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ABSTRACT

In order to design and synthesize a new class o¢éré@yclic analogues of natural
combretastatin A-4 and its synthetic derivative AB0B2, the benzoxazolone ring was
selected as a scaffold for a bioisosteric replacgrmkthe ring B of both molecules. A library
of 28 cis- andtrans-styrylbenzoxazolones was obtained by a modifiedtigv/reaction under
Boden’s conditions. Structures of the newly synitexs compounds bearing the 3,4,5-
trimethoxy-, 3,4-dimethoxy-, 3,5-dimethoxy-, andngthoxystyryl fragment at position 4, 5,
6 or 7 of benzoxazolone core were determined ofdses of spectral and X ray data. The
vitro cytotoxicity of styrylbenzoxazolones against difiet cell lines was examine8tilbene
derivative 16Z, (Z)-3-methyl-6-(3,4,5-trimethoxystyryl)-2E8)-benzoxazolone, showed
highest antiproliferative potential of the seriegth 1Cso of 0.25 pM against combretastatin
resistant cell line HT-29, 0.19 uM against HepG280QuM against EA.hy926 and 0.73 uM
against K562 cells. Furthermore, the results ofvfltytometric analysis confirmed thaéZ
induced cell cycle arrest in G2/M phase in the lbedls like combretastatin A-4. This arrest is
followed by an abnormal exit of cells from mitosighout cytokinesis into a pseudo G1-like
multinucleate state leading to late apoptosis allddeath. Accordingly, synthetic analogue
16Z was identified as the most promising potentialcamcer agent in present study, and was

selected as lead compound for further detailedsitigations.

Keywords: Combretastatin A-4, Stilbene, Benzoxazolone, Amnitest agents, Tubulin binding

agents, X-ray.



1. Introduction

The microtubule network is an important targetdancer therapy because of its crucial role
in cell proliferation. Composed by polymerizatiohogs-tubulin heterodimers, microtubules
are responsible for the formation of the mitotiingpe and the segregation of chromosomes
during cell division [1-3]. Destruction of microtules can elicit cell cycle arrest in G2/M
phase followed by apoptotic cell death [1,4]. Theme, compounds that disrupt the
tubulin/microtubule equilibrium can be examined @stent anticancer agents. Indeed, a
number of clinically useful drugs such as paclitagecetaxel, vinblastin and vincristine exert
their antimitotic effect by binding to the taxane the vinca domains of tubulin. The
colchicine binding site of tubulin is the third Wweharacterized and important target for new
chemotherapeutic products [5]. Amongst them, theirahcis-stilbene combretastatin A-4
(CA-4, 1, Fig. 1) stands out as powerful inhibitor of tububolymerization and promising
anticancer agent. By binding to the colchicine mackf g-tubulin, CA-4 inhibits the
formation of the mitotic spindle and causes subsetjunitotic catastrophe in cancer cells
[6,7]. In addition, CA-4 leads to rapid and seleetvascular dysfunction in solid tumors by
attacking endothelial cells within the tumor vastute [8,9]. A water soluble CA-4 prodrug,
combretastatin A-4 phosphate (CA-ZPFosbretabulin, Fig. 1) is in clinical development for
treatment of ovarian and thyroid cancers.

The therapeutic efficacy of has inspired the synthesis of various stilbenavdeves,
including modifications in the main structural feegs of CA-4 — ring A and B, and the
ethylene bridge between them [10-14]. One of thestmmportant transformations was
achieved by Ohsumi et al. [15] through meta OH — Wkbisosteric replacement in ring B
leading to aminocombretastatin AC7739, (Fig. 1). Compound3 showed significant
antitumor activity and greater water solubilityaamparison to natural CA-4. Based &na
serinamide prodrug AVE8062,(Ombrabulin, Fig. 1) was developed as vascular disrupting

candidate for the treatment of soft tissue sarcl&dA.7].



Fig. 1.
In an attempt to design new biomimetic analoguesabfiral CA-4 and its synthetic amino-
derivatives, we selected benzoxazolone heterocyde a scaffold for a bioisosteric
replacement of the ring B. Z{3-Benzoxazolones are largely used in medicinal cbigynas
an important building block because of their widgasge of biological activities such as
anticonvulsant [18], analgesic, anti-inflammatorg9,20], antiulcer [21] as well as
cytotoxicity against various cancer cell lines 28 Further, benzoxazolone heterocycles are
considered to be good bioisosteres of phenols andes in drug discovery and development
[25]. Following the main strategy of bioisosterisme proffer the synthesis of novel CA-
4/benzoxalone hybrid8z-227 (Fig. 2) with potential antitumor effects. Depemglion the
position of the methoxystyryl fragment in the bexezolone moiety, we present four
isomeric structures of styrylbenzoxazolones.

Fig. 2.
The target compound8Z-22Z possess the main pharmacophores of CA-4 moleaule:
methoxy-substituted ring A, introduced in positin5, 6 or 7 of benzoxazolone moiety as
ring B connected viais-oriented double bond. The structures9a@t22Z as well as their
trans-isomers9E-22E were confirmed by NMR spectroscopy and by X-raystallography
for 13Z, 147, 16Z and 16E. The heterocyclicis-stilbene derivative9Z-227 were testedn
vitro for cell growth inhibition and the ability to inde apoptosis in HepG2, EA.hy926 and
K562 cell lines. A possible mechanism of action the most active compountbZ is

discussed.

2. Results and discussion
2.1. Chemistry
The aim of this work was the preparation of hetgcbic stilbenes as novel structural

analogues of CA-4. Among the various synthetic masheading to the formation of stilbene



scaffold [14, 26-29], the Wittig olefination reamti is the most utilized because of its
simplicity and efficiency.
The synthesis of target compounds was based dWittig reaction under Boden’s conditions
[30] using potassium carbonate as a base and 18ig8oas phase transfer catalyst. To
evaluate the effect of substitution in ring A o thiological activity of the stilbenes, various
methoxybenzaldehydes were olefinated with the spording heterocyclic phosphonium
salts5-8 (Scheme 1). The resulting mixturesbfandZ-isomers (Table 1) were separated by
column chromatography. In some cases,Bfstilbenes could be isolated by recrystallization
of the crude reaction mixture from ethanol. Théason and purification of th&-isomer was
always accomplished by column chromatography. Eheor Z-configuration of stilbene
derivatives was determined By NMR spectroscopy on the basis of coupling coristaf
the olefinic proton signals. As a general rule, thefinic proton signals of th&-isomers
presented as doublets in the 6.33 — 6.75 ppm nafigea coupling constant of 12 Hz, while
the olefinic protons of thE-isomers appeared at 6.94 — 7.46 ppm as doubléislwonstant
of 16 Hz. The olefinic protons af3Z, 13E and 16Z, containing 3,4,5-trimethoxyphenyl
fragment as ring A, appeared as a singlets in dechiroform. However, splitting witd
constants of 12.2, 16.3 and 12.2 Hz respectively olzserved in hexadeuteroacetone, which
allowed determination of the stereochemistry ofghaucts.

Scheme 1.

Table 1.
The heterocyclic phosphonium sals8 were easily prepared in three-steps from the
corresponding 4-, 5-, 6- or 7-methyl-H{Bbenzoxazolones 28-26, Scheme 2).N-
Methylation with methyl iodide or dimethyl sulfatellowed by bromination in the benzylic
position with N-bromosuccinimide (NBS) in tetrachloromethane ledcompounds31-34,
which were converted to the desired phosphoniuts sahigh yields.

Scheme 2.



Benzoxazolone23-26, which were the starting materials for the synthes the key
phosphonium salts, were prepared by us as foll@wsnpounds24 and 25 were obtained
from commercially availabl®-aminophenols and urea following the classical edoce of
condensation. The access to compow®land26 was realized by methods developed in our
laboratory (Schemes 3 and 4). Scheme 3 outlinesythignetic approach for preparation of 4-
methyl-2(3H)-benzoxazolone2B). o-Toluidine was used as a commercially available and
inexpensive reagent for the preparation of 7-méthtih (37), using a Sandmeyer method. In
turn, compound7 was treated with potassium persulfate in the pesef sulfuric acid to
provide benzoxazindion@ through a Baeyer-Villiger oxidation. This compousetved as a
precursor for the formation of the key 2-amino-3tmyphenol 89), which was submitted to
cyclization with 1,1'-carbonyldiimidazole (CDI) teeld 23.

Scheme 3.
Scheme 4 illustrates our strategy for the prepamatf 7-methyl-2(81)-benzoxazolone2g) in
three steps and 50% overall yield from 3-methwtsdit acid @0). The key step in this
approach was the Lossen rearrangement of the hamhioxacid42 that took place in the
presence of formamide and led to the formationenfZoxazolone derivativb.

Scheme 4.

2.2. X-Ray crystallography

To verify theE/Z configurations and the relative stability of thdbgne derivatives, single

crystal experiments were envisaged. Crystals deitils X-ray investigation were obtained
with compounds 13Z, 14Z, 16Z and 16E by the vapor diffusion method from

DMSO/(ethanol:water, 1:1 v/v) solutions. The expddE or Z conformation observed by

NMR was also confirmed here (Fig. 3), thus no rapid isomerism is expected for these

compounds.



The bond lengths and angles of the four molecules camparable to those of similar
compounds [31-35] (Table 2). Rings A and B are msaéy planar (ms not greater than 0.2
A). Overall, theZ isomers are not planar, whilE is almost planarrms of 0.38 A for the
mean plane for the whole molecule, Fig. 4). Thelabgtween the mean planes of rings A
and B rings opens up from 50.08, 59.46 to 67.7618Z, 14Z, 16Z respectively (Fig. S2.1,
Supplementary data). No typical hydrogen bondingractions could be detected in the four
structures, but several GH O interactions were identified (Table S2.1, Supatary data).
n... m Stacking interactions are noticeablel827, 14Z, and16Z, but not16E.

Table 2.

Fig. 4.
To examine the potential tubulin-binding modes ¢ synthesized compounds [36,37], we
conducted docking simulations ©8Z, 14Z, 16Z, 16E and CA-4 onto the tubulin colchicine
complex (1SAO [38], Brookhaven Protein Data Bank)Molegro Virtual Docker (version
2011.4.3.0.) [39]. Docking of CA-4 suggests tha 8)4,5-trimethoxyphenyl ring (A) of CA-
4 superimposes with the colchicine 1,2,3-trimetl®ozene moiety (Fig. S2.2,
Supplementary data), while CA-4 ring B overlapshwibhe carbonyl/methoxy moieties of
colchicine. The predicted protein-ligand interasticsuggest that CA-4 ring B hydroxyl and
colchicine carbonyl oxygen atoms participate inrogegn bonding interactions (as acceptors)
with Vall81 (Fig. S2.2, Supplementary data). At tiker end of the molecules, hydrogen
bonds between the methoxy oxygen atoms and thedQys@fohydryl group are predicted.
The predicted orientations d3Z and 16Z fit well with the colchicine orientation, both in
terms of overall shape and pivotal chemical featufeg. 5). According to the predicted
protein-ligand interactions, hydrogen bonding wityis241 is conserved, but interaction with
Val181 is absentl6Z participates in hydrogen bonding with Lys352 (D.o#3.37 A), while
no suitable donors are close enough to the comespg 13Z carbonyl group (Fig. 5).

Docking of14Z predicted an "inversion" of rings A and B withpest to13Z, 16Z, CA-4 and



colchicine (Fig. S2.3, Supplementary data). Acaagtyi, no hydrogen-bonding is observed to
Vall81 and Cys241. The docking results may suggesttuctural rationale for the observed
higher biological activity ofi6Z (see Table 3).

Fig. 5.

2.3. Biology
All synthesized compounds were tested in a cytotgxiassay on HepG2, EA.hy 926 and
K562 cells.16Z, containing 3,4,5-trimethoxystyryl fragment in gms 6 of benzoxazolone
ring exhibited the highest activity in the tests.the range of 50 to 750 nl¥6Z exhibited
potent growth inhibition (1) on HepG2, EA.hy 926 and K562 cells (Table 3). Wit
increasing of thd6Z concentration up to 25 uM a cytostatic effect whserved on all cell
lines studied. OverallZ-stilbenes were the biologically active isomersthwthe E-isomers
showing little or no activity. Th&6Z positional isomer9Z, 13Z and19Z also demonstrated
loss of activity, suggesting that the position loé styryl fragment on the benzoxazolone ring
plays an important role in this series of compounds

Table 3.
Compoundl6Z was further selected for investigating its antipecative effect on additional
cell lines (HT-29, Colon-26, A-549, MCF-7, MDA-MD32, MCF-10A, HaCaT, NHEK).
The A549, MDA-MB-231 and HT-29 cells are known te telatively resistant to anticancer
agents and CA-4 [40-44]. The newly synthesized amumd 16Z was found to exhibit more
than 10 times stronger cytotoxic effect on colakatienocarcinoma cells than CA-4. When
we treated HT-29 with CA-4 (0.01 — 100 pM), thed@as 2.62 uM (Table S3.1, Fig. S3.1,
Supplementary data), whils6Z showed 1Gy 0.25 uM. We observed a similar toxic effect of
16Z on mouse colon carcinoma cells (Colon-26) and muatgenocarcinomic alveolar basal
epithelial cells (A-549), wherd6Z was 9 and 50 times more effective, respectivaly, i

comparison to CA-4 (Table S3.1, Supplementary data)



In the other cell lines studied (MCF-7, MDA-MB-23HaCaT and NHEK) CA-4 had
predominantly cytostatic effects up to 25 uM (F#§.1, Supplementary data), except with the
control cell line MCF-10A, where the igwas 1.17 uM. In contrast, it was observed fltzt
has a low therapeutic window between 0.06 pM t&é®AM for MCF-7 and MDA-MB-231
cells, indicating better antiproliferative effechen compared to the CA-4, and suggesting a
possible  functional advantage of 2Z2){3-methyl-6-(3,4,5-trimethoxystyryl)-28)-
benzoxazolone. In additiod6Z presented lowered toxicity for control cells, siah MCF-
10A (30%) and NHEK (nontoxic), while it exhibitedgher ability to kill the more aggressive
tumor cell line, including high resistant to CA-4 chemotherapeutic ones (HT-29, A-549,
MCF-7, MDA-MB-231).

Since the HepG2 cell line is widely accepted adamdardized experimental model with
biological properties of human liver carcinoma gele chose these cells to conduct further
studies to gain insights into cellular and molecufechanisms 0i16Z action. According to
our in silico model 16Z can be reasonably expected to bind to tubulirhatsame site as
colchicine and CA-4. Next we examined the effédct@” on the cell cycle. It is well known
that colchicine and CA-4 are the agents that inlmbcrotubule polymerization by binding to
tubulin [37] causing block of the cell cycle in wsis. To compare the effect on cell cycle of
16Z with those of CA-4 we exposed unsynchronized Hep@8I& to equitoxic concentrations
corresponding to their respectives§Gralues (Table 3). We examined time-effects on cell
cycle progression of HepG2 cells flowcytometricgliyg. 6). The cellular DNA content and
the relative percentages of cells in the GO/G1 NA content), S (between 2N and 4N),
G2/M (4N DNA content) stages, and polyploidity (>4NNA content) were also calculated.
FACS measurements in HepG2 cells showed that theemp@ge of cells in G2/M
significantly increased within 8 h treatment witeZ — 39% compared to 28% in the control

cultures (p < 0.031). Quantitation of the data alsowed thal6Z-treated cells accumulate in



the G2/M phase at 8 h post-treatment approxima&@@dyhigher than that treated with CA-4
(33%).

Fig. 6.
At 24 h of treatment the HepG2 cells showed furthecumulation with 4N DNA content
(16Z: 80%; CA-4: 77%). The increased population ofcelith 4N DNA correlated with
concomitant losses from GO/G1- and S-phases. Alspagulation of cells (around 9%)
showed polyploidy with DNA content greater thanldigp complement (Fig. 6 A and 6C,
>4N). This population entered another round of-cetlle suggesting that a sub-population of
mitotically slipped-out cells continue the cell-tgcby entering another round of DNA
replication and mitosis. Several outcomes are @s®socwith the application of anti-mitotic
chemotherapeutic agents [45,46]: 1) Cells can @gulsustained or chronic mitotic arrest
until the drug is cleared [45], thus cell populatian survive and continue dividing as diploid
cells; 2) Adaptation might happen, when cells exitosis without engaging in anaphase or
cytokinesis, producing tetraploid (4N) multinuckedt G1 cells without chromosomal
segregation [47]. Adapted cells can survive andiocoa dividing as tetraploid (4N) cells or
can exit G1 undergoing senescence or apoptosetraplbid (4N) cells. Cells can escape to
G1 overriding mitotic checkpoint signaling leaditayapoptosis in interphase, possibly as a
result of treatment witli6Z, since we observed a quite similar perturbatiorcealf cycle
progression in the HepG2 cells after 48h treatnétit selected concentration @62 and
CA-4 showing no additional accumulation of cellsG2/M phase. At 72 h of treatment, the
number of arrested cells in G2/M-phase declinethate was appearance of a hypodiploid (<
2N) sub-G1 population, suggesting extensive DNAfrantation, and indicative of cell death
(Fig. 6) directly from mitotic arrest.
It is well known that the G2/M cell cycle arrestute be strongly associated with inhibition of
tubulin polymerization [48] and it was shown thhé tcompoundl6Z is most effective in

causing G2/M cell cycle arrest. To evaluate theratitule inhibitory activity of compound



16Z, we employedex vivo biochemical tubulin polymerization assay, whereibition was
shown as decrease in optical density (O.D) (Fig. e microtubule-polymerization
inhibition effects ofl6Z suggested the possibility that it interacted diyewith tubulin to
inhibit assembly16Z inhibited the rate and overall extent of purifiedbulin assembly in a
concentration-dependent manner (Fig.7). A 10 pMceatration ofl6Z inhibited the extent
of tubulin polymerization by 40% at 40 min, simitar10 uM CA-4, while at 50 puM6Z was
more active than CA-4. The plateau in the assemddgtion was reached at 23 min for 10
KM CA-4 and vehicle control (Tubulin), and at 20nnfor 16Z. Complete inhibition of
tubulin polymerization was achieved with 50 uM CAadd 16Z. The effect of 50 pM6Z
inhibition on tubulin assembly was better than #fe&0 puM CA-4.

Fig. 7.
To detect cellular events perturbed by drug actiwe,next visualized cellular microtubules
and the spindle apparatus that is composed of taloutes in the absence and presence of
0.19 uM16Z. Figure 8A represents immunofluorescent microgsagfiHepG2 cells that were
treated with vehicle (0.01% DMSO). Interphase ceall®owed normal radial arrays of
microtubules (green, Fig. 8, panel A). The mit@apulation, a small percentage (4-10%) of
the total number of cells in a cell-cycle at anyegi time, displayed hallmark features of a
typical mitotic process. Congression of chromosomaeshe metaphase plate followed by
anaphase onset, a characteristic telophase andliresses were evident (Fig. 8, panel A).
Following 24 h treatment with 0.19 uN6Z large proportions of the HepG2 cells showed
mitotic abnormalities. Typical mitotic defects inded: a failure of a number of chromosomes
to align properly on the metaphase plate and tiserade of two bipolar spindles with the
centromeres of individual chromosomes randomlychtd to either of the spindle poles (Fig.
8, panel B and C). Some percentage of cells witallgoreces of fragmented DNA (apoptotic
bodies) was also seen at this time of treatmergestog initiation of cell death (Fig. 8, panel

B, arrow). At 24 hours post-treatment, there wa® an emergence of Gl-like interphase



cells that were multinucleated. These multinucléatells resulted from a mitotic exit from
the cells slipped out of an abnormal multipolarasigs without cell division (Fig. 8, panel D,
E and F). However, a small percentage of theseticatty slipped cells entered another round
of cell-cycle and thus accumulated massive DNA amsthat can trigger apoptosis due to
genotoxic stress. Indications of genotoxc stresthe- presence of micronuclei was also
observed (Fig. 8, panel D, E). The micronuclei casult from a large spectrum of
mechanisms, both genetic and epigenetic. They rsayrasult from exposure to clastogens
or aneugens, or be formed spontaneously as a @efeeshanism.

Fig. 8.
To evaluate the possible ways of death after dieagrnent, HepG2 and EA.hy 926 cells were
stained with Annexin-V and propidium iodide (PThe results show that the number of
necrotic (upper left quadrant) and apoptotic célsver right + upper right quadrant)
significantly increased following 48 h treatmentrquare to the vehicle (Fig. 9).

Fig. 9.
Separate Annexin-V staining of adherent and noreaadtt cells confirmed that most of the
apoptotic cells were confined to the detached ifvactprobably entering apoptosis after
mitotic arrest (data not shown). However, for tlggtaxic concentrations of6Z (0.19; 0.28
pM) and CA-4 (0.11 pM), no clear population of gaapoptosis cells was observed, and
instead, dead cells appeared as double positivengdn-V positive, and Pl positive),
indicating about 20% necrosis for both cell linesd adrugs. We can conclude that the
apoptosis was a relatively late finding, occurrafter arrest in mitosis in HepG2 and EA.hy
926 cells treated with 0.19 or 0.28 (&dZ or 0.11 pM CA-4.
Next we examined the effects of théZ on matrigel-based tube formation to clarify the
possible effect ol6Z on angiogenesis. The provision of exogenous ertlattsupplements
with  EBM2 media promoted microtubule formation withthe matrigel (Fig. S3.2,

Supplementary data). However, when equitoxic comagons of CA-4 andl6Z were



applied, microtubule formation was significantlypaired supporting the hypothesis thé¥

inhibits the angiogenesis of EA.hy 926 cells inaywimilar to CA-4 at 72h.

3. Conclusions

We designed and synthesized a series of styrylb@zaptones as new biomimetic analogues
of combretastatin A-4 with potential anticancergeudies. The analysis of our results showed
that the crucial role for the biological activity the obtained compoun®Z-22Z were both
the number of methoxy-groups in ring A as well las position of the styryl fragment on
benzoxazolone heterocycle (4-, 5-, 6- or 7). Amahg reported CA-4 bioisosteres,
compound 16Z, (2)-3-methyl-6-(3,4,5-trimethoxystyryl)-2E8)-benzoxazolone, exhibited
potent anti-proliferative and proapoptotic effertdiver cancer cells, being similar or better
compared to CA-4. The inhibition of cellular preliition is due to induction of mitotic arrest.
This is followed by an abnormal exit of HepG2 céitsm mitosis without cytokinesis into a
pseudo G1-like multinucleate state leading to Epeptosis and cell death. These results
suggest that the bioisosteric replacement of 3dw@r-methoxyphenyl moiety of CA-4
(ring B) with benzoxazolone scaffold would be afuke@pproach in searching for new
anticancer agents. Currently, we are expandingwaurk with the synthesis and biological

evaluation of a series of other heterocyclic anadsgof combretastatin A-4.

4. Experimental

4.1. Chemistry

4.1.1. General

All commercially obtained reagents and solventsewesed as received. Reactions were
monitored by thin-layer chromatography (TLC) oncsilgel plates (Kieselgel 6G4z,) using
hexane/acetone (2:1 v/v) or heptane/ethyl acefaBev{v) as eluent. Column chromatography

was performed with Merck 60 silica gel (0.040-0.068n, 230-400 mesh) or Merck



aluminiumoxid 90 (0.063-0.200 mm, 70-230 mesh). NMR spectra were acquired on a
Bruker DRX250 or Bruker DRX400 spectrometers in @P@&s solvent (unless otherwise
stated). Chemical shifts were reported in partshp#ion (ppm,d) relative to the solvent peak
(CDCls, 7.26 ppm). Coupling constant3) (were measured in hertz (Hz). IR spectra were
recorded on a Specord 71 spectrometer. Elemendaysms (C, H, N) were carried out by a
Vario Il microanalyzer. Obtained results were witlD.4% of theoretical values. Melting

points were determined on a Boetius hot-stage socoe.

4.1.2. General procedure for the synthesis of phosphonium salts 5-8

Triphenylphosphine (5.25 g, 20 mmol) was added tsoaition of the corresponding
bromomethyl derivative31-34 (4.84 g, 20 mmol) in chlorobenzene (30 mL). Thact®n
mixture was heated to reflux for 15 min and thdovekd to cool to room temperature. The
obtained crystals were filtered off and washed withorobenzene. The phosphonium salts

were used in the next stage without further puatfan.

4.1.2.1. [ (3-Methyl-2(3H)-benzoxazol one-4-yl )methyl] triphenyl phosphonium bromide (5)
Starting from bromomethyl derivativgl, compound was obtained as light yellow crystals.
Yield: 65% (6.75 g). Mp: 265—-267 °C. IR (nujol, &n 1770 (C=0)*H NMR (CDCk, 400
MHz): 6 2.99 (s, 3H, NCH), 5.81 (d, 2H,J = 13.6 Hz, PCH), 6.76 (t, 1HJ = 7.9 Hz, ArH),
6.98 (dd, 1H,J = 2.0, 7.8 Hz, ArH), 7.13 (dd, 1H,= 2.0, 7.8 Hz, ArH), 7.59-7.63 (m, 6H,
ArH), 7.70-7.78 (m, 9H, ArH). Calcd. for,@H,3BrNO,P: C 64.30; H 4.60; N 2.78. Found: C

63.98; H 4.83; N 2.83.

4.1.2.2. [ (3-Methyl-2(3H)-benzoxazol one-5-yl )methyl] tri phenyl phosphonium bromide (6)
Starting from bromomethyl derivativ&2, compound was obtained as light yellow crystals.

Yield: 88% (8.88 g). Mp: 283—285 °C. IR (nujol, ¢n 1780 (C=0)H NMR (CDCk, 250



MHz): ¢ 3.15 (s, 3H, NCh), 5.58 (d, 2HJ = 14.3 Hz, PCH), 6.81-6.83 (m, 2H, ArH), 7.29—
7.30 (m, 1H, ArH), 7.55-7.63 (m, 6H, ArH), 7.71-¥.8m, 9H, ArH). Anal. Calcd. for

Co7H23BrNO,P: C 64.30; H 4.60; N 2.78. Found: C 63.90; H 482.97.

4.1.2.3. [ (3-Methyl-2(3H)-benzoxazol one-6-yl )methyl] triphenyl phosphonium bromide (7)
Starting from bromomethyl derivativ@3, compound’ was obtained as white crystals. Yield:
72% (7.26 g). Mp: 308—311 °C. IR (nujol, &n 1780 (C=0)*H NMR (CDCk, 250 MHz):5
3.28 (s, 3H, NCH), 5.65 (d, 2H,J = 14.3 Hz, PCh), 6.70-6.73 (m, 2H, ArH), 7.22—7.23 (m,
1H, ArH), 7.57-7.82 (m, 15H, ArH). Anal. Calcd. f@x/H»3BrNO,P: C 64.30; H 4.60; N

2.78. Found: C 64.29: H 4.47; N 2.85.

4.1.2.4. [ (3-Methyl-2(3H)-benzoxazol one-7-yl ) methyl] tri phenyl phosphonium bromide (8)
Starting from bromomethyl derivativ&l, compound was obtained as light yellow crystals.
Yield: 68% (6.86 g). Mp: 264—265 °C. IR (nujol, ¢n 1780 (C=0)*H NMR (CDCk, 400
MHz): 6 3.24 (s, 3H, NCh), 5.46 (d, 2H,J = 14.2 Hz, PCH), 6.90 (d, 1HJ = 7.9 Hz, ArH),
6.99 (t, 1H,J = 7.9 Hz, ArH), 7.20 (d, 1H] = 7.4 Hz, ArH), 7.57-7.62 (m, 6H, ArH), 7.71—
7.77 (m, 9H, ArH). Anal. Calcd. for £H23BrNO,P: C 64.30; H 4.60; N 2.78. Found: C

64.58; H 4.84; N 2.62.

4.1.3. General procedure for the synthesis of (E/Z)-styrylbenzoxazol ones 9-22

To a stirred solution of the corresponding phosplmonsalt 5-8 (1.51 g, 3 mmol) in
THF/CHCl, (15 mL, 2:1 v/v), powdered potassium carbonat881g, 10 mmol) and 18-
crown-6 (0.01 g) were added, followed by methoxgstituted benzaldehyde (3 mmol). The
reaction mixture was refluxed for 2-6 h (monitotsdTLC). After cooling, the inorganic salts
were filtered off and the filtrate was concentratedier reduced pressure. A mixture of the

correspondinge- and Z-stilbene and triphenylphosphine oxide was obtairgmth isomers



were isolated by column chromatography on siliceogealuminium oxide. The-stilbenes
were eluted first, followed by th&-isomers. The products were additionally purified b

recrystallyzation from ethanol.

4.1.3.1. (E/Z2)-3-Methyl-4-(3,4,5-trimethoxystyryl)-2(3H)-benzoxazol one (9)

Following the general procedudel.3., diastereomer8Z and9E were obtained by reaction of
3,4,5-trimethoxybenzaldehyde and phosphonium s&lt Separation by column
chromatography (aluminium oxide, petroleum ethet@ce, 10:1 v/v) afforded pure stilbenes
9Z (0.48 g, 47% yield) anélE (0.38 g, 37% yield). CompourZ: white powder. Mp: 87-90
°C. IR (nujol, cnt): 1780 (C=0)H NMR (CDCk, 250 MHz):d 3.46 (s, 3H, NCh), 3.56 (s,
6H, OCH;), 3.82 (s, 3H, OCH), 6.33 (s, 2H, ArH), 6.66 (d, 1H,= 12.1 Hz, €H), 6.75 (d,
1H,J = 12.1 Hz, €H), 7.04-7.14 (m, 3H, ArH). Anal. Calcd. fondl;NOs: C 66.85; H
5.61 N 4.10. Found: C 66.89; H 5.32; N 3.85. Conmgb®E: white crystals. Mp: 166—-167
°C. IR (nujol, cn): 1760 (C=0)H NMR (CDCk, 250 MHz):d 3.67 (s, 3H, NCh), 3.88 (s,
3H, OCH), 3.92 (s, 6H, OCHj, 6.72 (s, 2H, ArH), 6.94 (d, 1H,= 15.9 Hz, €H), 7.09-7.14
(m, 3H, ArH), 7.37 (d, 1H) = 15.9 Hz, €H). Anal. Calcd. for GH;gNOs: C 66.85; H 5.61

N 4.10. Found: C 67.05; H 5.47; N 3.89.

4.1.3.2. (E/Z2)-4-(3,5-Dimethoxystyryl)-3-methyl-2(3H)-benzoxazol one (10)

Following the general procedudel.3., diastereomer$0Z and10E were obtained by reaction
of 3,5-dimethoxybenzaldehyde and phosphonium salt Separation by column
chromatography (aluminium oxide, petroleum ethetce, 12:1 v/v) afforded pure stilbenes
10Z (0.35 g, 38% yield) andOE (0.26 g, 28% vyield). CompountDZ: colourless oil. IR
(capillary film, cm): 1780 (C=0)H NMR (CDCk, 250 MHz):5 3.45 (s, 3H, NCh), 3.56
(s, 6H, OCH), 6.24 (d, 2H,] = 2.3 Hz, ArH), 6.29 (t, 1H] = 2.3 Hz, ArH), 6.69 (d, 1H] =

12.2 Hz, €H), 6.79 (d, 1HJ = 12.1 Hz, €H), 7.01-7.12 (m, 3H, ArH). Anal. Calcd. for



Ci1gH17NO4: C 69.44; H 5.50 N 4.50. Found: C 69.24; H 5.48.85. CompoundOE: white
crystals. Mp: 189—-190 °C. IR (nujol, &h 1770 (C=0)*H NMR (CDCk, 250 MHz):5 3.67
(s, 3H, NCH), 3.84 (s, 6H, OCH}, 6.45 (t, 1H,J = 2.2 Hz, ArH), 6.66 (d, 2HJ = 2.2 Hz,
ArH), 6.95 (d, 1HJ = 15.9 Hz, €H), 7.09-7.14 (m, 2H, ArH), 7.32-7.36 (m, 1H, Arf)46
(d, 1H,J = 15.9 Hz, €H). Anal. Calcd. for @H;7;NO4 C 69.44; H 5.50 N 4.50. Found: C

69.38; H 5.60 N 4.52.

4.1.3.3. (E/2)-4-(3,4-Dimethoxystyryl)-3-methyl-2(3H)-benzoxazolone (11)

Following the general procedudel.3., diastereomer$lZ and11E were obtained by reaction
of 3,4-dimethoxybenzaldehyde and phosphonium salt Separation by column
chromatography (aluminium oxide, petroleum ethetce, 12:1 v/v) afforded pure stilbenes
117 (0.32 g, 34% vyield) and1E (0.21 g, 23% vyield). CompountilZ: colourless oil. IR
(capillary film, cm?): 1780 (C=0)H NMR (CDCk, 250 MHz):5 3.45 (s, 3H, NCh), 3.48
(s, 3H, OCH), 3.83 (s, 3H, OCH), 6.57 (br s, 1H, ArH), 6.66 (d, 1H,= 12.3 Hz, €H),
6.70 (d, 1H,J = 12.3 Hz, €H), 6.71-6.72 (m, 2H, ArH), 7.03—-7.13 (m, 3H, ArtAnal.
Calcd. for GgH17NO,4: C 69.44; H 5.50 N 4.50. Found: C 69.64; H 5.64.K0. Compound
11E: white crystals. Mp: 183-185 °C. IR (nujol, ¢n 1750 (C=0)!H NMR (CDCk, 250
MHz): 6 3.68 (s, 3H, NCh), 3.92 (s, 3H, OCH}, 3.94 (s, 3H, OCEJ, 6.89 (d, 1H,) = 8.3 Hz,
ArH), 6.96 (d, 1H,J = 16.0 Hz, €H), 7.01 (d, 1HJ = 2.0 Hz, ArH), 7.05-7.11 (m, 3H,
ArH), 7.32-7.35 (m, 1H, ArH), 7.34 (d, 1d,= 16.0 Hz, €H). Anal. Calcd. for GgH;17NO4:

C 69.44; H 5.50 N 4.50. Found: C 69.72; H 5.55 804.

4.1.3.4. (E/Z)-4-(4-Methoxystyryl)-3-methyl-2(3H)-benzoxazolone (12)
Following the general procedudel.3., diastereomer$2Z and12E were obtained by reaction
of 4-methoxybenzaldehyde and phosphonium Safeparation by column chromatography

(aluminium oxide, petroleum ether/acetone, 15:1) afforded pure stilbenet2Z (0.29 g,



34% yield) andl2E (0.30 g, 36% yield). Compouri®Z: white powder. Mp: 133-135 °C. IR
(nujol, cm®): 1750 (C=0)!H NMR (CDCk, 250 MHz):§ 3.45 (s, 3H, NCh), 3.76 (s, 3H,
OCHs), 6.64 (d, 1HJ = 12.0 Hz, €H), 6.69-6.73 (m, 3H, ArH, €H), 6.99-7.05 (m, 4H,
ArH), 7.09-7.12 (m, 1H, ArH). Anal. Calcd. for;f81;sNO3: C 72.58; H 5.37 N 4.98. Found:
C 72.38; H 5.29 N 4.72. CompouddE: white crystals. Mp: 180-181 °C. IR (nujol, ¢n
1780 (C=0)"H NMR (CDCk, 250 MHz):6 3.67 (s, 3H, NCH), 3.85 (s, 3H, OCH, 6.93 (d,
2H, J = 8.8 Hz, ArH), 6.98 (d, 1H] = 15.8 Hz, €H), 7.08-7.10 (m, 2H, ArH), 7.33-7.38
(m, 2H, ArH, =CH), 7.44 (d, 2HJ = 8.6 Hz, ArH). Anal. Calcd. for SH15NO3: C 72.58; H

5.37 N 4.98. Found: C 72.44; H 5.35 N 4.85.

4.1.3.5. (E/2)-3-Methyl-5-(3,4,5-trimethoxystyryl)-2(3H)-benzoxazol one (13)

Following the general procedudel.3., diastereomer$3Z and13E were obtained by reaction
of 3,4,5-trimethoxybenzaldehyde and phosphonium &alRecrystallization of the crude
reaction mixture from ethanol afforded purans-stilbenel3E (0.27 g, 26% yield). Column
chromatography of the mother liquors (silica getirpleum ether/acetone, 5:1 v/v) gave pure
stilbenes13Z (0.32 g, 31% yield) and3E (0.13 g, 13% vyield). Compounti3Z: white
crystals. Mp: 144-147 °C. IR (nujol, &h 1780 (C=0)*H NMR (CDCk, 250 MHz):5 3.29
(s, 3H, NCH), 3.67 (s, 6H, OCEH}, 3.83 (s, 3H, OC}), 6.47 (s, 2H, ArH), 6.55 (s, 2HCH),
6.86 (br s, 1H, ArH), 7.07—7.08 (m, 2H, ArHiH NMR (acetone-g 250 MHz):6 3.31 (s, 3H,
NCH;), 3.63 (s, 6H, OCH, 3.71 (s, 3H, OCBHJ, 6.56 (d, 1HJ) = 12.2 Hz, €H), 6.57 (s, 2H,
ArH), 6.63 (d, 1HJ = 12.2 Hz, €H), 7.07-7.11 (m, 2H, ArH), 7.17 (dd, 1Bi= 1.0, 7.8 Hz,
ArH). Anal. Calcd. for GgH;9NOs: C 66.85; H 5.61 N 4.10. Found: C 66.45; H 5.534.88.
Compound13E: white crystals. Mp: 174-176 °C. IR (nujol, ¢jn 1770 (C=0).'H NMR
(CDCls, 250 MHz):6 3.44 (s, 3H, NCh), 3.88 (s, 3H, OCH}, 3.92 (s, 6H, OCH}, 6.74 (s,
2H, ArH), 7.01 (s, 2H, €H), 7.12 (d, 1HJ = 1.3 Hz, ArH), 7.17 (d, 1H] = 8.3 Hz, ArH),

7.23 (dd, 1HJ = 1.3, 8.3 Hz, ArH)*H NMR (acetone-gl 250 MHz):6 3.44 (s, 3H, NCh),



3.74 (s, 3H, OC#), 3.88 (s, 6H, OCEJ, 6.92 (s, 2H, ArH), 7.18 (d, 1H,= 16.3 Hz, €H),
7.19-7.23 (m, 1H, ArH), 7.26 (d, 1= 16.3 Hz, €H), 7.30 (dd, 1HJ) = 1.7, 8.3 Hz, ArH),
7.46 (d, 1HJ = 1.7 Hz, ArH). Anal. Calcd. for gH1gNOs: C 66.85; H 5.61 N 4.10. Found: C

66.65; H 5.59: N 4.50.

4.1.3.6. (E/2)-5-(3,4-Dimethoxystyryl)-3-methyl-2(3H)-benzoxazol one (14)

Following the general procedudel.3., diastereomer$4Z and14E were obtained by reaction
of 3,4-dimethoxybenzaldehyde and phosphonium 6alRecrystallization of the crude
reaction mixture from ethanol afforded purans-stilbenel4E (0.22 g, 24% yield). Column
chromatography of the mother liquors (silica getirpleum ether/acetone, 7:1 v/v) gave pure
stilbenes14Z (0.33 g, 35% yield) and4E (0.12 g, 13% vyield). Compount4Z: white
crystals. Mp: 139-142 °C. IR (nujol, &h 1760 (C=0)*H NMR (CDCk, 400 MHz):5 3.27
(s, 3H, NCH), 3.64 (s, 3H, OCBJ, 3.85 (s, 3H, OC}}, 6.50 (d, 1HJ = 12.2 Hz, €H), 6.54
(d, 1H,J = 12.2 Hz, €H), 6.73 (d, 1H,) = 8.3 Hz, ArH), 6.75 (d, 1H] = 1.7 Hz, ArH), 6.79
(dd, 1H,J = 1.7, 8.3 Hz, ArH), 6.85 (br s, 1H, ArH), 7.0267.(m, 2H, ArH). Anal. Calcd.
for CigH17NO,4: C 69.44; H 5.50; N 4.50. Found: C 69.21; H 5.834.43. Compound4E:
white crystals. Mp: 169-170 °C. IR (nujol, &n 1770 (C=0)*H NMR (CDCk, 400 MHz):6
3.42 (s, 3H, NCHh), 3.89 (s, 3H, OCH, 3.93 (s, 3H, OC#), 6.86 (d, 1HJ = 8.3 Hz, ArH),
6.96 (d, 1H,J = 16.4 Hz, €H), 7.00 (d, 1HJ = 16.4 Hz, €H), 7.03-7.05 (m, 2H, ArH),
7.09 (d, 1HJ = 1.3 Hz, ArH), 7.14 (d, 1H] = 8.3 Hz, ArH), 7.20 (dd, 1H] = 1.6, 8.3 Hz,

ArH). Anal. Calcd. for GgH17/NO,4: C 69.44; H 5.50; N 4.50. Found: C 69.46; H 5185t.51.

4.1.3.7. (E/Z)-5-(4-Methoxystyryl)-3-methyl-2(3H)-benzoxazol one (15)
Following the general procedudel.3., diastereomer$5Z and15E were obtained by reaction
of 4-methoxybenzaldehyde and phosphonium &aRecrystallization of the crude reaction

mixture from ethanol afforded pur&ans-stilbene 15E (0.15 g, 18% yield). Column



chromatography of the mother liquors (silica getirpleum ether/acetone, 7:1 v/v) gave pure
stilbenes15Z (0.28 g, 33% yield) and5E (0.10 g, 12% vyield). CompountbZ: white
powder. Mp: 121-122 °C. IR (nujol, ¢ 1760 (C=0)H NMR (CDCk, 400 MHz):6 3.25
(s, 3H, NCH), 3.77 (s, 3H, OCH), 6.48 (d, 1H,J = 12.2 Hz, €H), 6.54 (d, 1H,) = 12.2 Hz,
=CH), 6.75 (d, 2H,J = 8.8 Hz, ArH), 6.82 (br s, 1H, ArH), 7.00 (dd, 1#= 1.4, 8.4 Hz,
ArH), 7.04 (d, 1H,J = 8.4 Hz, ArH), 7.14 (d, 2HJ = 8.8 Hz, ArH). Anal. Calcd. for
Ci17H1sNOs: C 72.58; H 5.37; N 4.98. Found: C 72.36; H 5X2.94. Compound5E: white
crystals. Mp: 183-185 °C. IR (nujol, &h 1790 (C=0)*H NMR (CDCk, 400 MHz):5 3.42
(s, 3H, NCH), 3.82 (s, 3H, OC}}, 6.89 (d, 2HJ = 8.8 Hz, ArH), 6.95 (d, 1H] = 16.2 Hz,
=CH), 7.00 (d, 1H,) = 16.2 Hz, €H), 7.08 (d, 1H,) = 1.4 Hz, ArH), 7.13 (d, 1H] = 8.4 Hz,
ArH), 7.19 (dd, 1HJ = 1.4, 8.4 Hz, ArH), 7.43 (d, 2H), = 8.8 Hz, ArH). Anal. Calcd. for

Cl7H15N03: C 72.58; H5.37; N 4.98. Found: C 72.56; H 5183t.83.

4.1.3.8. (E/2)-3-Methyl-6-(3,4,5-trimethoxystyryl)-2(3H)-benzoxazol one (16)

Following the general procedudel.3., diastereomer$6Z and16E were obtained by reaction
of 3,4,5-trimethoxybenzaldehyde and phosphoniumt BalRecrystallization of the crude
reaction mixture from ethanol afforded purans-stilbenel6E (0.30 g, 29% vyield). Column
chromatography of the mother liquors (silica getirpleum ether/acetone, 5:1 v/v) gave pure
stilbenel6Z (0.36 g, 35% yield) anti6E (0.12 g, 12% yield). Compouri®Z: white crystals.
Mp: 118-120 °C. IR (nujol, ci): 1760 (C=0)*H NMR (CDCk, 400 MHz):6 3.39 (s, 3H,
NCH), 3.69 (s, 6H, OCHJ, 3.85 (s, 3H, OCH), 6.48 (s, 2H, ArH), 6.53 (s, 2HCH), 6.83
(d, 1H,J = 8.2 Hz, ArH), 7.14 (dd, 1H] = 1.2, 8.2 Hz, ArH), 7.17 (br s, 1H, ArHH NMR
(acetone-gl 250 MHz):0 3.38 (s, 3H, NCHh), 3.64 (s, 6H, OCkJ, 3.71 (s, 3H, OC}J, 6.55
(d, 1H,J = 12.2 Hz, €H), 6.57 (s, 2H, ArH), 6.60 (d, 1H,= 12.2 Hz, €H), 7.11 (dd, 1H/

= 0.4, 8.0 Hz, ArH), 7.15-7.16 (m, 1H, ArH), 7.28d( 1H,J = 1.5, 8.0 Hz, ArH). Anal.

Calcd. for GgH1gNOs: C 66.85; H 5.61; N 4.10. Found: C 67.21; H 5M%.02. Compound



16E: white crystals. Mp: 159-160 °C. IR (nujol, ¢n 1770 (C=0)!H NMR (CDCk, 400
MHz): 6 3.40 (s, 3H, NCHh), 3.85 (s, 3H, OCHJ, 3.90 (s, 6H, OCH}, 6.71 (s, 2H, ArH), 6.92
(d, 1H,J = 8.0 Hz, ArH), 6.95 (d, 1HJ = 16.4 Hz, =CH), 6.97 (d, 1H,= 16.4 Hz, =CH),
7.29 (dd, 1H,J = 1.2, 8.0 Hz, ArH), 7.38 (d, 1H] = 1.2 Hz, ArH). Anal. Calcd. for

C1oH19NOs: C 66.85; H 5.61; N 4.10. Found: C 67.15; H 51844.00.

4.1.3.9. (E/2)-6-(3,4-Dimethoxystyryl)-3-methyl-2(3H)-benzoxazolone (17)

Following the general procedudel.3., diastereomer$7Z and17E were obtained by reaction
of 3,4-dimethoxybenzaldehyde and phosphonium salt Separation by column
chromatography (silica gel, petroleum ether/acetég v/v) afforded pure stilbenesZ
(0.32 g, 34% yield) and7E (0.23 g, 25% vyield). Compourt¥Z: white crystals. Mp: 125—-
127 °C. IR (nujol, cnf): 1760 (C=0)H NMR (CDCk, 400 MHz):6 3.36 (s, 3H, NCH),
3.66 (s, 3H, OC#), 3.85 (s, 3H, OC}}, 6.47 (d, 1HJ = 12.1 Hz, €H), 6.51 (d, 1HJ =12.1
Hz, =CH), 6.72 (d, 1H,J = 8.2 Hz, ArH), 6.75 (d, 1H] = 1.6 Hz, ArH), 6.77-6.81 (m, 2H,
ArH), 7.09-7.12 (m, 2H, ArH). Anal. Calcd. forgl1/NO,4: C 69.44; H 5.50; N 4.50. Found:
C 69.82; H 5.83; N 4.39. CompouddE: white crystals. Mp: 200-201 °C. IR (nujol, ¢n
1760 (C=0)'H NMR (CDCk, 400 MHz):4 3.41 (s, 3H, NCh), 3.91 (s, 3H, OCh), 3.95 (s,
3H, OCH), 6.88 (d, 1HJ = 8.4 Hz, ArH), 6.92 (d, 1HJ = 8.0 Hz, ArH), 6.96 (d, 1H] =
16.4 Hz, €H), 6.98 (d, 1H,) = 16.4 Hz, €H), 7.04—7.06 (m, 2H, ArH), 7.29 (d, 18= 8.0
Hz, ArH), 7.38 (br s, 1H, ArH). Anal. Calcd. for§£1,;NO,: C 69.44; H 5.50; N 4.50. Found:

C 69.80; H 5.80; N 4.39.

4.1.3.10. (E/Z2)-6-(4-Methoxystyryl)-3-methyl-2(3H)-benzoxazol one (18)
Following the general procedudel.3., diastereomer$8Z and18E were obtained by reaction
of 4-methoxybenzaldehyde and phosphonium &aRecrystallization of the crude reaction

mixture from ethanol afforded pur&ans-stilbene 18E (0.15 g, 18% yield). Column



chromatography of the mother liquors (silica gedfrpleum ether/acetone, 10:1 v/v) gave
pure stilbened8Z (0.29 g, 34% yield) and8E (0.03 g, 4% yield). CompountBZ: light
yellow crystals. Mp: 92-94 °C. IR (nuijol, ¢ 1760 (C=0)H NMR (CDCk, 400 MHz):6
3.38 (s, 3H, NCH), 3.79 (s, 3H, OCEH), 6.48 (d, 1H,) = 12.0 Hz, €H), 6.54 (d, 1HJ =12.0
Hz, =CH), 6.77 (d, 2H, = 8.8 Hz, ArH), 6.82 (d, 1H] = 8.4 Hz, ArH), 7.09-7.11 (m, 2H,
ArH), 7.15 (d, 2HJ = 8.8 Hz, ArH). Anal. Calcd. for GH1sNO3: C 72.58; H 5.37; N 4.98.
Found: C 72.52; H 5.40; N 4.97. CompoU8E: white crystals. Mp: 187-189 °C. IR (nujol,
cm™): 1760 (C=0)H NMR (CDCk, 400 MHz):6 3.41 (s, 3H, NCh), 3.84 (s, 3H, OCH,
6.91-6.92 (m, 3H, ArH), 6.96 (d, 1H,= 16.4 Hz, €H), 6.99 (d, 1HJ = 16.4 Hz, €H),
7.28 (dd, 1HJ = 1.0, 8.0 Hz, ArH), 7.38 (br s, 1H, ArH), 7.44 @H,J = 8.7 Hz, ArH). Anal.

Calcd. for G/H15NO3: C 72.58; H 5.37; N 4.98. Found: C 72.18; H 5129}.34.

4.1.3.11. (E/2)-3-Methyl-7-(3,4,5-trimethoxystyr yl)-2(3H)-benzoxazol one (19)

Following the general procedudel.3., diastereomer$9Z and19E were obtained by reaction
of 3,4,5-trimethoxybenzaldehyde and phosphoniumt sal Separation by column
chromatography (silica gel, petroleum ether/acetdi2el v/v) afforded pure stilbend$Z
(0.29 g, 28% vyield) and9E (0.33 g, 32% vyield). Compourt®Z: white powder. Mp: 140-
142 °C. IR (nujol, cnf): 1770 (C=0)H NMR (CDCk, 250 MHz):6 3.40 (s, 3H, NCH),
3.66 (s, 6H, OCH), 3.84 (s, 3H, OCEHj, 6.49 (s, 2H, ArH), 6.62 (d, 1H,= 12.1 Hz, €H),
6.71 (d, 1HJ = 12.1 Hz, €H), 6.80 (dd, 1H,) = 1.4, 7.4 Hz, ArH), 7.01 (t, 1H,= 7.4 Hz,
ArH), 7.09 (dd, 1HJ = 1.2, 7.9 Hz, ArH). Anal. Calcd. for;gH:gNOs: C 66.85; H 5.61 N
4.10. Found: C 67.21; H 5.92; N 4.11. Compod#8#: white crystals. Mp: 218-219 °C. IR
(nujol, cm®): 1780 (C=0)!H NMR (CDCk, 250 MHz):§ 3.43 (s, 3H, NCh), 3.88 (s, 3H,
OCHg), 3.93 (s, 6H, OCH, 6.79 (s, 2H, ArH), 6.84 (dd, 1H,= 1.6, 7.3 Hz, Ar), 7.05 (d,

1H,J = 16.3 Hz, €H), 7.18 (t, 1H,J = 7.5 Hz, ArH), 7.22-7.25 (m, 1H, H), 7.40 (d, 1H,)



= 16.3 Hz, €H). Anal. Calcd. for @H1gNOs: C 66.85; H 5.61 N 4.10. Found: C 67.25; H

5.85; N 4.20.

4.1.3.12. (E/Z)-7-(3,5-Dimethoxystyryl)-3-methyl-2(3H)-benzoxazol one (20)

Following the general procedudel.3., diastereomer0Z and20E were obtained by reaction
of 3,5-dimethoxybenzaldehyde and phosphonium s&lt Separation by column
chromatography (aluminium oxide, petroleum ethet@ge, 7:1 v/v) afforded pure stilbenes
20Z (0.23 g, 25% yield) an@0E (0.25 g, 27% yield). Compour2DZ: white powder. Mp:
100-103 °C. IR (nujol, cif): 1780 (C=0).H NMR (CDCk, 250 MHz):J 3.39 (s, 3H,
NCHs), 3.66 (s, 6H, OCH), 6.34 (t, 1H,J = 2.3 Hz, ArH), 6.41 (d, 2H] = 2.3 Hz, ArH), 6.66
(d, 1H,J = 12.2 Hz, €H), 6.74 (d, 1HJ = 12.1 Hz, €H), 6.79 (dd, 1H,]) = 1.7, 7.2 Hz,
ArH), 6.98 (t, 1H,J = 7.8 Hz, AH), 7.04 (dd, 1H, = 1.7, 8.1 Hz, AH). Anal. Calcd. for
Ci1gH17NO,4: C 69.44; H 5.50 N 4.50. Found: C 69.70; H 5.614.85. Compoun@OE: white
crystals. Mp: 160-162 °C. IR (nujol, &h 1780 (C=0)*H NMR (CDCk, 250 MHz):5 3.43
(s, 3H, NCH), 3.84 (s, 6H, OCH}, 6.43 (t, 1H,J = 2.3 Hz, ArH), 6.71 (d, 2H] = 2.3 Hz,
ArH), 6.85 (dd, 1HJ = 1.5, 7.5 Hz, AH), 7.13 (d, 1H, = 16.5 Hz, €H), 7.18-7.23 (m, 2H,
ArH), 7.39 (d, 1HJ = 16.5 Hz, €H). Anal. Calcd. for GgH17NO4: C 69.44; H 5.50 N 4.50.

Found: C 69.22; H 5.64; N 4.64.

4.1.3.13. (E/2)-7-(3,4-Dimethoxystyryl)-3-methyl-2(3H)-benzoxazol one (21)

Following the general procedudel.3., diastereomer21Z and21E were obtained by reaction
of 3,4-dimethoxybenzaldehyde and phosphonium s&lt Separation by column
chromatography (aluminium oxide, petroleum ethet@ge, 7:1 v/v) afforded pure stilbenes
217 (0.45 g, 48% yield) an@1E (0.34 g, 36% yield). CompourlZ: white powder. Mp:
109-110 °C. IR (nujol, cif): 1780 (C=0).H NMR (CDCk, 250 MHz):J 3.40 (s, 3H,

NCHs), 3.62 (s, 3H, OCH), 3.86 (s, 3H, OCH), 6.57 (d, 1HJ = 12.1 Hz, €H), 6.73 (d, 1H,



J=12.1 Hz, €H), 6.75 (d, 1HJ = 8.2 Hz, AH), 6.78-6.82 (m, 3H, ArH), 6.99 (t, 1H,=
7.8 Hz, AH), 7.07 (dd, 1H, = 1.6, 8.1 Hz, AH). Anal. Calcd. for GH:/NO.: C 69.44; H
5.50 N 4.50. Found: C 69.80; H 5.78; N 4.56. Conmub20E: white crystals. Mp: 192-193
°C. IR (nujol, cn): 1750 (C=0)H NMR (CDCk, 250 MHz):d 3.43 (s, 3H, NCh), 3.92 (s,
3H, OCH), 3.96 (s, 3H, OCFHJ, 6.82 (dd, 1HJ = 1.5, 7.6 Hz, ArH), 6.88 (d, 1H,= 8.8 Hz,
ArH), 7.03 (d, 1H,J = 16.5 Hz, €H), 7.09-7.14 (m, 2H, ArH), 7.18 (d, 1H,= 7.4 Hz,
ArH), 7.22-7.25 (m, 1H, ArH), 7.40 (d, 1d,= 16.5 Hz, €H). Anal. Calcd. for GgH;17NO4:

C 69.44; H 5.50 N 4.50. Found: C 69.75; H 5.84,.604

4.1.3.14. (E/2)-7-(4-Methoxystyryl)-3-methyl-2(3H)-benzoxazol one (22)

Following the general procedudel.3., diastereomer®2Z and22E were obtained by reaction
of 4-methoxybenzaldehyde and phosphonium &afeparation by column chromatography
(aluminium oxide, petroleum ether/acetone, 10:1) afforded pure stilbene22Z (0.31 g,
37% yield) and22E (0.36 g, 42% yield). Compour2Z: white powder. Mp: 138-139 °C. IR
(nujol, cm®): 1780 (C=0)!H NMR (CDCk, 250 MHz):§ 3.40 (s, 3H, NCh), 3.79 (s, 3H,
OCH), 6.55 (d, 1HJ = 12.0 Hz, €H), 6.71-6.82 (m, 4H, ArH, €H), 6.99-7.02 (d, 2H,
ArH), 7.17 (d, 2H,J = 8.5 Hz, ArH). Anal. Calcd. for GH1sNO3: C 72.58; H 5.37 N 4.98.
Found: C 72.66; H 5.64; N 5.2€ompound22E: white crystals. Mp: 201-203 °C. IR (nujol,
cm™): 1750 (C=0)H NMR (CDCk, 250 MHz):6 3.42 (s, 3H, NChk), 3.84 (s, 3H, OCH,
6.81 (dd, 1HJ = 1.5, 7.5 Hz, ArH), 6.92 (d, 2H,= 8.8 Hz, AH), 7.02 (d, 1H,) = 16.5 Hz,
=CH), 7.16 (t, 1HJ = 7.5 Hz, AH), 7.22 (dd, 1H, = 1.5, 8.0 Hz, AH), 7.41 (d, 1HJ =
16.5 Hz, =CH), 7.50 (d, 2H] = 8.8 Hz, AH). Anal. Calcd. for GH1sNOs: C 72.58; H 5.37

N 4.98. Found: C 72.88; H 5.57; N 4.67.

4.2. X-Ray crystallography

4.2.1. General



All crystal were mounted on glass capillary andadaére collected with Enraf Nonius CAD4
Diffractometer equipped with an with graphite momanated detector using MoeK
radiation § = 0.71073 A) at 290 K. The determinations of thét well parameters, data
collection were performed using CAD4 Express [48{ aeduction was carried out using
XCAD4 [50]. The crystal structures were solved lnect methods ShelxS and refined
by the full-matrix least-squares method with theel$b-2014 programs [51]. All non-
hydrogen atoms were located successfully from [Eounmaps and were refined
anisotropically. H atoms on C atoms were genergmmetrically with C—H = 0.9600 A
and their positional parameters were refined aagitb the neighboring C atom witlso(H)

= 1.2J(C atoms). Most important crystallographic paramsetad refinement indicators are
presented in Table 4 and Ortep view of the asymmetit of structured3Z, 14Z, 16Z and
16E is shown on Fig. 3. Complete crystallographic datahe structure reported in this paper
have been deposited in the CIF format with the Gaigb Crystallographic Data Center as
supplementary publication No. CCDC, 823149, 823B2B151 and 1431461. Copies of the
data can be obtained free of charge on applicad&@CDC, 12 Union Road, Cambridge CB2

1EZ, UK (fax: (44) 1223336-033; e-mail: deposit@zcdam.ac.uk).

Table 4.

4.2.2. General Molecular Docking of the 13Z, 14Z, 16Z derivatives in the colchicine binding
site of tubulin

The starting molecular models of the styrylbenzokazes13Z, 14Z, 16Z were taken from
the X-ray structures and minimization was perforrtte@dugh the Amber force field and the
Polak-Ribiere conjugate gradient method. The colakipocket of the,-tubulin—colchicine
complex (PDB code 1SAO [38],) was employed in theckihg studies. Ligand-protein

docking was performed with the molecular dockingoathm MolDock51 via Molegro



Virtual Docker [39] (MVD) software, version 4.3.0MolDock uses a heuristic search
algorithm (termed guided differential evolution) iain is a combination of differential
evolution and a cavity-prediction algorithm. Theckimg scoring function is an extension of
the piecewise linear potential (PLP). After theahgs and the protein coordinates were
imported, all structural parameters including bdgde, hybridization, explicit hydrogen,
charges, and flexible torsions were assigned usiegqutomatic preparation function in MVD
software [39]. Due to the availability of the confation of a structurally related compound,
colchicine, we used the template docking availablthe MVD. Template docking is based
on extracting the chemical properties (e.g. phaophore elements of a ligand bound in the
active site) and using that information for dockisigucturally similar analogs. For each
compound, 50 docking runs were performed. MVD afi@ide chain conformational changes
by softening the potentials (steric, hydrogen boraisl electrostatic force) used during a
docking simulation. The residues (considered flejibwvere those close enough to the
reference ligand (colchicine) so that interactiam occur (6 A around the colchicine). After
each ligand had been docked, the side chains chvesenenergy-minimized by MVD with
respect to the conformation found, using the stahd@nsoftened potentials. Only torsion
angles in the side chains were modified during thi@imization; all other properties
(including bond lengths and backbone atom posijiongere held fixed. The poses
representing the lowest value of the scoring fumc{MolDockScore) were further analyzed
in order to identify which of the ligand configuiats most likely describe the correct binding

mode.

4.3 Biology
4.3.1. Cell cultures and cytotoxicity assay
Human hepatocellular carcinoma (HepG2, HB-8065nh#iu chronic myelogeneous leukemia

(K562, CCL-243), and human adenocarcinomic alvebksal epithelial (A-549, CCL-185)



cells were obtained from ATCC, HaCaT cell line waseived from CLS-Germany, adult
normal human epidermal keratinocytes (NHEK, 1926®2@re received from Lonza,
(Belgium), and all cell lines were cultured accaglto the manufacturer’s instruction.

Human endothelial cells (EA.hy 926) were a gifinfr®r. C-J.S. Edgell (University of North
Carolina). Human colorectal adenocarcinoma cell$-29) were a gift from Assoc. Prof.
Radostina Alexandrova (IEMPAM - Bulgarian Academfy $ciences). Human breast
adenocarcinoma cell lines (MCF-7, MDA-MB-231), meusnlon carcinomas cells (Colon-
26) and human epithelial breast control cell liIMCE-10A) were kindly provided by Prof.
lana Tsoneva (IBPhBME — Bulgarian Academy of SaeshicThe EA.hy 926, HT-29, Colon-
26, MCF-7, MDA-MB-231, and MCF-10A cells were maiimted in Dulbecco's Modified
Eagle Medium (DMEM, Lonza, Switzerland) containib@% fetal bovine serum (FBS), 100
U/mL penicillin, and 100 pg/mL streptomycin. AlllcBnes were maintained in a humidified
CO, atmosphere at 37 °C.

All tested compounds were dissolved in DMSO at 2aMmand diluted with medium to
obtain the desired concentration. DMSO concentnatiothe medium was kept constant at
0.01%. To test the effect of the drugs on cell gmwhe cells were seeded at a density of
1x10* cells/100 pL in 96 well plates and 24h after jagjtcells were incubated up to 96 h
with different drug concentrations. The number afllsc was count with Countess™
Automated Cell Counter (Invitrogen, USA) and théotgxic effect was assayed by MTT [3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazoliubromide] test (Sigma, M-0283). Ten pL
MTT solution (5 mg/mL) was added to each well andHer incubated for 3 h at 37 °C. To
dissolve the formazan product 100 pL/well 0.1 N HChnhydrous isopropanol was added.
The optical density was measured at 550/630 nmDT 4880 spectrophotometer (Beckman
Coulter, USA). Experiments were performed in eightate for each compound in each

experiment. Results, expressed as concentratiamhsntmbit 50% of cell growth (I€), were



calculated by the OriginLab program. Each experinvess conducted from a minimum of

three different syntheses.

4.3.2. Céll cycle and apoptosis

For cell cycle analysis, the cells were centrifuged fixed with ice-cold methanol/acetone
solution (3:1 v/v) overnight at 4 °C. After two wees with phosphate buffered saline (PBS)
the cells were stained with a solution containimgd/mL propidium iodide (PI) and 1 mg/mL
RNaseA/PBS for 30 min at 37 °C. The samples werasored by FACS Calibur flow
cytometer (Becton Dickinson, USA) equipped with IQeést software. The cell doublets
were removed by gating the left area of FL2-W/FL3lAt for analyses. The distribution of
cells in the cell cycle was analyzed using Flowditvgare.

For detection of apoptosis we applied surface exgosf phosphatidylserine measured with
FITC-Annexin V (Apoptosis Detection kit, Cat. N: @47, BD Pharmingen, USA) following

the manufacturer’s instruction.

4.3.3. Immunocytochemistry

To assess the effect ®6Z and CA-4 orp-tubulin in HepG2 and EA.hy 926 cells an indirect
immunofluorescence was employed. Cells grown orestyps were washed with PBS before
fixation with 3.7 % buffered paraformaldehyde. 3&ngr double fluorescence cell labeling
was performed as described by Apostolova et al. [B2}he final step, cells were washed
three times with PBS for 5 minutes and incubated 40 minutes with an appropriate
secondary antibody labeled with AlexaFluor-488 ftimgen, USA). F-actin was detected
using AlexaFlour 568 Phalloidin (Invitrogen, USAjollowing three washes with PBS and
two in water, the slides were mounted in UltraCfluorescence mounting medium with
DAPI (CantaCruz Biotechnology, USA). Fluorescenderascopy was performed with a Carl

Zeiss AM240 microscope equipped with Andor (iXoamera.



4.3.4. Vasculogenesis assay in Matrigel

For analysis of capillary tube formation as a modg&langiogenesis, 150 pL Matrigel
(356234, Becton Dickinson) was laid into a 48-wadlte (Falcon, Heidelberg, Germany) and
incubated at 37°C for 30 minutes. EA.hy 926 celtsentrypsinized and 4 x 1@ells were
suspended in 300 pL complete DMEM medium and plated Matrigel. Twenty-four hours
later, the medium was removed and the cells wengbiated under various conditions: EBM2
medium as control conditions, or EBM2 supplememtéd 0.28 uM16Z or 0.11 puM CA-4.
Capillary tube formation in Matrigel was observeadar an inverted microscope up to 72

hours of incubation.

4.3.5. Tubulin Assembly

Purified porcine brain tubulin (Cytoskeleton, Denv€QO) was diluted to 3 mg/ml with
tubulin buffer and stored at -8C until use. Before the assay, the tubulin was exuded (300
p1g) with 100 pl of G-PEM buffer (80 mM PIPES, 2 migCl,, 0.5 mM EGTA, pH 6.9) plus
5% glycerol in the absence or presence of DM838Z, or CA-4 at 4 °C. The sample mixture
was transferred to the pre-warmed 96-well plate] Hre polymerization of tubulin was
initiated with addition of 1.0 mM GTP. The changeabsorbance at 350 nm was recorded

every 1 min for 40 min with DTX-880 (Beckman CoujJted SA) at 37 °C.

4.3.6. Satistical analysis

The data were evaluated by analysis of varianceQ¥N) followed by Tukey’'s post-hock
test. Differences in the results at the level 08 were considered statistically significant.
The statistical analysis was carried out using RPA&SW 18.0 statistical software package

(IBM) for Windows.
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Table 1. Structure of styrylbenzoxazolones 9E-22E and 9Z-227

Ring A Position of styryl
Compd
R* R? R® fragment in ring B
9E OCHs; OCHs; OCHjs 4
oz OCHs; OCHs; OCHjs 4
10E OCH3; H OCH3; 4
10z OCH3; H OCHg3; 4
11E OCH;  OCHj H 4
117 OCHzs OCH3 H 4
12E H OCHg3; H 4
127 H OCHg3; H 4
13E OCH3; OCHjs OCHs; 5
137 OCH3; OCHjs OCHs; 5
14E OCH3; OCHg3; H 5
147 OCH3; OCHg3; H 5
15E H OCHjs H 5
157 H OCHjs H 5
16E OCH3 OCH3; OCH3; 6
16Z OCH3; OCH3 OCH3 6
17E OCHs; OCHs; H 6
17Z OCHs; OCHs; H 6
18E H OCHg3; H 6
187 H OCH3; H 6
19E OCHzs; OCH3 OCH3 7
197 OCHzs OCH3 OCH3 7
20E OCH3; H OCH3; 7
20Z OCH3; H OCH3; 7
21E OCHzs OCH3 H 7
217 OCHz3 OCH3 H 7
22E H OCH3; H 7
227 H OCH3; H 7




Table 2 Selected bond lengths and angles for 13Z, 14Z, 16Z and 16E

Bond length (A) 17 147 16Z 16E
C1=C2 1.321(6) 1.329(3) 1.327(4) 1.318(7)
C9=02 1.207(6) 1.207(3) 1.206(3) 1.202(6)
C7-N1 1.406(6) 1.392(3) 1.392(3) 1.393(6)
C9-N1 1.341(7) 1.358(3) 1.361(3) 1.349(7)
Angle ()

C7-N1-C10 125.9(7) 127.0(2) 126.9(2) 126.2(5)
C13-013-C13A 117.3(4) 117.5(2) 117.0(2) 117.6(4)
C14-014-C14A 114.4(4) 116.8(2) 112.6(2) 114.2(4)
C15-015-C15A 116.9(5) - 117.6(2) 118.4(4)




Table 3.Values for growth inhibition (16)® of HepG2, EA.hy 926 and K562 cells

Compd’ 1C 50 (LM)
HepG2 EA.hy926 K562
9z 19.03+0.72 14.79+£1.63 10.11+0.92
10z 18.00+0.11 29.41+0.31 11.29+1.13
117 >50 >50 2.07+£0.34
127 16.11+2.03 39.92+1.74 0.96+0.14
137 39.71+0.03 >50 >50
147 42.05+1.03 >50 >50
157 48.11+2.11 15.11+0.03 24.19+1.44
16Z 0.19+0.02 0.28+0.08 0.73+0.06
177 38.31+0.08 >50 >50
187 >50 >50 >50
197 1.07+0.13 10.28+0.22 0.71+0.11
20z 4.25+0.27 9.53+1.78 0.95+0.07
217 30.17+£1.48 >50 >50
227 47.16+2.29 >50 >50
CA-4 0.11+0.01 0.17+0.05 <0.10

& Drug concentration that inhibits the growth of tiedls tested by 50% after incubation in cell
culture media for 72 h. Each drug concentration tested in eightplacates and data are
presented as average * SD.

P Thetrans-styrylbenzoxazolone8E-22E were no active at concentration below 50 pM.



Table 4. Most important crystal structure parameters dnedrefinement indicators fdi3Z,

147, 16Z and16E

Compound reference
Chemical formula

Formula Mass

Crystal system

Space group

alA

b/A

c/A

ol°®

pl°

yl°

Unit cell volume/&
Temperature/K

No. of formula units per unit ceZ
Radiation type

Absorption coefficienty/mm™*
No. of reflections measur
No. of independent reflectio
Rint

Final R; values [ > 25(1))
Final WR(F?) values [ > 2(1))
Final R; values (all data)
Final wR(F?) values (all data)

Goodness of fit o2

137
@oH19NOs
341.35
Monoclinic

C2/c

20.814(6)

11.171(4)

16.800(5)

90

119.236(2)

90

3408.6(19)
290(2)

8
Mol&

0.097

6347

3221

0.119

0.0745

0.1612
0.2256
0.2184

0.966

147 167
CigH17NOs  Cy9H19NOs
311.33 341.35
Monoclinic  Triclinic
P2:/n P1
9.670(2) 7.066(4)
6.0527(17) 10.935(5)
26.568(3) 11.121(6)
90 94.242(4)
90.630(16)  103.915(5)
90 91.496(4)
1555.0(6) 831.0(8)
290(2) 290(2)
4 2
MoKa MoKa
0.094 0.099
6054 3100
3040 3100
0.059 0.002
0.0476 0.0524
0.1094 0.1226
0.105 0.1
0.1328 0.1454
1.004 1.036

16E
C19H19NOs
341.35
Onhhombic
Pna2;
12.894(3)
15.373(4)
8.659(4)
90
90
90
1716.3(10)
290(2)
4
MoKa
0.096
6764
1796
0.1282
0.0575
0.1083
0.1304
0.134
1.065




L egend of Figures, Schemesand Tables

Fig. 1. Structures natural CA-4 and its synthetic analsgoelinical trials.

Fig. 2. Styrylbenzoxazolones with the main CA-4 pharmacogso

Fig. 3. Ortep view of the molecular structure of compouaild3Z, b) 14Z, ¢) 16Z andd)

16E at 50% of probability. H atoms are presented sjtheres of arbitrary radii.

Fig. 4. Difference in the relative positioning of molecsi® 13Z, 14Z (in green)and16Z (in

blue)andb) 16Z and16E (in blue).

Fig. 5. Predicted binding model in whi&d) colchicine andl6Z bind in the colchicine binding

site of tubulin andb) difference of thddl3Z and16Z binding.

Fig. 6. Effect of 16Z andCA-4 on the cell cycle for HepG2 cells. DNA contevds measured
on asynchronously growing cells using Pl-stainibg,a6, 8, 24, 48 and 72 h following the
start of treatment with concentrations correspogdin 1Go. Cell cycle profiles and
percentage of the cells is different cell cyclegghare shown for CA4 (A, B), ariéZ (C, D).

Cytograms are representative of three independgetrienents.

Fig. 7. Inhibition of tubulin polymerization by compound6Z and CA-4.

Fig. 8. Fluorescent immunomicrographs of HepG2 cells ¢égavith 185 nM16Z for 24

hours.A: p-Tubulin microtubules (green), DNA (blue) and Fhadired) in vehicle (0.01%

DMSO) treated cells displaying typical cell divisigprocess in a cell cycle - interphase,



metaphase, anaphase, and cytokind3isnd C: Multi-polar spindles frequently found in
cells treated witil6Z. The arrow showed a multinucleate cell with snr@gments of DNA
indicating apoptotic bodies suggested cell deBthE and F: Cells started to exit mitosis
without cell division showing several aberrant phigpes suggesting variability in cellular
fate upon drug treatmerit6Z induced mitotic slippage and ploidity. Multinudleaells with

micronucleus (arrows). Bras 10 um.

Fig. 9. 16Z and CA-4 induce apoptosis and necrosis of HepG2 BA. hy926 cells.
Cytograms of cells stained with Annexin V-FITC appidium iodide (PI) dual labeling
after a 48 h treatment with concentrations corredpw to 1G,. Apoptotic and late apoptotic
cells are located in lower and upper right quadra@lytograms are representative of three

independent experiments.

Scheme 1. Synthesis of target styrylbenzoxazolones. Reagemdsconditions: (a) ¥COs;, 18-

crown-6, THF/CHCI, (2:1 v/v), reflux 2-6 h.

Scheme 2. Synthesis of heterocyclic phosphonium sd#t8, containing benzoxazolone
moiety. Reagents and conditions: (a) LHK,CO;, DMF, 45 °C, 1 h or (Ck).SQO,, NaOH,

r.t., 1 h; (b) NBS, (PhCQP,, CCl, reflux, 3 h; (c) PP# chlorobenzene, reflux, 15 min.

Scheme 3. Synthesis of 4-methyl-2E9)-benzoxazolone2d). Reagents and conditions: (a)
CIzCCH(OH), NHOH, reflux, 5 min; (b) HSQy, 65 °C; (c) kS0, H2SO;, 0-5 °C; (d) HCI,

reflux, 3 h, followed by neutralization with 10% &0s; (e) CDI, THF, r.t., 1 h.



Scheme 4. Synthesis of 7-methyl-2(9)-benzoxazolone 26). Reagents and conditions:

MeOH, HSO,, reflux, 10 h; (b) NHOH, NaOH, r.t., 24 h; (c) formamide, 120-160 °C.

Table 1. Structure of styrylbenzoxazolon8&-22E and9Z-227

Table 2. Selected bond lengths and anglesift#, 147, 16Z and16E

Table 3. Values for growth inhibition (1€)? of HepG2, EA.hy 926 and K562 cells

Table 4. Most important crystal structure parameters dedrefinement indicators fd3Z,

147, 16Z and16E
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1, CA-4,R=H
2, CA-4P (Fosbretabulin), R =PO3Na,

HaCO O N
H,CO O o)
OCH, e~ on

OCHs!  NH, .HCI
3, AC7739 4, AVE8062 (Ombrabulin)

Fig. 1.



cis-configuration

(T +of ethylene moiety
R X5

ring A ! e Vi !
3,4,5-trimethoxy-, ' R2 | : 9Z-12Z, B-ring: benzoxazolone-4-yl
3,4-dimethoxy-, ! R3 ! ' N-CH 3: 13Z-15Z, B-ring: benzoxazolone-5-yl
3,5-dimethoxy-, (RSP b | 16Z-18Z, B-ring: benzoxazolone-6-yl
4-methoxy-substituted ring : O“ﬂ 192-22Z, B-ring: benzoxazolone-7-yl

1 O '

l 7

ring B
benzoxazolone
fragment

Fig. 2.
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Research highlights

Combretastatin A-4 analogues with benzoxazolone scaffold: synthesis, structure and

biological activity

Mariana S. GerovaSilviya R. Statevd,Elena M. RadonovARositsa B. KalendersKaRusi
|. Rusew; Rositsa P. Nikolova,Christo D. Chane®,Boris L. ShivacheV, Margarita D.

Apostolova® Ognyan |. Petrof

&University of Sofia "St. Kliment Ohridski", Facultyf Chemistry and Pharmacy, Department
of Pharmaceutical and Applied Organic ChemistryJaines Bourchier Blvd, 1164 Sofia,
Bulgaria

P Bulgarian Academy of Sciences, Institute of MolacBiology, Acad. G. Bonchev Str., bl.
21, 1113 Sofia, Bulgaria

¢ Bulgarian Academy of Sciences, Institute of Mineggl and Crystallography, Acad. G.

Bonchev Str., bl. 107, 1113 Sofia, Bulgaria

» A series of styrylbenzoxazolones were synthesizednaw heterocyclic CA-4
analogues.

* Most of the compounds exhibited cytotoxic activaty cancer cells at concentration up
to 50 uM.

* The lead compounti6Z showed significant anticancer activity similarthose of CA-
4 in nanomolar range.

» Structure ofl6Z was confirmed by NMR spectroscopy and X crystapby.



