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Summary: The synthesis of mononucleoside and dinucleosidebest known example being ferrocetfeThe only other examples
phosphates and H-phosphonates bearing boron cluster com-of nucleoside/metallocene type conjugate reported so far are
plexes of cobalt or iron is described. The proposed method nucleoside/metallacarborane modificatidh$! Recently we
provides key synthons for the preparation of bioinorganic DNA/  described a general method for the synthesis of conjugates of
metallacarborane conjugates forzariety of applications. all four canonical nucleosidess, T, dC, dA, and dG, and

There is an array of DNA- and RNA-oligonucleotide modi- metallacarboranes containing cobdltncorporation of thymi-

fications designed and synthesized for specific biological and din€ conjugate into a DNA oligomer via the phosphoramidite
technical use. The incorporation of metal centers into nucleic Method was also show. _ _
acids offers exceptional opportunities to create new types of ~Herein we report the synthesis of a nucleoside/metallacar-
materials merging the ability of nucleic acids to store, transfer, Porane conjugate bearing iron, transformation of the cobalt- and
and process information with electronic, magnetic, or optical ifon-containing conjugates into H-phosphonate synthons, and
properties characteristic of metals and their complexes. Metal- Synthesis of metalated dinucleotide blocks bearing a metalla-
and metalloid-containing nucleic acids exhibit a wide range of carborane complex. As a metal carrier al2oxyadenosine (dA)
biological and physicochemical activities, some of which have derivative was used.
been employed in molecular medicine, diagnostics, and technol-  The metallacarborane/deoxyadenosine conjugate containing
ogy, providing many useful advantages. Applications of metal- cobalt 6Co) was obtained according to the original procedure
labeled nucleic acids include their use as electrochemically described recentl§2 The conjugate bearing irorbke) was
detectable probes, fluorescent probes, artificial “chemical nu- Obtained analogously. Briefly, first the'-5and 3-hydroxyl
cleases”, probes for DNA-mediated electron transfer, and functions of 2-deoxyadenosinelj were protected. For that
“molecular wires” for bioelectrochemical deviceShe study ~ Purposetert-butyldimethylsilyl protection was used for both
of the mononucleosides and their mono-, di-, and triphosphate hydroxyl groups, providing '%'-O,0-bis(tert-butyldimethyl-
derivatives bearing carborane or metallacarborane modification Sily!)-2'-deoxyadenosine2f.*2
as potential antivirals, boron carriers for boron neutron capture  In the second step was activated with a 2.5 mol excess of
therapy of cancers (BNCP?2 or modulators of purinergic ~ sodium hydride and then treated with a 1.5 mol excess of the 8-
receptors represents another fascinating field of research. Thedioxane-(3,3iron-1,2,1,2-dicarbollide) adduct [8-O(C¥CH,),0-
recent emergence of applications of carboranes as materials fof,2-GBgeH10-3,3-Fe-1,2-C,BgH11] (3F€) or alternatively with
nanotechnology and pharmacophores in drug desigrhas  the adduct containing cobal8Co). The compounBCo was
expanded the potential use of boron clusters in practice. prepared as describétiand the compoun8Fewas synthesized
Metal centers are usually attached to the nucleoside unit or from 3,3-iron-1,2,1,2-dicarbollidé“ using the same procedure
to an internucleotide or a terminal phosphate group of DNA in as for3Co.
the form of their metal complexes. In the majority of cases  Alkylation of 2 with 3 gave 3,5-O,0-bis(tert-butyldimeth-
chelators are used as vectors for the metal i6h®ne of the ylsilyl)-6-N-{ 5-[(3,3-iron-1,2,1,2'-dicarbollide)-8-yl]-3-oxap-
few exceptions is the metallocene type of complex, with the entoxy}-2'-deoxyadenosinetfe) or its cobalt counterpatCo
in good vyield. In the third step, théert-butyldimethylsilyl
*To whom correspondence should be addressed: F&x8-42- protective groups id were removed with tetrabutylammonium
27%%%?ifs’-hTp‘i‘%ﬁ‘éﬁ“i}?g?eenzcgéf'mai'1 zlesnikowski@cbm.pan.pl. fluoride, providing the metallacarborane/nucleoside conjugate
* Present addregs: University of Lodz, Institute of Chemistry, 68 6-N-{5-[(3,3-|ror]-1,2,1,2’-d|carbolI|de)-8-yl]?3.-oxapento>§y
Narutowicza St., 90-136 Lodz, Poland. 2'-deoxyadenosinesEe) or the cobalt-containing addubtCo
8 Academy of Sciences of the Czech Republic. (Scheme 1). It is worth noting that though alkylation of
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Scheme 1. Synthesis of Metallacarborane/zDeoxyadenosine Scheme 3. Synthesis of Dinucleotides Bearing Cobalt and
Conjugates Containing Iron and Cobalt Iron bis(carborane) Complexes
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o i. PvClipyridine, ii. 10% H,O/CCl4/EtsN/N- methylimidazole
0230 (9:0.5:0.5 viv); iii. TBAF/THF, iv. 80% AcOH
NA O O- @30
<,N ‘ \L\l 9§o§, ing 3-O-(H-phopshonatesjFeand7Co according to the PG
DMTO— o NN 020 triazole method® Thus, to a cooled (te-40 °C) and stirred
—Q solution of imidazole, triethylamine, and phosphorus trichloride
OH i in methylene chloride was added a solution6&% or 6Co in
6Co, 6Fe o the same solvent. After completion of the reaction a solution
%30 of tetraethylammonium bicarbonate (TEAB) buffer was added
NO O O- 'j)%& and the resulting mixture warmed to room temperature spon-
<N N e taneously. After a standard workup the product was isolated
pMTO— o N N7 53535 by silica gel column chromatography using a linear gradient of
—@ © CH30H in CHCI; as the eluting solvent system. Deoxyadenos-
o ine/ferracarboranesfe) and deoxyadenosine/cobaltacarborane
0=P-H (5Co) conjugates were fully characterized by UM, 3P, and
OH 1B NMR, and mass spectroscopy.
7Co, 7Fe The DNA-dinucleotidesl1Fe and 11Cqo, bearing cobalt or
iron bis(dicarbollide) complexes, were obtained via the H-
| 0=BH. O=B, @=C. M= Co, Fe| phosphonate method in solutiéhpy condensation reactions
of the H-phosphonate nucleotide componét® and7Fewith
i. DMTCl/pyridine; R 3'-O-(tert-butyldimethylsilyl)thymidine 8). The fully protected
ii. PCI3, imidazole, EtsN/CH;Clp, -40°C dinucleotide intermediate3Co and9Fe were next oxidized to

the NMR characterization &Feand its derivatives was more  transform the H-phosphonate internucleotide linkage into the
difficult than for 5Co, due to the paramagnetic properties of Nhatural phosphate one, yieldid@Coand10Fe Subsequently,

iron(ll). the 3-O-bis(tert-butyldimethylsilyl) group and the 'BO-
The key intermediates for the synthesis of metalated dinucle- dimethoxytrityl group was removed with TBAF and 80% acetic

otide blocks via the H-phosphonate methotiOsdimethoxy- acid, respectively, yielding the final dinucleotide conjugates

trityl 6-N-{5-[(3,3-cobalt-1,2,1,2dicarbollide)-8-yl]-3-oxap- ~ 11Coand11Fe(Scheme 3).

entoxy} -2 -deoxyadenosing &-(H-phosphonate)7Co) and 53- The deprotected metalated dinucleotid@€oand11Fewere

O-dimethoxytrityl 6N-{5-[(3,3-iron-1,2,1,2-dicarbollide)-8- characterized by HPLC, by UV antiP NMR spectroscopy,
yl]-3-oxapentoxy-2'-deoxyadenosine -®-(H-phosphonate)7fe), and by FAB-MS. Due to the presence of an amphiphilic
were obtained by the two-step procedure shown in Scheme 2

First, the 5-hydroxyl function of conjugate§Fe and 5Co < (1%?30h8a5"e3rbgi; Weimann, B.; Lerch, B.; Khorana, H.JGAm. Chem.

i H H OcC. 3 .

was .prOteI%teq W!th a dimethoxytrityl group under standard (16) Stawirski, J.; Stianberg, R. InMethods in Molecular Biology
COQdItIOﬂS, yielding 6Co and 6Fe. NeXt.- the 5-protected Herdewijn, P., Ed.; Humana Press: Totowa, NJ, 2005; Vol. 288 (Oligo-
conjugate$Co and6Fe were transformed into the correspond- nucleotide Synthesis: Methods and Applications), pp-8a0.
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Figure 1. UV spectra of 2deoxyadenosine (dA) and its depro-
tected derivativeSFe and 5Co, containing a metallacarborane
substituent attached to the nucleobase.

metallacarborane group, both dinucleotides showed highly

increased lipophilicity, as measured by their retention tinRgs (
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performed. HPLC analysis of the digests showed the presence
of both modified and unmodified nucleoside components, as
expected.

In conclusion, we have shown the applicability of nucleoside
alkylation with 8-dioxane-(3,3metal-1,2,1,2'-dicarbollide) ad-
ducts for incorporation of iron as well as cobainto nucleoside
molecules.

The work on incorporation of other metals is in progress.
An efficient method for the formation of internucleotide bonds
between natural and metallacarborane-modified nucleosides
using H-phosphonate chemistry was shown for the first time.
The development of a metallacarborane-based method for DNA
metalation may open the way for more widespread use of metal-
labeled nucleic acids for a variety of applicatidis.
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on an RP-HPLC column. The usefulness and diagnostic value experimental details and procedures 46, 5Fe, 6Co, 6Fe, 7Fe,
of the UV spectra in the case of nucleoside/metallacarborane7co, 9Fe 9Co, 10Fe 10Cq, 11Fe and11Co and their UV,H,

conjugates should be pointed out. In addition to nucleic base 31p, and!!B NMR, and MS spectra. This material is available free
absorptions a characteristic absorption of the metallacarboraneof charge via the Internet at http:/pubs.acs.org.

moiety aroundimax 310 nm for all nucleoside/metallacarborane

conjugates was observed (Figure 1).
In addition, enzymatic digestion of dinucleotid&$Co and
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