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The use of the S-isobutyloxymethyl group in the synthesis of various peptides containing cystine has been
studied. The protective group can be used in conjunction with the N-trityl and N-phthaloyl amino protective

groups and with t-butyl esters.

The S-isobutyloxymethyl group is removed by the action of thiocyanogen or sul-

fenylthioeyanates and is similar to the S-trityl group in lability toward these reagents.

An early paper in this series® described the oxidation
of S-trityl and S-benzhydryl thio ethers and S-2-tetra-
hydropyranyl hemithioacetals with thiocyanogen. The
product of these oxidations was a sulfenylthiocyanate
which could react further with thiols or thio ethers to
provide unsymmetrical disulfides. This procedure ap-
peared to hold considerable promise for the synthesis of

XSCN
+
Rsx S rpgseny XX RSSRY + XSCN

X = H, (CGH5>3C_; (CBH;J)ZCH_, (c)j\

peptides containing several cystine residues. The ad-
vantage of this route was that the formation of the inter-
mediate thiol was not required and a disulfide bridge
could be produced in the presence of a preformed disul-
fide bond without the possibility of thiol-disulfide inter-
change.®

Unfortunately, the three protective groups originally
considered for the thiocyanogen reaction suffer individ-
ual disadvantages. For example, S-trityl-L-cysteine
derivatives are readily obtained but poorly crystalline.
The S-benzhydryl derivatives are easily accessible and
crystalline but severe conditions are required for re-
moval of the group; 7.e. refluxing trifluoroacetic acid to
give the thiol” or trifluoroacetic acid-acetic acid (1:1
v/v) for oxidation with thiocyanogen or sulfenylthio-
cyanates.®* The 2-tetrahydropyranyl hemithioacetals
of cysteine can be removed by the aetion of heavy
metals® or thiocyanogen® but in our hands were fre-
quently obtained in a noncrystalline condition orin very
low yield, presumably because of the additional asym-
metric center in the tetrahydropyran ring.

Several years ago Young, ef al.,® reported the prepara-
tion of S-isobutyloxymethyl-L-cysteine (I), a hemi-
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thioacetal derivative containing a single asymmetric
center. Young, et al., demonstrated that I was stable to
2 N hydrochloric acid and 509, acetic acid but decom-
posed to some extent in 2 N sodium hydroxide. Rapid
decomposition was also observed when I was treated
with 2 N hydrogen bromide in acetic acid.

In order to evaluate the properties of the S-isobutyl-
oxymethyl group more fully, we have conducted addi-
tional experiments with various derivatives of I.
Treatment of I with N-ethoxycarbonylphthalimide in
aqueous sodium carbonate-DMF® provided N-phthal-
oyl-8-isobutyloxymethyl-L-cysteine as the N,N-dieth-
ylammonium salt (II) in 68.79, vield. Liberation of
the free acid from II and coupling with ¢-butyl L-phe-
nylalanylglycinate (III) using 1-ethyl-3-(3-dimethyl-
aminopropyl)earbodiimide provided {-butyl N-phthal-
oyl-8-isobutyloxymethyl-L-cysteinyl-L-phenylalanyl-
glycinate (IV) in 809, yield. Qualitative stability

studies on IV were conducted using tle. The S-iso-
H.CyOH
—_— Phth-CyO~H; *N(CH;CHjs),
S‘BM
S‘BM
11, 68.7%

iBM = -CH,OCH,CH(CHa).

WSC = CH,CH;N=C=N- Hi0*, H-Phe- Gly0-+-Bu

(CH.):N(CHjs). 111
HCI W8C
Phth-CyPhe-GlyO--Bu
7BM
1V, 80%

butyloxymethyl group appeared to be stable to warm
aqueous acetic acid, 12 N hydrochloric acid in acetone
{conditions for removal of an N-trityl group) and hy-
drazine hydrate in refluxing ethanol (the N-phthaloyl
group of IV was removed under these conditions). De-
composition was noted and a reaction mixture positive
to sodium nitroprusside resulted from treatment of IV
with boron trifluoride etherate in acetic acid (condi-
tions for hydrolysis of -butyl esters), silver nitrate in
ethanol, or trifluoroacetic acid.

In order to evaluate the reaction of the S-isobutyl-
oxymethyl group with a sulfenylthiocyanate, IV was
treated with the sulfenylthiocyanate obtained by the
action of thioeyanogen on methyl N-carbobenzoxy-t-
cysteinate (V). The resulting unsymmetrical disulfide,
VI, was characterized by nmr spectrum and combustion
analysis. Various ratios of acetic acid and ethyl ace-

(10) G. H. L. Nefkins, G. J. Tesser, and R. J. F. Nivard, Rec. Trav.
Chim. Pays-Bas, 79, 688 (1960).
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tate were employed; a 1:1 (v/v) mixture of the two sol-
vents provided a 60.6%, yield of VI. In these studies
recovered IV was obtained from the reaction mixture;
the recovery of IV may reflect the fact that optimium
concentrations of IV and V were not employed in these

SH SSCN
(BCN)2 7 ] v

Z- éyOCHs e éyOCHs
v EtOAc AcOH(—)—OEtOAc

Phth- ?y «Phe - GlyO-t-Bu

8
|

S
Z éyOCHa
VI, 60.69%,

experiments. Indeed when ¢#butyl N-phthaloyl-S-
isobutyloxymethyl-L-cysteinylglycinate  (VII) was
treated with the same sulfenylthiocyanate in more con-
centrated solution, the unsymmetrical disulfide, VIII,
was obtained in 77%, yield. No unreacted S-isobutyl-
oxymethyl peptide was present.’! The unsymmetrical
disulfide VI was also prepared by an alternate route in-
volving the action of thiocyanogen on IV. In this ex-
periment VI was obtained in 409, vield, together with

SSCN
[Z- yOCH; ]
Phth-Cy-Gly0O-t-Bu L—————>_| Phth- (I3y +GlyO-t-Bu
StBM S]
VI

S
Z'éyOCHa
VIII, 779,

109, of recovered IV and trace quantities of the sym-
metrical disulfide.

[ SSCN :|
é v
Phth-CyPhe-GlyO-t-Bu | —~>

l

(SCN)2
V —m——>
AcOH-EtOAc
0-5°

S
VI + [Phth. <‘Jy -Phe-GlyO-t-Bu],
409

From previous studies'? the relative reactivities of the
thiol, S-trityl and S-benzhydryl groups toward thio-
cyanogen and sulfenylthiocyanates were found to be
thiol = S-trityl > S-benzhydryl. In order to deter-
mine approximately the relative reactivity of the S-iso-
butyloxymethyl group, ethyl N-carbobenzoxy-S-iso-
butyloxymethyl-L-cysteinyl - 8- trityl - L - cysteinylgly-
cinate (XI) was synthesized as shown in Scheme I.
Treatment of XI with the sulfenylthiocyanate of methyl
L-cysteinate in ethyl acetate (conditions previously
shown to lead to incomplete reaction) provided un-
reacted XI (269,) and two unsymmetrical disulfides,
XII and XIII, in 209, and 119, yield. The identity of
XII and XIII was confirmed by the nmr spectra and
combustion analysis. These results indicate that al-
though the reactivity of the 8-trityl is somewhat greater
toward thioceyanogen than the S-isobutyloxymethyl, the
difference in reactivity is not sufficient to allow selective
oxidation of the former in the presence of the latter.

(11) These experiments were performed by Dr. G. M. Beverly.
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HN(CeHu1)2 |

|
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%.CyocH:l Z:Cy-Cy GlyOEt
EtOAe, 0° --BM

X1, 56.7%
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Z.Cy - Cy GlyOEt
8 STr ©"BM = CH;OCH,CH(CH,),
- WSC = CH;CH;N==C==N(CH,);N(CHj)s

Z-([JyOCHa
XIII, 119

In order to evaluate the utility of the S-isobutyloxy-
methyl group, the octapeptide derivative, t-butyl N-
carbobenzoxy - 8 - benzhydryl - L - cysteinyl -8-trityl--
cysteinylglycyl-L - phenylalanylglyeyl - 8 - isobutyloxy-
methyl-v-cysteinyl - L. - phenylalanylglycinate  (XIV),
was synthesized. The octapeptide derivative, XIV,
was also of interest since it presumably eould be oxidized
to t-butyl N-carbobenzoxy-S-benzhydryl-L-cysteinyl-
8,8/-hemicystylglyeyl- L. - phenylalanylglyeyl - L - hemi-
cystyl-L-phenylalanylglycinate (XV) by the action of
thiocyanogen. The oxidized peptide, XV, is isomeric
with a previously prepared“!? octapeptide, XVI, and

would allow a comparison of physical properties. The
STr S{BM
Z-Cy-éy-Gly-Phe-Gly-éy.Phe-GlyO—t-Bu
SBzh
XIv
e
Z-Cy-éy-Gly-Phe-Gly-Cy~Phe-GlyOR
Bzh
XVa, R = ¢-Bu
bR=H
8 8
Z-(le-Cy-Gly~Phe-Gly-$y-Phe-GlyOR
Bzh

XVIa, R = t-Bu
R —

2

synthetic route to XIV is outlined in Scheme II. Re-
moval of the N-phthaloyl group from IV with hydrazine
hydrate proceeded slowly in refluxing methanol to pro-
vide t-butyl S-isobutyloxymethyl-L-cysteinyl-L-phe-
nylalanylglycinate, isolated as the oxalate salt (XVII).
Refluxing ethanol enhanced the rate of hydrazinolysis
and was used in the later dephthaloylation of ¢-butyl N-
phthaloyl-L-phenylalanylglycyl- S-isobutyloxymethyl-
L- cysteinyl - L. - phenylalanylglycinate (XVIII). The

(13) R.G. Hiskey, J. T, Staples, and R. L. 8mith, ibid., 38, 2772 (1867).
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Scueme I
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STr SiBM
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1BM = —CH,OCH.CH(CHj),
WSC = CH;CHN=C==N(CH:)N(CH;).

HCl

free base, t-butyl r-phenylalanylglycyl-S-isobutyloxy-
methyl-L-cysteinyl-L-phenylalanylglycinate (XIX),
was coupled with N,S-ditrityl-L-cysteinylglycine (XX)
using  1-ethyl-3-(3-N,N-dimethylaminopropyl)car-
bodiimide hydrochloride to provide ¢-butyl N,S-di-
trityl-v -cysteinylglyeyl- L - phenylalanylglyeyl - S - iso-
butyloxymethyl - L- cysteinyl- L- phenylalanylglycinate
(XXI) in 86.79, yield. The N-trityl group was selec-
tively removed using 809, aqueous acetic acid to pro-
vide t-butyl S-trityl-L-cysteinylglyeyl-L-phenylalanyl-
glyeyl -8 - isobutyloxymethyl - L - cysteinyl - L - phenyl-
alanylglycinate (XXII) in 829, yield. Treatment of
XXII with N-carbobenzoxy-S-benzhydryl-L-cysteine
and 1-ethyl-3(3-N,N-dimethylaminopropyl)carbodi-
imide hydrochloride afforded XIV. The S-isobutyloxy-
methyl-L-cysteine derivatives were readily isolable,
erystalline solids in contrast to several of the corre-
sponding S-trityl-L-cysteine peptides used in the syn-
thesis of XVIa,b.1?

The formation of e¢yclic cystine peptides such as XVI
was previously accomplished by the action of thiocy-
anogen on the di-S-trityl thioether.! The availability
of XIV allowed the cyclization to be studied using the
S-trityl and S-isobutyloxymethyl protective groups.
Oxidation of a suspension of XIV in the manner pre-
viously described proceeded smoothly and provided the
ester XVa in 949, yield (Scheme III). The monomeric
nature of XVa was established by a molecular weight
determination in o-chlorophenol. In contrast to the
results obtained in the synthesis of XVIa, the cycliza-
tion of XIV provided no detectable quantity of XVb.
This result may arise from a alternate method of pro-
duct work-up used in the case of XIVa, 7.e. precipitation
of XIVa from the cold reaction mixture by the addition
of ether.

The acid XVb could be obtained in good yield by the
action of boron trifluoride etherate in acetic acid on the
ester XVa. The solubility properties of XVa,b were
somewhat different from those of XVIa,b; the former
peptides being less soluble in acetic acid, pyridine, DMF

XXII, 829,

SBzh
Z.CyOH
WS¢, CHCly

X1V, 97%

and DMAc than the latter. The acid, XVb, was cou-
pled with &-butyl S-trityl-L-cysteinylglycyl-L~valinate?
(XXIII), by the pivaloyl chloride method,!* to provide
the undecapeptide derivative, XXIV (Scheme III).
The ester, XXIV, contained two different sulfhydryl
protective groups and is isomeric with a similar deriva-
tive, XXV, prepared from XVIb. The solubility prop-
erties of XVb were a critical factor in the formation of
XXIV. The isomeric peptide, XXV, had been pre-
pared by the action of DCC in pyridine; however, XVb
was virtually insoluble in this solvent. Since the acid
was somewhat soluble in DMAce this solvent was em-
ployed in a DCC coupling reaction with XXIII.
Under these conditions, however, only the N-acylurea
derivative, XXVI, was isolated presumably because of
marginal solubility and reactant concentrations.  Sim-
ilar results were obtained by treatment of XVb with
XXITII in the presence of DCC and N-hydroxysucein-
imide in DMAec. The pivaloyl chloride method in
DMAc provided XXIV in reasonable yield and appears
to be the coupling procedure of choice in this situation.

Experimental Section!®

Preparation of N,N-Diethylammonium N-Phthaloyl-S-iso-
butyloxymethyl-L-cysteinate (II).—A solution of 21.2 g (0.2
mol) of anhydrous sodium carbonate in 300 ml of water was
added to a suspension of 41.4 g (0.2 mol) of S-isobutyloxymethyl-
L-cysteine? in 300 ml of DMF. N-(Ethyloxyearbonyl)phthali-
mide (43.8 g, 0.2 mol) was added and the suspension stirred at
room temperature for 2 hr. Using 500 ml of water, the thick
mass was transferred to 1 1. of water, the pH was adjusted to 2
and the precipitated oil was extracted into ethyl acetate. 'The
dried extract was treated with 20.6 ml (0.2 mol) of N,N-diethyl-
amine, and the precipitated bis(N,N-diethylammonium N-

(14) M. Zaoral, Collect. Czech. Chem. Commun., 27, 1273 (1962).

(15) Melting points are uncorrected and were taken in unsealed capillary
tubes and on a Kofler hot stage. Elemental analyses were performed by
Miecro-Tech Laboratories, Inc., Skokie, Ill. Optical rotations were measured
with a Perkin-Elmer Model 141 polarimeter. Amino acid analyses were per-~
formed with 2 Beckman Model 116 amino acid analyzer. Thin layer chro-
matography on microscope slides coated with silica gel G was used as a
eriterion of purity.
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Scueme II1
SlTr S/BM S
(SCN),
Z:Cy-Cy.Gly Phe.Gly -Cy- Phe - Gly0-t-Bu _Aa_> Z.Cy- (ij-Gly-Phe- Gly- éy -Phe GlyO-t-Bu
SBzh EtOAC  SBgp
XI1v XVa, 949,
BF;::-OEts
AcOH
l
Z.Cy:Cy-Gly Phe Gly Cy.Phe-GlyOH
(CH3):CCOCI, Et:N
DMAe SBZh
XXII XVb, 94%
, S
Z-(I}y‘Cy-Gly-Phe-Gly~éy-Phe~Gly-ClIy-Gly-VaIO-t-Bu Dcc
$Bsh &Tr DMAe, XXIIX
XX1IV, 5%
S——-———Sl CeHuy,
Z.Cy. (lly' GlyPheGly-Cy-Phe. GlyNCONHC:H;,
SBzh
XXVI
S S,
Z~éy-Cy-Gly-Phe-Gly~Cy-Phe-Gly~(ny-Gly~ValO-t-Bu
Bzh STr
XXv
1BM = —CH,0CH:CH(CHj;),
WSC = CHQCH2N=C=N (CHz)aN(CHa)z

phthaloyl)-1-cystine filtered, washed with warm ethyl acetate and
discarded. The combined extract and washings were evaporated
to yield a solid which was recrystallized from ethyl acetate—
hexane to afford 56.4 g (68.7%) of white solid, mp 119-123.
The analytical sample was recrystallized from a methanol-ether—~
hexane mixture, mp 123-125°; {a]®p ~1.02° (¢ 0.7, EtOH).

Anal. Caled for CyHgNOs8: C, 58.51; H, 7.36; N, 6.82;
8,7.80. Found: C,58.54; H,7.35; N, 6.64; 8,7.75.

Preparation of ¢Butyl N-Phthaloyl-S-isobutyloxymethyl-1-
phenylalanylglycinate (IV).—¢-Butyl wr-phenylalanylglycinate!®
(13.9 g, 0.05 mol, prepared by neutralization of the oxalate salt
with 59, potassium carbonate) and N-phthaloyl-S-isobutyloxy-
methyl-r-cysteine (16.9 g, 0.05 mol prepared by the neutraliza-
tion of the N,N-diethylamine salt with 5 N sulfuric acid) were
dissolved in 50 ml of cold methylene chloride and treated with
10.8 g (0.055 mol) of 1l-ethyl-3-(3-dimethylaminopropyl)-car-
bodiimide hydrochloride. After stirring 8 hr, the reaction mix-
ture was diluted with chloroform and extracted with 2 V sulfuric
acid and water. The organic layer was dried and evaporated
to a solid residue. The residue was crystallized from carbon
tetrachloride to yield 24.0 g (80.3%,) of white solid; mp 136~
137.5°, [a]®Dp —71.2° (¢ 1, CHCL).

Anal. Caled for CyHaoN:0:8: C, 62.29; H, 6.57; N, 7.03;
8, 5.36. Found: C,62.21; H,6.58; N, 7.07; S, 5.48,

Preparation of {-Butyl N-Phthaloyl-S-(N’-carbobenzoxyl-L-

cysteine methyl ester)-L-cysteinyl-L-phenylalanylglycinate (VI).
Method A.—A solution of thiocyanogen was prepared by adding
0:20 g (1.25 mmol) of bromine in 2 ml of dry ethyl acetate to a
suspension of 0.24 g (1.39 mmol) of lead thiocyanate in 8 ml of
ethyl acetate. After stirring in the dark at room temperature
until the color of bromine was no longer visible, the solution was
cooled to ~10° and a solution of 0.34 g (1.25 mmol) of methy} N-
carbobenzoxy-L-cysteinate® in 5 m] of ethyl acetate was added
dropwise over a 5-min period. After stirring for 10 min, the
solution containing the sulfenylthiocyanate was filtered through
glass wool into a solution of 0.75 g (1.25 mmol) of IV in 15 ml of
dry acetic acid at 15°. The reaction mixture was immediately
cooled to 0° and the lead bromide washed with an additional

HCl
DMAc¢ = CH,CON(CHs).

5 ml of ethyl acetate. After stirring for 18 hr in the dark, 150
ml of ethyl acetate was added and the organic layer was extracted
with water until a negative thiocyanate test was obtained. After
drying and evaporating the ethyl acetate, the oily residue was
dissolved in 25%, ethyl acetate-benzene and applied to a 2.7 X
50 cm silica gel column. Elution with 259, and 509, ethyl ace-
tate-benzene, and repeated crystallization from ethyl acetate~
ether-hexane, yielded 0.595 g (60.6%) of VI; mp 96-99°,
[a]%%p —163.0° (¢ 1.02, EtOAc).

Anal. Caled for ngH42N4010822 C, 58.59; H, 5.44,' N,
7.19; 8,8.23. Found: C,58.75; H,5.61; N, 7.13; S, 8.19.

Method B.—The sulfenylthiocyanate solution was prepared as
in method A and filtered through glass wool into a solution of 0.75
g (1.25 mmol) of IV in 15 ml of ethyl acetate at 0°. Afterstirring
15 hr in the dark, 100 m] of ethyl acetate was added and the solu-
tion extracted with water until a negative thiocyanate test was
obtained. After chromatography on silica gel and crystalliza-
tion from ethyl acetate-ether-hexane, 0.46 g (46.89) of VI
identical with that in method A was obtained, mp 96-99°.

Method C.—The thiocyanogen solution was prepared in ethyl
acetate as in method A and was filtered into 10 ml of dry acetic
acid at 15°. The solution was immediately cooled to 0-5° and
a solution of IV (0.75 g, 1.25 mmol) in 2 ml of 1:1 ethyl acetate-
acetic acid was added in one portion. After stirring for 15 min,
a solution of methyl N-1-carbobenzoxy-L-cysteinate (0.34 g, 1.25
mmol) in 6 ml of 1:1 ethyl acetate-acetic acid was added dropwise
over a 20-min period. After stirring in the dark for 19 hr, the
reaction mixture was diluted with 100 ml of ethyl acetate and
extracted with water. After chromatography and crystallization
as in method A, 0.39 g (39.7%) of VI was obtained, mp 96-99°.

Continued elution with 509 benzene-ethyl acetate gave a small
quantity of material identified by the nmr spectrum as the sym-
metrical disulfide, mp 204-205°.

Anal. Caled fOI' CﬁgHﬁgNsOmSzZ C, 61.16; H, 5.53; N,
8.23; S,6.28. Found: C,60.46; H, 5.57; N, 8.15; S, 5.90.

Method D.—A solution of thiocyanogen, prepared from 0.20 g
(1.25 mmol) of bromine and 0.45 g (1.39 mmol) of lead thio-
cyanate in 5 ml of ethyl acetate, was filtered into a cold suspen-



Vol. 35, No. 1, January 1970

sion of 0.20 g (1.47 mmol) of zine chloride in 5 ml of ethyl acetate.
A solution of 0.75 g of IV in 10 ml of ethyl acetate was added over
a 10-min period. A white precipitate formed 15 min after start-
ing the addition of IV. A solution of methyl N-carbobenzoxy-
L-cysteinate (0.34 g, 1.25 mmol) in 5 ml of ethyl acetate was
added over a 15-min period. After stirring 5 hr, the reaction
mixture was extracted with water and the ethyl acetate dried and
evaporated. After chromatography on silica gel and crystalliza-
tion as in method A, 0.38 g (399%) of VI was obtained, mp 96—
99°.

Preparation of (-Butyl N-Phthaloyl-S-isobutyloxymethyl-L-
cysteinylglycinate. (VII).—N-Phthaloyl-S - isobutyloxymethyl-
1-cysteine (1.85 g, 5.5 mmol), prepared by the neutralization of
its diethylammonium salt with 2 N sulfuric acid, and i-butyl-
glycinate (0.80 g, 5.5 mmol), prepared by the neutralization of
its oxalate salt with saturated aqueous barium hydroxide, were
dissolved in 9 ml of methylene chloride at 0°, and treated with
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  hydrochloride
(1.15 g, 6.0 mmol). After stirring 10 hr, the reaction mixture
was diluted with 100 ml of chloroform and extracted with 2 N sul-
furic acid and distilled water. After drying over magnesium sul-
fate, the solvent was removed ¢n vacuo, and the resulting oil was
crystallized from benzene-hexane, giving 1.55 g (62%) of white
solid; mp 94-95°, [a] %D —69.2° (¢ 1.0, CHCl;).

Anal. Caled for szHaoNzOeS! C. 58.64; H, 672; N, 6.22;
§,7.11. Found: C,58.69; H,6.66; N, 7.15.

Preparation of {-Butyl N-Phthaloyl-S-(N’-carbobenzoxyl-L-
cysteine methyl ester)-L-cysteinylglycinate. (VIII).—Bromine
(0.34 g, 2.3 mmol) in 2 ml of dry ethyl acetate was added to a
suspension of lead thiocyanate (0.48 g, 2.4 mmol) in 6 ml of dry
ethyl acetate. After stirring at room temperature in the dark
until the bromine color had disappeared, the solution was cooled
to 0°, and methyl N-carbobenzoxy-L-cysteinate (0.54 g, 2.0
mmol) in 12 ml ethyl acetate was added dropwise over a period of
10 min. The mixture was stirred for 1 hr, then VII (0.90 g, 2.0
mmol) in dry acetic acid (30 ml) was added. After stirring in the
dark for 15 hr, the reaction mixture was filtered, and the resulting
yellowish solid was washed with ethyl acetate. The filtrate was
diluted with 300 ml of ethyl acetate, and extracted with water
until a negative thiocyanate test was obtained. After drying
and stripping the ethyl acetate, the resulting oil was applied to a
silica gel (50 g) column. Elution with benzene gave one fraction,
believed to be unreacted methyl N-carbobenzoxy-1-cysteinate.
Further elution with benzene-ethyl acetate, 6:4 gave 1.0 g (77%),
of a white solid, which was homogeneous by tle. The solid was
recrystallized from benzene; mp 126-127°, {«]?Dp —133.5° (¢
1.0, EtOAc).

Anal. Caled for CyHgsNyOoSe:  C, 55.04; H, 5.43; N, 6.64;
S,10.13. Found: C,55.27; H, 5.19; N, 6.45; S, 10.24.

Ethyl N,S-ditrityl-L-cysteinylglycinate was prepared by the
method of Amiard, ef al. The purification of VI was carried out
by elution from a silica gel column with chloroform.

Preparation of Ethyl S-Trityl-vL-cysteinylglycinate Oxalate Salt
(IX).—Ethyl N,S-ditrityl-L-cysteinylglycinate (5.0 g, 7.25 mmol)
was dissolved in 10 ml of warm acetic acid. After water was
added to the cloud point, the solution was heated for 10 min on the
steam bath. The reaction mixture was poured into 150 ml of
ice~water and neutralized with solid potassium carbonate. The
basic solution was extracted with ethyl acetate, dried, and
evaporated to yield an oily residue. The oil was dissolved in
ether and any insoluble material removed by filtration. A solu-
tion of anhydrous oxalic acid (0.65 g, 7.2 mmol) in ether was
added and the precipitate collected and washed with ether to yield
2.79 g (71.53%) of IX. The oxalate salt was crystallized from
ethanol-ether; mp about 85°, [a]%-°p +32.1° (¢ 0.504, EtOH),

Anal. Caled for CoysHgN.O:S:  C, 62.44; H, 5.61; N, 5.20;
S,5.95. Found: C,62.69; H, 5.65; N, 5.35; 8, 5.67.

Preparation of N,N-Dicyclohexylammonium N-Carbobenzoxy-
S-isobutyloxymethyl-L-cysteinate (X).—S-Isobutyloxymethyl-1-
cysteine (4.14 g, 0.020 mol) was dissolved in 20 m] of 1 N sodium
hydroxide. Carbobenzoxy chloride (3.81 ml, 0.024 mol) was
added dropwise at the same time as 10 ml of 2 N sodium hydrox-
ide. The reaction mixture was stirred for 4 hr, and extracted
with ether to remove any unreacted carbobenzoxy chloride. Af-
ter acidifying to approximately pH 2, the precipitated oil was
extracted into ethyl acetate and dried. The oil that remained
upon evaporation of the ethyl acetate was dissolved in & minimum

(16) G. Amiard, R. Heymes, and L. Velluz, Bull. Soc. Chim. Fr., 698
(1956).
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of warm ethyl acetate and 3.62 g (0.020 mol) of N,N-dicyclo-
hexylamine was added. The N,N-dicyclohexylammonium salt
was precipitated with hexane and crystallized several times from
ethyl acetate-hexane to yield 8.23 g (79.49%) of white solid; mp
125.5-128.5°, [a] %5 ~2.98° (¢ 1.04, EtOAc).

Anal. Caled for CosHeN.0s8: C, 64.33; H, 8.87; N, 5.36;
8,6.13. Found: C,64.45; H,8.73; N, 5.42; §, 6.11.

Preparation of Ethyl N-Carbobenzoxy-S-isobutyloxymethyl-1.-
cysteinyl-S-trityl-L-cysteinylglycinate (XI).—Ethyl S-trityl-v-
cysteinylglycinate (2.24 g, 5.0 mmol, prepared by the neutraliza-
tion of IX with 5% potassium carbonate) and N-carbobenzoxy-
S-isobutyloxymethyl-r-cysteine (1.70 g, 5.0 mmol, prepared by
the neutralization of X with 2 NV sulfuric acid) were dissolved in
10 ml of methylene chloride at —10° and treated with 1.1 g (5.6
mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hy-
drochloride. After stirring for 8 hr, the reaction mixture was
diluted with chloroform and extracted with 2 N sulfuric acid and
water. After drying and evaporating the solvent, the oily residue
was dissolved in hot ether. Upon cooling 2.19 g (56.7%,) of XI
precipitated. Repeated crystallization from ethyl acetate~ether—
hexane gave fine needles melting from 112-115°, [o]*®%p ~19.6°
(¢ 0.915, EtOAc).

Anal. Caled for CpHpN:O:S:: C, 65.43; H, 6.41; N, 5.44;
8, 8.35; Found: C, 65.55; H,6.44; N, 5.60; S, 8.27.

The Reaction of the Sulfenylthiocyanate of Methyl N-Carbo-
benzoxy-r-cysteinate with Ethyl N-Carbobenzoxy-S-iscbutyloxy-
methyl-L-cysteinyl-S-trityl-L-cysteinylglycinate (XI).—The sul-
fenylthiocyanate was prepared by allowing 0.34 g (1.25 mmol) of
methyl N-carbobenzoxy-L-cysteinate to react at 0° with a thio-
cyanogen solution prepared from 0.20 g (1.25 mmol) of bromine
and 0.45 g (1.39 mmol) of lead thiocyanate in 5 ml of ethyl ace-
tate. The sulfenylthiocyanate solution was filtered through
glass wool into a solution of 0.965 g (1.25 mmol) of XTI in 10 ml
of ethyl acetate at 0°. After stirring in the dark for 15 hr, ethyl
acetate (100 ml) was added and the solution was extracted with
water to obtain a negative thiocyanate test. After drying and
evaporating the ethyl acetate, the residue was placed on 2 2.7 X
50 cm silica gel column and eluted with 259, ethyl acetate~ben-
zene to remove trityl thiocyanate and unreacted XI (0.25 g, 0.32
mmol, identical with starting XI). Two compounds, XIII
[0.13 g, crystallized from ethyl acetate-hexane; mp 110-115°,
[a]®5p —43.2° (¢ 0.40, EtOAc)] and XII [0.20 g, crystallized
from ethyl acetate-hexane; mp 92-96°, [«] %D —49.05° (¢ 0.42,
EtOAc)], were obtained by elution with 409, benzene-ethyl ace-
tate. The nmr spectrum of XIII was consistent with ethyl N-
carbobenzoxy-S-(N’-carbobenzoxy-L-cysteine methyl ester)-r-
cysteinyl-S-trityl-L-cysteinylglycinate.

Anal. Caled for CpHpN,OwSs:  C, 61.74; H, 5.50; N, 5.88;
S,10.09. Found: C,61.76; H,5.47; N, 5.99; S, 10.09.

The nmr spectrum of the second compound (XII) was consis-
tent with ethyl N-carbobenzoxy-S-isobutyloxymethyl-r-cys-
teinyl-S-(N’-carbobenzoxy-L-cysteine methyl ester)-L-cysteinyl-

.glycinate.

Anal. Caled for 035H45N4011Sa: C, 5274, H, 6.07; N, 703;
§,12.07. Found: C,52.87; H,6.03; N, 7.05; S, 11.89.

Preparation of {-Butyl S-Isobutyloxymethyl-r-cysteinyl-1-
phenylalanylglycinate Oxalate Salt (XVII).—A solution of 5.97 g
(0.010 mol) of IV in 50 ml of absolute ethanol containing 0.53 ml
(0.0109 mol) of hydrazine hydrate was refluxed for 3 hr. The
reaction mixture was transferred to a separatory funnel with 5%,
potassium carbonate and the amine extracted into ethyl acetate.
After drying and evaporating the solvent, the oily residue was
dissolved in ether and an ethereal solution of 0.90 g (0.01 mol) of
anhydrous oxalic acid was added. The precipitated oxalate
salt was collected and crystallized from methanol-ether~hexane
to yield 4.79 g (86.29%) of white solid; mp 155-157°, [a]%'D
—8.37° (¢ 0.515, EtOH).

Anal. Caled for CosHgN3Os8: C, 53.94; H, 6.88; N, 7.55;
8,5.76. Found: C,53.94; H,7.01; N, 7.39; S, 5.56,

Preparation of ¢-Butyl N-Phthaloyl-vL-phenylalanylglycyl-S-
isobutyloxymethyl-L-cysteinyl-L-phenylalanylglycinate (XVIII).—
t-Butyl S-isobutyloxymethyl-1-cysteinyl-L-phenylalanylglyei-
nate [4.68 g, 0.010 mol, prepared by the neutralization of 5.57 g,
(0.010 mol) of XVII with 59, potassium carbonate] and N-
phthaloyl-L-phenylalanyglycine!® (3.52 g, 0.010 mol) were dis-
solved in 50 ml of methylene chloride and cooled to —10°. After
adding 2.16 g (0.011 mol) of 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride, the reaction mixture was stirred
overnight. After diluting the reaction mixture with 100 ml of
chloroform, it was extracted with 2 N sulfuric acid and water.
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After drying and evaporating the solvent, the solid residue
crystallized from carbon tetrachloride as 7.04 g (87.8%) of white
solid; mp 172-173.5°, [a]¥D —88.2° (¢ 0.95, CHCl;).

Anal. Caled for CoHuN;OpS: O, 62.90; H, 6.41; N, 8.73;
S,4.00. Found: C,62.75; H,6.42; N,8.87; 8, 4.19.

Preparation of #-Butyl v1-Phenylalanylglycyl-S-isobutyloxy-
methyl-L-cysteinyl-L-phenylalanylglycinate (XIX).—A solution
of 8.01 g (0.010 mol) of XVIII in 100 ml of absolute ethanol was
treated with 0.85 ml (0.0175 mol) of hydrazine hydrate for 3 hr.
After transferring the reaction mixture to a separatory funnel
with 5% potassium carbonate, the amine was extracted into ethyl
acetate. After drying and evaporating the solvent, the residue
crystallized from ethyl acetate-hexane as 6.14 g (91.5%) of white
solid; mp 129-131° (softens and resolidifies at 98-100°), [«]%D
—28.4° (¢ 0.20, EtOH).

Anal. Caled for Ce HoN;0:S: C, 60.78; H, 7.35; N, 10.12;
8,4.77. Found: C,60.86; H,7.53; N, 10.30; S, 4.72.

Preparation of N,S-Ditrityl-L-cysteinylglycine (XX).—A solu-
tion of 8.10 g (0.012 mol) of ethyl N,S-ditrityl-L-cysteinyl-
glycinate in 25 ml of dioxane was treated with 15 ml of 1 N sodium
hydroxide at 0° for 4 hr. 'The reaction mixture was poured into
cold 109, citric acid and the precipitated solid collected. After
washing well with water, the solid was dried i vacus over phos-
phorus pentoxide to yield 6.9 g (88.7%) of XVII. This material
showed a small immobile spot by mtle (CHCl;~MeOH, 9:1) on
silica gel. It was used without further purification due to the
poor recovery upon crystallization.

Treatment of XX with aqueous hydrochloric acid-acetone
converted the material into S-trityl-L-cysteinylglycine; mp 117-
120°, [a)p + 15.8° (¢ 2, 0.1 N NaOH in MeOH) [lit. mp 120°,
[alD +17.5 £ 1° (¢ 2,0.1 N NaOH in 909, MeOH)].

Preparation of {-Butyl N,S-Ditrityl-1-cysteinylglycyl-L-phenyl-
alanylglycyl-S-isobutyloxymethy!-rL-cysteinyl- L. - phenylalanylgly-
cinate (XXI).—A solution of 3.36 g (5.0 mmol) of XIX and
3.31 g (5.0 mmol) of XX in 25 ml of methylene chloride was cooled
to —10° and treated with 1.1 g (3.6 mmol) of 1-ethyl-3-(3-di-
methylaminopropyl)carbodiimide hydrochloride. After stirring
overnight, 100 m! of hot methanol was added. Upon cooling
and collecting the solid precipitate, 5.7 g (86.7%) of XXI was
obtained, mp 200-201.5°. Crystallization from methanol-
chloroform raised the melting point to 209-210°, [«]%%p —20.6°
(¢ 0.50, CHCl).

Anal. Calcd for CiHgN;OsS,:  C, 64.84; H, 6.66; N, 9.13;
8,5.97. Found: C,64.42; H,6.61; N, 9.06; S, 5.92.

Preparation of {-Butyl S-Trityl-L-cysteinylglycyl-L~-phenyl-
alanylglycyl-S-isobutyloxpmethyl-L-cysteinyl-L- phenylalanylgly-
cinate (XXII) —A solution of 5 g (3 8 mmol) of XXT in 10 ml of
acetic acid was warmed on the steam bath as 0.5 ml of water was
added. The resulting turbid solution was heated for 10 min and
poured into 100 ml of ice-water. After neutralization with solid
potassium carbonate, the precipitated solid was collected, washed
well with water, and air dried. Crystallization from methanol-
chloroform~ether yielded 3.23 g (81.6%,) of XXTII, mp 188.5-190°,
[e]%-5D — 20.6° (¢ 0.50, CHCly).

Anal. Caled for CHnN70S,: C, 64.84; H, 6.66; N, 9.13;
8, 5.97. Found: C, 64.42; H, 6.61; N, 9.06; S, 5.92.

Preparation of {-Butyl N-Carbobenzoxy-S-benzhydryl-v-
cysteinyl-S-trityl-L-cysteinylglycyl-L-phenylalanylglycyl-S - isobu-
tyloxymethyl-L-cysteinyl-L-phenylalanylglycinate (XIV).—A solu-
tion of 2.69 g (2.5 mmol) of XXII and 1.10 g (2.6 mmol) of N-car-
bobenzoxy-S-benzhydryl-L-cysteine in 25 ml of methylene chlo-
ride was cooled to ~—10° and 0.6 g (3.1 mmol) of 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochloride was added.
After 15 min a gel had formed which was allowed to stand 6 hr at
room temperature. The gel was transferred to a beaker with
hot methanol and N,N-dimethylformamide was added until solu-
tion was effected. Upon cooling 3.58 g (96.7%) of XIV was
obtained: mp 240.5~242°, {a} %D —22.7° (¢ 1.12, DMF); mol
wt 1455.5 (by osmometry in o-chlorophenol); theoretical mol wt
1477.81.

Anal. Caled for CeHnNO1S:;: C, 66.64; H, 6.28; N,
7.58; 8,6.51. Found: C,66.53; H,6.15; N, 7.59; S, 6.40.

Preparation of {-Butyl N-Carbobenzoxy-S-benzhydryl-r-
cysteinyl-S,S’-L-hemicystylglycyl-1- phenylalanylglycyl - L - hemi-
cystyl-L-phenylalanylglycinate (XVa).—A solution of 1.48 g (1.0
mmol) of XIV in 400 ml of dry acetic acid was cooled to 16° and
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190 m] of dry ethyl acetate added. The suspension of XII was
then cooled to 0° and a thiocyanogen solution, prepared from
0.25 g (1.56 mmol) of bromine and 0.55 g (1.70 mmol) of lead
thiocyanate in 10 ml of ethyl acetate, was added by filtering
through glass wool. After stirring 24 hr at 0° in the dark, the
pink, acetic acid-ethyl acetate suspension was poured into 2.5
1. of ice water. The precipitated solid was collected and washed
well with water. The solid was dissolved in 150 ml of hot 1:1
(v/v) N,N-dimethylacetamide-methanol and filtered. FEther
was added 1o the warm solution to precipitate 1.08 g (949%) of
XVa: mp 246-247.5° dec; [a]®%D —50.5° (¢ 0.56, DMF);
mol wt 1147.5 (by osmometry in o-chlorophenol); theoretical
mol wt 1147.36.

Anal. Caled for CssHesNBOuSs: C, 6071,‘ H, 5.80; N, 977,‘
S,8.38. Found: C,60.54; H, 5.87; N, 9.88; S, 8.19.

Preparation of N-Carbobenzoxy-S-benzhydryl-i-cysteinyl-
S,8’-L-hemicystylglycyl- L - phenylalanylglycyl - L. - hemicystyl - .-
phenylalanylglycine (XVb).—A suspension of 0.58 g (0.5 mmol)
of XVa in 20 ml of dry acetic acid was treated for 1 hr at room
temperature with 6 ml of boron trifluoride diethyl ether com-
plex. After pouring into 200 ml of ice water, the precipitated
solid was collected and washed well with water. The solid was
dissolved in hot methanol containing a small amount of N,N-di-
methylacetamide and filtered. Ether was added to precipitate
0.51 g (949) of XVb; mp 242-244° dec; [«]®*D —52.0°
(e 0.50, DMF).

Anal. Caled for 054H53N3011832 C, 59.43, H, 5.36, N, 10.27;
S,8.81. Found: C,59.48; H,5.47; N, 10.17; 8, 8.58,.

Preparation of N-(N’’-Carbobenzoxy-S-benzhydryl-r-cysteinyl-
S,8’-L-hemicystylglycyl- L - phenylalanylglycyl - L. - hemicystyl - L-
phenylalanylglycyl)-N,N’-dicyclohexylurea (XXXVI).—A solu-
tion of 0.11 g (0.10 mmol) of XVb and 0.06 g (0.10 mmol) of XXIII
in 2 ml of N,N-dimethylacetamide was cooled to —10° and 0.02
g (0.10 mmol) of N,N’-dicyclohexylcarbodiimide was added.
After stirring overnight, the reaction mixture was diluted with
20 m! of 509, pyridine-water, filtered, and the solid washed well
with water, methanol, and ether. The solid was dissolved in
N,N-dimethylacetamide-methanol and precipitated with water.
After drying in vacuo at 100°, the solid was repeatedly precipi-
tated from N,N-dimethylacetamide-methanol with ether to yield
0.08 g of XXVI; mp 253-255°.

Anal. Calcd for CmHgonOuSa: C, 62.00; H, 6.21; N,
10.80; S, 7.41. Found: C, 61.63; H, 6.14; N, 10.47; S,
7.82.

Preparation of ¢-Butyl N-Carbobenzoxy-S-benzhydryl-r-
cysteinyl-S,S’-L-hemicystylglycyl-1- phenylalanylglycyl - L - hemi-
cystyl-L-phenylalanylglycyl-S-trityl-L- cysteinylglycyl - L - valinate
(XXIV).—A solution of 0.436 g (0.40 mmol) of XVb in 4 ml of
N,N-dimethylacetamide was cooled to —10° and 0.056 ml (0.40
mmol) of triethylamine was added. Trimethylacetyl chloride
(0.048 ml, 0.40 mmol) was added and the solution stirred for 3
min. A solution of 0.275 g (0.48 mmol) of XXIII in 1 ml of
N,N-dimethylacetamide was added. After stirring 15 min at
—10°, the ice-acetone bath was removed and stirring was con-
tinued overnight at room temperature. The reaction mixture
was diluted with 50 ml of ethyl acetate and filtered. The pre-
cipitate was washed with warm ethyl acetate-methanol (7:1
vol/vol) and ether. The product was dissolved in methanol-
N,N-dimethylacetamide and precipitated with ether to yield
0.492 g (74.8%) of XXIV; mp 240-245° dec; [«]?D —31.9° (¢
0.52, DMF). Amino acid analysis gave 4.06 umol of cysteic
acid, 1.85 umol of phenylalanine, 4.00 umol of glycine, and 0.90
umol of valine.

Anal. Caled for Cs7H97N110uS4: C, 63.36; H, 5.93; N,
9.34; 8,7.78. Found: C,63.26; H,5.96; N, 9.54; 8,7.81.

Registry No.—I1I, 21996-02-1; IV, 21996-03-2; VI,
21996-04-3; VI (symmetrical disulfide), 21996-05-4;
VII, 21996-06-5; VIII, 21996-07-6; IX, 21996-08-7;
X, 21996-09-8; XI, 21996-10-1; XII, 21996-11-2;
X111, 21996-12-3; X1V, 17561-37-4; XVa, 17748-97-9;
XVb, 21996-15-6; XVII, 21996-16-7; XVIII, 21996~
17-8; XIX, 21996-18-9; XXI, 21996-19-0; XXIV,
21996-20-3; XXVI, 21996-21-4.



