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ABSTRACT

A series of novel macrocyclic bisbibenzyl analoguas designed, synthesized, and evaluated for their
antiproliferative activityin vitro. All of the compounds were tested in fimathropiccancer cell lines,
including a multidrug-resistant phenotype. Amongsta novel molecules, compourgl 92 and 94
displayed excellent anticancer activity againstall&b62, HCC1428, HT29, and PC-3/Doc cell lines,
with average Ig, values ranging from 2.23M to 3.86 M, and were more potent than the parental
compound marchantin C and much more potent thapakgive control Adriamycin. In addition, the
mechanism of action of compour8B was investigated by cell cycle analysis and a ltabu
polymerization assay in HCC1482 cells. The bindingde of compound8 to tubulin was also
investigated utilizing a molecular docking studp ¢onclusion, the present study improves our
understanding of the action of bisbibenzyl-basddilin polymerization inhibitors and provides a new

molecular scaffold for the further development ofitamor agents that target tubulin.
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1. Introduction

Microtubules play crucial roles in the growth amohdtions of eukaryotic cells, such as division,
shape maintenance and intracellular transport aedrecognized as one of the most important
molecular targets for cancer chemotherapy [1-4krdubules are formed by a dynamic process that
involves the polymerization and depolymerizationancdind B-tubulin heterodimers. Drugs interfering
with this dynamic equilibrium could lead to arrebsteell division and eventually to apoptosis [5-8].
The inhibitors of tubulin can be mainly divided antwo groups: microtubule destabilizers, such as
combretastatin A-4, colchicine and vinca alkalomsd microtubule stabilizers, such as taxanes [9-11
Some of them (taxanes and vinca alkaloids) have kédely used in the clinical treatment of diverse
human cancers for decades [12-14]. Howeverclimécal use of these anti-tubulin drugs is associated
with problems of drug resistance and complex sysithand isolation procedures [15-18]. Because of
these undesirable limitations, there is an urgemtdnto develop novel antimitotic agents for cancer
therapy.

Bisbibenzyls are a series of phenolic natural petslithat are mainly found in bryophytes. These
natural products exhibit versatile and excellentdgical activities, including antimicrobial, antifgal,
antioxidative, muscle-relaxing, cytotoxic and muitig resistance reversal activities [19-26]. The
remarkable biological profile and interesting magaic structure of bisbibenzyls make them
promising resources for new drug discovery. Martiha@, a natural macrocyclic bisbibenzyl, was first
discovered in the liverwort Marchantia tosana byakssva and co-workers, and now has been
discovered from more than 10 liverwort species PIB32]. It was found to be an excellent cytotoxic
agent against KB and P388 leukemia cell lines, Witk values 10 and 8.5M, respectively. We
previously discovered that marchantin C could artles cell cycle in the G2/M phase by inhibiting
cellular microtubule assembly, specifically promgticellular microtubule depolymerization, and this
antiproliferative mechanism is similar to that bétanti-tubulin agents colchicine and combretastati
A-4 [33]. Morita et al. has also reported the aittic activity of isoplagiochin A and isoplagiochB,
which have the similar bisbibenzyl skeleton withraf@antin C [19]. Recently, we discovered that
marchantin C and its analogues also exhibit mulgdresistance-reversing activity by inhibiting the
P-glycoprotein [34]. From the study mentioned ahowarchantin C shows considerable promise as a
lead compound, and its further structural optinmigraprovides the potential for the discovery of mor

effective anti-tubulin agents.



In the present study, a series of novel marchabtanaloguesvere designed, synthesized, and
evaluated for cytotoxic activity by the MTT ass#@ymong theseanalogues88, 92 and 94 display
excellent anticancer activity. The mechanism ofoacbf the potent compound8 was investigated
using cell cycle analysis, a tubulin polymerizatiaesay and molecular modeling. These studies
indicate that the antiproliferative activity of nshantin C analogueswas achieved through an
antimitotic effect by inhibiting tubulin polymerigan.

2. Results and Discussion

2.1. Design of marchantin @alogues

Our modification strategy of marchantin C was flvased on the understanding of the interaction
between marchantin C and tubul®r Iwai et al. have reported the docking reseafamarchantin
E with influenza PA endonuclease, which providedeay good precedent for the molecular
modeling research of marchantins [2B] a previous study, the macrocyclic bisbibenayipound
was found to be a colchicine site binder on tub{8iH]. We anticipate that marchantin C should also
target the colchicine-binding site in tubulin, dte its bisbibenzyl skeleton and microtubule-
depolymerizing activity. To obtain an exact stefemuical structure of marchantin C for the molecular
modeling study, its crystal structure was deterhibg X-ray diffraction analysis, and the crystatala
are presented in the supporting information. MantihaC was then docked into the colchicine-binding
site of tubulin (PDB code 1SA0) using the GOLD (@&&n Optimization for Ligand Docking) program
[36]. In the resulting binding structure (Fig. Darchantin C fit well to the binding site of colcime
on tubulin, and the hydroxyl group on the aréhenight form a hydrogen bond with the carbonyl
group of Ser 178. Beside the ligand-protein po&dntiteractions mentioned above, we were also able
to observe that the carbonyl group of Thr 353 wased to the arené of marchantin C. We then
predicted that the introduction of a hydrogen batwhor, such as a hydroxyl group, to the
meta-position of the oxygen atom on arénmight facilitate the formation of a strong hydrageond
between the ligand and protein. Accordingly, thisdification might lead to a cytotoxic potency

enhancement against tumor cell lines.



SER-178

Fig. 1. Proposed binding mode of marchantin C as greek stiodel in the colchicine binding site
(PDB code 1SA0). The native ligand, DAMA-colchicinis shown in magenta thin wire model.
Hydrogen bonds are shown as dotted red lines, lendistance between ligand and protein is less than
3 A. Molecular modeling was perform by GLOD softear

[Figure 1 here]

Moreover, to define the structure-activity relasbip of bisbibenzylinaloguesand to discover
more potent tubulin inhibitors, a series of noveframantin C analogues were then designed.
According to the strategy shown in Fig. 2, we fau®n modifications of the four phenyl rings by
introducing a hydroxyl group or bromine atom torm®A-D, while maintaining the bisbibenzyl
skeleton, which was regarded as a fundamentaltstaiccore for the antitumor activity. We also
changed the ethylene bridge to a double bond anermdimed the effect of this stereochemical

structural change on the cytotoxic activity.
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Fig. 2. Modification strategy for marchantin &alogues

[Figure 2 here]

2.2. Chemistry

The general synthesis of the marchantiar@loguess outlined in Schemes 1-4. The synthetic
route of analogue83-57 began with the Ullmann coupling of the approptiateubstituted methyl
4-bromobenzoated-3 with 3-hydroxy-4-methoxybenzaldehydd),( resulting in the formation of
diphenyl ethers-7 [34]. Compoundss-7 were then reduced with sodium borohydride to give
benzyl alcohol$-10, followed by the reaction with triphenylphosphamibbromide, affordind1-13 in
two steps [34]. Compound®-22 were prepared by the Ullmann coupling of the pristé 2-hydroxy-
benzaldehyde 14) or 2-hydroxy-3-methoxybenzaldehydel5) with the appropriate 3-bromo-
benzaldehyded6-18 in good yield. The building block41-13 and 19-22 were combined by an
intermolecular Wittig reaction in the presence ofgssium carbonate and 18-crown-6 and followed by
hydrogenation over Pd/C to give the bibenZ8s27. The carboxylic ester group @B-27 was then
reduced with lithium aluminum hydride and subsedlyemleprotected with HCI/KO to give
compounds33-37. The reaction 0f33-37 with triphenylphosphonium bromide afforded composind
38-42. The cyclization 0f38-42 by means of an intramolecular Wittig reaction veahieved with
sodium methoxide, leading to key macrocyclic intedmtes 43-47. Finally, 43-47 could be
hydrogenated to give compound8-52, followed by demethylation to afford compoun83-57
(Scheme 1).

However, the Ullmann coupling of the protected 2hioxy-4-methoxybenzaldehydeés8) or
2-hydroxy-5-methoxybenzaldehyd&9] with 3-bromo-benzaldehydes) failed, and this might be

because the phenolic group of compoub8svas deactivated by the methoxyl group, and compound



59 was deactivated by the electronic effect. 2-Brommethoxybenzaldehyde63), 2-bromo-5-
methoxybenzaldehydé4) and the protected 2-hydroxybenzaldehy@®) (vere then used as starting
materials for the Ullmann coupling, and diphenytees 66 and 67 were obtained, accordingly.
Compound$6 and67 were then reduced with sodium borohydride to ghabenzyl alcohol§8-69,
followed by reaction with triphenylphosphonium bridey affording70-71 in two steps. The diphenyl
ether 75, as the second building block, was synthesized mfro
2-methoxy-5-((tetrahydro-2H-pyran-2-yloxy)methylptol (73) and 4-bromo-benzaldehyd&4j by
the Ullmann reaction. The building blocks-71 and75 were combined by an intermolecular Wittig
reaction in the presence of potassium carbonatel &wiown-6, followed by hydrogenation over Pd/C
to give bibenzyls6 and77. Compound¥6 and77 were deprotected by HCI/B to give compounds
78 and 79, and the analogued and87 were finally obtained by following the protocolsieibed for
analogue$3-57 (Scheme 2). In addition, during the preparatioamdlogue$4 and86, two important
macrocyclic intermediate# and82 were prepared in large amounts. The methyl etleevage o4
and82 was achieved by aluminum iodide, providing ana&s38 and89, respectively (Scheme 3).

The preparation method for the brominated analoggiskown in Scheme 4. We have previously
synthesized three brominated analogues of marcha@tiwith N-bromosuccinimide (NBS) and
evaluated their anticancer activity [31]. In thiaper, a more convenient and efficient method was
applied for the bromination. Marchantin C was teeatvith HBr in the presence of DMSO in ethyl

acetate [37], and analogue®-95 were provided by HPLC separation.
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Scheme 1. Synthesis of compound8-57. Reagents and condition&@) CuO, KCOs, Py, reflux, (yields
65%-71%); (b) NaBl THF, 0 C to r.t. (yields 88%-91%); (c) PEHBr, MeCN, reflux, (yields
86%-90%); (d) i. KCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HE&N, EtOAc, r.t. (yields
74%-82%, two steps); (e) LIAIKI THF, -40°C to rt. (yields 83%-88%); (f) HCI/THF (1:1), r.tyiélds
87%-91%); (g) NaOMe, DCM, r.t. (yields 85%-92%);) (Rd/C (10%), H EtOAc, r.t. (yields

94%-98%); (i) BB, DCM, -40°C to r.t. (yields 86%-91%).



[Scheme 1 here]
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Scheme 2. Synthesis of compound@$-87. Reagents and condition&@) CuO, KCOs, Py, reflux, (yields
70%-74%); (b) NaBR THF, 0 C to r.t. (yields 90%-96%); (c) PEHBr, MeCN, reflux, (yields
86%-90%); (d) 2,3-Dihydropyramp;toluenesulfonic acid, DCM, (yield 89%); (e) i,®0Os, 18-crown-6,
DCM, reflux; ii. Pd/C (10%), B E&N, EtOAc, r.t. (yields 85%-88%, two steps); (f) HOHF (1:1), r.t.;
(g) NaOMe, DCM, r.t. (yields 80%-81%); (h) Pd/C #&)) H,, EtOAC, r.t. (yields 90%-93%); (i) BBr
DCM, -40°C to r.t. (yields 71%-76%).

[Scheme 2 here]
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yield 84%).
[Scheme 4 here]

2.3. Biological evaluation
2.3.1. In vitro antiproliferative activity and sfrture-activity relationship (SAR) analysis

The cytotoxic activity of the synthesized analog(g3-57 and 86-95) was evaluated in four
human cancer cell lines (Hela, k562, HCC1428, aA®¥ and one paclitaxel-resistant cell line
(PC-3/Doc). Adriamycin (ADR) was used as a positoantrol. The cells were treated with each
compound for 48 h, and the cell viability was asedsusing the MTT method. The results are
summarized in Table 1. All of the synthesized agaés consistently exhibited anticancer activity.

Compounds88, 92 and94 displayed excellent cytotoxic activity, with avgealG, values ranging from



2.23 uM to 3.86 uM, indicating them to be more potent than ADR

tage 1Go= 3.94uM) and

marchantin C (average 4= 13.51uM). Surprisingly, the cytotoxicities of those threempounds

against the human breast cancer HCC1428 cell IBg£ 1.26, 1.09 and 1.40M for 88, 92 and %4,

respectively) were comparable to or even bettar that of the reference drug ADR g4 1.56uM).

These compounds also showed obvious anticanceitgetgainst the paclitaxel-resistant cell lineftwi

ICso values of 3.56, 5.75 and 4.9®/, respectively, and were much more potent thanrdfierence

marchantin C (IG= 12.00uM) and ADR (1Go= 15.17uM).

The structure-activity relationships of these namahpounds were analyzed as follows:

Effects of hydroxyl substitutions on areAeB andD: As shown in Table 1, the introduction of a

hydroxyl group at the C-10’ of arerfeled to potent compoun®4 (average 1G = 8.45uM), which

showed improved anticancer activity in four cancell lines compared with marchantin C (average

ICs0 = 13.51uM), and this result is consistent with our antitipa mentioned above. However, a shift

of the hydroxyl group from C-10’to C-11' causedctEased activity (average 4= 17.36uM for

compound53). Compounds5, 86 and 87, with different hydroxyl substitution patterns areneB,

showed a comparable antitumor activity to marcie@ti{average 165=11.37, 11.36 and 12.1é/ for

55, 86 and87, respectively), indicating that the removal orawfuction of a hydroxyl group on areBe

does not provide any obvious effect on the actiwityhen the hydroxyl group was introduced to the

C-4 or C-6 of aren® (compoundss6 and 57), the activity was slightly diminished. All of the

suggest that no potential hydrogen bond acceptpreisent close to arenBsor D, and this finding is

consistent with results of molecular modeling stsddf marchantin C to tubulin.

Table1
In Vitro Cytotoxicity of marchantin C analoguesfime cancer cell lines
Compd 1Go (uM) *
Hela k562 HCC1428 HT29 PC-3/Doc Average

53 16.85+3.92 11.41+2.15 24.98+4.25 16.23+1.20 N/T° 17.36
54 12.52+453 9.86+1.01 3.51+0.44 7.92+1.65 N/T° 8.45
55 12.87+1.02 13.48+1.33 9.64+2.05 9.50+1.91 N/T° 11.37
56 17.77+456 20.1242.11 11.31+1.02 20.00+5.44 N/T° 17.30
57 18.08+1.36 13.69+3.99 16.44+2.96 15.56+1.04 N/T° 15.94
86 12.5442.47 13.96+2.54 5.52+1.09 13.46+2.21 N/T° 11.36
87 14.60+1.02 15.63+1.73 10.04+2.21 8.35+x1.56 N/T° 12.16
88 2.77+0.52  3.36%0.54 1.26+0.16 2.66+0.42  3.56+0.58 .722
89 16.68+1.98 19.54+2.67 13.29+2.66 17.22+3.33 N/T° 16.68
20 12.62+1.75 13.32+1.42 14.24+1.25 11.42+2.01 5.931. 11.42



91 10.35+1.59 5.78+0.74 2.56+0.41  6.80+1.63 6.02+0.686.30

92 5.57+0.73  2.86+0.88 1.09+0.39 4.01+1.01 5.75+1.04 .863
93 16.3943.89 19.44+3.35 21.88+6.98 13.97+2.20 14.6832 17.26
94 1.64+0.14  1.32+0.09 1.40+0.24  1.86+0.99 4.95+1.11 .232
95 15.31+1.02 10.84+1.96 7.02+1.49 13.49+3.39 11.140042. 11.55

Marchantin C ~ 20.2£3.20 11.96+1.77 12.30+4.32 11128& 12.00+2.86 13.51
Adriamycin 1.06+0.21  0.47+#0.09 1.56%0.15 1.46+0.2915.17+1.21 3.94
% The I1G, values (M) are the concentrations corresponding to 50%bitibin of each cell line; Mean
values based on three independent experim&N&E: means not tested.

[Table 1 here]

Effects of the double bond: As shown in Table & diouble bond impacted the cytotoxic activity
positively 64 vs 88) or negatively 86 vs 89) to some extent. Compou8, with a double bond at C-7’
(8, displayed potent anticancer activity, with average I1g, value of 2.724M, being more effective
than54 and five-fold better than the parent marchantid€shown in the molecular modeling studies
below (Fig. 3), the double bond changed the stéwemdcal structure of the bisbibenzyl skeleton and
made the hydroxyl group on areAeloser to the carbonyl group of Thr 353, which ntifacilitate the
formation of a hydrogen bond between the ligand thiedprotein. The double bond at C-7 (8) caused
the diminished activity of compour8d compared witt86, and the resulting stereochemical skeleton
might exhibit weakened fitness as a tubulin-bindiogket.

-

- A i

A X7 4
- ol

Fig. 3. Proposed binding mode of compou88l as green stick model in the colchicine binding sit



(PDB code 1SA0). Hydrogen bonds are shown as dogigtines, and the distance between ligand and
protein is less than 3 A.

[Figure 3 here]

Effects of bromine atom substitutions: A moderagioxicity was observed when areBewas
substituted at the C-4’ position with a brominemattaverage 1§ = 11.42uM for compound90). A
two-fold increase in the activity was observed ampound9l (average 16, = 6.30uM) when the
bromine atom on arenB was relocated to the C-6’ position. In additioompound92, with two
bromine atoms at C-4’ and C-6’ of areBgexhibited excellent anticancer activity, with arerage 16,
value of 3.86uM, three-fold better than the that of the parentrahantin C. To our surprise, the
introduction of bromine atoms at the C-6’ positimm areneB and the C-13 position on are@ded to
the most potent compour@#t (average 1g = 2.23 uM), which demonstrated a six-fold improved
cytotoxic activity compared to marchantin C. Intdhegly, the substitution position of the bromine
atom on aren® was critical for the cytotoxicity because a shiéim 6’-bromo to 4’-bromo resulted in
an obvious decrease in the activity (averagg ¥C17.26uM for 93 compared with 2.23M for 94).
Unexpectedly, the tri-bromination of marchantin id dot significantly enhance the activity, and the
ICs value of95 was 11.55.M, which was comparable to that of marchantin G.tAése suggest that
the addition of bromine at the 6'-position of ard@®és critical for the enhancement of the antitumor
activity, but the tri-bromination or multi-brominah might decrease this contribution.

The further antiproliferative activity of compour@8 in HCC1428 cells was detected by the
XCELLigence system, and vincristine (VCR) was useda positive control. As shown in Fig. 4,
compound88 inhibited HCC1428 cell proliferation within 5 h érdecreased the number of cells
markedly within 20 h, showing a similar role to VCRfter treatment for approximately 60 h, the
effect of 88 was close to that of VCR. The cell growth curvewbd that compouné8 could inhibit

HCC1428 cell proliferation and subsequently indcek death.
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Fig. 4. HCC1428 cells were treated with compous®l as indicated. Cells were then plated 2000
cells/well into E-plate 16 and analyzed using a kOBence RTCA DP instrument. Results are
representatives of three independent experiments.

[Figure 4 here]

2.3.2. Cell cycle analysis

After the antiproliferative activity evaluation, wextended our work to the mechanism study.
Flow cytometry was used to analyze the effectdefrharchantin C analogues on the cell growth and
division. HCC1428 cells was treated with compo88dor 24 h. DMSO was used as a vehicle control,
and VCR was used as a positive control. As showkFign 5, in the vehicle group, 9.17% of the
HCC1428 cells were in the 1 phase. Compoun88 increased the proportion of cells in the/M&
phase, and approximately 64.93% were found in i @hase when treated withy31 compounds8
for 24 h.However, a decline in the {81 population (34.67%) occurred after treatmentv@iM
88, concomitant with a dramatic increase in the sylp@pulation, indicating increased cell death.
These results demonstrate that bisbibenzyl devie®8 could induce cell cycle arrest at the/I@

phase, which is consistent with the results obthfoe classical tubulin-targeting drugs.

Control VCR 1 uM 3 uM 6 UM
Gl: 69.83% f‘u Gl: 4.00% 2 Gl: 8.17% 4 (\ G1:26.27%
S:21.01% 2 1 | S: 13.83% g1 “ﬂ\ S 26.80% | L\ S:39.06%
5 g ] [
G2/M:9.17% G2/M: 82.17% i GUM: 64.93% | G2/M: 34.67%

Number

Channels (FL2-H)
Fig. 5. Compound38 induced HCC1428 cells cycle arrest atNBEphase. HCC1428 cells were treated
with 3uM and @M of compound88 for 24 h, and then trypsinized, fixed and staimgth PI to



measure cell cycle profile by flow cytometry. Carhtcells were treated with DMSO alone. Results are
representatives of three independent experiments.
[Figure 5 here]

2.3.3. Immunofluorescence staining

The significant cell growth inhibitory propertie$ marchantin C analogues supported by their
obvious G/M phase arresting properties encouraged us tiigate the further biological mechanism.
Given the microtubule-depolymerization activity marchantin C in culture cells, we next examined
the effect of compoun@8 on the cytoskeleton network by immunofluorescéaining techniques. The
cellular microtubule networks were visualized bynfozal microscopy. As shown in Fig. 6, intact
microtubules arrays could be observed in untreat#id. However, during treatment with increasing
dosages 088, the microtubule networks were decreased and idisgen the cytoplasm, which was
similar to the result observed withuM VCR treatment. These results indicate #ttould affect the

cellular microtubule dynamics.

DAPI Tubulin Merge

Control

VCR
(1uM)

Cpd. 88
(2 u M)

Cpd. 88
(4 uM)

Fig. 6. HCC1428 cells were treated with compoud®l as indicated for 24 h and then fixed and
immunostained with monoclonal antitubulin antibody (red) and DAPI (blue). One micmar of



Vincristine (VCR) and same amount of DMSO were uasdcontrols. Results are representatives of
three independent experiments. Bar uff)
[Figure 6 here]

2.3.4. Tubulin polymerization inhibition

We next investigated the inhibition of tubulin pwigrization by the selected potent compo88d
and compared it with the results using a positieetml VCR and negative control taxol. DMSO was
used as a blank control. Bovine brain tubulin wasibated with compour8B at concentrations of 5
and 10uM. VCR and taxol were both used at a concentratiodh uM. As shown in Fig. 7, paclitaxel
increased the absorbance obviously and immediatéidicating that it enhanced tubulin
polymerization. In contrast, VCR an88 decreased the absorbance, indicating that thelinubu
polymerization was inhibited. Compoui®® showed stronger inhibition than VCR at the twadds
concentrations. These results clearly indicate tlampound 88 significantly inhibits the

polymerization of tubulinn vitro.
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Fig. 7. Effect of compound8 on tubulin polymerizatiorn vitro. Purified bovine brain tubulin

was incubated in the presence of Taxol, VCR, DM$@n{ol), and compoun88 under the

indicated concentrations at 87 and absorbance readings were recorded everyerfiout h.
[Figure 7 here]

2.4. Molecular modeling

The binding mode of active compou@8 was determined at the colchicine binding siteurulin
using in silico molecular docking protocols. Docking was performesing the GOLD (Genetic
Optimization for Ligand Docking) program. In thesuwdting hypothetical structure (Fig. 3), the

hydroxyl group on aren€ may form a hydrogen bond with the carbonyl grodipSer 178. The



hydroxyl group on aren& is involved in a potential hydrogen bond with taebonyl group of Thr 353.

It is also possible that areri2 forms a CH= interaction with the methyl group of Ala 316. The
combination of the CHe interaction and hydrogen bonds could play a ctucike in the improved
tubulin inhibitory activity of derivative88. In addition, the introduction of a bromine atom t
marchantin C could change the electron distributarthe phenyl rings, which may create a stronger
hydrogen bond with Ser 178 and enable £Hhiteraction with Ala 316, and this might be thasen

for the improved potency of the brominated analsgue
3. Conclusions

In summary, a series of novel marchantin C analeguas designed, synthesized and evaluated
for their antiproliferative activity against fivanthropic cancer cell lines. The structure-activity
relationships were investigated by introducing loygt groups and/or bromine atoms into areAds.
Several novel analogues showed excellent antipralifve activity comparable to that of the positive
control ADR. Those compounds were also effectivairzg) the paclitaxel-resistant cancer cell linee Th
cell cycle analysis and immunofluorescence micrpgcobservations revealed that marchantin C
derivative 88 could arrest cancer cells at the/M& phase by destroying the microtubule networks.
Further mechanism of action studies confirmed ti@tchantin C analogues maintained their ability by
inhibiting tubulin polymerization at the colchichinding site. Molecular modeling provided insights
into the binding mode of marchantin C analogueduipulin. Marchantin C analogues represent a
potent, new class of tubulin inhibitors, and commb88 could serve as lead compounds in the further
optimization for the discovery of novel anticanagents.

4. Experimental section
4.1. Chemistry

Chemicals were commercially available and used eaxived without further purification.
Solvents (THF, DCM and CIEN) were dried and freshly distilled before usecading to procedures
reported in the literaturé&reactions were monitored by thin-layer chromatolgyapising Merck plates
with fluorescent indicator. Column chromatographgsvearried out on silica gel or alumina (200-300
mesh). The NMR spectra were recorded on a BrukectBppin spectrometer at 600 MHXQ NMR at
150 MHz), using TMS as an internal standard. Thendhal shifts are reported in parts per million
(ppm ) referenced to the residu# resonance of the solvent (CRCT.28 ppm). Semi-prep. HPLC:

Agilent 1100-G1310Asopump equipped with @1322Adegasser, &1314A VWDdetector (210 nm)



and aZORBAX SB-¢ column (9.4 x 250 mm, pm). Abbreviations used in the splitting pattern ever

as follows: s=singlet, d=doublet, t=triplet, quinsotet, m=multiplet, and br=broad. Mass spectral
analyses were performed at the Shandong Unive@igmical Analysis Center. All HRMS spectra
(ESI) were obtained on a LTQ Orbitrap mass speatem

4.1.1. Methyl 4-(5-formyl-2-methoxyphenoxy)-2-meghtmenzoateq)

This compound was prepared from methyl 2-methoxlgt@mobenzoat@ (8.55 g, 35.01 mmol)
and 3-hydroxy-4-methoxybenzaldehy#i¢5.31 g, 35.01 mmol) by means of a procedure ambd that
used for 5. After concentration of the solution, the residwas purified by flash column
chromatography (Si§), eluting with a 3:2 solution of petroleum etheGla to afford6 (7.85 g, 71%)
as an orange solid; mp 125-126 *8.NMR (CDCk) & 9.87 (s, 1H), 7.80 (d = 8.7 Hz, 1H), 7.76 (dd,
J=8.4,1.9 Hz, 1H), 7.60 (d,= 1.9 Hz, 1H), 7.15 (d] = 8.4 Hz, 1H), 6.64 (d] = 2.1 Hz, 1H), 6.38
(dd,J = 8.7, 2.2 Hz, 1H), 3.91 (s, 3H), 3.87 (s, 3HBE(S, 3H); MS (ESI) 317 (M+H)

4.1.2. Methyl 4-(5-formyl-2-methoxyphenoxy)-3-meghtmenzoater|

This compound was prepared from 3-hydroxy-4-methexyaldehyde 4) and methyl
4-bromo-3-methoxybenzoat8)(in 69% yield by following the procedure descrilfed6. Yellow solid;
mp 121-122 °C'*H NMR (CDCk) 8 9.83 (s, 1 H), 7.70 (d, = 1.8 Hz, 1 H), 7.69 (s, 1 H), 7.61 (dt&

1.8 Hz, 8.4 Hz, 1 H), 7.42 (d,= 1.8 Hz, 1 H), 7.13 (dl = 8.4 Hz, 1 H), 6.81 (dl = 8.4 Hz, 1 H), 3.95
(s, 3 H), 3.94 (s, 3 H), 3.93 (s, 3 H); MS (ESIy3M+H)".
4.1.3. Methyl 4-(5-(hydroxymethyl)-2-methoxyphej@xgnethoxybenzoat®)(

This compound was prepared from compo6riay following the procedure described &ryield
90%, white solid; mp 85-86 °&4 NMR (600 MHz, CDCJ) & 7.79 (d,J = 8.7 Hz, 1H), 7.22 (dd] =
8.4, 2.1 Hz, 1H), 7.11 (d,= 2.1 Hz, 1H), 7.02 (d] = 8.4 Hz, 1H), 6.64 (d] = 2.3 Hz, 1H), 6.38 (dd]
= 8.7, 2.3 Hz, 1H), 4.65 (s, 2H), 3.87 (s, 3H),73(8, 3H), 3.83 (s, 3H); MS (ESI) 319 (M+H)

4.1.4. Methyl 4-(5-((bromotriphenylphosphoranyl)mg}-2-methoxyphenoxy)-2-methoxybenzoa®e (
This compound was prepared from compo@iy following the procedure described fdr, yield
91%, white solid; mp 233-234 °¢H NMR (CDCk) & 7.77-7.76 (m, 15 H), 7.34-7.32 (m, 2 H), 6.84 (d,

J=7.2Hz,1H), 650 (s, 1 H), 6.46 (s, 1 H),16(d,J = 8.4 Hz, 1 H), 5.44 (d] = 14.4 Hz, 2 H), 3.88
(s, 3H), 3.83 (s, 3 H), 3.75 (s, 3 H); MS (ESIBFM-Br)".
4.1.5. (4-Methoxy-3-(2-methoxyl-4-(methoxycarbgrhghoxy)benzyl)triphenylphos-phonium Bromide

(13)



This compound was prepared from compoufdby following the procedure described fti,
yield 87%, white solid; mp 215-216 °éH NMR (CDCk) & 7.83-7.70 (m, 9 H), 7.67-7.60 (m, 6 H),
7.57 (d,J = 1.8 Hz, 1 H), 7.36 (s, 1 H), 7.03 @z 1.8 Hz, 1 H), 6.91 (dd] = 1.8 Hz, 8.4 Hz, 1 H),
6.87 (d,J = 8.4 Hz, 1 H), 6.79 (d] = 8.4 Hz, 1 H), 5.40 (d] = 14 Hz, 2 H), 3.92 (s, 3 H), 3.89 (s, 3 H),
3.83 (s, 3 H); MS (ESI) 563 (M-B¥)

4.1.6. 3-(2-(1,3-Dioxan-2-yl)phenoxy)benzaldehy® (

A mixture of 2-(1,3-dioxan-2-yl)phenoll4, 10 g, 0.05 mol) [38], 3-bromo-benzaldehydé, (8.8
g, 0.05 mmol), potassium carbonét8.5 g, 0.09 mol) and cupric oxide (0.95 g, 5.9af)nm pyridine
(50 mL) was stirred under reflux for 12 h. The pime was distilled off in vacuo and the residue was
extracted with ethyl acetate (200 mL). The solutieas concentrated and the residue was purified by
flash column chromatograph (A)s), eluting with a 2:1 solution of petroleum ethe€M to afford19
(12.6 g, 81%) as a yellow solid; white solid; m@1230 °C.*H NMR (CDCk) & 9.98 (s, 1H), 7.78 (dd,
J=17.8,1.7 Hz, 1H), 7.66-7.60 (m, 1H), 7.51-7.49 @H), 7.37-7.34 (m, 1H), 7.28-7.24 (m, 2H), 6.92
(dd,J = 8.2, 1.0 Hz, 1H), 5.82 (s, 1H), 4.22 (ddd; 11.9, 4.9, 1.1 Hz, 2H), 3.93 (ddbi= 12.4, 3.9,
2.5 Hz, 2H), 2.28-2.19 (m, 1H), 1.44-1.40 (m, 1H)S (ESI) 285 (M+H)}.

4.1.7. 3-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)ladthezhyde 20)

This compound was prepared from 2-(1,3-dioxan-2ythethoxyphenol 15) and
3-bromo-benzaldehydd ) by following the procedure described f8, yield 86%, white solid; mp
127-128 °C.*H NMR (CDCk) 8 9.95 (s, 1 H), 7.55 (d,= 7.2 Hz, 1 H), 7.43 (] = 7.8 Hz, 1 H), 7.37
(d,J=8.4Hz, 2 H), 7.30 (] = 7.8 Hz, 1 H), 7.15 (d] = 5.4 Hz, 1 H), 7.02 (d] = 7.8 Hz, 1 H), 5.69
(s, 1 H), 4.14 (d) = 7.8 Hz, 2 H), 3.85 ({] = 12.0 Hz, 2 H), 3.74 (s, 3 H), 2.21-2.16 (m, 1 HB7 (d,
J=13.2 Hz, 1 H); MS (ESI) 315 (M+H)

4.1.8. 5-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)-@tmxybenzaldehydal)

This compound was prepared from 2-(1,3-dioxan-26ythethoxyphenol 15) and
5-bromo-2-methoxybenzaldehyd&7) by following the procedure described ft9, yield 80%, white
solid; mp 119-120 °C*H NMR (CDCk) § 10.42 (s, 1 H), 7.37 (s, 1 H), 7.34 (b= 7.5 Hz, 1 H), 7.25
(t,J=7.9 Hz, 1 H), 7.06 (d] = 8.7 Hz, 1 H), 6.99 (d] = 8.0 Hz, 1 H), 6.89 (d] = 8.9 Hz, 1 H), 5.68
(s, 1 H), 4.16-4.14 (m, 2 H), 3.90 (s, 3 H), 3.85)E 11.9 Hz, 2 H), 3.72 (s, 3 H), 2.25-2.14 (m, 1H),
1.36 (d,J = 13.6 Hz, 1 H); MS (ESI) 345 (M+H)

4.1.9. 3-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)-dtmxybenzaldehyd2?)



This compound was prepared from 2-(1,3-dioxan-26ythethoxyphenol 15) and
5-bromo-4-methoxybenzaldehyd#8] by following the procedure described ft9, yield 79%, white
solid; mp 127-128 °C'H NMR (CDCE) & 9.71 (s, 1H), 7.54 (d] = 7.8 Hz, 1H), 7.35 (d] = 7.4 Hz,
1H), 7.28-7.25 (m, 1H), 7.08 (d,= 7.9 Hz, 1H), 7.01-6.99 (m, 2H), 5.71 (s, 1H}2(d,J = 10.8 Hz,
2H), 4.06 (s, 3H), 3.82 (8 = 11.7 Hz, 2H), 3.71 (s, 3H), 2.26-2.09 (m, 1HB41(d,J = 13.3 Hz, 1H);
MS (ESI) 345 (M+H)].

4.1.10. Methyl 4-(5-(3-(2-(1,3-dioxan-2-yl)-6-metliphenoxy)phenethyl)-2-methoxy-phenoxy)-3-
methoxybenzoat@J)

Potassium carbonate (4.45 g, 32.22 mmol) and & w&d8-crown-6 were added to a solution of
13 (10.34 g, 16.11 mmol) an?0 (5.06 g, 16.11 mmol) in anhydrous DCM (50 mL), #lesulting
mixture was stirred under reflux for 24 h. The iubbe material was then filtered off and the fitea
was concentrated to provide the orange oil thatpuaiied by flash column chromatography {8%),
eluting with a 3:1 solution of hexane-dichlorometbdo afford a mixture o/E isomery8.57 g, 89%)
as a yellow oil. Pd/C 10% (0.7 g) and triethylam{é mL) were then added to a solution of isomers
(7.89 g, 13.20 mmol) in ethyl acetate (100 mL). Bhspension was stirred undes fdr 24 h at room
temperature. The mixture was filtered, and conegetr to afford23 (7.54 g, 95%) as a yellow solid;
mp 100-101 °C*H NMR (CDC}k) 8 7.66 (s, 1 H), 7.56 (d}= 8.4 Hz, 1 H ), 7.35 (dl = 7.8 Hz, 1 H),
7.26 (t, dJ=7.8 Hz, 1 H), 6.99 (d] = 8.4 Hz, 2 H), 6.91 (d] = 8.4 Hz, 1 H), 6.84 (s, 1 H), 6.76-6.74
(m, 2 H), 6.68 (dJ=7.8 Hz, 1 H), 6.61 (d] = 8.4 Hz, 1 H), 5.68 (s, 1 H), 4.17-4.14 (m, 2 BRI (s,

3 H), 3.92 (s, 3 H), 3.86-3.82 (m, 2 H), 3.79 ($4)33.71 (s, 3 H), 2.86-2.83 (m, 4 H), 2.21-2.19 (

H), 1.36 (dJ = 13.8 Hz, 1 H); MS (ESI) 623 (M+Na)

4.1.11. Methyl 4-(5-(3-(2-(1,3-dioxan-2-yl)-6-metlgphenoxy)phenethyl)-2-methoxyphenoxy)-2-
methoxybenzoat@4)

This compound was prepared frdra and 20 by following the procedure described 28, yield
82%, white solid; mp 95-96 °CH NMR (CDCk)  7.77 (d,J = 7.8 Hz, 1H ), 7.35 (d] = 7.2 Hz, 1H),
7.24 (t,J=7.8 Hz, 1H), 7.12 ( = 7.8 Hz, 1H), 7.03-6.97 (m, 2H), 6.91 (5 7.8 Hz, 1H), 6.87 (s, 1
H), 6.76-6.74 (m, 2H), 6.68 (d,= 4.8 Hz, 1H), 6.60 (s, 1H), 6.32 (@~ 7.8 Hz, 1H), 5.67 (s, 1H),
4.12 (m, 2H), 3.85 (s, 3H), 3.84 (s, 3H), 3.81-3(80 2H), 3.76 (s, 3H), 3.68 (s, 3H), 2.84 (s, 4H),
2.18-2.16 (m, 1H), 1.33-1.29 (m, 2H); MS (ESI) G®8+Na)".

4.1.12. Methyl 4-(5-(3-(2-(1,3-dioxan-2-yl)phen@ty@nethyl)-2-methoxyphenoxy)benzoa (



This compound was prepared frdihand 19 by following the procedure described 28, yield
75%, white solid; mp 104-105 °GH NMR (CDCk) § 8.02-7.96 (m, 2H), 7.74 (dd,= 7.7, 1.7 Hz,
1H), 7.28-7.25 (m, 1H), 7.23 @,= 7.8 Hz, 1H), 7.17 (td] = 7.6, 0.9 Hz, 1H), 7.00 (dd,= 8.3, 2.1 Hz,
1H), 6.94 (d,J = 8.4 Hz, 1H), 6.90-6.87 (m, 3H), 6.87-6.85 (M) 16184 (d,J = 2.2 Hz, 1H), 6.81 ()
= 1.8 Hz, 1H), 6.79 (ddl = 8.2, 0.9 Hz, 1H), 5.87 (s, 1H), 4.27-4.20 (m) 28195 (td,J = 12.4, 2.5 Hz,
2H), 3.91 (s, 3H), 3.79 (s, 3H), 2.91-2.83 (M, 42{£9-2.21 (m, 1H), 1.45-1.38 (m, 1H); MS (ESI) 563
(M+Na)".

4.1.13. Methyl 4-(5-(3-(2-(1,3-dioxan-2-yl)-6-metlgphenoxy)-4-methoxyphenethyl)-2-methoxy-
phenoxy)benzoatef)

This compound was prepared frdth and 22 by following the procedure described £8, yield
80%, white solid; mp 118-119 °éH NMR (CDCk) & 7.97 (d,J = 8.8 Hz, 2H), 7.34 (d] = 7.8 Hz,
1H), 7.23 (tJ = 8.0 Hz, 1H), 6.95 (d] = 8.1 Hz, 1H), 6.92 (dd] = 8.3, 1.8 Hz, 1H), 6.88 (d,= 8.4
Hz, 1H), 6.84 (t) = 8.2 Hz, 3H), 6.73 (d] = 1.7 Hz, 1H), 6.64 (dd] = 8.1, 1.7 Hz, 1H), 6.38 (d,=
1.7 Hz, 1H), 5.74 (s, 1H), 4.11 (ddi= 11.2, 4.6 Hz, 2H), 3.93 (s, 3H), 3.88 (s, 3HRM(t,J = 11.2
Hz, 2H), 3.73 (s, 3H), 3.66 (s, 3H), 2.68 (s, 4B22-2.11 (m, 1H), 1.31 (d,= 13.3 Hz, 1H); MS (ESI)
623 (M+Nay.

4.1.14. Methyl  4-(5-(5-(2-(1,3-dioxan-2-yl)-6-metliphenoxy)-2-methoxyphenethyl)-2-methoxy-
phenoxy)benzoat@Y)

This compound was prepared frdih and 21 by following the procedure described 28, yield
74%, white solid; mp 99-100 °GH NMR (CDCl) § 7.98 (d,J = 7.0 Hz, 2H), 7.34 (d] = 7.4 Hz, 1H),
7.23 (t,J = 6.0 Hz, 1H), 7.04 (d] = 8.2 Hz, 1H), 6.97 (d] = 8.0 Hz, 1H), 6.94-6.89 (m, 4H), 6.74 (s,
1H), 6.70 (dJ = 8.6 Hz, 1H), 6.63 (d = 5.7 Hz, 1H), 5.69 (s, 1H), 4.25-4.08 (m, 2HP®(S, 3H),
3.85 (t,J = 12.2 Hz, 2H), 3.78 (s, 3H), 3.75 (s, 3H), 3.03H), 2.85-2.81 (m, 4H), 2.27-2.13 (m, 1H),
1.36 (d,J = 13.1 Hz, 1H) ; MS (ESI) 623 (M+N#)

4.1.15.  (4-(5-(3-(2-(1,3-Dioxan-2-yl)-6-methoxypbey)phenethyl)-2-methoxyphenoxy)-2-methoxy-
phenyl)methanol29)

A solution of24 (13.11 g, 23.72 mmol) in anhydrous THF (25 mL) veakled dropwise to a
stirred suspension of lithium aluminum hydride BLg; 46.07 mmol) in anhydrous THF (30 mL). The
resulting mixture was stirred at room temperatwe 2.5 h and carefully hydrolysed with sat aq

ammonium chloride (10 mL). THF was removed in vaand the resulting mixture was diluted with



DCM (100 mL), washed with saturated aqueous NaCIni2. x 3) and dried over sodium sulfate. The
solvent was removed in vacuo and the residue wafigolby flash chromatography (SiDeluting
with DCM to yield29 (12.30g, 88%), colorless ofti NMR (CDCL) & 7.36 (d,J = 6.9 Hz, 1H), 7.23 (t,
J=8.0 Hz, 1H), 7.15 (d] = 8.2 Hz, 1H), 7.12 (] = 7.8 Hz, 1H), 6.96 (d] = 8.2 Hz, 1H), 6.94 (dd]

= 8.4, 1.7 Hz, 1H), 6.90 (d,= 8.3 Hz, 1H), 6.83 (d] = 1.7 Hz, 1H), 6.79 — 6.72 (m, 2H), 6.68 (dd;
8.1, 1.7 Hz, 1H), 6.61 (d] = 2.0 Hz, 1H), 6.35 (dd] = 8.2, 2.1 Hz, 1H), 5.68 (s, 1H), 4.61 (s, 2H),
4.11 (ddJ = 11.3, 4.4 Hz, 2H), 3.81-3.79 (m, 2H), 3.78 (d),33.76 (s, 3H), 3.67 (s, 3H), 2.83 (s, 4H),
2.17-2.14 (m, 1H), 1.59 -1.30 (m, 1H); MS (ESI) §k8+H)".

4.1.16. (4-(5-(3-(2-(1,3-Dioxan-2-yl)phenoxy)phénydi 2-methoxyphenoxy)phenyl)methargfl) (

This compound was prepared frdth by following the procedure described 28, yield 83%,
colorless oil;'H NMR (CDCk) & 7.74 (ddJ = 7.7, 1.7 Hz, 1H), 7.30-7.28 (m, 3H), 7.28-7.8% (H),
7.22 (t,J = 7.8 Hz, 1H), 7.16 (tdJ = 7.6, 0.9 Hz, 1H), 6.92 (d, = 1.1 Hz, 2H), 6.90-6.88 (m, 2H),
6.86-6.82 (m, 1H), 6.81-6.78 (m, 1H), 6.77 (dd= 9.7, 1.1 Hz, 2H), 5.87 (s, 1H), 4.65 (s, 2H),
4.26-4.19 (m, 2H), 3.95 (td,= 12.4, 2.4 Hz, 2H), 3.83 (s, 3H), 2.90-2.76 (1H)42.31-2.16 (m, 1H),
1.45-1.39 (m, 1H); MS (ESI) 513 (M+H)

4.1.17. (4-(5-(5-(2-(1,3-Dioxan-2-yl)-6-methoxypbey)-2-methoxyphenethyl)-2-methoxyphenoxy)
phenyl)methanol3R)

This compound was prepared frdta by following the procedure described 28, yield 79%,
colorless oil;'H NMR (CDCL) § 7.34-7.28 (m, 3H), 7.23 (§,= 7.7 Hz, 1H), 6.97 (d] = 5.9 Hz, 2H),
6.92-6.90 (m, 3H), 6.83 (s, 1H), 6.73 (s, 1H), 662 = 8.7 Hz, 1H), 6.60 (d] = 8.5 Hz, 1H), 5.67 (s,
1H), 4.63 (s, 2H), 4.14 (d,= 10.1 Hz, 2H), 3.84-3.82 (m, 2H), 3.81 (s, 3HY4(s, 3H), 3.69 (s, 3H),
2.81-2.79 (m, 4H), 2.25-2.10 (m, 1H), 1.35J¢ 12.8 Hz, 1H); MS (ESI) 573 (M+H)

4.1.18. 2-(3-(3-(4-(Hydroxymethyl)-3-methoxyphepabynethoxyphenethyl)phenoxy)-3-methoxy-
benzaldehyde3d)

Compound?9 (12.33g, 21.5mmol) was dissolved in a solutioretbfanol (100 mL) and 10 % aq
HCI (20 mL). The resulting mixture was then stirr@adroom temperature for 12 h. Sat agq sodium
bicarbonate (150 mL) was added and the ethnol wawved in vacuo. The resulting mixture was
extracted with CHCl, (200 mL), washed with saturated aqueous NaCl (25 mL x &) dxied over
sodium sulfate. The solution was concentrated etdyd4 (9.64 g, 87%) as white solid; mp 86-87 °C.

'H NMR (600 MHz, CDCJ) & 10.26 (d,J = 0.8 Hz, 1H), 7.57 (dd] = 7.8, 1.5 Hz, 1H), 7.33 (td,=



8.0, 0.7 Hz, 1H), 7.28-7.23 (m, 2H), 7.17Xt 7.9 Hz, 1H), 6.91 (d] = 8.3 Hz, 1H), 6.88 (dd] = 8.3,
2.0 Hz, 1H), 6.84 (dJ = 7.7 Hz, 1H), 6.82 (d] = 2.0 Hz, 1H), 6.70 () = 2.4 Hz, 1H), 6.68-6.64 (m,
1H), 6.62 (dJ = 2.3 Hz, 1H), 6.39 (dd] = 8.3, 2.3 Hz, 1H), 4.51 (s, 2H), 3.85 (s, 3HRM®(S, 3H),
3.79 (s, 3H), 2.8-2.79 (m, 4H); MS (ESI) 515 (M+H)

4.1.19. 2-(3-(3-(4-(Hydroxymethyl)phenoxy)-4-meiipirenethyl)phenoxy)benzaldehyd®) (

This compound was prepared frd@ by following the procedure described 84, yield 89%,
white solid; mp 90-91 °CH NMR (CDCk) 6 10.50 (s, = 2.3 Hz, 1H), 7.94 (dd] = 7.8, 1.8 Hz, 1H),
7.51 (ddd,J = 8.4, 7.3, 1.8 Hz, 1H), 7.30-7.28 (m, 3H), 7.2357(m, 1H), 6.97 (dJ = 7.5 Hz, 1H),
6.92 (s, 2H), 6.91-6.87 (m, 3H), 6.84-6.79 (m, 261Y5 (s, 1H), 4.66 (s, 2H), 3.83 (s, 3H), 2.9122.8
(m, 4H); MS (ESI) 455 (M+H)

4.1.20. 2-(3-(3-(4-(hydroxymethyl)phenoxy)-4-mefipbenethyl)-4-methoxyphenoxy)-3-methoxy-
benzaldehyde3y)

This compound was prepared fr@2 by following the procedure described 84, yield 92%,
white solid; mp 94-95 °CtH NMR (DMSO-dg) 8 10.23 (s, 1 H), 7.54 (dl = 7.2 Hz, 1 H), 7.30-7.27
(m, 4 H), 7.23 (dJ = 7.8 Hz, 1 H), 6.91-6.90 (m, 3 H), 6.81 (s, 1 6157 (d,J = 8.4 Hz, 1 H), 6.65 (s,
1 H), 6.60-6.58 (m, 1 H), 4.65 (s, 2 H), 3.82 (H33.77 (s, 3 H), 3.78 (s, 3 H), 2.82-2.78 (nki}
MS (ESI) 515 (M+Hj.

4.1.21. (4-(5-(3-(2-Formyl-6-methoxyphenoxy)pheyig®-methoxyphenoxy)-3-methoxybenzyl)
triphenylphosphonium bromidag)

Compound33 (5.32 g, 10.35 mmol) and triphenylphosphonium bdem(3.72 g, 10.86 mmol)
was dissolved in anhydrous @EN (50 mL), the resulting mixture was then refluxied 3 h, the
solvent was removed in vacuo and the residue wagiguliby silica gel column chromatography,
eluting with 5% ethanol in dichloromethane, to 8B as white solid (8.12 g, 89%); mp 235-236 °C.
'H NMR (CDCk) & 7.77-7.63 (m, 15 H), 7.53 (d,= 7.8 Hz, 1 H), 7.31 () = 7.8 Hz, 1 H), 7.27 (] =
7.8 Hz, 1 H), 7.11 () = 7.8 Hz, 1 H), 7.02 (s, 1 H), 6.83 (#ix 8.4 Hz, 1 H), 6.80 (d] = 8.4 Hz, 2 H),
6.65 (s, 1 H), 6.61-6.59 (m, 2 H), 6.51 (s, 2 H415(d,J = 7.8 Hz, 2 H), 3.81 (s, 3 H), 3.76 (s, 3 H),
2.77 (s, 4 H); MS (ESI) 759 (M-B¥)

4.1.22. 2-(3-(3-(4-((Bromotriphenylphosphoranyl)ma}-3-methoxyphenoxy)-4-methoxyphenethyl)
phenoxy)-3-methoxybenzaldehyd®) (

This compound was prepared fr@4 by following the procedure described 188, yield 90%,



white solid; mp 221-222 °GH NMR (CDCk) § 10.23 (s, 1H), 7.80-7.71 (m, 9H), 7.67-7.63 (m),6H
7.54 (ddJ=7.7, 1.7 Hz, 1H), 7.33 (§,= 7.9 Hz, 1H), 7.31-7.28 (m, 2H), 7.14Jt 7.8 Hz, 1H), 6.88
(d,J = 1.1 Hz, 2H), 6.83 (d] = 7.6 Hz, 1H), 6.74 (s, 1H), 6.66-6.64 (m, 1HEB(dd,J = 8.5, 2.9 Hz,
1H), 6.36 (dJ = 2.2 Hz, 1H), 6.21 (dd] = 8.2, 2.0 Hz, 1H), 5.25 (d,= 13.4 Hz, 2H), 3.81 (s, 3H),
3.79 (s, 3H), 3.17 (s, 3H), 2.87-2.76 (m, 4H); NES() 759 (M-Br}.

4.1.23. 2-(3-(3-(4-((Bromotriphenylphosphoranyl) mgiphenoxy)-4-methoxyphenethyl)phenoxy)
benzaldehydelQ)

This compound was prepared fra@8 by following the procedure described 88, yield 85%,
white solid; mp 230-231 °GH NMR (CDClk) & 10.49 (s, 1H), 7.92 (d, = 7.8 Hz, 1H), 7.79-7.74 (m,
9H), 7.67-7.63 (m, 6H), 7.57 @,= 7.4 Hz, 1H), 7.52-7.48 (m, 3H), 7.29Jt= 7.5 Hz, 1H), 7.18 ()
= 7.5 Hz, 1H), 7.04 (ddl = 8.7, 2.5 Hz, 2H), 6.97 (d,= 7.6 Hz, 1H), 6.91-6.84 (m, 3H), 6.81-6.76 (m,
2H), 5.40 (dJ = 13.8 Hz, 2H), 3.80 (s, 3H), 2.88-2.80 (m, 4H)SNESI) 699 (M-Br).

4.1.24. 2-(3-(3-(4-((Bromotriphenylphosphoranyl)mgtphenoxy)-4-methoxyphenethyl)-4-methoxy-
phenoxy)-3-methoxybenzaldehyd2) (

This compound was prepared fr@m by following the procedure described 88, yield 92%,
white solid; mp 244-245 °CH NMR (CDCk) § 9.95 (s, 1H), 7.75-7.69 (m, 9H), 7.60-7.58 (m, 6H)
7.55 (dtJ = 7.5, 1.2 Hz, 1H), 7.49 (8,= 7.8 Hz, 1H), 7.33 (dd] = 2.5, 1.4 Hz, 1H), 7.22 (ddd= 8.1,
2.6, 1.0 Hz, 1H), 7.20 (d = 8.5 Hz, 1H), 6.96-6.91 (m, 2H), 6.82 M= 8.4 Hz, 1H), 6.80-6.74 (m,
2H), 6.59 (d,J = 8.5 Hz, 2H), 6.26 (] = 2.1 Hz, 1H), 5.29 (d] = 13.8 Hz, 2H), 3.81 (s, 3H), 3.78 (s, 3
H), 3.79 (s, 3H), 2.87-2.79 (m, 4H); MS (ESI) 758-Br)".

4.1.25. Macrocycle (stilbene bridge3)

A solution of phosphonium saB8 (2.58 g, 3.07 mmol) in anhydrous dichloromethahB0(
mL/mmol) was added dropwise (5 h/mmol) to a susipaensf sodium methoxide (1.35 g, 24.6 mmol)
in anhydrous dichloromethane (50 mL/mmol). The tieacmixture was stirred for 15 h at room
temperature. Insoluble material was filtered dfg solvent was removed in vacuo and the residue was
purified by silica gel column chromatography, efgtiwith dichloromethane, to provide the compound
43 as white solid (1.19 g, 81%); mp 155-156 *8.NMR (CDCk) & 7.23 (t,J = 7.8 Hz, 1 H), 7.11 (d,
J=7.2Hz, 1H), 7.00 (d) = 7.2 Hz, 1 H), 6.94 (d) = 8.4 Hz, 2 H), 6.88 (dJ = 7.2 Hz, 2 H),
6.81-6.79 (m, 2 H), 6.75 (d,= 7.8 Hz, 1 H), 6.65 (d] = 16.2 Hz, 1 H), 6.57-6.55 (m, 2 H), 6.15 {d,

= 7.8 Hz, 1 H), 5.72 (s, 1 H), 3.98 (s, 3 H), 3(823 H), 3.74 (s, 3 H), 3.04-2.83 (m, 4 H); MS (ES



503 (M+Nay}.
4.1.26. Macrocycle (stilbene bridgei)

This compound was prepared fra@f by following the procedure described #3, yield 83%,
white solid; mp 149-156C. *H NMR (CDCk) 8 7.25 (d,J = 7.6 Hz, 1 H), 7.22 () = 7.6 Hz, 1 H),
7.15 (ddJ = 1.6 Hz,J = 7.6 Hz, 1 H), 6.97 (ddl = 1.6 Hz,J = 7.6 Hz, 1 H), 6.95-6.92 (m, 2 H ), 6.88
(d,J=8.0 Hz, 1 H), 6.84 (d] = 8.0 Hz, 1 H), 6.80 (ddl = 1.6 Hz,J = 7.6 Hz, 1 H), 6.59 (dd] = 2.0
Hz,J = 8.4 Hz, 1 H), 6.53 (d] = 7.2 Hz, 1 H), 6.51-6.47 (m, 2H), 6.19 (dds 1.6 Hz,d = 7.6 Hz, 1
H), 5.72 (d,J = 2.0 Hz, 1 H), 3.98 (s, 3H), 3.91 (s, 3H), 3.69%H), 3.11-2.81 (m, 4H}*C NMR
(CDCly) 6 158.5, 157.9, 156.0, 152.7, 150.3, 146.7, 142495, 135.2, 132.8, 131.2, 128.4, 127.9,
126.6, 126.2, 125.4, 121.9, 119.6, 118.2, 116.9,41114.7, 113.0, 111.7, 111.6, 105.4, 56.3, 56.2,
55.5, 34.4, 31.3. MS (ESI) 481 (M+H)

4.1.27. Macrocycle (stilbene bridges)

This compound was prepared frafa by following the procedure described #3, yield 80%,
white solid; mp 180-181 °GH NMR (CDCk) & 7.48 (dd,J = 1.2 Hz,J = 3.2 Hz, 1 H ),7.34 (td] =
1.2 Hz,J = 7.6 Hz, 1 H), 7.27-7.23 (m, 1 H), 7.20 (dds 1.2 Hz,J = 8.0 Hz, 1 H), 7.15 (d] = 8.4 Hz,

2 H), 6.91 (dJ = 8.4 Hz, 2 H), 6.87-6.83 (m, 3 H), 6.78 (dds 2.0 Hz,0 = 8.4 Hz, 1 H), 6.63 (d] =
16 Hz, 1 H), 6.51 (d) = 7.6 Hz, 1 H), 6.42 (d] = 16 Hz, 1 H), 6.09 (dd] = 2.4 Hz,J = 8.4 Hz, 1 H),
5.68 (d,J = 2.0 Hz, 1 H), 3.96 (s, 3 H), 2.99-2.88 (m, 4 H, NMR (CDCE) 5 158.9, 155.2, 152.7,
150.4, 146.8, 143.0, 137.5, 135.1, 131.9, 131.5,2,3.30.9, 128.8, 128.6, 126.9, 126.4, 125.3,8,22.
122.5,121.9, 119.4, 116.8, 114.6, 113.1, 111.2,58.0, 30.7; MS (ESI) 421 (M+H)

4.1.28. Macrocycle (stilbene bridge)g)

This compound was prepared frath by following the procedure described #3, yield 86%,
white solid; mp 174-178C. *H NMR (CDCk) 6 7.16 (d,J = 8.5 Hz, 2H), 7.11 (] = 7.9 Hz, 1H), 7.02
(dd,J =7.7, 1.3 Hz, 1H), 6.96-6.91 (m, 3H), 6.88 Jds 8.2 Hz, 1H), 6.81 (dd] = 8.2, 2.0 Hz, 2H),
6.64 (d,J = 15.9 Hz, 1H), 6.56-6.53 (m, 2H), 6.46-6.44 (1H)15.70 (d,J = 2.0 Hz, 1H), 3.99 (s, 3H),
3.93 (s, 3H), 3.53 (s, 3H), 3.03-2.95 (m, 2H), 22889 (m, 2H);*C NMR (151 MHz, CDG)) 5 155.1,
151.0, 150.6, 147.3, 147.2, 146.3, 143.7, 137.2,6,3.33.9, 131.3, 130.1, 130.0, 127.0, 123.7,Q,23.
121.7, 119.7, 119.2, 117.9, 114.0, 113.0, 111.64,41156.6, 56.4, 56.2, 31.3, 29.2; MS (ESI) 481
(M+H)*.

4.1.29. Macrocycle (stilbene bridge)7)



This compound was prepared frat by following the procedure described 8, yield 76%,
white solid; mp 203-204 °CH NMR (CDCk) 8 7.39 (d,J = 8.4 Hz, 2 H ), 7.22-7.20 (m, 2 H), 7.05 (d,
J=8.4 Hz, 2 H), 7.01-6.97 (m, 2 H), 6.89-6.86 @H), 6.83 (d]J = 7.8 Hz, 1 H), 6.75 (ddl = 1.8 Hz,
J=7.8Hz, 1 H), 6.55 (d] = 9.0 Hz, 1 H), 6.46 (dd), = 2.4 Hz,J = 8.4 Hz, 1 H), 5.36 (d] = 1.8 Hz, 1
H), 3.97 (s, 3 H), 3.93 (s, 3 H), 3.57 (s, 3 HE®R2.58 (m, 4 H)**C NMR (CDCE) & 155.5, 152.6,
1255, 151.8, 150.4, 146.0, 142.7, 137.7, 136.0,2013132.1, 130.5, 130.0, 127.0, 125.0, 122.8,8,20.
118.8, 116.9, 115.6, 113.9, 111.1, 110.9, 110.8,55.4, 52.9, 35.0, 33.1; MS (ESI) 481 (M+H)
4.1.30. Macrocyclic derivativelg)

Palladium on activated carbon (10% Pd, 480 mg) weded to a solution of compouad (4.80
g, 10 mmol) in ethyl acetate (150 mL). The suspmnsias stirred under Hfor 24 h at room
temperature. The reaction mixture was filtered, #mg solution was concentrated to provide the
compound48 as a white solid (4.70 g, 95%); mp 166-167 ¥€NMR (CDCL) 5 7.24 (t,J= 7.8 Hz, 1
H), 7.11 (dJ = 7.2 Hz, 1 H), 6.90 (] = 7.2 Hz, 1 H), 6.85 (d] = 7.8 Hz, 2 H), 6.78 (d] = 7.8 Hz, 1
H), 6.62 (s, 2 H), 6.59 (d,= 7.8 Hz, 1 H), 6.50 (d] = 7.2 Hz, 1 H), 6.43 (d] = 7.8 Hz, 1 H), 6.29 (d,
J=7.8Hz, 1 H),5.47 (s, 1 H), 3.92 (s, 3 H), 3(693 H), 3.61 (s, 3 H), 3.07-3.05 (m, 4 H), 2(862
H), 2.78 (s, 2 H),lsC NMR (CDCE) 6 158.0, 152.3, 151.4, 147.6, 146.4, 142.0, 14140,9, 140.1,
136.6, 133.4, 127.9, 125.3, 123.2, 122.4, 122.3,21220.8, 115.0, 114.8, 112.8, 111.8, 111.4,1110.
56.0, 55.7, 55.6, 36.5, 36.4, 34.6, 30.2; MS (B85 (M+NaJ.

4.1.31. Macrocyclic derivativel9)

This compound was prepared frad by following the procedure described #8, yield 96%,
white solid; mp 155-158C. *H NMR (CDCk) 6 7.21 (t,J = 8.0 Hz, 1H), 7.11 (ddl = 7.9, 1.4 Hz, 1H),
6.92 (t,J = 8.0 Hz, 1H), 6.87 (d] = 8.2 Hz, 1H), 6.84 (dd] = 8.1, 2.1 Hz, 2H), 6.80 (dd,= 8.2, 2.0
Hz, 1H), 6.63 (tJ = 2.2 Hz, 1H), 6.43 (dd] = 8.2, 2.0 Hz, 1H), 6.38-6.30 (m, 2H), 6.19 (dd; 8.0,
2.2 Hz, 1H), 5.64 (dJ = 2.0 Hz, 1H), 3.93 (s, 3H), 3.69 (s, 3H), 3.643H), 3.02 (s, 4H), 2.91-2.89
(m, 2H), 2.80-2.78 (m, 2H)':3C NMR (151 MHz, CDGJ) 6 158.3, 157.6, 153.9, 152.3, 148.3, 146.7,
141.9, 141.1, 137.5, 133.7, 130.6, 128.1, 127.5,2.222.6, 122.0, 121.6, 116.0, 115.2, 113.1,0112.
111.6, 110.0, 104.6, 56.1, 55.8, 55.2, 36.1, 303, 28.9; MS (ESI) 505 (M+N&)

4.1.32. Macrocyclic derivatives()
This compound was prepared frata by following the procedure described 8, yield 95%,

white solid; mp 178-179 °C'H NMR (CDCl) § 7.43-7.38 (m, 1H), 7.12 (,= 7.9 Hz, 1H), 7.10-7.07



(m, 2H), 7.05-7.02 (m, 2H), 6.89 (d= 8.2 Hz, 1H), 6.81-6.78 (M, 1H), 6.78-6.73 (M,)26172-6.66
(m, 3H), 6.55-6.51 (m, 1H), 6.06 (d,= 2.0 Hz, 1H), 5.54 (s, 1H), 3.90 (s, 3H), 3.1933(m, 2H),
3.06-3.00 (M, 2H), 2.95-2.91 (m, 2H), 2.87-2.79 &H); °C NMR (151 MHz, CDGJ) § 155.9, 154.8,
153.8, 145.4, 144.3, 143.0, 137.9, 133.3, 131.9,413130.0, 129.3, 126.7, 123.6, 123.4, 122.7,1120.
118.9, 116.6, 116.5, 116.4, 115.0, 37.1, 35.6,,BD3; MS (ESI) 445 (M+N&)

4.1.33. Macrocyclic derivatives])

This compound was prepared fra#a by following the procedure described 48, yield 98%,
white solid; mp 145-148C. *H NMR (CDCk) § 7.19 (t,J = 7.9 Hz, 1H), 7.15 (dd} = 7.8, 1.4 Hz, 1H),
6.94 (d,J = 8.6 Hz, 2H), 6.86 (d] = 8.3 Hz, 1H), 6.82 (ddd, = 10.2, 8.1, 1.7 Hz, 2H), 6.76 (= 8.3
Hz, 1H), 6.53 (dJ = 8.4 Hz, 2H), 6.47 (dd] = 8.3, 1.9 Hz, 1H), 6.18 (d,= 2.0 Hz, 1H), 5.87 (d] =
1.9 Hz, 1H), 3.97 (s, 3H), 3.90 (s, 3H), 3.75 (4),33.09-2.90 (m, 4H), 2.89-2.47 (m, 4HjC NMR
(151 MHz, CDC}) 6 153.4, 152.7, 148.0, 146.9, 146.8, 146.7, 14236,6, 135.1, 133.2, 132.2, 129.4,
125.0, 121.9, 121.5, 120.6, 120.2, 116.1, 115.7,91111.5, 110.3, 56.3, 56.1, 55.8, 34.0, 33.00,31
27.9; MS (ESI) 505 (M+N4)

4.1.34. Macrocyclic derivativesg)

This compound was prepared fraia by following the procedure described #8, yield 97%,
white solid; mp 156-157C. 'H NMR (CDCk) 5 7.21 (t,J = 8.0 Hz, 1H), 7.08 (dd] = 7.8, 1.3 Hz, 1H),
7.01 (d,J = 8.4 Hz, 2H), 6.85 (ddl = 11.7, 4.7 Hz, 2H), 6.81 (dd,= 8.2, 2.0 Hz, 1H), 6.73 (d,= 8.4
Hz, 2H), 6.71 (dJ = 3.1 Hz, 1H), 6.45 (d] = 8.9 Hz, 1H), 6.24 (dd] = 8.9, 3.1 Hz, 1H), 5.49 (d,=
1.9 Hz, 1H), 3.93 (s, 3H), 3.67 (s, 3H), 3.26 (4),33.07-2.98 (m, 4H), 2.83-2.69 (m, 4HJC NMR
(151 MHz, CDC}) 8 152.7, 152.5, 152.4, 151.9, 148.4, 146.6, 14139,4,, 137.0, 134.6, 131.0, 129.6,
125.1, 122.7, 122.0, 121.6, 117.1, 115.7, 111.4,5,1110.9, 110.4, 56.2, 55.9, 55.8, 36.4, 36.10,31
30.6; MS (ESI) 505 (M+N4)

4.1.35. Macrocyclic derivativesg)

A solution of boron tribromide (6.31 g, 25.22 mmisl)anhydrous dichloromethane (20 mL) was
added dropwise to a stirred solution of compoudftl (1.52 g, 3.15 mmol) in anhydrous
dichloromethané20 mL) at -78 °C. The reaction mixture was stireed78 °C for 3 h, and then was
allowed to warm up to room temperature within 1Z'he ice-cold water was added, and the reaction
mixture was stirred vigorously for 1 h. The solatiwvas then diluted with dichloromethane (50 mL),

washed with saturated aqueous NaCl (20 mL x 3)dret over sodium sulfate. The solution was



concentrated, and the residue was purified byasitiel column chromatography, eluating with
dichloromethane, to provide compouB8 as white solid (1.26 g, 91%); mp 161-162 ‘6. NMR
(CDCly) 8 7.18 (t,J = 7.9 Hz, 1H), 7.03 (d] = 6.5 Hz, 1H), 6.98 () = 7.9 Hz, 1H), 6.92 (d] = 8.1
Hz, 1H), 6.89 (d,J = 8.0 Hz, 1H), 6.80 (dd] = 8.1, 1.8 Hz, 1H), 6.71 (s, 1H), 6.66 (s, 1H5566.45
(m, 3H), 6.29 (dJ = 7.5 Hz, 1H), 5.50 (dJ = 1.7 Hz, 1H), 5.05 (s, 1H), 4.82 (s, 1H), 3.004H),
2.86-2.78 (m, 4H),13C NMR (CDCk) 6 156.8, 148.6, 147.4, 144.8, 143.2, 142.9, 14139,6, 139.0,
136.2, 133.2, 128.9, 126.1, 123.7, 123.2, 122.1,82121.0, 116.7, 115.5, 115.4, 115.0, 114.4,8111.
36.3, 35.9, 34.7, 30.4; MS (ESI) 463 (M+NaHRMS calcd for GsH,,OsNa 463.1516, found:
463.1510 (M+Nd).

4.1.36. Macrocyclic derivativesd)

This compound was prepared fratf by following the procedure described 68, yield 88%,
white solid; mp 140-143C. *H NMR (CDCk) § 7.19 (t,J = 7.9 Hz, 1H), 7.08 (dd} = 7.8, 1.4 Hz, 1H),
6.97 (t,J = 7.9 Hz, 1H), 6.90 (ddl = 8.1, 2.8 Hz, 3H), 6.76 (dd,= 8.1, 1.9 Hz, 1H), 6.72 (s, 1H), 6.53
(dd,J = 8.1, 2.3 Hz, 1H), 6.38 (d,= 7.6 Hz, 1H), 6.24 (d] = 8.1 Hz, 1H), 6.22 (d] = 2.0 Hz, 1H),
5.56 (d,J = 2.1 Hz, 1H), 5.56 (s, 1H), 4.96 (s, 1 H), 4.901(H), 3.12-2.94 (m, 4H), 2.90-2.86 (m, 2H),
2.82-2.69 (m, 2H)**C NMR (151 MHz, CDCJ) 5 156.8, 153.8, 153.5, 148.7, 145.9, 143.3, 143.1,
139.7, 136.6, 132.8, 131.3, 128.9, 126.3, 125.3,6,222.5, 121.9, 115.7, 115.5, 115.0, 114.7,913.
111.6, 109.2, 36.1, 34.5, 30.3, 29.4; MS (ESI) 4d3Na)"; HRMS calcd for GgH,,OsNa 463.1516,
found: 463.1510 (M+N4)

4.1.37. Macrocyclic derivativesh)

This compound was prepared frd@ by following the procedure described 168, yield 86%,
white solid; mp 139-146C. 'H NMR (CDCk) & 7.44-7.39 (m, 1H), 7.14-7.07 (m, 3H), 7.02J¢; 8.3
Hz, 2H), 6.86 (dJ) = 8.3 Hz, 1H), 6.84-6.79 (m, 2H), 6.77 (dds 8.1, 1.9 Hz, 1H), 6.70 (d,= 8.3 Hz,
2H), 6.63 (dJ = 7.6 Hz, 1H), 6.57 (d] = 1.7 Hz, 1H), 6.02 (d] = 2.0 Hz, 1H), 3.17-3.11 (m, 2H),
3.05-2.98 (M, 2H), 2.96-2.90 (M, 2H), 2.86-2.79 AH); °C NMR (151 MHz, CDGJ) § 156.2, 154.6,
154.1, 147.8, 147.7, 142.9, 137.3, 133.8, 132.3,4,3129.8, 129.1, 126.7, 123.6, 122.9, 122.5,4120.
118.6,117.4, 116.9, 116.1, 112.0, 56.1, 37.2,,3818%, 30.2; MS (ESI) 409 (M+H)HRMS calcd for
CusH0603N1 426.2068 found: 426.2064 (M+NH.

4.1.38. Macrocyclic derivatives6)

This compound was prepared frdsh by following the procedure described 168, yield 90%,



white solid; mp 225-228C.*H NMR (CDCk) & 7.21 (t,J = 7.9 Hz, 1H), 7.13 (ddl = 7.8, 1.4 Hz, 1H),
6.95 (d,J = 8.6 Hz, 2H), 6.92 (dd] = 8.0, 1.8 Hz, 1H), 6.90 (d,= 8.2 Hz, 1H), 6.88 (d] = 8.2 Hz,
1H), 6.78 (dd,) = 8.2, 2.0 Hz, 1H), 6.55 (dd,= 8.5, 2.0 Hz, 3H), 6.25 (d,= 1.8 Hz, 1H), 5.85 (d] =

1.9 Hz, 1H), 5.73 (s, 1H), 5.46 (s, 1H), 5.04 (4),13.16-3.09 (m, 4H), 2.98-2.96 (m, 2H), 2.76-2.74
(m, 2H);13C NMR (151 MHz, CDGJ) § 153.4, 148.9, 145.6, 143.5, 143.4, 143.2, 14(86,8, 133.7,
132.7, 132.3, 129.5, 126.3, 123.0, 122.0, 121.0,3,2115.3, 115.2, 115.1, 114.4, 114.3, 33.2, 32.4,
30.3, 28.6; MS (ESI) 463 (M+N§) HRMS calcd for GgH,,OsNa 463.1516, found: 463.1510
(M+Na)".

4.1.39. Macrocyclic derivativesy)

This compound was prepared frdsh by following the procedure described 68, yield 90%,
white solid; mp 124-128C. *H NMR (CDCk) § 7.18 (t,J = 7.9 Hz, 1H), 7.04 (ddl = 7.8, 1.4 Hz, 1H),
7.01 (d,J = 8.3 Hz, 2H), 6.94 (d] = 8.0 Hz, 1H), 6.90 (dd] = 8.0, 1.5 Hz, 1H), 6.82 (dd,= 8.1, 2.0
Hz, 1H), 6.75 (dJ = 3.1 Hz, 1H), 6.70 (d] = 8.2 Hz, 2H), 6.50 (d] = 8.7 Hz, 1H), 6.31 (dd] = 8.7,
3.1 Hz, 1H), 5.62 (s, 1H), 5.41 (d,= 1.9 Hz, 1H), 4.96 (s, 1H), 3.54 (s, 1H), 3.0863(m, 2H),
3.00-2.92 (m, 2H), 2.80-2.69 (m, 4HJC NMR (151 MHz, CDCJ) § 152.2, 150.9, 149.4, 148.8, 146.7,
143.9, 140.1, 139.8, 136.5, 132.4, 129.8, 129.8,11222.2, 122.0, 121.4, 117.4, 116.8, 115.5,4115.
114.3, 112.3, 36.1, 35.9, 31.6, 30.8; MS (ESI) #4d3Na)"; HRMS calcd for GgH,,OsNa 463.1516,
found: 463.1510 (M+N4)

4.1.40. 2-(3-(1,3-Dioxan-2-yl)phenoxy)-5-methoxyadtehyde §6)

This compound was prepared from 2-bromo-5-methonzblelehyde €3) and
3-(1,3-dioxan-2-yl)phenol66) in 74% vyield by following the procedure descrilfed 6, white solid;
mp 123-124 °C*H NMR (CDCk) 5 10.40 (s, 1H), 7.41 (s, 1H), 7.35 (b= 7.4 Hz, 1H), 7.18 (s, 1H),
7.13 (d,J = 5.9 Hz, 1H), 6.98 (d] = 8.5 Hz, 1H), 6.94 (d] = 9.0 Hz, 1H), 6.86 (s, 1H), 5.49 (s, 1H),
4.26 (d,J = 10.6 Hz, 2H), 3.99 (] = 11.9 Hz, 2H), 3.86 (s, 3H), 2.26-2.20 (m, 1H%51(d,J = 13.4
Hz, 1H); MS (ESI) 315 (M+H)

4.1.41. 2-(3-(1,3-Dioxan-2-yl)phenoxy)-4-methoxyadatehyde &7)

This compound was prepared from 2-bromo-4-methongblkelehyde4) and 3-(1,3-dioxan-2-yl)
phenol 65) in 70% yield by following the procedure descritfed 6, white solid; mp 111-112 °CH
NMR (CDCl) & 10.36 (s, 1H), 7.91 (dl = 8.7 Hz, 1H), 7.39 (d] = 7.7 Hz, 1H), 7.33 (d] = 6.7 Hz,

1H), 7.28 (s, 1H), 7.05 (d,= 7.1 Hz, 1H), 6.71 (d] = 8.5 Hz, 1H), 6.34 (s, 1H), 5.51 (s, 1H), 4.28 (d



J =10.6 Hz, 2H), 4.00 (] = 11.9 Hz, 2H), 3.76 (s, 3H), 2.32-2.16 (m, 1H}7(d,J = 13.4 Hz, 1H);
MS (ESI) 315 (M+Hj.
4.1.42. (2-(3-(1,3-Dioxan-2-yl)phenoxy)-5-methoxgmy)methanol§8)

This compound was prepared from compoédby following the procedure described 8y
yield 96%, colorless oitH NMR (CDCE) & 7.29 (t,J = 7.5 Hz, 1H), 7.18 (d] = 7.5 Hz, 1H), 7.08 (s,
1H), 7.05 (d,J = 2.7 Hz, 1H), 6.89-6.86 (m, 2H), 6.81 (ddk 8.4 Hz,J = 3.0 Hz, 1H), 5.46 (s, 1H),
4.65 (d,J = 6.0 Hz, 2H), 4.25 (dd] = 11.0, 4.7 Hz, 2H), 3.97 (8 = 11.4 Hz, 2H), 3.83 (s, 3H),
2.27-2.17 (m, 1H), 1.44 (d,= 13.5 Hz, 1H); MS (ESI) 317 (M+H)

4.1.43 (2-(3-(1,3-Dioxan-2-yl)phenoxy)-5-methoxyyddromotriphenylphosphoran&q)

This compound was prepared from compo@8dby following the procedure described fiit,
yield 86%, white solid; mp 220-221 °&4 NMR (CDCk) & 7.80-7.72 (m, 9H), 7.67-7.63 (m, 6H),
7.22-7.17 (m, 3H), 6.73 (dd,= 9.0, 2.8 Hz, 1H), 6.68 — 6.63 (m, 1H), 6.54Jd; 9.0 Hz, 1H), 6.44
(ddd,J = 8.0, 2.5, 1.1 Hz, 1H), 5.41 (s, 1H), 5.25J¢; 14.2 Hz, 2H), 4.29-4.21 (m, 2H), 4.02-3.94 (m,
2H), 3.60 (s, 3H), 2.25-2.18 (m, 1H), 1.47 (dtt 13.5, 2.5, 1.3 Hz, 1H); MS (ESI) 561 (M-Br)

4.1.44. (2-(3-(1,3-Dioxan-2-yl)phenoxy)-4-methoxyyd) bromotriphenylphosphoranél]

This compound was prepared from compo@8dby following the procedure described fiit,
yield 90%, white solid; mp 204-205 °&4 NMR (CDCk) § 7.82-7.72 (m, 9H), 7.69-7.65 (m, 6H),
7.50 (t,J = 2.8 Hz, 1H), 7.26-7.22 (m, 2H), 6.61 (= 1.0 Hz, 1H), 6.51 (dd] = 8.5, 2.2 Hz, 1H),
6.44 (dt,J = 6.6, 2.6 Hz, 1H), 6.05 (d,= 2.2 Hz, 1H), 5.43 (s, 1H), 5.39 @z 12.8 Hz, 2H), 4.28 (dd,
J=10.7, 5.0 Hz, 2H), 4.00 (td,= 12.3, 2.5 Hz, 2H), 3.64 (s, 3H), 2.30-2.19 (H),11.50-1.46 (m,
1H); MS (ESI) 561 (M-Br).

4.1.45. 5-(Hydroxymethyl)-2-methoxyphervd)(

This compound was prepared from compodra, following the procedure described ®ryield
95%, colorless oifH NMR (CDCh) & 6.97 (s, 1 H), 6.93-6.80 (m, 2 H), 5.64 (s, 1 4§51 (d,J=5.8
Hz, 2 H), 3.91 (s, 3 H); MS (ESI) 155 (M+H)

4.1.46. 2-Methoxy-5-((tetrahydro-2H-pyran-2-yloxgtyl)phenol 13)

The compoundr2 (5.36 g, 34.80 mmol) was dissolved in anhydrousvD@fter addition of
3,4-dihydro-H-pyran (8.77 g, 104.44 mmol) aqETosOH (280 mg, 1.74 mmol) the mixture was
stirred for 24 h at room temperature, the solveas woncentrated and the crude material was purified

by flash column chromatography (SiO2) eluting withexane/DCM 1:1, to providé3 as colorless oil



(7.37 g, 89%)*H NMR (CDCk) 6 6.95 (s, 1 H), 6.89-6.80 (m, 1 H), 6.78 Jds 8.2 Hz, 1 H), 6.24 (d,
J=5.3Hz, 1 H), 4.81-4.70 (m, 1 H), 4.68 {ds 11.7 Hz, 1 H), 4.40 (dl = 11.7 Hz, 1 H), 3.91 (dd,

= 145, 5.7 Hz, 1 H), 3.81 (s, 3 H), 3.62-3.50 (mH), 1.93-1.79 (m, 1 H), 1.76-1.68 (m, 1 H),
1.68-1.46 (m, 4 H); MS (ESI) 239 (M+H)

4.1.47. 4-(2-Methoxy-5-((tetrahydro-2H-pyran-2-yimmethyl)phenoxy)benzaldehydd)(

This compound was prepared from 4-bromo-benzaldel@4) and compound3 in 70% yield by
following the procedure described @®rwhite solid; mp 100-101 °CH NMR (CDCL) § 9.82 (s, 1 H),
7.74 (d,J = 8.7 Hz, 2 H), 7.18 (d] = 8.4 Hz, 1 H), 7.09 (d] = 1.9 Hz, 1 H), 6.96-6.92 (m, 3 H), 4.68
(d,J=11.9 Hz, 1 H), 4.66-4.62 (m, 1 H), 4.39 Jd5 11.9 Hz, 1 H), 3.91-3.78 (m, 1 H), 3.70 (s, 3 H)
3.53-3.43 (m, 1 H), 1.85-1.74 (m, 1 H), 1.67 (d¢ 13.0, 9.7 Hz, 1 H), 1.62-1.42 (m, 4 H); MS (ESI)
343 (M+HY'.

4.1.48. 2-(3-(2-(4-(2-Methoxy-5-((tetrahydro-2H-pyr2-yloxy)methyl)phenoxy)phenethyl)-4-methoxy
phenoxy) phenyl)-1,3-dioxanég]

This compound was prepared from compoid@icind compound5 in 85% vyield by following the
procedure described f@8, white solid; mp 154-155 °CH NMR (CDCk) & 7.29 (t,J = 7.9 Hz, 1H),
7.17 (d,J = 7.7 Hz, 1H), 7.12 (dd} = 8.2, 2.2 Hz, 1H), 7.08 (s, 1H), 7.06 {d; 2.6 Hz, 1H), 7.05 (d
= 2.6 Hz, 1H), 7.00-6.95 (m, 2H), 6.92-6.91 (m, 2B)B7-6.68 (M, 3 H), 6.75-6.73 (m, 4 H), 5.47 (s,
1H), 4.69 (dJ = 11.9 Hz, 1H), 4.67 () = 2.8 Hz, 1H), 4.40 (d] = 11.8 Hz, 1H), 4.27-4.25 (m, 2H),
3.98 (dddJ = 12.3, 4.0, 2.5 Hz, 2H), 3.91-3.89 (m, 1H), 3(853H), 3.79 (s, 3H), 3.54-3.48 (m, 1H),
2.26-2.18 (m, 1H), 1.88-1.81 (m, 1H), 1.77-1.69 (H), 1.63-1.52 (m, 4H), 1.46-1.43 (m, 1H); MS
(ESI) 627 (M+HY.

4.1.49. 2-(3-(2-(4-(2-Methoxy-5-((tetrahydro-2H-pyr2-yloxy)methyl)phenoxy)phenethyl)-5-methoxy
phenoxy)phenyl)-1,3-dioxan@é7)

This compound was prepared from compoidhénd compound5 in 88% yield by following the
procedure described f@8, white solid; mp 131-132 °C*H NMR (CDCL) & 7.27 (dd,J = 8.5, 1.9 Hz,
1H), 7.13 (dd, = 8.6, 2.2 Hz, 1H), 7.11-7.10 (m, 3H), 7.09 Jck 8.5 Hz, 2H), 6.99 (d] = 8.6 Hz,
1H), 6.99 (dJ = 2.2 Hz, 1H), 6.98 (d] = 8.6 Hz, 1H), 6.91-6.88 (m, 4H), 5.42 (s, 1HEH(d,J =
11.9 Hz, 1H), 4.68 () = 2.8 Hz, 1H), 4.41 (d] = 11.8 Hz, 1H), 4.23 (ddd,= 11.9, 4.9, 1.2 Hz, 2H),

3.95 (dddJ = 12.3, 4.0, 2.5 Hz, 2H), 3.91-3.87 (m, 1H), 3(866H), 3.55-3.49 (m, 1H), 2.25-2.15 (m,



1H), 1.88-1.81 (m, 1H), 1.75-1.70 (m, 1H), 1.6311@n, 4H), 1.45-1.41 (m, 1H); MS (ESI) 627
(M+H)".

4.1.50. 3-(2-(4-(5-(Hydroxymethyl)-2-methoxyphepognethyl)-4-methoxyphenoxy)benzaldehyde
(78)

This compound was prepared frofé by following the procedure described 88, yield 90%,
colorless oil.*H NMR (CDCk) & 9.95 (s, 1H), 7.55 (dt] = 7.5, 1.1 Hz, 1H), 7.48 (§,= 7.8 Hz, 1H),
7.32 (dd,J = 2.4, 1.4 Hz, 1H), 7.20 (ddd,= 8.1, 2.6, 1.0 Hz, 1H), 7.11 (dd,= 8.3, 2.0 Hz, 1H),
7.04-7.00 (m, 2H), 6.99 (d,= 8.3 Hz, 1H), 6.94-6.93 (m, 2H), 6.87-6.82 (m,)26181-6.74 (m, 2H),
4.58 (s, 2H), 3.86 (s, 3H), 3.82 (s, 3H), 2.88-21B04H); MS (ESI) 485 (M+H)

4.1.51. 3-(2-(4-(5-(Hydroxymethyl)-2-methoxyphemohgnethyl)-5-methoxyphenoxy)benzaldehyde
(79)

This compound was prepared frofii by following the procedure described 88, yield 92%,
colorless oil*H NMR (CDCk) & 9.96 (s, 1H), 7.62-7.55 (m, 1H), 7.51J& 7.8 Hz, 1H), 7.40 (dd] =
2.4, 1.4 Hz, 1H), 7.24 (ddd,= 8.1, 2.6, 1.0 Hz, 1H), 7.15 (= 8.5 Hz, 1H), 7.11 (dd} = 8.3, 2.1 Hz,
1H), 7.05-7.01 (m, 2H), 6.98 (d,= 8.3 Hz, 1H), 6.94 (d] = 2.1 Hz, 1H), 6.87-6.81 (m, 2H), 6.71 (dd,
J=8.5, 2.6 Hz, 1H), 6.49 (d,= 2.6 Hz, 1H), 4.57 (s, 2H), 3.86 (s, 3H), 3.763Md), 2.83 (s, 4H); MS
(ESI) 485 (M+HY.

4.1.52. 3-(2-(4-(5-((Bromotriphenylphosphoranyl)ma}-2-methoxyphenoxy)phenethyl)-4-methoxy
phenoxy)benzaldehyd&0j

This compound was prepared frof8 by following the procedure described 88, yield 92%,
white solid; mp 219-220 °GH NMR (CDCk) § 9.95 (s, 1H), 7.75-7.69 (m, 9H), 7.60-7.59 (m, 6H)
7.55 (dtJ = 7.5, 1.2 Hz, 1H), 7.49 (§,= 7.8 Hz, 1H), 7.33 (ddl = 2.5, 1.4 Hz, 1H), 7.22 (ddd= 8.1,
2.6, 1.0 Hz, 1H), 7.20 (dl = 8.5 Hz, 1H), 6.96-6.91 (m, 3H), 6.82 (tz 8.4 Hz, 1H), 6.80-6.74 (m,
2H), 6.59 (dJ = 8.5 Hz, 2H), 6.26 (1 = 2.1 Hz, 1H), 5.29 (d] = 13.8 Hz, 2H), 3.81 (s, 3H), 3.79 (s,
3H), 2.87-2.79 (m, 4H); MS (ESI) 729 (M-Br)

4.1.53. 3-(2-(4-(5-((Bromotriphenylphosphoranyl)ma}f-2-methoxyphenoxy)phenethyl)-5-methoxy
phenoxy)benzaldehyd@l]

This compound was prepared fra®by following the procedure described 8, yield 89%,
white solid; mp 241-242 °C*H NMR (CDCk) § 9.97 (s, 1H), 7.74-7.69 (m, 9H), 7.62-7.58 (m, 6H)

7.52 (t,J = 7.8 Hz, 1H), 7.50-7.48 (m, 1H), 7.40 (dds 2.4, 1.4 Hz, 1H), 7.25 (ddd= 8.1, 2.6, 1.0



Hz, 1H), 7.20 (dt) = 8.5, 2.5 Hz, 1H), 7.16 (d,= 8.5 Hz, 1H), 6.95 (d] = 8.6 Hz, 2H), 6.81 (d] =
8.4 Hz, 1H), 6.71 (dd] = 8.5, 2.6 Hz, 1H), 6.59 (d,= 8.6 Hz, 2H), 6.49 (d] = 2.5 Hz, 1H), 6.27 (4
= 2.3 Hz, 1H), 5.31 (d] = 13.8 Hz, 2H), 3.79 (s, 3H), 3.75 (s, 3H), 2.834H); MS (ESI) 729
(M-Br)".

4.1.54. Macrocycle (stilbene bridge3?)

This compound was prepared fr@@ by following the procedure described #8, yield 81%,
white solid;mp 124-125C. *H NMR (CDC}) & 7.00 (d,J = 8.0 Hz, 1 H ), 6.98-6.95 (m, 2 H), 6.92 (d,
J=8.4Hz, 2 H), 6.85 (d] = 8.0 Hz, 1 H), 6.83 (dl = 2.0 Hz, 1 H), 6.75-6.72 (m, 2 H), 6.63-6.59 (m,
4 H), 6.48 (dJ)=12.0 Hz, 1 H), 6.42 (d,= 12.0 Hz, 1 H), 6.21 (d, = 3.2 Hz, 1 H), 3.91 (s, 3 H), 3.85
(s, 3 H), 3.09-3.06 (m, 2 H), 2.99-2.96 (m, 2 K NMR (CDCE) 3 158.5, 156.1, 153.0, 148.4, 148.0,
146.6, 139.7, 137.9, 135.2, 130.0, 129.8, 129.8,11228.7, 123.6, 122.6, 121.4, 121.2, 116.1,0116.
115.5, 114.4, 112.0, 111.4, 56.0, 55.6, 36.5, IAS(ESI) 451 (M+Hj.

4.1.55. Macrocycle (stilbene bridge33]

This compound was prepared fra@h by following the procedure described #8, yield 80%,
white solid; mp 183-184C. *H NMR (CDCk) & 7.74 (d,J = 8.8 Hz, 1H), 7.40-7.34 (m, 2H), 7.27 (,
= 7.9 Hz, 1H), 7.15 (d] = 7.7 Hz, 1H), 7.06-6.99 (m, 3H), 6.94 (dds 8.7, 2.7 Hz, 1H), 6.87 (d,=
16.1 Hz, 1H), 6.83 (dd] = 7.9, 5.0 Hz, 2H), 6.60 (d,= 2.7 Hz, 1H), 6.0-6.04 (m, 1H), 6.01 =
16.1 Hz, 1H), 5.98 (d] = 1.6 Hz, 1H), 3.99 (s, 3H), 3.79 (s, 3H), 3.2863(m, 2H), 3.07-3.00 (m, 2H);
B¥C NMR (151 MHz, CDCJ) 6 159.4, 158.9, 155.7, 154.4, 150.4, 147.7, 14(89,Q, 135.5, 133.0,
130.9, 130.0, 127.8, 127.4, 125.4, 123.6, 119.8,9,1118.0, 116.5, 116.1, 111.4, 111.3, 108.8,,56.2
55.5, 29.9, 29.7; MS (ESI) 451 (M+H)

4.1.56. Macrocyclic derivative3q)

This compound was prepared frd@8 by following the procedure described 8, yield 90%,
white solid; mp 100-101 °GH NMR (CDCk) 5 7.02 (t,J = 8.0 Hz, 1 H ), 6.98 (d] = 8.4 Hz, 2 H),
6.94 (d,J = 3.2 Hz, 1 H), 6.83 (] = 8.0 Hz, 2 H), 6.77 (dd),= 1.6 Hz,J = 8.0 Hz, 1 H), 6.71-6.65 (m,
2 H), 6.63 (d,J = 8.4 Hz, 2 H), 6.56 (s, 1 H), 6.48 (= 7.6 Hz, 1 H), 5.83 (d] = 1.6 Hz, 1 H), 3.88 (s,
3 H), 3.83 (s, 3 H), 3.09-2.98 (m, 4 H), 2.89-2(#Y, 4 H);**C NMR (CDC}) & 157.3, 155.4, 153.8,
147.9, 147.8, 147.5, 142.6, 137.5, 134.0, 133.9,71228.8, 123.0, 122.2, 120.7, 119.1, 117.1,1116.
115.1, 112.0, 111.9, 56.1, 55.6, 36.8, 36.0, B/DH}; MS (ESI) 453 (M+H)

4.1.57. Macrocyclic derivative3%)



This compound was prepared fra@8 by following the procedure described 8, yield 93%,
white solid; mp 115-116C. *H NMR (CDCk) & 7.30 (d,J = 8.5 Hz, 1H), 7.10 (t) = 7.8 Hz, 1H),
7.05-6.98 (m, 2H), 6.86 (d, = 8.3 Hz, 1H), 6.81 (dd] = 8.3, 2.1 Hz, 1H), 6.78 (dd,= 8.1, 1.7 Hz,
1H), 6.73-6.67 (m, 2H), 6.67-6.63 (m, 2H), 6.594(f, 1H), 6.37 (dJ = 2.5 Hz, 1H), 6.04 (d] = 2.0
Hz, 1H), 3.90 (s, 3H), 3.71 (s, 3H), 3.10-3.03 AH), 3.01-2.94 (m, 2H), 2.94-2.89 (m, 2H), 2.862.8
(m, 2H); °C NMR (151 MHz, CDCJ) § 158.3, 155.9, 155.3, 154.1, 147.8, 147.7, 14239,4, 133.9,
131.7, 129.8, 129.1, 124.4, 123.8, 122.6, 120.8,911117.5, 116.3, 112.0, 108.2, 103.0, 56.1, 55.4,
37.4,35.8,34.7, 29.7; MS (ESI) 453 (M+H)

4.1.58. Macrocyclic derivative36)

This compound was prepared fra@34 by following the procedure described 1638, yield 76%,
white solid; mp 111-119C. *H NMR (CDCk) & 7.06 (d,J = 8.0 Hz, 1 H ),7.01 (d] = 8.4 Hz, 2 H),
6.88 (d,J =1.6 Hz, 1 H), 6.87 (dl = 2.8 Hz, 1 H), 6.73 (d] = 8.4 Hz, 2 H), 6.69 (ddl = 1.2 Hz,J =
8.8 Hz, 1 H), 6.63 (d] = 8.4 Hz, 2 H), 6.58 (dd) = 2.8 Hz,J = 8.8 Hz, 1 H), 6.55-6.53 (m, 2 H), 5.89
(s, 1 H), 3.07-2.97 (m, 4 H), 3.91-2.77 (m, 4 HE; NMR (CDC}) 5 157.0, 153.5, 151.1, 148.1, 145.5,
144.0, 142.8, 137.9, 133.9, 133.2, 129.9, 129.6,112123.0, 120.4, 118.9, 117.7, 117.4, 116.2,3115.
115.0, 113.6, 36.7, 35.7, 34.4, 30.2; MS (ESI) 425H)"; HRMS calcd for GgH,,0,Na 447.1567,
found: 447.1554 (M+N4)

4.1.59. Macrocyclic derivative87)

This compound was prepared frd@8 by following the procedure described 68, yield 71%,
white solid; mp 158-158C. *H NMR (CDCk) & 7.23 (d,J = 8.3 Hz, 1H), 7.14 (t) = 7.8 Hz, 1H),
7.07-7.03 (m, 2H), 6.90 (d, = 8.2 Hz, 1H), 6.77 (dd] = 8.2, 2.0 Hz, 2H), 6.74 (d,= 7.8 Hz, 1H),
6.73-6.70 (m, 2H), 6.55 (dd,= 8.3, 2.5 Hz, 1H), 6.52-6.47 (m, 1H), 6.23Jd; 2.5 Hz, 1H), 6.15 (d,
J = 2.0 Hz, 1H), 5.56 (s, 1H), 4.73 (s, 1H), 3.1@848(m, 2H), 2.99-2.90 (m, 4H), 2.88-2.80 (M, 2H);
3C NMR (151 MHz, CDGJ) 6 155.9, 155.4, 154.2, 154.0, 145.3, 144.5, 14332,8, 133.5, 131.9,
130.0, 129.4,124.0, 123.7, 123.6, 119.9, 119.8,a.116.7, 115.1, 109.6, 103.3, 37.4, 35.5, 320G;
MS (ESI) 425 (M+HJ; HRMS calcd for GsH,,0sNa 447.1567, found: 447.1554 (M+Na)

4.1.60. Macrocyclic derivative3g)

This compound was prepared frdd by following the procedure reported in the literat(i35],

compound88 was further purified by semi-prep. HPLC. HPL&gilent 1100-G1310Asopump

equipped with a&51322Adegasser, &1314A VWDdetector (210 nm) and Eclipse XDB-Gg column



(9.4 x 250 mm, 5m, 1.5 mL/min, 78% MeOH/pD, over 30 minutes), yield 16%, white solid; mp
159-160 °C*H NMR (CDCh) 5 7.14 (t,J = 8.2 Hz, 1 H), 7.01 (dl = 2.8 Hz, 1H), 6.99 (d] = 2.0 Hz,
1H), 6.92 (s, 1H), 6.91(d,= 8.1 Hz, 1H), 6.87 (tJ = 8.2 Hz, 1H), 6.84 (d] = 1.9 Hz, 1H), 6.80 (s, dd,
J=8.3, 1.9 Hz, 1H), 6.79 (d,= 8.2 Hz, 1H), 6.65 (dd] = 8.3, 1.9 Hz, 1H), 6.59 (d,= 16.0 Hz, 1H),
6.51 (d,J = 7.5 Hz, 1H), 6.36 (d] = 16.0 Hz, 1H), 6.16 (dd} = 8.3, 1.9 Hz, 1H), 5.75 (d,= 1.8 Hz,
1H), 5.68 (s, 1H), 5.58 (s, 1H), 5.28 (s, 1H), 5(831H), 3.03-2.94 (m, 3H), 2.90 (s, 1Hjc NMR
(CDCly) 6 157.8, 148.8, 148.6, 146.2, 143.1, 142.9, 14139,8, 134.5, 131.9, 129.9, 129.8, 128.8,
125.8, 123.7, 122.6, 120.4, 119.1, 117.5, 117.8,511115.1, 113.4, 113.3, 112.9, 35.9, 31.9; MS)ES
481 (M+H)". MS (ESI) 439 (M+H); HRMS calcd for GgH,50s 439.1540, found: 439.1541 (M+H)
4.1.61. Macrocyclic derivative39)

This compound was prepared frd@8 by following the procedure described 88, yield 34%,
white solid; mp 137-138 °CH NMR (CDCk) 5 7.01 (t,J = 7.9 Hz, 1H), 6.96 (d] = 8.3 Hz, 2H), 6.90
(d, J = 3.3 Hz, 1H), 6.89 (d] = 1.4 Hz, 1H), 6.87 (d] = 8.7 Hz, 1H), 6.79 (dd] = 8.2, 1.6 Hz, 1H),
6.74 (s, 1H), 6.67-6.64 (m, 1H), 6.63 (d= 8.1 Hz, 2H), 6.61 (s, 1H), 6.59 (dbi= 8.2, 2.1 Hz, 1H),
6.46 (d,J = 12.0 Hz, 1H), 6.41 (dl = 12.0 Hz, 1H), 6.21 (dl = 1.5 Hz, 1H), 5.66 (s, 1H), 4.72 (s, 1H),
3.08-3.02 (m, 2H), 3.00-2.92 (m, 2HYC NMR (151 MHz, CDCJ) § 158.2, 152.6, 151.8, 146.9, 145.8,
145.0, 139.8, 138.5, 130.2, 130.0, 129.0, 128.4,51222.9, 121.2, 120.9, 117.4, 115.8, 115.2,8,14.
114.6, 113.7, 36.5, 30.6; MS (ESI) 423 (M¥H}RMS calcd for GgH,30, 423.1591, found: 423.1590
(M+H)*.

4.1.62. General method for synthesis of brominatadchantin C analogue30-95

Marchantin C (212 mg, 0.5 mmol) and DMSO (0.55mninlethyl acetate (2 mL) were added
hydrobromic acid (48%, 0.8 mmol) at 60under air. The reaction mixture were stirred farhl The
solvent was then removed vacuum the residue was further purified by semi-prepaeaHPLC to
yield compound®0-95. HPLC: Agilent 1100-G1310Asopump equipped with &1322Adegasser, a
G1314A VWDdetector (210 nm) andEclipse XDB-Gg column (9.4 x 250 mm, pm, 1.5 mL/min,
70% MeOH/HO, over 70 minutes).
4.1.62.1. 4-Bromo marchantin @)

White solid, mp 116-117 °CH NMR (600 MHz, CDCJ) § 7.41 (d,J = 8.7 Hz, 1H), 7.02 (d] =
8.4 Hz, 2H), 6.97 (tJ = 8.4 Hz, 1H), 6.91 (d] = 8.1 Hz, 1H), 6.81 (d] = 8.7 Hz, 1H), 6.78 (] = 2.2

Hz, 1H), 6.76 (ddy = 8.1, 2.0 Hz, 1H), 6.69 (d,= 8.0 Hz, 2H), 6.44 (d] = 7.7 Hz, 1H), 6.37 (dd] =



8.2, 2.0 Hz, 1H), 5.59 (d, = 2.0 Hz, 1H), 5.56 (s, 1H), 4.74 (s, 1H), 3.1713(m, 2H), 3.07-3.04 (m,
2H), 2.88-2.79 (m, 4H)C NMR (151 MHz, CDCJ) § 156.2, 152.8, 147.7, 146.2, 143.7, 143.5, 140.0,
139.8, 136.6, 133.0, 130.0, 129.9, 129.0, 124.2,42121.6, 116.3, 116.0, 115.7, 115.0, 110.8,,36.7
35.0, 34.6, 31.8; MS (ESI) 503 (M+HHRMS calcd for GgH,.0,Br 503.0852, found: 503.0841 (M+
H)*.

4.1.62.2. 6’-Bromo marchantin @)

White solid, mp 104-105 °GH NMR (600 MHz, CDC}) 6 7.39 (d,J = 8.5 Hz, 1H), 6.99 (] =
8.5 Hz, 1H), 6.97 (d) = 8.5 Hz, 1H), 6.96 (d] = 8.5 Hz, 2H), 6.90 (d] = 8.1 Hz, 1H), 6.76 (dd] =
8.1, 2.0 Hz, 1H), 6.63 (d, = 8.5 Hz, 1H), 6.62 () = 2.2 Hz, 1H), 6.52 (dd] = 7.9, 2.3 Hz, 1H), 6.39
(d,J = 7.6 Hz, 1H), 5.55 (d] = 2.0 Hz, 1H), 5.51 (s, 1H), 3.05-2.99 (m, 4HB&2.79 (m, 4H)**C
NMR (151 MHz, CDCY)) 5 156.8, 152.9, 145.9, 145.8, 143.4, 142.8, 148,17, 136.2, 132.7, 129.7,
128.6, 128.5, 123.4, 122.6, 122.5, 121.3, 115.6,511114.9, 112.2, 107.7, 35.9, 35.4, 34.2, 30.3; M
(ESI) 503 (M+H); HRMS calcd for GgH,,04Br 503.0852, found: 503.0841 (M+ H)
4.1.62.3. 4’, 6’-Dibromo marchantin ®%)

White solid, mp 120-121 °CH NMR (600 MHz, CDCJ) § 7.68 (s, 1H), 7.02 (dl = 7.9 Hz, 2H),
6.95 (t,J = 7.8 Hz, 1H), 6.91 (d] = 8.1 Hz, 1H), 6.76 (s, 1H), 6.75 @@= 8.0 Hz, 1H), 6.69 (d] = 7.7
Hz, 2H), 6.41 (dJ = 7.5 Hz, 1H), 6.33 (d] = 8.2 Hz, 1H), 5.58 (s, 1H), 5.54 (s, 1H), 5.405(br,
1H), 3.20-3.10 (m, 2H), 3.04-3.02 (m, 2H), 2.90.Z52(m, 4H);"*C NMR (151 MHz, CDGCJ)  156.6,
152.9, 146.0, 145.0, 143.5, 143.3, 140.5, 139.8,6,332.9, 131.6, 129.9, 128.5, 124.2, 122.4,6,21.
115.9, 115.7, 114.9, 111.2, 108.8, 36.7, 35.1,,38148; MS (ESI) 581 (M+H) HRMS calcd for
C,sH250,Br, 580.9958, found: 580.9959 (M+ H)
4.1.62.4. 4', 13-Dibromo marchantin ©3)

White solid, mp 115-116 °GH NMR (600 MHz, CDC}) & 7.42 (d,J = 8.7 Hz, 1H), 7.03 (d] =
8.2 Hz, 2H), 7.00 (dJ = 1.9 Hz, 1H), 6.97 () = 8.7 Hz, 1H), 6.81 (d] = 8.7 Hz, 1H), 6.78 (s, 1H),
6.68 (d,J = 7.8 Hz, 2H), 6.42 (d] = 7.6 Hz, 1H), 6.38 (dd} = 7.9, 2.3 Hz, 1H), 5.86 (s, 1H), 5.48 {d,
= 1.9 Hz, 1H), 4.70 (s, 1H), 3.17-3.10 (m, 2H), @303 (M, 2H), 2.85-2.78 (m, 4HYC NMR (151
MHz, CDCk) 6 156.3, 152.4, 147.7, 146.9, 143.2, 141.0, 1404D.(, 136.6, 133.6, 130.1, 130.0,
129.1, 125.3, 124.5, 121.5, 116.3, 115.9, 114.9,011108.4, 36.6, 34.9, 34.6, 31.7; MS (ESI) 581
(M+H)"; HRMS calcd for GgH»304Br, 580.9958, found: 580.9959 (M+ H)

4.1.62.5. 6’, 13-Dibromo marchantin ©4)



White solid, mp 109-110 °GH NMR (600 MHz, CDCJ) & 7.40 (d,J = 8.4 Hz, 1H), 7.01 (s, 1H),
6.99 (t,J = 8.4 Hz, 1H), 6.98 (d] = 8.4 Hz, 2H), 6.97 (d] = 8.4 Hz, 1H), 6.63 (s, 1H), 6.62 @~ 8.4
Hz, 2H), 6.52 (dJ = 8.2 Hz, 1H), 6.37 (dJ = 7.5 Hz, 1H), 5.80 (s, 1H), 5.45 (s, 1H), 5.371(),
3.07-2.98 (m, 4H), 2.86-2.81 (m, 2H), 2.80-2.76 2H): *C NMR (151 MHz, CDGJ) § 156.9, 152.5,
146.6, 145.7, 142.3, 140.8, 140.2, 139.1, 136.3,4,3129.7, 128.6, 128.5, 125.3, 123.4, 122.6,4,21.
115.5, 114.8, 112.3, 108.4, 107.8, 35.9, 35.5,,338023; MS (ESI) 581 (M+H) HRMS calcd for
CpsH»304Br, 580.9958, found: 580.9959 (M+ H)
4.1.62.6. 4', 6’, 13-Tribromo marchantin G5)

White solid, mp 125-126 °CH NMR (600 MHz, CDC}) § 7.68 (s, 1H), 7.03 (dl = 8.0 Hz, 2H),
7.00 (s, 1H), 6.95 (s, 1H), 6.76 (s, 1H), 6.67Xd,7.9 Hz, 2H), 6.39 (d] = 7.5 Hz, 1H), 6.34 (dd] =
8.2, 2.3 Hz, 1H), 5.82 (s, 1H), 5.46 (b 1.3 Hz, 1H), 5.25 (s, 1H), 3.22-3.11 (m, 2HPS3.03 (M,
2H), 2.83-2.75 (dJ = 4.3 Hz, 4H);**C NMR (151 MHz, CDGJ) § 156.7, 152.4, 146.7, 144.9, 142.8,
140.9, 140.4, 139.7, 136.5, 133.6, 131.6, 130.8,6,20125.3, 124.3, 121.6, 115.9, 115.8, 115.0,4111.
108.9, 108.3, 36.6, 35.1, 34.5, 31.7; MS (ESI) §¥B-NH,)"; HRMS calcd for GgHpsOsN:Brs
675.9328, found: 675.9334 (M+ NH.

4.2. Biological studies
4.2.1. Antiproliferative studies

Human breast adenocarcinoma cell line HCC1428 antbh colonic cancer cell line HT29 were
purchased from the Shanghai Institute for Biologi8aiences (SIBS), China Academy of Sciences
(China). Human myelogenous leukemia k562 cell limas purchased from the Department of
Pharmacology, Institute of Hematology of the Chinésademy of Medical Sciences, Tianjin (China).
They were cultured in RPMI-1640 (Hyclone) mediunmteaning 10% FBS (Sijiging Company, Ltd.),
100 units/mL of penicillin G, and 100 pg/mL of gitemycin in a stable environment with 37 and
5% CQ. Hela (cervical carcinoma) was obtained from thmefican Type Culture Collection (ATCC)
and cultured at 371 and 5% C@in DMEM medium supplemented as described above.A®-3/Doc
cell line was obtained from Yuan’s group at Shamgbmiversity. The antiproliferative activity of the
marchantin C analogues on the five tumor cell limas measured by the MTT method, as previously
described [39Briefly, after treatment with the candidate drug 48 h, the absorbance of the soluble
MTT product was measured at 570 nm. All experimardse measured at least three times.

4.2.2. Cell growth curve



The cell growth curves of HCC1428 cells treatedhsyindicated concentrations of compo@ad
for 84 h were detected by the xCELLigence systeomfiRoche according to the manufacturer’s
protocol. The cells were incubated in RPMI-1640 medcontaining 2% FBS at 37 and 5% CQ
throughout.

4.2.3. Cell cycle analysis

The cell cycle distribution was measured by flowotyetric analysis. HCC1428 cells were seeded
into 6-well plates and then treated with varyingh@entrations of compour8B. Adherent cells were
detached with trypsin and collected by centrifugyatifollowed by washing, fixation, and PI staining.
The cell cycle distribution was examined by a FA@Sdlow cytometer (Becton—Dickinson, USA),
and the data were analyzed using the Modfit progiB@cton—Dickinson, USA)

4.2.4. Immunofluorescence

For the immunofluorescence studies, HCC1428 cedlse seeded on 12-mm round glass cover
slips and placed at the bottom of 24-well platefter®the experimental treatment, the cells weredix
with cold methanol/acetone (1:1) for 5 min followleg incubating with 3% goat serum (in 0.1% Triton
X-100) for 20 min to prevent nonspecific antibodynding. Then, they were immunostained for
a-tubulin using mouse anti-tubulin antibody followed by FITC-conjugated gaaiti-rabbit secondary
antibody. The DNA was counterstained with DAPI@/ml) for 15 min at room temperature. The
samples were mounted on microscope slides with tmmummedium and analyzed by confocal
microscopy.

4.2.5. Tubulin polymerization assay

An in vitro assay for monitoring the time-dependent polyménnaof tubulin to microtubules
was performed. Bovine brain tubulin (>97% pure tijuvas suspended with 10 ml of G-PEM buffer
(80 mM PIPES, 2 mg Mggl 0.5 mM EGTA, 1.0 mM GTP, pH 6.9) in 0.1% DMSOd4at!, with and
without test compound, using the HTS-Tubulin Polyimagion Assay Kit (Cat. BKO04P), according to
the manufacturer’s protocol (Cytoskeleton, Inc.nizex, CO, USA). The polymerization of tubulin was
measured by the change in absorbance at 340 nry éverin for 1 h using a spectrophotometer
(Thermo Fisher Scientific, Inc., USA) in a stablevieonment at 377.

4.3. Molecular modeling
The crystal structure of tubulin in complex witHadcine was downloaded from the Protein Data

Bank (PDB code 1SA0) [40]. Hydrogens were added ramdmized using the Amber force field and



the Amber charges. Modeled analogues were consttustSYBYL-X,and the energy was minimized
with the Amber force field and Amber charges [41dcking marchantin C into the colchicine binding
site of tubulin was performed using the GOLD praogra-or the genetic algorithm (GA) runs, a
maximum number of 100,000 GA operations were peréat on a single population of 100 individuals.
The operator weights for crossover, mutation, afgration were set to 95, 95, and 10, respectively,
which are the standard default settings recommebgettie authors. The maximum distance between
hydrogen bond donors and acceptors for hydrogerdibgnwas set to 3.5 A. After docking, the
best-docked conformation of marchantin C was merged the ligand-free protein. The new
ligand—protein complex was subsequently subjecbedniergy minimization using the Amber force
field with Amber charges. During the energy minintiza, the structure of the marchantin C and a
surrounding 6 A sphere were allowed to move, wiike structures of the remaining proteins were
frozen. The energy minimization was performed usimg Powell method with a 0.05 kcal/(mol A)
energy gradient convergence criterion and a distalependent dielectric function. The molecular
modeling of compoun@88 was performed in the same way as described fochmatin C.
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Fig. 1. Proposed binding mode of marchantin C as greek stiodel in the colchicine binding site
(PDB code 1SAO0). The native ligand, DAMA-colchicjnis shown in magenta thin wire model.
Hydrogen bonds are shown as dotted red lines, lendistance between ligand and protein is less than
3 A. Molecular modeling was perform by GLOD softear

Fig. 2. Maodification strategy for marchantin C analogues.

Fig. 3. Proposed binding mode of compou88l as green stick model in the colchicine binding sit
(PDB code 1SA0). Hydrogen bonds are shown as dogigdines, and the distance between ligand and
protein is less than 3 A.

Fig. 4. HCC1428 cells were treated with compouBtl as indicated. Cells were then plated 2000
cells/well into E-plate 16 and analyzed using a kOBence RTCA DP instrument. Results are
representatives of three independent experiments.

Fig. 5. Compound38 induced HCC1428 cells cycle arrest atNBEphase. HCC1428 cells were treated
with 3uM and @M of compound88 for 24 h, and then trypsinized, fixed and staimgth PI to
measure cell cycle profile by flow cytometry. Carhtcells were treated with DMSO alone. Results are
representatives of three independent experiments.

Fig. 6. HCC1428 cells were treated with compouB®l as indicated for 24 h and then fixed and
immunostained with monoclonal antitubulin antibody (red) and DAPI (blue). One micmar of
Vincristine (VCR) and same amount of DMSO were uasdcontrols. Results are representatives of
three independent experiments. Bar zuff)

Fig. 7. Effect of compound8 on tubulin polymerizatiorin vitro. Purified bovine brain tubulin was
incubated in the presence of Taxol, VCR, DMSO (maht and compound8 under the indicated
concentrations at 3Z, and absorbance readings were recorded everyerioul h.



Scheme 1. Synthesis of compound8-57. Reagents and condition&@) CuO, KCOs, Py, reflux, (yields
65%-71%); (b) NaBl THF, 0 C to r.t. (yields 88%-91%); (c) PEHBr, MeCN, reflux, (yields
86%-90%); (d) i. KCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), .HE&N, EtOAc, r.t. (yields
74%-82%, two steps); (e) LIAIKI THF, -40°C to rt. (yields 83%-88%); (f) HCI/THF (1:1), r.tyiélds
87%-91%); (g) NaOMe, DCM, r.t. (yields 85%-92%);) (Rd/C (10%), H EtOAc, r.t. (yields
94%-98%); (i) BBg, DCM, -40°C to r.t. (yields 86%-91%).

Scheme 2. Synthesis of compound@$-87. Reagents and conditiong@) CuO, KCOs, Py, reflux, (yields
70%-74%); (b) NaBl THF, 0 C to r.t. (yields 90%-96%); (c) PEHBr, MeCN, reflux, (yields
86%-90%); (d) 2,3-Dihydropyram;toluenesulfonic acid, DCM, (yield 89%); (e) i,®0Os, 18-crown-6,
DCM, reflux; ii. Pd/C (10%), H EN, EtOAc, r.t. (yields 85%-88%, two steps); (f) HOHF (1:1), r.t.;
(g) NaOMe, DCM, r.t. (yields 80%-81%); (h) Pd/C #&)) H,, EtOACc, r.t. (yields 90%-93%); (i) BBr
DCM, -40°C to r.t. (yields 71%-76%).

Scheme 3. Synthesis of compound?®8-89. Reagents and condition§éa) BB, DCM, —78 C to r.t.
(vields 16%-34%).

Scheme 4. Synthesis of compound®9-95. Reagents and condition&) HBr, DMSO, EtOAc, (overall
yield 84%).

Table 1
In Vitro Cytotoxicity of marchantin C analoguesfime cancer cell lines



Highlights

Novel marchantin C derivatives were synthesized and evaluated as anticancer agents
Derivatives showed improved anticancer activity compared to positive controls
Derivatives were a so effective in multidrug-resistant cancer cell line
Structure-activity relationship was discussed

The anticancer mechanism could be attributed to the inhibition of tubulin polymerization



