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SUMMARY

Analogues of oxytoci a and deamino-oxytocin ([1-�9-mercaptopropionic acid]-oxytocin)

with an N4-methyl-L-asparagine residue in place of the glutamine residue in position 4 have
been prepared and tested for their biological activities. [4-N4-Methyl-L-asparagine]-oxytocin
was found to possess 119 ± 5 units/mg of avian vasodepressor activity, 41 ± 2 units/mg

of rat oxytocic activity, less than 0.5 unit/mg of rat pressor activity, and approximately

0.045 unit/mg of rat antidiuretic activity. The hydro-osmotic activity of the analogue was
2.23 ± 0.40% of that of crystalline deamino-oxytocin upon assay in the toad bladder
system. The corresponding activity values for [1-f�-mercaptopropionic acid,4-N4-methyl-L-
asparagine]-oxytocin were 186 ± 4 units/mg, 59 ± 2 units/mg, less than 0.4 unit/mg,
approximately 0.012 unit/mg, and 1.17 ± 0.11%, respectively. Most significantly, the

replacement of the N-terminal amino group in [4-N4-methyl-L-asparagine�-Oxytocin by
hydrogen elicited not only a quantitative but even a qualitative alteration in the hydro-

osmotic activity.

INTRODUCTION

Considerable information on the relation
between the structure of neurohypophysial

hormones and their biological activities has

been gathered during the last two decades.
One point of focus in these structure-ac-

tivity studies is the functional role of the
glutamine residue in position 4 of oxytocin.

In this context two analogues were syn-
thesized, [4-glutamic acid}-oxytocin (1)
and [4-ornithine] -oxytocin (2), both re-
taining as a first approximation the length
of the side chain of the glutamine residue
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present in the natural hornuonc. While the
latter retained a high degree of oxytocin-

like biological activities, the former ex-
hibited an extrenuely low level of these

activities.

In a continued effort to explore the sterie

and electronic role of the glutamine residue
in oxytocin, we decided to prepare and

evaluate pharmacologically [4-N4-methyl-
L-asparagine] -oxytocin, an analogue bear-

ing an amino acid residue isomeric with the
glutamine residue, and [1-/3-mercaptopro-

pionic acid,4-N�-methyl-L-asparagine} -ox-

ytocin, in which a further change has been

made by replacing the half-cystine residue

in position 1 by a /3-mercaptopropionic acid

residue.

The polypeptide internuediates of [4-N4-
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PIG. 1. Structure of [4-N4-rnethy!-i�-asparagine]-oxytocin

Numbers indicate the positions of the individual amino acid residues.

methyl-L-asparagine] -oxytocin (Fig. 1)

and its deamino analogue were prepared by

the p-nitrophenyl ester method of peptide
synthesis (3). The p-nitrophenyl N2-carbo-

benzoxy-N4-methyl-L-asparaginate was ob-

tained from N2-carbobenzoxy-N4-methyl-
L-asparagine, which in turn was isolated

after saponification of N2-carbobenzoxy-

N4-methyl-L-asparagine benzyl ester1 pre-
pared earlier in these laboratories (4). The

key intermediates were then deprotected
and oxidized to yield [4-N4-methyl-L-aspar-
agine] -oxytocin and its deamino analogue,

respectively, by methods employed in the
synthesis of oxytocin (5) and deamino-
oxytocin (6). The purified analogues, iso-

lated after partition chromatography on
Sephadex G-25 (7), behaved as single,

homogeneous conupounds when tested by
paper electrophoresis and paper and thin
layer chromatography in several solvent
systems; furthermore, they gave the ex-
pected values upon elementary analysis and

upon analysis for ninhydrin-reactive com-
ponents following acid hydrolysis.

[4-N4 - Methyl - L - asparaginej - oxytocin

and its deamino analogue were tested for
their biological activities in the avian vaso-

depressor, rat oxytocic, rat pressor, and rat
antidiuretic assay systems, and their mean

potencies along with standard errors are

1 This compound was previously referred to as

N’-carbobenzoxy-N-methyl-L-asparagine benzyl
ester.

given in Table 1. These data might suggest

that whether the glutamine residue in

oxytocin is replaced by an N4-methyl-L-
asparagine residue or by an ornithine resi-

due, the biological effects encountered are

comparable. Both of these oxytocin ana-
logues retained a high potency as compared

with [4-glutamic acid}-oxytocin (1). It was

recently speculated (12) that the drastic
loss of activity for the latter compound was
due to the introduction of a negative charge
at position 4 of the oxytocin molecule, thus

profoundly changing the distribution prop-

erties of this analogue.
Both [4-N�-methyl-L-asparagine] -oxyto-

cm and its deamino analogue were also

tested for hydro-osmotic activity on the
isolated toad bladder according to the

method of Eggena et at. (8) and were found

to have a potency of 2.23% ± 0.40 and
1.17% ± 0.11, respectively, relative to crys-
talline deamino-oxytocin. When [4-N4-
methyl-L-asparagine} -oxytocin and oxyto-

cm were compared for their ability to evoke
a maximal response, a measure of intrinsic
hormonal activity (13), both compounds
were found to be comparable (viz. 97.8% ±

7.02). However, under identical experi-

mental conditions [i.e., at the pH optimum

(8.4) for toad bladder reactivity to neuro-
hypophysial hormones (14)], [deamino-4-
N4-methyl-L-asparagine] -oxytocin evoked

only 70.9% ± 2.6 of the maximal response

(Fig. 2).
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DOSE OF HORMONE (MOLES)

N4-methyl-L-asparagine (11 g) was dis-
solved in 50 ml of dimethylformamide, and

4.54 g of p-nitrophenol were added. The
mixture was cooled in an ice bath, and 6.1 g

of dicyclohexylcarbodiimide, dissolved in
10 ml of dimethylformamide, were added.
After 3 hr of stirring at 0#{176},the solution was

C H N o stirred for an additional 2 hr at room tern-
13 16 2 � perature. Then acetic acid (0.3 ml) was

C 55.7, H 5.76, N 10.0 added, the mixture was cooled to 0#{176},and

N 9.95 the precipitated dicyclohexylurea was fil-
tered off and quickly washed with 20 ml of
ice-cold dimethylformamide. Upon the ad-

dition of 70 ml of water, the product crys-

tallized and was recrystallized from meth-
anol; m.p. 155-156#{176}; [a]� -28.7#{176} (c, 2, in

dimethylformamide).
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On the basis of earlier experience it is not

surprising that the replacenuent of the pri-
mary amino group by a hydrogen atom in

a neurohypophysial peptide results in an

enhancement of the avian vasodepressor
and rat oxytocic activities and in a diminu-
tion of the rat pressor and toad bladder hy-

dro-osmotic activities. But to our knowledge
a qualitative alteration in hormonal activity
has not previously been encountered in
association with such a replacement. A

detailed investigation of this finding is

under way.

EXPERIMENTAL PROCEDURE2

N2- Garbo benzoxy - N4 - methyl- L - aspara -

gine. N2-Carbobenzoxy-N4-methyl-L-aspar-

agine benzyl ester (4) (3.7 g) in 30 ml of
dioxane was saponified with 10.5 ml of 1 N

NaOH for 3 hr. The mixture was acidified,

and the product was extracted into ethyl
acetate-ether (1: 1). The organic solution
was washed with 1 N hydrochloric acid

followed by water, and the product was

then extracted into 1 N sodium bicarbonate.
The bicarbonate solution was washed with

ethyl acetate-ether, acidified, and extracted
with ethyl acetate. The organic solution
was separated, washed with 1 N hydro-

chloric acid, water, and saturated sodium
chloride, and then dried over anhydrous
magnesium sulfate. The solvent was re-

moved under vacuum; the product, crys-

tallized from 95% ethanol, weighed 1.1 g;
m.p. 142_1440.

Calculated:

Found: C 55.8, H 5.90,

p - Nitrophenyl N2 - Garbo benzoxy -N4 -

met hyl-L-asparaginate. N2-Carbobenzoxy-
‘ melting points were determined with a

Thomas-Hoover capillary melting point apparatus

and are corrected. Optical rotations were deter-
mined with a Carl Zeiss photoelectric precision
polarimeter set at 0.005#{176}.The samples for ele-

mentary analysis were dried for 12 hr at 100#{176}over

P,O, in a vacuum and analyzed by Gaibraith
Laboratories, Knoxville, Tenn. Peptide hydroly-
sates were chromatographed on a Beckman/Spinco
model 120C amino acid analyzer, using Beckman
custom research resin PA-28.

FIG. 2. Cumulative log dose-response curves for

oxytocin (D-D), [4-N4-methyl-i4-asparaginej-oxy-

loam (E�-��), and [1-$-mercaptopropionyl-4-N4-

methyl-i�-asparaginel-oxytocin (0-0) at pH 8.4

according to the procedure of Eggena et al. (8)

Oxytocin served as a standard for control hemi-
bladders. Each analogue was tested in contralateral

experimental hemibladders against the standard at
various response levels.

C19H191N307

Calculated: C 56.9, H 4.77, N 10.5

Found: C 57.1, H 4.95, N 10.2

N2 - Garbo benzoxy - N4 - met hyl-L - aspara-

ginyl-L-asparaqinyl-S- benzyl - L - cysteinyl-



Calculated: C 61.0,

C 61.0,

H 6.69,

H 6.90,

N 12.6

N 12.8

Calculated:

Found:

Calculated: C 59.0, H 6.55,

Found: C 58.8, H 6.53,

Calculated:

Found:

N 12.7

N 12.9

H 6.88,

H 7.11,

N 14.5

N 15.1
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L-prolyl-L - le ucyiglycinam ide. Carbobenz -

oxy-L- asparaginyl-,S-benzyl-L-cysteinyl-L-
prolyl-L-leucylglycinamide (3) (1.8 g) was

decarbobenzoxylated by treatment with 20
ml of 4 N hydrobromic acid in glacial acetic
acid for 30 mm. The salt was precipitated

with 400 ml of ether and washed by de-
cantation with four 400-nul portions of

ether. The salt was then isolated by filtra-
tion and dissolved in 150 ml of methanol.

The solution was passed through a Rexyn
RG1 colunun (Fisher, hydroxide form),
which then was washed with 100 nul of

methanol. After evaporation of the solvent

and washings, the free pentapeptide w�as
dissolved in 3 ml of dimethylformamidle
and allowed to react with p-nitrophenyl
N2 - carbobenzoxy - N4 - methyl - L - asparagi -

nate. The next day ethyl acetate was added,

and the solid material was filtered off and
washed with ethyl acetate and ethanol;
yield, 1.8 g; m.p. 256-258#{176} (with decomposi-
tion); [afl� -68.3#{176} (c, 1, in 97% formic

acid).

C40H�N9O10S

C 56.3, H 6.49,

C 56.1, H 6.63,

Garbo benzoxy - L - isoleucyl-N�- lnethyl-L-

aSparagiflljl-L-asparagiflYl-S- benzyl-L-cys-

teinyl-L-prOlyl-L-leucyl#{231}JlYCiflaiflide. The
protected hexapeptide (1.7 g) was decarbo-
benzoxylat.ed with hydrobromic acid in

acetic acid and freed of hydrogen bromide
by the method already described. The free

hexapeptide obtained from the methanol
solution was dissolved in 4 ml of dinuethyl-

formamide and treated with 0.85 g of p-
nitrophenyl carbobenzoxy - L - isoleucinate.

After 2 days the product was isolated as
described in the preceding section; yield,
1.5 g; m.p. 261-263#{176} (with decomposition);
[a]� -73.1#{176} (c, 1, in 97% formic acid’).

C46H�N10O11S

C 57.1,

C 56.9,

N-Garbo benzoxy-O-benzyl-L- tyrosyl-L-

�

�zginyl-S- benzyl-L - cysteinyl - L - protyl - L -

leucyiglycina iiiide. The heptapeptide (1.4 g)

was decarbobenzoxylated and then freed of

hydrogen bromide in the usual manner, and

the free heptapeptide was dissolved in 4 nul
of dimethylformanuide and treated with

0.84 g of p-nitrophenyl N-carbobenzoxy-O-

benzyl-L-tyrosinate. Isolation in the manner
already described yielded 1.41 g of octa-

peptide; m.p. 262-264#{176}; [aJ� -53.2#{176} (c, 1,

in 97% formic acid).

C52H81N11013S

Found:

N-Garbo benzoxy-S-benzyl-L-cysteinyl-L-

tyrosyl-L-isOleucyl-N4- methyl- L - aspara-
ginyl-L-asparaginyl-S-benzyl-L-cysteinyl-L-

prolyl-L-leucylglycifla in�de. The protected

octapeptide (0.70 g) was suspended in 2,2,2-

trifluoroethanol (10 ml) and treated for 10
mm with anhydrous hydrogen bromide at

0#{176}.After being stirred at room temperature

for 20 mm more, the solution was concen-

trated to dryness under vacuum and the

residue was triturated with dry ether. The

N 14.8 hydrobromide salt of the nonapeptide was

� 14 6 dried and then dissolved in 5 ml of di-
methylformamide. The solution was cooled

in an ice bath while the pH was adjusted

to 8 with triethylamine. The precipitated

triethylamine hydrobromide was filtered
off, and the free peptide was coupled with

0.30 g of p-nitrophenyl N-carbobenzoxy-S-
benzyl-L-cysteinate. After 2 days the prod-

uct was isolated in the usual manner to
give 0.32 g of solid material; m.p. 246-248#{176};

[aI� -58.4#{176} (c, 1, in 97% formic acid).

C#{128}�,H86N12O14S2

[4�N4-Methyl�L�asparagine] -oxytocin.

The protected nonapeptide (257 mg) was
dissolved in 250 ml of anhydrous liquid

ammonia at its boiling point and then
reduced with sodium until a blue color re-

mained for 30 sec. The ammonia was then
removed under vacuum from the frozen

state. The residue was dissolved in 500 ml
of water containing 0.20 ml of trifluoroacetic
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acid; the pH was adjusted to 8.2 by addi-

tion of 2 N NH4OH, and the resulting solu-
tion was treated with an excess of 0.01 N

potassium ferricyanide. After 30 mm the
pH was adjusted to 6.5 with dilute trifluoro-

acetic acid, and the ferrocyanide and excess
ferricyanide ions were removed by treat-

ment of the solution with AG3-X4 resin
(Bio-Rad) in the chloride form. The solu-

tion obtained after removal of the resin
was lyophilized. The resulting powder was

taken up in 5 ml of the upper phase of the
solvent system 1-butanol-benzene-pyri-
dine-O.1% acetic acid (6:2: 1 :9) and pun-
fled by partition chromatography on Sepha-

dex G-25. Folin-Lowry color determinations

(15) revealed a major peak (R1 = 0.39),

which was isolated by pooling of the frac-
tions. Twice the volume of water was added,
and the resulting solution was concentrated
under vacuum to a small volume and lyo-
philized to yield 58 mg of a white powder;

[a]� -12.0#{176} (c, 0.5, in 1 N acetic acid). A

sample of this material migrated as a

single component when subjected to paper
electrophoresis in 6% acetic acid, chroma-

tography on Whatman No. 1 paper in the
upper phase of the solvent system 1-buta-
nol-acetic acid-water (4: 1:5), and thin

layer chromatography on Silica Gel G in

the following solvent systenus: 1-butanol-
acetic acid-water (4: 1:5, upper phase),
1-butanol-pyridine--acetic acid-water (3:
2:0.6:1.2), and 1-butanol-acetic acid-water

(7: 1:2). A sample of the lyophilized
powder was submitted for elementary
analysis without further drying.

C43H56N12012S2 2H20

Calculated: C 49.5, H 6.76,

C 49.8, H 6.35,

Another sample was hydrolyzed under
vacuum in 6 N HC1 at 110#{176}for 21 hr and
analyzed for ninhydnin-positive material
according to the procedure of Spackman,
Stein, and Moore (16). The following molar
ratios were obtained, glycine being taken
as 1.0: aspartic acid, 1.9; proline, 1.00;

glycine, 1.00; cystine, 0.9; isoleucine, 0.9;

leucine, 1.0; tyrosine, 0.8; ammonia, 2.1;

and methylamine, 0.8.

S-Benzyl-f3-mercaptopropionyl-L-tyrosyl-

L - isoleucyl - N4 - methyl- L - asparaginyl- L -

asparaginyl-S- benzyl-L-cysteinyt-L-prolyl-
L-leucylglycirtamide. The protected octa-

peptide amide (0.70 g) was deprotected
with hydrobromic acid and converted to the
free peptide with triethylamine as pre-

viously described. The free octapeptide was

then coupled with p-nitrophenyl S-benzyl-
/3-mercaptopropionate (200 mg) in 5 ml of

dimethylformamide. After 2 days the prod-
uct was isolated as described above; yield,

0.506g; m.p. 243-247#{176}; [a}� -56.6#{176} (c, 1,

in 97% formic acid).

C571-179N11012S2

Calculated: C 58.2, H 6.78, N 13.1

Found: C 57.6, H 6.76, N 13.1

[1-f3-Mercaptopropionic acid,4-N4-

methyl-L-asparaginej -oxytocirt. The preced-

ing nonapeptide (400 mg) was reduced,
oxidized, deionized, and lyophilized in the

manner descni bed for [4-N4-methyl-aspar-

agine] -oxytocin. The resulting powder was

taken up in 5 ml of the upper phase of the
solvent system 1-butanol-benzene-water,
containing 3.5% acetic acid and 1.5% pyri-

dine (1:1:2), and purified by partition
chromatography on Sephadex G-25. Folin-
Lowry color determinations revealed a
maj or peak (R1 = 0.41), which was iso-

lated as described previously and lyophi-
lized to yield 113 mg of a white powder;
[a]� -64.9#{176} (c, 0.5, in 1 N acetic acid).
The analogue migrated as a single com-

ponent when subjected to thin layer chro-
matography on Silica Gel 0 in the three

solvent systems described previously for
N 16 1 [4-N4-methyl-L-asparagine] -oxytocin. The

lyophilized powder was submitted for ele-

N 15.9 nuentary analysis without further drying.

C43H65N11012S2 �3H2O

Calculated: C 49.4, H 6.84, N 14.7

Found: C 49.4, H 6.50, N 14.3

A sample, hydrolyzed in 6 N HC1 under
vacuum at 110#{176}for 21 hr, showed upon
amino acid analysis the following molar
ratios relative to glycine as 1.0: aspartic

acid, 1.9; proline, 1.0; glycine, 1.0; isoleu-

ciiue, 0.9; leucine, 1.0; tyrosine, 0.9; cys-
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tine, 0.2 ; mixed disulfide of cysteine and

/3-mercaptopropionic acid, 0.4 ; ammonia,

1.8; and methylamine, 1.0.

Resolution of ammonia and methykunine

during amino acid analysis. The analyses
were carried out on a 19 X 0.9 cm column,

employed for the resolution of basic amino
acids and amines. Temperature was main-

tained from the start to the end of the
chronuatogram at 55#{176};the flow rate of the

buffer (0.38 x sodium citrate buffer, pH
4.2) was set at 50 mi/hr.

Methods of biological assay. Avian vaso-

depressor activities were measured in con-

scious chickens by the method of Munsick,
Sawyer, and van Dyke (17). Assays of
oxytocic activity were performed on iso-

lated uteri from rats in natural estrus by

the procedure of Holton (18) as modified
by Munsick (19), with the use of mag-
nesium-free van Dyke-Hastings solution as

bathing fluid. Rat pressor assays were
carried out on male rats as described in the

United States Pharmacopoeia (20). Assays
for anticNuretic activity were performed on

male rats according to the method of Jeffers,
Livezey, and Austin (21) as modified by

Sawyer (22).
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