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Ahct--An unambiguous one srcp synthesis of rhc ukd compounds IS dcscnbcd through a roductlon 

and cyclvnrlon of the appropnarc 5-mrrosopynmidinc IX (R. a d). 

ON THE basis of results obtained from the oxidation of different hydroxy- and 
aminopurines by xanthine oxidase (X0). Bergmann et al.‘*z have concluded, that 
the participation of the tautomeric form B of the partial structure of the putinc ring 

&&Je)l (A) = & ;=rG (R) 

is necessary for the enzymatic process which probably involves chelation with an 
appropriate receptor in the active center. Furthermore it has been shown, that N’- 
dimethylguanine is oxidized at position 8. 

If the above assumption is correct, N’dimethylguanine methylated at either N’ 
or N’ should not be attacked by X0, as compounds of this type cannot form an 
“active” tautomcr. 

In view of the above suggestion concerning the action of X0. we wish to report, 
that we have completed a facile synthesis of l-methyl, N’dialkylguanines (Xad). 
This group of compounds which has hitherto been unavailable, may prove to be ol 
value in studies with this enzyme. 

A number of unsuccessful, or only partially successful attempts at the synthesis of 
this type compounds have been reported in the literature. Thus, direct methylation of 
guanine by a number of methylating agents has been found to give a mixture of 
isomers bearing the Me group in position I. 7, or 9.’ 

An unambiguous synthesis of 1-methylguanine (III) has been carried out4 by 
methylation of I. giving rise to II followed by cyclization with formamide to give III. 
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Elions has found that by ring closure of IV with formamide, III is formed as a 
minor by-product only, apparently by the reaction of the 2mcthylmcrcapto group 
with ammonia gcncratcd during the heating with formami de. Upon heating of V’ 
with aqueous dimethylamine in a closed vessel at 150”. only the appropriate xanthine 
has been isolatcd.6 

On the other hand, the synthesis of Nr-moaomethylguaninc has been carried out 
with only partial success.’ The condensation of mcthylguanidine and ethyl cyano- 
acetate affords Vla and Vlb, obviously as a result of a Dimroth rearrangement under 
alkaline condensation.” 
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An attempted substitution of 2-mcthylthio-4~aminopyrimidineb-one (VII), under 
rather drastic conditions has been reported by Roth et a/.’ Roiling VII with the 
appropriate amine lead usually to no reaction. In some cases either a mixture was 
obtained or a complete discomposition of the compound was observed. 

Until raxntly, the direct mcthylation of N’dimethylguanint was not investigated. 
The route chosen by us for an unambiguous synthesis of compound X was based 

on the following considerations : 

a 

b. 

C. 

d. 

It has been obcutvcd,‘” that if the condensation of S-mcthylthiouronium 
sulfate with nitrosodiomaloodialdchydc is carried out in piperidiot, tlu isolated 
product is 2-pipcridino-5-nitrosopyrimidine. The use of lcthylpipcridine 
affords the desired substance, i.e. 2-mcthylthio-5-nitrosopyrimidine. 
Introduction of a nitroso group is reported to make VII reactive to diffcrcnt 
nuclcophilcs * * 
N’-methylation of guanine increases the ekctrophylicity of the pyrimidine ring 
and stabilizes the negative charge of the imidazole ring I2 
The reactivity of the pyrimidine ring increases by quatcrnization of the ring-N 
in the position 3, and as a result, the adjacent C atom is convertod into a reactive 
center of the molcculee’2 Atom N’ in VIII being a member of an amidinc group 
can be quatemizcd by the proton gained from N’ with the contribution of a 
5-nitroso group. 

Villa 
Vlllb 

The above discussed data let us bclicve that the introduction of a nitroso group- 
a powerful electron-withdrawing center-into position 5, would accentuate the 
elcctron-dcficicncy in the pyrimidine ring(VIIIa-b) similar to the same effect obscrvcd 
in the imidazolc moiety in 3-mcthylguaninc. I2 We chose therefore 4-amino-5-nitroso- 
l-methyl-2-mcthylthiopyrimidincdone (VIII)’ for starting material. The nitroso 
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group indeed caused a considerable increase in the reactivity. The ouclcopbylic 
displacement of the 2-mcthylmercapto group was carried out under mild conditions 
by boiling VIII with the appropriate amine in an ethanolic solution. (Use ofan aquous 
solution did not kad to the desired product.) 

The rapid displacement was evidenced by the evolution of methyl mercaptan, 
which was observed by a filter paper treated with lead acetate (yellow spot). As the 
evolution of the gas ceased (about 20-30 min). the product was collected from the 
chilled reaction mixture and in most cases it was pun according to chromatographic 
data. 

We did not observe any difference in the reaction of 2-mcthylthio4amino-S- 
nitroso-pyrimidinc-6-one and its l-methyl homolog. 
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The raiuction of the nitroso group IX (R. ad) and cyclization to the imidazole ring 
was carried out under mild conditions in a one step reaction. Thus the dissolved 

Start mat: Amild 
R 

Yield --_ ._. - 0, a 
ml % 

10 

___ .._- ----. 

xa 20 60 25 62 
__ ---_ --- 

Xb 40 69 86 85 
-.. - ._..-. -- . ._- 
xc 40 76 9.8 65 

.- -.-- 
Xd 40 6.5 8.1 61 

l CompouDd VIII. * Aminca in 96 ‘A ctbanol. 

compound IX in 9&100°~ formic acid, sodium dithionite was added at room 
temperature. The colour of the solution turned to yellow within a few minutes and the 
reaction mixture boiled for 8 hr. The products were obtained in a high purity in a 
yield of 65-90 74 

This smooth one step rcductioncyclization was studied with four compounds. 
Thus, N’dimethylamin~amino-Snitrosopyrimidine~ne gave N’dimtthyl- 
guanine, which was identical in all respects with an authentical sample prcpnral by 
the method of Elion er al.“’ 
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In this new synthetic procadurc the isoiation of the reduction product is eliminated. 
The formyiation of the Samino group and the following dchydrationcyclization 
is carried out in the same reaction mixture. 

VlN HCl VlN N&H R, in Solvent 
R --_ - -- -__ --.. Fluoresoen~ 

&tmr) logtmax &trnpt logcmax A B C 
_ ._.-. -~_ _--. .- --. --. -- 
Dtmethylamino- 265 4.22 223 406 073 079 078 BIlU 

2m 3.80 

~OlidinO 265 4.10 228 4‘41 075 V83 079 Violet 
269 4,ll 

Pipendinc 267 394 225 4.49 078 VW 082 Violet 
269 4.30 

Horpholino- 265 4.11 22s 4.34 075 079 077 Violet 
271 4.13 

* Solvent A : EtbanoCAatic Acid-Water = 85 : 5 : 10; 
B : lsopropanof OMF-25 % Ammonia - 6s: 25 : 10; 
C: Etbanol-DMF-Water = 60:20:2V; 
All R, values refer to tbeophylline (R, = V75). 

) Under 8 Minerallrgbt lamp, emitting light about 234 mp 

TAB1 F 4 RiYStCAl PROPFRTIS Al% AHALYltCAL VAfA VP I-MEIHYt -!‘i’ At.KYLAUl?WGCAMNFS 

n . 

M.p: 
Carbon Hydrogen Nitropn 

R 
Yield ~. -. _- 

‘C 
c&d. Found Calcd. Found c&d. Found % 

.-. .-_ -- .- -. _-_ 
Dimetbylatnino- 280 497 49.4 5.7 5.8 363 367 82 
Pyrrohdino- 250 54.8 54.9 59 62 320 320 6S 
Pipmdino- 246 566 563 6.4 6.6 300 3VO 72 
Morpholino- 276 51.1 510 5.5 5.6 29.8 29.3 90 

* All m.ps am uncorrected 

EXPERIMENTAL 

Ahsorption spwtn were musurcd in I CF 4 “OPTICA” spoxropbotometa. 
Piper cbronutgrunr were deve!opDd by rbe descending method wing Wbotman paper No. I. 
Srurring weei&. Known m&rods were uud for the preparation of I-mdhyl-2a3etby~tbi~~~~S- 

nitrosopyritnidine+onc.’ 
Genewlpocedwe. Remration 011X (R. r.dk The quantity dcompound YliI &n in T&k I ww beared 

under reflux for 30 min with the appropriate amine in W’% ethanolic soin The product crystaliized on 
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chillioa and wu colkctd by filtntion. my X (R = d) hd to be razysmllizal from boilin# water. All 
other tuk- were cbroautoRrapbially purz d were wsd without My rurrba pufiflatial io the 
aext step. Tbc physical propcrtica and rrulytial dab d IX (R. a+!) obtincd a given in Tabk 2 

I-Mcrhyl-N’-olky&mlnoguanimrs. (X; R - ad). To the rppropktc oitroso-pyrimidin IX (I r) in 
80ml~100~lormicrdd2squivrdN~,S,O,~2H,Owtrr~bd~troomctmp.Aha5minrti~by 
muns of l mrgnetk stimr. the diaxloured soln was hated under rdlux (or 8 br. After cooling the 
amorphous S wu vntcd by hltntion and tbc filtrate was then evaporated to dryness under ted& 
pras. Tbc residue vu dissolved in IN KOH with pntk hutiag, hhcral and the solo wu djustul to 
pH 4 with gk&l AcOH. Sunpks for uulyra were recryst&& from wrier d dried at IaP/lmm over 
P,O,. Tbc physical propcrtia uxl malytial dru d the I-methyl-N*-dkykminoguutina obuincd arc 
gvm in Tabks 3 ud 4. 

2-Dinwrhylami~ 5-nimoso-&hydroxypyr!midrImldlrw.* This compound wu ryatbe&al by a modi- 
~ationdtbtmrtboddocribed.‘2-M~hyltbid-~io~~nitr~p~i~~‘4(~~wuaurpcndcd 
in queous dimctbylamioc (257;; 300 ml) ti rdluxd for 20 min. Alla chilling the ruction mixture. the 
product was isoktcd by hhratioa. One ratys~lliution from boilin water flordcd IS 8 (60% yidd) pure 
product. m.p. 259”. It vu idcntial with 1 umpk prcpuad by the method d Roth et a/.’ 

N’-Dfmrrhylguaninc. ” To 2-Diwthy~mino4-lmin~S-nitr~pyrirmdia (6 g) dimolvai in 
98-100% formic rid (150 ml) N&O.*2H,O (13.8~) vu addal a1 room temp. After the colour d tbc 
nitroso-compound dLvpparal the raction mixture was boikd under rdlux for 8 hr. After chilling the 
S VU rrmovd by filtntion. Tbc formic atid VU evrpor8tr.d under rsducsd prcu on l wrta-bth ‘Ibt 
residue in bot IN KOH vu rrprslpitatul by &c ACOH. The solid wu filtered to yield 46 8 d product. 
m.p. 3OU’. The spcctnl &U was idcntial with those given by Elioa.” A dl sunpk vu raxyaulliaxl 
from boilin water ror uulysis (Found: C. 4&9; H. 5.3; N. 394 C& (or C,H,N,O: C. 469; H. 50; 
N. 39.1”/.., 
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