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2~-(2-Pyridyl)ethyl group is used as a highly selective protecting
group of internucleotidic phosphates that is removable under mild

conditions by treatment with CHSI in CHBCN without a side reaction

such as N-alkylation.

In the fild of oligonucleotide synthesis, the phosphate protecting group plays

D In particular, it

the most important role in the phosphotriester approach.
seems that the most suitable protecting group in the phosphotriester approach can

be removed from the internucleotidic bonds by B-elimination mechanism.z)
3)

Several
decades ago, Cramer reported that 2-(2-pyridyl)ethyl group could be used as a 5'-
terminal phosphate protecting group in oligodeoxyribonucleotide synthesis by the
phosphodiester approach. This group was removed by treatment with sodium

methylate in pyridine. We have tried to apply this protecting group to the syn-
thesis of oligodeoxyribonucleotides by the phosphotriester approach. It is now
found that 2-(2-pyridyl)ethyl (Pyet) group is stable under standard manipulations
required for oligodeoxyribonucleotide synthesis, removal being achieved specifi-
cally under mild conditions by treatment with CHSI in CH3CN.

The starting 3'-phosphotriester units 5 were prepared as follows: 2,6-Di-
chlorophenyl phosphorodichloridate (1) (6.0 mmol) was allowed to react with 1,2,4-
triazole (12.0 mmol) in dry THF (15 ml) for 1 h. 5'-0-Dimethoxytritylthymidine
(3a) (4.0 mmol) was added and the mixture was stirred for 1 h. Then 2-(2-pyridyl)-
ethanol (12.0 mmol) and N-methylimidazole (MeIm) (12.0 mmol) were added and the
reaction was continued for 1 h. After the usual workup, chromatography afforded

the phosphotriester unit §g4) (2.87 g, 82%). In a similar manner, other nucleo-
side 3'-phosphotriester units, 5b, 5c, and 5d were obtained in 88%, 897%, 79% yields,
respectively.4)

The Pyet group in 5, is stable at 20 °C under both basic [0.1N-NaOH in a mix-
ture of dioxane and MeOH (15:5, v/v), 3h] and acidic [in 80% AcOH, 6h] conditions.
5) with t-BuNH
in a mixture of pyridine and H20 (8:2, v/v), but the corresponding phosphodiester

Removal of the 2,6-dichlorophenyl group was attemped by our method, 2
6a could not be obtained in a satisfactory yield (75%). We now found that 2,6-di-
chlorophenyl group could be easily removed from 5 with 4-nitrobenzaldoximate (NBO)
(10 molar equiv) in a dioxane—Hzo—EtBN mixture (1:1:1, v/v) within 240 min (t1/2=20
min) at room temperature to give the phosphodiester derivative 6 in quantitative
yield. The condensation reaction of 6a (1.24 g, 1.5 mmol) and 3'-O-benzoyl-
thymidine (7)0.34 g, 1.0 mmol) in the presence of 8-quinolinesulfonyl chloride
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8)

(Qs—Cl)7) (1.02 g, 4.5 mmol) and Melm (0.36 ml, 4.5 mmol) was carried out in dry

pyridine (5 ml). After 3 h, the usual workup followed by chromatography afforded
the fully protected dimer (8a) (1.18 g, 75%).

derivatives (8b-d) were synthesized in 77%, 78%, and 70% yields, respectively.

Similarly, The fully protected dimer
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Further, we examined the synthesis of tetradeoxyadenylate (13) as shown in
Scheme 2. The dimethoxytrityl group was selevtively removed from 5b by treatment
with 3% C13CCOOH in a CH3NO2—MeOH mixture (95:5, v/v) at room temperature for 5 ming)
to give the corresponding 5'-hydroxyl component (9) in 887% yield. The 3'-phos-
phodiester component (6b) was then treated with 9 in dry pyridine containing an
chromatography afforded
the
respec-
The

excess of Qs-Cl and MeIm for 3h. After the usual workup,

the dimer (10) in 79% yield. According to the methods described previously,
2,6-dichlorophenyl and DMTr groups were removed from 10 to give 11 and 12,

tively, and both the components were reacted by using Qs-Cl and MeIm for 3 h.
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fully protected tetradeoxyadenylate was obtained in 717 yield after separation- by
silica gel column chromatography.

The protection of internucleotidic phosphates with 2-(2-pyridyl)ethyl group
would be expected to selectively removable under mild conditions via B-elimination
mechanism. The dimer 8a was therefore subject to three tests. First, it was
tretaed with 0.2 M-NaOH in a mixture of dioxane and MeOH (15:5, v/v) at room tem-
perature and found to be stable (by TLC) after 3 h. Secondly, 8a was treated
with CHSI (3.0 molar equiv) in CH30N at room temperature for 3 h, followed by
treatment with 0.2 M-NaOH in a mixture of dioxane and MeOH (15:5, v/v) at room tem-
perature. While 8a was converted to the corresponding DMTrTpTOH in 30% yield
after 4 h. Finally, when the solution of 8a in dry CH30N was treated with CH31
(20 molar equiv) at room temperature for 18 h, it was almost quantitatively con-
verted to DMTerTOBz.lO) DMTrTpTOBz was deprotected by successive treatment with
concentrated ammonia and with 807% AcOH to afford the unprotected dimer, TpT in 95}%
yield. In a similar manner, other unprotected dimers, d-ApT, d-CpT, and d-GpT
were obtained as shown in Table 1. An important observation we made in removal of
the Pyet group from 8 is that no alkylation of base residues were characterized by
Rf values on paper chromatography, HPLC, and UV spectroscopy. Compared with
other protecting groups, it is noted that the ''safety form" of the Pyet group is
converted with CHSI in CH3
via B-elimination reaction without loss of the amino and hydroxyl protecting

CN into pyridinium form, which can be easily decomposed

groups.

Deprotection of 13 was performed by the above methods after removal of the
2,6-dichlorophenyl group by treatment with NBO to afford d-ApApApAp in 737% (181 OD
units) yield from 10 umol of the protected tetramer 13. The tetramer was
completely degraded by spleen phosphodiesterase to give a single spot of d-Ap
(Fig. 1).
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Fig. 1. HPLC Elution Profile on Senshupak
(4251-N) Column Using a 5% MeOH in 0.05 M-
NH4HoPO4 in 25 min.

a) The product obtanied after digestion of
d-ApApApAp by spleen phosphodiesterase.

b) Authentic samples=d-Ap, d-mSAp.
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Table 1. Yields and Enzymic Digestions of Unprotected
Dinucleoside Monophosphates.
Compd. Yield of complete Enzymatic analyses
deprotection ¥

d-ApT 85 d-A/pT (1.00:1.08)
TpT 93 T/pT (1.00:1.11)
d-CpT 85 d-C/pT (1.00:0.93)
d-GpT 81 d-G/pT (1.00:1.02)
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