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Abstract

Polymer-supported Lewis acid catalysts is dominion over traditional ones in a number of aspects
for instance; it retains its original catalytic activity, mild reaction conditions are required, which
integrate remarkable advantages in catalyst regeneration, low corrosiveness of equipment, easy
achievement of continuous production, environment-friendly aspects, etc. since there are great
prospects of wide range of applications in the pharmaceutical and fine chemical industry. In this
work, an immobilized solid Lewis acid catalyst (PS-FeCl;) was prepared, which catalyzed the mul-
ti-component reaction casecade of isatin, phenol and 2-haloindole in one-pot manner to provide
diverse spirooxindole-chromeno|[2,3-b]indole derivatives with high efficiency.
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1. 51§

WIS R B S22 AR =) e s I oy 1 AR I — 2R B A5 BT 1] (2] [3] MRERMG| AR S
BB RINIA 50T TG ARG TE, N PUR . FEBE . BRI % . BT HIV. U85 PUEREE4] [5].
R, BRI A — S B 2 N TG, R E R E S . Rk, BRI A R
TTE R X T B A W ORI G AL A AL 22 R 25 )AL T TR 3 A3 6]«

Forr, ZRIFMEIR[2,3-B]05] e — 28 [ i EL A 05| R R 2R L B R (R 2 I S 7). VR 2 & Rt
MR [2,3-b 1751 W 25 1) (1) A S D R A R AP R AE e M, Wnpiye s (8] B [P FA [ 10 7& 15 . 1
SEEIHFTA L, KT IZBNEDE BT ERRIE L 2R >, T ARG 20 [k MSEI[11]. F
1M, R &SN U & BT R SRAF AT A8 2R T [2,3-b105 R A &) B 2R . FeCls /2 Bt
Mo 13 BRI EE Lewis IR, BEIE T ZMANER], | Z A HLE BRI . FeCls i TE
W SiOp i/ F MRS T A2 Wbt e S5 AR 7 85 AT LAVE N Lewis BRI AR HEZ G LR N 3
FeCl; HAFEE R 2 T EE S MR, K2R Z0F. &k, FATWIRE T FeCl; (23
2-p< AR 5 3-8 5E-3-(2- R H ORI )-2- W5 | WA 22 22 20 e N7, 5 i P S B AR SR 24 AR L g [ 2,3 -] W5 i
SERIIJTIE[12] 6

ASCE R [ N AR AL, RILT B SR FeCly MIALEELL. 2K M 2- ARSI & 2
oy BRI RN o SCAR S5 SR T VR 4 T SR 2 20 513 2 FeCls 4L 7)(PS-FeCls). 7E PS-FeCls {2
R, ATCABELL . KW DA K 2- W R BN YIRE, B 2 “—BRiE” RN, SRERT
— RYVEIR IR [2,3-b1E W BATAED . 12N A AR, SEME, Mimraefae, KYE
FAME )2 S5 0

2. R5i1T1i8
2.1. REFETFESHK

T8, FATUL N-FEEFEAT 1a (1.0 equiv)4-F FE2K) 2a (1.0 equiv) LA N-Z, B 5E-2- 5005 Wk 3a (1.2 equiv)
DNRRUR R}, 1% P R (04 I 2 T oI % 1 B B BT S ) e A AR T S 8L 1) %A e 2 A (5
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1)o ik T — &% Lewis B2, il FeCls+ FeBrs. Fe(OTf);« Sc(OTf);« Cu(OTh),. Zn(OTf),. In(OTf);. BF;-OFEt,
DAL B2 CF3SOsH Il CF3CO.H 55, KINRF BRA e 2R TR RN R A, (BB 3 LR 5%
1%, FAGERWAEMC. T H., B K S A S SRR, 2-S 5 3a AR i, FEURNF=Z
Fefiko FeCly EAZ =270 R BRI AT, FAGEER, HIRIRE 3a R Bt &5, 4ff
FH %% FeCly(PS-FeCly, 3.0 eq )i, SRR PEERNGNZ(24 h), (ERMNEONEA, 3a )7 SR>,
B AT DU 72 R (80%) SRIF MU P24 d4a (5 1),

Table 1. Screening of reaction conditions [a],[b]

1. R FMIFER AL ], [b]

@E@Z m LeW|s acid
Solvent

1a 2a 3a

Entry Catalyst (equiv) Solvent Time Yield
1 FeCl (1.0) DCE 12h 68%
2 FeCls (3.0) DCE 24h 45%
3 FeBr; (1.0) DCE 12h 31%
4 Fe(OTf)3 (1.0) DCE 12h 47%
5 Sc(OTf); (1.0) DCE 24h 42%
6 Cu(QTf), (1.0) DCE 24h 54%
7 Zn(OTf), (1.0) DCE 24h 58%
8 In(OTf)3 (1.0) DCE 24h 70%
9 BF3-OEt, (1.0) DCE 12h 24%
10 CF3SO3H (1.0) DCE 12h 28%
11 CF3CO,H (1.0) DCE 12h 36%
12 PS-FeCl; (3.0) CH,Cl, 12h 48%
13 PS-FeClj; (3.0) CH,Cl, 24h 80%

[a] Reaction conditions: isatin 1a (1.0 mmol, 1.0 equiv), phenol 2a (1.0 mmol, 1.0 equiv), N-
Ac-2-chloroindole 3a (1.2 mmol, 1.2 equiv), solvent (10.0 mL), catalyst (as indicated), room
temperature; [b] Isolated yield after column chromatography. DCE = 1,2-dichloroethane

2.2. [RIER

£ PS-FeCls HEAL I N6 AF R, FRATHEE T A FPE TS KA F AL B BURIIBELL . Kl 5 2-504K
MR SN B AL 1 s RAT LA, 0 Tl A B SE (R s sy s b P sl 1 ORI 11
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My RAGEY 2, IRBIBITTIRRIEAT, LA 60-92% )7 3R A A N AL A4 da-js  HL A 1 ml i o 7 25k P AR
(A AL R (R AT LUIRRIEAT OB, LA 68-78% 7= 28 A i AR I ) H R =4 4k-1; N-RidE B (R = Bn)
(A R, A WL BB 2 (L B RIS, 3 LA 78% K17 315 B A9 k. BT % =45 “ —4Rik”
SIS R 1o A A5 WK FE I G [2,3-5 10| SR AL A Y, JRPIIERIEAE T T, A AN AR R 1 5 B S
Y, BIRRRZ 5% R, AR R e 2R H AR &)

6} O
L,
° H

4m, 72% 4n, 74% 40, 78% 4p, 80%

[a] Reaction conditions: 1.0 mmol isatin 1, 1.0 mmol phenol 2, 1.2 mmol 2-haloindole 3, and PS-FeCl; (2.0 g) in
anhydrous CH,Cl, (10 mL) at room temperature for 24 h. [b] Yield of isolated product is given.

Figure 1. PS-FeCl; promoted synthesis of spirooxindole-chromeno[2,3-b]indole derivatives [a],[b]
1. PS-FeCl; (R & AR AR FHALIE(2,3-b]BIR 2L & H0[a],[b]
2.3. &Y 4d BUREER
K2 D9t &0 4d B A i i, BT T B — SRR TR I [2,3-6] 051 M SRAL &) B TR BT Y
SEARGE R o
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Figure 2. X-ray structure of 4d
2. LAY 4d NG IEEHE

2.4. RRRIHIEHER

AR A5 o 5 By AL S 0 SN[ 1] B A B SizBe a5 58, JRATTHEN H 4 R Bz i e LB (1] 3)e
56, AALISIVERR 1 2R 5 iR Fe(IID)IIVEH T 5288 2 & /E Friedel-Crafts WA 2| o BT 1 S35
FUEE 1 AEBK 5 W e 3k T ik A A s b )44 10 B, 2-s 4R8I C3 A% i% [l 44 & & Michael
INEAS B (AR L BEJS A 5 WA B R =9 IV P aA IV 16 Fe(IDIEA T, KASTF M
SFAZIN(C2-aryloxylation)fF B AMA Vi dgefa, R (X)FE Fe(UD) BRI B IR B B o 2 £ Bk L B
23] C-0 LF=9) 4.

Z N Fe(lll)
1

Figure 3. Plausible mechanism
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3. SCIEERSY
3.1, SRR

A& "H NMR F1 °C NMR 2] Bruker Avance IIIHD(500 MHz) %5 (k% R0 7€ . K
35T RN CDCL; B, DMSO-dg. "H AL2AA7 R LL TMS(8 0.00)8k# CDCIy(8 7.26) 85 %, C LAk
LA CDCLy(8 77.16) A% %, FTAE KL AR B A ppme. 1% B i 22 EPEIN R (s B, d X ¢
—HE, moRE EIEECEE RN, brs NUENE, A EELL Hz AL . FTA &Y & 5 S
J2 ] Agilent Techologies 6230 TOF LC/MS 7 &5 43 3 B 1 A3 52 1T«

3.2. PS-FeCl; {58951 &

PS-FeCls A0 71144 JE SR A 45 [13]: 2% A I HERE « IR LA B B3R 1 = TR
BRCIFMAR KR, EBPERIN FeCly, BRI RMIEFES, AUTEEm. w5, &8, [k
Gk TR JHIERUT Bk, BHAZE TR, RAFRH . PS-FeCly FH&F B TR RS GiEAICP) Ml
7€, FeCl M #EZ)N 1.6 mmol/g.

3.3. PS-FeCL fE{LEI =45 “—%R7%" A RIRIAEFILIE|2,3-0]BIREUL A

M 10 mL MNEF, JIAEEL 1 (1.0 mmol). K} 2 (1.0 mmol)Fl 2-fXHMk 3 (1.2 mmol) LA K&
PS-FeCl3(2.0 g) ALK TE/AK ZE HHE(10 mL), FifRiBAWE TER T, IR RMNL) 24 /N, 5 E Gk
(TLO)FREF R N HFR A 2- ARSI Wk 3 et fb . RBRG WA rESE Lt uE, JEUHH &P hestsk, &6
WUIEHRUG R4S, = i 2R AL E AT P A0 15AH B2 09 H ik &4 4a-0.

3.4. SCIEBIR

k&%) 4a: m.p. > 300°C."H NMR (400 MHz, CDCl;) & 8.63 (s, 1H), 7.39 (ddd, J = 8.5, 5.4, 3.6 Hz, 1H),
7.09 (d, J= 7.8 Hz, 1H), 7.02 (d, J = 3.7 Hz, 3H), 6.96 (s, 1H), 6.90 (t, ] = 8.6 Hz, 2H), 6.79 (t, J = 7.5 Hz, 1H),
6.47 (d, J = 2.2 Hz, 1H), 6.36 (d, J = 7.8 Hz, 1H), 3.44 (s, 3H), 2.18 (s, 3H). *C NMR (100 MHz, CDCL;) &
178.9, 149.0, 146.5, 143.6, 134.9, 133.8, 131.0, 129.5, 128.7, 128.0, 125.5, 124.3, 123.7, 121.1, 120.6, 120.1,
117.6, 116.6, 110.8, 108.1, 86.3, 51.1, 26.8, 20.7. HRMS (ESI-TOF) m/z: caled for Co4H;sN,O, [M+H]"
367.1447, found 367.1445.

th&%) 4b: m.p. 288°C - 290°C. 'H NMR (400 MHz, CDCl;) 89.47 (s, 1H), 7.46 - 7.34 (m, 6H), 7.31 (dt, J
= 6.3, 3.1 Hz, 1H), 7.14 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 7.2 Hz, 1H), 7.03 (t, J=7.3 Hz, 1H), 6.92 - 6.88 (m,
1H), 6.84 (dd, J = 11.2, 5.1 Hz, 3H), 6.78 (d, J = 8.0 Hz, 1H), 6.41 (d, J = 7.1 Hz, 1H), 3.51 (s, 3H). °C NMR
(100 MHz, CDCl3) §179.4, 150.5, 146.5, 143.5, 140.2, 137.3, 134.9, 131.3, 128.8, 128.7 (2C), 127.5, 127.1,
127.0 (2C), 126.4, 125.6, 124.1, 124.0, 121.6, 120.6, 119.8, 118.6, 116.4, 111.1, 108.2, 85.8, 51.4, 26.9. HRMS
(ESI-TOF) m/z: caled for C,0H, N,O, [M+H]™ 429.1603, found 429.1602.

AW 4e: mp. 294°C - 295°C. "H NMR (400 MHz, CDCl5) 88.92 (s, 1H), 7.40 (ddd, J = 8.4, 6.2, 2.8 Hz,
1H), 7.11 (d, J= 7.8 Hz, 1H), 7.04 (q, J = 4.1, 3.4 Hz, 2H), 6.96 - 6.86 (m, 3H), 6.85 - 6.76 (m, 2H), 6.38 (d, J =
7.8 Hz, 1H), 6.23 (d, J = 2.9 Hz, 1H), 3.68 (s, 3H), 3.46 (s, 3H). °C NMR (100 MHz, CDCl;) 3178.9, 155.9,
146.9, 145.3, 143.5, 134.5, 131.2, 128.8, 125.5, 124.3, 123.8, 122.2, 120.5, 120.0, 118.7, 116.5, 113.9, 112.8,
110.9, 108.1, 85.6, 55.6, 51.4, 26.8. HRMS (ESI-TOF) m/z: Calcd for C,,H;oN,O5 [M+H]" 383.1396, found
383.1393.
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1k&%) 4d: 'TH NMR (400 MHz, CDCl5) & 8.54 (s, 1H), 7.43 - 7.38 (m, 1H), 7.09 (d, I = 7.8 Hz, 1H), 7.07 -
7.99 (m, 3H), 6.99-6.92 (m, 2H), 6.83 - 6.72 (t.J = 6.0 Hz, 1H), 6.42-6.31 (m, 2H), 3.42 (s, 3H). °C NMR
(101 MHz, CDCl;) 8166.9, 154.4, 152.9, 145.5, 143.8. 138.0, 136.5, 134.9, 129.4, 127.4, 126.9, 126.4, 124.8,
121.7,119.8, 118.8, 117.5, 115.9, 114.7, 111.6, 109.8, 59.9, 36.4. HRMS (ESI-TOF) m/z: calcd for CasH;¢N,O5
[M+H]"369.1239, found 369.1240.

1bE%) 4e: m.p. 290°C - 291°C."H NMR (400 MHz, CDCl;) 89.61 (s, 1H), 7.47-7.35 (m, 1H), 7.13 (d, J =
7.9 Hz, 1H), 7.02 (ddd, J = 13.6, 7.4, 4.8 Hz, 3H), 6.88 - 6.75 (m, 2H), 6.76 - 6.69 (m, 1H), 6.67 (d, J = 9.0 Hz,
1H), 6.52 (d, J = 2.9 Hz, 1H), 6.42 - 6.30 (m, 1H), 3.49 (s, 3H). °C NMR (100 MHz, CDCl;) §179.0, 149.3,
146.3, 144.9 (q, Jor = 1.8 Hz), 143.2, 134.2, 131.3, 129.2, 125.5, 124.2, 123.8, 122.7, 121.3, 120.8, 120.4, 120.3
(q, Jer = 85.2 Hz), 120.0, 119.4, 116.5, 111.1, 108.5, 85.2, 51.4, 27.0. HRMS (ESI-TOF) m/z: calcd for
Ca4H6F3N,O5 [M+H]" 437.1113, found 437.1106.

&%) 4f: m.p. 276°C - 277°C. '"H NMR (400 MHz, DMSO- dy) 811.67 (s, 1H), 7.39 (t, J = 7.6 Hz, 1H),
7.25 (d, J = 8.0 Hz, 2H), 7.07 - 6.86 (m, 4H), 6.75 (t, J = 7.5 Hz, 1H), 6.30 (d, J = 7.8 Hz, 1H), 6.11 (s, 1H),
6.02 (d, J=5.7 Hz, 2H), 3.30 (s, 3H). *C NMR (100 MHz, DMSO-d;) 8177.2, 147.5, 146.1, 145.5, 144.2, 143 4,
134.3,130.9, 128.8, 124.4, 123.5, 123.0, 120.2, 119.5, 116.1, 113.3, 110.9, 108.9, 105.8, 101.9, 98.7, 85.6, 50.4,
26.4. HRMS (ESI-TOF) m/z: caled for C,4H;¢N,NaO,Na [M+Na]" 419.1008, found 419.1003.

1b&%) 4g: m.p. > 300°C. "H NMR (400 MHz, CDCl5) 88.81 (s, 1H), 7.46-7.31 (m, 1H), 7.09 (d, /= 8.0 Hz,
1H), 7.01 (q, J= 5.0, 4.6 Hz, 2H), 6.87 (d, J = 6.6 Hz, 2H), 6.83 - 6.72 (m, 2H), 6.50 (s, 1H), 6.37 (d, /= 7.8 Hz,
1H), 3.44 (s, 3H), 2.85 (q, J = 6.9 Hz, 2H), 2.73 (qt, J = 15.3, 6.4 Hz, 2H), 2.03 (ddt, J=13.7, 10.0, 6.1 Hz, 2H).
C NMR (100 MHz, CDCl;) 8179.65, 149.75, 146.86, 145.31, 143.54, 140.20, 135.40, 131.25, 128.59, 125.53,
124.40, 123.79, 122.77, 120.13, 119.79, 118.84, 116.41, 113.85, 111.03, 108.07, 85.86, 51.40, 32.77, 32.13,
26.88, 25.86. HRMS (ESI-TOF) m/z: caled for C,sHy N,0, [M+H]™ 393.1603, found 393.1596.

&%) 4h: m.p. 282°C - 283°C. "H NMR (400 MHz, CDCl5) §9.20 (s, 1H), 7.37 (ddd, J= 7.8, 5.5, 3.5 Hz,
1H), 7.09 (d, J = 7.8 Hz, 1H), 7.04 - 6.95 (m, 2H), 6.85 - 6.79 (m, 1H), 6.76 (ddd, J = 9.3, 7.3, 2.3 Hz, 2H), 6.48
(s, 1H), 6.34 (d, J = 6.8 Hz, 2H), 3.46 (s, 3H), 2.68 (q, J = 5.4 Hz, 2H), 2.56 (qd, J = 16.4, 8.1 Hz, 2H), 1.81 -
1.64 (m, 4H)."*C NMR (100 MHz, CDCl5) §179.7, 148.7, 146.8, 143.6, 138.0, 135.3, 133.1, 131.2, 128.6, 127.6,
125.5, 124.4, 123.8, 120.1, 119.7, 118.5, 117.8, 116.3, 111.1, 108.1, 85.9, 51.1, 29.2, 28.7, 26.9, 23.2, 22.9.
HRMS (ESI-TOF) m/z: calcd for C,7H,3N,0, [M+H]" 407.1760, found 407.1755.

k&%) 4i: m.p. > 300°C. '"H NMR (400 MHz, CDCl;) 89.18 (s, 1H), 7.46 - 7.35 (m, 1H), 7.11 (d, J= 7.8
Hz, 1H), 7.06 - 6.98 (m, 2H), 6.90 (ddd, J= 8.9, 7.5, 3.0 Hz, 1H), 6.85 (dd, J = 6.9, 1.5 Hz, 1H), 6.84 - 6.79 (m,
2H), 6.79 - 6.74 (m, 1H), 6.39 (dd, J = 9.0, 3.1 Hz, 1H), 6.36 (d, J = 7.4 Hz, 1H), 3.46 (s, 3H). *C NMR (100
MHz, CDCly) 8178.7, 158.8 (d, Je/= 241.2 Hz), 147.2 (d, Jor = 1.1 Hz), 146.5, 143.4, 134.2, 131.3, 129.1,
125.5, 124.0, 122.8 (d, Jo.r = 3.6 Hz), 120.8, 120.1, 119.4, 119.3, 116.6, 115.8 (d, Jo.r = 11.8 Hz), 113.5 (d, Jo.r
= 11.9 Hz), 111.0, 108.4, 85.3, 51.5, 26.9. HRMS (ESI-TOF) m/z: calcd for Cp3H sFN,O, [M+H]" 371.1196,
found 371.1186.

AW 4j: m.p. 298°C - 300°C. 'H NMR (400 MHz, DMSO- d) & 11.73 (s, 1H), 7.36 (d, J = 6.3 Hz, 2H),
7.27 (d, J=8.0 Hz, 1H), 7.17 (q, J = 8.1 Hz, 2H), 7.12 - 7.03 (m, 1H), 6.97 (t, J = 7.7 Hz, 1H), 6.77 (d, J = 10.7
Hz, 2H), 6.69 (d, J = 7.8 Hz, 1H), 6.35 (d, J = 7.8 Hz, 1H), 3.30 (s, 3H), 2.13 (s, 3H). *C NMR (100
MHz,DMSO-d,) & 177.0, 150.4, 145.8, 140.9, 134.7, 132.1, 130.8, 128.9, 128.8, 128.2, 124.9, 124.5, 123.6,
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121.8, 120.2, 119.5, 117.3, 116.1, 110.9, 108.5, 85.9, 50.2, 26.3, 20.3. HRMS (ESI-TOF) m/z: calced for
Co4H1oN,O, [M+H]" 367.1447, found 367.1446.

tb&%) 4k: m.p. > 300°C. 'H NMR (400 MHz, DMSO-d,) §11.80 (s, 1H), 7.59 (dd, J = 8.3, 2.1 Hz, 1H),
7.46 - 7.33 (m, 2H), 7.28 (t, J = 8.3 Hz, 2H), 7.15 - 7.05 (m, 2H), 7.00 (t, J = 7.6 Hz, 1H), 6.81 (t, J= 7.5 Hz,
1H), 6.74 (d, J = 7.8 Hz, 1H), 6.37 (d, J = 7.8 Hz, 1H), 3.32 (s, 3H). °C NMR (100 MHz,DMSO-d,) 5176.7,
150.4, 145.9, 142.7, 136.8, 131.6, 130.8, 129.1, 128.1, 127.1, 124.6, 123.4, 120.9, 120.3, 119.7, 117.5, 115.9,
114.8, 111.1, 111.0, 85.1, 50.3, 26.5. HRMS (ESI-TOF) m/z: calcd for C3H;(BrN,O, [M+H]" 431.0395, found
431.0389.

&% 41: m.p. > 300°C. "H NMR (400 MHz, DMSO-d;) 511.55 (s, 1H), 7.40 (t, J = 7.7 Hz, 1H), 7.28 (d,
J=7.9 Hz, 1H), 7.23 (d, J = 8.5 Hz, 1H), 7.20 - 7.07 (m, 2H), 6.98 (t, J= 7.5 Hz, 1H), 6.90 (d, J = 7.4 Hz, 1H),
6.78 (d, J = 8.2 Hz, 1H), 6.46 (s, 1H), 6.07 (s, 1H), 3.33 (s, 3H), 2.14 (s, 3H), 2.11 (s, 3H). *C NMR (100
MHz,DMSO-d,) 5177.2, 148.5, 146.1, 143.3, 134.6, 133.5, 129.6, 129.0, 128.7, 127.9, 127.8, 124.4, 123.8,
123.1, 121.4, 121.3, 117.1, 116.0, 110.7, 108.7, 85.5, 50.2, 26.4, 21.2, 20.1. HRMS (ESI-TOF) m/z: calcd for
CasHy N,O, [M+H]" 381.1603, found 381.1596.

k&% 4m: m.p. > 300°C. "H NMR (400 MHz, CDCl;) § 9.71 (s, 1H), 7.44 (td, J= 7.7, 1.3 Hz, 1H), 7.30
(dd, J=8.8, 2.4 Hz, 1H), 7.15 (d, J= 7.8 Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 7.02 - 6.96 (m, 1H), 6.79 (d, J = 2.4
Hz, 1H), 6.63 (d, J = 8.8 Hz, 1H), 6.60 - 6.46 (m, 2H), 5.97 (dd, J = 9.5, 2.4 Hz, 1H), 3.51 (s, 3H). °C NMR
(100 MHz,CDCl3) & 179.0, 157.9 (d, Jer = 116.3 Hz), 150.0, 147.2, 143.1, 133.8, 131.8, 130.5, 129.4, 127.6,
125.5, 124.4, 1242 (d, Je.r = 5.2 Hz), 123.2, 119.9, 116.5, 111.8 (d, Jo.r = 4.8 Hz), 108.7, 108.3 (d, Je.r = 12.8
Hz), 102.0 (d, Jor = 12.4 Hz), 85.7 (d, Jor = 2.1 Hz), 51.1, 27.1. HRMS (ESI-TOF) m/z: caled for
C,3H,4BrFN,O, [M+H]" 449.0301, found 449.0297.

k&%) 4n: m.p. > 300°C. "H NMR (400 MHz, DMSO- d;) 811.94 (s, 1H), 7.50 - 7.38 (m, 2H), 7.34 - 7.20
(m, 3H), 7.07 - 6.94 (m, 2H), 6.81 (td, J= 9.3, 2.6 Hz, 1H), 6.54 (dd, J = 9.0, 3.1 Hz, 1H), 5.93 (dd, J=9.6, 2.6
Hz, 1H), 3.32 (s, 3H). °C NMR (100 MHz, DMSO- d,) 8176.4, 158.3 (d, Jer = 239.6 Hz), 156.9 (d, Jo.r =
231.1 Hz),147.3, 146.8 (d, Jor = 1.1 Hz), 143.4, 133.3, 129.2, 127.4, 124.5, 123.7 (d, Jo.r = 3.7 Hz), 123.2,
123.1 (d, Jep=3.7 Hz), 119.2 (d, Jo.r = 42 Hz,), 116.3 (d, Jor = 12.8 Hz), 113.5 (d, Je.r = 12.8 Hz), 112.2 (d,
Jer = 4.8 Hz), 109.2, 107.9 (d, Je.r = 12.6 Hz), 101.3 (d, Jor = 12.1 Hz), 85.8 (d, Jor = 2.1 Hz), 50.3, 26.4.
HRMS (ESI-TOF) m/z: caled for Co3H,;5FoN,0, [M+H]" 389.1102, found 389.1093.

1490 40: m.p. 289°C - 290°C. 'H NMR (400 MHz, DMSO- d;) 511.78 (s, 1H), 7.44 (d, J = 6.5 Hz, 2H),
7.41 - 7.37 (m, 2H), 7.35 (d, J = 7.5 Hz, 2H), 7.34 - 7.29 (m, 2H), 7.25 (dd, J = 17.5, 8.0 Hz, 2H), 7.09 (ddd, J =
8.3, 5.9, 2.7 Hz, 1H), 6.96 (d, J = 4.5 Hz, 3H), 6.67 (t, J= 7.9 Hz, 2H), 6.19 (d, J = 7.8 Hz, 1H), 5.08 (d, J =
15.4 Hz, 1H), 5.00 (d, J = 15.4 Hz, 1H). °C NMR (100 MHz, DMSO-d,) 5177.4, 150.5, 146.0, 142.4, 136.3,
134.4, 130.8, 129.0, 128.7, 128.5 (2C), 127.8, 127.7 (2C), 127.6, 124.7, 124.6, 123.5, 123.2, 121.7, 120.3, 119.3,
117.5, 116.4, 111.0, 109.4, 85.7, 50.2, 43.3. HRMS (ESI-TOF) m/z: calcd for CpoH,N,O, [M+H]" 429.1603,
found 429.1598.

&% 4p: m.p. > 300°C. "H NMR (400 MHz, DMSO-d) 611.71 (s, 1H), 10.74 (s, 1H), 7.41 - 7.32 (m,
2H), 7.32 - 7.24 (m, 2H), 7.10 (t, J = 8.1 Hz, 2H), 7.01 - 6.94 (m, 1H), 6.94 - 6.86 (m, 2H), 6.79 (t, J = 7.5 Hz,
1H), 6.74 (dd, J = 7.8, 1.5 Hz, 1H), 6.42 (d, J = 7.8 Hz, 1H). *C NMR (100 MHz, DMSO-d;) 6178.8, 150.5,
145.8, 141.9, 135.2, 130.8, 128.8, 128.7, 128.0, 124.8, 124.5, 123.78, 122.4, 121.9, 120.1, 119.4, 117.3, 116.1,
110.9, 109.7, 85.9, 50.6. HRMS (ESI-TOF) m/z: calcd for C»,H;sN,O, [M+H]" 339.1134, found 339.1126.
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