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Abstract: Benzyltriethylammonium tetrathiomolybdate (8), an easily prepared compound
has been found to be a rapid, efficient and reliable sulfur-transfer reagent in the automated
synthesis of phosphorothioate oligonucleotides via the phosphoramidite approach.

Phosphorothioate analogues are regarded as the first generation of antisense oligonucleotide analogues which
have been successfully tested in vitro and in vivo as inhibitors of gene expression.!"3  Phosphorothioate
oligonucleotides are isoelectronic analogues of natural nucleotides in which one of the nom-bridging
internucleotide oxygen atoms is replaced by a sulfur-atom. The solid phase synthesis of phosphorothioate
oligonucleotides has been achieved using the H-phosphonate approachS, where only one sulfur transfer step is
required after assembling the desired sequence to coavert all the internucleotide linkages to phosphorothioates,
or the phosphoramidite approach’, where a stepwise sulfurization instead of iodine oxidation step in an
otherwise standard synthetic cycle is required. The phosphoramidite chemistry, due to its superior coupling
efficiency and its suitability to synthesize designed mixtures of phosphorothioate and phosphodiester
internucleotide linkages in an oligonucleotide, appears to be the method of choice8-13.

Although both approaches require the use of a sulfur-transfer reagent, it is of crucial importance that an
cfficient sulfur-transfer reagent is used for the synthesis of phosphorothioate oligonucieotides via the
phosphoramidite approach. Elemental sulfur(%), which was initially used for this purpose, was not efficient due
to its poor solubility properties and its slow sulfurization reaction. In order to alleviate these problems, recently
morc suitable sulfur-transfer reagemts were recommended, viz., di-(phenylacetyl)-disulfide10(D),
tetracthylthiuram disulfide11(2), 3H-1,2-benzodithiole-3-onel, 1-dioxide8(3), dibenzoyltetrasulfide!2(4) and
bis(O,0-diisopropoxy phosphinothioyl) disulfide(13)(5), for the synthesis of phosphorothioate oligonucleotides
via the phosphoramidite approach. Of these, only 3H-1,2-benzodithiole-3-on¢ 1,1-dioxide8(3) appears to
transfer sulfur very rapidly, however its synthesis and stability are not particularly suitable for large-scale use.
In addition, the co-product formed during its sulfurization of intermucleotide phosphite linkages can potentially
transfer oxygen and thus can result in undesired phosphodiester linkages under certain conditionsS.

In this communication we wish to report ancther sulfur-transfer reagent, benzyltriethyl-ammonium
tetrathiomolybdate [BTTM]14(8), which has been found to be particularly efficient. Furthcrmore, BTTM (8) is
readily prepared (Scheme) in 80% yield in a one step reaction!> from commercially available ammonium
tetrathhomolybdate(6) and benzyltriethylammonium chloride(7). BTTM (8) is isolated as a stable, deep red
coloured crystalline solid which is readily soluble in acetonitrilel!.
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Scheme: H20
[NHq4la MoS4 + PhCHyN(CH3CHy)3C1 ——
©® @
[PRCH;N (CH3CH3)3],MoS,
®

Concentration of Durstion of | Delivery | Reaction %

Sulfur-transfer Solvent(s) Solution Time Time of
Reagent (Days) | (Seconds) | (Seconds) | Tp(e)T
0.2M of (8) CH;CN 1 15 60 99.47
0.1M of (8) CH;CN 1 15 60 99.40
0.05M of (8) CH;CN-H,0 (99:1) 1 15 60 96.50
0.05M of (8) CH3CN-H,0 (96:4) 1 15 60 99.01
0.075M of (8) CH;CN-H,0 (96:4) 1 15 60 99.17
0 1M of (8) CH3CN-H,0 (96:4) 1 15 60 99.95
0.1M of (8) CH;3;CN-H,0 (96:4) 7 15 60 99.28
0.5M of (2} CH3;CN 1 15 900 98.86
0.5M of (2) CH;CN 7 15 900 98.30
0.2M of (3) CH3CN 1 15 30 98.76
0.2M of (3) CH;CN 7 15 30 97.30

Table: Sulfurization of 5'-0-DMT-dinucleoside (3'-5')-O-B-Cyanoethyl phosphite, bound via 3'-terminal
succinate to LCAA-CPG

In order to evaluate the efficacy of BTTM (8) for the synthesis of phosphorothioate oligonucleotides and also to
optimuse the sulfurizing conditions, dinucleoside phosphorothicates d(Tp(s)T) were synthesized on 1.0umol
scale using different concentrations of (8) in acetonitrile for 60 seconds to effect sulfurization instead of iodine
oxidation step, but before the capping step, in an otherwise standard synthetic cyclel6. After deprotection, the
unpurified dimers were analysed by HPLC and found to contain greater than 99% of d(Tp(s)T). In addition, the
efficacy of BTTM (8) as a sulfur-transfer reagent was compared with that of (2) and (3) under appropriate
conditions, on day 1 and 7, in the solid phase synthesis of dinucleoside phosphorothioates d(Tp[s]T), (sce table).
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Figure 2. LC profiles (on an ODS, 5p column, cluted with 0.1M tricthylammonium acetate-acetonitrile) of
phosphorothioate 28-mer: [a] unpurified and [b] purified.

To further evaluate the usefulness of BTTM (8) as an efficient sulfurizing agent, an oligodeoxyribonucleoside
phosphorothioate S-d[TCG TCG CTG TCT CCG CTT CTT CCT GCC A], 28-mer, complementary to the
mRNA of the HIV-1 rev gene was synthesized on 1.0pmol scale using 2 0.1M  solution of BTTM in
acetonitrile-water (96:4) for 60 seconds to effect sulfurization in each synthetic cycle!.The unpurified 28-mer
was analysed by 31P-NMR spectroscopy after ammonolytic release from the solid support and deacylation;
Figure 1. The ratio of the integrals of the signals at 5ca 56.2 (assigned to phosphorothioate phosphorus) and at
Sca - 0.3 (assigned to phosphate phosphorus) is estimated to be 99.46:0.54. Figure 2a and 2b shows the reverse
phasc liquid chromatograms of unpurified and purified phosphorothicate 28-mer, respectively. Finally
oligodeoxyribonucleotide treated with a 0.1M solution of BTTM (8) in acetonitrile at r.t. for 24 hours did not
show any detectable modification of the nucleosidic bases!17.

In summary, it has been demonstrated that BTTM (8), due to its case of preparation, solubility in desirable
solvents, its highly efficient and rapid sulfurization reaction, is useful for the solid phase synthesis of
phosphorothioate oligonucleotides via the phosphoramidite approach.
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Benzyltriethylammonium Tetrathiomolybdatel4 (8) was prepared by the following procedure: To a pre-
filtered (through a 0.45pum nylon filter) solution of ammonium tetrathiomolybdate (260g, 1.0mol) in
HPLC-grade water (2.5L), was addded a pre-filtered solution of benzyltriethylammonium chloride (466g,
2.0mol) in HPLC-grade water {(500ml), over 1 hour and was stirred in dark at r.t. for 10 hours. The deep
red fine crystalline solid precipitate was filtered under nitrogen atmosphere, washed with HPLC-grade
water ( 2 x 750ml), then with 2-propancl (2 x 750ml) and finally with diethyl ether (2 x 750ml). The solid
product was freeze-dried for 20 hours to give (8) [yield, 486g (80%); m.p.126-128°C; (decomp); UV/Vis.
A-max: 476-478 (14,600), 322-326 (22,000), 270-274 (24,700) nm; IR(KBr): 470 cm™! (Mo=S)].

. (a) Solid-phase syntheses were performed on 1.0pmol scale using Cruachems' PS250 DNA/RNA

synthesizer, B-cyanoethyl deoxyribonucleoside phosphoramidites and reagents. A solution of BTTM(8)
|see table] was placed on the synthesizer at the oxidation port and a 60 seconds reaction time (with a 15
second delivery time) was used to effect complete sulfurization, soon after the coupling reaction but before
the capping step. BTTM solution, 0.1M in acetonitrile: water (96:4) was used within 1 week and we have
not expericinced any clogging problems. (b) Rao, M.V. GB-Patent Application No: GB. 921659.9, 1992.
(a) Deoxyribonucleoside (N-benzoyl adenosine and cytidine, N-isobutyryl guanosine and thymidine)
functionalized CPG were separately treated with a 0.1M solution of (8) in acetonitrile at r.t. for 24 hours.
LC analysis of the nucleoside released from the respective supports, after standard deprotection, indicated
no nucleosidic base modification. (b) An oligodeoxyribonucleoside d[TCG TCG CTG TCT CCG CTT
CTT CCT GCC A] carrying exclusively P (O) linkages was synthesized. The fully protected oligomer
covalently attached to the solid support was incubated at r.t. with a 0.1M solution of (8) in acetonitrile for
24hours. An identical experiment in which (8) was omitted was also performed. Afler deprotection, the
samples were subjected to enzymatic digestion with snake venon phosphodiesterase and alkaline
phosphotase. LC analysis of the hydrolysate indicated no nucleosidic base modification.
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