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NITRATE ION AS CATALYST FOR SELECTIVE SILYLATIONS OF NUCLEOSIDES 
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Department of Chemistry, McGill University, Montreal, Canada, H3A 2K6 

Summary - Nitrate ion has been found to have a remarkable effect on the selectivity of silylatlon 

of ribonucleosides using the &-butyldimethylsilyl group. 

During our recent development of a total procedure for the synthesis of oligoribonucleotides 

(l-5), the use of the t-butyldimethylsilyl (TBDMS) group in protecting the 2'-hydroxyl Position 

has been an essential ingredient (6,7). The use of this protecting group has greatly reduced the 

time, effort and number of steps in arriving at a Z', 5'-protected ribonucleoside. However, while 

the total yield of 2',5'-and 3', 5'-protected derivatives is generally high (5,7), the two sets of 

isomers 4,6 and 5,7 are produced in nearly equal amounts. We have been searching for a method to -- -- 

give higher selectivity of the compounds 4 and 5. - - 

Several general procedures have been suggested (E-10) to improve either total yields or 

selectivity in silylation reactions. We have found that these procedures offer very little advan- 

tage in the selective silylation of ribonucleosides. In this report we wish to describe the 

effect of nitrate ion in providing remarkable selectivity in the silylation of ribonucleosides. 

The reactions are outlined in Scheme 1 and results are collectedin Table 1. The general - 

procedure can be illustrated with the silylation of 5'-dimethoxytrityl-N-benzoylcytidine (2c). 

The nucleoside 2c is dissolved in THF after which pyridine (3.7mmole/mmole of AgN03) and silver - 

nitrate (1.2 mmole/mmole 2c) are added and the solution is stirred until the silver nitrate is - 

completely dissolved (Q5 min). At this point t-butyldimethylsilyl chloride (TBDMS-Cl, 1.3mmole/ 

mmole 2~) is added all at once and the resulting mixture is stirred at room temperature. After - 

1.5 h the mixture is filtered into 5% aqueous NaHC03 to prevent detritylation during work-up. 

The product is extracted into methylene chloride which is dried and concentrated and the residue 

applied to a short silica gel column (Merck silica gel 6O,lOg/g of product, column 5 cm is diame- 

ter). The column was eluted using ether-hexane (3:l) and excellent separation of the products 

4" (68%) and 6c (20%) was obtained. - Table 1. shows the yields for all compounds studied. 

When the unprotected nucleosides 1 were used in this procedure excellent yields of the 

2',5'-diprotected compounds swere obtained (eg. 5a in 90% yield). - An interesting contrast 

exists between guanosine (ld) and N-bensoylguanosrne (le). - - In the former case very good selecti- 

vity was obtained (60% 5d and 35% 7d) while in the latter case there was very little selectivity - - 

(48% & vs 40% 7e). - Thrs seems to reflect the steric influence of the N2-bensoyl group on the 

2'-hydroxyl region. 
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Scheme 1 

a, B=uracil 
t 

b, B=adenine 

c, B=N-benzoylcytidine 

d, B=guanine 

e, B=N-benzoylguanine 
5, R=DMT 

3 R=Si 

DMT=dimethoxytrityl 

Si=t-butyldimethylsilyl 

A base such as pyridine is essential for the disilylation. In the absence of pyrrdine vir- 

tual quantitative yields of the 5'TBDMS derivatives 2 were obtained, regardless of the amount of 

TBDMS-Cl and AgN05 used. On the other hand, the nitrate ion is essential both for the speed and 

selectivity of the reaction. Silver trifluoroacetate has no effect on the reaction while tetra- 

butylammonium nitrate gives the same results as silver nitrate. 

In a separate experiment TBDMS-nitrate was prepared by mixing TBDMS-Cl and AgN02 in THF. 

After filtering from AgCl the THF was removed at reduced pressure and TBDMS-NO3 distilled at 

140-142°C (1 atm). TBDMS-NO2 was found to react with nucleosides in the presence or absence of 

pyridine to give exactly the results described for the general procedures and listed in Table 1. 

The results described in this report clearly indicate a novel effect of nitrate ion in 

silylation reactions. This has resulted in a highly selective silylation of ribonucleosides. 
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TABLE 1 

Nitrate Catalysis of Silylatlon Reactions+ 

Nucleoside 

DMT-U (a) 

DMT-A (2J 

DMT-CBZ(&) 

DMT-GBZ(2e) - 

U (2, 

U (la, 

U (la, 

U (la) - 

A (lb) - 

A (lb) - 

CBZ(k) - 

CBZ(lc) - 

*G (Id) - 

G (Id) - 

*GBZ(le) - 

GBZ(le) - 

U (la) - 

U (la) - 

A (lb) - 

TBDMS-Cl 

(rmnole) 

1.3 

1.3 

1.3 

1.7 

2.2 

2.2 

4 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2 

2 

2 

AgNO 

(mo e) ? 

1.2 

1.2 

1.2 

1.5 

2.2 

4 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

Pyridine Time 
kNnole) (h) 

3.7 

3.7 

3.7 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1.5 

5 

1.5 

5 

1 

5 

3 

3 

1 

3 

1 

3 

2 

3 

2 

4 

2 

2 

1 

5' 

98 

95 

95 

95 

95 

97 

90 

Product(%) 
2',5' 31.5' 

70 15 

65 21 

68 20 

45 40 

90 5 

68 22 

82 13 

60 35 

48 40 

67 23 

%he solvent was THF in all cases except for * where THF-DMF (1:l) was used. Yields are bas 

on material isolated from short column chromatography or TLC. 



Reference 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

K.K. Ogrlvre and M.J. Nemer, Tetrahedron Lett., 21_ 4159-4162 (1980). 

K.K. Ogrlvle and R.T. Pon, Nut. Acrds. Res., 8, 2105-2115 (1980). 

K.K. Ogilvre, N.Y. Theriault, J-M. Selfert, R.T. Pon and M.J. Nemer, 

Can. J. Chem., E, 2686-2693 (1980). 

K.K. Ogllvie and M.J. Nemer, ibrd., E, 1389-1397 (1980). 

K.K. Ogllvie and N.Y. Theriault, Ibid., 57, 3140-3144 (1979). 

K.K. Ogrlvle, A.L. Schlfman and C.L. Penney, rbld., 51, 2230-2238 (1979) 

K.K. Ogrlvle, S.L. Beaucage, A.L. Schlfman, N.Y. Theriault 

lbrd., 56, 2768-2780 (1978). - 

S.K. Chaudhary and 0. Hernandez, Tetrahedron Lett., 99-102 

and K.L. Sadal 

(1979). 

G.A. Olah, B.G.B. Gupta, S.C. Narang and R. Malhotra, J. Org. Chem., 44, 

4272-4275 (1979). 

T.J. Barton and C.R. Tully, lbrd., 43, 3649-3653 (1978). 

Numerous soluble silver and tetrabutylammonrum salts were tested. 

Only nrtrate salts had any effect on disilylatlon. Other salts showed 

no effect on silylatron at all except for tetrabutylammonlum sulfate 

where a good yield of monosilyl derivative (3) was obtained. - 

(Received in USA 24 June 1981) 


