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SRR TR ARR KR, R AL
S0 B P 00 %8 182 ) . SR i M) P 3R DU 9B & M R o B I
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8.2% NO, ., ZIEHH . =i, 2 h. ZEXAN R F& 44
&, A-BOR B R A E 98% (1), S
BAB A AIRAE R, FERYZ R
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Table 1 NO,-catalyzed bromination of methoxybenzene®

NO,
MeO + 0.5Br, > MeO Br
Solvent, RT,2 h

Entry Amount of Solvent Comversion® /% Selectivity of p- Selectivity of o-
NO,/mol% bromoanisole® /% bromoanisole® /%
1 0 CH,CN 45 96 0.6
2 0.9 CH,CN 54 98 0.7
3 2.5 CH,CN 83 98 0.5
4 5.0 CH,CN 94 98 0.6
5 6.6 CH,CN 97 97 0.7
6 8.2 CH,CN 100 98 0.6
7 11.0 CH,CN 100 97 0.5
8 13.2 CH,CN 93 97 0.4
9 16.4 CH,CN 99 97 0.6
10 24.6 CH,CN 97 96 0.7
11 41.0 CH,CN 98 94 0.7
12 8.2 DMF 2 96 0.1
13 8.2 NMP 44 29 0.4
14 8.2 DMSO 93 11 0.3
15 8.2 CH, Cl, 91 98 0.4
16 8.2 CH,CH,O0H 51 96 0.5
17° 8.2 CH,CN 41 91 0.9
18 8.2 CH,CN 38 92 1.2
19° 8.2 CH,CN 100 93 1.8
20° 8.2 CH,CN 100 95 1.8
21° 8.2 CH,CN 100 94 1.5
22° 8.2 CH,CN 95 98 1.2

a. Reaction conditions: 0.5 mmol methoxybenzene, 0.25 mmol Br,, NO,, 1.5 mL solvent, 2 h, the reaction was performed at
room temperature, the air in the tube was not removed; b. Determined with 1,2 ,4,5-tetramethylbenzene as an internal standard;
c. 0.5 mmol NaCO; was added; d. 0.5 mmol NaOH was added; e. 0.4 mmol (Entry 19), 1.5 mmol (Entry 20), 2.5 mmol
(Entry 21) and 4.4 mmol (Entry 22) water is respectively added.

1
i MeO Br

Residual air in the reaction tube !
1

8.2 mol% NO L2y
N PR W
. CH, CN, RT
0.5 equiv 2 98% E MeO

)
g Br trace

1 NO, fifb P AR IR

Fig. 1 NO,-catalyzed bromination of methoxybenzene
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Table 2 NO,-catalyzed bromination of various benzene rings"

8.2mol % NO,
ArH + 0.5 Br, 3 ArBr
1.5mL CH,CN,RT, 2h

Residual air in the reaction tube

Entry Substrate Product” Isolated yield/% GCyield /%

(0]
I I
1 Me—C—N—Q Me—C—N—©—Br 98 -

5 e ) el 5 - 35
6 Cl@ Cl \_{Br - trace
7 MeO@ Meo—©ﬂ;r 94 98
8 Et0—© Eto@—Br 88 97
9 Wo@ Wo@sr 93 93

MeO MeO Br
10 84 98

H,C H,C
MeO McO
11 ¢ @ ¢ Q Br 97 99
cl cl
- o e . .
cl cl
13 MeO@Me Me0 Q Me 90 97
Br
MeO MeO
14 MeO@ MeO‘Q 83 93
MeO MeO Br

a. Reaction conditions: 0.5 mmol substrate, 0.25 mmol Br,, 0.041 mmol NO,, 1.5 mL acetonitrile, 2 h, room temperature,

the air in the tube was not removed; b. The product was characterized by 'H-NMR and " C-NMR; ¢. Determined with an internal
standard; d. The product was characterized by GC-MS.
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MR B O B R RE S A ROt AL, 45
H 74% ~98% F=R ALY (Table 2, entries 1,3,
4,7-9) , WAL T2 R A AR BRI R XL LARITHY
SCHREG 248, AR R A FE L 1 15
FINRERRG )5 SRMITEIX B SO 25 B 2B WA
FHIERYIRAL(Table 2, entries 3,5). WH% T A, &
BTN ORI, B R EARAK( Table 2,
entries 5,6). JXEEZE R B3 B IRAL T EAGE 1T T
WAL T RE BRI B RN, R B AA
BORZE L TR T), B BURR BT 7 R &
(Table 2, entry 2). X AJGEIH T2 ILHTE; B,
RN . R AENEETRIE A & W A FTERE S B HIBH.
5 W ESF T (Table 1, entries 17,18).

FELT LA = BRI, gk 2
(entries 10-14) fr7, 2K ARSI ) e S B
) A B s R, IR R ny e |
i A W IO, B h o R M R 75 )
N, 2-FR H AN 3-SR T BRI TR AL 3 45 th 97 %

1 89% 1438577 # (Table 2, entries 11,12). fEJi§
Yy kg AR AR e AR O, TR SO
RAETESE B FE XL, TR O ) Bt S 2R 1
N R AETEREE LR AR, X B AR AL T i s
F1,2,3-= &R, 45 83% 147 85  % ( Table
2, entry 14).
2.3 FIRMFERIIRIRW

XA RRAC AT 5E. ISR 3 R R T L)
A, TR —RIFRIEY), RV R A A 20 Ak
VA () Z5 PR BE AR LA b 1 K ( Table 3, entry 1),
AR RN - REE ), WA SR B AL
i 1-HV IR ZR IR R A TE 400, 2-C R HEZE Y
TRAL R A A 1A DARITA) STHR P 20 38 oL ik
PEPE 0N O T A X AN D ik P 9
PO B9 VLN Sid NS S aUN R R S 7Y
SR TE 5. DA R R, 05 & 22 phuE
DATEIX B SO 25 1 R AT A RO IR AL SO AETE
AR, B AR AR

% 3 NO, EUETRFIFEFRIRARL

Table 3 NO,-catalyzed bromination of naphthalines and aromatic heterocycles®

8.2mol% NO,

ArH + 0.5 Br,

3 ArBr

1.5mL CH,CN, RT, 2 h

Residual air in the reaction tube

Entry Substrate

Product®

Isolated yield/% GC yield /%

S (98]

1 QO
IS IRa
A

22"
=

=
7
=

<
[

OEt

75 76

89 97

DEt 96 93

Trace

a. Reaction conditions: 0.5 mmol substrate, 0.25 mmol Br,,

0.041 mmol NO,, 1.5 mL acetonitrile, 2 h, room temperature,

the air in the tube was not removed; b. The product was characterized by 'H-NMR and " C-NMR; ¢. Determined with an internal
standard; d. the reaction time is 4 h; e. The product was characterized by GC-MS.
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2.4 REIFINE R TS R B

TESEPRIG A O, AR X205
HEATFRRR BRI AL ST X B T
ANFEFF R ASE G N. NE 2 ATRUE ), kit
R E SR IR RGBT, WAL RO R i B
M & AETERE RSB R R B L 1-H A R 2R BT

BUREERZ2 5 TIRAL. IXEEE R, X LAY 5 1%
AT PN AR D7 B0 A e 1R PR A e S R A
W5 ER. BN, 5 DAL 2 P A 1Y AR B A
NS RIE 5 AR URH I B R PR B R RE AL
JUT-BAT SR B 55— AR IR AL = ).

Me OMe
Me@ . MeO@ + B, 0.041 mmoINO, . ©
1.5 mL CH,CN,RT,2h
0.5 mmol 0.5 mmol 0.25 mmol Br 2% Br 95%
OMe Br OMe
.04
1.5mL CH,CN, RT,2 h
0.5 mmol 0.5 mmol 0.25 mmol 2% 90% Br
©Ao© . B, 0.041 mmol NO, . 0@&.
1.5mL CH;CN,RT,2 h
0.5 mmol 0.25 mmol 93%

Pl 2 ANTR] 55 R 8] (9 58 4

Fig.2 Several competition reactions between different aromatic rings

2.5 FMMTRU R

TR et R A, RIREE
KGRI LE KR e B i 4R
IR R A R AT . R 4 i gh
FTLAE H, 24 Br, R4S E] 1.3 M5, [
K NS [E] 3 24 h 15F, Z2FhZE I FORA ) iR 1L
U A AT, A5 208 T IRAR PR W00 B R R A
63% ~98% . ot AR IR W TR A 18 £ b A TR St AR
FER RIS L5 TR 2 i A 45 SR T LA
FEIX A~ IR AL I R v e SR PR (R X TR e T 4B 7
AL TR, MK 40 — B RS ) R
FOXT WA ERI, ol i e Rt AR 3 1,2-
AHE-4,5-TROR 13- A -4, 6- BRI 1, 4-
THSE -2 5-T R YY) (Table 4, entries 2-4) .
1,2,3-= A LKW ae A o i 47 — 98 1k ( Table
4, entry 5), 125y 1,2,3-Z H4EH-4,6- I
WA B Pk 85% . 2-2 SAILZE AL B AR 1,
4-fi (Table 4, entry 6). MKW 0 &G PIAHRIR
TORBERE, IR BILE SR & (Table 4,
entry 7).
2.6 RMHENAT S HMEE

A H SR 0 RIS R ], X s B A%
JUA BhFRAE SR Hr 9 14 £ Gt A5 40 25 (4 R 2 0 43
Br. MFE 1 (entry 1) HgZERAT LA H, AN

NO,, HAFI0.5 5 Br, B, ZrFIREED H4EM
RIS AR R A-TEOR R 5 (HTCIR 3 i S v il B I
JEIEAC RS A], P23 — AT 50% ; AR 4 X >3
ZIFEEGTA TR, 18], ] DU b —2 1R
AR B, IMEAE 50% HIRAGES 5
k. TN 8.2% [y NO, i, J54L =4 1 7= R g %
PEE 350 100% (Table 1, entry 6) , X i NO,
AUFEAE ] RESE (IR 7 25 T L PR e B Ak, Akl
HA RGP N SO SN AR RO
MR BT AP NO, RN IR R P4 (H
N TR ST E B F 20 B, 8. 2% FHEA) NO, A
AT R AR A TR A B iR AR Ak, BRI AT DA 4R
Bk A AL, NO, 3 AR AL B A . B9
B, SR FR R A L BRAEAS 12 2 PR AR AL ™ ¥
=818 3) . SR, DA BUAW R %o i i 4 P gk
PRI AR AT AHEWT , AN AL R R A
S5 TR BB . 7 5 Ak i i
TER VR AR FE AR L , 0 3 LS B Ukt it
TR (SEwRr 1.3) , Z52R 3 IRSLHA5 21 177
7= 8 77 R JL-F R (4353008 95% . 96% Fi
96% ). X ULHI AL W) Fh7E S 3 Fe rh A A1
TEHREIEOLT , FNTEAREX HAE L Fh i A7
e 5 (EAR G © N SCHk[38-39 ], nl g /& NO,/NO
8¢ NO/NO Py Ik s AL A 1 7.
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Table 4 NO,-catalyzed dibromination of several substituted benzenes and naphthalines®

8.2mol% NO,
H—Ar—H + Br, 3 Br— Ar — Br
1.5 mL CH;CN, RT, 24h

Residual air in the reaction tube

Entry Substrate Product * Isolated yield/% GCyield /%
| P @ @ 63 81
MeO
: ) e 7 ;
MeO MeO Br
MeO MeO Br
MeO MeO Br
4 MeO@OMe ‘Q 78 76
MeO
5 MeO@ @ 85 86
MeO

=
ﬁ

OEt OEt
6 O 92 91
Br
le) o
7 ©/ \© /@ \©\ 95 97
Br Br

a. Reaction conditions: 0.5 mmol substrate, 0.65 mmol Br,, 0.041 mmol NO,, 1.5 mL acetonitrile, 24 h, room temperature,

the air in the tube was not removed; b. The product was characterized by 'H-NMR and “C-NMR; ¢. Determined with an internal

standard.

MeO + Br 8.2 mol% NO,

2
0.5 equiv CH,CN,2 h, RT MeO Br, H,0
53%

B3 RUTUR T AR 1AL
Fig. 3 Bromination of methoxybenzene under N, ambience @

AR T 0 98 2 F0 43 B #*Aa%nﬂ@jcﬁ)t Meo@sr
[1,18,38-39 ], FATHHEN S il BE 1 SE 28 1 70 1

TR AN B 4 SN, iﬁmﬁﬂsfﬁ%ﬂ?ﬁﬂ:a- TE4, ] 4 TR SR HL I
WEDFREALT . ROVAR R i S B IR LA Fig. 4 Possible mechanistic pathway

N, ambience N “ 4
o C N e AT ORI PE TR (18] 4) .

HBr Oz
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Nitrogen Dioxide-Catalyzed Oxidative Bromination of
Benzenes and Naphthalines with Electron-Donating
Substituents at Room Temperature

REN Yun-lai®, WANG Qian, TIAN Xin-zhe, WANG Bin-yu, WANG Pei
(School of Chemical Engineering & Pharmaceutics, Henan University of Science and Technology,
Luoyang 471003, China)

Abstract; Oxidative bromination of benzenes and naphthalines with electron-donating substituents was investigated
by using 8.2% nitrogen dioxide as the catalyst, the residual oxygen in the reaction tube as the oxidant, and mole-
cular bromine as the brominating reagent at room temperature. The used heavy metal waste-free catalyst can be eas-
ily removed from the products and scarcely stains the final products. But a small amount of by-product from the ni-
tration of the benzene ring was observed, which led to the consumption of nitrogen dioxide. The reaction is highly
atom economic, and a majority of bromine atoms in bromine source were transferred to the bromination products.
The bromination was controllable ; mono- and di-bromination products were controllably obtained by changing the
loading amount of the brominating reagent. Preliminary mechanistic investigation suggests that the bromination first-
ly undergoes the reaction between molecular bromine and aromatic ring to give aryl bromide and HBr, which is fol-
lowed by oxygenation of the resulting bromine hydride to form the reactive bromine under the catalysis of the cataly-
tic species.

Key words: oxidative bromination; arene; nitrogen dioxide; catalysis



