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Further Applications of Pentachlorophenyl Active 
Esters in Lengthening Peptide Chains from 

C- and N-Terminal Amino Acids Using 
Dicyclohexylamine C-Protection 

By A. KAPOOR, E. J. DAVIS, and M A R Y  J. GRAETZER 

In order to eliminate the problems associated witb the use of alkali during peptide 
synthesis, a systematic investigation was catried out to lengthen pe tide chains by 
cou ling N-protected pentachlorophenyl active esters of a d n o  acix and peptides 
w d  amino acids and peptides, C-protected by dicydohrtrylamine. There was an 
appreciable iacrease in yields wheh N-protected pentachlorophenyl active esters of 
amino acid8 were coupled with di- and tripeptides instead of sin le amino acid units 
C-protected by dicyclohexylamine. From this, it was concludetthat peptide chains 
would be lengthened more profitably from C-terminal instead of N-terminal amino 
acid residues when the synthesis of eptides is carried out, using pentachbraphenyl 
active esters in combination with &cyclohexylamine C- mtectitm. ln  addition to 
affordin relatively better yields, this approach would further limit the degree of 

racemfdon 8s the active ester component used would alwayr be a monomer. 

HE SYSTEMATIC SEARCH for suitable “acti- T vated” esters, for the synthesis of peptides v i a  
the aminolysis of esters started with the historic 
paper of Wieland and Bernhard, when they re- 
ported the synthesis of peptides uiu the phenyl 
thiolesters (1). For more than a decade varioas 
active esters have been used extensively in the 
synthesis of peptides and polypeptides with 
known sequence of amino acids (2-5). The 
pentachlorophenyl active esters, which were 
first reported in the literature in 1961 (B), afford 
an excellent method for lengthening the peptide 
chain. The pentachlorophenyl active esters 
have the following advantages: (a) they are one 
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of the most active esters (7), (b) they are generally 
higher melting compounds than other active 
esters, which leads to their easy crystallization 
and purification (8), (G) they LVE! conveniently 
prepared without any significant racemization 
by N,N’-dicyclohexylcarbodiimide (DCC) meth- 
od (9), (d) they are stable to controlled hydro- 
genation conditions and make an excellent com- 
bination with N-catbobehzoxy and tcrt-butyl 
protecting groups when the incorporation of 
trifunctional amino acids in the peptides is 
desired (8). Previously, the peptide chain was 
lengthened by coupling pentachlorophenyl active 
esters of N-cti.rbobenzoxy amino acids or peptides 
with C-methyl protected amino acids or peptides. 
C-methyl protection at each activation stage 
and at the end of the synthesis was removed by 
saponification (8, 10-12). Alkali treatment of 
peptides is usually associrrted with 5 number of 
problems, e.g., raremization (13), transpeptida- 
tion (8, 14), etc. In addition, removal of C- 
methyl protection by alkali becomes more diffi- 
cult as the number of amino acids increases in 
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the peptide chain (15). MacLaten reported the 
formation of urea or hydantoin derivatives when 
N-carbobenzoxy peptides were treated with 
aLkali (16). 

Avoiding racemization of optically active cen- 
ters in the synthesis of peptides with biological 
activity is a major concern and new approaches 
for the synthesis which would limit the degree 
of racemization in synthetic peptides are under 
continual investigation. To  overcome racefniza- 
tion and other problems associated with alkali 
treatment, the ideal approach would be to carry 
out the coupling of activated N-protected amino 
acids or peptides with amino acids or peptides 
C-protected by suitable salt formation, which can 
easily be removed by mild acid, instead of methyl 
or ethyl ester protection. Among the active 
esters, p-nitrophenyl esters have been frequently 
used for coupling reactions with amino acid 
salts. Various solvent mixtures andpH condi- 
tions have been reported; however, the yields 
were invariably low (17). 

As the pentachlorophenyl active esters (OPCP) 
are among the most active esters, it was con- 
sidered worthwhile to systematically study their 
coupling with amino acids or peptides, C-protected 
by suitable salt formation. The purpose of this 
paper is to report a general method which con- 
veniently avoids the use of alkali during stepwise 
lengthening of the peptide chain, both from C- 
and N-terminal amino acid residues. 

fS1S 
and different proportions of water in acetone, did 
not afford any appreciable increase in the yields. 

2-Ala-OPCP was coupled separately in methylene 
chloride with triethylamine salts of phenylalanine, 
alanine, and glycine. 2-Hydroxypyridine was used 
as a catalyst and after 24 hr., removal of triethyl- 
amine protection by mild acid, afforded 2-Ala-Phe- 
OH, 2-Ala-Ala-OH, and 2-Ala-Gly-OH in 40, 45, 
and 38% yields, respectively; and no increase in 
yields was observed by increasing the time or 
changing to different solvents for reaction. 

Under identical conditions, DCA salts of phenyl- 
alanine, alanine, and glycine were coupled with 
2-Ala-OPCP (I) in better yields; 2-Ala-Phe-OH 
(IV), 2-Ala-Ala-OH (V), and 2-Ala-Gly-OH (VI) 
were isolated in 62, 61, and 6O%, respectively. 
2-Gly-OPCP (11) (8) and 2-Phe-OPCP (111) (19) 
were coupled with a number of other amino acids, 
C-protected by dicyclohexylamine, and the corre- 
sponding N-protected dipeptides (VII-XIII) were 
isolated in satisfactory yields as indicated in Table 
I. Since the yields were optimal with methylene 
chloride, the preceding coupling reactions were 
carried out in this solvent. 

It would seem apparent that the hydrocarbon 
portion of the base used for C-protection, played 
an important role in the coupling reactions. This 
can be justified on the basis of better solubility of 
DCA salts as compared to sodium or TEA salts of 
amino acids in the reaction solvents, such as 
methylene chloride. If this was true, then N- 
protected OPCP esters of amino acids would be 
expected to couple better with relatively more soluble 
di- and tripeptides, C-protected by DCA. In order 
to establish the effect of solubility of the C-protected 
component, the coupling of N-protected, C-activated 
amino acids with di- and tripeptide DCA salts was 
undertaken. 2-Gly-OPCP(I1) coupled with the 
DCA salt of H-Gly-Phe-OH (XVII) to afford 
2-Gly-Gly-Phe-OH (XX) in 68% yield, and Z-Phe- 
Gly-Phe-OH (XXI) was prepared in 67% yield, 
by coupling 2-Phe-OPCP (111) with H-Gly-Phe-OH 
(XVII), C-protected by DCA. The yields were 
even better when the DCA salts of tripeptides were 
coupled with activated amino acids. H-Ala-Phe- 
Gly-OH (XIX) C-protected by DCA, coupled with 
2-Gly-OPCP (11) in 75y0 yield, to afford Z-Gly- 
Ala-Phe-Gly-OH (XXIII). N-protected dipeptide- 
OPCP active esters were also coupled in satisfactory 
yields with amino acids or peptides, C-protected 
by DCA. In this case, the length of the C-protected 
components had the similar effects on the yields as 
noted above. 2-Gly-Ma-OPCP (XIV) coupled 
with DCA salt of H-Ala-OH to afford Z-Gly-Ala- 
Ala-OH (XXIV) in 43% yield. However, 2-Gly- 
Ala-OPCP (XIV) reacted with H-Phe-Gly-OH 
(XVIII) C-protected by DCA in 54% yield to 
afford 2-Gly-Ala-Phe-Gly-OH (XXIII). In line 
with the authors expectations, N-protected tri- 
peptide OPCP active esters coupled in relatively 
lower yields with DCA salts of amino acids. 2-Gly- 
Gly-Phe-OPCP (XV) coupled with H-Phe-OH, 
C-protected by DCA in 38% yield to afford 2-Gly- 
Gly-Phe-Phe-OH (XXV). It is interesting to note 
that N-protected OPCP active esters of amino acids 
could not be coupled with glutamic or aspartic 
acids with DCA protection on both carboxyl groups. 
However, the coupling of N-protected-amino acid- 
OPCP active esters, was found to proceed in satis- 

RESULTS AND DISCUSSION 

C-protection by salt formation with three different 
bases was investigated as follows: (a) Amino acids 
were converted into their sodium salts by treatment 
with an equivalent amount of sodium bicarbonate 
in 5-6 ml. of water. ( b )  Triethylamine salts were 
prepared by making a slurry of amino acids with 
calculated amount of triethylamine (TEA) in 
10-15 ml. of methylene chloride. (6) C-protection 
by dicyclohexylamine (DCA) was carried out in 
the same manner as described for TEA. 

2-Ala-OPCP’ (8), was coupled separately with 
sodium salts of phenylalanine, alanine, and glycine. 
A mixture of eights parts of acetonitrile and two 
parts of water was used as a solvent with 2-hydroxy- 
pyridine (18) as a catalyst. After 24 hr. the salt 
protection from the resulting dipeptides was re- 
moved by mild acid (1 N hydrochloric acid) treat- 
ment and ZAla-Phe-OH, 2-Ala-Ala-OH, and 
2-Ala-Gly-OH were isolated in 16, 18, and 17% 
yields, respectively. Increasing the coupling time 
up to 72 hr. and substituting various other solvents 
and solvent mixtures, e.g., tetrahydrofuran, ethyl 
acetate, methylene chloride, dimethylformamide, 

1 Abbreviations used in this paper for amino acids and 
peptides are those recommended in “Proceedings of the 5th 
European Peptide Symposium Oxford September 1962.” 
Young, G. T., Ed., Macmillah, New kork, N. Y., 1963. 
Amino acids used in this work were all of L-configuration. 
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TABLE I-YIELDS AND MELTING POINTS OF N-PROTECTED DIPEPTIDES, MADE THROUGH COUPLING OF 
N-PROTECTEDOPCP ESTERS OF AMINO ACIDS WITH DCA, C-PROTECTED AMINO ACIDS 

OPCP Amino Acid Dipeptide Yield, yz, M.p.. "C. 
Compd. Derivative DCA Salt Compd. Formed % (Lit) 

I Z-Ala-OPCl' H-Phe-OH IV Z-Ala-Phe-OH 62 121-122 122O 
I 2-Ala-OPCP H- Ala-OH V Z-Ala-Ala-OH 61 152 152-153b 
I 2-Ala-OPCP H-Gly-OH VI 2-Ala-Gly-OH 60 132-133 132' 

I1 Z-Gly-OPCP H-Gly-OH VII 2-Gly-Gly-OH 55 178 178-17gd 
I1  2-Gly-OPCP H-lleu-OH VIII 2-Gly-lleu-OH 59 115 ll4-115e 
I1  2-Gly-OPCP H-Ala-OH IX Z-Gly-Ala-OH 62 120 119.5' 
I1 2-Gly-OPCP H-Phe-OH X 2-Gly-Phe-OH 62 125-126 12@ 

I11 2-Phe-OPCP H-Gly-OH XI1 2-Phe-Gly-OH 61 154-155 1W 
I11 2-Phe-OPCP H-Pro-OH XI11 2-Phe-Pro-OH 63 110-111 109-110" 

I1 2-Gly-OPCP XXVI H-Asp(OBzI)-OH X I  Z-GI~-AS~(OBZI)-OH 58 99-100 

a Reference 26. ' Reference 27.  ' Reference 28.  Reference 29.  a Reference 30. 1 Reference 31.  9 Reference 32.  * Reference 33. 

factory yields with monoaminodicarboxylic acids, 
when one of the carboxyl groups was protected with 
DCA and the second carboxyl group was protected 
with a suitable ester, such as benzyl or t-butyl, which 
can be removed without alkali. Z-Gly-OPCP (11) 
was coupled with 6-benzyl aspartate (XXVI) (20), 
C-protected with DCA, and Z-Gly-Asp(OBz1)-OH 
(XI) was isolated in 58% yield. From the above 
results, summarized in Table 11, it can be concluded 
that, when OPCP esters are to be used for coupling 
with DCA salts of amino acids or peptides, the 
peptide chain should be lengthened from C-terminal 
instead of N-terminal amino acid residues. 

It was previously reported (21) that a combina- 
tion of mixed anhydride (isobutyl chloroformate) 
and pentachlorophenyl active ester methods, pro- 
vided a suitable approach for stepwise incorporation 
of amino acids into peptides with an ordered se- 
quence. A complementary reaction sequence to  
this combination was also reported recently (22) in 
which the N-protected OPCP active esters of amino 
acids or peptides were couplgd with OPCP active 
ester hydrochlorides of amino acids. The advantage 
of the latter approach is significant since all the 
amino acids or peptides used in the coupling reaction 
would be in the form of OPCP esters and, therefore, 
easily crystallized. A limitation of this approach 
is found in the very poor yields obtained when the 
coupling of N-protected OPCP active esters of 
amino acids or peptides is carried out with di- or 
tripeptide OPCP active ester hydrochlorides. This 
may be due t o  the formation of diketopiperazine 
derivatives in dipeptides and the formation of 
cyclic peptides or linear polypeptides in the case of 
tripeptides. 

Since the C-activation by mixed anhydrides is 
stronger than the C-activation by OPCP esters, 

the yields for coupling with mixed anhydrides are 
better. However, problems involving cycliiation 
and polymerization are synonymously encountered, 
though to a somewhat lesser degree when N- 
protected amino acid or peptides, C-activated by 
mixed anhydride, are coupled with di- or tripeptides 
OPCP ester hydrochlorides. It is concluded that, 
in the case of chain lengthening of peptides from the 
N-terminal residue, a combination of mixed anhy- 
dride and OPCP active ester methods would be 
most rewarding when single units of amino acid 
OPCP ester hydrochlorides are incorporated, as 
outlined in Scheme I. The disadvantage of this 
approach, as already discussed, is the lower yields at 
stage C. 

DCA 
Z-A1-OPCP + H-ArOH A Z-AI-A?-OH 

Z-AI-A2-OH + HC1. H-&-OPCP - (.4) 

isobutyl 
chloroformate 

Z-Ai-A~-&-OPCP ( R )  

Z-A,-A~-AI-OPCP f H-&-OH - 
DCA 

Z-AI-AZ-A~-AI-OH (C) 
A1, As, A3, and & represent amino acid residues in a 

peptide sequence 
0 

z = c6H6--cH2-d!-- -opcp = --oc6ci, 
DCA = dicyclohexylamine 

Scheme I 

With respect to  the above discussion, the follow- 
ing approach for extending the peptide chain from 
the C-terminal residue, as outlined in Scheme 11, 
would be more suitable. 

TABLE 11-YIELDS AND MELTING POINTS OF N-PROTECTED TRI- AND TETRAPEPTIDES, MADE THROUGH 

AMINO ACIDS AND PEPTIDES 
COUPLING OF N-PROTECTED OPCP ESTERS OF AMINO ACIDS AND PEPTIDES, WITH DCA, C-PROTECTED 

DCA Protected Peptide Yield, M.P., "C. M.P.. (Lit) 'C. 

67 151-162 150-151" 
68 171 

Compd. Derivative Compd. Component Compd. Formed % 
OPCP 

XVII H-Gly-Phe-OH XX Z-Gly-Gly-Phe-OH 68 145-146 146" I1 Z-Gly-OPCP 
X V I I  H-Gly-Phe-OH XXI Z-Phe-Gly-Phe-OH 111 2-Phe-OPCP 

I Z-Ala-OPCP XVIII  H-Phe-Gly-OH XXII ZAla-Phe-Gly-OH 
I1 Z-Gly-OPCP XIX H-Ala-Phe-Gly-OH XXIII Z-Gly-Ala-Phe-Gly-OH 75 174-175 17sb 

X I V  Z-Gly-Ala-OPCP H-Ala-OH XXIV Z-Gly-Ala-Ala-OH 43 173-174 172': 

XIV Z-Gly-Ala-OPCPd XVIII H-Phe-Gly-OH XXIII Z-Gly-Ala-Phe-Gly-OH 54 175-176 175b 
X V I  Z-Gly-Ala-Phe-OPCP H-Gly-OH XXIII Z-Gly-Ala-Phe-Gly-OH 40 175 175b 

XV Z-Gly-Gly-Phe-OPCP H-Phe-OH XXV 2-Gly-Gly-Phe-Phe-OH 38 140-142 

Reference 34. Reference 32. Reference 35. This compound was prepared by coupling through mixed anhydride, 
N-carbobenzoxy glycine with alanine pentachlorophenyl ester hydrochloride (XXVIII). 
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DCA 

2-%-OPCP + H-&-OH - 2-&-&-OH (a)  
Ha 

Pd/C 
Z-Aa-&-OH ___f H-A-k-OH (ad 

DCA 
Z-Az OPCP + H-& &-OH - 

Z-A*-Aa-&-OH (b) 
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oxy pentachlorophenyl active esters of amino acid 
used in this work were prepared by the DCC 
method, as previously reported (8). 

Procedure A 
This is the general method for the coupling of 

N-protected OPCP active ester derivatives with 
amino acids and peptides C-protected by DCA. 

Preparation of N-Carbobenzoxy-alanyl-alanine (V) 
-To a stirred solution of 2.0 g. (4.24 mmoles) of 
N-carbobenzoxy alanine pentachlorophenyl ester- 
(I), and 0.1 g. of Zhydroxypyridine, as a catalyst, 
in 80 ml. of methylene chloride, was added in 2ml. 
portions over the period of 30 min. 10 ml. of a 
suspension containing 0.377 g. (4.24 mmoles) of 
alanine and 0.83 ml. (4.24 mmoles) of dicyclo- 
hexylamine (DCA). The reaction mixture, after 
magnetically stirring for 24 hr., a t  ambient tem- 
perature, was spin evaporated in wcuo. The residue 
was dissolved in 100 ml. of ethyl acetate and the 
resulting solution was treated with 40 ml. of 2 iV 
HCl, then filtered to remove the insoluble dicyclo- 
hexylamine hydrochloride. The aqueous layer was 
drawn off and the ethyl acetate layer was washed 
with two 40-ml. portions of water. The ethyl ace- 
tate layer was extracted with three 15ml. portions 
of 5% aqueous sodium bicarbonate. The bicarbon- 
ate extracts were combined and acidified with 1 N 
HCl; the clear solution became cloudy during the 
acid addition. The acidified suspension was ex- 
tracted with two 50-ml. portions of ethyl acetate. 
The ethyl acetate layer was washed three times with 
40-ml. portions of water and dried over anhydrous 
sodium sulfate. Spin evaporation of ethyl acetate 
solution in uacuo left a brown viscous oil which was 
crystallized from ethyl acetate-ether-petroleum 
ether (b.p. 3040O). The mixture was kept a t  
-15" overnight, then the product, N-carbobenzoxy- 
alanyl-alahine (V) was collected on a filter; 0.76 
g., (6lY0), m.p. 152" [lit. (27) m.p. 152-153'1. 
N-Carbobetlzoxy peptides with free C-terminal, 
listed in Tables I and I1 were prepared using the 
above method. 

HI 

Pd/C 
Z-AS-L-L-OH - H-Az-L-ApOH (bi) 

DCA 
2-AI-OI'CP + H-Az-As-A-OH - 

Z-&-A*-AJ-&-OH (6) 

Scheme I1 
In Scheme 11, there is a steady increase in the 

yields from stage a + b -+ c. The other advantage 
would be in further limiting the degree of racemiza- 
tion as the C-activated component used would al- 
ways be a monomer. It has been reported that dur- 
ing coupling of N-protected, C-activated peptides, 
racemization of C-activated amino acid residue 
takes place, probably through an oxazolone (23-25). 
In order to compare the yields, tetrapeptide, Z-Gly- 
Ala-Phe-Gly-OH (XXIII) was synthesized as 
described below, both through Schemes I and 11. 
As expected, the overall yield was about 10% more 
in the case of synthesis through Scheme 11. 

Synthesis of Z-Gly-Ma-Be-Gly-OH 0 
Through Scheme I-2-Gly-OPCP (11) was coupled 
with H-Ma-OH, C-protected by DCA, and after 
removal of DCA protection by mild acid, Z-Gly- 
Ala-OH (IX), was isolated in 62% yield. Coupling 
of N-protected dipeptide IX, with HCl. H-Phe- 
OPCP (XXVII) through mixed anhydride method, 
afforded 2-Gly-Ala-Phe-OPCP (XVI) in 74% yield. 
N-protected tripeptide active ester XVI was coupled 
with H-Gly-OH, C-protected by DCA, and after 
removal of DCA protection by mild acid, the desired 
tetrapeptide, 2-Gly-Ala-Phe-Gly-OH (XXIII) was 
isolated in 4Oy0 yield. Overall yield 18%. 

Synthesis of GGly-Ma-Phe-Gly-OH @XIXI) 
Through Scheme 11-2-Phe-OPCP( 111) was coupled 
with H-Gly-OH, C-protected by DCA, and upon 
removal of DCA protection by mild acid, Z-Phe-Gly- 
OH (XII) was isolated in 61% yield. N-protected 
dipeptide XII, upon hydrogenation, afforded H-Phe- 
Gly-OH (XVIII) in 93% yield. Z-Ala-OPCP (I) 
was coupled with dipeptide XVIII, C-protected by 
DCA. After usual removal of DCA protection, 
2-Ala-Phe-Gly-OH (XXII) was isolated in 6Syo 
yield. Removal of N-protection from tripeptide 
XXII by hydrogenation, afforded H-Ala-Phe-Gly- 
OH (XIX) in 95% yield. Z-Gly-OPCP (11) was 
coupled with tripeptide XIX, C-protected by DCA, 
and 2-Gly-Ala-Phe-Gly-OH (XXIII) was isolated 
in 75% yield. Overall yield 27.5%. 

EXPERIMENTAL 

All melting points are uncorrected and were 
taken on a Hoover Uni-Melt apparatus. The micro- 
analyses were carried out by Drs. G. Weiler and 
F. B. Strauss, Oxford, England. Infrared spectra 
were determined in KBr pellets with a Beckman 
IR 8 spectrophotometer. Optical rotations were 
measured with a Rudolph precision ultraviolet 
polarimeter, model 2OOS-340-80Q3. N-Carbobenz- 

Procedure B 

This is a general method for the coupling of N- 
protected amino acids or peptides through mixed 
anhydride with pentachlorophenyl active ester 
hydrochlorides of amino acids. 

Preparation of p-Carbobenzoxy Glycyl-alanine 
Pentachlorophenyl Ester (Xnr)-Alanine pentachloro- 
phenyl ester hydrochloride (XXVIII) was prepared 
by hydrogenation of N-carbobenzoxy alanine penta- 
chlorophenyl ester (I) in the presence of anhydrous 
methanol containing hydrogen chloride, according 
to the method previously reported (8), in 91% yield, 
m.p. 216O, [a]: 4-29.2' (c 1.0, methanol). 

Ad.-Calcd. for CeH7CbNOa: C, 28.87; H, 1.87; 
N, 3.74. Found: C, 28.91; H, 1.79; N, 3.81. 

To a stirred solution of 2.0 g. (9.57 mmoles) of 
N-carbobenzoxy glycine (11) in 50 ml. of tetrahydro- 
furan at - 10' was added 1.33 ml. (9.57 mmoles) of 
triethylamine and 1.3 m1.(9.57 mmoles) of isobutyl- 
chloroformate. After 30 min. 1.33 ml. (9.57 mmoles) 
of triethylamine was added to the reaction mixture 
followed by stepwise addition, over a 30-min. 
period, of a suspension of 3.59 g. (9.57 mmoles) of 
alanine pc~~tachlorophenyl ester hydrochloride in 
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10 ml. of tetrahydrofuran. The stirred reaction 
mixture was left at -10" for 4 hr., then freed from 
the solvent by spin evaporation in vucuo. The 
residue was triturated with 100 ml. of hot ethyl 
acetate and filtered free from triethylamine hydro- 
chloride. The filtrate was extracted three times 
with 30-ml. portions of 1 N hydrochloric acid, water, 
and 5% aqueous sodium bicarbonate and water. 
The ethyl acetate layer was dried over anhydrous 
sodium sulfate. The residue obtained after spin 
evaporation of ethyl acetate was crystallized from 
ethyl acetate-ether-petroleum ether to  yield 4.40 g. 
(87%) of N-protected dipeptide active ester XIV, 
m.p. 158-159'. [a]" -1.8' (c 1.0, DMF). The 
infrared spectrum showed peaks at 6.05 p (amide I), 
6.5 p (amide 11), and 5.6 p (characteristic of penta- 
chlorophenyl esters). 

Anal.-Calcd. for ClpHlaClsNZOs: C, 43.21; H, 
2.84; N, 5.30. Found: C, 43.15; H, 2.91; N, 5.41. 
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oxy glycyl-glycyl-phenylalanine pentachlorophenyl 
ester (XV), was prepared in the manner described 
(8). N-Protected tripeptide active ester XV was 
coupled according t o  Procedure A with phenyl- 
alanine C-protected by DCA. The tetrapeptide 
XXV was isolated in 38% yield, m.p. 140-142'. 

And-Calcd. for C ~ O H W N ~ O ~ :  C, 64.29; H, 5.72; 
N, 10.00. Found: C, 64.38; H, 5.81; N, 9.92. 

Preparation of N-Carbobenzoxy Glycyl-Fbenzyl 
Aspartic Acid (XIep-Bmzyl sspartate (XXVI) was 
prepared according to  the method reported by 
Benoiton (20). From appropriate amounts of 
N-protected glycine active ester 11, and compound 
XXVI, C-protected by DCA, coupling was carried 
out following Procedure A. The dipeptide XI was 
isolated in 58% yield after crystallization from ethyl 
acetate-ether, m.p. 99-100", [a]y +15.7" (c 1.0, 
methanol). 

Anal.-Calcd. for C ~ I H B N ~ O ~ :  C, 60.8; H, 5.32; 
N, 6.77. Found: C, 60.88; H, 5.13; N, 6.76. 

Preparation of N-Carbobenzoxy Glycyl-alanyl- 
phenylalanyl-glycine (XXIXI)-Method I-Coupling 
of N-protected dipeptide active ester XIV, to  free 
dipeptide XVIII. From 2.0 g. (3.78 mmoles) of 
N-carbobenzoxy glycyl-alanine pentachlorophenyl 
ester (XIV), and 0.84 g. (3.78 mmoles) of phenyl- 
alanyl-glycine (XVIII), C-protected by appropriate 
amount of DCA, coupling was carried out according 
to Procedure A. The N-protected tetrapeptide 
XXIII ,  0.99 g. (54%) was isolated after crystalliza- 
tion from methanol-ether, m.p. 175-176' [lit. (32) 
m.p. 175"l. 

Method 2-Stepwise chain lengthening of the 
tetrapeptide XXIII, from N-terminal residue 
(Scheme I). N-Carbohenzoxy glycyl-alanine (IX) 
was prepared by coupling 2.0 g. (4.38 mmoles) of 
N-protected glycine active ester 11, with 0.39 g. 
(4.38 mmoles) of alanine C-protected by 0.86 ml. 
(4.38 mmoles) of DCA. Following the reaction 
conditions out l ied in Procedure A, 0.76 g. (62%) 
of the N-protected dipeptide IX,  was obtained, 
m.p. 120' [lit. (31) m.p. 119.5'1. Phenylalanine 
pentachlorophenyl ester hydrochloride (XXVII) 
was prepared by hydrogenation of N-carbobenzoxy 
phenylalanine pentachlorophenyl ester (111) in 
the presence of anhydrous methanol containing 
hydrogen chloride, according to the method pre- 
viously reported (81, in 93% yidd, m.p. 199-200'. 
[a]: -23.4' (c 1.07, methanol). 

And-Calcd. for C16HUCleNO2: C, 40.00; H, 
2.44; N, 3.11. Found: C, 39.95; H, 2.51; N, 3.08. 

N-Carbobenzoxy glycyl-alanyl-phenylalanine pen- 
tachlorophenyl ester (XVI) was prepared by mixed 
anhydride method as outlined in Procedure B. 
From 1.0 g. (3.57 mmoles) of the N-protected di- 
peptide IX and 1.6 g. (3.57 mmoles) of the active 
ester hydrochloride XXVII, 1.78 g. (%yo) of N- 
protected tripeptide active ester XVI was obtained, 
m.p. 187-189'. Recrystallization fromethyl acetate- 
ether raised the melting point to 191-192", [a]? 
-49.4" (c 1.0, DMF). Infrared spectrum showed 
peaks at 6.04 p (amide I), 6.5 p (amide II), and 5.6 
p (pentachlorophenyl ester). 

And-Calcd. for CaH&LNzOs: C, 49.74; H, 
3.56; N, 6.22. Found: C, 50.03; H, 3.48; N, 6.15. 

N-Protected tetrapeptide XXIII ,  was prepared 
according to Procedure A. From 1.5 g. (2.22 
mmoles) of tripeptide active ester XVI, and 0.166 g. 
(2.22 mmoles) of glycine, C-protected by 0.44 ml. 

Procedure C 

This consisted of removal of N-carbobenzoxy 
protecting group from peptides with free C-terminal 
residue. 

Preparation of Glycyl-phenylalanine -)-A 
suspension of 0.3 g. palladium-charcoal catalyst 
(10%) in a 20-ml. mixture of 8 parts of methanol 
and 2 parts of water, was hydrogenated at at- 
mospheric pressure until no further uptake of hy- 
drogen occurred. A solution of 2.0 g. (5.62 mmoles) 
of N-carbobenzoxy glycyl-phenylalanine(X), in 10 
ml. of methanol was added t o  the reaction mixture 
and the hydrogenation was carried out until no 
further uptake of hydrogen occurred (55 ml. of 
hydrogen in 10 min.). The reaction mixture was 
filtered free from the catalyst and the filtrate was 
spin evaporated under reduced pressure. The 
residue was crystallized from ethanol-ethyl acetate 
to  yield 1.17 g. (94%) of the free dipeptide XVII, 
m.p. 266-268' dec. [lit. (34) m.p. 264-268" dec.]. 

Preparation of Phenylalanyl-glyciue (XVIII)--N- 
Carbobenzoxy phenylalanyl-glycine (XII)  was hy- 
drogenated according to Procedure C, in 93% yield 
to  afford the dipeptide XVIII, m.p. 269-270' 
dec. [lit. (34) m.p. 270-271' dec.]. 

Preparation of N-Carbobenzoxy Glycyl-glycyl- 
phenylalanine (XXtUsing the appropriate amounts, 
N-carbobenzoxy glycine pentachlorophenyl ester ( 11 ) 
was coupled with glycyl-phenylalanine (XVII), 
C-protected by DCA in the manner described in 
Procedure A. The N-protected tripeptide XX was 
obtained in 68y0 yield, m.p. 145-146' [lit. (34) 
m.p. 146'1. 

Preparation of N-carbobenzoxy Phenylalmyl- 
glycyl-phenylalanine (=)--The coupling of N- 
protected phenylalanine active ester I11 with the 
free dipeptide XVII, C-protected by DCA according 
to  Procedure A, afforded the N-protected tripeptide 
XXI  in 67% yield, m.p. 151-152' [lit. (34) m.p. 
150-151" 1. 

Preparation of N-Carbobenzory Giycyl-alanyl- 
alanine (xxTv)-N-protected dipeptide active 
ester XIV was coupled with alanine, C-protected 
by DCA in the nianner described in Procedure A 
and the desired tripeptide XXIV was isolated in 
43% yield, m.p. 173-174' [lit. (35) m.p. 172'1. 

Preparation of N-Carbobexuoxy Glycyl-glycyl- 
phenylalanyl-phenylalanine (XXV&-N-Carbobenz- 
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(2.22 mmoles) of DCA,0.43 g. (40’%)of N-carbobenz- 
oxy glycyl-alanyl-phenylalanyl-glycine (XXIII) 
was obtained, m.p. 175’. 

Method 3-Sepwise chain lengthening of the 
tetrapeptide XXIII, from C-terminal residue 
(Scheme 11). N-Carbobenzoxy phenylalanyl-glycine 
(XII) was prepared according to Procedure A. 
From 2.0 g. (3.65 mmoles) of N-protected phenyl- 
alanine active ester 111, a d  0.274 g. (3.65 mmo1es)of 
glycine, C-protected by appropriate amount of 
DCA, 0.79 g. (61%) of the dipeptide XII, 
was obtained, m.p. 154-15S0 [lit. (32) m.p. 154’1. 
Removal of N-carbobenzoxy protecting group from 
XII, as described in Procedure C, afforded the free 
dipeptide XVLII, in 93y0 yield. 

N-Carbobenzoxy alanyl-phenylalanyl-glycine 
(XXII), was prepared according to Procedure A, by 
coupling 2.0 g. (4.24 mmoles) of N-protected alanine 
active ester I, with 0.84 8. (4.24 mmolea) of the di- 
peptide XVIII, C-protected by appropriate amount 
of DCA, and 1.23 g. (68%) of N-protected tri- 
peptide XXII, was obtained, m.p. 168-170’. 
Recrystallization from methanol-ether raised the 
melting point to 171*, - 4 6 . 5 O  (c 1.02, metha- 
nol). 

Anal.-Calcd. for C~H26Na06: C, 61.82; H, 5.85; 
N,9.84. Found: C, 61.78; H,5.73; N, 9.71. 

N-Carbobenzoxy tripeptide XXII was hydro- 
genated in the manner described in Procedure C, 
and alanyl-phenylalanyl-glycine (XZX), was ob- 
tained in 9Syo yield upon crystallization from 
ethanol-thy1 acetate, m.p. 233-234” dec., [a]: 
+17.7” (c 1.02, 1 N HC1). 

AnaZ.-Cald. for CllHIPNtOl: C, 57.34; H, 6.48; 
N, 14.33. Fouud: C, 57.45; H, 6.57; N, 14.21. 

N-Protected tetrapeptide XXIII, was prepared 
according to Procedure A. From 1.0 g. (2.18 mmoles) 
of N-carbobenzoxy glycine pentachlorophenyl ester 
11, and 0.64 g. (2.18 mmoles) of the tripeptide XIX, 
C-protected by 0.42 ml. (2.18 mmoles) of DCA, 
0.79 g. (75%) of N-carbobenzoxy-glycyl-alanyl- 
phenylalanyl-glycine (XXIII) was obtained, m.p. 
174-175”. 
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