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7- Hydroxyxanthine has been obtained from the reaction of one of the tautomeric forms of 6-amino-5-nitro- 
sourscil and formaldehyde. Its 7-acetoxy derivative reacts rapidly with nucleophiles in neutral aqueous solutions 
to yield 8-substituted xanthines. Similar facile nucleophilic substitutions at  position 8 are observed with 3- 
acetoxyxanthine, and an analogous mechanism via a common intermediate is proposed. 

The xanthine N-oxide which is derived from the 
peroxy acid oxidation product of guanine was first des- 
ignated ~anthine-x-N-oxide,~ and later 7-hydroxy- 
~ a n t h i n e . ~  It was proven to be 3-hydr~xyxanthine~ 
by both degradation and by total synthesis. The abil- 
ity of 3-hydroxyxanthine to induce tumors6 and its 
chemical properties, including the facile reaction of its 
3-0-acyl derivative7 with nucleophiles to yield h u b -  
stituted xanthines,s,9 have been studied in some detail. 
1-Acetoxyxanthine fails to undergo such a reactioqs 
and 1-hydroxyxanthine is very weakly oncogenic.6 
The behavioris of the 7- and 9-hydroxyxanthine deriva- 
tives are of particular interest, and syntheses of 9-hy- 
droxy derivatives are in process.lO 

Several synthetic routes to 7-hydroxyxanthine have 
been explored in this laboratory without success. 
While 7-hydroxytheophylline and its 8-alkyl deriva- 
tives are known,11*12 the syntheses which led to them 
have not been successful without blocking groups in 
the 1 and 3 positions. 

We now report the isolation of 7-hydroxyxanthine 
(7) from the mixture resulting from the reaction of 6- 
amino-5-nitrosouracil (2) with aqueous f0rrna1dehyde.l~ 
The yield of pure 7-hydroxyxanthine is low, but the few 
steps involved make the synthesis of preparative value. 

It has been shown that 6-amino-5-nitrosouracil exists 
in three tautomeric forms @a, Zb, and 2c, Scheme I) 
which differ m their The tautomer which is 
thought to be the nitrosoamino species, 2a, is apparently 
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the only proper one for this preparation. Samples of 
6-amino-5-nitrosouracil (2) obtained by a brief nitro- 
sation of 6-aminouracil with NaN02 in HC1 proved 
satisfactory in the condensation. Recrystallization, 
or prolonged stirring of 6-amino-5-nitrosouracil in the 
mother liquor, gave a product which failed to give a 
satisfactory yield of 7-hydroxyxanthine, The cycliza- 
tion proceeds at 100" and a pH of 2.5-3.5. Higher 
pH's prevent the reaction. At lower pH's there is in- 
creased hydrolysis of 2 to 5-nitrosobarbituric acid (1, 
violuric acid). A few other solvent systems have been 
tried: in boiling 4: 1 dioxane-H20 there was forma- 
tion of a large amount of 6-aminouracil;16 in 50% 
ethanol there was negligible reaction. 

A major product is uric acid, and, if the reaction is 
prolonged, little or no 7-hydroxyxanthine (7) and much 
more uric acid (8) are obtained. The ability of 7- 
hydroxyxanthine to rearrange to uric acid in the reac- 
tion mixture was demonstrated by boiling 7 in aqueous 
formaldehyde. 

The products are all solubilized in the reaction mix- 
ture, presumably as their N-hydroxymethyl deriva- 
tives. Although most of the N-hydroxymethyl groups 
are lost upon treatment with ammonia, their continued 
presence complicates the isolation procedures. 1-Hy- 
droxymethyl-7-hydroxyxanthine (6) was also isolated 
and characterized. It is stable at room temperature, 
but in hot water or hot I\;H40H it is hydrolyzed to 7. 

The separation of the reaction products was carried 
out by ion-exchange chromatography over Dowex-50, 
- H+. A fraction containing primarily 7-hydroxy- 
xanthine could be eluted with HzO and recognized by 
its characteristic uv absorption, including the appear- 
ance of a maximum at 225 nm upon addition of alkali. 
Two additional fractions which have this spectral char- 
acteristic mere eluted prior to 7-hydroxyxanthine. 
One of them contained a methylol derivative isomeric 
with 6. 

Several possible intermediates are shown in Scheme 
I. They are probably all hydroxymethylated on some 
of their nitrogens. It is probable that such hydroxy- 
methyl groups influence the reaction in the same man- 
ner as 1- and 3-alkyl groups appear to have influenced 
previous syntheses of 7-hydroxytheophylline deriva- 
tives. It is of interest to consider the mechanisms pro- 
posed for similar reactions, although none consider the 
apparent need of blocking the 1 and 3 nitrogens. 
Probably the most logical intermediate is 3, which 
could yield 7 by a mechanism proposed by Goldner, 

(16) Bn apparent hydrolytic loss of a 5-nitroso group from a 1,a-disub- 
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SCHEME I 

1 2a 2b 2c 

et al.,llb and by Taylor and Garcia12 for similar conden- 
sations to %methyl- or phenyl-7-hydroxytheophyllines. 

0- 
I 

-yI& - - y $ R  
A hydrazone of a structure similar to  4, the formation 
of which must involve an oxidation and reduction, was 
proposed1* in the cyclization of 1,3-dialkyl-6-amino-5- 
nitrosouracil with aldehyde hydrazones. If formed, 4 
would lead to  a classical Traube approach t o  7. 

Intermediatc 5 could also yield either a uric acid (8) 
or a xanthine derivative (7) by loss of one molecule of 
water, as was proposed by C n i ~ h t e l ' ~  in the case of the 
formation of imidazoline N-oxides from anti-a-amino- 
oximes and aldehydes. 5a could also lead to 3 by loss 
of water. 

H 

The formation of the products which are thought to 
be hydroxymethyl derivatives of 7-hydroxyuric acid 
and of 8-amino-7-hydroxyxanthine could be explained 
only by a reaction involving removal of hydrogens from 

(18) F. Yoneda, K. Ogiwara, M. Kenahori, and 8. Niahigeki, J .  Chem. 

(19) H. Gnichtel, Chem. B e y . ,  108, 2411 (1970). 
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intermediate 5 .  An analogous dehydrogenation reac- 
tion is known to be involved in the formation of 8,8- 
dialkyl derivatives of 7-hydroxy-8-H-theophy1linesj for 
which Goldner, et a1.,20 propose the following. 

We have not isolated an intermediate pyrimidine de- 
rivative, but intermediates which are apparently basic 
remain on the Dowex-50 [H+] during elution by HzO. 
After thorough elution of the column with HzO, elution 
with HCI yields additional quantities of uric acid, 7- 
hydroxyxanthine, . and also some 8-aminoxanthine. 
The latter may be the result of ammonia used in the 
work-up. This suggests that further ring closure may 
occur during the elution by acid. 

When the red-violet tautomer of 6-amino-5-nitro- 
souracil is used, a yellow product was obtained which 
does not yield 7. Its elemental analysis and nmr spec- 
trum suggest a polyhydroxymethyl derivative which is 
not an N-oxide derivative. 

A concerted study of the nitroso tautomers, and de- 
rivatives of them,  ill be needed to clarify the mech- 
anism involved, and to improve the yield. 

Pure 7-hydroxyxanthine is obtained upon rechroma- 

(20) (a) H. Goldner, G. Dietz, and E. Caratens, Justus Liebzgs Ann. 
Chem., 692, 134 (1966); (b) 698, 145 (1966); ( c )  699, 145 (1966). 
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TABLE I 
pK,'S AND UV SPECTRA O F  $-HYDROXYXANTHINE AND DERIVATIVES 

Elpecies ---- kmaX, mm ( 6  x iO-a)------. --Amin, mm ( 6  X 10-9 -7  PK, 
7-Hydroxyxanthine 

-0.25 (10 .08)  + I  231 ( 5 . 7 ) ,  262 (8.1) 226 (5.6), 243 (4,5) 

5 . 0 4 ~  (f 0.04) 0 201 (22.2), 268 (8.22) 241 (2.77) 

-1 223 (14.4), 256 (7,11), 276" (4.82) 245 (6.41) 9.64c ( f 0 . 0 5 )  -2 227 (19.3), 245, 296 (6.16) 267 (2.96) 

7-Hydroxy-1-hydroxymethylxanthine 
-0. l b  

5.0b 
9 . P  

[+I1 232 (6.40), 262 (9.67) 223 (5.93), 243 ( 5 . 3 7 )  
0 201 (26), 268 (10.3) 242 (3.57) 

245 (7.74) -1 
-2  228 (23.0), 246," 297 (7.4) 212 ( l l . l ) ,  267 (3.3) 

203 ( l l ) ,  223 (17.1), 256 (8.57), 2775 (6.0) 

7-HydroxytheophyllineJ 

0 208 (23), 230" (6.7), 273 (9.1) 247 (3.5) 5.14O (k0.05) 
-1 226 (17.2), 257 (7.4), 282 (5.9) 216 (15.5), 248 (7.1) 

273 (5.8) 

0 208 (24), 230-235" (6.7), 275 (10.5) 247 (3.7) 
228 (17), 250-257" (7.8), 280 (6.5) 

7-Hydroxy-8-methyltheophyllinee 
5.590 (10 .05 )  

-1 216 (14,1), 273 (6.4) 
6 Estimated from isosbestic spectra. c Electrometic determination. d Reference l lb .  e Reference l la .  

tography of the main fraction. It can be reduced to  
xanthine with Raney nickel. The nmr spectrum shows 
a sharp peak of the imidazole aromatic hydrogen with 
a chemical shift of 6 7.97 and distinctive peaks for the 
hydrogens at positions 1 and 3, at 6 10.75 and 11.45, 
respectively.2I In  the nmr spectrum of compound 6 ,  
the N-1 hydrogen was replaced by the hydroxymethyl 
group. The uv spectra of the neutral species and of 
the monoanion of 7-hydroxyxanthine are almost identi- 
cal with those of the corresponding species of 7-hy- 
droxytheophylline (Table I) ,  The first ionization in- 
volves the N-hydroxyl group, since it is accompanied 
by the appearance of the characteristic absorption at 
223 nm which is attributed to an N-+O group.22 At a 
higher pH a dianion is formed from 7-hydroxyxanthine, 
and this ionization probably involves the proton at 
N-3; it is accompanied by a shift of the maxima to 
higher wavelengths. The absence of the absorption at 
223 nm in the neutral species provides evidence that the 
major tautomer in that species is the 7-hydroxy rather 
than the 7-N-oxide structure. The pK, of protonation 
of -0.25 compared to that of 3-hydroxyxanthine of 
0.35 is in accord with a protonation at N-9, in the same 
ring with the N-OH. 

7-Hydroxyxanthine could be converted to uric acid 
in aqueous thioacetic acid. After gentle treatment 
with acetic anhydride in acetic acid, 7-acetoxyxanthine 
(10, Scheme 11) could be isolated. It is unstable in 
HzO, in which it undergoes rearrangement to uric acid. 
It is also unstable in DMSO, but more stable in dry 
dioxane. 

The reactivities of 7-acetoxyxanthine are remarkably 
similar to those of 3-acetoxyxanthine, 11. In  aqueous 
solutions at room temperature in the presence of nucleo- 
philes, it  yields a series of 8-substitution products 
(Scheme 11) identical with those obtained from 3-ace- 
toxyxanthine under similar conditions.8 Thus, it 
yields 8-chloro-, 8-nitro-, 8-pyridinium, 8-methylmer- 
capto-, and 8-ethoxyxanthines upon treatment with 
aqueous NaCl, SaNOz, pyridine, methionine, and eth- 

(21) The hydrogen a t  the 1 position in xanthine has always s lower chem- 
ical shift than that in the 3 position: N. J. M. Birdssll, unpublished work. 

(22) J. C. Parham, T. G. Winn, and G. B. Brown, J .  Ovg. Chew., 36, 2639 
(1971). 

anol, respectively. These reactions involving substi- 
tutions by nucleophiles are obviously intermolecular. 
The products have been characterized after overnight 
reaction periods, but the early development of color in 
the reaction with pyridine suggests that the times re- 
quired may be much less. 

At pH's above 4 10 yields some xanthine in addition 
to 8-substitution products. With sodium iodide it 
yields only xanthine, and no 8-substitution product. 
At pH's between 4.5 and 7.4 it also yields an HzO-in- 
soluble blue product. This behavior is again directly 
analogous t o  that of 3-a~etoxyxanthine.~ 

The similarity of the products from 7-acetoxyxan- 
thine and from 3-acetoxyxanthine (11) in HzO suggest 
that the 8-substitution reactions of each may well pro- 
ceed via the same intermediates. For the facile 3- 
acyloxypurine 8-substitution reaction,* which occurs 
with increasing rapidity between pH 3 and 7, the anion 
12, dehydroxanthine (14)) and the carbonium ion 15 
m-ere proposed as  intermediate^.^ Ionization of 10 to 
the anion 13 and departure of the 7-acetoxy group would 
also yield dehydroxanthine (14) and thence the carbo- 
nium ion 15. 

In  further analogy to the deductions made regarding 
the origin of xanthine from 3-acetoxyxanthine, the re- 
duction of 10 to xanthine could likewise occur through 
a radical anion arising from homolytic cleavage of the 
anion 13. 

The rearrangement of 7-acetoxyxanthine (10) to 
uric acid involves only a shift to the adjacent atom and 
could well occur through an intramolecular reaction 
within a solvent cage, to yield 9 (Scheme 11) and thence 
uric acid, Ir evidence suggested that intermediate 9 was 
obtained, but it is-apparently less stable than the 8- 
acetoxytheophylline obtained from 7-hydroxytheophyl- 
line. llb 

At pH 4.75 the reaction of 10 to  yield uric acid, and 
some xanthine, proceeds about 2.5-fold faster than does 
that of 3-acetoxyxanthine. This could be due to either 
the possible intramolecular character of the present re- 
action, or, if uric acid formation is also an intermolec- 
ular reaction, to a pK, of the ionization of 10 to 13 
which is somewhat lower than that of 11 to 12. 
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From the similarities of the reactivities of 7-acetoxy- 
xanthine to those of 3-acetoxyxanthine1 it is possible 
that 7-hydroxyxanthine will, like a 3-hydroxyxanthine1 
be a potent chemical oncogen. That and further com- 
parisons of the chemical behaviors of the two isomers 
require study. 

In a preliminary experiment 2,4-diamino-6-hydroxy- 
5-nitrosopyrimidine was condensed with formaldehyde, 
and 8-hydroxyguanine mas obtained. For that reac- 
tion it may be possible to obtain the presumed inter- 
mediate, 7-hydroxyguaninve, for comparison with the 
behavior of 3-hydroxyguanine. 

Experimental Section 
The uv spectra were determined with a Unicam SP800A 

recording spectrophotometer, the ir spectra (KBr or Nujol) with a 
Perkin-Elmer Model 221 spectrophotometer, and the nmr data 
with a Varian A-60 spectrometer with DMSO-de as a solvent and 
TRIS as an internal standard. The pK,'s were determined 
electrometrically or spectrophotometrically by the methods of 
Albert and Serjeantza with a Beckman DU spectrophotometer 

blue compound Y 

and buffers of 0.001 M ionic strengthsz4 Below pH 2 and above 
pH 12 pH's were adjusted with KOH and HC1 (or HzSO~) to 
give the calculated H" values; pH's 1-13 were measured on a 
Beckman Research pH meter. For E values a Cary Model 15 
spectrophotometer was used. Dowex-50 columns were pre- 
pared from BioRad AG-5OW-X8, 200-400 mesh, and washed 
with 3 N HC1 before loading. The elution of columns was moni- 
tored with an ISCO Model UA-2 uv analyzer. 

On a standardized analytical Dowex-50 column similar to 
that of Uziel and Cohn,26 9 X 150 mm, 200-400 mesh, eluted 
with 1 N HCl at  60 ml/hr and monitored a t  240, 260, and 290 
nm, these 8-substituted xanthines show the following retention 
volumes, in milliliters: %nitro-, 14; 8-chloro-, 14; %ethoxy-, 
35; 8-methylmercapto-, 75; %amino-, 114; 8-pyridinium-, 205. 
Uric acid appears at 13, 7-hydroxyxanthine at  35, and xanthine 
a t  67. 

From the same column eluted with 0.05 N HC1, uric acid 
appears a t  14, 7-hydroxyxanthine at  48, 3-hydroxyxanthine a t  
84, 1-hydroxyxanthine at 185, and xanthine at  375 unless the 
latter is eluted earlier with 1 N HCl. 

6-Amino-5-nitrosouracil (Pa).-6-Aminouracil (6.35 g) was 
stirred in HzO (350 ml) and a solution of NaNOz (3.85 g) a t  
room temperature in HzO (50 ml) was added, followed by 1 N 
HC1 (120 ml). After 4-5 min the solid became blue-violet and 
was quickly collected by filtration (6.8 9). This solid, which 
can be stored dry for a t  least a few weeks, was used without 
further purification. 

Found: C.30.72: H.2.57: N.35.98. 
Anal. Calcd for C4H4N403: C, 30.78; H,  2.58; N ,  35.89. 

The same tautomer could also be prepared by boiling the 
orange tautomer (0.5 g)16 in HzO (50 ml) for 2 min and filtering 
immediately. The red-purple (2b) and the orange (2c) tauto- 
mers were prepared as described previously.1b The ir spectrum 
of the orange tautomer differs considerably from those of the 
other two. There are smaller differences between the blue-violet 
and red-purple tautomers. The differences are in the "(OH) 
region (3000-3200 cm-I), the C=O region (1600-1800 cm-I), 
and at  1325,1275, and 870 cm-'. 

7-Hydroxyxanthine (7).-H~0 (400 ml) was brought to the 
boiling point, formalin solution (55 ml) was added, and the solu- 
tion was heated again to boiling. 6-Amino-5-nitrosouracil 
(3.9 g) was added to the boiling solution in small portions, with 
stirring, during a 10-min period. The stirring and boiling were 
continued for an additional 20 min, or until the uv maximum, 
at  first near 260 nm, shifted to 273 nm. This was monitored by 
diluting 0.1-ml aliquots to  25 ml with 0.01 N HC1 and recording 
the spectra. The pH of the mixture, measured at  loo", was 
an apparent 2.5. When the maximum reached 273 nm, the 

(23) A. Albert and E. P. Serjeant, "Ionization Constants of Acids and 
Bases," Wiley, New York, N, Y . ,  1962. 

(24) D. D. Perrin, Aust. J. Chem., 16, 572 (1903). 
(25) M. Usid,  C. K. Koh, and W. E. Cohn, Anal. Biochem., 85, 77 (1908). 



7-HYDROXYXANTHIFE J .  Org. Chem., Vol. 37, No .  12, 1972 1875 

reaction was stopped by cooling the flask to room temperature. 
The relative intensity of the 273 band to one at  317 nm (the 
nitroso compound) was then about 3: 1. The solution was then 
concentrated under vacuum below 45' to  50 ml, 1 N HCl (25 ml) 
was added, and the solution was concentrated again to a volume 
of 25 ml. The pink solution was loaded on a Dowex-50 column 
(43 X 200 mm) and eluted with 850 ml of HzO. The first 150 ml, 
containing violuric acid (1) and uric acid, were neutralized with 
NHaOH, concentrated, and separated by chromatography on a 
smaller column (10 x 150 mm). On paper chromatography 
with 3% NH4HC03, they had Rr values of 0.7 and 0.4, respec- 
tively. ,The next 700 ml, which had an absorption maximum at  
270 nm, were concentrated in vacuum to 25 ml, concentrated 
NHaOH (25 ml) was added, and the solution was stirred for 2 hr 
a t  room temperature. I t  was then concentrated under vacuum 
to 25 ml, a little 1 A' HC1 was added to dissolve any precipitate, 
and the solution was loaded onto another Dowex-50 column (20 X 
290 mm). The column was eluted with H2O (700 ml), followed 
by 1 1Y HC1 (600 ml). The first fractions, 80-180 ml, contained 
additional 1 and 8. The next fraction, 180-260 ml, had a uv 
spectrum similar to that of 7-hydroxyxanthine, but was unstable 
on further work-up. The next 260-340 ml yielded, upon evap- 
oration, a hydroxymethyl derivative of 7, which is apparently a 
less stable isomer than the one, 6 ,  described below. I t  gave an 
elementary analysis similar to that of 6 but its uv maxima were at 
about 3-4 nm longer wavelengths. It yielded some 7-hydroxy- 
xanthine upon rechromatography. The next fraction, 340-500 
ml, was essentially pure 7-hydroxyxanthine (7). Upon evapora- 
tion of the solvent and recrystallization twice from HnO, with 
charcoal if needed, it yielded 0.5-0.6 g (8-10%) of white crystals. 
This eluted as a single sharp band at  48 ml from the analytical 
column. When dried at  room temperature under vacuum it gave 
elementary analyses for a hemihydrate. 

Anal. Calcd for C S H ~ X ~ O ~ . ~ / Q H ~ O :  C, 33.89; H ,  2.82; 
N,31.70. Found: C, 33.89; H,2.82; N,31.81. 

The anhydrous 7-hydroxyxanthine was obtained on drying 
over PzOa at 100" under vacuum: nmr (DMSO-&) 6 7.97 
(8-CH), 10.75 (I-PITH), 11.43 (3-r\TH), 12.2 (7-OH, br); ir 
(Nujol) 3400 (OH), 3200 (NH), 1680 cm-l (C=O). The uv 
spectral data and pK,'s are given in Table I. 

Anal. Calcd for CjH4N4O8: C, 35.72; H,  2.40; N ,  33.33. 
Found: 

Although other fractions contain 7-hydroxyxanthine or 
derivatives which yield it, this one fraction represents the 
practical yield. 

Elution 
with 1 N HC1 was then started and the eluate again contained 
uric acid and '7 in the initial 20-100 ml, and 8-aminoxanthine 
appeared from 120 to 250 ml. The latter was isolated upon 
evaporation and was identified by elementary analysis and uv 
spectrum.26 

7-Hydroxy- 1-hydroxymethylxanthine ( 6 )  .-6-Amino-5-nitro- 
souracil (2a) (0.5 g) was added to  a boiling solution of formalin 
(6 ml) and H20 (40 ml) as described above. Instead of con- 
centrating and treating with HC1, the reaction mixture was 
stirred for 4 hr with 1.0 g of Dowex-50 and filtered, and the resin 
was washed with 100 ml of water. The solution and washings 
were evaporated t o  20 ml under vacuum and loaded on a Dowex- 
50 column (20 X 290 mm). The column was eluted with 500 
ml of H2O. The fraction from 100 to 300 ml showed an un- 
symmetrical trailing peak with an absorption maximum near 270 
mm. It was Concentrated under vacuum to 10 ml and again 
put on a Dowex-50 column (20 x 290 mm) and eluted with HIO. 
The 270-nm absorbing material was largely eluted as a nearly 
symmetrical peak from 280 to 400 ml. It was evaporated under 
vacuum and 6 was obtained by crystallization from water (0.05 
9). Dried at  ri3om temperature, it  gave an analysis for a mono- 
hydrate. 

Anal. Calcd for C6H6N4Oa-H20: C, 33.34; H,  3.73; N,  
25.92. Found. C, 33.43; H,3.67; N,  26.03. 

The anhydrous product was obtained on drying a t  100': nmr 
(DMSO-&) 6 5.23 (CHZ), 6.0 (COH, broad), 8.01 (8-CH), 11.73 
(3-NH), 12.3 (7-OH, broad); ir (Xujol) 3350 (OH), 1680 (C=O), 
1640 cm-l (C=O, a band absent in 2) .  

Anal. Calcd for Cd&"O4: C, 36.37; H ,  3.05; N ,  28.28. 
Found: C, 36.17; H,  3.10; N,  28.33. 

8-Amino-7-hydroxy-x-hydroxyme thylxanthine .-A product, 
which anralyses and spectra suggest to be the title compound, was 

C, 35.83; H,2.41; N, 33.19. 

Sothing was eluted by an additional 200 ml of water. 

(26) L. F. Cawtlieri and A. Bendioh, J .  Amer. Chem. Soc., 73,2587 (1950). 

obtained in an attempt to isolate a basic intermediate from the 
reaction of 6-amino-5-nitrosouracil with formaldehyde. 6-Amino- 
5-nitrosouracil (0.4 g) was added to a boiling solution of formalin 
(6 ml) and HzO (40 ml), and the reaction was followed as de- 
scribed above. After stopping the reaction and concentrating 
the solution to 10 ml, it was loaded on a Dowex-50 column (20 X 
290 mm). After elution of acidic products with H20 (900 ml), 
the column was eluted with 0.4 A' HC1 (200 ml). The eluate 
was concentrated under vacuum to 20 ml, and concentrated "4- 

OH (8 ml) was added with cooling. Upon keeping overnight at 
room temperature the product precipitated. Recrystallized 
from H2O it was still brown (0.05 9). It was dried at 100": 
uv, pH 2, Amax 206, 275, Xmln 245 nm; pH 7, Xmax 226, 257, 
287, Amin 272 nm; pH 12, Xmax 226,292, Xmln 273 nm. 

Anal. Calcd for CeH7N,04: C, 33.80; H, 3.31; N ,  32.85. 
Found: C,33.86; X,3.42; C,32.88. 

Reaction of Other Tautomers of 2 with Formaldehyde.- 
By the procedure described for 7-hydroxyxanthine, the orange 
tautomer gave a very low yield of 7 and a larger amount of uric 
acid. 

With the red-purple tautomer a trailing peak of a yellow 
product was obtained from the column. After concentration 
and treatment with 1-N "40H, followed by evaporation to 
dryness and crystallization from water, it  gave an unidentified 
yellow product. The elementary analyses and nmr spectrum 
suggest the presence of methylene or hydroxymethyl groups: 
nmr (DMSO-&) 6 4.83 (CH2, broad peak), 5.24 (CH2). 

Anal. Calcd for C7H8N404: C, 39.63; H,  3.80; N, 26.41. 
Found: C, 39.58; H,3.81; N,26.29. 

Hydrogenation of 7-Hydroxyxanthine to Xanthine.-7-Hy- 
droxyxanthine (7) (24 mg) was dissolved in hot H20 (5 ml), 
Raney nickel (150 mg) was added, and the solution was boiled 
for 30 min and filtered hot. The filtrate was left a t  room tem- 
perature and xanthine, identified through its ir and uv spectra, 
crystallized (20 mg) (90%). 

Reaction of 7-Hydroxyxanthine with Thioacetic Acid.- 
7-Hydroxyxanthine (7) (10 mg) was stirred for 1 week with 
CH,COSH (10 mg) in H,O (2 ml). The solution was loaded on a 
Dowex-50 column (1 X 10 em) and eluted with water. The 
first fraction was evaporated and the residue was crystallized 
from HzO. The product was identified as uric acid by its uv and 
ir spectra. 

Acetylation of 7-Hydroxyxanthine. A.  7-Acetoxyxanthine .- 
Dry 7-hydroxyxanthine (7) (0.15 g) was stirred with glacial 
acetic acid (4.5 ml) and acetic anhydride (4.5 ml) a t  room tem- 
perature until the solution was clear (2-3 hr). Dry ether (150 
ml) was added and the solution was kept for 96 hr in the freezer. 
The product which crystallized was collected by filtration, washed 
with dry ether, and dried under vacuum overnight at room tem- 
perature (0.15 9). The product melts a t  155' (with decom- 
position) when heated rapidly, but does not melt when heated 
slowly, suggesting the formation of uric acid during slow heating. 
The elementary analysis corresponded to a hemiacetate of 10. 
Drying at elevated temperatures or for a longer period resulted in 
loss of acetic acid and was accompanied by decomposition. 

Anal. Calcd for C7H6N4O4: C, 40.01; H, 3.36; N ,  23.33. 
Found: C,40.02; H,3.30; N,23.35. 

When the nmr was taken in DMSO-&, a rapid decomposition 
could be observed. The band of the proton from position 8 
(6  8.21) disappears while a t  the same time CH, protons of the 
acetoxy group change their chemical shift from 6 2.40 to 2.35 and 
finally to 1.92, the last corresponding to that of acetic acid. 

Ir (KBr) follows: 3200 (NH), 2800 (NH with hydrogen bond), 
1800 (C=O, of acetoxy group), 1670 cm-' (C=O). 

B. Acetylation under the Conditions for the Preparation of 
3-Acetoxyxanthine.-With acetic anhydride and acetic acid at  
room temperature for 5 days,' uric acid and an unstable inter- 
mediate, possibly 9, precipitated. More material could be pre- 
cipitated by the addition of ether. The ir band at  1820 em-', 
attributed to an N-acetoxy group, is weaker and an ester carbonyl 
absorption at  1750 cm-l is present. This is apparently a mix- 
ture containing 8-acetoxyxanthine and 7-acetoxyxanthine. 
Upon drying most was converted to uric acid. Low nitrogen 
analyses from the crude product suggest the presence of more 
than one acetyl group. 

Reduction of 7-Acetoxyxanthine with K1.-The acetoxy- 
xanthine (10) (6 mg) was stirred for 1 hr with 10% aqueous XI  
(0.25 ml). The solution turned red and gave a positive starch 
test for iodine. Only xanthine was detected upon chromatog- 
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raphy over Dowex-50 with 0.05 N HCl. I ts  identity was verified 
by its uv spectrum. 

Reactions of 7-Acetoxyxanthine with Nucleophiles.-7-Ace- 
toxyxanthine (10) was treated overnight with ethanol or with 
aqueous solutions of methionine, NaC1, NaN02, or pyridine as 
described for 3-acetoxy~anthine.~ The formation of %ethoxy, 
8-methylmercapto, 8-chloro, 8-nitro, and 8-pyridinium xan- 
thines, respectively, was accompanied by some formation of uric 
acid and xanthine. The products were isolated by chromatog- 
raphy and identified by their uv spectra. 

The rate of reaction of 10 in acetate buffer at pH 4.75 was 
compared with that of 3-acetoxyxanthine by repeated scans of 
the changing spectra a t  intervals. The half-times for completion 
of the reactions were approximately 10 and 25 min, respectively. 

Blue Compound.-Upon stirring 7-acetoxyxanthine in cold 0.1 
N phosphate buffer a t  pH 7, the solution turns purple followed 

by precipitation of a blue compound. A similar product is 
obtained by adding a few drops of 0.01 N WaOH to a cold Hz0 
solution. Like the blue compound obtained from 3-acetoxy- 
xanthine* it is insoluble in HzO and most organic solvents, and is 
decomposed in base or acid and by heating in HzO. 

Registry No. -2a, 34407-58-4; 6, 34407-59-5; 7, 
16870-90-9; 10, 34407-61-9; lla, 883-16-9; llb, 
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The previously described 2’-azido-2’-deoxyuridine has been converted into 2’-azido-2‘-deoxy-5’-O-trityluridine 
( 5 )  and thence to 3’-0-acetyl-2’-azido-2’-deoxyuridine (7). Phosphorylation of the latter compounds gave, 
after removal of protecting groups, 2’-azido-2’-deoxyuridine 3’-phosphate (8) and 2’-azido-2’-deoxyuridine 
5’-phosphate (9) which are suitable intermediates for the preparation of 2’-amino-2’-deoxyuridine containing 
oligonucleotides, etc., for biochemical study. Catalytic reduction of the azido function of 8 and 9 gave 2’- 
amino-2’-deoxyuridine 3’-phosphate (3) and 2’-amino3’-deoxyuridine 5’-phosphate (2) in crystalline form. 

Recently we have described the synthesis of 2‘- 
amino-2’-deoxyuridine (1) and its conversion into 2’- 
amino-2 ‘-deoxycytidine. Since these compounds con- 
tain free 3’- and 5’-hydroxyl groups, it should be pos- 
sible to  convert them chemically into short oligonu- 
cleotides containing amino groups in place of the nor- 
mal 2’-hydroxyl functions. These compounds would 
be of interest in order to study the effect of an adjacent 
amino group on the stability of the phospho diester 
linkage and also to show whether such compounds 
would function as messengers in a protein-synthesizing 
~ y s t e m . ~  Along similar lines, Glinski, et u Z . , ~  have re- 
cently described the preparation of phosphate esters 
derived from 3’-amino-3’-deoxythymidine and 5’-  
amino-5’-deoxythymidine, while Letsinger and Mung- 
all5 have prepared short oligonucleotides containing 
phosphoramidate linkages derived from the latter com- 
pounds. These compounds, being derived from 2’- 
deoxy nucleosides, do not, however, permit one to ex- 
amine the questions posed above. In  this paper we 
describe the preparation of both 2‘-amino-:!‘-deoxy- 
uridine 5‘-phosphate (2) and of its isomer 2’-amino-2‘- 
deoxyuridine 3’-phosphate (3). 

Rather than devising a suitable protecting group for 
the 2’-amino function of 1 ,  we have preferred to do the 
appropriate transformations using, as the starting ma- 
terial, 2’-azido-2’-deoxyuridine (4), the immediate pre- 
cursor of 1. Thus the selective protection of the 5’- 
hydroxy group was readily achieved via formation of 
the trityl ether 5 ,  which mas obtained in 8G% yield. 

(1) Syntex Postdootoral Fellow, 1968-1970. 
(2) D. Wagner, J. P. H. Vsrheyden, and J. G. Moffatt, J .  Org. Chem., 36, 

(3) See, e.g., M. W. Moon, S. Nishimura, and H. G. Khorana, Biochemis- 

(4) R. P.  Glinski, M. 9. Khan, R. L. Kalarnas, and C. L. Stevens, Chem. 

( 5 )  R.  L. Letsinger and W, 9. iVungall, J .  Org. Chem., 36, 3800 (1970). 

250 (1971). 

t r y ,  6, 937 (1966), for a related study involving 2’-deoxy nucleosides. 

Commun., 915 (1970). 

Hocw 
QH NH2 0 = P( OH)* 

1 2 3 

Compound 5 could be crystallized only with difficulty, 
but its homogeneity and structure was readily apparent 
from its nmr spectrum, which showed, inter alia, the 
presence of a free 3‘-hydroxy group at 5.97 ppm. The 
latter signal was coupled to CVH which appeared as a 
pseudoquartet at 4.44 ppm collapsing to a pseudotriplet 
upon addition of DzO. Acetylation of 5 gave amor- 
phous, but analytically pure, 3’-0-acetyl-2’-azido-2’- 
deoxy-G’-O-trityluridine (6) in quantitative yield. Re- 
moval of the trityl ether from 6 was achieved by treat- 
ment with 80% acetic acid, giving crystalline 3’-0- 
acetyl-2’-azido-2 ’-deoxyuridine (7) in 88% yield. 

Phosphorylation of both 5 and 7 was accomplished 
by reaction with 2-cyanoethyl phosphate and dicyclo- 
hexylcarbodiimide (DCC) in pyridinee6 Following 
removal of protecting groups by treatment with alkali 
(and acid in the case of 5 )  the corresponding phosphate 
esters 2‘-azido-2’-deoxyuridine 3’-phosphate (8) and 
2’-azido-2’-deoxyuridine 5’-phosphate (9) were isolated 
by ion exchange chromatography in yields of GO and 
G9Y0 respectively. 

Catalytic hydrogenation of the free acid forms of 8 
and 9 rapidly converts the azido function to the corre- 
sponding amines, the reduction being readily followed 
by paper electrophoresis in 1 A4 acetic acid. Under 

(6) G. M. Tener, J .  A n e r .  Chem. Soc., 83, 159 (1961). 


