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Synthe‘sis‘of Isoi'ndolo[2,1'-a]indoles by‘the PaIladium-CataIy_zed

" Annulation of Internal Alkynes

Kevin R. Roesch and Richard C. Larock*

Department of Chemistry, lowa State University, Ames, lowa 50011

.Supportin_g Information

| General. Procedur_e for" the Palladium-CataIyzed FOrmation ot‘
Isoindolo[é 1-alindoles. Procedure A: DMF (10'm.L) Pd(C)Ac) d.(6 mg, 0.027
mmol), LiCl (21 mg, 0.5 mmol) NazCO (56 mg, 0 5 mmol), and the alkyne (1 0
mmol) were placed in a4 dram vral Procedure B: DMF (5 mL) Pd(OAc) (6 mg,
0.027 mmol), n-Bu,NCI (139 mg, 0.5 mmol) FPr,NEt (130 mg, 1.0 mmoI) and the
alkyne (0.6 mmoI) were placed ina2 dram vraI Procedure C DMF (10 mL),
(OAc) (6 mg, 0.027 mmoI) n- Bu4NCI (139 mg, 0.5 mmol) FPr,NEt (130 mg, 1. O
mmol) and the alkyne (1.2 mmol) were placed ina4 dram vral The chemrcals for -
procedUres A-C_were mixed and the appropriate |m|ne (0.5 mmol) was added. The
vial was fluehed With nitrogen andheated in an oil bath at 100 °C for the indicated
- period of time. The reaction Was monitored by TLC to establish completion. The-
reactron mixture was then cooled to room temperature diluted with 30 mi of ether,

washed with 45 mL (Procedures A and C) or 30 mL (Procedure B) of saturated

aqueous NH,Cl, dried (Na,SO,), and filtered. The solvent was evaporated under
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reduced pressure, and the product was isolated by chromatography on a s‘ilica gel

column. -
Compounds Prepared

- 6,11- Dipnenylisoindolo[2 1-a]indo|e (3). The réaction was ‘ru.n} USing '
procedure C and chromatographed using 25:1 nexanes/EtOAc to afford 168 mg
(94%) of the |nd|cated compound as a: whlte SO|ld mp 168 169 °C |
(hexanes/EtOAc) 1H NMR (CDCL) 6620 (s, 1H) 702 (dt J= 06 8.1 Hz 1H) 716
(dddd, J = 1.5, 7.2, 7.2,22.2 Hz, 2H), 7.25-7.49( (m, 9H), 7».63'(t, J =7.5 Hz, ZH), |
7.87-7.94 (m, 4H); 150 NMR (CDCl,) 5 64.5, 1’,0(9.8,41 1'ko.'3’,' 120.3, 120.5, 121 A,

B _1224 1241 1265 1273 127.7, 1284 128 ‘6'A128 9, 1293 129.5, 'i31 .9, 132.0, '
133.7, 1351 1138.9, 139.5, 147.5; IR (CHCIS, cm1) 3065 3028 1602 1450 MS m/z

: ,(rel mtensnty) 358 (28, M+1) 357 (100, M*) -356 (26) 280 (78) Anal. Calcd for
C,,H N: C, 90.72; H, 5.36; N, 3.92. Found: C, 90.39; .H, 5.61; N, 3.94: |

11-Ethyl-6-pheny|ivsoind;olo[2_',v1 -alindole (4) Thé"feaction was 'run

using proceddre B and ch'romatographed_us‘i'ng' 25:1 héxdneS/EtOAc to afford 126 |
mg (81%) of the indicat'edcompound: as a white solid: mp 144-14_5 Y°C '
(hexanes/EtOAc); 'H NMR (CDCl,) 511 .50 (t; J=7.5Hz, 3H),3.18 (q,‘ J= 75 Hz,

 2H), 6.14 (s, 1H), 6.97 (dd, J = 1.8, 7.8 Hz, TH), 7.06-7.16 (m, oH), 722;7'26 (m,

4H), 7.35-7.47 (m, 4H), 7.75 (d, J = 8.1 Hz, 1H), 7.84 (d, J=7.8 Hz, TH); °C NMR

(CDCl,) 8 15.9, 18.1, 64.3, 109.9, 110.1, 1191, 119.8, 120.9, 121.7, 124.1, 126.8,
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127.2, 128.4, 1285 1291 132.5, 1328 1336 139.1,139.4, 147.2; IR (CHCI3, cm’
1) 3057,.2926, 1611, 1451 HRMS Calcd for C23H N: 309. 1518 Found: 309. 1516..
Anal. Calcd for C,H,(N: C, 89.28; H 6.19; N, 453 Found C, 88. 95 H, 6.47; N,
4.66. | | | )
| "11-n- Butyl -6- phenyllsomdolo[z 1- a]mdole (5) | -Tho reaction was ru.n.
usmg procedure B and chromatographed usung 25:1 hexanes/EtOAc to afford 137 , ;
mg (81%) of the mdlcated compound as a whlte sohd mp 135 136 °C |
(hexanes/EtOAc) 1H NMR (CDCI3) d1. 04 (t J=7. 5 Hz, 3H), 1 56 (sextet, J = 7. 5 Hz,
2H), 186(qunntet J= 75Hz 2H) 3.14 (4, J 75Hz 2H) 614(3 1H), 693 (dd J= |
0.9,7.5 Hz, 1H), 709(dddd J=1. 2,72, 72 177Hz 2H) 718724(m 4H),7.33- - |
7.44 (m, 4H), 7.71 (dd, J= 06, 8.1 Hz, 1H) 781 (d J= 78Hz 1H); 13CNMR |
(CDCIs)S 14.3, 229 24.5, 33.5, 643 108.3, 110.0, 1191 1199 120.9, 121. 6,
124.1, 126.8, 127.2, 128.3, 1284 1291 1325 1331 133.5, 1394 139.5, 1472
IR (CHCI3, cm 1) 3046, 2922, 1610 1450 HRMS Calcd for CZSH23N 337. 1831 |
Found:,337.1831. Anal. Caled for CpgHyN: C, 88. 98 H 6.87, N 415 Found: C
8872 H,.7;oo; N, 4.26. o . |
Eihyl 6-pheny|is,oindolo[2,1-a]inwdol'e‘-11-carboXyIate. (6). The
reaction was run using procedure"A and cn'r'omatOQraphédusing 71 |
hexanes/EtOAc to afford 141 mg (80%) of the |nd|cated compound asa whlte solid:
mp 181-182 °C (hexanes/EtOAc) '"H NMR (CDCIS) 5 1.57 (t J=72 Hz, 3H), 455

(q, J= 7.2 Hz, 2H), 6.02 (s, 1H), 6.90 (d, J= 8.1 Hz, 1H), 706713(m 3H) 7.24 (ct,

J=0.9, 14.4 Hz, 2H)730737(m 4H)749(dtJ 0.6, 14.7 Hz, 1H)828( dJ=
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8.1 Hz, 1H), 878(d J= 75Hz 1H):; ‘3CNMR(CDCI)6149 60.0, 64.9, 999 |
110.4, 122.0, 122.9, 1234 125.7, 1272 128.8, 1292 129.3, 130.7, 131.2, 133.1,

| 137.5, 148 3, 148.6, 165.8 (two sp? carbons mxssmg due to overlap) IR (CHC!B, |

cm™) 3056, 2980, 1.688, 1559’; HRMS Calcd for CZ4H19N02: 353.1416. Found:»
353.1416, | o
| 11 -(4- Hydroxybutyl) -6- phenyllsomdolo[2 1- a]mdole (7). The

| reacnon was run using procedure B and chromatdgraphed usnng 1:1

hexanes/EtOAc io affdrd 127 .mg 4(72%) of the indiCated» >comrpound as a4 white solid:
| mp 136-137 °C (h-exdnes/EtQch; 'H NMR (CDCI;,).S 1.61 (br s,,f1 H),”1'.7:-3-1.82 (m

| 2H), 1.89-1.99 (m, 2H), 3.16 t, J=72 Hz, 2H), 3.71 (4, J= 6.6 Hz, 2H1)‘, 6.13 (s, 1H), |
693 (dd J_1 2,7.2Hz, 1H), 7.08 (dddd J=1.2,7.2, 72» 15.9 Hz, 2H), '7 17-726 ‘_
(m, 4H), 7.31-7.43, (m, 4H), 7.68 (dd, J=1 2 69 Hz 1H), 7.80 (d J 75 Hz 1H) |

' ‘BC NMR (CDC‘LQ;) ) 24L4,‘27.3, 32.7, 63.1, 64.2, 1Q7.6, 110.1, 119.2, 119.8, 120.8,
121.7,124.1, 126.-_9, 127.2, 128.3, .128;4,'129.1', 132.4, 133.0,_133.5,"1':'393,’ 139.6, |
147.1; IR (CHCI,, cm™) 3046, 29'22,‘>1}61»0”, 1450; iR (CHCIB,'ch'?) 3365, 3049, 2935,
1610, 1450; 'HRMS Calcd for C25H23NO: 353.1"780. Found: 353.1787.

- | 11-n-Bu"tyl-g;methyl-e-p‘hehylils‘,birvndolo[zn-é]i_ndole» (8). The
reaction was run using p»rocedu:re B and chromdtodraphed using 50:1.: ‘
hexanes/EtOAc to afford 142 mg '(81‘%) of the indi‘cated combdund és a yellow Ny
solid: mp 122 124 °C (hexanes/EtOAc) 'H NMR (CDCIa) &1. 08 (t, J=7.2 Hz, 3H)

1.61 (sextet, J 7.5 Hz, 2H) 1 90 (qumtet J 7.2 Hz, 2H) 2.51 (s, 3H), 3 18 (t J=

7.5 Hz, 2H), 6.11 (s, 1H), 6.95 (dd, J = 1.2, 6.9 Hz, 1H), 705717(m 4H), 7.20-7.25
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(m, 2H), 7.32-7.40 (m, 3H), 7.65 (s, 1H) 7.74 (dd, J= 0.6, 7.2 Hz, 1H); 13C NMR
'(co01)8144 21.8,22.9, 24.5, 33.5, 64.1, 1082'1100’1190 119.9, 121.5,
121.6, 123.8, 127.2, 1277 128.3, 129.1, 132.7, 1332 133.6, 138.2, 139.6, 1397
1446 IR (CDCI3, cm™) 3058, 2954, 1620, 1452 HRMS Calcd for C26H25N
351.1987.- Found: 351. 1987 o
11-n-ButyI-7-methoXy-6-phen‘ylisoindolo[2 1-a]indole (9). The

. reactron was run usrng procedure B and chromatographed using 25: 1 _ | .
hexanes/EtOAC to afford 144 mg (78%) of the |nd|cated compound asa whrte SOIId
mp 153-154 °C (hexanes/EtOAc)' 1H»NMFI (CDCI3) 8 099 (,J=75 Hz 3H) 1.52
(sextet J= 75 Hz, 2H) 1.81 (qurntet J=75 Hz 2H), 3.08 (t, J = 7.5 Hz 2H) 3.88
(s, 3H), 6.08 (s, 1H), 675(dd J= 24 84Hz 1H) 6.89 (dddd, J=0.9,0.9, 0.9, 8.1
Hz, 1H), 704(dddd J=12 6.9, 6.9, 22.2 Hz, 2H) 710(d J=8.4 Hz, 1H), 7.14- |

| 7.20 (m, 2H), 7.28- 736(m 4H) 7.65 (dddd, J= 0.9, 0.9, 0.9, 7.8 Hz, 1H); 13CNMR::
(CDCIa)S 144 22.9, 245 33.5, 55.7, 638 1067 108.5, 1100 112.3, 1191,
120.0, 121 7 1247 127.2, 128.3, 129.1, 1331 133.6, 1338 139.3, 139.6, 1398
1602 IR (CHCla, cm™) 3043, 2925 1626, 1456; HRMS Calcd for CstzsNO

367.1 1936. Found: 367.1936.

11-n-Butyl- 9 trlfluoromethyl -6- phenyllsorndolo[2 1- a]lndole (10).

The reaction was run usrng procedure B and chromatographed usrng 25:1
hexanes/EtOAc to afford 193 mg (95%) of the rndlcated compound as a yellow

solid: mp 139 140 °C (hexanes/EtOAc) 'H NMR (CDCI3) 8 1.01.(t, J 7.2 Hz, 3H)

1.52 (sextet, J=75 Hz, 2H), 1.83 (quintet, J= 7.5 Hz, 2H), 3.11 (t, J=7.5 Hz, 2H),
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6.23 (s, 1H), 6.90 (dd, J= ‘1.2, 6.3 Hz, 1H), 7.09 (dddd, J=.1 5,72,72,14.1 Hz,
2H),7.15(d, J=1.8 Hz, 1H), 7.17 (d, J=4.2 Hz, 1H), ‘7.:29-7.}37 (m, 4H), 7.46 (dd, J
= 0.6, 8.1 Hz, 1H), 7.70 (dd, J = | 5, 6.9 Hz, 1H), 7.96 (s,1.H).; CNMR (CDCL) 5
14.2,22.8, 24.4, 33.3, 64.1,109.7, 110.1, 117.4 (q, Sdor = 28 Hz), 119.4,120.3,
122.3,128.6 (q, *Jor = 2.7 Hz), 124.2 (q, "Jr = 204.1 Hz), 124.4, 127;1, 128.7,
129.3, 130.0 (q,I 2er =242 Hz), 13'3.0, 133.2, 133.5, 137.9, 138.4, 150.3; IR
(CHCI,, cm™) 3049, 2926, 1 455, 1438; HRMS Calcd for CZSHQZFSN: 405.1704. -
Found: . 405.1705. | -

" Ethyl 11-n-bufylaséphenylisoindolo[2,1-a]indol‘e-7'-.carboxylate
(11). The reaction wés run uSing procedure B and._chromatographed using 10:1
hexanes/EtOAc to afford 151 mg (74%) of the indicated compound as a yellow
solid: mp 120-121 °C (hexanes/EtOAc); '"H NMR (CDC|3); 8_1.02 (t, J=7.5Hz, 3H), - -
1.44 (t, J = 7.2 Hz, 3H), 1.53 (sextet, J = 7.5 Hz, éH), 1.84 (quihtét, J= 75 Hz, 2H),
314 (t, J=75 Hvz,72H), 4.44 (q, J = 72 Hz, 2H), 6.15 (s, 1H), 6.90 (ddd, Jl= 0.9,0.9,
8.1 Hz, 1H), 7.07 (dddd, J = 1.2, 7.2, 7.2, 14.7 Hz, 2H), 7.15-7.18 (m, 2H), 7.26 (d, J
=8.1 Hz, 1H), 7.31-7.36 (m, 3H), 7.68 (ddd, J= 1.5, 6;6 Hz, 1H), 7.90 (dd, J = 1.5,
8.1 Hz, 1H), 8.41 (d, J = 1.2 Hz, 1H); "*C NMR (CDCl,) S 14.3, i4.5, 22.8,24.4,33.4,
61.3, 64.3, 109.3, 110.1, 119.4,120.2, 121.8, 122.1, 123.9, 127.2, 128.2, 1286,
129.2, 1.31.0,' 132.9, 133.1, 133.5, 138.4, 1>38.7,“151..5, 166.4; IR (CDCI,, cm™)

3056, 2967, 1720, 1437; HRMS Calcd for C,;H,,NO,: 409.2042. Found:

409.2048.
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Compound 12 (Tab_le 1 entfy 10). The reaction was ruh usinQ procedure B
and chromatogr_ap'hed usihg 1:1 hexanes/EtOAé to afford 158 mg (93%) of the
indicated compound. as an off-white_solid: mp 200-2Q1- °C (hexanes/EtOAc); H
NMR (CDCl,) 6 0.99 (t, J= 7.2 Hz, 3H),1.49 (se;(tet, J=7.5 Hz, 2H), 1.82 (quintet, J
= 7.5 Hz, 2H), 3.08 (t, J = 7.5 Hz, 2H), 6.17 (s, 1H), 6.96 (dddd, J = 3.6, 3.6, 7.8, 7.8
Hz,v 1H), 713 (dddd, J= .1.2, 1.2, 8.1, 8.1 Hz, 2H), 7.19 (dd, J = 3.6, 75Hz,2H),
7.35-7.38 (m, 3H), 7.71 (dddd, J= 3.3,3.3,11.1, 11.1 Hz, 1.H'), 9.00 (s, 1H); 9.04 (s,
1H); °C NMR (CDCL,) § 14.2, 22.8, 24.9, 33.2, 64.6, 110.7, 112.4, 120.6, 1205,
128.2, 125.5, 127.2, 129.0, 129.3, 132.1, 133.5, 134.1, 1v35.9,’1‘4>7.8, 156.0; 173.6;

IR (CHCI,, cm™) 3028, 29583, 1495, 1456; HRMS Calcd for C,;H,,N,: 339.1736.

Found: 339.1738.
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