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Recent Progress in Homogeneous Catalytic Hydrogenation of
Nitro Compounds

Hou, Mengying Wang, Ai'e* Huang, Peigiang™
(Fujian Provincial Key Laboratory of Chemical Biology, Department of Chemistry, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen, Fujian 361005)

Abstract Amines, particularly primary amines, are a class of important compounds, which are frequently used in the
synthesis of pharmaceuticals, agrochemicals, dyes as well as a variety of fine and specialty chemicals. The reduction of nitro
compounds is an indispensable route for the production of primary amines, especially aniline and its derivatives. In this
context, the catalytic hydrogenation represents the most efficient, atomic economical and environmentally friendly method. In
general, the reaction mainly relies on heterogeneous catalysts. And most of the recent reports focus on the development and
modification of heterogeneous catalysts. Homogeneous catalysts for the hydrogenation of nitro compounds are scarcely
explored. Given the structure of homogeneous metal catalysts can be readily modified and adjusted by the application of
different central metal and ligand to regulate the catalytic process, the high efficient and selective reduction can be realized by
choosing the appropriate combination of metals and ligands. The development and recent progress of homogeneous catalytic
hydrogenation of nitro compounds are systematically summarized, the challenges faced in this field are discussed and a
perspective on this topic is made.

Keywords homogeneous catalysis; hydrogenation; nitro compound; amine; chemoselectivity
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Figure 1 Representative molecules containing primary amine
structural units
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Figure 2 Drug molecules with arylamine as synthetic interme-
diate
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(IIF 7E 2 B AR rp A X AR B A AL TR R DT R AR T i,
DASIEL g P 2 0 PR (A 2

AR ML, TR S AL S AR
WITEARGER D, AT, R AL, MR
SERAR R Sy 3k 38 2 1 O < JR AN L AR BEAT 1 B
A, M A R EAT 4%, ST 2 A e £
PEIRJR. X0 T 5 9 & A B AR R XL,
P51 9 2450 14 RSB SR A A 791 LA S e PR 56 A R
B TE.

AR, CAZRIR RS T AR R AL & L
H‘%A%mﬁ&mmﬂﬁ$ﬁﬁ%%%%%*ﬁ%
BN, T W, AXRG AL T HELEMEIMGEL
mekﬁﬁﬁnW% i A B IR AR B 2
FRAEAL G5 AN RE 2 18] (R 5RIER, D9 Jm SRS AR AL TR
B AR SRS — SR 4.

1 HELRRNHE

FLTE 1898 4F, Haber S5 USTg 7E HE AL 22 5200 1 JE il I,
R TR R IZRINLEE. 40 Scheme 1 fToR, 47
NEEBEMNGEEBE. EE N/, MELEY
1WA IR 57 9 AR 87 1) ST A 25 7 e 2 R i v (a0 3, i
JE RN 4. T4iGIaW RS EY) 2 ARl 3
W4iE, TE RO RSB B S R aE 5. ik
ARG JF N ENAEY) 6 Al 7, S5 AKHL 4.
X2 H AT S A S AT LR
HEERG

H
NO, + H, NO H, ©/N‘OH + H2 ©/NH2
©/ - H0 H20
1 2 3

+H2}

. I

]
_,QN\\N@

B 1 AR S5 AR i (R LB
Scheme 1 Mechanism of reducing nitrobenzene to aniline
BT XA EY kA PR N, Bk £
P PR 2 S i B 5 ) P A, e e A
BAEY, ZRZASHAILW, WIEYSH . L.
SRR AR LK pH H 5.
I SRA TR Z AR R, BRI AR
ATt mAE TPy, B NSO E P, et
B RERI 324 UL LB A5 T T, WA SEAL S I AL

~N ITZ
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1975 4, Knifton /NG 1 UK RuCly(PPhs); 7F
JHEA TR T+ e S R B, B SR & Rfis
[z (Scheme 2). EARMEATT R e 7 — AN S W7 e i 2 I
YR, i Ho N, 75 AR iR A (120 °C, 9.09 MPa
Ho) A3 & KOH (2.0 equiv.)f77E F#ET, {2 Knifton ]
TAERLIT T R340 S 35 R AL AL ) 7 .

RuCl,(PPh3)z (10 mol%)
KOH (2.0 equiv.)

9.09 MPa H,, 120 °C
8 benzene/ethanol 9
88% yield

C12H25N02 C12H25NH2

B 2 Knifton 7EET AR SRS L+ e 75 IR TR 1k
TAE

Scheme 2 Pioneering work by Knifton on Ru-catalyzed homo-
geneous hydrogenation of nitrododecane

MW AR B, YREE Knifton /NHITTSCH Eik
Ru A0 28 B  75 8 1) 2040 R B H (Scheme 3).
RNA TR ER L (135 °C, 8.08 MPa H,) Rik{T. Xt
THEREEHE R B LI DR
1AW, RONEA RUFMZ 2, (B0 8 Bk O
(IJEEHI I p-RE TR 208 RX R 36 AR IR 24188, AN
(1 3 A 22 LA, T LS 21 D0 43 XUBE 5 4 i Ji i) 7
Y. AR R W TR 5 &R SRR, 5-h 2
WEIRRET DL 5 1% AR 15 21 S-Z Lk, 17 2-F S ey J L
TR AL EREERNE, T MERRITE, W
() A SRR IR RSB, 1%k R AT DA Ry i R b SR
W — AN, 19RO,

Q0N NO2  RuCI,(PPhs)s (1.0 mol%) N NH,
L~ 8.08 MPa H,, 135 °C O

benzene/ethanol
10 14 examples "
42% ~ 99% conv.

R = alkyl, alkoxy, Cl, Br, OH, CN

a,,

73% selectivity

2 Hs
68% selecthlty

B3 Knifton K&K Ru BIHH A EAL AR D5 ke
Scheme 3 Ru-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Knifton

51% selectivity

2005 4, Frediani /NHISR L RuH,(CO)o(PPhs), Al

1096 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

RuH,(PPhs), 5 7] DA AL Al 28 () S AL B JR . AT 1

mol%IfEALFF], 5.05 MPa ESJE T, 20 AIE 120 1

100 ‘CF, AT LKEASIEIK & B0 N 2K 1 (Scheme 4).
NO, RUH2(CO)(PPhs), (1.0 mol%) 120 °C

NH,
©/ or RuH,(PPhs), (1.0 mol%) 100 °C ©/
5.05 MPa H,, THF, 48 h

1 100% conv. 4

B 4 Frediani & &1 Ru AL AE R R
Scheme 4 Ru-catalyzed homogeneous hydrogenation of nitro-
benzene by Frediani

2010 4, Meijboom PRAZAIILL 1,10-3EX W) Ru
255 Ru(Phen), NUELLT, FERUT BEAH(0=10%)fF1E
N, A B TR DT R B s B VIR JE (Scheme
5). Ru AL FEARE 0.2 mol%, X T#HIF E&ER
B IR BRILDLRBEIL AN DT ke, N B R )
RN, EFETERIR 100%. THKVER B R, f#1531%
AR RIS G, R, ARG —RIAE, BT
ERHEALFIE IR T AETK, RN —IHaI R I N
PRI R, (H24 R NI, B IR R R,

o NO2 Ru(Phen); (0.2 mol%) o NH:
RIL t-BuOK (w = 10%) R
~ O
2.75 MPa Hy, H,0, 160 °C
10 9 examples 11

85% ~ 100% conv.

R = alkyl, alkoxy, OH, ClI, COOH, CHO

B 5 Meijboom A& J& 1 Ru YA A S AR EE F5 e
Scheme 5 Ru-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Meijboom

2019 4F, Wh RO BT i A TR, Bk
T N,O- A 1 2 = YR "E5F 1 Ru fEAE5F) 12, I
P N FH B 2 5 J2 I 2 S S (Scheme 6). OBV 3R
D R AF e PERE, AL RIKZE 0.05 mol%,
IENSAIR O N R A 0} A N 7 0 2 B = /B )
AT DAHR A A R A7 AR IR SR A5 B R Ak & 4. A BH
SR SRR A 43 B BRI, KT 2,6- R A3
THEEDR, Rl 67%HIWES R 2,6- — RN AR L. XF
TR S A HRI U DL Al o 22 RS S AT AR,
SN B R A, o e SR S SR A 1 i AL
(TON)FEIE 1960, {EXTF XA IE 2K R, SO AR AS
IRUF(67% M= 2), BT B A& Ry 38 25 P R A o) A £ 71 1)
FROE M= T Sema. I8 AR S T, R b
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WATPALL 69% MR IR JF NI Ok, thabh, X T 2 ik
BUARHIERS, 0 1,2-, 1,3-80 1,4-AH3EE, N H ik
Pk, MEPOE R, BRMEMNE 1,2-, 1,3-50
1,4- K %,

N NO2 12 (0.05 mol%), 303 kPa H, X
R©/ 80 °C, 3 h, MeOH/H,0 R
10 22 examples 1
67% ~ 96% yields

R = alkyl, alkoxy, CN, CI, Br, I, COOCH3, COOH

C i
NH F N._.
O/ 2 3C Ru(\)

69% yield

BR 6 kLR Ru LSS EY
Scheme 6 Ru-catalyzed homogeneous hydrogenation of nitro
compounds by Yao

212 #14ER
1978 4, Khidekel /NHEPU Rh SEe i RERATAEY)
TE 48 A ) (R T -ISA) B FH 1A 25 2% (1 &0 s B A
SNAE 5 I8 H R R #E4T (Scheme 7). AL Rh*T-ISA 7
SAMERRAE T el 5N RR2-ISA™ (BB H
B2, IR Fofryidy P ] A BT DK A 26 2R N 2R i, [
i E B g A A RR2T-ISA.
©/NH2

NO, Rh3*-ISA (5.0 mol%), 101 kPa H,
©/ 20 °C, water/ethanol (V:V = 1:4)
1 4

(IZI
O-Rh;\CI

KOS _~_¢  Ne
LI
N s+ © SO5K
/

Rh-O
\

Rh3*-ISA

B 7 Khidekel K/ Rh BIFRHEALEAL A HE S
Scheme 7 Rh-catalyzed homogeneous hydrogenation of nitro-
benzene by Khidekel

1990 4, Harsy /NAPHEE T — R 515 VI S
& JERh, Ir, Pd, Pt)5BERCAATE 5148 G 01 i 107 1 i
EEmE R A rERE. Hd, L RhoClL(NBD),
(NBD = [0K i —45) AT AT, 1,2-00( 2K FE )
PIBENEC, X 2-RE2E-1-T BEFD 1-5E-2- 38 P beidk
1TEA, 73 BILL 78% N 58% IS AT 21| 2 J-1- T ANl
1- 2832 A e (Scheme  8). J MV 75 B4 1 1AL
(60 C)YFIE /%6 14(6.89 MPa). XfF 1-ZEIL-2-fHE 5
B, NI T LT SR 0 I ) R AR A AR 2 R
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17T.
NH,
HO Rh,Cl,(NBD); (5.0 mol%)
Ph,PCH,CHMePPh, (5.0 mol%)
13 EtOH/Toluene (V/V = 1/1)
78% yield 6.89 MPa H,, 60 °C, 20 h

B 8 Harsy e f Rh BIAIHEAG S A0 G W AR R AL 54
Scheme 8 Rh-catalyzed homogeneous hydrogenation of ali-
phatic nitro compounds by Harsy

2022 4F, Werlé /NHIZVE fl 7 —FfrmT DAY il i 2 05
RENE RN “HIEN” B 15, FIHEE
Rh A0 A5 N1 i 2 17 1 R o R0 A ECAE F, Jdad
P ) s B R A, R DA S IR 355 05 4 1 R B i sl F M
1b & W 4k (Scheme 9). 24 Rh AL E N 2.0
mol%, HZNEFINF, 76 60 C T &M AT LIS B2k
B, B EMEIR Tk, AT DL S A AR I 5 R
BEHAEMRIRE. X TRE ES AR RE R)MHE
ARATAYD, T CAH SRR G A B A M . XA =R
FR R IUAR 1) 5 A A0 A AR R IR S 8275 31 H bR =4
D e ST N 1= E - S 1778 - S W/ /(B N . N /7
MR, RN A RIFMEZE. 6T &5 W07
IR AR5 R, ot ] DUGUR 3R 4745 21 AH B (1)
J&. WM JE T, AE# e T BUAE R A AR
1) R A T DA R R A R R ) e i) 4. TR B AR
&, SR IR IE AR iR S A IR SR

25K H 3.0 mol%HH) Rh AL 15, VUSRI AR 9iE
A, 76 40 CF M LAMS BRI &9, XT38
FEAEE R B WL BREE. BhAGEE DL
MRS RAT Y, %R MEA RIGFMAEZE. ZhRE
ALSE T B Rk 07 I B A A DA B AR 2 R AT AR
.

VB Ik — R 45 1) 52 56 A% B2 bR 2218 (DFT)
TR R LB RV < BE R M TR AT,
AT A B AR A 1) R B e S (1) A7 TE ) S i T T JA R
BEVER. B e DR RSS2k, (iR
N—O FEERIWTZL, (Ml Rh 0 EH R EIN -, &
LS FNMINZ, FNEREEY 19. KEY 19 5ES
YEFH83] Rh-H 854 20, 20 f#5S H/K 20 T X HT A R
TEPE AR 17, 14 R LA R s D SR I A SR
BT eAE A DRI 71 O i 7, KEAFTEM
TSR E T % A, M 7 B e 5 F2 e e 4%
&, HETHE N—O HENTR, 15 R RT BRI
B ER.

Rh,Cl,(NBD), (2.0 mol%)
NHy  Ph,PCH,CHMePPh, (2.0 mol%)

14 - :
) EtOH, LiOMe (1.0 equiv.)

0,
58% yield 6.89 MPa Hy, 60 °C, 16 h
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R SR

v NO2 15 (2.0 mol%), 200 kPa H, N
R RT-
Pz 60 °C, 15 h, Toluene Pz

10 28 examples 1"
21% ~ 91% yields

R = alkyl, Cl, Br, CN, COCHs3, COOMe, CONH, SO,CH3, Ph™ X 15

NH, NH,
=
W (1D >
e () °
54% yield

86% yield 50% yield HMe R

\UG“

50% yield I e

~NO2 15 (3.0 mol%), 200 kPa H, ?
RIL “OH OH
L~ 40°C, 15 h, THF I
19 examples

10 43% ~ 91% yields
R =F, Cl, Br, CN, COCH;, COOMe, CONH, SO,CH3

43% vyield 70% yield

o
NN
Ph,P—Rh
2 N ,B

20
Ph TSbF6

e

H, \N)\N/ o

ey
Ph,P—Rh ,‘3&
% HO
19

Werlé % J& ] Rh SR AL AL A 22 97 1

B3R 9

O
O,
>—< >—NH2

Scheme 9 Rh-catalyzed homogeneous hydrogenation of aromatic nitro compounds by Werlé

2.1.3 4EiEfl

1990 4, Harsy /NP %2 1 DL PACL(PhCN), 1
FEALFIFTAE, 4+ 5ICL BPPFOH i PPFA ALK, %
AR AL TRITE 2-A -1 T B AT 1-2K - 2- A B U BE 1
S OB AR RE, 2051 BA 41%F0 44% R I8 SR
133 2-5 F-1-T B 1-8:-2- 2 FE A bt (Scheme 10).

2017 4, XFREARPITRR T —3 2,7-X(Q2-Mt
WE I )-1,8- 25 ML IE B AL X4 SR AZ 1) Pd 4559, Hid Pd
Z5EW 21 T DAE NI A B A AR SR N L 0 = 2
AT (Scheme 11). AL R B AF ELEGR AN, H
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e N I T A i R N o 1| MR [ R = S
IS, SON R R 50 C, BEK, B
TR 2, TEEL S, FERaRE, X2
N A N AT A R, A5 SN 3 R 2 W R B4R
T, SRR IS IS A T DU s IR 1R
JRAFBIARN (O, ST R L AR, JIE. B
DA S RS 2R AT AR, IO AT R 2. bR
ez A, 1,3- B 2R R DLUL T 58 R IR (99%)id 5

BE) 13- R W EA K ENMIES R, AERT
C—F S 7E A L0 JFUd 72 rp AN 32 52, S i 22 60 DA

Chin. J. Org. Chem. 2024, 44, 1094~1105



Chinese Journal of Organic Chemistry

REVIEW

PdCly(PhCN), (0.5 mol%)
BPPFOH (0.5 mol%)

NH
- NO, Ho/\L 2
/\L EtOH, 6.89 MPa H,, 75°C, 18 h

13

41% yield
PdCIy(PhCN), (1.0 mol%)
PPFA (1.0 mol%)

NO, EtOH, LiOMe (1.0 equiv.)

6.89 MPa H,, 60 °C, 16 h 14
44% yield

OH
PPh,

Fe

PhoP~ é

BPPFOH
CH,

N(CH3)>
PPh,

Fe

@ PPFA

Bz 10  Harsy A fEH Pd LIHIREAL S RITIRIH AL &9

Scheme 10 Pd-catalyzed homogeneous hydrogenation of aliphatic nitro compounds by Harsy

A NO2 21 (0.5 mol%) N2
RI 101 kPa H,, 50 °C, MeOH R

13 examples
10 28% ~ 100% yields 1

R = alkyl, OH, F, CN, COCH3, COOMe

+
XX

/ /

| X N N X
[
/N\Pd Pd/N =

%1
FsCCOO |  OOCCF;

21

CF4C00~

B 11 g RRIE R P B AL EAL AR5 ke

Scheme 11 Pd-catalyzed homogeneous hydrogenation of aromatic nitro compounds by Liu

89% 7= ik i A3 B % SR i, ARG IR ) C—C1
HIABEAR AT MO AR B, 0P A R S5 R 43 21 28% 6t &
KW, RN 30%0) 25 A k.

A 38 348 FOUR A 25 R 2R AE DR IR A0t S S R AL R kA
THEFE. AR BB P R A B A AR B R, A1)
SSHEMNZ S ML A6 A I8 2. AT S &R 21 AE
NIEDERME SR FHHTIRER, EL i SHE, B4
W JFEAS BN IR R, BRIbZ Ah, OB I AR A AT DU
FIUMB R RN, BEE SN ) 4, XA LAY
(I BE LA PR T, JHRIR 3 B, 0 2RIR B AR,
T B 28— 0 B DT 2R ) TR P R A R - OB A i R
R BEPL. T S B IR N R BRI, 38 R A3 3 %
Ffr e TR A4 DA R 2R B TR B . IR e 45 IR, 7Ei%1A R
R AL A W I A R R A ) T R 4 A iR AR
7. XIARF &R A RE P EER, BT
FHIBEA Pd 02 FIEE RS A 0.317 nm, HEIRTE
TR A NIRIERIG S 2 B )G, IRA S RAES &
N AE A R
2.1.4 4afElL

1990 4F, Harsy /NAPIHZEZZL T PtCl(PhCN), A
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fEFIATAR, PPFA AECHR, B4 AL FIAE 12K 3
2- i 2 P4 e A s R e ARG ML E B ) R
(60 C)FIHE 71(6.89 MPa) LA K 554 o 1) & i B A7 1E
HIZEAE T, 1-2RE-2-TE R I e DL 42% I 3238 J5 45 S AH
MR Wi 14 (Scheme 12).

6.89 MPa H,, 60 °C, 16 h 14

42% yield

BIx 12 Harsy KR Pt AR S 1-283E-2- I 2L T e
Scheme 12 Pt-catalyzed homogeneous hydrogenation of ali-
phatic nitro compounds by Harsy

2.15 mUER

TERR W e B A A LT, Harsy /NHRIHE
KT Ir HEVEATEE. HLL InCly(COD), (COD=
1,5-FF ¢ ) AL FIRT AR, PPFA SHBECARRT, 78 50 C
TREEFN 6.89 MPa Z UL /156440 T, 2-H5E-1- T BE LA 67%
ISR I SRR AE L R Ak B 13, ML 2,3-X( =
RFLREIL) T e, 7£ 60 CH16.89 MPa B/ SUE SR, L
KRR I R A R, 1R 2- R TN

PtClo(PhCN), (1.0 mol%)

PPFA (1.0 mol%) m
EtOH, LiOMe (1.0 equiv.) NH,
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ik SR

it LA 45% MW E 30 S5 AR B (1) Ak &) 14 (Scheme 13).

Ir,Cl,(COD), (0.5 mol%)
PPFA (1.0 mol%)

NH,
HO
Ho >N Aﬂ
EtOH, 6.89 MPa H,, 50 °C 13

67% yield
Ir,Clo(COD), (1.0 mol%)
(PPh,CHMe), (2.0 mol%) m
mz EtOH, LiOMe (1.0 equiv.) NH,
6.89 MPa H, H,, 60 °C, 16 h 14
45% yield

B3 13 Harsy AR Ir BIRHHEAG S AG IR W A EE AL 59
Scheme 13 Ir-catalyzed homogeneous hydrogenation of ali-
phatic nitro compounds by Harsy

2.1.6 &1

2009 4, Corma /NP — R 51 N,O-ZE A1) Au 4%
A0 8L FH IR 55 5 J4 () 48 Ak ok S R HH (Scheme 14).
B A [ Fe 0 (A0 70 RO PR R, fEAL TR 22a mERS e
L REBURE R, BRIt N B 2 22b
A 22¢ HFEL A KA BH 28 2 T S5O A A 0 PR A X A
fi; 22d 1 22e 5 22a FAAHRARE M. SR FEXS ) B
AR, 48H R IR R N, HP2 R A%
BT, BTN R IR A . X2 Au ik
FUAT DA A A3 T 2 A [) B R T 11 05 i 2 iR 4.
XT ORI ES AR . X3 DL F I R R AT A,
SN B R A, BT A R U R
OG22 200, Bk — T SOUBER A 30 TR 1 3ok 5 L i 225 0

505 ~ 606 kPa H,

N0 AN
R R
Z 22 ~ 80 °C, EtOH =

10 8 examples 1
55% ~ 100% conv.

R = CHg, OCHa, NH,, CI, Br, CN, CHO

22 (0.2 mol%)

22a, R = Phenyl
22b, R = 1-naphthyl
22¢, R = 2-naphthyl

22

" 22d

B 14 Corma K JEM Au A AL DT 2
Scheme 14 Au-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Corma
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JR T R, DRI, e s ) s N T A R e 15 20 Al
BR IR BN R E R b, WA RIE R E =) A4
B BEAb, AR JFE T VIR B v, RS AR
RSN B EAEELEY . BEL SV UL E TR
A ) A
22 BERheRENLT
221 #1ER

1975 4F, Knifton /NHAUOERF 7R IE+ ke fiEfL
SRR, BT RuCly(PPhs)s, Fe(CO)s ta] PL{E
AT, EEAFIFTFEH 1.0 equiv., 7F & m &
(120 °C, 9.09 MPa Hp)filid & KOH (2.0 equiv. )fF-7EHI%%
R, L 67% 7= SM A 3T e A N AH . 1) g i e
(Scheme 15).

Fe(CO)s (1.0 equiv.)
KOH (2.0 equiv.)

C12H25NO; CioH25NH,
8 9.09 MPa H,, 120 °C 9
benzene/ethanol
67% yield
Bl 15 Knifton 7 Fe SAHME A ARSI+ 5205 T 1 IT61

PELAE
Scheme 15 Pioneering work by Knifton on Fe-catalyzed ho-
mogeneous hydrogenation of aliphatic nitro compounds

TEM TAERI A B, YR4E Knifton /NHUNE Fe 484
Y)(Fe(CO)3(AsPhs), Fll Fe(CO)s(PPhs),) fE A AL 77, 13
FIHH 5L 2K 1 A AL N H (Scheme  16). J2 B 75 BLLE & il
=E(125 °C, 8 MPa Hy) NiE4T, HH Fe(CO)s3(AsPhs),
I B PR P AT R R 1

Fe(CO)3(PPhs), (0.5 mol%) or
Fe(CO)3(AsPh3), (0.5 mol%)

NO, NH>
©/ 8 MPa H, ©/
benzene/ethanol, 125 °C

1 >09% conversion, 87% selectivity 4
>99% conversion, 94% selectivity

B 16 Knifton &M Fe YIS R
Scheme 16 Fe-catalyzed homogeneous hydrogenation of nitro-
benzene by Knifton

2004 %, Chaudhari /NHPORIL, LKA IR 2L
(FeSO4* TH,0) 1 2 —Ji& Y 2.1 —#h 2 (EDTANay) 5 47 2E
R BRAE AL IR I A R A PR B, 72 150 "C TR
JEAN 2.8 MPa IR A2, AT LU fiF 3 55 e
B JFONHM R % (Scheme 17). [ NAE/KAHFRHEAT, AL
FTCAEAE A, P Tk, FOmPEATE R ik P
JUFRA S, 2P TON Hi#id 6000, SRxt T 5 4
S EYIRIE R ARG, W T LS AR B
M2 LA S B R FE RS R R AT AR, A RAFEA 2. 5t
TEHMRGEORITHIEEY), RN BA MR R Bk
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FeS0, 7H,0 (0.75 mol%)
Na,EDTA (3.75 mol%)

~NO; o NH2
R R
Z 2.8 MPa Hy, H,0, 150 °C Z

10 1"
10 examples
85% ~ 99% yields
R = alkyl, alkoxy, NH,, CI, CN, COCH3, COOH
R 17 Chaudhari & JE 1) Fe AL ERE LT &
Scheme 17 Fe-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Chaudhari
2013 4F, Beller MEAHPVERE T —FH Fe(BF4),*
6H0 AT = (2-( R BBl I ) 2R 35 ) JBle i 57 S R A B ) Fe
FEAGTR 23, FEH4 R i 05 )R Ak R R . SR A
2~5 mol% WAL, [FRTH 1 equiv.i = L&
(TFA), BIRIZE 120 CHIZAE T L 78%~99%H i %15
FIFH N % 2540 A W) (Scheme  18). X T 2K 38 L& H R
PRAE . BRI FUIE. BRBODUEE DL R B 2 R A L R
23 (2 ~5 mol%)

A, RPBEA RIFHAEEM
NO NH
R{j/ 2 TFA (1 equiv.), 2 MPa Hy R{j/ 2
U
Z -AmOH, 120 °C &
10 1

18 examples
78% ~ 99% vyields

R = alkyl, PhO, ClI, Br, I, COOMe, COCH3, H,C=CH

S NH;
F|>Ph2 N
P—Fe E 91% vyield
‘ PPh, NH,
NS N
23 =
78% yield
NH,
9 +
A [FeF(Py)] P s
JC H, PPh,
’ 2 more cycles HF . P4
[FeH(P4)]
NO
9] N
2

’Hzo

NO,
[:::]/ [FeH(H,)(Pa)]

1

B3R 18 Beller K &M Fe ¥ARHA S AU EE TS 12

Scheme 18 Fe-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Beller

VEFAERRAESRAT T X N- IR % DL R AR AR AT
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THEAE B, PRI ) LT LA [R] 1 52 B 3ok 26 S 30
EREAL, W EBR RG-SR SR R H 2
AIREAFAE. AT 3t — 2 WA A% SN R (AL 1 2R I A,

MATTERRHE SR AE T AT T — 551 NMR SL46, SZE

WS LA RE: (L7 [FeF(Ps)][BF ¥ & /S35 b 5

RKF—4rF HF JE R [FeH(Py)] ", % kit —H 55K

YE T B [FeH(Hz)(Pa)1[BF4], 3X AN i 1 Hh [A) A4k i 5 O

JRIRE AL A Y, [ XA R [FeH(Ps)] ", 418

Z R IR () S SEERE, T B PR U BRI E] R A RS P I A 2

B IR JE AR L IR Ak A .

2023 4F, FREBIEEA P K T —Fh DU BERC AL

f] Fe {1k 77 24, 7E 10 mol%f) KoCOs fEERIZAE T, W]

PLSIHIL A5 AR 5 05 B i S AR JR (Scheme 19). ZA#E 1k

24 (1 mol%)
NO, K2CO3 (10 mol%)

R s 3 MPaH, X NHz |Bn ‘
L — R “PPh;
EtOH, 100 °C =
10 19 examples \P\ | “PPh,
80% ~ 98% yields "
R = alkyl, alkoxy, OH, Br, I, CN, COCHg, Bn

COOH, COOMe, pp™ Xx

HoN F cl

96% yield

98% yield 5% yield
| l Iy
y 0 F ,L3

8 Y HNT N

T w o o :

H k/N Ne o]

HO o \"/ N ~a \_/
HOE N
iMkem 0 Tz ne i T
HoN OPh
L NH, T:I
N SO,Me
98% vyield
J& K& FIIE [
88% yield
l cl
l HzN OH
lof
N o
Cl

97% yield
ORI 103

SCoU I
HoN H,;C CH
) H
Sk N

O
H

80% yield
FUE NG I iR

R 19 KEBRIEMN Fe B AERETT I
Scheme 19 Fe-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Zhang
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B JE AT BALL 80% ~ 98% WAL 45 B A B 1 e Ak &
V). WFHRARLESEFRIE. Bt BRI R IE A
FORMAEY), RBEA RIFMEAME. o, MTFEH
T~ B OUREE DA B 45 ot o1 25 TR 28 IR, 035 25 5 i i
(T, S S AR AR . 38 3 12 A3 5 s 7 1T LA B
RF5 IUSCRAT BIZ5W r T I RE . RIS . &5
B DL B & HL R & R ik X250 5 7 Je £ 57
FI SRS MG DA R e i, T8 e A SR 51 43 ) LA
98%, 97% % 80% WL Z & WAt B [ itk & 4.
222 “4afEdl

1986 4F, DuBois /NHZPEM IR AP BC AL 1%
Mo AT 25 F1 26 FT-HH3E 77 A N H, 7R
AT (iR, 202~303 kPa Ha)SZHL T A HE 2 1L 5
(Scheme 20).

NO2 25 (2.9 mol%) or 26 (2.0 mol%) NH,
202 ~ 303 kPa Hy, r.t., CDCl,

1 4
/S\ S
S
MGCPM°§S,>MonMe MeCpM0<SS§MonMe
/s H™ /S/
|
H/C\H H
25 26

B3 20 DuBois AR Mo BIFH AL S AL A FE TR
Scheme 20 Mo-catalyzed homogeneous hydrogenation of ni-
trobenzene by DuBois

2009 4E, Royo /MBI, MoO,CL /E NHEALT], 8%
YE R, 75 F X8 s 1 (120 C) FE 15(5.05
MPa) %11, SEIL T &R0 5 i 2 A G ) 1 Sk Ak R
(Scheme 21). X TRIF L&A X#. BpkIL. B, Bt
e DL R Bk — T U (1 R B 2R AT AR, IR BB R AT 1)
BAME. BN, AT MoOLCl, W] LGRS F =k, 18

PIEEA 2 32 BT
PN
5.05 MPa H,, 120 °C R{)/

N NO,
R+ _
EtOH

10 1"
7 examples

100% yields
R = CHg, Cl, COCHj3, CN, CONH,, H,C=CH

MoO,Cly (10 mol%)

B3 21 Royo KJEH Mo MIARMEAL S AL EE IT ke
Scheme 21 Mo-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Royo

2017 4E, Beller /NP 4,4'-— T 5E-2 2B e Fc
A7 ) B AL B 4] 7% [Mo3S4Cls(dnbpy)s ] (PFe) 1F A 1 44 71,
FHEEAE RIS ), S8 1 5 05 18 1 & A6 3L SR (Scheme
22). ZMEAIE S5 AT DA ey R 5 AR ) i 2
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FiRE. WT RIS EEARE, BEE. bR AL RRIER
T 2EZEAT AN, SONEAT UL AL TS )7 A A L. %
TR RBCCER . & R BRI R, R
ARE AN AR S R, X T =T R
SR AR B BRI 5L 55 e, S Bt AT MR 4T, X T
—LE GWOR IR E REM, AnfR-BROUUEE | BB | R |
Bk BREE DL R BERGEE, SNV EA RIFIE SN zk
ARG T — 2207 R . 1R X2
LT e (0 5 N MR HEAT AL SN (30 714 7E, B
T 2 MR BAIE A5 2 — R W%, TR A
FIEJFAF R AMB R, 10 ELAR 2858 SR R R E
AP AL S 03E T R R P B = A R, RN
AW B il HESR AT .

N NO2 [Mo3S,Cls(dnbpy)sl(PFe) (5 mol%) N NH;
- 2 MPa Hjy, 70 °C, 18 h, MeOH L~

34 examples
10 70% ~ 100% yields "

R = alkyl, alkoxy, PhO, OH, CN, F, CI, Br, |, COCHjs,
SO,NH,, CONH, COOMe, H,C=CH

H3C(H,C)7H,C CH,(CH;);CH3

91% yield >99% yield  97% yield > 99% yield

B 22 Beller &I Mo HIARMEML SR DT 12
Scheme 22 Mo-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Beller

223

2020 £, Beller /NHP2ILL Ni(BF,),* 6H,0 AHEALFT
AR, X(2- 2R FE M £ 55) R BL 1% (Triphos) BT A&, SEIL
T IR Ni A R A R B, RORE TR B il
FE(120 °C, 5 MPa Hp) FiEAT, ATLALL 71%~95%HI1L
KA R B 75 7 E B (Scheme 23). T 3R B &
Pedt. BEReH . KA R EARATEY, RN
AR RIFMAEZNE. SR RFEFEH T &2 M550
EV, WTLLR S A R AF WO A iU B Z. 75T H
F295r FREFERIETR, DL 91% s o0 H 10 oAl
N E ).

2022 4F, Wk iRE A m e R A R T S M A
ANEHUREE N-(2-MEnE W H 38— R RZ B AL ) N, N-BE
HIERAC &), o, XSO I TEC AR R AR A5
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4 mol% Ni(BF,),-6H,0

X NO, 4 mol% Triphos X NH,
R 5 MPa H,, TFE RT _
1 120°C, 24 h
0 13 examples 1

71% ~ 95% yields
R = alkyl, aryl, NH,, Cl, PhO, COOMe, CONH,

Ph
|
Ph\l?/\/P\/\l?/Ph
Triphos
e o S
(Ij @@ @
N CFs
Ho

B3R 23 Beller &M Ni ¥ LIEIE T &
Scheme 23 Ni-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Beller
27 X TAEEAL A Y I SRR B L D0 S 1) B S P A AL
2 PEVE(Scheme 24). EA ML ST B IS JF AR R
AHEBOVEER, B S 101 kPa K% 505
kPa, PRUEIEIDIF= M 21%IEKE 96%, HEHEEmE
ST, RS TCHI R, XTI R, TR
I EIEA g v T S IR S W R 1, AT DUBUR i
JRAFZIARDL T . T RAZ LA 2,6- — 7 PN HE AR %,
HLLRL 76% MR IE I3 2 2,6- — SR FE R E. X TR
W ESHRAE. }ER, BEE BRSO EE R AT
W, B RIFRIA DI 2R WE N TR HF
TR SRR, 2-AHFEAENE DL 2B Rk 1 ] LA
IRIF AL, I Z ML IR TT 5, 1,2-, 1,3-BL M 1,4-—
IR AT FILL 91%, 89%FI 92% (I 2614 JE 15 S AH I ()

TEAEY. AR, TR TN R R AT DL
F DI AL 2 A S A A R I SR AR S 1) s T .

Ci
27 (0.05 mol%)
N NO2 505 kPa H N ©
RT 60 °C, 3 h, MeOH L N
'\ Cl
10 1 Ni{
21 examples ~ N/ Cl
75% ~ 98% yields P
R = alkyl, alkoxy, OH, CI, Br, I, CN, COOH, COOMe 27
NH, NHy o]
/\/\NH2 | | NH2
_N /
75% yield 77% yield 82% yield 76% yield

B 24 ST R RN Ni BHEEGE G
Scheme 24 Ni-catalyzed homogeneous hydrogenation of nitro
compounds by Yao
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224 R

2021 4, Rueping /NHBYE B T A (Q2-(Z 2RI B
IV Y Mn HEAL77) 28, 75 12.5 mol%F K,COs 17
TERIZAE T, SEULT S Fhig 2 05 12 I S0 I8 Ji (Scheme
25). e B AR P i 2 O AT R T R Ak R R S 19 T R
PR EIE 97% (Scheme 25). X T FEH & Fh
K2 IS BR-BRODUEE . BRZE. PG SE DL R B
[k RS R R AT A, ROV HA RAF IR A, B
T, MR JFE R R R A B AL B R
Jdike. Wiz AR IR, AATE R T 2 ik
BUGITHIA B A, HE—DAEs T %5 ik S A .

NT YRUEZ N AT AEIMLER, 5 ) R RE A
W SRR F0B T BEAFAE R R R EAT T A OB, 7EAH ]
P[] Y, N-ZREEFREIE A3 3] 49% 1R %, TR AR
A 12-BEA R 8 JRAF 2 7% 10% 2K 1%, ik, fib
AIHENZ AR R TE A T BOE A, RIS 2R B o
W JF R, Fk— ik i N-R R, AR
JRAS B KR,

28 (5 mol%)
N0z K,CO4 (12,5 mol%) N2
R _ 8 MPa Hy, toluene RT >
0
10 130°C, 24 h "
22 examples
65% ~ 99% yields
R = alkyl, alkoxy, NH,, F, Cl, Br, I, COOMe,

CONH, SO,NH, Ph™ Xx

Br

H_ /'\
P‘Ph [ I s
—. 3
(P/l o NH j@
Ph” N

M AN

74% yield -

ER 25 Rueping & JE 1 Mn $F LS LTEIE T &
Scheme 25 Mn-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Rueping

225 AL

2021 4, Topf /NHBSI@ ik 4-50 T JE 28 F gt T ibk g 2.
Sl AR B B AL A R T — MR ) Co 25 54 29,
AJ R T &R 05 i A ) A AR B H (Scheme 26).
IXFR Co ML 2 SRR, DRI T8 G 1 7F 78 3l 16 1t
AR B4 A8 A R RR AL juj%, TEZ R NAE F
AT BN IR B WK AR T S L. 12 s % & A 55 i
WAV BAAIRI B A, NTA B A ik
B BREE DL SORE AN SR A, O B IR AT )
BN, AT LA AR 2 R U AR G U S 2L S .
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ik SR

MFRE, i & BREURR S IR AR, 75 R
M FErp, SRS PRIR, X T80 B BS i DL R -
BB IR S AL S W), B BR SR IR, ELARADE
I JFAS BUHH R (e Bk, T - B U DU S 2> AR, AT
PR JRAS 2 N A & 1. 8 iz A IR T,
G T 25870 10 55 B R 5 1 Tl 4.

N0z 29(15-5mol%) 4MPat, A N2
R EtOH, 120 °C, 15 h R
10 27 examples 11

56% ~ 99% vyields

R=0H,F, CI, Br, I, CN, COCH3, COOH,
COOEt, CONH, HC=CHCOOH

H2N XN 7 N
| |
N/ NH, N
86% yield N7
N)I\N/
~ H
NG 95% yield
NH, J
84% yield
? L
~ ~
N N N N =
SUCENIRAe
B N

B 26 Topf KJEM Co HIAHMALEAIHE TS IE
Scheme 26 Co-catalyzed homogeneous hydrogenation of aro-
matic nitro compounds by Topf

3 R&EERE

il 2L B P R SR e — AN+ b 2 J AR LA Bk
iR RS, B 1975 4 Knifton FFEIPEH0E RuCl,-
(PPhs); Fll Fe(CO)s A TR E+ ke AL I B, A&k
GRS T ML R R, BT BS T
— LA .

W LRI 5, O A A A I I P AT R
MR ERTAY O BRI KR FAE. MeEE. RE. B
JlHE PR WL DL RBOSUEE AR A 2L 05 42, T
DR U B SR 2 2590 0y 7 AL S A . iR &R
R BT &, —Semie Bt mek. M. & BRI
fh BRAN 4 8 A AL T AN W L T R AR, A iR &R
PLKAE N, A BB AT LR S IR B TR R T, 18
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—EREE BB TSN N NS A S . (HUE A
KU, AL S WIS AL AR R A T R R B B,
BUA IR R EATE TR A, AT, HE
B e AR BE M s 3 26, A AR ME AR S AR AL A 2R
BT Tk 2B rp. H AT 23 BT FC 4R A AR A 2 0 )
A IR RO 57 R BONE, of T g R A AL 540
WD, HEENELSRERIITR. BT E
RE R £, 2 MR SR R, 3 S S A5 AE RN B
B, RS RIZE AR E MR R, Wi siii m i &
W, RGPS AL T R R R 53— A
) 7. Ay AT SN AR S A5 & AR R SR A b, BT
RIPCARRMEAL T, AAET R R R, IS e R et
LA v A e 3 R R (R AL S M P A AL S A T
%, I T TolkA A=
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