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Abstract — A facile synthesis of hitherto unreported (9-methyl-9H-carbazole-
3,6-diyl)bis(benzofuran-2-yl-methanone)s (3a-f) is described, featuring the
PEG-400-promoted and ultrasound-assisted Rap-Stoermer reaction of
3,6-dichloroacetyl-9-methyl-9H-carbazole (1) with a variety of salicylaldehydes
as well as 2-hydroxy-1-naphthaldehyde (2) in the presence of K,COs as the base
in acetonitrile. This procedure offers easy access to benzofuran-2-yl(carbazolyl)-
methanone derivatives in short reaction time and the products are achieved in

good yields.

Carbazole especially heterocycle-containing carbazole derivatives, are embodied in many naturally
occurring products'™ and display broad spectrum of useful biological activities such as anti-tumor,

antimitotic, and antioxidative activities.*® Therefore, a number of methodologies for the construction of

heterocycle-containing carbazole have been reported in recent years.”™ Most heterocycle-containing

carbazoles reported in literatures contain a common heterocyclic ring moiety fused with a carbazole ring

12,13 14,15 16,17

such as pyridocarbazoles, thienocarbazoles, pyranocarbazoles, pyrrolocarbazoles,

indolocarbazoles,”*2 and synthetic analogues thereof. However, there are very few reports where the
heterocyclic moiety is substituted with a carbazole unit and hence the synthesis of such compounds is
desirable

On the other hand, compounds containing methanone linker between heterocyclic rings and benzofuran at
the C-2 position had been investigated and reported to display important biological properties as
antimicrobial,? anticonvulsant, anti-inflammatory activities,”* and anti-tumor® activities. On account of
these findings, extensive synthetic efforts have been devoted to the development of more novel and

interesting benzofuran-2-yl(heteroaryl)methanone derivatives. 2=
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Recently, we have reported on the synthesis of symmetrical 3,6-bis(quinolin-2-yl)-9-ethyl-9H-carbazole™
as well as 1,1'-bis(quinolin-2-yl)ferrocenes via a Friedlinder condensation reaction. Thus, in light of the
above findings and in the context of our ongoing studies on combinatorial chemistry and in diversifying
our work on the synthesis of more novel heterocyclic compounds, we wish to report herein the synthesis
of a series of symmetrical (9-methyl-9H-carbazole-3,6-diyl)bis(benzofuran-2-yl-methanone)s.

Scheme 1 is outlined the synthetic route developed in our laboratory for the one-pot synthesis of
(9-methyl-9H-carbazole-3,6-diyl)bis(benzofuran-2-yl-methanone)s (3a-f) through the Rap-Stoermer
reaction of 3,6-dichloroacetyl-carbazole (1) with substituted salicylaldehydes. A mixture of the substrate
1, substituted salicylaldehyde, 15 mol% PEG-400, and potassium carbonate was sonicated in acetonitrile
within 4 hours at 70 °C. After completion of the reaction (monitored by TLC) and work up, the products
were isolated in good yields of 52-79% by silica gel column chromatography. To our knowledge, this is
the first application of the Rap-Stoermer reaction in order to access the benzofuran-2-

yl(carbazolyl)methanone derivatives.
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Scheme 1. Synthetic route of the title compounds 3

Our recent work has demonstrated one-pot synthesis reaction of various substituted salicylaldehydes with
2-chloromethyl->* or 2-bromomethyl-quinoline®* in refluxing MeCN in the presence of KOH as catalyst
and K,COs as base to afford 2-(1-benzofuran-2-yl)quinolines in good yields. However, we failed to
achieve the one-pot synthesis reaction of 3,6-dichloroacetyl-carbazole (1) with salicylaldehydes under the
same procedure, and none of the expected products were detected. Thus, in order to synthesize the
targeted compounds through a facile and direct methodology, we devised a route that made use of the
Rap-Stoermer reaction,>> which appeared to suit us since it could open the way to the direct construction
of new compounds containing methanone linker between the carbazole ring and benzofuran at the C-2
position via base-mediated reaction of salicylaldehydes with a-haloketones. Our initial investigation
towards the Rap-Stoermer reaction was conducted according to reported methods under solvent-free*® or
solvent-free microwave irradiation’” conditions. Unfortunately, following both methods, the
Rap-Stoermer reaction in our case could not occur or gave the intractable complex mixtures observed on

TLC that we could not separate any desired product in appreciable yield. Our attempts to follow the route
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as described by Shang et al.>® using 4-dimmmethylaminopyridine (DMAP) as catalyst in water were also
frustrated by very low yields together with undefined mixtures. After many trials, we found that when the
Rap-Stoermer reaction was carried out in PEG-400 (15 mol%) as additive in the presence of K,COs as the
base in refluxing MeCN, the desired products could be obtained, but still plagued by low yields of
24-40%. Moreover, we found that we could not further improve the yields by increasing the amount of
PEG-400 or the reaction time. In addition, in the case of employing neat PEG-400, the yields were also
very low. As a result, attempts to find other alternative approach are still very desirable.

Recently, Palimkar et al.®

have reported a facile ultrasound promoted synthesis of benzo[b]furans
derivatives. Accordingly, the versatility of the ultrasound technique prompted us to further experiment
with this approach. To our delight, we found that the ultrasonic irradiation did afford a significant
amelioration in  the  preparation of the desired (9-methyl-9H-carbazole-3,6-diyl)bis-
(benzofuran-2-ylmethanone)s (3a-f) versus the classical ways. When the Rap-Stoermer reaction was
adopted in conjunction with ultrasonic irradiation, an improvement in terms of yields and reaction time
could be achieved. In addition, we also observed that if the ultrasonic-assisted Rap-Stoermer reaction was
performed in the absence of PEG-400, the desired products could not be obtained in appreciable yields,
which indicated that both PEG-400 and ultrasonication together promoted this reaction. Presumably, the
reaction may be the phenomenon of cavitation produced by ultrasound,***! coupled with the fact that
PEG-400 could stabilize the transition state,” thereby resulting in an increase in the reaction rate.
Through an effort to optimize the reaction conditions, we found that the best results were achieved when
the ultrasound-assisted reaction was conducted at a temperature of 70 °C with 15 mol% PEG-400. The
use of 15 mol% PEG-400 is sufficient to push this reaction forward and the use of more than the amount
resulted in a lower yield, which might be due to the fact that the transition state is solvated in the more
amount of PEG-400. In addition, we also attempted to other solvents such as DMF, acetone, CHCls;,
acetone and dioxane. But the yields could not be improved further. Some representative results are

summarized in Table 1.

Table 1. Synthesis of (9-methyl-9H-carbazole-3,6-diyl)bis(benzofuran-2-yl-methanone)s 3a-f

Ultrasound Conventional
Entry ~ Compd. 2 Compd. 3 time (h)/yield  heating yield
(%)* (%)™
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Tabel 1 (Continued)

Ultrasound Conventional
Entry ~ Compd. 2 Compd. 3 time (h)/yield  heating yield
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“Isolated yield.

The structures of all the newly synthesized compounds 3a-f were elucidated from their spectral ("H and
C NMR) and analytical data as described for 3a. Its "H NMR spectrum exhibited no signal attributable
to chloroacetyl protons. Particularly characteristic was the presence of two symmetrical furan protons
singlet at 7.61 ppm along with the fourteen aromatic protons between 7.35-8.96 ppm, which is consistent
with the attachment of the nascent symmetrical two benzofuran ring moieties to the carbazole substrate.
The "H decoupled *C NMR spectrum was also in good agreement with the assigned structure, which
revealed the presence of typical carbonyl carbon at 183.7 along with fourteen distinct resonances due to
the carbazole and benzofuran ring carbons. Further, the structure was confirmed by its ESI-MS
(positive-ion mode) spectrum, which exhibited a characteristic quasi-molecular ion peak cluster (M+H)"

at m/z 470.1 In addition, the obtained elemental analysis values were in agreement with theoretical
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values. Similarly, the other synthesized compounds exhibited similar spectral characteristics except the

substituents which exhibited characteristic signals with appropriate chemical shifts.

EXPERIMENTAL

The melting points were measured on WRS-1B digital melting points apparatus and are uncorrected. The
progress of the reaction was monitored by TLC. Infrared spectra were recorded on KBr pellets on an
FT/IR-430 spectrophotometer. 'H NMR and 'C NMR spectra were recorded on a Brucker AVANCE
NMR spectrometer using CDCl; or DMSO-d; as the solvent. The reported chemical shifts (0 values) are
given in parts per million downfield from tetrammethylsilane (TMS) as the internal standard. Elemental
analyses were estimated on an Elementar Vario EL-III element analyzer. The Mass spectra were
determined using a MSD VL ESII1 spectrometer. The reaction process was monitored by thin-layer
chromatography (TLC) on silica gel GF254 using EtOAc/petroleum ether (1/6).

Procedure for the synthesis of 3,6-dichloroacetyl-9-methyl-9H-carbazole (1). A mixture of anhydrous
aluminium chloride (100 mmol, 13.3 g) in dry CH,Cl, (80 mL) was cooled to 0—5 °C. Chloroacetyl
chloride (60 mmol, 6.78 g) dissolved in dry CH,Cl, (20 mL) was added drop-wise to the mixture with
vigorous stirring at such a rate that the temperature was maintained below 5 °C. Subsequently, a solution
of 9-methyl-9H-carbazole (20 mmol, 3.62 g) in dry CH,Cl, (30 mL) was also added to the mixture under
0-5 °C. When the addition was complete, the reaction mixture was stirred at 0—5 °C for 48 h. The
reaction mixture was then poured into cooled water and extracted with CH,Cl,. The combined organic
layer was washed with 5% aqueous NaHCO; (3%x30 mL) and subsequently with water (3%30 mL) and
dried over Na,SO4. After CH,Cl, was removed in vacuo, the crude product was purified by silica gel
column chromatography with EtOAc/petroleum ether (1:1) as eluent to give the pure yellow product in
66% yield, mp 209—210 °C. IR (KBr) v/em™: 3058, 2931, 2830, 1669, 1588, 1543, 1441, 1249, 1019; 'H
NMR (600 MHz, CDCl3): 0 (ppm): 3.98 (s, 3H), 4.86 (s, 4H), 7.51 (d, J = 8.4 Hz, 2H), 8.18 (dd, J = 8.4,
1.2 Hz, 2H), 8.77 (d, J= 1.2 Hz, 2H); >C NMR (150 MHz, CDCls): 29.77, 37.94, 110.76, 119.46, 123.58,
123.87, 127.91, 144.28, 189.76. Anal. Calcd for C;7H3CLNO,: C, 61.10; H, 3.92; N, 4.19. Found: C,
60.91; H, 3.83; N, 4.00.

General procedure for the synthesis of (9-methyl-9H-carbazole-3,6-diyl)bis(benzofuran-2-yl-
methanone)s (3a—f). To a stirred solution of 3,6-dichloroacetyl-9-methyl-9H-carbazole (1) (334 mg, 1
mmol) and substituted salicylaldehyde (2a—e) or 2-hydroxyl-1-naphthaldehyde (2f) (2.2 mmol) in 4 mL
of MeCN, was added K,COs3 (552 mg, 4 mmol) and PEG-400 (15% mmol). The resulting mixture was
sonicated at 70 °C in 4 h. After the reaction was complete (TLC), the mixture was cooled to room
temperature, poured into water and filtered to give the crude product, which was then purified by silica
gel column chromatography with EtOAc/petroleum ether (1:6) as eluent to give the pure product 3a—f in
52-79% yields.
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(9-Methyl-9H-carbazole-3,6-diyl)bis(benzofuran-2-yl-methanone) (3a). This compound was obtained
as yellow crystals, mp 215-216 °C; IR (KBr) viem™: 3071, 2972, 1643, 1591, 1436, 1062, 809, 747; 'H
NMR (600 MHz, CDCls): 0 (ppm): 3.99 (s, 3H), 7.35 (t,J = 7.8 Hz, 2H), 7.51 (t, J = 7.8 Hz, 2H), 7.56 (d,
J=8.4 Hz, 2H), 7.61 (s, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 7.8 Hz, 2H), 8.33 (dd, J = 8.4, 1.2 Hz,
2H), 8.96 (d, J = 1.2 Hz, 2H); *C NMR (150 MHz, CDCls): 29.70, 108.97, 112.52, 115.88, 122.85,
123.22, 123.37, 123.91, 127.10, 128.04, 128.59, 129.42, 144.44, 152.80, 155.89, 183.66; ESI-MS m/z:
470.1 (M+1)". Anal. Calcd for C3;H;9NOy: C, 79.31; H, 4.08; N, 2.98. Found: C, 79.51; H, 3.97; N, 2.77.
(9-Methyl-9H-carbazole-3,6-diyl)bis((5-methylbenzofuran-2-yl)methanone) (3b). This compound
was obtained as yellow crystals, mp 211-213 °C; IR (KBr) viem™: 3065, 2963, 1640, 1591, 1432, 1022,
816, 775; '"H NMR (600 MHz, CDCl3): J (ppm): 2.53 (s, 6H), 3.98 (s, 3H), 7.17 (d, J = 7.8 Hz, 2H), 7.47
(s, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.56 (s, 2H), 7.62 (d, J = 7.8 Hz, 2H), 8.31 (d, J = 7.8 Hz, 2H), 8.95 (s,
2H); *C NMR (150 MHz, CDCls): 6 (ppm): 15.68, 22.09, 29.73, 108.94, 112.49, 114.87, 116.20, 120.64,
122.67, 122.84, 123.34, 123.69, 124.68, 125.67, 127.07, 128.54, 130.97, 139.03, 144.37, 152.49, 153.81,
156.48, 183.47; ESI-MS m/z: 498.2 (M+1)". Anal. Caled for C33H,3NOy4: C, 79.66; H, 4.66; N, 2.82.
Found: C, 79.75; H, 4.57; N, 2.64.
(9-Methyl-9H-carbazole-3,6-diyl)bis((5-(zert-butyl)benzofuran-2-yl)methanone) (3¢). This compound
was obtained as yellow crystals, mp 125-127 °C; IR (KBr) viem™: 3076, 2979, 1640, 1591, 1432, 1023,
816, 776; '"H NMR (600 MHz, CDCl3): ¢ (ppm): 1.40 (s, 18H), 3.98 (s, 3H), 7.55 (d, J = 8.4 Hz, 2H),
7.57-7.59 (m, 6H), 7.74 (s, 2H), 8.32 (d, J = 8.4 Hz, 2H), 8.94 (s, 2H); °C NMR (150 MHz, CDCl;): §
(ppm): 29.69, 31.67, 34.83, 108.97, 111.68, 116.30, 119.03, 122.80, 123.37, 126.48, 126.84, 128.54,
129.53, 144.39, 147.10, 152.94, 154.27, 183.74; ESI-MS m/z: 582.1 (M+1)". Anal. Calcd for C3oH35NOy:
C, 80.53; H, 6.06; N, 2.41. Found: C, 80.67; H, 6.01; N, 2.05.
(9-Methyl-9H-carbazole-3,6-diyl)bis((5-bromobenzofuran-2-yl)methanone) (3d). This compound was
obtained as yellow crystals, mp 245-248 °C; IR (KBr) v/em™: 3063, 2982, 1642, 1591, 1434, 1022, 814,
772, 622; "H NMR (600 MHz, CDCl3): d (ppm): 4.01 (s, 3H), 7.54—7.61 (m, 8H), 7.90 (s, 2H), 8.53 (s,
2H), 8.34 (d, J = 8.4 Hz, 2H); °C NMR (150 MHz, CDCls): 6 (ppm): 29.77, 45.87, 57.79, 109.11, 114.05,
114.67, 117.01, 122.92, 123.48, 125.68, 128.69, 128.98, 129.17, 130.99, 144.61, 153.81, 154.52, 183.30;
ESI-MS m/z: 626.3, 627.9, 629.8 (M+1)". Anal. Calcd for C3;H;7Br,NOy: C, 59.36; H, 2.73; N, 2.23.
Found: C, 59.41; H, 2.65; N, 2.37.
(9-Methyl-9H-carbazole-3,6-diyl)bis((5-(tert-butyl)-7-fluorobenzofuran-2-yl)methanone) (3e). This
compound was obtained as yellow crystals, mp 228—-230 °C; IR (KBr) v/iem™: 3065, 2972, 1641, 1592,
1435, 1192, 1024, 815, 778; '"H NMR (600 MHz, CDCl3): § (ppm): 1.39 (s, 18H), 4.00 (s, 3H), 7.29 (dd,
J=12.6,1.2 Hz, 2H), 7.51 (d, J = 1.8 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 2.4 Hz, 2H), 8.37 (dd,
J=8.4,12Hz, 2H), 8.99 (d, J= 1.2 Hz, 2H); *C NMR (150 MHz, CDCl5): § (ppm): 29.74, 31.57, 35.05,
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109.14, 112.16, 112.26, 114.48, 115.77, 122.86, 123.60, 128.68, 129.14, 130.02, 141.24, 141.32, 144.56,
146.86, 148.53, 148.76, 153.99, 183.02; ESI-MS m/z: 618.1 (M+1)". Anal. Calcd for C30H33F,NO,: C,
75.83; H, 5.38; N, 2.27. Found: C, 75.97; H, 5.44; N, 2.11.
(9-Methyl-9H-carbazole-3,6-diyl)bis(naphtho[2,1-b]furan-2-yl-methanone) (3f). This compound was
obtained as orange crystals, mp 261-263 °C. IR (KBr) viem': 3071, 2972, 1642, 1590, 1436, 1232, 1065,
808, 765 cm™; 'H NMR (600 MHz, CDCls): 6 (ppm): 3.97 (s, 3H), 7.51 (d, J = 8.4 Hz, 2H), 7.56 (t, J =
7.8 Hz, 2H), 7.60 (t, J = 7.8 Hz, 2H), 7.73 (d, J = 9.0 Hz, 2H), 7.85 (s, 2H), 8.01 (d, J = 8.4 Hz, 2H), 8.12
(d, J=9.0 Hz, 2H), 8.17 (d, J = 7.8 Hz, 2H), 8.44 (dd, J = 8.4, 1.2 Hz, 2H), 8.89 (s, 2H); °C NMR (150
MHz, CDCly): 6 (ppm): 29.77, 109.02, 112.94, 114.88, 123.01, 123.14, 123.64, 123.73, 125.48, 127.41,
128.19, 128.56, 128.94, 129.55, 129.74, 130.65, 143.48, 152.74, 154.47, 183.08; ESI-MS m/z: 570.0
(M+1)". Anal. Calcd for C390H23NOy: C, 82.24; H, 4.07; N, 2.46. Found: C, 82.48; H, 3.79; N, 2.47.
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