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a b s t r a c t

Thymoquinone (TQ), isolated from the seeds of Nigella sativa , show moderate efficacy against pancreatic 
cancer. In the present work we report synthesis and characterization of novel TQ analogs appended with 
gallate and fluorogallate pharmacophores and evaluation of their ef fects against pancreatic cancer cell 
lines for cell viability and induction of apoptosis. The efficacy of the analogs alone or in combination with 
Gemcitabine was assessed in vitro. LC–MS spectra of ATQTHB and ATQTFB showed major peaks corre- 
sponding to expected M+1 fragment at 316.34 and 322.34 respectively. Molecular docking studies 
revealed good fit for these analogs in the COX-2 protein cavity with better binding energies compared 
to parent TQ compound. Present TQ analogs exhibit superior anti-prolifera tive activity, excellent 
chemo-sensitizing activity against pancreatic cancer in vitro and in combination with Gemcitabine. 

� 2013 Elsevier Ltd. All rights reserved. 

Pancreatic cancer is the fourth most common cancer with a five
year survival rate of less than 3% amongst afflicted patients. In Uni- 
ted States, approximat ely 43,920 new cases of pancreatic cancer 
are expected to be diagnosed in 2012, with 37,390 deaths antici- 
pated.1 The high rate of mortality associated with this disease is 
in part due to indolent nature of tumor growth presenting metas- 
tasis at time of diagnosis as well as, intrinsic and drug induced 
resistance to commonly used chemothera pies. As a consequence, 
disease-free survival time even after complete resection of the tu- 
mor and adjuvant treatments is less favourable. Since, currently 
available cytotoxic chemoth erapeutic agents and other modalities 
of treatment have been found to be inadequate there is a dire need 
to develop novel translational drugs from clinical perspective for 
the treatment of pancreatic cancer. 

Thymoquinone (TQ, 2-methy l, 5-isopropyl 1,4-benzoqui none)
isolated from the seeds of Nigella sativa has been shown to exhibit 
anti tumor activity against breast, lung, prostate, liver, colon and 
pancreatic cancer. 2–4 We recently summarized the biological basis 
and therapeutic activities of TQ and reviewed existing analogs 

reported in literature for use in cancer therapy. 3,5,6 However, de- 
spite limited attempts originating from various laboratories, none 
of the analogs have proven efficacious as monotherapy or as ther- 
apeutic adjunct against pancreatic cancer. 

In our previous endeavor, we have synthesized di-substitut ed 
benzoqui nones bearing structural similarity with TQ which have 
shown promising results against pancreatic cancer cell lines. 7 In
the same study we also reported that TQ exhibits growth inhibition 
and chemo-sens itization to standard chemo drugs like Gemcita- 
bine and Oxaliplatin against chemo-resis tant pancreatic cancer cell 
line-MiaPaC a-2 (7). Recently , Effenberger et al. have reported ter- 
pene conjugates of TQ which have been found to be more potent 
than TQ against human HL-60 leukemia, multidrug-resi stant KB- 
V1/Vbl cervix, 518A2 melanom a and MCF-7/Top o breast cancer 
cells.8 The 4-acylhydra zones and 6-alkyl analogs of TQ have also 
been found to be inhibitory against MCF-7/Topo breast cancer cells 
and HL-60 leukemia cells. 9

In order to broaden the scope and propensities of these activi- 
ties it is necessary to prepare different analogs of TQ through mod- 
ification of its carbonyl functionalities or through nucleophilic 
additions of desirable groups and linkages. However, such modifi-
cations have not provided significant therapeuti c advantage. Tak- 
ing clue from our previous efforts where we showed that the 
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gallate pharmacoph ore and its fluorinated analog when appended 
to chalcones and curcumin enhance the anticancer effect of the 
parent compounds by several folds, we were motivated to combine 
these pharmacoph ores with TQ.10,11 Conceptu ally, these may be- 
have as novel and potent agents against pancreatic cancer because 
of the retention and accompanyi ng pleiotropic effects exhibited by 
TQ. In the present work we have employed a different strategy by 
synthesizing 3-aminothy moquinone (ATQ) as the initial building 
block and then synthesizing its Schiff base derivatives ATQTHB
and ATQTFB with 2,3,4-trihydr oxybenzaldehy de and 2,3,4-triflu-
orobenzaldehy de respectively .

The starting building compound, viz. 3-amino Thymoquinone 
(ATQ) was synthesized with the procedure described by Moore 
and co-workers with slight modifications. 12 A mixture of TQ
(1 mmol, 0.164 g) and sodium azide (1.3 mmol, 0.084 g) in ethanol 
was refluxed for 3 h in the presence of 3 ml of glacial acetic acid 
(Fig 1). The compounds ATQTHB and ATQTFB were synthesized 
by condensation of equimolar quantities of ATQ (0.179 mg, 
1 mmol) and 2,3,4-tri-hy droxy and 2,3,4-trifluoro benzaldehyd e
respectively in absolute alcohol in presence of 0.5 ml of concen- 
trated hydrochlori c acid as catalyst with continuo us stirring at 
75 �C for 4 h (Fig. 1). The reaction mixture was poured on crushed 
ice and the resulting precipitate was filtered, washed with water 
and purified by Column chromatography . The details of synthesis 
and spectroscopic characterization are provided in Supplement ary 
material. The LC-MS spectra of ATQTHB and ATQTFB (Fig. 2A–D)
showed major peaks corresponding to expected M+1 fragment at 
316.34 (with retention time of 2.08 min) and 322.34 (with reten- 
tion time of 2.77 min) respectively . The IR spectra of ATQ showed
an intense carbonyl band at 1647 cm �1 and two medium intensity 
peaks at 3254 and 3310 cm �1 due to N–H stretches of the amino 
group. ATQTHB exhibited quinone carbonyl stretch in the range 
1637–1639 cm �1 while the azomethine band was observed in the 
region 1595–1599 cm �1. The broad band at 3375–3495 cm �1 was
assigned to hydroxyl groups on the side chain. ATQTFB compound

showed the carbonyl band at 1637 cm �1 while the azometh ine 
band was observed in the range 1556–1564 cm �1. A distinct band 
observed at 1058 cm �1 was due to C–F stretching vibration .16 The
1H NMR spectrum of parent ATQ compound showed proton of the 
amino group at 6.42 ppm which was found to be absent in the con- 
densed Schiff base products (ATQTHB and ATQTFB). Addition ally 
appearan ce of the azomethine hydrogen in the region 9.0–
9.18 ppm confirmed the Schiff Base formation. The aromatic 
hydrogen atoms were located in the range of 6.9–8.0 ppm. In case 
of ATQTFB downfield values of aromatic hydrogen atoms were due 
to the presence of fluorine and aromatic signals appearing as mul- 
tiplets were due to ortho- and meta-coupling of neighbouring 
hydrogen or fluorine atoms with coupling constants in the range 
of 7, 2 and 14, 11 Hz respectively. On the other hand the protons 
of hydroxyl groups in ATQTHB appeared as three singlet in the 
range of 10.20–11.42 ppm. The 13C NMR of ATQ exhibited signals 
from the aliphatic carbons in the range of 8.59–25.84 ppm, olefinic
carbon atoms at 106.6–148.9 ppm and quinone carbonyl carbons 
at 183.6 and 184.7 ppm respectivel y. In both these compound s
the aliphatic carbon signals were found in the range of 9.9–
10.1 ppm, while the olefinic and aromatic carbons atoms appeared 
in the range of 102–149 ppm. The azometh ine and carbonyl car- 
bons were observed in the range of 150–162.7 ppm. 17

The COX pathway is known to elicit growth related signals and 
regulate cell proliferation contributi ng to developmen t of pancre- 
atic cancer. 18–23 The majority of human pancreati c carcinomas 
show over-expr ession of COX-2, while their benign counterpart 
lack this expression 24–26 suggesting that these tumors can be tar- 
geted selectively through COX pathway. The COX-2 inhibitor Cele- 
coxib has been shown to reduce pancreati c cancer growth in 
animal models and humans. 27–30 Arafat and co-workers 31 have
shown that TQ induced apoptosis and inhibited proliferation in 
pancreati c ductal adenocarcinoma cells as well as synthesis of 
MCP-1, TNF- a, interleukin (IL)-1beta and COX-2 in dose- and 
time-dep endent manner. TQ has also been shown to exert an 

Figure 2. (A and B) LC–MS spectra of ATQTHB. (C and D) LC–MS spectra of ATQTFB.
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Figure 1. Schematic representation of synthesis of 3-amino-TQ and its Schiff Base analogs. 
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