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The present article reports the results of a study of several 2-aryl-l-alkyl benzenesulfonates of interest in connection with 
aryl participation in solvolysis. The aryl groups included phenyl, £-anisyl, w-anisyl and 3,5-, 3,4- and 2,4-dimethoxyphenyl. 
Rate and A S * serve as criteria in deciding the proportions of anchimerically assisted and unassisted solvolytic processes 
for the different 2-aryl-l-ethyl esters. In the solvent sequence EtOH-AcOH-HCOOH, the 2-phenyl-l-ethyl system shifts 
from anchimerically unassisted to mainly assisted solvolysis between acetic and formic acid solvents, while 2-£-anisyl-l-ethyl 
does so between ethanol and acetic acid. As expected, the 2,4-dimethoxyphenyl group is powerfully rate-enhancing, the 
acetolysis of 2-(2,4-dimethoxyphenyl)-l-ethyl bromobenzenesulfonate being 1590 times as rapid as that of the 2-phenyl-
l-ethyl ester at 75°. The 2,4-dimethoxylated ester solvolyzes by the aryl-assisted process in all three solvents mentioned 
above. The rates of acetolysis of the diastereomeric l-phenyl-l-anisyl-2-propyl bromobenzenesulfonates differ by the 
small factor of 1.82 at 25°. An approximate dissection of the solvolysis of the l,l-diphenyl-2-propyl ester into separate 
conformational contributions has been made. On this basis, the factor by which the ^-methoxyl group accelerates the rate 
of phenyl-assisted ionization is 62 a t 25°. This factor is similar to others obtained in the present and previous work._ A 
TO-methoxyl group is somewhat rate-retarding when present on a participating phenyl group. Also, in acetolysis, it is 
slightly rate-retarding when present on a non-participating phenyl group. 

In the present article are reported the results of a 
study of several 2-aryl-l-alkyl benzenesulfonates of 
interest in connection with aryl participation in 
solvolysis. While the previous measurements2 

dealt with phenyl and o- and £-anisyl, the present 
measurements include wz-anisyl, and 3,5-, 3,4- and 
2,4-dimethoxyphenyl. The present results add to 
our knowledge of the effect of methoxyl substitu
tion2'3 in the jS-aryl group. Also, they supply an
other comparison of relative reactivities of diastereo
meric compounds.4 Finally, they provide data 
for comparison purposes in other investigations.5 

Results 
The series of primary and secondary ^-bromo

benzenesulfonates or p-toluenesulfonates employed 
in the present study is shown in Table I1 which 
summarizes the measured solvolysis rate constants. 
Unhindered primary arylsulfonates were prepared 
from the corresponding alcohols and the arylsul-
fonyl chloride in pyridine at —20°. The use of a 
short reaction time discouraged formation of alkyl 
chloride which can otherwise be quite troublesome. 
Neophyl type and secondary arylsulfonates were 
prepared by the usual method.6 

The necessary primary alcohols were prepared 
by two methods. 2-»j-Anisylethanol was derived 
from the reaction between w-anisylmagnesium bro
mide and ethylene oxide7 while the other alcohols, 2-
(3,5-dimethoxyphenyl)-ethanol, 2-(2,4-dimethoxy
phenyl)-ethanol and m- and ^-methoxyneophyl 
alcohols, were prepared in good yields by the re
duction of the appropriate acid with lithium alumi
num hydride. 

Of the required acids, 3,5-dimethoxyphenylacetic 
Cl) Research supported by the Office of Naval Research. 
(2) E.g., S. Winstein, C. R. Lindegren, H. Marshall and L. L. Ingra-

ham, T H I S JOURNAL, 75, 147 (1953). 
(3) (a) S. Winstein, M. Brown, K. C. Schreiber and A. H. Schles-

inger, ibid., 74, 1140 (1952); (b) S. Winstein and K. C. Schreiber, 
ibid., 74, 2171 (1952). 

(4) S. Winstein, B, K. Morse, B. Grunwald, K. C. Schreiber and J. 
Corse, ibid., 74, 1113 (1952). 

(5) E.g., S. Winstein, R. Heck, S. Lapporte and R. Baird, Experi-
enlia, 12, 138 (1956) 

(6) S. Winstein, E. Grunwald and L L. Ingraham, THIS JOURNAL, 
70, 82fi (1918) 

(7) E D Bergmann and C. Weizmann, J, Org. Chem., 4, 266 
(1939). 

acid was available from 3,5-dimethoxybenzoic acid 
by way of the corresponding benzyl alcohol, benzyl 
chloride8 and nitrile.8 2,4-Dimethoxyphenylacetic 
acid was readily prepared by the azlactone method 
from 2,4-dimethoxybenzaldehyde.9 Both m- and 
£-anisyldimethylacetic acids were prepared by the 
procedure of Heyningen,10 which involves the 
methylation of m- or ^-methoxybenzyl cyanide with 
the aid of sodium amide and methyl iodide in ben
zene, followed by hydrolysis at 140° in methanolic 
potassium hydroxide. The alkylation of £-meth-
oxybenzyl cyanide was also attempted with two 
equivalents of sodium hydride and methyl iodide in 
ether, but only monoalkylated nitrile was obtained. 

The secondary alcohol, 3,4-dimethoxybenzyl-
methylcarbinol, was obtained by the reduction of 
3,4-dimethoxyphenylacetone. The two diastereo
meric l-phenyl-l-£-anisyl-2-propanols were kindly 
supplied by Dr. D. Y. Curtin11 and A. Bradley. 

Kinetic measurements in acetic acid were carried 
out in the conventional manner,6 while measure
ments in formic acid were made by a simplified new 
method. In this new method, the potentiometric 
titration described previously12 was avoided. In
stead, formic acid solutions are diluted with four 
volumes of purified dioxane and titrated directly 
with acid or base in acetic acid. 

All the compounds listed in Table I displayed 
good first-order kinetics in acetolysis and for-
molysis except 2-(2,4-dimethoxyphenyl)-ethyl p-
bromobenzenesulfonate (I) in acetolysis. In acetoly
sis, this substance displayed a decreasing inte
grated first-order rate constant. This drift was 
clearly due to common ion rate depression, dealt 
with elsewhere.13 As shown in Table I, inclusion 
of 0.0250 M sodium bromobenzenesulfonate de
pressed the rate constant to a constant value es
sentially equal to the one reported for 0.0300 M 

(8) R. Adams, S. MacKenzie, Jr., and S. Loewe, THIS JOURNAL, 
70, 666 (1948). 

(9) R. Pschorr and G. Knoffler, Ann., 382, 55 (1911). 
(10) E. Heyningen, THIS JOURNAL, 74, 4862 (1952). 
(11) D. Curtin, page 40 of Abstracts, 13th National Organic Sym

posium of the American Chemical Society, Ann Arbor, Mich., June 
15-18, 1953. 

(12) S. Winstein and H. Marshall, THIS JOURNAL, 74, 1120 (1952) 
(13) S. Winstein, E. Clippinger, A. H. Fainberg, R. Heck and G. C. 

Robinson, ibid., 78, 328 (1956). 
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TABLE I 

SUMMARY OF SOLVOLYSIS RATES 

C o m p o u n d 

C6H5CH2CH2OBs 

C6HoCH2CH2OTs 

)«-CH3OC6H4(CH2)2 OBs 
3,5-(CH3O)2C6H3 

(CH2)2OBs 

2,4-(CH3O)2C6H., 
CH2CH2OBs 

(CH3J2(^-CH3OC6H4) 
CCH2OTs 

( C H 3 M T O - C H 3 O C 6 H 4 ) 

CCH2OTs 

3,4-(CH3O)2C6H3 

CH2CH(OTs)CH3 

(P-CH3OC6H4)(C6H5) 
CHCH(OBs)CH3 " B " 

0-CH3OC6H4)(C6H8) 
CHCH(OBs)CH3 "A" 

Solven t 

HOAc 
HOAc 
HCOOH 
HCOOH 
HCOOH 
HCOOH 
HOAc 
HOAc 
HCOOH 
HCOOH 
HOAc 
HOAc 
HOAc 
HOAc 
HOAc 
HOAc 
HCOOH 
HCOOH 
HOAc 
HOAc 
HOAc 
HOAc 
HCOOH 
HCOOH 
HOAc 
HOAc 
HCOOH 
HOAc 
HOAc 
HOAc 
HOAc 
HOAc 
HOAc 

T e m p . , 
0 C . 

75.00 
100.15 
50.00 
75.00 
50.00 
75.00 
75.00 
75.00 
75.00 

100 00 
50.00 
75.00 
50.00 
75.00 
50.00 
50.20 
25.00 
75.00 
25.06 
50.00 
75.00 
50.00 
25.00 
50.00 
75.00 

100.05 
50.00 
50.02 
75.00 
25.01 
50.02 
25.00 
50.02 

" Extrapolated value from a plot of log [(ROBs) 
polated from data at another temperature assumii 

Concn . , 
M 

0.0283 
.0306 
.0302 
. 0323 
. 0336 
. 0336 
.0261 
. 0255 
.0285 
.0228 
.0295 
.0315 
.0291 
.0296 
.0304 
.0281 
.0100 

.0294 

.0301 

.0296 

.0273 

.0342 

.0342 

.0302 

.0366 

. 0327 

.0272 

.0185 

.0213 
.0266 

V(ROBs)] 
ig A 5 ± is 

Added sal t , 
M 

0.0302 XaOCHO 
.0315 XaOCHO 
.0291 XaOCHO 
.0291 NaOCHO 

.0315 XaOCHO 

.0291 XaOCHO 

.0315 XaOAc 

.0315 XaOAc 

.0316LiClO4 

.0250 XaOBs 

.0310 XaOAc 

.0302 XaOCHO 

.0302 XaOCHO 

k (sec. ') 

(8.48 ± 0.09) X K)-7 

(1.02 ± 0.01) X 10-'5 

(6.48 ± 0.06) X K)-0 

(1.01 ± 0.01) X 1 0 - ' 
(2.54 ± 0.05) X 10-fi 

(4.10 ± 0.04) X 10~5 

(8.11 ± 0.15) X 10"7 

(7.81 ± 0.09) X K)"7 

(2.82 ± 0.08) X 10-5 

(2.97 ± 0.07) X K)-4 

4.74 X 10~6" 
6.31 X 10-1" 

(1.07 ± 0.05) X K)-* 
(1.28 ± 0.06) X 10-3 

(1.49 ± 0.01) X K)-4 

(3.64 ± 0.03) X 1 0 -
(5.22 ± 0.21) X K)"4'' 
6.79 X K)-2'' 

(5.32 ± 0.09) X 10-« 
(1.21 ± 0.02) X 10-" 

1.77 X K)-3 ' ' 
(1.23 ± 0 01; X 10-4 

(8.31 ± 0 08) X K)-4 

1.53 X K)-2'' 
(1.39 ± 0.01) X 10"5 

(1.75 ± 0.04) X 10-4 

(1.05 ± 0.01) X 10-4 

(1.15 ± 0 02) X 10-5 

(1.84 ± 0.02) X 10~4 

(1.56 ± 0.04) X 10-5 

(3.64 ± 0.05) X 10-* 
(8.56 ± 0.13) X K)-fi 

(2.18 ± 0,02) X K)-1 

vs. time. h Data of E. Clippinger, unpublished 
the same in formic acid as it is in acetic acid. 

MI-
kcal . • 
mole 

24.9 

23.9 

24.9 

23.6 

22.5 

22.2 

23.2 

25.4 

24.1 

24.1 

24.1 

A.S'\ 
e.u. 

- 1 5 . 2 

- 8 6 

-9.5 

- U . 8 

- 9.0 

- 1 0 . 4 

- 4. 1 

- 8,1 

- C)Ai 

- 1.8 

- 0,8 

work. c Extra-
d Extrapolated 

from data at another temperature. 

lithium bromobenzenesulfonate.13 Inclusion of li
thium perchlorate gave rise to a special salt 
effect,14-16 the rate constant being =teady a t the 

CH,0 T ^ N 

C H J - C H , 

AcOH 
-^- — • 2,4-(CHJO)2C8HJCH1CHPAC 

CH 2=CH 2 
O 
-OBs 

II 

proper level.16 Similarly, the rate constant was 
almost completely steady at the special salt-en
hanced level16 when 0.0315 M sodium acetate was 
included. The product of acetolysis of 2,4-di-
methoxyphenylethyl ^-bromobenzene-sulfonate (I) 
proved to be simple unrearranged substitution prod
uct, 2,4-dimethoxyphenylethyl acetate (HI)-
Trea tment with lithium aluminum hydride gave 
rise to a high over-all yield of pure crystalline 2,4-
di methoxyphenylethanol. 

(1-1) (a) S. Wins t e in , K. Cl ippinger , A. H. F a i n b e r g and C). C 
R o b i n s o n , T H I S J O U R N A L , 76 , 2597 (1954); (b) Chemistry and Indus
try, (104 (1954). 

(15) A. IT. Vainberu and S. Wins t e in , T H I S J O U R N A L , 78 , 2763 
(19515). 

(Ill) S Wins te in and K. Cl ippinger , ibid., 78 , 2784 (1(150). 

Discussion 
Primary Alkyl Benzenesulfonates.—In deciding 

the relative proportions of anchimerically assisted 
and unassisted solvolytic processes for the dif
ferent 2-aryl-l-ethyl esters IV, we can employ two 
criteria. One criterion employed previously- is 

Ar 

C H 2 - C H 2 

Ar 

OBs 

C H 2 - C H 2 

•c .OBs 

IV 

SOH 
J SOH 

I—HOBs 

-HOBs 
-* >• ArCH2CH2OS 

© 
SOH 

i 

ArCH2CH2 
OBs-; 

rate. As the nature and degree of methoxy sub
sti tution of the neighboring phenyl group arc 
varied, one can expect the following order of in
creasing values of k±, the rate constant for aryl-
assisted ionization 
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TABLE II 

SUMMARY OF R A T E COMPARISONS 

Structure 

CH3CH2OTs12 

C6H5CH2CH2OTs 

ih 2J 
V / 

I CH2CH2OBs 

• 3 I 

2 

V / 
C H 3 - C - C H 2 O T s 

CH3 
OCH3 

Temp., 
0 C. 

75 
75 
75 

75 

50 

75 

Substituent 

H 
3-MeO 
3,5-(MeO)2 

4-MeO" 
2-MeO" 
2,4-(MeO)2 

He 

3-MeO 
4-MeO 
H" 
3-MeO 
4-MeO 
H 3 . » 

3-MeO 

ReI. solvolysis rate 

AcOH 

2.68 
1.002 

1.00 
0.96 
0.92 

8I6 

716 

1590^ 

1.00 
0.70 

88.5 
1.00 
0.74 

121.8 

1.00 
0.94 

HCOOH 

0.48 
1.002 

1.00 

0.34 
532 

522 

672 

1.00 
0.45 

65.5 

EtOH 

- 1 7 . 5 
- 2 0 . 2 1 5 

- 1 5 . 5 1 5 

- 4 . 6 ' 

- 7.5 

AS±, e.u. 

AcOH 

- 1 6 . 7 
- 1 7 . 3 2 

- 1 5 . 2 

- 8.82 

- 9.0 

— 5.5 
- 8.1 
- 4.4 

- 6.4 
- 6.6 

HCOOH 

- 1 6 . 5 
- 9.5 
- 8.6 

- 1 1 . 8 
- 9.22 

- 6.3 

Chief contributor 

AcOH 

h 
k, 
k, 
k, 
k, 
&A 

&A 

kA 

&A 

&A 

&A 

&A 

kA 
k/\ 

to k 

HCOOH 

k, 
^A 

kA 

kA + k, 
kA 

kA 

kA 

kA 

kA 

kA 

I 
C H 2 - C H C H 3 1 

OTs 
(C6H5)2CHCHCH3 25 H4 1.00 

1 4-MeO "A" 22 
OEs 4-MeO " B " 40 

" Three times rate constant for the toluenesulfonate 
work of E. Clippinger.16 d Extrapolated from data of another temperature 

1 2 3 
W-CH3OC6H4 ^ C6H5 < 0-CH3OC6H4 ^ 

^-CH3OC6H4 < 0,^-(CH3O)2C6H3 

For ke, the rate constant for aryl-unassisted solvoly
sis, one can anticipate roughly equal values from 
the various structures, except for possible steric 
retardation from the ort/io-substituted structures. 
From the rate comparisons summarized in Table 
II, it is quite clear that &A/&S is quite large in both 
acetic and formic acid solvents for the 0-CH3O-, 
P-CHiQ- and o,£-(CH30)2-substituted phenylethyl 
esters IV. In these cases the observed rate con
stant is almost exactly equal to &A- The in
equality 2 and the rough equality 3 in the sequence 
of kA values was established in the previous2 work. 
The present work demonstrates inequality 4, the 
2,4-dimethoxyphenylethyl bromobenzenesulfonate 
(I) acetolyzing more rapidly than the phenylethyl 
analog by a factor of 1590 at 75°. The second 
methoxyl group enhances rate by a factor of ca. 20. 

The other criterion is the entropy of activation 
observed in solvolysis, for there appears to be suffi
cient uniformity of behavior in formic acid, acetic 
acid and ethanol as solvents to warrant the use of 
AS* in diagnosing mechanism. With the simple 
primary structures involved, apparently the an
chimerically unassisted solvolyses tend to display 
a AS* of ca. —18 ± 2 e.u. As summarized in 
Table II, this is true of ethyl toluenesulfonate in 
all three solvents. The anchimerically assisted 
solvolyses tend to be associated with a AS* of ca. 
— 7 ± 2 e.u. This is true of neophyl toluenesul
fonate in all three solvents. Also, it is true of 2,4-

- 1.7 kA 

- 0.8 kA 

- 1.8 kA 
b Based on k°ext from work of A. Fainberg.15 c Based on k°txt from 

A. Fainberg, unpublished work. 

dimethoxyphenylethyl bromobenzenesulfonate in 
acetic acid and even ethanol. 

With some of the substances, the solvolysis ap
parently tends to shift from mainly anchimerically 
unassisted (rate constant ka) to mainly anchimer
ically assisted (rate constant &A) as solvent is 
changed from the more nucleophilic ethanol to 
acetic acid to formic acid. With the ^-anisylethyl 
ester this change of mechanism apparently occurs 
between ethanol and acetic acid. With the phenyl
ethyl ester, there is apparently a change between 
acetic and formic acid solvents, the AS* being ap
propriate for a rate constant mainly k, in acetic 
acid and mainly kA in formic. Such an assign
ment is also suggested by rate comparisons,2 the 
phenylethyl ester being substantially slower in 
acetic acid and more rapid in formic acid than the 
ethyl ester (Table II). That the change in mecha
nism should occur later and later in the solvent 
sequence as one proceeds from 2,4-(MeO)2C6H3CH.*-
CH2OBs to 4-MeOC6H4CH2CH2OBs to C6H6CH2-
CH2OBs is to be expected. 

The conclusions regarding which solvolytic proc
ess is the chief contributor to the rate constants for 
the different substances in acetic and formic acid 
solvents are summarized in Table II. 

As expected, the newly investigated aryl group, 
2,4-dimethoxyphenyl, has been found to be power
fully rate-enhancing. The nature of the partici
pation responsible for the large rate increases in 
this case was verified by product isolation. Just 
as in the case of the anisylethyl analogs,2 only 
unrearranged solvolysis product III was isolated, 
showing that rate enhancement is connected with 
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aryl participation. There are other indica
tions 1^14'16 of a rather stable carbonium ion inter
mediate I I in acetolysis of bromobenzenesulfonate 
I. The nature of the products rules out any ap
preciable fraction of solvolysis involving hydrogen 
participation. 

Diastereomeric l-Phenyl-l-anisyl-2-propyl Bro-
mobenzenesulfonates.—The rates of acetolysis of 
the diastereomeric 1-phenyl-l-^>-anisyl-2-propyl p-
bromobenzenesulfonates (V) were measured be
cause of the interest in the effects of both methoxyl 

An 
I \ 

C6H6CH-CHCH3 > 

OBs 
An An 

C6H6CH=^=CHCH3 C6H6CHCHCH3 

GOBs GOBs 

AcOH, 

An 

C6H6CH-CHCH3 
I 

OAc 

-HOBs 

AcOH 

—HOBs 

An 

C6H6CH-CHCH3 
I 

OBs 
VI 

substitution in the benzene ring and also diastereo
meric configuration on reactivity. The first-order 
rates of acetolysis were high, the diastereomers 
being 40 and 22 times as reactive as the parent 
compound, l , l-diphenyl-2-propyl bromobenzene
sulfonate.4 Further , the A S * values were equal 
to t ha t for the parent substance. Good first-order 
kinetics of acetolysis were observed, so there was 
no indication of ion pair re turn to a new material 
a t tending the acetolysis. However, Curt in1 1 has 
reported essentially exclusive anisyl migration in 
solvolysis of these materials. Therefore, any ion 
pair re turn would be expected to produce the a-
phenylalkyl ester VI . The lat ter type of ester is so 
reactive in solvolysis,17 t h a t its formation would be 
undetected313 in the kinetics. 

TABLE III 

CONFORMATIONAL ANALYSIS OP ARYL-ASSISTED SOLVOLYSIS 

OF I-PHENYL-I-ARYL-2-PROPYL 

^-BROMOBENZENESULFONATES 
System/Conformation 

II I I I I 

CjH5 H 
V~^ .'J-CH 

. C - C ^ 0 " = 

H OBs> 

An H 

H ( OBs 

C6HS H 

.C—C'-""CH ' 
An-V \ 

H OBs 

V s ,H 
.c— c'-- C H s 

H- ' / ,\ 
C8H, T OBs 

C«Hs H 
; C _ C : - C H , 

H - / \ 
An OBs 

A " H 

. C - 1 C - - C H ' 
H/ A 

C8H, I OBs 

.c—c—CH= 
C8H8-V \ 

C8H8 OBs 

H\ -H 

. C _ C " > C H ' 
An- ' / \ 

C8H8 OBs 

.c—c'—C H s 

C8H8-V \ 
An OBs 

The observed rates of the diastereomeric esters 
V are most clearly discussed in terms of our recent 
conformational discussion18 of reactivity. In Table 
I I I are shown the three conformations, I, I I and 
I I I , of the solvolyzing l , l-diphenyl-2-propyl and 
diastereomeric l-anisyl-l-phenyl-2-propyl bromo-
benzenesulfonates. These are labelled as systems 
H, B and A, respectively. 

In the case of systems B and A, the solvolysis is 
essentially conformationally homogeneous. For 
B, the rate constant is AriB&iB, the product of the 
mole fraction of conformation I and the intrinsic 
ra te constant for t ha t conformation. For A, the 
ra te constant is NuAknA. 

The solvolysis of l , l-diphenyl-2-propyl bromo
benzenesulfonate (H) involves quite predominantly 
anchimerically assisted ionization with phenyl 
participation, judging by rate 4 and products17,19 of 
acetolysis. However, the ionization must be con
formationally degenerate; two different conforma
tions, I and I I , shown in Table I I I , must enter into 
the ionization. The rate constant, k, in this case, 
is given b y equation 1. 

In order to estimate the effect of a methoxyl 
group on rate, it is necessary to dissect the solvolysis 
of the l, l-diphenyl-2-propyl system (H) into the 
separate conformational contributions. This dis
section was carried out with the aid of equation 2, 
the lat ter being based on the assumptions t h a t : 
(i) NiK/A^iH equals Ni3/NU

A, or, in other words, 
t ha t the conformational distribution is the same in 

k = A'jH^H + Nnliks 

A'lH£lH 

ArnH&nH 
AWi1 

NnAki 

(1) 

(2) 

all three systems, H, B and A; (ii) & I H / & I I H = 
&iB/&nA, or, in other words, steric effects due to 
eclipsing4 methyl and aryl are the same whether 
phenyl or anisyl is participating. 

The relationships in (i) and (ii) above are merely 
approximations, and it is not clear how exactly 
they are obeyed. For example, relationship (ii) 
may be somewhat upset because the degree of in
volvement of the participating anisyl, and there
fore the cis effect11 in the transition s ta te may be 
different than when phenyl participates. Never
theless, for lack of da ta on the question, the ap
proximation of equation 2 seems preferable to the dis
section of Cram and Abd Elhafez19 who called N-p-
kiH»Nnnknli because the rat io of diastereomeric 
rearranged products resembled more closely the 
ratio obtained from one diastereomeric 1,2-
diphenyl-1-propyl ester than the other. The con
formational dissection of the rate constant of H is 
summarized in Table IV, along with the factor of 
62 b y which i t is est imated the ̂ -CH 3O group ac
celerates ra te of ionization a t 25°. 

In the same conformational terms employed 
above, the ratio of solvolysis ra te constants of the 
two diastereomeric l-phenyl-l-/>-anisyl-2-propyl p-
bromobenzenesulfonates, 1.82 a t 25°, is given by 
equation 3. In this equation, the ra te ratio is 

*B = / A ' i B W h M 
kA VA'nV \kuAJ (3) 

(17) K. C. Schreiber, unpublished work. 

(18) S. Winstein and X. J. Holness, THIS JOURNAL, 77, 5562 
(1955). 

(19) D. J. Cram and F. Abd Elhafez, ibid., 76, 28 (1054). 
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TABLE IV 

ESTIMATED QUANTITATIVE CONFORMATIONAL ANALYSIS 

. jVifei * < N\\k\\ . 
ReI. rate 10' ReI. 10' ReI. 

System 25° sec."1 value sec."1 value 

H 1« 2.54 1 1.40 1 
B 40 1.82 156 62 
A 22 1.00 85.6 62 

" Total first-order rate constant of acetolysis extrapolated 
from data at other temperatures4 is 3.94 X 10 - 7 sec . - 1 

at 25.0°. 

given as the product of two ratios; one deals with 
relative populations of the appropriate conforma
tion of the ground state in the two diastereomers, 
and the other deals with the ratio of intrinsic rate 
constants pertaining to these conformations of 
each diastereomer. The ratio, 1.82, obviously 
quite small, is similar in magnitude to values ob
served with the 3-phenyl-2-butanols4 (1.14 at 50°) 
and 3-anisyl-2-butanols20 (1.73 at 25°). Further 
discussion of this matter is postponed until per
tinent rate comparisons are reported on other sys
tems, including some dealing with the pinacol rear
rangement. 

m- and ^-Methoxyl Groups.—In summarizing 
the effects of methoxyl substitution on rate we 
shall consider first the effect of methoxyl on a 
participating phenyl group. As is clear from 
Tables II and IV, the factor by which a ^-methoxy 
group increases kA is 62 (25°), 122 (50°) and > 8 1 
(75°) for l,l-diphenyl-2-propyl, neophyl and phen
ylethyl esters, respectively, in acetic acid. The 
factors are of the order of magnitude observed 
with the 2-phenyl-l-propyl, benzylmethylcarbinyl 
and 3-phenyl-2-butyl systems.3 There is some 
variation of the factor with structure. Also, they 
vary with solvent, the values tending to be smaller 
in formic than acetic acid (TaWe II). This is be
cause the sensitivity of ionization rate to the solvent 
change tends to be less for the methoxylated than 
the parent structures. It will be more efficient to 
postpone further discussion of these variations of 
the magnitude of the methoxyl effect until the 
available data are more completely reported. 

For the effect of a m-methoxy group on a partici
pating phenyl group, one could anticipate either 
a small retardation or small acceleration21 of rate, 
depending on what blend of inductive and reso
nance effects22 applies to the example of electrophilic 
aromatic substitution4 represented by the ioniza
tion of the arylsulfonate. In the present work, a 
slight retardation of rate of acetolysis is observed 
on introduction of a m-methoxy group into the 
neophyl and l-p-anisyl-2-propyl systems (Table 
II). The effect on formolysis rate is larger, m-
methoxyl in the neophyl system decreasing rate by 
a factor of 2. Two w-methoxyl groups in the 2-
phenylethyl system decrease rate of formolysis by 
a factor of 3. Judging by the AS* value for 3,5-
(MeO)2C6H3CH2CH2OBs, the formolysis rate is not 
so predominantly composed of ka. as in the case of 
the parent C6H6CH2CH2OBs system. Because &A 

(20) A. H. Fainberg, G. C. Robinson and S. Winstein, THIS JOUR
NAL, 78, 2777 (1936). 

(21) P. B. D. de la Mare and C. A. Vernon, / . Chem. Soc, 1764 
(1951). 

(22) P. B. D. de la Mare, ibid., 4450 (1954). 

is so much reduced, the contribution of ka is now 
more serious. 

Regarding the effect of ra-methoxyl on a non-
participating phenyl group, the present results 
show that very slight decreases in acetolysis rate 
are produced by one or two methoxyl groups in the 
phenylethyl system. 

Experimental Part 
Arylsulfonates.—Unhindered primary esters were pre

pared in pyridine at low temperatures. In a typical prepa
ration, 1 g. of the alcohol was dissolved in 10 ml. of anhy
drous pyridine, and the solution, cooled to —20°, was 
treated with 1.5 equivalents of ^-bromobenzenesulfonyl 
chloride in 5 ml. of pyridine. The mixture was allowed to 
warm up to 0° over a period of 10 or 15 minutes. The 
mixture was then poured into 100 ml. of water and extracted 
with ether. The extract was washed successively with 
water, cold dilute hydrochloric acid, water again, and finally 
with a saturated aqueous solution of sodium bicarbonate. 
After being dried, the ether solution was concentrated on a 
water-bath, the last traces of solvent being removed with 
a stream of air. The oils so obtained usually crystallized 
when they were triturated with pentane or pentane and 
ether at low temperatures. The crystalline products were 
ordinarily crystallized from a low boiling petroleum ether or a 
mixture of petroleum ether and ether. Yields were gener
ally 40-60% of theory. 

Analyses and melting points of the arylsulfonate prepa
rations are summarized in Table V. 

m-Anisylethyl p-Bromobenzenesulfonate.—2-(m-Anisyl)-
ethanol, «25D 1.5338, was prepared from m-anisylmagnesium 
bromide and ethylene oxide7 and converted to the £-bromo-
benzenesulfonate by the low temperature method. 

3,5-Dimethoxyphenylacetic Acid.—3,5-Dimethoxyphenyl 
acetonitrile8 (34 g.) was refluxed for five hours with 15 g. 
of sodium hydroxide in 100 cc. of water and 50 cc. of ethanol. 
About 50 ml. of solvent was distilled off, and the remainder 
of the solution was poured onto ice and dilute hydrochloric 
acid. The acid was filtered off and recrystallized from 
aqueous ethanol. The yield of acid, m.p. 103.5-104.5° 
(reported23 99-100°), was 33 g. 

2-(3,5-Dimethoxyphenyl)-ethanol.—A solution of 32 g. 
of 3,5-dimethoxyphenylacetic acid in 600 cc. of ether was 
added to a stirred solution of 6.3 g. of lithium aluminum 
hydride in 500 cc. of ether. After one hour of refluxing, 
the mixture was worked up as usual.24 The alcohol, b .p . 
140° (2 mm.), » 2 5 D 1.5387, weighed 26.8 g. 

Anal. Calcd. for Ci0Hi4Oa: C, 65.91; H, 7.74. Found: 
C, 65.70; H, 7.78. 

2-(2,4-Dimethoxyphenyl)-ethanol.—The reduction of 2,4-
dimethoxyphenylacetic acid9 with lithium aluminum hy
dride gave 2,4-dimethoxyphenylethanol in 70% yield. 
The alcohol formed long needles, m.p. 67-68° (reported25 

67°), from petroleum ether (b.p. 60-80°). 
Anal. Calcd. for Ci0H14O3: C, 65.91; H, 7.74. Found: 

C, 66.21; H, 7.47. 
a.a-Dimethyl-^-methoxybenzyl Cyanide.—This substance 

was prepared essentially by the method of Heyningen.10 

The use of p-methoxybenzyl cyanide, M25D 1.5304, prepared 
by the method of Rorig,26 and the addition of 2 5 % excess 
methyl iodide as rapidly as possible increased the yield of 
product, b .p . 110° (3 mm.), M26D 1.5143, to 5 3 % . 

Anal. Calcd. for C H H I 3 N O : C, 75.40; H, 7.48. Found: 
C, 75.34; H, 7.22. 

a-Methyl-£-methoxybenzyl Cyanide.—A mixture of 40 g. 
of ^-methoxybenzyl cyanide and 16 g. of sodium hydride 
in 500 ml. of ether was stirred at room temperature for 20 
hours. Then 90 g. of methyl iodide was added, and the 
mixture was stirred for two days. The mixture was treated 
with water, and the product was fractionated. The nitrile, 
b .p . 147.5-148.5° (12.5 mm.) , weighed 25 g. This sub
stance crystallized. on cooling. When recrystallized from 

(23) F. Mauthner, / . prakt. Chem., [2] 110, 128 (1925). 
(24) R. F. Nystrom and W. G. Brown, THIS JOURNAL, 69, 1197 

(1947). 
(25) B. Reicheot and W. Koch, Arch. Pharm., 273, 265 (1935); 

Chem. Zentr., 106, II, 086 (1935). 
(26) K. Rorig, THIS JOURNAL, 73, 1292 (1951). 
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TABLE Y 

PROPERTIES AND ANALYSES OF SOMB ARYLSULFOXATES 

Compound 

C6H6CH2CH2OBs 
OT-CH3OC6H4CH2CH2OBS 

3 , 5 - ( C H 3 O ) 2 C 6 H 3 C H 2 C H 2 O B S 

2,4-( CH3O)2C6H3CH2CH2OBs 
( C H S ) 2 O C H 3 O C 6 H 4 ) C C H 2 O T S 

(CH3Mm-CH3OC6H4)CCH2OTs 
3 , 4 - ( C H 3 O ) 2 C H 3 C H 2 C H ( O T S ) C H 3 

M.p., 0C 

59-60 
40 .5 -41 . 
76.5-77. 

72-73 
44-46 
78-79 
55-57 

5 
5 

Formula 

Q 4 H 1 3 O 3 S B r 

Ci 5H 1 3O 4SBr 

C1 6H1 8O5SBr 

C1 6H1 8O5SBr 

C1 8H2 2O4S 

C1 8H2 2O4S 

C18H22O6S 

Carb 
CaI cd. 

49.28 
48,53 
47.89 
47.89 
64,64 
64.64 
61.69 

—-—Aua n 
on 

Found 
49.26 
48.39 
47.58 
48.17 
64.54 
64. SO 
61.54 

^eS, /a ' 
Hydr< 

Calcd. 

3 . 84 
4.07 
4.27 
4.27 
6.63 
6.63 
6.33 

)gen 
Found 

3.77 
4.24 
4.21 
4.23 
6.37 
6.49 
6.62 

60-80°, it formed colorless crystals, petroleum ether, b .p . 
m.p. 37-38°. 

Anal. Calcd. for CioHuON: C, 74.50; H, 6.88. Found: 
C, 74.67; H, 6.94. 

/>-Anisyldimethylacetic Acid.—The hydrolysis of a,a-
dimethyl-£>-methoxybenzyl cyanide was carried out as 
described by Heyningen.10 The acid, twice recrystallized 
from aqueous methanol, m.p. 88-89.5°, was obtained in 
52% yield. 

Anal. Calcd. for C H H H O 3 
C, 68.27; H, 6.96. 

^-Methoxyneophyl Alcohol.—Reduction of the above acid 
with lithium aluminum hydride produced p-iaethoxy-
neophyl alcohol, b .p . 110° (3 mm.), m.p. 45-46.5° after 
crystallization from petroleum ether (b.p. 60-80°), in 
89% yield. Another crystallization raised the melting point 
to 46-47.5°. 

C, 68.02; H, 7.26. Found: 

73.30; H, 8.95. Found: Anal. Calcd. for CnHi6O2: C, 
C, 73.25; H, 8.86. 

a,a-Dimethyl-m-methoxybenzyl Cyanide.—Alkylation of 
OT-methoxybenzyl cyanide with sodium amide and methyl 
iodide, as described above for p-methoxybenzyl cyanide, 
yielded a,a-dimethyl-m-methoxybenzyl cyanide in 6 3 % 
yield. I t was necessary to fractionate the nitrile in order to 
purifv it. The pure nitrile, M2SD 1.5116, had the b.p. 139.5-
144.5° (13.5 mm.) . 

Anal. Calcd. for C H H I 3 O X : C, 75.40; H, 7.48. Found: 
C, 75.44; H, 7.47. 

m-Anisyldimethylacetic Acid.—Hydrolysis of the above 
nitrile by the method used for the para isomer gave m-
anisyldimethylacetic acid, m.p. 56-58°, in 4 3 % yield. 

Anal. Calcd. for CnH14O3: C, 68.02; H, 7.26. Found: 
C, 68.30; H, 7.21. 

3,4-Dimethoxybenzylmethylcarbinol.—The reduction of 
3,4-dimethoxyphenylacetone27 with lithium aluminum hy
dride afforded the pure carbinol in 62% yield. The crude 
product was first distilled, b .p . 137-140° (4 mm.) , and then 
crystallized from a mixture of ether and petroleum ether. 
The alcohol formed colorless plates, m.p. 46-47.5°. 

Anal. Calcd. for CnHi6O3: C, 67.32; H, 8.22. Found: 
C, 67.44; H, 8.22. 

1 -Phenyl-1 -^-anisyl-2-propyl p-Bromobenzenesulf onate 
"B."—This substance, m.p. 71-72°, was prepared by the 
usual method6 from the pure alcohol. 

1 -Phenyl-1 -£-anisyl-2-propyl ^-Bromobenzenesulf onate 
"A."—This compound, m.p . 75.5-76.5°, was also prepared 
by the usual method6 from the pure alcohol. 

(27) This material was obtained through the courtesy of Dr. E. 
Shepard of the EH Lilly Co. 

Acetolysis Products from 2-(2,4-Dimethoxyphenyl)-ethyl 
p - Bromobenzenesulfonate.—2-(2,4 - Dimethoxyphenyl)-
ethyl ^-bromobenzenesulfonate (10.7 g.) was dissolved in 
750 cc. of dry acetic acid and heated at 50° for 51 hours. 
After being cooled, the solution was poured into 4 liters of 
water, and the products were extracted with two 500-cc. 
portions of distilled petroleum ether. The extracts were 
washed, first with water and then with aqueous sodium 
bicarbonate. Evaporation of the petroleum ether through a 
short column left the crude product. After reduction with 
1 g. of lithium aluminum hydride, an oil was obtained which 
was recrystallized from a mixture of Skellysolve B and ether. 
The first crop, 3.8 g., had m.p. 65-68.5° and mixed m.p. 
66-68°. A second crop weighing 0.2 g. had m.p. 64.5-
66°, and mixed m.p. 65-66.5°. The total vield was 4.0 g. 
or 82.4%. 

Kinetic Measurements.—Acetolysis rate measurements 
were carried out in acetic acid containing about 0 .01% of 
water in the manner described previously.6 

For formolysis, solutions, ca. 0.03 M, of the compounds 
to be solvolyzed were made up at room temperature in a 
volumetric flask from a weighed portion of the material. 
Standard solutions of sodium formate in anhydrous formic 
acid, used as solvent in some of the formolyses, were pre
pared from J . T. Baker C P . sodium formate. The con
centration of these solutions was checked by the titration 
method described below, the agreement between calculated 
and observed concentrations being within 1%. The sealed 
ampoule technique was used for all rates above 25°. The 
decomposition of formic acid, however, limits the use of 
ampoules to about two days at 75° in weakly basic solu
tions, and to only a few hours at 75° in weakly acidic solu
tions. It was sometimes necessary in the case of slow rates 
to put samples for infinity titration in the thermostat in loosely 
stoppered flasks. Ampoules were removed from a thermo
stat controlled to ±0 .02° , at suitable times and cooled in 
ice, the time of cooling being used in the rate calculations. 
From the cooled ampoule at 25°, a 5-cc. aliquot was removed 
with an automatic pipet and delivered into 20 ml. of puri
fied dioxane. After addition of 20 drops of a saturated 
solution of brom cresol green in acetic acid as indicator, the 
solution was titrated with either sodium acetate in acetic 
acid or with perchloric acid in acetic acid. The indicator 
is yellow in the basic solution, colorless in the acid solution, 
and very pale yellow at the neutral point. Formolysis 
rates at 25° were measured similarly, except that the formo
lysis solution was placed in a glass-stoppered flask in the 
thermostat and the aliquots were removed directly. The 
time of dilution with dioxane was used in the rate calculation. 

Using the new titration procedure, the formolysis rate of 
3-phenylethyl ^-toluenesulfonate at 75.00° was found to be 
(4.00 ± 0.06) X 1O-5, in good agreement witli the previous 
value of (3.94 ± 0.08) X 1O-6 obtained by the potentio-
metric method.12 
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