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[5-1le,8-Tyr]-, [3-Ile,8-(OMe)Tyrl-, [5-Val,8-(OMe)Tyr]-, [4-(ONe)Tyr,5-1le]-, [4-(0OMe)Tyr,5-Vall-, [1-Asp-
(NH,),4-(0Me)Tyr,53-Vall-, [3-Ile,7-pipecolic acid]-, [5-Ile,8-(3-amino-4-phenyl)butyric acid]-, and [3-Ile,8-(3-
amino-3’-phenyl)isobutyric acid]-angiotensins II were synthesized by the solid phase method in yields of 50—

63%.

and amino acid analysis after acid and enzymatie hydrolysis.
position 8 of angiotensin II rednced pressor activity slightly.
position 4 of angiotensin IT cansed a drastic reduction of pressor activity.

Al peptides were shown to be homogeneous by C, H, N, analysis, chromatography, and electrophoresis,

Introduction of OH or OCHj; on the phenyl ring in
However, OCHj; in place of the OH of tyrosine in
Substitution of an nnnatnral amino

acid in positions 7 or 8 of angiotensin IT greatly rednced 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 CO.H is separated from the
amino group by a CH, group, where in the latter both
Ph and CO.H groups are removed by CH,. 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 pipeeolic 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 vr-phenylalanine by the procedure of Balenovic,
etal.® Benzyloxyearbonyl-L-phenylalanine chloride was
converted into the diazoketone of the higher homolog
by treatment with CHsN;. This was then hydrolyzed
in the presence of Ag,0O to 1-3-benzyloxycarbonylamino-
4-phenylbutyric acid. Subsequent catalytic hydrogena-
tion yielded 1-3-amino-4-phenylbutyric acid.

For the synthesis of 3-amino-3’-phenylisobutyric
acid, the method of Bohme, ef al.,* was adopted. The
Na 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,
ItL., 1968, pp 83-87.

(3) K. Balenovic, V. Thaller, and L. Filipovic, Helv. Chim. Acta, 34, 744
11951).

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

nate was hydrolyzed by heating with concentrated HCI
in a sealed tube to give bpL-3-amino-3’-phenylisobu-
tyric acid.

The route employed for the synthesis of peptides was
essentially the same as described by Marshall and
Merrifield?® for the synthesis of angiotensin II.  The but-
vloxyecarbonyl derivative of the C-terminal amino acid
of the future peptide was esterified onto chloromethyl-
ated polystyrene. This was then introduced into the
reaction vessel® in which all steps of the synthesis were
conducted. The cycle for each amino acid consisted
of removal of butyloxycarbonyl group (Boc) by 1 N
HCI in AcOH, neutralization of the resulting hydro-
chloride with Et;N in DMTF, 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, tle, C, H, and N
analysig, 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 bpL-3-amino-3’-phenyliso-
butyric acid. A cruder preparation of hog kiduey
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.5 1

Biological assay of [5-Ile, 7-pipecolic acid ]-angiotensin
ITI shows this peptide possessed 1.09, 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 CO.H is further removed by a CH,, had 10.09
pressor activity of the natural peptide while [3-Ile,-
8-DL-(3-amino-3'-phenyl)isobutyric  acid J-angiotensin

(5) G.R. Marshall and R. B. Merrifield, Biochemistry, 4, 2394 (19653).

t6) M. C. Khosla, R. R. Smeby. and ¥. M. Bumpus, Science, 166, 253
(1‘\??;).]3. Riniker and R. Schwyzer, Helv, Chim. Acta, 44, 658 (1961).

(8) E. Schroder, Ann. Chem., 691, 232 {1966).

(9) E. Schréder and R. Hempel, 14id., 684, 243 (1965).

(10) R. Schwyzer, B. Iselin, H. lkappeler, B. Riniker, W, Rittel, and H.
Zuber, Helv, Chim. Acta, 41, 1287 (1958).
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1L, where both CO.H and Ph groups are removed by n
('H,, the pressor activity was lowered further to 0.17;.
It ix possible that one optical form of this amino neid
miy hve been conecentrated in the final peptide.  How-
ever, beenusc of the low biological netivity, na attempts
were niude to rexolve the racemate.  These results prove
thie importanee of these essentinl groups being in proper
relntive position to be able to biud ta a reeeptor site,

[3-Ile,S-(OMe)Tyr]-angiotensin - I and  [5-Vul.-
S-(OMe) Tyr]-angiotensin IT possess 3365 of the pressor
aetivity of the nntural peptide.  This is less pressar
aetivity than [5-Tle,8-Tyr]-nugiotensin 1T (S3¢7)1 but
greater thau that of [5-Ile, S-AlJ-ugiotensin IT (1¢).'*
The pressor activity of the (OMe) Tyr annlog his proba-
bly becn reduced due to the inerensed steric hindranee ol
the OMe group compared with either OH or H. How-
ever, since the aromatic ring i~ still preseat considerable
activity has been retained.

[H-(OMe)Tyr.s-Vad]-angiotensin I possesses 0.99
of the pressor activity of the natural peptide.  This low
level of netivity is very similar to that of [4-Alyd-Ile]-
anglotenzin 1T (0.39)" and  considernbly less than
[4-Phe,s-Val]-angiotensin IT (1067)."*  This diustic re-
tduction 1 aetivity upon substitution of p-OMe for
p-OH must be due to sterie hindrance rather than the
losz of H bonding. The loss of H bouding adone (re-
placing OH by H) caused o less =evere reduction o
activity,

The pressor results obtained by group modifieations
i the positions vceupied by aromatic amino aeids in
angiotensin I erue be summarized by arranging the
groups in vrder of decreasing binlogienl netivities s
follows: position 4: p-HOCH; > CyH; > p-MeOCH,
= (Hj; position 8: CH; > p-HOCH; > p-MeOCH.,
> (CH,.

Further, the minlogs repurted here emphasize that s
long as the aliphatic side group in position H maintains
(% branching, this side group has little effect an biologi-
enl netivity,?

The analog [1-Asp(NH.),4-(OMe) Tyvr,5-Val J-angio-
tensin I posseszes 0.359 of the pressor netivity of the
natural peptide.

Experimental Section'’

The salvent systems nsed for paper chramatography (PC) and
te were:  (a) BuOH-AcOH-H,0 (4:1:5) (BAW); (b) BuOH-
AcOH-pyridine-H,0 (30:6:24:20) (BAPW). Iastman Kodak
siliea gel sheets, type K 301 R were n=ed for all tle.  The candi-
tians axed far paper electrophoresis were: solvent, 95 ml of AcOH
and 36 ml of HCOOH dilnted to 2 1. with distilled H,O; pH 2.1 at
459 V. Electrapharetic mobilities are reparted as the ratio of
the distance the peptide maved to the distance 1-glotamic acid
migrated and abhrevinted as Eg.  All melting paints were tnken
ot a Leitz Metzln hot-stage apparatms and are not earrected.
Micrannnlyses were done by Micro-Tech Laborataries, Skokie,
Ol Amina acid analysex were mn on an aeid hydrolysute pre-

(1) K. M. Sivanandaian, R, R. Sweby, and 1. M. Buinpus, Biockemistry,
B, 1224 (1966).

12) W. K. Park. R. R. Smeby, and I". M. Buupas, ihid., 6, 3458 (1967).

13) ). H. 8eq, R. R, Smeby. and F. M. Buwpas, J. Amer, Ohent. Noc., 84,
1148 (11062).

114 R, Sctiwyzer amld H. Tavrian, Vitamtes Hormoeees, 18, 237 {19607,

f15) AL 0. Khosla, N, (. Clhatarvedi, R. R. Smeby, and F. 3. Bumpus,
Brochewastry, T, 3417 (1068).

(16) Al amino acids used were (lie L isowmer otler than 3-aline-3',-
phenylisobatyrie acid.  Wlere analyses are indicatedt only by syinbols of
1he elements, analytical results obiained fur (llose elenents were within
= (L1 uf tlhe theoretionl valies,

Valo 15

pared in 6 N HCL at 110° for 3% hr. The analvses were pec-
formed on n Technican amino neid antoanalyzer. For v
zvmatic hvdralysis; 2 mg of the corresponding pepnide was di-
<ulved in 3 ml of 0,001 3 MgCl. i O.01 17 NoHCU, opll s
mixed with 80 mg of erade hog kidney lencie peptidase. ™ The
mixtnre was inenhated at 37° for 48 oo Alignots were takes
imrermittently and spotted ou paper and silien gel vhin-laver
plates for chromatography on BAW and BAWDP ascending
<olvent svsrems. - While considerable <plitting ocenrred withue 1
hr of inenbimdor, complete degradation of two of the peptides o
component amino aeids veguired 200 hree No oattempis were
malde to resolve 3-umina-3'-phenylisobutvrie acid. For smine
acid anadysis Yollowing enzymntic hydrolysiz, o pnrified hog kid-
nev lencine aminopentidase was n=ed ¢ P-1. Biochemicsds, Toe.,
Milwankee, Wiscio The hiologieal activity of all peptides ave
givine in Table 1. The pressor assivc was performed using
ganghon-hlocked, vagoiomized . >

.-Pipecolic Acid. -1m-Pipecolic acid  syvithesizedl (rom -
picolinie acid by entalytie hydrogenation was resolved by 1he
method of Schweet, 7 129 p-pipecalic neid - HCL Yo7 %0 =204
fe 2.0, O I L= - N013° de Ha L0

Boc-r-pipecolic Acid.--).-Pipecolic neid was converted inie
it Boe derivative by the method of Scehwyzer, of o, g
vield, mp 120-1279 fol=n #2057 o LIa MeOlh el
CellNOG CUHL N,

Boc-phenylalanine Polymer. - Boc-phenyvinlunine ¢10 mmol:
and EuN o mmols in O were refluxed with stirring For
24 ewinh 1o 2 or echlorameihylated copolystyrene- 2.0 divinyl-
benzeme which contained 1.4 amoles o Cl/g. The polynua
ester was removed by filtration, washed with absolme 1rOll,
LU, and MeOl, and dvied nnder vaennm, Fach gran of
polvmer was {ound 16 cortain 83 nanol of the amino acid re-
lea=ed on hvdrolysis of o sample in aomixtare of HCHand AcO 1%

Benzyloxycarbonyl-3-benzylaspartylnitroarginylvalyl-O-benzyl-
tyrosylisoleucyl-.\''"-benzylhistidylpipecolylphenylalanine Poly-
mer.- -Boce-phenylalanine polvmer (5 g containing a total of 1.H0
mmol ot Boe-phenylalaniner was introduced into a reaction vessel
and the tollowing steps were useil to nmuradnee each new smmino
acid residne. 1 Wash with glacial AcOF 13 times with 60l s
2% Boce gronp removed by freatment with 60 ml 1.V HCT
AcOH {or 36 mine 330 Wash with glaeinl AcOll o3 times wih
Wl s Wash with absclnte FoOT 5 thnes with 60 ml
ca7 Wash with DM 3 hwes wivh tivml. d6) Nemalize 1lo-
HCO salt with 6 mlof EoN insom! of DN for Taomin, 77 Wash
with DAE 03 times with 60 mln i85 Wash with CHLCL 3
Umes with 3o b 19 Wil cooling i ice bath add 4.5 nimol
SF the approprisnn e Boe-amine acild dissolved in 43 ml of CHLCL
and mx for 10 i Doy Add S mmol of DCL dissolved in
Ly ml ot CHLCL saed shake b mixoioe 2 e with coding in e,
and overnight s roomy yemperatare. 1) Wash winh CHLCL
Sothmes with Go b 0120 Waskowirh Bt 63 times with 60
il

For conpling the wanino aeids Boe-Vo=henzyvihistuline a0
Boe-nitroarginiue, step 8 was deleted and DMF was nsed a~ the
solvent in place oy CHaCLin steps 9 throngh 11.

Aspartylarginylvalyltyrosylisoleucythistidylpipecolylpheny!-
alanine ([5-Ile,7-pipecolic Acid]-Angiotensin II).-—The protected
peptide polymer was snspended in abont 100 ml of triflnoraacetic
aeid and dry HBr was hubhled thrangh the snspension for dttmne
The polymer was removed hy filtiation and washerd three tinwes
with T0-ml portions of trfluoroacetic acild.  The comhinel
Altrates were evaporated ob a rolary evaporior 7 eacow il Yool
temperature and the ssrupy prodinet ohtained was tritnrated with
L0 The amorphots powder obtained wis callected o
sintered glass funnel, washed well iEr0), dissolverl in 50 mal of
AleOH-AcOI-11.0 ¢10: F: Dy and reduced hy bnhhling Hy throngh
the =olntion at atmospheric pressire for 36 hr uzing Pd blaek ¢
g) a~ the catnly~t.  Afrer hydrogenation wax complere, the
earalyst was removed by fileration smd the filuate evaporated to
dryness (o give 240 g ol crnde componnd. This wis porified by
chiromatography o a celonm ol Rephindex U=25 (78 X A0G e

DTt Setiwsrz and oML Buunesas, J. cbmer, Chem, Sue,, 81, 890 5)858).

118) P. T. Pickens, I'. M. Bamnpos, A. M, Liey:t, R, R, Smebsy, and L (L
Vage, (Veculvdinn Rex., 17, 438 (10635).

147 RS Setiweec, )0 T, Hobten, and P.YE Lowy, . Bisl, Cleowe, 211, 707
10545,

(A0 R, Seliwyzer. U, Sieber, and H, Kappeter, Hele, Chine Aot 42, 2020
249549).

200 RLRO Mevribeld, J, Aers Chont, Soel, 88, 2144 010555
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TasLe I

BroroGlcAL AcTiviTY OF ANGIOTENSIN 11 ANALOGS
Pressor act. 9 of

1 2 3 4 5 6 7 8 angiotensin II
Asp - Arg - Val - Tyr - Ile - His - Pro - Tyre 83
[1-Asp, 5-Ile, 8-Tyr]-
angiotensin IT
Asp - Arg - Val - Tyr - Ile - His - Pro- (OMe)Tyr 33

[1-Asp, 3-Ile, 8-(OMe)Tyr]-
angiotensin 11

Asp - Arg- Val - Tyr - Val - His - Pro - (OMe)Tyr 33
[1-Asp, 5-Val, 8-(0OMe)Tyr]-
angiotensin IT
Asp - Arg - Val - (OMe)Tyr - Ile - His - Pro - Phe 1.0
[1-Asp, 4-(OMe)Tyr, 5-Ile]-
angiotensin 11
Asp - Arg - Val - (OMe)Tyr - Val - His - Pro - Phe 0.9
[1-Asp, 4-(OMe)Tyr, 5-Vall-
angiotensin I
Asp(NH,) - Arg - Val - (OMe)Tyr - Val - His - Pro - Phe? 0.4
[1-Asp(NH,), 4-(OMe)Tyr, 5-Val]-
angiotensin IT
Asp - Arg - Val - Tyr - Ile - His - Pip - Tyr 1.0
[7-Pipecolic acid]-
angiotensin 11
Asp - Arg - Val - Tyr -Ile - His - Pro - APB 10.0
[8-(3-Amino-4-phenylbutyric acid]-
angiotensin IT
Asp - Arg - Val - Tyr - Ile - His - Pro - APIB 0.1

[8-(3-Amino-3’-phenylisobutyric acid)]-
angiotensin II
@ Schréder and Hempel reported 10-2097 of the pressor activity of the [5-Vall-angiotensin IT (ref 9). ? Schréder and Hempel (vef 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 II.

TasLe 11
Paysican CONSTANTS OF ANGIOTENSIN 1T ANALOGS
Chromatography

(PC) Rt (tle) R¢

(BAW) (BAPW) (BAW) (BAPW) Ea [a]?®D, deg Mp °C (dee) Yield %
[5-Ile, 8(OMe)Tyr]-angiotensin 11 0.47 0.41 0.43 0.61 1.18 —44 6¢ 237 53
[5-Val, 8(OMe)Tyrl-angiotensin II 0.42 0.37 0.32 0.54 1.23 —39.3¢ 207-210 6%
14(OMe)Tyr, 5-Ile]-angiotensin 11 0.52 0.47 0.38 0.62 1.22 —52.0¢ 227 51
[4(OMe)Tyr, 5-Vall-angiotensin 11 0.49 0.43 0.42 0.57 1.20 —36.6¢ 225-227 36
[1-Asp(NH,), 4(OMe) Tyr, 5-Vall- 0.49 0.44 0.41 0.63 1.20 —40.6¢ 205-207 30

angiotensin IT

[5-Ile, 7-Pip]-angiotensin 11 0.52 0.55 0.35 0.46 0.96 —30.20 224-225 62
[5-Ile, 8-APB]-angiotensin 11 0.47 0.58 0.18 0.48 1.18 —43.0¢ >230 48
[5-Tle, 8-APIBJ-angiotensin II 0.43 0.54 0.17 0.48 1.13 67 .64 >225 63

s ¢1.0, 509 HOAc. ®¢1.0,0.1 N HOAc. ©c0.86, H,0, ¢c0.71, H:0,

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 Ag0, 2.5 g of anhydrous Na,CO;, and 1.5 g of sodium
thiosulfate in 100 m! of H,O at 50°. The mixture was stirred
under reflux for an additional hour, cooled, diluted with H;O, and
acidified with dilute HNO;. The product, which precipitated
from the mixture was filtered and recrystallized from EtOH-
H,0; yield: 4.47 g (57%), mp 110-111°, Anal. (CisN150N)
C,H, \.

L-3-Amino-4-phenylbutyric Acid.—The benzyloxycarbonyl

using BuOH-AcOH-H,O (4:1:5) as the developing solvent.??
Fractions of 12 ml each were collected. Fractions 90-120 which
contained the required octapeptide were pooled, concentrated to
3 ml, filtered throngh Hyflosupercel, and evaporated to dryness
at room temperatire in vacuo. Addition of dry Et,O to the
residual syrup yielded an amorphous white solid, which was
filtered and washed with dry EtOAc and dry Et,O to give pure
title peptide. Physical constants are given in Table II; loss of
water at 100°: 2.759; amino acid ratios found: Asp, 1.04,
Arg, 1.12, Val, 1.11, Tyr, 0.99, Ile, 1.00, His, 0.93, pipecolic acid,
1.00, Phe, 0.97. Anal. (C5HuNy;0,,- CH;COOH) C, H, N.

r-3-Benzyloxycarbonylamino-4-phenylbutyric Acid.—A solu-
tion of 7.9 g (25 mmol) of benzyloxycarbonyl-t-phenylalanine
chloride?? in 50 ml of absolute Et,0 was added at 10° to a solution
of CH,N; (from 17.5 g of nitrosomethylurea in Et,0). After 12
hr at 10°, excess CH,N; was destroyed by addition of AcOH and
Et,0 removed under reduced pressure to give 8 g of 1-1-diazo-3-

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

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

camponnd (3.2 g) was dissolved in a mixture of MeOH-AcOH-
H,0 and hydrogenated (Pd black). The catalyst was removed by
filtration and filtrate evaporated to give the free amino acid;
yvield: 1.5 g, mp 225-226°; [«]®Dp +22.1° (¢ 1.5, H:0). Anal.
(CyHiNO») C, H, N.
L-3-Butyloxycarbonylamino-4-phenylbutyric 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 509, 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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pemture, the mixonre was dilnted with H.OQ (150 ml), the solid
removed by filtratian, and the filtrate extracted with EtOAe (3
times with 30 mli. The agueans layver was acidified to pH 4
by addition of rold 1060 ciwde acid.  The precipitated oil wax
extracted into EtOAc¢ which was then washed well with o <atu-
mred NaCl solntion and dried (MgRO,). Tt was then evaparnted
tedrymess to give 3,15 g (369%) of 3-bityvloxyeatbanyinnino-4-
phenylbneyrie acd as a vellowizh ail, which was tised a< =uch for
next <tef.

A solntion ot 25 g 1) mmol) oF the Imtyloxyearhonyl amine
acid and 1.4 ml 10 mmal) of BEGN in 25 ml of EtOH was added
ta 1thg ot chloromethyl capoly=tyrene-2¢, divinylbenzene which
contained 141 mmol of ClYg and the mixtore stivred at 73-80°
for 24 . The polyvimer ester was collected by filtmtian, wasled
well with abizolute EtOH, H.0) and MeOH, and dried under
v, Each gram of palymer was fonnd o contain 0,28
mmol of the amino add as determined by <pectrascopic deter-
minadian o) the amino seid released on hydrolysis of a <ample ina
mixinre of HCHand AcOH,

Benzyloxycarbonyl-3-benzylaspartylnitroarginylvalyl-O-benzyl-
tyrosylisoleucyl-.\"*"-benzylhistidylprolyl-3 -amino - 4 - phenylbut-
yric Acid Polymer.-——The desived sequence was made on the
polvmerina manser similar co [7-pipecolic ndd]-angiotensin I hy
stepwise addition of succeeding amino acids 1o ) g of 3-hutvloxy-
carbonyvhunino-4-phenvlimuyric acid polvmer containing 1.4t
mmol of amine acid. A Tomfold exces< o all amino aecids was
a~ed (or all stepis.

Aspartylarginylvalyltyrosylisoleucylhistidylgrolyl-3-amino-4-
phenylbutyric Acid (!5-Ile,8-(3-amino-4-pkenyl)butyric acid’-
angiotensin II'.-~The peptide wax cleaved from the polymer by
HBrin CFCULIL srentment and then hydrogenated in o mixtne
of McOH-AcOH-H.0 150 ml, To:1: 1) ar atmosphesie pressare
for 4% hr using Pd Dlack (F gy "The renction mixture was then
trented i the same manner ax far [pipecalic acid!-angioiensin 11,
teovield 110 g of pepride.  Chromatography <howed 2 minor
spot of low /V: value in addition 1o one majar spot at 2 (BAWDPS
0.o8 Thisx cottaminant was removed by partition chromatog-
raphy onean colimn of Sephadex CG-25 using BuOH- AcOH-pvr-
idine-11.0 300524200 as the developing =olvent.  Fractions
of 10 ml ench were collected. Fractions 60-50 which contained
the required octipeptide were pooleld, concentited 1o 3 ml,
filtered through 1vflosupercel, and evapornted to drvness o
room temperature moeacwa,  Addition of drv Eat) o the residnd
svrop vielded e amorphons white =ohd, which was dissolved in
some DMYE ind onee ngain precipitated hy addition of dry 1.0
(e give [5-HeN-t5-amino-d-phenyhhatyric acid]-nngiotensin 11
Physical constantsre given in Table IT; loss of 1O ondrving a1
G2 2,649 0 wanino aeid ratio fonnd: Asp, 0,97 Arg, 1107 Val,
o5 Ty, 0sss e, Tol; His, Lou: 3-mmine-4=-phenvibntyvrie
:l{‘ili, 11.9--)_ ﬂ/lu(’. '(l:.[“‘.;;.\j’l;i()u'(,lll;:('(,)()H .)”_)()‘ (l_, ” .\’

Lencine aminopeptidase digestion slowed n complete hvdrolysis
1o component amino acids within 24 he,

Diethyl Phthalimidomethylbenzylmalonate.-- .V-Chloromethyl-
phthalimide 1190 g, 100 mmoli in 50 mil of Et,0 was added 1o n
=olnvian of diethyl Denzylmalonate 30 g, 120 mmol) aud Na
(2.3 g, 1o g-ntonsin 150 ml o) dey 12,0, The mixtoue was
heated for 2 e with ~tiving on s witer hath, cooled, and diluted
L0 The Eot Bver was dried aond concemnrated to a residne
and this residue tritimated with petr ether to give a erystalline
olid: yield 306 ¢ 57640 % mp D798 Joss of O ac fone,
1.0 ( Anat. (':;;H,-:;.\.()(j} (i‘, I{) N.

v1,-3-Amino-3’-phenylisobutyric Acid - HCL.---Phthalimido de-
tivitive descerihied above (4.1 g, 10 mmol} and 30 ml of eaned HCH
were hented for 2 hrin a sealed tibe at 1707, eoaled, filtered, and
evaporated o oracro (o vield 1.8 g ol ervstalline 1HCL salt. Thix
was rectystallized from MeOll-cihier to vield 1.5 g (709%): mp
1o4-154°  Anal. CnlNOy- HCHCHN,CL

m.-Butyloxycarbonylamino-3’-phenylisobutyric Acid Poly-
mer., —bL-3-Amino-3’-phenylisohniyrie aeid was converted inta
1= Boe derivative by the nsnal procednre; vield: 64¢¢; mp 106~
WS Jossof Ha) ne 100° 1.4, dnal. (ChHaNOy) C, H, N,

vr=3-Bntyloxyearbanylamino=3 -phenylisobntyric  acid  (1v
mmol: and FtN 141 ml, 10 mmol: in 20 ml of EtOH were
stirred with 10 g of chloromethylated palystyrene-2¢7 divinyl-
bevzene at TH-50° far 20 . The palymer ester was filtered
o rena. A sample was hydralvzed as before in HCl-AcOH
el the released sumino aeid estimated spectrophotometieally.
This gave a valae of 0.33 mmol of Boc-amino acid ‘g of polyimer,

Benzyloxycarbonyl-3-benzylaspartylnitroarginylvalyl-O-benzyl-
tyrosylisoleucyl-\""-benzylhistidylprolyl - 3 -amino-3’- phenyliso-
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butyric Acid «[5-Ile,8-1,L-(3-amino-3’-phenyljisobutyric acidj-
angiotensin II).—The peptide wax cleaved from the polymer hy
HBr-CF;CO.H treatment and then hyvdrogenated in aonixtnre of
MeOH=-AcOT-HO 175 b, 10:3:35 o atmospherie pressioe
n=ing Pd hlack.  After 48 hr the reaction mixture wis processed
ax for [pipecolic weidi-angiotensin I and the emde componned
obtained was chromutographed on o column of Sephadex €3-25
n=ing BuOH-AeOH- LD 4: 150 Factions of 1ol ench were
collected.  Fractions 87--110 were pooled, concemrated (o5 ml,
filtered throngh Hyflosnpercel, and evapornted to near dryvness az
room temperature O ovuceo.  Additon of dry 1960 precipitated
an amorphons white componnd,  This was filtered and washed
with dry O to give produet: physieal constants e givercin
Tahle 11 loss of TLUy ot 100° 274970 amino acid mtio tonnd:
Aspe IO Avg, Lo2: Val, LIS Tvr, 0960 He, oo His 0.92:
Pro, 1.0 S-mnino-3’-phenylisabutyric nenl L1200 tpaf
FC N Oy CHECOOH - 2H.00 ¢, TN

Boc-(J-methyltyrosine Polymer. - Boc-OU-methvliovrosine  was
svithesized aceording e the proceitlnre of Schwvzer, of ol
and the parity was checked by paper nnd silien gel tle e
solveni svstems: i BAW, thy BAPW. Boc-O-methyiivro-
<ine polyvmer was prepared according to the method of Marshall
and Mervifield® and analy<is® ot the snhstitnted polvimer guve
051 mmol of Boe-O-methyltyrosine g of polymer,

N - Carbonbenzoxy - 3 - henzylaspartyinitroarginyltyrosyliso-
leueyl-\""-benzyihistidyiprolyl-O)-methyltyrosine Polymer.
Boe-O-methylhivrosine polvmer ¢5.6 g1 was placetd inohe rencion
vessel* and Hyhe desived sequence preparved as hefore. For imid-
azole, henzyvilistidine, and nitroarginine eveles, 7.7 mmol ot these
ywo Boc-amino aeids were nsed, A1 the end o svnthesis, 1he
protected peptide polymer was transterred o a0 200-ml (ask
avd diied indesiceator over PO and parafhin inoraeo.

Aspartylarginylvalyltyrosylisoleucylhistidylprolyl-U-methyl-
tyrosine Monoacetate 1:5-Ile,8-(OMe Tyr|-angiotensin I - The
protecied octapeptide polymer (6.5 g) was suspended in St ml ot
snhyvdrons FzCCOGH and HBr gns was huhibled slowly throngh
the sn=pensinn with ocensionad <luking Yor 50 min at toom 1em-
peratire, The reaction mixmre was filtered and the polvimer
wits washed o5 vimes with 8 mbs with anbhydrons 15CCCH]
The comhined fibrwe was evaporated to an al at room temn-
perature o racwo. The peptide was precipiiated by the addi-
tion of anhividrons Fe0, removed by filoaton, and swashed can-
hvdrons 12,00 The partially prorected ociapeptide 1.0 &
wirs dissolved in S0l ot Me - AeOH-HLO iDL Erand hydre-
wenated for 48 o (Pd hlacks  Catalyvsr o g was added a0 the
beginning of 1he redaciion and an additional 1.5 o was added
after 24 hre The earadvst was remaved by filirmtion and wished
23 times with Toanly with the same <olvent mixture. The come-
bhined filieate was evaporated to drvness Oc vacoo n 20° and the
residne was dissolved in minimuntanonnt of 5675 aguecns AcOll
and precipitated with anhyilrons KGO=-Me.CO ot e vield «
ernde proditet 2035 2 This was purified by ehromatagimphy
on a Sephadex U=25 Ceonrses cohmpn 4.9 X N emb using BAW
i he developing solvent. Fractions af 1o ml were colleered
From: paper chronitography and oy abisorption dida, Sraction-
A6-82, R3-120, and 190217 were pooled aml evaposned 1w
dryvness o 202 ko raewo. The pooled fraction 85 1200 Gunjee
component twas precipitated from S0C0 AeO with 0 -Me.CO
(b o vield L1a g 590, A sample was reppecipitined fromn
<ame solvent mixure wand dried over PuOs, NaOI, and paradfin
o vaces.  Physienl constanizave givenin Table T and amino seid
ratios on an acid hyvdroly=ate: Asp, 04920 Arg, LOS0 Val, L
Tyvr, o4 He, oo Hix00.06; and Pro, 1LON on o enzynio e
hydroly=ate: Asp, 0,950 Avg, Lot Val, cio; Teeotod: Hepnid:
His, .81 Pro, T8 JOMe)Tyr, 105G treof iGN O
CILCOOH : ¢, 1N,

Aspartylarginylvalyltyrosylvalylhistidylprolyl-O-methyltyrosine
Monoacetate ;5-Val,8-)OMe Tyr}-angiotensin II).--'Thix free
oetapeptide was prepared by the ahove pracednre ju 550 vield.
Physical constants are given in Tible IT and amino acid rvdios
on anaeid hydrolvsme: Asp, Lot Arg, 1.0 Val, 2080 Ty,
LON: His, 0,98 Pro, 100 owan enzymatie hydroly=ate:r Asp,
s Arg, Loos Val, 1y T, Lou; His 0,605 Pro, 005:
fOMeTyr, 1020 Jtmod i Caylln NysU - CHCOOH - 11,00 € TN

Aspartylarginylvalyl-()-methyltyrosylisoleucylhistidylprolyl-
phenylalanine Monoacetate 4-(OMe)Tyr,5-1le{-angiotensin Il.

The peptile wis prepared and pivified from varbobenzoxy-
benzylaspariylnitroarginylvalyl- O-methyleyrasylisoleneyl - V0.
Lenzylhistidyipralyiphienylalanine polymer which was ohitmined
as deserihied above wo vield 516, of free octapeptide:  sec


BuO.FI
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Table II; amino acid ratios on an acid hydrolysate: Asp,
0.96; Arg, 0.98; Val, 1.00; Tyr, 0.92; Ile, 0.95; His, 1.02; Pro,
1.05; Phe, 1.00; on an enzymatic hydrolysate: Asp, 1.00; Arg,
1.01; Val, 1.08; Ile, 0.98; His, 0.51; Pro, 0.58; (OMe)Tyr, 1.07;
Phe, 1.00. A4nal. (C;H:N1:0):- CHy;COOH) 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 569 yield of the
desired peptide; see Table II; amino acid ratios on an acid
hydrolysate: Asp, 0.92; Arg, 1.06; Val, 2.13; Tvr, 0.98; His,
1.08; Pro, 1.00; Phe, 1.00; on an enzymatic hydrolysate, Asp,
1.00; Arg, 1.01; Val, 2.12; His, 0.58; Pro, 0.61; Phe, 1.00;
(OMe)Tyr, 1.00.  Anal. (C5H:N1;01,-CH;COOH) C, H, N.
Asparaginylarginylvalyl-O-methyltyrosylvalylhistidylprolylphe-
nylalanine ([l1-Asp(NH,)4-(OMe)Tyr,5-Vall-angiotensin II).—
Woodward’s Reagent K24 (0.633 g, 2.5 mmol) was dissolved in
23 ml of DMF with vigorous stirring. At 0°, 0.67 g (2.5 mmol)
of carbobenzoxyasparagine and 0.35 ml (2.5 mmol) of EtsN
dissolved in 25 ml of DMF were added. Stirring was continned
until the soln cleared (about 3 hr). This was then added to a
snspeunsion of 2.5 g of heptapeptide polymer (nitroarginylvalyl-O-
methyltyrosylvalyl-Nim-benzylhistidylprolylphenylalanine poly-
mer) shspended it 25 ml of DMF 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, 16id., 1010
11961).
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of EtsN. This heptapeptide polymer wa: 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 P;O, 7n vacuo to yield 2.53 g.

The protected peptide polymer was suspended in 50 ml of an-
hydrous F;CCO,H and a slow stream of HBr wax passed through
with occasional shaking for 30 min under anhvdrous condi-
tions. The snspension was filtered and the polymer was washed
(3 times with 8 ml) with anhydrous F3CCO-H. The combined
filtrate was concentrated n vacuo at 20° and peptide was pre-
cipitated by addition of anhydrous Et,O. The solid was re-
moved by filtration and washed with anhydrons Et.O. This
partially protected octapeptide was dissolved in MeOH—-AcOH-
H,0 (10:1:1) and hydrogenated over Pd black for 48 hr. The
peptide was isolated in the usnal manner to vield 529 mg of solid.
This was purified by chromatography on a Sephadex G-25 (coarse)
column by elution with BAW solvent. The peptide emerged
mainly as one fraction, was precipitated from 50¢; AcOH with
Et,0-Me,CO (1:1), and dried over P:0;, NaOH, and paraffin
in vacuo to yield 490 mg (509, vield based on 0.84 mmol of N-
terminal nitroarginyl heptapeptide with polymer); see Table II;
ratios on an enzymatic hydrolysate: AsptNH.), 0.95; Arg,
1.05; Val, 1.92; His, 0.51; Pro, 0.58; Phe, 1.00; (OMe)Tyr,

0.98.  Anal. CyHzN0),-2CH;COOH 2H,0 (1200.67): C,
33.97; H, 7.05; N, 16.33. Found: C, 53.42: H, 6.50: N,

16.09.
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t5-Ilel-angiotensin IT has two sites of action on guinea pig ileum.

It directly interacts with receptor sites on

smooth mnscle, leading to contraction, and also indirectly contracts musecle by interacting with receptor sites on

the parasympathetic innervation of the ileum, releasing acetylcholine.
two receptors, using responsiveness of the tissne to analogs of angiotensin II.

An attempt has been made to stndy these
Substitutions in positions 1-7

showed close correlations between pressor activity, smooth muscle activity, and release of acetylcholine. Snb-
stitntions in position 8, however, indicated that [5-Ile,8-(OMe)Tyr]-angiotensin II is about three times more
active on gninea pig ileum than on bhlood pressure, while [5-Ile,8-Tyrl-angiotensin IT has ronghly 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 gninea pig
ileum similar to its effect on blood pressure, but it inhibited snbsequent response to the parent compound. It is
assumed that the analog binds to receptor sites producing no excitation bnt preventing other analogs from inter-
acting. These results have been interpreted by a speculative scheme concerning conformations of mnscle and

nerve receptors.

The octapeptide, angiotensin II, is known to have a
multiplicity of actions.? Until recently, angiotensin
IT analogs were usually assayed either by their pressor
responises 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 Khairallah? 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) Thir 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, Ill., Chap. 5 and 9 (1968).

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

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 phenyvlalanine was not
needed for inhibition of uptake but was required for
pressor activity. Substituting phenylalanine by amino-
phenylbutyric acid or aminophenyvlisobutyric acid
also dissociates inhibition of uptake from the pressor
response. The free C-terminal CO,H 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-



