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Visible Light Mediated Photocatalytic Aerobic Dehydrogenation: A General
and Direct Approach to Access 2,3—-Dihydro—4—-Pyridones and 4—Quinolones
Shao, Tianju Jiang, Zhiyong*

(Key Laboratory of Natural Medicine and Immuno-Engineering of Henan Province, Henan University, Kaifeng 475004)

Abstract A visible-light-induced photocatalytic aerobic dehydrogenation of 4-piperidones and 2,3-dihydro-4-quinolones
has been developed. By utilizing dicyanopyrazine-derived chromophore (DPZ) as the photocatalyst, the dehydrogenation
could provide 2,3-dihydro-4-pyridones and 4-quinolones with satisfactory results (up to 75% yield). The current methodology

presents a direct, sustainable and highly atom-economic approach to access these valuable N-containing heterocycles.
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1 Introduction

2,3-Dihydro-4-pyridones are a key class of N-containing
heterocycles frequently employed as intermediates to build
a number of biologically important N-heterocyclic com-
pounds."! As their analogues, 4-quinolones not only can be
used as precursors for diverse bioactive molecules,’” but
also are main frameworks of several compounds with par-
ticular pharmaceutical values.”! Dehydrogenation of
4-piperidones have been demonstrated as a direct method
to access 2,3-dihydro-4-pyridones.””! For example, Nico-
laou and co-workers***! introduced IBX*MPO as an ef-
fective dehydrogenation reagent for 4-piperidones to afford
2,3-dihydro-4-pyridones. The Stahl group'®! realized a
dehydrogenation by applying Pd(DMSO),(TFA), as a cat-
alyst and molecular oxygen as the oxidant. These methods
suffer from stoichiometric amount of dehydrogenation re-
agent or expensive transition metal. In a few two-step
strategies, stoichiometric amount of unsustainable oxidant
(mCPBA™) or toxic bromination reagent (B, is of-
ten necessary. To date, more synthetic methods have been
documented for 4-quinolones,” including the condensation
of anilines with Meldrum’s acid and trimethyl orthofor-
mates, the Camps cyclization,®"! copper-'*! and palla-
dium-catalyzed” amidation of aryl halides, etc.”*'"! How-
ever, the inconvenient multi-step process and harsh reac-
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tion conditions represent their limitations. Meanwhile, to
our knowledge, no example has been described to concur-
rently facilitate the synthesis of both 2,3-dihydro-4-
pyridones and 4-quinolones.

In the past few years, visible light photocatalysis as a
green and sustainable protocol has been appreciated as a
powerful tool in organic synthesis.!'"! We recently reported
dicyanopyrazine-derived chromophore (DPZ) as a new
type of metal-free photocatalyst that facilitated a series of
transformations with high efficiency.''” In these works, we
have shown that the activated DPZ* [E'(S*/S7)=0.91 V vs
SCE in CH,Cly] can oxidize N-aryl-substituted tertiary
amines through single electron transfer (SET). Therefore,
N-aryl-substituted 4-piperidones and 2,3-dihydro-4-
quinolones 1 [e.g. compound 1a: E1,=0.96 V vs SCE in
CH;CN] should have a thermodynamically feasible trans-
formation to generate R;N"" (2) when in the presence of
DPZ*. The species 2 could further react with O, " species
to generate iminium 3 (Scheme 1). In the presence of
HOO™ or a suitable base, the deprotonation of a-H of
ketone seems feasible, thus leading to 2,3-dihydro-4-
pyridones or 4-quinolones 4. Accordingly, we were
intrigued to investigate visible light photocatalytic aerobic
dehydrogenation of 4-piperidones and 2,3-dihydro-
4-quinolones with DPZ as the catalyst, which would pro-
vide a highly atom-economic and direct approach to
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Scheme 1 Proposed catalytic cycle for aerobic dehydrogenation of 4-piperidones and 2,3-dihydro-4-quinolones 1

access these valuable N-containing entities. Two major
challenges, that are the unknown reactivity and the elusive
chemoselectivity for the probably generated amides'''® as
the side products, should remain in this desired task.

2 Results and Discussion

Our study was initiated with the model reaction of
N-phenyl-substituted 4-piperidone 1a in the presence of 0.5
mol% of DPZ at 25 ‘C under irradiation from a 3 W blue
LED (A=450~455 nm) and ambient atmosphere (Table
1). The reaction was first carried out in toluene as the sol-
vent (Entry 1). It was found that the reaction was finished
after 12 h, and to our delight, the desired dehydrogenation
product 4a could be obtained in 31% yield. It is worth
mentioning that no amide was found in the reaction mix-
ture while several unknown by-products were observed. A
screening of solvents (Entries 2~6) proved that CH;CN
was the best, providing 4a in 45% yield within 0.8 h (Entry
4). The effect of additive was subsequently evaluated (En-
tries 7~13). When 0.5 equiv. of KH,PO, was used, the
yield was decreased to 30% (Entry 7). In contrast, the basic
K,HPO, was found to slightly improve the yield to 48%
(Entry 8), demonstrating that the basic conditions would
benefit the chemoselectivity. In this context, K,CO; and
NaOH with stronger basicity were examined (Entries 9,
10), but the yield was deteriorated, especially for NaOH
(Entry 10). A variety of organic bases were also tested (En-
tries 11~13). We were pleased to find that Et;N could
promote the yield to 62% (Entry 11). When the amount of
Et;N was decreased to 0.25 equiv., the reaction could be
finished in 0.5 h, and provided 4a in 67% yield (Entry 14).
Lower or higher amount of Et;N were found to give lower
yields (Entries 15, 16). We also anticipated improving the
chemoselectivity through modulating the reaction temper-
ature. However, only 56% yield of 4a was obtained when
the reaction was performed at 10 ‘C (Entry 17). The best
catalyst loading of DPZ was demonstrated as 0.5 mol%
since no better result could be attained whatever 0.25
mol% or 1.0 mol% of DPZ was used (Entries 18, 19). The
reaction became very sluggish when in the absence of
DPZ, and only trace 4a was detected after 24 h through
TLC analysis (Entry 20). Moreover, no reaction was ob-
served in the presence of DPZ but without light (Entry 21).
These results revealed that photoactivation in the presence
of both light and the photocatalyst DPZ is indispensable for
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the photocatalytic dehydrogenation to occur. Notably, a
series of common used transition-metal and organic pho-
tocatalysts, such as Ru(bpy);Cl,, rose Bengal (RB), eosin Y
(EY) and rhodanmine B, have also been examined under
the established reaction conditions, but no better result

could be achieved.!"*!
o@
N
NNpy

Table 1 Optimization of reaction conditions”

O\I\:) DPZ (0.5 mol%)
N
“Ph

3 W Blue LED
1a 25 °C, air 4a
Entry Conditions /h Yield/%
1 toluene 12.0 31
2 CH,Cl, 12.0 Ttrace
3 THF 50 25
4 CH;CN 0.8 45
5 DMF 3.0 38
6 EtOH 5.0 32
7 CH;CN, KH,PO, (0.5 equiv.) 08 30
8 CH;CN, K,HPO, (0.5 equiv.) 08 48
9 CH;CN, K,COs (0.5 equiv.) 08 40
10 CH;CN, NaOH (0.5 equiv.) 08 25
11 CH;CN, EtN (0.5 equiv.) 08 62
12 CH;CN, TMG (0.5 equiv.) 1.2 50
13 CH;CN, DMAP (0.5 equiv.) 0.5 52
14 CH;CN, Et;N (0.25 equiv.) 0.5 67
15 CH;CN, Et;N (0.10 equiv.) 1.0 58
16 CH;CN, E;N (1.0 equiv.) 0.6 58
17 CH;CN, Et;N (1.00 equiv), 10 ‘C 0.5 56

18 DPZ (0.25 mol%), CH;CN, Et;N (0.25 equiv.) 0.5 46
19 DPZ (1.0 mol%), CH;CN, Et;N (0.25 equiv.) 0.5 52
20 No DPZ, CH;CN, Et;N (0.25 equiv.) 24 Trace
21 No light, CH;CN, Et:;N (0.25 equiv.) 24  NR
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“0.05 mmol scale; ” The reaction time was determined by the complete con-

sumption of 1a. “Isolated yield.

With the optimal dehydrogenation conditions in hand,
we next sought to evaluate the scope of N-aryl-substituted
4-piperidones and 2,3-dihydro-4-quinolones (Scheme 2). A
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series of N-aryl substituted 4-piperidones were first sub-
jected to the reaction conditions (4a~4k). It was observed
that the reactions were finished in 35 min, affording the
corresponding 2,3-dihydro-4-pyridones 4a~4k in moder-
ate yields except of 4i, of which N-aryl group contains a
strong electron-withdrawing nitro substituent on its pa-
ra-position. Subsequently, N-aryl-substituted 2,3-dihydro-
4-quinolones were attempted, and the desired 4-quinolones
41~4o0 also could be obtained in 57%~69% yields within
35 min.

A DPZ (0.5 mol%) A
o p] EtsN (0.25 equiv.) o ]
CH4CN, 25 °C, air W\Q\V
1N\Ar 3 W Blue LED, 35 min \4 Naar

O
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Scheme 2 Investigation of substrate scope. 0.1 mmol scale, isolated
yield

As depicted in our proposed catalytic cycle for this reac-
tion (Scheme 1), H,O, should be a reasonable by-product.
Therefore, we attempted to examine the existence of H,O,
in the aerobic dehydrogenation of 1a. An iodide test (KI in
glacial acetic acid) was performed, and a color change to
dark red robustly supported the presence of H,O, in the
crude reaction mixture."*!

To verify the synthetic value of this work, we next per-
formed the dehydrogenation reaction of 1a on a 1.0 mmol
scale (Eq. 1). It was found that the reaction was finished
after 8 h, affording 4a in 58% yield. In order to enhance the
reaction rate, we attempted the reaction under oxygen at-
mosphere, although no obvious improvement was observed
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when the reaction was conducted on a 0.1 mmol scale. We
were pleased to find that the reaction could be finished
within 2 h, and 4a was obtained in 63% yield.

DPZ (0.5 mol%)
O o)

Et3N (0.25 equiv.)
3 W Blue LED
Ph 25 OC 4a Ph
1a (1.0 mmol scale) .
air, 8 h, 58% yield
0O,, 2 h, 63% yield

3 Conclusion

In summary, we have developed the first visible light
photocatalytic aerobic dehydrogenation of 4-piperidones
and 2,3-dihydro-4-quinolones by utilizing DPZ as the pho-
tocatalyst. The current method provides a direct, sustaina-
ble and highly atom-economic approach to build two kinds
of biologically important N-containing heterocycles, i.e.
2,3-dihydro-4-pyridones and 4-quinolones, with satisfac-
tory results. The employment of DPZ in visible light pho-
tocatalysis, especially for the synthesis of significant
N-heterocyclic compounds, is in progress in our laboratory.
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