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Abstract: B(C6F5)3 has been found to be an effective catalyst
for reduction of pyridines and other electron-deficient N-
heteroarenes with hydrosilanes (or hydroboranes) and amines
as the reducing reagents. The success of this development
hinges upon the realization of a cascade process of dearoma-
tive hydrosilylation (or hydroboration) and transfer hydro-
genation. The broad functional-group tolerance (e.g. ketone,
ester, unactivated olefins, nitro, nitrile, heterocycles, etc.)
implies high practical utility.

The catalytic reduction of pyridines is a research subject of
significant interest to the synthetic community since the
reduced products, including piperidines and partially reduced
azacyclic compounds, are prevalent building blocks for the
syntheses of many bioactive alkaloids and commercial
drugs.[1] Extensive efforts have been made for the develop-
ment of transition metal catalyzed hydrogenations of pyr-
idines using various heterogeneous[2] and homogeneous[3]

catalysts. However, harsh reaction conditions and the use of
precious metals were often required for efficient catalytic
turnover. These requirements have limited the substrate
scope and the practical utility of these methods. In contrast,
with the development of frustrated Lewis pair chemistry,[4]

several studies of metal-free organoborane-catalyzed pyri-
dine reductions have appeared in the literature over the past
few years, including hydrogenations developed by the groups
of Stephan,[5] Du,[6] and Crudden,[7] the 1,4-hydroboration
developed by the group of Wang,[8] the cascade hydrosilyla-
tion developed by the group of Chang,[9] and the transfer
hydrogenation developed by the group of Du.[10] Despite
these advances, there are still drawbacks: 1) For hydrogena-
tion and transfer-hydrogenation reactions,[5–7, 10] the presence
of bulky ortho substituents on the pyridine ring was necessary
to circumvent the deactivation of catalysts by the coordina-
tion of the nitrogen atom; 2) Unsaturated functional groups
such as alkenes, esters, ketones, nitriles, and nitro groups are
rarely compatible because they were prone to reduction.

In a search for a general and operationally simple
methodology, we envisioned that pyridine reduction might
be alternatively achieved by an organoborane-catalyzed
cascade process, consisting of either a dearomative 1,4-
hydroboration[8] or hydrosilylation,[9,11] and subsequent trans-

fer hydrogenation[10, 12] of the enamine double bonds, by using
either a hydroborane or a hydrosilane, and a proton donor, as
reductants (Scheme 1 a). In this way, either the boryl or the

silyl group would become a protecting group for the nitrogen
atom, thereby effectively preventing its deactivation of
catalysts. At the same time, a judicious choice of the hydrogen
source with careful tuning of the reaction conditions might
provide the desired chemoselectivity for reductions at the
pyridine ring while preserving other reducible functional
groups.

At the outset, we were aware that our proposed cascade
reduction would face several key challenges (Scheme 1b).
First, instead of reacting with pyridines, hydroboranes and
hydrosilanes might directly react with the proton donor to
release H2.

[12c,d] Second, it was unclear whether the initial
dearomative hydroboration or hydrosilylation would be faster
than the competitive dearomative transfer hydrogenation.
Should the latter reaction occur, the formed unprotected
dihydropyridine would be a strong inhibitor for the catalyst in
the absence of bulky ortho substituents.[10] Third, either
a cascade hydroboration or hydrosilylation[9] might proceed
to give the C-boryl- or C-silyl-substituted, respectively,
heterocycles.

With these challenges in mind, we commenced our study
with the meta-substituted pyridine S1 as the model substrate
and the commercially available B(C6F5)3 as the catalyst to test
various reaction conditions (Table 1). In the presence of
10 mol% B(C6F5)3, treatment of S1 with 9-BBN and Ph2NH
in toluene at 110 8C for 24 hours failed to give any product
(entry 1). However, when HBcat was applied, the desired

Scheme 1. Reduction of pyridines by a cascade process.
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transformation occurred, thus providing the piperidine P1 in
18% yield after hydrolysis of the boryl group (entry 2). To our
delight, use of HBpin greatly enhanced the reactivity, and the
yield was increased to 84 % (entry 3). Hydrosilanes were then
examined. Although Ph3SiH and Et3SiH were unreactive
(entries 4 and 5), Et2SiH2 was able to generate P1 in 40%
yield (entry 6). Remarkably, PhMe2SiH and Ph2SiH2 exhib-
ited excellent reactivity, giving 86 and 89 % yields, respec-
tively (entries 7 and 8; for a detailed study of the reaction
conditions, see the Supporting Information). Furthermore,
subsequent experiments reveal that this reduction protocol is
quite sensitive to both the steric effect and the acidity of the
proton donor. Use of aniline, N-methylaniline, and the more
acidic Ph(p-CF3C6H4)NH was either less reactive or even
inactive (entries 9–11). With dialkylamines, nPr2NH was not
reactive (entry 12), but iPr2NH reacted well, thus generating
P1 in 80 % yield (entry 13). Other proton donors such as
trifluoroethanol, isopropyl alcohol, and water were unreac-
tive (entries 14–16).

The scope of this cascade pyridine reduction was inves-
tigated using Ph2SiH2 and Ph2NH as the reducing reagents
(Table 2). With meta-aryl-substituted pyridines, the electron-
donating and electron-withdrawing groups on the aryl ring
were well tolerated, thus providing the piperidines P1–P6 in
high yields. For reactions with benzofuran- and benzothio-
phene-substituted pyridines, the electron-deficient pyridine
ring was selectively reduced, thus generating the correspond-
ing piperidines P7 and P8 in 77 and 83% yields, respectively.
The protocol was also compatible with pyridines bearing
benzyl (S9), benzoyl (S10), phenylamino (S11), and benzyl-
oxy groups (S12) at the meta-position, thus giving the
products P9–P12 in moderate to high yields upon isolation.

With meta-styrylpyridine (S13), transfer hydrogenation of the
olefin unit occurred (P13). In contrast, the unactivated
terminal and internal olefins, which are not directly attached
to the pyridine ring, were retained in the products P14–P16.
Remarkably, it is well documented that functional groups
such as ketone, ester, alkoxy, trifluoromethyl, and olefin are
reactive with hydrosilanes during catalysis with B(C6F5)3,

[13–16]

but they remain intact in P3–P5, P10, P12, and P14–P16. We
reason that, under the current reaction conditions, the initial
pyridine hydrosilylation is more reactive than the hydro-
silylation reactions with these functional groups. After the
pyridine hydrosilylation, the borane-activated hydrosilane
prefers to interact with Ph2NH for transfer hydrogenation of
the enamine intermediate[12a,c,17] rather than react with these
functional groups.

Table 1: Optimization of reaction conditions.[a]

Entry E-H H+ donor Yield [%][b]

1 9-BBN Ph2NH n.d.
2 HBcat Ph2NH 18
3 HBpin Ph2NH 84
4 Ph3SiH Ph2NH n.d.
5 Et3SiH Ph2NH n.d.
6 Et2SiH2 Ph2NH 40
7 PhMe2SiH Ph2NH 86
8 Ph2SiH2 Ph2NH 89
9 Ph2SiH2 PhNH2 28

10 Ph2SiH2 Ph(Me)NH 50
11 Ph2SiH2 Ph(p-CF3C6H4)NH n.d.
12 Ph2SiH2 nPr2NH n.d.
13 Ph2SiH2 iPr2NH 80
14 Ph2SiH2 CF3CH2OH n.d.
15 Ph2SiH2 iPrOH n.d.
16 Ph2SiH2 H2O n.d.

[a] Unless otherwise specified, all reactions were performed in 0.25 mL
toluene with 0.1 mmol S1 under N2. [b] Yields determined by NMR
spectroscopy with N,N-dimethylaniline as the internal standard.
n.d. = not detected.

Table 2: Scope with respect to the pyridines.[a]

[a] Unless otherwise specified, all reactions were performed with
0.2 mmol substrate in 0.5 mL toluene under N2. Yields are those of the
isolated products. [b] Used 5 mol% B(C6F5)3. [c] Used 6 equiv Ph2SiH2

and 5 equiv Ph2NH. [d] At 120 8C. [e] The original olefin group underwent
transfer hydrogenation (hydrogen atoms in bold) in P13. [f ] Used 6 equiv
Ph2SiH2 and 5 equiv PhNH2. [g] Used 5 equiv Ph2SiH2 and 4 equiv
PhNH2. [h] At 130 8C. [i] The HCl salt was obtained after the acidic
workup. [j] Used 5 equiv HBpin and 4 equiv Ph2NH.
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Then, ortho-substituted pyridines (S17–S28) were sur-
veyed (Table 2). Again, the tolerance of methoxy (P18), halo
(P19), ester (P20), nitro (P21), heterocycles (P22 and P23),
and unactivated olefins (P25 and P26) implies great potential
for this methodology in applications in medicinal chemistry.
The reactions with ortho-di-substituted pyridines selectively
generated the cis-disubstituted products (P27 and P28) in
high yields. Notably, use of PhNH2 instead of Ph2NH as the
proton donor provided better yields for some ortho-substi-
tuted pyridines (S22, S23, S27, and S28).

Interestingly, when we subjected the para-substituted
pyridines (S29–S37) to these reaction conditions, one
carbon–carbon double bond on the hetero-ring was retained
(Table 2). Furthermore, their reactivities were found to be
sensitive to the electronic properties of their substituents, and
yields were higher for substrates bearing electron-withdraw-
ing groups (S31–S33, S35 and S37) than those with electron-
donating groups (S30 and S36). The nitrile group in S34 was
hydrosilylated under the standard reaction conditions,[18] but
was retained (P34) by using HBpin in place of Ph2SiH2.
Nevertheless, by harnessing the cascade reduction we obtain
a series of diversely functionalized tetrahydropyridines which
are difficult to synthesize by other methods.

The reduction is also reactive with other electron-
deficient N-heteroarenes (Table 3).[19] The reactions of quino-
lines (S38 and S39), isoquinoline (S40), pyrazine (S41),
quinoxaline (S42), and phenanthrolines (S43–S45) produced
the reduced heterocycles in high yields. For these reductions,
switching the proton donor to PhNH2 generally provided
better yields except for the reactions with isoquinoline (S40)
and pyrazine (S41) where Ph2NH was still optimal.

To study the reaction mechanism, we performed several
experiments (Scheme 2). First, when S1 was treated with
1.2 equivalents of PhMe2SiH in the presence of 10 mol%
B(C6F5)3 at 110 8C for 4 hours, the partially reduced N-silyl
1,4-dihydropyridine INT1 was obtained in 55% yield together
with 41 % unreacted starting material as determined by NMR
analysis of the reaction mixture (Scheme 2a). Treatment of
this mixture with additional PhMe2SiH, Ph2NH, and fresh
catalyst, led to the fully reduced product in 78% yield over

two steps. In contrast, when we directly reacted S1 with
decreased loadings of PhMe2SiH and Ph2NH, INT1 was not
observed in the reaction mixture. Instead, the fully reduced
product P1 was obtained in 33 % yield after hydrolysis,
together with 56% of the recovered starting material
(Scheme 2b). These results prove that the reduction is
initiated by dearomative hydrosilylation. However, once
formed under the standard reaction conditions, the N-silyl
1,4-dihydropyridine intermediate (INT1) will undergo rapid
transfer hydrogenation to give the final product.

The deuterium-labelled hydrosilane (Ph2SiD2) was used in
the reaction with S4 and S31. The deuterium was exclusively
transferred to the C2-, C4-, and C6-positions in the hetero-
cycles (Scheme 2c and d). These results confirm the hydro-
silane as the sole hydride donor in both steps of dearomative
hydrosilylation and transfer hydrogenation (for the overall
reaction mechanism that is proposed based on previous
studies,[9, 12, 13] see the Supporting Information). Moreover, it
was the same as the observation made by Chang and co-
workers in the study of the cascade hydrosilylation reaction,[9]

the initial dearomative hydrosilylation step proceeds in a 1,2-
addition fashion with para-substituted pyridines. The follow-
ing transfer hydrogenation of the enamine double bond gives
the tetrahydropyridine product.

In summary, we have developed a B(C6F5)3-catalyzed
metal-free pyridine reduction strategy by a cascade process of
dearomative hydrosilylation (or hydroboration) and transfer
hydrogenation. The broad functional-group tolerance pro-
vides easy access to an array of diversely functionalized
piperidines and tetrahydropyridines which are valuable
building blocks in synthesis. Its suitability for use in the
reduction of other N-heteroarenes has also been demon-
strated. Further studies utilizing this cascade reduction in
synthesis are underway in our laboratory.

Table 3: Scope with respect to other N-heteroarenes.[a]

[a] Unless otherwise specified, all reactions were performed with 5 mol%
B(C6F5)3, 0.2 mmol substrate (S38–S45), 5 equiv of Ph2SiH2 and 4 equiv
of PhNH2 in 0.5 mL toluene at 110 8C for 24 h under N2. Yields are those
of the isolated products. [b] Used 10 mol% B(C6F5)3. [c] Used 5 equiv
Ph2SiH2 and 4 equiv Ph2NH. [d] Used 6 equiv of Ph2SiH2 and 5 equiv of
PhNH2. [e] cis/trans = 1.7:1.

Scheme 2. Mechanistic studies.

Angewandte
ChemieCommunications

3Angew. Chem. Int. Ed. 2017, 56, 1 – 5 � 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers! � �

http://www.angewandte.org


Acknowledgments

We are grateful for the financial support from the National
Natural Science Foundation of China (21602114), the Natural
Science Foundation of Tianjin Municipality
(16JCYBJC42500), 1000-Talent Youth Program and Nankai
University. We thank Prof. Gong Chen at Nankai University
and Prof. Michael P. Doyle at UTSA for helpful discussions.

Conflict of interest

The authors declare no conflict of interest.

Keywords: boron · chemoselectivity · homogeneous catalysis ·
nitrogen heterocycles · reduction

[1] a) U. Eisner, J. Kuthan, Chem. Rev. 1972, 72, 1; b) J. W. Daly,
T. F. Spande, H. M. Garraffo, J. Nat. Prod. 2005, 68, 1556; c) J. A.
Bull, J. J. Mousseau, G. Pelletier, A. B. Charette, Chem. Rev.
2012, 112, 2642; d) E. Vitaku, D. T. Smith, J. T. Njardarson, J.
Med. Chem. 2014, 57, 10257.

[2] a) T. S. Hamilton, R. Adams, J. Am. Chem. Soc. 1928, 50, 2260;
b) H. Adkins, L. F. Kuick, M. Farlow, B. Wojcik, J. Am. Chem.
Soc. 1934, 56, 2425; c) M. Freifelder, G. R. Stone, J. Org. Chem.
1961, 26, 3805; d) M. Freifelder, R. M. Robinson, G. R. Stone, J.
Org. Chem. 1962, 27, 284; e) G. N. Walker, J. Org. Chem. 1962,
27, 2966; f) M. Freifelder, J. Org. Chem. 1964, 29, 2895; g) G.
Lunn, E. B. Sansone, J. Org. Chem. 1986, 51, 513; h) F. Glorius,
N. Spielkamp, S. Holle, R. Goddard, C. W. Lehmann, Angew.
Chem. Int. Ed. 2004, 43, 2850; Angew. Chem. 2004, 116, 2910;
i) L. Piras, E. Genesio, C. Ghiron, M. Taddei, Synlett 2008, 1125;
j) C. Cheng, J. Xu, R. Zhu, L. Xing, X. Wang, Y. Hu, Tetrahedron
2009, 65, 8538; k) M. Irfan, E. Petricci, T. N. Glasnov, M. Taddei,
C. O. Kappe, Eur. J. Org. Chem. 2009, 1327.

[3] a) E. Baralt, S. J. Smith, J. Hurwitz, I. T. Horvath, R. H. Fish, J.
Am. Chem. Soc. 1992, 114, 5187; b) M. Studer, C. Wedemeyer-
Exl, F. Spindler, H.-U. Blaser, Monatsh. Chem. 2000, 131, 1335;
c) X.-B. Wang, W. Zeng, Y.-G. Zhou, Tetrahedron Lett. 2008, 49,
4922; d) W.-J. Tang, Y.-W. Sun, L.-J. Xu, T.-L. Wang, Q.-H. Fan,
K.-H. Lam, A. S. C. Chan, Org. Biomol. Chem. 2010, 8, 3464;
e) Y. Kita, A. Iimuro, S. Hida, K. Mashima, Chem. Lett. 2014, 43,
284; f) M.-W. Chen, Z.-S. Ye, Z.-P. Chen, B. Wu, Y.-G. Zhou,
Org. Chem. Front. 2015, 2, 586.

[4] For selected reviews, see: a) D. W. Stephan, G. Erker, Angew.
Chem. Int. Ed. 2010, 49, 46; Angew. Chem. 2010, 122, 50; b) M.
Oestreich, J. Hermeke, J. Mohr, Chem. Soc. Rev. 2015, 44, 2202;
c) D. W. Stephan, G. Erker, Angew. Chem. Int. Ed. 2015, 54,
6400; Angew. Chem. 2015, 127, 6498.

[5] T. Mahdi, J. N. del Castillo, D. W. Stephan, Organometallics
2013, 32, 1971.

[6] Y. Liu, H. Du, J. Am. Chem. Soc. 2013, 135, 12968.
[7] P. Eisenberger, B. P. Bestvater, E. C. Keske, C. M. Crudden,

Angew. Chem. Int. Ed. 2015, 54, 2467; Angew. Chem. 2015, 127,
2497.

[8] X. Fan, J. Zheng, Z. H. Li, H. Wang, J. Am. Chem. Soc. 2015, 137,
4916.

[9] N. Gandhamsetty, S. Park, S. Chang, J. Am. Chem. Soc. 2015, 137,
15176.

[10] Q. Zhou, L. Zhang, W. Meng, X. Feng, J. Yang, H. Du, Org. Lett.
2016, 18, 5189.

[11] For related studies on pyridine hydrosilylations, see: a) D. V.
Gutsulyak, A. van der Est, G. I. Nikonov, Angew. Chem. Int. Ed.
2011, 50, 1384; Angew. Chem. 2011, 123, 1420; b) C. D. F. Kçnigs,
H. F. T. Klare, M. Oestreich, Angew. Chem. Int. Ed. 2013, 52,
10076; Angew. Chem. 2013, 125, 10260; c) S. W�bbolt, M.
Oestreich, Angew. Chem. Int. Ed. 2015, 54, 15876; Angew. Chem.
2015, 127, 16103; For a review, see: d) S. Park, S. Chang, Angew.
Chem. Int. Ed. 2017, https://doi.org/10.1002/anie.201612140;
Angew. Chem. 2017, https://doi.org/10.1002/ange.201612140.

[12] For the organoborane-catalyzed transfer hydrogenation of an
enamine intermediate with an amine and a hydrosilane as
reductants, see: a) J. Hermeke, M. Mewald, M. Oestreich, J. Am.
Chem. Soc. 2013, 135, 17537; For selected reports on transfer
hydrogenations, see: b) J. M. Farrell, Z. M. Heiden, D. W.
Stephan, Organometallics 2011, 30, 4497; c) M. P�rez, C. B.
Caputo, R. Dobrovetsky, D. W. Stephan, Proc. Natl. Acad. Sci.
USA 2014, 111, 10917; d) L. Greb, S. Tamke, J. Paradies, Chem.
Commun. 2014, 50, 2318; e) I. Chatterjee, Z.-W. Qu, S. Grimme,
M. Oestreich, Angew. Chem. Int. Ed. 2015, 54, 12158; Angew.
Chem. 2015, 127, 12326.

[13] For the pioneering report on Piers� hydrosilylations of the
carbonyl compounds, see: a) D. J. Parks, W. E. Piers, J. Am.
Chem. Soc. 1996, 118, 9440; For related studies, see: b) D. J.
Parks, J. M. Blackwell, W. E. Piers, J. Org. Chem. 2000, 65, 3090;
c) V. Gevorgyan, M. Rubin, J.-X. Liu, Y. Yamamoto, J. Org.
Chem. 2001, 66, 1672; d) S. Rendler, M. Oestreich, Angew.
Chem. Int. Ed. 2008, 47, 5997; Angew. Chem. 2008, 120, 6086;
e) K. Sakata, H. Fujimoto, J. Org. Chem. 2013, 78, 12505; f) A. Y.
Houghton, J. Hurmalainen, A. Mansikkam�ki, W. E. Piers,
H. M. Tuononen, Nat. Chem. 2014, 6, 983.

[14] For reports on B(C6F5)3-catalyzed hydrosilylation of alkoxy
groups, see: a) V. Gevorgyan, J.-X. Liu, M. Rubin, S. Benson, Y.
Yamamoto, Tetrahedron Lett. 1999, 40, 8919; b) V. Gevorgyan,
M. Rubin, S. Benson, J.-X. Liu, Y. Yamamoto, J. Org. Chem.
2000, 65, 6179.

[15] For a B(C6F5)3-catalyzed hydrodefluorination reaction, see:
a) C. B. Caputo, D. W. Stephan, Organometallics 2012, 31, 27;
For a review, see: b) T. Stahl, H. F. T. Klare, M, Oestreich, ACS
Catal. 2013, 3, 1578.

[16] For reports on B(C6F5)3-catalyzed hydrosilylation of olefins, see:
a) M. Rubin, T. Schwier, V. Gevorgyan, J. Org. Chem. 2002, 67,
1936; b) A. Simonneau, M. Oestreich, Angew. Chem. Int. Ed.
2013, 52, 11905; Angew. Chem. 2013, 125, 12121.

[17] At the end of each reaction, Ph2SiH-NPh2, resulting from both
the transfer hydrogenation and the direct condensation between
Ph2SiH2 and Ph2NH, was also obtained. When we reacted
Ph2SiH2 (1 equiv) with Ph2NH (1 equiv) in the presence of
5 mol% B(C6F5)3 in toluene at room temperature, a gas
extrusion was observed, and after stirring for 3 h, Ph2SiH-NPh2

was obtained in high conversion (> 90%, NMR).
[18] N. Gandhamsetty, J. Park, J. Jeong, S.-W. Park, S. Park, S. Chang,

Angew. Chem. Int. Ed. 2015, 54, 6832; Angew. Chem. 2015, 127,
6936.

[19] For an elegant report of a cobalt-catalyzed functional-group-
tolerant reduction of electron-deficient N-heteroarenes, see: R.
Adam, J. R. Cabrero-Antonino, A. Spannenberg, K. Junge, R.
Jackstell, M. Beller, Angew. Chem. Int. Ed. 2017, 56, 3216;
Angew. Chem. 2017, 129, 3264. However, pyridines showed poor
reactivities with this catalyst.

Manuscript received: March 3, 2017
Final Article published: && &&, &&&&

Angewandte
ChemieCommunications

4 www.angewandte.org � 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2017, 56, 1 – 5
� �

These are not the final page numbers!

https://doi.org/10.1021/cr60275a001
https://doi.org/10.1021/np0580560
https://doi.org/10.1021/cr200251d
https://doi.org/10.1021/cr200251d
https://doi.org/10.1021/jm501100b
https://doi.org/10.1021/jm501100b
https://doi.org/10.1021/ja01395a028
https://doi.org/10.1021/ja01326a063
https://doi.org/10.1021/ja01326a063
https://doi.org/10.1021/jo01068a043
https://doi.org/10.1021/jo01068a043
https://doi.org/10.1021/jo01048a505
https://doi.org/10.1021/jo01048a505
https://doi.org/10.1021/jo01033a021
https://doi.org/10.1021/jo00354a021
https://doi.org/10.1002/anie.200453942
https://doi.org/10.1002/anie.200453942
https://doi.org/10.1002/ange.200453942
https://doi.org/10.1016/j.tet.2009.08.011
https://doi.org/10.1016/j.tet.2009.08.011
https://doi.org/10.1002/ejoc.200801131
https://doi.org/10.1021/ja00039a033
https://doi.org/10.1021/ja00039a033
https://doi.org/10.1007/s007060070013
https://doi.org/10.1016/j.tetlet.2008.05.138
https://doi.org/10.1016/j.tetlet.2008.05.138
https://doi.org/10.1039/c002668a
https://doi.org/10.1246/cl.130943
https://doi.org/10.1246/cl.130943
https://doi.org/10.1039/C5QO00069F
https://doi.org/10.1002/anie.200903708
https://doi.org/10.1002/anie.200903708
https://doi.org/10.1002/ange.200903708
https://doi.org/10.1039/C4CS00451E
https://doi.org/10.1002/anie.201409800
https://doi.org/10.1002/anie.201409800
https://doi.org/10.1002/ange.201409800
https://doi.org/10.1021/om4000727
https://doi.org/10.1021/om4000727
https://doi.org/10.1021/ja406761j
https://doi.org/10.1002/anie.201409250
https://doi.org/10.1002/ange.201409250
https://doi.org/10.1002/ange.201409250
https://doi.org/10.1021/jacs.5b03147
https://doi.org/10.1021/jacs.5b03147
https://doi.org/10.1021/jacs.5b09209
https://doi.org/10.1021/jacs.5b09209
https://doi.org/10.1021/acs.orglett.6b02610
https://doi.org/10.1021/acs.orglett.6b02610
https://doi.org/10.1002/anie.201006135
https://doi.org/10.1002/anie.201006135
https://doi.org/10.1002/ange.201006135
https://doi.org/10.1002/anie.201305028
https://doi.org/10.1002/anie.201305028
https://doi.org/10.1002/ange.201305028
https://doi.org/10.1002/anie.201508181
https://doi.org/10.1002/ange.201508181
https://doi.org/10.1002/ange.201508181
https://doi.org/10.1002/anie.201612140
https://doi.org/10.1002/ange.201612140
https://doi.org/10.1021/ja409344w
https://doi.org/10.1021/ja409344w
https://doi.org/10.1021/om2005832
https://doi.org/10.1039/C3CC49558B
https://doi.org/10.1039/C3CC49558B
https://doi.org/10.1002/anie.201504941
https://doi.org/10.1002/ange.201504941
https://doi.org/10.1002/ange.201504941
https://doi.org/10.1021/ja961536g
https://doi.org/10.1021/ja961536g
https://doi.org/10.1021/jo991828a
https://doi.org/10.1021/jo001258a
https://doi.org/10.1021/jo001258a
https://doi.org/10.1002/anie.200801675
https://doi.org/10.1002/anie.200801675
https://doi.org/10.1002/ange.200801675
https://doi.org/10.1021/jo402195x
https://doi.org/10.1038/nchem.2063
https://doi.org/10.1016/S0040-4039(99)01757-8
https://doi.org/10.1021/jo000726d
https://doi.org/10.1021/jo000726d
https://doi.org/10.1021/om200885c
https://doi.org/10.1021/cs4003244
https://doi.org/10.1021/cs4003244
https://doi.org/10.1021/jo016279z
https://doi.org/10.1021/jo016279z
https://doi.org/10.1002/anie.201305584
https://doi.org/10.1002/anie.201305584
https://doi.org/10.1002/ange.201305584
https://doi.org/10.1002/anie.201502366
https://doi.org/10.1002/ange.201502366
https://doi.org/10.1002/ange.201502366
https://doi.org/10.1002/anie.201612290
https://doi.org/10.1002/ange.201612290
http://www.angewandte.org


Communications

Reduction
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B(C6F5)3-Catalyzed Cascade Reduction of
Pyridines Reduction cascade : An operationally

simple B(C6F5)3-catalyzed pyridine reduc-
tion method has been developed. The
reaction occurs by a cascade process of

dearomative hydrosilylation (or hydrobo-
ration) and transfer hydrogenation. The
reduction features very broad functional-
group tolerance.
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