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PREPARATION AND PROPERTIES OF OLIGODEOXYNUCLEOSIDE
PHOSPHORODITHIOATES

Kirsten Bjergarde, Bjarne H. Dahl, and Otto Dahl*

Department of General and Organic Chemistry, The H. C. @rsted Institute, University of
Copenhagen, Universitetsparken 5, DK-2100 Copenhagen, Denmark

Abstract: The thiophosphoramidite method for preparation of oligodeoxynucleoside phos-
phorodithioates is evaluated and four main problems identified. Preliminary resuits on some
properties of phosphorodithioates are given.

Modified oligodeoxynucleotides with improved nuclease resistance are of interest as anti-
sense compounds which can bind to selected mRNA and stop iranslation of essential pro-
teins of e.g. HIV vira.1 Phosphorodithioates 1, first prepared in 19882, are promising anti-
sense compounds which can be made from thiophosphoramidites 2 like unmodified oligo-
nucleotides.3 We have encountered several problems in using the thiophosphoramidite
method on solid supports and discuss four main problems below.

The first problem is the low reactivity of thiophosphoramidites. With tetrazole catalysis
the cyanoethyl N,N-diisopropylthiophosphoramidite 2a couples with a rate that is about 300
times less than that of the corresponding phosphoramidite under identical conditions.# This
problem can be partly overcome by using more reactive thiophosphoramidites like 2b.3:4
These are still not so reactive as normal amidites, giving only about 85% coupling after one
minute, but two couplings and oxidations with suiphur result in an acceptable 94-98% DMT-
efficiency.

The next problem is more serious. In our hands, dithioates prepared on solid sup-
ports always contain some monothioate impurities, 4-15% according to 31P NMR. We have
examined the likely origin of monothioates and excluded, we think, obvious sources like
oxygen in the solvents, impure sulphur, incomplete oxidation with sulphur, and replacement
of sulphur with oxygen during capping, detritylation or deblocking with ag. ammonia. Most
probably monothioate impurities are formed by oxidation with sulphur of H-phosphonates 3,
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the latter appearing in the products as a result of hydrolysis of incorporated phosphorami-
dites 4, and maybe also of the primary coupling products, thiophosphites 5 (Scheme).
Incorporated phosphoramidites 4 are formed because thiophosphoramidites in the presence
of tetrazole are prone to dismutate to nucleoside phosphorodiamidites 6 and dithio-
phosphites 7.4 The diamidites are much more reactive than thioamidites, and even small
amounts are likely to give substantial amounts of incorporated phosphoramidites, and hence
monothioates after hydrolysis and oxidation with sulphur. Thiophosphites are also hydrolysed
in the presence of tetrazole, although more slowly than thiophosphoramidites, and much
more slowly than phosphoramidites.

The third problem arises from the necessity to oxidize with elemental sulphur, which is
a slow process (5 min is used for each of the two coupling steps in a cycle) and requires a
solvent shift to pyridine/carbon disulphide. Both factors increase the danger that some thiop-
hosphite linkages are hydrolysed before they are oxidised. We have tried to use instead the
new sulphurization reagent 85 which however gives an increased amount of monothioate im-
purities, and some disulphides 9 6 which unfortunately react very slowly.

o

/S 8 RC(0O)SSC(O)R 9
)
N
d Yo

The fourth problem is the selective removal of the S-protecting groups, which is
much more difficult than removai of the corresponding O-protecting groups. Side reactions
like substitution of the RS group at phosphorus (OH" gives monothioates) or nucleophilic
attack at the 5’-carbon (cleavage of the dithioate linkage) are likely to occur if the protecting
group is not sufficiently labile. The 2-cyanoethyl group we use can be removed with less than
1% monothioate formation.4 The 2,4-dichlorobenzyl group3 is likewise an acceptable pro-
tecting group, but removal of a 4-chlorobenzyl group, and particularly a methyl group, with
thiophenolate is accompanied by cleavage of the dithioate linkage (ca. 3% and 35%, resp.).

These problems with the thiophosphoramidite method makes it worthwhile to explore
methods to prepare phosphorodithicates which circumvents labile tertiary thiophosphorus
compounds. Caruthers” and we® have recently published different dithiotriester methods
which however still have to be adapted for solid support synthesis.

The properties of oligonucleoside phosphorodithioates have not yet been intensive-
ly studied because of our lack of longer, pure oligomers. We have measured the melting
points of some 20-mers hybridized to a complementary, unmodified 20-mer DNA (Table). The
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Table. Ty, for 20-mers, medium salt (140 mM NaCl, 10 mM NaH,PO4, 1 mM EDTA, pH7.4).

d(ACA CCC AAT TCT GAA AATGG) 61°C
d(ACA CCC AAT TCsT GAAAATGG) 59 -
d(AsCsAs CCC AAT TCT GAAAATGG) 58 -
d(ASCsA CCC AAT TCT GAA AATs GsG) 58 -

d(AsCsAs CsCsCs AsAsTs TsCsTs GsAsAs AsAsTs GsG) 41 -

reduction of ca. 1° pr. dithioate linkage is similar to that found for monothioates. The dithioate

linkage is very stabie towards nucleases as also found by Caruthers®® and Reesel?.

Compounds with several dithioate linkages at the 5’-end are difficult to kinase with T4 kinase

and 7-32P-ATP, although they are labeled under forcing conditions.
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