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(a) Previous work: Transition-metal catalyzed hydrosilylation of nitroarenes to anilines

A “ cal. [M] ~ -2 « Brinkman et al.
RO + S 0= pd, Rh Fo R@/ RhCI(PPh)y/EL,SiH, Toluene, 110 °C
Ni, Mn

« Lipowitz et al i eMaleczka e al ;
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* Beller et al. *Wang et al.
FeBry/PhSiHa/PPh;, H Ni(acac),/PMHS
Toluene, 110°C ! dioxane, 80 °C

(b) This work: Ag catalyzed hydrosilylation of nitroarenes to anilines
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Figure 1 Representative examples of transition-metal catalyzed hydrosilylation of nitroarenes (color online).

i AL SRR R (B 1a). 20104E, Bellerif @
ZHPH13E T FeBry/PhSiH, AL 1K R, LLPPh, WACAE,
Gl RGN, Bl A R, RN
FEEE110°C (Kl1a). B & RS & B & v Rsk
R B SR. 20134F, Wangift 820" I Ni(acac),/
PMHSHR R ST A i R IR SR, AR AF Hh 3% — 2ein
JE B RE (K 1a). 2, BaghifizH*ILINNO 4
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Table 1 Optimization of the reaction conditions”

NO, NH,
[Ag] (10 mol %)
Si-H (4.0 equiv)
Solvent, 1, 24 h
1a 2a
Entry  fitfb#  Si-H il T(C) P& %)
I AgPO, PhSiH, EtOH it 55
2 AgOAc  PhSiH, EtOH 1t 51
3 AgCO, PhSiH, EtOH it 67
4 AgOTf PhSiH, EtOH it 77
5  AgOTf PhSiH  EOH it 51
6  AgOTf PhSiH,  EtOH it 7
7 AgOTf EtSiH EtOH it 36
8  AgOTf EtOSiH  EtOH it 19
9 AgOTf PhSiH, H,0 it 60
10 AgOTf PhSiH,  MeOH it 78
11 AgOTf PhSiH,  'PrOH it 67
12 AgOTf  PhSiH, THF it 61
13 AgOTf PhSiH, EtOH 45 79
14 AgOTf PhSiH, EtOH 60 77
15  AgOTf PhSiH, Hz(()ﬁt)OH rt 84
16  AgOTf PhSiH, Hzc()z/ﬁt)o H o 92(86)°
17 AgOTf PhSiH, Hz(();it)OH it 90
18 No  PhSiH, Hz(()z/ﬁt)OH rt 0
19 AgOTf  No  1LO/EOH rt 0

@:1)

a) M Z&fF: 1a (0.2 mmol), Ag Salt (10 mol%), Si-H (0.8 mmol,
4.0 equiv.), H,O/EtOH (2.5 mL) N7, i~ K824 h; b) 7 B,
) AIA100%4 511 Hg(0)

R S, a] LA B 55 B R e SN A AL
R R R W SR e L ( 1, entries 5~8, 19%
~72%), {HHMK T PhSiH A SN LR, Bt
DA, &M PhSiH NIRRT, 7E3R 1 LA dp A s B
AR, ERIRIE T RNIEFSRE, SAMOZ, X
FAKA R A SR, 38 5 =4 WS % Tk £)60% (3R,
entry 9), T VLR [0V A B AN 2 1R TR BE S iR B —
SE VR R 2 DAFLAD BT 3 7R R S B, =0 i
RISKT LR R MAR R(FK 1, entries 10~12, 67%
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~78%). BB NAR R, PLAEERNNA T, T
RN E A I A4S HI60°C, RIS I
EBIWHARIRCR, T =E, ARG, entries
13~14, 77%~79%). T LR g5 R, 22 LL L BEFK T
TREEZ VAR, SRR NN, P B
H84% (1, entry 15). PG 2H,0/EtOH(2:1), ;=%
AlTAF]92% (1, entry 16). FATHE— B3 =K ELl,
248 FHH,O/EtOH(3: 1) NIE IR, 7= 38 F 5 K B 4
F+F(, entry 17). XFE KM LEERITRA N M
JE IR A AR 2R PR T AR S ot 38 S0 SR R g e 3 e o
IVER . EAER IR, TEARAESAE R, IN10024 & (1)
R, SN LT-EA R, 723 N86% (K1, entry
16355 ). BEHZAR ML R AT RS2 A DT,
AL ), 7E5 /D AgOTFEPhSIH, L R, WH
Rl B3 P22 1, entries 18~19). @it iR 4EH)
1%, B 2 8 S AE IR B 2644, LAAgOTS (10 mol%)
AL FIRTAR, 4248 (IPhSiH, NG 57, H,O/EtOH
(2: 1) NN, 2R T V24 h.
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B3, A AR, SRR 1/ R, Sl
L E96% (%2, 2b~2e), 5 & BIFAFE 5 B HLA R IA 55 12
MR 22 5, SR T BN IR, v DURRLE R, 7=
HNB5Y% (K2, 2f). BEJE 42 AR AL i 2500 B AE 141 1)
et xHaE. &L |, ESEFPREAMMENK R TS
ATDUSRSS, PR BT (R2, 2g~2)), 1ERMNAKR
R RN B B 7=, AR AR A A AR AT
R A I R R A EUE R, i A IR
FURSI B4R > BRSO SR 7=, LLTA% R A3
FIREIEE R (2, 2K). BATEHZHE TR, &
B R P& P, 45 R R BN A 05 A 4
A B, AT SRR RS, Y DL
W2 1G 58— 25005 HAEBUENER2, 21-2q). 75k,
BATCAAE AN 2R OB B YIRIRY), 1Rk
2 B, AT AR B, U3 N85% (K2, 2r).

BRIz A, Rk e ARG i 1 1 Ty e PR S0 1) B g
BB AR A (2, 28~2t). 9T H 8L TR
XF RSLEE R, IRV S E AR A A
e T B IR T R SRR BRI R (R 2,
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Table 2 Substrate scope”

NO, NH,
AgOTH (10 mol %)
/‘l N g PhSiH; (4.0 equiv.) /*I N
{ IR s 2T 1
LN > H,O/EIOH(2:1), 1t, 24 h NP>
1 2
NH,
wi LIS, O~
2 (92% 2b as,e; 2¢ (94%) 2d (96%)° 20 (78%)
@ cl 5,/@ F3CO
2h (88%) 2 (73%) 2j (89%)
NH NH; @ENHz
/Cr @ HOQ HO/\/© NH,
2K(74%) 21(85%) 2m (82%) 2n (76%) 20 (94%)
NH,
2 NH.
i " s o™ 2
N o
O )LN S
NH, H
2p (17%) 2q (74%)? 2r (85%) 25 (91%) 2t (93%)
NH, NH, NH; NH,
O /© \N/\/: BpinQ
iM H
2u(81%) 2v(82%) 2x (92%) 2y (94%)

NH

@ﬁ@ﬁj@”@@

22(83%)  2aa (17%) 2ab (94%)

A
NH, NO, ONH:
@ JO

2ae (81%) 2af (66%) 2ag (65%)

a) Wiz&fF: 1 (0.2 mmol), AgOTS (10 mol%), PhSiH; (0.8 mmol,
4.0 equiv.), H,O/EtOH (2.5 mL) A, =iE T RB24/M, Bk
Z; b) BtOHNH; ¢) 45C; d) 60°C, 48 h

2u~2x). FATEFEEE [ TR B0 i HE 00 A i
RIS, BB R R =18 94% (K2, 2y). %Ik
T EARRME M A SRR,  BTRAR I H A=)
RPN M(ER2, 2z~2ad), FFARKR M I
BN T BRAIE R R SR S IE A M, DRI B
e AAREMEIEY), LA86%I1 4 B IR IR 18 IR P~ ) 3h
CIEL(GR2, 2ae). FRILZ AL, 2R T o, B- AR 5
JEA, FEI A 13 B T B =40, 115 B 0L % PR I 5
(R4, S FEAS DR BE (62, 2af), HED ] BE S iy T A3k
WJE P NI, WHAFRE. AR R ER
I, GEBEEPEIE e — MR R B, 2 N65%

(%2, 2ag).
KT DR R AR RIS R, DA-id

FZONRUEIRDD, KRR R3S, BT SRR,
TEARUESRE N 48 h, IR F=H2a SR IA 51 78%
(K2a). 534k, BATERFTE TR EAL G IIE )R
1A 2 N T 299050 T . B, FAREEEILIA R 5

NO, NH,

AgOTf (10 mol %)
O O ©
2;

PhSiH; (4.0 equiv.)
1a,1.29 a
(0.77g, 78%)

H,O/EIOH(2:1), 1t, 48 h
_CHACOCI (1.0 equiv) \g/ (6)
RGN (1equ) Ho

DCM, 0 °C~t, 3 h
80%

NO,  AgOTf (10 mol %) NH,
O/ PhSiHs (4.0 equiv.) /@’
HO HO/EOH@1), 1. 24 h o
82%

2m a0 5paracetamol

im

NO,  AgOTf (10 mol %) NH,
/©/ PhSiH; (4.0 equiv.) /©/ CH,COCI (1.0 equiv) \g/
EO H,0/EI0H(2:1). 1t 24 h g1 EGN (Tleau) g0 (©
89% DCM, u C-1t,3h
1w 2w g, 6phenacetin

90%

B2 SEBRNL A5 T A R R R
Figure 2 Gram scale reaction and application in the preparation of
pharmaceuticals.

AT BN 2500 73 5 B B AR TR R e (1 20) A 258 3
Al (El2c), fEidE ZBA1S 3 4 N T IR 2
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WERFE, SR TR RS AL S P Ik o R
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TON2 25 1 H S 77)2,6- BT 2E-4-F LK)
(BHT)#12,2,6,6-VU F L0k g A AL #(TEMPO). 4
BHTHY, 1-Z5[& 15> B 514 82% (Kl3a), (H 2414
TEMPORY, &5 P55 B 5= % 831% (EI3b), R4
SCHRATE, A5 AT e R TEMPOS /K S 5 x
AR RANHELS. BRI, FERR T B B ERSAE NIg A N,
ML,

FLRBAT TR IE M 5258, PAL-RE JE 25 0 hn ik
), 2.5 mLIJCD;ODARE K/ L BN, TEbRAER
RiZEAE T, LL66% I #2182 A=), b ZEH AL E
KT 23% R A0 3e). N TIRFTTARKIRE, LL1-
ZEWNIEY), ERMERIZZMET, KA T21%8RAR. H

BERT RN, 5T RS SREEE IR R, RS JE e 2 e
RAERZIRA B (E3d). AN, BURER AR IR,

TEFRESRAE TR, BRIEBER, 2 EIENT1% (K
3e). [FIFEM SN, LA B E R PR HERY), 1EFRIE%
PEF, PA34%M) 50 SR A3 2R L (E131). AL Al ZE K
9 JEORHEE, [RIFE AT LIS BIPR R, 4 577 2 30% (El3g).
EHOE T DAY, fRECR . SRR RO R R A

AT A A HR b A Ak & 08 T B AR S R )
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1a 2a,31%
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n,24h
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— A
i, 24h

XY
o
&Z
=
w5
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o

2a, 96%
AgOT (10 mol%) i /@
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R __ PhSH,(@dequiv)
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3a 4a, 71%

AgOTf (10 mol%)
PhSiH, (4 equiv.)
H,O/EIOH(2/1), it, 24 h
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2
©/ ©

PhSiH, (4 equiv.)
2f, 30%
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B 3 s

Figure 3 Control experiments.
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Figure 4 Proposed mechanism.
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Silver-catalyzed reduction of nitro to amines in water

Hongmei Jiao, Rong Chen, Miaomiao Zhang, Wanzhen Guo, Yuanyuan Gao, Yuqi Zhang, Bo Han'

Laboratory of New Energy & New Functional Materials, Shaanxi Key Laboratory of Chemical Reaction Engineering, College of Chemistry and
Chemical Engineering, Yan’an University, Yan'an 716000, China

*Corresponding author (email: bhan@yau.edu.cn)

Abstract: Aromatic amines, an important basic chemical, are widely used in materials, medicinal chemistry and other
fields. It is of great scientific significance to develop new and efficient catalytic synthesis strategies for the preparation
of primary aromatic amines. In this study, the highly selective reduction of nitro was realized in the aqueous phase and
under mild conditions by using commercial easily available aromatic nitro compound as raw material, cheap AgOTT as
catalyst precursor, and phenylsilane as a reducing agent. The catalytic system with good compatibility, simple post-
processing operation, and the avoidance of using the hydrogen and autoclave equipment, provided a new idea for the
preparation of primary aromatic amines. The study on reaction mechanism showed that the silver hydrogen generated in
situ was an active species, and the nitroaromatic compounds were converted into the corresponding nitrosoarenes, with
azobenzene and hydrazobenzene as the intermediates.
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