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Abstract: 1-butyl-3-methylimidazolium tetrafluoroborate [lbm{BF;)] ionic liquid has been used as catalyst for
the synthesis of tetrahydrocarbazoles and 2, 3itiytindoles with excellent yields in a shorter réaic time.
The results show that the [bmim (BFionic liquid is very efficient in the Fischerdole synthesis due to its
operational simplicity, high yields, dual catalgstivent properties and reused for five consecuteégctions
without significant loss of catalytic efficiency.h& applicability of the methodology for large-scaéaction
highlights its potentiality for industrial scalerghesis. The main advantage of this proceduresisthie products
could be obtained in pure form after filtration amgaporation of MeOH solvent.

Keywords: Fischer indole synthesis; 2,3,4,9-tetrahydrbclarbazoles; 2, 3-dimethylindoles; 1-butyl-3-
methylimidazolium tetrafluoroborate; ionic liquid.

1. Introduction

The tetrahydrocarbazole ring system has been thetstal subunit of many naturally occurring
alkaloids, biologically active molecules and medati important synthetic analoguks.
Tetrahydrocarbazoles condensed with indoferan, ® pyrimidine? pyrazoline> and thiophen@,
moieties have been known to processes wide spediinimgical activities”® There has been many
methods of synthesis which includes cyclizatiomiphenylhydrazone of cyclohexane-1,2-dione or 2-
phenylhydrazono cyclohexanone via Fischer indotet®sis > **However the Bischlét*® synthesis
served as one of the simplest and attractive metthadbtain tetrahydrocarbazoles and carbazoles by
the condensation af-halocyclohexanones with aromatic amines. Impravedhod for the synthesis
of tetrahydrocarbazoles by the Bischler reactiors atso reportelf. The catalytic intra molecular
alkylation of alkenyl indoles using transition metamplexes for tetrahydrocarbazoles was also
studied extensivel}} However all the reported methods has disadvastageh as harsh reaction
conditions, use of corrosive acid in Fischer sysihiemodest yields in Bischler reaction and use of
costlier reagents in metal catalyzed coupling fieattespectively. Very recently the
propylphosphonic anhydride (T3P) under microwawssasd;’ synthesis of substituted indoles using
continuous flow micro reactof$, microwave-assisted one-pot synthesis of tetralyatbmzole?
facile clay-induced synthesis of 1,2,3,4-tetrahgdrbazole and indolé3 have been reported. Apart
from many significant features of these methodsretare certain draw backs such as use of corrosive
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acid i.e., T3P makes isolation difficult, harshaté@n condition i.e., use of microwave conditiordan

so on stimulated our interest to develop still milénd simple approach to synthesize these class of
compounds. The 1-butyl-3-methylimidazolium tetrafloborate has been used as green catalyst in
many organic reactions like Diels Alder reactiéhand Aldol condensatiorf8.In spite of this, the 1-
butyl-3-methylimidazolium tetrafluoroborate alscebaused as solvent in many reactions such as Heck
reaction®® Suzki-Miyaura®’ Wittig reaction? Stille reactiorf’ Friedal-Crafts reactioif,respectively.
Further, reduction reactions like hydrogenation ©fC double bond,®" reduction of the
benzaldehyde¥, and halogenation reactiofs, have also reported by using 1-butyl-3-
methylimidazolium tetrafluoroborate as green sdvéks mentioned above, a variety of reactions
utilizing 1-butyl-3-methylimidazolium tetrafluorobate ionic liquids either as solvent and catalyst h
been extensively studies. Recently, Fisher indptehesis has been reported by using different ionic
liquids3*** Hence in this work, we report the application ofbutyl-3-methylimidazolium
tetrafluoroborate as a green catalyst for efficienhe-pot Fischer indole synthesis of
tetrahydrocarbazoles and 2, 3-dimethylindoles bggumethanol as cosolvent (scheme-1) with good
purity and excellent yields. The 1-butyl-3-methyililmzolium tetrafluoroborate catalyst could be
easily recovered by a simple extraction process r@nded for 3-5 times without decreasing its
reactivity. This work is in continuation of our preus work on the synthesis Fischer indolization of
arylhydrazines®*° involving rapid mild and high yielding protocol @mlso for the simple synthesis

of new heterocycles via modifications of existingthodologies and their biological activiti&®s®

2. Results and Discussion

In a typical experiment the mole equivalent of phieydrazine hydrochloride 2.0g
(0.013mol) and cyclohexanone 1.36g (0.016mol) dittBgof [omim (BF,)] (5 mole equivalent) as
catalyst and solvent was taken in a round bott@skfl The whole reaction mixture was refluxed on
water bath for 1 hr and the progress of the reaatias monitored by TLC. The yield about 95% of
tetrahydrocarbazole (3a) was obtained in the moeksttion in which [bmim (Bfj] served as both
catalyst and solvent. Further, we carried out Hmesreaction with catalytic amount (20 mol% and 50
mol %) of [bmim (BF)] with MeOH as cosolvent (10 ml) in order to usgyocatalytic amount and to
avoid the use of excess of catalyst as impresseslibyarlier report®3? and expecting the same
result from the [bmim (BE] as catalyst. As a result, both 20 mol% and 50 ¥hof [bmim (BR)]
catalyst load gave good yield with the model reactiHowever, there is only noticeable change in
reaction time and not with the yield of the prodbetween 20 mol% and 50 mol % of [bmim (BF
catalyst load (Table 1). Further, the solvent effat this reaction was also studied and it was doun
that MeOH and absolute EtOH gave a best result essalvent when compared to other solvents
(Table 2). Most of the products were immisciblehwinic liquid and soluble with MeOH, hence they
could be separated by a simple decantation atriiieoethe reaction and the small catalyst could be
discarded. Thus by adopting optimized reaction ¢t the various tetrahydrocarbazoles and 2,3-
dimethylindoles were also prepared with variousrptieydrazine hydrochlorides and ethyl methyl
ketone in presence of 20 mol % of [bmim@3Rn MeOH (10 ml) as a solvent (scheme 1&2) anel th
results are reported in Table 3&4. The possiblalgat assistance by 1-butyl-3-methylimidazolium
tetrafluoroborate in thigischer indole synthesis is as shown in scheme-3. It pnesuthat the traces
of BF; present in cluster of 1-butyl-3-methylimidazoliutetrafluoroborate may facilitate the
condensation reaction between phenylhydrazine lojivades and ketones. Further, thRescher
cyclization of intermediates occurs thermally ieggnce of high boiling 1-butyl-3-methylimidazolium
tetrafluoroborate. The Postulated structures of rnieavly synthesized compounds were in good
agreement with theifH NMR, *C NMR and Mass spectral data. Thé NMR spectra of the
compounds3a-k & 5a-g, in particular3j showed the 3Ar protons &t6.74-7.15 ppm. In this, two
aromatic protons appears as doublet of doubletjrotiee range 0d 6.98-7.01 ppm with two coupling
constants, J=2.80 Hz andJ=10.0 Hz and another one in the rangedof.12-7.15 ppm with two
coupling constants]=8.80 Hz andl=4.40 Hz is due to interaction with adjacent Fineratom. The
aliphatic protons appeared as doublet, tripletranttiplet atd 1.39-2.69 ppm and three methyl proton
showed doublet & 1.03-1.04 ppm with coupling constadt6.40 Hz. The broad peak of NH appears
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at 10.6 ppm®C NMR spectra of the compounds showed the sigmathe respective regions. The
mass spectra of the compounds exhibited molecalapeaks at their respective molecular weights
which confirmed their formation.

Table 1. Results of Fischer indole synthesis of Phenylhyideahydrochloride and Cyclohexanone in
different concentration of ionic liquiti

Entry PhNHNH,.HCI Cyclohexanone [bmim (BF,)] Time Yield®
Mol % Mol % mol (h) %

1 1 1 5 1 95

2 1 1 50 mol% 4 20

3 1 1 20 mol% 6 920

3All reactions were carried out at reflux tempereflisolated yields.

Table 2. Effect of solvent on the synthesis of compound& 8a5a-g*

oy s DEEdqme e
1 MeOH 20 7 90-95
2 MeOH 20 6 90-91
3 EtOH 20 4 78-80
4 CHCN 20 3 71-73
5 THF 20 3 55-58
6 CHC, 20 2 50-52
7 EtOAc 20 2 30-35
8 Toluene 20 1 35-40

2 All reactions were carried out at reflux temperaflisolated yields.

3 4 R4
R R [bmim(BF,)] AL

R? MeOH / reflux, 5-7hr
3
NHNH,HCI RS R

I=z__

1 28 Rl=H,F, CH,0CH,CI 3a-k

R’=H, F, CH, CI
R3=H,F
R*=H,F

R= H,CH;,, Ph

Scheme 1. Synthesis of tetrahydrocarbazoles 3a-k
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Table 3. Physical data of tetrahydrocarbazole derivati@s-k

Time Yield Mp °C Mp °C
Entry Product h) (%) Found Report
3a Q\\Q 7.0 95 118-117 116-18
N
3b Qﬁ 6.0 88 108-110 109-158
H g
3c O 7.0 88 118-120 121-15%
\
N
H
3d % 5.5 85 92-93 98-1G%
N
H
3e Q\/\O 55 88 95-97 93-9%!
N
H,CQ
3f % 6.0 80 87-89 88-g%!
N
H
F
3g @\\Q 7.0 90 94-95 93-9%!
N
F
3h F% 55 90 110-115 -
N
F
3i FQU 6.0 89 98-100 -
N
H
E
3 O\\g 6.5 90 105-106 -
N
H
F J
3k {0 $ 7.0 87 115-120 .

=

2 All reactions were carried out at reflux temperattiisolated yields
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Rt R!
HsC
:2 [bmim(BF,)] CHz
+ o \
2 -
R CH, MeOH/ reflux,3-7hr R? N CH,
NHNH,HCI H
la 4b
R'=H, F, CH, OCH, 5a-g
R?=H, CH,;, Cl, NO,
Scheme 2. Synthesis of 2,3-dimethylindoles 5a-g
R HaC B c c 7
: Hs Hs
N [bmim(BF) RL CH; R: ~CHs
) . CH MeOH/ reflux,3-7hr \©\ |
R : 3 N -~ . ;-\, H
NHNH,HCI  [obmim(BF,)] N A & N oz
2 2 RZ T,z
B bmim*(BF,) [bmim(BF,)]|
-bmim(BFy)]| A
R H CHj
1 CH3 Rl CH
CH, - NHj, R CHs, C 3
\ N\, NH@
R2 H CH3 R2 H R2
Rl=H, F, CH, OCH;
R? = H, CH;, Cl, NO,

Scheme 3. Possible mechanism in which the role of [bomim {BEatalyst has been described
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Table 4. Physical data of 2,3-dimethylindole derivatifés-g

Time Yield Mp °C Mp °C
Entry Product (h) (%) Found Report
5a @p@ 7.0 95 103-105  106-167
N
5b & 5.0 90 97-98 98-8
N
5¢ N 5.0 85 78-79 75-7%)
N
H,CO. {
5d N 3.0 88 63-65 60-6%!
H
Cl N
5e | 3.5 80 89-91 95-g%’
Cl H
F
5f \@E\g, 7.0 92 61-62 60-6%!
N
H
D ]
5 N 3.0 80 96-97 95-98
H

NO,

2 All reactions were carried out at reflux temperattiisolated yields

3. Conclusion

1-butyl-3-methylimidazolium tetrafluoroborate [bmifBF,)] has become an efficient catalyst
for the synthesis of tetrahydrocarbazoles and Rythylindoles due to its environmentally friendly,
stability to water, air, low toxicity and reusabjli The applicability of the methodology for largeale
reaction highlights its potentiality for industristale synthesis. The main advantage of this pueed
is that the products could be obtained in pure fafter filtration and evaporation of MeOH solvent.

4. Experimental
4.1 Methods and materials

The purity of the compounds was checked by TLC wd further purified by column
chromatography. Melting points were obtained on-84B Buchi melting point apparatus and are
uncorrected’H and®*C NMR spectra were recorded on a Brucker AM 400-Migectrometer (300,
400 and 100 MHz, respectively) with TMS as the rimé standard in CDglor dimethyl sulfoxide
(DMSO-d;). Mass spectra were recorded on a Jeol SX 102=000-§10 kV) FAB mass spectrometer.
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4.2. General procedure for the synthesis of tetrdhycarbazoles and 2, 3—dimethylindoles:

The equivalent mole of phenylhydrazine hydrochlerii0g (0.013mol) and cyclohexanone 1.369g
(0.016mol) or ethyl methyketone 0.99 g1.22 mol) with 0.62g of [bomim (Bff] (20 mol %) as
catalyst and 20 ml MeOH solvent was taken in a ddowitom flask. The whole reaction mixture was
refluxed on water bath for the appropriate timgeAthe completion of the reaction, reaction migtur
was cooled to room temperature, it was pouredwater (10 mL) and extracted with EtOAc (3-10
mL). The combined organic layer was dried over anbys NaSO, and evaporated under reduced
pressure to get crude solid. The crude productpuaied by column chromatography with silica gel
(60-120 mesh, petroleum ether: ethyl acetate, 8)2wrnished the analytically pure products. Alet
products wereharacterized bjH NMR, **C-NMR, LC-MSand analytical techniques.

4.3. Spectral Data for Selected Compounds

2,3,4,9-tetrahydro-1H-carbazole (3&;,H13N): Crystalline brown solid; m.p. 118-12Z; MS.m/z =
172.2 (M+1).

3-methyl-2,3,4,9-tetrahydro-1H-carbazole (36;5H1sN): Crystalline brown solid; m.p. 108-11C;

'H NMR (400 MHz, DMSOds):(J /ppm,):10.58 (s,1H), 7.30 (d, 1857.6 Hz,), 7.21 (d, 1HJ=8.0
Hz,), 6.91 (m, 2H), 2.70-2.71 (m, 3H), 2.181(d, J=9.60 Hz,), 1.84-1.85 (m, 2H), 1.45-1.46 (m, 1H),
1.09 (d, 3H,J = 6.40 Hz,)."*C NMR (100, MHz, DMSO-g:(J /ppm,):135.8, 134.0, 127.1, 119.8,
117.8,116.9, 110.4, 107.9, 31.0, 29.1, 29.1, 221F ;MS. mz=186.4 (M+1).

3-phenyl-2,3,4,9-tetrahydro-1H-carbazole (3€isH1/N): Brown solid; m.p.118-126C; 'H NMR
(400 MHz, CDC}) :(d/ppm,): 7.80 (s, 1H), 7.40 (d, 13+7.6 Hz,), 7.34-7.28 (m, 5H), 7.25-7.11 (m,
1H), 7.09-7.05 (m, 2H), 3.09-3.05 (m, 2H), 2.852(&, 3H), 2.21-2.13 (m, 2HMS. nVz = 248.2
(M*+1).

6-methyl-2,3,4,9-tetrahydro-1H-carbazole (3dys8:N): Crystalline solid: mp 92-9€; 'H NMR
(400 MHz, DMSO€) :(6/ppm,): 10.40 (s, 1H ), 7.10 (d, 1Bi= 8.60 Hz), 6.80 (s, 1H), 6.60 (d, 1H,
J=8.4 Hz), 2.54 - 2.71 (m, 4H), 2.34 (s, 3H) 1.7796 (m, 4H); MS.n/z= 186.2 (M+1).

6-methoxy-2,3,4,9-tetrahydro-1H-carbazole(3f £ ,sNO): Crystalline solid: mp 87-8%C; *H NMR

(400 MHz, DMSOd) :(o/ppm,): 10.40 (s, 1H), 7.10 (d, 1Bi= 8.4 Hz), 6.80 (s, 1H), 6.60 (dd, 1#H,
= 8.4 Hz,J = 2.08 Hz), 3.70 (s, 3H), 2.56 -2.74 (m, 4H ),41:71.94 (m, 4H); MSm/z = 202.1
(M*+1).

6-fluoro-2,3,4,9-tetrahydro-1H-carbazolé8g, G.H1,FN): Crystalline solid; mp. 94-98; '*H NMR
(400 MHz, DMSO#ék) :(o/ppm,): 10.72 (s, 1H), 7.18-7.21 (m, 1H), 7. 0877(m, 1H), 6.76-6.81 (m,
1H) , 2.56-2.70 (m, 4H ),1.77-1.83 (m, 4H ); MSz= 190.2 (M+1).

5,7-difluoro-2,3,4,9-tetrahydro-1H-carbazole(3h, 1£11,FN): Brown solid, m.p.110-115°C; H-
NMR (300 MHz, CDC}) :(d/ppm,): 7.73 (s, 1H), 6.76 (dd, 1B12.1 Hz,J= 2.0 Hz), 6.49-6.57 (m,
1H), 2.86 (s, 2H), 2.67 (s, 2H), 1.86 (s, 4H), Mz = 208.2 (M+1).

6-fluoro-3-methyl-2,3,4,9-tetrahydro-1H-carbazol8j( C;sH:4FN): Brown solid, m.p.105-108C; 'H
NMR (400 MHz, DMSO+dg) (6 /ppm,):10.66 (s,1H), 7.15 (dd, 18.8 HzJ=4.40 Hz ), 7.00 (dd,
1H, J=2.80 Hz,J= 10.0Hz ), 6.70-6.76 (m, 1H), 2.68 @, J=2.40 Hz), 2.10 (t1H, J=9.60 Hz),
1.79-1.81 (m, 2H), 1.40-1.41 (m,1H), 1.04 8#, J=6.40 Hz);**C NMR (100 MHz, DMSO-¢) :(J
/ppm,):158.9, 156.6, 135.9, 132.3, 128.1, 110.8,2,0102.8, 31.2, 29.5, 29.2, 22.9, 21.6; Mtz =
204.2 (M+1).
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6-fluoro-3-phenyl-2,3,4,9-tetrahydro-1H-carbazol&l, C,gH16FN): Brown solid; m.p.115-12(9C;

'H NMR (400 MHz, DMSOds ) :(d/ppm,): 10.81 (s, 1H), 7.33-6.38 (m, 4H), 7.3147(&h, 2H), 7.11-
7.08 (m, 1H), 6.84-6.79 (m, 1H), 3.02-3.00 (m, 1RiP9-2.85 (m, 3H), 2.70-2.63 (m, 1H) 2.51-2.50
(m, 2H); 13C NMR (75 MHz, CDC}) (6 /ppm,): 160.8, 158.7, 153.1, 147.8, 138.6, 135.6, 131.8,
130.0, 128.1, 127.3, 109.8, 96.6, 45.1, 30.5, 1M8&. m/z= 266.2 (M +1).
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