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ABSTRACT

A series of macrocyclic bisbibenzyls with novellskens was designed, synthesized, and evaluated for
antiproliferative activity against five anthropiamcer cell lines. Among these novel molecules,
compound47 displayed excellent anticancer activity againstL&ek562, HCC1428, HT29 and
PC-3/Doc cell lines, with Ig values ranging from of 1.51IM to 5.51uM, which were more potent
than the parent compound, marchantin C. Compod#damd55 with novel bisbibenzyl skeletons also
exhibited significantly improved antiproliferativ@otency. Structure-activity relationship (SAR)
analyses of these synthesized compounds were aféorped. In addition, compount? effectively
inhibited tubulin polymerization in HCC1482 celischinduced HCC1482 cell cycle arrest at the G2/M
phase in a concentration-dependent manner. Thengindode of compound? to tubulin was also
investigated utilizing a molecular docking study.donclusion, the present study discovered several
potent antitubulin compounds with novel bisbibenglgéletons, and our systematic studies revealed
new scaffolds that target tubulin and mitosis amdvigle progress towards the discovery of novel

antitumor drugs discovery.

Keywords: Bisbibenzyls; Tubulin polymerization inhibitorsnticancer; Molecular modeling

* Corresponding authors: Hongxiang Lou, Ph.D.
Tel: +86-531-88382051; Fax: +86-531-88382019.

E-mail address: louhongxiang@sdu.edu.cn (H. Lou)



1. Introduction

Microtubules are recognized as one of the most itapdb molecular targets for cancer therapies
due to their role as one of the major cytoskeletahponents in eukaryotic cells and their crucial
function in cell shape maintenance, division, prot&afficking and intracellular transport[1-4].
Tubulin—interacting drugs are used widely and sssftdly in the treatment of a variety of human
cancers by interfering with microtubule dynamics,pecess that controls the balance between
microtubule assembly and microtubule disassembit(Bb Three major binding sites for tubulin
inhibitors have been identified as the vinca alkiklataxanes-, and colchicine-binding sites. Althbu
antitubulin agents that interact with the vincaaddkd- or taxanes-binding sites are widely used in
clinical cancer therapy, none of the colchicinedimg site drugs are even approved in clinical
oncology [11-17]. In fact, most of the colchicinewing agents have high potency, selective toxicity
toward tumor vasculature, and relatively simpleicres for optimization, and they show a promising
ability to overcomeP-glycoprotein-mediated multidrug resistance [18-2bherefore, agents that
interact with the colchicine-binding site show pisenfor the development of novel and potent
anticancer drugs and have attracted great intBoeatmedicinal chemists in recent years.

Macrocyclic bisbibenzyls are a series of phenolitural products that are mainly found in
bryophytes. Each bishibenzyl skeleton comprises fmomatic rings (arené-D) and two ethano
bridges, with lunularin as the biosynthetic origiig. 1) [26]. All of these compounds can be divide
into several sub-classes that are distinguishethdygonnectivity between the two lunularin sub-ginit
which is produced by oxidative coupling to fornheit biaryl or biaryl ether linkages [27, 28].

Marchantins, isomarchantins, neomarchantins andaniin Il are four main sub-classes of
macrocyclic bisbibenzyls that have two diaryl ethab-units as a common structural feature (Fig. 1)
and occupy approximately 25% of all the natural megclic bisbibenzyls discovered to date. These
compounds exhibit versatile and excellent biololgasivities, including antimicrobial, antioxidagy
cytotoxic, and multidrug resistance reversal atieigi[29-36]. The remarkable biological profiles of
these natural products make them promising reseufoe new drug discovery. Among these
compounds, marchantin C, a natural macrocyclicibésizyl, was discovered to be a potent tubulin
inhibitor that targets the colchicine-binding sited the compound was also found to exhibit mulgdru
resistance-reversing activity by inhibiting theglycoprotein [37-39]. In addition, its bishibenzyl

scaffold is similar to the cis-stilbenoid anti-tlinuagents, such as combretastatins. We have tgcent



reported a series of marchantin C analogues asipttbulin polymerization inhibitors in which the
substitutive groups on the aromatic rings wereedhfd0]. Continuing our search strategy for novel
tubulin inhibitors, we extended our studies to rficdtion of the marchantin C skeleton. In this pape
a panel of novel marchantin C analogues was desjgymthesized and examined as potential tubulin
targeting agents. The result of this effort, ddsedli below, indicated that these novel marchantin C

analogues represent a new class of potent antitubgénts.
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2. Results and Discussion

2.1. Design of marchantin C analogues

In the previous study, marchantin C and its derregt were found to be potent antimitotic agents
that target tubulin, and their macrocyclic bisbibgnskeletons were found to fit sterically in the

colchicine-binding site. To define the structuréhaty relationships (SARs) of bisbibenzghalogues



and to develop potential new drug candidates,iasef novel marchantin C analogues were designed.
According to the modification strategy shown in.Flg we first systematically varied the substitativ
position of the ether bond on the areBe€ andD of marchantin C, which gave five novel bishibenzyl
skeletons, BBM-Bm class, BBM-Ce class, BBM-Cp class, BBM-De class and BBM-Dp class, as
well as two natural bisbibenzyl skeletons, theaidin Il and neomarchantin classes. This modificati
could change the stereochemical structure of therawgclic bisbibenzyls, and we speculated that
some of these novel skeletons might be more comgiéary to the colchicine-binding site (Fig. S1).
Second, we changed the ethylene bridge to a ddudnid and determined the effect of this further
stereochemical structural change on the cytotosiivity. Finally, we focused on modification of the
phenyl rings via introduction of hydroxyl groups prethoxyl groups on arendsD to assess the
substituent effects on the antiproliferative atyivsince those two substituents were mostly fodride

the natural bishibenzyl compounds.
2.2. Chemistry

All of the marchantin C analogues were prepareeigit independent synthetic routes, and the
general procedure is outlined in Schemes 1-8. Hmhetic route of analogues3-57 began with
Ullmann coupling of the appropriately substituted ethyl 4-bromobenzoatel1-2 with
3-hydroxy-4-methoxybenzaldehyd8) ( resulting in the formation of diphenyl ethe¥s. Compounds
4-5 were then reduced with sodium borohydride to gheebenzyl alcohols, followed by reaction with
triphenylphosphonium bromide to afforét7 in two steps. Compound$3-16 were prepared by
Ullmann coupling of the protected 2-hydroxy-3-metjisenzaldehyde 8] with the appropriate
2-bromo-benzaldehydeék12 in good yield. The building block&-7 and13-16 were combined by an
intermolecular Wittig reaction in the presence otgssium carbonate and 18-crown-6 followed by
hydrogenation over Pd/C to give the bibenzyls21. The carboxylic ester group 47-21 was then
reduced with lithium aluminum hydride and subsedlyenleprotected with HCI/KD to give
compounds22-26. The reaction 0£2-26 with triphenylphosphonium bromide afforded composind
27-31. The cyclization 0f27-31 by means of an intramolecular Wittig reaction veahieved with
sodium methoxide, leading to key macrocyclic intedmates32-36. 32-36 were then hydrogenated to
give compounds7-41. Finally, 32, 39 and 37-41 were demethylated by boron tribromide to afford
compoundsA2-47 (Scheme 1). The position of the methoxyl group émpound47 was determined

from a NOE spectrum, as shown in Fig. 2. Correfetiof H-15" with H-4' were determined in



compound47.
Compounds5, 65, 77, 78, 88, 96, 109, 110, 120 and121 were prepared by a protocol similar to

that used for compound&-47, and the synthetic routes are depicted in Sché&ages
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Scheme 1. Synthesis of macrocyclic compoun82-47. Reagents and conditions. (a) CuO, KCOs, Py,
reflux, (yields 63%-76%); (b) i. NaBHTHF, 0C to r.t.; ii. PPRHBr, MeCN, reflux, (yields 78%-89%,



two steps); (c) i. BCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), .HELN, EtOAc, r.t. (yields
71%-80%, two steps); (d) i. LIAIF THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t. (yields 80%-86%wo
steps); (e) PRKBr, MeCN, reflux, (yields 86%-93%); (f) NaOMe, DCM¢t. (yields 80%-88%); (g)
Pd/C (10%), H, EtOAC, r.t. (yields 95%-99%); (h) BRrDCM, -40°C to r.t. (yields 51%-86%).

[Scheme 1 here]

Fig. 2. Key NOESY correlations (dashed blue arrows) fanpound4?.

[Figure 2 here]
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Scheme 2. Synthesis of macrocyclic compound3-55. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 65%); (b) i. KCO;, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HE:N, EtOAc, r.t.




(yield 83%, two steps); (c) i. LiAllj THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t. (yield 85%, twp
steps); (d) PPHBr, MeCN, reflux, (yield 92%); (e) NaOMe, DCM,.r{yield 80%); (f) Pd/C (10%),
H,, EtOACc, r.t. (yields 96%); (g) BBrDCM, -40C to r.t. (yield 86%).

[Scheme 2 here]
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Scheme 3. Synthesis of macrocyclic compoun@3-65. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 61%); (b) LiAlH, THF, -40°C to r.t. (vield 88%); (c) PRKBr, MeCN, reflux, (yield
90%); (d) i. KCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%),,HE&N, EtOAc, r.t. (yield 80%, two
steps); (e) i. LIAIH, THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t. (vield 87%, twgteps); (f) NaOMe,
DCM, r.t. (yield 73%); (g) Pd/C (10%), HEtOAC, r.t. (yields 92%); (h) BBy DCM, -40 C to r.t.

(vield 82%).
[Scheme 3 here]
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Scheme 4. Synthesis of macrocyclic compound3-78. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 70%); (b) i. KCO;, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HE:N, EtOAc, r.t.
(vield 80-86%); (c) i. LiAlH, THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t.; iii. PPJMBr, MeCN, reflux,
(yield 70-74%, three steps); (d) NaOMe, DCM, nfields 71-77%); (e) Pd/C (10%),,HEtOAC, r.t.
(vields 92-96%)); (f) BBy, DCM, -40°C to r.t. (yields 79-82%).

[Scheme 4 here]
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Scheme 5. Synthesis of macrocyclic compoun@s-88. Reagents and conditions:
reflux, (yield 75%); (b) HCI/EtOH (1:10), r.t. (Mt 79%); (c) NaBH, THF, 0°C
PPRHBr, MeCN, reflux, (yield 88%); (e) i. ¥COs;, 18-crown-6, DCM, reflux; ii. Pd/C (10%), ;H
Et:N, EtOAc, r.t. (yield 83%, two steps); (f) i. LIAIHH THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t.,
(vield 73%, two steps); (g) i. NaOMe, DCM, r.t.; Hd/C (10%), Kl EtOAc, r.t.
DCM, -40°C to r.t. (yields 73%).
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Scheme 6. Synthesis of macrocyclic compoun%-%. Reagents and conditions: (a) CuO, KCG;, Py,
reflux, (yield 76%); (b) i. HCI/EtOH (1:10), r.ti,. NaBH,, THF, 0°C to r.t. (yield 61%, two steps); (c)
PPhHBr, MeCN, reflux, (yield 82%); (d) i. ¥COs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), ;H
Et;N, EtOAC, r.t. (yield 88%); (e) i. LiAlld, THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t., (yield 72%,
two steps); (f) i. NaOMe, DCM, r.t,; ii. Pd/C (109d),, EtOAc, r.t. (yields 77%); (g) BBr DCM,
-40 °C to r.t. (yields 79%).

[Scheme 6 here]

OH OMe
R OMe 4 o
o [ j
R
o} CHO
0" ™o

97 R=H 99R=H

98 R = OMe 100 R = OMe
OMe
HOH,C” : BrPh;PH,C : I
d
6 + 99~100 — > -
OMel
O
R
101 R=H 103R=H
102 R = OMe 104 R = OMe
105 R= 107 R = 109R =

106 R = OMe 108 R = OMe 1MOR= OH



Scheme 7. Synthesis of macrocyclic compounti3s-110. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yields 54-73%); (b) i. BCO;, 18-crown-6, DCM, reflux; ii. Pd/C (10%),,HELN, EtOAC, r.t.;
iii. LIAIH 4, THF, -40°C to r.t. (vields 64-76%, three steps); (c); i. HEEOH (1:10), r.t.; ii. PP#Br,
MeCN, reflux, (yields 74-81%, two steps); (d) NaQNDECM, r.t. (yields 81-86%); (e) Pd/C (10%);,H
EtOAc, r.t. (yields 93-96%); (f) BBy DCM, -40°C to r.t. (yields 73-80%).

[Scheme 7 here]
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Scheme 8. Synthesis of macrocyclic compountks-121. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yields 77%); (b) i. KCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HELN, EtOAc, r.t.
(vields 66-75%, two steps); (c) i. LIAHTHF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t.; iii. PPJMBr,
MeCN, reflux, (yields 66-70%, three steps); (d) Mé&) DCM, r.t. (vields 83-87%); (e) Pd/C (10%),
H,, EtOACc, r.t. (vields 95-96%); (f) BBrDCM, -40°C to r.t. (yields 74-80%).

[Scheme 8 here]

2.3. Biological evaluation
2.3.1. Invitro antiproliferative activity and structure-activity relationship (SAR) analysis

The cytotoxic activity of the synthesized analog(#&47, 55-56, 77-78, 88, 96, 109-110, and
120-121) was evaluated in four human cancer cell linesLgld&562, HCC1428, and HT29) and one
paclitaxel-resistant cell line (PC-3/Doc) in paglwith adriamycin (ADR) and marchantin C as
positive references. The cells were treated wittheaompound for 48 h, and the cell viability was

assessed using the MTT method. The results are atized in Table 1.



Among these newly synthesized analogues, compodddsd7 and 55 exhibited excellent
cytotoxic activity, with average kg values ranging from 1.96M to 8.95uM, and they were more
potent than the parent marchantin C (averaggd@5.13uM). In addition, compound? was the most
potent cytotoxic agent with an averagegalue of 2.67uM, which was more potent than that of the
reference drug ADR (averagesic 4.44uM). Moreover, the antiproliferative activity of cqound47
against the human breast cancer cell line and #uofitgxel-resistant cell line (Kg= 1.51 uM for

HCC1428 and Ig= 2.67uM for PC-3/Doc, respectively) was obviously supeto that of reference

ADR (IC5p=1.77uM for HCC1428 and Ig;= 16.89uM for PC-3/Doc).

Marchantin C Compound 42 Compound 55 Compound 77

IC50=15.13uM IC50=18.651M IC50=8.95uM IC50=934uM
4x 4 IX 4 5X 4 5x 4
18-membered ring 17-membered ring 19-membered ring 19-membered ring

Compound 88 Compound 96 Compound 109 ¥ Compound 120
IC50=10.27uM IC50=18.29uM IC50=1742u M IC50=14.93 1M
sxX4 IX 4 6X 4 6 4
19-membered ring 17-membered ring 20-membered ring 20-membered ring

Fig. 3. Three-dimensional structures of compoud#ss5, 77, 88, 96, 109, 120 and marchantin C; The
ICso represents the averagesj@alue of each compound against four human carelefimes (Hela,
k562, HCC1428, and HT29); The aromatic carbons #rat included in the macrocyclic ring are
indicated by a blue cross symbol.

[Figure 3 here]
The structure-activity relationships of these nowmdrchantin C analogues were analyzed as
follows:
Effects of the bishibenzyl skeletons: As shown ig. B, for the first step, we systematically
modified the marchantin C structure by varying glusition of the ether bond on arer&sC andD

while keeping the hydroxyl groups positioned ortitothe ether bond, which was similar to the



substitutive patterns of marchantin C. This gaveaxen novel macrocyclic analogues with completely
different bisbibenzyl skeletongt2 (BBM-D-o0 skeleton),55 (BBM-D-p skeleton),77 (BBM-B-m
skeleton),88 (BBM-C-p skeleton),96 (BBM-C-o skeleton),109 (neomarchantin skeleton) ari@0
(riccardin Il skeleton). The biological activitie$ these seven compounds are shown in Table 1. The
results of the antiproliferative evaluation inde@tthat all seven analogues consistently exhibited
anticancer activity. Interestingly, when the 18-rbemed macrocyclic ring of marchantin C was
converted to a 17-membered bisbibenzyl ring, trsulting analogueg?2 and 96 showed decreased
anticancer potency, with averagesd@alues of 18.65 and 18.28M, respectively. To our surprise,
when the bishibenzyl ring of marchantin C was exigahto a 19-membered ring, compouB8s77

and 88 displayed enhanced cytotoxicity, with averagegl@alues of 9.34, 10.16 and 10.2M,
respectively. Unexpectedly, further expansion o thisbibenzyl to a 20-membered ring led to
compoundsl09 and 120 (average IG= 17.42 and 14.93M for 109 and 120, respectively), which
showed a significant decrease in potency compasecbmpounds5, 77 and 88. In addition, the
anticancer activities of compound69 and120 were comparable to or even less potent than that of
marchantin C. Based on these data, we find thattréred in anticancer activity for bisbibenzyl
skeletons is 19-membered ring4d8-membered rings 20-membered rings 17-membered rings.
These results suggest that the macrocyclic riragrstind conformational changes may affect molecular
antitumor activity to some extent, which is corsigtwith our prediction mentioned above.

Furthermore, compoundb, which contains a double bond at C-7’ (8’), wasogbrepared, and this
compound displayed moderate anticancer activith &t average I§g value of 16.94uM, which is
comparable to that of compour2. This indicated that the introduction of a doublend to the
bisbibenzyl skeleton does not significantly impte anticancer potency.

Effects of the substituents: After confirming th&eets of the bisbibenzyl skeleton on the
anticancer activity, we then focused on modifyihg bisbibenzyls through introduction of a hydroxyl
or methoxyl group to the arene rings in order taleate the effect of the substituent. As showniin F
1, we started our substituent modification worknirccompound55 as a result of its excellent
anticancer potency. However, the introduction dfiyalroxyl group at the C-5 position on arebe
decreased the cytotoxicity (averaged€ 22.20uM for compounds5). When the hydroxyl group was
introduced to another potent compouidd, at position C-13’ on aren&, the anticancer activity was

also diminished (compountB, average Ig= 15.57uM). In addition, the introduction of a hydroxyl



group to compound$09 and 120 also resulted in decreased activity (averagg ¥#25.86uM and
20.00uM for compoundd10 and121, respectively).

Surprisingly, introduction of a hydroxyl group toetless potent compoud@ at the C-5 position
of areneD resulted in compound3 (average 1G, value of 12.18.M), which exhibited improved
anticancer activity compared to compoui In addition, compound4 (average 16, =8.13uM) with
two hydroxyl groups at positions C-4 and C-5 ofnaB, displayed a further increase in potency over
compound43. When the substituent was changed from a hydrgeolip to a methoxyl group on arene
B, the most potent compoudd was obtained, with an averaged@alue of 1.96:M. However, when
a hydroxyl group was introduced to the C-13’ positon arené\ to give compound5, the anticancer
activity was distinctly diminished compared 48. This is consistent with the observations made for
compounds/8 and121. All of these observations suggest that hydrogemdbdonors or acceptors are
present close to arer® while both arené\ and arend3 are located near to the hydrophobic pocket.

These findings are consistent with the results ofecular modeling studies discussed below (Fig. 8).

Finally, it is noteworthy that the introduction afhydroxyl group ortho to the ether bond led to a

decrease in activityd@ vs 45, 55 vs 65, 77 vs 78, 109 vs 110 and120 vs 121) and that the anticancer

potencies within this series of analogues varyiBgantly with the substituents on the arene rings.

Table 1. In Vitro cytotoxicity of marchantin C derivatives four cancer cell lines

ICs0 (uM) *
Compound
HelLa K562 Hccl428 Ht29 PC-3/Doc  Average
42 21.52+4.10 21.63+3.97 19.04+4.05 12.39+1.87 N/T° 18.65
43 15.91+3.77 14.05+3.08 10.78+2.07 7.98+1.16 N/T° 12.18
a4 10.39+2.98 6.16+1.15  8.46+3.69 7.51+4.17  7.70£1.598.04
45 26.81+4.65 25.29+4.44 22.02+3.57 15.9442.43 N/T° 22.52
46 21.86+2.01 19.23+3.08 17.06%2.95 9.60+1.10 N/T° 16.94
47 2.61+0.67  1.74+0.55 1.51+0.31  1.98+0.23 5.51+1.41 .672
55 10.45+2.01 8.52+1.00 9.25+1.23  7.57+1.52 10.92+1.259.34
65 27.4445.89 24.91+5.02 19.49+3.53 16.96x3.70 N/T° 22.20
77 11.7142.22  7.02+1.05 10.65+1.97 7.98+1.96 13.43k2.6 10.16
78 19.52+4.19 10.89+2.30 19.52+2.28 12.36+2.41 N/T® 15.57
88 15.75+2.58 6.06+1.46  7.69+1.11 11.59+2.96 N/T° 10.27
96 23.56+4.01 11.92+255 21.81+3.02 15.86+3.45 N/T° 18.29
109 18.89+3.61 15.73+3.90 22.40+2.05 12.65+2.59 N/T° 17.42
110 28.30+4.65 29.88+4.97 25.15+3.76 20.11+4.24 N/T° 25.86
120 22.70+3.44 10.25+2.28 15.28+3.28 11.49+2.00 N/T° 14.93
121 29.45+5.21 15.56+1.99 20.12+4.41 14.85+2.99 N/T° 20.00
Marchantin C  21.22+3.55 12.95+2.03 13.36+2.10 121985 14.45+2.88  14.99



Adriamycin 1.23+0.15 0.57+0.10 1.77+0.23 1.76+0.1416.89+2.29 4.44

#The IG, values iM) are the concentrations corresponding to 50%bitibin of each cell line growth;
Mean values based on three independent experinieits;means not tested.

[Table 1 here]

The antiproliferative activity of the most poteringpound47 in HCC1428 cells was further
monitored using the xCELLigence system, and vitiogs(VCR) was used as a positive control. As
shown in Fig. 4, compound? inhibited HCC1428 cell proliferation within 5 h ardkcreased the
number of cells markedly within 20 h, which showsade similar to VCR. After treatment for
approximately 60 h, the effect @7 was close to that of VCR. The cell growth curvews that

compound4? inhibited HCC1428 cell proliferation and subsedlyeimduced cell death.
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Fig. 4. HCC1428 cells were treated with compoufid as indicated. Cells were then plated 2000
cells/well into E-plate 16 and analyzed using a kOBence RTCA DP instrument. The
results are representative of three independergrarpnts.

[Figure 4 here]

2.3.2. Céll cycle analysis

After the antiproliferative activity evaluation, vextended our work to a mechanistic study. Flow
cytometry was used to analyze the effects of thechaamtin C analogues on cell growth and division.
HCC1428 cells were treated with compoutitifor 24 h. DMSO was used as a vehicle control, and
VCR was used as a positive control. As shown in 5jgn the vehicle group, 12.93% of the HCC1428
cells were in the @M phase. Compound7 increased the proportion of cells in thg/\& phase to
approximately 37.70% and 85.34% when treated forh2dt concentrations of @M and 6 uM,

respectively. These results demonstrate that compériinduces cell cycle arrest at theg/K8 phase in



a dose-dependent manner, which is consistent Wétrdsults obtained for classical tubulin-targeting

drugs.
Control VCR 1 uM 3 uM 6 uM
Gl:3.54%
Number ) Gl: 62.61% Gl:4.15% G1: 38.60% bosiniw
S: 24.46% ! g ] S: 23.66% £
: C Sihas ’ GM: 85.34%
G2M: 12.93 % GI/M: 88.89 % CUM:ITTO%

Channels (FL2-H)

Fig. 5. Compound4?7 induced HCC1428 cell cycle arrest at thgMGphase. HCC1428 cells were
treated with 3uM and 6uM concentrations of compounty for 24 h, and then trypsinized, fixed and
stained with Pl to measure the cell cycle profileflow cytometry. Control cells were treated with
DMSO alone. The results are representative of timéependent experiments.

[Figure 5 here]

2.3.3. Immunofluorescence staining

The significant cell growth inhibitory propertie$ the marchantin C analogues and their obvious
G,/M phase arresting properties encouraged us thduihvestigate the biological mechanism. Given
the microtubule-depolymerization activity of marotia C in culture cells, we next examined the
effect of compoundi7 on the cytoskeleton network using immunofluoresstaining techniques. The
cellular microtubule networks were visualized bynfozal microscopy. As shown in Fig. 6, intact
microtubule arrays could be observed in untreatdts.cHowever, during treatment with increasing
dosages ofl7, the microtubule networks decreased and dispemstite cytoplasm, which was similar
to the result observed for aiM VCR treatment. These results indicate thataffects the cellular
microtubule dynamics. In addition, effect of thedgotent compound? on the cytoskeleton network
was also tested. As shown in Fig. 6, compouiiddisplayed very weak cytoskeleton network
disrupting activity at the concentration ofu® compared with compound?7, and as increasing the
dosages of77 to 6 uM and 10uM, the microtubule networks decreased and dispersiedgously,
which indicated that the antiproliferative activigf these compounds was closely related to the

inhibition of tubulin polymerization.
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Fig. 6. HCC1428 cells were treated with compoudifdand77 as indicated for 24 h and then fixed and
immunostained with monoclonal antitubulin antibody (red) and DAPI (blue). One micraar
concentrations of VCR and DMSO were used as cantrbhe results are representative of three
independent experiments. Bar =ii.

[Figure 6 here]

2.3.4. Tubulin polymerization inhibition

We next investigated the inhibition of tubulin pwigrization by the selected potent compodnid



and compared it to the results from a positive mdrf/CR) and a negative control (taxol). DMSO was
used as a blank control. Bovine brain tubulin wasibated with compourdl7 at concentrations of 5
and 10pM. VCR and taxol were both used at a concentratioh M. As shown in Fig. 7, paclitaxel
caused an immediate and significant increase irabls®rbance, indicating an enhancement of tubulin
polymerization. In contrast, VCR amt’ caused a decrease in the absorbance, indicatatgthh
tubulin polymerization was inhibited. Compoudd showed stronger inhibition than VCR at the two
tested concentrations. These results clearly itglithat compoundd7 significantly inhibits the

polymerization of tubulinn vitro.
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Fig. 7. Effect of compoundt7 on tubulin polymerizatiorin vitro. Purified bovine brain tubulin

was incubated in the presence of taxol, VCR, DM&6nffol), and compound?7 under the

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

2.4. Molecular modeling

The excellent bioactivity of bishibenzyl derivatsv&ncouraged us to investigate the possible
mechanism of action at the molecular level, and emspecifically, the binding mode of active
compound47 to tubulin. In a previous study, a macrocyclichifienzyl compound was found to be a
colchicine site binder on tubulin. We anticipatbdtéd7 would also target the colchicine-binding site in
tubulin due to its bisbibenzyl skeleton and michotie-depolymerizing activity. Compourt? was
then docked into the colchicine-binding site onulib using the GOLD (Genetic Optimization for
Ligand Docking) program. The binding mode of compbul7 was studied further by energy
minimization. In the resulting hypothetical struety(Fig. 8A), the hydroxyl group on C-4 of arelbe
may form hydrogen bonds with the residues Lys 3%® Asn 349. In addition, the hydroxyl group on
C-5 of arené is involved in a potential hydrogen bond with tabonyl group of Val 315. It is also

possible that arenB forms a CHr interaction with the methyl group of Leu 248. Walibve that the



combination of the CHe interaction and the hydrogen bonds could playuaial role in the excellent
antitubulin activity of derivativel7. Furthermore, as shown in Fig. 8B, the methoxglugron aren®
could fit well into the hydrophobic pocket formey tesidues Gln 247, Leu 248, Lys 352 and Ala 354,

which might contribute to its enhanced potency careg to compound4.

LEU-248

4

Fig. 8. Proposed binding mode of compou#idin the colchicine-binding site (PDB code 1SA0)) (A
The binding mode 047 (cyan) in the binding site with hydrogen bonds sh@s dotted red where the
distance between the ligand and the protein istlems 3 A. (B) Docking o#7 (grey) into the binding
site overlaid with a model of DAMA-colchicine (maga stick). The methoxyl group could fit well
into the hydrophobic pocket formed by residues 24, Leu 248, Lys 352 and Ala 354.

[Figure 8 here]

3. Conclusions

In this report, a series of novel marchantin C aga¢s was designed, synthesized and evaluated
for their antiproliferative activity against fiventhropiccancer cell lines, resulting in the discovery of
several novel antitumor agents as tubulin polynagion inhibitors. Some of those analogues were also
effective against the paclitaxel-resistant cancgdl kine. Compoundd7 was identified as the most
potent compound, with l§g values of 1.51-5.51uM, which were comparable or superior to the
reference drug ADR and much more potent than thenpamarchantin C. As a probe in mechanistic
studies, compound? arrested cancer cells in the G2/M phase in a curateon-dependent manner
and disrupted cellular microtubules. Further me@ianstudies confirmed that compoudd gained
its activity by inhibiting tubulin polymerizationtahe colchicine-binding site. Molecular modeling
provided insight into the binding mode of the mamtin C analogue in tubulin. Structure-activity

relationships concluded that (1) the macrocyclisbltienzyl skeleton is the basic structure for the



antitubulin activity, (2) strain within the macradi¢ ring affects the molecular antitumor activity
some extent, with a 19-membered ring being mosveacand (3) the nature and location of the
substituents on the arene rings play a criticad inlthe antiproliferative activity. These marchar®
analogues with novel bishibenzyl skeletons repiteaarew class of tubulin inhibitors, and compound
47 could serve as a lead compound for further opttion in the discovery of novel antimitotic agents.
4. Experimental section
4.1. Chemistry

Chemicals were commercially available and used eaxived without further purification.
Solvents (THF, MeCN and DCM) were dried and freddibtilled before use according to procedures
reported in the literaturdReactions were monitored by thin-layer chromatolyapsing Merck plates
with fluorescent indicator. Column chromatographgsvearried out on silica gel or alumina (200-300
mesh). The NMR spectra were recorded on a BrukectBpspin spectrometer at 600 MHZQ NMR
at 150 MHz) using TMS as an internal standard. @temical shifts are reported in parts per million
(ppm ) referenced to the residu# resonance of the solvent (CRCT.28 ppm). Abbreviations used
in the splitting pattern were as follows: s=singbtdoublet, t=triplet, quin=quintet, m=multipletnd
br=broad. Mass spectral analyses were performetheatShandong University-Chemical Analysis
Center. All HRMS spectra (ESI) were obtained ol 8@ Orbitrap mass spectrometer.

General procedure 1 (GP 1) for the Ullmann reaction

A mixture of phenol (0.05 mol) (compoun@s 8, 67, and 97-98), bromo-benzaldehyde (1.05
equiv.) (compound4-2, 9-12, 48, 56, and66), potassium carbonaf2 equiv.) and cupric oxide (0.3
equiv.) in pyridine (50 mL) was stirred under reflior 12 h. The pyridine was distilled off in vacuo
and the residue was extracted with EtOAc (200 rilbe solution was concentrated and the residue
was purified by flash column chromatography (580 Al,Os), eluting with a hexane-DCM mixture, to
yield the pure product as a solid in moderate yield

General procedure 2 (GP 2) for the preparation of the phosphonium salts

Benzyl alcohol (25 mmol) (compoundsb, 22-26, 51, 58, 61, 69-70, 81, 85, 90, 93, 103-104, and
114-115) and triphenylphosphonium bromide (1.05 quiv.) evelissolved in anhydrous GEN (50
mL), the resulting mixture was then refluxed foln,3he solvent was removed in vacuo and the residue
was purified by silica gel column chromatographiytiag with 5% methanol in DCM, to yield the

pure product as a white solid in satisfactory yield



General procedure 3 (GP 3) for the intramolecular Wttig reaction

A solution of phosphonium salt (compouris31, 52, 62, 71-72, 86, 94, 103-104, and114-115)
in anhydrous DCM (150 mL/mmol) was added dropwisehfmmol) to a suspension of MeONa (8
equiv.) in anhydrous DCM (50 mL/mmol). The reactiarixture 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, etgtiwith DCM, to provide the desired compound in
satisfactory yield.

General procedure 4 (GP 4) for the catalytic hydrogenation of stilbenes and benzyl ethers

Palladium on activated carbon (10% Pd, 100 mg/mmal} added to a solution of stilbene or
benzyl ether (compound®y-41, 54, 64, 75-76, 87, 95, 107-108, and118-119) in EtOAc (100-150 mL).
The suspension was stirred underféf 24 h at room temperature. The reaction mixtuae filtered,
and the solution was concentrated to provide tbdymst as a white solid in satisfactory yield.

General procedure 5 (GP 5) for the cleavage of aryl methyl ethers

A solution of boron tribromide (8 equiv.) in anhgds DCM (10 mL) was added dropwise to a
stirred solution of aryl methyl ether (compountis45, 46-47, 55, 65, 77-78, 88, 96, 109-110, and
120-121) (1 mmol) in anhydrous DCNLO mL) at -78 °C. The reaction mixture was stiread78 °C
for 3 h and then was allowed to warm up to roompterature within 12 h. Ice-cold water was then
added, and the reaction mixture was stirred vigslsofor 1 h. The solution was then diluted with
DCM (50 mL), washed with sat ag NaCl and dried @atium sulfate. The solution was concentrated,
and the residue was purified by silica gel colurhmomatography, eluting with DCM, to provide a
white solid in satisfactory yield.

Methyl 4-(5-formyl-2-methoxyphenoxy) benzoate (4).

This compound was prepared from methyl 4-bromobatez@l) and 3-hydroxy-4-methoxy-
benzaldehyde3j] in 76% yield by following GP 1. Orange solid; f8-120 °C*H NMR (CDCk) &
9.87 (s, 1 H), 8.02-7.99 (m, 2 H), 7.76 (dd 8.2, 2.1 Hz, 1 H), 7.59 (d,= 2.1 Hz, 1 H), 7.14 (d =
8.3 Hz, 1 H), 6.94 (d] = 8.7 Hz, 2 H), 3.91 (s, 3 H), 3.90 (s, 3 H); ME=S() 287 (M+H].

Methyl 4-(5-formyl-2-methoxyphenoxy)-3-methoxybenzoate (5).
This compound was prepared from 3-hydroxy-4-methexyaldehyde 3) and methyl
4-bromo-3-methoxybenzoat€)(in 63% vyield by following GP 1. Yellow solid; mp09-110 °C.*H

NMR (CDCk) 8 9.83 (s, 1 H), 7.70 (dl = 1.8 Hz, 1 H), 7.69 (s, 1 H), 7.61 (dbi= 1.8 Hz, 8.4 Hz, 1



H), 7.42 (dJ = 1.8 Hz, 1 H), 7.13 (dl = 8.4 Hz, 1 H), 6.81 (d] = 8.4 Hz, 1 H), 3.95 (s, 3 H), 3.94 (s,
3 H), 3.93 (s, 3 H); MS (ESI) 317 (M+H)

(4-Methoxy-3-(4-(methoxycar bonyl) phenoxy)benzyl)triphenyl phosphonium Bromide (6).

Sodium borohydride (0.34 g, 9.16 mmol) was added swlution of4 (7.21 g, 22.81 mmol) in
THF (25 mL) over 15 min at 0 °C. The reaction migtwvas then stirred at room temperature for 3 h.
Water (10 mL) and 1M HCI (10 mL) were added andTh#- was evaporated in vacuo. The resulting
mixture was extracted with DCM (15 mL), washed wstt aq NaCl, and dried over sodium sulfate.
The solution was concentrated to obtain a crudeTbik crude oil and triphenylphosphonium bromide
(23 mmol) were then dissolved in anhydroussCN (50 mL), the resulting mixture was then refluxed
for 3 h, the solvent was removed in vacuo and #wdue was purified by silica gel column
chromatography, eluting with 5% methanol in DCM,yield the pure product as a white solid, mp
217-219 °C*H NMR (CDCk) § 7.90 (d,J = 9.0 Hz, 2 H), 7.80-7.73 (m, 9 H), 7.65-7.58 @H), 7.27
(s, 1 H), 6.84 (dJ = 8.4 Hz, 1 H), 6.69 (dl = 8.7 Hz, 2 H), 6.51 (s, 1 H), 5.46 (= 14 Hz, 2 H), 3.90
(s, 3 H), 3.73 (s, 3 H); MS (ESI) 533 (M-Br)

(4-Methoxy-3-(2-methoxyl-4-(methoxycar bonyl ) phenoxy)benzyl )triphenyl phosphonium ~ Bromide
().

This compound was prepared from compo&ral following the procedure described fryield
78%, white solid; mp 230-231 °&4 NMR (CDC}k) & 7.83-7.70 (m, 9 H), 7.67-7.60 (m, 6 H), 7.57 (d,
J=1.8Hz, 1 H), 7.36 (s, 1 H), 7.03 (t= 1.8 Hz, 1 H), 6.91 (dd = 1.8 Hz, 8.4 Hz, 1 H), 6.87 (d=
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(833
H); MS (ESI) 563 (M-Br).

2-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)benzal dehyde (13).

This compound was prepared fréand9 in 69% yield by following GP 1, yellow oitH NMR
(CDCly) & 10.78 (s, 1H), 7.92 (dd, J = 7.7, 1.6 Hz, 1H)177438 (m, 1H), 7.36 (d, J = 7.9 Hz, 1H),
7.29 (t, J = 10.9 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1AP1 (d, J = 8.2 Hz, 1H), 6.62 (d, J = 8.4 Hz),1H
5.69 (s, 1H), 4.14 (d, J = 7.4 Hz, 2H), 3.83 &, 11.5 Hz, 2H), 3.72 (s, 3H), 2.18 (qd, J = 12.8, I8z,
1H), 1.37 (d, J = 13.5 Hz, 1H); MS (ESI) 315 (M+H)

2-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)-5-methoxybenzaldehyde (14).

This compound was prepared fr@8rand 10 in 67% vyield by following GP 1, colorless otH

NMR (CDCL) & 10.76 (s, 1 H), 7.39 (d,= 3.0 Hz, 1 H), 7.36 (dl = 7.8 Hz, 1 H), 7.28 (dd} = 3.0 Hz,



7.8 Hz, 1 H), 7.00 (dJ = 7.2 Hz, 2 H), 6.61 (d] = 9.0 Hz, 1 H), 5.73 (s, 1 H), 4.18 (dbiz 4.8 Hz,
10.8 Hz, 2 H), 3.88 (1) = 10.8 Hz, 2 H), 3.84 (s, 3 H), 3.72 (s, 3 H),32216 (m, 1 H), 1.39 (dl =
13.2 Hz, 1 H); MS (ESI) 345 (M+H)

2-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)-4,5-dimethoxybenzal dehyde (15).

This compound was prepared fr@rand 11 in 76% vyield by following GP 1, colorless otH
NMR (CDCk) § 10.62 (s, 1H), 7.37 (s, 1H), 7.35 (db= 8.2, 1.1 Hz, 1H), 7.28 (§ = 8.0 Hz, 1H),
6.99 (dd,J = 8.1, 1.1 Hz, 1H), 6.24 (s, 1H), 5.76 (s, 1HL&(dd,J = 10.7, 3.5 Hz, 2H), 3.91 (s, 3H),
3.87 (t,J = 11.5 Hz, 2H), 3.72 (s, 3H), 3.68 (s, 3H), 2.3632(m, 1H), 1.40 (dJ = 13.5 Hz, 1H) ; MS
(ESI) 375 (M+HY.

6-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)benzo[ d] [ 1,3] dioxol e-5-carbaldehyde (16).

This compound was prepared fr@rand 12 in 76% vyield by following GP 1, colorless otH
NMR (CDCL) 6 10.58 (s, 1H), 7.35 (d, = 7.0 Hz, 1H), 7.32 (s, 1H), 7.29 {t= 7.9 Hz, 1H), 7.00 (d,
J=7.3 Hz, 1H), 6.16 (s, 1H), 5.98 (s, 2H), 5.691(d), 4.18 (d]J = 7.2 Hz, 2H), 3.87 (1] = 11.4 Hz,
2H), 3.75 (s, 3H), 2.26-2.13 (m, 1H), 1.39J& 13.5 Hz, 1H) ; MS (ESI) 359 (M+H)

Methyl  4-(5-(2-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy) phenethyl)-2-methoxyphenoxy)-benzoate
(7).

Potassium carbonate (4.45 g, 32.22 mmol) and a th&8-crown-6 were added to a solutior6of
(10.34 g, 16.11 mmol) anti3 (5.06 g, 16.06 mmol) in anhydrous DCM, the resgltmixture was
stirred under reflux for 24 h. The insoluble maikrivas then filtered off and the filtrate was
concentrated to provide the orange oil that wasfipdrby flash column chromatography ¢8k),
eluting with a 3:1 solution of hexane-dichlorometbao afford a mixture of/E isomers as a yellow
oil. Pd/C 10% (0.7 g) and triethylamine (16 mL) e¢hen added to the solution of isomers in ethyl
acetate (100 mL). The suspension was stirred udgéor 24 h at room temperature. The mixture was
filtered, and concentrated to affotd (6.87 g, 75%) as colorless diH NMR (CDCl) 6 8.02-7.92 (m,
2H), 7.37 (dd,J = 7.9, 1.4 Hz, 1H), 7.26 (§,= 8.0 Hz, 1H), 7.12 (dd] = 8.3, 2.1 Hz, 1H), 7.06 (dd,
= 7.4, 1.6 Hz, 1H), 7.04-7.00 (m, 1H), 6.98 (dg; 8.2, 1.4 Hz, 1H), 6.97 (d,= 8.4 Hz, 1H), 6.95 (d,
J = 2.1 Hz, 1H), 6.91-6.86 (m, 3H), 6.43 (tz 8.2 Hz, 1H), 5.67 (s, 1H), 4.15 (dii= 10.7, 3.5 Hz,
2H), 3.91 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H), 22865 (m, 1H), 1.37-1.31 (m, 1H); MS (ESI) 571
(M+H)*.

Methyl 4-(5-(2-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)-5-methoxyphenethyl)-2-methoxyphenoxy)



benzoate (18).

This compound was prepared fra@drand 14 by following the procedure described fbf, yield
71%, colorless oil*H NMR (CDCL) § 7.97 (d,J = 8.2 Hz, 2H), 7.36 (d] = 7.4 Hz, 1H), 7.24 (] =
7.7 Hz, 1H), 7.12 (dJ = 7.5 Hz, 1H), 6.97 (d] = 7.6 Hz, 3H), 6.89 (d] = 8.2 Hz, 2H), 6.64 (s, 1H),
6.54 (d,J = 8.3 Hz, 1H), 6.36 (d] = 8.7 Hz, 1H), 5.68 (s, 1H), 4.16 @z= 9.1 Hz, 2H), 3.91 (s, 3H),
3.84 (t,J =10.8 Hz, 2H), 3.79 (s, 3H), 3.73 (s, 3H), 3.663H), 3.09-2.96 (M, 4H), 2.27-2.13 (m, 1H),
1.35 (d,J = 13.7 Hz, 1H); MS (ESI) 601 (M+H)

Methyl 4-(5-(2-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)-4,5-di methoxyphenethyl ) -2-methoxy-
phenoxy) benzoate (19).

This compound was prepared fra@drand 15 by following the procedure described fbf, yield
79%, colorless oil'H NMR (CDCE) & 8.01-7.91 (m, 2H), 7.36 (dd,= 7.9, 1.4 Hz, 1H), 7.25 (8 =
8.0 Hz, 1H), 7.09 (dd] = 8.4, 2.1 Hz, 1H), 6.99-6.94 (m, 3H), 6.91-6.84 RH), 6.56 (s, 1H), 6.15 (s,
1H), 5.71 (s, 1H), 4.17 (dd,= 11.4, 4.6 Hz, 2H), 3.90 (s, 3H), 3.89-3.82 (i), 23.79 (s, 3H), 3.79 (s,
3H), 3.66 (s, 3H), 3.60 (s, 3H), 3.10-2.96 (m, 4MP4-2.20 (m, 1H), 1.40-1.33 (m, 1H); MS (ESI) 631
(M+H)*.

Methyl 4-(5-(2-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)-5-methoxyphenethyl)-2-methoxy- phenoxy)
-3-methoxybenzoate (20)

This compound was prepared frafrand 14 by following the procedure described fbf, yield
80%, colorless oil'H NMR (CDCL) & 7.64 (s, 1H), 7.54 (dl = 7.9 Hz, 1H), 7.35 (d] = 7.0 Hz, 1H),
7.24 (t,J = 7.0 Hz, 1H), 7.08 (d] = 7.5 Hz, 1H), 7.02-6.90 (m, 3H), 6.64 (s, 1HE6(d,J = 8.1 Hz,
1H), 6.53 (dJ = 8.3 Hz, 1H), 6.36 (d] = 8.6 Hz, 1H), 5.68 (s, 1H), 4.16 @@= 8.8 Hz, 2H), 3.98 (s,
3H), 3.91 (s, 3H), 3.86-3.84 (m, 2H), 3.78 (s, 3B)72 (s, 3H), 3.67 (s, 3H), 3.17-2.96 (m, 4H),
2.29-2.14 (m, 1H), 1.36-1.34 (m, 1H); MS (ESI) g84+H)".

Methyl 4-(5-(2-(5-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)benzo[ d] [ 1,3] dioxol-6-yl) ethyl)-2-
methoxyphenoxy)benzoate (21)

This compound was prepared fréand 16 by following by following the procedure described
for 17, yield 74%, colorless oitH NMR (CDCk) & 7.32 (dd, J = 7.6, 1.4 Hz, 1H), 7.20 (t, J = 8O H
1H), 7.15 (s, 1H), 7.10 (d, J = 8.1 Hz, 2H), 6.88,(J = 8.0, 2.1 Hz, 1H), 6.80-6.76 (m, 2H), 6.d0X

= 8.4 Hz, 2H), 6.62 (d, J = 1.9 Hz, 1H), 6.43 (d),15.98 (s, 1H), 5.79 (s, 2H), 5.65 (s, 1H), 4d6J



= 7.3 Hz, 2H), 3.83-3.76 (m, 2H), 3.70 (s, 3H),63(6, 3H), 3.59 (s, 3H), 2.97-2.91 (m, 2H), 2.88e2.
(m, 2H), 2.20-2.14 (m, 1H), 1.34 (d, J = 13.6 HA);IMS (ESI) 615 (M+H].

2-(2-(3-(4-(Hydroxymethyl)phenoxy)-4-methoxyphenethyl ) phenoxy)- 3-methoxybenzal dehyde (22).

A solution of 17 (13.11 g, 23.72 mmol) in THF (25 mL) was addedpsvise to a stirred
suspension of lithium aluminum hydride (1.75 g,0%6mmol) in anhydrous THF (30 mL). The
resulting mixture was stirred at room temperatore2t5 h and carefully hydrolysed with sat aq/SH
(10 mL). THF was removed in vacuo and the resultimgture was diluted with DCM (70 mL),
washed with saturated aqueous NaCl and dried @¢éurm sulfate. The solvent was removed in vacuo
to yield crude oil. The crude oil was then dissdie a solution of ethanol (100 mL) and 10 % aq HCI
(20 mL). The resulting mixture was then stirred rabm temperature for 12 h. Sat aq sodium
bicarbonate was added and the ethanol was remavedcuo. The resulting mixture was extracted
with DCM, washed with saturated aqueous NaCl andddover sodium sulfate. The solution was
concentrated to yield2 (9.20 g, 80%) as colorless diH NMR (CDCkL) & 10.19 (s, 1H), 7.57 (dd,=
7.9, 1.5 Hz, 1H), 7.32 (td,= 8.0, 0.7 Hz, 1H), 7.28-7.26 (m, 2H), 7.25 (de; 8.2, 1.5 Hz, 1H), 7.10
(dd,J = 7.5, 1.6 Hz, 1H), 7.06-7.01 (m, 2H), 6.95 Jd; 8.4 Hz, 1H), 6.93 (td] = 7.6, 1.6 Hz, 1H),
6.90-6.86 (m, 2H), 6.84 (d,= 2.0 Hz, 1H), 6.40 (dd] = 8.2, 0.7 Hz, 1H), 4.64 (s, 2H), 3.83 (s, 3H),
3.71 (s, 3H), 3.13-2.99 (m, 4H); MS (ESI) 485 (M+H)

2-(2-(3-(4-(Hydr oxymethyl ) phenoxy)-4-methoxyphenethyl)-4-methoxyphenoxy)-3-methoxybenzal d
ehyde (23).

This compound was prepared from compou8dby following the procedure described fa2,
yield 78%, colorless oitH NMR (CDCL) 6 10.20 (s, 1H), 7.92 (d,= 8.4 Hz, 2H), 7.32 (d] = 8.0 Hz,
1H), 7.21 (tJ = 8.0 Hz, 1H), 7.15 (dl = 7.6 Hz, 1H), 6.97-6.90 (m, 3H), 6.86 (d5 8.0 Hz, 2H), 6.60
(s, 1H), 6.56 (dJ = 8.0 Hz, 1H), 6.30 (d] = 8.6 Hz, 1H), 4.59 (s, 2H), 3.79 (s, 3H), 3.733d), 3.66
(s, 3H), 3.07-2.98 (m, 4H); MS (ESI) 515 (M+H)

2-(2-(3-(4-(Hydroxymethyl)phenoxy)-4-methoxyphenethyl)-4,5-dimethoxyphenoxy)- 3-methoxybenz
aldehyde (24).

This compound was prepared from compod8dby following the procedure described 22,
yield 71%, colorless oitH NMR (CDCk) 6 10.19 (s, 1H), 7.56 (dd,= 7.9, 1.5 Hz, 1H), 7.30 (td,=
8.0, 0.8 Hz, 1H), 7.28-7.24 (m, 2H), 7.23 (dd; 8.2, 1.5 Hz, 1H), 6.98 (dd,= 8.3, 2.1 Hz, 1H), 6.93

(d,J = 8.4 Hz, 1H), 6.89-6.85 (m, 2H), 6.78 (= 2.1 Hz, 1H), 6.57 (s, 1H), 6.00 (s, 1H), 4.622),



3.83 (s, 3H), 3.77 (s, 3H), 3.70 (s, 3H), 3.6(B(8), 3.05-2.93 (m, 4H); MS (ESI) 545 (M+H)
2-(2-(3-(4-(Hydr oxymethyl )-2-methoxyphenoxy)-4-methoxyphenethyl )-4-methoxyphenoxy)-3-meth
oxybenzaldehyde (25).

This compound was prepared from compowtd by following by following the procedure
described fo22, yield 71%, colorless oitH NMR (CDCL) & 10.19 (s, 1H), 7.69 (s, 1H), 7.56 (t=
8.0 Hz, 1H), 7.30 (dJ = 7.4 Hz, 1H), 7.21 () = 7.6 Hz, 1H), 7.04 (d] = 7.6 Hz, 1H), 7.00-6.85 (m,
3H), 6.61 (s, 1H), 6.60 (d), = 8.0 Hz, 1H), 6.55 (d] = 8.0 Hz, 1H), 6.37 (d] = 8.0 Hz, 1H), 4.68 (s,
2H), 3.88 (s, 3H), 3.74 (s, 3H), 3.70 (s, 3H), 3$63H), 3.17-2.96 (M, 4H); MS (ESI) 545 (M+H)

2-(5-(3-(4-(Hydr oxymethyl ) phenoxy)-4-methoxyphenethyl )benzo[ d] [ 1,3] dioxol -6-yl oxy)-3-methox
ybenzaldehyde (26).

This compound was prepared from compo@idoy following by following the procedure
described fof2, yield 76%, colorless oitH NMR (CDCk) 6 10.06 (s, 1H), 7.46 (dd,= 7.8, 1.3
Hz, 1H), 7.21 (tJ = 8.1 Hz, 1H), 7.17 (s, 1H), 7.14 @7 8.1 Hz, 2H), 6.90 (ddl = 8.3, 1.9 Hz,
1H), 6.87-6.82 (m, 2H), 6.80 (d,= 8.4 Hz, 2H), 6.70 (dJ = 1.9 Hz, 1H), 6.47 (s, 1H), 5.91 (s,
1H), 5.77 (s, 2H), 4.55 (s, 2H), 3.75 (s, 3H), 3(643H), 2.95-2.89 (m, 2H), 2.87-2.82 (m, 2H);
MS (ESI) 529 (M+Hj.

2-(2-(3-(4-((Bromotriphenyl phosphor anyl) methyl ) phenoxy)-4-methoxyphenethyl ) phenoxy)-3-meth
oxybenzaldehyde (27).

This compound was prepared fr@a in 88% vyield by following GP 2, white solid; mp 2468
°C.*H NMR (CDCk) & 10.19 (s, 1H), 7.80-7.72 (m, 9H), 7.68-7.65 (m),6H49 (td,J = 7.6, 2.9 Hz,
2H), 7.33 (tJ = 7.9 Hz, 1H), 7.09 (d] = 6.9 Hz, 1H), 6.99 (ddl = 8.2, 1.7 Hz, 4H), 6.92-6.88 (m, 2H),
6.78 (d,J = 2.0 Hz, 1H), 6.67 (d] = 7.8 Hz, 2H), 6.37 (d] = 8.0 Hz, 1H), 5.34 (d] = 13.6 Hz, 2H),
3.80 (s, 3H), 3.70 (s, 3H), 3.10-2.97 (m, 4H); NES() 729 (M-Br}.

2-(2-(3-(4-((Bromotriphenyl phosphoranyl)methyl ) phenoxy)-4-methoxyphenethyl )-4-methoxypheno
xy)-3-methoxybenzal dehyde (28).

This compound was prepared fr@8 in 90% vyield by following GP 2, white solid; mp 3856
°C.*H NMR (CDCk) & 10.20 (s, 1H), 7.86 (d}, = 8.0 Hz, 2H), 7.82-7.76 (m, 9H), 7.67-7.66 (m))6H
7.36 (d,J = 8.0 Hz, 1H), 7.24 (t] = 8.0 Hz, 1H), 7.17 (d] = 8.0 Hz, 1H), 6.99-6.93 (m, 3H), 6.87 (d,
= 8.6 Hz, 2H), 6.62 (s, 1H), 6.59 (@= 8.0 Hz, 1H), 6.33 (d] = 8.0 Hz, 1H), 5.35 (d] = 13.4 Hz, 2H),

3.81 (s, 3H), 3.74 (s, 3H), 3.68 (s, 3H), 3.04-21954H); MS (ESI) 759 (M-Bf)



2-(2-(3-(4-((Bromotriphenyl phosphor anyl) methyl ) phenoxy)-4-methoxyphenethyl)-4,5-dimethoxyp
henoxy)-3-methoxybenzal dehyde (29).

This compound was prepared fr@#h in 90% vyield by following GP 2, white solid; mp 4175
°C.'H NMR (CDC}) 6 10.24 (s, 1H), 7.80-7.72 (m, 9H), 7.69-7.65 (m),6H31 (d,J = 7.8 Hz, 1H),
7.30 (d,J = 1.5 Hz, 1H), 7.02 (d] = 8.4 Hz, 2H), 6.96 (dd] = 8.3, 2.0 Hz, 2H), 6.90 (d,= 7.8 Hz,
1H), 6.78 (d,J = 2.0 Hz, 1H), 6.70 (d] = 8.1 Hz, 2H), 6.60 (s, 1H), 6.01 (s, 1H), 5.38X¢ 13.6 Hz,
2H), 3.81 (s, 3H), 3.78 (s, 3H), 3.71 (s, 3H), 3(§93H), 3.02-2.99 (m, 2H), 2.94-2.90 (m, 2H); MS
(ESI) 789 (M-Br}.

2-(2-(3-(4-((Bromotriphenyl phosphor anyl) methyl)-2-methoxyphenoxy)-4-methoxyphenethyl )-4-me
thoxyphenoxy)-3-methoxybenzal dehyde (30).

This compound was prepared fr@®in 87% yield by following GP 2, white solid; mp @357
°C.*H NMR (CDC}) § 10.20 (s, 1H), 7.86-7.75 (m, 9H), 7.72-7.65 (m),6H67 (s, 1H), 7.55 (d,=
8.0 Hz, 1H), 7.32 (d] = 8.0 Hz, 1H), 7.20 (] = 8.4 Hz, 1H), 7.06 (d] = 8.0 Hz, 1H), 7.05-6.92 (m,
3H), 6.64 (s, 1H), 6.61 (d,= 8.0 Hz, 1H), 6.57 (d] = 8.0 Hz, 1H), 6.32 (d] = 8.0 Hz, 1H), 5.36 (d]
= 13.6 Hz, 2H), 3.87 (s, 3H), 3.73 (s, 3H), 3.683(4), 3.65 (s, 3H), 3.12-2.90 (m, 4H); MS (ESIP78
(M-Br)".

Macrocycle (stilbene bridge) (32).

This compound was prepared frd@m in 83% yield by following GP 3, white solid; mp 2463
°C.*H NMR (CDCk) 8 7.27 (d,J = 6.0 Hz, 1H ), 7.23 (dl = 8.0 Hz, 1H), 7.13 (dd]= 1.2 Hz,J= 7.6
Hz, 1H), 7.01 (ddJ = 1.2 Hz,J = 8.4 Hz, 1H), 6.97-6.96 (m, 1H ), 6.92 (= 8.0 Hz, 1H), 6.90-6.87
(m, 2H), 6.77-6.72 (m, 3H), 6.26 (d,= 8.0 Hz, 1H), 6.12 (dJ = 16.0 Hz, 1H), 5.21 (d] = 2.0 Hz,
1H), 4.00 (s, 3H), 3.88 (s, 3H), 3.01-2.71 (m, 4K NMR (CDCE) & 165.5, 165.4, 153.3,151.7,
146.2, 142.1, 140.2, 134.3, 133.2, 131.6, 128.7,71225.8, 123.4, 123.3, 121.7, 121.2, 118.4,8/13.
112.9, 112.0, 119.9, 56.3, 56.2, 29.0, 24.0. MIYESL (M+HY)".

Macrocycle (stilbene bridge) (33).

This compound was prepared fr@® in 83% yield by following GP 3, white solid; mp @487
°C.'™H NMR (CDCk) 3 7.31 (s, 1 H), 7.24 (] = 7.8 Hz, 1 H), 7.13 (d] = 7.8 Hz, 2 H), 7.00 (d] =
8.4 Hz, 2 H), 6.93-6.86 (M, 3 H), 6.88 (U= 15.6 Hz, 1 H), 6.49 (dl = 8.4 Hz, 1 H), 6.38 (s, 1 H),
6.20 (d,J = 8.4 Hz, 1 H), 6.11 (dl = 15.6 Hz, 1 H), 5.24 (s, 1 H), 4.00 (s, 3 H),%(8, 3 H), 3.58 (s, 3

H), 3.06 (s, 4 H)!*C NMR (CDCE) & 156.6, 154.0, 153.3, 151.7, 150.8, 146.1, 14240,3, 134.4,



132.9, 132.4, 131.4, 129.4, 125.6, 121.8, 118.4,511113.8, 113.4, 111.9, 111.8, 110.2, 56.2, 55.6,
29.1, 24.2; MS (ESI) 503 (M+N#&)

Macrocycle (stilbene bridge) (34).

This compound was prepared fr@® in 80% yield by following GP 3, white solid; mp 3-174
°C.'H NMR (CDCk)  7.28-7.27 (m, 2 H), 7.23 3,= 8.4 Hz, 1 H), 7.12 (d} = 7.8 Hz, 2 H), 7.01 (d,
J=7.8Hz, 2H),6.91 (dl=2.4Hz,1H),6.89 (d=4.8Hz,1H),6.86 (dd=1.2HzJ=8.4Hz, 1
H), 6.33 (s, 1 H), 6.08 (d,= 9.6 Hz, 1 H), 5.91 (s, 1 H), 5.24 @+ 1.2 Hz, 1 H), 3.99 (s, 3 H), 3.89 (s,
3 H), 3.62 (s, 3 H), 3.52 (s, 3 H), 2.95-2.57 (nH)4 *C NMR (CDC}) & 156.0, 152.5, 151.1, 149.8,
147.7, 146.7, 145.6, 142.7, 141.7, 139.6, 133.8,9,13130.9, 125.1, 121.1, 119.1, 117.9, 113.5,9111.
111.4, 111.3, 98.8, 55.9, 55.7, 55.6, 55.5, 2838);2MS (ESI) 511 (M+H)

Macrocycle (stilbene bridge) (35).

This compound was prepared fr@® in 87% yield by following GP 3, white solid; mp 3-884
°C."™H NMR (CDCk) & 7.22 (d,J = 8.4 Hz, 1 H), 6.97 (d] = 7.2 Hz, 1 H), 6.94 (d] = 7.2 Hz, 1 H),
6.91 (s, 1 H), 6.87 (dl = 16.2 Hz, 1 H), 6.85 (dl = 7.8 Hz, 1 H), 6.83 (d] = 16.2 Hz, 1 H), 6.80 (d,
= 8.4 Hz, 1 H), 6.79-6.65 (m, 4 H), 6.55-6.51 (nH){ 5.54 (s, 1 H), 3.98 (s, 3 H), 3.91 (s, 3 HRE3
(s, 3H), 3.71 (s, 3 H), 2.85-2.69 (m, 4 ML NMR (CDC}k) & 157.3, 152.8, 152.1, 149.4, 146.7, 144.0,
141.4, 137.3, 135.0, 134.5, 131.6, 130.4, 128.8,71225.4, 123.7, 122.0, 119.4, 117.4, 115.6,7113.
111.9, 111.4, 108.9, 55.9, 55.6, 55.2, 54.3, 3BA); MS (ESI) 511 (M+H)

Macrocycle (stilbene bridge) (36).

This compound was prepared fr@h in 88% yield by following GP 3, white solid; mp 3996
°C."H NMR (CDCk) 8 7.16 (s, 1 H), 7.12 (dl = 8.4 Hz, 1 H), 7.03 (d] = 8.4 Hz, 2 H), 6.89 (d] =
8.4 Hz, 1 H), 6.86 (dJ = 15.6 Hz, 1 H), 6.80 (dl = 8.4 Hz, 2 H), 6.75 (dd} = 1.8 Hz,J = 8.4 Hz, 2
H), 6.20 (s, 1 H), 6.00 (d,= 15.6 Hz, 1 H), 5.85 (s, 1 H), 5.71 (s, 2 H),15(d,J = 1.8 Hz, 1 H), 3.90
(s, 3 H), 3.78 (s, 3 H), 2.96-2.43 (m, 4 I\ NMR (CDC}) 5 156.7, 153.2, 151.8, 151.1, 146.2, 145.4,
142.1, 141.4, 140.3, 134.3, 132.8, 132.4, 131.5,9,2121.8, 120.6, 118.4, 113.7, 112.0, 111.8,7,07.
100.8, 96.3, 56.2, 56.1, 29.3, 23.8. MS (ESI) 485K)".

Macrocyclic derivative (37).

This compound was prepared fr@ in 96% yield by following GP 4, white solid; mp @201
°C.'™H NMR (CDCk) 8 7.27 (ddJ = 2.0 Hz,J = 8.4 Hz, 1 H), 7.22 (1] = 8.0 Hz, 1 H), 7.13-7.10 (m, 2

H), 6.99 (dd,J = 2.4 Hz,J = 8.0 Hz, 1 H), 6.93 (td] = 1.6 Hz,J = 7.6 Hz, 1 H), 6.82 (] = 8.8 Hz, 1



H), 6.80-6.72 (m, 4 H), 6.36 (dd,= 2.0 Hz,J = 8.0 Hz, 1 H), 6.24 (d] = 8.0 Hz, 1 H), 6.07 (s, 1 H),
3.95 (s, 3 H), 3.46 (s, 3 H), 3.15-2.99 (m, 2 HB®L2.72 (m, 4 H), 2.63-2.43 (m, 2 HJC NMR
(CDCly) 6 157.5, 154.9, 151.9, 151.6, 146.5, 143.0, 13838,7, 135.5, 130.6, 129.9, 129.8, 126.9,
125.0, 123.6, 122.0, 121.1, 119.8, 117.5, 112.9,8/1110.4, 56.2, 55.6, 37.3, 35.5, 35.0, 30.7. MS
(ESI) 453 (M+HY.

Macrocyclic derivative (38).

This compound was prepared fr@in 95% vyield by following GP 4.white solid; mp 1983 °C.
'H NMR (CDCk) 8 7.29 (s, 1 H), 7.22 (] = 7.8 Hz, 1 H), 7.11 (d] = 7.8 Hz, 1 H), 7.01 (d] = 6.6
Hz, 1 H), 6.80 (dJ = 7.8 Hz, 2 H), 6.75 (1) = 7.8 Hz, 2 H), 6.72 (s, 1 H), 6.47 @z= 7.8 Hz, 1 H),
6.36 (d,J = 7.8 Hz, 1 H), 6.17 (dl = 8.4 Hz, 1 H), 6.08 (s, 1 H), 3.97 (s, 3 H), 3(343 H), 3.48 (s, 3
H), 3.16 (dJ = 9.6 Hz, 1 H), 3.05 (] = 12.0 Hz, 1 H), 2.94-2.86 (m, 3 H), 2.75J& 12.0 Hz, 1 H),
2.60-2.47 (m, 2 H)1,3C NMR (CDCk) 6 154.8, 153.6, 152.0, 151.6, 151.4, 146.4, 1438,3], 136.5,
135.5, 131.3, 130.6, 129.8, 124.8, 123.5, 122.2,a0219.7, 117.4, 115.7, 113.4, 111.0, 110.6,4110.
56.1, 55.6, 55.5, 37.3, 35.7, 34.9, 30.7; MS (B85 (M+Naj.

Macrocyclic derivative (39).

This compound was prepared fr@h in 97% yield by following GP 4. white solid; mp 8999
°C.*H NMR (CDCk) & 7.30 (ddJ = 8.3, 2.2 Hz, 1H), 7.22 (8,= 7.9 Hz, 1H), 7.11 (dd} = 7.8, 1.1 Hz,
1H), 7.01 (dd) = 8.3, 2.5 Hz, 1H), 6.80 (dd,= 8.1, 2.6 Hz, 2H), 6.76 (dd,= 8.1, 1.3 Hz, 1H), 6.73
(dd,J = 8.0, 1.8 Hz, 1H), 6.68 (s, 1H), 6.36 (dd; 8.2, 2.2 Hz, 1H), 6.07 (d,= 1.9 Hz, 1H), 5.89 (s,
1H), 3.97 (s, 3H), 3.84 (s, 3H), 3.57 (s, 3H), 3(d83H), 3.17 (dt) = 6.7, 3.1 Hz, 1H), 3.02-2.85 (m,
4H), 2.76-2.68 (m, 1H), 2.58-2.45 (m, 2HJC NMR (CDC}) 6 154.8, 152.0, 151.4, 151.2, 147.4,
146.5, 143.1, 143.0, 138.2, 136.6, 135.3, 130.6,8,2124.9, 123.5, 122.1, 122.0, 121.7, 119.7,4117.
113.5, 110.6, 110.4, 99.0, 56.4, 56.2, 56.1, 55/63, 35.2, 35.0, 30.6; MS (ESI) 513 (M+H)

Macrocyclic derivative (40).

This compound was prepared fr@ in 99% yield by following GP 4, white solid; mp @857
°C.*H NMR (CDCk) 8 7.26 (d,J = 7.8 Hz, 1 H), 7.21 (dl = 7.2 Hz, 1 H), 6.89-6.85 (m, 2 H), 6.79 (d,
J=7.8Hz,1H),6.71 (dl=7.8 Hz, 1L H), 6.68 (dl = 7.8 Hz, 1 H), 6.51 (s, 1 H), 6.46-6.44 (m, 3 H),
5.83 (s, 1 H), 3.92 (s, 3 H), 3.68 (s, 3 H), 3.613(H), 3.52 (s, 3 H), 3.06 (s, 4 H), 2.75-2.77 4ni);
3C NMR (CDC}) 6 155.7, 152.6, 151.2, 147.3, 147.1, 141.8, 14139,3, 136.1, 134.5, 133.8, 129.4,

125.3, 122.4, 122.1, 121.7, 120.9, 116.4, 114.6,211111.8, 110.0, 56.1, 55.8, 55.6, 54.9, 37.09,36



35.4, 29.2; MS (ESI) 513 (M+H)

Macrocyclic derivative (41).

This compound was prepared fr@® in 97% yield by following GP 4, white solid; mp 9230
°C.H NMR (CDCk) & 7.19 (t,J = 7.8 Hz, 1H), 7.07 (d] = 7.8 Hz, 1H), 6.97 (d] = 8.2 Hz, 1H),
6.77-6.76 (m, 3H), 6.73 (d,= 8.1 Hz, 1H), 6.70 (d] = 8.1 Hz, 1H), 6.60 (s, 1H), 6.32 @@= 8.1 Hz,
1H), 6.01 (s, 1H), 5.87 (s, 1H), 5.80 (5 13.0 Hz, 2H), 3.94 (s, 3H), 3.48 (s, 3H), 2.98%(m, 4H),
2.69-2.62 (m, 1H), 2.52-2.39 (m, 3HJC NMR (CDCE) & 154.9, 152.1, 151.9, 151.5, 146.5, 145.9,
143.1, 141.1, 138.2, 136.5, 135.4, 130.6, 129.8,11223.5, 122.1, 122.0, 119.8, 117.4, 110.7,3110.
109.7, 100.8, 96.2, 56.1, 55.6, 37.3, 35.3, 390%;3VIS (ESI) 497 (M+H)

Macrocyclic derivative (42).

This compound was prepared fr@m in 80% yield by following GP 5, white solid; mp 2250
°C.'H NMR (CDCE) 5 7.20 (t,J = 8.0 Hz, 1 H, Ar-H), 7.16 (ddl = 2.0 Hz,J = 7.2 Hz, 1 H, Ar-H),
7.10 (ddJ=1.2 Hz,J=8.0 Hz, 1 H, Ar-H), 7.00 (td] = 2.0 Hz,J = 8.0 Hz, 1 H, Ar-H), 6.95 (dd] =
2.4 Hz,J = 8.4 Hz, 1 H, Ar-H), 6.91 (td] = 1.2 Hz,J = 7.2 Hz, 1 H, Ar-H), 6.82 (dd} = 2.8 Hz,J =
8.0 Hz, 1 H, Ar-H), 6.80 (dJ = 8.0 Hz, 2 H, Ar-H), 6.66 (dd, = 2.0 Hz,J = 8.0 Hz, 1 H, Ar-H), 6.40
(dd,J = 2.0 Hz,J = 8.0 Hz, 1 H, Ar-H), 6.33 (dd] = 0.8 Hz,J = 8.0 Hz, 1 H, Ar-H), 5.98 (d] = 2.0
Hz, 1 H, Ar-H), 5.52 (s, 1 H, -OH), 4.48 (s, 1 iQH), 3.15-3.10 (m, 1 H, -CH), 2.94-2.88 (m, 2 H,
-CHy), 2.79-2.59 (m, 5 H, -CH); ¥C NMR (CDCE) 6 155.6, 154.8, 149.6, 148.0, 143.1, 138.9, 135.6,
134.8, 130.8, 130.7, 130.3, 129.7, 127.6, 125.8,512122.3, 120.7, 116.6, 114.7, 114.1, 112.8,,37.4
36.4, 34.9, 30.9; MS (ESI) 425 (M+H)HRMS calcd for GgH,.O,Na 447.1567, found: 447.1554
(M+Na)".

Macrocyclic derivative (43).

This compound was prepared fr@® in 72% yield by following GP 5, white solid; mp @227
°C.*H NMR (CDCE) 8 7.31-7.30 (m, 1 H, Ar-H), 7.21 @,= 7.8 Hz, 1 H, Ar-H), 7.11 (d]= 7.8 Hz, 1
H, Ar-H), 6.97 (d,J = 6.6 Hz, 1 H, Ar-H), 6.85-6.81 (m, 3 H, Ar-H),68. (d,J = 1.8 Hz, 2 H, Ar-H),
6.47 (dd,J = 2.4 Hz, 9.0 Hz, 1 H, Ar-H), 6.40 (d,= 7.2 Hz, 1 H, Ar-H), 6.23 (d] = 8.4 Hz, 1 H,
Ar-H), 5.99 (s, 1 H, Ar-H), 5.54 (s, 1 H, -OH), 8.4s, 1 H, -OH), 4.45 (s, 1 H, -OH), 3.17-3.15 (m,
H, -CHy-), 2.95-2.91 (m, 2 H, -CH), 2.81-2.72 (m, 2 H, -CH), 2.65-2.60 (m, 3H, -CH); °C NMR
(CDCly) 6 154.5, 150.3, 149.5, 149.4, 147.9, 143.0, 14138.9, 135.5, 134.6, 131.5, 130.8, 129.7,

125.8, 1235, 122.4, 122.2, 120.6, 117.6, 116.8,711114.1, 113.6, 113.5, 37.4, 36.3, 34.9, 30.§; M



(ESI) 441 (M+H); HRMS calcd for GgH,.0sNa 463.1516, found: 463.1512 (M+Na)

Macrocyclic derivative (44).

This compound was prepared frath in 76% vyield by following GP 5, white solid; mp 8337
°C.*H NMR (Acetone) 7.73 (s, 1H, Ar-H), 7.19 (s, 1H, Ar-H), 6.89 (ti= 6.9 Hz, 2H, Ar-H), 6.82 (s,
1H, Ar-H), 6.77 (d,J = 7.4 Hz, 2H, Ar-H), 6.68 (d] = 7.1 Hz, 1H, Ar-H), 6.61 () = 7.4 Hz, 1H,
Ar-H), 6.48 (s, 1H, Ar-H), 6.20 (s, 1H, Ar-H), 6.1d,J = 7.7 Hz, 1H, Ar-H), 2.87-2.83 (m, 4H, -GH;,
2.57-2.51 (m, 2H, -CH), 2.36-2.30 (m, 2H, -CH); :°C NMR (Acetone)s 153.7, 148.0, 146.6, 146.5,
144.6, 144.3, 144.0, 142.3, 137.2, 133.9, 130.8,3,2126.0, 122.6, 121.4, 120.5, 118.4, 116.3,4115.
109.8, 109.0, 37.5, 36.3, 34.0; MS (ESI) 457 (M%HIRMS (ESI) calcd for gH,s0¢ 457.1646;
found 457.1642 (M+H).

Macrocyclic derivative (45).

This compound was prepared fratd in 68% yield by following GP 5, white solid; mp @441
°C.™H NMR (CDCk) 5 7.03 (t,J = 7.2 Hz, 2 H, Ar-H), 7.01 (dl = 7.8 Hz, 1 H, Ar-H), 6.96 (dl = 7.8
Hz, 1 H, Ar-H), 6.94 (tJ = 7.2 Hz, 2 H, Ar-H), 6.78 (s, 1 H, Ar-H), 6.47, @= 7.8 Hz, 1 H, Ar-H),
6.30 (d,J = 7.8 Hz, 1 H, Ar-H), 6.26-6.23 (m, 2 H, Ar-H),12 (s, 1 H, Ar-H), 5.76 (s, 1 H, Ar-H),
2.86-2.77 (m, 8 H, -CH); ¥C NMR (CDCE) 6 151.4, 150.3, 149.6, 149.5, 148.8, 144.1, 14313,3,
141.2, 139.8, 135.7, 134.6, 131.0, 124.9, 123.8,6,220.2, 118.1, 117.1, 115.3, 114.7, 113.5,13.
37.5, 35.8, 34.9, 30.8; MS (ESI) 457 (M#HHRMS (ESI) calcd for GH,:0s 457.1646; found
457.1642 (M+HY.

Macrocyclic derivative (46).

This compound was prepared fr@a in 69% yield by following GP 5, white solid; mp @991
°C.'™H NMR (CDCh) & 7.28 (dd,J = 2.0 Hz,J = 8.4 Hz, 1 H, Ar-H), 7.19 () = 7.9 Hz, 1H, Ar-H),
7.15 (d,J = 7.4 Hz, 1H, Ar-H), 7.05-6.98 (m, 3H, Ar-H), 6.96d,J = 2.0 Hz,J = 8.3 Hz, 1H, Ar-H),
6.93-6.91 (m, 2H, Ar-H), 6.87 (d,= 8.0 Hz, 1H, Ar-H), 6.78 (d] = 7.9 Hz, 1H, Ar-H), 6.75 (d] =
11.9 Hz, 1H, -CH=), 6.65 (dl = 7.9 Hz, 1H, Ar-H), 6.61 (d] = 11.9 Hz, 1H, -CH=), 6.48 (d,= 8.2
Hz, 1H, Ar-H), 5.68 (s, 1H, Ar-H), 5.48 (s, 1H, -QHL.57 (s, 1H, -OH), 2.72-2.57 (m, 4H, -gH °C
NMR (CDCl) 6 156.5, 155.6, 150.0, 148.7, 142.8, 139.2, 13538.6, 133.2, 132.3, 131.4, 130.7,
128.8, 127.6, 126.1, 125.4, 123.7, 123.4, 122.0,81217.4, 116.4, 114.3, 114.2, 35.6, 33.4; MS)ES
423 (M+H)"; HRMS calcd for GgH»40, 423.1591, found: 423.1591 (M+H)

Macrocyclic derivative (47).



A solution of boron tribromide (3 equiv.) in anhgds DCM (10 mL) was added dropwise to a
stirred solution 089 (1 equiv) in anhydrous DCILO mL) at -78 °C. The reaction mixture was stirred
at -78 °C for 1 h, and then was allowed to warntauppom temperature within 6 h. The ice-cold water
was added, and the reaction mixture was stirredruigsly for 0.5 h. The solution was then diluted
with DCM, washed with sat ag NaCl and dried ovetigm sulfate. The solution was concentrated, and
the residue was purified by silica gel column chatmgraphy, eluating with DCM, to provide a white
solid in 51% yield; mp 181-182 °GH NMR (CDCk) 57.30 (d,J = 8.3 Hz, 1H, Ar-H), 7.22 (§ = 7.9
Hz, 1H), 7.10 (dJ = 7.8 Hz, 1H, Ar-H), 6.96 (dd] = 8.3, 2.0 Hz, 1H, Ar-H), 6.81 (d,= 7.9 Hz, 1H,
Ar-H), 6.77-6.75 (m, 2H, Ar-H), 6.67 (d,= 7.9 Hz, 1H, Ar-H), 6.64 (s, 1H, Ar-H), 6.36 @@= 8.1 Hz,
1H, Ar-H), 6.01 (s, 1H, Ar-H), 5.87 (s, 1H, Ar-H5,56 (s, 1H, -OH), 5.01 (s, 1H, -OH), 4.82 (s, 1H,
-OH), 3.49 (s, 3H, -Ch), 3.18-3.15 (m, 1H, -Cj), 3.00-2.82 (m, 4H, -CH), 2.64-2.60 (m, 1H,
-CHy), 2.50-2.41 (m, 2H, -CH); ¥C NMR (CDCk) 6 154.4, 152.0, 151.7, 149.4, 143.2, 142.7, 138.6,
136.6, 136.3, 135.3, 130.8, 129.8, 125.0, 123.2,0220.4, 116.9, 116.7, 113.8, 110.4, 101.7,,55.6
37.2,35.2, 35.0, 30.6; MS (ESI) 471 (MF¥HHRMS calcd for GoH,c0sNa 493.1622, found: 493.1612
(M+Na)".

4-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)benzal dehyde (49).

This compound was prepared fr@éand48 in 65% yield by following GP 1, yellow oitH NMR
(CDCL) 89.91 (s, 1 H), 7.37 (s, 1 H), 7.31 (dds 7.8 Hz, 11.4 Hz, 1 H), 7.03 (s, 1 H), 6.98]¢; 8.4
Hz, 2 H), 5.66 (s, 1 H), 4.15-4.13 (m, 2 H), 3.84)( 9.6 Hz, 2 H), 3.74 (s, 3 H), 2.20-2.17 (m, 1 H),
1.37 (d,J = 12.6 Hz, 1 H); MS (ESI) 315 (M+H)

Methyl  4-(5-(4-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy) phenethyl)-2-methoxyphenoxy)benzoate
(50).

This compound was prepared fr@@rand49 by following the procedure described fbr, yield
83%, colorless oi"H NMR (CDCk) & 8.00 (d,J = 6.9 Hz, 2H), 7.35 (d] = 6.8 Hz, 1H), 7.32-7.21 (m,
1H), 7.08-7.03 (m, 3H), 6.98 (d,= 8.6 Hz, 2H), 6.95 (d] = 8.6 Hz, 2H), 6.91-6.87 (m, 3H), 6.78 (d,
= 6.3 Hz, 2H), 5.68 (s, 1H), 4.15 @F 6.9 Hz, 2H), 3.91 (s, 3H), 3.85-3.82 (m, 2HY),&(s, 3H), 3.72
(s, 3H), 2.85 (s, 4H), 1.35 (d= 13.1 Hz, 1H), 1.28 (s, 1H); MS (ESI) 571 (M+H)

2-(4-(3-(4-(Hydroxymethyl)phenoxy)-4-methoxyphenethyl ) phenoxy)- 3-methoxybenzal dehyde (51).

This compound was prepared frd@ by following the procedure described 22, yield 86%,

colorless oil*H NMR (CDCL) & 8.00 (d,J = 6.9 Hz, 2H), 7.35 (d] = 6.8 Hz, 1H), 7.32-7.21 (m, 1H),



7.08-7.03 (m, 3H), 6.98 (d,= 8.6 Hz, 2H), 6.95 (d] = 8.6 Hz, 2H), 6.91-6.87 (m, 3H), 6.78 (U=
6.3 Hz, 2H), 5.68 (s, 1H), 4.15 (d~ 6.9 Hz, 2H), 3.91 (s, 3H), 3.85-3.82 (m, 2HY&(s, 3H), 3.72
(s, 3H), 2.85 (s, 4H), 1.35 (d= 13.1 Hz, 1H), 1.28 (s, 1H); MS (ESI) 571 (M+H)

Macrocycle (stilbene bridge) (53).

This compound was prepared frdia in 80% yield by following GP 3, white solid; mp 24243
°C.'H NMR (CDCk) 8 7.24 (d,J= 8.4 Hz, 2 H), 7.22-7.19 (m, 2 H), 6.97 Jd5 7.2 Hz, 1 H), 6.92 (d,
J=8.4Hz, 2 H), 6.89 (d] = 8.4 Hz, 1 H), 6.84 (d] = 8.4 Hz, 2 H), 6.80 (d] = 8.4 Hz, 1 H), 6.76 (d,
J=16.2 Hz, 1 H), 6.69 (d,= 16.2 Hz, 1 H), 6.65 (d} = 8.4 Hz, 2 H), 5.52 (s, 1 H), 3.98 (s, 3 H), 3.91
(s, 3 H), 2.90-2.88 (m, 2 H), 2.78-2.77 (m, 2 K& NMR (CDCk) & 157.2, 155.6, 152.8, 150.3, 146.8,
141.5, 136.2, 135.1, 134.2, 131.8, 130.3, 129.8,68.2126.8, 125.4, 122.8, 122.1, 117.4, 115.7,3115.
111.8, 115.3, 111.8, 111.4, 56.2, 56.2, 34.1, 34$;(ESI) 473 (M+Na).

Macrocyclic derivative (54).

This compound was prepared frd® in 96% yield by following GP 4, white solid; mp @211
°C.'H NMR (CDCk) 5 7.26 (t,J = 7.8 Hz, 1 H), 7.19 (d] = 7.8 Hz, 1 H), 6.90 (d] = 7.8 Hz, 1 H),
6.88-6.83 (M, 4 H), 6.73 (d,= 7.8 Hz, 2 H), 6.68 (d] = 7.8 Hz, 2 H), 6.47 (d] = 7.8 Hz, 2 H), 6.00
(s, 1 H), 3.91 (s, 3 H), 3.68 (s, 3 H), 3.08-3.06 4 H), 2.78-2.73 (m, 4 HJ°C NMR (CDCk) 5 155.7,
154.0, 152.5, 147.9, 147.0, 141.2, 137.5, 136.4,7,333.5, 129.5, 129.3, 125.3, 122.7, 121.8,3,20.
118.1, 114.2, 112.0, 110.0, 56.1, 55.8, 36.8, 3@, 29.1; MS (ESI) 475 (M+Na)

Macrocyclic derivative (55).

This compound was prepared frdh in 86% yield by following GP 5, white solid; mp 2218
°C.H NMR (CDChk) 5 7.22 (t,J = 7.8 Hz, 1 H, Ar-H), 7.15 (d] = 7.8 Hz, 1 H, Ar-H), 6.93 (] = 8.4
Hz, 2 H, Ar-H), 6.91 (t) = 7.8 Hz, 2 H, Ar-H), 6.80 (d] = 7.8 Hz, 1 H, Ar-H), 6.75 (dl = 8.4 Hz, 2 H,
Ar-H), 6.70 (d,J = 8.4 Hz, 2 H, Ar-H), 6.55 (dl = 8.4 Hz, 2 H, Ar-H), 5.68 (s, 1 H, Ar-H), 5.59 (sH,
-OH), 4.74 (s, 1 H, -OH), 3.08-3.02 (m, 4 H, -EH 2.77-2.73 (m, 4 H, -CH); °C NMR (CDC}) 3
154.3, 153.7, 148.7, 144.8, 144.4, 139.5, 138.58,6,335.0, 133.7, 130.2, 129.7, 126.0, 123.4,6,21.
120.4, 117.2, 115.2, 114.3, 114.2, 36.8, 36.5, ,32%5, MS (ESI) 423 (M-H) HRMS calcd for
CygH240,Na 447.1567, found: 447.1560 (M+Na)

Methyl 4-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)-3-methoxybenzoate (57).

This compound was prepared fr@8rand 56 in 61% yield by following GP 1, colorless ofH

NMR (CDCL) § 7.66 (d,J = 1.7 Hz, 1H), 7.49 (dd] = 8.5, 1.8 Hz, 1H), 7.35 (d,= 7.8 Hz, 1H), 7.27



(t, J = 8.4 Hz, 1H), 6.98 (d] = 8.1 Hz, 1H), 6.50 (d] = 8.5 Hz, 1H), 5.71 (s, 1H), 4.11 (di= 11.2,
4.6 Hz, 2H), 4.04 (s, 3H), 3.89 (s, 3H), 3.83)( 11.2 Hz, 2H), 3.71 (s, 3H), 2.25-2.12 (m, 1HR5L
(d, J = 13.5 Hz, 1H); MS (ESI) 375 (M+F)

(4-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)-3-methoxyphenyl )methanol (58).

A solution of57 (6.92 g, 20.00 mmol) in THF (15 mL) was added evige to a stirred suspension
of lithium aluminum hydride (1.52 g, 40 mmol) infgmirous THF (20 mL). The resulting mixture was
stirred at room temperature for 2 h and carefuljdrblysed with sat ag Nj&I (10 mL). THF was
removed in vacuo and the resulting mixture wasteduwith DCM (50 mL), washed with saturated
aqueous NaCl and dried over sodium sulfate. Theeablwas removed in vacuo, and the residue was
purified by silica gel column chromatography, elogtwith DCM, to provide a colorless oil in 88%
yield. *H NMR (CDCk) & 7.35 (ddJ = 7.9, 1.4 Hz, 1H), 7.25 (§,= 8.0 Hz, 1H), 7.04 (d] = 1.9 Hz,
1H), 6.98 (dd,J = 8.2, 1.5 Hz, 1H), 6.73 (dd,= 8.2, 2.0 Hz, 1H), 6.48 (d,= 8.2 Hz, 1H), 5.76 (s, 1H),
4.64 (d,J = 5.5 Hz, 2H), 4.20-4.11 (m, 2H), 4.01 (s, 3HR&(td,J = 12.4, 2.5 Hz, 2H), 3.72 (s, 3H),
2.27-2.15 (m, 1H), 1.38-1.35 (m, 1H) ; MS (ESI) @47H)".

(4-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)-3-methoxybenzyl ) bromotriphenyl phosphorane (59).

This compound was prepared fr&® in 80% yield by following GP 2, white solid; mp @-271
°C.*H NMR (CDC}) § 7.32 (dd,J = 8.0, 1.6 Hz, 1H), 7.24 (§,= 8.0 Hz, 1H), 7.00 (d] = 2.0 Hz, 1H),
6.97 (dd,J = 8.0, 1.6 Hz, 1H), 6.70 (dd,= 8.2, 2.0 Hz, 1H), 6.46 (d,= 8.0 Hz, 1H), 5.74 (s, 1H),
5.39 (d,J = 13.9 Hz, 2H), 4.22-4.18 (m, 2H), 3.99 (s, 3HBAB(t,J = 12.4 Hz, 2H), 3.70 (s, 3H),
2.25-2.16 (m, 1H), 1.36-1.30 (m, 1H) ; MS (ESI) 841Br)*.

Methyl 4-(5-(4-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)-3-methoxyphenethyl )-2-methoxy-phenoxy)
benzoate (60).

This compound was prepared fr@@rand59 by following the procedure described fbr, yield
80%, colorless oil'H NMR (CDC}L) & 8.03-7.95 (m, 2H), 7.33 (dd,= 7.9, 1.4 Hz, 1H), 7.23 (8, =
8.0 Hz, 1H), 7.02 (dd] = 8.3, 2.1 Hz, 1H), 6.98-6.93 (m, 2H), 6.92-6.88 BH), 6.73 (dJ = 2.0 Hz,
1H), 6.55 (dd,J = 8.2, 2.0 Hz, 1H), 6.42 (d,= 8.2 Hz, 1H), 5.75 (s, 1H), 4.15-4.10 (m, 2HPSB(s,
3H), 3.91 (s, 3H), 3.83 (td] = 12.4, 2.5 Hz, 2H), 3.78 (s, 3H), 3.70 (s, 3HB&2.82 (m, 4H),
2.24-2.14 (m, 1H), 1.37-1.31 (m, 1H) ; MS (ESI) §0&+H)".

2-(4-(3-(4-(Hydroxymethyl)phenoxy)-4-methoxyphenethyl)- 2-methoxyphenoxy)-3-methoxybenzald

ehyde (61).



This compound was prepared frdd@ by following the procedure described 22, yield 78%,
colorless oil*H NMR (CDCk) 6 10.23 (s, 1H), 7.95-7.89 (m, 2H), 7.30 (dd; 8.4, 2.4 Hz, 1H), 7.20
(t, J = 8.4 Hz, 1H), 6.99 (dd] = 8.4, 2.4 Hz, 1H), 6.97-6.90 (m, 2H), 6.89-6.8% BH), 6.70 (dJ =
2.4 Hz, 1H), 6.51 (dd) = 8.4, 2.4 Hz, 1H), 6.40 (d,= 8.2 Hz, 1H), 4.65 (s, 2H), 4.12-4.08 (m, 2H),
3.90 (s, 3H), 3.88 (s, 3H), 3.76 (s, 3H) , 2.8602(8), 4H); MS (ESI) 515 (M+H)

3-Methoxy-2-(2-methoxy-4-(4-methoxy-3-(4-((tri phenyl -4-phosphanyl ) methyl ) phenoxy) phenethyl)
phenoxy)benzal dehyde (62)

This compound was prepared fr@h in 88% yield by following GP 2, white solid; mp 3866
°C.*H NMR (CDCk) & 10.25 (s, 1H), 7.78-7.70 (m, 9H), 7.64-7.62 (m),6H51 (ddJ = 7.8, 1.4 Hz,
1H), 7.27 (tJ = 8.0 Hz, 1H), 7.22 (dd] = 7.8, 1.4 Hz, 1H), 7.02 (dd,= 8.7, 2.5 Hz, 2H), 6.91-6.84
(m, 2H), 6.73-6.67 (m, 4H), 6.51 (ddi= 8.2, 1.8 Hz, 1H), 6.36 (d,= 8.2 Hz, 1H), 5.35 (d] = 13.8
Hz, 2H), 3.88 (s, 3H), 3.79 (s, 3H), 3.74 (s, 3MY38 (s, 4H); MS (ESI) 759(M-B¥)

Macrocycle (stilbene bridge) (63).

This compound was prepared fr&@hin 69% vyield by following GP 2 and GP 3, whiteidpimp
198-199 °C*H NMR (CDCk) 8 7.42 (s, 1 H), 7.18-7.13 (m, 3 H), 6.92 (dd; 2.4 Hz,J =7.2 Hz, 2 H),
6.89 (s, 1 H), 6.85 (dl = 12.4 Hz, 1 H), 6.80 (s, 1 H), 6.77 (dds 2.0 Hz,J = 8.4 Hz, 1 H), 6.65 (d]
= 13.6 Hz, 1 H), 6.42-6.40 (m, 2 H), 6.30 {d= 8.8 Hz, 1 H), 5.48 (d] = 2.0 Hz, 1 H), 3.96 (s, 3 H),
3.88 (s, 3 H), 3.86 (s, 3 H), 2.92-2.58 (m, 4 K& NMR (CDC) & 155.3, 153.1, 150.5, 148.1, 146.8,
146.5, 142.8, 136.4, 135.6, 135.2, 131.4, 130.8,7.225.1, 122.0, 120.3, 117.5, 116.2, 115.3,(,12.
111.8, 111.4, 56.2, 55.8, 53.4, 34.8, 33.3; MS (B8L (M+HY.

Macrocyclic derivative (64).

This compound was prepared fr@3 in 92% vyield by following GP 4, white solid; mp 8339
°C."H NMR (CDCk) & 7.24 (t,J = 8.0 Hz, 1H), 7.17 (ddl = 7.9, 1.4 Hz, 1H), 6.94-6.86 (m, 3H), 6.82
(dd,J =8.2, 1.7 Hz, 2H), 6.72-6.67 (m, 2H), 6.66 Jds 1.9 Hz, 1H), 6.05 (dd] = 8.2, 1.9 Hz, 1H),
6.02 (d,J = 2.0 Hz, 1H), 5.94 (d] = 8.2 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 3H), 3.663(4), 3.18-2.98 (m,
4H), 2.86-2.65 (m, 4H)**C NMR (CDC}) & 154.0, 152.4, 148.0, 147.9, 147.1, 145.3, 14133,7,
136.2, 134.7, 133.9, 129.6, 125.3, 122.6, 121.9,8,2120.3, 118.0, 112.8, 112.4, 112.0, 110.0,,56.1
56.0, 55.8, 37.3, 36.4, 34.9, 29.3; MS (ESI) 483"

Macrocyclic derivative (65).

This compound was prepared frd in 82% yield by following GP 5, white solid; mp @231



°C. 'H NMR (600 MHz, CDCJ) & 7.22 (t,J = 7.9 Hz, 1H, Ar-H), 7.14 (dJ = 6.8 Hz, 1H, Ar-H),
6.93-6.83 (m, 4H, Ar-H), 6.78-6.72 (m, 2H, Ar-H)68 (d,J = 8.4 Hz, 2H, Ar-H), 6.04 (d] = 8.2 Hz,
1H, Ar-H), 5.97 (dd,J = 8.2, 1.9 Hz, 1H, Ar-H), 5.86 (d,= 1.9 Hz, 1H, Ar-H), 5.64 (s, 1H, -OH), 5.56
(s, 1H, -OH), 4.79 (s, 1H, -OH), 3.12-3.04 (m, 28H,-), 3.01-2.94 (m, 2H, -CH), 2.78-2.71 (m, 2H,
-CHy), 2.70-2.62 (m, 2H, -CH); ¥C NMR (CDCE) 6 153.8, 148.4, 144.7, 144.5, 144.4, 141.2, 138.9,
138.0, 136.3, 135.6, 133.7, 129.6, 126.5, 123.4,8,221.2, 120.4, 117.3, 115.8, 115.1, 114.7,7111.
37.1, 36.4, 34.7, 29.4; MS (ESI) 441 (M¥HHRMS calcd for GgH,,OsNa 463.1516, found: 463.1512
(M+Na)".

3-(5-(1,3-Dioxan-2-yl)-2-methoxyphenoxy)benzal dehyde (68).

This compound was prepared from 3-bromobenzaldeh@ég and 5-(1, 3-dioxan-2-yl)-2-
methoxyphenol §7) in 68% vyield by following GP 1, yellow oitH NMR (CDCk) & 9.94 (s, 1 H),
7.56 (d,J=7.2 Hz, 1 H), 7.46 (] = 7.8 Hz, 1 H), 7.37 (s, 1 H), 7.35 (t= 8.4 Hz, 1 H), 7.22 (s, 2 H),
7.03 (d,J = 8.4 Hz, 1 H), 5.46 (s, 1 H), 4.25 (dbs 4.2 Hz, 10.8 Hz, 2 H), 3.98 (t,= 12.0 Hz, 2 H),
3.82 (s, 3 H), 2.24-2.16 (m, 1 H), 1.44 Jd; 13.8 Hz, 1 H); MS (ESI) 315 (M+H)

Methyl  4-(5-(3-(5-(1,3-dioxan-2-yl)-2-methoxyphenoxy) phenethyl)-2-methoxyphenoxy) benzoate
(69).

This compound was prepared frd@drand 68 by following the procedure described fbr, yield
86%, colorless oil*H NMR (CDCL) & 7.96 (d,J = 6.9 Hz, 2H), 7.16 (d] = 6.8 Hz, 1H), 7.10 (s, 1H),
6.99-6.96 (m, 2H), 6.92 (s, 1H), 6.89-6.76 (m, 361Y9 (d,J = 8.6 Hz, 2H), 6.75 (s, 1H), 5.40 (s, 1H),
4.20 (s, 2H), 3.93 (s, 2H), 3.88 (s, 3H), 3.813d), 3.76 (s, 3H), 2.83 (s, 4H), 1.41-1.39 (m, 1H),
1.36-1.26 (m, 1H) ; MS (ESI) 571 (M+H)

Methyl  4-(5-(3-(5-(1,3-dioxan-2-yl)-2-methoxyphenoxy) phenethyl)-2-methoxyphenoxy)-3-methoxy-
benzoate (70).

This compound was prepared frofmand 68 by following the procedure described for, yield
80%, colorless oil*H NMR (CDCL) & 7.66 (s, 1H), 7.56 (dl = 8.1 Hz, 1H), 7.28 (d] = 7.9 Hz, 1H),
7.17 (d,J = 7.0 Hz, 1H), 7.12 (s, 1H), 7.00 @= 8.2 Hz, 1H), 6.96 (d] = 7.1 Hz, 1H), 6.92 (d] =
8.1 Hz, 1H), 6.86 (s, 1H), 6.81 (s, 2H), 6.76Jd; 7.6 Hz, 1H), 6.62 (d] = 8.2 Hz, 1H), 5.42 (s, 1H),
4.23 (d,J = 10.6 Hz, 2H), 3.99 (s, 3H), 3.97-3.95 (m, 2HRZA(s, 3H), 3.84 (s, 3H), 3.78 (s, 3H), 2.83
(s, 4H), 2.19-2.17 (m, 1H), 1.43 @z 13.5 Hz, 1H); MS (ESI) 601 (M+F)

Macrocycle (stilbene bridge) (73).



This compound was prepared fr@®in 71% vyield by following GP 2 and GP 3, whiteidpimp
161-162 °CH NMR (CDCk) 8 7.19 (d,J = 8.4 Hz, 2 H), 7.11-7.07 (m, 3 H), 6.99 {d; 8.4 Hz, 1 H),
6.96 (d,J = 8.4 Hz, 1 H), 6.75 (dl = 7.8 Hz, 2 H), 6.64 (dl = 7.8 Hz, 2 H), 6.55 (d] = 8.4 Hz, 2 H),
6.47 (d,J = 16.0 Hz, 1 H), 6.44 (d) = 16.0 Hz, 1 H), 6.13 (s, 1 H), 3.82 (s, 3 H),13(8, 3 H),
2.87-2.77 (m, 4 H)*C NMR (CDCh) & 157.6, 156.7, 151.3, 150.2, 142.5, 142.2, 13438,7, 130.4,
130.2, 130.0, 129.9, 128.7, 127.7, 127.2, 125.4,5.2123.1, 115.4, 114.8, 112.9, 112.4, 56.0, 55.9,
37.9, 37.4; MS (ESI) 473 (M+N#&)

Macrocycle (stilbene bridge) (74).

This compound was prepared fraidin 74% vyield by following GP 2 and GP 3, whiteidpimp
96-97 °C.*H NMR (CDC}) & 7.11-7.05 (m, 2 H), 7.00 (s, 1 H), 6.98 Jc5 14.4 Hz, 1 H), 6.96 (d =
14.4 Hz, 1 H), 6.93 (d] = 7.8 Hz, 1 H), 6.87 (dl = 7.8 Hz, 2 H), 6.75 (s, 1 H), 6.43 (s, 3 H), 6(dQJ
=7.2 Hz, 1 H), 5.57 (s, 1 H), 3.94 (s, 3 H), 3(823 H), 3.71 (s, 3 H), 2.78 (s, 4 K} NMR (CDC})
0159.0, 151.7, 151.6, 147.2, 146.6, 144.8, 14248,2, 134.3, 133.4, 129.9, 128.5, 128.3, 128.2,4127
124.4, 122.3, 121.9, 121.4, 120.5, 118.3, 116.3,311113.1, 112.2, 111.9, 56.1, 56.0, 55.7, 38/46;3
MS (ESI) 503 (M+Na).

Macrocyclic derivative (75).

This compound was prepared fraf® in 92% yield by following GP 4, white solid; mp 3-176
°C.*H NMR (CDCL) & 7.04-6.95 (m, 6 H), 6.84 (d,= 7.8 Hz, 2 H), 6.60 (d] = 7.8 Hz, 2 H), 6.40 (d,
J=8.4Hz, 1 H), 6.24 (d] = 7.2 Hz, 1 H), 6.18 (s, 1 H), 5.92 (s, 1 H), 3(803 H), 3.89 (s, 3 H),
2.87-2.81 (m, 8 H)1,3C NMR (CDCk) 6 158.7, 154.5, 150.4, 148.3, 145.6, 144.3, 14236,11, 134.8,
133.8, 130.4, 128.4, 125.3, 123.9, 123.1, 122.9,311118.9, 118.0, 113.8, 112.5, 112.4, 56.1, 38.1,
37.2, 37.1, 37.0; MS (ESI) 475 (M+Na)

Macrocyclic derivative (76).

This compound was prepared fraih in 96% yield by following GP 4, white solid; mp 2208
°C.™H NMR (CDCk) 5 7.02 (d,J = 8.4 Hz, 1 H), 7.00-6.97 (m, 2 H), 6.93-6.97 @), 6.68 (s, 1 H),
6.44 (d,J= 7.8 Hz, 1 H), 6.39 (dl = 7.8 Hz, 1 H), 6.27 (dl = 7.8 Hz, 1 H), 6.24 (d] = 7.2 Hz, 1 H),
6.22 (s, 1 H), 5.74 (s, 1 H), 3.91 (s, 3 H), 3.893 H), 3.75 (s, 3 H), 2.91-2.79 (m, 8 HZ NMR
(CDCl;) 6 158.4, 151.2, 150.2, 147.8, 146.1, 144.8, 14242.4, 137.6, 134.7, 133.7, 128.4, 124.9,
124.1, 122.6, 122.3, 121.9, 120.3, 118.2, 117.8,411112.7, 112.5, 112.1, 56.1, 56.0, 55.8, 38/3%,3

37.4, 36.6; MS (ESI) 505 (M+N&)



Macrocyclic derivative (77).

This compound was prepared frafh in 79% vyield by following GP 5, white solid; mp 2463
°C.'H NMR (CDCk) & 7.05-6.99 (m, 4 H, Ar-H), 6.96 (d,= 7.8 Hz, 1 H, Ar-H), 6.90 (d] = 7.8 Hz,

1 H, Ar-H), 6.87 (dJ = 7.8 Hz, 2 H, Ar-H), 6.61 (d] = 8.4 Hz, 2 H, Ar-H), 6.47 (d] = 7.8 Hz, 1 H,
Ar-H), 6.28 (d,J = 7.2 Hz, 1 H, Ar-H), 6.11 (s, 1 H, Ar-H), 5.79 (sH, Ar-H), 5.52 (s, 1 H, -OH), 5.50
(s, 1 H, -OH), 2.85 (s, 4 H, -GH, 2.81 (s, 4 H, -Ch); "°C NMR (CDC}) & 158.0, 153.7, 146.6, 144.6,
143.6, 143.0, 142.6, 137.1, 134.2, 133.0, 130.8,6.20.25.8, 125.0, 123.4, 121.2, 119.1, 118.5,6117.
115.7, 115.5, 114.2, 38.1, 37.4, 37.1; MS (ESI) 422H); HRMS calcd for GgH,,0,Na 447.1567,
found: 447.1560 (M+N4)

Macrocyclic derivative (78).

This compound was prepared fraié in 82% yield by following GP 5, white solid; mp 2213
°C.*H NMR (CDClk) 5 7.03 (t,J = 7.2 Hz, 2 H, Ar-H), 7.01 (dl = 7.8 Hz, 1 H, Ar-H), 6.96 (d] = 7.8
Hz, 1 H, Ar-H), 6.94 (t] = 7.2 Hz, 2 H, Ar-H), 6.78 (s, 1 H, Ar-H), 6.47, @= 7.8 Hz, 1 H, Ar-H),
6.30 (d,J = 7.8 Hz, 1 H, Ar-H), 6.26-6.23 (m, 2 H, Ar-H),1& (s, 1 H, Ar-H), 5.76 (s, 1 H, Ar-H), 5.50
(s, 2 H, -OH), 5.31 (s, 1 H, -OH), 2.86-2.77 (M8-CH,-); °C NMR (CDCk) & 157.9, 147.3, 146.5,
1445, 142.9, 142.8, 142.6, 140.2, 139.0, 134.3,4,3.28.6, 125.7, 124.9, 124.2, 122.0, 120.9,7118.
118.5, 117.2, 116.5, 116.0, 115.6, 114.4, 38.15,337.3, 36.7; MS (El) 439 (M-H)HRMS calcd for
C,gH-40sNa 463.1516, found: 463.1508 (M+Na)

Methyl 4-(4-(1,3-dioxan-2-yl)-2-methoxyphenoxy)benzoate (79).

This compound was prepared frdmand 67 in 75% vyield by following GP 1, colorless ofH
NMR (CDCk) & 7.96 (d,J = 7.3 Hz, 2H), 7.23 (s, 1H), 7.09 @z= 11.3 Hz, 2H), 6.90 (d] = 7.6 Hz,
2H), 5.54 (s, 1H), 4.39-4.26 (m, 2H), 4.03)t 11.5 Hz, 2H), 3.89 (s, 3H), 3.83 (s, 3H), 2.2332(m,
1H), 1.49 (d,) = 13.4 Hz, 1H); MS (ESI) 345 (M+H)

Methyl 4-(4-formyl-2-methoxyphenoxy)benzoate (80).

Compound79 (10 g, 29 mmol) was added into a solution of ethgh00 mL) and 10 % aq HCI
(10 mL). The resulting mixture was then stirredaam temperature for 2 h. Sat ag sodium bicarbonate
was added and the ethanol was removed in vacuo.r@ting mixture was extracted with DCM,
washed with saturated aqueous NaCl and dried amaium sulfate. The solution was concentrated,
and the residue was purified by silica gel colurhmomatography, eluating with dichloromethane, to

provide a colorless oil in 79% vyieldH NMR (CDCk) & 9.96 (s, 1H), 8.11-7.96 (m, 2H), 7.57 (&=



1.8 Hz, 1H), 7.48 (dd) = 8.1, 1.9 Hz, 1H), 7.13 (d,= 8.1 Hz, 1H), 7.04-6.98 (m, 2H), 3.92 (s, 3H),
3.92 (s, 3H); MS (ESI) 287(M+H)

Methyl 4-(4-((bromotriphenyl phosphoranyl)methyl)-2-methoxyphenoxy)benzoate (82).

This compound was prepared frd88 by following the procedure described féryield 76%,
white solid; mp 196-197 °C*H NMR (CDCk) & 7.93 (d,J = 8.7 Hz, 2H), 7.80-7.69 (m, 6 H),
7.70-7.61 (m, 9H), 7.06 (s, 1H), 6.82 (s, 1 H)16(8,J = 8.7 Hz, 2H), 6.67 (d] = 6.9 Hz, 1H), 5.37 (d,
J=13.8 Hz, 2H), 3.86 (s, 3H), 3.44 (s, 3H) ; MS(E533 (M-Br).

3-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy)benzal dehyde (83).

This compound was prepared from 2-(1,3-dioxan-ythethoxy-phenol €6) and
3-bromo-benzaldehyde) in 79% vyield by following GP 1, yellow solid; mp05-106 °C.*H NMR
(CDCly) 89.95 (s, 1 H), 7.55 (dl = 7.2 Hz, 1 H), 7.43 () = 7.8 Hz, 1 H), 7.37 (d] = 8.4 Hz, 2 H),
7.30 (t,J= 7.8 Hz, 1 H), 7.15 (d] = 5.4 Hz, 1 H), 7.02 (dl = 7.8 Hz, 1 H), 5.69 (s, 1 H), 4.14 (=
7.8 Hz, 2 H), 3.85 (tJ = 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+Hj.

Methyl  4-(4-(3-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)phenethyl)-2-methoxyphenoxy)benzoate
(84).

This compound was prepared fr@2 and83 by following the procedure described fb#, yield
83%, colorless oil'H NMR (CDCL) & 8.02-7.95 (m, 2H), 7.36 (dd,= 7.9, 1.4 Hz, 1H), 7.26 (§ =
8.0 Hz, 1H), 7.15 (t) = 7.8 Hz, 1H), 7.02 (dd} = 8.3, 2.1 Hz, 1H), 6.99 (dd,= 8.2, 1.5 Hz, 1H), 6.94
(d, J = 8.4 Hz, 1H), 6.91-6.87 (m, 2H), 6.86 (= 2.1 Hz, 1H), 6.77 (d] = 7.6 Hz, 1H), 6.76-6.72 (m,
1H), 6.69 (dd,) = 8.1, 2.5 Hz, 1H), 5.68 (s, 1H), 4.20-4.11 (m)2B191 (s, 3H), 3.83 (td,= 12.4, 2.5
Hz, 2H), 3.78 (s, 3H), 3.70 (s, 3H), 2.85 (s, 4BP4-2.16 (m, 1H), 1.36-1.34 (m, 1H) ; MS (ESI) 571
(M+H)*.

2-(3-(4-(4-((Bromotriphenyl phosphor anyl) methyl) phenoxy)-3-methoxyphenethyl ) phenoxy)-3-meth
oxybenzal dehyde (86).

This compound was prepared fr@ in 88% yield by following GP 2, white solid; mp 9200
°C.*H NMR (CDCk) & 10.22 (s, 1H), 7.79-7.74 (m, 9H), 7.66-7.63 (m),6H53 (ddJ = 7.7, 1.7 Hz,
1H), 7.32 (tdJ = 8.0, 0.7 Hz, 1H), 7.28 (dd,= 8.1, 1.7 Hz, 1H), 7.17 — 7.10 (m, 1H), 7.04 (#¢,8.8,
2.6 Hz, 2H), 6.86 (dJ = 1.5 Hz, 1H), 6.81 (d] = 7.6 Hz, 1H), 6.71 (s, 1H), 6.68 (@= 8.1 Hz, 2H),

6.64-6.60 (M, 2H), 5.40 (d,= 13.9 Hz, 2H), 3.80 (s, 3H), 3.77 (s, 3H), 2.8352(m, 4H); MS (ESI)



729 (M-Br)".

Macrocyclic derivative (87).

This compound was prepared fr@® in 75% yield by following GP 3 and GP 4, whiteidpimp
143-144 °C*H NMR (CDCh) 5 7.23 (t,J = 8.0 Hz, 1H), 7.11 (dd} = 7.9, 1.4 Hz, 1H), 6.95 (d,= 8.5
Hz, 2H), 6.92 (tJ = 8.0 Hz, 1H), 6.88-6.85 (m, 2H), 6.80 (dds 8.2, 2.0 Hz, 1H), 6.67-6.64 (m, 1H),
6.63 (d,J = 8.4 Hz, 2H), 6.45 (dd] = 8.2, 2.0 Hz, 1H), 6.26 (d,= 7.5 Hz, 1H), 5.51 (d] = 2.0 Hz,
1H), 3.93 (s, 3H), 3.69 (s, 3H), 3.10-3.02 (m, 4RB8-2.82 (m, 2H), 2.81-2.74 (m, 2HJC NMR
(151 MHz, CDC}) § 158.0, 152.9, 152.4, 148.2, 146.8, 141.9, 14138,7, 136.7, 133.5, 129.5, 127.9,
125.3, 122.5, 122.4, 121.7, 121.4, 116.3, 115.3,011111.6, 110.1, 56.0, 55.7, 36.5, 35.9, 34.81;30
MS (ESI) 453 (M+Hj.

Macrocyclic derivative (88).

This compound was prepared fr@7 in 73% yield by following GP 5, white solid; mp 8857
°C.'™H NMR (CDCk) 6 7.18 (t,J = 7.9 Hz, 1H, Ar-H), 7.05 (dd] = 7.8, 1.5 Hz, 1H, Ar-H), 7.01 (8,=
7.9 Hz, 1H, Ar-H), 6.97 (d] = 8.5 Hz, 2H, Ar-H), 6.91 (d] = 7.8 Hz, 1H, Ar-H), 6.90 (dd = 7.5, 2.1
Hz, 1H, Ar-H), 6.77 (ddJ = 8.1, 2.0 Hz, 1H, Ar-H), 6.68-6.64 (m, 1H, Ar-§.,63 (d,J = 8.3 Hz, 2H,
Ar-H), 6.57 (dd,J = 8.2, 2.0 Hz, 1H, Ar-H), 6.41 (d,= 7.5 Hz, 1H, Ar-H), 5.55 (dJ = 2.0 Hz, 1H,
Ar-H), 5.52 (s, 1H, -OH), 4.87 (s, 1H, -OH), 3.088 (m, 4H, -CH"), 2.89-2.79 (m, 4H, -CH); ©°C
NMR (151 MHz, CDC}) § 156.7, 152.8, 148.7, 146.1, 143.4, 143.1, 13%6,11, 136.1, 132.7, 129.7,
128.9, 126.1, 123.4, 122.4, 122.0, 121.3, 115.6,511114.9, 114.3, 112.0, 35.8, 35.3, 34.0, 30.3; M
(ESI) 425 (M+HJ; HRMS calcd for GgH,.O:Na 447.1567, found: 447.1560 (M+Na)

Methyl 4-(2-(1,3-dioxan-2-yl)-6-methoxyphenoxy)benzoate (89).

This compound was prepared fraimand 8 in 76% yield by following GP 1, colorless ofH
NMR (CDCk) & 7.97 (d,J = 8.9 Hz, 2H), 7.36 (d] = 7.9 Hz, 1H), 7.30 (d] = 8.1 Hz, 1H), 7.01 (d]
= 8.2 Hz, 1H), 6.88 (d] = 8.9 Hz, 2H), 5.65 (s, 1H), 4.15 @= 4.2 Hz, 1H), 4.13 (d] = 4.8 Hz, 1H),
3.90 (s, 3H), 3.83 (1] = 11.5 Hz, 2H), 3.73 (s, 3H), 2.26-2.14 (m, 1HBEL(d,J = 13.6 Hz, 1H); MS
(ESI) 345 (M+HY.

Methyl 4-(2-(hydroxymethyl)-6-methoxyphenoxy)benzoate (90).

Compound89 (10 g, 29 mmol) was added into a solution of eth&h00 mL) and 10 % aq HCI
(10 mL). The resulting mixture was then stirredam temperature for 2 h. Sat aq sodium bicarbonate

was added and the ethanol was removed in vacuo.r@dting mixture was extracted with DCM,



washed with saturated aqueous NaCl and dried @gium sulfate. The solution was concentrated to
yield the crude oil. This oil was dissolved in THind sodium borohydride (0.45 g, 12.05 mmol) was
added to the reaction mixture over 15 min at 0 T8e reaction mixture was then stirred at room
temperature for 3 h. The THF was evaporated in ®aand the resulting mixture was extracted with
DCM (15 mL), washed with sat aq NaCl, and driedragdium sulfate. The solution was concentrated,
and the residue was purified by silica gel colurhmomatography, eluating with DCM, to provide a
colorless oil in 61% yield"H NMR (CDCL) & 7.98 (d,J = 8.9 Hz, 2H), 7.27 () = 7.8 Hz, 1H), 7.15
(d,J = 7.6 Hz, 1H), 7.00 (d] = 8.0 Hz, 1H), 6.87 (d] = 8.9 Hz, 2H), 4.64 (d] = 6.3 Hz, 2H), 3.90 (s,
3H), 3.76 (s, 3H); MS (ESI) 289 (M+H)

Methyl 4-(2-((bromotriphenyl phosphoranyl)methyl)-6-methoxyphenoxy)benzoate (91).

This compound was prepared fr@® by following the GP 2, yield 79%, white solid; mip6-157
°C.'H NMR (CDCk) 6 7.81 (d, J = 8.9 Hz, 2H), 7.75-7.71 (m, 3H), 7634 (m, 12H), 7.02 (t, J = 8.0
Hz, 1H), 6.98 (d, J = 8.1 Hz, 1H), 6.88 (d, J = BZ, 1H), 6.43 (d, J = 8.9 Hz, 2H), 4.95 (d, J =314
Hz, 2H), 3.80 (s, 3H), 3.53 (s, 3H); MS (ESI) 538-Br)+.

(4-(2-(3-(2-(1,3-Dioxan-2-yl)-6-methoxyphenoxy) phenethyl)-6-methoxyphenoxy) phenyl ) methanol
(92).

This compound was prepared fr@8 and91 by following the procedure described fof, yield
88%, colorless oil'H NMR (CDCk) & 7.37 (dd,J = 7.9, 1.4 Hz, 1H), 7.28 (f] = 8.0 Hz, 1H),
7.25-7.20 (m, 2H), 7.15 (§,= 7.9 Hz, 1H), 7.11 (t} = 7.8 Hz, 1H), 7.00 (ddl = 8.2, 1.5 Hz, 1H), 6.89
(dd,J = 8.3, 1.3 Hz, 1H), 6.87 (dd,= 7.7, 1.3 Hz, 1H), 6.81-6.78 (m, 2H), 6.74 Jc& 7.6 Hz, 1H),
6.65 (dddJ = 8.2, 2.5, 0.7 Hz, 1H), 6.63-6.60 (m, 1H), 5.66H), 4.61 (s, 2H), 4.16-4.13 (m, 2H),
3.86-3.80 (m, 2H), 3.78 (s, 3H), 3.70 (s, 3H), 2822 (m, 4H), 2.26-2.14 (m, 1H), 1.39-1.32 (m, 1H)
MS (ESI) 543 (M+Hj.

2-(3-(2-(4-(Hydroxymethyl)phenoxy)-3-methoxyphenethyl ) phenoxy)- 3-methoxybenzal dehyde (93).

This compound was prepared fr@® by following the procedure described 22, yield 72%,
colorless oil*H NMR (CDCk) 6 10.21 (s, 1H), 7.58 (dd,= 7.9, 1.5 Hz, 1H), 7.34 (td,= 8.0, 0.8 Hz,
1H), 7.28-7.21 (m, 3H), 7.15 (d,= 8.0 Hz, 1H), 7.13 (d] = 8.1 Hz, 1H), 6.89 (dd] = 8.3, 1.3 Hz,
1H), 6.82 (dd,) = 7.7, 1.4 Hz, 1H), 6.79 (d,= 7.6 Hz, 1H), 6.78-6.76 (m, 2H), 6.65 (ddd; 8.2, 2.6,
0.8 Hz, 1H), 6.60-6.56 (m, 1H), 4.64 (s, 2H), 3(873H), 3.77 (s, 3H), 2.77 (s, 4H); MS (ESI) 485

(M+H)".



2-(3-(2-(4-((bromotriphenyl phosphoranyl)methyl ) phenoxy)-3-methoxyphenethyl ) phenoxy)-3-meth
oxybenzaldehyde (94).

This compound was prepared fr@8 in 82% vyield by following GP 2, white solid; mp 3444
°C.H NMR (CDCk) 6 10.17 (s, 1H), 7.78-7.68 (m, 9H), 7.66-7.56 (m),6H52 (ddJ = 7.5, 1.8 Hz,
1H), 7.34-7.32 (m, 2H), 7.14 @,= 7.9 Hz, 1H), 7.10 (t = 7.6 Hz, 1H),7.10 (&) = 8.0 Hz, 1H), 6.99
(d, J = 6.3 Hz, 2H), 6.85 (dd] = 8.3, 1.2 Hz, 1H), 6.78-6.75 (m, 2H), 6.64 (dd; 7.8, 2.4 Hz, 1H),
6.60-6.56 (m, 3H), 5.32 (d, = 13.6 Hz, 2H), 3.75 (s, 3H), 3.74 (s, 3H), 2.834H); MS (ESI) 729
(M-Br)".

Macrocyclic derivative (95).

This compound was prepared fr@hin 77% yield by following GP 3 and GP 4, whiteidpinp
102-103 °C*H NMR (CDCk) & 7.17 (td,J = 7.9, 3.4 Hz, 2H), 7.13 (dd,= 7.9, 1.5 Hz, 1H), 7.08 (8,
= 8.6 Hz, 1H), 7.01 (dd] = 7.8, 1.3 Hz, 1H), 6.87 (dd,= 8.0, 1.5 Hz, 1H), 6.85 (dd,= 8.0, 1.5 Hz,
1H), 6.75 (ddJ = 8.0, 1.5 Hz, 1H), 6.73 (d,= 8.6 Hz, 2H), 6.62 (d] = 7.5 Hz, 1H), 6.38-6.32 (m,
2H), 5.44-5.36 (m, 1H), 3.79 (s, 3H), 3.61 (s, 3BiP6-3.03 (M, 2H), 3.02-2.94 (m, 2H), 2.80t
7.5 Hz, 2H), 2.62 (1) = 7.5 Hz, 2H),'13C NMR (151 MHz, CDCJ) 6 158.2, 156.3, 153.3, 152.3, 142.4,
142.0, 141.4, 136.1, 135.3, 134.1, 129.6, 128.8,312124.8, 121.8, 121.5, 120.9, 114.5, 114.1,8/13.
110.2, 109.8, 55.9, 55.8, 35.2, 34.6, 29.3, 29.8;(ESI) 475 (M+Na)

Macrocyclic derivative (96).

This compound was prepared fr@h in 79% vyield by following GP 5, white solid; mp @491
°C.H NMR (CDCk) & 7.15 (dd,J = 16.2, 8.2 Hz, 2H, Ar-H), 7.12-7.09 (m, 2H, Ar-H.96 (ddJ =
8.1, 1.9 Hz, 1H, Ar-H), 6.91 (d,= 8.0 Hz, 2H, Ar-H), 6.82 (ddl = 7.9, 1.6 Hz, 1H, Ar-H), 6.80-6.74
(m, 2H, Ar-H), 6.70 (dJ = 7.6 Hz, 1H, Ar-H), 6.50-6.42 (m, 2H, Ar-H), 5.%€, 1H, Ar-H), 3.01 (s, 4H,
-CH,-), 2.70 (t,J = 7.6 Hz, 2H, -Ch}), 2.60 (t,J = 7.6 Hz, 2H, -Ch); *C NMR (151 MHz, CDG)) §
156.9, 155.7, 149.5, 148.7, 143.6, 140.3, 139.8,513134.7, 134.5, 129.9, 129.3, 125.8, 125.7,3,22.
121.3, 120.9, 115.2, 114.3, 114.1, 113.5, 113.4,3B.9, 29.3, 29.2; MS (ESI) 425 (M+HHRMS
calcd for GgH,,04Na 447.1567, found: 447.1560 (M+Na)

3-(4-(1,3-Dioxan-2-yl)-2-methoxyphenoxy)benzal dehyde (99).

This compound was prepared fr@® and97 in 73% vyield by following GP 1, colorless otH
NMR (CDCk) & 9.93 (s, 1H), 7.56 (dl = 7.5 Hz, 1H), 7.45 () = 7.8 Hz, 1H), 7.35 (s, 1H), 7.23 (s,

1H), 7.21 (dd,) = 8.2, 1.7 Hz, 1H), 7.10 (dd,= 8.1, 1.3 Hz, 1H), 7.05 (d,= 8.1 Hz, 1H), 5.54 (s, 1H),



4.32 (dd,J = 10.8, 4.9 Hz, 2H), 4.04 (1,= 11.1 Hz, 2H), 3.85 (s, 3H), 2.31-2.23 (m, 1HRAL(d,J =
13.6 Hz, 1H); MS (ESI) 315 (M+H)

3-(4-(1,3-Dioxan-2-yl)-2,6-dimethoxyphenoxy)benzal dehyde (100).

This compound was prepared fr@6 and98 in 54% vyield by following GP 1, colorless otH
NMR (CDCl) & 9.90 (s, 1H), 7.50 (dl = 7.6 Hz, 1H), 7.40 (t) = 7.8 Hz, 1H), 7.19 (dd] = 8.2, 1.8
Hz, 1H), 6.85 (s, 2H), 5.52 (s, 1H), 4.31 (dck 11.0, 4.8 Hz, 2H), 4.03 (3,= 11.2 Hz, 2H), 3.80 (s,
6H), 2.27 (dtJ = 17.7, 10.1 Hz, 1H), 1.49 (d= 13.6 Hz, 1H); MS (ESI) 345 (M+H)

(4-(5-(3-(4-(1,3-Dioxan-2-yl)-2-methoxyphenoxy) phenethyl) - 2-methoxyphenoxy) phenyl ) methanol
(101).

This compound was prepared fra@drand 99 by following the procedure described f2i, yield
67%, colorless oil*H NMR (CDCE) § 7.28 (d,J = 8.1 Hz, 2H), 7.18 (s, 1H), 7.16 {t= 8.1 Hz, 1H),
7.00 (ddJ=8.1, 1.4 Hz, 1H), 6.91 (s, 2H), 6.90-6.85 (m) 38180 (dJ = 7.6 Hz, 1H), 6.77 (d] = 8.0
Hz, 1H), 6.74 (s, 2H), 5.51 (s, 1H), 4.64 Jds 5.8 Hz, 2H), 4.31 (ddl = 11.1, 4.5 Hz, 2H), 4.02 (,=
12.2 Hz, 2H), 3.86 (s, 3H), 3.82 (s, 3H), 2.804(4), 2.37-2.19 (m, 1H), 1.50 (s, 1H); MS (ESI) 543
(M+H)*.

(4-(5-(3-(4-(1,3-Dioxan-2-y1)-2,6-dimethoxyphenoxy) phenethyl)-2-methoxyphenoxy) phenyl ) metha
nol (102).

This compound was prepared fr@and100 by following the procedure described 2, yield
59%, colorless oil*H NMR (CDCk) §7.28 (d,J = 8.1 Hz, 2H), 7.10 (t} = 7.8 Hz, 1H), 6.93 (dd] =
16.1, 8.4 Hz, 2H), 6.89 (d,= 8.5 Hz, 2H), 6.83 (s, 2H), 6.77-6.71 (m, 3HBB(d,J = 6.6 Hz, 1H),
5.52 (s, 1H), 4.64 (s, 2H), 4.33 (dbz 11.0, 4.6 Hz, 2H), 4.04 (1,= 11.3 Hz, 2H), 3.82 (s, 3H), 3.78
(s, 6H), 2.79 (s, 4H), 2.36-2.23 (m, 1H), 1.50J¢, 13.5 Hz, 1H) ; MS (ESI) 573 (M+H)

4-(3-(3-(4-((Bromotriphenyl phosphoranyl)methyl ) phenoxy)-4- methoxyphenethyl ) phenoxy)-3-meth
oxybenzaldehyde (103).

This compound was prepared frd®il in 86% vyield by following GP 2, white solid; mp 8887
°C.'H NMR (CDCk) § 9.90 (s, 1H), 7.77-7.67 (m, 6H), 7.66-7.63 (m, 9AP5 (t,J = 7.6, 1H), 7.51
(s, 1H), 7.48-7.46 (m, 2H), 7.37 (@ = 8.4 Hz, 1H), 7.25 (1) = 7.6 Hz, 1H), 6.95 (d] = 8.4 Hz, 1H),
6.89-6.84 (m, 3H), 6.80 (d,= 8.4 Hz, 2H), 6.68-6.66 (m, 2H), 5.27 (d+ 13.8 Hz, 2H), 3.95 (s, 3H),
3.77 (s, 3H), 2.85-2.80 (m, 4H); MS (ESI) 729 (MyBr

4-(3-(3-(4-((Bromotriphenyl phosphoranyl)methyl ) phenoxy)-4-methoxyphenethyl ) phenoxy)-3,5-di



methoxybenzal dehyde (104).

This compound was prepared frd®2 in 89% vyield by following GP 2, white solid; mp 8179
°C.'H NMR (CDCk) & 9.98 (s, 1H), 7.88-7.72 (m, 9H), 7.67-7.65 (m, SHR4 (s, 2H), 7.12 (f] =
7.6 Hz, 1H), 7.04 (dd) = 8.4, 2.1 Hz, 2H), 6.92 (dd,= 8.3, 2.0 Hz, 1H), 6.88 (d, = 8.4 Hz, 1H),
6.80 (d,J = 7.6 Hz, 1H), 6.75-6.66 (m, 4H), 6.63 (dds 7.9, 2.2 Hz, 1H), 5.42 (d,= 13.8 Hz, 2H),
3.85 (s, 6H), 3.79 (s, 3H), 2.85-2.77 (m, 4H); MES() 759 (M-BrJ.

Macrocycle (stilbene bridge) (105).

This compound was prepared frd®3 in 81% vyield by following GP 3, white solid; mp 3-864
°C.™H NMR (CDCk) 5 7.15 (d,J = 8.4 Hz, 2 H ), 7.08-7.05 (m, 3 H), 6.99 Jc& 8.4 Hz, 1 H), 6.92 (d,
J=7.8 Hz, 1 H), 6.87-6.83 (m, 4 H), 6.75-6.74 ¢hH), 6.64 (d,) = 2.4 Hz, 1 H), 6.36-6.35 (m, 1 H),
3.94 (s, 3 H), 3.66 (s, 3 H), 2.62-2.56 (m, 4 & NMR (CDCE) 8 157.7, 153.9, 150.6, 147.3, 146.6,
143.5, 141.4, 135.1, 134.8, 133.1, 130.8, 130.6,22121.6, 121.3, 120.8, 120.3, 119.3, 116.0,5114.
113.4, 111.9, 55.6, 55.1, 40.7, 39.4; MS (ESI) @81H)".

Macrocycle (stilbene bridge) (106).

This compound was prepared frd®d in 86% yield by following GP 3, white solid; mp 71-3.38
°C.'H NMR (CDCk) 6 7.27 (d,J = 7.8 Hz, 1H), 7.16 (d] = 8.6 Hz, 2H), 7.11 (dd} = 8.2, 2.5 Hz, 1H),
7.09 (d,J = 8.7 Hz, 2H), 6.91 (d] = 8.2 Hz, 1H), 6.89-6.80 (m, 4H), 6.66 (t= 1.9 Hz, 1H), 6.43 (s,
2H), 6.23 (ddJ = 2.2, 1.4 Hz, 1H), 3.94 (s, 3H), 3.65 (s, 6HB2(s, 4H);"*C NMR (151 MHz,
CDCly) 8 157.2, 153.9, 152.1, 147.3, 146.4, 143.3, 13534, 7, 133.1, 131.2, 131.0, 129.9, 129.4,
128.9, 120.9, 119.9, 119.1, 116.1, 113.7, 112.Q,911106.0, 55.6, 55.4, 41.0, 39.6; MS (ESI) 481
(M+H)*.

Macrocyclic derivative (107).

This compound was prepared frd®b in 96% vyield by following GP 4, white solid; mp @851
°C.'H NMR (CDCk) & 7.23 (t,J = 8.1 Hz, 1H), 7.18-7.12 (m, 2H), 7.03 (di= 8.2, 2.6 Hz, 1H),
7.02-6.98 (m, 2H), 6.94 (d,= 8.0 Hz, 1H), 6.86 (d] = 8.1 Hz, 1H), 6.79 (d] = 7.4 Hz, 1H), 6.78 (dd,
J=8.2,2.1Hz, 1H), 6.76 (d,= 2.0 Hz, 1H), 6.73 (dd] = 8.0, 1.9 Hz, 1H), 6.23 (d,= 2.0 Hz, 1H),
6.08 (dd,J = 2.3, 1.6 Hz, 1H), 3.95 (s, 3H), 3.74 (s, 3HLA(s, 4H), 2.52-2.47 (m, 4H¥*C NMR
(151 MHz, CDC}) 6 159.1, 153.3, 151.6, 148.8, 147.3, 144.0, 14138,2, 136.5, 135.4, 130.0, 129.5,
122.5, 121.5, 121.1, 120.8, 120.7, 115.8, 114.8,611113.5, 111.8, 56.2, 55.9, 41.1, 40.0, 35.8;35

MS (ESI) 453 (M+H].



Macrocyclic derivative (108).

This compound was prepared frd®6 in 93% vyield by following GP 4, white solid; mp 3-884
°C.'™H NMR (CDCk) 6 7.23 (t,J = 7.8 Hz, 1H), 7.17 (d] = 8.4 Hz, 2H), 7.09 (dd] = 8.1, 2.4 Hz, 1H),
7.02 (d,J = 8.4 Hz, 2H), 6.86 (d] = 8.1 Hz, 1H), 6.80-6.74 (m, 2H), 6.43 (s, 2HR%(d,J = 1.9 Hz,
1H), 6.02 (s, 1H), 3.95 (s, 3H), 3.72 (s, 6H), 3(444H), 2.54-2.42 (m, 4H}°C NMR (151 MHz,
CDCly) 6 158.5, 153.4, 152.8, 148.9, 147.3, 143.8, 13836.3, 135.4, 130.0, 129.6, 129.4, 121.1,
120.8, 120.6, 115.8, 114.3, 112.4, 111.8, 106.02,566.1, 41.3, 40.1, 36.3, 35.1; MS (ESI) 483
(M+H)".

Macrocyclic derivative (109).

This compound was prepared frd®7 in 73% yield by following GP 5, white solid; mp @211
°C.'H NMR (CDCk) § 7.27 (t,J = 8.4 Hz, 1H, Ar-H), 7.16 (d] = 8.5 Hz, 2H, Ar-H), 7.04 (ddl = 8.2,
2.6 Hz, 1H, Ar-H), 7.01-6.96 (m, 2H, Ar-H), 6.95, @= 2.0 Hz, 1H, Ar-H), 6.90 (dJ = 8.2 Hz, 1H,
Ar-H), 6.86 (d,J = 7.5 Hz, 1H, Ar-H), 6.82 (d] = 8.2 Hz, 1H, Ar-H), 6.72 (dd] = 8.0, 1.9 Hz, 1H,
Ar-H), 6.52 (dd,J = 8.2, 2.0 Hz, 1H, Ar-H), 6.27-6.22 (m, 1H, Ar-H§,19 (d,J = 2.0 Hz, 1H, Ar-H),
5.58 (s, 1H, -OH), 5.35 (s, 1 H, -OH), 3.14-3.07, @hl, -CH-), 2.57-2.46 (m, 4H, -CH); *C NMR
(151 MHz, CDC}) 6 158.4, 152.8, 148.0, 146.5, 144.8, 143.8, 13%88,3, 137.0, 134.9, 130.3, 129.9,
121.9, 121.6, 121.4, 120.8, 120.7, 116.3, 115.@,911114.1, 40.9, 39.7, 35.6, 35.1; MS (ESI) 425
(M+H)*; HRMS calcd for GgH,,0O,Na 447.1567, found: 447.1554 (M+Na)

Macrocyclic derivative (110).

This compound was prepared frd®8 in 80% yield by following GP 5, white solid; mp 232
°C.'H NMR (CDCk) 5 7.29 (t,J = 8.4 Hz, 1H, Ar-H), 7.21 (d] = 8.4 Hz, 2H, Ar-H), 7.10 (ddl = 8.2,
2.1 Hz, 1H, Ar-H), 6.99 (d] = 8.5 Hz, 2H, Ar-H), 6.89 (dd] = 7.6, 2.5 Hz, 2H, Ar-H), 6.71 (dd,=
8.0, 1.9 Hz, 1H, Ar-H), 6.43 (s, 2H, Ar-H), 6.17 Jt= 2.8 Hz, 2H, Ar-H), 5.62 (s, 1H, -OH), 5.11 (s,
2H, -OH), 3.15-3.10 (m, 2H, -GH, 3.09-3.04 (m, 2H, -CH), 2.54- 2.50 (m, 2H, -CH), 2.50-2.44
(m, 2H, -CH-); ¥C NMR (151 MHz, CDGJ) 6 156.7, 152.8, 148.5, 146.7, 145.2, 143.7, 13B1,Q,
134.7,130.2, 130.1, 126.3, 122.6, 121.4, 120.8,911114.8, 114.4, 112.3, 108.7, 41.2, 39.7, 34,
MS (ESI) 441 (M+HJ; HRMS calcd for GsH,.0sNa 463.1516, found: 463.1512 (M+Na)

4-(5-(1,3-Dioxan-2-yl)-2-methoxyphenoxy)benzal dehyde (111).

This compound was prepared from methyl 4-bromoddebgde 48) and

5-(1,3-dioxan-2-yl)-2-methoxyphenob?) in 71% vyield by following GP 1, yellow oiH NMR



(CDCl3) 6 9.90 (s, 1 H), 7.80 (d} = 9.0 Hz, 2 H), 7.36 (dd] = 1.8 Hz, 8.4 Hz, 1 H), 7.26 (d,= 1.8
Hz, 1 H), 7.02 (dJ = 8.4 Hz, 1 H), 6.98 (d] = 9.0 Hz, 2 H), 5.46 (s, 1 H), 4.25 (dbiz 4.8 Hz, 10.8
Hz, 2 H), 3.97 (tJ = 10.8 Hz, 2 H), 3.79 (s, 3 H), 2.24-2.16 (m, 1 H¥4 (d,J = 13.8 Hz, 1 H); MS
(ESI) 315 (M+H].

Methyl  4-(5-(4-(5-(1,3-dioxan-2-yl)-2-methoxyphenoxy)phenethyl)-2-methoxyphenoxy)benzoate
(112).

This compound was prepared fra@ivand 111 by following the procedure described fbf, yield
75%, colorless oil*H NMR (CDCL) & 8.00 (d,J = 8.0 Hz, 2H), 7.28 (d] = 9.8 Hz, 1H), 7.12 (s, 1H),
7.06 (d,J = 7.5 Hz, 2H), 7.00 (d] = 8.2 Hz, 2H), 6.94 (d] = 8.8 Hz, 1H), 6.91 (d] = 7.1 Hz, 3H),
6.87 (d,J = 7.7 Hz, 2H), 5.42 (s, 1H), 4.24 @z= 10.7 Hz, 2H), 3.95 (f] = 11.6 Hz, 2H), 3.90 (s, 3H),

3.84 (s, 3H), 3.79 (s, 3H), 2.86 (s, 4H), 2.20-246 1H), 1.43 (dJ = 13.4 Hz, 1H); MS (ESI) 571

(M+H)".
Methyl 4-(5-(4-(5-(1,3-dioxan-2-yl)-2-methoxyphenoxy) phenethyl ) - 2-methoxyphenoxy)- 3-
methoxybenzoate (113).

This compound was prepared frahand 111 by following the procedure described fbf, yield
70%, colorless oil'H NMR (CDCk) & 8.02 (dd,J = 1.8 Hz, 8.0 Hz, 1H), 7.29 (d,= 8.6 Hz, 1H),
7.21(d,J = 8.6 Hz, 1H), 7.07 (ddl = 1.8 Hz, 7.5 Hz, 2H), 7.02 (d,= 8.2 Hz, 2H), 6.94 (d] = 8.8 Hz,
1H), 6.93-6.91 (m, 3H), 6.87 (d,= 8.4 Hz, 2H), 5.40 (s, 1H), 4.23 (@~ 10.6 Hz, 2H), 3.91 (I =
11.2 Hz, 2H), 3.96 (s, 3H), 3.88 (s, 3H), 3.803H), 3.78 (s, 3H), 2.81 (s, 4H), 2.25-2.22 (m, 1H),
1.46-1.40 (m, 1H); MS (ESI) 601 (M+H)

Macrocycle (stilbene bridge) (116).

This compound was prepared frdiR in 70% vyield by following the procedure descrilfjed22,
white solid; mp 240-241 °CH NMR (CDCk) 5 7.19 (d,J = 8.4 Hz, 2 H), 7.10-7.07 (m, 4 H), 6.99 (d,
J=8.4Hz, 1H), 6.96 (d] = 8.4 Hz, 1 H), 6.75 (d] = 7.8 Hz, 2 H), 6.64 (d] = 7.8 Hz, 2 H), 6.55 (d,
J=8.4Hz, 2 H), 6.46 (dl = 5.4 Hz, 1 H), 6.13 (s, 1 H), 3.81 (s, 6 H), 2(824 H);"*C NMR (CDCL)
0157.6, 156.7, 151.3, 150.2, 142.5, 142.2, 1348,7, 130.4, 130.2, 130.0, 129.9, 128.7, 127.7,2,27
125.7,124.5,123.1, 115.4, 114.8, 112.9, 112.4,%5.9, 37.9, 37.4; MS (ESI) 473 (M+Na)

Macrocycle (stilbene bridge) (117).

This compound was prepared frdi3 in 73% yield by following the procedure descrilfed?22,

white solid; mp 188-189 °CH NMR (CDCk) 5 7.08 (s, 1 H), 7.05 (d, = 8.4 Hz, 2 H), 6.96 (1] = 8.4



Hz, 2 H), 6.82-6.79 (m, 2 H), 6.75 (@= 8.4 Hz, 2 H), 6.66 (d] = 7.2 Hz, 2 H), 6.45 (s, 2 H), 6.14 (d,
J=8.4Hz, 1 H), 6.08 (s, 1 H), 3.87 (s, 3 H), 3(823 H), 3.81 (s, 3 H), 2.80 (s, 4 HC NMR
(CDCly) 6 156.1, 151.0, 149.7, 149.0, 146.2, 143.0, 14234.3, 134.2, 131.1, 130.1, 128.7, 128.2,
126.9, 125.1, 123.4, 123.2, 121.9, 120.8, 115.5,411112.7, 112.6, 112.2, 56.0, 55.9, 55.8, 37/RB;3
MS (ESI) 503 (M+Na).

Macrocyclic derivative (118).

This compound was prepared frdi6 in 96% yield by following GP 4, white solid; mp @257
°C.'H NMR (CDCk) 8 7.08 (d,J = 7.8 Hz, 1 H), 6.97 (d] = 7.8 Hz, 1 H), 6.71 (d] = 7.8 Hz, 2 H),
6.55 (d,J = 7.8 Hz, 2 H), 6.04 (s, 1 H), 3.77 (s, 3 H), 2(814 H)*C NMR (CDC}) & 156.6, 150.3,
142.0, 134.4, 133.6, 130.0, 125.7, 124.9, 114.8,7156.0, 37.9, 37.6; MS (ESI) 475 (M+Na)

Macrocyclic derivative (119).

This compound was prepared frdihi7 in 95% vyield by following GP 4, white solid; mp 8279
°C.™H NMR (CDCk) & 7.05-7.03 (m, 2 H), 6.95 (3,= 9.0 Hz, 2 H), 6.74 (s, 1 H), 6.73 (#i= 8.4 Hz,
2H), 6.56 (dJ=9.0 Hz, 2 H), 6.09 (dl = 8.4 Hz, 1 H), 6.01 (d] = 1.8 Hz, 2 H), 5.95 (dd}, = 1.8 Hz,
8.4 Hz, 1 H), 3.91 (s, 3 H), 3.79 (s, 3 H), 3.773H), 2.80 (dJ = 3.6 Hz, 4 H ), 2.79 (s, 4 HyC
NMR (CDClk) 6 156.2, 150.1, 150.0, 148.8, 145.5, 142.5, 142345, 134.3, 134.2, 134.0, 130.1,
125.4, 125.3, 124.1, 124.0, 121.7, 115.4, 114.2,611112.5, 112.0, 56.0, 55.9, 55.8, 38.5, 38.05,37
37.5; MS (ESI) 505 (M+N4&)

Macrocyclic derivative (120).

This compound was prepared frdi8 in 74% vyield by following GP 5, white solid; mp 2258
°C.'™H NMR (CDCk) 3 7.02 (dd,J = 7.8 Hz, 18.0 Hz, 2 H, Ar-H), 6.80 (d= 8.4 Hz, 2 H, Ar-H), 6.67
(d,J = 7.8 Hz, 2 H, Ar-H), 6.06 (s, 1 H, Ar-H), 5.30, (s H, -OH), 2.81 (m, 4 H, -CH); *C NMR
(CDCly) 6 155.2, 146.1, 141.1, 135.5, 133.9, 130.4, 13®6,8, 121.7, 116.2, 116.1, 37.7, 37.5; MS
(ESI) 423 (M-H); HRMS calcd for GgH,40,Na 447.1567, found: 447.1554 (M+Na)

Macrocyclic derivative (121).

This compound was prepared frdii9 in 80% vyield by following GP 5, white solid; mp 3996
°C.™H NMR (CDC}) 8 7.06-6.97 (m, 3 H, Ar-H), 6.97 (d,= 7.8 Hz, 1 H, Ar-H), 6.77 (d] = 8.4 Hz,

3 H, Ar-H), 6.69 (d,J = 6.6 Hz, 2 H, Ar-H), 6.34 (dl = 6.6 Hz, 1 H, Ar-H), 6.10 (s, 2 H, Ar-H), 6.06 (s
1 H, Ar-H), 5.46 (s, 1 H, -OH), 5.33 (s, 1H, -OH)32 (s, 1H, -OH), 2.80-2.79 (m, 8 H, -gH°C

NMR (CDCL) 6 155.1, 145.9, 145.8, 145.7, 141.9, 141.1, 14048.5 137.3, 135.6, 134.3, 133.9,



130.4, 126.1, 125.4, 121.7, 121.1, 120.9, 116.6,511116.3, 116.1, 115.1, 38.0, 37.6, 37.4, 37.3; M
(ESI) 439 (M-H); HRMS calcd for GgH,4OsNa 463.1516, found: 463.1509 (M+Na)
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).
The cells were cultured in RPMI-1640 (HyClone) madicontaining 10% FBS (Sijiging Company,
Ltd.), 100 units/mL of penicillin G, and 100 pg/mk streptomycin in a stable environment with 37
and 5% CQ@ Hela (cervical carcinoma) was obtained from thmefican Type Culture Collection
(ATCC) and cultured at 37 and 5% CQin DMEM medium supplemented as described above. Th
PC-3/Doc cell line was obtained from Yuan's groupShandong University. The antiproliferative
activity of the marchantin C analogues on the fiwaor cell lines was measured by the MTT method,
as previously described [4@riefly, after treatment with the candidate drug48 h, the absorbance of
the soluble MTT product was measured at 570 nm.effleriments were performed at least three
times.
4.2.2. Cell growth curve

The cell growth curves of HCC1428 cells treatedh®yindicated concentrations of compouiid
for 84 h were created by the xCELLigence systenmfi@oche according to the manufacturer’s
protocol. The cells were incubated in RPMI-1640 mpdcontaining 2% FBS at 37 and 5% CQ
throughout.
4.2.3. Céll cycleanalysis

The cell cycle distribution was measured by flowoeyetric analysis. HCC1428 cells were seeded
into 6-well plates and then treated with varyingn@entrations of compound7. Adherent cells were
detached with trypsin and collected by centrifugatifollowed by washing, fixation, and Pl staining.
The cell cycle distribution was examined by a FA@Sdlow cytometer (Becton—Dickinson, USA),
and the data were analyzed using the ModFit progBeaaton—Dickinson, USA)
4.2.4. Immunofluorescence

For the immunofluorescence studies, HCC1428 eedlee seeded on 12-mm round glass cover

slips and placed at the bottom of 24-well plateer®the experimental treatment, the cells weredix



with cold methanol/acetone (1:1) for 5 min followley incubating with 3% goat serum (in 0.1% Triton
X-100) for 20 min to prevent nonspecific antibodpding. The cells were then immunostained for
a-tubulin using mouse anti-tubulin antibody followed by FITC-conjugated g@atti-rabbit secondary
antibody. The DNA was counterstained with DAPIy@/mL) for 15 min at room temperature. The
samples were mounted on microscope slides with trmyummedium and analyzed by confocal
microscopy.
4.2.5. Tubulin polymerization assay

An in vitro assay for monitoring the time-dependent polyménmaof tubulin to microtubules
was performed. Bovine brain tubulin (>97% pure tifjuvas 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 Polyizaion Assay Kit (Cat. BKOO4P) according to
the manufacturer’s protocol (Cytoskeleton, Inc.nizar, CO, USA). The polymerization of tubulin was
measured by the change in absorbance at 340 nmy éverin for 1 h using a spectrophotometer
(Thermo Fisher Scientific, Inc., USA) in a stabieeonment at 37..
4.3. Molecular modeling

The crystal structure of tubulin in complex witHatcine was downloaded from the Protein Data
Bank (PDB code 1SAQ) [41]. Hydrogens were added ramdmized using the Amber force field and
the Amber charges. Modeled analogues were consttictSYBYL-X,and the energy was minimized
with the Amber force field and Amber charges [42heTdocking of compoundi7 into the
colchicine-binding site of tubulin was performedngsthe GOLD program. For the genetic algorithm
(GA) runs, a maximum number of 100,000 GA operatiarere performed on a single population of
100 individuals. The operator weights for crosspwautation, and migration were set to 95, 95, aid 1
respectively, which are the standard default sgitirecommended by the authors. The maximum
distance between hydrogen bond donors and acceptohydrogen bonding was set to 3.5 A. After
docking, the best-docked conformation 4% was merged into 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 047 and a surrounding 6 A
sphere were allowed to move, while the structufeh® remaining proteins were frozen. The energy
minimization was performed using the Powell metheith a 0.05 kcal/(mol A) energy gradient

convergence criterion and a distance-dependergatiil function.
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Fig. 1. Modification strategy for macrocyclic bisbibenzatalogues

Fig. 2. Key NOESY correlations (dashed blue arrows) fampound47.

Fig. 3. Three-dimensional structures of compoud#ss5, 77, 88, 96, 109, 120 and marchantin C; The
ICso represents the averagesj@alue of each compound against four human caneldices; The
aromatic carbons that are included in the macracyielg are indicated by a blue cross symbol.

Fig. 4. HCC1428 cells were treated with compoufid 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 independeetriexents.

Fig. 5. Compound4? induced HCC1428 cells cycle arrest at th#Msphase. HCC1428 cells were
treated with 3uM and 6uM concentrations of compounty for 24 h, and then trypsinized, fixed and
stained with Pl to measure the cell cycle profileflow cytometry. Control cells were treated with
DMSO alone. The results are representatives oétiméependent experiments.

Fig. 6. HCC1428 cells were treated with compouifdand77 as indicated for 24 h and then fixed and
immunostained with monoclonal antitubulin antibody (red) and DAPI (blue). One micraar
concentrations of Vincristine (VCR) and same amamhbDMSO were used as controls. Results are
representatives of three independent experimeais=H0Oum.

Fig. 7. Effect of compoundt7 on tubulin polymerizatiorin vitro. Purified bovine brain tubulin
was incubated in the presence of Taxol, VCR, DM$6nffol), and compound7 under the
indicated concentrations at 87 and absorbance readings were recorded everyearfiout h.

Fig. 8. Proposed binding mode of compouidin the colchicine binding site (PDB code 1SAQ)) (A
The binding mode o047 (cyan) in the binding site with hydrogen bonds strewn as dotted red lines,
and the distance between ligand and protein isttess 3 A. (B) Docking 087 (grey) into the binding
site, and overlaid with a model of DAMA-colchicirfenagenta stick). The methoxyl group could fit
well into the hydrophobic pocket formed by resid@s 247, Leu 248, Lys 352 and Ala 354.

Scheme 1. Synthesis of macrocyclic compoun82-47. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yields 63%-76%); (b) i. NaBHTHF, 0C to r.t.; ii. PPRBHBr, MeCN, reflux, (yields 78%-89%,
two steps); (c) i. BCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HELN, EtOAc, r.t. (yields
71%-80%, two steps); (d) i. LIAIF THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t. (yields 80%-86%wo
steps); (e) PRKBr, MeCN, reflux, (yields 86%-93%); (f) NaOMe, DCMt. (yields 80%-88%); (g)
Pd/C (10%), H, EtOAc, r.t. (yields 95%-99%); (h) BRrDCM, -40°C to r.t. (yields 51%-86%).



Scheme 2. Synthesis of macrocyclic compound3-55. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 65%); (b) i. KCO;, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HE:N, EtOAc, r.t.
(vield 83%, two steps); (c) i. LiAllj THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t. (yield 85%, twp
steps); (d) PPHBr, MeCN, reflux, (yield 92%); (e) NaOMe, DCM,.rfyield 80%); (f) Pd/C (10%),
H,, EtOACc, r.t. (yields 96%); (g) BBrDCM, -40°C to r.t. (yield 86%).

Scheme 3. Synthesis of macrocyclic compoun@3-65. Reagents and conditions: (a) CuO, KCOs, Py,

reflux, (yield 61%); (b) LiAlH, THF, -40°C to r.t. (yield 88%); (c) PRKBr, MeCN, reflux, (yield
90%); (d) i. KCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%),,HE&N, EtOAc, r.t. (yield 80%, two
steps); (e) i. LIAIH, THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t. (vield 87%, twgteps); (f) NaOMe,
DCM, r.t. (yield 73%); (g) Pd/C (10%), HEtOAC, r.t. (yields 92%); (h) BBy DCM, -40 °C to r.t.

(vield 82%).

Scheme 4. Synthesis of macrocyclic compound3-78. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 70%); (b) i. KCGO;, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HE:N, EtOAc, r.t.
(vield 80-86%); (c) i. LiAlH, THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t.; iii. PPJMBr, MeCN, reflux,
(yield 70-74%, three steps); (d) NaOMe, DCM, nfields 71-77%); (e) Pd/C (10%),,HEtOAC, r.t.
(vields 92-96%)); (f) BBy, DCM, -40°C to r.t. (yields 79-82%).

Scheme 5. Synthesis of macrocyclic compoun88-88. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 75%); (b) HCI/EtOH (1:10), r.t. (Mitk 79%); (c) NaBH, THF, 0°C to r.t. (yield 86%); (d)
PPRHBr, MeCN, reflux, (yield 88%); (e) i. ¥COs;, 18-crown-6, DCM, reflux; ii. Pd/C (10%), ;H
EtN, EtOAc, r.t. (yield 83%, two steps); (f) i. LIAIHH THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t.,
(vield 73%, two steps); (g) i. NaOMe, DCM, r.t.; Hd/C (10%), Kl EtOAc, r.t. (yields 75%); (h) BBr
DCM, -40°C to r.t. (yields 73%).

Scheme 6. Synthesis of macrocyclic compoun@s-96. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yield 76%); (b) i. HCI/EtOH (1:10), r.ti,. NaBH,, THF, 0°C to r.t. (yield 61%, two steps); (c)
PPhHBr, MeCN, reflux, (yield 82%); (d) i. ¥COs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), ;H
Et;N, EtOAC, r.t. (yield 88%); (e) i. LiAlld, THF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t., (yield 72%,
two steps); (f) i. NaOMe, DCM, r.t,; ii. Pd/C (10%d),, EtOAc, r.t. (yields 77%); (g) BBr DCM,
-40 °C to r.t. (yields 79%).

Scheme 7. Synthesis of macrocyclic compounti3s-110. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yields 54-73%); (b) i. BCO;, 18-crown-6, DCM, reflux; ii. Pd/C (10%),,HE&N, EtOAC, r.t.;
iii. LIAIH 4, THF, -40°C to r.t. (vields 64-76%, three steps); (c); i. HEEOH (1:10), r.t.; ii. PP#Br,
MeCN, reflux, (yields 74-81%, two steps); (d) NaQNDECM, r.t. (yields 81-86%); (e) Pd/C (10%);,H
EtOAc, r.t. (yields 93-96%); (f) BBy DCM, -40C to r.t. (yields 73-80%).

Scheme 8. Synthesis of macrocyclic compountks-121. Reagents and conditions: (a) CuO, KCOs, Py,
reflux, (yields 77%); (b) i. KCOs, 18-crown-6, DCM, reflux; ii. Pd/C (10%), HELN, EtOAc, r.t.
(vields 66-75%, two steps); (c) i. LIAHTHF, -40°C to r.t.; ii. HCI/EtOH (1:10), r.t.; iii. PPJMBr,
MeCN, reflux, (yields 66-70%, three steps); (d) Mé&) DCM, r.t. (vields 83-87%); (e) Pd/C (10%),
H,, EtOAc, r.t. (vields 95-96%); (f) BBrDCM, -40°C to r.t. (yields 74-80%).
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Table 1. In Vitro Cytotoxicity of marchantin C derivatives four 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

A focused structure-activity relationship was discussed

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



