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Abstract - Primary and secondary electrophilic radicals such as : 
-'CHRCO CH (R=H,CH ,CO CH 1 
C-8 of: tie model 3 f3 

and tertiary 'CCL radical were added directly at 

pur ne compound, caffeine i o give the corresponding B-substi- 

tuted derivatives in fairly good yields. Unexpected reaction of caffeine with 

oxy radicals from the initiators (PhCOi, t-BuOO') gave rise to C-5 substituted 

1,3,7-trimethyl-5,7-dihydrouric acid derivatives (C-5-R=CC13, CH3, C(IZH~)~CO~CH~) 

and to the spirodihydantoin c-8 adduct derivative of caffeine 11. 

Since Linschitz and Connolly's first observation on the photochemically induced addition of 

cr-hydroxyalkyl groups on the 6 position of the purine nucleus (I), the substitutions of purines, 

nucleosides or nucleotides involving radicals have attracted the attention of a number of research 

groups (2). 

From the abondant investigations carried out in this field during the past tuo decades it has 

been established that : a) all the carbon centered radicals which were shown to react with a 

variety of purines have nucleophilic character ('CH3, *q, 'mH, RC=O, ERROH . . ..I. 

b) the reaction is analogous to the well documented homolytic heteroaromatic substitution reaction 

studied by Minisci and collaborators (2k, 3);c)the reactions can be induced directly by light or 

Y-ray, initiated by photochemical or thermal decomposition of peroxides, or in presence of redox 

systems ; d) among the carbons of the purine nucleus susceptible to be attacked by the free 

radical, C-6 and C-8,and to a lesser extent C-2,uere the only ones which reacted ; no addition of 

the alkyl radical across the 4-5 double bond was reported ; e) in peroxidic-initiated reactions, 

addition of the oxy radical from the initiator was not found (2k). No report on the behavior of 

purine bases toward electrophilic carbon centered radicats was found in the literature (4). 

In a preliminary communication we described for the first time the direct introduction of the 

electrophilic 'CCL3 radical on the model purine compound caffeine L(5). At that time we observed 

that the site of substitution by 'CCL3 was largely influenced by the peroxidic initiators used. 

Thus uhen caffeine .I_ was allowed to react with bromotrichloromethane in presence of excess 

commercial t-butyl peroxide, (t-Bu0)2, tuo C-8 substituted products Mere obtained : compounds 2 

and 1, as well as the unexpected minor reaction product A. However, with benzoyl peroxide 4 was 

the major product formed. 

1 R=H 2 R-CC13 1 R=CzCl.j 
CH3 

4 

721 
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At that time we suspected contamination of the Ct-BuO) z by traces of t-butylhydroperoxide 

to be responsible of the formation of G_ Obviously in both cases the initiator was involved in 

the reaction sequences which led to the C-5 susbstituted product. 

In the present paper we report the results of the work undertaken with the aim on one hand to 

extend our preliminary results to other electrophilic radicals and on the other hand to investi- 

gate the unexpected influence of the peroxidic initiator on the course of the reaction. 

RESULTS AND DISCUSSION 

Electrophilic radicals are characterized by the presence of electron withdrawing fonctions 

c1 to the carbon centered radical. In this respect, malonyl, CH(COER), and carbomethoxymethyl, 

CHZCOZCH3, radicals have been shown to have electrophilic properties in addition reactions upon 

simple double bonds (6). We therefore considered the carbomethoxy-alkyl radicals such as 

'CR,RECO$H5 to be good candidates for testing the generality of direct introductionof such species 

on the purine nucleus. 

- Reactions with Drimarv and secondarv carbomethoxv-alkvl radicals 

Caffeine 1 solubilised directly in the ester was allowed to react with the alkyl radicals 

produced by abstraction of either bromide or hydrogen atom from the corresponding ester by the 

t-butoxy radical thermally or photochemically generated as depicted in Scheme 1 : 

XR Peroxide c i 

A orb? 

X=Br or H 
_S R = CH2C02CH3 _9 R = CH (C02CH312 

6 R = KH212-0-;-CH3 
_7 R = CH3 

0 
_s R = CH (CH3) C02CH3 

l_o R = CH2-0 -$-CH,- CO$H3 

0 

Scheme 1 

The reactions investigated are summarized in table I. The products isolated were identified 

by means of their physical properties (microanalytical analysis, 'H, I3 C NMR, mass spectra, U.V. 

absorption) which are reported in the experimental section. 
. 

Addition of the carbomethoxymethyl radical CHE-COECH5 proved to be quite satisfactory when 

the radical was produced from bromoacetate by thermal decomposition of Ct-BuOIE (Table I entry I). 

The photochemical-induced reaction with bromoacetate or methyl acetate was Less operating (entries 

2, 3, 4). 

From the photochemical reaction with methyl acetate compounds 5 6 7 were isolated. 232 

8-methylcaffeine 1 was the result of attack at c-8 by methyl radicals produced through 8 scission __-- ---e.--. 

of the t-BuO radicals. Compound&was certainly formed by coupling of the stabilized benzilic- 
. . 

type radical species 81C-CH8 derived from 8-methylcaffeine with radical CH8-0-COCH5 produced by 

hydrogene abstraction on the methyl group of the methoxy moiety of the ester, as already reported 

by various authors (7). 

Secondary radical from methyl-bromopropionate proved to add Less readily than the primary 

radical ; longer reaction time was required to reach significant conversion of the substrate 

(comparison between entries 1 and 5). Replacement of the hydrogen atom at the radical center q to 

the carbonyl by.a methyl group gives rise to a more developoed captodative radical species which 

must be more stable and Less electrophilic then the primary radical (6b). Nevertheless 75 % of the 

reacted caffeine was converted to expected derivative &. 
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TABLE I 

Substitution products of caffeine from primary and 

secondary esters in presence of Ct-Bu0)2 

I I I I 
! Entry ! 

EStePS ! Peroxide , 
I 
-f 

(100 mmoles) 
i Caffeine 
! (smloles) i (mnoles) j R 
I 

;1 ! BrCH2C02CH3 ; 3.25 ; 
I 

17.4 ! 5 CH2C’JZCH3 

I 2 ! BrCH2C02CH3 i 1.4 i 52.1 47 i 67 ! 41 ! 
t 
-j 

I I 
8 I 
I 

HCH2C02CH3 ; 0.13 ; 2.19 

8 I I I 
!-! !- !-_!-_!-_!-! 
I I I I i 2 CH2C02CH3 I I I ! 28 ! 
t 
I4 j 

0 
; 0.27 f 2.6 

I 
HCH2C02CH3 ! & CH2-CH2-0-C-CH3 ; hv j79 ; 89; 8 / 

I I I I 8 I I I ! 2 I 
I 
-----I 

, I ; LCH3 
I 

; 5 ! 8rCHKH3)C02CH3 ; 2.9 j 15.3 ; & CHCCH3)C02CH3 
!-! !-!-!-,-! 
1 
! 6 j 

I I 
8rCHCC02CH3)2 i 3.4 j 18.1 

; 2 CHCC02CH3)2 
I I I I ! 5. CH2C02CH3 

I I I 
8 I 

I 

i 

I I ; 2 CH(C02CH312 
! 7 HCHCCO CH 1 

232 1 2.9 ! 15.7 ! 2 CH2C02CH3 ! A ! 17 ! 56! 15 ! 
I I I 

ju CH -0- -CH - -OCH3 j 
t I , I 

I I I I 1 # ! 18 ! 
I 9 I I I 2 s 4 + I I I I 

I I I I I I I 

! 8 ; HCHCC02CH3)2 f 0.84 ! 9 
f 2 CHCC02CH3)2 

, I 
f hv ! 15 f 100 f 59 ! 

! traces ! , I I 8 ;JQ CH2-0-b-CH2-I-0CH3 ! ; ; ! 
I 

I I I I t I I I I I 

l : Yields based on reacted caffeine ; T: Reacted caffeine ; 8: 105-107'C (see experimental section) ; 
hv: > 290 nm ; t: peroxide added by small portions during irradiation. 

With bromomalonate and malonate methyl esters, the expected substitution product 2 was formed ; 

however the yields of isolated derivative was largely depend& of the experimental conditions used 

(entries 6, 7, 8). Thus, the thermally induced reactions led mainly to 2 since 2 revealed to be 

thermally unstable (8). With dimethyl malonate,E uas also formed due to competitive hydrogen abs- 

traction $I to the carbonyl or on the -0-CH3 function as already mentioned (7). The C-B malonyl 

ester derivative 2 was obtained best by the photo-initiated reaction (entry a), where lower tempe- 

rature prevented dealkoxycarbonylation and favored more selective a-hydrogen abstraction. 

Reactions uith tertiary radicals 

When caffeine was allowed to react uith tertiary radicals derived from bromotrichloromethane, 

a-methyl-dimethylmalonate and methyl a-bromoisobutyrate in presence of Ct-BuO12 or benzoyl peroxyde, 

(PhC02)2, interesting and unexpected results were obtained ; these are summarized in Table II. 

. 
AS described previously (5), reaction of caffeine with tertiary CCL3 radical produced from 

BrCCL3 and t-BuO gave, in the first stage of the reactiob8-trichloromethylcaffeine 2. It was then 

shown that this derivative evolved, through chlorine abstraction folloued by coupling of the resul- 

ting radical specieswith an other CCL3 radical, to 8-pentachloroethylcaffeine 3 ; ue recall that 

in these conditions traces of C-8 0x0 C-5 substituted products &were also formed. This compound 

became the main reaction product isolated when Ct-Bu012 was replaced by CPhC0212. 

When caffeine was reacted with either o-methyl dimethylmalonate or methyl a-bromoisobutyrate in 

presence of Ct-Bu012, no C-8 radical addition product of these esters was formed ; instead the 

adduct & the structure of which was established by single-crystal X-ray analysis (Fig. 1) (91, 

was formed independently of the ester used (Table II). The rearrangement of the Spiro-moiety of 
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that adduct will be discussed later on. No definite conclusions could be reached as to the lack of 

reactivity of the o-methyl dimethylmalonate ester since degradation of the starting material was 

observed and furthermore non selective hydrogen abstraction could be expected. On the other hand, 
. 

the poor reactivity of the tertiary dimethyl-carbomethoxymethyl radical C CCCH312CO2CH3) touard 

C-8 carbon could be, more likely, the consequence of its decreasing polarity rather than its 

increasing bulkyness ; moreover, increasing stability of this tertiary radical might also contri- 

bute to a certain degree to the reversibility of the addition step. 

Houever, when this ester was reacted in presence of benzoyl peroxide 5-(2dimethyl-carbometho- __________ _____________ 

xymethyl)-I 3 7-trimethfi-5 7-dihydrouric acid 12 was obtained. The common feature between com- - --- ----L-L--------- --L-_-_- ____________ _ 

pounds & and 12/ i.e., a carbonyl fonction at C-8 , and the formation of the highly oxidized spircr 

moiety of adduct IJ, led us to consider that oxy radicals from the initiators used in Large excess 

(5-10 times molar) must be involved in the introduction of an oxygen atom at C-8. Yet, the diffe- 

rences observed between Ct-BuO) and CPhCO ) needed to be elucidated. 
2 22 

Table II : Reaction of caffeine with tertiary radicals 
in presence of (t-Bu0)2 or (PhC02j2 

I I I ! I I ! ! 

I I 
Reagent 

I I i I I 

! Entry ! i Caffeine i Peroxide ! Temp. i hrs i Reacted 
I j Product 

I 
! f (loo m’es) 

/ 1 (Imrmles)! (nmles) ! “C i ! 1 (Imloles) ! (%)" 
I I I I- 

------I ~~,------I--;---+ 1 

! 1 
I 
j BrCC13 j 1.03 j (t-BuO& j 107 / 50 j 78.6 1 1(43) 

I I , ! 5.5 ! ! ! ! 3 (31) 
! I I I ! ! ! 
I I I I I I ! f j (3.5) 

I I ! I 
! (PhCO,), / a0 

! ! 
! 2 ! BrCCl, ! 1.03 ! 5 ! 100 t 2 (5) 

-! 
I 

I I ! --! I ! 

I I ! 5.5 ! I I 1 4 (67) ; 

3 ; 
I 

BrC(CH3+,C02CH3 i 3.4 
! I 

36 jlJ (14) ; 
I I 

! (t-BuO$ ; 105 f 30 j 

! 18 ! I 
; 

, 
1 I 

4 1 BrCKH3&C02CH3 1 1.4 / (PhCO,& / 80 

I ! ! I 

!4! 95 !ll (trace) ! I 
i 7.3 ! 

! ! 
I I I ! ;Tj (33) j 

f HC(CH3)C02CH3$ ; ; (t-BuO+ ; 105 ; 17 j 43 
I 

5 3.7 ilJ (26) j 
I I ! 19.6 ! ! ! I ! 

* Yields based on reacted caffeine 

Figure 1: Perspective view of molecule 11 
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Influence of the perOXideS 

Reaction6 with [.t-&CO), and x!-BuOOH 

t-butoxy radicals (t-&O) are known to abstract allylic hydrogen atom rather than to add on 

alkene double bond (IO) ; moreover homolytic aromatic substitution reactions by this radical spe- 

cies are unknown. Therefore, the possibility of direct oxidation at C-8 by the terbutoxy radical 

must be dismissed. Since commercial (t-&0)2 contains about 5 X of t-butylhydroperoxide, more 

reasonable was to consider hydrogen abstraction from t-BuOOH by t-Eui) ; this reaction is knoun to 

be very fast (II). The resulting t-butylperoxy radical (t-B&O), a poor hydrogen abstracting spe- 

cies, does add to double bonds (12). Thus, the proportion of C-8 0x0 C-5 substituted product &to 
. 

C-8 substituted derivative 2 would depend upon the t-EuOO radical concentration formed during the 

reaction. To test this hypothesis we examined the product distribution of reactions conducted with 

variable ratios of t-Bu00H/Ct-Bu0)2 in BrCCl3 ; the results are depicted in Table III. 

JASLE III 

Reaction of caffeine (a) in BrCC13 at 107" C with 

variable ratios of lt-BuO)$t-BuOOH (reaction time 50 hl 

I 

i Reacted 
! Yields* ! ! 

, caffeine , (73 I 
w ; ! 

I ! I 
iZ!Z!i! 
I ! 1 I 

!-! !-_!-_!-_! 

!I! 5.2! (b) ! 78 ! 43 ! 31 ! 3.5 ! I 
-i 

0 8 1 

; 2 ! 4.70 i 0.38 f 100 
-f -j 
(20! 2 

-; 
! 25 ! 

!-! !-_!-_!-! 
! 3 ! 1.56 ! 2.70 ! 75 !15 ! 2 !23 ! I 
-1 

I ! I 

14! - f 3.85 ; 43 
-j -! 
i 17 

-; 
! 0.2 i 23 ! 

!-! 
! SC! - ! - ! IO 

l-!-!-l 

!I0 ! - ! - ! 
I I , I I 8 I 0 

* Yields based on reacted caffeine 

(a) Caffeine concentration : I,03 mmoles in 10 ml &CCL3 

(b) Commercial (t-lu0)2 containing t-BuOOH 

(c) Blank experiment 

The most notable feature observed was the higher yield of C-5 substituted derivative 4 as the 

amount of t-BuOOH was increased. Whereas in the initial reaction (Table III, entry I) only 3.5 X 

of 4 was obtained against 74 X of C-8 polyhalogenoalkyl derivatives 2 and z The product composi- 

tion was completely altered with large amount of t-BuOOH ; A representing then over 50 X of the 

products formed (entries 2, 3, 4). With t-butylhydroperoxide alone (entry 41, the lower conversion 

of thesubstratefor a given reaction time and temperature could be explained by the fact that 

homolysis rate constant of t-BuOOH is much lower than that of Ct-Bu0)2. Another relevant point 

which gives some insight about the competitive reactions of t-butoxy radical with the trichloro- 

methyl derivative 2 on one hand , and with t-BuOOH on the other hand, was the supressed formation 

of 1. To explain these results the following sequence of reactions may be envisioned, Scheme 2. 

Hydrogen abstraction from t-butylhydroperoxide (Scheme Z(c)) would generate t-butylperoxy 

radicals which add onto the C-8 carbon giving rise to a U radical intermediate where the unpaired 

electron is delocalized_leading to a persistant tertiary captodative radical at C-5 ; coupling of 

this intermediate with CCL3 radical followed by oxidation and 8 scission of the peroxy bond would 

lead to 4. Accordingly, increasing t-BuOOH concentration would disfavor the competitive reactions 

of t-EuO radicals with BrCCL3 (a) and with 2 Cb), thus lowering the yields of 2 and 1 as observed 

(13,. 
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Scheme 2 

Since adduct product 11 was obtained when caffeine uas reacted with sluggish tertiary radi- 

cals, the above experiments were repeated in inert solvent without BrCCl3. In these conditions 

one can expect reaction to take place only between the substrate and the peroxides. Two products 

were formed : adduct 11 and 8-methoxycaff8in8 IJ, identified by comparison with an authentic sample 

synthesized according to Huston and Allen (14). 

TABLE IV 

Reaction of caffeine (a) in chlorobenzene at 107" C with 

variable ratios of (t-Bu0)2/t-BuOOH (reaction time 30 h) 

11 R=OCHj 15 R=O-$-Ph 

0 
Is R=OH 

I I i I I 

i 
i I I 

! 1 5.22 ! (b) ! 54 ! 9 ! 34 ! 0.26 ! 
; 2 ; 4.70 ; 0.38 i 50 ; 13 ;27 ; 0.48 i 
! 3 ! 3.66 ! 1.16 ! 50 ! 21 !19 j 1.11 ! 
14 j 2.61 i 1.92 1 50 1 24 iI4 ; 1.71 j I 

! 5 ! 1.56 ! 2.7 ! 50 ! 30 ! 7 i 4.29 ! 
9 I , I I ! ! I 

* 
Yields based on reacted caffeine 

(a) Caffeine concentration 1.03 mmoles in 10 ml of chlorobenzene 

(b) Commercial (t-Bu0)2 containing t-BuOOH 

16 R=O-$-Ph 
0 

2 R=CH3 

The data reported in Table IV shows that with increasing t-BuOOH concentration the ratio of 

jJ_/a is quite affected. These results can be rationalized by the sequence of reactions illustra- 

ted in Scheme 3. . 
The peroxo radical adduct & which in the previous experiments combined with CCL3 radical, 

would be oxidized, in the present case, to the corresponding labile B-t-butylperoxocaffeine deri- 

vative B. . 
At low t-BuOOH concentration (which means high CH3 concentration) predominant C-8 methoxy 

derivative s is observed (entry I), more likely through induced decomposition of Bat the first 

stage of the reaction (pathway a) ; according to pathuay b, some C-5 methylated derivative would 

be expected from the C-fi mesomeric radical intermediate ; none was found. 
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Conversely, with increasing t-BuOOH con- 

centration induced decomposition is less effec- 

tive ; thus & is thermally decomposed into the 

captodative C-S radical intermediate which 

recombines with t-BuOO. After homolysis of &and 

ring contraction through cleavage of the C-5- 

C-6 bond (IS), the Spiro radical intermediate 

thus formed reacts with caffeine. We noticed 

that, in contrast to what happened with BrCCL3, 

the conversion of caffeine remained constant. 

Scheme 3 

The fact that in presence of benroyl peroxide only C-5 aLkylated products were obtained either 

with the very reactif CC13 radical or with the tertiary dimethyl-carbomethoxymethyl radical, 

chemically inert toward C-8 addition, is in good agreement with what is known about the facility 

for benzoyloxy radical to add on double bonds (16) or on aromatic nucleus (171. It was further 

shown that derivatives & sand B could be isolated from Large-scale experiments (3 g of J, 

5 g of CPhC02)2 in 50 ml of BrCC13), and that Large amounts of non-characterized red degradation 

products (18) were formed when molar ratio of CPhC02)2 to caffeine was inferior to 5. 

P 
r + PhC-00 - n 

degradation products 

Synthesis of 1.3.5.?-tetramethvt-5.7-dihvdrouric acidx 

When crystattographic structure of 4 uas published (9, the question arose as to the factors 

which contributed to the stabitity of this C-5 substituted derivative as compared to the unstabili- 

ty of the C-5 methylated purines which rearranged spontaneously to imidazotriazines (19. At that 

time it was not possible to reach a definite decision between the influence of the attracting 

trichtoromethyt group at C-5 (instead of the CH3 group) or the nature of the Sp2 C-8 carbon enga- 

ged in an exocyclic double bond through the carbonyl fonction (in place of a second endocyclic 

double bond in the hypothetical C-5 nethytated purine derivative). It was therefore chaLlenging to 

attempt the synthesis of C-5 methytated analogue of 4. by the radical approach based on the present 

knowledge about the influence of the peroxide. 

A prerequisite in order to achieve such synthesis was the simultaneous production of benzoyto- 

xy and methyl radicals. To reach this goal two peroxides could be envisioned : 

a) t-butyl peroxybenzoate 
I * 

Ph-~-O-0-CKH313 --_$ PhC02 + 0-CKH3)3 

-CH3 + CCH3)2C0 

5) acetyt benzoyl peroxide 
. . 

Ph-$-0-0-C-CH3 
0 1 

EH3 + co2 
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Since decarborylation of acetyl radical (20) is known to be about IO4 times faster than l3- 

scission of t-butoxy radical CZI), instantaneous CH3 concentration should be therefore more impor- 
. 

tant with acetyl benzoyl peroxide. Thus concomitant PhC02 and CH3 additions at C-8 and C-5 respec- 

tively would be expected to take place best with the second peroxide Cb). 

As reported recently (22) this was the case, a was obtained uith fairly good yield (33 X) 

with acetyl benzoyl peroxide ; whereas t-butyl peroxybenzoate did not lead to the desired product. 

Insteadadductu and 8-methoxycaffeine 13 were formed. We could not and can not propose a plausible 

explanation for the origin of these two derivatives in the present experiment. Further investiga- 

tions are necessary in order to elucidate this point. 

Conclusion 

In addition to uhat was already known about homolytic substitution of heteroaromatic bases by 

nucleophilic radicals, this work demonstrates that radicals having electrophilic character such as 

primary or secondary methyl-carbomethoxy radicals or tertiary trichloromethyl radical do react, in 

certain conditions, at C-8 of caffeine ; the corresponding substituted products being formed in 

good to fair yields. These results corroborate the fact that caffeine can be considered as an 

ambivalent compound having electrondonating (23) or accepting (24) properties (25). Furthermore, 

a better understanding of the influence of the peroxidic initiator on the course of the reaction, 

in our experimental conditions, allowed us to elaborate a specific route to C-5 alkylation of 

caffeine by initial benzoyloxy radical addition at C-8 with concomitant alkyl coupling at C-5. 

EXPERIMENTAL 

Pelting points, determined on a Leitz heating microscope apparatus, are uncorrected. 
Ultraviolet spectra from 95 X ethanol solutions were recorded on a Beckman Acta III spectrophoto- 
meter. I.R. spectra from chloroform solutions were recorded on a Perkin-Elmer-577 instrument. 
Mass spectra were measured on a AEI Mg-9 Spectrometer under electron impact at 70 EV CE.1.) or 
chemical ionisation with NH3 CC.1.). H N.M.R. spectra were recorded on a Varian T60 or a Brucker 
WH-90 instrument from chloroform solutions (unless stated to the contrary) ; chemical shifts (6) 

are expressed in ppm from tetramethylsilane as internal standard. Signals are described as S 
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet). Likewise 13C NMR were recorded on 
Varian CFT-20 or Brucker AM-300 Spectrometers ; 13C data are reported in Table V (experimental 
SeCtiOn). Microanalytical analyses were determined by the "Service Central d'Analyse", C.N.R.S., 
Vernaison, France ; found values are presented in parentheses. Column chromatography (Merck, 
Kieselgel-60, 70-230 mesh) ; analytical thin Layer chromatography, TLC, (Merck aluminium sheets 
silica-60F34 pre-coated) and preparative layer chromatography, PLC, (Merck glass silica-60 F 254 
pre-coated, 2 mm) were developed with the appropriate following solvents : A Ccyclohexane-ether 
Ill) ; B (acetone-hexane 7/3) ; C (chloroform-methanol 99/I) ; D (acetone-hexane 614) ; E (ethyl 
acetate-methanol 99/1) . F 
(Benzene-methanol 20/l.;) ; 

Ccylohexane-ether 9/l) ; G (ethyl acetate-cyclohexane 7/3) ; H 
I (ethyl acetate-methanol 95/S). 

Reagents : caffeine (Merck) ; methyl acetate, methyl bromoacetate, methyl DL-2-bromopropionate -__ __-- 
(Janssen) dimethyl bromomanolate, dimethyl malonate (Fluka) were used as such ; methyl malonic acid 
(Janssen) and o-bromoisobutyric acid (Fluka) were esterified to the corresponding esters (Eb. 78- 

80" Cl70 mm ; Eb. 66-67" C/38 mm respectively). Bromotrichloromethane (Janssen) was distilled 
before use. 8-bromocaffeine and (I-methylcaffeine Were prepared according to Klosa (26) and Kawaroe 

(2-i) respectively. Di-t-butyl peroxide, Ct-BuO) (Merck) and t-butylhydroperoxide 70 X (Triconox) 

were used as such, whereas t-butyl peroxybenzoat $'CJanssen) was distilled (Eb. 85-87" C/O.3 mm). 

Acetyl benzoyl peroxide was prepared according to Nedelec (27) * CAUTION should be taken while * ~___~-~2~~~-T~~~~~--------- 
distilling tzhu_ry!._Eerbenzoate or during synthesis of acetyl_ben_zo_yi_Eeroxide since these com- 
pounds are known to react violently. 

Eenerac_erncedWm : caffeine was dissolved in the reacting component in the presence of SPPrOPri- 
ate peroxidic initiators. The progress of the reaction was followed by ascending TLC. Product 

separation was achieved by immediate column chromatography and if required further purified by 

PLC. The thermal reactions were conducted under argon, the stirred solution being immersed, in a 

thermostated oil bath. The photochemically induced reactions were carried Out in a PYreX immer- 

sion apparatus (procedure A) or in a vessel placed 10 cm away from the light source (procedure B), 

internal cooling was maintained with running water, irradiation was done using Hanau TQ high pres- 

sure mercury vapor lamps (500 or 150 W) under continuous bubbling of argon. 

Reaction with BrCCl, and (t-B&) : Caffeine (200 mg, 1.03 mmoles) in BrCCl3 (10 ml, 100 mmoles) 

and t-butyl peroxidl (1 ml, 5.5 amoles) were alloued to react 50 hrs at 107 C. The compounds Were 

eluted with solvent A : first 8-Eentachloroethylcaffeine 3 (99 mg) was obtained (Rf : 0.19 solvent 

A, 0.55 solvent H) ; m.p. 254-~h"-~-3_3m;;-~~6~~-~~~~-~rn~ ; hmax 296 nm, E = 9000 ; m/z CC-I.1 : 
395 CM +I) ; Calc. for C,$~N40~~~5 : C, 30.44 (30.42) ; H, 2.29 (2.19) ; N, 14.20 T14.08) ; Cl, 

44.94 (45.51) ; 0, 8.13(7. 0 
caffeine 2 (110 mg) was eluted'(Rf 

: 3.44, 3.56, 4.40 (3 CH3, N-l,N-3,N-7). Next 8-tnchloromethyl- 
: 0.18 solvent A, 0.52 solvent HI ; m.p. 190-192" C ; umax : ___-_- _ 

1660, 1705 cm-1 . Amax 296 nm, E = 1300 ; m/z CC.1.) 312, CM + I) ; talc. for CgH9N402Cl3 : C, 

34.69 (34.06) ; i, 2.92 (2.79) ; N, 17.93 (17.51) ; Cl, 34.14 (35.55) ; 0, 10.32 (10.09) ; NMR : 
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3.42, 3.60, 4.33 CN-I-CH-., N-3-CH , N-7-CH~) ; PLC uere necessary 
Solvent B eluted 5_trichiorometh~~~,2,~~~~~1-5,7-dihydrgurjc 

for good separation of 2 and 1. 
acid 4 

c;' 
-- ---- - (9,4 Rf : 0.44 rag) Csol- 

vent HI ; m.p. 200-303" C ; flax : 1520, 1624, 1705. 1755 : Amax 254 nm (shoulder), E = 6700: 
. m/z (E.1.) : 327 CM), 209 Cl00 X, M-CCL-I ; talc. for C9H9N403Cl3 : C, 32.97 (33.433 ; H, 2.74 

(2.66) ; N, 17.09 (17.00) ; Cl, 32.38 &.57) ; 0, 14.82 (15.34) ; NMR : 3.34, 3.44, 3.54 CN-I- 
CH3r N-3-CH3, N-7-CH3) ; for crystallographic data cf. refs 5 and 22. Finally 43 mg of unreacted 
caffeine were eluted uith solvent C. 

Reaction with BrCCl 
les. 22 ea.) in BrC 
salient A; followed b$ compound & (451'mg) eluted with solvent C'; 25 Kg of non identified pro- 
ducts were also isolated. (2) Caffeine (3 g, 15.5 mmoles), 
BrCCl (50 ml) were kept at 80" C for 6 hrs. 

CPhC02)2 (5.4 g, 22.3 mmoles) in 

at 5 a;! 
The reaction mixture was allowed to stand overnight 

* a precipitate was isolated, crystallization in ethyl acetate/methanol afforded 205 mg of 
trimethiluric acid 15 (Rf ______ _____ -- - 
CaHioN403 : C, 25.71 

: 0.03 solvent H) ; m.p. 340-345" C ; m/z CC.1.) 211 CM + I) ; talc. for 
(45.94) ; H, 4.80 (4.84) ; N, 26.66 (26.40) ; NMR CDMSO-d6) : 3.19, 3.32, 

3.34 CN-1-cH3, N-3-CH , 
bonate solution. The a 

N-P-CH3). The filtrate was diluted with chloroform and washed uith bicar- 
rganic phase was evaporated under vacuum. The oily residue, taken up with 

ethyl acetate/ether, furnished 526 mg of 5-benzoyloxc-,&I-trimethG-5 7-dihydrouric acj_d J& -w--w ___ 
m-p. 171-173" C (ethyl acetate) ; talc. for C1&@$ (Rf : 0.7 solvent HI ; : c, 54.54 (54.55) ; 

H, 4.27 (4.20) ; N, 16.96 (16.89) ; NMR : 3.21, 3.36, 3.55 CN-I-CH3, N-3-CH3, N-7-CH$, 8.07 Cm-5tl. 
C-5-0-CO-Ph). The mother-liquor was again washed uith bicarbonate Solution ?or remov;l-of remai- 
ning benzoic acid. The organic phase was evaporated, taken up uith ether, 647 mg of &were isola- 
ted. After chromatography of this Last mother-liquor uith solvents A and E 128 mg of 8-benzoyloxyz 
caffeine 14 was isolated (Rf : 0.51 solvent I) -____---_ ; double m-p. 165-170" C sublimes, par%r_7;sTon 
around 200" C, complete fusion 345-346" C (possible thermal decomposition into trimethyluric acid); 
m/z (E-1.) : 314, 209, 105 ; N.N.R. : 3.44, 3.58, 3.84 CN-i-CH 
C-8-0-COPh). The remaining products isolated were caffeine (34i'mg) 

N-3-CH3, N-7-CH3), 8.02 Cm-5H, 
and non characterized red- 

violet pigments. 

Reaction with esters 

- M&hgi? bfwmoacetate, (t-at&) 
?' 

ethmma.t twmtion : caffeine (400 mg, 2.06 mmoles), bromoacetate 
(6 ml, 63.4 mmoles) and Ct-BuO (2 ml, 11 mmoles) were heated at 105" C during 8 hrs. 345 mg of 
8-carbomethoxy-metblcaffeine 52uere eluted with solvent D (Rf ------------ --- ----_--- : 0.27 solvent I) ; m.p. 180-~82° c 
(ethyl acetate) ; vmax : 1660, 1705, 1745 cm-1 ; Xmax 277 nm, E : 12000 ; m/z (E.1.) : 266CM ) ; 
talc. for C H1 N 04 : C, 46.62 (46.59) ; H, 5.30C5.32) ; N, 21.04 (21.33) ; 0, 24.04 (23.69) ; 
N.M.R. : 3.14, $.$5, 3.94 CN-I-CH N-3-CH3, 
Solvent C eluted 73.5 mg of unrea!;ed caffeine. 

N-7-CH3), 3.87 (S-ZH, C-8-CH2), 3.76 CS-3H, OCH3). 

- Methyl bhomoacetate, (t-6u0J2, Pho.tochemicaC he.ad.on, phocedwre a-500 W : caffeine (400 mg, 
2.06 mmoles) in methyl bromoacetate Cl4 ml, 147.84 mmoles) uas irradiated during 47 hrs with addi- 
tion of Ct-Bu012 by small portions (total volume 14 ml, 77 mmoles). Solvent was partially evapora- 
ted and the residue chronatographed. Solvent B eluted 153 mg of 5 purified by PLC ; 130.3 mg of 
j, was recovered with solvent C. 

- Mtihg.P.actie, (~-8uO12, pho-tochem&& heUctiobI : (1) phocedwce A-150 W : caffeine (I g, 5.15 
mmoles) in methylacetate (320 ml, 4.03 moles) uas irradiated during 26 hrs ; peroxide Cl6 ml, 88 
mmoles) was added during irradiation. Solvent was evaporated under vacuum. The products were sepa- 
rated by successive chromatoaraohv usina solvants B and D : were isolated : comoound 5 (372 ma) 
and 8-C; acetox L-eth lcaffeine.6- (52 mg) (Rf : 0.32, solvent I) - m.p. 135.5-136.5" 5 . 
,660~-w~s_~~~-c;;1=7115,------- - 

_. 

3.95- (N-I-CH3, 
Amax 276 mm. E = 24800 : m/z CC.1.) : 2il CM + I) I N.M.R. : i.2!x3:54. 

N-3-CH3; N-7-CH3), 3.b8, 4.47 (t-2& t-2H,-C-8-CH2 and CH2-O--respectively), 2.04 
(S-3H, OCH3): 12) pAoce&ce A 500 W : caffeine (IO g, 51.5 mmoles) in methyl acetate Cl.5 1, 18.9 
moles) to uhich was added (t-&O) 

t 
at intervals (total volume 90 ml, 495 mmoles) were, irradiated 

79 hrs. Solvent was evaporated ; he oily residue taken up with ethyl acetate afforded, after 
crystallization 261 mg of 2 and 250 mg of caffeine. Chromatography of the mother-liquor uith sol- 
vent A folloued by ethyl acetate and finally solvent C furnished 3.1 g of z 1 g of 6 and 170 mg 
of 1 (N.M.R. : 3.38, 3.53, 3.90 CN-I-CH3, N-3-CH3, N-7-CH3), 2.47 CS-3H, C-8CH3)). 

- Methyl UL12-b~~ophcpionate, 1~-i3u.01p. !heJax& aLeaction : The reaction was carried out as previ- 
ously described with 4 ml of ester, ca feine (200 mg, 1.03 mmoles) and Ct-BuOI (I ml, 5.5 mmoles), 
at 107" C for 30 hrs. Chromatography of the reaction mixture (solvent D) afforded 83 mg of a-C2 
carbomethoxy)-etblcaffeine 8 (Rf : 0.42, solvent I) ; -- --__- - m.p. 160-163" C (ethyl acetate) ; vm;;-? 
%%;-%%; i?% cm-T Xmax 278 nm, E q 12400 ; m/Z (C-1.) : 281 (M t I) ; talc. for Cl2Hl6N404 : 
C, 51.43 (51.63) ; H, 5.75 (5.82) ; N, 19.99 (19.90) ; 0, 22.83 (22.90) ; N.M.R. : 3.40, 3.57, 3.96 
(N-I-CH3, N-3-CH3, N-7-CH3), 3.95 (q-IH, C-&CH-, 
caffeine. 

1.67 (d-3H, CH3). Solvent C eluted 123.5 mg of 

- Me&y.! tAomoma&w&e, (~-&O)Z, ththehnrae heation : caffeine (200 mg), methyl bronomalonate (4 ml, 
30.3 mmoles), (t-BuO), (I ml, 5.5 mmoles) were kept at 107" C for 17 hrs. Chromatography with sol- 
vent A eluted 17.4 ma of a fraction from which were obtained by crystallization in ethyl acetate 
3.5 mg of 8-dicarbom&ho~-methylcaffeine 2 (Rf : 0.44, solvent I).; m.p. 181.5-184" C-; vmax : 
1658, 1702~-i~~,~~~~-cm-~-~-~rn~~-~~~~~,~ = 12800 : m/z CC.1.) : 325 CM t I) : talc. for 
C13H;2N406-: c, 48.15 t48.44i ; H, 4.97 (5.03) ; N, Ii.28 (17.20) ; 0, 29.60 (29;31) ; N.M.R. : 
3,40, 3.55, 3.95 CN-I-CH3, N-3-CH3, N-7-CH3), 5.07 CS-IH, C-8-CH) ; 3.86 CS-6H, tuo OCH3). Further 
elution with ethyl acetate and solvant E gave 60.5 mg of 2 and 100 mg of .I_. 

- L&&@ ma&&e, [.t-8uOJ2 Xhthenmae se.acaZon : the same reaction conditions as above were used : 
caffeine (200 mg, 1.03 inmoles), dimethyl malonate (4 ml, 34.92 mmoles& Ct-Bu0)2 Cl ml, 5.5 mnoles). 
15 mg of 2 were isolated by crystallyzation from a fraction eluted by solvent A. Ethyl acetate elu- 
ted 33.6 mg of B-Ccarbomethoxymethl-carbonyloxy)-methylcaffeine 10 (Rf : 0.35 solvent I), m.p. -__---___--__ _- ___-___ ___ ______ ________ - 
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145.5-147" C ; vmax : 1658, 17.04, 1740, 1755 cm-' ; Xmax 279 nm, E = 21500 ; m/z CC.1.) : 325 
CM + 1) ; talc. 
(17.35) 

for C 3H16N406 : C, 48.15 (48.08) ; Ii, 4.97 (4.98) ; N, 29.60 (29.67) ; 0, 17.28 
; N.M.R. : 3.39, 3.56, 4.02 (N-I-CH3, N-3-CH3, N-7-CH3) 

CS-ZH, O=C-CH2-C=O), 3.74 CS-3H, 0CH31. 
, 5.26 (S-ZH, C-8-CH2-03, 3.45 

- U.&&y~ m&w&e, (t-B&) , photochemica.t teaotion, phocedum B-500 W : caffeine (200 mg, 1.03 
mmoles) dimethyl malonate (12 ml, 122 mmoles), Ct-BuO) 

F 
(total volume 2 ml) were irradiated 

during 15 hrs. The products were eluted with solvents , A and ethyl acetate ; 197 mg of 2 was 
isolated,xuas detected by TLC as trace. The same reaction carried out on 1.2 g of 1 in 86 ml 
of dimethyl malonate and 26.5 mt of Ct-BuO) (irradiation 52 hrs) furnished after purTfication : 
0 (666.5 mg), 19 (153 mg), 5 (25.2 mg) and _$, (483 mg). 

- Methyl bhomo.ibobuQika.te, lPhC0 I,. thuunat ~~uwLi.on : caffeine (200 mg, 1.03 mmoles), ester 
(IO ml, 76 mmoles), CPhCO& Cl.52 g, 5.45 mmoles) were kept at 80" C for 4 hrs. Remaining ester 
and benroic acid were elu e uith solvents F and A. Ethyl acetate eluted 151.6 mg of a fraction 
chich after PLC purification afforded 101 mg of 5_=(2-dimethyl,l.~rbomethoxymethyl)l 3 7-trimet&L+_ 
z,Z_djh drouric 

___ ---‘J---mm- 

3 
acid u which did not crystallize ; Xmax 224 nm?%;fi&~,s = 6500 ; m/z CE.1.) : 

310 CM -;-fi:-ra,iil:-3.26, 3.33, 3.46 CN-I-CH3, N-3-CH 
3.69 CS-3H, OCH3) ; 10 mg of caffeine uere eluted wit ?' 

N-7-CH3), 1.37, 1.25 CS-3H, C-5-C-(CH3)2), 
solvant C. 

. . 
eact on ulth t- 

0.39 :I, 2.08 mmoles) in chlorobenrene (4 ml) were alloued to react a; 105" C for 4 hrs. After 
butvl oerm te : caffeine (200 mg, 1.03 mmoles) t-butylperoxybenroate 

chromatography (ethyl acetate) and further purification on PLC (solvent II, 42.8 mg of adduct fi 
(Rf : 0.52, solvent I) ; m.p. 298-302" C * 
15500 Csg42 rim = 5400? ; m/z (E-1.) : 418’ 2Tx 

: 1520, 1665, 1709, 1739 cm-1 ; Xmax 281, E = 
; N.M.R. : 2.99, 3.09, 3.28, 3.39, 3.47, 3.97 

CS-3H re pectively, six CH3) ; further elution gave 29 mg of 8-methox caffeine a CRf 0.42, sol- 
vent H) - m.p. 179-182°C fit. (13) 172.5-174" g; vmax : 
h 13606 ; m/z (E.1.) : 224 CM') ; talc. for CgH12N4D3 

VZ0;-&Vbbcm-1, imax 273 nm, 
: C, 48.50 (48.58) ; H, 5.15 (5.17) ; N, 

21.30 (21.23) ; 0, 25.05 (25.02) ; N.M.R. : 3.41, 3.55, 3.72 CN-I-CH3, N-3-CH3, N-7-CH3),.4.16 
(S-3H, C-8-OCH3). Solvent C eluted next 100 mg of unreacted caffeine and 12 mg of unidentified 
by products. 

Reaction with acetyl benroyl peroxide : caffeine (200 mg, 1.03 mmoles), acetyl benzoyl peroxide 
4 48 1 ) in chlorobenzene (4 ml) were kept at 105" C for 1 hr. Ethyl acetate elu- 

."4':g if Im!05e~-;etramethyL-5 7-dihydrouric acid 17 (Rf : 0.28, solvent H) * m.p. 196-200" 
C (ethyl acetatc). Umax -L-LL--~7~~l~~-~~~~,-~5-cm=~-~ Gax 242 (shoulder), E= 5560 ; m/z (E.1.): 
224 CM+) ; N.M.R. : 3.22, 3.29, 3.52 CN-I-CH3, N-3-CH , N-7-CH3), 1.77 CS-3H, C-5 CH3) ; for crys- 
tallographic data cf. ref. 22. 72 mg of caffeine and ? 4 mg of degradation products were eluted 
with solvent C. 

8_5 4 7 9-tetraoxo-3 6 8-trimethyl-l 3 6 8-tetraazaseiro (4-4) L~L_L_~~~~~~,-~‘~‘~~_~-~~~ -__l-l-L--,__------ __-_____ 

C16H18N806, M = 418.38, orthorhombic, 

CS), C = 18.450 (5) i, V = 3866.05 i3, 

p2,2,2.,, 2 = 8. Cell parameters : a = 13.502 (41, b = 15.444 
0 

dc = 1.44 gcmw3, X = 1.5418 A CCU Ka), !_I = 8.62 Cm-‘. 

3705 intensity data were collected on a Philips PWIIOO diffractometer using graphite monochromated 
Cu Ka radiation and the S-28 scan-technique up to 8 = 65 '. The structure uas solved by direct 
methods based on the random start multisolution using program SHELXS86 ($8) and refined anisotro- 
pically byfull-matrix least-squares , minimizing the function CU(FO-(Fc~) . The methyl hydrogen 
atoms were located on succegsive difference Fourier maps and introduced in calculations in ideali- 
zed positions Cd C-H = 1.0 A) uith an isotropic thermal factor greater than 20 X that of the car- 
rying atom. Convergence was reached at R = 0.058 and Ru = 0.078 for the 2446 observed eflections 

;a;;;; ;,: 'R; n':',;,~6r;F~i;i;~~o~~1,2 
rom counting statistics Cueighting scheme : u = 160 2 (Fo) + 

max Ap on the final difference map : 0.22 eA 3. Refine- 
ment perfo;med uith program SHELX76 (29; uhich also provided atomic scattering factors. 
The tuo molecules of the asymmetric unit are two enantiomers with atom C-4' : R or S. It is inte- 
resting to note they do not adopt the same conformation along theC-8'-N-9' bond, the torsion angle 
N-7-C-8-N-9'-C-8' being respectively -53" in A, and -77" in 6. For two enantiomers that angle 
should be of the same value with an opposite sign. 

These molecules are staked in dimers, the purine bases being parallel uiththearomatic six- 
membered rings superimposed and distant from 3.43 1. 

Correspondence between numbering of the atoms in figure 1 and those of the title name are as 
follous : N-9’+&, ; C+)‘=C_2 ; +7’+-3 ; C-4’=C-5 ; N-3’=+6 ; C-2’=C-7 ; N-q’=N_8 ; C-6’1C-9. 

List of the atomic coordinates, bond distances and angles are available as Supplementary 
Material and have been deposited at the Cambridge Crystallographic Data Centre. 
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l3 Table V ; . Characteristic C NMR Spectra Data of C-8 and C-5 substituted caffeine derivatives 
(off-resonance decoupling) 

COmpo”“d c-2 C-4 c-5 C-6 C-D fl-I-c!i3 H-3-CH3 H-,-W3 C-IO c-11 C-l? c-13 

C-8-R 
C-13' 

H 1 
150.35 148.53 107.36 

kl, 2. 151.27 147.02 110.73 

-&2-c+ " 0 a 151.45 147.59 108.03 

'O&H3 

-?$-?HpO-C' O,> 6 151.78 150.57 107.76 

n'OCH3 

-FH3 2 
151.20 150.46 10-6.92 

H 11~0 
-q-c, 12 151.w 147.75 107.46 

FsH3 
OCH3 ' 

0 
,o,iEO:H3 
-C-H 9 

151.42 147.36 108.79 

>*C-OCH3 
s 

_$$_,_pr: 
,r'CHZ M ?51.44 147.38 103.ao 

H+-C< 
0 

.*151.25 146.80 107.52 155.21 137.49 29.64 27.97 33.00 

152.24 50.31 164.19 164.67 154.96 26.09 25.88 26.21 

-0CH3 '3 151.82 146.33 103.71 156.32 154.97 29.87 27.85 29.86 57.86 - 

C-5-R 

-5"Cl, c 160.29 I50.34 76.08 

164.39 150.52 75.95 

-?H3 11 164.56 150.62 65.37 177.07 167.46 

1. 

7 -. 

3. 

4. 

5. 

6. 

155.19 141.37 29.55 

155.53 145.w 29.I32 

155.15 146.35 29.59 

155.47 148.13 29.83 

154.60 147.45 29.37. 

155.30 147.62 29.71 

27.71 3:.41 

28.11 34.81 

27.76 32.10 

21.01 31.98 

27.51 31.57 

27.79 31.84 

155.27 144.25 29.11: 27.82 32.17 

155.27 144.27 29.69 27.83 32.68 

170.54 164.61 

172.35 164.91 

30.03 

30.17 

29.10 

29.58 32.15 

29.01 31.61 

27.26 31.58 25.51 - 

* Chemical schifts of the caffeine moiety of the adduct 
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87.46 - 

33.21 167.75 52.73 

(t) 

26.54 170.79 61.85 
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37.91 170.79 52.77 

(d) 

(C-11') (C-12') 

51.72 165.16 53.53 

(d, 

ic-?I') 

53.55 165.17 53.55 
(0 
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53.50 174.87 53.99 
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<t, 

22.16 

21.34 

H. Linschitr, J.S. Connolly, ,I. Am.Chem.Soc, 
Photochem. Photobiol., I/ 791, 1968. 

& 2979, 1968 ; J. Connolly, H. Linschitz, 

(a) D. Elad, I. Rosenthal, H. Steinmaus, J.Chem.Soc., Chem. Commun.,305, 1969. Cb) D. Elad, 
I. Rosenthal, J. Chem. Sot. Chem. Commun., 905, 1969. Cc) H. Steinmaus, I. Rosenthal, D. Elad, 
J. Amer. Chem. SOC,~~, 4921, 1969.(d) S. Jerumanis, A. Mattel, Can. J. Chem., 
Ce) H. Steinmaus, I. Rosenthal, D. Elad, Jw~rcl. 

& 1716, 1970. 
36 3594, 1971. (f) A. Staukunas 

I. Rosenthal, J.N. Pitts, Jr., Tetrahb,, 4779,7&l. Cg) J. Salomon, D. Elad, ;. Ora. 
Chem. 38, 3420, 1973. Ch) D. Leonov, D. ELad,e& Ora. Chem, 3& 1470, 1974. (i) M. Maeda, 
K. Nushi, Y. Kauazoe, Jetraha a 2677, 1974. (j) L.F. Christensen, R.B. Meyer, Jr., 
J.P. Miller, L.N. Simon et R.K. Robins, Biochemistrv, 
J. Am. Chem. So 

& 1490, 1975. Ck) M.F. Zady, J.L. Wong, 
c,& 5096, 1977. Cl) Etta Livneh (Nor), Shoshana Tel-Or, J. Sperling et D. 

Elad, Biochemistrv, & 3698, 1982. Cm) Y. Maki, K. Kameyama, M. Sako et K. Hirota,- 
&& 729, 1983. (n) A. Erndt, A. Para, A. Kostuch, M. Fiedorowic+&ias 
1985. Co) T. Itahara, Y. Seto, Chem. Lett., 1441, 1985. 

Ann. Chem., 937, 

F. Minisci, TOD. Curr. Chem.,&, 1, 1976. . 
Reaction of electrophilic OH radical on purine derivatives Cadenine, hypoxanthine, methylated 
hypoxanthine etc . ..I has been extensively investigated, cf 
Sot. Chem. Comm, 676, 1967 ; 

: J. Hollian, W. Garrison, J. Chem. 

and references cited therein. 
T.R. Chen, G. Dryhurst, J. Flectroanal. Chem., 144. 191, 1983, 

J. Zylber, N. Zylber, A. Chiaroni, C. Riche, we 3853, 1984. 
(a) 8. Giese, H. Horler, M. Leising, Chem. 8er., 
M. Kravetz, J. Org. Chem., 51, 5007, 1986. 

119, 444, 1986; (b) V. Ghodoussi, G. Gleicher, 



732 J. ZYLBER et ai. 

7. A. Beckuith, u, f& 2522, 1985. 

8. Dealkoxycarbonylation of geminal diesters has been reported, cf. : C.L. Listha, F.L. Cook, 
Tetrehedrnn 1095, 1974 and references cited therein. The thermal stability of 2 in di- 
methylsulfoxide-d6,pyridine-d5 and chloroforme CCDC13) in seated NMR tube under vacuum (TO-4 
mm) was followed by NMR. Whereas 9 showed to be stable in CDCL3 it underwent deatkoxycarbony- 
tation into 2 without detectable Intermediate in the other two solvents ; furthermore 2 was 
rapidely converted into 2 when heated at 107" C in dimethyt-matonate. 

9. TO simplify visualization of the rearrangement of the oxidized caffeine, the atoms of the 
Spiro-moiety of the adduct 1 are numbered as in the parent caffeine. 

10. C. Walling, Bull. Sot. CC' &, 1609, 1968 ; J.M. Surzur, M. Bertrand ; ibid., 1861, 1973. 

11. ii. Paul, R. Small, J. Scaiano, J. Am. Chen,_, 100, 4520, 1978. 

12. M. Suay, D. Waddington, u Perkin Trans 2, 999, 1982. 

13. Structure 2 was confirmed by crystal X-ray analysis since the alternative structure : C-5-CCL3, 
C-8-C=CCt2 could not be totally regected on the basis of mechanistic considerations (Scheme 2). 
Crystallographic data will be submitted to Acta Crystatloar. for publication. 

14. R.C. Huston, W.F. Allen, J.em. Sot, _& 1356, 1934. 

15. The presently observed ring contraction which implies C-5-C-6 bond cleavage followed by the 
addition of the resulting C-6 acyt radical upon N-4-Nile bond gives some additional 
information in connection with recent reports ; cf. M. Poje, A. Palkovii, I. Perina, I. 
Vickovi(, M. Bruvo, Tetrahedron, & 4681, 1985 ; M. Poje, L. Sokotic%laravi~, ibid., & 747, 
1986. 

16. J. Kochi in "Free Radicals", J. Wiley 8 Sons, N-Y., 1973, Vol. II, p. 699. 

17. T. Nagata, K. Tokumaru, 0. Simamura, Tetrahedron Lett., 3303, 1967. 

18. H. Koruka, M. Koyama, T. Okitsu, Chem. Pharm. Bull,.& 433, 1981 ; @id & 941, 1982. 

19. R.S. Hoomane, V. Bakthavachalam, N. J. Leonard, J. Am. Chem.&, 194, 235, 1982 and referen- 
ces cited therein ; we are grateful to Professor N.J. Leonard for having drawn our attention 
on this question. 

20. J. Kochi in "Free Radicals", J. Wiley 8 Sons, N.Y. 1973, Vol. II, p. 698. 

21. G. Moad, E. Rizzardo, D. Solomon, Austr. J. Chem, & 1573, 1983. 

22. J. Zytber, L. Ouazzani-Chahdi, A. Chiaroni, C. Riche. w, 2055, 1988. 

23. E. Pullman, A. Pullman, Quantum Biochemistry", Interscience, N.Y., 1963. 

24. R. Hanna, A. Sandoval, Biochim. Biophys. Act& _I% 433, 1968. 

25. We agree with the remarks of a referee which pointed out that in terms of moiecULar orbital 
perturbation, this behavior means that the SOMO of the radical can interact with either the 
LUMO (nucleophilic character) or the HOMO Cetectrophitic character) of the imidazole ring. 
This is consistent with kenetic definition of radical phiticity ; c.f. alSO : F. Minisci. 
Adv. Free-Radical them. & 65, 1980 ; A. Bottoni, J. Fossey, D. LefOrt, Mol. Phys. Chem. 8iol, 
& 173, 1988. 

26. J. Klosa, Arch. Farm,, 289, 211, 1956. 

27. J.Y. Nedelec, D. Lefort, Tetrahedron, & 3199, 1980. 

28. SHELDRICK, G.M. (1986). SHELXS86. Program for crystal structure determination. University 
of G&tingen, Federal Republic of Germany. 

29. SHELDRICK, G.M. (1976). SHELx76. Program for crystal structure determination. University of 
Cambridge, England. 


