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To resolve an ambiguity in the literature, kinetic and stereochemical experiments were undertaken to establish 
the absolute configuration of a-mercaptophenylacetic acid. Polarimetrically measured second-order rate con- 
stants for the reaction of hydrosulfide ion with methyl 0-tosyl-(A')(+)-mandelate (IIb) showed a monotonic 
increase with time, suggesting formation of a strongly levototatory by-product. When the same reaction was 
conducted preparatively, the desired methyl ( R ) (  - )-a-mercaptophenylacetate (IV) (68%) was isolated in 
about 447, optical purity, along with a by-product (32y0), ( -  )-a,a'-di(carbomethoxy)dibenzyl sulfide (VI), of 
lower optical purity. S-(Thioncarboethoxy)-a-mercaptophenylacetic acid (VII), prepared by the action of 
potassium 0-ethyldithiocarbonate on a-chlorophenylacetic acid, was hydrolyzed to yield racemic a-mercapto- 
phenylacetic acid. This was resolved with the aid of cinchonidine, and the (- ) enantiomer was obtained in 
about SOY0 optical purity. The latter substance was converted by the action of benzyl bromide and sodium bi- 
carbonate into (R) (  - )-a-benzylmercaptophenylacetic acid (Ie) of known absolute configuration, thus confirming 
the assignment of ( -  )-a-mercaptophenylacetic acid to the ( R )  series (Ia). 

In 1927, while engaged in studies on the Walden in- 
version, Levene and coworkers' had occasion to prepare 
(+)-a-mercaptophenylacetic acid, (+)-PhCH (SH)- 

(ether); Na salt, [ C Y ] ~ ~ D  +78.9", [;\I]"D +149.9" (HzO)] 
by the action of potassium hydrosulfide on (-)-a- 
bromophenylacetic acid { mp 87-88', [ a l Z o ~  - 104.6", 
[ ; \ ' I j 2O~)  -224.9' (ether); Xa salt, [ a I 3 ~  - 102.6", [ J 1 l 3 ~  
-243.1' (H'O)]. Because the sodium salt of the (+)- 
a-mercaptophenylacetic acid was more dextrorotatory 
than was the free acid, Levene assigned it to the d series 
[ (R)  configuration], (Ia). Because the salt of the (-)- 
a-bromophenylacetic acid had a more levorotatory 
molecular rotation (albeit a more dextrorotatory specific 
rotation) than did the free acid Levene assigned this acid 
to the 1 series [(S)  configuration] (IIa), and thereby 
concluded that Walclen inversion had attended the con- 
version with KSH of the latter acid into the former. 
That Levene's simple optical comparisons were con- 
figurationally nondefinitive, however, was suggested by 
more recent findings that ( - )-a-halogenophenylacetic 
acids actually possess the D [i.e., ( E )  1 
(Ib) similar to ( E )  (-)-mandelic acid (IC). Further- 
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more, in the absence of more definitive stereochemical 
or kinetic criteria, the occurrence of inversion during the 
transformation of (-)-a-bromophenylacetic acid into 
(+)-a-mercaptophenylacetic acid cannot be unequivo- 
cally assumed a priori. Since the reaction in question 
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was conducted on free ( -)-a-bromophenylacetic acid 
in the presence of a large excess of KSH, the reacting 
species was clearly the ( - )-a-bromophenylacetate an- 
ion. Furthermore, since carboxylate anions may act as 
"configuration-retaining" neighboring groups via for- 
mation o f  intermediate a-lactones (I11 or its equiva- 

which both form with and react with inversion 
at C-a, there is therefore alternative precedent to pos- 
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0 
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tulate net configurational retention (Le . ,  double inver- 
sion) in Levene's conversion of (-)-a-bromo- into (+)- 
a-mercaptophenylacetic acid. Thus, the questions of 
the absolute configuration of the latter acid and the 
presence or absence of net inversion in its reported for- 
mation from (-)-o-bromophenylacetic acid remain 
open ones, since all other studies of a-mercaptophenyl- 
acetic acid prior to and following that of Levene have 
involved only the racemic f ~ r m . ~ - ~ ~  

By kinetic studies involving the SN2 displacement of 
tosylate anion from methyl 0-tosyl-(8) (+)-mandelate 
(IIb) by means of phenylmercaptide and beneylmercap- 
tide nucleophiles, we have recently demon~trated'~ that 
the levorotatory enantiomers of a-phenylmercapto- 
phenylacetic and a-benzylmercaptophenylacetic acids 
each possessed the (R)  absolute configuration, Id and Ie, 
respectively. Similarly, optical rotatory dispersion 
measurements have since shown1* that the levorotatory 
enantiomers of 2-phenyl-2-phenylmercaptopropanoic 
and 2-phenyl-2-benzylmercaptopropanoic acids like- 
wise possessed the (R)  configuration (If and Ig, respec- 
tively). It occurred to us that kinetic or rotatory dis- 
persion studies analogous to these might shed light on 
the unknown absolute configuration of a-mercaptophe- 
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nylacetic acid. In addition, configurational confirma- 
tion might be obtained and optical homogeneity might 
be estimated if a resolved sample of the latter acid could 
be converted under rionracemizing conditions into one of 
the configurationally established enantiomers of a-ben- 
zylmercsptophenylacetic acid (e.g., Ie). Experiments 
along both of these lines are reported below. 

At the outset we attempted to establish polarimetri- 
cally the presumed second-order displacement of OTs- 
from methyl O-tosyl-(8) (+)-mandelate (IIb, 0.01 M 
in ethanol) by SH- (0.01 M NaSH in ethanol), using 
techniques previously described. l3 The second-order 
rate constants calculated from the mutarotation data 
are given in the third column of Table I, where we see 

TABLE I 

OF 0.01 1cf METHYL O-TOSYL-(S)(+)-MANDELATE 
WITH ISODIUM HYDROSULFIDE 

SECOND-ORDER RATE CONSTANTS FOR THE RE.4CTION 

Time, ---0.01 M NaSH- -0.06 M NaSH- 
min a, dega k? I .  mol-1 min-1 a, dega k,C 1. mol-' min-1 

2 0 .29  1.37 
4 0.19 1.40 
6 0.09 1.52 
8 0 . 0 2  1.52 

10 -0.05 1.57 
12 -0.11 1.65 
15 0 .30  1 .20  -0.19 1.83 
20 -0 .26  1.88 
30 0.18 1.43 
40 0 .11  1.60 
52 0 .04  1 .84  
66 -0.02 2.00 
78 -0.06 2 .09  
97 -0 .12  2 .40  

121 -0.18 2.77 
150 -0.23 3 .40  

5 In  a 2-dm tube; a0 = +0.41°; am = -0.35'. * Calculated 
by (1/C - l/Co)/t; t i l z  = ca. 56 min. Calculated by log 
a(b - x)/b(a - x); ti/, =: ea. 8 min. 

that the value of k is not constant, but increases approx- 
imately threefold during the course of the reaction. 
Such a monotonic increase in the second-order rate con- 
stant is explainable in terms of eq 1 to 3. Now, the rate 

(+)-ROTS + SH- + (-)-RSH + OTS- (1) 

(-)-RSH + YH- + (-)-RS- + H2S (2) 

(+)-ROTS $- (-)-Its- + (-)-RSR-(-) + OTS- (3) 

IV 

V 

VI 

R = PdHCOOCHs 

constant values in Table I are calculated on the assump- 
tion of a single reaction product, methyl (-)-a-mercap- 
tophenylacetate (IV), produced as in eq 1. However, 
the mercaptan I V  in the presence of SH- can provide 
the mercaptide ion V, as in eq 2, and the mercaptide ion 
V may in turn compete with SH- for starting tosylate 
to form the sulfide by-product VI. Now, if the sulfide 
VI is more levorotatory than the initial products IV and 
V, its increasing formation as the reaction proceeds 
should lead to excessively rapid levo mutarotation, and 
an increasingly high calculated value for the second- 
order rate constant. This explanation predicts that in 
the presence of a large excess of SH,- where reaction 1 

can compete more effectively with 3, the value of k 
should show less of the above monotonic incresse as the 
displacement progresses. This prediction is borne out 
in the 0.06 M NaSH experiment in Table I, where k 
increases only by a factor of 1.37 during the course of 
the reaction. Equation 2 also predicts the formation of 
H2S during the reaction. In each experiment in Table 
I the formation of gas bubbles was noted in the polarim- 
eter tube after the reaction had progressed for a time. 
Finally, the above explanation postulates a sulfide by- 
product (VI) which is more levorotatory than the de- 
sired mercaptan product (IV). This prediction was 
realized when the displacement was duplicated on a pre- 
parative scale. When methyl O-tosyl-(S) (+)-mandel- 
ate (1.5 g) was allowed to react with 5 equiv of sodium 
hydrosulfide in ethanol at room temperature during 1.5 
hr, customary processing afforded 95% (based on IV) 
of crude product. This was separated by fractional dis- 
tillation into two fractions, the first (GSOj,) having [ a I z 5 ~  
-54.2' (ethanol) and the second (32%; residue) having 
[ c x ] ~ ~ D  -72.6' (ethanol). Elemental analyses for C, H, 
and S indicated that the first fraction consisted of 92.4% 
of the mercaptan IV and 7.6% of the sulfide VI, 
whereas the second fraction was 89.3% VI and 10.7% 
IV. From these data one may calculate that the 
chemically homogeneous methyl ( - )-a-mercapto- 
phenylacetate (IV) from this reaction would have [ a I 2 ' D  
- 52.5', while the homogeneous a,a'-di(carbome- 
thoxy)dibenzyl sulfide (VI) product would have [ a ] " ~  
-75.0'. The optical homogeneities of these products 
are discussed below. 

If the rate constants in Table I are extrapolated 
graphically back to zero time, the extrapolated value 
should provide a reasonable measure of the second-order 
rate constant for reaction 1, since under these conditions 
reaction 3 has not yet started to compete for available 
tosylate. Such an extrapolation provides an average 
value k = 1.18 1. mol-' min-1 for the specific rate of 
displacement of tosylate ion from methyl O-tosyl-(8)- 
(+)-mandelate by hydrosulfide ion. This value is 
much lower than the previously measured13 second-or- 
der rate constants for similar tosylate displacements in- 
volving benzylmercaptide and phenylmercaptide ions, 
176 and 51 1. mol-' min-', respectively. 

Although the "near-constancy" of the second-order 
rate constants in Table I, and the above experimentally 
confirmed rationalization for their monotonic increases 
argue strongly for an S N ~  mechanism and Walden inver- 
sion in the conversion of the (S)(+)-tosylate I Ib  into 
methyl (-)-a-mercaptophenylacetate (IV), it was 
deemed desirable to confirm this conclusion indepen- 
dently under conditions which would permit a quanti- 
tative evaluation of the optical course of the displace- 
ment in question. The approach here was to attempt 
the resolution of ( i )-a-mercaptophenylacetic acid 
[(A) Ia], then to establish both absolute configura- 
tion and optical purity by converting the resolved sam- 
ple into its S-benzyl thio ether (e.g. ,  Ie) of known13 
absolute configuration. 

We initially attempted the preparation of methyl 
a-mercaptophenylacetate [( =k) IV] by the action of 
sodium hydrosulfide on methyl a-chlorophenylacetate, 
obtained in turn by the action of PCls on methyl man- 
delate. The crude ester product, however, was a com- 
plex mixture whose components were not readily sepa- 
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rated, and hydrolysis was therefore not attempted. At- 
tention was then given to the preparation of (*)-a-mer- 
captophenylacetic acid by hydrolysis of S-(thioncarbo- 
ethoxy)-a-mercaptophenylacetic acid (VII), prepared 

S-C (=S)-OEt 

PhC!2€COOH 
VI1 

in turn by the action of potassium O-ethyldithiocarbon- 
ate on a-chlorophenylacetic acid. Modifying earlier 
literature procedures (cf. Experimental Section), the 
desired ( *)-a-mercaptophenylecetic acid, an oil in the 
crude state, was readily obtained in acceptable yield, 
and resolutions were then attempted with several opti- 
cally active bases. These were unsuccessful with (-)- 
a-phenylethylamine and (+)-a-(l-naphthy1)ethyl- 
amine, but optical enrichment was finally achieved by 
systematic recrystallization of the cinchonidine salt. 
In  the final recrystallization of the latter from 2: 1 ace- 
tone-ethanol, a 31% material loss accompanied only a 
2% increase in specific rotation, and resolution was 
therefore deemed essentially complete. That this was 
not the case, however, was shown by the facts that the 
crude ( -)-a-mercaptophenylacetic acid recovered from 
the final cinchonidine salt had mp 76-83' and [ a J Z 5 ~  
-81.0" (ethanol), and that one recrystallization (1 :3  
benzene-hexane) raised these values to mp 87-87.5' and 
[ a I z 6 ~  - 104.8' (ethanol). Another recrystallization 
gave a sample having mp 88-88.5' and 1.11""~ - 106.2' 
(ethanol), -93.6' (ether), and optical homogeneity was 
again assumed to have been achieved. That this was 
still not the case, ho.wever, was shown by the S-benzyl- 
ation studies described below. The recovery of residual 
a-mercaptophenylacetic acid from the original cin- 
chonidine salt mother liquors of the above resolution 
afforded not only a weakly dextrorotatory { [ a I z 5 ~  
+8.6' (ethanol)) sample of the acid, but also a 31% 
yield of dextrorotatory a, a'-dicarboxydibenzyl disulfide 
(VIII) Imp 217-218', [ a ] " ~  +90.8' (acetone)} of 

Ph 

bHCooH 
/ 
\ 

X 

CHCOOH 
I 

Ph 
VIII, x = -s-s- 

IX, x = -s- 
unknown optical purity. The above (-)-a-mercapto- 
phenylacetic acid readily formed a methyl ester having 
[ a I z 5 ~  - 101.2" (ethanol). 

SBenzylation of the above (-)-a-mercaptophenyl- 
acetic acid was conducted in aqueous ethanol in the 
presence of 2 equiv of sodium bicarbonate and 1 equiv 
of benzyl bromide. The reaction, followed polarimet- 
rically, was found to go to completion at 25" in less than 
2 hr, and led to samples of (R)  (-)-a-benzylmercapto- 
phenylacetic acid (Ie) having [ a I z 5 ~  -129 *3' (etha- 
nol). Since the latter optically pure acidls has [ a ] " ~  
-161', the present sample was about 8O.ly0 optically 
pure. The present acid on Fischer esterification af- 
forded a methyl ester having [aIz5D -116' (ethanol). 
Since optically pure methyl (R)  ( -)-a-benzylmercapto- 
phenylacetatels has [ a I z 5 ~  -143", the present ester is 
80.6% optically pure, confirming the optical purity of 

its acid precursor. To estimate whether partial race- 
mization might have attended the above S-benzylation 
reactions, the (-)-a-mercaptophenylacetic acid start- 
ing material, the ( - )-a-benzylmercaptophenylacetic 
acid product, and a mixture of each were separately 
dissolved in sodium bicarbonate solution and observed 
polarimetrically at room temperature. Each solution 
proved optically stable well beyond the reaction times 
employed above, and it was therefore concluded that 
the S-benzylation reactions in question led to substan- 
tially unracemized products. If the -)-a-mercapto- 
phenylacetic acid employed above { [ a I z 5 ~  - 106.2' 
(ethanol), -93.6' (ether)} was thus 30.3% (average) 
optically pure, the specific rotations of the optically 
homogeneous acid must accordingly be [ c Y ] ~ ~ D  - 132.4' 
(ethanol) and -116.6' (ether). That of optically pure 
methyl (-)-a-mercaptophenylacetate (IT') must like- 
wise be [ a I z 5 ~  - 126.0' (ethanol). 

The above conversion of (-)-a-mercaptophenylace- 
tic acid into (R) (-)-a-benzylmercaptophenylacetic 
acid (Ie) shows unequivocally that the former acid like- 
wise possesses the (R)  absolute configuration (Ia), and 
that predominant inversion of configuration did in fact 
attend both the above transformation of methyl 0- 
tosyl-@)(+)-mandelate (IIb) into methyl (R)  (-)-a- 
mercaptophenylacetate (IV), as well as Levene's con- 
version of (R)  (-)-a-bromophenylacetic acid into (S)- 
(+)-a-mercaptophenylacetic acid. Levene's assump- 
tion of inversion in the latter reaction' was thus correct, 
although his configurational assignments were not. 

Since the above preparative tosylate displacement 
led to a sample of methyl (R)  (-)-a-mercaptophenyl- 
acetate which (if chemically homogeneous) has [ a ] " ~  
-52.5', we may conclude that this product was 41.7% 
optically pure (ie., 52.5/126). Similarly, the free acid 
obtained on hydrolysis of this ester sample had [ a ] " ~  
-53.9' (ether), or was 46.2% optically pure (ie., 
53.9/116.6), in reasonable agreement. The net optical 
course of our preparative conversion of methyl O-tosyl- 
( S )  (+)-mandelate into methyl (R)  (-)-a-mercap- 
tophenylacetate was thus (average) about 44% inver- 
sion and 56% racemization. Subsequent polarimetric 
experiments (see Experimental Section) suggested that 
this racemization was probably inherent in the displace- 
ment reaction itself, and did not occur significantly 
after the product had formed. Our (-)-a,a'-di(car- 
bometh0xy)dibenzyl sulfide (VI) by-product had [ a j Z 5 ~  
- 75.0' (assuming chemical homogeneity). Janczew- 
ski, Pytlarz, and Poplawskilz have recently resolved 
a,a-dicarboxydibenzyl sulfide (IX) and reported [ a I z 5 ~  
-278' (NeOH) for the levorotatory enantiomer. If 
we assume that the same optical rotation ratio (1.05) 
exists between the latter acid and its methyl ester (VI) 
as exists between ( -)-a-mercaptophenylacetic acid and 
its methyl ester, { L e . ,  assume optically pure VI has 
[ a l Z 5 ~  of about -264' (ethanol)}, it would appear that 
our sample of the by-product sulfide VI was about 28% 
optically pure. 

From their reaction of (R)  (-)-a-bromophenylacetic 
acid with potassium hydrosulfide, Levene and co- 
workers' report the isolation of a crude product hav- 
ing [ a l z 0 ~  +114.5' (ether). This they fractionally dis- 
tilled. Half was collected at  148-152' (2 mm), had mp 
50-87' and [ a I P o ~  +71.5' (ether), and was identified as 
(8) (+)-a-mercaptophenylacetic acid of 61% optical 
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Figure 1.-Melting range-composition diagrams for mandelic and 
a-mercaptophenylacetic acids. 

purity. The nonvolatile residue, mp 127-130°, [ a l z 0 ~  
+53.7" (ether), was assumed to be a,a'-dicarboxydi- 
benzyl sulfide (IX). Commenting on the novelty of the 
above optical rotat,ion results, Levene concluded that 
thermal racemization had attended the distillation of 
the (8) (+)-a-mercaptophenylacetic acid. We have at- 
tempted to substantiate this remarkable observation by 
heating a sample of our (R)  (-)-a-mercaptophenylace- 
tic acid at 150" for 15 min. Absolutely no racemization 
was noted, and we are at a loss to explain Levene's 
observation. 

Finally, we have attempted to see if the above stereo- 
chemical conclusions could be confirmed by application 
of the method of quasi-racemates16~16 to the antipodes 
of mandelic and a-mercaptophenylacetic acids. 
Whereas mixtures of (S)(+)- and ( E )  (-)-mandelic 
acids clearly show racemic compound formation in their 
melting range behavior (Figure 1A) ,6*17 mixtures 
of either (8) (+)-mandelic or (R)  (-)-mandelic acids 
with (R)  (-)-a-mercaptophenylacetic acid showed melt- 
ing point behavior characteristic only of solid solutions 
[Figure 1B; a practically identical curve was obtained 
with (R)  (-)-mandelic acid], indicating again14-16 that 
sulfur and oxygen analogs do not seem amenable to 
configurational comparisons by the quasi-racemate 
method. 

Experimental Section 
S-(Thioncarboethoxy)-a-mercaptophenylacetic Acid (VII).- 

Potassium hydroxide (20 g) was dissolved with magnetic stirring 
in 95% ethanol (100 &;I. The solution was cooled to O", stirred 
rapidly, and treated all a t  once with carbon disulfide (35 ml; 
1.63 equiv), resulting in precipitation of a yellow solid. This 
was slurried well with ether (200 ml), the mixture was filtered, 
and the cake was rinsed with ether. Additional solid precipitated 
in the filtrate; it  was collected and rinsed with ether. The 
process was continued until no more solid precipitated. The 
crude potassium o-ethyldithiocarbonate (43.5 g, 76%) was dried 
in a vacuum desiccator and stored over P 2 0 6  prior to use. The 
above procedure is a modification of that of Price and Stacy.ls 

(15) A. Fredga in "The Svedberg," Almqvist and Wiksell, Uppssla, 

(16) A. Fredga, Tetrahedron, 8, 126 (1960). 
(17) J. H. Adriani, 2. Physik. Chem., 33, 453 (1900). 
(18) C. C. Price and G .  W. Stacy, "Organic Syntheses," Coll. Vol. 111. 

1944, p 261 ff. 

John Wiley and Sons, Inc., New York, N. Y.,  1955. p 668. 

The above product (26.5 g, 165.6 mmol) was dissolved in 
warm methanol (42 ml). The solution was cooled slightly and 
treated with a solution of a-chlorophenylacetic acid's (14.1 g, 
82.7 mmol) in dioxane (83 ml), then was stoppered and stirred 
magnetically a t  room temperature for 23 hr, and was finally 
poured into ice water (500 ml). The mixture was extracted twice 
with ether (discard), then was acidified with dilute sulfuric acid 
and extracted thrice with ether. The extract was washed with 
water, dried (MgS04), and stripped of solvent to yield 21.5 g 
(101.6%) of crude product, a yellow oil which crystallized rapidly 
on seeding and scratching and which was hydrolyzed below 
without further purification. 

In preliminary preparations the crude product was recrystal- 
lized from carbon tetrachloride with considerable material loss, 
mp 90.5-91.5'. A second recrystallization gave a sample, mp 
91-91.5", whose infrared spectrum in chloroform was identical 
in all respects with that of the crude product above, with the 
exception of the presence of two small bands a t  11.23 and 11.43 
p, respectively, in the spectrum of the crude sample. Iskander 
and Tewfik reportll mp 95-96' for this product. 

Anal. Calcd for Cl1HlnO3Sp: C, 51.54; H, 4.72; S, 25.02. 
Found: C, 51.43; H, 4.81; S, 25.24. 

a-Mercaptophenylacetic Acid [ ( f ) Ia] .-The above crude acid 
(21.5 g)  was dissolved in ethanol (78 ml) and treated with con- 
centrated ammonium hydroxide (50 ml). The flask was flushed 
with illuminating gas, stoppered, and allowed to stand a t  room 
temperature for 72 hr, whereupon the flask contents were stripped 
of solvent by rotary vacuum evaporation a t  100". The residue 
was dissolved in dilute ammonium hydroxide (1 : 1, 100 ml) and 
extracted twice with ether (discard). The ammoniacal layer was 
acidified with iced 30% sulfuric acid and extracted twice with 
ether. The extract was washed with water, dried (MgS04), 
and freed of ether to yield 13.85 g (98%) of thin, vile-smelling 
oil. 

In a parallel experiment starting with 11.1 g of recrystallized 
acid VII, mp 83.5-86.5", 7.4 g (1017~) of similar crude, oily 
product was obtained, n Z 4 ~  1.5665, whose infrared spectrum was 
identical with that of the above product and whose analysis 
bordered on acceptability. 

Anal. Calcd for CsH802S: C, 57.12; H, 4.79. Found: C, 
56.34; H, 5.32. 

A preliminary attempt to hydrolyze the acid VI1 by heating at 
100" for 20 hr in a mixture of acetic acid-watersulfuric acid 
(9:5: 1 )  was ineffective, and only starting acid was recovered, as 
indicated by infrared spectra and crystallinity. The above 
ammonolysis is an adaptation of the procedure of Biilmann.aO 

Methyl a-Mercaptopheny1acetate.-A mixture of the above 
a-mercapto acid (1.00 g) in methanol (15 ml) containing sulfuric 
acid (0.5 ml) was heated under reflux for 6 hr, cooled, and poured 
into water. Ether extraction, followed by customary washing, 
drying, and solvent removal, afforded 0.98 g (90.7%) of crude 
ester, a thin, colorless oil, The product was kept overnight over 
PZOS at  0.1 mm, whereupon it showed 12% 1.5480 and proved 
homogeneous on thin layer chromatography (silica gel G, 
benzene eluent). 

A n d  Calcd for CsHlo02S: C, 59.32; H, 5.53; S, 17.59. 
Found: C, 59.84; H, 5.46; S, 17.25. 

a,a'-Dicarboxydibenzyl Disulfide (VIII).-The above a- 
mercapto acid (0.70 g) was dissolved in acetic acid (4 ml) and 
treated with 30% hydrogen peroxide (0.25 g, 5% excess) in 
acetic acid (3 ml). After 2.5 hr at room temperature the mixture 
was poured into water, then extracted twice with ether. Usual 
processing yielded 0.70 g of white solid, which was slurried with 
a mixture of benzene (2 ml) and hexane (4 mi), then filtered. 
The residue, 0.3 g, mp 210-214", was recrystallized from a mix- 
ture of acetone (2 ml), benzene (4 ml), and hexane (10 ml) to  
provide 0.11 g of product having mp 21.5.5-216', in agreement 
with the value (218") reported by Iskander and Tewfik." 

S-Benzylation of a-Mercaptophenylacetic Acid.-The above 
a-mercapto acid (0.70 g; 4.16 mmol) was dissolved in ethanol 
(8.3 ml) and treated with benzyl bromide (0.492 ml, 4.16 mmol). 
The mixture was treated with a solution of sodium bicarbonate 
(0.70 g, 8.33 mmol) in water (4.2 ml), then was heated under 
reflux for 25 min, cooled, poured into water, and acidified with 
dilute sulfuric acid. Ether extraction and customary work-up 
afforded 1.00 g (93.5y0) of a thick oil which quickly solidified 

(19) E. L. Eliel, M. T. Fisk, and T. Prosser, "Organic Syntheses," Coll. 

(20) E. Biilmann, Ann.,  348, 128 (1906). 
Vol. IV, John Wiley and Sons, Inc.. New York, N. Y., 1963, p 169. 
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and whose infrared spectrum was identical with that of authentic 
a-benzylmercaptophenylacetic acid. The product was dissolved 
in benzene (2.5 ml) and filtered from a small amount (0.02 g) of 
insoluble product, mp 216-216.5'. The filtrate was treated with 
hexane to incipient turbidity, seeded, and chilled, yielding 0.10 g 
of product having mp 84.5-85.5", which gave no mixture melting 
point depression with authentic a-benzylmercaptophenylacetic 
acid (mp 86'). The above insoluble product gave no mixture 
melting point depression with the above sample of the disulfide 
(VIII) from a-mercaptophenylacetic acid, indicating that a 
small amount of air oxidation competed with S-benzylation under 
the present conditions. 

Resolution of a-Mercaptophenylacetic Acid.-The above race- 
mic a-mercapto acid (13.35 g) was dissolved in acetone, as was 
23.30 g of cinchonidine. The solutions were mixed and diluted 
to 150 ml with acetone, seeded with material from a small-scale 
resolution, and allowed to stand 2 hr. The salt obtained (a), 
11.38 g, had mp 162.5' and [aIzs~ -91.0" (c 1.3, 95% ethanol). 
Only a small amount of additional material (0.22 g, mp 158- 
161') resulted on placing the mother liquors a t  0' overnight. 
The mother liquors were accordingly evaporated to dryness and 
the residue was redissolved in 45 ml acetone, seeded, and chilled. 
This produced 5.10 g of additional salt (b): mp 147-153' 
(softening from 70'); [ a I z 5 ~  -81.7' ( c  1.0, 95% ethanol). The 
first product (a) was recrystallized a t  0' from a mixture of ethanol 
(25 ml) and acetone (150 ml) to yield 4.64 g of solid (c): mp 
164-165.5"; [ajZ5~ -99.6' (c 0.7; 95% ethanol). Product b 
was recrystallized from acetone (25 ml) to produce 2.40 g of d: 
mp 154.5-156.5'; [ a I Z 5 ~  -92.9' (c 0.7, 95% ethanol). The 
mother liquors from c were evaporated to dryness, the residue 
was combined with d, and the mixture was recrystallized from 
ethanol (6 ml) and acetone (50 ml), affording 5.04 g of e: mp 
159.5-162'; [aIzs~ -90.0' (c 1.5, 95% ethanol). The latter 
was again recrystallized from ethanol (4 ml) and acetone (25 
ml) to  give 2.33 g of f :  mp 168'; [ ~ J ~ S D  -98.1' (e 1.0, 95% 
ethanol). Crops c and F were combined and recrystallized from 
ethanol (8 ml) and acetone (15 ml) to obtain 4.80 g of g: mp 
171";  ID -101' (c 0.7, 95% ethanol). In  view of the little 
change in rotation during the last recrystallization, it was 
(erroneously) concluded that the final cinchonidine salt (9) was 
practially optically pure. 

Anal. Calcd for C27H3oN20aS: C, 70.11; H ,  6.54; N, 6.06; 
S, 6.92. Found: C, 70.25; H ,  6.64; N, 6.10; S, 6.91. 

The salt g (4.4 g) was dissolved in a little warm ethanol and 
the solution was added to an excess of 10% sulfuric acid. The 
mixture was extracted thrice with ether, and the extract was 
washed with water, dried, and stripped of solvent. There resulted 
1.64 g (102%) of thin syrup which soon crystallized as long 
needles: mp 76-83'; [alZ5~ -81.0' (c 1.3,950/,ethanol). These 
were recrystallized from a mixture of benzene (2 mi) and hexane 
(6 ml) to produce 1.00 g o f  product having mp 8747.5' and [a]% 
- 104.8' (c 0.5, 95% ethanol). Another recrystallization from 
benzene (1.3 ml) and hexane (5 ml) gave 0.90 g of (-)-a-mer- 
captophenylacetic acid having mp 88-88.5 and [a]2sD - 106.2' 
(c 0..5, 9570 ethanol), -93.6' (c 0.9, ether). 

Anal. Calcd for CsIH~O~S: C, 57.12; H ,  4.79; S, 19.06. 
Found: C, 57.46; H, 4.86; S, 19.17. 

While the above results indicate that the original cinchonidine 
salt (9) was not optically pure, the reasonably similar melting 
point and rotation before and after the final recrystallization of 
the recovered acid led us, again erroneously, to assume that 
optical purity had been substantially achieved. The infrared 
spectrum (CHC18 solution) of the final (- )-a-mercaptophenyl- 
acetic acid and its racemic oily precursor were identical in all 
respects. The structure of the resolved acid was confirmed by 
its integrated nmr spectrum (CDC13, tetramethylsilane internal 
standard, Varian A60 nmr spectrometer). The single thiol 
proton appeared as a doublet centered a t  d 2.60 ( J  = 8 Ha); 
the lone a proton appeared as a doublet centered a t  4.68 (J  = 8 
Hz); the five aromatic protons appeared as a complex multiplet 
centered around 7.37; .snd the single carboxyl proton appeared 
as a singlet a t  11.47. 

The original cinchonidine salt mother liquors from the above 
resolution were evaporated to dryness and the residue (19.95 g) 
was decomposed with dilute sulfuric acid as above. Similar 
processing yielded 6.72 g (92.6%) of a semisolid paste. This was 
slurried with benzene and filtered. The insoluble residue (2.03 g) 
had mp 217-218' and [ m I z 5 ~  90.8" (c 1.2; acetone). The residue 
from evaporation of the filtrate was 4.51 g of amber oil which 
gradually crystallized, [ U ] ~ ~ D  +8.6' (c 4.4; 95% ethanol). The 

insoluble residue proved to be the dextrorotatory form of the 
disulfide VIII, of unknown optical purity. Its recrystallization 
from acetone-benzene did not lead to optical enrichment but 
yielded 0.59 g: mp 220-221' dec; [ a I z 5 ~  +75.3' (c 0.76, 
acetone). 

Anal. Calcd for C I ~ H I ~ O ~ S Z :  C, 57.46; H, 4.22; S, 19.18. 
Found: C, 57.67; H ,  4.34; S, 19.15. 

The decomposition with acid of several other intermediate 
fractions of cinchonidine salts from the above resolution similarly 
led to residues from which high melting (209-215') optically 
active products, presumably also optically impure analogous 
disulfides, were isolated. 

At the outset, resolution of the above racemic a-mercapto- 
phenylacetic acid was attempted with both a-phenylethylamine 
and with ( +)-a-( l-naphthy1)ethylamine. In  each case crystal- 
line salts were readily obtained, but their recrystallization led to 
little apparent optical enrichment. Acid decomposition of the 
thrice recrystallized salt from the latter amine gave an optically 
inactive sample of recovered acid which again contained about 
10% of the disulfide VIII. 

Methyl (- )-a-Mercaptophenylacetate.-The above (- )-a- 
mercaptophenylacetic acid (0.150 g) was heated for 7 hr in 
methanol (5 ml) containing sulfuric acid (0.2 ml). Processing as 
before yielded 0.143 g (88%) of colorless oil, [aIz5D -101.2' 
(c  1.4; 95% ethanol), which was homogeneous on thin layer 
chromatography (silica gel G; benzene) and showed the same 
Rf value as the racemic sample above. 

Anal. Calcd for CQHIOOZS: C, 59.32; H,  5.53; S, 17.59. 
Found: C, 59.95; H, 5.63; S, 17.71. 

S-Benzylation of ( - )-a-Mercaptophenylacetic Acid.-The re- 
action was conducted under polarimetric observation a t  room 
temperature, in order to employ the gentlest convenient condi- 
tions. The above (-)-a-mercaptophenylacetic acid (120 mg, 
0.714 mmol) and sodium bicarbonate (120 mg, 1.428 mmol) 
were dissolved in water (5 ml). Benzyl bromide (124 mg, 0.725 
mmol) was dissolved in 95% ethanol (6 ml) and the two solutions 
were mixed and placed in a l-dm polarimeter tube. The follow- 
ing rotations were observed at  the following times (min): - 1 .38O 
(4.5), -1.47' (7), -1.62' (LO), -1.85' (22), -2.09' (42), 
-2.22' (50), -2.38' (SO), -2.50' (125), -2.50" (185), -2.45' 
(1260). The reaction mixture was poured into water, acidified 
with dilute sulfuric acid, and extracted twice with ether. Wash- 
ing, drying, and solvent removal left 135 mg (73.4%) of turbid 
oil having [a]Z5a -126' (c 1.6, 95% ethanol), which showed an 
infrared spectrum (0.138 M solution, CHCL) identical in all 
respects with the spectrum (0.138 M solution, CHCla) of authentic 
(- )-a-benzylmercaptophenylacetic acid, [a] 2 5 ~  - 161 ' (ethanol). 
The crude oil was dried over P20s a t  0.1 mm for 12 hr prior to 
analysis. 

Anal. Calcd for C15H1402S: C, 69.74; H,  5.46; S, 12.41. 
Found: C, 68.81; H, 5.45; S, 12.64. 

The above mutarotation data were subjected to second-order 
rate constant calculations as previously described.18 The data 
afforded a reasonably constant value k = 0.72 j= 0.05 1. mol-' 
min-1 during the first 70% of the reaction, after which the rate 
constant appeared to increase. The reaction half-life was about 
22 min under the conditions noted. 

In  confirmation of the above experiment (- )-a-mercaptophe- 
nylacetic acid (120 mg) and sodium bicarbonate (120 mg, 2 equiv) 
in water (6 ml) were mixed with benzyl bromide (360 mg, 3 equiv) 
in ethanol (8 ml). After 150 min the product was isolated as 
before, a clear oil which slowly crystallized, [m%] -132' (c 1.2, 
95% ethanol). 

In  order to estimate whether partial racemization might have 
attended the above S-benzylation reactions, the starting material, 
the product, and a mixture of each were examined polari- 
metrically in bicarbonate solution. ( - )-a-Mercaptophenyl- 
acetic acid (0.214 mmol) and sodium bicarbonate (0.428 mmol) 
in water (3.0 ml) showed a rotation of - 1.38'/dm, unchanged 
during 26 hr. ( - )-a-Benzylmercaptophenylacetic acid (0.713 
mmol) and sodium bicarbonate (1.428 mmol) in water (10 ml) 
had a rotation of -3.37'/dm, unchanged after 120 hr. A solu- 
tion of ( -  )-m-mercaptophenylacetic acid (0.214 mmol), (- )-a- 
benzylmercaptophenylacetic acid (0.214 mmol), and sodium 
bicarbonate (0.918 mmol) in 50% ethanol (10 ml) had a rotation 
of -1.6l0/dm, unchanged in 3 hr. It thus seems probable that 
the above S-benzylation reactions were attended by no significant 
racemization of starting material or product during the time 
periods and under the conditions employed. 
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Methyl ( - )-a-Benzylmercaptopheny1acetate.-A mixture of 
the combined ( - )-a-benzylmercaptophenylacetic acid described 
above (62.5 mg), methanol (3 ml), and sulfuric acid (0.15 ml) 
was heated under reflux for 6 hr, cooled, and poured into water. 
Ether extraction and customary processing afforded 54 mg (82%) 
of crude ester, an oil having [alZs~ -116' (e  1.3, 95% ethanol). 
This had an infrared spectrum (in 0.14 M CHCla solution) 
identical in all respects with that of authentic methyl (-)-a- 
benzylmercaptophenylacetate a t  the same concentration. The 
two samples showed identical Rf values on thin layer chromatog- 
raphy. Since the optically pure ester had [a]26~ -143', the 
present sample thus appeared to be 80.6% optically pure. 

Displacement Rates of Methyl 0-Tosyl-(S)( +)-mandelate 
with Sodium Hydrosulfide.-A 0.01 M solution of 32.0 mg of 
tosylate I I b  in absolute ethanol (10 ml) saturated with HzS 
showed an optical rot,ation of 0.41'/2 dm. This value was used 
below as (YO. -4 solution of the tosylate (32.0 mg) in ethanol 
(4.5 ml) was saturated with HzS, then adjusted to 5.0 ml. A 
solution of sodium ethylate (0.115 ml, 0.02 g of Na/ml of ethanol) 
was diluted to 4.5 ml with absolute ethanol, saturated with HzS, 
and adjusted to 5.0 ml. At  to the two solutions were mixed 
(providing a solution 10.01 M in tosylate and 0.01 211 in NaSH) 
and placed in a 2-dm all-glass polarimeter tube at room tempera- 
ture (21'). The tube side arm was stoppered after flushing with 
H2S and the solution was observed polarimetrically a t  various 
time intervals, with the results shown in the first two columns 
of Table I. The data in the first and fourth column of Table I 
were obtained in the same way except that the NaSH solution 
was prepared using 0.69 ml of the above sodium ethylate solu- 
tion, thus providing that the final NaSH concentration be 0.06 
M. In  each experiment a few small bubbles of HzS were evolved 
during the course of the reaction, and the equilibrium rotation 
was -0.35'/2 clm. 

From a straight-line plot of percentage composition us. optical 
rotation (100% tosylate, a. f0.41'; 100% product, am -0.35") 
the concentration of remaining tosylate was estimated for each 
time value in Table I, as previously described.13 These concen- 
tration and time values were used in standard equations21 to 
calculate the second-order rate constant applying at each data 
point. The rate const,ants so calculated for each experiment are 
summarized in Table :I. The final am values (-0.35') in the 
above experiments corresponded to a methyl ( - )-a-mercapto- 
phenylacetate (IT:) product which was ca. 20% racemized (see 
below). 

Racemization of Methyl ( - )-a-Mercaptophenylacetate by 
Sodium Hydrosulfide.--To test how extensively the products in 
the above rate experiments might themselves have been racemized 
by the reaction environment, the following experiment was per- 
formed. The above methyl ( -  )-a-mercaptophenylacetate ( [ a ]  25D 
-101.2", 80.3%; optically pure, 18.2 mg, 0.1 mmol) was dis- 
solved in absolute ethanol (5.0 ml) and the solution was saturated 
with HZS. A solution of sodium ethylate (0.46 ml, 0.02 g of 
Na/ml of ethanol, 0.4 mmol) was diluted to 4.5 ml with absolute 
ethanol, saturated with hydrogen sulfide, and diluted to 5.0 ml. 
The two solutions were mixed (providing a solution 0.01 M in 
ester and 0.04 211 in NaSH), placed in a 2-dm polarimeter tube, 
and observed as follows ( t ,  min; Q, deg/2 dm): 5, -0.36': 

-0.04. Thus racemization of product does occur, but ap- 
parently not a t  a rate rapid enough to be significant during the 
reaction times involved in the rate experiments above. The 
fact that the starting rotation in the present experiment (0.01 M 
in methyl ester 1 V )  was identical with the final rotation in the 
above rate experiments (also approximately 0.01 M in methyl 
ester) suggests that the ester products in the latter experiments 
were also about 80% optically pure. 

Preparative Displacement of Methyl 0-Tosyl-(S)( + )-man- 
delate with Sodium Hydrosulfide.-The present experiment was 
designed on the basis of reaction conditions in the above rate 
studies. A solution of the tosylate (1.50 g) in absolute ethanol 
(2.5 ml) was saturated with hydrogen sulfide, as was a solution 
of sodium (0.54 g, 5 equiv) in absolute ethanol (25 ml). The 
two solutions were mixed (providing a solution 0.0938 M in 
tosylate and 0.47 111 in NaSH), the air above the solutions was 

(21) A. A.  Frost and R. G .  Pearson, "Kinetics and Mechanism," John 

30, -0.35'; 90, -0.35'; 150, -0.34'; 300, -0.28'; 1440, 

Wiley and Sons, Inc., New liork, N. Y., 1953, p 13. 

displaced with hydrogen sulfide, and the flask was stoppered and 
allowed to stand at room temperature. After 1 min the solution 
precipitated sodium tosylate, and after 1.5 hr it was poured into 
water (300 ml) containing acetic acid (5 ml) and sodium chloride. 
The mixture was extracted three times with ether and the extract 
was washed with water, dried (MgSO1), and freed of solvent to 
yield 814 mg (95.4% based on methyl a-mercaptophenylacetate) 
of vile-smelling, mobile oil. The crude product was distilled in 
a microstill a t  0.1 mm with bath temperatures 130-150'. The 
thin, clear distillate weighed 366 mg and had [ C U ] ~ ~ D  -54.2' (c 
2.5, 95% ethanol). Its analysis showed it to be methyl (-)-a- 
mercaptophenylacetate (IV) contaminated with (- )-a,a-'di- 
(carbometh0xy)dibenzyl sulfide (VI). 

Anal. Calcd for CsHloOzS: C, 59.32; H, 5.53; S, 17.59. 
Found: C, 59.85; H, 5.61; S, 17.07. 

Assuming the sulfide VI to be the only contaminant, the above 
analysis indicates the product to be (average) 92.4% the methyl 
ester IV and 7.6% the sulfide VI. 

The undistilled residue from the above distillation was washed 
from the still pot with ether. The solvent was removed to yield 
174 mg of thick syrup, [ a l z 6 ~  -72.6' (c 1.4, 95% ethanol). 
Its analysis indicated a mixture containing (average) 89.3y0 
the sulfide VI and 10.7y0 methyl ( - )-a-mercaptophenylacetate 
(IV). 

Anal. Calcd for G8H180aS: C, 65.43; H, 5.49; S, 9.70. 
Found: C, 64.67; H, 5.36; S, 10.42. 

The above-deduced compositions of the distillate and residue 
after distillation of the crude product permit us to calculate 
that, if chemically homogeneous, the above methyl ( - ) -a-  
mercaptophenylacetate (IV) would have [a] 25D -52.5' (95% 
ethanol) and the above ( -  )-sulfide VI would have [a]  2 6 ~  - 75.0' 
(95% ethanol). The methyl (- )-a-mercaptophenylacetate 
product was thus only 41.7% optically pure. 

Hydrolysis of Methyl ( - )-a-Mercaptopheny1acetate.-The 
above methyl ( -  )-a-mercaptophenylacetate distillate { [ a ] " D  
-54.2' (95% ethanol); 145.4 mg f was dissolved in a mixture of 
ethanol (1  ml) and t-butyl alcohol (4 ml). Water (8 ml) and sul- 
furic acid (0.5 ml) were added and the mixture was heated under 
reflux for 8 hr, then poured into 50 ml of water, cooled, and made 
alkaline with 5% potassium hydroxide solution. The solution 
was extracted twice with ether (discard), acidified with dilute 
sulfuric acid, and reextracted twice with ether. The extract 
was processed as usual to yield 117.5 mg (87.570) of crude ( -  )- 
a-mercaptophenylacetic acid, a colorless, thick oil which crys- 
tallized on standing, [a]26~ -53.9' ( c  1.8, ether). Since 
optically pure ( - )-a-mercaptophenylacetic acid should have13 
[aIz5D -116.6' (ether), the above product appears about 46.2% 
optically pure, in reasonable agreement with the optical pllrity 
of its methyl ester precursor. 

Attempted Thermal Racemization of ( - )-a-Mercaptophenyl- 
acetic Acid.-To test the report of Levene and coworkers' that 
a-mercaptophenylacetic acid racemizes during distillation a t  
148-152' (1.8 mm), the above ( - )-a-mercaptophenylacetic 
acid { [CY]*~D -93.6' (ether); 29.0 mg} was placed in a small 
test tube and heated to 145-150" for a period of 1.5 min in a 
stirred heating bath. After cooling, the solidified melt (29.0 mg) 
showed [ a l 2 5 ~  -94.1' (c 0.97, ether), indicating that thermal 
racemization had not occurred under the conditions employed. 

Quasi-Racemate Studies.-The melting point-composition 
diagrams in Figure 1 were obtained using the enantiomers of 
mandelic acid (A) and the above (R) (  - )-a-mercaptophenylacetic 
acid, along with both (S)(+)- (B) and (R)(-)-mandelic acids. 
The techniques of preparing the mixture of different composi- 
tions, and of determining the melting range of these mixtures, 
were exactly as previously described.'* 

Registry No.-( =I=) Ia,  16201-50-6; (-) Ia, 16201- 
51-7; Ie, 13136-52-2; IIb, 13136-53-3; IV, 16201-52-8; 
VIII, 16201-54-0; methyl a-mercaptophenylacetate, 
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