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Reaction of L-Cysteine Ethyl Ester Hydrochloride with
Myleran.—A solution of L-cysteine ethyl ester hydrochloride
(42.7 g., 0.23 mole) in 500 mil. of absolute etlianol was added
to a solution of soditun ethoxide, prepared by treatiug so-
dium (11.5 g., 0.50 mole) witli 200 ml. of absolite ethanol.
Tle resulting suspension was added rapidly to a liot solution
of niyleran (27.0 g., 0.11 mole) in 1700 ml. of absolute etha-
nol. The reaction mixture was heated at reflux for 2.5
liwurs and after cooling (ice-bath), the solid whicli precipi-
tated was removed by filtration and washed twice witl1 200 ml.
of ethhanol. The waslies and filtrate were combined, and the
ethanol was removed under reduced pressure on a steani-
bath. Any further precipitate which forimmed was rcmoved
by filtration and washed with ethauol.

Isolation of Tetrahydrothiophene.—Tetrahydrothiophene
(II1) was isolated from the ethanol distillate of the reaction
inixture as the mercuric chloride salt.? A solution of mer-
curic chloride (16.3 g., 0.06 mole) in 200 ml. of ethanol was
added to the ethanol distillate. The mixture was allowed to
stand at 0° for one week. The resulting solid was collected
and washed with ethanol, affording 4.0 g. (10.1%,) of color-
less needles melting at 128-130°. An additional 0.7 g. melt-
ing at 126-128° was obtained by concentrating the super-
natant liquors to 200 ml. Recrystallization of the coinbined
product from ethanol gave 2.5 g. (6.39,) of material which
melted at 128-130°; mixture m.p. with authentic material,®
m.p. 128-130°, was 128-130°.

Isolation of Alanine, 3-3’-(Tetramethylenedithio)-bis-,
Diethyl Ester, Dihydrochloride.—Dry ether (200 ml.) was
added to the residual yellow oil which remained after removal
of the ethanol solvent. The etlier solution was filtered to
remove a gummy precipitate, and the ether was removed
from the filtrate under reduced pressure on a water-bath to
leave 30 g. of a yellow liquid. This product was dissolved in
100 ml. of dry ether, and saturated ethereal hydrogen chlo-
ride was added dropwise witl: stirring and cooling until pH 3
(pH paper) wasreached. About 140 mil. of ethereal hydrogen
chloride was required. The precipitate of V which formed
(10.7 g., 21.89, yield, melting at 158-163° dec.) was col-
lected, washed witl: etlier and recrystallized from ethanol-
ether to give 7.2 g., 14.59% vield, of product melting at 167-

(10) All melting points are uncurrected.

MI1k1L.0S BoDANSZKY AND VINCENT DU VIGNEAUD

Vol. 81

168° dec. Further recrystallization of this product from
etlianol-etlier gave a saniple melting at 163-169° dec.

Anal. Caled. for CyHyN»S:ClOg: C, 39.53; H, 7.11;
N, 6.59; S, 15.07. Found: C, 39.26; H, 7.02; N, 6.47;
S, 15.16.

Isolation of 2-Methyl-2,4-carbethoxythiazolidine Hydro-
chloride.——Tlie ether solution from wlich V liad been re-
moved was treated with additional saturated ethereal hydro-
gen chloride, and the precipitate of IV, which formed after
the mixture liad stood in the refrigerator several hours, was
collected and washed with ether to yield 5.1 g. (15.5%,) of
crystals whicli melted at 130-135°. Recrystallization of this
product from ethauol-ether gave 2.3 g. (7.3%,) of colorless
crystals melting at 138-139°. A sample prepared by furtlier
recrystallization of this product from ethanol-ether melted
at 138.5-140°.

Anal.  Caled. for C,pH;sNSCIO,: C, 42.33; H, 6.39; N,
4.94; S, 11.30. Tound: C, 42.31; H, 6.44; N, 4.90; S,
11.59.

Proof of Structure of IV.-—Compound IV gave a positive
nitroprusside test and reacted with benzyl chloride in aque-
ous carbonate solution to give s-benzyleysteine.! A niixture
of compound IV (2.3 g., 0.0081 mole), benzyl cliloride (1.3
g., 0.01 mole) and potassium carbonate (5.5 g., 0.04 nmiole) i1
20 ml. of water was lieated at reflux witl stirring for 5 hours.
The reaction mixture was cooled to room temperature and
extracted twice with 10 ml. of clhiloroforni. Tlie aqueous
layer was cooled (ice-bath) and adjusted to pH 7 (pH paper)
with 2 N hydrochloric acid. The product whicli separated
was collected and recrystallized from water. Tle product
was then washed with water aud finally withh ethanol; it
then weighed 0.2 g. (11.8%) and melted at 209-210° dec.
Further recrystallization of this material from water gave a
sample melting at 210-211° dec.; reported mclting poimt
215-216° dec., corrected.

Compound IV was shown to be 2-metlyl-2,4-carbethoxy-
thiazolidine hydrochloride by comparison of its pliysical
properties witl i snmple prepared by an independent syn-
thesis.

2-Methyl-2,4-carbethoxythiazolidine Hydrochloride.—A
solution of ethyl pyruvate (14.6 g., 0.12 mole) aud L-cysteine
ethyl ester iydrochloride (16.8 g., 0.09 mole) in 300 ml. of
etlianol was heated at reflux for 6 hours. The solvent was
removed under reduced pressiire on the steam-bath, and 250
ml. of dry ether was added to the residual oil. The product
was cooled at 0° for two days; the crystals wlhich formed
were collected, waslied with ethier, and recrystallized from
ethanol-ethier affording 9.2 g. (369%) of colorless erystals
melting at 137-140°. An additional 1.1 g. of product melt-
ing at 136-139° was recovered from the supernatant ligtors
by coucentration and recrystallization. Further recrystalli-
zation of the combined product gave 6.0 g. (23.49) of purc
crystals melting at 139-141°, mixture m.p. witl compound
1V, 138.5-141°. Compound IV and the syvuthetic materinl
just described had ideutical infrarcd spectrn.

MiINNEAPOLIS, MINN.
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Synthesis of a Biologically Active Analog of Oxytocin, with Phenylalanine Replacing
Tyrosine'~

By MikLOS BODANSZKY AND VINCENT DU VIGNEAUD

RECEIVED JUNE 3, 1959

2-Plienylalanine oxytocin is an analog of oxytocin in which tlie tyrosyl residue of thie horinone is replaced by pheuylalanyl.

The compound has been synthesized by two methods which were previously used for the synthesis of oxytocin.
was tested for uterine-contracting, avian depressor and milk-ejecting activity.
Thus the phenolic hydroxyl group contributes strongly to the potency of the liornione

to the extent shown by oxytocin.

The analog
It exhibited activity in these tests. but not

but is not essential qualitatively to its activity with respect to the biological properties so far tested.

In a series of studies on the relation of structure
to biological activity of oxytocin an analog of this

(1) This work was supportetl in part by a graut from the Nntionnl
ITeart Tustitute, 17, S, Public Healilt Service, Grant No. 1T 16475

hormone was synthesized. This analog is dif-
ferent from oxytocin only to the extent that the

(2) A preliminary report of this work has appeared [M, Bodanszky
aid Voodun Vignepud, ‘Tiis JovwrNar, 81, 1258 (115 |,
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tyrosyl residue is replaced by phenylalanyl. By
this change it was possible to reveal the significance
of the phenolic hydroxyl group, which is one of the
few functional groups of the oxytocin molecule,
to its biological activity. It was found that this
phenolic hydroxyl group contributes to the uterine-
contracting, milk-ejecting and avian depressor
activities of the hormone but is not essential for
these activities.?

The hormone-analog mentioned above is referred
to in this paper as 2-phenylalanine oxytocin? to
indicate that the second amino acid from the N-
terminal position of oxytocin is replaced by phenyl-
alanine.

(l:sHs (l:2H5
TYHz O ?Hz (ﬁ ?H“‘CH;
f i
CHz-—CH"—C——NH-——CH-——C-——NH-——(l:H
l
i e
j i Lo
|
CHg—ﬁ:H—NH—C——(l:H-——NH-——C-——CH——(CHz)z—CONHz
| CH,
C=0 |
| CONH,
CH,—N O
N u .
CH—C—NH— (!:H-—— C—NH—CH,—CONH,
/
CH,—CH, ﬁ:}l2
CH(CH;). I

Synthesis of 2-phenylalanine oxytocin was ac-
complished along the lines of the synthesis of oxy-
tocin reported recently by the present authors.’
Thus a dipeptide derivative, methyl S-benzyl-N-
carbobenzoxy-L-cysteinyl-L-phenylalaninate  (II)®
was prepared and saponified to the corresponding
acid (III).®! The latter was coupled to the tri-
peptide, L - isoleucyl - L - glutaminyl - L - aspara-
gine (IV).5 The protected pentapeptide, S-benzyl-
N - carbobenzoxy - L - cysteinyl - L - phenylalanyl-
L - isoleucyl - L - glutaminyl - L - asparagine (V),
thus obtained was linked to the tetrapeptide, S-
benzyl - L - cysteinyl - L - prolyl - L - leucylglycin-
amide (VI).”# The product was the protected nona-
peptide,  S-benzyl-N-carbobenzoxy-L-cysteinyl-L-
phenylalanyl - L - isoleucyl - L - glutaminyl - L-
asparaginyl - S - benzyl - L - cysteinyl - L - prolyl-
L-leucylglycinamide (VII).

The same nonapeptide derivative VII was also
prepared by the nitrophenyl ester method.?

(3) The same analog of oxytocin was also prepared by P.-A, Jaque-
noud and R. A. Boissonnas. Hely. Chim. Acta, 42, 788 (1959). Results
of pharmacological studies on their preparation were reported by H.
Konzett and B. Berde, Brit. J. Pharmacol.,, 14, 133 (1959).

(4) In order to designate various analogs of oxytocin, the following
numbering i{s proposed (using the reduced form)

H-CySH-Tyr-Ileu-Glu(NH,)-Asp( NH,)-
1 2 3 4 5

CySH-Pro-Leu-Gly(NH,)
6 7 8 9
(5) M. Bodanszky and V. du Vigneaud, THis JoUrRNAL, 81, 2504
(1959).
(6) H.S. Bachelard and V. M. Trikojus. J. Chem. Soc., 4541 (1958).
(7) C. Ressler and V. du Vigneand, Turs JoUurRNAL, 76, 3107 (1954).
(8) M. Zaoral and J. Rudinger, Chem. Listy, 49, 475 (1955): Coll.
Czechoslov. Communs., 20, 1183 (1955).

(9) M. Bodanszky, Nalure, 175, 685 (1955); Acta Chim. Hung., 10,
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CBzx-CyS{-Phe-OMe —> CBzx-CyS-Phe-OH
l

Bz Bz

II III

IIT + H-Ileu-Glu(NH,)-Asp(NH;)-OH —>
CBzx-CySl-Phe-Ileu-Glu(NHg)-ASp(NHz)-OH

Bz
v \%
vV + H-CyS!-Pro-Leu-Gly(NHz) —_—
Bz
VI
CBzx-CyS-Phe-Ileu-Glu(NH:)- Asp(NH,)-CyS-Pro-Leu-
l | Gly(NH,)
Bz Bz
VII
1, Na, qu NHg
2, Og (air)

2-Phenylalanine oxytocin
I

This method was used recently for the synthesis
of oxytocin by the present authors. An impor-
tant feature of this synthesis is the lengthening of
the already existing part of a peptide chain by one
protected amino acid at a time. The advantages
and significance of this stepwise peptide synthesis
by the nitrophenyl ester method have already
been outlined earlier.® For the synthesis of 2-
phenylalanine oxytocin the same crystalline hepta-
peptide derivative, N-carbobenzoxy-r-isoleucyl-L-
glutaminyl - L - asparaginyl - S - benzyl - L - cys-
teinyl-L-prolyl-L-leucylglycinamide (VIII),*® was
used as for the synthesis of oxytocin. After re-
moval of the carbobenzoxy group from this hepta-
peptide derivative the free base was allowed to re-
act with p-nitrophenyl N-carbobenzoxy-L-phenyl-
alaninate (IX) to give an excellent yield of the crys-
talline protected octapeptide, N-carbobenzoxy-L-
phenylalanyl - L - isoleucyl - L - glutaminyl - L-
asparaginyl - S - benzyl - L - cysteinyl - L - prolyl-
L-leucylglycinamide (X). The same procedure was
repeated, this time using p-nitrophenyl S-benzyl-
N - carbobenzoxy - L - cysteinate (XI)%911 for the
lengthening of the chain. The protected nonapep-
tide VII was obtained in excellent yield.

CBzx-Ileu-Glu(NH,)-Asp( NHz)-CySI- Pro-Leu-Gly(INH;)

Bz
VIII

1, HBr/AcOH
2, CBzx-Phe-OC¢HNO; (I1X)
CBzx-Phe-Ileu-Glu(NHg)-Asp(NHg)-CySl-Pro-Leu-Gly(NHz)
Bz

X
1, HBr/AcOH

2, CBZX'CY{S'OCﬁI‘LNOg (XI)

VII

Bz

Removal of the protecting groups from the nona-
peptide derivative VII by treatment with sodium

335 (1957). M. Bodanszky, M. Szelke, E. Tomorkeny and B, Weisz,
Chem. and Ind., 1517 (1955); Acta Chim, Hung., 11, 179 (1957).
(10) M. Bodanszky and V. R. du Vigneaud, Nature, 188, 1324 (1959),
(11) B.Iselin, W. Rittel, P. Sieber and R, Schwyzer, Hely. Chim. Acta,
40, 373 (1957).
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in liquid ammonia was carried out in the manner re-
ported in connection with oxytocin.!? Isolation
of the hormone analog also followed the methods al-
ready reported for this group of compounds.5.1?

Experimental!?

Methyl S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-phenyl-
alaninate (II). A,—Methyl L-phenylalaninate hydrochlo-
ride!s (8.6 g.) was dissolved in water (80 ml.) and KHCO;
(10 g.) was added to the solution. The latter was extracted
with ether (250 ml. in five portions), the ether solution was
dried over MgS0O4 and the solvent was removed at room
temperature under reduced pressure. The oily residue
weighed 5.8 g. This ester (5.5 g.) and S-benzyl-N-carbo-
benzoxy-vL-cysteinel®(10.4 g.) weredissolved in dimethylform-
amide (30 ml.) and dicyclohexylcarbodiimide!® (6.2 g.)
was added to the solution at 0°. After being allowed to
stand overnight at room temperature the mixture was diluted
with ethyl acetate (100 ml.) and N,N'’-dicyclohexvlurea
was filtered off. The solution was washed with 0.5 NV HCI,
0.2 N KHCO; solution and water, dried over MgSO4 and
evaporated to dryness. The crystalline residue (15.4 g.)
was recrystallized from methanol (30 ml.) and then washed
with cold miethanol (60 ml.); wt. 9.1 g. (60%,), m.p. 105~
106°, [a]®D —37° (¢ 1, dimethylformamide).

Anal. Caled, for CuHjOsN,S: C, 66.4; H, 5.97; N,
5.53. Found: C, 66.2; H, 6.08; N, 5.63.

B.—Methyl L-phenylalaninate (9.0 g.) and p-nitrophenyl
S-benzyl-N-carbobenzoxy-L-cysteinate® (14 g.) were dis-
solved in ethyl acetate (30 ml.). The mixture was allowed
to stand overnight at room temperature, additional ethyl
acetate (100 ml.) was added and the solution was washed
atid the product isolated and recrystallized as described in
Section A; wt. 12.8 g. (84%), m.p. 104-105°, [a] %D —37°
(¢ 2, dimethylformamide). Another recrystallization raised
the m.p. to 106-107°, and the specific rotation was un-
changed; lit.®* m.p. 105-105.5°.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-phenylalanine
(II1).5—II (9.1 g.) was dissolved in acetone (36 ml.) and N
NaOH (20 ml.) was added with stirring. After 30 minutes
at room temperature 2 N HCI (12 ml.) and water (180 ml.)
were added, and the precipitated acid was filtered off and
washed with water; wt. 8.7 g. (98%), m.p. 157-158°,
[a]®D —22° (¢ 2, pyridine). This product (8.5 g.) was re-
crystallized from ethanol (100 ml.) with the addition of water
(50 ml.); 7.7 g. was recovered with unchanged m.p. and
specific rotation. The compound (4 g.) was also recrystal-
lized from absolute ethanol (42 ml.); wt. 2.05 g., m.p. 158~
159°, specific rotation unchanged; lit.® m.p. 155.5°.

Anal. Caled. for CoHosOsN:S: C, 65.8; H, 5.73; N,
5.69. Found: C,65.9; H, 5.92; N, 5.76.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-phenylalanyl-
L-isoleucyl-L-glutaminyl-L-asparagine (V).—A solution of
111 (3.45 g.) in tetrahydrofuran {70 ml.) and triethylamine
(1 ml.) was cooled to —20°. Isobutyl chloroformate (0.96
g.) was added and after 13 minutes a solution of L-isoleucyl-
L-glutaminyl-L-asparagine monohydrate (IV)® (2.8 g.) in a
mixture of water (14 ml.) and triethylamine (1 ml.) was
added with stirring. The mixture was allowed to come to
rooms temperature and stand for 1 hr.  Water (300 ml.) and
2 N HCI (7 ml.) were added and the precipitate was filtered
and washed with water. After being dried at roomn tenipera-
ture a product (5.5 g.), m.p. 225-228°, was obtained, which
in turn was extracted with several portions of hot ethanol (a
total of 160 ml.) and dried; wt. 3.3 g. (569), m.p. 234—
236°, [a]®D —27° (¢ 5, dimethylformamide), This product
was used for the preparation of the nonapeptide derivative
VII.

For analysis a sample (0.5 g.) was dissolved in hot 809,
ethanol (150 ml.) and when the solution was cooled a solid
separated, which was collected and washed with ethanol;
wt. 0.43 g., m.p. 235-238° (placed in bath at 220°).

(12) V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts and
P. G. Katsoyannis, THIS JourNaL, 76, 3115 (1954),

(13) Capillary melting points were determined for all compounds
and are corrected.

(14) R. A. Boissonnas, St. Guttmann, P.-A. Jaquenoud and J. P.
Waller, Hely. Chim. Acta, 39, 1421 (1956).

(15) C. R. Harington and T. H. Mead, Biochem. J., 30, 1598 (193¢).

(16) J. C. Sheehan and G. P. Hess, THIS JoUurRNar, TT, 1067 (1955).
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Anal. Caled. for CeHz010NsS: C, 59.5; H, 6.30; N,
11.6. Found: C, 59.7; H,6.30; N, 11.6.

p-Nitrophenyl N-carbobenzoxy-1.-phenylalaninate (IX).—
N-Carbobenzoxy-L-phenylalanine (3.6 g.) and p-nitro-
phenol (2.06 g.) were dissolved in ethyl acetate (24 ml.) and
dicycloliexylcarbodiimide (2.5 g.) was added to the solution
at 0°. After 30 minutes at 0° and 2 hr. at room tempera-
ture the N,N’-dicyclohexylurea was filtered off and washed
with ethyl acetate (40 ml.). The combined mother liquor
and washings were evaporated to dryness tx vacuo and the
residue was recrystallized from hot ethanol; wt. 3.8 g.(75%,),
n1.p. 126-126.5°, [a]®p —24.7° (¢ 2, dimethylformamide).

Anal. Caled. for CypHyOgN2: C, 65.7; H, 4.80; N,
6.66. Found: C, 65.8; H, 4.86; N, 6.61.

N-Carbobenzoxy-L-phenylalanyl-L-isoleucyl-L-glutaminyl-
I.-asparaginyl - S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycin-
amide (X).—To a solution of N-carbobenzoxy-L-isoleucyl-
L-glutaminyl-L-asparaginyl-S-benzyl~L-cysteinyl-L-pro-
lyl-L-leucylglvcinamide (VIII)® (3.9 g.) in acetic acid (20
ml.), 3 NV HBr in acetic acid (40 ml.) was added. After
about 1.5 hr. at room temperature dry ether (400 ml.) was
added to the clear solution. The precipitated hydrobromide
was filtered off and washed with ether. After a short
period of drying 7 vacuo the hydrobromide was dissolved in
dimethylformmamide (32 ml.) and triethylamine (3.8 ml.) was
added to the solution with cooling. IX (2 g.) was added to
the reaction mixture; crystallization of the product started
in a short time, After 20 hr. at room temperature ethyl
acetate (400 ml.) was added and the precipitate was washed
with ethyl acetate (100 ml.); wt. 4.15 g. (93%), m.p. 251~
253°, [a]?p —41° (¢ 1, dimethylformamide).

Anal. Caled. for CusHpONy;S: C, 59.3; H, 6.79; N,
13.8. Found: C, 59.0; H, 6.85; N, 13.7.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-phenylalanyl-
L-isoleucyl-L-glutaminyl-L-asparaginyl-S-benzyl-L - cys-
teinyl-L-prolyl-L-leucylglycinamide (VII). A —V (3.4 g.)
and S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycinamide ses-
quihydrate(VI)(2.2 g.) were dissolved in dimethylformamide
(75 ml.) and dicyclohexylcarbodiimide (2.5 g.) was added
at 0°. After 20 hr. at room temperature the mixture was
heated to 40° and acetic acid (1 ml.) was added. The pre-
cipitate was filtered off and washed with dimethylformamide
(5 ml.). Water (400 ml.) was added to the filtrate with
cooling. The precipitate was washed with water (400 ml.)
and dried. After extraction of the product (5.8 g.) with hot
methanol (250 ml.), 2.45 g. (479,), m.p. 243-245° dec. re-
mained. This material was used in the next step. Foranal-
ysis a sample (0.50 g.) was dissolved in dimethylformamide
(20 ml.) at 45° and water (200 ml.) and acetic acid (1 ml.)
were added to thie filtered solution. The precipitate was
washed with water. Tlhe material (0.50 g.) was extracted
with hot methanol (50 ml.) and dried (0.30 g.), m.p. 247-
248° dec., [a] D —52° (¢ 1, dimethylformamide).

Anal. Caled. for CesHgO1:N1Se: C, 59.7; H, 6.63; N,
12.9. Found: C, 59.6; H,6.77; N, 12.7.

B.—To a suspension of the protected octapeptide deriva-
tive X (3.4 g.) in acetic acid (20 ml.) 3 N HBr in acetic acid
(40 ml.) was added. After an hour at room temperature
the hydrobromide was precipitated with ether (360 mil.)
and washed with etlier (240 ml.). This hydrobromide after
a short period of drying ¢n racuo was dissolved in dimethyl-
formamide (30 ml.) and treated with triethylaniine (3.8 ml.)
at 0°. p-Nitrophenyl S-benzyl-N-carbobenzoxy-L-cystein-
ate (X)5%1 (1.68 g.) was added to the reaction mixture.
A solid soon began to separate. After 22 hir. at room tem-
perature the product was isolated in the manner described
for compound X; wt. 3.75 g. (95%), m.p. 250-233° dec.,
[]®D —48.3° (¢ 1, dimethylformamide).

Anal. Found: C, 59.5; H, 6.69; N, 13.0.

2-Phenylalanine Oxytocin (I).—A solution of VII (1.3 g.)
in liguid ammonia (500 ml.) was treated with sodium until a
blue color persisted (0.25 g. of sodium). Ammonium chlo-
ride (0.55 g.) was added and the ammionia was allowed to
evaporate. The residue was dissolved in water (1300 1nl.)
and the pH was adjusted to 6.5 with acetic acid. After
aeration for 5 hr. the nitroprusside reaction for the mercapto
group was negative. Assay of the soiution for avian de-
pressor activity showed a total of 23,000 units. Tlie solvent
was removed in racuo below room temperature and the res-
idue was extracted with ethanol (35 ml.). Ethyvl acetate
{500 ml.) was added and the precipitate was filtered off and
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washed with ethyl acetate. It was then dried, extracted
with pyridine (20 ml.) and reprecipitated with ethyl acetate
(100 ml.). The dried product weighing 0.50 g. represented
13,000 units of avian depressor activity. For further puri-
fication this solid was dissolved in 50 ml. of the lower phase
of the solvent system butanol-ethanol-0.05%, acetic acid
(4:1:5) and placed in the first five tubes of a 200-tube coun-
tercurrent distribution apparatus. After 310 transfers a
peak with a distribution coefficient of approximately 0.7
emerged and this contained all of the avian depressor ac-
tivity, With the exception of tubes No. 110 to 150 the
apparatus was emptied and refilled with fresh solvents. The
distribution was continued by recycling. After a total of
580 transfers all the avian depressor activity was in tubes
no. 10-60 with a maximum at tube no. 35. The theoretical
curve calculated for the K value 0.68 was in excellent agree-
ment both with the curve obtained by plotting the Folin
color determinations!” and with that obtained by using the
biological assay values.’® The contents of tubes no. 20 to 50
were pooled and the solvent was removed ¢n vacuo. Theres-
idue was dissolved in ethanol (16 ml.) and ethyl acetate
(1 1.) was added to the solution. The precipitate was col-
lected and washed with ethyl acetate. (Considerable
amounts of activity were found in the mother liquor.) The

(17) 0. H. Lowry, N. V. Rosebrough, A. L. Farr and R. J. Randall,
J. Biol. Chem.. 188, 265 (1951).
(18) J. M. Coon, Arch. Intern. Pharmacodynamie, 62, 79 (1939).

DEGRADATION OF ADENOSINE-5'-TRIPHOSPHORIC ACID

6075

product (50 mg.) possessed approximately 60 units/mg.
of avian depressor activity!® and approximately 30 units/mg.
of rat uterine-contracting activity.1%® Professor H. B. van
Dyke of the College of Physicians and Surgeons has found
that 2-phenylalanine oxytocin shows niilk-ejecting activity
of about 60 units per mg.

Amnal. Caled. for C43H53011N1252! C, 521, H, 671; N,
17.0; mol. wt.,# 991. Found: C, 52.1; H, 6.83; N, 16.9;
mol. wt,,? 940,
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(19) J. H. Burn, D, J. Finney, L. G. Goodwin, ** Biological Standardi-
zation,”” Oxford University Press, 1950,

(20) In this test results were obtained several times, which were dif-
ferent from the average reported here. This result might be explained
by the different dose-response relationship for oxytocin and 2-phenyl-
alanine oxytocin.

(21) E. V. Baldes, Biodynamica, 46, 1 (1939).

NEw Yorg, N. Y,

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, WASHINGTON UNIVERSITY]

The Degradation of Adenosine-5’'-triphosphoric Acid (ATP) by Means of Aqueous
Barium Hydroxide!

By Davip LipkiN, Roy MarkuaM? aND WiLLiaM H. Cook?
RECEIVED MAY 6, 1959

Degradation of ATP by means of aqueous barium hydroxide at 100° was shown to lead to the formation of nine adenine-

containing compounds.
acid and 2’,5’ (and 3’,5")-diphosphoryladenosine,
the formation of the observed products.

The fact that adenosine-5'-triphosphoric acid
(ATP) yields adenosine-5'-phosphoric acid (A-5'-P)
and inorganic pyrophosphate on hydrolysis in
barium hydroxide solution has been known for
some years.* In a recent study of the alkaline
degradation of ATP, Hock and Huber® showed that
the reaction is more complex than previous inves-
tigators had indicated. They demonstrated that
in the degradation of ATP by 1V sodium hydroxide
solution at 100° there also is formed adenine and an
unidentified phosphorus-containing substance which
has a smaller Ry value than ATP on paper chroma-
tography with 1-propanol-ammonia as the develop-
ing solvent. Hock and Huber also showed that
degradation of ATP at 100° and pH ca. 9-10 in
the presence of barium ion leads to the formation
of a substance which they designated as “NF.”
They indicated that this was an ‘‘adenosine di-
phosphate.” These investigators noted, in addi-
tion, the marked catalytic effect of barium ion on
the degradation of ATP in alkaline solution.
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(5) A. Hock and G. Huber, Biochem. Z., 328, 44 (1956).

Of these, the most interesting are adenosine-2’ (and 3’)-phosphoric acid, adenosine-3’: 5’-phosphoric
Mechanisms for the degradation of ATP are suggested which account for

Additional complexities in the alkaline degrada-
tion of ATP already have been reported briefly by
Cook, Lipkin and Markham.! A more detailed

study shows that the following adenine compounds
are formed in the degradation of ATP at 100° in
the presence of aqueous barium hydroxide: ade-
nine, adenosine, A-5-P, adenosine-2’-phosphoric
acid (A-2’-P), adenosine-3’-phosphoric acid (A-
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(6) W. H. Cook, D. Lipkin and R. Markham, THis JOURNAL, 79,
3607 (1957).
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