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a 9 5 % ethanol solution of it with a few crystals of the latter 
crystalline modification. 

Treatment of Nitrile VII with Two Equivalents of Po
tassium Amide and One of Benzyl Chloride.—To a stirred 
solution of 0.2 mole of potassium amide in 300 ml. of liquid 
ammonia12 was added 37.3 g. (0.1 mole) of 2,3,3,4-tetra-
phenylbutyronitrile (VII) . The resulting green solution 
was stirred for 15 minutes, and 12.6 g. (0.1 mole) of benzyl 
chloride in a little ether then was added. The first few ml. 
of the halide solution produced a purple color which per
sisted until a few seconds after all of the halide had been 
added. After stirring for 5 minutes, excess (15 g.) am
monium chloride was added and the ammonia was evapo
rated as an equal volume of ether was added. The resulting 
ethereal suspension was shaken with water. The aqueous 
layer was extracted with ether containing some ethyl acetate 
and the extracts were combined with the ethereal layer. 
The ethereal ethyl acetate solution was dried and the sol
vents removed. The residue was taken up in hot benzene 
and about 800 ml. of petroleum ether (b.p. 30-60°) was 
added. The solution was cooled in an ice-bath to precipi
tate slowly 30.7 g. (83%) of recovered nitrile VII, m.p. 136-
138°. The remaining liquors were concentrated to a small 
volume on the steam-bath and hot ethanol was added. Cool
ing produced 6.9 g. (77%) of stilbene, m.p. 110-112°, 
slightly contaminated with the nitrile. Recrystallization 
of the hydrocarbon from ethanol raised the melting point 
to 119-121°. Admixture with an authentic sample of stil
bene, m.p. 122-124°, did not depress the melting point. 

Independent Synthesis of (3-Benzyl Derivative VII.— 
2,3,3-Triphenylacrylonitrile was prepared by the conden
sation of phenylacetonitrile with benzophenone in the pres
ence of sodium amide.12 

To a stirred ethereal solution of benzylmagnesium chlo
ride prepared from 0.22 mole each of magnesium turnings 
and benzyl chloride was added 48.25 g. (0.172 mole) of 
2,3,3-triphenylacrylonitrile. After stirring for 5 hours the 
reaction mixture was poured into iced hydrochloric acid. 
The ethereal layer was separated from the aqueous mixture 
containing the insoluble hydrochloride as imine IX, and 
dried for 12 hours over magnesium sulfate. During this 
time more of the imine hydrochloride precipitated. The 
ethereal solution was filtered and the solvent removed. Re-
crystallization of the residue from ethanol produced 2.8 g. 
(4.4%) of 2,3,3,4-tetraphenylbutyronitrile (VII) , m.p. 
137-138°. Admixture of this product with the benzylation 
product (m.p. 138-139°) of the dicarbanion of nitrile I I I 
did not depress the melting point, and their infrared spectra 
were superimposable. 

The imine salt was converted to the corresponding ketone 
by boiling for one hour with 12 M hydrochloric acid. The 
water was decanted and the residue recrystallized from 
ethanol and acetone to give 22 g. (34%) of 1,3,4,4-tetra-
phenylbut-3-ene-2-one (XVI) , m.p. 139-144°, yellow 
needles. Recrvstallizatiou from ethanol raised the melting 
point to 149-150°. 

Anal. Calcd. for Co„H,20: C, 89.80; H, 5.92. Found: 
C, 89.83; H, 6.06. 

(12) Org. Syntheses, 31, 52 (1951). 

The reactions of alkyl sulfites and alkyl arenesul-
finates with thionyl chloride are very similar,2 bu t 

(1) This work was supported in part by the Office of Naval Research 
and in part by a grant from the R. P. I, Research Fund. 

The infrared spectrum of the imine hydrochloride showed 
a broad band at 3.55 and a sharp band at 6.05 ,u-7 These 
bands were absent in ketone XVI which had a well defined 
carbonyl band at 5.9 ju.13 

Benzylation of the Monocarbanion IV to form a-Benzyl 
Derivative XIII.—To a stirred solution of 0.05 mole of po
tassium amide in 300 ml. of liquid ammonia was added 14.2 
g. (0.05 mole) of solid 2,3,3-triphenylpropionitrile ( I I I ) by 
means of a powder funnel. The resulting light green solu
tion of monocarbanion IV was stirred for 15 minutes, and 
6.3 g. (0.05 mole) of benzyl chloride in an equal volume of 
ether then was added. The reaction mixture was allowed to 
stir until the ammonia had evaporated completely. Water 
was added and the product collected on a buchner funnel. 
The filter cake was washed with water, dried and washed 
with a little petroleum ether (b.p. 30-60°). There was 
obtained 18.14 g. (97%) of 2-benzyl-2,3,3-triphenylpro-
pionitrile (XI I I ) , m.p. 182-185°. Two recrystallizations 
from absolute ethanol raised the melting point to 185.5-
187°. The infrared spectrum of this compound showed a 
band at 4.45 /J attributable to the cyanide group, but an 
absence of absorption about 6 y, a region in which imines 
have been observed to absorb.7 This spectrum differed 
from that of 2,3,3,4-tetrapheuylbutyronitrile (VTI) in the 
fingerprint region. 

Anal. Calcd. for C28IT3X: C, 90.04; H, 0.21; X, 3.75. 
Found: C, 90.14; H, 6.33; X, 3.88. 

Treatment of Dicarbanion V with Methylene Chloride.— 
To a stirred solution of 0.2 mole of potassium amide in 500 
ml. of liquid ammonia was added 28.3 g. (0.1 mole) of 2,3,3-
triphenylpropionitrile ( I I I ) . The resulting red solution of 
dicarbanion V was stirred for 10 minutes, and 10.2 g. (0.12 
mole) of methylene chloride in 50 ml. of ether then was 
added. After stirring for 1.5 hours (red color still present), 
the ammonia was replaced with ether. Water was added 
and the ethereal layer washed with 6 M hydrochloric acid, 
followed by water. The ethereal solution was dried and the 
solvent removed. The residue was taken up in hot meth
anol, and then treated with Xorite to give on cooling 18.7 g. 
(64%) of apparently 1,2,2-triphenylcyclopropyl cyanide 
(XVTI), m.p. 118-121°. Five recrystallizations from meth
anol raised the melting point to 131.5-132.5°. 

Anal. Calcd. for C22H1-X: C, 89.46; H, 5.80; N, 4.74; 
mol. wt., 295. Found: C, 89.69; H, 5.80; X, 4.73; mol. 
wt., 299, 286, 278, 291. 

The infrared spectrum of the nitrile gave the following 
bands: 3.27, 4.45, 6.25, 6.30, 6.68, 6.88, 8.62, 9.26, 9.70, 
9.85, 10.17, 12.68, 13.29, 14.15, 14.37 n- The nuclear 
magnetic resonance spectrum of a saturated carbon disul
fide solution of XVII indicated the presence of both aro
matic and aliphatic hydrogens in the molecule.14 The aro
matic absorption was much stronger and could be resolved 
into four distinct bands. 

DURHAM, X. C. 

(13) See tef. 7, p. 114. 
(14) We are indebted to G. S. Paulett for the interpretation of the 

nuclear magnetic resonance spectrum which was determined in this 
Laboratory on a Varian N.M.R. Spectrometer, model V4300B. 

kinetic studies are complicated by the ease of hy
drolysis of the thionyl chloride. Since these es-

(2) H. F. Herbrandson, R. T. Dickerson, Jr1, and J. Weinstein, T H I S 
JOURNAL, 78, 257C (1950). 
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Derivatives of Aromatic Sulfinic Acids. III. Evidence for the Hydrogen Dichloride 
Ion from Epimerization Reactions1 

B Y H A R R Y F . HERBRANDSON AND RICHARD T. DICKERSON, J R . 

RECEIVED AUGUST 11, 1958 

Asymmetric sulfinic esters, ArS(O)OR, epimerize at the sulfur atom when treated in nitrobenzene with hydrogen chloride 
and chloride ions as co-catalysts. The mechanism of the reaction is discussed, and the kinetics is interpreted as giving a value 
of 500-1000 1. mole - 1 for the association constant of the hydrogen dichloride ion in nitrobenzene at 25°: Cl " + H-Cl ^ 
ClHCl-. 



Aug. 5, 1959 HYDROGEN DICHLORIDE ION FROM EPIMERIZATIONS 4103 

0 0.005 0.010 0.015 
[HCl]0. 

Fig. 1.—Epimerization of /-menthyl /-/>-methoxybenzene-
sulfmate with tetraethylammonium chloride as co-catalyst 
(in mole/1.): O, 0.01784; e , 0.00892; CD, 0.00540; ffi, 
0.00270; ®, 0.00108; dashed curves from eq. 1, solid 
curves from eq. 8. 

ters serve as mild alkoxylating agents, an alkoxide 
acceptor other than thionyl chloride was sought 
which would simplify kinetic studies. Anhydrous 
hydrogen chloride, in nitrobenzene, has been found 
to serve this purpose very well. 

Optically active /-menthyl esters of arenesulfmic 
acids (Ia, b) epimerize a t the sulfur in the presence 
of low concentrations (0.001-0.02 molar) of hydro
gen chloride and te t raethylammonium chloride. 

v/T0 

Ib 
O 

The conclusion tha t the reaction is an epimerization3 

is a consequence of a number of observations. Con
centration of the combined nitrobenzene solutions 
from a number of completed kinetic experiments 
gave, after recrystallization, 6 7 % of the initially 
used /-menthyl /-p-toluenesulfinate. Thus, even 
though the reaction had ceased, as observed polari-
metrically, unreacted levorotatory ester remained. 
This clearly resulted from the establishment of an 
equilibrium involving the ester, as the kinetics of 
the reaction (pseudo-first-order in ester) demon
strated no consumption of the catalysts. 

Fur ther evidence for an equilibrium between 
epimers resulted from the use of the catalysts on a 
preparative scale. The usual preparation of l-
menthyl arenesulfinates from the arenesulfinyl 
chloride and /-menthol, in the presence of a base 
such as pyridine or potassium carbonate, leads to a 
mixture of the two epimers from which the less solu
ble, crystalline one can be isolated in about 3 0 % 
yield.4 Addition of gaseous hydrogen chloride or 
hydrogen chloride and te t raethylammonium chlo
ride to the remaining liquid ester causes rapid con

es) The more soluble, lower-melting epimers of the esters used in 
this study have never been purified completely. However, Phillips4 

has demonstrated that /-menthyl d- + <#-£-toluenesulfinate isomerizes 
on long standing to /-menthyl /- + d/-£-toluenesulfinate. Recently we 
have obtained pure both epimers of a sulfinic ester. These will be the 
subject of a later communication. 

(4) H. Phillips, J. Chem. Soc, 127, 25S2 (1925). 
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Fig. 2.—Epimerization of /-menthyl J-/>-methoxybenzene-
sulfinate with hydrogen chloride as co-catalyst (in mole/1.): 
0,0.01816; 9,0.00905; 0,0.00514; 6,0.00322; ®, 0.00218; 
dashed curves from eq. 1; solid curves from eq. 8. 

version of the liquid ester to its crystalline epimer 
and permits its recovery in 70-90% yields. 

Kinetic Results 

The epimerization of /-menthyl /-arenesulfinates, 
catalyzed by tetraethylammonium chloride and 
hydrogen chloride in nitrobenzene a t 25°, was fol
lowed polarimetrically. Three esters which be
haved similarly were used, namely, /-menthyl l-
benzenesulfinate, /-menthyl /-/>-toluenesulfinate and 
/-menthyl /-^-methoxybenzenesulfinate. The rates-
of-change in rotation were strictly first order for 
more than 2-3 half-lives, with the pseudo-first-
order rate constant increasing only 2 % for a 13-fold 
increase in initial ester concentration. Tetraethyl
ammonium chloride alone had no effect on the es
ters, nor did hydrogen chloride, which in nitroben
zene is essentially un-ionized,6 have any effect a t 
concentrations below about 0.01 molar. At higher 
concentrations, hydrogen chloride led to a change 
in rotation tha t was dependent on the hydrogen 
chloride concentration approximately to the 2.5 
power. Since this effect was observed only a t rela
tively high concentrations of hydrogen chloride, it 
was not troublesome in most of the kinetic runs, 
and because the magnitude of the effect was known 
it could be corrected for in runs to which it did con
tribute.6 

At a constant concentration of one of the cata
lysts, an increase in the concentration of the co-
catalyst led to an increase in the pseudo-first-order 
rate constant tha t indicated a diminishing effective
ness of the catalysts a t higher concentrations (Figs. 
1 and 2). Typical data are recorded in Table I; 
the pseudo-first-order rate constant, k', was ob
tained from the expression In (as — c*i) = k't + C 
for the rate of epimerization of /-menthyl 1-p-me.th-
oxybenzenesulfinate. 

(5) M. Hlasko and E. Michalski, Rocz. Chem., 6, 534 (1920); C. A., 
21, 3523» (1927); D. M. Murray-Rust, H. J. Hadow and H. Hartley, 
J. Chem. Soc, 215 (1931). 

(6) The correction was made by subtracting from the k' obtained 
with the combined catalysts the value of k' obtained with hydrogen 
chloride as the sole catalyst. The values of k' were chosen at equal 
concentrations of available hydrogen chloride, [HCl] (see below). 
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EPIMERIZATION 

FINATE 

Initial ester, 
mole/1. 

0 . 0 3 4 9 
.0349 
. 0349 

. 0.349 
0.349 

. 0358 

.0358 

.0358 

.0358 

. 0358 

.0372 

.0372 

.0372 

.0372 

.0372 

.0385 

. 0385 

.0.385 

.0.385 

.0385 

.0385 

.0349 

.0358 

.0372 

. 0349 

T A B L E 

O F Z - M E N T H Y L 

: I 

1-p-METHOXY BENZENESUL-
I N N I T R O B E N Z E N E AT 25.00 ± 0.05° 

Total HCl, 
mole/1. 

0 . 0 1 8 1 6 
.01816 
.01816 
.01816 
.01810 

.00905 

.00905 

.00905 

.00905 

.00905 

.00514 

.00514 

.00514 

.00514 

.00514 

.00218 

.00218 

.00218 

.00322 

.00322 

.00322 

.01816 

.00905 

.00514 
0 

Tetraethyl
amrnonium 

chloride, mole/1. 

0 . 0 0 1 0 8 
.00270 
.00540 
00892 

.01784 

.001OS 

.00270 

.00540 

.00892 

.01784 

.00108 

.00270 

.00540 
,00892 

.01784 

.00540 

.00892 

.01784 

.00540 

.00892 

.01784 
0 
0 

0 

0 . 0 3 5 7 

Discussion 

*' X 10*, 
sec. L 

0 . 9 4 7 
2 . 3 3 
4 . 5 8 

0 . 0 7 
9 . 8 5 
0 . 6 4 3 

1.550 
3 . 1 2 
3 . 9 0 
4 . 9 7 
0 . 5 0 2 
1.605 
2 . 3 3 
2 . 6 5 
2 . 8 5 

1.275 
1 .48.3 
1.422 

1 770 
1.878 
2 . 0 0 0 

0 . 4 3 2 
.096 
.067 

0 

The epimerization reaction may be treated kine-
tically as approaching the equilibrium concentra
tion of epimers by a simple first-order reaction, with 
the observed rate contant, k', being the sum of the 
rate constants for the forward and reverse reactions, 
k't + k'r? This pseudo-first-order rate constant 
contains the specific rate constant for the reaction, 
k, and the concentrations of hydrogen chloride and 
chloride ion, which within any single run are in
variant . 
In O 2 - on) = (ki' + kr') t + C = k't + C = 

& [HCl][Cl-]* + C (1) 

However, the ineffectiveness of added catalyst a t 
higher concentrations suggests tha t the hydrogen 
chloride and chloride ion may be reacting to give an 
inert species, the hydrogen dichloride anion, HCl2 

comparable to H F 2
- (the bifluoride or hydrogen di-

fiuoride ion) bu t presumably less stable. 
Other evidence besides tha t already cited8 for the 

interaction of hydrogen chloride and chloride ions 
has been summarized recently by Sharp.9 In addi
tion should be mentioned the early work by 
Hunter1 0 and the observation by Pinner,11 who first 
synthesized imino ethers, t ha t the salts of these as 
first formed contained two moles of hydrogen chlo
ride and t ha t upon standing one mole was slowly 
lost. Similarly, it appears t ha t dicyclopentadien-

(7) L. P. Hammett, "Physical Organic Chemistry," McGraw-Hill 
Book Co., Inc., New York, N. Y., 1940, p. 102. 

(8) H. F. Herbrandson, R. T. Diekerson, Jr., and J. Weinstein, T H I S 
JOURNAL, 76, 4046 (1954). 

(9) D. W. A. Sharp, J. Chem. Soc, 2558 (1958). 
(10) W. H. Hunter and G. D. Byrkit, T H I S JOURNAL, 54, 1948 

(1932). 
(11) A. Pinner, Ber., 16, 35Ii, 1654 (1883). 

ylrhenium hydride gives a salt t ha t contains the 
hydrogen dichloride anion.12 Tetraphenylarsonium 
hydrogen dichloride also has been reported.13 

Recently, evidence on the conductivity of the hy
drogen dichloride ion has been published14 as has 
evidence for the symmetry of the hydrogen bond 
in this anion.15 

The postulation of the intervention of the hydro
gen dichloride anion in the epimerization reaction 
would be supported if it were to permit the calcu
lation of the actual concentrations of the free hy
drogen chloride and chloride ion which serve to cat
alyze the epimerization reaction. Assuming an 
equilibrium constant 

[HCl2-] K = [HCl][Cl- (2) 

can be written for the association, knowledge of the 
correct value of K would permit determination of 
the product [HCl][Cl- ] . This plotted vs. k' 
should give a straight line of slope k. 

The constant K has been determined by a series 
of successive approximations from the da ta on the 
epimerization of the three esters. The hydrogen 
chloride, [HCl], and chloride ion, [ C l - ] , available 
for catalysis of the reaction can be expressed in 
terms of the stoichiometric concentrations of hydro
gen chloride and tetraethylamrnonium chloride, 
[HCl]0 and [Cl -Io, respectively,16 with a = [ H C l ] 0

-

[ C l - ] 0 a n d 6 = [ H C l ] 0 + [Cl - ] 0 , and the equilibrium 
constant K from equation 2, neglecting extraneous 
roots. 

. „ „ , , Ka - 1 + VKV + 2Kb + 1 .„. 
[HCl ] = Yf* I'V 

.„ ,_ , -Ka-I+ VKW + 2Kb + 1 ... 
[Cl ] YR ( 4 ) 

The product of these concentrations for use in 
equation 1 is 

[HCl][Cl-] = ^+l^g^±^ii (r>) 

These equations are most easily applied when 
[HCl]0 = [Cl - ] 0 , i.e., a = 0, in which case they re
duce to equations 6 and 7. 

[HCl] = [Cl-

[HCl][Cl-] = 

= - 1 + V2Kb + 1 
2K 

Kb + 1 - y/2Kb + 1 
2Jv"2 

(6) 

(7) 

From equation 6 by use of various assumed val
ues of K and interpolated values of [HCl]0 = 

(12) M. L. H. Green, L. Pratt and G. Wilkinson, J. Chem. Soc, 3916 
(1958). 

(13) F. Blicke and E. Monroe, T H I S JOURNAL, 57, 720 (1935). 
(14) E. D. Hughes, C. K. Ingold, S. Patai and Y. Pocker, J, Chem. 

Soc, 1206 (1957). 
(15) J. C. Waddington, ibid., 1708 (1958). 
(16) The assumption has been made that all of the chloride ion not 

bound as hydrogen dichloride is available to catalyze the reaction. 
Actually, some is present as free chloride ions and some as undissoci-
ated tetraethylamrnonium chloride.11 To a first approximation at the 
low concentrations used, most of the quaternary salt is dissociated. 
Furthermore, it has been suggested that ions in ion pairs may be 
almost as reactive as free ions.18 Work is being done with a related 
system to determine the effect of the undissociated quaternary chloride. 

(17) C. R. Witschonke and C. A. Kraus, T H I S JOURNAL, 69, 2472 
(1947). 

(18) L. P. Hammett, "Physical Organic Chemistry," McGraw-Hill 
Book Compauy, New York, N. Y., 1940, p. 52. 
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10.0 

0 0.002 0.004 0.006 0.008 0.010 0.012 

[HCl] = [Cl"]. 

Fig. 3—Equations 1 and 6 with various values for K: 

O, 50; 9 , 200; CD, 500; e , 1000; ®, 10,000. 

[Cl~]o from Figs. 1 and 2, approach to a linear re
lationship for VF vs. [HCl] with K = 500 to 1000 
gave a first approximation (Fig. 3). These values, 
as well as others were then used in equation 5, with 
all of the experimental da ta for each ester, as in 
Fig. 4, in an a t t empt to improve the approximation 
of K. The value K = 1000 seemed to fit as well as 
K = 500. Finally, using the third-order ra te con
s tant obtained from Fig. 4 and the calculated con
centrations of available hydrogen chloride and chlo
ride ions from equations 3 and 4, curves were con
structed (Figs. 1 and 2) which should have corre
sponded to the experimentally observed results. 
The best fit was obtained using K = 500. The two 
calculated curves are of identical form because of 
the symmetry of the expression which is used, bu t 
the experimental da ta deviate non-symmetrically 
from these curves. I t must be concluded t ha t in
crements in [HCl]0 and [Cl -]o are not equivalent 
in their effects on the rate. 

If the hydrogen dichloride ion could serve in 
place of the chloride ion as a co-catalyst with hy
drogen chloride, then the curvature of the k' vs. 
[HCl] plot should be less than tha t of the k' vs. 
[Cl -] plot, since as chloride ion is consumed by 
added hydrogen chloride, its role can be filled by the 
hydrogen dichloride ion. The pseudo-first-order 
ra te constant then would not be k' = &[HClj [Cl -] 
bu t ra ther k' = MHClHCl - ] + k*[HCl] [HCl 2

- ] 
with k* the sum of the rate constants for forward 
and reverse reactions for the hydrogen dichloride-
catalyzed reactions. Trea tment of this in a manner 
similar to t ha t accorded equation 1 yields equation 8 

k' = k 
Kb + 1 - VA'% ! + 2Kb + 1 

2iC2 

(Kb + 1 
+ 

V'KW + 2Kb + l) s 

2KK- Ka - 1 + VKV + 2Kb + 1) 
(«) 

By successive approximations a value of kIk* = 
18.7 was found to be fairly satisfactory for all three 
esters. The values of the rate constants deter
mined from this equation with K = 500 are listed 
in Table I I and theoretical curves based on these 
values for /-menthyl /-^-methoxybenzenesulfinate 
are included in Figs. 1 and 2. T h e bet ter agreement 
with the observed experimental points suggests tha t 

O 

X 

0 4 8 12 16 20 24 

[HCl] X [Cl-] X 10». 

Fig. 4.—Equations 1 and 5 with K = 500. 

participation by the hydrogen dichloride anion 
may in fact occur. 

Kinetically the catalysis which we have inter
preted as being by hydrogen chloride and chloride 
ion could as well be by the hydrogen dichloride ion 
alone. On other grounds this alternative appears 

TABLE II 

R A T E CONSTANTS FOR THB EPIMBRIZATION OF / -MENTHYL 

/-ARENESULFINATBS BY HYDROGEN CHLORIDE, CHLORIDE 

IONS AND HYDROGEN DICHLORIDE IONS IN NITROBENZENE 

AT 25.00 ± 0.05°, ASSUMING K = 500 I . /MOLE 
Rate constants, i. ! mole - 2 sec. - 1 

i-Menthyl ester Cl - catalysis H C h - catalysis 

J-Benzenesulfinate 28.2 1.51 
/-^-Toluenesulfinate 28.0 1.50 
/-p-Methoxybenzenesulfiuate 35.0 1.87 

to be rather unlikely and is rendered improbable 
kinetically by the difficulty of fitting into any sim
ple scheme based upon this the term which we at
tribute to hydrogen chloride and hydrogen di
chloride catalysis. 

A reversible reaction of the ester with the two 
catalysts to give the sulfinyl chloride and /-menthol 
via a transition state approximating II may ac
count for the observations. 

° u ° 
t *• f 

Ar-S—OR + H - C l + Cl - ^ ± Ar-VS + HOR + Cl" 

It 
Cl 

Ar-S—OR + H - C l + CT" T ^ " Ar S + HOR + Cl" 

O O 

C l * " 
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If the asymmetric sulfur undergoes a displacement 
reaction by inversion and a re-esterification in the 
same manner, no epimerization should occur. How
ever, if reaction through II is rate determining, a 
subsequent rapid interchange of chloride ions by 
the sulfinyl chloride with racemization a t the sulfur 
could account for the epimerization. 

Ar, Ar O Ar 

C T + 0 ^ S - C l S C l ^ " — ' s - - - C l ^ _ 5£ C l - S ^ 

• ' • 

C l " 

If this picture of the reaction is correct, equation 
1 must be replaced by equation 9. 

*'' 0 - FTTT-)] ' + ^W 
Here the specific rate constants for the forward and 
reverse reactions of the simple epimerization equa
tion are diminished by tha t fraction of the race-
mized sulfinyl chloride tha t reverts to the epimeric 
ester from which it was formed. 

Although the accelerating effect of the p-meth-
oxyl on the rate is relatively small, it suggests an 
increase in positive charge on the sulfur in the tran
sition state. 

Experimental19 

/-Menthyl /-Benzenesulfinate.—Benzencsulfinyl chloride20 

from 34.7 g. (0.244 mole) of benzenesulfinic acid in an equal 
volume of dry ether was caused to react with 38.0 g. (0.243 
mole) of /-menthol in 20 ml. of dry pyridine. Removal of 
the ether in vacuo after washing with water, dilute hydro
chloric acid, twice again with water, and drying over sodium 
sulfate gave an almost colorless oil. The higher-melting 
cpimer was separated from the mixture by careful cooling, 
with solid carbon dioxide, of a solution in three volumes of 
methanol. The colorless crystals, 20 g. (0.071 mole, 29%), 
of /-menthyl /-benzenesulfinate were collected, washed with 
cold, aqueous methanol, and recrystallized from methanol. 
Another recrystallization from methanol and three from 
pentaiie gave a product of m.p. 49-51°, Ja]25D —205.5° 
(c 2.0 in acetone), [a]2aD —210.4° (c 1.1 in nitrobenzene). 

Anal. Calcd. for C,sH.uO>S: C, 68.51; H, 8.62; S, 1.1.43. 
Found: C, 68.63; H, 8.80; S, 11.25. 

(19) Analyses were per formed by Cla rk Mie roana ly t i ca l L a b o r a t o r y , 
U r b a n a , 111. 

;2!)l | . v. Hraun and W. Kaiser , Ber., 5 6 B , 549 (1923). 

CONVENIENT NEW PROCEDURES FOR THE 
HYDROBORATION OF OLEFINS 

Sir: 

The hydroboration reaction provides a conven
ient new route from olefinic derivatives to organo-
boranes,1 and to the many derivatives to which 
organoboranes can be converted.1 2 

(1) H. C. Brown and B. C. Subba R a o , T H I S J O U R N A L , 78 , 5594 
(195Ii); J. Org. Chem., 22, 1133(1957) . 

t The oil which remained from the original crystallization 
., had not solidified in a refrigerator after three months, but 

one week after adding hydrogen chloride gas more solid 
ester was recovered: 17.4 g. after one recrystallization. 

1 /-Menthyl /-/>-toluenesulfinate was prepared as reported 
j previously,2 except that after separation of the initially-

formed solid ester, a few crystals of tetraethylammonium 
chloride and some hydrogen chloride gas were added. A 
second crop was removed after one day, and rctreatment 
with quaternary chloride and hydrogen chloride gave yet 

r another crop. The total yield of /-ester was 90 .7 'T 
Z-M enthyl /-/S-M ethoxyb enzenesulfinate.—p-JA et h ox y -

benzenesulfinic acid21 (27 g., 0.157 mole) was added gradu
ally to 21.5 g. (0.18 mole) of thionyl chloride, the excess 
thionyl chloride was removed in vacuo, and the residue 
cooled and diluted with 50 ml. of dry ether. With cooling, 
20 g. (0.128 mole) of /-menthol in 11 g. (0.14 mole) of pyri-

j dine and 10 ml. of dry ether was added. More ether was 
added and the solution washed with dilute hydrochloric acid. 
The ester, which was not very soluble in ether, was recov
ered by filtration, hydrogen chloride was passed into the 
solution and it was refrigerated for three days. Ester, 
which had crystallized after this time, was separated and the 
ether was evaporated from the filtrate to give additional 
product; yield 27.7 g. (0.089 mole, 6 9 ( T After six re-
crystallizations from aqueous acetone, the ester had a m.p. 

I 116-117.5° and a constant rotation of [a\-'*n —100.3° (c 
1.2, acetone), [a]25D -193 .5° (c 1.0, nitrobenzene). 

Anal. Calcd. for C17H26O3S: C, 65.77; N, 8.44; S, 
10.33. Found: C, 65.93; H, 8.32; S, 10.11. 

Tetraethylammonium chloride stock solutions in nitro
benzene were prepared as previously.2 Care was necessary 
to assure that in the preparation of the chloride from the 

i hydroxide no excess of hydrochloric acid was used, as it was 
impossible to remove hydrogen chloride from the salt by re
crystallization. 

Hydrogen chloride stock solutions, in nitrobenzene, were 
prepared by passing dry hydrogen chloride into dry nitro
benzene. Exact concentrations were determined imine-

i diately preceding use, since hydrogen chloride is lost quite 
rapidly even from dilute solutions in nitrobenzene. 

The kinetic determinations were made at 25.00 ± 0.05°, 
• as reported previously. The spent solutions from a series 

of kinetic runs with /-menthyl /-/>-toluenesulfinate, in one 
instance, were combined and the nitrobenzene was removed 

; at K)-» mm., at 50°. Initially 1.0 g. of ester, 0.008 g. of 
tetraethylammonium chloride and 0.018 g. of hydrogen 

\ chloride were present. A residue, 0.9 g., largely crystalline, 
remained, which after recrystallization weighed 0.67 g. and 
had a m.p. 102-103°. A mixed m.p. with pure /-menthyl 
/-/;-toluenesulfinate was undepressed. 

After distillation of the nitrobenzene, a few mg. of white 
! crystals deposited in the side-arm of the distilling flask. 

The odor, m.p. 69°, and mixed m.p. showed these to be p-
toluenesulfonyl chloride. 

/-Menthol, dissolved in nitrobenzene with added hydro
gen chloride and tetraethylammonium chloride, was un
changed in rotation after 16 hours at 25°. 

• TROY, X. Y. 

(21) L. G a t t e r m a n n , ibid., 32, 113U (1899). 

We have described procedures which utilized 
sodium borohydride, diglyme (diethyleue glycol 
dimethyl ether) as solvent, and boron trifluoride 
etherate to liberate diborane from the salt. We 
have learned t ha t the unavailability of one or more 

(2) H . C. B r o w n and G. Zweiiel, T H I S J O U R N A L , 8 1 , 217, 1512 

(1959); H . C. Brown and K. M u r r a y , ibid., 8 1 , 4108 (1959); J, B. 
H o n e y c u t t , Jr . , and J. M. R idd le , ibid., 8 1 , 2593 (1959); M. F . H a w 
t h o r n e and J. A. D u p o n t . ibid., 80, 5830 (1958). 

COMMUNICATIONS TO T H E EDITOR 


