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Graphical abstract:

C5-curcuminoid-dithiocarbamate based molecular hybrids:
Synthesis, anti-inflammatory and anti-cancer activity evaluation

Amit Anthwal®®, Kundan Singh®, M.S.M. Rawat’,” Amit K. Tyagi‘, Bharat B. Aggarwal®, Diwan S.
Rawat™"

The C-5 curcumin-dithiocarbamate analogues were synthesized in search of new molecules with anti-proliferation potential

against cancer cells. These new compounds demonstrated higher Anti-proliferation and anti-inflammatory activity against

cancer cell lines in comparison to curcumin.

21 Examples: 18 Compounds
better than Curcumin
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www.rsc.org/ A series of C-5 curcumin bearing morpholine based dithiocarbamates was synthesized.

Molinspiration and Osiris software were used for theoretical prediction of physico-chemical
properties of these molecules and majority of the hybrids shown theoretical physico-chemical
properties similar or better than curcumin. These hybrids (4a-4v) were evaluated for invitro
cytotoxicity on chronic myeloid leukemia (KBMS5) and colon cancer (HCT116) cell lines, and
down modulation of TNF-a-induced NF-kB activation at SuM. Most of the hybrid exhibits
higher cytotoxicity against KBMS5 cells compared to HCT116 cell lines. Further, all the
hybridsshowed potential to suppress the TNF-a-induced NF-kB activation at SuM KBMS5 cells
and seventeen hybrids have shown higher potential to inhibit NF-xB activation in comparison to

Curcumin.

Introduction

Curcumin, a yellow pigment isolated from dried rhizome of herb
Curcuma longa L. has been extensively used for centuries in India
and China as dietary pigment, spice and traditional
medicine.'Curcumin has shown to exhibit a wide spectrum of
biological and pharmacological activities which includes
antioxidant, anti-inflammatory, antibacterial, antiviral?  Its
therapeutic potential in case of cancer and Alzheimer’s disease has
also been reported.” Additionally, it is evident from various studies
carried out on humans® and animal models,*curcumin is safe even at
high doses. In spite of the favourable biological properties and safety
profile, poor bioavailability is the main drawback due to which
curcumin could not be approved as therapeutic agent.” One of the
reasons for the poor bioavailability of curcumin is its rapid
metabolism into inactive metabolites and rapid elimination from
body.’ It is well documented that pB-diketone functionality of
curcumin is a substrate for liver aldoketo reductases and this may be
one of the reasons for the rapid metabolism of curcuminin vivo.® In
addition, curcumin binds to multiple targets including albumin’and
thus rarely found unbound/free in vivo. These factors were taken into
account by various research groups and designed five carbon enone
(C-5 curcuminoids) analogues of curcumin replacing sevencarbon
enonemoiet(C-7 curcuminoids) in anticipation to retain its activity
and but improves Dbioavailability."Guang et al. carried
pharmacokinetic studies on synthetic C-5 curcuminoids, and some of
the compounds demonstrated better cytotoxicity and bioavailability

This journal is © The Royal Society of Chemistry 2012

both in vitro and in vivo studies.’Dithiocarbamate (DTC) derivatives
are another

Dithiocarbamate (DTC) derivatives are another class of compounds
known for their anti-tubulin and anticancer
activities.'’Dithiocarbamate (DTCs) based compounds are also
known for their antioxidant properties and suppresses the activation
of transcription factors NF-kB.''The NF-kB plays important role in
the development of anti-cancer agents as it regulates the expression
of various growth factors and cytokines that are responsible for
angiogenesis, tumour growth, metastasis, and anti-apoptosis.
Further, activation of NF-xB is a key factor responsible for
resistance of tumor cells to chemotherapeutic agents as well as
radiation therapy. Suppression of NF-kB is not only an alternative
pathway to anticancer therapy, but also linked to suppression of
inflammatory responses of cells.'*Hence, compounds targeting NF-
kB are of significant importance in cancer drug development.It has
been reported that DTC metal complex has potential to inhibits NF-
kB and proteasome, this increases their importance in cancer drug
development.'>A series of dithiocarbamate derivatives has been
reported to show anti-tubulin and anticancer activities."*It is well
known fact that tumour cellshave acidic environment. The acidic
conditions triggers decomposition dithiocarbamates to amine and
CS,."*  The CS, formed in the tumour cells due to this
decomposition process causes protein cross-linking and is proposed
to be most disruptive factor for dithiocarbamate induced toxicity.'®

In order to develop effective anticancer drug different approaches

are being explored and concept of molecular hybrids'’ has drawn
attention of the medicinal chemist across the globe. In this approach
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two or more pharmacophores are covalently linked together to
generate a single molecule. Such molecules may have certain
advantages such as: (a) reduced risk of drug resistance, (b) improved
potency, (c) improved pharmacokinetic properties, (d) reduced side
effect. Encouraged by the concept of molecular hybrids and our own
work in this direction,'® we designed hybrid molecules having C-5
enones covalently linked to dithiocarbamate, an another
pharmacophore (fig 1). To this end, herein we report synthesis,
theoretical prediction of physicochemical properties, cytotoxicity
and inhibition of TNF-a-induced NF-kB activation of newly
synthesized hybrids (4a-4v). It was found that most of the hybrids
exhibited higher cytotoxicity against KBMS5 and HCT116 cancer cell
linesat SuM in comparison to curcumin which was used as
standard."”These compounds were also found to have good potential
to inhibit TNF-a-induced NF-kB activation.

7 carbon enone spacer

Active methylene group

Curcumin: Rapid metabolism into inactive
metabolites and elimination from body

Cyclic curcumin analogues with 5 Carbon
enone spacer and dithiocarbamate linker

Fig. 1: Modification of B-diketone moiety of curcumin to new cyclic
analogues with enhanced activity.

Results and discussion

Chemistry

The desired hybrids were synthesized by multistep synthetic
protocol. In first step dithiocarbamate salt of morpholine (1b) was
prepared by the reaction of 45 mmol of morpholine with 45 mmol of
CS, followed by the addition of lequiv. of NaOH to obtain desired
salt (scheme 1). The desired curcumin analogues (2a-2v) were
synthesized by aldol condensation reaction of 4-piperidone
hydrochloride salt (0.98 mmol) with respective aldehydes (1.96
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mmol) in the presence of NaOH using methanol as solvent (scheme
1). The crude compounds (2a-2v) were purified by recrystallization
from methanol and reacted further with chloro-acetylchloride (0.78
mmol) in the presence of K,CO3 (1.95 mmol) using dichloromethane
as a solvent, to obtain chloroacetylatedcurcumin analogues (3a-3v)
in good yields (scheme 2) and were used as such in the subsequent
steps. These chloroacetylatedcurcumin analogues (3a-3v) (0.45
mmol) were further reacted with 1b (0.54 mmol) to obtain curcumin-
dithiocarbamate based molecular hybrids (4a-4v) in good yield
(scheme 3). All the compounds were purified by column
chromatography and characterized spectro@scopically.
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CHO
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(2a-2v)
1c
2aR=H 2I,LR=3,5-F
2b,R=3,40Me 2m,_R =3,4,5-OMe
2¢,R =2-Cl 2n,R = 2-CF3
2d,R =4-Cl 20,R = 4-OMe
2¢,R =3-Cl 2pR =2,6-F
2fR = 4-Br 2q,R=2,5-F
2g,R = 4-Me 2r,R =2,5-OMe
2h,R=4-C,Hs  2s,R=3,5-Me
2i, R=2,4-Cl 2tR =2,5-Me
2jR=4-F 2u,R = 4-t-Bu
2k,R =3-F 2v,R =4-CF3
Scheme 1
(2a-2v)
CI
(3a-3v)
3a,R=H 3IR=3,5F
3bR=340Me 3mR=34,50Me
3c,R=2Cl 3n,R=2-CF3
3d,R =4-Cl 30,R = 4-OMe
3e,R=3-Cl 3p,R=2,6-F
3f,R = 4-Br 3q,R=2,5F
3gR=4Me 3rR=250Me
3h,R=4-C;Hs 3s,R=35Me
3iR=24-Cl  3tR=25Me
3j,R=4-F 3u,R =4-t-Bu
3kR=3F 3v,R=4-CF3
Scheme 2
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4a,R=H 41 R=35F
4bR=3,40Me 4mR =3,4,5-OMe
4nR = 2-CF3
40,R = 4-OMe
4p,R=2,6-F
4q,R=2,5-F
49g,R = 4-Me 4rR = 2,5-OMe
4hR=4-C;Hs 4sR=35Me
4iR=24-Cl  4tR=25Me
4jR=4-F 4u,R = 4-tBu
4kR=3-F 4vR = 4-CF;

Scheme 3

Biology

All the hybrids were subjected to test the cytotoxicity on chronic
myeloid leukemia (KBMS5) cell line and HCT116 colon cancer cell
line. The compounds demonstrated varying degree of cytotoxicity
against cancer cell lines but the trend of decrease or increase in
cytotoxicity was similar for both the cell lines (Table 1). It was
found that the hybrids without any substitution on the aromatic ring
(4a) were least active.Further, substitution at meta or para-position
of the aromatic ring by electronegative groups like chloro or bromo
reduces the activity (4d, 4e, 4f) whereas chloro group at ortho-
position of the aromatic ring enhances cytotoxicity of compounds
(4c, 4i). The structure activity relationship studies conducted on
Curcumin analogues revealed that the substitution of fluoro group at
any position of the aromatic ring enhances anticancer activity of the
resulting compounds.’But in the present study, we observed that
hybrids with the fluoro group at meta and para position (4j, 4k, 41)
were more active. The alkyl substitution also enhances the activity of
the hybrid molecules (4s, 4t, 4h), but the molecules with an alkyl
group at para-position were the most active (4g, 4u). Further
introduction ofOMe group on the aromatic ring improves activity of
these hybrids (4r) but hybrids with OMe group at meta, para-
positions (4b, 4m, 40) were the most active. It is obvious from
results that CF; substituent at para-position (4v) increases the
activity to a higher extent compared to that at ortho-substutient (4n).
All compounds were also evaluated for down-regulation of TNF-a-
induced NF-kB activation in KBM5 cell. KBMS5 cells were pre
incubated with 5uM curcumin and C-5 curcumin-dithiocarbamate
analogues for 8 hours, and were treated with TNF-a (0.1 nM) for 30
min at 37 °C. The nuclear extracts were prepared and TNF-a-
induced NF- kB expression was observed by Electrophoretic
Mobility Shift Assay (EMSA). All compounds exhibited a
suppression of TNF-o-induced NF- kB activation to different extent
(fig 2). The activity of curcumin analogues could not be concluded
from inhibition of NF- kB activation as curcumin and its analogues
act by multiple pathways, but inhibition of TNF-a-induced NF- kB
activation may be one of factors contributing towards the anticancer
activity of these compounds. The compound 4e inhibits NF- kB
activation to a lesser extent, so it may be one of the contributing
factorfor its poor activity. Further compounds 4n, 4m, 4o, 4p, 4q,
4r, 4v and 4u with high cytotoxicity have also demonstrated good
potential to inhibit TNF-a-induced NF- kB activation, and this may
be one of the factorsfor enhanced activity of these C-5 curcumin-
diathiocarbamate analogues.

This journal is © The Royal Society of Chemistry 2012
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Fig. 2:Down-regulation of TNF-a-induced NF-kB activation in
KBMS cell.

Tablel: Cytotoxicity of the C5-curcuminoid-dithiocarbamate based
molecular hybrids(4a-4v) on chronic myeloid leukemia (KBM5) and
colon cancer (HCT116) cell lines at SpM.

Compound Cytotoxicity Cytotoxicity Compound Cytotoxicity Cytotoxicity
(% growth % growth (% growth % growth
inhibition) inhibition) inhibition) inhibition)
KBMS HCT116 KBMS HCT116

4a. 61.26 +1.82 42.45 +£1.65 4m. 84.53 £0.21 58.58 +£0.84

4b. 85.46 +0.62 59.22 +0.43 4n. 83.22 £1.00 57.67 £2.77

4c. 85.50 +0.87 59.25 +0.60 4o. 85.27 £0.63 59.10 £1.13
4d. 10.55 +1.10 7.31 £1.00 4p. 83.15 +£1.23 57.62 £0.85
4e. 53.91 £0.47 37.36 +1.18 4q. 81.92 +£1.27 56.77 £1.57
4f. 53.47 + 0.36 37.05 £1.71 4r. 79.19 +£1.43 54.88 £1.23
4g. 84.56 +1.90 58.60 £0.32 4s. 76.99 +1.41 53.36 £1.21
4h. 76.10 +1.27 52.74 £0.96 4t. 66.74 +£2.79 46.25 +1.87
4i. 73.53 £0.34 50.96 +0.24 4u. 85.31 +£1.53 59.12 +1.06
4j. 86.20 +1.01 59.74 £0.70 4v. 86.88 +0.56 60.21 +£0.39
4k. 87.43 £0.73 60.59 +0.50 Control 0.00 +1.36 0.00 £2.33
41 87.36 +0.87 60.54 +0.61 Curcumin 46.00 +1.49 46.87 +1.03

Theoretical predictions of physico-chemical properties

Molinspiration calculations

Theoreticalphysico-chemical properties and biological activities
were calculated using Molinspiration?"** software for compounds
4a-4v (Table 2&3). The logP was calculated as per methodology
developed by Molinspiration in which sum of fragment-based
contributions and correction factors are considered. According to
Lipinski’s rules if drug molecules have log P values greater than 5
then there may be a problem for penetration of drug molecule into
biomembrane, it is clear from table 2 that many hybridshave log P
values less than five. Total polar surface area (TPSA) is calculated
on the basis of the methodology published by Ertl et al. as a sum of
various fragment contributions.”* O- and N-centered polar fragments
are considered for TPSA calculations. Polar surface area (PSA) has
been shown to be an excellent descriptor of various properties like
drug absorption, including intestinal absorption, bioavailability,
Caco-2 permeability and blood brain barrier penetration. Total polar
surface area (TPSA) can be correlated to the hydrogen bonding
potential of a compound as it is described as an area occupied by
electronegative elements like oxygen and nitrogen, but it is also
reported that if TPSA exceeds 140 a then the molecule may exhibit
poor intestinal absorption. »* It is obvious from table 2 that all the
hybrids (4a-4v) have TPSA less than 140 A°. The molecule may
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show poor bioavailability if it violates two or more Rules of

Table 2: Molinspirationcalculations of the hybrids (4a-4v).

Comp. Mol. Wt. m;LogP TPSA OH-NH N viol. Vol.

Interact.

4b. 598

4d. 546

4f. 634 5.698 49 0 2 460

4h. 534 5.909 49 0 2 491

514 4.407 49

Comi. GPCR ICM K1 NRL P EIL

B
o
—_
~
o
=

4b. 0.31 -1.01 -0.81 0.74 0.34 -0.38
41, 550 4591 49 0 1 444

4d. -0.30 0.78 -0.81 -0.72 -0.35 -0.29
4n. 614 3415 4 0 2 487 4f. -0.37 -0.83 -0.83 -0.78 -0.40 -0.32

4h. 0.2 0. -0. -0. -0. 0.2
i 50 s I 0 . " 0.27 0.78 0.79 0.65 0.30 0.25

4. 0.29 0.78 0.77 -0.69 0.34 -0.28
4r. 598 3.803 86 0 1 526

41, 0.27 0.78 0.71 -0.64 -0.28 0.25
4. 534 5371 49 0 2 490

4n, 0.23 -0.89 0.74 -0.62 0.27 -0.33
4v. 614 5.871 49 0 2 487 4p. -0.28 -0.83 -0.77 -0.66 -0.34 -0.30
5.7 Druglikeness may be considered as a complex balance of various 4. 031 102 083 072 033 039

structural features and molecular properties which predicts
similarity of a particular molecule with the known a drug.
Calculation of druglikeness score in terms of GPCR ligand activity, a4t 029 -0.86 -0.79 -0.69 -0.35 -0.30
ion channel modulators, kinase inhibitors, nuclear receptor ligand
activity, protease inhibitors and other enzyme inhibitors is based on
Molinspiration technology. It is found that most of marketed drugs  4v. -0.24 -0.90 -0.74 -0.62 -0.26 -034
have negative values or very low positive values of score for above
mentioned enzyme targets. It is very clear from table 3 that all

compounds (4a-4v) have negative values of enzyme target scores. Table 3: Molinspiration based drug likeness of the hybrids (4a-4v).

GPCRL: GPCR ligand; ICM: Ion channel modulator; KI: Kinase inhibitor;NRL: nuclear receptor
ligand; PI: Protease inhibitor; EI: Enzyme inhibitor.

Osiris calculations 2%

The Osiris 2'**° calculations are tabulated in table 4. Toxicity risks
(mutagenicity, tumorogenicity, irritation, reproduction) and physico-
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chemical properties (ClogP, solubility, drug likeness and drug score)
of compounds (4a-4v) are calculated by the methodology developed
by Osiris. The log P value of most of the compounds isless than 5
which is positive indication. Except few, most of the compounds
demonstrated low toxicity risks. Also, many compounds have
druglikeness and drug score comparable or better than curcumin
(table 4).

Table 4: Osiris calculations of the hybrids (4a-4v).

Comp. MUT TUMO IRRI REP Mol ClogP LogS DL  D-S
Wt.
4a. - - - 5 478 444 405 297 054
4b. - - - - 598 4.02 412 589 045
4e. - - - - 546 5.66 552 457 031
4d. + . - - 546 5.66 552 472 025
4e. = s = s 546 5.66 552 398 031
4f B - - - 634 583 572 212 024
4g. + . s s 506  5.07 474 264 033
4h, - - - - 534 578 505 383 034
4i 614 689 699 495 019
4, B . B + 514 455 468 307 036
4k = - - + 514 455 468 136 033
41, - - - - 550 4.67 530 040 030
4m. s s s s 658 3.8l 416 687 042
4n. - - - - 614 596 560 - 0.13
5.49
40. = s = s 538 423 408 424 050
4p. B - B - 550 4.67 530 133 034
4q. - - - s 550  4.67 530 116 034
4r. B - - - 598 4.02 412 458 045
4s. + - - - 534 570 542 001 019
4t. - + - - 534 570 542 188 024
4u. = s = s 500  7.47 637 091 017
4v. B - B - 614 596 560 - 0.13
330
Curcumin - = - s 368 297 362 - 0.39
3.95

MUT: Mutagenic; TUMO: Tuorogenic; IRRI: Irritant; REP: Reproductive effective. Mol. Wt.: Molecular
weight in g/mol; C log P: log of octanol/water partition coefficient; S: Solubility; DL: Drug likness; D-S:
Drug-score. - : Low risk; +: medium risk; ++: high risk

Experimental section
General

All the chemicals used in the synthesis were purchased from Sigma-
Aldrich and were used as such. Thin layer chromatography (Merck
TLC silica gel 60 F,s4) was used to monitor the progress of the
reactions. The compounds were purified when needed by silica gel
column (60-120 mesh). Melting points were determined on EZ-Melt
automated melting point apparatus, Stanford Research systems and
are uncorrected. IR (chloroform/film) spectra were recorded using
Perkin-Elmer FT-IR spectrophotometer and values are expressed as
Umax ¢, Mass Spectra were recorded in waters micromass LCT
Mass Spectrometer.The 'H NMR and ">C NMR spectra were

This journal is © The Royal Society of Chemistry 2012

recorded on Jeol ECX spectrospin at 400 MHz and 100 MHz
respectively, in deuterated solvents with TMS as an internal
standard. Chemical shift values are recorded on & ppm and the
coupling constants J are in Hz.

Typical procedure for synthesis of sodium morpholine-4-
carbodithioate (1b):

To a stirred solution of morpholine (45mmol)(1a) in methanol at 0
°C (ice bath) was added CS, (45mmol) slowly drop wise (exothermic
reaction). On addition of CS, solid gets precipitated and reaction
mixture was further stirred for 30 minutes at room temperature.
After 30 minutes, NaOH (45mmol) was added to the reaction
mixture and stirring was continued at 60°C for 1 hr. After
completion of the reaction, reaction mixture was cooled to room
temperature; and solvent was evaporated to 1/3 of initial volume by
rotary evaporator. The solid thus obtained was filtered, dried and
used for subsequent reaction (70% yield) (scheme 1).

General procedure for synthesis of compounds 2a-2v:

Mixture of respective aromatic aldehyde (1.96 mmol) and 4-
piperidone (1c¢) (0.98mmol) were dissolved in methanol in a round
bottom flask and stirred for few minutes. To this, 40% NaOH
solution was added drop wise to the reaction mixture. The reaction
mixture was then allowed to stir at room temperature for 3 hrs. After
3 hrs the precipitate thus obtained was filtered, washed with water,
dried and recrystallized from methanol to get pure product (2a-2v)
(68-81% yield) (scheme 1).

General procedure for synthesis of compounds 3a-3v:

The mixture of 2a-2v (0.65mmol) and anhydrous K,COj; (1.95mmol)
in dichloromethane was maintained at 0°C (ice bath). To this cooled
mixture, chloroacetylchloride (0.78mmol) was added drop wise.
After the complete addition of chloroacetylchloride the reaction
mixture was stirred further for 3 hrs. After completion of the reaction
solvent was evaporated and the residue thus obtained was washed
with water, filtered and dried. The products obtained were pure
enough to be used for subsequent step(74-80 % yield) (scheme 2).

General procedure for synthesis of compounds 4a-4v:

The mixture of compound (3a-3v) (0.45mmol)and sodium
morpholine-4-carbodithioate (1b) (0.54mmol)in methanol: water 1:1
was heated at 60°C for 0.5 hrs.”® The solid thus obtained was
filtered, washed with water, dried and recrystallized from methanol
to obtain pure product (4a-4v) (scheme 3).

(3E,5E)-1-(2-chloroacetyl)-3,5-bis(3,4,5-trimethoxy
benzylidene)piperidin-4-one (3m):

Yield: 79%; 'H NMR (400 MHz, CDCLy): § 3.91 (s, 18H), 3.97 (s,
2H), 4.89 (s, 2H), 4.94 (s, 2H), 6.64 (s, 2H), 6.72 (s, 2H), 7.78 (s,
1H), 7.81 (s, 1H).
2-((3E,5E)-3,5-dibenzylidene-4-oxopiperidin-1-yl)-2-oxoethyl
morpholine-4-carbodithioate (4a):

Yield: 78% (pale yellow solid); mp 169-170 °C; IR (CHCls, cm™):
2969, 2845, 2363, 1654, 1611, 1429, 1266, 1236, 986, 762, 694;
"HNMR (400 MHz, CDCl;): § 3.70 (t, 4H, J = 4.4 Hz), 3.88 (brs,
2H), 4.17 (s, 4H), 4.95 (s, 4H), 7.38-7.48 (m, 10H), 7.85 (s, 1H),
7.90 (s, 1H); TOF-MS m/z 501.0928 [M+23] ¥, Anal. Calcd for
Cy6Hy6N,05S,: C, 65.24; H, 5.48; N, 5.85. Found: C, 64.88; H, 5.95;
N, 5.67
2-((3E,5E)-3,5-bis(3,4-dimethoxybenzylidene)-4-oxopiperidin-1-
yl)-2-oxoethylmorpholine-4-carbodithioate (4b):

Yield: 66% (pale yellow solid; mp 175-176°C; IR (CHCls, cm™):
2934, 2838, 2363, 1638, 1596, 1420, 1282, 1255, 946, 815; 'H
NMR(400MHz,CDCly): 63.70(t, 4H, J = 5.1Hz), 3.93-3.94 (m,
14H), 4.23(s, 4H), 4.96(s, 4H), 6.91(d, 1H, J=5.1Hz), 6.96 (d, 2H, J

J. Name., 2012, 00, 1-3 | 5
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= 5.1Hz), 7.01 (s, 1H), 7.04-7.09 (m, 2H), 7.78 (s, 1H), 7.82 (s, 1H);
TOF-MS m/z 621.1807 [M+23]", Anal. Calcd for C3,H34N,0,S,: C,
60.18; H, 5.72; N, 4.68 Found: C, 60.34; H, 5.78; N, 4.71.

2-((3E,5E)-3,5-bis(2-chlorobenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4c):

Yield: 71% (yellow solid); mp 190-191°C; IR (CHCl;, cm™): 2954,
2902, 2863, 2362, 1654, 1620, 1460, 1269, 994, 755; 'H NMR
(400MHz, CDCl;): ¢ 3.71(s, 4H), 3.90 (brs, 2H), 4.19 (s, 4H), 4.77
(d, 4H, J = 6.6Hz), 7.31-7.5 (m, 4H), 7.40-7.48 (m, 4H), 8.02 (s,
2H); TOF-MS m/z 569.0605 [M+23]", Anal. Caled for
C26H24C12N203SZZ C, 5704, H, 442, N, 5.12. Found: C, 5731, H,
4.48; N, 5.01

2-((3E,5E)-3,5-bis(4-chlorobenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4d):

Yield: 74% (pale yellow solid); mp 178-179°C; IR (CHCl;, cm™):
2938, 2364, 1654, 1602, 1507, 1297, 808; 'HNMR (400MHz,
CDCly): 6 3.71 (t, 4H, J = 5.1Hz), 3.91 (brs, 2H), 4.18 (s, 4H), 4.90
(s, 4H), 7.36 (d, 2H, J = 8.8Hz), 7.40-7.46 (m, 6H), 7.77 (s, 1H),
7.82 (s, 1H); TOF-MS m/z 569.0605 [M+23] *, Anal. Calcd for
CysH4CLN,O5S,: C, 57.04; H, 4.42; N, 5.12. Found: C, 57.28; H,
4.43; N, 5.07

2-((3E,5E)-3,5-bis(3-chlorobenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4e):

Yield: 72% (yellow solid); mp 181-182°C; IR (CHCls, cm‘l): 2965,
2923, 2859, 2362, 1638, 1610, 1458, 1269, 997, 790, 684; 'H NMR
(400MHz, CDCl3): 6 3.71 (s, 4H), 3.89 (brs, 2H), 4.17 (s, 4H), 4.91
(s, 4H), 7.31-7.40 (m, 8H), 7.75 (s, 1H), 7.80 (s, 1H); TOF-MS m/z
569.0605 [M+23]", Anal. Calcd for CygH,,CLLN,05S,: C, 57.04; H,
4.42; N, 5.12. Found: C, 57.29; H, 4.45; N, 5.05

2-((3E,5E)-3,5-bis(4-bromobenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4f):

Yield: 77% (pale yellow solid); mp 237-238°C; IR (CHCl;, cm™):
2920, 2963, 2851, 2365, 1654, 1609, 1487, 1267, 824; "HNMR (400
MHz, CDCly): & 3.71 (brs, 4H), 3.88 (s, 2H), 4.20 (s, 4H), 4.89 (s,
4H), 7.29 (d, 2H, J = 8.8Hz), 7.33 (d, 2H, J = 8.0Hz), 7.56 (d, 2H, J
= 8.0Hz), 7.61 (d, 2H, J = 8.0Hz), 7.75 (s, 1H), 7.80 (s, 1H); TOF-
MS m/z 656.9595 [M+23]", Anal. Calcd for C,gH,4Br,N,0;S,: C,
49.07; H, 3.80; N, 4.40. Found: C, 49.09; H, 3.69; N, 4.51.
2-((3E,5E)-3,5-bis(4-methylbenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4g):

Yield: 81% (pale yellow solid); mp 158-159°C; IR (CHCl;, cm™):
2855, 2364, 1602, 1430, 1265, 992, 815; 'HNMR (400 MHz,
CDCly): 6 2.38 (s, 3H), 2.41 (s, 3H), 3.69 (t, 4H, J = 5.1Hz), 3.89
(brs, 2H), 4.19 (s, 4H), 4.93 (d, 4H, J = 4.4Hz), 7.22 (d, 2H, J =
7.3Hz), 7.28 (d, 2H, J = 7.3Hz), 7.33 (d, 2H, J= 8.0Hz), 7.37 (d, 2H,
J = 8.0Hz), 7.80 (s, 1H), 7.85 (s, 1H); TOF-MS m/z 529.0775
[M+23]", Anal. Caled for C,sH30N,05S,: C, 66.37; H, 5.97; N, 5.53.
Found: C, 66.42; H, 5.93; N, 5.60.

2-((3E,5E)-3,5-bis(4-ethylbenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethyl morpholine-4-carbodithioate (4h):

Yield: 76% (pale yellow solid); mp 161-162°C; IR (CHCl;, cm™):
2965, 2929, 2850, 2365, 1654, 1603, 1458, 1268, 1228, 996, 828;
"HNMR (400MHz, CDCl;): § 1.23-1.29 (m, 6H), 2.65-2.73 (m, 4H),
3.69 (t, 4H, J = 5.1Hz), 3.93 (brs, 2H), 4.20 (s, 4H), 4.94 (s, 4H),
7.24 (s, 1H), 7.30 (d, 2H, J = 8.0Hz), 7.36 (d, 3H, J = 8.0Hz), 7.40
(d, 2H, J = 8.0Hz), 7.82 (s, 1H), 7.86 (s, 1H); TOF-MS m/z 557.2011
[M+23]", Anal. Calcd for C30H3,N,05S;: C, 67.38; H, 6.41; N, 5.24.
Found: C, 67.29; H, 6.34; N, 5.28.
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2-((3E,5E)-3,5-bis(2,4-dichlorobenzylidene)-4-oxopiperidin-1-yl)-
2-oxoethylmorpholine-4-carbodithioate (4i):

Yield: 75% (pale yellow solid); mp 163-164°C; IR (CHCls, em™):
3062, 2917, 2855, 2364, 1653, 1616, 1467, 1271, 1233, 995, 844; 'H
NMR (400MHz, CDCl;): 8 3.73-3.88 (m, 6H), 4.14 (s, 4H), 4.74 (s,
4H), 7.22 (d, 1H,J = 8.8Hz), 7.30 (d, 1H, J = 7.3Hz), 7.32 (d, 1H, J
=8.8Hz), 7.37 (d, 1H, J = 8.8Hz), 7.48 (s, 1H), 7.52 (s, 1H), 7.93 (s,
2H); TOF-MS m/z 636.9826 [M+23] ', Anal. Calcd for
Cy6H2CIIN,0O58S,: C, 50.66; H, 3.60; N, 4.54. Found: C, 50.58; H,
3.71; N, 4.60.

2-((3E,5E)-3,5-bis(4-fluorobenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4j):

Yield: 69% (pale yellow solid); mp 163-164°C; IR (CHCLs, cm™):
2972, 2856, 2365, 1647, 1599, 1414, 1269, 1234, 990,840; '"H NMR
(400MHz, CDCl3): 8 3.73(s, 4H), 3.88 (brs, 2H), 4.19 (s, 4H), 4.91
(s,4H), 7.10 (d, 1H, J=8.8Hz), 7.14 (d, 1H, J=2.9Hz), 7.18 (d, 2H,
J =8.0Hz), 7.43-7.45 (m, 4H), 7.79 (s, 1H), 7.83 (s, 1H); TOF-MS
m/z 537.1196 [M+23]+, Anal. Calcd for C26H24F2N203SZI C, 6068,
H, 4.70; N, 5.44. Found: C, 60.62; H, 4.67; N, 5.52.

2-((3E,5E)-3,5-bis(3-fluorobenzylidene)-4-oxopiperidin-1-yl)-2-
oxoethylmorpholine-4-carbodithioate (4k):

Yield: 71% (pale yellow solid); mp 198-199°C; IR (CHCl;, cm™):
2853, 2364, 1653, 1617, 1430, 1269, 1227, 996, 779; '"HNMR (400
MHz, CDCl;): 8 3.71(t, 4H, J = 4.4Hz), 3.91 (brs, 2H), 4.18 (s, 4H),
4.92 (s, 4H), 7.10-7.16 (m, 4H), 7.20-7.25 (m, 2H), 7.39-7.46 (m,
2H),7.78 (s, 1H), 7.83 (s, 1H); TOF-MS m/z 537.1196 [M+23] ",
Anal. Calcd for C,H,4F>N,05S,: C, 60.68; H, 4.70; N, 5.44. Found:
C, 60.62; H, 4.69; N, 5.51.
2-((3E,5E)-3,5-bis(3,5-difluorobenzylidene)-4-oxopiperidin-1-yl)-
2-oxoethylmorpholine-4-carbodithioate (41):

Yield: 70% (pale yellow solid); mp 205-206°C; IR (CHCls, cm™):
3065, 2864,2365, 1641, 1618, 1430, 1265, 1238, 994, 858; 'HNMR
(400MHz, CDCl;): 6 3.72(t, 4H, J = 4.4Hz), 3.91 (brs, 2H), 4.18 (s,
4H), 4.89 (d, 4H, J = 8.0Hz), 6.84 (d, 1H, J = 8.8Hz), 6.88 (d, 1H, J
= 8.0Hz), 6.93 (d, 2H, J = 5.9Hz), 6.97 (d, 2H, J = 5.9Hz), 7.71 (s,
1H), 7.76 (s, 1H); TOF-MS m/z 573.1008 [M+23] ", Anal. Calcd for
C26H22F4N20382: C, 56.72, H, 4.03, N, 5.09. Found: C, 56.79, H,
4.14; N, 5.02.

2-0x0-2-((3E,5E)-4-0x0-3,5-bis(3,4,5-trimethoxybenzylidene)
piperidin-1-yl)ethylmorpholine-4-carbodithioate (4m) :

Yield: 72% (pale yellow solid); mp 181-182 °C; IR (CHCls, em™):
2938, 2839, 2365, 1642, 1605, 1505, 1419, 1252, 997, 836; '"H NMR
(400 MHz, CDCl3): & 3.71 (t, 4H, J = 5.1Hz), 3.91-3.98 (m, 20H),
4.23 (s, 4H), 4.96 (s, 2H), 4.99 (s, 2H), 6.65 (s, 2H), 6.71 (s, 2H),
7.77 (s, 1H), 7.80 (s, 1H); TOF-MS m/z 681.2019 [M+23] ", Anal.
Calcd for CsH3gN,OoS,: C, 58.34; H, 5.81; N, 4.25. Found: C,
58.42; H, 5.76; N, 4.31.

2-0x0-2-((3E,5E)-4-0x0-3,5-bis(2-(trifluoromethyl)benzylidene)
piperidin-1-yl)ethylmorpholine-4-carbodithioate (4n):

Yield: 79% (pale yellow solid); mp 184-185°C; IR(CHCl;, cm™):
2857, 2363, 1654, 1618, 1430, 1315, 1163, 991, 771; 'HNMR
(400MHz, CDCl,): 4 3.72 (t, 4H, J = 5.1Hz), 3.91 (brs, 2H), 4.06 (s,
4H), 4.64 (s, 4H), 7.33 (d, 1H, J = 7.3Hz), 7.46 (d, 2H, J = 7.3Hz),
7.54-7.65 (m, 3H), 7.73 (d, 1H, J = 8.0Hz), 7.79 (d, 1H, J = 7.3Hz),
8.05 (s, 1H), 8.09 (s, 1H); “C-NMR (100MHz, CDCl;): §39.24,
43.18, 46.67, 65.92, 125.76, 126.77, 127.91, 128.21, 130.09, 131.23,
133.13, 134.62, 165.96, 185.59, 194.63; TOF-MS m/z 637.1133
[M+23] ", Anal. Calcd for C,sH,4F¢N,05S,: C, 54.72; H, 3.94; N,
4.56. Found: C, 54.78; H, 3.87; N, 4.61.
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2-((3E,5E)-3,5-bis(4-methoxybenzylidene)-4-oxopiperidin-1-yl)-
2-oxoethylmorpholine-4-carbodithioate (40):

Yield: 77% (yellow solid); mp 174-175°C; IR (CHCls, cm‘l): 2964,
2838, 2363, 1635, 1598, 1510, 1259, 1167, 998, 830; 'H NMR
(400MHz, CDCl3): & 3.69 (t, 4H, J = 4.8Hz), 3.85 (d, 8H, J =
8.0Hz), 4.22 (s, 4H), 4.92 (d, 4H, J = 4.4Hz), 6.94 (d, 2H, J =
8.0Hz), 6.98 (d, 2H, J = 8.0Hz), 7.40 (d, 2H, J = 8.0Hz), 7.44 (d, 2H,
J = 8.0Hz), 7.78 (s, 1H), 7.83 (s, 1H); TOF-MS m/z 561.1596
[M+23]", Anal. Calcd for C,5H39N,0sS,: C, 62.43; H, 5.61; N, 5.20.
Found: C, 62.51; H, 5.69; N, 5.24.

2-((3E,5E)-3,5-bis(2,6-difluorobenzylidene)-4-oxopiperidin-1-yl)-
2-oxoethylmorpholine-4-carbodithioate (4p):

Yield: 71% (pale yellow solid); mp 203-204°C; IR (CHCl;, cm™):
2964, 2903, 2839, 2363, 1648, 1629, 1463, 1264, 1233, 997, 786;
"HNMR (400MHz, CDCl5): § 3.71 (s, 4H), 3.89 (brs, 2H), 4.12 (s,
4H), 4.61 (s, 4H), 6.95 (d, 2H, J = 7.3Hz), 6.98 (d, 1H, J = 7.3Hz),
7.02 (d, 1H, J = 8.0Hz), 7.34-7.41 (m, 2H), 7.74 (s, 2H); TOF-MS
m/z 573.1008 [M+23] +, Anal. Calcd for C26H22F4N203SZI C, 5672,
H, 4.03; N, 5.09. Found: C, 56.80; H, 4.16; N, 5.04.

2-((3E,5E)-3,5-bis(2,5-difluorobenzylidene)-4-oxopiperidin-1-yl)-
2-oxoethylmorpholine-4-carbodithioate (4q):

Yield: 69% (pale yellow solid); mp 192-193°C; IR (CHCl;, cm™):
3066, 2966, 2856, 2365, 1654, 1623, 1484, 1267, 1236, 987, 876;
"HNMR (400MHz, CDCl3): & 3.72 (s, 4H), 3.92 (brs, 2H), 4.17 (s,
4H), 4.79 (s, 4H), 7.03-7.10 (m, 6H), 7.83 (s, 2H); TOF-MS m/z
573.1008 [M+23] +, Anal. Calcd for C26H22F4N203SZI C, 5672, H,
4.03; N, 5.09. Found: C, 56.77; H, 4.13; N, 5.03.

2-((3E,5E)-3,5-bis(2,5-dimethoxybenzylidene)-4-oxopiperidin-1-
yD-2-oxoethylmorpholine-4-carbodithioate (4r):

Yield: 73% (yellow solid); mp 208-209°C; IR (CHCl;, cm™): 2937,
2833, 2363, 1646, 1606, 1491, 1458, 1270, 1227, 994, 805; 'HNMR
(400MHz, CDCl3): & 3.69-3.88 (m, 18H), 4.15 (s, 4H), 4.76 (s, 2H),
4.80 (s, 2H), 6.75 (d, 1H, J = 2.2Hz), 6.83 (d, 1H, J = 8.8Hz), 6.87
(d, 2H, J = 4.4Hz), 6.90 (s, 1H), 6.93 (dd, IH, J,= 29, Hz, J,=
5.9Hz), 7.98 (s, 1H), 8.01 (s, 1H); TOF-MS m/z 621.1807 [M+23] ",
Anal. Calcd for C5yH34N,04S;: C, 60.18; H, 5.72; N, 4.68 Found: C,
60.32; H, 5.76; N, 4.73.

2-((3E,5E)-3,5-bis(3,5-dimethylbenzylidene)-4-oxopiperidin-1-
yl)-2-oxoethylmorpholine-4-carbodithioate (4s):

Yield: 65% (pale yellow solid); mp 151-152°C; IR (CHCl;, cm™):
2916, 2852, 2365, 1647, 1610, 1426, 1270, 1233, 994, 848; '"H NMR
(400MHz, CDCl;): & 2.34 (s, 6H), 2.37 (s, 6H), 3.69 (t, 4H, J =
4.8Hz), 3.88 (brs, 2H), 4.20 (s, 4H), 4.92 (s, 4H), 7.02 (s, 2H), 7.04
(s, 2H), 7.05 (s, 2H) 7.77 (s, 1H), 7.81 (s, 1H); *C-NMR (100MHz,
DMSO-dg): 821.33, 21.30, 39.47, 44.09, 47.03, 65.98, 128.15,
128.32, 130.87, 131.31, 131.46, 134.15, 134.40, 137.90, 138.09,
138.37, 13881, 166.14, 186.41, 19546; TOF-MS m/z
557.2011[M+23]", Anal. Caled for C50H34N,05S,: C, 67.38; H, 6.41;
N, 5.24. Found: C, 67.25; H, 6.51; N, 5.32.

2-((3E,5E)-3,5-bis(2,5-dimethylbenzylidene)-4-oxopiperidin-1-
yD-2-oxoethylmorpholine-4-carbodithioate (4t):

Yield: 73% (pale yellow solid); mp 151-152°C; IR (CHCl;, cm™):
2919, 2859, 2364, 1648, 1617, 1423, 1269, 1228, 996, 817; 'HNMR
(400MHz, CDCly): 6 2.30 (s, 3H), 2.32 (s, 6H), 2.37 (s, 3H), 3.71 (t,
4H, J = 4.4Hz), 3.90 (brs, 2H), 4.09 (s, 4H), 4.76 (brs, 4H), 6.97 (s,
1H), 7.04 (s, 1H), 7.07 (d, 1H, J = 7.3Hz), 7.11 (d, 2H, J= 8.8Hz),
7.16 (d, 1H, J = 7.3Hz), 7.98 (s, 1H), 8.00 (s, 1H); *C-NMR
(100MHz, DMSO-dy): 819.75, 19.88, 21.22, 21.28, 39.35, 43.91,
47.08, 66.12, 130.01, 130.11, 130.65, 130.91, 132.88, 133.64,

This journal is © The Royal Society of Chemistry 2012

133.72, 135.39, 135.48, 136.01, 136.07, 166.08, 186.38, 195.14;
TOF-MS m/z 557.2011 [M+23]+, Anal. Calcd for C30H34N203SZI C,
67.38; H, 6.41; N, 5.24. Found: C, 67.27; H, 6.49; N, 5.33.

2-((3E,5E)-3,5-bis(4-(tert-butyl)benzylidene)-4-oxopiperidin-1-
yl)-2-oxoethylmorpholine-4-carbodithioate (4u):

Yield: 80% (pale yellow solid); mp 171-172°C; IR (CHCls, cm™):
2864, 2365, 1647, 1420, 1327, 1270, 1119, 994, 849; 'HNMR
(400MHz, CDCl;): & 1.33(s, 9H), 1.35 (s, 9H), 3.70 (t, 4H, J =
5.1Hz), 3.97 (brs, 2H), 4.22 (s, 4H), 4.95 (s, 4H), 7.39 (d, 3H, J =
8.8Hz), 7.42-7.45 (m, 3H), 7.49 (d, 2H, J = 8.0Hz), 7.83 (s, 1H),
7.86 (s, 1H); TOF-MS m/z 613.2637 [M+23] ¥, Anal. Calcd for
C34H4N,05S,5: C, 69.12; H, 7.16; N, 4.74. Found: C, 69.09; H, 7.21;
N, 4.79.

2-0x0-2-((3E,5E)-4-0x0-3,5-bis(4-(trifluoromethyl)benzylidene)
piperidin-1-yl)ethylmorpholine-4-carbodithioate (4v):

Yield:74% (pale yellow solid); mp 224-225°C; IR (CHCls, em™):
2866, 2365, 1647, 1615, 1458, 1425, 1328, 1270, 1119, 849; 'H
NMR (400MHz, CDCl3): 6 3.70 (t, 4H, J = 5.1Hz), 3.91 (brs, 2H),
4.17 (s, 4H), 4.91 (s, 2H), 4.94 (s, 2H), 7.53-7.57 (m, 4H), 7.69 (d,
2H, J=17.3Hz), 7.73 (d, 2H, J = 8.0Hz), 7.85 (s, 1H), 7.89 (s, 1H);
TOF-MS m/z 637.1133 [M+23] , Anal. Calcd for CpgH,4F¢N,05S,:
C, 54.72; H, 3.94; N, 4.56. Found: C, 54.79; H, 3.89; N, 4.63.

In vitro cytotoxicity:

HCT116 (Colon carcinoma cells) and KBMS (chronic myeloid
leukemia cells) were used for anticancer assay. KBMS5 cells were
maintained in RPMI-1640,1X (Mediatech Inc., Manassas, USA).
DMEM (Dulbeco’s modification of Eagle’s medium) was used for
sustaining HCT116 cells. Both the media were supplemented with
10% fetal bovine serum (Atlanta Biologicals), and antibiotic (10,000
LU/mL). Cultures were maintained in 75 cm?® flasks in humidified
(95% air) incubator at 37°C with 5% CO,.

The cytotoxicity induced by the hybrids was measured by the MTT
assay.”’Briefly, KBM5 and HCT116 cells (5,000 cells/well) were
incubated in the presence or absence of5 pM concentrationof
indicated test sample in a final volume of 0.1 ml for 72 h at 37°C.
Thereafter, 0.025 ml of MTT solution (5 mg/ml in PBS) was added
to each well. After 2-h incubation at 37°C, 0.1 ml of the extraction
buffer (20% SDS, 50% dimethylformamide, pH 4.7) was added.
After an overnight incubation at 37°C, the OD at 590 nm were
measured using a 96-well multiscannerautoreader (Dynatech MR
5000, Chantilly, VA), with the extraction buffer as a blank. All
compounds were tested three times with three replicates.

Assessment of anti-inflammatory potential;
mobility shift assay

electrophoretic

To assess the anti-inflammatory potential of these hybrids, we have
determined the NF-kB activation in these compounds treated KBM5
cells. The nuclei was isolated from treated-, untreated-, and induced-
cells and performed electrophoretic mobility shift assay (EMSA) as
described previously.”® In brief, nuclear extracts prepared from
cancer cells were incubated with *’P end-labeled 45-mer double-
stranded NF-«xB oligonucleotide (15 pg of protein with 16 fmol of
DNA) from the HIV long terminal repeat (5'-
TTGTTACAAGGGACTTTC CGCTG GGGACTTTC CAGGGA
GGCGT GG-3', with NF-kB-binding sites) for 30 min at 37 °C. The
resulting protein-DNA complex was separated from free
oligonucleotides on 6.6% native polyacrylamide gels. The dried gels
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were visualized by Phosphor-Imager imaging device (Molecular
Dynamics, Sunnyvale, CA), and radioactive bands were quantified
using Image Quant software.

Conclusions

In conclusion, we have reported synthesis of twenty two C-5
curcumin-dithiocarbamates based molecular hybrids, and studied
their anticancer activity on KBMS5 and HCT116 cancer cell lines,
and anti-inflammatory potential. The theoretical studies revealed that
many of the hybrids have drug score equivalent or better than
curcumin. Twenty one compounds exhibited higher cytotoxicity on
KBMS cell line in comparison to curcumin which was used as a
reference compound. The trend of activity was same for KBMS5 and
HCT116 cancer cell lines. However, eighteen hybrids were found
more active than curcumin on HCT116 colon cancer cell line and
demonstrated higher potential to inhibit NF-kB activation in
comparison to curcumin. Further modification of these compounds is
under way and results will be published in due course of time.
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