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cysteines have been proposed as intermediates for
incorporation of cysteine residues into a peptide chain.
A further approach to the synthesis of cysteine peptides is offered by incorporation of serine residues into
a peptide chain, followed by 0-tosylation and subsequent conversion of the resulting 0-tosyl moieties to
S-protected (S-trit~l~",~"
or S-acylSb)groups of cysteine
derivatives. All S-protecting groups mentioned above
do not hinder the further lengthening of the peptide
chain provided that, in each case, the amino acid to be
incorporated has been properly N-protected. These
groups can be selectively removed without affecting
sensitive parts of the molecule and especially any
already existing S-S bridge.
The above mentioned S-protected cysteines have
now been employed in an attempt to overcome the
unique difficulties inherent in establishing an S-S
bridge, specifically between two of three cysteine
residues of a peptide chain. Thus, they have been
used to prepare a "fragment" of the A chain of sheep
insulin6 which, up to now, could not have been synthesized otherwise. This fragment (Figure 1) contains the 6-11 intrachain bridge of sheep insulin and
consists of a 20-membered disulfide ring, i.e., the same
size ring as that found in o ~ y t o c i n . ~
Precursors of this fragment, the corresponding fully
S,N-protected heptapeptides, i.e., N-carbobenzoxy-Strityl-L-cysteinyl-S-diphenylmethyl-L-cysteinyl-L-alanylglycyl-L-valyl-S-trityl-L-cysteinyl-L-serinemethyl ester (VIII, Figure 2) and a peptide X (Figure 2) of the
same size and structure, but with N-t-butyloxycarbonyl-S-trityl-L-cysteine as the N-terminal amino acid,
were prepared as outlined in Figure 2.
In addition, a third fully protected heptapeptide,
N-o-nitrophenylsulfenyl-S-benzoyl-L
- cysteinyl- S - tritylL-cysteinyl-L-alanylglycyl-L - valyl- S - benzoyl - L - cysteinyl-L-serine methyl ester (XXII, c j series of reactions in
Figure 3) was prepared, containing the same sequence
Introduction
of amino acids. This heptapeptide, however, differed
from the other two in the N- and S-protecting
In previous communications from this l a b o r a t ~ r y ~ - ~
groups.
All three heptapeptides were prepared in a
N-protected S-trityl-, S-diphenylmethyl-, and S-acyl-Lway which excluded racemization, namely by step-

The application of methods developed mostly in this
laboratory permitted the synthesis of the fully S,Nprotected heptapeptides N-carbobenzoxy-S-trityl-L-cysteinyl- S-diphenylmethyl- L - cysteinyl-L- alanylglycyl- Lvalyl-S-trityl-L-cysteinyl-L-serinemethyl ester (VIII,
Figure 21, N-t-butyloxycarbonyl-S-trityl-L-cysteiny1-Sdiphenylmethyl-L- cysteinyl- L-alanylglycyl-L- valyl- Strityl-L-cysteinyl-L-serine methyl ester ( X , Figure 21,
and
N-o-nitrophenylsulfenyl-S-benzoyl-L-cysteinyl-Strityl-L- cysteinyl- L - alanylglycyl-L- valyl-S- benzoyl- Lcysteinyl-L-serine methyl ester ( X X I I , Figure 3). For
these syntheses, a variety of N - and S-protecting groups
was used; this allowed selective removal of either the
N-,or two of three S-protecting groups according to
desired aims. Thus, selective removal of the two Strityl groups f r o m VIII and X and of the two S-benzoyl
groups f r o m X X I I led to the formation of the corresponding dithiol compounds X X V , X X V I , and X X V I I .
B y oxidation of these thiol compounds a disuljde bridge
was established specijcally between two of the three
cysteine residues incorporated in the above three heptapeptides. The corresponding oxidation products XXVIII,
X X I X , and XXX are derivatives of the 6-12 sequence of
the A chain of sheep insulin bearing the 6-11 intrachain
bridge (Figure 1). Removal of the N-protecting groups
f r o m the cyclic peptide esters X X I X and XXX aflorded
the cyclic peptide ester hydrochlorides X X X I and X X X I I
from which the remaining S-protecting group can be
removed b y established methods. The significance of
the above cyclic peptides as regards the problem of
insulin synthesis is discussed, The possibility of an
S+N acyl migration should be taken into account
when using S-acylcysteines in peptide synthesis. It
was proved that such a migration does not take place, at
least in detectable extent, during the course of the synthesis of the S,N-protected heptapeptide X X I I .
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Figure 2. Series of reactions for synthesis of peptides VI11 and X.

Bz
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wise lengthening of the peptide chain from its Cterminal amino acid or via the azide method of coupling.
In all three fully protected heptapeptides, a variety
of N- and S-protecting groups were used which allowed
selective removal of either the N- or two of the three
S-protecting groups2-* according to the desired aims.
For example, treatment of the fully protected heptapeptides VI11 and X with mercuric chloride in acetic
acid or dimethylformamide solution (or silver nitratepyridine in dimethylformamide) yielded the corresponding dimercaptides XXIII and XXIV. The di-

1, EtaN
2, NPS-Cys, DCCi

+NPS-tS.s-Cys-Ala-Gly-Val-~ys-Ser-OCHt
I

Tri
XXII
BZ C&,CO, NPS = o-NOZC~HS;
BU = (CH&CHCH*
Figure 3. Series of reactions for synthesis of peptide XXII.
E.

phenylmethyl group was not affected under these
conditions.
Both heavy metals could be readily removed by
means of hydrogen sulfide with the formation of the
corresponding peptide derivatives XXV and XXVI,
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acids of compound XXX was found to be approximately 3:l. For XXVIII and XXIX, respective
or AgNOs-Pyridine
values of 2.1 and 2.3 of half-cystine were found. It
I
DPM
XXIII
has been our experience that hydrochloric acid hyHgCl
HgCl
drolysis, carried out according to the method applied
HgClz
for the amino acid analysis,lo splits the S-Tri bond
X _ic BOC-&ys-Cys-Ala-Gly-Val-dys-Ser-OCHs
almost completely, but it does not cleave quantitatively
I
DPM
XXIV
the S-DPM bond. As a matter of fact, S-diphenylmethylcysteine was found by thin layer chromatogeach bearing two free sulfhydryl groups. In the case
raphy to be present in hydrolysates of XXVIII and
of the silver mercaptides, the metal could be displaced
XXIX.
also by hydrochloric acid. Again, the S-diphenylThe above oxidations were performed in dilute solumethyl group was stable under these conditions.
tions and the resulting products were easy to recrystalHzS (HC1)
XXIII
Z-Cys-Cys-Ala-Gly-Val-Cys-Ser-OCHs lize. The assumption that these oxidation products
were monomeric was unequivocally proved by physical
I
DPM
xxv
measurements on the heptapeptide ester hydrochloride
HzS
XXXI. This hydrochloride was obtained by removal
XXIV
BOC-Cys-Cys-Ala-Gly-Val-Cys-Ser-OCHs
of the N-BOC group from XXIX by usual methods.“
I
VI11

HgCln
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HgCKAg)

Z-&s-Cys-Ala-Gly-Val-&s-Ser-OCH3

-

DPM

XXVI

1, CFsCOOH. 6 min.. 20’
- -- _-.
2 , HC1-CHsCOOCzHs

On the other hand, alcoholysis of XXII in the presence
of sodium methoxide yielded directly the dithiol peptide XXVII. Under these conditions, the S-trityl
group was not affected.
XXII

CHsOH-NaOCHs

HCI,
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I

h i
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DPM
I

XXXI

HCl
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The next step consisted of oxidation of XXV to
XXVII to form the S-S bridge between the first and
the sixth amino acid residues. This oxidation was
accomplished by Weygand’s method* using lY2-diiodoethane as the oxidizing agent. The oxidation products
XXVIII, XXIX, and XXX thus obtained were derivatives of the cyclic fragment of insulin (Figure 1).
The oxidation products XXVIII-XXX, as well as the
N-protected or N-unprotected intermediates 111-XXVII,
were crystalline substances. The chemical purity of
compounds 11-XXX was established by elemental
analysis. Moreover, all the N-unprotected intermediates were found to be homogeneous by the criteria
of thin layer chromatographys in two solvent systems
and of paper electrophoresis.

dys-Cys-Ala-Gly-Val-Cys-Ser-OCH3

I

Tri

XXXII

The molecular weight of the peptide XXXI was kindly
determined by Dr. D. Yphantis of the Rockefeller
Institute by use of short column equilibrium centrifugation.12* At concentrations ranging from 0.125
to 0.5% in 50% (w./w.) acetic acid-water made 0.1 M
in NaCl the average molecular weight was 960 assuming a partial specific volume of 0.69, or 857 assuming a
specific volume of 0.66. A value of 0.69 was estimated12bfor the partial specific volume of this peptide
on the basis of its composition.
Amino acid analysislO of a hydrolysate of XXXI
gave the same results as those mentioned above for
its precursor XXIX. Furthermore, the chemical purity and homogeneity of the hydrochloride XXXI,
XXV *ICHzCHnI Z-Cys-CysAla-Gly-Valdys-Ser-OCHa
as well as of hydrochloride XXXII, were established
I
by
elemental analysis, thin layer chromatographya
DPM XXVIII
in two solvent systems, and paper electrophoresis at
ICHnCHzI
various conditions. Hydrochloride XXXII was obXXVI _c_f BOC-~ys-Qs-Ala-Gly-Val-~ys-Ser-OCHs
tained by treatment of the peptide XXX with hydrogen
I
DPM
XXIX
chloride. a
The remaining S-protecting groups in XXXI and
ICHiCHzI
XXVII
NPS-Cys-Cys-Ala-Gly-Va1-&s-Ser-OCHs XXXII might be removed by established method^^-^
I
without affecting the already existing peptide bonds
Tri
XXX
and the S-S bridge.
Quantitative amino acid analyses of hydrolysates of
It is suggested that the above S,N-protected cyclic
cyclic compounds XXVIII, XXIX, and XXX, carried
heptapeptides XXVIII to XXX, or at least the most
out according to the method of Spackman, Stein, and
suitable of them, could be used as a starting material
Moore, lo showed the expected composition for serine,
for lengthening the peptide chain at the amino and at
glycine, alanine, and valine. Furthermore, the molar
the carboxyl ends, e.g., for the synthesis of the A
ratio of half-cystine to any one of the other amino
(11) R. Schwyzer, W. Rittel, H. Kappeler, and B. Iselin, Angew.

-

(8) F. Weygand and G. Zumach, 2.Nafurforsch.,17b, 807 (1962).
(9) M. Brenner and A. Niederwieser, Experienfia, 16, 378 (1960).
(10) D. H. Spackman, W. H. Stein, and S. Moore, Anal. Chem., 30,
1190 (1958); appreciation is expressed to Dr. T. A. Mahowald (Department of Biochemistry, Cornell University, Medical College, New York,
N. Y.) for the amino acid analysis of compound XXVIII and to Prof. M.
Brenner (Department of Organic Chemistry, University of Bask) for
the amino acid analyses of substances XXIX,XXX, and XXXI.
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chain of insulin. The lengthening of the peptide
chain could be also achieved prior to the removal of the
S-protecting groups, and then the establishment of the
6-1 1 intrachain bridge could follow. Since a variety of
selec,tively removable N- and S-protecting groups are
now available, 2-4,
this lengthening should be rather
feasible.
It was reported that when insulin, an unsymmetrical
cystine polypeptide with three S-S bridges, was reduced and the chains bearing the sulfhydryl groups
thus formed were reoxidized, a small level of insulin
activity was regenerated.14 Hence it was thought that
the synthesis of the aforementioned -SH insulin chains
and their cooxidation would lead to the formation of
the natural product. Indeed, Katsoyannis, et a]., l 6
and Zahn, et aZ.,16 succeeded in preparing, in this way,
a material with some insulin activity. The synthesis of
the cyclic insulin fragment (Figure 1) should now make
feasible the synthesis of an A chain already bearing the
preformed 6-11 intrachain bridge. It is felt that the
combination of such a chain with the B chain of
insulin might lead to a product with enhanced insulin
a ~ t i v i t y . * ~ However,
J~
a completely controlled synthesis of unsymmetrical cystine peptides containing
more than one S-S bridge is still the aim2-4 of our synthetic attempts.
The possibility of an S-.N migration in the presence
of a base should be taken into account2b when using
the S-acylcysteine derivatives for peptide synthesis.
As a matter of fact, this was the case when N-carbobenzoxyglycine was coupled with S-benzoyl-L-cysteine
methyl ester4b via the carbodiimide method. The
resulting compound was a protected S-dipeptide ester,
i.e.,
S-(N-carbobenzoxyglycy1)-N-benzoyl-L-cysteine
methyl ester (XXXIII), as has been shown by methanolysis. Upon methanolysis carbobenzoxyglycine was split
off and N-benzoyl-L-cysteine methyl ester was formed
and was isolated as the corresponding cystine derivative XXXIV.
Bz

- Z-Gly

DDCI

ys-OCHa

1, methanolysis

BZ-AYS-OCHJ
x x ~ I I ~2, iodine oxidation
Bz-CYS-OCH
a
Bz-ty s-OCHa
XXXIV

+ Z-Gly-OCH3

On the contrary, such an S+N migration was not
observed during numerous couplings when an Sacylcysteinyl peptide ester, e.g., XI1 (for further examples
see also ref. 4b), or an N-aminoacyl-S-acylcysteinyl
peptide ester, e.g., XVI, XIX, or XXI, was coupled
with N-protected amino acid by the mixed anhydride
method in a manner already describedzb or by the
carbodiimide method. In all of the latter cases
only N-peptides, e.g., N-NPS-derivatives XIII, XVIII,
XX, and XXII, were obtained in good yields. This
(14) G. H. Dixon and A. C . Wardlaw, Nature, 188,721 (1960);
Y . C. Du, Y.S. Zhang, Z. X. Lu, and C. L. Tsou, Sci. Sinica (Pekin),
10, 84 (1961); C.L. Tsou, Y . C. Du, and G. 3. Xu,ibid., 10,332(1961);
J. L.Bailey and R. D. Cole,J. B i d . Chem., 234, 1733 (1959).
(15) P.G.Katsoyannis, A. Tometsko, and K. Fukuda, J . Am. Chem.
Soc., 85, 2863 (1963); P. G.Katsoyannis, K. Fukuda, A. Tometsko, K.
Suzuki, and M. Tilak, ibid., 86, 930 (1964).
(16) J. Meienhofer, E. Schnabel, H. Bremer, 0. Brinkhoff, R. Zabel,
W. Sroka, H. Klostermeyer, D. Brandenburg, T. Okuda, and H. Zahn,
Z.Nuturforsch., 18, 1120 (1963).
(17) J. Meienhofer and 0. Brinkhoff, Nuture, 199, 1095 (1963).
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xv
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-

NPS-Val-Qs-Ser-OCHa

xxxv

1, methanolysis

Z-Val-Cys-Ser-OCHa

2, oxidation

Z-Val-&ys-Ser-OCHa
XXXVI

+ Bz-OCHs

+ Bz-OCHs

was again proved by methanolysis. The coupling
product, e.g., XIII, XV, etc., was subjected to
methanolysis and the sulfur-containing fraction was
isolated either as the cysteine derivative, e.g., XXXV,
or as the corresponding cystine derivative, e.g.,
XXXVI, after iodine oxidation. The presence of
all the expected amino acids in the hydrolysate of this
fraction would support the N-peptide structure. The
lack of.the amino acid constituents of the N-protected
reactant in the coupling reaction would indicate the S peptide structure. The elemental analysis of XXXV
and XXXVI, as well as the presence of valine in their
hydrolysates, established beyond any doubt the Npeptide structure in the particular case of XI11 and XV.
Experimental Section
For the coupling reactions anhydrous reactants and
dry solvents were used; the ether was free from peroxides. Evaporations were carried out in vacuo at
35-40’, The melting points are not corrected.
Prior to analysis the compounds were dried at 56”
under high vacuum over phosphorus pentoxide. The
derivatives of cysteine were determined by titration with
0.1 N iodine at pH 5-6.5 as described in a previous
comm~nication.~~
The RI values were determined by thin layer chromatograph~~
in 1-butanol-acetic acid-water (100 :
10 :30)18a (RfJ and in pyridine-isoamyl alcoholwater-diethylamine (10 : 10:7 :0.3)18b(&). Ninhydrin
was used for development of both the chromatograms
and the paper electropherograms.
S-Trityl-L-cysteinyl-L-serineMethyl Ester Hydrochloride (11). A suspension of 14.9 g. (0.022 mole)
of the diethylammonium salt of S,N-ditrityl-L-cysteine4*J9in 200 ml. of ethyl acetate was shaken in
a separatory funnel with 45 ml. of 0.5 N sulfuric acid
until it was dissolved. The organic layer was separated
and washed repeatedly with water until the aqueous
layer was neutral to congo red paper. The ethyl
acetate solution of S,N-ditrityl-L-cysteine thus prepared was dried over sodium sulfate, filtered, and added
to a solution of 2.1 g. of L-serine methyl ester (this
solution was prepared as follows: To a cold solution
of 3.1 g. of L-serine methyl ester hydrochloride in
absolute methanol, 9 ml. of 2 N sodium methoxide
was added followed by addition of 150 ml. of anhydrous
ether. The mixture was allowed to stand at 0” for a
few minutes and the sodium chloride was filtered off) in
methanol-ether. The mixture was evaporated in vacuo
to dryness, the residue was dissolved in 150 ml. of
ethyl acetate, and 4.2 g. of N,N’-dicyclohexylcarbodiimidez0was added. The mixture was then allowed to
(18) (a) R. Schwyzer and H. Kappeler, Helv. Chim. Acta, 44, 1991
(1961); (b) R. J. Block, E. L. Durrum, and G. Zweig, “A Manual of
Paper Chromatography,” Academic Press Inc., New York, N. Y.,1955,
p. 113.
(19) G.Amiard, R.Heymes, and L. Velluz, Bull. SOC.Chim. Frunce,
698 (1956).
(20) J. C. Sheehan and G. P. Hess, J . Am. Chem. Soc., 77, 1067
(1955).
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stand at room temperature for 6 hr. A few drops of
ether was added to the filtrate. Upon cooling and
acetic acid and water were added, the precipitate of
scratching, the hydrochloride IV precipitated. The
N,N'-dicyclohexylurea was filtered off, and the filtrate
yield was 1.72 g. (96%), m.p. 100" dec., [cY]'~D
+26.6"
was concentrated in vacuo to dryness. The syrupy
( c 3, methanol), RfA0.69, Rfe 0.43. On paper electroresidue was dissolved in dry ether, and 2 ml. of diethylphoresis in 0.5 N acetic acid (pH 2.7, 350 v., 4 hr.,
amine was added. After standing in the refrigerator for
Schleicher and Schull No. 2043B paper) or in pyridine
24 hr. the excess N,S-ditrityl-L-cysteine precipitated
acetate buffer (pH 4, 350 v., 3 hr., Schleicher and Schiill
as the diethylammonium salt. The filtrate was conNo. 2043B paper) the compound moved as a single
centrated in vacuo to remove solvent and excess diethylband toward the cathode.
amine. The syrupy residue, consisting of N-trityl-SAnal. Calcd. for C31H380~N3ClS: C, 62.04; H,
trityl-L-cysteinyl-L-serine methyl ester (I), was detri6.38; N, 7.00; C1, 5.91; S, 5.34. Found: C, 61.88;
tylated by dissolving it in 30 ml. of acetone, containing
H, 6.76; N, 7.21, C1, 5.74; S, 5.40.
2 ml. of concentrated hydrogen chloride. After
N-Trityl-L-alanylglycyl-L-valy1-S-trityl-L-cysteinyl-Lstanding for 2 hr. at room temperature, the solution
serine Methyl Ester (V). To a solution of 12 g. (0.02
was evaporated to dryness. Complete removal of
mole) of the above hydrochloride IV and 8.5 g. (0.02
acetone and water was ensured by the addition of a
in 75 ml. of tetramole) of N-trityl-~-alanylglycineZ~
few milliliters of methanol and concentration in vacuo.
hydrofuran precooled to O", 2.8 ml. of triethylamine
Upon trituration of the syrupy residue with dry ether,
was added. Triethylamine hydrochloride separated
the amorphous compound I1 was obtained; it was
out and was removed by filtration. To the filtrate,
collected by filtration, washed with dry ether, and dried
125 ml. of tetrahydrofuran and 4.4 g. of N,N'-dicycloover calcium chloride and potassium hydroxide. The
hexylcarbodiimide were added. The solution was
yield was 8.5 g. (85%), m.p. 108-111" (dec.), [ c Y ] ~ ~ D allowed to stand for 6 hr. at room temperature and
+38.7" ( c 4, methanol), RfA 0.73, RfB 0.88. On
after the addition of 80 ml. of tetrahydrofuran the
paper electrophoresis in 0.5 N acetic acid (pH 2.7,
mixture was heated to 40-50". The precipitate of
350 v., 4 hr., Schleicher and Schiill No. 2043B paper)
N,N'-dicyclohexylurea was removed by filtration.
or in pyridine acetate buffer (pH 4, 350 v., 3 hr.), the
The filtrate was concentrated in vacuo to dryness, and
compound appeared as a single band.
the crystalline residue was refluxed for 10 min. with
Anal. Calcd. for C&2sN2o4SC1: N, 5.59; S,
120 ml. of methanol and then was allowed to stand
6.40; C1, 7.08; (0)CH3, 3.0. Found: N, 5.92; S,
at room temperature for 12 hr. The crystalline pre6.45; C1, 7.07; (0)CH3, 3.11.
cipitate was collected by filtration and was again
N-Trityl-L-valyl-S-trityl-L-cysteinyl-L-Jerine
Methyl
refluxed for 5 min. with 70 ml. of methanol. After
Ester (III). To a solution of 4.32 g. (0.01 mole) of
cooling, the precipitate was filtered off and was washed
N-trityl-L-valine diethylammonium saltz1in 30 ml. of
with cold methanol. The yield was 14 g. (7573, m.p.
tetrahydrofuran precooled to 0" 2.6 g. of diphenyl223-224', and 227-228" after recrystallization from a
phosphoryl chloride22 was added. The mixture was
large volume of methanol; [CY]'~D-34.5" ( c 2, tetraleft at 0" for 10 min. and then was poured into a soluhydrofur an).
tion of 5 g. (0.01 mole) of the above hydrochloride I1
Anal. Calcd. for C55H69N507S:C, 70.72; H,
and 2.8 ml. of triethylamine in 15 ml. of tetrahydro6.37; N, 7.50; S, 3.43. Found: C , 70.60; H, 6.46;
furan. The mixture was allowed to stand for 6 hr.
N, 7.37; S , 3.25.
at room temperature, then filtered to remove the preL-Alanylglycyl-L-valyl-S-trityl-L-cysteinyl-L-serine
cipitate consisting of salts, and the filtrate was conMethyl Ester Hydrochloride ( V I ) . A suspension of
centrated in vacuo to dryness. The residue was dis20 g. (0.0214 mole) of V in 45 ml. of 0.5 N methanolic
solved in a mixture of ethyl acetate and water. The
hydrogen chloride was stirred at room temperature
ethyl acetate layer was washed once with water, three
for 5 min. and then was boiled for 3 min. The solvent
times with dilute acetic acid, once with water, five
was removed in vacuo and the residue was redissolved
times with 5 % sodium carbonate, and finally with water.
in methanol and boiled again for 1 min. The methanol
The organic layer was dried over sodium sulfate and
was removed by evaporation and the residue was boiled
filtered, and the solvent was removed in vacuo. The
with 50 ml. of ethyl acetate. Upon cooling the crystalsyrupy residue was treated with dry ether and the crystalline hydrochloride VI was obtained, and was washed
line substance, 111, thus obtained was recrystallized
thoroughly with ethyl acetate and finally with ether.
from methanol. The yield was 2.6 g. (32%), m.p.
The yield was 11 g. (6673, m.p. 204-205". This
183-184, [ C Y ] ~
-3~ D
O ( c 6, dimethylformamide).
melting point was unaltered by recrystallization from a
Anal. Calcd. for C X , H ~ ~ O ~ NC,
~ S 74.51;
:
H,
small volume of methanol; [CY]'~D -32.2' ( c 2.5,
6.38; N, 5.21; S, 3.98. Found: C, 74.24; H, 6.46;
methanol), Rf, 0.45, RfB 0.80. On paper electroN, 5.24; S, 3.99.
phoresis in 0.5 N acetic acid (pH 2.7, 350 v., 4 hr.,
L-Valyl-S-trityl-L-cysteinyl-L-serineMethyl Ester
Schleicher and Schiill No. 2043B paper) or in 50%
Hydrochloride ( I V ) . A suspension of 2.4 g. (0.003
acetic acid (1500 v., 30 min., Whatman No. 3MM paper)
mole) of 111 in 16.5 ml. of 0.2 N methanolic hydrogen
the compound was found to move as a single band
chloride was boiled for 5 min. and then was allowed to
toward the cathode.
stand at room temperature for 30 min. Any precipitate
Anal. Calcd. for C36H46Nj07SC1: C, 59.37; H,
of trityl ether21r23was removed by filtration, and dry
6.37; N, 9.62; S, 4.40; C1, 4.87. Found: C, 59.28;
H, 6.70; N, 9.63; S , 4.37; C1, 5.08.
(21) G. C. Stelakatos, D. M. Theodoropoulos, and L. Zervas, J.
Am. Chem. SOC.,81, 2884(1959).
(22) A. Cosmatos, I. Photaki, and L. Zervas, Chem. Ber., 94, 2644

(1961).
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(23) L. Zervas and D. M. Theodoropoulos, J . Am. Chem. SOC.,78,
1359 (1956).
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Anal. Calcd. for Cs2H8&0~~S3:C, 68.36; H,
N- Carbobenzoxy-S-trityI-L-cysteinyl-S-diphenyl5.95; N, 6.81; S , 6.68. Found: C, 68.58; H, 6.17;
methyla-cysteine Hydrazide (VII). A suspension of
N, 6.95; S , 6.90.
12.5 g. (0.022 mole) of N-carbobenzoxy-S-trity1-Lcysteine diethylammonium
in ethyl acetate was
B. Using substances VI1 and VI as starting materials,
shaken in a separatory funnel with 50 ml. of 0.5 N
compound VI11 was synthesized by the azide method
sulfuric acid until it dissolved. The ethyl acetate
of coupling in the manner described for the preparation
layer was separated and washed repeatedly with water
of X by method B. The yield was 30%; m.p. 232",
until the water extracts were neutral to congo red paper.
[cY]~OD - 19.0" ( c 3.5, dimethylformamide).
The ethyl acetate layer was dried over sodium sulfate
N-t-ButyloxycarbonyI-S-trityl-L-cysteinyl-S-diphenand evaporated in vacuo to dryness. The residue,
ylmethyl-L-cysteine
Hydrazide ( I X ) . A solution of
consisting of free N-carbobenzoxy-S-trityl-L-cysteine,
and 8.5
10.9 g. (0.03 mole) of S-trityl-~-cysteine~"J~
was dissolved in chloroform and to this solution 6.8
ml.
of
t-butyloxycarbonyl
azide2j
in
a
mixture
of 240
g. (0.02 mole) of S-diphenylmethyl-L-cysteinemethyl
N
NaOH
was
heated
ml.
of
dioxane
and
60
ml.
of
1
ester hydr~chloride,~"
2.8 ml. of triethylamine, and 4.3
with stirring for 20 hr. at 45-50'.
The stirring was
g. of N,N '-dicyclohexylcarbodiimide were added.
continued
for an additional 20 hr. at room temperature.
After allowing the mixture to stand at room temperature
The dioxane was removed by evaporation in vacuo.
overnight, a few drops of 50% acetic acid was added
The solution was diluted with water, acidified with 1 N
and the precipitate of dicyclohexylurea was removed by
sulfuric acid, and extracted with ethyl acetate-ether
filtration. The filtrate was evaporated to dryness and
(1
:l). The organic layer was washed with water,
the residue was dissolved in ethyl acetate-water. The
filtered,
and repeatedly extracted with 1 M KHCO,
organic layer was washed successively with water,
and
water,
alternatively. (Potassium N-t-butyloxy:
dilute hydrochloric acid, potassium hydrogen carbonate
carbonyl-S-trityl-L-cysteinate is practically insoluble in
solution, and again with water, dried over sodium sulpotassium bicarbonate solution. For this reason,
fate, and evaporated in vacuo to dryness. To the soluupon combining the aqueous and the bicarbonate extion of the syrupy residue in 300 ml. of warm methanol,
tracts the salt separated as an oily layer.) The com12 ml. of hydrazine hydrate was added. The solution
bined aqueous extracts were acidified with 5 % sulwas allowed to stand at room temperature overnight,
furic
acid and the organic material which separated
and then in the refrigerator for several hours. The
was
extracted
with ether. The ethereal layer was recrystalline hydrazide VI1 was collected by filtration
peatedly washed with water until the water layer beand recrystallized from ethanol. The yield was 11.8
came neutral to congo red paper. The ethereal layer
g. (7473, m.p. 178-179", [cY]'~D -8.7" ( c 4.5, dimethwas
dried over sodium sulfate and evaporated to
ylformamide).
dryness.
The syrupy residue (7.1 g.) consisting of N-tAnal. Calcd. for C46H44N404S2:
C, 70.74; H,
butyloxycarbonyl-S-trityl-L-cysteinewas coupled with
5.68; N, 7.17; S , 8.21. Found: C, 70.70; H, 5.77;
S-diphenylmethylcysteine methyl ester4" via the carboN, 6.95; S , 8.04.
diimide method as described above for the preparation
N - Carbobenzoxy-S-trityl-L-cysteinyl-S-diphenyl- of VII. The syrupy dipeptide ester thus obtained was
methyl- L - cysteinyl-L-alanylglycyl-~valyl- S - t r i t y l - ~ - dissolved in 85 ml. of hot methanol, 4 ml. of hydrazine
cysteinyl-L-serine Methyl Ester (VIII). A . In a prehydrate was added, and the solution was allowed to
cooled mixture of 15 ml. of water and 40 ml. of dioxane
stand at room temperature for 24 hr. After cooling,
2.91 g. (0.004 mole) of the hydrochloride VI and 3.12
the crystalline hydrazide IX was collected by filtration,
g. (0.004 mole) of compound VI1 were dissolved.
washed with methanol, and dissolved in 15 ml. of
After the addition of triethylamine (2.8 ml.) and of
dimethylformamide and 4.5 ml. of methanol, and the
finely powdered iodinez4 (2.03 g.) the mixture was
solution was filtered. Upon addition of 45 ml. of
shaken until the evolution of nitrogen ceased. The
methanol to the filtrate, the pure crystalline hydrazide
excess of iodine was removed with a few drops of a
IX precipitated. The yield was 7.2 g. ( 6 3 z ) ; m.p.
concentrated solution of sodium thiosulfate and the
195-196" dec., [ a ] 1 8 D - 10.6" ( c 4.5, dimethylformheptapeptide derivative VI11 was precipitated with 200
amide).
ml. of water. After cooling the mixture for a few hours
Anal. Calcd. for C43H46N404S2:
C, 69.13; H,
in the refrigerator, the precipitate was collected by
6.20; N, 7.50; S , 8.58. Found: C, 69.19; H, 6.25;
filtration and dried on a porous plate. The product
N, 7.61; S , 8.60.
was then suspended in a mixture of 30 ml. of methanol
N-t-ButyloxycarbonyI-S-trityI-L-cysteinyI-S-diphenand 1.5 ml. of triethylamine and the suspension shaken
ylmethyl-L-cysteinyl-L- alanylglycyl- L - valyl- S - trityl- Lfor 30 min. at room temperature. The solid was
cysteinyl-L-serine Methyl Ester (X). A . Compound IX
filtered off and washed (on the filter) with two 5-ml.
(2.91 g. 0.004 mole) was coupled with the hydrochloride
portions of methanol. The product, still wet, was
VI (2.9 g., 0.004 mole) in the same manner as described
suspended in a mixture of 30 ml. of methanol and 2.5
for
the coupling of VI1 with VI. The precipitate
ml. of acetic acid, and the suspension was shaken for
consisting of X was collected by filtration and washed
30 min. at room temperature. The solid was filtered
with water. The product, still wet, was suspended in
off and dried. The yield was 3.1 g. (5473, m.p.
methanol, and the solvent was evaporated in vacuo.
228-228.5 " dec., 231-232" after recrystallization from
Complete removal of water was ensured by repeated
D
( c 3.5, diacetic acid (recovery 75%); [ C Y ] ~ ~-18.9"
methylformamide).
(24) Y.Wolman, P. M. Gallop, and A. Patchornik, J . Am. Chem.
SOC.,83, 1263 (1961); Y . Wolman, P. M. Gallop, A. Patchornik, and
A. Berger, ibid., 84, 1889 (1962).

(25) (a) L. A. Carpino, ibid., 79, 98 (1957); L. A. Carpino, C. A.
Giza, and B. A. Carpino, ibid., 81, 955 (1959); F. C. McKay and N. F.
Albertson, ibid., 79, 4686 (1957); G. W. Anderson and A. C. McGregor,
ibid., 79, 6180 (1957); (b) R. Schwyzer, P. Sieber, and H. Kappeler,
Helv. Chim. Acto, 42, 2622 (1959).
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addition of methanol and evaporation to dryness.
The residue was triturated for 5 min. with 20 ml. of
boiling methanol. After allowing the mixture to
stand for 3 hr. at room temperature and for 1 hr. in the
refrigerator the solid was collected by filtration, washed
with cold methanol, and dried. Repetition of the
trituration with 20 ml. of boiling acetonitrile afforded
3 g. (53%) of material, m.p. 225-226", unchanged
~ 18.0"
after recrystallization from acetic acid, [ a ] 1 8(c 2.5, dimethylformamide).
Anal. Calcd. for C79H87N7011S3:C, 67.44; H,
6.23; N, 6.97; S , 6.84. Found: C, 67.13; H, 6.31;
N, 7.14; S , 6.96.

B. To a cold solution of IX (0.75 g., 0.001 mole) in
5 ml. of dimethylformamide, 2 ml. of 1 N sulfuric acid
and 0.105 g. of sodium nitrite were added. The
azide thus formed was extracted into chloroform and the
chloroform solution was washed with cold water,
saturated sodium chloride, potassium hydrogen carbonate solution, and water, and was dried over potassium carbonate. This solution was added to a cold
solution of 0.750 g. of the hydrochloride VI in 4 ml. of
dimethylformamide and 0.14 ml. of triethylamine.
The mixture was allowed to stand for 2 days in the refrigerator. The precipitate was filtered off and washed
with chloroform. The yield of X was 0.26 g., m.p.
214-217'.
The product was purified by dissolving it in
1 ml. of dimethylformamide followed by precipitation
with 6 ml. of methanol (recovery 60 %), m.p. 224-225",
[aIz0~
- 18.9" (c 2.5, dimethylformamide).
N-Formyl-S-benzoyl-L-cysteinyl-L-serine
Methyl Ester
( X I ) . L-Serine methyl ester hydrochloride (15.5 g.,
0.1 mole) was allowed to react with 46 ml. of 2.1 N
sodium methylate. Ether was added, the sodium
chloride was filtered off, and the filtrate was evaporated
t o dryness. The residue was dissolved in 125 ml. of
dimethylformamide and the solution was cooled to 0".
To this solution was added 27.8 g. (0.11 mole) of Nformyl-S-benzoyl-~-cysteine~~
and 22 g. of N,N 'dicyclohexylcarbodiimide. The mixture was stirred
at 0" for 10 min. and was allowed to stand at room
temperature overnight. After addition of a few drops
of dilute acetic acid, the N,N'-dicyclohexylurea was
filtered off. The filtrate was concentrated in vacuo
at 55-56" and the crystalline residue was recrystallized from methanol to give 26 g. (73%) of XI, m.p.
168O, [ a l z 5~ 13.2" (c 2.5, dimethylformamide).
Anal. Calcd. for CI~HISNZO~S:
C, 50.83; H,
5.12; N, 7.90; S, 9.04. Found: C , 50.73; H, 5.08;
N, 7.93; S , 8.89.
S-Benzoyl-L-cysteinyl-L-serine Methyl Ester Hydrobromide (XII). A solution of 15 g. (0.045 mole) of
XI in 105 ml. of absolute methanol and 15 ml. of 2.7 N
hydrogen bromide in methanol was allowed to stand
at room temperature for 3 days. The solvent was
evaporated in vacuo to dryness. The crystalline
residue was triturated with boiling ethyl acetate and
the mixture was cooled. The solid was filtered off
and was washed with ethyl acetate, followed by ether.
The yield was 15 g. (88%), m.p. 170-171". After
recrystallization from hot methanol-ethyl acetate
(recovery 80%) the melting point was raised to 172";
[ a I z 54-7"
~
(c 5, methanol), RfA 0.77, RfB 0.86. On
paper electrophoresis in 0.5 N acetic acid (pH 2.7,
4928

350 v., 4 hr., Schleicher and Schiill No. 2043B paper),
the compound appeared as a single band.
Anal. Calcd. for Cl4Hl9N2O5SBr: C, 41.28; H,
4.70; N, 6.88; S , 7.87, Br, 19.62. Found: C,
41.57; H, 5.02; N, 7.04; S , 8.05; Br, 19.72.
N-o-Nitrophenylsulfen yl-L- valyl-S-benzoyl-L-cysteinyl-L-serine Methyl Ester (XIZI). To a solution of
5.5 g. (0.02 mole) of o-nitrophenylsulfenyl-~-valine~~
in 30 ml. of chloroform and 2.7 ml. of triethylamine,
precooled to 0", 5.2 g. of diphenylphosphoryl chloridez2was added. To this mixed anhydride solution,
which was allowed to stand at 0-2" for 15 min., 8 g.
(0.02 mole) of XI1 was added. Then 5.6 ml. of triethylamine was added dropwiseZbwith stirring within a
period of 5 min. After the solution was allowed to
stand at room temperature overnight, it was evaporated to dryness. The residue was dissolved in 50 ml.
of dimethylformamide and compound XI11 was precipitated by the addition of 150 ml. of water. The
mixture was allowed to stand in the refrigerator, the
supernatant liquid was decanted, and the solid material
was washed three times with water, each washing
being followed by decantation. The residue was
then filtered off and washed thoroughly with water,
0.5 N sulfuric acid, water, potassium hydrogen carbonate solution, and again with water. The residue
was finally filtered off and dried in vacuo over PzOs.
The product was triturated with ethyl acetate, filtered
off, and washed with ethyl acetate. The trituration
was repeated using ether. The yield was 8.2 g. (71 %),
m.p. 194'. This substance has been used further
without purification. For analysis, a sample was recrystallized from ethyl acetate; m.p. 206", [aIz0~
- 105.4" (c 5, dimethylformamide).
Anal. Calcd. for CzjH30N408S~:
C, 51.80; H,
5.22; N, 9.66; S , 11.06. Found: C, 51.59; H,
5.39; N, 9.54; S, 10.85.
M e t h a n ~ l y s i s . ~To
~ a suspension of 0.58 g. (0.001
mole) of XI11 in 15 ml. of absolute methanol, 2.2
ml. of methanolic 0.5 N sodium methoxide was added in
an atmosphere of hydrogen with stirring at ca. 20".
The ester dissolved completely during the first few
minutes of stirring, which was maintained for 20
min. Upon acidification with 2 ml. of acetic acid and
addition of oxygen-free water, o-nitrophenylsulfenyl-Lvalyl-L-cysteinyl-L-serine methyl ester (XXXV) precipitated. The ester was collected by filtration and
washed with water. After recrystallization from ethyl
acetate-petroleum ether the yield was 0.33 g. (70%),
- 17.2" (c 2.5, dimethylformamide).
m.p. 148", [alZo~
Anal. Calcd. for Cl8H26N40&: C, 45.55; H,
5.52; N, 11.81; S, 13.51. Found: C, 45.64; H,
5.57; N, 11.70; S , 13.20.
A sample was hydrolyzed in 6 N hydrochloric acid
at 100" for 10 hr. and the presence of valine, serine,
and cysteine (cystine) was confirmed by means of twodimensional thin layer chromatography (1-propanolammonia 33 (67: 33) and 1-propanol-water (64 :36)9).
N-t-Butyloxycarbonyl-L-valyl-S-benzoyl-L-cysteinylL-serine Methyl Ester (XIV). Syrupy N-t-butyloxycarbonyl-L-valineZsb(2.7 g. 0.0125 mole) was dissolved
in 60 ml. of chloroform and the solution was cooled to
- IO". Triethylamine (1.73 ml.) and isobutyl chloroformatez6(1.65 ml.) were added, and the mixture was
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allowed to stand at - 10" for 15 min. To the solution
of the anhydride, the hydrobromide XI1 (5.1 g.) was
added, followed by the dropwiseZbaddition of 1.73 ml. of
triethylamine. The mixture was shaken at -10"
until a clear solution was obtained (about 25 min.).
Shaking was continued at room temperature for 1
hr. After allowing it to stand overnight, the solution
was diluted with chloroform, washed successively
with cold dilute sulfuric acid, potassium hydrogen
carbonate solution, and water, dried over sodium
sulfate, and evaporated to dryness. Methanol was
added and evaporated to ensure complete removal of
chloroform. The residue was recrystallized twice
from methanol, giving 3 g. (50%), m.p. 150-152',
[ a I z 5-41.5',
~
(c 2, dimethylformamide).
Anal. Calcd. for CZ4H35N308S: C, 54.84; H,
6.71; N, 7.99. Found: C, 54.63; H, 6.78; N,
8.12.
N- Carbobenzoxy-L-valyl-S-benzoyl-L-cystein
yl-merine Methyl Ester (Xu. This compound was prepared by coupling carbobenzoxy-L-valine27 with XI1
in the same manner as described for the preparation
of the corresponding N-t-butyloxycarbonyl peptide
ester XIV. The crystalline crude product was recrystallized from methanol. The yield was 80%;
m.p. 201-202', [a]180-46.0' (c 3, in dimethylformamide).
Anal. Calcd. for CnH33N30sS: C, 57.94; H, 5.94;
N, 7.51; S, 5.73. Found: C, 57.72; H, 6.08; N,
7.41 ; S , 6.10.
Methanolysis of the product and subsequent oxidation
with iodine was performed as described earlier.4b
The iodine consumption was 98.6 % of the theoretical
amount. The yield of the isolated N',"'[di-(Ncarbobenzoxy-~-valyl)]-~-cystyl-di-~-serine
methyl ester (XXXVI) was 92%, m.p. 206-207', [ a ] 2 0 ~-46.6'
(c 3, dimethylformamide). Recrystallization from
methanol led to a recovery of 72%, m.p. 224-225",
[a]18~
-49.0' (c 3, dimethylformamide).
Anal. Calcd. for C40H~~N601&:C, 52.86; H,
6.21; N, 9.24; S, 7.05. Found: C, 52.41; H, 6.50;
N, 9.10; S, 7.14.
An hydrolysate of this compound was analyzed chromatographically as described for XXXV and the presence of valine, serine, and cystine was confirmed.
~-Valyl-S-benzoyl-~-cysteinyl-~-serine
Methyl Ester
Hydrochloride (XVI). A. A suspension of compound
XIII(11.6g.,0.02mole,m.p. 194')in41 ml.of2Nmethanolic hydrogen chloride13 was shaken at room temperature until the solid went into solution (3-4 min.).
Upon addition of ether, the peptide hydrochloride
XVI separated out. The mixture was allowed to
stand in the refrigerator for 2 hr. and the supernatant liquid was decanted. The precipitate was
triturated twice with ether, filtered off, washed with
ether, and dried. The yield was 9 g. (98%); m.p.
200-202'.
It was recrystallized from hot methanolethyl acetate; recovery, 6.8 g. (85%); m.p. 204',
[ c u ] ~ ~ D+14.9' (c 5, methanol), [aI3Oo-10.8O ( c 2.5,
dimethylformamide), Rr, 0.60, Rf, 0.85. On paper
electrophoresis in 0.5 N acetic acid (pH 2.7, 350 v., 4
hr., Schleicher and Schiill No. 2043B paper), the com(26) J. R. Vaughan and R. L. Osato, J . Am. Chem. Sac., 73, 5553
(1951).
(27) W. Grassmann and E. Wiinsch, Chem. Ber., 91, 462 (1958).

pound was found to move as a single band toward the
cathode.
Anal. Calcd. for ClsH~N,OeSC1: C, 49.39; H,
6.11; N, 9.07; Cl, 7.67. Found: C, 49.07; H,
6.22; N, 9.09; C1,7.95.
B. Compound XIV (0.9 g.) was dissolved in 20
ml. of hot absolute ethyl acetate. After allowing the
solution to cool to room temperature, 11 ml. of approximately 9 N hydrogen chloride in ether was added.
Upon seeding, the hydrochloride XVI began to separate
out. After standing at room temperature for 30 min.
the mixture was cooled and the solid filtered off to
give 0.7 g. of XVI, m.p. 192-193'. After recrystallization from hot methanol-ethyl acetate 0.56 g. was
recovered; m.p. 201 ",[aI3OD - 10.8" (c 2.5, dimethylformamide), Rf,0.60, RfB0.85.
N-o-Nitrophenylsulfenyl-L-alanylglycine
(XVII). A
suspension of 3.1 g. (0.01 mole) of N-o-nitrophenylsulfenyl-L-alanylglycine methyl ester13 in 10 ml. of
acetone and 11 ml. of 1 N sodium hydroxide was
shaken at room temperature until a clear solution was
obtained (about 10 min.). Water (50 ml.) was added
and the solution was filtered and acidified with 11
ml. of 1 N sulfuric acid. After cooling, the crystalline precipitate was collected by filtration, washed with
cold water, and dried in vacuo over Pz05. The yield
was 2.4 g. (80%); m.p. 144-145', [ c ~ ] ~ O D -44.6"
(c 5 , dimethylformamide).
Anal. Calcd. for CllH13N3O5S: C, 44.14; H,
4.38; N, 14.04; S, 10.71. Found: C, 44.41; H,
4.06; N, 14.01; S, 10.80.
N-0-Nitropheny lsulfenyl-L-alanylgly cyl-i- valyl-Sbenzoyl-L-cysteinyl-L-serine Methyl Ester (XVIII).
A. To a suspension of 1.5 g. (0.005 mole) of XVII in
20 ml. of chloroform, precooled to 0', 0.7 ml. of
triethylamine and 0.6 ml. of isobutyl chloroformate
were added and the mixture was stirred for 15 min.
at - 5 to 0'. To the solution of the anhydride, 2.3
g. (0.005 mole) of XVI and 0.7 ml. (0.005 mole) of
triethylamine were added at once. After 5-10 min.
the peptide began to separate out as a gel. The mixture
was shaken for a short time at 0' and afterwards
was allowed to stand overnight at room temperature.
The mixture was evaporated in vacuo to dryness, and
traces of chloroform were removed by repeated addition of methanol followed by evaporation to dryness.
The residue was dissolved in ca. 400 ml. of hot methanol
and upon cooling in the refrigerator for 24 hr. compound XVIII crystallized. The yield was 5.45 g.
(7773, m.p. 194-200' dec. This substance was used
without further purification. An analytical sample
was obtained after recrystallization from acetonitrile;
m.p. 205-206', [aIz5o-71.3' (c 2.5, dimethylformamide).
Anal. Calcd. for C 3 0 H ~ N ~ 0 1 ~C,S ~50.98;
:
H,
5.42; N, 11.89; S, 9.07. Found: C, 50.59; H,
5.62; N, 11.59; S, 9.35.
B. Compound XVIII was also prepared by coupling
N-o-nitrophenylsulfenyl-L-alanylglycine
hydrazide (m.p.
157-159') with XVI via the azide method; the yield
was 20%; m.p. 200-204', [ a ] " ~-69.8'
(c 2.5,
dimethylformamide).
L-Alanylglycyl-L- valyl-S-benzoyl-L-cystein
y 1-L-serine Methyl Ester Hydrochloride ( X I X ) . Compound
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XVIII (10.7 g., 0.065 mole) was treated with 50 ml. of
N-0Nitropheny lsulfenyI-S-benzoyl-L-cystein
yl-Smethanol and 50 ml. of 2 N methanolic hydrogen
trityl-L-cysteinyl-L-alanylglycyl-Lvalyl-S-benzoyl-Lchloride.ls The mixture was warmed at 60" for a few
cysteinyl-L-serineMethyl Ester (XXII). A suspension
seconds until the solid dissolved and, after scratching,
of 0.62 g. (0.001 1 mole) of N-o-nitrophenylsulfenyl-Sthe hydrochloride XIX separated out in crystalline
benzoyl-L-cysteine dicyclohexylammonium saltZ8 in
form. Ether was added and the mixture was left in
10 ml. of ethyl acetate was shaken in a separatory
the refrigerator for 3 hr. The product was filtered,
funnel with 2 ml. of water and 1.5 ml. of 1 N sulfuric
washed with ether, and dried. The yield was 8.45 g.
acid until it dissolved. The ethyl acetate layer was
(quantitative), m.p. 202-203 ', unaltered after recrystalwashed with water until the aqueous layer was neutral
lization from methanol; [(rIz5D -44.2' (c 2.5, dimethto congo red paper. The ethyl acetate layer was dried
ylformamide), Rfr 0.94, RfB 0.97. On paper electroand evaporated to dryness. To a solution of the
phoresis in 0.5 N acetic acid (pH 2.7, 350 v., 4 hr.,
residue, consisting of N-o-nitrophenylsulfenyl-S-benSchleicher and Schull No. 2043B paper), or in 50%
zoyl-L-cysteine in 6 ml. of diinethylformamide, 0.93
acetic acid (350 v., 3.5 hr.), the compound appeared
g. (0.001 mole) of XXI was added. The solution was
as a single band.
cooled to 0", 0.14 ml. of triethylamine and 0.22 g. of
Anal. Calcd. for C24H3~N508SC1:C, 48.84; H,
N,N '-dicyclohexylcarbodiimide were added, and the
6.15; N, 11.87; S , 5.43; C1, 6.01. Found: C,
mixture was stirred at room temperature for 1 hr.
48.66; H,6.30; N, 11.92; S , 5.18; C1,6.10.
After allowing the reaction mixture to stand at room
N-o-Nitrophenylsulfenyl-S-trityl-L-cysteinyl-L-ala-temperature for 12 hr. the N,N'-dicyclohexylurea
formed was filtered off and washed with cold dimethylnylglycyl-L-valyl-S-benzoyl-L-cysteinyl-L-serineMethyl
formamide. Upon addition gf 100 ml. of cold water to
Ester ( X X ) . A solution of 1.04 g. (0.002 mole)
the filtrate, a crystalline substance separated out. It
and
of N-o-nitrophenylsulfenyl-S-trityl-~-cysteine~~
was
filtered off, washed with water, and dried. The
1.18 g. (0.002 mole) of XIX in 7 ml. of dimethylformcrude product (1.3 g.) was dissolved in hot dimethylamide was cooled to 0'. Triethylamine (0.28 ml.)
formamide (7 ml.) and pure compound XXII preand 0.44 g. of N,N'-dicyclohexylcarbodiimide were
cipitated upon addition of methanol. After cooling
added. The mixture was allowed to stand at room
the product was filtered off and washed with methanol,
temperature overnight. The N,N'-dicyclohexylurea
ethyl acetate, and finally with ether. The yield was
formed was filtered off and washed with a small quan0.9 g. (75%); m.p. 221' dec., [(rIz2D -25.2' (C 2.5,
tity of cold dimethylformamide. Upon addition of
dimethylformamide).
60 mi. of water to the filtrate the product separated
Anal. Calcd. for Cs2He~O13N&: C, 59.12; H,
as a syrup which solidified upon scratching. The
5.28; N, 8.90; S , 10.18. Found: C, 58.95; H,
crystalline product was filtered off, washed with water,
5.07; N, 9.18; S , 9.92.
dried, and triturated at 0' with 7 mi. of ethyl acetate
N-Carbobenzoxy-S-chloromercuri-L-cysteinyl-S-dicontaining 2-3 drops of triethylamine. The substance
phenylmethyl-L-cysteinyl-L-alanylglycyl-L
- valyl-S-chlowas filtered off and washed with ethyl acetate. After
romercuri-L-cysteinyl-L-serine Methyl Ester (XXIII).
recrystallization from methanol (110 ml.) 1 g. (50%) of
Compound VI11 (4.32 g., 0.003 mole) was dissolved in
the above protected hexapeptide was obtained; m.p.
100 ml. of acetic acid with gentle heating. The solu208-209", [ c ~ ] ~ ~ -48.7'
D
(c 2.5, dimethylformtion was allowed to cool to room temperature and
amide).
then a solution of 3 g. of mercuric chloride4*in 28 ml.
Anal. Calcd. for C5zH67011N7S3: C, 59.35; H,
of
methanol was added, followed by another solution
5.46; N, 9.32; S, 9.14. Found: C, 59.36; H, 5.67;
of 0.82 g. of sodium acetate trihydrate in 2 ml. of
N, 9.35 ; S , 9.02.
S-TrityI-L-cysteinyl-L-alanylglycyl-L-valyl-S-benzoyl- methanol. The mercaptide XXIII precipitated immediately and the mixture was shaken for 4 hr. at
L-cysteinyl-L-serineMethyl Ester Hydrochloride ( X X I ) .
room
temperature. The precipitate was separated
Compound XX (1.05 g., 0.001 mole) was powdered finely
by
centrifugation
and washed in the centrifuge tube
and suspended in 10 ml. of glacial acetic acid and 10 ml.
once
with
a
mixture
of acetic acid and methanol (5: l),
of methanol. Methanolic hydrogen chloride (approxtwice with water, and twice with methanol. Methanol
imately 0.8 N,2.6 ml.) was added with stirring. The
was added and the mixture was evaporated to dryyellow solid dissolved within 5 min., and the hydroness in vacuo; complete removal of water was enchloride XXI started separating out. Ether was added
sured by repeated addition of methanol and evaporato the solution, and the precipitated substance was filtion
to dryness. Finally the mercaptide XXIII was
tered off and washed with ether. For purification, the
washed
with ether and dried in vacuo. The yield
hydrochloride was dissolved in methanol and reprecipwas
2.9
g.
(67%), m.p. 210-215' dec.
itated by addition of ether. The yield was 0.64 g.
Anal.
Calcd.
for C ~ ~ H ~ ~ N ~ O I I SC,~ H
37.05
~ ~;C ~ Z :
( 6 8 7 3 ; m.p. 181-183'.
The hydrochloride was reH,
3.89;
N,
6.87;
S
,
6.74;
Hg,
28.13;
C1,
4.97.
crystallized from a small amount of methanol (reFound: C, 37.48; H, 4.18; N, 6.84; S , 7.03; Hg,
covery 8Oz),melting point unaltered; [CX]~OD -36.0'
27.81;
C1, 5.15.
(c 2.5, dimethylformamide), RIA 0.75, RrB 0.87. On
N-t-Butyloxycarbonyl-S-chloromercuri-L-cysteiny1-Spaper electrophoresis in 0.5 N acetic acid (pH 2.7,
diphenylmethyl-L - cysteinyl-L-alanylglycyl-L valyl - S350 v., 4 hr., Schleicher and Schiill No. 2043B paper) or
chloromercuri-L-cysteinyl-L-serine Methyl Ester ( X X I V ) .
in pyridine acetate buffer (pH 4, 350 v., 3 hr.), the
Compound X (4.2 g., 0.003 mole) was dissolved
compound appeared as a single band.
in
a mixture of 100 ml. of dimethylformamide and
Anal. Calcd. for C46H&9N6SZC1: C, 59.05; H,
30 ml. of methanol with gentle heating. The solu5.90; N, 8.98; S, 6.85; C1, 3.79. Found: C,
58.86; H, 5.54; N, 9.10; S , 6.78; C1, 3.93.
(28) L.Zervas and C. Hamalidis, J . Am. Chem. SOC.,87, 99 (1965).

-

4930

Journal of the American Chemical Society 1 87:21 / November 5 , 1965

under method A. The yield was 0.16 g.; m.p. 223tion was allowed to cool to room temperature and a
228". Replacement of the silver by hydrogen was also
solution of 3 g. of mercuric chloride4* in 20 ml. of
performed by hydrogen sulfide as described under
methanol was added, followed by a solution of 0.85
method A.
g. of sodium acetate trihydrate in 10 ml. of methanol.
The mixture was heated gently and 100 ml. of methanol
N-t-Butyloxycarbonyl-L-cysteinyl-S-diphenylmethylwas added. Upon standing in the refrigerator for 3
L-cysteinyl-L-alanylglycyl- L - valyl-L - cysteinyl-L - serine
hr. the mercaptide XXIV precipitated; it was colMethyl Ester (XXVZ). Compound XXIV (2.78 g.,
lected by centrifugation, washed successively with
0.002 mole) was suspended in 40 ml. of dimethylformacetic acid, methanol-acetic acid (3 : I), methanol,
amide and hydrogen sulfide was bubbled in. After
water (twice), methanol (three times), and ether, and
1 min. 0.8 g. of sodium acetate trihydrate dissolved in
dried in a desiccator. The yield was 3.1 g. (75%);
10 ml. of methanol was added, and the bubbling of
m.p. 192" dec.
hydrogen sulfide was continued for 10 min. The
Anal. Calcd. for C41H57N70~1S3Hg~C1~:
C, 35.37 ;
mixture was allowed to stand at room temperature for
H, 4.13; N, 7.04; S, 6.99; C1, 5.09; Hg, 28.82.
2 hr. and then 2 ml. of glacial acetic acid was added.
Found: C, 35.27; H, 4.12; N, 7.10; S, 6.76; C1,
The mercuric sulfide was removed by centrifugation
5.12; Hg, 28.98.
and was washed with a few milliliters of dimethylN-Carbobenzoxy-L-cysteinyl-S-diphenylmethyl-L-cys- formamide. To the combined filtrates 600 ml. of
cold oxygen-free water was added. The mixture was
teinyl-L-alanylglycyl-L-valyl-L-cysteinyl-L-serine
Methyl
Ester (XXV). A. Compound XXIII (2.85 g., 0.002 allowed to stand in the refrigerator for 1 hr., the precipitate was collected by filtration, and the compound,
mole) was suspended in 30 ml. of dimethylformamide,
still wet, was dissolved in boiling methanol. The
and hydrogen sulfide was bubbled in for 5 min. At
resulting
mixture was filtered and upon keeping the
first, the compound dissolved and then mercuric sulfide
filtrate in the refrigerator for 10 hr. compound XXVI
precipitated. The mixture was shaken for 4 hr. at
separated. The material was collected by filtration,
room temperature. The mercuric sulfide was removed
washed with ether, and dried over phosphorus pentby centrifugation and extracted first with a few millioxide in high vacuum. The yield was 1.5 g. (78%),
liters of dimethylformamide and then with methanol.
m.p. 223" dec.; [ ~ ] ? O D -27.1" (c 3, dimethylformThe extracts were combined with the supernatant
amide) ; the nitroprusside test for the sulfhydryl
liquid and filtered as soon as possible. Upon addigroup
was strongly positive.
tion of 200 ml. of cold oxygen-free water compound
Anal. Calcd. for C41Hb9NIOllS3:C, 53.40; H,
XXV precipitated. After standing for 1 hr. in the
6.45; N, 10.63; S, 10.43. Found: C, 53.22; H,
refrigerator the precipitate was collected by centrifu6.35; N, 10.38; S, 10.35.
gation and was suspended in methanol. The mixture
was evaporated in vacuo to dryness. Complete reN-o-Nitrophenylsulfenyl-L-cysteinyl-S-trityl-L-cysmoval of water was ensured by repeated addition of
teinyl-~-alanylg1ycyl-L-valyl-L-cysteinyl-L-serine
Methyl
absolute methanol and reconcentration in vucuo.
Ester (XXVZI). To a suspension of 1.25 g. (0.001
The residue was boiled in methanol under refluxing.
mole) of XXII in 16 ml. of absolute methanol and 8
After cooling, the precipitate was collected by filtraml. of dimethylformamide, 4 ml. of methanolic 0.55
tion or centrifugation and dried in a vacuum desiccator
N sodium m e t h ~ x i d ewas
~ ~ added with stirring while
over phosphorus pentoxide. The yield was 1.7 g.
the mixture was kept under hydrogen. The peptide
(88 %), m.p. 225-228" dec. after recrystallization from a
was almost completely dissolved within 30 min. Some
~ 26.6"
thousandfold amount of methanol; [ a ] I 8 insoluble material was removed by filtration and the
(c 3, dimethylformamide); the nitroprusside test for
filtrate was acidified with acetic acid. Upon addition
the sulfhydryl group was strongly positive.
of cold oxygen-free water compound XXVII preAnal. Calcd. for C44H57N7011S3:
C, 55.27; H,
cipitated. The solid was collected by centrifugation,
6.01; N, 10.26; S, 10.06. Found: C, 55.24; H,
washed in the centrifuge tube repeatedly with water,
6.07; N, 9.99; S, 9.95.
and dried. The product was recrystallized from dimethylformamide-methanol. After cooling, the crysB. Compound VI11 (1.08, 0.00075 mole) was distalline compound XXVII was filtered off and washed
solved in 7 ml. of dimethylformamide with gentle
with methanol and ether. The yield was 1.1 g. (70%),
heating. The solution was allowed to cool to room
5~
(c 2.5, dimethylm.p.
195-198" dec.; [ a ] 2 -41.6"
temperature, and then a solution of 0.51 g. of silver
formamide) ; the nitroprusside test for the sulfhydryl
nitrate and 0.24 ml. of pyridine in 8 ml. of methanol4'
group was strongly positive.
was added. Upon addition of 50 ml. of water silver
Anal. Calcd. for C48H58N8011S4:C, 54.84; H,
mercaptide of XXV precipitated, was collected by
5.56; N, 10.66; S, 12.20. Found: C , 54.68; H,
centrifugation, and washed successively in the centri5.63; N, 10.65; S, 12.28.
fuge tube, three times with water, once with methanol,
and finally with ether. The silver mercaptide of XXV
S-S',N-Carbobenzoxy-L-hemicyst,yl-S-diphenylmeththus obtained was dissolved in a mixture of 40 ml. of
y l - L - cysteinyl-L- alanylglycyl-L - valyl-L- hemicystyl- Ltetrahydrofuran-methanol (1 : 1) with stirring under
serine Methyl Ester (XXVZZZJ A solution of 2.3 g.
hydrogen. Concentrated hydrochloric acid (0.15 ml.)
(0.0024 mole) of freshly made XXV in a mixture of
was added and the stirring was continued for 1 hr.
300 ml. of absolute tetrahydrofuran and 10 ml. of
The silver chloride was removed by means of centrifudimethylformamide and another solution of 0.752
gation and extracted several times with a hot mixture
g. of 1,2-diiodoethanes in 300 ml. of absolute tetraof tetrahydrofuran-methanol (1 : 1). The combined
hydrofuran were prepared. Both of the above soluextracts were concentrated in vacuo and the crude comtions were added simultaneously, dropwise and with
pound XXV thus obtained was treated as described
stirring, into 300 ml. of absolute tetrahydrofuran under
Zervas, Photaki, Cosmatos,Borovas
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hydrogen and within a period of an hour. After
removal of the tetrahydrofuran in vacuo followed by
addition of acetone to the residue the oxidation product
XXVIII precipitated. The compound was collected
by filtration, washed with acetone, redissolved in a
few milliliters of dimethylformamide, and reprecipitated by methanol. The yield was 1.5 g. (65%);
m.p. 235-240" dec., unchanged after recrystallization
D
( c 2, dimethylformamide).
from acetic acid, [ C ~ ] ' ~+8.5"
A sample was hydrolyzed in 6 N hydrochloric acid
at 110" for 24 hr. and then analyzed for amino acids. lo
The following molar ratios of amino acids were obtained with the value of glycine taken as 1.0: serine
0.8, glycine 1.0, alanine 1.0, half-cystine 2.1, and valine
0.8.
An hydrolysate of XXVIII prepared as described
above was found, by thin layer chromatography,4"
to contain a considerable amount of S-diphenylmethylcysteine.
Anal. Calcd. for C44H55N7011S3:C , 55.39; H,
5.81; N, 10.28; S, 10.08. Found: C, 55.73; H,
5.77; N, 9.98; S, 10.00.
S-S',N-t-Butyloxycarbonyl-L-hemicystyl-s-diphenylmethyl- L - cysteinyl-L- alanylglycyl- L - valyl- L - hemicystyl-L-serine Methyl Ester ( X X I X ) . A solution of 1.38
g. (0.0015 mole) of freshly made XXVI in a mixture of
75 ml. of dimethylformamide and 125 ml. of absolute
tetrahydrofuran and another solution of 0.465 g. of
1,2-diiodoethanesin 200 ml. of absolute tetrahydrofuran
were prepared. Both of the above solutions were added
simultaneously, dropwise and with stirring, into a
mixture of 200 ml. of absolute tetrahydrofuran and 40
ml. of dimethylformamide under hydrogen and within
a period of 1 hr. The tetrahydrofuran was evaporated
in vacuo, and 800 ml. of water was added to the residue.
The precipitate was separated by means of centrifugation and triturated with water, and the solid was
filtered off and washed successively with water, a few
milliliters of a mixture of acetone-ethyl acetate (1 : 15),
and finally with ethyl acetate. The yield was 0.69 g.
(50%); m.p. 218" dec., [ a ] 1 8f10.5"
~
( c 2, dimethylformamide).
A sample was hydrolyzed in 6 N hydrochloric acid
at 110" for 24 hr. and then analyzed for amino acids. lo
The following molar ratios of amino acids were obtained with the value of glycine taken as 1.0: serine
0.9, glycine 1.0, alanine 1.0, half-cystine 2.3, and valine
1.o.
An hydrolysate of XXIX prepared as described
above was found, by thin layer ~hromatography,~"
to contain a considerable amount of S-diphenylmethylcysteine.
Anal. Calcd. for C41HS7N1011S3: C, 53.52; H,
6.24; N, 10.66; S, 10.45. Found: C, 53.54; H,
6.43; N, 10.55; S, 10.27.
S-S',N-o-Nitrophenylsulfenyl-L-hemicystyl-s-tritylL-cystein yl-L-alanylglycyl-L-valyl-L- hemicystyl- L serine
Methyl Ester ( X X X ) . A solution of 1.05 g. (0.001
mole) of freshly made XXVII in 100 ml. of dimethylformamide and another of 0.32 g. of 1,2diiodoethanes in 100 ml. of methanol were prepared.
Both of the above solutions were added simultaneously,
dropwise and with stirring, into a mixture of 75 ml. of
dimethylformamide, 75 ml. of methanol, and 0.3 ml. of
triethylamine under hydrogen and within a period of 1
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hr. After evaporation of the methanol in vacuo at
room temperature 1 1. of cold water was added to the
solution. The mixture was allowed to stand in the
refrigerator overnight, and compound XXX was
collected by means of centrifugation. The solid was
washed with water and dried in vacuo. For purification the product (0.8 g.) was treated in 10 ml. of boiling
methanol under refluxing. After cooling to 0",
compound XXX was collected by filtration and washed
with cold methanol. The yield was 0.6 g. (60%);
m.p. 215-218" dec., [aI2O~
-71.1" ( c 1.2, dimethylformamide), unchanged after recrystallization from
dimethylformamide-methanol.
A sample was hydrolyzed in 6 N hydrochloric acid
at 110" for 24 hr. and then analyzed for amino acids. lo
The following molar ratios of amino acids were obtained with the value of glycine taken as 1.0: serine
0.9, glycine 1.0, alanine 1.0, half-cystine 2.7, and valine
1.0.
Anal. Calcd. for C48H56NsO~~S4:
C, 54.94; H,
5.38; N, 10.68; S, 12.22. Found: C, 54.51; H,
5.81; N, 10.64; S, 12.20.
S-S',L-Hemicystyl-S-diphenylmethyl-L-cysteinyl-Lalanylglycyl-L-valyl-L-hemicystyhserine Methyl Ester Hydrochloride ( X X X r ) . Compound XXIX (0.092
g., 0.0001 mole) was dissolved in 1 ml. of 90% trifluoroacetic acid, and the resulting solution was allowed to stand for 30 min. at room temperature. A
few milliliters of ethyl acetate was then added and the
solution was concentrated in vacuo. The syrupy
residue was dissolved in a small volume of ethyl acetate
and a few milliliters of ethyl acetate containing hydrogen chloride was added immediately. The product
was purified by dissolving it in methanol, adding ethyl
acetate, and removing traces of impurities by filtration.
The filtrate was evaporated to dryness and the residue
was triturated with ethyl acetate to give 0.06 g. (70%)
D
of pure XXXI, m.p. 205-208" dec.; [ c u ] ~ ~ +10.0"
(c 1, methanol), RfA 0.63, RfB 0.87. Paper electrophoresis in 0.5 N acetic acid (pH 2.7, 350 v., 4 hr.,
Schleicher and Schiill No. 2043B paper), in 50%
acetic acid (1500 v., 30 min., Whatman No. 3MM paper),
or in pyridine acetate buffer (pH 4, 350 v., 3 hr.,
Schleicher and Schull No. 2043B paper) revealed a
single component migrating toward the cathode.
A sample was hydrolyzed in 6 N hydrochloric acid
at 110" for 24 hr. and then was analyzed for amino
acids.lo The following molar ratios of amino acids
were obtained with the value of glycine taken as 1.0:
serine 0.9, glycine 1.0, alanine 1.0, half-cystine 2.3,
and valine 1.O.
An hydrolysate of XXXI prepared as described above
was found, by thin layer ~hromatography,~"
to contain
a considerable amount of S-diphenylmethylcysteine.
Anal. Calcd. for C36H50N70&Cl: C , 50.48; H,
5.88; N, 11.45; S, 11.23; C1, 4.14. Found: C,
50.27; H, 6.14; N, 11.28; S, 11.15; C1, 4.22.
S-S',L-Hemicystyl-S-trityl-L-cysteinyl-L-alany1glycyl-L-valyl-L-hemicystyl-r-serine Methyl Ester Hydrochloride (XXXrr). Compound XXX (0.105 g., 0.0001
mole) was dissolved in 17 ml. of hot absolute tetrahydrofuran. The solution was filtered and then cooled
to room temperature. Absolute ether (17 ml.) containing 30 mg. of trityl chloride, 4 ml. of hydrogen chloride
solution13 in ethyl acetate (ca. 1 N), and 8 ml. of ether
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were added. After allowing the mixture to stand for a
short time in the refrigerator the precipitated product
was separated by centrifugation, washed in the centrifuge tube with dry ether, and dried in vacuo. The yield
~
was 0.063 g. (65 %); m.p. 207-210" dec., [ a I z 0+4.2"
(c 1.2, dimethylformamide), Rf,0.68 (one main spot with
a faint tail).
Anal. Calcd. for C42H54N70~S~C1:
C, 54.07; H,
5.84; N, 10.52; S, 10.31; Cl, 3.80. Found: C,
53.31; H, 6.04; N, 10.09; S, 10.55; C1, 3.98.
Purification of XXXII was achieved by the following
process: Crude XXXII (0.25 g.) was dissolved in 20
ml. of hot methanol, and 40 ml. of ethyl acetate was
added. The material which precipitated (0.08 g.)
was removed by means of centrifugation and discarded. Upon addition of ether to the supernatant
liquid 0.11 g. of chromatographically pure XXXII
was obtained; m.p. 210" dec., [ c u ] ~ ~ Df4.2" (c 1.2,
dimethylformamide); Rr, 0.68, R, 0.84. On paper
electrophoresis in 0.5 N acetic acid (pH 2.7, 350 v.,
4 hr., Schleicher and Schull No. 2043B paper) or in
50% acetic acid (350 v., 3.5 hr.), the compound moved
as a single band toward the cathode.
Anal. Found: C, 53.83; H, 6.14; N, 10.19; S,
10.48; C1,3.76.
S-(N-Carbobenzoxyg1ycyl)-N-benzoyl-L-cysteine
Methyl Ester ( X X X I I I ) . To a cold (0") solution of
2.76 g. (0.01 mole) of S-benzoyl-r-cysteine methyl ester
h y d r ~ c h l o r i d eand
~ ~ 2.5 g. (10 excess) of N-carbobenzoxyglycine in 15 ml. of dimethylformamide, 1.4
ml. of triethylamine was added followed by the immediate addition of 2.2 g. of N,N'-dicyclohexylcarbodiimide. The mixture was stirred at room temperature for 6 hr. and the insoluble precipitate of N,N'dicyclohexylurea and triethylamine hydrochloride was
removed by filtration. The filtrate was diluted with
ethyl acetate and washed successively with water,
dilute hydrochloric acid, water, saturated solution
of potassium hydrogen carbonate, and finally with
water. The solution was dried over sodium sulfate
and evaporated in vacuo to dryness. The crystalline
residue was triturated with ether and collected by
filtration. The yield was 3.2 g. (75%); m.p. 149".
After recrystallization from methanol, the melting
point was raised to 156"; [ a I z 5-70.2"
~
(c 1, dimethylformamide).

Anal. Calcd. for CZIHZZN~O~S:
C, 58.59; H,
5.15; N, 6.51; S, 7.45. Found: C, 58.61; H, 5.06;
N, 6.35; S, 7.18.
M e t h a n o l y s i ~ . ~Into
~
a suspension of 0.86 g.
(0.002 mole) of XXXIII in 16 ml. of absolute methanol,
4.1 ml. of 0.5 N sodium methoxide was added with
stirring and under hydrogen. After 2-3 min. the
compound dissolved. The stirring was continued for
10 more min. Upon acidification with 2 ml. of acetic
acid and titration with 0.1 N iodine solution 19 ml. of
iodine solution (95 % of the theoretical amount) was
consumed. The mixture was concentrated in vacuo
to remove the methanol. The residue was extracted
into chloroform; the organic layer was washed successively with potassium hydrogen carbonate solution
and water, dried over sodium sulfate, and evaporated
in vacuo to dryness. The crystalline residue was triturated with petroleum ether, collected by filtration, and
washed with a small amount of methanol to give 0.33
g. (70 %) of N,N'-bisbenzoyl-L-cystine dimethyl ester
(XXXIV); m.p. 174-175', [ a I z 5-230"
~
(c 1, dimeth~
(c 1, dimethylformamide); m.p. 178", [ a I z 5-231"
ylformamide) after recrystallization from ethanol (lit.4a
m.p. 177-179", [ c u ] ~ ~ D-233" (c 1, dimethylformamide)).
N-Carbobenzoxy-S-benzoyl-L-cysteinep-Nitrophenyl
Ester. To a cold solution of 1.8 g. (0.005 mole) of Ncarbobenzoxy-S-benzoyl-~-~ysteine~~
and 0.7 g. of
p-nitrophenol in 20 ml. of ethyl acetate, 1.1 g. of
N,N '-dicyclohexylcarbodiimide was added. 29 The
mixture was stirred for 30 min. at 0" and then allowed
to stand overnight at room temperature. The precipitated N,N '-dicyclohexylurea was removed by filtration and the filtrate was evaporated to dryness
in vacuo. The crystalline residue was recrystallized
from ethanol. The yield was 2.3 g. (9573; m.p.
128', [ a I z 2-~55.0" (c 2, dimethylformamide).
Anal. Calcd. for CZ4HzoNzO7S:N, 5.83; S, 6.67.
Found: N, 5.66; S, 6.45.
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(29) M.Bodanszky, Nature, 175, 685 (1955); D.F. Elliot and D. W
Russel, Biochem. J., 66,49P (1957).
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