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The structure of the redox pair: NAD* and NADH
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A Ti-H based catalytic cycle

A Ti-Si based catalytic cycle
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Et3P/[Ru]\_SAr (1.0 mol%)
BAr 4

Me,PhSi-H (1.0 eq.) 3

neat, rt !
high conversion and yield

+7 0\
p~ [Rul-gar (1.0 mol%)

22 examples
13 pyridines 4 isoquinolines
3 quinolines 1 phenanthridine
1 acridine

Ets _
BAr 4
B Si-H (1.0 eq.) @
% neat
N temp and time N
>99% conv. Si
Entry Silane Si-H T (C) T (h) Yield (%)
1 Me,PhSiH RT 7 94
2 MePh,SiH 45 14 96
3 EtMe,SiH RT 7 84
4 Et;SiH 60 14 --
5 Ph,SiH 60 14 --

M. Oestreich, Angew. Chem. Int. Ed. 2013, 52, 10076.
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Entry Substrate Product Yield (%)
1 R = Me 84
2 R =Ph R 98
3 R R =Br U 96
4 R=Cl éNiMezPh 76
5 R=F 76
6 R = Me 80
7 R=CF, R 88
8 R =Et @ 89
9 R =IPr N 75
10 R =Ph SiMe;Ph 13
11 R =Cl --
12 R R = Me R\UR 80
13 R =Cl N 98
14 R=F SiMe,Ph 84

radical clocks

X
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6% conversion
to 1,4-dihydropyridine
no ring opening

X

X
P
N
17% conversion
to 1,4-dihydropyridine
no spirocyclization

M. Oestreich, Angew. Chem. Int. Ed. 2013, 52, 10076. 17
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The NAD(P)H/NAD(P)+ redox cycle with its 1,4-dihydropyridine/pyridinium ion
interconversion is one of the fundamental transformations in biological
systems. Outside living organisms, the forward reaction, that is, reduction
through oxidation of the 1,4-dihydropyridine, is straightforward, and the use of
1,4-dihydropyridines as reducing agents in organocatalysis is a prime example
of that. The back reaction poses, however, a remarkable challenge, and there is,
to date, no general method available for the partial reduction of pyridines. The
notion that breaking the aromaticity of pyridines by a Birch-type reduction to
provide an entry to synthetically useful building blocks was realized close to a
century ago. Birch and Karakhanov later investigated these reductions with
solvated electrons more systematically with limited success, and it was only
recently that Donohoe and co-workers demonstrated the potential of this
method for a few selected systems. Another obvious approach is the partial
hydrogenation of pyridines with dihydrogen under transition-metal catalysis,
but the problem of over reduction of the more reactive enamine intermediate

remains unsolved.
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Recently, the Hill and Suginome groups independently introduced a noteworthy
alternative strategy that allows for partial reduction of pyridines, either by
magnesium(ll)- or rhodium(l)-catalyzed hydroboration. Prior to these seminal
contributions, homogeneous hydrosilylation of pyridines had been probed by
Harrod and co-workers with a titanocene(lll) catalyst but the chemoselectivity
was moderate. Aside from this isolated report, the unsolved challenge had lain
dormant for another decade until Nikonov and co-workers disclosed a pyridine
hydrosilylation using cationic ruthenium(ll) complexes [Cp-(iPr;P)Ru(MeCN),]*
X[ X =PFgor B(C4Fs),; Cp = Cyclopentadienyl ]. The scope of this catalysis was,
in the end, relatively narrow, but a few pyridines reacted 1,4-selectively at room
temperature, and that certainly was a major step forward. Despite these recent
significant advances in pyridine hydroboration and hydrosilylation, the latter

methods are still far from being general.
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The present method provides a viable tool for the chemo and regioselective
hydrosilylation of various pyridines and related nitrogen-containing
heterocycles. Using equimolar amounts of substrate and silane at low catalyst
loading, the reactions are exceptionally clean (aside from (Me,PhSi),O
contamination at incomplete silane consumption in a few cases) and do not
require complicated purification of partially saturated heterocycles susceptible
to oxidation. The pronounced 1,4-selectivity in the hydrosilylation of pyridines
and quinolines is likely achieved in an ionic one-step hydride transfer onto the
pyridinium/quinolinium ion intermediate, and that distinguishes the present

work from previous reports of a radical mechanism.
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