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The preparation of new water-soluble phosphonium salts containing 1,12-dodeca-closo-dodecabo-
rane(12) (closo-1,12-carborane) for potential use as tumor-targeting agents in Boron Neutron Capture
Therapy (BNCT) is described.
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Delocalized lipophilic compounds (DLCs) such as the mitochon-
drial dye Rhodamine 123, and the phosphonium salts tetraphenyl-
phosphonium (TPP) chloride, and triphenylmethylphosphonium
(TPMP) iodide are known to accumulate selectively in cancer
cells.1–7 The salts display remarkable tumor selectivity as they
are able to easily traverse the lipophilic mitochondrial membrane
of a tumor cell as its membrane potential is ca. 60 mV higher than
that of a healthy cell.8 The in vivo uptake and retention studies of
11C-labeled TPMP iodide in canine brain tumor have been deter-
mined by means of Positron Emission Tomography (PET) imaging.
The salt was quickly taken up by the tumor with high selectivity
(achieving a tumor/healthy tissue ratio of 48:1) and it was retained
for a significant time (75 min).9 The selectivity of TPMP for tumors
over healthy tissue is approximately one order of magnitude great-
er than the boronated agents currently used in Boron Neutron Cap-
ture Therapy (BNCT), an experimental therapy which is primarily
used in the treatment of high-grade gliomas.10–13 These results
clearly indicate that boron-containing analogues of TPMP could
potentially be employed as boron-delivery agents in BNCT with a
very high degree of tumor selectivity.

To the best of our knowledge, only a few boron-containing DLCs
have been reported to date. For example, the 1,12-dicarba-closo-
dodecaborane(12) (closo-1,12-carborane) analogue of dequalinium
ll rights reserved.
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endina).
chloride has been described.14 This salt was found to have similar
tumor uptake and retention properties to Rhodamine 123 and TPP
chloride, and it was also found to accumulate selectively in
human epidermoid carcinoma and rat glioma in vitro.14 Methyl-
diphenyl(1-carboranyl)phosphonium salts containing closo-1,2-,
1,7-, and 1,12-carborane (1) have also been described,13 and these
are the first boronated analogues of TPMP. Very recently, closo-1,2-
and 1,7-carborane DLC derivatives of TPP were reported by
Tsibouklis et al.15 In the case of the TPP phosphonium salt 2, the
anionic boron entity (i.e., nido-7,8-carborane) is not covalently
attached to the cation. Rather, it is acting as the counter-ion and
so the exact mechanism of boron delivery and tumor selectivity
for tumor cells is unclear. In vitro boron uptake studies involving
human prostate epithelial carcinoma demonstrated that these
DLC boron derivatives achieved a reasonable (up to 4.2:1) cancer
to healthy tissue selectivity, as well as a high uptake of boron
(ca. 1011 boron atoms cell�1) despite the absence of any covalent
link between the lipophilic phosphonium cation and the boron en-
tity. Nile Blue DLC derivatives (where the closo-carborane moiety is
covalently linked to the structure) demonstrated similar results
(3.1:1 and 2.2:1 for closo-1,2- and 1,7-carborane, respectively)15

and thus it appears that a covalent link between the phosphonium
moiety and the boron moiety may not be necessary for the selec-
tive delivery of boron to tumor sites (Fig. 1).

A delicate balance between the lipophilicity and hydrophilicity
of mitochondrial-targeting agents is required in order to optimize



Figure 1. Phosphonium salts TPMP, 1, and 2, and the zwitterion 3.

Scheme 1. Preparation of diphosphonium salt 5.
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their tumor selectivity.3 Unlike the anionic nido-carborane cages,
uncharged closo-carboranes have been shown to be as lipophilic
as adamantane16 and an enhancement of their hydrophilicity is
usually required if they are to be exploited in biological systems.
In general, the hydrophilicity of closo-carboranes can be increased
by the installation of water-solubilizing groups at one or both of
the cage carbon atoms, for example, carborane–carbohydrate con-
jugates, or a cascade polyol in the closo-1,7-carborane derivative of
1-aminocyclobutanecarboxylic acid (ACBC).17 Indeed, we have pre-
viously employed a related strategy to the latter and reported the
first example of a water-soluble platinum(II) complex containing a
closo-carborane which was functionalized with a glycerol moiety.18

An alternative approach to enhancing the hydrophilicity of closo-
carboranes is to increase their overall charge. Hawthorne and
co-workers have shown that in boron-functionalized alkylphos-
phonium-closo-carborane salts, the presence of cationic charges
greatly improves their water solubility.19 It was also demonstrated
that the position of these charges relative to one another as well as
relative to the closo-carborane cage dipole plays an important role
in the overall aqueous solubility of the salts.

A recent study reported by our group has described TPMP carbo-
rane analogues which have one phenyl group replaced by a closo-
1,2-, 1,7-, or 1,12-carborane.13 The phosphonium salts containing
either closo-1,2- or 1,7-carborane undergo a facile deboronation
reaction in polar solvents to afford the corresponding 7,8- or 7,9-
nido-carborane phosphonium zwitterions, respectively (e.g., 3). A
similar reaction was observed by Kalinin et al. where 1-(closo-1,2-
carboranyl)methylpyridinium triflate was found to deboronate in
aqueous pyridine to form the corresponding 1-(nido-7,8-carbora-
nyl)methylpyridinium zwitterion.20 In contrast, the closo-1,12-
carborane derivative 1 was not found to deboronate readily and
the phosphonium cation retained its overall charge.13 Indeed, it is
well established that closo-1,12-carborane is the least susceptible
to cage deboronation when compared to its other isomers.21–23

Preliminary in vitro cytotoxicity screening of 1 against the SF268
(human glioblastoma) cell line demonstrated a low toxicity com-
pared with the analogous TPMP and dosing may not be limited by
any inherent toxicity associated with the compound in future bio-
logical studies.13

Herein we describe two distinct strategies for the synthesis of
water-soluble TPMP analogues containing closo-1,12-carborane.
One route makes use of a water-solubilizing glycol chain. The other
involves an increase in the cationic charge of the phosphonium
salts.

An initial strategy was to prepare an analogue of 1 with two
phosphonium centers. Treatment of the diphosphine 424 with an
excess of iodomethane in THF solution yielded the diphosphonium
salt 5 in excellent yield and purity (Scheme 1) and it was character-
ized by means of multinuclear (1H, 11B, 13C, and 31P) NMR spectros-
copy, microanalysis, and ESI-MS. The 1H NMR spectrum of 5
contains a 31P-coupled doublet at 3.31 ppm (2JPH = 13.3 Hz) corre-
sponding to the newly installed methyl group, which was con-
firmed by a 1H{31P} NMR experiment. The 31P{1H} NMR spectrum
contains a singlet at 27.8 ppm, which is shifted downfield from
the starting material (Dd = 5 ppm) confirming a phosphonium cen-
ter. The ESI mass spectrum contains the expected isotopic distribu-
tion of peaks at m/z 271 ([M�2I]2+) as well as at m/z 344, which
corresponds to the monocationic MePh2P+–C2B10H10 fragment.

Distinct changes in the NMR spectra of 5 in polar solvents such
as D2O and DMF-d7 were observed over a period of a few hours at
room temperature, which prompted an investigation into the nat-
ure of the degradation products. A solution of 5 in EtOH was heated
under reflux for three days and the isolated material was purified
by recrystallization from MeOH to afford large colorless crystals,
which were confirmed to be [PMe2Ph2]I by NMR spectroscopy,
ESI-MS, and microanalysis. The mechanism for this unusual trans-
formation has yet to be resolved but the fate of the closo-carborane
cage was investigated further. There exists strong evidence that
deboronation of the 1,12-carborane cage occurs prior to cleavage
of the P–Ccage bond, most likely during the first step of the transfor-
mation process. Indeed, the 11B{1H} NMR spectrum of the reaction
mixture displayed resonances which were shifted significantly
upfield (�8 to �40 ppm) from the region typically associated with
that of closo-carboranes (2 to �15 ppm), a characteristic feature of
nido-carboranes.25–27 In addition, the high-resolution ESI-MS of the
mixture exhibited a strong molecular ion peak at m/z 532.31687
corresponding to the monocationic species [(PPh2Me)2–C2B9H10]+

(Calcd for C28H36B9P2: 532.31793). Both the NMR and ESI-MS data
are consistent with cage deboronation prior to cleavage to afford
the monocationic phosphonium species by-product. It is well
established that electron-withdrawing substituents positioned a-
to the isomeric closo-1,2-carborane cage can lead to spontaneous
degradation of the cage under mild conditions in polar solvents
such as EtOH and DMSO.28,29 This is particularly applicable to the
closo-1,12-carborane cage in 5, which is bonded directly to highly
electron-withdrawing phosphonium centers at both of its carbon
atoms thus resulting in an enhanced susceptibility to nucleophilic
attack and subsequent deboronation by either a solvent molecule
or perhaps the iodide counter-ion. To the best of our knowledge,
these results demonstrate the first definitive example of a deboro-
nation reaction involving a closo-1,12-carborane at room tempera-
ture. Previously reported preparations of nido-2,9-carborane
employ much harsher conditions. For example, Hawthorne and
Busby prepared nido-2,9-carborane in high yield by heating closo-
1,12-carborane, KOH and 18-crown-6 ether in benzene solution
for 42 h at 100 �C.23 Similarly, Plesek and Hermanek,30 and Fox
et al.21 have prepared nido-2,9-carborane in situ by treating clos-
o-1,12-carborane with KOH in solution at high temperature.

The preparation of a hydrophilic, bromo- or iodo-alkyl phospho-
nium derivative of 1 would allow for further functionalization
of the molecule by nucleophilic substitution of the halogen, for



Scheme 2. Preparation of phosphonium salts containing tetraethyleneglycol
chains.

Table 1
Aqueous solubilities of TPMP iodide and compounds 1, 3, 5, 7, 8, and 10 at 23 �C

Compound Solubility (g L�1)

TPMP iodide 19.3
1 0.4
3 0.4
5 3.0
7 7.0
8 0.7
10 0.7
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example, by the use of 18F� for in vivo PET imaging studies.31

Numerous attempts at the preparation of a short-chain, haloalkyl
phosphonium species did not result in the formation of clean prod-
ucts in our hands, with many side-reactions predominating or,
more commonly, an inseparable mixture of products being ob-
tained. For example, phosphine 6 was treated with bromoiodome-
thane in THF solution at both ambient temperature and under
reflux conditions. Both the bromomethylated and iodomethylated
phosphonium salts were formed as expected but despite numerous
attempts, the isolation of pure products from the reaction mixture
proved to be fruitless. In contrast, the treatment of 6 with 1,2-
dibromoethane, bromomethyltosylate, or bromoethyltosylate did
not lead to the formation of any isolable phosphonium products.
This unexpected result is most likely attributed to the strongly
electron-withdrawing nature of the closo-carborane moiety, which
would dramatically diminish the nucleophilicity of the phosphorus
atom.32–34

The alkylation of 6 was ultimately achieved by using an excess
of tetraethyleneglycol dibromide in DMF solution under an inert
atmosphere at 120 �C. The product 7 was fully characterized by
means of multinuclear (1H, 11B, 13C, and 31P) NMR spectroscopy,
ESI-MS, and microanalysis. As expected, as there was only one
electron-withdrawing group present in the closo-carborane, degra-
dation of the product in polar solutions at room temperature was
not observed (cf. 5). Similarly, the alkylation of 6 using tetraethyl-
eneglycol diiodide was successfully achieved to afford 8. Confirma-
tion of the structures of 7 and 8 was obtained by 1H NMR
spectroscopy. For example, in 7 the three signals corresponding
to the tetraethyleneglycol dihalide precursor were replaced by
eight distinct signals of which there were two 31P-coupled reso-
nances corresponding to the PCH2CH2O component (3.92 ppm,
3JPH = 12.1 Hz and 3.64 ppm, 2JPH = 22.4 Hz). In the 31P{1H} NMR
spectrum of 7, a sharp singlet was present at 31.7 ppm, which
was shifted downfield from that of the starting material
(Dd = 9 ppm). In the 11B{1H} spectrum of 7, the two broad singlets
arising from the two distinct 11B environments corresponding to
the closo-1,12-carborane cage in the precursor at �12 and
�14 ppm appear as overlapping broad singlets at �13.41 ppm. In
the 13C{1H} NMR spectrum of 7, the signals arising from the carbon
atoms which are directly coupled to 31P were confirmed by
13C{1H,31P} decoupling and 2D-HSQC experiments. For example,
the one-bond coupling constant associated with the P–CH2 group
(1JPC = 52 Hz) is similar in magnitude to that of the CcageP
(1JPC = 54 Hz) and Cipso of the phenyl groups (1JPC = 87 Hz).

Although the preparation of 8 also led to the formation of a
small amount of the dicationic salt 10, the preparation of 7 only re-
sulted in a trace amount of the dication 9 (Scheme 2). Since iodide
is generally a better leaving group than bromide, this result was
not unexpected. The dicationic species 10 was easily separated
from the monocationic species 8 by precipitation from CH3CN solu-
tion. In the preparation of 7, the presence of 9 was confirmed by
the existence of small envelopes of peaks corresponding to the spe-
cies [9�2Br]2+ and [9�Br]+ in the ESI-MS of the crude material.
However, none of the dicationic species could be isolated. The opti-
mized synthesis of the dicationic salt 10 was achieved by using a
2:1 ratio of phosphine 6 and tetraethyleneglycol diiodide (48%
yield). The product was fully characterized by means of ESI-MS,
microanalysis, and multinuclear (1H, 11B, 13C, and 31P) NMR spec-
troscopy. Due to the greater symmetry of the molecule, there are
only four resonances assigned to the glycol chain as opposed to
the eight resonances in the 1H NMR spectrum of 8. Two of the sig-
nals were 31P-coupled and thus were assigned to the PCH2CH2O
component (3.70 ppm, 3JPH = 12.7 Hz and 3.25 ppm, 2JPH = 20.1 Hz).
The 11B{1H}, 13C{1H}, and 31P{1H} NMR spectra of 10 were similar
to those of 7 and 8. However, the 13C{1H} NMR spectrum of 10 dif-
fers in that there are only four resonances corresponding to the
glycol chain, again due to the increased symmetry. There is also
the absence of any resonance at 5.55 ppm corresponding to a
CH2I component. The ESI mass spectrum contains envelopes of
peaks at m/z 409 and 945 corresponding to species [10�2I]2+ and
[10�I]+, respectively.

The aqueous solubilities of 5, 7, 8, 10, TPMP iodide, and selected
parent closo-carborane phosphonium salts 1 and 313 were also
determined and are presented in Table 1. Compound 7 was found
to be the most water-soluble closo-carborane phosphonium salt at
ambient temperature. Its aqueous solubility was approximately
one order of magnitude greater than that of 1 presumably due
to the presence of the hydrophilic tetraethyleneglycol group.
Although 8 is structurally similar to 7, it possesses a different ha-
lide counter-ion which could also account for its comparatively
lower solubility.35 The dication 5 is more water soluble than 1
due to the additional positive charge, however the closo-carborane
cage in 5 was found to degrade in aqueous solution over a period of
one hour at room temperature (vide supra). Despite possessing two
cationic charges, the dication 10 is just as soluble as the monoca-
tion 8 presumably because the additional hydrophobic closo-carbo-
rane cage largely negates any solubility enhancement attributed to
the increased positive charge. In summary, it appears that TPMP
closo-carborane derivatives containing an additional cationic
charge or tetraethyleneglycol chain have about a 10-fold greater
solubility than 1. This effect may be negated if an additional clos-
o-carborane cage is also present. However, it is clear from these
preliminary solubility data that both strategies used in this work
have proved to be quite effective at increasing the water solubility
of the closo-carborane phosphonium salts.

In conclusion, the preparation of two distinct types of
hydrophilic, closo-carborane phosphonium salts as boronated
DLCs for potential use in BNCT has been described. The use of
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closo-1,12-carborane in place of the 1,2- or 1,7-isomers has proved
useful in avoiding the known deboronation reactions and also en-
sures that the agents retain an overall positive charge, which ap-
pears to be critical for mitochondrial targeting in tumors. The
incorporation of either a glycol chain or additional cationic charges
is an effective strategy for increasing water solubility, particularly
as the closo-carborane cage is very lipophilic. We are currently
evaluating the tumor uptake and biodistribution of these phospho-
nium salts, including PET imaging studies of 18F-derivatives of 7, in
tumor-bearing mice and the results of these studies will be pub-
lished in due course.

Experimental

Compound 4,24 6,13 and TPMP iodide36 were prepared according
to the previously reported methods. Tetraethyleneglycol diiodide
and dibromide were prepared according to a literature meth-
ods.37,38 All reactions were performed under an inert nitrogen
atmosphere using standard Schlenk techniques.

Aqueous solubilities were determined by first preparing a satu-
rated solution of the compound in deionized water. The solution
was placed in an ultrasonic bath for 5 min and any remaining solid
was separated by centrifugation. The clear supernatant solution
was collected at 23 �C. Portions of the solution were transferred
to three dry glass vials (100 lL per vial) which were placed in a
desiccator over P2O5 under vacuum for 24 h. The differences in
mass of the vials before addition and after drying were then calcu-
lated. A mean solubility (g L�1) value for the three vials was deter-
mined and is presented in Table 1.

1,12-Dicarba-closo-dodecaboranyl-1,12-
bis(diphenylmethylphosphonium) iodide 5

To a solution of 4 (0.723 g, 1.41 mmol) in THF (5 mL) was added
iodomethane (2.00 mL, 32.1 mmol). The solution was stirred and
heated under reflux overnight. The precipitate that formed was
collected by filtration and washed with THF to yield 5 as a colorless
powder (1.12 g, 99%). 1H NMR (400.1 MHz, DMF-d7) d 8.29 (m, 8H,
Ph), 8.05 (m, 4H, Ph), 7.90 (m, 8H, Ph), 3.31 (d, 2JPH = 13.3 Hz, 6H,
CH3). 11B{1H} NMR (128.4 MHz, DMF-d7) d �11.27 (br s, 10B).
13C{1H} NMR (100.6 MHz, DMSO-d6) d 136.2 (br s, Ph), 134.0 (br
s, Ph), 130.1 (br s, Ph), 115.3 (br d, 1JPC = 88 Hz, Ph), 76.3 (br d,
1JPC = 54 Hz, CcageP), 6.9 (d, 1JPC = 56 Hz, CH3). 31P{1H} NMR
(162.0 MHz, DMF-d7) d 27.8 (s, 2P). m/z (ESI-MS, +ve) 271.6
[M�2I]2+. Calcd for C28H36B10I2P2�H2O: C, 41.29; H, 4.70. Found:
C, 41.28; H, 4.36.

Tetraethylene glycol bis(1,12-dicarba-closo-
dodecaboranyldiphenylphosphonium) iodide 10

To a stirred solution of 6 (0.718 g, 2.19 mmol) in DMF (3 mL)
was added tetraethyleneglycol diiodide (0.451 g, 1.09 mmol). The
solution was heated at 120 �C for 40 h and allowed to cool to room
temperature at which point the crude material solidified. The solid
was redissolved in DMF (50 mL) and washed with n-hexane
(3 � 50 mL) and the n-hexane layers were discarded. The DMF
was removed in vacuo and to the residue was added acetone
(2 mL). The solution was triturated with diethyl ether (5 mL) at
which point the product immediately precipitated from the solu-
tion. The solid was collected by filtration, washed with acetone
(2 mL) and diethyl ether (2 mL), and air-dried. The solid was fur-
ther dried under vacuum over P2O5 to afford 10 as a dull-gray pow-
der (0.558 g, 48%). 1H (400.1 MHz, DMSO-d6) d 8.01 (dd,
3JHH = 7.8 Hz, 3JPH = 12.7 Hz, 8H, Ph), 7.92 (t, 3JHH = 8.1 Hz, 4H, Ph),
7.74 (dt, 3JHH = 7.6 Hz, 4JPH = 3.9 Hz, 8H, Ph), 4.32 (br s, 2H, CcageH),
3.70 (dt, 3JHH = 5.6 Hz, 3JPH = 12.7 Hz, 4H, PCH2CH2), 3.25 (dt,
3JHH = 5.4 Hz, 2JPH = 20.1 Hz, 4H, PCH2), 2.63 (t, 3JHH = 3.4 Hz, 4H,
CH2O), 2.43 (t, 3JHH = 3.7 Hz, 4H, CH2O). 11B{1H} (128.4 MHz,
DMSO-d6) d �13.55 (overl. br s, 20B). 13C{1H} (100.6 MHz, DMSO-
d6) d 135.8 (s, Ph), 134.7 (d, 3JPC = 10 Hz, Ph), 129.6 (d, 2JPC = 13 Hz,
Ph), 113.9 (d, 1JPC = 86 Hz, Ph), 71.0 (s, CcageH), 70.9 (d, 1JPC = 53 Hz,
CcageP), 69.7 (s, CH2O), 68.7 (s, CH2O), 63.6 (d, 2JPC = 5 Hz, PCH2CH2),
22.2 (d, 1JPC = 52 Hz, PCH2). 31P{1H} (162.0 MHz, DMSO-d6) d 30.5
(s, 2P). m/z (ESI-MS, +ve) Calcd for C36H58B20O3P2: 408.29283.
Found: 408.29326 [M�2I]2+. Calcd for C36H58B20I2O3P2: C, 40.38;
H, 5.46. Found: C, 40.09; H, 5.75.

1,12-Dicarba-closo-dodecaboranyldiphenyl{1-bromo-2-[2-(2-
ethoxyethoxy)ethoxy]ethyl}phosphonium bromide 7

To a stirred solution of 6 (0.975 g, 2.97 mmol) in DMF (10 mL)
was added tetraethyleneglycol dibromide (4.74 g, 14.8 mmol).
The solution was heated at 120 �C for 24 h and allowed to cool to
room temperature. The solution was washed with n-hexane
(3 � 50 mL) and the n-hexane layers were discarded. The DMF
was removed in vacuo and to the residue was added water
(50 mL). The solution was washed with diethyl ether (3 � 50 mL)
and the organic layers were discarded. The water was removed
in vacuo and the product was recrystallized from an acetone–
water (1:1) mixture. The solid was collected by filtration, washed
with a small amount of acetone, air-dried, and dried in a desiccator
over P2O5 to afford 6 as a colorless powder (0.45 g, 23%). 1H NMR
(300.1 MHz, CDCl3) d 8.03 (m, 4H, Ph), 7.83 (m, 2H, Ph), 7.73 (m,
4H, Ph), 3.92 (dt, 3JHH = 5.7 Hz, 3JPH = 12.1 Hz, 2H, PCH2CH2), 3.76
(t, 3JHH = 6.0 Hz, 2H, CH2O), 3.64 (dt, 3JHH = 5.5 Hz, 2JPH = 22.4 Hz,
2H, PCH2), 3.46 (m, 4H, 2 � CH2O), 3.24 (m, 2H, CH2O), 3.14 (br s,
1H, CcageH), 3.06 (m, 2H, CH2O), 3.00 (m, 2H, CH2O). 11B{1H} NMR
(128.4 MHz, DMSO-d6) d �13.41 (overl. br s, 10B). 13C{1H} NMR
(100.6 MHz, DMSO-d6) d 135.8 (d, 4JPC = 2 Hz, Ph), 134.9 (d,
3JPC = 10 Hz, Ph), 129.6 (d, 2JPC = 13 Hz, Ph), 114.0 (d, 1JPC = 87 Hz,
Ph), 71.0 (s, CcageH), 71.0 (d, 1JPC = 54 Hz, CcageP), 70.3 (s, CH2O),
70.1 (s, CH2O), 69.5 (s, CH2O), 69.4 (s, CH2O), 69.1 (s, CH2O), 63.7
(d, 2JPC = 5 Hz, PCH2CH2), 32.4 (s, CH2Br), 22.3 (d, 1JPC = 52 Hz,
PCH2). 31P{1H} NMR (162.0 MHz, DMSO-d6) d 31.7 (s, 1P). m/z
(ESI-MS, +ve) Calcd for C22H37O3B10BrP: 568.26251. Found:
568.26481 [M�Br]+. Calcd for C22H37O3B10Br2P: C, 40.75; H, 5.75.
Found: C, 40.49; H, 5.65.

1,12-Dicarba-closo-dodecaboranyldiphenyl{1-iodo-2-[2-(2-
ethoxyethoxy)ethoxy]ethyl}phosphonium iodide 8

To a stirred solution of 6 (0.560 g, 1.70 mmol) in DMF (3 mL)
was added tetraethyleneglycol diiodide (1.06 g, 2.56 mmol). The
solution was heated at 90 �C for 40 h and allowed to cool to room
temperature. The solution was diluted to 25 mL with DMF, washed
with n-hexane (3 � 25 mL) and the n-hexane layers were dis-
carded. The DMF was removed in vacuo and to the residue was
added CH2Cl2 (25 mL). The solution was washed with water
(3 � 25 mL) and the aqueous layers were discarded. The CH2Cl2

was removed in vacuo to give a yellow-red solid. The product
was suspended in a small amount of acetone (1 mL) and collected
by filtration. The solid was then re-suspended in CH3CN (30 mL)
and the remaining solid impurities were separated by centrifuga-
tion. The supernatant was reserved and the CH3CN was removed
in vacuo. The resulting solid was re-suspended in acetone (1 mL)
and was collected by filtration. The product was dried under vac-
uum over P2O5 to afford 8 as a pale-yellow powder (0.406 g,
33%). 1H NMR (400.1 MHz, DMSO-d6) d 8.08 (m, 4H, Ph), 7.96 (m,
2H, Ph), 7.80 (m, 4H, Ph), 4.32 (br s, 1H, CcageH), 3.74 (dt,
3JHH = 5.6 Hz, 3JPH = 12.5 Hz, 2H, PCH2CH2), 3.58 (t, 3JHH = 6.2 Hz,
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2H, CH2O), 3.32 (m, 4H, CH2O + PCH2), 3.28 (t, 3JHH = 6.6 Hz, 2H,
CH2O), 3.05 (t, 3JHH = 4.4 Hz, 2H, CH2O), 2.93 (m, 2H, CH2O), 2.87
(m, 2H, CH2O). 11B{1H} (128.4 MHz, DMSO-d6) d �13.55 (overl.
br s, 10B). 13C{1H} NMR (100.6 MHz, DMSO-d6) d 135.8 (s, Ph),
134.8 (d, 3JPC = 10 Hz, Ph), 129.6 (d, 2JPC = 13 Hz, Ph), 113.9 (d,
1JPC = 86 Hz, Ph), 71.0 (s, CcageH), 70.9 (d, 1JPC = 53 Hz, CcageP), 70.9
(s, CH2O), 70.0 (s, CH2O), 69.4 (s, CH2O), 69.1 (overl. s, 2 � CH2O),
63.7 (d, 2JPC = 5 Hz, PCH2CH2), 22.3 (d, 1JPC = 52 Hz, PCH2), 5.6 (s,
CH2I). 31P{1H} (162.0 MHz, DMSO-d6) d 30.8 (s, 1P). m/z (ESI-
MS, +ve) Calcd for C22H37O3B10IP: 615.25227. Found: 615.25347
[M�I]+. Calcd for C22H37B10I2O3P�(CH3)2CO: C, 37.51; H, 5.41.
Found: C, 37.19; H, 5.50.
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