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Purine Nucleosides. Part XXXl1.t Synthesis and Reactivity of 6-Alkyl- 
seleno-g-( p-D-ribofuranosyl)purines * 
By George H. Milne and Leroy 6. Townsend," Department of Biopharmaceutical Sciences and Department of 

Chemistry, University of Utah, Salt Lake City, Utah, 841 12, U.S.A. 

The alkylation of 6-selenoxo-9- (P-D-ribofuranosy1)purine with several alkyl halides under basic conditions has 
furnished the corresponding 6-alkylseleno-9-(~-~-ribofuranosyl)purines. A ready removal of the 6-methyl- 
seleno-group from the 6-methylseleno-derivative (3) with Raney nickel under mild conditions has furnished an 
almost quantitative yield of nebularine. Treatment of the 6-benzylseleno-derivative (4) with nucleophilic reagents 
has demonstrated the ease of displacement of the alkylseleno-group. 

6-SELENOXO-g-( P-D-RIBOFURAN0SYL)PURINE ( I )  (6- 
selenoinosine) has demonstrated essentially no anti- 
tumour activity, presumably owing to  instability a t  
physiological pH. We have synthesized the 2-amino- 
derivative of (l), which is much more stable under basic 
and approximate physiological pH conditions. We 
later found3 that an additional increase in stability 
could be accomplished by conversion of the selenoxo- 
group into an alkylseleno-group. We also reported 
that the 6-alkylseleno-group of a 2-amino-6-alkylseleno- 
9- (P-D-ribofuranosyl)purine could be easily displaced 
by nucleophiles. This prompted us to synthesize the 
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corresponding selenopurine nucleosides without the 
2-amino-group for a direct comparison of their relative 
reactivities towards nucleophilic displacement. 

The sodium salt of 6-selenoxo-9- (P-D-ribofuranosy1)- 
purine (1) was prepared in situ for use in the synthesis 
of several 6- (substituted seleno) -9- ( p-D-ribofuranos yl) - 
purines. Treatment with benzyl bromide furnished a 
high yield of 6-benzylseleno-9- (p-~-ribofuranosyl) purine 
(4). That alkylation had occurred at  the 6-selenoxo- 
group rather than at  a ring nitrogen atom was established 
by the hypsochromic shift (from 345 to 302 nm) in the 
U.V. spectrum (methanol) and the conversion of the 
product (4) into 6-dimethylamino-9-( p-D-ribofuranosyl) - 
purine (7) (see later). The sodium salt of (1)  also 
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reacted with various alkyl halides to furnish 6-allyl- 
seleno- (Za), 6-methylseleno- (3), 6-(3-methylbut-Z-enyl)- 
seleno- (2b), G-a-picolylseleno- (2d), 6-p-nitrobenzyl- 
seleno- (2c) , and 6-( l-methyl-4-nitroimidazol-5-yl)- 
seleno-9-( p-D-ribofuranosyl)purine (2e) . 

I 

(4) R = CHpPh 

HO OH 

(6) R = OMe 
(7) R = NMe2 I 

HO OH 

(5) 

6-Benzylseleno-9-(~-~-ribofuranosyl)purine (4) and 
2-amino-6-benzylseleno-9-( S-~-ribofuranosyl)purine 
were each treated with sodium methoxide in absolute 
methanol a t  reflux temperature. The former was 
completely converted into 6-methoxy-9-( S-D-ribofurano- 
sy1)purine (6) after 1 h, as established by t.1.c. and the 
loss of U.V. absorption at 304 nm with concomitant 
appearance of absorption at 245 nm. The correspond- 
ing 2-amino-nucleoside required 24 11 for complete 
reaction ; this demonstrates the deactivating effect 
of the 2-amino-group towards nucleophilic displacement 
of a 6-alkylseleno-group. Similarly, when compound 
(4) was treated with dimethylamine in methanol at 
reflux temperature, the reaction was 95% complete 

5 S.-H. Chu, J. 1Wedicil.t. Chenz., 1971, 14, 254. 
J. A. Johnson, jun., H. J. Thomas, and H. J. Schaeffer, 

T .  Amev. Chenz. SOC.. 1958. 80. 699. 

Me 

in 4-5 h, and after 6 h conversion into 6-dimethyl- 
amino-!&( p-D-ribofuranosy1)purine (7) was complete. 
We have reported that 2-amino-6-benzylseleno-9- 
(P-D-ribofuranosyl)purhe is unchanged under similar 
conditions after 24 h. 

Treatment of the methylseleno-derivative (3) with 
Raney nickel in methanol at reflux temperature for 
6 min effected complete removal of the methylseleno- 
group, as established by t.1.c. and the disappearance 
of the U.V. absorption at  302 nm with concomitant 
appearance of absorption at  260 nm. The product 
was identical with authentic nebulahe.* This ready 
deselenation suggests that an alkylseleno-group is to 
be preferred to an alkylthio-group in such conversions. 

EXPERIMENTAL 

M.p.s were observed with a Thomas-Hoover capillary 
apparatus. U.V. spectra were obtained with a Beckman 
DK-2 spectrophotometer. Elemental analyses were per- 
formed by Heterocyclic Chemical Corporation, Harrison- 
ville, Missouri. We used 0.25 mm thick Baker SilicAR 
7GF plates and ethyl acetate-methanol (4 : 1 v/v) for t.1.c. 
separations unless otherwise specified. 

Sodium Salt of 6-Selenoxo-9- ( ~ - ~ - r i b o f u r a n o s y l ) ~ u h z e  ( 1). 
-6-Selenoxo-9-( P-D-ribofuranosy1)purine (1) ( 1 g) was 
suspended in well stirred methanol (25 ml) a t  room tem- 
perature and the minimum amount of methanolic sodium 
methoxide [from sodium hydroxide (1 g) in absolute 
methanol (25 ml)] was added to give a clear solution. 
This solution was then treated immediately with the 
appropriate alkyl halide for the preparation of 6-alkylseleno- 
9-( P-mribofuranosy1)purines. 

6- (3-Methy lbut-kenyl) sekno-9- ( p -D-ribo furanosy1)purine 
(2b) .-To the foregoing sodium salt was added, with stirring, 
l-bromo-3-methylbut-2-ene (450 mg) . The solution was 
stirred a t  room temperature for 2 h and the pH was ad- 
justed to 6 with glacial acetic acid. The clear solution 
was evaporated in vacuo to afford a solid foam, which was 
triturated with water (50 ml);  the solid was filtered off 
and suspended in water. Sufficient methanol was added a t  
reflux temperature to give a clear solution. The solution 
was kept a t  5" for 18 h, and the solid was filtered off and 
dried under vacuum (Drierite) for 12 h to afford the prodwt 
(2b) (625 mg), m.p. 50-52" (Found: C, 44.8; H, 5.05; N, 
13.95. C,,H,,N,O,Se requires C, 45.0; H, 5.0; N, 14*oy0). 
6-p-Nitrobenzylseleno-9-( P-mribofuranosy1)purine (2c) .- 

The same procedure as for (2b), except that  a-bromo- 
p-nitrotoluene (650 mg) was used and the solid was re- 
crystallized from methanol-water, to give compound (2c) 
(800 mg), m.p. 178-180" with softening a t  ca. 150" (Found: 
C, 44.1; H, 3.8; N, 14.7. C,,H,,N,O,Se requires C, 
43.8; H, 3-65: N, 15.0y0). 

6-(2-PyridylmethyZseleno)-0-(~-~-r~bofuranosyl)purine (2d). 
-The same procedure as for (2b), except that  a-picolyl 
chloride hydrochloride (490 mg) and methanolic N-sodium 
methoxide were used and the product was recrystallized 
from absolute methanol, to give compound (2d) (650 mg), 
m.p. 203-205". A sample recrystallized once from 
absolute methanol and then dried in vacuo for 18 h (Drierite) 
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had m p .  201-205-5" (k'ound: C, 45.0; H, 4.0; X, 16.95. 
C,,H,,S,O,Se requires C, 45.5; H, 4.05; N, 16.6%). 

6-Benzylseleno-9-( B-D-ribofiivanos?,Z)pzcrine (4) .-The same 
procedure as for (2b), cxccpt that  a-bromotoluene (5 13 mg) 
was used and the product was recrystallized from absolutc 
methanol, to give compound (4) (1 g), m.p. 102-105". A 
sample recrystallized once more from absolute methanol 
and dried in an Abderhalden apparatus over methanol nt 
reflux temperature had m.p. 105-107" (Found: C, 49.05; 
H, 4.3; X, 13.1. C,,H,,N404Se requires C ,  49.45; H, 
4.3; S, 13.3%). 

G-,lletlzylseZeno-9- (13-u-uibofiLvanosyl)purine (3) .---The samc 
procedure as for (2b) was employed, except that methyl 
iodide (500 mg) was used and the solution was stirred at room 
tciiipcrature for 0.5 11. It was then evaporated to dryness 
in vacuo and the white solid was extracted (Soxhlet) with 
diethyl ether (125 ml) for 48 11. The solid was filtered off 
and the product was dried in an Abderhalden apparatus 
over Drierite with inethanol at reflux temperature to yield 
compound (3) (650 nig), m.p. 158-160" (l i t5 154-155") 
(Found: C, 36.4; 13, 4.3; X, 1525. Calc. for C11H1,N@,- 
Se,H,O: C, 36.4; H, 4 4 ;  N, 15.4%). 

6-A IlyEseleno-9-( p-o-ribofuranosyl)puvine (2a) .--The saine 
procedure as for (2b) was employed, except that  ally1 
bromide (350 mg) was used; the white foam produced 
was extracted (Soxhlet) with diethyl ether (125 i d )  

for 24 h. The ether was evaporated off and the residue 
recrystallized from ethyl acetate-cyclohexane. The pro- 
duct was dried in an Abderhalden apparatus over Drierite 
with methanol a t  reflus temperature for 12 h to yield 
compound (2a) (580 mg), slowly softens and melts >GO" 
(Found: C, 42.2; H, 4.45; N, 14.8. Cl3Hl,N4O4Se 
requires C, 42.05; H, 4.3; N, 15.1%). 

Coinparison of the Reactivities of the 6-Benzylselenopurine 
riboside (4) and 2-Amino-6-benzylseleno-9-( fb~-vibofurano- 
syZ)puvine towards Nucleophilic Displacement.-Compound 
(4) and 2-amino-6-benzylseleno-9-( fi-o-ribofuranosy1)purine 
were each (250 nig) dissolved in methanol (25 ml) containing 
sodium methoxide (250 mg) and heated under reflux for 
1 h. The reactions were monitored by U.V. spectroscopy 
and t.1.c. [ethyl acetate-methanol (10 : 1 v/v)J. After 
1 11, complete conversion of compound (4) into 6-methoxy- 
9-(P-D-ribofuranosyl)purine (6) had occurred. The reaction 
with the 2-amino-derivative contained only a small amount 
of 2-amino-6-methosy-9-(~-~-ribofuranosyl)purine after 1 h ; 
24 h was required for complete conversion under these 
conditions. 

6-L)imethyZanzino-0-( P-D-ribo furanosyl)puuine (7) .-6-Bcn- 
zylseleno-9-(~-1~-ribofuranosyl)purine (4) (250 mg), dissolved 

in methanol (25 nil) containing dimethylaniinc (5 ml) was 
stirred and heated under reflux for 6 h ;  the reaction was 
monitored by U.V. spectroscopy and t.1.c. [ethyl acetatc- 
methanol (10 : 1 v/v)]. After 4.5 h ca. 95% conversion 
into 6-dimethylamino-9- (P-D-ribofuranosyl)purine had oc- 
curred, and after 6 h only one compound was present 
(t.1.c.). The solution was evaporated to dryness in vaczio 
and triturated with ethyl acetate (25 nil), and the mixture 
was again evaporated to dryness. The resulting solid 
crystallized from acetone to yield compound (7) (150 nig, 
860/,), identical with authentic 'I material {A,, (MeOH) 
274 nm [lit.,7 Anlax. (pH 7) 275 nni], m.p. and mixed n1.p. 
179-181" (lit.,? 183-184") ; t.1.c. in four solvent systems). 

9-( B-D-Ribofuranosylfpuriize (5) (Nebularine) .-6-Methyl- 
seleno-9-(P-D-ribofuranosyl)purine (3) (250 mg) was dis- 
solved in hot methanol (50 ml) and Raney nickel * (cn. 
1 g wet wt.) was added with stirring. After 6 min, the 
U.V. spectrum revealed no absorption at 302 nm but a 
new absorption at 260 nm. The Raney nickel was removed 
and washed with hot methanol (50 ml). The filtrate was 
evaporated to  dryness in vacuo to yield nebularine (175 mg, 
96%) m.p. 177-180O (lit.,* 180-181") identical (mixed 
m.p., U.V. spectra, and t.1.c. in four solvent systems) with 
authentic * material. 

6- ( l-i4fethyZ-4-nitroimida*lol-5-yZ)seleno-9- (@-i>-ribofurano- 
syZ)pzwine (2e) .-6-Selenoxo-9-(~-u-ribofuranosyl) purine ( 1) 
(1.5 g) was added to dry methanol (absolute; 30 ml) and 
to  this solution was added dry methanol (5 ml) containing 
sodium methoxide (275 mg). The solution was stirred 
and 5-chloro-l-methyl-4-nitroimidazole (725 mg) was 
added. Stirring was continued at room temperature 
for 1 h, then the pH was adjusted to 6 with glacial acetic 
acid. The solution was evaporated to a solid foam (in 
vacuo) ; the residue was suspended in water (50 ml) and 
then heated to boiling with just enough methanol being 
added to effect dissolution at the b.p. of the mixture. 
The solution was kept at 6' for 18 h, and the solid was 
filtered off, washed with cold water, dried, and recrystallized 
from methanol-water to furnish a yellow crystalline solid 
(1.3 g), m.p. > 100" (foams). This was dried over Drierite 
in an Abderhalden apparatus over methanol a t  reflux tem- 
perature for 18 h under high vacuum to furnish material of 
1ii.p. 100-102" (foams) (Found: C, 36.0; H, 3.55; N, 20.9. 
C,4H1,N70BSe,0.5H,0 requires C, 36.15; H, 3.45; X, 
21.05y0) (0.5H20 verified by n.1n.r. spectrum). 

[2/1414 Rrceived, 19th June, 19721 
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