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Efficient direct asymmetric hydrogenation of N-heteroaromatic compounds to produce
optically active cyclic amines
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We found that asymmetric hydrogenation of 1- and 3-substituted and
1,3-disubstituted isoquinolinium chlorides using triply halide-bridged dinuclear iridium complexes
[{1r(H)(diphosphine)}2(u -CI)3]CI (1) proceeded when we applied the strategy of the HCI salt formation of
1soquinolines to afford the corresponding chiral 1,2,3,4-tetrahydroisoquinolines (THIQs) in high yield
and excellent enantioselectivity after simple basic workup.

Effects of the salt formation were carefully evaluated based on controlled experiments including
time-course experiments, 1H and 31P{1H} NMR studies, isolation, and characterization of several
intermediates. Together with the function of the chloride anion of the isoquinolinium chlorides, we
proposed a new outer-sphere mechanism including a coordination of the chloride anion of the substrates to
an iridium dihydride species along with a hydrogen bond between the chloride ligand and the N-H proton of
substrate salts.



o

(Scheme 1)
1
2
Cl +
\IryCI\I / cl
{“/ e \P
P P/

[{Ir(H)(chiral diphosphine)},(x-Cl)3]CI

(S)-1a: (S)-BINAP
(S)-1b: (S)-DIFLUORPHOS

PPh, PPh,
PPh, ,: 0 PPh,

(S)-BINAP S)-DIFLUORPHOS

Scheme 1. Halogen-bridged Dinuclear
Iridium Complexes
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Scheme 3. Proposed Mechanism
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