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The enantiomers of [2-(dimethylaminomethyl)phenyl]-
(pentafluoropropionyloxy)phenylborane were successfully re-
solved by chiral HPLC as a new type of intramolecular
amine–borane complex with a chiral center at the tetrahedral
boron atom. The X-ray structure, the barrier to racemization,
and the chiroptical properties are reported.

We have been studying the molecular structures and dynam-
ics of intramolecular amine–borane complexes with a 2-(di-
methylaminomethyl)phenyl (DMP) ligand.1,2 In most of these
complexes, the boron atoms are configurationally labile in solu-
tion because of racemization via N–B bond dissociation, even
though the tetrahedral boron atom is bonded to four different li-
gands. In general, several enantiopure borates and coordinated
boranes are known,3–8 some of which have been used in organic
syntheses.4,5 In most cases, however, the configuration at a boron
atom is generated by other chiral elements in an identical mole-
cule. Recently, enantiopure compounds with a chiral boron atom
as the sole stereogenic center have been focused on, and com-
plexes with phosphine9 and amine10 ligands have been used in
stereochemical studies in relation to the isoelectronic species
of tetrahedral carbons. We explored such compounds by using
the DMP ligand and found that the introduction of a pentafluoro-
propionyloxy (–OCOC2F5) group at the boron atom enhances
the configurational stability sufficiently to enable isolation of
enantiomers at room temperature. We report herein the enantio-
meric resolution and structure of 1a as a novel optically active
intramolecular amine–borane complex (Scheme 1).

(DMP)lithium prepared in a conventional manner was treat-
ed with dichlorophenylborane to give the chlorophenylborane
complex 3 in 66% yield. The reaction of 3 with a silver carbox-
ylate afforded the corresponding acyloxyborane (boric carboxyl-
ic anhydride) in good yield.11 11B NMR signals of 1a and 1b
were observed at ca. � 10, typical of tetracoordinated boron

atoms.12

The X-ray structure of rac-1a is shown in Figure 1.13 The
boron atom is tetrahedral because of intramolecular coordination
of the amino nitrogen atom, where the N–B bond length is
1.668(4) �A. The tetrahedral character (THC) of the boron atom
is 56% for 1a, this value being smaller than those of the 9-
BBN complex (9-DMP-9-borabicyclo[3.3.1]nonane 4)2c and
other intramolecular amine–diphenylborinate adducts (70–
80%).14

The enantiomers of 1a were resolved by chiral HPLC with a
Daicel Chiralpak AD column (eluent: hexane/2-propanol, 50:1).
Two fractions were eluted at 21.0 and 27.7min with the base-
line separation (� ¼ 1:49). This resolution was much higher
than the case of 1b, which showed only partial separation by chi-
ral HPLC (� ¼ 1:12) and underwent significant decomposition
during the separation. The specific rotations of the first and sec-
ond eluted isomers were ½��27D þ 169 and �167 (c 0.10, ace-
tone), respectively. As regards the CD spectra, the (+)-isomer
showed a weak trough at 224 nm with a positive broad shoulder
extending to the shorter wavelength region, whereas the spec-
trum of the (�)-isomer was practically its mirror image
(Figure 2).

Complex 1a slowly undergoes racemization in solution
upon heating. The barrier to racemization was determined by
classical kinetic measurement to be �G 6¼ 116 kJmol�1 (k 7:2�
10�5 s�1) in heptane at 83 �C, where the enantiomeric ratios were
determined by chiral HPLC. The course of racemization was al-
so monitored from the CD spectra (Figure 2). The racemization
of 1b is faster than that of 1a, its barrier being 105 kJmol�1 as
estimated by saturation transfer experiments of the 1H NMR sig-
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Figure 1. ORTEP diagram of rac-1a with thermal ellipsoids at
50% probability. B–N 1.668(4) �A, C(1)–B–O(1) 110.4(2),
C(10)–B–O(1) 111.8(2), C(1)–B–C(10) 120.2(2)�.
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nals.
As proposed for other borane–amine complexes,2a,b the

mechanism of racemization can be deduced from the dissocia-
tion of the N–B bond, the rotation about the C–B bond by
180�, and the recombination of the coordination bond, where
the first step is rate-determining (Scheme 1). Thus, the rates of
racemization mainly depend on the strength of the N–B coordi-
nation bonds. The above kinetic measurements revealed that the
coordination bonds in 1 are stronger than those in 4 (ca.
75 kJmol�1), contrary to the small THC in the former; namely,
perfluoroacyloxy groups as well as phenyl groups tend to en-
hance the Lewis acidity of boron atoms with a small structural
change from trigonal to tetrahedral geometry. The difference
in barrier heights between 1a and 1b is attributed to the inductive
effect of extra fluorine atoms in the former, which increases the
Lewis acidity of the boron atom.15 The use of a –OCOC2F5
group not only enhances the barrier to racemization but also in-
creases the chemical stability and the solubility, greatly facilitat-
ing the enantiomeric resolution.

In summary, we have successfully resolved enantiomers
of the intramolecular amine–borane complexes with a chiral
boron center by taking advantage of the DMP system with a
–OCOC2F5 ligand. To the best of our knowledge, this compound
is the first example of an enantiopure borane complex with four
nonhydrogen ligands, and the racemization process is isoelec-
tronically related to the SN1 reaction at a tertiary carbon atom.
Further studies on the effects of substituents at the boron atom
on the barrier to racemization and the determination of absolute
configuration are in progress.

This work was partly supported by the Japan Private School
Promotion Foundation.
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Figure 2. CD spectra of (+)- and (�)-1a in hexane. Inset spec-
tra are changes during the racemization of (�)-1a upon heating
for 0, 70, 300, 600, and 1080min at 69 �C.
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