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Abstract: A series of N-arylindoles were obtained in good yields
and under mild conditions by nucleophilic substitution reaction of
the sodium salt of indole on various haloarene chromium tricarbo-
nyl complexes.
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N-Arylindoles are present as heterocyclic subunits in a
number of synthetically and medicinally relevant com-
pounds.! One general method for their preparation is
direct nitrogen arylation, including metal-mediated reac-
tions,? Ullmann coupling® and aromatic nucleophilic sub-
gtitution. This last reaction seems to be a very useful
strategy. Smith has recently reported the reaction of in-
dole with some aryl electrophiles using 37% KF/Al,O3 as
base in the presence of 18-crown-6 catalyst in DM SO at
120°C.° The limitations of this method are the high tem-
perature and the nature of the substituents on the aromatic
ring (electron-withdrawing groups only).

The activation of haloarenes to aromatic nucleophilic sub-
gtitution by complexation to Cr(CO); group has been
clearly demonstrated.®

Nevertheless, examples of the direct introduction of nitro-
gen substituents on Cr(CO)5; complexed haloarenes are
comparatively rare.” A recent paper by Hong® describes
the nucleophilic substitution of N-lithium indole on (1°-4-
fluorotol uene)Cr(CO); and 2-, 3-, and 4-substituted (1°-
fluoroanisole)Cr(CO)5. Only four examples are reported
and, although the yields are good, the reaction only works
on fluoro-derivatives® and requires a large amount of
HMPA (6 equiv).

We here report the results of a study, in which we exam-
ined in more detail the reaction of the indole N-anion with
aseries of chloro- and fluoroarene complexes.

The 1-indolyl anion, generated from indole (1) with sodi-
um hydride in DMF at 0°C, was reacted with the fluoro
and chloroarene complexes 2a—m to give the N-arylated
indole complexes 3a-m in generally good yields.
(Scheme 1, Table 1).
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Table 1. Reactions of Complexes 2 with Indoles 1 and 7

2 X R T (°C) Time(h) Product Yield (%)?
a F H 0 0.5 3a 76
b F 2-Me 0 0.5 3b 79
c F 3-Me 0 0.5 3c 75
d F 4-Me 0 0.5 3d 81
e F 2-OMe 0 0.75 3e 83
f F 2-CH(OEt), O 0.5 3f 76
g Cl H 30 2 3a 73
h cl 2-Me 40 3 3b 75
i cl 2-CH(OEYt), 30 2 3f 76
| Cl 2-Cl 0 1 3l 45
4 28
m cl 3-Cl 0 1 3m 42
5 25
a F H 0 0.5 8a 75
c F 3-Me 0 0.5 8c 76

aYield of isolated product.

In line with the aromatic nucleophilic substitution
mechanism™© the fluoroarenes were more reactive than the
chloroarenes: the fluoro complexes 2a—f reacted rapidly at
0°C giving complexes 3a—f in good yields.!* The chloro
derivatives 2g—i required 3040°C and longer reaction
times, but products 3a,b,f were isolated in comparable
yields: in contrast, the 1,2- and 1,3-dichlorobenzene com-
plexes 21,m proved to be highly reactive and, even at 0°C,
gave a mixture of the mono- and disubstituted products
31,m, 4 and 5. We a so ascertained that complexes 31 and
3m are quantitatively transformed into 4 and 5 by treat-
ment with an equimolar amount of the indolyl anion gen-

erated with NaH at 0°C in DMF.
oW .
N 7z
CrCOYR
A further extension of the study was aimed at evaluating

Crcoy
4

the general applicability of this arylation reaction to sub-

stituted indoles. Moreover, we were interested in verify-

ing whether the presence of a stereogenic ortho-

disubstituted chromium arene complex on the indole ni-

trogen could control the stereochemistry of areaction at a
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prostereogenic group present in position 2 of the indole
ring. We considered indole rings bearing different groups
in position 2, and studied the reaction of 2-ethoxycarbon-
yl-, 2-formyl-, 2-benzoyl-, and 2-methylindole with the
fluoroarene complexes 2a—c, Under our experimental
conditions, on]y 2-methylindole (7) reacted with (fluo-
robenzene)Cr(CO); (2a) and (3-fluorotoluene)Cr(CO),
(2c) and gave the expected N-derivatives 8a,c in good

yields (Scheme 2, Table 1).
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(2-Fluorotoluene)Cr(CO)5 (2b) did not react with 7 even
when heated at 60°C for along time: the ortho substitu-
tion in the complexed aromatic ring therefore seems to be

incompatible with any substitutent in position 2 of the in-
dole ring, probably for steric reasons.

Finally, decomplexation of compounds 3 and 8 by means
of air and sunlight gaveindole derivatives 6 and 9 in quan-
titative yields (Scheme 3, Table 2). Similarly, compounds
4 and 5 were decomplexed to 10 and 11 respectively.
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In conclusion, the present study shows an efficient entry
to N-arylated indoles, allowing the preparation of deriva-
tives bearing a wide range of substituent on the phenyl
ring. It is worth noting the possibility of introducing two
indole rings on the same aromatic nucleus: 1,2- and 1,3-
phenylenebis-1H-indoles 10 and 11 are not known. This
class of compounds, although less represented, has found
some interesting applications as electrophotographic
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photoreceptors'? and in colorimetric analysis.®® In addi-
tion, the possibility of substituting stepwise the two chlo-
rine atoms in the dichlorobenzene complexes, represents
a convenient method for the synthesis of arenes bearing
two different indole rings. The potentia of thislatter reac-
tion is currently under investigation.

All of the reactions involving organometallic reagents were carried
out under dry N,. Unless otherwise stated the *H and *C NMR spec-
tra were recorded in CDCl;, using a Bruker AC300 spectrometer.
Mp's were measured on a Buchi 510 M. P. apparatus and are uncor-
rected. IR spectra were recorded on a Perkin—Elmer 1725X FTIR.
Solvents were purified and dried according to standard procedures.
Reagents were purchased from commercial sources and used as ob-
tained. Haloarene complexes 2a—m were prepared as previously re-
ported.4

Arylation of Indole; General Procedure:

A solution of indole (100 mg, 0.85 mmol) in anhyd DMF (1 mL) was
added dropwiseto adlurry of NaH (40 mg, 0.9 mmol, 55% suspension
inoil) in DMF (2mL) at 0°C. After 5 min, asolution of complex la—
€(0.85 mmol) in DMF (1 mL) was added, and the mixture was stirred
at the appropriate temperature (see Table 1). The mixture was then
treated with sat. brine (10 mL) and extracted with Et,O (3 x 15 mL).
The organic layer was washed with water (2x15 mL), dried
(Na,SO,) and evaporated to give the crude compounds 3. Column
chromatography (silica gel, light petroleum/CH,Cl,, 3:1) afforded
complexes 3 as yellow solids. Compounds 4 and 5 were separated by
column chromatography (light petroleum/CH,Cl,. 3:1, Ry = 0.24)
from the corresponding mono-substituted products 31 and 3m (R =
0.35) and recovered as yellow solids. A small amount (~5%) of the
starting complexes 3| and 3m were also isolated.

Tricarbonyl[ 1-(11-phenyl)-1H-indol €] chromium (3a): mp 99-101°C
(petroleum ether).

IR (Nujol): v=1961, 1908, 1864 cm™™.

IH NMR: 6=5.2t, 1H, J = 6.2 Hz, arom Cr(CO)s], 5.6 [dd, 2H, J =
6.5, 6.2 Hz, arom Cr(CO)4], 5.7 [d, 2H, J = 6.5 Hz, arom Cr(CO)4],
6.7 (d, 1H, J = 3.4 Hz, H-3), 7.1-7.3 (m, 2H, arom), 7.32 (d, 1H, J =
3.4 Hz, H-2), 7.63 (m, 2H, arom).

13C NMR: 6 = 87.5[d, 2C, arom Cr(CO)4], 89.7 [d, arom Cr(CO)4],
92.7 [d, 2C, arom Cr(CO)4], 105.7 (d, C-3), 110.7 (d), 116.9 [s, arom
Cr(CO)4], 121.4 (d), 121.7 (d), 123.2, (d), 127.7 (d, C-2), 129.8 (),
135.9 (s), 231.9 (s, 3C, CO).

Anad. Calcd for C;7H,;CrNO3: C, 62.01; H, 3.37; N, 4.25. Found: C,
62.21; H, 3.39; N, 4.26.

Tricarbonyl[ 1-(115-2-methyl phenyl)-1H-indole] chromium  (3b): mp
96-97°C (petroleum ether).

IR (Nujol): v=1975, 1894 cm™.

IHNMR: 6=2.0(s, 3H, Me), 5.23[t, 1H, J = 6.4 Hz, arom Cr(CO)g],
5.26 [d, 1H, J = 6.2 Hz, arom Cr(CO)4], 5.6 [t, 1H, J = 6.2 Hz, arom
Cr(CO)4], 5.7 [d, 1H, J = 6.4 Hz, arom Cr(CO)q4], 6.6 (d, 1H, J =
3.3 Hz, H-3), 7.1-7.25 (m, 3H, arom), 7.26 (d, 1H, J = 3.3 Hz, H-2),
7.7 (m, 1H, arom).

BC NMR: 8 = 17.2 (q), 87.6 [d, arom Cr(CO),], 90.7 [d, arom
Cr(C0O)4], 94.9[d, arom Cr(CO)3], 96.4 [d, arom Cr(CO)5], 103.6 (d,
C-3), 109.8 (d), 110.5 [s, arom Cr(CO)3], 112.2 [s, arom Cr(CO)4],
120.7 (d), 121.4 (d), 122.7 (d), 131.4 (d, C-2), 129.2 (s), 137.8 (9),
231.8 (s, 3C, CO).

Anal. Calcd for C1gH,13CrNO3: C, 62.97; H, 3.82; N, 4.08. Found: C,
62.89; H, 3.81; N, 4.06.

Tricarbonyl[ 1-(115-3-methylphenyl)-1H-indole] chromium  (3c): mp
94-95°C (petroleum ether).

IR (Nujol): v= 1950, 1872 cm™.

H NMR: 6=2.6 (s, 3H, Me), 5.0 [d, 1H J = 6.1 Hz, arom Cr(CO)g],
5.58-5.68 [m, 3H, arom Cr(CO)3], 6.7 (d, 1H, J = 3.4 Hz, H-3), 7.1~
7.3 (m, 2H, arom), 7.35 (d, 1H, J = 3.4 Hz, H-2), 7.6 (m, 2H, arom).
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13C NMR: 8 = 20.7 (q), 84.8 [d, arom Cr(CO)], 88.1 [d, arom
Cr(CO)4], 89.5[d, arom Cr(CO)3], 93.6 [d, arom Cr(CO)4], 105.6 (d,
C-3), 109.2 [s, arom Cr(CO)3], 110.8 (d), 118.2 [s, arom Cr(CO)4],
121.4 (d), 121.7 (d), 123.1 (d), 127.6 (d, C-2), 129.9 (s), 135.8 (s),
232.3 (s, 3C, CO).

Anal. Calcd for C;gH,3CrNO3: C, 62.97; H, 3.82; N, 4.08. Found: C,
62.90; H, 3.80; N, 4.07.

Tricarbonyl[1—(176-4-methy|£)henyl)-1H-indole]chromium (3d):® mp
100-102°C (pentane), (lit.° not reported). Spectroscopic data is in
agreement with that reported in the lit.

Tricarbonyl[ 1-(18-2-methoxyphenyl)-1H-indol €] chromium (3e):® mp
120-121°C (pentane), (lit.2 not reported). Spectroscopic data is in
agreement with that reported in the lit,

Tricarbonyl[ 1-(1°-2-(diethoxymethyl )phenyl)-1H-indol €] chromium
(3f): mp 100-101°C (petroleum ether).

IR (Nujol): v=1972, 1904 cm™.

IH NMR: 6 = 0.6 (br s, 3H, Me), 1.3 (t, 3H, J = 7 Hz, Me), 2.9-3.2
(m, 2H, CHy), 3.6-3.8 (m, 2H, CHy), 5.1 (s, 1H, CH), 5.4 [t, 1H,J =
6.3 Hz, arom Cr(CO)], 5.5[t, 1H, J = 5.9 Hz, arom Cr(CO)4], 5.6 [d,
1H,J=5.9Hz, arom Cr(CO)4], 5.8[d, 1H, J=6.3 Hz, arom Cr(CO)],
6.6 (d, 1H, J= 3.3 Hz, H-3), 7.1-7.4 (m, 4H, arom+H-2), 7.6 (d, 1H,
J=7.4Hz, arom).

13C NMR: 6 = 14.4 (g), 15.0 (q), 62.1 (t), 65.7 (t), 88.2, 89.8, 92.5,
92.54 [d, arom Cr(CO)3], 97.8 (d, CH), 103.8 (d, C-3), 109.4 [s, arom
Cr(CO)4], 110.1 (d), 11 1.7 [s, arom Cr(CO)5], 120.7, 121.2, 122.6 (d,
arom), 129 (s), 130.9 (d, C-2), 131.2 (s), 231.6 (s, 3C, CO).

EI-MS: m/z= 431 (M*).

Tricarbonyl[ 1-(15-2-chlorophenyl)-1H-indol€] chromium  (31):  mp
109-110°C (petroleum ether).

IR (CHCI,): v=1986, 1923 cm™.

H NMR: 6 =5.2[dd, 1H, J = 5.9, 6.4 Hz, arom Cr(CO)4], 5.5 [dd,
1H, J = 5.9, 6.4 Hz, arom Cr(CO)3], 5.6 [d, 1H, J = 5.9 Hz, arom
Cr(CO)4], 5.87 [d, 1H, J = 6.4 Hz, arom Cr(CO)4], 6.65 (d, 1H, J =
3.3 Hz, H-3), 7.28-7.15 (m, 3H, arom), 7.32 (d, 1H, J = 3.3 Hz, H-2),
7.65 (d, 1H, J = 7.3 Hz, arom).

And. Calcd for C;17H,oCICrNO3: C, 56.13 ; H, 2.77; N, 3.85. Found:
C, 56.32; H, 2.80; N, 3.87.

Table 2. Yields and *H NMR Data of Compounds 6a—f, |, m, 9a,c
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Tricarbonyl[ 1-(118-3-chloraphenyl)-1H-indol €] chromium (3m) : mp
96-98°C (pentane).

IR (CHClg): v=1980, 1915 cm™.

IHNMR: §=5.3[d, 1H, J = 6.4 Hz, arom Cr(CO)3], 5.5 [dd, 1H, J =
1.6, 6.4 Hz, arom Cr(CO)3], 5.7 [t, 1H, J = 6.4 Hz, arom Cr(CO)3], 5.9
[t, 1H, J = 1.6 Hz, arom Cr(CO)s], 6.7 (d, 1H, J = 3.5 Hz, H-3), 7.2—
7.32 (m, 2H, arom), 7.35 (d, 1H, J= 3.5 Hz, H-2), 7.7 (m, 2H, arom).
And. Calcd for C;7;H,oCICrNO3: C, 56.13; H, 2.77; N, 3.85. Found:
C,56.22; H, 2.76; N, 3.84.

Tricarbonyl[ 1,1'-(1®-1,2-phenylene)bis-1H-indol€] chromium  (4):
mp 198-200°C (pentane).

IR (CHCl3): v=1981, 1914 cm .

IH NMR: 6 = 554 [m, 2H, arom Cr(CO)], 5.92 [m, 2H, arom
Cr(CO)4], 6.4[d, 2H, J=3.4Hz, H-3], 6.88 (d, 2H, J = 3.4 Hz, H-2),
7.1-7.0 (m, 4H, arom), 7.28 (m, 2H, arom), 7.4-7.5 (m, 2H, arom).
EI-MS: m/z = 444 (M™).

And. Calcd for C,5H46CrN,O3: C, 67.57; H, 3.63; N, 6.3. Found: C,
67.65; H, 3.64; N, 6.26.

Tricarbonyl[ 1,1'-(1°-1,3-phenylene)bis-1H-indol €] chromium ~ (5):
mp 158-160°C (pentane).

IR (CHCIl,): v=1981, 1914 cm™.

HNMR: 6=5.65[dd, 2H, J= 1.6, 6.5 Hz, arom Cr(CO),], 5.9[t, 1H,
J = 6.5 Hz, arom Cr(CO)4], 6.15 [t, 1H, J = 1.6 Hz, arom Cr(CO)],
6.7 (d, 2H, J = 3.4 Hz, H-3), 7.2-7.35 (m, 4H, arom), 7.4 (d, 2H, J =
3.4 Hz, H-2), 7.65-7.75 (m, 2H, arom).

Ana. Calcd for C,5H46CrN,O3: C, 67.57; H, 3.63; N, 6.3. Found: C,
67.60; H, 3.65; N, 6.31.

Tricarbonyl[ 2-methyl-1-(n®-phenyl)-1H-indol €] chromium (8a): mp
158-160° C (petroleum ether).

IR (Nujol): v = 1958, 1904, 1877 cm™™.

IH NMR: 6 = 2.55 (s, 3H, Me), 5.3 [dd, 1H, J = 6.0, 6.21 Hz, arom
Cr(CO)3], 5.46 [dd, 2H, J = 6.3, 6.5 Hz, arom Cr(CO)s], 5.58 [d, 2H,
J=6.5Hz, arom Cr(CO)], 6.43 (s, 1H, H-3), 7.1-7.3 (m, 2H, arom),
7.55 (d, 1H, J = 7.67 Hz, arom), 7.65 (d, 1H, J = 8.18 Hz, arom).

B3C NMR: 6 = 14.6 (q), 90.66 [d, arom Cr(COQ)4], 90.77 [d, 2C, arom
Cr(CO)4], 91.28 [d, 2C, arom Cr(CO)5], 105.0 (d, C-3), 11 1.38 (d),
114.17 (s), 120.12 (d), 121.21 (d), 122.05 (d), 128.82 (s), 136.88 (5),
137.27 (s), 231.98 (s, 3C, CO).

And. Calcd for C1gH,13CrNOg: C, 62.97; H, 3.82; N, 4.08. Found: C,
63.02; H, 3.80; N, 4.05.

Product* R! R Yield (%)®  H NMR (CDCly)
8,J (Hz)
6a H H1® 96 6.7 (d, 1H, J = 3.3, H-3), 7.2-7.5 (m, 8H, arom.), 7.6 (d, 1H, J = 7.8, arom.),
7.7 (d, 1H, J= 7.8, arom.)
6b H 2-MeX 95 2.1 (s, 3H, Me), 6.7 (d, 1H, J= 3.2, H-3), 7.0-7.4 (m, 8H, arom.), 7.8 (m, 1H, arom.)
6c H 3-Me 97 2.5(s, 3H, Me), 6.7 (d, 1H, J = 3.3, H-3), 7.1-7.4 (m, 7H, arom.),
7.6(d, 1H,J=8.1),7.7(dd, 1H,J=7.2,J= 1.4)
6d H 4-MeX 97 2.5(s, 3H, Me), 6.7 (d, 1H, J = 3.2, H-3), 7.1-7.4 (m, 7H, arom.),
7.6 (d, 1H, J=6.0, arom.), 7.7 (d, 1H, J = 7.6, arom.)
6e H 2-OMe 93 3.8(s, 3H, OMe), 6.7 (d, 1H, J = 2.7, H-3), 7.0-7.4 (m, 8H, arom.), 7.7 (m, 1H, arom.)
6f H 2-CH(OEt), 90 (CeDg) 0.9 (br s, 3H, Me), 1.1 (br s, 3H, Me), 2.9-3.5 (m, 4H, CH,),

5.1 (s, 1H, CH), 6.7 (d, 1H, J = 3.1, H-3), 7.0-7.25 (m, 7H, arom.),
7.7(d, 1H, J=7.2, arom.), 8.0 (d, 1H, J = 7.7, arom.)

6l H 2-Cl 95
6m H 3-Cl 95
%a CH; H 94
9c CH; 3-Me 97

6.7 (d, 1H, J= 3.3, H-3), 7.1-7.6 (m, 9H, arom.)

6.7 (d, 1H, J=3.3, H-3), 7.2-7.7 (m, 9H, arom.)

2.4 (s, 3H, Me), 6.4 (s, 1H, H-3), 7.1-7.6 (m, 9H, arom.)

2.3 (s, 3H, Me), 25 (s, 3H, Me), 6.4 (s, 1H, H-3), 7.1-7.5 (m, 7H, arom.),

7.58-7.62 (m, 1H, arom.)

a Satisfactory microanalyses obtained: C +0.20, H + 0.30, N + 0.32.
bYield of isolated product.
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Tricarbonyl[ 2-methyl-1-(1°-3-methyl phenyl)-1H-indol €] chromium
(8c): mp 135-137°C (petroleum ether).

IR (Nujol): v = 1956,1865 cm™.

IH NMR: 6 = 2.3 (s, 3H, Me), 2.55 (s, 3H, Me), 5.18 [d, 1H, J =
5.55 Hz, arom Cr(CO)4], 5.5 [m, 3H, arom Cr(CO)4], 6.4 (s, 1H, H-
3), 7.1-7.3 (m, 2H, arom), 7.5 (d, 1H, J = 7.6 Hz, arom), 7.7 (d, 1H,
J=8.17 Hz, arom).

13C NMR: 6 = 14.7 (), 20.7 (g), 885 [d, arom Cr(CO)4], 91.2 [d,
arom Cr(CO)3], 91.4 [d, arom Cr(CO)g], 90.0 [d, arom Cr(CO)4],
105.2 (d, C-3), 107.7 [s, arom Cr(CO)5], 111.7 (d), 115.4 (s), 120.1
(o), 121.1 (d), 121.9 (dl), 128.86 (s, C-2), 136.87 (s), 137.04 (9),
232.48 (s, 3C, CO).

And. Cacd for C;gH5CrNOg: C, 63.86; H, 4.23 ; N, 3.92. Found: C,
63.80; H, 4.25; N, 3.93.

Decomplexation of Compounds 3-5, 8; General Procedure:

A solution of complexes 3-5 and 8 in CH,Cl, was exposed to air and
sunlight until the yellow color (and therefore the starting complex)
had completely disappeared. The solvent was evaporated and the res-
idue, taken up with Et,0O, wasfiltered over apad of Celitetoyieldin-
dole derivatives 6 and 9 as nearly analytically pure colorless oils.
Yields and *H NMR data of 6a—m and 9a,c are listed in Table 2.
According to the same procedure compounds 10 and 11 were ob-
tained as colorless ails.

1,1"-(1,2-Phenylene)bis-1H-indole (10): yield: 96%.

'H NMR: 6 =6.4(d, 2H, J = 3.3 Hz, H-3), 7. |-7.7 (m, 14H, arom).
Ana. Cacd for CooHgN,: C, 85.69; H, 5.23 ; N, 9.08. Found: C,
85.50; H, 5.22; N, 9.10.

1,1-(1,3-Phenylene)bis-1H-indole (11): yield: 97%.

IHNMR: 6=6.8 (d, 2H, 3= 3.2 Hz, H-3), 7.2-7.8 (m, 14H, arom).
Ana. Cacd for CyHNo: C, 85.69; H, 5.23; N, 9.08. Found: C,
85.72; H, 5.23 ; N, 9.05.

Our thanks are due to the Italian MURST and CNR for their financial
support.
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