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filtrate was evaporated under pressure. The residue was at
once refluxed for 2 hr. with concentrated HCl (180 ml.) and water
(180 ml.). After cooling, recovered acid (30 g.) was renioved
by filtratiou 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, n1.p. 228-229°.

Anal. Caled. for C,H;;:N-HCL: 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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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-8-benzyl-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-r-asparaginyl-
S-benzyl-L-cysteinyl-L-prolyl-1-leucylglycinate. From it the reduced form of the analog was prepared by the
action of sodium in liquid ammouia, 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 commniunication 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chain of the molecule has been replaced by that of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 hornione itself,
the structure of which is shown in Figure 1. In a
previous conimuuication such a comparison was made
between the pharmacological behavior of the analog
in which the glutaniine residue at position 4 was re-
placed by that of glutainic acid.? This 4-deamido-
oxytocin (4-glutamic acid oxytocin) was found to possess
approximately 1/1000 of the avian depressor, 1/300 of
the oxytocic, and 1/50 of the niilk-ejecting activities of
oxytocin. Thus, these activities, characteristic of oxy-
tociu, were drastically reduced by replacement of the
carboxamide group at position 4 by a carboxyl group,
and we therefore becae interested in determining
whether replacenient of a carboxaniide group by a car-
boxyl at position 9 would have a comparable effect.

For the synthesis of 9-deaniidooxytociti, 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.
Treatnient 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 froni the cysteine
sulfhydryl groups aud the carbobenzoxy group froni the
1-cysteine antino group, and at the same tinte 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-beuzyl-L-cysteinyl- L -tyrosyl- L -isoleucyl- L -glu-
taminyl-L-asparaginyl-S-benzyl- L-cysteinyl-L-prolyl-v-
leucylglycinate, was prepared by a dicyclohexyl-
carbodiimide coupling® of the protected pentapeptide,
N -carbobenzoxy-S-benzyl- L-cysteinyl-L-tyrosyl-L-iso-
leucyl-1-glutaniinyl-L-asparagine,’ and the tetrapeptide
benzyl ester, benzyl S-benzyl-L-cysteinyl-vL-prolyl-v-
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-L-leucine® and benzyl glycinate? to give benzyl
N-carbobenzoxy-vL-prolyl-vL-leucylglycinate.  Hydro-
gen broniide 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-8-benzyl-L-cysteinyl-L-prolyl-r-leucylglycin-
ate, from which the carbobenzoxy group was removed
by hydrogen brontide int acetic acid.

The protecting groups were renioved from the pro-
tected nonapeptide ester by the action of sodiuni in
liquid anunonia, and oxidative ring closure was ac-
coniplished by aeration* followed by treatinent with
aqueous potassium ferricyanide solution.!' The ferro-
cyanide and excess ferricyanide ions were removed
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Fignre T---Oxytoein, with nmmbers dicating the positions of
the individual smine aeid residnes,

by passage through a4 column of AG 3-X4 re<in, and
the =olution was coucentrated and subwmitted to
countercurrcut  distribution'? in the solveut system:
water (containing 0.597 acetic acid and 0.1¢% pyri-
dine)-1-propauol-1-butanol (8:1:6).%% I this systemn
9-deamidooxytocin had a partition coeficient (K) of
0.67.

Aviann depressor assays' af the 9-demmidooxytocin,
so obtained, indicated a potency of approximately
0.8 unit/mg. This did not account for the activity
detected 1 the crude oxidized solution and the pos-
sibility was considered that there existed cantamnination
by oxytocin, which 1nay have been produced by
amidation of the benzyl ester during the treatinent in
lquid ammonia,  In the solvent systein deseribed,
axytocin has a K of 0,45, which should mean that it
would travel sepurately from, but close to, 9-deamido-
oxytocin, if there i 1o internetion between the two

species. It another prejuration using 200 mg. of the
protected  nonapeptide, the total avian  depressor

activity detected prior to countercwrent distribution
wias 55 nnits, This would be produced by an oxytocin
contamination of 0.1 mg., a quantity which could not
readily be detected in a mixture hy available chieniical
utealls.  After countercurrent distribution, the con-
tents of the tubes in which oxytocin wanld be expected,
although none had becn detected by the Folin-Lowry
color reaction.’® were pooled, coneentrated, and assayed
and were found to possess 44 units of avian depressor
activity.  The peak representing the analog was then
halved and the solid materials abtaiued from the two
halves were assayed sceparately,  The half nearer ta
the oxytocin position was fonnd to have approximately
0.4 unit/mg. of avian depressor activity, while the half
distant from oxytocin passessed approximately 0.2
it my. These  vesults indicate  that 9-deatnido-
oxytocin may have some weak intrinsic avian depressar
activity, but that the higher activity nitially detected
wis due to slight contaminatian with oxytocin.

The 9-dewmidooxytocin having an apparent avian
depressar netivity of 0.2 unit/mg. was assayved for its

{123 1. Co Crgg, W laasiaun, I
Jaal. Chem,, 28, 1256 (1UAT1,

(13) This gulvent system is e of a series cuntaimng pyridine, developed

Ly Dr. Dervk Jarvis in this laboratory. Theie uge for the cuuntercurrent dis-
tribution of vxytoein gl related curaponnds was faael to relduce emulsili-
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151 Ou 11 Lowry, No 0o Rusebrough, A L Tarr widd R Randall, /.
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oxyvtocie, ™ milk-cjecting,’ antidiuretic,™ und  jressar
activities.'  The results of these assays are shawn in
Table 1. adang with the corresponding values, already
reparted from this laboratory. for oxytocin® and 4-
deamnidaoxytocin.® It should be noted that the ratios
af the potencies fonud in the different assays are quite
different from those of axytocin,

Tasre 1
Biovosican Porexcies or Oxyrocly,” 4-DEAMIDUONY TOCIN,”
AND U-DEAMIDOON Y TOCIN'

Milk- Anti-
Deynessur Oxytovic  vjeeting  diuretie Irressor

Crnpel. ffowly rat) (rabbit) (ratt {rat)

Oxvtociu ISH 5154 110 T 3
1-Deanddoosy-

tovin 0.5 ~1 5 ~11 Nil Nil
D-Tleamidvoxy -

foin ~u [ 1.¢ ~1 gl Nil

“Nee ref. 20, “See ref. 2. Values are given i units per
milligram. 4 See ref. 16, * See ref. 20b.

9-Deamidooxytoein has also been synthesized by
Klostermmeyer,” a samiple of wliose preparation was
=11t to us by Professor H. Zahn for bloassay in this
laboratary. It was found to have no avian depressor
activity wid an oxytoeic activity of 1.8 units/1g.

Experimental Section?*

Benzyl N-Carbobenzoxy-L-prolyl-L-leucylglycinate.— 1 trieth-
vimine (1.1 ml) and 2.9 g of N-carbobenzoxy-r-prolyl-r-
leneine® in 40 il of freshly distilled tetrahydrofuran, cooled
to —10° was added 1.1 g. of isobutyl chloroformate in 20 ml
of teirahvdrofuran.  The misture was stirred at this tempera-
ture for 20 min., then treated with 3.24 g. of glyeine bhenzyl
exter p-toluenesulfonate® in 10 mil. of water containing 1.4 ml.
of triethylumine.  Stirring was continued at roon temperature
for 90 min., and the mixture was acidified (cooling) by the addi-
tion of concentrated HCL  The tetrahydrofuran was removed by
cvaporation i a rolary evaporator under reduced pressure,
Thix caused separation of an oily produet, which partially solidi-
fied when it was kept at 4° overnight. It was dissolved in 10
ml. of ethanol, reprecipitated by the addition of water, and kept
overnight at 4°.  The solution and reprecipitation were repeated
until, after the fourth time, the product solidified well an being
kept overnight at room temperature, It was filtered and dried:
vield 3.6 g., m.p. 76-78° A Lassaigile test showed that it con-
tnined vo sulfur. A sample was crystallized successively from
ellivl acetate-peirolenm  ether (30-75°),  henzene-petrolenm
elbier, tetrahyvdrofiran-water, and then vepeatedly from large
volumes of ethanal=water until it had constant properties of m.p.
U3-05°, faty = TH.0% e 1, 950 ethanol).

Anal. Caled. Tor CullsN3Oe: C, 66.0; 11, 6.92: N, 8.27.
Found: C,65.5; 1, 6.86; N, 8.25.

Benzyl N-Carbobenzoxy-S-benzyl-L-cysteinyl-L-tyrosyl-L-iso-
leucyl-L-glutaminyl-L-asparaginyl-S-benzyl- L -cysteinyl-L-prolyl-

VG Oxvtoeie gasays were perforimned un isalated utert of rats in natural
eatrus by the raethod uf 1. Holton, Bsit. J. Pharmacol., 8, 328 {1948,
modified by R, AL Munsick, Fadeerinology, 66, £51 (1960), with the uze uf
magtiesinim-free van Dyke—-Haxtings solutivn as batvhing fluid.

{173 Milk-ejecting assays were perfurmed according tu H. 15, van Dyke.
IX. Adawmsons, Jdr, and % L. lingel, Recent Proge. Hormone ftvs., 11, 1
(1955, wwlified v W Y. Clan, J. Phavmaeol. Exptl. Theeap., 147, 18
14651,

£18) Autidiuretic assays nere pectorined aceurding to the method of WAL
deffers, M. M, Livezey, aud 1. 11. Nustin, Proc. Soe. Exptl. Biol. Med., 50,
1&1 (LU, tauedified by Wo L1 Sawser, Eodocrinology, 63, 644 (1958).

71013 Rat pressur assays were varried out as deseribed in ““The Pharma-
copern of the United States of Awerien,” 1t Rev., Mack Pablishing Ce.,
Tiaston, PPa., [9A0, e Tl

201 far WV Clan and V. da Vigneawd, Erdoceinology, T1, 977 (19u2);
S WXL Cliane ML O Cotaell, sl S0 Pomeray, iod., 72, 279 (18631

20y ff. Klustermweyver, Pigl) Thesis, Tecln. Hochisehule, Aavlen, (rer-
nany, 1O

cu2t Corrected caplliaes nelting Loints are reported,
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L-leucylglycinate.—Benzyl N-carbobenzoxy-L-prolyl-L-leucylgly-
cinate (0.85 g.) was dissolved in 2 ml. of acetic acid and
stirred with 4 ml. of HBr in acetic acid (319 w./w.) until
the evolution of CO, had stopped (15 min.). This solution
was poured into 100 ml. of stirred, dry ether, and the solid
tripeptide ester hydrobromide which separated was washed
several times by decantation of dry ether. It was kept uuder
ether for 1 hr., filtered, washed thoroughly with ether, and dried
in vacuo over CaCly. It was dissolved in 5 ml. of acetic acid,
reprecipitated by pouring into ether, then washed, isolated,
and dissolved in 5 ml. of anhydrous methauol. The precipita-
tion and washing with ether were repeated to give a solid which
was dissolved in 15 ml. of methanol and treated with Dowex
TRA-410 resin (OH form), with stirring, uutil the pH of the solu-
tion was approxiniately 8. The resin was filtered and washed
with methanol. The combined filtrate and washings were
evaporated under reduced pressure to give a pale yellow oil
(0.46 g.). It was dissolved with 0.46 g. of N-carbobenzoxy-S-
benzyl-L-cysteine! in 2 ml. of freshly distilled tetrahydrofuran.
The solution was cooled in ice-water and to it was added 0.29 g.
of dicyclohexylearbodiimide in 1 ml. of tetrahydrofuran. The
mixture was kept at room temperature overnight and diluted with
15 ml. of ethyl acetate. The insoluble dicyclohexylurea was
filtered and washed with 5 ml. of ethyl acetate. The combined
filtrate and washings were evaporated to give a colorless oil, which
was dissolved in 20 ml. of ethyl acetate and washed successively
with 1 .V HCI, water, 0.5 N NaHCOjs, water, and saturated saline.
The solution was dried (MgSO,), filtered, and evaporated to give
0.73 g. of a colorless oil.  Of this, 0.6 g. was dissolved in 2 ml
of acetic acid and stirred with 3 ml. of HBr in acetic acid
(319, w./w.) until the evolution of CO; had stopped (12 min.),
when the solution was poured into 100 ml. of dry ether. The
solid S-benzyl tetrapeptide benzyl ester hydrobromide which
separated was purified aud the free base was isolated by the
method already described for the preparation of the tripeptide
ester. The product was obtained as a pale yellow oil (0.39 g.).
N-Carbobenzoxy-S-benzyl-L-¢ysteinyl-L-tyrosyl- L-isoleucyl-L-
glutaminyl-L-asparagine (0.57 g.)® was suspended in 4 ml. of
dimethylformamide at 0° and to it was added with stirring, 0.44
g. of dicyclohexylearbodiimide. After 5 min. at 0°, a solution of
the S-benzy! tetrapeptide benzyl ester (0.39 g.) in 2 ml. of di-
methylformamide was added to the mixture which was then
stirred at room temperature for 2 hr. and kept at 3° for 48 hr.
To it were then added 0.8 ml. of acetic acid and 70 ml. of water.
This caused a white solid to separate, and after being stirred for
0.5 hr. it was filtered, washed thoroughly with water, and dried
in vacuo over P,O; to give 1.22 g. of product which was dissolved
in 7 ml of dimethylformamide. The solution was filtered from
dicyclohexylurea, and water was added to the filtrate until
precipitation was complete. The separated solid was filtered,
washed with water, aud dried n vacuo over P:0; to give 0.76
g. of off-white amorphous material, which was dissolved in 5 ml.
of dimethylformamide. The peptide material was reprecipitated
by the addition of 10 ml. of l-propanol followed by hexaue to
saturation. The separated solid was filtered, ground in a mortar

B-(4-HYDROXY-1-NAPHTHYL)-DL-ALANINE 57

uuder 30 ml. of methanol, filtered again, and washed with meth-
anol, then ether. The white product was dried in vacuo; yield
0.3 g., m.p. 228-230°, [a]®Dp —24.0° (¢ 1, dimethylformamide).

Anal. Caled. for C;:2HayINNOw:Ss: C, 61.1; H, 6.48; N, 10.9.

Found: C,60.7; H, 6.49; N, 10.8.

9-Deamidooxytocin.—The preceding compound (200 wg.)
was dissolved in 150 ml. of boiling, redistilled liquid ammonia.
A freshly prepared sodium stick was dipped into the stirred solu-
tion and was removed whenever the whole solution becanie blue.
When this color faded (12 sec.) the stick was momeutarily re-
Introduced into the solution. After the color so produced had
faded, the ammonia was removed by lyophilization (water
pump) and the solid residue was dissolved in 200 ml. of 0.25%
acetic acid. The pH of this solution was adjusted to 6.5 and a
slow stream of air (COq-free) was bubbled through it for 5 hr.
Potassium ferricyanide (0.02 N, 2 ml.) was then added and was
not consumed. Any ferrocyanide and excess ferricyanide ions
were removed by passage of the solution through a column of
AG 3-X4resin (4 X 4 cm.). The column was washed with water
aund the volume of the combined eluate and washings was made
up to 250 ml. Of this, 1 ml. was diluted to 5 ml. and assayed for
avian depressor activity. The volume of the solution was re-
duced to 50 ml. by evaporation in a rotary evaporator under re-
duced pressure, with the temperature not exceeding 25°, aud it
was then submitted to countercurrent distribution in the sol-
vent system l-butanol-1-propanol-water containing 0.5% acetic
acid and 0.1% pyridine (6:1:8).1% After 300 transfers the dis-
tribution was visualized by the development of the Folin-
Lowry color!® of samples of lower phase. Three peaks of parti-
tion coefficients 0.11, 0.67, and 1.4 were seen. O examination,
the materials of KX = 0.11 and K = 1.4 were obviously by-
products. The contents of the tubes representing the peak of
K = 0.67 were concentrated and lyophilized. The average
vield of lyophilized powder iu three preparations was 28 mg.,
[a]*p —31.7° (¢ 0.6, 1 N aceticacid).

Anal. Caled. for CuHeNuOpS,: C, 51.2; H, 6.530; N, 15.3.
Found: C,51.4; H,6.57; N,15.2.

A sample was hydrolyzed in 6 & HCI at 110° for 22 hr. in an
evacuated tube and analyzed for amino acids on a Becknian-
Spinco analyzer.?? The following molar ratios were obtained,
with the value of aspartic acid being taken as 1: aspartic acid
1.0, proline 1.0, glycine 0.9, glutamic acid 1.0, cystine 1.0, iso-
leucine 1.0, leucine 1.0, tyrosine 0.9, and amnionia 2.2.
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Synthesis of 3-(4-Hydroxy-1-naphthyl)-p1.-alanine’
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The syuthesis of g-(4-hydroxy-1-naphthyl)-pr-alanine by hydrolysis of 5-(4-hydroxy-l-naphthyl)methyleile-

hydantoin or -thiohydantoin has beeu carried out.

This new synthetic amino acid, an analog of tyrosine, is

useful for histochemical demonstration of tyrosinase activity.

Our interest in the preparation of g-(4-hydroxy-1-
naphthyl)-pr-alanine (XII) was initiated because of its
possible use as a chromogenic substrate for histochemi-
cal demonstration of protein or enzyme synthesis.
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This amino acid, by virtue of its structural similarity
to tyrosine, could be a substrate for tyrosinase or a good
competitive amino acid to undergo peptide synthesis
where tyrosine is involved.?* Histochemical visualiza-
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