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Tetrabutylammonium lodide-Catalyzed Radical Alkoxycarbonylation
of Activated Alkenes: Synthesis of Isoquinolinedione Derivatives
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Abstract The isoquinolinedione skeletons are important building blocks, which have been widely present in plant alkaloids,
natural products and pharmaceuticals. In this paper, a novel method to construct isoquinolinedione framework was developed,

which can be easily operated under metal-free conditions. In the presence of tetrabutylammonium-iodide catalyst, hydrogen
atoms were abstracted step by step from carbazate to generate methoxycarbonyl radical which followed by radical addition/
cyclization reaction leading to isoquinolinedione. The presented methodology will provide new strategies for construct iso-

quinolinedione-type products, which has advantages of simple operation, mild reaction conditions, and environmentally be-

nign.

Keywords isoquinolinedione skeleton; metal-free; tetrabutylammonium-iodide; radical addition/cyclization
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Figure 1 Biologically active isoquinolinedione derivatives
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Figure 2 Different methods for isoquinolinedione skeleton
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Table 1 Reaction conditions optimization

O (0] (0]
O,N O,N
2 IIIJ\H/ ﬂ\ reaction conditions 2 N~
B —————
Y * H,NHN” “OMe
1a a

(6]
2 COOMe
Entry Cat. Solvent t/°C Oxidant Yield”/%
1 — MeCN 80 TBHP 0
2 FeCl,*4H,0 MeCN 80 TBHP 42
3 TBAI MeCN 80 TBHP 59
4 KI MeCN 80 TBHP 53
5 FeSO4+7H,0 MeCN 80 TBHP 46
6 CuBr MeCN 80 TBHP Trace
7 Cu(OAc), MeCN 80 TBHP 0
8 TBAI MeCN 80 DTBP N.R
9 TBAI MeCN 80 TBPB Trace
10 TBAI H,0 80 TBHP 14
11 TBAI DMF 80 TBHP 26
12 TBAI EtOAc 80 TBHP 40
13 TBAI MeCN 60 TBHP 48
14 TBAI MeCN 100 TBHP 67
15 TBAI MeCN 120 TBHP 54

“Reaction conditions: 1a (0.25 mmol), 2a (1.5 mmol), catalyst (20 mmol%) and TBHP (1.5 mmol, 70%. aqueous solution) in solvent (2.0 mL) for 8 h; ® jsolated
yield.

K2 RPEHE

Table 2 The reaction scope

i Reacti diti N i N/Rz
eaction conditions
R1:_: EZ‘J\”/ + H2NHN)\OR3 R o
1 2 COOR®

Product R' R’ R’ Yield/%
3 H Me Me 36
4 H Bn Me 50
5 H Et Me 23
6 H Ph Me 42
7 4-Me Me Me 67
8 4-C,H;0 Me Me 63
9 4-F Me Me 68
10 4-Cl Me Me 70
11 4-Br Me Me 57
12 4-CF; Me Me 61
13 4-CO,Me Me Me 59
14 4-C(CH3)3 Me Me 60
15 3-NO, Me Me 67
16 3-CH; Me Me 55
17 3-1 Me Me 39
18 2-CH; Me Me 47
19¢ 2-1 Me Me 35
20 3,4-(MeO), Me Me 44
21 3,5-(MeO), Me Me 48
22 H Me Et 51

“ Reaction conditions: 1 (0.25 mmol), 2 (1.5 mmol), TBAI (20 mol%), TBHP (1.5 mmol, 70%. aqueous solution) in MeCN (2.0 mL) at 100 ‘C for 8 h; ® jsolated
yield; ¢ reaction time is 12 h.
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¥ ERF TR~ mol). = Z (10 mol)
DMAP (0.5 mol)¥ T FF 2K v, 1208 ik i FF 225 D s T &
(10 mol), NS E AR 12 h, TLC &l s v 45
W, N 10 mL MORIBREREATE R, —& A, &JF
AL, KRR T8, I8, EAREER, H2
T BSAS =) N-T9 I I s - V- P R O PR e .

3.2.2 B ARdh Fokok ZERAT A 46 A &

FEHUAR N-TR A I 22 - V- H 2K H 2 (0.25 - mmol)
V0T FEAAL %2(0.05 mmol)-5 i R FEBG(1.5 mmol)iE T
2 mL ZJEH, AT Zi A (1.5 mmol, 70%7K %
), 75100 C RPN, TLC A s 845 s, 8%
WX, REM AR EN 7 SR ai1s HAsr=Y) 3~
21.

2-(2,4- " HI3E-1,3- T {)-1,2,3,4- DU & 7 K -4- 2.1
HEE3): A, 7% 36%. mp. 102~103 C; 'H
NMR (500 MHz, CDCLy) 6: 8.28 (dd, J=7.9, 1.3 Hz, 1H),
7.61 (td, J=7.7, 1.4 Hz, 1H), 7.44 (td, J=7.9, 1.1 Hz, 1H),
7.34 (d, J=17.9 Hz, 1H), 3.61 (d, J=17.2 Hz, 1H), 3.44 (s,
3H), 3.43 (s, 3H), 3.08 (d, J=17.2 Hz, 1H), 1.56 (s, 3H);
C NMR (125 MHz, CDCl;) d: 176.3, 170.5, 164.4, 142.8,
133.9, 129.3, 127.5, 124.9, 124.1, 51.8, 44.9, 44.4, 30.6,
27.3. HRMS (ESI) caled for CsH¢NO, (M +H")
262.1079, found 262.1076.

2-(4-FH -2 B -1,3- ) - 1,2,3,4- DU & 5 M ik -4-
LR TR ): RFE AWK, T7F 50%. 'H NMR (500
MHz, CDCLy) 6: 8.27 (dd, J=7.9, 1.1 Hz, 1H), 7.61 (td,
J=7.8, 1.4 Hz, 1H), 7.43 (t, J=7.2 Hz, 3H), 7.35~7.27
(m, 3H), 7.22 (t, J=7.3 Hz, 1H), 5.28~5.20 (m, 2H), 3.63
(d, J=17.1 Hz, 1H), 3.33 (s, 3H), 3.09 (d, J=17.1 Hz,
1H), 1.53 (s, 3H); °C NMR (125 MHz, CDCl;) §: 175.9,
170.3, 163.9, 142.8, 137.2, 134.0, 129.4, 128.4, 128.3,
127.6, 127.3, 124.8, 124.1, 51.7, 45.2, 44.1, 43.8, 30.8.
HRMS (ESI) caled for CyHyNO, (M+H") 338.1392,
found 338.1388.

2-(4-FHBL-2- 2 B -1,3- 2 )-1,2,3,4- DU & 7 W R -4-
ZIRFPHE(S): TEWIA, 7% 23%. '"H NMR (500 MHz,
CDCly) 6: 8.27 (dd, J=7.9, 1.2 Hz, 1H), 7.61 (td, J=7.8,
1.4 Hz, 1H), 7.43 (td, J=8.0, 1.0 Hz, 1H), 7.34 (d, J=7.9
Hz, 1H), 4.16~4.03 (m, 2H), 3.61 (d, J=17.1 Hz, 1H),
3.43 (s, 3H), 3.08 (d, J=17.1 Hz, 1H), 1.55 (s, 3H), 1.24
(t, J=7.1 Hz, 3H); *C NMR (125 MHz, CDCl3) 6: 175.7,
170.4, 163.8, 142.8, 133.8, 129.2, 127.5, 124.9, 124.1,
51.7, 44.8, 44.3, 35.7, 30.6, 12.8. HRMS (ESI) calcd for
CysH sNO, (M+H") 276.1236, found 276.1231.

2-(4-FH B2 2R BE-1,3- T )-1,2,3,4- DU & 7 M R -4-
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ZIEHER6): A, =% 42%. mp. 167~168 C,
'H NMR (500 MHz, CDCl;) é: 8.30 (dd, J=7.9, 1.3 Hz,
1H), 7.67 (td, J=7.7, 1.4 Hz, 1H), 7.53~7.47 (m, 3H),
7.47~7.39 (m, 3H), 7.26 (s, 1H), 3.62 (d, J=17.2 Hz,
1H), 3.50 (s, 3H), 3.14 (d, J=17.2 Hz, 1H), 1.68 (s, 3H);
C NMR (125 MHz, CDCl5) d: 176.1, 170.6, 164.3, 142.9,
135.8, 134.2, 129.6, 129.3, 128.5, 128.4, 127.7, 125.2,
1244, 519, 45.4, 449, 30.4. HRMS (ESI) calcd for
CioH;sNO, (M+H") 324.1236, found 324.1232.

2-(2,4,6- = 1 JE-1,3- —fl)-1,2,3,4- VU & 7 I -4- 2,
B EE(T): AR, 2% 67%. mp. 145~146 C; 'H
NMR (500 MHz, CDCL) o: 8.15 (d, J=8.0 Hz, 1H),
7.25~7.22 (m, 1H), 7.12 (s, 1H), 3.59 (d, J=17.2 Hz,
1H), 3.45 (s, 3H), 3.41 (s, 3H), 3.08 (d, J=17.2 Hz, 1H),
2.43 (s, 3H), 1.54 (s, 3H); *C NMR (125 MHz, CDCl;) ¢:
176.4, 170.6, 164.3, 144.7, 142.8, 129.3, 128.6, 124.6,
122.3, 51.8, 44.8, 44.3, 30.6, 27.2, 21.9. HRMS (ESI)
caled for CysH sNO, (M+H") 276.1236, found 276.1232.

2-(2,4-— Hi-6- 21 FE-1,3- )-1,2,3.4- DI & 7
Wk-4- 2, 1% F 6 (8): M e[k, =% 63%. mp. 119~
120 C; 'H NMR (500 MHz, CDCl3) J: 8.21 (d, J=8.8
Hz, 1H), 6.93 (dd, J=8.8, 2.4 Hz, 1H), 6.77 (d, J=2.3 Hz,
1H), 4.11 (q, J=7.0 Hz, 2H), 3.60 (d, J=17.2 Hz, 1H),
3.47 (s, 3H), 3.40 (s, 3H), 3.03 (d, J/=17.2 Hz, 1H), 1.53
(s, 3H), 1.45 (t, J=7.0 Hz, 3H); °C NMR (125 MHz,
CDCly) d: 176.4, 170.6, 164.0, 163.5, 145.0, 131.7, 117.7,
113.2, 1103, 63.9, 51.8, 45.1, 44.3, 30.8, 27.2, 14.7.
HRMS (ESI) caled for C;sH,)NOs (M+H") 306.1341,
found 306.1338.

2-(2,4-— F3E-6-%-1,3- Mi{)-1,2,3,4- VU & 7 1 Wk -4-
ZEHER9): AEfE, =% 68%. mp. 161~162 C,
'H NMR (500 MHz, CDCl;) &: 8.30 (dd, J=8.8, 5.9 Hz,
1H), 7.15~7.11 (m, 1H), 7.01 (dd, J=9.3, 2.4 Hz, 1H),
3.62 (d, J=17.4 Hz, 1H), 3.49 (s, 3H), 3.41 (s, 3H), 3.01
(d, J=17.4 Hz, 1H), 1.55 (s, 3H); "C NMR (125 MHz,
CDCly) o: 175.8, 170.4, 166.3 (d, J=262.5 Hz), 163.4,
145.85 (d, J=8.7 Hz), 132.34 (d, J=9.7 Hz), 121.42 (d,
J=2.5Hz), 115.4 (d, J=21.2 Hz), 111.2 (d, J=22.5 Hz),
51.9, 45.1 (d, J=1.5 Hz), 44.2, 30.5, 27.4. HRMS (ESI)
caled for CH;sFNO, (M + H ') 280.0985, found
280.0981.

2-(2,4-— F3E-6-5-1,3- M{)-1,2,3,4- VU & 7 1 Wk -4-
CEEHRQ0): AAEAE, 7% 70%. mp. 172~173 C;
'H NMR (500 MHz, CDCl3) 6: 8.22 (d, J=8.5 Hz, 1H),
7.41 (dd, J=8.5, 1.9 Hz, 1H), 7.31 (d, J=1.9 Hz, 1H),

http://sioc-journal.cn/ 879
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3.61 (d, J=17.4 Hz, 1H), 3.49 (s, 3H), 3.41 (s, 3H), 3.04
(d, J=17.4 Hz, 1H), 1.55 (s, 3H); *C NMR (125 MHz,
CDCly) d: 175.7, 170.4, 163.5, 144.6, 140.4, 130.9, 128.2,
124.5, 123.5, 51.9, 44.9, 44.2, 30.4, 27.4. HRMS (ESI)
caled for CH;sCINO, (M + H ") 296.0690, found
296.0687.

2-(2,4- I HE-6-1R-1,3-1i)-1,2,3,4- VU S 57 b -4
ZERFER(11): ABREA, 5 57%. mp. 156~157 C;
'H NMR (500 MHz, CDCl;) d: 8.14 (d, J=8.4 Hz, 1H),
7.57 (dd, J=8.4, 1.8 Hz, 1H), 7.47 (d, J=1.8 Hz, 1H),
3.60 (d, J=17.4 Hz, 1H), 3.49 (s, 3H), 3.41 (s, 3H), 3.03
(d, J=17.4 Hz, 1H), 1.55 (s, 3H); *C NMR (125 MHz,
CDCly) d: 175.6, 170.4, 163.7, 144.7, 131.1, 130.9, 129.1,
127.4, 123.9, 51.9, 44.9, 44.2, 30.4, 27.4. HRMS (ESI)
caled for CH;sBINO, (M + H ") 340.0184, found
340.0180.

2-(2,4- " HI B -6- = 55 FH k- 1,3- 2 )-1,2,3,4- DU S+
WER-4- 2 B R(12): AR, 7% 61%. mp. 142~
143 °C; 'H NMR (500 MHz, CDCl;) J: 8.42 (d, J=8.2
Hz, 1H), 7.70 (dd, J=8.2, 0.8 Hz, 1H), 7.57 (s, 1H), 3.65
(d, J=17.5 Hz, 1H), 3.48 (s, 3H), 3.44 (s, 3H), 3.11 (d,
J=17.5 Hz, 1H), 1.59 (s, 3H); “C NMR (125 MHz,
CDCly) 6: 175.5, 170.4, 163.3, 143.7, 135.4 (q, J=32.5
Hz), 130.1, 124.4 (q, J=3.8 Hz), 123.4 (q, J=267 Hz),
121.3 (q, J=3.7 Hz), 120.1, 51.9, 45.0, 44.3, 30.4, 27.6.
HRMS (ESI) caled for CisH;sFsNO; (M+H") 330.0953,
found 330.0949.

2,4- W AR 4-2- = WA R -2- LR HE)-1,3- -
1,2,3,4- VU & 5 E IR -6- 218 HH IR (13): [ (il 44, 7= 3%
59%. m.p. 154~155 °C; '"H NMR (500 MHz, CDCL;) o:
8.35 (d, J=8.2 Hz, 1H), 8.07 (dd, /=82, 1.5 Hz, 1H),
8.02 (d, J=1.4 Hz, 1H), 3.97 (s, 3H), 3.62 (d, J=17.4 Hz,
1H), 3.46 (s, 3H), 3.43 (s, 3H), 3.17 (d, J=17.4 Hz, 1H),
1.58 (s, 3H); *C NMR (125 MHz, CDCl;) 6: 175.9, 170.6,
165.9, 163.6, 143.0, 134.8, 129.5, 128.3, 128.2, 125.6,
52.6, 51.9, 44.9, 44.3, 30.3, 27.4. HRMS (ESI) calcd for
Ci16H sNOg (M+H") 320.1134, found 320.1130.

2-(2,4- " HR-6- U T F-1,3- )-1,2,3,4- V0 A
Wh-4- Z TR H BR(14): B EFEE, =% 60%. mp. 125~
126 “C; '"H NMR (500 MHz, CDCl;) &: 8.18 (d, J=8.3
Hz, 1H), 7.46 (dd, J=8.3, 1.8 Hz, 1H), 7.31 (d, J=1.7 Hz,
1H), 3.62 (d, J=16.9 Hz, 1H), 3.43 (s, 3H), 3.41 (s, 3H),
3.09 (d, J=16.9 Hz, 1H), 1.56 (s, 3H), 1.34 (s, 9H); "*C
NMR (125 MHz, CDCL) d: 176.5, 170.5, 164.2, 157.7,
142.4, 129.1, 124.9, 122.3, 120.8, 51.7, 45.3, 44.4, 35.3,
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31.1, 30.8, 27.2. HRMS (ESI) calcd for CsHyNO, (M+
H") 318.1705, found 318.1701.

2-(2,4- — W L -7- R 3 -1,3- —)-1,2,3,4- VU &
Mk-4- 2.8 R (15): R R, 722 67%. m.p. 146~
147 °C; 'H NMR (500 MHz, CDCl3) d: 9.10 (d, J=2.5
Hz, 1H), 8.44 (dd, J=8.6, 2.5 Hz, 1H), 7.56 (d, J=8.6 Hz,
1H), 3.70 (d, J=17.6 Hz, 1H), 3.49 (s, 3H), 3.45 (s, 3H),
3.14 (d, J=17.6 Hz, 1H), 1.61 (s, 3H); °C NMR (125
MHz, CDCLy) 8: 174.9, 170.4, 162.4, 149.2, 147.3, 127.9,
126.6, 125.9, 124.6, 52.1, 45.3, 44.1, 30.1, 27.7. HRMS
(ESI) caled for C14H;sN,Os (M+H") 307.0930, found
307.0926.

2-(2,4,7- = W 55-1,3- - id)-1,2,3,4- DU & 7 W Wk -4- £
R HR(16): AR, 725 55%. m.p. 124~125 C;'H
NMR (500 MHz, CDCl3) 6: 8.07 (s, 1H), 7.42 (dd, J=7.9,
1.1 Hz, 1H), 7.23 (d, J=8.0 Hz, 1H), 3.58 (d, J=17.1 Hz,
1H), 3.44 (s, 3H), 3.41 (s, 3H), 3.06 (d, J=17.1 Hz, 1H),
2.41 (s, 3H), 1.53 (s, 3H); '°C NMR (125 MHz, CDCL) ¢:
176.5, 170.6, 164.5, 139.9, 137.4, 134.9, 129.4, 124.7,
124.1, 51.8, 44.7, 44.4, 30.6, 27.3, 20.9. HRMS (ESI)
caled for C;sH;sNO, (M+H") 276.1236, found 276.1232.

2-(2,4-— F3E-1,3- T E{-7-1)-1,2,3,4- V0 & 57 M K -4-
L EEQAT): HE Ak, PSR 39%. 'H NMR (500
MHz, CDCl3) 6: 8.59 (d, J=1.9 Hz, 1H), 7.91 (dd, J=8.3,
1.9 Hz, 1H), 7.07 (d, J=8.3 Hz, 1H), 3.59 (d, J=17.3 Hz,
1H), 3.47 (s, 3H), 3.41 (s, 3H), 3.03 (d, J=17.3 Hz, 1H),
1.53 (s, 3H); *C NMR (125 MHz, CDCly) 6: 175.7, 170.4,
162.9, 142.6, 142.2, 138.0, 126.6, 126.0, 92.5, 51.9, 44.8,
44.2,30.4, 27.5. HRMS (ESI) calcd for Ci,H,sINO, (M+
H") 388.0046, found 388.0042.

2-(2,4,8- = FJE-1,3- fili)-1,2,3,4- VU & 5 M Ik -4- £,
R F iR (18): ARk, 725 47%. mp. 91~92 C; 'H
NMR (500 MHz, CDCly) 6: 7.45 (t, J=7.7 Hz, 1H),
7.24~7.19 (m, 2H), 3.63 (d, J=17.3 Hz, 1H), 3.46 (s,
3H), 3.40 (s, 3H), 3.08 (d, J=17.2 Hz, 1H), 2.79 (s, 3H),
1.54 (s, 3H); *C NMR (125 MHz, CDCl3) 6: 175.9, 170.7,
164.9, 144.1, 142.9, 132.7, 131.6, 123.2, 122.2, 51.8, 45.0,
443,312, 27.3, 24.0. HRMS (ESI) calcd for C;sH sNOy4
(M+H") 276.1236, found 276.1232.

2-(2,4-— F3k-1,3- T H{-8-f)-1,2,3 4- VU & 57 HE Mk -4-
CEEHEQ9): AAEA, % 35%. mp. 156~157 C;
'H NMR (500 MHz, CDCLy) ¢: 8.15 (d, J=7.8 Hz, 1H),
7.36 (d, J=7.8 Hz, 1H), 7.19 (t, J=7.8 Hz, 1H), 3.63 (d,
J=17.4 Hz, 1H), 3.48 (s, 3H), 3.42 (s, 3H), 3.06 (d, J=
17.4 Hz, 1H), 1.54 (s, 3H); °C NMR (125 MHz, CDCl;) ¢:
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174.7, 170.4, 162.1, 145.6, 142.8, 133.7, 124.6, 124.5,
95.7, 51.9, 45.7, 44.1, 30.9, 28.1. HRMS (ESI) calcd for
CiHsINO, (M+H") 388.0046, found 388.0042.

2-(2,4- I HE-6,7- A JE-1,3- ) -1,2,3,4- DU A
SEVER-4- B8 G (20): (B R, R E 44%. mop.
139~140 °C; 'H NMR (500 MHz, CDCl5) d: 7.70 (s, 1H),
6.71 (s, 1H), 3.96 (s, 6H), 3.59 (d, J=17.0 Hz, 1H), 3.46
(s, 3H), 3.41 (s, 3H), 3.01 (d, J=17.0 Hz, 1H), 1.55 (s,
3H); *C NMR (125 MHz, CDCl3) §: 176.5, 170.4, 164.0,
154.0, 148.6, 136.7, 117.9, 110.4, 106.1, 56.2, 56.1, 51.8,
44.9, 44.6, 30.6, 27.3. HRMS (ESI) calcd for C;¢H,INOg
(M+H") 322.1291, found 322.1288.

2-(2,4-Z HHE-57- WA JE-1,3- 2 )-1,2,3,4- U A
FEVE-4- 2,18 R (21): s A, =% 48%. m.p.
115~116 °C; 'H NMR (500 MHz, CDCLy) 6: 7.44 (d, J=
2.5 Hz, 1H), 6.70 (d, J=2.4 Hz, 1H), 3.89~3.86 (m, 6H),
3.77 (d, J=17.1 Hz, 1H), 3.43 (s, 3H), 3.41 (s, 3H), 3.38
(d, J=17.3 Hz, 1H), 1.63 (s, 3H); *C NMR (125 MHz,
CDCLy) d: 177.4, 171.7, 164.5, 159.6, 157.4, 127.3, 122.8,
105.3, 103.2, 55.7, 55.6, 51.5, 44.3, 42.2, 27.5, 26.1.
HRMS (ESI) caled for CH,)NOg (M+H") 322.1291,
found 322.1287.

2-(2,4- " HI3E-1,3- T {)-1,2,3,4- VU & 7 K -4- 2. TR
LME(22); AR, P& 51%. 'H NMR (500 MHz,
CDCly) d: 8.27 (dd, J=7.9, 1.2 Hz, 1H), 7.62 (td, J=7.7,
1.4 Hz, 1H), 7.44 (td, J=7.9, 1.0 Hz, 1H), 7.36 (d, J=7.9
Hz, 1H), 3.89~3.81 (m, 2H), 3.61 (d, J=17.0 Hz, 1H),
3.42 (s, 3H), 3.05 (d, J=17.0 Hz, 1H), 1.56 (s, 3H), 0.98
(t, J=7.1 Hz, 3H); >C NMR (125 MHz, CDCl;) J: 176.3,
169.9, 164.4, 142.8, 133.9, 129.2, 127.5 124.9, 124.3, 60.7,
449, 448, 30.6, 27.3, 13.8. HRMS (ESI) caled for
CysH;sNOy (M+H") 276.1236, found 276.1232.

45 Bh#1 B} (Supporting Information) Fir 5 #Hiib &K
'H NMR 1 PC NMR [, Xt gl ey L4 2 WA T
¥ 36 (http://sioc-journal.cn/) I N .
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