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Summary. Four analogues of LH-RH modified in position 5 have been synthesized using 
either classical procedures or the solid phase method. The gonadotropin-releasing activities were 
dctcrmined by radioimmunological measurements of LH and FSH in vivo and in vitro and the 
immunoreactivities by a specific LH-RH radioimmunoassay (RIA). The following relative 
potencics and  irnmunorcnctivities were found : 

LH-RH : 
jTyr(Me)5]-LH-KH : 
[Phe5] -LH-RH : 
[Cha5] 2, -LI-I-RH : 
jGly5] -LH-RH : 

in vivo 

100 yo 
8.6% 

42.5% 
22.4% 

0.1% 

I mmuno- 
reactivity 

irz vitro 

100 yo 100 yo 
6.0% 40.0% 

27.5% 17.0% 

0.5% 0.7% 
27.8% 10.0% 

Introduction. - The luteinizing hormone-releasing hormone (LH-RH) isolated 
from porcine [2] and ovine hypothalami [3] has been shown to be a decapeptide with 
the sequence pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH,. This peptide 
causes the release of hypophysial luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) both iw vivo and in vitro. Like many other polypeptide hormones, 
LH-RH has thus more than one distinct effect. Structural alterations may result 
in compounds with changed potencies and/or modified selectivity. In  addition, 

l) Part of this work was prcscnted at the I X  Acta Endocrinologica Congress, Oslo, 17th-21th 
June, 1973 [1]. 
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structural changes could yield substances competing with endogenous LH-KH a t  
the pituitary binding sites, acting thus as inhibitors of the release of either LH or 
FSH or both. Structure-activity studies in the field of oxytocin [4], lysine-vaso- 
pressin [ 5 ] ,  bradykinin [6] and angiotensin [7] suggest that  chemically reactive 
groups are involved in the interaction of a hormone with its receptor sites. Since 
modification of tyrosine in oxytocin had led to a partial inhibitor, we were interested 
in studying the effects of LH-RH analogues similarly altered. We therefore syn- 
thesized [TY~(M~)~]-LH-RH, [Phe5]-LH-RH, [Cha5]-LH-RH and [Gly5]-LH-RH2). 

[Gly5]-LH-RH was prepared by solid phase synthesis according to the general 
procedure of Merrifield [8] [9] using dicyclohexylcarbodiimide (DCC) as coupling 
agent and the t-butoxycarbonyl (Boc) group as amino protecting group for all 
amino acids except pyroglutamic acid. The latter was introduced in the form of its 
pentachlorophenylester. The side chain functional group of serine was protected by 
the benzyl group, that  of histidine by the dinitrophenyl group and that of arginine 
by the nitro group. The protected decapeptide was cleaved from the resin by trans- 
esterification [lo]. Subsequent treatment with liquid H F  [ l l ] ,  followed by ainmono- 
lysis and purification, yielded pure [Gly5]-LH-RH. 

The synthesis of [Phe5]-LH-RH was carried out by condensation of the central 
tetrapeptide Boc-Ser(Bz1)-Phe-Gly-Leu-OH with the C-terminal tripeptide 
H-L4rg(N0,)-Pro-Gly-NH, [12-151 by means of DCC. The resulting heptapeptide 
was treated with trifluoroacetic acid and coupled to the N-terminal tripeptide 
pGlu-His-Trp-OH [16] by means of DCC. The central tetrapeptide was prepared 
by stepwise elongation of H-Gly-Leu-OMe [17] with Boc-Phe-OH [18] and then 
with Boc-Ser(Bz1)-OH [19] using the DCC method. 

[Tyr(Me)5l1-LH-RH was prepared according to the same procedure using Boc- 
Tyr(Me)-OH instead of Boc-Phe-OH. The protecting groups of both resulting 
decapeptidarnides were removed by liquid HF. 

The synthesis of [Cha5]-LH-RH was carried out by coupling the N-terminal 
tripeptide pGlu-His-Trp-OH to the central tripeptide H-Ser(But)-Cha-Gly-OEt 
by means of DCC. The resulting hexapeptidester was transformed into its hydrazide 
and coupled via azide to the C-terminal tetrapeptide H-Leu-Arg(Tos)-Pro-Gly-NH, 
[ZO] [all.  To obtain the central tripeptide, 2-Cha-OH was coupled with H-Gly-OEt 
to the corresponding dipeptide, which, after hydrogenation, was elongated with 
2-Ser(But)-OH to  the fully protected tripeptidester. Hydrogenation yielded 
H-Ser(But)-Cha-Gly-OEt. The protecting groups of the decapeptidaniide were 
removed by treatment with HF. 

The in vivo gonadotropin-releasing activities of the analogues were determined 
in ovariectomized, estradiol-3-benzoate, progesterone-treated rats (0.E.P.-rats) [22]. 
The concentration changes of serum gonadotropins were measured by radioim- 
niunoassny (RIA). The activities of the analogues were compared with those of 

In  addition, the gonadotropin-releasing activities of the synthetic peptides were 
tested by an iiz vitro method [23] using pituitary halves of 0.E.P.-rats. LH and FSH 
were determined in the incubation media by means of RIA. Since all peptides 

LH-RH. 

2) Abbreviations were used according to [37]  ; Cha = cyclohexyl-I,-alanme. 
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showed the same ratio of LH to FSH release as LH-RH, only LH-releasing activi- 
ties are reported in this paper. 

The ability of the peptides to inhibit the binding of iodine labelled LH-RH to a 
specific antiserum (immunoreactivity) was tested by means of our LH-RH RIA [24]. 

All these activities of the synthetic analogues are summarized in Table 1. 

Table 1. In vivo and in vitro LH-releasiuig activity and iinmunoreactzvity of some LH-RH analogues 
modified in position 5 

compound LH-releasing activity immuno- 
reactivity b) 

results of others (LH-RH RIA) our results (yo) 

in V i V O & )  in vitro a) (%) (%) 

LH-RH 100 100 100 100 
[Tyr ( Me)6]-LH-RH 8.6 6.0 24 40.0 

(4.4-15.8) 3') (0.08-11.9) 2') (17-32) [25] 
35 [26] 

[Phe5] -LH-RH 42.5 27.5 44.3 17.0 
(23.9-57) 2.) (1.4-53.6) 3C) (19.1-97) [27] 

64 
(38-108) [28] 

[Cha5] -LH-RH 22.4 28.8 
(5.6-48.7) 3'3 (8.4-47.2) 4c) 

10.0 

[Gly'] -LH-RE1 0.1 d) 0.56) 0.1 [29] 0.7 

a) 
b) 

c )  

") 

Relative potencies with 95% confidence limits. 
Activities expressed as percentage of response obtained by synthetic LH-RH. 
Number of independent experimental series. 
Estimation of the releasing activity; (no parallelism of the dose-response curves). 

Results and Discussion. - Since the completion of this work, the syntheses of 
[TY~(M~)~]-LH-RH [25] [26], of [Phe5]-LH-RH [27] [28] and of [Gly5]-LH-RH [29] 
have been reported. The relative potencies of these analogues are compared with 
our results in Table 1. There is no significant difference between our in vivo and in 
vitro results and those of other groups with the exception of [Tyr(Me)7-LH-RH. 

Although the results obtained by LH-RH RIA are of the same order of magni- 
tude, the irnmunoreactivities differ somewhat from the releasing activities of the 
analogues, For example, the introduction of a methyl group in the tyrosyl residue 
seems to influence the ability of this analogue to compete with LH-RH for the anti- 
body binding sites only to a small extend, while it affects its releasing activity con- 
siderably. The situation is reversed with [Cha5]-LH-RH, which has a rather low 
immunoreactivity but still about 25% of the releasing activity of synthetic LH-RH. 

Chalzg et al. [30] have proposed that the releasing activity of LH-RH and its 
analogues is related to the development of a charge-transfer interaction between the 
tyrosine side chain and the tryptophan indole-moiety. The fact that both analogues 
with a modified aromatic side chain in the 5-position exhibit considerable activity, 
whereas [Gly5]-LH-RH shows very little, is consistent with this concept. However, 
the distinct releasing activity of [Cha5]-LH-RH, the non-aromatic side chain of 
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which cannot participate in a charge-transler interaction, contradicts this hypo- 
thesis. This charge-transfer interaction thus seems to be of no essential importance 
for the exhibition of releasing activity. 

Our analogues show neither a different ratio of LH/FSH release from the parent 
molecule nor do they act as release inhibitors. Thc position 5 in LH-RH seems to 
be of some importance for both releasing and immunological activity. Replacement 
of the tyrosyl residue by another aromatic amino acid (Phe) or an amino acid with 
a saturated cyclic side chain (Clia) moderately reduces both activities, whereas the 
replacement by a glycyl residuc results in an almost complete loss of releasing and 
immunological activity. 

Experimental Part 
I n  vivo assay. - The substances, dissolved in physiological saline, were injccted under light 

ether anaesthesia into the carotid artery of 0.E.P.-rats.  The animals (10 per group) were decapitat- 
ed 15 min. (LH) or 40 min. (1;SH) thereafter, the blood collected from the trunk, clotted a t  room 
temperature and centrifuged. The sera were kept deep-frozen until assayed. The hormone content 
of each individual serum was determined by appropriatc K I A  performed with the material and 
according to  the instructions from the NIAMUI). Tests were run as 4- and occasionally 6-point- 
assays and relative potcncies of the analogues wci-c dctermincd by the method of Bliss [31]. 

I n  vitro assay. - The gonadotrophin-releasing activity was assayed using pituitary halves 
(4 per flask) o f  0.B.P.-rats,  incubated for 4 hours in a Krcbs-l~i?zger-hydrogen carbonate/glucose 
buflcr as previously described 1231. L H  and  FSEI were determined in the incubation media by rat  
LH [32] and FSH [33] RIA. The hypophysial response to the analogues was examined in 2 to 4 
independent cxpcriniental series (Table 1) at least at 3 dose levels (1, 10, I 0 0  ng/ml of incubation 
medium) and compared with the rcsponsc to synthetic T.H-KI1. The relative potcncics were 
calculated by a 4-point-assay [31]. 

LH-RH RIA. - The ability of the peptidcs to inhibit the binding of la1l- or 1251-labellcd 
I,fl-lili to a. specific antiserum was tested by KIA j241. The antiserum was generated in guinea 
pigs after treatment with .\l,(~),-adsorbed LH-RH [34:. 

Peptide syntheses.  melting points wvcrc determined on a Biichi apparatus and are uncor- 
rected. (>ptical rotation was determined with a polarimctcr Perkzn Elmer 141. .%I1 free peptides, 
isolated by lyophilization froin diluted acetic acid. contained variable amounts of water. They 
wcre used directly for optical rotation nieasurcruents. Amino acid analysis was carried out ac- 
cording to  SPacknzan et al. [35] and Lin et al. 1361 on a Becknzan Unichrom apparatus. The 
values for Glu were talcen as 1.00. A11 amino acids used were of L-configuration. Thin layer chro- 
ma.tography (TLC.)  was performed on prccoated silicagel and cellulose plates (Merck) in various 
systcms. 

Under ‘usual work up’ of the pcptide intcrnicdiates we understand the following: filtering 
the reaction mixture, evaporating thc filtrate, dissolving the remaining residue in ethylacetate, 
extracting this solution with saturated XaHC0,- or 1 0 %  Na,CO,-solution, with 1~ hydrochloric 
acid or 50/, I<HSO,- or 10% citric acid-solutions depending on the protecting groups present, 
extracting finally with water, followed by drying over Sa,SO, and evaporation. 

The following abbrcviations arc used: RleOH for methanol, E tOH for ethanol, DMF for 
N, N-diinethylforrnarnide, THF for tetrahydrofuran, IICC for N, N’-dicyclohexylcarbodiimide, 
L)C:HZ for dicyclohexylaminc, Cha for cyclohexylalaninc, pGlu for pyroglutainic acid, -OPhCI, 
for pentacliloroplien~lester. All other abbreviations are according to [37]. 

[Gly5]-LH-RH. -- Chloroniethylated Mevvijzeld resin (2% crosslinked, 0.9 nmr Cl/g) was 
ctsterified I81 [9] with Boc-Gly-OH to yield a resin with 0.31 IIIM of Gly per gram of resin. To 4 g 
of this resin were subsequently coupled using a 5-fold excess : Boc-Pro-OH, Roc-Arg(X0,)-OH, 
Boc-T,cn-OH, 2 x Doc-Gly-OH, Boc-Ser(Rzl)-OI-T, 13oc-Trp-OH. Roc-IIis(~im-l)np)-OH and 
pGlu-OPhCI,. -411 coupling reactions were cari-icd out with a 5-fold excess nf DCC for 3 h according 
t o  the procedure dcscribed in [ZO], except the coupling of pGlu-OPhCI,, which was allowed to 
react directly for 16 11. 
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The completed decapoptide resin (5.03 g) was submitted to transesterification at  room 
temperature in 200 ml of triethylamine/MeOH 1 : 10 for 3 days to yield 0.92 g of protected deca- 
peptidemethylester. This product was treated with 20 in1 of liquid H F  a t  0" for l h in the presencc 
of 2 ml of anisole. After the removal of H F  and extraction of the anisole by ethylacetate, the 
residue was submitted directly to ammonolysis in abs. methanol (250 ml) saturated with an- 
hydrous ammonia. ilfter 48 h at  room temperature the reaction mixture was evaporatcd to 
dryness t o  yield crude decapeptide, which was purified in a first step on a column of Sephadex 
G-25 (5 x 80 cm) using 0 . 2 ~  acetic acid as elucnt. The material (250 mg) obtained from this 
purification was further purified on a column of Amberlite CG-50 (0.8 x 9 cm) using an ex- 
ponential gradient of acetic acid (H,O - 1 . 0 ~  AcOH) to provide a product (60 mg) which was 
finally purified by partition chromatography on Sephadex G-25 (1.5 x 30 cm) in the system 
butanol/acetic acid/water 4:  1 : 5. After evaporation of the corresponding fractions and repeated 
lyophilization from diluted acetic acid and water, pure [Gly5]-LH-RH was obtained (31 mg). 

The product was pure and homogeneous as judged by thin layer chromatography and gave 
the following amino acid analysis: G1ul.,, His,,,, Trp,.,8 Ser,,,, Gly,,,, Leu,,,, Arg,,,, Pro,,,, . 

C,,H,,N,,O,, . 2 C,H40, 5 H,O Calc. C 48.55 I1 6.81 N 18.51% 
(1286,37) Found ,, 48.62 ,, 6.74 ,, 18.72% 

[ T Y ~ ( M ~ ) ~ ] - L H - R H .  - 1. Boc- Tyr(Me)-OH was prepared according to the general procedure 
for Boc-Tyr(Bz1)-OH of Schrtabel [18] with H-Tyr(Me)-OH [38] [39] as starting material. The 
derivative was obtained in 64.8% yield after rccrystallization from ether/cyclohexane. M. p. 
61-63" (dec.), [ c L ] ~  = +29.7" (c = 1, EtOH). 

C,,H,lNOS (295.33) Calc. C 61.00 H 7.17 N 4.74% Found C 61.08 H 7.31 N 4.52% 

2. Boc-Tyr(Me)-Gly-Leu-OMe. Z-Gly-Leu-OMe [17] (3.5 g) was deprotected with 15% HBr 
in acetic acid at room temperature for 30 min. to provide after precipitation with ether 2.8 g of 
HBI- . H-Gly-Leu-OMe [40], which was dissolved in DMF and neutralized with N-methyl- 
morpholine (pH 8). The coupling with Boc-Tyr(Me)-OH (3.0 g) and DCC (2.1 g) was carried out 
at 4" for 20 h. After the usual work up, the crude product was crystallized from ether/petroleum 
ether to yield pure Boc-Tyr(Me)-Gly-Leu-OMe (3.4 g). M.p. 98-loo", [K]: = -20.7' (c = 1, 
EtOH). 
C,,H,,N,O, (479.57) Calc. C 60.11 H 7.78 N 8.76% Found C 59.82 H 7.21 N 8.70% 

3. Boc-Ser(BzZ)-Tyr(lMe)-Gly-Leu-OMe. Boc-Tyr(Me)-Gly-Leu-OMe (3.0 g) was deprotected 
with trifluoroacetic acid at  room temperature for 30 min. After repeated evaporation from 
CH,Cl, the product was dissolved in CH,CI, and the pH adjusted to 8 with N-methylmorpholine. 
The coupling with Boc-Ser(Bz1)-OH (1.85 g) and DCC (1.4 g) was carried out a t  4" for 20 h. 
After the usual work up, the product was crystallized from ethylacetate to provide pure Boc- 
Ser(Bz1)-Tyr(Me)-Gly-Leu-OMe (2.7 g). M.p. 150-151", [a]? = - 22.3" (c = 1, EtOH). 

C,,H,,N,O, (656.78) Calc. C 62.18 H 7.37 hi 8.53% Found C 62.19 H 7.42 N 8.44% 

4. Boc-Ser(BzZ)-Tyr(Me)-GZy-Leu-Arg(NO,)-Pro-GZy-NH,. Boc-Ser(Bz1)-Tyr(Me)-Gly-Leu- 
OMe (1.65 g) was saponified at  room temperature for 1 h with 3 ml of 1~ KOH in a mixture of 
dioxane/water 5 : 1. Upon neutralization with HC1 and evaporation to  dryness, the residue was 
taken up in a mixture of CH,Cl,/MeOH 3 : 1. The insoluble material was separated by filtration, 
the filtrate evaporated and the resulting Boc-Ser(Bz1)-Tyr(Me)-Gly-Leu-OH directly used for the 
coupling reaction. 

The deprotection of 2-Arg(N0,)-Pro-Gly-NH, (1.3 g) [12-151 was performed with 15% HBr 
in acetic acid at room temperature for 15 min. Upon precipitation with ether the crude HBr * H- 
Xrg(N0,)-Pro-Gly-NII, was reprecipitated several times from MeOH/ether. This product was 
dissolved in DMF, the pH adjusted to 8 with N-methylmorpholine, and coupled with BOC- 
Scr(Bz1)-Tyr(Me)-Gly-Leu-OH and DCC (0.5 g) at 4" for 60 h.  After the usual work up, the 
obtained crude product was purified on a column of silicagel using a gradient of CHzCI,/EtOH 
as eluent (CH,Cl,/EtOH 95 : 5 - CH,Cl,/EtOH 80: 20). Crystallization of the main fractions from 
a mixture of ether/EtOH 10 : 1 yielded pure Boc-Scr(Bz1)-Tyr(Me)-Gly-Leu-Arg(N0,)-Pro-Gly- 
NH, (1.1 g).  M.p. 155-160" (dec.), [ c L ] ~  = - 27.3" (c = 1, EtOH). 

C4,H,8N,,01, (997.12) Calc. C 55.41 H 6.87 N 16.85% Found C 55.86 H 6.89 N 16.52% 
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5. pGZu-His-Trp-SC~~-Tyr(Me)-GZy-Leu-i2rg-Pvo-GZy-~~fi,. Boc-Ser(Bz1j-TyrjMej-C;ly-Leu- 
Arg(NO,)-Pro-Gly-NH, (1.0 g) w-as deprotected with 50% trifluoroacetic acid in CH,CI, a t  room 
temperature for 30 min. After evaporation to  dryness, the oily residue was redissolved in CH,Cl, 
and cvaporated again several times. The resulting product was dissolved in DMF, the  p H  adjusted 
to  8 with N-nicthylmorpholine, and coupled with pGlu-His-Trp-OH (0.15 g) [16] and DCC (0.2 g) 
a t  4". Alter 48 h the mixture was filtei-rd and the filtrate evaporated to  dryness t o  provide an  
oil)- rcsidue (2.8 g), which was treated for 1 h a t  0" with 40 nil of liquid H F  in the prcscnce of 5 ml 
of anisole. Upon evaporation of the HI,., the  residual oil was takcn up  in water and  extracted with 
ethylacetate. The aqueous laycr was cvaporated and thc resulting solid purified on a column of 
Sephadcx G-25 (5 x 85 cm) using 0 . 2 ~  acetic acid as elucnt. The material (0.8 g) obtained was 
further purified on a column of carboxymcthyl-ccllulose (2.5 x 22 cm) using a linear gradient of 
animoniuni acetate (0.02 M - 0.3 M )  as eluent. Subsequent partition chromatography on Sephadex 
G-25 (3 x 35 cm) in the system butanol/ethanol/pyridine/0.2~~ acetic acid 4 :  1 : 1 : 7 provided purc 
pGlu-His-Trp-Ser-Tyr(Me) -Gly-I,eu-hrg-Pro-Gly-NH, (42 mg) . 

Thc product was homogeneous as judged by TLC., and by dansylation [41] we could not 
detect any 0-dansyl-tyrosine, indicating t h a t  the  methylethcr of the tyrosine side chain was 
still intact. 

Glu,,,, His,,,, Trp,,,5 Ser,,,5 Tyr(lle)0,85 Gly,,,, Leu,,,,, Xrg,,,, [ct];' = - 44.9" (c = 0,5, 
1% acetic acid). 

C,6H,,N1,0,, . 4 C,H,O, . 6 H,O Calc. C 49.76 II 6.85 N 15.41% 
(1 544.65) Found ,, 49.25 ,, 6.35 ,, 15.45% 

[Phebl-LH-RH. - 6. Boc-Phe-GZy-Leu-UMe. 2-Gly-Leu-OMe (5 g) was deprotected by hydro- 
genation with 57h Pcl/C in mcthanoI/water in the  presencc of a few drops of acetic acid. The 
obtaincd product (3 g) was dissolved in CH,CI,, neutralized with N-methylmorpholine and 
couplcd with Boc-Phc-OH (5.2 g) and UCC (3.1 g) at 4" for 48 11. After the  usual work up Boc-Phc- 
Gly-Leu-OMe crystallizcti from benzcnc/petroleum ether (3.5 9). h1.p. 119-121". 
C,,H,,N,O, (449.56) Calc. C 61.45 1I 7.84 r\T 9.340/6 Found C 61.77 H 8.00 N 9.407; 

7. Boc-.Sev( BsZ)-Pl~c-GZy-LezL-UMe. ~oc-Phc-Glp-Lcu-OMc (3.3 g )  was deprotected with tri- 
fluoroacetic acid a t  room tcmpcrature for 30 min. After evaporation of the  reaction mixture, the 
rcsidue was rlissolval in cthylacctatc and  cntracted with 1~ citric acid. The combined aqueons 
acidic fractions \vcre neutralized with NaHCO, and recxtracted with ethylacetate to  provide 
H-Phc-GIy-Leu-OMe (2.4 g) which was dissolved in CH,Cl,. Upon adjusting the  pH t o  8 with 
r\T-mcthyluiorpholine, coupling was performed with Boc-Ser(Bz1)-OH (2.1 g) and DCC (1.5 g) 
a t  4, for 48 h. After the usual work up thc crude product was crystallized from benzene (3.6 g). 
M.p. 124-125". 
C,,H4,N,0, (626.75) Calc. C 63.24 H 7.40 N 8.94% Found C 63.48 H 7.50 N 8.72% 

8. Boc-Ser(BzE)-PAs-GZy-Lezc-d rg( NO,)- Pro-GZy-.VH,. Boc-Ser(Bz1)-Phe-Gly-Leu-OMe (1 2 .5  g) 
\\-as saponified as dcscribccl in 4.) t o  afford thc tctrapeptide acid (1.1 g), which was directly used 
for the coupling reaction with H-.4rg(NO2)-Pro-Gly-NH, (1.3 g) and DCC (0.41 g) in DMF at 4" 
(4.). hfter two days, the reaction mixture was filtered and the filtrate evaporated to  dryness. 
Thc obtained residue was taken up  in watcr and extractccl with cthylacctate. The ethylacetate 
layer provided crude product (1.7 g) which was purilied on a column (4.2 x 20 cni) of silicagel 
using CHCl,/McOH 10 : 1 as eluent. Crystallization of thc main fractions from CH,Cl,/petroleum 
ether yicldcd purc ~oc-Scr(Rzl)-Phe-Gly-Lcu-Arg(~O,j-I'ro-Gly-NH, (0.7 g). M.p. 135-140". 
C,,H,,N,,O,, (967.10) Calc. C 55.89 H 6.88 P\r 17.38% Found C 55.86 H 6.84 N 17.14% 

9. PGlzL-His-?'rp-Ser-Phe-Gly-Leu-A~g-Pro-Gly-SH,. Boc-Ser(Bz1)-Phe-Gly-Leu-Arg(N0,)- 
Pro-Gly-NH, (0.4 g) was deprotected as described in 5.). Thc rcsulting product was dissolved in 
DMF, neutralized with X-mcthylmorpholine and coupled wi th  pGlu-His-Trp-OH (0.19 g) and 
DCC (0.1 g) at 4" for 48 h .  Thc resulting mixture was filtered and evaporated t o  dryness t o  provide 
an  oily rcsiduc which was treated during 1 h a t  0" with 40 ml of liquid HF in the  presence of 4 ml 
of anisole. Upon removal of thc HF and the  anisole, the product was purified on Sephadex G-25 
as outlined in 5.). Further purification was achieved by partition chromatography on Sephadex 
G-25 (3 x 95 cm) in the system butanol/acetic acid/watcr 4 :  1 : 5. Thc obtained pGlu-His-Trp-Scr- 
Phc-Gly-l.cu-:Zrg-l'ro-Gly-NH, (15 11'6) was purc and homogeneous as judgcd by thin laycr 
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chromatography and gave the following amino acid analysis : Glu,,,, His,,,, Trp,.,, Ser,,,, Phe,.,, 
Gly,,,, Leu,,,, Arg,.,, Pro,,,,. [ x ] g  = -40.5' (c = 0.5, 1% acetic acid). 

[Cha6]-LH-RH. - 10. 2-Cha-OH .DCHA.  Cyclohexylalanine hydrochloride (Cha . HC1) [42] 
was carbobenzoxylated by the general procedure of Bergmann & Zervas [43] and the resulting oily 
Z-Cha-OH was isolated as its dicyclohexylammonium salt in 88% yield after cristallization from 
ether. M.p. 157", [a]g = -5.4" (c = 1, MeOH). 

C,SH,,N,04 (486.70) Calc. C 71.57 H 9.53 N 5.76% Found C 71.25 H 9.54 N 5.70% 

11. 2-Cha-Gly-OEt. Z-Cha-OH (4.6 g) (liberated from 2-Cha-OH . DCHA (7.3 g) by means of 
1~ sulfuric acid) was dissolved in DMF and activated a t  -20" for 1 min. by the addition of 
N-methylmorpholine (1.68 ml) and isobutylchloroformate (1.98 ml) before a precooled suspension 
of HC1. H-Gly-OEt (2.1 g) and N-methylmorpholine (1.68 ml) in DMF was added. The reaction 
mixture was stirred for 15 min. a t  - 20" and 1 h a t  room temperature, and worked up in the usual 
way. The product was crystallized from ethylacetate/hexane to yield pure Z-Cha-Gly-OEt (5.3 8). 
M.p. 113-114", [x]: = -20.5" (c = 1, MeOH). 

C,1H,oN,05 (390.48) Calc. C 64.59 H 7.74 N 7.17% Found C 64.54 H 7.83 N 7.34% 

12. 2-Ser(But)-Cha-GZy-OEt. Z-Ser(But)-OH (2.95 g) was dissolved in THF and activated 
at  - 20" for 1 min. by the addition of N-methylmorpholine (1.12 ml) and isobutylchloroformate 
(1.32 ml), before a precooled solution of AcOH . H-Cha-Gly-OEt - prepared from Z-Cha-Gly-OEt 
(3.9 g) by hydrogenation in methanol in the presence of Pd/C and an equivalent of acetic acid - 
and N-methylmorpholine (1.12 ml) in THF was added. After being stirred for 15 min. a t  - 20' 
and 1 h a t  room temperature the reaction mixture was worked up as usual, and the protected 
tripeptidester (3.6 g) crystallized from ethylacetate/hexane. M.p. 96-97", [a]: = - 24.8" (c = 1, 
MeOH). 

C2yH43N30, (533.67) Calc. C 63.02 H 8.12 N 7.87% Found C 62.68 H 8.19 N 7.97% 

13. pGlu-His-Tr~-Ser(But)-Cha-GZy-OEt. pGlu-His-Trp-OH [16] (110 mg) was coupled to 
H-Ser(But)-Cha-Gly-OEt - prepared by hydrogenation of Z-Ser(But)-Cha-Gly-OEt (130 mg) in 
methanol in the presence of Pd/C - in DMF at  0" by means of N-hydroxybenzotriazole (34 mg) 
and DCC (52 mg). The reaction mixture was stirred for 30 min. a t  0" and for 4 h a t  room tem- 
perature, kept for 15 h at  4" and filtered. The filtrate was evaporated, the residue dissolved in 
methanol and chromatographed on a Sephadex LH-20 column (5 x 200 cm) in methanol. After 
evaporation of the main fractions, the compound crystallized from EtOH (114 mg). The crystalline 
material contained 1 mol of EtOH. M.p. 236-237", [a]: = - 16.0' (c = 0.5, MeOH). 

C4,H,,N,0, . C,H50H Calc. C 60.05 H 7.44 N 14.32% 
(880.05) Found ,, 59.74 ,, 7.25 ,, 14.31% 

14. pGlu-His- Trp-Sev(But)-Cha-GZy-N,H,. pGlu-His-Trp-Ser(But)-Cha-Gly-OEt (500 mg) was 
dissolved in ethanol and reacted with hydrazine hydrate for 3 days at  room temperature. Thc 
hydrazide was precipitated with ether and cristallized from 2-propanol. Yield 225 mg. M.p. 
168-173", [ x ] g  = -7.2", (c = 0.5, MeOH). 

C4,H,,N,,0, (819.96) Calc. C 58.59 H 7.01 N 18.79% Found C 58.94 H 6.97 N 18.50y0 

15. ~GZu-His-Trp-Ser-Cha-Gly-Lezi-Arg-Pro-Gly-NH,. A solution of pGlu-His-Trp-Ser(But)- 
Cha-Gly-N,H, (180 mg), Z N  HCl/THF (0.7 ml) and isoamylnitrite (0.15 ml) in DMF was stirred 
for 30 min. at - 20" before N-methylmorpholine (0.155 ml) and a precooled solution of H-Leu- 
Arg(Tos)-Pro-Gly-NH, - prepared from Z-Leu-Arg(Tos)-Pro-Gly-NH, [20] [21] (218 mg) by 
hydrogenation in methanol in the presence of Pd/C - in DMF was added. The reaction mixture 
was kept a t  - 20" for 30 min. and for 15 h at  4". It was evaporated and the residue was chromato- 
graphed on a Sephadex LH-20 column (5 x 200 cm) in methanol. The main fractions were 
evaporated to yield the protected decapeptide as amorphous powder (110 mg). This material 
(100 mg) was treated with 20 ml liquid H F  at 20' for 30 min. in the presence of 1 ml of anisole. 
After removal of the H F  and anisole, the crude material was purified by partition chromatography 
on a Sephadex G-25 column (1.5 x 80 cm) in the solvent system butanol/benzene/02M ammonium 
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acetate buffer (pH 5.5) 100:4:100 t o  yield hoinogcncous LCha5J-LH-RH (35 mg) as judged by 
thin layer chromatography. Glu,,,, Trp,,,, Ser,,,,, Cha,,,, GIyl,,l I ,~u , , .~~  Arg,,,l Pro,,.,; . 

= -56.6” (c = 0.3, l h i  acctic acid). 
C,,H81Nl,01, . 4 C,H,O, . 5.5 H 2 0  Calc. C 50.06 t~l 7.20 N 15.75 1120 6.557, 

(151 1.65) Found ,, 50.16 ,, 7.20 ,, 15.83 ,, 6.38% 

The valuable tcchnical assistance oi MISS S. l iemmler,  Mrs. Y .  Langlois, Xr. ill. Maniieherg, 

The kits for radioininiunoassay of rat  pituitary LI-I ant1 FSI-1 u w c  gcncrously supplied by 

Mr. S. Pitoulis and Mr. H .  L). Sdzmitz is gratcfully aclmowletlgctl. 

the N I A M D D ,  Bethesda, Maryland, USl\. 
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233. Dicationic Diolefinic Complexes of Palladium(I1) 
and Platinum(I1) 

Preliminary communication 

by Raymond Roulet and Raymond Vouillamoz 
Institut de chimic inindrale e t  analytique de l’universitd, 3, Place du Chgtcau, 1005 Lausannc 

(12. IX. 74) 

Uncharged diolefinic complexes M(diolefin)Cl, (1; M = Pt(II) ,  Pd(I1)) have been 
obtained by Chatt et al. in 1957 [l]. The coordinated diolefins are susceptible of 
nucleophilic attack by alcohols, amines, etc. [14]. In  view of obtaining complexes 
in which the double bond is prone to be attacked by weaker nucleophiles and to  give 
thermally ‘forbidden’ [2 + 21-cycloadditions, we have prepared the dicationic com- 
plexes [M(diolefin) (CH,CN),](PF,J2 (2; diolefin = cycloocta-l,5-diene, 2,5-iiorborna- 
diene) and [ Pd(cod)L](PF,), (3; L = 2,Z’-dipyridyl, bis(l,2-diphenylp1iosphine)- 
ethane). 

The white complexes 2 are obtained in the solid state by adding a stoichiometric 
amount of JAg(CH,CN)JPF, to  a dirhloromethane solution of 1 a t  - 15”, extracting 
2 from AgCl with acetone and adding acetonitrile then dichloromethane. These 
complexes are stable when stored at  - 15”. 1R.-spectra show that acetonitrile is 
coordinated (v(CN) = 2328-2340 cm-l, compared to 2266 for free CH,CN and 2347 




