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NUCLEOSIDES & NUCLEOTIDES, 5(5), 511-516 (1986) 

SYNTHESIS OF THE SELENIUM ANALOG OF THE CYTOKININ 
6- (3-METHYL- 2-BUTENYLAMINO)-2-METHYLTHIO-9- (B-g- 

RIBOFURANOSYL)PURINE 

Dean S.  Wise. Jr. and Leroy B. Townsend* 
Department of Medicinal Chemistry 

College of Pharmacy 
and Department of chemistry 
The University OE Michigan 
Ann Arbor. MI 48109-1065 

6- ( 3-Me thy 1 - 2- but eny 1 amino ) - 2- me thy 1 t h 10- 9- ( B-2- r i bo fu r anos y 1 ) pur ine 
(1) is a naturally occurring nucleoside with potent cytokinin activity. 
It has been isolated and identified in the t-RNA of E. _coa. the 

t-RNA from wheat germ3 ' In addi- 
tion, compound 1 has been found in t-RNA species corresponding to each 
of s i x  amino acids whose codons start with uridine, A. t-RNAcys, 

and from Staphylococcus epidermidis. 

/CH3 
CH, 

,CH,CH=C, 
HN 

" O Y Y  HO OH 

1 - 

" O l d  HO OH 

2 - 

- t-RNALeU, t-RNAPhe, t-RNASer, t-RNATrP and -RNATYr. However, it is 
not present in all sub-species which respond to these codons.6 It 
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512 WISE AND TOWNSEND 

has been determined to be positioned next to the 3'-end OC the anti- 
codon in _E. _COLA t - R N A  Tyr . 7 r 8  Incorporation of selenium into t- H N A  

9- 11 molecules has been observed in several bacterial species. 

Recent Zy, a seleniuni containing J-XNA was isolated from cultured mouse 
leukemia cells which had been grown in medium supplemented with 
I t  Se03 12. Although this nucleoside was riot characterized. it was 

thought that it was most likely a 6- threonine derivative of 2- methyl- 

solerio 9 (I3 g-ribofuranosyl)purine. Due to the above Einding, one 
might expect that a selenium substituted conqener OE 1 may yet be Eound 

75 
2 

" O Y Y  HO OH 

Se-Na* SeMe 

HO OH HO OH 

5 4 - - 3 - 

J 

" O Y Y  HO OH 

2 - 
in :iature. This prompted us to prepare 6 (3-methyl- 2- butenylamino)- 

2- methylseleno- 9 ( B  g- ribofuranosy1)puri.m (2). 
In our initial attempts to prepare the target compound 2, 2.6- 

dichloro- 9- (8 -  ;- ribof~ranosyl)purine~~(~) WdS reacted with 
sodium hydrogen selenide, and after no starting material could be 
detected by TLC, the reaction was treated with Dowex-50(H ) resin in 
an attempt to isolate the 2.6-di-selenoxo intermediate 4. However, 
this product proved to be unstable in our hands. Therefore, we decided 
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SELENIUM ANALOG OF A C Y T O K I N I N  513 

against the isolation oE this intermediate and instead elected to treat 
the crude sodium salt oE with methyl iodide. The precipitated crude 
- 4 wcls collected, suspended jn ethanol and then treated with enough 0.1 
N sodium methylate to eEEect a clear solution. The subsequent reaction 
of crude 4 with methyl iodide furnished. after chromatography, a white 
solid which was characterized as 2,6-btg-methylseleno- 9- (@-g--ribo 
Euranosy1)purine ( 5 ) .  That alkylation had occurred at the 2- and 

6-selenoxo groups rather than at a ring nitrogen was established by the 
chemical shiEt €or the methyl protons i n  the '11 NMR spectrum and by 

the hypsochromjc shirt (Erorn 363 nm Eor 4 to 317 nm €or 5) observed in 

the UV spectrum. 
Treatment oE the biz-methylseleno- derivative 5 with 3-methyl- 2- 

butenylamine hydrochloride in the presence OC triethylamine aEEorded a 
smooth conversion oE 5 to the desired cytokiniri analog 6 ( 3  methyl- 
2-buteny1amino)- 2-methylseleno- 9- (0 g- ribofuranosy1)purine (2) in 
67% yield. The ultraviolet spectra oE 2 displayed a nearly direct 
comparison with In the mass 

spectra oE 2, the presence oE the methylseleno €unction had little 
inEluence upon the basic Eragmentation behavior reported for _1 other 
than an appropriate upward shiEt in mass ions which contain the adenine 
nucleus. 

the parent methylthio derivative 1. l4 

15 

EXPERIMENTAL 

1 Proton nuclear magnetic resonance ( H NMR) spectra were obtained on 

a Varian EM- 390 spectrophotometer with chemical shiEt values reported 

in 6 units relative to an internal standard (tetramethylsilane). 
Ultraviolet absorption spectra (UV) were recorded on a Beckman Acta 

C- 111 spectrophotometer. Melting points were determined with a 
Thomas-Hoover capillary apparatus and are uncorrected. Analytical thin 
layer chromatography was perEormed on Analtech SilicAR GI! plates. Com- 

pounds oE interest were detected either by an ultraviolet lamp ( 2 5 4  nm) 
or treatment with sulEuric acid followed by charring. Open- bed column 
chromatography was carried out on SilicAr CC7 (Mallinckrodt) using 

gravity flow. Solvent proportions are given by volume. Evaporations 
were perEormed under reduced pressure (water aspirator) or j.2 vacuo at 
40' with a rotary evaporator. Elemental analyses were performed by 
M-1-1 W Labotatories, Phoenix, AZ. 
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514 WISE AND TOWNSENC 

2,6- Bis-methylseleno-9- (p- g-riboEuranosy1)purine ( 5 )  
_--II__ __-- - . _____- 

2,6-Dichloro 9 ( 0  D-ribofuranosyl)purine3 ( 3 ,  3.4 g, 9.8 mole) was 
dissolved in 250 mL of 95% ethanol. Nitrogen W ~ S  bubbled through this 
solution Eor 0.5 hr prior to  the addition ot any reagents and then 
throughout the rest OE the reaction sequence. To this solution was 
added 80 mL oE abs. ethanol containing NaSeH (54.4 mole) prepared Erom 
sodium metal (1.25 g, 54.4 mole) and subsequent saturation oE the 
sodium ethoxide solution with I12Se. The orange reaction mixture was 
heated at reElux temperature €or 4 hr. then cooled to room temperature 
and subsequently stored at 0' Eor 14 hr. The precipitate was collected 
by filtration (1.8 g ) ,  added to ethanol (50 mL), and then enough 1 N 

sodium methylate was added to effect a clear solution. Methyl iodide 
(2.82 g ,  20 mole), wds added to this solution and the reaction mixture 
was stirred at room temperature €or 10 hr during which time the solu 
tion became colorless. The reaction mixture was neutralized to pH 7 by 
the addition oE C02 and then evaporated onto = 3 g of SilicAH CC-7. 
This inaterial was ddded to the top of a 2.5 x 20 cm SilicAH CC-7 dry 
column arid eluted with a methano1:chloroEorm (1:9 v:v) mlxture. The 
Eractions contalning the product, as determined by TLC i n  dn identical 
solvent system, were pooled and evaporated j-n vacuo to atEord 0.85 g 

(20%) oE the t&g-methylseleno- derivative 2, W Xmax nm, 
( E  x lo3): (MeOH) 235 (12.11, 277 (16.9). 316 ( 1 1 . 4 ) ;  (pH 1) 279 (16.9). 
317 (12.7); (pH 11). 235 (11 .8 ) ,  267 (15.8). 317 (11.8). 'H NMH (UMSO-_d6) 

6 8.68 (1 H. C8H, s ) ;  2.56, 2.51 

(6 H, CH3Se. s ) .  C. 32.89; H, 3.68; N, 

12.78. Found: C. 33.04; H, 3.63; N, 12.72. 
6- (3 Methyl- 2- buteny1amino)- 2-methylseleno- 9 ( 0  ; riboEuranosy1)- 

m.p. 104- 106'; 

5.91 (1 H, C1, H. d, J1,,2, = 8 Hz); 
Anal. Calcd. Eor C12H16N404Se2: 

purine -La 
2.6-BLs-methylseleno 9 (p  D-riboEuranosy1)purine (2, 0.14 g, 1 

mole). 3-methyl 2 butenylammonium chloride (0.266 g ,  2.2 mole) and 
triethylamine (0 .84  mL, 6 mole) were added to a solution of 20 ml. oE 
mcthdnol and 20 mL oE water. The reaction was heated at reElux ten 
perature for 48 hr. The reaction was cooled to room temperature. 3 g 

oE SiIicAR-CC7 was added and the solvent removed in vacuo. The 
resulting dried SilicAr, containing the absorbed product, was placed on 
the top oE a SilicAr-CC7 dry column (2.5 x 30 cm) and eluted wiLh 
methano1:chlotoEorm (1:9, v:v). The Eractions which contained product, 
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SELENIUM ANALOG OF A CYTOKININ 515 

as determined by TLC, were combined arid evaporated. The resulting 
residue was recrystallized Erom isopropyl alcohol to yield pure 2: 0.29 
g (67%): m.p. 190- 19l"decomposed: UV h-,,, m, ( E  10% 

(MeOH) 249 (22.3), 286 (17.1); (pH 1) 240 (19.71, 290 infl (17.5); (pH 
I l ) ,  243 (20.8 ) ,  286 (17.1). 'H NMR (DMSO-d6) d 8.18 (1 H, C8 

H, s): 6 Hz); 2.43 7.9 (1 H. N-H, S): 5.77 (1 H, C1,-H, d. J 1 t , 2 ,  

( 3 H. CH3-Se, s ) :  d 1.73 (6 H, CH3, s ) .  8 ~ .  Calcd. €or 
C Ii N 0 Se: C, 44.86; H, 5.41; N, 16.35. Found: C. 44.67; 16 23 5 4 
H. 5.37; N. 16.48. 
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