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Resolution and Characterization of
2,2’-Bis(Diphenylphosphino)-1,1°-
Bibenzimidazole (BIMIP): the First Chiral
Atropisomeric Diphosphine Ligand with
Hindered Rotation around a N-N Bond

PATRIZIA ANTOGNAZZA?, TIZIANA BENINCORT?,
SABRINA MAZZOLI?, FRANCO SANNICOLO? and TULLIO PILATI®

3Dipartimento di Chimica Organica e Industriale dell’ Universita, and CNR Centro
Suztest e Stereochimica Speciali Sistemi Organici, Milano, 20133, Italy and
YCNR Istituto per lo Studio delle Relazioni fra Struttura e Reattivita Chimica,
Milano, 20133, Italy

2,2"-Bis(diphenylphosphino)-1,1>bibenzimidazole BIMIP) was resolved in an enantiomeri-
cally pure state through a kinetic resolution process effected by complexation of the racemate
with half of the stoichiometric amount of a chiral aminopalladium complex. The enantiopure
diphosphine was fully characterized by X-ray diffractometric analysis.

Keywords: chiral diphosphines; resolution; kinetic resolution; transition metal complexes;
asymmetric catalysis

INTRODUCTION

For the last two years we have been studying a class of chiral diphosphines featuring an
awropisomeric  backbone composed of two interconnected five-membered  aromatic
heterocycles which are schematically represented by general formuta 11",

_ +
Q... | Qoo
- Peh, V "
j 7 -PPh, j PPh
1 2 ( BIMIP) da: Y=Cl 4b: Y=BPh,

The advantages of this design are manifold: it combines improved synthetic
accessibility and the possibility of modulating phosphorus donicity according to the stereo-
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clectronic requirements imposed by reaction typology and substrate characteristics. This fine
tuning can be carried out either by changing the supporting heterocycle or the position of the
phosphino groups on it.

So far we have synthesized, resolved and successfully ap;lahcd in asymmetric
hydrogenation rcdcllonx several diphosphines with 3,3*-bithianaphthene'™, 3.3 buhxophv:nc'Il
and 2.2-biindole!™ backbones. We have recently pubhshud the synthesis of racemic 2,2'-
histdiphenylphosphino)=1,1"-bibenzimidazole (BIMIP) ()™, which is the first chiral
atropisomeric diphosphine ligand with hindered rotation around a N-N bond. All efforts to
resolve this® ligand were unsuccessful. This paper reports the successful resolution of
diphosphine 2 and its full analytical and spectroscopic characterization.

RESULTS AND DISCUSSION

Two principal methods are known for obtaining enantiopure diphosphines. The first is
fractional crystallization of the diastereomeric adducts produced by reaction of racemic
diphosphine oxide with a chiral enantiopure acid, followed by all\ahnc decomplexation and
reduction of enantiopure dlphosphmc oxide with trichlorosilanc*™l, This method is not
suitable for use in the present case since the diphosphine oxide corrcapondmg to BIMIP (2) is
oo clectron-poor to give adducts with carboxylic and sulphonic acids. This is well
demonstrated by the electrochemical oxidative potential of BIMIP (1.15 V), which makes
this ligand the most electron-poor system, not only of our blhcteroaromatlc series, but also
among the most popular commercially-available diphosphines'™, The second method calls
for fractional crystallization of the diastereomeric complexes obtained by reaction of racemic
diphosphine with a chiral enantiopure aminopalladium derivative’®. We found through *'P
NMR spectroscopy that racemic BIMIP reacted quantitatively and quickly with di-p-chloro-
hi.\[(S)—din1clhyl(a~mclhylbenzyl)amina(o-C:N]-dipulladium(ll) (3), in CDCl;, solution, to
give the complex 4a. The addition of a stoichiometric amount of NaBPh, in toluene solution
produced the cationic complex 4b. However, we were not able to induce substantial
diastercomeric enrichment through crystallization of the resulting diastereomeric complexes.
We did observe that the complexation reaction does not develop at the same rate for the two
enantiomers and that a kinetic resolution process is active. If a quarter of a mole of
complexing reagent 3 is used for one mole of mcemate, a 30% diastercomeric enrichment is
produced in the palladium complexes, as well as a 30% enantiomeric excess in the
uncomplexed  diphosphine. At this point it is very easy to separate the complexed
diphosphine from the uncomplexed one through column chromatography. Repeated
crystatlization of the 30% enantiomerically enriched diphosphine gave enantiomerically pure
(+-BIMIP (+)-2: [a]p™ = +324°, ¢ = 0.5 (benzene). Decomplexation of the crude 30%
diastereomerically enriched complex with sodium cyanide yielded a diphosphine 30%
cnantiomerically enriched in the levrorotatory enantiomer which could, in tum, be obtained
in an cnantiomerically pure state by crystallization from ethyl acetate. Evaluation of optical
purity was effected by complexation of cnantiopure diphosphines with the same
aminopalladium reagent 3 used for resolution: the signals pertaining to one diastereoisomer
were totally absent in the "'P NMR spectrum of the other.
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RESOLUTION OF BIMIP 407

Structural characterization of (+)-BIMIP was effected by single crystal diffractometric
analysis (FIGURE 1). According to the Flack test, the absolute configuration of (+)-2 is M.
CD curves are reported in FIGURE 2.

Availability of this very electron-poor diphosphine in an enantiomerically pure
state opens new possibilities in a less explored ficld of asymmetric catalysis.

FIGURE 1  ORTEP Il view of (+)-2; ellipsoids at 50% probability level.
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FIGURE2  Circular Dicroism curve of (+)- and (-)-BIMIP

EXPERIMENTAL PART

Resolution of ()-2,2’-bis(diphenylphosphino)-1,1"-bibenzimidazole (¥)-(2). A solution
of 3(0.35 g) in benzene (10 ml) was added 10 a solution of (£)-2 (1.46 g) in benzene (70 ml)
at room temperature under argon and the mixture stimed for 12 hours in darkness. The
solvent was removed under reduced pressure and the residue was column chromatographed
under nitrogen using a mixture of CH>Cly:AcOEt - 8:2 as eluant. The first fractions eluted
gave (+)-2 (0.64 g): [a)y™ = 49.6° (c = 0.5 benzene) which was further purified through
repeated crystallizations from degassed AcOEt under N2 (0.084 g): m.p. 265°C: [a]p™ = +
3247 (¢=0.5 benzene). Elution with McOH gave 30% diastercomerically enriched (Y'P
NMR) [(S)-dimethyl (o-methylbenzyl)aminato-C*NJ- {2.2"-bis(diphenlyphosphino) biben
zimidazole]patladium1l) tetraphenylborate (1.10 g) (4b), which underwent decomplexation
without any further purification. A solution of the latier in CH:Cl, was treated with a solution
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of NaCN (5.0 g) in H>O (30 ml) and stirred under nitrogen for 36 hrs. at room temperature.
The organic layer was separated, dried (Na,SOy) and the solvent removed under reduced
pressure to give a residue which was column chromatographed under nitrogen using a
degassed mixture of CH:Clx AcOEt - 82 as eluant. The first fractions gave 30%
enantiomerically enriched (<)-2 (0.035 g); [a]Dr' = -9.0° (¢ = 0.5 benzene) which was further
purificd through crystallization from AcOEt degassed under Ny (0.014 g); m.p. 263°C;
le]n™ = - 30.5° (¢ = 0.5 benzene).

Diastereomerically pure complexes 4b of (+)-2 and (-)-2 with 3. The reaction of
cnantiomerically pure (+)-2 and (+)-2 with 3 was performed directly in a NMR tube,
according to a known procedure!”, *'P NMR spectrum of the complex resulting from
(+)-2 (CDCI‘) showed the following signals: § 1.50 (d, IP, J =36.2); 21.17 (d, IP, ] =
36.2). *'P NMR spectrum of the complex resulting from (-)-2 (CDCly) showed the
following signals: §0.75 (d, 1P, J = 36.2); 22.45 (d. IP, J = 36.2).

Crystallographic data of (+)-2 :
Cis Hag Ny Pa. M, = 602.58, trigonal, space group P3321, colourless, 0.36x0.36x0.28 mm", a =
9.2053(10). ¢ = 33.385(4) A, V = 24500(5) A%, Z = 3, de = 1.225 g e, MoKy =
().71073 A. i(Mo-Ker) = 0.166 mm’™, room temperature, data collection range 2.5 < 8 < 25.00
°,  scan mode, 3484 collected reflections, 2861 independent, 1997 observed (1> 2a(l)]; data
were collected on a Siemens-P4 diffractometer; with graphite monochromator. The molecule
lies on a G crystallographic .ms The structure \\ as solved by SIR-92", and refined by full
matrix least-squares based on Fy' (SHELXL-93)"; one of the two independent phenyl rings is
disordered and was splitted in two mojeties with occupation factor 0.5/0.5; also the second
phenyl ring presents high anisotropic displacements parameters. The phenyl groups were
refined with restraints on geometric (and anisotropic displacements) parameters (SADI,
SAME and SIMU instructions of SHELXL-93); H atoms fixed in calculated position; 254
parameter refined. 223 restraints; final disagreement factors based on £ R = 0.0459 and wR
=0.1028. GOF = 1.034; A/omax = 0.023; -0.17 < Ap < 0.16. The absolute configuration was
determined by the Flack!"? parameters whose final value was 0.03(15).
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