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Synthesis of Alkyl and Aryl Derivatives of closoB1,H12~ by the Palladium-Catalyzed
Coupling of closoB1,H111%2~ with Grignard Reagents
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The reaction of [NiG-C4Hg)4]2[closeB12H11l], [N(Nn-Bu)4]2[2], with Grignard reagents, RMgX, in the presence of
catalytic amounts ofransPd(PPh),Cl, and Cul in either tetrahydrofuran or 1,4-dioxane solution produced the
corresponding alkylated or arylated polyhedral borane anidasgB;,H::R?™, in good yield. By this method,

we have synthesized [N-(C4H9)4]2[C|OSOBle11CH3], [N(n-Bu)4]2[3]; [N(n-C4H9)4]2[C|OSO-Ble11C5H5], [N(n-
Bu)a]2[4]; and Cs[closeBi,H11(n-CigHs7)], Cs[5]. The structures of GE3] and PPN[4] have been determined
by X-ray diffraction studies. Crystallographic data are as follows: fof3.sorthorhombic, space groupmcn

a = 954.6(6) pmb = 1077.0(7) pmgc = 1396.8(9) pmZ = 4, R = 0.055; for PPN 4], which cocrystallized
with two molecules of DMSO and one molecule of toluene, triclinic, space gRdua = 1138.4(10) pmp =
1920.1(17) pmg = 2143.2(18) pma. = 93.26(2), f = 104.44(23, y = 105.86(2}, Z = 2, R= 0.076.

Introduction Recently, a new method for the alkylation and arylation of a
. L ) B—I vertex of iodinated carboranes was developett. was

A variety of derivatives of the icosahedral borane cluster g wn that the B unit can be transformed to a-ER vertex
closoBioH:2?™ (1) including species substituted by halogéns, (R = alkyl, aryl) with Grignard reagents in the presence of a
oxygen? sulfur? or nitrogerf have been described. However, pajadium catalyst. This reaction resembles the palladium-

very little is known regarding similar derivatives which contain catalyzed Stille coupling of organostannanes and alkyl or aryl

boron-carbon bonds. The first of these derivatives to be pajigesto Although the reactivities of the icosahedraBoHs2
described were the carbonyl speatéssoB;Hy;CO™ andcloso carboranes differ from that of thelosoB;1.H:2*~ anion, one

B12H1,(CO), and their corresponding carboxylic aciddn the could expect similarities because the two families of polyhedral
reactions ofl with alkenes, mixtures of hydroboration products  frameworks are isolobal. We have now utilized this catalytic
were obtained that were difficult to separétePreetz and co-  methodology to convertlosoBiHui12~ to closoBiHR2
workers later described the reactionloWith halobenzenes at  gerivatives (R= alkyl, aryl). Thus, for the first time, such

high temperatures, from which isomeric mixtures of monoary- species are now available and a new area of organoborane
lated, bisarylated, and more highly arylated boron clusters could chemistry is accessible for study.
be separated by chromatograghyrradiation of the polyhalo- Alkylated polyhedral borane anions are of particular interest
genated (X= Cl, Br) derivativesclosoBi2X1”~ in water since they resemble fatty acids insofar as they consist of a
containing CN' resulted in the partial replacement of the charged head group (the borane cluster) and a lipophilic tail
halogen by the nucleophife.The interaction ofl with trope- (the alkyl group). These compounds may be useful candidates
nium bromide establishes a# bond in a process in which  for incorporation in either the lipophilic bilayer or the aqueous
the tropenium ion serves as an electrophilic reagziar'lt. The core of unilamellar liposomes depending upon their structures
product is an apparent tropenium-substitutieso B1,H;2*~ ion and the relative lipophilicities of their sodium salts. Liposomes
stabilized by intramolecular charge-transfer interaction. are known to be capable of selective in vivo localization in
tumors. Therefore, boron-loaded liposomes have attracted
(1) (@) Knoth, W. H.; Miller, H. C.; Sauer, J. C.; Balthis, J. H.; Chia, Y.  considerable interest as a promising route to cancer treatment
T.; Muetterties, E. LJnorg. Chem.1964 3, 159. (b) Srebny, H. G.; through boron neutron Capture therdﬁy
Preetz, W.; Marsmann, H. Z. Naturforsch.1984 39B, 189. (c)
Haeckel, O.; Preetz, WZ. Anorg. Allg. Chem1995 621, 1454.
(2) (@) Knoth, W. H.; Sauer, J. C.; England, D. C.; Hertler, W. R;
Muetterties, E. LJ. Am. Chem. Sod.964 86, 3973. (b) Peymann,
T.; Lork, E.; Gabel, DInorg. Chem.1996 35, 1355. (c) Krause, U.;
Preetz, WZ. Anorg. Allg. Chem1995 621, 516.
(3) Gabel, D.; Moller, D.; Harfst, S.; Rter, J.; Ketz, Hinorg. Chem.
1993 32, 2276.
(4) (a) Miller, H. C.; Miller, N. E.; Muetterties, E. LiInorg. Chem1964
3, 1456. (b) Peymann, T.; Lork, E.; Schmidt, M.} tdpH.; Gabel, D.
Chem. Ber1997 130, 795.
(5) Knoth, W. H.; Sauer, J. C.; Balthis, J. H.; Miller, H. C.; Muetterties,
E. L. J. Am. Chem. S0d.967, 89, 4842.
(6) Preetz, W.; von Bismarck, R. Organomet. Chen99], 411, 25.

Experimental Section

General Considerations. Synthetic reactions were carried out in
an atmosphere of dry nitrogen. THF was distilled over sodium
benzophenone ketyl; dry 1,4-dioxane was purchased from Aldrich
Chemical Co. Alumina (neutral Brockman activity I, 6825 mesh)

(9) Jiang, W.; Knobler, C. B.; Curtis, C. E.; Mortimer, M. D.; Hawthorne,
M. F. Inorg. Chem.1995 34, 3491 and references therein.
(10) stille, J. K.Angew. Chem., Int. Ed. Engl986 25, 508.
(11) (a) Hawthorne, M. FAngew. Chem., Int. Ed. Endl993 32, 950. (b)

(7) Trofimenko, SJ. Am. Chem. S0d.966 88, 1899.
(8) Harmon, K. M.; Harmon, A. B.; MacDonald, A. Al. Am. Chem.
Soc.1969 91, 323.

Hawthorne, M. F.; Shelly, KJ. Neuro-Oncol1997, 33, 55. (c) Feakes,
D. A; Shelly, K.; Knobler, C. B.; Hawthorne, M. Proc. Natl. Acad.
Sci. U.S.A1994 91, 3029.
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Table 1. *B{*H} NMR Data (ppm) for Anions3—5
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Table 2. Selected Bond Lengths (pm) for Anich

anion B(1) B(2-6) B(7-11) B(12)
3 -6.9 -13.2 -15.1 ~18.6
4 —4.9 -13.3 —14.4 ~16.2
5 —4.9 -14.0 -155 ~18.3

was purchased from Fisher Scientific. Bis(tetrabutylammonium) io-
doundecahydraioscdodecaborate(2) was prepared as described in
the literature. The'H and'3C NMR spectra were recorded on a Bruker
ARX-400 spectrometer. Thé'B NMR spectra (160 MHz) were
obtained using a Bruker ARX-500 spectrometer and are reported in

Table 1. Proton, carbon, and boron chemical shifts were referenced to

residual solvent protons (DMS@y) and external BE-Et,O, respec-
tively. The NMR data obtained for the tetrabutylammonium cation
and the B-H protons are not reported. Melting points were determined

in a sealed tube and are uncorrected. High-resolution mass spectra

(FAB) were obtained using a VG-ZAB spectrometer.

Preparation of [N(n-C4Hg)4]2[closeB12H11CHg), [N(n-Bu)4]2[3].
A 3.0 M solution of methylmagnesium bromide (4.0 mL, 12.0 mmol)
in THF was syringed into a stirred suspension ofrifu)s]2[2] (1.0
g, 1.33 mmol) in 20 mL of dry 1,4-dioxane followed hyans
dichlorobis(triphenylphosphine)palladium (0.05 g, 0.07 mmol) and
copper iodide (0.01 g, 0.06 mmol). The mixture was refluxed for 1
day, resulting in a black solution. Water was added cautiously to
destroy residual Grignard reagent, and all volatiles were evaporated in
vacuo. The residue was extracted with acetonitrile. The extracts were

passed through a bed of alumina, and the acetonitrile was evaporated

to yield an orange oil. The oil was stirred overnight in 200 mL of
diethyl ether, which caused it to solidify. The solid was filtered off
and twice recrystallized from ethanol to afford crystals ofrf¥Bu),] .-
[3] (0.43 g, 0.67 mmol, 51%), mp 24%. H NMR, 6: 0.09 (s, br,
3H, CHs). HRMS (FAB) for CHi3!%B,B1o (MV2): caled, 155.2207;
found, 155.2212 [M— H]".

Preparation of [N(n-C4Hg)4]2[closeB1H11CeHs), [N(N-Bu)a]2[4].
A 3.0 M solution of phenylmagnesium bromide (4.0 mL, 12.0 mmol)
in Et,O was syringed into a stirred suspension ofrifu)a]-[2] (1.0
g, 1.33 mmol) in 20 mL of dry 1,4-dioxane followed hyans
dichlorobis(triphenylphosphine)palladium (0.05 g, 0.07 mmol) and
copper iodide (0.01 g, 0.06 mmol). The mixture was refluxed for 1
day, resulting in a black solution. Water was added cautiously to
destroy residual Grignard reagent, and all volatiles were evaporated in
vacuo. The residue was extracted with 300 mL of acetonitrile. The

extracts were passed through a bed of alumina, and the acetonitrile Z

was evaporated to yield an orange oil. The oil was stirred overnight
in 200 mL of diethyl ether. The ether was decanted and the solid
dissolved in acetonitrile. The solution was added slowly to 100 mL
of diethyl ether, and the mixture was stirred overnight. The resulting
solid was filtered off, affording a white solid of [H{Bu)4][4] (0.75

g, 1.07 mmol, 81%), mp 216C. H NMR, 6: 7.55 (m, 2H, GHs),
6.86-6.74 (m, 3H, GHs). ¥C{'H} NMR, ¢6: 133.6, 125.0, 122.4
(CsHs). HRMS (FAB) for GH15'%B;*B1o (M/2): calcd, 217.2363;
found, 217.2356 [M— H]".

Preparation of CsclosoBi,H11(n-CigH3s7)], Csy[5]. A 0.5 M
solution of n-octadecylmagnesium chloride (20.0 mL, 10.0 mmol) in
THF was syringed into a stirred suspension of fNBu)4]2[2] (1.0 g,
1.33 mmol) in 20 mL of dry THF followed bytrans-dichlorobis-
(triphenylphosphine)palladium (0.05 g, 0.07 mmol) and copper iodide
(0.01 g, 0.06 mmol). The mixture was refluxed for 3 days, resulting
in a dark solution. All volatiles were evaporated in vacuo. The residue

B(1)—B(4) 173(2) B(2)-B(2)? 178.3(14)
B(1)-B(2) 184.4(15) B(8)-B(8) 177.0(13)
B(2)—-B(7) 179.8(14) B(2)-B(3) 180.9(14)
B(3)—B(8) 179.7(15) B(3)B(4) 176.6(12)
B(7)—-B(12) 179.1(14) B(7-B(8) 175.5(14)
B(7)—-B(11) 176.9(12) B(8)B(12) 175.9(16)
B(8)—B(9) 177.8(4) B(11)B(12) 177(2)
B(1)-B(3) 179.0(13) B(4yB(8) 183(2)
B(2)—B(11) 178.8(16) B(3)B(7) 175.2(14)
B(1)—-C(1) 158(2)
a Atoms denoted are related by a mirronat= 3/,.

Table 3. Selected Bond Lengths (pm) for Anigh
B(1)—-B(4) 177.2(11) B(4y-B(9) 179.5(12)
B(1)—-B(2) 180.9(12) B(5)-B(10) 178.1(12)
B(2)—-B(7) 176.4(12) B(2)-B(3) 178.9(12)
B(3)—B(8) 178.3(12) B(3)-B(4) 178.0(12)
B(7)-B(12) 180.5(12) B(7-B(8) 179.6(12)
B(7)—B(11) 176.6(12) B(8)B(12) 178.6(12)
B(8)—B(9) 177.4(12) B(11yB(12) 181.1(12)
B(1)-B(3) 178.1(11) B(4YB(8) 178.4(12)
B(2)—-B(11) 176.3(12) B(3)B(7) 178.8(12)
B(9)-B(12) 179.2(12) B(1)}B(5) 177.0(12)
B(2)—B(6) 177.9(12) B(4)yB(5) 177.6(11)
B(5)—B(6) 177.1(12) B(6)B(10) 178.8(12)
B(10)-B(11) 179.9(12) B(1)B(6) 178.9(11)
B(5)—B(9) 178.0(12) B(6)-B(11) 178.5(12)
B(9)—B(10) 178.4(12) B(10yB(12) 180.6(12)
B(1)—-C(1) 162.4(10)

Table 4. Details of Crystallographic Data Collection

Cs[3] (PPN)[4]-2(CH).SO-C7Hs
empirical formula CH,B12Cs-H,0 CggHosB12N202P4S;
fw 439.67 1543.49
space group Pmcn(Pnma 62) P1
a(pm) 954.6(6) 1138.4(10)

b (pm) 1077.0(7) 1920.1(17)
¢ (pm) 1396.8(9) 2143.2(18)
o (deg) 93.26(2)
f (deg) 104.44(2)
y (deg) 105.86(2)
V (nmd) 1.436 4.324
4 2
wu(cm) 50.1 16.0
R2 0.055 0.076
0.068 0.089

2R = 3 |IFol = IFcll/X|Fol. ® Ry = [YW(IFol — IFc)¥ZwIFo|7"2

precipitate was isolated by filtration and heated in acetonitrile. Water
was added to this suspension until the precipitate dissolved. Upon
cooling, a white precipitate of g&] (0.47 g, 0.71 mmol, 54%) formed,
which was filtered off; mp>250 °C. H NMR, ¢6: 1.20 (m, 32H,
CHy), 0.81 (t, 3H, CH), 0.34 (m, br, BCH). *C{'H} NMR, ¢: 33.9,
31.9, 31.7, 30.2, 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 29.3)(CH
22.5 (BCH), 14.4 (CH). HRMS (FAB) for GigH4s'°B, 1B1oCs (1V2):
calcd, 527.4000; found, 527.4003 [M Cs] .

X-ray Crystallography

Tables 2-4 summarize the crystallographic data pertaining to

was stirred in 300 mL of diethyl ether and the suspension passed throughcompounds3 and 4.

a frit containing alumina. Another 300 mL of diethyl ether was passed
through the frit, and the combined ether solutions were discarded. The
alumina was then extracted with acetonitrile. The acetonitrile extracts
were evaporated to yield an orange oil. Dichloromethane (50 mL) was
added to the oil, and the solution was filtered from the insoluble residue.
The filtrate was evaporated, and the resulting solid was dissolved in
warm ethanol (30 mL). The solution was allowed to stand at room
temperature, precipitating a black solid that was removed by filtration.
Cesium fluoride (0.61 g, 4.02 mmol) was dissolved in ethanol (20 mL),
and the solution was added to the filtrate. The resulting white

CsyclosoB1H11CH3). A colorless crystal, obtained from an
aqueous solution, was placed on a fiber and mounted on a Huber
diffractometer. Unit cell parameters were determined from a least-
squares fit of 37 accurately centered reflections(A%26 < 20.2).

Data were collected at 28 in the —26 scan mode. Of the 2171
unique reflections measured, 1405 were considered obsdrve8d-

(D] and were used in the subsequent structure analysis. Data were
corrected for Lorentz and polarization effects and for secondary
extinction and absorption. Programs used in this work include locally
modified versions of the following programs: CARESS (Broach,
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Figure 1. ORTEP representation of anid) showing the crystal-
lographic numbering scheme. Hydrogen atoms are omitted for clarity.

Coppens, Becker, and Blessing), peak profile analysis, Lorentz and
polarization corrections; ORFLS (Busing, Martin, and Levy), structure
factor calculations and full-matrix least-squares refinement; SHELX76
(Sheldrick), a crystal structure package; SHELX86 (Sheldrick), a crystal
structure solution package; and ORTEP (Johnson).

Atoms were located by use of heavy-atom methods. All non-
hydrogen atoms were refined with anisotropic parameters. Boron-
bonded hydrogen atoms were located and were included in structureFigure 2. ORTEP representation of aniot showing the crystal-
factor calculations, but parameters were not refined. Methyl hydrogen lographic numbering scheme. Hydrogen atoms are omitted for clarity.
atoms were placed in calculated positions;:i 100 pm, H-C—H
109.5. Hydrogen atoms were assigned isotropic displacement values |argest maximum and minimum peaks on a final difference electron
based approximately on the value of the attached atom. Scatteringgensity map were 0.40 and0.40 e A=,
factors for hydrogen were obtained from ref 12. The largest peak on
a final difference electron density map, near Cs, was 0.6% A Results and Discussion

(PPN)[closoB12H1:CH3]-2DMSO-toluene. A colorless crystal,
obtained from DMSO and toluene, was placed on a fiber and mounted The most commorloseB;,H1,°~ derivatives are probably
on a Syntex PHiffractometer. Unit cell parameters were determined the halogenated anions. Mono-, poly-, and persubstituted
from a least-squares fit of 35 accurately centered reflections {26 dodecaborate anions containing fluorine, chlorine, bromine, and
= 38.7). Data were collected at 2% in the¢—20 scan mode. Of  jodine substituents have been described in the literdtuire.
the 11 882 unique reflections measured, 6098 were considered observeqlnany areas of chemistry, halogen derivatives are very reactive
[I > 3o(1)] and were used in the subsequent structure analysis. Data ,nq sarve as valuable precursors to other derivatives. Charac-

were corrected for Lorentz and polarization effects and for secondary , _.” . o
extinction and absorption. Programs used in this work include locally teristically, the borofrhalogen bonds of thelosoB1aH12-nXn™"
(n = 2, 12) clusters are inert to the majority of reaction

modified versions of the following programs: CARESS (Broach, S ; )
Coppens, Becker, and Blessing), peak profile analysis, Lorentz and Conditions® that have been thus far investigated. No nucleo-
polarization corrections; ORFLS (Busing, Martin, and Levy), structure  Philic attack was observed whemosoBiHio-nln?™ (n = 2,
factor calculations and full-matrix least-squares refinement; SHELX76 12) anions were heated with sodium hydroxide, potassium
(Sheldrick), a crystal structure package; SHELX86 (Sheldrick), a crystal amide, and phenyl- or methylmagnesium bromide. The only
structure solution package; and ORTEP (Johnson). reported reactions aflosoB1oH1,-nXn?~ (X = Cl, Br, ) anions
Atoms were located by use of direct methods (SHELX86). Allnon- are the reduction of diiododecahydetesododecaborate by
hydrogen atoms were refined with anisotropic parameters. Boron- glkali metals leading toclosoBi.Hi2~ 1@ and the partial
bonded hydrogen atoms were located and were included in Strucmredisplacement of bromine or chlorine in the reactionctifso
factor _calculations, but parameters were not refined. All phenyl groups B12X 122~ with pseudohalogens (CNNs~) under photochemical
were included as rigid £hexagons; €C 139.5 pm, angles 120 - o, iions? This lack of reactivity is assumed to result from

Methylene, methyl, and phenyl hydrogen atoms were included in : .
calculated positions. Hydrogen atoms were assigned isotropic displace-bo'[h the icosahedral geometry and the negative charge of the

ment values based approximately on the value of the attached atom.B12 cluster, conditions not conducive tond substitution
Scattering factors for hydrogen atoms were obtained from ref 11. The reactions at a BX vertex located in the polyhedral surface.
One of the easily accessible derivativeslaé the monoio-

(12) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Phys<1965 dinated anionclosoBioHyl?", 212 Complex 2 possesses a
42, 3175. single functionalized boron vertex and could conceivably be
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P

n-CygH3MgCl

Scheme 1
B12H11|2', 2
ByoH—PdL,
PdL,
ByzH11(n-CygHg7)*", 5 o
”'Cl;wm
Bi2H14—PdL,

6

i1

B12H11—PdL2 B12H122- + PdL2
7

n'CH2=CH'C16H33

L = PPh,

useful as a precursor to a wide variety of monosubstituted B
derivatives. This would be of special interest, since it is often
difficult to prevent multiple substitution in electrophilic reactions
with the closeBi,H14~ system.

The reaction of [N§-Bu)a]2[2] with methylmagnesium bro-

In the structure oB, the boror-boron bond lengths vary in
the range 173(2)184.4(15) pm. These values are similar to
those described for other monosubstitutggdddusters, although
the icosahedron a8 appears to be distorted, probably due to
packing interactions with the cesium cations.

mide in 1,4-dioxane at the reflux temperature in the presence The boror-boron distances of are in the range 176.3(12)

of trans-dichlorobis(triphenylphosphine)palladium and copper
iodide afforded methylundecahydotescdodecaborate(2), 3,
in 51% vyield. Similarly, heating [N{-Bu)4]2[2] with phenyl-
magnesium bromide gave phenylundecahydosododecabo-
rate(2-), 4, in 81% yield. Surprisingly, it was found that the
reaction of [N(-Bu)s]2[2] with n-octadecylmagnesium chloride
in boiling 1,4-dioxane was incomplete after 7 days, whereas it
was completed after 3 days in THF at the reflux temperature.
All new compounds were characterized by multinuclear NMR
spectroscopy and mass spectrometry. Monosubstituted B
clusters possesSs, symmetry and therefore give four signals
in the 11B{*H} NMR spectra (see Table 1) with the intensity
ratio 1:5:5:1. The signal of the substituted boron atomiftke
boron) appears as a singlet in the proton-coupl&iNMR
spectrum, whereas the boron vertex oppositégbeboron (the
antipodal boron) appears @ a doublet due to coupling with
hydrogen. Only minor differences in the chemical shifts of the
boron nuclei of [NG-Bu)42[3], [N(n-Bu)4]2[4], and Cg[5] were
observed. All spectra gave the same expected pattern.
contrast to the antipodal vertex, which appears upfield of the
signals associated with the twg Belts, thepso-boron atom is
shifted approximately 10 ppm downfield in th#88{'H} NMR
spectra. ThéH NMR and the'3C{'H} NMR spectra of [Ng-
Bu)]2[3], [N(n-Bu)g]2[4], and Cg[5] exhibited the expected
signals of theB-alkyl andB-aryl groups, respectively. However,

181.1(12) pm, showing less deviation from icosahedral geometry
than3. The boror-carbon bond of} [162.4(10) pm] is longer
than the analogous distance 31[158(2) pm], which can be
explained by the greater steric demands of the phenyl group.
To our knowledge, these two solid-state structures are the first
examples ofcloseBi,H1,°~ derivatives which contain either
B-alkyl or B-aryl bonds. The boroencarbon distances found
for the anionic boron cluster3 and 4 are comparable to the
boron-carbon bond lengths published for alkylated and arylated
icosahedral carborane systems ranging from 153 to 158'p#.
Attempts to alkylate [N{-Bu)s]2[2] by reaction with unsatur-
ated Grignard reagents were unsuccessful. No reaction of [N(
Bu)4]2[2] with ethynyl-, vinyl-, or allylmagnesium bromide was
detected by"'B NMR spectroscopy after 3 days in THF at the
reflux temperature. We assume that the formation of palladium
z complexes with the unsaturated Grignard reagent competes
with the generation of the B—palladium specie6 postulated
as an intermediate in the catalytic cycle (Schem@ 1).

In The Pd-catalyzed coupling a2 with Grignard reagents

described here is proposed to follow the mechanistic pathway
shown in Scheme 1 and previously proposed for the similar
Pd-catalyzed coupling of Grignard reagents vtiodocarbo-
rane derivative$314 In the latter case, diminished yields are
observed in these reactions in which the intermediate analogous
to 6in Scheme 1 is capable gthydrogen elimination. In the

due to the quadrupole moment of the boron nucleus we did not reaction ofn-octadecylmagnesium chloride aRdeported here,

observe a signal in théC{1H} NMR spectra due to the carbon
atom directly bound to the cluster.

The structures of both 8] (Figure 1) and (PPNJ}4] (Figure
2) were confirmed by X-ray diffraction analysis. Compouhd
cocrystallized with two molecules of DMSO and one molecule
of toluene.

the formation ofclosoBiHi?>~ is observed by''B NMR
spectroscopy and attributed fehydrogen elimination through

(13) Zheng, Z.; Jiang, W.; Zinn, A. A.; Knobler, C. B.; Hawthorne, M. F.
Inorg. Chem.1995 34, 2095.

Jiang, W.; Harwell, D. E.; Mortimer, M. D.; Knobler, C. B.;
Hawthorne, M. Flnorg. Chem.1996 35, 4355.

14
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the hydride speciegshown in Scheme 1. The desired coupling Na[3]—Na[5] in liposomes to determine their ability to deliver
product5 is formed from6 as shown. boron to tumor cells as required for boron neutron capture

. therapy.
Conclusions
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