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Abstract

A new series of diverse triazoles linked to the hydroxyl group of totarol were
synthesized using click chemistry approach. The structure of these compounds was elucidated
by HRMS, IR and NMR spectroscopy. The structure of compound 3g was also confirmed by
x-ray single crystal diffraction. The cytotoxicity of these compounds was evaluated by the
MTT method against four cancer cell lines, including fibrosarcoma HT-1080, lung carcinoma
A-549, and breast adenocarcinoma (MDA-MB-231 and MCF-7), and the results indicated that
all compounds showed weak to moderate activities against all cancer cell lines ,with ICso
values ranging from 14.44 to 46.25 pM. On the basis of our research the structure-activity
relationships (SAR) of these compounds were discussed. This work provides some important
hints for further structural modification of totarol towards developing novel and highly
effective anticancer drugs. Respectively. It is interesting to note that the compound 3g

indicated a very significant cytotoxicity against HT-1080 and A-549 cell lines.

Keywords: 1,2,3-triazole-totarol hybrids, crystal structure, Hirshfeld surface analysis,
cytotoxicity activity, Apoptosis, Cell cycle

Introduction
Cancer is the major deadly and feared disease worldwide [1]. caused by a chronic,

uncontrolled, and pathological proliferation of anormalous cells. These abnormal cells can



square circulations, and harm organ capacities which may lead to death [2]. Cancer, being a
superb burden to both the society and single human lives. In spite of the fact that there have
been advances within the improvement of treatment and avoidance of cancer, the victory to
treat cancer remains a challenge [3]. Consequently, there is still an urgent need to search
for novel anticancer dealers that have broader spectrum of cytotoxicity to tumor

Natural products contribute appreciably in the anticancer drug discovery system by
serving as important leads for the development of novel treatments [4-5]. Totarol (I) is a
naturally occurring phenolic diterpene isolated from severa plants of the Podocarpaceae and
Cupressaceae families and has been reported to exhibit important pharmacological activities
including antifungal activities [6], antimalarial [7], antibacterial [8] and antiplasmodial
activity [9]. Furthermore, current research have shown that totarol, induced selective
cytotoxic effects in SGC-7901 human gastric cancer cells by inducing apoptosis cell cycle
arrest and inhibition of cell migration [10]. Besides, S. Mahdjour and cowerkers reported that
totarol derivatives such as catechol (Il) (Fig. 1) and ortho-quinone (I11) (Fig. 1) had marked
antiproliferative activities against MCF-7, T-84, and A-549 cell lines [11]. Moreover,
ferruginol (1V) (Fig. 1) is a totarol isomer that showed significantly suppresses the
proliferation through apoptosis-mediated cell death as caspase-3 activator [12].

On the other hand, 1,2,3-Triazole derivatives have attracted the attention of medicinal
chemists due to their wide biological profiles such as antibacterial [13], antitubercular [14],
antimalarial [15], antifungal [16], antiviral [17]. In particular, 1,4-disubstituted 1,2,3-triazoles
can be used to exhibit significant antiproliferative action against a wide range of human
cancer cell lines [18]. Recently, Yong-Cheng et al., reported a newly hybrids of triazole and
Jaridonin (V) (Fig. 1), which showed potent antitumor activity against HGC-27 and MGC-
803 cells through inducing apoptosis and cell cycle arrest [18]. Also, 1,2,3-triazole hybrid
(VI)(Fig. 1) exhibited remarkable anticancer activity against MCF-7 (ICsp = 0.38 pM) and
MDA-MB-231 (ICso = 0.48 uM) cell lines [19]. In addition compound (V1) (Fig. 1) proved a
highly strong cytotoxicity even at submicromolar concentrations, against various cancer cell
lines such as DLD-1, B16, Hela, SiHa, A172, and. U-87 [20]. Similarly compound (VI1II)
(Fig. 1) showed cytotoxic activity with an ICso value of 0.8 puM against SMMC-7721 cells
relative to cisplatin as a reference drug [21].

Were designed by the incorporation of the totarol and 1,2,3-triazole via methylene
linker to combine the benefits of their effects to give a compact structure with promising
anticancer activity. The methyl bridge has chosen due to his greater flexibility around a CHo>—
triazole moiety. Also, to study the structure-activity relationship, various phenyl and alkyl

derivatives were introduced to the triazole ring. The target compounds were evaluated against



four human cancer cell lines including, fibrosarcoma (HT-1080), lung carcinoma (A-549),
and breast adenocarcinoma (MDA-MB-231 and MCF-7) using the MTT assay. Then, the

possible mechanism of apoptosis induction was studied using apoptosis through caspase-3/7
activation and cell-cycle arrest in HT-1080 and A-549.
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Results and discussion

The “Click” chemistry is a powerful, reliable, and highly selective technique for the
efficient and rapid synthesis of large varieties of structures compounds [19]. Recent reports
show that click chemistry of natural products is a very useful tool for the development of

bioactive natural product analogs [20]. Of the reactions comprising the click world, the ideal



example is the copper-catalyzed 1,3-dipolar azide-alkyne cycloaddition (CUAAC) reaction
[21] to form 1,4-disubstituted-1,2,3-triazoles.

The naturally occurring diterpenoid totarol (1) was isolated from dichloromethane
extract of the wood of Tetraclinis articulata by flash chromatography using silica gel as
stationary phase and hexane as eluent. the compound was identified by spectroscopic
methods and was used for chemical modifications in the present work.

First, totarol was subjected propargylation at the only hydroxyl group with propargyl
bromide in presence of potassium carbonate in acetone affording an O-tethered terminal
alkyne (2). The structure of this intermediate was elucidated from its IR and NMR spectral

data. In the IR spectrum, the presence of the propargyl ether is evidenced by the bands at 3311
and 2132 cm! related to the stretching of the terminal alkyne C—H bond and to the C=C bond,

respectively; an intense band at 1046 cm™ corresponding to the stretching of the C—O ether
bond was too observed. Moreover, its *H NMR spectrum showed especially the disappearance
of the hydroxyl peak at 4.52 . ppm, and the appearance of signals for the propargyl moiety at
4.78 and 2.58 ppm relative to H-3> and H-1", respectively. Characteristic signals in the *C
NMR spectrum were showed at & 74.8, 55.5 and 50.5 ppm attributed to the propargylic
carbons C-2’, C-1’ and C-3’ respectively.

Azides were synthesized by two methods first, aromatic azides were prepared by
Sandmeyer-type reactions, as shown in Scheme 1. each one of the different aromatic amines
was treated with sodium nitrite supported on the surface of silica sulfuric acid. at low
temperature (0 to 5 °C), generating its respective aryldiazonium silica sulfates that were
simultaneously converted to the respective azide by addition of sodium azide to the reaction
mixture.in other hand the alkyl azides were prepared from the corresponding organic
bromides by stirring the bromide with NaNsz in water/acetone (1:3) at room temperature to
give the desired azide as yellow oil. The different azide moieties were further used in
convergent synthetic approaches, as shown in Scheme 2.

(0]
R: H; 4-CHj; 4-Cl; 4-OCHj; 2-C1,3-CHjy; R: OJ\OEt; @ .
2-CHj; 4-NO,

Scheme 1. Synthetic route for azides compounds. Reagents and conditions: (a) i-NaNO,
silica sulfuric acid, ii-NaN3z ,H>0 0 °C to rt, 2 hr; (b) NaN3, Acetone-H>0 (3:1), rt, 24 hrs.
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Scheme 2. Synthetic route for target compounds 3a-j. Reagents and conditions: (i) Propargyl
bromide, Ko.COs, Acetone, 24 hr; (ii) appropriate azide, CuSO4-5H20, sodium ascorbate,
EtOH:H20 1:1

The approach used for the synthesis of 1,2,3-triazole-totarol hybrids 3a-j (Scheme 2)
is referred by Rostovtsev et al. [22]. The terminal alkyne 2 was treated with the appropriate
azide in the presence of copper sulfate and sodium ascorbate, the metal is reduced in situ and
the cycloaddition reaction takes place. The solvent used in this kind of reaction is a system
composed of ethanol and water (1:1) that is stirred at room temperature while the
development of the reaction is monitored by TLC .At the end, the triazoles are isolated and
purified by silica column chromatography. The products were obtained with yields ranging
from 70 to 84%.The *H NMR spectra of the click reaction products 3a-j revealed the
appearance of the new signals of the incorporated aryl groups at & 6.8-7.9 ppm compared
with the spectra of the starting terminal alkyne 2 , while the H-triazole singlet was identified
at & 7.7-8.2 ppm. Compound 3h containing an alkyl substituent was an exception, with a
chemical shift of 7.79 ppm (H-triazole) and signals at & 5.1-5.6 ppm for OCHy, in addition to
signals corresponding to the totarol moiety hydrogens. Thus, at 6 0.90-1.4 ppm three singlets
at 0.93,0.99 and 1.30 ppm were observed corresponding to H-19, H-18 and H-20 methyl, and
two doublets at & 6.74 and 7.14 ppm, relative to the hydrogens H-12 and H-11 respectively.

Crystal structure of 2 and 3g



The crystal structures determination details of both compounds 2 and 3g are given in Table 1,

selected bond lengths and angles given in Table 2. For both compounds, the crystal structures

were determined in monoclinic and triclinic symmetry, where the 2 and 3g crystallize in the

non centrosymmetric space groups P2: ¢ and P1, respectively.

The structure is built up from three fused six- membered related to prop-2-yn-1-yloxy for 2

and to (4-nitrophenyl)-1H-1,2,3-triazole for 3g (Fig. 3). In both molecules, there are two

chiral carbon atoms, C5 exhibits an S configuration and C10 exhibits an S configuration.

Table 1 Crystal Data, Summary of Intensity Data Collection, and Structure Refinement

2

39

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
a, b, c(A)

o, B,y (°)

Volume (A3)

Z

Calculated density (g/cm?)

p (mm)

Crystal size (mm)

Theta range for data collection (°)
Limiting indices

Diffractometer

Absorption correction

Tmin. Tmax.

No. of measured, independent and
observed [I > 25(1)] reflections
Refinement method

Data / restraints / parameters
R[F%> 26(F?)], wR(F?), S
H-atom treatment

Apmax, Apmin (e Ai})

Ca3Hs320

324.48

298(2)

0.71073 A

Monoclinic, P2,

6.0943(18), 22.019(8), 7.491(2)
90, 107.94(2), 90

956.3(5)

2

1.127

0.066
0.40x0.31x0.11
2.858 - 24.986

-71<h<7,-21<k<25,-8<I<8
Bruker DUO APEXII CCD
diffractometer

Multi-scan (SADABS, Brucker,
2012)

0.6541 - 0.7469

10611, 2940, 2474 [R(int) =

0.030]
Full-matrix least-squares on F?
2940/1/222

0.041; 0.101, 1.05
H-atom parameters constrained

0.14,-0.16

Ca9H36N4O3

488.62

298(2)

0.71073 A

Triclinic, P1

6.0325(18) , 10.887(3), 10.925(3)
115.143(15), 92.018(16), 97.678(17)
640.3(3)

1

1.267

0.083
0.45x0.29x0.19
2.070 - 24.999

-7<h<7,-12<k<12,-12<1< 12
Bruker DUO APEXII CCD
diffractometer

Multi-scan (SADABS, Brucker, 2012)

0.6039 - 0.7456
12563, 4215, 2430 [R(int) = 0.055]

Full-matrix least-squares on F?
4215/3/344

0.051, 0.132,0.94

H atoms treated by a mixture of
independent and constrained
refinement

0.15, -0.13
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Figure 1: The structures of 2 and 3g showing the atom numbering with ellipsoids drawn at
the 50% probability level.

In crystal 2, the central six-membered ring (C5- C10) assumes a screw boat
conformation, as indicated by the total puckering amplitude QT = 0.533 (3) A and spherical
polar angle 6 = 130.5 (3)° with ¢ = 104.2 (5)°, whereas the second insatured six-membered
ring adopt a chair conformation with the following puckering parameters: QT = 0.543 (4) A, 0
=174.3 (4)°, o= 335(4)°. The prop-2-yn-1-yloxy group (O1-C21-C22-C23) is twisted to the
fused benzene ring with 35.8(3)°. As indicated in Fig. 4, the cohesion of the 2 structure is
supported by C-H---H-C hydrogen bond interactions, C2-H2B---H23-C23 = 2.300(1) A,
between two neighbour molecules to form a helical arrangement chains along b axis. There

are no other significant intermolecular interactions present.



Figure 4: Crystal structure of 2 showing a chain viewed along the c-axis. For clarity, only the
H atoms involved in the hydrogen bonds (dashed lines) interactions have been included.

In crystal structure 3g, the central six-membered ring (C5-C10) assumes a half chair
conformation, as indicated by the total puckering amplitude QT = 0.537 (6) A and spherical
polar angle 6 = 48.6 (6)° with ¢ = 136.0 (8)°, whereas the second insatured six-membered
ring exhibits a chair conformation [QT = 0.554 (4) A, 6 =176.9 (6)°, ¢= 255(11)°]. The
dihedral angle between the fused benzene ring and pyrazole and nitrophenyl plane are
54.9(3)° and 46.0(3)°, respectively. The angle between the nitophenyl and 1,2,3-triazole
planes is 9.4(3)°. In the crystal, molecules are linked by C—H...O interactions, forming

layers running along the (011) plane (Table 3 and Fig. 5).



Similar conformation for the three fused rings has been reported previously with hydroxyl

substituent, methyl acetate or benzoate in position C13 of both compounds [23-25].

Figure 5: Crystal structure of 3g in a view along the a-axis, showing C-H---O (dashed orange
lines ) hydrogen-interactions

Table 2: Selected experimental geometric parameters (A, °) for compounds 2 and 3g

Compound 2
Bond
01—C13 1.385(4) C22—C23 1.160(6)
01—C21 1.398(4) C22—C21 1.441(6)
Angles
C13—01—-C21  116.2(3) (C21—C22—C23 177.2(4)
01—C21—C22  110.5(3)
Compound 3g
01—C13 1.331(5) N1—N2 1.239(6)
01—cCe’ 1.410(7) N2—N3 1.406(6)
C22—C23 1.321(8) N3—C21 1.350(6)
Cc22—C21 1.427(7) N1—C22 1.435(7)
02—N4 1.220(7) N3—C23 1.357(7)
03—N4 1.21(2) N4—C24 1.380(7)
Angles
C13—01—C21 1115(4) O3—N4—02 124.4(16)
N2—N1—C22 110.3(5) 03—N4—C24 115.8(11)
N1—N2—N3 102.4(4) 02—N4—C24 116.4(6)
C21—N3—C23  126.3(5) 0O1—C21—C22 104.7(4)
C21—N3—N2 117.2(4) N1—C22—C23  111.5(5)
C23—N3—N2 116.5(4) N3—C23—C22  99.2(5)
Table 3
Hydrogen bonds (A , °) for compound 3g
D—H...A D—H H...A D...A D—H...A
C19 - H19C...03' 0.93 2.43 3.383(1) 136
C11-H11...02" 0.96 2.61 3.345(12) 162

Symmetry codes: (i) -1 :-2+ x, -1 +y, 1-z; (ii) 2+x, 1+y, z



Hirshfeld analysis

Hirshfeld surface (HS) analysis plots generated using CrystalExplorer17.5 shows the various
intermolecular interactions in crystal structure (Fig. 6). The two-dimensional fingerprint plots
are given in Fig. 7, showed the intermolecular contacts and their percentage distributions on
the Hirschfeld surface. The red spots correspond to the H---H for 2 and O---H for 3g (Fig. 6).
In the view Hirshfeld surface mapped over the electrostatic potential in Fig. 6, the red and
blue regions around the electronegative and electropositive atoms result from the polarization
of charges about the acceptors and donors, respectively.

The Hirshfeld surface analysis for 2 is dominated by H...H contacts, representing van der
Walls interactions (82.2%) with an evident sting at about di = de = 1.1 A (Fig. 7b),
corresponding to H2B...H23 ~ 2.102 A. The central green strip in Fig. 7b, centered at de + di
= 2.9A along the diagonal, indicates the presence of a large H...H contacts in the molecular
packing. In the absence of C—H---&t interactions, the pairs of characteristic wings in Fig. 7d
arise from H---C/C---H contacts (14.6%) and are viewed as pairs of spikes with the tips at de +
di = 3.0A. All other contacts have a minor contribution to the crystal packing (H---O/O---H
1.5%, C---C 1.2% and O---C/C---0 0.4%).

The Hirshfeld surface analysis for 3g shows the most important interaction is H---H
contributing 55.7% to the overall crystal packing, which is reflected in Fig. 7b as widely
scattered points at di = de = 1.15 A, is due to the short interatomic H...H contacts. The
contribution (17.4%) from the O---H/H:--O contacts shows a pair of sharp spikes
corresponding to the C—H---O interactions (Fig. 7¢) and is viewed as pair of spikes with the
tips at de + di = 2.30A. The C---H/H---C and N---H/H---N interactions account for 13.6% and
10.8%, respectively (Fig. 7d and 7e), their interatomic distances are longer than the sum of
their van der Waals radii. The small contributions from the remaining interatomic contacts :
C--:N/N---C (1.8% ) and C---O/O---C (0.8%) have a negligible effect on the molecular
packing.

The Hirshfeld surface analysis confirms the importance of H atoms contacts in estabilishing
the packing. The large number of H...H and O...H/H...O interactions suggest that van der
Waals interactions and hydrogen bonding play dominant role in stabilizing the lattice of the 2

and 3g structures.



Figure 6: View of the three-dimensional Hirshfeld surface of 2 and 3g plotted over dnorm to
visualize the intermolecular interactions.
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Figure 7: Relative contributions of intermolecular contacts to the Hirshfeld surface area in 2
and 3g and 2D fingerprint plots of observed contacts



2.Anticancer activity
2.1.In vitro cytotoxic activity

Anti-Proliferative activity was carried out to examine the impacts of 1,2,3
triazole derivatives 3a-j on the cell growth of four cancer cell lines, counting fibrosarcoma
HT-1080, lung carcinoma A-549, and breast adenocarcinoma (MDA-MB-231 and MCF-
7).The focused on cells were treated with diverse concentrations [26] of 3a-j for 72h. The
cytotoxic activity of the synthesized compounds was identified by MTT test, and 1Cso values
(concentration required to inhibit tumor cell proliferation by 50%) were recorded in Table 4,

with Doxorubicin utilized as a positive control.

Table 4. Cytotoxic activity of 3a-j against human HT-1080, A-549, MCF-7 and MDA-MB-231 cells
for 72h.

Composé ICs0 (UM)
HT-1080 A-549 MCF-7 MDA-MB-231
3a 14.44 >50 31.37 >50
3b 19.25 18.62 32.02 25.33
3c 25.33 29.24 46.25 32.51
3d 21.08 26.02 23.10 19.09
3e 27.18 25.36 22.15 31.82
3f > 50 42.02 28.22 >50
39 16.28 15.92 17.36 21.29
3h 24.51 20.58 31.97 27.16
3i 21.67 25.31 22.36 26.21
3j 19.74 24.23 25.90 24.32
Totarol 20.27 29.55 31.24 >50
Doxorubicin 1.03 0.97 0.51 1.22

From the screening results in Table 1, it was observed that compounds 3a-j exhibited
moderate to appreciable anticancer activity against the tested cancer cell lines. compound 3a
bearing a simple phenyl R moiety attached via triazole to the parent molecule totarol showed
the most potent activity against HT-1080 cells line with ICso of 14.44 pM. However
compound 3f containing an o-methyl-substituted phenyl group lost potency (ICso > 50 and
42.02uM) against HT1080 and A549 cells compared with compound 3b p-methylsubstituted
group (ICso = 19.25 and 18.62 uM, respectively). The activity profiles indicated that a methyl
at the para-position on the phenyl group showed better activity than methyl at the ortho
position. furthermore compound 3d bearing a p-methoxyphenyl R moiety displayed
appreciable anti-proliferative activity against MDA-MB-231 cells while as, it was moderately
active towards the other three tested cell lines. Additionally, compounds 3c and 3h with p-

chlorophenyl and m-chloro-o-methylphenyl R moieties respectively exhibited almost similar



activity as that of the totarol. In addition to this, compound 3g bearing p-nitrophenyl R
moiety, displayed impressive anti-proliferative activity with ICso of 16.28, 15.92, 17.36 and
21.29 UM against HT-1080, A-549, MCF-7 and MDA-MB-231 cancer cell lines.These
observations highlight the beneficial impact of substituents attached to phenyl R moiety
towards the anti-proliferative activity. In addition compounds 3h, 3i and 3j with benzyl,
phenacyl and ethylacetyl R moieties respectively exhibited almost similar activity as that of

the totarol.
2.2.Annexin V binding

In further work, we selected compound 3g among its derivatives synthesized for its antitumor
activity (ICso= 16.28uM) for further mechanistic investigations, and to verify specifically if
the compound 3g could induce apoptosis in HT-1080 and A549 cells. In terms of operating
conditions, HT-1080 and A-549 human cancer cell lines were treated with compound 3g at 15
MM concentration. After 24 h, the selected cells were stained with Muse TM Annexin V and
Dead Cell kit, then counted using cytofluorimetric to detect the phosphatidyl serine membrane

translocation (Fig. 8).
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Fig. 8. Apoptosis effect on HT-1080 and A-549 cell line induced by compound 3g. HT-1080
and A-549 cells were treated with compound 3g with a unique concentration of 15 uM for 24
h, and apoptosis was measured by flow cytometry after staining with Annexin V/PI.



As shown in Fig. 8. Apoptotic cell death is generally moderate in both cells HT-1089 and
A(549).

apoptotic) increased to 24.1% after treatment with 3g at the concentrations of 15 pM, in

In numerical terms, the percentage of HT-1080 total died cells (Early & Late

comparison with the cellules non traitées (4.99%) (Control). On the other hand, A-549 cells
show a lower apoptotic death than HT-1080 cells, by a percentage increase of apoptotic cells
that does not exceed 13.53%. This result demonstrated that the anti-proliferative activity

observed when HT1080 cells were treated with 3g could be the result of apoptosis.
2.3.Caspase-3 activity assay

In the suite, we investigated the activation of caspase-3 in compound 3g treated cells, such as
HT-1080 and A-549. Caspase-3 or executioner caspase is a family from a group of cysteine-
aspartic acid proteases which play a key role in the apoptosis activation chain [27]. The same
concentration (15 pM) of compound 3g, HT-1080 and A-549 cells were treated and incubated
for 24 h, then stained with Caspase 3/7 Kit. As shown in Fig. 9. the compound 3g show a
slight increase the percentage of caspase-3 activity cells (from 6.36% (ctrl) to 27.92% (15
uM), and (from 5.48% (ctrl) to 12.1% (15 pM) against the cells HT-1080 and A-549
respectively. Which indicated that compound 3g induced apoptosis of HT-1080 and A-549

cancer cells in a independent manner.
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Fig. 9. The graph represents the enzymatic activity of caspase-3/7, during apoptotic event that
occurs after the treatment of compound 3g at 15 uM concentration in HT-1080 and A-549

cells for 24h. The values are means £S.D of three independent experiments



2.4. Mitochondrial membrane potential(A¥m) depolarization

Also among the factual elements that are involved in cell death by the triggering of the
apoptosis we find mitochondria membrane potential (MMP, A¥m) [28]. In this study,
mitochondrial dysfunction was determined based on the MMP index that was measured by
flow cytometry using the Muse MitoPotentialkit (Millipore-Merck). Selected cells (HT-1080
& A-549) were treated with 3g at 15 pM unique concentration. results obtained after 24h as

incubation time are grouped in Fig. 10.
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Fig. 10. Effect of the compound 3g on the mitochondrial membranel potential (MMP) in HT-
1080 and A-549 cells after treatment 15 uM concentrations during 24h.

As shown in Fig. 10 the derivative 3g did not induce a remarkable decrease in MMP index in
both cases of cells. In statistical terms, a decrease in the percentage not exceeding 3% in the
case of HT-1080 cells and 6% in the case of A-549 cells by contribution to their control. This
suggests that the triazolyl analogs of totarol derivative 3g is able to induce cell death

independently of the mitochondrial pathway.
2.5. Investigation of cell cycle distribution

As an extension of our extensive study, the same compound 3g was chosen to analyze the
effect on cell cycle progression and induction of apoptosis in the HT-1080 and A-549 cell
lines. HT-1080 and A-549 cells were treated with 3g at 15 uM for 24 h. the results obtained
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after the analysis of the effect on the normal cells (without anticancer agent) cycle profile and

induction of apoptosis (with anticancer agent )have been shown in Fig. 11.
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Fig. 11. Effect of compound 3g on cell cycle was determined by PI staining using flow
cytometric analysis

For cell line HT-1080 and in comparison with its reference, triazolyl analogs of totarol 3g
induced an average increase in the percentage of cells at G2/M and noteable decrease in
GO/G1 from 56% to 47%. also, A-549 cells have been shown an average accumulation of
cells in G2/M phase, a decrease in the pace that represents the GO/G1 phase from 73% to
59%. From the experimental results, cell cycle arrest of HT-1080 and A-549 cell lines in the
G2/M phase may be due to degradation or fragmentation of the genetic materials confirming a
role of apoptosis in compound 3g induced cancer cell death.

Conclusion
The current study is the first report involving the synthesis of triazolyl analogs of totarol. In
this study, we have synthesized a diverse of novel triazolyl analogs of totarol prepared
through Cu(l) catalyzed click chemistry approach and characterized by the analysis spectral
screened for anticancer activity against four human cancer cell lines. all Compounds showed
weak activities against the tested four cancer cell lines, especially compound 3g, it was more
potent than totarol against all tested human cancer cell lines. The results of apoptosis assay
and cell cycle analysis demonstrated that 3g could obviously inhibit the proliferation of HT-
1080 and A-549 cancer cells by inducing apoptosis in an independent caspase3/7 and

arresting the cell cycle at G2/M phase.



Experimental section

All chemicals were used as obtained from commercial sources (Aldrich and Acros).
Melting points (m.p.) were determined using a Kofler bench appa-ratus and are
uncorrected.Analytical thin-layer chromatography (TLC) was performed on plates precoated
with E. Merck silica gel 60 F254 to a thickness of 0.25 mm.IR spectra were recorded on a
Bruker Vertex 70 spectro-photometer using potassium bromide discs in the frequency range
4000400 cm-1 . HRMS were obtained on a Q-TOF micromass spectrometer. 1H and 13C
NMR spectra were recorded on a Bruker Avance 300 (75) MHz spectrometer. Chemical shifts
(0) are expressed in parts per million (ppm) and coupling constants (J) are mentioned in Hz.

They were recorded relative to the solvent CDCls signal (7.26 and 77.16 ppm).

General procedure for the extraction of Totarol 1 from Tetraclinis articulata [28]

Powdered wood of Tetraclinis articulata (500 g) was exhaustively extracted by
maceration with dichloromethane at room temperature for 24 h under agitation. The solvent
was removed in a rotavapor and the residue obtained (26 g) was chromatographed in a silica
gel column eluting with a solvent gradient hexane— EtOAc (9:1 v/v) affording 2.1 g of Totarol

, Whose identification was confirmed on the basis of its spectroscopic analyses.

General procedure for O-propargylation of totarol 2

To a round bottom flask containing K2COs (1.5 eq) and anhydrous acetone (100 mL),
Totarol (2 eq) was added. The resulting mixture was vigorously stirred and after 30 min
propargyl bromide solution (80% in toluene) was added to the reaction mixture that was kept
under stirring at room temperature for 24 h. Afterwards, the mixture was extracted with ethyl
acetate The crude reaction product was purified by silica gel column chromatography eluted
with a mixture of hexane/ ethyl acetate (98:2), affording compound 2.

General procedure for synthesis of azides

The azides were prepared as per the known method [26]. An aromatic amine (1 mmol)
was ground in a mortar with silica sulfuric acid (0.70 g), for 1 min. Then NaNO: (2.5 mmol,
0.175 g), was added and the mixture was ground for 5-10 min to give the corresponding aryl
diazonium silica sulfate. Then, NaN3 (2.5 mmol, 0.163 g) in H2O( 4 mL) was added gradually
and the reaction mixture was stirred at rt for 20 min. The mixture was diluted with EtOAc (10

mL) and was filtered after vigorous stirring. The residue was extracted with EtOAc (3 x12



mL) and the combined organic layer was washed with 5% NaOH solution (12 mL) and then

dried over anhydrous Na>SO4. The solvent was evaporated to afford aromatic azides.

Compound 2

Yield: 80%; White solid, m.p.: 84-86 °C; IR (KBr, cm™): 3311, 3076 (C-H), 2930, 2132
(C=C), 1634, 1587 (C=C), 1205, 1046(C-0).; *H NMR (CDClIs) § 7.24 (1H, d, J = 8.8, H-11),
6.74 (1H, d, J = 8.8, H-12), 4.78 (2H, d, J = 2.4 ,O0CH2), 3.41 (1H, m, H-15), 3.09 (1H, dd, J
=17, 6.3, H-7p), 2.95 (1H, m, H-7a), 2.58 (1H, t, J = 2.4 Hz, H-23), 2.40 (1H, br d, J = 11.6,
H-1B), 2.12-1.51 (8H, m), 1.36 (6H, 2 xd like t with J = 7 Hz, H-16, H-17),1.34 (3H, s, H-
20), 1.10 (3H,s, H-18), 1.06 (3H,s, H-19).23C NMR (75 MHz, CDCI3): & 154.4, 143.8, 133.8,
127.9, 122.7, 110.6, 74.8, 55.5, 50.5, 49.8, 41.9, 39.9 , 38.0, 33.6, 33.5, 29.1, 27.8, 25.5,
21.9, 20.9, 19.8, 19.7; HRMS: m/z [M+H]" Calcd. for C23H330: 325.2526 found: 325.2735.

General Procedure for the Synthesis of Triazoles
The alkynyl totarol (1 eq) and the corresponding azide (1 eq) were dissolved in

EtOH/H20 (1:1), followed by the addition of CuSO4-5H.0 (20 mol %) and sodium ascorbate
(40 mol %). The mixture was stirred at room temperature for 24 h. The reaction was stopped
by adding H.O, extracted with CH>Cl,, dried over anhydrous Na»SOs4, concentrated and

purified by column chromatography on silica gel.

Compound 3a

Yield 70%; Yellow solid; mp 168-170 °C; IR (KBr, cm™): 3159, 3048 (C-H, triazole),
2956,2895 (C-H), 1678 (C=N), 1551,1467 (C=C), 1212, 1078 (C-0O).'H NMR (CDCls) & 8.04
(1H, s, 1H-riazole), 7.77 (2H, d, J = 7.5 Hz, H-Ar), 7.51 (3H, m, H-Ar), 7.14 (1H, d, J = 8.8
Hz, H-11), 6.90 (1H, d, J = 8.8 Hz, H-12), 5.19 (2H, s, OCHy), 3.45 — 3.24 (1H, m, H-15),
2.99 (1H, dd, J = 16.9, 6.6 Hz, H-7p), 2.80 (1H, ddd, J = 16.9, 11.3, 6.6 Hz, H-7a), 2.35 —
2.21 (1H, m), 2.01 — 1.43 (6H, m), 1.38 (6H, 2*d like t with J = 7.0 Hz, H-16, H-17), 1.20
(3H, s, H-20), 0.97 (3H, s, H-18), 0.95 (3H, s, H-19). *3C NMR (75 MHz, CDCls) & 154.8,
146.0, 143.9, 137.1, 134.0, 133.5, 129.8, 128.8, 123.0, 120.6, 120.6, 110.5, 62.2, 49.5, 41.6,
39.6, 37.8, 33.3, 33.3, 28.8, 27.5, 25.2, 21.6, 20.7, 19.5, 19.4. HRMS: m/z [M+H]* Calcd. for
C29H3sN30: 444.3009 found: 444.3026.

Compound 3b

Yield 73%; White solid; mp 194-196 °C; IR (KBr, cm™): 3133 (C-H, triazole), 2924, 2869
(C-H), 1587 (C=N), 1518, 1475 (C=C), 1258, 1045, (C-0).;*H NMR (CDCls) & 7.98 (1H,s,H-
triazole), 7.61 (2H,d, J = 8.3 Hz, H-Ar), 7.32 (2H, d, J = 8.3 Hz, H-Ar), 7.12 (1H, d, J = 8.8
Hz, H-11), 6.88 (1H, d, J = 8.8 Hz, H-12), 5.27 (2H, s, OCH>), 3.40 — 3.18 (1H, m, H-15),
2.96 (1H, dd, J = 17.6, 6.5 Hz, H-7B), 2.77 (1H, ddd, J = 17.6, 11.3, 6.5 Hz, 1H-7a), 2.42
(3H, s, CH3), 2.26 (1H, brd, J = 12.7 Hz, H-1B), 2.01 — 1.38 (5H, m), 1.37 — 1.29 (6H, 2*d
like t, J = 7.0 Hz, H-16, H-17), 1.19 (3H, s, H-20), 0.95 (3H, s, H-18), 0.91 (3H, s, H-19).13C
NMR (75 MHz, CDCIs3) 6 154.9, 145.9, 143.9, 139.0, 134.9, 134.0, 133.5, 130.3, 123.0,
120.6, 110.5, 62.3, 49.6, 41.6, 39.7, 37.8, 33.3, 33.4, 28.9, 27.6, 25.3, 21.7, 21.2, 20.7, 19.5,
19.5. HRMS: m/z [M+H]" Calcd. for Ca0Ha0N3O: 458.3166 found: 458.3179.

Compound 3c

Yield 75 %; white solid; mp 223-235 °C; IR (KBr, cm™): 3148 (C-H, triazole), 2922, 2885
(C-H), 1638 (C=N), 1591, 1492 (C=C), 1258, 1007, (C-O), 1095 (C-CI).;*H NMR (300
MHz, CDCl3z) 6 7.99 (1H, s, H-triazole), 7.69 (2H, d, J = 8.9 Hz, H-Ar), 7.50 (2H, d, J = 8.9



Hz, H-Ar), 7.10 (1H, d, J = 8.8 Hz, H-11), 6.85 (1H, d, J = 8.8 Hz, H-12), 5.28 (2H, s,
OCHy), 3.29 (1H, m, H-15), 2.97 (1H, dd, J = 17.1, 6.5 Hz, H-7B), 2.77 (1H, ddd, J = 17.1,
11.2, 6.5 Hz, H-7a), 2.30 — 1.43 (m, 7H), 1.33 (2*d like t, J = 7.0 Hz, 6H), 1.19 (3H, s, H-
20), 0.96 (3H, s, H-18), 0.91 (3H, s, H-19). *C NMR (75 MHz, CDCI3) & 154.9, 146.4,
144.1, 135.8, 135.8, 134.8, 133.7, 130.1, 123.1, 121.9, 120.5, 110.7, 77.5, 62.4, 49.7, 41.8,
39.8, 37.9, 33.4, 33., 29.8, 28.9, 27.7, 25.3, 21.7, 20.8, 19.6, 19.5. HRMS: m/z [M+H]" Calcd.
for C29H40CIN30O: 478.2620 found: 478.2635.

Compound 3d

Yield 70%; Yellow oil; IR (KBr, cm™): 3091 (C-H, triazole), 2928,2876 (C-H), 1608 (C=N),
1501, 1462 (C=C), 1253, 1039, (C-0).; *H NMR (CDCls) § 7.92 (s, H-triazole), 7.64 (2H, d,
J=9.0 Hz, H-Ar), 7.11 (1H, d, J =8.8 Hz, H-11), 7.01 (2H, d, J =9.0 Hz, H-Ar), 6.86 (1H,
d, J = 8.8 Hz, H-12), 5.22 (2H, s, OCH), 3.81 (3H, s, OCHjs), 3.42 — 3.19 (1H, m, H-15),
2.98 (1H, dd, J = 17.1, 6.5 Hz, H-7B), 2.74 (1H, m, H-7a), 2.26 (1H, d, J = 12.4 Hz, H-1B),
2.18 — 1.38 (m, 6H), 1.33 (6H, 2*d like t, J = 7.0 Hz, H-16, H-17), 1.19 (3H, s, H-20), 0.94
(3H, s, H-18), 0.91 (3H, s, H-19).13C NMR (75 MHz, CDCls) & 150.9, 145.6, 143.4, 139.0,
134.9, 134.0, 133.5, 130.3, 123.0, 120.6, 111.5, 62.3, 49.5, 41.6, 39.6, 37.8, 34.3, 33.3, 28.9,
27.6, 25.3, 21.7, 21.22, 20.6, 19.5, 19.4.; HRMS: m/z [M+H]* Calcd. for CsoHaoNzO2:
473.3115 found: 473.3136.

Compound 3e

Yield 84%; Red solid; mp 134-136 °C; IR (KBr, cm™): 3157, 3071 (C-H, triazole), 2957,
2876 (C-H), 1578 (C=N), 1509, 1456 (C=C), 1211, 1045,(C-0O);.tH NMR (300 MHz, CDCls)
d 7.77 (1H, s, H triazole), 7.50 (1H, dd, J = 6.3, 3.0 Hz, H-Ar), 7.24 (2H, d, J = 3.0 Hz, H-
Ar),7.10 (d, J = 8.8 Hz, H-11), 6.85 (1H, d, J = 8.8 Hz, H-12), 5.26 (2H, s, OCH,), 3.37 —
3.18 (1H, m, H-15), 2.97 (1H, dd, J = 17.1, 6.5 Hz, H-7B), 2.73 (1H, ddd, J = 17.1, 11.3, 6.5
Hz, H-70), 2.17 (3H, s, CHs), 2.14 — 1.35 (6H, m), 1.29 (6H, 2*d like t J = 7.0 Hz, H-16, H-
17), 1.17 (3H, s, H-20), 0.93 (3H, s, H-18), 0.89 (3H, s, H-19).1*C NMR (75 MHz, CDCls) &
154.8, 145.3, 143.8, 137.6, 136.0, 133.9, 133.5, 132.8, 130.8, 127.2, 124.9, 124.2, 122.9,
110.5, 62.2, 49.5, 41.6, 39.6, 37.7, 33.3, 33.2, 28.8, 27.5, 25.2, 21.6, 20.6, 19.5, 19.4. HRMS:
m/z [M+H]" Calcd. for C30H39CIN3O: 492.2776 found: 492.2787.

Compound 3f

Yield 80%; Yellow solid; mp 150-152 °C; IR (KBr, cm™2): 3109, 3045 (C-H, triazole), 2987
,2895 (C-H), 1508 (C=N), 1547, 1502 (C=C), 1238, 1167,1075, (C-0).; *H NMR (CDCls) §
7.84 (1H, s, H-triazole), 7.40 (4H, m, H-Ar), 7.16 (1H, d, J = 8.8 Hz,H-11), 6.92 (1H, d, J =
8.8 Hz,H-12), 5.36 (1H, s, OCH>), 3.45 - 3.22 (1H, m, H-15), 3.00 (1H, dd, J=17.2, 6.6 Hz,
H-7p8), 2.81 (1H, ddd, J =17.2, 11.3, 6.6 Hz, H-7a), 2.25 (3H, s, CHz), 2.02 — 1.43 (6H, m),
1.41 - 1.32 (6H, 2*d like t with J= 6.9 Hz, H-16,H-17), 1.24 (3H, s, H-20), 0.99 (3H, s, H-
18), 0.96 (3H, s, H-19).23C NMR (75 MHz, CDCls) § 154.8, 145.0, 143.8, 136.5, 133.9,
133.6, 133.4, 131.5, 129.9, 126.9, 126.0, 124.0, 122.9, 110.4, 62.3, 49.5, 41.6, 39.6, 37.7,
33.3,33.2, 28.8, 27.5, 25.2, 24.0, 21.6, 20.6, 19.5, 19.4, 17.8. HRMS: m/z [M+H]* Calcd. for
C30H39N30: 458.3166 found: 458.3182.

Compound 3g

Yield 70%; Yellow Crystal,; mp 236-238 °C; IR (KBr, cm™): 3145 (C-H, triazole), 2915,
2864 (C-H), 1599 (C=N), 1526, 1473 (C=C), 1295, 1008 (C-0).; *H NMR (CDCs) & 8.43
(1H, d, J =9.0 Hz, H-2"), 8.17 (1H, s, H-triazole), 8.02 (1H, d, J =9.0 Hz, H-3"), 7.14 (1H,
d, J=8.8 Hz, H-11), 6.87 (1H, d, J = 8.8 Hz, H-12), 5.31 (1H, s, OCH>), 3.34 (1H, m, H-15),
2.99 (1H, dd, J = 17.2, 6.6 Hz, H-7B), 2.79 (1H, ddd, J = 17.2, 11.3, 6.6 Hz, H-7a), 2.33 —
2.20 (d, J =13.2 Hz, H-1p), 2.02 - 1.86 (1H, m), 1.85 — 1.40 (6H, m), 1.35 (6H, 2*d like t, J =



6.8 Hz, H-16,H-17), 1.20 (3H, s, H-20), 0.97 (3H, s, H-18), 0.93 (3H, s, H-19). 13C NMR (75
MHz, CDCy3) 6 154.7, 147.3, 147.0, 144.1, 141.2, 134.1, 133.6, 125.6, 123.0, 120.6, 120.4,
110.4, 62.1, 49.5, 41.6, 39.7, 37.8, 33.3, 28.8, 27.5, 25.2, 21.6, 20.7, 19.5, 19.4. ; HRMS: m/z
[M+H]" Calcd. for C29H3sN4Os: 489.2860 found: 489.2896.

Compound 3h

Yield 80%; Yellow solid; mp 150-152 °C; IR (KBr, cm™1): 3136 (C-H, triazole), 2963 (C-H), ,
1754 (C=0), 1625 (C=N), 1509, 1458, (C=C),, 1210, 1036 (C-O). 'H NMR (300 MHz,
CDCl3) & 7.79 (1H, s, H-triazole), 7.11 (1H, d, J = 8.7 Hz, H-11), 6.85 (1H, d, J = 8.7 Hz,
H-12), 5.26 (2H, s, OCH>), 5.19 (2H, s, CH>CO), 4.28 (3H, q, J = 7.0 Hz, CH>-CH3), 3.43 —
3.22 (1H, m, H-15), 2.99 (1H, dd, J = 17.1, 6.6 Hz, H-7B), 2.80 (1H, ddd, J=17.1,11.2, 6.6
Hz, H-7a), 2.30 (1H, d, J =12.4 Hz, 1H-1B), 2.07 — 1.40 (7H,m), 1.37 — 1.25 (6H, 2*d like t,
J=7.4Hz, H-16, H-17), 1.22 (3H, s, H-20), 0.99 (3H, s, H-18), 0.94 (3H, s, H-19).13C NMR
(75 MHz, CDCl3) 6 166.2, 154.8, 145.4, 143.6, 133.8, 133.4, 123.8, 122.8, 110.3, 62.3, 62.1,
50.9, 49.5, 41.5, 39.6, 37.7, 33.2, 33.2, 28.7, 27.4, 25.1, 21.5, 20.5, 19.4, 19.3, 14.0. HRMS:
m/z [M+H]" Calcd. for C27H40N303: 454.3064 found: 454.3083.

Compound 3i

Yield 72%; White solid; mp 174-176 °C; IR (KBr, cm™): 3131, 3088 (C-H, triazole), 2924,
2860 (C-H), 1625 (C=N), 1588, 1468 (C=C), 1258, 1041 (C-0).; 'H NMR (CDCls) 5 7.48
(1H, s, H-triazole), 7.34 (2H, m, H-Ar), 7.22 (3H, m, H-Ar), 7.05 (1H, d, J = 8.8 Hz, H-11),
6.77 (1H, d, J = 8.8 Hz, H-12), 5.51 (2H, s, OCH), 5.14 (2H, s, CH2Ph), 3.33 —3.12 (1H, m,
H-15), 2.91 (1H, dd, J = 17.1, 6.6 Hz, H-7p), 2.71(1H, ddd, J = 17.1, 11.3, 6.6 Hz, H-7a),
2.21 (1H,d,J=12.7 Hz, H-1B), 2.05 - 1.28 (5H, m), 1.25 - 1.18 (6H, 2*d like t , J = 6.0 Hz,
H-16, H-17), 1.15 (3H, s, H-20), 0.91 (3H, s, H-18), 0.89 (3H, s, H-19).13C NMR (75 MHz,
CDCls) 6 155.0, 145.7, 143.8, 134.9, 133.9, 133.6, 129.2, 128.8, 128.0, 122.9, 122.4, 110.7,
62.5, 54.2, 49.7, 41.7, 39.7, 37.8, 33.4, 33.3, 29.8, 28.8, 27.5, 25.2, 21.7, 20.6, 19.6, 19.5.
HRMS: m/z [M+H]" Calcd. for C3oH40N3O: 458.3166 found: 458.3183.

Compound 3j

Yield 74%; Yellow solid; mp 198-200 °C; IR (KBr, cm™): 3079, 3048 (C-H, triazole), 2994
(C-H), , 1778 (C=0), 1561 (C=N), 1522 (C=C),1110, 1077(C-0) .; *H NMR (CDClIs) § 8.00
(2H, m, H-Ar), 7.80 (s, H-triazole), 7.70 — 7.43 (3H, m, H-Ar), 7.12 (1H, d, J = 8.8 Hz, H-
11), 6.86 (1H, d, J = 8.8 Hz, H-12), 5.88 (2H, s, CH2CO), 5.25 (2H, s, OCH2), 3.29 (1H, m,
H-15), 2.97 (1H, dd, J = 17.1, 6.5 Hz, H-7B), 2.75 (1H, ddd, J = 17.6, 11.4, 7.8 Hz, H-70a),
2.34 —1.36 (6H, m), 1.32 (6H, 2*d like t with J = 7.0 Hz, H-16, H-17), 1.20 (3H, s, H-20),
0.98 (3H, s, H-18), 0.93 (3H, s, H-19).1*C NMR (75 MHz, CDCls) § 190.3, 154.9, 145.4,
143.7, 134.6, 133.9, 133.5, 133.3, 129.1, 128.1, 124.4, 122.9, 110.4, 62.2, 55.5, 49.5, 41.6,
39.6, 37.7, 33.3, 33.2, 28.8, 27.5, 25.2, 21.6, 20.6, 19.5, 19.4. HRMS: m/z [M+H]" Calcd. for
Ca1H40N302: 486.3115 found: 486.3138.

Structure solution and refinement

The X-Ray diffraction studies of crystals 2 and 3g Intensity data were performed on a
Bruker DUO APEX 2 CCD diffractometer using graphite-monochromated Mo-Ka radiation
(A= 0.71073 A) at room temperature (298K). More than a hemisphere of three-dimensional
XRD data was collected with frame widths of 0.5° in ®, and a 30 s count time for each frame.

The data was corrected for absorption using a multi-scan type model in the program SADABS



[29]. The structure were determined by the direct method and was refined by full matrix least
squares based on F? using SHELXL program implanted in the WINGX program package [30-
31]. The molecular graphic were drawn using the DIAMOND programs [32]. Details on the
crystallographic studies, as well as atomic displacement parameters, are given as Supporting
Information in the form of cif files. The non-hydrogen atoms were refined with anisotropic
thermal parameters. H-atoms were positioned geometrically and refined using a riding model
with C-H = 0.93 — 0.98 A, and with Uisos(H) = 1.2 Ueg(C) or 1.5 Ueg(C-methyl). All non-
hydrogen atoms were refined anisotropically. For 3g, difference Fourier calculation indicated
disorder in the O3 nitro group and was refined with two positions (0.52(1)/0.48(1)).

Hirshfeld surface analysis

The Hirshfeld surfaces calculated for 2 and 3g structures were analysed to clarify the
nature of the intermolecular interactions between different units in the crystal packing motifs.
Thus, a Hirshfeld surface analysis [33] and the associated two-dimensional fingerprint plots
[34] were performed using CrystalExplorer17.5 [35]. The 3D dnorm Surfaces are mapped over
a fixed colour scale of -0.0718 to 1.3075 for 2, and -0.2191 to 1.3685 a.u. for 3g. The
electrostatic potential were generated using TONTO implanted in Crystal Explorer 17.5 with
the STO-3G basis set at the Hartree—Fock level of theory, energy in the range -0.0368 to
+0.0520 a.u for 2 and -0.0836 to +0.0617 a.u for 3g.
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