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Summary : C-5 methylation of the model purine compound caffeine by acetyl benzoyl peroxide 
is the result of preferential addition of the electrophilic benzoyloxy radical at C-8 in neu- 
tral medium. X-ray structure and molecular orbital calculations on 1,3,5,7-tetramethyl-5,7- 
dihydrouric acid are presented. 

Nucleophilic radicals add readily to the purine nucleus (11, in a reaction analo- 
gous to the homolytic alkylation of heteroaromatic bases developped by Minisci (21. The free 
radical additions of alcools (31, ethers (41, amines (51, or methvl (61, were initiated 
through decomposition of peroxides. 
bon of 6-substituted purines (7) 

Radical alkylation takes place preferentially at C-8 car- 
; and these reactions are enhanced by protonation. Thus, 

Wong et obtained 8-methyl caffeine 2 as the sole reaction product when an aqueous solution 
of caffeine 1 was treated with t-butyl peracetate as ;CH3 radical source (8) ; no combination 
with oxy radicals was reported. 

As part of our general study on homolytic substitution of caffeine 1 by electrophi- 
lit radicals, as well as on the influence of the peroxidic initiators on the course of the 
reaction (91, we reported in a previous communication (10) the predominant formation of 5-tri- 
chloromethyl-1,3,7-trimethyl-5-7-dihydrouric acid 3 when 1 was allowed to react with benzoyl 
peroxide in bromotrichloromethane. In this aorotic neutral medium, the peroxidic initiator 
(11) was obviously involved, not onlv in the production of *CC13 radicals but also in the ini- 
tial step of the substitution reaction. 

In contrast with Wong's earlier observation (81, in our case preferential attack 
at C-8 carbon by the acyloxv radical (12) would produce a u radical complex where theunpaired 
electron is stabilized on the C-5 captodative carbon. This radical intermediate consequently 
combines with 'CC13 radical prior to the oxidation step which is followed by B-scission ofthe 
oxygen-carbonyl bond as represented in the following Scheme : 
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C-5 alkylated purine molecules, more particularly C-5 methylated adenine or guani- 
ne, are postulated by N.J. Leonard a., on the basis of semiempirical molecular orbital 
calculations, to be unstable intermediates which rearrange spontaneously to imidazotriazine 
derivatives (13). 

Since benzoyloxy radical addition to C-8 triggers off the site of alkylation at 
C-5, one would expect that in the presence of methyl radicals, in neutral medium, C-5 methy- 
lated analogue of 2 would be obtained. 

Thus methyl and benzoyloxy radicals were generated simultaneously by the thermal 
decomposition of either t-butyl perbenzoate or acetyl benzoyl peroxide (14a) in chlorobenzene 
in presence of caffeine 1 (14b). 

Whereas the reaction with t-butyl perbenzoate leads to a mixture of two unexpected 
compounds : a dimer (15), the structure of-which is under investigation, and compound 4' iden- 
tified by comparison with an authentic sample synthesized according to Huston and Alleii (16), 
we successfully isolated from the reaction with acetyl benzoyl peroxide the desired product ; 
the X-ray crystallographic analysis established unambiguously that this compound is the C-8 
0x0, C-5 methyl derivative 5 (Fig. I) (17). Two facts could account for the relatively fair 
conversion of 1 to 1,3,5,7-tetramethyl-5,7-dihydrouric acid 5 : a) the activation of the reac- 
tion due to a iiiore favourable intramolecular association betieen caffeine and the less bulky 
aromatic peroxide (18) and b) the very fast decarboxylation of the acetyl radical (19) as 
compared to the s ower rate of 3-scission of thet-butoxyradical into acetone and 'CH3 
(k = I,6 X log s-1 and X IO5 s-i respectively at 60" C). The formation of the methoxy deri- 
vative 4 is not well understood for the moment and is under further investigation. - 

Semiempirical molecular orbital calculations MNDO using program MOPAC (20) were 
performed on the C-5 methyl derivative in order to compare the molecular equilibrium geome- 
try with that observed in the crystal, and on the 5-methyl-5H-adenine to compare with Leo- 
nard's calculations (13). It is interesting to note that all intracyclic calculated bond 
lengths in the 5-methyl derivative are longer than the observed ones by 0.05 8. So, the in- 
terpretation of the results determined by semiempirical molecular orbital methods on such a 
strained molecule must take this error into account. The experimental and calculated bond 
lengths are compared in Table 1. 
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Table 1 : Comparison of observed and calculated bond lengths (in i) 

a b C 

Nl-C2 1.39 1.393 1.43 

N1-C6 1.38 1.382 1.44 

C2-N3 1.36 1.397 1.43 

N3-C4 1.37 1.348 1.39 

c4-c5 1.50 1.496 1.55 

C4-N9 1.27 1.290 1.31 

C5-C6 1.54 1.515 1.55 

C5-N7 1.43 1.451 1.48 

C5-Cl3 1.58 1.536 1.56 

N7-C8 1.40 1.368 1.44 

C8-N9 1.40 1.425 1.44 

Nl-Cl0 1.49 1.477 1.48 

N3-Cl2 1.48 1.470 1.48 

N7-Cl5 1.46 1.448 1.47 

C8-016 1.21 1.215 1.22 

d e 

1.41 1.39 

1.33 1.31 

1.32 1.31 

1.40 1.37 

1.56 1.57 

1.31 1.30 

1.54 1.56 

1.48 1.47 

1.55 1.56 

1.31 1.30 

1.43 1.45 

a : 5-trichloromethyl-l,3,7-trimethyl-5,7-dihydrouric acid 3 (X-rays) 
b : 1,3,5,7-tetramethyl-5,7-dihydrouric acid 5 (X-rays, thi? work) 
c : 1,3,5,7-tetramethyl-5,7-dihydrouric acid 5 calculated by MD'PAC 
d : 5-methyl-5H-adenine calculated by MOPAC 
e : 5-methyl-SH-adenine calculated by Leonard (MINDO/3 ref. 13) 
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