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Abstract Pyridine derivatives play an important role in curing and controlling mites, bacteria, weed and so on. Pyrimidine
derivatives exist in a number of bioactive natural products, and they have anti-allergy, anti-cancer, anti-inflammatory, insecti-
cidal and some other properties. 3,4-Disubstituted thiophenes not only are important units for the synthesis of natural prod-
ucts, but also serve as key components in some biologically active compounds and material chemistry. In modern society, we
have the urgent demand for achieving our products atom economicly and environment-friendly. Under this background, “at-
om-economy” reactions have been drawing great attention from many chemists and they have got many exciting improve-
ments since then. So, we want to make our own contributions to this area and the following are some of our preliminary re-
sults. Our method was based on synergistic application of eosin Y with nickel (II) complex and an external oxidant-free oxi-
dative dehydrogenation aromatization has been developed. At room temperature, Hantzsch 1,4-dihydropyridines,
1,4-dihydropyrimidines, 2,5-dihydrothiophenes and 2,5-dihydropyrroles were transformed into corresponding aromatic com-
pounds in excellent yield under visible light irradiation via hydrogen evolution. We determined the hydrogen with GC-TCD
using pure hydrogen as an external standard. It features very mild reaction conditions, high yields and excellent
chemo-selectivity. In the previous reports, these transformations usually required higher temperatures and/or stronger oxidiz-
ing reagents, resulting in the generation of a large amount of by-products. In addition, the hydrogen evolution reactions were
also compared with those of aerobic dehydrogenation. The results indicated that the dehydrogenation aromatizations of
hantzsch 1,4-dihydropyridines and 1,4-dihydropyrimidine derivatives under the hydrogen evolution conditions proceeded in
higher yields but very low conversions, while the reactions of 2,5-dihydrothiophenes and 2,5-dihydropyrroles gave higher
conversions in the aerobic dehydrogenation conditions. So far, this is the first report using organic dye material combined
with nickel (II) complexes to achieve dihydrogen dehydrogenation aromatization of heterocyclic compounds.
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2a (41%) A S (Hy). & 56, FRAT 713k 47 ik 5
(Entries 1~6), WA LUE HAEHE T EIOH/H,0 (V/V=
11, 4 mL)BHEIBONEAERLEE 22 (Entry 6: 96%).
HIK, EtOH/H,O0 (V/V=1 : 1, 4 mLYYEVEF], SN Ib,
(1.2 equiv.) 347§ 1% (Entries 7~10), KIAEHIA NaOAc
(1.2 equiv.) /5 RIHAELE R 2a (Entry 10: 99%), 25,
% NaOAc [T, 24 NaOAc (2.0 equiv.)if, 725
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Table 1 Optimization of the reaction conditions”

EY, Ni Complex, 450 nm

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

EtO,C CO,Et
| | solvent, base, r.t.
N
H
1a
EtO,C._A\._-CO,Et + Hy
NS
N
2a
Entry  Solvent Base Conv./% Yield/%
1 MeOH — 41 100
2 THF — 9 100
3 DMF — 8 100
4 CH;CN — 22 100
5 CH;CN/H,O — 20 100
6 EtOH/H,O — 96 100
7 EtOH/H,O K,CO; 30 100
8 EtOH/H,O Na,COs 48 100
9 EtOH/H,0O Cs,CO; 26 100
10 EtOH/H,O NaOAc 100 99
11° EtOH/H,0 NaOAc 100 98
12¢ EtOH/H,O NaOAc 14 100
13¢ EtOH/H,0 NaOAc 0
14¢ EtOH/H,O NaOAc 0
0O
OH HO
(0] N/ \N
Br Br BN
VRN
(0] o (0]
Na* Br Br Na* HO OH
Ni Complex

Eosin-Y

“Reation conditions: Hantzsch ester (1a) (0.1 mmol), EY (2 mg, 3 mol%), Ni
Complex (2.9 mg, 8 mol%), base (1.2 equiv.) were added in solvent (V/V=1 :

1, 4 mL) under an argon atmosphere and irradiation of 3W blue LEDs for 24 h
atrt.?2.0 equiv. of base was used. “Ni complex was absent from the reaction
system. ?EY was absent from the reaction system. ¢ The reaction was carried

out in the dark.

Acta Chim. Sinica 2017, 75, 119—122



1 F F ®R

22 RYMERTEE
211 EMT R

ECARA T IFM T, SHAFRK 1,4- =50k
FTEEY . 1 4- A e fiT A . 2,5- A EW AT A Y Fl
2,5- AN BT IEYY . S2ih st BNk 2 Fin, 1,4-
TANERE IFTAEYI(1a, 2a)EIX — IR R N LR AR
ET5ES, AT IV EENY. 1,4- S MERT
AV@a)EX — R R FEE RIS R, BE37T 91%H1
PR FEALRA 82%), 4a TEIX — 1R R 2N 74% (%
ZN 15%), ARARFRAR. 2,5- A MEWATAY)(5a, 6a)
TEAR R R i A BAR, BN T 0.5 mL ) THF
DA RIS EVE. X RRY =R IR m, (HFAL R, 2R
A, 2,5- = SR AT A Y0 (Ta) FE BAR I B AL R R (56%)
BRI T JEZESEE Tb (99%). A LAEH, %A ok
URAE = SR RS AS R R R I R By, B3R I
EH U A e B, (B G0 SR IR AN [ 1y 522
2 FHHLRMIERE ¢

Table 2 Substrate scope of dehydrogenation aromatization

Entry Substrate Product Conv./% Yield/%
EtOzC: ; :COZEt
() EtO,C | xCOEt 0o 99
N =
H N
1a 1b
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100 99

2a
EtO,C

3 2 | JN\ 82 91
N s
H |
3a

4 15 74
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Entry Substrate Product Conv./% Yield/%
s 7\—/<— ’7\_}/ \ 45 96
S S
5a 5b
Br Br Br
617

B S G
o W

7a 7b

¢ Unless otherwise stated, the reaction conditions are: substrates (0.1 mmol),
EY (2 mg, 3 mol%), Ni Complex (2.9 mg, 8 mmol%), base (1.2 equiv.) were
added in solvent (F/V=1 : 1, 4 mL) under an argon atmosphere and irradia-
tion of 3W blue LEDs for 24 h at r.t.. * With addition of 0.5 mL THF, NaOAc
(1.2 equiv.) was used instead of NaHCOj;.

2.1.1 & ASLA T MAAE R A BB 5= 1

MO 7RIS, EAIMAN 2,4- 253K
FEE S AEADEC &Y, TRes S HiEf 3W LED
SRR N, %2 1,4- S MIE AT 1,4- A e fir A
Y. 3.4- A ER AT 2,5- AT AR YILE I N
24 h G B EDT AR J =2, SERG 45 IR sk 3 A
N, L4-“E M MATAE(la)E X — 1R R N = R
93%(HL AN 94%). 2a =5 N 9% (FALE T 88%).
1L4- —AEETAEYGa)EX — R R FHEHT 62%Mr~
R3 ERKIET SRR ¢

Table 3 Substrate scope of dehydrogenation aromatization in air

Entry  Substrate Product Conv./% Yield/%
1 1a 1b 94 93

2 2a 2b 88 91

3 3a 3b 50 62

4 4a 4b 34 61

5P 5a 5b 72 99

6" 6a 6b 58 98

7° 7a 7b 79 100

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Unless otherwise stated, the reaction conditions are: substrates (0.1 mmol),
EY (2 mg, 3 mol%), Ni Complex (2.9 mg, 8 mmol%), base (1.2 equiv.) were
added in solvent (F/V=1 : 1, 4 mL) under an argon atmosphere and irradia-
tion of 3W blue LEDs for 24 h at r.t.. ° With addition of 0.5 mL THEF, NaOAc
(1.2 equiv.) was used instead of NaHCO:s.
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AT AL A .
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