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Two oligoribonucleotides, pAUG and pGUAUUAAUAAUG, which are
present in the 5'~terminal region of brome mosaic virus mRNA 4,
have been synthesized in the phosphotriester approach involving the
use of the phenylthio and anilino (or anisidino) groups as the
protecting groups for the 5'- terminal phosphate.

Oligoribonucleotides bearing a 5'-terminal phosphate group are of great
importance as donors for joining RNA fragments with RNA ligase. However, only a
few methods have been published for chemical synthesis of 5'-phosphorylated RNA
species.z) In this paper, we wish to report a new method for the synthesis of
oligoribonucleotides bearing a 5'-phosphate group by the use of a new phoshory-
tlating agent capable of chain elongation in the 3'-direction.

In the previous paper,3)
(phenylthio)phosphorylthymidine 3'-phosphoranilidothioate (1) toward isoamyl
5) It was shown that the 3'-anilino(phenyl-

we reported unique properties of S-phenyl 5'-O-bis-

nitrite (IAN)4) and phosphinic acid.
thio)phosphoryl (ASP) group of 1 remained intact upon treatment with the latter
reagent which allowed selective removal of one of two phenylthio groups from the
5'~bis(phenylthio)phosphoryl (SSP) group to give the 5'-free phosphate (2).
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These facts suggest that the reverse use of the ASP and SSP groups as the 5'-
and 3'-hydroxyl protecting groups, respectively, enables us to extend the
oligoribonucleotide chain in the 3'-direction. Therefore, we first chose pAUG as a
synthetic target which was a phosphorylated species of the initiation codon in the

# Dedicated to Professor Teruaki Mukaiyama on the occasion of his 60th birthday.
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peptide synthesis. Phosphorylation of 2'-O—(tetrahydropyran—2-yl)—N6-(4,4'-di-
6)

methoxytrityl)adenosine (4, 0.142 mmol) with cyclohexylammonium S-phenyl phos-
phoranilidothioate (5a, R=H, 0.213 mmol) in the presence of mesitylenedisulfonyl
chloride®) (MDS, 0.256 mmol) in pyridine (1 ml) for 17 h gave the 3',5'-diphos-
phorylated product (§) in 83% yield. Treatment of 6 (0.081 mmol) with a mixture of
4 M pyridinium phosphinate/pyridine®) (0.61 ml, 2.45 mmol) and triethylamine (0.22
ml, 1.62 mmol) at 40 °C for 1 h gave the 3'-phosphodiester component (7) quantita-
tively. Under these conditions, the ASP group was confirmed to be stable. Conden-
sation of 7 (0.081 mmol) with S,S-diphenyl 2'-0-(tetrahydropyran—z-yl)-N3—anisoyl-

uridine 3'—phosphorodithioate6)

5)

(8, 0.062 mmol) in the presence of isodurenedi-
(DDS, 0.186 mmol) and 3—nitro—1,2,4-triazole7) (NT, 0.243 mmol)
gave the dimer (2) in 88% yield. The dimer (0.055 mmol) was treated similarly with

sulfonyl chloride

the phosphinate reagent to afford the 3'-terminal phosphodiester (10), which was in
turn condensed with 2',3'-O—methoxymethylene-N2-propiony1—06-diphenylcarbamoyl-

guanosines) (11, 0.042 mmol) to give the fully protected trimer (12) in 87% yield.
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Previously, we have reported that the ASP group at the 3'-oxygen of }.allowed
simultaneous deprotection of both the anilino (PhNH) and phenylthio (PhS) groups

upon treatment with IAN4) ?)

in pyridine-AcOH-Ac20 to give the 3'-free acid (3) as
the main product. Based on this fact, we attempted to remove both the PhNH and PhS
groups from 12 by the one-step procedure using IAN-Py-AcOH-AcZO. However, this
system did not give the 5'-free phosphate. The 5'-terminal PhS group remained to
an extent of 95%. A similar result was obtained in the case of S-phenyl 3'-0-
acethylthymidine 5'-phosphoranilidothioate. Although it is not clear why there is
a considerable difference in removal mode between the 3'- and 5'-ASP groups, the
results obtained here are of interest especially in connection with the chemical
synthesis of capped mRNAs since 5'-phosphorothioates of the diester type can be
used as activatable sites for polyphosphate bond formation. Full deprotection of
12 was performed after the IAN treatment as follows: 1) 0.2 M NaOH-pyridine (1:1,
v/v) at 0 °C for 40 min, 2) conc. ammonia 60 °C for 2 h, 3) AgOAc (30 equiv per one
phosphate) in pyridine-H20 (2:1, v/v) at r.t. for 24 h, and 4) 0.01 M HC1l (pH 2.0)
at r.t. for 40 h. Finally, pAUG was obtained in 35% yield by paper chromatography.

This trimer was identified with the authentic sample.lo)
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To demonstrate the utility of the present approach, a dodecaribonucleotide of
PGUAUUAAUAAUG, i.e., the 5'-terminal sequence of filament 4 of brome mosaic virus
mRNA,ll)
employed in place of the PhNH group as one of the 5'-terminal phosphate protecting

was also synthesized. 1In this synthetic project, the anisidino group was

groups. The 5'-terminal guanosine unit (14) was similarly obtained 78% yield by
phosphorylation of 2'-O—(tetrahydropyran—2—yl)—N2-propionyl—06-diphenylcarbamoyl-
guanosines) (13) with 3b (R=0Me).12) The protecting groups for the base residues
of U, A, and G were the same as used for the synthesis of pAUG. The dodecaribo-
nucleotide was synthesized by fragment condensation as shown in Fig. 1. The
2',3'-cis diol of 3'-terminal guanosine was masked with the methoxymethylene group.
It was found that the use of 0.5 M zinc bromide in CH2C12—iPrOHl3) (85:15, v/v) at
0 °C did not affect the methoxymethylene group. The 3'-terminal PhS and 5'-DMTr
groups were selectively removed from fully protected oligomer building blocks by
the action of the phosphinate reagent and ZnBrz, respectively. The conditions and

results of the fragment condensations are summarized in Table 1.

pG—U—A—U—U—A—A—U—A—A—U—G GEPC-Pro goPC Pro
1 2 2 2 O-THP 5b /MDS Q 0 T:P
Q B
3 4 4 HO O\B(Sph)z PhS "’ (o] O\g(sph)z

- MeO<OMN

13 H
5 X/ 1%
6
7 B

MTr | An
- oTHP B = aPMT, ur

0
0]
Fig. 1. Strategy for the synthesis of DMTrO, \E(SPhb

the dodecaribonucleotide.
Fig. 2. Fully protected monomer units.

Table 1. The conditions and results of fragment condensations for the synthesis of
the fully protected dodecaribonucleotide

Removal of DMTr

3'-Diester 4 M H,PO/Et.N Time 5'-OH DDS/NT Time Frag. Yield group with 0.5 M
compd equiv, equi¥v. min compd equiv.equiv.min No. 2 ZnBr2 at -5 °C
(equiv.) Time/min Yield/%
pG 30 20 60 U 2+1 3 40420 1 89 10 902
(1.3)

A 30 20 60 U 2+1 3 40420 2 96
(1.3)

AU 30 20 60 U 2+1 3 40+20 3 91
(1.3)

A 30 20 60 AU 2+1 3 40+20 4 93 40 93
(1.3)

AAU 30 20 60 G 2+1 3 40+20 5 95 - -
(1.3)

AAU 30 20 60 AAUG 2+1 3 40+20 6 78 40 97
(1.4)

AUU 30 20 60 AAUAAUG 2+1 3 45+45 7 92 60 59
(1.3)

pGU 30 20 60 AUUAAUAAUG 2+1 3 60+180 8 72 60 87
(1.6)

a)

In this case, 0.5% trifluoroacetic acid in CH2C12 was used at 0 °C.



120 Chemistry Letters, 1987

The coupling reactions proceeded very cleanly and a high yield of synthesis of
the 12 mer was achieved. Removal of the DMTr group from the protected
oligoribonucleotide building blocks became somewhat difficult since longer times
were required with an increase of the oligomer chain. The Lewis acid treatment was
stopped within 1 h to avoid loss of the methoxymethylene group.

Full deprotection of the protected 12 mer (10.3 mg, 1.20 pmol) was performed
as described in the case of pAUG: 1) IAN (116 ul) in pyridine—AcOH—Aczo (3:2:2,
v/v/v, 1.1 ml) at r.t. for 5 h, 2) 0.2 M NaOH-pyridine (1:1, v/v,2.6 ml) at 0 °C
for 50 min, 3) AgOAc (60 pmol) in pyridine-Hzo (2:1, v/v, 0.12 ml) at r.t. for
14 h, and 4) 0.01 M HC1l (pH 2.0) for 2 days. Finally, paper chromatography
developed with nPrOH-concentrated ammonia—Hzo (55:10:35, v/v/v) gave the crude 12
mer (23 OD at 258 nm, ca. 20%). Final purification of the crude material was
performed by 20% polyacrylamide gel electrophoresis in the presence of 7 M urea.
The base sequence of the purified 12 mer was confirmed by both the Donis-Keller14)
and modified Maxam-Gilbertls) methods.
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