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ABSTRACT

Curcumin  (1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione)  -4-substituted
anaogues synthesis describe with microwave irradiation method. Curcumin and aromatic
aldehydes in presence of water:ethanol (1:1) as solvent and Zirconium Chloride (ZnCl,) as
catalyst exposed to microwave irradiation, to obtained product in good yields, six derivatives
(3a-f) was prepared with satisfactory yield. Present methodology consists of simple working
procedure, environmental friendly, easy workup procedure and cost effective starting
materias. Derivatives (6a-f) was obtained by this were characterized for spectral analysis and

found good agreement with reported.

Keywor ds. Curcumin analogues, Green reaction, Zirconium Chloride catalyzed, Microwave

assisted synthesis.

INTRODUCTION

Curcumin commonly known as
turmeric, obtained from the rhizomes of
Curcuma longa, one of the species from
Zingiberaceae family and exhibits
characteristic golden yellow colour. Today
there are some 120 known species of
turmeric. Curcumin used as yellow colour
cury pigment in al over Indian
subcontinent. Several research groups have
investigated and compare their activity as
antioxidant, cardio-protective,  neuro-
protective, antidiabetic, antitumor and
chemopreventive activities, either as pure

compound or as mixtures [1-4]. It helps
prevent cell weakening and rebuild the
cellular genetic codes to life levels [5-8].
Curcumin found useful in human prostate
cancer cells[9], and release of cytochrome
[10, 11]. On the other hand, one of the
predominant targets of curcumin is the
NF-kB cell signaling pathway [12, 13],
curcumin has found active to proteasomes
26S [14, 15]. Curcumin has been
introduced to many clinical trials in
different human cancer therapy [16-18],
the clinical potential of curcumin remains
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limited because of its relatively poor
bioavailability [19].

Curcumin  consisting  centrd
methylene moiety with most reactive
proton held by carbon atom. Aromatic
benzaldehyde in presence of ethanolic
sodium hydroxide offers 4-arylidene
substituted curcumin. Pharmaceutically
these analogues were synthesized and
found more active than curcumin [20, 21].
Replacement of an acidic proton from the
centra methylene with benzylidene
derivatives proved to be as effective
antimalarial as curcumin. The 4-hydroxy-
3-methoxy-benzaylidene derivative of
curcumin was more active than curcumin.
This suggested that the presence of
electron donating group (-OMe) at meta
position of 4-hydroxy-3-methoxy-
benzylidene derivative of curcumin
appears to play an important role for the
potency of antimalarial compounds. [20,
21].

RESULTSAND DISCUSSIONS

Reaction Scheme 1

Describe new methods for the
synthesis of 4-substituted curcumin
analogues (Reaction Scheme 1). For
synthesis of 4-substituted curcumin
analogues, agueous ethanol (50%) and
Zirconium Chloride (ZnCl,) were used as
catal yst-solvent and MWI condition.

A model reaction was performed to
optimized reaction condition. Curcumin
and 4-methoxy benzal dehyde were kept as
fixed reacting partner. Various reaction
conditions were tried including non-
conventional techniques like Microwave
irradiation and solvent free method. 4-
methoxy benzaldehyde was preferred as
one fix component to avoid workup
difficulties after completion of reaction,
which usually occurs with free hydroxyl (—
OH) adehydes. Addition preference does
not show any significant effect on yield of
product. Table 1 shows numbers of
solvent catalyst combinations were used to
achieve optimum vyield of reaction.
Curcumin is unstable in akaline pH [25].
Two phenolic -OH and one enolic —OH
susceptible for akaline pH, KOH
catalyzed reaction, not surprisingly, gave
low productivity.

Synthesis of 4-arylidine curcumin analogues from Curcumin and aromatic aldehydes
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Tablel Optimization of reaction condition for Scheme 1, Curcumin and 4-methoxy

benzaldehyde as model reaction.

Sr. No. Reaction condition Time Yield® of products
1. EtOH, KOH, rt. 12 hours 38%
2. Toluene, pyridine, reflux 18 hours 27%
3. Toluene, NaH, stirred at rt 12 hours 17 %
4, DMF, AcOH, pyridine, stirred at rt 24 hours 27%
5. DMF, AcOH, AcONa, reflux 12 hours 49%
6. DMF, Alum, CH3CO,NH,, reflux 4 hours, 73%
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7. DMF, AcOH, CH3CO,NHy,, reflux 9 hours 68%
8. Toluene, pyridine, MWI 2min. Sticky mass
9. DMF, Alum, CH3;CO,NH,4, MWI 2min. 53%
10. Absolute EtOH; ZnCl,: MWI (600W) 2min. 69%
11. EtOH (50%); ZrCl,: MWI (600W) 2min. 88%
®|solated yield
This  explanation for low red-brown coloured sticky product. This

productivity may extend upto workup
stage, after product formation, pour to ice-
water and neutralized, this water-alcohol
solvent mixture not allowed all products to
precipitate out. Workup procedure for
alcoholic KOH when was modified with
evaporation of acohol from reaction
mixture in reduce pressure, offers dark

required reaction condition was achieved
by using absolute ethanol, as it works as
excelent solvent and mainly due to its
dehydrating nature (Table 1; Entry 10).
Present methodology with model reaction
was subjected for Microwave irradiation
with verity of irradiating power (Table 2).

Table 2. Optimization of reaction condition with respect to Microwave irradiation power

Sr. No. Ag. EtOH, ZrCl
Products No. Timein Min. MWI < Yie|4d (%)
- ) > 600W 83%
2 (3b) 2 600w 69%
3 30 3 600W 87%
A (3d) 2 600W 84%
= 39 2 600W 89%
6 (3f) 2 600w 90%
% |solated yield

Figure 1. Structure of 4-substitiuted curcumin derivatives.

Mahesh Shioorkar, Sangita Pawar

Page 204




AITLT
s —
IVERSAL PI!I

International Journal of Universal Print
[SSN: 2454-7263 ID: ACTRA 2018 033 Published Mar. 2018
Volume No. 04, Issue No.04, Copyright © Universal Print

Web: www.universalprint.org , Email: ijup@universal print.org
Title Key: EXPEDITIOUS MICROWAVE-ASSISTED ZIRCONIUM ...

Second methodology describes
offers choice of diarylheptanoid backbone
selection. Three moles of Aromatic
aldehydes and one mole of acetylacetone
(Scheme 2) react to obtain desired
curcumin-4-arylidine analogues. 4-
methoxy benzal dehyde and acetylacetone
was taken as fix starting materials for
model reaction. Various reaction
conditions were applied to optimized
reaction condition with respect to yield,
easy handling procedure and time.
Reaction conditions were applied as shown
in Table2.

Microwave technique was used and
found productive (Table 2; Entry 6). As
microwave methods found more fruitful
used further for derivatisation reactions.
As continuation of previous research work
[26-27], methods

consisting more green impact in form of

developed  new

using Zinc Chloride as catalyst and
absolute EtOH as solvent with non-

conventiona method.
EXPERIMENTAL

Materials and Methods

All  the compounds used in
synthesis were of analytica grade; the
melting points of the compounds were

determined in open head capillary and are
uncorrected. 'H NMR spectra were
recorded on a DRX-300 Bruker FT-NMR
spectrophotometer inCDCl3 using TMS as
Internal standard. Chemical shifts (0) are
reported in ppm. The IR spectra were
recorded using Perkin Elmer spectrometer
(KBr plates).The reaction was carried out
in a scientific microwave oven (Sineo,
MASS-I, Synthetic
Workstation, China). All the compounds

Microwave

were checked for purity by thin layer
(TLC). Column

separation was

chromatography
chromatographic
performed with 60-120 mesh size silica
gels. Méelting points were recorded in an
oil bath with open head capillary and are
uncorrected. All products were shown
good agreements with reported spectra
values and physical constant. [20, 21]

General procedure for synthesis of
substituted Curcumin

Curcumin (2 mmol), 4-
methoxybenzaldehyde (2.2 mmol) was
added in 50% agueous ethanol (10mL)
containing ZrCl, (10 mmoal) in single lot.
Reaction was subjected to MWI for
appropriate time and progress of reaction
was monitor by TLC. After completion of

reaction, allowed contain to attained room
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temperature and ethanol was removed in
reduced pressure and pour into crush-ice-
water mixture with gentle stirring and left

SPECTRAL ANALYSIS

in icewater bath for few minutes. Thus
obtained crude product was filter off and
purified with column chromatography.

1,7-bis(4-hydr oxy-3-methoxyphenyl)-4-(4-methoxybenzylidene)hepta-1,6-diene-3,5-
dione: (3a) Yield 88%; NMR (300MHz, CDCls) § 8.12 (s, 1H), 7.89 (d, 1H), 7.51 (d, 1H),
7.48 (d, 1H), 7.18-7.23 (d, 2H), 7.09-7.13 (d, 2H), 6.90-6.94 (d, 2H), 6.89-6.77 (d, 2H), 6.71-
6.68 (d, 2H), 5.87-5.93 (broad, 2H), 3.88 (s, 3H), 3.64 (s, 3H), 3.55 (s, 3H).

CONCLUSIONS

Curcumin is established biologically active
naturaly  occurring  yellow  colour
pigments and utility restricted due to its
limited solubility, thus easy derivatisation;
one step reaction is highly demanded.

Present methodology is environmentd

friendly, consisting cost effective starting
material, easy working procedure and
significant productivity. We believe that,
this method may excellent replacement of
long time required, acid containing
Curcumin analogues methodologies.

REFERENCES

[1] &) P. Scartezzini, E. Speroni (2000) Review on some plants of Indian traditional
medicine with antioxidant activity, Journal of Ethnopharmacology, 71, 23-43. b) B.
Sasikumar (2005) Genetic resources of Curcuma: diversity, characterization and
utilization, Plant Genetic Resources, 3, 2, 230-251. ¢) H. Schmandke, Bergholz-
Rehbruecke (2003) Curcumionids-more than a means of colouring and seasoning
food?, Ernahrungs Umschau, 50, 4, pp.134-136.

[2] |. Chattopadhyay, K. Biswas, U. Bandyopdhyay, R. K. Banerjee (2004)Tumeric
and curcumin: Biological actions and medicina applications, Current Science, 87,
pp.44-53.

[3] G. K. Jayaprakasha, L. JaganmohanRao, K. K. Sakariah (2006) Antioxidant
activities of curcumin, demethoxycurcumin and bisdemethoxycurcumin, Food
Chemistry, 98, 4, pp.720-724.

Mahesh Shioorkar, Sangita Pawar Page 206



International Journal of Universal Print
[SSN: 2454-7263 ID: ACTRA 2018 033 Published Mar. 2018
Volume No. 04, Issue No.04, Copyright © Universal Print

Web: www.universalprint.org , Email: ijup@universal print.org
Title Key: EXPEDITIOUS MICROWAVE-ASSISTED ZIRCONIUM ...

AITLT
s —
IVERSAL PI!I

[4] T. M. Kolev, E. A. Velcheva, B. A. Stamboliyska, M. Spiteller (2005) DFT and
experimental studies of the structure and vibrational spectra of curcumin,
International Journal of Quantum Chemistry, (WileyPeriodicals). 102, 6, pp.1069—
1079.

[5] H.Ahsan, N. Parveen, N. U. Khan, S. M. Hadi (1999) Pro-oxidant, antioxidant and
cleavage activities on DNA of curcumin and its derivatives demethoxycurcumin

and bisdemethoxycurcumin, Chemico-Biological Interaction, 121,2, pp.161-175.

[6] J E.Kim, A.R. Kim, H. Y. Chung, S. Y. Han, B. S. Kim, J. S. Choi (2003) In
vitro peroxynitrite scavenging activity of diarylheptanoids from Curcuma longa,
Phytotherapy Research, 17, 5, pp.481-484.

[7] P. Somparn, C. Phisalaphong, S. Nakornchai, S. Unchern, N. P. Morales (2007)
Comparative antioxidant activities of curcumin and its demethoxy and
hydrogenated derivatives, Biolological and Pharmaceutical Bulletin, 30,1, pp.74—
78.

[8] M. Subramanian, Sregjayan, M. N. Rao, T. P. Devasagayam, B. B. Singh, (1994)
Diminution of singlet oxygen-induced DNA damage by curcumin and related
antioxidants, Mutation Research, 311,2, pp.249-255.

[9] L.R. Chaudhary, K.A. Hruska (2003) Inhibition of cell survival signal protein
kinase B/ Akt by curcumin in human prostate cancer cells, Journal of Cellular

Biochemistry, 89, pp.1-5.

[10] J. H. Woo, Y.H. Kim, Y.J. Choi, D.G. Kim, K.S. Lee, JH. Bag, D.S. Min, JS.
Chang, Y.J. Jeong, Y.H. Lee (2003) Molecular mechanisms of curcumin-induced
cytotoxicity: induction of apoptosis through generation of reactive oxygen species,
down regulation of Bcl-XL and IAP, the release of cytochrome ¢ and inhibition of
Akt, Carcinogenesis, 24, 7, pp.1199-1208.

[11] N. M. Waeir, K. Selvendiran, V.K. Kutala, L. Tong, S. Vishwanath, M. Rgjaram, S.
Tridandapani, S. Anant, P. Kuppusamy (2007) Curcumin induces G2/M arrest and

Mahesh Shioorkar, Sangita Pawar Page 207



AITLT
s —
IVERSAL PI!I

International Journal of Universal Print
[SSN: 2454-7263 ID: ACTRA 2018 033 Published Mar. 2018
Volume No. 04, Issue No.04, Copyright © Universal Print

Web: www.universalprint.org , Email: ijup@universal print.org
Title Key: EXPEDITIOUS MICROWAVE-ASSISTED ZIRCONIUM ...

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

apoptosis in cisplatin-resistant human ovarian cancer cells by modulating Akt and
p38 MAPK, Cancer Biol. Ther. 6, 2, pp.178-184.

S. Plummer, K. Holloway, M. Manson, R. Munks, A. Kaptein, S. Farrow, L.
Howells (1999) Inhibition of cyclo-oxygenase 2 expression in colon cells by the
chemopreventive agent curcumin involves inhibition of NF-kB activation via the
NIK/IKK signalling complex, Oncogene, 18, 44, pp.6013-6020.

S. Singh, B. Aggarwal (1995) Activation of transcription factor NF-kB is
suppressed by curcumin (diferuloylmethane), Journa of Biological Chemistry,
270, pp.24995-25000.

T. Leu, M. Maa (2002) The molecular mechanisms for the antitumorigenic effect
of curcumin, Current Medicinal Chemistry Anticancer Agents 2, pp.357-370.

V. Milacic, S. Banerjee, K. Landis-Piwowar, F. Sarkar, A. Mgumdar, Q. Dou
(2008) Curcumin inhibits the proteasome activity in human colon cancer cells in

vitro and in vivo, Cancer Research, 68, pp.7283-7292.

A. God, A.B. Kunnumakkara, B.B. Aggarwal (2008) Curcumin as "curecumin":
from kitchen to clinic, Biochemistry Pharmacology, 75, 4, pp.787-809.

B.B. Aggarwal, A. Kumar, A.C. Bharti, (2003) Anticancer potential of curcumin:
preclinical and clinical studies, Anticancer Research, 23, pp.363-398.

H. Hatcher, R. Planap, J. Cho, F. Torti, S. Torti (2008) Curcumin: from ancient
medicine to current clinical trials, Cellular Molecular Life Science, 65, 11,
pp.1631-1652.

P. Anand, A.B. Kunnumakkara, R.A. Newman, B.B. Aggarwa (2007)
Bioavailability of curcumin: problems and promises, Molecular Pharmacutics. 4, 6,
pp.807-818.

X. Qui, Y. Du, B. Lou, Y. Zu, W. Shao, Y. Huo, J. Huang, Y. Yu, B. Zhou, J. Du,
H. Fu, X. Bu (2012) Synthesis and identification of New 4-arylidene curcumin

Mahesh Shioorkar, Sangita Pawar Page 208



International Journal of Universal Print
[SSN: 2454-7263 ID: ACTRA 2018 033 Published Mar. 2018
Volume No. 04, Issue No.04, Copyright © Universal Print

Web: www.universalprint.org , Email: ijup@universal print.org
Title Key: EXPEDITIOUS MICROWAVE-ASSISTED ZIRCONIUM ...

AITLT
s —
IVERSAL PI!I

analogues as potential anticancer agents targeting nuclear factor —xB signaling

pathway, Journal of Medicina Chemistry, 53, 23, pp.8260-8273.

[21] Y. Zuo, J. Huang, B. Zhou, S. Wang, W. Shao, C. Zhu, L. Lin, G. Wen, H. Wnag,
J. Du, X. Bu (2012) Synthesis cytotoxicity of new 4-arylidene curcumin analogues
and their multi-functions inhibition of both NF —xf and ark signaling, Vol. 55,
pp.346-357.

[22] A. A. Mohammadi, M. Mivechi, H. Kefayati (2008) Potassium aluminium sulfate
(alum): an efficient catalyst for the one-pot synthesis of trisubstituted imidazoles,
139, pp.935-937.

[23] D. S Patel, J. R. Avaani, D. K. Raval (2016) One pot solvent free rapid and green
synthesis of 3,4-dihydropyrano[c]chromenes using grindstone chemistry, Vol. 20,
S1, pp. S401-S405.

[24] H. Sachdeva, D. Dwivedi, R. Saroj (2013) Alum catalyzed simple efficient and
green synthesis of 2-[3-amino-5-methyl-5-(pyridine-3-yl)-1,5-dihydro-4H-1,2,4-
triazole-4-yl]propanoic acid derivatives in agueous media, The scientific World
Journal, Article ID 716389, pp.1-7.

[25] H. H. Tonnesen, J. Karlsen (1985) Studies on curcumin and curcuminoids. VI.
Kinetics of curcumin degradation in agueous solution, Z. Lebensm Unters Forsch,
180, 5, pp.402-404.

[26] &) Shioorkar, M.G., Ubale, M.B., Expenditious aum catalysed green methodology
for the synthesis of substituted pyrazole curcumin analogues, Journal of Medicinal
Chemistry and drug discovery, 2016, 2, 1, pp-74-81. b) Shioorkar, M.G., Ubale,
M.B., Simple and efficient microwave PEG mediated synthesis of Pyrazole
analogues of Curcumin, Der Pharma Chemica, 2015, 7, 2, pp-274-277. C)
Shioorkar, M., Ubae, M., Potassum auminium sulfate: green catalyst for
synthesis of 1,3,5-substituted pyrazole, Heterocyclic letters, 2016, Vol.6, 2, pp-
217-221. d) Shioorkar, M., Ubale, M., Simple and effective microwave assisted

Mahesh Shioorkar, Sangita Pawar Page 209



International Journal of Universal Print
I[SSN: 2454-7263 1D: ACTRA 2018 033 Published Mar. 2018
Volume No. 04, Issue No.04, Copyright © Universal Print

Web: www.universalprint.org , Email: ijup@universal print.org
Title Key: EXPEDITIOUS MICROWAVE-ASSISTED ZIRCONIUM ...

L 3 -
= P

one pot synthesis of symmetrical curcumin analogues, Der Chemica Sinica, 2015,
6,4, pp-110-113.

[27] Shioorkar, M. G. and Ubale M. B., Expeditious Alum Catayzed Green
Methodology For The Synthesis Of Substituted Pyrazole Curcumin Analogues,
Journal of Medicina Chemistry and Drug Discovery, 74-81, 1 (2), 28 February
2016.

Mahesh Shioorkar, Sangita Pawar Page 210



