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(1968). 
(IO) One referee has called in question of the conversion of 2a to 5 since, he 

believes, 2a should rapidly react to give an Kdiazonium hydroxide. 
Whatever intermediate may have formed (Kdiazonium hydroxide or K 
nitroso compound), the thermodynamic product obtained by us must be 
5 on the basis of the cmbustion data, UV, CD (the positive Cotton effect), 
NMR. and mass spectral data (abudant M+ ion etc.). The guanidin type 
structure seems to particularly stabilize the Cs-N-Cs bond of our com- 
pounds, in contrast to the oxidation or diazotization reactions of many 
Kamino alicyclic amines. 

(1 1) The crystallization process was hampered by strong solvation with protic 
solvents to form a gelatine. 

(12) Some spectral comparisons between 9 and 10: 9 absorbs at 256 (t 21 400) 
and 279 nm (t 13 400, sh), while 10 absorbs at 260 ( 6  19 100) and 283 nm 
(t 10 600, sh) (see Experimental Section). The 'H NMR spectrum of 9 in- 
dicated the resonance of the lactam NH at 12.21 ppm and that of the 
phthaloyl group at 7.93 ppm (overlayed on the H2 signal) as a sharp singlet 
(accidentally conditioned by steric and electronic factors in the nucleoside 
molecule). On the other hand, the spectrum of 10 exhibited the phthaloyl 
resonance at 7.76-8.17 ppm as a complex multiplet and no lactam reso- 
nances for both inosine base and phthalazin-1,4-dione under the same 
measurement conditions (60 MHz, MepSO-de). This latter finding seems 
to suggest complex formation by hydrogen bonding between the mole- 
cules. 

(13) G. A. Ivanovics, R. J. Rousseau, M. Kawana, P. C. Strivastava, and R. K. 
Robins, J. Org. Chem., 39, 3651 (1974). 

(14) This is also the case with adenine or adenine Koxide base. For example, 
see M. A. Stevens and G. B. Brown, J. Am. Chem. Soc., 80, 2759 
(1958). 

(15) The CD spectra were recorded by the Japan Spectroscopic Co., Ltd., using 
a JASCO Model J-20 recording spectropolarimeter, for which we are 
grateful. 

(16) The mass spectra were measured using a JMS-OISG2 mass spectrometer 
in the laboratory of the Daiichi Pharmaceutical Co., Ltd., to whom we are 
grateful. The ionization potential was 75 eV and ionizing current 200 FA 
for all the compounds; temperature 205 OC for 4a and 230 OC for 4b and 
6. The direct insertion probe was used. 

(17) M. Ikeda, Y. Tamura, and M. Ikehara, J. Heterocycl. Chem., 7, 1377 
(1970). 

(18) E. G. Lovett and D. Lipkin, J. Am. Chem. SOC., 95, 2312 (1973). 
(19) S. Tsuboyama and J. A. McCloskey, J. Org. Chem., 37, 166 (1972). 
(20) H. Budzikiewicz. C. Djerassi, and D. H. Williams, "Mass Spectrometry of 

Organic Compounds", Holden-Day, San Francisco, Calif., 1967, pp 297, 
382. 

(21) For an example of intramolecular N3,3'-cyclization see: (a) E. J. Reist, V. 
J. Bartuska, D. F. Calkins, and L. Goodman, J. Org. Chern., 30,3401 (1965); 
(b) A. P. Matinez, W. W. Lee, and L. Goodman, ;bid., 31, 3263 (1966); (c) 
E. J. Reist, D. F. Calkins, and L. Goodman, ibid., 32, 2538 (1967). 
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Acetylat ion o f  1,7-dimethylguanine 3-oxide in aqueous or methanolic solut ion produces an intermediate tha t  
undergoes (an extremely rap id  intermolecular reaction w i t h  the solvent under ambient conditions t o  y ie ld  8-substi- 
tu t ion  products o f  1,7-dimethylguanine. Th is  reaction occurs despite the presence o f  an a lky l  group a t  N-7 tha t  pre- 
vents delocalization o f  a posit ive charge generated a t  N - 3  t o  the C-8 position. Added nucleophiles, even a t  h igh  con- 
centrations, do n o t  react t o  yield 8-substi tut ion products. Iod ide and bromide ions undergo a redox reaction w i t h  
the intermediate t o  af ford 1,7-dimethylguanine and iodine or bromine. T h e  extent of 8 substi tut ion w i t h  water and 
the reduction by bromide i o n  are inversely affected by variations in the concentrations o f  bromide ion, indicating 
that the two reactions are competit ive and proceed f rom a single intermediate. A delocalized n i t ren ium ion  is pro-  
posed as the common intermediate. Accompanying the 8-substi tut ion reaction is a competitive, slower reaction t h a t  
results in loss o f  UV absorption. Th is  reaction can be enhanced a t  the expense o f  the 8-substi tut ion reaction by the 
use o f  tr i f luoroacetic anhydride. Oncogenicity assays in rats show t h a t  1,7-dimethylguanine 3-oxide does n o t  induce 
tumors. 

A number of 0-acyl esters of purine 3-oxides2-'j undergo 
a spontaneous N-3 elimination-C-8 substitution reaction that 
parallels those observed with some oncogenic N,O-diacyl ar-  
omatic hydroxylamines.7-12 As part of studies to elucidate the 
mechanism of tumor induction by N-oxidized purines, the 
reactions of one ester, 3-acetoxyxanthine (1, Scheme I), were 
examined in detail. 'Those studies13 indicated that  the 8- 
substitution reaction of 1 can proceed by either of two routes 
(Scheme I) depending upon the pH of the medium. A rela- 
tively slow S N ~ '  reaction (path a)  is observed in the pH range 
0 to  3, while the faster path b, requiring ionization of the im- 
idazole proton, predominates a t  pH's above 3. Interference 
with delocalization of the positive charge in the common in- 
termediate 3 by a substituent a t  N-7 was found to inhibit the 
8-substitution reaction by both r ~ u t e s . ~ J ~  A second sponta- 
neous reaction of 1, reduction to xanthine, was observed only 
in conjunction with the 8-substitution reaction via path b. The 
presence of iodide ion greatly enhanced the reduction of 1, and 
the enhanced reduction was accompanied by oxidation of io- 
dide to  iodine. 1 t was suggested'3 that the redox reaction with 
iodide ion was correlated with the spontaneous reduction of 
1 and proceeded via the same intermediate. A radical anion, 
presumed to  form by homolysis of the N-0 bond of 2, was 
suggested as the common intermediate. However, recent ev- 
idence14 indicates that  oxidation of iodide can also occur in 
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Scheme I 
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conjunction with path a and thus cannot proceed solely via 
a radical from 2. 

One member of the purine N-oxide series, 1,7-dimethyl- 
guanine 3-oxide (6, Scheme 11), appeared to  react anoma- 
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Table I. Reaction Parameters for the Rearrangement  of 1,7-Dimethylguanine 3-Oxide with Acetic Anhydride 

Apparent 
pseudo-first-order 

~ m a x , a  rate constant, min-l 
PH 7, -_ % 9, % Recovery, % nm ki k2 

2 265 
3 21 21 265 2 x 10-1 
4 18 18 242 4 x 10-2 6 x 10-2 
5 50 5 55 244 2 x 10-2 5 x 10-4 
6 242 8 x 3 x 10-4 
7 45 6 51 260 6 x 10-2 7 x 10-3 
8 255 3 x 10-2 3 x 10-4 

(I Absorption maximum of the intermediate immediately after addition of acetic anhydride. 

Scheme I1 

r 

lously. Formation of its ester in situ was reported to  generate 
a species that  could oxidize iodide ion readily, but i t  did not 
yield an 8-substitution product with other  nucleophile^.^ Since 
a 3-0-acyl derivative of 6 could not ionize in the imidazole ring 
to afford a radical anion comparable to  that  proposed as an 
intermediate in the redox reaction of 1, i t  appeared that  a 
study of the reactions of acylated 6 would be uniquely helpful 
in delineating the mechanism of the redox reaction of esters 
of purine N-oxides. We now report that  in the presence of 
acetic anhydride, 6, although possessing a substituent a t  N-7, 
nevertheless reacts very rapidly under ambient conditions 
with water or with methanol to afford %substitution products. 
We present proof of structures of the products of the reaction, 
data on the mechanism, and evidence on the redox properties 
of the reaction intermediate. 

Resul t s  
The addition of acetic anhydride to  a solution of 6 yielded 

2-N-acetyl-1,7-dimethyl-8-oxo-9H-guanine (7; 29%) (Scheme 
II), 1,7-dimethyl-8-0~0-9H-guanine (8; 2.5%), a small amount 
of 1,7-dimethylguanine (9), and traces of a fourth, unidenti- 
fied, product. The assignments of 7 and 8 were confirmed by 
independent synthesis of 8 from 2,6-diamino-3-methyl-5- 
methylamino-4-oxopyrimidine (10). T o  examine the kinetics 
of the reaction, the UV spectral changes of the reaction of 6 

4 0  

3 . 8  1 

//’ 

/ a 

, 
/ 

*//” 

/’a /’ 

IO 20 IO 40 5C 60 73 83 30 100 i ; ?  125 i33  . 4 0  l5C ! 6 3  1’0 

- IM[ ,HCURS 

Figure 1. Pseudo-first-order plot for the reaction of 1,7-dimethyl- 
guanine 3-oxide with acetic anhydride at pH 6. 

in buffered solutions a t  pH’s 2-8 were monitored. Upon ad- 
dition of acetic anhydride to  each of the solutions, there was 
an immediate change in the UV spectrum to that  of an inter- 
mediate, the absorption maximum of which varied with pH 
(Table I). At pH 2 only reversion to  the spectrum of 6 was 
observed. At pH’s above 2 there was a gradual change in the 
spectrum to that  of 7, but with significant loss (-50%) of op- 
tical density. Treatment of the spectral changes as a pseudo- 
first-order decomposition gave plots that  were linear only for 
the first few minutes of reaction. This was followed by a period 
of nonlinear change, and then a t  pH’s 4-8 the change became 
linear again and remained so for the rest of the reaction 
(Figure 1). Apparent pseudo-first-order rate constants were 
calculated for the two linear portions of the plots (Table I). 
When the course of the reaction a t  pH 7 was monitored 
chromatographically, the reaction of 6 to  7 was found to  be 
nearly complete within the first few minutes of reaction. No 
reaction was observed between 7 and acetic anhydride under 
the conditions for rearrangement, but 8 reacted to  yield an 
unstable acetyl derivative with UV absorption different from 
that of 7. It quickly reverted to 8 with no loss of optical density. 
Treatment of the spectral changes for that  reaction, as a 
pseudo-first-order reaction, gave good linear plots for the 
entire course of the reaction and apparent pseudo-first-order 
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Table 11. NMR Spectral  Parameters (6) during the Reaction of 1,7-Dimethylguanine 3-Oxide (6) with Anhydrides 

Time C-8 NCH3 NCH3 

TOa 8.04 4.00 3.54 
30 s b  18.07c 4.0gd 44.00 3.66d 13.57' 3.42d 
3 minb ,8.09 14.09 14.03 13.66 t3.57 3.43 3.12d 
10 min 13.54 3.15d 43.11 2.9Fjd 
4 h h  3.55 13.16 3.13 2.95 
5 days 3.55 3.46d 3.41d 3.12 

7 a  3.55 3.55 
8" 3.32 3.27 

Time C-8 NCH3 NCH3 

TOe 7.99 3.88 3.37 
10 minf 4.09 4.03 3.98 3.43 3.39 3.33 

3.40 
3.30 

3.37 
3.25 

a Spectrum taken in DzO containing 2 drops of CDsCOzD with DSS as a reference. b Reaction of 5 mg of 7 in DzO containing 2 drops 
of CD3COzD and 20 J, of acetic-& anhydride with DSS as a reference. c Increase (t)  or decrease (1) in relative intensity of the band 
from previous reading. New band. e Spectrum taken in MezSO-& with Me4Si as a reference. f Reaction of 5 mg of 7 in Me2sO-d~ 
with 50 FL of (CF3COz)zO with MerSi as a reference. g Spectrum taken in MezS0-d~ after addition of 50 ALL of (CF3CO2)zO with MerSi 
as a reference. 

rate constants of0.15,0.2, and 0.3 min-' for pH's 2 ,5 ,  and 8, 
respectively. 

The kinetic data indicate that  6 undergoes two competing 
reactions with acetic anhydride: (a) a very rapid ( k  - 
min-I) rearrangement to  7 (and 8), and (b) a slower reaction 
( h  - IO-* min-l) that  leads to  the decomposition of 6 to  
non-UV-absorbing compounds. These conclusions were 
supported by an NMR, study of the reaction of 6 with acetic-& 
anhydride in LE20 containing CD3COzD (pD - 5). Addition 
of acetic-de anhydride to a solution of 6 in DzO caused a rapid 
decrease in the signal intensities of the C-8 hydrogen and one 
of the NCH3 groups of 6 (Table 11). The  signal of the second 
NCH3 group of' 6 increased in intensity since it appeared a t  
the same position as the two coincident NCH3 signals of 7. 
Three signals a t  6 4.01, 3.66, and 3.42 appeared briefly, but 
they were absent by 10 min. These bands are probably at-  
tributable to N-methyl groups of acetylated intermediates in 
the rearrangement of 6 to 7. Paralleling the slower changes in 
UV absorption, changes in several bands were apparent for 
several days in the NMR spectra; these must reflect changes 
in the NCH3 bands of intermediates associated with the slow 
reaction leading to  loss of UV absorption. 

The reaction of 6 with (CFsC0)20 did not yield 7 or 8, but 
instead induced an extremely rapid reaction that  destroyed 
the purine chromophore. When the reaction of 6 with 
(CF3CO)2 in MezSO-t& was followed by NMR spectroscopy, 
the reaction was complete in 10 min (Table 11) and two groups 
of signals were present. Little absorbance due to  the NCH3 
groups of 7 or 8 was evident. 

Under the conditions for rearrangement of 6, the structu- 
rally related compounds 1,7-dimethyl-3-hydro~yxanthine,'~ 
3-hydroxy-7-methylguanine,l5 and 2-amino-6-methoxypurine 
3-oxideI5 failed to yield 8-substitution products. The 3-ace- 
toxy-:-methylguanine (A,,, 267 nm) generated in situ did 
afford a second product (A,,, 282 nm), bu t  this slowly hy- 
drolyzed to  3-hydroxy-7-methylguanine and is presumably 
the 2-N-acetyl derivative. 

Reac t ion  of Acetylated 6 w i t h  O t h e r  Nucleophiles. In 
agreement with an  etarlier report using ~ y r i d i n e , ~  6 in the 
presence of aqueous acetic anhydride showed no evidence of 
undergoing 8 substitution with azide ion (1 M) or with me- 
thionine (0.05 M), both of which are quite reactive with l.3 
However, when 6 was reacted with acetic anhydride in 
methanol, 1,7-dimethyl-8-methoxyguanine (1 1) and its 2- 
N-acetyl derivative were obtained. 

11 - 

The reaction of acetylated 6 a t  pH 7 in the presence of 3 M 
NaBr afforded a large quantity of 9 and some 2-N-acetyl- 
1,7-dimethylguanine, but no 7 and no 8-bromo derivative of 
9 were present. The  absence of the latter was confirmed by 
synthesis and characterization of 8-bromo-1,7-dimethyl- 
guanine and careful chromatographic examination of the re- 
action mixture for it. At pH 5 there was an inverse correlation 
of the yields of 7 and 9 which was directly related to  changes 
in the bromide ion concentration (Table 111). In the absence 
of bromide ion little reduction of 6 to  9 occurs, bu t  in the 
presence of 3 M NaBr no 8-substitution product (7) was de- 
tectable and 9 was obtained in 55% yield. There was little 
variation in the overall recovery over the range of 0 to  3 M 
NaBr. This indicates that  only the portion of 6 that  yields 7 
is diverted to  9 in the presence of bromide ion. Bromide ion 
apparently has no effect on the slower reaction that  results in 
destruction of 6. Addition of acetic anhydride to  a concen- 
trated solution of 6 in 3 M NaBr caused the transient ap- 
pearance of a red color. The  solution showed absorption 
maxima a t  405 and 470 nm, which correspond to  the maxima 
for bromine and tribromide ion. These results demonstrate 
that  the enhanced reduction of 6 to 9 in the presence of bro- 
mide ion is part  of a redox reaction that  also results in oxida- 
tion of bromide ion to bromine. This is the first evidence that  
esters of purine N-oxides can oxidize bromide ion. 

The reaction of acetylated 6 in the presence of 1 M iodide 
ion a t  pH 7 also resulted in diversion from the formation of 
7 to  a mixture of 9 (33%) and its 2-N-acetyl derivative (19%). 
This recovery (52%) is slightly less than  the yield of triiodide 
ion (81%) produced in the reaction but  is comparable to  the 
yield of 9 obtained from the reaction of 6 in 3 M NaBr (Table 
111). These data thus demonstrate that the oxidation of iodide 
ion is correlated with the reduction of 6 to  9. 

Discussion 
The rapid reaction of acetylated 1,7-dimethylguanine 3- 

oxide under ambient conditions to  yield the  8-substituted 
derivatives 7 and 11 is unusual since such reactions have been 
observed with esters of other 7-substituted purine 3-oxides 
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Table 111. The Effect of Bromide Ion on the  Reaction of 
1,7-Dimethylguanine 3-Oxide (6) with Acetic Anhydride 

a t  pH 5 __- 
Yield of products, % 

[Br-1, M 
Product 0 0.1 0.5 3 

2-N-Acetyl-1,i-dimethyl- 50 41 18 0 
8-oxo-9H-guanine (7) 

1,7 - Dimethylguanine (9) 6 21 34 55 

Total recovery 56 62 52 55 

only under more vigorous conditions, if a t  a11.16 The  rate of 
reaction of acetylated 6 to 7 is comparable to  tha t  for the re- 
action of 3-acetoxyxanthine (1) via path b.13 However, the 
mechanism for the reaction of 6 must differ somewhat from 
either of those proposed*3 for the elimination-substitution 
reactions of 1 (paths a and b, Scheme I) since a delocalized 
cation (3) which is common to both paths is precluded by the 
7-methyl group of 6. The presence of both the 1-methyl and 
2-amino groups of 6 is essential for rearrangement. Both 
1,7-dimethyl-3-hydroxyxanthine and 3-hydroxy-7-methyl- 
guanine readily form neutral 3-acetoxy  derivative^,^ but 
neither undergoes a 3 to  8 rearrangement. The  formation of 
11 from the reaction of 6 with acetic anhydride in methanol 
clearly demonstrates that  the reaction of 6 is intermolecular. 
A plausible mechanism for the rearrangement of 6 that  ac- 
commodates the accumulated observations involves acety- 
lation to  12 (Scheme 111), ionization and tautomerization of 
12 to  the neutral 13, and ionization of 13 to  the delocalized 
cation 14 (a-c). The electron-withdrawing effect of the posi- 
tive charge in the imidazole ring of 14a must render the 8 
position susceptible to attack by basic solvents to  afford the 
Michael addition product 15, but not susceptible to  attack by 
nucleophiles in general. Ionization of the hydrogen a t  C-8 of 
15 would permit rearomatization of 15 to  16, a tautomer of 7. 
The  rearrangement of 13 but  not the structurally related 
1,7-dimethyl-3-acetoxyxanthine indicates that  the 2-amino 
group plays a significant role in stabilizing the cationic in- 
termediate 14 and encouraging ionization of 13. Resonance 
contributors analogous to  14 are conceivable for a cation from 
3-acetoxy-7-methylguanine, i.e., 17, but there are two signif- 

Scheme I11 
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icant differences between 14 and 17. (a) The  extension in 
conjugation provided by 14c is linear to  that  of the other 
resonance contributors of 14. This contrasts with the nearly 
perpendicular relationship of any charge density a t  N-1, the 
resonance contributor to  17 comparable to  14c, to the re- 
mainder of the resonance system of 17. This suggests that  the 
former cation should be more stable than the latter, and the 
difference in resonance stabilization may be sufficient enough 
to permit ionization to 14, but not to 17. (b) Only 14a contains 
an imine function a t  C-2 that is also in linear conjugation with 
C-8 and is oriented appropriately to  provide stabilization to 
a Michael adduct by a base a t  C-8 of 14a. These two factors. 
both unique to a cation from 6, must play a significant role in 
determining whether an N-3 elimination-C-8 substitution 
reaction can occur under mild conditions in a compound for 
which direct allylic delocalization of the positive charge is 
blocked by a 7 substituent.'; The observation that acetylation 
appears to  occur a t  pH 2, but rearrangement to  7 does not 
follow, suggests that  an ionization that  is essential for the re- 
action does occur, but only a t  pH's above 3. This agrees with 
the proposed mechdnism. 

With the demonstration that  acetylated 6 can undergo an 
elimination-substitution reaction, a consistent picture 
emerges on the reactions of 0-esters of purine N-oxides: they 
either undergo a 3 to  8 rearrangement and oxidize iodide ion 
or exhibit neither reaction. The high reactivity with a variety 
of nucleophiles a t  C-8 of all esters in the series that  do rear- 
~ - a n g e , ~ - ~  with the single exception of 13, provides strong 
support for the participation of a carbonium ion, e.g., 3b, in 
the 8-substitution reaction. Recent evidenceI4 indicates that 
there is sufficient electron deficiency at  the allylic N-3 position 
to  permit certain nucleophiles t o  react a t  N-3 of 3a. I t  was 
p r ~ p o s e d ' ~  that oxidation of iodide ion by 1, with concomitant 
formation of xanthine, occurs by formation of a reactive N- 
iodo intermediate a t  the nitrenium ion and subsequent reac- 
tion of this with a second iodide ion to  afford iodine and the 
parent purine. The  demonstration that  acetylated 6 can un- 
dergo both 8-substitution and redox reactions and that  the 
two reactions are competitive (Table 111) provides strong ev- 
idence that  they occur from a single delocalized cation, viz., 
14. The observation of redox reactivity with acetylated 6 in- 
dicates that  there must be sufficient contribution from 14b 
or 14c to permit iodide and bromide ions to  react a t  an elec- 
tron-deficient nitrogen to  form reactive &'-halo intermediates 
that  undergo subsequent reaction to 9 and iodine or bromine. 
The fact that  there is a correlation between the yields of 13- 
and of 9 indicates that  the iodide-mediated reduction is part  
of a redox reaction and is not due to a heavy atom induced spin 
inversion to the nitrenium triplet's and reduction of that  
species by hydrogen abstraction.lg Acetylated intermediates 
of 6 cannot form anions comparable to 2 (Scheme I) from 1, 
and in contrast to the -25% reduction of 1 via path b,13J4 little 
spontaneous reduction of 6 accompanies its rearrangement 
to 7. The inability of intermediates from 6 to form an anion 
comparable to  2 precludes the formation of a radical anion, 
such as that  previously suggested13 as an intermediate in the 
spontaneous reduction of 1 to  xanthine, and the possibility 
of such a species being an  intermediate in the redox reaction 
with iodide ion. Thus, data on the reactions of acetylated 6 
complement those from recent studies on the reactions of 114 
and support the conclusion that redox reactions observed with 
0-esters of purine N-oxides occur via reactions a t  nitrenium 
ions and not via radical intermediates. This conclusion may 
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also explain the reduction reactions observed with acylated 
intermediates from other heterocyclic N-oxides, e.g., 1,5- 
naphthyridine l-oxidle,20 in the presence of bromide or iodide 
ions. 

In parallel with the chemical studies, 6 was assayed in vivo 
for its oncogenic potential. Administration of 1.2 mg of 6 
subcutaneously threie times per week for 8 weeks induced no 
tumors. By comparison, the tumor incidence was 35% (7/20) 
in rats treated similarly with approximately the same molar 
equiv of 3-hydroxyguanine (1.0 mg).21 

Experimental Section 
General. UV spectra were determined with a Unicam SP800A 

recording spectrophotometer and NMR spectra with a Jeol 100-Hz 
spectrometer. The elemental analyses were performed by Spang 
Microanalytical Laboratory, Ann Arbor, Mich., or Schwarzkopf Mi- 
croanalytical Laboratory, Woodside, N.Y. An ISCO UA-2 analyzer 
with a coordinated fraction collector was used to monitor all column 
eluates. 

Reaction of 1,7-Dimethylguanine 3-Oxide (6) with Acetic 
Anhydride, A 1.52-g sample of 6, purified as described,'b was dis- 
solved in 34 mL of HzO, 6 mL of acetic anhydride was added, and the 
pH of the solution was adjusted from 2.5 to 4.5 with 1 N NaOH. The 
reaction was allowed to proceed for 2 weeks, and then the precipitate 
that had formed was collected, washed with acetone, and air dried; 
yield 420 mg. This was chromatographically homogeneous 2-N-ace- 
tyl-1,7-dimethy1-8-0~0-9H-guanine (7): mp, gradual decomposition 
at >180 "C; mass spectrum (CI), mle 238 (M + 11,194,166,153; UV 
A,,, ( t  X pH 
12,228 nm (22.3), 284 (9.2); NMR (MezSO-ds) 8 2.12 (s,3, NCOCH3), 

An analytical sample was recrystallized from CH3OH-EtOH and 
dried at 120 "C (over Pzo5 for 4 h under vacuum. 

Anal. Calcd for CgHllH503: C, 45.57; H, 4.67; N, 29.52. Found C, 
45.54; H, 4.67; N, 29.05. 

The filtrate was evaporated to dryness under vacuum. A solution 
of the residue was appliled to a 25 X 200 mm Dowex 50 (H+), 200-400 
mesh, column that was eluted with HzO, 1 N HCl, and finally 2 N HC1 
in 60% aqueous CH30H; 25-mL fractions were collected. Fractions 
showing similar UV absorption spectra were combined and the sol- 
vents removed under v,scuum. Water (fractions 1-12) eluted an ad- 
ditional 75 mg of 7; the total yield of 7 was 495 mg (29%). 

Fractions 73-'79 (I N HC1) contained a small amount, too little for 
structure identification, of an unknown material: UV A,, pH 1,240, 
285 nm; UV A,,, pH 12,292 nm. Fractions 82-92 contained 35 mg 
(2.5%) of 1,7-dirnethyl-8-0~0-9H-guanine (8): mp, gradual decom- 
position above 240 "C; mass spectrum (CI), m/e 197 (M t 2), 196 (M 
+ 1); UV A,,, ( e  X pH 1,250 nm (10.9),291 (9.9); UV A,,, ( e  X 
lov3) pH 7, 250 nm (10.61, 293 (9.9); UV A,,, ( e  X pH 13, 225 
nm (37.2), 260 sh (7.21, 294 (11.6); NMR (MezSO-&) 6 3.27 (s, 3, 

An analytical sample was recrystallized from HzO and dried a t  80 
"C over P2O5 under vacuum for 2 h. 

Anal. Calcd for C7H:,N502: C, 43.07; H, 4.65; N, 35.88. Found: C, 
42.75; H, 4.63; N, 35.68. 

This product, 8, was iilso obtained by treatment of 7 with NaOCH3 
in CH30H. 

Continued elution of the column with 2 N HC1 eluted 9 (2%), which 
was identified from its UV spectra.22 

Synthesis of 1,7-IXmethyl-8-oxo-SH-guanine (8). 2,6-Di- 
amino-3-methyl-5-metliylamino-4-oxopyrimidine (10) was prepared 
from 1,7-dimethylguanosinium iodide by a sequence of reactions 
similar to that reported for the synthesis of 2,6-diamino-4-hydroxy- 
5-rnet,hylaminopyrimidiine.2HCl from 7-methylguano~ine.~3 1,7- 
Dimethylguanoi3inium iodidez4 (10 g) was dissolved in 50 'mL of 28% 
NH40H. The solvent was removed under vacuum, and the flask was 
left under vacuum for rreveral days. The residue was then dissolved 
in methanolic HC1, and the solution was warmed slightly. Progress 
of the reaction was monitored by UV spectra of aliquots. The solvents 
were removed, and the residue was chromatographed over a 2.5 X 15 
cm Dowex 50 (H+) column that was eluted first with 60% aqueous 
CH30H and then with 1 N HCl in 60% aqueous CH30H to elute 10 
as the dihydrochloricle. The product was recrystallized from 
CH30H-EtOAc: yield 2.6 g (32%); mp 250-251 "C dec; NMR 

(broad, exchangeable, NH's); UV A,,, (e  X pH 1, 223 sh nm 
(13.5), 262 (13.9); UV A,,, ( e  X lo+) pH 7, 212 nm (22.5), 277 (9.7); 
UV A,,, ( t  X 

pH 1, 265 nm (7.8), 296 (5.5); UV A,,, ( e  X 

3.40 (s, 6, 2NCH:3), 10.62 (9, I, NH), 11.62 (s, 1, NH). 

NCH:>), 3.32 (s, 3, NCH:3), 6.94 (9, 2, NHz), 10.99 (9, 1, NH). 

(Me2SO-d6) 6 2.64 (s, 28, NCH3), 3.22 (9, 3, NCH3), 6.56, 7.64, 11.31 

pH 12, 211 nm (22.7), 279 (11.0). 

An analytical sample was recrystallized from CHSOH-EtOAc and 
dried at 120 "C for 3 h over PzO5. 

Anal. Calcd for C~H11N50.2HCl.O.5HzO C, 28.70; H, 5.61; N, 27.89. 
Found: C, 28.82; H, 5.32; N, 27.62. 

A mixture of 10.2HC1 (100 mg, 10 mmol) and urea (130 mg) was 
heated at 180 "C for 4 days; progress of the reaction was monitored 
by UV spectra of aliquots. A solution of the reaction mixture was 
chromatographed over Dowex 50 (H+), 200-400 mesh, to obtain 8; 
yield 55 mg (68%). The chromatographic and NMR, UV, and mass 
spectral properties of the synthetic sample were identical with those 
of the product from the reaction of 6. 

Reaction of 6 with Acetic Anhydride in Methanol. To a solution 
of 6 (470 mg, 2.2 mmol) in 900 mL of CH30H was added 18 mL of 
acetic anhydride. Progress of the reaction was followed by TLC (silica 
gel; CHC13-CH30H, 9:l). After 5 h no 6 remained, and three new 
components (R f  0.4, 0.47, and 0.56) were present. Removal of -300 
mL of solvent under reduced pressure induced precipitation of ma- 
terial which was collected (130 mg) and found to contain a single 
chromatographically homogeneous component ( R f  0.47). Further 
reduction in volume to -200 mL yielded more (75 mg) of the same 
product, which was identified as 1,7-dimethyl-8-methoxyguanine (11): 
mp, gradual decomposition at >240 "C; mass spectrum (CI), mle 210 
(M + 1);NMR (MezSO-ds) 6 3.31 (s, 3,NCH3), 3.57 (s, 3, NCH3),3.77 
(s, 3, OCH3), 4.06 (s, 2, "2); UV A,,, (t X pH 1, 212 sh nm 
(15.2), 251 sh (8,1), 274 (12.1); UV A,,, ( e  X pH 7,217 nm (251, 
245 (6.7), 285 (9.5). 

An analytical sample was recrystallized from CH30H-EtOAc and 
dried at 120 "C for 3 h over P205. 

Anal. Calcd for C~HllN50~HzO. C, 42.28; H, 5.76; N, 30.80. Found: 
C, 42.75; H, 5.28; N, 31.16. 

The structure of 11 was confirmed by heating a sample in 0.1 N HC1 
for 2 h, which converted the sample into 8, as shown by comparison 
of the UV and NMR spectra and chromatographic properties in three 
solvent systems of the hydrolysis product with those of an authentic 
sample of 8. 

Reduction of the remaining reaction solution to a small volume, 
application of the solution to preparative silica gel TLC plates (de- 
veloped in CHC13-CH30H, 4:1, v/v), and elution of the three bands 
(Rf  0.35,0.45, and 0.7) yielded additional 1,7-dimethyl-8-methoxy- 
guanine (R f  0.45) (23 mg); the total yield of 11 was 228 mg (51%). 

Elution of the band at Rf  0.7 gave 2-N-acetyl-1,7-dimethyl-8- 
methoxyguanine: yield 8.5 mg (1.5%); mp 219-220 "C; NMR 
(MezSO-d6) 6 2.099 (s,3,COCH3), 3.38 (5, 3, NCH3), 3.66(s,3,NCH3), 
4.08 (s,3, OCH3), 10.51 (s, 1, exchangeable, NH); UV A,,, ( e  X 
pH 1, 217 nm (26.51, 261 (10.61, 278 sh (7.9); UV A,,, ( e  X pH 
7, 220 nm (32.81, 263 (10.7), 277 sh (7.5); UV A,,, ( e  X pH 12 ,  
218 nm (28.3), 261-277 (10.7). 

An analytical sample was recrystallized from CH30H-EtOAc and 
dried at 120 "C over PzOs for 3 h. 

Anal. Calcd for C10H13N503"zO: C, 44.60; H, 5.62; N, 26.01. Found: 
C, 44.77; H, 5.22; N, 26.15. 

The band at Rf  0.35 was 9,6.7 mg (2%); the overall recovery from 
6 was 54%. 

Reaction of 6 with Acetic Anhydride in the Presence of 3 M 
NaBr. To a solution of 6 (600 mg) in 40 mL of 0.5 N pH 7.0 phosphate 
buffer containing 12.3 g of NaBr was added 2.4 mL of acetic anhy- 
dride. The reaction was allowed to proceed overnight, and then the 
solvents were removed. A solution of the residue was applied to a 25 
X 200 mm Dowex 50, 200-400 mesh, column. Elution with H20 af- 
forded a product, the UV absorption of which was not identical with 
that of 7. The fractions containing the product were combined, re- 
duced in volume, and then neutralized with BioRad AG-3 in the basic 
form. The eluate was reduced to a small volume and applied to a 
preparative silica gel TLC plate that was developed in CHC13-CH30H 
(19:l). Two UV-absorbing bands were present at Rf  0.1 and 0.2. The 
former was 9. Elution of the latter afforded 95 mg of 2-N-acetyl- 
1,7-dimethylguanine: mp 252-254 'C; NMR (Me&O-d6) 8 2.10 (s, 3, 

(s, 1, NH); mass spectrum (CI), mle 222 (M + 11,206 (M + 1 - 0), 179 
(M + 1 - COCH3), 163 (M + 1 - 0, COCH3); UV A,,, ( e  X pH 
1.0,260 nm (11.2); UV A,,, ( t  X pH 7.0,216 nm (23), 261 (9.7); 
UV A,,, ( t  X 

COCHd, 3.39 (s, 3, NCH3), 3.95 ( ~ , 3 ,  NCH3), 8.15 (s, 1, C-SH), 10.59 

pH 13, 265-270 nm (10.1). 
Anal. Calcd for CgHllN502: C, 48.86; H, 5.01; N, 31.66. Found: C, 

48.88; H, 4.94; N, 31.69. 
The structure was confirmed by acetylating a sample of 1,7-di- 

methylguanine. The synthetic and isolated samples showed identical 
chromatographic and UV, NMR, and mass spectral properties. 

Synthesis of 8-Bromo-1,7-dimethylguanine. A solution of 8- 
bromoguanosine (1.0 g, 2.8 mM) and 0.75 mL of (CH3)2S04 (8 mM) 
in 5 mL of MezSO was allowed to stir in a sealed flask at room tem- 
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perature; progress of the reaction was monitored by TLC (silica gel; 
CH&N-Hz0-28% NHdOH, 7:2:1). After 5 days KHC03 (975 mg, 8.4 
mM) and 0.7 mL of (CH3)2S04 were added, and the reaction was 
continued for another week. The reaction mixture was then diluted 
with 10 mL of 50% aqueous CFBCOOH and allowed to stir for 4 days. 
It was then applied to a 20 X 150 mm Dowex 50 (H+) column that was 
eluted with water, 60% aqueous CHsOH, 1 N HC1 in 60% aqueous 
CH30H, and finally with 2 N HC1 in 60% aqueous CHsOH, which 
eluted the major product; 25-mL fractions were collected. Fractions 
(72-83) containing the major product were combined, and the solvents 
were removed under vacuum. The residue was dissolved in CHsOH, 
neutralized with AG-1 (HC03-), and recrystallized (charcoal) to af- 
ford 8-bromo-l,7-dimethylguanine, yield 390 mg (5096, calculated as 
hydrate): mp, gradual decomposition at >257 "C; NMR (MezSO-dc) 
6 3.46 (s,3, NCH3), 3.84 (s, 3, NCHa), 7.03 (s, 2, exchangeable, "2); 
mass spectrum (CI), m/e 260 (M t 1, Br = 81), 258 (M t 1, Br = 79); 
UV A,,, (t X lo-:!) pH 1, 217 nm (19.1), 253 sh (8.2), 272 (12.8); UV 
Amax (c X lod3) pH 7, 216 nm (23.5), 237 sh (8.8), 276 (14.2). 

An analytical sample was recrystallized from CH~OH-HZO and 
dried over P205 a t  120 "C under vacuum for 3 h. 

Anal. Calcd for C~H~N,SB~O.O.~H~O: C, 31.47; H, 3.39; N, 26.22; Br, 
29.91. Found: C, 31.40; H, 3.26; N, 25.77; Br, 29.05. 
8-Bromo-1,7-dimethylguanine was eluted from a 9 x 250 mm 

Dowex 50 (H+) column by 2 N HCl in 60% CH30H as a discrete band 
well before 9. It could be readily identified and distinguished from 
7,8 ,  and 9 by its UV spectra and was not detectable in the mixture of 
products from the reaction of 6 with acetic anhydride in the presence 
of 3 M NaBr a t  pH 7. 

Kinetic Analyses. Aliquots were removed from solutions con- 
taining weighed samples of 6 (2.5 mg, 11 Wmol), dissolved in 9.9 mL 
of buffer immediately after the addition of 0.1 mL (1.05 mmol) of 
acetic anhydride, and added to 1 mm path-length cells that were then 
stoppered. The UV spectral changes were monitored under ambient 
conditions (23 "C) with a IJnicam SP800A spectrophotometer. Buffers 
(pH) employed were M HC1(2), M HCl(3), 0.1 M formate 
(4), 0.1 M acetate (51,O.l M succinate (6), and 0.5 M phosphate (7 and 
8). Rate constants in Table I were obtained from plots of ln(OD0 - 
OD,)/(OD - OD,) vs. time using data from the spectral changes a t  
the maximum of the acetylated intermediate at each pH (Table I). 
After reactions were complete, the product compositions in the re- 
maining solutions were determined for the pH's shown in Table I by 
chromatography over a 9 X 100 mm column containing Dowex 50 
(H+), 200-400 mesh. Yields were calculated from elution volumes and 
known t values. 

The product composition of aliquots withdrawn at various times 
from a reacting solution of 6 at pH 7 was determined by the same 
method. The initial aliquot, taken immediately after adding acetic 
anhydride to the reaction, !contained 40% of 7. The yield of 7 increased 
slightly in later aliquots, e.g., 46% after 2 h, but was little changed after 
7 days of reaction (48%). Small amounts (3-8%) of 8 and 9, which were 
often poorly resolved, were present throughout the later phase of the 
reaction. The fourth, unidentified, UV-absorbing product was still 
detectable after a week of reaction. 

Reaction of 6 with Acetic Anhydride in the Presence of 1 M 
KI. This reaction was performed, as described above, using 0.1 M 
phosphate buffer (pH 7 )  containing 1 M KI. The quantity of Is- was 
determined spectrophotometrically at 352 nm (t 26 500)6 in a 0.1 mm 
path-length cell. Quantities of the products were determined chro- 
matographically. 

Assays for oncogenicity were carried out as described*l using 
groups of 20 CD rats (Charles River Breeding Laboratories, Wil- 

mington, Mass.). Compounds were homogenized in 0.5% carboxy- 
methylcellulose in 0.85% NaCl and injected subcutaneously in the 
intrascapular area. The experiment was terminated after the 18th 
month. Autopsies were performed on all animals, and suspicious 
masses were prepared histologically and examined microscopically. 
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