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Table 1 Yields, melting points and HRMS data of compounds 3a—3g and 3k—3y
Compd. Yield(%) m. p./C HRMS(caled.) , m/z[ M+H J*
3a 83 132—133 162.0553(162.0550)
3b 85 93—94 176.0715(176.0706)
3¢ 75 34—35 204.1028(204.019)
3d 70 68—69 190.0869(190.0863)
3e 74 121—122 238.0865(238.0863)
3f 87 170—171 268.0977(268.0968)
3g 51 178—179 363.9835(363.9829)
3k 76 135—136 176.0711(176.0706)
31 77 139—140 282.1133(282.1125)
3m 68 194—195 252.1023(252.1019)
3n 53 145—146 296.1288(296.1281)
30 58 166—167 324.1596(324.1594)
3p 62 158—159 310.1444(310.1438)
3q 10 119—120 252.1027(252.1019)
3q’ 65 119—120 252.1023(252.1019)
3r 77 147—148 298.1080(298.1074)
3s 57 69—70 306.0746(306.0736)
3t 56 126—127 210.0324(210.0316)
3u 45 126—127 210.0322(210.0316)
3v 60 120—121 180.0463(180.0455)
3w 45 152—153 220.0612(220.0604)
3x 42 182—183 188.0723(188.0706)
3y 56 195—196 238.0506(238.0499)
Table 2 'H NMR and “C NMR data of compounds 3a—3g and 3k—3y
Compd. 'H NMR (600 MHz, CDCl,), & 13C NMR(150 MHz, CDCl,), &
3a  7.64—7.57(m, 2H), 7.13(t, J=7.5 Hz, 1H), 6.90(d, J=7.9 Hz, 1H), 183.3, 158.2, 151.4, 138.4, 125.2, 123.8,
3.25 (s, 3H) 117.4, 109.9, 26.2
3b  7.63—7.54(m, 2H), 7.13—7.07(m, 1H), 6.91(d, J=8.2 Hz, 1H), 183.7, 157.8, 150.6, 138.3, 125.4, 123.6,
3.81—3.76(q, J=6.0 Hz, 2H) , 1.31(t, J=7.3 Hz, 3H) 117.6, 110.0, 34.9, 12.5
3¢ 7.64—7.52(m, 2H), 7.10(t, J=7.5 Hz, 1H), 6.90(d, J=8.1 Hz, 1H), 183.6, 158.1, 151.0, 138.3, 125.4, 123.5,
3.72(t, J=7.3 Hz, 2H), 1.68(q, J=7.5 Hz, 2H), 1.41(q, J=7.5 Hz, 2H), 117.5, 110.1, 39.2, 28.7, 194, 13.6
0.96(t, J=7.4 Hz, 3H)
3d  7.60—7.53(m, 2H), 7.08(t, J=7.4 Hz, 1H), 7.03(d, J=8.0 Hz, 1H), 183.8, 157.8, 150.4, 138.1, 125.5, 123.2,
4.52(1d, J=7.1, 14.0 Hz, 1H), 1.51(s, 3H), 1.50(s, 3H) 117.8, 111.3, 44.7, 19.3
3e  7.62(d, J=7.4 Hz, 1H), 7.49(d, J=7.8 H, 1H), 7.37—7.28(m, 5H), 183.2, 158.2, 150.7, 138.3, 134.4, 129.0,
7.10(t, J=7.4 Hz, 1H), 6.79(d, J=7.7 Hz, 1H), 4.94(s, 2H) 128.1, 127.4, 125.4, 123.8, 117.6, 111.0,
44.0
3f  7.59(d, J=6.8 Hz, 1H), 7.51—7.46(m, 1H), 7.27(d, J=8.8 Hz, 2H), 183.3, 159.4, 158.7, 150.3, 138.0, 128.9,
7.10—7.06(m, 1H), 6.87(d, J=8.8 Hz, 2H), 6.81(d, J=8.0 Hz, 1H), 127.3, 1245, 123.73, 117.7, 114.1, 111.2,
4.86(s, 2H), 3.78(s, 3H) 55.1, 424
3¢ 7.90(d, J=7.8 Hz, 1H), 7.66(d, J=7.4 Hz, 1H), 7.51(1d, J=7.8, 1.1 Hz, 1H), 182.9, 158.3, 150.4, 139.9, 138.5, 135.9,
7.29 (1, J=7.5Hz, 1H) , 7.10—~7.16(m, 2H), 7.02(t, J=7.3 Hz, 1H), 6.68 129.7, 128.8, 127.1, 125.5, 124.1, 117.7,
(d, J=8.0 Hz, 1H), 4.98(s, 2H) 111.3, 97.6, 49.1
3k 7.43—7.36(m, 2H), 6.79(d, J=8.2 Hz, 1H), 3.23(s, 3H), 2.33(s, 3H) 183.6, 158.3, 149.2, 138.7, 133.6, 125.6,
117.4, 109.7, 26.2, 20.6
31 7.42(s, 1H), 7.31—7.28(m, 2H), 7.27(s, 1H), 6.89—6.87(m, 2H), 183.6, 159.3, 158.2, 148.5, 138.6, 133.6,
6.70(d, J=8.0 Hz, 1H), 4.86(s, 2H), 3.80(s, 3H), 2.31(s, 3H) 128.8, 126.5, 125.6, 117.6, 114.3, 110.8,
55.2, 43.4, 20.8
3m  7.50(d, J=7.6 Hz, 1H), 7.37(d, J=0.7 Hz, 1H), 7.35(d, J=3.5 Hz, 2H), 7.34 183.6, 159.6, 148.6, 142.5, 136.2, 129.1,
(s, 1H) , 7.32 (s, 1H) , 6.90(d, J=7.6 Hz, 1H), 6.60(s, 1H), 127.7, 125.6, 124.1, 123.6, 122.0, 118.8,
4.92(s, 2H), 2.36(s, 3H) 45.3, 18.6
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Continued

Compd. "H NMR (600 MHz, CDCl,), & 3C NMR(150 MHz, CDCl,), &
3n  7.54(dd, J=1.2, 7.4 Hz, 1H), 7.34(d, J=7.8 Hz, 1H), 7.13(d, J=8.7 Hz, 2H), 183.6, 159.8, 159.1, 147.8, 141.0, 130.6,
7.07(t, J=7.5Hz, 1H), 6.87(d, J=8.7 Hz, 2H), 5.11(s, 2H), 3.78(s, 3H), 128.6, 127.9, 126.9, 124.2, 123.6, 119.1,
2.61(q, J=7.6 Hz, 2H), 1.11(t, J=7.5 Hz, 3H) 114.4, 55.3, 45.1, 24.3, 16.0
30  7.65(d, J=1.8 Hz, 1H), 7.52(dd, J=1.8, 8.5 Hz, 1H), 7.29(s, 1H), 7.27(s, 183.8, 159.4, 158.5, 148.5, 147.2, 135.3,
1H), 6.87(d, J=8.5 Hz, 2H), 6.74(d, J=8.5 Hz, 1H), 4.85(s, 2H), 3.79(s, 128.9, 126.7, 122.4, 117.5, 114.3, 110.6,

3H), 1.27(s, 9H) 55.2,43.5, 34.5, 31.1
3p  7.52(d, J=1.7Hz, 1H), 7.28(d, J=8.7 Hz, 2H), 6.93(d, J=7.8 Hz, 1H), 182.7, 161.3, 159.4, 158.9, 151.2, 128.9,
6.88(d, J=8.4 Hz, 2H), 6.65(s, 1H), 4.86(s, 2H), 3.79(s, 3H), 126.7, 125.5, 121.9, 115.8, 114.3, 109.2,
2.94—2.81(m, 1H), 1.20(d, J=6.8 Hz, 6H) 553, 434,352,233
3q 7.36—7.34(m, 1H), 7.34(d, J=2.0 Hz, 3H), 7.32—7.30(m, 2H), 6.86(d, 183.7, 158.2, 150.7, 141.3, 137.4, 134.7,
J=7.8 Hz, 1H), 6.59(d, J=7.8 Hz, 1H), 4.92(s, 2H), 2.58(s, 3H) 129.0, 128.0, 127.3, 126.1, 115.8, 108.2,
43.9, 18.1
3q'  7.50(d, J=7.6 Hz, 1H), 7.39—7.37(m, 1H), 7.36(d, J=3.3 Hz, 2H), 182.4, 158.9, 151.1, 150.7, 134.6, 128.9,
7.35—7.29(m, 2H), 6.90(d, J=7.6 Hz, 1H), 6.60(s, 1H), 4.92(s, 2H), 128.0, 127.2, 125.3, 124.5, 115.5, 111.5,
2.36(s, 3H) 438, 22.9

3r  7.28(d, J=9.3 Hz, 2H), 7.16(d, J=2.7 Hz, 1H), 7.05(dd, J=2.7, 8.5 Hz, 1H), 183.6, 159.3, 158.3, 148.5, 138.6, 133.6,
6.92—6.85(m, 2H), 6.72(d, J=8.7 Hz, 1H), 4.86(s, 2 H), 3.80(s, 3H), 3.79 128.8, 126.5, 125.6, 117.6, 114.3, 110.8,

(s, 3H) 55.2, 43.4, 20.6

3s  7.87(s, 1H), 7.76(dd, J=1.3, 8.4 Hz, 1H), 7.39—7.36(m, 2H), 7.36—7.31  182.0, 157.8, 153.0, 135.2, 135.1, 133.8,
(m, 3H), 6.91(d, J=8.4 Hz, 1H), 4.99(s, 2H) 129.3, 128.5, 127.4, 122.6, 117.5, 111.3,

44.4

3t 7.58—7.54(m, 2H), 6.89—6.87(m, 1H), 3.79(q, J=7.3 Hz, 2H), 1.31 182.6, 157.3, 148.9, 137.6, 129.4, 1254,
(t, J=7.3 Hz, 3H) 118.4, 111.2, 35.1, 12.4

3u  7.58—7.51(m, 2H), 7.07(t, J=7.7 Hz, 1H), 4.20(q, J=7.1 Hz, 2H), 1.38(t,  182.8, 158.3, 146.3, 140.5, 124.6, 124.1,
J=72Hz, 3H) 120.5, 117.1, 37.0, 14.7

3v  7.35—7.32(m, 2H), 6.88—6.86(m, 1H), 3.27(s, 3H) 1827, 160.2, 158.6, 158.0, 147.5, 124.7,

112.5, 111.0, 26.3
3w 8.33(d, J=8.1 Hz, 1H), 8.26(s, 1H), 6.98(d, J=8.1 Hz, 1H), 3.93(s, 1H), 182.2, 165.4, 158.2, 154.5, 140.0, 126.6,

3.31(s, 1H) 126.0, 117.1, 109.7, 52.5, 26.5

3x  7.40(d, J=7.2 Hz, 1H), 7.34(d, J=7.9 Hz, 1H), 7.00(t, J=7.5 Hz, 1H), 184.0, 156.9, 147.6, 137.1, 123.2, 123.0,
3.85—3.59(m, 2H), 2.79(t, J=6.1 Hz, 2H), 2.18—1.95(m, 2H) 121.9, 115.8, 38.4, 23.9, 20.2

3y  7.60(d, J=7.6 Hz, 1H), 7.20(d, J=8.5 Hz, 1H), 7.16—7.12(m, 3H), 186.4, 149.7, 148.8, 143.9, 135.2, 134.8,
6.71—6.51(m, 2H) 133.4, 132.9, 130.5, 125.5, 116.2, 106.9
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PEAT RN AT/ B . 206 2 881 BRIV A P 0 o SN AR, 4 SR R AL AR R F) 1. 8
mmol, 7 HA —E R T RE(K 30 Entry 12) ; M4 ANAAL T AR B9 53 2. 2 mmol, FRARREAR ko S0y I
], HR =R A 5250 T % (36 3 W Entry 13). XTI DMF SEF 784, 558 1 1 IG5 AR S I (1) 5%
Wi ARIRER N, N- R ZBE (DMA) . —HEE A (DMSO) . FHZE | ZR5AI 1, 4- S NIREIRR], &
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AL DMA F1 DMSO LA 45% 1 8% 177 A5 2 7=, FoA v RN R & Az O 3% Ak (32 3 7 Entries 14~
18). E—XF SN IR EEHEAT T 0L . 2SR 110 CRYTEREERT , HAb 82008 | SeRW il i T (K3 h
Entry 19) 5 175 50 8 £ 130 CIk B 46 6 S LI R) , 7= 2728 A 2% M 5 3507 3R AR (35 3 W Entry
20). DEALJE B9 B S0 F - AR B, BLO. T mmol BEFRAE A1 2. 0 mmol flAL I BVEHEALF], LI
DMF YR, SO 42 I 7E 120 °C.

Table 3 Optimization of the reaction conditions®

X
Cat., solvents
N 0o N~ ~O0
|
4a

3a
Entry Solvent Cat. Temperature/C Time/h Yield* (%)

1 DMF 0.1 mmol Pd(OAc),, 2.0 mmol CuCl 120 24 42
2 DMF 0.1 mmol Pd(OAc),, 2.0 mmol CuCl, 120 24 10
3 DMF 0.1 mmol Pd(OAc),, 2.0 mmol CuBr 120 18 38
4 DMF 0.1 mmol Pd(OAc),, 0.1 mmol CuBr, 120 18 5
5 DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 18 83
6 DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cu,0 120 18 25
7 DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cu(OAc), 120 18 0
8 DMF 0.05 mmol Pd(OAc),, 2.0 mmol Cul 120 24 44
9 DMF 0.1 mmol PdCl,, 2.0 mmol Cul 120 24 20
10° DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 24 66
1 DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 24 0
12 DMF 0.1 mmol Pd(OAc),, 0.18 mmol Cul 120 24 63
13 DMF 0.1 mmol Pd(OAc),, 2.2 mmol Cul 120 12 74
14 DMA 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 24 45
15 DMSO 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 24 8
16 Toluene 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 18

17 MeCN 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 18

18 Dioxane 0.1 mmol Pd(OAc),, 2.0 mmol Cul 120 18

19 DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cul 110 24 64
20 DMF 0.1 mmol Pd(OAc),, 2.0 mmol Cul 130 12 72

a. Unless specified otherwise, the reaction conditions were N-methyl-N-phenylacrylamide 4a(1. 0 mmol), Pd-catalyst and copper salts in

3. 0 mL solvent under O,; b. isolated yield(%) ; ¢. under air; d. under Ar.

22 R¥IEERTE

WS T AUV, W25 R R YIE AT T TS . 27530k (27,28 171, I TN Tt
S TRIMAT A=y v AU RN AR IE PR I S, AT LAPRSE G il — R B A N AR IBE PR I S 4, S8 5 % 3
SR T RIR SN G A R A EELLATAE Y (Scheme 3). F5G, 48T N AU XS IR BN (5200
K B PR e BRI S QR SR REIUR K 2 S PR (3b~3g, 3k~3y), J7 AL 42%~87% Z [ H
=4 NH B % 23 4 LB CRIRT AR b A 7 SCER SR, DU 72 e fh 5 A AN REREA T (3h~3)) , HED AT RE5
BRER I FE A Ko Rk P 2 BE AR O P A AR A 5% . i — 2D 2558 1 280 L BRURERS S 52
R BRI A T SE A AR e Ik (Me, Et, i-Prafte-Bu) . FHASE R B SE A g s K (CLL F) . =9 H
SEAVR R Fe S E T A T, YR AR B 3k~3w. BVAORE , SE AT HL TR0 R 0 I 114 5 i
BOA WL (AR AR, W TR CHI R, A BRI (-Pr) , REAS B —)™
Yy 3ps; 10245 AU, 520 D) PR DXt 2 il 2 A S A A 3q i 3q . E— 2D XS IR IR 5 LR A 7 O¢
PR, 2 IR A gt U P R AR P4 95 TBE 3 28 8 D S BRER TN, B R B AE DL b S5 D R )™ 2R (42%~56% )
PAGFIRGK BRI HF IR LS 158 3x A 3y,
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Scheme 3 Reaction scope of N-alkyl acrylanilides

Reactions were performed using amide(1. 0 mmol), Cul(2. 0 mmol), with Pd(OAc),(0. I mmol) in 3. 0 mL of DMF.

Fraction(% )represented isolated yield.
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Scheme 4 Proposed reaction mechanism
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Novel Approach to Isatins via Pd-Cu Catalyzed Oxidative Transformation’

GUO Yang"?, LIN Kai*, XIE Kaiqiang’, LIU Sheng"*
(1. State Key Laboratory of Functions and Applications of Medicinal Plants , Guizhou Medical University,
2. Key Laboratory of Chemistry for Natural Products of Guizhou Province , Chinese Academy of Sciences ,
Guiyang 550014, China)

Abstract A new method of synthesizing isatin was developed and applied to the substrate extension to get a
series of isatin compounds. Using N-alkyl substituted acrylanilide compounds as raw materials, in palladium
acetate, cuprous iodide and under the catalysis and participation of oxygen, N-alkylated isatin derivatives
could be synthesized with the yields of 42%—87%. Using this method, 23 isatin compounds were prepared
and the possible reaction mechanism was proposed. This synthetic route reduces the use of protecting groups
and is simple and efficient.

Keywords Isatin; Pd-catalyzed; Oxidation; Intramolecular cyclization
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