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(57) ABSTRACT 
The tripeptide derivatives of formula 

in which R is hydrogen, lower alkyl or NR'R's wherein 
Rand Reach are lower alkyl, R2 is hydrogen or lower 
alkyl, R is amino, lower alkylamino, di(lower)al 
kylamino or amino(lower)alkylamino and Y is one of 
the amino acid residues Gly or D-Ala with the proviso 
that when R' is NRRS wherein Rand R5 are as defined 
herein and R2 and Y are as defined herein, R is lower 
alkylamino, di(lower)alkylamino or amino(lower)al 
kylamino, and with the further proviso that when R is 
hydrogen, R2 is hydrogen or lower alkyl and Y is Gly then 
R is amino?lower)alkylamino, and a method for their 
preparation are disclosed. The tripeptide derivatives of 
formula 1 possess central nervous system activity and 
methods for their use are given. 

21 Claims, No Drawings 
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TRIPEPTDE DERVATIVES WITH CENTRAL 
NERWOUS SYSTEM ACT WITY AND 

PREPARATION THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTON 

a, Field of Invention 
The present invention relates to tripeptide derivatives 

with central nervous system activity, to a process for 
their preparation, and to intermediates therefor. 

b. Description of the Prior Art 
The main obstacle to the practical use of many bio 

logically active peptides is their brief period of action 
which is partly due to their inactivation by proteolytic 
enzymes. An example of such a peptide is the tripeptide 
which is the factor inhibiting release of the melanocyte 
stimulating hormone (MIF or MRIH). 

This tripeptide was isolated from bovine hypothala 
nic tissue by R.M.G. Nair et al., Biochen. Biophys. 
Res. Commun., 43, 376 (1971) and its structure was 
established as the C-terminal tripeptide of oxytocin: 
H-L-prolyl-L-leucyl-glycinamide. 
This tripeptide was shown to exert an action on the 

central nervous system (CNS). The tripeptide potenti 
ates the behavioral effects of (3,4-dihydroxyphenyl)-L- 
alanine (L-DOPA) as shown by N. P. Plotnikoff et al., 
Life Sciences, 10, part 1, 1279 (1971) and E. Friedman et 
al., Science, 182, 831 (1973). The tripeptide antagonizes 
the effects of oxotremorine N. P. Plotnikoff et al., Proc. 
Soc. Exp. Biol. Med., 140,811 (1972) and reverses the 
sedative effects of deserpidine in mice and monkeys N. 
P. Plotnikoffet al., Neuroendocrinology, 11, 67 (1973)). 
On the basis of the above biological activities A. V. 
Schally et al., Science 179,341 (1973) have suggested 
that the tripeptide H-Pro-Leu-Gly-NH2 could be 
useful in the treatment of patients suffering from depres 
sion or parkinsonism. 

Since the elucidation of the structure of the above 
tripeptide, a limited number of analogs of this peptide 
have been synthesized by M. E. Celis et al., Febs Let 
ters, 27, 327 (1972) and S. Castensson et al., Febs Let 
ters, 44, 101 (1974). However, the natural tripeptide and 
the analogs known to date have the disadvantage of 
possessing a short duration of action due to rapid inacti 
vation in the mammalian body and T. W. Redding et al., 
Neuroendocrinology, l 1, 92 (1973) have demonstrated 
that the first step in the inactivation of the natural tri 
peptide appears to be proteolytic cleavage of the Pro 
Leu bond with formation of proline and leucyl-glycina 
mide, 

Accordingly, analogs of the natural tripeptide having 
a greater resistance to protease hydrolysis while retain 
ing the CNS activity of the natural tripeptide are of 
interest. The present invention discloses novel analogs 
of the natural tripeptide in which the leucyl and glycyl 
amino acid residues may be replaced and the peptide 
linkage and the terminal amide may be substituted. 

In addition, an unique and straightforward process 
for preparing these tripeptide derivatives is disclosed. 
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2 
SMMARY OF THE INVENTION 

The peptide derivatives of this invention are repre 
sented by the general formula . 

H-I-Prs. N-H - C - Y - R 
| | || R R. 

in which Ri is hydrogen, lower alkyi (r. NR'R' were: 
R* and Reach are lower alkyi R is hydroge Cr is wer 
alkyl, R is amino, lower alkylamint, c. (fowc ;- 
kylamino or amin{iower)alkylamic act Y is fit (f 
the amino acid residues Giy or ) --Ala wif the pit) vist 
that when R is NRRS wherein R and R5 are as left; 
herein and R2 and Y are as defined hereir, R is lower 
alkylamink), di(lower)alkylamino of anic tower al 
kylamino, and with the further proviso that it he'll R is 
hydrogen, R is hydrogen or lower alkyl and is iii then 
R is amino?lower alkylamino, 
One embodiment of the process of this invention 

proceeds through a series of intermediates (f the for 
mula (2) 

Gly, R R.---Prs. .NCRCHRC() 

in which R1 is lower alkyl or NRRS in which R* and 
Rare each lower alkyl, R is hydrogen or lower alkyl, 
R is an amino protective group as used in pepticle syn 
thesis, and R is hydroxyl, lower aikoxy, anning, lower 
alkylamino, di(lower)alkylamino, aminot low al 
kylamino, or protected amino(lower)alkylani) (). 
The process comprises the condensation of an in 

amine or hydrazone of formula 3 R'N: CFR, in 
which R and R2 are as defined in mediately above with 
an amino acid of the formula Rb-L-Pro-...-)H in 
which R is as defined immediately above it the pres 
ence of an isonitriie isonitrile of the fornia 
CNCH2COR in which R7 is lower alkoxy, to chain the 
corresponding intermediate of formula 2 in which 8, 
R2, and R6 are as defined immediately above and R is 
lower alkoxy. Transformation of said last-named com 
pound by standard procedures known to be effective for 
transforming lower alkyl ester into the corresponding 
amide or substituted amide gives the corresponding 
compound of formula 2 in which R is annino, it wer 
alkylamino, di(lower)alkylaminx, or protected amin (- 
lower)alkylamino, and renoved renoval of the - 
tective groups(s) gives the corresponding compound (f 
formula 1. 
The preferred process used in the above embodiment 

comprises the condensation of a compound (if fortula 3 
with an amino protected proline of formula R. ------ 
Pro-OH in which Rt is as defined herein, in the pres 
ence of an isonitrile of formula CNCHCOR in whil 
R7 is as defined herein to obtain the correstic lit, it . 
mediate of formula 2 in which R. R. R.' and R is reas 
defined immediately above, followed by treatment of 
said intermediate 2 with ammonia to obtail the cit. 
sponding amide; and removing the protective gi R. 
to obtain the corresponding peptide derivative if f ir 
mula 1 in which R and R2 are as defined intediately 
above, Riis amino and Y is the amino acid residu (iiy. 

Alternatively, the intermediate of formula 2 in which 
R. R. R. and R are as defined in media ely by is 
treated with a hydrolyzing agent to htain the curre 
sponding acid of formula 2 in which Ri, R. anti R's are 
as defined immediately above and R is in y (if sy. ht' 
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latter acid is treated with an agent generally useful in 
peptide chemistry for activating a carboxyl group, and 
condensing the activated compound with a lower alkyl 
amine, di(lower)alkylamine or mono protected amino(- 
lower)alkylamine gives the corresponding intermediate 
of formula 2 in which R, R2 and R are as defined 
immediately above and R is lower alkylamino, di(- 
lower)alkylamino or protected amino(lower)al 
kylamino. The protective group(s) in said last-named 

5 

4. 
In general the abbreviations used herein for designat 

ing the amino acids and the protective groups are based 
on recommendations of the IUPAC-IUB Commission 
on Biochemical Nomenclature see Biochemistry, 11, 
1726-1732 (1972). For Instance Pro, Leu, Ala and Gly 
represent "residues' of proline, leucine, alanine and 
glycine, respectively. By the residue is meant a radical 
derived from the corresponding a-amino acid by elimi 
nating the OH portion of the carboxyl group and the H 

compound are removed to obtain the corresponding 10 portion of the a-amino group. The term “amino acid 
tripeptide derivative of formula 1 in which R and R2 
are as defined immediately above, R is alkylamino, 
di(lower)alkylamino, or amino(lower)alkylamino, and 
Y is the amino acid residue Gly. 
A further alternate embodiment of the process of this 

invention comprises the preparation of tripeptide deriv 
atives of formula 1 by the stepwise addition of amino 
acids. Preferred compounds of formula 1 obtained by 
this alternate embodiment are those in which R is hy 
drogen or lower alkyl, R2 is hydrogen or lower alkyl, 
preferably an amino acid side chain, R is amino, lower 
alkylamino, di(lower)alkylamino or amino(lower)al 
kylamino and Y is the amino acid residue Gly or 
D-Ala with the proviso that when R is hydrogen, R2 is 
hydrogen or lower alkyl and Y is Gly then R3 is annino(- 
lower alkylamino. 
The tripeptide derivative of formula 1 in which R1 is 

CH3, R2 is CH2CH(CH3)2, i.e. the amino acid side chain 
of L-leucine, R is NH2 and Y is the amino acid residue 
D-Ala is readily prepared by coupling an activated 
ester of benzyloxycarbonyl-L-(N-methyl)leucine with 
D-alanice D-alanine methyl ester to obtain the di 

peptide of formula Z-L-(N-Me)- 
Leu-D-Ala-OMe. The amino protecting group (Z) 
of the latter compound is removed, followed by cou 
pling with an activated ester of benzyloxycarbonyl-L- 
proline to give the tripeptide of formula Z-L-- 
Pro-L-(N-Me)lieu-D-Ala-OMe. The latter 
compound, when subjected to the action of ammonia in 
an inert organic solvent, gives the tripeptide of formula 
Z-L-Pro-L-(N-Me) leu-D-Ala-NH2. The 
amino protecting group (Z) of the latter compound is 
removed to obtain the corresponding tripeptide deriva 
tive of formula 1 in which R is CH, viz., H-L-- 
Pro-L-(N-Me)Leu-D-Ala-NH2. 
The tripeptide of formula 1 in which R1 is hydrogen, 

R2 is CH2CH(CH3)2, R is NH(CH2)4NH and Y is the 
amino acid residue Gly is readily prepared by subject 
ing the tripeptide of formula Z-L-Pro-L-Leu-- 
Gly-OEt to hydrolysis to obtain the corresponding 
acid of formula Z-L-Pro-L-Leu-Gly-OH. The 
carboxyl of said last-named compound is activated and 
condensed with a mono protected amino-1,4- 
diaminobutane, for example H2NCH2)4NHBoc to give 
the corresponding tripeptide of formula Z-L-- 
Pro-L-Leu-Gly-NH(CH2)4NH-Boc. The amino 
protecting groups of the latter compound are removed 
to obtain the corresponding tripeptide derivative of 
formula l, viz., L-Pro-L-Leu 
Gly-NH(CH2)4NH. 

DETAILS OF THE INVENTON 

The term "lower alkyl" as used herein contemplates 
straight chain alkyl radicals containing from one to six 
carbon atoms and branched chain alkyl radicals con 
taining three to four carbon atoms excluding t-buty and 
includes methyl(Me), ethyl(Et), propy, isopropyl, bu 
tyl, isobutyl, penty and the like. 
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side chain' is that part of an amino acid exclusive of 
the-CH(NH2)COOH portion, as defined by K. D. 
Kopple, "Peptides and Amino Acids", W. A. Benjamin 
Inc., New York and Amsterdam, 1966, pages 2 and 33; 
examples of such side chains of the common amino 
acids are -CH2CH(CH3)2 (the side chain of leucine) or 
H- (the side chain of glycine). 
The configuration of the amino acids and amino acid 

residues herein are designated by the appropriate sym 
bols D, L or DL, furthermore when the configuration is 
not designated the amino acid or residue can have the 
configuration D, L or DL. It will be noted that the 
structure of some of the compounds of this invention 
includes asymmetric carbon atoms. It is to be under 
stood accordingly that the isomers arising from such 
asymmetry are included within the scope of this inven 
tion. Such isomers are obtained in substantially pure 
form by classical separation techniques and by sterically 
controlled synthesis and have arbitrarily been named as 
isoners A or B, respectively. 
A number of procedures or techniques for the prepa 

ration of peptides have hitherto been well established 
and found in general textbooks of peptide chemistry; for 
example K. D. Kopple, supra, pp. 33–51 and E. 
Schröder and K. L. Libke, "The Peptides"; Vol. 1; 
Academic Press, New York, 1965, pp. 3-128. For in 
stance, the functional groups which are not involved in 
the peptide bond formation reaction are optionally pro 
tected by a protecting group or groups prior to the 
condensation reaction. Examples of protecting groups 
for an amino function of a peptide or amino acid not 
involved in the peptide bond formation are: the alkoxy 
carbonyls which include benzyloxycarbonyl (repre 
sented by Z), t-butoxycarbonyl (Boc), or a,c-dimethyl 
3,4-dimethoxybenzyloxycarbonyl (Daz); the acyl type 
protecting groups which include triphenylmethyl or 
benzyl. The preferred protecting groups are benzylox 
ycarbonyl and t-butoxycarbonyl. The carboxylic acid 
function of a peptide or amino acid can be considered 
protected by a lower alkyl or lower aralkyl ester which 
includes methyl (represented by OMe), ethyl (OEt), 
benzyl (OBzl) or tert-butyl (OBui). 
To promote facile condensation of a peptide carboxyl 

group with a free amino group of another peptide to 
form a new peptide bond, the terminal carboxyl group 
must be activated. Descriptions of such carboxyl 
activating groups are included in the general textbooks 
of peptide chemistry by Kopple, or Schröder and 
Libke, cited above. Examples of the activated form of 
a terminal carboxyl are acid chloride, anhydride, azide, 
imidazolide, activated ester or O-acyl urea of a dialkyl 
carboxdiimide. The following activated esters have 
proved to be particularly suitable in the process of this 
invention: 2,4,5-trichlorophenyl (represented by OTcp). 
pentachlorophenyl (OPcp), p-nitrophenyl-(ONp), or 
L-benzotriazolyl -benzotriazolyl; the succinimido 

derivative is also useful for this purpose. 
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The terms 'peptide, dipeptide, tripeptide, and the 
like' used herein are not limited to refer to the respec 
tive parent peptides but also are used in reference to 
modified peptides having functionalized or protecting 
groups. The term "peptide' as used herein is used in 
reference to a peptide with one to three amino acid 
residues. 
The term “mineral acid" as used herein contemplates 

the strong inorganic acids and includes hydrochloric, 
hydrobromic, sulfuric, and phosphoric acid. When the 
term is used in conjunction with an anhydrous system, 
anhydrous hydrochloric acid is the preferred mineral 
acid. 
The term 'mildly acidic conditions' as used herein 

contemplates conditions in which a dilute aqueous solu 
tion of an organic acid, for example 30-90%, preferably 
70-80%, aqueous formic, acetic or propionic acid, or l 
to 10% aqueous trifluoroacetic acid is a principal com 
ponent of the reaction medium, usually at 20-50° C. 
The term "moderately acidic conditions' as used 

herein contemplates conditions in which concentrated 
organic acids or aqueous solutions of the mineral acids 
are used as a principal component of the reaction me 
dium at termperatures ranging from about -30 to 30 
C. Examples of preferred conditions in this case include 
the use of 50 to 100% trifluoroacetic acid at O' to 30' C., 
O. l to 12N hydrochloric acid at -30° to 10° C. or 0.1 to 
6N hydrogen chloride in an anhydrous inert organic 
solvent. 
The term "organic base' as used herein includes tri 

ethylamine, N-ethylmorpholine and N-ethyldiiso 
propylamine. 
The term "strong base' as used herein contemplates 

both organic bases, as described above, and strong inor 
ganic bases including the hydroxides and carbonates of 
sodium and potassium. 
The tripeptides of this inventin invention are ob 

tained in the form of the free base or as an acid addition 
salt directly from the process of this invention. The 
tripeptides in the form of the free base are readily ob 
tained from the corresponding acid addition salt by 
conventional methods, for example the free base is 
readily obtained from the acetic acid addition salt by 
repeated lyophilization of the latter salt from aqueous 
solution. The acetic acid addition salt is readily obtained 
from another acid addition salt by treatment with the 
appropriate ion exchange resin in the manner hereinaf 
ter disclosed. The tripeptides of this invention are ob 
tained in the form of a pharmaceutically acceptable acid 
addition salt either directly from the process of this 
invention or by reacting the tripeptide with one or more 
equivalents of the appropriate acid. Examples of pre 
ferred non toxic salts are those with pharmaceutically 
acceptable organic acids, e.g. acetic, lactic, succinic, 
benzoic, salicyclic, methanesulfonic, toluenesulfonic, or 
panoic acid, as well as polymeric acids such as tannic 
acid or carboxymethyl cellulose, and salts with inor 
ganic acids such as the hydrohalic acids, e.g. hydrochlo 
ric acid, or sulfuric acid, or phosphoric acid. It should 
be noted that the tripeptides of this invention have one 
or two basic nitrogens giving rise to addition salts with 
one to possibly two equivalents of acid. If desired a 
particular acid addition salt is converted into another 
acid addition salt, e.g., a salt with a non toxic, pharma 
ceutically acceptable acid, by treatment with the appro 
priate ion exchange resin in the manner described by R. 
A. Boissonas, et al., Helv. Chim. Acta, 43, 1349 (1960). 
Suitable ion exchange resins are cellulose based cation 
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6 
exchangers, for example carboxymethylcellulose, or 
chemically modified, cross-linked dextran cation ex 
changers, for example, those of the Sephadex C type, 
and strongly basic anion exchange resins, for example 
those listed in J. P. Greenstein and M. Winitz 'Chennis 
try of the Amino Acids", John Wiley and Sons, Inc., 
New York and London, 1961, Vol. 3, p. 1456. 
The tripeptide derivatives produced by the process of 

this invention, as well as their corresponding pharma 
ceutically acceptable salts, are useful because they show 
the pharmacological activities upon the CNS of warm 
blooded animals possessed by the natural tripeptide 
H-L-prolyl-L-leucyl-glycinamide, and at least one of 
the compounds of this invention shows activities 
greater than those of the natural tripeptide. For exam 
ple, the compounds of this invention potentiate the 
effects of L-DOPA when tested by the method G. M. 
Everett, Proc. First internat. Sympos. Antidepr. Drugs, 
Excerpta Medica Internat. Congr. Series no. 122, 164 
(1966) in the modification described by N. P. Olotnikoff 
et al., Life Sciences Vol. 10, Part 1, p. 1279 (1971). The 
tripeptide derivatives of formula 1 also antagonize flu 
phenazine-induced catalepsy in rats, an animal model 
particularly suitable for screening compounds useful in 
the management of Parkinson-like diorders disor 
ders, and they cause reversal of the sedative effect of 
deserpidine. The tripeptide derivatives of this invention 
have a prolonged duration of action and are useful for 
treating or managing central nervous system disorders, 
especially Parkinsonism or mental depression, in warm 
blooded animals. When a tripeptide of this invention or 
a slat is employed for such treatment or management, it 
is administered systemically, preferably parenterally, in 
combination with a pharmaceutically acceptable liquid 
or solid carrier. The peptides of formula 1 have a lower 
order of toxicity. The proportion of the tripeptide or 
salt thereof is determined by its solubility in the given 
carrier, by the given carrier, by the chosen route of 
administration and by standard biological practice. For 
parenteral administration to animals the tripeptide or a 
salt thereof is used in a sterile aqueous solution which 
may also contain other solutes such as buffers or preser 
vatives, as well as sufficient pharmaceutically accept 
able salts or glucose to make the solution isotonic. The 
dosage will vary with the form of administration and 
with the particular species of animal to be treated and is 
preferably kept at a level of from 0.05 mg to 20 mg per 
kilogram body weight. However, a dosage level in the 
range of from about 0.05 mg to about 2 mg per kilogram 
body weight is most desirably employed in order to 
achieve effective results. 

For oral administration to animals the dosage of the 
tripeptide or a salt thereof is preferably kept at a level of 
from 0.25 mg to 100 mg per kilogram body weight, and 
the compound is formulated in unit dosage form with 
pharmaceutically acceptable carriers. The tripeptide or 
a salt thereof may also be administered directly to the 
interior surface of the mouth, for example in one of the 
dosage forms described in U.S. Pat. application Ser. No. 
567,788, filed Apr. 14, 1975. 
The tripeptide or a salt thereof may also be adminis 

tered in one of the long acting, slow-release or depot 
dosage forms described below, preferably by intramus 
cular injection or by implantation. Such dosage forms 
are designed to release from about 0.05 mg to about 2 
mg per kilogram body weight per day. 

It is often desirable to administer a tripeptide of for 
mula 1 continuously over prolonged periods of time in 
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long-acting, slow-release, or depot dosage forms. Such 
dosage forms may either contain a pharmaceutically 
acceptable salt of the tripeptide having a low degree of 
solubility in body fluids, for example one of those salts 
described below, or they may contain the tripeptide in 
the form of a water-soluble salt together with a protec 
tive carrier which prevents rapid release. In the latter 
case, for example, the tripeptide may be formulated 
with a nonantigenic partially hydrolyzed gelatin in the 
form of a viscous liquid; or the tripeptide may be ab 
Sorbed on a pharmaceutically acceptable solid carrier, 
for example, zinc hydroxide, and may be administered 
in suspension in a pharmaceutically acceptable liquid 
vehicle; or the tripeptide may be formulated in gels or 
suspensions with a protective non-antigenic hydrocol 
loid, for example sodium carboxymethylcellulose, poly 
vinylpyrrollidone, sodium alginate, gelatine, polygalac 
turonic acids, for example, pectin, or certain mucopoly 
saccharides, together with aqueous or non-aqueous 
pharmaceutically acceptable liquid vehicles, preserva 
tives, or surfactants. Examples of such formulations are 
found in standard pharmaceutical texts, e.g. in Reming 
ton's Pharmaceutical Sciences, 14th Ed., Mack Publish 
ing Co., Easton, Pa., 1970. Long-acting, slow-release 
preparations of the tripeptide produced according to 
the process of this inention invention may also be 
obtained by microencapsulation in a pharmaceutically 
acceptable coating, for example gelatine, polyvinyl 
alcohol or ethyl cellulose. Further examples of coating 
materials and of the processes used for microencapsula 
tion are described by J. A. Herbig in "Encyclopedia of 
Chemical Technology", Vol. 13, 2nd Ed., Wiley, New 
York 1967, pp. 436-456. Such formulations, as well as 
suspensions of salts of the tripeptide which are only 
sparingly soluble in body fluids, for example the salt 
with pamoic acid, are designed to release from about 
0.05 mg to about 2 mg of the active compound per 
kilogram body weight per day, and are preferably ad 
ministered by intramuscular injection. Alternatively, 
some of the solid dosage forms listed above, for example 
certain sparingly water-soluble salts or dispersions in or 
adsorbates on solid carriers of slats of the agent, for 
example dispersions in a neutral hydrogel of a polymer 
of ethylene glycol methacrylate or similar monomers 
cross-linked as described in U.S. Pat. No. 3,551,556 may 
also be formulated in the form of pellets releasing about 
the same amounts as shown above and may be im 
planted subcutaneously or intramuscularly. 

Process 

The process of this invention is illustrated by the 
following description of preferred embodiments. 

In the practice of an embodiment of the process of 
this invention the first group of requisite starting materi 
als, the enamines or hydrazones of formula 3, 
RN=CHR2 in which Ris R is lower alkyl or 
NR'R's in which R* and Rs are lower alkyl and R2 is 
hydrogen or lower alkyl are prepared by condensing an 
appropriately substituted amine of formula RNH2 or a 
hydrazine of formula RRSNNH in which R, R* RS 
are as defined immediately above, with an aldehyde of 
formula RCHO in which R2 is as defined above. 
The amines of formula RNH2 or the hydrazines of 

formula R“RNNH2 are either known or they are pre 
pared by known methods. Likewise, the aldehydes of 
formula R2CHO are known and most are commercially 
available. 
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8 
The condensation of the amine of formula RNH or 

of the hydrazine of formula RRSNNH2 with the alde 
hyde of formula R2CHO is preferably carried out in an 
inert solvent at an elevated temperature, at or near the 
reflux temperature of the mixture. Either an anhydrous, 
water-immiscible hydrocarbon solvent, for example, 
benzene or toluene, with concomitant physical removal 
of water as it is being formed, for example, by means of 
a Dean-Stark water separator, or a lower alkanol sol 
vent, for example, ethanol, propanol, or isopropanol 
may be employed. Thereafter, evaporation of the sol 
vent and purification of the residue, for example by 
distillation or crystallization, yields the corresponding 
enamine or hydrazone of formula 3. Alternatively, the 
desired enamine or hydrazone may be prepared in situ 
during the course of the key reaction, see below. 
The second group of of requisite starting materials, 

the amino protected acids of formula Ro-L- 
Pro-OH in which R is as defined hereinbefore are 
known. For example, t-butoxycarbonyl-L-pyoline 
(Boc-L-Pro-OH) and benzyloxycarbonyl-L-pro 
line (Z-L-Pro-OH) are described by G. R. Ander 
son and A. C. McGregor, J. Arner. Chem. Soc., 79, 
6180 (1957) and W. Grassmann and E. Wisch, Chem. 
Ber., 91, 462 (1958), respectively. 
The third group of requisite starting materials, the 

isonitriles of formula CNCH2COR7 in which R is 
lower alkoxy with 1-3 carbon atoms are either known, 
e.g. ethyl isocyanoacetate is descried by R. Appel et al., 
Angew. Chem., Int, ed., 10, 132 (1972) or are easily 
prepared by known methods. 

Next, in a key reaction of the process of this invention 
the aforementioned enamine or hydrazone of formula 3, 
or alternatively the desired anamine or hydrazone pre 
pared in situ from the respective amine or hydrazine 
and aldehyde, is condensed with the acid of formula 
R-L-Pro-OH and the isonitrile of formula 
CNCH2COR7 to yield the corresponding intermediate 
of the formula R6-L-Pro-N(R)-CH(R2)CO-- 
Gly-R7 (2) in which R, R2, R6 and R7 are as defined 
immediately above. 
Although not critical, it is preferable to use approxi 

mately equimolar amounts of the requisite starting ma 
terials for this condensation. The condensation is ef. 
fected most conveniently in an inert solvent, for exam 
ple, in halogenated hydrocarbons including methylene 
chloride, chloroform, and carbon tetrachloride; in 
ethers and cyclic ethers including dioxane, diethyl ether 
and tetrahydrofuran; or in lower aliphatic alcohols in 
cluding methanol, ethanol and propanol. However, 
when the starting materials are mutually soluble or the 
mixture thereof becomes liquid during the course of the 
condensation the solvent may be omitted without any 
deleterious effects. 
The temperature and duration of the condensation 

are also not critical. The reaction may be performed at 
temperatures ranging from -20 to 100° C.; however, a 
range from 10 to 40 C. is most convenient. The reac 
tion time may be varied and depends on the reactivity of 
the various starting materials; however, reaction times 
from 15 minutes to several days are employed gener 
ally, with six hours to two days being preferred. 

Thereafter, the intermediate of formula 2 in which 
R, R2, R6 and R7 are as defined immediately above is 
isolated and purified according to standard procedures. 
For instance the product is extracted with a water 
immiscible solvent and, if needed, purified by chroma 
tography and crystallization. 
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It will be apparent to those skilled in the art that the 
amino acid residue represented in formula 2 by 
-N(R1)CH(R2)CO-to as obtained in this reaction 
must be racemic, and it is therefore designated in this 
Application by the prefix DL, except when R2 is hydro 
gen and the above amino acid residue represents the 
amino acid residue of glycine. Also, it is apparent that 
the intermediate of formula 2 exists in the form of two 
geometric isomers which may be separated, for example 
by chromatography on silica gel. For convenience, 
these two isomers are designated arbitrarily as isomers 
A and B. Thereafter either the separate isomers or the 
mixtures thereof are transformed to the corresponding 
peptide derivatives of formula 1 in the manner disclosed 
below. 

Said intermediate of formula 2 is subjected to amida 
tion, to obtain the intermediate amide of formula 2 in 
which R, R2, R6 are as defined immediately above and 
R" is NH2. Preferred conditions for this amidation in 
clude treating said intermediate with a substantially 
saturated solution of ammonia in an inert solvent, for 
example, methanol, ethanol or tetrahydrofuran, at O' to 
20 C. for 6 hours to 4 days. If desired the correspond 
ing amide thus obtained may be separated into two 
isomers at this stage. This separation is effected conve 
niently by chromatography on silica gel. 
The above amide is then treated with a deprotecting 

agent to obtain the corresponding tripeptide derivative 
of formula 1 in which Ri is lower alkyl or NR4RS 
wherein Rand Reach are lower alkyl, R2 is hydrogen 
or lower alkyl, R is amino and Y is the amino acid 
residue Gly. The tripeptide derivative of formula 1 in 
which R is NR'R5 wherein R* and R5 each are lower 
alkyl, R is hydrogen or lower alkyl, R is amino and Y 
is the amino acid residue Gly has been disclosed in the 
copending U.S. Pat. application Ser. No. 330,352, filed 
Feb. 7, 1973. 
The above deprotecting reaction when R6 is ben 

zyloxycarbonyl (Z) is achieved conveniently by sub 
jecting said amide to hydrogenation in the presence of a 
noble metal catalyst. Preferred noble metal catalysts for 
effecting the above and other hydrogenations in the 
process of this invention include those of palladium and 
platinum, for example, 5% palladium on charcoal or 5% 
platinum on charcoal; the hydrogenation iself being 
performed in an inert solvent, for example, acetic acid, 
methanol, ethyl acetate and the like. In the present 
instance the hydrogenation is preferably carried out 
with 5% palladium on charcoal in methanol whereby 
the hydrogenation product, the corresponding tripep 
tide derivative of formula 1, is obtained in the form of 
the free base by separating the catalyst from the reac 
tion mixture and evaporating the solvent. The de 
protecting reaction when R is t-butoxycarbonyl, is 
achieved conveniently by subjecting said amide to mod 
erately acidic conditions to obtain the corresponding 
deprotected compound. In practising the above de 
protecting reaction it is convenient to dissolve said 
amide in an excess of trifluoracetic acid or in an inert 
organic solvent, for example, ethyl acetate or tetrahy 
drofuran substantially saturated with anhydrous hydro 
gen chloride. After completion of the reaction, evapo 
ration gives directly the aforementioned deprotected 
tripeptide derivative of formula 1 in the form of the acid 
addition salt of the corresponding acid. The latter acid 
addition salt may be converted to its corresponding 
tripeptide derivative of formula 1 in the form of the free 
base by standard means. 
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10 
The tripeptide derivative of formula ), is NR“R 

wherein R and R ach are lower alkyl; R is 
CH2CH(CH3)2; R is NH(CH2)4NH2 and Y is the amino 
acid residue Gly, is prepared by treating the intermedi 
ate of formula 2 in which RI is NRRS wherein R* and 
R5 each are lower alkyl and R2 is CHCH (CH3)2, R6 is 
an amino protecting group and R7 is lower alkoxy with 
a hydrolyzing agent to obtain the corresponding acid of 
the intermediate of formula 2 in which R, R2 and Rare 
as defined herein and R7 is hydroxyl. For basic hydroly 
sis a preferred method involves subjecting the lower 
alkyl ester to the action of a strong base, for example, 
sodium or potassium hydroxide, in the presence of suffi 
cient water to effect hydrolysis of the ester. The hydro 
lysis is performed using a suitable solvent, for example, 
methanol or ethanol. The reaction mixture is maintained 
at a temperature of from 0 to 50° C., preferably 20' to 
30 C., until hydrolysis occurs. Usually from 10 to 30 
hours is sufficient for this hydrolysis. The reaction mix 
ture is then rendered acidic with an acid, for example, 
hydrochloric acid, sulfuric acid and the like, and ex 
tracted with a substantially water immiscible organic 
solvent, preferably chloroform. The organic solvent is 
evaporated to obtain said corresponding acid. 
The above corresponding acid is treated with a rea 

gent for transforming an amino or peptide acid to a 
corresponding compound having an activated carboxyl 
and condensed with monot-butoxycarbonyl)-1,4- 
diaminobutane. A preferred method in practising this 
reaction is effected by reacting the corresponding acid 
with an approximately equimolar amount of N,N-car 
bonyldiimidazole in an inert organic solvent, preferably 
dimethylformamide, at about -20 to -10 C. for 
about 20 to 50 minutes. The compound having an acti 
wated carboxyl is treated with a solution of a substan 
tially equimolar amount of mono mono(t-butoxycar 
bonyl)-1,4-diaminobutane hydrochloride, described by 
R. Geiger, Annalen, 750, 165 (1971), and an organic 
base, preferably triethylamine, in an inert organic sol 
vent, preferably dimethylformamide. The mixture is 
stirred at about 20 to 30' C. for about 15 to 30 hours 
and evaporated. The residue is taken up in a substan 
tially water immiscible solvent, preferably ethyl acetate, 
washed and evaporated. The residue is subjected to 
chromatography on silica gel using mixtures of haloge 
nated hydrocarbon, lower alkanols, and organic bases, 
preferably chloroform-methanol-pyridine for elution to 
obtain the two Isomers A and B of the amino protected 
intermediate of formula 2 Z-L-- 
Pro-N(NR4R5)CHCH2CH-(CH3)2CO 
Gly-NH(CH2)4-NH-Boc Z-L-- 
Pro-N(NR4R5)CHCH2CH-(CH3)2CO-- 
Gly-NH(CH2)4-NH-Boc in which R and R5 are as 
defined herein. 

Thereafter the protective groups Z and Boc are re 
moved from said last-named compound to obtain the 
tripeptide derivative of H-L-- 
Pro-N(NRRs)CHCH2CH(CH3)2CO 
Gly-NH(CH2)4NH2, i.e. the compound of formula 1 
in which R1 is NRRS wherein R* and R5 each are lower 
alkyl, R2 is CH2CH(CH3)2, R3 is NH(CH2)4NH and Y 
is the amino acid residue Gly. 
The two amino protective groups Z and Boc may be 

removed simultaneously, for example, by using a strong 
acid, i.e. hydrobromic acid in acetic acid or hydroflu 
oric acid, or preferably the deprotection is achieved in 
a stepwise manner. The amino protected intermediate 
described above is subjected to hydrogenation as shown 
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above in the presence of a noble metal catalyst in an 
inert solvent, preferably 5% palladium on charcoal in 
acetic acid, in order to remove the amino protecting 
group, benzyloxycarbonyl(Z). The mixture is filtered 
and cooled to about 0 to 10° C. and treated with a 
moderately strong acid to remove the remaining amino 
protecting group, t-butoxycarbonyl(Boc). An example 
of such an acid is hydrogen chloride. The anhydrous 
acid is either added directly to the above filtrate or a 
solution of the acid in an inert organic solvent, for ex 
ample, ethyl acetate, tetrahydrofuran and the like, is 
added. The mixture is stirred at about 0 to 25 C. for 
about one to three hours and evaporated. The residue is 
subjected to chromatography on a column of a cross 
linked dextran absorbent (Sephadex LH-20) using meth 
anol as eluant to obtain said last-named tripeptide deriv 
ative of formula 1 as the hydrochloric acid addition salt. 
The free base of the said last-named tripeptide deriva 
tive of formula 1 is obtained by conventional methods, 
for example by conversion to the acetate salt followed 
by lyophilization. 
An alternative embodiment of the process of this 

invention is the preparation of tripeptide derivatives of 
formula 1 by the stepwise addition of amino acids. 
The intermediate described above, Boc-L-- 

Pro-L-(N-Me)Leu-Gly-OEt, i.e. the compound 
of formula 2 in which R is CH3, R2 is CH2CH(CH3)2 
and R7 is OEt is also prepared readily by the stepwise 
addition of amino acids. 

In a preferred embodiment of this alternative prepa 
ration of said last-named intermediate of formula 2, the 
starting material benzyloxycarbonyl-L-(N-methyl)- 
leucine, described by J. R. Coggins and N. L. Benoiton, 
Can. J. Chem., 49, 1968 (1971), is converted to its acti 
vated 2,4,5-trichlorophenyl ester by treating said start 
ing material with substantially one molar equivalent of 
2,4,5-trichlorophenol in an inert organic solvent, prefer 
ably methylene chloride or tetrahydrofuran, in the pres 
ence of 1.1 to 1.5 molar equivalents of dicyclohexylcar 
bodiimide at -20 to 0 to C. for about 45 to 75 minutes 
and then at 20 to 30' C. for one to three hours. The 
activated ester, i.e. the 2,4,5-trichlorophenyl ester of 
Z-L-(N-Me)Leu-OH, is then coupled with a sub 
stantially equimolar amount of glycine ethyl ester hy 
drochloride in the presence of an organic base, prefera 
bly N-ethylmorpholine, in an inert organic solvent, 
preferably dimethylformamide at 0 to 30 C. for 10 to 
24 hours to obtain the dipeptide of formula Z-L-(- 
N-Me)Leu-Gly-OEt. Thereafter the amino pro 
tecting group, Z of said last-named compound is re 
moved, preferably by dissolving the compound in acetic 
acid containing about three molar equivalents of hydro 
bromic acid and stirring at 20 to 30 C. for four to five 
hours to obtain the dipeptide of formula H-L(- 
N-Me)Leu-Gly-OEt as the hydrobromic acid addi 
tion salt. Said last-named dipeptide is coupled with the 
1-benzotriazolyl ester of Boc-L-Pro-OH, which is 
prepared by combining Boc-Pro-OH with one to 
two molar equivalents of 1-hydroxybenzotriazole and 
1.l. to 1.5 molar equivalents of dicylohexylcarbodii 
mide in an inert organic solvent, preferably tetrahydro 
furan, at about -5' to 0 C. The mixture is stirred at 
about -5 to O' C. for about 1 hour and then at 20 to 
30 C. for an additional hour. This solution containing 
the 1-benzotriazolyl ester of Boc-L-Pro-OH is then 
combined at about -5 to 5 C. with a solution contain 
ing a substantially equimolar amount of the above di 
peptide H-L-(N-Me)Leu-Gly-OEt in the form 
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12 
of its hydrobromic acid addition salt and an organic 
base, preferably N-ethylmorpholine in an inert organic 
solvent, preferably tetrahydrofuran. The mixture is 
stirred for about 30 minutes at about -5 to 5' C. and 
then about about 20' to 30° C. for about 30 to 50 hours 
to give Boc-L-Pro-L-(N-Me)Leu-Gly-OEt, 
i.e. the intermediate of formula 2, wherein R is CH3. 
R2 is CH2CH(CH3)2, and R is OEt. Said last-named 
intermediate of formula 2 is identical in all respects to 
the isomer B of the intermediate of formula 2 obtained 
as described above. 
The tripeptide derivative of formula 1 in which Ri is 

CH, R2 is CH2CH(CH3)2, R is NH2 and Y is the amino 
acid residue D-Ala is readily prepared by condensing 
an activated ester of benzyloxycarbonyl-L-(N-methyl)- 
leucine, preferably the 1-benzotriazolyl ester, with D 
alanine methyl ester to obtain the dipeptide of formula 
Z-L-(N-Me)Leu-D-Ala-OMe. The amino pro 
tecting group (Z) of the latter compound is removed 
followed by condensation with an activated ester of 
benzyloxycarbonyl-L-proline, preferably the p 
nitrophenyl ester, to give the tripeptide of formula 
Z-L-Pro-L-(N-Me)Leu-D-Ala-OMe. The 
latter compound is subjected to the action of ammonia 
in an inert organic solvent to give the tripeptide amide 
of formula Z-L-Pro-L-(N-Me)- 
Leu-D-Ala-NH2. The amino protecting group (Z) 
of the latter compound is removed to obtain the corre 
sponding tripeptide derivative of formula 1 Z-L-- 
Pro-L-(N-Me)Leu-D-Ala-NH2. 

In a preferred embodiment of the preparation of the 
latter tripeptide derivative of formula 1, substantially 
equimolar amounts of Z-L-(N-Me)Leu-OH, de 
scribed by J. R. Coggins, supra, and H-D-Ala-OMe 
in an inert organic solvent, preferably dimethylforman 
ide, are combined at about 0 to 10' C, with 0.2 to 1.0 
molar equivalents of 1-hydroxybenzotriazole and a sub 
stantially equinolar amount of an organic base, prefera 
bly N-ethylmorpholine. A solution of substantially equi 
molar amounts of dicyclohexylcarbodiimide in an inert 
organic solvent, preferably tetrahydrofuran is slowly 
added. After completion of addition the mixture is 
stirred at about 0 to 10' C. for about one hour and at 
20 to 30° C. for another hour. After conventional puri 
fication the dipeptide of formula Z-L-(N-Me)- 
Leu-D-Ala-OMe is obtained, 
Thereafter the amino protecting group (Z) of the 

latter dipeptide is removed, preferably by hydrogena 
tion in the presence of a noble metal catalyst, preferably 
5% palladium on charcoal, in an inert solvent, prefera 
bly acetic acid containing a substantially equimolar 
amount of a mineral acid, preferably hydrochloric acid. 
Removal of the catalyst and evaporation of the solvent 
gives the dipeptide of formula H-L-(N-Me)- 
Leu-D-Ala-OMe in the form of its hydrochloric 
acid addition salt. The latter compound is condensed 
with an activated ester of Z-L-Pro-OH. A practical 
and convenient method for this condensation comprises 
containing substantially equimolar amounts of the latter 
dipeptide acid addition salt, 1-hydroxybenzotriazole, 
benzyloxycarbonyl-L-proline p-nitrophenyl ester and 
N-ethylmorpholine in an inert organic solvent, prefera 
bly dimethylformamide at a temperature of about 0 to 
10 C. The mixture is stirred at 0 to 10 C. for about 2 
to 4 days. After evaporation of the solvent the residue is 
dissolved in a substantially water immiscible organic 
solvent, preferably ethyl acetate, washed, dried and 
evaporated. The residue is purified, preferably by chro 
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matography on silica gel to obtain the tripeptide of 
formula Z-L-Pro-L-(N-Me)- 
Leu-D-Ala-OMe. 

Said last-named compound is subjected to amidation. 
Preferred conditions include treating the latter com 
pound with a substantially saturated solution of ammo 
nia in an inert organic solvent for example, methanol or 
ethanol, at 0 to 10 C. for 2 to 4 days. The solvent is 
evaporated and the residue crystallized to obtain the 
tripeptide of formula Z-L-Pro-L-(N-Me)- 
Leu-D-Ala-NH2. 
The amino protecting group (Z) of the latter com 

pound is removed, preferably by hydrogenation in the 
presence of a noble metal catalyst in the presence of 
hydrochloric acid as described immediately above, to 
obtain the tripeptide derivative H-L-Pro-L-(- 
N-Me)Leu-D-Ala-NH2, i.e. the compound of 
formula I wherein R is CH3, R2 is CH2CH(CH3)2, R3 is 
NH2 and Y is the amino acid residue D-Ala, in the 
form of the hydrochloric acid addition salt. The acetic 
acid addition salt of the latter tripeptide derivative of 
formula 1 is obtained preferably by subjecting said hy 
drochloric acid addition salt to ion exchange chroma 
tography on a column of carboxymethyl cellulose ab 
sorbent (Whatmann CM-23) using ammonium acetate 
buffer as eluant. If desired the acetic acid addition salt of 
the latter tripeptide derivative of formula 1 is subjected 
to repeated lyophilization from water to obtain the 
latter tripeptide derivative of formula 1 in the form of 
the free base. 
The tripeptide derivative of formula 1 in which R1 is 

hydrogen, R2 is CH2CH(CH3)2, R3 is NH(CH2)4NH2 
and Y is the amino acid residue Gly is readily prepared 
by subjecting the compound of formula Z-L-- 
Pro-L-Leu-Gly-OEt to hydrolysis to obtain the 
corresponding acid of formula Z-L-- 
Pro-L-Leu-Gly-OH. Said last-named acid is tran 
formed to an activated ester and the latter is condensed 
with mono(t-butoxycarbonyl)-1,4-diaminobutane to 
give the intermediate of formula 2 Z-L-- 
Pro-L-Leu-Gly-NH(CH2)4NH-Boc. The amino 
protecting groups of the latter compound are removed 
to obtain corresponding tripeptide derivative of for 
mula 1 in which R1 is hydrogen, R2 is CH2CH(CH3)2, 
R is NH(CH2)4NH2 and Y is the amino acid residue 
Gly. 

In a preferred embodiment of the preparation of the 
latter tripeptide derivative of formula 1 the starting 
material, the tripeptide of formula Z-L-- 
Pro-L-Leu-Gly-OEt, described by W. D. Cash, J. 
Org. Chem., 26, 2136 (1961) is treated with a hydrolyz 
ing agent to obtain the corresponding acid of formula 
Z-L-Pro-L-Leu-Gly-OH. For basic hydroly 
sis a preferred method involves subjecting the tripeptide 
ester to the action of strong base, for example, sodium 
or potassium hydroxide, in the presence of sufficient 
water to effect hydrolysis of the ester. The hydrolysis is 
performed using a suitable solvent, for example, metha 
nol or ethanol. The reaction mixture is maintained at a 
temperature of about 10 to 30' C. for 15 to 30 min. The 
reaction mixture is then rendered acidic with an acid, 
for example, hydrochloric acid, sulfuric acid and the 
like. The precipitate is collected and crystallized to 
obtain the corresponding acid of formula Z-L-- 
Pro-L-Leu-Gly-OH. 
The above acid is treated with a reagent for trans 

forming an amino or peptide acid to the corresponding 
activated ester followed by the condensation of the 
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14 
activated ester with a mono protected amino(lower)al 
kyl amine. This reaction is effected by reacting the 
corresponding acid with 1.1 to 1.5 molar equivalents of 
dicyclohexylcarbodiimide and 1.1 to 2.1 molar equiva 
lents of 1-hydroxybenzotriazole followed by the addi 
tion of approximately equimolar equivalents of mono(t- 
butoxycarbonyl)-1,4-diaminobutane hydrochloride and 
an organic base, preferably N-ethylmorpholine, in an 
inert organic solvent, for example, ethyl acetate, di 
methylformamide or tetrahydrofuran at a temperature 
of from about 0 to 30' C., and reaction times of from 
three to ten hours. The precipitate is removed, the fil 
trate evaporated and the residue is dissolved in ethyl 
acetate. The solution is washed, dried, evaporated and 
the residue purified, preferably by chromatography on 
silica to obtain the intermediate of formula 2, Z-L-- 
Pro-L-Leu-Gly-NH(CH2)4NH-Boc. 
The amino protective groups Z and Boc are removed 

from said last-named compound to obtain the tripeptide 
derivative H-L-Pro-L-Leu 
Gly-NH(CH2)4NH2, i.e. the compound of formula 1 
wherein R is H, R2 is CH2CH(CH3)3, R3 is 
NH(CH2)4NH2, and Y is the amino acid residue Gly. 
The two amino protective groups may be removed 
simultaneously, for example, by using a strong acid, i.e. 
hydrobromic acid in acetic acid or hydrofluoric acid, or 
preferably the amino protective groups may be re 
moved, in a stepwise manner as follows. The above 
amino protected tripeptide is subjected to hydrogena 
tion as described above in the presence of a noble metal 
catalyst in an inert solvent, preferably 5% palladium on 
charcoal in acetic acid, in order to remove the amino 
protecting group, benzyloxycarbonyl (Z). The mixture 
is filtered and the filtrate cooled to about O' to 10 C. 
and treated with a moderately strong acid to remove 
the remaining amino protecting group, t-butoxycarbo 
nyl (Boc). An example of such an acid is anhydrous 
hydrogen chloride which is either added directly to the 
above cooled filtrate or a solution of the acid in an inert 
organic solvent, for example, ethyl acetate, or tetrahy 
drofuran is added. The mixture is stirred at about 0 to 
30° C. for about one to four hours and evaporated to 
obtain said tripeptide derivative of formula 1 H-L-- 
Pro-L-Leu-Gly-NH(CH2)4NH2 as the hydro 
chloric acid addition salt. The acetic acid addition salt 
of the latter tripeptide derivative of formula 1 is ob 
tained by subjecting said hydrochloric acid addition salt 
to ion exchange chromatography, preferably on an 
anion exchange resin (Baker CGA-540) in the acetate 
form. If desired, said acetic acid addition salt of the 
latter tripeptide derivative of formula 1 is subjected to 
repeated lyophilization from water to obtain the latter 
tripeptide derivative of formula 1 in the form of the free 
base. 

Finally, it will be apparent to those skilled in the art 
that equivalent amino or carboxyl protecting groups, 
equivalent methods of coupling peptide fragments, and 
equivalent methods for removal of the protecting 
groups, other than those disclosed herein may be used in 
the embodiments of this invention without departing 
from the scope and spirit of the invention. Such appar 
ent alternations are intended to be included within the 
scope of this invention. 
The following formulae and examples illustrate fur 

ther this invention. 
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EXAMPLE 1 

Benzyloxycarbonyl-L-prolyl-DL-(N-dime 
thylamino)leucyl-glycine Ethyl Ester 

(Z-Pro-NN(CH3)2CHCH2CH(CH3)2CO 
Gly-OEt) 

a. Benzyloxycarbonyl-L-proline (12.45 g, 50 mmoles) 
in dry methylene chloride (50 ml) is added to a solution 
at 0° C. of isovaleraldehyde N,N-dimethylhydrazone 
(7.05 g, 55 mmoles) and ethylisocyanoacetate (6.21 g, 55 
mmoles) in dry methylene chloride (50 ml). The mixture 
is stirred at room temperature for 4 days, washed with 
5% sodium bicarbonate solution and saturated sodium 
chloride solution, dried, filtered and the filtrate evapo 
rated. The residue is subjected to chromatography on 
silical gel using chloroform-methanol (98:2) as eluant. 
Evaporation of the solvent gives the title compound. 

b. In the same manner but replacing benzyloxycarbo 
nyl-L-proline with t-butoxycarbonyl-L-proline and re 
placing isovaleraldehyde N,N-dimethylhydrozone 
N,N-dimethylhydrazone with methylamino-N-isopen 
tylidene, the two isomers A and B, oft-butoxycarbonyl 
L-prolyl-DL-(N-methyl)leucylglycine ethyl ester 
(Boc-L-Pro-N(CH3)CHCH2CH(CH3)2CO 
Gly-OFt (Boc-L-- 
Pro-N(CH3)CHICH2CH(CH3)2CO-Gly-OEt are 
obtained; isomer A ap2 = +3.8(c = 1, dinnethyl 
formamide), nmr (CDCl3) 8 1.0 (m, 6H), 1.3 (t, J = 7Hz, 
3H), 1.4 (s, 9H), 3.1 (s, 3H), 4.2 (q, J = 7Hz). Isomer B, 
(a) D = -76.7 (c = 1, dimethyl- formamide), mass 
spectrometry (m/e): 427 (Mt). 

c. In the same manner but replacing benzyloxycarbo 
nyl-L-proline with t-butoxycarbonyl-L-proline and re 
placing isovaleraldehyde N,N-dimethylhydrazone with 
a mixture of formaldehyde and isobutylamine, t-butox 
ycarbonyl-L-prolyl-(N-isobutyl)-glycyl-glycine gly 
cine ethyl ester (Boc-L-- 
Pro-NCH2CH(CH3)2CH2CO-Gly-OE) dimeth 
yiformamide), (Boc-L-Pro-NICH2CH(CH3)2CH 
CO-Gly-OEt), is obtained: nmr (CDCl3) 60.9 (6H), 
1.25 (3H), 1.40 (9H), 2.0 (5H), 3-5 (11H), 7.8 (1H). 
d. In the same manner but replacing isovaleraldehyde 

N,N-dimethylhydrazone with a mixture of 1,1-diethyl 
hydrazine and acetaldehyde, benzyloxycarbonyl-L-pro 
lyl-DL-(N-diethylamino)-alanyl-glycine ethyl ester 
(Z-L-Pro-NIN(C2H5)2CH(CH3)CO-Gly-OE is 
obtained. 

e. In the same manner but replacing isovaleraldehyde 
N,N-dimethylhydrazone with a mixture of 1,1-di(n- 
propyl)hydrazine and isobutyraldehyde, benzyloxycar 
bonyl-L-prolyl-DL-IN-di-(n-propyl)aminovalyl-gly 
cine ethyl ester (Z-L-- 
Pro-N(N(CH2CH2CH3)2CHCH(CH3)2CO 
Gly-OEt is obtained. 

f. In the same manner but replacing isovaleraldehyde 
N,N-dimethylhydrazone with a mixture of ethylamine 
and isobutyraldehyde, benzyloxycarbonyl-L-- 
prolyl-DL-(N-ethyl)valyl-glycine ethyl ester 
(Z-L-Pro-N(C2H5)CHCH(CH3)2CO 
Gly-OEt) is obtained. 
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EXAMPLE 2 

Benzyloxycarbonyl-L-prolyl-DL-(N-dime 
thylamino) leucyl-glycinanide 

a. The intermediate, benzyloxycarbonyl-L-prolyl 
DL-(N-dimethylamino) leucyl-glycine ethyl ester, (8.33 
g, 17 nmoles, described in Example 1 (a) is dissolved at 
O C. in a saturated solution of anhydrous ammonia in 
dry methanol (150 ml) and allowed to stand at 0° C. for 
3 days. The mixture is evaporated under reduced pres 
sure and the residue is subjected to chromatography on 
silica gel using chloroform-methanol (95:5) as eluant. 
The two isomers A and B, of the title compound are 
eluted separately. 

Isomer A, nmr (CDCl3) 60.97 (d, J -6Hz), 2.28 (s, 
6H), 5.00 (s, 2H), 7.29 (s, 5H). 

Isomer B, nmr (CDCl3) 80.95(t, J -6Hz, 6H), 2.25 (s, 
6H), 5.10 (s, 2H), 7.29 (s, 5H). 

b. In the same manner but replacing benzyloxy-carbo 
nyl-L-prolyl-DL-(N-dimethylamino) leucyl-glycine 
ethyl ester with an equivalent amount of isomer A of 
-butoxy-carbonyl-t-butoxycarbonyl-L-prolyl-DL-(N- 

methyl) leucyl-glycine ethyl ester (described in Exam 
ple 1 (b), the isomer A of t-butoxycarbonyl-L-prolyl 
DL-(N-methyl)leucyl-glycinamide (Boc-L-- 
Pro-N(CH3)CHCH2CH(ICH311CH3)2CO-- 
Gly-NH2) is obtained, m.p. 130-132" 
a2.5/D---50.2 (c-2, dimethylformamide). 
In the same manner but replacing benzyloxycarbo 

nyl- L-proyl-DL-(N-dimethylamino) leucyl-glycine 
ethyl ester with an equivalent amount of isomer B of 
t-butoxycarbonyl-L-prolyprolyl-DL-(N-methyl) leu 
cyl-glycine ethyl ester (described in Example 1(b), then 
the isomer B of t-butoxycarbonyl-L-prolyl-DL-(N- 
methyl) leuceylglycinamide leucyl-glycinimide 
(Boc-L-Pro-N(CH3)CHCH2 
CH(CH3)2Gly-NH2 is obtained, mass spectrometry 
(m/e): 398 (m+). 

c. In the same manner but replacing benzyloxycarbo 
nyl-L-propyl-DI-(N-diemthylamino dine 
thylamino)leucyl-glycine ethyl ester with an equivalent 
amount of -butoxycarbonyl-L-prolyl-(N-isobutyl)-gly 
cyl-glycine ethyl ester (described in Example 1 (c), 
t-butoxycarbonyl-L-prolyl-(N-isobutyl)glycly-glycina 
mide (Boc-L-Pro-NCH2CH(CH3)2CH2CO-- 
Gly-NH2)is obtained: m.p. 92-95 C., nmr (CDCl3) 

C., 

60.9 and 1.03 (doublets, J =2.5 Hz, 6H), 1.4 (s, 9H). 
EXAMPLE 3 

L-Prolyl-DL-(N-dimethylamino)leucyl-glycinamide 
hydrochloride 

1; Rl-N(CH3)2, R2=CH2CH(CH3)2, R3-NH2, 
Y-Gly; 

H-L-Pro-N(N(CH3)2CHCH2CH(CH3)2CO-. 
Gly-NH2, HCl 

a. A mixture of benzyloxycarbonyl-L-prolyl-DL-(N- 
dimethylamino)leucyl-glycinamide (1.595 g, 3.46 
mmoles, isomer A, described in Example 20a)and 5% 
palladium on charcoal catalyst (0.207 g) in methanol is 
stirred under an atmosphere of hydrogen for 17 hr with 
the hydrogenation vessel connected to a flask contain 
ing a stirred sodium hydroxide solution (4n, 100 ml). 
The catalyst is removed by filtration. Methanolic hy 
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drochloric acid (0.94N, 3.7 ml, 3.47 mmoles) is added to 
the filtrate and the latter is evaporated under reduced 
pressure. The residue is decolorized with active char 
coal in anhydrous methanol, filtered and the filtrate 
evaporated under reduced pressure. The residue is tritu 
rated with diethyl ether, ethyl acetate and diethyl ether 
and dried under reduced pressure over phosphorus 
pentoxide to give isomer A of the title compound; 
ap25 -- 43.9 (c =2, dimethylformamide), nmr 
(DMSO-d6) 60.9 (d, J =5Hz, 6 H), 2.57 (s, 6H), 

In the same manner but replacing isomer A with an 
equivalent amount of the corresponding isomer B of 
benzloxycarbonyl-L-prolyl-DL-(N-dimethylamino)leu 
cyl-glycinamide described in Example 20a), the corre 
sponding isomer B of the title compound is obtained: 
a) D=-33 (c =2, dimethylformamide). 
b. A solution of anhydrous hydrogen chloride in dry 

ethyl acetate (1.5N, 55 ml, 82.5 mmoles) is added drop 
wise over 40 min. to an ice bath cooled suspension of 
isomer A oft-butoxycarbonyl-L-prolyl-(N-Methyl)-leu 
cyl-glycinamide 6.56 g, 16.5 mmoles, described in Ex 
ample 20b)). The mixture is stirred at ice bath tempera 
ture for 30 min. and at room temperature for 17 hr. The 
solvent is decanted, the solid is triturated with dry ethyl 
acetate and the solvent decanted. The residue is dis 
solved in anhydrous methanol, the solution filtered and 
the filtrate evaporated under reduced pressure. The 
residue is triturated with ethyl acetate-petroleum ether 
(1:1), diethyl ether-petroleum ether (1:1) and diethyl 
ether. The residue is dried under reduced pressure over 
phosphorus pentoxide and potassium hydroxide to give 
isomer A of L-prolyl-DL-(N-methyl)leucyl-glycina 
mide hydrochloride (l; R1 =CH3, 
R2-CH2CH(CH3)2, R=NH2, Y=Gly; H-L-- 
Pro-N(CH3)CHCH2CH(CH3)2CO-Gly-NH2, 
mass spectrometry (m/e): 298 (Mt). 

In the same manner but replacing isomer A of t 
butoxycarbonyl-L-propyl-DL-(N-methyl)leucyl 
glycinamide with an equivalent amount of isomer B of 
t-butoxycarbonyl-L-prolyl-DL-(N-methyl)leucyl 
glycinamide (described in Example 20b)), isomer B of 
L-prolyl-D-(N-methyl)leucyl-glycinamide hydrochlo 
ride 1; L R =CH3, R2-CH2CH(CH3)2, R3-NH2, 
Y=Gly; H-L-Pro-N(CH3)CHCH2CH(CH3)2. 
CO-Gly-NH2)is obtained; mass spectrometry (m/e): 
298 (M), c. In the same manner as described in Exam 
ple 3(b) but replacing isomer A of t-butoxycarbonyl-L- 
prolyl-DL-(N-methyl)leucylglycinamide with an 
equivalent amount of t-butoxycarbonyl-L-prolyl(N- 
isobutyl)glycl-glycinamide, L-prolyl-(N-isobutyl)- 
glycylglycinamide hydrochloride 1; 
Rl=CH2CH(CH3)2, R2 =H, Y =Gly, R3 =NH2; 
H-L-Pro-N(CH2CH(CH3)2CH2CO-Gly-NH2) 
is obtained; mass spectrometry (m/e): 284 (M). 

EXAMPLE 4 

L-Prolyl-DL-(N-dimethylamino)leucyl-glycine-4- 
amino-n-butyl-amide dihydrochloride; 1; R1 = 

N(CH3)2, R2-CH2CH(CH3)2, R3= NHCH2)4NH2, 
Y= Gly; 

a. A solution of benzyloxycarbonyl-L-prolyl-DL-(N- 
dimethylamino)leucyl-glycine ethyl ester (4.45 g, 9.07 
mmoles, described in Example 1(a)) and IN sodium 
hydroxide (12.25 ml) in methanol (23 ml) is stirred at 
room temperature for 20 hr. Saturated sodium chloride 
solution (50 ml) is added and the precipitate removed by 
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18 
filtration. The filtrate is cooled to 0 C, and acidified 
with IN hydrochloric acid (13.3 ml). The mixture is 
extracted with chloroform. The organic extract is 
washed with water to neutral, dried over magnesium 
sulfate and evaporated under reduced pressure to give 
benzyloxycarbonyl-L-prolyl-DL-(N-dimethylamino)- 
leucyl-glycine; nmr (CDCl3) 80.93 (6H), 2.53 (6H), 8.6 
(1H). 

b. N,N'-Carbonyldiimidazole (1.19 g, 7.5 mmoles) is 
added to a stirred solution at - 15 C. of benzyloxycar 
bonyl-L-prolyl-DL-(N-dimethylamino)leucyl-glycine 
3.477 g, 7.5 mmoles, described in Example 4(a)in dry 
dimethylformamide (14 ml) maintaining a dry atmo 
sphere. The mixture is stirred at -15°C, for 30 min. A 
solution of mono-t-butoxycarbonyl)-1,4-diaminobutane 
hydrochloride (1.685 g, 7.5 mmoles, prepared as de 
scribed by R. Geiger, Annalen, 750, 165 (1971)and 
triethylamine (1.25 ml) in dry dimethylformamide (6 
ml) is added. The mixture is stirred at room temperature 
for 20 hr. and evaporated. The residue is taken up in 
ethyl acetate (200 ml) and washed with 10% sodium 
bicarbonate solution, 20% sodium chloride solution, 
10% citric acid solution, and 20% sodium chloride 
solution. The organic phase is dried over magnesium 
sulfate and evaporated. The residue is subjected to 
chromatography on silica gel using chloroform 
nethanol-pyridine(95:5:1) to elute separately the two 
isomers, A and B, of benzyloxycarbonyl-L-prolyl-DL 
(N-dimethylamino)leucyl-glycine-4-t-butoxycarbonyl 
amino-n-butyl amide: 

Isomer A; nmr (CDCl3) 60.99 (d, J-6Hz, 6H), 1.42 
(s, 9H), 2.65 (6H), 5 (s, 2H), 7.25 (5H). 

Isomer B, nmr (CDCl3) 60.95 (t, J-6Hz, 6H), 1.43 (s, 
9H), 5.10 (s, 2H), 7.30 (s, 5H). 

c. A mixture of isomer A of benzyloxycarbonyl-L- 
prolyl-DL-(N-dimethylamino)leucyl glycine-4-t-butox 
ycarbonylamino-n-butyl-amide 2.26 g, 3.58 mmole, 
described in Example 4(b)and 5% palladium on char 
coal catalyst (0.250 g) in acetic acid (50 ml) is stirred 
under an atmosphere of hydrogen for 21 hr with the 
hydrogenation vessel connected to a flask containing a 
stirred solution of sodium hydroxide (4N, 100 ml). The 
catalyst is removed by filtration, the filtrate cooled in 
ice-water and a solution of hydrogen chloride in dry 
ethyl acetate (1.6 N, 12 ml) is added dropwise. The 
mixture is stirred at room temperature for two hours 
with exclusion of moisture. The solvent is evaporated 
under reduced pressure and traces of acetic acid are 
removed by azeotropic evaporation with dry benzene. 
The residue is subjected to chromatography on a col 
umn of a cross-linked dextran absorbent (Sephadex 
LH-20) using methanol. The eluant is decolorized with 
active charcoal, filtered and evaporated. The residue is 
triturated with anhydrous diethyl ether and dried under 
reduced pressure over phosphorus pentoxide to give 
isomer A of the title compound: ap25-- 43.6' (c-2, 
dimethylformamide); 

Analysis for C19H38N6O32 HCl; Calc'd: C, 47.70; H, 
8.52; N, 17.60; C1, 14.86; Found: C, 47.10; H, 8.55; N, 
17.55; Cl, 15.24. 

In the same maner manner replacing isomer A of 
benzyloxycarbonyl-L-proplyl -DL-(N-dimethylamino)- 
leucyl-glycine-4-t-butoxycarbonylamino-n-butyl-amide 
with the corresponding isomer B described in Example 
4(b), the corresponding isomer B of the title compound 
is obtained: a D-18.6° (c=2, dimethylformamide): 
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Analysis for C19H36N6O3 2 HCl H2O: Calc'd: C, 
46.62; H, 8.64; N, 17.20; Found: C, 46.88; H, 8.50; N, 
17.5. 

d. In the same manner but replacing benzyloxycarbo 
nyl-L-prolyl-DL-(N-diemethylaminodime 
thylamino) leucyl-glycine ethyl ester with an equivalent 
amount of benzyloxycarbonyl-L-prolyl-DL-(N-die 
thylamino)-alanyl-glycine ethyl ester described in Ex 
ample 1 (d) and replacing mono-(t-butoxycarbonyl)-1,4- 
diaminobutane hyrochloride hydrochloride with an 
equivalent amount of diethylamine, L-prolyl-DL-(N- 
diethylamino)-alanyl-glycine diethylamide hydrochlo 
ride 1; Rl=N(CH2CH3)2, R2-e-CH3, R3 
=N(CH2CH3)2, Y -Gly is obtained. 

e. In the same manner but replacing benzyloxycarbo 
nyl-L-prolyl-DL-(N-dimethylamino)leucyl-glycine 
ethyl ester with an equivalent amount of benzyloxycar 
bonyl-L-prolyl-DL-IN-din-propyl)aminovalyl-gly 
cine ethyl ester described in Example 1(e) and replac 
ing mono-(t-butoxycarbonyl)-1,4-diaminobutane hydro 
chloride with an equivalent amount of n-propylamine, 
L-prolyl-DL-IN-di(n-propyl)aminovalyl-glycine N 
propylamide hydrochloride 1; R = N(CH2CH2CH3)2, 
R2 = CH(CH3)2, R3 -NH(CH2CH2CH3), Y = Gly; 
H-L-Pro-NN(CH2CH2CH3)2CO-Gly 
NH(CH2CH2CH3) is obtained. 

f. In the same manner but replacing benzyloxycarbo 
nyl-L-prolyl-DL-(N-dimethylamino)leucyl-glycine 
ethyl ester with an equivalent amount of benzyloxycar 
bonyl-L-prolyl-DL-(N-ethyl)valylglycine ethyl ester 
described in Example 1 (f) and replacing mono(t- 
butoxycarbonyl)-1,4-diaminobutane hydrochloride 
with an equivalent amount of methylamine, L-prolyl 
DL-(N-ethyl)valylglycine methylamide hydrochloride 
1; R1-CH2CH3, R2-CH(CH3)2, R3- NHCH3, Y 
Gly; H-L-Pro-N(CH2CH3)CHCH(CH3)2CO 
Gly-NHCH3) is obtained. 

EXAMPLE 5 

Alternative synthesis of 
t-butoxycarbonyl-L-prolyl-L-(N-methyl)leucylglycine 

ethyl ester 
(Boc-L-Pro-N(CH3)CHCH2CHCCH3)2CO 

Gly-OEt (isomer B, previously described in Example 
1(b)) 

A solution of Z-L-(N-Me)Leu-OH 4.2g, 15 mmoles, 
prepared as described by J. R. Coggins and N. Leo 
Benoiton, Can. J. Chem, 49, 1968 (1972), 2,4,5-tri 
chlorophenol (2.96 g, 15 mmoles) and dicyclohexylcar 
bodiimide (3.09 g, 15 mmoles) in dry methylene chlo 
ride (21 ml) is stirred at -15 C. for one hr and then at 
room temperature for 2 hr. The Ipecipitate precipitate 
is removed by filtration and the filtrate is evaporated to 
give Z-L-(N-Me)-Leu-Otcp. 
A solution of Z-L-(N-Me)Leu-OTcp (15 

mmoles, described above) in dimethylformamide (10.5 
ml) is added to a solution of O C. of glycine ethyl ester 
hydrochloride (2.09 g, 15 nmoles) and N-ethylmorpho 
line (1.92 ml, 15 mmoles) in dimethylformamide (35 
ml) and the mixture is stirred at O C. for 30 min and 
then at room temperature for 20 hr. The solvent is re 
moved by evaporation and the residue is subjected to 
chromatography on silica gel using chloroform-ethyl 
acetate (85:15) as eluant. Evaporation of the eluates 
gives Z-L-(N-Me)Leu-Gly-OEt, nmr (CDCl3) 
6 0.93 (6H), 1.27 (3H), 2.85 (3H), 3.97 (2H), 4.20 (2H), 
5.17 (2H), 7.34 (SH). 
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A solution of hydrobromic acid in acetic acid 

(30-32%, 4.9 ml, 24 mmoles) is added to a solution of 
Z-L-(N-Me)Leu-Gly-OEt (2.9 g, 7.96 mmoles, 
described above) in acetic acid (4.7 m) and the resulting 
mixture is stirred at room temperature for 4.5 hr. The 
solvent is removed by evaporation under reduced pres 
sure and the esidue residue subjected to repeated azeo 
tropic distillation with benzene-methanol. The resulting 
residue is dried under reduced pressure over potassium 
hydroxide to give H-L-(N-Me)Leu-Gly-O- 
Et)HBr. 
A solution of Boc- L-Pro-OH (0.645 g, 3 

mmoles), 1-hydroxybenzotriazole (0.810 g, 6 mmoles) 
and dicyclohexylcarbodiimide (0.680, 3.3 mmoles) in 
dry tetrahydrofuran (15 ml) is stirred at -5° C. for one 
hr and then at 25 C. for one hr. The mixture is cooled 
to 0 C. and treated with a solution at O C. of H-L-(- 
N-Me)Leu-Gly-OEt)Hbr (3 mmoles, described 
above) and N-ethylmorpholine (0.384 ml, 3 mmoles) in 
dry tetrahydrofuran (14 ml). The mixture is stirred at O' 
C. for 30 min and then at room temperature for 40 hr. 
The Ipecipitate precipitate is removed by filtration 
and the filtrate is evaporated under reduced pressure. 
The residue is dissolved in ethyl acetate (100 ml). The 
solution is washed with ice-cold IN citric acid, water, 
5% sodium bicarbonate solution and saturated sodium 
chloride solution. The organic phase is dried over mag 
nesium sulfate and evaporated. the residue is subjected 
to chromatography on silica gel using chloroform-ethyl 
acetate-pyridine (50:50:01) as eluant to give the title 
compound, t-butoxycarbonyl-L-propyl-L-(N-methyl)- 
leucylglycine ethyl ester; a D2E-73.1 (c=1, di 
methylformamide). The title compound obtained by the 
above method is identical to isomer B of t-butoxycarbo 
nyl-L-prolyl-DL-(N-methyl)leucyl-glycine ethyl ester 
as obtained by the method described in Example 1(b). 

EXAMPLE 6 

L-prolyl-L-(N-methyl)leucyl-D-alaninamide 
(H-Pro-L-(N-Me)Leu-D-Ala-NH2) (1; R=CH3, 
R2-CH2CH(CH3)2, R3-NH2, Y= D-Ala 

Benxyloxycarbonyl Benzyloxycarbonyl-L-(N- 
methyl)leucine (14.9 g, 50 mmoles), D-alanine methyl 
ester (7.0 g, 50 mmoles) and 1 hydroxybenzotriazole 
(13.5 g, 10 mmoles) are dissolved in a mixture of dry 
tetrahydrofuran (300 ml) and dimethylformamide (70 
ml). The solution is cooled to 0 C. and N-ethylmorpho 
line (6.42 mil; 50 mmoles) is added followed by dropwise 
addition of a solution of dicyclohexylcarbodiimide (10.3 
g; 50 mmoles) in dry tetrahydrofuran (80 ml). The reac 
tion mixture is stirred at O' C. for 1 hour, at room 
temperature for a further hour, filtered and the solvents 
removed uner under reduced pressure. The residue 
is taken in ethyl acetate and extracted with water and 
saturated sodium chloride solution. The residue left 
after drying and evaporation of the ethyl acetate layers 
is subjected to chromatography on silica gel (1 kg; 
CHCl3 containing 2% MeOH). Evaporation of the elu 
ants gives Z-L-(N-Me) leu-D-Ala-OMe; nmr 
(CDCl3) 62.86 (3H, s), 3.74 (3H, s), 5.25 (; 2H, s), 7.42 
(5H, s). 
A mixture of benzyloxycarbonyl-L-(N-methyl)leu 

cyl-D-alanine methyl ester (10.5 g, 28.8 g., described 
above) and 5% palladium on charcoal (1.0 g) in acetic 
acid (120 ml) and hydrochloric acid (2N, 14.4 ml, 28.8 
mmoles) is stirred under an atmosphere of hydrogen for 
24 hr. The catalyst is removed by filtration and the 
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filtrate evaporated to give a residue of H-L-(- 
N-Me) Leu-D-Ala-OMe. HC. A solution of the 
latter compound (28.8 mmoles), 1-hydroxybenzo 
triazole (3.9 g, 28.8 minoles), benzyloxycarbonyl-L-pro 
line p-nitrophenyl ester (10.7 g, 28.8 mmoles) and N 
ethylmorpholine (3.7 ml, 28.8 mmoles) in dimethyl-for 
mamide (70 ml) is stirred at 0° C. for three days. After 
evaporation of the solvents under reduced pressure the 
residue is dissolved in ethyl acetate and washed with 
water, saturated sodium bicarbonate solution, water and 
saturated sodium chloride solution. The organic phase 
is dried over magnesium sulfate and evaporated. The 
residue is subjected to chromatography on silica gel 
using chloroform-methanol (98:2). The eluants are 
evaporated to give benzyloxycarbonyl-L-prolyl-L-(N- 
methyl)leucyl-D-alanine methyl ester (Z-L-- 
Pro-L-(N-Me) leu-D-Ala-OMe); 
(CDCl3); 8 0.95 (d, 6H), 2.87 and 3.0 (twos, 3H), 3.72 (s, 
3H), 7.4 (s, 5H). 
The latter compound (1.7g, 3.68 mmoles) is dissolved 

at OC. in methanol saturated with ammonia (85 ml) and 
allowed to stand at 0 for 3 days. The solvent is re 
moved by evaporation and the residue is crystallized 
from isopropyl ether-acetone to give benzyloxycarbo 
nyl-L-prolyl-L-(N-methyl)leucyl-D-alaninamide (Z-L- 
pro-L-(N-Me)Leu-D-Ala-NH2); m.p. 148-150° C., 
Analysis for C23H4N4Os: Calc'd: C, 61.86; H, 7.67; N, 

12,55%; Found: C, 61.67; H, 7.82, N, 12.66%. 
A mixture of Z-L-Pro-L-(- 

N-Me)-Leu-D-Ala-NH2 (1.29 g, 2.9 mmoles, 
described above) and 5% palladium on charcoal (0.13 g) 
in acetic acid (20 ml) and hydrochloric acid (IN, 2.9 ml) 
is stirred under and atmosphere of hydrogen for 20 hr. 
The catalyst is removed by filtration and the filtrate is 
lyophilized to give the title compound as the hydro 
chloric acid addition salt. The residue is subjected to ion 
exchange chromatography on a column of carboxy 
methyl cellulose (Whatmann CM-23) using 0.04N aque 
ous ammonium acetate. The eluant is lyophilized to give 
the title compound as the acetic acid addition salt, 
a D2- -77.6 (c=1, 1% acetic acid). 
Repeated lyophilization of the latter compound from 

water gives the title compound as the free base, nmr 
(CDCl3) 8 0.90 (s, 6H), 1.22 (d, J - 7Hz, 3H), 1.45-2, 16 
(m,H), 2.82 and 2.90 (singlets, 3H), 3.9-5.2 (m, 3H). 

In the same manner, by using benzyloxycarbonyl-D- 
(N-methyl)leucine as the starting material instead of the 
L-enantiomer described above, L-prolyl-D-(N-methyl)- 
leucyl-D-alaninamide (H-Pro-D-(N-Me)- 
Leu-D-Ala-NH2) is obtained, amino acid analysis: 
Pro 0.88, Ala 1.00. 

EXAMPLE 7 

L-prolyl-L-leucyl-glycine-4-amino-n-butyl-amide l; 
Rl-H, R2-CH2CH(CH3), R3-NH(CH2)4NH2, Y 
Gly) (H-L-Pro-L-Leu-Gly-NH(CH2)4NH2) 
IN sodium hydroxide (3.02 ml) is added dropwise to 

a stirred suspension at O C. of benzyloxycarbonyl-L- 
prolyl-L-leucyl-glycine ethyl ester 1.0 g, 2.24 mmoles, 
prepared as described by W. O. Cash, J. Org. Chem., 26, 
2136 (1961) in methanol (5.6 ml) and the solution is 
stirred at 25 C. for 20 min. The solution is diluted with 
Saturated sodium chloride (23 ml), cooled to 0 C, and 
acidified with IN hydrochloric acid (3.3 ml). The mix 
ture is stirred at O' C. for 20 min. The solid is collected, 
washed with cold water, dried uner under reduced 
pressure over phosphorus pentoxide, and crystallized 
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22 
from methanol-water to give Z-l-Pro-L-Lue-- 
Gly-OH; m.p. 162-165 C., a D25=-55.8 (C-2, 
dimethylformamide). 
A mixture of the latter compound (9.48 g, 22.6 

mmoles) mono-(t-butoxycarbonyl)-1,4-diaminobutane 
hydrochloride (5.06 g, 22.6 mmoles), N-ethylmorpho 
line (28.9 ml), 1-hydroxybenzotriazle (6.1 g, 45 mmoles) 
and dicyclohexylcarbodiimide (4.98 g, 24.85 mmoles) in 
dimethylformamide (225 ml) is stirred at O C. for one 
hour and then at 25 C. for 4 hr. The pecipitate 
precipitate is removed by filtration and the solvent evap 
orated. The residue is dissolved in ethyl acetate, the 
precipitate is removed, and the filtrate is washed with 
10% sodium bicarbonate solution, water, 0% citric 
acid solution and water. The organic phase is dried over 
magnesium sulfate and the solvent evaporated. The 
residue is subjected to chromatography on silica gel 
using chloroform-methanol-pyridine (98:2:1) as the elu 
ant followed by evaporation of the eluant to give 
Z-L-Pro-L-Leu-Gly-NH(CH2)4NH-Box, 
nmr (CDCl3): 80.92 (6H), 1.42 (9H), 5.16 (2H), 7.36 
(5H). 
A mixture of the latter compound (7.4 g, 12.55 

mmoles) and 5% palladium on charcoal (0.505 g) in 
acetic acid (50 ml) is stirred under an atmosphere of 
hydrogen for 5 hr with the hydrogenation vessel con 
nected to a flask containing a stirred solution of sodium 
hydroxide 4N, 250 ml). The mixture is filtered and the 
filtrate cooled in an ice bath. A solution of hydrogen 
chloride in dry ethyl acetate (4.6N, 16 ml) is added 
dropwise and the mixture is stirred at 10 C. for 30 min 
and then at room temperature for 3 hr. The solvent is 
evaporated and the residue is dissolved in benzene and 
the solvent is again evaporated. The residue is dissolved 
in methanol, active charcoal is added, filtered and the 
solvent evaporated from the filtrate to give the title 
compound as the hydrochloric acid addition salt. The 
latter compound is dissolved in 0.1 N hydrochloric acid 
and subjected to ion exchange chromatography on an 
aninon exchange resin (Baker CGA-540) in the acetate 
form. The eluants are evaporated, the residue triturated 
with diethyl ether and petroleum ether and dried to 
give the title compound as the acetic acid addition salt; 

Anal. for C17H3N5O2CH3CO2H. H2O (484.6): 
Calc'd: C, 52.04; H, 8.73; N, 14.45; CH3CO2H, 24.78%, 
Found: C, 52.13; H, 8.70; N, 14.35; CH3CO2H, 23.2%. 

PROCESS 
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-continued 
R-L-Pro-OH - RN=CHR (3) + CNCHCOR 

R'-I-Pro-N(R)-CH(R)CO-Gly-R" (2, R -- lower alkoxy) 

hydrolysis y y O 

Rh-L-Pro-N(RCH(R2)CO-Gly-R (2, R = OH) 

armidation 
15 

R'-L-Pro-N(R)CH(RCO-Gly-R(2,R = 
amino, etc., as defined) 

deprotection 20 

H-L-Pro-N(RCH(R2CO-Gly-R: (1) 
OR 

PROCESS 

25 Z-L-N-Me) Leu-OH + H-Y-O (lower alkyl - G) 
Z-L-(N-Me)leu-Y-O (lower alkyl) 

) deprotection 
(2) Z-L-Pro-ONP Z-L-Pro-L-(N-Me)leu-Y-O 

(l) amidation G (lower alky) (2) deprotection 30 
H-L-Pro-L-(N-Me)Leu-Y-NH. (1,Y - Gly or D-Ala) 

We claim: 
1. A compound of formula 1 

35 

H-L Pro-N-CH-C-Y-R- 
R. R. O. 

in which R is hydrogen, lower alkyl or NRR 
wherein R* and Reach are lower alkyl, R2 is hydrogen 40 
or lower alkyl, R is amino, lower alkylamino, di(lower 
)alkylamino or amino(lower)alkylamino, and Y is one of 
the amino acid residues Gly or D-Ala with the proviso 
that when R is NR'R' is lower alkylamino, di(lower 
)alkylamino or amino(lower)alkylamino and with the 
further proviso that when R is hydrogen, R2 is 
CH2CH(CH3)2, R is amino then Y is D-Ala. selected 
from the group consisting of L-prolyl-D-(N-methyl) leucyl 
glycinamide, L-prolyl-L-(N-methyl) leucyl-glycinamide, 
L-propyl-(N-isobutyl)glycyl-glycinanide, L-prolyl-DL 
(N-dimethylaminoleucyl-glycine-4-amino-n-butylamide, 
L-prolyl-L-(N-methyl)-leucyl-D-alaninanide, L-prolyl-N- 
(D-methyl)-leucyl-D-alaninamide and L prolyl-L-leucyl 
glycine-4-amino-n-butyl-anide, 

2. A pharmaceutically acceptable acid addition salt of 55 
the compound of formula 1 as claimed in claim 1. 

3. The corresponding amino protected derivative of 
the compound of formula 1 as claimed in claim 1 
wherein the protecting group is selected from the group 
consisting of benzyloxycarbonyl, t-butoxycarbonyl, 60 
a, a-dimethyl-3,4,-dimethoxybenzyloxycarbonyl, tri 
phenylmethyl and benzyl. 

45 
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4. L-Prolyl-D-(N-methyl)leucyl-glycinamide, as 
claimed in claim 1. 

5. L-Prolyl-L-(N-methyl)leucyl-glycinamide, as 65 
claimed in claim 1. 

6. L-Prolyl-(N-isobutyl)glycyl-glycinamide 3S 
claimed in claim 1. 

24 
7. L-Prolyl-DL-(N-dimethylamino)leucyl -glycine-4- 

anino- n-butyl-amide, as claimed in claim 1 having a 
rotation of p2=- 43.6' (c-2,dimethylformamide). 

8, L-Prolyl-DL-(N-dimethylamino)leucyl-glycine-4- 
amino- n-butyl-amide, as claimed in claim 1 having a 
rotation of D2-18.6 c-2,dimethylformamide). 

9. L-Prolyl-L-(N-methyl)leucyl-D-alaninamide 
claimed in claim 1. 

10, L-Prolyl-D-(N-methyl)leucyl-D-alaninamide, as 
claimed in claim 1. 

11. L-Prolyl-L-leucyl-glycine-4-amino-n-butyl-amide 
as claimed in claim 1. 

12. A process for preparing a compound of formula 1 

H-L-Pro-N-CH-C-Y-R () 

Rl R2 O 
in which R1 is lower alkyl or NR'R's wherein R4 and Rs 
each are lower alkyl; R2 is hydrogen or lower alkyl; R. 
is annino, lower alkylamino, di(lower)alkylamino or 
amino(lower)alkylamino and Y is the amino acid resi 
due Gly with the proviso that when R is NR“R5, R3 is 
lower alkylamino di(lower)alkylamino or amino(lower 
)alkylamino which comprises: 

condensation of an enamine or hydrazone of formula 
3, RN=CHR2 (3), in which R and R2 are as de 
fined herein with an amino acid of formula 
R6-L-Pro-OH in which R is an amino protect 
ing group selected from the group consisting of 
benzyloxycarbonyl, t-butoxycarbonyl, a,a-dimeth 
yl-3,4-dimethoxy benzyloxycarboxyl, triphenyl 
methyl and benzyl in the presence of an isonitrile of 
the formula CNCH2COR7 in which R7 is lower 
alkoxy, to obtain the corresponding intermediate of 
formula 2 
R-L-Pro-N(RCH(R)CO-Gly-R (2) 

in which R, R2, R6 and R7 are as defined herein, fol 
lowed by subjecting the last-named compound to ami 
dation to give the corresponding amide or substituted 
amide and removal of the protective group(s) to obtain 
the corresponding peptide derivative of formula 1 in 
which R, R2, Rand Y are as defined herein. 

13. A process as claimed in claim 12 in which the 
transformation of the intermediate of formula 2 

R-L-Pro-N(RCH(R)CO-Gly-R (2) 
in which R, R2, R6 and R are as defined therein is 
carried out by treating said intermediate with ammonia 
to obtain the corresponding amide, followed by 
removel of the protective group R* selected from the 
group consisting of benzyloxycarbonyl, t-butoxycarbo 
nyl, a,c-dimethyl-3,4-dimethoxy benzyloxycarbonyl, 
triphenylmethyl and benzyl to obtain the corresponding 
peptide derivative of formula 1 in which R1 and Rare 
as defined therein, R is amino and Y is the amino acid 
residue Gly. 

14. A process as claimed in claim 13 in which the 
transformation of the intermediate of formula 2 R"-L-Pro-N(R)CH(R)C()-Gly-R ...) 
in which R, R2, R6 and R are as defined therein is 
carried out by treating said intermediate with a hydro 
lyzing agent to obtain the corresponding acid, treating 
said acid with an activating agent to give the corre 
sponding activated ester selected from the group con 
sisting of 2,4,5trichlorophenyl, pent achlorophenyl, p 
nitrophenyl, and 1-benzotriazolyl, and N,N-carbonyl 
diimidazolide and o-acylural O-acylurea of dicy 
clohexylcarboxdiimide condensing said activated com 



in which R1 is CH, R2 is CH2CH(CH3)2, R is NH2 and 
Y is the amino acid residue D-Ala which comprises: 

Re. 30,496 
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pound with a lower alkylamine, di(lower)alkylamine or 
mono protected amino(lower)alkylamine in which the 
protecting group is selected from the group consisting 
of benzyloxycarbonyl, t-butoxycarbonyl,a,c-dimethyl 
3,4-dimethoxybenzyloxycarbonyol dimethoxyben - 5 
zyloxycarbonyl, triphenylmethyl and benzy to obtain 
the corresponding substituted amide and removing the 
protective group(s) from said last-named compound to 
obtain the corresponding peptide derivative of formula 
l in which R and Rare as defined herein, R is lower 10 
alkylamino, di(lower)alkylamino or amino(lower)al 
kylamino and Y is the amino acid residue Gly. 

15. A process for preparing a compound of formula 1 

5 

H--Pro-N-CH-C-Y-R t!) 

R. R. () 

20 

reacting an activated ester selected from the group 
consisting of 2,4,5, trichlorophenyl, pentachlor 
phe- pentachlorophe-nyl, p-nitrophenyl and 1 
-benzotriazolyl of benzyloxycarbonyl-L-(N- 
methyl)leucine with D-alanine methyl ester to ob 
tain the dipeptide of formula Z-L-(N-Me)- 
Leu-D-Ala- (N-Me)Leu- OMe, treating 
said last-name compound with hydrogen and a 
noble metal catalyst and isolating the dipeptide of 30 
formula H---L-(N-Me) leu-D--Ala-OMe, 
reacting said last-named compound with an acti 
vated ester as defined herein of benzyloxycarbo 
nyl-L-proline and isolating the tripeptide of for 

25 

mula Z-L-Pro-L-(N-Me)- 35 
Leu-D-Ala-OMe; treating said last-named 
compound with ammonia and isolating the tripep 
tide of formula Z-L-Pro-L-(N-Me)- 
Leu-D-Ala-NH2; treating said last-named 

40 
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55 

60 

65 

26 
compound with hydrogen and a noble metal cata 
lyst and isolating the corresponding tripeptide de 
rivative of formula 1 in which R is CH3, R is 
CH3CH(CH), R is NH3 and Y is the amino resi 
clue D-Ala. 

16. A pharmaceutical composition comprising an acic 
addition salt of a compound of formula 1 as claimed 
in claim 2 and a pharmaceutically acceptabie carrier. 

17. A pharmaceutical composition comprising an 
amino protected derivative of a copound of formuia 
1 compound as claimed in claim 3 wherein the protect 
ing group is selected from the group consisting of bei 
zyloxycarbonyl t-butoxycarbonyl, ct, (-dimethyl-3,4- 
dimethoxybenzyloxycarbonyl, triphenylmethyl and 
benzyl and a pharmaceutically acceptable carrier. 

18. A method of treating Parkinsonism in warm 
blooded animals comprising the oral administration 
thereto of 0.25-100 mg/kg of an acid addition salt of 
a compound of formula 1 as claimed in claim 1 or a 
pharmaceutically acceptable acid addition salt thereof. 

19. A method of treating mental depression in warm 
blooded animals comprising the oral administration 
thereto of 0.25-100 mg/kg of a compound of formula 
1 as claimed in claim 1 or a pharmaceutically accept 
able acid addition salt thereof. 

20. A method of treating Parkinsonism in warm 
blooded animals comprising the parenteral administra 
tion thereto of 0.05-20 mg/kg of an acid addition 
salt of a compound of formula 1 as claimed in 
claim 1 or a pharmaceutically acceptable acid addition 
salt thereof. 

21. A method of treating mental depression in warm 
blooded animals comprising the parental administration 
thereto of 0.05-20 mg/kg of an acid addition salt of 
a compound of formula 1 as claimed in clan. 1 or a 
pharmaceutically acceptable acid addition salt thereof. 

: t 


