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acid, 1.0; proline, 1.1; glycine, 0.9; cystine, 1.0; isoleucine,
1.0; leucine, 2.0; and ammonia, 3.0.
N-Benzyloxycarbonylvalylisoleucylglutaminylasparaginyl-S-
benzylcysteinylprolylleucylglycinamide.—A solution of 1.67 g of
crystalline isoleucylglutaminylasparaginyl-S-benzyleysteinylpro-
Iyllenceylglycinamide? in 20 ml of DMF was stirred at room
temperature with 0.75 g of p-nitrophenyl N-benzyloxycarbonyl-
valinate® for 20 hr, 300 ml of EtOAc¢ was added, and the slurry
was cooled to —20°. The precipitate was filtered off and washed
with 75 ml of EtOAc¢, two 73-ml portions of EtOH, and 75 ml of
EtOAc. The powder was dried in vacuo to give 2.04 g of white
powder, mp 252-253°, [a]D —73.9° (¢ 0.40, DMF). Anal
(CaHuN,LO0LS) C, H, N,
N-Benzyloxycarbonyl-S-benzyleysteinylvalylisoleucylgluta-
minylasparaginyl -S - benzylcysteinylprolylleucylglycinamide.—A
solution of 0.85 g of the preceding protected octapeptide in 10
ml of AcOH was converted to the free octapeptide in the usual
manner. The product was dissolved in 15 ml of DMF, 0.38 g
of p-nitrophenyl N-benzyloxycarbonyl-S-benzylcysteinate! was
added, the mixture wax stirred for 20 hr at room temperature,
and 150 ml of EtOAc was added. The slurry was cooled and the
precipitate was filtered off, washed with EtOAc (50 ml), two
50-ml portious of EtOH, and 50 ml of EtOAc and dried ¢n vacuo
to give 0.85 g of white powder, mp 261.5-262.5°, [a]%D —46.9°
(¢ 0.49, DMF). Anal. (CaHNw0sS:) C, H, N.
[2-Valine]-oxytocin.—The preceding protected nonapeptide
(252 mg) was converted to [2-valine]-oxytocin, and the resulting
preparation was subjected to partition chromatography on a
2,85 X 354 c¢m column of Sephadex G-25 according to the proce-
dnres used for [2-leucine]-oxvtocin. One hundred 9.6-ml frac-
tions from the partition chromatography were collected, the

(24) D. B. Hope and V. du Vigneaud, J. Biol. Chem., 23T, 3146 (1962).
(25) B. Iselin, W. Rittel, P, Sieber, and R. Schwyzer, Helv. Chim. Acta,
40, 373 (1957).
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fractions corresponding to the principal peak (R; 0.24) (deter-
mined by plotting of the Folin-Lowry color values) were pooled,
and 300 m! of H:O was added. The mixture was conceutrated to
about 40 ml and the solution was lyophilized to give a pale yellow
hygroscopic glass which was dissolved in 10 m! of 0.2 N AcOH
and subjected to gel filtration on Sephadex G-25. One hundred
3-ml fractions were collected and the elnates corresponding to
the major peak (fractions 48-37) were pooled, concentrated to 40
ml, aud lyophilized to give 196 mg of a hygroscopic powder,
which was again subjected to partition chromatography as
before and worked up in the usual way to give 119 mg of a
white powder. Subjection of this material to gel filtration as
before afforded 104 mg of [2-valine]-oxytocin as a white powder,
la]®p —33.0° (¢ 0.51, 1 N AcOH). Anal. (CsHesNi0,S,-
C.H.0;) H, N; C: caled, 49.0; fonnd, 48.5.

The analog was hydrolyzed in 6 ¥ HCl at 110° for 22 hr and the
following molar ratios of amino acids and ammonia were found
with glutamic acid taken as 1.0: aspartic acid, 1.0; glutamic
acid, 1.0; proline, 1.0; glycine, 1.0; cystine, 1.0; valine, 0.72;
isolencine, 0.72; leucine, 1.0; and ammonia, 2.7. A 45-hr
hydrolysis under the same conditions gave the following results
with glutamic acid taken as 1.0: aspartic acid, 1.0; glutamic acid,
1.0; proline, 1.1; glycine, 1.0; cystine, 1.05; wvaline, 0.9; iso-
leucine, 0.9; leucine, 1.0; and NH;, 3.0. The prolonged hy-
drolysis was necessitated by the diffienlty in the hydrolysis of a
valyl-isoleucine peptide bond.
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[Gly', Gly? Ile®]-angiotensin IT has been synthesized by fragment condensation and also in better yield and

purity by solid-phase svinthesis.

This peptide showed 16-209 of the pressor activity of [Asn!, Vals]-angiotensin
II in the rat and the dog, while its N-acetyl derivative showed an activity of 0.49.
a single basic group is necessary in the N-terminal dipeptide for good pressor potency.

These results show that only
This essential basic

group may be correlated with either the terminal amino group or the guanido group of arginine in angiotensin II.
The low activity of the acetylated peptide shows that extension of the peptide backbone from six to eight amino

acids does not alone contribute measurably to the potency of natural angiotensin II.

The synthetic intermediate

[Gly,Gly?,Ile?, Hix(Bzl)f]-angiotensin IT showed a pressor activity of 0.3% indicating the importance of the free

imidazole ring.

The octapeptide tissue hormone angiotensin 1T, Asp-
Arg-Val-Tyr-Ile- (or Val-) His-Pro-Phe,? has been the
subject of numerous studies on the relationship between
chemical structure and biological activity because of its
possible relationship to hypertension. Most of this

(1) This investigation was supported in part by Public Health Service
Research Grants AM 08066 and AM 06704 from the National Institute of
Arthritis and Metabolic Diseases and Training Grant No. 5§ TO1 GM 00728
from the National Institute of General Medical Sciences. Presented in
part at the First American Peptide Symposium, Yale University, Aug 1968,
The abbreviations used to denote amino acid derivatives and peptides are
those recommended in "IUPAC-IUB Commission on Biochemical Nomen-
clature, Abbreviated Designation of Amino Acid Derivatives and Peptides,
Tentative Rules,'" Biochemistry, B, 2485 (1966).

(2) It is assumed in this paper that the bovine [Val’}- and equine }Ile*}-
angiotensins have equivalent pressor activity.

work has been reviewed by Law? and by Schréder and
Liibke.* The portion of the molecule which has been
most thoroughly studied is the N-terminal dipeptide,
Asp-Arg-. The analogs described by Schwyzer,®
Khosla, et al.,® and Arakawa, et al.,” listed in Table I
show that none of the functional groups in this portion
of the molecule is essential for significant pressor activ-

(3) H. D. Law, Progr. Med. Chem., 4, 86 (1965).

(4) E. Schréder and K. Liibke, '"The Peptides," Vol. 2, Academic Press
Inc., New York, N. Y., 1966, Chapter 1.

(3) R. Schwyzer, Helv. Chim. Acta, 44, 667 (1961),

(6) M. C. Khosla, R. R. Smeby, and F. M. Bumpus, Biochemistry, 6.
754 (1968).

{7) K. Arakawa, R. R. Smeby and F. M. Bumpus, J. Amer, Chem. Sor.,
84, 1424 (1962).
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Peptide Iressor act., *,
Axp-Arg-ValTyr-Val-His-Pro-Phe 100
Asn-Arg-Val-Tyr-Val-His-Pro-Phe 100~
Gly-Arg-Val-Tyi-Val-His-Pro-Phe S0

Ile-Avg-Val-Tyr-Tle-His-Pro-Phe 108

Dexamino-Asp-Arg-Val-Tyr-Ile-Tis-Pro-Plie GO

Arg-Val-Tve-Val-1lix-Pro-Plic MVZ

Ax-ATg (N O)-Val-T'vi-Val-His-Pro-Plie S0

Axp-Or=-Val-Tvi-Val-His-Pro-Phe 2
Val-Tyr-Val-Hiz-Pra-Phe 0.1

“xecref 5. FSeeref 6. ¢ Seevel T.

ity although each contributes to the intensity of action.
These examples show that the carboxyl or amino groups
of agpartic acid can be omitted entirely and the guanido
group of arginine may be nitrated or replaced by a gim-
ple amino group without seriously reducing the pressor
potency. However, the only analog reported in which
arginine is replaced by an amino acid which does ot
have a side chain which may mimic one of the funetional
features of the gnanido group (positive charge, hydrogen
bonding) is [AsniVal?,Val*l-angiotensin I3 This
analog has a pressor activity of 59 but it is not possible
to say whether this is due solely to the loss of the fuine-
tional group, au increase in hydrophobie character, or to
the steric effect of 8-branching of the valiue side chain
on the peptide backboue.  Therefore, the functional im-
portance of the arginine side chain requires further defi-
nition.

Despite the large number of analogs which have been
syuthesized and tested, it is still not clear exactly how
the two N-terminal amino acids, aspartic acid and argi-
nine, magnify the activity of the hexapeptide, Val-Tyr-
Ile-His-Pro-Phe, from its low level (reported variously
as <0.1-19,57) to the high level of the natural peptides.
There are three obvious possibilities:  (a)  extension of
the peptide backbone to eight residues stabilizes an
“active” conformation; (b) the side chain funetional
groups themselves nre responsible, perhaps by strength-
ening binding to a reeceptor or by regulating the parti-
tioning or transport of the peptide; (¢) a combination of
both u and b.  The data available in the literature are
not sufficient to permit a choice between these possibili-
tles.  Arakawa, ef al.."suggested stabilization of confor-
niation bused npon the activities of N-Poly-[Ser(Ac) J-
Val-Tyr-Tle-His-Pro-Phe (1197) and N-IPoly-[Ser(Ac) -
Asp-Arg-Val-Tyr-Ile-His-Pro-Phe (419, of angiotensin
ID). Smeby, et al.,* have proposed a strained a-helix in
which the amide bonds of aspartic acid and arginine are
involved in the helix-stabilizing intramolecular hydro-
gen bonds,  In order to help clarify the roles of these
two amino aeids we have synthesized [Gly!,Gly?Ile?]-
angiotensin IT as a test of the importance of the aspartic
acid and arginine side chains.  [Ace-Gly!,Gly? Iled |-
angiotensin I was prepared to test the contribution of
the peptide backbone without a contribution from the
terminal ammonium ion.  The synthetie intermediate
i which the imidazole nitrogen of histidine is protected
by a benzyl group was also purified and evaluated as a
test of the importance of the free imidazole ring.

o8y 19, Sebrader, Sustes Licbigs Ao Chen., 680, 132 (1064 ).
() R. R. Smeby, K, Arakawa, 17, M. Bumpas. and M. M, Marsh, Bio-
chine, Biophus. Actu, 58, 350 (19621

Parrox, axn Ler Vol 12
Chemistry. A conventioual fragment eondensation
wax nsed ni othe initial syuthesis of [Gly! Gly? ek
angiotensin 11, Purification by preparative clectro-
phoresis of the product obtained by catalytie hydro-
gendtion of the protected octapeptide guve a product
containing ounly 36C0 of the expected anount of tyro-
sine.  Sinee Z-Val-Tyr-Ny was used in preparing the in-
termediate hexapeptide, the low tyrosine value was
probably due to the presence of aza-1-homotyrosine re-
sulting from a Curtius rearrangement of the azide to the
isoeyanate,  This problem was encountered by Ri-
niker'® and it led him to prepare [Asn!,aza-1-homo-Ty v, -
Val*]-angiotensin 11, Since Riniker's peptide had only
309, of the activity of angiotensin I1) this preparation of
[Glv!Gly? Iled J-angiotensin I1 was unsuitable for accu-
rate evaluation of the contribution of the two glyveine
residues to the hiological activity. Rather than at-
tempt to further purify the lmited amount of material
available, the pure analog was prepared in good yield by
amodification of Merrifield’s solid-phasce method. !

In owr modified procedure, the polymer was washed
with triethylammonium accetate in AcOH after caeh
coupling step to remove ionically bound Boc-amino acidl
which would otherwise interfere with the subsequent
analysiz. A 5-10-mg saample of polyiner was removed,
treated with HBr in trfluoroacetic aeid for 30 min.
and filtered, and the filtrate was concentrateld then
analyzed by paper eleetrophoresis.  Due to differences
in mobility. ninhydrin color, wnd speeific color reactions
it was possible to deteet small amounts of unacylatod
anino compounent at cach step. thug permitting the
aceylation to be repeated if necessary,  Since acetylation
was alzo carried ont prior to deprotection to block trace
amounts of unacylated amino components, reacylation
wus not necessary unless more than 56 of unaeylated
amine was present.  In this peptide, reaeviation was
not necessary althongh traces of amino component were
deteetable at various stages.  lu related peptides re-
peated acylations have heen required. The use of acet-
viation to block traces of amino components was origi-
nally used by Merrifield'* but it ix not a part of the
#olid-phase method ax now generally used. Tt has been
found to be very nseful in the preseut preparation ol
angioteusin anulogs since the acetylated fragiments,
rathier than free peptides, were much easier to remoyve
fronit the produet.  The presence of N-ucetylated pep-
tide fragments, however, made it necessary to accetylate
the purified peptide rather than to prepave the aectyl-
ated peptide, [Ae-GlyL.Glyt Ile* -angiotensin 11, on the
polvmer.  The incorporation of the acetylation step
made mandatory protection of the hydroxyl group of
tyrosine and the imidazole ring of histidine, wherens
these groups were not protected in the conventional
synthesis.  Another variation from Merrifield’s proce-
dure was the incorporation of the readily available
carbobenzyloxyglyevlglveine in a single step. The
carbobenzyloxy group rather than the usual t-butyloxy-
carbonyl group could be used since it was the last con-
pling. Either group would be renioved at the same
time that the peptide is cleaved from the polymer by
HB1.

Cleavage from the polynier yvielded the [Gly?!,Gly».-

210) BL Riniker, WeGebnlinm, 13, 1247 (10645,

110 (a) R B Merrifield, . (Dner. Chep, Noc., 88, 2114 (1630 31 1T,

Merrifield, Bilockemiatry, 3, 1385 (1064 (¢ (1 R. Marslall and 1R, 3. Merr
fell. edadid. 42394 (1967)
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Ile’ His(Bzl)¢]-angiotensin IT analog. A portion of this
was hydrogenated to the free octapeptide. The pep-~
tides were purified by chromatography on sulfoethyl-
cellulose. The desired fraction was lyophilized to re-
move most of the volatile buffer salts (ammonium ace-~
tate) then precipitated from solution with pieric acid.
The insoluble picrate salt was washed thoroughly with
water to remove traces of salts and carbohydrates, then
the picrate was exchanged for acetate with an anion-
exchange resin.

Bioassay.—The compounds were tested for pressor
activity in nephrectomized, pentolinium-treated male
rats anesthetized with pentobarbital.}? The same tech-
nique was used in the dog except that the animal was
maintained on a respirator to give a more stable base
line and samples were introduced through a cannula in
the femoral vein. This dog preparation gave a much
more reproducible response than did the rat. The com-
pounds were compared with [Asn! Val®]-angiotensin
II.2*  The results are listed in Table IT,

TasLe 11
RiLaTivE PrESSOR ACTIVITIES OF ANGIOTENSIN IT ANALoags

Pressor act., %

Peptide Rat Dog
Asn-Arg-Val-Tyr-Val-His-Pro-Phe 100 100
Gly-Gly-Val-Tyr-Ile-His-Pro-Phe 16-20 16

Ac-Gly-Gly-Val-Tyr-Ile-His-Pro-Phe e 0.4
Gly-Gly-Val-Tyr-Ile-His (Bzl -Pro-Phe 0.3 cee
@ Hyperteusin®,

Structure—Activity Relationships.—The significant
enhancement in activity shown by Gly-Gly-Val-Tyr-Ile-
His-Pro-Phe (169;) over the hexapeptide, Val-Tyr-Ile-
His-Pro-Phe (<19;) appears at first to support a role of
conformational stabilization of the peptide backbone by
the N-terminal dipeptide, since the side-chain residues
of aspartic acid and arginine are absent. However, this
stabilization would be expected to take place primarily
through hydrogen-bonding interactions of the amide
linkages, a property retained by Ac-Gly-Gly-Val-Tyr-
Ile-His-Pro-Phe, which showed activity of only 0.4%.
It may therefore be concluded that, in the absence of the
functional groups, the peptide linkages of the two N-ter-
minal amino acid residues do not contribute signifi-
cantly to biological activity by stabilization of a favor-
able backbone conformation. The feature present in
Gly-Gly-Val-Tyr-lle-His-Pro-Phe, and absent in its
N-acetyl derivative, is the N-terminal amino group.
This appears therefore to be the primary feature of the
Gly-Gly- residue which activates the hexapeptide, Val-
Tyr-Ile-His-Pro-Phe; however, the corresponding des-
amino eompound should be evaluated to confirm this
cornclusion. This relatiouship does not exclude a possi-
ble important functional role for the basic side chain of
arginine. As shown in Figure 1, the N-terminal amino
group in Gly-Gly-Val-Tyr-Ile-His-Pro-Phe may func-
tion in place of either the terminal amino group, or the
guanido group of angiotensin II, since the distance from
the valine nitrogen is approximately the same in each
case. Therefore, both the guanido group of the argi-
nine side chain and the N-terminal amino group may be
important for aetivity and may be iuteracting with ei-

(12) R. Bouclier, R. Veyrat, J. de Champlain, and J. Genest, Can. Med.
Assoc. J., 90, 194 (1964).
(13) A generous gift of Ciba Pliarmaceutical Company, Summit, N. J.
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HN o ~NH;

fl+
ENCHCHCHA,

H CH— CO—Val-Tyr-Ile-His-Pro-Phe

l
HN*—CHCONH

H CH,CO0™
[Nle*}-angiotensin II
H

|
-+ .
H’\,J —CH,CON H\

CH,CO—Val-Tyr-lle-His-Pro-Phe
H

or

H
| _CH,CO—Val-TyrlleHis-Pro-Phe
HI\II“‘—CHZCONH

H
[Gly', Gly? Ile’}-angiotensin I

Figure 1.—Comparison of the terminal amino group in [Gly!,
Gly? Iles]-angiotensin IT with the guanide and amino groups in
angiotensin IL.

ther two receptors, or competing for a common receptor.
Evidence for a primarily hydrogen-donating role in a
hydrogen-bonding association for the arginine side chain
has been presented by Havinga and Schattenkerk.!4
No such detailed study is available on functional varia-
tions of the N-terminal amino group. At present, it
may only be concluded that a single basic group sepa-
rated by five atoms from the valine nitrogen of Val-Tyr-
Ile-His-Pro-Phe is sufficient to significantly enhance the
pressor activity of the hexapeptide, and that such a
function may be correlated with either the terminal
amino group or basic side chain of arginine.

The low activity of Gly-Gly-Val-Tyr-Ile-His(Bzl)-
Pro-Phe relative to the corresponding deprotected octa-
peptide suggests that the free hydrogen on the imid-
azole nitrogen is necessary for activity. Further
analogs, however, should be studied to eliminate the
possibility that the bulky benzyl group is exerting an
unfavorable steric or hydrophobic effect.

Experimental Section'

Gly-Gly-Val-Tyr-lle-His-Pro-Phe. Fragment Condensation.
—Val-Tyr-Ile-His-Pro-Phe-OBzl(NO,)-2HBr was prepared as
described by Arakawa and Bumpus.'* Intermediates had
physical properties as described,6.17 except that Z-His-Pro-Phe-
OBzI(NO;) prepared as described by Schwartz and Arakawa!?
in a noncrystalline state was obtained by trituration with cold
EtOAc as a white powder, mp 139-140°, [«]*D —42.8° (¢ 1,

(14) E. Havinga and C. Schattenkerk, Tetrahedron, Suppl., 8, 313 (1966).

(15) Melting points were measured in a Thomas—Hoover Uni-Melt ap-
paratus and are uncorrected. Amino acid analyses were done on a Spinco
120B analyzer. Microanalyses were performed by the Microanalytical
Department, University of California, Berkeley, Calif. Where analyses
are indicated only by symbols of the elements, analytical results obtained
were within =:0.4% of the theoretical values, Rotations were measured
with a Rudolph photoelectric polarimeter. Silica Gel G (E. Merck) was
used for tle. The following solvent systems were used: I, 1-BuOH-
HOAc~H:0 (4:1:5) {upper phase); II, 1-BuOH-HOAc-H0 (3:1:1);
III, BuOH-HOAc—pyridine-H:0 (15:3:10:12); IV, MeCOEt-HOQAc—
H,0 (14:6:5). Except where indicated, electrophoresis was carried out on
Whatman No. 1 paper at 5000 V using HOA¢—HCOOH buffer, pH 1.85, ina
Bavant apparatus. Ky indicates the electroplioretic mobility relative to
histidine = 1.00.

(16) K. Arakawa and F. M. Bumpus, J. 4dmer. Chem. Soc., 88, 728 (1961).

(17) H. Sehiwartz and K. Arakawa, tbid., 81, 5691 (1959).
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15tOAe), Ka 0.4, Panly +, ninhydrin —.  _Anal. (CyHe0O4N60
¢, H, N. He-Hiz-Pro-Phe-OBzI(NO.) - 2HBr, reported!$ pre-
viously a= a mixed mono- aud dihydrobromide, showed an opposite
rotational sign from that reported: mp 140° dee, [a]Fp —26.5°
(e 1, MeOH); it mp 134-1358°, Ya]*n 4+36.6 (¢ 1, MeOll).

Z-Glv-Gly® (93 mg, 0.35 mmole) and E6N (0.05 ml, 0.4
minole) were dissolved in a mixture of 0.7 ml of THEF and 0.2 ni
of DME., The solntion was cooled to —3° and 0,033 ml (0.3
mmole) of ethyl chloroformate was added. This <olution was
kept at —5° for 10 min then added to a cold solntion of 188 mg
(0175 mmole) of Val-Tyr-Tle-His-Pro-Phe-OBz1(NO.) - 2HBr
and 0.080 nl (0.35 mmole) of tribntylamine in 0.7 ml of DMF.
This mixtnre wax <tirred at 0° for 2 hr and at room temperature
overnight.  The =olvent wa= removed witl a rotary evaporator
and the rexidne was dissolved in EtOA¢-MeOTT (1: 1) and waxhed
with TO (50 ml), T .V HC (four S0-ml portions), T1,O (50 ml),
=atnrated NallCOy (four H0-ml portions1, 10 ttwo H0-1ml
portions), and saturated NaCl (50 ). The ItOAe solution was
dried (MgR0y) and the solvent was renoved /n vacero to yield 50
mg (25¢;) of an amorphons yellow =olid, Z-Gly-Gly-Val-Tyr-
1le-His-Pro-Phe-OBz1(NO,), tle (one spoti Ra 0.43, Panly =-,
ninhydrin —.

The protected octapeptide (25 mg) was dissolved in a mixtnre
ol 30 d of MeOH, 3 mnl of H.O, and 15 ml of HOAe¢. The
clondsy =olution wax clarified by filceation, 20 mg of 104 Pd-C
wus added, N. was bubbled throngh the snspension for a few
minntes, then H, wax bnbbled throngh the vigoronsly stirred
suxpension, (he reaction being followed by electrophoresis.  After
15 min a large spot correxponding to the free acid appeared at
Ey 0.3 (pll 3.5), Pauly 4, ninhydrin —. The fully protected
peptide did not migrate becanse of its insolubility at pH 3.5
and at pH 6.5, After 90 min the =tarting material and the =pot
at Ei 0.3 had disappeared. The prodinet waxat Ex 0.50 (pH 3.5)
and at £y 0.62 (pH 6.5), Rn 0.15, ninhydrin and Panly +.
There were niimerons minor spots present. The mixture was
filtered and the filtrate was evaporated in vacwo at 40°. The
residtie was lyophilized from 100 ml of H,O giving 12.6 mg (65¢)
ol a finfly white powder. Thix wax pnrified by preparative
clectrophoresis on Whatinan No. 3MM paper at pH 3.5. The
main fraction at Ey 0.51 was ent out, eluted with H,O, and I»-
ophilized to give 3.7 mg of a white powder. Eleetrophoresis at
pTI 6.5 showed a lurge spot at Ky 0.54 and a faint spot at Ex 0.17,
both ninhydrin and Pauly +. A sample hydrolyzed for 24 hr at
110° in 5.0 .V HC! in an evacnated, =ealed tnbe showed amino
acid ratios:  Gly 2,07, Val LO&, Tyr 0.36, Tle 0.94, His 0.92,
Pro 1.03, Phe 1.00.

Solid-Phase Synthesis. Boc-Phe-polymer.—Chloromethylated
copolystyrene-2¢; divinylbenzene!* (100 g, 80 meqniv, of Cl)
wax suspended in 200 ml of EtOH containing 22.2 g (84 mmoles)
af Boce-1-phenylalauine.’® TN (8.5 g, 84 mimoles) was added
and the =nspeusion was vefluxed for 48 hr.  The esterified rexin
wux filtered off, washed with IStOH, und dried m zacuo.  Amino
acid analysis showed that the product contaived 0.20 mmole of
phenvialanine g.

Z-Gly-Gly-Val-Tyr(Bzl)-lle-His(Bzl)-Pro-Phe-polymer.-—Boc-
Plie-polvmer (2.5 g, 0.5 mmole) was placed in the reaction vessel.1!
The resin was washed for 2 min each with three 30-ml portions
of HOAg, then it was rocked for 30 min with 30 ml of 1.2 .8 HClin
TTOA¢ to remove the Boe gronp. 1t was then washed with HOA¢
(three 30-ml portions), absolute TXOH (three 30-ml portions),
and DMF (three 30-ml portions). The HCl was removed by
rocking for 10 min with 30 ml of 104 Et;N in DMF. The resin
was washed with DMF (three 30-ml portions) and with CH,ClL
{three 30-ml portious), then it wax rocked with 2.0 nunoles of
Boc-umino acid i 25 ml of CH.Cle.  After 10 min, a =olution of
413 mg (2.0 mmolex) of DCCT (purified by sublimnation) in 5 ml
of CILCl was added and the mixture rocked for 2 hr.  Excess
reagent= were removed by washing with CH.Cly (three 30-ml
portions). A 10-mg sample was removed and washed with 5 ml
of 10% KGN in TOA¢ to remove fonically bonnd Boe-amino acid.
Thix =anmiple was washed with ITOAe (three H-ml portions), then
it was snspended in CF,COOH.  Aunhydrons HBr was bubbled
through the =uspension for 30 min to liberate the peptide.

18y ML Bergmann aad L. Zervas, Chrue Bee,, 65, 1192 (19323,

119) Boe-amine acids were prepured according 1o (be metlods of R
Rebwyzer, Do Sieber, and 11. Kappeler, Hele. Chip. dete, 42, 2622 (1959),
or were purebased from Fox Chemical Co., Los Angeles, Clalif.  They were
parificd wlhere necessary until homogeneous on ile in ¥-PreO-CHCL=-1{0AC
(i:3:1) and in xylene~pyridine- HO Ae (100:15:5).

Vol 12

The =snspension was filtered, the hlirale was evaporated, and the
liberated peptide wax checked by paper electrophoresis to verily
ihat the coupling reaction had exceeded 950, The resin wus
rocked withh AeO (1T mb) and 6N 0 mb o 50 ml of C1LCL
for Tl vo acetylate wreacted aimino gronps. The resin was
then washed with CILCL (two 30-mil portionsi. Tt was rocked
for 10 min with 5 ml of F1OH in 25 ml of C1LCL, then wax fivally
wished with F1O11 (two 30-ml portions).  This =cries of opera-
tions was cwried ot with Boe-t-proline,  Boe=im=benzyi-i.-
hisridine. Boc-iA=olencine, Boe-O-benzyi-t-1yvrosine, and Boce-(-
valine,  The same =eries wax n=ed with Z-Cdy-CAyv bat bheennse of
its poor solubility in C1LCL the coupling was carried ol in
pirified® DMF nsing 3.0 mmoles (o compensaie Tar possibile
N-acvinrea forniation,
Gly-Gly-Val-Tyr-Ile-His(Bzl)-Pro-Phe.-1h¢ prorected pep-
tide resin was wished with HOA¢ (three 30-m} portions) and
CICOOIT (two 3t-ml portions) aud =n=pended in CF,COOT 30
mly and anizole 15 ml), Dry HBr was passed tlrongh towers of
tetralin and CaQly then bhubbled throngh the fritted disk of the
reaction vessel for 1 . "I'he polyiner wax filtered off and washed
with CF,COOH (three 20-ml portion=).  The filtrate and washes
were evaporated at 25° i raevo and the residne was washed with
atthydrons 1.0 tthree 50-ml portions) then lvophilized from
HOAe vielding 500 g of an aff-white powder. A 953-mg portion
wis dissolved in 5 ml of 13 HOAc and centrituged and the
clear =npernatant wies applied 10 a2 1.3 X 10 em eobmn of
=ulfoethyleellntose, N1y~ Teng, pucked i 13 THHOAe (Cellex-
SE, Bio-Bad  Laboratories, Richmwond, Calif.. The column
was pperated at 40° and was elnted at 28 ml e with 1) HO A«
for 1H e (420 ml1 A lncar gradient of N1LOAe in 1M HOAe
was thien =tarted using o concentration change of B 3ol
The elflnent was monitored at 280 mg and Sl fractions were
collected. The main peak wuas between 930 und 1020 ml.
The contents of the tubex were pooled and cvaporated at 40°
to a =ticky residuc.  The remaining 1,0 and NTLOAe was re-
woved at 30° under high vaenum, The residue was dissolved in
080 HOAe and centrifnged, and the snpernatant was lyophilized
vielding 60 mg of an off-white powder. The powder wax dix-
solved it 5 ml of O and centritnged and 2 ml of satnrated
aqneons pierie acld was added to the =npernatant.  The pre-
cipitated picrate alt was washed with 11,0 (three S-ml portions),
then =uspended in 3 ml of 1 3 110Ae. Two milliliters (sedi-
mented voluuiel of AG 1 X2 ieetate} jon-exchange resin i Bio-
Rad) was added and the mixture wax stirred nutil all of the pep-
tide pierate had decompoxed.  The alinost colorless =uperiatant
wus passed throngh a 0.4 X X em colmmu of e <amue resin 10
remove laxt {races ol picrie acid.  The resin was wuashed tho-
roughly with 1 3 HOAc.  The colorless solution wax evaporated
in racino at 40° and the residue was lvophilized from 98¢ TOA¢
giving 34 mg of white powder. A =ample hyvdrolyzed fur 72 hr at
0% 10 5.5 .V HCL had the following amino acid ratios: (v 2,17,
Val Log, Ty 0,95, He 0.92, i 0.00, Pro 0.97, Phe 0.06. A 40-
hr aminopeptidase-M712 digest, had Cly 198, Val 104, T'vr 1.0,
e 0.90, Hix 0.00, Pro 1002, Phe 0.95.  ectrophoresiz at pl 18>
showed one =pot, Ky 050 de showed one =pot, K 0.82,
and two =potx, 51 .57 (tvery strong) and Ko 0.68 (faint ..
Spotx were detected with ninhiydein, Panly reagent, chlorination,
and I-pitroso-2-naphthol.#
Gly-Gly-Val-Tyr-Ile-His-Pro-Phe.~-"1'o tlie henzylated pepiide
(400 mg) dizsolved in 40 ml of 505 MeOl and 1 ml of 1TOA¢ wax
added 400 mg of 1007 Pd-C.  The mixtinre was =tirred ander 3
atm of . for 90 hr at room temperatnre. The catalvst wius
filtered olf (filter uidy and washed rapidly with 95¢7 HOA¢, The
filtrate was evaporated  eacao at 40° and the residue was [v-
ophilized from 98¢, HOAe giving 300 mg of white powder.  Oue
milligram was hydralvzed in 5.5 N HCL at 110° for 24 lu. No

208 A B Thowmax awd E. €L Rochiow. /. donee. Chene Soel, 79, 1814
(1957).

(21) K. Hofmanu, 1. M. Fiuu, M. Limetti. L. Montibeller, 410l G Zalerts,
iid., 88, 3633 (1966).

i22) Tt was not possible 1o establishi the steriv puriey of lhe kistidine o
proline residues witli thie samples of aminopeptidase-M nsed,  Degradadon
of Hypertem‘mg (Ciba) under the saine couditions gave similar resnbs
tAsn —, Arg 0.80, Val 2.08, Tyr 1.00, is (.18, I’ro 0.51, PLe 1,150 Far
theer atenbation eaased an wrease i free proline low i deerease i fres loes-
tidite,

24y DL L Niteekiand Jo WL Goodingu, Biockened <Gy, 5. 665 1966,

201 S, P Greenstein aed M. Winidtz, CChranistrys of thie Vmino Nends,
Vol. 111, John Wiley and Sons, lue., New York, N. Y. 1961, » 2353,
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im-benzylhistidine was detectable in the hydrolysate by electro-
phoresis at pH 3.5.

This product (100 mg) was purified in the same way as de-
scribed for the benzyl derivative. The flow rate was 28 ml/hr.
The gradient was started after 18.5 hr (520 ml) and the main peak
was elnted between 980 and 1040 ml. The combined fractions
were lyophilized to give 65 mg. After purifiecation via the picrate
salt there was 45 mg of white powder. A sample hydrolyzed
in 5.5 ¥ HCI at 110° for 72 hr had the following amino acid
composition:  Gly 2.03, Val 1.03, Tyr 0.95, Ile 0.97, His 0.93,
Pro 1.05, Phe 1.00. A sample hydrolyzed for 40 hr with amino-
peptidase-M2* had Gly 2.00, Val 1.10, Tyr 1.00, lle 0.83, Hix 0.33,
Pro 0.41, Phe 0.94. Electrophoresis at pH 1.85 showed one
spot, By 0.57; tle showed one spot, R 0.48, Rnn 0.72; positive
reaction with ninhydrin, Pauly reagent, chlorination,?® and 1-
nitroso-2-naphthol.2

Ac-Gly-Gly-Val-Tyr-Ile-His-Pro-Phe.—To 15 mg of purified
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Gly-Gly-Val-Tyr-Ile-His-Pro-Phe in 2 m! of DMTF was added 0.05
m! of Ac,O and 0.05 ml of Et;N. The solution was stirred for 2
hr at room temperature. A small amount of insoluble material
was removed by centrifugation then 20 m! of Et;O was added to
the supernatant giving a voluminous white precipitate. The
precipitated peptide was washed with Et.O (two 20-ml! portions)
then dried in vacuo over KOH pellets at room temperature yield-
ing 10 mg of an off white powder. Electrophoresis at pH 1.85
showed one spot, Ex 0.30, ninhydrin —, Pauly 4. There was
no detectable free peptide at Ex 0.57 under conditions where
1% could have been detected. A 3-mg portion of the peptide
was dissolved in 0.2 ml of 0.1 M NaOH and kept at room tem-
perature for 30 min to saponify any acety! groups on tyrosine.
The solution was neutralized with 0.2 ml of 0.1 M HCI giving a
gelatinous precipitate. Normal saline eontaining 0.197 poly-
vinylpyrrolidone (20 ml) was added to prevent adsorption on
glass.  This solution was used directly for biological assay.
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Dipeptides synthesized included 1i-cyclopentaneglycyl-g-2-thienyl-L-alanine, g-2-thienyl-r-alanyl-L-cyclo-

pentaneglycine, L-phenylalanyl-r-isoleucine,

and glveyl-i-cyclopentaneglycine.

Cyeclopentaneglveine and

B-2-thienylalanine may be viewed as structural analogs of isoleucine and phenylalanine, respectively. The
effect of the dipeptides on the growth of three organisms, Escherichia coli, Leuconostoc mesenteroides, and Lacto-
bacillus arabinosus, was studied. Under the test conditions, the peptides had greater growth-stimulating or
growth-inhibiting effects than equivalent amounts of the corresponding free amino acids.

Peptides often display unique growth-stimulating
effects in microorganisms.? Other peptides, containing
amino aeid analogs such as 8-2-thienylalanine, may be
more effective growth inhibitors than the free amino
acid analog.? Where an organism was inhibited by a
mixture of 8-2-thienylalanine and oue of its peptides,
the inhibition was more effectively nullified by phenyl-
alanine peptides than by free phenyvlalanine.*

Kihara and Snell® described the “double inhibition”
of Leuconostoc mesenteroides by high levels of L-alanine
and L-leucine. This ‘“double inhibition” was reversed
by the addition of a mixture of glycine and r-isoleucine
and, more effectively, by a single dipeptide, glyeyl-v-
isoleucine. This conecept of “double inhibition” sug-
gested to us the preparation of a dipeptide containing
two amino acid analogs in order to test whether such
peptides would be more effective growth inhibitors than
the constituent free amino acid analogs. The amino
acid analogs chosen were cyclopentaneglycine® and

{1) (a) Presented in part at tlie 48th annual meeting of tlie Federation of
American Societies of Experimental Biology, Chicago. Ill., April 1964.
This investigation was supported by U. X Public Health Service Grant No.
AIO3710 from the National Institute of Allergy and Infectious Diseases.
(b) Part of this work was taken from the M.S. thesis of Jim T. Hill, Uni-
versity of Tennessee, June 1964. (c) To whom reduests for reprints should
be sent: Department of Cliemistry, Abilene Clristian College, Abilene,
Texas 79601.

(2) 8. Shankman, 8. Higa, H. A. Florsheim, Y, Schvo, and V. Gold,
Arch. Biockem. Biophys., 86, 204 {1960).

(3} F. W. Dunn, J. M. Ravel, and W. Shive, J. Biol. Chem., 219, 809
11856).

t4) F. W. Dunn, J. Humplireys, and W. Shive, Areh. Biochem. Biophys.,
71, 475 (1957).

13) H. Kihara and E. E. S8nell, J. Btol. Chem., 288, 415 (1960).

16) (a) W. M. Harding and W. Slive, ibid., 206, 401 (1954);
Hill and 1. W. Dunn, J. Org. Ckem., 30, 1321 (1965).

(b) J.T.

B-2-thienylalanine,” structural analogs of isoleucine and
phenylalanine, respectively.

This report deseribes the synthesis and mierobiologi-
cal properties of wL-cyclopentaneglycyl-8-2-thienyl-L-
alanine, 8-2-thienyl-L-alanyl-L-cyclopentaneglycine, gly-
cyl-L-cyclopentaneglycine, and wL-phenylalanyl-L-iso-
leucine.

Experimental Section®

Peptide synthesis employed standard coupling and deprotection
procedures.? The following compounds tised in the present work
were prepared earlier in this laboratory: vr-cyclopentaneglycine,
carbobenzoxy--2-thienyl-L-alanine, carbobenzoxy-L-phenylala-
nine, carbobenzoxy-L-isoleucine, g-2-thienyl-L-alanine methyl
estet hydrochloride, L-phenylalanine methyl ester hydrochloride,
L-isolencine methyl ester hydrochloride, carbobenzoxyglycine,
glycyl-L-isoleucine, glyceyl-L-phenylalanine, glycyvl-g-2-thienyl-pi-
alanine, and r-isolencyl-L-phenylalanine.

Carbobenzoxy-L-cyclopentaneglycine (I).—To a solution of
4.45 g of rL-cyclopentaneglycine (31 mmoles) in an equivalent
amount of 2 N NaOH were slowly added, with stirring at 0°,
6.39 g (36 mmoles) of carbobenzoxy chloride and 18.5 ml (37
mmoles) of 2 ¥ NaOH, maintaining a pH of approximately 8.
The product obtained upon acidifying the reaction mixture was
purified by dissolving in ethyl acetate, extracting into 0.5 M
KHCO;, and reprecipitating with HCl; yield 6.8 g (85%), mp

(7) V. DuVigneaud, H. McKennis, Jr., 8. Simmonds, K. Dittmer, and
G. Brown, J. Biol. Chem., 189, 385 (1945).

(8) All melting points were determined on a Fisher-Jolins melting point
apparatus and are uncorrected. The elemental analyses were performed by
Galbraith Laboratories, Knoxville, Tenn. Where analyses are indicated
only by the symbols of the elements, analytical results obtained for those
elements were within =0.49; of tlie theoretical values. Tle authors grate-
fully acknowledge the teclinical assistance of Miss Sansern Tangchal and
Miss Pranee Limdhamarose in carrying out tlie microbiological assays.

(9) (a) M. Bergman and L. Zervas, Ber., 6§B, 1192 (1932);: (b) J. R.
Yaughan, Jr.. J. Am. Chem. Soc., T8, 3547 (1951); (c) D. Ben-Ishai, JJ. Ory.
Chem., 19, 62 (1954).



