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N-Alkylation of Pyrrole, Indole, and Several Other Nitrogen Heterocycles
Using Potassium Hydroxide as a Base in the Presence
of Polyethylene Glycols or Their Dialkyl Ethers
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The alkylation of pyrrole and indole in aqueous potassium hydroxide-organic two-phase systems in the pres-
ence of polyethylene glycols (PEG) or their dialkyl ethers (PEG-ether) as phase transfer catalysts (PTC) gave
substantial quantities of the C-alkylated and C,N-polyalkylated products as well as the N-alkylated products.

This fact is similar to that obtained in the presence of quaternary ammonium salts as PTC.

In powdered po-

tassium hydroxide-organic two-phase systems, the yields of the N-alkylated products were generally high. Es-
pecially, when PEG-ether were employed as solvents, the N-alkylated products were obtained in excellent yields

under mild conditions.
larly N-alkylated in high yields by this method.

It has been reported that the N-alkylation of nitrogen
heterocycles such as pyrrole and indole can be achieved
by use of various bases such as potassium,? sodium
amide,? sodium hydroxide in hexamethylphosphoric
triamide,® potassium hydroxide in dimethyl sulfoxide,®
and thallium(I) ethoxide.? Moreover, phase transfer
procedures have been recently developed.® In many
cases, concentrated aqueous sodium hydroxide was
employed as a base in the presence of quaternary
ammonium salts as phase transfer catalysts (PTC),
and substantial quantities of the C-alkylated and C,N-
polyalkylated (C- and C,N-alkylated) derivatives were
obtained as by-products.

On the other hand, Santaniello et al.”) have reported
that N-alkylpyrrole and indole are obtained in good
yields by use of potassium hydroxide as a base in the
presence of crown ethers as PTC. Also Guida and
Mathre®) found that the N-alkylation of nitrogen het-
erocycles can be achieved in good vyields by use of
potassium {-butoxide as a base in the presence of
crown cthers as PTC.

In this paper, the author reports the N-alkylation
of nitrogen heterocycles using aqueous or powdered
potassium hydroxide as a base in the presence of poly-
ethylene glycols (PEG) or their dialkyl ethers (PEG-
ether).

Results and Discussion

N-Alkylation of Pyrrole and Indole in Aqueous Potassium
Hydroxide-organic  Two-phase Systems in the Presence of
PEG or PEG-ether as PTC. Table 1 shows that
the results of N-alkylation of pyrrole and indole in
aqueous potassium hydroxide-organic two-phase sys-
tems in the presence of PEG-1000, PEG-1000-diethyl
ether (PEG-1000-Et,) or PEG-600-dibutyl ether (PEG-
600-Bu,) as PTC. The yields of the N-alkylation
were similar to those of the reported method® using
quaternary ammonium salts as PTC.

It is well known® that the pyrrolyl and indolyl
anion exhibit ambident behavior, and thus substantial
quantities of the C- and C,N-alkylated products as
well as the N-alkylated products are obtained. Under
the present experimental conditions, the alkylation of
pyrrole also gave many C- and C,N-alkylated prod-
ucts, which were detected by GLC. In the case of

Imidazole, benzimidazole, carbazole, 2-methylindole, and benzotriazole were simi-

indole, GLC showed the presence of a few components
except the N-alkylated products. In the cases of both
pyrrole and indole, the alkylation with isopropyl bro-
mide gave the N-alkylated products in extremely low
yields because of the elimination of hydrogen bromide
from isopropyl bromide, induced by the pyrrolyl or
indolyl anion. This result contrasts with the result
in which a«-isopropylphenylacetonitrile is obtained in
high yields under the same conditions,'® indicating
that the pyrrolyl and indolyl anions are much harder?)

than PhCHCN®.

N-Alkylation of Pyrrole and Indole in Powdered Potassium
Hydroxide-organic Two-phase Systems in the Presence of
PEG or PEG-ether as PTC. Table 2 shows the
results of the N-alkylation of pyrrole and indole using
PEG-1000 or PEG-1000-Et,. On the basis of the
results reported by Santaniello et al.,”” equimolar
amounts of potassium hydroxide and pyrrole or indole
(molar ratio: KOH/heterocycle=1/1) were used.
However, the yields of the N-alkylation were lower
than those reported by them.

Table 3 shows the effects of the relative amount
of potassium hydroxide to pyrrole on the N-ethylation.
For the molar ratio: KOH/pyrrole=1/1, an incom-
plete conversion of pyrrole to the product was ob-
served. Furthermore, substantial quantities of the C-
and C,N-ethylated products were obtained. For the
molar ratio: KOH/pyrrole=2/1—3/1, the yields of
the N-cthylation came to the constant value (889,
by GLGQ).

On the basis of the data given in Table 3, the N-
alkylations were carried out under the molar ratio:
KOHj/heterocycle=3/1, giving N-alkylated products in
high yields (Table 2). These facts suggest that the
water formed is absorbed by the excess potassium
hydroxide and fixed in the solid phase, completing
the conversion to the product.

N-Alkylation of Pyrrole and Indole Using Powdered Po-
tassium Hydroxide as a Base and PEG-ether as Solvents.
Table 4 shows the N-alkylation of pyrrole and indole
using PEG-400-Et, as a solvent (molar ratio: PEG-
400-Ety/heterocycle=1/1 or 2/1). When the alkylat-
ing agents except isopropyl bromide and #butyl bro-
mide were employed, the N-alkylated products were
obtained in extremely high yields. Moreover, the
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N-ALKYLATION OF PYRROLE AND INDOLE IN AQUEOUS-ORGANIC TWO-PHASE SYSTEMS

IN THE PRESENCE OF PEG or PEG-ETHER As PTC®

(Product) Yield® /9,

;i Catalyst? -
Alkyl halide (mmol) N-Alkylation d) if:tr;‘l‘agl
Pyrrole 1 C,H,Br a A (2.5) (la) 84 (83) (16) (1)
n-CH,Br b A (2.5) (Ib) 65 (69) (27) (4)
B (2.5) (1b) 619 (65) (32) (3)
C (2.5) (1b) 660 (67) (28) (5)
i-C,H,Br c A (5) (lc) 460 (43) (31) (26)
CH,=CHCH,Br e A (2.5) (1e) (13) (73) (14)
PhCH,CI £ A (2.5) (1f) 79 (85) (10) (5)
B (2.5) (1f) 78 (84) (11) ( 5)
C (2.5) (1£) 79 (84) (10) (6)
Indole 2 C,H,Br a A (2.5) (2a) 90 (94) (6)
B (2.5) (2a) 92 (94) (6)
n-C,H,Br b A (2.5) (2b) 86 (90) (10)
i-C,H,Br c A (5) (2¢) (7 (18) (75)
CH,=CHCH,Br e A (2.5) (2¢) 50 (56) (44)
PhCH,Cl £ A (2.5) (2f) 81 (86) (14)
B (2.5) (2f) 80 (86) (14)

a) All reactions were carried out with 0.1mol of heterocycle, 0.15mol of alkyl halide, 30ml of benzene,

and 0.5 mol of potassium hydroxide in 14 g of water at 45 °C for 2 h.
Values in parentheses are the yields determined by GLC. Unless otherwise

PEG-600-Bu,. c) Isolated yields.

b) A: PEG-1000-Et,, B: PEG-1000, C:

noted, the purities of N-alkylpyrrole and indole were 98 and 99% by GLC, respectively. d) Total yields of
the C- and G, N-alkylated products, determined by GLC. However, all the products were not identified. e),
f),g) Purities were 93, 97, and 789%, by GLC, respectively.

TABLE 2. N-ALKYLATION OF PYRROLE AND INDOLE IN SOLID-ORGANIC TWO-PHASE SYSTEMS
IN THE PRESENCE OF PEG or PEG-ETHER As PTCs®)

(Product) Yield® /9,

Alkyl halide Catalyst ~ Temp — Time — KOH :
(mmol) °c h (mol) N-Alkylation a) Starting
material
Pyrrole 1  G,H,Br a A (2.5) 65 4 0.1 (1a) 67)  (13)  (20)
n-CyH,Br b B (2.5) 70 4 0.1 (Ib) 419 (55)  (25)  (21)
A (2.5) 85 2 0.3 (Ib) 74 (79) (1)
B (10) 85 2 0.3 (1b) 80 (86)  (14)
CH,-CHCH,Br e A (2.5) 85 2 0.3 (1e) 24)  (64)  (12)
PhCH,CI £ A (2.5) 70 5 0.1 (If) 659 (72)  (15)  (I3)
A (2.5) 85 2 0.3 (1f) 88 (90) (10
A (10) 85 2 0.3 (1f) 90 (98) @)
Indole 2  C,H,Br a A (2.5) 65 4 0.1 (2a) 789 (85) 6) 9)
n-CyH,Br b B (2.5) 70 4 0.1 (2b) 68 (80) ® (12
A (2.5) 85 2 0.3 (2b) 87 (95) )
A (10) 85 2 0.3 (2b) 94 (98) @)
CH,-CHCH,Br e A (2.5) 85 2 0.3 (2¢) 560 (67)  (33)
PhCH,CI £ A (2.5) 65 3 0.1 (2f) 630 (68)  (15)  (17)
A (2.5) 85 2 0.3 @2f) 83 (87)  (13)
A (10) 85 2 0.3 (2f) 88 (95) )

a) All reactions were carried out with 0.1 mol of heterocycle and 0.15 mol of alkyl halide in 30 ml of benzene.

b) A: PEG-1000-Et,, B: PEG-1000.

yields of the C- and C,N-alkylated products were
generally extremely low. The alkylation of indole
with primary alkyl bromide or benzyl chloride gave
N-alkylated products in almost quantitative vyields.
Even N-allylindole was obtained in 89—919, yields,
which were comparable to that of the reported method

c),d) see footnotes c), d) in Table 1, respectively.
were 92, 97, 92, 91, 97, and 989, by GLC, respectively.

e),f),g),h),i),j) Purities

using sodium hydride as a base in hexamethylphos-
phoric triamide.?

When isopropyl bromide was used as an alkylating
agent, the considerable evolution of gas was observed
during the reaction, and pyrrole or indole was re-
covered in 25-8 or 76—809,, respectively. As shown
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in Table 1, the reaction of pyrrole or indole with
isopropyl bromide using PEG or PEG-ether as PTC
also gave pyrrole or indole in 26 or 759, yields, re-
spectively. These facts indicate that the indolyl anion
tends to induce the elimination reaction with isopropyl
bromide in comparison with the pyrrolyl anion and
is much harder!V) than the latter.

When PEG-400 was employed as a solvent in place
of PEG-400-Et,, the yields of N-alkylated products
were extremely low because of the accompanied al-
kylation of PEG. For example, the alkylation of pyr-
role with ethyl bromide gave pyrrole (499,), N-ethyl-
pyrrole (439%), and C- and C,N-ethylated products
(8% by GLC). The alkylation with n-butyl bromide
gave pyrrole (399%,), N-butylpyrrole (53%), and C-

TABLE 3. INFLUENCE OF THE AMOUNTS OF POTASSIUM
HYDROXIDE ON THE ETHYLATION OF PYRROLE?)

KOH Yield» /9

(mol) la c) Starting material
0.1 67 13 20

0.15 78 14 8

0.2 86 13 1

0.3 88 12 —

0.4 88 12 —

0.5 89 11 —

a) All reactions were carried out with 0.1 mol of
pyrrole, 0.15mol of ethyl bromide, and 30ml of
benzene at 65°C for 4h in the presence of 2.5 mmol
of PEG-1000-Et, as PTC. b) Determined by GLC.
c) See footnote d) in Table 1.
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and C,N-butylated products (8% by GLC).

Since hydrogen bond is a hard-hard interaction,)
under the condition containing large amount of water
such as the aqueous-organic phase transfer system or
in protic solvents such as PEG, water or PEG is capable
of forming hydrogen bonding with the harder nitrogen
atom of the heterocycle anion, suppressing the N-
alkylation.'®  Therefore, the C-alkylation will in-
crease. However, in PEG-ether, which is aprotic and
would greatly increase the degree of dissociation®
of the heterocycle anion, the exclusive N-alkylation
could be achieved.

The method using potassium hydroxide as a base
and PEG-ether as a solvent was applied to the alkyla-
tion of several nitrogen heterocycles. Table 5 shows
the results. The alkylation of carbazole, imidazole,
and benzimidazole gave l-alkylated products in ex-
tremely high yields. However, in the case of benzo-
triazole, substantial quantities of 2-alkylbenzotriazole
were obtained, in contrast to the alkylation of ben-
zimidazole. This fact indicates that canonical struc-
ture of 13 would significantly contribute to the reac-
tivity of the benzotriazolyl anion.

In contrast to the alkylation of indole, the alkyla-
tion of 2-methylindole with ethyl bromide or benzyl
chloride gave 1,3-dialkylated products as well as 1-
alkylated products in 2 or 169, yields, respectively.

TaBLE 4. N-ALKYLATION OF PYRROLE AND INDOLE IN PEG-400-Et,»

(Product) Yield® /%,

. PEG-400-Et Time
Alkyl halide (mol) 2 h N-Alkylation ¢) Starting
material
Pyrrole 1 C,H,Br a 0.1 2 (1a) 88 (97) 3)
n-C,H,yBr b 0.1 2 (ib) 91  (95) (5)
0.2 2 (Ib) 90  (95) (5)
-C;H,Br c 0.1 3 (1e) 500 (67) 8) (25)
0.2 3 (Ic) 53  (67) (5) (28)
+-C4H,Br d 0.1 3 (=99)
CH,-CHCH,Br e 0.1 1 (le) 439 (40) (53) 7)
0.2 1 (le) (42) (47) (11)
PhCH,ClI f 0.1 2 () 94 (99) (1)
n-CgH,,Br g 0.1 2 (1g) 90  (96) 4)
Indole 2 C,H;Br a 0.1 2 (2a) 96 (=~100)
n-C,H,yBr b 0.1 2 (2b) 96(=~100)
-C;H,Br c 0.1 3 (2¢c) (21) (3) (76)
0.2 3 (2¢) (18) (2) (80)
+-C,H,Br d 0.1 3 (=99)
CH,=CHCH,Br e 0.1 1 (2¢) 89  (92) (8)
0.2 1 (2¢) 91  (95) (5)
PhCH,Cl f 0.1 2 (2f) 97(=100)
n-CgH,,Br g 0.1 2 (2g) 96(=100)

a) All reactions were carried out with 0.1 mol of heterocycle, 0.15mol of alkyl halide, and 0.3 mol of potas-
sium hydroxide in PEG-400-Et, at 30 °C. b), c) See footnotes c) and d) in Table 1, respectively. d),e) Purities

were 80 and 849, by GLC, respectively.
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TABLE 5. N-ALKYLATION OF HETEROCYCLES IN PEG-400-Et,»
. Product) Yield® /9
Alky] halide® Rtf;?/‘gn (Producy %
1-Alkylated product Other product
2-Methylindole 3 C,H;Br a 2 (3a) 95 (98) d) 2)
PhCH,Cl f 2 (3f) 80 (84) 1,3-Dibenzyl-
2-methylindole (8) 14 (16)
Carbazole 4 C,H,Br a 2 (4a) 92
n-C4HyBr b 3 (4b) 93
CH,=CHCH,Br e 2 (4e) 90
PhCH,Cl f 3 (4f) 97
Imidazole 5 C,H;Br a 3 (5a) 94 (=97)
CH,=CHCH,Br e 2 (5¢) 93 (=97)
PhCH,CI f 3 (5£) 91 (=97)
Benzimidazole 6 C,H;Br a 3 (6a) 93 (=100)
CH,=CHCH,Br e 2 (6e) 90 (=97)
PhCH,CI f 3 (6£) 97(=100)
Benzotriazole 7 C,H;Br a 3 (7a) 359 (40) 2-Ethyl-
benzotriazole  (9) 519 (59)
CH,=CHCH,Br e 2 (7e) 668 (69) 2-Allyl-
benzotriazole (10) 16™ (24)
PhCH,CI f 3 (7€) 70  (78) 2-Benzyl-
benzotriazole (11) (19)

a) All reactions were carried out with 0.05 mol of heterocycle and 0.15 mol of potassium hydroxide in 0.05 mol

of PEG-400-Et, at 30°C. b) In the cases of 3 and 4, 0.075 mol of alkyl halide was used.
c) Isolated yields by distillation or recrystallization.

6, and 7, 0.0525 mol of alkyl halide was used.

and N-allylimidazole were directly distilled from the reaction mixture.
determined by GLC. Unless otherwise noted, the purities of the products were >99% by GLC.
e), ), g), and h) Purities were 94, 95, 90, and 91% by GLC, respectively.

1,3-diethyl-2-methylindole.

This fact suggests that canonical structure of 14 should
not be ignored.

(S}
., — O L
v ~CH o SCHh®
H H
3 14

Experimental

Materials. Pyrrole, indole, carbazole, benzimidazole,
imidazole, 2-methylindole, benzotriazole, and alkyl halides
(reagent grade, Tokyo Kasei Kogyo Co., Ltd.) were used
without further purification. PEG, benzene, and 859, po-
tassium hydroxide (reagent grade, Kishida Kagaku Co., Ltd.)
were used also without further purification. PEG-ether were
prepared by the method previously reported.!4)

The physical properties of la,b,f? 1c,'® le,'® 1g,') 2a,
b,f7 2e® 3a,) 3£!® 4ab,ef!? 5a,2) 35e?) 5£2» 6a,?®
Ge,29 6£%) 7a,2® 7e,2) 7£,2) 9,260 and 10*°) were in gocd
agreement with those reported in the literatures. N-Iso-
propylindole (2¢)'®» and 2-benzylbenzotriazole (11)%® were
not isolated and were identified by comparing GLC reten-
tion times with those of authentic samples prepared by the
literature procedures. N-Octylindole (2g) had bp 131—132
°C/0.3 mmHg (1 mmHg=133.322 Pa). Found: C, 83.60; H,
10.19; N, 6.00%. Calcd for C;iHyN: C, 83.79; H, 10.11;
N, 6.11%. 1,3-Dibenzyl-2-methylindole (8) had mp 95 °C
(from ethanol). Found: C, 88.98; H, 6.94; N, 4.449.
Caled for C,H,N: C, 88.70; H, 6.80; N, 4.509%,.

General Procedure of N-Alkylation in Aqueous Potassivm Hydrox-
ide-organic Two-phase Systems in the Presence of PEG or PEG-
ether as PTC. N-Butylpyrrole (1Ib): n-Butyl bromide
(20.6 g, 0.15 mol) was added dropwise over a period of

In the cases of 5,
N-Ethyl-
The values in parentheses were the yields
d) Probably

30 min at 45 °C with vigorous stirring to a mixture of 6.7
g (0.1 mol) of pyrrole, 2.7 g (2.5 mmol) of PEG-1000-Et,,
33.0 g (0.5 mol) of 859, potassium hydroxide, 14 g of water,
and 30 ml of benzene. After the mixture had been stirred
at 45 °C for further 2 h, it was cooled to room temperature.
To the mixture was added 50 ml of water and then the two
layers were separated. The aqueous layer was extracted
with 10 ml of benzene. The benzene layer was combined
with the organic layer, extracted with 3.59, hydrochloric
acid (50 mlx 2), washed with water (50 mlx 3), and then
dried. After removal of the benzene, the residue was dis-
tilled under reduced pressure, giving N-butylpyrrole (1b),
80g (65%), bp 75—77°C/28 mmHg (lit,” 171 °C/760
mmHg). The hydrochloric acid extract was treated accord-
ing to the method previously reported,!® giving 2.6 g (98%,)
of PEG-1000-Et,.

General Procedure of N-Alkylation in Powdered Potassium Hy-
droxide-organic Two-phase Systems in the Presence of PEG or PEG-
ether as PTC. N-Benzylindole (2f): A mixture of 11.7
g (0.1 mol) of indole, 2.7 g (2.5 mmol) of PEG-1000-Et,,
19.8 g (0.3 mol) of powdered 85% potassium hydroxide, and
30 ml of benzene was heated under reflux with vigorous
stirring for 1 h. Benzyl bromide (19.0 g, 0.15 mol) was add-
ed dropwise to the mixture over a period of 30 min at 80—
85 °C with vigorous stirring. After the mixture had been
heated at 85 °C with vigorous stirring for 2 h, it was cooled
to room temperature. To the mixture was added 50 ml of
water. The mixture was worked up as described above,
giving 17.2 g (83%) of N-benzylindole (2f), bp 142—144
°C/0.5 mmHg, mp 43 °C (lit, 133—138 °C/0.3 mmHg, mp
42—43 °C).

General Procedure of N-Alkylation Using Powdered Potassium
Hydroxide as a Base and PEG-¢ether as Solvents. N-Allylindole
(2e): A mixture of 11.7 g (0.1 mol) of indole, 46 g (0.1
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mol) of PEG-400-Et,, and 19.8 g (0.3 mol) of powdered
859 potassium hydroxide was vigorously stirred at room
temperature for 30 min. Allyl bromide (18.2 g, 0.15 mol)
was added dropwise over a period of 30 min at 30 °C with
vigorous stirring to the mixture. After the mixture had
been vigorously stirred for further 1 h, 50 ml of water was
added. The two layers were separated. To the organic
layer was added 100 ml of 3.5% hydrochloric acid and ex-
tracted with benzene (30 mlx 3). The benzene extract was
extracted with 3.5%, hydrochloric acid (50 mlx2), washed
with water and then dried. After removal of the benzene,
the residue was distilled under reduced pressure, giving 14.0
g (89%) of N-allylindole (2e), bp 96—98 °C/2 mmHg (lit,»
bp 114—116 °C/6 mmHg, 72—73 °C/0.12 mmHg). The hy-
drochloric acid solutions were combined, washed with 10
ml of benzene, added 40 g of sodium hydroxide, and then
extracted with benzene (50 mlx2). The benzene extract
was dried and the benzene was removed to recover 45.5
g (99%) of PEG-400-Et,.

7-Benzylbenzimidazole (6f): A mixture of 5.9 g (0.05 mol)
of benzimidazole, 23 g (0.05 mol) of PEG-400-Et, and 9.9
g (0.15mol) of powdered 859, potassium hydroxide was
vigorously stirred at room temperature for 30 min. Benzyl
chloride (6.6 g, 0.0525 mol) was added dropwise over a pe-
riod of 30 min at 30 °C with vigorous stirring to the mixture.
The mixture was vigorously stirred for further 3 h at 30 °C.
The reaction mixture was poured into 200 ml of 1.9%, hydro-
chloric acid (0.104 mol). The precipitated solid was col-
lected, washed with water, dried, and recrystallized from
ethanol, giving 10.1 g (97%,) of 1-benzylbenzimidazole (6f),
mp 116—117 °C (lit,® mp 116—117 °C). The filtrate was
washed with 10 ml of benzene and treated according to the
manner used for N-allylindole (2e) to recover 22 g (96%)
of PEG-400-Et,.

The author wishes to thank Nihon Tokushu Chem-
ical Ind. Co., Ltd. for permission to publish this arti-
cle, and also Dr. Nobuaki Wada for useful suggestions
during this work.
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