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Abstract—The copper-catalysed coupling of 1,2-dicarbaclosododecaborane(12) with a meso-iodophenylporphyrinatozinc has been
investigated. Optimisation of the reaction conditions gave 5-(4-(1,2-dicarbaclosododecaboran(12)yl)phenyl)-10,15,20-triphenylpor-
phyrin as its Zn complex. The crystal structure of 5-(4-chlorophenyl)-10,15,20-triphenylporphyrinatocopper(II), a side product,
has been determined. © 2002 Elsevier Science Ltd. All rights reserved.

Boron neutron capture therapy (BNCT) is a binary
therapeutic technique used for the treatment of cancer,
which relies on the efficient capture of low-energy neu-
trons by 10B and subsequent emission of an �-particle
and a recoiling 7Li nucleus.1,2 The �-particle has a range
of 5–10 �m in tissue. Thus, if sufficient 10B is located
within a tumour cell, these particles will cause extensive
DNA damage and be lethal to that cell. Selective
delivery of sufficient 10B to tumours remains one of the
major outstanding problems in this promising therapy.3

We have previously reported strategies for selective
delivery of boron to hypoxic regions of solid
tumours.4,5 Accumulation of porphyrins in tumours has
been known for many years but it is only more recently
that attachment of clusters of boron atoms to por-
phyrins has been explored as a strategy for selective
delivery.6–9 In many of the porphyrin–carborane con-
structs under investigation, the carboranes (1,2-dicarba-
closododecaborane(12) or a corresponding nido-
carborane) are linked to the porphyrin core through
heteroatoms (O or N). These links are potentially
metabolically labile and carbon-linked carboranylpor-
phyrins are being sought as more physiologically robust
agents.9 Indeed, Lauceri et al.10 have very recently
indicated that there may be an attractive interaction
between nido-carboranylporphyrins and DNA. In this
letter, we report the first direct coupling of a carborane
to a meso-tetraphenylporphyrin through a C�C link;
previous syntheses9 of carbon-linked carboranyl-meso-
tetraphenylporphyrins have relied on carrying the car-

boranylphenyl unit through the assembly of the
porphyrin ring.

Copper(I)-catalysed coupling of 1,2-dicarbaclosodode-
caborane(12) (‘carborane’) to simple iodoarenes has
been reported by Coult et al.11 but the reaction is highly
sensitive to steric hindrance. We reasoned that the
optimum position for coupling of the carborane to a
meso-tetraphenylporphyrin was to place the iodine para
to the point of attachment of a phenyl to the porphyrin
core. Using our modification12 of the method of Kruper
et al.,13 meso-tetraphenylporphyrin 1 was selectively
mononitrated using 90% nitric acid in chloroform
(Scheme 1). Reduction of 2 to the aminophenylpor-
phyrin 3 was achieved in high yield by treatment with
tin(II) chloride. Subsequent diazotisation and Sand-
meyer reaction afforded the iodophenylporphyrin 4.
Since the coupling of carboranyl-copper(I) with
iodoarenes normally requires highly basic conditions,11

the centre of the porphyrin 4 was protected by forma-
tion of the zinc complex 5.14,15 Carborane was mono-
lithiated (n-BuLi or sec-BuLi) and transmetallated with
excess copper(I) chloride. Coupling of the carboranyl-
copper with 5 was investigated under a variety of
conditions in dry 1,2-dimethoxyethane in the presence
of pyridine. The maximum yield of 6 obtained was
0.7%, after 6 days at reflux, with much iodophenylpor-
phyrinatozinc 5 recovered. Rationalising that higher
temperatures were required and that a more co-ordinat-
ing solvent may aid the reaction,16 the coupling was
investigated under a variety of conditions with the
triether bis(2-methoxyethyl)ether (‘diglyme’) as solvent.
This procedure afforded an 8% yield of 6 after 12 days
at reflux.17
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Scheme 1. Coupling of 1,2-dicarbaclosododecaborane(12) with iodophenylporphyrin 5 and formation of 5-(4-chlorophenyl)-
10,15,20-triphenylporphyrinatocopper(II) 7. Reagents : (i) HNO3, CHCl3; (ii) SnCl2; (iii) NaNO2, H2SO4, KI; (iv) Zn(OAc)2; (v)
1,2-dicarbaclosododecaborane(12), BuLi, CuCl, various ether solvents, �.

An additional metalloporphyrin was also isolated in
significant yields from these reactions. 1H NMR analy-
sis showed that it was paramagnetic, suggesting that it
was a Cu(II) complex, rather than Zn(II); it also
demonstrated that it did not contain the carborane
cage. X-Ray crystallography showed it to be the novel
5 - (chlorophenyl) - 10,15,20 - triphenylporphyrinatocop-
per(II) complex 7. Details of the crystal structure are
given below.18,22 The asymmetric unit consisted of one-
half of a molecule of the porphyrinatocopper(II)
complex 7, with the central Cu located on 2-fold rota-
tion axis in the space group. The chlorine attached to
C13 was seen to be disordered equally on para posi-

tions of all phenyl rings in 7 and was hence refined at
25% occupancy (only one chlorine is illustrated in Fig.
1, for clarity). A suggestion of tetragonal symmetry
based on metric calculations was not borne out in
reality for this structure, as higher symmetry would
have mandated an extra uncharacteristic absence condi-
tion in the data. Bond lengths and angles in 7 are
unremarkable.

The extensive formation of the chlorophenylporphyri-
natocopper(II) complex 7 from 5 may explain the rela-
tively low maximum yield of the coupled product 6, as
the coupling of the carboranyl-copper is known11 to

Figure 1. Crystal structure of 5-(4-chlorophenyl)-10,15,20-triphenylporphyrinatocopper(II) 7.
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require the iodoarene which, in this case, is consumed
in a side-reaction. Direct replacement of iodine with
chlorine on a benzene ring with CuCl at high tempera-
tures has been reported previously23,24 but it is interest-
ing to note that such replacement only takes place on
the copper complex whereas 6 contains only zinc.

Although this process requires further optimisation, it
represents the first direct coupling of a carborane with
a porphyrin via a carbon�carbon bond. As such, it
provides an opportunity for access to tumour-targeted
carboranylporphyrins for therapeutic applications.
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