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As useful precursors to potentially bioactive pyrimidine derivatives, o,o'-bis(benzyli-
dene) cycloalkanones have attracted considerable attention for many years.' Usually, the prepara-
tion of o,o'-bis(benzylidene)cycloalkanones can be realized through cross aldol-type reaction of
the ketones and aromatic aldehydes, but traditional acid- or base-catalyzed reaction suffers from
reverse reaction and thus gives the corresponding products in low yields.” Aoyama and co-
workers® obtained o,o'-bis(benzylidene)cyclohexanones through Rh(III)-porphyrin complex-
catalyzed condensation in only 30% yields, while Nakano and co-workers* found that the use of
Cp,TiPh, as the catalyst gave good yields which was only obtained at high temperatures in
sealed ampoules. Cross-aldol condensation of cycloalkanones and aromatic aldehydes catalyzed
by bis(p-methoxyphenyl)tellurium oxide under microwave irradiation,’ FeCl,-6H,0, SmCl, in
ionic liquids,®” KF-AL,O, under ultrasound irradiation,® RuCl,,* InCl,,'*"" have also been
reported in the literature.

Since Toda et al.'*> reported the first example of aldol condensation in the absence of
solvent, organic chemists have sought to develop clean, economical, and environmental safer
methodologies. Recently, there has been increasing recognition that water is an attractive
medium for many organic reactions." The use of microwave irradiation for organic reactions has
become a well-established procedure since reactions are clean, rapid and economical. Applica-
tion of Phase-transfer catalysis (PTC) instead of traditional technologies for industrial processes
provides substantial benefits for the environment. The combination of the these techniques has
been a field which has shown excellent results.'*

As a continuation of our interest,’* we now report an efficient and clean synthesis of
o,o'-bis(benzylidene)cycloalkanones performed by condensation of aromatic aldehydes with
cyclopentanone and cyclohexanone in aqueous sodium carbonate solution and in the presence of
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teterabutylammonium bromide (TBAB) using microwave irradiation. This reaction requires only
0.5-7 minutes and proceeds in 80~99% yields, low energy consumption, environmentally benign

and easier work-up.

o] o]
Na2C03(aq.)
ArCHO + _— Y AT = “Ar
1 TBAB, MWI )
)n n
2 3

First of all, the influence of TBAB in the aldol condensations was explored. The results
showed that the presence of TBAB has a remarkable influence on the yields. For example, the
title compound 3b was not obtained by the reaction of a 4-chlorobenzaldehyde with cyclopen-
tanone in the absence of the TBAB after microwave irradiation 14 minutes (Table 1, Entry 1).
This is due to the fact that the reactants exist as a non-miscible mixture of oil and water in the
absence of TBAB. The rate of the reactions do not increase on increasing the amounts of TBAB.
The results show the optimized yields obtained (Table 1, Entry 2) when the mole ratio of TBAB,
aromatic aldehyde and cyclopentanone were 0.15:2:1. It is also obvious that the rate of the reac-
tions were accelerated by microwave irradiation. For instance, in the case of 3b, the yield is only
80% after refluxing 4 hrs (Table 1, Entry 5).

Table 1. Influence of Amount of the TBAB and Concentration of Na,CO,"*

Entry Yield Time TBAB Na,CO,
(%) (min) - ® )

1 0 14 0 saturated
2 91 5 0.1 saturated
3 76 5 0.2 saturated
4 70 5 03 saturated
5 30 240° 0.1 saturated
6 0 10 0.1 0
7 59 5 0.1 5
8 64 5 0.1 10
9 84 5 0.1 15

a) 4-Chlorobenzaldehyde (4mmol), cyclobentaﬁone (2mmol), 5mL of Na2CVCV)3' 7sﬂolrutrion and
TBAB; microwave power 195W, pulsed irradiation. b) Carried out under conventional reflux
heating instead of microwave irradiation.

The influence of the concentration of Na,CO, to the aldol condensation was shown to
be important as yields increased as the concentration of NaCO, in the presence of TBAB and
under microwave irradiation (Table I).

Table 2 shows the experimental results of the aldol condensations of aromatic aldehyd-
es with cyclopentanone and cyclohextanone in saturated sodium carbonate solution and in the
presence of TBAB under microwave irradiation. This reaction requires only 0.5~7minutes and in
yields as high as 80~99%.
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Cmpd Ar n Time Yield mp°C (lit. mp°C)
- - (min) (%)
3a  CH; | 7 96 188-189 (lit.” 188-189)
3b 4-CICH, 1 5 91 222.5-224 (lit.” 224-225)
3¢  4-ONCH, 1 0.5 85 229.5-231.5 (lit. 230-231)
3dd 3-ONCH, ] 0.5 93 226.8-226.9
3¢ 4-CH,OCH, 1 7 82 209.5-210 (/it.” 210-211)
3f 4-(CH,)NCH, 1 7 90 >260 (lir.'! >250°C
3g 2CICH, 1 5 99 152-153 (lit.* 152.3-152.6)
3h  3,4-(OCH,0)CH, 1 7 81 261-262.5
3i  34-(CH,0),CH, 1 7 80 172-173
3j 4CHCH, 1 7 98 245-246 (lit.'¢ 245-246)
3k CH; 2 5 87 114.5-115 (lit.” 115-116)
3 4CICH, 2 3 94 144-145 (lit."® 146-147)
3m 4-ONCH, 2 0.5 93 162-164 (lit.'° 159)
3n  3-ONCH, 2 0.5 97 181.5-182 (fir.'' 179-181)
30 4-CH,OCH, 2 5 86 161-162 (/it.!! 160-162)
3p 4(CH,))NCH, 2 5 98 >250 (lit.!! >250)
3g 34<(OCH,0)CH, 2 5 82 157-158
3r 34-(CH,0),CH, 2 5 81 159-160

3s 4CHCH, 2 5 90 174.5-175 (lit.” 172-173)

*aromatic aldehyde (4mmol), cycloalkanone (2mmol), SmL of Na,CO, solution, 0.1 g TBAB;
Microwave power 195W, pulsed irradiation.

In conclusion, an efficient, simple and environmentally friendly procedure for the
synthesis of o,o'-bis(benzylidene)cycloalkanones from the corresponding aromatic aldehydes

with cyclopenlanone and cyclohexanone has been developed.
EXPERIMENTAL SECTION

Mps were determined in WRS-1B digital melting point apparatus and uncorrected. IR spectra
were recorded on a Nicolet Avatar360FT-IR instrument. 'HNMR were measured on a Burke 300
MHz spectrometer in CDCI, with TMS as internal standard. MS spectra were recorded on a LCQ
Advanbage instrument. Elemental analyzer were determined using Perkin-Elmer 240C elemental
analyzer. The reactions were carried out with a modified commercial microwave oven (Sanle
WP650D 650w) under atmospheric pressure. All the reagents are commercially available.
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o,or-bis(Benzylidene)cycloalkanones (3a-s). General Procedure.- A mixture of the aromatic
aldehyde (4 mmol), cyclopentanone or cyclohexanone (2 mmol), saturated sodium carbonate
aqueous 5 mL and TBAB (0.1 g) into an Erlenmeyer flask (25 mL) equipped with reflux
condenser were irradiated in a microwave oven for 0.5~7 minutes (as indicated by TLC). The
reaction mixture was allowed to stand at room temperature to solidify. The crude product was
collected, washed with water and recystallized from 95% ethanol.

Compound 3d, mp. 226.8-226.9°C; 'H NMR (DMSO-d, 300 MHz,): 4 8.32 (2H, s, CH=), 8.11-
7.61 (8H, m, arom H), 3.33 (4H, s, 2CH.,); IR(KBr): 3063, 2917, 1688, 1604, 1527, 1348, 1188,
739cm™'; MS(M+H)* 351.

Anal. Calcd for C,jH, \N,O: C 65.14; H 4.00; N 8.00. Found: C 64.92; H 3.86; N 7.88
Compound 3h, mp. 261-262.5°C; 'H NMR (CDCIl, 300 MHz,): 8 7.52 (s, 2H, CH=), 7.13-6.89
(m, 6H, arom H), 6.05(s,4H, 20CH,0), 3.09(s,4H, 2CH,); IR(KBr): 3083, 2909, 1680, 1596,
1490, 1444, 1219, 1034, 808cm™'; MS(M-+H)* 349.

Anal. Caled for CanmOs: C72.41; H4.60. Found: C 72.26; H 4.54

Compound 3i, mp. 172.1~172.9°C; 'H NMR (CDCl, 300 MHz,): 6 7.55 (s, 2H, CH=), 7.25-6.93
(m, 6H, arom H), 3.95 (s, 12H, 40CH,), 3.17-3.06 (s, 4H, 2CH,); IR(KBr): 3088, 2909, 2847,
1686, 1622, 1589, 1255, 1174, 815cm™'; MS(M+H)* 381.

Anal. Calcd for C,;H,,04: C 72.63; H 6.32. Found: C 72.44; H 6.18

Compound 3q, mp. 157-158°C; '"H NMR (CDCI, 300 MHz,): § 7.72 (2H, s, CH=), 6.86-7.05 (m,
6H, arom H), 6.02 (s, 4H, 20CH,0), 2.90-2.93(1, 4H, 2CH,), 1.80-1.84, (m, 2H, CH,); IR(KBr):
3073, 2955, 2894, 1649, 1586, 1545, 1499, 1233, 1163, 1039, 809 cm''; MS(M+H)* 363.

Anal. Calcd for C,,H,,0,: C 72.93; H 4.97. Found: C 72.78; H 4.90

Compound 3r, mp. 159-160°C; 'H NMR (CDCl, 300 MHz,): 8 7.77 (s, 2H, CH=), 6.91-7.14 (m,
6H, arom H), 3.93 (s, 12H, 40CH,), 2.95-2.98 (1, 4H, 2CH,), 1.80-1.86 (m, 2H, CH,); IR(KBr):
3073, 2930, 2832, 1659, 1595, 1513, 1449, 1249, 1138, 1021, 843cm’'; MS(M+H)* 395.

Anal. Calcd for C24H 05: C 73.10; H 6.60. Found: C 72.92; H 6.45
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