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nature of the product are consistent with such a mecha- 
nism. 

Exper imenta l  Section 
The tert-butyl amidosulfite 2 prepared by the method of Dey- 

rup and Moyer2 had bp 60-62' (0.4 mm) [lit.2 bp 70-75O (0.3 
mm)]. Kinetics were followed at 276 nm using a Durham-Gibson 
stopped-flow spectrophotometer. Optical densities were measured 
on the photograph of the oscilloscope trace and rate constants de- 
termined graphically. The values of k~ in Table I are the average 
of several runs at each acid concentration, Average deviation from 
the mean is less than 5%. Initial concentration of amidosulfite in 
kinetic runs was ca. M. 
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The  synthesis of unsymmetrical disulfides via sulfenyl- 
thiocarbonates has been reported by Brois e t  aL4 In com- 
parison to sulfenyl thiocyanates or sulfenyl iodides, these 
derivatives of thiols offer the advantage of often being crys- 
talline, stable molecules tha t  yield carbonyl sulfide, metha- 
nol, and the disulfide when treated with thiols. Recently, 

C l S C O Z C H 3  RSH 
d'-S-X - R'--S-S-C02CH3 + 

R'TS-S-R + COS + CH3OH 
X = H, Tr,  Bzh, Bzl, Acm 

Kamber5 has shown not only that  carbomethoxysulfenyl 
chloride can be utilized to  convert cysteine to  the interme- 
diate S -carbomethoxysulfenyl derivative6 but also tha t  the 
S-trityl and S-acetamidomethyl derivatives are cleaved by 
the sulfenyl chloride. Kamber also utilized the method to  
prepare fully protected open-chain cystine derivatives as il- 
lustrated by the conversion of I or I1 to  111. 

The  present report concerns our studies with the S-car- 
bomethoxysulfenyl (Scrn) group; these experiments estab- 
lish that the group is stable to many of the conditions em- 
ployed for deblocking and coupling operations used in pep- 
tide synthesis. Thus, the Scm group can serve as an  S-pro- 
tective group as well as a labile intermediate useful for the 
selective conversion of a cysteine residue to cystine in the 
late stage of a synthesis. 

Our preliminary experiments established that the S- 
benzhydryl, S-trityl, and (in low yield) the S-benzyl 

Acm 
I 

B o c - C  y s-Asn-OBu-t 
C l S C 0 2 C H 3  - I 

T r  
I 

B o c - C  ys-Asn---OBnt 
I1 

Scm 
I 

j B0C-v al- c y s - G i  Y-oiu- (0- t-Bu 

BOC--CyS-ASFOBu-t 

2 

Boc-C ys-Am-OBu-t 
I 

Boc-Val-+ ys-Gly-Glu(0- t -Bu), 
ID 

thioethers of cysteine could be converted to the corre- 
sponding Scm derivative. However, these experiments also 

X 
1 C lSCO2C HQ 

Z-Cys-OH - 
C H 3 0 H  

IVa,X = Bzh 
b ,X = Bzl 
c,X = H 

Scm I C 1 S C 0 2 C H 3  
Z-Cys-OCH, Z-CYS-OCH~ 

Va, 77% 

c,  87% 
b,  25% 

indicated that  esterification of free carboxyl groups or 
transesterification were potential problems. A study of con- 
ditions designed to circumvent this problem indicated that  
esterification or ester interchange could be avoided by con- 
ducting the reaction a t  0' or by the addition of calcium car- 
bonate to the reaction m i ~ t u r e . ~  The  preparation of the di- 

T r  Scm 
I C 1SCOzCH3 I Z-Cy S-Gly-OE t CH30H-CHC13 Z-C ys-Gly-OCH, 

VI VU, 72% 

peptides IX and XI1 (both containing acid-labile ester 
groups) as well as the salt of the carboxylic acid, X, indicat- 
ed tha t  the undesirable reactions could be suppressed. The  

Bzh 
I 

C 1 S C 0 2 C H 3  

IC H.,O H- c HC io ' VII, 61% 

Z-&S-G~~--OTMB a 25' Scm - .... 

C 1SCOzCH3 I 
Z-Cys-Gly-OTMB 

VI11 
CHQOH-CHC 13 

n o  E, 75% 
86% 

C ~ - H + - G ~ Y - O T M B  NMM, D C C  1 
Scm 

I 1. C l S C 0 2 C H 3  
C H 30 H -C HC 1 IVa 2.DCHA t Z-Cys-O-DCHA* 

X 

Bzh Scm 
I C l S C 0 2 C H B  I 

Z-Cys-Ala-OBu-t - Z-Cys-Ala-OBu-t 
n o  

stability of other acid-labile protective groups, used to 
block certain side-chain functionalities in peptides, toward 
carbomethoxysulfenyl chloride was indicated by the con- 
version of the octapeptide derivative (XVIII) to  the corre- 
sponding Scm peptide (XIX). 

The  fact that  coupling reactions could be successfully 
conducted in the presence of the Scm group without cleav- 

XII, 73010 XI 
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Bu-t Bu-t t-Bu Tr 
I I I I  

Bpoc-VI-- Gln-Leu- Glu-A sn-Ty r- Cy s- Asn- 0 TMB 
XVIII 

C H  0 C S C l  

:I,,'. 

I I  

i 
Bu-t Bu-t 2-Bu Scm 
I I 

Bpoc-Qr-Gln-Leu-Glu- Asn- Tyr - C y s- Asn- OTMB 
XM, 86.5% 

age of the sulfur-sulfur bond was established by the prepa- 
ration of IX from X and 2,4,6-trimethylbenzyl glycinate. 
The  conversion of XI11 to XIV by coupling with N-tert-  
butyloxycarbonyl-L-phenylalanine N-hydroxysuccinimide 
ester indicated that the amino group of S-carbomethoxy- 
sulfenyl-L-cysteine could also be acylated without loss of 
the Scm group. 

Scm 
I T F A  

Boc-C~S-OCH, - 
O 0  

XIII 
Scm 
I 

Boc-Phe-C ys-OCH, 
XIV, 64.6% 

[ scm ] NMM 
H'-CYs-0CH3 Boc-PheONSu+ 

A ] C1SC0,CH3 
Boc-Phe-C ys-OCH, 

Although intermediate sulfenyl iodides8 or sulfenyl thio- 
cyanatesg generated from cysteine derivatives react readily 
with various thioether, hemithioacetal, and S-acetamido- 
methyl derivatives of cysteine, as well as with cysteine it- 
self, the S-carbomethoxysulfenyl derivatives are converted 
to unsymmetrical disulfides only when treated with thiols. 
Thus the Scm derivatives are considerably more selective 
in their reactivity with sulfur nucleophiles than sulfenyl 
thiocyanates or sulfenyl iodides. 

The  preparation of the unsymmetrical cystine derivative, 
XVII, from XVI and methyl N-carbobenzoxy-L-cysteinate 
was also studied in various solvents. In chloroform-metha- 

H Scm I 
3 I Z -CYs-0  C H  

Z-Cys-Gly-OR - 
X V I a , R  = C,H, 

b , R  = TMB - 
Z-Cys-Gly-OR Z-C y S-OC H, 

XVIIa ,R = C,H, 
b , R  = TMB 

no1 (1:l) solvent a 79% yield of XVIIb was obtained in 4 hr; 
using pyridine 50% of XVIIa resulted in 24 hr together with 
some N-carbobenzoxy-L-cystine methyl ester. Similar re- 
sults were obtained in trifluoroacetic acid--acetic acid (1:l). 
When the reaction was conducted in N,N-dimethylacetam- 
ide for 30 hr a 50% yield of XVIIb was obtained together 
with a 40% recovery of unreacted XVIb; in DMF only a 
small amount of XVIIb was produced with substantial 
amounts of symmetr ica l  disulfide. 

Experimental Section 

Melting points are uncorrected. Combustion analyses were per- 
formed by Atlantic Microlab, Inc., Atlanta, Ga. Optical rotations 
were measured using a Perkin-Elmer Model 141 polarimeter. Col- 
umn chromatography was performed on 0.05-0.20 mm silica gel. 
Thin layer chromatography was conducted on silica gel GF 254 
using the following solvent systems: (A) chloroform-methanol, 9:l; 
(B) 9.5:0.5; (C) 9.8:0.2; (D) 9.9:O.l. Unless otherwise stated prod- 
ucts were dried in vacuo over phosphorus pentoxide. 

Methyl N-Benzyloxycarbonyl-S-carbomethoxysulfenyl- 
L-cysteinate (V). A. From Methyl N-Benzyloxycarbonyl-L- 
cysteinate. A solution of 2.69 g (0.01 mol) of IVc'" in 50 ml of ab- 
solute methanol was treated with 1.38 g (0.011 mol) of carbo- 
methoxysulfenyl chloride" in one portion a t  room temperature 
and the reaction mixture was stirred for 2 hr. The solvent was re- 
moved in vacuo and the residue was triturated with hexane. The 
hexane was decanted and the resulting gum recrystallized from 
ethyl acetate-hexane to provide 2.98 g (83%) of V: mp 61'; homo- 
geneous system A, Rf  0.66; [oIz5D + 17.6' (c 1, CHC13). 

Anal. Calcd for C14H17NO&: C, 46.78; H,  4.70; N, 17.84. Found: 
C, 46.90; H,  4.80; N, 17.70. 
B. From N-Benzyloxycarbonyl-L-cysteine. To a solution of 

2.55 g (0.01 mol) of N-benzyloxycarbonyl-L-cysteine'2 in 50 ml 
of absolute methanol was added 1.38 g (0.011 mol) of carbo- 
methoxysulfenyl chloride in one portion a t  room temperature. The 
reaction mixture was stirred for 3 hr and worked up as described 
above to yield 3.12 g (87%) of V, identical in all respects with the 
material produced in A. 
C. From N-Benzyloxycarbonyl-S-benzhydryl-L-cysteine 

(IVa). A suspension of 3.01 g (5.0 mmol) of N-benzyloxycarbonyl- 
S-benzhydryl-L-cysteine dicyclohexylamine saltI3 in 100 ml of 
ethyl acetate was converted to the free acid by washing with 100 
ml of 10% citric acid. The oily acid was dissolved in 50 ml of abso- 
lute methanol and treated with 0.69 g (5.5 mmol) of carbomethox- 
ysulfenyl chloride in one portion. After 3 hr the reaction mixture 
was worked up in the manner described above to yield 2.76 g (77%) 
of V, identical with the material obtained in A. 
D. From N-Benzyloxycarbonyl-S-benzyl-L-cysteine (IVb). 

To a solution of 1.7 g (5.0 mmol) of IVb14 in 100 ml of 2,2,2-trifluo- 
roethanol-methanol (25:5) solvent was added 0.69 g (5.5 mmol) of 
carbomethoxysulfenyl chloride in one portion. The reaction mix- 
ture was stirred a t  25' for 4 days; work-up in the usual manner 
provided 0.43 g (25%) of product identical with that obtained in A. 

Methyl N-tert-Butyloxycarbonyl-S-carbomethoxysulfen- 
yl-L-cysteinate. A suspension of N-tert-butyloxycarbonyl-S- 
trityl-L-cysteine dicyclohexylammonium salt15 in 200 ml of ethyl 
acetate was converted to the free acid with 100 ml of 10% citric 
acid solution. The resulting gum was dissolved in 50 ml of chloro- 
form-methanol (1:l) and treated with 1.38 g (0.011 mol) of car- 
bomethoxysulfenyl chloride in one portion a t  0'. The reaction 
mixture was stirred for 6 hr and worked up in the usual manner 
and the solid recrystallized from hexane to yield 2.1 g (66%) of the 
ester: mp 78'; [oIz5D +27.7' ( c  1, CHC13); homogeneous system D. 

Anal. Calcd for CllH19NO6S2: C, 46.60; H, 5.89; N, 4.30; S, 19.70. 
Found: C, 46.70; H,  5.89; N, 4.20; S, 19.50. 
2,4,6-Trimethylbenzyl N-Benzyloxycarbonyl-S-benzhy- 

dryl-L-cysteinylglycinate (VIII). A suspension of 6.02 g (0.01 
mol) of' N -  benzyloxycarbonyl-S-benzhydryl-L-cysteine dicyclohex- 
ylamine salt and 2.44 g (0.01 mol) of 2,4,6-trimethylbenzyl glyci- 
nate hydrochlorideI6 in 100 ml of a chloroform-1,2-dimethoxy- 
ethane (1:l) solvent was cooled to -10' and treated with 1.15 g 
(0.01 mol) of N-hydroxysuccinimide and 2.1 g (0.01 mol) of DCC. 
The stirred suspension was allowed to warm to room temperature 
and stirred for 2 hr. The suspension was filtered, the filtrate evap- 
orated in vacuo, and the residue dissolved in ethyl acetate and 
washed with cold solutions of 10% citric acid, 1 M sodium bicar- 
bonate, and saturated sodium chloride solution. The dried organic 
layer was evaporated; chromatography of the crude product (4.5 g) 
on silica gel using chloroform as the eluent provided 4.0 g of solid. 
Recrystallization from chloroform-hexane provided 3.9 g (64%) of 
the dipeptide derivative: mp 126'; homogeneous, system R, Rf 0.5; 
[aIz5D -22.4' (C 1, DMF). 

Anal. Calcd for C ~ ~ H ~ ~ N Z O ~ S :  C, 70.78; H, 6.22; N, 4.58; S, 5.25. 
Found: C, 70.88; H, 6.22; N, 4.64; S, 5.11. 
Methyl N-Benzyloxycarbonyl-S-carbomethoxysulfenyl- 

L-cysteinylglycinate (VII). A. From 2,4,6-Trimethylbenzyl 
N-Benzyloxycarbonyl-S-benzhydryl-L-cysteinylglycinate. To 
a solution of 1.5 g (2.5 mmol) of VI11 in 50 ml of chloroform-meth- 
anol (1:l) was added 0.37 g (2.75 mmol) of carbomethoxysulfenyl 
chloride. The reaction mixture was stirred a t  25' for 48 hr; the sol- 
vent was removed in vacuo and the residue triturated with hot 
hexane. The residue was chromatographed on silica gel using chlo- 
roform as the eluent. The solid was recrystallized from a chloro- 
form-hexane mixture to yield 0.8 g (61%) of the dipeptide deriva- 
tive: mp 109'; homogeneous, system A, R,f 0.8; [aIz5D -92.6' (c 1, 

Anal. Calcd for C I ~ H ~ O N ~ O ~ S ~ :  C, 46.14; H,  4.84; N, 6.72; S, 

B. From Ethyl N-Benzyloxycarbonyl-S-trityl-L-cysteinyl- 

CHC13). 

15.40. Found: C, 46.11; H,  4.87; N,  6.63; S, 15.50. 



952 J. Org. Chem., Vol. 40, No. 7, 1975 Notes 

glycinate (VI). A solution of 2.9 g (5  mmol) of VI was treated with 
0.69 g (0.011 mol) of carbomethoxysulfenyl chloride under the con- 
ditions described above. After 6 hr removal of the solvent and 
chromatography of the residue provided 1.5 g (72%) of VI1 identi- 
cal with the material obtained in A. 

2,4,6-Trirnethylbenzyl N-Benzyloxycarbonyl-S-carbome- 
thoxysulfenyl-L-cysteinylglycinate (IX). A. From 2,4,6-Tri- 
methylbenzyl N-Benzyloxycarbonyl-S-benzhydryl-L-cystein- 
ylglycinate. T o  a solution of 1.5 g (2.5 mmol) of VI11 in 50 ml of 
chloroform-methanol (1:l) a t  0' was added 0.37 g (2.75 mmol) of 
the sulfenyl chloride. The reaction mixture was stirred a t  0' for 6 
hr. The  solvent was removed and the residue worked up in the 
manner previously described. Recrystallization of the solid from 
petroleum ether (bp 30-60') provided 0.98 (75%) of IX: mp 144- 
146'; homogeneous, system B; [aIz5D -69.9' (c 1, CHC13). 

Anal. Calcd for C Z ~ H ~ O N Z O ~ S ~ :  C, 56.15; H, 5.66; N, 5.24; S, 
11.99. Found: C, 55.88; H,  5.71; N, 5.13; S, 12.14. 

B. F rom N-Benzyloxycarbonyl-S-carbomethoxysul- 
fenyl-L-cysteine (IVa).  N-Benzyloxycarbonyl-S-carbome- 
thoxysulfenyl-L-cysteine Dicyclohexylamine Salt (X). A sus- 
pension of 5.9 g (0.01 mol) of the dicyclohexylamine salt of IVa in 
100 ml of ethyl acetate was washed with 100 ml of 10% citric acid 
solution. The dried oily acid was dissolved in 50 ml of chloroform- 
methanol (1:l) solution containing 1.1 g (0.011 mol) of calcium car- 
bonate and treated with 1.38 g (0.011 ml) of the sulfenyl chloride 
a t  0'. The reaction mixture was stirred for 3 hr and worked up in 
the usual manner to  provide a gum which was treated with 1.83 g 
(0.01 mol) of dicyclohexylamine. Recrystallization of the precipi- 
tated solid from chloroform-petroleum ether provided 4.29 g 
(77.7%) of X as a white solid: m p  139-140; [a]"D -30.1' (c 1, 
CHCl3). 

Anal. Calcd for C25H38N206S2: C, 57.00; H, 7.27;N, 5.32; S, 12.81. 
Found: C, 56.73; H, 7.23; N, 5.34; S, 12.20. 

Coupling of X with 2,4,6-Trimethylbenzyl Glycinate. A sus- 
pension of 2.9 g (5.5 mmol) of X was converted to the free acid as 
previously described. The acid was suspended in 50 ml of chloro- 
form-methylene chloride (1:l) solution, cooled to O', and treated 
with 1.22 g (5.0 mmol) of 2,4,6-trimethylbenzyl glycinate hydro- 
chloride, 0.51 g (5.0 mmol) of N-methylmorpholine, and 1.11 g (5.5 
mmol) of DCC. The solution was stirred at  0" for 12 hr and for 6 hr 
a t  room temperature. The reaction mixture was filtered and the 
filtrate evaporated. A solution of the residue in ethyl acetate was 
washed with 10% citric acid solution and water. Evaporation of the 
organic layer and recrystallization of the residue from ethyl acetate 
provided 2.29 g (86%) of IX: mp 142'; [ C Y ] ~ ~ D  -71.4' (c, 1, CHC13). 

Anal. Found: C, 56.39; H ,  5.79; N, 5.34; S, 11.89. 
tert-Butyl N-Benzyloxycarbonyl-S-benzhydryl-L-cystein- 

yl-L-alaninate (XI). A suspension of 6.02 g (0.01 mol) of the dicy- 
clohexylamine salt of IVa and 1.8 g (0.01 mol) of tert-butyl L-alan- 
inate hydrochloride in 50 ml of methylene chloride was cooled to 
-10' and treated with 1.15 g (0.01 mol) of N-hydroxysuccinimide 
and 2.1 g (0.01 mol) of DCC. The stirred suspension was allowed to  
warm to 25' and stirred for 2 hr. Work-up in the manner previous- 
ly described provided a gum which was recrystallized from chloro- 
form-hexane to yield the desired ester: mp 73'; homogeneous, sys- 
tem B; [aIz5D +9.0° ( e  1, CHC13). 

Anal. Calcd for C ~ I H ~ ~ N ~ O ~ S :  C, 67.86; H, 6.70; N, 5.10; S, 5.84. 
Found: C, 67.93; H, 6.76; N, 5.08; S, 5.93. 

tert-Butyl N-Benzyloxycarbonyl-S-carbomethoxysulfen- 
yl-L-cysteinyl-L-alaninate (XII). To  a solution of 1.36 g (2.5 
mmol) of XI in 50 ml of chloroform-methanol at  0' was added 0.37 
g (2.7 mmol) of the sulfenyl chloride. The reaction mixture was 
stirred a t  0' for 6 hr and worked up  in the usual manner to  provide 
a gum. The gum was chromatographed on silica gel using chloro- 
form as eluent. Recrystallization of the resulting solid from chloro- 
form-petroleum ether yielded 0.86 g (73%) of XII: mp 70'; homo- 
geneous, system C, Rf 0.6; [aIz5D -75.2' (c 1, CHC13). 

Anal. Calcd for CzoHz8Nz07S2: C, 50.83; H,  5.97; N, 5.92; S, 
13.51. Found: C, 50.80; H, 5.97; N, 5.81; S, 13.42. 

Methyl N-tert-Butyloxycarbonyl-L-phenylalaninyl-S-car- 
bomethoxysulfenyl-L-cysteinate (XIV). A. From Methyl S- 
Carbomethoxysulfenyl-I-cysteinate. A solution of 0.715 g (2.2 
mmol) of XI11 in 2 ml of cold methylene chloride was treated with 
1 ml of cold trifluoroacetic acid. After 30 min the reaction mixture 
was evaporated to dryness; the last traces of acid were removed by 
the addition of toluene and evaporation. The resulting gum was 
dried, dissolved in 5 ml of methylene chloride, cooled to O", and 
treated with 0.242 g of N-methylmorpholine and 0.724 g (2.0 
mmol) of the N-hydroxysuccinimide ester of N-tert  -butyloxycar- 
bonyl-L-phenylalanine. The reaction mixture was stirred for 24 hr 

a t  0' and 2 hr a t  25' and filtered and the filtrate was evaporated in 
vacuo. The product was extracted from the resulting gum with hot 
hexane and obtained as 0.61 g (64.6%) of white solid: mp 112-113'; 
homogeneous, system C; [aIz6D +5.0° (c 1, CHC13). 

Anal. Calcd for CZOHZ~NZO&: C, 50.82; H,  5.97; N, 5.93; S, 
13.57. Found: C, 50.96; H, 5.98; N, 6.03; S, 13.58. 

B. F rom Methyl N-tert-Butyoxycarbonyl-L-phenylalan- 
inyl-S-benzhydryl-L-cysteinate (XV). To  0.549 g (1.0 mmol) of 
XV in 2.5 ml of chloroform-methanol (1:l) was added 0.14 g (1.1 
mmol) of the sulfenyl chloride. The reaction was conducted a t  0'. 
Work-up in the usual manner provided 0.354 g (75%) of XIV: mp 
113'; [aIz6D +4.6' (C 1, CHC13). 

Anal. Found: C, 50.83; H, 6.03; N, 5.96; S, 13.64. 
N -  tert-Butyloxycarbonyl-S-carbomethoxysulfenyl-L-cys- 

teinyl-L-asparagine 2,4,6-Trimethylbenzyl Ester. To  a solution 
of 0.710 g (1 mmol) of N-tert-butyloxycarbonyl-S-trityl-L-cys- 
teinyl-L-asparagine 2,4,6-trimethylbenzyl ester (17) in 4 ml of 
chloroform-methanol (2:l) a t  0' was added 0.176 (2 mmol) of the 
sulfenyl chloride. The reaction mixture was stirred a t  Oo for 50 min 
and then treated with 2.2 ml of 1 N aqueous diethylamine followed 
by 100 ml of chloroform. The chloroform solution was washed with 
10% citric acid and twice with water. After drying over sodium sul- 
fate, the solvent was concentrated to 3 ml, and the product was 
precipitated with petroleum ether. Recrystallization from chloro- 
form-petroleum ether (30-60') provided 0.46 g (82.5%) of product: 
homogeneous, system A, Rf  0.56; mp 125-127'; [aIz5D -50.0" (c 
0.5, methanol), 

Anal. Calcd for C Z ~ H ~ ~ O * N & :  C, 51.68; H,  6.32; N, 7.53; S, 
11.49. Found: C, 51.60; H,  6.33; N, 7.47; S, 11.42. 
N-2-(p-Diphenylyl)isopropyloxycarbonyl- 0-tert-butyl-L- 

tyrosyl-L-glutaminyl-L-leucyl- y - tert- butyl-L-glutamyl-L- 
asparaginyl- O-tert-butyl-L-tyrosyl-S-carbomethoxysulfen- 
ylcysteinyl-L-asparaginyl 2,4,6-Trimethylbenzyl Es te r  (XIX). 
To  a solution of 0.183 g (0.1 mmol) of the protected octapeptide 
XVII117 in 4 ml of chloroform-methanol (2:l) a t  -14' was added 
17.6 11 of the sulfenyl chloride and the reaction mixture was stirred 
a t  -10' for 28 min. The reaction mixture was then stirred with 
0.22 ml of 1 N aqueous diethylamine for 5 min below 0'. The sol- 
vent was evaporated and the residue was triturated with cold 10% 
citric acid. The solid was filtered, washed with water, and dried. 
Recrystallization of the solid from chloroform containing a few 
drops of methanol-petroleum ether provided 145 mg (86.5%) of 
product: mp 235-238'; homogeneous system A, Rf 0.4; [aIz3D 
-44.4' ( e  0.5, chloroform-methanol, 9:l). 

Anal. Calcd for CsjH116020N1lSz: C, 60.85; H, 6.97; N, 9.18; S, 
3.82. Found: C, 60.62; H,  6.93; N, 9.19; S, 3.95. 

Registry No.-IVa, 53957-20-3; IVa dicyclohexylamine salt, 
54062-81-6; IVb, 3257-18-9; IVc, 53907-29-2; V, 53907-34-9; VI, 

53907-20-3; XI, 53907-21-4; XII, 53907-22-5; XIII, 53907-23-6; 

53907-27-0; methyl N-benzyloxycarbonyl-L-cysteinate, 53907-28- 
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agine 2,4,6-trirnethylbenzyl ester, 30806-18-9. 

References and Notes 
(1)  Supported by Grants GM-07966 and AM-03416, National Institutes of 

Health, U.S. Public Health Service. 
(2) The following abbreviations have been utilized in the text: Bu-t = terf- 

butyl; Tr = trityl; Bzh = benzhydryl: Bzl = benzyl; Acm = acetamido- 
methyl; 2 = benzyloxycarbonyl: Boc = terf-butylcarbonyl; TMB = 
2,4,6-trimethylbenzyI; Scm = carbomethoxysulfenyl: DCHA = N,Kdicy- 
clohexylamine; NSU = hydroxysuccinimide; DCC = N,Kdicyclohexyl- 
carbodiimide. 

3695-78-1; VU, 53907-35-0; VIII, 53907-17-8; IX, 53907-18-9; X, 

XIV, 53907-24-7; XV, 53907-25-8; XVIII, 53907-26-9; XIX, 

(3) On leave from Presidency College, Madras, India. 
(4) S. J .  Brois, J. F. Pilot, and H.  W. Barnum, J. Am. Chem. SOC., 92, 7629 

(1970). 
( 5 )  B. Kamber, Helv. Chim. Acta, 56, 1370 (1973). 
(6) Following Kamer's suggestion we have utilized the abbreviation Scm to 

designate the -SC02CH3 group. 
(7) Kambers apparently prevented this problem by performing the reaction 

in the presence of N,N-diethylamine; magnesium oxide could probably 
also be utilized. 

(8) B. Kamber, Helv. Chim. Acta, 54, 927 (1971). 
(9) R. G. Hiskey and B. F. Ward, Jr. ,  J. Org. Chem., 35, 1118 (1970). 



Notes J .  Org. Chem., Vol. 40, No. 7, 1975 953 

(IO) R. G. Hiskey and D. N. Harpp, J. Am. Chem. SOC., 87, 3695 (1965). 
(1 1) G. Zumach and Kuhle, Angew. Chem., Int. Ed. Engl., 9, 54 (1970). 
(12) L. Zervas, I. Photaki, and N. Ghelis, J. Am. Chem. SOC., 85, 1337 

(13) L. Zervas and I. Photaki. J. Am. Chem. SOC., 84, 3893 (1962). 
(14) H. C. Beyerman, C. A. M. Boers-Boonekamp, and H. Maasen van dam 

Brink-Zimmermannova. Red. Trav. Chim. Pays-Bas, 87, 257 (1968) 
(15) R. G. Hiskey, L. M. Beacham, and V. G. Matl, J. Org. Chem., 37, 2472 

(1972). 
(16) J. A. MacLaren, Aust. J. Chem., 25, 1293 (1972). 
(17) R. G. Hiskey, E. T. Wolters, G. Ulku, and V. Ranga Rao, J. Org. Chem., 

(1963). 

37, 2478 (1972). 

Studies with a-Methyl Amino Acids. Resolution and 
Amino Protectionla 

John Turk, lb  G. T. Panse,Ic and Garland R. Marshall*ld 

Departments of Biological Chemistry and Physiology and 
Biophysics, Washington University School of Medicine, 

S t .  Louis, Missouri 63110 

Received September 17, 1974 

We have prepared derivatives of a-methyl amino acids 
tha t  are suitable for use in peptide synthesis because it ap- 
pears tha t  peptide hormone analogs containing them might 
be of special interest. Marshall and BosshardZa and Mar- 
shall et  a1.2b have shown by theoretical studies on the al- 
lowed dihedral angles of model peptides that the replace- 
ment of the a proton of an amino acid residue with a meth- 
yl group results in a dramatic reduction of the conforma- 
tional space available to the backbone of the peptide chain 
at the position where that residue occurs. These calcula- 
tions have subsequently been confirmed by  other^.^^^ Pep- 
tide hormone analogs containing a-methyl amino acid resi- 
dues should therefore have a sterically rigid backbone con- 
formation a t  those positions and would correspond closely 
to “conformational analogs” of the hormone, i.e., analogs 
which have a primary structure essentially identical with 
tha t  of the native hormone but which are capable of adopt- 
ing conformations tha t  would comprise only a small subset 
of the total set available to the parent molecule. 

Should such an analog be biologically active, important 
constraints might thereby be placed on evolving models of 
the conformation assumed by the hormone as i t  interacts 
with its receptor. In addition, if side-chain interactions 
were essential for binding, such analogs, which retain all of 
the native hormone’s side chains, might offer a route to in- 
hibitors which bind to the receptor but which are not capa- 
ble of inducing subsequent events necessary to activity 
owing to their conformational inflexibility. This sort of in- 
hibitor might be missed by schemes of analog generation 

0 
I t  

Scheme 

which involve varying only the character or position of side 
chains. 

Analogs bearing a-methyl groups would also be expected 
to be metabolized slowly, since model compounds contain- 
ing a-methyl amino acids are known to be resistant to 
chemical h y d r o l y ~ i s ~ ~ ~  and to enzymatic attack by both en- 
d o p e p t i d a s e ~ ~  and  exopeptidase^.^*^ The synthesis of such 
analogs might therefore result in the generation of either 
long-acting agonists or antagonists or of peptides which 
lack either property but which nonetheless potentiate the 
effect of endogenous hormone by interfering with its degra- 
dation. 

We chose to resolve and protect a-methylphenylalanine 
(2-amino-2-methyl-3-phenylpropionic acid) and a-methyl- 
valine (2-amino-2,3-dimethylbutyric acid) because both 
phenylalanine and valine occur in angiotensin 11, a mole- 
cule of current interest. In achieving optical resolution of 
amino acids, enzymatic digestion of their acylated deriva- 
tives is often the method of choice, since i t  is less tedious 
and more rapid than many chemical resolution procedures. 
Since it is known tha t  one enzyme commonly used for such 
purposes, hog renal acylase I, is unable to catalyze the hy- 
drolysis of N-acetyl-a-methylphenylalanine,7 we decided 
to use commercially available bovine carboxypeptidase A 
(CPA). We prepared the N-trifluoroacetyl derivatives of 
the amino acids because they are generally far superior 
substrates for CPA when compared to the N-acetyl deriva- 
tives1° and because such a procedure had proven conve- 
nient for the resolution of other amino acids in our labora- 
t0ry.l’ 

We followed described procedures in synthesizing a- 
methylphenylalanine (1) and a-methylva.line (2) (Scheme 
I) from the corresponding ketones, phenylacetone and 2- 
methyl-3-butanone, respectively.12J3 These amino acids 
can be trifluoroacetylated readily with trifluoroacetic anhy- 
dride in trifluoroacetic acid by the method of Weygand and 
Geiger,14 though not by the milder method of Schallenberg 
and Calvin15 which employs S-ethylthiol trifluoroacetate in 
aqueous solution and is an excellent procedure for many 
amino acids. 

Both N- trifluoroacetyl-a-methylphenylalanine (3) and 
N- trifluoroacetyl-a-methylvaline (4) are digested stereos- 
pecifically by CPA, releasing the L isomers of 1 and 2 and 
leaving the D isomers of 3 and 4 intact. The protected de- 
rivatives can easily be separated from the amino acids by a 
simple extraction procedure and the D isomers of 1 and 2 
can be generated from D isomers of 3 and 4 by mild saponi- 
fication. The absolute configuration of a-methylphenylala- 
nine has been determined previously,16J7 and the direction 
and magnitude of the optical rotation of the free amino 
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