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Abstract A new method for practical synthesis of 1,1'-biisoquinolines is described. Treatment of N,N'-diphenethyloxal-
amides (la~1j) with phosphoryl trichloride in acetonitrile or toluene under N, at reflux produced 3,3',4,4'-tetrahydro-
1,1'-biisoquinolines (2a ~ 2j) via Bischler-Napieralski cyclization. Subsequently, compounds 2a ~ 2j underwent
Cu(OAc),-catalyzed aerobic oxidative aromatization in dimethyl sulfoxide (DMSO) in the presence of a catalytic amount of
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) to afford a series of 1,1'-biisoquinolines (3a~3j) in 70%~88% overall yields (2
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steps).
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Scheme 1 Synthesis of 1,1'-biisoquinolines
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Table 1 Synthesis of various substituted 1,1'-biisoquinolines 3a~3j

Entry 1 ti/h ty/h" 3 Yield"/%
O
NH _N
Oio c
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Entry 1 t/h t/h" 3 Yield®/%
M60:©/\ MeO N
NH
MeO Oi MeO _N
[e) d
6 H"L/@:OMe 7 10 N7 OMe 85
OMe X OMe
1f 3f
MeO.
NH
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HN OMe
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19
OMe OMe
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N
MeO OiNH 4 MeO 2
8 0 10 oM 86
HN OMe N7 e
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ih  OMe 3p OMe
Me0m002Me MeO
NH
MeO oi MeO
MeO,C OMe MeO,C
1i 3i
MGOD/\/COJ%
MeO OiNH
10 o o 94 6 76

I

Pro,C OMe

1j

“Reaction conditions: Cu(OAc), (0.3 equiv.), DBU (0.3 equiv.), DMSO, at 95 C under air. ® Isolated yields over 2 steps. ¢ Reflux in toluene (110 C) with 6.0

equiv. of POCl;. ¢ Reflux in CH5CN (81 °C) with 6.0 equiv. of POCL.
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Table 2 Optimization of reaction conditions for the copper-catalyzed oxidative aromatization
Catalyst, base
Solvent, T, air
Entry Catalyst (equiv.) Base (equiv.) Solvent 7/°C th  Yield/%
1 None DBU (0.3) DMSO 95 8 0
2 CuBr;, (0.3) DBU (0.3) DMSO 95 8 95
3 CuCl, (0.3) DBU (0.3) DMSO 95 8 96
4 Cu,S04 (0.5) DBU (0.5) DMSO 95 10 93
5 Cu(OAc), (0.3) DBU (0.3) DMSO 95 6 98
6 Cu(OAc), (0.2) DBU (0.2) DMSO 105 6 94
7 Cu(OAc), (0.1) DBU (0.1) DMSO 120 6 90
8 Cu(OAc), (0.3) DBU (0.3) DMF 95 10 85
9 Cu(OAc), (0.3) DBU (0.3) 1,4-Dioxane 101° 6 76
10 Cu(OAc), (0.3) DBU (0.3) CH;CN 81° 10 81
11 Cu(OAc), (0.3) DBU (0.3) PrOH 97" 8 70
12 Cu(OAc), (0.5) DIPEA“(0.5) DMSO 95 8 60
13 Cu(OAc), (0.5) Et;N (0.5) DMSO 95 8 75
14 Cu(OAc), (0.5) DMAP? (0.5) DMSO 95 8 83
15 Cu(OAc), (0.5) Pyridine (0.5) DMSO 95 8 81

“Isolated yield. ® Refluxing.  N,N-Diisopropyl N-ethyl amine. ¢ 4-N,N-Dimethylaminopyridine.

TSN EE B (DIPEA) . = 4% X T g R g g
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WEWK 3 B Y, M YA E A [
V(EtOAc) : (CH,ClL)=1: 6~1 : 2] EEFULEW) 3.

1,16 5 bk (3a): YR 38 ([ 44, F=% 70%, m.p.
180~181 °C; 'H NMR (400 MHz, CDCly) é: 8.71 (d, J=
5.7 Hz, 2H), 7.94 (d, J=8.3 Hz, 2H), 7.81 (d, J=5.7 Hz,
2H), 7.75 (d, J=8.6 Hz, 2H), 7.70 (dd, J=8.3, 8.5 Hz,
2H), 7.47 (dd, J=8.6, 8.5 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 158.12, 141.95, 136.85, 130.37, 127.82, 127.57,
127.19, 126.93, 121.08; IR (KBr) v: 3050, 2101, 1637,
1620, 1557, 1318, 1123, 927, 829, 749, 636, 566, 443
em ~'; HRMS (ESI) caled for C;sH;3N, [M+H]®
257.1079, found 257.1070.

7,7 - R - BE SRR (3b): B, R
72%, m.p. 128~129 ‘C; 'H NMR (400 MHz, CDCL;) ¢:
8.65 (d, J=5.6 Hz, 2H), 7.84 (d, J=8.4 Hz, 2H), 7.76 (d,
J=5.6 Hz, 2H), 7.53 (d, J=8.4 Hz, 2H), 7.48 (s, 2H), 2.37
(s, 6H); >C NMR (100 MHz, CDCl;) J: 157.58, 141.15,
137.61, 135.24, 132.73, 128.03, 126.76, 125.80, 120.81,
21.99; IR (KBr film) v: 3051, 2916, 2130, 1627, 1587,
1549, 1501, 1439, 1303, 1144, 839, 647, 500, 465 cm ';
HRMS (ESI) caled for C,H;N, [M+H]" 285.1392,
found 285.1395.

7,7'- VR VB MR Be): A ALE R, FRR
74%, m.p. 125~126 ‘C; '"H NMR (400 MHz, CDCL;) ¢:
8.60 (d, J=5.6 Hz, 2H), 7.84 (d, J=9.0 Hz, 2H), 7.73 (d,
J=5.6 Hz, 2H), 7.37 (dd, J=9.0, 2.4 Hz, 2H), 7.10 (d, J=
2.4 Hz, 2H), 3.68 (s, 6H); °C NMR (100 MHz, CDCl5) ¢:
158.51, 156.52, 140.15, 132.83, 128.90, 128.51, 123.54,
120.83, 104.68, 55.28; IR (KBr) v: 3042, 2922, 2834,
2052, 1624, 1506, 1441, 1387, 1231, 1150, 1033, 904, 835,
646 cm'; HRMS (ESI) caled for CyH;,N,O, [M+H]"
317.1290, found 317.1291.

6,6'- — A -1, -t i bk (3d): 3% (O [k, 2%
82%, m.p. 183~184 ‘C; 'H NMR (400 MHz, CDCL;) ¢:
8.60 (d, J=5.7 Hz, 2H), 7.68 (d, J=5.7 Hz, 2H) 7.64 (d,
J1=9.2 Hz, 2H), 7.15 (d, J=2.5 Hz, 2H), 7.08 (dd, J=9.2,
2.5 Hz, 2H), 3.94 (s, 6H); °C NMR (100 MHz, CDCl5) ¢:
160.79, 157.61, 142.56, 138.95, 129.06, 123.58, 120.49,
120.28, 104.31, 55.51; IR (KBr) v: 3012, 2934, 2830,
2037, 1623, 1558, 1468, 1402, 1264, 1246, 1135, 1027,
922, 860, 637, 565 cm '; HRMS (ESI) caled for
CoH,7N,0, [M+H]" 317.1290, found 317.1293.

6,6'- . LE K1, U-BL R MR (3e): [ ELE A, 7R
84%, m.p. 178~179 ‘C; '"H NMR (400 MHz, CDCL;) ¢:
8.59 (d, J=5.8 Hz, 2H), 7.65 (d, J=5.8 Hz, 2H), 7.62 (d,
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J=9.3 Hz, 2H), 7.13 (d, J=2.4 Hz, 2H), 7.07 (dd, J=9.3
Hz, 2.4 Hz, 2H), 4.17 (q, J=7.0 Hz, 4H), 1.47 (t, J=7.0
Hz, 6H); *C NMR (100 MHz, CDCl;) 0: 160.12, 157.65,
142.52, 138.95, 129.03, 123.50, 120.71, 120.20, 104.94,
63.77, 14.65; IR (KBr) v: 3055, 2982, 2109, 1620, 1554,
1461, 1386, 1336, 1245, 1141, 1041, 924, 832, 723, 641,
566 cm~'; HRMS (ESI) caled for C»,Hy N,O, [M+H]"
345.1603, found 345.1604.

6,6',7,7'- VY FF A& A -1, 11K 53 P AR (3): 9k ¢ (o [ 4,
P 85%, mp. 219~220 ‘C; 'H NMR (400 MHz,
CDCly) d: 8.57 (d, J=5.5 Hz, 2H), 7.65 (d, J=5.6 Hz,
2H), 7.18 (s, 2H), 7.14 (s, 2H), 4.06 (s, 6H), 3.74 (s, 6H);
C NMR (100 MHz, CDCl;) §: 155.79, 152.96, 150.25,
140.94, 134.13, 123.73, 119.77, 105.24, 104.84, 56.09,
55.79; IR (KBr) v: 3051, 2991, 2834, 2167, 1623, 1508,
1479, 1435, 1254, 1149, 1118, 932, 851, 762 cm'; HRMS
(ESI) caled for CynH,N,O, [M+H]" 377.1501, found
377.1496.

6,6',7,7',8,8'- 75 FH A JE-1,1'- JE S B bk (3g): A
&, P23 88%, m.p. 201~202 ‘C; 'H NMR (400 MHz,
CDCly) d: 8.43 (d, J=5.7 Hz, 2H), 7.52 (d, J=5.7 Hz,
2H), 6.97 (s, 2H), 4.01 (s, 6H), 3.77 (s, 6H), 3.17 (s, 6H);
C NMR (100 MHz, CDCl;) J: 158.91, 156.33, 149.54,
141.86, 141.32, 134.62, 118.70, 118.55, 101.20, 60.77,
60.28, 55.94; IR (KBr) v: 3050, 2938, 2105, 1612, 1552,
1469, 1420, 1312, 1267, 1231, 1143, 1116, 1017, 853, 639
cmfl; HRMS (ESI) caled for C,4H,sN,Og [M—i—H]+
437.1713, found 437.1709.

5,5',6,6',7,7"- 75 AR FE -1, 1'- 36 7 v 1bk (3h): 1 0[]
1,72 % 86%, m.p. 195~196 ‘C; 'H NMR (400 MHz,
CDCly) d: 8.56 (d, J=5.7 Hz, 2H), 7.96 (d, J=5.7 Hz,
2H), 6.99 (s, 2H), 4.09 (s, 6H), 4.00 (s, 6H), 3.74 (s, 6H);
C NMR (100 MHz, CDCl;) d: 155.94, 153.77, 146.73,
144.11, 140.30, 129.44, 124.85, 115.00, 101.47, 61.66,
61.20, 55.84; IR (KBr) v: 3006, 2941, 2114, 1619, 1472,
1261, 1121, 1032, 918, 823, 725, 566 cm ™ '; HRMS (ESI)
caled for CyH,sN,O¢ [M + H] ©  437.1713, found
437.1704.

6,6',7,7'- VY FH A B[ 1,1'- K 5 PR IR ]-3,3'- R iR HY s
(3i): FEOMEA, 723K 78%, m.p. 267~268 C; 'H NMR
(400 MHz, CDCl3) J: 8.56 (s, 2H), 7.78 (s, 2H), 7.28 (s,
2H), 4.07 (s, 6H), 4.00 (s, 6H), 3.85 (s, 6H); *C NMR (100
MHz, CDCl;) 6: 166.59, 154.22, 153.31, 152.23, 138.90,
13433, 12591, 123.38, 106.19, 106.15, 56.25, 55.96,
52.72; IR (KBr) v: 3015, 2948, 2108, 1707, 1618, 1508,
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1423, 1260, 1154, 1124, 1004, 927, 905, 731, 567 cm ';
HRMS (ESI) caled for CaqHasN,Og [M+H]" 493.1611,
found 493.1612.

6,6',7,7'- VY AR JE - [ 1, 1'- K S PR bR -3, 3'- R R 1A I
(3j): A, P2E 76%, m.p. 229~230 C; 'H NMR
(400 MHz, CDCl3) 6: 8.51 (s, 2H), 7.84 (s, 2H), 7.28 (s,
2H), 437 (t, J=6.9 Hz, 4H), 4.06 (s, 6H), 3.86 (s, 6H),
1.79~1.85 (m, 4H), 1.00 (t, J=7.4 Hz, 6H); °C NMR
(100 MHz, CDCly) 6: 165.96, 154.34, 153.24, 152.11,
139.18, 134.30, 125.89, 123.17, 106.36, 106.10, 67.08,
56.24, 56.06, 22.18, 10.43; IR (KBr) v: 3016, 2964, 2924,
2102, 1734, 1618, 1508, 1423, 1205, 1151, 1127, 1030,
921, 731, 566 cm'; HRMS (ESI) caled for C30H33N,Og
[M+H]" 549.2237, found 549.2230.

B Kl (Supporting Information) =4 1,1t
Ik 3a~3j ) '"H NMR. *C NMR i &, X 218l m] L4
e WAST M 3 (http://sioc-journal.cn/) I T %K.
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