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Polypeptides. Part I 6.192 Synthesis and Biological Activity of a-Aza- 
Analogues of Luliberin with High Antagonist Activity 

By Anand S. Dutta,' Barrington J. A. Furr. and Michael 6. Giles, Chemistry and Biology Departments, 
Imperial Chemical Industries Ltd., Pharmaceuticals Division, Alderley Park, Macclesfield, Cheshire SKI 0 4TG 

Analogues of luliberin (luteinising hormone-releasing hormone) were synthesised where the glycine residue in 
position 10 was replaced by either azaglycine (-NH-NH-CO-) or aza-alanine (-NH-NMe-CO-), the histidine 
residue in position 2 was either omitted, or replaced by o-phenylalanine or D-tryptophan. and the glycine residue in 
position 6 was substituted either by o-phenylalanine or D-tryptophan. These compounds were evaluated for their 
ability to prevent ovulation induced by luliberin in androgen-sterilised constant-oestrus rats. Compounds with the 
azaglycine residue in position 10 and other modifications in positions 2 and 6 showed good antagonist activity, 
whereas aza-alanine replacement in position 10 together with modifications in position 2 resulted in inactive com- 
pounds. The most potent analogue, [2-o-Phe-6-~-Phe-l O-Azgly] -1uliberin. completely inhibited ovulation 
induced by luliberin (0.5 pg/rat) a t  a dose of 1 5  pg/rat. 

IN an earlier publication 1*2 the synthesis and biological 
activity of [2-de-His-lO-Azgly]-luliberin (1), an antagon- 
ist of luliberin (luteinising hormone releasing hormone) 
was reported. It completely prevented ovulation 
induced by luliberin (0.5 pg/rat) in androgen-sterilised 
constant-oestrus rats at a dose of 250 &rat and partially 
a t  doses of 62.5-125 pg/rat. The corresponding non- 
aza-analogue, [2-de-His]-luliberin (2), has been reported 
to have a weak antagonist activity which was only 
demonstrated in an in vitro test ~ y s t e m . ~  On the basis 

PGlu-X-Trp-Ser-Tyr-Y-Leu-Arg-Pro-2 
(1) X = nothing, Y = Gly, 2 = Azgly-NH, 
(2) X = nothing, Y = Gly, 2 = Gly-N€T, 
(3) X = nothing, Y = D-Phe, 2 = Azgly-NH, 
(4) X = nothing, Y = D-Trp, 2 = Azgly-NH, 
(5) X = D-Phe, Y = D-Phe, Z = Azgly-NH, 
(6) X = D-Phe, Y = D-Trp, 2 = Azgly-NH, 
(7) X = ~ - T r p ,  Y = D-Phe, 2 = Azgly-NH, 
(8) X = D-Trp, Y = D-Trp, 2 = Azgly-NH, 
(9) X = nothing, Y = Gly, 2 = Azala-NH, 

(10) X = D-Phe, Y = Gly, 2 = Azala-NH, 
(11) X = D-Trp, Y = Gly, 2 = Azala-NH, 
(12) X = D-Phe, Y = D-Phe, 2 = Gly-NH, 

of the apparently higher antagonist activity of [2-de- 
His-lO-Azglyl-luliberin primarily due to the presence of 
an aza-amino-acid residue in position 10, several other 
analogues (3)-( 11) have now been synthesised with 
azaglycine or aza-alanine replacements in position 10 
along with modifications in positions 2 and 6. A known 
antagonist of luliberin [2-~-Phe-6-~-Phe]-luliberin, has 
also been synthesised for comparison with the aza- 
analogues in our own test systems.4 

Antagonists of luliberin have earlier been synthesised 
by (a) omitting the histidine residue in position 2 (ref. 
3), ( b )  substituting D-amino-acid residues, e.g. D-Phe 
or D-Trp, in the 2 and 6  position^,^>^ or (c )  replacing the 
tryptophan residue in position 3 with L-proline along 
with D-amino-acid substitutions in positions 2 and 6.s-s 
Some of the highly active antagonists derived from the 
above modifications, [2-~-Phe-6-~-Phe]-luliberin, and 
[2-~-Phe-S-Pr0-6-~-Trp]-luliberin, were shown to block 
ovulation in normal-cycling rats at a dose of 500 pg to 
1.5 mg/rat. Highly active antagonists of luliberin may 
be useful as antifertility a g e n t ~ . ~ * l ~  

RESULTS AND DISCUSSION 

The synthesis of each of the analogues (3)-(12) was 
achieved by coupling three peptide fragments (Figure). 
The C-terminal fragments, Na-t-butoxycarbonyl-Nw- 
nitro-L-arginyl-L-prolyl-azaglycine or -aza-alanine amide 
were prepared by a stepwise coupling procedure. The 
coupling of N-benzyloxycarbonyl-L-proline with aza- 
glycine amide (semicarbazide) or aza-alanine amide l1 by 
the dicyclohexylcarbodi-imide-hydroxybenzotriazole 
procedure l2 (DCCI-HOBt) gave the azadipeptide deriv- 
atives. During the work-up procedure (extraction of 
the ethyl acetate solution of the reaction mixture with 
water), N-benzyloxycarbonyl-L-prolylazaglycine amide 
dissolved in water but crystallised out when the aqueous 
solution was concentrated. N-Benzyloxycarbonyl-L- 
prolylaza-alanine amide was soluble in ethyl acetate and 
could, therefore, be purified by normal extraction pro- 
cedure. Removal of the benzyloxycarbonyl protecting 
group (catalytic reduction over 5% Pd-C) followed by 
coupling with Na-t-butoxycarbonyl-Nu-nitro-L-arginine 
by DCCI-HOBt gave the azatripeptide derivatives. 
Both these protected t ripeptides, Na-t-but oxycarbonyl- 
Nu-nitro-L-arginyl-L-prolyl-azaglycine or -aza-alanine 
amide, were highly soluble in water and were purified by 
a counter-current distribution procedure using an n- 
butanol-5yo acetic acid solvent system and ion- 
exchange chromatography. Removal of the t-butoxy- 
carbonyl protecting group by treatment with HC1 in 
ethyl acetate gave Nw-nitro-L-arginyl-L-prolyl-azaglycine 
or -aza-alanine amide. 

The middle tripeptide derivatives, N-benzyloxy- 
carbonyl-O-benzyl-L-tyrosyl-B-L-leucine methyl ester 
(B = glycyl, D-phenylalanyl, or D-tryptophyl residue), 
were also prepared in a stepwise manner. L-Leucine 
methyl ester was coupled with either N-benzyloxy- 
carbonylglycine, N-benzyloxycarbonyl-D-phenylalanine, 
or N-benzyloxycarbonyl-D-tryptophan using DCCI- 
HOBt . These dipeptides were hydrogenolysed over 
5% Pd-C in the presence of 1 equiv. hydrogen chloride. 
The resulting peptides were reacted with N-benzyloxy- 
carbonyl-O-benzyl-L-tyrosine 2,4,5-trichlorophenyl ester. 
Hydrazine hydrate treatment converted the tripeptide 
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methyl esters to the hydrazides which were then con- 
verted to the azides by Rudinger’s method13 before 
coupling to Nw-nitro-L-arginyl-L-prolyl-azaglycine or 
-aza-alanine amide. The hexapeptide derivatives, N-  
benzyloxycarbonyl-O- benzyi-L-tyrosyl-B-L-leucyl-L- 
arginyl-L-prolyl-C-NH, (B = Gly, D-Phe, or D-Trp; 
C = Azgly or Azala) were purified either by crystallis- 
ation or by silica gel column chromatography eluting 
with chlorof orm-met hanol. Catalytic hydrogenat ion 
(5% Pd-C) in the presence of 2 equiv. hydrogen chloride 
removed all protecting groups and the dihydrochlorides 
thus obtained were converted to the monohydrochlorides 
before coupling to the N-terminal tri- or tetra-peptide 
azides. 

The synthesis of the N-terminal tri- or tetra-peptides 

Z--OH H--NH2 

NHZ 

NH 2 

NH 2 

NH 2 

NH2 

NH2 

-NH2 

chromatography on Sephadex G-25 using either n- 
butanol-acetic acid-water (4 : 1 : 5 )  or n-butanol-acetic 
acid-water-pyridine (5 : 1 : 5 : 1) solvent systems. The 
physical and chemical properties of the luliberin analo- 
gues are described in Table 1. 

The biological (agonist and antagonist) activity of the 
analogues was measured in androgen-sterilised constant- 
oestrus rats.14 Synthetic luliberin reliably induced 
ovulation in these rats a t  a dose of 0.5 pg/rat. When 
injected alone the analogues did not induce ovulation at 
dose levels of 250-2 000 pg/rat. However, when 
injected together with luliberin (0.5 pglrat), compounds 
(3), (5 ) ,  (7), and (12) blocked ovulation but the other 
compounds were inactive. A summary of the biological 
results obtained with the active analogous is recorded in 

6 7 8 9 10 
B Leu Arg Pro C 

was achieved as follows. N-Benzyloxycarbonyl-L-trypt- 
ophan was coupled with serine methyl ester by the 
DCCI-HOBt method to give N-benzyloxycarbonyl-L- 
tryptophyl-L-serine methyl ester. Debenzyloxycar- 
bonylation (hydrogenolysis, 5 yo Pd-C) followed by 
coupling with either N-benzyloxycarbonyl-D-phenyl- 
alanine, N-benzyloxycarbonyl-D-tryptophan, or L-pyro- 
glutamic acid 2,4,5-trichlorophenyl ester yielded the 
tripeptide derivatives. L-Pyroglutamyl-D-tryptophyl- 
L-serine methyl ester was converted to the hydrazide and 
then the azide for use in the preparation of [2-de-His]- 
analogues. The other tripeptides were hydrogenated 
and reacted with L-pyroglut amic acid 2,4,5-t richloro- 
phenyl ester to give the desired tetrapeptide methyl 
esters. These were converted to hydrazides by hydr- 
azine hydrate treatment. 

Reaction of the N-terminal tri- or tetra-peptide 
derivatives with the C-terminal hexapeptides gave the 
appropriate luliberin analogues. All these analogues 
were purified by column chromatography on Sephadex 
LH-20 using DMF as solvent and then by partition 

Table 2. The most potent compound, [2-~-Phe-6-~-  
Phe-10-Azglyl-luliberin, blocked ovulation completely 
when injected (i.v. or s.c.) a t  doses of 15-250 &rat 
and partially a t  a dose of 8 pg/rat. When injected 
simultaneously (i.v. or s.c.) with luliberin the cor- 
responding non-aza-analogue, [2-~-Phe-6-~-Phe]-luli- 
berin, was fully active only at  a dose of 125 pg/rat. The 
aza-analogue was also fully effective when injected (100 
pg/rat, i.v.) up to 1 h before luliberin (0.5 pg/rat) and 
partially effective when injected up to 2 h before luliberin. 
The compounds containing D-tryptophan in position 2 
and 6 and azaglycine in position 10 [(6) and (S)] were only 
tested at a maximum dose of 250 pg/rat due to the poor 
solubility in saline and were inactive at  this dose level. 
The inactivity of these compounds is somewhat surpris- 
ing, especially since in the non-aza-series they have been 
claimed to have good antagonist Aza- 
alanine substitution in position 10 either in the 2-de- 
His-series or in combination with D-amino-acid replace- 
ments in positions 2 and 6, also leads to inactive com- 
pounds. I t  is possible that the methyl group of the 
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aza-alanine residue interferes with the interaction of stable than the Pro-Gly linkage. Increased stability 
these analogues with the receptors. The low activity of of the aza-linkages to enzymic degradation was also 
[ 10-AlaJ-luliberin (6% as active as luliberin in releasing indicated from our earlier studies involving model 
LH and FSH) also indicates that a side-chain methyl tripeptide~.~' Although D-amino-acid replacements in 
group is not tolerated in this position.15 position 6 and ethylamide substitution in position 10 

TABLE 1 
Physical and chemical characteristics of luliberin analogues 

Paper 
electro- 
phoresis 

relative 
to 

luliberin 
+-7 

Compound (yo) ation R ~ A  g? g.? 6lu Gly Ser Tyr Phe Leu Arg Pro 
[2-de-His-6-~-Phe- 10-Azglyl-luliberin 32.3 A,C 0.45 0.57 0.66 1.02 0.85 1.01 1.0 1.0 1.01 1.02 
[2-de-His-6-~-Trp-10-Azgly]-luliberin 39.8 A,C 0.56 0.45 0.00 0.98 0.90 0.98 1.0 0.96 1.01 
[2-~-Phe-6-~-Phe- 10-Azglyl-luliberin 59.2 A,B 0.57 0.46 0.0 1.05 0.84 0.98 2.01 1.0 1.0 1.07 
[ 2-D -€'he- 6 - ~  -Trp- 10- Azgly] -1uliberin 36.6 A,C 0.66 0.45 0.00 0.98 0.84 0.97 1.0 1.0 1.03 1.01 
[2-~-Trp-6-~-Phe- 10- Azgly] -1uliberin 35.4 A,B 0.52 0.48 0.23 0.97 0.86 0.99 1.0 1.0 1.04 1.02 
[2-~-Trp-6-~-Trp- 10- Azgly] -1uliberin 42.5 A,C 0.40 0.00 0.00 1.03 0.81 0.98 1.0 0.97 0.99 
[2-~-Phe-6-~-Phe] -1uliberin 40.3 A,C 0.42 0.51 0.48 1.02 1.01 0.88 0.96 2.02 1.0 0.96 0.96 
[ 2-de-His- 10-Azalal-luliberin 36.5 A,C 0.46 0.55 0.60 1.02 0.96 0.84 1.02 1.0 1.02 0.96 
[2-~-Phe- 1 0-Azala] -1uliberin 42.3 A,C 0.40 0.47 0.64 1.04 0.97 0.85 1.07 1.04 1.0 1.01 1.01 

RF 

Amino-acid analysis (16 h acid digest) 
1 Yield Purific- h 

[2-~-Trp- 10- Azala] -1uliberin 34.2 A,B 0.37 0.46 0.54 1.02 1.0 0.88 1.01 1.0 1.02 1.0 

The results reported here and in an earlier public- have resulted in highly active agonists with increased 
ation 1 show that azaglycine substitution in position 10 metabolic stability, it has not been possible to synthesise 
along with other modifications in position 2 and/or 6 good antagonists with ethylamide substitution in posi- 
leads to highly active antagonists. Direct comparison tion 10 along with relevant modifications in the 2, 3, and 
of these aza-analogues with previously synthesised 6 positions. In fact [2-de-His-6-~-Ala-lO-de-Gly-NH,- 

TABLE 2 
Antagonist activity of the luliberin analogues 

Compound 
[%~-Phe-g-~-Phe- 10-Azglyl-luliberin 

Luliberin 
Dose (pglrat) dose (pglrat) 

125 (i.v.) 0.5 

31.25 (i.v. or F.c.) 0.5 
15.2 (i.v. or s.c.) 0.5 
7.8 (i.v.) 0.5 
4.0 (i.v.) 0.5 

[2-~-Phe-6-~-Phe] -1uliberin 250 (i.v.) 0.5 
125 (i.v.) 0.5 
62.5 (i.v.) 0.5 

[2-de-His-6-~-Phe- 10-Azglyl-luliberin 250 (i.v.) 0.5 
125 (i.v.) 0.5 

[2-~-Trp-6-~-Phe- 1 0-Azgly] -1uliberin 250 (i.v.) 0.5 
62.5 (i.v.) 0.5 
31.25 (i.v.) 0.5 

62.5 (i.v. or s.c.) 0.5 

antagonists cannot be made since the latter were tested 
in norma1-cycling rats. 

Since in our test system [S-~-Phe-6-~-Phe-lO-Azgly]- 
luliberin (5) is about ten times more potent than [2-D- 
Phe-6-~-Phe]-luliberin (12), it is probable that the aza- 
analogue (5 )  is several times more potent than any of the 
antagonists so far described in the literature. 

The high antagonist activity of the a-aza-analogues 
could either be due to an increased affinity for the 
receptor or to increased stability to enzymic degradation. 
In luliberin, the peptide bonds between 6-Gly-7-Leu and 
9-Pro-10-Gly have been shown to be the main points of 
enzymic attack.16 Results of preliminary investigations 
of the stability of the aza-analogues to tissue homo- 
genates indicate that the Pro-Azgly linkage is more 

Response 
(no. blocked I 
no. treated) 

313 
11/12 
9/9 
9/9 

313 
313 

313 

313 

1211 8 
7/15 

213 

113 

113 
013 

9-Pro-ethylamide]-luliberin was less active than [2-de- 
Hi~-6-~-Ala]-luliberin.~* It can, therefore, be speculated 
that a combination of D-amino-acid replacement in 
positions 2 and 6, and azaglycine in position 10 generates 
compounds which have better affinity for the luliberin 
receptors and greater stability to enzymic degradation. 

EXPERIMENTAL 

Details of the solvent systems and spray reagents used for 
thin-layer chromatography are described in Part 13.l' The 
phrase ' worked-up in the usual manner ' implies the follow- 
ing: after the reaction was over any solid material was 
removed by filtration and the filtrate was evaporated to 
dryness. The residue was taken up in ethyl acetate and 
washed with water, 20% citric acid solution, water, and 
saturated sodium hydrogencarbonate solution. The 
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organic layer was dried over anhydrous sodium sulphate and 
evaporated to dryness. 

General Procedure for Coupling L-Pyroglutamyl-A-~- 
tryptophyl-L-Serine Azide (A = Nothing, D-Phe, or D-TYP) 
with L- Tyrosyl-B-deucyl-L-arginyl-L-prolyl-C-A mide 
(B = D-Phe or D-TYP; C = Azgly or Azala).-To a cooled 
(0 "C) and stirred suspension of L-pyroglutamy1-A-L- 
tryptophyl-L-serine hydrazide (0.275 mmol) in DMF (1 .O 
ml.) was added 5 . 9 2 ~  hydrogen chloride in dioxan (1.1 
mmol) . The clear solution obtained after several minutes 
stirring was further cooled to -20 "C and to i t  was added 
t-butyl nitrite (0.29 mmol). Stirring was continued for 
20 min at -20 "C and the solution was neutralised by the 
addition of triethylamine (1.1 mmol) . A pre-cooled 
( - 20 "C) mixture of L-tyrosyl-B-L-1eucyl-L-arginyl-L- 
prolyl-C amide dihydrochloride [ O .  25 mmol, obtained by 
the hydrogenolysis of N-benzyloxycarbonyl-O-benzyl-L- 
tyrosyl-B-L-leucyl-(Nu-nitro)-L-arginyl-C amide in aqueous 
methanol (80% v/v) for 40 h over Pd-C (5% w/w) in the 
presence of 2 equiv. hydrogen chloride] and triethylamine 
(0.25 mmol) in DMF (1.0 ml) was added. The mixture 
was stirred for 24 h at 4 "C. The reaction mixture was 
applied directly to  a Sephadex LH-20 column using DMF 
as eluant (purification procedure A). The peptide was 
further purified by partition chromatography on Sephadex 
G-25 using either n-butanol-acetic acid-water-pyridine 
(5 : 1 : 5 : 1 v/v) (purification procedure B) or n-butanol- 
acetic acid-water (4 : 1 : 5) (procedure C). 

N-t-Butoxycarbonyl-NW-nitro-L-arginyl-L-prolylazaglycine 
Amide.-A solution of N"-t-butoxycarbonyl-N"-nitro-L- 
arginine ( 13.5 g, 42.3 mmol) , L-prolylazaglycine amide 
hydrochloride (9.81 g ,  47 mmol) ,I 1-hydroxybenzotriazole 
(1 1.5 g, 85 mmol), and triethylamine (6.58 ml, 47 mmol) was 
cooled to 0 "C and dicyclohexylcarbodi-imide (9.13 g ,  44.4 
mmol) was added. The reaction mixture was stirred over- 
night a t  4 "C, filtered to remove the solid material, and the 
filtrate was evaporated to dryness in vacuo. The residue 
was partitioned between ethyl acetate and water by 
counter-current distribution (4 transfers). The aqueous 
phases were combined, evaporated to dryness, and the 
residue was partitioned between n-butanol and aqueous 
acetic acid (5% v/v) by counter-current distribution (12 
transfers). The crude peptide obtained by evaporating 
the combined n-butanol phases was purified by silica gel 
column chromatography using methanol-chloroform (5% 
v/v, 10% v/v, and 20% v/v) as eluting solvents. The 
product-containing fractions were combined, evaporated 
to dryness, and an aqueous solution of the residue was 
passed through an anion-exchange resin (AG 1X-2) 
column to remove NQ-t-butoxycarbonyl-Nu-nitro-arginine. 
The column was then washed with water, and the combined 
aqueous phases and the washings were freeze-dried, to 
give the azapeptide derivative (13.82 g, 69y0), m.p. 135- 
136 "C, R F A  0.49, RFB 0.65, RFC 0.46, RFD 0.64, RFF 0.35, 
RFH 0.19, and RFg 0.86 (Found: C, 43.3; H, 6.6; N, 26.5. 
C,7H31N,0, requires C, 43.1; H, 6.6; N, 26.6%). 
N-BenzyEoxycarbonyl-O-benzyl-L-tyrosyl-~-~henylalanyl- 

L-leucine Methyl Ester.-To a stirred solution of N-benzyl- 
oxycarbonyl-O-benzyl-L-tyrosine 2,4,5-trichlorophenyl 
ester (4.89 g, 8.36 mmol) and D-phenylalanyl-L-leucine 
methyl ester hydrochloride I7 (2.5 g ,  7.6 mmol) in DMF, 
triethylamine (1.1 ml, 7.6 mmol) was added and the stirring 
was continued overnight a t  room temperature. Triethyl- 
amine hydrochloride was filtered off, the filtrate was 
evaporated to dryness, and recrystallisation of the residue 

from aqueous methanol gave the tripeptide derivative 
(3.6 g ,  69.7y0), m.p. 183-184 "C, RFD 0.82, RFE 0.69, 
RFH 0.78, Rpp 0.71, and RFQ 0.82 (Found: C, 70.6; H, 
6.7; N, 6.2. C40H45N307 requires C, 70.6; H, 6.6; N, 
6.1%). 
N-Benzyloxycarbonyl-O-benzyE-L-tyrosyl-D-phenylalanyl- 

L-leucine Hydrazide.-A solution of the preceding methyl 
ester (3.42 g ,  5.04 mmol) and hydrazine hydrate (60 mmol) 
in DMF (30 ml) was stirred a t  room temperature for 4 h, 
concentrated to  a small volume, and the hydrazide was 
precipitated by the addition of water (500 ml). It was 
collected, washed with water, methanol-ether (1 : 4 v/v), 
and ether, and dried (2.94 g, 85.9%), m.p. 179-180 "C, 
Rp* 0.81, RFB 0.79, RPC 0.88, RFD 0.69, RFE 0.49, Rpp 0.65, 
R~H0.67,Rpp0.25, andRFQ0.57 (Found: C, 68.0; H, 6.7; 
N, 10.2. C3,H,l,N50,*0.5H20 requires C, 68.0; H, 6.7; N, 

Methyl 
Ester.-Dicyclohexylcarbodi-imide (4.87 g ,  23.6 mmol) was 
added to a solution of N-benzyloxycarbonyl-D-tryptophan 
(7.27 g ,  21.5 mmol), L-leucine methyl ester (3.12 g, 21.5 
mmol), and l-hydroxybenzotriazole (5.8 g ,  43 mmol) in 
DMF (50 ml) a t  0 "C. The reaction mixture was stirred 
overnight a t  room temperature and was worked up in the 
usual manner. Recrystallisation from ethyl acetate-light 
petroleum (b.p. 60-80 "C) gave the dipeptide derivative 
(9.55 g) which showed traces of impurities on t.1.c. It was 
purified by column chromatography on silica gel (300 g ) ,  
eluting with chloroform and methanol-chloroform (5% v/v) 
(9.18 g, 91.7%), m.p. 151-153 "C, RFA 0.84, RFB 0.80, 
RFC 0.86, RFD 0.78, RFE 0.61, RFF 0.68, RFH 0.73, Rpp 0.55, 
and RFQ 0.73 (Found: C, 66.8; H, 6.8; N, 8.9. C,,H,,- 
N305 requires C, 67.0; H, 6.6; N, 9.0%). 

N-Benzyloxycarbonyl-O-benzyl-L-tyrosyl-D-tryptophy1-L- 
Leucine Methyl Ester.-A solution of N-benzyloxycarbonyl- 
O-benzyl-L-tyrosine 2,4,5-trichlorophenyl ester ( 11.69 g, 
20 mmol), D-tryptophyl-L-leucine methyl ester (6.28 g, 19 
mmol, prepared by hydrogenating the benzyloxycarbonyl 
derivative over 5% Pd-C) in DMF (1 000 ml) was stirred a t  
room temperature for 60 h. The reaction mixture was 
worked-up in the usual manner and the residue was crystal- 
lised from ethyl acetate-light petroleum (b.p. 60-80 "C) to 
give the tripeptide derivative (8.52 g, 62.5y0), m.p. 165- 
166 "C,  R p A  0.78, RFB 0.73, RFC 0.84, RFD 0.80, RFE 0.62, 
R F F  0.70, R F H  0.76, R F ~  0.58, and RFQ 0.68 (Found: C, 
70.0; H,  6.5; N, 7.7. C,,H,,N,O, requires C, 70.1; H, 
6.4; N, 7.7%). 

N-Benzyloxycarbonyl-O-benzyl-L-tyrosyl-D-try~to~hyl-~- 
leucine Hydrazide.-Hydrazine hydrate ( 100 mmol) was 
added to a solution of the above ester (7.26 g ,  10.1 mmol) in a 
mixture of methanol (200 ml) and DMF (50 ml). After 
24 h a t  room temperature the solution was concentrated in  
vacuo (30 ml) and the product was precipitated with water 
(500 ml) , filtered off, washed with water, methanol-ether 
( 4 :  l), and ether, and dried (6.86 g, 94.6y0), m.p. 200-  
202 "C, RpA 0.90, RpB 0.95, RFC 0.90, RFD 0.74, and RFQ 
0.59 (Found: C, 68.1; H, 6.6; N, 11.7. C,,H,,N,O, 
requires C, 68.5; H,  6.4; N, 11.6%). 

N-Benzyloxycarbonyl-O-benzyl-L-tyrosyl-~-~henylalanyl- 
L-leucyl- (Nu-nitro) -L-arginyl-L-prolylazaglycine A naide .-A 
solution of 6 . 0 2 ~  hydrogen chloride in dioxan (1.83 ml, 11 
mmol) was added to  a solution of N-benzyloxycarbonyl- 
O-benzyl-L-tyrosyl-D-phenylalanyl-L-leucine hydrazide 
(1.86 g, 2.75 mmol) in DMF (5 ml) a t  -20 "C followed by 
t-butyl nitrite (0.33 ml, 2.89 mmol). After 2 min a pre- 

10.1 Yo).  
N-Benzyloxycarbonyl- D-tryptophyl- L-leucine 
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cooled (-20 "C) solution of triethylamine (1.89 ml, 13.5 
mmol) and Nw-nitro-L-arginyl-L-prolylazaglycine amide 
hydrochloride (1.02 g, 2.5 mmol) in DMF (10 ml) was added 
and the reaction mixture was stirred overnight a t  4 "C. 
The usual work-up gave the hexapeptide derivative which 
was further purified by silica gel (120 g)  column chromato- 
graphy, eluting with methanol chloroform (5% and 10% 
v/v) and chloroform-methanol-water (11 : 8 : 2 v/v) 
(0.74 g, 29.3%), m.p. 137-139 "C, RFA 0.68, RFB 0.72, 
RFC 0.58, RpD 0.62, R F H  0.39, and RFK 0.95 (Found: C, 
59.3; HI 6.5; N, 16.3. C,lH,,N,,011~0.5H,, requires C, 
59.4; H, 6.3; N, 16.3%). Amino-acid ratios after 16 h 
acid digest: Tyr 0.98, Phe 0.98, Leu 1.0, Pro 0.97, Arg 
+ Orn 0.98. 
N-Benzyloxycarbonyl-O-benzyl-L-tyrosyl-~-try~to~hyl-~- 

leucyl- ( Nw-nitro) -L-arginyl-L-prolylazaglycine A mide.-The 
preparation was similar to that of the corresponding D- 
phenylalanine-containing hexapeptide derivative. The 
purification was achieved by silica gel column chromato- 
graphy, eluting with chloroform and methanol-chloroform 
(5% v/v), yield 34.4%, m.p. 139-140 "C (decomp.), R F A  
0.67, R F B  0.72, RFC 0.58, RFH 0.32, and RFK 0.95 (Found: 
C, 59.8; H, 6.3; N, 17.1. C,,H,,N,,O,, requires C, 60.0; 
HI 6.1; N, 17.1%). Amino-acid ratio; Tyr 0.95, Leu 1.0, 
Pro 0.97, Arg + Orn 1.01. 

serine Methyl Ester.-To a cooled (0 "C) and stirred solution 
of N-benzyloxycarbonyl-D-phenylalanine (2.99 g, 10 mmol) , 
L-tryptophyl-L-serine methyl ester hydrochloride l (3.42 g, 
10 mmol) , triethylamine ( 1.40 ml, 11 mmol) , and hydroxy- 
benzotriazole (2.70 g, 20 mmol) in DMF (50 ml), was added 
dicyclohexylcarbodi-imide (2.27 g, 11 .O mmol) and the 
stirring was continued for 60 h a t  room temperature. The 
reaction mixture was worked up in the usual manner and 
the residue was crystallised from hot ethyl acetate, yield 
4.89 g (83.4y0), m.p. 195-197 OC, RFA 0.86, RFB 0.81, 
RFC 0.85, RFD 0.72, RFE 0.37, RFF 0.63, RFH 0.67, Rpp 
0.15, and RFQ 0.53 (Found: C, 64.5; HI 5.9; N, 9.4; 
C,,H,,N40,*0.5H,0 requires C, 64.4; H, 5.9; N, 9.3%). 
D-Phenylalanyl-L-tryptophyl-L-serine Methyl Ester Hydro- 

chloride.-A solution of the preceding compound (4.5 g, 
7.72 mmol) in a mixture of ethanol (50 ml) and DMF (50 
ml) was hydrogenated over 5% Pd-C (0.9 g)  for 5 h in the 
presence of 1~ HCl (8.5 ml). The catalyst was removed by 
filtration and the filtrate was evaporated to dryness. The 
residue was triturated with ether, filtered off, washed with 
ether, and dried, yield lOOyo, RFA 0.61, RFB 0.68, RFC 0.72, 
RpD 0.57, R F F  0.48, and RFH 0.42. 

Methyl Ester.-A solution of L-pyroglutamic acid 2,4,5- 
trichlorophenyl ester (2.62 g, 8.5 mmol), D-phenylalalanyl- 
L-tryptophyl-L-serine methyl ester hydrochloride (3.75 g, 
7.7 mmol), and triethylamine (1.08 ml, 7.7 mmol) in DMF 
(30 ml) was stirred overnight a t  room temperature and then 
concentrated to dryness in vacuo. The residue was tri- 
turated with ethyl acetate and water, filtered off, washed 
with methanol-ether (1 : 5 v/v) and ether, and dried. The 
crude peptide was crystallised from methanol-ether to 
yield the tetrapeptide derivative (2.15 g, 49.3y0), m.p. 

0.38, and RFQ 0.18 (Found: C, 60.9; H, 6.0; N, 12.2. 
C,&I,,N@, requires C, 61.2; H, 5.8; N, 12.4%). 

Hydrazide.-A solution of L-pyroglutamyl-D-phenylalanyl- 
L-tryptophyl-L-serine methyl ester (2.03 g, 3.6 mmol) in 

N-Benzyloxycarbonyl- D-phenylalany 1-L-tryptop hyl-L- 

L- Pyroglutamyl-D-phenylalanyl-L-tryptophyl-L-serine 

194-196 "C, RFA 0.68, RFB 0.76, RFC 0.70, RFD 0.66, R F H  

L- Pyroglutamyl-D-phenylalanyl-L-tryptophyl-~-se~ine 

DMF (20 ml) was treated with hydrazine hydrate (72 mmol) . 
After 6 h, the solvent was removed by evaporation in vacuo 
and the residue was triturated with water, filtered off, 
washed with water, methanol-ether (1 : 5 v/v) , and ether, 
and dried to  yield the tetrapeptide hydrazide (1.73 g, 
84.7y0), m.p. 234 "C (decomp.), R F ~  0.58, RFB 0.81, RFC 
0.58, RpD 0.66, and R F ~  0.70 (Found: C, 59.3; HI 5.7; 
N, 17.1. C,,H,,N,O, requires C, 59.6; H, 5.9; N, 17.3%). 

L-Pyroglutamyl-L-tryptophyl-L-serine Methyl Ester.-A 
solution of L-pyroglutamic acid 2,4,5-trichlorophenyl ester 
(3.4 g, 11 mmol), L-tryptophyl-L-serine methyl ester 
hydrochloride (3.42 g, 10 mmol), and triethylamine (1.42 
ml, 10 mmol) in DMF (30 ml) was set aside for 48 h at  room 
temperature. DMF was evaporated off in vacuo and the 
residue was triturated with ethyl acetate-water, collected, 
washed with water, methanol-ether (5 : 1 v/v), and ether, 
and dried, yield 1.82 g (43.6%), m.p. 198 "C, RFA 0.64, 
RpB 0.73, RFC 0.63, R F D  0.64, RFH 0.28, and RFQ 0.11 
(Found: C, 58.0; H, 6.1; N, 13.4. C,,H,,N,O, requires 
C, 57.7; H, 5.8; N, 13.4%). 
L-Pyroglutamyl-L-tryptophyl-L-serine Hydrazide.-A solu- 

tion of the preceding methyl ester (1.66 g, 4 mmol) in 
DMF (20 ml) was treated with hydrazine hydrate (20 mmol) 
for 24 h a t  room temperature. The solvent was removed 
in vacuo and the residue was crystallised from methanol to 
give the tripeptide hydrazide (1.09 g, 68%), m.p. 230- 
231 "C (decomp.) (Found: C, 54.4; HI 5.8; N, 20.3. 
Cl,H2,N6O5 requires C, 54.7; H, 5.7; N, 20.1%). 

N-Benzyloxycarbonyl-D-tryptophyl-L-tryptophyl-L-serine 
Methyl Ester.-This method is similar to the one described 
for the D-phenylalanine-containing tripeptide derivative. 
It was crystallised from methanol, yield 68%, m.p. 150- 

RFF 0.69, RFH 0.69, and RFQ 0.35 (Found: C, 65.2; HI 5.3; 
N, 10.8. C,,H,,N,O, requires C, 65.2; H, 5.5; N, 11.1%). 

L-Pyroglutamyl-D-tryptophyl-L-tryptophyl-L-serine Methyl 
Ester.-The preparation was similar to that of L-pyroglu- 
tamyl-D-phenylalanyl-L-tryptophyl-L-serine methyl ester, 
yield 85%, m.p. 244-246 "C, R R ~ A  0.67, R ~ B  0.74, R F c  
0.68, and RpD 0.65 (Found: C, 61.4; HI 5.7; N, 13.7. 
C,,H,,N,O, requires C, 61.7; H, 5.6; N, 13.9%). 

L- Pyroglutamyl-D-tryptop hyl-L-tryptophyl-L-serine 
Hydrazide.-The preparation was similar to that of L- 
pyroglutamyl-D-phenylalanyl-L-tryptophyl-L-serine 
hydrazide except that the reaction was carried out for 3 h; 
yield 86.1y0, m.p. 234-235 "C (Found: C, 59.7; HI 5.4; 
N, 18.3. C,,H,,N,O, requires C, 59.7; H, 5.6; N, 18.5%). 

N-Benzyloxycarbonyl-L-prolylaza-alanine Amide.-Di- 
cyclohexylcarbodi-imide (10.3 g, 50 mmol) was added to a 
solution of N-benzyloxycarbonyl-L-proline (9.96 g, 40 
mmol), aza-alanine amide hydrochloride (5.02 g, 40 mmol), 
triethylamine (5.72 ml. 40 mmol), and l-hydroxybenzo- 
triazole (10.8 g, 80 mmol) in DMF (200 ml) a t  0 "C and the 
reaction mixture was stirred overnight a t  4 "C. Working up 
in the usual manner gave the crude peptide which was 
purified by column chromatography on silica gel (500 g)  
eluting with chloroform (1 500 ml) and methanol-chloro- 
form (5 yo v/v) . The dipeptide-amide-containing fractions 
were combined and evaporated to dryness, yield 8.7 g 
(67.9y0), m.p. 182-184 "C (Found: C, 56.3; H, 6.4; N, 
17.5. C15H2,N404 requires C, 56.2; H, 6.2; N, 17.5%). 
N~-t-Butoxycarbonyl-Nw-nitro-L-arg~nyl-~-~rolylaza-alanine 

Amide.-The preparation is similar to that of the azagly- 
cine-containing tripeptide derivative ; yield 70%, m.p. 

151 "C, R F ~  0.80, RFB 0.78, RFC 0.86, RFD 0.74, RFE 0.33, 

169-170 "C, RFa 0.48, RFB 0.67, RFC 0.59, RFD 0.70, 
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RFE 0.20, RFF 0.60, RFH 0.61, RFK 0.85, and RFQ 0.13 
(Found: C, 42.8; H, 6.7; N, 24.8; C,,H,,N,O,~H,O 
requires C, 42.8; H,  6.9; N, 25.0%). 

N-Benzyloxycarbonyl-0- benzyl- L-tyrosylglycyl- L-leucine 
Methyl Ester.-N-Benzyloxycarbonyl-O-benzyl-L-tyrosine 
2,4,5-trichlorophenyl ester (5.84 g, 10 mmol) was allowed 
to  react overnight with glycyl-L-leucine methyl ester 
(1.98 g, 10 mmol) in DMF (50 ml) at room temperature. 
The solvent was removed in vacuo and the residue was 
crystallised from aqueous methanol, yield 98%, m.p. 113- 
115 "C, R F ~  0.52, RFB 0.63, R F ~  0.59, RFD 0.80, RFE 0.49, 
RFH 0.63, R F ~  0.55, and RFQ 0.65 (Found: C, 67.1; H, 
6.6; N, 6.9. C,,H,,N,O, requires C, 67.2; H,  6.7; N, 
7.1%). 
N-Benzyloxycarbonyl-O-benzyl-L-tyrosylglycyl-~-leucine 

Hydrazide.-A solution of N-benzyloxycarbonyl-O-benzyl- 
L-tyrosylglycyl-L-leucine methyl ester (4.28 g, 7.28 mmol) 
in methanol (75 ml) was treated with hydrazine hydrate 
(62%, 2 ml) and the solution was set aside a t  room temper- 
ature for 2 h, and then overnight a t  -20 "C. The tripep- 
tide hydrazide was filtered off, washed with methanol and 
ether, and dried, yield 3.8 g (88.7%), m.p. 173-175 "C, 
RFA 0.77, RFB 0.82, R F ~  0.87, RFD 0.67, RFE 0.31, RFH 0.56, 
Rpp 0.11, and RFQ 0.35 (Found: C, 64.9; H, 6.5; N, 11.9. 
C=,,H,,N,O, requires C, 65.2; H, 6.7; N, 11.9%). 

(N"-nitro)-L-arginyl-L-prolylaza-alanine A mide.-To a 
cooled (-20 "C) and stirred solution of N-benzyloxy- 
carbonyl-O-benzyl-L-tyrosylglycyl-L-leucine hydrazide ( 1 .18 
g, 2.2 mmol) in DMF (10 ml) a 6 . 0 2 ~  solution of hydrogen 
chloride in dioxan (1.46 ml, 8.8 mmol) was added followed 
by t-butyl nitrite (0.26 ml, 2.3 mmol). After 2 min a pre- 
cooled ( - 20 "C) solution of NW-nitro-L-arginyl-L-prolylaza- 
alanine amide trifluoroacetate (1.0 g, 2.0 mmol) and 
triethylamine (1.51 ml, 10.8 mmol) in DMF was added and 
the reaction mixture was stirred overnight a t  4 "C. The 
usual work-up left an oil which was dissolved in methanol, 
and the hexapeptide derivative was precipitated by the 
addition of ether, yield 1.75 g (92.8%), m.p. 150-153 "C, 
RFA 0.58, R F B  0.60, RFa 0.59, RFD 0.62, RFH 0.31, and 

N- BenzyEoxycarbonyl-O-benzyl-L-tyrosylglycyl-L-leucyl- 

R F K  0.94 (Found: C, 56.2; H, 6.4; N, 17.6. C,,H,,N,,- 
0,,*H20 requires C, 56.1; H, 6.4; N, 17.5%). Amino-acid 
ratios after 16 h acid digest; Tyr 0.98, Gly 1.0, Leu 1.0, 
Arg + O m  0.96, Pro 0.97. 
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