Tetrahedron Letters Ne. 52, pp 5059 - 5062, 0040-4039/79/1222-5059$02,00/0
©Pergamon Press Ltd. 1979. Printed in Great Britain,

SOME OBSERVATIONS RELATING TO PHOSPHORYLATION METHODS
IN OLIGONUCLEOTIDE SYNTHESIS
J. B. Chattopadhyaya and C. B. Reese*

Department of Chemistry, King's College, Strand, London WC2R 2LS, England.

Summary. A very convenient procedure for the conversion of (N),0-5'-protected deoxyribonucleo-
sides (8) into the triethylammonium salts of the corresponding 3'-(o-chlorophenyl) phosphates (3)
is described. Good yields of partially-protected 3'—5'-dinucleoside phosphates (10) are
obtained from the latter (9) and 3'-unprotected nucleoside building blocks (12a).

Two separate phosphorylation steps [(i) and (ii), Scheme 1] are required in the synthesis
of oligonucleotides by the phosphotriester approachl. The first phosphorylation step (i),
involves the conversion of a partially-protected nucleoside or oligonucleotide [ROH(1)] with a
free (usually 3'-) hydroxy group into the corresponding aryl phosphate (2) or into an activated
form of 2. 1In our original studie52 on the synthesis of oligonucleotides by the phosphotriester
approach, we used phenyl phosphorodichloridate (6; Ar=Ph, X=Y=Cl) as the phosphorylating
agent. As might be expected, the formation of symmetrical by-products (such as 5) could not
then be avoided. We later found that 4-nitrophenyl phenyl3 and 2-chlorophenyl 4-nitropheny14
phosphorochloridates (6a; Ar=CgHs and 2-ClCgHy, respectively) were suitable phosphorylating
agents for the first step [(i), Scheme 1] of oligonucleotide synthesis. However, further
studies5 have revealed that the latter reagents may only be used effectively in stepwise syn-
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thesis. Other monofunctional phosphorylating agents have also been suggested '7.
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Narang and his coworkers8 have developed a method for converting 5'-protected 2'-deoxy-
ribonucleosides and their N-acyl derivatives into the corresponding p-chlorophenyl 2-cyanoethyl
phosphates in good yields by reaction first with p-chlorophenyl phosphorodi-(1,2,4-triazolide)
[6; Ar=4-ClCgHy, X=Y=17] and then with 2-cyanoethanol. Agarwal and Riftina have reported9
that the reaction of 5'-protected 2'-deoxyribonucleosides (corresponding to 1) with p-chloro-

phenyl phosphorodi-(1,2,4-triazolide) is not accompanied by the formation of symmetrical
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3'—>3'-dinucleoside phosphates (corresponding to 5). This result suggests that, although
p-chlorophenyl phosphorodi-(1,2,4-triazolide) [6; Ar =4~CIlCgH,, X=Y=7] is apparently a
bifunctional phosphorylating agent and has been used as such8, it is effectively monofunctional
when it is used in excess. We now report that when 5'-protected 2'~deoxyribonucleoside deriva-
tives (such as g)lo are treated with an excess of o-chlorophenyl phosphorodi-(1,2,4-triazolide)
[6; Ar =2-ClCgHy, X=Y=7] and the products subjected tc hydrolysis, the corresponding 3'-(o-
chlorophenyl) phosphates (39) are obtained and may readily be isolatedll as their triethyl-
ammonium salts in very high yields (Table 1). Thus additional steps8 involving the preparation
and selective unblocking of phosphotriester intermediates may be avoidedlz. The phosphodiester
products (3, corresponding to 2) may generally be isolated as stable colourless solids, uncon-
taminated (as indicated by 31p n.m.r. spectroscopy and t.l.c.) with triethylammonium o-chloro-

phenyl phosphate or other impuritiesl3.
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TABLE 1, Preparation of 3'-(o-Chlorophenyl) Phosphates
Yield of a b c ¢
Substrate Product (%) $(p.p.m.) Bp(A) Bp(B)
8 [B = 6-N-(p-t-butylbenzoyl)-adenin-9-yl] 23 - 5.89 0.79 0.45
8 [B = 4-N-benzoylcytosin~1-yl] 25 - 5.81 0.80 0.53
8(B= 2-3—(2—t-butylphenylacetyl)—guanin—Q-yl] 94 - 5.93 0.70 0.41
8 (B = thymin-1-yl] 25 - 6.43 0.89 0.58
10 (B = B' = thymin-1-yl] 94 - - -
81solated by precipitation as solid triethylammonium salts.
These data relate to 3!P n.m.r, spectra in pyridine solution. Negative chemical shifts
indicate resonance signals upfield from that of orthophosphoric acid which was used as an
external standard. The chemical shift of the resonance signal of triethylammonium o-chloro-

phenyl phosphate is -4.62 p.p.m. in pyridine solution.
C€T.1.c. was carried out on Merck Alufolien Cellulose GF,5, in solvent systems (A) [ethanol-M-
ammonium acetate (5:2 v/v)] and (B) [isobutyric acid - ammonia (d 0.88) - water (66:1:33 v/vil.
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We have found‘l'14 that l-mesitylenesulphonyl-3-nitro-1,2,4-triazole (MSNT, 1ll) is a very

effective condensing agent in the second step [(ii), Scheme 1] of the phosphotriester approach.
If a phosphodiester intermediate (9, corresponding to 2) is allowed to react with a 3'-protected
2'-deoxyribonucleoside building block [e.g. 12b, corresponding to 3] in the presence of MSNT
(11), the internucleotide linkage in the product (corresponding to 4) will be unambiguously
3'—5'. However, the present study clearly demonstrates that it is not necessary to protect the
3'-hydroxy group in 12. Thus when a solution of 9 (B=thymin-1-yl, Et3NH+ salt; 2.0 mmol) and
unprotected thymidine (12a; B'=thymin-l-yl; 2.5 mmol) in pyridine (40 ml) was treated with MSNT
(11; 12.5 mmol) at room temperature and the reaction quenched after 20 min, 10 (B=B'=thymin-
l-yl) was obtained as by far the major product. While the latter compound (BF 0.28, Table 2)
was obtained in 79% isolated yield, the yield of its 3'—3'-isomer (l3a; B=B'=thymin-1-yl;

EF 0.38) was not greater than ca. 1-2%. Good yields of 3'—5'-isomers and only small quantities
of 3'—3'-isomers were obtained in all five other examples of this regiospecific reaction so far
examined (Table 2). Each of the 3'—3'-isomers (l3a) was prepared in an unambiguous way from
the appropriate phosphodiesters (9) and 5'-0-pixyl derivatives (12c) 15. As, in all cases
examined, the 3'—3'-isomers (l3a) had higher EF'S (Table 2) than the 3'—5'-isomers (10), the

. . . iqs 1
latter could be isolated in a pure state following chromatography on silica gel 6.

TABLE 2. Preparation of Partially-Protected Dinucleoside Phosphates (10)

vield® of Rg® ot  Rg® of

B (in 9) B' (in 12a) 10 (%) 10 13a
6-N-(p-t-butylbenzoyl)-adenin-9-yl 2-N-(p-t-butylphenylacetyl)-guanin-9-yl 78 0.32 0,46
6~-N-(p-t-butylbenzoyl)-adenin-9-yl thymin-1-yl 78.5 0.32 0.35
4-N-benzoyleytosin-1-yl 4-N-benzoyleytosin-1-yl 81 0.36 0.46
4-N-benzoylcytosin-1l-yl thymin-1-yl 84 0.31 0.35
thymin-1-y1 4-N-benzoylcytosin-1-yl 76 0.33 0.38
thymin-1-yl thymin~1-yl 79 0.28 0.38

21solated by precipitation, following purification by chromatography on silica gel.
.l.c. was carried out on Merck pre-coated silica gel F,5, plates which were developed in the solvent system:
CHC13-MeOH (9:1 v/v).

R = 2-Br,CHCgH,; Ar = 2-CIC¢H,

As indicated in Table 1 (final entry), partially-protected dinucleoside phosphates (10)
may also be converted into their 3'-(o-chlorophenyl) phosphates (l4a) in high yields by reaction

with o-chlorophenyl phosphorodi~(1,2,4-triazolide) [6; Ar=2-ClCgHy, X=Y¥=7]}. The partially-
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protected dinucleotides (l4a) thereby obtained may then be condensed with nucleoside building
blocks (12a or 12b) to give partially- or fully-protected trinucleoside diphosphates. The
latter may then readily be converted in the same way into the corresponding trinucleotide
blocks (14b). We believe that the methods outlined in this paper suggest a very convenient
approach to the synthesis of oligodeoxyribonucleotides. Indeed, preliminary results confirm

that this approach is capable of leading to oligonucleotides of high quality.
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