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Transition-Metal-Free Synthesis of o-Halodiarylamines from
o-Halophenols

Lin, Songbo* He, Xingrui” Meng, Jinpeng* Gu, Haining"

Zhang, Peizhi® Wu, Jun™*

(“ Department of Chemistry, Zhejiang University, Hangzhou 310027)
(4 School of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310012)

Abstract A metal-free method (KOH/DMSO) for the synthesis of o-halodiarylamines from o-halophenols and 2-bromo-N-
arylpropanamide via Smiles rearrangement reaction as a key step has been developed in this paper. This method has ad-
vantages of simple and efficient operation, easy available starting materials and transition-metal-free conditions. It exhibits the

certain application value. Using this method, a series of o-halodiarylamines have been synthesized in 23%~81% yields.
Keywords transition-metal-free reaction; o-halophenols; o-halodiarylamines; Smiles rearrangement reaction

FH 40 0 =55 T LME N VE 2 KRR ThiRe e+
G RBERT ARG, PRIAR g — 05 B & 2 3
THWUEZRFEN, 40 Scheme 1 fiR, 35 H&ME
B W@ — AR AR 2R p B I
S N (Buchwald-Hartwig reaction)™; 3 — 2 4 {14 (1)
MR 5 % B F) 4B BBK S . (Chan-Lam - coupling)™. 4R
F BRI ERAE G T o — 55 i (R I figeady ) 1 — L8 R R,
DRI A Bk — 1< B A TV 4 R PR AL I SR N URR, B R AR
RIS, A, o i 4 e i EL AR B o J:FHXT/\TZ'S%D
HIAT — 1 S E s ma ., (A, l_TﬂE SIS B TT
VESEILAR B 0 A U AR ARG i
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| HoN \H
©i ¥ \© Transition metal catalyzed @[ 2 (HO)23\©

Buchwald-Hartwig reaction \)\\\\ Chan-Lam coupling
/4/ o
A 4,0
Ox,
8, -
CF3CO0
NH, TMS s DMF 24 h NH, I
OOt O s CLO R O
X OTf X
o\" { OA/
S Lt )
0 ¥ oG Mo

L
X

)
O »
+ ﬁj N Transition metal free

OH Me “
@[ Br)ﬁf
. O
Smiles rearrangement
This work

B 1 AT A AR

Scheme 1 Previous studies and this work

1 ER5HR
1.1 REFMHRESE

BAVNABZ §iiRIE T —FhAE 4 IR A T R 5 %
WA TTiE. RSO AR 5 2614 FIAR A0 AT i 2
Wy R B AR T S R R A . Nk, BATRAE
50 CHAFT, LALEBIIRM(1a)f 2-1R-N-(4-H 4 KﬁWi
Tk i (2) A 2 46 TR RE & R T R A PR 2-(2- Tl
BL)-N-(4-H AR5 It 12 (3a) (Eq. 1). 28, uhﬁﬁj
B EH, HEAT I LA AR T AR Ak, Seie 45 S an
# 1 fin. LLKOH AR 3545 H AR 24 4a, {HICR X
H 26%, [FIEFIEIFY) 4ab, WTE R 33%(F 1, Entry
D). RAHBPEE TGN Cs,CO; B K,CO5, bR A 2R
FBE(EE 1, Entries 2, 3). {Hi{H 5K KO'Bu 7] LA$z
AR, (BRA BT 3a HRLL 46% MR ES T
HIF2¥) 4ab (3R 1, Entry 4). Jif53#6h0 KOH, WA &3
R =B (% 1, Entry 5). AR RS TS O3S B 0
AN SRR, BATE 130 C R PREREIA
KOH, NABRAFAIE(E 1, Entry 6). R IN#HHE
WHER RIFHSEREE 1, Entry 7). fJa, BAITRIIN
A 1.2 equiv.f) KOH JG /£ 130 ‘C /M 2 h, 4R 5 FFARIEE
%50 CJaHIANEER KOH, FHREZ 130 “C/ M 2 h.

ey,
(jfEfHL:Twe )

3a

e
KOH DMSO

0°C 2h
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XM ECHER TTVESRAS T RAFIISE R, DL 66% U A5 5]
T BFRFE) 3a(F 1, Entry ).

R AR I 4a BRI @
Table 1 Optimized condition for the synthesis of o-halo-

diarylamines 4a
W)L /©/ Base, DMSO_
©i 130°C @[ \©\

Me (@]
4ab

Yield®/%
E B Base/equiv. Time/h Conv./% ——————
ntry ase ase/equiv 1me onv./% 42 4ab
1 KOH 1.2 2 57 26 33
2 Cs,CO; 12 12 38 24 13
3 K,CO, 1.2 12 0 0 0
4 KOBu 1.2 2 >99 0 46
5 KOH 24 4 — 3¢ —
6/ KOH 12412 242 — 33 —
7¢ KOH 1.2+1.2 1+1 — 28¢ —
8/ KOH 1.24+1.2 242 — 66 —

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reagents and conditions: 3a (0. 2 mmol), base (0. 24 mmol) and DMSO (0.6
mL) were heated from room temperature to 130 ‘C; ® Determined by 'H NMR
of the crude reaction mixture; “Isolated yield; ?The base was added by two
batches evenly each time at 130 °C; ¢ The reaction mixture was heated by
microwave and the base was added by two batches evenly each time; / The
second dose base was added after the mixture was cooled to 50 C.

12 JRIER

NT S BOTERS G, 7 LR R
N R RT T IR R (R 2). Bk, BATEET
2-WR Y 5 2-1R-N-(55 5 N BERZ (2) I SR, 4 2R BA ()56

http://sioc-journal.cn/ 1865
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37 e A E R (AR R AN R R I S R B JIGUR 4T
PUBIT (77 A5 5 AR 4a A1 de. 4FEIRIN A7 2
W I (Ao ORI, 724 4d. de A1 4f ()72
FAMT AR, 2R IR AR A F L, W 153 H AR =4
dg. TIZRIRPIEAL N SERF, DL 53%7= R 45 2 B brre

4j. 4k. 41 fil 4m. [FBFHEE T HE 4-HUR-2-5 K %
Z 50 B, g3 TR 4n R do. HEBT
5, 1-R2-ZEM AT LY 2-1R-N-(F A 35 I LI (2a)
L, LA 38%[I= 213 2] | =4 4p.

1.3 FIRERNIR R EE

Yo an. K5, BATHEE T 2-IREUCIEEY 5 2-1R-N-(953)
RIEBERE 2 (OB, Toi8 2-1R-N-(F5 525) I Bk e A {7
S5 (T PR A AR R L ), IS A TR R 2R A (A AR &)
HORTLUR 4-F L2V R e B, DL AR PR R AR B )

K2 AGRBINVEG ALK 5% 4
Table 2 Metal-free synthesis of o-halodiarylamines 4

M
OH );(H (1) KOH, DMSO, 50 °C, 2 h
+ Br N
R1/©[X i @RZ (2) KOH, DMSO, 50 ~ 130 °C, 2 h
1 2

(3) KOH, DMSO, 50 ~ 130 °C, 2 h

BT PRSI S5 R, BATSH T AT RE Y & ML
(Scheme 2). 55—35 /2 3 TESRBIAEF il 220 716
PR P G AL S F A BEBOS TR L O ERIR

N
X
IPQE
R X 7
4

Lo, U0 Lo, U0, e, L0,

4a 66% 4b 67% 4c 81% 4d 27% 4e 32% 4f 36%
Me H
H H H
O ot o cro,, oo
©i| I C[BD Me Br OMe Me Br Me
49 NR. 4h 53% 4i 75% 4j 57% 4k 53%
H H H Br
H : N. : : N. : N. : H
Me” : :Br : ~“F Me Br cl Cl Br OMe Br OMe “OO [ j\OMe
4l 55% 4m 50% 4n 23% 40 64% 4p 38%

“ Reagents and conditions: (1) o-Halophenols 1 (1. 0 mmol), 2-bromo-N-arylpropanamide 2 (1.2 mmol), KOH (1.2 mmol), DMSO (3 mL), 50 ‘C, 2 h; (2) KOH (1.2
mmol), 130 °C, 2 h; (3) KOH (1.2 mmol) was added after the mixture was cooled to 50 C, then the mixture was heated to 130 C again and stirred for 2 h; isolated
yields were given.

ase Q 2
B
RI—~F%X

reactive conformation

path a ﬁ \O 2 H20 O/ ,
RZ{/ 0 s Rz@ R C "
~
Y @ @
RI—"5X R //,\x/

L

BR 2 ArRERI R AR

Scheme 2 Possible reaction mechanism
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A B, B HET A B A €. 3 FDREE A i C
FRIHEAL 2 — A R (IR AL ) Smiiles BEHESC R, M [a]
& Cilidigte a BRI E T D, B DA RERE™
Y4, X2 LB C—NEMR, S AT
C BNl #4e b, HBCEMBEIPEAF, X5 F H 1
B3R BT S 2 B R i A BV

2 ZEig

FAVKRE T —F KOH/DMSO &1 1 B4 i 4y A
JE k22 Smiles HFHE SN A AR X AR IR Tk, X Rk
o WE A TR A WA A F ey T A3 2
IRUFHIRLA.

3 S
31 X5

WRR 1% s (i B CAERACRA BR A A, 3R
2K 1E); Bruker Advance-400 FT T 4% #f JLHRAX (18 =
Bruker A&, %74 CDCls, TMS N A #1); GCT Premier
ASAH R 2 AT IR R) 5 B B FH A (36 [El WATERS 2
F]); NICOLET iS10 f B2 414 (32 Thermo
Fisher Scientific A #]); EAMTRMI(UV-8 = H KM,
2 1 AR (GF254, 5 B EL T 7= 5. HaR
TR A = Al sl s Aol
32 ZWHE
3.2.1 2-iR-N-(F5 ) Bthe 2 696 m%

] 100 mL 2 RO H S 5 N 75 1220 mmol). 2-7R
PIR(21 mmol)F1 30 mL 5 ¢, HiFLiamE, A 4-—
3L ik 5E (DMAP, 0.2 mmol). K R MR & ¥ & T
0 CUk/KBH, Ui 3 a3m —WZDCC, 21
mmol), HPEER. NI IE S, BERET. H
LIEEERIG, 19 2-1R-N-(5 5 Mz 2, BT T
— R
322 ARB =I5 A a9A

f] 25 mL SO HO A AR 5 K5 1 (1.0 mmol). 2-
IR-N-(75 55 5 BEA% 2 (1.2 mmol). KOH (1.2 mmol)Fli%
71 DMSO (3 mL), fE 50 C e i 2 h, 85 FIIA
KOH (1.2 mmol), In#E] 130 CJ/a4kaiist M 2 h.
RNREREZE 50 °C, I KOH (1.2 mmol), FHEF]
130 CHRLEHFE B2 h, ¥H), H 10 mL IR &AL 4A
WK N, IR (10 mL X 3)2HL, J/K Na,SO,
Tk, o IE, CRHUEIEZE, FIRYI AR RS
PR ZC BB/ A R i T 50 B2 e 00 ) 7 B 45 380 218 1 — 5 i
4.

2-THL-N-(4- W 5 R R ) R 12 (d4a): B OO VBAA, 7= 3
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66%. '"H NMR (400 MHz, CDCL3) 6: 7.71 (dd, J=7.9, 1.4
Hz, 1H), 7.17~7.06 (m, 3H), 6.93~6.83 (m, 3H), 6.52
(td, J=7.8, 1.5 Hz, 1H), 5.78 (s, 1H), 3.81 (s, 3H); "°C
NMR (100 MHz, CDCly) &: 156.48, 145.81, 139.45,
134.61, 129.20, 124.70, 120.63, 114.88, 113.87, 86.71,
55.68; IR (KBr) v: 3375, 3060, 2998, 2952, 2832, 1583,
1511, 1450, 1398, 1295, 1245, 1180, 1106, 1036, 1007,
817, 744, 612 cm™'; HRMS (EI-TOF) calcd for C,3H;,NOI
(M") 324.9964, found 324.9969.

2- B -N- 2 3k 5 iz (b)) 3 G IR AR, PR R
67.3%. '"H NMR (400 MHz, CDCl;) 6: 7.80~7.73 (m,
1H), 7.35~7.26 (m, 2H), 7.22~7.08 (m, 4H), 7.07~6.98
(m, 1H), 6.61 (ddd, J=8.0, 5.4, 3.4 Hz, 1H), 5.90 (s, 1H);
C NMR (100 MHz, CDCls) &: 144.03, 142.10, 139.65,
129.59, 129.16, 122.67, 122.04, 120.11, 115.95, 88.89; IR
(KBr) v: 3381, 3058, 1590, 1578, 1505, 1461, 1446, 1413,
1310, 1284, 1218, 1175, 1159, 1077, 1008, 882, 744, 693,
636, 574 cm .

2- T -N-(F FR 28 3 ) K 1% (40)' YRR EBLAR, PR
81%. '"H NMR (400 MHz, CDCls) §: 7.74 (dd, J=7.9, 1.4
Hz, 1H), 7.20~7.01 (m, 6H), 6.57 (td, J=7.9, 1.6 Hz,
1H), 5.85 (s, 1H), 2.33 (s, 3H); “C NMR (100 MHz,
CDCI3) 6: 144.74, 139.56, 139.27, 132.79, 130.14, 129.16,
121.34, 121.29, 114.99, 87.94, 20.97; IR (KBr) v: 3381,
2918, 1587, 1515, 1450, 1396, 1309, 1219, 1109, 1008,
806, 743 cm .

2-fl-N-(4- 50 2K 38 K i (4d): TEIRIE, F2H 27%.
'H NMR (400 MHz, CDCl;) &: 7.75 (dd, J=8.0, 1.7 Hz,
1H), 7.17 (ddd, J=8.7, 7.2, 1.6 Hz, 1H), 7.11 (dd, J=9.3,
4.9 Hz, 3H), 7.07~6.94 (m, 6H), 6.64~6.55 (m, 1H); °C
NMR (100 MHz, CDCly) 6: 159.13 (d, J=240.7 Hz),
144.80, 139.64, 137.93, 129.27, 123.27 (d, Jos=8.0 Hz),
121.64, 116.31 (d, Jo.r=22.4 Hz), 114.85, 87.86; IR (KBr)
v: 3381, 3059, 1604, 1583, 1506, 1453, 1395, 1310, 1212,
1154, 1096, 1008, 820, 783, 744 cm '. HRMS (EI-TOF)
calcd for C,Ho NIF 312.9764, found 312.9764.

2-fifll-N-(4- G A FE) K % (de): B CUMPIR WA, 77 3%
32%. '"H NMR (400 MHz, CDCl3) 6: 7.78 (dd, J=7.9, 1.4
Hz, 1H), 7.30~7.24 (m, 5H), 7.21 (ddd, J=8.5, 7.2, 1.4
Hz, 1H), 7.14 (dd, J=8.2, 1.6 Hz, 1H), 7.09~7.00 (m,
2H), 6.69~6.60 (m, 1H), 5.86 (s, 1H); *C NMR (100
MHz, CDCl;) o: 143.63, 140.86, 139.76, 129.59, 129.28,
127.35, 122.60, 121.08, 116.32, 89.28; IR (KBr) v: 3380,
1585, 1493, 1453, 1310, 1175, 1091, 1010, 813, 747 cm .
HRMS (EI-TOF) calcd for C,,H,NCII 328.9467, found

http://sioc-journal.cn/ 1867
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328.9468.

2-TH-N-(4- TR ZE L) IR (4f): R EOR, 2% 36%.
'H NMR (400 MHz, CDCl3) 6: 7.78 (dd, J=7.9, 1.3 Hz,
1H), 7.44~7.35 (m, 2H), 7.25~7.14 (m, 2H), 7.03~6.95
(m, 2H), 6.72~6.62 (m, 1H), 5.85 (s, 1H); *C NMR (100
MHz, CDCl3) 0: 143.44, 141.45, 139.78, 132.52, 129.28,
122.78, 121.21, 116.60, 114.58, 89.54; IR (KBr) v: 2932,
1715, 1580, 1506, 1464, 1355, 1294, 1245, 1178, 1124,
1032, 915, 835, 684 cm '. HRMS (EI-TOF) caled for
C,HoNBrI 372.8962, found 372.8963.

2-FH-N-(A] FH A3 A it (4h): B ORE, 77 53%.
'H NMR (400 MHz, CDCly) 6: 7.80~7.73 (m, 1H),
7.23~7.15 (m, 3H), 6.94 (d, J=6.5 Hz, 2H), 6.89~6.82
(m, 1H), 6.65~6.56 (m, 1H), 2.33 (s, 3H); *C NMR (100
MHz, CDCl3) 0: 143.98, 141.89, 139.49, 139.42, 129.27,
129.02, 123.41, 121.77, 120.68, 117.01, 115.88, 88.68,
21.49; IR (KBr) v: 3382, 3035, 2918, 2857, 1693, 1607,
1579, 1510, 1488, 1462, 1441, 1406, 1311, 1249, 1167,
1113, 1089, 1043, 1008, 941, 743, 692, 668, 650 cm .
HRMS (EI-TOF) caled for Ci;3sHjpNI 309.0015, found
309.0012.

2-JR-N-ZEFEIE i (4" SECIHLIRAE, 72 75%.
'H NMR (400 MHz, CDCl3) 6: 7.52 (dd, J=8.0, 1.4 Hz,
2H), 7.37~7.29 (m, 4H), 7.25 (dd, J=6.8, 1.3 Hz, 2H),
7.20~7.11 (m, 6H), 7.09~6.99 (m, 2H), 6.73 (ddd, J=
8.0, 7.3, 1.6 Hz, 2H), 6.08 (s, 1H); *C NMR (100 MHz,
CDClLy) 0: 141.72, 133.11, 129.59, 128.23, 122.83, 121.03,
120.39, 115.91, 112.30; IR (KBr) v: 3396, 3062, 3040,
1592, 1505, 1464, 1450, 1415, 1313, 1239, 1219, 1176,
1158, 1123, 1078, 1044, 1021, 884, 743, 694, 666, 637,
575 cm .

2-YR-N-(4- F A8 JE 2R 35 )-4- FH L DR i (4): 38 (o s AR,
FF 57%. "H NMR (400 MHz, CDCl;) d: 7.32 (s, 1H),
7.25 (s, 0H), 7.09 (d, J=8.8 Hz, 2H), 6.95~6.84 (m, 4H),
5.79 (s, 1H), 3.80 (s, 3H), 2.24 (s, 3H); "C NMR (100
MHz, CDCl3) 6: 156.05, 140.72, 134.98, 133.15, 129.69,
128.87, 123.87, 114.81, 114.69, 111.01, 77.48, 77.16,
76.84, 55.69, 20.28; IR (KBr) v: 3392, 2999, 2954, 2925,
2833, 1595, 1513, 1455, 1441, 1400, 1315, 1295, 1244,
1180, 1107, 1044, 1107, 1044, 1020, 838, 817, 770, 743,
612, 551 cm~'. HRMS (EI-TOF) caled for C,H;4NI
323.0171, found 323.0168.

2-JR-N-C0f H R J )4- B B OR i (4k): 3 LAk, 7=
# 53%. '"H NMR (400 MHz, CDCl;) d: 7.34 (d, J=1.5
Hz, 1H), 7.24 (s, 1H), 7.14~7.07 (m, 2H), 7.01 (d, J =8.4

1868 http://sioc-journal.cn/
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Hz, 2H), 6.94 (dd, J=8.3, 1.6 Hz, 1H), 5.87 (s, 1H), 2.31
(s, 3H), 2.25 (s, 3H); *C NMR (100 MHz, CDCl;) o:
139.64, 139.54, 133.26, 132.08, 130.52, 130.06, 128.84,
120.43, 115.96, 112.12, 77.48, 77.16, 76.84, 20.90, 20.35;
IR (KBr) v: 3399, 3024, 2918, 2852, 1605, 1515, 1387,
1312, 1277, 1225, 1117, 1102, 1037, 869, 808, 697, 669
cm . HRMS (EI-TOF) calcd for C4H{4NBr 275.0310,
found 275.0310.

2-IR-N-(4-Fa AR )-4- FH R R i (4)): B g, Fo 3
55%. "H NMR (400 MHz, CDCl3) 6: 7.37~7.32 (m, 1H),
7.10~7.03 (m, 2H), 7.03~6.92 (m, 4H), 5.81 (s, 1H),
2.25 (s, 3H); *C NMR (100 MHz, CDCl;) d: 158.73 (d,
J=239.9), 139.56, 138.27 (d, Jor=26.0), 133.34, 130.88,
128.93, 122.26 (d, Jer=39.0), 116.28, 115.93 (d, Jor=
25.5), 112.12, 77.48, 77.16, 76.84, 20.35; IR (KBr) v:
3401, 3035, 2920, 2855, 1608, 1514, 1505, 1386, 1314,
1277, 1214, 1155, 1096, 1038, 1012, 996, 870, 834, 815,
699, 670, 592 cm '. HRMS (EI-TOF) caled for
Cy3H,;NFBr 279.0059, found 279.0060.

2-IR-N-(4-F R 5L )-4- I EL 8 e (4m): (A B8 4E, 7
E 50%. mp. 63.7~64.6 C; 'H NMR (400 MHz,
CDCly) 0: 7.40~7.35 (m, 1H), 7.26~7.21 (m, 2H), 7.12
(d, J=8.3 Hz, 1H), 7.04~6.97 (m, 3H), 2.28 (s, 3H); "°C
NMR (100 MHz, CDCly) &: 14126, 138.32, 133.50,
132.01, 129.50, 128.96, 126.66, 120.22, 117.37, 113.39,
20.44; TR (KBr) v: 3391, 3053, 3020, 2920, 1891, 1605,
1590, 1507, 1489, 1428, 1387, 1308, 1274, 1223, 1148,
1084, 1035, 1013, 857, 825, 810, 717, 699, 545 cm .
HRMS (EI-TOF) calcd for C,3H;;NCIBr 294.9763, found
294.9767.

2-R-N-(4- W A R J )-4- SR i (4m): B8 ([l 44, 72
2 23%. m.p. 83.4~85.1 ‘C; "H NMR (400 MHz, CDCl;)
d: 7.39~7.34 (m, 1H), 7.27~7.18 (m, 2H), 7.12 (d, J=
8.3 Hz, 1H), 7.04~6.95 (m, 3H), 2.27 (s, 3H); *C NMR
(100 MHz, CDCl;) &: 14125, 138.32, 133.49, 131.99,
129.48, 128.95, 126.65, 120.20, 117.37, 113.40, 20.43; IR
(KBr) v: 3394, 2965, 2932, 2836, 1588, 1561, 1510, 1494,
1486, 1463, 1442, 1414, 1389, 1316, 1290, 1266, 1257,
1239, 1217, 1166, 1102, 1030, 862, 820, 806, 773, 697,
669, 584 cm '. HRMS (EI-TOF) calcd for C,3H;;NCIBr
310.9713, found 310.9709.

2-IR-N-(4- AR IL)-4-BU T B2 i (do): B8 (AL,
F2E 64%. '"H NMR (400 MHz, CDCly) d: 7.49 (d, J=2.2
Hz, 1H), 7.17~7.06 (m, 3H), 6.95~6.84 (m, 3H), 3.81 (s,
3H), 1.27 (s, 9H); *C NMR (100 MHz, CDCl;) d: 156.14,

Chin. J. Org. Chem. 2017, 37, 1864~ 1869
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143.29, 140.71, 134.83, 129.78, 125.24, 124.09, 114.82,
114.22, 110.88, 77.48, 77.16, 76.84, 55.70, 34.22, 31.52;
IR (KBr) v: 3396, 3036, 2961, 2904, 2867, 2833, 1606,
1511, 1463, 1441, 1391, 1362, 1317, 1296, 1280, 1247,
1180, 1115, 1105, 1037, 878, 842, 817, 772, 713, 664, 602
cm . HRMS (EI-TOF) C,;H,)NOBr 333.0728, found
333.0723.

1-JR-N-(4- A R ) Z5-2- i (p): KR ik, 77
38%. "H NMR (400 MHz, CDCl3) J: 8.08 (d, J=8.5 Hz,
1H), 7.69 (d, J=8.0 Hz, 1H), 7.61 (d, J=8.9 Hz, 1H), 7.52
(ddd, J=8.3, 6.9, 1.2 Hz, 1H), 7.33~7.27 (m, 1H), 7.23
(d, J=8.9 Hz, 1H), 7.19~7.14 (m, 2H), 6.96~6.88 (m,
2H), 6.36 (s, 1H), 3.83 (s, 3H); “C NMR (100 MHz,
CDCly) d: 156.68, 141.25, 134.43, 133.27, 129.13, 128.40,
128.26, 127.84, 125.36, 124.88, 123.27, 116.44, 114.92,
106.09, 77.48, 77.36, 77.16, 76.84, 55.71; IR (KBr) v:
3390, 3053, 3001, 2954, 2928, 2833, 1622, 1603, 1558,
1505, 1463, 1428, 1409, 1352, 1282, 1243, 1180, 1150,
1106, 1035, 981, 938, 811, 761, 745, 661, 602 cm .
HRMS (EI-TOF) calcd for C;;H4NOBr 327.0259, found
327.0261.

2-F -4 (4- R SE 2R 55 25 ) i ik-3-F (d4ab) ) 35
A, mp. 143.8~144.4 C; '"H NMR (400 MHz,
CDCly) d: 7.18 (d, J=8.8 Hz, 2H), 7.07~6.94 (m, 4H),
6.90~6.81 (m, 1H), 6.44 (dd, J=8.1, 1.3 Hz, 1H), 4.80 (q,
J=6.8 Hz, 1H), 3.86 (s, 3H), 1.64 (d, J=6.8 Hz, 4H); "*C
NMR (100 MHz, CDCly) 6: 167.04, 159.65, 144.24,
131.24, 129.89, 128.87, 124.03, 122.52, 117.36, 116.81,
115.33, 55.67, 16.52; IR (KBr) v: 3434, 2961, 2937, 2840,
1687, 1609, 1591, 1512, 1497, 1462, 1445, 1371, 1327,
1297, 1270, 1253, 1169, 1130, 1108, 1049, 1029, 847, 815,
751, 684, 589, 576 cm '. HRMS (EI-TOF) calcd for
C16H,sNOj; 269.1052, found 269.1079.
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