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Chiral aminoalcohol NOBIN for instantaneous chirality control
of racemic but tropos BIPHEP–Rh(I)-complexes:

highly enantioselective ene-type cyclization of 1,6-enynes
catalyzed by the Rh(I)-complexes without use of acid
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Abstract—The tropos (chirally flexible) or atropos (chirally rigid) nature of BIPHEP–Rh complexes critically depends on amines and
alcohols complexed. The BIPHEP–Rh complex with aminoalcohol NOBIN is significantly tropos and can be chirally controlled by
aminoalcohol NOBIN instantaneously even at room temperature. The BIPHEP–Rh/NOBIN complex thus controlled can be used
as an asymmetric catalyst to give higher enantioselectivity (up to 98% ee) and yield in ene-type cyclization of 1,6-enynes without use
of acid.
� 2006 Elsevier Ltd. All rights reserved.
In catalytic asymmetric reactions, a variety of enantio-
pure atropisomeric (originated from Greek atropos;
a = not, tropos = turn)1 ligands are prepared, enantio-
resolved, and then complexed with metals.2 In sharp
contrast, we have succeeded in asymmetric catalysis
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Scheme 1.
using racemic but chirally flexible (tropos)1 bis(phospha-
nyl)biphenyl (BIPHEP) ligands,3,4 of which the axial
chirality can be controlled by a chiral diamine. It
is necessary to cleave the diamine off by acid
treatment to open the coordination site for enyne
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substrates, so that the diamine-free BIPHEPs–Rh com-
plexes afford high enantioselectivity and yield in asym-
metric ene-type cyclization.4b However, the presence of
acid causes polymerization or decomposition of acid-
labile substrates or products. We thus examined to use
diols or aminoalcohols instead of diamines, because
the weakly coordinating hydroxy portion could be easily
dissociated upon association of dienyne or enyne sub-
strates without acid treatment. Herein, we wish to report
instantaneous chirality control of tropos BIPHEPs–Rh
complexes by chiral aminoalcohol NOBIN (2 0-amino-
1,1 0-binaphth-2-ol)5 at room temperature and their appli-
cation as highly enantioselective catalysts (Scheme 1).
Ene-type cyclization of 1,6-enynes proceeds with
higher enantioselectivity at 5 �C even in the absence of
acid.

First, weakly coordinating BINOL (1,1 0-bi-2,2 0-naph-
thol) was used to complex the BIPHEP–Rh complex.
Unfortunately, 3 equiv of (S)-BINOL was necessary to
give, however, a single diastereomer6 instantaneously
even at room temperature (Eq. 1). In sharp contrast,
the BIPHEP–Rh/DABN (2,2 0-diamino-1,1 0-binaphthyl)
complex isomerized slowly in dichloromethane at room
temperature over 17 days (80 �C, 5 h).4b The BIPHEP–
Rh/BINOL complex thus obtained could be used as a
catalyst for ene-type cyclization7 of 1,6-enyne substrate
without TfOH. The BIPHEP–Rh/BINOL complex 1
gave the desired cyclic product in good yield but in only
low enantioselectivity.

(S)-NOBIN was thus examined as a hybrid of DABN
and BINOL to give again instantaneously the R,S-major
diastereomer (82% selectivity) at room temperature
(Scheme 2). The absolute configuration of the major
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BIPHEP–Rh/(S)-NOBIN8 complex was deduced in
comparison with the enantiopure form of (R)-BINAP–
Rh/(S)-NOBIN complex by 31P NMR (JRh–P) analyses.9

(R)-BINAP–Rh/(S)-NOBIN complex [d 39.4 (dd,
JRh–P = 203.6 Hz, 1P), 40.1 (dd, JRh–P = 201.5 Hz, 1P)]
was quite similar to the major diastereomer of (R)-BIP-
HEP–Rh/(S)-NOBIN complex [d 37.9 (dd, JRh–P =
198.5 Hz, 1P), 38.4 (dd, JRh–P = 201.4 Hz, 1P)] in their
31P NMR spectra [cf. (S)-BIPHEP–Rh/(S)-NOBIN:
d 37.0 (dd, JRh–P = 170.4 Hz, 1P), 38.2 (dd, JRh–P =
165.5 Hz, 1P)].

The BIPHEP–Rh/NOBIN complex thus obtained could
be used as a chiral catalyst for ene-type cyclization of
1,6-enyne substrates without TfOH to protonate NO-
BIN off from the Rh metal center (Table 1). The BIP-
HEP–Rh/NOBIN complex gave the desired cyclic
product at 5 �C in good yield and with higher enantiose-
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Table 1. Asymmetric ene-cyclization by BIPHEP–Rh/NOBIN catalyst
without TfOH
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lectivity (Scheme 1), presumably because of the associa-
tion of the more coordinating amino portion to maxi-
mize the steric effect of the BIPHEP–Rh/NOBIN
complex. All the reactions were thus shown to be
effective by the catalysis of the BIPHEP–Rh/NOBIN
complex without TfOH particularly in the case of
acid-labile p-MeO-substrate.

In order to reconfirm the absolute configuration of the
BIPHEP–Rh/NOBIN complex, the use of two enantio-
pure forms of BINAP was examined (Table 1). The
(R)-BINAP–Rh/(S)-NOBIN complex gave the (�)-ene-
product with 99% ee in 77% yield. In sharp contrast,
the opposite combination of (S)-BINAP–Rh and (S)-
NOBIN gave only 3% yield but again 99% ee of the ena-
tiomeric (+)-product.9 These results show the absolute
configuration of the major BIPHEP–Rh/NOBIN com-
plex and the reason why the use of a mixture of diaste-
reomeric BIPHEP–Rh/(S)-NOBIN complexes provides
91% ee of the ene-type cyclization (�)-product in 89%
yield, through chiral poisoning10 of (S)-BIPHEP–Rh
enantiomer by (S)-NOBIN. Indeed, the use of racemic
(±)-BINAP–Rh complexes in association with (S)-NO-
BIN provides 92% ee of the ene-type cyclization (�)-
product.

In conclusion, we have reported that 1,6-enyne sub-
strates even with acid-labile p-methoxy substituent could
be cyclized in high yield and enantioselectivity with BIP-
HEP–Rh/NOBIN complex without use of acid.

Typical experimental procedure of the enantioselective
ene-type cyclization using the BIPHEP–Rh/(S)-NOBIN
catalyst: To a mixture of [Rh(biphep)(nbd)]SbF6

(0.01 mmol) and (S)-NOBIN (0.01 mmol) in 10 ml
Schlenk tube was added dry dichloroethane (0.60 ml)
under Ar atmosphere. A mixture was freezed and
charged with hydrogen gas using balloon (1 atm), and
then stirred for 30 min at room temperature. After again
charged with Ar gas, the mixture was cooled to 5 �C.
After the 1,6-enyne substrate (0.2 mmol) was added,
the reaction mixture was stirred at 5 �C for 3 h, and then
directly loaded on a silica gel chromatography to give
the cyclic product as a colorless oil.
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