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Since Letslnger's lntroductxon of the chlorophosphlte procedure (1) for the synthesis of 

deoxynucleotldes, phosphates have been wdely used as unlsolated lntermedlates In the synthesl 

of olxgonucleotldes (2-5). We wish to describe the lsolatlon and characterlzatlon of the 

phosphates themselves. These compounds are shown to be stable molecules which provide 

wterestlng analogues of natural nucleotldes and which can be rapidly oxldlzed to natural 

nucleotldes The ellmlnatlon of the oxldatlon step until the last condensation step further 

slmplifles the chlorophosphlte procedure for producing ollgonucleotldes. In the accompanying 

paper In this Issue, we show that the phosphrtes provide access to a wide variety of novel 

nucleotlde analogues. 

The synthesis of the phosphate derivative 2 Illustrates the general procedure The first 

step involves the addltlon of 5'-methoxytrltyl-2'-TBDMS urldlne (l_, 300 mg, 0 17 mmole) In THF 

(0.5 ml) to trichloroethylphosphorodichlor~dlte (TCEOPC12, 78 ~1, 1.1 eq) Ln THF (0.5 ml) 

contalnlng collldine (0.28 ml, 2 mmole] at -7R*c. After 10 mln,3'-levullnyl-7'-TBDMS urldlne 

(2, ref 6, 172 mg, 0 38 mmole) In THF (1 ml) was added and the solution maIntaIned at -78°C 

for I.5 min. The solution was concentrated at reduced pressure and applied to TLC plates 

developed In ether chloroform ethanol (2.5 0 9 0 1). Compound 3 was isolated In 85% yield - 
(mp 127-130°C, if,": 260 nm, R Fther 0 31, 31P nmr, 6, -136 3, -136.7 PP~ (H3PO4)) Compound 3 - 

was further characterized by lodlne oxldatlon to the phosphate ester which has been previously 

described (6, 
31 

P nmr, 6, +3 50, +3 08 (3 1)) 

Compound Awas treated successively with Zn/Cu ln DMF at 509C for 6 h, 80% HOAc at 8O'C 

for 15 mln, hydrazlne in pyridlne-acetlc acid (7) and TBAF (8) to give the free phosphate 4 

as the sole product (4, Rz 0.30, Rz 0 65 (see reference 8 for solvents) The phosphitc 4 was 

degraded by snake venom phosphodlesterase to urldine and urldlne 5'-phosphate, R: 0 23, e 

0.52, which was identical to the compound reported by Holy (9) (urldlne 5'-phosphate has values 

of R; 0.11 and R p 105). The phosphate 4 was unaffected by spleen phosphodlesterase and 

by ribonuclease A condxtlons which routinely degrade normal nucleotldes However, on 

treatment with lodlne in water-pyrldlne (10 min) 4 was completely oxldlzed to the natural - 
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nucleotlde UPU (5, R; 0 19, M RTp 0.51) which was completely degraded by all three enzymes to 

the expected products and m the correct ratios 

- 

In all syntheses of ollqonucleotldes usmg the chlorophosphlte procedure reported to date 

oxldatlon of the mtermedlate 3 to the phosphate ester 1s done prior to lsolatlon and subse- - 

quent cham extension While the oxldatmn 1s rapid, 

tme consummg. We have found that compounds such as 

and oxidation need not be carrled out until the fmal 

to 6 with hydrazme hydrate (5 mm) and to z with 80% - 

couplmq of 2 (0.12 mmole) with TCEOPC~~ (1 eq.) and 

subsequent extraction procedures can be 

2 can undergo cham extensmn dmectly 

step For example, 2 can be converted 

acetic acid (10 mm, 80°C). The 

1 (0 095 mole) accordmq to the above 

procedure gave the tetranucleoslde trlphosphlte CgJ In 54% yield (mP 135 - 140°C. hmx lZtOH 261, 

R;ther 0 24) Compound 8 was oxldlzed by mdlne/water (5 mln, THF/pyrldine solvent) to give 
- 

ether 
the nucleotlde 9 In quantltatlve yield (9_, Rf 0 04, ldentlcal to sample characterized =n 

- 

ref. 6). 
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The phosphlte analogues of natural nucleotldes are stable and can be Isolated. They are 

reslstant to spleen and rlbonuclease A but are degraded by snake venom Thus, they provide a 

novel analogue system to natural nucleotldes and are currently undergoing bIologIca testing 

The phosphates also provide a direct route to numerous novel analogues of natural nucleotldes 

(next article) Of equal Importance in terms of the rapId synthesis of normal ollgonucleotlde 

LS the further reduction In time and effort afforded by the ellmlnatlon of the oxldatlon step 

until the final condensation step In chain synthesis. 
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