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NUCLEOSKDES, NUCLEOTIDES & NUCLEIC ACIDS, 19(7), 1135-1 143 (2000) 

A ONE-POT PREPARATION OF l-BENZYL-2’-DEOXYINOSINE FROM 
IONIZED 2’-DEOXYINOSINE 

Ki-Young Moon* and Yeong Shik Kim 
Natural Products Research Institute, Seoul National University, 28 Yeonkun-Dong, 

Jongno-Ku, Seoul 1 10-460, Korea, kmoon@yes.snu.ac.kr 

ABSTRACT: A simple and one step synthetic method for the formation of l-benzyl-2’- 
deoxyinosine was developed by direct benzylation of ionized 2’-deoxyinosine. Treatment 
of 2’-deoxyinosine, in the presence of NaOH, with benzyl bromide in 2,2,2- 
trifluoroethanol (TFE) or N,N-dimethylaetamide (DMA) gave 1 -benzyl-2’-deoxyinosine 
in 35 % and 80 % yields, respectively. 

INTRODUCTION 

Nucleoside alkylation and aralkylation has been extensively studied to elucidate 

reactivity of nucleic acids.’, 

ele~trophiles~-~ have shown that site-selectivity is dependent on the reaction medium 

(solvent effect) and the leaving group of the electrophile. In dipolar aprotic solvents [e.g., 

N, N-dimethylacetamide (DMA) or N,N-dimethylformamide], benzylic electrophiles react 

predominantly with nucleoside pyrimidine-type ring-nitrogen sites. Solvent systems that 

can solubilize ions, such as aqueous based systems favour formation of aralkyl ions and 

these mainly modify exocyclic nucleoside sites, 

Model studies of nucleoside reactions with benzylic 

Several studies have shown that the anionic form of guanosine is much more 

Similar reactive than the neutral form of guanosine toward benzylic electrophiles.” 

anionic forms and their altered reactivity of both uridine’ and thymidine” and their 

reactivities have also been reported. We have previously reported that the reaction of the 

anion of 2’-deoxyguanosine with benzyl bromide in 2,2,2-trifluoroethanol (TFE) 

produced N2-benzyl-2’ -deoxyguanosine in high yield and with high selectivity. 7- 
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1136 MOON AND KIM 

Benzylguanine was the only benzylated product formed in the reaction with the neutral 

nucleoside in TFE. However, the reaction of the anion of 2’-deoxyguanosine with benzyl 

bromide in DMA produced 1 -and/or 7-position 2’-deoxygusuiosine derivatives. These 

results indicated that the ionic state of 2’-deoxyguanosine and solvent polarity were the 

factors that determined the site of aralkylation with benzyl bromide.’ 

These studies have led us to extend these explorations to the nucleophilicity of the 

purine nucleoside, 2’-deoxyinosine (l), in various solvents with benzyl bromide. We 

report an efficient approach for the preparation of l-benzyl-2’-deoxyinosine (4) from 1. 

EXPERIMENTAL SECTION 

Ultraviolet absorption spectra were determined on a Milton Roy SLM-AMINCO 

3000 diode array spectrophotometer. ‘H NMR spectra were recorded on a Varian VXR 

500s spectrometer equipped with Sun 4/110 data stations or a Varian XL200 instrument 

interfaced to an Advanced data system. Samples were dissolved in dimethyl-db sulfoxide, 

and chemical shifts are reported as 6 values (ppm) downfield from tetramethylsilane 

(TMS) as an internal standard. Positive ion (+ve) fast atom bombardment (FAB) and 

high-resolution FAB mass spectra (MS) were obtained with a reversed-geometry VG 

Micromass ZAB-2F spectrometer interfaced to a VG 2035 data system. A mixture of 

dithiothreitol and dithioerythritol(1: 1) was used as the FAB matrix. Sephadex LH-20 

was purchased from Pharmacia, Biotechnology AB, Uppsala, Sweden. 2’-Deoxyinosine, 

most reagents and solvents were purchased from Aldrich Chemical Co., Inc., Milwaukee, 

WI, U.S.A. 

Benzylation of 2’-deoxyinosine (1) in TFE. 

To a stirred suspension of 2’-deoxyinosine (650 mg, 2.58 mmol) in 13 mL of TFE 

was added benzyl bromide (0.3 1 mL, 2.6 mmol) over 1 min. The reaction mixture was 

stirred at room temperature for 72 h. The resulting white suspension was evaporated in 

vucuo to give a white solid. The solid was dissolved in 60 mL of MeOH/H20 (1 : 1) and 

was loaded on a Sephadex LH-20 column (2.8 x 80 cm) eluted with MeOH/H20 (1 : 1) at 

1 mllmin. UV absorption was checked continuously at 280 nm, and fractions (1 0 mL) 

were collected. 3,7-Dibenzylhypoxanthine (3) eluted in fractions 73-79 (3 5 mg, yield 

4.3 %): UV pH 6.9 Amin239 nm, hmm268 nm, pH 13 hmm 268 IH NMR (DMSOd6) 
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1 -BENZYL-2 ’ -DEOXYINOSINE 1137 

6 8.75 (IH, s, 8-H), 8.44 (IH, s, 2-H), 7.26-7.44 (lOH, m, ~ C ~ H S ) ,  5.58 (2H, s, 7- 

C~HSCH~),  5.42 (2H, s, 3-C&CHz); FAB’-MS d z  317 ([C19H&40 + HI+), 227 

( [ C I ~ H ~ O N ~ O  +HI+); HRFAB+-MS calcd for C19H17N40 317.1403, found 317.1425. 

Fractions 30-70 were pooled and evaporated to give a white solid. This solid was 

dissolved in 50 mL of MeOWH20 (10:90) and was loaded on a Sephadex LH-20 column 

(2.8 x 80 cm) eluted with MeOH/H20 (10:90) at 1 mL/min. Under these 

chromatographic conditions, unreacted 2’-deoxyinosine eluted in fractions 30-66 (580 

mg, yield 90 %). 7-Benzylhypoxanthine (2) eluted in 92-1 19 (30 mg, yield 5 %): UV pH 

6.9 hmi”231 nm, hm,253 m , p H  13 hmm261; ‘HNMR (DMSO-d6) 6 12.31 (lH, br s, 1- 

H, exchanges with DzO), 8.38 (lH, s, 8-H), 7.96 (lH, s, 2-H), 7.26-7.36 (5H, m, CsHs), 

5.56 (2H, s, 7-C6H&Hz); FAB+-MS m/z 227 ( [CI~HION~O + HI’); HRFABf-MS calcd 

for C I Z H I I N ~ O  227.0930, found 227.0900. 

Benzylation of 2’-deoxyinosine (1) in TFE containing NaOH. 

To a stirred suspension of 2’-deoxyinosine (650 mg, 2.58 mmol) in 13 mL of TFE 

was added NaOH (1 03.2 mg, 2.58 mmol) at room temperature. When all NaOH was 

dissolved, the reaction was changed into the solution. Then, benzyl bromide (0.3 1 mL, 

2.6 mmol) was added dropwise over 1 min. The reaction mixture was stirred at room 

temperature for 72 h (as the reaction was going on, the reaction mixture was changed into 

the white suspension). The resulting white suspension was evaporated in vacuo to give a 

crude solid. This solid was dissolved in 50 mL of MeOH/H20 (1 : 1) and was loaded on a 

Sephadex LH-20 column (2.8 x 80 cm) eluted with MeOH/H20 (1 : 1) at 1 mUmin. UV 

absorption was monitored continuously at 280 nm, and fractions (1 0 mL) were collected. 

Fractions 52-77 contained a mixture of 2’-deoxyinosine and 7-benzylhypoxanthine (2) 

were pooled and evaporated to give a white solid. 1 -Benzyl-2’-deoxyinosine (4) eluted in 

fractions 83-136 (310 mg, yield 35 %): UV pH 1 Amax252 nm, pH 6.9 h,,,252 nm, 271 

IUII (sh), pH 13 Amin233 IUII, Amax252 IUII, 271 nm (Sh); ‘H NMR (DMSOd6) 6 8.61 (IH, 

s, 8-H), 8.33 (lH, s, 2-H), 7.26-7.36 (5H, m, C6H5), 6.31 (IH, t, J =  6.80 Hz, H-1’), 5.33 

(IH, s, OH-3’, exchanges with D20), 5.23 (2H, s, ~ - C ~ H ~ C H Z ) ,  4.96 (lH, s, OH-5’, 

exchanges with D20), 4.39 (lH, m, H-37, 3.86 (lH, m, H-4’), 3.55 (2H, m, H-S) ,  2.63 

(lH, m, H-2’b), 2.30 (lH, m, H-2’a); FAB+-MS m/z 343 ([Ct?H18N404 +HI+), 253 
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1138 MOON AND KIM 

([CIOH12N404 f HI’); HRFAB’-MS calcd for C17H19N404 343.1406, found 343.1390. 

1,7-Dibenzylhypoxanthine (5)  eluted in fractions 139-158 (25 mg, yield 3 %): UV pH 

6.9 hmin 237 nm, hm,258 nm, pH 13 hm,258 nm; ‘H NMR (DMSO-d,j) 6 8.50 (lH, S, 8- 

H), 8.43 (lH, s, 2-H), 7.26-7.36 (lOH, m, ~ C ~ H S ) ,  5.57 (2H, s, 7-C6HsC&), 5.20 (2H, s, 

~-C~HSC&);  FAB’-MS m / ~  317 ( [ C ~ ~ H I ~ N ~ O  +HI+), 227 ( [ C ~ ~ H ~ O N ~ O  + HI’); 

HRFAB+-MS calcd for C19H17N40 317.1390, found 317.1358. The white solid recovered 

from the evaporation of fractions 52-77 was dissolved in 50 mL of MeOH/H20 (3:7) and 

was loaded on a 2.8 x 80 cm Sephadex LH-20 column eluted with MeOH/H20 (3:7) at 1 

mL/min. Under these chromatographic conditions, unreacted 2’-deoxyinosine eluted in 

fraction 70-83 (380 mg, yield 59 %). 7-Benzylhypoxanthine.(2) eluted in fractions 112- 

118 (15 mg, yield 2.6 %). 

Benzylation of 2’-deoxyinosine (1) in DMA. 

To a stirred solution of 2’-deoxyinosine (650 mg, 2.58 mmol) in 13 mL of DMA 

was added benzyl bromide (0.3 1 mL, 2.6 mmol) over 1 min. The reaction mixture was 

stirred at room temperature for 72 h. The resulting clear solution was diluted with 
MeOHlHzO (2:8) to a final volume of 50 mL and was loaded on a Sephadex LH-20 

column (2.8 x 80 cm). The column was eluted with MeOH/H20 (2:s) at 1 mL/min. UV 

absorption was checked continuously at 280 nm, and fractions (1 0 mL) were collected. 

Unreacted 2’-deoxyinosine eluted in fractions 34-64 (440 mg, yield 69 %). 7- 

Benzylhypoxanthine (2) eluted in fractions 96-123 (145 mg, yield 24.8 %). 3,7- 

Dibenzylhypoxanthine (3) eluted in 141-178 (50 mg, yield 6.1 %). 

Benzylation of 2’-deoxyinosine (1) in DMA containing NaOH. 

To a stirred solution of 2’-deoxyinosine (650 mg, 2.58 mmol) in 13 mL of DMA 

was added NaOH (103.2 mg, 2.58 mmol) at room temperature. Afier stirring for 30 min, 

benzyl bromide (0.31 mL, 2.6 mmol) was added dropwise over 1 min. The reaction 

mixture was stirred at room temperature for 72 h. The resulting pale yellow solution was 

diluted with MeOWHzO (233) to a final volume of 50 mL and was loaded on a Sephadex 

LH-20 column (2.8 x 80 cm). The column was eluted with MeOHMzO (2:8) at 

lmL/min. UV absorption was continuously monitored at 280 nm. Unreacted 2’- 

deoxyinosine eluted in fractions 35-44 (1 10 mg, yield 17 Yo). 1 -Benzyl-2’-deoxyinosine 
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1 -BENZYL-2’-DEOXYINOSINE 1139 

(4) eluted in fractions 59-90 (710 mg, yield 80 %). 1,7-Dibenzyl-2’-deoxyinosine (6)  

eluted in fractions 145-167 (34 mg, yield 3 %): UV pH 6.9 h,,, 232 nm, h,,252 nm, 

270 nm (sh), pH 13 &,233 nm, h,,252 nm, 270 nm (sh); ‘HNMR 6 8.62 (lH, s, 8- 

H), 8.36 (lH, S, 2-H), 7.28-7.39 (lOH, m, 2C&), 6.31 (lH, t, J =  6.84 Hz, H-l’), 5.24 

(3H, s, OH-3’ and 7-C&C&, changes to a 2H on addition of DzO), 5.09 (lH, s, OH-5’, 

exchanges with D20), 4.58 (2H, s, l-CsHsCHz), 4.34 (lH, m, H-3’), 4.12 (IH, m, H-47, 

3.57 (2H, m, H-5’),2.75 (lH, m, H-2’b), 2.56 (lH, m, H-2’a); HRFAB+-MS calcd for 

c24H26N404450.3211, found 450.3192. 

RESULTS AND DISCUSSION 

The product distributions fiom benzylations of 2’-deoxyinosine in the presence 

and absence of NaOH in TFE and DMA are shown in Scheme I. All the products were 

separated by column chromatography on Sephadex LH-20 (Experimental Section) and 

their yields were measured. The overall yield of products from the benzylation of neutral 

2’-deoxyinosine in TFE was very low giving 7-benzylhypoxanthine (2) in 5 % and 3,7- 

dibenzylhypoxanthine (3) in 4 % yields, respectively. The benzylation of neutral 2’- 

deoxyinosine in DMA also produced similar product yields as reactions in TFE with the 

exception of a 5-fold increased yield of 2 (25 % yield). No I-, 3- or 06-benzylated 

derivatives were detected in these reactions, indicating that the most reactive modification 

site of 2’-deoxyinosine under these reaction conditions was the 7-position. The 

chromatographic and spectroscopic properties of 2 were identical to those of an authentic 

sample published previously.‘2 Compound 3 was assigned to be 3,7- 

dibenzylhypoxanthine on the basis of its ‘H NMR, MS, and UV spectra. The mass 

spectral properties of product 3 showed that this compound was a dibenzylated 

hypoxanthine exhibiting a molecular ion at d z  3 17. The UV absorption spectrum of 3 

agreed well with that for 3,7-dibenzylhypoxanthine described previou~ly.’~ The ‘H NMR 

spectrum of 3 showed a singlet for one pair of benzylic hydrogens at 6 5.58 (assignable to 

benzylic attachment to the 7-position) and a singlet for the second pair of benzylic 

hydrogens at 6 5.42 (assignable to benzylic attachment to the 3-position) which consistent 

with a previous report.’2 

In contrast, the reaction of the anion of 2’-deoxyinosine with benzyl bromide in 

TFE and DMA produced I-benzyl-2’-deoxyinosine (4) as the major product with yields 
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R 
I 

NaOH 

'I 

fc 
1- 

Q 
yy< N 

2 
( 5%, yield ) 

2 
( 25%. yield ) 

3 (4%. yield 1 

3 
( 6%. yield j 

n 
4 ( 3%. yield ) 

(35%, yield) 

R =  
no 

2 
( 3%. yldd ) 

6 
(3%. yield ) 

Scheme I 

of 35 % and 80 %, respectively. 1,7-Dibenzylhypoxanthine (S), 1,7-dibenzyl-2'- 

deoxyinosine (6) and 2 were also detected as mkor products under these reaction 

conditions (Scheme I). The mass spectrum for 4 indicated this compound was a 

monobenzylated nucleoside. Spectral shifts in wavelength under alkaline condition were 

not observed with 4 indicating that the dissociable proton at the 1 -position is absent as the 

site was benzylated. The UV absorption spectra also agreed with reported previou~ly.'~ 

The 'H NMR spectrum for 4 was confirmatory of structure since it showed a singlet for 

the benzylic hydrogens of 4 at 6 5.23 and no resonance for an exchangeable 1-proton in 

the 6 12- 13 range where the resonance for the 1 -proton on 2'-deoxyinosine appears. The 

mass spectrum for compound 5 indicated that the molecule was a dibenzylated 
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l-BENZYL-2’-DEOXY INOSP-IE 1141 

hypoxanthine derivative. The similarity of the UV spectra for neutral 2 and neutral 5 

suggested that one benzyl group was attached to ?he 7-position. Its UV spectra in neutral 

and alkaline solutions were very similar indicating that the second benzyl group was 

attached to the 1 -position in place of the dissociable 1 -proton in a molecule. The ’H 

NMR data showed a peak for one set of benzylic hydrogens at 6 5.57 assignable to benzyl 

group attachment at the 7-position and a second set of benzylic hydrogens at 6 5.20 

resulting from attachment of the benzyl group to the 1 -position. The mass spectral 

properties of 6 indicated that this product was a dibenzylated deoxyribonucleoside. The 

UV absorption spectra of 6 showed that the molecule could not dissociate in alkaline 

solution suggesting that the 1-position was substituted. In addition, the UV spectra were 

not consistent with benzylation at the 06-position. This data suggested that the two 

benzyl groups were attached to the 1- and 7-positions on 2’-deoxyinosine. The ‘H NMR 

data showed a singlet for one pair of benzylic hydrogens at 6 5.24 (assignable to 

attachment of the benzyl carbon to the 7-position) and a single for one pair of benzylic 

hydrogens at 6 4.58 attachment of the benzyl group to the 1-position. Production of 4 in 

significant yields, indicating that the reactivity of 1 -position on 2’-deoxyinosine was 

markedly increased toward the benzylic electrophiles when 2’-deoxyinosine was in the 

anionic state. It has been reported that the methylation of neutral inosine in dimethyl 

sulfoxide was shown to react primarily at the 7-position, while the methylation of anionic 

inosine in DMA primarily reacted at the l-position.2 Therefore, these data indicate the 

similarity of the site selectivity for methylation of inosine and benzylation of 2’- 

deoxyinosine . 
On the basis of site-selectivity studies, benzylation predominantly occurs at the 

ring nitrogen sites on nucleosides in dipolar aprotic solvents, i.e., DMA whereas 

benzylation mainly occurs at exocyclic sites in solvents with the ability to solubilize ions, 

i.e., TFE. We would expect that benzylation of anion 2’-deoxyinosine in TFE would 

produce 06-benzylated derivatives. However, both the benzylation of the neutral and the 

anion of 2’-deoxyinosine in TFE did not produce any benzylated exocyclic oxygen 

derivatives. Thus, reactions with neutral or anionic 2’-deoxyinosine to prepare 06- 

benzylated derivatives remain to be investigated. 

1 -Substituted 2’-deoxyinosine products have been reported in reactions between 

epoxides and 2’-deo~yadenosine’~ and 2’-deoxyadenosine in DNA.’6 In such reactions, 
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1142 MOON AND KIM 

1 -substituted 2’-deoxyadenosine products are initially formed. However, these products 

are unstable and subsequently undergo either Dimroth rearrangement to give N6- 

substituted 2’-deoxyadenosines or deamination to produce 1 -substituted 2’-deoxyinosine 

adducts. The structure and mutagenic potential of 1 -substituted 2’-deoxyinosine adducts 

have not been reported. This is possibly due to the lack of a suitable high yielding 

method to prepare 1 -substituted 2’-deoxyinosines. 

A simple one step preparation of 1 -benzyl-2’-deoxyinosine was developed by 

benzylation of the anion of 2’-deoxyinosine in TFE and DMA. These results further 

support the hypothesis that both the ionic state and solvent system are factors that 

determine site of reaction on purines. This synthetic approach is a useful method for the 

preparation of quantitative amounts of various 1 -substituted aralkyl modified 2’- 

deoxyinosine nucleotides and extends the information on the reactivity of electrophilic 

mutagens with purine nucleosides. 
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