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Photochemical Reduction of Nitroaromatics Mediated by
p-Toluenethiol/PCys
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(State Key Laboratory Breeding Base of Green Pesticide and Agricultural Bioengineering, Key Laboratory of Green
Pesticide and Agricultural Bioengineering, Ministry of Education, Guizhou University, Guiyang 550025)

Abstract A new photochemical reduction of nitroaromatics mediated by p-toluenethiol and PCys under solvent-free, met-
al-free, and mild conditions is reported for the first time. This reaction has shown good generalities, and amine derivatives with
different substituents and substitution patterns can be obtained in good yields. Therefore, this reduction method represents a

potentially valuable new strategy for the efficient synthesis of amine compounds.
Keywords nitroaromatics; reduction; photochemistry; aromatic amines
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RETHEY), G T — RIVE - & 4407 BT
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WARH) 5 E IR RS, 19208 R AT AR
Yi(Scheme 1c). A WG F A LN T HAL R B AAH
SN IR m AT S AL A Y, B AT
W, M TAEE AT T — R = W L
PEU2 JUH 2 2R PR ZH 3R] T R UR A 14, e i
TIRZ RPLFEAFIA . SCIRHERI(E . 2 athlr. 5
RUFH RN, I 5 I NI f B B
INEE . 2021 4R, BRSO ISHRIE 7RISR T,
A BRI Nal/PPhs ALK 22 55 PhSiH; v S 1t
TR IE A, 53] TN AY)(Scheme 1d). F:T
DL EAHSC B 8, FRATTBTH T USSR ik B 77, R0
W e R IRAEAR, 7E0T WG S FR T BR &
W JF RN A ) (Scheme 1e).

Metal reduction:

NO2 Pd/C, Pt/C, Fe/HCI NH
= Raney Ni, Co, Ru, Rh =
R | RT | (@)
o Hydrogen donor o
Metal-free reduction:
Freeman (2005): PR3 as a reducing agent
H

2

PPh3 0-DCB N

Liu (2010): RSH as a hydrogen source donor

vE gy OH.PEG600_ -, HX (©)
-+ +R-SH ——————— Y'— +

R
S, Ny 100°C, 2h S, N

X=F, Cl, Y =NO,
Y'=NHy; Z = CH, N

Huang (2021): Photochemical reduction

e
Nal, PPhg, PhSiH3 Nal, PPh d

_ Z : N ()
RL | CHCly R-— || 1,4-dioxane, Ar
N Ar, Blue LEDs X Blue LEDs

(R =2-Ar?)
This work:
NO2 NH2
PR3, ArSH
X R X (e)
R—: Blue LEDs L
=

B 1 RS ERE MR R

Scheme 1 Reduction of nitroaromatic compounds
1 ZR5HE

DL B2 5 45 HL RS 100 A JE B 2R (1a) 1 A 455 284
M, X RBLEAT KA, R R WK 1 PR, FEXT
F BRI By (A PE N SR A, AKAE R A4 T,
TSN AR BUBS 21T )R B(% 1, Entries 1~4).
MR I B4 R, 2 = FF O3 B (Ps) 1 3k SR R
HARF=W) 2a HI7F2 23R 75%. 6 UL =3 OB (Pa)TE N
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T G5 25 SR X SN R, SRR 2 A 22 [FE
FIFRAEHEE(F 1, Entries 5, 6). 5 XEZE T A
TRHEARXT B N2 2 s, 25 S R e AR k2
SEEY) 2a PR RIEAK, BEEMEAT] AR 2a(F
1, Entries 7~9). N 7 EIFEIF =R, il —DH#
e o6 R SR IR Y (A) R = 2 L B (Pa) 1 FH =, 46
NI 3 h, S5 KIS 300 mol% ) =1 CLAE B A
X FIE SRR, HARPE4 2a W LUEE] 93% 7= 5 (%
1, Entry 10). /5, TATEEATHUZIN, 7EAMTTE T
PGSR, BEARr=4) 2a (7= 2 0] DUAF] 98%(F 1, Entry
11).
F1 ORISR 1a P IR R R SR AL @

Table 1 Condition optimization for the reduction of the ni-
troarene 1a

N02 NHZ

P (110 mol%)
Additive (110 mol%)
Blue LED (440 ~ 445 nm), 10 W

Solvent, r.t.,, Ny, 24 h

Ph Ph
1a 2a
| Additive:
:Zh ©:Pph2 SH
Ph P, Ph o, PPhy ! A:R=CH,
2 | B: R = OCH;
Q : R
L Ty
O/P:O Py c D
Entry P Solvent Additive Yield”/%
1 Py H0 A 67
2 P2 H0 A 50
3 P3 H0 A 75
4 P4 H0 A 66
5 P3 MeOH A 55
6 P i-PrOH A 13
7 P3 H0 B 69
8 P H0 C 0
9 P3 H0 D 0
10¢ P H0 A 93
11¢ P — A 98

@ General conditions: 1a (0.10 mmol), P (0.11 mmol), additive (0.11 mmol),
blue LED 440~445 nm, 10 W and solvent (2.0 mL) at r.t. for 24 h. ? Isolated
yield of 2a. ¢ With 0.30 mmol of P and 0.30 mmol of p-toluenethiol for 3 h.

TERE T BAERMNFFEER 1, Entry 11), X EA
AN TR AR B X I A 2R SR A 11 S
BHAT T B8 2). RIEM AL a7 4 A {5 4]
A B A 2R R A 1 #Re R AR IR IR R B, BA
R 257 CRAR B R B b b &Y (R 2, 2b~
21). YR EE )R At L 2 (A Bl T S AT
e R A SR S B, AH BT AR AL IR AT FHASCR, S 3K
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FLAH R H bR & YIRS FTF# KGR 2, 2m~2¢). B
JG, NT R BREFZTE G, R T SR
AR TS K ZE g, F£53 7 LL 94% K0 61% 1) 7= 263k
/7 1-BHZEQu)M 3-F M e Q). EAERNAZ, M
HERM =B A R AR RN, DL 82% i %45 3]
T HEY) 42N =R Qw). U 4,4- R
FNENRPIATIRJRRS, LL 49%1 7= K15 5] 4,4- —F I
PR (2x). IR A) A2, UM RN OS5 R M,
HEAE LR B S(2y). IR E4 R BN, %7
BREE BN Z RS E
2 YIRS R E BT AL

Table 2 Evaluation of substrate scope for the reduction of nitro
the compounds

NO, NH,
P3 (300 mol%)
R AS A (300 mol%) R X
A Blue LED 440 ~ 445 nm, 10 W N~
1 No solvent, r.t.,, N5, 3 h 2
NH, NH, NH, NH, NH, NH,
Ph Pr CN Br Cl I
2a,98% 2b,59% 2c,63% 2d,98% 2e,79% 2f 86%
NH, NH, NH, NH, NH,
t “Ph t Bu t “CN t “Br t ~Cl
29, 98% 2h, 63% 2i, 83% 2j, 88% 2k, 63%
NH> NH, NH, NH, NH,
QL salvilionlion
I
21, 87% 2m, 47% 2n, 30% 20, 41% 2p, 40%
NH, NH, NH, NH, NH,
2q, 35% 2r, 17% 2s, 38% 2t, 45% 2u, 94%

NH; NH, NH,  NH»
2 ® g
SN O O

2v, 61%Ph 2w, 82% HoN 2x, 49%" 2y, 0%

4 General conditions: 1a (0.10 mmol), P3 (0.30 mmol), A (0.30 mmol), blue
LED 440~445 nm and 10 W at r.t. for 3 h. ® 1a (0.10 mmol), P3 (0.60 mmol),
A (0.60 mmol), blue LED 440~445 nm and 10 W at r.t. for 3 h

T BRSSP, DO [ A, 6
REAT T 1.0 mmol [FFBUKSEL(Scheme 2a). 1%k i %
MLL 88% I Za1G 2] B AR =4 2a, WHZ N EAK
U S A . B S SR R B AR i3 T S ) D6 UK,
TEAEFHE RSO N2 B A= 2a, RN 53%
(Scheme 2b). EIAUCERAG FrBEAR, (HEEfE 7 — 4 0%,
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R A LR SRS, 205t 8 R FIDE/E AiZE 5
IRBLEDEIE, e R SR Mk . Zit.
FERAEVE SR R B 5.

(a) 1.0 mmol scales synthesis of 2a

NO, NH,
P3 (300 mol%)
A (300 mol%)
Blue LED 440 ~ 445 nm, 10 W
Ph No solvent, r.t.,, N5, 3 h Ph
1a, 1.0 mmol 2a, 88%, 148 mg
(b) The reaction of sunlight as a light source
NO, NH;
P3 (300 mol%)
A (300 mol%)
Sun light, No solvent, r.t., N5, 3 h
Ph Ph
1a, 0.1 mmol 2a, 53%

B2 1.0 mmol BRI & B A R BRGAE AGIR i S
Scheme 2 Synthesis at 1.0 mmol scale and reaction using sun-
light as light source

i S NS MEATLER PRI AN Scheme 3 TR, B %k
=W CERHESU ST 1a PRI B AL LR
RFENEAEE T, 2R )5 =3 R B WA R b ()44 10,
TR A T X A0 7R RIRE 5 b =3 O
SUBE, TSRS IR TVUOL dRRE TV EE AR E,
R R R MO AR R A H T,
TR e BT B2 v, HPIAME VRS — 256
I R AR TR N, AR H AR 2a. (A
BRI, BFE T AR T I TR, ATE
A1 H R ) A i A A IR S A R R R K R
A2. A2 7 TAERATIRBAR R AR E, FEFES
oy, AEURT DL AR - B IR T BO S N
7 MW 3.

- 0 O
NO, ONZpey, Ec Oy * NTPCys
Ph Ph Ph Ph
1a [ [ i

- H —< >—SH g
NH, @SH:N PCy;

B3 IR L [ e R AL
Scheme 3 Proposed reaction mechanism for the reduction of
the nitro arene
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2 Zhig

Zi bR, PR T R RENEER kRS S,
Xt IR B Y = 30 LA A 3 BB B 5T R IR D6 A 23 i
B BBERATAEYIN 5%, I RO R A, R
FNERE, B AR S kD 5 B SRAT A mT LSRG R
G SRR RIRBASE AR IR, X275 204 B A 5
RWEYRAT THIPI T, RN R R G RS
PRREE T —Fhagth . ST, WERETERIH R, A
T A AR AT 28 I 2 A E.

3 XIS
31 E5RH

Bruker ASCEND (400 MHz) spectrometer il
JEOL-ECX-500 (500 MHz)#Z g EPRA%, LAVY A 3 fk e
(TMS) AN FF, CDCls i, CDCls Bk 2= AR I
96 7.26 (‘"H NMR)FI 77.16 (3C NMR). FTA H—Fr
ZARE AR AR 2 I B LI, N5 R
Z4 5 20 M 48 5 N 2 EE UE (m) 5K 98 0% (br). WATTCAS
1020SL Ytk 22 34X ; Thermo Fisher Q Exactive mass
spectrometer =173 0T A (FRER /R BHE A IR A 7)),
WFH-203B A = F 840 73 A (RS RS A R 2 7).
F 0.2 mm FFERAR(TLC) K MM S 82, 7248 4MT R HEAT
FURIR

T AR R 50 2 AT 3 B2 D S 1, 37
I RKAZMEWS BRES, K. B REEE.

3.2 ZLWAHE

£ 4.0 mL [ S S AR OMA 1 (0.10 mmol). =
P CHEEBE0.30 mmol). S LKA (0.30 mmol), 1RE
B4, ¥ R NACH T 10 W, 3 h, FFEOGE
(440~445 nm). MR JE, H 0.5 mL B &L
(DCM)¥EM G, F 100~200 HHIEER, 82N [V(A
B D MR ZH8)=50 : 1~10 : 11246753 H Atk
& 2a~2x.

[1,1-BE 2 ]-4-fE 2a)l' 7 A K, 16.6 mg, WHR
98%. m.p. 51~53 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.57~7.50 (m, 2H), 7.45~7.35 (m, 4H), 7.25 (s, 1H),
6.79~6.72 (m, 2H), 3.72 (s, 2H, NH,); *C NMR (101
MHz, CDCly) 0: 145.9, 141.2, 131.6, 128.7, 128.0, 126.4,
126.3, 115.4. HRMS caled for CpHoN [M + H] '
170.0964, found 170.0967.

4- 5 A HE R N (2b)B: IR B AR, 8.0 mg, WFE
59%. '"H NMR (400 MHz, CDCl) 8: 7.1~7.0 (m, 2H),
6.7~6.6 (m, 2H), 3.1 (s, 2H, NH,), 2.75~2.86 (m, 1H,
CH(CH:),), 1.2 (d, J=8.0 Hz, 6H, CH(CHz),); 3C NMR
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(101 MHz, CDCls) J: 144.1, 139.2, 127.2, 115.2, 33.2,
24.2. HRMS calcd for CoHisN [M+H]" 136.1121, found
136.1123.

4-FHRFE e, [ EEE, 7.4 mg, I 63%.
m.p. 83~85 ‘C; 'H NMR (400 MHz, CDCls) 0: 7.46~
7.33 (m, 2H), 6.72~6.57 (m, 2H), 4.22 (s, 2H, NHy); '*C
NMR (101 MHz, CDCl:) d: 150.6, 133.8, 120.3, 114.5,
100.0. HRMS calced for C7H7N; [M+H]" 119.0604, found
119.0608.

4-BAR QO A E A, 16.9 mg, 1TFE 98%.
m.p. 59~61 ‘C; 'H NMR (400 MHz, CDCls) 0: 7.25~
7.18 (m, 2H), 6.66~6.46 (m, 2H), 3.61 (s, 2H, NHy); '*C
NMR (101 MHz, CDCly) §: 145.4, 132.0, 116.8, 110.2.
HRMS caled for C¢H/BIN [M-+H] " 171.9756, found
171.9759.

4-FH R e FEFEAE, 10.1 mg, 18E 79%.
m.p. 66~69 ‘C; 'H NMR (400 MHz, CDCls) 0: 7.17~
7.03 (m, 2H), 6.66~6.52 (m, 2H), 3.44 (s, 2H, NH,); '*C
NMR (101 MHz, CDCly) d: 145.0, 129.1, 123.2, 116.3.
HRMS caled for CéH,CIN [M+H]" 128.0262, found
128.0266.

4-TWOR e 2017 [l {E, 18.8 mg, Y& 86%.
m.p. 60~61 ‘C; 'H NMR (400 MHz, CDCls) 0: 7.48~
7.35 (m, 2H), 6.53~6.39 (m, 2H), 3.40 (s, 2H, NHy); '*C
NMR (101 MHz, CDCly) §: 146.1, 137.9, 117.3, 79.4.
HRMS caled for CeH7/IN [M+H]" 219.9618, found
219.9621.

[1,1-BE2K]-3-2g) "8 iR B EAilifk, 16.6 mg, W%
98%. 'H NMR (400 MHz, CDCl3) d: 7.59~7.52 (m, 2H),
7.47~7.36 (m, 2H), 7.36~7.28 (m, 1H), 7.26~7.16 (m,
1H), 7.03~6.95 (m, 1H), 6.89 (t, J=2.0 Hz, 1H), 6.66
(ddd, J=7.9, 2.4, 1.0 Hz, 1H), 3.44 (s, 2H, NHy); 1*C
NMR (101 MHz, CDCl:) 0: 146.8, 142.5, 141.4, 129.7,
128.7, 127.3, 127.2, 117.7, 114.2, 114.0. HRMS calcd for
Ci2HioN [M+H]" 170.0964, found 170.0960.

3BT HERZ (2h): TLEBIE, 9.4 mg, ITE 63%.
'H NMR (400 MHz, CDCl3) 6: 7.09 (t, J=7.8 Hz, 1H),
6.80 (ddd, J=7.9, 1.9, 1.0 Hz, 1H), 6.72 (t, J=2.1 Hz,
1H), 6.52 (ddd, J=7.8, 2.3, 1.0 Hz, 1H), 3.35 (s, 2H,
NH>), 1.29 (s, 9H, C(CH3)3); *C NMR (101 MHz, CDCls)
d: 152.5, 146.1, 129.0, 115. 9, 112.5, 112.4, 34.6, 31.3.
HRMS caled for CjoH;gN [M+H]" 150.1277, found
150.1279.

-FAEKFIEQH: R AWM, 9.8 mg, IFE
83%. '"H NMR (400 MHz, CDCl;) §: 7.22 (t, J=7.9 Hz,

Chin. J. Org. Chem. 2021, 41, 4773~4779
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1H), 7.01 (d, J=7.6 Hz, 1H), 6.96~6.76 (m, 2H), 4.40~
3.32 (m, 2H, NH,); *C NMR (101 MHz, CDCl;) §: 147.0,
130.1, 122.0, 119.2, 117.4, 112.9. HRMS calcd for C;H7N,
[M+H]" 119.0604, found 119.0607.

3IRIRIZ U IR AW, 15.1 mg, YR 88%.
'H NMR (400 MHz, CDCls) 6: 6.99 (t, J=7.9 Hz, 1H),
6.90~6.79 (m, 2H), 6.58 (ddd, J=8.0, 2.2, 1.0 Hz, 1H),
3.61 (s, 2H, NH,); 3C NMR (101 MHz, CDCl;) ¢: 147.8,
130.6, 123.1, 121.4, 117.8, 113.7. HRMS calcd for
CeH7BrN [M+H]" 171.9756, found 171.9760.

- AN 2K B B, 8.0 mg, HE 63%.
'H NMR (400 MHz, CDCls) 6: 7.00 (t, J=8.0 Hz, 1H),
6.72~6.65 (m, 1H), 6.58 (t, J=2.2 Hz, 1H), 6.49~6.43
(m, 1H), 3.60 (s, 2H, NH,); 3C NMR (101 MHz, CDCls)
5: 147.9, 134.8, 130.5, 118.4, 115.0, 113.4. HRMS calcd
for CH7CIN [M+H]" 128.0262, found 128.0260.

3-RR L 2D R AR, 19.1 mg, IFE 87%.
'H NMR (400 MHz, CDCls) §: 7.11~7.00 (m, 2H), 6.85
(t, J=7.9 Hz, 1H), 6.61 (ddd, J=8.1, 2.3, 1.0 Hz, 1H),
3.45 (s, 2H, NH,); 3C NMR (101 MHz, CDCl;) ¢: 147.8,
130.8, 127.5, 123.8, 114.3, 95.0. HRMS calcd for CsH7IN
[M+H]" 219.9618, found 219.9621.

2-ZHERFEm)P: AW, 5.7 mg, R 47%.
'H NMR (400 MHz, CDCl;) d: 7.10~6.99 (m, 2H), 6.74
(td, J=7.4, 1.3 Hz, 1H), 6.65 (dd, J=7.9, 1.3 Hz, 1H),
3.53 (s, 2H, NHy), 2.50 (q, J=7.5 Hz, 2H, CH2CHj3), 1.24
(t, J=7.6 Hz, 3H, CH,CH3); 3C NMR (101 MHz, CDCl5)
5: 144.1, 128.4, 128.1, 126.9, 118.9, 115.4, 24.1, 13.1.
HRMS caled for CgH,N [M+H] ™ 122.0964, found
122.0958.

2- S IR R (2P R B AR, 4.1 mg, R
30%. 'H NMR (400 MHz, CDCl3) o: 7.13 (d, J=7.7 Hz,
1H), 7.03~6.98 (m, 1H), 6.77 (td, J=7.5, 1.5 Hz, 1H),
6.64 (dd, J=17.9, 1.4 Hz, 1H), 3.60 (s, 2H, NH,), 2.93~
2.83 (m, 1H, CH(CHs),), 1.25 (dd, J=6.9, 1.3 Hz, 6H,
CH(CHa)2); *C NMR (101 MHz, CDCls) ¢: 143.4, 132.7,
126.6, 125.5, 119.1, 115.9, 27.7, 22.4. HRMS calcd for
CoH 14N [M+H]" 136.1121, found 136.1121.

2-H T H T (20): WRIEEIIAE, 6.1 mg, P 41%.
'H NMR (400 MHz, CDCl3) 6: 7.23 (dd, J=7.9, 1.6 Hz,
1H), 7.02 (td, J=7.5, 1.5 Hz, 1H), 6.73 (td, J=7.6, 1.4 Hz,
1H), 6.62 (dd, J=7.8, 1.4 Hz, 1H), 3.73 (s, 2H, NH,), 1.41
(s, 9H, C(CHs)3); *C NMR (101 MHz, CDCls) d: 144.7,
133.8, 127.1, 126.6, 118.7, 117.9, 34.3, 29.7. HRMS calcd
for C1oH ;N [M+H]" 150.1277, found 150.1278.
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2-FIEEF G AMEA, 4.7 mg, K 40%.
m.p. 46~47 °C; '"H NMR (400 MHz, CDCl;) 6: 7.38 (dd,
J=8.0, 1.6 Hz, 1H), 7.32 (ddd, J=8.9, 7.3, 1.6 Hz, 1H),
6.79~6.69 (m, 2H), 4.41 (s, 2H, NH,); 3C NMR (101
MHz, CDCls) d: 149.6, 134.0, 132.4, 118.0, 117.6, 115.2,
96.1. HRMS calced for C;H:N, [M+H]" 119.0604, found
119.0607.

2-RR [ (2q)122: R AR, 6.0 mg, I 35%.
'H NMR (400 MHz, CDCl3) 6: 7.39 (dt, J=8.0, 1.6 Hz,
1H), 7.08 (td, J=7.5, 1.4 Hz, 1H), 6.72 (dd, J=8.0, 1.6
Hz, 1H), 6.59 (td, J=7.5, 1.5 Hz, 1H), 4.04 (s, 2H, NH,);
13C NMR (101 MHz, CDCl3) §: 144.2, 132.6, 128.4, 119.5,
115.9, 109.4. HRMS caled for C¢H;BrN [M—l—H]+
171.9756, found 171.9757.

2-FARIE @)L R EEAK, 2.2 mg, R 17%.
'H NMR (400 MHz, CDCl3) 6: 7.23 (dd, J=7.9, 1.4 Hz,
1H), 7.05 (td, J=7.7, 1.5 Hz, 1H), 6.74 (dd, J=8.0, 1.6
Hz, 1H), 6.67 (td, J=7.7, 1.5 Hz, 1H), 3.99 (s, 2H, NH,);
13C NMR (101 MHz, CDCls) §: 143.0, 129.5, 127.7, 119.3,
119.1, 115.9. HRMS caled for CeH,CIN [M + H] "
128.0262, found 128.0257.

2-WOR I (28) 1) 1R B AR, 8.3 mg, Y# 38%. 'H
NMR (400 MHz, CDCls) 6: 7.63 (dd, J=7.9, 1.4 Hz, 1H),
7.13 (ddd, J=8.0, 7.3, 1.5 Hz, 1H), 6.75 (dd, J=8.0, 1.5
Hz, 1H), 6.47 (ddd, J=7.9, 7.2, 1.5 Hz, 1H), 4.06 (s, 2H,
NH,); 3C NMR (101 MHz, CDCl;) §: 146.8, 139.0, 129.4,
120.0, 114.8, 84.2. HRMS caled for C¢H;IN [M+H]"
219.9618, found 219.9617.

2-— A LK IZ (20): TERAE, 7.2 mg, K 45%.
'H NMR (400 MHz, CDCls) 6: 7.4 (d, J=8.0 Hz, 1H), 7.3
(ddd, J=8.8, 7.6, 1.5 Hz, 1H), 6.8~6.7 (m, 2H), 4.1 (s,
2H); 3C NMR (101 MHz, CDCLs) J: 144.5, 132.9, 126.5
(q, J=5.3 Hz), 125.1 (q, J=272.2 Hz), 117.6, 117.1 113.8
(q, J=30 Hz); 9F NMR (376 MHz, CDCls) §: —62.8.
HRMS caled for C;HsFsN [M—H] 160.0380, found
160.0380.

-5 222w [ AERE A, 13.5 mg, BCE 94%.
m.p. 48~49 °C; 'H NMR (400 MHz, CDCls) J: 7.81~
7.70 (m, 2H), 7.47~7.36 (m, 2H), 7.32~7.21 (m, 2H),
6.70 (dd, J=7.0, 1.5 Hz, 1H), 3.95 (s, 2H, NH,); 3C NMR
(101 MHz, CDCLy) 6: 142.2, 134.5, 128.7, 126.5, 126.0,
125.0, 123.8, 120.9, 119.0, 109.8. HRMS calcd for
CioHi1oN [M+H]" 144.0808, found 144.0808.

3-ZAEEMEE V)T [EE, 5.7 mg, R 61%.
m.p. 59~60 ‘C; 'H NMR (400 MHz, CDCls) d: 8.09 (d,
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J=2.7 Hz, 1H), 8.01 (dd, J=4.7, 1.6 Hz, 1H), 7.06 (dd,
J=8.1, 4.7 Hz, 1H), 6.96 (ddd, J=8.2, 3.0, 1.5 Hz, 1H),
3.71 (s, 2H, NH,); '*C NMR (101 MHz, CDCl3) J: 142.7,
139.9, 137.5, 123.8, 121.5. HRMS calcd for CsH7N, [M+
H]" 95.0604, found 95.0609.

4-F I B w): A EE A, 20.1 mg, IE
82%. m.p. 200~201 C; 'H NMR (400 MHz, CDCI;) ¢:
7.63 (dd, J=7.5, 2.0 Hz, 6H), 7.50~7.40 (m, 4H), 7.34 (t,
J=17.3 Hz, 1H), 6.81~6.73 (m, 2H), 3.74 (s, 2H, NH,);
3BC NMR (101 MHz, CDCl) d: 146.0, 140.9, 140.1, 139.1,
131.0, 128.8, 128.0, 127.4, 127.2, 127.0, 126.7, 115.5.
HRMS caled for CisHigN [M+H]" 246.1277, found
246.1275.

4.4- " FFEPOR(2x): FAEE, 9.1 mg, E 49%.
m.p. 118~120 C; 'H NMR (400 MHz, CDCp) J: 7.4~
7.3 (m, 4H), 6.8~6.7 (m, 4H), 3.6 (s, 4H, NH,); 3C NMR
(101 MHz, CDCls) d: 145.0, 131.9, 127.3, 115.5. HRMS
caled for CioH 3N, [M+H]" 185.1073, found 185.1075.

4B KL (Supporting Information) & MALAYIH 'H
NMR, *C NMR, ""F NMR % [&]. X £eptBhn] L4 2 A
T3 (http:/ sioc-journal.cn/)_E %%,
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