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PHOSPHORYL TlUS-TRIAZOLE - A NEW PHOSPHORYLATING REAGENT 
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ABSTRACT: pho@~~I tris-trhuole, a new phosp~o~4~ti~ reagent obtained from fVC?j and 1,$4-thuofe, 

ws found to be vev useful for the prepmtion of nuckoside 3 ‘-phmphotriesms beming vanbus dkyl 

phmp?uzte prdective gnwp2. 

At present, aryl phosphodichloridatesl) (or diazolides2) ) and aryl alkyd phosphomonochloridates3j4) are commonly 

employed as convenient reagents for the preparation of nucleoslde 3*-Phosphotriestera - key intermediates in oljgonuoleotides 

synthesis via triester approach. 

However, up to now this kind of reagents was almost exclusively employed for the synthesis of nuoieoside 3 ‘-phospho- 

triesters containing aryls or aryl and alkyl groups, but there was no convenient route to the preparation of nucleoside 

3’-phosphotri&ers bearing two alkyd groups. 

searching for an efficent phosphorylatw reagent for the synthesis of dialkyl nucleoslde phosphotriesters, we tried at 

first to US PCK$ for the phosphorylatioo of 5 ‘-&&nethoxytritylthymidine @MT-T-OH), or alkyl phosphodichloridates 

prepared in situ from POCl3, followed by the addition of desired alcohols. In all ages, however, we have found that although 

the first step i. e. phosphorylstion of nucleoside I, proceeded nearly quantitatively, the yields of phosphotriester products were 

very low (ca 5 - 10%). 

To fmd the explanation for these results, we studied the stability &f various elkyl phosphodichloridetes (2-cyanoethyl, 

2,3-dibrormpropyl, methyl or benzyl glymlate) in different solvents using ‘H NMR spectroscopy. We have found that all the 

studied alkyl phasphodichloridates underwent. complete decompositions) in dioxanc or ether 112 hrs} and in Pyridlne 

(2-3 min.), and this was probably the reason for the very low yield of phosphotriester formation dur@ the phosphorylation 

reaction. It ls aI= very likely that the ssme phenomenon occurred when nucleoside 3 ‘-phosphodichloridstes, obtained from 

mcleoside I and pocI3, were treated by the appropriate alcohol. 

To eliminate these undesired reactions, we replaced chlorine atoms in POClj by tao1e.s and fiw he resulting 

phosphoryl tris-trizole (II) was used for the synthesis of nucleoslde dlalkyl phonphotrlesters (IV). 

DMT-T-OH + O=E’-NpT _)3 - - 

OR2 

I II III IVa-f 

Table 1. Synthesis of nucleoside 3 ‘-phosphotrissters (IV) from nucleoaide 0). pbosphoryl tris-triazole (II) and 

appropriate alcohols 

RI OH 

NCCH2c!H2~ 

NCCH2CH2OH 

NCCH2CH20H 

NCCH$H.$H 

NCCHzC%OH 

~CH2WWH20H 

%OH 
NCCH2CH2OH 

CH,CH20H 

PhCH20COCH20H 

BrCH2CH(Br)CH20H 

C13CCH20H 

J?hC139’3JCH20H 

2935 

IVa 

IVb 

IVC 

1Vd 

We 

IVf 

% Yield (&&ted) 

70 

60 

61 

63 

75 

60 



29% 

1,2&triPzole (4.5 eqv.), WC13 (1.5 eqva were dissolved in dioxane ( 5 ml for 1 mar), and m&r cooling (5%X 

a solution of Methylsmine (4.5 eqv..) in dioxane was added dropwise dur@ 15 min. Aftw stir&g for an additional 40 nmi., 
the reaction mixture was fdtercd under nitrogen into the flask contab@ m&&de 1 (I eqv.), u&h M been previous@ 

evaporated with pyridine. Phcqhorylation of nueleoside was completed in IS - 20 min. and ~~BXI the first aleott& (13 epv.) 

WBS added. Ihe reaction mixture was kept for 1.5 hr at room kmperature, amcuttratzd to l/3 of the ~ volwss and 

after the sbmnd &oh01 (2 eqv.) a~i added, the mixture left to st~J ovemight. lhen t. 1. c. on silta gel pkta showed 

60 - 80% of desired phosphotrieaers and 20% of a trityl~ntsiniq product at the origin (@ably nudeoaide alkyl ~Mspho- 

die.ster). The reaction mixture was concentrated to the gum, the residue dis&ed h eblomform, and then wa&ed with 

phosphate buffer @I+ 7.5). After silica gel cbromatograpby (using ebloroforrn containing 2 - 5% of methsnol as a solvent) 

the desired phosphotriesters 1%f were isolated in 60 - 70% yi&@. 

It is worth stressing Ihat under the reaction conditiins deaaibed above, no his-nudeoside alkyl phosphotriesters were 

observed (t. 1. c. anelysis) although in every a symctrical nucleoside bia-&yl pluqhotriestera were present (ca S%}. 

Phosphoryl tris-triazole is stable in dioxane and can be kept in this solvent as n stack solution for at least ten daya 
although better results were obtoinsd when this phosphoryleting reagent wes Prepsxed directly before use. 

In mndudon, pbouphoryl t&t--triazole was found to be a nseful reagent for the @hesis of nueleo& 3 ‘-phoqho- 

triesters besring various alkyl groups. It prevents dicnities connected with the application of PCKl3 or alI@ 

phosphodichloridater for a sin&u purpose, ad thus may prove to be of general we in nudcoside chcmiatxy M 1 convenient 

reagent for the introduction of.a phosphoryl group. 
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5. In dioxane and ether, auryl phosphodichloridate~ undrrwent deuxqositkn into the CO~~KUI& which ‘Ii NMR spectra 

were in excellent agreement with the spectra of cormspondiq s&y1 d&ride~. For exaaqle. NCCH2CH2DIQC12, 

IH NMR (CDC13) 4.50 (2H$n.-CH2OP). 2.93(2H.t, J=6Hz, -CH2cN); deannpodtion produet - ‘H NMR (Cq) 

3.73 (2H, t, J=dHz), 2.93 (2H, t, J=6Hz) 

~c~ococH2opocI2, ‘H NMR (CDCi3) 

deconq&Gin product ~ ‘13 NMR (CM3) 

7.30 (5H. s, c&IS), 5.13 (ZH, s, -CtL$), 4.80 (2H, d, J=l2Hz, -CI120P); 

733 (%I, I, C6HS-), 5,16(2H, s, qW$‘h], 4X6 (ZH, I). 

In pyridine, however, the alternative pathwry for the deoopos+licn of thb typs of phosphoryhting wents is also possible 

i. e. formtion of an N-alk@yridiniurn salt of dkhlompho@ate, snd this mute is probably the mein one. 

See, 1. Smrt and J. Catlin, Tetrshedron Letters, 5082 (1970); M. Rub-in and k Patcbomik, Tetrahedmn, 

XL 2to7 (1975). 

6. ‘H NMR spectra and cbromatopqbic rnobilities of alI isolated phosphotriesters IVa-f were identical with mrreqmndii 

phasphotriesters obtained from nuckoside 2-cyanoethyl phosphodiesta and from appropriate alcohol in ihe preana of 

2,4,6-triiaopropylbenzenesulfonyl tetrazale az I condensing reagent. 
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