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Purine N-Oxides.
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XIV. A Total Synthesis of a Pyrimidine N-Oxide,

a Pteridine 1-N-Oxide, and Xanthine 3-N-Oxide!
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Cyclization of g-carboxyureidoacetamidoxime resulted in a pyrimidine 1-N-oxide, which could be converted

to a pteridine 1-N-oxide and to 8-azaxanthine and xanthine 3-N-oxides.

proved difficult to reduce.

Since the first reports??® of the production of purine
N-oxides by direct oxidation of the parent bases, several
authors‘~ have given details of other routes to such
compounds. In all those syntheses the N-oxide func-
tion was introduced on the 1- or 3-nitrogen of the purine
ring by ring closure of a hydroxylamine derivative. A
synthesis of purine 7-N-oxides in which the N-oxide was
again introduced in the final ring closure of the imida-
zole ring, has also been mentioned.® It was attractive
to attempt a synthesis of a pyrimidine N-oxide, and
thence a purine N-oxide, by a Traube-type® ring closure
of an aliphatic hydroxylamine derivative.

Cyanoacetylurea (I) reacts readily with hydroxyl-
amine in aqueous solution and gives a good yield of
B-carboxyureidoacetamidoxime (II). This amidoxime
on brief treatment with acetic anhydride gives a mono-
acetate and not an oxadiazole.!”!! Since the acetate no
longer gives a color with ferric chloride, the oxime
probably bears the acetate group.

When g-carboxyureidoacetamidoxime (II) is heated
to reflux in dimethyl formamide, a rapid conversion,
with the evolution of ammonia, to 6-amino-2,4-di-
hydroxypyrimidine 1-N-oxide (III) takes place. The
yield in this ring closure is low, of the order of 10 to 129,
although about one-third of the starting material is
recovered. The selection of reaction conditions is com-
plicated by the fact that the pyrimidine N-oxide de-
composes in hot dimethylformamide. The N-oxide
structure, rather than the alternative 2,4-dihydroxy-6-
hydroxylaminopyrimidine, is supported by the fact
that ITI was unchanged after treatment with alkaline
sodium dithionite, a procedure which reduces hydroxyl-
amino substituents in purines!? and pyrimidines.!?
This ring closure is another case of selective closure®=7
of an amidoxime to an N-oxide. An alternative syn-

(1) This investigation was supported in part by funds from the National
Cancer Institute, National Institutes of Health, U. 8. Public Health Service
(CA-03100-08), and from the Atomic Energy Commission [Contract AT(30-
1)-910]. H. K. M. gratefully acknowledges a NATO fellowship.

(2) G. B, Brown in Ciba Foundation Symposium of the Chemistry and
Biology of Purines, Little, Brown and Co., Boston, Mass., 1950, p. 143.

(3) M. A. Stevens, D. I. Magrath, H. W. Smith, and G. B. Brown, J.
Am. Chem, Soc., 80, 2755 (1958).

(4) E. C. Taylor, C. C. Cheng, and O. Vogl, J. Org. Chem., 24, 2019
(1959).

(5) E. C. Taylor and P. K. Loeffler, ibid., 24, 2035 (1959).

(6) M. A. Stevens, H. W. Smith, and G. B. Brown, J. Am. Chem. Soc.,
82, 3189 (1960).

(7) R. M. Cresswell and G. B, Brown, J. Org. Chem., 28, 2560 (1963).

(8) G. M. Timmis, I. Cooke, and R. C. W. Speckett in Ciba Foundation
Symposium of the Chemistry and Biology of Purines, Little, Brown and
Co., Boston, Masa., 1957, p. 136.

(8) W. Traube, Ber., 38, 1371, 3035 (1900).

(10) F. Tiemann and P. Kruger, tbid., 17, 1696 (1884).

(11) M. A. Stevens, H. W. Smith, and G. B. Brown, J. Am. Chem. Soc.,
82, 1148 (1960).

(12) A. Giner-Sorolla and A. Bendich, ibid., 80, 3032 (1958).

(13) R. M. Cresswell and T. Strauss, J. Org. Chem., 38, 2563 (1963).

The pteridine and purine N-oxides

thesis of this pyrimidine N-oxide is recently reported
by W. Klotzer.1¢

6-Amino-2,4-dihydroxypyrimidine 1-N-oxide is readily
nitrosated by nitrous acid in either hydrochloric or
acetic acid solution to give a red 5-nitroso derivative
(IV). This nitroso group was reduced to an amino
group with sodium dithionite in dilute alkali, and the
product, 5,6-diamino-2,4-dihydroxypyrimidine 1-N-
oxide (V), was used for subsequent syntheses without
further purification. Its characterization as an N-oxide
depends upon its positive color reaction in the ferric
chloride test and its nonidentity with the known 4,5-
diaminouraecil.!®

5,6-Diamino-2,4-dihydroxypyrimidine 1-N-oxide re-
acts with nitrous acid at room temperature and yields
8-aza-2,6-dihydroxypurine 3-N-oxide (VI, 8-azaxan-
thine 3-N-oxide). Catalytic reduction of the N-oxide
function in VI proceeded with difficulty but gave 8-aza-
2,6-dihydroxypurine (VII) identical with an authentic
specimen.’ When 8-azaxanthine 3-N-oxide (VI) is
refluxed with phosphorus pentasulfide in pyridine solu-
tion, the product no longer has an N-oxide grouping and
is identical with the product of the same reaction on.8-
azaxanthine. On the basis of its analysis and ultra-
violet absorption spectrum in alkali, this produet was
assigned the structure 8-aza-2-hydroxy-6-mercapto-
purine (XII). The reduction proceeds more readily
than the thiation, since in short runs some VII was
produced. We also demonstrated that adenine can be
obtained from the reaction of P,S; or PCl; with adenine
1-N-oxide.

When V was treated with biacetyl, a2 good yield of
2,4-dihydroxy-6,7-dimethylpteridine 1-N-oxide (VIII)
was obtained. The N-oxide function of VIII was quite
resistant to hydrogenation. Before all traces of a com-
pound giving a color with ferric chloride were removed,
3 moles of hydrogen had been absorbed. The reduction
was stopped and the tetrahydropteridine was oxidized
by atmospheric oxygen until a solid precipitated. This
product was identical with authentic 2,4-dihydroxy-
6,7-dimethylpteridine (IX).¥

Attempts to react V with carbon disulfide failed be-
cause of its insolubility in the reagents in two!%!? of the
modifications of this ring closure, and its already men-
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TaBLE I
R—j values
Compd. Solvent A Solvent B Mmax {(Am X 1079 rH
6-Amino-2,4-dihydroxypyrimidine 1-N-oxide (III) 0.29 0.58 266 (18.0) 1.1
276 (8.9) 12.3
6-Amino-2,4-dihydroxy-5-nitrosopyrimidine 0.21 0.57 318 (9.2) 1.2
1-N-oxide (IV) 314(15.5) 12.5
6-Amino-2,4-dihydroxy-5-formylaminopyrimidine 0.13 0.68 266 (16.9) 1.0
1-N-oxide (X) 276 (8.5) 12.5
8-Aza-2,6-dihydroxypurine 3-N-oxide (VI) 0.37 0.51 269 (5.2) 1.2
302 (5.5) 12.5
2,4-Dihydroxy-6,7-dimethylpteridine 1-N-oxide 0.39 0.63 337 (9.8) 1.2
(VIII) 272 (24 .6),394 (8.6) 12.5
8-Aza-2-hydroxy-6-mercaptopurine (X1I) 0.0 0.0 272 (9.9) 1.0
246 (11.1),313 (9.7) 12.5
Xanthine 3-N-oxide (XT) 0.30 0.42 230(16.2),284(10.3) 1.2
216 (22.0), 295(12.0) 12.5

tioned self-condensation in dimethylformamide in a
third.?

Refluxing V in 989, formic acid, readily gave 6-
amino-5-formylamino-2,4-dihydroxypyrimidine = 1-N-
oxide (X). The formyl derivative X could not be
closed to 2,6-dihydroxypurine 3-N-oxide (XI, xanthine
3-N-oxide) by heating it in formamide,?! because at
100° a crystalline ammonium salt of X precipitates
and at 170° or higher reduction of the N-oxide function
takes place (at high temperature formamide also re-
moves the N-oxide from adenine oxide).
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The ring closure was accomplished by dissolving
either the 6-amino-5-formamido-2,4-dihydroxypyrimi-
dine 1-N-oxide (X) or the 5,6-diamine V in hot formic
acid and adding acetic anhydride. The xanthine 3-N-
oxide (XI) obtained was slowly reduced to xanthine in
the presence of very active Raney nickel but unreduced
N-oxide was still present.

In addition to those mentioned here, we have other
examples of N-oxides which are difficult to reduce.
Several methods of reduction have been tested, and,
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among them, the addition of sodium borohydride to a
solution of the compound in the presence of Pd-C is
quite satisfactory for many purine N-oxides, but is not
effective with xanthine 3-N-oxide.

Observations by Dr. George S. Tarnowski, to whom
we are indebted, indicate no toxicity of xanthine 3-N-
oxide in Swiss mice at 500 mg./kg./day for 1 week,
and no influence on the growth of sarcoma 180.2

Experimental

Melting points are corrected. Yields of substances that have
no definite melting point refer to the stage when they appeared
homogeneous on paper chromatograms. Chromatograms were
developed by the ascending technique, and the solvents were (A)
n-butyl alcohol-acetic acid-water (4:1:1) and (B) 39, aqueous
ammonium chloride with Whatman No. 1 paper. They were
viewed in ultraviolet light principally of wave length 253.8 mu.
R: values and ultraviolet absorption spectra of the products
are given in Table I.

B-Carboxyureidoacetamidoxime (II) —Cyanoacetylurea (20 g.)
was dissolved in hot water (800 ml.) and was treated with a solu-
tion of hydroxylamine hydrochloride (11 g.) in water containing
sodium hydroxide (6.3 g.). The reaction mixture, which de-
veloped a reddish tinge almost immediately, was stirred for 5
min. and then cooled in an ice bath. An off-white solid that
rapidly separated was collected, washed with ethanol, and re-
crystallized from dimethylformamide to white needles (20.5 g.,
829), m.p. 196-198° dec. It turned brown with ferric chloride.

Anal. Caled. for CHsN,O;: C, 30.0; H, 5.0; N, 35.0.
Found: C,30.2; H, 5.1; N, 34.8.

B-Carboxyureidoacetamidoxime (0.5 g.) was suspended in
acetic anhydride (3 ml.) and heated at 90° for 3 min. A product
separated as the solution cooled. Recrystallization from water
gave white needles, the analysis of which was closer to the acetate
than to an oxadiazole of B-carboxylureidoacetamidoxime (0.18
g.), m.p. 205°, and which gave no color with ferric chloride.

Anal. Caled. for CéH,yN.Oy: C, 35.6; H, 5.0; N, 27.7.
Found: C, 36.1; H, 5.3; N, 28.4.

6-Amino-2,4-dihydroxypyrimidine 1-N-Ozxide (III).—A solu-
tion of B-carboxyureidoacetamidoxime (40 g.) was refluxed in
dimethylformamide (100 ml.) in a 500-ml. flask for exactly 5 min.
(oil bath, 185-190°). The reaction mixture was then allowed to
cool undisturbed for 10 min. and filtered rapidly through a
large Biichner funnel. The precipitate which formed immedi-
ately in the filtrate was a mixture of starting material and prod-
uct. This mixture was collected and refluxed for another 5 min.
in dimethylformamide. The solution was allowed to cool un-
disturbed for 10 min. and then was filtered very quickly, ¢.e.,
before crystallization of the unchanged starting material began.
The solid product (6 g.) was washed with ethanol and ether and
recrystallized from water (charcoal) to give fine white needles
m.p. >300° (4.1 g.,11.59, yield). From the dimethylformamide
filtrates, about 309, of the starting material could be recovered
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410 CrESSWELL, MAURER, STRAUSS, AND BROWN

by cooling the solution. The pyrimidine 1-N-oxide gives a
purple color with ferric chloride.
Anal. Caled. for C4H:N;0;-0.56H,0; C, 31.6; H, 4.0; N,
27.6. Found: C,31.4; H,4.4; N, 27.5.
6-Amino-2,4-dihydroxy-5-nitrosopyrimidine 1-N-Oxide (IV).—
6-Amino-2,4-dihydroxypyrimidine 1-N-oxide (0.72 g.) was dis-
solved in hot water (25 ml.) and as the solution was cooled
to 0°, fine crystals precipitated. Sodium nitrite (0.35 g.) and
1 N HCI (5 ml.) were added dropwise to the stirred suspension.
The reaction mixture quickly became red and after 30 min. at
room temperature a deep red product (0.77 g.) had precipitated.
Recrystallization from water, in which it is quite soluble, gave
small, bright red crystals, m.p. 224° (yield 89%,).
Anal. Caled. for C.HN,Oys: C, 27.9; H, 2.3; N, 32.6.
Found: C, 27.5; H, 2.1; N, 32.4.
5,6-Diamino-2,4-dihydroxypyrimidine 1-N-Oxide (V).—6-
Amino-2,4-dihydroxy-5-nitrosopyrimidine 1-N-oxide (0.7 g.)
was dissolved in 1 N sodium hydroxide (25 ml.) and the red
solution was treated slowly, with stirring, with just enough
sodium dithionite to render the solution colorless. Immediately
a pale yellow precipitate formed. By acidifying the fltrate
with a few drops of glacial acetic acid and cooling, additional
material could be obtained. The product (0.53 g., 82.5%,
m.p. >300°) was washed with a little cold water. Recrystalliza-
tion was not possible because of the tendency of this compound
to self-condense in solution.
8-Aza-2,6-dihydroxypurine 3-N-Oxide (VI).—A suspension of
5,6-diamino-2,4-dihydroxypyrimidine 1-N-oxide (1.65 g.) in
2 N acetic acid (25 ml.) was cooled to 0°, and a solution of sodium
nitrite (1.8 g.) in cold water (40 ml.) was slowly added. The
mixture was stirred at 0° for 10 min. and then left at room
temperature for another 30 min. The crystalline precipitate
(1.4 g.; 78%) was collected and recrystallized, with charcoal,
to give light yellow needles, m.p. >300°, that show a purple
color with ferric chloride.
Anal. Caled. for CH;N;0;-H,0: C, 25.7;
37.4. Found: C,25.3; H,2.5; N, 36.7.
Another analysis was performed after drying under vacuum at
130°.
Anal. Caled. for C.H;N:O;: C, 28.4; H, 1.8; N, 41.4.
Found: C, 27.7; H, 1.7; N, 41.3.
8-Aza-2,6-dihydroxypurine (VII).—A solution of 8-aza-2,6-
dihydroxypurine 3-N-oxide (0.5 g.) in water (75 ml.) was re-
duced with hydrogen at atmospheric pressure over a prereduced
platinum oxide catalyst (0.25 g.). Uptake of hydrogen pro-
ceeded very slowly and, after 3 days, the supernatant, when
sampled, showed two ultraviolet light absorbing compounds
on paper chromatography that corresponded to 8-aza-2,6-di-
hydroxypurine and starting material. Hydrogenation was
resumed for 2 more days after which the catalyst was removed
by filtration, and the volume of the filtrate was reduced under
vacuum until solids precipitated. The solids (0.27 g.), which
gave no color with ferric chloride, were collected and recrystal-
lized from water to yield fine white needles; they proved to be

H, 2.7; N,

identical with 8-aza-2,6-dihydroxypurine on paper chromat--

ograms and in ultraviolet and infrared absorption spectra.
The mother liquor of the hydrogenation when examined by means
of paper chromatography was found to contain more 8-aza-2,6~
dihydroxypurine and a small quantity of starting material.
2,4-Dihydroxy-6,7-dimethylpteridine 1-N-Oxide (VIII).—
5,6-Diamino-2,4-dihydroxypyrimidine 1-N-oxide (0.3 g.) was
suspended in water (5 ml.) and an excess of biacetyl in ethanol
(3 ml.) was added. The mixture was heated at 90° until all
the starting material had gone into solution. The solution
was cooled at room temperature until crystallization was com-
plete. The product (0.3 g., 76%) was collected and recrystal-
lized from water with charcoal treatment to give off-white nee-
dles, m.p. >300°, that give a purple with ferric chloride.
Anal. Caled. for CsHsN.O;: C, 46.2; H, 3.9. Found: C,
46.4; H, 4.1.
2,4-Dihydroxy-6,7-dimethylpteridine (IX).—2,4-Dihydroxy-
6,7-dimethylpteridine 1-N-oxide (0.5 g.) was dissolved, with
heating, in water (500 ml.) and reduced with platinum oxide
(0.5 g.) and hydrogen. Hydrogenation was continued until
uptake became negligible, and the supernatant no longer gave a
color with ferric chloride (about 4-5 days). The ultraviolet ab-
sorption spectrum of the solution was typical of that of a tetra-
hydropteridine (Amax 267 mu) and changed steadily on exposure
to air. After removal of the catalyst, air was bubbled through
the filtrate for 5 days, by which time the volume was greatly
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reduced and a solid had precipitated. The solid (0.15 g.) was
collected and shown to be identical with an authentic specimen!?
of 2,4-dihydroxy-6,7-dimethylpteridine on paper chromatography
and in its ultraviolet absorption spectrum.

6-Amino-5-formamido-2,4-dihydroxypyrimidine 1-N-Oxide
(X).—5,6-Diamino-2,4-dihydroxypyrimidine 1-N-oxide (0.85 g.)
was refluxed in 989, formic acid (5 ml.) until a crystalline deposit
formed. The crystals were collected and recrystallized from
water, with charcoal treatment to give white needles (0.75 g.,
75%), m.p. 2905-300° dec., that give a purple with ferric chloride.

Anal. Caled. for C;HeN,O.: C, 32.3; H, 3.3; N, 30.1.
Found: C, 32.2; H, 3.5; N, 29.9.

The foregoing 5-formamidopyrimidine (0.5 g.) was suspended
in formamide (3 ml.) and slowly heated in an oil bath. At 75-80°
all starting material had dissolved, and at 95-100° crystalliza-
tion of a solid began. The temperature was held at 100° for 5
min., and the reaction mixture was then cooled. The off-white
crystalline precipitate (0.43 g.) when collected and washed with
ethanol, m.p. 300°, proved to be identical with the starting 5-
formamidopyrimidine in its ultraviolet absorption spectrum at
geveral pH values and analyzed for an ammonium salt of the
same.

Anal. Caled. for CsHyN;O,:
Found: C, 30.2; H, 4.7; N, 34.5.

Xanthine 3-N-Oxide (XI). A.—5,6-Diamino-2,4-dihydroxy-
pyrimidine 1-N-oxide (500 mg.) was dissolved in 5 ml. of hot
formic acid, and acetic anhydride (5 ml.) was then added. The
mixture was refluxed for 0.5 hr. and a solid was collected. Addi-
tional solid separated when ethanol was added. The combined
solids were partly purified by treatment with 25 ml. of hot water
to remove the soluble impurities, and the residue was recrystal-
lized from 500 ml. of water (charcoal) to yield 200 mg., 44%, m.p.
>300°.

Anal. Caled. for CsHN.O;:
Found: C, 35.8; H, 2.6; N, 33.4.

B.—The procedure, as in A, was repeated on 6-amino-5-form-
amido-2,4-dihydroxypyrimidine 1-N-oxide (0.37 g.) with 989,
formic acid (20 ml.) and acetic anhydride (20 ml.). The product
(0.21 g., 639, yield) was identical with xanthine 3-N-oxide from
procedure A.

Anal.. Caled. for CsH4N40aI
Found: C, 35.5; H, 2.2; N, 33.5.

Hydrogenation of Xanthine 3-N-Oxide.—Xanthine 3-N-oxide
(ca. 3 mg.) was suspended in 20 ml. of water and very active
Raney nickel (ca. 20 mg.) was added. The mixture was shaken
with hydrogen at room temperature and atmospheric pressure
for 14 hr. Chromatographic analysis showed the presence of
starting material and xanthine. Confirmation that reduction
oceurred was afforded by elution of the spots and determination
of the ultraviolet spectrum, which was also identical with xan-
thine.

Reduction of Adenine 1-N-Oxide with P,S; or with PCl;.—
Adenine 1-N-oxide (1 g.) was suspended in pyridine (25 ml.)
and treated with P;S; (1.5 g.). The mixture was refluxed for 4
hr., cooled, poured into water (100 ml.), and heated at 60 to 80°
until evolution of H.S ceased. A small quantity of sulfur was
collected, and the filtrate was taken to dryness by evaporation
under vacuum. The solid residue on recrystallization from water
gave a white solid (0.83 g.), m.p. >300°, which was identical both
on paper chromatography and spectrally with adenine.

Suspension of adenine 1-N-oxide in PCl; at room temperature
overnight also resulted in extensive reduction to adenine, but
insolubilities of many purine N-oxides prevent significant re-
duction under these conditions.

8-Aza-2-hydroxy-6-mercaptopurine (XII). A.—The P;S;
treatment of 8-aza-2,6-dihydroxypurine 3-N-oxide (0.25 g.) with
pyridine (10 ml.), at a reflux time of 2.5 hr., and concentration of
the filtrate to 10 ml. yielded a precipitate that was reprecipitated
from sodium hydroxide by hydrochloric acid to yield 0.11 g.,
m.p. >300°.

Anal. Caled. for CH;N;O8: C, 284; H, 1.8; N, 41.4;
S,19.0. Found: C, 28.3; H,2.0; N, 41.3; §,18.9.

" B.—The procedure was repeated with the ammonium salt of
8-aza-2,6-dihydroxypurine (3 g.), pyridine (100-ml.), and P»S;
(4.8 g.). The product (1.05 g.) was identical with 8-aza-2-hy-
droxy-6-mercaptopurine from procedure A.

C, 29.6; H, 4.5; N, 34.5.

C, 35.7; H, 2.4; N, 33.3.

C, 35.7; H, 24; N, 33.3.
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