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EFEE55 147 CuCl,*5/3NaCl*5/2A1,0; i 1-5§-2-FH Z IS

AHEFE ORTE OH E A &
GEmT ZEA
(S R TS WKL T Kb 410082)

B

WE  HEMN CuCly S T7HE LM S5 N A7 AE A L B E 72 (A R SR 2 R I B SAL = A 1) B2
AN B IS )L 38 T — Ff A2 15 S (CuClys TE AL 140 (1 26 LA S 3 T2 S AL S 57 2 SRR A 207
% EEEIE - RIS LSRRG T CuClyy BARMIENLERAS I (M i AERCLE. AEUIERY 2% 58 T R4 A
T SO L P FOO RS SN, 3R T SRR S N AR A AN CuClye5/3NaCle5/2A1,0;, J55E LKk
HEMAPBI Ry 123, RN CHCl, RNGEEN 35 C. FERALAAET, R (72%~99%) it ik T — &
G 1-5- 2-95 36 LH HAR P4 1a~1m, FEXNZEEAL S YIEAT T RAL. I E RN AT 74 SHEEar, JFHIE
T 7558 Al % MR AT 4.

REEE AR 7R ARy B 1-8-2-07 5 Lk

Synthesis of 1-Chloro-2-aryl Ethyne Using CuCl,+*5/3NaCl+5/2Al,0;
as Composite Chlorinating Agent

Liu, Shuqin Zhao, Zijian Xiao, Jing Shi, Lei
An, Delie*
(State Key Laboratory of Chemo/Biosensing and Chemometrics, College of Chemistry and Chemical Engineering,

Hunan University, Changsha 410082)

Feng, Lingli
Peng, Zhihong*

Abstract An effective protocol for substitution chlorination was accomplished using a new composite chlorinating agent
from CuCl,, inorganic salt and carrier. The most appropriate ratio of each individual component of composite chlorinating
agent was determined by comparative experiments. The optimal synthetic conditions for 1-chloro-2-aryl ethyne were obtained
by the investigation of various factors, including solvents, the amount of composite chlorinating agents and reaction tempera-
ture. The mild and simple method allowed the formation of 1-chloro-2-aryl ethyne in up to 99% yields and showed good selec-
tivities. Various substrates bearing inert or sensitive groups were tolerable for the present preparation. A plausible mechanism
for the reaction was also proposed.

Keywords composite chlorinating agent; aryl ethyne; substitution chlorination; 1-chloro-2-aryl ethyne
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T, AR BRE IR 45 R 0 SR (i 7 Bl R ),
DRI P P 22, HORE SR BRI JLRP T B 1-5(-2-05
5O A0 RS AT LA DT R A A R
1 1-5-2-J5 3 b, (HRIRNZ, P RARNE; f
(17 5 W JU 75 A T A B0 D ) S 2B (A B Ag), il

FIH CuCl, SALHUE TG T 20 4D 60, 70 45
£, 1B H TS KRB CuCl, &AL 75 3 2k & i 1-
H-2-95 LM AT %077, Uemura 20 SR RIF 5 0 58
TP RCEA, AATTAIIKE 5B CuCl/LiCl 71 &
s El, WAAE] E O Z PR B — SR,
Kodomari Z:' 2L ALO; #1281 CuCl, hy &AL 45 £ 4
AR N AT T %5, RIS 1-5-2-2K L4
(E)-12- S ELI . (D-12- - AKLKE. ALK
PUFN =4, 3R 2, Kodomari 25 AT 9% FL Jay PR M 0 4
LR VAR AT T 252, 1 H T IE (1 S
I A7 A 38 PR 22 (IR) I TR A D 22 ol e A 7=
VIR~ BIF=1) 2 RO~ A by 43 B Rk i, IX 4R WE 0
B R TEARRM . AL %EH CuClyy Bk
AL ER IS I il 25 1 52 A B S AL ) (CuClye T ML 25 3
), IR b, BT T A S RE R A
1757 FE Lt & 1-5-2-05 3 SR Tk
1 SRETE
1.1 EE8HTIRER

A F AT 41 (FAL T 4 BARRTEHLER
VN N ) 1) o A T LU e DA A 2 2R 2B (p-NOLCeHa-
C=CH) N JEMI— RHIN LSz 06 % 223k 45, 459 W%
1. WEHATEUE H, =& e, LitH LiCleALOs
W F NaCleALO; 5 A [ W, 3533 R 2 AR 5L
=W 2E (35 1, Entries 1, 2), TiZEAH IR0 H 4o A
F(CH,Cly, 35 C, 12 h)fff /] CuClyeALOs JR N, TJLL
32%M 7 H3R TG T ARG AL = I(3K 1, Entry 3). #EXA
AR 5, & NIEBIRAMAE, 2 CuCl, LA
SiO, Z A I I, SN A R 2 H AR 1, Entry
4). XELERFEN, CuCly & FEEL RN & AR 1 FE A,
fHE A G R B AR B AR W 2. Uemura 25EU01E % 42
CuCly AL TT B A B, A INIE 1) LiCl BEHE i in e
A (177 26, FRATT T 6 28 78 ARt BOAR S A a7 T
RERFE A PR UEROR . s b, FRATMSEI6 45 FR W,
7E CuCly*AlLO; 1A & H LA H — LT LER (1 NaCl
LiClyffy i o 2 38 m BUR &AL 07~ 2, Jf A NaCl Lt LiCl
R EUF (WL 1, Entries 5, 6). fEXf L& R &AL
7 CuCly*NaCle5/2A1,05 5 X FE A 20k Je NI, AR
AL R B 84% (3 1, Entry 7). T35 I,

2100 http://sioc-journal.cn/

NaCl I EIFIEEZ 8EF. 2 NaCl 5 CuCl, 1R
Lol 503 W, ONICR B, BOURGI P= 208 5
96%(% 1, Entry 8), #k4:48 il NaCl 15 CuCl, FEE /K L
M3 BUAREA =PI 7= 2 T FR(3K 1, Entry 9~13).

Fe 1 LTI UG B @

Table 1 Effect of chlorinating agent on substitution chlorina-

tion
— ____ "Chlorinating agent" _
NOZ@ T CH,Cly, 35°C, 12h NO ( > = ¢
1a

Entry “Chlorinating agent” Yield’/% of 1a

1 LiCl*Al,04 0

2 NaCl+Al,O3 0

3 CuCl,*Al,04 32

4 CuCl,*SiO, 0

5 CuCl,*LiCl*Al,0; 44

6 CuCl,*NaCl=Al,0; 50

7 CuCl,*NaCl+5/2A1,0; 84

8 CuCl,*5/3NaCl*5/2A1,0; 96

9 CuCl,*2NaCl*3Al,0; 95

10 CuCl,*3NaCl*4Al,0; 38

11 CuCl,*4NaCl*5Al1,0; 83

12 CuCl,*5NaCl*6Al,0; 82

13 CuCl,*6NaCl*7Al,0; 76

© 2014 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 4-nitrophenyl ethyne (0.5 mmol), chlorinating agent (1.5
mmol), CH,Cl, (5 mL), at 35 ‘C for 12 h; bIsolated yield.

12 BRENREEHFHERE

N T AFE N 1-80-2-05 3 CPe i AR 4 A, FkAT]
PASHIE IR LY, B CuClye5/3NaCle5/2A1,05 1F
Ak, MDA E T RN B AR R UL
J NG it 5 DR 2 0 B LA S Y ) 5
12.1 ZEHeGFH

S AL R, B GU S N B2 5 7 6 5 i A B
. MEY S E A CuClye5/3NaCle5/2A1,0; 535
7E CH;CN. EtN Fl PEG 79 e Wi, ANRETS Buk#
AR 3D U R R E AL = )(3 2, Entries 1~3). &
DMF.CH;OH 1 THF % #IH NV, R 2= NS, &
BRI F= R <70% (3% 2, Entries 4~6). 4351 F H A
AL CCly 1B W I, B SR 16 77 5 0] 1A 2
80~85%( 2, Entries 7~9). 4T} CH,CL {E¥FII, 3k
BT AN, BURE = RIAH] 96%(% 2,
Entry 10).
122 H4584FAZH%0m

DL XA B 2R S fe o W) % 8 T B2 & A
CuCl,*5/3NaCl+5/2A1,05 [ ] 50 ARG &R 11 5%
. R 3 FUH TR SRR, BRI b
RIVEER. WK 3 nT LR, A SRS RPN &)
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Table 2 Effect of solvent on substitution chlorination

Entry Solvent Yield®/% of 1a
1 CH;CN 0
2 Et;N 0
3 PEG 5
4 DMF 38
5 CH;0H 44
6 THF 70
7 Toluene 83
8 Chlorobenzene 85
9 CCl, 80

10 CH,Cl, 96

“ Reaction conditions: 4-nitrophenyl ethyne (0.5 mmol), CuCl,*5/3NaCls
5/2A1,05 (1.5 mmol), solvent (5 mL), at 35 “C for 12 h; * Isolated yield.

FHER, BURGEALR™ 2N 52%, BEHE &R
FHESG N, MR = 2 BB 25 i v, 2 55 AL
M3 equiv ., BORIE AL, PEA 96%(K 3, Entry
3), kLN S FAGTI &, PR BT B SCE(R 3,
Entry 4).

£ 3 AU CuClye5/3NaCle5/2A1L,05 ) FH B B ST S v
IS

Table 3 Effect of the amount of CuCl,*5/3NaCl*5/2A1,05 on
substitution chlorination

Entry CuCl,*5/3NaCl*5/2AL,05"  Yield*/% of 1a
1 1 equiv. 52
2 2 equiv. 82
3 3 equiv. 96
4 4 equiv. 96

“Reaction conditions: 4-nitrophenyl ethyne (0.5 mmol), CH,Cl, (5 mL), at 35
°C for 12 h; ” Based on 4-nitrophenyl ethyne; “ Isolated yield.

123 BEFR
A SCERE— 58T BVl B B S N
M. I 4 LA RN 35 CIN R MR R dee .
R4 SO UG SN 5

Table 4 Effect of temperature on substitution chlorination

Entry Temperature/‘C Yield®/% of 1a
1 25 54
2 30 78
3 35 96
4 40 84

¢ Reaction conditions: 4-nitrophenyl ethyne (0.5 mmol), CuCly*5/3NaCle5/
2A1,05 (1.5 mmol), CH,Cl, (5 mL), for 12 h; bIsolated yield.

ZiA LA BB, AT T BUREAL T 36 S He i %
R4, BN S5 F]: CuClye5/3NaCle5/2A1,0,, 753
LB S AT R 1 3, W CHLCl, W
W 35 C, JRMVE]: 12 h.

1.3 EYISCERIEER
TEARMSAE R, FAPESF 055 2 581 &7 AL
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CuCl,*5/3NaCle5/2A1,0; ¥, & T —FR¥] 1-8-2-75
F O EY 1a~1n. K 5 nTLUE H, BUREL N
M7= R A v, — 2SR LT AT LU B e &
(3% 5, Entries 5, 12). {HAE ML, XT3RS R AHIIE
WIS N, #8452 SO = P A b St 8 57 e
BRR=UY, B RPN A R, R TR
HAMRIFEEE. i HArfe &34 'H NMR,
BC NMR. IR. MS #1 HRMS Il & S RNEIN. 1% 0771
AL, EAME S T 5 I LA e PR (an
NO,. X)HJEY, hif N T & BUE AL FL (CHO .
CH;CO. HOCH,. C=N Z5)[{)55 5k LB,
S5 HILLHRERAEL ¢

Table 5 Substitution chlorination of aryl ethynes
CuCl,-5/3NaCl-5/2A1,04

Ar——= Ar———Cl
CH,Cl,, 35 °C 1a~1n
Entry Ar Product  Yield”/%
1 4-NO,C¢H,4 1la 96
2 3-NO,C¢Hy 1b 83
3 4-CH;CH,0C(=0)CgH,4 lc 85
4 2,5-CLLCeH; 1d 80
5 4-CH;COCgH,4 le 99
6 4-BrCqH,4 1f 72
7 4-CIC¢Hy 1g 74
8 3,5-Br,C¢H; 1h 75
9 4-CNCgH,4 1i 76
10 3-CHOC¢H,4 1j 94
11 Naphthyl 1k 86
12 4-BocNHC¢H,* 11 99
13 4-HOCH,C¢Hy 1m 81
14 4-CH;COOCH,C¢H, 1n 89

© 2014 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: aryl ethyne (0.5 mmol), CuCl,*5/3NaCl*5/2A1,0; (1.5
mmol), CH,Cl, (5 mL), at 35 ‘C for 12 h; ° Isolated yield; ¢ Boc=
t-butoxycarbonyl.

EAFFR S, 7B B AME SO L. B,
UAE IR CBRAE R IR, FAT TR A SRAT T 1 B AR
FALTH), WEAH RGP 2R SR RN L
PR E B T R PRI H)(PhC=CC=CPh).
1.4 RNHIBS M

FRYEAH SC I SCRR[19, 201345 & A SC5 2 1 B
=1y, BATTHEN B U B N i) R e [y 1 BAR I A
J5 5L R SEAE CuCL EH F &I — AN 2Tkt
FEIERC Cu(ID T [AMAE 2, BEJG 2 75 CuClL /EH NN
Cu(IID)H a4 3, e &eat i Jg i 2 CuCl1 £33 7249 1 (K
1. BARTHLERRINYI(MCL, M=Na, Li)#& 554N
PRI R A+ 2, H— AN GBI R L, MCI
55 CuCl, LA nl LA 295 [ 2E S04k ) B ERE 1 R4
A, Bl CuCly B 58K Ak 2 /1 Cu(ID&F AL A% Cu(Ill),
RRFRKEAAEN B CLETIER TS Culing; &,
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TR T H a4k 3 T k.

Ar—=—=—Cu(ll)—ClI
Ar—=—H 2 CUC|2
HCl CuCl
CuCl, Ar—=—quy(lll)—ClI

3¢
Cu(0)

CuCl =~ Ar—=—cI
1

B 1 AT e S N LB

Figure 1 Plausible mechanism of substitution chlorination

TP, T Co(ID P R4 3 ()2 B AR AE
A R, XA EZERERT HATE A L% e, A
Miyatal"Vfl Wang1 4% [ 7EHIR I CuCl, 2 5 & ik
DL K 2 55 A8 SO I S N IR AL BRI, 339 3 31 T A4H BV [1)
Cu(II) R (AR, 3 A FRATTHE 2% S5 1 [ HLEEL [ — AN B 2
WHE. S—J71, A TR RNHIE T Cu [FIEH,
PAT XS 20 v RE T (XPS) B A KW i (1 [ 4
B (6 il KL 2K 4Bk 5 CuClye5/3NaCle5/2A1,0; 1L
CH,CL " 35 ‘C N 12 h )&, i3 8 [H SR 54)
HAT T 50, A XPS Bl AT EUA H, Cu (1) 2 MRFAEIE 53
SHEIAE 932.12 1 951.86 eV Ab(55 SCHRE AT, 45ier
AEM ZE(H(Adev=19.74 e V)15 SCRHR[2 1438 1) 525 Cu 1)
AW A, IXEeEE JLUE I T RN A L5 Cu T KL

90004 Cug,
—— Raw intensity

80004 Fitted curve of Cu
------ Fitted curve of Cu?*
932.12 (Cu)

962.45 (Cu?*) 954.23 (Cu™)
941.83 (Cu*)
951.86 (Cu)

934.38 (Cu?)
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Count/s
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| 19.74
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Binding energy/eV

B2 NG AR ) XPS 40 #T

Figure 2 XPS analysis of solid residue after the reaction
2 #Hig
AR IR Z A H A CuClye5/3NaCle5/2A1,05 1l
e LA IE Tz s A AR A D7 5 SopR b A D50%. Jl
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XTSI ARG T CuClyy AN RIS NP Kt
Fobl, $eth 7 HUREAL I7 3 LA A v 261, I A
BT REGRT — R 1-5-2-07 5 L 1251
AN AR, JEREEL . H AR RS0
I HAE 1950 i A7 22 Pk A 1),

3 ZREH
3.1 E5RHA

XT-4 BOBH 530 50008 Al B T R R IE);
Nicolet 6700 ZY2L 4P i (KBr ¥R fi); Varian INOVA-
400 A i 3 P AR 1L, ThermoFinnigan MAT9SXP 7!
SR AL, K-Alpha 1063 % X S} £8 56 v 7 AE 1% 1
CuCLe2H,O A alik i v Bl T A7 B2 W) 43 A4 i
NaCl A [H 2548 B 2004 B 2\ 43 B 4l 7= ;. bk
AlLO; (100~200 )k [ 244 AL 250G B 2 71 7= i
Si0, ANk T VG Bl T A7 B w43 A= i, #5005
B e 4 SCRR PP MG ¥ 7572 A AL
3.2 ZWHE
3.2.1 A4 FAA CuClye5/3NaCle5/2A1,05 9 #) &

TR AT 250 mL B A CuClye
2H,0 (8.2 g, 48 mmol), NaCl (4.7 g, 80 mmol)Fil % & 1
/K25 mL) JfAf 2wk, 75l ABHE(1000 r/min) 4544
R, B e ALO; (12.2 g, 120 mmol) A Bk (i
W, FRREEREEL 2 h UR P AR MRAEY R
WK ZG, WYUR BTN, & T LM N5 2
h, SRJE7E 90 CTFEZ T 12 h, B3 LK, %
.
322 1-R-2-F A Tty o (A4 1a A )

TERAT W17 50 mL 5 JERGEIHE H AR M AR i 5L
7K 2470 mg, 0.48 mmol), CuCly*5/3NaCls5/2A1,05 (747
mg, 1.44 mmol)fll CH,Cl, (5 mL). 7£ 35 ‘C FHi+E(550
r/min) 12 h J5, HEEEIFRA Yl R 2T 05
[V(CF ) @ V(CHL.CL)=6 : 11433 83 mg &Y 1a,
PR 96%. LA 1b~1n %L I A k.

1-50-2-(4- M HE 2RI e (L) SR B (A [l A4, 7=
96%. m.p. 141~144 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.59 (d, J=9.2 Hz, 2H, ArH), 8.19 (d, J=8.8 Hz, 2H,
ArH); ®C NMR (100 MHz, CDCLy) §: 67.76 (C=), 73.90
(C=), 123.60 (CH), 129.00 (C), 132.77 (CH), 147.31 (C);
IR (KBr) v: 2216 (C=), 1594, 1508 (NO,), 1348 (NO,),
1108, 854, 746, 685 cm '; MS (EI) m/z (%): 181 [M"
(°Cl), 10071, 183 [M*('CI), 33], 151 (37), 135 (58), 123
(36), 99 (67), 74 (32).

1-5-2-B-TE 2R3 2 (1b) 2L (@i 4k, P73
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83%, m.p. 55 ‘C; "H NMR (400 MHz, CDCLy) d: 7.52 (t,
J=82 Hz, 1H, ArH ), 7.75 (d, J=7.6 Hz, 1H, ArH), 8.19
(d, J=9.0 Hz, 1H, ArH), 8.30 (s, 1H, ArH); *C NMR (100
MHz, CDCLy) é: 67.13 (C=), 71.27 (C=), 123.35 (CH),
123.91 (C), 126.85 (CH), 129.43 (CH), 137.64 (CH),
148.04 (C); IR (KBr) v: 2226 (C=), 1527 (NO,), 1354
(NO,), 899, 845, 800, 730, 704, 672 cm™'; MS (EI) m/z
(%): 181 [M"(*Cl)y 1007, 183 [M"(*'Cl), 33], 135 (80), 99
(53).
1-50-2-(4- LB 2R 30 b (Le): B piRY, 77
# 85%. '"H NMR (400 MHz, CDCl3) 6: 1.31 (t, J=7.2 Hz,
3H, CH;), 4.29 (q, J=7.2 Hz, 2H, CH,), 7.41 (d, J=8.4
Hz, 2H, ArH), 7.90 (d, J=8.4 Hz, 2H, ArH); >C NMR
(100 MHz, CDCl;) d: 14.30 (CH;), 61.21 (CH,), 68.80
(C=), 71.15 (C=), 126.68 (C), 129.48 (CH), 130.28 (C),
131.88 (CH), 165.91 (C=0); IR (film) v: 2219 (C=),
1716 (C=0), 1217, 1175, 1108, 1018, 771 cm”'; MS (EI)
mlz (%): 208 [M"(*°Cl), 36], 210 [M'C'Cl), 12], 163
(100), 135 (46), 99 (34); HRMS calcd for C;H;0,°Cl
208.0286, found 208.0285; caled for C;;Hy0,"Cl
210.0256, found 210.0253.
1-56-2-(2,5- 5 AR ) e (1d): AL AR, 72K
80%. m.p. 64~67 ‘C; 'H NMR (400 MHz, CDCl;) o:
7.24 (dd, J=2.8, 8.4 Hz, 1H, ArH), 7.32 (d, J=8.4 Hz,
1H, ArH), 7.46 (d, J=2.8 Hz, 1H, ArH ); C NMR (100
MHz, CDCly) d: 65.26 (C=), 74.71 (C=), 123.50 (C),
129.76 (CH), 130.29 (CH), 132.26 (C), 133.30 (CH),
134.70 (C); IR (KBr) v: 2232 (C=), 1470, 1383, 1136,
1095, 1060, 938, 880, 807, 592 cm '; MS (EI) m/z (%):
203 [M'(*°Cly), 53], 205 [M*(**CL,>'Cl), 50], 149 (64), 121
(96), 93 (100), 66 (51); HRMS caled for CgH;"Cl,
203.9295, found 203.9293; caled for CgH;*CL7Cl
205.9265, found 205.9265.
1-50-2-(4- L HEFE L) e (L) (Gl 4, 77
99%. m.p. 82~83 ‘C; 'H NMR (400 MHz, CDCl;) o:
2.60 (s, 3H, CH;), 7.52 (d, J=8.4 Hz, 2H, ArH), 7.90 (d,
J=8.8 Hz, 2H, ArH); *C NMR (100 MHz, CDCly) §:
26.60 (CH;), 68.68 (C=), 71.58 (C=), 126.95 (C), 128.21
(CH), 132.10 (CH), 136.49 (C), 197.21 (C=0); IR (KBr)
v: 2212 (C=), 1674 (C=0), 1601, 1402, 1358, 1271, 825,
733, 595, 506 cm™'; MS (EI) m/z (%): 178 [M*(*°Cl), 39],
180 [M*(*’Cl), 137, 136 (100), 135 (53); HRMS calcd for
C10H,0%C1 178.0180, found 178.0179.
1-50-2-(4- IRy 2o pe(1f): AR, P25 72%.
m.p. 78~82 ‘C; "H NMR (400 MHz, CDCls) 8: 7.30 (d,
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J=8.4 Hz, 2H, ArH), 7.45 (d, J=8.4 Hz, 2H, ArH); C
NMR (100 MHz, CDCLy) §: 68.42 (C=), 69.35 (C=),
121.10 (C), 122.93 (C), 131.68 (CH), 133.41 (CH); IR
(KBr) v: 2924, 2222 (C=), 1482, 1386, 1069, 1011, 886,
816, 512 cm™'; MS (EI) m/z (%): 214 [M*(Br’>Cl), 79],
216 [M*(*'BrCl), 100], 218 [M*(*'Br’’Cl), 24], 135 (55),
99 (35); HRMS caled for CgH,’Br°Cl 213.9719, found
213.9719; caled for CgHS'Br°Cl 2159159, found
215.9156.

1-50-2-(4-FR ) e (Qg): AEREA, P25 74%.
m.p. 74~75 “C; '"H NMR (400 MHz, CDCl;) d: 7.29 (d,
J=8.8 Hz, 2H, ArH), 7.37 (d, J=8.4 Hz, 2H, ArH); “C
NMR (100 MHz, CDCl;) d: 68.30 (C=), 69.11 (C=),
120.58 (C), 128.72 (CH), 133.16 (CH), 134.67 (C); IR
(KBr) v: 2927, 2219 (C=), 1485, 1396, 1085, 1018, 887,
823, 515 cm'; MS (EI) m/z (%): 170 [M"(**Cly), 100],
172 M *cr’Cl), 67]; HRMS cacld for CgH,”Cl,
169.9685, found 169.9687; cacld for CgH,CI’Cl
171.9655, found 171.9654.

1-50-2-(3,5- R ) 2B (Th): L E A, 72
75%. m.p. 42~43 “C; '"H NMR (400 MHz, CDCl3) o:
7.51 (d, J=1.6 Hz, 2H, ArH), 7.64 (t, J=1.6 Hz, 1H,
ArH); *C NMR (100 MHz, CDCly) é: 66.59 (C=), 71.19
(C=), 122.62 (CH), 125.44 (C), 133.42 (CH), 134.46 (C);
IR (KBr) v: 2922, 2853, 2222 (C=), 1575, 1543, 1402,
1239, 1101, 858, 749, 698, 666 cm '; MS (EI) m/z (%):
291 [M*(Br,”Cl), 46], 293 [M*(”Br*'Br**Cl), 100], 295
M (PBr*'Br?’Cl), 71], 215 (38), 98 (33); HRMS calcd for
CgH;"Br,°Cl 291.8285, found 291.8287; caled for
CsH;"Br'Br’Cl 293.8264, found 293.8266; caled for
CsH;”Br*'Br’Cl 295.8235, found 295.8244.

1-50-2-(A-FUE IR I b (1i): A EE, 77 76%.
m.p. 117~122 ‘C; '"H NMR (400 MHz, CDCl;) &: 7.53
(d, J=8.4 Hz, 2H, ArH), 7.61 (d, J=8.4 Hz, 2H, ArH);
C NMR (100 MHz, CDCL3) : 67.98 (C=), 73.04 (C=),
112.06 (C), 118.29 (C), 127.08 (CH), 132.09 (CH), 132.56
(C=N); IR (KBr) v: 2360 (C=N), 2222 (C=C), 1601,
835,551 cm ™ '; MS (EI) m/z (%): 161 [M"(**Cl), 100], 163
IM*(C), 33]; HRMS caled for CoHN*’Cl 161.0027,
found 161.0031.

1-50-2-G- R RS 44 (1) R B A, P72
94%. m.p. 46~48 C; '"H NMR (400 MHz, CDCl3) ¢:
7.50 (t, J=7.6 Hz, 1H, ArH), 7.69 (d, J=7.6 Hz, 1H,
ArH), 7.85 (d, J=7.6 Hz, 1H, ArH), 7.94 (s, 1H, ArH),
9.98 (s, 1H, CHO); *C NMR (100 MHz, CDCls) J: 68.04
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(C=), 69.98 (C=), 123.38 (C), 129.18 (CH), 129.32
(CH), 133.32 (CH), 136.46 (C), 137.51 (CH), 191.38 (C=
0); IR (KBr) v: 2206 (C=), 1700 (C=0), 1601, 1277,
1156, 797, 679 cm '; MS (EI) m/z (%): 164 [M"(*Cl),
100], 166 [M"(*'C1), 337, 163 (83), 135 (65); HRMS calcd
for C9H5O35C1 164.0023, found 164.0023; calcd for
CoHs0"'C1 165.9994, found 165.9996.
1-8-2-(1-Z538) 44 (1k): T E A, P2 % 86%.
m.p. 60~62 ‘C; "H NMR (400 MHz, CDCLy) &: 7.40 (t,
J=17.6 Hz, 1H, ArH), 7.51 (t, J=8.0 Hz, 1H, ArH), 7.57
(t, J=8.4 Hz, 1H, ArH), 7.67 (d, J=7.2 Hz, 1H, ArH),
7.83 (t, J=8.0 Hz, 2H, ArH), 8.28 (d, J=8.4 Hz, 1H,
ArH); *C NMR (100 MHz, CDCl;) 6: 67.79 (C=), 72.41
(C=), 119.82 (C), 125.18 (CH), 125.93 (CH), 126.56
(CH), 126.70 (CH), 128.37 (CH), 129.09 (CH), 131.11
(CH), 133.14 (C), 133.66 (C); IR (KBr) v: 2206 (C=),
1764, 797, 774 cm™'; MS (EI) m/z (%): 186 [M'(*°Cl),
100], 188 [M*(’Cl), 33], 151 (100), 150 (54); HRMS
caled for Cj,H;°Cl 186.0231, found 186.0237; caled for
C1,H7°'C1 188.0201, found 188.0212.
1-50-2-(4-BUT 40 IR 2 38 R ) Zobe(an): 1 (]
&, 772 99%. m.p. 131~132 C; '"H NMR (400 MHz,
CDCl3) 0: 1.52 (s, 9H, C(CH3)3), 6.52 (s, H, NH), 7.31 (d,
J=8.4 Hz, 2H, ArH), 7.37 (d, J=6.8 Hz, 2H, ArH); "*C
NMR (100 MHz, CDCl5) d: 28.27 (CH3), 69.20 (C), 67.01
(C=), 80.96 (C=), 116.31 (C), 118.00 (CH), 132.78
(CH), 138.69 (C), 152.31 (C=0); IR (KBr) v: 3375 (NH),
2219 (C=), 1700 (C=0), 1585, 1518, 1409, 1313, 1229,
1162, 1060, 825, 775, 608, 525 cm™'; MS (EI) m/z (%):
251 M), 18], 253 [M'('CL), 6], 195 (75), 151 (68);
HRMS caled for Cj;3H,0.N¥Cl 251.0708, found
251.0706.
1-50-2-(4-F2 L ZRIE) 2k (Im): (A EAfE A, 72
81%. m.p. 50~52 ‘C; 'H NMR (400 MHz, CDCly) ¢:
4.57 (s, 2H, CH,), 7.20 (d, J=8.0 Hz, 2H, ArH), 7.34 (d,
J=8.4 Hz, 2H, ArH); *C NMR (100 MHz, CDCl;) §:
63.75 (CH,), 67.05 (C=), 68.18 (C=), 120.29 (C), 125.76
(CH), 131.11 (CH), 140.32 (C); IR (KBr) v: 3263 (OH),
2216 (C=), 1508, 1406, 1358, 1207, 889, 842, 794, 621
ecm '; MS (EI) m/z (%): 166 [M"(*°Cl), 100], 168 [M"
’cny, 331, 137 (37), 131 (60), 103 (60), 102 (86), 101
(45); HRMS caled for CoH,0%Cl 166.0180, found
166.0180; calcd for CoH;0"'C1 168.0135, found 168.0150.
1-5-2-(4- LB P A0 28 (Im): (Al ik, 77
% 89%. m.p. 55~57 ‘C; 'H NMR (400 MHz, CDCl;) o:
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2.03 (s, 3H, CHs), 5.02 (s, 2H, CH,), 7.22 (d, J=8.4 Hz,
2H, ArH), 7.36 (d, J=8.0 Hz, 2H, ArH); >C NMR (100
MHz, CDCl;) 6: 20.95 (CHs), 65.71 (CH,), 68.53 (C=),
69.02 (C=), 122.06 (C), 128.08 (CH), 132.15 (CH),
136.46 (C), 170.75 (C=0); IR (KBr) v: 2219 (C=), 1732
(C=0), 1383, 1361, 1034, 829, 534 cm '; MS (EI) m/z
(%): 208 [M*(°CI), 100], 210 [M*CCl), 33], 168 (32),
166 (100), 149 (73), 148 (37); HRMS caled for
C11Ho0,”Cl  208.0286, found 208.0290; calcd for
C1Hy0,C1210.0231, found 210.0233.
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