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Abstract

In the presence of palladium (1I) acetate, tri—o-tolylphosphine, and triethyl-
amine, o—bromoaniline derivatives react readily with olefins such as ethyl -
ene, 1-hexene, styrene, ethyl acrylate, and acrylonitrile, to produce o-
alkenylaniline derivatives. A palladium (II)~catalyzed cyclization of o-
alkenylaniline p-toluenesulfonamide led to a formation of a number of 1-

tosylindole derivatives.

Introduction

The search for an efficient synthesis of
indoles has been a problem for nearly a
century in organic synthesis. Beginning
with the classical Fischer and Reissiert
methods, many reports have appeared from
practical and academic points of view !
On the other hand, a variety of hetero-
cylic compounds can be synthesized by
using palladium—catalyzed intramolecular
functionalization of olefins as the ring-
forming step.? In this way, o—allylphenols
a, B~

unsaturated ketoxime to Isoxazoles %’

were converted to benzofurans,®
or pyridines,® 2’-hydroxychalcones to
flavones ,® and acryloylurea to uracils.”
Hegedus et al. have recently reported
the synthesis of indoles from o-—allyl-
anilnes,®’ from 2 -ethenylanline,® and from

2 —ethenylaniline p-toluenesulfonamides?

by a’ palladium —assisted cyclization reac-
tion. Independently of their work,
although we also reported a palladium—
assisted synthesis of 3-substituted indoles
in two steps from o-bromoanilines,!®’ we
wish now to report an efficient synthesis
of 2-substituted indoles based on a
variety of palladium—catalyzed reaction of

o-bromoanilines.

Results and Discussion

Preparation of Z-alkenylanilines.
General methods for the synthesis of 2-
alkenylanilines appear to be the reduction
of the corresponding nitro compounds
which are in turn prepared from 2-nitro-
benzyl bromides and aldehydes. While
adequate for the preparation of simple
compounds such as 2-ethenylanilines,V
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and 3 -bromo- 2ethenylanilines,® the
reaction of 2-nitrobenzyl bromides and
aldehydes are severe to tolerate many
functional groups. The Heck reaction®
of olefins with aromatic halides afforded
a more general approach to a variety of
2-alkenylaniline (1I) from o—bromo-
aniline (I)(Scheme 1 ).

Table 1 summarized our use of the
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approach. In the presence of paladium (II)
acetate, tri-o—-tolylphosphine, triethylamine,
I reacts readily with olefins such as ethyl-
ene, 1-hexene, and styrene to produce
11 in 65~85% vyields. The mechanism of
the reaction involves the formation of an
organopalladium halide by an oxidative
addition followed by addition the olefin
and elimination of HPdX.

Br CH=CHR CH=CHR
Pl OAcly * PAr3 ),
T CHemeHR WE Ny NHT;
X NH2 X 2 X s
I I I
Ta: x=H o, O R==X =y
It X= 4-cry Lo, U» R=-C4Hg , X=H
Te: x=4-cl Tc, He R=Ph , X=g
Id: X=5-0CH3 Ia, Ba R==# y X = 4-CHy
Je: X=4~N0; Te, Te R==-C4Hg , X= 4-CH;
Ir, Ir ==-Ph , X=4-CHj
Ig, By R== § , X=4-CI
Tn, Ua R=-PK , X==4-Cl
Ii, i R=-Ph , X=50CH;
I, 0y = H , X=4NO,
Tk, Mk R==-C4Hg , X=4-NO)
I, It R==-Ph , X=4-NO,
Im, Am R= H , X= 3-8r
Scheme 1
“‘PR} PIR3 "PR_] X CH2=CHR CH =C/R
ArX 4+ PJlPRy); =—mo—= Ar-Pg-X === Ar-Pqd _ 7y
32 PR; | PR3 PR Py
PRy 3 Aro [~
PRy
4 A .
e o D
H=C C\PH 4T,
Ar /d‘X e id\X
R;P PRy
PRy Et3N
H R
o= ~y + EtzN-HX  + Pdl{ PRy )

Scheme 2
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Cyclization reaction of o-alkenylanilines
(II). Hegedus et al.?®’ have previously
reported that 2 -—ethenylaniline (IIa)
cyclized smoothly to indole when treated
with a catalytic amount of palladium(II)
chloride and oxidizing conditions, however,
analogous attempts to cyclize 3 ~bromo—
2 —ethenylaniline (IIm) to 4 -bromoindole
(IVo) were unsuccessful ¥. They have
also reported®’ that palladium(II)~catalyz-
ed closure of acetanilides of IIm to
1—-acetyl- 4 ~bromoindole was slow, how-
ever, an analogus closure of p-toluene-
sulfonamide (IT1Im) of IIm to 4 -bromo—1-
tosylindole was considerably fast. In our
case, a palladium (II)—catalyzed closure

Scheme 3

Pgl )

_ ”H Py .

of 4 —methyl- 2 ~styrylaniline (IIf) to

4 —methyl- 2 —phenylindole (Vf) and of N-
acetyl derivative of IIf to l-acetyl de-
rivative of Vf were unsuccessful, however,
p-toluenesulfonamide (IIIf) was readily
converted to 5-methyl- 2 -phenyl- 1-tosyl-
indole (IVf), by a palladium- assisted
cyclization is shown in Scheme 3, and
the results are summarized in Table 2. A
possible course of the reaction is shown
in Scheme 4, although this route has not
It is based
on analogy to other well-established
amination procedures. '3 Finally, base hy-

been experimentally verified.

drolysis of the N-tosylindole (IV) gave
the required indoles (V).
Ha Ha

S0, Hp
v 14

He

CHj
IVa, Va R ==X ==#
Vo, Vo R ==.C4Hg , X==H
Ve, Ve R ==-Pp , X==p
Ve, Ve R==# , X==5-CHy
Ve , Ve R ==.C4tg , X==5-CHy
vr, Vr ==-Ph X==5-CHy
Vg, Vg R==p X ==5-¢
Iy, Va R=-py , X==§-Ci
i Vi R==# , X=6-0CH3
Vi, Vi R==-C4tg , X=6-0CHz
Vi, Vk R==-pp X==6-0CHj
vy, vi o R==# X =5-N0;
Vm, Vm R==-C4H9 , X=5-NO;
Va, Va R==-Pp X==5-N0,
Ve, Vo R==H X == 4-8r

|
—Pd— R

Scheme 4 75/ \H

e

QI + oo
N"SR

|
Ts
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Table | The reaction of o-bromoanilines(1) with alkenes

starting materials

o-bromoaniline alkene product yield(%)
Ia ethylene 2 -vinylaniline (IlIa) 82
Ia 1 -hexene 2— ( 1-hexenyl) aniline (IIb) 74
Ia styrene 2 -styrylaniline (IIc¢) 30
Ib ethylene 4 -methyl- 2 —~vinylaniline (I1d) 81
Ib 1 ~hexene 2~ ( 1-hexenyl) - 4 -methylaniline (Ile) 75
Ib styrene 4 ~methyl- 2 -styrylaniline (IIf) 77
Ic ethylene 4 ~chloro— 2 —vinylaniline (11g) 65
Ic styrene 4 —chloro- 2 —styrylaniline (IIh ) 67
Id styrene 5-methoxy— 2 —styrylaniline (IIi) 74
Ie ethylene 4 -nitro—~ 2 —vinylaniline (11j) 85
Ie 1 -hexene 2~( 1-hexenyl)~ 4 -nitroaniline (IIk) 84
Ie styrene 4 -nitro~ 2 -styrylaniline (I11) 81

Table 2 The poperties of 2-alkenylanilines(IIa~1).

compound IR (em™'), 'H-NMR (&,ppm)
IIa pale vellow oil, bp 102—-104°c/ 10mmHg (lit. ¥ bp 111.7-111.9°c/28mmHg).
1Ib pale yellow oil, bp 116-118°c/ 7mmHg. IR (neat) : 3450, 3350 (NH:), 1600,

1500, 750 (o—disubstituted benzene ring), 1620, 970 (trans—CH=CH—).
'"H—-NMR (CDCls) : 0.89(t, 3H, CHs), 1.36(m, 4H, —~CH.CH.—),2.08
(m,—C=C~-CH,~), 3.88(br-s,2H, NH:), 6.29(m,1H,-C=CH-CH.—),
6.58(d, 1H, —CH=C—-CH.—), 6.98—7.18(m, 4H, Ar-H).

Found : C, 82.05;H, 9.71; N, 7.86%;M"*, 175. Calcd for Ci.H:N: C, 82.23;
H, 9.78; N, 7.99%; M, 175.

IIc colorless crystals, mp 105—107° (lit. 1% mp 106°%).

11d pale yellow oil, bp 120—122°c/ 8 mmHg. IR (neat) : 3450, 3360 (NH.), 1600,
1500, 880, 815 (1, 2, 4—trisubstituted benzene ring), 1620, 990, 920 (—CH =CH.).
'H~-NMR (CDCly) : 2.25(s, 3H, CHs), 3.80(br-s, 2H, NH,), 5.31, 5.70,
6.60 (ABX type m, 3H, —CH=CH.), 6.94—7.16{(m, 3H, Ar-H).
Found: C, 81.05; H, 8.19; N, 10.44%; M™, 148. Calcd for CoHuN:C, 81.16;
H, 8.33; N, 10.52%; M, 148

IIe pale yellow oil, bp 125—127°c/ 7mmHg. IR (neat) : 3450, 3350 (NH:), 1600,
1500, 880, 810 (1, 2, 4—~trisubstituted benzene ring), 1620, 970 (trans—CH=CH —).
'H-NMR (CDCls) : 0.88(t, 3H, CHs), 1.40(m, 4H, —CH.CH;—), 2.10
(m, 2H, —C=C—CH:—), 2.26(s, 3H, Ar-CHs;), 3.9 (br-s, 2H, NH.),
6.3¢(m, 1H, —C=CH—-CH,~), 6.71(d, 1H, Ar-CH=C~), 7.01—7.23
(m, 3H, Ar-H). Found: C, 82.27; H, 9.94; N, 7.25%; M"*, 189. Calcd
for CisHwN: C, 82.48; H, 10.12; N, 7.40%, M, 189.
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Table 2 (continued— 1)
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compound

IR (em™'), '"H-NMR (8, ppm )

I1f

colorless crystals, mp 108—109°c. IR (KBr) : 3450, 3350 (NH,), 1600, 1500,
890, 820 (1,2, 4—trisubstituted benzene ring), 760, 690 (monosubstituted
benzene ring),1630, 985(trans—CH =CH —). '"H-NMR(CDCls) : 2.23(s, 3H,
CHs), 3.58(br-s, 2H, NH;), 6.68(d, 1H, Ar-H, J]=8.0Hz), 6.89—7.62
(m, 9H, Ar-H+ —CH=CH-). Found: C, 85.97; H, 7.11; N, 6.76%;
M*, 209. Caled for CisHisN: C, 86.08; H, 7.22; N, 6.69%; M, 209.

1ig

pale vellow oil, bp 144—146¢/ 4 mmHg. IR (neat) : 3450, 3350 (NH:), 1600,
1500, 880, 810 (1, 2, 4~trisubstituted benzene ring). 1620, 990, 920 (—CH =CH,).
'"H-NMR (CDCls) : 4.00{(br-s, 2H, NH.), 5.27, 5.65, 6.63{ABX type m,
3H, ~CH=CH:), 6.89—7.20(m, 3H, Ar-H). Found: C, 62.50; H, 5.13;
N, 9.04%; M*, 153. Calcd for CsHsCIN: C, 62.55; H, 5.25; N, 9.12%; M,
153.

IIh

pale yellow crystals, mp 77—78°c, IR (KBr) : 3450, 3350 (NH.), 1600, 1500,
870, 810 (1, 2, 4—trisubstituted benzene ring), 755, 690 (monosubstituted
benzene ring), 1630, 970 (trans—-CH=CH —). '"H-NMR (CDCl;) : 3.78{(br-s,
2H, NH.), 6.65(d, 1H, Ar-H), 6.97—7.60(m, 9H, —CH=CH— + Ar
-H). Found: C, 70.12; H, 5.81; N, 6.73%; M"*, 205. Calcd for Ci:H1.CIN:
C, 70.07; H, 5.88; N, 6.80; M, 205.

IIi

Colorless crystals, mp 114—115°c. IR (KBr) : 3450, 3350 (NH.), 1600, 1500,
880, 820 (1,2, 4—trisubstituted benzene ring), 760, 690 (monosubstituted
benzene ring), 1630,960 (trans—CH=CH —). 'H-NMR (CDCl3): 3.83(s, 3H,
OCHs), 3.98(br-s, 2H, NH.), 6.89—7.24(m, 10H, Ar-H + —CH=CH-—).
Found: C, 79.93; H, 6.65; N, 6.03%; M"*, 225. Calcd for CisHisNO: C,
79.97; H, 6.71, N, 6.22%,; M, 225.

11

pale yellow crystals, mp 93—94°c. IR (KBr) : 3450, 3350 (NH:), 1600, 1500,
900, 830 (1,2, 4—trisubstituted benzene ring), 1570, 1310(NO.), 1630, 990,

910(—CH=CH.). 'H-NMR (CDCls) : 3.87(br-s, 2H, NH,), 5.44, 5.80,
6.71 (ABX type, 3H, —CH=CH.), 6.95—8.40(m, 3H, Ar~-H). Found:
C, 51.33; H, 5.68; N, 19.85%; M™, 140. Calcd for CsHsN:O:.: C, 51.42;
H, 5.75; N, 19.99; M, 140.

11k

yellow oil, bp 168~169°c/ 4 mmHg. IR (neat) : 3450, 3350 (NH:), 1600,
1500, 900, 830 (1,2, 4—trisubstituted benzene ring), 1570, 1300 (NO,), 1620,
970 (trans— CH=CH~-). 'H-NMR (CDCl;s) : 0.88(t, 3H, CHs), 1.38(m,
4H, —CH.CH,~), 2.08(m, 2H, —C=C—CH,—), 3.80(br-s, 2H, NH.),
6.41{m, 1H, —CZCE_{—CHz-‘), 6.92—8.33(m, 4H, Ar*CHZ + Ar-H).
Found: C, 65.33; H, 7.21; N, 12.65%; M", 220. Calcd for Ci.2H1sN:O;:

C, 65.43; H, 7.32; N, 12.72%; M, 220.

I11

yellow crystals, mp 134—136°c. IR (KBr) : 3450, 3350 (NH.), 1600, 1500,
820, 755, 690 (benzene ring), 1570, 1300 (NO:), 1640, 970 (trans— CH =CH~).
'TH-NMR (CDCls) : 4.08(br-s, 2H, NH,), 6.87—8.40(m, 10H, —CH=CH~-
+ Ar—-H). Found: C, 69.81; H, 4.88; N, 11.60%; M*, 240.

Calcd for CuaHiz2N20:: C, 69.99; H, 5.03; N, 11.66; M, 240.
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Table 3 The tosylation of 2-alkenylanilines (Ila—1)
2 - alkenylanilines product yield (%)
1la N —tosyl— 2 ~vinylaniline (I1Ia) 78
11b N-tosyl— 2— (1 -hexenyl) aniline (IIIb) 82
IIc N —tosyl— 2 —styrylaniline (I11¢) 85
Iid N -tosyl~ 4 —methyl— 2 ~vinylaniline (IIId) 75
Ile N -tosyl— 2- (1-hexenyl ) - 4 —methylaniline (I11e) 72
Iir N - tosyl— 4 —methyl- 2 -styrylaniline (I11If) 80
1Ig N -tosyl— 4 —chloro— 2 —vinylaniline (II1g) 65
1Ih N —tosyl- 4 —chloro— 2 —styrylaniline (IITh) 73
ITi N -tosyi— 5—methoxy— 2—styrylaniline (II1i) 76
11} N -tosyl— 4 —nitro— 2~vinylaniline (I11j) 73
11k N-tosyl~ 2 —(1—hexenyl)~ 4 —nitroaniline (IT1k) 65
111 N -tosyl~ 4 —nitro— 2 -vinylaniline (I11I1) 68
Table 4 The properties of N—tosyl- 2 —alkenylanilines (IITa— 1 ).
compound IR (KBr), cm™, 'H-NMR (CDCl), 6 ppm
11Ia colorless crystals, mp 119—120°%, IR: 3200 (NH), 1600, 1500, 820, 750
(benzene ring), 1620, 980, 910(—CH =CH,), 1330, 1160(SO.—NH ).
'H-NMR : 2.37(s, 3H, CHs), 5.27,5.50, 6.70 (ABX type, 3H, —CH =CH.,),
6.78 (br—~s, 1H, NH), 6.93—7.60(m, 8H, Ar-H). Found: C, 65.82; H,
5.44; N, 4.97%; M*, 273. Calcd for CisHisNO.S: C, 65.91; H, 5.53; N,
5.12%; M, 273.
11Tb colorless crystals, mp 40—42°c. IR : 3200(NH), 1600, 1500, 820, 750 (benzene
ring), 1630, 975 (trans ~CH=CH —), 1335, 1160(—S0.—NH —).
'H-NMR : 0.89(t, 3H, CH;), 1.38(m, 4H, —CH.CH;—), 2.17(m, 2H,
~C=CH~—CH:—), 2.29(s, 3H,Ar-CHs), 6.28(m, 1H,—C=CH—-CH.~),
6.51(br-S, 1H,NH), 6.82—7.38(m, 9H,Ar-H+Ar—CH—), Found:C,
69.14; H, 6.88; N, 4.07%;M", 329. Calcd for CioH2N 0.S;C, 69.26;H,
7.03; N, 4.25% ; M, 329.
Illc colorless crystals, mp 144—146°c. IR : 3270(NH), 1500, 1500, 820. 760, 745,
690 (benzene ring), 1620, 970(trans—-CH =CH — ), 1330, 1160(—=S0.—NH —).
'"H-NMR : 2.27(s, 3H,CHa,), 6.67—7.64(m,16H, Ar-H+NH+ —CH=CH —).
Found: C, 72.05; H, 5.37; N, 3.95% ; M7¥, 349. Calcd for C..H1sNQO,S: C,
72.18 ; H, 5.48; N, 4.00%; M, 349.
ITId colorless crystals, mp 118—119°c. IR : 3250 (NH ), 1600,1500, 890, 820 (benzene

ring). 'TH-NMR : 2.27(s, 3H, CHas), 2.37(s, 3H, CHs), 5.21, 5.47,
6.66(ABX type, 3H, —CH=CH.), 6.77(br-s, 1H, NH), 6.93—7.60(m,
7H, Ar-H). Found: C, 66.79; H, 5.90; N, 4.83%; M"*, 287. Calcd for

CieH:NO,S: C, 66.87; H, 5.96; N, 4.87%; M, 287.
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Table 4 (continued—-1)

compound

IR (KBr),cm™, 'H-NMR (CDCl:), & ppm

Ille

colorless crystals, mp 91—93°c. IR : 3275(NH), 1600, 1500, 895, 815 (benzene
ring), 1630, 970 (trans—CH=CH —), 1330, 1170 (—SO.—NH). 'H-NMR :
0.86(t, 3H, CH:), 1.35(m, 4H, ~CH.—), 2.73(m, 2H, —C=C—-CH,—),
2.31(s, 3H, Ar-CH;), 6.58(m, 1H, C=CH—-C), 6.75—7.00(m, 8H,
NH + Ar-CH=C— + Ar-H). Found: C, 69.87 H, 7.25; N, 3.96%; M",
343. Calced for CooHa2sNO.S: C, 69.93; H, 7.33; N, 4.07%; M, 343.

II1f

colorless crystals, mp 123—125°c. IR : 3250(NH), 1600, 1500, 890, 810, 760,
690 (benzene ring), 1620, 950(trans—CH =CH —), 1320, 1140(SO.—NH —).
'H-NMR : 2.24(s, 3H, CH:), 2.31(s, 3H, CHs), 6.57(s, 1H, NH),
6.76—7.70(m, 14H, ~CH=CH— + Ar-H). Found: C, 72.61; H, 5.75;
N, 3.68%; M*, 363. Calcd for C.2HaNO:S: C, 72.69; H, 5.84; N, 3.85%;
M, 363.

IIlg

colorless crystals, mp 122—123"%c. IR : 3250(NH), 1600, 1500, 880, 815 (benzene
ring), 1620, 980, 910(—CH =CH.), 1330, 1160(SO;—NH—).

'TH-NMR : 2.37(s, 3H, CH?®), 5.27, 5.62, 6.63(ABX type, 3H,—CH =CH,),
7.06—7.62(m, 8H, —NH + Ar-H). Found:C, 58.45; H, 4.51; N,4.47%;
M*, 308. Caled for CisHuCINO:S: C, 58.53; H, 4.58; N, 4.55%; M, 308.

IIIh

colorless crystals, mp 161—163°c. IR : 3270(NH), 1600, 1500, 890, 820, 755,
690 (benzene ring), 1630, 960(trans—CH =CH - ), 1330, 1160(SO.—NH — ).
'H-NMR: 2.22(s, 3H, CHj), 6.28—7.62(m, 15H, NH + ~CH=CH — +
Ar-H). Found: C, 65.45; H, 4.58; N, 3.53%; M™*, 384. Calcd for
C21H1sCINOSS : C, 65.57; H, 4.72; N, 3.64%; M, 384.

I

colorless crystals, mp 96—97°c. IR : 3225(NH), 1600, 1500, 890, 820, 760,

690 (benzene ring), 1630, 960(trans—CH =CH — ), 1320, 1150(SO.—NH —).
"H-NMR: 2.25(s, 3H, CHs), 3.83(s, 3H, OCH3s), 6.65—7.58(m, 15H,

NH + —CH=CH-— + Ar-H). Found: C, 69.54; H, 5.46; N, 3.60%; M™,
379. Caled for C..HaNOsS: C, 69.63; H, 5.57; N, 3.69%; M, 379.

I11j

colorless crystals, mp 135—137°c. IR : 3320(NH), 1600, 1500, 895, 820
(benzene ring), 1620, 985, 930(~CH =CH:), 1520, 1350(NO.), 1340, 1170
(SO:—NH—). 'H-NMR: 2.27(s,3H,CHs;), 5.35, 5.68, 6.63(ABX type, 3H,
—CH=CH.), 6.98—8.35(m, 8H, NH + Ar-H). Found: C, 56.41; H,
4.34; N, 8.65%; M*, 318. Calcd for CisHisN.O.S: C, 56.59; H, 4.43;N,
8.79%: M, 318.

111k

colorless crystals, mp 95—96°c. IR : 3275(NH), 1600, 1500, 890, 815(benzene
ring), 1620, 970(trans—CH =CH —), 1510, 1345(NOQO.), 1340, 1170
(SO,~NH—). '"H-NMR: 0.89(t,3H,CHs), 1.31(m,4H, —CH.—), 2.18(m,
2H, —C=C~CH:~), 2.31(s, 3H, CHs), 6.54(m, 1H, Ar-C=CH —),
6.88—8.35(m, 9H, NH + Ar-CH=C— + Ar-H). Found: C, 60.91; H,
5.79; N, 7.45%; M*, 374. Calcd for Ci1eH22N.0.S: C, 60.94; H, 5.92; N,
7.48%; M, 374.
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Table 4 (continued- 2 )

compound

IR (KBr),cm™, '"H-NMR (CDCls), & ppm

1111

colorless crystals, mp 162—164°c. IR : 3250(NH), 1600, 1500, 890, 820, 750,
690 (benzene ring), 1630, 970(trans—CH =CH —), 1510, 1350(NO:), 1330,
1160(SO:—NH~—). 'H-NMR : 2.33(s, 3H, CH3), 6.87—8.40(m, 15H,
NH + —CH=CH—- + Ar-H). Found: C, 63.88; H, 4.48; N, 7.02%; M*,
394. Calcd for CaH1sN:0.S: C, 63.94; H, 4.59; N, 7.10%; M, 394.

Table 5 The Palladium-assisted cyclization of ITla~1.

starting material product yield (%)

I1Ia 1—-tosylindole (IVa) 70

I1Ib 2-butyl- 1 ~tosylindole (IVb) 64

Ilic 2 —phenyl- 1 ~tosylindole (IVe) 62

I11d 5-methyl~ 1~tosylindole (IVd) 60

IIle 2 —~butyl- 5 ~methyl- 1 —tosylindole (IVe) 54

I1If 5-methyl- 2 —phenyl— 1 —tosylindole (IVf) 65

g 5 —chloro— 1 —tosylindole (IVg) 74

I1Ih 5 —chloro— 2 —phenyl— 1 —tosylindole (IVh) 72

IILi 6 ~methoxy— 2 —phenyl— 1 —tosylindole (IVi) 65

111j 5—nitro— 1 —tosylindole (IVj) 58

111k 2 —butyl- 5 —nitro— 1 —tosylindole (IVk ) 55

1111 5 -nitro— 2 —phenyl- 1 —tosylindole (IV1) 62

Table 6 The properties of 1 —tosylindoles(IVa—1).
compound IR (KBr), cm™, 'H-NMR (CDCls), 8 ppm
IVa colorless crystals, mp 78—79°c. IR : 1600, 1500, 820, 750 (benzene ring), 1370,
1170(SO.N—). 'H-NMR : 2.29(s, 3H, CH3), 6.67(d, 1H, Ha, J=4.0Hz),
7.05—7.67(m, 6H, benzene ring + indole Co,—H), 7.78(d, 2H, Hc, J=
8.0Hz), 8.24(d, 1H, Hb). Found: C, 66.22; H, 4.75; N, 5.01%; M*,
271. Calcd for CisHisNO.S: C, 66.39; H, 4.82; N, 5.16%; M, 271.
IVb colorless crystals, mp 92—93°c. IR : 1600, 1500, 745 (benzene ring), 1370, 1170

(SO:N—). 'H-NMR: 0.94(t, 3H, CH:), 1.31—1.80(m, 4H, —CH,CH.~),
2.39(s, 3H, Ar-CHs), 2.93(t, 2H, indole—CH, —), 6.36(s, 1H, Ha),
7.08—7.44(m, 5H, Ar-H), 7.59(d, 2H, Hc), 8.11—8.21(m, 1H, Hb).
Found: C, 69.55; H, 6.41; N, 4.19%; M™*, 327. Calcd for Ci1eH2NO:S :
C, 69.69; H, 6.46; N, 4.27%; M, 327.
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compound

IR (KBr),em™, 'H-NMR (CDCls), & ppm

IVe

colorless crystals, mp 149~—150°c. IR : 1600, 1500, 820, 770, 760, 700(benzene
ring), 1370,1170(SO.N~). 'H-NMR : 2.24(s, 3H, CH3), 6.51(s, 1H, Ha),
7.02—7.42(m, 10H, Ar-H), 7.58(d, 2H, Hc), 8.33(d, 1H, Hd). Found:

C, 72.50; H, 4.85; N, 3.94% ; M*, 347. Calcd for CaHNO:S: C, 72.59;

H, 4.93; N, 4.03%, M, 347.

Ivd

colorless oil. IR :neat) : 1600, 1500, 880, 810(benzene ring), 1370, 1170
(S0:N~), '"H-NMR : 2.28(s, 3H, CHj), 2.38(s, 3H, CHs), 6.58(d, 1H,
Ha, J=4.0Hz), 7.04—7.38(m, 3H, Ar-H), 7.51(d, 1H, indole C:~H, J=
4.0Hz), 7.68(d, 2H, Hc, J=8.0Hz), 8.28(m, 1H, Hb). Found: C, 67.22;
H, 5.16; N, 4.78%; M"*, 285. Caled for CieHisNO.S: C, 67.34; H, 5.29;
N, 4.90%; M, 285.

IVe

colorless crystals, mp 85—86°c. IR:1600, 1500, 890, 810 (benzene ring), 1370,1170
(SO:N—). 'H-NMR: 0.90(t,3H, CHs), 1.17~1.75(m, 4 H, —CH.CH,—),
2.20(s,3H, Ar-CHs), 2.31(s,3H,Ar-CH,), 2.96(t, 2H, indole~CH.—),
6.28(s, 1H, Ha), 6.92—7.22(m, 4H, Ar-H), 7.58(d, 2H, Hc), 8.03(d,
1H, Hb). Found: C, 70.24; H, 6.65; N, 3.87%; M*, 341.

Calcd for CaH2sNO.S: C, 70.34; H, 6.78; N, 4.10% ; M, 341.

IvVE

colorless crystals, mp 111—112°c. IR : 1600, 1500, 890, 810, 760, 690 (benzene
ring), 1375, 1175(S0.N—). 'H-NMR: 2.21(s, 3H, Ar-CHas), 2.37(s,
3H, Ar-CHs), 6.46(s, 1H, Ha), 6.96(m, 9H, Ar-H), 7.56(d, 2H, Hc).
8.18(d, 1H, Hb). Found: C, 72.97; H, 5.20; N, 3.81%; M", 361. Calecd
for C.:HeNOLS: C, 73.10; H, 5.29; N, 3.87%; M, 361.

Ivg

colorless crystals, mp 82—83°c. IR : 1600, 1500, 880, 820 (benzene ring), 1370,
1170(SO.N — ). 'H-NMR : 2.28(s, 3H, CHs) 6.58(d, 1H, Ha, J= 40Hz),
7.11—7.48{m, 4H, Ar-H), 7.58(d. 1H, indol C:-H, J=4.0Hz), 7.67(d, 2H,
Hc, J=8.0Hz), 8.21(m, 1H, Hc). Found: C, 58.84; H, 3.85; N, 4.519;:
M*, 306. Caled for CisH12CINO.S: C, 58.92; H, 3.95; N, 4.58%; M, 306.

IVh

colorless crystals, mp 141—142°c. IR : 1600, 1500, 890, 820, 770, 690
(benzene ring), 1360, 1170(SO;N ~). 'H-NMR : 2.26(s, 3H, CH;), 6.58
(s, 1H, Ha), 6.99—7.42(m, 9H, Ar-H), 7.56(d, 2H, Hc), 8.24{(m,
1H, Hb). Found: C, 65.91; H, 4.13; N, 3.57%; M*, 382. Calcd for

CaHisCINOLS: C, 66.05; H, 4.22; N, 3.66; M, 382.

IVi

colorless crystals, mp 135—136°c. IR : 1600, 1500, 830, 810, 760, 690(benzene
ring), 1360, 1160(SO.N—). 'H-NMR : 2.28(s, 3H, Ar-CH,), 3.94(s, 3H,
OCHas), 6.48(s, 1H. Ha), 7.06—7.38(m, 9H, Ar-H), 7.50(d, 2H, Hc),
7.93(s, 1H, Hb). Found: C, 69.87; H, 4.93; N, 3.60%; M™*, 377. Calcd
for C2HieNOsS; C, 70.00; H, 5.07; N, 3.71%; M, 377.

1vi

colorless crystals, mp 82—83°%. IR : 1600, 1500, 890, 810(benzene ring),

1510, 1340(NOz), 1390, 1170{SO:N—). '"H-NMR : 2.32(s, 3H, CHs), 6.81
(d, 1H, Ha, J=4.0Hz), 7.28(d, 2H, tosyl-H, J=8.0Hz), 7.74(d, 1H,
indol C,-H, J=4.0Hz), 7.80(d, 2H, Hc), 8.07—8.11(m, 3H, indol-H +
Hb). Found: C,56.84; H, 3.71; N, 8.70% ; M*, 316. Calcd for CisH:12N.0.S:
C, 56.95; H, 3.82; N, 8.83%; M, 316.
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Table 6 (continued—2)

compound

IR (KBr),cm™, 'H-NMR (CDCls), 8 ppm

IVk

colorless crystals, mp 108—109°c. IR : 1600, 1500, 895, 810(benzene ring),
1510, 1350(NO,), 1370, 1170(SO.N —). ‘H-NMR : 0.94(t, 3H, CHs), 1.22—
1.85(m, 4 H, ~CH,CH:—), 2.34(s, 3H, Ar—CHs), 3.02(t, 2H, indole— CH,—),
6.54(s, 1H, Ha), 7.27(d, 2H, tosyl-H adjacent to CHs, J]=8.0Hz), 7.69
(d, 2H, Hc, J=8.0Hz), 8.02 8.38(m, 3H, Ar-H -+ Hb).

Found: C, 61.13; H, 5.29; N, 7.39%; M*, 372. Calcd for CisH2N:0.S: C,
61.27; H, 5.41; N, 7.52% ; M, 372.

IVl

colorless crystals, mp 108—109°c. IR : 1600, 1500, 905, 820, 770, 715(benzene
ring), 1515, 1350(NO.), 1380, 1180(SO:N—). 'H-NMR : 2.31(s, 3H, CHs),
6.67(s, 1H, Ha), 7.09(d, 2H, tosyl-H adjacent to CHs, J=8.0Hz), 7.44
(br-s, 5H, Ar-H), 7.69(d, 2H, Hc, J=8.0Hz), 8.11—8.56(m, 3H,
indol-H + Hb). Found: C, 64.18; H; H, 3.95; N, 7.06%; M™*, 392.

Caled for C21H16N204S: C, 6427, I‘Iy 4.10; N, 713%, 1\/‘[y 392.

Table 7 Hydrlysis of IVa—1.

starting material product yield (%)
IVa Indole (Va) 78
IVb 2 -butylindole (Vb) 74
IVe 2 —phenylindole(Ve¢) 80
1vd 5 -methylindole (Vd) 75
IVe 2—butyl- 5—methylindole (Ve) 86
vt 5-methyl— 2 —phenylindole (V£) 75
Vg 5—chloroindole (Vg) 78
IVh 5—chloro— 2 —~phenylindole (Vh) 88
1vi 6 —methoxy— 2 —phenylindole (Vi) 82
1Vj 5-nitroindole (Vj) 85
IVk 2 —butyl- 5 —nitroindole (Vk) 82
Ivi 5-nitro— 2 —phenylindole (V1) 77
Table 8 The properties of indoles(V).
compound IR (cm™), 'H-NMR (5, ppm)
Va colorless crystals, mp 51—52°, (lit. 2, mp 52—53°).
Vb colorless crystals, mp 35—36°c, (lit.2Y, mp 35—36°%).
Ve colorless crystals, mp 187—189°c (lit. ), mp 186—188°c).
Vb colorless crystals, mp 60°c (lit.?¥, mp 58.5°%).
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Table 8 (continued-1)

compound IR (cm™'), *H-NMR (4, ppm)
Ve colorless crystals, mp 57—59°c. IR (KBr) : 3375(NH), 1600, 1500, 880, 815
(benzene ring). 'H-NMR (CDCl3) : 0.89(t, 3H, CHs), 1.20—1.68(m, 4H,
—CH.CH:—), 2.38(s, 3H, Ar-CHs), 2.59{(t, 2H, indole~CH.—), 6.12(s,
1H, Ha), 6.93—7.38{m, 3H, Ar-H), 7.48(br-s, 1H, NH). Found: C,
83.25; H, 9.07; N, 7.40% ; M*, 187. Calcd for CisHN : C, 83.37; H,
9.15; N, 7.48%; M, 187.
Vf colorless crystals, mp 212—213°c, (lit. 2, mp 213°%).
Vg colorless crystals, mp 70—72°c, (lit. 25, mp 71—72°).
Vh colorless crystals, mp 190—191°c, (lit. 26>, mp 191°c).
Vi colorless crystals, mp 170—171.c. IR {(KBr) : 3370(NH), 1600, 1500, 900,
815, 760, 700(benzene ring). 'H-NMR (CDCls) : 3.87(s, 3H, OCH,), 6.76
(s, 1H, Ha), 6.96—7.69(m, 9H, Ar-H + NH). Found: C, 80.60; H,
5.81; N, 6.20%; M*, 223. Calcd for CisHsNO: C, 80.69; H, 5.87; N,
6.27% ; M, 223.
Vi yellow crystals, mp 132—134°, (lit. 27y, mp 133—136°c).
Vk yellow crystals, mp 105—105°c. IR (KBr) : 3300(NH), 1600, 1500, 890, 820,
770, 750(benzene ring), 1550, 1320(NQ:). 'H-NMR (CDCls) : 0.94(t, 3H,
CH,), 1.33—1.84(m, 4H, ~CH.CH,—), 2.80(t, 2H, indole—~CH,—), 6.42
(s, 1H, Ha), 7.32(d, 1H, Hb), 8.06(d-d, 1H, indole-6H), 8.39(br-s,
1H, NH), 8.48(d, 1H, indole-4H). Found: C, 65.91; H, 6.37; N,
12.69%; M, 218. Calcd for Ci..HiN:O2; C, 66.03; H, 6.47; N, 12.84%;
M, 218.
Vi yellow crystals, mp 200—202°c, (lit. 28, mp 201—203°c).
) mass spectrometer, using a direct insertion
Experimental L.
probe at an ionization energy of 70 eV.
Materials. All melting points are uncor- General procedure for the palladium—
rected. 2-Bromo— 4 ~methylaniline (Ib),¥ catalysed reaction of o—bromoanilines (1)
2 -bromo— 4—chloroaniline(I¢ ) » 2 ~bromo- with alkenes. A mixture of 20 mmol of
5 -methoxyaniline (Id), '® and 2-bromo- I, 25 mmol alkene, 0.044g (0.2mmol) of
4 —nitroaniline (Ie)!” were prepared by palladium(II) acetate, 0.364 g (1.2mmol)
the method described in the literature. of tri-o—tolylphosphine and 2.5g (25mmol)
Measurements. The IR spectra were of triethylamine in 15cw of acetonitrile
measured on KBr disks with Hitachi 260~ was heated under nitrogen in a sealed
10 spectrometer, and 'H NMR spectra tube at 100C for 20h. In the case of
were obtained by means of a Hitachi R- the reaction with ethylene, a mixture of
22 spectrometer in CDCls, using TMS as 20 mmol of I, 0.2mmol of palladium (II)
the internal standard. The mass spectra acetate, 1.2mmol of tri—o—tolylphosphine,

were obtained on a Hitachi RMU-6M and 25mmol of triethylamine in 30cw of
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acetonitrile was stirred at 120C under an
The
cooled reaction mixture was diluted with
The ether phase was

separated, washed with water, dried over

ethylene pressure (15 atm) for 24h.
ether and water.

anhydrous magnesium sulfate, filtered,
and concentrated. The residue was then
purified by column chromatography (silica
gel, benzene—hexane (1: 1)), followed by
recrystallization from ethanol or benzene.
The structure of the products was con-
firmed by a mixed—melting point determi-
nation with an authentic sample and by
the observation of the IR, 'H NMR and
mass spectra. The results and the proper-
ties of the products (II-1) are summa-
rized in Tables 1 and 2, respectively.

Preparation of N-tosyl-2-alkenylaniline
(IIIa-1)

To a solution of p-toluenesulfonylchlo-
ride (3.0g, 15.8mmol) in dry pridine (30
crr), the compound (IIa—1, l4mmol) in
dry pyridine (20cr) was added at room
temperature. After stirring for 36h, the
resulting mixture was poured into 450cm
of ice water. The precipitate was filter-
ed, washed with water, and air—dried to
afford tan solid. Recrystallization from
ethanol afforded colorless crystals of Illa
—1. The results and the properties of
ITIa—1

4, respectively.

are summarized in Tables 3 and

The palladium assisted cyclization of
IITa-1 to N-tosylindoles (IVa—1).
A mixture of IIla-1(10mmol) and lithium
chloropalladate (1I)
(80c) was refluxed for 36 h with stirr-

(10mmol) in ethanol

ing. After cooling to room temperature,
the solvent was removed in vacuo. The
resulting residue was taken up in 200cr of
CHCI;, washed with H.O 3 times, dried
(MgSO0,), filtered, and concentrated in
vacuo to afford shiny beige crystals.

Purification by column chromatography
(silica gel, benzene) followed by the re-
crystarization from ethanol afforded IVa-
1 as shiny colorless crystals. The results
and the properties of IV are summarized
in Tables 5 and 6, respectively.
Hydrolysis of IVa—1 to indoles (Va—1).
A mixture of IVa—1(6.0 mmol), ethanol
(40cm'),
ide solution (30cr) was refluxed for 24h

and 20% aqueous sodium hydrox-

under a nitrogen atmosphere. The result-
ing solution was cooled to room tempera-
ture and concentrated iz vacwuo until the
solution became cloudy. The suspension
was neutralized with 1 M HCI and then
extracted with ether 3 times. The com-
bined extracts were dried (MgSO.),
filtered, concentrated in vacuo, and re-
crystallized from ethanol or benzene to
afford pale yellow crystals of Va-1.
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