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Synthesis and Antibacterial Properties of Some Tripeptides'
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The antibacterial nctivity of tripeptides of the hydrophobic amino acids, valine, isolencine, alloisoleucine,
leucine, cycloleucine, and phenylalanine, was found chiefly in peptides of the composition L-valyl-r-valyl-o-

amino aeid.  Several synthetic paths for the free peptides were cvaluated.
benzoxy tripeptide esters to disubstituted ureas took place during saponification.

A rearrangement of some carbo-
Tagged v-valyl-L-valyl-

valine was prepared from Z-1-valine-C'* and 1-valyl-v-vuline benzyl ester with carbodiimide coupling and hydro-

genolysis.

This sequence is generally applicable for the synthesis of radioactive peptides.

The synthesis and

properties of nine tripeptides and vurious intermediates are given.

In studies of structure of small peptides and their
antibacterial activity,® it was established that only
L-valyl-L-valyl-p-valine of the eight stercoisomers of
trivaline inhibited the growth of Pediococcus cerevisiac
and Lactobacillus plantarum.  Substitution of any
valine residue by leucine substautially destroyed iu-
hibitory activity for L. plantarum.® Of the seven leu-
cine homologs, only valyl-valyl-leucine possessed sig-
nificant activity for . cerevisiac. Substitution of the
p-valine residuc by several amines also led to loss of
activity. However, N4-(valyl-valyl)-sulfanilamide wax
highly effective against these organisms. Its mode of
action was quite different from sulfanilamide itself .4

At present, we report the synthesis of tripeptides of
isoleucine, alloisoleucine, cycloleucine, valine, and
plienylalanine together with the relation of structure
to antibacterial activity. Shown in Table I are the
comparative antibacterial properties of several pep-
tides of the rL-L-n configuration. FEffective peptidic
inhibitors of P. cerevisiae are the valyl-valyl-p-amino
acids, where the p-amino acid may be valine, leucine,
isoleucine, or alloisoleucine among others. These
peptides also inhibit L. plantwrum at about 10=* 1/,
but at 102 or 1072 3/ the latter three peptides stimulate
growth. Of the other 1-L-n tripeptides, only isoleucyl-
valyl-valine was an effective inhibitor of growth.
Other substitution of the N-terminal valyl-valine por-
tion of either trivaline or val-val-sulfa® led to loss of
inhibitory ability. The tetrapeptide val-val-val-val
(L-L-L-» and L-»-L-D) was 0.05 as active as the tripep-
tide for L. plantarum and about 0.2 as active for /.
cerevistae.  Of several peptide antibioties (Table 1I),
only Actinomycin D was much more inhibitory than the
active r-1-Dp tripeptides for [P, cerewisiae. For L.
plantarum, the peptide antibiotics were cousiderably
more active than trivaline and of the same order of
magnitude as val-val-sulfa. It appeanrs that the struc-
ture of tripeptides which inhibit growth is highly
specific. Tt is noteworthy that the isoleucine tripep-
tide was substantially inactive.

The marked structural specificity for inhibitory prop-
erties reseinbles the specificity of carbohydrate structure

(1) This wark was supported Ly Crants CY-4318, CY-3604, and 12-1883
«f the Nutional Institates of Healtl.

(2 (») 8. Shankinan, 5. Higa, and V. Gold, J. ‘D, Chenr, Soc., 82, 990
(60 (L1 & Shoadkvaa, Vo Godd, and 8. Higa, Teras Rept. Biol., Med., 19,
458 (1060).

C4) 8. Stmnkman and S Mige, L Dhaere Sed, 81, 187 (191027,
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100, 131 (1463).

(7 SuMa = suawdlindde; %2 = curbobenzosy:;  Adea = alaisoleucine:
cye =oeyeloleneine; OBz o= henzyl ester; wae) OMe = methyl ester.

Othierwise, strndard abbreviations hiove Liven wsed.

Tapre 1
REramve INIBITORY ACTIVITY OF 1-1-D TRIPEITIDES

' cererisioe Lo Madoriom
Val-vad-val 10" b
Val-val-ilen 0.7 FLO-0. 0 =80
Val-val-alen T F0-0.05 =277
Val-vul-len N 0.7
Val-val-cye 0l =
Heu-ilen-ileu (2 =
Heu-ileu-val Nib} =
Heu-val-val B (.30 01 %7
Len-leu-leu U6 =
Leu-leu-val 0D =
Leu-val-val Ol =
Phe-phe-phe N =
Met-met-met 3 Il
N#-(val-val-sulfa (1,10) 207 100 ¢’
N-(eve-cye)-sulln N 0.)

* Concentration at which growth is redueced 300 (1D was
0.5 X 10743 Lt 10+ M. »1Dy = 0.6 X 1077 3. " These
compounds inhibited well at low concentrations of iuhibitor, 0.5
X 10~ A7, but at 1073 and 107 M hecame less effective nnd
stinmlated growth, ¥ N = no e¢ffeet, 8 = stimudation. " Sec
ret. 3. ¥ Sce ref. L

TapLe 11
RiLaTive InmBrTory Acrtiviry””

JARRTYTRIVIC Lo pdavednriem
L-Val-r-val-n-val 1.0 1.0
Val-lys-len-v-phe-pro 2.0 201

1 1
pro-v-phe-len-lys-val
{ Lysine analog of Gramicidin 2)
Gramicidin 1) N SU0.0

Gly-phe-leu-glyv-phe-len t-v,-p00 <002 0.0
—_— (L) <002 <0
Fe Gy GymLy ) <0.02 < 04

Penicillin € 210 >100.0
Actinomyein ) > 100 > 100 1)
Actinomyein Py <01 SN

« Weight basis. @ Gther neninhibitory peptides were len-phe-
pro-OMe (1.-p-1), val-tyr-val-his-pro-phe (1-v-1-1-1-1, his-len-
len-val-tyr-ser-OMe (all 1), pro-phe-his-OMe (all 1), a-hydroxy-
isovaleryl-val-leu (1-p-b, D-L-1,, -b-D, all tested separately), and
valyl-O-glveocoll beuzyl ester.

and uptake i fscherichia coli,* in which the presence of
specific uptake mechanisms or permeases was postu-
lated. From other evidenece.” we have suggested that
L-valyl-L-valyl-p-valine binds or modifies sites ncces-
sary for amino acid uptake. The present findings of
specific structure support this view,

ity G N Cohen wned J, Maonod, Bactesinl, frer,, 21,0 LG8 (105750
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The carbobenzoxy tripeptide methyl esters containing
isoleucine, alloisoleucine, valine, phenylalanine, and
cycloleucine (1-aminocyclopentanecarboxylic acid) were
readily obtained by mixed anhydride® or carbodiimide
coupling.® These peptide esters saponified very slowly
for the most part as compared to the dipeptides.'®
Generally they did not react with hypochlorite-KI-
starch to give a test for the peptide bond. Since these
properties are characteristic of peptides of the amino
acids which have a 3 to 6 carbon R group it is apparent
that the hydrocarbon character of the R group de-
creases the reactivity of the Z-tripeptide esters towards
aqueous reactions.

In addition to a decreased rate of saponification,
determined by isolation of carbobenzoxy tripeptides,
the carbobenzoxy tripeptide esters could not be re-
covered in high yield or good purity from saponification
trials. A saponification experiment at 60° for 24 hr.
on a model tripeptide, carbobenzoxyeycloleucyl-cyclo-
leucyl-p-valine methyl ester (I) gave as principal
product II, N!-(cyclopentyl-1-carboxylic acid)-N2%-
(cyclopentyl-1-carboxyl-valine)-urea. Racemization of
the C-terminal-p-valine did not occur.

C:H:CH,OCONH CONH CONHCHCOZCH8

é é (CHa)ZCH

HO,C_  NHCONH CONHCHCOZH

Eﬁ é (CHs)ZCH

A corresponding rearrangement of carbobenzoxy
dipeptides containing a C-terminal glycine ethyl ester
has been reported by Maclaren!! and discussed by
Anderson.!? It may be noted that «-hydrogen is not
involved. Strangely enough, carbobenzoxy-valyl-
valyl-cycloleucine methyl ester was readily saponifiable
in tetrahydrofuran and aqueous base. Two other tri-
peptides containing N-terminal carbobenzoxy-valyl-
valine could also be obtained by saponification, although
with more difficulty. Carbobenzoxy-phenylalanyl-
phenylalanyl-phenylalanine was similarly obtained in
low yield.

The benzyl ester of the C-terminal dipeptide was
useful in obtaining free tripeptides, especially in micro-
synthesis of radioactive tripeptides or in those cases
where the carbobenzoxy dipeptide benzyl ester could be
cleaved preferentially by a short-period reaction with
hydrogen bromide in glacial acetic acid to give a dipep-
tide benzyl ester hydrobromide. In some cases, car-
bobenzoxy aund benzyl groups were removed simul-
taneously. The dipeptides were re-esterified with
benzyl alecohol and p-toluenesulfonic acid to give high
vields of the dipeptide benzyl ester tosylates. The
sodium salt of the C-terminal dipeptide moiety was
useful in other cases. However, the Z-amino acid and
Z-tripeptide had similar solubilities. Although the
presence of Z-amino acid resulting from decomposition
of the mixed anhydride was not detectable by nin-

(8) J. R. Vaughan and R. L. Osato, J. Am. Chem. Soc.. T4, 676 (1952).

(9) J. C. Sheehan and J1. J. Hlavka, J. Org. Chem., 21, 439 (19586).

(10} 8. Shankman, 8. Higa, F. Lew, and M. E. Roberts, J. Med. Pharm.
Chem., 5, 42 (1962).

{11} J. A. Maclaren. Australian J. Chem., 11, 360 (1958).

(12) G. W, Anderson. Ann. N. Y. Acad. Sci., 88, Art. 3, p. 676 (1960).
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hydrin or hypochlorite-KI-starch sprays, the free
tripeptide prepared in this manner at times contained
the free N-terminal amino acid, limiting the utility of
this procedure.

Early in this study, several carbobenzoxy tripeptide
methyl esters were made by the 2 + 1 sequence now
known to be prone to racemization on the C-terminal
amino acid of the dipeptide.®!? The N-terminal
dipeptide moiety was carbobenzoxy-L-valyl-L-valine.
L-Valyl-L-valyl-p-isoleucine of satisfactory optical pu-
rity was obtained, whereas the L-valyl-L-valyl-p-phenyl-
alanine methyl ester was significantly racemized.
These data suggest that the entering amine plays a
significant role in the stereochemistry of the resultant
peptide, which we have observed previously.* These
and other esters have proved useful in a study of the
binding of the L-valyl-L-valyl-p-valine by P. cerevisiae.”

Experimental

A. Amino Acid Benzyl Ester Tosylates.—p-Isoleucine benzyl
ester tosylate and other benzyl ester tosylates were prepared
from p-amino acids, containing less than 0.39 of L-amino acid,
by the azeotropic distillation procedure,!® with yields from 85—
969, after 20 hr. reflux.

III. p-Isoleucine Benzyl Ester Tosylate.—m.p. 149°, lit.!3
m.p. 153-154° for L.

IV. bp-Valine Benzyl Ester Tosylate,—m.p. 159°, lit.!3 m.p.
158-160° for L.

V. p-Alloisoleucine Benzyl Ester Tosylate.—m.p. 164-165°,
lit.}3 m.p. 162-164° for p.

VI. Phenylalanine Benzyl Ester Tosylate.—m.p. 144.5-145°,
lit.!'* m.p. 170.5-171.5° for L.

They were chroniatographically liomogeneous in pyridine-
isoamyl alcohol~water 35:35:30 [PIW]. Employing bacteri-
metric assay after hydrolysis, less than 0.39 of vr-ileu was found
in p-aleu ester, and less than 0.39; L-val in D-val ester. In
contrast, the p-phenylalanine had racemized about 909;.

B. Carbobenzoxy Dipeptide Benzyl Esters by Mixed An-
hydride.®—Twenty mmoles each of carbobenzoxyamino acid and
triethylamine were dissolved in methylene chloride and the solu-
tion cooled to —10°. Twenty mmoles of ethyl chlorocarbonate
was added with stirring and anhydride formation occurred. To
the solution at —10° was added 21 mniwoles of amino acid benzyl
ester tosylate in methylene chloride which had been neutralized
with triethylamine. The temperature of the reaction mixture
was allowed to rise slowly to room temperature and remain there
for 5 hr. After washing with water, dilute HCI, water, 59
K.CQ;s, and water, the niethylene chloride solution was dried
with sodium sulfate. The solvent was removed on the rotary
evaporator and the residue was dried in vacuo. Crude yields were
from 50 to 909;. Other compounds were similarly prepared.
The compounds were recrystallized from ethyl acetate-water
(90:10), hot ethanol, or chloroforni~—petroleum ether one or more
times. The following compounds were prepared in this manner.

VII. Z-v-ileu-p-ileu-OBz, crude vield 939;, m.p. 131-131.5°,
[a]D +5.5° [¢ 2in DMSO (dimethyl sulfoxide)]. Anal. Caled.
for Cg',HssNQOf,I C, 6()1, H, 772, N, 5.99. Found: C, 690,
H,7.53; N, 6.25.

VIH Z-L-val D-ileu-OBz, crude yield 479, m.p. 141-141.5°,
l[alD +11.9° (¢ 2, DMSO). Anal. Caled. for CwH3Na0s:
C, 68.8; H, 7.55; _\',6.16. Found: C, 69.0; H, 7.29; N, 6.20.

IX. Z-v-ileu-p-val-OBz, crude yield 789, m.p. 136-137°,
[alp +7.6° (¢ 2, DMSO). A4nal. Caled. for CueHuN.Os:
C,68.8; H,7.535; N,6.16. Found: C,68.8; H,7.32; N, 6.16.

X. Z-r-val-p-val-OBz, crude yield 78%, m.p. 145-146°,
[a]p —6.4° (¢ 2, chloroform). Anal. Caled. for CosHjzN2Os:
C,68.2; N,7.31; N,6.25. Found: C,68.7; H, 6.85; N, 6.35.

XI. Z-v-val-p-aleu-OBz, crude yield 789, m.p. 131-132°,
l[e]lp 4+10.0° (¢ 2, DMSO). Anal. Caled. for CoeH3N:Os:
C, 68.8; H, 7.55; N, 6.16. Fwund: C, 69.0; H, 7.51; N, 6.16.
Reaction solvent CHCl;.

(13) {(a) J. D. Cijrera and R. B. B. Niclolls, Chem. Ind. (London), 16
(1955); (b) J. P. Greenstein and M. Winitz, ""Chemnistry of the Aiiino
Acids," Vol. 2, John Wiley and Sons, Inc., New York, N, Y., 1961, p. 941.
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C. Dipeptide Benzyl Ester Hydrobromides. XII. L-Val-
n=val-OBz-HBr.—Z-vL-val-p-val-OBz (1 g.) was dissolved in about
4 ml. of 4 N HBr in glacial HOAe und let stand 20 min. at room
temperatire.  Two hundred ml. of ethyl cther was added.  Crys-
tals appeared at 1 hr. Crystallization was allowed to proceced
in the cold; vield 88%, m.p. 183-185°, la]lp +55.9° (¢ 2, water?,

el Caled. for CsHsBeNOq: ), 52.6; H, 7.00; N, 7.22.
Found: C,52.2; H, 7.17; N, 7.3

It was chromatographically homogencous in butanol-water—
acetic acid 90:30:10 [BAW] and in PTW,

XIII. vr-lIleu-p-val-OBz-HBr was prepared similarly, allowing
the reaction to proceed until the evolution of gas was complete.
An oil was obtained which was triturated with 1:1 ethyl ether-
sopropyl ether,  Crystals formed, m.p. INT.5-188°, vield 557,
ta]v +33.8° (¢ 2, water), chiromatographically homogencons.

Aowd. Caled. for CisHeBrNLOq: C, 5200 H, 7.20: N, 6.05.
IFound: ¢, 33.3; H, 7.21; N, 6.04.

The re-val-p-aleu-OBz was obtained by reaction with HBr
in dioxane.  After removal of dioxane and excess HI3r, the com-
pound was precipitated by ncetone and ether. Tt was homo-
geneons on chromatography with detection by ninhydrin and
NaOCl-IK]-starel but had o second component visible on the
ultraviolet sereen:  probably nnreacted materinl. Carboben-
zoxy-L-val-phe-OBz reacted with HBr in glacial acetie acid until
gis evolution ceased, giving an impure mixture of ester and free
peptide identified chiromatographically.  Rince removal of 7 and
lrenzyl was essentially quantitative on hyvdrogenolvsis with Pd/H.
and the re-esterification also took place in 9507 vield, the use of
HBrin glaeinl ncetic acid or dioxane was not pursued further.

D. Dipeptide Hydrochlorides.—Te¢n nunoles of Z-dipeptide
benzyl ester wns dissolved in methanol. Twelve mmales of
agqueons HCL aud 106 by weight of catalyst (either 5 or 10
palladimn on charcoal) was ndded.  Hydrogen was passed in at
atinosphieric pressure until no further evolntion of CO. ocarrred.
The catalyst was filtered aud the methanol removed by evapora-
tion in racvo.  After flushing with ncetone, preeipitation oceurred.
The compounds were freed of moisture and excess HCL by re-
pented flushing with acetone and finally ethyl ether.  Yields were
D0-054,.  The peptide hydrochlorides were ciromatographically
lrnnogeneons in the BAW and PIW systems. The following
compournds were prepared in this manner.

XIV, rL-Val-p-ileu-HCl, m.p. 259°, [a]p 4+36.5 (¢ 3, DMSO),
dnals Caled. for CHaCIN:Oq: €, 4045 H, 8725 N, 104,
FFound: C, 49.7;, H, 8.84; N, 10.23.

XV, wi-Val-p-aleu-HCl, n.p. 24:.5-247.53°;, [a]p +3K8.9°
(e 3, water).  Anael. Caled. for CHoCIN.Oy: €, 40.4; H,
N.720 N 105, Found: G, 49.6; H, 8.50; N, 10.5,

XVI. v-lleu-p-ileu-HCl, m.p. 2063.5°; [e]p +39.9° (¢ 3,
watery.  Aned. Caled. for CpoHesCINaOy: C, G104, H, 0.02; N,
10.0. Found: €, 51.4; H, 8.86: N, 9.4,

L-Val-p-val- HCl, in.p. 251-252°, [ajp +39.6° (¢ 3. DMSO;
jalv +350.5° (¢ 1, water); 1it.* [a]v 4+51.1° in water,

E. Dipeptide Benzyl Ester Tosylaies from Dipeptides.---
Yichls were 86-9867 for the following compounds prepared as
i A, They were reeryvstallized from methanol-ether when
necessary,  They were chromatographieally pure in the PIW
svaten,

XVIL. 1.-Val-p-aleu-OBz Tosylate, v1.p. 226-228" [xln +23.67
te 3, DMRO). dnal. Caled. for CuHuNLOeS: N, 580, Found:
N 3.70.

XVII. 1-Val-p-val-OBz Tosylate, u.p. 246.5-248° T«|D
+32.7° (¢ 2, methanol). dAna/. Caled. for CuHgN2063:
C, 00.3; H, 7.18; N, 5.85. Tound: C, 60.6; H, 7.45; N, 5.32.

XIX. r-lleu-p-ileu-OBz Tosylate, n.p. 242-2425°, lalv
+28.1° (¢ 2, methanol). Anal. Caled. for CusHzNaOgN:
C,01.7; H,752; N, 35.54. Found: C,61.4; H, 7.4%; N, 5.2.

F. Z-Tripeptides o Sodium Salt Procedure.—Into 1.04 g.
(4.1 mnoles) of Z-r-val and 0.404 ¢. «f triethylaiine in dioxane
cooled ta 0° was stirred 0.43 g. of ethyl chlorocarbonate.  After
20 min. at 0°, 1.1 g. (4.1 mnolesi of 1-val-p-ileu-HCl in cold
50:50 dioxane—water containing 8.8 nunoles of NaOH was added
with stirring. The mixture was allowed to reach roon tempern-
ture slowly and stood overnight.  After evaporation to dryness
a1nd suspension in water, the acidie suspeusion was neutralized
with 2V NaQH.  The aqueons mixtnre was extracted with ether,
chiarcoal treated, filtered, and aeidified with HCL to pt1 2. The
carbobenzoxy tripeptides preeipitited ont. They were recrys-
tallized from hot acetone-petrolenin ether,  Yields for this and

b S Shgnkiian and Y. Selnvo, S Do Chede. Soa,, 80, 1164 (1938,

c MaxiNeng axp W Now
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other homologs were about 509, ‘The following componnds were
prepared in this way.

XX. Z-Val-val-ileu {(1,L,0), n.p. 224-225°, el —6.77 i
20 DINSO Jpal, Caled. for CoHpNaUs:r O, 62.2: 1, S.05;
N, 00N Foond: O, 6225 H, S.03; N, 025,

XXI, Z-Val-val-aleu (1,10}, m.p. 222-224% 1ajn — 11
¢ 2, DMRO), el Caled. for CoHaNaOg 06220 11,
S5 N,0.080 Fonnd: O, 6205 H, 7020 N, 0008,

XXIL.  Z-Tleu~val-val {1,1,07; this componnd was recrvstallized
fron acetone, then chloroform-peirolenm ether, m.p. 224 225°,
felp —95° 10 2, DMSOL teel. Cided. Tor Co e N
L6220 HL,=00:0 No0os Fonnd: C 6ET; H, 7450 NyNTR

These eompounds were uot examuted for ehromatographic
purity since the Z-nmino acid, the most likely impnrity, is not
detectable by ninhvdrin.

Z-Vid-val-val (o0 similarly prepared o 8537 viell and
reerystallized Trom ethanol-water contained valine whicli was
devenstrated by elirnatography after hydrogenolysis.  When
a0 osecond preparation of Z-val-val-ilen alse contained Z-valine,
similarly detected, the methad was veplaced by the benayl ester
procednre given in 11,

G. Tripeptide Irom Z-Tripeptides.--Compainds NN, XX,
NN were submitted to hydrgenolysis ag in D Yields were
about 9077, When net white, they were treated with chavcoal,
Reerystallization was irom methaned-isapropyl ether or water
othanol,  They were chromatographically homogencons in bath
svatems  after  rveervstallizatiom,  Foro ilen-val-val, HCL was
rnitted during hydrogenolysis,

XXIII.  Val-val-ileu- HCl (1,150;, nip. 175°%, solidilies 225
with decamposition, melts 238-240°, [a]n —5.27 e 2, watert,
al, Caled. for CuHy N0 HCL G, 92050 H, S N, RO
nent, cquiv, 3660 evad, 640000 Poand:s ¢, 52,00 L Ssh
N RS nent. egniv, 3t6s; w-val, 5760, .

XXIV. Val-val-aleu-HCI-H;O (1,,0, 1p. 176 178° {4jo
—5.4% (e 20 wateri: faty TR (e 3, DIMSOL el Caled.
T CreHaN:O - HCH 1.0 ¢, 5020 1L 805 N LY nent.
cyniv. 384; t-val, 6107, Found: €, 40.8: H, 851 N, TEHS:
nent. equiv, 372 L-val, 65,47

XXV. lleu-val-val-H.O {L,L,n%, m.p. 222-223°, iwip —35.1°
te 2, waters, el Caled, for Culdn N0, - HaO0 € 5501
H, 0.5%; N, L1 nent. equiv. 347, v-val, 33800 v-dlew, 578100
Found: C, 76.0: H, 047, N, LN, nent. equiv. 37H L-val,
328000 etlen,y 96017,

H. Z-Tripeptide Benzyl Esters.—These were made as in B
from  carbobenzosy-t-mning acid and  dipeptide benzyl ester
tosylates.  The ermupounds were reervstallized from acetone -
cther, hot ethauol, or 7077 ethanol.

XXVI, (a} Z-Heu-val-val-OBz (L,L,0, vield 770 mp. 1045
195°, folp ~2.1° v 2 DMSOL el Caled. for Cyliy-
NaO: C, Gt M, T80 N AR Fonnd: CoGrg L 804
N, TAR.

XXVIL. (b: This was also made cmploying o water-solnble
carbodiimide, — F-eyclohiexyl-3-(2-morpholinyl-(4)-cthyll  earbo-
dilmide vetho-p-tolnenesulfonate.  The uren preeipitated from
renction mixture,  Yield 6607 of Jawer purity waterinl, np.
186.5--187.5°. N = 7.23.

XXVII. Z-Val-val-val-OBz (i,1,0;, vield 857, nip. IS6.5
IN7.0°, Tl F18.2° e 2, chlorofarmy. cdad. Caled. for
CoHoNOw Cot6.70 11 7687 N, 7080 Found: ¢ 6701 11
RGN, TN

XXVIII. Z-Heu-ileu-val-OBz (1,1,Dj, vield 71", m.p. 195.5
196.5°, [a]v —3.8° (¢ 2, DMSOL gl Caled, for CoeHaN2Oe:
C.67.6; H,8.00; N, 7.40. Found: C,67.6; H, 8.0 N, 7.47.

XXIX. Z-Tleu-ileu-ileu~OBz (L,L,b} prepared asin XXV (e,
Yield 6687, vip. 186.53-187.5°, [aln —4.0° (¢ 2, DMSO bnal.
Culed. for CpHeN O C, 6820 H, S8 N, w220 Fad:
C NS Hy 851 N, .

1. Tripeptides from Z-Tripeptide Benzyl Esters.—Hydrogen-
olysis ns in D was nsed for the following compeounds.  Yields
were 85-90C; . Ou evaporation of the iethanolic HCI solutions
of free tripeptides, esters were frequently found, as determined by
chromatography.  Re-esterification of the tripeptide takes place
readily during voom temperatire evaporation of the methanoliv
HCI solntions. 1t was avoided by wddition of water before con-
centration.  Hydreogen romide in glacial acetic acid did nat
remave the emrbobenzosy gronp guantitatively in a single trial,
althomgh COyevolntiom had ceased. The matter was not pirsied
further.

XXX. lleu-ileu-ileu-HCI {1,101, np. 234-235°, [wfn 0.3

= U0.5% 062, water.

D
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Anal. Caled. for C;sHsN3;04-HCl: C, 55.0; H, 9.14; N,
10.7; neut. equiv., 394; vr-ileu, 66.6%. Found: C, 55.6; H,
0.13; N, 10.45; neut. equiv., 393; L-ileu, 66.8%.

XXXI. Ileu-ileu-val-HCI (L,L,0), m.p. 226-227°, [«]D +4.6°
(¢ 2, DMSO).
Anal. Caled. for Cl7H33N304‘H01: C, 538, H, 9.05: N,

11.05; neut. equiv. 380; rL-ileu, 69.09,; r-val, 0.09;. Found:
C, 53.1; H, 8.81; N, 11.1; neut. equiv. 381; 1-ileu, 63.3%; L-
val, 0.4%,.

The amino acid values have not been corrected for racemization
during hydrolysis.

J. Phenylalanine Tripeptides and Intermediates. XXXII.—
Z-Phe-phe-OMe (1,p) was prepared from Z-1-phe and p-phe
methyl ester by the mixed anhydride as in B with chloroform as

solvent., Yield 769;, m.p. 141-143.5°, [«]p +21.8° (¢ 2,
DMSO).
Anal' Calcd' fOI‘ CQ7H25N205: C, 704, H, 613, N, 6.08.

Found: C,70.4; H, 5.98; N, 6.10.

The p-nitrophenyl ester procedure gave similar yields but low
melting material. Dicyclohexyl carbodiimide coupling gave
material melting at 145-146.5°.

XXXII, The dipeptide XXXII was hydrogenated as in D
and recrystallized from methanol-ether to give L-phe-pD-phe-
OMe-HClL.  Yield 939, m.,p. 182-184.5°, !alp —41.0 (¢ 2,
CHCIL;). Anal. Caled. for C HxN.0;-HCl: C, 63.0; H,
6.39; N, 7.77; neut. equiv. 361. Found: C, 62.7; H, 6.19;:
N, 7.48; neut. equiv. 361.

XXXIV, Z-Phe-phe-phe-OMe (L,L,0).—This tripeptide was
prepared from Z-phe and r-phe-p-phe-OMe by mixed anhydride

in CHCl;. It was recrystallized from tetrahydrofuran and
petroleum ether. Yield 769, m.p. 199-200°, [a]D +3.0 (¢ 2,
DMSO). Anal. Caled. for CyHuN;0s: C, 71.2; H, 6.16;
N,6.91. Found: C,71.1; H, 6.49; N, 6.92.

XXXV, Z-Phe-phe-phe (1,L,0).—XXXIV (1.5g., 2.5 mmoles)
in 200 ml. of tetrahydrofuran and 2.7 mmoles of aqueous N
NaOH were allowed to react for 16 hr. at room temperature.
The residue, after solvent removal, was extracted into water, then
CHCl;. The aqueous phase was acidified to congo red with
HCl and XXXV precipitated out. Crude yield 409, m.p.
200-205°,  Recrystallization from methanol gave crystals.
Final yield 209, m.p. 209-211.5°, [a]lDp —17° == 209 (¢ 0.18,
D:\ISO) Anal. Caled. for Cs5H35N305! C, 708, H, 5.95; N,
7.08. Found: C, 70.6; H, 6.17; N, 7.01.

Recovered unsaponified from CHCI; was 0.45 g. or 30%.

XXXVI. Phe-phe-phe-HC1-2H,0 (1,1,0).—(a) XXXV (0.28
g.) was hydrogenated as in D. After catalyst removal and sol-
vent concentration, XXXVI was precipitated from solution with
ether in the cold. Yield 609, m.p. 198-201°, [a]lD —12.9°
(C 2, N HCl) Anal Calcd. fOI‘ Cz7H29N304'HCl'2H203
C, 60.8; H, 6.28; XN, 7.90; neut. equiv. 532; L-phe, 62.0%.
Found: C, 62.5; H, 6.08; N, 7.65; neut. equiv. 540; L-phe,
61.19,.

The r-phenylalanine was determined after 8 days hydrolysis
in 4 N HCI at 116°, sealed, corrected for racemization on hy-
drolysis.

The compound had 0.4% sodium by flame photometry. The
neutral equivalent, determined as in Q, was corrected for the
sodium. XXXIIT and XXXVI were chromatographically
homogeneous in the BAW system.

(b) Phe-phe-phe-OMe-HCl prepared by hydrogenolysis of
XXXV was saponified in the manner used for valine tripeptide
methyl esters.!* It was suspended in 0.5 N KOH and kept at
37° for 2 hr. The unreacted material was removed by filtration,
and upon acidification to pH 5.2, a gel precipitated. It was
filtered and dried, m.p. 244-245°, Chromatography gave mate-
rial with one ninhydrin spot and two NaQCI-KI-starch spots.
The slower starch spot also gave a strong ultraviolet spot. Three
products, then, resulted from saponification of the tripeptide
ester, namely free tripeptide, and two possible polymers of un-
known length. These products were separated on IRC-50
resin by 0.1 N HCl but were not further identified.

K. Peptides of Cycloleucine, N4(Z-Cyc-cyc)-sulfanilamide.
XXXVII.—Z-Cyc-cyc (0.025 mmole), m.p. 186-188°, reported
184-185°,101n 100 ml. of cold ( —5°) tetrahydrofuran were coupled
via the anhydride as in B. XXXVII precipitated in part. The
entire mass was taken to dryness (crude yield 93%), and washed
ag in B employing trituration. The wide melting solid was only
slightly soluble in chloroform, toluene, ether, ethyl acetate, or
acetonitrile. It was washed with warm acetone. The acetone
insolubles were recrystallized from methanol-ether. Yield
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549, m.p. 248-251°, needles. Anal. Caled. for CoeH3N:O6S:
C, 59.0; H, 6.06; N, 10.6, S, 6.06. Found: C, 59.4; H, 6.41;
N, 10.4; §, 6.35.

XXXVIII. N4(Cyc-cyc)-sulfanilamide.,.—Compound XXXVII
was suspended in methanol and hydrogenated as in D, with-
out HCL On hydrogenolysis, solution occurred. On evap-
oration of methanol, needles precipitated, yield 609%. They
were recrystallized from niethanol-ether, m.p. 250-252°,

Anal. Caled. for CisHyN,OSS: C, 54.8; H, 6.64; N, 14.2;
S, 8.13; neut. equiv. 394; Sulfa, 43.8%. Found: C, 54.7;
H,6.96; N, 14.3; S, 8.07; neut. equiv. 399; Sulfa, 41.8%.

Sulfanilamide was determined by the Bratton-Marshall pro-
cedure.1s

XXXIX, Z-Cyc-cyc-p-val-OMe.—This compound was pre-
pared via the mived anhydride from Z-cyc-cyc as in B, with
chloroform as solvent. It was precipitated from a small volume
with petroleum ether and recrystallized from methanol-water,
yield 619; m.p. 152-153°; [a]D +23.7° (¢ 2, DMSO).

Anal. Caled. for CossHuN:Os: C, 64.0; H, 7.66; N, 8.62.
Found: C, 64.3; H,7.29; N, 8.47.

XL. Cyc-cyc-p-val-OMe- HCL—XXXIX was hydrogenated
as in D, with additional catalyst added after gas evolution had
ceased. After solvent removal, some ninhydrin-positive material
was found. The residue was dissolved in carbonate buffer and
extracted with ether. The aqueous phase was re-extracted with
ethyl acetate. The residues from the ether and ethyl acetate
extracts were both chromatographically homogeneous by the
peptide bond test and free of ninhydrin-positive material. The
amino group of cycloleucine does not give a ninhydrin test.
After conversion to the hydrochloride by aqueous HCI, the com-
pound was recrystallized from methanol-ether, m.p. 166.5-167.5°,
[a]D +27.1° (¢ 2, water).

Anal. Calcd. fOI‘ ClsH31N304'HCIZ C, 554, H, 83, N, 108,
neut. equiv. 390. Found: C, 54.9; H, 8.63; N, 10.7; neut.
equiv. 393.

XLI, Z-Val-val-cyc-OMe (1L,L,~).—L-Val-cyc-OMe was pre-
pared from Z-1-val-cyc-OMel® by hydrogenolysis as in D, with-
out HCl. Some diketopiperazine val-cyc was obtained, which
was insoluble in ether, The desired dipeptide ester was soluble
in ether. The tripeptide XLI was prepared in 789, yield by
coupling Z-1-val with L-val-cyc-OMe as in B. It was recrystal-
lized from chloroform and petroleum ether, m.p. 180-182°;
[a]p —44.1° (¢ 2, methanol).

Anal. Caled. for CisHuN:Os:  C, 63.0; H, 7.82; N, 8.84;
L-val, 48.1%. Found: C, 63.4; H,8.00; N, 8.80; r-val, 46.9%.
XLII. vr-Val-v-val-cyc-HOAc-2H,0.—Saponification of XLI

in methanol for 16 hr. gave a low yield of Z-tripeptide. Saponi-
fication in tetrahydrofuran gave the Z-tripeptide in 859, yield,
m.p. 110-112°. The Z-tripeptide was hydrogenated in acidic
methanol as in D and gave material with two ninhydrin-positive
spots on chromatography. Since recrystallization did not
eliminate one spot, multiple full-sheet chromatography was used
to separate the compounds. After elution, HCI was removed by
passing the peptide hydrochloride through IR-45 resin. It was
converted to the ncetate and recrystallized from methanol-
ether. The compound stood for several months prior to analysis.
It analyzed as a dihydrate; m.p. 125° dec., [«]lD —35.4° (c
2, glacial acetic acid).

Anal. Caled. for C16H29N304-HOA0-2H20: C, 510, H,
8.79; N, 9.94; neut. equiv. 423; L-val, 55.49%. Found: C,
50.5; H, 8.40; X, 10.1; neut. equiv. 416; L-val, 55.0%.

M. Carbobenzoxy Tripeptide Methyl Esters from Z-Dipep-
tides.—The Z-dipeptides, Z-i-val-L-val, Z-i-ileu-r-ilew, or Z-1-
ileu-L-aleu were coupled as in B with a p-amino acid ester. The
Z-dipeptides were prepared by saponification of the Z-L-L-di-
peptide methyl esters which proceeded readily. The p-amino
acid methyl esters were prepared and used as hydrochlorides.
Several of the tripeptide esters were recrystallized repeatedly from
hot methanol, methanol-water, ethyl acetate-hexane, or chloro-
form-petroleum ether. Melting points on XLIIT to XLV are
not corrected.

XLIII. Z-Ileu-ileu-ileu-OMe (L,L,0), m.p. 198-200°, [«]|D
—30.2° (¢ 2, CHCL;). Anal. Caled. for CxHgN306: N, 8.32;
L-ileu, 51.99,. Found: N, 8.14; 1-ileu, 45.7%.

XLIV. Z-lleu-aleu-aleu-OMe (r,L,b), m.p. 186.5-189°, [«]D
—21.8c (C 2, CHCls) Anal Calcd' fOI‘ CQ7H43N306: N,
8.32; vr-ileu, 26.09,. Found: N, 8.18; r-ileu, 24.49.

(15) Methods of the Assoc. of Officlal Ag. Chemists, 7th Ed., p. 619,
Washington, D. C. (1950).
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XLV. Z-lleu-ileu-aleu-OMe (1,L,D), m.p. 182.5-184.5°, {a]v
—30.6° (¢ 2, CHCL). Anal. Caled, for CxHuNOw N, 8.32;
Llew, 51,900, Found: N, 8.13; v-ilen, 47.0C7,

XLVI, Z-Val-val-ileu-OMe (L-L,0), m.p. 200-201%, l«lv
_32.80 (C 2, CHCls) _‘lnal. (:.'ll(‘d. for (1_\3}{33.\’3(’5: (:, 62,8
H, 8.22: N, 880; 1~val, 49.0¢0,.. Found: ¢, 2.7; H, 7.
N, 8.70; v-val, 44.19;.

XLVIL. Z-Val-val-aleu-OMe (L,1,D}, n.p. 1385-180° J«lD
—343° (¢ 2, CHCL). Anal. Caled. for CoHuoNsOs: C, 62.8;
8220 N, 8.80; weval, 49.090. Tound: C, 62.9; H, 8.23; X\,
S.61; Leval, 44707

XLVIII. Z-Val-val-phe-OMe (L,L,0 + L,DyD}, wL.p. 210-
—212° [a]v +7.7° (¢2, DMSO). _-inal. Caled. for CisHgNsOs:
C,65.8; H,7.30; N,821. Found: C,65.6; H, 7.35; N, 828,

Racemization may occeurd' in this sequence of coupling.
However, L-amina acld assays on the peptide esters given below
obtained after hydrogenolysis would indicate that racewization
did not oceur or was of minor consequence, except for Z-val-val-
phe-OdMe.

N. Tripeptide Methyl Esters from Z-Tripeptide Methyl
Esters,-—These were prepared as in D, They were recrystallized
from methanol-isopropyl ether, or acetone-ether.

XLIX. Tleu-ileu-ileu-OMe-HCI (1,1,D), 11.p. 219-221°, [ain
+2.1° (¢ 2, HiO), Anal. Cualed. for CHyuCINO: C, 55.9;
H, 9.4; N, 10.35; neut. equiv. 408; i-ileu, 6429, Found:
¢, 55.5; Hy0.17;, N, 10.2; neut. equiv. 406; 1-ileu, 63.3¢(.

L. Heu-aleu-aleu-OMe-HCl (L,L,0), n.p. 231-232°.  Anal.
Caled. for CyHyCIN,O4: C, 55.9; H, 0.4; N, 10.35; ueut. equiv,
H08; 1-ileu, 32,19, Found: C, 55.5; H, 0.3: N, 10.2; neut.
couiv, 406; 1-ileu, 31.747.

LI, Tleu-ileu-aleu-OMe (i,i,Lr, uLp.  197-199°  dudd.
Caled. for C HysCINGOs: ) 55.9; H,9.4: N, 10.35; neut. equiv.
408; 1eilen, 64.2%. Found: C) 54.8; H, 0.4: N, 10.15; neut.
cquiv, 405; 1-ileu, 60.07.

LII, Val-val-phe-OMe-HCl (L,1,0 + L,b,D}, nLp. 2185
220.5°%; [alp +19.8° (¢ 2, H,O). _.nal. Caled. for CHy-
CIN3O.: €, 58.2; H, 7.80; N, 1.13; neut. equiv. 415; v-val,
36.8¢7. Found: C, 57.8; H, 7.3; XN, 9.90; neut. equiv. 394;
L=val, 44,067,

Raceniization of the central valine® ' may be the cause of low
valine assay.

O. Rearrangement on Saponification.—()n saponification in
methanol at 37° for 2 hr. or room temperature far 16 hr., several
carbobenzoxy tripeptide methyl esters gave yields of 10-20¢;
or no isolatable yield of Z-tripeptide. These included Z-val-val-
phie-OMe,  Z-phe-phe-phe-(0Me, Z-val-val-leu-OMe  among
others. Better yields were obtained with tetrahydrofuran as
solvent. Recyeling of recovered product was only possible once,
sinee recovered material was not identical with starting inaterial.
The question of base racemization of the C-terminal amino acid
which would give 1-1-1 tripeptide rather than 1-1L-» was of con-
sequence, since 1-1-1, tripeptides reverse the antibacterial ac-
tivity of 1-1-» trivaline for L. plantarore at 1100 and for P
cerevistae af 101,20

limploying Zecye-cye-p-val-OMe as a model compound, the
rate of saponification and the extent «f possible racemization
were stidied.  Five tenths mimole of the tripeptide in 3t ml. of
methanol containing 0.55 mmole of KOH and 2 nl. of H.O),
wag kept closed for 24 hr. at 20, 40, and 60°. The base con-
sined was 0 mensure of carboxyl formation.  Assuiing one
earboxyl liberated per mole of hase, the amounts saponified were
b, 60, and 10597, respectively.

A larger seale run with -4 nunoles of the tripeptide gave an
isolntion 50 vield at 20°, in.p. I81-186°, with recovered ester of
unp. 10-1515° The 40° run gave 27¢7 vield of materinl
with an 80° range of melting point. The 60° trial gave a 354
vield of materinl melting over a 70° range.  DPurification of the
60° suponifiente was accomplished by recerystallization from
methanol-petrolenm ether with charcoaling.  The isolated
compound melted at 149-154°, The compound gave a single
gpot by siliea thin-luyer chromatography and Morin detection's;
felb = 1.1° (¢ 2, methanol).

lnel. Caled, for 11, CisHeN3Os: €, 56.5; H, 7.60; N, 11.0.
FFound: G, 76.7; H,7.45; N, 10.35.

Caled. for Zeeye-cye-val, CyulHaNaOs: C, 63,00 H, 7.42; N,
8.8t

(1t 1 Sehellenlerg, Auger. Chewn. dalecn. il g, 1, 114 {196U),
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The compound did not have a free :anino geonp by percehlovie
acid tritvation. By teitration of carboxyl gronp* 10 had an
coniv, wt. of appreximately 2550 The infrared spectnnm was
compared to Zeval-val-OMeo T had ne ester band at 575 «
and ne benzyl Teands ot 136 or higher,  Bath infraved aud ana-
Ivtie data for the rearangement proditet fit a substitiuted nren.

The entive amount of each of the .5 mnle saponifientes above
wiis acidified, then taken to dryness. tecated with HB3r in dioxane
to remove 7, again taken to dryvness, suspended in boall water,
ether extracted, ngain dried, then hydrolvzed with 4 .V HCL for
0 hreat THEC, and sealed. w-Val determined bacterimetrieally
was (.3, 0.3, and 0.6 in the 20, 40, and 60° preparations.  1f
all of the valine were racemized, the expected v-val wonld e
P20 A sample of peval similarly treated it conitting the
sipoanificntion step contained 15 L-val.  v-Valin the C-ferm-
nal position iz not significantly vecmized nuder these conditions.
The absence of racemization on saponification snggests that
oxazolone formation ax in the mechanism of Coodman ™ did nod
neenr here.

P. Synthesis of Radioactive Val-val-val (1,1,0) Labeled in the
N-Terminal Amino Acid.—Filty microenries of L-valweighed abont
Otimg. Carbobenzoxylation trials e eold vadine with 0.5, 1, and
3. of valine gave 90957 vields at 0.5 and 1 mg. whena 1-fold
exeess of ethereal carhobenzoxy ehiloride and bicarbonate was em-
ploved.  Yiclds derveased sharply withrmt exeess. The extent
ot enrbobenzoxylatirn was determined by ninhydrin estimation
ol the nnreacted valine.

The radinactive valine was carbobenzoxylated, excess carbo-
benzoxy chloride remowved by ether extraction, and after acidifiea-
tion the Z-val-C'" was exteacted into cthyl ether, 1 was allowed
to ceact with 23 g, of t-val-p-val henzyl ester tosvlate, 5 mg. of
tricthylnine, and 0.0 mg. of the earbodiimide (NXVIEGin Tl
af methylene eldoride.  After 24 hir,, the mixture was waghed with
water, 0.1V HCL and wuter. The solvent was evaporited
and the residne dissolved innethanol and hydrogenolyvzed with 1
mg. of 1000 Pdon chaveoal as eatalvst. The radionetive val-val-
val wie isolated by paper chromatography with the BAW gysten,
Cold munthentic niderial was nsed to establish the position of the
tripeptide.  The principal prodnet was the radioaetive tripep-
tide. In some rins, there was some evidence in the radionctive
chirommatograms of a valvl-uren spot and tripeptide benzyl ester
spot, as well as tripeptide. Of 5 X 0% c.pon as Z-val-C' 4
val-Cr present after earbobenzoxylation, 2 3 109 c.pan. were
extraeted into ether after weidifieation.  This gave L7 X ¢
e.p.bL a8 protected tripeptide inmethylene ehloride after washing.
Some runs did not give prodiet. Mixed anhydride has been
used to obtain radioactive glycne peptides.™  The presence of
traces of water conld serionsly reduee vields by an anhydride
procedure. A (ripeptide was not oliGined ina single trial of the
mixed anhydride procedure.

Q. Other Procedures.--1.- Anino ncids were determined bhacteri-
metrieally. For -ilen, if t-nlon conld b present, L.oiesepternddis
ar [ cervieone were emploved. Por these aultires, p-ilen and
v-nlen were inseetive and L-alen had about 1100 of the gronvth-
promoting activity of w-llen. w-Alen eould be deternned Ty
Lo plantacionr with pyridoxal in the medium if L-llen was abscent.
L-Val was determined with L. pleoitiorne. For w=phe, . ceveviscu
or L. wmesenteroides were nsed. v-Amino aeids were the highest
purity grades and wssayed less than 0,34, L-amino acid b hacteri-
netrie assay.  The isclencines were resolved at the National
lustitittes of Health, under the direetion of Do M, Winitz,

Hydrolvsis of peptides was conducted at 116°, in sealed tubes,
using 4 N HCL and vavied times of hydralysis, 2-8 davs. Vidnes
were oxtrapolated toozera time when either snbstantind destruetion
of L-amino acid or produetion of r-amino acid from C-terminal
p-nino seeid ocemrred on hydrolyvsis, Approprizde mistires
were hydrolyvzed and assaved as controds for destruction or race-
mization ocenrring on hydreolvsis. The baeterinmetrie assay wis
particulavly nselnl to establish that the peptide ilen-ilen-ilen
f1.1,0) was indeed optically active but had an aptieal rotation
within the limit of error of the instrinnent used.

Rotations were determined ou the Keston photo-electrie podari-
metrie attanchment (o the Beckniar DU spectrophotomneter.
Neutral equivalent was determined by titration of mino group
with perchlorie acid iu acetic neid, with mercurie sectate used to
remove HCL - Corrected melting points were determined with o

1T AL Patehiomek ain) S0 Rogozinske, Al Chene, 31, 85 (10000,
Clsy ML Goodren and K. CLStewdsen, J. O Clesn,, 2T, 1109 114620,
0r AL Levine uod & Shinmnnds, S Bad, Chem,, 238, 2000 (1064
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TasLe II1
InuIBITORY AcTIViTY OF OTHER PEPTIDES

IDs"
L. plantarum
Inhibitory dipeptides (all L)

P, cerevisiae

Noninhibitory peptides (all L)

Noninhibitory amino acids

Try-try 0.01, «0.02 Cye-pro Leu-cyc Ornithine

Try-gly .025, «0.02 Cyc-ser Cye-cye Citrulline

Try-tyr .06, «0.02 Ser-cye Ala-eyc eAminocaproic acid

Gly-try .05, 0.03 Val-cye Phe-cye Diaminopropionic acid

Leu-try .02, .02 Arg-glu Glu-arg 3-Aminotyrosine

Arg-cyc .06, 1 Arg-asp Arg-ala S-Ethylcysteine

His-cyc .1, 1 Pro-arg Ileu-aleu Homocysteic acid
lleu-ileu

Tyr-phe N, .06 N-Formyl-phenylalanyl-melphelan- OEt a-Methylglutanmic acid

Lys-gly Inhibits Val-gly-melphelan-OEt - 2HCl Melphelan (L-sarcolysin)

Arg-val N, .08 Cys-bis-(melphelan-OEt) - 2HCI ortho-pL-Merphelan

Arg-leu N, .08 Ala-melphelan-OEt picrate Medphelan

Meth-c¢ye Variable Val-melphelan N,N,Di-(2-chloroethyl)-p-

aminophenylbutyric acid

“ 11Dy is tlie concentration in mg./ml, at which growth is reduced 509. ° N, noninhibitory.

Thomas-Hoover melting point apparatus, calibrated against
U.S.P. reference standards.

Butanol-water-acetic acid, 90:30:10, and pyridine-isoamyl
alcohol-water, 35:35:30, were used routinely for paper chroma-
tography with detection by ninhydrin, NaOCI-KI-starch, or
ultraviolet for Z-peptides. Peptides with an N-terminal cyclo-
leucine do not give a ninhydrin spot. Several blocked tripep-
tides did not give spots on the NaOCIl-KI-starch peptide bond
test. In these systems, protected peptide esters move close to
the solvent front. Changes in optical configuration do not
give R; changes sufficient to detect.

R. Free Peptides by Other Procedures.—Hydrolysis at 37
and 100° of ileu-ileu-ileu-methyl ester hydrochloride by dilute
HCI to remove the methyl group was used as an approach to the
desired peptides. Hydrolysis of both ester and peptide bonds
oceurred, determined chromatographically. Base saponification
of the tripeptide ester as used for valinel* gave some polymeric
products. Hydrolysis of ester moiety of L-val-L-val-p-phe methyl
ester with crystalline chymotrypsin® was very slow. The pep-

(20) E. Walton, J. P. Rodin, C. H. Stammer, and F, W, Holly, J. Org.
Chem., 27, 2255 (1962).

tide bonds cleaved in this time. The method could not be used
for preparation of free L-L-D peptides.

S. Inhibitory Activity of Other Peptides.—Other peptides
were evaluated2® to determine other possible types of inhibitory
peptides. These are listed in Table III. The inhibition indices
for L. plantarum and P. cerevisiae are given in that order after
each peptide.
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A series of phenylethanolanines and phenylpropanolamines with chlorine or alkyl substitution in the benzene

nucleus has been synthesized which block adrenergic 8-receptors in mammals.

A clear relationship between

structure and activity allowed us to synthesize potent 8-receptor blockers with or without intrinsic sympatho-

mimetic activity.

To explain the effects of catecholamines [norepi-
nephrine (Ia), epinephrine (Ib), and isoproterenol (Ic)]
on different organs, Ahlquist! proposed that responses
to catecholamines might be elicited by stimulation

(1) R. P. Ahlquist, Am. J. Physiol.. 163, 586 (1948).

of two different receptors. Relaxation of smooth
muscle resulting in vasodilatation and bronchodilata-
tion, the positive inotropic and chronotropic effect on the
heart, as well as metabolic effects (e.g., glycogenolysis)
are due to stimulation of g-receptors, while other effects



