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One-Pot a-Nucleophilic Fluorination of Acetophenones by
DBDMH and Et;N<3HF

Zhu, Wei Li, Zhongzhou Yao, Lulu Zheng, Zubiao Zou, Xinzhuo™

(Department of Chemistry, East China Normal University, Shanghai 200062)

Abstract A novel synthetic method of a-fluoroacetophenones directly from acetophenones via one-pot reactions of bromina-
tion and fluorination is reported. Based on the nucleophilic fluorination, using 1,3-dibromo-5,5-dimethylhydantoin (DBDMH)
as brominating reagent, tricthylamine tris(hydrogen fluoride) as fluorinating reagent, a-fluoroacetophenones were obtained
from acetophenones in 82%~87% total yields, except p- and m-nitroacetophenones. The proposed method has a high applica-
tion value, because of its simplicity, low cost and good yields.

Keywords a-nucleophilic fluorination; a-fluoroacetophenones; acetophenones; one-pot; Et;Ne3HF; 1,3-dibromo-5,5-dime-
thylhydantoin
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Figure 1 The application of a-fluoroacetophenones
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NMR Hi varian INOVA-500 BURZRESLHRAGI 5, A
F54 TMS; IR i NICOLET, FT-IR ZLAMCINE; J6E 5
HreH MOD.1106 3 #r e Faili i Agilent HP6890-
5973N JHIEAII 5 ; H4 55 1 Yanano MP 500 #4 sS4 &
(CRIZIE). BHh 8 i, 420 B AT aliAr AL 2.
1.1 #l& -RREZCERQ)MBR A A

K i 1a~1e (10 mmol)FH 10 mL Jo/K FREH RS,
TN 0.1 g FER. RNVARR T2 40 CJa A iRk
(1.72 g, 6 mmol), % 3 h. W E=EEE, IERBREH.
T 30 mL CH,Cly, Ze/K%E, T4, o Z28RRE 5, A
FEYERE JZ AT AL, TR AR AN LR LR -
y=30:1).

2-JR-2K ZT(22)%: A @A mp. 49~51 C (lit.
48~50 °C); '"H NMR (CDCls, 500 MHz) J: 4.44 (s, 2H,
CH,Br), 7.60~7.62 (m, 2H, ArH), 7.68~7.70 (m, 1H,
ArH), 8.00~8.03 (m, 2H, ArH).

2-IR-(4-H -2 Z/d(2b)7: (44K, mup. 44~
46 °C (lit. 44~48 °C); '"H NMR (CDCl;, 500 MHz) §:
2.38 (s, 3H, CH3), 4.40 (s, 2H, CH,Br), 7.26 (d, J=8.1 Hz,
2H, ArH), 7.88 (d, J=8.1 Hz, 2H, ArH).

2-IR-(4-50)- K LW 2e)* " B EAR. mp. 91~93
‘C (lit. 90~92 °C); '"H NMR (CDCls, 500 MHz) ¢: 4.39
(s, 2H, CH,Br), 7.46 (d, J=8.5 Hz, 2H, ArH), 7.92 (d, J=
8.5 Hz, 2H, ArH).

2-R-(4- V) - LW 2d)*7: A EE. mp. 106~
108 C (lit. 106~110 C); '"H NMR (CDCls, 500 MHz)
J: 4.40 (s, 2H, CH,Br), 7.64 (d, J=8.5 Hz, 2H, ArH), 7.86
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(d, J=8.5 Hz, 2H, ArH).

2-IR-(4-THE-TK 2 (2e)*": AR, mp. 97~
98 C (lit. 96~98 °C); 'H NMR (CDCl;, 500 MHz) ¢:
4.52 (s, 2H, CH,Br), 8.18 (d, J=8.0 Hz, ArH), 8.35 (d,
J=8.0 Hz, 2H, ArH).

4-fifHE- 10,1 AR -2 - 0K (de): R i E [ 4.
m.p. 49~50 ‘C; '"H NMR (500 MHz, CDCl;) : 8.25 (d,
J=9 Hz, 2H, ArH), 7.71 (d, J=9 Hz, 2H, ArH), 3.62 (s,
2H, CH,), 3.25 (s, 6H, OCH;); *C NMR (125 MHz,
CDCly) 6: 148.0, 145.7, 128.5, 123.2, 101.0, 49.6, 34.5;
m/z: 258, 196, 150; IR (KBr) v: 1522, 1352, 1282, 1114,
1047 cm™'; Anal. caled for C;oH;;NO4Br: C 41.40, N 4.83,
H 4.17; found C 41.45, N 4.81, H 4.15.
1.2 EZE—mEH%F o BRE ZER—MRIZEF

ZK 0 1a~1h (10 mmol)[f] 10 mL JE/K H i
Je, N 0.1 g . RMNARRTHRLE] 40 CJE A
HEIN(1.72 g, 6 mmol), [ 3 h. WERE)G, IR
IR ZERRE AL 76 EIRBRAR YT 20 mL 25 = 2 i
“AE3.78 g, 25 mmol); AN, TLC BRES SV
F ORI R JE 5 g, A HURIR S 2K R A . ek A
YN 30 mL SUR e L, ZKTE, T, ek
PSR, K= 2k M alifh, e T 500 4 A i k0
LR OTEWV - V=30 1).

2-Fi 7 LH(3a)": a4y, "H NMR (CDCl,,
500 MHz) d: 5.52 (d, J=47 Hz, 2H, CH,F), 7.47~7.50
(m, 2H, ArH), 7.60~7.64 (m, 1H, ArH), 7.87~7.88 (m,
2H, ArH).

2-F-(4'-FHI)- 2K LW (30)!": L kY. 'H
NMR (CDCls, 500 MHz) d: 2.41 (s, 3H, CH3), 5.50 (d,

http://sioc-journal.cn/ 1147
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J=47 Hz, 2H, CH,F), 7.26~7.29 (m, 2H, ArH), 7.77~
7.79 (m, 2H, ArH).

2-B-(4-F)-FE B At K. mp. 50~52
‘C (lit. 51~52 ‘C); 'H NMR (CDCls, 500 MHz) J: 5.48
(d, J=47 Hz, 2H, CH,F), 7.45~7.47 (m, 2H, ArH),
7.83~7.85 (m, 2H, ArH); MS m/z: 173, 155, 140, 126,
112, 100, 86, 76, 61, 50.

2-F-(4-1R) - 2B A E AR, mp. 70~71
‘C (lit. 69~70 °C); "H NMR (CDCls, 500 MHz) §: 5.47
(d, J=47 Hz, 2H, CH,F), 7.64~7.66 (m, 2H, ArH),
7.77~7.79 (m, 2H, ArH).

2-5-(4 -3 -2 2 3e)!™: (I fEfA. mp. 92~
93 C (lit. 90~92 “C); 'H NMR (CDCls, 500 MHz) 6
5.52 (d, J=47 Hz, 2H, CH,F), 8.08~8.11 (m, 2H, ArH),
8.35~8.37 (m, 2H, ArH).

2- -3 - 2K AW 3O A @ E A mp. 91~
92 C (lit. 92~93 °C); '"H NMR (CDCl;, 500 MHz) ¢:
5.54 (d, J=47 Hz, 2H, CH,F), 7.73~7.76 (m, 1H, ArH),
8.26~8.28 (m, 1H, ArH), 8.47~8.49 (m, 1H, ArH),
8.73~8.74 (m, 1H, ArH).

2-5-Q-F)- K BB kY. 'TH NMR
(CDCl;, 500 MHz) 0: 5.42 (d, J=47 Hz, 2H, CH,F),
7.37~7.40 (m, 1H, ArH), 7.44~7.47 (m, 2H, ArH), 7.64
(d, J=8.3 Hz, 1H, ArH).

2- i -(4- AU IE)- 2K I BN ([ k. mup.
78~79 C (lit. 78~79 °C); '"H NMR (CDCl;, 500 MHz)
J: 3.88 (s, 3H, OCH3), 5.47 (d, J=47 Hz, 2H, CH,F),
6.95~6.97 (m, 2H, ArH), 7.89~7.90 (m, 2H, ArH).

2 H#R5hE

B R  SAR BIRAR FN S AZ AR — Bk i 4k
S AT s e o3 e e < 1| N2 51 ALY S VA G R
PARZS . 1S — B Bt e R b a4, a- S AR ERAR
WA IEEIN 2 — . 7ESACIRBRZL R R s 0 34T 11
WA WE RN, R RDEHREMNE AT, L5
T ARSI A Ay e ) D IR A E ) B A
eI R WSEAZ A R N M LR 2, =3 T
BEAE)8 Br >Cl >F . KAk a- 1RSSO
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VER IR BR. O T kb 2 AR It 7=k, PR U
PIRARE AW NBS ¥R n % 18, T A
8 L NBS JiA S5, b B 7 WD AR D IRAR
SN FRIHEAR T, ) FE ORI ] LA s R AR A 2R S 1) o
AR WP HIT A4 5 AR EGN3HF 15 i
0 S i ST e G RN R D W= @ L Y e 5
R LI o- B GAR N, BL 92%~98% K] iy i 45 2]
o- PSR L, FLACPEIR AT BT LR o 2K 2
la 1EREY), S 4EHAERAE D) DBDMH {6 ik
1T o- TR N R R, [N &5 Rk 1 fis. K10
mmol) 5 RER (7.5 mmol)fE 0.1 g RN T, H
BRI 1 b, BIATLL 90%MM R4S 3] a-BARIK L1
(Table 1, Entry 1). Wik & Wl EERFFR A 40 C, SEK %
MNEFRIZE 3 h, YRR ERZE 6 mmol, N a-YRALA
AR T2 7 ) 95% (Table 1, Entry 2). 3t 1
FH b, A R T Le A 1d fEFIFE R 45 2F R 04T SO,
HAFEN T 90%LL I % (Table 1, Entries 3, 4). Xk
K LHA(1e) FRAH AL ) LFAT 100%, LA 75%(1)
PR L -SRI 4 R 2 C(RE 1,1 R AR -2
1R-4-THE 47K (4e)f71E(Table 1, Entry 6).

FR1 AR ZLZEIFI DBDMH TERERAELL T 1 a-IRAR SN,

Table 1 The a-bromination of acetophenone with DBDMH
using silica gel

DBDMH/

Entry Substrate 7/°C  Time/h Product Yield®/%
mmol
1 la 7.5 Reflux 1 2a 90
2 1a 6.0 40 3 2a 95
3 1b 6.0 40 3 2b 90
4 1c 6.0 40 3 2¢ 92
5 1d 6.0 40 3 2d 96
6 le 6.0 40 3 2e —

© 2012 Chinese Chemical Society & SIOC, CAS

“ All reactions were run with 10 mmol of acetophenone using 0.1 g of silica
gel as catalyst in 10 mL of methanol; ° Isolated yield. ¢ The
a-monobromoketones and the a-monobrominated ketals as products were
found and their ratio is 25 © 75.

FEMHRERS EBEAT T A AU N IR R . SE 2k
FETR] 35 A F BEAT AR N 35 7 I 511
N, R I R AT 15%, BB a-IRAG
KOG P, G SIS 1 — R, W%
1 a,o- AR CWIAE R, R, — Sk 9 se A
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TR RIS — B B A IRA S W H A e Ay v
A, N5 2 a E R o PR (1 T FR A B, B R B R
AR NAE CHEHIHEAT. 2B/ H 10 mmol KA 1a B,
= = EACE TN 15 mmol 43 B2 = 2 20 A1 25
mmol i, 3a FIBCEEIN 38% 43 B E 2] 74 % F1 84%
(Table 2, Entries 1~3). ¥t 2.5 equiv.[f] = Z % =L
SN AR R VLT 5 A2 A L. A IR AR R L
(1b) FH 6} A0k 2 26 (1h) 1) 3604 1R MAC 2R mT 4 i)k 3]
87%F1 82% (Table 2, Entries 4, 9). 47 i J& 711 1¢, 1d
g (0N, #7532 T 80%LL it % (Table 2, Entries
5, 6, 10). XHEFEIE ZH(1e) AR ML ZR L Fd (1h) I 54K
I 43 ) k) 46%H!1 61% (Table 2, Entries 7, 8). ik %
IVERE RV &S TR TaRS'e IVE

%2 i1 DBDMH M Et;Ne3HF K4 2407 a- 2R mAR
SN @

Table 2 One-pot fluorination of acetophenones by DBDMH
and Et;N<3HF

Entry Substrate Product Et;Ne3HF/mmol Yield®/% (lit.['*)

1 1a 3a 15 38
2 1a 3a 20 74

3 1a 3a 25 84 (72)
4 1b 3b 25 87 (80)
5 Ic 3¢ 25 84 (50)
6 1d 3d 25 83 (50)
7 le 3e 25 46 (35)
8 If 3t 25 61 (40)
9 1h 3g 25 82

10 1g 3h 25 82

“1a was 10 mmol, DBDMH was 6 mmol, silica gel was 1 g, and methanol was
10 mL. The reaction mixture was stirred in 40 ‘C for 3 h, and then silical gel
was flitered and methanol was removed. Et;N3HF in 10 mL of acetonitrile
was added and refluxed for 18 h; * Isolated yields.

AT RAZ A NI S — 3846 T a- AR
L, FAT AR, R vt pra i
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