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and C were identical with those of authentic 6-methylamino-5- 
N-methylformamidouracil prepared according to Biltz, et al.9 
7,9-Dimethyl-I-hydroxyxanthine Methyl Bisulfate.-1-Hy- 

droxyxanthineI0 (350 mg) in 10 ml of DMF waa treated with 2 ml 
of hlezSOc as specified above. To the solution, 20 ml of i-PrOH 
and then 20 ml of E t 0  were added. The colorless reaction 
product (400 mg, 65%) was collected and washed thoroughly 
with ether. An analytical sample was obtained from MeOH- 
EtOAc and dried overnight a t  110": mp 197-198" dec. Rf 
values follow: 

-4nal. C, 31.17; H, 3.90; N, 
18.18. Found: C, 31.15; H, 3.95; N, 18.22. 

The nmr spectrum shows three CHI peaks at  3.40, 3.82, and 
4.08 ppm. The C-8 H is found a t  9.24 and a broad peak centered 
at  10.6 ppm integrates for two protons (NH and OH). 

Hydrogenation of 7,9-Dimelhyl-l-hydroxyxanthine Methyl 
Bisulfate.-7,9-Dimethyl-l-hydroxyxanthine methyl bisulfate 
(100 mg) was reduced with H2 for 18 hr as specified above using 
3 ml of a Raney nickel suspension in EtOH. After treatment 
with charcoal, the filtrate was evaporated in vacuo to give ea. 
50 mg, 50Yc, of slightly gray material. The uv spectrum, and 
the Rf values were identical with those of authentic 7,9-dimethyl- 
xanthine.8 

3-Hydroxyxanthine from 6-Amino-5-formamido-1-hydroxy- 
uracil in Hexamethyldisilazane.-G-Amino-5-formamido-l-hy- 
droxyuracilll (190 mg) was suspended in 7 ml of hexamethyl- 
disilazane. When refluxed it dissolved within 30 min and after 
4 hr the reaction mixture was evaporated to dryness in vacuo. 
The residue was triturated with EtOH. The remaining solids in 
10 ml of dilute ",OH were absorbed on a Dowex 50W-X8, 200- 
400 mesh, 4.4 cm X 10 cm column and developed with 0.1 N 

A, 0.33; B, 0.17; C, 0.87. 
Calcd for C8H12N407S (308.3) : 

HCI. The 3-hydroxyxanthine (50 mg, 22%) waa eluted first, 
followed by traces of xanthine, and finally some starting material. 
The first fraction was evaporated and the 3-hydroxyxanthine waa 
recovered as the hydrate hydr~chloride.~Q Its ir and uv spectra 
were identical with those of the xanthine N-oxide derivative 
obtained by hydrolysis of the guanine N-oxide prepared by 
oxidation of guanine.2 

When allowed to proceed for 17 hr, the reaction was still in- 
complete, and, as indicated by paper chromatography, there waa 
more deoxygenation of 3-hydroxyxanthine to xanthine. 

Registry No.-1, 18905-29-8; 3, 13479-29-3; 4, 
69-93-2; 5, 19039-38-4; 6, 19039-39-5; 6 (methyl 
bisulfate), 19039-40-8; 10, 12321-47-0; 10 (methyl 
bisulfate) , 12321-48-1 ; 7,9-dimethyluric acid, 19039- 
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Reactions of several purine 3-N-oxides with acid anhydrides are described. The two types of rearrangements 
observed are dependent upon the structure of the N-oxides. Each reaction involves the loss of an oxygen atom 
from K-3 and the introduction of an oxygen atom a t  either position 2 or position 8 of the purine system. The 
latter rearrangement is also shown to occur in an analogous methylation reaction. Plausible mechanisms are 
discussed. The reaction of purine 3-N-oxides in acid has also been examined. 

An unusual rearrangement occurred when 6-amino-5- 
formamido-1-hydroxyuracil was treated with formic 
acid and acetic anh~dride.~ Uric acid instead of the 
expected 3-hydroxyxanthine was f ~ r m e d . ~  This result 
prompted us to study the behavior of purine 3-N-oxides 
in acid anhydrides and in acids. Reactions of some 
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Cancer Institute (Grant No. CA 08748) and from the Atomic Energy Com- 
mission (Contract No. AT[30-1]-910). 

(2) Alexander von Humboldt and Auvtralian National University Scholar, 
Australia, 1965. 

(3) Fulbright and Australian National University Scholar, Australia, 1965. 
(4) R. M. Cresswell, H. K. Maurer, T. Strauss, and G. B. Brown, J .  Ora. 

(5 )  U. Wblcke and G. B. Brown, ibid., S4, 978 (1969). 
Chem., 80, 408 (1965). 

purine 1-N-oxides with acetic anhydride have been 
inve~t iga ted ,~~~ and only rearrangements already com- 
mon with pyridine N-oxides had been encountered. 

The low solubility of some of the purine N-oxides in 
formic acid and in acetic anhydride sometimes neces- 
sitated the use of trifluoroacetic acid (TFA), its an- 
hydride, or mixtures of trifluoroacetic acid with acetic 
anhydride. Acetic anhydride, rather than trifluoro- 
acetic acid, seems to be the agent required to induce the 
rearrangement of 3-hydroxyxanthine since the latter 

(6) M. A. Stevens, H. W. Smith, and G. B. Brown, J. Amer. Chem. SOC., 

(7) M. A. Stevens, A. Giner-Sorolla, H. W. Smith, and G. B. Brown, J.  
89, 1148 (1960). 

Or& Chem., 91, 567 (1962). 
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TABtE 1 
Purine N-oxide (mg) Solvent (ml) Total reaction time, hr (temp) Reaction product Yield, % 

3-Hydroxyxanthine-b (170) TFA (5) 0 . 5  (reflux) Uric acid 50 

7,9-Dimethyl-3-hydroxyxanthine Act0 (4) 0 . 5  (reflux) 7,9-I)iniethyluric acid 20 

Guanine 3-oxide hemihydrochlorideasb (185) FJACZO (5) 36 (20') 8-Hydroxyguaninec 60 
Adenine 3-oxided (50) AczO (3) 0 . 5  (reflux) Isoguaninea 40 
6-Methoxypurine 3-oxided (100) AczO (5) (reflux) 2-Hydroxy-6- 30 

Hypoxanthine 3-oxided,u Act0 3 . 5  (reflux) Xanthiiie 620 
Hypoxanthine 3-oxide HCOOH 3.5  (reflux) 6,tbDioxypurine 609 

See ref 9. e The crude product in 3 ml 
of H20  and a little "*OH was absorbed on a Dowex 50W-X8 column (20 X 1 cm) and eluted with 2 N HCl. Recrystallization of 
the evaporated eluate from 5% H&Oc gave isoguanine~0.5HzSO~~0.5H~0 [A. Bendich, J. F. Tinker, and G. B. Brown,J. Amer. Chem. 
Soc., 70, 3109 (1948)], identified by its infrared (ir) spectrum. f The crude product was kept in 5 ml of dilute ",OH for 30 min. 
The repeatedly evaporated filtrate was dissolved in 15 ml of hot HzO, some amorphous material was removed, and the solution was 
concent,rated to 2-3 ml. After separation of more amorphous material the pure compoundI2 crystallized. 

- 4 ~ 2 0  (5) 

hemihydrate" (50) 

methoxypurinef 

See ref 5. b See ref 11. Q Recrystallization from 54% HI gave 8-hydroxyguanine. HI. 

0 See ref 10. 

failed to react in trifluoroacetic acid. 6-Mercapto- 
purine 3-oxide8 decomposed under any of the conditions 
used for attempted rearrangement. All of the purine 
3-N-oxides listed in Table I were examined for re- 
arrangement in either formic acid or TFA, but only 
hypoxanthine 3-oxide rearranged in acid alone. Hypo- 
xanthine 3-0xide)~ refluxed in 98% formic acid for 4 hr, 
was transformed into 6,s-dioxypurine. During our 
investigation this rearrangement was reported, in a 
patent,1° to also occur in hydrochloric acid, or in acetic 
acid, as we were able to confirm. 

In acetic and trifluoroacetic anhydride two types of 
rearrangenmet were observed (Table I) . 3-Hydroxy- 
xanthine16J1 7,9-dimethyl-3-hydroxy~anthine,~ and gua- 
nine 3-oxide5J1 were converted into uric acid, 7,9- 
dimethyluric acid, and 8-hydroxyguanine, respectively, 
In contrast, adenine 3-oxides and 6-methoxypurine 
3-oxideg were converted into isoguanine (2-hydroxy- 
adenine) and 2-hydroxy-6-metho~ypurine,~~ respec- 
tively. Similarly, hypoxanthine %Oxide reacts with 
acetic anhydride to yield xanthine, m is also mentioned 
in the patent cited.l0 

When heterocyclic N-oxides react with acid an- 
hydrides, it is generally accepted that the 0-acyl 
derivative is formedl3-l6 as an initial step. Similar 
0 acylations also occur with hydroxamic acids and 
certain other N-hydroxy  compound^.^^-^^ 0-Acyl de- 
rivatives of 3-hydroxyxanthine and related compounds 
would, in effect, be 0-acylated hydroxamic acids or 
their derivatives. In the Lossen rearrangement of 
0-acylated hydroxamic acids, the heterolytic cleavage 
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(12) J.  C. Parkham, unpublished work. 
(13) G. H. Markgraf, H. B. Brown, Jr., 8. C. Mohr, and R. G. Peterson, 

(14) V. G. Traynelis and R. T. Martello, iW., 80,6590 (1958). 
(15) 6. Oae, T. Kitao, and Y. Kitaoka, a d . ,  84,3359 (1962). 
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(17) C. R. Hauser and W. B. Renfrow, Jr., J.  Amer. Chem. Soe., 6s. 2308 

(18) D. C. Berndt and H. Shechter, J .  Ora. Ch., %S, 916 (1967). 
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P. A. Schmid, M. N. Teller, and C. C. Stock, J.  Med. Chem., 8, 190 (1965). 

in press. 
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(1965). 
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of the N-0 bond to form the acylate ion is the rate- 
determining step.17J8~20 For 3-hydroxyxanthine, its 
7,g-dimethyl derivative and guanine %-oxide, we 
suggest the mechanism shown in Scheme I as a plausible 

SCHEME I 

im P 

explanation for the rearrangement observed in the 
presence of acid anhydrides. The acylate ion and the 
purine cation could react either as an ion pair or as free 
ions.21 Alternatively the attack of a nucleophile at 
position 8 of the purine system might occur with con- 
certed cleavage of the N-0 bond. 

When the methyl bisulfate of 7,9-dimethyl-3- 
hydroxyxanthine6 was stirred with dimethyl sulfate in 
dimethylformamide at SO", 7,9-dimethyluric acid pre- 
cipitated slowly from the solution, but, in dimethyl- 
formamide (DMF) alone at SOo, i t  wm stable. This 
suggests that alkylation of the N-hydroxy group induces 
the transformation, and it correlates with the fact that 
the methylation of 3-hydroxyxanthine at elevated tem- 
peratures leads directly to the formation of 7,9-di- 
methyluric acid (Scheme 11). Originally the latter was 
tentatively assigned= the structure of the betaine of 

(20) L. Horner and H. Steppan, Liebig8 Ann. Chem., 606.24 (1957). 
(21) A second acylation of a nitrogen in the imidazole moiety is conceivable 

(22) T. J. Delia and G. B. Brown, J .  Ow. Chm., 81, 178 (1966). 
under the reaction conditione. 
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SCHEME I1 

7-methoxy-9-methylxanthine based upon the thought 
that the parent compound w&s a 7-N-oxide derivative, 
the analogy of the conditions for its formation to those 
for the betaine of 7,9-dimethylxanthinelZ8 and the 
absence of properties characteristic of a N-oxide.% 
The synthesis of an authentic sample of 7,9-&methyluric 
acidz4 has now been accomplished by cyclization of ethyl 
N-methyl(4-methylaminouracil-5-yl) carbamate. It has 
proven to be identical in all respects with that obtained 
from 3-hydroxyxanthine. 

Adenine 3-oxide) gmethoxypurine 3-oxide) and 
hypoxanthine 3-oxide) or their 0-acyl derivatives, do 
not have the structural elements of hydroxamic acids, 
and position 2 of their ring system is unsubstituted. 
Their reaction in acetic anhydride resembles that of 
pyridine N-oxide which is transformed into pyri- 
done-2. 13,26*26 

The unique behavior of hypoxanthine 3-oxide in 
acids cannot be explained at the present time. The 
closely related 6-methoxypunne 3-oxide fails to re- 
arrange similarly under the same conditions. 

The unusual reactivity of 3-hydroxyxanthine and 
guanine %oxide should be considered when seeking an 
explanation for their oncogenicity.llzn This reactivity 
is reminiscent of that of N-acyloxyarylamine oncogens, 
which react in vivo and in vitro with proteinszs and with 
nuclei acids.29 

Experimental Section 
Paper chromatograms were developed, ascending, on Whatman 

No. 1 paper and viewed under ultraviolet (uv) light. The solvent 
systems used were (A) CHaCN-HtO (3:1, v/v), (B) n-BuOH- 
H&HOAc (4:1:1), (C) NH4Cl (3%). For thinlayer chroma- 
tography (tic), Eastman chromagram sheets with a silica gel 
layer containing a fluorescent indicator were used. The uv 
spectra were determined with a Unicam SP 800 spectrophotom- 
eter, ir spectra (KBr) with a Perkin-Elmer Model 221 spectro- 
photometer, and nmr spectra with a Varian Ad.  Dimethyl 
sulfoxide-ds (DMSO-&) was used as a solvent with tetramethyl- 
silane (TMS). 

General Procedure for the Qualitative Study of the Rearrange- 

(23) W. Pfleiderer. Liebigs Ann. Chem., 647,161 (1961). 
(24) H. Biltz and H. BBlow. ibid., 496, 262 (1922). 
(25) M. Katada, J .  Phorm. SOC. Jap. 67, 51 (1947); Chem. Abetr., 46, 

(26) 9. Oae and S. Koeuka, Tefrahedmn, 40,2091 (1964). 
(27) G. B. Brown, Prop.  Nucleic Acid Res. Mol. Biol., 8 .  208 (1968). 
(28) P. D. Lotlikar, J. D. Scribner, J .  A. Miller, and E. C. Miller, Life 

(29) E. Kriek, J. A. Miller, U. Juhl, and E. C. Miller, Biochsnriat?y/, 6, 

9536d (1951). 

Sci. (Oxford), 6. 1263 (1966). 

177 (1967). 

ment of Some Purine 3-N-Oxides in Acid Anhydrides and/or in 
Acids.-Several milligrams of a purine N-oxide were refluxed in 
2 ml of a solvent for 4 hr as indicated in Table I. Samples were 
taken from the reaction mixture after 10, 30, 60, 120, 240 min. 
When the solvent was AcsO, they were treated with H 2 0  and 
then NH4OH (pH 8-9). When acid was used as a solvent, the 
samples were used directly for chromatographic analysis. All 
samples, with controls, were chromatographed in solvent systems 
A and C. Unless otherwise stated, rearrangement products 
obtained from quantitative studies were identified by their uv 
spectra at several p H  values and by paper chromatography in 
solvent systems A, B, and C. 

Uric Acid from 3-Hydroxyxanthine.-As a typical example for 
the quantitative study of the rearrangement of some purine 3- 
N-oxides in acid anhydrides 3-hydroxyxanthine (170 mg) was 
suspended in 5 ml of TFA and 5 ml of Ac2O. The mixture was 
refluxed for 30 min and then repeatedly evaporated in vacuo with 
added H 2 0  and finally with EtOH. The residue was recrystal- 
lized from H2O with a little charcoal, to yield 85 mg, SO%, of 
crystalline material, which was identified as uric acid. 

Reaction of 7,9-Dimethyl-3-hydroxyxanthine Methyl Bisulfate 
with Me2S04 in DMF at  8O0.-7,9-Dimethyl-3-hydroxyxanthine 
methyl bisulfates (30 mg) was dissolved in 1 ml of DMF. Three 
drops of Me2S04 was added and the mixture was stirred at 80" & 
2". The reaction was monitored by tlc (solvent system: EtOH- 
H20, 8:2) .  A 
white precipitate had formed, which was collected and washed 
with a little absolute EtOH and Et20 to yield 10 mg, 50%. 
Without further treatment, the ir spectrum of the reaction 
product was identical with that of pure 7,9-dimethyluric acid. 
7,9-Dimethyl-3-hydroxyxanthine methyl bisulfate in D M F  did 

not react in the absence of Me2S04. 
7,9-Dimethyluric A~id.2~--Ethyl N-methyl(4-methylamino- 

uracil-5-yl)carbamate2~ (1 g )  was refluxed with 20 ml of 5 N 
NaOH for 2 hr. It was acidified with concentrated HC1 to pH 1 
and when cooled the precipitate was collected. Recrystallization 
from 200 ml of H 2 0  yielded 0.5 g of colorless crystals, mp 375- 
380". 

Anal. Calcd for CTHBN403 (196.7): C, 42.86; H, 4.11; N, 
28.56. Found: C, 43.12; H, 4.26; N, 28.50. 

A sample prepared in 75% yield from 3-hydroxyxanthineZz had 
the following Rf values-A, 0.29; B, 0.41 ; C, 0.67-and analysis. 

Anal. Found: C, 43.01; H, 4.14; N, 28.60. 
The nmr spectrum showed two methyl peaks a t  3.34 and 

3.22 ppm and exchangeable protons a t  10.80 and 12.00 ppm. 
The uv spectrum6 is quite similar to that of uric acid and of some 
of its methyl derivatives, but is not identical with those of five of 
the six possible dimethyluric acids. 

After 66 hr the reaction was still not complete. 

Registry No.-3-Hydroxyxanthine, 13479-29-3 ; 7,9- 
dimethyl-3-hydroxyxanthineI 19039-39-5; guanine 3- 
oxide, 19039-44-2; adenine 3-oxide, 19039-45-3 ; 6- 
methoxypurine 3-oxide, 19039-46-4; hypoxanthine 3- 
oxide, 19039-47-5. 
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