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To date the ma]onty of successful syntheses of ol~gonucleotldes have been carried out 

In solution using varlatlons of the dxester method 
1 

or the trlester method 
2-4 . However It 

has been apparent, since the successful lntroductlon of solId phase or "polymer support" 

5,6 synthesis to peptlde synthesis , that this approach could offer numerous advantages In the 

synthesis of ollgonucleotldes. Unfortunately a comblnatlon of inadequate yields In conden- 

satlon procedures and the absence of an Ideal polymer support has limited the success of the 

solxd phase approach to ollgonucleotlde synthesx Several lnterestlng approaches 
7-10 

In the 

1960's clearly outlined the problems to be overcome. Recently a number of laboratories 
11-15 

have reported very successful advances In the soled phase synthesis of ollgodeoxynucleotldes 

In this report we wish to describe a rapld mathod for the solid phase synthesis of ollgo- 

rlbonucleotxdes. 

It had long been our oplnlon that a successful polymer support method would require a 

ngld non-swellable polymer. Thrs Idea was contrary to the maJon.ty of polymers being tested 

In this area The works of Koster 
16 

along with the development of surface activated slllca 

gels Ln general 
17,18 

convinced us that slllca gel could present an Ideal support for ollgo- 

nucleotlde synthesis. Our experience 
19 

with the phosphate condensation procedure 
20 

further 

convinced us that thxs was the Ideal procedure for testing, In a solld phase synthesis. Some 

time ago we began an lntenslve program to conblne these technxques for the development of a 

fully automated procedure for the synthesis of ol*godeoxynucleotldes This goal has been 

realized and ~111 be described In detail elsewhere In the mcantlme Caruthers 
14 

has 

described his prellrmnary results In the deoxy area using a very slrmlar approach 

In this report we wish to describe the synthesis of a rlbonucleotxde hexamer corre- 

spon&ng to units 21-26 of E-co11 
Met 

tRNA 
f * The hexamer, AGCUCG contans at le.3S.t one unit 

corresponding to each of the four conanon rlbonucleosides. 

We have tried several sllrca gels lncludlng Merck Kleselgel 60 and Vydak TP srllca. 

The results In this report are based on Vydak TP sllz.ca to pernut direct comparison with the 
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14 L-eported results in the deoxy area . The polymer 1s first dctlvatcd by refluxlnq ITCl and 

derlvatlzed successively with 3-armnopropyltrlethoxysl.lane, succ~~nlc anhydride and tn- 

methylchlorosilanc as has been fully described by others 14,17,18 for the productIon of 

polymer 1 (P-l) Treatment of P-l (6 g) with a 5'-methoxytr~tyl(-3'-t~-butyld1methyls1lyl- 

nucleoslde (1, 0.5 mmole/g), 

(150 ml) with shaking for 48 

DCC (4 6 g) and 4-dlmethylarmnopyndIne (DAP 146 mg) In pyrltine 

h produced P-2 - The methoxytrltyl group was removed with 0 05 N 

O-x P 
z7 Sl(CH2) 3 NHC(CH2)2COH 

P-l - 

pyrld1n.e 
* 

0 

DCC, DAP, 48 h P-2, R=MMT 

P-3, R=H 

a) B=Ur 

b) R=Ad 

c) B=CyBZ 

d) R=Gu 
BZ 

benzenesulfonlc acid IBSA, 20 mn) In acetonltnle. The amount of nucleoslde covalently 

bound to the polymer was found to be 0.15 mmole (P-e), 0 14 mmole (p-3&), 0.17 (~-3.~1 and - 

0 16 mmole (P-3d) These amounts were Q 5X greater than obtalned in the absence of DAP. It - 

was also found that the yields of derlvatlzed polymer were about 30% lower when a 5'-methoxy- 

tntyl-2'- t-butyld~methyls~lylnucleoslde was used, presumably due to greater ster1.c hindrance - 

at the 3'-OH 

The general procedure for the synthesis of ol.lgorlbonucleotldes on the polymer support 

1s as follows To polymer 3d (P-3fi, 3 g) was added O-66 mmole of 5'-O-monomethoxytrltyl-2'- - 

t-butyld~methyls~lylcyt~tine which had been previously treated with 0 59 mmole of methyl- 

dichlorophosphlte In THF (5 ml) contalmng collldlne (0 4 ml) for 15 mn at -78OC. The Max- 

ture wzs stirred at -78OC for 30 rmn and, allowed to warm to room temperature (total 30 mln) 

The phosphate llnkaqe was oxldlzed to the phosphate by stlrrlnq with lo&ne/water for 10 m~.n 

at room temperature. The polymer was washed w1t.h methylene chloride (15 ml) and ether (10 ml) 

and dried A sample (130 mg) of the polymer was treated successively with 0.05 N BSA for 

20 rmn and cont. Nd40H/pvrldlne (2 1) for 14 h The solutron was collected by flltratlon, 

concentrated at reduces pressure and the residue was treated with tetrabutylammonlum fluoride 

In THF for 90 mln 
19 

The solution was passed through a DOwex 5OWX8 Na+ column, concentrated 

and applred to Whatmann 3 171rn paper developed UI Solvent F (n-propanol-cone - NH40H-water 

(55 10 35)) The yield of CpG (90%) was deterred spectrophotometrlcally as P, conversion 

The remainder of the polymer (2 9 g) was treated with excess phenyllsocyanate 
ll,k4 111 

pyrl&ne for 2 h and was then detrltylated with BSA and dried In preparation for the next 

coupling step. All subsequent coupllnq steps were carried out as described above and the 
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% conversions and propertles of the ollgonuclcotldes are llsted XI Table 1 and range from - 

85 to 98% 

Table 1 - 

RTP F 
Compound m Rf 

Yield (a) 

CPG 0 40 0 39 90 

U&PG 0 44 0 34 98 

CPUPC~G 0 53 0 30 85 

GFCPUPC~G 0 66 0 25 87 

APGPCPUPC~G 0 76 0 18 86 

The tetranucleotrde CpUpCpG was degraded wxth RNAse A to Cp, Up and G in the ratlo 

2.0? 0.96 1 a. The hexanucleotlde ApGpCpLJpCpG was degraded with RNAse T 
2 to Ap, GP, Cp, UP 

and G XI the correct ratios. Sxnultaneous treatment wick snake venom and phosphatase con- 

verted the hexamer to C, U, G and A in the correct ratios. 

The purxty of the hexanucleotlde obtalned from paper chromatography in Solvent F was 

verified by HPLC on i_l-Bondapak Cl8 uslnq a linear gra&ent run from 0% solvent B to 90% 

solvent B with solvent A. Solvents A and B are those described by McFarland and Borer 
21 

and 

qlve excellent separation of rlbonucleotldes under the condltlons they describe The re- 

tentlon trmes for the pure pentamer and pure hexamer were 11.1 rmn and 11.8 rmn respectlvcly 

The results descrrbed In this manuscrxpt demonstrate the practlcallty and efflclency of 

sllrca gel as a support for ollgorlbonucleotlde synthesis using the phosphate coupling 

procedure on sllylated rtionuclcosldes. 
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