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A CONVENIENT SYNTHESIS OF DINUCLEOTIDES BY OXIDATION-REDUCTION
CONDENSATION USING NUCLEOSIDE 5 -PHOSPHORODIANILIDATES

Mitsunori HASHIMOTO and Teruaki MUKAIYAMA
Laboratory of Organic Chemistry, Tokyo Institute of Technology
Ookayama, Meguro-ku, Tokyo

5’ -Phosphorodianilidates of various N-protected nucleoside
were prepared from the N-protected 5° -deoxyribomononucleotides
(e.q., d—pABZ—OAc) and aniline with coupling reagents, triphenyl-
phosphine and 2,2" -dipyridyl disulfide, in yields ranging from 60
to 65%. The phosphorodianilidates were condensed with suitably
protected mononucleotides by the above mentioned oxidation-reduct-
ion condensation to afford the dinucleotide phosphorodianilidate,
such as‘;d-pAszCAn,j;d-prT,';d—pABZpT in yields ranging from 50
to 75%. The phosphorodianilidates were successfully converted to
the corresponding parent 5 -phosphate by treatment with isoamyl-

nitrite.

It is well known that protected dinucleotides having 5° -phosphomonoester end
groups (e.q., d—pABZpCAn (I)) are important intermediates in the blockwise syn-
thesis of deoxyribonucleotides of defined sequences. The preparation of dinucleo-
tides such as type (I) was usually performed by coupling of 3’ -hydroxyl group of
5’ -protected nucleotide with 5’ -phosphate group of 3’ -protected nucleotides, fol-
lowed by the selective removal of the 5° -phosphate protecting group. The B-cyano-
ethyl group1 has been used most commonly so far for protection of 5’ -phosphate of
mononucleotides and, in addition, several useful protecting groupz_6 have been
proposed recently for this purpose.

This communication describes a convenient and general method for the prepara-
tion of nucleoside 5” -phosphorodianilidates and for the synthesis of dinucleotides
using these nucleoside 5 -phosphorodianilidates by the oxidation-reduction conden-
sation.

This investigation was undertaken on the basis of the following facts; first,
phosphorodianilidates were prepared easily from the 5  -nucleotides by one-step
procedure with coupling reagents, triphenylphosphine (Ph3P) and 2,2" -dipyridyl di-
sulfide ((Pys)z)é which were very effective in the preparation of nucleotides7 and
phosphoramidates . Secondly, the dianilidates (II) thus prepared are more stable
in comparison with the corresponding phosphoromonoanilidate (III) under basic con-
ditions. Concerning the removal of the anilino groups of 5 -phosphate, it was re-
ported by Ohtsuka that amidates derived from the aromatic amines can be readily

cleaved to give the parent 5  -phosphate group by treatment with isoamylnitrite
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under mild conditions4.

In the first place, preparation of phosphorodianilidates was carried out in
pyridine with Ph3P-(PyS)2. In a typical experigent, N6-benzoy1deoxyadenosine 5% -
phosphate (II) was obtained in 65% yield when N -benzoyldeoxyadenosine 5” -phosphate
(1 mmol) and aniline (10 mmol) were treated with Ph3P-(PyS)2 (10 mmol) in anhydrous
pyridine (10 ml) at room temperature for 2 days. The dianilidate was extracted
with chloroform and purified with a thin layer chromatography on silica gel in
tetrahydrofuran. This phosphorodianilidate was stable under basic conditions usual-
ly employed for the removal of the protecting groups of nucleotides. Deoxythymidine,
deoxycytidine and deoxyguanosine phosphorodianilidates (II) can also be prepared

in 60-65% yields along with the corresponding phosphoroanilidates (III) in 35-40%

yields.
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The dianilidates (II) can easily be isolated from the corresponding monoanilidates
(III) with a thin layer chromatography on silica gel in tetrahydrofuran or ethyl

acetate. These results are shown in Table I.

Table I. Experiments on the Synthesis of Nucleotide 5'—Phosphorodiamidatea) (I1)

Total yields Ratio of amidates

B1 Amine Reiigzon of amidates Phosphor - Phosphorodi EHFT
(day) II and III amidate(III) amidate(II) ax
Thymine Aniline 2 quant, 35 65 267,226
Thymine Morpholine 5(hr) " 82.5 17.5 267
1 " 57 43 "
3 " 17 64b) 1"
N-Benzoyl — sni1ine 2 " 35 65 280,230
adenine
N-Anisoyl o
cytosine Aniline 2 " 41 59 302(285)
N—Benzgyl Aniline 2 " 40 60 290,260
guanine

a) 10 equiv. each of Ph3P-(PyS)2 and 10 equiv. amine were used based on parent
nucleoside 5’ -phosphate.
b) TppT was also produced in 17% yield.

Next, preparation of dinucleotides was tried by treating the phosphorodianilidates
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with various 5° -aucleotides. Condensation of the phosphorodianilidates (II) with
suitably protected mononucleotides (e.q., d—pABZ-OAc) by Ph3P-(PyS)2 in pyridine
proceeded smoothly to give the fully protected dinucleotides (IV) in the yields
renging from 50 to 75% based on the phosphorodianilidate. For example, N6—benzoy1
deoxyadenosine 5° -phosphorodianilidate (II) (0.1 mmol) and N6—benzoy1 3’ -0O-acetyl
deoxyadenosine 5° -phosphate (d—pABZ—OAc, 0.15 mmol) were allowed to react with
Ph3P—(PyS)2 (1 mmol) in pyridine (1 ml) for 3 days at room temperature. At this
stage, paper electrophoresis showed four spots; that is, the desired nucleotide
(70%), unreacted d—pABZ-OAc (0.06 mmol), II (20%) and a small amount of the other
product which was not identified. The nucleotide (IV) was isolated by DEAE-cellu-
lose column chromatography using a liner salt gradient of iriethylammonium bicarbo-
nate in 50% ethanol (14 of 50% ethanol in the mixture chamber and the equal volume
of 0.1M salt in the reservoir). The treatment of IV with alkali and with isoamyl-
nitrite afforded VI and V quantitative yields respectively, according to the follow-

ing scheme.
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B1 or 82 = N-benzoyladenine, thymine, N-anisoyl cytosine, or N-benzoylguanine.

Similary various other dinucleotides d-pAszT, d—pABZpCAn, d-pTpT, d—prABz, d—prCArl
were also prepared in good yields (Table II).
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Table II. The Synthesis of Protected Dinucleotides Containing 5” -Phosphate Groups.

Summary of Conditions and Yields of Condensation Reactions.

3’ -OH P) 5’ -Phosphate
Dinucleotide containing containing

Amount Ph_P-(PyS) Pyridine Time Yield
3 2 72
component component ¢

mmol mmo1l ml day

d-pTpT-OAc p-dT d-pT-OAc 0.1 0.5 0.8 2 70
a-pTpci™-oAc p-dT a-pc®_0Aac  0.07 0. 0.7 2 50
a-pTpaB?-oac p-dT a-paP?.oac  0.07 0.5 0.7 2 51
d-pAB?pT-0Ac p-daB?  a_pT-0Ac 0.1 1 0.85 2 75
a-paP?paBZ oac  p-daB?  a-paB?.oac 0.1 1 0.9 2 70
a-pABZpcAP oac p-aaP®?  a-pafPloac 0.1 1 1 2 70

a) Yields were determined spectrophotometrically in water.

b) In each case, 0.05 mmol amount of component was used.

In conclusion, it is noted that various nucleoside 5’ -phosphorodianilidates
were prepared in good yields from 5’ -nucleotides and aniline by oxidation-reduction

szCAn were synthesized

condensation. Various protected dinucleotides of typejd-pA
in good yields by the reaction of nucleoside 5’ -phosphates with 3’ -hydroxyl nucleo-
side phosphorodianilidatew.

The synthesis of oligonucleotides containing various kinds of base sequences

and the development of other phosphorodianilidates are now under investigation.
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