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Synthesis of heterobifunctional p-carborane derivatives.
3-[12-(Mercaptomethyl)-1,12-dicarba-closo-
dodecaboran(12)-1-yl]propionic acid
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Abstract

3-[12-(Mercaptomethyl)- 1,12-dicarba-closo-dodecaboran(12)-1-yl]propionic acid (1) was prepared in six steps
involving sequential dithiocarboxylation and hydroxypropylanon of p-carborane as key transformations. Published
by Elsevier Sclence Ltd.
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Carborane-containing substances, 1,2-dicarba-closo-dodecaborane derivatives in particular, have be-
come important for use in boron neutron capture therapy of cancer.! Incorporating the highly hydrophobic
carborane skeleton? imparts unusual lipophilicity that may extend the biological activity of mammalian
peptide neurohormone analogs.> Such lipophilic effects may also enhance cuticular penetrabllity and
prolong receptor binding of peptidomimetic insect hormone analogs mcorporaung a carboranyl'mimic of
phenylalanine.* The rigid boron-rich icosahedrane structure possesses unique physicochemical propemes
making it an interesting building block for nanotechnology.’

While sulfur-containing o-, m- and p-carboranes have been known for some time,’ the chemistry of
carboranes appended to a -CH,SH group is a relatively unexplored area. 1-Mércaptomethyl-1,2-dicarba-
closo-dodecaborane was recently described’ but its synthesis involving the addition of decaborane to
t-butyl propargyl sulfide precludes the preparatxon of related m- and p-carborane derivatives. During our
studies on the potential agricultural application of carboranes,® we prepared various heterobifunctional
derivatives of p-carborane including those containing a mercaptomethyl group. Such analogs could
be elaborated, for instance, to methylsulfonate carboranyl analogs as replacements of the Tyr(SO;H)
residue, a critical component of the vertebrate gastrin/CCK and insect sulfakmm neuropeptide families.’
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This preliminary report describes the synthesis of millimolar quantities of 3-[12-(mercaptomethyl)-
1,12-dicarba-closo-dodecaboran(12)-1-yl]propionic acid (1) (Scheme 1).1
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Scheme 1. Synthesis of p-carborane derivative 1. (a) 1.05 equiv. n-BuLi, THF/hexane, ~10°C, 1.5 h; (b) 0.2 equiv. CuBr+0.4
equiv. LiBr, THF, -15°C, 15 min; (c) 1.4 equiv. CS3, ~10°C, 90 min; (d) CH3l, ~15°Ctort, 1.5 h; (e) 1.05 mol equiv. BH;-Me,S,
reflux, 1.5 h; (f) excess cc. HCI, reflux, 16 h; (g) excess isobutene, catalytic cc. H;SO,, CH,Cl,, rt, 52 h; (h) 1.05 equiv. n-BuLi,
ethyl ether/hexane, 4 h, rt; (i) 1.2 equiv. oxetane, 0°C to rt, 12 h; (j) 3.0 equiv. pyridinium dichromate, DMF, 10°C, 10 h; (k) 1.0
equiv. Hg(OAc),, 1.87 equiv. anisole, trifluoroacetic acid, 0°C, 30 min, then solvent removal at reduced pressure; (I) 10 equiv.
2-mercaptoethanol, 70% acetic acid, 6 h, i, aqueous workup

Facile monofunctionalization of p-carborane to the corresponding dithiocarboxylate was accomplished
by analogy. to the Cu(I)-catalyzed synthesis of dithioesters from lithiated aromatic compounds. 11 Thus,
monolithiation of p-carborane'? at —10°C followed by subsequent additions of CuBr/LiBr and an excess
of CS; affarded the corresponding lithium carbodithioate. Addition of methyl iodide gave, after work-up
and purification by column chromatography (silica gel, hexane), dithioester 2.

The dithioester 2 was then reduced by BH;-MeS$ in refluxing toluene'* to afford thiol 3 after column
chromatography (silica gel, hexane). Protection of thiol 3asits t-butyl sulfide used standard conditions!*
and afforded compound 4 and some starting material after repeated purifications (silica gel, hexane).

Lithiation of sulfide 4 at room temperature followed by the addition of oxetane gave, after chroma-
tography (silica gel, 0 to 10% EtOAc in hexane), alcohol § in good yield. The latter was oxidized by
pyridipium dichromate in DMF? to the corresponding acid 6 after purification by chromatography (silica
gel, 20% EtOAc in hexane).

Removal of the r-butyl protective group was achieved using mercuric acetate in trifluoroacetic acid.'6
Treatment of the resulting Hg(Il)-salt with an excess of 2-mercaptoethanol and extractive purification
gave the title product 1 after chromatography (silica gel, 20% EtOAc in hexane containing 0.1% acetic
acid).

In conclusion, a heterobifunctional p-carborane derivative containing mercaptomethyl and carboxy-
ethyl functionalities was prepared from p-carborane. The method used for the introduction of dithiocar-
boxylate group should be applicable to other carboranes as well.
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