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Electrocatalytic Three-Component Synthesis of 4-Bromopyrazoles
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Abstract Pyrazoles are the most important five-membered N-heterocycles as they are present in many natural products and
synthetic drugs. Among various pyrazole derivatives, 4-bromopyrazoles have attracted great attention because they not only
display significant biological activities and physicochemical properties but also serve as valuable synthons in organic chemis-
try. In this manuscript, an efficient and eco-friendly method for the synthesis of various 4-bromopyrazoles through three-
component reaction of hydrazine, acetylacetone and 2-bromomalonate was reported and the proposal reaction mechanism was
revealed. According to the mechanism, hydrazine reacts with acetylacetone to afford pyrazole firstly, which then converts to
4-bromopyrazole through bromination. This method could also be well applicable for the bromination of other heterocyclic
compounds. Given the high oxidation state of diethyl 2-bromomalonate, the peroxidation can be avoided through the electroly-
sis process, thus the excess amount of brominating agent was not be required.

Keywords electro-organic synthesis; multicomponent reaction; bromination reaction; 4-bromopyrazole derivatives
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Scheme 1 Bromination of pyrazole derivatives

W, AREEIRFEFEER. IR R NERIE R R
M HRIE, 2010 4E, Usami BRAHIHRIE T —Fp LR
FAENRAFIRIH 5% 4-JRME AL A1) 5 1%(Scheme
1b). Z VA A R . R AR R AR AR
F, AT Ak A 2. 2018 4, Konig T2 U8R E
T DARAL BN ENIRIE, v WIEIR I T % 4-IR MR Ak
G J7%(Scheme 1c). 1H1Z 7 v 75 B8 FH AR R ) 61
7, BRAE . 2019 4, 52 SCHRAHRIE T —Fh
FEL A 27 (1 JE DL M AT 2 VR A S RE ] % 4-RIE AL &
YIH1 771 (Scheme 1d). %77 7% LLBEANY (RIRAL BN E IR
YR, TEURF YRS AAE 5 T LA S I e AT AR 4 () FELAL
R, AHHTRE TSR, ERHRET
Ko RA BN, [RZ SO 75 B 2~4 equiv.
(TR TR A RE A e N A 25047, R Bl e N nT LA AL
Hh I & 4-IRIEMERA W, (H AR SAFAE—E I )= PR,
WET RS R BG5S Y E e EE R R 7
Mg e . SRR AL,

AL WA R E S — Fh S i & g, FH7E
IR JUAERUE T 4 A8 H 1R RS LG ks
ARy B AR B i g AT, @ R IR
T8 MRS B T AE AR R T SE B A AL BOE R. 7E
AL ZE B R, R AR E RS Bl () LT B AL S IR TR
SN H AR B SR 71, DT T A T R R AR A I S 7
MR, fFastafb SR BIEES. 245 KN LAE
“C—RIE RS2 AL S BRI R, AT DA R
IR, PR, R R A T SR S Ak R R
)ﬁﬁﬁﬁ,&%#ﬁ@ﬁmé&%%mm.%?$ﬁ
LR AT S (AL AE AP T 5 T ) AR, AR SCHiRiE 7 —Fh
AL AR . 1,2-T8 AN 2-9R 1 R — £ Bs =4t
IS R 4-TR0E AT A1) 75 7%:(Scheme  1d).
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5 O JTEMLL, AT5E A A S A AL
YRR, TG 1 B AR R AL LR ﬂﬁ‘ﬁi%&
IVACEINYE YR R SN RS/t ek S A SRS S
WEMIH LR I T 47 R %42

HR51Te

B, DRE(1a). ZBEA R (2a)F1 2-IR A iR — 24
E(3a) I MRS [ B, RS T ARSI (AN
W(Pt)~ HHH(Cu). EBEHMND). FEHEAD. fi5H
W(CORIAEENBH(SS) ASFI AR SBEF] ASF
TR AR DL B R R /K JRBE R 52 (25 SR LR 1).

R 1 AR, AFE IR R R BSR4
DU 52 (COVENBAR, 07 (POFE BRI, %% B LA
96% 17 2 IRAF TIUHATE H AR =4, 10 24 DA A ARG AR
B C-Pt AN, JRBF=Z35 45 B R % (Table 1, Entries
1~8), HENTTFe2 RN A E A F T2 8 T8 i R
N, HES) RN REAT. kT, FE T AN AR TN B
SOMA, SROG A R OR, R TR N S SR IR LN,
i "EuNBF, 8 KPF4 {E N HARET, [N =255 518
92%#1 91%(Table 1, Entries 8, 9). S IEFINHZ IR
B EL A5 — 5§ (Table 1, Entries 12~15), N,N- . Hi3&
FH Ik g (DMF) B8 F 35 S AR (DM S O) A A J S 5 751 It
SN R, Hi2E BT DME Al DMSO #5555 =,
BN T JE AN EEAERE, DN iR B 2 A AR A O N E .
Y PLLHLRILY(NaBr, KBr, "BusNBr){E MR Ak ik i
(Table 1, Entries 16~20), f#H 2~3 equiv. AL A

REfd S N AT R AT, EERFNHEMAMET, WS T1E
PH AR 2 ThD A A sk SR A OB, T R R VR TR A LR
WY EAREPENS, ALY, A LEmik
Jew A, gk SRR, AT R A T I BRI

1
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Table 1 Optimization of reaction conditions

O O O O
+ +
e + I+ o A o
Br
1a 2a 3a
C(+) | Pt(-), /=8 mA Me

"Bu,NBF, (1.0 equiv.)
MeCN (10 mL), r.t., 10 h

Br
=
Ph—N_
N

undivided cell Me
4aaa
Entry Variation from the. §tandard reaction Yield"/%
conditions

1 None 96
2 Pt(+)|Cu(—) instead of C(+)[Pt (—) 86
3 Pt (+)|Ni(—) instead of C(+)[Pt (—) 90
4 Pt (+)|Pt(—) instead of C(+)|Pt (—) 92
5 Pt (+)|Al(—) instead of C(+)[Pt (—) 86
6 C(+)|C(—) instead of C(+)[Pt (—) 87
7 C(+)Ni(—) instead of C(+)|Pt (—) 88
8 Pt(+)|SS(—) instead of C(+)|Pt (—) 84

1.0 equiv. of Et4NBF4 instead of "BusN-
10 92

BF4
11 1.0 equiv. of KPF4 instead of "BusNBF4 91
12 Acetone instead of MeCN 85
13 EtOH instead of MeCN 82
14 DMEF instead of MeCN 92
15 DMSO instead of MeCN 90
16 1.0 equiv. of NaBr instead of 3 75
17 2.0 equiv. of NaBr instead of 3 88
18 3.0 equiv. of NaBr instead of 3 92
19 2.0 equiv. of KBr instead of 3 87
20 2.0 equiv. of "BusNBr instead of 3 88
21 5 mA, 15 hinstead of 8 mA, 10 h 82
22 15 mA, 4 h instead of 8 mA, 10 h 83
23 Without electric current N.R.

4 Reaction conditions: C (15 mm X 10 mm X2 mm) as the anode, Pt (15 mmX
10 mm X< 0.1 mm) as the cathode, constant current=8 mA, 1a (0.5 mmol), 2a
(0.5 mmol), 3 (0.5 mmol), MeCN (10 mL), "BusNBF4 (1.0 equiv.), room tem-
perature, in air, 10 h, undivided cell; * GC yields using dodecane as an internal
reference; ¢ No reaction.

EFIRIAEFT. D, DL 1 equiv. () 2-7R A R — 2.6 1E A
WAL TS, SONAE AT RGEAT, L 96% N2 K45 T
() H A5 7=4)(Table 1, Entry 1). )&, H% 7 BIRHEE K
SN A%} 5 S FRI5E IR (Table 1, Entries 21, 22). 525645
KW, $ER BRI R T, [N 335 H B T %,
1M G #2514 8 Jo 7T B b5 72 4 4 i (Table 1, Entry
23). FET UL ESEI A5, SRR RS C-Pt
PEN AT, HHEE A 8 mA, HLAE("BusNBF)H &
1 equiv., B4 B LR HL# 10 h (Table 1, Entry
.

1E EIR AR BT, REZEEAFRM. W
FRl P S B2 O, 235 SR L3R 2.

4294 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

HHER 2 AIAN, 2R R RO AS R T A3 B
BUFRIE AN, TR A Ze05 B EUE M, =
NI REAE RGHAT, LA R 7= 23R4S AH B 1) H AR = 4.
J5 BRI b IR R BRI LS, M EUR I NS
Hi, T 3 (4-Me) 5 WY B, 7 3£ (4-F, 4-Cl, 4-Br, 4-1, 4-CF;,
4-NO,), & Fi¥)ReH AT, M=EN 72% ~ 92%
(4baa~4haa). 75 & B b A2 [EALBERT SO B — € 5
Mo, >4 DL B DS B IR, R BLF= 264 fir T B¢
(4jaa, 70%; dkaa, 74%). 1% N 51 [FREE H 5 0 ik
RAG IS, HRSIF” 2E ik 82% (4maa). 405 75 S
e Sy onk R R R PR RO PR B B, D S SR AR 3RAT]
b EE T — RYIH AT AEY, R -
1,3-T ZEi. 1,1,1-=5R-2,4- /% -l 3,5-5F ~Hdf1 1-34
REE-1,3-T ZFRSE, R RA 3,5-BE A 1-FRA -
1,3-71 55 2R ) OB Be % A AT, 43 BA T1%F0
T0%[1 7= 23R AH R F) H A5 7= 4 (4aba, 4aca). 5o, X
NP Z R A SN 3 F 22 At 05 () I & P AL s B
i, BL67%~83%I 7= F kA5 T AR B A% =4 (Saa~
Sea). ffi] 2-FN M~ LER & 2-IN R — 41,
AT FR LI 4- S 2R .

9T R BRSO B R BERLAR, AT T — R
FEHIRLS. B, b N-ZREE-3,5- I L M (6a) E N
Y, Z R BLLL 95% I8 77 2R 3R A3 WA 19 B bR 72 4
(Scheme 2a). VLB RRPIEFEF, KMk E %S CBEEE K&
HEIRAL S B AR R N-2KFE-3,5- — FRL LI I (6a) HH TR) 44, 4
MR A JE SRR OB, 18I GC-MS Xt [ MR AP it
T8, RNAKER R BT ER, HoErmR
N 67% (Scheme 2b).

R N R 3 2 equiv.i 2,2,6,6- V0 F FEDR I -
1-4.H HF(TEMPO)EL 2,6- 4] %:-4- F HLF My (BHT)
VEN B R R, SR 235 A B I P (Schemes
2¢~2d). GC-MS 73 Hr R MR AW, Rl E] BHT ik H
HAE BBtk &9 8, BRI FE R AEE N IR
VA= NEE

R T R B, AT TR
VE(CV)SEES. DAB R ARAE R AR sl . B0 FRARAE Xt
k. Ag/AgCl HIARIE NS LERKL, HFfEEN 0.1 Ve
s ' D). BB R, FE0~2 V EHEXIE R, AR
F 2R R — ZBRAIAE AL, 1T N-2RFE-3,5- F R
e(6a) LA N 1.90 V (vs Ag/AgCl), i WI7EBRAL
N, N-2R 33,5 H R R (6a) fIE S B 4544

BT DL R SRIG S5 W DL R O A SCHRIRIEN>4), FE T
AE M M ALHE(Scheme 3a). B4, ZRF(1a)F0 25 A R
Qa) R PIAE R N-ZK3E-3,5- — H AL e (6) H ]
&, T 2-BR R . LERG)ASRERE IR AL, T A 1E
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Table 2 Reactions scope of the bromination

o o C(+)| Pt(-), 1= 8 mA R2
o Q "BuyNBF 4 (1 equiv.) B SN B!
R'NHNH, * ZJJ\/”\ 3 ¥ EtO.C CO.E R'-N | |
R R tO; 2Et  MeCN (10 mL), r.t., 10 h . ror !
Br undivided cell N~ “Rs ! ;
1 2 3 4 L5 ;
Me Me Me Me Me
Br Br Br Br Br
S ~ ~= = ~
@—N\ B Me—@—N\ - F—@—N\ P CI—@—N\ B Br—@—N\ -
N™ “Me N"“Me N"“me N Me N™ “Me
4aaa, 92% 4baa, 90% 4caa, 72% 4daa, 92% 4eaa, 91%
Me Me MeMe
Me Br Me, Br Me Br Br Br
= =
= = = N N
| N _ F3C N, _ O,N N, _ \N/ \N/
N Me N Me N Me Me Me Me
4faa, 88% 4gaa, 87% 4haa, 82% 4iaa, 80% 4jaa, 70%
Me Me Et Me
Br Br Br
- ~= S ~ ~
@ Ot O O O
N N™ “me N™ “Me N™ gt N
4kaa, 74% 4laa, 65% 4maa, 82% 4aba, 71% 4aca, 70%
1 Aromatic heterocycles ,
' NH2 '
' Br Br :
. Br B i
| Br =z |
: U N\J\>*Ph :
: 0" o XN ;
! 5aa, 69% 5ba, 77% 5ca, 83% 5da, 78% Sea, 67% |

9 Reaction conditions: C (15 mmX 10 mm X2 mm) as the anode, Pt (15 mm X 10 mm X 0.1 mm) as the cathode, constant current=8 mA, 1 (0.5 mmol), 2 (0.5 mmol),
3 (0.5 mmol), MeCN (10 mL), "BusNBF, (1.0 equiv.), room temperature, in air, 10 h, undivided cell; ? Isolated yields.

Me

@ Br
= C(+) | Pt(-), /=8 mA ~
»—Me + Ph—N_ _
N EtO,C CO.Et  MeCN (10 mL), rt, 10 h N e
6a undivided cell 4aaa, 95%
” ? 9 11 Standard conditi P
andard conditions A~
PhNHNH, *+ )J\/U\Me-'- EtoszCOZEt Ph—N\j + EtO,C” "CO,Et
N Me
4aaa, 92% 7,67%
Me
() o 0 Q0 Standard conditions Br
=
PhNHNH, + Me)J\/lLMe * Etozcjﬁ/u\coza TEMPO (2.0 equiv.) Ph—N|
Br N Me
4aaa, 84%
O
Me
0O o) lf /1
(d) NN, + )J\/U\ Standard conditions Br N Bu Bu
M EtO,C COEt BHT (20equiv) N~ N o
Br N~ Me oEt
4aaa, 84% 8 CO,Et

MS: 378.2, detected by GC-MS
B2 s
Scheme 2 Control experiments
Bk A SR SN A R E A T ARTTRECE Br AN N-FFE-3,5- T HIBLIE I (6) B SE i AL ZE i B Pl 2 PH S
W R OBEE I, ZAMESERTN H 455 T A, 4k Br MG E]H P EAB, % E dd
SR 32 R — 2 FR(T). RN, (ERRMR R, AR — PR A C, ThiJRAZ%E H G H
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Me PhNIHNHz o o CO,Et CO,Et
= a Br Br
Me<—"——
Ph’N—N/ cyclization Me)J\/u\ Me CO,Et CO,Et
6a 2a 3 3
-e” +e e
Me CO,EtI™ J j.;/
WM 5 CO,Et
N‘:f\i e r Br
Ph +A N Br COzEt CO,Et
Br;/i Br
+ +
Br H
Me \l/g_ <COZEt CO,Et
T —Me '
o VK CO,Et ) CO,Et
B H +e +e’
_e-
Br B CO,Et COEt
e A B " "
h—Me = CO,Et CO,Et
P N NN
H H* Ph — I}
Canode © 4aaa Pt cathode  C anode Pt cathode

B3 () =4 IR A RB I SR AL (b) A4 04k & PR AN S BE I R AL EE

Scheme 3 (a) Proposal mechanism for bromination of three-component reaction; (b) Proposal mechanism for bromination of heterocy-

clic compounds
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Figure 1 Cyclic voltammetry experiment
brr=¥) 4aaa. Scheme 3b AHAMAIFML G VR SR )
T HENLEE, 5 Scheme 3a Z5MLl, 24 L&Y 6 TERHIE
HRZBTRAEAE A, JFHS Br /B JERERT
BEMET C, JsaXF T Am2 B9 s.

2 Zhig

AL LL 2-1R T R — LR AE N IRIR, 7R HAb 2R R it
T, SEILT R S ERA 2R R A ER I = R
IR, 12 S B 2% A [F)RE 3T F T 4 Je A At 75
LA R N, BB &, BN %
PR, B T KERMIE AR, 5P
VEREIRI AR L, 2-1R 8 = ABs A B R AR
R, M CAREPE AR AL, oI AR SR, AT e T
I E R E . R, %07 v s A HoAh 4428
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AR R B, ARG A DI R AR A T
— T

3 XEs

31 E5EHA

'H NMR (TMS A F5), C NMR (BL TMS N FF),
FEEHTH 300~400 H RSFIREESR, LR CHEEATA
kA e i 7). TE R A BT R B R A PR A 7
(745 DIS-292B). 2-IR4 R 2 W8, HF. ZBEI RS
WA B b AR A BR A .

3.2 XWHE
32.1 {444 4aaa~4aca 094 %,

FHk, 0. 5 mmol). A —FH(2, 0. 5 mmol). 2-IRF
R ZWE@3, 0. 5 mmol). "BusNBF4 (0. 5 mmol)f1 10
mL ZJEET 10 mL 3550 A g, 75l oA sE
(C, 15 mm X 10 mm X2 mm){ERNFHR, H1HHKPt, 15
mmX 10 mmX0.1 mm){ENEAR, KNIEEGHIE 8 mA
TEHHR FHEM 10 h. KNEHE, BRRYE, S
ENT3 2 H b= 4aaa—~4aca.

4-PR-3,5- 7 FI L1 -8 -1 H-IE 1 (4a22)37): 'TH NMR
(500 MHz, CDCl3) 8: 7.45 (t, J=7.7 Hz, 2H), 7.35~7.40
(m, 3H), 2.30 (s, 6H); *C NMR (126 MHz, CDCls) §:
147.56, 139.86, 137.49, 129.16, 127.80, 124.68, 96.38,
12.35, 11.74.

4-J8-3,5- 7 L 1-(4- F BE DR IR )- 1 H-TE W (4baa)7):
'H NMR (500 MHz, CDCls) 0: 7.30~7.21 (m, 4H), 2.38
(s, 3H), 2.29 (s, 3H), 2.26 (s, 3H); '3C NMR (126 MHz,
CDCls) 6: 147.26, 137.79, 137.47, 137.41, 129.70, 124.60,

Chin. J. Org. Chem. 2022, 42, 4292~4299
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96.02,21.09, 12.34, 11.65.

4-R-3,5- L 1-(4- 58 58 -1 H-MEPE (4caa)l37): TH
NMR (500 MHz, CDCls) d: 7.30 (t, J=7.5 Hz, 2H), 7.08
(t, J=7.5 Hz, 2H), 2.22 (s, 3H), 2.20 (s, 3H); *C NMR
(126 MHz, CDCl;) d: 160.88 (d, J=2482 Hz, 1C),
146.66, 136.60, 134.92 (d, J=3.8 Hz, 1C), 125.56 (d, J=
8.8 Hz, 1C), 115.07 (d, J=23.9 Hz, 1C), 95.33, 11.30,
10.60.

4-1R-3,5- " F - 1-(4- SR 5L )- 1 H-IL P (4daa) ) TH
NMR (500 MHz, CDCl3) 6: 7.43 (d, J=8.4 Hz, 2H), 7.35
(d, J=8.4 Hz, 2H), 2.30 (s, 3H), 2.29 (s, 3H); '*C NMR
(126 MHz, CDCly) d: 148.01, 138.35, 137.52, 133.54,
129.34, 125.74, 96.85, 12.33, 11.77,

4-1R-3,5- Z - 1-(4-TR A 5L )- 1 H-ME M (4eaa)®™: 'H
NMR (500 MHz, CDCl:) 6: 7.58 (d, J=8.7 Hz, 2H), 7.29
(d, J=8.7 Hz, 2H), 2.30 (s, 3H), 2.28 (s, 3H); *C NMR
(126 MHz, CDCl;) 6: 148.04, 138.83, 137.47, 13231,
125.97, 121.41, 96.96, 12.35, 11.82.

4-1R-3,5- " HIHL-1-(4-THOR L )- L H-AE P (4faa)B7): TH
NMR (500 MHz, CDCl3) 6: 7.78 (d, J=8.5 Hz, 2H), 7.16
(d, J=8.5 Hz, 2H), 2.30 (s, 3H), 2.28 (s, 3H); '*C NMR
(126 MHz, CDCly) o: 148.11, 139.53, 138.30, 137.45,
126.14,97.02, 92.61, 12.35, 11.84.

4- PR -3,5- 7 H B -1-(4- = g 2 2R AL )-1H- T e
(4gaa)P”: 'TH NMR (500 MHz, CDCls) &: 7.73 (d, J=8.3
Hz, 2H), 7.56 (d, J=8.2 Hz, 2H), 2.36 (s, 3H), 2.30 (s,
3H); 3C NMR (126 MHz, CDCls) §: 148.62, 142.59,
137.56, 129.48 (q, J=34.0 Hz, 1C), 126.39 (q, J=3.8 Hz,
1C), 123.80 (q, J=273 Hz, 1C), 124.17, 123.32, 97.74,
12.33, 12.00.

4-1R-3,5- " F - 1-(4-FH B 2R 5 )- 1 H-ME ¥ (4haa): 'H
NMR (500 MHz, CDCl3) : 8.28 (d, J=8.5 Hz, 2H), 7.59
(d, J=8.5 Hz, 2H), 2.36 (s, 3H), 2.35 (s, 3H); 3C NMR
(126 MHz, CDCly) d: 148.50, 145.03, 143.63, 136.75,
123.84, 122.65, 97.96, 11.45, 11.43.

4-98-3,5-  F L -1-(3- AL 2R B8 )- 1 H-TE W (4iaa)7):
'H NMR (500 MHz, CDCl) §: 7.32 (t, J=7.8 Hz, 1H),
7.23 (d, J=2.1 Hz, 1H), 7.17 (t, J=8.1 Hz, 2H), 2.39 (s,
3H), 2.29 (s, 6H); 3C NMR (126 MHz, CDCls) d: 147.39,
139.77, 139.36, 137.46, 128.84, 128.60, 125.43, 121.65,
96.20,21.33, 12.34, 11.73.

4- PR -3,5- 7 H L S1-(2,6- = 3 R R )-1H- Ak M
(4jaa)B3”; '"H NMR (500 MHz, CDCl;) é: 7.00 (s, 3H),
2.35 (s, 6H), 2.29 (s, 3H), 2.28 (s, 3H); '*C NMR (126
MHz, CDCls) 6: 147.21, 139.70, 138.96, 137.42, 129.51,
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122.47,96.02, 21.24, 12.33, 11.72.

4- P -3,5- M HE -1-(3.4- & KR )-1H- mE M
(4kaa)”); 'H NMR (500 MHz, CDCls) o: 7.57 (s, 1H),
7.53 (d, J=8.6 Hz, 1H), 7.28 (d, J=11.3 Hz, 1H), 2.33 (s,
3H), 2.29 (s, 3H); 3C NMR (126 MHz, CDCl;) J: 148.52,
139.04, 137.58, 133.26, 131.78, 130.75, 126.21, 126.06,
123.31, 123.16, 97.47, 12.34, 11.89.

4-(4-75L-3,5- — F -1 H- T P L ) B IE (41aa)B7): TH
NMR (500 MHz, CDCl3) d: 9.23 (s, 1H), 8.45 (d, J=2.4
Hz, 1H), 8.35 (s, 1H), 2.66 (s, 3H), 2.32 (s, 3H); *C NMR
(126 MHz, CDCly) o: 149.75, 149.43, 141.16, 141.08,
139.76, 138.03, 99.90, 13.49, 12.57.

4-¥-3,5- L 1-36 O -1 H-TE M (4maa)B7): TH
NMR (500 MHz, CDCL3) J: 3.93~3.88 (m, 1H), 2.23 (s,
3H), 2.21 (s, 3H), 1.91~1.87 (m, 6H), 1.71~1.68 (m,
1H), 1.38~1.26 (m, 3H); 3C NMR (126 MHz, CDCl;) §:
145.29, 135.81, 93.61, 58.51, 32.64, 25.75, 25.16, 12.33,
10.22.

4-PR-3,5- " 2 F-1-FEFE- 1 H-I 1 (4aba)37): 'TH NMR
(500 MHz, CDCl3) &: 7.41~7.35 (m, 2H), 7.31 (d, J=6.9
Hz, 3H), 2.64~2.59 (m, 4H), 1.22 (t, J=7.5 Hz, 3H), 1.04
(t, J=7.5 Hz, 3H); 3C NMR (126 MHz, CDCls) d: 152.47,
142.95, 139.99, 129.19, 128.10, 125.32, 94.37, 20.42,
18.68, 12.98, 12.88.

4-JR-3-FR P -5- B L - 1-(ZR 58 )- 1 H- L 14 (4aca)B7):
'H NMR (500 MHz, CDCl3) é: 7.50 (d, J=7.5 Hz, 2H),
743 (t, J=7.5 Hz, 2H), 7.35 (t, J=17.5 Hz, 1H), 2.27 (s,
3H), 1.80~1.72 (m, 1H), 0.91~0.82 (m, 2H), 0.71 (d, J=
6.4 Hz, 2H); 3C NMR (126 MHz, CDCls) §: 147.76,
140.71, 139.99, 128.85, 127.51, 124.72, 96.56, 12.32, 6.99,
6.90.
322 tub4h Saa~Sea W94 %

fE 10 mL 35 B 3 s AR A AR RN 55 B 0.5
mmol)F Z. 8k (0.5 mmol) 5k Z< 3L A4(0. 5 mmol).
2-IR5 R — £ l8(0.5 mmol). "BusNBF4 (0.5 mmol)#ll
10 mL W, 535 PAA S5 Ak (C, 15 mmX 10 mm X2
mm) E R, EAEMPL 15 mmX 10 mmX 0.1 mm)fE
KA, [BRATRAE 8 mA fHH T HEM 10 h. /N
G, BEERYE, S EI A2 H bRy Saa~
Sea.

S-JRIE-2-F%(5aa)*4: 'H NMR (500 MHz, CDCI;)
0: 8.03 (s, 1H), 7.43 (d, J=8.5 Hz, 1H), 6.34 (d, J=8.5
Hz, 1H), 4.42 (s, 2H); *C NMR (126 MHz, CDCl) §:
157.02, 148.72, 140.15, 110.06, 108.33.

4-JR-2-H B R Bk -1 (2 H)-Ef(Sba)*S): TH NMR (500

http://sioc-journal.cn/ 4297
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MHz, CDCl;) ¢: 8.36 (d, J=8.5 Hz, 1H), 7.73 (d, J=8.5
Hz, 1H), 7.66 (d, J=8.5 Hz, 1H), 7.47 (d, J=8.5 Hz, 1H),
7.20 (s, 1H), 3.53 (s, 3H); *C NMR (126 MHz, CDCl;) ¢:
160.66, 134.46, 131.93, 131.83, 127.04, 126.80, 125.22,
124.75, 98.57, 35.96.

4 F-3-JR-2H-Z2FE ML I -2- B (Sca): 'H NMR (500
MHz, DMSO-ds) 6: 8.22 (d, J=8.5 Hz, 1H), 7.70 (t, J=
8.5 Hz, 1H), 7.73~7.41 (m, 2H), 3.44 (s, 2H); *C NMR
(126 MHz, CDCls) d: 157.99, 152.61, 152.22, 132.97,
124.45, 123.89, 117.32, 114.12, 81.80; HRMS calcd for
CioHoBrNO [M+H]" 237.9862, found 123.9864.

1,2- ] £ % K (5da)*): '"H NMR (500 MHz,
DMSO-ds) 6: 7.35~7.19 (m, 5H), 5.09~5.06 (m, 1H),
4.03~3.94 (m, 2H); 3C NMR (126 MHz, CDCls) §:
137.60, 128.17, 127.84, 126.64, 49.85, 33.99.

3- PR -2- 2% FE R M 3 [1,2-a] ML BE (Sea)®”): 'H NMR
(500 MHz, DMSO-ds) : 8.19 (d, J=6.5 Hz, 1H), 8.13 (d,
J=7.5 Hz, 1H), 7.64 (d, J=9.0 Hz, 1H), 7.49 (t, J=7.5
Hz, 2H), 7.34 (d, J=7.5 Hz, 1H), 7.28~7.25 (m, 1H),
6.94 (t, J=7.5 Hz, 1H); 3C NMR (126 MHz, CDCl;) ¢:
145.50, 142.71, 132.88, 128.50, 128.33, 127.92, 125.14,
124.00, 117.67, 113.09, 91.75.

323 BAREER

&R 22 S5 Fi FHAX 28 CHI 660E HiAL 2 TAF 3k
(JR4E), TAEHBNC R B(@=3 mm), X} Bk 4
ik, SR Ag/AgCl HLbl, H5HEE N 0.10 Vs,
FHNEEN 0~2.0 V, (2)% FARE: 0.1 mol/L n-BusNBF,
LGV (b) N-ZEFE-3,5- — FE LM 4 (0.02 mol/L) Al
n-BuNBF4 (0.1 mol/L) LB (c) 2-IRH R — 2.
(0.02 mol/L)A1 n-BusNBF; (0.1 mol/L) Zf§ ¥R (c) N-7
F-3 5. FFLALME(0.02 mol/L). 2-JRTA —-ER — Z.[E(0.02
mol/L)F n-BusNBF; (0.1 mol/L) Z. i 1.

45 Bh#f Bl (Supporting Information) HFR{LE4) 4 F1 5
) 'TH NMR. "“C NMR K3, X0 Rba] BL G 2 AT
WX 3k (http://sioc-journal.cn/) I T %,
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