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Microwave-Assist Organic Reactions: Eco-friendly synthesize of
benzilidenecyclohexanone derivative

ABSTRAK

The synthesis of dibenzilidenecyclohexanone derivatives by environmentally

friendly MAOS aldol confon had been carried out. The reaction was started by

searching the optimum colutentration of NaOH as catalyst. Condensation reaction was
performed by reacting benzaldehyde or its derivative with cyclohexanone in microwave
oven by mole ratio 2 : 1 with optimum concentration of NaOH as catalyst for 2 minutes
duration. In this reaction we used aquadest and methanol as solvent. The reaction yield
was determined by TLC scanner and the structure was elucidated by FTIR and NMR
spectrometer. The synthesis of same compound was performed by stirring method as
comparation. The research revealed that dibenzilidenecyclohexanone synthesis using
MAOS is better than stirring method.
Keywords: ?

Telah dilakukan sintesis dibenzilidensikloheksanon dan turunannya melalui
reaksi kondensasi aldol yang ramah lingkungan menggunakan metode MAOS. Reaksi
diawali dengan optimasi konsentrasi natrium hidroksida sebagai katalis. Reaksi
kondensasi dilakukan dengan cara mereaksikan benzaldehida atau turunannya dengan
sikloheksanon dalam krus porselen dengan rasio mol 2:1 menggunakan katalis natrium
hidroksida. Pelarut yang digunakan adalah aquades dan metanol. Krus ditutup dengan
aluminium foil dan direaksikan menggunakan microwave selama 2 menit. Selanjutnya
padatan hasil reaksi dianalisis menggunakan TLC dan TLC scanner untuk menentukan
rendemennya. Elusidasi struktur dilakukan menggunakan FTIR dan NMR. Sebagal
pembanding, dilakukan sintesis senyawa yang sama tetapi menggunakan metode
stirring. Hasil riset membuktikan bahwa hasil sintesis dibenzilidensikloheksanon
menggunakan metode MAOS lebih baik daripada metode stirring.

Keywords : dibenzilidensikloheksanon, MAOS, ramah lingkungan
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Introduction.

Benzalacetone has a very interesting structure to be studied and developed.
Several benzalacetone analogues have been reported as an active antioxidant [1, 2].
Active antioxidants compounds are expected to be a high potential anticancer
candidate. In fact, one of dibenzalacetone derivative i.c 2,5-bis(4'-hydroxy-3'5'-
dimethyl)-benzylidenecyclopenthanone or commonly known as the PGV-1 was
reported to have the potential to inhibit the growth of tumors in T47D cells [3].

Some biological activities have been reported from analogue benzalacetone.
(2E, 6E)-2.6-dibenzylidenecyclohexanone and E-2-benzylidenecyclohexanone are
analogue of benzalacetone which can be synthesized using raw material cyclohexanone
and benzaldehyde. Dibenzylidenecyclohexasanone and benzylidenecyclohexanone
compounds are expected to have a biological activity similar to benzalacetone
derivatives.

Modification of the synthesis process has to do to obtain optimum results. Some
researchers have developed cross aldol condensation reaction with a variety of methods
and catalysts. Several methods have been reported, among others, using the stirring [2],
solvent free reaction [4], and ultrasonic-asisted method [5]. Synthesis vanilinacetone
with stirring for 3 hours giving yield 13.06 to 94% [6]. Synthesis of dibenzalacetone’s
derivative through cross aldol condensation reaction without solvent conducted by
Salehi ef al. [7] give results between 82-98% with reaction time of 2-8 hours. While the
synthesis of ultrasonic-asisted method with a reaction time of about 1.5 hours yield
about 70 to 97% [5]. From the research, concluded that the highest yield is obtained
when the synthesis of dibenzalacetone derivatives with double aldol condensation on
both sides who have Ha. While the current yield of mono condensation on the one
hand, is generally low. The results of the synthesis is always has dibenzalacetone as a
byproduct of double condensation products.

Trends synthesis process today has shifted from the traditional concept that puts
the maximum yield become eco-friendly processes that give more attention to the
reaction process. Eco-friendly reaction process is a reaction that eliminate or reduce
waste, save energy and avoid the use of toxic or hazardous compounds [8]. Based on
these criteria, some researchers have conducted the synthesis of organic compounds

using the method of Microwave Assisted Organic Synthesis (MAOS) [4, 9, 10]. The
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advantage via Maos reaction are the reaction of a cleaner, economical, environmentally
friendly, can use microwave ovens household and only use simple glassware so easily
taught to students [11].

From some literature, it is necessary to synthesis dibenzylidenecyclohexanone
with eco-friendly methods. Synthesis was conducted by MAOS for 120 seconds using
methanol as solvent. MAOS is the new method that expected to effectively reduce:
reaction time, electrical energy use, harmful solvents and waste by reducing the

catalyst.

EXPERIMENTAL SECTION
Materials

The materials wused for the synthesis include benzaldehyde, 2-
hidroxybenzaldehyde, 4-methoxybenzaldehyde, 3.4-dimethoxybenzaldehyde
cyclohexanone, ethanol, sodium hydroxide, chloroform, hexane and aquades. All the
ingredients from E-Merck.

Instrumentations instruments are suggested to be split into several sentences according to the utilization

The equipment that used were TLC Scanner, Nicolet Avatar 360 FTIR and

————

NMR spectrometer.
Procedure
Optimization of sodium hydroxide concentration. Sodium hydroxide (0.0025 mole)
in 2 mL methanol was placed in a porcelain crucible. 4-methoxybenzaldehyde (0.01
mole) and cyclohexanone (0.005 mole) was added consecutively. Porcelain crucible
was covered using aluminum foil and put in the microwave for 2 minutes. Reaction
products were analyzed using TLC and TLC scanner to determine the yield. Repeat the . JQ/; e
same procedure using NaOH 0.005; 0.0075; 0.01 and 0.0125 mol ) (’:ﬁ/
Synthesis of (2E, 6E) -2.6-dibenzylidenecyclohexanone (1) by MAOS. Soc}iﬁlll M‘mw
hydroxide (0.005 mole) was dissolved with 2 mL methanol in a porcelain crucible.

Parcelain W
inutes. s

¢ results M’Z

are then analyzed using TLC, TLC scanner, and then identified by FTIR and NMR

Benzaldehyde (0.01 mole) and cyclohexanone (0.005 mole) was add

crucible covered with aluminum foil and then put in a microwave oven

The product was dried and weighed to determine the yield of the reactia

spectrometer. Repeat' the same procedure to synthesize (2E,6E)-2.6-bis(4-
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methoxybenzylidene)Cyclohexanone (2) and (2E,6E)-2.6-bis(3,4-
dimethoxybenzylidene)Cyclohexanone (3).
Synthesis of compound 1 with stirring method. Sodium hydroxide (0.005 mole)
dissolved in 2 mL of distilled water. Benzaldehyde (0.01 mole), cyclohexanone (0.005
mole) and 3 mL of ethanol was added to the solution. Stir the mixture at 10°C for 120
minutes. Furthermore, let stand for 24 hours in the refrigerator until a precipitate is
formed. Filter the precipitate and dried. Further analysis was pe formed the same as on
the results of the synthesis using MAOS methods. ) PJ"-’: ' ‘-""4'% 7
RESULT AND DISCUSSION

Crossed aldol condensation of benzaldehyde and cyclohexanone is presented in
Fig 1. Characterization of synthesized compounds 1, 2 and 3 by using NMR

spectrometer are listed in Table 1-3.

@]
R, F 2
1 NaOH Ry
2 R - e
R

R; !

Compound 2 =R1=0CH3/R2 =H

Compound 1 =R1=R2 =§
Compound 3 =R1=R2 = OC(@

Gambar 1. Crossed aldol condensation in synthesized compounds

FTIR (KBr) (em™) of compound 1: 2926.27 (C-H stretching), 1604.77 (C=0),
1573 supported by 1488 (C=C aromatic), 1552.31 (C=C alkene). 1443 (CH,
methylene). FTIR (KBr) (cm™) of compound 2: 2938.52 (C-H stretching), 1594.67
(C=0), 1554.96 (C=C alkene), 1504.33 supported by 1416.16 (C=C aromatic), 1451.74
(CH; methylene), 1162.34-1112.72 (C-O), 843 (para subtitution). FTIR (KBr) (cm™) of
compound 3: 2930.57 (C-H stretching), 1596.84 (C=0), 1513.57 (C=C aromatic), 1451
(CH; methylene), 1250.77-1139.4 (C-0), 847 (para subtitution) [12].



1 Table 1. NMR (‘H and *C) of compound 1 (CDCl;)

No C & O H, m, J Hz) ppm o C (ppm)
1 . 190.3
2,6 , 136.1
3,5 2.9 (4H, m, -) 28.4
4 1.8 (2H, m, -) 23
7 7.8 (2H, s, -) 136.9
1a,1b : 135.9
2a,6a,2b,6b 7.46 (4H, d, 7.2) 130.3
3a,5a,3b,5b 7.4 (4H,t,7.2) 128.3
4a,4b 7.3 (2H, d, 7.2) 128.5
2
3
4 Table 2. NMR (‘H and *C) of compound 2 (CDCls)
5
No C 8 OCH, m, J Hz) ppm & C (ppm)
1 - 190.2
; - 134.3
3,5 2.9 (4H, t, -) 28.5
E 1.8 2H, m, -) 23
7 7.7 2H, s, -) 136
la,1b s 1287
2a,6a,2b,6b 7.45 (4H, d, 7.2) 132.2
3a,5a,3b,5b 6.9 (4H, d, 7.2) 113.8
4a, 4b : 159.9
4a-OCHjs, 4b-OCH; 3.8 (6H, s, -) 55.3
" ABAOLL Wtk
7
8
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Table 3. NMR (*H and "C) of compound 3 (CDCl;)
OCH; OCH,

No C - 8 O H, m, JHz) ppm 3 C (ppm)

1 - 190

2,6 - 136

o B 2.9 (4H, t, -) 28.5
4 1.8 2H, m, -) 23

7 7.7 (2H, s, -) 134

la,1b - 128

2a.2b 7.02 (2H, s, 7.2) 113

3a,3b - 149
3a-OCHj3;, 3b-OCHjs 3.91 (6H, s, -) 55
4a.4b - 148
4a-OCH3;, 4b-OCHj; 3.92 (6H, s, -) 55

Sa, 5b 6.9 (2H, d, 8.3) 110.8

6a, 6b 7.1 (2H, d, 8.3) 123.8

The benzylidenecyclohexanone synthesis begins with the optimization
concentration of catalyst. It aims to determine the minimum concentration of catalyst to
produce the maximum product. Results of optimization of catalyst concentrations are
presented in Figure 2.
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Figure 2. Optimization of NaOH catalyst with MAOS method
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NaOH optimum for the synthesis of compound 2 (0.005 mole cyclohexanone,
4-methoxybenzaldehyde 0.01 mole) was 0.005 mole which produces 100% yield.
These results indicate that minimum number of moles have produced maximum results.
In the synthesis-of compound 1, the highest yield of 115% was obtained at 0.01 mole
NaOH, while NaOH 97.76% yield obtained at 0.0075 mole. Therefore, for the synthesis
of compound 1, the use of NaOH 0.0075 mol is more eco-friendly. This is consistent
with one of green chemistry pillars, which use a minimum chemicals and reducing
waste bases residu.

As a comparator, the stirring method was used to determine the effectiveness
MAOS in the synthesis of dibenzylidenecyclohexanone. Moles number of raw
materials and catalysts that used are the same. Comparison of the results using MAOS

and stirring method is presented in Figure 3.

> remove grid-lines

120 . ....>Use arial font 10

[
o
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(o2}
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Yield (%)

]
o

Synthesized compounds

Figure 3. Comparison of the results using MAOS and stirring method

Eco-friendly synthesis process is a chemical reaction using efficiently raw
material, less waste, avoid toxic chemicals and a short reaction time [13]. Based on
these conditions, synthesis dibenzylidenecyclohexanone was done using MAOS
methods. MAOS has several advantages compared with conventional heating methods.
In the conventional method of heating, the reaction container is heated and then transfer
heat into the reaction system by convection process. Thus this process takes a long time
and high energy. Heating with microwave is more efficient in terms of energy,
homogen temperature and faster until at high temperatures. So the main advantage of

using the microwave is a very short reaction time and high yield [14].
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The tools that used in this method is domestic microwave oven. Opinion of
Some reseachers is that domestic microwave oven has a disadvantage in terms of
temperature control and low reproducibility. If using a solvent which has a low boiling
point, can lead to over heated during the reaction. Over pressure can also occur when
using a closed reaction system. To avoid over-pressure and over-heated, the crucible
porcelain that used was covered with aluminum foil. In this study, solvent that used is
methanol because in addition to a high enough boiling point, heating using microwave
oven require polar solvents. Dielectric polarization dipoles depends on the ability to
adjusting the direction of the electric field applied. Seems to make sense to believe that
the more polar solvent (with a high dielectric constant), the more rapidly the radiation
is absorbed so that the higher the temperature obtained [15].

The data in Figure 3 shows that the yield of the synthesis using MAOS larger
than the stirring method. Advantages of MAOS i1s highly reduce reaction time, increase
of yields and product purities to enhance conventionally procces experiments. Very
rapid heating on high temperature on MAOS occur based on the implementation of the
Arrhenius law. Temperature changes that usually takes a few hours at reflux
temperature, to be perfect in just a few minutes using microwave. The rapid heating
experienced in microwave-assisted transformations also lead to changed product
distributions compared to a conventional method if the reaction product distribution is
controlled by complex temperature-dependent kinetic profiles. This could clarify why
microwave-assisted reactions performed at an optimized reaction temperature have
been establish to be cleaner, guiding to less by-products compared to the
conventionally method [16].

Cross aldol condensation reaction is usually performed using a conventional
stirring method for a few hours and should left to stand over night. It also requires
amount of solvent. The results also still contains residual catalysts and solvents. So
conventional method requires high energy for stirring and heating also unwise use of

chemicals.

Conclussion
The conclusion from this study is dibenzylidenecyclohexanone and its

derivatives can be synthesized by the reaction Claisen-Scmidth using MAOS.

Synthesized process using MAOS is better than stirring method. Based on this research,
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it can be seen that the product of MAOS synthesis takes very short time reaction, short

synthesis flow, almost no waste and higher yield.
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/18, The synthesis of dibentilidenecyclohexanone derivatives by environmentally

17\\éffendly MAOS aldol condensation had been carried out. The reaction was stgrted by
18 segrching the optimum contentration of NaOH as catalvst, &gg'ndensaﬁon FEdCIion was
\_ 19 performed by reacting benzaldehyde or its derivative veith cyclohexanone in microwave
\20 oven by mole ratio 2 : 1 with optimum concentration of NaOH am
21 durafion. T ioarwenisedrgigdest avg bgut. The reaction yield
22 was.determined by TLC scanner and the structure was elucidated by FTIR and NMR
23 spectrowietedsiThe synthesis of same compound was performed by stirring method as LOAGT B THE
24 compargtion. The research r&waled—tHar dibe Ciljdenécyclohexanone Synihiesis USING ] 3 oive o ;
25 MAOS4& better than stirring method. p N Y i
26 e j(’gj YL A e
27 Telah dilakukan sintesis dibenzilidensikloheksanorf{Mannya melalui
28  reaksi kondensasi aldol yang ramah lingkungan menggunakan metode MAOS. Reaksi
29  diawali dengan optimasi konsentrasi natrium hidroksida sebagai katalis. Reaksi
30 kondensasi dilakukan dengan cara mereaksikan benzaldehida atau turunannya dengan
31  sikloheksanon dalam krus porselen dengan rasio mol 2:1 menggunakan katalis natrium
32 hidroksida. Pelarut yang digunakan adalah aquades dan metanol. Krus ditutup dengan
33 aluminium foil dan direaksikan menggunakan microwave selama 2 menit. Selanjutnya
34  padatan hasil reaksi dianalisis menggunakan TLC dan TLC scanner untuk menentukan
35 rendemennya. Elusidasi struktur dilakukan menggunakan FTIR dan NMR. Sebagai
36  pembanding, dilakukan sintesis senyawa yang sama tetapi menggunakan metode stirring.
37  Hasil riset membuktikan bahwa hasil sintesis dibenzilidensikloheksanon menggunakan
38  metode MAOS lebih baik daripada metode stirring.
39
40 ke fKunci “
41 @@s": dibenzilidensikloheksanon, MAQOS, ramah lingkungan
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Benzalacetone has a very interesting structure to be- studied and developed.

1

2

3 Several benzalacetone analogues have been reported as an active antioxidant [1, 2].

4 Active antioxidants compounds are expected to be a high potential anticancer candidate.
{ 5 In fact, one of dibenzalacetone derivative ﬁ.@j«bis(é!-’—hydroxyn}}',5'-dimethyl)—

6  benzylidenecyclopenthanone or commonly known as the PGV-1 was reported to have

7 the potential to inhibit the growth of tumors in TA7D cells [3). & / oaTren ;ﬁ Buiogs cal

R \fﬁ; {Some biological activities have beenﬁ‘reported from analogue benzalacetone @w n e
59 ¢ @Q@—dibenzylidenecyclohexanone and {ﬁl?,—benzylidenecydol?@ﬁ_i(gnone are analogu;@%if ;?wa

) . . AU
10 | of benzalacetone which can be synthesized using raw material cvclohexanone and .. A% ~= o
fone which can be ¥4 g y penT OF View,

X @_ﬁli % benzaldehyde. (& Dibenzylidenecyclohex@one and /b§nzylidenecyclohexanone
= ‘

12

U,

% . . (1=
compounds g expected to have @‘\blolo\gwai act1v1ﬁ§—/51mllw to benzalacetone
w——/

13 derivatives.
5 Medifieatiorrotthe-synthesis-precesshasto do-to-obtain-eptimunrresuits. Some

15 _researchers have developed cross aldol condensation reaction with g variety of methods
: g foach @i

36 ; ﬁandcataly?é%. Several methods have been reported, asefeethers, using the stirring [2],
LT \ ¢

. . . - C’F -y Ty g oy .
s ariirbn SOlvent free reaction [4], and ultrasonic-asisted method [5]. Synthesis”vanilinacetone ity v
on THE VART: PAY e I Jobydar-Free

cutaly wil8  with stirring for 3 hours giving yield@% to 94% [6]4Synthesis of dibenzalacetone®

19 derivatoiu\ia th%%h cross aldol condensati%?;;e&;action wﬁ%ﬁ%’[ conducted by Salehi

i %ﬁo/.er—alpﬂ @ve results between 82-98% with reaction time of 2-8 hours. While the

ui’}‘izj:h;iiigl synthesis of ulfEasenic-asisted method with a reaction time of about 1.5 hours yield about
:f:‘ﬁaf mei2d 7 70 to 97% [S]. From the research, concluded that L@s obtained when the i Retfatonc!

23 synthesis of dibenzalacetone derivatives with double a condensation on both sides

i

Pland e o
groimn THE

oF

24 who have Ha. While the current yield of mono condensation on the one hand, is generally§

25 low. The results of the synthesis is always has dibenzalacétone as yproductof double

26 Condens{mign’prgm‘tgc . Céfn?/‘mdr"c Vst
27 Clrends synthe%% proces tod/z;}) has shifted from the traditional concept that puts

28  the maximum yield become eco-friendly processes that give more attention to the
o tich
29 reaction process. Eco-friendly reaction process is a reaction thet eliminate or reduce

30  waste, save energy and avoid the use of toxic or hazardous compounds [8]. Based on

Soqeal ——

31  these criteria, sesse researchers have conducted the synthesis of Eor anic compounds
/

32 using the method of Microwave Assisted Organic Synthesis (MAOS!,)/ [4, 9, 10]. The
Y | |
g HICH oF Jane (erfound,
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advantage via Mams reaction are thereaction-eofa cleaner economical, environmentally

: T . wire .
frlendly;can useWm& oaaiy—\:se simple glassware éa easily

taught to students [11]. (:“"\\

From some literature, ycess synth? szyﬂ exapone \_‘
with ?oléenéy ¢thods. esis was“conducted By MAOS 120 seco s using
methanol/as sol eni&dAOS 1s the new method tea \‘hexpected to effectively redu@

T
/m;lctlon time, electrical energy use, harmful solvents and Waste(by reducmggthe“catai'fsftl.

EXPERIMENTAL SECTION 7

&y
Materials

The materials used for the synthesis includeg( benzaldehyde, 2-

Mroxybenzaldehyde 4-methoxybenzaldehyde, 3.,4-dimethoxybenzaldehyde
i A

T
cyclohexanone/ ethanol, sodium hydroxide, chloroform, hexane and aquades§ All the
A
ingredientsifrom E‘cﬁerclg o Mg thipot 7
WL Purthags é - -
Instrumentations e DS 7 ‘

The equipment that used were TLC Scanner, Nicolet Avatar 360 FTIR and NMR
spectrometer. £ MicRowsve 7
Procedure {PUZGJ“E USE AUC  THg @ NUMRER (r EQUWACENT puR EACH CHEMICAL E}
Optimization of sedium hydroxide concentration. Sodium hydroxide (0.0025 fole)_ conveer
in 2 mL methanol was placed in a porcelain crucible. 4-_&5gethoxybenzaldehyde (0.01 T smoal
mole) and cyclohexanone (0.005 mole) was added comsecutively. Porcelain crucible was
covered using aluminum foil and ;ﬁfﬁithe microwave for 2 minutes. Reaction products
were agﬁx;iz*eepdﬁ ﬁgﬁgé ;1;%% ?&dELg’ ni(iir_ﬂ?% tg‘ ietemlne the yield. Pee-pwaﬂhe same
procedure using NaOH 0.005: 0.0075; 0.01 and 0.0125 @—-—j—-* puncht
Synthesis of @@ -2.6-dibenzylidenecyclohexanone (1) by MAOS. Sodiwm
hydroxide ((@ mole) was dissolved with 2 mL methanol in a porcelain crucible.
Benzaldehyde (@ mole) and cyclohexanone { \_(;95 mole) was added. Porcelain
crucible covered with aluminum foil and then;gg{{ in a microwave oven for 2 minutes.
The product was dried and weighed to determine the yield of the reaction. The rm
then analy@ using TLC, TLC scanner, and tkem identified by FTIR and NMR
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}f’ metWen%Wne “ﬂ ﬁld/ | 2E,6E)»z.g,b@/
/2 diméthoxybenz lidene)(;yeiohexano £@3) '

- Synthesis of compound 1 with stirring method. Sodium hydroxide ((@ mole)
dissolved in 2 mL of distilled water. Benzaldehyde (0. @ole) cyclohexanone(_j,%
mole) and 3 mL of ethanol was added to the solution. Stir the mixture at 10°C for 120
minutes. Furthermore, let stand for 24 hours in the refrigerator until a precipitate is

formed. Filter the precipitate and dried. Further analysis was performed the same as on

the results of the synthesis using MAQOS methods.

9 RESULT AND DISCUSSION
10 Crossed aldol condensation of benzaldehyde and cyclohexanone is presented in
i1 Figl. Characterization of synthesized compounds 1, 2 and 3 by using NMR spectrometer

12 arelisted in Table 1-3.  pcpowrd oA ITun

13
Gefm‘w;i 1: K¥ R& H

‘ Comﬁiﬁ’7 R{.D‘—OCP@RQ?*H/—\\/
14
b OF Bea QWJQ Aprtvaines and Cyalehey mar.
16 T R
17
18 FTIR (KBr) (cm™) of compound 1: 2926.3F (C-H stretching), 1604.77 (C=0),

19 1573 supported by 1488 (C=C aromanc) 1552.81 (C =C alkene). 1443 (CH; methylene).
20 FTIR (KBr) (em™) of compound 2: 2938. @ (C- H stretchmg) 1594.€7 (C=0), 1554.96
21 (C=Calkene), 1504.38 supported by 1416.¥5 (C=C apomat}.c), 1451. % (CHz methylene),
22 1162.8-1112.7%2 (C-0), 843 (para subtitution) FTIR (KBr) (e} of compound 3:
23 2930.8 (C-H stretching), 1596.8¢ (C“O) 15 13.8 (C=C aromatic), 1451 (CH»
24  methylene), 1250.79-1139. %‘" (C O); 847 (para subtltutlon) [12].
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NoC A(H, m, JHz) ppm 8€ (ppm)
1 S T opRe T eo 1903
2,6 : = 136.1
3,5 2.9(4H, m, -) 28.4 N
4 %(2}1% ) g g I
7 7.8 @H,s,-) 136.9
1a,1b - - 135.9
N 28,62.2b6b 746 (4H, d, 7.2) \ 130.3
S 3a523b,5b 2 (4H, t, 7.2) 11283
N 4adb 3(2H, d, 7.2) 128.5
2 \ y
4 Tabl %R{lﬁ and 1°C) of compound 2 (CPCl3) |
5 : '
O
No C 5 ¢ (ppm)
1 ff190.2
6 /1343
3,5 ;285
4 / 3
7 S 136
la,1b’, - V4 128.7
2a,6a,2b,6h, 745(4H,4,72) 132.2
3a,58,3b,5b \ €3 (411, d,72)7 113.8
4a, 4b - 159.9
4a-OCHs, 4b-OCH3 S¥6H, s, -) 55.3
6
7
8
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Table 3. NMR (*H and “C) of compound 3 (CDCL)

NoC o (O ’H, m, JHz) ppm o C (ppm)

1 - @

2,6

35 2.9 (4H, t,-) 28.5
4 3 (H m,-) @3
7 17 (H, s, -) 133
la,1b . 18
2a,2b 7.02 2H, s, 7.2)
3a,3b - 149
3a-OCHs3, 3b-OCH;3 3.91 (6H, s, -) §5
4a,4b - }@
4a-QCH;, 4b-OCH; 3.92 (6H, s, -) @3 ~
5a, 5b 69 (2H, d, 8.3) 110.8
6a, 6b 73 (2H, 4, 8.3) 123.8

The benzylidenecyclohexanone synthesis begins with the optimization
concentration of catalyst. It aims to determine the minimum concentration of catalyst to

produce the maximum product. Results of optimization of catalyst concentrations are

th P W RN

presented in Figure 2.
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7 Figure 2. Optimization of NaOH catalyst with MAOS method
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; NaOﬁ\optimum for the synthesis of compound 2 (0.00@ cyclohexanone, 4-
metho&aben’zaldehyde 0.01 ﬁl:cjé) was 0.005 @Jé wh1ch produces 100% yield. These
results indic:ateAfhat minimum number of moles ha;\’}"é produced Mm results. In the
synthesis of compound 1, the highest yield o@ was obtained at 0.01 r@p NaOH,
while NaOQH 97.76% vield obtained at 0.0075 @le. Therefore, for the synthesis of
compound 1, the use of NaOH 0,007@1 is moreleco-frigndly\ Thigds co is’::?vith
one c}gfeen chemisypﬁiars,/which us_;c,afrﬁniymﬁ ck€michls and redyeing waste baés
noT L GuRp Ao RINTR HETD-

resrdu. o

?\3‘“’.“ '1'\15:_ wg}\%’é\{‘;r
agomarstor, the stirring method was used to determine the effectiveness

MAGQOS 1in the synthesis of dibenzylidenecyclohexanone. Moles number of raw materials
Wi . . ..
and catalysts that used e the same. Comparison of the results using MAOS and stirring

w‘/a 2 - L -
method & presented in Figure 3. Yy \aaﬂ Tdoile ujeg e Semd Tondi®a s(.jmv@ﬂ@ } )

. ek 0 (Lie '—l_ﬁ%w )
120 52
!
P | . MQ/\?’\‘-}
R i I
S e o stirring
% & MAOS
&
2 3 Synthesized compounds

Figure 3. Comparison of the results using MAOS and stirring method

Eco-friendly synthesis process is a chemical reaction using efficiently raw
material, less waste, avoid toxic chemicals and a short reaction time [13]. Based on these
conditions, synthesis dibenzylidenecyclohexanone was done using MAOS methods.
MAOS has several advantages compared with conventional heating methods. In the
conventional method of heating, the reaction container is heated and then transfer heat
nto the reaction system by convection process. Thus this process takes a long time and
high energy. Heating with microwave is more efficient in terms of energy, homogenewas
temperature and faster until at high temperatures. So the main advantage of using the

microwave is a very short reaction time and high yield [14].
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The tools that used in this method is domestic microwave overl Opinion of Some
reseachers is that domestic microwave oven has a disadvantage in terms of temperature
control and low reproducibility. If using a solvent which has a low boﬂmg point, can lead
to over heated during the reaction. Over pressure can also occur wfien using a closed
reaction system. To avoid over-pressure and over-heated, the cruc1ble porcelaln that used
was covered with aluminum foil. In this study, solvent that used is methanol ecause in
addition to a high enough boiling point, heating using microwave oven require polar
solvents. Dielectric polarization dipoles depends on the ability to adjusting the direction
of the electric field applied. Seems to make sense to believe that the more polar solvent
(with a high dielectric constant), the more rapidly the radiation is absorbed so that the
higher the temperature obtained [15]. '

The data in Figure 3 shows that the yield of the synthesis using MAOS larger
than the stirring method. Advantages of MAOS is highly reduce reaction time, increase
of yields and product purities to enhance conventionally procces experiments. Very rapid
heating on high temperature on MAOS occur based on the implementation of the
Arrhenius law. Temperature changes that usually takes a few hours at reflux temperature,
to be perfect in just a few minutes using microwave. The rapid heating experienced in
microwave-assisted transformations also lead to changed product distributions compared
to a conventional method if the reaction product distribution is controlled by complex
temperature-dependent kinetic profiles. This could clarify why microwave-assisted
reactions performed at an optimized reaction temperature have been establish to be
cleaner, guiding to less by-products compared to the conventionally method [16].

Cross aldol condensation reaction is usually performed using a conventlonai

AL o RO

stirring method for a few hours and should left to stand over night. It also reqmr%@;mount
of solvent. The results-alse-stil-contains-residual Catalysts andsolvents: So conventional
method requires high energy for stirring and heating ﬁefﬁﬁ@ﬁéws.

Conclussion
The conclusion from this study is dibenzylidenecyclohexanone and its derivatives

can be synthesized by the reaction Cla1sen—®smg MAOS. S@ BTOCeSS
HWUL
using MAOS @r than stirring method. Based on this research, it can be seerethat

the product om synthesis takes very short time reaction, short synthesis flow,

|
almost no waste and higher yield. L) e Ao gon megnad
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ABSTRAK

The synthesis of dibenzylidenecyclohexanone derivatives through environmentally
friendly MAOS (Microwave Assisted Organic Synthesis) aldol condensation had
been carried out. The condensation reaction to synthesis the
dibenzylidenecyclohexanone (1) was performed by reacting benzaldehyde and
cyclohexanone in a mole ratio of 2:1 with NaOH as catalyst for 2 minutes in
microwave oven. Benzaldehyde derivatives that had been used were 4-
methoxybenzaldehyde and 3,4-dimethoxybenzaldehyde to synthesis of (2E,6E)-2.6-
bis(4-methoxybenzylidene)cyclohexanone  (2) and (2E,6E)-2.6-bis(3,4-
dimethoxybenzylidene)cyclohexanone (3). The study was commenced by searching
the optimum concentration of NaOH. The reaction yield was determined by TLC
scanner and the structure was elucidated by FTIR and NMR spectrometer. For the
comparison, the reaction was also carried out by stirring method. The optimum
concentration of NaOH was obtained at 5 mmole. The yields of compound 1, 2 and
3 synthesized via MAOS method are 98.62; 100 and 93%, respectively. The
research also showed that synthesis of dibenzylidenecyclohexanone and its
derivatives using MAOS is better than stirring method.

Keywords : dibenzylidenecyclohexanone, MAOS, eco-friendly

Telah dilakukan sintesis dibenzilidensikloheksanon dan turunannya melalui reaksi
kondensasi aldol yang ramah lingkungan menggunakan metode MAQOS. Sintesis
dibenzilidensikloheksanon (1) dilakukan melalui reaksi kondensasi antara
benzaldehida dan sikloheksanon dalam krus porselen dengan rasio mol 2:1
menggunakan katalis natrium hidroksida selama 2 menit di dalam microwave.
Turunan benzaldehida yang digunakan adalah 4-metoksibenzaldehida dan 3,4-
dimetoksibenzaldehida untuk mensintesis (2E,6E)-2.6-bis(4-
metoksibenziliden)sikloheksanon 2 dan (2E,6E)-2.6-bis(3,4-
dimetoksibenziliden)sikloheksanon (3). Reaksi dimulai dengan mencari
konsentrasi NaOH optimum sebagai katalis. Selanjutnya padatan hasil reaksi
dianalisis menggunakan TLC dan TLC scanner untuk menentukan rendemennya.
Elusidasi struktur dilakukan menggunakan FTIR dan NMR. Sebagai pembanding,



dilakukan sintesis senyawa yang sama tetapi menggunakan metode stirring.
Konsentrasi NaOH optimum diperoleh pada 5 mmol. Rendemen hasil sintesis
senyawa 1, 2, dan 3 berturutOturut sebesar 98,62; 100 dan 93%. Hasil riset
membuktikan bahwa hasil sintesis dibenzilidensikloheksanon menggunakan
metode MAOS lebih baik daripada metode stirring.

Kata kunci : dibenzilidensikloheksanon, MAQOS, ramah lingkungan



Introduction.

Benzalacetone has a very interesting structure for being studied and developed.
Several benzalacetone analogues have been reported as an active antioxidant [1, 2, 3, 4],
antimutagenic [5], and anti-tubercular agent [6]. Active antioxidants compounds are
expected to have a high potential anticancer candidate. One of dibenzalacetone
derivatives is 2,5-bis(4'-hydroxy-3',5'-dimethyl)-benzylidenecyclopenthanone or is
commonly known as the PGV-1, which shown in Fig.1. It was reported for having
potential inhibition to the growth of tumors in T47D cells [7].
Dibenzylidenecyclohexanone and benzylidenecyclohexanone compounds are expected
to have a similarity biological activities to benzalacetone derivatives. (2E, 6E)-2.6-
dibenzylidenecyclohexanone and E-2-benzylidenecyclohexanone are analogue of
benzalacetone which can be synthesized using raw material of cyclohexanone and

(0]
OH

HO

benzaldehyde.

CH, CHj
Figure 1. PGV-1

Some researchers have been developed crossed aldol condensation reaction with
variety of methods and catalysts. Several methods have been reported, such as, under
stirring [2], solvent free reaction [8], and ultrasonic-asisted method [9]. Heterogenous
catalysts that usually used for crossed aldol condensation reaction were hydrotalcite [10,
11], ZrOz-montmorillonit [12] and NaOH/ZrO.-montmorillonite as cooperative catalyst
[13]. While the homogenous catalysts that usually used for aldol condensation were
NaOH [2] and H2SO4 [14]. Synthesis of vanilinacetone - a benzalacetone derivatives -
under stirring for 3 hours provided the yield of 13 - 94% [15]. Solvent-free synthesis of
dibenzalacetone’s derivative via crossed aldol condensation reaction that conducted by
Salehi et al. [16] resulted 82-98% vyield with reaction time of 2-8 hours. While the
synthesis of dibenzalacetone derivatives via ultrasonic-asisted method with a reaction
time of about 1.5 hours yielded about 70 to 97% [9]. From the reported researches above,

it can be concluded that the synthesis of dibenzalacetone derivatives always resulted



higher yields than benzalacetone derivatives synthesis. It because dibenzalacetone
resulted from the double aldol condensation on both sides who had Ha, while
benzalacetone derivatives should be resulted from mono-condensation on the one hand
only. That is why dibenzalacetone is always being a double condensation byproduct of
mono-condensation reaction.

Nowadays, trend of synthetic process has been shifting from traditional concept
that focused on maximum yield into eco-friendly processes that giving more attention to
reaction processes. Eco-friendly reaction process is a reaction which eliminates or
reduces waste, save energy and avoid the use of toxic or hazardous compounds [17].
Based on these criterias, several researchers have conducted the synthesis of organic
compounds using the Microwave Assisted Organic Synthesis (MAOS) method [4, 9, 10].
The advantage of the synthesis via MAOS reaction are the faster, cleaner, more
economic, and environmental friendly. It can also use household microwave ovens and
only requires simple glassware and easily being taught to students [20]. MAOS is a new
method which is expected in effectively reducing: reaction time, electrical energy use,

harmful solvents.

EXPERIMENTAL SECTION
Materials

The materials used for the synthesis include benzaldehyde, 4-
methoxybenzaldehyde, 3,4-dimethoxybenzaldehyde cyclohexanone, sodium hydroxide,
methanol, chloroform, hexane, aquades and TLC plate of silicagel 60 F254. All the
chemicals were purchashed from E-merck.
Instrumentations

Microwave that used for synthesis is SIGMATIC SMO-25SSG 900 W 2450
MHz. Analytical instruments that used for structure elucidation were Nicolet Avatar 360
FTIR for FTIR-spectra investigation and (1H and 13C) Nuclear magnetic resonance
(NMR) 400 MHz Agilent together with HMQC. While, the identification analysis were
used TLC Scanner (Camag).
Procedure
Optimization of sodium hydroxide concentration to synthesis of (2E,6E)-2.6-bis(4-

methoxybenzylidene)Cyclohexanone (2). Sodium hydroxide (2.5 mmole) in 2 mL



methanol was placed in a porcelain crucible. 4-Methoxybenzaldehyde (10 mmole) and
cyclohexanone (5 mmole) was consecutively added. Porcelain crucible was covered
using aluminum foil and heated in the microwave for 2 minutes with checking every 15
seconds. Reaction products were analyzed using TLC and TLC scanner to determine the
yield. The same procedure was repeated using different NaOH concentration of 5; 7.5;
10 and 12.5 mmole. The synthesis efficiency was evaluated from the value of reaction
yield based on following calculation:

product weight x purity (area on TLC scanner)
— x100%

teorethical weight

Synthesis of (2E,6E)-2.6-dibenzylidenecyclohexanone (1) by MAOS. Sodium
hydroxide (5 mmole) was dissolved into 2 mL methanol in a porcelain crucible in which
benzaldehyde (10 mmole) and cyclohexanone (5 mmole) was added. The porcelain
crucible covered with aluminum foil and then heated in a microwave oven for 2 minutes.
The product was dried and weighted to determine the yield of the reaction. The products
were then analyzed using TLC, TLC scanner, and identified by FTIR and two
dimensional NMR spectrometers. The similar procedure was carried out to synthesis the
(2E,6E)-2.6-bis(4-methoxybenzylidene)cyclohexanone (2) and (2E,6E)-2.6-bis(3,4-
dimethoxybenzylidene)cyclohexanone (3).
Synthesis of compound (1) with stirring method. Sodium hydroxide (5 mmole) was
added to 2 mL of distilled water. Benzaldehyde (10 mmole), cyclohexanone (5 mmole)
and 3 mL of ethanol were added to the solution. The mixture was stirred at 10°C for 120
minutes. Furthermore, the mixture was let stand for 24 hours in the refrigerator until the
precipitate was formed. The precipitate was filtered and dried. Further analysis was
performed the same as the results of the synthesis using MAOS methods. Structure
elucidation had been conducted after the sample was recrystallized from methanol.

FTIR (KBr) (cm™) of compound 1: 2926 (C-H stretching), 1604 (C=0), 1573
supported by 1488 (C=C aromatic), 1552 (C=C alkene). 1443 (CH> methylene). FTIR
(KBr) (cm™) of compound 2: 2938 (C-H stretching), 1594 (C=0), 1554 (C=C alkene),
1504 supported by 1416 (C=C aromatic), 1451 (CH2 methylene), 1162-1112 (C-O), 843
(para subtitution). FTIR (KBr) (cm™) of compound 3: 2930 (C-H stretching), 1596
(C=0), 1513 (C=C aromatic), 1451 (CH2 methylene), 1250-1139 (C-O), 847 (para
subtitution) [21].



RESULT AND DISCUSSION

Dibenzylidenecyclohexanone synthesis using MAOS methods produced a dried
yellow precipitate, no residual solvents nor alkaline catalyst solution. It is one of the
advantages of the MAOS method, which is generating minimal waste. The synthesis
resulted compounds 1, 2 and 3 with 98.62; 100 and 93% vyields, respectively. While the
synthesis under stirring yielded 62.9; 71.09 and 77.9%, respectively (Fig. 5). In this
research, just need for 2 minutes to synthesis via MAOS method. The reaction time is
shorter than Wang who use 30 minutes and produces 90% in yield [22].

Synthesis of dibenzylidenecyclohexanone mechanism and crossed aldol
condensation of benzaldehyde and cyclohexanone were presented on Figure 2-3.
Characterization of synthesized compounds 1, 2 and 3 by using NMR spectrometre are
listed in Table 1-3.

o) O
H H

" i

+GOH S + HQO

\

Figure 2. Synthesis of dibenzylidenecyclohexanone mechanism
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Figure 3. Cross aldol condensation of benzaldehyde derivatives and cyclohexanone

Table 1. NMR (*H and *3C) of compound 1 (CDCls)

No C o G H, m, J Hz) ppm 0 C (ppm)
1 - 190.3
2,6 - 136.1
3,5 29 (4H, m, -) 28.4

4 1.8 (2H, m, -) 23

7 7.8 (2H,s, -) 136.9
l1a,1b - 135.9
2a,6a,2b,6b 7.46 (4H, d, 7.2) 130.3
3a,5a,3b,5b 7.4 (4H,1,7.2) 128.3
4a,4b 7.3(2H,d, 7.2) 128.5

Table 2. NMR (*H and *3C) of compound 2 (CDClIs)

No C 6 O H, m, J Hz) ppm o C (ppm)
1 - 190.2
2,6 - 134.3




35 2.9 (4H, 1, -) 285

4 1.8 (2H, m, -) 23

7 7.7 (2H, s, -) 136
1a,1b - 128.7
2a,6a,2b,6b 7.45 (4H, d, 7.2) 132.2
3a,53,3b,5b 6.9 (4H, d, 7.2) 113.8
4a, 4b - 159.9
4a-OCHs, 4b-OCHj 3.8 (6H, s, -) 55.3

Table 3. NMR (*H and *3C) of compound 3 (CDCIs)

No C & O H, m, J Hz) ppm o C (ppm)

1 - 190

2,6 - 136

35 29 (4H,t,-) 28.5
4 1.8 (2H, m, -) 23

7 7.7 (2H,s, -) 134

1a,1b - 128

2a,2b 7.02 (2H, s, 7.2) 113

3a,3b - 149
3a-OCHgs, 3b-OCHs 3.91 (6H,s, -) 55
4a,4b - 148
4a-OCHs, 4b-OCHs 3.92 (6H, s, -) 55

5a, 5b 6.9 (2H, d, 8.3) 110.8

6a, 6b 7.1(2H, d, 8.3) 123.8

The benzylidenecyclohexanone synthesis begins with the optimization
concentration of catalyst. It aims to determine the minimum concentration of catalyst to
produce the maximum product. Results of optimization of catalyst concentrations are

presented in Figure 4.
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Figure 4. Optimization of NaOH catalyst of compound 2 by MAOS method

Optimum NaOH for the synthesis of compound 2 (5 mmole cyclohexanone, 4-
methoxybenzaldehyde 10 mmole) was 5 mmole which produces 100% yield. These
results indicated that minimum numbers of moles NaOH have produced maximum
products. This is consistent with one of green chemistry pillars, which use minimum
chemicals and reduce waste of bases residues.

For the comparison, the stirring method was used to determine the effectiveness
of MAOS in the synthesis of dibenzylidenecyclohexanone. Mole numbers of raw
materials and catalysts that used were the same. Comparison of the results between

MAAOS and stirring method was presented in Figure 5.

= stirring
x MAOS

Yield (%)
[

40

1 2 3 Synthesized compounds

Figure 5. Comparison of the results using MAOS and stirring method

Eco-friendly synthesis process is a chemical reaction using efficient raw material,
less waste, free toxic chemicals and a short reaction time [23]. Based on these conditions,

synthesis dibenzylidenecyclohexanone was done using MAOS method. MAOS has



several advantages compared with conventional heating method. In the conventional
method of heating, the reaction container was heated, and the heat was then transfered
into the reaction system by convection process. Thus this process took long time and high
energy. Heating with microwave is more efficient in terms of energy, homogen
temperature and short time. So the main advantages of using the microwave were very
short reaction time and high yield [24].

The tools that used in this method is domestic microwave oven. Opinion of some
researchers is that domestic microwave oven has a disadvantage in terms of temperature
control and low reproducibility. If using a solvent with low boiling point, can lead to over
heated reaction. Over pressure can also occur when using a closed reaction system. To
avoid over-pressure and over-heated, the crucible porcelain that used was covered by
aluminum foil. In this study, solvent that used is methanol because in addition to high
enough boiling point, heating using microwave oven require polar solvent. Dielectric
polarization dipoles depend on the ability to adjusting the direction of the electric field
applied. Seems to make sense to believe that the more polar solvent (with a high dielectric
constant) was used, the faster the radiation was absorbed, so that the higher the
temperature was obtained [25].

The data in Figure 5 show that the yield of the synthesis using MAOS was larger
than that of stirring method. Advantages of MAOS is highly reduce reaction time,
increase of yields and product purities to enhance conventionally procces experiments.
Very rapid heating at high temperature on MAOS occur based on the implementation of
the Arrhenius law. Temperature changes that usually take few hours at reflux
temperature, to be perfect in just few minutes using microwave. The rapid heating
experienced in microwave-assisted transformations also lead to the changed product
distributions compared to a conventional method when the reaction product distribution
was controlled by complex temperature-dependent kinetic profiles. This could clarify
why microwave-assisted reactions that was performed at an optimized reaction
temperature have been established to be cleaner, that guided to less by-products
compared to the conventionally method [26].

Crossed aldol condensation reaction is usually performed using a conventional
stirring method for a few hours and should left to stand over night. It also required large

amount of solvent. Moreover, the results from the conventional method still contained



residual catalysts and solvents. Therefore, the use of conventional method requiring high

energy for stirring and heating was unwise use of chemicals.

Conclussion
The conclusion from this study is dibenzylidenecyclohexanone and its derivatives

can be synthesized by cross aldol condensation using MAOS. Synthesis process using
MAQOS is better than using stirring method. Based on this research, it can be showed that
the product of MAOS synthesis takes very short time reaction, and produced higher yield
with almost no waste.
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ABSTRAK

The synthesis of dibenzylidenecyclohexanone derivatives via environmentally
friendly Microwave Assisted Organic Synthesis (MAOS) crossed aldol
condensation had been carried out. The condensation reaction to synthesize the
dibenzylidenecyclohexanone 8b was performed by reacting benzaldehyde 4 and
cyclohexanone 2 (mole ratio of 2:1) with NaOH as catalyst for 2 minutes under
microwace irradiation. The benzaldehyde derivatives used in this study were 4-
methoxybenzaldehyde and 3,4-dimethoxybenzaldehyde and gave of (2E,6E)-
bis(4-methoxybenzylidene)cyclohexanone 8a and (2E,6E)-bis(3,4-
dimethoxybenzylidene)cyclohexanone 8c, respectively. The study was
commenced by searching the optimum concentration of NaOH. The reaction yield
was determined by TLC scanner and the structure was elucidated by FTIR and
NMR spectrometers. For the comparison, the reaction was also carried out by
using stirring method. The results showed that optimum concentration of NaOH
was 5 mmole. By using the optimum condition via MAOS method, the compounds
8a, 8b and 8c were obtained in 100, 98 and 93%, respectively. The research also
showed that synthesis of dibenzylidenecyclohexanones 8 using MAOS was better
than stirring method.

Keywords : dibenzylidenecyclohexanone, MAOS, eco-friendly

Telah dilakukan sintesis dibenzilidensikloheksanon dan turunannya melalui reaksi
kondensasi aldol silang yang ramah lingkungan menggunakan metode MAOS.
Sintesis dibenzilidensikloheksanon (8b) dilakukan melalui reaksi kondensasi
antara benzaldehida 4 dan sikloheksanon 2 dalam krus porselen dengan rasio mol
2:1 menggunakan katalis natrium hidroksida selama 2 menit di dalam microwave.
Turunan benzaldehida yang digunakan adalah 4-metoksibenzaldehida dan 3,4-
dimetoksibenzaldehida untuk mensintesis (2E,6E)-bis(4-
metoksibenziliden)sikloheksanon (8a) dan (2E,6E)-bis(3,4-
dimetoksibenziliden)sikloheksanon (8c). Studi dimulai dengan optimasi
konsentrasi NaOH sebagai katalis. Rendemen produk ditentukan menggunakan
TLC dan TLC scanner dan elusidasi struktur dilakukan menggunakan
spectrometer FTIR dan NMR. Sebagai pembanding, dilakukan sintesis senyawa
yang sama dengan menggunakan metode pengadukan. Konsentrasi NaOH
optimum diperoleh pada 5 mmol. Rendemen hasil sintesis senyawa 8a, 8b, dan
8c berturut-turut sebesar 100; 98 dan 93%. Hasil riset membuktikan bahwa hasil



sintesis dibenzilidensikloheksanon menggunakan metode MAOS lebih baik
daripada metode pengadukan.

Kata kunci : dibenzilidensikloheksanon, MAOS, ramah lingkungan



Introduction.

Benzalacetone has a very interesting structure for being studied and developed.
Several benzalacetone analogues have been reported as an active antioxidant [1, 2, 3,
4], antimutagenic [5], and anti-tubercular agent [6]. One of dibenzalacetone derivatives
is 2,5-bis(4'-hydroxy-3',5'-dimethyl)-benzylidenecyclopenthanone 1 or is commonly
known as the PGV-1 (Fig. 1) was reported for having potential inhibition to the growth of
tumors in T47D cells [7]. This compound can be prepared from cyclopentanone and
aldehyde via crossed aldol condensation. In this study, we would like to synthesize PGV-
1 analogue derived from cyclohexanone and benzaldehyde. Due to the similarity of
chemical structure, it was expected that the condensation products displayed similar
biological activities.

CH, CH3

Figure 1. Structure of PGV-1

Some researchers have been developed crossed aldol condensation reaction
with various methods and catalysts. Several methods have been reported, such as,
under stirring [2], solvent free reaction [8], and ultrasonic-asisted [9] methods. In
addition, heterogenous catalysts has been used for crossed aldol condensation reaction
including hydrotalcite [10, 11], ZrOz-montmorillonit [12] and NaOH/ZrO,-montmorillonite
as cooperative catalyst [13]. While the homogenous catalysts that commonly used for
aldol condensation were NaOH [2] and H2SO4 [14].

Synthesis of vanilinacetone (a benzalacetone derivatives) via crossed aldol
condensation under stirring for 3 hours provided the product in 13-94% yields [15].
Solvent-free synthesis of dibenzalacetone’s derivatives via crossed aldol condensation
reaction conducted by Salehi et al. [16] resulted 82-98% yield with reaction time of 2-8
hours. While the synthesis of dibenzalacetone derivatives via ultrasonic-asisted-method
with a reaction time of about 1.5 hours gave the products in 70-97% yield [9].

Nowadays, trend of synthetic process has been shifting from traditional concept
that focused on optimum vyield into eco-friendly processes that giving more attention to
reaction processes. Eco-friendly reaction process is a reaction which eliminates or
reduces waste, saves energy and avoids the use of toxic or hazardous compounds [17].
Based on these criteria, several researchers have conducted the synthesis of organic
compounds using the Microwave Assisted Organic Synthesis (MAOS) method [4, 9, 10].



The advantageous of the synthesis via MAOS reaction are the faster, cleaner, more
economic, and environmental friendly than stirring method. It can also use household
microwave ovens and only requires simple glassware and more pedagogic [20]. MAOS
is a new method which is expected to effectively reduce reaction time, energy and
harmful solvents. In connection to our study, we would like to apply MAOS method in

the synthesis of dibenzylidenecyclohexanones 8.

EXPERIMENTAL SECTION
Materials

The materials used for the synthesis of dibenzylidenecyclohexanones 8 included
benzaldehyde, 4-methoxybenzaldehyde, 3,4-dimethoxybenzaldehyde, cyclohexanone,
sodium hydroxide, methanol, chloroform, n-hexane, aguades and TLC plate of silicagel
60 F254. All the chemicals were purchased from E-merck.
Instrumentations

Microwave that used for synthesis was SIGMATIC SMO-25SSG 900 W 2450
MHz. Analytical instruments that used for structure elucidation were Nicolet Avatar 360
FTIR for FTIR-spectra investigation and (*H and *C) Nuclear magnetic resonance
(NMR) 400 MHz Agilent together with HMQC. While, the yield determination and
identification analysis were used TLC Scanner (Camag).
Procedure
Optimization of sodium hydroxide concentration on the synthesis of (2E,6E)-
bis(4-methoxybenzylidene)cyclohexanone (8a). Sodium hydroxide (2.5 mmol) in 2
mL methanol was placed in a porcelain crucible. 4-Methoxybenzaldehyde (10 mmol)
and cyclohexanone (5 mmol) were consecutively added. Porcelain crucible was covered
using aluminum foil and heated in the microwave for 2 minutes. Reaction products were
analyzed using TLC and TLC scanner to determine the yield. The same procedure was
applied using different NaOH concentrations of 5, 7.5, 10 and 12.5 mmol. The yields

were determined by the same method as previous research [13].

Synthesis of (2E,6E)-dibenzylidenecyclohexanone 8b by MAOS. Sodium hydroxide
(5 mmol) was dissolved into 2 mL methanol in a porcelain crucible in which
benzaldehyde (10 mmol) and cyclohexanone (5 mmol) were added. The porcelain
crucible covered with aluminum foil and then heated in a microwave oven for 2 minutes.
The product was dried and weighted to determine the yield of the reaction. The products
were then analyzed using TLC, TLC scanner, and identified by FTIR and NMR



spectrometers. The similar procedure was carried out to synthesizes the (2E,6E)-bis(4-
methoxybenzylidene)cyclohexanone 8a and (2E,6E)-bis(3,4-
dimethoxybenzylidene)cyclohexanone 8c.

Synthesis of (2E,6E)-dibenzylidenecyclohexanone 8b by stirring method. Sodium
hydroxide (5 mmol) was added to 2 mL of distilled water. Benzaldehyde (10 mmole),
cyclohexanone (5 mmol) and 3 mL of ethanol were added to the solution. The mixture
was stirred at 10°C for 120 minutes. Furthermore, the mixture was allowed to stand for
24 hours in the refrigerator until the precipitate was formed. The precipitate was filtered
and dried. Further analysis was performed the same as the results of the synthesis using
MAOS methods. Structure elucidation had been conducted after the sample was
recrystallized from methanol.

The FTIR (KBr) (cm?) 8a: 2938 (C-H stretching), 1594 (C=0), 1554 (C=C
alkene), 1504 and 1416 (C=C aromatic), 1451 (CH; methylene), 1162-1112 (C-O), 843
(para subtitution). FTIR (KBr) (cm™), 8b: 2926 (C-H stretching), 1604 (C=0), 1573 and
1488 (C=C aromatic), 1552 (C=C alkene), 1443 (CH, methylene). FTIR (KBr) (cm™) 8c:
2930 (C-H stretching), 1596 (C=0), 1513 (C=C aromatic), 1451 (CH, methylene), 1250-
1139 (C-0), 847 (para subtitution) [21].

RESULT AND DISCUSSION

Eco-friendly synthesis process is a chemical reaction using efficient raw material,
less waste, free toxic chemicals and a short reaction time [23]. Based on these
conditions, synthesis dibenzylidenecyclohexanone was done using MAOS method. This
method has several advantages compared with conventional heating method. In the
conventional method, the reaction container was heated, and the heat was then
transfered into the reaction system by convection process. Thus, this process took long
time and high energy. Heating with microwave was more efficient in terms of energy,
homogen temperature and short time. Therefore, the main advantages of using the
microwave were very short reaction time and high yield [24].

The study began with the optimization concentration of NaOH as catalyst. The
results showed that MAOS-assisted-synthesis of dibenzylidenecyclohexanone
produced a dried yellow precipitate with neither residual solvents nor alkaline catalyst
solution. Results of optimization of catalyst concentrations were presented in Figure 2.
Optimum amount of NaOH for the synthesis of compound 8a was 5 mmol which gave
the desired product in 100% vyield. These results indicated that minimum numbers of

moles NaOH which gave maximum products. This is consistent with one of green



chemistry principles, which use minimum chemicals and reduce waste of bases

residues.
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Figure 2. Optimization of NaOH catalyst of compound 8a by MAOS method

With the optimum condition in hand, we employed both benzaldehyde and 3,4-
dimethoxybenzaldehyde to give the corresponding dibenzylidenecyclohexanones 8b

and 8c in 98 and 93% yields, respectively (Fig 3).

(o]
o
NaOH R; SN = R
H —_—
2 + CH;0H
R Ry
. 1
2 minutes
8a =R;=OCH; R, =H
8b=R;=R,=H
8c=R;=R,=0CH,
Figure 2. Crossed aldol condensation of cyclohexanone and benzaldehyde derivatives
using MAOS method

For the comparison, the stirring method was used to determine the effectiveness
of MAOS in the synthesis of dibenzylidenecyclohexanone (Fig. 3). By using stirring
method, the yields of dibenzylidenecyclohexanones 8a, 8b and 8c were, 71, 63 and
78% yields, respectively. These results indicated that synthesis of

dibenzylidenecyclohexanones 8 using MAOS method was more effective than stirring

\: Commented [DS1]: Improve the graph




method. In this study, the MAOS method has been proven to be cleaner and produced
less by-products compared to the conventional method [26]. In addition, the MAOS
reaction time was 2 min, which was shorter than Wang'’s results which use 30 min and
produced the product 90% in yield [22].
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Figure 3. Comparison of the results using MAOS and stirring method

Characterization of synthesized compounds 8a, 8b and 8c by using NMR
spectrometer are presented in Table 1-3. HNMR spectra of 8a shows a multiplet peak
at 1.8 ppm and triplet peak at 2.9 ppm of a methylene group. Singlet peak at 7.7 ppm
indicate the presence of alkene protons. Methoxy protons appeared at 3.8 ppm, while
the aromatic protons appeared as doublet peak at 6.9 and 7:45 ppm. HNMR Spectra 8b
is similar to 8a but without a singlet peak at 3.8 ppm of methoxy protons. HNMR spectra
of 8¢ shows a singlet peak at 7.7 ppm indicate the presence of alkene protons. Aromatic
protons appeared at 7:02 ppm of singlet peak and two doublet peaks at 6.9 and 7.1
ppm. Methoxy proton indicated by two singlet peaks at 3.91 and 3.92 ppm. Methylene

groups appeared at 1.8 and 2.9 ppm as a multiplet and broad triplet peak respectively.
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Table 1. NMR (*H and **C) spectra of compound 8a (CDCls)

No C O (3H, m, JHz) ppm 0 C (ppm)
1 - 190.2
2,6 - 134.3
35 2.92 (4H, t, 5.3) 28.5
4 1.80 (2H, m, -) 23
7 7.76 (2H, s, -) 136
8 - 128.7
9,13 7.44 (4H, d, 7.2) 132.2
10, 12 6.93 (4H, d, 7.2) 113.8
11 - 159.9
14 3.84 (6H, s, -) 55.3

Table 2. NMR (*H and *C) spectra of compound 8b (CDCls)
10 4 10

No C O (3H, m, J Hz) ppm 0 C (ppm)
1 - 190.3
2,6 - 136.1
3,5 2.93 (4H, m, -) 28.4
4 1.79 (2H, m, -) 23.0
7 7.80 (2H, s, -) 136.9
8 - 135.9
9,13 7.46 (4H, d, 7.2) 130.3
10, 12 7.42 (4H,t,7.2) 128.3
11 7.3 (2H,1,7.2) 128.5




Table 3. NMR (*H and **C) spectra of compound 8c (CDCls)

No C 0 (3H, m, J Hz) ppm 0 C (ppm)
1 - 190
2,6 - 136
35 2.95 (4H, brt, -) 285
4 1.83 (2H, m, -) 23
7 7.75 (2H, s, -) 134
8 - 128
9 7.02 (2H, s, -) 113
10 - 149
11 - 148
12 6.92 (2H, d, 8.3) 110.8
13 7.12 (2H, d, 8.3) 123.8
14 3.92 (6H, s, -) 55
15 3.91 (6H, s, ) 55

The reaction mechanism of crossed aldol condensation of between
cyclohexanone and benzaldehyde derivatives was presented on Figure 4. The first step
is the formation of a nucleophile 3 by deprotonation of Ha of cyclohexanone by the basic
catalyst. Nucleophile addition of enolate 3 to the carbonyl carbon of benzaldehyde,
followed  with  protonation  would generate  B-hydroxy  carbonyl 6.
Benzylidenecyclohexanone 7 was formed via dehydration reaction towards 6. Since
there is Ha remained in the intermediate 7, further crossed aldol condensation reaction

might occur to produce dibenzylidenecyclohexanone 8b.
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Figure 4. Synthesis of dibenzylidenecyclohexanone mechanism

Crossed aldol condensation reaction is usually performed using a conventional
stirring method for a few hours and should left to stand over night. It also required large
amount of solvent. To address such limitations, we have performed crossed aldol
condensation between cyclohexanone and benzaldehyde derivatives to produce
dibenzylidenecyclohexanones via MAOS method. In this study, we found that the latter

method is more rapid and efficient to provide dibenzylidenecyclohexanones.

Conclusion
In conclusion, three dibenzylidenecyclohexanones have been synthesized via

crossed aldol condensation using MAOS method. This method has been proven to be
more efficient, shorter and cleaner than stirring method.
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ABSTRACT

The synthesis of dibenzylidenecyclohexanone derivatives via environmentally friendly Microwave Assisted
Organic Synthesis (MAOS) crossed aldol condensation had been carried out. The condensation reaction to
synthesize the dibenzylidenecyclohexanone 8b was performed by reacting benzaldehyde 4 and cyclohexanone 2
(mole ratio of 2:1) with NaOH as catalyst for 2 min under microwave irradiation. The benzaldehyde derivatives used
in this study were 4-methoxybenzaldehyde and 3,4-dimethoxybenzaldehyde and gave of (2E,6E)-bis(4-methoxy
benzylidene)cyclohexanone 8a and (2E,6E)-bis(3,4-dimethoxybenzylidene)cyclohexanone 8c, respectively. The
study was commenced by searching the optimum concentration of NaOH. The reaction yield was determined by
TLC scanner and the structure was elucidated by FTIR and NMR spectrometers. For the comparison, the reaction
was also carried out by using stirring method. The results showed that optimum concentration of NaOH was 5
mmole. By using the optimum condition via MAOS method, the compounds 8a, 8b and 8c were obtained in 100, 98
and 93%, respectively. The research also showed that synthesis of dibenzylidenecyclohexanones 8 using MAOS
was better than stirring method.

Keywords: dibenzylidenecyclohexanone; MAOS; eco-friendly
ABSTRAK

Telah dilakukan sintesis dibenzilidensikloheksanon dan turunannya melalui reaksi kondensasi aldol silang yang
ramah lingkungan menggunakan metode MAOS. Sintesis dibenzilidensikloheksanon (8b) dilakukan melalui reaksi
kondensasi antara benzaldehida 4 dan sikloheksanon 2 dalam krus porselen dengan rasio mol 2:1 menggunakan
katalis natrium hidroksida selama 2 menit di dalam microwave. Turunan benzaldehida yang digunakan adalah 4-
metoksibenzaldehida dan 3,4-dimetoksibenzaldehida untuk mensintesis (2E,6E)-bis(4-metoksibenziliden) siklo
heksanon (8a) dan (2E,6E)-bis(3,4-dimetoksibenziliden)sikloheksanon (8c). Studi dimulai dengan optimasi
konsentrasi NaOH sebagai katalis. Rendemen produk ditentukan menggunakan TLC dan TLC scanner dan elusidasi
struktur dilakukan menggunakan spectrometer FTIR dan NMR. Sebagai pembanding, dilakukan sintesis senyawa
yang sama dengan menggunakan metode pengadukan. Konsentrasi NaOH optimum diperoleh pada 5 mmol.
Rendemen hasil sintesis senyawa 8a, 8b, dan 8c berturut-turut sebesar 100, 98 dan 93%. Hasil riset membuktikan
bahwa hasil sintesis dibenzilidensikloheksanon menggunakan metode MAOS lebih baik daripada metode
pengadukan.

Kata Kunci: dibenzilidensikloheksanon; MAOS; ramah lingkungan

INTRODUCTION commonly known as the PGV-1 (Fig. 1) was reported

for having potential inhibition to the growth of tumors in

Benzalacetone has a very interesting structure for
being studied and developed. Several benzalacetone
analogues have been reported as an active antioxidant
[1-4], antimutagenic [5], and anti-tubercular agent [6].
One of dibenzalacetone derivatives is 2,5-bis(4'-hydroxy-
3',5'-dimethyl)-benzylidenecyclopenthanone 1 or s

* Corresponding author.
Email address : handayani@uny.ac.id

T47D cells [7]. This compound can be prepared from
cyclopentanone and aldehyde via crossed aldol
condensation. In this study, we would like to synthesize
PGV-1 analogue derived from cyclohexanone and
benzaldehyde. Due to the similarity of chemical
structure, it was expected that the condensation
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CHy CH;
Fig 1. Structure of PGV-1

products displayed similar biological activities.

Some researchers have been developed crossed
aldol condensation reaction with various methods and
catalysts. Several methods have been reported, such as,
under stirring [2], solvent free reaction [8], and
ultrasonic-assisted [9] methods. In  addition,
heterogeneous catalysts has been used for crossed
aldol condensation reaction including hydrotalcite [10-
11], ZrOz-montmorillonit [12] and NaOH/ZrO2-
montmorillonite as cooperative catalyst [13]. While the
homogenous catalysts that commonly used for aldol
condensation were NaOH [2] and H2SOa4 [14].

Synthesis of vanillinacetone (a benzalacetone
derivatives) via crossed aldol condensation under stirring
for 3 h yielded the product in 13-94% vyields [15].
Solvent-free synthesis of dibenzalacetone’s derivatives
via crossed aldol condensation reaction conducted by
Salehi et al. [16] resulted in 82-98% yield with reaction
time of 2-8 h. While the synthesis of dibenzalacetone
derivatives via ultrasonic-assisted-method with a
reaction time of about 1.5 h gave the products in 70-97%
yield [9].

Nowadays, trend of synthetic process has been
shifting from traditional concept that focused on optimum
yield into eco-friendly processes that giving more
attention to reaction processes. Eco-friendly reaction
process is a reaction which eliminates or reduces waste,
saves energy and avoids the use of toxic or hazardous
compounds [17]. Based on these criteria, several
researchers have conducted the synthesis of organic
compounds using the Microwave Assisted Organic
Synthesis (MAOS) method [4,9-10]. The advantageous
of the synthesis via MAOS reaction are the faster,
cleaner, more economic, and environmental friendly than
stirring method. It can also use household microwave
ovens and only requires simple glassware and more
pedagogic [20]. MAOS is a new method which is
expected to effectively reduce reaction time, energy and
harmful solvents. In connection to our study, we would
like to apply MAOS method in the synthesis of
dibenzylidenecyclohexanones 8.

EXPERIMENTAL SECTION
Materials

The materials used for the synthesis of
dibenzylidenecyclohexanones 8 included benzaldehyde,

4-methoxybenzaldehyde, 3,4-dimethoxybenzaldehyde,
cyclohexanone,  sodium hydroxide, methanol,
chloroform, n-hexane and TLC plate of silica gel 60
F254. All the chemicals were purchased from E-Merck.

Instrumentation

Microwave that wused for synthesis was
SIGMATIC SMO-25SSG 900 W 2450 MHz. Analytical
instruments that used for structure elucidation were
Nicolet Avatar 360 FTIR for FTIR-spectra investigation
and (*H and 13C) Nuclear magnetic resonance (NMR)
400 MHz Agilent together with HMQC. While, the yield
determination and identification analysis were used
TLC Scanner (Camag).

Procedure

Optimization of sodium hydroxide concentration on
the synthesis of (2E,6E)-bis(4-methoxybenzylidene)
cyclohexanone (8a)

Sodium hydroxide (2.5 mmol) in 2 mL methanol
was placed in a porcelain crucible. 4-methoxy
benzaldehyde (10 mmol) and cyclohexanone (5 mmol)
were consecutively added. Porcelain crucible was
covered using aluminum foil and heated in the
microwave for 2 min. Reaction products were analyzed
using TLC and TLC scanner to determine the yield.
The same procedure was applied using different NaOH
concentrations of 5, 7.5, 10 and 12.5 mmol. The yields
were determined by the same method as previous
research [13].

Synthesis of (2E,6E)-dibenzylidenecyclohexanone
8b by MAOS

Sodium hydroxide (5 mmol) was dissolved into
2 mL methanol in a porcelain crucible in which
benzaldehyde (10 mmol) and cyclohexanone (5 mmol)
were added. The porcelain crucible covered with
aluminum foil and then heated in a microwave oven for
2 min. The product was dried and weighted to
determine the vyield of the reaction. The products were
then analyzed using TLC, TLC scanner, and identified
by FTIR and NMR spectrometers. The similar
procedure was carried out to synthesizes the (2E,6E)-
bis(4-methoxybenzylidene)cyclohexanone 8a and (2E,
6E)-bis(3,4-dimethoxybenzylidene)cyclohexanone 8c.

Synthesis of (2E,6E)-dibenzylidenecyclohexanone
8b by stirring method

Sodium hydroxide (5 mmol) was added to 2 mL of
distiled  water. Benzaldehyde (10  mmole),
cyclohexanone (5 mmol) and 3 mL of ethanol were
added to the solution. The mixture was stirred at 10 °C
for 120 min. Furthermore, the mixture was allowed to
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stand for 24 h in the refrigerator until the precipitate was
formed. The precipitate was filtered off, dried analysis
using same method as for MAOS products. Further
analysis was performed by similar with the results of the
synthesis using MAOS methods. Structure elucidation
had been conducted after the sample was recrystallized
from methanol.

The FTIR (KBr) (cm) 8a: 2938 (C-H stretching),
1594 (C=0), 1554 (C=C alkene), 1504 and 1416 (C=C
aromatic), 1451 (CHz methylene), 1162-1112 (C-O), 843
(para substitution). FTIR (KBr) (cm-1), 8b: 2926 (C-H
stretching), 1604 (C=0), 1573 and 1488 (C=C aromatic),
1552 (C=C alkene), 1443 (CH2 methylene). FTIR (KBr)
(cm?1) 8c: 2930 (C-H stretching), 1596 (C=0), 1513
(C=C aromatic), 1451 (CH2 methylene), 1250-1139
(C-0), 847 (para substitution) [21].

RESULT AND DISCUSSION

Eco-friendly synthesis process is a chemical
reaction using efficient raw material, less waste, free
toxic chemicals and a short reaction time [23]. Based on
these conditions, synthesis dibenzylidenecyclohexanone
was done using MAOS method. This method has
several advantages compared with conventional heating
method. In the conventional method, the reaction
container was heated, and the heat was then transfered
into the reaction system by convection process. Thus,
this process took long time and high energy. Heating
with microwave was more efficient in terms of energy,
homogen temperature and short time. Therefore, the
main advantages of using the microwave were very
short reaction time and high yield [24].

The study began with the optimization
concentration of NaOH as catalyst. The results showed
that MAOS-assisted-synthesis of dibenzylidenecyclo
hexanone produced a dried yellow precipitate with
neither residual solvents nor alkaline catalyst solution.
Results of optimization of catalyst concentrations were
presented in Fig. 2. Optimum amount of NaOH for the
synthesis of compound 8a was 5 mmol which gave the
desired product in 100% vyield. These results indicated
that minimum numbers of moles NaOH which gave
maximum products. This is consistent with one of green
chemistry principles, which use minimum chemicals and
reduce waste of bases residues.

With the optimum condition in hand, we employed
both benzaldehyde and 3,4-dimethoxybenzaldehyde to
give the corresponding dibenzylidenecyclohexanones 8b
and 8c in 98 and 93% vyields, respectively (Fig. 3).

For the comparison, the stirring method was
carried out to determine the effectiveness of MAOS in
the synthesis of dibenzylidenecyclohexanone (Fig. 4). By
using stirring method, the yields of
dibenzylidenecyclohexanones 8a, 8b and 8c were, 71,

100
100 202

80 505

G0 65.56 59.45

Yield (%)

40

25 5 75 10 125
NaOH (mmaole)
Fig 2. Optimization of NaOH catalyst of compound 8a

by MAOS method
o 0
0
NaOH Rz X = R,
H —-

2 . CH30H O ‘
R, Ry
Ba = R1 = DCHg, Rj =H

2 min
8b=Ry=R3=H
8c=Ry=Rz;=0CH;

Fig 3. Crossed aldol condensation of cyclohexanone
and benzaldehyde derivatives using MAOS method

100

-
~
W
©

yield (%)
a

a 3b

= 5tirring = MAOS
Fig 4. Comparison of the results using MAOS and
stirring method

C

63 and 78% yields, respectively. These results
indicated that synthesis of dibenzylidenecyclo
hexanones 8 using MAOS method was more effective
than stirring method. In this study, the MAOS method
has been proven to be cleaner and produced less by-
products compared to the conventional method [26]. In
addition, the MAOS reaction time was 2 min, which
was shorter than Wang’s results which use 30 min and
produced the product in 90% vyield [22].
Characterization of synthesized compounds 8a,
8b and 8c by using NMR spectrometer are presented
in Table 1-3. HNMR spectra of 8a shows a multiplet
peak at 1.8 ppm and triplet peak at 2.9 ppm of a
methylene group. Singlet peak at 7.7 ppm indicate the
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Fig 5. Synthesis of dibenzylidenecyclohexanone mechanism

Table 1. NMR (*H and 13C) spectra of compound 8a

(CDCly)
14

No C ® (O H, m, JHZz) ppm 0 C (ppm)
1 - 190.2
2,6 - 134.3
3,5 2.92 (4H, t,5.3) 28.5
4 1.80 (2H, m, -) 23.0
7 7.76 (2H, s, -) 136.0
8 - 128.7
9,13 7.44 (4H,d, 7.2) 132.2
10, 12 6.93 (4H, d, 7.2) 113.8
11 - 159.9
14 3.84 (6H, s, ) 55.3

presence of alkene protons. Methoxy protons appeared
at 3.8 ppm, while the aromatic protons appeared as
doublet peak at 6.9 and 7:45 ppm. HNMR Spectra 8b is
similar to 8a but without a singlet peak at 3.8 ppm of
methoxy protons. HNMR spectra of 8c shows a singlet
peak at 7.7 ppm indicate the presence of alkene protons.
Aromatic protons appeared at 7:02 ppm of singlet peak
and two doublet peaks at 6.9 and 7.1 ppm. Methoxy
proton indicated by two singlet peaks at 3.91 and 3.92
ppm. Methylene groups appeared at 1.8 and 2.9 ppm as
a multiplet and broad triplet peak respectively.

The reaction mechanism of crossed aldol
condensation of between cyclohexanone and
benzaldehyde derivatives was presented on Fig. 5. The
first step is the formation of a nucleophile 3 by
deprotonation of Ha of cyclohexanone by the basic
catalyst. Nucleophile addition of enolate 3 to the

Table 2. NMR (*H and 13C) spectra of compound 8b
(CDCls)

No C 6 (¥H, m, J Hz) ppm 6 C (ppm)
1 - 190.3
2.6 - 136.1
3,5 2.93 (4H, m, -) 28.4
4 1.79 (2H, m, -) 23.0
7 7.80 (2H, s, ) 136.9
8 - 135.9
9,13 7.46 (4H,d, 7.2) 130.3
10, 12 7.42 (4H, 1, 7.2) 128.3
11 7.30 (2H,t, 7.2) 128.5
carbonyl carbon of benzaldehyde, followed with

protonation would generate [(-hydroxy carbonyl 6.
Benzylidenecyclohexanone 7 was formed via
dehydration reaction towards 6. Since there is Ha
remained in the intermediate 7, further crossed aldol
condensation reaction might occur to produce
dibenzylidenecyclohexanone 8b.

Crossed aldol condensation reaction is usually
performed using a conventional stirring method for a
few hours and should left to stand over night. It also
required large amount of solvent. To address such
limitations, we have performed crossed aldol
condensation between cyclohexanone and
benzaldehyde derivatives to produce dibenzylidene
cyclohexanones via MAOS method. In this study, we
found that the latter method is more rapid and efficient
to provide dibenzylidenecyclohexanones.
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e 3. NMR (*H and 13C) spectra of compound 8c

(CDCls)

15 15

No C 8 (>H, m, J Hz) ppm 0 C (ppm)
1 - 190.0
2,6 - 136.0
3,5 2.95 (4H, brt, -) 28.5
4 1.83 (2H, m, -) 23.0
7 7.75 (2H, s, -) 134.0
8 - 128.0
9 7.02 (2H, s, - 113.0
10 - 149.0
11 - 148.0
12 6.92 (2H, d, 8.3) 110.8
13 7.12 (2H, d, 8.3) 123.8
14 3.92 (6H, s, -) 55.0
15 3.91 (6H, s, -) 55.0
CONCLUSION

In conclusion, three dibenzylidenecyclohexanones

have been synthesized via crossed aldol condensation
using MAOS method. This method has been proven to
be more efficient, shorter and cleaner than stirring
method.
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ABSTRACT

The synthesis of dibenzylidenecyclohexanone derivatives via environmentally friendly Microwave Assisted
Organic Synthesis (MAOS) crossed aldol condensation had been carried out. The condensation reaction to
synthesize the dibenzylidenecyclohexanone 8b was performed by reacting benzaldehyde 4 and cyclohexanone 2
(mole ratio of 2:1) with NaOH as catalyst for 2 min under microwave irradiation. The benzaldehyde derivatives used
in this study were 4-methoxybenzaldehyde and 3,4-dimethoxybenzaldehyde and gave of (2E,6E)-bis(4-methoxy
benzylidene)cyclohexanone 8a and (2E,6E)-bis(3,4-dimethoxybenzylidene)cyclohexanone 8c, respectively. The
study was commenced by searching the optimum concentration of NaOH. The reaction yield was determined by
TLC scanner and the structure was elucidated by FTIR and NMR spectrometers. For the comparison, the reaction
was also carried out by using stirring method. The results showed that optimum concentration of NaOH was
5 mmole. By using the optimum condition via MAOS method, the compounds 8a, 8b and 8c were obtained in 100,
98 and 93%, respectively. The research also proved that the method of dibenzylidenecyclohexanones (8) synthesis
using MAOS was more efficient than stirring method.

Keywords: dibenzylidenecyclohexanone; MAQOS; eco-friendly
ABSTRAK

Telah dilakukan sintesis dibenzilidensikloheksanon dan turunannya melalui reaksi kondensasi aldol silang yang
ramah lingkungan menggunakan metode MAQOS. Sintesis dibenzilidensikloheksanon (8b) dilakukan melalui reaksi
kondensasi antara benzaldehida 4 dan sikloheksanon 2 dalam krus porselen dengan rasio mol 2:1 menggunakan
katalis natrium hidroksida selama 2 menit di dalam microwave. Turunan benzaldehida yang digunakan adalah 4-
metoksibenzaldehida dan 3,4-dimetoksibenzaldehida untuk mensintesis (2E,6E)-bis(4-metoksibenziliden) siklo
heksanon (8a) dan (2E,6E)-bis(3,4-dimetoksibenziliden)sikloheksanon (8c). Studi dimulai dengan optimasi
konsentrasi NaOH sebagai katalis. Rendemen produk ditentukan menggunakan TLC dan TLC scanner dan elusidasi
struktur dilakukan menggunakan spectrometer FTIR dan NMR. Sebagai pembanding, dilakukan sintesis senyawa
yang sama dengan menggunakan metode pengadukan. Konsentrasi NaOH optimum diperoleh pada 5 mmol.
Rendemen hasil sintesis senyawa 8a, 8b, dan 8c berturut-turut sebesar 100, 98 dan 93%. Hasil riset membuktikan
bahwa metode sintesis dibenzilidensikloheksanon menggunakan MAQOS lebih efisien daripada metode pengadukan.

Kata Kunci: dibenzilidensikloheksanon; MAOS, ramah lingkungan

INTRODUCTION

Benzalacetone has a very interesting structure for
being studied and developed. Several benzalacetone
analogues have been reported as an active antioxidant
[1-4], antimutagenic [5], and anti-tubercular agent [6].
One of dibenzalacetone derivatives is 2,5-bis(4'-hydroxy-
3',5'-dimethyl)-benzylidenecyclopenthanone 1 or is
commonly known as the PGV-1 (Fig. 1) was reported for

* Corresponding author.
Email address : handayani@uny.ac.id

having potential inhibition to the growth of tumors in
T47D cells [7]. This compound can be prepared from
cyclopentanone and aldehyde via crossed aldol
condensation. In this study, we would like to synthesize
PGV-1 analogue derived from cyclohexanone and
benzaldehyde. Due to the similarity of chemical
structure, it was expected that the condensation
products displayed similar biological activities.

Some researchers have been developed crossed
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CHy CH;
Fig 1. Structure of PGV-1

aldol condensation reaction with various methods and
catalysts. Several methods have been reported, such as,
under stirring [2], solvent free reaction [8], and
ultrasonic-assisted [9] methods. In addition,
heterogeneous catalysts has been used for crossed
aldol condensation reaction including hydrotalcite [10-
11], ZrO,-montmorillonit  [12] and NaOH/ZrO,-
montmorillonite as cooperative catalyst [13]. While the
homogenous catalysts that commonly used for aldol
condensation were NaOH [2] and H,SO,4 [14].

Synthesis of vanillinacetone (a benzalacetone
derivatives) via crossed aldol condensation under stirring
for 3 h yielded the product in 13-94% vyields [15].
Solvent-free synthesis of dibenzalacetone’s derivatives
via crossed aldol condensation reaction conducted by
Salehi et al. [16] resulted in 82-98% yield with reaction
time of 2-8 h. While the synthesis of dibenzalacetone
derivatives via ultrasonic-assisted-method with a
reaction time of about 1.5 h gave the products in 70-97%
yield [9].

Nowadays, trend of synthetic process has been
shifting from traditional concept that focused on optimum
yield into eco-friendly processes that giving more
attention to reaction processes. Eco-friendly reaction
process is a reaction which eliminates or reduces waste,
saves energy and avoids the use of toxic or hazardous
compounds [17]. Based on these criteria, several
researchers have conducted the synthesis of organic
compounds using the Microwave Assisted Organic
Synthesis (MAOS) method [4,9-10]. The advantageous
of the synthesis via MAOS reaction are the faster,
cleaner, more economic, and environmental friendly than
stirring method. It can also use household microwave
ovens and only requires simple glassware and more
pedagogic [20]. MAOS is a new method which is
expected to effectively reduce reaction time, energy and
harmful solvents. In connection to our study, we would
like to apply MAOS method in the synthesis of
dibenzylidenecyclohexanones 8.

EXPERIMENTAL SECTION
Materials

The materials used for the synthesis of
dibenzylidenecyclohexanones 8 included benzaldehyde,

4-methoxybenzaldehyde, 3,4-dimethoxybenzaldehyde,
cyclohexanone, sodium hydroxide, methanol, chloroform,

n-hexane and TLC plate of silica gel 60 F254. All the
chemicals were purchased from E-Merck.

Instrumentation

Microwave that wused for synthesis was
SIGMATIC SMO-25SSG 900 W 2450 MHz. Analytical
instruments that used for structure elucidation were
Nicolet Avatar 360 FTIR for FTIR-spectra investigation
and ("H and "®C) Nuclear magnetic resonance (NMR)
400 MHz Agilent together with HMQC. While, the yield
determination and identification analysis were used
TLC Scanner (Camag).

Procedure

Optimization of sodium hydroxide concentration on
the synthesis of (2E,6E)-bis(4-methoxybenzylidene)
cyclohexanone (8a)

Sodium hydroxide (2.5 mmol) in 2 mL methanol
was placed in a porcelain crucible. 4-methoxy
benzaldehyde (10 mmol) and cyclohexanone (5 mmol)
were consecutively added. Porcelain crucible was
covered using aluminum foil and heated in the
microwave for 2 min. Reaction products were analyzed
using TLC and TLC scanner to determine the yield.
The same procedure was applied using different NaOH
concentrations of 5, 7.5, 10 and 12.5 mmol. The yields
were determined by the same method as previous
research [13].

Synthesis of (2E,6E)-dibenzylidenecyclohexanone
8b by MAOS

Sodium hydroxide (5 mmol) was dissolved into
2 mL methanol in a porcelain crucible in which
benzaldehyde (10 mmol) and cyclohexanone (5 mmol)
were added. The porcelain crucible covered with
aluminum foil and then heated in a microwave oven for
2 min. The product was dried and weighted to
determine the yield of the reaction. The products were
then analyzed using TLC, TLC scanner, and identified
by FTIR and NMR spectrometers. The similar
procedure was carried out to synthesizes the (2E,6E)-
bis(4-methoxybenzylidene)cyclohexanone 8a and (2E,
6E)-bis(3,4-dimethoxybenzylidene)cyclohexanone 8c.

Synthesis of (2E,6E)-dibenzylidenecyclohexanone
8b by stirring method

Sodium hydroxide (5 mmol) was added to 2 mL of
distiled  water. Benzaldehyde (10 mmole),
cyclohexanone (5 mmol) and 3 mL of ethanol were
added to the solution. The mixture was stirred at 10 °C
for 120 min. Furthermore, the mixture was allowed to
stand for 24 h in the refrigerator until the precipitate
was formed. The precipitate was filtered off, dried
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analysis using same method as for MAOS products.
Further analysis was performed by similar with the
results of the synthesis using MAOS methods. Structure
elucidation had been conducted after the sample was
recrystallized from methanol.

The FTIR (KBr) (cm'1) 8a: 2938 (C-H stretching),
1594 (C=0), 1554 (C=C alkene), 1504 and 1416 (C=C
aromatic), 1451 (CH, methylene), 1162-1112 (C-O), 843
(para substitution). FTIR (KBr) (cm'1), 8b: 2926 (C-H
stretching), 1604 (C=0), 1573 and 1488 (C=C aromatic),
1552 (C=C alkene), 1443 (CH, methylene). FTIR (KBr)
(cm‘1) 8c: 2930 (C-H stretching), 1596 (C=0), 1513
(C=C aromatic), 1451 (CH, methylene), 1250-1139
(C-0), 847 (para substitution) [21].

RESULT AND DISCUSSION

Eco-friendly synthesis process is a chemical
reaction using efficient raw material, less waste, free
toxic chemicals and a short reaction time [23]. Based on
these conditions, synthesis dibenzylidenecyclohexanone
was done using MAOS method. This method has
several advantages compared with conventional heating
method. In the conventional method, the reaction
container was heated, and the heat was then transfered
into the reaction system by convection process. Thus,
this process took long time and high energy. Heating
with microwave was more efficient in terms of energy,
homogen temperature and short time. Therefore, the
main advantages of using the microwave were very
short reaction time and high yield [24].

The study began with the optimization
concentration of NaOH as catalyst. The results showed
that MAOQOS-assisted-synthesis of dibenzylidenecyclo
hexanone produced a dried yellow precipitate with
neither residual solvents nor alkaline catalyst solution.
Results of optimization of catalyst concentrations were
presented in Fig. 2. Optimum amount of NaOH for the
synthesis of compound 8a was 5 mmol which gave the
desired product in 100% yield. These results indicated
that minimum numbers of moles NaOH which gave
maximum products. This is consistent with one of green
chemistry principles, which use minimum chemicals and
reduce waste of bases residues.

With the optimum condition in hand, we employed
both benzaldehyde and 3,4-dimethoxybenzaldehyde to
give the corresponding dibenzylidenecyclohexanones 8b
and 8c in 98 and 93% yields, respectively (Fig. 3).

For the comparison, the stirring method was
carried out to determine the effectiveness of MAOS in
the synthesis of dibenzylidenecyclohexanone (Fig. 4). By
using stirring method, the yields of
dibenzylidenecyclohexanones 8a, 8b and 8c were, 71,
63 and 78% yields, respectively. These results indicated
that synthesis of dibenzylidenecyclohexanones 8 using

100 202
85.96

60 65.56 59.45

Yield (%)

25 5 [E:] 10 12.5
NaOH (mmole)

Fig 2. Optimization of NaOH catalyst of compound 8a

by MAOS method
o 0
o]
NaOH Rz X = R,
H —_—

) e OO
R, R
8a =Ry=0CH;,R; =H

2 min
HD=R|=R;=H
Bc=Ry=R;=0CH;3

Fig 3. Crossed aldol condensation of cyclohexanone
and benzaldehyde derivatives using MAOS method

100

-]
-
L
w

60

yield (%)

a &b

= Sliming RMAOS
Fig 4. Comparison of the results using MAOS and
stirring method

C

MAOS method was more effective than stirring method.
In this study, the MAOS method has been proven to be
cleaner and produced less by-products compared to
the conventional method [26]. In addition, the MAOS
reaction time was 2 min, which was shorter than
Wang'’s results which use 30 min and produced the
product in 90% yield [22].

Characterization of synthesized compounds 8a,
8b and 8c by using NMR spectrometer are presented
in Table 1-3. HNMR spectra of 8a shows a multiplet
peak at 1.8 ppm and triplet peak at 2.9 ppm of a
methylene group. Singlet peak at 7.7 ppm indicate the
presence of alkene protons. Methoxy protons appeared
at 3.8 ppm, while the aromatic protons appeared as
doublet peak at 6.9 and 7:45 ppm. HNMR Spectra 8b
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Fig 5. Synthesis of dibenzylidenecyclohexanone mechanism

Table 1. NMR ('H and °C) spectra of compound 8a
(CDCly)

8a

No C ® (3 H, m, JHz) ppm 0 C (ppm)
1 - 190.2
2,6 - 134.3
3,5 2.92 (4H,t, 5.3) 28.5
4 1.80 (2H, m, -) 23.0
7 7.76 (2H, s, -) 136.0
8 - 128.7
9,13 7.44 (4H,d, 7.2) 132.2
10, 12 6.93 (4H, d, 7.2) 113.8
11 - 159.9
14 3.84 (6H, s, -) 55.3

is similar to 8a but without a singlet peak at 3.8 ppm of
methoxy protons. HNMR spectra of 8¢ shows a singlet
peak at 7.7 ppm indicate the presence of alkene protons.
Aromatic protons appeared at 7:02 ppm of singlet peak
and two doublet peaks at 6.9 and 7.1 ppm. Methoxy
proton indicated by two singlet peaks at 3.91 and 3.92
ppm. Methylene groups appeared at 1.8 and 2.9 ppm as
a multiplet and broad triplet peak respectively.

The reaction mechanism of crossed aldol
condensation of between cyclohexanone and
benzaldehyde derivatives was presented on Fig. 5. The
first step is the formation of a nucleophile 3 by
deprotonation of Ha of cyclohexanone by the basic
catalyst. Nucleophile addition of enolate 3 to the
carbonyl carbon of benzaldehyde, followed with
protonation would generate [(-hydroxy carbonyl 6.

Table 2. NMR ('H and °C) spectra of compound 8b
(CDCly)

No C 0 (3H, m, JHz) ppm o C (ppm)
1 - 190.3
2,6 - 136.1
3,5 2.93 (4H, m, -) 28.4
4 1.79 (2H, m, -) 23.0
7 7.80 (2H, s, -) 136.9
8 - 135.9
9,13 7.46 (4H, d, 7.2) 130.3
10, 12 7.42 (4H,t,7.2) 128.3
11 7.30 (2H,t,7.2) 128.5

Benzylidenecyclohexanone 7 was formed via
dehydration reaction towards 6. Since there is Ha
remained in the intermediate 7, further crossed aldol
condensation reaction might occur to produce
dibenzylidenecyclohexanone 8b.

Crossed aldol condensation reaction is usually
performed using a conventional stirring method for a
few hours and should left to stand over night. It also
required large amount of solvent. To address such
limitations, we have performed crossed aldol
condensation between cyclohexanone and
benzaldehyde derivatives to produce dibenzylidene
cyclohexanones via MAOS method. In this study, we
found that the latter method is more rapid and efficient
to provide dibenzylidenecyclohexanones.
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Table 3. NMR ('H and *C) spectra of compound 8c
(CDCly)

15 15
OCH;3 OCHs
14
OCH3
o]
8c
No C 0 (3 H, m, JHz) ppm 0 C (ppm)
1 - 190.0
2,6 - 136.0
3,5 2.95 (4H, brt, -) 28.5
4 1.83 (2H, m, -) 23.0
7 7.75 (2H, s, -) 134.0
8 - 128.0
9 7.02 (2H, s, -) 113.0
10 - 149.0
11 - 148.0
12 6.92 (2H, d, 8.3) 110.8
13 7.12 (2H, d, 8.3) 123.8
14 3.92 (6H, s, -) 55.0
15 3.91 (6H, s, -) 55.0
CONCLUSION

In conclusion, three dibenzylidenecyclohexanones
have been synthesized via crossed aldol condensation
using MAOS method. This method has been proven to
be more efficient, shorter and cleaner than stirring
method.
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