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Abstract—The condensation of dibromo-p-tolylstibane with 2,2%-dilithio-1,1%-binaphthyl 3, generated in situ from optically active
2,2%-dibromo-1,1%-binaphthyl (R)-(+ )-2 by treatment with tert-butyllithium, afforded optically active (R)-(− )-7-p-tolyldinaph-
tho[2,1-b ;1%,2%-d ]stibole 1c, which is fluxional in the NMR time scale at elevated temperatures. The energy barrier (DG‡) resulting
from the flipping of the two naphthalene rings was estimated to be 85±1 kJ mol−1 and its half life (t1/2) for racemization was
determined to be 5.2 h in benzene at 20°C. © 2001 Elsevier Science Ltd. All rights reserved.

The chemistry of various optically active compounds
comprising of a 1,1%-binaphthyl system has been one of
the most active fields in synthetic chemistry, because the
atropisomeric nature of the 1,1%-binaphthyl core and its
C2-symmetry make a highly advantageous chiral envi-
ronment in a variety of stoichiometric and catalytic
asymmetric syntheses.1 Among these, 1,1%-bi-2-naphthol
(BINOL) derivatives used in a variety of asymmetric
reactions and transition metal complexes of 2,2%-bis-
(diphenylphosphano)-1,1%-binaphthyl (BINAP) used in
catalytic enantioselective reactions are the prominent
examples of this kind of chiral reagent.1–3 In connec-
tion with these studies, dinaphthoheteroles having
group 15 heavier elements such as phosphorous 1a4–6

and arsenic 1b6 have been synthesized to investigate the
possibility of such compounds as monodentate chiral
ligands for asymmetric syntheses. However, it has been
reported that their energy barriers for racemization are
too low to achieve their optical resolution at room
temperature; thus, they could be obtained only in
racemic form. On the other hand, we have recently
reported efficient resolutions of racemic Sb-chiral
stibindoles7 and C2-disymmetric 2,2%-(diarylstibano)-
1,1%-binaphthyls (BINASb),8 via the separation of mix-
tures of their diastereoisomeric Pd-complexes using
optically active ortho-palladated benzylamine deriva-

tives, and the latter are the first examples of chiral
auxiliaries containing antimony for transition metal-
catalyzed asymmetric reactions. In the course of our
continuing studies on the synthesis of optically active
organoantimony compounds, we were interested in the
preparation and the optical behavior of the group 15
dinaphthoheteroles. Here we present the synthesis,
molecular structure and fluxional behavior of the title
1,1%-dinaphthostibole 1c, which is the first isolated ex-
ample of optically active C2-symmetric group 15 di-
naphthoheteroles (Scheme 1).

Treatment of (R)-(+ )-2,2%-dibromo-1,1%-binaphthyl
(DBBN) (R)-29 with tert-butyllithium in dry ether at
−80°C, and subsequently with dibromo-p-tolylstibane10

resulted in ring closure, giving the desired product
{[a ]D23 −20.0} containing 7-p-tolyldinaphtho[2,1-b ;1%,2%-
d ]stibole (− )-1c in 35% yield,11 via 2,2%-dilithio-1,1%-bi-
naphthyl intermediate 3. Recrystallization of the
product from ether gave racemic (± )-1c as crystals, and

Scheme 1.
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Figure 1. Variable temperature 1H NMR data of aromatic region of (± )-1c in DMSO-d6.

Figure 2. Molecular structure of (± )-1c. (a) Front view. Selected bond distances (A, ) and angles (°): C(6a)�Sb(7) 2.116(9),
C(7a)�Sb(7) 2.128(8), C(19)�Sb(7) 2.161(7), C(13b)�C(13c) 1.504(9); C(6a)�Sb(7)�C(7a) 80.5(3), C(6a)�C(13c)�C(13b)�C(7a)
21.1(8), C(13a)�C(13b)�C(13c)�C(7d) 37.6(9). (b) Side view.

the desired more optically active (− )-1c {[a ]D23 −51.7}
could be obtained from the mother liquid as an oil. The
optically active (− )-1c (Sb) isolated here is far more
optically stable than 1a (P) and 1b (As), but racemizes
gradually at room temperature (t1/2 5.2 h at 20°C,
benzene).

The structure of 1c was elucidated by its MS (EI), 1H
NMR spectral and single-crystal X-ray analyses. In the
1H NMR of (± )-1c (DMSO-d6, 50°C), all of the corre-
sponding signals on the two naphthalene rings are
non-equivalent and appear as two sets of signals; e.g. d
7.34 and 7.36 for 2- and 12-H, d 7.49 and 7.52 for 3-
and 11-H, and d 7.73 and 7.76 for 1- and 13-H. These
magnetic features of naphthyl protons on 1c are differ-
ent from those of dinaphthophospholes 1a4,5 and di-

naphthoarsoles 1b,6 for which all of the corresponding
signals are seen to be equivalent. The results suggest the
presence of some restriction on flipping between the
naphthalene rings on 1c at ambient temperature in the
NMR time scale. The variable-temperature 1H NMR
spectral analysis for 1-H and 13-H signals on 1c re-
vealed that the energy barrier (DG‡) resulting from the
flipping of the two naphthalene rings was 85±1 kJ
mol−1 (Dn=9.7 Hz, Tc=393 K, DMSO-d6), which was
larger than those reported for the corresponding phos-
phorus 1a (56 kJ mol−1) and arsenic 1b (59 kJ mol−1)
analogs (Fig. 1).6

The ORTEP structure of 1c having S-configuration (a)
and its side view (b) obtained by single-crystal X-ray
analysis of (± )-1c are illustrated in Fig. 2.12 The result
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Scheme 2.

shows that the naphthalene rings are bent significantly
away from each other, making the compound chiral,
and the distance between H(1) and H(13) is 2.406 A, .
Also apparent is that the geometry of the five-mem-
bered heterole rings in 1a–c is sensitive to change in the
heteroatom and some regularity exists. For instance,
the values of the inner dihedral angles of the heterole
rings C(6a)�C(13c)�C(13b)�C(7a) for 1a–c increase in
the order 1a (P: 13.6°)<1b (As: 15.3°)<1c (Sb: 21.1°);4c

this tendency implies that the planarity of the heterole
ring in 1a–c decreases as the element became heavier in
the periodic table. Accompanying this alteration of the
angles, the outer dihedral angles C(13a)�C(13b)�
C(13c)�C13d) for 1a–c increase in the order 1a (P:
24.2°)<1b (As: 26.4°)<1c (Sb: 37.6°). These regular
variations of the dihedral angles should be close to the
difference in the covalent radii of the P, As, and Sb
atoms.13

We next examined the resolution of the racemic (± )-1c
using optically active palladium complexes. The
racemic (± )-1c could be readily prepared from racemic
DBBN 2 via 2,2%-dilithio-1,1%-binaphthyl intermediate 3
in 48% yield. Treatment of (± )-1c with 0.5 equiv. of
dimeric optically active di-m-chlorobis{(S)-2-[1-
(dimethylamino)-ethyl]phenyl-C,N}dipalladium(II) (S)-
4, which has been proved to be a useful resolving agent
for chiral phosphorous,14 arsenic15 and antimony
derivatives,7,8 resulted in coordination of antimony to
palladium, giving rise to a diastereomeric mixture of 5A
and 5B (Scheme 2). However, all attempts to separate
the two diastereomers by fractional recrystallization
from a variety of solvents or by column chromatogra-
phy have been unsuccessful. Furthermore, the 1H NMR
spectrum of a mixture of optically active (− )-1c ([a ]D22

−19.8°) and (S)-4 is essentially the same as that of a
mixture of racemic (± )-1c and (S)-4. This result shows
that the optically active 1c should racemize with ease in
the presence of palladium complex (S)-4.

In conclusion, we have disclosed that the condensation
of dibromo-p-tolylstibane with 2,2%-dilithio-1,1%-binaph-
thyl generated in situ from (R)-2,2%-dibromo-1,1%-bi-
naphthyl gave optically active (R)-(− )-7-p-tolyldina-
phtho[2,1-b ;1%,2%-d ]stibole 1c, which is optically more
stable than the corresponding phosphorous 1a and
arsenic 1b analogues and could be isolated as an opti-
cally active form.
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