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Introduction

Substitutions on the boron atoms of decaborane(14), B10H14,
are well-known.1 The position of substitution of the B10H14 cage
is dependent on the distribution of charge around the cage
(Figure 1). Self-consistent field calculations of the electron
density for B10H14

2 show clearly that the order from least
negative (most positive) to most negative is B6,9, then
B5,7,8,10, and then B1,3 and the most negative are B2,4. Thus
reactions with nucleophilic reagents can be expected to occur
most readily at B6,9 while reactions with electrophilic reagents
should occur most readily at B2,4. The positive charge at the
open face of B10H14 (B6,9 and B5,7,8,10) is elegantly demon-
strated by the structure of the charge-transfer complex B10H14I-

in which the negatively charged I- sits on this open face.3

Deuteration reactions of decaborane bear out these conclu-
sions. Under basic conditions, for example, with D2O in
dioxane,4 the four bridge hydrogen atoms are replaced by
deuterium the most rapidly, the terminal hydrogen atoms on
B6,9 are replaced next, and then the terminal hydrogen atoms
on B5,7,8,10 are replaced.5 Deuteration stops at this point. The
lability of the very acidic bridge hydrogen atoms for deuterium
exchange is typical of boron hydrides.

Electrophilic deuterium exchange in B10H14 was first observed
40 years ago using deuterium chloride and aluminum chloride
in carbon disulfide.6 Under these conditions, deuteration oc-
curred at the B1,2,3,4 positions. No preference in the rate of
deuteration between B1,3 and B2,4 was observed in this early
study.

An alternative and interesting method of electrophilic deu-
teration of B10H14 is accomplished using AlCl3 in perdeuteri-
obenzene.7 Under these conditions deuteration is observed by

11B NMR to be faster at B2,4 than at B1,3 as would be predicted
by the calculated charge distribution. The purpose of this paper
is to examine the mechanism for deuterium-hydrogen exchange
of B10H14 with AlCl3 and deuterio-aromatic hydrocarbons.

Experimental Section

Deuterium-hydrogen exchange reactions were run in both directions,
that is, using B10H14 and a deuterated aromatic compound and using
1,2,3,4-D4B10H10 and an undeuterated aromatic. The purity of the
1,2,3,4-D4B10H10 was ascertained using11B NMR. B10H14, 1,2,3,4-
D4B10H10, and AlCl3 were sublimed prior to reaction. The aromatic
reagents were distilled and kept dry over molecular sieves. Reactions
were performed under nitrogen in NMR tubes, and the results were
monitored by11B NMR recorded at 160.15 MHz on a Bruker AM-500
spectrometer or at 115.15 MHz on a Bruker AM-360 spectrometer.

In a typical reaction under nitrogen, anhydrous AlCl3 (Fisher) from
a freshly opened bottle was charged into an NMR tube, which was
then attached to the vacuum line. The end of the tube was heated in a
water bath at 90-100 °C until about half of the AlCl3 had sublimed
up the tube. The bottom of the tube containing the residue from the
sublimation was then sealed off from the rest of the tube and discarded.
A 1 M solution of sublimed 1,2,3,4-B10H10D4 in benzene dried over
4A Molecular Sieves, 8-12 mesh, was then added to the tube under a
stream of nitrogen. The NMR tube was then sealed off and placed on
a slow rotator for 160 min. The11B NMR spectrum of the reaction
mixture showed that the product was 1,3-B10H12D2; that is, deuterium-
hydrogen exchange had occurred at B2,4, the boron atoms bearing the
greatest charge. Other experiments were conducted similarly.

Results and Discussion

Examination of reactions of strong acids with aromatic
hydrocarbons and with B10H14 can provide information on the
nature of the possible electrophilic species that attacks the
decaborane cage in the aromatic-decaborane(14) H-D ex-
change. Perdeuteriobenzene can be protonated with concentrated
H2SO4 or 90% H2SO4(aq)8 and also with 83% and 66% H2-
SO4(aq) at 25°C.9 Trifluoroacetic acid in D2O will deuterate
aromatic compounds at 70°C. We have found that hydrogen-
deuterium exchange does not occur when H2SO4, either
concentrated or diluted, or trifluoroacetic acid is reacted with
1,2,3,4-B10H10D4 at room temperature. However, the 1,2,3,4-
B10H10D4 molecule can be protonated by a sufficiently strong
acid. For example, we observed triflic acid (trifluorosulfonic
acid) to react with 1,2,3,4-B10H10D4 causing rapid exchange.
Since H2SO4 and trifluoroacetic acid can protonate deuteri-
obenzene, H2SO4 and trifluoroacetic acid are stronger acids than
protonated benzene. Furthermore, since these acids cannot
protonate B10H10D4, it follows that protonated deuteriobenzene
cannot effect deuterium-hydrogen exchange on B10H14. There-
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Figure 1. Structure and numbering scheme for B10H14.
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fore, D-H exchange must occur by contact of the decaborane
molecule with a deuterium (or hydrogen) species complexed
in some way to the AlCl3.

We have observed that no deuterium-hydrogen exchange
occurs between C6D6 and B10H14 using AlCl3 unless there is
solid AlCl3 in the reaction vessel. This is true although AlCl3

has a small but significant solubility in benzene, 0.72 g/100
mL at 18°C and 4.88 g/mL at 108.6°C.10 The failure of H-D
exchange to take place without solid AlCl3 present is strongly
suggestive that this stage of the reaction with B10H14 takes place
at the surface of the AlCl3. In order for there to be H-D transfer
from an Al complex to the B10H14, H-D transfer from the
deuterated aromatic to the aluminum species must occur before
the Al complex reacts with the B10H14. Therefore, reaction of
an aluminum species with the deuterated aromatic must initiate
the overall process.

For Friedel-Crafts alkylations of aromatics, a very small
amount of water is necessary to produce a small concentration
of HCl.11 The HCl can interact with the AlCl3 to give an HCl‚
AlCl3 complex or, perhaps, the postulated but never observed
superacid H(AlCl4).12 We are postulating that this reaction takes
place on the surface of the AlCl3.

We have found that the rate of deuterium-hydrogen exchange
between an aromatic and 1,2,3,4-B10H10D4 depends on the
substitution on the benzene ring. Our qualitative rate results for
deuterium-hydrogen exchange using AlCl3 with methyl-
substituted benzenes compared to the rate with benzene are the
following: (i) toluene faster than benzene; (ii)o-xylene
comparable to toluene; (iii)m-xylene slower than benzene; (iv)
mesitylene no reaction.

In deuterations of aromatics by strong acids toluene is
deuterated 127 times faster than benzene.13 Under the same
conditionso- andp-xylene react about 5 times as fast as toluene,
m-xylene about 200 times as fast as xylene, and mesitylene about
104 times as fast as toluene.14 We do observe an enhanced rate
of deuterium-hydrogen exchange with toluene compared with

benzene, and this is presumably an electronic effect. However,
as additional methyl groups are added to the benzene ring, the
electronic effect appears to be swamped out by a steric effect.
Such a steric effect could be expected to occur when the
aromatic compound is reacting at the AlCl3 surface, consistent
with our contention that it is the AlCl3 surface at which
deuterium-hydrogen exchange of the aromatic compound takes
place.

We propose that the reaction steps for D-H exchange on
B10H14 using C6D6 and AlCl are the following:

(1) Formation of an AlCl3‚HCl complex at the AlCl3 surface:

(2) Exchange between C6D6 and the complex of AlCl3‚HCl
at the AlCl3 surface:

This step would be affected by steric factors depending on the
substitution on the aromatic compound, and our observed,
qualitative rate results indicate that it is likely rate-determining.

(3) Exchange of the D atom in the AlCl3‚DCl(surface)
complex with an H atom from the B10H14 molecule:

The facile reaction of B10H14 with triflic acid suggests a quick
and simple way of converting the boron hydride to either the
2,4-dideuterated or the 1,2,3,4-tetradeuterated compound using
deuteriotriflic acid based on length of reaction time. We found
that the triflic acid can be removed after reaction by adding the
reaction mixture to vacuum-dried NaCl and then separating the
products by vacuum fractionation. The triflate salt remains as
a nonvolatile solid. The volatile products are passed through a
trap at-78 °C and one at-196 °C. The HCl passes the-78
°C trap, and the volatiles trapped at-78 °C are then passed
through an ice-salt trap to isolate the desired deuterated
decaborane product.
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