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filtrate was evaporated under pressure. The residue was at 
once refluxed for 2 hr. with concentrated HC1 (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°. 

Anal. Calcd. for CUHI6X-HC1: C, 66.82; H, 8.16; N, 7.09. 
Found: C, 66.97; H, 8.07; X, 7.20. 

Several attempts to oxidize the amine as described for t-
butylamine17 failed to give identifiable products. 

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chain of the molecule has been replaced by that of 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.2 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 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 ammonia by the method of Sifferd 
and du Vigneaud,3 as used in the synthesis of oxytocin,4 

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 X-carbobenz-
oxy-S-benzyl-L-cysteinyl-L -tyrosyl- L -isoleucyl- L -glu-
tamiiiyl-L-asparaginyi-S-benzyl-L-cysteinyl-L-prolyl-L-
leucylglycinate, was prepared by a dicyclohexyl-
carbodiimide coupling6 of the protected peiitapeptide, 
N -carbobenzoxy- S -benzyl- L -cysteinyl- L -tyrosyl- L -iso-
leucyl-L-glutaminyl-L-asparagine,6 and the tetrapeptide 
benzyl ester, benzyl S-benzyi-L-cysteinyl-L-prolyl-L-
leucylglycinate. The latter compound was obtained 
by a sequence of reactions starting with the coupling, 
by the mixed-anhydride method,7 of N-carbobenzoxy-
L-prolyl-L-leucine8 and benzyl glycinate9 to give benzyl 
X- carbobenzoxy- L -prolyl- L -leucylglycinate. Hydro
gen bromide in acetic acid was used to remove the 
carbobenzoxy group from this protected tripeptide 
and the resultant product was coupled with X-carbo-
benzoxy-S-benzyl-L-cysteine10 to give benzyl X-carbo-
benzoxy - S - benzyl - L - cysteinyl - L-prolyl-L-leucylglycin-
ate, from 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 ammonia, and oxidative ring closure was ac
complished by aeration4 followed by treatment with 
aqueous potassium ferricyanide solution.11 The ferro-
cyanide and excess ferricyanide ions were removed 
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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 X-carbobenzoxy-S-benzyl-L-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. 



r,V) BAKIJAKA M. FERKIEK AND VINCENT DU \ ICINEAU Vol. 9 

NTH2 O 

C . H . O H 
i 

CHj 0 

C.Hs 

C H — C H , 

C H j - C H - C - N H - C H - C — N H - C H 
2 3 1 c=o 

0 O NH 
i 6 a 6 \ i \ 

C H j — C H — N H — C — C H — N H — C - C H — ( C H O i — C O N H , 

C = 0 

C H , — N 

C H . 
i 

C O N H j 
O 0 

7 II 8 II 9 

C H — C — N H — C H — C — N ' H — C H 2 — C O N H , 
I / 

C H , — C H , C H , 

C H ( C H j ) , 

Figure I .---Oxytocin, with number* indicating the positions of 
the individual amino acid residues. 

by passage through a column of AG .>'-X4 resin, arid 
the solution was concentrated unci submitted to 
eountercurrent distribution1- in the solvent system: 
water (containing O.o% acetic acid and 0 . 1 % pyri-
dinc)--l-propanol-l-biitariol (8: l : ( i ) . i ; ! In this system 
9-dcamidooxytocin had a partition coefficient (K) of 
0.(>7. 

Avian depressor assays14 of the (j-deamidooxytoein, 
so obtained, indicated a potency of approximately 
0.8 uni t /mg. This did not account for the activity 
detected in the crude oxidized solution and the pos
sibility wits considered that there existed contamination 
by oxytocin, which may have been produced by 
amidation of the benzyl ester during the treatment in 
liquid ammonia. In the solvent system described, 
oxytocin has a A' of 0.4.1,13 which should mean that it 
would travel separately from, but close to, 9-deamido-
oxytocin, if there is no interaction between the two 
species. In another preparation using 200 nig. of the 
protected nomtpeptide, the total avian depressor 
activity detected prior to eountercurrent distribution 
was ')') units. This would be produced by an oxytocin 
contamination of 0.1 mg., a quant i ty which could not 
readily be detected in a mixture by available chemical 
means. After countercurrenl distribution, the con
tents of the tubes in which oxytocin would bo expected, 
although none had been detected by the Kolin-Lowry 
color reaction,15 were pooled, concentrated, and assayed 
and were found to possess 44 units of avian depressor 
activity. The peak representing llie analog was then 
halved and the solid materials obtained from the two 
halves were assayed separately. The half nearer to 
the oxytocin position was found to have approximately 
0.4 uni t /mg. of avian depressor activity, while the half 
distant from oxytocin possessed approximately 0.2 
uni t /mg. These results indicate that 9-deamido-
oxytoein may have some weak intrinsic avian depressor 
activity, but that the higher activity initially detected 
was due to slight contamination with oxytocin. 

The 9-deamidooxytocin having an apparent avian 
depressor activity of 0.2 unit .'nig. was assayed for its 

(12) I.. ( ' . Craiii. W. I l a u s m a n n , E. II. Ahreus . Jr . . and K. ,1. Harfenist , 
Anal. Cltem., 23 , 1280 (1951 ). 

(lit) Th is so lven t sys t em is one of a series conta in ing pyr id ine , developed 
by Dr. Derek Ja rv i s in t ins l abora to ry . T h e i r use for tlie e o u n t e r c u r r e n t dis
t r ibu t ion of oxytocin and re la ted c o m p o u n d s was found to reduce emulsi l i-
ea.tion grea t ly . 

(14! Avian depressor assays were carried out according to the method 
of H. A. Muns ick , W. 11. Sawyer , and II. It. van Dyke , Kndocrinolo,,,,. 66, 
8li0 (19ti(l>. 

d o ) O. II. Lowry. N'. .1. Rosebruugh . A. L. ba r r . and K. .1. Randa l l , ./. 
It hi. Chun.. 193, 20.") (1951). 

oxytocic,"1 milk-ejecting,17 antidiuretic,1" and pressor 
activities.111 The results of these assay* are shown in 
Table I. along with the corresponding values, already 
reported from this laboratory, for oxytocin-0 and 4-
deaniidooxylocin.- It should be noted that the ratios 
of the potencies found in the different assays are quite 
different from those of oxytocin. 

TAB UK 1 

B l O U X i l C A I . Po ' l 'KXCIES OK OXYTOCIN," 4 - 1 J E A M I 1 J I ( ) O X Y ' 1 ' O C I \ , " 

AND 0-1 ) K . \ M I 1 ) 0 ( ) X Y T O C I N ' 

Milk- Ant i -

Depressor Oxytocic e ject ing diuret ic Pressor 

C o m p i t fowl'' (rat) (ral)bit.) ( ra t ! (rat) 

Oxytocin olio 5 1 5 ' ' " -11(1 2 .7 :i I 

l -Deamidoo \v -
v( -11 Nil M l tocin - I I .") s i 

9-I)earnidoo\> -

iocin M l 2 1 i t ' I 2 M).()2 Ni l 

" See ref. 20. '' See ret'. 2. " Values are given in units per 
milligram. "' See ref. Hi. * See ref. 20b. 

9-Deamidooxytocin has also been synthesized by 
Ivlostermeyer,-1 a sample of whose preparation was 
senl lo Us by Professor H. Zahn for bioassay in this 
laboratory. It was found to have no avian depressor 
activity and an oxytocic activity of 1.8 units, 'mg. 

Experimental Sect ion-
Benzyl N-Carbobenzoxy-L-prolyl-L-leucylglycinate.—To trieth-

ylamine (1.1 ml.) and 2.9 g. of N-earbobenzoxy-L-prolyl-L-
leueine* in 40 ml. of freshly distilled tetrahydrofuran, cooled 
to —10°, was added 1.1 g. of isobutyl chloroformate in 20 ml. 
of tetrahydrofuran. The mixture was stirred at this tempera
ture for 20 inin., then treated with 13.24 g. of glycine benzyl 
ester p-toluenesulfonate5 in 10 ml. of water containing 1.4 ml. 
of triethylamine. Stirring was continued at room temperature 
for 00 inin., and the mixture was acidified (cooling) by the addi
tion of concentrated HC1. The tetrahydrofuran was removed by 
evaporation in a rotary evaporator under reduced pressure. 
This caused separation of an oily product, which partially solidi
fied when it was kept at 4° overnight. I t was dissolved in 10 
ml. of ethanol. repreeipitated 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 on being 
kept overnight at room temperature. It was filtered and dried: 
yield o.li g., m.p. 7(1-7S°. A Lassaigne test showed that it con
tained no sulfur. A sample was crystallized successively from 
ethyl acetate-petroleum ether (30-75°), benzene-petroleum 
ether, tetrahydrofuran-water, and then repeatedly from large 
volumes of ethanol-walei' until it had constant properties of m.p. 
03-050 , :a\"i> - 75.0° ( c t, 9orv ethanol). 

Anal. Calcd. for C2sH6sN3O t: C. 06.0; H, 6.92: N, S.27. 
Found: 0 ,65.5; II, 6.S6; N, 8.25. 

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

i. !()) Oxytocic assays were performed on isolated uter i of ra ts in na tu ra l 
es t rus by the me thod of P. Hel ton , Brit. .1. Pharmacol., 3, )528 (1(448). 
modified by R. A. Muns ick , Endocrinology, 66, 451 (1960), with the use of 
magnesium-free van D y k e - H a s t i n g s solut ion as b a t h i n g fluid. 

(IT'i .Milk-ejecting assays were per formed accord ing to 11. It. van D y k e . 
K. Adamsons , Jr . . anil S. I,, Kngeh Ecccnt Progr. Hormone lies.. 11, 1 
(Midi)), modified by W. V. Chun. ./. 1'harmarol Exptl. Thcrap., 147, 48 

1965). 
(18) Ant id iure t ic assays were performed accord ing to the method of W. A. 

•letters, M. M. I.ivezey. and .1. 11. Aust in , 1'roc. Hoc. Exptl. Biol. Med., SO, 
1 SI (111-12), modified by W. 11, Sawyer , Endocrinology, 63, 61)4 (1958). 

(19) R a t pressor assa\ s were ea rned out as descr ibed in " T h e P h a r m a 
copeia of tin- Uni ted S ta tes of Amer ica , " Kith Rev . , M a c k Publ i sh ing Co., 
l i as tou . Pa., 191)0, y. 7<C5. 

i 20) (a) \V. Y. Chan and V. du Vigneaud, Endocrinology, 71, 977 (1902); 
C.) W. Y. Chan . M. O'Connel l . ami S. Pomeroy , ihid., 72, 279 (1963). 

• 21) H. Ivlostermeyer . I'!i.!>. Thesis, Techn. Hochsoliule, Aachen, Ger
many . 191)4. 

22) Correc ted c a p i l l a r mel t ing points are repor ted . 
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L-Ieucylglycinate.—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 ( 3 1 % w./w.) until 
the evolution of C0 2 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. I t was kept under 
ether for 1 hr., filtered, washed thoroughly with ether, and dried 
in vacuo over CaCl2. I t was dissolved in 5 ml. of acetic acid, 
reprecipitated by pouring into ether, then washed, isolated, 
and dissolved in 5 ml. of anhydrous methanol. 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 
IRA-410 resin (OH form), with stirring, until the pH of the solu
tion was approximately 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 w7ith 0.46 g. of N-carbobenzoxy-S-
benzyl-L-cysteine10 in 2 ml. of freshly distilled tetrahydrofuran. 
The solution was cooled in ice-water and to it was added 0.29 g. 
of dicyclohexylcarbodiimide 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 HC1, water, 0.5 A' NaHC0 3 , water, and saturated saline. 
The solution was dried (MgSCM, filtered, and evaporated to give 
0.73 g. of a colorless oil. Of this, 0.6 g. w-as dissolved in 2 ml. 
of acetic acid and stirred with 3 ml. of HBr in acetic acid 
(31% w./w.) until the evolution of C0 2 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 and 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-cysteinyl-L-tyrosyl- L-isoleucyl-L-
glutaminyl-L-asparagine (0.57 g.)6 was suspended in 4 ml. of 
dimethylformamide at 0° and to it was added with stirring, 0.44 
g. of dicyclohexylcarbodiimide. After 5 min. at 0°, a solution of 
the S-benzyl 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 P205 to give 1.22 g. of product which was dissolved 
in 7 ml. of dimethylformamide. The solution was filtered from 
dicyclohexylurea, and wrater was added to the filtrate until 
precipitation was complete. The separated solid was filtered, 
washed with water, and dried in vacuo over P2O5 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 1-propanol followed by hexane to 
saturation. The separated solid was filtered, ground in a mortar 

Our interest in the preparation of /3-(4-hydroxy-l-
naphthyl)-DL-alanine (XII) was initiated because of its 
possible use as a chromogenic substrate for histochemi-
cal demonstration of protein or enzyme synthesis. 

(1) This investigation was supported by U. S. Public Health Service 
Grant CA-07339 and in part by Grants CY-2530 and AI-06261. 

under 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°, [ 0 ] % - 2 4 . 0 ° (c 1, dimethylformamide). 

Anal. Calcd. for C,2H91NnOi6S2: 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 mg.) 
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 became blue. 
When this color faded (12 sec.) the stick was momentarily 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 (C02-free) was bubbled through it for 5 hr. 
Potassium ferricyanide (0.02 A", 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-X4 resin ( 4 X 4 cm.). The column was washed with water 
and 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°, and it 
was then submitted to countercurrent distribution in the sol
vent system 1-butanol-l-propanol-water containing 0.5% acetic 
acid and 0.1%, pyridine (6:1:8).1 3 After 300 transfers the dis
tribution was visualized by the development of the Folin-
Lowry color15 of samples of lower phase. Three peaks of parti
tion coefficients 0.11, 0.67, and 1.4 were seen. On examination, 
the materials of K = 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 
yield of lyophilized powder in three preparations was 28 mg., 
la]19D -31 .7 ° (c0.6, 1 N acetic acid). 

Anal. Calcd. for C43H6.,NnOi3S2: C, 51.2; H, 6.50; N, 15.3. 
Found: C,51.4; H, 6.57; N, 15.2. 

A sample was hydrolyzed in 6 A" HC1 at 110° for 22 hr. in an 
evacuated tube and analyzed for amino acids on a Beckman-
Spineo analyzer.23 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 ammonia 2.2. 
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(23) D. H. Spackman, W. H. Stein, and S. Moore, Anal Chem., 30, 1190 
(1958). 

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.2a Histochemical visualiza-

(2) (a) E. L. Smith and A. N. Dannenberg, J. Biol. Chem., 215, 45 (1955); 
(b) K. C. Tsou and A. M. Seligman, J. Am. Chem. Soc, 74, 3066, 5065 
(1952); 76,3704,6108(1954); 77,4613(1955). 

Synthes i s of /3-(4-Hydroxy-l-naphthyl)-DL-alanine 
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The synthesis of /3-(4-hydroxy-l-naphthyl)-DL-alanine by hydrolysis of 5-(4-hydroxy-l-naphthyl)methylene-
hydantoin or -thiohydantoin has been carried out. This new synthetic amino acid, an analog of tyrosine, is 
useful for histochemical demonstration of tyrosinase activity. 


