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t he aqueous solution was adjusted to pl1 1.5 with N hydrochloric
actd. After removal of the water in vacuo, a colorless solid was
obtained, 2.4 g. (699;), mn.p. 260-261°. The analytical sample
was prepared by recrystallization from ethanol-ether, [a]%D
+15.1° (¢ 2.0, water).

(+)~N-Triflucroacetyl-1-(4~benzamidophenyl)-2-propylamine,
—To a cooled solution of 10 g. (0.035 mole) of (—)-N-trifluoro-
acetyl-1-(4-aminopheny }2-propylamine in 50 ml. of methylene
chloride, was added dropwise with stirring 4.1 ml. (0.035 mole)
of benzoyl chloride in 20 ml. of methylene chloride and 4.8 ml.
(0.035 mole) of triethylamine in 20 ml. of methylene chloride.
The mixture was stirred at 25° for 12 hir., water added, and the
white solid that forined was removed by suction filtration.  There
wias obtained 11.7 g. (969), m.p. 219-220°. An analytiesl
sample was prepared by recrystallization from ethanol~water,
m.p. 220-221°, [«] 0 4 15.¢° (¢ 2.0, dimethylacetamide).

ial. Caled. for CouHyIsN000 C, 61.71; H, 4.80; N, K.00.
Fonnd: C,61.77; H, 5.20; N, 7.07.

(+)-1-(4-Benzamidopkenyl:-:-propylamine Hydrochloride.---
A mixture of 3.0 g. (0.0086 mole) of (4 )-N-trifluoroacetyl-1-(4-
bemzamidopheny!)-2-propylamine and 8.7 ml. of \V soditun hy-
droxide in 25 ml. of ethyl alcolv]l was stirred at 25° for 16 hr.
The aleohol was removed 71 pacuo and the aqueons solution
actdified with N hydrochdoric acid.  The water wus removed
in rucuo and the residue recrystallized fromi ethanol-ether,
1.8 g (109%), [a]*D +17.8° (¢ 2.0, water).

Pharmacology. Rat.®—I"ood (Purina laly chow i spill-proof

040) Receutly, o AL Gylys, Lo Jo Do JTeet, wad M R Warcrew, J. Fhaen-
eal. Feptl, Therap., 137, 365 (1962), reportedl tliat clilorplienternine eauses
wnurexiy (o rats witllout any iterease in wotor activity.

Vol @

cups) was presented to mature Sgragne-Dawley male rots for |
hr. at the same time each day. Ad Ubitim watering was per-
mitted.  An aqueons solution of the compormd was administercd
ria stomaclt tube to randomly selected groups of 6 rats.  Con-
pounds were given twice weekly.  Control gronps recetved omly
water.  l'ood Intake was measured for | hir., begiuning 1 hr.
after the compound was administered.  Componnds were active
if there were significant (t-test, 347 level of confidence) reduetions
m (vod intiake compared witlt contrals.  Compounds were tested
at 30, 10, and 5 mg.skg. I imrctive at ane dose whey were not
tested at a lower duse,

For a selected gronp of compounds, poteney determinations
were wade. A tloeee-point parallel line  bioaseay  design
was siperimposa] on the nsual testing procednre. Twelve rats
were emploved at each point for standard (nsually (+ )-mphet-
amine) and test componnds,  The potencies were calenlated after
siitable statistical analysis.?®

Dog.—Fuvod (vanned meat) was presented 1o mongrel dogs,
weighing 2.74-3.48 kg, for 1 br. at the smne thme cach day.  Lach
compound was administered by means of a capsnle to randounly
selected gronps of 4 dogs. Compounds were given 2 or 3 tiines
cacly week.,  Faod intake was measured for 1 hr., heginning 1 br.
after the compomnd was administered.  Compounds were con-
sidered (o he active when food intake for each of the 4 treaved
dogs was at least 100 g. less than nnder control conditions.  On
control dayvs, the same 4 dogs recetved only empty capsules.
Borderline and provednrally suspect resnlts were repeated.

I'otency determinations for o selected group of componnds
were made.  The parallel line assiays, cioploying groups of 12 dogs
n crossover designg'™ were superimposed o the usnal preliminary
testing provedinres.

The Synthesis of 8-D-Phenylalanine-, 8-p-Fluoro-L-phenylalanine-,

and 8-p-Fluoro-D-phenylalanine-bradykinin
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Three new analogs of bradykiuin have heen prepared in which the penultimate amino acid phenylalanine bas

been replaced by n-phenylulanine, p-fluoro-i-phenylalanine, and p-flnoro-p-phenylalanine.

The synthetie ap-

proaches used to obtain the three analogs were identical and consisted mainly of the stepwise lengthening of the
peptide chain with the appropriate protected amino acid p-nitrophenyl ester.

The replacement of oue amino acid by another of
similar or diverse structure int a peptide which has been
found to possess a profound biological effect has been a
favored approach used by many investigators to obtain
cither compounds with enthanced activity, e.g., des-
amino-oxytaein and 1-desamino-8-lysine-vasopressin!
or inhibitors of the parent compound, e.g., 3-homo-
tyrosine-oxytocin.?  Although this approach in the an-
giotensin area has 1ot yielded analogs with enhanced,
prolonged, or antagonistic properties, useful informa-
tion has been obtained about structure-activity rela-
tionghips.®*

This report describes three new analogs of bradykinin
in which phenylalanine in position 8 of the miolecule
has been replaced by p-phenylalanine, p-fluoro-L-phenyl-
alanine, and p-fluoro-b-phenylalanine. The variation

(1) D, . Iope, V. V. 8 Marti, and V. da Vigneaul, J. Biol. Chem., 237.
1563 (1962); W, Y. Chau and V. Ju Vigueaud., Endrocrinology, 71, 077
(1962).

(2) 8. Guttrnaun, I A Jumenwauwd, aaldl R AL Boissonuas, NYaturwigsen-
svhuften, 44, 632 (1957).

3 R. Sebwyvzer, Helo. Chim. dcta, 44, 667 (1961).

o) . M. ltumpus, P. A, Khaieallah, K. Arakawa, 1. 1L Page, aud 165,
Sweby, Bioclhim. Biophys. [cla, 46, 38 (1961).

al a peptide structure by changing the optical con-
figuration is a device that has not been greatly explored.
Some interest in this direction has been reported®
with the peptide antibiotics, the change being from v
to 1. rather than 1. to b and an oxytoein analog coutain-
ing a p-amino acid recently has been described.”  The
influence of sucli a change or of introducing p-fluoro-
phenylalanine ou the activity of a peptide was believed
to be uupredictable, but recent experiences with angio-
tensin analogs® have indicated that in the bradykinin
series activity ight be retained.

The synthetic scheme used to prepare the three nona-
peptides was identical with that used in the prepara-
tion of bradykinin® and is shown in Chart I.

The p-fluoroplenylalanine was resolved into its
optical antipodes using purified carboxypeptidase on

(7) 13. I. Eclanger, W, V. Currau, and N. Kokowsky., J. dm. Chem. Sov.,
81, 3035 (1959).

) L. 1), Nieolaivles anid M. . Muank, to be publishe:d.

(7) C. H. Schineider and V. du Vigneawdl, J. . Chene. Nor., 84, 30
(19625,

(8 1, D. Nieolaides, M. E. Muuk, 1. A DeWald, auwd 11 1% Hylawder,
vopublislied results.

)y I D. Nicolaides wud H. A DeWall, J. Org. Chem., 26, 3872 (1961).
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CHarT 1

Series:
p-F-p-Phe
p-Phenylalanine
p-Fluoro-L-phenylalanine
p-Fluoro-p-phenylalanine

oo
[

ILab,ec

D-Phe
Cbz| p-F-1-Phe [-OC{HNO: + NO,-1-Arg-OCH,

’

p-Phe
Cbz-| p-F-L-Phe |-NO:1-Arg-OCH;

p-F-p-Phe
ITa b, c

| HBr-HOAc¢

I_—J
v CbZ—L—PI‘O—OCsH4NOz

p-Phe

Cbz-L-Pro- I:p—F—r.—Phe] -NO»1-Arg-OCH,

p-F-p-Phe

IIab,ec

' HBr-HOAc
J

A
¥ Cbz-L-Phe-1-Ser-N;

D-Phe

Cbz-L-Phe-1-Ser-L-Pro- I:p—F—L—Phe:|—N02—L—Arg—OCH3

IVa, b e

p-F-n-Phe

HBr-HOAc

-
\L CbZ-G ly—OCsH4N 02

Ac

D-Phe

|
Cbz-Gly-L-Phe-1-Ser-1-Pro- I:p—F—L—Phe:|—N02—L—Arg—OCH3

[
Va,be

-
\L Cbz-1-Pro-O

p-F-n-Phe
HBr-HOAc

CsHsNO.

Ac
p-Phe

[
Cbz-1~-Pro-Gly-L-Phe-L-Ser-L-Pro- p—F—rrPhe:|—NOz—L—.~\1-g—OCH3

VIa, b, c

| HBr-HOAc

p-F-p-Phe

Cbz-L-Pro-OC¢H, N O,

Ac

| p-Phe
Cbz-L-Pro-L-Pro-Gly-L-Phe-L-Ser-1-Pro- I:p—F—L—Phe:|—N Oy-1.-Arg-OCH;,

VII, a, b, c HBr-HOAc

J: Tri-Cbz-1-Arg-OCHNO,  Ac

p-F-p-Phe

p-Phe

Tri-Cbz-t~Arg-1-Pro-L-Pro-Gly-L-Phe-L-Ser-1-Pro- I:p—F—L—Phe:|—N02—L—Arg—OCH3

VI o, b, ¢ iNaOH

p-F-p-Phe
p-Phe

Dicbz-1-Arg-1-Pro-1-Pro-Gly-1-Phe-1-Ser-1-Pro- I:p—F—L-Phe]—NOz—L-Arg

IX a, b, c i H,

p-F-p-Phe
p-Phe

- Arg—L—PI‘O—L—PI‘o—Gly—L—Phe—L—SeI‘—L—PI‘O—I:p—F—L—Phe]—L—AI‘g

Xa, b e

the N-chloroacetyl derivative.!® The p-nitrophenyl
esters of carbobenzoxy-p-phenylalanine and the two
p-fluoro derivatives were prepared in the usual manner
using p-nitrophenol and dicyclohexylearbodiimide and
were obtained in a pure, crystalline state. All of the
intermediate peptides following the pentapeptide stage
and up to the hydrolysis of the methyl ester function
with alkali were found to have O-acetyl groups on the
serine hydroxyl function.’' In a few cases it was found
that the peptide was only partially acetylated. These
products were found to be difficult to crystallize and had
wide-range low melting points. Subsequent reactions
occasionally gave the fully acetylated crystalline inter-
mediates with considerably higher melting points.

(10) This resolution was kindly earried out by Dr. R. D. Westland of these
Laboratories using the procedure described for phenylalanine: J. B. Gilbert,
¥. E. Price, and J. P. Greenstein, J. Biol. Chem.. 180, 473 (1949).

(11) E. D. Nicolaides and H. A. DeWald, J. Org. Chem., 28, 1926 (1963).

p-F-p-Phe

The purity of the final products obtained after the
catalytic hydrogenation step was determined by micro-
analysis, paper chromatography, and paper electro-
phoresis. These methods indicated the analogs to be
pure, single components. The results of the bio-
logical comparison of the three analogs to synthetic
bradykinin are given in Table 1.2 The high activity of
the 8-p-fluoro-L-phenylalanine analog was unexpected.
That this was true kinin-like activity is indicated by
the various tests in which it was more active than
bradykinin and also by the fact that the guinea pig
bronchoconstriction was antagonized by aspirin. The
reduction in activity of the 8-p-fluoro-p-phenylalanine
analog parallels that seen between the 8-p-phenyl-
alanine analog and bradykinin. None of the three
analogs appeared to antagonize the action of brady-

(12) We are indebted to Dr. D. A. McCarthy, Dr. H. O. J. Collier, Miss
P. G. Shorley, and Miss R. A. Hamilton for the results of tliese assays.
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Teptude
S-p-Phenylalunine bradykinin
8-p-Fluoro-r-phenylalanine bradykinmn
x-p-Fluoro-p-phenylalanine bradykinin
Bradykinin
v See ref, 13, ¢ See rof. 14,

kinin in the dog or guinea pig lung or blood pressure.

Experimental’®

Carbobenzoxy-p-fluoro-L-phenylalanine.-—Tov o cold (10%
solution of 16 g. (0.0875 mole) of p-fluoro-i-phenylalanine!®
la]¥p —23° (¢ 2, water); in 45 ml. of 2 V sodium hydroxide
wus ndded dropwise 17 g. (0.1 miole) of carbobenzoxy chloride
and 50 ml. of 2 N sodium hydroxide over 1 hr.  The mixture was
stirred an additional 1.5 lir. at 10°, washed 3 timnes with ether,
and the aqueons layver was acidified with cold, eoncentrated
hydrochlorie acid. The solid which separated was extracted
with ethyl acetate and the ethyl acetate solution was washed
with water, dried over muagnesium snlfute, and evaporated to
va. 100 ml. Petroleum ether wus udded giving white needles,
25 g (93%), m.p. 102-104°, [«]?*p —6.8° (¢ 2, methanol).

deal. Caled. for C:HENO: C. 64.35; H, 5.08; N, 4.42;
I°,5.099. Found: C,64.14; H,5.35; N, 4.39; F,6.08.

Carbobenzoxy-p-fluoro-n-phenylalanine.—A reuaction identical
with the one described above was earried ont on 21 g. (0.115 mole’
of p-fluoro-p-phenylalimine, {a]p +21.6° (¢ 2, water), re-
ported'® {@]®n 424° (¢ 2, water), giving 32 g. (887,) of white
needles, mop. 103-104°, [«] 3 +8.8° (¢ 2, methanol).

Anal. Found: G, 64.14; H, 5.12; N, 4.34; F, 5.91.

(Carbobenzoxy-p-phenylalanine p-Nitropheny! Ester (Ia).—Tu
wocold (5°) solution of 32 g (0.107 mole) of earbobenzoxy-u-
phienylalanine in 250 il of dimethylformamide was added 14.8
. (0.107 mole) of p-nitrophenol followed by 22.1 g. (0.107 mole)
of dievelohexylearbodiimide.  The mixture was kept at 5°
overnight, the precipitate was removed, and the filtrate was
evaporated to 100 ml. The solntion was diluted with 400 ml. of
ethyl ucetate and was wasbed 3 times with water.  The ethyl
acetate solution was dried over wagnesimn sulfate, evaporated
tee 100 mil, and ether was added, giving u faint vellow solid which
was reeryvstallized from ethyl acetate-ether, yield 34 g (767,
brin 1H0-121°) [o]#n +23.9° (¢ 2, dimetbylformamide).

dwal. Caled! for CoHuNOg ) 65,71 H, 4.80; N, 6.66.
Ionnd: C, 65.82; H, 5.03; N, 6.62.

(Carbobenzoxy-p-fiuoro-L-phenylalanine p-Nitrophenyl Ester
{Ib:.—The procednre nged above gave in 85¢; vield faint yellow
needles, 24 g, mup. 137-138°, [a]*'n —20.6° (¢ 1, methanol).

coul. Caled. for CoHFNGOy: C) 63010 H, 448 N, 6.40.
Found: C, 62.94; H, 4.39; N, ¢.54.

Carbobenzoxy-p-fiuoro-n-phenylalanine p-Nitrophenyl Ester
tlei. —TFrom 32 g. of carbobenzoxy-p-flnoro-p-phenylalanine was
obtatied 42 g, (95°7%) of an oft-wbite solid, vip. 139-140°; [a]*D
+2%.3° (¢ 0.5, methonol s

Anal. Found: G, 63.25; U, 4.52; N, 6.55.

Carbobenzoxy-pv-phenylalanylnitro~1 -arginine Methyl Ester
(Har. ~To a eold solution (5°1of 12.8 g, (0.0475 mole) of nitro-r-
arginine methiyl ester by drochloride in 200 ml. of dimethylform-
mmide was added a cold (5°) solntion of 4.8 g. (0.048 mole) tri-
ethylamine. The precipitate was removed and to the filtrate
was ndded 20 g. (0.0475 mole; of carbobenzoxy-p-phenylalanine
p-nitrophenyl ester.  The solution was allowed to stand 4 days
ot room temperatnre. It was evaporated to 150 ml., diluted
with 400 ml. of ethyl neetate, ind washed twice with water, 3
times with dilute ammontum hydroxide, twice agnin with water,
and finadly with dilnte hivdrocldoric acid.  The ethyl avetate
sobition was dried over unhydrons magnesimn sulfate and evap-

<13 1L O Collier, Fo AL Holgaoe, M. Selachter, audd 1 Go Shorley,
B, J. Plharmacol., 18, 200 (1460).

(b Lo Beek, Circulation, 17, 798 (1uds).

(14 Meltiug puints were taker usiuy o Tlowas Hoover capillavy meltiug
potit apparatus and ace corrected.

(16) 1. L. Penuwett awd . Niosuw, J. U Chome Sors, T2, 1800 (1850% .
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orated to an oil which gradually turned to o white solid on the
addition of petroleum ether. The product was erystallized from
ethyl acetate—petroleum ecther, yield 20.4 g. (84%), m.p. 90-02°,
a2y —35° (¢ 2, dimethylformamide).

Anal. Caled. for CoHyoNsO:: C, 56.03; H, 5.87: N, 16.33.
Found: C, 56.27; H, 5.97; N, 16.17.

Carbobenzoxy-p-fluoro-L-phenylalanylnitro-r.-arginine Methyl
Ester (IIb).—The reaction of nitro-r-arginine methy! ester with
the p-nitropheny! ester of carbobenzoxy-p-fluoro-L-phenylalunine
guve the dipeptide in 83%: vield as a white solid, 22 g, wmip.
04-97°, [a]®Bp —11° (¢ 1, methanol).

Anal. Caled. for CaoHpoFNeOr: C, H4.13; T, 5.48; N, 15.75.
Found: €, 53.99; H, 5.71; N, 15.61.

Carbobenzoxy-p-fluoro-n-phenylalanylnitro~v-arginine Methyl
Ester (Il¢).—This dipeptide was obtained in 8897 yield as o white
solid; 44 g., m.p. 90-95°, [a] ¥ —6.7° (¢ 1.1, methanol).

Anal. Foand: €, 33.85; H, 53.39: N, 15.77.

Carbobenzoxy-1~prolyl-n-phenylalanylnitro-r-arginine Methy!
Ester (IIla).—Into a cooled (10°) solution of 20 g. (0.039 mole:
of carbobenzoxy-p-phenylalanylnitro-t-arginine methyl ester in
250 ml. of glucial acetic acid was bubbled 20 g. {0.25 molce) of dry
Iydrogen bromide.  The solntion was allowed to stand at
room temperatnre for 2 hir. with oceastional swirling. 1t was
added rapidly to 2 1. of vigorously stirred dry ether, the white
precipitaute which formed was allowed to settle and the supernatant
liquid decanted. The solid was washed several times with dry
other and collected on a sintered glass fnnnel.  The produet was
dried overnight in 2 vacumn desiceator; yvield of cream-colored
solid, 22 g, The solid was dissolved in 150 ml. of dimethyl-
formamide and cooled to 0° along with 7 g. (0.070 mole) of tri-
cthyvlamine.  The solutions were combined and after 10 min. the
white precipitate was removed.  To the filtrate was added 14.8
g. (0.040 mole) of carbobenzoxy-t-proline p-nitroplieny! ester.
The solution was stirred at room temperature for 2 days, evap-
orated to 100 ml., and diluted with 500 ml. of ethyl ncetate.  The
cthyl acelate solntion was washed vwice with water, 5 times with
dihite ammoninm livdroxide, twice again with water, and onee
with dilute hydroehlorie acid.  The ethyl acetate solution was
dried over anliydrons magnesinm sulfate and voncentrated to 50
ml. A white precipitate formed npon the addition of petrolenm
cther and was crystallized from methanol-ether as u white solid;
vield 18 g 175500, nup. 115-117°%, [o12' —35.1° (¢ I, dimethyl-
furmamide),

nal. Caled, for CooHaorN:Og €, 56.94: H, 6,100 N,
Found: ¢, 57.05. H, 6.13: N, 16.0L.

Carbobenzoxy-L~prolyl~p-fluoro~L-phenylalanylnitro~r-arginine
Methyl Ester (IIIb). —A reaction identical with the one abuve, hint
using  carbobenzoxy - p -fluoro - -phenylalanyinitro -1 -arginine
wethyl ester gave 20 g. (859%) of white solid, m.p. 95-98° [
- 51.7° (¢ 2.2, methanol ).

Anal. Caled. for CegHagFN:Os: O, 55.32; H, 5.76: N, 15.50.
Found: C, 55.30: H, 5.68; N, 15.74.

Carbobenzoxy~L-prolyl-p-fluoro-n-phenylalanylnitro-1.~arginine
Methy! Ester (IIlc).—-The tripeptide was obtained as a colorless
solid, vield 42 g. (8297), m.p. 106-108°, starting with 42 g. of
carbobenzoxy-p-fluoru -v-phenylalanyinitro - -irginine  metlin?
cster, [a]®p —28.9° {¢ 2, methanol).

Anal, Found: C, 55.40; H, 5.83; N, 15.40.

Carbobenzoxy-L-phenylalanyl-L-seryl-L-prolyl-v-phenylalanyl-
nitro~L-arginine Methyl Ester (IVa).—The carbobenzoxytripep-
tide metliyl ester ITla (16.4 g., 0.027 mole) was dissolved in 200
ml. of glueial acetic acid ut 10° comtaining 20 g. (0.25 mole) of
dry Ivdrogen bromide.  The solution was kept nt room tempera-
ture for 2 hr, and poured into 1.5 1. of dry ether.  The precipitate
was removed, washed thoroughly with dry ether, and dried 7
racuo.  The yield of crude prodnet was 18.5 g Twelve graums
(0.03 moler of carbobenzoxy-i-phenylalanyl-t-serine hydrazide

16.03.
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was dissolved in 100 ml. of glacial acetic acid and 17 ml. of 2 N
hydrochloric acid and the solution cooled to 5°. To the cold
solution was added in portions 3.3 g. (0.056 mole) of sodium
nitrite in 20 ml. of water. The solution was allowed to stand 5
min. and was then diluted with 500 ml. of ice-water. The pre-
cipitate was extracted with cold ethyl acetate, the organic layer
was washed twice with ice-water, and then with cold, saturated
sodium carbonate solution until the wash water was basic. The
ethyl acetate solution was dried over anhydrous magnesium sul-
fate at 0°. To a freshly prepared solution of 14.8 g. (0.027 mole)
of v-prolyl-p-phenylalanylnitro-i-arginine methy! ester hydro-
bromide in 100 ml. of dimethylformamide at 5° was added 6.8 g.
(0.068 mole) of triethylamine. The mixture was filtered and the
filtrate was added to the ethyl acetate solution containing the
dipeptide azide. The solution was kept for 2 days at 5°, washed
with water, aqueous 59, sodium bicarbonate solution, water,
dilute hydrochloric acid, and was dried and evaporated to a small
volume. A gummy solid which formed upon the addition of
petroleum ether was crystallized from ethyl acetate—petroleum
ether as a white solid; yield 17 g. (76%), m.p. 112-115°, {«] %D
~26.7° (¢ 1, dimethylformamide).

Anal. Caled. for C4H;N:Oy: C, 58.21; H, 6.08; N, 14.90.
Found: C, 57.87; H, 6.08; N, 14.77.

Carbobenzoxy-L-phenylalanyl-r-seryl-r-prolyl-p-fluoro-r-
phenylalanylnitro-r-arginine Methy! Ester (IVb).—The azide
from 13 g. (0.033 mole) of carbobenzoxy-L-phenylalanyl-1-
serine hydrazide was prepared and allowed to react with 16 g.
(0.029 mole) of wr-prolyl-p-fluoro-L-phenylalanylnitro-r-arginine
methy! ester yielding after crystallization from methanol-ether
10 g. (409,) of white solid, m.p. 148-150° [a]%%D —41.8°
(¢ 1, dimethylformamide).

Anal. Caled. for CuH;)FN:Ou: C, 57.00; H, 5.84; N, 14.61.
Found: C, 56.54; H, 5.95; N, 14.80.

Carbobenzoxy-~L-phenylalanyl-L-seryl-L-prolyl-g-fluoro-p-
phenylalanylnitro-L-arginine Methyl Ester (IV¢).—From 30 g.
(0.0485 mole) of carbobenzoxy-L-prolyl-p-fluoro-p-phenylalanyl-
nitro-L-arginine methyl ester (IIlc) via the azide procedure was
obtained 30 g. (72%,) of white solid, m.p. 130-133°, {«]2*pD —26.5°
(¢ 1, dimethylformamide).

Anal, Found: C,57.03; H, 5.81; N, 14.77.

Carbobenzoxyglycyl-L-phenylalalanyl-O-acetyl-L-seryl-L-
prolyl-p-phenylalanylnitro-r-arginine Methyl Ester (Va).l"—
The carbobenzoxy group was removed from 15.5 g. (0.0187 mole)
of the pentapeptide IV a in the usual way with hydrogen bro-
mide-acetic acid giving 19.6 g. of crude product. The solid was
dissolved in 150 ml. of dimethylformamide cooled to 0° and 7.5 g.
(0.075 mole) of triethylamine (5°) added. The precipitate was
removed by filtration and 7.6 g. (0.023 mole) of carbobenzoxy-
glycine p-nitrophenyl ester was added to the filtrate. The solu-
tion was allowed to stand 2 days at room temperature,
evaporated to 75 ml, and diluted with 200 ml. of ethyl
acetate.  The solution was washed with water, saturated
aqueous sodium carbonate until the yellow color was removed,
water, and dilute hydrochloric acid and was dried and evaporated
to an oil. The oil was crystallized from methanol-ether giving a
white solid, yield, 12.5 g. (73.5%) m.p. 118-122°, {a]%Dp ~20.3°
(¢ 1, dimethylformamide).

Anal.  Caled. for C4HzeN1cOw: C, 57.19; H, 5.97; N, 14.83;
QAc, 4.56. Found: C, 57.11; H, 5.84; N, 15.46; OAc, 1.60.

Carbobenzoxyglycyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl-
p~fluoro-L-phenylalanylnitro-r-arginine Methyl Ester (Vb).—A
reaction similar to the last one using 4.3 g. (0.013 mole) of carbo-
benzoxyglycine p-nitropheny! ester and 10 g. (0.0118 mole) of the
p-fluoro-L-phenylalanine pentapeptide IVb gave after crystal-
lization from boiling methanol, 7.5 g. (69%), m.p. 226-228°,
[a]®*p —50° (¢ 1, dimethylformamide).

Anal, Caled. for C45H55FN10013: C) 5612, H, 577, N)
14.54; OAc, 4.48. Found: C, 55.98; H, 5.98; N, 14.71; OAc,
4.52,

Carbobenzoxyglycyl-L~phenylalanyl-O-acetyl-L-seryl-L~prolyl-
p-fluoro-p-phenylalanylnitro-r-arginine Methyl Ester (Ve¢).—
Twenty-eight grams (0.03 mole) of the p-fluoro-p-phenylalanine
pentapeptide (IVe) yielded 24 g. (879%) of white solid, m.p.
110-120°, [«]?*p —20.4° (¢ 1, dimethylformamide).

Anal. Found: C, 55.93; H, 5.92; N, 15.27; OAec, 2.73.

(17) Mieroanalysis of this and several subsequent compounds indicated
that only partial acetylation had occured during HBr—HOAc decarbobenz-
oxylation which resulted in a mixture of products being obtained. Analyses.
however, have been calculated for the fully acetylated compounds.
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Carbobenzoxy-L-prolylglycyl-L-phenylalanyl-O-acetyl-L-seryl-
L~prolyl~p-phenylalanylnitro-L-arginine Methyl Ester (VIa).—
The carbobenzoxyhexapeptide methyl ester Va (11 g., 0.0122
mole) was dissolved in 150 ml. of glacial acetic acid and 25 g.
(0.31 mole) of hydrogen bromide was bubbled into the cooled
(10°) solution. The solution was kept at room temperature for
2 hr. and poured into 2 l. of rapidly stirred dry ether. The
precipitate was removed, washed thoroughly with dry ether, and
dried in vacuo giving 13.8 g. of white solid (theory 10.4 g.). The
solid was dissolved in 150 ml. of dimethylformamide and cooled
along with 6 g. (0.06 mole) of triethylamine. The solutions were
combined and the precipitate was removed by filtration. To the
filtrate was added 5 g. (0.0135 mole) of carbobenzoxy-rL-proline
p-nitropheny! ester and the resulting solution was stirred at room
temperature for 3 days. The solution was concentrated to an oil
and ether—ethyl acetate was added forming a cream-colored
precipitate which was washed with ether, then water. The hy-
groscopic material was recrystallized three times from methanol-
ethyl acetate—ether as a white solid, yield, 6 g. (509%), m.p.
121-126°, [«]?D —37° (¢ 1, dimethylformamide).

Anal. Caled. for CyHeN1O1s: C, 57.63; H, 6.09; N, 14.79;
OAc, 4.12. Found: C, 56.99; H, 6.24; N, 14.62; OAc, 2.35.

Carbobenzoxy-~L-prolylglycyl-L~phenylalanyl-O-acetyl-L-seryl-
L~prolyl-p-fiuore-L~-phenylalanylnitro-L-arginine Methyl Ester
(VIb).—Reaction of carbobenzoxy-L-proline p-nitropheny! ester
and the decarbobenzoxylated hexapeptide (Vb) on a 0.00815-mole
scale gave 6.5 g. (78 %) of white product, m.p. 195-197°, [a]*D
~58.7° (¢ 1, dimethylformamide).

Anal. Caled. for CeoHexFNuOw: C, 56.65; H, 5.90; N, 14.54;
OAc, 4.05. Found: C, 56.49; H, 5.90; N, 14.97; OAc, 3.77.

Carkobenzoxy-L-prolylglycyl-L-phenylalanyl-L-seryl-L-pro-
Iyl-p-fluoro~-p-phenylalanylnitre-L-arginine Methyl Ester (VIc).—
From 23 g. (0.0025 mole) of the carbobenzoxyhexapeptide (Ve)
there was obtained, using the p-nitrophenyl ester synthesis 13 g.
(51%) of Vle, m.p. 120-125°, [«]?*p —29.4° (¢ 1, dimethyl-
formamide).

Anal. Caled. for monohydrate: C, 55.65; H, 6.03; N, 14.87;
OAc, 4.05. Found: C, 55.74; H, 6.06; N, 14.87; OAc, 0.52.

Carbobenzoxy-L-prolyl-L-prolylglycyl-L-phenylalanyl-O-acetyl-
L-seryl-L-prolyl-D-phenyalanylnitro~-L-arginine = Methyl Ester
(VIIa).—Removal of the carbobenzoxy group from 5.2 g.
(0.0051 mole) of the heptapeptide VIa was accomplished with
hydrogen bromide acetic acid as previously described. The crude
product amounted to 5.9 g.

The solid was dissolved in 100 ml. of dimethylformamide, the
solution cooled to 5°, and 2.2 g. (0.022 mole) of triethylamine was
added. After 10 min. the precipitate was removed by filtration
and 2.2 g. (0.006 mole) of carbobenzoxy-L-proline p-nitrophenyl
ester was added to the filtrate. The solution was stirred at room
temperature for 4 days and evaporated to an oil. A yellowish
gum formed on the addition of ether. The gum was washed with
water and ether and recrystallized from methanol-ethyl acetate-
ether 3 times, giving 2.8 g. (509,) of off-white solid, m.p. 123-126°.

Anal. Caled. for CsH7NROy: C, 57.99; H, 6.19; N, 14.76;
OAc, 3.92. Found: C, 57.46; H, 6.14; N, 14.73; OAc, 2.00.

Carbobenzoxy-L-prolyl-L-prolylglycyl-L-phenylalanyl-O-acetyl-
L-seryl-L-prolyl-p-fluore-L-phenylalanylnitre-L-arginine Methyl
Ester (VIIb).—The p-nitrophenyl ester method gave 5 g. (76%)
of the destred product from 6 g. of the carbobenzoxyheptapeptide
(VIb). The white solid melted at 166-168°, [«]?*p —67.5° (¢
1, dimethylformamide).

Anal. Caled. for CyuHgFNpOw:: C, 57.08: H, 6.01: N,
14.53; OAc, 3.72. Found: C, 56.35; H, 6.11; N, 14.74; OAc,
3.49.

Carbobenzoxy-L-prolyl-L-prolylglycyl-L-phenylalanyl-vL-seryl-
L-prolyl-p-fluoro-n-phenylalanylnitro-r-arginine Metkyl Ester
(VII¢).—From 6 g. of the corresponding carbobenzoxyheptapep-
tide (VIe) was obtained 4 g. (609) of the carbobenzoxyocta-
peptide, m.p. 140-150°, [a]2p —38.4° (¢ 1, dimethylformamide).

Anal. Found: C, 56.58; H, 6.21; N, 14.59; OAc, 2.02.

Tricarbobenzoxy-vL-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
alanyl- O-acetyl -L-seryl - L~prolyl - p - phenylalanyinitro - L - argi-
nine Methyl Ester (VIIIa).—The carbobenzoxyoctapeptide
methyl ester (VIIa) 2.8 g. (0.0025 mole) was dissolved in 75 ml.
of glacial acetic acid and cooled to 10°. The solution was treated
with 10 g. (0.125 mole) of dry hydrogen bromide and kept at
room temperature for 1.5 hr. The solution was poured into
ether, the solid was removed, washed well with ether, and dried
in vacuo, giving 3.7 g. of white solid. The crude hydrobromide
salt was dissolved in 75 ml. of dimethylformamide, ccoled to 0°,
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and 2 g. (0.02 mole) of triethylamine added. After 5 min. the
precipitate was removed by filtration. To the filtrate was added
2.2 g. (0.00315 mole) of tricarbobenzoxy-L-arginine p-nitrophenyl
ester. The solution was allowed to stand for 2 days at room
temperature and was evaporated to an oil.  The gum was washed
repeatedly with water, ether, and ethyl acetate and was gradually
solidified. The solid was crystallized from methanol-ethy! ace-
tate; yield 2 g (529%), m.p. 95-115°, [a]®p —37° (¢ |, di-
methylformamide).

Anal. Caled. for CxHeNy6O20: C, 59.04; H, 6.05; N, 14.31;
OAc, 2.75. Found: C, 5847; H, 6.20; N, 14.45; OAc, 1.97.

Tricarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
alanyl-O-acetyl-L-seryl-~L-prolyl- p - fluoro~L- phenylalanyl-
nitro-L-arginine Methyl Ester (VIHIb).—This compound
was prepared according to the above described procedure. A 2.5-
g. (0.00225 mole) run of the carbobenzoxyoctapeptide (VIIb)
gave 3 g. (879%) of cream-colored solid, m.p. 145-147°, [a]%D
~47.5° (¢ 1, dimethylformamide).

Anal. Caled. for CrHeFNig020-3H.0: C, 56.54; H,
6.10; N, 13.70; OAc, 2.72. Yound: C, 56.20; H, 6.19; N,
13.57; OAc, 2.58.

Tricarbobenzoxy-L-arginyl-r-prolyl-L-prolylglycyl-L-phenyl-
alanyl-O-acetyl-L-seryl-p-fluoro-n-phenylalanylnitro-r-argi-
nine Methyl Ester (VIIl¢).—From 2.3 g. (0.0033 mole) of
tricarbobenzoxy-L-arginine p-nitrophenyl! ester and 3.5 g. (0.0031
mole) of the p-fluoro-p-phenylalanine octapeptide (VIIe) a
cream solid amounting to 3.5 g. (74%) was obtained, m.p. 120-
125°, {@]*Dp —36.1° (¢ |, methanol).

Anal. Found: C, 56.59; H, 6.00; N, 14.22; OAc, 2.21.

Dicarbobenzoxy-L~arginyl~L-prolyl-L-prolylglycyl-L-phenyl-
alanyl-L-seryl-L-prolyl-p~phenylalanylnitro-r-arginine (IXa).—
To a solution of 1 g. (0.00066 mole) of the tricarbobenzoxynona-
peptide methyl ester (VIIIa) in 30 ml. of methanol was added 1
ml. of 2 N sodium hydroxide. The solution was stirred at room
temperature for 25 min., water was added, and the solution re-
mained clear. The solution was filtered and 1.5 ml. of 2 ¥ hy-
drochloric acid was added. The precipitate was removed by
filtration and the solid was crystallized from methanol-ether,
yield 625 mg. (79%), m.p. 170-175° {a]2*p —38° (¢ 1, methanol).

Anal. Caled. for CsaHg4N15017'2HzOZ C) 5621, H, 629, N;
15.90. Found: C, 56.27; H, 6.39; N, 15,98,

Dicarbobenzoxy-L-arginyl-L-prolyl-L-prolyiglycy!-L-phenyl-
alanyl-L-seryl-p-fluoro-L-phenylalanylnitro-L-arginine (IXb).—
Hydrolysis of 2 g. (0.0013 mole) of the tricarbobenzoxynona-
peptide methy!l ester (VIIIb) with 1.6 ml. (0.0032 mole) of 2 NV
sodium hydroxide gave 1.2 g. (669%) of white solid, m.p. 155-160°,
[a]®y —62.5° (¢ 1, methanol).

Anal.  Caled. for CesHgFIN003H.0: C, 54.71; H, 6.19; N,
15.47; F, 1.37. Found: C, 54.46; H, 6.19; N, 15.37; F, 1.48.

Dicarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl~
alanyl - L - sery!l - 1, - prolyl - p -fluoro-n-phenylalanylnitro-r-argi
nine (IXe¢).—A similar hydrolysis of 2.5 g. of the correspond-

Yol. 6

ing tricarbobenzoxy p-fluoro-p-phenylalaninenonapeptide (VIlle:
gave 1.8 g. (809%) of tan solid, m.p. 160-165°, [«]%*p —31.3°
(¢ 1, dimethylformamide).
Anal. Fonud: C, 54.24; H, 6.11; N, 15.84; T, 1.65.
1.-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-r-seryl-1.-
prolyl-p-phenylalanyl-L-arginine Triacetate Salt (Xa).-—The
dicarbobenzoxynonapeptide (IXa) (400 mg., 2.0 X 107 mokey
was dissolved in 30 ml. of glacial accetic acid, and 200 mg. of palle-
dinm black catalyst and 20 ml. of methanol were added.  The re
sulting mixture was hydrogenated for 24 hir. at room temperature
and 2-3 1b. (0.14-0.21 kg./em.?) pressnre.  The catalyst was re-
moved by filtration. The filtrate was evaporated @ vacuo, the
restdue was dissolved in 50 ml. of water, the solution was filtered,
shell frozen, and lyophilized leaving 333 mg. of white powder,
m.p. 155-168°, [a] %D —73° (¢ 0.8, waterh.
Anal.  Caled. for CssHgpNuOw ) C
16.70: Found: C, 53.16; H, 7.07: N\, 17.0%.
1.=Arginyl-L-prolyl-1.-prolylglycyl-r-phenylalanyl-L-seryl-1.-
prolyl-p-fluoro-r-phenylalanyl-r.-arginine Triacetate Salt (Xb).--
The appropriate dicarbobenzoxynenapeptide IND (200 mg.) wos
hydrogenated in the manner previonsly described. The catolyvst
was removed and lyophilization of the filirnte gave 194 mg. of
fluffy white solid, }a]*p —79° (¢ 0.G906, water:,

53.46; H, 6.97; N,

Anal.  Caled. for CisHa'NisOw: € 33450 H, 6.73; N, 16.70:
P, 1.51. Found: C,52.79; H, 6.79: N, 17.42; I7, 1.61.

L=Arginyl-v-prolyl-L-prolylglycyl-r.~phenylalanyl-r-seryl-1.-
prolyl-p-fluoro-n-phenylalanyl-r-arginine (Xc¢i.—From £00 mg.
of the dicarbiobenzoxy S8-p-fluoro-v-plienylalanine nonapeptide
(IXe) there was obtained after catalytie hvdrogenation 470 mg.
of light tan solid, {al®v -—-63.4% (¢ 1, water). The analytiesl
sample was dried at 110° for 18 br.

Anal. Found: C, 53.11; H, 6.64; N, 17.33; F, L.10.

For the paper chromatography of the three bradykinin analogs,
two different solvent systems were employed: (A)t-butyl aleohol-
acetic acid-water (2:1:1) and {B) isopropyl aleohol-concentrated
ammonium hydroxide~water (70:5:23). The spots were de-
veloped with bromophenol blue and Sakaguchi reagents.  Single
spots were obtained in cach case. The Rr valnes obtained were:
8-p-phenylalanine bradykinin (A) 0.79, (I3) 0.52; S-p-fluoro--
phenylalanine bradykinin (A) 0.72, (B) 0.49; S-p-fluoro-n-
phenylalanine bradykinin (A) 0.77, (B) 0.56. Paper electro-
phoresis of the three nonapeptides was carried out in acetatce
buffer, pH 5.6, using a constant enrrent of 30 ma. for 3 lir.
Tlie mobilities of the analogs were {ound to be identical and could
not be distinguished from bradykinin which moved a distance of
6.7 cm. from the point of origin.
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A number of substituted aromatic amides have been prepared and their anticonvulsant properties are re-

ported.

Two conipounds, 4-amino-N-cyclopropyl-3,5-dichlorobenzamide and 4-amino-N-cyclopropyl-3,5-

dibromobenzamide, were shown to be potent antagonists to the convulsant action of strychnine.

During a routine search for compounds which might
possess muscle relaxant properties, it was found that 4-
amino-N-cyclopropyl-3,5-dichlorobenzamide (8) was
outstanding. The muscle relaxant properties of this
amide have been reported earlier.!

(1) T. E. Lynes and G. M. Everett, Federation Proc.. 20, 323 (1961).
T'he substance of this Corumunication was twesenteld before the Meiliciual
C'liemnistry Division at the 142nd National deeting of the Awmerican Cheui-
val Society, Atlantic City, N. J., Septetnber 914, 1062.

It is interesting to note that although 4-amnino-3,5-
dichlorobenzoic acid was first prepared by Elion? in
1923, no simple derivatives other than the methyl esters
and the acid chloride* were ever prepared. Llion pre-
pared the acid in low yield by chlorination of p-amino-

(20 L. Kboua, Ree. tenv, chim., 44, 145 (10205

o3y B Miiller and I Tietz, Chem. Bee., T4B, SD7 (1341,
21 M. 8clinbert, 4nn., 558, 31 (1947).



