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Suzuki Cross-Coupling at the Chiral Groove of 1,1�-Binaphthyl:
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Henrich Brath,[a] Michaela Mešková,[a] and Martin Putala*[a]
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The use of monophos as a ligand in the palladium-catalyzed
Suzuki diarylation of 2,2�-diiodo-1,1�-binaphthyl under opti-
mized conditions followed a stereoconservative course. How-
ever, some chiral P ligands were found to be capable of in-
ducing stereogenic information during this coupling, regard-
less of the configuration of the starting diiodide. Among

Introduction

Configurationally stable, enantiopure 2,2�-substituted
1,1�-binaphthyl derivatives[1] represent an important group
of chiral compounds with applications reported in asym-
metric catalysis as ligands,[2] in supramolecular chemistry
as building blocks or sensors,[3] and in materials science as
compounds with interesting optical and/or electronic prop-
erties.[4] The Suzuki reaction has also been applied to pre-
pare binaphthyl derivatives: by diastereoselective[5] or enan-
tioselective[6] coupling of two naphthalene units, or by the
attachment of carbon groups to binaphthyl in a stereocon-
servative manner.[7,8] A deracemization approach has not
been reported yet to our best knowledge.

Whereas Suzuki coupling at positions other than the 2-
and 2�-positions of 1,1�-binaphthyl derivatives proceeds
smoothly without impairment of the enantiomeric purity of
the product,[7] at the 2- and 2�-positions, the reaction gives
moderate yields of a coupling product that is almost com-
pletely racemized under standard conditions.[8] Racemiza-
tion during Suzuki cross-coupling is most probably caused
by the secondary oxidative addition of the common palladi-
um(II) intermediate to the configurationally unstable palla-
dium(IV) intermediate (Scheme 1).[9,10]

Suppressing the expected secondary oxidative addition
can be one approach to increase the stereoconservative
course of this reaction. Indeed, we have shown that the ste-
reochemical result of Suzuki diarylation at the 2- and 2�-
positions of the enantiopure binaphthyl precursor can be
significantly affected by the leaving groups at the 2- and
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those ligands tested in the deracemization approach, binap
exhibited the highest level of asymmetric induction, yielding
diarylated product in 83%ee starting from racemic diiodide.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Scheme 1. Proposed mechanism of Suzuki coupling of diiodide 1.

2�-positions; ditolylation by using triphenylphosphane as a
ligand and barium hydroxide as a base yielded product 2
with 7 %ee from diiodide 1,[8] 95% ee from dibromide,[10]

and �99%ee from diboronic acid.[8] Racemization of the
binaphthyl moiety during diarylation of diiodide 1 can be
suppressed by the use of less-electron-rich phosphane li-
gands,[10] which decrease the ability of the palladium(II) in-
termediate to undergo secondary oxidative addition to the
palladium(IV) intermediate. The best results were achieved
in the case of trimethyl phosphite and triindol-1-ylphos-
phane (47 and 65 %ee of product 2, respectively).

Results and Discussion

We expected phosphoramidites with similar electronic
character as phosphites to give reasonable ee values of
product 2. However, starting from diiodide (R)-1 (Table 1),
product (R)-2 was obtained with only 3–10 %ee when using
(S)-monophos (3) as a ligand. To prevent the possible hy-
drolysis of the phosphoramidite under the harsh reaction
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conditions (heating with barium hydroxide), we switched to
using a milder activator of boronic acid/cesium fluoride. No
product was formed unless palladium acetate was used as
the palladium source in combination with cesium fluoride.
Surprisingly, product (R)-2 was then obtained in higher
yield and, moreover, in 94% ee (Table 1, Entry 4)! The same
conditions were required to achieve very high levels of ste-
reoconservation in the case of nonhydrolyzable ligand (R)-
binap (4; Table 1, Entries 6 and 7). The use of phosphinite
(S)-5, which has a donating character between that of 3 and
4, resulted in product (R)-2 with decreased enantiopurity
(35%ee). Product 2 was obtained in the highest yield, but
in racemic form, when the reaction was performed without
a ligand.

Table 1. Effect of reaction conditions and ligand on the stereo-
chemical result of Suzuki tolylation of diiodide (R)-1.[a]

Entry Ligand Pd source Base Yield [%][b] ee [%][c]

1 (S)-3 Pd(dba)2 Ba(OH)2 51 3
2 (S)-3 Pd(dba)2 CsF 0 –
3 (S)-3 Pd(OAc)2 Ba(OH)2 58 10
4 (S)-3 Pd(OAc)2 CsF 76 94
5 (RS)-3 Pd(OAc)2 CsF 80 93
6 (R)-4 Pd(dba)2 Ba(OH)2 63 10
7 (R)-4 Pd(OAc)2 CsF 56 94
8 (S)-5 Pd(OAc)2 CsF 63 35
9 – Pd(OAc)2 CsF 89 1

[a] Reagents and conditions: (R)-1 (0.1 mmol), p-tolylboronic acid
(0.4 mmol), Pd(dba)2 or Pd(OAc)2 (0.005 mmol), ligand
(0.02 mmol), Ba(OH)2·8H2O or CsF (0.8 mmol), THF (2 mL),
55 °C, 24 h. [b] Isolated yield. [c] Determined by HPLC with a Chi-
racel OD column.

The results obtained when using cesium fluoride do not
correlate with electronic character of the ligands used. This
brought us to investigate whether the chiral ligands tested
are really innocent in this reaction. Experiments starting
from enriched diiodide (S)-1 (Table 2) revealed that it does
depend on the ligand. Application of (R)-monophos (3) en-
sures the stereochemical conservation of the reaction � the
configuration and the ee value of product 2 were the same
as those of starting diiodide 1 (within �7% ee), even when
(RS)-monophos was used (Table 1, Entry 5). However,
when (R)-binap (4) and (S)-binop (5) were used as ligands,
the configuration of product 2 was always (R), regardless
of the configuration of starting diiodide 1 (Tables 1 and 2).
The level of stereoinduction is significantly higher in the
case of (R)-binap, yielding (R)-2 in 80% ee starting from
(S)-1 (87%ee).
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Table 2. Stereochemical result of Suzuki tolylation of enriched diio-
dide (S)-1 with chiral ligands.[a]

Entry Ligand Yield [%][b] ee [%][c] Configuration

1 (S)-3 74 89 (S)
2 (R)-4 50 80 (R)
3 (S)-5 64 17 (R)

[a] Reagents and conditions: (S)-1 (0.1 mmol), p-tolylboronic acid
(0.4 mmol), Pd(OAc)2 (0.005 mmol), ligand (0.02 mmol), CsF
(0.8 mmol), THF (2 mL), 55 °C, 24 h. [b] Isolated yield. [c] Deter-
mined by HPLC with a Chiracel OD column.

On the basis of our observations of the stereoinduction
during Suzuki arylation of diiodide 1, we reasoned that we
could obtain enriched product 2 from a racemic substrate.
Therefore, we performed a series of Suzuki ditolylations of
(RS)-1 under optimized conditions (palladium acetate, chi-
ral ligand, cesium fluoride, THF). Product 2 was indeed
obtained in an enantioenriched form. Among the tested li-
gands, the highest ee value (83 %) of product 2 was deter-
mined with the use of (R)-binap (Table 3).

Table 3. Deracemization during Suzuki tolylation of racemic diio-
dide (RS)-1 with chiral ligands.[a]

Entry Ligand Yield [%][b] ee [%][c] Configuration

1 (R)-3 78 16 (R)
2 (R)-4 52 83 (R)
3 (S)-5 67 23 (R)
4 (R)-6 40 31 (R)
5 (R)-7 42 16 (R)
6 (R)-8 79 5 (R)
7 (R,pR)-9 �3 – –
8 (R,pR)-10 3 – –

[a] Reagents and conditions: (RS)-1 (0.1 mmol), p-tolylboronic acid
(0.4 mmol), Pd(OAc)2 (0.005 mmol), ligand (0.02 mmol), CsF
(0.8 mmol), THF (2 mL), 55 °C, 24 h. [b] Isolated yield. [c] Deter-
mined by HPLC with a Chiracel OD column.

In order to distinguish between kinetic resolution and
deracemization we stopped the Suzuki tolylation of racemic
diiodide (RS)-1 with (R)-binap at partial conversion and
determined the ee value of isolated starting diiodide 1 (un-
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der those conditions described in Table 3, Entry 2; reaction
time 6 h, recovered diiodide 1 36 %). The latter was found
to be almost racemic (4%ee). This illustrates that stereod-
iscrimination does not take place during the primary oxi-
dative addition of diiodide 1 to the chiral palladium com-
plex (kinetic resolution) but instead at a later stage of the
mechanism, which allows deracemization of the binaphthyl
moiety, most probably by the deracemization of the palladi-
um(IV) intermediate.

Conclusions

Experimental studies performed on the Suzuki di-
arylation of diiodide 1 showed that the use of monophos
(3) as a ligand suppressed the expected secondary oxidative
addition and resulted in a stereoconservative reaction.
However, secondary oxidative addition can be advan-
tageous in combination with the use of chiral P ligands cap-
able of stereoinduction, as a deracemization pathway is pos-
sible, yielding a significant enantiomeric enrichment
(83 %ee) in the case of binap. We are currently investigating
the scope and limitations of the deracemization approach
for the preparation of binaphthyl derivatives.

Experimental Section
General Experimental Procedure for Cross-Coupling Reactions: A
mixture of 2,2�-diiodo-1,1�-binaphthyl (1; 51 mg, 0.1 mmol), p-tol-
ylboronic acid (54 mg, 0.4 mmol), cesium fluoride (122 mg,
0.8 mmol) or barium hydroxide (octahydrate, 252 mg, 0.8 mmol),
palladium acetate (1.1 mg, 5 mol-%) or bis(dibenzylideneacetone)-
palladium (2.9 mg, 5 mol-%), ligand (20 mol-%) in THF (2 mL)
was heated to 55 °C for 24 h under an argon atmosphere. The reac-
tion mixture was filtered through a short silica pad (eluted with
dichloromethane), and the solvent was evaporated. A sample for
HPLC was taken, and the residue was purified by flash chromatog-
raphy on silica gel (hexanes/ethyl acetate, 10:1). 2,2�-Di-p-tolyl-1,1�-
binaphthyl (2) and 2-p-tolyl-1,1�-binaphthyl were obtained as white
crystalline solids. The spectroscopic data were in good agreement
with reported values.

Supporting Information (see footnote on the first page of this arti-
cle): General methods, additional information on the experiments,
HPLC chromatograms.
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4312; g) M. Juríček, P. Kasák, M. Putala, Tetrahedron Lett.
2007, 48, 8869–8873.

[5] a) J. M. Burk, J. R. Lee, J. P. Martinez, J. Am. Chem. Soc. 1994,
116, 10847–10848; b) W. Wang, J. Zhang, Ch. Xiong, V. J.
Hruby, Tetrahedron Lett. 2002, 43, 2137–2140; c) W. Wang, M.
Cai, Ch. Xiong, J. Zhang, D. Trivedi, V. J. Hruby, Tetrahedron
2002, 58, 7365–7374; d) . M. Demchuk, B. Yoruk, T. Black-
burn, V. Snieckus, Synlett 2006, 18, 2908–2913.

[6] a) U. Anton, Ch. Goeltner, K. Muellen, Chem. Ber. 1992, 125,
2325–2330; b) Ch. D. Braddock, S. C. Tucker, J. M. Brown,
Bull. Soc. Chim. Fr. 1997, 134, 399–410; c) A. N. Cammidge,
K. V. L. Crepy, Chem. Commun. 2000, 18, 1723–1724; d) M.
Feuerstein, H. Doucet, M. Santelli, Tetrahedron Lett. 2001, 42,
6667–6670; e) N. Aoyagi, T. Izumi, Tetrahedron Lett. 2002, 43,
5529–5532; f) A.-S. Castanet, F. Colobert, P.-E. Broutin, M.
Obringer, Tetrahedron: Asymmetry 2002, 13, 659–666; g) J. Yin,
M. P. Rainka, X.-X. Zhang, S. L. Buchwald, J. Am. Chem. Soc.
2002, 124, 1162–1163; h) N. Kataoka, Q. Shelby, J. P. Stambuli,
J. F. Hartwig, J. Org. Chem. 2002, 67, 5553–5566; i) N. Aoyagi,
T. Ohwada, T. Izumi, Tetrahedron Lett. 2003, 44, 8269–8272;
j) K. Mikami, T. Miyamoto, M. Hatano, Chem. Commun.
2004, 18, 2082–2083; k) A. N. Cammidge, K. V. L. Crepy, Tet-
rahedron 2004, 60, 4377–4386; l) D. Drahonovsky, G. Ch. La-
bat, J. Sevcik, A. von Zelewsky, Heterocycles 2005, 65, 2169–
2179; m) O. Baudoin, Eur. J. Org. Chem. 2005, 4223–4229; n)
M. Genov, A. Almorin, P. Espinet, Chem. Eur. J. 2006, 12,
9346–9352; o) S. S. Moleele, J. P. Michael, Ch. B. de Koning,
Tetrahedron 2006, 62, 2831–2844; p) H. Li, Y. Wu, W. Yan,
J. Organomet. Chem. 2006, 691, 5700–5708; q) N. Marion, O.
Navarro, J. Mei, E. D. Stevens, N. M. Scott, S. P. Nolan, J. Am.
Chem. Soc. 2006, 128, 4101–4111; r) P. Wawrzyniak, J. Hein-
icke, Tetrahedron Lett. 2006, 47, 8921–8924; s) M. Ciclosi, J.
Lloret, F. Estevan, P. Lahuerta, M. Sanau, J. Perez-Prieto, An-
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