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The present communica t ion reports a stepwise synthesis 
of bradykinin , employing oximinopyrazol ineamino acid 
active esters ( O P m p , 1 ) . ^ These esters were allowed to react 
wi th amino acid or pept ide esters according to the following 
equat ion . 
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The synthesis was carried out via a stepwise procedure; 
protection of functional groups was planned in view of a 
final cleavage with HF.5 The masking of the serine hydroxyl 
group could be avoided since no reaction of OPmp active 
esters upon such a function has been observed.3 Very high 
rates (between 2 and 4 min) and satisfactory yields were 
achieved in the formation of all peptide bonds. 

At each stage, the peptide was isolated from the nitroso-
acylamine II, taking advantage of the fact that the former 
is insoluble in ethyl ether whereas the latter is soluble in 
the same solvent. After deprotection with HF at 0° for 30 
min, the bradykinin trifluoride was desalted by passing its 
aqueous solution through a column of Amberlite CG 400; 
the product was then converted to the acetate form and 
lyophilized. The nonapeptide had optical rotation and ele
mental and amino acid analyses corresponding to those of 
the authentic product;5'6 its biological activity was tested 
in comparison with a sample of bradykinin taken as stan
dard.7 

Experimental Section 

Melting points were taken on a Tottoli capillary melting point 
apparatus and are uncorrected. Where analyses are indicated by sym
bols of the elements, analytical results obtained for those elements 
were within ±0.4% of the theoretical values. Times required for 
complete condensation to occur were 4 min for protected peptides 
1, 4, and 8 and 2 min for protected peptides 2, 3, 5, 6, and 7. The 
intermediates reported below were reciystallized from the appro-

tOPmp = l-phenyl-3-methyl-4-oximino-5-(Ar-Z-glycyl)imino-2-
pyrazoline esters. The following abbreviations are also used (see ref 
1): Z = benzyloxycarbonyl; Boc = ferf-butyloxycarbonyl; OBzl = 
benzyl ester; TFA = trifluoroacetic acid; DMF = dimethylform-
amide. 

priate solvents until homogeneous at tic in two different solvent 
systems: 1-butanol-glacial acetic acid-water (3:1:1); ethyl acetate-
pyridine-glacial acetic acid-water (60:20:6:14). 

Boc-Phe-Arg(N02)-OBzl (1). To a solution of Arg(N02)-
OBzl8 (1.54 g, 5 mmol) in chloroform (60 ml), the red active ester 
Boc-Phe-OPmp4 (3.20 g, 5 mmol) was added. When the solution be
came green, it was evaporated; the residue was triturated with ethyl 
ether and then crystallized from ethyl acetate-ethyl ether to yield 
2.20 g (80%) of 1: mp 156-157°; [a]2 S

5 7 6-18.93° (c0.48,CHCy 
Anal. (Cj,H36N607)C, H, N. 

Boc-Pro-Phe-Arg(N02)-OBzl (2). Compound 1 (1.66 g, 3 
mmol) was allowed to react with TFA (5 ml) for 20 min at room 
temperature; the resulting tripeptide trifluoroacetate was precipita-
tated and washed with ethyl ether and then dried in vacuo over 
sodium hydroxide. A solution of the salt (1.71 g, 3 mmol) in chloro
form (60 ml) was treated with triethylamine (0.42 ml, 3 mmol) and 
Boc-Pro-OPmp4 (1.70 g, 3 mmol). After 2 min the green solution 
was washed with citric acid (5%) and water and dried over Na,SO, 
Evaporation gave a solid that was triturated with ether and crystal
lized from ethyl acetate-ethyl ether to give 2 (1.57 g, 80%): mp 
86-89°; [a]2 5

5 7 8-48.06° (c0.69,0101,). Anal. (C32H43N708) C, H, 
N. 

Using the above procedure for the subsequent steps of cleavage 
and condensation, the stepwise peptide elongation was carried out 
by means of molar amounts of OPmp active esters4 of the required 
amino acid; the following protected peptides were obtained. 

Boc-Ser-Pro-Phe-Arg(N02)-OBzl (3): yield 81%; mp 99-100°; 
H % , 8 -39.15° (c 0.75, ethyl acetate). Awl. (C3sH48N8010) C, H, N. 
This and the following intermediates were recrystallized from ethyl 
acetate-ethyl ether. 

Boc-Phe-Ser-Pro-Phe-Arg(N02)-OBzl (4): yield 82%; mp 113-
116°; [a ] 2 5

5 , s -42 .16°(c 0.53, ethyl acetate)./4«a/. ( C ^ H ^ O , , ^ ) 
C,H, N. 

Boc-Gly-Phe-Ser-Pro-Phe-Arg(NOa)-OBzl (5): yield 85%; mp 
117-121°; [a]2 5

S 7 8 -40.39° (c0.59,DMF).Anal.(C i6H toN10O l2) C, 
H,N. 

Boc-Pro-GIy-Phe-Ser-Pro-Phe-Arg(N02)-OBzl(6): 86%; mp 119-
122°; [a]2 S

5 7 8 -49.12° (c0.58,DMF).Anal. (C s lH6 7Nu01 3) C, H, N. 
Boc-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg(NOj)-OBzl(7): yield 84%; 

mpl27-132°;[a]2 S
5 7 8-45.89° (c0.50,DMF). Anal. (C36H74012N14) 

C, H,N. 
Boc-Arg(N02)-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg(N02)-OBzl(8): 

yield 79%; mp 138-142°; from chloroform-ethyl ether; [a] 25
S78 

-43.57° (c 0.50, DMF)./Ira/. (C6JHesNs1017) C, H, N. 
H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH- 3CH3COOH (Brady

kinin Triacetate). The protected nonapeptide 8 (0.134 g, 0.1 mmol) 
was placed in a HF reaction cylinder with anisole5'9 (0.11 ml, 10 
equiv) and HF (5 ml) was added. The mixture was allowed to react 
at 0° for 30 min with stirring. Excess HF was removed under re
duced pressure at 0° and then with introducing a nitrogen stream. 
The residue of the reaction was dissolved in water (10 ml); the 
solution was extracted with ethyl ether to eliminate anisole, 
passed through a column (0.8 X 9 cm) of Amberlite CG 400 (OH") 
type II, and eluted with distilled water (about 40 ml) until the pH 
of the washing became 7. The eluate was collected in a flask con
taining acetic acid (2 ml) and lyophilized; 93 mg (70%) of product as 
triacetate pentahydrate was obtained: mp 162-170°; [a)20D -81.1° 
(c 0.293, water). Anal. (CS0H73N15O„- 3CH£OOH -5HP) C, H, N. 

Its homogeneity was tested by paper electrophoresis (pH 3.5 
and 8.5) and tic (BuOH-AcOH-H20, 2:1:1) using ninhydrin and 
chlorine reagents. Amino acid analysis after hydrolysis (6 TV HC1) 
gave Arg 1.96, Pro 2.96, Gly 1.00, Phe 1.94, and Ser 1.00. Biological 
activities in comparison with a sample of bradykinin (Sandoz), taken 
equal to 100, were as follows: rat uterus stimulation 100-120; 
guinea-pig ileum stimulation 90-100; dog hypotensive effect 100-
110; rat duodenum inhibition 100-105.7 
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The decapeptide <Glu-His-Trp Ser-Tyr-Giy-Leu-Arg-Pro-
Gly-NH2 (J) has been reported by Serially1 as the structure 
of the luteinizing-hormone releasing-hormone/follicle-
stimulating hormone releasing-hoimone (LH-RH/FSH-RH). 
Of the syntheses of f reported thus far2"7 some give no de
tails and others result in low to moderate yields of hormone 
and the methodology involved is mostly not convenient for 
the synthesis and purification of substantial quantities of 
pure [. 

In a synthesis employed previously in this laboratory8 the 
triprotected decapeptide <Glu-His-Trp-Ser(Bzl)-Tyr(Bzl)-
Gly-Leu-Arg(N02>Pro-Gly-NH2 (II) was prepared in I 0% 
yield by solution methods employing mainly the active 
ester method9 and in 35-40% yield by the solid-phase 
method.10 From II, the decapeptide I was obtained in 
about 30% yield. 

In this paper we describe attempts to improve the syn
thesis of I employing the tosyl group to protect the side 
chain functionalities of histidine11 and of arginine12 during 
the solid-phase synthesis. In one procedure, starting with 
Boc-glycine-resin, the peptide was assembled by the pro
cedure of Stewart and Woolley.13 employing AM HC1-
dioxane and ter*-butyloxycarbonylamin.o acids (4 mol 
excess), with /wf-butyloxycarbonylhistidine (Tos) the 
derivative chosen to introduce histidine. and 1% mercapto-
ethanol employed to prevent destruction of tryptophan 
during acid treatment of tryptophan-containing peptides.14 

The completed peptide-resin was ammonolyzed to yield 
the triprotected decapeptide amide II in 30% yield. The 
use of the NIm-io%y\ derivative does not appear to lead to 
an improvement in yield of II when compared to our pre
vious synthesis with /cT?-butyloxycarbonylhistidine. 

In a more successful solid-phase synthesis of I, the pro
tected decapeptide <Glu-His-Trp-Ser(Bzl)-Tyr(Bzl)-Gly-

'Some of the research upon which this publication is based was 
performed pursuant to Contract No. NIH-NICHD-72-2 722 with the 
National Institutes of Health, Department of Health, Education and 
Welfare. A preliminary report on this work was presented at the 
Symposium on Hypothalamic Releasing Hormones, 164th National 
Meeting of the American Chemical Society, Medicinal Chemistry Sec
tion, New York City, N. Y., August 27-Sept 1, 1972, Abstract 18. 

* Address correspondence to this author at Northwestern University, 
The Medical School, Department of Physiology, Chicago, 111. 60611. 

Leu-ArgCTosJ-Pro-Gly-NHj (III) was prepared in 52% 
yield. The methods employed were the same as those de
scribed for the solid-phase synthesis of II, with the ex
ception that ferr-butyloxycarbonylarginine (Tos) was the 
derivative employed to introduce the arginyl residue. The 
material obtained after ammonolysis of the triprotected 
peptide resin was of higher purity than the product pre
viously obtained by the method employing rerf-butyloxy-
cai bonylarginine (N02), and it was easier to purify by 
column chromatography on silica gel. The peptide-
resin was also cleaved by methanolysis with MeOH-
TEA and the intermediate triprotected decapeptide 
methyl ester obtained was then ammonolyzed to III. 
This method gave no significant change in yield but did 
produce a cleaner, more easily purified product. The 
purified tosyl-decapeptide III was deprotected with HF-
anisole15 and the crude product purified by gel filtration16 

on Sephadex G-25. The main product obtained was sub
jected to a second gel filtration, yielding the pure free 
peptide I in 50% conversion from III. Thus, the synthesis 
of I via the tosyl-decaptide III leads to an overall yield of 
about 26% of I from glycine-resin. as compared to that via 
the nitro-decapeptide II which leads to an overall of I of 
aboul 10%. 

The synthetic LH-RH was assayed in vivo for LH release 
in estrogeii-progesterone-treated rats and in vitro for LH 
and FSH release after incubation of normal rat pituitaries. 
The methodology employed in these various assays has 
been previously described.17 The results of these various 
assays (Table I) show that synthetic LH-RH is at least as 
active in releasing LH and FSH as the highly purified 
natural LH-RH sample AVS-77-33 No. 215-269* within 
the confidence limits shown. 

Thus, the synthetic methodology described here is 
promising for obtaining I with excellent yields and quality. 
The preparation of gram quantities of this hormone for ex
tensive biological studies becomes greatly simplified. 

Experimental Section5 

<Glu-His-Trp-Ser(Bzl)-Tyi(Bzl)-Gly-Leu-Arg(N02>Pro-Gly-NH2 
(II). A sample of 3.57 g of Boc-glycine-polymer8 (0.4 mmol of 
gly/g) was taken manually through nine coupling cycles by the 
solid-phase method13 as described in our previous synthesis of 
LH-RH/FSH-RH.s In each cycle the Boc group was removed with 
4 M HCl-dioxane, and after neutralization with TEA coupling was 
accomplished with a 4 mol excess of the desired Boc-amino acid 
and DCC. On the eighth coupling cycle Boc-His(Tos) was em
ployed to introduce the histidyl residue. The completed decapep
tide resin, 5.39 g, was cleaved in 100 ml of DMF-MeOH (1:1) 
saturated with NH3 for 24 hr at room temperature. After filtration 
and evaporation of the solvents in vacuo, the crude product ob-

+ Fraction AVS-77-33 No. 215-269 was obtained through the 
courtesy of Dr. A. V. Schally, Endocrine and Polypeptide Labora
tory. Veterans Administration Hospital. New Orleans, La. 

*A11 optically active amino acids are of the L configuration. A 
Thomas-Hoover apparatus was used for melting point determina
tions in capillary melting tubes. Where analyses are indicated only 
by symbols of the elements, analytical results were obtained for the 
elements within ±0.4% of the theoretical value. Where tic was used 
to determine purity of intermediates and products, silica gel G 
plates were used; the solvent system employed was 33% MeOH-
CHCl3with Pauly, Ehrlich, and Cl2-tolidine color reactions. Thin 
layer electrophoresis was performed on Quanta-gram Industries Q2 
cellulose (250M) with a Desaga-Brinkman apparatus at 400 V for 2 
hr. For amino acid analysis, the peptide was hydrolyzed in 6 M HC1 
containing 0.1 M phenol (1% v/v) for 18 hr in an evacuated tube at 
100°; the analysis was done with a Beckman Model 120-B amino 
acid analyzer. The nmr spectra were obtained at 100 MHz using a 
Varian Associates HA-100 spectrometer. The following abbreviations 
were used throughout the text: DCC = dicyclohexylcarbodiimide, 
Py = pyridine, Boc = ferf-butyloxycarbonyl, TEA = triethylamine. 


