Inorg. Chem. 1992, 31, 1951-1955 1951

centrations too low to be detected by Raman spectroscopy cannot
be excluded. Such an ionization could also contribute to the
conductivity of these mixtures.
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A new electronegativity-based approach to chemical binding is proposed where the covalent binding is formulated in terms of the
accumulation of electron density at the bond center using the concepts of bond electronegativity and bond hardness. In an AB,
type molecule, the covalent contribution to the single A-B bond energy is shown to be given by a simple expression in terms of
the A-A and B-B bond energies. For heteronuclear diatomic molecules, this reduces to an average of the geometric and arithmetic
means of the bond energies of corresponding homonuclear diatomics. This covalent part together with the derived expression for
the ionic contribution with no adjustable parameter constitutes the total bond energy expression. Predicted numerical results on
bond energies and atomic charges of selected diatomic and simple polyatomic molecules are shown to agree well with available

data.

Introduction

The concept of electronegativity, introduced originally by
Pauling' and Mulliken,? has played a fundamental role in the
conceptual development of all branches of chemistry.> The
electronegativity defined as

x = —(3E/3N) 0y

originally due to Pritchard and Sumner* as well as Iczkowski and
Margrave® denotes the energy derivative with respect to number
of electrons and is equal to (J + 4)/2 in a finite difference ap-
proximation, where / and A4 represent ionization potential and
electron affinity, respectively. This concept now rests on a pro-
found theoretical basis within the framework of density functional
theory® due to the work of Parr et al.,” who identified x as the
negative of the chemical potential u of the electron cloud, viz.

x =-p = —(8E/dp) (2)

where the functional derivative is with respect to the electron
density p(r). This definition provides not only a means of quantum
mechanical calculation of x but also a justification for the elec-
tronegativity equalization procedure used widely in chemistry.’
Another important quantity is the second derivative of energy
identified® recently as a measure of chemical hardness®

1 = /(PE/ON?) = /y(3u/3N) 3)
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which equals (I - 4)/2 in a finite difference approximation but
can also be expressed in terms of electron density!® and is thus
amenable to a quantum mechanical calculation.

An understanding or prediction of molecule formation in terms
of these atomic properties has been of much importance in
chemistry. The electronegativity parameter governs the charge
transfer in chemical binding and hence determines the polarity
of the molecule. The binding energy of a molecule however
consists of not only this charge-transfer contribution but also the
energy involved in covalent bond formation—the latter being the
only contribution for homonuclear molecules.

For a diatomic molecule AB, Pauling! has proposed that the
covalent contribution can be approximated as the geometric mean
of the corresponding homopolar bond energies, i.e.

D53 = (DaaDgp)'? 4)
and thus led to the bond energy equation!
Dyp = D3F + 30(xa — x8)? &)

where the last term denotes the energy (in kcal/mol) associated
with the charge-transfer process.

Several other empirical equations have later been proposed; e.g.,
Matcha!! has prescribed an equation of the form

Dyp = D% + K{1 - exp[-(30/K)(xa - xa)’l}  (6)

with the empirical parameter K being equal to 103 for energy
expressed in kcal/mol. Reddy et al.'? have recently proposed a
very simple formula of the form

Dap = D5 + 32.058|x4 — xsl Q)

In egs 47, DY denotes the full covalent contribution to the bond
energy. Sanderson'’ and Huheey,'4 however, have treated the
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jonic and covalent contributions, Di%§ and DS, respectively, as
mutually exclusive and have thus expressed the bond energy as

Dyp = DR + (1 - t) DY ®

consisting of partial ionic and covalent contributions with ¢; as
a measure of the partial ionic character.

Although electronegativity-based methods for the calculation
of partial atomic charges in polar molecules have improved!s
considerably, the same for bond energy calculations are more
empirical in status. Thus, the geometric mean expression for the
covalent contribution is empirical; moreover, for simple polyatomic
molecules of AB, type, it is not even clear whether this quantity
refers to the average covalent energy of the A~B bond in this
molecule or the covalent contribution to the energy involved in
the process A + B — AB. It is also not known whether the full
contribution D3} as in egs 5-7 or the partial contribution (1 -
t,)DS% as in eq 8 is to be used in a bond energy equation. The
present work aims at clarifying these issues through “rigorous”
derivations with well-defined procedures for simplification of the
final bond energy equation.

In a purely covalent bond (e.g. for a homonuclear diatomic
molecule), there is no net charge transfer between the atoms and
hence procedures based on the concept of electronegativity, which
is linked with charge transfer, are not directly applicable to the
description of covalent binding. A bond formation is, however,
accompanied by charge accumulation in the bond region which
we exploit here to explain and formulate covalent binding within
an electronegativity-based picture. Ghosh and Parr!¢ have recently
proposed the concept of bond electronegativity, by assigning an
electronegativity value to the bond region to obtain a bond charge
model and a semiempirical density functional theory. This is
rigorous since the chemical potential is defined at each point in
space and, therefore, an electronegativity value can be assigned
to any region. A higher value of electronegativity at the bond
region when two atoms (homo- or heteronuclear) are brought to
the equilibrium distance would account for charge transfer to the
bond region and hence covalent binding. The extent of this charge
transfer is governed by the hardness of the bond region, which
can also be defined rigorously,'¢ using the concept of local
hardness.!%!

In the present work, we derive an expression for the average
bond energy of a simple AB, type polyatomic molecule (and hence
a heteronuclear diatomic molecule as a special case) as sum of
covalent and ionic contributions. The covalent term is expressed
in terms of the atomic electronegativity and hardness parameters
and is also reformulated in terms of the bond energies of the
corresponding homonuclear diatomics. The resulting expression
for covalent contribution is related to but different from the
geometric mean used earlier. Modifications of the ionic term can
be introduced to obtain improved results. The expressions for the
partial atomic charges and chemical potential (or electronegativity)
of the molecule formed are also derived.

In what follows, we discuss the proposed bond electronegativity
based model for chemical binding. The expressions for the bond
energy and partial atomic charges are derived using suitable
models for the bond electronegativity and the bond hardness
parameters. Numerical results obtained from the present scheme
are compared with available experimental or calculated results.

Bond Electronegativity Based Model for Chemical Binding

The formation of a chemical bond between two atoms A and
B is considered here as a two-step process. In the first step due
to electronegativity difference of the atoms, charge transfer takes
place from A to B (assuming xg > x,) leading to the formation
of two species A*** and B** with their new electronegativities
Xa* and xp* getting equalized. In the second step, the two charged
species are brought to equilibrium internuclear separation, when
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the chemical potential u of the bond region becomes lower (note
that u = —x) than those of the resulting atomic species, and hence
further charge transfer takes place from the two charged atoms
to the bond region to attain an equilibrium chemical potential
which is same in the atomic as well as bond region. For the
polyatomic AB, molecule, the first step involves charge transfer
between the atom A and 7 number of B atoms, while, in the second
step, there is charge transfer to each bond region from the charged
atom A and the corresponding charged atom B. While the energy
associated with the first step corresponds to the ionic contribution
to the bond energy, that for the second step corresponds to covalent
bonding. In the case of binding in a homonuclear diatomic
molecule, only the second process contributes. Thus, chemical
binding is essentially viewed here as a charge-transfer and re-
organization effect.

Energy of an atom A as a function of the number of electrons
N, is given by

E, = E} + AN, + nd(AN,)? ®

where E9 corresponds to the energy of the neutral atom with N9
number of electrons, 43 and % are the corresponding chemical
potential and hardness, respectively, and AN, = N, — N%. The
chemical potential u, corresponding to N, electrons is

Ba = u) + 204N, (10)

Consider now the first step for an AB, molecule, viz. the charge
transfer from A to each of the » number of B atoms, determined
by the equalization of chemical potential u, = up. Using eq 10
with AN, + nANg = 0, one has the results

AN, = /(uh — )/ (0 + 7%/n) 1)

Ha = pp = pa* = pp* = pu* =
(3w} + wdn8/n) /(% + n8/n) (12)

and the energy involved in the charge-transfer process is
on = =Vowd — u§)?/ (a} + ni/n) (13)

which can be considered as the ionic contribution to the total bond
energy of the molecule AB,,.

Consider now the second step where each of the n charged
species B*> is placed at a distance R from A***, where R is the
equilibrium A-B bond length of the molecule AB,. Considering
the chemical potential and hardness of each bond region to be
Hpond™ and mponq*, respectively, one has

AEY" = pp*ANL* + 1% (AN, *)? (14a)
AEY” = pp*ANg* + ng*(AN*)? (14b)
AEg = Boond® ANoond F Mbond* (AlNyona)? (14c)
and
Ha = pa* + 20 % AN, (15a)
up = up® + 2np*ANR* (15b)
Hbond = Heond® F 2Mbond® AlNpong (15¢)

Equating the three equations (15a—) and using the charge con-
servation

ANL* + nANg* + nANyq = 0
and also the result that u,* = ug*, one obtains
ANL* = (15" (lbond® = #a™)}/{2[Mbona* (Ma* +
ne*/n) + 1a*np*]] (16a)
ANg* = {na* (tond™ — #*)}/ {2 [Mpona* (na* +
n8*/n) + na*ng*1} (16b)

BA = BB = Hoond = mal = {Mbond*7a* 18" + Nbona* (14" +
n8* /Mua*l/na*ne* + Moond* (4 + 718* /1)) = {ltoond® +
(1/1)(nvona® / mandea*1 /{1 + (1/1) (Moons™ /1)) (17)

where
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M = 1a*(mp*/n)/ (na* + np*/1) (18)

is the harmonic mean of n,* and np*/n. The covalent energy is
given by the sum

AE™ = AEY + nAEYY + nAES, =
—(1* = Bpona®)?/14(Moond® /7 + num)) (19)

with u* = p,* = ug* after the first step charge transfer.

At this point we introduce models for the quantities py,q* and
Npona™. It is established'® that the chemical potential of an atom
is nearly equal to the electrostatic potential at the covalent radius.
Since the electrostatic potential is additive, the chemical potential
at the point of contact of the Wigner—Seitz spheres for two atoms
can be modeled as the sum of the individual chemical potentials.
Thus, up,q* can be modeled as

Boond® = (#a* + up*) (20a)

The parameter n,,,q* can also be assumed to be proportional to
1w, the harmonic mean of individual hardnesses of all the atoms
in AB, molecule as defined in eq 18, i.e.

Moond® = K1Mum (20b)

This modeling is motivated by the fact that the molecular hardness
is proportional to the harmonic mean of atomic hardnesses.!” It
may be noted that somewhat different models for pyo,g and 9pong
as explicit functions of the internuclear distance R were proposed
in the work of Ghosh and Parr.!® Their modeling for homonuclear
diatomics led to a simple density functional version of the bond
charge model of Parr and Borkman® as well as a semiempirical
density functional theory which have been further discussed by
Parr and Yang.® The objective here is to model these quantities
solely in terms of the atomic chemical potential and hardness
parameters. The connection between the two models can be
established by introducing suitable R-dependent coefficients in
eqs 20. With the two models for pp,q* and nyp,q* Of egs 20, the
expression (19) for AE® becomes

AE® = =(Yinunm) (*)?/ (1 + ky /1) @

Using eq 12, the covalent single bond energy D3} (S-AE*/n)
can be expressed as

D3 = [mun/4(n + k)N@A/7R) + n(up/m)F (22)

For the covalent bond energies Ds, and Dpp of the homonuclear
diatomics A, and B,, respectively, eq 22 leads to the result

Daa = A1 + k)){(13)* /7] (23)

and a similar expression for Dpp. Thus, the covalent bond energy
of eq 22 can be expressed as
W =10+ k) /(n+ k)L (nnd + nd)}
{n8Dan/2 + n'n3Dpp/2 + n(nn})"/*(DasDep)'/ (24)
Apart from the homonuclear bond energies, this expression consists
also of the relative hardnesses of the two atoms. One can further
simplify this expression by assuming 7% ~ 5%, which is reasonable
since Pearson’s’® conjecture “hard likes hard” and “soft likes soft”
works in most of the cases. This leads to the result
D =11 + k) /(n + k)lin/(n + 1)} X
{(DanDgg)'"/? + y(nDpp + Dan/m)} (25)

For a diatomic molecule AB, this expression simplifies to
D% = %5[(Daa + Dpp) /2 + (DanDpp)'?) (26)

which indicates that the covalent contribution in a diatomic
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Table I. Atomic Electronegativity, Hardness Parameters, and Bond
Energies of Homonuclear Diatomic Molecules

atoms electronegativity’ hardness® homonuclear bond energy,?

A)  (xaheV (a4, eV (Day), keal/mol
Na 2.8 2.335 17.30
K 2.9 1.440 11.80
Rb 2.09 2.090 10.80
Ca 3.30 2.370 25.00
Mg 4.09 3.010 31.00
Sr 3.14 2.205 20.00
As 5.345 4.015 35.00
Sb 4.965 3.785 29.00
C 5.805 5.465 82.60
F 12.18 8.680 37.00
Cl 9.38 5.650 57.30
Br 8.40 4.700 45.45
I 8.10 4.575 35.60

?The values of x and 7 are calculated from ionization potential and
electron affinity data from ref 21. 2D, values are from ref 14.

molecule is the average of the geometric mean Dgy and the
arithmetic mean D,y and is different from the geometric mean
result proposed by Pauling.! It also establishes that this expression
represents the net covalent contgibution and should not be weighted
by any factor like ¢, in the total energy calculation as used in eq

The total single A-B bond energy in AB, should therefore be
represented as the sum of the ionic contribution given by eq 13
and the covalent contribution of eq 25, i.e.

Dyp = D5§ + (Vam)(uid - uB)?/(n} + mb/m)  (27)

The partial atomic charges on atoms A and B can also be
calculated easily. After the charge-transfer processes in steps 1
and 2, the net charge on the central atom A is g, = —(AN, +
AN,*), and a net negative charge equal to (AN,*/n + ANp*)
is accumulated at each of the n bond centers, where AN, is given
byeq 11 and AN,* and ANp* given by eqs 16 can be rewritten
as

ANA* = {n/(n+ k))ua* /293 =
{n/(n+ k)Rl (mdud + wQnd/n) /(14 + n§/n) (28a)

ANp* ={n/(n + kl)}#at/zﬂ% =
fn/(n+ k)H/mBi(ndud + udng/n) /(% + n§/n) (28b)

To obtain the net partial atomic charges, each bond charge
(AN,*/n + ANp*) has to be partitioned between the two atoms
A and B, If £, and f5 (=(1 ~ f,)) are the fractions of this charge
that is considered to belong to the respective atoms, then the net
charge on atom A is given by

ga = ~(AN, + AN,*) + nfA(AN*/n + ANp*) = 1/2(#’-% =
1) /(% + ) = (n)n/ (n + kDR(nQud + pdnd/n)/ (2% +
n/m} + fafn/(n + kD@ /7R) + (wh/(n§/n))] (29)

with an analogous expression for g which will clearly be equal
to —g,/n. Equations 27-29 provide expressions for the bond energy
and the partial atomic charges in a simple polyatomic molecule
AB,.

Results and Discussion

The average bond energy and the partial atomic charges in AB,
type molecules can thus be calculated using eqs 27 and 29, re-
spectively. Modeling the bond hardness via eqs 20b has however
introduced a parameter k,, which is assumed to have a value of
1.5 for calculations in the present work. The value k; = 1 is
equivalent to assuming a harmonic mean for the bond hardness,
while k; = 2 corresponds to assuming an arithmetic mean pos-
tulate!® for the bond softness (reciprocal of hardness). For the
partial atomic charges, the partitioning of the bond charge has
been imposed using the fractional parameter f,, which can be
assumed to be equal to half or can be prescribed from the relative
electronegativity values. Here we have chosen f, to be equal to
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Table II. Bond Dissociation Energies (D,p) and Partial Atomic

Charges (g,) of Selected Polytomic Molecules

molecule (AB,) DR D3’ Geal’ Tana®
NaF 114.0 118.3 0.74 0.92
NaCl 97.5 96.9 0.69 0.79
NaBr 86.7 81.1 0.65 0.76
Nal 727 72.5 0.62 0.71
KF 117.0 120.8 0.91 0.84
KCl 101.0 98.6 0.87 0.80
KBr 90.5 82.7 0.83 0.78
KI 78.0 739 0.81 0.74
RbF 117.0 130.9 0.78 0.78
RbCl 106.0 108.6 0.76 0.78
RbBr 92.0 92.7 0.74 0.77
RbI 79.0 83.9 0.72 0.75
MgF, 123.0 114.4 1.08
MgCl, 97.0 92.5 0.86
MgBr, 81.0 73.2 0.74
Mel, 63.0 62.7 0.70
CaF, 132.0 136.7 1.29
CaCl, 103.0 109.8 1.12
CaBr, 96.0 88.3 1.01
Cal, 78.0 76.9 0.97
SrF, 132.0 140.9 1.35
SrCl, 112.0 1.7 1.19
SrBr, 97.0 90.9 1.09
Srl, 80.0 79.4 1.04
AsF, 115.7 92.5 1.03
AsCl, 76.9 78.1 0.68
AsBr, 61.7 60.3 0.51
Asl, 47.8 49.9 0.46
SbF, 105.0 98.7 1.12
SbCl, 75.2 81.2 0.77
SbBr, 65.1 62.5 0.61
Sbl, 46.6 519 0.55
CF, 116.0 89.1 0.85
ccl, 78.2 83.9 0.46
CBr, 68.0 66.4 0.28
cl, 51.0 55.1 0.24

« Experimental bond dissociation energies are from ref 14. *Bond
dissociation energies calculated using egs 25 and 30. Charges calcu-
lated using eq 29. “4Charges calculated from dipole moment values
from: Huber, K. B.; Herzberg, G. Molecular Spectra and Molecular
Structure, Constants for Diatomic Molecules; Van Nostrand Reinhold:
New York, 1979; Vol. 4.

xa/(xa + nxp) for the purpose of calculation.

For the present calculations, the atomic electronegativity (x)
and hardness (5,) parameters have been obtained from the ion-
ization potential and electron affinity values and are shown in
Table I along with the corresponding A—A bond energies which
are used in bond energy equation. The bond energy eq 27 consists
of contributions from the covalent as well as ionic terms. The
covalent contribution is calculated using eq 25 and the single-bond
energy data of Table I, while the ionic term is evaluated using
the electronegativity and hardness parameters?! of Table I and
eq 27. The ionic contribution is however observed to be under-
estimated by the last term of eq 27, which might be a consequence
of the neglect of electrostatic interaction between the charges.
Inclusion of this interaction would change the denominator of the
second term in eq 27 to (n% + #3/n — C/R), where C = 14,14
if n is expressed in electronvolts and the bond distance R is in
angstroms. A detailed R-dependent theory can thus be developed,
but we prefer to retain simplicity and express the ionic bond energy
in terms of the atomic x and 5 parameters alone. We therefore
employ an approximate inverse dependence of 7, on the covalent
radius R,, given by 74 ~ C/2R, to eliminate the R-dependence.
This, on assuming R, ~ Rp, leads to the result (n3 + #/n) =~
(C/R)(1 + 1/n), using which we obtain (n3 + #3/n - C/R) ~
(1-{1/(1 + mil( + n§/m) = [1/(1 + W]k + n}/n). Mo-
tivated by this approximate relation, we propose to introduce a

(21) Hinze, J.; Jaffe, H. H. J. Am. Chem. Soc. 1962, 84, 540~546. Hinze,
J.; Jaffe, H. H. J. Phys. Chem. 1963, 67, 1501-1506. Hinze, J;
Whitehead, M. A.; Jaffe, H. H. J. Am. Chem. Soc. 1963, 85, 148-154.
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Figuze 1. Plot of the ionic contribution to A—B bond energy (D38 — D33)
vs the calculated quantity D'*"(cal) given by the last term of eq 30 for
selected AB, molecules. The symbols O, @, &, and @ correspond to the
halides with n = 1-4, respectively.
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Figure 2. Plot of the ionic contribution to A~B bond energy (D3§ - D3%)
vs the electronegativity difference Jx 4 — xgl for selected AB, molecules.
The symbols O, @, A, and @ correspond to the halide molecules with n
= 1-4, respectively. The continuous curve corresponds to the last term
of eq 31.
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multiplicative prefactor 1/(1 + n) in the denominator of the ionic
term of eq 27 so as to obtain the modified bond energy equation

Dpp = DR + /(1 + 1/m(x = xR)*/ (13 + n§/n) (30)

The last term is to be multiplied by a factor 23.06 for conversion
to the units of kcal/mol, if x and 5 are expressed in electronvolts.

The numerical results on bond energies calculated using eq 30
are compared with the experimental values in Table II. The
overall agreement is quite good. The average percentage error
is only 5.7, and this even reduces to 4.7 if one excludes the two
fluoride compounds AsF; and CF,. The adequacy of the ex-
pression is also reflected from the plot in Figure 1, where the
quantity D™(exp) = (D55 — D) is plotted against D®"(cal), given
by the last term of eq 30, for a number of molecules contained
in Table I. The numerical results on the partial atomic charges
are also reported in Table II. For comparison, we have included
the atomic charges obtained from available dipole moment values.
An overall good agreement is observed in all cases.

While the present ionic term consists of two atomic parameters,
viz. the electronegativity and hardness, alternative expression for
the ionic contribution can be proposed in terms of the electro-
negativity difference |Ax| = |xa — xa| alone in the spirit of the
empirical equations proposed by Pauling,! Matcha,'! or Reddy
et al.,!'2 as given by eqs 5-7. We suggest a two-parameter equation
given by

Dup = D% + a(Ax)X{1 - exp[-(5/ 8x)*]} (31)
A comparison of the points in Figure 2 obtained by a plot of the
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quantity D™(exp) = (D5§ — Di}) against |Ax| and the continuous
curve corresponding to the plot of D'*(cal), the last term of eq
31 against |Ax|, shows quite good agreement. The percentage
error in the predicted bond energies based on eq 31 is only 6.8
for the parameters a and b equal to 1.768 and 9.381 when Ay
is expressed in electronvolts and the energy in kcal/mol. Equation
31 resembles that of Matcha'! and gives similar behavior in the
low- and high-value limits for |Ax|. The points in Figure 2 show
that a proportionality to |Ax| as given by Reddy et al.!? (see eq
7) is not a good approximation, especially for polyatomic mole-
cules,

The novel feature that has emerged in this work is a “rigorous”
derivation of covalent binding energy within an electronegativi-
ty-based picture. While the derivation of the geometric mean—
arithmetic mean results of egs 25 and 26 have been mainly em-
phasized so far, the basic relations (22) and (23) directly give the
covalent bond energy of the A-B bond in the AB, molecule and
the A—-A bond energy, respectively, in terms of the x and » pa-
rameters of the constituent atoms. An equation similar to eq 23
determining the bond energy of homonuclear diatomic molecules
has recently been pro 22 and is found to yield reasonably good
results for the energy quantities. However, emphasis here has
been on the calculation of the covalent contribution to hetero-

(22) Ghanty, T. K.; Ghosh, S. K. J. Phys. Chem. 1991, 95, 6512-6514.

nuclear bond energies from the corresponding homonuclear ones
and also new formulation for the ionic contribution to the bond
energy as given in eq 30.

Concluding Remarks

The present work is concerned with a description of chemical
binding in simple polyatomic molecules (AB, type) through the
electronegativity and hardness parameters of the constituent atoms.
The key novel feature has been the prediction of the covalent
contribution to bond energy using the concepts of bond electro-
negativity and bond hardness. For a heteronuclear diatomic
molecule, the covalent contribution is shown to be given by an
average of the geometric and arithmatic means of the bond en-
ergies of the corresponding homonuclear diatomics, while, for the
covalent contribution to the A—B bond energies in polyatomic AB,
molecules, an n-dependent weighted average of A-A and B-B
bond energies is predicted. This term along with a newly derived
ionic term yields reasonably good estimates of bond dissociation
energies. The present model also provides suitable schemes for
obtaining the partial atomic charges. Further studies incorporating
explicitly the effects of interaction between the charges as well
as an extension to more complicated polyatomic molecules are
in progress.
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A number of (aminoalkyl)-1,2-closo-dodecaboranes have been synthesized to provide carboranes with a functional group for covalent
incorporation into structures of potential use in the treatment of cancer by boron neutron capture therapy (BNCT). (Phthali-
midoalkyl)acetylenes reacted with decaborane to give the corresponding carboranes; removal of the phthalimido group under mild
conditions using sodium borohydride in 2-propanol furnished the (aminoalkyl)carboranes which were isolated as their hydrochloride
salts. An alternative approach involved the conversion of an (iodoalkyl)- or a ((tosyloxy)alkyl)carborane to the azido derivative
which gave the amine on hydrogenation. An effective way of attaching a carborane moiety to thiouracil, which is selectively taken
up in melanoma cells, is illustrated by the acylation of two of these amines with thiouracil-5-carboxylic acid.

Introduction

The development of carborane synthons with functional groups
capable of covalent incorporation into a variety of different
structures offers the potential for synthesizing boron compounds
for use in the treatment of cancer by boron neutron capture
therapy' (BNCT). Use of the amino function and its derivatives
has already been described involving various boron cluster com-
pounds,® but in the case of the highly lipophilic carboranes, only
the less basic arylamines have been described. The synthesis of
related (aminoalkyl)carboranes has been one of our objectives,
but their formation has been greatly complicated by the fact that
strongly basic amines do degrade the carborane cluster, converting
the closo structure to its anionic nido counterpart.5®

The first example of an aminoalkylcarborane was the reported
synthesis of 1-((/V,N-diethylamino)methyl) carborane by the
reaction of equimolar amounts of (/V,N-diethylamino)-2-propyne
and decaborane in refluxing benzene.’ However, the reported
yield was only 4% and does raise questions regarding its structure.
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Preparation of bis(aminomethyl)carborane was described by the
reaction of bis(halomethyl)carborane with aqueous ammonia, but
the product from this reaction was shown conclusively to be the
nido-carborane derivative.'® More recently, (aminomethyl)-
carborane was reported!! to be formed by the action of hydrazine
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