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The reaction of 1,4-dimethanesulfonoxybutane (myleran) (I) with two equivalents of L-cysteine ethyl ester (II) in ethanol 
has been studied, and the following products have been identified: (a) tetrahydrothiophene (III) , (b) 2-methyl-2,4-carbeth-
oxythiazolidine and (c) alanine 3,3'-(tetramethylenedithio)-bis-diethyl ester. The unique feature of this reaction is the 
in vitro "sulfur stripping or depleting" action of the bis-alkylating agent, and it is suggested that this reaction may be re
sponsible for the physiological activity of the bis-alkylating agents. 

It has been shown in recent years that a variety of 
alkylating agents are active in inhibiting tumor 
growth.8'43 The selectivity of these alkylating 
agents for sulfhydryl groups in vivo,6 the impressive 
evidence of the importance of sulfhydryl compounds 
in cell division and tumor growth,* and the rela
tionship of cysteine, its precursors6 and glutathi
one46 to leukocyte metabolism and leukemia all sug
gest that the mechanism of action of these bis-alkyl
ating agents in chemotherapy may involve their 
reaction with the sulfhydryl group of proteins or 
other cell metabolites. However, there is no agree
ment among the workers in the field as to the mech
anism of action of these alkylating agents as chemo-
therapeutic agents against malignant disease. 
Alexander,7 for example, has presented strong argu
ments in favor of the view that the alkylating agents 
act by reaction with the phosphate groups of nu
cleic acids, although this opinion has been disputed 
by others. 

The rather wide range of bis-alkylating agents 
effective in varying degrees in inhibiting tumor 
growth, and specifically in treating leukemia, mili
tates against the hypothesis that the formation of 
antimetabolites is responsible for their action. Our 
results suggest that the effectiveness of the bis-al
kylating agents may be related to their ability to 
remove or "strip" sulfur from groups such as A. 
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We now wish to report such a reaction, involving the 
sulfhydryl group of L-cysteine ethyl ester, and 1,4-
dimethanesulfonoxybutane. 

The reaction of 1,4-dimethanesulfonoxybutane 
(myleran) (I) with two equivalents of the sodium 
salt of L-cysteine ethyl ester(II) in ethanol has been 
shown to give a complex mixture from which three 
principal products (III, IV, V) have been isolated. 
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Tetrahydrothiophene(III) was isolated from the 
ethanol distillate of the reaction mixture as the 
mercuric chloride salt8 (11.9% yield). 

An ether solution of the reaction residue, ob
tained subsequent to removal of solvent ethanol, 
was adjusted to pK 3 by the addition of saturated 
ethereal hydrogen chloride, and the precipitate of 
V (21.8% yield, melting at 158-163° dec.) was col
lected and recrystallized from ethanol-ether (V, 
m.p. 167-168° dec, 14.5% yield, pure). 

The ether solution, from which V has been re
moved, was treated with additional saturated 
ethereal hydrogen chloride and the precipitate of IV 
(15.5% yield, m.p. 130-135°) was collected and re-
crystallized from ethanol-ether (IV, 7.3% yield, 
m.p. 138-139°). Compound IV gave a positive 
nitroprusside test and reacted with benzyl chloride 
in aqueous carbonate solution to give S-benzylcys-
teine9 (11.8% yield). Compound IV was shown to 
be 2-methyl-2,4-carbethoxythiazolidine hydrochlo
ride by its independent synthesis (40.2% yield, 
m.p. 137-140°) from ethyl pyruvate and cysteine 
ethyl ester hydrochloride. 

The formation of compounds III and IV is tenta
tively explained, as summarized by the reaction 
sequence shown. 

The remaining product (ca. 50% yield) has not 
been characterized, but is thought to be a mixture 
of products derived by further reaction of either/or 
III, IV, V and ammonia with myleran. A more 
detailed study of the reactions of such bis-alkylating 
agents with cysteine, cystine, methionine, glutathi
one and polypeptides containing cysteine and meth
ionine is in progress. 

(8) B. V. Whitehead, R. A. Dean and F. A. Fidler, T H I S JOURNAL, 
73, 3634 (1951). 

(9) Cf. S. Ratner and H. T. Clarke, J. Am. Chetn. Soc, 59, 200 
(1937). 
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Experimental10 

Reaction of L-Cysteine Ethyl Ester Hydrochloride with 
Myleran.—A solution of L-cysteine ethyl ester hydrochloride 
(42.7 g., 0.23 mole) in 500 ml. of absolute ethanol was added 
to a solution of sodium ethoxide, prepared by treating so
dium (11.5 g., 0.50 mole) with 200 ml. of absolute ethanol. 
The resulting suspension was added rapidly to a hot solution 
of myleran (27.0 g., 0.11 mole) in 1700 ml. of absolute etha
nol. The reaction mixture was heated at reflux for 2.5 
hours and after cooling (ice-bath), the solid which precipi
tated was removed by filtration and washed twice with 200 ml. 
of ethanol. The washes and filtrate were combined, and the 
ethanol was removed under reduced pressure on a steam-
bath. Any further precipitate which formed was removed 
by filtration and washed with ethanol. 

Isolation of Tetrahydrothiophene.—Tetrahydrothiophene 
(I I I ) was isolated from the ethanol distillate of the reaction 
mixture as the mercuric chloride salt.8 A solution of mer
curic chloride (16.3 g., 0.06 mole) in 200 ml. of ethanol was 
added to the ethanol distillate. The mixture was allowed to 
stand at 0° for one week. The resulting solid was collected 
and washed with ethanol, affording 4.0 g. (10.1%) of color
less needles melting at 128-130°. An additional 0.7 g. melt
ing at 126-128° was obtained by concentrating the super
natant liquors to 200 ml. Recrystallization of the combined 
product from ethanol gave 2.5 g. (6.3%) of material which 
melted at 128-130°; mixture m.p . with authentic material,8 

m.p. 128-130°, was 128-130°. 
Isolation of Alanine, 3-3'-(Tetramethylenedithio)-bis-, 

Diethyl Ester, Dihydrochloride.—Dry ether (200 ml.) was 
added to the residual yellow oil which remained after removal 
of the ethanol solvent. The ether solution was filtered to 
remove a gummy precipitate, and the ether was removed 
from the filtrate under reduced pressure on a water-bath to 
leave 30 g. of a yellow liquid. This product was dissolved in 
100 ml. of dry ether, and saturated ethereal hydrogen chlo
ride was added dropwise with stirring and cooling until pH 3 
(pK paper) was reached. About 140 ml. of ethereal hydrogen 
chloride was required. The precipitate of V which formed 
(10.7 g., 21 .8% yield, melting at 158-163° dec.) was col
lected, washed with ether and recrystallized from ethanol-
ether to give 7.2 g., 14.5% yield, of product melting at 107-

(10) All melting points are uncorrected. 

108° dec. Further recrystallization of this product from 
ethanol-ether gave a sample melting at 168-109° dec. 

Anal. Calcd. for C14H30N2S2Cl2O4: C, 39.53; H, 7.11; 
N, 6.59; S, 15.07. Found: C, 39.26; H, 7.02; N, 6.47; 
S, 15.16. 

Isolation of 2-Methyl-2,4-carbethoxythiazolidine Hydro
chloride.—The ether solution from which V had been re
moved was treated with additional saturated ethereal hydro
gen chloride, and the precipitate of IV, which formed after 
the mixture had stood in the refrigerator several hours, was 
collected and washed with ether to yield 5.1 g. (15.5%) of 
crystals which melted at 130-135°. Recrystallization of this 
product from ethanol-ether gave 2.3 g. (7.3%) of colorless 
crystals melting at 138-139°. A sample prepared by further 
recrystallization of this product from ethanol-ether melted 
at 138.5-140°. 

Anal. Calcd. for C10HiSNSClO4: C, 42.33; H, 6.39; N, 
4.94; S, 11.30. Found: C, 42.31; 11,6.44; N, 4.90; S, 
11.59. 

Proof of Structure of IV.—Compound IV gave a positive 
uitroprusside test and reacted with benzyl chloride in aque
ous carbonate solution to give s-benzylcvsteine.9 A mixture 
of compound IV (2.3 g., 0.0081 mole),'benzyl chloride (1.3 
g., 0.01 mole) and potassium carbonate (5.5 g., 0.04 mole) in 
20 ml. of water was heated at reflux with stirring for 5 hours. 
The reaction mixture was cooled to room temperature and 
extracted twice with 10 ml. of chloroform. The aqueous 
layer was cooled (ice-bath) and adjusted to pH 7 (pll paper) 
with 2 Â  hydrochloric acid. The product which separated 
was collected and recrystallized from water. The product 
was then washed with water and finally with ethanol; it 
then weighed 0.2 g. (11.8%) and melted at 209-210° dec. 
Further recrystallization of this material from water gave a 
sample melting a t 210-211° d e c ; reported melting point 
215-216° d e c , corrected. 

Compound IV was shown to be 2-methyl-2,4-carbethoxy-
thiazolidine hydrochloride by comparison of its physical 
properties with ;: sample prepared by an independent syn
thesis. 

2-Methyl-2,4-carbethoxythiazolidine Hydrochloride.—A 
solution of ethyl pyruvate (14.6 g., 0.12 mole) and L-cysteine 
ethyl ester hydrochloride (16.8 g., 0.09 mole) in 300 ml. of 
ethanol was heated at reflux for 6 hours. The solvent was 
removed under reduced pressure on the steam-bath, and 250 
ml. of dry ether was added to the residual oil. The product 
was cooled at 0° for two days; the crystals which formed 
were collected, washed with ether, and recrystallized from 
ethanol-ether affording 9.2 g. (36%) of colorless crystals 
melting at 137-140°. An additional 1.1 g. of product melt
ing at 136-139° was recovered from the supernatant liquors 
by concentration and recrystallization. Further recrystalli
zation of the combined product gave 6.0 g. (23.4%) of pure 
crvstals melting at 139-141°, mixture m.p. with compound 
IV, 138.5-141°. Compound IV and the synthetic material 
just described had identical infrared spectra. 
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Synthesis of a Biologically Active Analog of Oxytocin, with Phenylalanine Replacing 
Tyrosine'2 

B Y M I K L O S BODANSZKY AND V I N C E N T DU VIGNEAUD 

RECEIVED J U N E 3, 1959 

2-Phenylalanine oxytocin is an analog of oxytocin in which the tyrosyl residue of the hormone is replaced by phenylalanyl. 
The compound has been synthesized by two methods which were previously used for the synthesis of oxytocin. The analog 
was tested for uterine-contracting, avian depressor and milk-ejecting activity. I t exhibited activity in these tests, but not 
to the extent shown by oxytocin. Thus the phenolic hydroxyl group contributes strongly to the potency of the hormone 
but is not essential qualitatively to its activity with respect to the biological properties so far tested. 

In a series of studies on the relation of structure 
to biological activity of oxytocin an analog of this 

(1) This work was supported in part by a grant from the National 
Heart Institute, IT. S Public Health Service, Grant No IT 1fi7."i 

hormone was synthesized. This analog is dif
ferent from oxytocin only to the extent that the 

(2) A preliminary report of this work lias appeared [M. Borlansz.ky 
nntl V du Yitjneaud Tuts lofRSAr,, 81, 12"i8 (105(1)1. 


