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(e 16,500). By mixed fusion of VI and its picrate
with nordehydro-e-matrinidine and its picrate,
no melting point depression was observed, and
there was good agreement between their infrared
spectra.
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A New Synthesis of Purines

Sir:

Classical chemical purine syntheses, which in-
volve the cyclization by pyrolysis of 4-amino-5-
formamidopyrimidines! or modifications such as
cyclization of 4,5-diaminopyrimidine sulfate salts
by means of boiling formic acid or formamide,?
have been shown to fail when applied to the con-
version of chloropyrimidines to chloropurines.®.34,
Rather, all chloropyrines described in the literature
have been synthesized by chlorination of puri-
nones,*® a procedure which is often unsatisfactory.

Since chloropurines are important intermediates
for the synthesis of natural and unnatural purine
nucleosides® a new synthesis of purines was sought.
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We have found that when 4,5-diaminopyrimi-
dines are refluxed with mixtures of alkyl ortho-
formates and carboxylic acid anhydrides,”®® mix-
tures of purines and N-acylpurines are formed.
Methyl, ethyl, and propyl orthoformates and
acetic, propionie, and butyric anhydrides have been
used successfully; evaporation of the excess
reagents leaves a residual mixture of purine and N-
acylpurine, the acyl group deriving from the
anhydride. The acylpurine is hydrolyzed to the
corresponding purine by action of dilute aqueous
base (without heating and for limited time with
chloropurines).

In this way 4,5-diaminopyrimidines bearing at
the 2- and 6-positions amino, chloro, dimethyl-
amino, hydrogen, hydroxyl, methyl, and methylthio
substituents give the corresponding purines in good
vield. This appears to be a general synthetic route
to purines. It also allows for the ready isotopic
labeling of purines by using esters of carbon-
labeled orthoformate.

4,5 - Diamino - 6 - dimethylamino - 2 - (methyl -
thio)pyrimidine® (I), 0.500 g., 5 ml. of ethyl ortho-
formate, and 5 ml. of acetic anhydride, refluxed
21/, hrs., the solution evaporated in vacuo, the
residual  6-dimethylamino-2-(methylthio)purine??
(II) and N-acetyl-6-dimethylamino-2-(methylthio)-
purine heated 5 min., steam-bath, with 10 ml. of
1 N sodium hydroxide, and brought to pH 3.8 with
acetic acid, yielded 0.428 g. (829%) of II, m.p.
278.5-281° (dec.), m.p. 285-286.5° (dec.) from
sodium hydroxide followed by acetic acid. Cale’d for
CsHuN:S: C, 45.9; H, 5.30; N, 35.5; 8, 15.3.(Found:
C,46.2; H, 5.55; N, 33.7; 8, 15.4).

Similarly, T was cyclized to II by refluxing ethyl
orthoformate-propionic anhydride (769, yield),
ethyl orthoformate-butyric anhydride (239, yield),
methyl orthoformate-acetic anhydride (809 vield),
and propyl orthoformate-acetic anhydride (969%
vield).

2,4,5-Triamino-6-pyrimidinol,*! condensed with
ethyl orthoformate and acetic anhydride, gave
after hydrolysis 649 of guanine hemisulfate
hydrate; 2 A%, Y HCI248 my (e 12,400) 1 A%L, &V NaOH
273 mu (e 9,760).

(7) Albert, Brown, and Cheeseman, J. Chem. Soc., 474
(1951), converted 2-aminopyrazine-3-carboxamide to 4-
hydroxypteridine by refluxing ethyl orthoformate and acetic
anhydride.

(8) After completion of this investigation Richter and
Taylor, Angew. Chem., 67, 303 (1955), described the cycliza-
tion of aminomalonamidamidine dihydrochloride by ethyl
orthoformate and acetic anhydride to produce hypoxanthine.

(9) Montgomery, J. Am. Chem. Soc., in press, has inde-
pendently found that chloro-4,5-diaminopyrimidines are
cyclized to chloropurines by ethyl orthoformateacetic
anhydride (private communication).

(10) Baker, Joseph, and Schaub, J. Org. Chem., 19, 631
(1954).

(11) Traube, Ber., 33, 1371 (1900).

(12) Cavalieri, Bendich, Tinker, and Brown, J.
Chem. Soc., 70, 3875 (1948).
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4-Chloro-5,6-diaminopyrimidine?® gave, after
hydrolysis, 729, of 6-chloropurine,® m.p. 178-180°
(dec.). Cale’d for C;H,CIN,: C, 38.8; H, 1.96; Cl,
22.9. (Found: C, 39.0; H, 2.25; Cl, 22.7; N, 36.6.)
4,5-Diamino-2,6-dichloropyrimidine'® (I1I) gave,
after hydrolysis, 899, of crude 2,6-dichlorpurine
(IV), m.p. 166-174°; colorless erystals, m.p. 180~
181.5°, from water. Cale’d for CsH.CLN,: C, 31.8;
H, 1.07; Cl, 37.5; N, 29.6. (Found: C, 31.8; H, 1.46;
Cl, 37.4; N, 20.2); A%he ¥ HC 250 mu (inflection,
€3,780), 274 mu (e 8,600) ; NS0T 252 mu (inflection,
e 3,400), 274 mu (e 8,100); A%, ¥ NaOH 98] m,
(¢ 8290). The condensation product from IIT,
extracted with boiling heptane and chloroform,
left 209, of 1V, m.p. 173-175°. The heptane solu-
tion yielded 109, of crude N-acetyl-2,6-dichloro-
purine, m.p. 152-155°. Cale’d for C;H,ClN,O" C,
36.4; H, 1.74, Cl, 30.7; N, 24.2. (Found: C, 36.6; H
2.13; Cl, 30.5; N, 25.4; My, ¥ H6 257 mu (inflec-
tion, € 6,150); 273 mu (e 8,120); ABOT 255-262 mu
(plateau, e 6,940), 272 mpu (e 7,590); A\oL,  NaOH
281 mu (e 8,550).
4-Chloro-3,6-diamino-2-methylpyrimidine, 0.500
g., gave 0.656 g. of a mixture of 6-chloro-2-methyl-
purine!* (V) and N-acetyl-6-chloro-2-methylpurine,
hydrolyzed to yicld 0.470 g. (889) of V as colorless
crystals, m.p. 206-207° (dec.), m.p. unchanged
from water. Cale’d for CsH;CIN,: C, 42.7; H, 2.99,
Cl, 21.0; N, 33.2. (Found: C, 43.2; H, 3.13; Cl,
21.0; N, 33.4).
4,5-Diamino-6-dimethylaminopyrimidine,® 0.500

(13) Bitterli and Erlenmeyer, Helv. Chim. Acta, 34, 835
(1951).

(14) Hitchings and Elion, U, 8. Patent 2,697,709 (Dec. 21,
1954), not characterized.

(15) Elion, Burgi, and Hitchings, J. Am. Chem. Soc., 74,
411 (1952).
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g., gave 0.729 g. of a mixture of 6-dimethylamino-
purine!® (VI) and N-acetyl-6-dimethylaminopurine
(VII), recrystallized from ethanol to give 0.134 g.
(209%,) of VII, m.p. 129-130°; ethanol filtrate gave,
after hydrolysis, 0.353 g. (66%) of VI, m.p. 256.5—
257° from chloroform and ethyl acetate-hexane.
Cale’d for C:HgN;s: C, 51.5; H, 5.56; N, 42.9.
(Found: C, 51.7; H, 5.99; N, 42.8.)
2-Methyl-4,5-diamino-6-dimethylaminopyrimi-
dine gave, after hydrolysis, 6-dimethylamino-
2-methylpyrine, m.p. 285-287° from ethanol.
Cale’d for CeHuNs: C, 54.2; H, 6.26; N, 39.5.
(Found: C, 54.5; H, 6.44; N, 39.8); A%, ~¥ HCl2g2 5
my (e 17,100); Aoy 275 my (e 19,600); Ay, ¥ NeOH
982.5 mu (e 17,100).
4,5-Diamino-2-(methyithio)-6-pyvrimidinol® gave,
after hydrolysis, 64%, of 2-(methylthio)-G-purinol,??
m.p. 278°, m.p. 289-291° from water (}/4 HyO;
Cale'd for CeHsN,O8-1/,H,0: C, 38.6; H, 3.51;
N, 30.0; S, 17.2. Found: C, 38.8; H, 3.82; N,
28.4; 8, 16.8); Ake. ¥ HCL 263 mu (e 14,500); Ame:
259 mu (e 11,700); A by, ¥ N2OH 274 my (e 11,200).
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