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was ndded, and gaseous HCI wus introduced into the filtrate.  The
formed precipitate was filtered off und recrystallized from a mix-
e of 100 ml of methanol and 20 1l of water, to give 2.6 g. of 33.
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4-Nitro-4-phenylhexanoic Acid

P. AL C

r. Baviy

Smith Kline and French Laboratories Lid., Mundells, Welwyn Garden Cily, Herlfordshire, England

Recetved June 14, 1565

(= )-5-Ethyl-3-phenyl-2-pyrrolidinone has been synthesized from 4-nitro-4-phenylhexanoic acid, the reduction
of which with titanous chloride gave 3-benzoylpropionic acid, propiophenone, and 4-ethyl-d4-phenyl-y-butyro-

lactomne.
mixture to warrant preparing the (4 )-isomer.

During the evaluation of a series of lactams prepared
by Professor W. Taub as potential sedative hypnotics,
5-ethyl-3-phenyl-2-pyrrolidinone (I) proved to be of
particular interest. The presence in the lactam of an
asymmetric center suggested the examination of the
optical isomers.

The lactam I has been obtained by heating the lactone
IT with ammonia! and from the amino ester which
readily cyeclizes.? Since neither route involves inter-
mediates suitable for resolution, 4-nitro-i-phenyl-
hexanoie acid (IITa) was selected as being suitable for

both resolution and conversion to the lactam I.  These
expectations have been realized.
C,H.
—X
CHTNTO - CH, 070 |
H NO,
1 17 Illa, X = CH,CH,CO,H
b. X = CH,CH,CO.CH,
¢, X=H
C.H;
RI— (- ch CH é N
] 4 \Y, 4 | \OH
R” CH.
v \Y
C.H;
@_é/No_.--»zncL.
.
Iy
SO
VI VIl

1-Bromo-1-phenylpropane was converted to 1-nitro-
1-phenylpropane (IIlc) most easily in dimethyl sulf-
oxide®4 rather than in N,N-dimethylformamide, al-

(1) . Garvajal, M. Russek, R. Tapia, and G. Massieu, Biochem. Pharma-
col., 18, 1059 (1964).

(2) W. Taub, to be published.

(3) D. E. Hardies, N. Kornblum and J. W. l'owers, U. S. Patent 3,014,972
(Dec. 26, 1961).

(4) N. Kornblum and J. W. Powers, J. Org. Chem., 22, 455 (1957).

The pharmacological properties of the ( — )-lactam did not differ =ufficiently from those of the racemic

though « considerable amount of propiophenone was
formed m large-scale experiments.” The nitro com-
pound IITe added methyl acrylate smoothly in the
Michael reaction, partial hyvdrolysis of the crude ester
IITb conveniently giving a mixture of the acid IITa
and unreacted ester ITIb, both of which were required
for subsequent cxperments. The nitro acid IIla
formed a beautifully crystalline salt with cinchonidine.
Four recrystallizations completed the purification of
the salt of the (4)-acid.8 The progress of the resolu-
tionn was followed most conveniently by decomposing
samples of the salt with hydrochlorie acid and measuring
the rotation of the nitro acid. Partially resolved acid
could not be purified by crystallization.

Before the resolution of the nitro acid I1la was
attempted, reduction of both the acid IIla and the ester
IIIb was examined using a variety of reagents, Hy-
drogenation of the acid or ester over palladiumm or
platinum catalysts not surprisingly? led to removal of
the nitrogen with formation of 4-phenylhexanoic aecid
or its methyl ester, respectively. Interestingly, hy-
drogen wug not absorbed in ethyl acetate in the ab-
sence of methyl or ethyl aleohol with palladized char-
coal as catalyst. Hydrogenation over noble metal
catalysts in acetic acid containing anhydride and 2
trace of a strong mineral acid gave no lactam and less
than 197 of what was probably acetamido compound.

[ixperiments with chemical reducing agents yielded
more complex products.,  Stannous chloride in hydro-
chloric acid gave traces of the lactone IT but stannous
chloride-hydrogen chloride in acetic acid—-acetic anhy-
dride® gave, in addition, a poor but reproducible yield
of the lactam I. Titanous chloride in hydrochloric
acid gave 3-benzovlpropionic acid (609) accompanied
by the lactone [I (1-39,) and propiophenone (3-59).
Commercial titanous chloride reagent contains zing
chloride and a sccond experiment established that zine
chloride-hydrochlorie acid slowly converted the nitro

(3) N. Korubbim, J. W, Fowers, G. J. Anderson, W. J. Jones, H. O. Lar-
son, (. Levand, and W, M, Weaver, J. Am. Chem. Soc., 79, 6562 (1957).

(6; The ease with which the nitro acid Illa is resolved suggests that it
mny he nseful as a resplving agent for amines.

(7) W. M. Hartung and R. Simonoff, Qrg. Reactions, T, 263 (1933).

(8% A, Albert and W, H. Linnell, J. Chem. Soc., 1614 (1836).
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ester IIIb to the lactone II, ketonic products being
absent. The nitro ester IIlb was hydrolyzed by
boiling hydrochloric acid to the nitro acid II1a, which
was stable to this reagent. These facts prove that
titanous chloride is essential for formation of the
ketonic products and that the lactone II is formed in a
separate reaction, Other chemical reducing agents
are mentioned in the Experimental Section.

The formation of 3-benzoylpropionic acid and propio-
phenone involves breaking a C-C bond and is niost
easily explained in terms of migration of one substituent
to nitrogen. The Stieglitz rearrangement® (IV) of
hydroxylamines is the only reaction which accounts
satisfactorily for the observed facts, and it is con-
sistent with the known easy formation of hydroxyl-
amines’® by reduction of aliphatic nitro compounds.
The predicted by-products, ethylamine and 3-amino-
propionic acid, were not found. The formation of 3-
benzoylpropionic acid and propiophetione requires
alkyl rather than aryl migration, which has also been
observed with N-methyldiphenylmethylhydroxylamine
(V).1t Similar rearrangements have been observed
accompanying the reduction of nitrocycloalkanes with
lithium aluminum hydride, '3 aud hydroxylamines
have been shown to be intermediates. In the present
work, the products of the titanous chloride reduction
are not accounted for by the Nef reaction!* or by the
action of strong mineral acid,®® neither can they be
explained by rearrangement of the nitro group to nitrite,
¢f. diphenylnitroacetonitrile.18

As a check of the above hypothesis, the reduction of
2-methyl-2-nitropropane” with titanous chloride was
investigated and shown to give acetone and its con-
densation product mesityl oxide, isolated as their 2,4-
dinitrophenylhydrazones. An intended investigation
of 1-nitro-1-phenyleyclopentane, designed to throw
light on the fate of the nitrogen, has been thwarted
by the failure to oxidize 1-phenylcyclopentylamine to
the nitro compound.

The formation of the lactone II is shown in VI but
without reference to the timing of the bond-breaking
and -making processes. The C-N bond is weakened
by coordination of the nitro group with a Lewis acid
(¢f. nitrobenzene and aluminum chloride!®) and the
lactone ring formed by attack on the ester group.
These processes have obvious analogies with electro-
philically assisted Sx1 reactions of alkyl halides!® and
with the formation of halolactones from unsaturated
acids and esters, 2

The preparation of the lactam I was finally completed

(9) C. W. Porter, '“Molecular Rearrangements,'” Chemical Catalog Co.,
Reinbold Publishing Corp., New York, N. Y., 1928, pp. 30-34, and references
therein.

(10) H. B. Hassard and E. F. Riley, Chem. Rev., 82, 373 (1943).

(11) M. E. Maven, Thesis, University of Clicago, 1928; Chem. Abstr.,
22, 3639 (1928).

(12) G. E. Lee, E, Lunt, W. R. Wragg, and H. J. Barber, Chem. Ind.
(London), 417 (1958).

(13) H.J. Barber and E. Lunt, J. Ckem. Soc., 1187 (1960).

(14) W. E. Noland, Chem. Rev., 65, 137 (1955).

(15) V. Mever and C. Wurster, Ber., 6, 1168 (1873).

(16) H. A, Rolewicz, Chem. Ind. (London), 1389 (1957).

(17) N. Kornblum, R. J. Clutter, and W, J. Jones. J. Am. Chem. Soc., 78,
4003 (1956).

(18) R. E. Van Dyke and H. E. Crawford, sbid., 78, 2018 (1951).

(19) A. Streitweiser, ‘‘Solvolytic Displacement Reactions," McGraw-Hill
Book Co., Inc., New York, N. Y., 1962,

(20) P. M. G. Bavin, Can. J. Chem., 89, 2035 (1961), and references
therein.
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by hydrogenation of the ester (ITIb) over Raney nickel
(¢f. 2-nitro-2-phenylpropane-1,3-diol?!) and subsequent
heating to effect lactamization. Esterification of the
(+)-acid with diazomethane followed by hydrogena-
tion gave the (—)-lactam in 719 yield.

The (—)-lactam I did not differ significantly in
activity from the racemate, as shown in Table I.%
Consequently the preparation of the (4)-izomer was
not attempted. Our results parallel those found for a-
ethyl-a-phenylglutarimide (VII).2* Both the lactam
(D12 and glutarimide (VII)?* have been considered
antagonists of y-aminobutyrie acid in the brain.2¢ The
low degree of stereochemical specificity shown by both
I and VII may be a reflection of the absence of an asym-
metric center in y-aminobutyric acid and consequent
lack of stereospecificity at the active site.

TasrLe I

PHARMACOLOGY OF ( == )~ AND
(— )-5-ETHYL-5-PHENYL-2-PYRROLIDINONE (1) IN THE MoUSE

7-day - EDgo, mg./kg. p.o.
acute Maxi- Maximal
toxicity Hexobar- mal penta- Anti-
LDs. bital electro- methylene- strych-
mg./kg. potentia~-  Mouse shock tetrazole nine
Compd. .0, tion rage seizure seizure activity
(=)-1 536 200 107 23 41 81
(£)-I 812 155 93 27 27 47

Experimental Section?

1-Bromo-1-phenylpropane.—Phosphorus tribromide (392 g..
1.45 moles) was added slowly to a stirred solution of l-phenyl-1-
propanol (538 g., 3.96 moles) (prepared in 989, yield by re-
ducing propiophenone with ethereal lithium aluminum hydride),
in dry benzene (1 1.), moderating the reaction by cooling with an
ice bath. The reaction was completed by boiling under reflux
for 30 min. After cooling, the upper layer was removed, washed
successively with NaHCO;solution and water, and dried (K.COs).
Distillation gave the pure bromide (719 g., 919), b.p. 96-97°
(13 mm.), n?p 1.5870, showing a single peak on gas-liquid
partition chromatography. Bromination with HBr and acetic
acid gave only fair yields of a mixture of products.

1-Nitro-1-phenylpropane.—1-Bromo-1-phenylpropane (266
g., 1.33 moles) was added slowly to a stirred solution of NaNQO,
(156 g., 2.26 moles) and urea (237 g., 8 moles) in dimethyl
sulfoxide (960 ml.), maintaining the temperature at 10-12°.
After a further 2 hr. at 10-12°, the dark green solution was
poured into ice water (3 1.). The products from three prepara-
tions were combined and extracted several times with hexane.
The dried (MgSO4) extracts were distilled, and the nitro com-
pound (457 g., 68.8%,) was collected at 80-84° (0.4 mm.), n??p
1.5135.

Anal. Caled. for CoH(NO,: C, 65.44; H, 6.71; N, 8.44.
Found: C, 65.63; H, 6.92; N, 8.55.

The infrared spectrum of a thin film showed bands at 1548 and
1370 cm. ™ associated with the NO, group.

4-Nitro-4-phenylhexanoic Acid and the Methyl Ester.—
The nitro compound (470 g., 2.85 moles) was dissolved in anhy-
drous methanol (1760 ml.) containing sodium methoxide (from
8.55 g. of sodium, 0.37 g.-atom), and methyl acrylate (684 g.,

(21) P. M. Ruoff and J. R. Miller, J. Am. Chem. Soc., T2, 1417 (1950).

(22) B. E. Everitt, G. H. Hall, and E. M. Taylor, Brit. J. Pharmacol., in
press.

(23) R. Branchini, G. Casini, M. Ferappi, and 8. Galinelli, Farmaco
(Pavia), Ed. Sci.. 18, 734 (1960).

(24) F. Leonard. A. Wajngunt, M. Klein, and H. Meyer, J. Med. Chem.,
6, 539 (1963).

(25) Melting points were recorded using an Electrothermal apparatus
consisting of a gas-heated block equipped with a thermometer calibrated for
stem exposure. Microanalyses were carried out by Mr. M. Graham. Rota-
tions were measured for solutions in chloroform using a Bendix Ericson re-
cording polarimeter, Type 143-A. The identities of samples were estal>-
lished by comparing as may of the following as were appropriate: melting
point, infrared spectra, behavior on tliin layer cliromatograply, and reten-
tion temperatures for programmed gas-liquid partition cliromatography.
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N moles) was added zlowly with stirring while maintaining the
temperature at 20° with an ice buth,  After 4 days at 20-24°,
n =oliution of KOH (256 g., 4.5 moles) in water (300 mb) wis
added and the mixtire refluxed for 2 hr. Methanol was removed
by diztillation under reduced pressure and the residue was
dilnted with an equial volume of water.

Methyl 4-nitro-4-phenylhexanoate wis extracted mto ether-
hexane (4:1). The dried (K.COjy) extract= were shaken with
charcoal, filtered, and concentrated to give the ester as colorless
prising (175 g., 2455, ), n.p. 61-64°, raized to 64-63° by i re-
ervstallization.

dnal. Caled. for CplipgNOg €, 6243, 11, 6.827 N, 0.0%.
Found: C,62.30; H, 6.7%; N, 5.69.

The ¢rnde nitro acid obtained by acidifiention of the nqiteons
Hguor was diszolved in NallCO; soliution, shaken with charconl,
filtered, and reprecipitated with IICL  Crystallization from
vther-hexane gave colorless prisms (313 g., 46.4¢,.), n.p. 112~
LEG?, rudzed to 116-117 © by a further erystallization.

dwal. Caled. for CpHGNO,: G, 60740 H, 637 N, 501
cquive wi, 29750 Found: C, 60780 1L 6.370 N, 5.70; eqniv.
wit, 2400,

( +)-4-Nitro-4-phenylhexanoic Acid. - Cinchonidine <985 g.,
0.3 molej nnd the nitro acid £79.5 g., 033 mole) were dizzolved
in the  minimun of  hot ethanol.  Cinchonidine 4-nitro-4-
phenylhexanoate (69 g.) cryvstallized on cooling ax long white
needles, m.p. 147-148°,

Aned. Caled. for CydIpN;O;- TLO: ¢, 67.74;
N, .65, Fonund: €, 68,14, 67.84; 11, 7.02,6.99: N, 7.67.

The neid, genernted by shaking the =alt with ether and dilnte
L <howed [ *p 414.6°, not incrensed by cervstallization
from benzene. The cinchonidine =alt wax recrystallized from
ethanol five times and the progres= of 1he resolution was followed
by measuring [e;p for the acid rather than the sparingly soluble
salt.  The rotation wasz nnchanged by the lnst two recrystalli-
zutions, giving for pure (4 )-nitro acid, fo **n 423.4° (121
g, 8200).

Found: €, 61.24; 61.06: 11, 6.42; 0.44; N, 5.73.

Cinchonidine (-+)-4-nitro-4-phenylhexanoate showed |[«]
+55.6° in ethanol.

( —)-5-Ethyl-5-phenyl-2-pyrrolidinone. -- The pure (4 )-acid
(121 g.) was esterified with ethereal dinzomethane, giving the
(4 -methyt ester, mup., 77.5-79°, [a; "™ +20.7°, A solution of
the (4 )-ester i ethanol (40 ml. ) was hydrogennted at 70° nnd
20 ntin, for 8 hr, nsing 1 g, of Raney nickel as eatalyst.®  Thexc
condition= arve optimal.  After removing the catalyst by filtra-
tion, the fltrare wis evaporated and the residue® was heated
o the steran bath for 2 hre Cryvstallization from benzene-
hexane gave the (—)-lnctam (8.9 g, 7170) as eolorless prisms,
nLp. F2E5-123.0°, ot n — 140,

nal. Caled. for CplhNO: C, 76,160
Fonnd: (4, 75.08; 11, 8.11: N, 7.29.

Under <imiluar conditions the racemic ester gave racemic lactam
(740, map. 114.5-116°, identical with a sample provided by
Professor Thub.

Found: ¢, 76.01; 11, 8.20; N, 7.55.

4-Phenylhexanoic Acid. --The nitro ncid (2 g.) was hydro-
genated inethanol (15 byt atmospherie pressire, using 10¢,
prdladized charcoal (0.1 g.). The nptake of hydrogen wis com-
plete in 90 min. - After removing the cataly=t by filtration, the
filtrate was evaporated, dilnted withh HCL and extracted with
cther-hexane,  Distillation of the extracts gave the acid (1.1 g}
= 1 colorlessoil, hop. TI8 10,05 . ), 1¥p 1.5090),

cnal. Caled. for CpIlO.: €, 74.00; H, 8390 eqiiv. wt.,
1925, Found: €, 75.02; T1, 8.28;: eqniv.wt,, 196.

7.1

1}

7090 N, 74U

Cyclohexylammonium 4-phenylhexanoate cry=tallized (ram
ethinol etheras pale vellow prisims, nm.p., 128-130°,
tnal, Caled. for GG, NUe O, 74080 H, 1008 N, 481

Foind: ¢, 74.34; I, 10.06; N, 477,

Methyl 4-phenylhexanoate, prepared by similar reduction of
the nitroester, had b.p. 95° 70,01 nun. ), n¥'p 1.4920),

redd. Cated. for Cuth O O 75705 ) 879, Fowd: ()
75.54; L N6L

SRaponificition gave the ibove neid.

Reductions with Stannous Chloride.—-The uitro ester (11 g.)
wis dissolved in the stanmons chloride-HCl-ucetic acid-acetic
anhvdride reagent (125 mb) and the =olition wix maintained

261 Severid other salts of cinehbonidine ace by drarel.
327y Poitish Dyne Honser stabilized catalyst,
2Ry The residne conld pot be reeyy=tallized and was probably the amjno

ester,

. Bavin

Val. 9

at 07 for 2 days.  After 2 days more nt room temperatnre, thue
pH of the mixture was adjisted to 7 by the addition of Na,CO..
After shaking vigorously with ether, the miximre wrs filtered
to remove the =olid precipitiate.  The ether was =epavicted, dricd
3 MR, and diztiled to give an oil (1 g, bop.o HIo 1207
(OOE i o Gas-Haguaid partition chromatography on o -t
silicone gum rubber coliimn progrmmmed from 100-300° <howed
two major prodiners to be present; rereniion temperature 192°
(7070, identical with 4=ethyl-4-phenvl---butyrolactone as shown
by comparison ol infrared spectra; retention temperature 215°
10900, identienl with 3-ethyl-3-phenyipyrrolidone.  Crvstalli-
zution of the distilled oil from benzene-hexane gave the lnctam
A colorless erystads (L0 g 2900 np, H4-116°, identieal wiih
ananthentic speciimen.

I other experiments=, 1in <alts were removed by precipitarian
with H.8 Despite contimions extraction with ether or chloro-
form at pll 207, and 10, other product= were not i=olated.  Re-
dictions emmied ont with <tqamons  ehloride-HCl in ¢thanol
zave g overy low vield ¢140) of the lactone as the onlv isolable
produer.

The tallowing reducing svstemnz gave, at best, only trees of
prodieets with the nitro acid @ ester: Fe(OIl)s, zine dust wnd
CaCly o ethonol, hydrmzine and palladized charconl, TR and
ammonia in ethanol, NasS, NaHS, and NalICO; in methanol.®

4-Ethyl-4-phenyl-a-butyrolactone, --The lnctone, prepared
fron propiophenonc by the Stobbe condensation,® had b.p.
TH4-T18° (0.1 3, o®p 1.5298 (1t 3 n*p 1.5283).

Anals Caled for CrpllnpOe €0 75760 H, 7420 Found: €
TORT,THST; LT, TS

Cars=-liquid partition chromatograms showed only one peak.

Reductions with Titanous Chloride.—TFollowing trial experi-
ments, the nitro ester (183 g) in ethanol (70 ml.) was boiled
nnder reflux for 30 min, with titanons ehloride rengent (330 g.,
15390 w. /v and concentriated HCL (550 g.), made up to 8 1. with
hot water.  After cooling, the mixture was extraocied several
times with ether. The extracis were washed with Nu.CO,
sohttion, dried 1K.CO4), aid distilled 1o give an ol (1.2 g0
Gies-liquid paanition chromatograms showed the presence of
propiophenone ind 4-¢thyl-4-phenvl--butyrolactone correspond-
g to vields of 35 and -39, respectively.,  The presence of
propiophenone was confirmed by preparing the 2 4-dinitrophenyl-
hydrmzone, m.p. and monp. 114-196°, after chromatography
v sthinina, The hrerone was not purified by microdistillation,
but o pure sample wus prepared by preparutive gas-liquid
partition chromatography and the identity was estabhlisbed by
comparing infrared speciva.

The NuCO5 extrners were =haken with charconl, filtered, and
poured into excess HCL Lixteaction with ether nnd evapora-
Hon of the extrets gave S=benzoyvipropione neid (8.8 ., 601,
nLp. FIS-120°, identical with an wuthentie specimen,  lithyl
A-benzovipropiomate, prepared by esterifving the acid with
ethanolic TICH wax 1ran detected by gas-lignid partition chroma-
tography in the above-mentioned oil.

Reduction of 2-Methyl-2-nitropropane.—A <olution of 2-
methyl2-nitropropane'™ 52 g} in erhanol (20 ml) was boiled
nnder reflux Tor Homin, with 149 titanons chloride =olntion
(66 g1 and concentrated HCL (66 ml cdiluted to 1L with water.
The mintnre was =1eam distilled into Brady's reagem and the

precipitated 2, 4-dinitrophenylhivdrazones  were  collecred  and
dried.  Colmnu chromatography  on almning nsing hexane

and increasing proporrions of ether ax cluenr gnve acetone 2.4~
dinitrophenylhydrnzone, map. wd manp.  124-126°0 Thin
Laiver chromatogrians eonfirmed  the identity and showed 1lie
presence of =maller smonits of mesityt oxide 2, 4-dinopheny!-
hyvdrazone.

1-Phenylcyclopentylamine.—1-Phenyleyclopentanecarboxylic
acid?! was converted to the aeid chloride with thionyl chloride
and 1his chloride wax purified by distillation.  1-Phenyleyclo-
pentanecarboxamide =eparaicd from heptane ns colorless needles,
nep. b-1120

dnals Caled. tor CreHaNO: N, 740, Found: N, 7.54.

A solition of the acid chloride (50 g.) in anhydrons toluene
{30 mbLY wis added 1o a stirred snspensiorcof sodiun azide (27 g.)
in anhvdrons toluene (500 mb) maintained at 80°. The mixture
wis Dboiled under reflnx for 4 hr,. cooled, and filtered, and the

205 11, 1 1odesopn apd B 1 Ward, J. Clenc Soc., 242 (10483,

A0 WS Jobnsor, 0 W Teterson, and W IS Sehueider, J. lpe Chei,
S, 69, 77 1947,

Gty UL Tiord, ML Gl Van Campren, wnd Jo &0 Shelton, ihd., 69, 2001
BEETEN
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filtrate was evaporated under pressure. The residue was at
onee refluxed for 2 hr. with coneentrated HCI (180 ml.) and water
(180 ml.). After cooling, recovered acid (30 g.) was removed
by filtration and the filtrate was basified and extracted with
ether. Evaporation of the ether left the amine as an oil, the
hydrochloride (12 g.) separating from 2-propanol-ether as
colorless needles, m.p. 228-229°.

Anel. Caled. for C,HN-HCI: C, 66.82; H, 8.16; N, 7.09.
Found: C, 66.97; H, 8.07; N, 7.20.

Several attempts to oxidize the amine as described for ¢-
butylamine!” failed to give identifiable products.

- -
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9-Deamidooxytocin, an Analog of the Hormone Containing a Glycine

Residue in Place of the Glycinamide Residue'

BarBara M. FERRIER ANXD VINCENT DU VIGNEAUD

Department of Biochemistry, Cornell University Medical College, New York, New York 10021

Received August 2, 1966

The synthesis of 9-deamidooxytocin, in which the glycinamide residue at position 9 in oxytocin has been re-
placed by a glycine residue, is described. The synthetic intermediate of this analog was the protected nonapep-
tide benzyl ester, benzyl N-carbobenzoxy-S-benzyl-1~cysteinyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-L-asparaginyl-
S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycinate. From it the reduced form of the analog was prepared by the
action of sodium in liquid ammonia, and the analog itself was subsequently obtained by oxidative cyclization.
The biological properties of the compound, in terms of the pharmacological activities exhibited by oxytocin,

have been determined and are reported.

The present communication reports the synthesis of
9-deamidooxytocin, an analog of oxytocin in which the
glycinamide residue in the terminal position of the side
chain of the molecule has been replaced by that of
glycine, and includes the comparison of various bio-
logical activities of this analog with the hormone itself,
the structure of which is shown in Figure 1. In a
previous communication such a comparison was made
between the pharmacological behavior of the analog
in which the glutamine residue at position 4 was re-
placed by that of glutamic acid.? This 4-deamido-
oxytocin (4-glutamic acid oxytocin) was found to possess
approximately 1/1000 of the avian depressor, 1/300 of
the oxytocie, and 1/50 of the milk-ejecting activities of
oxytocin. Thus, these activities, characteristic of oxy-
tocin, were drastically reduced by replacement of the
carboxamide group at position 4 by a carboxyl group,
and we therefore became interested in determining
whether replacement of a carboxamide group by a car-
boxyl at position 9 would have a comparable effect.

For the synthesis of 9-deamidooxytocin, a protected
nonapeptide benzyl ester intermediate was synthe-
sized, the benzyl ester function being at the position
where the free carboxyl group was ultimately desired.
Treatment of the protected nonapeptide ester with
sodium in liquid anunonia by the method of Sifferd
and du Vigneaud,? as used in the synthesis of oxytocin,*
cleaved the protecting benzyl groups from the cysteine
sulfhydryl groups and the carbobenzoxy group from the
1-cysteine amino group, and at the same time cleaved
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the benzyl ester to liberate the free carboxylic acid.
The analog itself was obtained by subsequent oxida-
tion and was purified by countercurrent distribution.
The protected nonapeptide ester, benzyl N-carbobenz-
oxy-S-benzyl-L-cysteinyl-L -tyrosyl- . -isoleucyl- L. -glu-
taminyl-L-asparaginyl-S-benzyl-L-~cysteinyl-L-prolyl-1-
leucylglycinate, was prepared by a dicyclohexyl-
carbodiimide coupling® of the protected pentapeptide,
N -carbobenzoxy-S-benzyl-L-cysteinyl-L-tyrosyl-L-iso~
leucyl-L-glutaminyl-L-asparagine,® and the tetrapeptide
benzyl ester, benzyl S-benzyl-vL-cysteinyl-L-prolyl-L-
leucylglycinate. The latter compound was obtained
by a sequence of reactions starting with the coupling,
by the mixed-anhydride method,” of N-carbobenzoxy-
L-prolyl-r-leucine® and benzyl glycinate? to give benzyl
N-carbobenzoxy-vL-prolyl-v-leueylglycinate.  Hydro-
gen bromide in acetic acid was used to remove the
carbobenzoxy group from this protected tripeptide
and the resultant product was coupled with N-carbo-
benzoxy-S-benzyl-L-cysteine!® to give benzyl N-carbo-
benzoxy-S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycin-
ate, fron1 which the carbobenzoxy group was removed
by hydrogen bromide in acetic acid.

The protecting groups were removed from the pro-
tected nonapeptide ester by the action of sodium in
liquid annnonia, and oxidative ring closure was ac-
complished by aeration* followed by treatment with
aqueous potassium ferricyanide solution.'t The ferro-
cyanide and excess ferricyanide ions were removed
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