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ORGANIC PREPARATIONS AND PROCEDURES INT. 22(1), 57-61 (1990) 

REGlOSPEClFlC 5'-SILYLATION OF NUCLEOSIDES 

Vasu Nalr* and Greg S. Buenger 

Department of Chemistry, Unlverslty of Iowa, Iowa City, I A  52242 

There has been considerable interest in recent years in the synthesis 

of carbohydrate-modified nucleoside analogues because of the potential of 

these compounds to exhibit antiviral activlties. Some examples of such 

ant iv 1 ral nuc I eos I des 1 nc I ude 3'-az idothymld I ne (AZT) ,' 2Ir3l- 

dldeoxynucleosldes, "' 2'- 

or 3'-substltuted 2c~3~-dldeoxynucleosldes. 5-9 Synthetic access to these 

compounds and other novel carbohydrate modlfied nucleosides requlre the 

reglospeclflc protection of the 5'-hydroxyl group prior to chemical 

modification at the 2'- and/or 3'-posltion. Stable silyl protecting groups 

are becoming increaslngly Important In nucleoslde synthesis. This paper 

reports on the utilization of N,N-dimethylaminopyrldlne (DMAP) as a 

catalyst for the reglospeciflc sllylation of the 5I-hydroxyl group of 

natural and synthetic purine and pyrlmidlne nucleosides. The 5'-sllylated 

compounds are potentlally useful intermedlates for the synthesis of sugar- 

modlfled nucleosldes. The procedure descrlbed complements previously 

2' ,3'-d I dehydro-2' ,3I-d ldeoxynuc leos idesS4 and 

TBDMSiCl 
DMAP/ Et  SN 

HO OH HO OH 

la-g 2a-g 

a) B - adenine 
t) B = purine 

b) B = guanine 
f )  B = 2-adnopurine 

c )  B = thymine d)  B = cytos ine  
g) B = 8-bromoadenine 
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NAlRANDBUENGER 

reported However, i n  terms of  general 

both natural and non-natural nucleosldes, we bel ieve 

makes it superior t o  these methods. 

tv of SPPl 

t ha t  I t s  

cat  1 on 

simp1 ic 

t o  

tv 

The stable silyl protect ing system chosen for t h i s  study was the  It- 

buty ld imethy ls i l y l  group. A number of  natural and synthet ic  nucleosides 

( l e g )  were chosen as representative examples f o r  t h i s  study. For oxample. 

when the  synthetic nucleosider 8-bromoadenoslne ( lg) ,  was t reated w i th  I- 

buty Id lmethy ls l l y l  ch lo r lde  (TBDMSICI), t r i e thy lm ine .  and DMAP i n  N&- 

dimethylformmide (DMF)-dichIoromethane a t  room temperature for  4 h, E- 

bromo-5~-~-butyIdImethyIsl IyI  adenosine was produced Ir 76 X y i e l d  (Table 

1 ) .  Small amounts of  unreacted 8-bromoadenosine and d i s i l y l a t e d  nucleosides 

were a lsc Iso la ted Under the same condit ions wi th  the  l i t e r a t u r e  

procedure," we ob ained only a 43% y i e l d  of product. Similarly~ much 

higher y ie lds  were also obtelned wi th  our procedure In  +be case of 2- 

aminonebularine (2f). I n  order t o  establish the genera l i ty  of t h i s  

experimental cpproach, f l v e  natural nucleosldes ( l e e )  were a l s c  converted 

wi th  canplete rep roduc ib i l i t y  t o  t h e i r  corrssponding 5 f - s i l y l  ethers 28-e 

i n  excel lent  y ie lds  (Table 1 ) .  

A l l  of the s l l y l a t i o n s  were dono using c a t a l y t i c  amounts of which 

was constantly regenerated i n  the react ion mixture by tr istt-vlzmine. The 

use of WAF permits greater s e l e c t i v i t y  fo r  s i l y l a t i o n  of the pr;r;ary 

alcohol (5'-CH20H)) versus the secondary alcohols (2'-OH and 3I-OE) c f  the 

carbohydrate moiety." Also, the best resu l t s  were obtained when s l i g h t l y  

more than one equivalent of TGOttSiCI was used i n  tho S i l y l C t i G n  reaction. 

Increasing the amount of s i l y l a t i n g  agent i n  excess of t h i s  amount resulted 

i n  an increase i n  the fornet ion o f  mu l t ip ly  c i l y l a t e d  nuclecsido. I t  

should be noted that  the base moieties of the nuclocsides do not need t o  be 

protected i n  these conversions. The 5 t -s i i y la ted  nucleosides were 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



REGIOSPECIFIC 5' -SILYLATION OF NUCLEOSIDES 

i d e n t i f i e d  by UV, mass spect ra l  and 'H nmr data (Table 2)  and by comparlson 

o f  t h e  physical  data a v a l l a b l e  I n  t h e  I l t e r a t u r e  f o r  t h e  known compounds. 

TABLE 1. Yields, mps and W data f o r  Compounds 2a-g. - 
S t a r t i n g  React ion Yield 
Compound T h e  fir) Product 

Adenosine 

Guano s i n e  

Thymidine 

Cy t i d i n e  

Nebular ine 

2-Amino- 
nebula r i n e  

8-Bromo- 
adenosine 

2a 
v 

6 

2b 
Y 

6 

2c 
N 

9 

2d 
N 

9 

2e 
u 

12 

2f 
N 

5 

85 179-181' 
(178-180") lo 

70 dec. 200" 13 
(dec. 205') 

(198-199O) l4  

C 
70 197-198' 

C 
80 182-185" 

(160-163") l3 

67 a 113-115" 
[831 

70 164-167' 

76 189-192" 

259.5 (10400) 

254.5 (5915) 
275.0 sh(3775) 

208.5 (9090) 
267.0 (9115) 

235.0 (5150) 
274.0 (6300) 

262.0 (6190) 

309.0 (6900) 
246.0 (5980) 

264.0 (14840) 

a )  Conversion a f t e r  recovery of s t a r t i n g  material b) Water un le s s  
o t h e r v i s e  noted c )  EtOH-H20 

EXPERIMENTAL SECTION 

Mps were determined on a Thomas-Hoover me l t i ng  p o i n t  apparatus f i t t e d  w i t h  
a microscope and are uncorrected. Nmr spectra were recorded on Bruker W M  
360 and MSL 300 instruments. U l t r a v l o l e t  data were taken on a G i l f o r d  
Response spectrophotometer. Mass spect ra a t  30 eV were obtained on a 
Hewlet t  Packard 5985 GC/MS system. A l l  new compounds gave s a t i s f a c t o r y  
elemental analyses. 

a l  P r c a d u r e  for  -fIc Si I v la t i pa . -  A mix tu re  of nucleoslde 

( 2  m m o l ) ,  ~ - b u t y I d i m e t h y l s l l y l  c h l o r l d e  (2.2 m m o l ) ,  t r i e t h y l a m l n e  ( 2  

mmol), N9N-dlmethylaminopyrldine (0.3 mmol), N,N-dlmethylformamide (10 ml), 

and dichloromethane ( 5  ml) was s t i r r e d  a t  r o o m  temperature under n i t rogen  
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NAIR AND BUENGER 

f o r  4-12 h. 

methanol/chioroform and p u r i f i e d  by f l a s h  chromatography on s l l i c a  gel  

(230-400 mesh) w i t h  5-10 % methanol/chloroform as t h e  e l u t i n g  so lvent .  The 

The so lvents  were evaporated and t h e  res idue was taken up i n  5% 

products were c r y s t a l l l z e d  from ethanol /water o r  water. 

TABLE 2. Mass Spectra and 'H nmr data f o r  Compounds 2a-g. 
MS 'H-nmr (DMSO-d6) 

Product m / e  ( r e l .  i n t .  X )  6 rPPm1 

366 (1.21; 324 (53.513 
178 (100); 164 (30.7); 
136 (56.2); 135 (11.1) 

0.04 (s, 6H)i 0.87 (sr 9H)j 3.82 (m. 
3H); 4.17 (me 1H)j 4.55 ( m e  1H); 5.21 

7.26 (br.5, 24); 8.15 ( s r  1H); 8.28 
( d r  1H)j 5.53 (dr 1H); 5.92 (dr 1H); 

( S I  1H) 

397 (3.4); 340 (29.91; 
308 (19.5); 194 (80.8); 
152 (49.4); 151 (79.3) 

299 (24.9); 281 (100); 
263 (29.9); 213 (18.6); 
183 (53.4); 165 (30.9); 
127 (44.3) 

300 (7.0); 282 (10.8); 
186 (22.3); 168 (34.8); 
140 (27.3); 112 (100) 

351 (0.6); 309 (26.2); 
163 (100); 149 (21.1); 
121 (63.4); 120 (2.9) 

381 (0.5); 366 (1.5); 
324 (71.5); 178 (100); 
136 (34.0); 135 (17.2) 

404 (34.2); 402 (34.6); 
258 (72.2); 256 (75.31; 
216 (59.8); 214 (69.3) 

0.04 ( 5 ,  6H); 0.87 (sr 9H); 3.76 (mr ZH)j 
3.87 (mr 1H); 4.08 (mr 1H); 4.32 (mr 1H); 

6.71 (br.sr 2H); 7.82 (s, 1H); 10.8 
5.17 ( d r  1H); 5.47 (dr 1H); 3.69 ( d r  1H); 

( 5 ,  1H) 

0.07 (5, 6H); 0.88 (s, 9H); 1.77 ( s r  3H); 
2.06 (m, 2H); 3.77 (m. 3H); 4.20 ( m r  1HI; 
5.27 (m, 1H); 6.17 ( t r  1H); 7.46 (5, 1H); 
11.2 ( s r  1H) 

0.08 (s. 6H); 0.89 ( S I  9H); 3.89 ( b r a ,  
W); 5.00 (br.sr 1H); 5-35 (br.sr 1H); 
5.76 ( m r  2H); 7.24 (br.sr 2H); 7.81 (dr 
1H) 

0.03 (s, 6H); 0.85 (s, 9H); 3.84 (m, 2H); 
3.99 (mr 1H); 4.21 (mr 1H); 4.66 (m. 1H); 
5.24 (dr  1H); 5.59 ( d r  1H); 6.06 ( d r  1H)r 
8.76 (s, 1H); 8.96 ( S I  1H); 9.19 ( ~ r  1H) 

0.04 (s, 6H); 0.87 (s, 9H); 3.79 (mr 2H); 
3.92 ( m r  1H); 4.12 (mr 1H); 4.47 (m. 1H); 
5.22 ( d r  1H); 5.53 (dr 1H); 5.85 (dn 1H); 
6.53 ( b r . s r  2H); 8.21 ( 5 ,  1H); 8.59 ( ~ 0  

1H) 

-0.06 ( S I  6H); 0.79 (s, 9H); 3.85 (mr 3H); 
4.34 (mr 1H); 5.16-5.48 (mr 3H); 5.81 (d r  
1H)z 7.41 (br .sr  24)) 8.11 (s0 1H) 

-.- We thank t h e  U. S. Army Medlcai Research and Development 
Command f o r  support  o f  t h l s  research. The h i g h - f i e l d  NMR spectrometers 
used i n  t h i s  work were purchased w i t h  funds provided by t h e  Nat ional  
Science Foundation and t h e  Nat ional  i n s t i t u t e s  o f  Health. 
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