0040-4039/87 $3.00 + .00

Tetrahedron Letters,Vol.28,No.29,pp 3401-3404,1987
Pergamon Journals Ltd.

Printed in Great Britain

DEDXYRIBONUCLEOSIDE 3'-PHOSPHORDIAMIDITES AS SUBSTRATES FOR SOLID
SUPPORTED SYNTHESIS OF OLIGODEOXYRIBONUCLEOTIDES AND THEIR PHOSPHORO-
THIOATE AND DNA-TRIESTER ANALOGUES

*
Bogdan Uznariski, Andrzej Wilk, Wojciech J. Stec

Polish Academy of Sciences, Centre of Molecular and Macromolecular Studies
Department of Bioorganic Chemistry, 90-362 EJdZ, Boczna 6, Poland

Abstract
5'-0-Dimethoxytrityl-base vrotected-nucleoside 3'-0-phosnhordinorpho-
lidites can be successfully used for the synthesis of oligodeoxyribonucleo-
tides and their phosphorothioate or "triester" analoques.

A1l so far reported modifications of phosphite approach to the synthesis of oligo-

deoxyribonucleotides and oligoribonucleotides 1, originally desianed by Letsinger 2, are

distinguished by the intermediacy of phosphite type species (1). Their oxidation (sulshura-
tion) leads to trialkyl phosphates (2, X=0) or triaikyl phosphorothioates (2, X=S), which

are stable under conditions of further chajn-extension

¥ T |
0 i/ or ii/ 9 iii / 0
P-OR ———> X=P-OR ————> X:p-0
0—5' o) o
] , 1 1

1 - 2 3
i/ X=0: IZ/HZO/Lutidine/THF
ii/ X=S: SS/Lutidine or 58/C52 or Ss/Pyridine or KSCN
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iii/ OH or PhSH/Dioxane/Et3N or NHjaq.
Depending on the nature of -OR qroup attached to internucleotide phosphorus atom, phosphate
deprotection involves hydrolysis with an attack of OH™ on phosphorus, attack of PhS™ on ester
carbon atom, or g-elimination process
In this communication we wish to present our modification of the synthesis of oligo-
deoxyribonucleotides, using 5'-0-dimethoxytrityl-base protected-nucleoside 3'-0-phosphordi-
morpholidites (6), available from the reaction of anpronriately protected nucleoside (5a-d)

with chlorodimorpholinophosphine (4) 5,6 (See Scheme 1).
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Yield of 6 (%)  SlP-tMR, 6 0f 6 (ppm) (CD,CH)

56 B=a A2 96 131.21
AL 70 131.46
c T 9 131.10
d chBz 77 131.63

Reaction of corresponding 5'-0-dimethoxytrityl-base protected-nucleoside 3'-0-phosphordi-
morpholidite (6) with base protected-3'-0-methoxyacetyl nucleoside, performed in acetonitrile
solution in the presence of tetrazole (5-fold molar excess), leads to 3'-(5'-0-dimethoxytri-
tyl-base protected-nucleoside)-55(3L(-methoxyacetyl-base protected-nucleoside)-phosphormorpho-
1idite (7) - this process is comoleted within 3 minutes (See Scheme 2).
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As exemplified by dithymidyl(3',5')phosphormorpholidite (631P 139.98 ppm,single line obser-
ved only), amidite P-N bond can be easily cleaved under mild acidic conditions / leading to
5'-0-(3'-0-methoxyacetyl)thymidyl 3'-0-(5'-0-dimethoxytrityl)thymidine H-phosphonate (8)
(631P 2.83 and 1,68 ppm, Jp_y 680 Hz), which subsequently was oxidized to aive 5'-0-(3'-0-
methoxyacetyl)thymidyl 3'-0-(5'-0-dimethoxytrityl)thymidine phosphate (9) (uBondapak Cyg
0.78x30 cm column, HPLC assay).A]coholysis8 of 7 leads to dinucleoside 0-alkyl phosphite 10
which was further oxidized, yielding corresponding dinucleotide 0-alkyl ester 11 (See

Scheme 3) 9_
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In order to estimate coupling efficiency of all four substrates 6a-d, we have synthesized,
using chain elongation cycle shown in Scheme 4, the decamer 5' GGGAATTCCC 3' which contains
Eco RI recognition sequence 5' GAATTC 3'.

Decamer GGGRATTCCC, obtained accordina to this methodoloqy, was identical with genuine sam-
ple prenared via B-cyanoethyldiisopropyl phosphoramidite method 10, as proved by HPLC ana-
lysis, electrophoretic mobility on 20% polyacrylamide gel and digestion with Eco RI endo-
nuclease leading to GGG and pAATTCCC fragments. Independently, this decamer was treated with
snake-venom phosphodiesterase followed by alkaline phosphatase; the ratio of mononucleosides,
estimated by HPLC analysis, was consistent with decamer sequence (2T:2A:3G:3C).

Coupling efficiency, estimated on the basis of trityl cation assay, was as follows:

A=96%, G=95%, T=89%, C=99%.

Scheme 4.
Protocol for chain-elonaation cycle

Detritylation 2% dichloroacetic acid/methylene chloride 1 min
Wash acetonitrile
Coupling 0.5M tetrazole in acetonitrile

0.2M phosphordiamidite 6 in acetonitrile 3 min
Wash acetonitrile
Hydrolysis 20% water in 0.5M solution of tetrazole

in acetonitrile 5 min
Wash acetonitrile
End cycle:
Oxidation 0.1M I2 in HZO/Lutidine/THF (1:2:2) 1 10 min
Wash acetonitrile

As inspection of the protocol presented in Scheme 4 clearly demonstrates advantage of our
approach over that commonly used in automated solid phase 0-methyl or B-cyanoethyl phosphor-
amidite methodoloqy 1, since oxidation is performed in one common step within the end cycle,
before ammoniolytic cleavage from the solid supnort and base deprotection,

It should be pointed out that presented in this communication approach to the synthe-
sis of oligodeoxyribonucleotides and their phosphotriester analogues, combines the advantages
of classical phosphoramidite approach together with those offered by recently explored H-phos
phonate method, developped by Stawihski et al. 11, and with recently published transforma-
tions described by Froehler 12. Versatility seems to be the main advantage of our approach.

13

Studies on the synthesis of phosphorothioylated oligonucleotides -, their analogues conta-

ining phosphordithioate moiety(ies) and other backbone-modified DNA fragments are in progress
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