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Decomposition of Glyeyl-L-histidyl-L-serine (VI) in
Water.—A solution of 1 mg. of glycyl-L-histidyl-L-serine
(VI)in 0.1 ml. of water was heated on a steam-bath for 3
liours, giving a mixture of unchanged VI and two decompo-
sition products, one Pauly-negative and ninhydrin-positive,
thie other Pauly-positive and ninhydrin-negative. The
former compound was identical in behavior with an authen-
tic sainple of L-serine on paper chromatography in BPAW,
BAW and 1-butanol-butanone-water-diethylamine (10:
10:5:1), and on electrophoresis. The latter compound was
identical in behavior to X on paper chromatography in
BPAW and BAW, and on electrophoresis.

Catalysis of the Hydrolysis of p-Nitrophenyl Acetate by
L-Histidine, Glycyl-L-histidyl-L-serine (VI) and cyclo-
Glycyl-L-histidyl-L-serylglycyl-L-histidyl-L-seryl  (I).—The
conditions of Katchalski, et al.,?8 were employed. At zero
time, 0.500 mul. of a solution of 0.001587 g. of p-nitrophenyl!
acetate® in 10.0 ml. of purified, peroxide-free dioxane was
mixed thoroughly with 15.0 ml. of 0.20 M phosphate buffer,
pH 7.76, at 28.0 &= 0.5°, containing the desired histidine-

(28) F. Chattaway, J. Chem. Soc., 184, 2495 (1931).
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containing compound. The changes in optical density at
400 myu were followed on a Coleman Junior spectrophotom-
eter. Readings were taken at 1-5 minute intervals for
the first 509 of the reaction, then an infinite time reading
was taken after 10 half-lives. The first-order rate constant,
k1, was calculated from eq. 1. It was found that &y, in all
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cases (including the absence of a histidine-containing coui-
pound), dropped rapidly during the first 159, of reaction,
then became constant within experimental error (probably a
very gradual decrease in k;). The values reported for A
were calculated from the data obtained between 209, and
409, reaction. Tlie second-order rate constant, k2, was cal-
culated from eq. 2, where ¢ = molarity of histidine residues
and k., = the first-order rate constant in the absence of a

ky = (k1 — ku)/c (2)

histidine-containing compound. The results are summa-
rized in Table I, together with some of the data from Kat-
chalski, et al.,23 for comparison.
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Synthesis of D-Leucine-oxytocin, a Biologically Active Diastereoisomer of Oxytocin,
and Demonstration of its Separability from Oxytocin upon Countercurrent
Distribution’

By ConraD H. SCHNEIDER AND VINCENT DU VIGNEAUD
RECEIVED FEBRUARY 22, 1962

The synthesis of the p-leucine isomer of oxytocin is described. The required nonapeptide intermediate, S-benzyl-N-
carbobenzoxy - L - cysteinyl - L - tyrosyl - L - isoleucyl - L - glutaminyl - L - asparaginyl - S - beuzyl - L - cysteinyl - 1. -
prolyl-p-leucylglycinamide, was obtained by coupling S-benzyl-N-carbobenzoxy-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-gluta-
minyl-L-asparagine with S-benzyl-L-cysteinyl-L-prolyl-p-leucylglycinamide by means of dicyclohexylcarbodiimide. The
protected nonapeptide so formed was reduced with sodium in liquid ammonia and subsequently oxidized to the octapeptide
amide, D-leucine-oxytocin, which was purified by countercurrent distribution. The p-leucine-oxytocin was found to possess
oxytocic and avian depressor activities of approximately 20 units per mg. and a milk-ejecting activity of at least 50 units per

mg.

The separability of this diastereoisomer from oxytocin upon couutercurrent distribution was demonsirated by sub-

jection of a mixture of tlie p-leucine-oxytocin and tritiuni-labeled oxytocin to this procedure.

A recent communication from this Laboratory?
described the synthesis of tritium-labeled oxytocin
from L-leucine labeled with a crude preparation of
leucine of high specific activity prepared by the
catalytic reduction of dehydro-L-leucine with trit-
ium gas. It was hoped that radioactivity not due
to L-leucine would be eliminated during the crystal-
lizations of the intermediates in some of the steps
of the synthesis as well as during the purification of
the hormone by countercurrent distribution. In
fact, the countercurrent distribution of the final
radioactive hormone preparation gave no evidence
of the presence of impurities. However, there was
a possibility that the tritium-labeled leucine used
in the radioactive synthesis may have contained
some racemic leucine. If this were true, it is
conceivable that any resulting diastereoisomer
may not have been eliminated completely in the
course of the purification of the crystalline pro-
tected peptide intermediates, carbobenzoxy-L-
prolyl-L-leucine,  carbobenzoxy-L-prolyl-L-leucyl-
glycinamide and S-benzyl-N-carbobenzoxy-L-cys-
teinyl - L - prolyl - L - leucylglycinamide. Further-

(1) This work was supported in part by a grant from the National
Heart Institute, U, S. Public Health Service, Grant No. H-1673.

(2) V. du Vigneaud, C. H, Schueider, J. E. Stouffer, V. V. S, Murti,
J. P. Aroskar and G. Winestock, J, Am, Chem, Saoc., 84, 409 (1962).

more, any radioactive bp-leucine diastereoisomer
which might have been carried through the pro-
tected nonapeptide stage would then be present in
the radioactive oxytocin as radioactive D-leucine-
oxytocin and might not have been separated from
the oxytocin during countercurrent distribution.

It therefore seemed desirable to synthesize the
non-radioactive D-leucine isomer of oxytocin and
study its separability from oxytocin upon counter-
current distribution under the conditions previously
employed for the purification of the radioactive
hormone. If the two diastereoisomers were sepa-
rable under these conditions, it would appear un-
likely that the final radioactive oxytocin prepara-
tion had been contaminated with the b-leucine
isomer.

The b-leucine isomer of oxytocin was also of
interest in its own right, since a study of its proper-
ties would make a basic contribution to the general
question of the relationship of diastereoisomerism
to the biological activity and other properties of
the hormone. Investigations along these lines
were initiated a few years ago in this Laboratory
and are being continued at the present time.

For the synthesis of the p-leucine-oxytocin the
same route was employed as for the synthesis of
the tritium-labeled oxytocin.? Thus, the C-termi-
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Fig. 1.—Countercurrent distribution of a mixture of
tritium-labeled oxytocin (K = 0.32) and p-leucine-oxytocin
(K = 0.49) in butanol-propanol-0.05%; acetic acid at 4°.

nal tripeptide sequence carbobenzoxy-L-prolyl-p-
leucylglycinamide was prepared from bp-leucine
following essentially the method of Cash® for the
L,L isomer with certain variations as given in the
Experimental section. Coupling of the decarbobenz-
oxylated tripeptide with p-nitrophenyl S-benzyl-N-
carbobenzoxy-L-cysteinate and subsequent decarbo-
benzoxylation of the product yielded the tetra-
peptide S - benzvl - L - cysteinyl - L - prolyl - p-
leucylglycinamide which was coupled by means of
dicyclohexylcarbodiimide with the pentapeptide
S - benzyl - N - carbobenzoxy - L - cysteinyl - L-
tyrosyl - 1. - isoleucyl - L - glutaminyl - L - aspara-
gine! to give the required protected nonapeptide
intermediate S - benzyl - N - carbobenzoxy - L-
cysteinyl - L - tyrosyl - L - isoleucyl - L - glutaminyl-
L - asparaginyl - S - benzyl - L - cysteinyl - L - prolyl-
D-leucylglycinamide. p-Leucine-oxytocin  was
prepared from the protected nonapeptide by reduc-
tion with sodium in liquid ammonia followed by
oxidation of the reduced material in aqueous solu-
tion. The analog was isolated by countercurrent
distribution (800 traunsfers) in the system butanol-
propanol-0.059, acetic acid (2:1:3) at 4° followed
by concentration and lyophilization.

A mixture containing roughly equal amounts of
p-leucine-oxytocin and oxytocin, to which a small
amount of radioactive oxytocin had been added,
was subjected to countercurrent distribution in the
system butanol-propanol-0.05%, acetic acid (2:1:3)
at 4°.  After 450 transfers p-leucine-oxytocin was
found to be separated from the labeled oxytocin.
The oxytocin and radioactive oxytocin exhibited a
partition coefficient (X) of 0.32, whereas the b-
leucine-oxytocin possessed a K value of (.49 in
this system, as shown in Fig. 1. This demonstra-
tion of the separability of oxytocin from p-leucine-
oxytocin by countercurrent distribution gives con-
fidence that the biological potencies reported below
for the p-leucine-oxytocin purified by 800 transfers
represent inherent activities of the compound and
are not due to contamination with oxytocin which
could conceivably have arisen from a slight degree
of racemization in the coupling of the carbobenz-
oxy-L-prolyl-p-leucine with glycinamide. More-

(3) W. D. Cash, J. Org. Chem., 26, 2136 (1961).

(4) M. Bodanszky and V. du Vigneand, J. Am. Chem. Soc., 81, 2501
(1454).
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over these results can be taken as an indication of
the feasibility of synthesis of isotopically labeled
oxytocin starting from bDL-leucine labeled with
any isotope or combination of isotopes desired.

It is to be noted that the curves in Fig. 1 for
radioactivity and for Folin—Lowry color values for
the oxytocin peak coincide aud further that no
radioactivity was present in the tubes containing
the p-leucine-oxytocin. Thus, the result demon-
strates that the radioactive oxvtocin previously
reported? which was used in this experiment does
not contain detectable p-leucine-oxytocin, for other-
wise radioactivity would have appeared in the -
leucine-oxytocin separated in this experiment.

The p-leucine-oxytocin was assayed against the
U.S.P. Standard Powder for certain of the bio-
logical activities associated with oxytocin. The
avian depressor activity® of this diastereoisomer
of oxytocin was approximately 20 units per mg.,
and the oxytocic activity® was also in this range.
On the other hand, oxytocin possesses approxi-
mately 500 units per mg. of each of these activities.
The milk-ejecting activity” of the p-leucine-oxy-
tocin was higher than the other two, preliminary
assays indicating a minimum value of 50 units per
mg. No pressor effect® was noted in rats with
doses up to 250 pg., and in fact it was found that
the compound exerted a weak inhibitory effect on
the pressor response to the Standard. The com-
pound also was found to exert an extremely weak
antidiuretic effect in the rat.® Thus the substi-
tution of p-leucine for the naturally occurring L-
leucine in the penultimate position of the side
chain of oxytocin exerts a pronounced effect upon
the biological activities. A more detailed study
of the response of D-leucine-oxytocin in the various
assay procedures is under way and will be published
elsewhere.

Experimental®®

Carbobenzoxy-L-prolyl-p-leucine.—Triethylamine (6.40
ml.) was added to carbobenzoxy-L-proline (10.9 g.) in tetra-
hydrofuran (65 ml.), and the solution was cooled to —10°.
Isobutyl chloroformate (6.0 g.) was added and the solu-
tion was stirred at —5° for 20 minutes. A solution of p-
leucine (5.75 g.) and triethylamine (8.8 ml.) in water (45 ml.)
was then added and stirring was continued for 100 minutes
without further cooling. The reaction mixture was acidified
with 6 N HCl until the pH reached 3 and the tetrahydrofuran
was removed in vacuo. A colorless oil separated from there-
sidual aqueous solution and crystallized upon being allowed
to stand overnight in the refrigerator. The solid was filtered
off and washed with a small volume of N HCl and water,
It was dissolved in glacial acetic acid (30 ml.) and crystallized
by the slow addition of water (450 ml.). The dried material
was again recrystallized {rom approximately 300 ml. of
chloroform-hexane (1:4); wt. 11.0 g., m.p. 133-135°, [«]%D
—66.5° (¢ 6, chloroform).

(3) J. M. Coon, Arch. inlern. pharmacodynamie, 62, 79 (1939)
R. A. Munsick, W. H. Sawyer and H. B. van Dyke, Endocrinology, 66,
860 (1960).

(6) P. Holton, Brit. J. Pharmacol., 8, 328 (1948); R. A. Muunsick,
Endocrinology, 66, 451 (1960).

(7) B. A. Cross and G. W. Harris, J. Eundocrinol., 8, 148 (1932);
H. B. van Dyke, K. Adamsons, Jr., and 8. I.. Engel, Recent Progr.
Hormone Research, 11, 1 (1955).

(8) The Pharmacopeia of the United States of America, 16th Revi-
sion, Mack Printing Co., Easton, Pa., 1960, p. 793.

(9) W. A. Jeffers, M. M. Livezey and J. H. Austin, Proc. Soc. Exp.
Biol. Med., 50, 184 (1942); W. H. Sawyer, Endocrinology, 68, 694
(1958) ..

(10) All inelting points were determined in capillary tubes and are
currected.
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Anal. Caled. for C19H2305N21 C, 630, H, 723, N,
7.73. Found: C, 62.9; H, 7.21; N, 7.77.

Carbobenzoxy-L-prolyl-p-leucylglycinamide.~—This mater-
ial was prepared in two equal batches. Triethylamine (2.17
ml.) was added to carbobenzoxy-L-prolyl-p-leucine (5.45 g.)
in tetrahydrofuran (65 ml.), and the solution was cooled to
—15°. Isobutyl chloroformate (2.06 g.) was added, and the
solution was stirred at —10° for 10 minutes. Glycinamide
hydrochloride (1.83 g.) in a mixture of water (15 ml.) and
triethylamine (25 ml.) was then added to the reaction mix-
ture at —20° and stirring was continued for 10 minutes at
—10° and then for 80 minutes at room temperature. ThepH
of the solution was adjusted to 3 by the addition of N HCl
and the tetrahydrofuran was removed 7# vacuo. The crys-
talline product which separated from the residual aqueous
solution was washed with water and then dissolved in dichlo-
romethane (90 ml.). The dichloromethane solution was ex-
tracted with 30 ml. of 0.5 V HCI, 15 ml. of water, 30 ml. of
0.5 M KHCO; and three times with 20 ml. of water. It was
then stored in a calcium chloride desiccator for several hours.
The dry solvent was removed ¢# vacuo and the residue was
crystallized from 300 ml. of chloroform-hexane (1:6); wt.
4.5 g., m.p. 162-163°.

Material with this melting point (4.3 g.) was recrystallized
from hot water; wt. 4.1 g., m.p. 167-168°, [«]2°p —10.5°
(¢ 2, 959 ethanol).

Anal. Caled. for CyH30:Ny: C, 60.3; H, 7.23; N,
13.4. Found: C, 59.9; H, 7.14; N, 13.3.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-prolyl-p-leucyl-
glycinamide.—C arbobenzoxy-L-prolyl-p-leucylglycinamide
(4.1 g.) was dissolved in 2 N HBr in glacial acetic acid (12
ml.), and the solution was stirred for 100 minutes at room
temperature and then concentrated to a syrup ¢z vacuo.
Dry ether (30 ml.) was added and the precipitate which
forimed was washed with ether and dissolved in methanol (30
ml.). Amberlite IRA-400 in the OH form was added to the
methanol solution until the reaction for bromide ion became
negative. After the resin had been removed by filtration,
the solution was evaporated 77 vacuo to a partially crystalline
residue of the desired L-prolyl-p-leucylglycinamide. This
material was dissolved in dimethylformamide (4 ml.) and
p-nitrophenyl S-benzyl-N-carbobenzoxy-L-cysteinate (4.5
g.) was added to the solution. Tlie first crystallization of the
product was induced by seeding with a trace of crystalline
S-benzyl-N-carbobenzoxy-L-cysteinyl-L-prolyl-L-leucylgly-
cinamide after tlie reaction mixture had been allowed to
stand for several hours witli no sign of crystallization. Two
days later ethyl acetate (75 ml.) was added with stirring.
After being allowed to stand in the refrigerator for 2 more
days, the crystalline material was filtered off and washed
with ethyl acetate (50 ml.); wt. 3.1 g., m.p. 167-169°. A
second batch on the same scale gave 3.0 g. of product with
the same melting point. The material was further purified
by two recrystallizations from methanol-water; 3 g. of the
crystals was dissolved in 35 ml. of methanol and boiled for 2
minutes in the presence of charcoal (1 g.); the charcoal was
filtered off and the product was crystallized from the warm
filtrate by the slow addition of the same volume of water.
In the second recrystallization no charcoal was used. This
purification raised the melting point of the product to 171-
172°, with approximately a 109% loss in weight; [a]22D
—13.0° (¢ 2, dimethylformamide).

Anal. Caled. for C;HuOsN:S: C, 60.9; H, 6.75; XN,
11.5. Found: C, 60.8; H, 6.74; N, 11.5.

S-Benzyl-N-carbobenzoxy-L-cysteinyl-L-tyrosyl-L-iso-
leucyl-L-glutaminyl-L-asparaginyl-S-benzyl-L-cysteinyl-L-
prolyl-p-leucylglycinamide .—The carbobenzoxy group was
removed from the protected tetrapeptide S-benzyl-N-car-
bobenzoxy - L - cysteiny! - L - prolyl - b - leucylglycinamide
by treatment with HBr in acetic acid as already described
for the preparation of rL-prolyl-p-leucylglycinamide. From
2.0 g. of protected tetrapeptide 1.5 g. of the free tetrapeptide
S-benzyl-L-cysteinyl-L-prolyl-p-leucylglycinamide was ob-
tained as an amorphous solid. An aliquot of the material
(0.1 mg.) was subjected to descending chromatography ou
Whatman No. 1 paper in the solvent system butanol-acetic
acid—water (4:1:5). A single sharp ninhydrin spot (R;
0.76) was obtained.

The free tetrapeptide (1.27 g.) and the pentapeptide S-
benzyl-N-carbobenzoxy-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-
glutaminyl-L-asparagine® (2.0 g.) were dissolved in 11.5 ml.
of dimethylformamide. To this solution 0.96 g. of dicyclo-
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hexylcarbodiimide (1009, excess) was added at 0°. The
reaction mixture was stirred at 0° for 30 minutes and at room
temperature for 5 hr.  After storage overnight in the refrig-
erator, the solidified material was mixed with glacial acetic
acid (1 ml.) and ice-cold water (120 ml.). The precipitate
was filtered off, washed with liberal amounts of water and
dried over PyO; i1 vacuo. Thus 3.3 g. of a white amorphous
solid was obtained. The bulk of this material (3.0 g.) was
extracted with methanol, precipitated with water from a di-
methylformamide solution and again extracted with hot
methanol. The substance was dried to constant weight over
P05 in vacuo; wt. 0.75 g., m.p. 237-239° dec., [a]l'D
—27.5° (¢ 2, dimethylformamide).

Anal. Caled. fOI‘ CesHseOMNmSz: C, 590, H, 655, N,
12.7. Found: C, 59.2; H, 6.63; N, 12.4.

p-Leucine-oxytocin.-—The procedure for the reduction of
the protected nonapeptide intermediate with sodium in
liquid ammonia was essentially the one described in the
synthesis of tritium-labeled oxytocin.? The reduced material
was aerated in aqueous solution at pH 6.8 at a concentration
of 0.5 mg. per ml. for approximately 2 hr., whereupon oxida-
tion was completed by the addition of potassium ferricy-
anide.!-12  After removal from the solution of ferrocvanide
and ferricyanide ions by means of the resin AG3-X4 in the
chloride form, the pH was adjusted to 4 and the solution
was concentrated iz vacuo below room temperature.

Such a concentrate (30 ml.) resulting from the reduction
of 200 mg. of the protected nonapeptide intermediate which
was found to contain a total of approximately 1400 units of
avian depressor activity was placed in the first 10 tubes of a
6 ml. 400-tube Craig countercurrent machine and subjected
to a total of 800 transfers in the solvent system butanol-
propanol-0.05%, acetic acid (2:1:3) at 4°. After 400 trans-
fers a separation into two peaks with K values of 0.2 and 0.5
had been accomplished, as detected by the Folin-Lowry!?
color reaction. The material of the slow-moving peak did
not possess avian depressor activity, and no activity was
found in the tubes between the two peaks. The peak re-
sulting from the p-leucine-oxytocin (K 0.50) was in good
agreement with a calculated curve except for a small shoulder
on the leading edge. The avian depressor activity was as-
sociated with the material of this peak and its distribution
followed closely the theoretical curve. After 800 transfers
the impurity detected on the leading edge of the p-leucine-
oxytocin peak was separated from the main peak. The
solvent phases from Tubes 259-284, containing the p-leucine-
oxytocin from the central portion of the peak were combined,
concentrated to a small volume and lyophilized to give ap-
proximately 35 mg. of the desired analog. From a second,
similar run, in which 350 mg. of the protected nonapeptide
was used, another portion of about 60 mg. of lyophilized p-
leucine-oxytocin was obtained agreeing in properties with
the other preparation. In this experiment the distribution of
p-leucine-oxytocin after 800 transfers was analyzed by meas-
urement of Folin—Lowry color as well as by determination of
the residual weights in the lower phase. The two curves ob-
tained by plotting these values were in good agreement with
a calculated curve. For elementary analysis a sample was
dried at 100° over PyO; sz vacuo for 5 hr. with a loss in
weight of 79%; [a]®p +12° (¢ 0.5, N acetic acid).

Anal. Caled. for C43H66012N1282 . C2H4022 C, 506, H,
6.61; N, 15.8. TFound: (corrected for 0.70% ash): C, 50.8;
H, 6.68; N, 15.7.

An amino acid analysis of the lyophilized material was per-
formed on a Beckman-Spinco amino acid analyzer according
to the procedure of Spackman, Stein and Moore.!* The
following amino acid molar ratios (witl the ratio for leucine
taken as 1) were obtained: aspartic acid 1.0, glutamic acid
0.9, proline 1.1, glycine 1.0, cystine 1.0, isoleucine 0.9,
leucine 1.0, tyrosine 0.75, ammonia 3.1.

p-Leucine-oxytocin traveled somewhat faster than oxyto-
cin when they were subjected to paper chromatography in

(11) V. du Vigneaud, G. Winestock, V. V. 8. Murti, D. B. Hope
and R. D. Kimbrough, Jr., J. Biol. Chem., 238, PC 64 (1960); D. B.
Hopz, V. V. S. Murti and V. du Vigneaud, ¢bi{., 237, 1563 (1962).

(12) D. Jarvis, M. Bodanszky and V. du Vigneaud, J. Am. Chem.,
Soc., 88, 4780 (1961).

(13) O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. S. Randall,
J. Biol. Chem., 198, 265 (1951).

(14) D. H. Spackman, W. H. Stein and S. Moore, 4nal. Chem., 80,
1190 (1958).
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the following mauner. Qxytociu (100 wg.) and p-leucine-
oxytocin (100 pg.) as well as a mixture of 100 ug. of each of
the two peptides were applied separately to a strip of What-
man No. | paper and chromatographed for 16 hr. at room
temperature with the solvent system butanol-acetic acid-
water (4:1:5) (descending). The R; values of the ninhydrin
spots gbtained were 0.67 for oxytocin and 0.73 for p-leucine-
oxytocin. The mixture of the two peptides had been sepa-
rated into two distinct spots according to the R; values re-
ported.

Countercurrent Distribution of a Mixture of Oxytocin and
D-Lquclne-oxytocin.~—A mixture of oxytocin (10 mg.), p-
leucine-oxytocin (9 mg.) and synthetic tritium-labeled oxyto-
cin? (1 mg.) was introduced into the first 10 tubes of the 6-
ml. 200-tube Craig countercurrent machine and submitted to
450 transfers in the solvent system butanol-propanol-0.05%,
acetic acid (2:1:3) at 4°. The resulting distribution of tlie
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material was analyzed by measurewtent of tlie Folin-Lowry
color and of the radioactivity by liquid scintillation count-
ing.!* Oxytocin and radioactive oxytocin, exhibiting a K
value of 0.32, were separated from p-leucine-oxytocin witli a
K value of 0.49, as shown in Fig. 1.

Acknowledgments.—The authors wish to thank
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(15) Aliquots of the lower pliase (0.1 ml.) were counted in a Tracer-
lab scintillation counter with the dioxane—xylene solution of the
phosphor as used by H. J. Jacobson, G. N. Gupta, C. Fernandez, S.
Hennix and E. V, Jensen, Arch. Binchem, Biophys., 86, 89 (1960).
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Potential Purine Antagonists.

XXXIV. The Synthesis of 3-Methylguanine and a

Study of the Structure and Chemical Reactivity of Certain 3-Methylpurines!

By Leroy B. TowNSEND AND RoLAND K. ROBINS
RECEIVED FEBRUARY 23, 1962

The synthesis of 3-metliylguanine (I) lias been achieved.

A study of thie chemical properties of I and a nuuber of re-

Inted 2-amino-3-methyl-6-substituted purines has revealed that the classical, fixed double-bond type structure which can
be ’written for these compounds does not account for the observed chemical reactivity toward nucleophilic substitution.
Evidence is presented which suggests that these compounds possess a higl degree of aromaticity with an increased electrou
density in the imidazole ring and an over-all decrease of electron density in the pyrimidine ring.

The superior antitumor activity of 2-amino-1-
methyl-6-purinethione? over that of 2-amino-6-
purinethione (6-thioguanine) against Adenocarci-
noma 755 prompted us to investigate the synthesis
of additional N-methyl derivatives of 6-thioguanine.
The preparation of the 9-methyl® and 7-methyl?
derivatives of 2-amino-6-purinethione have al-
ready beeu reported by thiation of the correspond-
ing N-methylguanine with phosphorus penta-
sulfide in pyridine. Since the required 3-methyl-
guanine (I) has not been reported previously, the
synthesis of I was undertaken in our laboratory.

The study of 3-N-substituted purines is presently
of cousiderable interest in view of the work of
Leouard and Deyrup® who have shown that the
naturally-occurring alkaloid, triacauthine, is 6-
amino-3-(v,y-dimethylallyl)-purine. Also it has
heen shown® recently that uric acid-3-riboside
oceurs in beef blood.

It is of interest that a previous unsuccessful
attempt to prepare 3-methylguanine has been
recorded.” Brookes and Lawley® have recently
noted that no 3-substituted guanines are known.
The synthesis of 3-methylguanine (I) via the clas-
sical Traube synthesis was investigated. The

(1) Supported by Research Grant No. T-181 from the American
Cancer Society.

(2) C. W. Noell, D. W. Smith and R. K. Robins, J. Med. Pharm.
Chem., in press.

(3) H. C. Koppel and R. K. Robins, J. Am. Chem. Scc., 80, 2751
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