.25 (D-configuration) and 1.56±0.39%

(L-configuration) for the reactions in (-)-

pinonic acid with optical rotations, [α]18D
-10 .9°, [α]20D-51.5° and[α]18D-76.1°, re-

spectively(cf. Table I).

 In these reactions the directions of rotation 

for the a-phenethyl alcohols derived from the 

ester of the optically active carboxylic acids 

doubtless controlled, generally, by two factors, 

namely, the kinetic resolution caused by the 

attack of the optically active nucleophile at 

the second stage of the solvolysis and the 

resolution in the intermediate determined by 

the electrophilic attack by optically active 

solvent molecules at the first ionization stage. 

 The resolution at the first ionization stage 

has already been discussed in the previous 

section. For the discussion of the results of 

the resolution at the second stage the know-

ledge about the steric behavior of a-phenethyl 

chloride at this stage is required, since it 

is uncertain whether the configuration of the 

chloride would invert at the second stage 

of the SN1-type reaction in these optically 

active carboxylic acids. Thus, the solvolysis

of originally optically active chloride, r,-(+)-

α-phenethyl chloride, was carried out in(+)-

α-methyl hydrogen camphorate in the presence

of triethylamine at 100℃. Half way through

the reaction α-phenethyl alcohol of 37% in-

version,63% racemization of configuration was

obtained after reductive hydrolysis of β-(α-

phenethyl)α-methyl camphorate(cf. Table I)3).

This indicates that at the second stage of this 
solvolysis the chloride reacted predominantly 
with inversion of the configuration. This is 
consistent with the results previously known 
in the reaction of this chloride in the other 
hydroxylic solvents4). 
 Considering this inversion of configuration of 
a-phenethyl chloride at the second stage of the 
SO-type solvolysis, we may expect that the 
direction of the second stage resolution would 
be the same as that of the resolution by the 
SN2-type mechanism. This is verified by the
fact that the Snl-type resolution of (±)-α-

phenethyl chloride with anilinium (-)-pmonate 
in acetonitrile, used as a solvent in which the 
resolution occurs only at the second stage, 
gives alcohol with L-configuration which is the 
same type obtainable in the SN2-type resolution, 
e. g., in dioxane (cf. Table I). 
 Assuming that the direction of second stage 

resolution in the SN1-type solvolysis in the 
optically active carboxylic acids would be the 
same as in acetonitrile, we can determine the 
resolution controlling stage, first or second, for 
the a-phenethyl alcohol derived from the 
esters by comparing the direction of resolution 
for the recovered chloride with those of the 
alcohol obtained, this being indicated in Table 
II.
In Table II it is shown that in(-)-pinonic

acids, [α)D-10.9° and-51.5°, the configura-

tion of the resolved α-phenethyl alcohol (cf.

Table I)is predominantly determined at the

first ionization stage, while in almost optically

pure(-)-pinonic acid with[α]D-76.1°it is

determined at the second stage of the reaction.

In α-methyl hydrogen camphorate it seems

likely that the configuration of α-phenethyl

alcohol(cf. Table I)is predominantly con-

trolled at the first ionization stage, since the 3) The recovered a-phenethyl chloride was mostly 
racemic and retained only 10% of the original optical 

purity, as is expected from the reversibility of the ioniza-
lion process at the first stage of the SN1-type solvolysis.

 4) E. D. Hughes, C. K. Ingold and A. D. Scott, 1. 
Chem. Soc., 1937, 1201.
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resolution percentage of α-phenethyl chloride

at the SN2 condition, i. e., in dioxane, is con-
siderably less than that observed at the SN1-
type reaction in this optically active solvent. 

 Experimentals) 

 Specific Rotations in Chloroform for Optically 
Pure a-Phenethyl Alcohol and a-Phenethyl Chlo-
ride.-Because of the lack of previously reported
data, specific rotations in chloroform for a-phene-

 thyl alcohol of the rotations aD, neat,-37.0° (at

15.0℃),+19.4°(at 24.4℃)and-40.1°(at 25.4℃),

11dm. for all, were measured, and the following

results were obtained: [α]D-47.5° (at 15 .0℃,

c16.0),+24.8°(at 24.4℃, c 6.70)and-50.7°(at

25.4℃,c 6.70), respectively. From these values

and the reportedvalue6)for neat rotation of opti-

cally pure α-phenethyl alcohol(α25D 43.7°,l 1dm.),

aspecific rotation in chloroform for the optically

pure alcohol was estimated to be 55.9°(at 15～25℃,

c6.70～16.0). In a similar manner, a specific rota-

tion in chloroform for optically pure α-phenethyl

chloride was estimated to be 105～107°(at 17～25℃,

c6.8～6.9)from the following data:reported value7)

for neat rotation of optically pure chloride, a25D

126～129°,11dm.;observed specific rotations in

chloroform for a-phenethyl chloride of neat rotations

αD-34.8°(at 17.0℃,l 1dm.)and+17.8°(at 25.7℃
,

l 1dm.):-28.9°(at 17.0℃, c 6.83)and +14.9°

(at 25.7℃, c 6.90), respectively.

Reaction of(±)_α-Phenethyl Chloride and Tri-

ethylammonium (-)-Pinonate in (-)-Pinonic

Acid.-(-)-Pinonic acid was prepared by potassium

permanganate oxidation of α-pmene according to

the previously reported methode). Amixture of

pinonic acid (35.0g., b. p.152～156℃/4mmHg,

[α]18D-10.9°,c 10.9, chloroform), triethylamine

(7.0 g., b. p.88～89℃)and(±)-α-phenethyl chloride

(10.45g., b. p. 92.0℃/36mmHg) was kept at

70℃ for 15hr. After addition of ether(50 cc.)

the ethereal solution containing crystals of triethyl-

ammonium hydrochloride was washed successively

with two 50 cc. portions of 10%aqueous sodium

hydroxide and two 50 cc. portions of water, dried,

and concentrated. The residue was fractionally

distilled in vacuo, giving a-phenethyl chloride (6.9

g.,b.p.77.0～78.0℃/18mmHg., n20D 1.5265, α18D
-0 .180±0.005°,[α]18D-0.287°,l 2dm., c 31.4,

chloroform, Found:C,68.18;H,6.27. Calcd. for

CeHgCl:C,68.33;H,6.45%). The residual mass

was refluxed with a mixture of 20%aqueous sodium

hydroxide (15cc.) and ethanol (10cc.) for 4hr.

and distilled with steam. The distillate (about

100cc.)was extracted with two 50 cc. portions of

ether. Concentration of the combined ether solu-

tions afforded an oily material which was distilled

in vacuo to give α-phenethyl alcohol(2.2g., b. p.

80.0～81.0℃/7mmHg,1.5245, α17D-0.040

±0.005°,[α]17D-0.320°,l 2dm., c 6.23, chloro-

form, Found:C,78.62;H,8.26. Calcd . for

C8H10O:C,78.65;H,8.25%).

The second run carried out under similar condi-

tions,70～80℃,15.5 hr., with pinonic acid(20.0

g.,b. p.152.0。C/7mmHg, m. p.70～80。C,[α]20D

-51 .5°,chloroform), triethylamine (5.0g .) and

(±)-α-phenethyl chloride (7.O g.) afforded α-phene-

thyl chloride (3.3g., b.p.58.0℃/7.5mmHg, α15D

-0 .100 0.025°, [α]15D-0.21°
,12dm., c 23.8,

chloroform)and a-phenethyl alcohol(2.2 g., b. p.

80～82.0℃/9mmHg, α18D-0.105±0.025。, [α]18D

-0 .58°,l 2dm., a 9.1, chloroform
, Found:C,

78.58;H,8.06%).

Starting from pinonic acid (25.0 g., m. p.65.0～

75A℃,[α]18D-76.1°, c 9.63, chloroform), triethyl-

amine(5.0g.)and a-phenethyl chloride(6 .75 g.),

the third run afforded at 70℃ for 15 hr. α-phene-

thyl chloride (4.0g., b. p.58.0～59.0℃/9mmHg,

n20D.5230, α18D-0.040±0.005°, [α]18D-0.141°, l 2 .

dm., c 14.2, chloroform, Found:C,68.38;H,

6.59%)and α-phenethyl alcohol(0.509., b. P.68.0～

69.0℃/3mmHg, n2D 1.5210, a18D 0 .020±O.005°,

[α]18D 0.872°,12dm., c 1.15, Found:C,78.35;H,,

8.44%).

 Reaction of(±).α_phenethyl Chloride and Tri-

ethylammonium (+)-α-Methyl Camphorate in

(+)-α-Methyl Hvdroeen Camphorate.-α-Methyl

hydrogen camphorate was obtained by esterification 

of camphoric acid according to the previously re-

ported methods). To a mixture of a-methyl hydrogen
camphorate(52.5 g., m. p.56.0～57.0℃, [α]15D 58.0°,

chloroform) and triethylamine (10.0 g.),(±)-α-

phenethyl chloride(14.0g.)was added. After being

kept at 98～100℃ for 7.5 hr., the reaction mixture.

was taken into ether (100 cc.), and washed succes-
sively with water (100 cc.), three 50 cc. portions of 
10%,a aqueous sodium hydroxide, and two 50 cc. 

portions of water. The ethereal solution was dried 
with anhydrous sodium sulfate and concentrated.. 
The oily material was fractionally distilled in vacuo, , 
giving a fore-run (1.0g.), containing styrene and a 
small amount of a-ohenethvl chloride. a-nhenethvl
chloride (5.6g., b. p. 53.0～55.0℃/8.5mmHg,

n20D 1.5274, a13D 0.020±0.005°,[α]13D 0.57°,l 2dm.,

c1.71, chloroform, Found:C,68.14;H,6 .58%)

and β-(ｫ-phenethyl)α-methyl camphorate(10.4g.,,

b.p.165～168℃/2mmHg, n20D 1.5052).

Found:C,71.41;H,8.11. Calcd. for C19H26O4: .

C,71.67;H,8.23%.

 β-(α-Phenethyl)α-methyl camphorate was reduced

with lithium aluminum hydride. A mixture of 
lithium aluminum hydride (5.0g.) and dry ether 
(250cc.) was stirred for 1hr. under a nitrogen
atmosphere and treated with β-(α-phenethyl)α-

methyl camphorate (10.0g.) dissolved in ether (50 
cc.) over a period of 5 min-After heino ctirrPrI
for s hr. and being kept overnight at 15℃, the:

mixture was treated with water (10 cc.) which was 
added over a period of half an hour. The pre-
cipitated material was filtered and washed with 
ether (100cc.), and the combined ether solution 
was concentrated. The residue was distilled under 
reduced pressure to give a-phenethyl alcohol (2.6.
g.,b. p.70.0～71.0℃/7mmHg, n20D 1.5260, a17D

 5) Microanalyses by Microanalytical Center, Kyoto 
University. Melting points are not corrected. For the 
measurement of optical rotations "Zeiss Winckel, Kreis-

polarimeter,0.01°"was used.

 6) E. Downer and J. Kenyon, J. Chem. Soc., 1939, 1156. 
 7) R. L. Burwell, Jr., A. D. Shields and H. Hart. J. 

Am. Chem. Soc., 76, 908 (1954). 
 8) G. Dupont and G. Brus, Ann. Chim., 19, 186 (1923). 9) J. Walker, J. Chem. Soc., 61, 1088 (1892).
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0.400+0.005C, [a]17D 1.25C, 1 2 dm., c 16.0, chloro-
form. Found: C, 78.75; H, 8.36%). 

The second run carried out at 98C for 9.5 hr. 
with a-methyl hydrogen camphorate (23.0g.), tri-
ethylamine (5.0g.), and (+)-a-phenethyl chloride 
 (7.0 g.), afforded a-phenethyl chloride (1.9 g., b. p. 
49.0-X51.0C/6mmHg, aD 0.13+0.02C, [a]15D 0.62C, 
l 2dm., c 10.5, chloroform) and after alkaline 
,hydrolysis of the ester a-phenethyl alcohol (0 .15 g., 
b. p. 80.0C/9mmHg, aD 0.04+0.01C, [a]15D 1.65C, 
.1 2 dm., c 1.21, chloroform) was obtained. 

Reaction of (+)-a-Phenethyl Chloride and Tri-
ethylammonium a-Methyl Camphorate in (+)-a-
Methyl Hydrogen Camphorate.-(+)-a-Phenethyl 
alcohol was resolved according to the published 
method6) and the first crop of brucine salt of a-
phenethyl hydrogen phthalate gave (-)-a-phenethyl 
alcohol, [a]15D-47.5C, c 16.0, chloroform, From the 
first mother liquors (+)-a-phenethyl alcohol ([a]13 
_37.0C, c 15.4, chloroform) wasssssobtained. From this 
(+)-alcohol (+)-a-phenethyl chloride ([a]15D 30.4C, 
c 7.15, chloroform) was prepared by chlorination 
with thionyl chloride according to the previously 
reported method3). The reaction was carried out 
with (+)-a-methyl hydrogen camphorate (50.0g.), 
triethylamine (4.5g.) and (+)-a-phenenethyl chlo-
ride (5.6g., [a]15DD 30.4C) at 100C for 8 hr. After 
treatment similar to the previous experiment with 
(+)-a-phenethyl chloride, a-phenethyl chloride 
(2.4g., b. p. 51.0-52.0C/6mmHg, n1DI 1.5268, all 
0.450+0.01C, [a]15D 2.98C, 12 dm., c 7.55, chloroform, 
Found: C, 68.40; H, 6.37%) was recovered. 

After reduction with lithium aluminum hydride, 
3-(a-phenethyl) a-methyl camphorate (4.6g., b.p. 
173C/2mmHg, n20D 1.5034, Found: C, 71.88; H, 
8.31%.) afforded a-phenethyl alcohol (0.9g., b.p. 
63.067.0C/3mmHg, n20D 1.5169, a15D-0.580+0.005C, 
[a]15Dl-5.93C, 1 2 dm., c 4.90, chloroform, Found: 

C, 78.48; H, 8.43%). 
Reaction of (+)-a-Phenethyl Chloride and Tri.-

ethylammonium (+)-a-Methyl Camphorate in 
Dioxane.-Triethylammonium (+)-a-methyl cam-
phorate was prepared by mixing the equivalent 
amounts of triethylamine and (+)-a-methyl hydro-
gen camphorate in dioxane. A mixture of triethyl-
amine (5.0g.), (+)-a-methyl hydrogen camphorate 
(10.6g.), dry dioxane (24.5g.) and (+)-a-phenethyl 
chloride (7.0g.) was kept at 100C for 9 hr. The 
reaction percentage of the chloride was estimated 
to be about 5% from the aliquot titration of un-
changed triethylammonium a-methyl camphorate 
with acetic acid solution of perchloric acid. After 
addition of ether (100 cc.) the mixture was washed 
with four 100 cc. portions of water, dried with 
anhydrous sodium sulfate, and concentrated. The 
residue was fractionally distilled under reduced 
pressure to give a-phenethyl chloride (5.8g., b. p. 
89.0C/38mmHg, n20D 1.5264, a D2OD 0.055+0.005C, [a]
0.086C, 1 2 dm., c 31.8, chloroform, Found: C, 
68.58; H, 6.52%). 

Reaction of (+)-a-Phenethyl Chloride and Tri-
ethylammonium (-)-Pinonate in Dioxane.-A 
mixture of triethylamine (5.0g.), (-)-pinonic acid 
(9.2g., [a]20D-75.0C, chloroform), dry dioxane 
(25cc.) and (+)-a-phenethyl chloride (7.0g.) was 
kept at 70C for 16 hr. The reaction percentage of

the chloride was estimated to be about 5% from 
the titration of unchanged triethylammonium 
pinonate. After addition of ether (100 cc.) the 
mixture was treated in a manner similar to the 
reaction with triethyl ammonium a-methyl campho-
rate. The recovered a-phenethyl chloride gave the 
following constants; b. p. 89.0C/37mmHg, n20D 
1.5272, a20D 0.09+0.005C, [a]20D 0.16C, 1 2dm., c 
28.0, chloroform, Found: C, 68,58; H, 6.52%. 

Reaction of (+)-a-Phenethyl Chloride and 
Anilinium (+)-a-Methyl Camphorate in Aceto-
nitrile.-Anilinium a-methyl camphorate solution 
(0.750N) was prepared from equivalent amounts 
of aniline and (++a-methyl hydrogen camphorate 
([a]15D 58.0C) in acetonitrile. (+)-a-Phenethyl 
chloride (4.92g.) was dissolved in the anilinium 
salt solution and diluted to a volume of 50 cc. 
with the solution. The mixture was kept in 
a sealed tube for 291 min. (half life time of the 
reaction) at 85.0C. Ether (100 cc.) was added to 
the cooled reaction mixture, and the mixture washed 
with water (50 cc.). After evaporation of ether the 
residual oily mass gave a-phenethyl chloride (2.3 g., 
b. p. 55.0^-56.0C/6mmHg, n20D 1.5251, a21D 0.00+ 
0.02C, 1 1 dm., neat). In the distillation residue no 
ester was found. 

Reaction (+)-a-Phenethyl Chloride and Anili-
nium (-)-Pinonate in Acetonitrile.-In a manner 
similar to the reaction with anilinium (+)-a-methyl 
camphorate (+)-a-phenethyl chloride (5.81 g.) was 
kept with 0.750 N anilinium (-)-pinonate (the acid 
[a]20D-75.0) solution for 261 min. (half life time 
of the reaction) at 85.0C. The recovered chloride 
(2.22 g.) gave the following constants; b. p. 53.0C/ 
2mmHg, n20D 1.5239, ap 0.00+0.03C, 1 1 dm., neat, 
Found: C, 68.63; H, 6.60%. The higher boiling 
fraction (5.24 g., 137-140C/0.8mmHg) was hydro-
lysed with 20% aqueous sodium hydroxide (15 cc.) 
and ethanol (10cc.) for 4hr., and distilled with 
steam. The recovered a-phenethyl alcohol (0.05 g.) 
gave slight optical activity (a20D 0.07+0.03C, [a] 
1.8C, 1 1 dm. c about 4, chloroform). 

Kinetic Measurement.-The reactions in (+)-a-
methyl hydrogen camphorate ([a]1D1 58C) and (-)-
pinonic acid ([a]15D-51.5C) were carried out in a 
15 cc. measuring flask placed in a thermostat. To 
a weighed amount of a-phenethyl chloride in the 
flask the optically active carboxylic acid solution 
of triethylamine was added to the volume of 15 cc. 
at the reaction temperature. After various periods 
of time, aliquot portions (1.000 cc.) were pipetted 
into 5 cc. of cold acetic acid and the solutions were 
titrated with 0.0672 N perchloric acid in acetic acid 
with crystal violet indicator. The rates in aceto-
nitlile were measured by a sealed-ampoule technique. 
Each sample (1.000 cc.) was titrated with 0.245 N 
perchloric acid in acetic acid. The rate constants 
were calculated from the first order rate equation 
by a graphical method. 

Summary 

 1) In SN2 displacement reactions of (+)-a-
phenethyl chloride with triethylammonium 
(+)-a-methyl camphorate and with triethyl-
ammonium (-)-pinonate in dioxane, a-phene-
thyl chloride of O.08% of optical purity (L-
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configuration) and of O.15% of optical purity

(L-configuration)were recovered at the stage

of about 5% conversion, respectively.

2) In SN1-type solvolysis of(±)-α-phenethyl

chloride with anilinium (+)-a-methyl campho-
rate and (-)-pinonate in acetonitrile, the 
recovered a-phenethyl chlorides showed no 
perceptible optical activity on the half way for 
each of the reactions. From this, the pos-
sibility of the induced resolution caused at the 
first stage by kinetic resolution at the second 
stage of the SO-type solvolysis was eliminated.
3) In Sxl-type solvolysis of(±)-α-phenethyl

chloride in (+)-a-methyl hydrogen camphorate 
and in (-)-pinonate, about half of the chloride 
was converted to the ester at the similar reac-
tion conditions (temperature and time) to the 
SN2 displacement reactions carried out in 
•dioxane. The recovered chloride in the reac-
tion in hydrogen camphorate showed optical 
purity of 0.54-0.58% (L-configuration). In 
pinonic acids with various optical activities 
the recovered chlorides possessed optical purity 
of 0.13-0.27% (D-configuration). 

4) In comparing the configurations and 
optical purities in SN1-and SN2-conditions, it 
is concluded that optically active solvent mole-
cules, like (+)-a-methyl hydrogen camphorate 
and (-)-pinonic acid, can cause kinetic resolu-
stion in the first ionization stage of the Sx1-

type solvolysis and therefore they obviously 
play a role as a kind of reactant molecule 
which controls the steric course of the solvation 
reaction in the first stage of this solvolysis. 

 5) In the SN1-type solvolysis of optically 
active a-phenethyl chloride in presence of tri-
ethylamine in(+)-α-methyl hydrogen campho-

rate., optically active β-(α-phenethyl)-a-methyl

camphorate gave optically active a-phenethyl 
alcohol of 37% inversion, 63% racemization 
of configuration. From this it was concluded 
that SN2-like spatial orientation predominates 
at the second stage of this solvolysis. 

 6) For each of the resolution results of 
a-phenethyl chloride under SN1-and SN2-con-
ditions, the relationship between the configura-
tion of the resolved alcohol and the resolution-
controlling stage was predicted on the basis of 
the observed inversion at the second stage of 
the solvolysis. The configurations observed 
for the a-phenethyl alcohols were found to be 
consistent with the predictions. 
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