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previous phenacylide. Upon recrystallization of the solid as
before a 959, yield of product was obtained: mp 56-57°.

C. Silver Oxide Method.—The procedure followed was that
of Bohme and Krause.!? To a suspension of silver oxide (11.58
g, 0.05 mole) in 150 ml of water was added dropwise a solution of
dimethyl phenacyl sulfonium bromide (13.06 g, 0.05 mole) in 400
ml of water. Precipitation occurred and, after addition was
completed, the solution was filtered and the water was removed
by evaporation on a rotary evaporator. The black, syrupy
material was dissolved in chloroform and filtered, and the
chloroform was evaporated. The residue was kept in a desiccator
over sulfuric acid. Crystals were formed and were separated by
filtration (7.5 g, 83%), mp 50-55°. The infrared spectrum was
identical with that from above methods.

Repeated recrystallization of the sample from benzene-
petroleum ether gave a pure sample which was dried over phos-
phorus pentoxide in wvacuo. Anal. Caled for OCpH;08:2¢

(24) Although molecular weight determinations were always high (Caled:
180, Found: 244) for this compound, the 4-nitro substituted ylid V, R =
CHi; R’ = 4-C;H¢NO, yielded a correct molecular weight by osmometric
techniques (Caled: 224. Found: 227.).
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C, 66.62; H, 6.76; 8, 17.79. Found: C, 66.35; H, 6.91; S,
17.53.

The remaining ylids in Table I were recrystallized from ben-
zene. Repeated efforts to crystallize the ester and amide were
unsuccessful.

A solution of the ylid (0.20 g) in ether—chloroform was treated
with anhydrous hydrogen bromide. Dimethyl phenacyl sul-
fonium bromide, 0.26 g (909,), mp 137-138°, was precipi-
tated.

Hydrolysis of (Dimethylsulfuranylidene)acetophenone.—Seven
grams (0.039 mole) of the above ylid was dissolved in aqueous
potassium hydroxide (70 ml, 1 &) and the mixture was refluxed
19 hr. The yellow solution was cooled and extracted with
ether (two 10-ml portions), then methylene chloride (two 10-
ml portions). The aqueous layer was acidified with 109, hy-
drochloric acid and extracted with methylene chloride (two 20-
ml portions), and the organic layer was dried over magnesium
sulfate. Concentration of this solution gave 4.3 g (919%) of
benzoic acid.

Measurement of pK Values (Figure 1).—The pK values were
determined by the method given in ref 3.

Sulfur-Containing Polypeptides. II.

Selective Removal of

S-Protective Groups from Some L-Cysteinyl-L-cysteine Derivatives'?

RicuARD G. Hiskey, TomisHIGE M1zogucHl, AND HirosHI IGETA
Venable Chemical Laboratory, The University of North Carolina, Chapel Hill, North Carolina
Received October 27, 1965

The synthesis of four derivatives of ethyl N-carbobenzoxy-L-cysteinyl-l-cysteinylglycinate is described. The

S-protective groups studied were S-triphenylmethyl, S-diphenylmethyl, and S-benzoyl.

Mercury(II) acetate

was found to cleave selectively the S-triphenylmethyl group while sodium ethoxide selectively removed the S-

benzoy! group.

An important aspect of the synthetic problem as-
sociated with the preparation of polypeptides “cross-
lined” or “looped” at known positions by cysteine resi-
dues is the stepwise formation of the disulfide bonds.
This, in turn, requires the selective removal of various
sulfur-protective groups from the appropriate cysteine
residues. One approach to this situation has involved
the use of S-protective groups which would exhibit a re-
activity gradient toward thiocyanogen, a reagent found®*
to convert various cysteine derivatives to the corre-
sponding sulfenylthiocyanates; the latter behave simi-
larly to thiocyanogen and provide unsymmetrical
cysteine derivatives when allowed to react with another
cysteine compound. In order to obtain maximum

srR ZNHCyOH
|
SON): [ZNHCyOH 7 HNCyo- 8
ZNHCyOH ——> 1 — |
§—SON 8
Hsﬁéy()‘

R = H, (CsH;);C, (CeH;).CH

utility from the sulfenylthiocyanate method of disulfide
synthesis it appears to be necessary to employ the thiol
group of cysteine as well as the S-tri- and -diphenyl-
methyl thioether derivatives. Therefore, synthetic
methods for the conversion of specific S-blocked cysteine

(1) Part I of this series:
Soc., 87, 3969 (1965).

(2) Supported by Grant A-3416 from the National Institute of Arthritis
and Metabolic Digeases of the National Institutes of Health, U. 8. Public
Health Service.

(3) R. G. Hiskey and W. P. Tucker, J. Am. Chem. Soc., 84, 4796 (1962).

(4) R. G. Riskey and D. N. Harpp, ibid., 87, 3965 (1965).

R. G. Hiskey and J. B. Adams, Jr., J. Am. Chem.

residues to the free thiol are required. Although
several recent reports® have concerned methods for the
removal of a single S-protective group in various cys-
teine peptides, no data are available on the removal of
one S-blocking group in the presence of another.®
The present report concerns the selective cleavage of
several S-protective groups (X and Y) in the model tri-
peptide, ethyl N-carbobenzoxy-L-cysteinyl-L-cysteinyl-
glycinate (I).

ZNHCHCONH?HCONHCHzCOzEt
H,SX CH,SY

Ia, X = (CaHs)zCH Y= (CeHs)ac
b X = eHs)s , = (C¢H;).CH
c, X = C = (Cs 5)3C

(CBHs)ch Y = CH:CO

The S-triphenylmethyl group was initially reported’
to be cleaved by the action of hydrogen chloride in
chloroform. Subsequently Zervas and Photaki’® dem-
onstrated that ethyl N-carbobenzoxy-S-triphenyl-
methyl-r-cysteinylglycinate (II) was converted to the
cysteine derivative (III) by the action of silver nitrate

1. AgNOs
ZNHCy-GlyOEt ——————> ZNHCy - GlyOEt
2. HCl, DMF |
SC(CeHs)s SH
11 III (53%,)

(8) (a) L. Zervas and I. Photaki, ibid, 84, 3887 (1962); (b) L. Zervas,
I. Photaki, and N. Ghelis, ibid., 85, 1337 (1963); (¢) M. Sokolovsky, M.
Wilchek, and A, Patchornik, ibid., 86, 1202 (1964).

(6) A referee has informed us that a paper on this topic by L. Zervas, et
al., has appeared: ibid., 87, 4922 (1965).

(7) L. Velluz, G. Amiard, J. Bartos, B. Goffinet, and R. Heymes, Bull.
Soc. Chim. France, 1464 (1956).
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CHART I
SyNTHESIS OF TRIPEPTIDES Ia-d

PhaCHOH DCC
ZNHCyOH ~———> ZNHCyOH —————> ZNHCyONp

BF;

Cl-H:*NGlyOEt

CHPH,
VI(72%)

p-NOCHOH |
SCHPh,

VII (87%)

DCC HCl
Ph;CNHCyOH ~———> [PhaCNHCy-GlyOEt:l —_ [Cl”HaN‘*Cy'G}yOEt:]

CPh,

DCC

Cl-H; *NGlyOEt

CPh;

CPh,
VIII

HOAc

HBr
ZNHCyOH ~—————> ZNHCy -GlyOEt —> IiBr‘H;N‘*Cy-GIyOEt]

COPh SCOPh
IX X (75%)

DCC

Cl-H; *NGlyOEt

COPh
XI

HBr
VI ————> ZNHCy-GlyOEt —> [Br‘HaN +Cy'GlyOEf]
HOAe

SCHPh,
XII (85%)

SCHPL,
XIII

VII + VIII —> ZNHCyCy-GlyOEt

Ph,CHS SCPhs
Ia (54%, [a]?*®> — 10.9°)

DCC
ZNHCyOH 4 XIII ~—> ZNHCy-Cy-GlyOEt

PhsC

Ph;CS SCHPh,

Ib (61%, [a]?*fD —9.7°)

DCC
IX + VIII —> ZNHCy-Cy- GlyOEt

PhCO

CPh;

Ic (66%, [a]?4D —26.8°)

DCC
VI 4 XI —»> ZNHCy-Cy-GlyOEt + ‘: ZNHCySCy-GIyOEt:I

Ph,CHS SCOPh
1d (30%, [a]®fp —42.9°)

Ph,CHS HCOPh
XVII

Z = CH,CH,0CO

DCC
Np

in & pyridine-methanol solvent. Recently, however,
Carroll, et al.,8 have reported that the removal of the
S-triphenylmethyl group from several N-substituted
S-triphenylmethylcysteamines could only be accom-
plished using mercury(II) acetate in ethanol, followed
by treatment with hydrogen sulfide. The desired
cysteamines could not be obtained by use of the re-
agents previously reported.’®” Another protective
group desired for study was the S-diphenylmethyl
group. Acid hydrolysis experiments®® have indicated
the S-diphenylmethyl group is considerably more
stable than S-triphenylmethyl thioethers. The former
has been cleaved by refluxing trifluoroacetic acids®
(IV —V); both groups are removed by warm hydrogen
bromide in refluxing acetic acid.5e

TFA
TfaNHVal-Cy-GlyOEt —> TfaNHVal-Cy - GlyOEt

SCH(CeH:). H
v V(70%)

In addition to acid-labile S-protective groups, signifi-
cant studies on alkali-labile thiol esters have appeared.
The S-benzoylf® and S-carbobenzoxy®® derivatives have

(8) F. 1. Carroll, H. M. Dickson, and M. E. Wall, J. Org. Chem., 80,
33 (1965). E. Galantay, H. Engel, A. Szabo, and J. Fried [ibid., 29, 3560
(1964) ] have utilized mercury(II) chloride in 1,2-dimethoxyethane.

N,N'-dicyclohexylcarbodiimide
p-nitrophenyl

been found to be stable to acid but readily removed
with sodium alkoxides. Thus, both acid- and alkali-
labile groups were available and could presumably be
incorporated into the tripeptide I. The synthetic
routes to the desired derivatives (Ia—d) are outlined in
Chart 1.

The synthesis of Ia and Ic involved the coupling of
ethyl S-triphenylmethyl-L-cysteinylglycinate (VIII)
with the appropriate N,S-protected cysteine (VII or
IX). The synthetic value of this route is considerably
diminished by the noncrystalline nature of VIII and its
precursors. However, since N,S-ditriphenylmethyl-L-
cysteine is one of the few derivatives of S-triphenyl-
methyl-L-cysteine which can be coupled with a carboxy-
protected amino acid and then deblocked at the amino
function, this sequence was the procedure of choice.
The preparation of Ib and Id (véia XI and XIII) pre-
sented no difficulties of this type since both the S-
benzoyl and S-diphenylmethyl groups are stable to
hydrogen bromide in acetic acid at room temperature;
thus the crystalline N-carbobenzoxy derivatives could
be utilized.

The coupling steps to provide the desired tripeptides,
Ia—c, proceeded in reasonable yields; however, in the
case of Id (obtained from VI and XI) only 309, of
the tripeptide could be isolated. The low yield of Id
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was ultimately traced to 8 — N benzoyl migration in
XTI prior to coupling. Therefore a substantial amount
of the reaction product appeared as the thiol ester,
XVII. The experiments which establish this reaction
course and other reactions exploiting this property of
S-benzoyleysteinyl peptides are described in the ac-
companying report.®

With the desired tripeptides available wvarious
methods for the selective removal of the incorporated
S-protective groups were studied. The results of these
experiments are outlined in Chart II. Deblocking of

Cuarr I1

SELECTIVE REMOVAL OF S-PROTECTIVE GROUPS FROM
TrirEPTIDES Ia~Id

Hg(OAc).

Ia
61.6%, [@)¥p —~19.1° \

ZNHCIIy-(Ey-GlyOEt
Ph,CHS SH
X1V
AgNO; /
Ia

47%, [{]®p —19.8°
58% [a]®p —19,5°( NaOEt

Id
Hg(OAc)2
Ib
838% [0]®p ~26.1°
ZNHCy-(IJy-GlyOEt
SH SCHPh,
b - AgNO; XV
16.4%, [a]*p _o550
NaOEt
Ic 555% [P —o5° ZNHICy (;Jy GlyOEt
SH SCPh;s
XVI

either Ia or Id provided ethyl N-carbobenzoxy-S-di-
phenylmethyl-L-cysteinyl-L-cysteinylglycinate (XIV) in
47-629%, yield. The superiority of mercury(II) acetate
for S-triphenylmethyl group removal is evident from
these experiments. Since the optical purity of Ia and
Id has not been established, a firm conclusion cannot
be reached regarding the amount of racemization in-
volved in the S-deblocking step. However, the fact
that the optical rotations of XIV obtained from either
source are similar suggests that the S-triphenylmethyl
and S-benzoyl groups can be removed without racemiza-
tion of a neighboring protected cysteine residue. Hy-
drolysis of Ib provided ethyl N-carbobenzoxy-L-cys-
teinyl-S-diphenylmethyl-L-cysteinylglycinate (XV) but
in much lower yield than XIV. Mercury(Il) acetate
was again the more effective catalyst. The infrared
spectra of the isomeric thiols (XIV and XV) as well as
those of the precursors (Ia and Ib) were essentially
identical; this similarity is also reflected in the R;
values on thin layer chromatography (tlc). The fact
that both materials exhibited thiol absorption at 2610
cm~! and gave a negative test with ninhydrin but
the characteristic color with the sodium nitroprusside
reagent indicates that no N — S acyl migration oc-
curred during the cleavage. These data clearly indi-
cate that both the S-triphenylmethyl and S-benzoyl can

(9) R. G. Hiskey, T. Mizoguchi, and T. Inui, J. Org. Chem., 81, 1192
(1966).

Hiskey, MizogucHi, aND IgETA
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be selectively removed in the presence of the S-diphenyl-
methyl group, although the actual yield of thiol was
somewhat lower than anticipated.

Attempts to remove the S-triphenylmethyl group
from Ia and b with various acids were less successful.
Treatment of either Ia or Ib with hydrogen chloride in
chloroform provided only recovered starting material.
Treatment of Ia with dry hydrogen chloride in acetic
acid or with boron trifluoride in 989, formic acid pro-
duced extensive decomposition. The use of aqueous
hydrochlorie acid in acetic acid, however, afforded es-
sentially pure thiol and may represent a useful proce-
dure for S-triphenylmethyl hydrolysis.

Ethanolysis of Ic with sodium ethoxide illustrates
the compatibility of the S-triphenylmethyl and S-ben-
zoyl groups. The product, ethyl N-carbobenzoxy-1-
cysteinyl-S-triphenylmethyl-r-cysteinylglycinate (X VI)
was obtained in 609, yield. Attempted cleavage of
Ic with p-toluenesulfonic acid or with diethylamine
provided only recovered starting material.

Experimental Section!®

p-Nitropheny! N-Carbobenzoxy-S-diphenylmethyl-L-cystein-
ate (VII).—A suspension of 6.5 g (0.016 mole) of N-carbobenzoxy-
S-diphenylmethyl-L-cysteine cyclohexylamine salt! (VI) in
150 ml of ethyl acetate was shaken with two 50-ml portions of
0.5 N hydrochloric acid. The organic layer was washed with
saturated sodium chloride solution, dried, and evaporated in
vacuo to yield 5.04 g (95.7%) of the crystalline acid.

The acid was dissolved in 27 ml of ethyl acetate and treated
with 1.8 g (0.013 mole) of p-nitrophenol and 3.0 g (0.014 mole)
of DCC. The mixture was stored overnight at room tempera-
ture, filtered, washed with 59, sodium bicarbonate solution and
saturated sodium chloride solution, and dried. Evaporation of
the organic layer provided a yellow oil which crystallized when
triturated with absolute ethanol. Recrystallization from
absolute ethanol provided 5.52 g (84.9%) of fine needles, mp
93-96°. The analytical sample, recrystallized twice from ab-
solute ethanol, melted at 96-98°, [«]#D —33.7° (¢ 1.19, DMF).

Anal. Caled for CyoHaeN06S: C, 66.40; H, 4.83; N, 5.16;
S,5.91. Found: C, 66.79; H, 4.98; N, 5.30; S, 5.04.

Ethyl N-Triphenylmethyl-L-cysteinylglycinate Hydrochloride
(VIII).—VIII was prepared according to the procedure of
Amiard, et al.* The pale yellow powder was coupled directly
without further purification: Ry (tlc) 0.64, 95% ethanol (nin-
hydrin), single spot.

Ethyl N-Carbobenzoxy-S-diphenylmethyl-1-cysteinyl-S-tri-
phenylmethyl-1-cysteinylglycinate (Ia).—To a solution contain-
ing 10.7 g (0.022 mole) of crude VIII in 86 ml of DMF was
added 3.06 ml (0.022 mole) of triethylamine., The mixture
was stirred for several minutes and treated with 10.7 g (0.0197
mole) of VII. The reaction mixture was stirred overnight at
room temperature, poured onto a 5% sodium bicarbonate~ice
mixture, and filtered. The precipitated tripeptide was washed
with 59, sodium bicarbonate, 1 N hydrochloric acid solution, and
water. Thesolid was then dried over calcium chloride and washed
once with acetone. Recrystallization from ethyl acetate pro-
vided 10.2 g (54.3%) of Ia, mp 192-194°, [a]%$p —10.9° (¢
1, DMF).

Anal. Caled for CsoHyeN3OeS2:  C, 70.41; H, 5.79; N, 4.94;
S, 7.52. Found: C, 70.61; H, 5.90; N, 4.92; 8, 7.55.

Ethyl N-Carbobenzoxy-S-benzoyl-L-cysteinylglycinate (X).—X
was prepared according to the procedure of Zervas, et al.,’® in
70.7% yield, mp 154-156° (lit.*> mp 153°).

(10) Melting points are uncorrected. Elemental analyses were per-
formed by Micro Tech Laboratories, Skokie, Ill, Optical rotations were
taken using a Rudolph Polarimeter with a photoelectric attachment. Each
purified substance described exhibited a single spot on the silica gel G thin
layer chromatogram. The solvent systems employed were chloroform=
ethyl acetate (1:1) and benzene-dioxane—ethanol (12:12:1), unless other-
wise noted.

(11) L. Zervas and I. Photaki, J. Am. Chem. Soc., 84, 3893 (1962).

(12) G. Amiard, R. Heymes, and L. Velluz, Bull. Soc. Chim. France, 698
(1956).
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Ethyl N-Carbobenzoxy-S-diphenylmethyl-L-cysteinyl-S-ben-
zoyl-L-cysteinylglycinate (Id).—A suspension of 2.30 g (5.18
mmoles) of X in 30 g of 129, (w/w) hydrogen bromide in acetic
acid was allowed to stand at room temperature for 1 hr. The
solvent was removed in vacuo and the residue was washed three
times with 100-ml portions of dry ether. The resulting oil was
dried over calcium chloride and potassium hydroxide to provide
1.87 g of crude ethyl S-benzoyl-L-cysteinylglycinate hydrobro-
mide (XI).

A cold solution containing 1.66 g (4.25 mmoles) of XI in 22
ml of methylene chloride was treated with 0.59 ml of triethyl-
amine followed by 1.79 g (4.25 mmoles) of VI (liberated from the
cyclohexylamine salt as previously described). The resulting
solution was treated with 0.95 g (4.6 mmoles) of DCC and the
reaction mixture was stirred at 10° for 5 hr. The solution was
filtered and evaporated in vacuo, and the residue was dissolved in
ethyl acetate. The organic extract was washed successively
with dilute potassium bicarbonate solution, dilute hydrochloric
acid solution, and water and dried. Evaporation of the solvent
provided a crystalline solid which was washed with 20 m! of dry
ether. The solid was dissolved in a minimum volume of tetra-
hydrofuran and cooled. The precipitated N,N’-dieyclohexylurea
was filtered and the filtrate was evaporated. The residue was re-
crystallized from ethanol to provide 0.99 g (30%) of Id, mp
152-153°, [a]%*p —42.9° (¢ 1.04, DMF).

Anal. Caled for CsHoN;0:8:: C, 63.93; H, 5.51; N, 5.89;
S, 8.98. Found: C, 64.06; H, 5.59; N, 5.93; S, 9.00.

Ethyl N-Carbobenzoxy-S-diphenylmethyl-L-cysteinyl-L-cys-
teinylglycinate (XIV). A. Via Mercury(II) Acetate.—To a
warm solution of 6.0 g (7.05 mmoles) of Ia in 600 ml of an abso-
lute ethanol-ethyl acetate (1:1) mixture was added a solution
containing 2.94 g (9.3 mmoles) of mercury(II) acetate in 100 ml
of absolute ethanol. The solution was heated under gentle re-
flux for 3 hr and cooled overnight. The solvent was removed
in vacuo and the residue was washed with two 25-ml portions of
cold methanol. The yellow powder was suspended in 100 ml of
ethyl acetate and treated with excess hydrogen sulfide. Char-
coal was added to the mixture and the solid material was filtered.
Evaporation of the filtrate afforded a white residue, XIV,
which crystallized as needles from methanol, 2.65 g (61.6%),
mp 162-163°. The substance gave a positive sodium nitro-
prusside test and exhibited an infrared absorption peak at 2610
em™! (KBr). The analytical sample was recrystallized twice
from methanol and had mp 165-166°, [«]®p —19.1° (¢ 1.04,
DMF).

Anal. Caled for 031H35N30882: C, 61-05; H, 5.78; N,
6.89; S, 10.50. Found: C, 61.28; H, 6.33; N, 7.02; S,
10.12.

B. Via Silver Nitrate.——A warm solution containing 1.70 g
(2.0 mmoles) of Ia in 75 ml of an ethyl acetate—ethanol (2:1)
mixture was treated with 0.34 g (2.0 mmoles) of silver nitrate in
15 ml of absolute ethanol containing 0.16 ml (2.0 mmoles) of
pyridine. The mixture was heated for 1.5 hr on the steam bath.
The precipitate was collected and washed with 25 ml of cold
absolute ethanol and 25 ml of dry ether to yield 1.31 g (91.5%)
of the silver mercaptide of XIV. The mercaptide was suspended
in 50 ml of ethyl acetate and treated with hydrogen sulfide
as previously described. Crystallization of XIV from methanol
provided 0.85 g (709%,) of white needles, mp 154-156°. FElution
of the material (chloroform—ethyl acetate, 95:5) from a silicie
acid column (recovery 67%, yield of pure product 47%) pro-
vided the purified peptide, mp 165-166°, [«]?*p —19.8° (¢ 1.01,
DMF). A mixture melting point with the sample of XIV
prepared as described in A was not depressed. The infrared
spectra of the two preparations were identical.

C. Via Ethyl N-Carbobenzoxy-S-diphenylmethyl-L-cysteinyl-
S-benzoyl-L-cysteinylglycinate (Id).—To a solution of 0.565 g
(0.792 mmole) of Id in 16 ml of absolute ethanol was added 1.6
ml of 0.5 N sodium ethoxide in ethanol solution. The reaction
mixture was shaken 15 min at room temperature and acidified
with 1 ml of 2 N hydrochloric acid solution. The solvent was
evaporated and the resulting syrup was dissolved in ethyl acetate.
The solution was washed three times with water, dried, and
evaporated. A single recrystallization of the residue from
methanol afforded 0.39 g (80.9%) of XIV as a powder, mp 156—
162°. Chromatography and recrystallization from a methanol-
petroleum ether (bp 30-60°) mixture (recovery 71.6%, yield of pure
product 587%,) raised the melting point to 165-166.5°. A mix-
ture melting point with a sample of XIV prepared as de-
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seribed in A was not depressed. The product had [«]?*p —19.5°
(¢ 1.07, DMF).

D. Viae Hydrochloric Acid.—A solution of 0.426 g (0.5 mmole)
of Ia in 12 ml of glacial acetic acid was treated with 4 mlof 1 N
hydrochloric acid solution. The solution was heated on the
steam bath for 1.5 hr. The thin layer chromatogram (chloro-
form~ethyl acetate, 70:30) exhibited a spot due to triphenyl-
methyl chloride, XIV, and a faint (iodine) unidentified spot.
The reaction mixture gave no color with ninhydrin.

‘When Ia was hydrolyzed under the same conditions, with 139
dry hydrogen chloride in acetic acid the thin layer chromatogram
exhibited seven spots of similar intensity (iodine).

Ethyl N-Carbobenzoxy-S-triphenylmethyl-L-cysteinyl-S-di-
phenylmethyl-L-cysteinylglycinate (Ib).—To a solution of 6 g of
hydrogen bromide in 30 ml of glacial acetic acid was added,
portionwise, 15.2 g (0.03 mole) of XI11.52 The solution was
allowed to stand 30 min at room temperature, diluted with 500
mil of dry ether and 30 ml of petroleum ether, and chilled.
The supernatant was decanted; the residue was washed with
three 25-ml portions of dry ether and dried over calcium chloride
and potassium hydroxide. The solid hydrobromide (XIII),
12.9 g, was dissolved in 150 ml of chloroform and treated with
16.2 g (0.28 mole) of N-carbobenzoxy-S-triphenylmethyl-L-
cysteine N,N-diethylammonium salt? followed by 6.15 g (0.029
mole) of DCC. The mixture was stirred 12 hr at room tempera-
ture. The reaction mixture was filtered and the filtrate was
evaporated to an oily residue which was dissolved in ethyl
acetate. The solution was washed successively with 1 N hydro-
chlorie acid solution, 5%, sodium bicarbonate solution, and water.
The dried organic layer was evaporated to a crystalline solid,
Ib, which was recrystallized from absolute ethanol to yield 14.8
g (61.49%,) of Ib as needles, mp 182-184° and 184~185° after
further recrystallization, [«]?p —9.7° (¢ 1.0, DMF).

Anal. Caled for CsHeNsOeS:: C, 70.41; H, 5.79; N,
4.94; 8, 7.52. Found: C, 70.27; H, 5.93; N, 5.09; 8§,
7.28.

Ethyl N-Carbobenzoxy-L-cysteinyl-S-diphenylmethyl-L-cys-
teinylglycinate (XV). A. Via Mercury(II) Acetate.—To a
warm solution of 4.26 g (5 mmoles) of Ib in a mixture of 100 ml
of absolute ethanol and 30 ml of ethyl acetate was added a
solution of 2.1 g (6.6 mmoles) of mercury(II) acetate in 30 ml of
absolute ethanol. The mixture was kept at 43-47° for 1 hr.
The usual work-up provided a crystalline solid which was re-
crystallized from a small volume of methanol to afford 0.92 g
of XV as needles, mp 152-153°. A second crop, 0.24 g, mp
150-152°, was obtained from the mother liquor (total yield, 1.16
g, 389%,): [a]®®p —26.1° (¢ 1.01, DMF).

Anal. Caled for Cu3HuN3;068::  C, 61.15; H, 5.78; N, 6.89;
8, 10.50. Found: C, 60.97; H, 5.93; N, 6.80; S, 10.47.

B. Via Silver Nitrate.—To a solution of 0.852 g (1.0 mmole)
of Ib in 25 ml of ethyl acetate and 15 ml of absolute ethanol was
added a solution of 0.17 g (1.0 mmole) of silver nitrate in 10
ml of absolute ethanol containing 0.08 ml of pyridine. The
mixture was heated on the steam bath for 1.5 hr. Work-up in
the usual manner provided the crude tripeptide, XV, which was
purified by silicic acid chromatography and reerystallization
from methanol-petroleum ether. The purified product was
obtained as 0.10 g (16.4%) of needles, mp 151-153°, [a]%*D
—25.5° (¢ 1.03, DMF). A mixture melting point with the
sample obtained as described in A was not depressed.

Ethyl N-Carbobenzoxy-S-benzoyl-L-cysteinyl-S-triphenyl-
methyl-L-cysteinylglycinate (Ic).—To a solution of 2.44 g
(5.03 mmoles) of crude VIII in 60 ml of chloroform was added
0.70 ml of triethylamine, followed by 1.86 g (5.04 mmoles)
of IX® and 1.15 g (5.53 moles) of DCC. The mixture was kept
at room temperature for 12 hr, acidified with a few drops of
acetic acid, and filtered. The filtrate was evaporated and the
residue was dissolved in ethyl acetate, The organic layer was
washed with successive portions of 1 ¥ hydrochloric acid solution,
5% sodium bicarbonate solution, and water. The dried organic
layer was evaporated and the resulting oil was crystallized by
trituration with ether. Recrystallization of the solid from
methanol provided 2.17 g (65.89,) of Ic as needles, mp 134~
137°. The analytical sample had mp 137-139°, [«]**%p —26.8°
(¢ 1.0, DMF).

Anal. Caled for CgHgpN;0.8S:: C, 66.90; H, 5.49; N,
5.32; 8, 8.12. Found: C, 67.04; H, 5.47; N, 5.64; S, 8.27.

Ethyl N-Carbobenzoxy-L-cysteinyl-S-triphenylmethyl-L-cys-
teinylglycinate (XVI).—To a suspension of 2.03 g (2.58
mmoles) of Ic in 80 ml of absolute ethanol was added 5.30 ml
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(2.65 mmoles) of 0.5 N sodium ethoxide in ethanol. The
mixture was shaken under a nitrogen atmosphere until a clear
solution resulted (12 min). Work-up in the usual manner pro-
vided an amorphous powder which was crystallized from a small
volume of methanol. The tripeptide XVI was obtained as
1.06 g (59.8%,) of white needles, mp 131-132°, [a]%D —9.5°
(¢ 1.02, DMF).

Anal. Caled for CuHzeN:0.8;: C, 64.79; H, 5.73; N,
6.13; S, 9.35. Found: C, 64.57; H, 5.62; N, 6.20; S, 9.22.

Hiskey, MizogucHi, aND INUI

Vor. 31

Attempted Detritylation of Ic Using p-Toluenesulfonic Acid.—
When a solution of Ic was refluxed for 5 hr with 1 equiv of
p-toluenesulfonic acid monohydrate in a benzene-ethanol mix-
ture only starting material was obtained.

Attempted Detritylation of Ethyl N-Carbobenzoxy-S-triphenyl-
methyl-1-cysteinylglycinate.—Treatment of a chloroform solution
of the protected dipeptide with a saturated solution of hydrogen
chloride in chloroform for 80 min at room temperature provided
only starting material, mp 112-113°.

Sulfur-Containing Polypeptides.

III. S — N Benzoyl Group

Migration in Cysteine Derivatives'?

Ricuaarp G. Hiskey, TomisHIGE M120GUCHI, AND Tosaisaigs INUI

Venable Chemical Laboratory, The University of North Carolina, Chapel Hill, North Carolina
Received October 27, 1965

The 8 — N acyl migration of the S-benzoyl and S-carbobenzoxy groups has been studied. Migration of the
benzoyl group occurs prior to coupling when N,N'-dicyclohexylcarbodiimide or p-nitrophenyl esters are employed.
The direct coupling of methyl 1-cysteinate with several N-protected amino acids has afforded the thiol peptide

in good yields.

As part of an investigation concerned with the selec-
tive removal of various sulfur-protective groups from
ethyl N-carbobenzoxy-L-cysteinyl-L-cysteinylglycinate,
a sample of the protected tripeptide ester, I1I, was de-
sired.! The synthetic procedure employed involved
the coupling reaction between N-carbobenzoxy-S-di-
phenylmethyl-L-cysteine (I) and ethyl S-benzoyl-L-
cysteinylglycinate (liberated by the action of triethyl-
amine on the hydrobromide, IT). Low yields (309%) of

ZNHCyOH Br-H,;NCy - GlyOEt
+
SCHPh, COPh
1 11
EtsN
DCC
ZNHCy-Cy-GlyOEt ZNHCySCy-GlyOEt
Ph,CHS SCOPh Ph,CHS NHCOPh
111 v

II1 were invariably obtained despite the fact that re-
lated derivatives were produced in reasonable yield.
Since the substitution of II for other S-protected cys-
teine derivatives represented the major change in the
reaction, the difficulty was believed to involve 8 —
N benzoyl migration in the free base of II prior to addi-
tion to N,N’-dicyclohexylearbodiimide (DCC).

The phenomenon of § — N acyl migration is well
known and several detailed investigations have clarified
the course of the reaction.** Patchornik, et al.,* have
discussed the possibility of S — N carbobenzoxy group
migration during peptide synthesis and have demon-
strated that the dipeptide V is converted to the rear-
ranged isomer VI when it was treated with strong base
and the resulting thiol was oxidized with iodine. De-
spite these reports there appears to be no precedent for

(1) Part II of this series: R. G. Hiskey, T. Mizoguchi, and H. Igeta,
J.Org. Chem., 81, 1188 (1966).

(2) Supported by Grant A-3416 from the Institute of Arthritis and
Metabolic Diseases of the National Institutes of Health, U. S. Public Health
Service.

(3) R. B. Martin, R. I. Hedrick, and A, Parcell, J. Org. Chem., 29, 3197
(1964), and earlier references cited.

(4) H. 8. Smith and G. Gorin, tbid., 26, 820 (1961).

(5) M. Sokolovsky, M. Wilchek, and A. Patchornik, J. Am. Chem. Soc.,
86, 1202 (1964).

+ 1. CHi:ONa
Br-H;NCy -PheOCH,Ph ———> ZNHC{y -PheOH
2. I»
SZ S

| 2

v VI (60%)

S — N acyl migration during peptide-bond formation.
On the contrary, Zervas, et al., have employed the S-
benzoyl and S-carbobenzoxy groups to advantage in the
synthesis of several cystine peptides and have ap-
parently encountered no such difficulty. For example,
when N-carbobenzoxy-L-phenylalanine was coupled®
with methyl S-benzoyl-L-cysteinylglycinate (VII), the
tripeptide VIII was obtained in 629, yield. Methanol-
ysis of VIII and iodine oxidation of the resulting thiol,
IX, provided the cystine peptide, X, in high yield.
The present investigation was initiated in order to re-
solve the source of the low yields associated with the
preparation of III and to define more fully any prob-

N 1. i-BuOCOC!
ZNHPheOH + Cl-H,NCy-GlyOCH, >
2. EtsN
SCOPh '
VII

ZNHPhe- ([?y -GlyOCH;
VIII (62%)

l CH3;ONa

T
X (98%)

ZNHPhe-Cy-GlyOCH;
| Iz [ZNHPhe- Cly . GlyOCHs]
2

o
SH
IX

lems inherent in the use of the S-benzoyl and S-carbo-
benzoxy groups in the synthesis of cysteine peptides.
Initial efforts were directed toward the isolation and
purification of the suspected thiol ester, ethyl N-benzo-
yl-8-(N-carbobenzoxy - S-diphenylmethyl-L-cysteinyl)-
L-cysteinylglycinate (IV) from the DCC-coupling
reaction of I and II. Although IV could not be ob-
tained in a purified state from this reaction, the sub-
stance was isolated from the coupling of p-nitrophenyl

(6) L. Zervas, I. Photaki, and N. Ghelis, ibid., 85, 1337 (1963).



