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Abstract Aromatic amines and their derivatives are widely used as important active intermediates in drugs, dyes and herbi-
cides. Therefore, the development of highly efficient, low-cost, and highly selective catalysts for the hydrogenation of ni-
troaromatic hydrocarbons is desirable. In this study, Zn-Co metal-organic framework (MOF) materials were synthesized with
Zn**/Co*" as the metal source and 2-methylimidazole as an organic ligand at room temperature. Then, a Co catalyst (Co-N-C)
was prepared by in-situ pyrolysis using the Zn-Co MOF as a sacrificial template under a nitrogen atmosphere. Aromatic nitro
compounds can be selectively converted to the corresponding aromatic amines using ethanol as solvent, hydrazine hydrate as
a hydrogen source, and Co-N-C as catalyst. The Co-N-C synthesized by pyrolysis at 1000 ‘C possesses the best catalytic
activity. The effects of solvent and reaction time and the amount of Co-N-C, ethanol, and hydrazine hydrate on the catalytic
system were investigated. The catalytic effect was the best when 5 mg Co-N-C, 4 mL ethanol, and 4 mmol hydrazine hydrate
were added to the system, and the yield of aniline reached 100% after 10 h. Thirty-one different types of nitro-aromatic com-
pounds, including ortho-, meta-, and para-substituted nitroaromatics with electron-donating or electron-withdrawing substit-
uents, nitrobenzene derivatives with other reducible functional groups, and heterocyclic and polycyclic aromatic compounds,
were obtained in high yields under this system, which has a wide substrate scope. In addition, the flutamide and nilutamide
derivatives and aminoglutethimide were prepared in excellent yields using the Co-N-C catalytic system. The feasibility of the
Co-N-C catalytic system was demonstrated using a gram-scale reaction. Cycling and anti-leaching experiments demonstrated
that the Co-N-C material has excellent stability and anti-leaching properties, and acts as a reusable heterogeneous catalyst,
which can be easily separated and collected by centrifugation. In addition, two reaction mechanisms of direct reduction and
condensation reduction of nitro-aromatics using a Co-N-C catalyzed system were proposed by testing the reaction process.
This research provides an efficient, simple, and green method for the hydrogenation reduction of nitroaromatics.
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Figure 1 Hydrogenation reaction of nitroarenes
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Figure 2 (a) Schematic illustration of the synthesis; (b) XRD patterns; (c) EXAFS spectra; (d) scanning electron microscopy (SEM) image; (e) transmis-
sion electron microscopy (TEM) image; (f, g) high-angle annular dark-filed scanning transmission electron microscopy (HAADF-STEM) image of

Co-N-C
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BRI 2 FLBREAR F, Co. N C BEIRI 05 514 0.47%,
6.72%, 85.73%( W3 H(5 B & S8, 3£ S2, S3).

Acta Chim. Sinica 2023, 81, 1701—1707

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

22 KRR

T, FRATCURY B 2R R B R, LB, K
A R, RIS [ A7) e A B S 1 28
RGE 1, Entries 1~8). #FFARIL, Co H R THBHE SRR
AN 5 h EFER ) AL Z6aK $) 100%(3K 1, Entries
4~6), H ' Co-N-C-1000 %R 1, KLU 3
72%(3 1, Entry 5), 1X[AIH 350 B )& 1 Co-N-C AN[FH
PRIEFE 2 S EUBLIEEARF. ST NI 2 BT AH
I3 PRI FE SRR S R TH T AUVRIFLAEAH, S8 Co &
TG PEAT 5 1) 2 DL R ) AR S R AN R Tl 7

http://sioc-journal.cn 1703



o F 5 R

FHIE R 64T, LA ZIF-8 fiTA 433 i) N-C ARHE
TR, AHFEIRA R A SR IR B3 1, Entry 7), LA
ZIF-67 AR FIK Co 9Kk ki N-C # K
(Co@N-CYEMEALF(F 1, Entry 8), MYFEFEMIEALE N
39%, B Co HUJR T HIMEALIE MR T Co GKFRL, T
N B30 E R LB AAEH, TS, Sk KT
43 W% F ZIF-8, ZIF-67 B}, Zn-Co MOF YEHEAL TN (£ 1,
Entries 1~3), {8 128K %, WH] Co-N-C #EHK)
T BRAA0T R 22 0 8 S A I T AL SRV PR AR, 53 4h,
BAVELE TR OS] LR AR B KA
H B0 I B AR RS2 (3R 1, Entries 9~21), KLY
JIN 5 mg Co-N-C, 4 mL Z§%, 4 equiv. /K& Bk, &R
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Table 1 Optimization of the reaction conditions”

N2H4 H,0, EtOH

Entry Solvent  Time/h Con./% Yield’/%
1 ZIF-8 EtOH 5 9 2
2 ZIF-67 EtOH 5 48 9
3 Zn-Co MOF EtOH 5 50 11
4 Co-N-C-900 EtOH 5 100 61
5 Co-N-C-1000 EtOH 5 100 72
6 Co-N-C-1100 EtOH 5 100 65
7 N-C-1000 EtOH 5 N.R. N.R.
8 Co@N-C-1000 EtOH 5 39 25
9 Co-N-C-1000 DMSO 5 10 6
10 Co-N-C-1000 DMF 5 8 4
11 Co-N-C-1000 MeCN 5 32 27
12 Co-N-C-1000 THF 5 65 60
13 Co-N-C-1000 NMP 5 40 29
14 Co-N-C-1000 DCE 5 8 2
15 Co-N-C-1000 EtOH 8 100 89
16 Co-N-C-1000 EtOH 10 100 100

17¢ Co-N-C-1000 EtOH 10 94 59
184 Co-N-C-1000 EtOH 10 90 68
19¢ Co-N-C-1000 EtOH 10 95 37
20/ Co-N-C-1000 EtOH 10 100 70
218 Co-N-C-1000 EtOH 10 100 100
22" Co-N-C-1000 EtOH 4 100 100

4 Reaction conditions: nitrobenzene (1 mmol), Cat. (5 mg), EtOH (4 mL),
N,H4*H,0 (4 mmol). ? Estimated by gas chromatography-mass spectrometer
(GC-MS); ¢EtOH (2 mL); “EtOH (6 mL); ¢ Cat. (2 mg);/N,H,*H,0 (2 mmol);
¢N,H,4*H,0 (6 mmol); 740 C.
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Table 2 Substrate scope®”

_~_NO; Cat. (5 mg) = | NH,
R | NoHaHo0 (4 equiv), EOH 4 mL, it R S
1 2
_~_NH,
R— |
N
R= 4-H, 2a, 97% R= 4Cl, 2k, 92%
4-Me, 2b, 96% j'gkj g'm gg:j"
4 = , il 0
4-'Bu, 2c, 98% 4-COzEt, 2n, 90%
4-OH, 2d, 93% 4-COOH. 20,  90%
4-OMe, 2e, 90% 4-Ac, 2p,  91%
4-SMe, 2f, 91% 3-Me, 29, 94%
] . 3-Cl, 2r,  93%
4-OCF,, 29, 93% 3.CZCH,  2s, 93%
4-Ph, 2h, 95% 2-Me, 2t, 93%
4-CF, 2i, 90% 2-Cl, 2u,  94%
4A-F, 2j, 93% 3,4,5-tr-Me, 2v, 94%
2
oo™ (Ij
2w, 90% 2x, 93% 2y, 92%
NH,
\ N NH, S NH,
B C §
¥ N N
22 88% 2aa, 90% 2ab, 87%
o) NH, 7 =N,
N D—nH N NH,
_ 2 [e) <
© CF
3
2ac, 85% 2ad, 87% OEt 2ae, 86%

@ Reaction conditions: nitrobenzene (I mmol), Cat. (5 mg), EtOH (4 mL),
N,H4*H,0 (4 mmol); ?isolated yields.
24 Co-N-C EHHEFRME =R RN

N1 3 UEH] Co-N-C A AR 75 B I & S RE
SERPERIERAE AT 1, FRATEEL 1a A1 1b PIARERLE
20 mmol BN HEAT S, PIFE S DAL AR R B Ak
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Figure 3 (a) Gram-scale reaction; (b) application of natural product
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Figure 4 (a) Cyclic experiments; (b) anti-leaching experiments
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Figure 5 Mechanism of nitrobenzene reduction catalyzed by Co-N-C
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Co-N-C FREIRIEF HY/H BUK AR A; A5,
AR R HPORE A BOb ORI 2L B, JFit— B ik
EJF N AR 20, T34k, PIE A 5 B W IE S
B E A O 7, RREBETE C, RE1EML
FIZR M AREE % — 4> H0 72 TIE VB R D, D it —
IR FEAC RN 2a.

3 g

KH Zn>'/Co* N&:JEIR, 2-FIEmkme A MUBCAALE
FiR FET Zn-Co MOF, FH A # A4 T Co-N-C
AL BFFRI, Co-N-C #HEHH 1 Co HFE -7 HA MR
AT T, PR RR e R A 2 05 R DL = R L o H
WG, b, CLOEAERT KEWHEAIRE, Co-N-C
VEMEA TR I8 S5 AR R BA B SAHIRAN . H Re A7 1
Lzt R e Rl =1 LA R =S R VAN % N [
AL TOEIEE- 520 <YM NI S AN A =i/ oo I B 15 6% O
B, FER AR IR =) R S HIESE T Co-N-C 4k
P 2 S P G0 O PR SIS A BTIR H SR B R
Co-N-C APl nl i ik g0 5 2 B i, AR i fa
MBI B PERE, & —Fh el E S AR A 1L
A feJE, i s N R, $EH T Co-N-C LAl
75 05 L TR RN 45 A 340 SR R W b s AT LB

4 SCIGERSY

B, B 3.7 g 2-FEBKMEA T 90 mL FFEEH 0
A F 250 mL [ JE B B . K5, K 1.638 g
Co(NO3)26H,0 F13.348 g Zn(NO;),*6H,0 ¥ T 90 mL H
B R RN B Bk e o R IR A TR = I N (4
25~30 C)fiH: 6 h, B.OTHEUHEETSE] Zn-Co MOF
AL Zn-Co MOF 7E Ny AU5R T il ik 2 h, il %75
F] Co-N-C SACs. HRHE#HARIR (900, 1000, 1100 C),
FE 4 9 dr 4 A Co-N-C-900 . Co-N-C-1000
Co-N-C-1100. H# iR Zn-Co MOF W& b, HAh
A, FEAIN Zn(NOs)*6H0 F1 Co(NOs)226H0
s M T, 4r wlHl43 ZIF-67 1 ZIF-8. ¥ ZIF-8 1t
1000 'C N, S50 F## 2 h, BRIEB LK, N
N-C-1000. # ZIF-67 7E 1000 ‘C Ny 4R FHE 2 h, 15
FI| Co G FRL 1 k3B 2=k, i 44 N Co@N-C-1000.

7E 10 mL [ B A 43 AINNAHZE 5 42 1 (1.0 mmol),
Co-N-C-1000 (5.0 mg), /K& (4.0 mmol), LI 4 mL,
7E 40 C TR 4 h, RMFERE, BORISHAR], JE
WA LSRR W OB, BRI U R 75, 153055
Ji% 2.
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