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To explore the biological properties of rosin derivatives, two dehydroabietic acid derivatives N-(5-
dehydroabietyl-1,3,4-thiadiazole)-yl-pyridine-2-carboxamide (DTPC) and di-N-(5-dehydroabietyl-1,3,4-
thiadiazole)-yl-pyridine-2,6-carboxamide (DDTPC) with 1,3,4-thiadiazole, pyridine and amide moieties were
designed and synthesized according to superposition principle of activity group. They interact with calf thymus
DNA (CT DNA) via intercalation based on the results of circular dichroism (CD) and fluorescence spectroscopy,
DNA denaturation and viscosity studies. Fluorescence and CD spectral experiments indicate that they might be
transported and stored by protein like bovine serum albumin (BSA). MTT assay was further carried out to exam-
ine their cytotoxicity, they both showed selective cytotoxicity and DTPC exhibited better cytotoxicity. The anti-
proliferative effect of DTPC toward A431 cell line was stronger than that of clinically used cisplatin and
oxaliplatin. In addition, the cytotoxicity of DTPC and DDTPC was closely related with their DNA binding ability.

© 2020 Published by Elsevier B.V.
1. Introduction

Cancer is a serious threat to human health and life, but there is no
way or drug to cure cancer completely at themoment. Even though che-
motherapy is an important means to treat cancer, it still has some de-
fects such as poor selectivity, drug resistance and side effects [1].
Therefore, scientists in related fields are trying to findmore effective an-
ticancer drugs. Natural products (NPs) and their derivatives play an im-
portant role in the research of anticancer drugs, nearly 60% of clinically
approved anticancer drugs are associated with NPs [1].

Rosin is the secretion of pine trees, as a kind of natural resin, its rich
resources together with its favorable biocompatibility and biodegrad-
ability, make rosin and its derivatives attract a lots of attention in
many fields such as cosmetics, food additives, agrochemicals and phar-
maceutical applications [2,3]. Rosin derivatives have a wide range of bi-
ological activities, such as antiulcer, antimicrobial, anxiolytic, antiviral,
antitumor and cytotoxic activities [4]. Dehydroabietic acid (DHA) with
diterpene structure and three chiral carbon atoms, is one of the main
mass-based Green Fuels and
Forestry University, Nanjing
modified products of traditional Chinese medicine rosin. DHA itself
and its organic derivatives have anti-inflammatory, anti-bacterial and
antitumor activities [5]. In addition, DHA is cheap and easy to be gained
in optically pure form and carried out structural modification according
to requirement. To modify DHA and broad its application fields has al-
ways been a frontier research field of forest chemistry and industry.
1,3,4-thiadiazole is an attractive heterocyclic compound in medicinal
and pharmaceutical chemistry [4], and 2-amino-1,3,4-thiadiazole had
entered the phase II clinical trial as a tumor inhibitor [4]. Pyridine ring
is often used as a building block in natural products and synthetic
drugs, its derivatives have been widely used in pharmaceutical chemis-
try with broad spectrum of biological activities [6].

DNA and protein are basic macromolecules and important targets
for some drugs in vivo. To understand the interaction mechanism be-
tween candidate drugs and such biomacromolecules, is of great signifi-
cance to elucidate the structure-activity relationship and
pharmacodynamicmechanismof drugs. Therefore, to study the interac-
tion mechanism of compounds with DNA and protein is the basis of de-
veloping new drugs [7,8].

We have been working to develop the biological properties of rosin
derivatives, in consideration of the attractivemedicinal and pharmaceu-
tical values of amide, pyridine and 1,3,4-thiadiazole moieties [9–12],
two optically pure chiral DHA derivatives (8 and 9) containing the
above mentioned units were synthesized (Scheme 1), and their DNA/
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Scheme 1. Synthesis route of the target compounds 8 and 9.
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BSA binding abilities and primary cytotoxic activities were studied here.
We tried to explore the relationship between the cytotoxic activities
and DNA/BSA binding affinities of such compounds.

2. Materials and methods

2.1. Materials and instruments

All the chemicals and solvents were obtained from commercial
sources and used as received, except DHA and dichloromethane
(DCM) were purified according to the standard procedures.

1H/13C NMR, IR, circular dichroism (CD), UV–vis, fluorescence, vis-
cosity and C, H and N analysis were carried out on Bruker Avance III
HD 600MHz spectrometer (Switzerland), Nicolet 380 FT-IR spectrome-
ter, Jasco J-810 spectropolarimeter, TU-1901UV–vis spectrophotometer
(Beijing Purkinje General Instrument Co., Ltd), Perkin-Elmer LS-55 fluo-
rescence spectrophotometer, Ubbelodhe viscometer and Elementar
Vario Micro elemental analyzer, respectively.

2.2. Synthesis

The synthetic procedure is shown in Scheme 1. 2, 3 and N-(5-
dehydroabietyl-1,3,4-thiadiazole)-yl-pyridine-2-carboxamide (8)
were prepared according to literature [1]. The synthesis of 5 and 7
were based on the literature method [13,14].

2.2.1. Synthesis of N-(5-dehydroabietyl-1,3,4-thiadiazole)-yl-pyridine-2-
carboxamide (8)

Triethylamine (2 mL) and 2 (1.42 g, 10 mmol) were dissolved in
20 mL dry dichloromethane, respectively, and then added dropwise to
the solution of 3 (3.55 g, 10 mmol) in 30 mL dry dichloromethane, sep-
arately, under the condition of ice bath and vigorously stirring. The reac-
tion process was monitored by thin layer chromatography (TLC), 4 h
later, 30 mL water was added to the above mixture and quenched the
reaction. Then, the organic phase was separated and the aqueous
phase was extracted with dichloromethane (3 × 20 mL). The combined
organic phase was dried with MgSO4 overnight. After filtration and re-
duced evaporation, the obtained crude product was purified by column
chromatography on silica, eluted with petroleum ether-ethyl acetate
(3:1) to give 8 as white powders in 63% yield. Single crystal suitable
for X-ray diffraction was obtained by slow evaporation the solution of
8 in methanol and water (v/v = 9:1). m.p. 135–137 °C. CD (nm): 195
(positive), 200 (negative), 205 (positive), 213 (negative), 221 (nega-
tive), 230 (positive). Anal. cald. for C27H32N4OS (%): C, 70.40; H, 7.00;
N, 12.16; found: C, 70.42; H, 6.98; N, 12.15. MS (m/z): 461.2 [M+1]+.
IR (ν, cm−1, KBr pellet): 3346, 3259, 3247, 2854, 2763, 1604, 1432,
2

1311. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.704 (1H, d, J = 4.8 Hz),
8.277(1H, d, J = 7.8 Hz), 7.935–7.964 (1H, m), 7.561–7.583 (1H, m),
7.203 (1H, d, J = 7.8 Hz), 7.011–7.027 (1H, m), 6.864 (1H, d, J =
1.2 Hz), 2.805–2.855 (3H, m), 2.415 (1H, d, J = 12.6 Hz), 2.168 (1H,
dd, J = 12.6, 1.8 Hz), 1.816–1.967 (6H, m), 1.655 (3H, s), 1.548–1.622
(1H, m), 1.473–1.506 (1H, m), 1.329 (3H, s), 1.224 (6H, d, J = 6.6 Hz).
13C NMR (101 MHz, CDCl3), δ (ppm): 177.69, 161.90, 158.06, 148.80,
147.42, 146.67, 145.91, 137.90, 134.69, 127.71, 127.01, 124.18, 124.06,
123.17, 77.48, 77.16, 76.84, 50.89, 44.31, 42.73, 38.29, 38.00, 33.56,
30.13, 25.71, 24.11, 24.05, 20.61, 19.33, 19.24.

2.2.2. Synthesis of di-N-(5-dehydroabietyl-1,3,4-thiadiazole)-yl-pyridine-
2,6-carboxamide (9)

Triethylamine (4 mL) and 2 (2.04 g, 20 mmol) were dissolved in
40 mL dry dichloromethane, respectively, and then added dropwise to
the solution of 3 (3.55 g, 10 mmol) in 60 mL dry DCM, separately,
under the condition of ice bath and vigorously stirring. The reaction
progress was monitored by TLC. 24 h later, the reaction solution was
washed alternately with 5% HCl (3 × 45 mL) and saturated NaHCO3

(3 × 45 mL). The resulted organic phase was collected, combined with
the DCM extraction of the aqueous phase, and dried with MgSO4 over-
night. The crude product was obtained after getting rid of DCM, white
powder could be afforded after recrystallization from themixed solvent
ofmethanol andDCM(v/v=3:1) in 63% yield. Single crystal suitable for
X-ray diffraction was obtained by diffusion of acetone into tetrahydro-
furan solution of 9. m.p. 244–245 °C. CD (nm): 195 (positive), 200 (neg-
ative), 205 (positive), 213 (negative), 221 (negative), 230 (positive).
Anal. cald. for C49H59N7O2S2 (%): C, 69.88; H, 7.06; N, 11.64; found: C,
69.90;H, 7.04; N, 11.65.MS (m/z): 842.18 [M]+. IR (ν, cm−1, KBr pellet):
3320, 3145, 2859, 2827, 2777, 1585, 1438, 1363. 1H NMR (600 MHz,
CDCl3), δ (ppm): 8.480 (2H, d, J = 7.8 Hz), 8.123–8.149 (1H, m),
7.187 (2H, d, J = 8.4 Hz), 7.006–7.023 (2H, m), 6.842 (2H, d, J =
1.2 Hz), 3.751–3.773 (2H, m), 2.694–2.848 (6H, m), 2.385 (2H, d, J =
13.2 Hz), 2.097 (2H, dd, J = 12, 1.8 Hz), 1.747–1.872 (12H, m), 1.553
(6H, s), 1.384–1.419 (2H, m), 1.292 (6H, s), 1.225 (12H, d, J = 7.2 Hz).
13C NMR (101 MHz, CDCl3), δ (ppm): 177.38, 161.37, 158.90, 147.26,
146.54, 145.82, 139.53, 134.52, 126.92, 126.74, 124.07, 123.97, 68.00,
50.49, 44.10, 42.54, 38.12, 37.82, 33.48, 30.98, 29.97, 25.65, 25.55,
24.03, 23.98, 20.50, 19.17, 19.12.
2.3. DNA and BSA binding studies

The corresponding techniques are referred to the methods used in
the published papers of our group [1].



Fig. 1.ORTEP views of molecular structures of 8 (a) and 9 (b) with the ellipsoids drawn at
the 40% probability, hydrogen atoms and solvent molecule are omitted for clarity.
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2.4. MTT assay

The procedure for MTT assay was described by us before [1]. The se-
lected cells were treated with cisplatin, oxaliplatin, 3, 8 and 9 of dissim-
ilar concentrations (0.1, 1, 2, 5, 10, 20 μM) for a period of 48 h.

2.5. X-ray crystallography

Diffraction intensities for 8 and 9were collected at 293(2) K (8) and
273(2) K (9) on Bruker D8 Venture (8) and Bruker Apex II CCD (9) dif-
fractometers with graphite-monochromated Mo-Ka radiation (λ =
0.71073 Å). Absorption corrections were applied using SADABS.
SHELXTL-97 program package was used to solve the structures of 8
and 9 directly. All H atoms were positioned geometrically and treated
as riding on their parent atoms. CCDC reference number: 2012691 (8)
and 2012691 (9).

3. Results and discussion

3.1. Description of the crystal structures

The compounds 8 and 9 crystallized in orthorhombic system with
chiral space group P212121. The crystal data and refinement for them
are given in Table 1, and the important bond lengths and angles are
listed in Table S1. The crystal structures of them are shown in Fig. 1.
The molecule number in the unit cell of 8 and 9 is two and one, respec-
tively. The two cyclohexane rings of the dehydroabietyl group adopt
classic chair and half-chair conformations, respectively [15]. The ben-
zene ring and the pyridine ring are basically planar. The two methyl
groups are in the axis position of the cyclohexane ring belonging to
the dehydroabietyl group [15].

3.2. DNA binding study

The ethidium bromide (EB) displacement assay is a sensitive and
widely accepted method to study the interaction mode between small
molecules and DNA. When EB molecules insert into the base pairs of
DNA, the DNA-EB system will emit the characteristic fluorescence of
EB [16]. If the other small molecules insert into DNA base pairs occupied
Table 1
Crystallographic data and structure refinement parameters for 8 and 9.

Compounds 8 9

Empirical formula C54H64N8O2S2 C53H67N7O3S2
Formula weight 921.25 914.26
T/K 293 273
Wavelength/Å 0.71073 0.71073
Crystal system Orthorhombic Orthorhombic
Space group P212121 P212121
a/Å 8.280(2) 18.5951(7)
b/Å 57.679(16) 24.8535(9)
c/Å 10.527(3) 10.9078(4)
V/Å3 5028(2) 5041.1(3)
Z 4 4
Dc/(g·cm−3) 1.217 1.205
μ(Mo Kα)/mm−1 0.16 0.16
F(000) 1968 1960
Crystal size/mm3 0.31 × 0.25 × 0.22 0.20 × 0.18 × 0.15
Data measured 20,554 34,549
R(int) 0.100 0.049
Unique data 8542 8880
Unique data with I > 2 (I) 4311 5361
Parameters/restraints 595/18 594/1
wR2 (all data) 0.142 0.118
S (all data) 1.02 1.00
R1 [I > 2σ(I)] 0.081 0.053
GOF on F2 1.025 1.002
Flack parameter −0.01(10) 0.04(7)
Largest diff. peak and hole/(e Å−3) 0.22/−0.26 0.27/−0.13

3

with EB, EB will be squeezed out and thus the EB fluorescence intensity
of the DNA-EB system will be weakened [16]. As indicated in Fig. 2, the
fluorescence intensity of CT DNA-EB system at 600 nm decreased evi-
dently with the addition of increasing amount of 8 and 9. This phenom-
enon indicates that 8 and 9 competed with EB for the binding positions
of DNA and displaced EB, resulting in fluorescence quenching of the
DNA-EB system. The following Stern-Volmer equation was employed
to estimate the quenching effect of 8 and 9 [15].

F0=F ¼ 1þ KSV Q½ � ð1Þ

where F0 and F are the fluorescence intensities of EB-DNA system in the
absence and present of quencher (8/9), respectively. KSV is the Stern-
Volmer quenching constant, and [Q] is the concentration of the
quencher [15]. The KSV values of 8 and 9 are 3.74 × 104 L mol−1 and
2.54 × 104 Lmol−1, respectively (insets in Fig. 2). Such data suggest that
they could bind with CT DNA and 8 had stronger binding affinity.

The DNA thermal denaturation experiment is a favorable method to
investigate the interaction between small molecules and DNA. At the
DNA melting temperature (Tm), half of DNA exists in the single-
stranded state and the other half exists in double-stranded state and
there is an equilibrium between the two forms [17]. When a small mol-
ecule interacts with DNA, the change of Tm (ΔTm) can be observed ac-
cording to the interaction mode. In general, intercalation can cause an
alteration of 5 °C to 8 °C, while groove or electrostatic binding generates
small or no change [1]. Fig. 3 displays that the addition of 8 and 9 in-
creased the Tm of CT DNA from 78.10 °C to, and 83.86 °C (8) and
81.90 °C (9), the correspondingΔTmwere 5.76 °C (8) and 3.80 °C (9), re-
spectively. These data illustrate that 8 was a more effective binder.

CD spectroscopy was often used to evaluate the disturbance of DNA
secondary structure caused by its interaction with small molecule. In
the CD spectra of CT DNA, there are two characteristic bands around
278 nm (positive) and 248 nm (negative), which are derived from the
base stacking and the right-handed helicity of B-type CT DNA [1]. For
the positive band, both 8 and 9 increased its intensity; for the negative
band, 8 reduced its intensity while 9 increased its intensity, and 8 pro-
ducedmore evident changes in terms of themagnitude (Fig. 4). This re-
sult indicates that their influence patterns on DNA structure were not
the same, and 8 had stronger DNA binding ability. The absence of red
or blue shift of the characteristic bands demonstrates that there was
no significant change in the B-type CT DNA conformation.

Viscosity experiment as a hydrodynamic technique is accurate to
study the interaction mode between DNA and small molecules [1].



Fig. 2. Effects of 8 and 9 on the emission spectra of EB-CT DNA system at 298 K and pH 7.2, [DNA]= 1.0 × 10−4 M, [4/5/6]/[DNA]= 0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1.
Insets: plot of F0/F versus [Quencher].

Fig. 3.Melting curves of CT DNA in the absence and presence of 8/9 at 298 K and pH 7.2,
[DNA] = 5.0 × 10−5 M, [8/9]/[DNA] = 0.2.
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Viscosity analysis is sensitive to reflect the DNA length change. As a gen-
eral rule, classical intercalation can increase the length of DNA and pro-
mote an increase in viscosity, while groove or electrostatic binding can
bend or kink the DNA helix, which cause reduction or no change in
DNA length and viscosity [1]. It is seen in Fig. 5 that with the addition
of increased amounts of EB, 8 and 9 into the CTDNA solution, the viscos-
ity of DNA gradually increased and the effect of 8 was more significant.
Fig. 4. Effects of 8 and 9 on the CD spectra of DNA at 298 K and pH 7.2, [DNA] =
5.0 × 10−5 M, [8/9]/[DNA] = 0.2.

4

So far, it can be considered that the bindingmode between CT DNA and
8/9 was partial intercalation and 8 had stronger insertion capability
[18].

3.3. Protein binding studies

Bovine serum albumin (BSA) was used as model protein to investi-
gate the interactions of 8 and 9with protein, due to its structural homol-
ogy with human serum albumin (HSA) [1]. Fluorescence quenching
experiment was taken to measure the effects of 8 and 9 on the intrinsic
fluorescence of BSA. When BSA is excited at 280 nm, its fluorescence is
mainly ascribed to the 212-positioned tryptophan residue (Trp) which
is highly sensitive to the surrounding environment [19]. It is observed
that the fluorescence intensity of BSA decreased with the addition of in-
creasing amounts of 8 and 9, and the maximumwavelength of fluores-
cence intensity at 348 nm was reduced by 40.64% (8) and 41.49% (9),
respectively, with no change of peak shape and position (Fig. 6). The oc-
currence of fluorescence quenching suggests that the interaction of 8
and 9 with BSA had pronounced effects on the surrounding environ-
ment of Trp.

The fluorescence quenching of BSA caused by 8 and 9 can be de-
scribed with the following Stern-Volmer equation [20].

F0=F ¼ 1þ Ksv Q½ � ¼ 1þ Kqτ0 Q½ � ð2Þ

F0 and F represent the emission intensities of BSA in the absence and
presence of the quencher (8/9), respectively; KSV represents the Stern-
Volmer quenching constant [20], represents the concentration of the
Fig. 5. The relative viscosity of CT DNA in the presence of EB, 8 and 9 at 298 K and pH 7.2,
[DNA]=1.0 × 10−4M, r= [EB/8/9]/[DNA]=0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,
0.09, 0.1, respectively.



Fig. 6. Effects of 8 and 9 on the fluorescence spectra of BSA at 298 K and pH 7.0, [BSA] = 3.0 × 10−6 M, [Quencher]/[BSA] = 0, 0.66, 1.33, 1.98, 2.64, 3.3, 3.96, 4.62, 5.28, 5.94, 6.60,
respectively. Insets: plot of F0/F versus [Quencher].
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quencher, Kq represents the biomolecular quenching rate constant, and
τ0 is the protein fluorescence lifetime in the absence of the quencher
(10−8 s for BSA) [20]. The quenching of BSA fluorescence fit well with
the linear Stern-Volmer equation (Fig. 6, insets), suggesting there was
only a single type of quenching mechanism during the interaction pro-
cess [20]. The KSV values for 8 and 9 were 3.38 × 104 M−1 and
3.54 × 104 M−1, respectively. The obtained Kq for 8
(3.38 × 1012 M−1 S−1) and 9 (3.54 × 1012 M−1 S−1) were 100-fold
higher than the maximum scattering collision quenching constant
(2 × 1010 M−1 S−1), proving the quenching process was dominant by
static quenching one [20]. The above results propose that 8 and 9
could bind efficiently with BSA.

Synchronous fluorescence technique is generally used to detect the
changes of protein conformation due to its selectivity and sensitivity.
When BSA binds with small molecules, there will be some changes in
themicroenvironment and conformation around the vicinity of tyrosine
(Tyr) and tryptophan (Trp) [1]. In synchronous fluorescence spectra,
Fig. 7. Synchronous fluorescence spectra (Δλ=15nm andΔλ=60 nm) of BSA in the absence
9]/[BSA] = 0, 0.66, 1.33, 1.98, 2.64, 3.3, 3.96, 4.62, 5.28, 5.94, 6.60, respectively.

5

the wavelength interval (Δλ) between emission and excitation can re-
flect the characteristics of chromophores (Tyr or Trp). When Δλ are
set at 15 nm or 60 nm, the corresponding chromophore Tyr or Trp
will be responsible for the emission of fluorescence, respectively [1].
With the increase of the concentrations of 8 and 9 added to BSA, the
fluorescence intensity for both the Tyr and the Trp were quenched to
some extent, along with 2 nm (8) and 3 nm (9) red shift for Tyr and
no shift for Trp, respectively (Fig. 7). This result reveals that the interac-
tions between the compoundswith BSA affected themicroenvironment
of Tyr and Trp, i.e., the hydrophobicity of BSAwas decreased and the po-
larity of BSA was increased [21].

Circular dichroism was used to further detect the effects of 8 and 9
on the secondary structure of BSA, because synchronous fluorescence
assay showed that the microenvironment of Tyr and Trp have been
changed upon the interactions with them. It can be observed that the
addition of 8 and 9 into BSA solution has greatly changed the character-
istic CD signals of BSA at 209 nm and 220 nm, including the intensity
and presence of various 8/9 concentrations, at 298 K and pH 7.0, [BSA]= 3.0 × 10−6M, [8/



Fig. 8. Effects of 8 and 9 on the CD spectra of BSA at 298 K and pH 7.0, [BSA] = 5.0 × 10−7 M, [8/9]/[BSA] = 0, 0.2, 0.4 and 0.6, respectively.

Table 2
IC50 (μM± SD) values of 3, 8, 9, cisplatin and oxaliplatin toward the selected cancer cell lines. Cells were treated for 48 h.

Cell lines Cisplatin Oxaliplatin 3a 8b 9

HepG2 7.63 ± 1.60 >20 >20 >20 >20
MCF-7 6.30 ± 0.42 7.59 ± 1.50 >20 8.04 ± 1.64 13.35 ± 0.45
HeLa 13.05 ± 3.04 >20 >20 15.09 ± 0.62 >20
A431 10.50 ± 0.88 15.75 ± 3.59 >20 8.75 ± 0.49 >20
A549 5.34 ± 1.00 7.09 ± 0.16 11.89 ± 0.66 >20 >20

a The data were from ref. [4].
b The data were from ref. [1].

L.-Y. Li, B.-L. Fei, P. Wang et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 246 (2021) 118944
and type of the bands, and this tendency was related to the concentra-
tions of the compounds, i.e., the higher the concentration, the more ob-
vious the change (Fig. 8). Such result means that the conformational
changes of BSA created by the interaction with 8 and 9 have facilitated
BSA to lose some α-helix characteristics [1].

3.4. In vitro cytotoxicity

The in vitro cytotoxicities of 3, 8 and 9 toward human cancer cells in-
cluding liver hepatocellular carcinoma HepG2, breast carcinoma MCF-7,
cervical carcinoma HeLa, epidermoid carcinoma A431 and lung carci-
noma A549 were evaluated by MTT assay, with clinical used drugs cis-
platin and oxaliplatin as positive controls, and the half maximal
inhibitory concentration IC50 values listed in Table 2. Their sensitivity to
the selected cells were varied, 8was sensitive to MCF-7, HeLa and A431
cells, 9 was sensitive to MCF-7 cell, while 3 was sensitive to A549 cell.
In MCF-7 cell line assay, the cytotoxicities of cisplatin (IC50 = 6.30 ±
0.42 μM), oxaliplatin (IC50 = 7.59 ± 1.50 μM) and 8 (IC50 = 8.04 ±
1.64 μM) were similar and better than that of 9 (IC50 = 13.35 ±
0.45 μM), and 8 and 9 were more cytotoxic than 3. In A431 cell line
assay, the cytotoxicity of 8 (IC50 = 8.75 ± 0.49 μM) was better than
that of cisplatin (IC50 = 10.50 ± 0.88 μM) and oxaliplatin (IC50 =
15.75 ± 3.59 μM). In HeLa cell line assay, the cytotoxicity followed the
order of cisplatin > 8 > oxaliplatin. Based on the above results, we can
draw the conclusion that the introduction of amide and pyridine signifi-
cantly improved the cytotoxicity of 3, but more than one amide and pyr-
idine units in the target compound 9 reduced the cytotoxicity compared
with 8. The data in Table 2 indicate that 8 and 9 do not have a broad spec-
trum of cytotoxicity, which may be related to the nature of cells. The an-
ticancer activity of 8 is worth further and deeper study.

4. Conclusions

In summary, twoDHA derivatives DTPC andDDTPC bearing pyridine
and amide moieties were designed and synthesized in order to find
more effective anticancer candidate based on natural product rosin.
6

They could bind with CT DNA through partial intercalation and the
binding ability of DTPC was stronger. They could also bind with BSA
and make BSA lose some α-helix characteristics. The BSA affinity of
DDTPC was higher. MTT assay show that they possessed selective cyto-
toxicity toward human cancer cells, and DTPCwas better than DDTPC in
terms of inhibiting the proliferation of tumor cells. DTPC displayed bet-
ter cytotoxic activity than clinical used cisplatin and oxaliplatin toward
A431 cell line. Their cytotoxicity followed the order of their DNA bind-
ing ability.
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