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The synthesis of a new branched-chain sugar nucleoside 9-(5-deoxy-3-C-hydroxymethyl-0-D-xylofuranosyl)adenine 
(1) is described. This compound and 9-(3-C-hydroxymethyl-a-L-threofuranosyl)adenine (2) are substrates of calf 
adenosine deaminase whereas the 3' epimer of 2 (3) is not deaminated. This shows that a C-3' carbon ramification 
on a nucleoside does not always abolish susceptibility to enzymatic deamination and that the configuration at the 
branching point plays an important role in substrate specificity. 

The therapeutic value of numerous adenosine analogs is 
limited by their facile degradation into inosine derivatives 
by adenosine deaminase. Hence, it is of interest to study 
the effect of the chemical manipulation of nucleosides on 
their susceptibility to deamination by this enzyme. A num­
ber of structural analogs of adenosine modified in the base 
or in the sugar have been studied as substrates of adeno­
sine deaminase. In 1966, Walton, et al.,2 reported that a 
biologically active nucleoside of a new type, containing a 
branched-chain sugar, 3'-C-methyladenosine, was not 
deaminated by the enzyme. 

This paper describes the synthesis of a new branched-
chain sugar nucleoside, the 5'-deoxy-3'-C-hydroxymethyl-
/3-D-xylofuranosyladenine (1), and the susceptibility to en­
zymatic deamination of this compound along with that of 
two other adenosine analogs we have previously de­
scribed,1 '3-4 namely, 9-(3-C-hydroxymethyl-a-L-threofura-
nosyl)adenine (2) and 9-(3-C-hydroxymethyl-/3-D-erythro-
furanosyl)adenine (3). 
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Chemistry. Treatment with phosgene of 5-deoxy-3-C-
hydroxymethy 1-1,2- 0 -isopropylidene-a-D-xylofuranose5 

gave 4 whose acetolysis in the usual manner6 afforded a 
mixture of the a and 0 anomers of 5. Assignment of the 
anomeric configuration was made by nmr, mainly on the 
basis of the J1.2 coupling constant (a 4.5 Hz and /3 <0.5 
Hz). Reaction of 5 with chloromercuri-iV-benzoyladenine 
in the presence7 of TiCU produced the acylated nucleo­
side 6 which was purified by tic. The expected (trans 
rule8) 0 configuration of 6 was supported by nmr (Jr,2' = 
2.5 Hz). The a anomer was not formed. Removal of the 
acyl and carbonyl groups by transesterification in metha-
nolic sodium methoxide yielded the branched-chain sugar 
nucleoside 1 which was purified by crystallization from 
methanol and water and also by conversion to its picrate 
followed by regeneration to the free nucleoside. 

Enzymatic Deamination Studies. The activity of calf 
intestine adenosine deaminase on 1, 2, and 3 was com­
pared with that observed with adenosine. The assays were 
carried out as described by Bloch, Robins, and McCar-

tThis work was generously supported by Grants 2479-71 and 2845-73 
from the Swiss National Foundation for Scientific Research. For the previ­
ous paper in this series, see ref 1. 
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thy.9 With 0.06 unit of enzyme per milliliter of assay mix­
ture (1 unit being defined10 as that amount of enzyme 
which causes the deamination of 1 jumol of adenosine to 
inosine per minute at pH 7.5 and 25°), it was found that 
only 1 and 2 were subject to deamination with an initial 
velocity relative to adenosine of 0.003 for 1 and 0.012 for 2. 
Nucleoside 3 was not deaminated even in the presence of 
30 times this amount of enzyme. 

These results indicate that a carbon ramification at 
C-3' of an adenosine analog does not always abolish its 
susceptibility to deamination and that the stereochemis­
try at that position plays a very important role in estab­
lishing substrate activity. Thus, the only C-3' branched-
chain sugar nucleosides susceptible to deamination so far 
described (1 and 2) bear their ramification in a position 
trans to the base. We have shown1-3 '4 that the configura­
tion at C-3' controls the conformation of the furanose ring 
of these molecules, the carbon ramification adopting an 
equatorial position. However, it does not seem that the 
conformation of the furanose ring as such is an important 
factor for substrate activity since the conformation of the 
inactive compound 3 (Jr,2' = 7.3 Hz) is closer to that of 
adenosine11 (Jr ,2 ' = 6.0 Hz) than those of 1 (t/r,2- = 1.7 
Hz) and 2 ( J r ^ =2 .9 Hz). 

It is firmly established9-12-13 that the binding to the en­
zyme of a substrate or inhibitor requires the presence of a 
hydroxy group on a carbon chain borne by the N-9 of ade­
nine. In the case of adenosine it is the 5'-hydroxy group 
which binds to the enzyme but in nucleoside analogs 
where this group is lacking, a 3'-hydroxy group cis to the 
base can substitute for it.9-12 When Bloch, et al.,9 wrote 
their paper the only exception known to that rule was the 
9-(a-L-erythrofuranosyl)adenine which is not deaminated. 
One should a priori expect 3'-C-methyladenosine, a-L-er-
ythrofuranosyladenine, and compounds 1, 2, and 3 to act 
as substrates of the enzyme since all these compounds 
bear a hydroxy group which, at first sight, seems to be 
able to occupy a position similar to that of the 5'-hydroxy 
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group of adenos ine . T h e fact t h a t th ree of these com­
pounds are not d e a m i n a t e d ind ica tes t h a t t he spa t ia l po­
sition of th i s hydroxy group is very cri t ical . T h e following 
hypothesis could explain the observed facts. T h e hydrogen 
of t he hydroxy group should be posi t ioned on a line a lmost 
perpendicular to t he p lane of t he furanose ring a n d pass­
ing th rough C-3 ' ; t h i s posit ion would be h indered by t h e 
me thy l group of t h e 3 ' -C-methyladenos ine a n d could be 
t aken by a 3 ' -hydroxy group only if axial as in 1, 2, a n d 
probably 9-(a-L-threofuranosyl)adenine. Clearly, th i s hy­
pothesis requires confirmation a n d one canno t rule ou t t he 
possibility t h a t a C-3 ' carbon chain cis to the base could 
hinder t he b inding to t he enzyme by a mechan i sm other 
t h a n a mere conformational change a round the C - 4 ' - C - 5 ' 
bond. 

Exper imenta l Sect ion 

Physical properties of these compounds were determined with 
the following instruments: Mettler FP 52 and FP 5 (melting 
point); Schmidt & Haensch polarimeter (specific rotations); Uni-
cam SP 800 uv spectrometer (uv spectra); Perkin-Elmer 157 ir 
spectrometer (ir spectra); Varian XL 100 or Perkin-Elmer R 12 
nmr spectrometers (nmr spectra); Varian SM 1 B mass spectrom­
eter (mass spectra, 70 eV). Chromatographic separations have 
been effected as previously described.1 Where elemental analyses 
are indicated only by symbols of the elements, analytical results 
obtained for those elements were within ±0.3% of the theoretical 
values. Adenosine deaminase from calf intestine was obtained 
from Boehringer. 

3,3 '-0-Carbonyl-5-deoxy-3-C-hydroxymethyl-l ,2-0-isopro-
pylidene-a-D-xylofuranose (4). A stream of COCl2 was passed 
through a solution of 400 mg (1.95 mmol) of 5-deoxy-3-C-hydroxy-
methyl-l,2-0-isopropylidene-a-D-xylofuranose6 in 20 ml of pyri­
dine for 0.5 hr at 0° and then 0.5 hr at room temperature. The ex­
cess of COCb was removed (N2) and, after addition of 100 g of ice, 
the mixture extracted with CHCI3 (3 X 50 ml). The extracts were 
washed (10% HC1 and then 5% NaHC0 3 ) , dried (MgS04), con­
centrated, and then chromatographed on silica gel (Et 20) . Re-
crystallization (AcOEt-hexane) gave 270 mg (61%) of 4: mp 75-
76"; [a]23D +68.3° (c 0.4, CHCI3); nmr (CDCI3) r 3.94 (d, 1, «7i.2 

= 4.2 Hz, H-l), 5.20 (d, , J3a,3 b = 9.3 Hz, Ha-3'), 5.31 (d, 1, 
H-2), 5.82 (d, 1, Hb-3'), 5.78 (q, 1, J4 ,5 = 6.4 Hz, H-4), 8.50 and 
8.64 (2 s, 2 x 3, CMe2), 8.65 (d, 3, 5 CH3). Anal. (Ci0H14O6) C, 
H. 

l , 2 - D i - 0 - a c e t y l - 3 , 3 ' - 0 - c a r b o n y l - 5 - d e o x y - 3 - C - h y d r o x y -
methyl-a- and -£-D-xylofuranose (5). To a stirred solution of 590 
mg (2.57 mmol) of 4 in 20 ml of glacial acetic acid, 0.6 ml of con­
centrated sulfuric acid was slowly added, the temperature being 
kept below 20°. The solution was left overnight at room tempera­
ture and then poured into 100 g of ice. The mixture was extracted 
with CHCI3 (5 X 50 ml) and the combined extracts were washed 
(5% NaHC0 3 and then H 2 0) and dried (MgS04). Evaporation of 
the solvent afforded 0.615 g (87%) of crude 5 as a yellow syrup 
which was purified by tic on silica gel (Et20) and gave pure 5 as 
a solid: mp 87-89°; glc VRK (180°) 5.53 (a anomer, 61%), VRU 

(180°) 6.60 (0 anomer, 39%); nmr (CDCI3) for a-5, T 3.53 (d, 1, 
Ji,2 = 4.5 Hz, H-l), 4.63 (d, 1, H-2), 5.19 (d, 1, J3a.3b = 9.5 Hz, 
Ha-3'), 5.72 (q, 1, </4.5 = 6.5 Hz), 5.77 (d, 1, Hb-3'), 7.86 and 7.94 
(2 s, 2 x 3, Ac), 8.61 (d, 3, 5 CH3); nmr for 0-5 r 3.92 (s, 1, J j , 2 < 
0.5 Hz, H-l), 4.66 (s, 1, H-2), 5.43 (d, 1, J3 a , 3 b = 9.5 Hz, Ha-3'), 
5.72 (q, 1, J4.5 = 6.5 Hz, H-4), 5.83 (d, 1, Hb-3'), 7.84 and 7.88 (2 
s, 2 x 3, Ac), 8.57 (d, 3, 5 CH3). Anal. (CuHi 4 0 8 ) C, H. 

9-(2-0-Acetyl-3,3'-0-carbonyl-5-deoxy-3-C-hydroxymethyl-
#-D-xylofuranosyl)-iV-benzoyladenine (6). A mixture of 0.5 g 
(1.83 mmol) of 5, 1.1 g (2.33 mmol) of chloromercuri-iV-benzoyl-
adenine,14 1.3 g of Celite, and 150 ml of 1,2-dichloroethane was 
distilled until 80 ml of distillate had been collected. To the some­
what cooled mixture was added 3 g of molecular sieves (4A) and 
then, dropwise, a solution of 0.26 ml (2.33 mmol) of TiCl4 in 10 
ml of 1,2-dichloroethane, and the mixture was refluxed under dry 
nitrogen for 48 hr. While the mixture was still warm, 50 ml of sat­
urated, aqueous NaHCC>3 was added and vigorous stirring main­

tained for 2 hr. The mixture was then filtered through Celite, the 
cake washed with hot CHCI3 (6 x 50 ml), and the organic layer of 
the filtrate separated and evaporated to dryness. A solution of the 
residue in 150 ml of CHCI3 was washed successively with 50 ml of 
30% aqueous KI and 50 ml of H 2 0 , dried (MgS04), and evapo­
rated to dryness to give 0.68 g (82%) of a yellow glass which was 
submitted to preparative tic (Si02 , AcOEt-MeOH 9:1) which af­
forded 63 mg (7.6%) of a minor product (Rr 0.63) (not the a ano­
mer) and 370 mg (44.5%) of 4 (Rf 0.47) which was recrystallized 
(AcOEt-hexane): mp 109.9-111.0°; [a]22D +21.1° (c 0.6, CHC13); 
uvmax (EtOH) 280 nm U 10,700); nmr (CDC13) T 0.48 (s, 1, NH). 
1.04 and 1.40 (2 s, 2 x 1, H-2, H-8), 1.7-1.9 (m, 2, Hnrtho-Bz), 
2.10-2.40 (m, 3, Hmeta, Hpara-Bz), 3.56 (d, 1, J j ,2- = 2.5 Hz, H-
1'), 4.20 (d, 1, H-2'), 5.24 (d, 1, =73"a,3 b = 10.3 Hz, H a-3"), 5.60 
(q, 1, J 4 ,5 = 6.7 Hz, H-4'), 5.62 (d, 1 p, Hb-3"), 7.73 (s. 3, Ac), 
8.43 (d, 3, 5' CH3). Anal. (C2 1Hi9N507) C, H, N. 

9-(5-Deoxy-3-C-hydroxymethyl-(3-D-xylofuranosyl)adenine 
(1). To a solution of 226.5 mg (0.5 mmol) of 6 in 2 ml of dry 
MeOH was added 0.5 g of molecular sieves (4A) and 5 ml of a 0.1 
M methanolic solution of MeONa. The reaction mixture was re-
fluxed 1 hr with exclusion of moisture and then concentrated at 
30° under vacuum. The residue was dissolved in 10 ml of H 2 0 
and neutralized with 10% AcOH. On concentration of the solution 
109 mg (76%) of 1 crystallized. The analytical sample was ob­
tained by recrystallization (MeOH-H20) and thorough drying or 
by regeneration of 1 from its picrate (see below): mp 181-184°; 
[ « P ° D -28.2° (c 0.3, H 2 0) ; uvmax (H20) 260 nm U 11,950); uv„,ax 
(phosphate buffer pH 7.5) 260 nm U 11,500); nmr (D20) r 1.78 
and 1.92 (2 s, 2 x l, H-2, H-8), 4.11 (d, 1, J r . 2 = 1.7 Hz, H-l ' ) . 
5.51 (d, 1, H-2'), 5.70 (q, 1, J 4 , 5 = 6.3 Hz, H-4'), 6.09 (d, 1. 
J3 a.3 b = 12.0 Hz, Ha-3"), 6.39 (d, 1, Hb-3"), 8.68 (d, 3, 5' 
CH3); mass spectrum 281 (M-~). 135 (adenine + H), 136. Anal. 
(CuHjsNsO*) C, H, N. 

Picrate of 1. To a solution of crude 1 (70 mg, 0.24 mmol) a so­
lution of 55 mg (0.24 mmol) of picric acid in 3 ml of EtOH was 
added and the mixture boiled for 1 min and then cooled to 0°. 
The yellow precipitate which formed (40 mg, 32%) was removed 
by filtration: mp 197° dec. Anal. (Ci7H1 8N80ii) C, H, N. To gen­
erate 1 the picrate was suspended in 10 ml of H 2 0 and treated 
with 2 ml of Dowex 1 (C03

2~) for 2 hr at 60°. The mixture was 
filtered and the filtrate evaporated to dryness gave 1. 

A c k n o w l e d g m e n t s . T h e au tho r s are grateful to Profes­
sor A. Buchs a n d Mr . A. Glange tas for the mass spectra 
and to Dr. K. E d e r for t h e e l ementa l analyses . 

References 

(1) J. M. J. Tronchet and J. Tronchet, Carbohyd. Res., 34, 263 
(1974). 

(2) E. Walton, S. R. Jenkins, R. F. Nutt, M. Zimmerman, and 
F. W. Holly, J. Amer. Chem. Soc, 88,4524(1966). 

(3) J. Tronchet, Ph.D. Thesis No. 79, University of Besancon, 
France, 1973 (CNRS AO 8600). 

(4) J. M. J. Tronchet and J. Tronchet, Helv. Chim. Acta, 53, 
853 (1970); 54,1466(1971). 

(5) J. M. J. Tronchet, R. Graf, and R. Gurny, Helv. Chim. 
Acta, 55,613(1972). 

(6) E. J. Reist, R. R. Spencer, and B. R. Baker, J. Org. Chem., 
23,1958(1958). 

(7) J. Prokop and D.H.Murray, J. Pharm. Sci., 54,359(1965). 
(8) B. R. Baker, Chem. Biol. Purines, Ciba Found. Symp., 1956, 

120(1957). 
(9) A. Bloch, M. J. Robins, and J. R. MacCarthy. J. Med. 

Chem., 10,908(1967). 
(10) H. M. Kalckar, J. Biol. Chem., 167, 461 (1947); N. O. Kap­

lan, Methods Enzymoi, 2, 473 (1955). 
(11) C. D. Jardetzky, J. Amer. Chem. Soc, 82, 229 (1960); A. D. 

Broom, M. P. Schweizer, and P. O. P. Ts'O, ibid.. 89, 3612 
(1967); P. J. Davis and P. A. Hart, Tetrahedron, 28, 2881 
(1972). 

(12) R. H. Shah, H. J. Schaeffer, and D. H. Murray, J. Pharm. 
Sci., 54,15(1965). 

(13) H. J. Schaeffer, S. Gurwara, R. Vince, and S. Bittner, J. 
Med. Chem., 14,367(1971). 

(14) J. Davoll and B. A. Lowy, J. Amer. Chem. Soc, 73, 1650 
(1951). 


