
2538 REIST, CALKINS, AND GOODJ~AN VOL. 32 

Some Reactions of 9-(2,3-Anhydro-5-deoxy-~-~-pentofuranosyl) adenines’ 

ELMER J. REIST, DIANNE F. CALKIXS, AND LEON GOODMAN 
Li f e  Sciences Research, Stanford Research Institute, -11 e n b  Park ,  California 94025 

Received February 23, 1967 

The reactions of 9-(2,3-anhydro-5-deoxy-p-~-lyxofiiranosyl)adenine (1) and 9-(2,3-anhydro-5-deoxy-fi-~- 
riliofuranosy1)adenine (12) with sodium benzylmercaptide and sodium azide were studied. The anhpdrolyxoside 
(1 ) consistently gave a mixture of the 3-substituted arabinoside and the 2-substituted xyloside with the 3-substi- 
tution product generally predominating. The products from the anhydroriboside (12) depended on the nucleo- 
phile used. Sodium benzylmercaptide gave the 3-S-benzylthioxyloside (13) exclusively, whereas sodium azide 
gave a mixture of 3-axidoxyloside (15), 2-azidoarabinoside (18), and probably 3,3‘-anhydro nucleoside (19). The 
differences in product in the reaction of the anhydroriboside (12) with nucleophiles can be explained on steric 
gr3unds. 

A previous report from these laboratories* described 
the preparation of 9-(2,3-anhydro-5-deoxy-P-~-lyxo- 
furanosy1)adenine (la) and 9-(2,3-anhydro-5-deoxy- 
P-~-ribofuranosyl)adenine (12) and the subsequent reac- 
bion of each of these epoxides with sodium benzoate in 
N,W-dimet,hylformamide (DIIF). The lyxoside ( la )  
yielded a mixture of 9-(5-deoxy-P-D-arabinofuranosyl)- 
adenine (2) and 9-(5-deox\--p-D-xylofuranosyl)adenine 
(7) in the ratio 2 : l .  The anhydroriboside (12) gave 
only cyclonucleoside (19) as evidenced by the ultra- 
violet spectrum of the reaction product. 

The relatively large amounts of xyloside (7) formed 
in the reaction of epoxide ( la )  with sodium benzoate in 
DNF is in contrast to the alinost exclusive form a t ‘  1011 

of arabinoside when this same reagent nas  used to 
open 9-(2,3-n1ihydro-p-~-lyxofuraiios~l)adeiiinc~ (Ib).  
It was of interest from a chemical standpoint to in- 
vestigate the beh:tvior of other nucleophiles toward 
this same pair of 2,3-aiihydro nucleosides. In  addit,ion, 
a number of interesting Iiucxlcosides of potential bin- 
logical sign:ficairce could be obtained. The results 
of this investigation are described below. 

Treatment of 9-(2,S-anhydro-5-deoxy-P-D-lyxofurano- 
sy1)adeniiie ( la )  with sodium benzylmercaptide in 
met hariol gave a niixt’ure of 9-(3-S-benzyl-5-deoxy-3- 
thio-~-~-arabiriofuranosy1)adenine (3) and 9-(2-X-ben- 
zyl-5-deoxy-2-thio-/3-D-xylofuranosyl)adenine (8) in the 
ratio 1 : 1-2: 1. Separation was effected by means of 
iori-exchange chromatography on Dower: 1 (OH) . 4  

Since the 2‘-benz\-lthiosyloside (8) contains 110 free 
C-3’ hydroxrl, it would be expected to  be eluted more 
easily than the 3’-benzylthio nucleoside (3). This 
proved to be the case and elution with 30% methanol 
in water gave the 2’-beiizylthioxyloside (8) n-hile the 
nucleoside eluted with GOYc methanol in water was the 
3’-beiizylthionrabinoside (3). The nmr spectra of 3 
and 8 were in  agreement n-it’h the assigned structures. 
The 3’-benzylthioarabinoside (3) with a cis H’-l-H’-2 
relationship exhibited H-1 absorption as a doublet ( J  = 
5 cps) at 7 3 . i G  whereas the 2’-benzylthioxyloside (8) 
with a trans H’-l-H’-2 relationship showed ”-1 ab- 
sorption as :i doublet ( J  = 3 cps) at T 4.10. Desul- 

(1) This work \)-as carried out under the auspices of the Cancer Chemo- 
therapy National Service Center, National Cancer Institute, National Insti- 
tutes of Health, C .  S. Public Health Service, Contract KO. PH-43-61-500. 
The  opinions expressed are those of the authors and are not necessarily those 
of the Cancer Chemotherapy National Service Center. Portions of this vork  
were described in Abstracts, 150th National Meeting of the American Cherni- 
cal Society. At.lantic City, X. J . ,  Gept 1965, p 13D. 

(2) E. J. Reist 7’. J. Bartuska, I). F. Calkins, and L. Goodman, J .  Org .  
Chem., 30,  3401 (1965). 

(3) W. \I-. Lee .I. Benitez, L. Goodman, and B. R .  Baker, J .  A m .  Chem. 

( 4 )  C. A.  Dekl:er, { h i d . ,  87, 4027 (1965). 
sot., aa, 2648 ( 1 ~ 6 0 ) .  

furization of 3 and 8 gave crystalline 9-(3,5-dideoxy- 
P-D-ihreo-pentofuranosy1)adenine (4) and 9-(2,5-dide- 
oxy-P-D-th?,eo-pentofuranosyl)adenine (9), respectively. 
The nmr spectra of 4 and 9 confirmed the structural 
assignments. Thus the 3,j-dideoxy nucleoside (4) 
showed ” - 1  as a doublet ( J  = F cps) at T 3.99, while 
the 2,3-dideoxy nucleoside (9) showed ” - 1  as the ex- 
pected multiplet a t  T 3.9. 

The reaction of l a  with sodium azide in 2-methoxy- 
ethanol also gave a mixture of nucleosides which was 
separated by ion-exchange chromatography. Again 
the “substituted compound was eluted first so that  
elution with 30% methanol in water followed by 98% 
methanol in water gave 9-(2-azido-2,5-dideoxy-P-D- 
xylofuranosy1)adenirie (10) followed by 9-(3-azido-3,5- 
dideoxy-~-~-arabinofuranosyl)aden~ne (5) in the ratio 
1:3 .  Hydrogenation of the two azides gave the cor- 
responding crystalline amino nucleosides (6 and 11). 

The reaction of 9-(2,3-anhydro-.i-deoxy-/3-~-ribo- 
furanosy1)adenine (12) proceeded iii a different fashion. 
Thus, treatment of 12 with sodium benzylmercaptide 
in methanol gave yields of up to 90% of 9-(3-S-benzyl- 
5-deoxy-3-t hio-~-n-xylofuranosyl) adenine (13). Ion- 
exchange chromatography of the mother liquors of 
the crystallization revealed no trares of the isomeric 
9-(2-&’- benzyl- 5 -deoxy-?- thio-8-r, - arabinofuranosy1)- 
adenine (17). Desulfurization of 13 n-ith sponge nickel 
gave the corresponding 9-(3,c?i-dideoxy-fl-D-eyythyo-pen- 
tofuranosy1)aderiiiie (14). The nnir spectrum of 14 
confirmed the assigned 3,j-dideoxy structure and hence 
the structure of the benzylthio nucleoside (13). 

Xhen the anhydro nucleoside (12) was treated with 
sodium azide in 2-methoxyethanol, a mixture of azides 
was produced which was resolved by ion-exchange 
chromatography to give a 4: 1 mixture of 9-(3-azido- 
3,~-dideoxy-~-~-xylofuranosyl)adenine (15) and 9-(2- 
azido-2,5-dideoxy-p-D-arabinofuranosyl) adeiiiiie (18). 
The ultraviolet spectrum of the crude reaction product 
showed significant absorption at  294 nip at  pH 1 and 7 
which suggested that appreciable cyclization of the 
starting material to cyclonucleoside (19) had occurred. 
Efforts to characterize this material were unsuccessful. 
Hydrogenation of the 3-azide (15) over palladium 
on carbon gave crystalline 9-(3-amino-3,5-dideoxy-& 
D-xq.lofuraiiosyl)adeniiie (16) (Scheme I). 

The difference iii point of opening of l a  compared 
with 12 can be largely ascribed to differences in steric 
effects. Thus, sodium benzylmerraptide gives ex- 
clusive C-3‘ opening with 12 because C-2’ is sterically 
unavailable to the large nucleophile. With the smaller 
azide ion, some C-2’ attack is noticed although the 
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major attack is a t  C-3' and there is considerable com- 
petition from nT-3 to give 3,3'-anhydro nucleoside (19). 
Sodium benzoate in DRIF gave 3,3'-anhydro nucleo- 
side only.2 The anhydrolyxoside (la),  on the other 
hand, always gives a mixture of 3-substitution and 2- 
substitution regardless of the nucleophile used. Fur- 
thermore, more powerful nucleophiles are less selective 
than the weaker nucleophiles with la .  This was also 
illustrated in the reaction of 9-(2,3-anhydro-p-~-lyxo- 
furanosy1)adenine ( lb)  with these same three nucleo- 
philes. Thus, sodium benzoate in DRIF gave almost 
exclusive formation of arabinoside (attack at C-3') . 3  

Sodium benzylmercaptide with l b  gave a 5 :  1 ratio of 
products resulting from attack a t  C-3' over C-2'.5 
Sodium azide with l b  gave a mixture of 3-substituted 
product to  2-substituted product in the ratio 15: le6 

The difference in selectivity in attack of nucleophiles 
a t  the epoxide on la  and l b  can be rationalized by the 
postulate that  the greater electronegativity of the 
5'-hydroxyl in l b  compared with the 5' hydrogen in 
l a  makes C-3' more electron deficient relative to C-2' 
in Ib than in la .  It is also possible that the difference 
in the side-chain hydroxymethyl of l b  compared to the 

(5) A. P. Martinez, \f-. W. Lee, and L. Goodman, J. Org. Chem., 81, 3263 
(1966). 

( 6 )  W. W. Lee and .L P. Martinez, unpublished data. 

methyl of l a  affects the distortion of the furanose 
ring so that  the C-3' position is more accessible to 
attack. This latter possibility seems less likely, how- 
ever.' 

Experimental Sections 
9-( 3-S-Benzyl-5-deoxy-3-thio-fi-~-arabinofuranosyl) adenine 

(3) and 9-(2-~-Benzyl-5-deoxy-2-thio-fi-~-xylofuranosyl)adenine 
(8).-A solution of 200 mg (0.86 mmole) of 9-(2,3-anhydro-5- 
deoxy-p-o-lyxofuranosyl)adenine (la) * in 5 ml of absolute metha- 
nol was added to a stirred solution of 0.50 ml (4.3 mmoles) of 
a-toluenethiol and 186 mg (3.44 mmoles) of sodium methoxide 
in 20 ml of methanol. The reaction was stirred at reflux for 18 
hr, then %-as cooled to room temperature and neutralized to pH 
7 with Amberlite IRC 50 ( H ) .  The neutralized solution was 
evaporated to dryness in vacuo to give an oil which was triturated 
with 20 ml of hot benzene. The insoluble residue was discarded 
and the benzene filtrate was evaporated to dryness in vacuo. 
The residue was dissolved in 15 ml of 307, aqueous methanol, 
applied to the top of a column of Dowex 1-X 2 (OH)' (2.2 cm X 
23 cm) and eluted with 307, aqueous methanol until there was 
no further ultraviolet-absorbing material coming off the column. 
Further elution was carried out with 60% aqueous methanol, 
again until no further ultraviolet absorbing material was eluted, 

The two aqueous methanol fractions were evaporated to dry- 
ness in tacuo. The 60% aqueous methanol contained 66 mg 
(21.57,) of the 3-S-benzylthioarabinoside (3) as a crystalline 
solid, which was homogeneous on paper chromatography with 
R a d  0.69. Recrystallization from absolute methanol gave the 
analytical sample of 3 with mp 179.5-180.0, [ c Y ] ~ ~ D  $86" ( c  0.7, 
pyridine). 

Anal. Calcd for C17H19N602S: C, 57.2; H, 5.36; ?;, 19.6; 
S, 8.96. Found: C, 57.3; H,  5.36; X, 19.3; S, 9.29. 

The nmr spectrum showed the purine ring protons as two 
singlets a t  T 1.75 and 1.89. The H-1' proton occurred as a doub- 
let ( J  = 5.5 cps) a t  T 3.76. From the 307, aqueous methanol 
fraction was obtained 62 mg (207,) of the 2-S-benzylthioxyloside 
(8) as a crystalline solid which was homogeneous on paper chro- 
matography with Rsd 1.3. Recrystallization from aqueous meth- 
anol gave the analytical sample of 8: mp 90-93"; [ a I z 1 ~  +61" 
( e  0.7, pyridine); A::,' 238 mp ( e  13,300); 261 mp ( E  13,700); 
XDH 13 

mar 260 mp ( E  34,000). 
Anal. Found: C ,  57.6; H, 5.50; X, 19.3; S, 8.44. 
The nmr spectrum showed the purine ring protons as two 

singlets at T 1.90 and 1.96. The H-1' proton occurred as a dou- 
blet ( J  = 3 cps) at r 4.10. In  a subsequent reaction, 1.08 g of 
epoxide (la) gave a 4494 yield of 3-S-benzylthioarabinoside (3) 
and 397. yield of 2-S-benzylthioxyloside (8). 

9-( 3,5-Dideoxy-p-~-threo-pentofuranosyl)adenhe (4) .-A mix- 
ture of 125 mg of 9-( 3-S-benzyl-5-deoxy-3-thio-p-~-arabinofurano- 
sy1)adenine (3) and 1.2 g of Davison sponge nickel in 40 ml of 
DLIF was stirred a t  90-100" under a hydrogen atmosphere for 
3 hr. The mixture was filtered and the filtrate was evaporated 
to dryness zn vacuo to leave 48 mg of a yellow oil which crystal- 
lized on standing and was homogeneous on chromatography and 
had R a d  1.4. Recrystallization from water gave the analytical 
sample with mp 208.5-210.5'; [ a ] " D  -15' ( c  0.9, methanol); 
A:!,' 257 mp ( e  11,400) ; 260 mp ( E  11,500). 

Anal. Calcd for C10H1&602: C, 31.0; H,  5.58; ?i, 29.8. 
Found: C, 50.8; H, 5.71; N, 29.5. 

The nmr spectrum showed the purine ring protons as two 
doublets a t  T 1.95 and 1.97. The H-1' proton was a doublet 
( J  = 6 cps) a t  T 3.99. 

(7)  An alternative suggestion has been made by the referee that  this dif- 
ference in selectivity of attack by nucleophiles on l a  and l b  may be due to 
a control caused by hydrogen bonding between the 5'-hydroxyl and the 
oxygen atom of the epoxide. This could result in a preferential weakening 
of the C-3'-0 bond and hence would make C-3' more vulnerable to attack. 

(8) Melting points are corrected. Optical rotations were determined with 
a Rudolph photoelectric polarimeter. Paper chromatograms were run by 
the descending technique on Whatman No. 1 paper using 5% aqueous di- 
sodium phosphate. The spots were located by visual examination with an  
ultraviolet lamp. Adenine was used as the standard in all cases and was 
arbitrarily assigned a value of Rad 1.00. The  nmr spectra were measured in 
dimethyl sulfoxide-& unless otherwise noted. The  chemical shifts are ex- 
pressed as 7 values using 5% tetramethylsilane in tetrachloromethane as a n  
external standard. The nmr spectrometer used mas the Varian A-60 or 
HA-100. 
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9-( 2,5-Dideoxy-p-~-threo-pentofuranosyl)adenine (9) .-A mix- 
ture of 410 mg of 9-( 2-~-benzyl-5-deoxy-2-thio-p-~-xylofuranosyl)- 
adenine (8) and 5 g of Davison sponge nickel in 150 ml of DMF 
was heated at 807, for 2 hr in the manner described for the 
preparation of 4. The crystalline residue, 335 mg, after evapora- 
tion of solvent, was dissolved in water and extracted continuously 
with chloroform. The chloroform extract was evaporsted to 
dryness in Pacuo to give 172 mg (647,) of crystals which were 
triturated with 3 ml of chloroform to give 100 mg of needles which 
were homogeneous on paper chromatography with Rad 1.3 and 
mp 212-213"; [ a I z 2 D  -63' ( c  0.6, methanol); 262 mp 
( B  12,700); X.,",: la 260 mp ( B  14,300). 

Anal. Calcd for C ~ O H ~ ~ N ~ O Z :  C, 51.0; H, 5.58; N, 29.8. 
Found: C, 51.1; H ,  3.67; h', 29.6. 

The nmr spectrum showed the purine ring protons as two 
singlets at 7 1.75 and 1.93. The H-1' proton occurred as a 
multiplet a t  ca. 7 3.85. I ts  complex pattern indicated that i t  
was coupled to more than one hydrogen; hence the compound was 
indeed the 2'-deoxy nucleoside. 

9-( 3-Azido-3,5-dideoxy-p-~-arabinofuranosyl)adenine ( 5 )  and 
9-( 2-Azido-2,5-dideoxy-p-~-xylofuranosyl)adenine ( 10) .-A mix- 
ture of 2.0 g (8.5 mmoles) of 9-(2,3-anhydro-5-deoxy-p-~- 
1yxofuranosyl)adeiiine ( I ) ,  2.2 g (34 mmoles) of sodium azide, 
and 1.0 g (16 mmolee) of ammonium chloride in 10 ml of 2- 
niethoxyethanol which contained 6 ml of water was stirred at  
85" for 4 daj  s. The brown reaction mixture was evaporated to 
dryness in ziaczto and the residue was partitioned between 40 ml 
each of chloroform and water. The aqueous phase was extracted 
with four 20-ml portions of chloroform; then the combined chloro- 
form layers were evaporated to dryness in vacuo. This residue 
was dissolved in 10 ml of methanol, then applied to a column of 
Dowex 1 (OH) (2.8 cm X 35 cm, 150 8). The column was eluted 
first with 30Fc aqueous met3hanol, then with 60% aqueous metha- 
nol in the manner described for the separation of the S-benzyl 
nucleosides (3 and 8). Evaporation of the 307, methanol frac- 
tion gave 288 mg ( 11Yc) of 9-(2-azido-2,5-dideoxy-p-~-xylofurano- 
sy1)adenine (10) as a crystalline solid. Evaporation of the 60% 
methanol fraction gave 977 mg (41 %) of 9-(3-azido-3,5-dideoxy- 
pD-arabinofuranosy1)adenine (5) as a crystalline solid. The 
analytical sample of 9-(3-azido-3,5-dideoxy-p-~-arabinofurano- 
sy1)adenine ( 5 )  was obtained from ethyl acetate as fine white 
needles: mp 149-150", -10" ( c  1.0, methanol). 

Anal. Calcd for C10H12Sa02: C, 43.4; H, 4.34, N, 40.6. 
Found: C, 4r1.2; H, 4.53; Ti, 40.0. 

The nmr spectrum showed the purine ring protons as t.r\.o 
singlets a t  T 1.82 and 1.88. The H-1' proton appeared as a 
doublet ( J  = 6 cp.) a t  T 3.85. The paper chromatograms showed 
a <ingle spot a t  R,,i 1.17. The analytical sample of Q-(f-azido- 
2,,5-dideoxy-p-~-xylofuranosyl)adenine ( 10) obtained from ethyl 
acetate had rip 78-80", [a ]22  'D -50' ( c  1.0, methanol). 

dnal .  Found: C, 43.1; H,  456;  N, 37.9. 
Although repeated nitrogen analyses failed to give the theo- 

retical value, the product was homogeneous on paper chroma- 
tography with R,,1 1.20. The nmr spectrum was satisfactory for 
a pure compound and shon-ed the purine ring protons as two 
singlets a t  T 1.87 and 1.97. The H-1' proton appeared as a 
doublet ( J  = 3 cps) a t  T 4.22. Finally, i t  could be hydrogenated 
in high yield IQ give the %amine (11). 

9-( 3-Amino-3,5-dideoxy-P-~-arabinofuranosyl)adenine ( 6 )  .-A 
mixture of 282 mg of 9-( 3-azido-3-deoxy-p-~-arabinofuranosyl)- 
adenine (5) and 123 mg of 5yo palladium on carbon in 80 ml of 
OS(;-, ethanol was stirred under an atmosphere of hydrogen for 
l..? hr. The mixture was filteied through a Celite pad and the 
filtrate was el aporated to dryness in vucuo to give 250 mg of the 
amine (6) as :L white -olid. Recrystallization from 9 ml of ethyl 
acetate-ethanol (10: 1) gave 199 mg (78%) of product as white 
needles. mp 102.+5-103.5°; [ a ] " D  -34" (c 0.5, methanol). 

i lnal.  Calcd for C10H14S602.0.75 HzO: C, 45.6; H ,  5.93; 
h-, 31.8. Found: C, 45.6; H, 6.07; K, 31.7. 

The nmr spectrum showed the purine ring protons as two 
singlets a t  T 1 94 and 1.99. The H-1' proton was a doublet ( J  = 
6 cps) a t  T 3.87. 

94 2-Amino-2,5-dideoxy-p-~-xylofuranosyl)adenine (1 1) .--A 
mixture of 480 mg of 9-(2-azido-2,5-dideoxy-p-~-xylofuranosyl)- 
adenine (IO) and 100 mg of 5% palladium on carbon in 70 ml of 
%'/E, ethanol was hydrogenated for 2 hr a t  atmospheric pressure. 
The mixture n as filtered through a Celite pad to give a white solid 
which was dissolved in water and applied to a Dowex 1 (OH) 
cr)lumri. The column was eluted with 200 ml of water. The water 

was evaporated to dryness to give a white solid. Trituration 
with refluxing ethyl acetate which contained 1 ml of ethanol 
gave 390 mg (90%) of white crystalline product: mp 208-210"; 
a 2 * ~  -79" ( c  1.0, methanol). 

Anal. Calcd for C10HI4N6O2: C, 48.0; H, 5.64; SI 33.6. 
Found: C, 48.1; HI 5.80; N, 33.3. 

The nmr spectrum showed the purine ring protons as two 
singlets a t  7 1.81 and 1.92. The H-1' proton occurred as a 
doublet ( J  = 3 cps) a t  T 4.40. 

9-( 3-S-Benzyl-5-deoxy-3-thio-p-~-xylofuranosyl)adenine ( 13). 
-To a solution of 196 mg (3.5 mmoles) of sodium methoxide and 
0.49 ml (4.2 mmoles) of a-toluenethiol in 10 ml of methanol was 
added 163 mg (0.7 mmole) of 9-(2,3-anhydro-5-deoxy-p-~- 
ribofuranosy1)adenine (12). The mixture was heated a t  reflux 
under nitrogen for 22 hr, then was concentxated to 5 ml in vacuo 
and cooled in an ice bath. On filtration there was obtained 233 
mg (94%) of product 13 as a white powder, mp 233-234'. The 
analytical sample from a previous reaction was recrystallized 
from 95% ethanol and had mp 237-238". [aIZz~ -175' ( c  0.7, 
pyridine). 

Anal. Calcd for Cl7Hl9N6O2S: C, 57.1; H ,  5.36; N, 19.6; 
S, 8.97. Found: C, 57.2; H, 5.12, S, 19.6; S, 8.90. 

The product was homogeneous on paper chromatography with 
R a d  0.90. The nmr spectrum showed the purine ring protons as 
two singlets a t  7 1.87 and 1.98. The H-1' proton occurred as a 
doublet ( J  = 5 cps) a t  T 4.37. 

9-(3,5-Dideoxy-p-~-erythro-pentofuranosyl)adenine ( 14) .-A 
mixture of 400 mg of 9-(3-S-benzyl-5-deoxy-3-thio-p-~-xylo- 
furanosy1)adenine (13) and 3.9 g of Davison sponge nickel in 
40 ml of Dh'IF under a hydrogen atmosphere was heated a t  80- 
90' for 2 hr in the manner described for the preparation of 4. 
The crystalline residue, 250 mg, after evaporation of solvent was 
recrystallized from 9 ml of water to  give 136 mg (52%)  of product 
as xvhite needles: mp 200-201"; [ a I z 1 ~  -54" ( c  1.0, methanol). 

Anal. Calcd for C1~H13N~02.H20: C, 47.5; H ,  5.97; N,  27.7. 
Found: C, 47.4; H ,  5.88; N,  27.9. 

The material was homogeneous on paper chromatography with 
R a d  1.3. The nmr spectrum showed the purine ring protons as 
a singlet a t  7 1.82. The H-1' proton occurred as a doublet ( J  = 
2 cps) a t  7 4.17. 

9-(3-Azido-3,5-dideoxy-p-~-xylofuranosyl)adenine ( 15) and 9- 
(2-Azido-2,5-dideoxy-p-~-arabinofuranosyl)adenine ( 18) .-A mix- 
ture of 2.0 g of 9-(2,3-anhydro-5-deou?.-p-~-ribofuranosyl)- 
adenine (12), 2.2 g of sodium azide, arid 1.0 g of ammonium 
chloride in 90 ml of 2-methoxyethanol nhich contained 5 ml of 
water was stirred a t  90" for 3 days. The reaction mixture was 
worked up and chromatographed on Dowex 1 (OH) in the manner 
described for the preparation of 5 and 10 to give a 15co yield of 
the 3-azide (15) (eluted with 987, methanol) and a 47, yield of 
the %azide (18) (eluted with 6OYo aqueous methanol). Recrystal- 
lization of the 3-azide (15) from 957, ethanol gave the analytical 
sample: mp 173-176"; [a]Zan -76' (c  1.0, methanol). 

Anal. Calcd for CloHIZN802: C, 43.4; ET, 4.34; N ,  40.6. 
Found: C, 43.4; H, 4.55; X, 40.3. 

The product was homogeneous on paper chromatography and 
had R a d  1.3. The nmr spectrum showed the purine ring protons 
as two singlets a t  7 1.74 and 1.80. The H-1' proton occurred as 
a doublet ( J  = 4 cps) a t  7 4.17. The 2-azide (18) could not be 
crystallized; so it was characterized as its picrate. Recrystalliza- 
tion of the picrate from 507, ethanol gave material, mp 202- 
203". 

Anal. Calcd for C~~HIZN~O~.C~H~N~O~.~/~CZH~OH: C, 38.5; 
H ,  3.29; K, 29.6. Found: C, 38.6; H, 3.29; N ,  29.6. 

Treatment of the picrate with Dowex 2 (COS) regenerated the 
2-azide (18) as a colorless glass, [ C X ] ~ ~ D  + 24" ( c  0.9, methanol). 
This material was homogeneous on paper chromatography and 
had R a d  1.3. The nmr spectrum showed the purine ring protons 
as two singlets a t  7 1.57 and 1.73. The H-1' proton appeared as a 
doublet ( J  = 6 cps) a t  7 4.02. 

9-( 3-Amino-3 15-dideoxy-p-~-xylofuranosyl)adenine ( 16) .-A 
mixture of 190 mg of 9-( 3-azido-3,5-dideoxy-p-~-xylofuranosy~)- 
adenine (15) and 150 mg of 5% palladium on carbon in 45 ml of 
95% ethanol was hydrogenated a t  room temperature and at- 
mospheric pressure for 1.25 hr as described for the preparation of 
6 and 11. Recrystallization of the crude product gave 96 mg 
(567,)  of white crystals: mp 180-181'; [ a ] " D  -74" (c 1.0, 
methanol). 

Anal. Calcd for C10H14N60~: C, 48.0; H, 5.64; N ,  33.6. 
Found: C, 48.0; H, 5.60; N ,  33.5. 
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The product was homogeneous on paper chromatography and 
had Rad 1.5. The nmr spectrum showed the purine ring protons 
as two singlets a t  7 1.55 and 1.85. The H-1‘ proton occurred as 
a doublet (J = 3 cps) a t  7 4.26. 
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Derivatives of 4-amino-4-deoxy-~-xylose have been prepared starting from methyl P-barabinopyranoside (1 ). 
Selective benzoylation of the equatorial hydroxyls of 1 gave methyl 2,3-di-O-benzoyl-P-carabinopyranoside (2). 
Tolylsulfonation of 2 followed by nucleophilic displacement of the tosylate by azide ion, then debenzoylation, and 
hydrogenation gave methyl 4-amino-4-deoxy-~-~-xy~opyranoside (8). Acetylation of 8 followed by acetolysis 
gave 4-acetam~do-1,2,3,5-tetra-0-acetyl-4-deoxy-~-xylofuranose (14) together with a trace amount of pyranose 
(16). Conversion of 14 to 9-(4-acetamido-4-deoxy-~-~-xylofuranosyl)adenine (17) was accomplished in the usual 
fashion. The nmr spectrum of 17 in D i0  exhibited the phenomenon of hindered internal rotation. 

In recent years, there has been great interest in the 
preparation of derivatives of monosaccharides in which 
the ring oxygen has been substituted by some other 
heteroatom such as nitrogen or sulfur. Our interest 
in the preparation of fraudulent nucleosides as com- 
pounds of potential biological significance directed 
us to the synthesis of monosaccharides in which the 
sulfur or nitrogen atom was on C-4 in order that the 
resulting ring closed sugar would have the desired 
furanose configuration. The preparation of D-ribose 
analogs, the derivatives of 4-thio-~-ribose,~ and 4-acet- 
amido-~-ribose~ has been reported previously. Sub- 
sequently, it was desired to prepare similar nucleoside 
derivatives with the configuration of D-xylose, since 
some biological activity has been reported for ~- (P-D-  
xylofuranosyl) aclei~ine.~ 

Yumerous reports have been published which de- 
scribe the preparation of substituted 4-aminoxylose 
sugars, e.g., 4-acetamido-4,5-dideoxy-~-xylose,~ 4,5- 
diacetamido-4,~-dideoxy-~-xylose,~~~ 4-acetamido-4-de- 
oxy-~-xylose,~ and sulfonylated 4-azido-4-deoxy-~-xy- 
lose.* Sone  of the approaches described seemed appli- 
cable to our purposes, however; so an alternative route 
was investigated which proved successful for the prepa- 
ration of derivatives of the desired 4-acetamido-4- 
deoxy-D-xylose. The results are described in this paper. 

(1) This work was carried out under the auspices of the Cancer Chemo- 
therapy National Service Center, National Cancer Institute, National Insti- 
tutes of Health, Public Health Service, Contract No. PH-43-64-500. The 
opinions expressed in this paper are  those of the authors and are not neces- 
sarily those of the Cancer Chemotherapy National Service Center. 

(2) E. J. Reist, D. E.  Gueffroy, and L. Goodman, J. Am. Chem. Soc., 86, 
5658 (1964). 

(3) E. J.  Reist, D.  E. Gueffroy, R. W. Blackford, and L. Goodman, J .  
Ow. Chem., 31, 4025 (1965). 

(4) (a) G. 4. LePage and I. G. Junga, Cancer Res., 26, 46 (1965); (b) D. B. 
Ellis and G.  A.  LePage, Can. J .  Biochem., 43, 617 (1965); (c) J. G.  Gory and 
R. J. Suhadolnik, Bzochemistry, 4 ,  1729 (1965). 

(5) S. Hanessian, Carbohydrate Rea., 1, 178 (1965). 
(6) hI. L. Wolfrom, J. L. Minor, and W. A. Bzarek, ibid., 1, 156 (1965). 
( 7 )  A .  J. Dick and J. K. N. Jones, Can. J. Chem., 43, 977 (1965). 
(8) A .  J. Dick and J. K.  N. Jones, ibid. ,  44, 79 (1966). 

A subsequent paper will describe the preparation of 4- 
t hio-D-x ylose, 

The selective benzoylation of methyl a-D-galacto- 
pyranoside a t  the primary and secondary equatorial 
 hydroxyl^^*^^ proved to be an entre to derivatives of 
4-amino-4-deoxy-~-g~ucose.~ Since the configuration 
about the ring of the functional groups of D-glucose is 
the same as that of D-xylose, a similar approach seemed 
logical for the 4-amino-4-deoxy-~-xylose series. With 
this idea in mind, methyl P-L-arabinopyranosidell 
(1) was treated under controlled conditions with 
benzoyl chloride in pyridine to give a fair yield of a 
crystalline dibenzoate which was tentatively assigned 
the structure of the desired methyl 2,3-di-O-benzoyl- 
6-L-arabinopyranoside (2) .  This dibenzoate 2 could be 
treated with p-toluenesulfonyl chloride in pyridine or 
methanesulfonyl chloride in pyridine to give crystal- 
line methyl 2,3-di-0-benzoy1-4-0-(p-tolylsulfonyl)-~- 
L-arabinopyranoside (3) or methyl 2,3-di-O-benzoyl-4- 
0-methylsulfonyl-6-L-arabinopyranoside (4), respec- 
tively. That the sulfonate of 3 and 4 was indeed a t  
C-4 was demonstrated when 4 was debenzoylated with 
excess methanolic sodium methoxide to give a high 
yield of methyl 4-O-methy1sulfonyl-~-~-arabinopyrano- 
side (5 ) .  If the methylsulfonate had been located on 
either C-2 or C-3, it would have been adjacent to a 
trans hydroxyl function and epoxide formation should 
have occurred. Only with a 4-sulfonate was epoxide 
formation not possible. 

RIethyl 2,3-di-O-benzoyl-4-0- ( p  - tolylsulfonyl) -P -L- 
arabinopyranoside (3) was treated with sodium azide 
in N,N-dimethylformamide (DRIF) to give crystalline 
methyl 4-azido-2,3-di-0 - benzoyl-4- deoxy- CY -D -xylo- 
pyranoside (6). Debenzoylation of 6 with methanolic 
sodium methoxide gave a good yield of crystalline methyl 

(9) E. J. Reist. R. R. Spencer, D. F. Calkins, B. R.  Baker, and L. Good- 

(10) A. C. Richardson and J. X I .  Williams, Chem. Commvn., 104 (1965). 
(11) M. A .  Oldham and J. Honeyman, J .  Chem. Soc., 986 (1946). 

man, J .  Org. Chem., SO, 2312 (1965). 


