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Solution-Phase Synthesis of Boron-Rich Phosphates
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Summary: The stepwise synthesis in solution of small
oligophosphates derived from a carboranyl diol has been
demonstrated.

Boron neutron capture therapy (BNCT) is a binary
approach to cancer therapy based on the capture of
low-energy neutrons by B, which results in the
emission of extremely cytotoxic “Li* nuclei and a-particles
(1°B(n,a)’Li).! The major obstacle to clinically viable
BNCT is that effective therapy requires the selective
localization of 5-30 ppm B in tumor.? Tumor-directed
antibodies or their immunoreactive fragments are attrac-
tive candidates for the selective delivery of 1°B, provided
that ~1000 B atoms can be attached to each immu-
noreactive protein without significantly altering its bio-
logical properties.” Previous studies have revealed prob-
lems associated with randomly conjugating whole
monoclonal antibodies (Mabs) with large numbers of small
boron-containing compounds* or with limited numbers of
heterogeneous® or homogeneous boron-rich polymers.®
Recently, we have described an approach to this problem
based upon the synthesis of a homogeneous boron-rich
“trailer” compound and its conjugation to a specific site
of a tumor-directed antibody fragment (Fab-SH).” The
success of this approach rests upon the synthesis of a
hydrophilic “trailer” molecule containing ~ 1000 °B atoms.
An oligophosphate-based boronated “trailer” is an attrac-
tive target, since the requisite coupling chemistry is well
developed (in the context of DNA synthesis®) and such
polyanionic oligomers are expected to be inherently
hydrophilic. We report herein preliminary results con-
cerning the stepwise solution-phase synthesis of short
boron-rich oligophosphates, novel compounds that may
find utility as intermediates in the assembly of tumor-
localizing boron-rich compounds for BNCT.?
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The use of derivatives of o-carborane!® (1) is pervasive
in BNCT research, since these relatively stable boron-
rich compounds can be readily functionalized.!' Addi-
tionally, lipophilic closo-carborane derivatives can be
converted under mild conditions to stable anionic nido
carborane derivatives!” (2, Scheme I) which exhibit
enhanced hydrophilicity.!? The oligophosphates described
herein are derived from the o-carborane diol 3, which is
prepared by the condensation of dilithio-o-carborane with
an excess of trimethylene oxide (90%).!* Treatment of
diol 3 with 1 equivof TBDMSOTf affords 4 (48 %, Scheme
IT) after chromatographic separation of the mixture of
mono- and diprotected products and unreacted diol.
Attempts to synthesize several monoprotected diols anal-
ogous to 4 have proven to be less successful. For example,
we were unable to efficiently monoacetylate diol 3 utilizing
sulfate catalysts supported on silica gel.'¥ We were also
surprised to encounter difficulties in the alkylation of
carbanions 6 derived from monosubstituted carboranes 5
(Scheme III).

We examined monoprotected o-carboranyl diol 4 in its
coupling with isobutyl alcohol under a variety of conditions,
which afforded phosphotriesters 7 (Scheme IV). Results
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Table I

entry coupling reagent product yield (%)

1 Cl,P(O)OR 7a 25

2 (BTO);P(O)ORs 7a 47

3 CL,POR? 7a 68

4 - CLPOR¢ 7a 88

5 CIP(OR)N(i-Pr)g9* 7b 54¢

¢ BT = benzotriazole. ? The initially formed phosphite triester
was oxidized in situ withaqueous iodine (0.1 M). ¢ Theinitially formed
phosphite triester was oxidized in situ with 0.1 M iodine in THF/
H,0/2,6-lutidine (40/1/10). ¢ The intermediate phosphoramidite was
isolated in 90% yield and was coupled with isobutyl alcohol in the
presence of tetrazole. ¢ Yield is from two steps.
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from these studies are summarized in Table I. The
simplicity, speed, economy, and efficacy of the dichloro
phosphite coupling reaction (entry 4, Table I) prompted
us to adopt this method for subsequent coupling reactions.
Accordingly, phosphotriester 7a was converted under
acidolytic conditions?® to alcohol 8, which could then be
condensed with monoprotected diol 4 to afford the
diphosphate derivative 9 in moderate yield (35% from
twosteps, Scheme V). Repetition of the deprotection and
coupling steps provided triphosphate 10 in a low but
reproducible yield (18% from two steps). Work in our
laboratories is currently aimed at improving these yields,
especially in the hydroxyl group deprotection step. It is
likely that the substitution of a more labile protecting
group for the resilient tert-butyldimethylsilyl ether will
prove to be advantageous.
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deprotection of 4 with TBAF resulted in the formation of an intractable
mixture of products.
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At this point we decided to explore the conversion of
the hydrophobic phosphotriester 7a to anionic derivatives
expected to be much more hydrophilic. We removed the
2-chlorophenyl phosphate protecting group under stan-
dard conditions (syn-pyridine-2-aldoxime and tetrame-
thylguanidine in THF at room temperature).l®* Workup
followed by cation exchange (Na* form resin) afforded
sodium salt 11 in 87% yield (Scheme VI). Suspension of
this anion in neat pyrrolidine at room temperature (1 h)
resulted in the isolation (71% crude yield) of the desired
anionic nido-carboranyl phosphate 12 contaminated with
a small amount of an alkene (presumably elimination
product 13). Alternate procedures for this critical trans-
formation are being explored.

In summary, we have demonstrated the viability of
synthesizing small boron-rich oligophosphates in solution.
However, the combination of steadily decreasing yields
and increasingly difficult purifications seems to preclude
the use of this methodology for the synthesis of lengthy
oligomers. We are presently exploring the synthesis of
boron-rich oligophosphate “trailers” using phosphor-
amidite coupling chemistry on an automated DNA syn-
thesizer; the preliminary results are promising and will be
reported shortly. Inanyevent,thesolution-phasestrategy
described herein will be useful for the synthesis of large
quantities of short boron-rich oligophosphates that can
be further derivatized and as such describes a noteworthy
method for the production of extremely hydrophilic boron-
rich compounds for use in the boron neutron capture
therapy of cancer.
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