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Abstract

Cross-Aldol condensation of aromatic aldehydes with cyclic ketones in the presence of catalytic amount of iodine at room temperature afforded

a,0’-bis(substituted-benzylidene) cycloalkanones in high yields.
© 2005 Elsevier B.V. All rights reserved.
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Cross-Aldol condensation of aromatic aldehydes with cyclic
ketones is an important synthetic reaction for the preparation of
a,a’-bis(substituted-benzylidene) cycloalkanones. These ben-
zylidene derivatives are intermediates of various pharmaceu-
ticals, agrochemicals and perfumes [1]. They are frequently
used for the synthesis of bioactive pyrimidene compounds
[2]. They also find applications in the preparation of non-
linear optical materials [3] and liquid-crystalline polymers
[4].

Cross-Aldol condensation is classically carried out using
strong acid or base [5]. However, this process suffers from
reverse and side reactions resulting in low yields of the prod-
ucts. Different complexes of metal(I) ions have also been used
as catalysts but the yields (<38%) were not satisfactory [6]. Var-
ious other reagents such as Cp,Ti Ph [7a], BMPTO [7b], RuCl3
[7¢c], Sml;3 [7d], Cp2ZrH; [7e], TiCl3 (SO3 CF3) [ 7f], KF-Al, O3
[7g], FeCl; [7h], BF3- OEt; [7i], InCl3 [7j], TMSCI/Nal [7k] and
Yb (OTf)3 [71] are known to catalyze the reaction. However, in
most cases the yields are good at high temperatures and some of
the reagents require longer reaction times and tedious purifica-
tion procedures. Cross-Aldol reaction has also been carried out
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in an ionic liquid using FeCl3-6H, O as a catlyst but the reaction
was conducted at 80 °C [8].

In recent years molecular iodine has been considered as an
efficient, inexpensive and readily available catalyst for several
organic transformations [9]. In continuation of our work on the
application of this catalyst for development of useful synthetic
methodologies we have observed that this is very suitable to
catalyze the cross-Aldol condensation of aromatic aldehydes
with cyclic ketones at room temperature (Scheme 1).

Various aromatic aldehydes (1) and cyclopen-
tanone/cyclohexanone (2) were reacted following the above
method to prepare a series of «,a’-bis(substituted-benzylidene)
cycloalkanones (3) (Table 1) [10]. The products were formed in
excellent yields. Aromatic aldehydes containing both electron
donating and withdrawing groups underwent the conversion
smoothly. Cinnamaldehyde and furfural also afforded the
desired products in high yields. Both cyclopentanone and
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Table 1

Preparation of a,a’-bis(substituted-benzylidene) cycloalkanones catalyzed by molecular iodine?

Entry Ketone 1 ArCHO 2 Product 3 Time (h) Isolated yield (%)
0]

a é Ph 4.5 92
o]

b é 4-CH3C¢Ha 4.5 94
0]

c é 4-CH30C¢H,4 45 95
o]

d % 4-HOCgHy 4.5 95
0]

e é 4-HO-3-OCH3C¢H3 4.5 92
o]

f é 4-ClCsHy 4.5 94
o]
0]

h 2,4-Cl,C6H; 5.5 90

Cl

o]

i é 4-FCeHy 5.0 91
a 0

j 4-NO,CeHy4 9.5 89

OzN NO, 3

q o]

k é 3-NO,CeHy O,N \.A\J$//\./NC)2 9.5 89

. ' ‘ 3k

o] 0

1 é 3-CF;C¢Hy 55 92
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Table 1 (Continued )

Entry Ketone 1 ArCHO 2 Product 3 Time (h) Isolated yield (%)
o

m é CgHsCH=CH 5.5 90
o]
@]

0 Ph 4.5 89
@]

p J 4-CH3CeHa 45 92
@]

q 4-CH30CgH, 45 92
@]

r 4-HO-3-OCH3 5.0 90
@]

s 4-FCgHy 5.0 92
@]

t 3-CF3CeHy s 5.5 90

3t

@]

u CgHsCH=CH 55 90

2 The structures of the products were determined from their spectroscopic ('H NMR and MS) data.

cyclohexanone showed the similar activity towards the con-
desation with aromatic aldehydes. All the reactions were
free from by-products, which are generally found in classi-
cal reactions conditions [5]. The structures of the products
were established here from their spectroscopic ('H NMR
and MS) data. In absence of iodine no product could be
detected within 6 h of reaction indicating the catalytic role of
iodine.

In the present conversion iodine has been found to be more
efficient than the conventional Lewis acids such as ZnCl,, SnCly,
FeCl3 and AICl3 in terms of yields and times of reaction [71].
These metal chlorides induced the self-condensation of aldehy-
des and ketones rather than the cross-Aldol condensation. lodine
showed remarkable efficiency at room temperature. There are a
limited number of methods where the catalyst is active at room
temperature to afford high yields of the target products [7k].
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In conclusion, we have developed an easy and efficient
method for cross-Aldol condensation of aromatic aldehydes
with cyclic ketones to form a,a’-bis(substituted-benzylidene)
cycloalkanones using iodine at ambient temperature. The mild
reaction conditions, shorter reaction times, high yields and appli-
cation of an inexpensive and readily available catalyst are the
great advantages of the method.

1. Experimental section

1.1. General procedure for the preparation of
a,o -bis(substituted-benzylidene) cycloalkanones

To a solution of an aromatic aldehyde (2.2 mmol) and a cyclic
ketone (1 mmol) in CH,Cl; (5 mL) iodine (0.076 g, 0.3 mmol)
was added. The mixture was stirred at room temperature and
the reaction was monitored by TLC. After completion the mix-
ture was treated with aqueous NayS,0O3 solution and extracted
with EtOAc (3 x 10mL). The extract was concentrated and
residue was subjected to column chromatography over silica
gel using 30% EtOAc in hexane as eluent to obtain pure a,o'-
bis(substituted-benzylidene) cycloalkanone.

The spectral ('H NMR and MS) and analytical data of the
unknown compounds are given below.

1.1.1. Compound 3e

Light yellow solid; mp 178-180°C; 'H NMR (CDCl3
200 MHz): § 7.75 (2H, brs), 7.10 (2H, dd, J=8.0, 2.0 Hz), 7.01
(2H, d, J=2.0Hz), 6.96 (2H, d, J=8.0 Hz), 5.82 (2H, brs), 3.90
(6H, s),2.94 (4H, dt J=17.0, 2.0 Hz), 1.90-1.73 (2H, m). EIMS:
m/z 366 (M+'). Anal. calcd. for CyoH»,0s5: C, 73.10; H, 6.00;
Found: C, 73.18; H, 6.09.

1.1.2. Compound 3k

Yellow needles; mp 200-202°C; 'H NMR (CDCl;
200 MHz): § 8.33 (2H, brs), 8.21 (2H, dd, /=8.0, 2.0 Hz), 7.78
(2H, d, J=2.0Hz), 7.74 (2H, dd, J=8.0, 2.0), 7.60 (2H, t,
J=8.0Hz), 2.99 (4H, dt, /=7.0, 2.0Hz), 1.95-1.82 (2H, m).
EIMS: m/z 364 (M*"). Anal. calcd. for CooH gN2Os: C, 65.93;
H, 4.39; N, 7.69; Found: C, 65.99; H, 4.44; N, 7.73.

1.1.3. Compound 31

Yellow solid; mp 102-104 °C; Iy NMR (CDCl3 200 MHz):
8 7.827.46 (10H, m), 2.93 (4H, dt, J=7.0, 2.0Hz), 1.98-1.77
(2H, m). EIMS: m/z 410 (M*"). Anal. calcd. for CooH;60Fs: C,
64.39; H, 3.90; F, 27.80; Found: C, 64.46; H, 3.98; F, 27.87.

1.1.4. Compound 3r
Light yellow solid; mp 172-174°C; 'H NMR (CDCl3
200 MHz): § 7.54 (2H, brs), 7.22 (2H, dd, J=8.0, 2.0Hz), 7.12

(2H, d, /=2.0Hz), 6.99 (2H, d, J=8.0Hz), 3.95 (6H, s), 3.10
(4H, brs). EIMS: m/z 352 (M*"). Anal. caled. for Cp;Hp0Os: C,
71.59; H, 6.68; Found: C, 71.63; H, 6.69.

1.1.5. Compound 3t

Yellow solid; mp 206208 °C; THNMR (CDCl3 200 MHz): §
7.85-7.52 (10H, m), 3.15 (4H, m). EIMS: m/z 396 (M*"). Anal.
calcd. for C1H14O0F¢: C, 63.63; H, 3.53; F, 28.78; Found: C,
63.69; H, 3.59; F, 28.80.
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