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ABSTRACT

A green and efficient procedure for the synthesisroa-bis(arylidene) cycloalkanones has been developed b
grinding aryl aldehydes with cycloalkanones in giresence of activated barium hydroxide (C-200)aipestle
mortar with out any solvent. This is an environmaéintbenign protocol which not only excludes the o§ organic
solvents and radiations for the reaction but alseeg product in good yield (84-93%) with in few oies (3-5
min.).
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INTRODUCTION

a, o-Bis(arylidene)cycloalkanones constitute an impurtelass ofa-p unsaturated carbonyl compounds as they
play an important role in organic synthesis [1] amd the starting materials for the synthesis tiedint saturated
and partially saturated heterocyclic ring syste]s These are important precursors for the synshekbioactive
pyrimidine derivatives [3] and synthetic intermeadmto functionalizex-p position during the total synthesis of
natural products such as cystodytins 8me of them exhibit anticancer properties [5] arelalso used as ligands
for the synthesis of complexes of industrial amtlans [6].

Cross aldol condensation, which is a powerful foolthe formation of C-C bond, is also an importprdatocol for
the synthesis ofx,a-bis(arylidene)cycloalkanones. Cross aldol condémsaof cycloalkanones with aromatic
aldehydes leading to the formation of the title poonds has been catalysed by strong acids [7] fialy by
strong bases [8], using either traditional heaf8jgr microwave heating [9]. However in most oétbases reaction
suffers reverse and / or side reactions [10]. Saréety of new reagents have been introduced adysatfor this
reaction such as Ingl1], InCl; /ionic liquid [12], BR.OE} [13], FeCk [14], Smk [15], TMSCI/Nal [16],
Yb(OTF)[17], KF with inorganic solid support [18], metadroplexes [19], KF-AIOs/MW [20], LiICIO4/EN [21],
Si0O,-OK/C,HsOH [22], BMPTO/MW [23], RuCJ[24] 1,[25], AcONa/ AcOH [26] , NKC-9 [27]. But still mangf
these methods suffer one or more drawback of hamard@¢onditions, poor yields, longer reaction timiefgh
temperature, low chemo selectivity and expensiegeats (table-1). Also in some cases formatioridef products
make the purification more difficult.
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Table 1: Comparison of the results of the reactionsarried out with different catalyst for the synthesis ofa,
a -bis (arylidene) cycloalkanones and the present one

Entry Catalysts Time Temp?C Yield (%) Ref.

1 InCk.4H,0 6-12 Hrs. 110(Sealed tube) 89-95 11
2 InCls/ionicliquid 5-6 Hrs 100 78-82 12
3 Smk/ ionic liquid 3-4.5 Hrs. Room temp.-60  80-98 15a
4 Smbk/THF 4-6 Hrs Room tem-80  71-85 15k

5 TMSCI/Nal 60-80 Min.  Room temp. 72-95 16
6 Yb(OTF) 4-12 Hrs. 90 88-97 17
7 KF/AI,O4 5 Min. M.W 73-82 20b
8 NaOH/GHsOH 2 Min. M.W. 90-95 9

9 LiCIO4/Et:N 1Min-4days Room Temp. 74-100 21
10 SiG-OK/C,HsOH  1.5-4.5 Hrs.  Reflux 84-98 22
11 BMPTO 5-10 Min. M.W 53.5-934 23
12 RuC} 4-24 Hrs. 120(Sealed tube) 82-95 24
13 L / CH,Cl, 4.5-9.5 hrs. room temp. 89-95 25
14 AcONa, AcOH 3-8 hrs. 120 78-83 26
15 NKC-9 4-6 hrs. reflux 75-94 27
16 Ba(OH),/Grindinc  3-5 Min. Room Temg 84-93 *

" Present Method.

As now a days, more emphasis is being laid on deweént of reactions under eco-friendly conditions b
eliminating the use of hazardous chemicals paditykolvents because of their volatile nature.réfage attempts
have been made by the chemists to carry out tletioea in solid phase or solvent free conditionsgisnicrowave
radiations [28] or grinding technique [29]. Working the lines of development of simpler and mildertes for the
transformations in organic synthesis [30], we tiiedlevelop a new and milder approach for the ssishofa, a-
bis (arylidene)cycloalkanones, which involves tlse wf catalyst of high activity, easy availabilighort reaction
time and simple work up procedure.

0]

ArCHO 4 Ba(OH), » AT N = Ar

Grinding (3 to5)min.

n=0,1
Fig. | Synthesis ofa, o -bis (arylidene)cycloalkanones

MATERIALS AND METHODS

Experimental

The reaction by grinding was carried out in a clpeatle mortar at room temperature. During thedgnigy, change
in colour took place which indicates the progrefseaction. Conversion of entire reaction mixtuseatyellow solid
mass indicates the completion of reaction. All gieducts obtained were characterized from thdilNMR, IR
spectra and melting points comparison with theditere values. ThéH NMR spectra were recorded on Bruker
Avance Il 400 spectrometer at 400 MHz in CPGsing TMS as internal standard. The IR spectreewecorded
using Perkin Elmer spectrometer (KBr plates).

General procedure for the synthesis oft, a -bis(arylidene)cycloalkanones (1-12):

A mixture of aryl aldehyde (4.8 mmole), cycloalkaeo(2.35 mmole) and activated barium hydroxidegh58.7
mmole) was ground at room temperature for 3 to Bubeis, when it gets converted to a yellow solid snd$e
reaction mixture was allowed to stand for 10 miswteroom temperature. 20 ml of ice cold water added to the
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reaction mixture and acidified with conc. HCI, whealid product separated out. The product so obthivas
collected by suction filtration and recrystallizedm ethanol.

Table II: Synthesis ofa, a -bis(arylidene)cycloalkanones

Entry Ar. n  Grinding time® (min.) Yields (%)® M.P. (°C) Found (Lit.) Ref

1 GCsHs 0 3 91 189-190 (188-189) 23
2 pP-NO,CeH4 0 5 84 228-230 (230-231) 23
3 pMeOGH, 0 3 93 210-211 (212) 24
4 p-CICsHa 0 5 85 225-226 (224-225) 15b
5 p- CH; CeH4 0 4 91 184-185 (183-184) 15b
6 CGHsCH=CH 0 4 88 223-224 (222-224) 23
7 CsHs 1 3 90 117-118 (11-118; 17

8 pNO,CH, 1 5 87 158-159 (160) 23
9 p-MeOGH, 1 3 92 202-203 (203-204) 17
10 p-CICsH,4 1 5 88 146-147(147-148) 27
11 p- CH;CgH4 1 4 93 169-170 (172-173) 15b
12 GHsCH=CH 1 4 89 179-180 (180) 23

2 |solated yield? Grinding was done till a yellow solid mass wastied.
Spectral data of the compounds synthesized asadiglow.

2,6-Bis(benzylidene)cyclohexanone(1)
IR (KBr): 1664 cm'(C=0);*H-NMR (CDCk): & 1.72-1.88 (m, 2H, 4-C}), 2.82 -2.98 (m, 4H, 3 & 5 -CHi 7.23-
7.55 (m, 10H, Ar-H), 7.80 (s, 2H,2= CH).

2,6-Bis(4-nitrobenzylidene)cyclohexanone(2)
IR (KBr): 1669 cm' (C=0); *H-NMR (CDCly): 5 1.85- 1.87 (m, 2H, 4-C}), 2.94 (t, J = 6.0 Hz, 4H, 3 & 5 -GH
7.56-8.20 (m, 8H, Ar-H), 8.30 (s, 2H = CH).

2,6-Bis(4-methoxybenzylidene)cyclohexanone(3)
IR (KBr): 1661cm'(C=0);'H-NMR (CDCl): 5 1.72-1.84 (m, 2H, 4-C}), 2.91 (t, J= 5.4 Hz, 4H, 3 & 5-C} 3.78
(s, 6H, 2x OCH), 6.96-7.48 (m, 8H, Ar-H), 7.75(s, 2H2= CH)

2,6-Bis(4-chlorobenzylidene)cyclohexanone(4)
IR (KBr): 1667 cm(C=0); *H-NMR (CDCL): & 1.81 -1.85 (m, 2H, 4-C})l, 2.86-2.93 (t, J=6.0 Hz, 4H, 3 & 5 -
CH,), 7.36-7.39 (m, 8H, Ar-H), 7.73 (s, 2Hx2= CH)

2,6-Bis(4-methyl benzylidene)cycl ohexanone(5)
IR (KBr): 1661 cnt(C=0); *H-NMR (CDCkL): 5 1.72-1.77 (m, 2H, 4-C}), 2.35 (s, 6H, % CHy), 2.92 (t, J= 5.6
Hz, 4H, 3 & 5 -CH), 7.18-7.43 (m, 8H, Ar-H), 7.76 (s, 2Hx2= CH).

2,6-Bis(cinnamylidene)cyclohexanone(6)
IR (KBr): 1690 cm(C=0); 'H-NMR (CDCk): & 1.75 (m, 2H, 4-Ch), 2.72-275 (t, J = 5.6 Hz, 4H, 3 & 5 -GH
6.96-7.44 (m, 16H, Ar-H, 8 = CH).

2,5-Bis(benzylidene)cycl opentanone(7)

IR (KBr): 1675 cni (C=0);'H-NMR (CDCk): & 3.10 (s, 4H, 3 & 4-Ch), 7.35-7.45 (m, 10H, Ar-H), 7.58 (s, 2H,
2 x = CH).

2,5-Bis(4-nitrobenzylidene)cyclopentanone(8)

IR (KBr): 1686 cm(C=0);'H-NMR (CDCl): 83.20 (s, 4H, 3 & 4 -C}), 7.65-8.30 (m, 10H, Ar-H, & = CH).

2,5-Bis(4-methoxybenzylidene)cycl opentanone(9)
IR (KBr): 1692 cnt(C=0);'H-NMR (CDCL): 5 3.08 (s, 4H, 3 & 4-Ch), 3.80 (s, 6H, X OCH), 6.92 — 7.57
(m, 10H, 8 Ar-H & 2x = CH).
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2,5-Bis(4-chlorobenzylidene)cycl opentanone(10)
IR (KBr): 1620 cr(C=0);*H-NMR (CDCkL): &3.11 (s, 4H, 3 & 4 -C}), 7.29-7.65 (m, 10H, Ar-H & X = CH)

2,5-Bis(4-methylbenzylidene)cycl opentanone(11)
IR (KBr): 1700 cm(C=0); 'H-NMR (CDCk): & 2.35 (s, 6H, 2 CHy), 3.06 (s, 4H, 3 & 4 -C}), 7.12-7.57 (m,
10H, Ar-H, & 2x = CH).

2,5-Bis(cinnamylidene)cyclopentanone(12)
IR (KBr): 1670 cm(C=0);'H-NMR (CDCL): 52.93 (s, 4H, 3 & 4 -C}J, 6.98-7.53 (m, 16H, Ar-H, 8 = CH).

RESULTS AND DISCUSSION

The present method is a very mild, economical andrenmentally benign procedure for the synthesisioa -
bis(arylidene)cycloalkanones, which involves thimding of aryl aldehydes with cycloalkanones in fiesence of
activated barium hydroxide in a pestle with moséthout any solvent for 3 to 5 minutes (Fig. 1yafsition in
colour of the reaction mixture from colourless ®lgw, during grinding indicates the completionrefction as
confirmed by TLC. Though reaction completes dugnigding period, yet it was left at room temperatao that at
every point of the reaction mixture completion bé treaction may take place. The product formed ezsly
obtained by just acidifying the reaction mixturehmiut extraction in highly improved vyield.

We also tried the other bases for this condensat@ction, but the results obtained proved, aatvatarium
hydroxide as a superior solid base catalyst contprether bases. When activated barium hydroxids replaced
with strong alkali bases such as NaOH or KOH reaatnixture turned dark and product could not béatsal. With
Hydrated barium hydroxide and weak bases such éSH)aand Mg(OH) reaction could not be completed even
after keeping the reaction mixture for many houtsragrinding. To find out the optimum amount oftigated
barium hydroxide required for efficient conversitime reaction of cyclohexanone with benzaldehyds rgaeated
with different equivalent amount of activated baribhydroxide and yields were found to be more am twas less
when 3 to 4 molar equivalent of activated bariurdroyide with respect to ketone was used.

We studied the scope of the reaction by condengmigusly substituted aryl aldehydes with cyclopaanes and
cyclohexanones to obtaim,a-bis(arylidene)cyclopentanones e -bis(arylidene)cyclohexanones respectively in
high yield. Barium hydroxide is a valuable reage@tause of its textural properties and microcriim&d structures
[31] and has also been reported for the synthésibadcone in solvent [31] as well as solvent freedium [30a,32].
Activated Ba(OH) is a mixture of anhydrous Ba(OHand the monohydrate in variable ratios [31]. Thenmon
form of activated Ba(OH)is referred as C-200. The efficiency of the actdabarium hydroxide as catalyst in these
condensation reactions appears due to its apptepmigstalline structure [31] and the nature ofcalded carbanion
and aldehyde on it [33].

CONCLUSION

Thus in general on the basis of results obtainedritbe concluded that, grinding using activatetubahydroxide
is better choice for the synthesis of the title poomds at room temperature than the conventiomalreported
methods in terms of safety, reaction time , yielchnomy and simplicity. This method not only exésidhe solvent
for reaction but also for extraction process, henée environmentally benign procedure for the thgsis ofa,a -
bis(arylidene)cycloalkanones at room temperatunglving simple workup procedure.
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