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Synthesis of Nitroarenes under Microwave
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Abstract The reaction of arylboronic acids with bismuth(III) nitrate pentahydrate resulted in a series of nitroarenes when the
reaction was carried out under microwave (120 °C) for 1 min in 1,2-dichloroethane. Compared with traditional heating condi-
tion, the method of microwave condition for the preparation of nitroarenes was simple, efficient, time-saving, and of less
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by-products. In addition, possible free radical mechanism was proposed.
Keywords arylboronic acids; bismuth(III) nitrate pentahydrate; nitroarenes; microwave; free radical conversion
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Table 1 Optimization of reaction conditions
B(OH), NO,
+ MNOj3 MW
2 Solvent_
Temp., Time
1 3
Entry  Nitrate salts (equiv.) Solvent Temp./C Time/min Yield®/%
1 Bi(NOs);°5H,0 (2) CICH,CH,C1 120 1 75
2 Zn(NO3),*6H,0 (3) CICH,CH,Cl 120 1 Trace
3 KNOs; (6) CICH,CH,Cl 120 1 0
4 NH4NO; (6) CICH,CH,Cl 120 1 0
5 AgNO; (6) CICH,CH,Cl 120 1 0
6 Cu(NOs3),°3H,0 (3) CICH,CH,Cl 120 1 Trace
7 Bi(NOs);°5H,0 (2) THF 120 1 0
8 Bi(NOs);°5H,0 (2) Ethyl acetate 120 1 0
9 Bi(NOs);°5H,0 (2) CH,Cl, 120 1 67
10 Bi(NOs);°5H,0 (2) Acetone 120 1 0
11 Bi(NOs);°5H,0 (2) CH;0H 120 1 0
12 Bi(NOs);°5H,0 (2) CH;CN 120 1 0
13 Bi(NOs);°5H,0 (2) CICH,CH,Cl 110 1 50
14 Bi(NOs);°5H,0 (2) CICH,CH,Cl 130 1 67
15 Bi(NOs);°5H,0 (2) CICH,CH,Cl 70 15 33
16 Bi(NOs);°5H,0 (2) CICH,CH,Cl 80 15 58
17 Bi(NOs);°5H,0 (2) CICH,CH,Cl 90 8 58
18 Bi(NOs);°5H,0 (2) CICH,CH,C1 100 4 75
19 Bi(NOs);°5H,0 (2) CICH,CH,C1 110 2 67
20 Bi(NOs);°5H,0 (2) CICH,CH,C1 120 2 63
21 Bi(NO3);°5H,0 (2) CICH,CH,Cl 120 0.5 42
“Reaction conditions: 1 (1 mmol), 2 (2 mmol), solvent (3 mL). * Isolated yield.
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Table 2 Synthesis of nitroarenes

B(OH), NO,
MW
RZ ] * BilNOgs:5H0 —————= o @
~ CICH,CH,CI ~
1 3
Entry Product Yield®/% | Entry Product Yield”/%
NO
3a 3h 2
HsCOC NO Q O NO
2 3 <> 2 19 9 '._'._ 2 Trace
3b 3i
HgCO@NOZ . QNOZ
3 73 10 o Trace
3c 3]
HgC@NOz NO,
4 29 11 0
3d HO 3k
NG J m@mz
5 79 12 0
3 3l
NO,
F c—< >—NO
6 l‘“ir 65 13 : ? 0
3f 3m
0 NO,
7¢ %I:T 50
3g

“Reaction conditions: 1 (1 mmol), 2 (2 mmol), 1,2-dichloroethane (3 mL), 120 C, 1 min. *solated yield. ©70 °C, 15 min. 4120 “C, 1 min later, and then 130 C, 1

min. 130 °C, 1 min later, and then 140 ‘C, 1 min.
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Table 3 Comparison of reaction carried out under traditional
heating and microwave condition

B(OH), NO,
R ||+ Bi(NOg)3-5H,0 =
- i(NOg3)3 -5H; R |
2 X
1 3
Yield */%
E Product  Traditional heati
ntry roduc raditional heating MW condition
2h 1h
1 @‘Noz 44(5h) 10 75
3a
HCO—< >—NO
2 ¢ 260(5h) 20 73¢
3c
NO,
3 67 35 79¢
3eCH3
NO,
4 70 37 65
3f

o] NO,
5 <oj©/ 50 28 50
3g

“ Heating reaction conditions: 1 (1 mmol), 2 (2 mmol), toluene (5 mL), 80 C,
2 h or 1 h, Ar. Microwave reaction conditions: 1 (I mmol), 2 (2 mmol),
1,2-dichloroethane (3 mL), 120 °C, 1 min. ° Isolated yield. 70 C, 15 min.
9120 °C, 1 min later, and then 130 °C, 1 min.

F 4 BHEETRF 2N F R 1
Table 4 the Influence of free radical initiator 1

B(OH), NO,

CICh,CH,CI, MW
+ Bi(NOs)3-5H,0 ———

2
1 3
Entry Conditions Temp./C Yield */%
1 TEMPO (4) 120 10
2 tert-butyl hydroperoxide (5) 120 83
3 K,S,05 (6) 80 10

“ Reaction conditions: 1 (1 mmol), 2 (2 mmol), 4 (3 mmol), 5 (65% aq. 2
droups), 6 (1 mmol), solvent (3 mL), 1 h. *Isolated yield.

FER PR 1 10% ETHE] T 83%, XATHER R H H
HEF TEMPO (AR, ] 1 s Rk #2 b | E kY
PR, IS S AE AEAT, SR 2SR IR, AT 2 i
AR, 3t T B B A, SR TR .
IR0 C)FFAME R, W KoS,05 (6)fF, Sl inE Hid
75 TEMPO (4) S SAREE, IR AU R LA A
AL, X AT REAE D iR 51557 KoS,05 (6)FE1Z R T,
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Table 5 the Influence of free radical initiator 2

B(OH), NO,

MW
+ Bi(NOj3);-5H,0
(NOs)s 2 1,2-dichloroethane
2

1 tert-butyl hydroperoxide (5)

Entry Temp./C Yield /%
1 140 92
2 120 83
3 80 0

“Reaction conditions : 1 (1 mmol), 2 (2 mmol), 5 (65% aq. 2 drops), solvent (3
mL), 1 h. *Isolated yield.

ME 5 HATUUEH, 5 120 CEIE TR MAEH,
BT 140 CHY, REERMCR R 83% Bl T
92%, X A] e R A il 51 R FITE R T = i, A3 R
HAR, R T R FE A E A, SNt T R
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Kl 83% FRFEIT 0, 1Xn] g KA S N B i K
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] 1 S5z AL 46 B A

ZR ERTIR, BRG] RN % R B A R B R
Wi, M AL A AR 40T 3 SR AL

2 #ig

A SO0 E SO R A Sk R HEAT T 05 R S K
AR OB, 13E) T RA D F ARG, @i
S AN TR S B 2 A B, WfE T iR N AR E.
S AR A K B RN ER L TN 1,2- R Lk
BN 120 C. M 1 min B, R & TIA
79%. [EII, SAEGMMEEAE T IO 45 AR B, Tk
PR S W BIFEA. BorEiial. &S,
Xif B3 5] R FIRHZ R N RS EAT TR R, HEMFL AT
feegeid | AL

3 SCIOERSY
31 UEE5H

ZF-1 M= H4E4MY, ETS-D5 BUEIRRE 7 mF#di 1
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AR (Bruker ARX 400), Perkin Elmer FT-IR Spectro-
photometer BUZLAM, BT FARGRIE A 2 #r 4.
32 ZWHE

TE TSR Wb~ PIBCE 3 MG &4 1 (1 mmol)Fl
KA REIR%ES 2 (2 mmol), I 3 mL 1,2- & LkE. K
It B R e B S, N R R, W E IR
120 C, BFECA 1 min. RV HRG, FFBEER AR
Fin, FREVIREIE, WU OB ZlRA & b
ek, WCERIEW, IR IEZE, BHATRE ST B AR 2] H AR
Y3, TRIRFIN[( LR 18 © VA EE) =S5 : 95].
FHH 'THNMR. "“C NMR FIZ a0 B AR & 90847 17 %
fiE.

Bt 3 2K (3a)*7 9% 3% B HIRBAA . "TH NMR (400
MHz, CDCLy) d: 8.22 (d, J=8.0 Hz, 2H), 7.71 (t, J=8.0
Hz, 1H), 7.55 (t, J=8.0 Hz, 2H); *C NMR (100 MHz,
CDCly) o: 148.24, 134.65, 129.36, 123.48. IR (KBr) v:
3071, 1605, 1524, 1348 cm ™.

4-TlFHEZE 2B (3b): ¥ E 4K, mp. 74~76 C
(Lit.*™ 75~76 °C); 'H NMR (400 MHz, DMSO) ¢: 8.34
(d, J=8.0 Hz, 2H), 8.18 (d, J=8.0 Hz, 2H), 2.68 (s, 3H);
C NMR (101 MHz, DMSO) d: 197.14, 149.64, 141.01,
129.36, 123.60, 26.89; IR (KBr) v: 3600, 3107, 1693,
1606, 1528, 1345, 1261 cm ™.

4-TYFEZE FEE(3e)?: T AGFE L, mp. 52~55 C
(Lit.*® 51~53 “C); '"H NMR (400 MHz, CDCL;) J: 8.19
(d, J=8.0 Hz, 2H), 6.96 (d, J=8.0 Hz, 2H), 3.89 (s, 3H);
C NMR (100 MHz, CDCl;) 6 164.68, 141.65, 125.98,
114.10, 56.04; IR (KBr) v: 3433, 3081, 1608, 1591, 1499,
1332, 1264, 1110, 1022 cm .

4-Ti 2 PR 3P 3R B @R K, mp. 51~53 C
(Lit.*® 51~52 “C), "H NMR (400 MHz, CDCl;) J: 8.11
(d, J=8.0 Hz, 2H), 7.31 (d, J=8.0 Hz, 2H), 2.46 (s, 3H);
C NMR (100 MHz, CDCly) J: 145.98, 145.78, 129.46,
123.23, 21.56; IR (KBr) v: 3649, 3081, 1597, 1517, 1345
-1

2- Tl 2 H K (3e)™™: ¥R FE M4k, 'H NMR (400
MHz, DMSO-dg) 6: 7.98 (d, J=8.0 Hz, 1H), 7.64 (t, J=
8.0 Hz, 1H), 7.52~7.45 (m, 2H), 2.52 (s, 3H); *C NMR
(101 MHz, DMSO) 6: 154.25, 138.69, 138.06, 137.93,
132.63, 129.60, 24.75; IR (KBr) v: 3465, 3069, 1612,
1523, 1347 cm ™.

2-TY I ZE 3O ¥k ¥ @ E A, mp. 76~78 C
(Lit."! 74~76 °C); '"H NMR (400 MHz, DMSO) §: 9.01
(s, 1H), 8.31—8.12 (m, 4H), 7.82—7.72 (m, 2H); "C
NMR (101 MHz, DMSO-dy) § 145.15, 135.56, 131.70,

cm
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130.28, 130.15, 129.94, 128.17, 128.06, 124.70, 119.13; IR
(KBr) v: 3674, 3062, 1603, 1529, 1500, 1347, 1333 cm .
3, 4-WF H E AR R IE G R AR A, mp.
144~147 C (Lit.”® 146~147 C); "H NMR (400 MHz,
CDCly) 6: 7.89 (d, J=8.0 Hz, 1H), 7.67 (s, 1H), 6.87 (d,
J=8.0 Hz, 1H), 6.14 (s, 2H); *C NMR (100 MHz, CDCl;)
0: 153.15, 148.25, 142.97, 119.91, 107.58, 104.53, 103.05;
IR (KBr) v: 3435, 3116, 2924, 1609, 1503, 1487, 1339
-1
4-FiFE TR IRED BT S E A, mop. 159~
161 C (Lit”*" 158~161 C); 'H NMR (400 MHz,
CDCly) J: 8.46~8.40 (m, 2H), 8.16 (d, J=8.0 Hz, 1H),
791 (d, J=8.0 Hz, 1H), 7.61~7.50 (m, 3H); >C NMR
(100 MHz, CDCl;) d: 142.89, 140.94, 138.86, 135.41,
133.81, 128.15, 127.21, 125.28, 124.67, 123.22, 122.73,
121.83; IR (KBr) v: 3434, 2921, 1610, 1520, 1340, 1318

-1

cm

cm

4 Bi#1 K (Supporting Information) fH3EIK. 4-hlFEA
S 4-THER FE . 4-FHBE IR, 2-FHAEHI 2R, 2-TH
IR 34 H AR BRI OR . 4-T R R IRIEMY 1 IR,
'H NMR, C NMR B, XLk kEa] LG 3 AT 5
(http://sioc-journal.cn/)_E T %K.
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