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Park, W. K., Choi, C., Rioux, F. & Regoli, D. (1974) Synthesis of Peptides with the Solid
Phase Method. II. Octapeptide Analogues of Angiotensin I1. Can. J. Biocliem. 52, 113-119

Forty-six analogues of angiotensin II were obtained with the solid-phase method for peptide
synthesis. The peptides were purified, using the conventional procedures; homogeneity and purity
were established after paper, thin-layer chromatography, paper electrophoresis, amino acid
analysis, elemental analysis, and enzymatic degradation by aminopeptidase. The biological
activity of all compounds was compared with that of angiotensin II on the blood pressure of
anesthetized rats. The same test was used to establish the antagonistic effect of several
analogues against angiotensin II.

Park, W. K., Choi, C., Rioux, F. & Regoli, D. (1974) Synthesis of Peptides with the Solid
Phase Method. II. Octapeptide Analogues of Angiotensin II. Can. J. Biochem. 52, 113-119

Quarante-six analogues de I'angiotensine II furent obtenus avec la méthode de la synthése des
peptides sur phase solide. Les peptides furent purifiés en utilisant les procédures conventionnelles:
’homogénéité et 1a pureté des composés furent établies & I'aide de la chromatographie sur papier
ou sur couche mince, ’électrophorése sur papier, P'analyse des acides aminés, I'analyse élémen-
taire et la dégradation enzymatique par 'aminopeptidase. Les activités biologiques de tous les
composés furent comparées avec celles de l'angiotensine II sur la pression artérielle du rat
anesthésié. Le méme test biologique fut utilisé pour établir I'action antagoniste de plusieurs
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composés vis-a-vis de 'angiotensine II.

Introduction

A large number of analogues of angiotensin,
ynthesized in our laboratory by the solid phase
method of Merrifield (2), are reported in this
paper.

The main purpose of synthesizing such a large
number of compounds was to explore the struc-
ture—activity relationship of a potent peptide,
angiotensin I (AT 1), which has several physio-
logical functions, such as vasoconstriction (3)
and stimulation of release of aldosterone and
catecholamines from the adrenal glands (4, 5).
Unlike other peptide hormones, angiotensin is
active on smooth muscles; this allows for precise
pharmacological studies and for the application
of receptor theories (6, 7).

The principal aims of this paper are to describe
the chemical synthesis, the purification proce-
dures, and the analyses performed to control the
purity and homogeneity of the peptides. Results
of biological assays in vivo are also given for all

This work was supported by the Medical Research
Council of Canada (grants No. MT-3446 and MT-
4032).

*D. Regoli is an Associate of the Medical Research
Council of Canada.

compounds, to allow the comparison of activities
with those of a large series of angiotensin ana-
logues reported in the literature (sec reviews by
Schroder and Liibke (8); Bumpus et al. (9), and
more recently by Gross (10)). Results of in
vitro studies have been presented in other papers
(6, 7) and will not be repeated here.

Materials

Preparations of Amino Acid Derivatives for the

Synthesis® :
t-Butoxycarbonylamino (boc-amino) acids: alanine,
nitroarginine, valine, isoleucine, leucine, glycine, pro-
line, phenylalanine, norleucine, norvaline, p-alanine,
a-amino-n-butyric acid, D-phenylalanine, and b-leu-
cine were synthesized according to the procedure of
Schwyzer et al. (11). o-Nitrobenzenesulfenyl amino
acids, namely, 1-aminocyclopentanecarboxylic acid
(Acpc) and L-phenylalanine mustard, were synthesized
according to the procedure of Zervas et al. (12); N-
carbobenzoxysarcosine was made by a modification of
the method of Fox et al. (13). Boc-a-benzylaspartic
acid, boc-g-benzylaspartic acid, O-benzyltyrosine, and

*Abbreviations for amino acids residues and sub-
stituting groups and designation of synthetic peptides
are given according to the rules of the IUPAC-IUB
Commission on Biochemical Nomenclature (1972) (1).
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imidazolbenzylhistidine were obtained from BACHEM
Inc., Marina del Rey, Calif. Purity of all amino acid
derivatives and peptides was determined as previously
described (Park et al. (14)).

o-Nitrobenzenesulfenyl-melphalan (NBS-Melp)

Melphalan* (6.1g, 0.02mol) was dissolved in a
mixture of 10 ml of 2 N NaOH and 25 m! of dioxane.
During a period of 15 min, o-nitrobenzenesulfenyl
chloride (4.17 g, 0.022 mol) was added in 10 equal
portions, while 2 N NaOH (12 ml) was added drop by
drop with vigorous stirring. The reaction mixture was
diluted with 200 ml of water and filtered; the filtrate
then was acidified with sulfuric acid (1 N) in an ice-
water bath, and extracted twice with ethyl acetate
(EtOAc) (200, 150 mi); the EtOAc phase was then
washed three times with water (150ml) and with
saturated NaCl. After drying over anhydrous Na.SO,,
the solvent was evaporated to an oil residue. The oily
residue was dissolved in 15 ml of MeOH and evapo-
rated to dryness in vacuum: yield 6.5 g (70% ); R, was
measured using butanol : acetic acid : water (BAW)
(4:1:5) as solvent.

o-Nitrobenzenesulfenyl-1-aminocyclopentane-
carboxylic acid (NBS-Acpc)

NBS-Acpc was prepared as previously described by
Park et al. (15). All peptides reported in this paper
were synthesized with the solid-phase method of
Merrifield (2), using a new reaction vessel developed
in our laboratory (16). The synthesis was carried out
in a stepwise manner according to the procedure of
Park efal. (15).

Degradation of AT;; and Analogues by Purified
Aminopeptidases

Breakdown of several peptides by aminopeptidases
from swine kidney (P-L Biochemicals Inc., Milwaukee)
was measured by incubating 1 mg of each peptide with
0.1mg of enzyme in bicarbonate buffer (0.01 M
NaHCO; and 0.001 M MgCl.) at pH 8.1. Incubations
were carried out at 38 °C for 24 h. At the end of the
incubaton, aliquots of 0.5 m! were taken out for amino
acid analysis.

Results

The 46 analogues of angiotensin II presented
in Table I can be divided into three groups:
(a) single substituted analogues (Nos. 1-24),
(b) double substituted analogues (Nos. 25-42),
and (c) analogues in which one amino acid has
been replaced by a b-amino acid derivative (Nos.
43-46). Forty-two of the forty-six compounds
were synthesized by using a similar procedure as
that described in Park et al. (14). The procedure
is summarized here, using 1-[Ala]-angiotensin 11
(1-[Ala]-ATy) as example. The synthesis of

4L-3-[p-[Bis(2-chloroethyl ) amino]phenylilalanine.

four other compounds (1-[N,N-dimethyl-gly-
Cine}-ATn (1—[Me:G1y]-ATH), 1-[Betﬂiﬂe]-ATu
(1-[Bet}-ATy), 1-[Me.Gly],8-[Leu}-ATy, and
1-[Bet],8-[Leul-ATy) required some modifica-
tions, which will be described taking as an
example 1-[Me.Gly]-ATy;.

(1) Synthesisof 1-[Ala}-AT,
Boc-phenylalanine Polymer
Boc-phenylalanine polymer was prepared with

the same method used for boc-O-benzyl-serine

(Park et al. (14)). Analysis of the boc-phenyl-

alanine polymer gave 0.67 mmoi/g of polymer.
Boc-alanyl-nitro-arginyl-valyl-O-benzyl-

tyrosyl-isoleucyl-imidazol-benzyl-histidyl-
prolyl-phenylalanine Polymer
Boc-phenylalanine polymer (3.0 g) was
placed in the reaction vessel and the desired se-
quence of the peptide was prepared as described
in Park et al. (14). There were 6.0 mmol of boc-
imidazol-benzyl-histidine and boc-nitro-arginine
used for the respective cycles of synthesis.
Alanyl-arginyl-valyl-tyrosyl-isoleucyl-
histidyl-prolyl-phenylalanine
(1-[Alal,5-[1le)-angiotensin II)
The free octapeptide was obtained with the
procedure described in Park er al. (14). The
yield averaged 65%.

(2) Synthesis of 1-[Me-GlylATy;

N,N-dimethyiglycyl-nitro-arginyl-valyl-O-

benzyl-tyrosyl-isoleucyl-imidazol-benzyl-
histidyl-prolyl-phenylalanine Polymer

N - ethyl - 5 - phenylisoxazolium - 3’ - sulfonate
(Woodward’s reagent K (30, 31), 1.27 g, 5.0
mmol) was dissolved in 40 ml of dimethylforma-
mide (BMF) under vigorous stirring. At 0 °C,
0.7 g (5.0 mmol) of N,N-dimethylglycine HCl
and 1.4 ml (10 mmol) triethylamine (Et3N),
dissolved in 40 ml of DMF, were added. Stirring
was continued until the solution almost cleared
(about 6 h). This was then added to a suspen-
sion of 5 g of heptapeptide polymer (nitro-
arginyl-valyl- O-benzyl - tyrosyl-isoleucyl-imida-
zol-benzyl-histidyl-prolyl-phenyl-alanine  poly-
mer) suspended in 40 ml of DMF containing
0.7 ml (5.0 mmol) of EtzN. The heptapeptide
polymer was prepared with the usual procedure
(Park et al. (14)). The reaction mixture (hepta-
peptide, Me»Gly) was shaken in an ice bath for
2 h, then at room temperature overnight. The
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TasLe 1. Physical properties and pressor activity of analogues of angiotensin II (ATyy)
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Chromatography
p-cLRy) tle(Ry) Yield, Pressor
No. Name Ref. BAW BAPW BAW BAPW Eg m.p. % activity, %
o L 1-Ala-ATy 0.41 0.30 0.44 0.84 1.30 228-230 65 37
o 2 1-Sar-ATy; 0.52 0.57 0.38 0.63 1.29 209-212 65 70
g 3. 1-Pro-ATy; 0.54 0.70 0.48 0.80 1.28 220-224 50 50
= 4. 1-Me,Gly-ATy; 0.38 0.44 0.30 0.57 1.18 224-226 40 88
o s, 1-Bet-ATyy 0.34 0.60 0.51 0.69 1.27 150-152 40 10
5§ 6. 2-Ala-ATy 0.67 0.39 0.39 0.70 1.02 220-222 60 7.7
—~ 7. 2-Pro-ATy 0.66 0.47 0.48 0.66 1.00 192-195 45 1.3
% 8. 3-Ala-ATyy 0.46 0.37 0.32 0.63 1.10 255-257 55 80.5
O 9, 4-Ala-ATyg {19) 0.28 0.19 0.36 0.66 1.24 194-197 55 0.37
2 10. 4-Gly-ATy 0.36  0.21  0.37  0.72  1.25  198-211 50 0.7
O 11, 4-Leu-ATy 0.52 0.47 0.46 0.70 1.26 193-196 60 0.2
o 12. 4-Phe-ATyy (20)* 0.51 0.21 0.32 0.65 1.20 210-213 57 22
O 13.  4-Melp-ATy, 0.33 0.20 0.51 0.57 1.23  220-223 45 0.1
ﬁ 14.  5-Ala-ATy (21) 0.22 0.12 0.15 0.48 1.16 219-222 58 4.9
(decomp.)
21 6-Ala-ATy; 0.51 0.44 0.53 0.79 0.99 225-228 54 0.9
c 16. 6-Gly-ATy; 0.52 0.41 0.53 0.76 0.99 211-214 57 0.03
g 17. 6-Leu-ATy 0.63 0.35 0.48 0.80 0.91 230-232 55 0.04
S8, 6Tyr-ATy 0.47 0.27 0.18 0.64 0.91 219-212 53 0.01
@Ew. 7-Ala-ATy; (22) 0.32 0.22 0.45 0.72 1.19 232-235 60 1.5
S q20. 7-Gly-ATy; 0.39 0.20 0.43 0.73 1.21 223-226 58 0.05
S21.  8-Gly-ATy; (23-24*y  0.32 0.25 0.22 0.43 1.29 209-212 55 0.035
2. 8-Nva-ATy 0.35 0.18 0.20 0.53 1.19 213-215 60 0.3
% §223. 8-Nie-ATyg 0.37 0.23 0.22 0.55 1.20 235-238 62 0.9
5 4. 8-Melp-ATjy; 0.28 0.22 0.25 0.68 1.20 222-225 50 0.3
= g’_ZS. 1- <Glu,8-Leu-ATy; 0.55 0.74 0.42 0.82 1.18 115-118 55 0.2
"/ 1- <Glu,8-Gly-ATy; 0.38 0.53 0.29 0.65 1.30 175-180 53 0.04
%&’27. " 1-8-Asp,8-Leu-ATy; 0.46 0.57 0.32 0.47 1.16 233-237 50 0.7
28. 1-Sar,8-Gly-AT; 0.32 0.42 0.18 0.58 1.37 227-230 52 0
e 29 1-Sar,8-Abu-AT;y 0.35 0.44 0.25 0.59 1.24 209-211 55 0.05
S 1o0. 1-Sar,8-Val-ATy 0.34 0.40 0.22 0.59 1.27 188-190 60 0.05
5 3L 1-Pro,8-Leu-ATyy 0.47 0.70 0.45 0.52 1.33 228-231 50 0.5
B 32 1-Prog-Gly-ATy 0.34 0.47 0.22 0.68 1.32 218220 50 0.02
-§ 33. 1-Me.Gly,8-Leu-ATyy 0.38 0.45 0.25 0.60 1.19 126-129 42 0.3
= 34 1-Bet,8-Leu-ATy 0.5t 0.54 0.25 0.53 1.28 175-177 40 0.2
= 35. 4-Leu,8-Leu-ATy; 0.40 0.32 0.33 0.67 1.21 227-230 55 <0.01
8 36.  4-Acpc,8-Acpc-ATyy 0.25 0.23 0.37 0.67 1.26 200-202 52 0.003
. 37. 4-Ala,8-Tyr-ATy; 0.16 0.20 0.12 0.43 1.20 197-201 55 0.01
§ 38.  4PhesTyr-ATy; (25* 0.28 0.0 0.3  0.63 1.14 205207 52 2.0
5 39.  6-Arg,8-Ala-ATy; 0.33 0.21 0.29 0.75 0.94 198-201 48 0
O 40. 4-Ala,6-Ala-ATy 0.42 0.21 0.51 0.73 1.03 223-226 52 0.004
m 41.  4-Gly,6-Gly-ATy; 0.48 0.19 0.30 0.70 1.03 174-176 55 0.002
= 42.  4-His,6-Tyr-ATyg (26) 0.37 0.22 0.27 0.65 1.10 213-216 53 0
% 43, 1-p-Ala-ATyy 0.52 0.63 0.45 0.80 1.16 230-232 50 100
O 4. 2-D-Abu-ATyy 0.68 0.52 0.81 0.78 1.05 232-234 45 0.9
45,  8-p-Ala-ATy; 0.34 0.47 0.34 0.78 1.26 210-212 55 0.025
46.  8-p-Leu-ATy; 0.34 0.20 0.28 0.68 1.18 240-243 53 0.05

*Reference to articles in which the synthesis of the 5-[Val] derivative has been described.
No7E: Parentheses give reference to articles in which the synthesis of the same compound or of the 5-[Val] derivative has been described.

resulting protected peptide polymer was collected
by filtration, washed three times with DMF (80
ml) and ethanol (EtOH) (80 ml), and dried
over P,O5 under vacuum to yield 1.5 g of pro-

tected peptide polymer.

N,N-dimethylglycyl-arginyl-valyl-tyrosyl-
isoleucyl-histidyl-prolyl-phenylalanine

(1-IMe.Gly),5-[1le)-angiotensin 11
(Compound 4 of Tables 1 and 2)

The protected polymer was suspended in 100
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TaBLE 2. Ratio of amino acids (on an acid hydrolysate), chemical formula, and molecular

weight of analogues of angiotensin |1

Ratio of amino acids

Asp Arg Val Tyr 1lle His Pro Phe Chemical formula and

No. Name 1 2 3 4 5 7 molecular weight

1. 1-Ala-ATyy :1.05:1.00:0.93:1.03:1.06:0.98:1. (1001 .15) 2(A,W)
2. 1-Sar-ATy :1.03:1.00:0.95:1.06:1.02:1.01:1. (1001 .15) 2(A,W)
3. 1-Pro-ATy; 1.02:1.00:0.92:1.05:1.03:1.96:1. (1027.19) 2(A,W)
4. 1-Me,Gly-ATy; 1.03:0.98:0.95:1.00:1.02:1.05:1. (1015.18) 2(A,W)
5. 1-Bet-ATy; 0.98:1.02:0.92:1.00:0.96:1.02:1. (1031.22) 2(A,W)
6. 2-Ala-ATyp 1.00:1.03:0.98:1.04:0.94:1.01:1. ( 961.06) AW

7. 2-Pro-ATy t—1.00:0,96:1.02:1.04:2.04:1. (991.13) A

8. 3-Ala-ATyy :1.03:1.02:0.94:1.00:1.04:0.98:1. (1018.12) AW
9. 4-Ala-ATyg :1.03: .05:1.&:1.01 :0.96:0.98:1. ( 954.08) AW
10. 4-Gly-ATyy :1.02:1.00:1.03:1.03:0.98:1.01:1. ( 940.05) A,W
11, 4-Leu-ATy :1.02:1.00:1.00:0.98:1.03:0.96:1. ( 996.15) AW
12, 4-Phe-ATy :1.04:1.00: 1.02:1.03:0.97:2. (1030.17) AW
13.  4-Melp-ATy; 11.01:1.00: _*_1.00:0.98:1.03:1. CiHsN1O40Cl, (1154.18) 2(A,W)
14, 5-Ala-ATy :1.02:1.00:0.94:1.02:1.03:0.96:1. ( 990.08) AW
15. 6-Ala-ATy; :1.01:1.00:0.96:1.00:1.03:1.03:1. ( 982.12) AW
16.  6-Gly-ATy; :1.02:1.00:0.95:1.03:1.00:0.98:1. ( 966.08) A,W
17. 6-Leu-ATyp :1.03:1.01:0.98:1.00:1.02:1.01:1. (1022.18) AW
18. 6-Tyr-ATy; :1.03:1.00:1.94:1.02: ____ 0.98:1. (1072.19) AW
19.  7-Ala-ATy; .96:0.98:1.00:0.94:1.00:1.03:1.00:1. (1020.13) AW
20. 7-Gly-ATy .01:0.96:1.00:0.94:1.00:0.98:1.00:1. (1006.11) AW
21, 8-Gly-ATy; 0.98:1.02:1.00:0.95:1.00:1.03:0.96:1.00 ( 956.05) AW
22, 8-Nva-ATy; 1.01:1.00:1.03:0.98:1.00:1.02:1.05:1.02 ( 998.13) AW
23. 8-Nle-ATyy 1.02:1.03:0.98:0.94:1.00:1.01:0.96:1.00 (1012.12) 2(A,W)
24. 8-Melp-ATr; 1.03:0.96:1.00:0.94:1.00:0.98:1.02 _* Cs:HsN1O1:Cly (1186.18) AW
25. 1 Glu,8-Leu-ATy 0.96:1.02:1.00:0.95:1.00:1.03:1.01:1.00 (1008.16) AW
26. 1 Gluy,8-Gly-ATyy 0.98:1.02:1.00:0.94:1.00:1.03:0.97:1.02 ( 952.06) AW
27.  1-8-Asp,8-Leu-ATy; 1.02:0.98:1.04:0.95:1.00:1.01:1.03:1.00 (1012.15) AW
28.  1-Sar,8-Gly-ATy; 1.00:1.02:1.00:0.94:1.00:1.03:0.98:1.03 (. 912.04) 2(A,W)
29.  1-Sar,8-Abu-ATy; 1.02:1.03:1.00:0.96:1.04:0.98:1.05:1.00 ( 940.10) 2(A,W)
30.  1-Sar,8-Val-ATy; 1.00:1.02:2.04:0.98:1.00:1.03:1.05:____ ( 954.12) 2(A,W)
31. 1-Pro,8-Leu-ATy; —:0.98:1.00:0.95:1.02:1.02:2.05:1.00 ( 994.18) 2(A,W)
32.  1-Pro8-Gly-ATy —:1.02:1.03:0.94:1.00: 1.98:1.00 ( 938.08) 2(A,W)
33. 1-Me,Gly,8-Leu-ATy; —:1.03:1.00:0.96:1.02:0.98:1.04:1.00 ( 980.15) A2W
34.  1-Bet,8-Leu-ATy; —:1.02:1.00:0.94:1.00:1.03:0.98:1.00 ( 998.21) A2W
35.  4-Leus8-Leu-ATy; 0.98:1.03:1.00: ____ 1.00:1.02:0.96:2.0 { 962.14) 2(A,W)
36.  4-Acpc,8-Acpe-ATy; 0.96:0.98:1.00: ___ 1.00:0.97:1.01:1,96 ( 958.11) 2(A,W)
37. 4-Ala,8-Tyr-ATy; 1.02:1.03:1.05:0.96:1.00:1.04:0.98:1.00 ( 970.08) 2(A,W)
38.  4-Phe,8-Tyr-ATy; 0.94:1.03:1.00:0.96:1.00:1.02:1.00:0.98 (1046.17) 2(A,W)
39.  6-Arg8-Ala-ATy; 1.03:2.05:1.00:0.94:1.01: 1.02:1.00 ( 989.13) 2(A,W)
40.  4-Ala,6-Ala-ATy; 1.03:1.04:1.00: __ 1.00:1.96:0.98:1.02 ( 888.01) 2(A,W)
41.  4-Gly,6-Gly-ATy; 0.98:1.06:1.00: ____ 1.03:2.05:1.02:1.00 ( 859.96) 2(A,W)
42, 4-His,6-Tyr-ATyy 1.02:0.96:1.00:0.94:1.00:1.02:0.98:1.00 (1046.17) 2(A,W)
43.  1-p-Ala-ATyg 1.00:0.98:1.00:0.93:1.03:1.01:0.95:1.00 (1001.15) AW
44, 2-p-Abu-ATy; 0.98:1.03:1.05:0.96:1.00:1.01:1.00:1.02 ( 975.09) 2(A,W)
45.  8-pD-Ala-ATy 1.01:1.03:1.00:0.94:1.00:1.05:1.04:1.03 ( 970.08) 2(A,W)
46,  8-b-Leu-ATy; 0.96:1.02:1.00:0.94:1.00:1.05:0.98:1.00 (1012.15) 2(A,W)

*Melphalan decomposed very rapidly on acid hydrolysis and the amino acid could not be detected.
Note: A = CHy*COOH, W = Hx0. Chemical formula and molecular weight do not include acetate or water.

ml of triflucroacetic acid (TFA), and hydrogen The polymer was removed by filtration, washed
bromide (HBr) was bubbled through the sus-
pension for 50 min under anhydrous conditions.

three times with 15-ml portions of TFA, and the
combined filtrate was evaporated at room tem-
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perature under vacuum. The residual syrup was
triturated with anhydrous ether and the amor-
phous white powder was collected by filtration
and washed several times with anhydrous ether;
it was then dried over NaOH, paraffin, and
P.,O; under vacuum.
1o This partially protected octapeptide was dis-
= solved in methanol — acetic acid — water (5:2:2)
and hydrogenated over palladium black (Pd) for
O 3 days. The peptide was isolated in the usual
& manner to yield 970 mg of solid powder. This
o was purified by chromatography on a Sephadex
&3 G-25 (coarse) column by elution with BAW
2 solvent and 10-ml fractions were collected. Frac-
o tions 76—110 were collected together and evapo-
rated to give 0.63 g of octapeptlde 1-[Me.Gly]-
8 ATy (approximately 40% yield based on 1.5
mmol of N-terminal nitroarginyl heptapeptide
2 polymer). N,N-dimethylglycine was identified
E after hydrolysis on paper chromatography, ac-
8 cording to Dawson et al. (17), using 0.05%
§§romophenol blue in 0.2 % citric acid.

—_

Q-g? ) Physical Constants, Biological Activities,

Amino Acid, and Elemental Analyses
The results of a series of analysis, performed
establish the homogencity and purity of the
36 analogues of angiotensin 1I are reported in
I?‘ablcs 1 and 2. Purification procedures (column
chromatography on Sephadex G-25, coarse, and
£ CM cellulose) as described in Park et al. (14),
2 using BAW or BAPW (1-BuOH:AcOH:pyri-
g dine:H>O (30:6:20:24)) solvent systems and
R gradient elution for the CM column, were re-
g peated if necessary to obtain single, well-delim-
§ ited spots after paper, thin-layer chromatog-
A raphy, and paper electrophoresis. Details of these
g techniques as well as of the solvents or buffer
5 < used have been given in Park et al. (14).
© Table 1 shows the R; values on paper and
m thin-layer chromatography as well as uncorrected
" values of melting points, measured on a Kofler
hot stage apparatus, and the yield for each com-
pound

Biological activities in vivo were measured on
rats weighing 250-280 g, nephrectomized 24 h
before, anesthetized with urethane, and prepared
according to the method published elsewhere (8).
The residual pressor activity, in percentage of the
activity of standard ATy (1-[Asp],5-[1le]-ATyy)
was evaluated as described in Park et al. (14).

Table 2 summarizes the results of the amino
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acid analysis on an acid hydrolysate, performed
with a Technicon amino acid analyzer*. Molecu-
lar weights and results of elemental analysis are
given in the same table. Elemental analysis (C,
N, and H) was performed for most of the com-
pounds and values, which did not differ from the
calculated ones by more than 0.4%, were found
Compounds 1, 6, and 8§-24 of Table 1 were
incubated with aminopeptidase for 24 h. The
samples were submitted to amino acid analysis
(Technicon) to estimate the concentrations of
the first five amino acids. In all cases, the amino
acid ratio was similar to that found in acid
hydrolysates.

Discussion

The solid-phase method for peptide synthesis
(2) and the purification by Sephadex or CM
column chromatography have been carried out
successfully in various laboratories (6, 15, 21,
24, 25, 27) to obtain angiotensin and analogues.
In fact, relatively short peptides such as angio-
tensin can be made quickly and in good yield,
and can be purified easily enough with this
method to obtain products useful for pharma-
cological purposes. It has therefore become rele-
vant to inquire about problems of drug design
and structure—activity relations and to develop
specific antagonists for this peptide hormone (7).

Reliable data on structure-—activity relations
and success in the discovery of antagonists can
be obtained only if the compounds are perfectly
homogeneous and pure. Jorgensen (27) has re-
cently pointed out that analogues of angiotensin
synthesized by the solid-phase technique must
undergo the following sequential purification:
“countercurrent distribution, Sephadex chroma-
tography, and CM-cellulose chromatography.
The products are tested by: nuclear magnetic
resonance, thin-layer chromatography in six sol-
vent systems, high voltage electrophoresis at two
different pH values, amino acid analysis and
hydrolysis, and L-amino acid oxidase studies to
detect racemization.”

This series of analyses, particularly the use of
countercurrent distribution and of nuclear mag-
netic resonance, can, however, be performed
only in a few specialized laboratories. In general,
the purification through Sephadex G-25 repeated
several times if necessary and, for some com-
pounds, the use of CM-cellulose column as the
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second step of purification are sufficient to obtain
homogeneous products. The analysis by nuclear
magnetic resonance is usually limited to 2 few
compounds. With the large series of analogues of
angiotensin reported in this paper, all criteria
suggested by Jorgensen (27), except counter-
current distribution and nuclear magnetic reso-
nance, were used. In addition, a large number of
compounds were digested with purified leucine
aminopeptidase and the ratios of the first five
amino acids were estimated with an amino acid
analyzer. The octapeptides were degraded up to
99%, thus indicating that racemization did not
occur. Racemization of histidine could not be
excluded; however, the synthesis of analogues
was carried out in parallel with that of angio-
tensin II and of some fragments reported in Park
etal. (14). The biological activities (pressor and
myotropic) of angiotensin II and heptapeptide
(2-8), synthesized simultaneously with the ana-
logues were found to be the same as those of
hypertensin (Ciba) and heptapeptide (2-8)
(kindly supplied by Dr. B. Riniker}. This sug-
gests that racemization of histidine did not occur,
because 6-[D-His]-ATy; has only 1% of the ac-
tivity of ATy (28).

Imidazol-benzyl-histidine was used in all com-
pounds, except those substituted in position 6.
In spite of the objections raised by Stewart ef al.
(29) to the use of imidazol-benzyl-histidine, we
found this method fully satisfactory; however,
the catalytic hydrogenation was prolonged for
several days and the absence of imidazol-benzyl-
histidine was established on the tripeptide His-
Pro-Phe, resulting from the leucine aminopepti-
dase degradation. This tripeptide was colored
with ninhydrin and Pauly’s reagent; the two spots
had the same location in the paper. This indicates
that the catalytic hydrogenation had removed the
imidazol-benzyl group. All peptides were tested
on several biological preparations and the results
have been reported in recent publications (6, 15,
16, 18, 23) or will be published (7).

Several compounds reported in this paper
were synthesized by other groups, either with the
solution or the solid-phase method; biological
activity of the present compounds was very
similar to that reported by other workers (see
references mentioned in Table 1).

We acknowledge the collaboration of Mrs. Uta
Regoli for the biological assays of all compounds, and

that of Mrs. C. Audet for typing the manuscript and
the tables.
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