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132 Although reduced adenlnes are of interest from the blologlcal vlewpolnt, 

they have not been generally well-known derlvatlves 

Smith and Elvlng> have reported that electrochemical reduction of adenlnes 

occurs across the 1,6-double bond and subsequently causes elimination of ammo- 

nla Macon and Wolfenden4 have studled borohvdrlde reduction of l-methyladeno- 

sine, a minor base of t-RVA, taking aim at Its modiflcdtion, 1 e , The reduction 

at pH 8 2 resulted In the formatlon of l-methyl-1,6-dlhydroadenoslne which un- 

derwent easily reoxldatlon In these previous studies, the reduced adenlnes 

have never been Isolated in the pure state 

The present communlcatlon describes first isolation and characterization of 

dlhydroadenlnes formed by the reduction of 3- and 9-substituted adenlnes with 

sodium borohydrlde We found that the presence of U-benzoyl grouping and the 

reaction medium employed slgnlflcantly affect on the reduction, and the isolated 

dlhydroadenlnes are stable under the usual condltlons It is particularly no- 

table that N-benzoyl-Y-substituted adenlnes gave 7,8-dlhydroadenlnes rather than 

expected 1,6_dlhydroadenlnes by virtue of the reduction in the dcidlc medium 

Chemical evldence5 has indicated that the lntroductlon of alkyl grouping at 

the ring-nitrogen on the pyrlmldlne portlon of purlnes causes apparent TI-deflcl- 

ency of the pyrlmldlne ring Thus, the pyrlmldlne ring of benzyladenlnes(Ia 

and Ib) could be susceptible to the reduction with borohydrlde 

To a stirred solution of (Ib)(l mol) In methanol, sodium borohvdrlde(1 5 

mol) was added by portions at room temperature After stlrrlng for 30 mln, a 

mixture was concentrated to leave an 011~ residue which was treated with water 

and extracted with chloroform. The extract was submltted to column chromato- 

graphy(AlZ03-CHC13) to Isolate N-benzoyl-3-benzyl-l,2-dlhydroadenlne(IIb)6as 
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colorless crystals(70%, mp 161') Bathochromlc shift of the UV spectsum[UVXEtnH 
max 

nm(logkc) 24514 06), 283(4 DO), 366(4.28)] and up-field shift of the C8-proton 

slgnal in the NMR spectrum[NMR(DMSO-d6)6 7 881 compared with those of (Ib)[UVA 

EtOH 
max nmllogc) 297(5.13), NMR(DMSO-d6)& 8 2.21 can be ascrlbed to the Important 

contrlbutlon of the dlpolar 1,3-dlazafulvene structure(II1) to the resonance hy- 

brads NHR 

CH2C6H5 

NHR 

Ia R=H IIa R=H(hydrochlorlde) III 

Ib R=COC6H5 IIb R=COC6H5 

6 8 5: 
CHZC6H5 

Ia Ia-Zd 

Scheme 1 

IIa-Zd(hydrochlorlde) 

Analogously, the reduction of (Ia) was carried out In this case, however 

, the prolonged reactlon time was required and 1,2-dlhydroadenlne(IIa) was lso- 

lated as Its hydrochlorlde(40%, mp 164') Upon treatment with pyrldlne-benzolc 

anhydrlde, (IIa),HCl was converted to (IIb) together with a small amount of (Ib) 

Deuterlum exchange at the posltlon Z70f (Ia) was achieved selectively upon 

treatment with bolllng methanol-d1 contalnlng sodium methoxlde for 8 hr D1S- 

appearance of a highly deshlelded C2-proton signa18(68 59) of (Ia) In the NMR 

spectrum of the deuterated compound conflrmed occurence of deuterlum exchange at 

the posltlon 2 of (Ia) 3-Benzyladenlne-2d(Ia-2d) thus obtalned was reduced in 

the condltlons analogous to the case of (Ia) The NMR spectrum of the product 

(hydrochloride) showed the C2 -methylene slgnal at64 50 which was Integrated to 

be 1H (see Scheme 1) Thus, structure(IIa)(as a consequence, structure(IIb)) 

was established 

In addltlon to the electrophlllc nature of the pyrlmldlne ring of (Id and 

Ib), involvement of stable 1,3-dlazafulvene skeleton in the product(IIa and IIb) 

appears to destine attack of a hydride ion at the Posltlon 2 

9-Benzyladenine(IVa) and Its N-benzoyl derlvatlve(IVb) were inert when 
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treated with sodium borohydrlde ln alcohols More recently, Grlhhle et al9 

have found that sodium borohydrlde in neat carboxyllc acids reduces the lndole 

double bond and alkylates to give N-alkyllndollne Employment of Grlhhle's 

procedure for the reduction of (IVa and IVb) seems to be advantageous, since 

the reduction would be facllltated as a result of protonatlon on the ring-nltro- 

gen and reduced adenlnes produced could be stablllzed by N-alkylatlon 

IVa Rl=H, R2=CH2C6Hg Va R=CH2C6H5 

IVb Rl=COC6H5, R2=CH2C6Hg Vb R=2,3,5-trlacetyl-@- 

IVc Rl=COC6H5, R2=2,3,5-trlacetyl-B- 
D-rlbofuranosyl 

D-rlbofuranosyl Vc R=B-D-rlbofuranosyl 

IVa ---+ 

CH2C6II5 CH2C6H5 
IVa-Bd IVb-8d 

Scheme 2 

Va-8d 

To a solution of (IVb)(l mol) in acetlc acid sodium borohydrlde(2 mol) was 

added by portions at room temperature After stlrrlng for 20 mln, the reactlon 

mixture was diluted with water, extracted with chloroform, dried over anhydrous 

Na2SO4 and evaporated. The residue was recrystallized from ethyl acetate to 

give N-benzoyl-9-benzyl-7,Sdlhydroadenlne(Va)(75%, mp 184O) wlthout N-ethyla- 

tlon 

Occurrence of the slmllar rsductlon of N-acetyl-9-benzyladenlne was also 

observed ( checked by NMR) Isolation of the reduced product, however, did not 

succeed 

In sharp contrast to (IVb), the reduction of (IVa) under the analogous con- 

dltlons did not give any reduced product and (IVa) was recovered unchanged 

Determrnatlon of reductive site of (IVb) was made by deuterlum label experl- 

ment N-Benzoyl-9-benzyladenlne-8d(IVb-8d) was prepared unequivocally via treat- 
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ment of (IVa) with methanol-d 
1 

contalnlng sodium methoxlde The reduction of 

(IVb-8d) with borohydrlde in acetic acid gave (Va-Sd) in 70% yield The NMR 

spectrum of (Va-8d) showed a C8 -methylene slgnal apparently reduced to 1H 

(see Scheme 2) 

N-benzoyl-2',3' ,5'-trl-O-acetyladenoslne(IVc) was reduced under the slml- 

lar condltlons to give 7,8-dlhydro derlvatlve(Vb)(58%, mp 118') Treatment of 

(Vb) with sodium hydroxide III a mixture of water, ethanol and pyrldlne at room 

temperature gave N-benzoyl-7,8-dlhydroadenoslne(vc)(75%, mp 135") 

7,8-Dlhydro-9-substituted adenlnes(Va,c) are stable on refluxlng In alcohol 

and can be stored under the usual condltlons 

Exclusive formation of 7,8-dlhydro derlvatives(Va,c) rather than 1,6-dihy- 

dro derivatives from (XVb,c) 1s the Intriguing problem Extension of present 

observations and blologlcal evaluation of reduced adenlnes are now in progress. 
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