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SUMMARY: Five new analo s of luteinizing hormone releasing 
hormone (LH-RH), des-Gly 90-[Ala6]-LH-RH-ethylamide des-GlylO- 
[D-Ala6]-LH-RH-ethylamide des-GlylO-[a-aminoisobu;yric acid6]- 
LH-RH-ethylamide, 
des-GlylO-[Ile5, 

D-Ala6]-LH-RH-ethylamide and 
were synthesized and 

evaluated for the ovulation-inducing activity i the rat, and 
it was found that the analogs, d Et s-GlylO-[D-Ala ]-LH-RH-ethyl- 
amide and des-Gly'O-CPhe5, D-Ala&]-LH-RH-ethylamide, were 50 
times or more active than the original molecule. 

We have recently reported that replacement of the Gly-NH210 

of the synthetic LH-RH by various alkylamines resulted in reten- 

tion of the hormonal activity (1,2) and one of these alkylamine- 

substituted analog, des-Gly lo-LH-RH-ethylamide [I] was five 

times as potent as synthetic LH-RH in the in vivo assay (31, 

and also found that the analog I has considerably more prolonged 

action in the proestrous rat as compared with LH-RH (4). On 

the other hand, synthetic decapeptides having altered sequence 

of LH-RH have always led to a decreased hormonal activity in 

various degrees (5). With regard to the position 6 (Glyf, 

Monahan et al. (6) reported that the synthetic analog [Ala6]- 

LH-RH exhibited only 1% the activity of the natural hormone. 

Very recently, Monahan et al. (7) have reported that a newly 

6 
synthesized [D-Ala ]-LH-RH analog had exhibited a potency of 

350-450% relative to LH-RH. These results were obtained in - 
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vitro (rat pituitary primary cell cultures) and in vivo (estro- -- 

gen treated ovariectomized rats). However, no data were given 

on the potencies of these compounds in the ovulation induction 

test. In our independent studies on structure-activity re- 

lations of LH-RH molecule, we have synthesized some analogs of 

LH-RH di- or tri-substituted in positions 5, 6 and 10, and found 

6 
that [D-Ala ]-analogs possessed very high activities when evalu- 

ated by the ovulation-induction index. In our view, studies of 

structure-activity relations of highly potent analogs of LH-RH 

should be very meaningful for an understanding of the sites on 

the LH-RH molecule which promote binding to the target re- 

ceptor(s) and also in determining which structure features are 

necessary for the hormone to be resistant to in vivo inacti- -- 

vations. We believe that such studies are basic to the design 

of an inhibitor of LH-RH. 

This paper describes the synthesis and the ovulation-induc- 

ing activity of five new analogs of LH-RH, des-GlylO-[Ala$-LH- 

RH-ethylamide [II], des-Gly" -[ D-Ala61 -LH-RH-ethylamide [III], 

des-Cily lo-[a-aminoisobutyric acid6]-LH-RH-ethylamide [IV], des- 

=Y lo-[Phe5, D-Ala61 -LH-RH-ethylamide [V] and des-Cily lo-[Ile5, 

D-Ala? -LH-RH-ethylamide [VI]. 

Synthesis of peptides: The syntheses of the analogs (except 

IV) have been achieved by a new route as shown in Fig. 1. For 

the preparation of N-terminal pentapeptides pGlu-His-Trp-Ser- 

X-OR [X-OR = Tyr-OMe, Phe-OMe and Ile-OBzl] , a crystalline 

tripeptide pGlu-His-Trp-OH (8) was coupled with H-Ser-X-OR by 

the use of N-hydroxy-5-norbornene-2,3-dicarboximide (HONB)/di- 

cyclohexylcarbodiimide (DCC) to minimize undesirable racemi- 

zation during the coupling reaction, and the resulting penta- 

peptide esters were carefully subjected to saponification (or 
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pGlu-His-Trp-OH + H-Ser-X-OR* Z-Y*-ONB 

--I- 

+ H-Leu-Arg(N02)-Pro-NH-C2H5 

HONB/DCC 

pGlu-His-Trp-Ser-X-OR Z-Y-Leu-ArglNO2,)-Pro-NH-C2H5 

pGlu-His-Trp-Ser-X-OH + H-Y-Leu-Arg(NO2)-Pro-NH-C2HS 

pGlu-His-Trp-Ser-X-Y-Leu-Arg(NO2)-Pro-NH-C2H5 

SnCl2 in 60% formic acid 

pGlu-His-Trp-Ser-X-Y-Leu-Arg-Pro-NH-C2H5 
‘ 

[IIJ X=Tyr, Y=Ala; PI X=Tyr, Y=D-Ala; [V J X=Phe, Y=D-Ala; 

I 1 VI X=Ile, Y=D-Ala. 

* X-OR = Tyr-OMe, Phe-OMe or Ile-OBzl; Y = Ala or D-Ala. 

Fig. 1. Syntheses of LH-RH analogs 

hydrogenation) to give the corresponding free peptides. The 

other intermediates, Z-Y-Leu-Arg(NO2)-Pro-NH-C2H5 [Y = Ala, D- 

Ala and a-aminoisobutyric acid (Aib)] were prepared by the 

coupling of H-Leu-Arg(N02)-Pro-NH-C2Hg (3) with the correspond- 

ing Z-amino acid via the HONB ester. The resulting inter- 

mediates were then treated with hydrogen bromide in acetic acid, 

followed by percolation through a column of Amberlite CG-410 

(OH-) to obtain the tetrapeptide-ethylamides. Couplings of 

N-terminal pentapeptides and C-terminal tetrapeptide-ethylamides 

were effected by the HONB/DCC method to give the crude protected 

nonapeptides which were purified by a column chromatography on 

Amberlite XAD-2 (gradient elution, 20% aqueous ethanol -100% 

ethanol). The resulting peptides which have the nitro group as 

a protecting group were subjected to a reduction with stannous 

chloride in 60% formic acid for 120 min. at 80-85” [a modifi- 

cation of the method of Hayakawa et al. (911. The crude 
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peptides thus obtained were purified by a column chromatography 

on Amberlite XAD-2 (5% aqueous ethanol j 75% aqueous ethanol) 

and followed by a column chromatography on CMC (0.005 g NH40Ac 

-0.2 E NHkOAc, pH 6.8) in a manner similar to that described 

for other LH-RH analogs (2). 

The analog IV was also prepared by the conventional classi- 

cal method. BOC-Ser-Tyr(Bzl)-Aib-Leu-Arg(NOZ)-Pro-NH-C2H5 was 

prepared by a stepwise method, starting from H-Aib-Leu-Arg(N02)- 

Pro-NH-C2H5 and using BOC-amino acid active esters. The BOC- 

group was removed from the intermediates by employing trifluoro- 

acetic acid. The resulting free hexapeptide ethylamide was 

coupled with N-terminal tripeptide, pGlu-His-Trp-OH, by the 

HONB/DCC method to give the protected peptide which was treated 

with hydrogen fluoride to remove tha all protecting groups (10). 

The deblocked peptide was purified as the same manner described 

above. 

The peptides thus obtained were all chromatographically 

pure in several solvent systems and gave the correct amino acid 

ratios and reasonable UV-spectra. The data for characterization 

of the key intermediates and the final products are listed in 

Table I and II, respectively. 

Biological Results and Discussion: The ovulation inducing 

activities of these analogs were determined in diestrous rats 

(S.C., injection) by the method of Yamazaki and Nakayama (11). 

As indicated in Table III, analog III possessed an amazingly 

high potency of about 50-80 times the ovulation-inducing 

activity of LH-RH itself. This result suggested that the 

introduction of D-Ala at position 6 as well as ethylamine at 

the C-terminal position might led to a greater binding affinity 

of the peptide to the receptor(s) at the target organ, pituita- 
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Table I. Chemical and Physical Properties of Intermediates 

Compound 
a) 

Z-Ala-Leu-Arg(NO2)-Pro-NH- 

C2H5 

Z-D-Ala-Leu-Arg(N02)-Pro- 
NH-C2H5 (crystal, 

mp- 183-184") 

Z-Aib-Leu-Arg(N02)-Pro-NH- 

C2H5 

pGlu-His-Trp-Ser-Tyr-OH 

pGlu-His-Trp-Ser-Phe-OH 

pGlu-His-Trp-Ser-Ile-OH 

BOC-Tyr(Bzl)-Aib-Leu- 
Arg(N02)-Pro-NH-C2H5 

(crystal, mp. 127-129') 

BOC-Ser-Tyr(Bzl)-Aib-Leu- 
Arg(N02)-Pro-NH-C2H5 

bl, 
(temp., 

Rf values of 
cont., 

solvent) TLCb) 

-70.40 Rf'=O.58, Rf2=0.91 

(25', 1.07, 
MeOH) 

-49.2" Rf1=0.58, Rf2=0.91 

(24O, 0.5, 
MeOH) 

-45.8" Rf1=0.62, Rf2=0.94 

(24', W;, 

+2.60 Rf3=0.67, Rf4=0.34 

(27.5', 0.55, 
AcOH) 

Rf5=0.46 

-3.3" Rf3=0.69, Rf4=0.37 

(26.50, 0.55, 
AcOH) 

Rf5=o. 51 

-8.0" Rf3=o.69, Rf4=0.39 
(26.50, 0.10, 

AcOH) 
Rf5=o. 54 

-27.60 Rfl=o,6o 

(24O, 0.54, 
DMF) 

-34.80 Rf1=0.74 
(25O, 0.44, 

DMF) 

a) All compounds listed gave the correct analytical values 

(C, H, N). 

b) Solvent system (Merck's precoated silica gel plate F 254): 

Rfl=CHC+MeOH-AcOH (9:1:0.5), Rf2=AcOEt-Pyridine-AcOH-HZ0 

(60:20:6:10), Rf3=n-BuOH-AcOEt-AcOH-HZ0 (l:l:l:l), Rf4= 

n-BuOH-AcOH-H20 (4:1:1), Rf5=n-BuOH-Pyridine-AcOH-H20 

(30:20:6:24). 

ry, or a longer effective half-life of this analog in vivo than -- 

the original molecule, because the [Aib6]-analog which might 

also be refractory toward an enzymic digestion shows a i-ela- 

tively high potency when 
6 

compared with the [Ala ]-analog. 
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Table II. Chemical and Physical Properties of LH-RH Analogs 

Analog II: pGlu-His-Trp-Ser-Tyr-Ala-Leu-Arg-Pro-NH-C2H5 

[a] g3 -60.2” (C=O.5 in 5% AcOH) 

TLCa): Rf2=0.073, Rf3=0.74, Rf4=0.54, Rf5=0.89 

Amino acid analysis b): His 1.00; Arg 0.96; Trp 
1.00; Ser 0.98; Glu 1.00; Pro 1.00; Ala 1 

Leu 1.09; Tyr 1.02; 
-7"; 

Ethylamine 1.04 (87%jc 

Analog III: pGlu-His-Trp-Ser-Tyr-CD)-Ala-Leu-Arg-Pro-NH-C2H5 

Cal E6 -41.0~ (C=O.47 in 5% AcOH) 

TLC: Rf2=0.073, Rf3=0.74, Rf4=0.54, Rf5=0.89 

Amino acid analysis: His 0.96; Arg 1.03; Trp 0.90; 
Ser 0.92; Glu 1.03; Pro 1.00; Ala 1.02; Leu 1.05; 
Tyr 1.00; Ethylamine 1.08 (85%) 

Analog IV: pCilu-His-Trp-Ser-Tyr-Aib-Leu-Arg-Pro-NH-C2H5 

t-al $7 -54.1° (C=O.jl in 5% AcOH) 

TLC: Rf2=0.099, Rf3=0.72, Rf4=0.80, Rf5=0.90 

Amino acid analysis: His 0.94; Arg 0.97; Trp 0.81; 
Ser 1.00; Glu 0.97; Pro 0.97; Aib 1.10; Leu 1.03; 
Tyr 1.03; Ethylamine 1.02 (81%) 

Analog V: pGlu-His-Trp-Ser-Phe-(D)-Ala-Leu-Arg-Pro-NH-C2H5 

Cal E4 -38.49O (C=O.53 in 5% AcOH) 

TLC: Rf2=o.088, Rf3=0.73, Rf4=0.61, Rf5=0.91 

Amino acid analysis: His 0.96; Arg 1.04; Trp 0.92; 
Ser 0.96; Glu 0.99; Pro 1.08; Ala 1.00; Leu 1.00; 
Phe 1.00; Ethylamine 1.04 (85%) 

Analog VI: pGlu-His-Trp-Ser-Ile-CD)-Ala-Leu-Arg-Pro-NH-C2H5 

Cal E4 -50.9” (C=O.47 in 5% AcOH) 

TLC: Rf2=o.084, Rf3=0.71, Rf4=o.62 , Rf5=0. 90 

Amino acid analysis: His 1.00; Arg 1.00; 1.01; 
Ser 0.97; T3 Glu 0.97; Pro 1.00; Ala 1.00; Ile 
Leu 0.99; Ethylamine 1.05 (86%) 

0.98; 

a) Solvent systems used are listed in Table I. Rf4 and Rf 5 

are used Avicel precoated cellulose plate SF. b) Acid 

hydrolysate (5.7 E HCl, 105', 30 hr., in the presence of thio- 

glycolic acid) (13). c) Peptide content. d) Since a small 

peak of D-allo-isolucine was found (few %), recovery of Ile of 

this peptide indicates the racemization during the coupling 

reaction might be negligible. 
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The surprizingly high activity of [Phe5, D-Ala6]-analog 

and relatively high-potency of [11e5, D-Ala6]-analog demonstrate 

that the aromatic ring system as well as the hydroxyl group of 

tyrosine residue of LH-RH (12) is not essential for the LH- 

release activity. 

Previously (1,2), we reported good agreement between the 

in vitro and ovulating potency of a series of analogs in which -- 

Gly-NH2 
10 was replaced by various alkylamines. However, in the 

present work, the in vitro LH and FSH release potencies of the -- 

new highly active analogs are much lower than the potencies 

obtained by the ovulation test (Table III). At present we are 

unable to give a completely satisfactory explanation for these 

discordant results. Dose level studies in the diestrous rat 

(R. Rippel et al., unpublished) comparing LH-RH and analog III 

show a 50-80 fold increase in LH release by the analog which is 

in agreement with the ovulating activity. 

Further detailed data for the biological properties includ- 

ing in vitro and in vivo LH- and FSH-release effects of these -- -- 

analogs will be reported elsewhere in the near future by White 

et al. and Yamazaki et al. (in preparation). 

Acknowledgment: We wish to thank Drs. E. Ohmura and K. Morita 

of Takeda Chemical Ind., Ltd. and Dr. W. J. Close of Abbott 

Labs. for their encouragement and suggestions throughout this 

work. 
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