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Palladium-Catalyzed Intramolecular [4+2] Cycloadition
Reactions of Aryl-Substituted Diynes
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Abstract The nitrogen-containing heterocyclic compounds are important organic molecules which could be widely found in
nature. Most of them have biologic activity and become the core skeleton of agrochemicals, pharmaceuticals, dyes and organic
functional materials. A practical and efficient domino method for the preparation of diversely fused yne-functionalized benzo-
isoindole from triynes is developed via palladium-catalyzed [4+2] cycloaddition. All new products were fully characterized
by various spectroscopic techniques and high-resolution mass spectrometry. The molecular structure of 2g was confirmed us-

ing single-crystal X-ray analyses.
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Figure 1 Molecular structure of compound 2g
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WM ZREN 1 o- ZHOXFE R 5> T8 7 (R 8o
T2 +2+ 21804+ 2140 [ B2 =1 300 /o HhAe)
B 2 3K 457 £ W i O vk UL JRATT R 4L AE £ 0 Rk
Domimo s b [ HF 70 LAtk bk & 7 —Ff DU B 55 ¥4 1k 1i
Ry AL B ER N BU(HDDA) 2 B3, A T AR i 5
AL = 15 AL PR AL Domimo [ NHFFT, KIS
fii B ) =i C—C R/ Cyr—H BE L — A 3
RIS e L,
1 ZER5VE
1.1 RMFHHK

PURHY N-(5-43E-2,4- R IE)-N-(3- 2K HE-2- e )
IR JF () S SRR, AT VAR TR AR
IR N RS SR AR AT T 04k, SRR 1. B H
87Ol HRL NN-ZHEH B (DMF), — H LR
(DMSO)IX JLFRA 0 R BL )50 (3% 1, Entries 2~5).
RIAE X JLAE R S sef3 207, H77 3R 2 R EOK.
WA AR G R S A Re 58 kAT, (19 /= 5%
BAR, MR KK DMF ORI AR, P R mis

86%. 1H{fi A DMSO iy, TCL F3 At & IR R RE 4L
%, WHEE DMSO 2= A b B E A L
BT A RIEEEX B, KB 70 CHE SOV IT
GHIAEN(F 1, Entry 6), 95 CNRAERMNIERE. FEHE R
PEAFAE T I 18 h i B B SIS TR]. FER R i S 1) g A
MRS W FRI R RIS 8] )5, S BN [ A 0T IRORE )
SR (3 1, Entries 5, 12~ 14), 24 AL % S
TIEJEE, 43 H)H PA(OAc),/PPhs. Pd(dba),+ Pd(PPhs),-
PACly/PPhy AN [RIFEYRAE A FIEAT Ak S 87, 45 SRR B
S 1 Ak ZR T s B 34 RE RS B AL AR . (L AL s R i
St R PA(OAC),/PPhy(MI IR LA 10 2)fE
ok 2B B tE, H PA(OAcC),/PPhy( R K E I EL Ay
1 ) BB PIRMEAN 2 mol%. i/ HEEA
[FJAR IR R REUSCE R4 (3R 1, Entries 5, 15~16),
RIA WUBRIE =T %o s S R A 2R 02 301 F 3,
2 HTEHI KoCOs3 Cs,CO AR B MBS, 772 ) i 3%
FEAR. S 2008 1% AR R I B AR 26 1 equiv. =B
¥, 2 mol% Pd(OAc),/PPhy(WIJHIIEILL N 1:2), 2
equiv. (n-Bu);N, T& SR T, £ DMF %5195 C
SV 18 h.
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Table 1 Optimization of reaction conditions for the palladium-catalyzed reaction
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(0]

cat., base
Solvent

0
)
O
I

Entry Catalyst (molar ratio) Base (equiv.) Solvent t/h T/°C Yield/%
1 Pd(OAc),/PPh; (1 : 2) (n-Bu)N (2) DMF 18 95 32
2 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) CH;CN 18 95 57
3 Pd(OAc),/PPh; (2 : 4) (n-Bu);N (2) Toluene 18 95 46
4 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMSO 18 95 34
5 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 18 95 86
6 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 18 70 Trace
7 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 18 80 47
8 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 18 90 83
9 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 18 100 86
10 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 15 95 78
11 Pd(OAc),/PPh; (2 : 4) (n-Bu)N (2) DMF 20 95 86
12 Pd(PPhy), (2) (n-Bu);N (2) DMF 18 95 38
13 PACL/PPh; (2 : 4) (n-Bu)N (2) DMF 18 95 Trace
14 Pd(dba), (n-Bu)N (2) DMF 18 95 43
15 PA(OACc),/PPh; (2 : 4) K>CO;s (2) DMF 18 95 9
16 Pd(OAc),/PPh; (2 : 4) Cs,CO; (2) DMF 18 95 13

“ All reaction were carried out under argon. ” Oil bath temperature.  Isolated yield.

2334 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 2333~2339



Chinese Journal of Organic Chemistry

T2 T N AP A R A iy i A ) 28 B AR R 40 Bt
O NP R, AL C—C B S S
W e MRS EE LR 2. R AP 1FRI 45 FaT A
i, NFRYETEAR ML R REE BT C—C 1
BRI, I 69%~88% ) i = 245 2| 48 I — & 571l W
M. AR A A G 05 A L SR
F, 22 (AT IS 77 AR LG, 0 21 7 38 69%(3K 2, Entry
12). J&Y R® {755 0 _EBURFE A 3 7 SR A S, )
AR, AR AT AR bty 75 I e e
o LT R U BB SRS B R R I, 2e (7R E
88%(3% 2, Entry 5). MR ILHEb I AR o fiT A4 Ayl ik
i AE B B (P2 36(FR 2, Entry 16). N T #E—54h
JETRPIE R, FoA122 330K = e 11 20 7 B 4 R sk
JET, 4 BRI R TG I = JRAE FIRE A T AR AR
SN FIE AR C—C (RIE S B X =
(R EERE AT — i BRI R A 45 F 1 2R I
BNz 5.
1.3 RIHLIE

CUEY) 1a BHRIRTT 1 AU AL = BRpa 57 5 | e i
PR RONE R R] BENLFR(Scheme 2). 1456, PA(IDTEA ML
BAEFH R PA(0), PA(0)5 =R I ANBRIE o
BRI AR A A NP R A, BB Rk A R4
FALIMEIE IRAR a4 B, 1A B ARG AL 23R |
(1) C—H #IE R Ak €, Rk ¢ & AT
IR D, S EANIRIER T, D # o-Pd(I) K
AR IR SR BR 2 AL TR IR TG PA(0) 119 2 i & 72 9) 2a.

Ph
7
72

pd"
Y

)

PhO,S—N

==—=—Ph

2 NZIRERIRIE A R AT A

Table 2 The synthesis of the benzoisoindole derivatives from

triynes

o /%W Pd(OAc),
R &-N P(Ph);

RN R2  (n-Bu)N

1 DMF, 95°C
(0]
) D
o) I R
2 R3
Entry R! R? R’ Product  Yield®/%

1 H H Ph 2a 86
2 H H 4-n-PrC¢Hy 2b 85
3 H H 4-EtOC¢H, 2¢ 81
4 H H 4-CIC¢H, 2d 74
5 H Me  4-MeCg¢Hy 2e 88
6 H Me 4-FC4H, 2f 76
7 H F 4-MeCgHy 2g 82
8 H F 4-EtOC¢H, 2h 83
9 H Cl  4-MeOC¢H, 2i 74
10 Me Me  4-n-PrC¢H, 2j 85
11 Me Me  2-MeCg¢Hy 2k 82
12 Me MeO 4-CIC¢H, 21 69
13 Me MeO 4-MeOC¢Hy 2m 82
14 Me H 4-EtOC¢H, 2n 81
15 Me F 4-EtOC¢H, 20 79
16 Me MeO n-Bu 2p 77

“ General conditions: Substrate 1 (1.0 equiv.), Pd(OAc), (2 mol%), PPh; (4
mol%) and N(n-Bu); (2 equiv.) in 7 mL of DMF at 95 C for 18 h under
argon. ® Yield of the isolated product after flash column chromatography.

PhO,S—N

PhO,S—N

D
A |
K = "
P I
= T
PhOzsN
2a

B 1 AT RERLER

Scheme 1 Possible reaction mechanism
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Figure 1 Molecular structure of compound 2g
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3% A A XT-4 B H BAAUE s AG E; 25k
Y& Nicole Avatar 360 {837 H-ZR e 2T AR TEASCN) 2
(KBr JE J7); BrEFEHR1EEH Bruker Avance 300 % f 3t
PRUECISE, CDCLy Y7, TMS 9 bR #7345 il
Agilent 6220 JFRESCIE, APCI HLZE 7. RN
FH 300~400 H.
32 ZLWHE

JRW A S WSCHERIS, 13]. ZKIF A 5 e — %
OB 7E 25 mL ¥ Schlenk B in N — 5E i &
ZHRJEYI(1 mmol). Pd(OAc), (2 mol%) PPh; (4 mol%),
REARBLRAS 3~5 K, R HENEHEIEAN DMF (5
mL). (#-Bu);N (2 mmol), ZEi&#Hi+: 0.5 h 5 Az
95 °C, MLURFE TN 18 hfFm#k, A 2=, HKHE
KN, VR4 15 mL 5% HCL 15 mL 5%
NaHCO; %W~ 15 mL 10 NaCl e, A 80 mL
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LIRS 3 IR, £TE/K MgSO, T i i 751
BN, SR E FRE R KR E AT o B R W (VO
fif) @ V(LTR OBE)=10 : 1], 13320402 5F — A ]
WEr=4) 2a~2p.

4-(COR LB FR)-N-(CR B I 3% )-2,3- & -1H-2R I [f] 7+
M50 (2a): A EEAE, 77Z 86%. m.p. 202~203 C; 'H
NMR (300 MHz, CDCLy) 6: 8.35 (d, J=7.5 Hz, 1H), 7.96
(d, J=6.0 Hz, 2H), 7.79 (d, J=7.2 Hz, 2H), 7.64~7.54
(m, 6H), 7.49 (d, J=6.0 Hz, 3H), 7.26 (d, J=8.1 Hz, 1H),
4.92 (s, 2H), 4.80 (s, 2H); *C NMR (75.5 MHz, CDCl;) ¢:
138.2, 136.5, 134.0, 133.0, 132.7, 131.8, 129.3, 129.0,
128.6, 128.2, 127.6, 127.2, 126.9, 126.6, 125.8, 125.7,
122.8, 121.6, 99.3, 84.2, 54.1, 53.7; IR (KBr) v: 3053.3,
2947.2, 1604.8, 1510.3, 1446.6, 1344.4, 1292.3, 1161.2,
1030.0, 750.5, 669.7 ¢cm~'. HRMS (APCI) caled for
CH1oNO,S [M+H]" 410.1209, found 410.1203.

4-(4- T B TR 2R 5L )-N-(CR B 5 3% )-2,3- & -1H-7K
Ak (2b): H A E AR, 7% 85%. mp. 191~
192 °C; "H NMR (300 MHz, CDCl;) : 8.35 (d, J=7.5 Hz,
1H), 7.95 (d, J=5.4 Hz, 2H), 7.79~7.76 (m, 1H), 7.57~
7.54 (m, 8H), 7.29~7.23 (m, 2H), 491 (s, 2H), 4.80 (s,
2H), 2.67 (t, J=7.5 Hz, 2H), 1.74~1.67 (m, 2H), 1.00~
0.95 (t, J=7.2 Hz, 3H); °*C NMR (75.5 MHz, CDCl) ¢:
144.0, 138.0, 136.6, 134.0, 133.0, 132.7, 131.7, 129.3,
128.8, 128.2, 127.6, 127.4, 126.8, 126.6, 125.8, 121.4,
119.9, 115.5, 99.6, 83.6, 53.8, 53.8, 38.1, 24.4, 13.8; IR
(KBr) v: 3055.2, 2955.0, 1597.1, 1454.3, 1348.2, 1161.2,
1099.4, 812.0, 750.3, 667.4 cm™ . HRMS (APCI) calcd for
CaoHpsNO,S [M+H]" 452.1679, found 452.1686.

A-(4- LA IETR BRI )-N-(FR T I 36)-2,3- & -1H-
ARIFFMIW(2e): H B, 2% 81%. mp. 195~
196 °C; "H NMR (300 MHz, CDCl;) d: 8.34 (d, J=7.8 Hz,
1H), 7.99~7.90 (m, 2H), 7.78~7.71 (m, 1H), 7.56~7.48
(m, 8H), 6.92 (d, J=9.9 Hz, 2H), 4.90 (s, 2H), 4.79 (s,
2H), 4.12~4.06 (m, 2H), 1.48 (t, J=6.3 Hz, 3H); "°C
NMR (75.5 MHz, CDCLy) d: 159.5, 137.8, 136.6, 134.0,
133.3, 133.0, 132.7, 129.3, 128.2, 127.6, 127.2, 126.8,
126.5, 125.8, 122.2, 115.6, 114.7, 114.6, 99.6, 82.9, 63.7,
53.8, 53.8, 14.8; IR (KBr) v: 3042.6, 2963.2, 1601.4,
1508.2, 1466.5, 1346.4, 1268.1, 1156.7, 832.3, 661.7 cm™ .
HRMS (APCI) caled for C,sH3NO5S [M+H]" 454.1471,
found 454.1462.

4-(4- R LW F)-N-(R T I 52 )-2,3- — &-1H- 2K JF
AFmEIVEQd): FMEAE, 722 74%. mp. 219~220 C;
'H NMR (300 MHz, CDCl5) §: 8.30 (d, J=7.8 Hz, 1H),

Chin. J. Org. Chem. 2015, 35, 2333~2339
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7.96 (d, J=6.0 Hz, 2H), 7.80~7.68 (m, 1H), 7.60~7.41
(m, 8H), 7.38 (s, 2H), 4.90 (s, 2H), 4.79 (s, 2H); *C NMR
(75.5 MHz, CDCL3) 0: 138.3, 136.6, 135.1, 134.1, 133.0,
133.0, 132.6, 131.8, 129.3, 128.9, 128.3, 127.6, 127.0,
126.7,125.6, 121.9, 121.2, 114.9, 98.0, 85.1, 53.7, 53.7; IR
(KBr) v: 3049.4, 2962.6, 1612.1, 1508.2, 1468.6, 1346.7,
1159.3, 1093.2, 829.4, 668.7 cm~'. HRMS (APCI) calcd
for CoH sCINO,S [M+H]" 444.0820, found 444.0827.

6- H JE-4-(4- FHIE IR 20 )-N-CR TS I 2% )-2,3- —&-
LH-ZRFE[f 7250k (2e): H MK, =2 88%. m.p. 215~
216 ‘C; "H NMR (300 MHz, CDCl;) ¢: 8.08 (s, 1H), 7.95
(t, J=6.3 Hz, 2H), 7.68 (d, J=7.8 Hz, 1H), 7.57 (t, J=6.0
Hz, 6H), 7.33~7.22 (m, 3H), 4.90 (s, 2H), 4.78 (s, 2H),
2.54 (s, 3H), 2.42 (s, 3H); *C NMR (75.5 MHz, CDCl;) ¢:
139.4, 138.3, 136.8, 132.9, 131.7, 131.7, 131.3, 131.0,
129.3, 128.9, 128.4, 128.0, 127.6, 127.6, 124.9, 121.2,
119.8, 114.6, 99.4, 83.9, 53.9, 53.8, 22.0, 21.7; IR (KBr) v:
3030.2, 2945.3, 1614.4, 1508.3, 1444.7, 1344.4, 1163.1,
1105.2, 804.3, 719.5, 686.7 cm™'. HRMS (APCI) calcd for
CsH3NO,S [M+H]" 438.1522, found 438.1517.

6- H JE -4-(4- T 2K 4B 38 -N-CR T Bk 52 )-2,3- — & -
VH-ZRFE[A 500 2): A AR, 722 76%. m.p. 223~
224 °C; "H NMR (300 MHz, CDCl5) ¢: 8.08 (s, 1H), 7.99
(d, J=6.3 Hz, 2H), 7.73~7.55 (m, 7H), 7.38 (d, J=8.7
Hz, 1H), 7.20 (t, J=7.8 Hz, 2H), 4.93 (s, 2H), 4.81 (s, 2H),
2.58 (s, 3H); C NMR (75.5 MHz, CDCl3) §: 164.6
(Jer=255.8 Hz), 138.2, 137.0, 136.7, 133.8, 133.0, 133.0,
1312, 129.3, 128.9, 128.1, 127.6, 124.7, 121.5, 119.0,
116.0, 115.7, 114.0, 97.9, 84.1, 53.8, 53.7, 22.0; IR (KBr)
v: 3047.5, 2941.4, 1600.9, 1506.4, 1446.6, 1342.5, 1153 .4,
1105.2, 837.1, 721.4, 686.7 cm™'. HRMS (APCI) calcd for
Co7H0)FNO,S [M+H]" 442.1272, found 442.1277.

6- T -4-(4- H 2K B ) -N-CR T Bk 52 )-2,3- — & -
LH-R IR [ 05k (2g): Ik, 723 82%. m.p. 212~
214 ‘C; 'H NMR (300 MHz, CDCl;) 6: 7.96~7.93 (m,
3H), 7.79~7.74 (m, 1H), 7.58~7.52 (m, 6H), 7.22 (d, J=
6.3 Hz, 3H), 4.89 (s, 2H), 4.78 (s, 2H), 2.42 (s, 3H); "*C
NMR (75.5 MHz, CDCL) §: 163.1 (Jor=243.6 Hz),
139.6, 139.0, 136.7, 133.5, 133.1, 131.7, 130.6, 130.5,
130.0, 129.4, 127.6, 121.3, 119.6, 117.1, 116.7, 109.8,
109.5, 99.9, 82.9, 53.8, 53.6, 21.7; IR (KBr) v: 3063.0,
2952.0, 1612.5, 1504.5, 1446.6, 1340.5, 1165.0, 1103.2,
817.8, 719.5, 690.5 c¢cm '. HRMS (APCI) caled for
Co7H,0)FNO,S [M+H]" 442.1272, found 442.1279.

4-(4- LEFE T LR )-6- 5 -N-CRIBE 3 )-2,3- 4 -
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LH-ZR AWM (2h): H A, 723 83%. m.p. 217~
218 °C; 'H NMR (300 MHz, CDCl3) §: 7.95 (d, J=4.2 Hz,
3H), 7.78~7.73 (m, 1H), 7.55 (s, 6H), 7.28~7.26 (m,
1H), 6.98~6.90 (m, 2H), 4.89 (s, 2H), 4.77 (s, 2H), 4.10~
4.08 (d, J=6.3 Hz, 2H), 1.46 (s, 3H); >C NMR (75.5
MHz, CDCly): 6 163.2 (Jer=255.8 Hz), 159.8, 138.7,
136.5, 133.3, 133.0, 130.6, 130.5, 133.0, 129.4, 127.6,
121.1, 117.6, 116.7, 114.7, 114.3, 109.8, 109.5, 99.8, 82.5,
63.7, 53.8, 53.7, 14.8; IR (KBr) v: 3041.6, 2964.7, 1603.4,
1512.4, 1447.2, 1344.6, 1251.2, 1160.1, 836.1, 667.2 cm .
HRMS (APCI) caled for C,H,FNOsS [M + H] '
472.1377, found 472.1383.

4-(4-HEHFE K L) -6- A -N-(CRR it 3)-2,3- — & -
VH-ZRIFE[f W0k (20): FEAFEE, 723 74%. mp. 226~
228 ‘C; '"H NMR (300 MHz, CDCl;) &: 8.28 (s, 1H),
7.96~7.93 (m, 2H), 7.71~7.68 (d, J=8.7 Hz, 1H),
7.60~7.53 (m, 6H), 7.43~7.40 (d, J=8.4 Hz, 1H),
6.96~6.94 (d, J=6.9 Hz, 2H), 4.88 (s, 2H), 4.77 (s, 2H),
3.88 (s, 3H); >C NMR (75.5 MHz, CDCl;) 6: 160.3, 138.9,
136.6, 134.6, 133.4, 133.0, 131.3, 130.8, 129.6, 129.3,
128.8, 127.6, 127.5, 124.9, 121.0, 115.0, 114.5, 114.3,
99.9, 82.3, 55.4, 53.8, 53.7; IR (KBr) v: 3053.3, 2947.2,
1604.8, 1510.3, 1446.6, 1344.4, 1292.3, 1161.2, 1030.0,
833.3, 721.4, 686.7 cm'. HRMS (APCI) calcd for Cyp7H,-
CINO;S [M+H]" 474.0925, found 474.0929.

6- F J-4-(4- T TR 20 B8 )- N-(nl R 2R T Tt 35 )-2,.3-
TECTH-ZEH ATV ABEA, 72F 85%. mp.
184~185 "C; '"H NMR (300 MHz, CDCl3) 6: 8.08 (d, J=
8.1 Hz, 1H), 7.83 (t, J=8.4 Hz, 2H), 7.68 (d, J=8.7 Hz,
1H), 7.62~7.49 (m, 3H), 7.33~7.20 (m, 5H), 4.88 (s,
2H), 4.76 (s, 2H), 2.68 (t, J=7.2 Hz, 2H), 2.54 (s, 3H),
2.38 (s, 3H), 1.73~1.63 (m, 2H), 1.00 (t, J=7.2 Hz, 3H);
BC NMR (75.5 MHz, CDCly): § 143.9, 143.8, 138.2,
136.8, 133.5, 133.1, 1329, 131.7, 131.5, 1312, 129.9,
128.7, 128.0, 127.7, 124.8, 121.2, 120.0, 114.6, 99.3, 83.8,
53.8,53.7,38.1, 24.5, 22.0, 21.6, 13.8; IR (KBr) v: 3024.4,
2955.0, 1599.0, 1502.6, 1452.4, 1344.4, 1153.4, 1097.5,
831.3, 665.4 cm . HRMS (APCI) calcd for C3HNO,S
[M+H]" 480.1992, found 480.1998.

6- F FE-4-(2-F 2K £ 38 -N-(xf F R I 0 )-2,3- —
S-1H-ZE IR EINEQRK): AGEE, 7% 82%. m.p.
224~225 °C; "H NMR (300 MHz, CDCl;) d: 8.07 (s, 1H),
7.83 (d, J=7.5 Hz, 2H), 7.68 (d, J=8.4 Hz, 1H), 7.55 (d,
J=9.3 Hz, 3H), 7.33 (d, J=7.5 Hz, 3H), 7.22 (s, 2H), 4.87
(s, 2H), 4.75 (s, 2H), 2.54 (s, 3H), 2.42 (s, 3H), 2.38 (s,
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3H); *C NMR (75.5 MHz, CDCl;) d: 143.8, 139.1, 138.2,
136.8, 133.5, 133.1, 1329, 131.7, 131.3, 130.7, 129.9,
129.3, 128.8, 128.0, 127.7, 124.8, 121.2, 119.8, 115.2,
114.5,99.2, 83.8, 53.8, 53.7, 22.0, 21.7, 21.5; IR (KBr) v:
3028.2, 2951.1, 2920.2, 1599.0, 1510.3, 1452.4, 1342.5,
1099.4, 1064.7, 877.6, 829.4, 669.3 cm . HRMS (APCI)
caled for CyHysNO,S [M + H] " 452.1679, found
452.1683.

4-(4- TR LA )-6- F A -N-Onf HY 8 i 7t 5% )-2,3 -
TECTH- R TSIV AMEE, 7R 69%. m.p.
210~212 °‘C; '"H NMR (300 MHz, CDCLy) ¢: 7.83 (d, J=
7.5 Hz, 2H), 7.68 (d, J=9.0 Hz, 1H), 7.57~7.51 (m , 4H),
7.41~7.25 (m, 4H), 7.16 (d, J=8.4 Hz, 1H), 4.85 (s, 2H),
4.73 (s, 2H), 3.95 (s, 3H), 2.38 (s, 3H); °C NMR (75.5
MHz, CDCl;) 6: 158.7, 143.8, 138.9, 135.2, 134.2, 133.5,
1329, 131.8, 129.9, 129.7, 128.9, 128.4, 127.7, 121.7,
121.3, 119.1, 113.3, 104.2, 97.9, 85.4, 55.3, 53.8, 53.6,
21.5; IR (KBr) v: 3026.3, 2951.1, 1614.4, 1489.1, 1342.5,
1244.1, 1161.2, 1091.7,819.8, 667.4 cm™'. HRMS (APCI)
caled for CosH,,CINO;S [M + H]" 488.1082, found
488.1087.

4-(4- B8 JE 2K 2 o 3 )-6- Y B 25 - IN- (O PR SR T T
$£)-2,3- “E-IH-FIE [ 570 (2m): E A, R
82%. m.p. 198~200 ‘C; 'H NMR (300 MHz, CDCl;) o:
7.83 (d, J=8.4 Hz, 2H), 7.68~7.49 (m, 5H), 7.33 (d, J=
7.5 Hz, 2H), 7.15 (d, J=8.1 Hz, 1H), 6.96 (d, J=8.7 Hz,
2H), 4.87 (s, 2H), 4.74 (s, 2H), 3.95 (s, 3H), 3.87 (s, 3H),
2.38 (s, 3H); *C NMR (75.5 MHz, CDCl5): 6 160.1, 158.5,
143.8, 138.3, 134.1, 133.6, 133.2, 131.7, 129.9, 129.6,
128.4, 127.7, 121.0, 119.0, 114.9, 114.2, 114.1, 104.2,
99.2, 83.2, 55.4, 55.3, 53.9, 53.8, 21.5; IR (KBr) v: 3061.3,
2953.0, 1604.8, 1510.3, 1466.0, 1338.6, 1292.3, 1244.1,
1099.4, 829.4, 665.4 cm™'. HRMS (APCI) caled for
CaoHpsNO,S [M+H]" 484.1577, found 484.1580.

4-(4- LB FETE 2L )-N-Chf FR AT I 55 )-2,3- — -
LH-ZRFE[ 720 (2n): A EREE, =2 81%. m.p. 204~
205 °C; "H NMR (300 MHz, CDCl;) d: 8.33 (d, J=7.5 Hz,
1H), 7.84~7.75 (m, 3H), 7.58~7.47 (m, 5H), 7.33 (d, J=
7.5 Hz, 2H), 6.95 (d, J=8.4 Hz, 2H), 4.88 (s, 2H), 4.77 (s,
2H), 4.12 (q, J=6.6 Hz, 2H), 2.38 (s, 3H), 1.48 (t, J=6.3
Hz, 3H); C NMR (75.5 MHz, CDCl;) 0: 159.5, 143.8,
137.9, 134.1, 133.5, 133.3, 133.0, 132.6, 131.8, 129.9,
128.2, 127.7, 127.2, 126.7, 126.5, 125.8, 121.1, 114.7,
99.5, 83.0, 63.7, 53.8, 53.8, 21.5, 14.8; IR (KBr) v: 3032.1,
2976.2, 1604.5, 1508.3, 1475.5, 1344.4, 1249.9, 1159.2,
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831.3, 706.0 cm . HRMS (APCI) calcd for CooH,sNO;S
[M+H]" 468.1628, found 468.1635.

A-(4- LH IR LRI )-6-F-N-Onf H AR Tt I 3 )-2,.3-
TEAH-FIFE[ I (20): FAAEE, FEER 79%. mup.
199~201 °C; '"H NMR (300 MHz, CDCLy) 6: 7.94 (d, J=
9.0 Hz, 1H), 7.83~7.72 (m, 3H), 7.57 (d, J=8.4 Hz, 3H),
7.33 (d, J=8.1 Hz, 3H), 6.95 (d, J=8.4 Hz, 2H), 4.86 (s,
2H), 4.75 (s, 2H), 4.13 (q, J=6.9 Hz, 2H), 2.38 (s, 3H),
1.47 (t, J=6.9 Hz, 3H); *C NMR (75.5 MHz, CDCl;) ¢:
163.1 (Jor=253.5 Hz), 159.6, 143.8, 138.9, 134.0, 133.3,
130.5, 130.4, 133.0, 129.9, 127.7, 121.0, 117.0, 116.7,
114.7, 114.4, 109.8, 109.5, 99.9, 82.3, 63.7, 53.8, 53.6,
21.5, 14.8; IR (KBr) v: 3037.9,, 2978.1, 2926.0, 1607.7,
1512.2, 1446.6, 1344.4, 1244.1, 1159.2, 835.2, 812.0,
671.2 cm~ . HRMS (APCI) calcd for CooHpFNO;S [M+
H]" 486.1534, found 486.1526.

4-1F T Ik 6- F 48 - N-CHf FY 8 T o 6 )-2,3- &L
LH-2R IR 2p): AGEE, 775 77%. m.p. 147~
148 °C; "H NMR (300 MHz, CDCl3) §: 7.82 (d, J=8.1 Hz,
2H), 7.64 (d, J=9.3 Hz, 1H), 7.53 (d, J=2.4Hz, 1H), 7.43
(s, 1H), 7.32 (d, J=8.1 Hz, 2H), 7.12~7.08 (m, 1H), 4.77
(s, 2H), 4.71 (s, 2H), 3.92 (s, 3H), 2.62 (t, J=6.9 Hz, 2H),
2.38 (s, 3H), 1.72~1.55 (m, 4H), 1.03 (t, J=6.9 Hz, 3H);
BC NMR (75.5 MHz, CDCly) d: 158.4, 143.8, 138.3,
134.4, 133.4, 131.5, 129.9, 129.5, 128.4, 127.7, 120.5,
119.0, 114.6, 104.0, 100.6, 75.9, 55.2, 53.9, 53.7, 30.9,
22.1, 21.5, 19.6, 13.7; IR (KBr) v: 3053.2, 2931.8, 1616.4,
1504.5, 1344.4, 1244.1, 1159.2, 1057.0, 825.5, 669.3 cm ™.
HRMS (APCI) caled for CosH,,NOsS [M+H]" 434.1784,
found 434.1782.
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