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Reaction of N-alkenyl-o-chloroanilines in toluene with tetrakis(triphenylphosphine)nickel (0) was carried
out mainly to give indole and indoline derivatives in good yields. A detailed analysis of the reaction products
has been done and it allows us to confirm the postulated mechanism of the cyclization reaction. Torsional

hindrance around the N-C-Csp? bond seems to prevent the cyclization reaction.
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Heterocyclic compounds have been obtained using
arylnickel [1] and arylpalladium [2] complexes. Zero-valent
nickel complexes of the Ni(PPh,),-type obtained from the
divalent nickel complexes with a reducing agent could re-
act with a N-alkenyl-o-aryl halide in an ethereal solvent
forming an arylnickel intermediate complex which cyclizes
to provide heterocyclic compounds by an internal reaction
between ortho-g-nickel chloride and the double bond of
the N-alkenyl chain.

We are interested in the general applicability of this
reaction to the synthesis of indole derivatives starting
from N-alkenyl-o-chloroaniline derivatives in toluene as
the solvent and zero-valent tetrakis(triphenylphosphine)-
nickel. The mechanism of the intramolecular cyclization
can be deduced from these reaction products.

Results and Discussion.

The N-alkenyl-o-chloroanilines 1la-7a used in the cycli-
zation reaction with zero-valent tetrakis(triphenylphos-
phine)nickel and the products formed are summarized in
Table 1.

Compounds la, 2a, 3a, 5a and 6a were obtained from
o-chloroaniline, a conveniently functionalized allyl brom-
ide and sodium carbonate following a reported method [3].

Compound 4a was obtained by reaction in tetrahydro-
furan of the o-chloroacetanilide with the 4-bromo-2-but-
enenitrile and a suspension of sodium hydride at room
temperature. Only the (E)-isomer of 4a was isolated in
pure form and this shows a complex 'H-nmr spectrum of
the protons of the N-alkenyl chain, the methylene protons
being diastereotopics [4].

Compound 7a was obtained from the N-methyl-o-chloro-
anilide of the 3-cyclohexenylacetic acid by reduction with
lithium aluminum hydride.

The zero-valent complex tetrakis(triphenylphosphine)
nickel was obtained in toluene from anhydrous bis(acetyl-
acetonate)nickel(Il) and triethylaluminum as the reducing
agent. Bis(acetylacetonate)nickel(II) was obtained from
nickel(IT) chloride dihydrate by addition of an ethanolic
solution of potassium 2,4-pentanedioate and finally recrys-
tallized from benzene. Compounds la-7a were treated in
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toluene under a helium atmosphere with tetrakis(triphen-
ylphosphine)nickel(0) obtained as indicated above in vari-
able molar ratio of the reducing agent. In general the ex-
cess of the reducing agent remains during the reaction.
Thus, la reacts in toluene with tetrakis(triphenylphos-
phine)nickel(0) to provide the indole 1b and a product 1d
identified as N-methyl-o-ethylaniline, which results from
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[a] Molar relation of triethylaluminum to bis(acetylacetonate)nickel.
compound 5d-2.

la by desallylation and nucleophilic substitution of the
aromatic chlorine for an ethyl anion of the triethylaimi-
num in excess, Scheme 1, (i).

Compound 2a ((E) + (Z)-isomers) was treated with tetra-
kis(triphenylphosphine)nickel{(0) prepared in a 1:6 molar
ratio of bis(acetylacetonate)nickel(II) and triethylalu-
minum to give indole 2b, indoline 2¢ and a reduction pro-
duct 2d, identified as N-methyl-V{(3-cyanopropyl)-o-chlo-
roaniline. When the reaction was carried out in a 1:3
molar ratio of bis(acetylacetonate)nickelII) and triethyl-
aluminum, indole 2b and indoline 2¢ were also isolated
but the ratio of 2b to 2¢ increases while the reduction pro-
duct 2d remains constant. This product 2d would be the
result of the reduction of 2a with the nickel hydride com-
plex appearing in the formation of indole 2b, Scheme 1,
(iii).

Stereochemistry involvements of the substituents on the
terminal carbon of the olefinic bond has been analyzed
with the (E)-and(Z)isomers of 3a. Compound (E)-3a was
treated with tetrakis(triphenylphosphine)nickel obtained
with molar ratio of 1:3 of bis(acetylacetonate)nickel(IT) and
triethylaluminum to provide the indole 3b, the indoline 3¢
and the N-B-cyanoethyl-3-methylindole, 3d. This product
would be formed by hydrocyanic acid elimination of the
nickel o-intermediate, Scheme 1, (iv).

[b] See Schemes 1 and 2.

[c] Yield of the compound 5d-1. [d] Yield of the

Isomer (Z)-3a was treated under the same conditions as
that of the (E)-isomer with tetrakis(triphenylphosphine)-
nickel to give 3b, 3¢ and 3d in analogous quantitative
yield, and thus the (E)- and (Z)-isomers show the same reac-
tivity with the zero-valent complex. On the other hand, in-
dolines 2¢ and 3c obtained in the reaction of 2a and 3a
with the zero-valent nickel reagent were transformed by
refluxing in toluene with 2,3-dichloro-5,6-dicyano-p-benzo-
quinone quantitatively to the indoles 2b and 3b respec-
tively.

Compound (E)4a was treated with tetrakis(triphenyl-
phosphine)nickel with molar ratio of 1:3 of bis(acetylacet-
onate)nickel(Il}) and triethylaluminum to give only the
desallylation product 4d which was identified as o-chloro-
acetanilide, Scheme 1, (v). Desallylation of the alkenyl
chain can occur by implication of the triethylaluminum in
excess or the zero-valent nickel complex by coordination
of the oxygen atom of the amide group to the metal. Thus,
when the tetrakis(triphenylphosphine)nickel was obtained
with a molar ratio of 1:1 of bis(acetylacetonate)nickel(II)
and triethylaluminum, the desallylation product decreased
and the indole 4b was obtained in moderate yield.

Now, we are interested in the reaction of N-cyclohexenyl
substrates that have apparently the geometrical require-
ments for the cyclization reaction. The reaction of com-
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pound Sa with tetrakis(triphenylphosphine)nickel with a
1:3 molar ratio of bis(acetylacetonate)nickel(II) and trieth-
ylaluminum gave two main products 5d-1 and 5d-2, but
the starting product 3a and cyclization products were not
detected. Compounds 53d-1 can be the result of substitu-
tion of the chlorine atom of the aromatic ring for an ethyl
anion of an excess triethylaluminum. Compound 5d-2 can
be produced by direct substitution of the chlorine atom of
the aromatic ring with a hydride ion generated from tri-
ethylaluminum or nickel hydride complex, Scheme 1, (vi).
Compound 6a was treated with zero-valent tetrakis(tri-
phenylphosphine)nickel in a 1:3 molar ratio of bis(acetyl-
acetonate)nickel(Il) and triethylaluminum. Only the start-
ing product 6a was recovered.

The failure of the cyclization of 5a and 6a with the zero-
valent complex suggested the preparation of 7a which has
torsional possibilities of the chain in order to close the
double bond to the o-nickel aromatic bond, Scheme 1.
Compound 7a was treated with tetrakis(triphenylphos-
phine)nickel in a 1:3 molar ratio of bis(acetylacetonate)-
nickel(II) and triethylaluminum. The starting product was
recovered in 74% and N-methyl,N-2{A2cyclohexenyl)-
ethylaniline (7d) was obtained in 11% yield. The product
7d can result from the substitution of the chlorine atom of
the aromatic ring for a hydride ion from triethylaluminum
or the nickel hydride complex, Scheme 2.

Nucleophilic substitution of the chlorine atom of the
aromatic ring with an ethyl or a hydride ion under the con-
ditions required in those reaction can occur through the
w-aryl nickel complex intermediate [5], Scheme 1 (i,vi) and
Scheme 2.

On the basis of these results, the theory can be advanc-
ed that the cyclization reaction fails because of the tor-
sional hindrance around the N-C-Csp? bond of the cyclo-
hexenyl ring which avoids the m-effective orthogonal posi-
tioning of the double bond of the cyclohexenyl ring to the
o-nickel aromatic bond, Scheme 1.

EXPERIMENTAL

Melting points were measured on a hot stage microscope and are un-
corrected. Infrared spectra were recorded on a Pye-Unicam SP-1100
spectrophotometer and nuclear magnetic resonance spectra on a Hitachi

o]} H
N " N

CHy CH3

Perkin-Elmer R-24 A. Elemental analyses have been obtained with a
Perkin-Elmer 240 analyzer. Mass spectra were recorded on a Hewlett-
Packard 5985 ge/ms system. The solvents and reagents were purified and
dried rigorously.

N-Allyl-N-methyl-o-chloroaniline (1a).

A mixture of N-methyl-o-chloroaniline [3] (2.83 g, 20 mmoles), allyl
bromide (3.59 g, 29 mmoles) and solid sodium carbonate (1.73 g, 16
mmoles) in ethanol-water (4:1) was refluxed for 48 hours. After the ethan-
ol was removed, the reaction mixture was diluted with water and the
resultant aqueous layer was extracted with diethyl ether. The ethereal
layer was dried (anhydrous sodium sulphate) and evaporated and the resi-
dual oil was purified by chromatography on silicagel eluting with n-hex-
ane-diethyl ether (96:4) to give la (2.43 g, 65%) as a colourless liquid
which darkens upon standing, mp 84° (picrate); ir (film): 1650 (C = C); 930
(CH=CH,); nmr (carbon tetrachloride): 6 7.35-6.75 (m, aromatic H, 4H),
6.25-5.60 (m, CH =, 1H), 5.30-5.00 (m, =CH,, 2H), 3.60 (d, CH,N,J = 6
Hz, 2H), 2.70 (s, CH;N, 3H); ms: 154 (M* -27, 100), 138, 111.

Anal. Caled. for C, ,H,;CIN,O,(picrate). C, 46.7; H, 3.6; N, 13.6; C, 8.6.
Found: C, 46.9; H, 3.3; N, 13.2; Cl, 8.6.

N-Methyl-N{o-chlorophenyl)-4-amino-2-butenenitrile (2a).

A mixture of N-methyl-o-chloroaniline (1.2 g, 8.4 mmoles), 4-bromo-2-
butenenitrile [6] (2.0 g, 13 mmoles) and solid sodium carbonate (0.9 g, 8.4
mmoles) in ethanol-water (4:1) was refluxed for 48 hours. When ethanol
was removed, the reaction mixture was diluted with water and the aque-
ous solution was extracted with diethyl ether. The ethereal layer was
dried (anhydrous sodium sulphate) and evaporated and the residual oil
was purified by chromatography on silicagel eluting with toluene-chloro-
form (7:3) to give 2a (0.98 g, 82%) as a 2:1 ratio of the (E) + (Z) isomers
as a yellow oil. It was not possible to separate the mixture of E and Z
isomers by distillation, therefore the physical data on the E and Z
isomers were obtained on samples obtained by chromatographic separa-
tion.

The (E}yisomer had nmr (carbon tetrachloride): 8 7.40-6.77 (m, aroma-
tic H, 4H), 6.6 (dt, HC=C-CN, 1H,J = 18 and 5 Hz), 5.70 (dt, C=CH-
CN, 1H,]J = 18 and 2 Hz), 3.69 (dd, CH,N, 2H, ] = 5 and 2 Hz), 2.70 (s,
CH:N, 3H), ms: 206 (M*), 171, 154 138 (100), 111, 91.

The (Z)}isomer had nmr (carbon tetrachloride): 6 7.40-6.77 (m, aromatic
H, 4H), 7.40-6.77 and 6.6 (dt, HC=C-CN, 1H, J = 12 and 6 Hz), 5.45 (dt,
C=CH-CN, 1H,J = 12 and 1 Hz), 3.95 (dd, CH,N, 2H, ] = 6 and 1 Hz),
2.75 (s, CH;N, 3H); ms: 206 (M), 171, 154, 138 (100), 111, 91.

N-B-Cyanoethyl)-N{o-chlorophenyl)-4-amino-2-butenenitrile (3a).

A mixture of N{B-cyanoethyl}o-chloroaniline {7] (1.8 g, 10 mmoles),
4-bromo-2-butenenitrile (2.17 g, 14 mmoles) and solid sodium carbonate
(0.87 g, 8.2 mmoles) dissolved in ethanol-water (4:1) was refluxed for 52
hours. When the ethanol was removed, the reaction mixture was diluted
with water and the resultant aqueous solution was extracted with chloro-
form. The chloroform layer was dried (anhydrous sedium sulphate) and
evaporated and the residual oil was purified by chromatography on silica
gel eluting with toluene-ethyl acetate (6:1) to give the two isolated (EMZ)
isomers, (E) (0.46 g, 19%) and (Z) (0.24 g, 10%). The (E)}-isomer of 3a was
a fluorescent yellow oil; ir (film): 2270 (CN), 2245 (CNa,B-unsaturated),
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1645 (C = C); nmr (deuteriochloroform): § 7.50-7.00 (m, aromatic H, 4H),
6.71 (dt, CH=, 1H,J = 16.8 and 6 Hz), 5.74 (dt, CH=, 1H,J = 16.8 and
2 Hz), 3.85 (dd, CH,N, 2H, ] = 6 and 2 Hz), 3.35 (1, CH;N, 2H,J = 7 Hz)
2.38 (t, CH,CN, 2H, ] = 7 Hz); ms: 245 (M*), 205, 139 (100), 138, 130,
111, 102.

Anal. Caled. for C,;H,,CIN,: C, 63.5; H, 4.9; N, 17.1; Cl, 14.4. Found: C,
63.4; H, 4.7; N, 16.8; Cl, 14.3.

The (Z)-isomer of 3a was a brown oil; ir (film): 2270 (CN) 2240 (CN
o,B3-unsaturated), 1625 (C=C); nmr (deuteriochloroform): é 7.5-7.0 (m,
aromatic H, 4H), 6.6 (dt, CH=, 1H,J = 11 and 6 Hz), 5.45 (dt, CH =, 1H,

= 11 and 1.5 Hz), 4.15(dd, CH,N, 2H,J = 6 and 1.5 Hz), 3.40 (1, CH;N,
2H,J = 7 Hz), 2.50 (t, CH,CN, 2H, J = 7 Hz); ms: 245 (M*), 205, 139
(100), 138, 129, 111, 102.

Anal. Caled. for C,,H,,CIN,: C, 63.5; H, 4.9; N, 17.1; Cl, 14.4. Found: C,
63.3; H, 4.6; N, 17.0; Cl, 14.3.

In the same reaction, when the time of reaction was 72 hours, the

(EMZ)isomers of 3a were (E) (22%) and (Z) (11 %).
N-Acetyl-N{o-chlorophenyl}-4-amino-2-butenenitrile (4a).

To a suspension of sodium hydride (0.24 g, 0.01 mole) in anhydrous
tetrahydrofuran was added a solution of o-chloroacetanilide (1.69 g, 0.01
mole) in tetrahydrofuran under a stream of nitrogen. After the evolution
of hydrogen ceased, a solution of 4-bromo-2-butenenitrile (1.46 g, 0.01
mole) in tetrahydrofuran was added and the mixture was stirred for 2
hours at room temperature. Finally, a mixture of tetrahydrofuran-water
(1:1) was added and the organic layer was separated, dried (anhydrous
sodium sulphate) and evaporated. The residual oil was purified by chro-
matography on silicagel eluting with toluene-ethyl acetate (6:1). The
(Eyisomer of 4a was isolated (0.54 g, 26%) as a yellow oil; ir (film): 2240
(CN), 1670 (CON), 1650 (C = C); nmr (deuteriochloroform): § 7.63-7.23 (m,
aromatic H, 4H), 6.738 (dd of doublets, HC=C-CN, 1H,J = 16.3,5.9 and
6.8 Hz); 5.438 (dd of doublets, C=CH-CN, 1H,J = 16.3, 1.5 and 1.4 Hz);
4.723 (dd of doublets, CH(1}:N, 1H,J = 15.8, 1.9 and 1.5 Hz); 4.034 (dd,
of doublets, CH(2)-N, 1H, J = 15.8, 6.8 and 1.4 Hz); 1.846 (s, CH,CO,
3H), ms: 234 (M*), 192, 157, 140, 111, 99, 43 (100%).

Anal. Caled. for C,H,,CIN,O: C, 61.4; H, 4.7; N, 11.9; Cl, 15.1. Found:
C, 61.2; H, 4.5; N, 12.02; Cl, 15.0.

A mixture was obtained of the (Z}isomer, the (E)-isomer and o-chloro-
acetanilide. It was not possible to isolate pure samples of either isomer.

N{A%-Cyclohexenyl}-o-chloroaniline (5a).

A mixture of o-chloroaniline (1.27 g, 0.01 mole), 3-bromocyclohexene
(3.2 g, 0.02 mole) and solid sodium carbonate (1.06 g, 0.01 mole) in etha-
nol-water (4:1) was refluxed for 6 days. After the ethanol was removed,
the reaction mixture was diluted with water and the resultant aqueous
layer was extracted with diethyl ether. The ethereal layer was separated
and dried with anhydrous sodium sulphate and evaporated. The residual
oil was purified by chromatography on silicagel eluting with cyclohex-
ane-diethyl ether to give 1.5 g (77%) of 3a as a yellow oil; ir (film): 3430
(NH), 1650 (C=C), 1600 (aromatic C=C), 735 (o-substitution); nmr (car-
bon tetrachloride): & 7.28-6.83 (m, H-C4 and H-C6 of the aromatic ring,
2H), 6.78-6.28 (m, H-C3 and H-CS of the aromatic ring, 2H), 5.78 (m,
CH=CH, 2H), 4.58 (m, NH and CH-N, 2H), 2.28-1.48 (m, (CH,),, 6H); ms:
207 (M%), 172, 144, 127 (100%), 117, 91, 81.

Anal. Caled. for C,H,,CIN: C, 69.4; H, 6.8; N, 6.7; Cl, 17.0. Found: C,
69.2; H, 6.5; N, 6.3; Cl, 16.9.

N{A>-Cyclohexenyl}N-methyl-o-chloroaniline (6a).

A mixture of N-methyl-o-chloroaniline (1.41 g, 0.01 mole), 3-bromocyc-
lohexene (3.2 g, 0.02 mole) and solid sodium carbonate (1.06 g, 0.01 mole)
in ethanol-water (4:1) was refluxed for 6 days. After the ethanol was re-
moved, the mixture was diluted with water and extracted with diethyl
ether. The ethereal layer was dried with anhydrous sodium sulphate, the
solvent was removed and the residual oil was purified by chromatogra-
phy on silica gel eluting with cyclohexane-diethyl ether (24:1) to give 0.48
g (22%) of the 6a as a dark yellow oil; (ir film): 1650 (C = C), 1600 (aroma-
tic C=C), 750 (o-substitution); nmr (deuteriochloroform): § 7.30-6.90 (m,
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aromatic H, 4H), 5.7 (m, CH=CH, 2H), 3.95 (m, CH-N, 1H), 2.64 (s, CH;-
N, 3H), 2.2-1.5 (m, (CH,);, 6H); ms: 221 (M*); 193 186, 178, 158, (100 %),
143, 141, 125, 111, 91.

Anal. Caled. for C;,H,(CIN: C, 70.4; H, 7.2; N, 6.3; Cl, 16.0. Found: C,
70.3; H, 7.0; N, 6.1; Cl, 15.9.

N-Methyl-N-2{A*cyclohexenyl)ethyl-o-chloroaniline (7a).
(i) o-Chloroanilide of the 3-Cyclohexenylacetic Acid (I).

A mixture of the 3-cyclohexenylacetic acid [8] (1.3 g, 9.25 mmoles) and
thionyl chloride (2.2 g, 18.5 mmoles) was refluxed for 3 hours and the ex-
cess of thionyl chloride was removed by distillation under reduced
pressure. o-Chloroaniline (2.35 g, 18.5 mmoles) was added with ice-cool-
ing and a white solid precipitate which was recrystallized from diethyl
ether and identified as I mp 124-125° (1.64 g, 71%) was obtained; ir
(potassium bromide): 3300 (NH), 1660 (C = 0), 1590 (aromatic C=C), 755
(o-substitution); nmr (deuteriochloroform): § 8.42 (broad d, H-C3, 1H, J
= 8 Hz), 7.7 (broad s, NH, 1H), 7.5-6.7 (m, aromatic H, 3H), 5.68 (m,
CH=CH, 2H), 2.90-2.30 (m, CH,CO and CH, 3H), 2.15-1.20 (m, (CH,);,
6H); ms: 249 (M*), 214, 169, 134, 127 (100%), 81.

Anal. Caled. for C,,H,,CINO: C, 67.3; H, 6.4; N, 5.6; Cl, 14.2. Found: C,
67.0; H, 6.3; N, 5.2; Cl, 14.1.

(ii) N-Methyl-o-chloroanilide of the 3-Cyclohexenylacetic Acid (II).

To a suspension of sodium hydride (0.37 g, 8.5 mmoles, 55% in mine-
ral oil) in anhydrous tetrahydrofuran was added a solution of I (1.41 g,
5.67 mmoles) in anhydrous tetrahydrofuran under a stream of nitrogen
and the mixture was stirred at room temperature until the evolution of
hydrogen ceased. Methyl iodide (1.6 g, 11.6 mmoles) was added and the
mixture stirred at room temperature overnight. Saturated ammonium
chioride was added and the mixture extracted with diethyl ether. The
organic layer was dried with anhydrous sodium sulphate and the residual
oil was purified by chromatography on silicagel eluting with ethyl
acetate-petroleum ether yielding an oily product which was identified as
I (1.41 g, 95%); ir (film): 1665 (CON), 1585 (aromatic C=C), 760
(o-substitution); nmr (carbon tetrachloride): 6 7.6-7.05 (m, aromatic H,
4H); 5.45 (m, CH=CH, 2H), 3.12 (s, CH;N, 3H), 2.5 (m, CH.CO, 2H),
2.10-1.35 (m, CH and (CH,);, 7TH); ms: 263 (M*), 228, 183, 148, 141
(100%), 81.

Anal. Caled. for C,;H,,CINO: C, 68.3; H, 6.9; N, 5.3; Cl, 13.4. Found: C,
68.0; H, 6.7; N, 5.0; Cl, 13.2.

(iii) N-Methyl-N-2{A%cyclohexenyl)ethyl-o-chioroaniline (7a).
y Y.

The amide II (1.42 g, 5.4 mmoles) dissolved in anhydrous diethyi ether
was added to a suspension of lithium aluminum hydride (0.41 g, 10
mmoles) in anhydrous diethyl ether with ice-cooling over a period of 30
minutes. Then the mixture was stirred at room temperature for 1 hour.
Afterwards, water was carefully added and the solid was filtered off. The
resulting salt was washed and refluxed with diethyl ether and the combin-
ed ethereal layers were dried with anhydrous sodium sulphate and evapo-
rated. Chromatography on silica-gel eluting with chloroform-petroleum
ether (4:1) gave an oil, 1.07 g (80%) which was identified as 7a; ir (film):
1650 (C=C), 1590 (aromatic C=C), 750 (o-substitution); nmr (carbon
tetrachloride): § 7.40-6.65 (m, aromatic H, 4H), 5.52 (m, CH=CH, 2H),
3.02 (t, CH,N, 2H, ] = 7 Hz), 2.70 (s, CH;;N, 3H), 2.4-1.3 (M, CH,CH, and
(CH,)s, 9H); ms: 249 (M*), 214, 206, 154 (100), 141, 119, 111, 91.

Anal. Caled. for C,(H,,CIN: C, 72.1; H, 8.0; N, 5.6; Cl, 14.2. Found: C,
72.0; H, 7.8; N, 5.3; Cl, 14.3.

Bis(acetylacetonate)nickel(II).

To a solution of potassium acetylacetonate prepared from acetylacet-
one (2.0 g, 0.02 mole) and potassium hydroxide (1.12 g, 0.02 mole) in ab-
solute ethyl alcohol was added nickel(I) chloride (2.37 g, 0.01 mole) in
absolute ethyl alcohol. The mixture was stirred at room temperature for
30 minutes. The white solid was filtered off and the solvent evaporated.
An emerald green solid was obtained which was recrystallized from an-
hydrous benzene (2.0 g, 78%) mp 230°.

Anal. Caled. for C,,H,,O,Ni: Ni, 22.87. Found: Ni, 22.61.
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Cyclization Reaction of the N-Alkenyl-o-chloroanilines 1a-7a with Tetra-
kis(triphenylphosphine)nickel(0).

General Procedure.

To a solution of bis(acetylacetonate)nickel(I1}(0.25 g, 1 mmole) and tri-
phenylphosphine (1.05 g, 4 mmoles) in anhydrous toluene (10 ml) was ad-
ded triethylaluminum (0.34 g, 3 mmoles, 0.81 ml of a solution 50% in tol-
uene), under a stream of helium while cooling the mixture in an ice-
ammonium chloride bath. The mixture, after a vigorous initial reaction,
was stirred at room temperature for 30 minutes to acquire a characteris-
tic dark red colouring of tetrakis(triphenylphosphine)nickel(0). After-
wards, a solution of the N-B-alkenyl-o-chloroaniline derivative (1 mmole)
in toluene was added and the mixture was warmed at 60-70° for 4-5
hours. Finally, the complex was hydrolyzed with a saturated ammonium
chloride solution. The organic layer was extracted and dried and the pro-
duct was purified by chromatography on silicagel eluting with the ade-
cuate solvent.

Cyclization of N-allyl-N-methyl-o-chloroaniline (1a).

To a solution of the tetrakis(triphenylphosphine)nickel(0) obtained
from bis(acetylacetonate)nickel(I) (0.77 g, 3 mmoles), triphenylphos-
phine (3.19 g, 0.012 mole) and triethylaluminum (1.0 g, 9 mmoles, 2.4 ml
of a solution 50% in toluene) was added a solution of 1la (0.55 g, 3
mmoles) in toluene. The mixture was stirred at room temperature for 90
minutes, warmed to 80-90° for 2 hours and finally refluxed for one hour.
The crude product was purified by chromatography on silicagel eluting
with n-hexane-diethyl ether (96:4) to give 1b (0.311 g, 73%) and 1d (68.2
mg, 17%).

1,3-Dimethylindole (1b).

This compound was isolated as a yellow oil (picrate mp 143-144° [9]); ir
(film): 1600 (C=C); nmr (carbon tetrachloride):  7.49-6.84 (m, aromatic
H, 4H), 6.62 (q, H-C2, 1H,J = 1 Hz), 3.62 (s, CH;N, 3H), 2.26 (d, CH,-Ar,
3H, ] = 1 Hz); ms: 144 (M*-1), 130 (100), 117, 103, 89.

Anal. Caled. for C,(H,,N,O, (picrate): C, 51.3; H, 3.7; N, 15.0. Found:
C, 50.85; H, 3.80; N, 15.3.

N-Methyl-o-ethylaniline (1d).

This compound was isolated as a brown oil; ir (film): 3475 (NH), 750
(o-substitution); nmr (carbon tetrachloride): 6 7.40-6.38 (m, aromatic H,
4H), 3.40 (broad s, NH, 1H), 2.80 (s, CH,N, 3H), 2.39 (g, CH,-Ar, 2H,] =
7 Hz), 1.16 (t, CH;-3H, J = 7 Hz); ms: 135 (M*), 134, 120 (100), 119, 104.

Anal. Calcd. for CH,,N: C,79.9; H,9.7; N, 10.3. Found: C, 80.1; H, 9.5;
N, 10.0.

Cyclization of N-Methyl-N{o-chlorophenyl}4-amino-2-butenenitrile (2a).

To a solution of the tetrakis(iriphenylphosphine)nickel(0) in anhydrous
toluene, prepared from bis(acetylacetonate)nickel(Il} (0.128 g, 0.5
mmole), triphenylphosphine (0.524 g, 2 mmoles) and triethylaluminum
(0.171 g, 1.5 mmoles, 0.41 ml of a solution 50% in toluene) was added a
solution of 2a (0.10 g, 0.5 mmole) in anhydrous toluene. The mixture was
warmed at 70-80° for 5 hours. The crude product was purified by chro-
matography on silicagel eluting with petroleum ether-ethyl acetate to
give l-methylindole-3-acetonitrile (2b) (44.5 mg, 52%), 1-methyl-2,3-di-
hydroindole-3-acetonitrile (2¢) (15.5 mg, 18%) and N-methyl-N{3-cyano-
propyl}o-chloroaniline (2d) (30 mg, 29%).

1-Methylindole-3-acetonitrile (2b).

Compound 2b [9] was isolated as a white solid recrystallized from di-
ethyl ether-petroleum ether, mp 58°; ir (nujol): 2260 (CN), 1620 (C=N),
740 (o-substitution); nmr (deuteriochloroform):  7.78-7.08 (m, aromatic
H, 4H), 7.03 (t, H-C2, 1H,J = 1 Hz), 3.73 (d, CH,CN, 2H, ] = 1 Hz), 3.68
(s, CH;N, 3H); ms: 170 (M*), 169 (100), 155, 144, 128, 115, 101, 87.

1-Methyl-2,3-dihydroindole-3-acetonitrile (2¢).

This compound was isolated as a yellow oil; ir (film): 2260 (CN) 750
(o-substitution); nmr (carbon tetrachloride): 6 7.10-6.90 (m, H-C4 and
H-C6, 2H), 6.70-6.30 (m, H-CS and H-C7, 2H), 3.40-3.0 (m, CH,N and CH,
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3H), 2.73 (s, CH;N, 3H), 2.43 (d, CH,CN, 2H, J = 7 Hz); ms: 172 (M"),
144, 132 (100), 117, 103, 91.

Anal. Caled. for C,,H,,N,: C, 76.7; H, 7.0; N, 16.2. Found: C, 76.5; H,
6.9; N, 16.0.

N-Methyl-N{3-cyanopropyl)-o-chloroaniline (2d).

This compound was isolated as a yellow oil; ir (film): 2280 (CN); 1600
(aromatic C=C), 750 (o-substitution); nmr (carbon tetrachloride): &
7.32-6.88 (m, aromatic H, 4H), 3.05 (t, CH,N, 2H, J = 6.7 Hz), 2.67 (s,
CH;N, 3H), 2.39 (1, CH,CN, 2H, J = 7.29 Hz), 1.82 (quintuplet, CH,, 2H,
J = 6.98 Hz); ms: 208 (M*), 154 (100), 138, 118, 91.

Anal. Caled. for C,,H,,CIN,: C, 63.3; H, 6.2; N, 13.4; Cl, 17.0. Found: C,
63.1; H, 6.0; N, 13.1; Cl, 16.9.

Cyclization of the (E)}Isomer of N{3-Cyanoethyl}N{o-chlorophenyl}4-

amino-2-butenenitrile (3a).

To a solution of tetrakis(triphenylphosphine)nickel(0) which was
prepared from bis(acetylacetonate)nickel(I) (0.77 g, 3 mmoles),
triphenylphosphine (3.14 g, 12 mmoles) and triethylaluminum (1.03 g, 9
mmoles, 2.4 ml of a solution 50% in toluene) in anhydrous toluene was
added a solution of the (E}isomer of 3a (0.74 g, 3 mmoles) in toluene.
The mixture was warmed at 65° for 5 hours. The crude product was
purified by chromatography on silicagel eluting with toluene-ethyl
acetate (6:1) to give a first fraction with 1{8-cyanoethyl}-3-methylindole
(3d) (35.2 mg, 6%) and a second fraction with 1{8-cyanoethyl)indole-3-
acetonitrile (3b) and 1{G-cyanoethyl)}-2,3-dihydroindole-3-acetonitrile (3c)
(92% of yield, 3b, 43% and 3¢ 57% by 'H-nmr and gc-ms).

1{3-Cyanoethyl)}-3-methylindole (3d).

This compound was isolated as a white solid recrystallized from dieth-
yl ether-petroleum ether, mp 72-73°; ir (nujol): 2270 (CN); 1610 (C=N),
745 (o-substitution); nmr (carbon tetrachloride): 6 7.83-7.08 (m, aromatic
H, 4H), 6.88 (q, H-C2, 1H, J = 1 Hz), 4.20 (t, CH,N, 2H, J = 7 Hz), 2.55
(t, CH,CN, 2H,J = 7 Hz), 2.25 (d, CH;-Ar, 3H,J = 1 Hz); ms: 184 (M*),
144 (100), 130, 128, 115, 103, 102.

Anal. Caled. for C,,H,,N,: C, 78.2; H, 6.5; N, 15.2. Found: C, 78.4; H,
6.3; N, 15.0.

Oxidation of the Mixture of 3b and 3¢ with 2,3-Dichloro-5,6-dicyano-p-

benzoquinone.

A mixture 30.6 mg of 3b and 3¢ was refluxed in toluene with 2,3-di-
chloro-5,6-dicyano-p-benzoquinone (34.0 mg) for 3 hours. After filtration
and removing of the solvent, the residual oil was purified by chroma
tography on silica-gel eluting with toluene-ethyl acetate (6:1) and 3b was
isolated in quantitative yield as a white solid recrystallized from diethyl
ether-petroleum ether, mp 85-86°; ir (nujol): 2250 (CN); 1610 (C=N); 740
(o-substitution); nmr (deuteriochloroform): 6 7.50-7.0 (m, aromatic H,
5H), 4.30 (t, CH,N, 2H,J = 7 Hz); 3.70 (d, CH,CN, 2H, J = 1 Hz), 2.70 (3,
CH.CN, 2H,J = 7 Hz); ms: 209 (M*), 169 (100), 155, 140, 128, 115, 101,
89.

Anal. Caled. for C  H,,N,O, (picrate): C, 52.0; H, 3.2; N, 19.1. Found:
C, 51.7; H, 3.3; N, 19.3.

Cyclization of the (Z}Isomer of N{3-Cyanoethyl}N<{o-chlorophenyl)}-4-
amino-2-butenenitrile (3a).

To a solution of the tetrakis(triphenylphosphine)nickel(0) obtained
from bis(acetylacetonate)nickel(II) (0.26 g, 1 mmole), triphenylphosphine
(1.05 g, 4 mmoles) and triethylaluminum (0.31 g, 3 mmoles, 0.81 ml of a
solution 50% in toluene) in anhydrous toluene was added a solution of
the (Z)yisomer of 3a (0.24 g, 1 mmole) in toluene. The mixture was warm-
ed at 70° for 5 hours. The crude product was purified by chromatogra-
phy on silicagel eluting with benzene-ethyl acetate (6:1) to give a first
fraction with 3d (29.3 mg, 5%) and 3b and 3¢ in the same fraction (0.20 g
95%, 3b 37% and 3¢ 63% by 'H-nmr and gc-ms).

Cyclization of the N-Acetyl,N{o-chlorophenyl}4-amino-2-butenenitrile
(4a).
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(a) To a solution of tetrakis(triphenylphosphine)nickel(0) obtained from
bis(acetylacetonate)nickel(I) (0.69 g, 2.3 mmoles), triphenylphosphine
(2.43 g, 9.2 mmoles) and triethylaluminum (0.79 g, 6.9 mmoles, 1.8 ml of
a solution 50% in toluene) in anhydrous toluene was added a solution of
4a (0.54 g, 2.3 mmoles) in toluene. The mixture was warmed at 60-70° for
5 hours. The crude product was purified by chromatography on silicagel
eluting with toluene-ethyl acetate (6:1) to give o-chloroacetanilide 4d
(0.30 g, 80%), mp 88° (identified as the o-chloroacetanilide by compari-
son with an authentic sample); ir (nujol): 3300 (NH); 1660 (CONH); 750
(o-substitution); nmr (deuteriochloroform): 6 8.25 (broad d, H-C;, 1H,J =
8 Hz), 7.60 (broad s, NH, 1H); 7.40-6.80 (m, aromatic H, 3H); 2.20 (s,
CH,CO, 3H).

(b) A solution of the bis(acetylacetonate)nickel(I) (0.3 g, 1.2 mmoles),
triphenylphosphine (1.26 g, 4.8 mmoles) and triethylaluminum (0.14 g,
1.2 mmoles, 0.3 ml of a solution 50% in toluene) in anhydrous toluene
was stirred at room temperature for one hour. Afterwards, was added a
solution in toluene of the (E}isomer of 4a (0.28 g, 1.2 mmoles). The mix-
ture was warmed at 60-70° for 5 hours. Two products were isolated by
chromatography on silicagel. o-Chloroacetanillide (4d) (82 mg, 40%) was
isolated as before and 1-acetylindole-3-acetonitrile (4b) (0.113 g, 50%)
was isolated as a white solid recrystallized from carbon tetrachloride, mp
114-115° [L1}; ir (nujol): 2270 (CN), 1710 (CON); nmr (deuteriochloro-
form): § 7.58-7.13 (m, aromatic H, 5H), 3.80 (d, CH,CN, 2H, J = 1 Hz),
2.67 (s, CH,CON, 3H); ms: 198 (M*), 155 (100), 130, 115, 102, 89.

Cyclization of the N{A2-Cyclohexenyl)-o-chloroaniline (3a).

To a solution of tetrakis(triphenylphosphine)nickel(0) obtained from
bis(acetylacetonate)nickel(II) (0.61 g, 2.3 mmoles), triphenylphosphine
(2.5 g, 9.56 mmoles) and triethylaluminum (0.81 g, 7.17 mmoles, 1.9 ml of
a solution 50% in toluene) in anhydrous toluene was added 3a (0.496 g,
2.39 mmoles) in anhydrous toluene at 70°. The mixture was stirred at
80-100° for 5 hours. The products were separated by chromatography on
silicagel eluting with benzene. They were 5d-1 (0.33 g, 70%) and 5d-2
(0.108 g, 26%).

N+{A?-Cyclohexenyl}-2-ethylaniline (3d-1).

Compound 5d-1 was isolated as brown oil; ir (film): 3480 (NH), 1615
(C=C); 735 (o-substitution); nmr (deuteriochloroform): 6 7.6-6.9 (m, H-C3
and H-C5 of the aromatic ring, 2H), 6.8-6.4 (m, H-C4 and H-C6 of the aro-
matic ring, 2H), 5.72 (m, CH = CH, 2H), 3.95 (broad s, NH, 1H), 3.4 (m,
CHN, 1H), 2.4 (q, CH;-Ar, 2H, ] = 7 Hz), 2.1-1.48 (m, (CH,)s, 6H), 1.15 (t,
CH,, 3H,J = 7 Hz); ms: 201 (M%), 173, 158, 144, 132, 121, 106, 40 (100).

Anal. Caled. for C, ,H (N: C, 83.5; H, 9.5; N, 6.9. Found: C, 83.4; H, 9.3;
N, 6.7.

N{A%Cyclohexenyl)aniline (5d-2).

Compound 5d-2 was isolated as a yellow oil; ir (film): 3450 (NH), 1610
(C=C), 735, 710 (monosubstituted); nmr (deuteriochloroform): 6 7.3-6.9
(m, H-C (meta), 2H), 6.8-6.4 (m, H-C (ortho) and H-C (para), 3H), 5.70 (m,
CH=CH, 2H), 3.90 (broad s, NH, 1H), 3.3 (m, CHN, 1H), 2.20-1.40 (m,
(CH,);, 6H); ms: 173 (M*), 145, 130, 117, 93 (100).
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Anal. Caled. for C,,H,,N: C,83.2; H, 8.7; N, 8.0. Found: C, 83.0; H, 8.5;
N, 8.1.

Cyclization of N{A%Cyclohexenyl}N-methyl-o-chloroaniline (6a).

To a solution of tetrakis(triphenylphosphine)nickel(0) prepared from
bis(acetilacetonate)nickel(II) (0.25 g, 1 mmole), triphenylphosphine (1.04
g, 4 mmoles) and triethylaluminum (0.34 g, 3 mmoles, 0.81 ml of a solu-
tion 50% in toluene) in anhydrous toluene was added 6a (0.221 g, 1
mmole) in anhydrous toluene and the mixture was stirred at 80-100° for 5
hours. The purification of the crude product by chromatography on
silicagel eluting with benzene-hexane (2:1) gave quantitatively the start-
ing material unchanged, which was identified by ir, nmr and ms.

Cyclization of N-Methyl-N-2{A%cyclohexenyl)ethyl-o-chloroaniline (7a).

To a solution of tetrakis(triphenylphosphine)nickel(0) obtained from
bis(acetylacetonate)nickel(II) (0.82 g, 3.2 mmoles), triphenylphosphine
(3.35 g, 12.8 mmoles) and triethylaluminum (1.09 g, 9.6 mmoles, 2.6 ml of
a solution 50% in toluene) in anhydrous toluene was added 7a (0.8 g, 3.2
mmoles) and the mixture was stirred at 110° for 5 hours. The purifica-
tion of the crude product by chromatography on silica gel eluting with
petroleum ether-chloroform (1:1) gave the starting material unchanged
7a (0.59 g, 74%) and N-methyl,N-2{A%-cyclohexenyl)ethylaniline (7d) (73
mg, 11%) as an oil; ir (film): 1610 (C=C); nmr (deuteriochloroform): &
7.5-7.0 (m, H-C (meta) and H-C (para), 3H), 6.9-6.4 (m, H-C (ortho), 2H),
5.65 (s, CH=CH, 2H), 3.38 (broad t, CH;N, 2H, ] = 8 Hz), 2.90 (s, CH;N,
3H), 2.30-1.10 (m, CH, CH; and (CH,);, 9H); ms: 215 (M*), 172, 120 (100),
107, 91.

Anal. Caled. for C;H,,N: C, 83.6; H, 9.8; N, 6.5. Found: C, 83.4; H, 9.7;
N, 6.3.
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