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Abstract. An efficient selenium-catalyzed direct oxidation
of benzylpyridines in aqueous DMSO has been
successfully developed by using molecular oxygen as the
oxidant. A variety of benzoylpyridines with broad
functional group tolerance were obtained in modest to
excellent yields and with exclusive chemoselectivity.
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Direct oxidation of inert sp®> C—H bonds to the
corresponding carbonyl groups is one of the most

prevailing and reliable approaches for the
construction ~ of  ketone  building  blocks.!!!
Benzoylpyridines are a class of significant

architectures in light of their potential applications in
pharmaceutical industry!>*! organic transformations!*’
and coordination chemistry.”) Many traditional
synthetic methods for these compounds have been
established with the aid of transition metal catalysts!®
and stoichiometric quantities of toxic oxidants.” In
catalytic =~ asymmetric  hydrogenation of N-
heteroaromatic compounds, brensted acids and
organic halides were introduced as activators to
interact with N-containing substrates in order to
destroy the aromaticity partially and activate the
substrates.!! The use of molecular oxygen as the
oxidant is always a long-term goal in organic
synthesis because molecular oxygen is one of the
most inexpensive, available and eco-friendly
oxidants.” In recent years, some impressive progress
with molecular oxygen as oxidants has been made in
the direct oxidation of methylene sp* C—H bonds.!!*-
Bl In 2012, Maes group reported a Cu and Fe-
catalyzed oxidation protocol for benzylpyridines
based on AcOH as the promoter and O, as the
stoichiometric oxidant (Scheme 1a).'%! Lei et al.
extended the similar idea to chloroacetate as the
activator (Scheme 1b).['' Miura also mentioned one
special substrate without activators in their work on
copper-catalyzed a—methylenation of benzylpyridines
in air.l'”! Recently, Gao and co-workers disclosed the
first nonmetallic catalytic oxidation of the sp* C—H

bonds of benzylpyridines with the synergistic
H4NI=AcOH catalyst and molecular oxygen (Scheme
1c).3 Although several remarkable reports have
been achieved in this area, there is still meaningful to
search some more diverse catalytic system especially
exploiting new catalysts.
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Scheme 1. Versatile oxidation routes of benzylpyridines
with molecular oxygen to benzoylpyridines.

Over the past several years, organoselenium
catalysis has emerged as a new and helpful force in
the methodology development of non-metallic
catalytic organic reactions.' For example, some
reports on the synthesis of N- and O-heterocyclic
compounds via selenium-catalyzed direct C—H
amination and acyloxylation have been well
documented separately in Zhao!'® and Breder!!®
groups. Meanwhile, organoselenium chemistry has
also received increasing attention from applied
chemists because of its significance for sustainable
chemistry and industrial potential.l'”! A representative
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green oxidation procedure using the polymer resin-
supported hexavalent Se species as the recyclable
heterogeneous catalyst has been successfully
established very recently by Yu et al.['”?l As part of
our continued effort on C—H activation and selenium
chemistry,!'® we report herein our preliminary studies
on selenium-catalyzed direct oxidation of methylene
sp> C—H bonds to form the ketones with molecular
oxygen as the oxidant (Scheme 1).

Table 1. Optimization of the reaction conditions.?!

| AN + 0, conditions N i
= | P
1a 2a
Entry [Se]/ Additive Solvent Conv.
( mol%) (equiv.) (%))
1 N-PSP (10)  AcOH (1) DMSO 81
2 PhSeCl1 (10) AcOH (1) DMSO 89
3 PhSeBr (10) AcOH (1) DMSO 100
4 (PhSe)2 (5) AcOH (1) DMSO 25
5 PhSeH (10) AcOH (1) DMSO 21
6 PhSeBr (5)  AcOH (1) DMSO 100
7 PhSeBr (3) AcOH (1) DMSO 39
gl PhSeBr (5)  AcOH (1) DMSO 18
9 PhSeBr (5) TFA (1) DMSO 100
10 PhSeBr (5) TsOH-H.O DMSO 100
(1)
11 PhSeBr (5) PivOH (1) DMSO 48
12 PhSeBr (5)  1-AdOH DMSO 61
ey
13 PhSeBr (5) AcOH (0.5) DMSO 63
14 PhSeBr (5)  AcOH (1) dioxane 27
15 PhSeBr (5)  AcOH (1) toluene 31
16 PhSeBr (5)  AcOH (1) DMF 53
17 PhSeBr (5)  AcOH (1) H,O 85
18 PhSeBr (5) AcOH (1) CF;CH, 9
OH
19 PhSeBr (5) AcOH (1) DMSO/ 100 (91)
H.0
20 PhSeBr (0) AcOH (1) DMSO 6
21 PhSeBr (5)  AcOH (0) DMSO 18
22 PhSeBr (0)  AcOH (0) DMSO 1

the desired product 2a in quantitative conversion.
Decreasing the amount of catalyst to 5 mol%, no
adverse effect was observed to the conversion (Table
1, entry 6). Further lowering the catalyst loading to 3
mol% or reducing the reaction temperature to 80 °C
result in an obvious detrimental influence on the
catalytic activity (Table 1, entries 7 and 8). A
systematic screening of other Brensted acids showed
that TFA and TsOH-H>O can also catalyze the model
reaction in completely ways (Table 1, entries 9-12).
Considering the low price and easy handling, we
fixed the acetic acid as the best activating agent. The
optimal loading of AcOH was 1 equivalent (Table 1,
entry 13). Intriguingly, 1la showed quite good
reactivity in pure water to yield the corresponding
product 2a in 85% conversion (Table 1, entries 14-
18). By carefully regulating the ratio of DMSO/H,O
to 1:1 as the mixed solvents, we got the best
conditions and prepared the target product 2a in 91%
isolated yield (Table 1, entry 19 and Table S1, entries
33-37). Blank experiments showed that the catalyst
PhSeBr and the activator AcOH both were
indispensable in order to achieve the higher
conversions (Table 1, entries 20-22). Based on the
literature report,’'!) we also test the possibility of
using organic halides as the activator. Although the
comparative conversions could be achieved, only the
modest isolated yields were obtained probably due to
the strong covalent bonds between the activating
groups and substrates (see the Supporting
Information, Table S2).

Table 2. Substrate scope of the benzylpyridines.[®]

PhSeBr (5 mol%)

N AcOH (1 equiv.) N, §
R S + 02 R S,
A DMSO/H,0 (1:1) A
1 100 °C, 22 h 2

Ar = aryl, heteroaryl

[l Reaction conditions:

la (0.5 mmol),

[Se] catalyst,

additive, solvent (0.5 mL), O, balloon, 100 °C, 22 h.

bl Determined by '"H NMR analysis.
°l Isolated yields in parentheses.

[ 80 °C.

Initially, we selected AcOH as the additive to

activate the sp* C—H bond of the model substrate 2-
benzylpyridine (1a) in the presence of 1 atm O as the
oxidant. It was found that various organic selenium
catalysts could participate in this reaction in different
levels (Table 1, entries 1-5), only PhSeBr produced
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81 Reaction conditions: 1a (0.5 mmol), PhSeBr (5 mol%),
AcOH (0.5 mmol), DMSO/H,0 ( v/v=1:1, 0.5 mL), O
balloon, 100 °C, 22 h.

] Isolated yield.

[ 10 mol% PhSeBr was used.

With the optimized conditions in hand, the scope
of the substrates was then investigated to probe the
generality of this methodology (Table 2). A wide
variety of 2 or 4-substituted benzylpyridines bearing
either electron-donating (Me, Et, MeO and MeS) and
electron-withdrawing groups (F, CI, CN, CF3;, CHO,
COOMe and NO) at the aromatic rings were
introduced to give the desired product 2 in modest to
good yields (2a-0, 2r-t and 2u-w ). The electronic
effect of the functional groups on the phenyl ring had
notable influence on the reaction efficiency [Egs. (1)-
(3)]- For examples, in order to get the satisfactory
yields of products 2d-f, 10 mol% PhSeBr was
necessary. Starting materials that contain two or three
different methylene reaction sites (2b-d) were
involved in this reaction, no any aldehyde or diketone
by-products were detected, this highlights the
exclusive chemoselectivity of this method. The
introduce of a methyl group on the pyridine moiety
also allowed the oxidation reaction to smoothly
furnish the products 2r-t in 58-77% yields.
Surprisingly, this protocol was able to be extended to
2-(furan-2-ylmethyl)pyridine 1p and 2-(thiophen-2-
ylmethyl)pyridine 1q, forming the corresponding
products 2p and 2q in 80% and 84% yields,
respectively. In particular, the structures of 2g, 2m
and 2w were confirmed by single X-ray structure
analysis (see the Supporting Information).

In order to investigate the reactivity and electronic
effect of the substrates, three competition
experiments were executed. A 1:1 mixture of 1a and
1b reacted with O, under typical conditions to afford
the oxidative products 2a and 2b in a 53: 47 M ratio
[Eq. (1)]. When using 1a and 1h as the starting
materials, the products 2a and 2h were obtained in a
33:67 M ratio [Eq. (2)]. A similar trend was observed
in Eq. (3). These results showed that the electron-
withdrawing group (EWGQG) in phenyl rings apparently
facilitated the oxidation process because of their
contribution to the formation of the stable free radical
intermediates during the catalytic cycle.
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To elucidate the details of the mechanism, a
variety of control experiments were performed. The
model reaction was apparently suppressed at various
levels when two equivalents of 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO), BHT (2,6-di-tertbutyl-4-
methylphenol) or 1,1-diphenylethylene were added
as the radical scavengers, demonstrating that an
organic radical process may be involved in the
catalytic cycle (Scheme 2a). Futhermore, no simple
interaction between TEMPO and PhSeBr was
detected by TLC and GC-MS analysis. Under
standard conditions, the substrate phenyl(pyridin-2-
yl)methanol (3a) was converted to the ketone 2a in
87% isolated yield, which declared that the benzyl
alcohol may be an intermediate during this reaction
(Scheme 2b). In an attempt to elucidate this further,
we attempted to make the substrate 2-
(phenyl(phenylselanyl)methyl)pyridine 3b. However
despite following several synthetic routes from
literature, we have been unsuccessful.l'”! Hence, the
formation of this as a possible precursor for the
reaction cannot be excluded completely, although
there is no literature reported examples. Upon using
Diphenyl diselenide as a catalyst, no product was
evidenced even under visible light irradiation
(Scheme 2¢).! However, when Diphenyl diselenide
was combined with catalytic amounts of HBr or Br;
as the additives, it formed the desired product 2a in
almost quantitative conversions (Scheme 2d). We
believe, the reason to this is due to the function of Br;
or HBr, which causes the (PhSe), to be easily
transformed to PhSeBr.?!! As mentioned above,
iodide can catalyze the oxidation of sp> C—H bond
of benzylpyrldlnes I Therefore, control experiments
were conducted in the presence of Br; or HBr as the
catalysts, this resulted in very low conversions (7-
20%) of the product. (Scheme 2¢). These results
further demonstrated that the PhSeBr is the real
catalyst behind this catalytic system. Our control
experiments using (PhSe),, Br, or HBr supports the
inefficiently of these as catalysts in the reaction
(Scheme 2c-¢). Finally, we investigated the
possibility of PhSe(O)OHs as a catalyst which can be
formed by hydration through moisture and oxidized
by O». Our studies found that this was a good oxidant
but not a good catalyst for the model reaction
(Scheme 2f). Considering the fact that only 5mol%
PhSeBr was used as the catalyst in our method, these
experiments excluded the possible mechanism
involving PhSe(O)OH as the active catalytic specie.
(17¢] Our studies also showed that molecular oxygen
was critical in the system to ensure the oxidation
reaction to proceed smoothly, by contrast, the
oxidative ability of HO,, air and DMSO was
insufficient (Scheme 2g-j).*?!
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Scheme 2. Control experiments.

Isotope labeling technique was also used to trace
the origin of the oxygen atom in the final product to
support our mechanism. The model reaction was
carried out under standard conditions in the presence
of 1 atm 70O, or H,O', respectively. The '"O-labeled
product 2a was isolated in 89% yield and no '*O-
labeled product was formed by GC-MS analysis, thus
manifesting that O, is the oxygen source of the
carbonyl group in the product 2-benzoylpyridine
(Scheme 3a-b). An intermolecular secondary kinetic
isotope effect (KIE) of 1.2 was obtained, thus
manifesting that the cleavage of the methylene sp?

C—H bond may not be involved in the rate-
determining step in this oxidation reaction (Scheme
3c-d).
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Scheme 3. Isotope labeling experiments and kinetic

isotope effect study.

A plausible mechanism is proposed based upon our
above mentioned experimental results and related
literature reports!®!1-1214 (Scheme 4). We infered that
the reaction is initiated by the formation of 2-
benzylpyridinium salt A through the interaction of 2-
benzylpyridine 1a with HOAc. Then, A reacted with
PhSe radical which come from the homolytic
cleavage of PhSeBr to form the key free radical
intermediate B. Oxidation of B with molecular
oxygen leads to another peroxy radical intermediate
C followed by protonation producing the
hydroperoxidate intermediate D. Finally, releasing of
the HOAc gives the target product 2a as well as a
molecule of water. The intermediate D may also be
transformed into the benzyl alcohol derivate E, which
under further oxidation tranforms to the ketone 2a.’!

o
N
N
| + HOAc —— > S
& 1 Z 2a O
a
HOAc
©oac ] N
PhSeBr ‘ ¢\
“onc “0Ac N /
NS
=
A
PhSe*
e
Sonc . PhSeH 0

o
[ 0 “oac
= ‘ A
B
Z ¢

Scheme 4. A proposed mechanism.



Consequently, we have developed an efficient
selenium-catalyzed direct oxidation of methylene sp?
C—H bonds to form the ketones with molecular
oxygen as the oxidant. HOAc was used as the
promoter to activate the starting materials. A number
of benzoylpyridines with broad functional groups
compatibility were obtained in good to excellent
yields and with exclusive chemoselectivity. A
tentative organic free radical procedure was proposed
as the mechanism. Further studies are now in
progress in our laboratory to expand this strategy to
other useful heterocyclic compounds.

Experimental Section

Typical procedure for the synthesis of 3 and 4:
synthesis of 3a

A mixture of 2-benzylpyridine 1a (85 mg, 0.50 mmolg,
PhSeBr (6 mg, 0.025 mmol), AcOH (30 mg, 0.50 mmol),
DMSO (0.25 mL) and H»O (0.25 mL) was added to a 25
mL Schlenk tube. The reaction tube was flushed with O»
for 1.5 minutes and then equipped with a O, balloon. The
reaction was stirred at 100 °C for 22 h. After cooling to
ambient temperature, the resulting mixture was extracted
with EtOAc (3 x 10 mL). The combined organic phase was
dried over anhydrous MgSQy, filtered, and all the volatiles
were evaporated under reduced pressure. The resultant
residue was purified by silica gel column chromatography
(eluent: petroleum ether (35-60 °C)/Et,O = 10:1, v/v) to
afford the desired product 2a in 91% yield.

Acknowledgements

Financial support from the Hong Kong Polytechnic University
(I1BD07)(PolyU 153014/15P) is gratefully acknowledged.

References

[1] Modern Oxidation Methods, 2nd ed. (Ed.: J.-E.
Béckvall), Wiley-VCH, Weinheim, 2010.

[2] a) A. Kleemann, J. Engel, B. Kutscher, D. Reichert,
Pharmaceutical Substances, Georg Thieme, Stuttgart,
4th edn, 2000; b) A. C. Guyton, J. E. Hall, Textbook of
Medical Physiology, Elsevier Saunders, Philadelphia,
11th edn, 2005.

[3]a) D. C. Reis, M. C. X. Pinto, E. M. S. Fagundes, S. M.
S. V. Wardell, J. L. Wardell, H. Beraldo, Fur. J. Med.
Chem. 2010, 45, 3904; b) M. Hochgiirtel, R. Biesinger,
H. Kroth, D. Piecha, M. W. Hofmann, S. Krause, O.
Schaaf, C. Nicolau, A. V. Eliseev, J. Med. Chem. 2003,
46, 356; c) J. Easmon, G. Heinisch, G. Piirstinger, T.
Langer, J. K. Osterreicher, H. H. Grunicke, J.
Hofmann, J. Med. Chem. 1997, 40, 4420.

[4] a) H. L. Yang, N. N. Huo, P. Yang, H. Pei, H. Lv, X. M.
Zhang, Org. Lett. 2015, 17,4144; b) Y.-F. Liang, X. Y.
Li, X. Y. Wang, Y. P. Yan, P. Feng, N. Jiao, ACS
Catal. 2015, 5, 1956; c) S. Kolle, S. Batra, Org.
Biomol. Chem. 2015, 13, 10376.

[5]a) K. K.-Y. Kung, V. K.-Y. Lo, H.-M. Ko, G.-L. Li, P.-
Y. Chan, K.-C. Leung, Z. Y. Zhou, M.-Z. Wang, C.-M.
Che, M.-K. Wong, Org. Biomol. Chem. 2013, 355,

2055; b) J. G. Malecki, B. Machura, A. Switlicka, J.
Kusz, Polyhedron, 2011, 30, 410.

[6]a) L. H. Ren, L. Y. Wang, Y. Lv, S. S. Shang, B. Chen,
S. Gao, Green. Chem. 2015, 17, 2369; b) M. Kamitani,
M. Ito, M. Itazaki, H. Nakazawa, Chem. Commun.
2014, 50, 7941; c¢) S.-F. Hsu, B. Plietker,
ChemCatChem 2013, 5, 126; d) J. J. Dong, D.
Unjaroen, F. Mecozzi, E. C. Harvey, P. Saisaha, D.
Pijper, J. W. de Boer, P. Alsters, B. L. Feringa, W. R.
Browne, ChemSusChem 2013, 6, 1774; ¢) M.
Nakanishi, C. Bolm, Adv. Synth. Catal. 2007, 349, 861.

[7] M. Hudlicky, Oxidations in Organic Chemistry, ACS
Monograph No. 186, American Chemical Society,
Washington DC, 1990.

[8] a) J. P. Lutz, S. T. Chau, A. G. Doyle, Chem. Sci. 2016,
7, 4105; b) D.-S. Wang, Q.-A. Chen, S.-M. Lu, Y.-G.
Zhou, Chem. Rev. 2012, 112, 2557; c¢) Y.-G. Zhou,
Acc. Chem. Res. 2007, 40, 1357.

[9] a) H. M. Wang, Q. Q. Lu, C. H. Qian, C. Liu, W. Liu,
K. Chen, A. W. Lei, Angew. Chem. 2016, 128, 1106;
Angew. Chem. Int. Ed. 2016, 55, 1094; b) A. Bechtoldt,
C. Tirler, K. Raghuvanshi, S. Warratz, C. Kornhaal3, L.
Ackermann, Angew. Chem. 2016, 128, 272; Angew.
Chem. Int. Ed. 2016, 55, 264; c) S. Nakaoka, Y.
Murakami, Y. Kataoka, Y. Ura, Chem. Commun. 2016,
52,335;d) S. Warratz, C. KornhaaB}, A. Cajaraville, B.
Niepotter, D. Stalke, L. Ackermann, Angew. Chem.
2015, 127, 5604; Angew. Chem. Int. Ed. 2015, 54,
5513; e) L. Li, Y.-L. Zhao, Q. Wang, T. Lin, Q. Liu,
Org. Lett. 2015, 17, 370; f) X. Z. Xu, W. Ding, Y. G.
Lin, Q. L. Song, Org. Lett. 2015, 17, 516; g) L. Y.
Wang, J. Li, W. Dai, Y. Lv, Y. Zhang, S. Gao, Green
Chem. 2014, 16, 2164; h) Y.-Q. Zou, J.-R. Chen, X.-P.
Liu, L.-Q. Lu, R. L. Davis, K. A. Jorgensen, W. J.
Xiao, Angew. Chem. 2012, 124, 808; Angew. Chem.
Int. Ed. 2012, 51, 784.

[10] a) H. Sterckx, J. De Houwer, C. Mensch, I. Caretti, K.
A. Tehrani, W. A. Herrebout, S. Van Doorslaer, B. U.
W. Maes, Chem. Sci. 2016, 7, 346; b) H. Sterckx, J. De
Houwer, C. Mensch, W. Herrebout, K. A. Tehrani, B.
U. W. Maes, Beilstein J. Org. Chem. 2016, 12, 144; ¢)
J. De Houwer, K. A. Tehrani, B. U. W. Maes, Angew.
Chem. 2012, 124, 2799; Angew. Chem. Int. Ed. 2012,
51, 2745; d) B. Pieber, C. O. Kappe, Green Chem.
2013, 15, 320.

[11]J. M. Liu, X. Zhang, H. Yi, C. Liu, R. Liu, H. Zhang,
K. L. Zhuo, A. W. Lei, Angew. Chem. 2015, 127, 1277,
Angew. Chem. Int. Ed. 2015, 54, 1261.

[12] M. TItoh, K. Hirano, T. Satoh, M. Miura, Org. Lett.
2014, 16, 2050.

[13] L. H. Ren, L. Y. Wang, Y. Lv, G. S. Li, S. Gao, Org.
Lett. 2015, 17,2078.

[14] a) Y. Kawamata, T. Hashimoto, K. Maruoka, J. Am.
Chem. Soc. 2016, 138, 5206; b) H. Sterckx, J. D.
Houwer, C. Mensch, I. Caretti, K. A. Tehrani, W. A.
Herrebout, S. V. Doorslaer, B. U. W. Maes, Chem. Sci.
2016, 7, 346; c) A. J. Cresswell, S. T.-C. Eey, S. E.
Denmark, Nat. Chem. 2015, 7, 146; d) A. Breder, S.
Ortgies, Tetrahedron Lett. 2015, 56, 2843; e) A.
Breder, Synlett 2014, 25, 0899; f) F. Chen, C. K. Tan,
Y.-Y. Yeung, J. Am. Chem. Soc. 2013, 135, 1232; g)
Organoselenium Chemistry: Synthesis and Reactions.


http://pubs.acs.org/author/Grunicke%2C+Hans+H
http://pubs.acs.org/author/Hofmann%2C+Johann
http://pubs.acs.org/author/Hofmann%2C+Johann

(Ed.: T. Wirth), Wiley-VCH, Weinheim, 2011; h) D.
M. Freudendahl, S. Santoro, S. A. Shahzad, C. Santi, T.
Wirth, Angew. Chem. 2009, 121, 8559; Angew. Chem.
Int. Ed. 2009, 48, 8409; 1) J. Mlochowski, M. Brzaszcz,
M. Giurg, J. Palus, H. Wéjtowicz, Eur. J. Org. Chem.
2003, 4329; j) D. Liotta, Acc. Chem. Res. 1984, 17, 28.

[15] a) X. Liu, R. An, X. L. Zhang, J. Luo, X. D. Zhao,
Angew. Chem. 2016, 128, 5940; Angew. Chem. Int. Ed.
2016, 55, 5846; b) R. Z. Guo, J. C. Huang, H. Y.
Huang, X. D. Zhao, Org. Lett. 2016, 18, 504; c¢) Z. M.
Deng, J. L. Wei, L. H. Liao, H. Y. Huang, X. D. Zhao,
Org. Lett. 2015, 17, 1834; d) J. Luo, Z. C. Zhu, Y. N.
Liu, X. D. Zhao, Org. Lett. 2015, 17, 3620; ¢) X. L.
Zhang, R. Z. Guo, X. D. Zhao, Org. Chem. Front.
2015, 2, 1334.

[16] a) S. Ortgies, C. Depken, A. Breder, Org. Lett. 2016,
18, 2856; b) F. Kratzschmar, M. Kafel, D. Delony, A.
Breder, Chem. Eur. J. 2015, 21, 7030; ¢) S. Ortgies, A.
Breder Org. Lett. 2015, 17, 2748; d) J. Trenner, C.
Depken, T. Weber, A. Breder, Angew. Chem. 2013,
125,9121; Angew. Chem. Int. Ed. 2013, 52, 8952.

[17]1a) Y. G. Wang, L. H. Yu, B. C. Zhu, L. Yu, J. Mater.
Chem. A, 2016, 4, 10828; b) L. Yu, Chin. J. Chem.
Edu. 2016, 37, 1-4; ¢) X. Zhang, J. J. Sun, Y. H. Ding,
L. Yu, Org. Lett. 2015, 17, 5840; d) L. Yu, F. L. Chen,
Y. H. Ding, ChemCatChem 2016, 8, 1033;¢) L. Yu, Z.
B. Bai, X. Zhang, X. H. Zhang, Y. H. Ding, Q. Xu,
Catal. Sci. Technol. 2016, 6, 1804; f) S. Santoro, J. B.
Azeredo, V. Nascimento, L. Sancineto, A. L. Braga, C.
Santi, RSC Adv. 2014, 4, 31521; g) S. Santoro, C.
Santi, M. Sabatini, L. Testaferri, M. Tiecco, Adv. Synth.
Catal. 2008, 350, 2881.

[18] a) W. W. Jin, P. Zheng, G.-L. Law, W.-T. Wong, J.
Organomet. Chem. 2016, 812, 66; b) W. W. Jin, P.
Zheng, W.-T. Wong, G.-L. Law, Asian. J. Org. Chem.
2015, 4, 875; ¢) W. W. Jin, W.-T. Wong, G.-L. Law,
ChemCatChem 2014, 6, 1599.

[19] @) Y. J. Su, L. R. Zhang, N. Jiao, Org. Lett. 2011, 13,
2168; b) H. Abe, A. Yamasaki, H. Fujii, T. Harayame,
Chem. Pharm. Bull. 1996, 44, 2223.

[20] a) S. B. Ji, W. Cao, Y. Yu, H. P. Xu, Angew. Chem.
2014, 126, 6899; Angew. Chem. Int. Ed. 2014, 53,
6781; b) L. Yu, X. Huang, Synlett 2006, 2136.

[21]a) L. Yu, J. Wang, T. Chen, Y. G. Wang, Q. Xu, 4Appl.
Organometal. Chem. 2014, 28, 652; b) L. Ferrié, S.
Ferhi, G. Bernadat, B. Figadere, Eur. J. Org. Chem.
2014, 6183.

[22] a) Y.-F. Liang, X. Y. Li, X. Y. Wang, M. C. Zou, C.
H. Tang, Y. J. Liang, S. Song, N. Jiao, J. Am. Chem.
Soc. 2016, 138, 12271, b) Y.-F. Liang, S. Song, L. S.
Ai, X. W. Lia, N. Jiao, Green Chem. 2016, 18, 6462; c)
S. Saba, J. Rafique, A. L. Braga, Catal. Sci. Technol.
2016, 6, 3087; d) A. A. Vieira, J. B. Azeredo, M.
Godoi, C. Santi, E. N. Da Silva Junior, A. L. Braga, J.
Org. Chem. 2015, 80, 2120; ¢) W. L. Ge, Y. Y. Wei,
Green Chem. 2012, 14, 2066.

[23] H. Yi, C. L. Bian, X. Hu, L. B. Niu, A. W. Lei, Chem.
Commun. 2015, 51, 14046.



N
. . . S N N
Efficient Selenium-Catalyzed Selective R R PhSeBr (cat) o @S ™
Z Z AcOH (1 equiv) RiT _ | _ Ry
e ‘1s + 0, AcOA(Teany
C(sp?)—H Oxidation of Benzylpyridines N X *  DMSOM,0 o
with Molecular Oxygen m/) 100°C Ng X
23 examples | | /
X=0,8 up to 97% yield =

Adv. Synth. Catal. Year, Volume, Page — Page | Advantages:

1. metal free

2. molecular oxygen

' 3. aqueous phase reaction

1 4. broader substrate scope

L5
6

Weiwei Jin, Poonnapa Zheng, Wing-Tak Wong,*
Ga-Lai Law*

. H,0 as the sole by-product
. good functional group tolerance ‘






