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at  each of three doses; the suspending vehicle was administered 
to a control group of three animals. One hour after treatment, 
9 mL of blood was withdrawn by cardiac puncture from each of 
the conscious animals. Blood samples from each drug-treated 
group and the control group were pooled and platelet-rich plasma 
(PRP) was prepared by centrifugation at 200g for 10 min. Platelet 
concentrations were matched among drug-treated and control 
PRP pools by diluting when necessary with platelet-poor plasma 
(prepared by centrifugation at  1400g for 10 min). Forty-five 
minutes after blood withdrawal, the minimal amount of bovine 
collagen (Worthington Biochemical, Freehold, N.J., employed as 
a suspension of 50 mg in 150 mL of physiological saline) required 
to produce a consistent aggregation of PRP from control animals 
was added to P R P  from drug-treated animals. Aggregation was 
observed in a chronolog aggregometer at 37 "C and recorded as 
a curve that describes the rate of increase of light transmittance 
through P R P  as aggregation proceeded. The percentage of in- 
hibition was calculated from the formula 100 X (6' control P R P  
- -  6' drug PRP)/6' control PRP where 0 stands for the rate of 
aggregation (curve slope). 
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Analogues of luliberin containing an a-azaamino acid in position 6, 9, or 10 (I-XIV) have been synthesized by the 
solution method of peptide synthesis. Two nonaza analogues, [~-Phe ' ] -  and [D-Ser(Bu')',des-Gly-NH2'',Pro- 
ethylamideB]luliberin, were also synthesized for comparison. The ovulation-inducing activity of the compounds 
was evaluated in androgen-sterilized constant-estrus rats. A combination of D-amino acid replacement in position 
6 with an azaglycine residue at position 10 resulted in highly active compounds which were superior to the corresponding 
nonaza analogues. The most active compounds, [D-Phe6,Azg1y1']-, [~-Tyr(Me)',Azgly'~]-, and [D-Ser(But)',- 
A~gly'~]luliberin, were about 100 times as potent as luliberin. N-Methylleucine substitution in position 7 in these 
compounds resulted in decreased activity; [~-Phe~,MeLeu~,Azgly'~] - and [~-Tyr(Me)~,MeLeu~,Azgly~~]luliberin were 
only 50 times as active as luliberin. The presence of either an azaproline residue in position 9, an azaphenylalanine 
or azaglycine residue in positions 6 and 10, or a tert-butyl ether protecting group on the hydroxyl group of the tyrosine 
residue in position 5 resulted in compounds with significantly reduced biological activity. 

Following the discovery and synthesis of luliberin (lu- 
teinizing hormone-releasing hormone, <Glu-His-Trp- 
Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2) it was suggested that 
longer acting and more potent analogues could be useful 
for the treatment of infertility states in man and for the 
improvement of fertility in farm animals;'s2 it was also 
concluded that an antagonist of luliberin might offer a new 
method of birth c ~ n t r o l . ~ ~ *  Recently, additional infor- 
mation has indicated that luliberin agonists may also be 
of value as a n t i f e r t i l i t ~ ~ , ~  and antitumor7z8 agents. Thus, 
agonist and antagonist analogues of luliberin appear to 
have fairly wide therapeutic potential. 

Structure-activity relationship studies on luliberin 
analogues have indicated that highly active analogues of 
luliberin can be obtained by replacing the glycine residue 
in position 6 with D-amino acids and the glycine amide 
residue in position 10 with various a l k y l a m i n e ~ . ~ J ~  

OO22-2623/78/ 1821-1018$01.00/O 

We reported previously the effects of replacing an amino 
acid residue in a biologically active molecule by an CY- 

azaamino acid." The presence of an a-aza residue in a 
peptide was expected to be beneficial for two reasons. 
Firstly, the change in the overall conformation of a 
molecule might lead to higher affinity for the receptor site. 
Secondly, the resulting compound might be more stable 
to enzymic degradation and, therefore, might have a longer 
duration of action. In addition, the absorption and 
transport properties of the analogues might also be altered 
favorably. In the case of luliberin, analogues marginally 
less active than the parent peptide were prepared by 
replacing the glycine residue in position 6 or 10 by an 
azaglycine residue.11,12 When an azaglycine or azalanine 
change in position 6 was combined with an ethylamide 
substitution in position 10, the resulting compounds were 
two to four times as active as 1~l iber in . l~ We have now 
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Table I. Structures of the Luli'uerin Analogues 
< Glu-His-TrpSer-Tyr-Gly-Leu- Arg-Pro-Gly-NH, 

< Glu-His-Trp-Ser-T yr-Gly-Leu- Arg-Pr o-NHN( CH, )CONH, 
(luliberin) 
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(1) 
< Glu-His-Trp-Ser-T yr-NHN( CH , C, H, )CO-Leu-Arg-Pro- 

NHNHCONH, (11) 
9% 

CH, €H, 
I I 

<Glu-His-Trp-Ser-Tyr-D -Phe-Leu-ArgN-NCONHC,H, 

<Glu-His-Trp-Ser-Tyr-Sar-Leu-Arg-Pro-NHNHCONH, (IV) 
<Glu-His-Trp-Ser-Tyr-Sar.MeLeu-Arg-Pro-NHNHCONH2 

<Glu-His-Trp-Ser-Tyr-D -Phe-Leu-Arg-Pro-NHNHCONH, 

< Glu-His-Trp-Ser-Tyr-D -Pile-MeLeu-ArgPro- 

< Glu-His-Trp-Ser-Tyr-D -Trp-Leu- Arg-Pro-NHNHCONH, 

<Glu-His-Trp-Ser-Tyr-D -Tyr( Me)-Leu-Arg-Pro- 

< Glu-His-Trp-Ser-Tyr-D -Tyr( Me)-MeLeu- Arg-Pro- 

< Glu-His-Trp-Ser-T yr-D -Ser( Bu )-Leu-Arg-Pro- 

<Glu-His-Trp-Ser-T yr-D -Ser-Leu- Arg-Pro-NHNHCONH, 

< Glu-His-Trp-Ser-Tyr( Buf)-D -Phe-MeLeu-ArgPro- 

<Glu-His-Trp-Ser-Tyr( Buf)-NHN( CH,C,H ,)CO-Leu-Arg- 

< Glu-His-Trp-Ser-Tyr-D -Phe-Leu-Arg-Pro-GI y-NH, (XV) 
< Glu-His-Trp-Ser-Tyr-D -Ser( But)-Leu-ArgPro-NHC,H 

(111) 

(VI 

(VI)  

NHNHCONH, (VII) 

(VIII) 

NHNHCONH, (1X) 

NHNHCONH, (X) 

NHNHCONH, (XI) 

(XI11 

NHNHCONH, (XIII) 

Pro-NHNHCONH, (XIV) 

(XVI) 

studied substitution of other a-azaamino acids (azaphe- 
nylalanine, azaproline, and azalanine) in positions 6,9, and 
10 and have also investigated the effects of azaglycine 
replacement in position 10 along with D-aminO acid re- 
placement in position 6. Two known compounds, [D- 
Phe6]luliberin14~15 (XV) and [D-Ser(But)6,des-Gly- 
NH,10,Pro-ethylamideg]luliberin16 (XVI), have also been 
prepared for comparison in our biological test systems. 
The structures of the analogues prepared are shown in 
Table I. 

Synthesis. The general procedure used for the syn- 
thesis of analogues I, IV-VI, VIII-XII, XV, and XVI is 
summarized in Chart I. The synthesis was achieved by 
coupling three peptide fragments by the azide method. 
The C-terminal tripeptide derivatives, N"-tert-butyl- 
oxycarbonyl-Nu-nitro-L-arginyl-L-prolylglycine amide, 
N"-tert- butyloxy carbonyl-Nu-nitro-L-arginyl-L-prolyl- 
azaglycine amide, and N"-tert-butyloxycarbonyl-Nu- 
nitro-L-arginyl-L-prolylazalanine amide, were prepared by 
a stepwise coupling procedure using N,N'-dicyclohexyl- 
carbodiimide-hydroxybenzotriazole as the coupling agent 
at each step. Since these tripeptide derivatives were highly 
water soluble, the purification could only be achieved by 
a countercurrent distribution procedure using ethyl ace- 
tate-water and 1-butanol-water, followed by ion-exchange 
chromatography to remove unreacted Ne-tert-butyloxy- 
carbonyl- N"-nitro-L-arginine. 

The middle tripeptide derivatives, N-benzyloxy- 
carbonyl-0-benzyl-L-tyrosyl-A-B methyl esters (A = Sar, 
D-Phe, D-Trp, D-Ser, O-But-D-Ser, 0-Me-D-Tyr; B = Leu, 
MeLeu), were prepared in a stepwise manner. Coupling 
N-benzyloxycarbonylsarcosine, -D-phenylalanine, -D- 
tryptophan, -O-fert-butyl-D-serine, or -0-methyl-D-tyrosine 
with leucine or N-methylleucine methyl ester by the di- 
cyclohexylcarbodiimide-hydroxybenzotriazole procedure 
gave the protected dipeptide derivatives. Most of these 
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were obtained as oils after silica gel column chromatog- 
raphy. Debenzyloxycarbonylation, followed by coupling 
with N-benzyloxycarbonyl-0-benzyl-L-tyrosine, gave the 
protected tripeptide derivatives. N-Methylleucine con- 
taining tripeptide methyl esters were also obtained as oils 
and needed purification by silica gel column chroma- 
tography. Hydrazine hydrate treatment then converted 
the esters to hydrazides. 

The N-terminal tetrapeptide derivative, L-pyro- 
glutamyl-L-histidyl-L-tryptophyl-L-serine methyl ester, was 
prepared by coupling L-pyroglutamyl-L-histidine azide with 
L-tryptophyl-L-serine methyl ester. L-Pyroglutamyl-L- 
histidine hydrazide was only sparingly soluble in di- 
methylformamide, and, therefore, the azide coupling was 
carried out in a mixture of dimethyl sulfoxide and di- 
methylformamide. 

The coupling of the C-terminal tripeptide derivatives, 
Nu-nitro-L-arginyl-L-prolylglycine amide, Nu-nitro-L-ar- 
ginyl-L-prolylazaglycine amide, and Nu-nitro-L-arginyl- 
L-prolylazalanine amide (prepared by treating the NE-  
tert-butyloxycarbonyl derivatives with HC1 in ethyl 
acetate), with the desired N-benzyloxycarbonyl-0- 
benzyl-L-tyrosyl-A-B azide gave the hexapeptide deriva- 
tives. Hydrogenolysis over 5% Pd/C in the presence of 
2 equiv of hydrogen chloride removed all protecting groups. 
The resulting dihydrochlorides were converted to mo- 
nohydrochlorides and reacted with L-pyroglutamyl-L- 
histidyl-L-tryptophyl-L-serine azide. The guanidino group 
of arginine was protected by protonation during the 
coupling procedure. The decapeptide amides were purified 
by column chromatography on Sephadex LH-20 in di- 
methylformamide and by partition chromatography on 
Sephadex G-25 using either 1-butanol-acetic acid-water 
(4:1:5) or 1-butanol-acetic acid-water-pyridine (5:1:5:1) 
solvent systems. 

Synthesis of [Tyr(But)5,~-Phe6,MeLeu7,Azgly10]luliberin 
(XIII) was achieved in a manner similar to the one de- 
scribed in Chart I, except that  N-benzyloxycarbonyl-0- 
tert-butyl-L-tyrosine was used in place of N-benzyloxy- 
carbonyl-0-benzyl-L-tyrosine. The cleavage of the tert- 
butyl ether group from compound XI11 by trifluoroacetic 
acid treatment gave [~ -Phe~ ,MeLeu~ ,Azg ly~~] lu l ibe r in  
(VII). 

The procedure used for the synthesis of [Tyr(ButI5,- 
A~phe~,Azgly '~]-  (XIV), [A~phe~,Azgly'~]- (11), and [D- 
Phe6,des-Gly-NH210,Azpro-ethylamideg]luliberin (111) 
differed from Chart I only in the synthesis of two peptide 
fragments. One of these, N-benzyloxycarbonyl-0-tert- 
butyl-L-tyrosylazaphenylalanyl-L-leucine hydrazide, used 
in the synthesis of compounds I1 and XIV, was prepared 
in the following manner. N1-tert-Butyloxycarbonyl- 
,V-benzyl hydrazide was reacted with N-carbonyl-L-leucine 
methyl ester to give N-tert-butyloxycarbonylazaphenyl- 
alanyl-1,-leucine methyl ester. Removal of the tert-bu- 
tyloxycarbonyl protecting group, followed by a coupling 
with N-benzyloxycarbonyl-0-tert-butyl-L-tyrosine by the 
DCCI-HOBt procedure yielded the tripeptide methyl ester 
which was then converted to the hydrazide by hydrazine 
hydrate treatment. The other peptide fragment, Nff- 
tert-butyloxycarbonyl-N"-nitro-L-arginylazaproline ethyl 
amide, used in the synthesis of [ ~ - P h e ~ , d e s - G l y - N H ~ ' ~ , -  
Azpro-ethylamideg]luliberin, was prepared in a stepwise 
manner. N-Benzyloxycarbonylpyrazolidine reacted 
smoothly with ethyl isocyanate to give N-benzyloxy- 
carbonylazaproline ethylamide. Debenzyloxycarbonyla- 
tion, followed by a coupling with N"-tert-butyloxy- 
carbonyl-N"-nitro-L-arginine by the DCCI-HOBT method, 
yielded the C-terminal dipeptide derivative. 
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Table 111. Ovulation-Inducing Activity of the Luliberin 
(L)  Analogues in Androgen-Sterilized 
Constant-Estrus Rats 

response 
dose, (no. ovulating1 

compd fig per rat no. treated) 
luliberin 

[ AzalalO ]-L (I) 

[Azphe6,Azgly10]-L (11) 

[ D -Phe6,des-Gly-NH,'0,- 
Azpro-ethylamide9]-L (111) 

[Sar6,Azgly lo ]-L (IV) 
[ Sar6 ,MeLeu ',Azgly lo  1-L ( V) 
[ ~ - P h e ~ , A z g l y ' ~ ] - L  (VI) 

[ D -Phe6,MeLeu7,Azglyl0]-L 

[ D -Trp6 ,Azgly lo]-, (VIII) 

[ D -Tyr( Me)6,Azgly10]-L (IX) 

(VI11 

[ D -Tyr( Me)6,MeLe~7,-  

[D-Ser( B ~ ~ ) ~ , A z g l y ' ~ ] - L  (XI) 
Azgly'O]-L (X) 

[D-Ser6,Azgly'O]-L (XII) 

[Tyr( B ~ ~ ) ~ , ~ - p h e ~ , M e L e u ' , -  

[Tyr( B ~ ~ ) ~ , A z p h e * , -  

[ D -€'he6 1-L (XV) 

[ D -Ser( Bu f, 6,des-Gly-NH,10, - 
Pro-ethylamide9 ]-L (XVI) 

Azgly'OI-L (XIII) 

Azgly'O]-L (XIV) 

0.5 
0.25 
0.10 
1.0 
0.5 
0.25 

10.0 
5.0 
1.0 
0.5 
0.125 
1.0 
1.0 
0.005 
0.0025 
0.01 
0.005 
0.062 
0.031 
0.005 
0.0025 
0.01 
0.005 
0.0062 
0.0031 
0.05 
0.01 
0.001 
0.1 
0.05 

100 
25 

0.5 
0.01 
0.005 
0.1 
0.01 

The physical and chemical characteristics of all the 
analogues are summarized in Table 11. 

Biological Activity. The ability of the peptides to 
induce ovulation was assessed in androgen-sterilized 
constant-estrus rats.12 The compounds dissolved in 0.25 
mL of saline were injected into the tail vein. The results 
obtained are given in Table 111. 

Azaglycine substitution in position 10 and D-aminO acid 
substitution in position 6 gave highly active compounds 
(VI, VIII, IX, XI, XIII), the potency of which ranged from 
approximately 5 to 100 times that of luliberin. Azaglycine 
replacement in position 10 is more favorable for potency 
than either no substitution or substitution of the glycine 
amide with ethylamide (compare VI with XV and XI with 
XVI). In contrast to the increased potency seen when 
D-amino acids are substituted in position 6, either aza- 
phenylalanine (11) or sarcosine (IV) replacement in this 
position significantly reduces biological activity. N- 
Methylation of the leucine residue in position 7 causes only 
a marginal loss in potency (compare IV with V, VI with 
VII, and IX with X).  

Discussion 
The increased potency of the highly active luliberin 

analogues, synthesized by D-amino acid replacement in 
position 6 and various alkylamine substitutions in position 
10, is said to be due to either a change in the overall 
conformation of the molecule leading to higher affinity for 
the receptor site9,'' or an increase in the stability of the 
analogues to enzymic d e g r a d a t i ~ n . ' ~ J ~  Peptide linkages 

a t  positions 6 and 10 have, in fact, been shown to be highly 
susceptible to enzymic d e g r a d a t i ~ n . ' ~ J ~  When modified 
in positions 6, 7 ,  and 10, the resulting analogues were less 
susceptible to degradation by enzymes present in rat brain 
extract.20 

We previously investigated the substitution of azaglycine 
or azalanine in positions 6 or 10 in the hope of increasing 
the biological potency and duration of action, but ana- 
logues marginally less active than luliberin were obtained.12 
Since the aza linkage at position 6 was expected to convey 
greater stability to enzymic attack, the failure to obtain 
compounds with significantly increased potency may have 
been due to a concomitant unfavorable conformational 
change in the molecule. This speculation is consistent with 
the finding that azaphenylalanine substitution in position 
6 (11) significantly reduces biological activity. When 
compared with [~-Phe~] lu l iber in  (XV) the reduction in 
potency of the azaphenylalanine analogue (11) is even more 
pronounced because compound XV is about 50 times as 
active as luliberin. The most likely explanation of these 
findings, therefore, is that because of its planar nature, the 
cy-aza residue at position 6 alters the overall conformation 
of the molecule in such a manner as to reduce affinity for 
the receptor; the magnitude of this change increases with 
increasing bulk of the side chain of the azaamino acid 
residue. 

Since the aza linkages are expected to be stable to 
enzymic degradation, yet aza6 analogues of luliberin have 
low potency, it can be argued that increased biological 
activity of the analogues with D-amino acids in position 
6 is primarily due to a favorable change in conformation 
and that stability to enzymic attack is much less important. 
This view is further strengthened by the relatively poor 
biological potency of compounds with a sarcosine residue 
in position 6 with or without an N-methylleucine residue 
in position 7 (IV, V). N-Methylation of the glycine and 
leucine residue should increase metabolic stability but the 
compounds are only about half as potent as luliberin. 

In contrast to the effect of an aza residue a t  position 6, 
replacement of glycine by azaglycine a t  position 10 
combined with substitution of a D-amino acid at position 
6 has a most favorable effect on the biological potency. 
Three of these compounds (VI, IX, and XI) are about 100 
times more potent than luliberin. Moreover, [D-Phe6,- 
A~gly'~]luliberin (VI) is about twice as active as [D- 
Phe6]luliberin (XV), and [~-Ser(Bu~)~,Azgly'~]luliberin (XI) 
is about three times as active as [D-Ser(But)6, des-Gly- 
NH21°,Pro-ethylamideg]luliberin (XVI). The aza analogue 
XI is also more active than the ethylamide analogue XVI 
in inhibiting the increase in ovarian and uterine weights 
induced by human chorionic gonad~trophin. '~ Further- 
more, compound XI is a potent antitumor agent in the rat 
DMBA mammary tumor model.21 

[~-Trp~,Azgly~~] lu l iber in  (VIII) was about eight times 
more active than luliberin. When compared to [D- 
Phe6,Azgly'0]luliberin (VI) this level of activity is sur- 
prisingly low. In the corresponding nonaza series [D- 
Trp6]luliberin has been claimed to be more active than 
[~-Phe~]luliberin.~~~~~~~~ 

Azalanine substitution in position 10 (I) results in 50% 
reduction in potency, but in comparison to [~-Ala'O]lu- 
liberin (20 times less active than 1uliberin'O) the aza 
analogue is much more active. I t  is possible that the 
L-alanine side-chain methyl group interferes with the 
receptor interaction, whereas in azalanine the methyl group 
is present in a different spatial position and is unable to 
interfere so severely with the receptor binding. 

Azaproline substitution in position 9 (111) decreases the 
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biological activity significantly. When compared with 
[~-Phe~] lu l iber in  (XIII), [D-Phe6,des-Gly-NHzl0,Azpro- 
ethylamide9]luliberin (111) is about 100 times less active. 
A proline residue in position 9 therefore appears to be 
extremely important for high biological activity. 

Although a tert-butyl protecting group on D-serine in 
position 6 is favorable for activity (compare XI with XII), 
when present on the tyrosine residue in position 5 it is 
decidedly disadvantageous (compare VI1 with XI11 and I1 
with XIV). 

I t  can be concluded from the above results that a- 
azaamino acid replacement alone in positions 6, 7,9, and 
10 does not have any positive advantage, but when an 
azaglycine change in position 10 is combined with a D- 
amino acid replacement in position 6 the resulting aza 
analogues are highly potent and more active than the 
corresponding nonaza derivatives. 

Experimental Section 
Ascending, thin-layer chromatograms were run on Keiselgel 

G with butan-1-01-acetic acid-water (4:1:5 v/v) [Rf(A)], bu- 
tan-1-01-acetic acid-water-pyridine (15:3:12:10) [Rf(B)], bu- 
tan-2-01-3% ammonium hydroxide (3:l) [RAC)], acetonitrile-water 
(3:l) [RAD)], acetone-chloroform (1:l) [RAE)], ethanol-chloroform 
(4:l) [RLF)], cyclohexaneeethyl acetate-methanol (1:l:l) [R H)], 

(95:s) [R,(P)], or chloroform-methanol (9:l) [R,(Q)]. Spots were 
revealed with ninhydrin, fluorescamine, or sodium hypochlor- 
ite-potassium iodide reagent. Paper electrophoresis was carried 
out on Whatman chromatography paper (3 mm) using a mixture 
of 8% acetic acid and 2% formic acid (pH 2.1) and 0.3% acetic 
acid and 0.9% pyridine (pH 6.5) in deionized water. For amino 
acid analysis, the peptide in 6 N HCl containing 1 % phenol was 
sealed under vacuum in a glass tube and heated at  110 "C for 16 
h. 

The synthesis of the following intermediates has been reported 
earlier:I3az3 N"-tert-butyloxycarbonyl-N"-nitro-L-arginyl-L-pro- 
lylazaglycine amide, Nu- tert-butyloxycarbonyl-Nw-nitro-L-argi- 
nyl-L-proline ethylamide, Ne-tert-butyloxycarbonyl-NO-nitro- 
L-arginyl-L-prolylazalanine amide, N-benzyloxycarbonyl-0- 
benzyl-L-tyrosyl-D-phenyldanyl-L-leucine hydrazide, N-benzyl- 
oxycarbonyl-O-benzyl-L-tyrosyl-D-tryptophyl-L-leucine hydrazide, 
N-  benzyloxycarbonyl-0- benzyl-L-tyrosyl-D-phenylalanyl-L- 
leucyl-Nw-nitro-L-arginyl-L-prolylazaglycine amide, N-benzyl- 
oxycarbonyl-0-benzyl-L-tyrosyl-D-tryptophyl-L-leucyl-Nw- 
nitro-L-arginyl-L-prolylazaglycine amide, and N-benzyloxy- 
carbonyl-0- benzyl-~-tyrosylglycyl-~-leucyl-Nw-nitro-~-arginyl- 
L-prolylazalanine amide. 

N-Benzyloxycarbonylazaproline Ethylamide. Ethyl 
isocyanate (3.1 mL, 39.3 mmol) was added to  a solution of N- 
benzyloxycarbonylpyrazolidine hydrochloride (9.54 g, 39.3 mmol) 
and triethylamine (5.5 mL, 39.3 mmol) in chloroform (100 mL), 
and the solution was left overnight a t  room temperature. 
Chloroform was removed in vacuo and the residue was taken up 
in ethyl acetate, washed with water, 20% citric acid solution, and 
water, and dried (NazS04). Evaporation of ethyl acetate left an 
oil which was purified by silica gel column chromatography using 
chloroform as eluting solvent: yield 8.7 g (80.9%); TLC Rf(D) 
0.71, Rf(E) 0.61, Rf(H) 0.66, Rf(P) 0.66, Rf(Q) 0.70. Anal. 

N*- t e r t  -Butyloxycarbonyl-N"-nitro-L-arginylazaproline 
Ethylamide. Dicyclohexylcarbodiimide (7.48 g, 36.2 mmol) was 
added to a cooled (0 "C) and stirred solution of N"-tert-butyl- 
oxycarbonyl-Nw-nitro-L-arginine (10.0 g, 31.39 mmol), azaproline 
ethylamide hydrochloride (6.2 g, 34.5 mmol, prepared by the 
catalytic reduction of the preceeding compound over 5% Pd/C 
in presence of 1 equiv of hydrogen chloride), triethylamine (4.8 
mL, 34.5 mmol), and hydroxybenzotriazole (9.33 g, 69.0 mmol) 
in dimethylformamide (100 mL), and the stirring was continued 
overnight at 4 "C. Dicyclohexylurea was filtered off and the filtrate 
was evaporated to dryness. The oily residue was applied to silica 
gel column and the column was eluted with 5% v/v methanol 
in chloroform. The product obtained from the column was 
contaminated with Nu-tert-butyloxycarbonyl-N"-nitro-L-arginine. 

chloroform-methanol-water (11:82) (RbK)] , chloroform-met i! an01 

(C14HigN30J C, H, N. 
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It was dissolved in a mixture of methanol-water (6:4, 200 mL), 
and the solution was passed through a column of AG1 X-2 and 
evaporated to  dryness. The residue w3s dissolved in tert-butyl 
alcohol and freeze-dried to give a fluffy solid: yield 8.3 g (60.3%); 
TLC R,(D) 0.61, R,(F) 0.61, Rf(H) 0.51, R,(Q) 0.31. Anal. 
(C~iH32N806) C, H, N. 

N-benzyloxy carbonyl- 0 - t e r t  - butyl-D-seryl-L-leucine 
Methyl  Ester. A solution of N-benzyloxycarbonyl-0-tert-bu- 
tyl-D-serine (2.83 g, 9.6 mmol), leucine methyl ester hydrochloride 
(1.92 g, 10.6 mmol), 1-hydroxybenzotriazole (2.6 g, 19.2 mmol) 
and triethylamine (1.6 mL, 11 mmol) in dimethylformamide (30 
mL) was cooled to 0 "C, and dicyclohexylcarbodiimide (2.29 g, 
11.1 mmol) was added to it. The reaction mixture was stirred 
overnight a t  4 "C and filtered to remove the solid residue, and 
the filtrate was evaporated to dryness. The residue, in ethyl 
acetate, was washed with water, 20% citric acid solution, saturated 
sodium hydrogen carbonate solution, and water and dried 
(Na2S04). Ethyl acetate was removed in vacuo and the residue 
was crystallized from aqueous methanol to yield the dipeptide 
derivative: 3.5 g (90.4%); mp 107-108 "C. Anal. (C15H21N05) 
C, H, N. 

Several other dipeptide derivatives used in the synthesis of 
luliberin analogues were prepared using this procedure and are 
listed in Table IV. 

N - B e n  zyloxycarbonyl- 0 -ben zyl-L-tyros yl- 0 - tert -bu- 
tyl-D-seryl-L-leucine Methyl Ester. A solution of N-benzyl- 
oxycarbonyl-0-benzyl-L-tyrosine 2,4,5-trichlorophenyl ester (19.17 
g, 32.7 mmol) and 0-tert-butyl-D-seryl-L-leucine methyl ester (9.6 
g, 32.7 mmol, prepared by the catalytic reduction of the ben- 
zyloxycarbonyl derivative) in dimethylformamide (100 mL) was 
left a t  room temperature for 48 h. Dimethylformamide was 
evaporated off in vacuo, and the residue, in ethyl acetate, was 
washed with water, 20% citric acid solution, saturated sodium 
hydrogen carbonate solution, and water and dried (Na2S04). The 
tripeptide ester obtained after evaporating off the ethyl acetate 
was collected, washed with ether, and dried: yield 17.6 g (79.4%); 
mp 135-137 "C. 

All the other tripeptide derivatives prepared by this procedure 
are listed in Table V. 

N-Benzyloxycarbonyl-  0-benzyl-L-tyrosyl- 0 - t e r t  -bu- 
tyl-D-seryl-L-leucine Hydrazide. Hydrazine hydrate (12.9 
mmol) was added to a solution of the preceeding methyl ester 
(4.32 g, 6.4 mmol) in dimethylformamide (25 mL) and methanol 
(50 mL), and the reaction mixture was left overnight a t  room 
temperature. Methanol was removed in vacuo and the product 
was precipitated with water, collected, washed with water, and 
dried: yield 2.4 g (56.2%); mp 134-136 "C. Anal. (C37H49N507) 
C, H, N. 

The tripeptide hydrazides prepared by this procedure are listed 
in Table V. 

General Procedure for  t h e  Preparat ion of N-Benzyl- 
oxycarbonyl- 0-benzyl-  (or tert-butyl-) L-tyrosyl-A-B-Nw- 
nitro-L-arginyl-L-prolyl-C (A = Gly, Sar, D-Phe, D-Trp, D- 
Tyr(Me), D-Ser(But), Azphe; B = Leu, MeLeu; C = Azgly- 
NH2, -NHC2H5). N-Benzyloxycarbonyl-0-benzyl- (or tert-butyl-) 
L-tyrosyl-A-B hydrazide (5.0 mmol) was dissolved in dimethyl- 
formamide (10 mL) and the stirred solution was cooled to 0 "C. 
Hydrogen chloride (5.92 M) in dioxane (20 mmol) was added, 
followed by tert-butyl nitrite (5.25 mmol). After 2 min, a precooled 
solution of N"-nitro-L-arginyl-L-prolyl-C hydrochloride, prepared 
by treating the tert-butyloxycarbonyl derivative with HCl in ethyl 
acetate for 1 h ( 5  mmol), and triethylamine (25 mmol) in di- 
methylformamide (10 mL) was added and the stirring was 
continued overnight a t  4 "C. The reaction mixture was diluted 
with ethyl acetate (250 mL) and washed with water, 20% citric 
acid solution, sodium hydrogen carbonate solution, and water. 
Ethyl acetate was removed in vacuo and the product was purified 
by crystallization or silica gel column chromatography (Table VI). 

L-Pyroglutamyl-L-histidyl-L-tryptophyl-L-serine Methyl 
Ester. To a cooled (0 "C) and stirred suspension of L-pyro- 
glutamyl-L-histidine hydrazide (2.8 g, 10 mmol) in dimethyl- 
formamide (10 mL) and dimethyl sulfoxide (10 mL), 5.7 N hy- 
drogen chloride in dioxane (6.9 mL, 40 mmol) was added. A clear 
solution was obtained after 5 min of vigorous stirring. The solution 
was cooled to -20 "C, tert-butyl nitrite (1.31 mL, 11 mmol) was 
added, and the stirring was continued for 25 min. The tem- 
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perature was lowered to -30 "C and the solution was neutralized 
by adding triethylamine (5.77 mL, 40 mmol). A precooled (-20 
"C) solution of L-tryptophyl-L-serine methyl ester (3.35 g, 11 mmol, 
prepared by hydrogenating the N-benzyloxycarbonyl derivative 
over 570 Pd/C) and triethylamine in dimethylformamide was 
added, and the reaction mixture was stirred at --IO "C for 30 min 
and at 4 "C for 24 h. Triethylamine hydrochloride was removed 
by filtration and the filtrate was evaporated to dryness. The crude 
peptide was purified by silica gel column chromatography using 
10 and 2070 methanol in chloroform and a mixture of chloro- 
form-methanol-water (11:8:2) as eluting solvents: yield 3.85 g 
(70%); mp 142-145 "C dec; TLC RAA) 0.39, Rf(B) 0.72, RAC) 0.45, 
R,(D) 0.48, Ri(K) 0.61. Anal. (C26H31N707) C,  H,  N. 

L-Pyroglutamyl-L-histidyl-L-tryptophyl-L-serine Hydra- 
zide. The preceding methyl ester (2.98 g, 5.4 mmol) was dissolved 
in dimethylformamide (70 mL) and was treated with hydrazine 
hydrate (100 mmol) for 4 h. Dimethylformamide was removed 
in vacuo, and the residue was triturated with ethanol, collected, 
washed with ethanol and ether, and dried: yield 2.62 g (88.270); 
mp 186-189 "C; TLC RAA) 0.18, RfIB) 0.55, RAC) 0.39, RAD) 0.27, 
Ri(K) 0.58. 4nal. (C25H31N906) C, H, N. 

General Procedure  for Coupling L-Pyroglutamyl-L- 
histidyl-L-tryptophyl-L-serine Azide wi th  L-Tyrosyl-A-B- 
1.-arginyl-L-prolyl-C (A = Gly, Sar, D-Phe, D-Trp, D-Tyr(Me), 
D-Ser(Bu'), Azphe; B = Leu, MeLeu; C = Azgly-NH,, 
Azala-NH,, -NHC,H,). To a cooled (0 "C) and stirred sus- 
pension of L-pyroglutamyl-L-histidyl-1~-tryptophyl-L-serine hy- 
drazide (0.275 mmol) in dimethylformamide (1.0 mLi was added 
5.92 M hydrogen chloride in dioxane (1.1 mmol). The clear 
solution obtained after several minutes of stirring was further 
cooled to -20 "C and to it was added tert-butyl nitrite (0.29 mmol). 
Stirring was continued for 20 min at -20 "C and the solution was 
neutralized by the addition of triethylamine (1.1 nimol). A 
precooled -. 20 "C mixture of L-tyrosyl-A-B-L-arginyl-L-prolyl-C 
dihydrochloride (0.25 mmol), obtained by the hydrogenolysis of 
N-benzyloxycarbonyl-O-benzyl-L-tyrosyl-A~B-(.~~-nitro)-L-argi- 
nyl-C in 80% v / v  aqueous methanol for 40 h over 5% w / w  
palladium on charcoal in the presence of 2 equiv of hydrogen 
chloride, and triethylamine (0.25 mmol) in dimethylformamide 
(1.0 mL) were added. The mixture was stirred for 24 h at  4 "C. 
The reaction mixture was applied directly to a Sephadex LH-20 
column using dimethylforinamide as eluent (purification procedure 
Ai. Further purification was achieved by the procedures men- 
tioned in Table I1 which were performed in the same order as 
listed in the table. 
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