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370 aq AcOIT with vigorons stirring.  The precipitated octa-
peptide was filtered, washed several times with 377 aq AcOII,
and dried 0 racoo. The produet was ervstallized fonn KO
vield, 350 mg: F¢ 0.75: amino acid analysix Goidd hydrolysis 1
Asp(2.1), Tyr(1.0), Gly(1.0), Met(2.0), Phei0.94), Trpipresent ).

Procedure D. GB-Aspartyl-O-sulfatotyrosylmethionylglycyl-
tryptophylmethionylaspartylphenylalanine  Amide (21~
octapeptide XVI (310 mg, 0.3 mniol) was dissolved i1 a mixonre
of anhydrons DME (18 ml) and freshly distilled fover NaOIIl)
pyridine (1S ml). To thix salndon, a =olnton of pyridine-=0);
(030 mg, 6 mmol) in DM (18 ml) was added.  The resnlting
solntion was kept at room temperature for 17 1 and then
evaporated (o dryvness in vacen. The crvsialline residine was
washed several thues with HaO (15 ml each timer aud dried o
varno; vield 395 mig. The crude componnd was treated with
triflnoroacetic acd (5 ml) for 20 min.  The acid was removed
inevacno and the triflnoroacetate tritirated with EGO and dried:
vield, 880 mg. The ernde octapepuide sulfate was dissalved in
0.1 M (NH)CO;4 aud purified by chibmatography on a DEAT-
Sephadex A-25 columu. The colnmmn (13 X 15 em) was elitted
with a lineanr gradient of (NH)COy (350 ml of 0.1 M and 350 ml
of 1.5 M) and fractions of 7 1ml were collected and scamed by nv
absorption at 253 mu. The fractions (68 1000 with the octa-
peptide =sulfate were combined nd lyvophilized several Gimes:

Angiotensin Il Analogs.

I1I.

Jorcrasey, Winpribar, awp Lo

vield, 87 g e spectimn CSBr) 1050 and F230 ey 770 v (000 A
NaOIT) Ay 288 mw £e 49000 £ 055 amino acid analyvsis cacid
Lvdmlysisi Asp 2.0y, Ty L0 Met200, Gl oy, Plira o
Trp ipreseniyn bae oo the g Hinkage of the N=terminal amine
acid residine, oweine amino peptbhise did mmt degrmle the orig-
peptide.

Procedure E. ()-Sulfatotyrosylaspartylmethionylglvey!-
tryptophylmethionylaspartylphenylalanine  Amide 6:. Tl
octapeptide triflnoroacetate 30 mg, .046 mmol, obtained from
S0 mg ol XX and Tl of trithioroacetic aeid) was addid 1o pre-
cooled coned TSSO, 1 —=5%) with stirting. After H min, 10 was
ponred int GO (=70, centrifuged, and washed several times
with this ether.  The residie was dissolved in 0.1 3/ « N1 0,
and purified as deseribed under procednre Dooviedd, I8 g 72:
0690 nv spectrmm (0.1 N NaOH ) Aoyux 285 g fe 480013 amino
acitd analysis (a3 weld hvdrolysis, Aspid 1y, Tyrcho), Meri2.0s
GIv(0.97), Pher 1.OY, Trpipresent?,
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Analogs of [des-Asp’,Ie?l-angiotensin 11 were prepared by solid phase =yuthesix (0 test contributions of the
a-amino and guanidine groups of arginine 1o the pressor activity of this heptapeptide.  [Des-Aspt,8Av]? Iled]-
angiotensin IT and [des-Asp’,eAcep? Ilefl-angiotensin II had lower pressar activities (7 and 507, respectivelyv:
than would be predicted by the theory that the N-terminal a-amino group iun related heptapeptides exert= an
unfavorable effect. The high pressor activity of [tles-Asptv-Abn? Hesl-angiotensin 11 2377y compared with
[dex-Asp’,1-Abu? Ilef]-angiotensin IT and its desaminoe derivative feach 177} showed that the a-amino gronp
i the p series exerts a favorable effect which is absent inthe L <eries.  [Des-Asp’, iy, He?-angiotensin 11 had
approximately half the pressor activity (10¢¢) and half he dnration of action of [des-Asp!,n-Abu? Iled]-angio-
tensin II, perhaps becanse it lacked the orienting effect of a xide chain or beeatike 1 was more snzceptible to
aminopeptidases. [Des-Asp’, Ac-Cily? Ilef-angiotensin 11 had only 197 pressor activity indicating that rhe
positive charge was probably the principal feature of the a-aminoe gronp which contribnted vy the biologiceal

activity,

The heptapeptide, [des-Asp!llet]-angiotensin 11
(Arg-Val-Tyr-Ile-His-Pro-Phe). was found to possess
high pressor activity (15-359% of the activity of [Ile]-
angiotensin IT), whereas the hexapeptide. Val-Tyr-lle-
His-Pro-Plie. had ouly slight pressor activity.2*  ln
anl attempt to elueidate the coutribution of arginine to
the pressor activity of this peptide. Havinga, ef al.,?~7

(1) Pare I1: 1. (. Jorgensen and W. Patron, /. Med. Chen., 12, 435
(1969). T'bia investigation was sppported in part hy Ppblic Health Service
Research Cirants AM 08066 and AN 06704 from the Nationa) Institntes of
Artbritis and Metabolie Diseases and Training Grant No. 3 TO1 GM 00728
from (he National Institnte of (General Medical Seiences.  The ablhreviations
nsed (o denote amino acid rlerivatives and peptiles are those recommentled
in Bilochemistry, B, 2485 (1966). 6Av] stands for é-aminovaleric acid.

(2) F. M. Bnympns, P. A, Khairallal, K. Arakawa. I. H. Page, and R. R.
Smehy. Biochim. Biophys. Acta, 46, 38 11961).

(3) E. Havinga, C. Schattenkerk, G. H. Visser, and K, k. T. Kerling.
Rec. Trav. Chim. Pays-Bax,, 88, 872 (1964).

(4) C. Schattenkerk, G. H. Visser. K, E. T. Kerliug. and &, Havings.
ibid., 88, 677 (1964).

(5) G. 1. Visger, (',
i, 88, 684 ()U641

Sehattenkerk, K. 14 1. Kerling, apd I, Havipey

svithesized a =eries of analogs in which arginine was
replaced by other amino aeids.  Replacenient of arginine
by @ p-amino aeid alwayvs gave w1 peptide with higher
pressor activity than the peptide containing the corre-
sponding r-~amino acid.  In the two cases studied. the
desamino compounds were found to be even more
active than the corresponding p-e-aminn compounds.
Havinga and Schattenkerk’ hypothesized that thix was
due to an unfavorable effect of the free N-terminal
a-amino group in the heptapeptide which was less
pronounced in the v iomer and absent in the desamino
compounds. They concluded that the contribution ol
the arginyvl residue to the pressor activity of [des-Asp'.-
Ile? J-angiotensin Il was due to the H bonding capacity
of the guanidinilum group rather than its positive
charge. This conelusion was based largely on the

31 O, Scliar(enkerk and E. Havinga, thid., 84, 653 (1965).
7 1 avipga nnd € Sebaltenkerk, Tetrabedvon Suppl., 8, 313 (10GGY,
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low activities of the heptapeptides containing etri-
methvlamino-Nle (0.39;) or etrimethylaminocaproic
acid (1.59;) in place of arginine compared with the
higher activities of heptapeptides containing »-Cit
(119,) or é-nitroguanidinovaleric acid (7.79;). Since
this conclusion was based upon Dp-amino acids and
desamino compounds as well as L-amino acids, its
validity is dependent upon the correctness of their
hypothesis with regard to the unfavorable role of the
free N-terminal a-amino group. As was discussed
earlier.® there are reasons to doubt the wvalidity of
Havinga and Schattenkerk’s hypothesis, and therefore
a series of peptides was prepared to test it.

Havinga and Schattenkerk” had predicted, on the
basis of their hypothesis, that des-aspartyl-angiotensins
containing é-aminovaleroyl or e-aminocaproyl residues
in place of arginine would show good activity. These
analogs were therefore synthesized and tested for pressor
activitv.  In order to test the alternate theory® that
the D-a-amino group might be exerting a favorable
influence, heptapeptides were prepared which had no
side chain functional group in the N-terminal amino
acid. These peptides had butyric acid, L-a-amino-
butyric acid. p-e-aminobutyric acid, or glveine in place
of arginine.

Chemistry.—The solid-phase synthesis was carried
out as previously described? with the following varia-
tions. (1) Coupling reactions were allowed to proceed
overnight. (2) Boc-His(Bzl) was coupled as a suspen-
sion in DMF-CH,Cl, (1:1). (3) After incorporation
of isoleucine, all subsequent deprotections were carried
out by shaking the polvmer with two portions of 1.5
N HCI-AcOH for 30 min each. This last variation was
made necessary by the finding that the tripeptide had
not been completely deprotected by shaking with 1.2
N HCI-AcOH for 30 min. This deprotection problem
was probably due to dilution of the HCI by AcOH
present in the polymer beads since the ratio of polymer
to solvent was greater in this synthesis than that which
1s normally used.

After liberation from the polymer, the peptides were
hydrogenated at 3 atm over 109, Pd-C. Hyvdrogena-
tion for 48 hr was adequate for removal of the benzyl
group from histidine, but under these conditions, the
aromatic rings of tyrosine and phenylalanine were
partially reduced. Model studies with tyrosine itself
showed that some reduction occurred with this catalyst
in 8 hr at atmospheric pressure; therefore, it seemed
unlikely that conditions could be found which would
permit quantitative debenzylation of histidine without
concomitant reduction of tyrosine and phenylalanine.
Accordingly, it was decided to use these excessive
hydrogenation conditions to ensure that no benzyl-
histidine remained to furthercomplicate the purification.

The peptides were purified by chromatography on
sulfoethyl-Sephadex since the sulfoethyl-cellulose
column used in earlier work® did not resolve the desired
products from the des-isoleucine peptides.

Attempts to evaluate the steric homogeneity of some
of the peptides with aminopeptidase-M were not
satisfactory because the enzyme used did not attack
the His—Pro bond at a practical rate; however. this

(8) E. C. Jorgensen. G. C. Windridge, W. Patton, and T. C. Lee, Proc.
First Amer. Peptide Symp.. Yale 1968, in press.

19) K. C. Jorgensen, G. C. Windridge, W, Patton, and T. C. Lee, J. Med,
Ckem.. 12, T33 (18G9,
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enzyme did indicate the possibility of some racemiza-
tion in histidine. Oxidation of acid liydrolysates with
Crotalus adamanteus L-amino acid oxidase was useful
for all of the amino acids except proline. This technique
confirmed that approximately 109 of p-histidine was
present in eacli peptide but all other amino acids were
optically pure. Proliue was demonstrated to be
optically pure in one peptide by the cliromatographic
teclhimique of Manning and Moore® after the other
amino acids had been destroyved by HNO..!'"  The
Boe-His(Bzl) used in this work was optically pure as
shown by the quantitative enzymatic oxidation of tlie
histidine obtained from it by hydrogenolysis and
acidolysis, so the presence of p-histidine in the peptides
indicates that racemization occurred despite the use of
a urethan protecting group. Tlie cause of this
racemization is not known at present.

Bioassay.—The compounds were tested for pressor
activity in nephrectomized, pentolinium-treated male
rats anesthetized with pentobarbital.!? In most cases
the slopes of the log dose-respouse curves differed
slightly from that of the standard. The pressor activi-
ties listed in Table I were determined at response levels
which were within the range of measured values for bothi
the standard and the unknown. The figures for duration
of response were obtained by measuring the widths of
the blood pressure peaks at half-heiglit for equipressor
doses of standard and unknown. The molarities of the
peptide solutions (including standard) were calculated
from amino acid analyses and the biological results are
expressed on a molar basis,

Structure-Activity Relationships.—The pressor ac-
tivities  of 5-aminovaleroyl-Val-Tyr-Ile-His-Pro-Phe
(79%) and 6-aminocaproyl-Val-Tyr-Ile-His-Pro-Phe
(59%) are much lower than one would expect from
Havinga and Schattenkerk’s hypothesis which predicts
that these peptides, whicli lack the free N-terminal
a-amino group, sliould be more active than the coire-
sponding D-a-amino compounds (p-Orn-Val-Tyr-Ile-
His-Pro-Phe, 2397 and p-Lys-Val-Ty1-Ile-His-Pro-Ple,
239;).* These peptides are, in fact, only slightly more
active than the corresponding L-e-amino compounds
(each 39).> These data do not support Havinga and
Schattenkerk’s hvpothesis that the a-amino group is
deleterious.

The high pressor activity of n-Abu-Val-Tyr-Ile-His-
Pro-Phe (239) compared with L-Abu-Val-Tyr-Ile-His-
Pro-Phe and butyryl-Val-Tyr-Tle-His-Pro-Phe (each
19;) is good evidence that the N-terminal D-a-anino
group can exert a strong favorable effect in tle liepta-
peptide. The magnitude of this effect suggests that
the D-a-amino group might have been primarily re-
sponsible for the pressor activities of the analogs pre-
pared by Havinga, et al.?=7 Since the relative contribu-
tions of the p-a-amino group and the side chain fune-
tional group to the pressor activities of these analogs
cannot be determined from existing data. it is impossi-
ble to draw any conclusions about the contribution of
the guanidino group of arginine in [des-AsplIle?]-
angiotensin II from the pressor activities of analogs
containing 4 p-amino acid in place of arginine. Thus

(10} J. M. Manning and 8. Moore, /. Biol. Cliem.. 243, 5591 (1968),

(11) J. P. Greenstein and M, Winitz, “Chemistry of the Amino Acnls.”
Vol. 3, John Wiley & Sons, Ine., New York, N. Y., 1961, p 2184,

112) R. Boncher. R. Veyrat, J. de Champlain. and J, Genest, Con. Med,
Assor. J., 90, 194 (1h6d).
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PRESSOR AcTIviTies OF NEW ANGIOTENSIN [ ANaLoGs

Activiry Relative
No. Peptiie Sirmnpre e dnroiion
VII Val-Tyr-Ile-His-Pro-Phe 11-R" 0.3
)
)
. N - . ./I.”\ /"‘\
VI Butyrvl-Val-Tyvr-1le-11is-Pro-Phe (e 1t t i 70
18]
j
1N /l)'\
IX t-Abi-Val-Tyr-Tle-His-Pro-Phe fte o ('\H R I 20--40)
1
I
. . N . A 1 ~ /(<‘\
X v-Abu-Val-Tyi-Ile-His-Proy-Phe uc " \'"'/‘l\)l l\' 2 100
4“)
NI sAcp-Val-Tyr-le-His-Pr-Phe N OO IR i 0
e “Cl SentooR
(8]
a H ‘“
. s, . KR ¢ i -
XII 8Avl-Val-Tyr-Ile-His-Pro-Phe N wn” e i 7 100
)
I
N
X1V Gly-Val-Tyr-Tle-His-Pro-Phe pn-o R 10 B0--40
¥
XV Ac-Gly-Val-Tyr-Tle-His-Pro-Phe e M A 1 100

¢ Relative to [Asn’,Val’]-angiotensin II (Hypertensin-CIBA) = 100,

the pressor activity which Havinga and Schattenkerk’
found for [des-Asp!p-Cit?Ile®-angiotensin II (119)
cannot be considered as valid support for their theory
that the contribution of the arginyl residue in [des-
AgptIle’l-angiotensin 1T is due to the H-bonding
capacity of the guanidino group. A more valid evalua-
tion of the contribution of the argiuyl residue to the
pressor activity of [des-AsplIle’]-angiotensin IT would
be via the analogs containing a free N-termiinal L-a-
amino group since this group is present in the arginyl
residue and presumably influences the pressor activity.
Of the analogs so far prepared, only the guanidino group
of L-arginine itself conveys appreciable pressor activity
to the peptide. Replacement of this guamdino group
by nitroguauidino (1.39,),% ureido (0.59),% or MeN+
(0.39%) groups” gave compounds witly essentially the
same pressor activity as the peptide with no funetional
group in the side chain ([des-Aspl.r.-Abu? Ile’|-angio-
tensin I1, 19%). This would indicate that the contribu-
tion of the guanidino group cannot be explained in
terms of & single parameter such as cationic charge or
hydrogen bonding capability.

The pressor activity of [des-Asp!,Gly?1le? -angioten-
sin IT (109%,) indicated that its N-terminal e-amino
group is capable of exerting the same effect as the p-a-
amino group of [des-Asp',D-Abu? Ile?]-angiotensin II.
It= lower activity might be ascribed to the lack of an
alky] side ehain whieh sterically facilitates interactions
of the amino group with the p-amino binding site. In
addition, its lower activity could be due to its greater
susceptibility to aminopeptidases since its duration of
action was less than 0.5 that of the p-Abu compound.

* R = Val-Tyr-Ile-His-Pro-Phe,

[Des-Asp!, Gly2,Ile? ]-angiotensin II had thie same dura-
tionn of action and therefore presumably similar enzy-
matic susceptibility to that of [des-Asp!L-Abu?Ile?]-
angiotensin II. The high activity of [des-Asp'Gly2.-
Ile?]-angiotensin II therefore showed that the difference
In pressor activity between [des-Asp!,p-Abu?Ile’]-
angiotensin IT and [des-Asp!,L-Abu?Ile? ]-angiotensin I1
was only partly due to differences i rate of attack by
aminopeptidases. The most importaut contribution of
the p-a-aminobutyryl residue was probably due to u
direct effeet of its a-umino group. This effect could be
due to enhanced binding of the peptide to a receptor or
to stabilization of a preferred conformation. When the
terminal amino group of [des-Asp!,Gly? Ie’ -angioten-
sin II was acetylated, the pressor activity dropped to
the same low level (~19) as the hexapeptide, Val-Tyr-
Tle-His-Pro-Phe. [t may be tentatively concluded from
these data that the positive charge of the N-terminal
p-a-amino group is the feature which is responsible for
the group’s contribution to the pressor activity ol
des-aspartyl angiotensins containing a p-amino acid in
place of arginine.

If this N-terminal n-a-amino group functions through
enhianced binding to the receptor, it probably interacts
with a group in the receptor which is not normally
involved in the binding of angiotensin II or des-
aspartyl-angiotensin II. Such an “accidental” binding
site nieed not oceur it other species or in receptor sites
assoclated with other physiological or pharmacological
aetions of angiotensin Il so  [des-Asp!.p-Abu?Ile"]-
angiotensin IT nmay show a different spectirum of biologi-
eal netivities than does angiotensin IT.
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Experimental Section!®

N-i-Butyloxycarbonyl-p-a-aminobutyric Acid (I).—To a solu-
tion of 2.06 g (20 mmol) of p-a-aminobutyric acid in 40 ml of H,O
were added 1.60 g (40 mmol) of MgO and 5.72 g (40 mmol) of
i-butyloxycarbonyl azide. This mixture was stirred at 45° for
48 hr, extracted with Et,0 (2 X 40 ml), then acidified to pH 3.5
with citric acid. The oil which sepd was extracted into AcOEt
(4 X 40 ml). The AcOEt washes were combined, washed with
H,O (4 X 40 ml), then dried (MgS0O.). Evaporation of AcOEt
at 45° on a rotary evaporator gave 3.2 g (80%,) of a colorless oil
which could not be crystallized. Tlc revealed 3 Cl 4 spots,’*
R¢ 11 0.00 (faint), 0.49 (strong), 0.65 (faint), and R; II: 0.00
(faint), 0.81 (strong), 0.99 (faint).

The oil was dissolved in 50 ml of Et.0 and 3.9 ml (20 mmol) of
dicyclohexylamine was added. The Et:O was removed on a
rotary evaporator and the resulting oil was triturated with hep-
tane giving a white powder. This was recrystd from heptane
giving 2.3 g (309) of colorless needles, mp 138-139°, [«]%D
—-5.7° (C 2) :\IGOH) Anal. (C2>H33N204) C) H) N.

The salt, 1.8 g (4.7 mmol) was dissolved in 5 ml of MeOH,
diluted with 25 ml of H,O, and basified with 5 ml of 1 ¥ NaOH.
The amine was removed by extraction with heptane (2 X 50 ml)
then the aq solution was acidified with citric acid. The resulting
oll was extracted into CH,Cl, (4 X 50 ml). The CH,Cl: washes
were combined, washed with H.0 (2 X 100 ml), dried (MgSOy),
and then evapd on a rotary evaporator; yield 0.62 g (669) of a
colorless oil. Tle showed one spot, B: I: 0.49, B; I1: 0.81.

A -t-Butyloxycarbonyl-L-o-aminobutyric Acid (II)—This
compd was prepared as described for the o isomer (I) and purified
va the dicyclohexylammonium salt (mp 138-139°), [«]?*D +6.0°
(¢ 2, MeOH). Tlc as for compd I. Anal. (CaHgiN20,) C, H, N.

N -t-Butyloxycarbonyl-s-aminovaleric Acid (III).—This compd
was prepared as described for I from 2.3 g (20 mmol) of s-amino-
valeric acid. An oil was obtained which crystallized when
triturated with hexane; yield 2.0 g (459%), mp 49-52°. Tlc
showed one Cl 4 spot, R; I: 0.53, R¢I1: 0.77 Anal. (C,(H,sNO,)
C, H, N.

N-t-Butyloxycarbonyl-e-aminocaproic Acid (IV).—This compd
was prepared as described for I from 2.6 g (20 mmol) of e-amino-
caproic acid. IV was obtained as an oil which crystallized when
cooled to —20°: yield, 3.6 g (809%); mp 39-41°. Tlec showed
one Cl + spot, R I: 0.54, R: II: 0.80. Anal. (C,,;HsNOy)
C, H, N\.

Boc-Tyr(Bzl)-Ile-His(Bzl)-Pro-Phe-polymer (V).—Boc-Phe-
polymer (18 g, 3.6 mmol)? was placed in the reaction vessel,’s
deprotected, and neutralized as previously described,® then
acylated overnight with 3.1 g (14.4 mmol) of Boc-Pro and 3.0 g
(14.4 mmol) of DCCI in 50 ml of CH2Cl.. The peptide polymer
was then analyzed and acetylated as before.? This same proce-
dure was used with 5.0 g (14.4 mmol) of Boc-His(Bzl) suspended
in 50 ml of DMF-CH,Cl; (1:1). When acylation with 3.3 g
(14.4 mmol) of Boc-Ile was carried out using the same procedure,
approx 309, of the tripeptide [His(Bzl)-Pro-Phe] was detected
by electrophoresis. This contaminant was reduced to approx
109, by repeating the acylation but the remaining contaminants
could not be acetylated. Since this indicated that deprotection
may have been incomplete, all subsequent deprotections were
carried out by shaking the peptide polymer with 1.5 N HCl-AcOH
for two 30-min periods. Incorporation of Tyr(Bzl) by this proce-

(13) Melting points were measured in a Thomas-Hoover Uni-Melt ap-
paratus and are corrected. Amino acid analyses were performed on a Spinco
Model 116 amino acid analyzer using the standard 4-hr methodology.
Peptides were hydrolyzed under Noat 110° in constant boiling point HCl con-
taining aspartic acid or alanine as internal standards. Peptide content was
calculated in terms of free peptide rather than the hydrated salt. Micro-
analyses were performed by the Microanalvtical Laboratory, Department of
Chemistry, University of California, Berkeley, Calif. Where analyses are
indicated only by svmbols of the elements. analytical results obtained were
witlin +=0.49, of the theoretical valpes. Rotations were measured with a
Bendix-NPL automatic polarimeter, Type 1434, equipped with a digital
readout and printer. Precoated silica gel G plates (E. Merck) were used
for tle. The following solvent systems were used: I, xylene-pyridine-~AcOH
(100:15:5); II, ¢-Pr:0-CHCl;—Ac¢OH (6:3:1): III. n-BuOH-AcOH-H.0
13:1:1); IV, sec-BuOH-39%, NHs (100:44): V. pyridine-H:0 (4:1): VI,
n-BuOH-AcOH-H,0 (4:1:5), upper phase. Electrophoresis was carried
ont on Whatman No. 1 paper at 5000 V using AcOH-HCOOH buffer, pH
1.85. in a Savant apparatus. FEH indicates the electrophoretic mobility
relative to histidine = 1.00.

(14) D. E. Nitecki and J. W. Goodman. Biochemistry, 8, 665 (1966).

(15) R. B, Merrifield, J. Amer. Chem. Soc.. 85, 2149 (1963),
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dure using 5.4 g (14.4 mmol) of Boc-Tyr(Bzl) was satisfactory but
analysis was complicated by the presence of Tyr-His(Bzl)-Pro-
Phe.

Boc-Val-Tyr(Bzl)-Ile-His-(Bzl)-Pro-Phe-polymer (VI).—The
protected pentapeptide polymer (V), 15.3 g (2.5 mmol), was de-
protected and acylated with 2.2 g (10.0 mmol) of Boe-Val and
2.1 g (10.0 mmol) of DCCI in 50 ml of CH,CL.

Val-Tyr-lle-His-Pro-Phe (VII).—A portion of the protected
hexapeptide polymer (0.9 g, 0.15 mmol) was washed with CF;-
COOH (3 X 20 ml) then suspended in CF;COOH (10 ml) and
anisole (1 ml). HBr (scrubbed with saturated resoreinol in C¢He
and with CaCl:) was bubbled through the suspension for 1 hr.
The suspension was filtered by suction and the polymer was
washed with CF;COOH (2 X 10 ml). The filtrate was evapd
on a rotary evaporator at 30° and the residue lyophilized from
AcOH. The resulting powder was washed with dry Et,O and
dried ¢n vacuo giving 170 mg of off-white powder.

This powder was dissolved in 15 ml of 509, MeOH containing
2% AcOH, 150 mg of 109, Pd-C was added and the suspension
was stirred under 3 atm of H, for 48 hr at room temperature.
The catalyst was filtered off (filter aid) and washed with 959
AcOH. The filtrate was evapd in vacuo at 40° and the residue
lyophilized from AcOH giving 120 mg of white powder. This
was dissolved in 5 ml of 0.1 M NH,OAc-1 M AcOH and the solu-
tion applied to a 2.5 X 100 em column of Sephadex-C25-SE
(NH,*) packed in the same buffer. The column was eluted at
34 ml/hr with a linear gradient of NH,QAc in 1 M AcOH using
a concentration ehange of 2.0 X 10-¢ M /ml. The effluent was
monitored at 280 mu and 8-ml fractions were collected. Frac-
tions which were homogeneous on tle in solvents III and IV
were pooled and lyophilized giving 46 mg (319;). After further
purification vig the picrate salt® there was 30 mg of chromato-
graphically homogeneous material, B¢ I11I: 0.67, B; IV: 0.43,
R:; V: 0.88, Pauly and ninhydrin 4. A 72-hr acid hydrolysate
had the following amino acids: Val 1.03, Tyr 0.97, Ile, 1.02,
His 1.00, Pro 1.00, Phe 1.01; peptide content, 79%.

Butyryl-Val-Tyr-lle-His-Pro-Phe (VIII).—To a solutiou of 15
mg (0.015 mmol) of the purified hexapeptide VII in 1 ml of
purified DMF ¢ were added 0.003 ml (0.045 mmol) of Et;N and
0.007 ml (0.032 mmol) of p-nitrophenyl butyrate.”” After 24 hr
at 25°, electrophoresis showed a single Pauly 4, ninhydrin —
spot at Eg 0.27. The peptide was pptd by the addition of 10 ml
of dry Et.0, centrifuged, washed with 10 ml of Et;O, and lyo-
philized from AcOH to yield 14 mg (919%,). Tle revealed a single
Pauly 4+, ninhidrin — spot, B¢ I1I: 0.65, R IV: 0.50, R; V:
0.65. A 72-hr acid hydrolysate had the following amino acids:
Val 1.04, Tyr 0.95, 1le 1.02, His 1.00, Pro 1.01, Phe 0.98; peptide
content, 839.

A 1-mg sample of the purified peptide was hydrolyzed under
N: in constant boiling HCI at 110° for 48 hr. The solution was
evapd in a vacuum desiccator over NaOH pellets, the residue was
dissolved in 0.2 ml of H:O and 5 mg of Tris was added. The solu-
tion was adjusted to pH 7.2 with 1 & HCI and 0.04 ml (2.25
units) of C. adamanteus L-amino acid oxidase (Worthington) was
added. The solution was incubated at 37° for 24 hr, another
0.04 ml of enzyme solution was added and the solution was
incubated for another 24 hr. The solution was diluted with 1.0
ml of 0.2 V sodium citrate, pH 2.2, and 0.5-ml portions were
subjected to amino acid analysis. The following amino acids
remained:’® Val 0.00, Tyr 0.00, Ile 0.00, His 0.11, Pro 1.00,
Phe 0.00.

Abu-Val-Tyr-Ile-His-Pro-Phe (IX).—A sample of the protected
hexapeptide polymer VI (0.9 g, 0.15 mmol) was deprotected and
acylated with 122 mg (0.60 mmol) of Boc-Abu (11) and 125 mg
(0.60 mmol) of DCCI in 20 ml of CH,Cl,. After acetylation, the
peptide was cleaved and hydrogenated, as described for VII,
giving 155 mg. The crude product was purified on a 2.5 X 100
cm column of Sephadex-C25-SE (NH,*) packed in 0.05 M
NH:QAc-1 M AcOH. The column was eluted at 60 ml/hr with
a linear gradient of NH,OAc in 1 M AcOH using a concentration
change of 3.3 X 10-¢ M /ml. The effluent was monitored at 280
mu and &ml fractions were collected. The fractions from the
center of the main peak were lyophilized to give 75 mg of an off-
white powder. After further purification zia the picrate salt,?

(16) A, B. Thomas aml E. G, Rochow, 7bid., 79, 1843 (1957).

(17) S. Kreisky, Acta Chem. Scand.. 11, 913 (1957).

(18) These values are corrected for the amount of racemization occurring
when a mixture of these amino acids was subjected to the same hydrolytic
conditions.
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there was 50 mg {337¢) of white powder. Tle revealed a single
Pauly 4 spot, ¢y TII: 064, R IV 050, e Vi 0010 A T2-1ie
acid hydrolysate had the following simine acids:  Abu Lol Val
EO2, Tyr 001, Tle 102, His 1.05, Pro .00, Phe 0.03; peptide
cottent, S8 Abu emerged front the long (56 cm) column of
the analyzer 20 ml before valine aund had a volor valne which
wis 9797 of that of lenrine. A 48-hr acid hydrolysate inenbated
with t-amino acid oxidase had the following amine acids: Abn
0.00, Val 0.00, Tyr 0.00, e 0.00, Hix 0.11, Pro 1.00, Phe 0.00,
A 27-Ir aminopeptidase-M digest® had Abn 1o, Val 0.96, Tyr
0.88, Ile .81, His 0.00, Pra 0.00, Phe 0.71,
n-Abu-Val-Tyr-Ile-His-Pro-Phe (Xi.—"Thix compd was pre-

pared in the same manner as the L isomer IN except that 125 mg
nf Boe-v-Abn (I) was used. The crude product (175 mg) was
purified in the same mamner ax the L isonler giving 55 mg (36'7¢)
of white powder. Tl¢ showed one Panly + spat, Ry II1: 0.64,
RelVe 050, Ry Ve 091, Re Vi 0.50. A 72-hr acid hydrolysate
had the following amino acids:  Abn 1.01, Val 1.00, Tyr 0.9%,
Ile 0.98, Mis 1.02, Pro 0.99, Phe L.00; peptide content, R40/.
A 45-hr acid hydrolysate incubated with r-amino acid oxidase
Liad the following amino acids:  Abic 103, Val 0.00, Ty 0.00,
L 0.00, His 0.10, Pro 1.00, Phe 0.00.

eAcp-Val-Tyr-Ile-His-Pro-Phe (XI).-—Thix was syvuthexized as
deseribed for [X from 900 mg (0.15 mmol) of the protected hexa-
peplite polyviner (V1) and 135 mg (0.60 mumol) of Boc-eAep (TV).
Purification of the crnde peptide (115 mg) on Cellex-SE (N1, -
dill not give a chromatographically homogeneous prodnet. The
partially  purified prodnet (40 mg) was further purified on
Sephatlex-C25-8E ax dexeribed D compd VI giving 8 mg.
After further purification #ig the picrate salt there was 3.5 mg
(36¢). Tle revealed a single Pauly + spot, Iy 1T 0.65, K; 1V:
034, A 72-hr acid hydrolysate had the following amino acids:
eAcp 1.00, Val 1.07, Tyr 0.95, e 104, Hix 1.00, Pro 1.05, Phe
1.05; peptide content, 787,. eArp emerged from the short (5.3
ent) column of the analyzer 3 wl before lysine and had a cobw
valie which was 277 of that of lencine. A 458-hr acid hydroly=aie
incubated with L-amino avid oxidase had the following amino
acids: eAcep 102, Val 0,00, Tvr 0.00, 1le 0.00, Hix 0.12, Pro 1.00,
Phe 0.00.

6Avi-Val-Tyr-lle-His-Pro-Phe (XII)—Thix was synthexzized ax
described for IX from 900 wmg (0.15 mmol) of the protecred
Liexapeptide polymer (VI) and 130 mg (0.60 nunol) of Boe
3Avl (I11). Purification of the crnde peptide (125 mg) on Cellex-
SE (NHy ") or on Sephadex-C25-SE (NH, ™) nsing an NH,OA¢
cottcetttration change of 3.3 X 1074 M -l did not give a chro-
matographically homogeneons produet.  The partially purified
material (45 mg) was purified on Sephadex-C25-812 (NH, ™) as
deseribed for compd VII nsing an NITLOAe concentration change
of 175 X 1074 M “ml from 0.1 M. After pierate treatment there
wix 13 mg (8¢ ), oue Pauly + spot o tle, B¢ T 0.54, B¢ IV
033, A 72-hr acid hydrolysate had the following amino acids:
5AVI 008, Val 1.02, Tyr 0.97, e 100, s 0.99, Pro 0.99, Phe
1.01; peptide coutent, 8477, 3Avl emerged from the =hort
(5.4 em) column of the analyzer 10 ml before lysine and had »
color valne which was 600 of that of lenciue. A 48-hr acid
hyvdrolysate inenbated with r-amine acitl oxidase had the following
amino acids: 3AvE 1.05, Val 0.00, Tyr 0.00, Tle 0.00, Tlis 0.05,
Pro 1.00, Phe 0.00.

Boc-Gly-Val-Tyr(Bzl)-Ile-His(Bzl)-Pro-Phe-polymer ( XIII).-

(1) K. Hofmaon. 17, AL Finn, M. Lmerss J. Maniiindler, and (8 ZoneGs,
J.ocuey, Cheny. Spe,, 88, 33633 710063).

Joncrasex, Winnuinar, awp Lo

The protected hexapeptide polymer (V1) 5.4 ¢ (0.9 nunol), was
deproteeted and acylated with 630 g (3.6 mmol) of Boe-Cly and
750 mg (3.6 mmol) of DCCT i 30 ul of CHL.CL.

Gly-Val-Tyr-lle-His-Pro-Phe (XIV).---A portion of the pro-
tected hieptapeptide polymer (XIIT) (0.6 mmol) was cleaved ainl
hvdrogenated ax deseribed for VI A 250-mg portion of (he
ernde prodiet was pnrified on Seplunlex-C25-8E (N1, ) ax
dexcribed for IX giving 145 mg.  Avother 300-mg portinn wis
purifitd in the same manner giving 200 mg, These prmdinets
were eombined and nrther pnrified wo the pierte sali giving
270 mg 44000 of white powder. Tle mevealed a single Panly o+
spot, Ay T 0580 1y IV 0400 0 VD 04 A 7=l aeid
hyvdrolysate had the following amino acid<: Cdy 097, Val 1.01,
Tyr 007, He L0, Hix 1.01, Pro LO4, Phe 1.OT; peptide coutent,
N2C A 48t acid hylrolysate inenbamed with L-nmino aeid
oxidase had the following amino acids:  Gly 0.92, Val 0,00, Tyr
0.00, Tle 0.00; His 0,11, Pro L.0O, Phe 0.00. A 23-hr amino-
peptidase-M digest had Gly 0.08, Val 1.oo, Tyvr 0.96, Tle 083,
Hix 0.00, Pro 0,00, Phe .85, Further incnbation with an addi-
tonal portion of rnzyme potluneed ne significant change in
composition,

A V2-hr acd hiydrolvsate of 3 mg of this peptide was evapd o
dryness on a mary evaporator at 60°. The rexidne was dissolved
i P of 500 NaNO. and 0.5 ml of AcO was added.  After
Pl ac25° 10 ml of 128 TTCH was added and the sohition was
cotted to ~2 ml over a low flame. Another 10 ml of 12 .V 11C1
was added, the sohttion was again eomed, and the remaining
=olvent removed on a mitary evaporator at 60°. The residie was
dissolved in 0.4 1l of 0.45 M sodinm Lorate, pll 10.2) the pli
was adjusted ta ~10.5 with 1.V NaOIT, and the =olittion trans-
ferred to a 7.5-cm test ube. The solntion was cooled 1o 07
and stirred with a vortex stirrer and 1.2 mg (7 pmoly ot 1-leneine
N-carhoxyanhyvdride was added o the swirling =olntion.  AGer
stireing for 2 min, 0.1 mbof 2 NV HCHwas added: all of the sohitinn
was applied to the loig colmm of the amino acid analyvzer (packed
with Beckminn UR-30 resin, and elnted with 0.2 Y sodimm
citrate, pll +30. Fomr peaks emerged, Pro, 39 ml: Len, 61.5
ml; t-Len-D-Pro, 106 ml: and w-Leri-Pr, B335 wl. Peing
the constant= prblished by Manuing and Maore, " it was fonnd
that the hivdrolv=ate contained 7.5 of p-prolive. Thix vahie is
consistent with thal expected rom racemizatiou during hvdimly-
<ix siieee Manning and Moove?® Hnmd 2.0-2.837 0 racemizatioo nf
L-proline dnring 22-hr acid hyvdrolyses.

Ac-Gly-Val-Tyr-Ile-His-Pro-Phe (XV .- -T0 u ~olution of 25
g (0.025 wmnl) of the purified heptapeptide X1V in I ml of
purified DMF were added 0.005 ml ¢0.075 nuuol) of 16N and )
mg (050 mmol) ol p-nitrophenyl avetate.  After 24 hr at 25°,
thie acetvlated peptide was pptd with 10 il of AcOLt cen-
tritnged, and washed with 5 ml of AcOFo.  After lvophilizing
from AcOH there was 16 mg (637, 1 »i white powder. 1dectro-
phoresis revealed a single Paaly +, ninhydrin — spot at Ky
027, No (ree heptapeptide was detected. Tle showed a <ingle
Panly ~ compound, fe; 1 053, By 1V 044, B¢ Vi 0.66.
A T2l aeid hydrolyvsate had:  Cly Loo) Val Lo Tyr HOs,
e 0,99, His 1.03, Pro 10O, Phe D.ON: peptide content, NG, .
A dR-le acid hyvdmlysate tnenbated with t-amims acid oxidase
Lad the OHllowing aminn acids:  Gliv 094, Val 0.00, Ty oo,
[le 0.00, TTis 0.09, Pro 1,00, Plie .00,

Acknowledgment. - W are grateful to Dr. D Nitecki
for her helpful discussions during the course of this work.



