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Analogs of Angiotensin I I . I. Solid Phase Synthesis1 
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[5-Ile,8-Tyr]-, [5-Ile,8-(OMe)Tyr]-, [5-Yal,8-(OMe)Tyr]-, [4-(OMe)Tyr,5-Ue]-, [4-(OMe)Tyr,5-Yal]-, [1-Asp-
(NH2),4-(OMe)Tyr,5-Val]-, [5-Ile,7-pipecolic acid]-, [5-Ile,8-(3-amino-4-phenyl)butyric acid]-, and [5-Ue,8-(3-
amino-3'-phenyl)isobutyric acid]-angiotensins II were synthesized by the solid phase method in yields of 50-
63%. All peptides were shown to be homogeneous by C, H, N, analysis, chromatography, and electrophoresis, 
and amino acid analysis after acid and enzymatic hydrolysis. Introduction of OH or OCH3 on the phenyl ring in 
position 8 of angiotensin II reduced pressor activity slightly. However, OCH3 in place of the OH of tyrosine in 
position 4 of angiotensin II caused a drastic reduction of pressor activity. Substitution of an unnatural amino 
acid in positions 7 or 8 of angiotensin II greatly reduced pressor activity. 

The aromatic and the C-terminal carboxyl groups 
of angiotensin II, H • Asp-Arg-Val-Tyr-Ile (or Val)-
His-Pro-Phe-OH, are essential for full biological ac
tivity.2 Since these groups can all lie in close juxtaposi
tion upon folding of the peptide chain, it is of interest 
to determine the effect of replacement of phenylalanine 
by various homologs of phenylalanine, thereby chang
ing the relative positions of these groups. Thus, the 
two homologs of phenylalanine, 3-amino-4-phenyl-
butyric acid and 3-amino-3'-phenylisobutyric acid, 
were synthesized and substituted at position 8 of angio
tensin II. In the former the CO2H is separated from the 
amino group by a CH2 group, where in the latter both 
Ph and C02H groups are removed by CH2. Peptides 
have also been prepared in which O-methyltyrosine 
has replaced phenylalanine and tyrosine. 

Substitution of alanine at position 7 for proline re
duces the pressor activity of the peptide 1000-fold. 
This could be due to the lack of the aliphatic ring of 
proline and the resulting loss of rigidity. Since the 
6-membered ring of pipecolic acid is less planar than 
the 5-membered ring of proline the peptide bond angles 
formed from pipecolic possibly may more nearly ap
proach that formed from a primary amino acid. Utiliz
ing this assumption, one should be able to determine 
the steric importance of the cyclic amino acid in posi
tion 7 of angiotensin. 

Results and Discussion 

L-3-Amino-4-phenylbutyric acid was synthesized 
from L-phenylalanine by the procedure of Balenovic, 
etal.3 Benzyloxycarbonyl-L-phenylalanine chloride was 
converted into the diazoketone of the higher homolog 
by treatment with CH2X2. This was then hydrolyzed 
in the presence of Ag20 to L-3-benzyloxycarbonylamino-
4-phenylbutyric acid. Subsequent catalytic hydrogena-
tion yielded L-3-amino-4-phenylbutyric acid. 

For the synthesis of 3-amino-3'-phenylisobutyric 
acid, the method of Bohme, et a/.,4 was adopted. The 
Xa derivative of diethyl benzylmalonate was prepared 
and condensed with phthalimidomethylene chloride. 
The resulting diethyl phthalimidomethylbenzylmalo-

(1) This investigation was supported in part by U. S. Public Health Ser
vice Research Grant HE-6835 from the National Heart Institute. 

(2) For a review of structure-activity relationships of angiotensin analogs 
see F. M. Bumpus and R. R. Smeby in "Renal Hypertension," I. H. Page 
and J. W. McCubbin, Ed., Year Book Medical Publishers, Inc., Chicago, 
111., 1968, pp 83-87. 

(3) K. Balenovic, V. Thaller, and L. Filipovic, Helv. Chim. Acta, 34, 744 
(1951). 

(4) H. Bohme, R. Broese, and E. Fritz, Chem. Ber., 92, 1258 (1959). 

nate was hydrolyzed by heating with concentrated HCl 
in a sealed tube to give DL-3-amino-3'-phenylisobu-
tyric acid. 

The route employed for the synthesis of peptides was 
essentially the same as described by Marshall and 
Merrifield5 for the synthesis of angiotensin II. The but-
yloxycarbonyl derivative of the C-terminal amino acid 
of the future peptide was esterified onto chloromethyl-
ated polystyrene. This was then introduced into the 
reaction vessel6 in which all steps of the synthesis were 
conducted. The cycle for each amino acid consisted 
of removal of butyloxycarbonyl group (Boc) by 1 A7 

HCl in AcOH, neutralization of the resulting hydro
chloride with Et3X in DMF, and then coupling the free 
base with the next amino acid using DCI as condensing 
agent. At the end of all syntheses, the protected octa-
peptides were removed by bubbling HBr through a 
suspension of peptide polymer in trifluoroacetic acid 
and the partially protected peptides were catalytically 
hydrogenated to free peptides. The compounds at this 
stage were usually accompanied by minor contaminants, 
which were removed by partition chromatography on a 
column of Sephadex G-25 using suitable solvents. All 
peptides were shown to be homogeneous by paper 
chromatography and electrophoresis, tic, C, H, and X 
analysis, and amino acid analysis after acid and enzy
matic hydrolysis. All peptides were completely de
graded by leucine aminopeptidase except the histidyl— 
proline bond and that of DL-3-amino-3'-phenyliso-
butyric acid. A cruder preparation of hog kidney 
leucine aminopeptidase will split the histidyl-proline 
bond more readily. In common with many other 
angiotensin analogs, these peptides apparently con
tained varying quantities of acetic acid and water.6-10 

Biological assay of [5-Ile, 7-pipecolic acid ]-angiotensin 
II shows this peptide possessed 1.0% of the pressor 
activity of natural peptide. The inactivity of [7-pipe
colic acid]-angiotensin II proves again the necessity 
of a specific conformation brought about by proline 
in this position for biological activity. [5-Ile,8-(3-
amino-4-phenyl)butyric acid]angiotensin II, in which 
the C02H is further removed by a CH,, had 10.0% 
pressor activity of the natural peptide while [5-Ile,-
8-DL- (3-amino-3 '-phenyl)isobutyric acid ]-angiotensin 

(5) G. R. Marshall and R. B. Merrifield, Biochemistry, 4, 2394 (1965). 
(6) M. C. Khosla, R. R. Smeby. and F. M. Bumpus, Science, 156, 253 

(1967). 
(7) B. Rinikerand R. Schwyzer, Helv, Chim. Acta, 44, 658 (1961). 
(8) E. Schroder, Ann. Chem., 691, 232 (1966). 
(9) E. Schroder and R. Hempel, ibid., 684, 243 (1965). 
(10) R. Schwyzer, B. Iselin. H. Kappeler, B. Riniker, W. Rittel, and H. 

Zuber, Heir. Chim. Acta, 41, 1287 (1958), 
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II. where both C02H and Ph groups are removed by a 
OH2, the pressor activity was lowered further to 0.1 %. 
It is possible that one optical form of this amino acid 
may have been concentrated in the final peptide. How
ever, because of the low biological activity, no attempts 
were made to resolve the racemate. These results prove 
the importance of these essential groups being in proper 
relative position to be able to bind to a receptor site. 

[.>-Ile,S-(OAle)Tyr]-angiotensin II and [o-Val,-
S-(()Me)Tyr]-angiotensin II possess •'13% of the pressor 
activity of the natural peptide. This is less pressor 
activity than lo-Ile,8-Tyr]-angiotensin II (83 (

c ) n but 
greater than that of [5-Ile, 8-Ala|-angiotensin II (\c

( ).'-
The pressor activity of the (OMe)Tyr analog has proba
bly been reduced due to the increased steric hindrance of 
the OAle group compared with either OH or H. How
ever, since the aromatic ring is still present considerable 
activity has been retained. 

[4-(6:\Ie)Tyr,o-Val]-aiigiotensin II possesses 0.9% 
of the pressor activity of the natural peptide. This low 
level of activity is very similar to that of [4-Ala,o-Ile]-
angiotensin II (0.3%)13 and considerably less than 
[4-Phe,o-Yalj-angiotensin U (10%). ,4 This drastic re
duction in activity upon substitution of p-OAIe for 
|j-OH must be due to steric hindrance rather than the 
loss of H bonding. The loss of II bonding alone (re
placing OH by H) caused a less severe reduction in 
activity. 

The pressor results obtained by group modifications 
in the positions occupied by aromatic amino acids in 
angiotensin II can be summarized by arranging the 
groups in order of decreasing biological activities as 
follows: position 4: p-HOC6H, > C6H5 > p-AleOC6H, 
= OH3: position 8: CflH5 > p-HOCeH., > /;-MeOC6H, 
> CH:j. 

Further, the analogs reported here emphasize that as 
long as the aliphatic side group in position 0 maintains 
C3 branching, this side group has little effect on biologi
cal activity.15 

The analog [ 1 -Asp (XH2) ,4- (O AI e) Tyr,5-Val J-angio-
tensin II possesses 0.35%, of the pressor activity of the 
natural peptide. 

Experimental Section16 

The solvent systems used for paper chromatography (PC) and 
tic were: (a) BuOH-AcOH-H 2 0 (4:1:5) (BAW); (b) BuOFI-
AcOH-pyridine-H20 (30:6:24:20) (BAPW). Eastman Kodak 
silica gel sheets, type K 301 K were used for all tie. The condi
tions used for paper electrophoresis were: solvent, 9.) ml of AcOH 
and 36 ml of HCOOH diluted to 2 1. with distilled IF.O; pH 2.1 at 
4.">9 V. Electrophoretic mobilities are repoiled as the ratio of 
the distance the peptide moved to the distance L-glutamic acid 
migrated and abbreviated as EQ. All melting points were taken 
on a Leitz Metzlar hot-stage apparatus and are not corrected. 
Microanalyses were done by Micro-Tech Laboratories, Skokie, 
III. Amino acid analyses were run on an acid hydrolysate pre-

(11) K. VI. S iyananda i ah , R. R. Smeby, arid F. M . B u m p u s . Biochemistry, 
5, 1221 (1(166). 

(12) W. K. P a r k . R. R. Smeby, and F . M . R u m p u s , ibid., 6, 345S (1967). 
ll.'i) .1. II. Sen, R. R. Smeby, and F . M, R u m p u s , ./. Amer. Chem. Sac, 84, 

1(118 (1062). 
(14) R. Schwyzer ami I I . Tu r r i an , Vitamins Hormone*. 18, 237 (1960). 
(15) M. C. Ivhosla, \ . ( ' . C h a t u r y e d i , R. R. Smeby , a n d F. M . R u m p u s , 

Uio'hemUtry, 7, 3417 (1968). 
(16) Ail a m i n o ac ids used were the L isomer o ther t han 3 -amino-3 ' , -

phenyl i sobu tyr ie acid. Wiiere analyses are i nd i ca t ed only by symbols of 
the e lements , ana ly t ica l results obta ined for those e lements were within 
.r-.().tr:; of the theoret ical values. 

pared in 6 A' HC1 at 110° for 3s. hr. The analyses were pet-
formed on a Technicon amino acid autoanalyzer. For en
zymatic hydrolysis, 2 mg of tin; corresponding peptide was di-
s.'.lved in '3 ml'of 0.001 .1/ MgCF in 0.01 .1/ XuIK'O, i pH s. I 
mixed with 60 mg of crude hog kidney leucine peptidase.17 ' the 
mixture was incubated at 37° for 4S lit. Aliquot- were taken 
intermittently and spotted on paper and silica gel thin-layer 
plate.- for chromatography on BAW and BAW'P ascending 
solvent systems. While considerable split ling occur red within 1 
lir of incubation, complete degradation of two of the peptides o, 
component amino acids required 20 hr, Xo attempts were 
made to resolve 3-amino-3'-phenylisobutvric acid. For amino 
acid analysis following enzymatic hydrolysis, a purified hog kid
ney leucine atninopeptidase was used (P-L Biochemicals, Inc., 
Milwaukee, Wis. i. The biological activity of all peptides are 
given in Table 1. The pressor assay was performed using a 
ganglion-blocked, vagotomized rat.'* 

L-Pipecolic Acid. nt.-Pipecolic acid synthesized from ,.-
picolinie acid by catalytic hydrogeuatioti was resolved by the 
method of Srhweet. <•/ »/.:19 t.-pipecolic acid-HOI W'!''\i ~ 20. t ' 
•c2.0, HoO.i; lil.!» [«:--'i) --S.130 i,.-,.(l. [FOi. 

Boc-i.-pipecolic Acid.- r-PipecoIic acid was converted into 
its Boc derivative by lite melliod of Schwyzer, r/ ui..-" in 00' , 
yield, mp 120-I27C: |O!-;;J> 4 20.."° •<• l.'i.">. MeOH ). . 1W. 
. ( ' l ln, ,X() 4 ) C, 11. X. 

Boc-phenylalanine Polymer. Boc-phenylalanme (10 mmol • 
and Pt;.X i 10 mmol) in EtOII were retluxed with stirring lot 
24 hr with 10 go t ohloiomeihylated copolystyrene 2.0' , divinyl-
beuzene which contained 1.4 mmoles of Cl/g. The polymei 
ester was removed by filtration, washed with absolute KtOFl, 
H-O, and MeOII. and dried under vacuum. Kaeh gram of 
polymei was found to contain 0.3 mmol of the amino acid re
leased on hydrolysis of a sample in a mixture of IIC1 and AcOH.21 

Benzyloxycarbonyl-rj-benzylaspartylnitroarginylvalyl-O-benzyl-
tyrosylisoleucyl-.\ "-benzylhistidylpipecolylphenylalanine Poly
mer. -Boc-phenylalanine polymer (."> g containing a total of I..">(t 
mmol of Boc-phenylalanine ) was introduced into a reaction vessel' 
and the following steps were used to introduce each new amino 
acid residue. •• I t Wash with glacial AcOH (3 time- with 60 ml). 
(2) Boc group removed by treatment with 60 ml 1 A" 1101 in 
AcOH for 30 min. ••'.',•. Wash with glacial AcOII (3 times with 
60 ml., ( t) Wash with .absolute KtOH (3 times with 60 ml.. 
(.">' Wash with 1)MF ••:•! times with 00 ml . (0) Neutralize the 
HCUalt wi thhmlof Kt,X in (it) ml of DMFfor 10 min. < 7 j Wash 
with D.MF (3 times with 66 ml;. s; Wash with OFFOF .3 
lime- with 66 ml'. 9 ! With cooling in ice bath add +.."> mmol 
of the appropriate Boc-amino acid dissolved in 4.*> nil of OFF.OI 
and mix for 10 min. Kb Add -!.."> mmol of 1)01 dissolved in 
1") ml of OlFCf and shake the mixture 2 hr will) cooling in ice. 
and overnight a: room temperature. < 11,) Wash with OHt ' l j 
3 time- with till ml . ; 12; Wn-]i with KtOH (3 times with 60 

mF. 

For coupling the amino acids Boc-A "'-benzyjliistidine and 
Boc-niti'oarginine, step S was deleted and D M F was used .as (In
solvent in place of CIFOb in steps 9 through 11. 

Aspartylarginylvalyltyrosylisoleucylhistidylpipecolylphenyl-
alanine ([5-Ue,7-pipecolic Acidj-Angiotensin II).—The protected 
peptide polymer was suspended in about 100 ml of trichloroacetic 
acid and dry HBr was bubbled through the suspension for 40 ruin. 
The polymer was removed by filtration and washed three times 
with 10-ml portions of t rifluoroaeel ic acid. The combined 
filtrates were evaporated on a rotary evaporator in rnruo at room 
temperature and the syrupy product obtained was triturated with 
KuO. The amorphous powder obtained was collected on a 
sintered glass funnel, washed well (Et20), dissolved in 50 ml of 
MeOH -AcOH -tl20( 10: 1 : ]'), and reduced by bubbling IF through 
the solution at atmospheric pressure for 36 hr using Pd black ( 1 
g) as the catalyst. After hydrogeuatioti was complete, the 
catalyst was removed by filtration and the filtrate evaporated to 
dryness to give 2.4") g of [•rude compound. This was purified by 
chromatography on a column of Sephadex < 1-2.5 t'7S X 4.6 cm i 

.17; II. S c h w a r z a n d F . M. Burnous, ./. Amer. Chem. 60C..81. 890 1.1959). 
i!8) P. T. Pickens . F . M . Bumpus , A. M. Lloy.l, R. R. s rneby , and I, II. 

1'auc. Circulation Res.. 17, 438 11965). 
19) R. S. Hrhweet . .1. T. l lo lden , and 1'. 11. Lowy, ./. Biol. CI., m.. 2 1 1 . 517 

19510 
(20) R. Schwyzer . P. Sieber. anil 11. Kappeler , Heir. Chtm. Acta, 42, 2622 

1,959). 
21 ) R. P». Merri i ield, ./, Amer. Cncm. » V . , 85, 21-1!) • 1965. 
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TABLE I 

BIOLOGICAL ACTIVITY OF ANGIOTENSIN II ANALOGS 

2 3 4 

. Arg - Val - Tyr 

5 6 7 8 

• He - His - Pro - Tyr" 

• Arg - Val - Tyr 

• Arg - Val - Tyr 

- He - His - Pro - (OMe)Tyr 

- Val - His - Pro - (OMe)Tyr 

• Arg - Val - (OMe)Tyr - lie - His - Pro - Phe 

• Arg - Val - (OMe)Tyr - Val - His - Pro - Phe 

• He - His - Pip - Tyr 

He - H i s - P r o - A P B 

He - His - Pro - APIB 

Pressor act. % of 
angiotensin II 

83 

33 

33 

1 

Asp 
[1-Asp, 5-Ile, 8-Tyr]-

angiotensin II 
Asp 

[1-Asp, 5-Ile, 8-(OMe)Tyr]-
angiotensin II 

Asp 
[1-Asp, 5-Val, 8-(OMe)Tyr] 

angiotensin II 
Asp 

[1-Asp, 4-(OMe)Tyr, 5-Ile]-
angiotensin II 

Asp 
[1-Asp, 4-(OMe)Tyr, 5-Val] -

angiotensin II 
Asp(NH2) - Arg - Val - (OMe)Tyr - Val - His - Pro - Phe'' 

[l-Asp(NH2), 4-(OMe)Tyr, 5-Val] -
angiotensin II 

Asp - Arg - Val - Tyr 
[7-Pipecolic acid]-

angiotensin II 
Asp - Arg - Val - Tyr 

[8-(3-Amino-4-phenylbutyric acid]-
angiotensin II 

Asp - Arg - Val - Tyr 
[8-(3-Amino-3'-phenylisobutyric acid)]-

angiotensin II 
" Schroder and Hempel reported 10-20% of the pressor activity of the [5-Val]-angiotensin II (ref 9). b Schroder and Hempel (ref 9) 

and M. A. Cresswell, R. W. Hanson, and H. D. Law, J. Chem. Soc, 2669 (1967) reported 0.2 and 0 .1%, respectively, of the pressor acti
vity of the [5-Val]-angiotensin I I . 

1.0 

0.9 

0.4 

1.0 

10.0 

0.1 

[5-Ile, 8(OMe)Tyr]-angiotensin II 
[5-Val, 8(OMe)Tyr]-angiotensin II 
[4(OMe)Tyr, 5-Ile]-angiotensin II 
[4(OMe)Tyr, 5-Val]-angiotensin II 
[l-Asp(NH2), 4(OMe) Tyr, 5-Val]-

angiotensin II 
[5-Ile, 7-Pip]-angiotensin II 
[5-Ile, 8-APB]-angiotensin II 
[5-Ile, 8-APIB]-angiotensin II 

° c l .0 , 50%HOAc. 6 c l .O , 0.1 VHOAc. «c0.86, H 2 0. <*c0.71, H 2 0 . 

PHYSIC. 

(PC) 
(BAW) 

0.47 
0.42 
0.52 
0.49 
0.49 

0.52 
0.47 
0.43 

AL CONST. 

TABLE I I 

\NTS OF ANGIOTENSIN 

Chromatography 
Ri 

(BAPW) 

0.41 
0.37 
0.47 
0.43 
0.44 

0.55 
0.58 
0.54 

(tic) 
(BAW) 

0.43 
0.32 
0.38 
0.42 
0.41 

0.35 
0.18 
0.17 

Rt 
(BAPW) 

0.61 
0.54 
0.62 
0.57 
0.63 

0.46 
0.48 
0.48 

I I ANALOGS 

-EG 

1.18 
1.23 
1.22 
1.20 
1.20 

0.96 
1.18 
1.13 

[a]23D, deg 

- 4 4 . 6 " 
- 3 9 . 3 " 
- 5 2 . 0 ° 
- 3 6 . 6 « 
- 4 0 . 6 " 

- 3 0 . 2 b 

-43.0= 
67.6d 

Mp °C (dec) 

237 
207-210 
227 
225-227 
205-207 

224-225 
>230 
>225 

Yield % 

53 
55 
51 
56 
50 

62 
48 
63 

using BuOH-AcOH-H 2 0 (4:1:5) as the developing solvent.22 

Fractions of 12 ml each were collected. Fractions 90-120 which 
contained the required octapeptide were pooled, concentrated to 
3 ml, filtered through Hyflosupercel, and evaporated to dryness 
at room temperature in vacuo. Addition of dry E t 2 0 to the 
residual syrup yielded an amorphous white solid, which was 
filtered and washed with dry EtOAc and dry E t 2 0 to give pure 
title peptide. Physical constants are given in Table I I ; loss of 
water at 100°: 2.75%; amino acid ratios found: Asp, 1.04, 
Arg, 1.12, Val, 1.11, Tvr, 0.99, He, 1.00, His, 0.95, pipecolic acid, 
1.00, Phe, 0.97. Anal. (C5iH,3N13012-CH3COOH) C, H, N. 

L-3-Benzyloxycarbony]amino-4-phenylbutyric Acid.—A solu
tion of 7.9 g (25 mmol) of benzyloxycarbonyl-L-phenylalanine 
chloride28 in 50 ml of absolute E t 2 0 was added at 10° to a solution 
of CH2N2 (from 17.5 g of nitrosomethylurea in E t 2 0) . After 12 
hr at 10°, excess CH2N2 was destroyed by addition of AcOH and 
E t 2 0 removed under reduced pressure to give 8 g of L-l-diazo-3-

(22) R. R. Smeby, P. A. Khairallah, and F. M. Bumpus, Nature, 211, 1193 
(1966). 

(23) M. Bergmann, L. Zervas, H. Rinke, and H. Schleich, Z. Physiol. 
Chem., 224, 33 (1934). 

benzyloxycarbonylamino-4-phenyl-2-butanone as an oil. It 
was used as such for the next step. 

The diazo ketone (8 g) was dissolved in 50 ml of dioxane and 
added dropwise with stirring to a mixture of 1 g of freshly pre
pared Ag20, 2.5 g of anhydrous Na2C03, and 1.5 g of sodium 
thiosulfate in 100 ml of H 2 0 at 50°. The mixture was stirred 
under reflux for an additional hour, cooled, diluted with H 20, and 
acidified with dilute HN0 3 . The product, which precipitated 
from the mixture was filtered and recrvstallized from E t O H -
H , 0 ; vield: 4.47 g (57%), mp 110-111°. Anal. (Ci8Ni904N) 
C, H, X. 

L-3-Amino-4-phenylbutyric Acid.—The benzyloxycarbonyl 
compound (3.2 g) was dissolved in a mixture of MeOH-AcOH-
H 2 0 and hydrogenated (Pd black). The catalyst was removed by 
filtration and filtrate evaporated to give the free amino acid; 
yield: 1.5 g, mp 225-226°; [« ] 2 3 D +22.1° (c 1.5, H20). Anal. 
(CI0H13NO2) C, H, N. 

L-3-ButyloxycarbonyIamino-4-phenyIbutyric Acid Polymer.— 
3-Amino-4-phenylbutyric acid (3.6 g, 20 mmol) and MgO (1.6 g, 
40 mmol) were suspended in 50 ml of 50% dioxane, stirred 1 
hr at room temperature, and treated with butyloxycarbonyl 
azide (5.7 g, 40 mmol); after stirring overnight at room tem-
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perature, the mixture was diluted with H 2 0 (l.">0 ml), the solid 
removed by filtration, and the filtrate extracted with EtOAc (3 
limes with 30 ml). The aqueous layer was acidified to pH 4 
by addition of cold 10% citric acid. The precipitated oil was 
extracted into EtOAc which was then washed well with a satu
rated XaCl solution and dried (MgSO,,;. It was then evaporated 
to dryness to give 3.1.") g (56%) of 3-butyloxyearboiiylaminu-4-
phenylbiityric acid as a yellowish oil. which was used ;b such for 
next step. 

A solution of 2.S g (10 mmol; of the butyloxycarbonyl annuo 
acid and 1.4 ml ? 10 rnmol) of Et3X in 2.1 ml of EtOH was added 
to 10 g of chloromethyl eopolys1yrene~2% divinylbenzene which 
contained 1.41 ninuil of CI 'g and the mixture stirred at 75-S0° 
for 24 hr. The polymer ester was collected by filtration, washed 
well with absolute EtOH, H20, and MeOH, and dried under 
vacuum. Each gram of polymer was found to contain 0.2s 
mmol of the amino acid as determined by spectroscopic deter
mination of the amino acid released on hydrolysis of a sample in a 
mix; ure of HCI and AcOff. 

Benzyloxycarbonyl-,i-benzylaspartylnitroargin)lvalyl-0-benzyl-
tyrosylisoleucyl-.Y'»'-benzylhistidylproly 1-3 - amino - 4 - phenylbut-
yric Acid Polymer. The desired sequence was made on the 
polymer in a manner similar to [7-pipecolic acid]-aiigioteusiuII by 
stepwise addition of succeeding amino acids to 5 g of 3-butyloxy-
carlioiiylamino-4-pheuvllmt.yiic acid polymer containing 1.40 
mmol of amino acid. A fouifold excess of all amino acids wa
i ted for all steps. 

AspartylarginyIval.vltyrosylisoleucylhistidyli;roIyl-3-amino-4-
phenylbutyric Acid %5-Ile,8-(3-amino-4-phenyl)butyrie acidj-
angiotensin II 1 . - -The peptide was cleaved from the polymer by 
Illir in CF3C02II treatment, and then hvdrogenated in a mixture 
of MeOH -AcOH H4> (.10 ml, 10: 1:1)'at atmospheric pressure 
for 4-S hr Using Pd black (1 gl. The reaction mixture was then 
treated in the same manner as for [pipecolic acid!-angiotensin II, 
to yield 1.10 g of peptide. Chromatography showed a minor 
spot of low II: value in addition to one major spot at Its (BAVVPi 
0.5s. This contaminant was removed by partition chromatog
raphy on a column of Sephadex (!-2."i using BuOHAc()H-pyr -
idine-H20 '30:0:24:201 as the developing solvent. Fractions 
of 1.0 ml each were collected. Fractions 00-SO which contained 
the required octapeptide were pooled, concentrated to 3 ml, 
filtered through Hyflosupercel, and evaporated to dryness ai 
room temperature in vacuo. Addition of dryEt-.O to the residual 
syrup yielded an amorphous white solid, which was dissolved in 
some DMF and once again precipitated by addition of dry En<) 
to give [5-Ile,s-(3-amiiio-4-pFienyl jbtttyric acid]-angiotensin II 
Physical constants are given in Table II : loss of )]•,() on drying ai 
11)0= 2.04', ; amino acid ratio found: Asp. 0.07: Arg, 1.10; Val. 
1.05: Tvr, ll.ss; He, 1.01: His. 1.00: 3-amino-4-phenvlbut vrie 
acid, 0.95. Anal. •G1,H; iN l ; j0i :,-CH; )C0OH-2H,0) C, H, X. ' 

Leucine a mi nopeptidase digestion showed a complete hydrolysis 
to component amino acids within 24 hr. 

Diethyl Phthalimidomethylbenzylmalonate. \ '-( hloromethvl-
phthalimide ( 19.5 g. 100 mmol) in .10 ml of Et2() was added to a 
solution of diethyl benzylmalonate i 30 g, 120 mmol) and Xa 
(2.3 g, 100 g-atomsi in 1.10 ml of dry Et.O. The mixture was 
heated for 2 hr with stirring on a water bath, cooled, and diluted 
i 114 > i. The El4 I layer was dried and concentrated to a residue 
and this residue triturated with petr ether to give a crystalline 
solid: yield 30.0 g ' 70 .4 ' , ) . mp 97-9S0 : loss of IFO at 100°. 
I .0 ' , \ Anal. (%H2 3X06)C, H, X. 

i>L-3-Amino-3'-phenylisobutyric Acid HCI. -Phthalimido de
rivative described above (4.1 g, 10 mmol) and .50 ml of coned HCI 
were heated for 2 hr in a sealed tube at 170°, cooled, filtered, and 
evaporated in vacuo to yield l.S g of crystalline 1101 salt. This 
was recrvstallized from MeOH-ether to yield l.-l g (70%); mp 
154-155°. Anal. ( C„n,3XT02- HCI) C,H,X,C1. 

i)i,-Buty]oxycarbonylamino-3'-phenyIisobutyric Acid Poly
mer. i)L-3-Amino-3'-phenylisobutyric acid was converted into 
its Hoc derivative bv the usual procedure: vield: 04%: mplOO-
l(ls=: loss of H ,0 at 100° 1.4%. Anal. (C11IE1NO4) C, H, X. 

i)i.-3-Hutyloxycarbonylamiiio-3'-phenylisobutyi'ic acid (10 
mmol) and Et3X ;1.41 ml, 10 mmol; in 20 ml of EtOH were 
stirred with 1(1 g of ehloromethylated poly.styrene-2% divinyl
benzene at 75-so c for 20 hr. The polymer ester was filtered 
in vacuo. A sample was hydrolyzed as before in HCl-AcOH 
and the released amino acid estimated spectrophotometrieally. 
This gave a value of 0.33 mmol of Boc-amino acid g of polymer, 

Benzyloxycarbonyl-(3-benzylaspartyInitroarginylvalyI-0-benzyl-
tyrosylisoleucyl-.\'""-benzylhistidyIproIyl - 3 - amino-3 ' - phenyliso-

butyric Acid i [5-Ile,8-D,L-(3-amino-3'-phenyi)isobutyric acid -
angiotensin II).—The peptide was cleaved from the polymer by 
HBr-CFaCOsH treatment and then hvdrogenated in a mixture of 
MeOH -AcOII H.O (7.1 ml, 10:2:3') at atmospheric pre.-s.iiie 
Using Pd black. After 48 hr the reaction mixture was processed 
as for |pipecolic acidj-angioteiisin II and the crude compound 
obtained was chromatographed on a column of .Sephadex (1-25 
using BuO.FI AcOH 114) M: 1 :5). Fractions of 10 ml each wen-
collected. Fractions S7 1 15 were pooled, concentrated to 5 mi. 
filtered through Hyrlosupercel, and evaporated to near dryness at 
room temperature in vacuo. Addition of dry Et4) precipitated 
an amorphous white compound. This was filtered and washed 
with dry Et'jO to give product: physical constants are given in 
Table I I : loss of IFO at 100° 2.74% : amino acid ratio found: 
Asp. 1.It): Arg, 1.02: Val, 1.15; Tyr, 0.00: He. 1.01); His. 0.92: 
Pro, 1.00; 3-amino-3'-phenvlisobiUvric acid. 1.12 Ana1. 
;CMl7SX% iO l2-0H; iC0OH-2H,0'iC, H , X . 

Boc-O-methyltyrosine Polymer. Boc-O-nielhyltyroshie was 
synthesized according to the procedure of Schwyzer, il <il..~" 
and the purity was checked by paper and silica gel tic in two 
solvent systems: iai BAW, '(b) BAPW. Boc-O-methyltyro
sine polymer was prepared according to the method of Marshall 
and Merrifield-"' and analysis^' of the substituted polymer nave 
0.51 mmol of Boc-O-methylty rosiue g of polymer. 

Y - Carbonbenzoxy - fS - benzylaspartylnitroarginyltyrosyliso-
leucyl-.Y "'-benzylhistidylprolyl-O-rnethyltyrosine Polymer. 
Boe-O-niothyll vrosine polymer (5.0 g: was placed in the reaction 
vessel'' and the desired sequence prepared as before. For imid
azole, benzvlhistidine. and nit roarginiiie cycles, 7.7 mmol of |,lie-o 
two Boc-amino acids were used. At the end of synthesis, t he 
protected peptide polymer was transferred into a 200-ml lla-k 
and dried in de-iccator over P203 and paraffin in vacua. 

Aspartylarginylvalyltyrosylisoleucylhistidylprolyl-O-methyl-
tyrosine Monoacetate (!5-IIe,8-(OMe)Tyr|-angiotensin II). The 
protected octapeptide polymer iO.s g) was suspended in SO ml ol 
anhydrous F ; iC('02H and ' l IBrgas was bubbled slowly through 
I lie suspension with occasional shaking for 30 min at room tem
perature. The reaction mixture was filtered and the polymer 
was washed '3 limes with s ml ' with anhydrous I;:,0('O.,Ii. 
The combined filtrate was evaporated to an oil at room tem
perature in vnriici. Thi' peptide was precipitated by the addi
tion ot anhydrous I'll •(), removed by filtration, and washed 'an
hydrous E t , 0 ' . The- partially protected octapeptide (1.5 g 
was dissolved in SO ml of Me! )li AcOH-H,(> (10: 1 : 1 sand hvdro
genated for 4.S hr t Pd black i. Catalyst •: 1 g ; was added at the 
beginning of the reduction and an additional 0.5 g was added 
after 24 hr. Theca t ahs l was removed by filtration and washed 
•3 limes with 10 ml; with the same solvent mixture. The com
bined filtrate was evaporated to dryness in vacua ai 20° and the 
residue w as dissolved in minimum amount of 50'') aqueous AcOH 
and precipitated with anhydrous ,Hi4>-Me-jOO ' 1 : 1 : to yield a 
crude product •1.35 gi. TFiis was purified by chromatography 
ou a Sephadex (1-25 (coarse; column (4.5 X SO cm) using BAW 
as I he developing solvent. Fractions of 10 ml were collected. 
From paper chromatography and uv absorption data, fractions 
50-S2, s:j-420, and 190-217 were pooled and evaporated to 
dryness at 20° in vacuo. The pooled fraction S3 120 (major 
component i was precipitated from 50% AcOH with Et..() Mc,C< > 
(1:1": to yield 1.15 g (53 ' ' , ; . A sample was reprecipilaled from 
same solvent mixture and dried over P20% XaOH, and paraffin 
/// vacuo. Physical constants are given in Table 11 and amino acid 
ratios on an acid hydrolysate: Asp. 0.92; Arg. 1.05: Val. I.Oil; 
Tyr. 1.94: lie. 1.00; His, 0.90; and Pro, 1 .US; on an enz\ mat n 
hydrolysate: Asp, 0.93: Arg, 1.00: Val, 1.00; Tyr. 1.03: He, 11.94: 
His. 0.S1; Pro, 0.7S: ;OMe)Tvr, 1.05. Anal. < O...I l-.:,N, •.< >. 
(TF3COOH)C, II, X. 

Aspartylarginylvalyltyrosylvalylhistidylprolyl-O-rnethyltyrosine 
Monoacetate f, 5-Val,8-(OMe)Tyr]-angiotensin II). This free 
octapeptide was prepared by the above procedure in 5.1'', yield. 
Physical cons! an is are given in Table II and amino acid ratios 
on an acid hydrolysate: A-p, 1.00: Arg, 1.0.1; Val, 2.OS; Tyr, 
1.9S: His, 0.9S; Pro, 1.00: on an enzymatic hydrolysate: Asp, 
1.05: Are, 1.00: Val. 1.95; Tvr. 1.00; His,'().60;' Pro, 0.03: 
'OMerTyV, 1.02. Anal, (( %H;,X1303-CHsCOOH • II-.O; C II, X. 

Aspartylarginylvalyl-O-methyltyrosylisoleucylhistidylprolyl-
phenylalanine Monoacetate r4-(OMe)Tyr,5-Ile]-angiotensin II. 

The peptide was prepared and purified from earbobenzoxy-
benzylaspariyInUroargiuylvalyl-(Mnethyltyros\4isoIeueyl - ,Y""-
benzylhistidylprolylpheiivlalanuie polymer which was obtained 
as described above i.o yield 51% of fiee odapeptido: see 
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Table I I ; amino acid ratios on an acid hydrolysate: Asp, 
0.96; Arg, 0.98; Val, 1.00; Tyr, 0.92; He, 0.95; His, 1.02; Pro, 
1.05; Phe, 1.00; on an enzvmatic hydrolvsate: Asp, 1.00; Arg, 
1.01; Val, 1.08; He, 0.98; His, 0.51; Pro,"o.58; (OMe)Tvr, 1.07; 
Phe, 1.00. Anal. (C5iH-3X13Oi2-CH3COOH) C, H, N. 

Aspartylarginylvalyl-O-methyltyrosylvalylhistidylprolylphenyl-
alanine ([4-(OMe)Tyr,5-Val]-angiotensin II).—The free octapep
tide was prepared as described above to give 56% yield of the 
desired peptide; see Table I I ; amino acid ratios on an acid 
hydrolvsate: Asp, 0.92; Arg, 1.06; Val, 2.13; Tyr, 0.98; His, 
1.08; Pro, 1.00; Phe, 1.00; on an enzymatic hydrolvsate, Asp, 
1.00; Arg, 1.01; Val, 2.12; His, 0.58; Pro, 0.61; Phe, 1.00; 
(OMe)Tyr, 1.00. Anal. (C60H-iX13Oi2-CH3COOH) C, H, X. 

Asparaginylarginylvalyl-O-methyltyrosylvalylhistidylprolylphe-
nylalanine ([l-Asp(NH2),4-(OMe)Tyr,5-Val]-angiotensin II).— 
Woodward's Reagent K24 (0.633 g, 2.5 mmol) was dissolved in 
25 ml of D M F with vigorous stirring. At 0°, 0.67 g (2.5 mmol) 
of earbobenzoxyasparagine and 0.35 ml (2.5 mmol) of Et3N 
dissolved in 25 ml of D M F were added. Stirring was continued 
until the soln cleared (about 3 hr). This was then added to a 
suspension of 2.5 g of heptapeptide polymer (nitroarginylvalyl-O-
methyltyrosylvalyl-A' ,m-benzylhistidylprolylphenylalanine poly
mer) suspended in 25 ml of D M F containing 0.35 ml (2.5 mmol) 

(24) (a) R. B. Woodward and R. A. Olofson, J. Amer. Chem. Soc. 83, 
1007 (1961). (b) R. B. Woodward, R. A. Olofson and H. Mayer, ibid., 1010 
(1961). 

The octapeptide, angiotensin II, is known to have a 
multiplicity of actions.2 Until recently, angiotensin 
II analogs were usually assayed either by their pressor 
responses in ganglion-blocked or nephrectomized rats, 
or by their musculotropic effects on isolated rat uteri. 
In general, biological activity in these assay systems 
was roughly equivalent and this led to an assumption 
that angiotensin acted only on the smooth muscle cells 
in these two assay systems, and that the receptor sites 
on these cells were, at least grossly, similar. 

Recently, Peach, Bumpus, and Khairallah3 reported 
that angiotensin II inhibited uptake of norepinephrine 
into sympathetic nerve endings in rabbit heart, at dose 
levels of less than 50 pg/ml. Angiotensin II analogs 

(1) This investigation was supported by U. S. Public Health Service 
Research Grant HE-6835 from the National Heart Institute. 

(2) I. H. Page and J. W. McCubbin, Ed., "Renal Hypertension," Year 
Book Medical Publishers, Inc., Chicago, 111., Chap. 5 and 9 (1968). 

(3) M. J. Peach, F. M. Bumpus, and P. A. Khairallah, J. Pharmacol. Exp. 
Ther., 167, 291 (1969). 

of Et3N. This heptapeptide polymer was prepared as de
scribed above. The reaction mixture was shaken in an ice 
bath for 2 hr, then at room temperature overnight. The result
ing protected peptide polymer was collected by filtration, 
washed [DMF (3 times with 50 ml), absolute EtOH (3 times with 
50 ml)], and finally dried over P20„ in vacuo to yield 2.53 g. 

The protected peptide polymer was suspended in 50 ml of an
hydrous F3CC02H and a slow stream of HBr was passed through 
with occasional shaking for 30 min under anhydrous condi
tions. The suspension was filtered and the polymer was washed 
(3 times with 8 ml) with anhydrous F3CCO:>H. The combined 
filtrate was concentrated in vacuo at 20° and peptide was pre
cipitated by addition of anhydrous Et>0. The solid was re
moved by filtration and washed with anhydrous E t 2 0 . This 
partially protected octapeptide was dissolved in MeOH-AcOH-
H 2 0 (10:1:1) and hydrogenated over Pd black for 48 hr. The 
peptide was isolated in the usual manner to yield 529 mg of solid. 
This was purified by chromatography on a Sephadex G-25 (coarse) 
column by elution with BAW solvent. The peptide emerged 
mainlv as one fraction, was precipitated from 50% AcOH with 
Et20-Me2CO (1:1), and dried over P2O5, XaOH, and paraffin 
in vacuo to yield 490 mg (50% yield based on 0.84 mmol of X-
terminal nitroarginyl heptapeptide with polymer 1; see Table I I ; 
ratios on an enzvmatic hvdrolvsate: AspiXH>), 0.95; Arg, 
1.05; Val, 1.92: Flis, 0.51; Pro, 0.58; Phe, 1.00; (OMe)Tyr, 
0.98. Anal. C6„H72X,4Oii-2CH3COOH'2H20 (1200.67): ~C, 
53.97; H, 7.05: X, 16.33. Found: C, 53.42: H, 6.50; X, 
16.09. 

substituted in positions 1-7 showed a close correlation 
between pressor/musculotropic activity and inhibition 
of uptake. Substitutions in position 8. however, in
dicated that the benzene ring of phenylalanine was not 
needed for inhibition of uptake but was required for 
pressor activity. Substituting phenylalanine by amino-
phenylbutyric acid or aminophenylisobutyrie acid 
also dissociates inhibition of uptake from the pressor 
response. The free C-terminal CO2H was required for 
both activities. This led to the conclusion that angio
tensin receptor sites on sympathetic nerve endings were 
very similar to those on smooth muscle cells, except that 
the latter required an aromatic ring structure in posi
tion 8, while the former did not. 

To study receptor sites on other tissues, guinea pig 
terminal ileum was used. Response of ileum to angio
tensin is biphasic, a rapid component due to release of 
ACh from the intrinsic parasympathetic nerve ganglia 
of Meissner and Auerbach or postganglionic nerve end-

Analogs of Angiotens in II. II. M e c h a n i s m of Receptor Interact ion 
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[5-Ile]-angiotensin II has two sites of action on guinea pig ileum. It directly interacts with receptor sites on 
smooth muscle, leading to contraction, and also indirectly contracts muscle by interacting with receptor sites on 
the parasympathetic innervation of the ileum, releasing acetylcholine. An attempt has been made to study these 
two receptors, using responsiveness of the tissue to analogs of angiotensin I I . Substitutions in positions 1-7 
showed close correlations between pressor activity, smooth muscle activity, and release of acetylcholine. Sub
stitutions in position 8, however, indicated that [5-Ile,8-(OMe)Tyr]-angiotensin II is about three times more 
active on guinea pig ileum than on blood pressure, while [5-Ile,8-Tyr]-angiotensin II has roughly the same ac
tivity in both. The release of acetylcholine by both peptides was the same; the smooth muscle response to the 
latter peptide was the same as the parent compound, while response to the former peptide was less than half that 
of the parent compound. On the other hand [5-Ile,8-Ala]-angiotensin II produced no response on guinea pig 
ileum similar to its effect on blood pressure, but it inhibited subsequent response to the parent compound. It is 
assumed that the analog binds to receptor sites producing no excitation but preventing other analogs from inter
acting. These results have been interpreted by a speculative scheme concerning conformations of muscle and 
nerve receptors. 


