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In the last few years, several methods 
l-3 

have been developed for the synthesis of ollgonu- 

cleotldes by the modzfzed phosphotrlestar approach A common feature of all these methods is 

that a 5'-protected nucleoslde [e g I_) is phosphorylated with a suitably-substituted phos- 

phate [for example, 2,2,2-trichloroethyl phosphate' or aryl phosphates 2-3l in the presence of 

TPS4 ,followed by lsolatlon of the phosphorylatad product by column chromatography The thus 

obtalned phosphodiester is then protected by another suitable protective group (for example, 

cyanoethylqm2 or 2,2,Z~tr~ohloroethy131 and TPS4 to give a phosphotrlester Ie g ,$I 

The latter derivative 1s a crucial intermediate in the modzfzed trlester approach, to be ef- 

fectlve In the synthesis of oligonucleotldes this derlvatlve has to meet the following crlte- 

rla firstly. it must be easily avallable, secondly, the condltlons necessary for the removal 

of one of the protective groups from this Intermediate (e g 21, to give a phosphodlester 

[e.g. 21, must be selective and may not involve time-consuming purlflcatlon procedures 

up to now, none of the published methods 
l-3 

1s in agreement wrth the above speclfled crlterla 

We now wish to report that the use of 2,2,2-trzchloroethyl 2-chZoropheny1 phosphorochlorzdate 

2 - necessary for the phosphorylatlon of a "-protected nucleoslde [e g ;I - together with 

a seZectzue removal of the 2,2,2-trichloroethyl group from the phosphotrlester 2 with the re- 

agent - Zn/TPSCH/pyrzdzne - followed by extractzon of the formed Lester ,4, represents an ef- 

fectlva procedure for the lntroduztlon of internucleotlde llnkages 

The latter will be demonstrated in the synthesis of fhe hexanuc?eatlda pTpTplpTpTpT Cl_al 

Reagent? may be readily prepared by adolng dropwlse trlet?ylamlne (0 1 mole1 to a stirred 

solution of 2-chlorophenyl phosphorodlchlorlliate 
5 

and ~,L,L-trlL~loroethano1 (each. 0 1 mole] 

in dry ether L'ork-up of the reactio 7 mixture 2nd dlstlllatlon gave 2 
6 

I" 70% ylpld, b p 130- 

135o/O.15 mm 

ihe protected nucleotlde? IR = III was obtalned by rractlrg together 1 ,’ [R = II, 5 mmolel 

and2 [6 m-nolal In dry pyridine 132 ml1 Work-uu of the oroducts after 16 hr and purlflcatlon 

by Short Columr Chromatography' @a/e A', lNblch was fdrther isolated as a homogeneous (t 1 c 1 

colourless solld in 30% yield 

The formatlon of diester 2 may be regarded as the crucial step 1~ the present work, It was 

performed by treating 2 If? = II, 2 5 mmolej in pyrldlne (20 ml] and 2,4,6-tri-isopropylbenze- 

nesulphonlc acid [TPSOH, 0 5 mmolel Iwlt'r Zpmdust [la mmolel After 3 mln excess Ln was remo- 

ved by flltratlon and the filtrate - after dilution wlth CYCL3 [HI, ml1 - was washed with 

trlethylammonlum bicarbonate ITEAB, 1 m, pH 7 5. 40 ml) The separated organic layer was i-en- 
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dered anhydrous by repeated co-evaporation with pyridine to give a solution of 2 IR = II) 1n 

the same solvent The letter solution of! in dry pyridine L8 ml3 was reacted together with 

5ag [2 2 mmolal and TPS 12 5 mnolel Work-up of the products after 24 hr gave crude 2, which 

after alkaline de-blocking 
10 

- K2CD3/YeOH and purlfxatlon by Short Column Chromatography 

afforded &z es a homogeneous Lt 1 c I colourless solid In 56% yield 
11 

The presence of the appropriate lnternucleotlde llnkage in product z was proved as follows 

Firstly. the 5'-hydroxyl group of E was tetrahydropyranylated' and the product obtained was 

then treated with base IO 125 N alkali1 followed hy acid (pH 21 Examlnatlon of crude TpT thus - 

obtained showed It to be pure (paper electrophoresls, t 1 c MN-cellulose, high pressure li- 

quid chromatography] for more than 98% Furthermore. It was completely degraded to the expected 

products IpT, T and Tp, Tl by enzyme digestion with venom and spleen phosphodlesterase, res- 

pect1ve1y 

In the same way, starting from 3 CR = II, 5 mmolel, TPSOH (1 mmolel, Zn (27 mmolel, 5b6 (4 5 

mole, obtained from2 LR = III 1~ 90% yleldl and TPS L5 mmolel, _ 6c was isolated as a homoge- 

neous solld In R7% yield 
11 

'iepltltlon of the alkaline deblockIng process on 3 gave z as a 

chromatographlcally pure solld in 83% yield 

Phosphorylatlon of 2 (I 2 mmolel w;th_7'9 (I 5 mmolal lr, pyrldlne (15 ml1 afforded the fully 

protected dImera ln 68% yield 

The tstramer g was then prepared from dlmar & (1 9 mmolel, Zn [IO mmolel TPSOH (0 35 mmolel, 

TPS (I 8 mmolel and dlmcr 2 II 7 mmolel in the manner as described above for 2, It was ~SO- 

lated as a homogeneous solid in 73% yleld" Sport alkaline treatment 
10 

of s gave chromato- 

graphically pure 9J in 60% yield 

Finally the fully-protected hexamer g was prepared from dlmeri (0 4 mmolel. Zn (4 0 mmolel, 

TPSOH (0 4 mmolel, tatramer ,9J Cfl 4 mmolel and TPS [O 5 mmolel Work-up of the products after 

46 hr and purlflcat*on by 3llort Col~mr rbromatography gave 2, which was Isolated as a homom 

geneous (t.l.c.1 colourless solld in 70% yield 

In order to obtain the unprorected ollgonuLleotlde pTpTpTpTpTpT ($1. fully protected $ was 

subjected first to alkaline LO 125 N alkali at 79") ahd then to acldlc CpH 2 2C"l hydrolysis 

Crude IJ was purlfled on CEAE-Sephadex. (pi), IL accounted for 35% of the total absorbance 

units 1266 nml eluted From the column. 

The homogeneity and ldentlty of 10 was establIshed by t 1 c (VN-cellulose), high pressure 11- 

quid chromatography and paper electrophoresis, It was furthermore completely dlgested by (11 

venom phosphodlesterase to pi, (111 alkaline phosphatase to (Tpl;T and the latter by spleen 

phosphodiesterase to Tp and T 

In conclusion, the present procedure which consists of a one-step phosphorylatlon of a 5'-pro- 

tected nucleoslde (e.g. 'J) With reagent 2 and selective removal of one protecting group from 

a now easily available phosp'latrlester function (e g. 21, together with an efflclsnt extraction 

step for the lsolatlon of the formed dlester (e g 41, promises to be of general use in the 

synthesis of ollgonucleotldes 

It remains to be seen lf this method IS also appll-able to the synthesis of ollgonucleotldes 

contalnlng the nucleosldes riC, dA and dG 
12 
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