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In the last few years, several methods1-3 have been developed for the synthesis of oligonu-
clectides by the modified phosphotriester approach A common feature of all these methods is
that a 5'-protected nuclesside (e g 1) is phosphorylated with a suitably-substituted phos-
phate (for example, 2,2,2-trichlorosthyl phosphate1 or aryl phusphatesz-al in the presence of
TPS4 ,followed by 1solation of the phosphorylated product by column chromatography The thus
obtained phosphodiester is then protected by another syitable protective group (for example,

2 or 2,2,2*trlchluruethy13) and TPS4 to give a phosphotriester (e g 3)

cyannethyl1_
The latter derivative 1s a crucial intermediate in the modified triester approach, to be ef-
fective 1n the synthesis of oligonuclentides this deraivative has to meet the following crite-
ria farstly, it must be easily available, secondly., the conditions necessary for the removal
of one of the protective groups from this intermediate (e g g], to give a phosphodiester
(e.g. 5], must be selective and may mot involve time-consuming purification procedures

Up to now, none of the published methud51_3 1s in agreement with the above specified crateria
We now wish to report that the use of 2,2, 3=trichlorcethyl 2-chlorophenyl phosphorochloridate
3 - necessary for the phosphorylation of a &'-protected nucleoside (e g 1] - together with
a selective removal of the 2,2,2-trichlorosthyl group from the phosphotriester 3 with the re-
agent - Zn/TPSCH/pyridine - followed by extraction of the formed Jiester 4, represents an ef-
fective procedure for the introduction of internuclesctide linkages

The latter will be demonstrated in the synthesis of the hexanucleatide pTpTplplplp? [19]
Reagent 2 may be readily prepared by adcing dropwise triethylamine (O 1 mole) to a stirred
solution of 2-chlorophenyl phDSDhDerthlDFldatQS and 2,2,2-trichlorasthanol (each, 0 1 mole)
in dry ether Work-up of the reactiocn mixture aond distillation gave EB in 70% yield, b p 130-
135°/0.15 mm

The protected nucleotide g {R = IT) was obtained by reactirg together 17 [R = II, 5 mmole)
and‘g (8 mmole) 1n dry pyridine (32 ml) Work-up of the praducts after 16 hr and purification
by Short Columr ChromatagraphyB gn/eiés. which was further i1sclated as a homogeneous (t 1 c )
colourless solad in 90% yield

The formation of diester 4 may be regarded as the crucial step 1ir the present work, 1t was
performed by treating 3 (R = II, 2 5 mmole} in pyridine (20 ml) ard 2,4,B-tri-isopropylbenze-
nesulphonic acid (TPSOH, 0 5 mmole) with Zn-dust (18 mmole) After 3 min excess Zn was remo-
ved by filtration and the filtrate - after dilution with CHCL3 (B0 ml) - was washed with

triethylammanium bicarbonate (TEAB, 1 M, pH 7 5, 40 ml} The sepsrated organic layer was ran-
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dered anhydrous by repeated co-evaporation with pyridine to give a solution of ﬁ (R = II) n
the same solvent The latter solution of 4 in dry pyridine (8 ml) was reacted together with
EES (2 2 mmole) and TPS (2 5 mmolel Wark-up of the products after 24 hr gave crude ga, which
after alkaline de'blocklngqo - KZCGS/MBOH - and purification by Short Column Chromatography
afforded QE as a homogeneaus (t 1 ¢ )} colourless solid in BGB% yleld11

The presences of the appropriate internucleotide linkage i1n product E; was proved as follows
Firstly, the 5'-hydroxyl group of &b was tetrahydropyranylatedg and the product cbtained was
then treated with base [0 125 N alksli] followed by acid (pH 2} Examanation of crude TpT thus
obtained showed 1t to be pure [(paper electrophoresis, t 1 ¢ MN-cellulaose, high pressure li-
quad chromatography) for more than 398% Furthermare, 1t was completely degraded to the expected
products (pT, T and Tp, T) by enzyme digestion with venom and spleen phosphodiesterase, res-
pectively

In the same way, starting from 3 (R = TII, 5 mmole]}, TPSOH (1 mmole), Zn (27 mmolel, EES (45
mmole, obtained from 3 (R = IT) 1r 80% yield) and TPS (5 mmole], Bc was 1solated as a homoge-
neous solid in 87% yleld11 Repitition of the alkaline de-blocking process on Eg gave Eg as a
chromatographically pure solid an 80% yield

Phosphorylation of Eg (1 2 mmole) w1thA21D

(1 5 mmolel 1in pyridine (15 ml) afforded the fully
protected dimsr § in 68% yield

The tetramer §§ was then prepared from dimer ﬁg {1 9 mrolel, Zn (10 mmole) TPSOH (0 35 mmole).
TPS (1 8 mmolel and dimer Bp [1 7 mmole) 1n the manner as described above for Ef’ 1t was 1so0-
lated as a homogeneous solid in 70% yleldM Srort alkaline treatrr\ent,'U af 2; gave chromato-
graphlcally pure EE in 80% yield

Finally the fully-protected hexamer Jc was prepared from dimer 8 {8 4 mmolel, 7n (4 0 mmole),
TPSOH (0 4 mmolel, tetramsr Sb [0 4 mmole} and TPS (0 5 mmole) Work-up of the products after
48 hr and purafication by 3Short Columr Uhromatography gave EE, which was 1solated as a homo-
geneous (t.l.c.) colourless solid in 70% yield

In order to obtain the upprotected oligonucleotide pTpTpTpTpTpT (19]. fully protected 25 was
subjected first to alkaline [0 125 N alkali at 20°%) and then to acadic (pH 2 20%) hydrolysis
Crude 12 was purified on DEAE-Sephadex, (pTJB 19 accounted for 95% of the total absorbance
ynits (266 nm) eluted From the column.

The homogeneaty and identity of 10 was established by t 1 ¢ (MN-cellulose), high pressure li-
guid chromatography and paper electrophoresis, 1t was furthermore completely digested by (1)
venom phosphodiesterase to pl, (11]) alkaline phosphatase to [TpJ5T and the latter by spleen
phosphodiesterase to Tp and T

In conclusion, the present procedure which consists of a one-step phosphorylation of a 5'-pro-
tected nucleoside (e.g. 1) with reagent Z and selective remaval of one protecting group from

a now easily available phosphotriester function (e g. 3J), together with an efficient extraction
step for the i1solation of the formed diester (e g ﬁ], promises to be of general use 1n the
synthesis of oligonucleotides

Tt remains to be seen 1f thas method 1s also appli-able to the synthesis of oligonucleotides

containing the nucleosades C, dA and dG12
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Based on the unit with ar urblorked 5'-bycraxyl group

Recently we were able to synrthesive - by exactly the same procedure - the dimers dCpC

and dArT 1in excellert yields



