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Abstract

A series of fluorophenyl and pyridine analoguesloénd 2 were synthesized as ring-
truncated deguelin surrogates and evaluated far HiE-1o inhibition. Their structure-activity
relationship was systematically investigated basedhe variation of the linker B-region moiety.
Among the inhibitors, compourizb exhibited potent HIF-d inhibition in a dose-dependent manner
and significant antitumor activity in H1299 withsketoxicity than deguelin. It also inhibitedvitro
hypoxia-mediated angiogenic processes in HRMECs. ddtking study indicates th2b occupied
the C-terminal ATP-binding pocket of HSP90 in a immode asl, which implies that the
anticancer and antiangiogenic activitie26fare derived from HIF-d destabilization by binding to

the C-terminal ATP-binding site 6HSP90.



1. Introduction

Hypoxia Inducible Factor-1 (HIF-1) is the transtiop factor that regulates the cellular
response for the survival of cells in hypoxia. HiFprotein is a heterodimer that consists of a
constitutively expresseflsubunit and an oxygen-regulateégsubunit. Under normoxia, HIFelis
degradable by the pVHL-mediated ubiquitin protepathway, which includes hydroxylation by
prolyl hydroxylases (PHD), binding to the produttlee von Hippel-Lindau (pVHL), being tagged
with polyubiquitin and proteasomal degradation. ldger, under hypoxia, HIFelbecomes stable
from proline hydroxylation, accumulates and tranates to the nucleus. There, Hl&-dimerizes
with HIF-1B to activate the HIF-1 complex, which binds to hyigeresponse elements (HRE) in the
HIF target genes to control transcription. Thisulagon can induce angiogenesis, proliferation,
metastasis and invasion of cancer ceflsTherefore, the HIF-d inhibition can inhibit this
angiogenesis, decrease the proliferation of caceks and reduce the chemotherapy resistafce.
In addition, there has been growing interest in lilogy of the HIF-1 pathway and its role in
human diseases that are associated with the hypagro-environment, such as cancer, stroke and

heart diseast:*®

Heat shock protein 90 (HSP90) is a molecular claperthat regulates the post-
translational folding, stability and function o§itlient proteins such as ErbB2, Src, c-MET, AKT,
Raf-1, MMP-2 and HIF-d. Because the chaperone inhibition can induce ¢lcerdposition of HIF-
la, HSP90 inhibition is considered a new and effectiverapy against angiogenesis-associated
diseases such as cancer. Structurally, the HSP&@iprcontains three functional domains: the
ATP-binding, protein-binding, and dimerizing domaiost HSP90 inhibitors that were developed
as anticancer agents have been identified as toalsa N-term inhibitors, which bind to an ATP-
binding domain in th&\-terminal. However, these inhibitors cause somélpros, and one of them
induce a heat shock response (HSR), which ultimdezlds to an increase in HSP90 and anti-

apototic proteins such as HSP70 and HSP27. Theretoe inhibition of another ATP-binding site



in the C-terminal may be an alternative strategy discover clinically applicable HSP90

inhibitors 16-29

Deguelin, which is a naturally occurring rotenoiis been reported to prevent tobacco
carcinogen-induced lung carcinogenesis by blockimg Akt activation; it also exhibits potent
apoptotic and antiangiogenic activities againsedie transformed cells and cancer cailsitro
(Figure 1).2! It interferes with the chaperone function of HSR§0nhibiting ATP binding, which
induces the destabilization of Hifeland consequent tumor growth reduction in xenograitiels

of various human cancefs.

Deguelin

Figure 1. Deguelin and its ring-truncated surrogates

Previously, Changt al reported that two ring-truncated deguelin analsggempound4d
and?2, exhibited excellent HIF€l suppression and potent cell growth inhibitionhe human non-
small-cell lung carcinoma cell line, H129Bigure 1).%* In addition, theirin vivo antiangiogenic
activities were observed in the zebrafish model mose-dependent manner.ef@l also reported
that the destabilization of HIFel by both compounds suppressed hypoxia-mediatedateti
neovascularization and vascular leakage in dialbetica without inducing a definite toxicity in the
oxygen-induced retinopathy mouse motfeThe results indicated that the new HSP90 inhibitor

and2 were considered promising lead compounds for@naliferation and anti-angiogenesis.



Structurally, the ring-truncated deguelin scaffalds divided into three pharmacophoric
parts: A-region (3,4-dimethoxyphenyl), B-regionnler), and C-region (2,2-dimethyl chromene
ring) (Figure 2). To further optimize the lead$s and 2 as anticancer agents, we decided to
investigate their fluorophenyl (X=C-F) and pyridi(®=N) derivatives in the A-region to improve
the target binding for the HIFelinhibition and aqueous solubility. We presumed fi@arizing the
3,4-dimethoxyphenyl group by incorporating a paldarogen or fluoro atom might provide better
binding interaction to HSP90 and pharmacokinetafij@. In addition,a-methyl carbonyl in the B-

region was modified with its bioisosteres, whiclelude olefin, diol, alcohol, and acyl groups

(Figure 2).
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Figure 2. Pharmcophoric regions of the ring-truncated degamalogues

In this paper, we investigated the structure agtivelationships of the fluorophenyl and
pyridine analogues df and2 for HIF-1a inhibition using western blot assay. With selegbetent
inhibitors in the series, we further characteritlegir cytotoxicities in a tumor cell line and anti-
angiogenesis in hypoxia-mediated angiogenic presesshuman retinal microvascular endothelial

cells. In addition, we performed the docking stwdth HSP90 to determine its mode of action.



2. Result and discussion
2.1. Chemistry

The final compounds were generally synthesizedutyinca carbon-carbon bond formation
between the phenyl sulfonyl intermediates of theegion and 2,2-dimethylchromene aldehyde of

the C-region.

To synthesize the phenyl sulfonyl intermediat&s &), fluorophenyl aldehyde8 and
pyridine aldehydel as the starting materials were prepared from camaly available o-fluoro
catechol and 2-bromo-3-pyridinol, respectively, ading to the procedures in the literatéié®
The prepared aldehyde8, 4) were reduced to the corresponding alcohbls6f, which were
halogenated and subsequently converted into theesmwnding sulfonyl intermediateg, (8),
respectively, using benzene sulfinic acid sodiuth (&&heme 1). Then, 2,2-Dimethylchromene C-
region aldehyd®*’ was coupled with the sulfonyl intermediat@s8) using n-BuLi to provide two
diasteromeric mixtures, which were directly oxidizevithout separation and subsequently

desulfonylated to obtain ketonel®(13). (Scheme 2)
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Scheme 1. Synthesis of the A-region
Reagents and conditions: (a) NaBMWeOH, 0 °C to rt; (b) SOgIMC, 0 °C to rt; (c) PhSfa,
DMF, rt



9 10 R =SO,Ph, X = C-F 12
11 R=S0,Ph,X=N 13

Scheme 2. Synthesis of the ketone analogs
Reagents and conditions: (apr 8, n-BuLi, THF, -78 °C; (b) DMP, MC, rt; (c) (n-BgSnH, AIBN,
benzene, reflux

The final alcohol and acyl analogues were syntleesirsing the conventional routes from
the corresponding ketoneScheme 3). Ketones 12, 13) were alkylated with the corresponding
alkyl halide to produce-alkyl ketones 14-17), which were reduced by NaBHo provide alcohol
compounds18-23). Under this condition, the syn diastereomer veamél as a predominant isomer
(syn:anti=ca. 20:1) when'Rvas a monoalkyl group. For the structural anajysisy 25 (syn) and
26 (anti) were separated, and their stereochemistrégs assigned based on theNMR analysis

according to a previous repSftThe alcohols were further acylated to obtain thyaded products

(24-36, 41-43) or carbamoylated in two steps to obtain the cadydated products37-40, 44-45).
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Scheme 3. Syntheses of the alcohol and acyl analogues



Reagents and conditions: (a) R-X, NaH, DMF 0 °Crtto(b) NaBH,, MeOH, rt; (c) R-COCI,
Pyridine, MC, 0°C; (d) i) CDI, MC, 0°C; ii) Nf¥DH or NH,Me or NHMe,, water 40°C

To synthesize the olefinic and dihydroxyl analogoéshe B-region, alcohol compounds
(18, 21) were dehydrated under acidic condition to proadey trans isomersA6, 47), which were
dihydroxylated using OsfXo obtain the syn-diol compound48( 49). The oxime %0) and methyl

oxime 61) analogues of the pyridine A-region were obtaifredh ketonel3 (Scheme 4).
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Scheme 4. Syntheses of the olefin, dihydroxy and oxime anslog
Reagents and conditions: (a) p-TSA, toluene, refiild OsQ, NMO, acetone, water, rt; (c)
NH,OR-HCI, NaOAc, EtOH, water, reflux

To synthesize the chir&isomer of16, the pyridine surrogate of compouBdchiral §)-
methyl aldehyde of A-region was prepared from abtoh first (Scheme 5). Alcohol 6 was
converted to the nitrile and subsequently hydralyze the corresponding ackR. Acid 52 was
converted to the correspondin§)-oxazolidinone, which was methylated to provid®-rhethyl
product53. Further steps produced the key chiral alderstleo couple with the C-region. The C-

region iodide56 was synthesized from the corresponding arbléy Sandmeyer reaction, which



was prepared from resorcinol as shown in our presieport® The lithiation of iodo compounss
and subsequent coupling with aldehydeprovided the corresponding alcohol, which was @ed

to produce the final chira§-methyl ketonel6S (Scheme 6).
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Scheme 5. Synthesis of the chiral A-region &6S

Reagents and conditions: (a) SQ@WUC, 0 °C to rt; (b) NaCN, DMSO, 60 °C; (c) KOH1@H,
water, reflux; (d) i) PivCl, TEA, THF, -78 °C; iix, n-BuLi, THF, -78 °C; (e) LIHMDS, CHl,
THF, -78 °C; (f) LAH, EtO, 0 °C; (g) DMP, MC, rt
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Scheme 6. Synthesis of the chirdleS
Reagents and conditions: (a) NajN@®&!l, c-HCI, H,O, 0 °C to rt; (b)54, n-BuLi, THF, -78 °C; (c)
DMP, MC, rt.

2.2. Structure activity relationship for HIF-1a inhibition

The synthesized compounds were evaluated for Hi€irla inhibition using western blot
assay with H1299 cell linéd. The H1299 cells were untreated or treated withudkig and the
analogues at 100 nM for 72 h and subsequently ategbunder hypoxic conditions for 12 h. The
resulting cell lysates were used for the westeot ahalysis with a monoclonal antibody against

HIF-1a. Because all of the compounds have fluorophenyyidine A-region and 2,2-dimethyl



2H-chromene C-region, their inhibitory activitiese aepresented by the structure of the B-region,

as shown imables 1-4.

First, we explored the ketone B-region analogUeble 1). The fluorophenyl and pyridine
surrogates12, 13) of parentl showed better HIFdlinhibition than did parert. Interestingly, the
pyridine surrogate 16S) of parent2 exhibited excellent inhibition, which was ca. 2dfanore
potent than2 and its racematd6. 16S also had better activity than deguelin did. Thesulit
indicates that the corresponding fluorophenyl apddme surrogates are better Hik-inhibitors
than did the previous ring-truncated deguelin aaés. The analysis indicates that the inhibitory

activity increases in the order of no-substituentmethyl> a,a’-dimethyl groups next to ketone.

Table 1. Ketone analogues as ring-truncated deguelin

Code X R, R WB (100 nM)
Degudlin 64

1 C H, H 85.3

2 C H, §-Me 82.1

12 C-F H, H 67.8 (+37.03)
14 C-F H, Me 78.6 (+16.44)
15 C-F Me, Me 74.9 (£6.17)

13 N H, H 77.6 (+10.86)
16 N H, Me 89.3 (+11.54)
16S N H, (9-Me 44.2 (+33.24)
17 N Me, Me 99.9 (+10.10)

Second, we investigated the alcohol B-region ansdedl able 2). Compoundd8 and 19

without substitution at the-position showed similar inhibitions with the cap®nding ketone

10



analogues12, 13). However, unlike ketone, the inhibitory activitycreased in the order afo’-

dimethyl >a-methyl > no-substituent next to alcohol.

Table 2. Alcohol analogues as ring-truncated deguelin

Code X R, R WB (100 nM)
18 C-F H, H 74.3 (£33.76)
19 C-F H, Me 75.0 (£24.20)
20 C-F Me, Me 68.0 (+33.99)
21 N H, H 75.2 (£36.33)
22 N H, Me 71.2 (£29.4)

23 N Me, Me 69.2 (£19.9)

Third, we examined the O-acyl and O-carbamoyl anss Table 3). In this series, we
incorporated a methyl, ethyl, dimethyl or cyclopybgroup as anu-substituent and acetoxy,
propionyloxy, cyclopropanecarbonyloxy, carbamoyloagd dimethylcarbamoyloxy as the acyl and
carbamoyl groups. All of the-monoalkyl analogues2b, 30, 33, 34, 36, 38-40, 42) were syn
isomers that were isolated as a predominant fortherB-region. For the SAR analysis, only anti-
isomer 26 was separated and found to be much less potentsyra25. In this series, the four
compounds 25, 33, 38, 40) exhibited better activities than did deguelintehestingly, all of them
had a-methyl moiety next to the O-acyl/carbamate groupkich suggests that a methyl group
provided a favorable conformation for the HIl&-ihhibition. A more steric environment at the
position, such as the ethyB4), dimethyl @7, 31, 35, 43, 45), and cyclopropyl 48) groups,

diminished the inhibitory activity.

11



Table 3. Acyl analogues as ring-truncated deguelin

Code X R, R R? WB (100 nM)
24 C-F H, H Me 69.3 (+49.85)
25 (Syn) C-F H, Me Me 52.2 (+12.56)
26 (Ant)  C-F H, Me Me 79.4 (£5.01)
27 C-F Me, Me Me 83.4 (+8.36)
28 C-F -CH-CH,- Me 154.6 (+17.09)
29 C-F H, H Et 77.3 (£39.35)
30 C-F H, Me Et 63.7 (x43.72)
31 C-F Me, Me Et 88.2 (+16.37)
32 C-F H, H Cyclopropyl 70.3 (¥19.92)
33 C-F H, Me Cyclopropyl 35.0 (£6.05)
34 C-F H, Et Cyclopropyl 87.9 (+20.53)
35 C-F Me, Me Cyclopropyl 110.6 (+38.89)
36 C-F H, Me Cyclobutyl 69.5 (+18.25)
37 C-F H, H NH 88.9 (x21.10)
38 C-F H, Me NH 48.8 (+2.99)
39 C-F H, Me NHMe 76.5 (+28.37)
40 C-F H, Me NMe 64.1 (x20.46)
41 N H, H Me 114.0 (£27.98)
42 N H, Me Me 96.7 (+19.97)
43 N Me, Me Me 113.2 (+6.43)
44 N H, H NH, 75.0 (£18.08)
45 N Me, Me NH 107.7 (£25.14)

Finally, we examined olefin, diol, and oxime B-regianaloguesT(@ble 4). Although the

olefinic derivatives 46, 47) did not show any HIF-d inhibition, the diol derivatives4g, 49)

exhibited good HIF-& inhibition, which was comparable to that of deguet8 and49 had better

12



activity than did their corresponding mono-hydrosyrrogatesi, 21) and similar activity to the
ketone surrogatesl?, 13). In addition, the methyl oxime derivative of mline A-region $1)
displayed excellent inhibition, which was bettearthrdeguelin, but its oxime isome&)) showed

moderate inhibition.

Table 4. Olefin, diol and oxime analogues as ring-truncateduelin

o
O~ X
~ vz
"
Code X Y, Z WB (100 nM)
46 C-F -CH=CH- 133.8 (+40.03)
47 N -CH=CH- 133.2 (+24.03)
48 C-F -CH(OH)-CH(OH)- 68.1 (+4.23)
49 N -CH(OH)-CH(OH)- 68.9 (+1.46)
50a N -CH,-C(=NOH)- 78.5 (+25.36)
50b N -CH,-C(=NOH)- 79.2 (+34.62)
51 N -CH,-C(=NOCH)- 64.8 (+19.78)

Among the tested compounds, we selected 6 compawitiibetter HIF-1 inhibition than
deguelin and evaluated their inhibition at a lown@entration (10 nM) to examine the dose-
dependent inhibitionT{able 5). As expected, all of the selected compounds stdyegter inhibition

than deguelin at 10 nM. In particular, compo@adkhowed the best inhibition.

Table5. HIF-1a inhibition of the selected potent compounds

WB (10 nM) WB (100 nM)
Deguelin 94.0 64
16S 88.4 (+11.53) 44.2 (+33.24)
25 63.2 (¥17.53) 52.2 (+12.56)
33 81.6 (+22.07) 35.0 (+6.05)

13



38 80.9 (+12.67) 48.8 (+2.99)
40 93.6 (+10.89) 64.1 (+20.46)
51 74.0 (+4.75) 64.8 (+19.78)

2.3. Antitumor activity

Deguelin and its analogs exhibited profound antifgn@tive effects on human malignant
bronchial epithelial cells anih vivo efficacy in suppressing the lung tumor formatiarthe mice
model, which indicates that they are promisingtantor candidates for lung canéef? In this
regard, the two compoun@5 and33, which were selected based on the primary HiFrhibition
screening result, were tested for antitumor agtivitthe human non-small-cell lung carcinoma cell
(H1299) line using the MTT assafiQure 3). As expected, both compounds showed promising
cytotoxicity in a concentration-dependent manndrerg the viability of the cell was reduced to 50%

at 20 uM. The result indicates that the cytotoiasiare derived from their HIFedinhibition.

120

Dzs - 33
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I_.

60
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0 T T T
Control  5uM S5uM 10uM  10uM  20uM  20uM

Figure 3. Antitumor activity of25 and33 in H1299

Because the use of deguelin as anticancer agenimited because of its potential

toxicities, we examined the toxicity 86 by testing the effect &5 on the viability of hippocampal

14



cell (HT-22). Compared to deguelin, compouds showed significantly reduced cytotoxicity,

which indicates tha?5 is a more potent and less toxic antitumor ageant titeguelinKigure 4).
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Figure 4. Effect of deguelin an@5 on the viability of mouse hippcampus (HT-22)

2.4. Anti-angiogenesis activity

Angiogenesis is the formation of new blood vesselsch are a significant component of a
solid tumor for its proliferation and metastasi©ieTVEGF (vascular endothelial growth factor)
plays a pivotal role in tumor angiogenesis and psragulated in tumor cells under hypoxic
conditions.

The anti-angiogenesis activity of compouB8 was examined using proliferation and
migration assays in human retinal microvascular odmalial cells (HRMECSs), which were
previously describéd, and compared to deguelin at each 100 fMure 5). Although the VEGF
activated angiogenesis in the proliferation andratign assays, compour2d effectively inhibited
thein vitro hypoxia-mediated angiogenic processes in bottyasdaa comparable level to deguelin,
which indicates that it can be used as a poteatistangiogenic agent to suppress the retinal

neovascularization for the treatment of diabetimopathy.
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Figure5. Anti-angiogenesis activity &5 in HRMECs (A: proliferation assay; B: migratiorsay)

2.5. Molecular Modeling

We recently demonstrated that L8EGidure 6D), which is a cyclized analogue of
compound25 , strongly diminished the physical interaction be¢w HIF- and HSP90 in H1299
cells by directly modulating the function of HSP@8ing co-immunoprecipitation and pull-down
assays? In addition, we showed that L80 could bind to theéerminal ATP-binding pocket of
HSP90 to hamper the HSP90 function when we studeedmbinant HSP90 proteins, which
contain the full-length protein, N-terminal/middlemain, middle domain, and C-terminal domain.
Furthermore, our recent study confirmed that |éaalso bound to the C-terminal ATP-binding
pocket of HSP9O0, disrupted the HSP90 function anted a degradation of client proteins without
affecting the HSP70 expression (unpublished ddtia@se data suggest that compo@bdnhibits
the HSP90 function by binding to the C-terminal ABiRding pocket of HSP9O0.

To ensure the binding & to the C-terminal ATP-binding pocket of HSP9O0 fioe HIF-
la inhibition, we performed a docking study 85 in the C-terminal ATP-binding pocket of
hHSP90 homodimerHjgure 6). The active site was determined based on thertexploHSP90 C-
terminal ATP-binding sité' To examine the docking poses, we conducted a dggiirdy of25 in
the C-terminal ATP-binding pocket of ti#¢iSP90 homodimer. The C-terminal ATP-binding site

was assigned as an active site at the dimerizatiarface Figure 6C). After docking, we

16



compared the docking pose and score of ATP witkdraf25. Figure 6A shows that ATP (white
carbon) fits well into the ATP-binding pocket ofath A. The adenine ring is located deep into the
hydrophobic pocket. The phosphate moiety interadtis multiple hydrogen bonds with Glu611,
and 3’-hydroxy of the sugar moiety interacts wittré&g7 in chain A via a hydrogen bond.
Compound25 is partially superimposed with the sugar-phospimateety of ATP. However25
binds to the active site with a higher docking sctogky = 7.80) than ATP (-logK= 6.29).25
occupies the centre of the active site by formingtiple hydrogen bonds with both chains A and B
(Figure 6B and6C). The oxygen atom of the methoxy group that iachied to the 2,2-dimethyl
chromene ring forms a hydrogeond with the side chain NH of Lys 615 in chainwich is part

of the ATP-binding pocket. Two oxygen atoms of #eetoxy group form hydrogen bonds with the
side chain of Lys615 in chain B. Furthermore, thlessituents of the 3,4-dimethoxy-2-fluorophenyl
group are involved in forming hydrogen bonding natws. The fluoro group and oxygen atom of 3-
methoxy form hydrogen bonds with Lys615 in chainTBe oxygen atom of 4-methoxy interacts
with sidechain NH of Asn 622 (chain B). Hugel amulvorkersreported that the role of the C-
terminal inhibitors is to prohibit the global confieational changes, which include N-terminal
dimerization and the formation of the ATP bindiracket**>°> Our docking results demonstrate that
25 can compete with ATP in binding to the C-termiAdIP binding site and stabilize the open state
of C-terminal hHSP90 with the bridging hydrogen bond networks la¢ interface of the

homodimer.
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Figure 6. Molecular modeling 025

(A) Overlay of the docking pose @b (purple carbon) and ATP (white carbon) in theacsite of
the hHsp90 C-terminal. The key amino acid residhféle binding site are represented by the grey
carbon capped stick. The active site is shownlgphilicity property surface map (brown colour:
hydrophobic; blue colour: hydrophilic) (B) Dockedse of25. The dashed ellipsoids are hydrogen-
bonding interactions (<2.8 A). A and B indicate ttiein names. (C) Binding site f@6 in the
dimerization interface of the open state hHs{Z#0is represented by the purple CPK model. Chain
Ais shown as an orange ribbon, and chain B isaa cijpbon. (D) Structure of L-80

3. Conclusion

A series of fluorophenyl and pyridine analogueslofind 2, which are lead HIR«
inhibitors through HSP90 inhibition as ring-truredtdeguelin surrogates, were investigated for
their HIF-1o. inhibition. Their structure-activity relationshizvas systematically examined by
varying the B-region moiety. Among the studied bitars, 6 compounds showed better Hik-
inhibition than deguelin. The two selected inhiBta@25 and 33, exhibited promising antitumor
activity in human non-small cell lung carcinoma @99). In addition, compoung5 inhibitedin
vitro hypoxia-mediated angiogenic processes in humanaftemicrovascular endothelial cells
(HRMECSs). The docking study @ with thehHSP90 C-terminal ATP-binding site indicated that
25 snugly bound tdhe C-terminal ATP-binding pocket of th#HSP90 homodimer with a high

docking score, as found in its cyclized analog L80erall, compoun@5 is a potential anticancer
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and antiangiogenic agent with an HIk-inhibition mechanism through binding to the C-terah

ATP-binding site ohHSP90.
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Deguelin

Figure 1. Deguelin and its ring-truncated surrogates

A
O/
O~ X B C
|
N Y,Z
) (o)
| NS
X=N, CF

Y = CH,, CHR, CHRR,
Z = C=0, C-OH, C-O(C=0)R, C=NOR

Figure 2. Pharmcophoric regions of the ring-truncated degamalogues
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Scheme 1. Synthesis of the A-region
Reagents and conditions: (a) NaBMWeOH, 0 °C to rt; (b) SOGI MC, 0 °C to rt; (c) PhSia,
DMF, rt

9 10 R = SO,Ph, X = C-F 12
11 R=SO,Ph, X=N 13

Scheme 2. Synthesis of the ketone analogs
Reagents and conditions: (apr 8, n-BuLi, THF, -78 °C; (b) DMP, MC, rt; (c) (n-BgnH, AIBN,
benzene, reflux
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Scheme 3. Syntheses of the alcohol and acyl analogues
Reagents and conditions: (a) R-X, NaH, DMF 0 °Crtto(b) NaBH,, MeOH, rt; (c) R-COCI,
Pyridine, MC, 0°C; (d) i) CDI, MC, 0°C; ii) Nf¥DH or NH,Me or NHMe,, water 40°C

50a R=H
50b R=H
51 R=Me

Scheme 4. Syntheses of the olefin, dihydroxy and oxime anslog
Reagents and conditions: (a) p-TSA, toluene, refiip) OsQ, NMO, acetone, water, rt; (c)
NH,OR-HCI, NaOAc, EtOH, water, reflux
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Scheme 5. Synthesis of the chiral A-region &6S

Reagents and conditions: (a) SQ@WUC, 0 °C to rt; (b) NaCN, DMSO, 60 °C; (c) KOH1@H,
water, reflux; (d) i) PivCl, TEA, THF, -78 °C; iix, n-BuLi, THF, -78 °C; (e) LIHMDS, CHl,
THF, -78 °C; (f) LAH, EtO, 0 °C; (g) DMP, MC, rt

H,N |

55 56

Scheme 6. Synthesis of the chirdleS
Reagents and conditions: (a) NajN@®&!l, c-HCI, H,O, 0 °C to rt; (b)54, n-BuLi, THF, -78 °C; (c)
DMP, MC, rt.
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Table 1. Ketone analogues as ring-truncated deguelin

Code X R, R WB (100 nM)
Deguelin 64

1 C H, H 85.3

2 C H, (9-Me 82.1

12 C-F H, H 67.8 (+37.03)
14 C-F H, Me 78.6 (+16.44)
15 C-F Me, Me 74.9 (26.17)

13 N H, H 77.6 (+10.86)
16 N H, Me 89.3 (+11.54)
16S N H, (9-Me 44.2 (£33.24)
17 N Me, Me 99.9 (+10.10)
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Table 2. Alcohol analogues as ring-truncated deguelin

Code X R, R WB (100 nM)
18 C-F H, H 74.3 (+33.76)
19 C-F H, Me 75.0 (+24.20)
20 C-F Me, Me 68.0 (+33.99)
21 N H, H 75.2 (£36.33)
22 N H, Me 71.2 (+29.4)

23 N Me, Me 69.2 (+19.9)
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Table 3. Acyl analogues as ring-truncated deguelin

Code X R, R R? WB (100 nM)
24 C-F H, H Me 69.3 (+49.85)
25 (Syn) C-F H, Me Me 52.2 (+12.56)
26 (Ant)  C-F H, Me Me 79.4 (£5.01)
27 C-F Me, Me Me 83.4 (+8.36)
28 C-F -CH-CH,- Me 154.6 (+17.09)
29 C-F H, H Et 77.3 (£39.35)
30 C-F H, Me Et 63.7 (x43.72)
31 C-F Me, Me Et 88.2 (+16.37)
32 C-F H, H Cyclopropyl 70.3 (¥19.92)
33 C-F H, Me Cyclopropyl 35.0 (£6.05)
34 C-F H, Et Cyclopropyl 87.9 (+20.53)
35 C-F Me, Me Cyclopropyl 110.6 (+38.89)
36 C-F H, Me Cyclobutyl 69.5 (+18.25)
37 C-F H, H NH 88.9 (x21.10)
38 C-F H, Me NH 48.8 (+2.99)
39 C-F H, Me NHMe 76.5 (+28.37)
40 C-F H, Me NMe 64.1 (x20.46)
41 N H, H Me 114.0 (£27.98)
42 N H, Me Me 96.7 (+19.97)
43 N Me, Me Me 113.2 (+6.43)
44 N H, H NH, 75.0 (£18.08)
45 N Me, Me NH 107.7 (£25.14)
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Table 4. Olefin, diol and oxime analogues as ring-truncateduelin

o
O~ X
NN ! Y,Z
7Y
Code X Y,z WB (100 nM)
46 CF -CH=CH- 133.8 (+40.03)
47 N -CH=CH- 133.2 (+24.03)
48 C-F -CH(OH)-CH(OH)- 68.1 (+4.23)
49 N -CH(OH)-CH(OH)- 68.9 (+1.46)
50a N -CH,-C(=NOH)- 78.5 (+25.36)
50b N -CH,-C(=NOH)- 79.2 (£34.62)
51 N -CH,-C(=NOCH)- 64.8 (+19.78)
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Table5. HIF-1a inhibition of the selected potent compounds

WB (10 nM) WB (100 nM)
Deguelin 94.0 64
16S 88.4 (¥11.53) 44.2 (+33.24)
25 63.2 (+17.53) 52.2 (+12.56)
33 81.6 (+22.07) 35.0 (+6.05)
38 80.9 (¥12.67) 48.8 (+2.99)
40 93.6 (+10.89) 64.1 (+20.46)
51 74.0 (+4.75) 64.8 (+19.78)
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Figure 3. Antitumor activity of25 and33 in H1299
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Figure 4. Effect of deguelin an@5 on the viability of mouse hippcampus (HT-22)
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Figure 6. Molecular modeling 025

(A) Overlay of the docking pose @b (purple carbon) and ATP (white carbon) in theasite of
the hHsp90 C-terminal. The key amino acid resichighe binding site are represented by the grey
carbon capped stick. The active site is shownlgmphilicity property surface map (brown colour:
hydrophobic; blue colour: hydrophilic) (B) Dockedse of25. The dashed ellipsoids are hydrogen-
bonding interactions (<2.8 A). A and B indicate ttfeain names. (C) Binding site f@b in the
dimerization interface of the open state hHs##0is represented by the purple CPK model. Chain
Ais shown as an orange ribbon, and chain B isaa cpbon. (D) Structure of L-80
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- A saries of ring-truncated deguelin analogs were designed and synthesized as HIF-
la inhibitors.

- Compounds 25 and 33 exhibited potent HIF-1a inhibitions.

- Compound 25 showed significant antitumor and anti-angiogenic activities.



Supporting I nformation

Ring-truncated Deguelin Derivatives as Hypoxia leidle Factor-
la (HIF-1a) Inhibitors

Ho Shin Kim, Mannkyu Hong, Su-Chan Lee, Ho-Young L &oung-Ger Suh, Dong-Chan Oh, Ji
Hae Seo, Hoon Choi, Jun Yong Kim, Kyu-Won Kim, Jgddun Kim, Joohwan Kim, Young-
Myeong Kim, So-Jung Park, Hyun-Ju Park, and Jeeveso

Experimental
1. General

All chemical reagents were commercially availalleelting points were determined on a melting
point Buchi B-540 apparatus. Silica gel column chatography was performed on Silica Gel 60,
230—-400 mesh, Merck. Proton NMR spectra were recbah a JEOL JNM-LA 300 at 300 MHz
and Bruker Analytik, DE/AVANCE Digital 400 at 400 Wz or Bruker AMX-500 (500 MHz)
spectrometer. Chemical shifts are reported in ppntsuwith tetramethylsilane as a reference
standard. Optical rotations were measured usingCIA®IP-1000 digital polarimeter at ambient

temperature using a 100 mm cell of 2 mL capacitgsdspectra and HRMS results were recorded

on VG Trio-2 GC-MS instrument and JEOL JMS-AX instrument, resp&tyiv

2. General procedure

2.1. Carbon-Carbon bond formation (Procedure A)

To a solution of phenylsulfonyl compound (1.0 equiv THF was added dropwise 2.5M n-BuLi
solution in n-hexane (1.5 equiv) at —78 °C. Thectiea mixture was stirred for 20 min at -78 °C,
and aldehyde (1.0 equiv) was added. The reactiaitunei was stirred for an additional 30 min and
was warmed to ambient temperature. The reactionun@xwas quenched with saturated /H
solution and extracted with EtOAc. The organic fayms washed with brine, dried over Mgs0O

and concentrated under reduced pressure. The eeswas purified by flash column

1



chromatography on silica gel to afford the corregfiog alcohol. Diastereomer was not separated

completely and directly oxidized to ketone.

2.2. DM P oxidation (Procedure B)

To a solution of alcohol in DCM was added Dess—Maperiodinane (1.0 equiv). After being
stirred for 1 h, the reaction mixture was dilutedDCM and neutralized with saturated NaH{C O
solution, dried over MgS£) and concentrated under reduced pressure. Thhuessias purified by

flash column chromatography on silica gel to afftivel corresponding oxidized product.

2.3. Desulfonylation (Procedure C)

To a solution of ketone (1.0 equiv) in dry benzgmeBu):SnH (2.0 equiv) and AIBN (0.1 equiv)
were added. The reaction mixture was refluxed farahd then cooled to room temperature. It was
guenched with water and extracted with EtOAc, wdshéth brine several times, dried over
MgSQ,, and concentrated under reduced pressure. Thdueesvas purified by flash column
chromatography on silica gel (including 10 % patassfluoride to remove the residue of tin

compound) to afford the corresponding desulfondgeduct.

2.4. Alkylation (Procedure D)

To a solution of ketone in DMF was added NaH (126-equiv) at §C. After being stirred for 30
min, alkylhalide (1.0 — 2.0 equiv) was added dragaat C. The reaction mixture was stirred for
an additional 1 h and warmed to room temperatune. réaction mixture was quenched with water
and extracted with EtOAc, washed with brine sevérnaks, dried over MgS£) and concentrated
under reduced pressure. The residue was purifieithbly column chromatography on silica gel to

afford the corresponding alkylated product.

2.5. Reduction (ProcedureE)

To a solution of ketone in MeOH was added NaBHO0-10.0 equiv) at 8C. The reaction mixture
was stirred for 30 min and quenched withkOH The mixture was extracted with EtOAc, and the
organic layer was washed with brine, dried over RgSnd concentrated under reduced pressure.
The residue was purified by flash columnchromatplgyaon silica gel to afford the corresponding
alcohol product.



2.6. Acylation (Procedure F)

To a solution of alcohol in DCM, pyridine (1.0 eguiand acyl chloride (1.0 equiv) were added
dropwise at (°C. After being stirred for 1 h, the reaction mixwvas diluted with DCM and

neutralized with saturated NaHg@®olution, dried over MgS£) and concentrated under reduced
pressure. The residue was purified by flash colunhromatography on silica gel to afford the

corresponding acyl product.

2.7. Carbamoylation (Procedure G)

To a solution of alcohol in DCM, CDI (3.0 equiv) svadded at 8C. After being stirred for 30 min,
excess amount of ammonia or methylamine or dimathige solution was added at°G. The
reaction mixture was heated to 4D and stirred for overnight. Then the mixture waapsrated to
remove excess amount of ammonia and then extrasttd DCM, dried over MgSQ and
concentrated under reduced pressure. The residsi@uvdied by flash column chromatography on
silica gel to afford the corresponding carbamateipct.

2.8. Phenylsulfonylation (Procedure H)

To a solution of alcohol in MC was added S©QL5 equiv) dropwise at @C. After being stirred
for 30 min, the mixture was evaporated to remowesg amount of SOLand directly used for the
next step. NaSgPh was added to the crude compound in DMF°& nd the mixture was warmed
to room temperature. After being stirred for ovghtj the mixture was extracted with EtOAc, dried
over MgSQ, and concentrated under reduced pressure. Thatueesias purified by flash column
chromatography on silica gel to afford the corregjiog phenylsulfonyl product.

2.9. Elimination (Procedurel)

To a solution of alcohol (1.0 equiv) in toluenetgbiene sulfonic acid was added (1.5 equiv) and
reflux for 1 h. Then it was cooled to the room temgture, neutralized with NaHGQOextracted

with EtOAc, washed by water several times, driedravigSQ and concentrated under reduced
pressure. The residue was purified by flash colwhromatography on silica gel to afford the

corresponding trans-olefin product.



2.10. Diolation (Procedure J)

The olefin compound was dissolved in the solutibaacetone and water (1:1). NMO (1.1 equiv)
and OsQ (0.01 equiv) was added slowly af®. The reaction mixture was stirred for 5 min. Then
the mixture was extracted with EtOAc, washed byewaeveral times, dried over Mgs@nd

concentrated under reduced pressure. The resida@uvdied by flash column chromatography on

silica gel to afford the corresponding syn diolgurot.

2.11. Oximation (ProcedureK)

To a solution of ketone (1.0 equiv) in EtOH and evatl:1), hydroxylamine (or methoxyamine)
hydrochloride (2.0 equiv) and sodium acetate (3j0i was added. The reaction mixture was
refluxed for 2 h and then cooled to room tempemtlihen the mixture was extracted with EtOAc,
washed by water several times, dried over Mg&@d concentrated under reduced pressure. The
residue was purified by flash column chromatographysilica gel to afford the corresponding

oxime or methyl oxime product.

3. Chemical Spectra
3.1. (2-Fluoro-3,4-dimethoxyphenyl)methanal (5).

Alcohol compound was synthesized through reduction of aldehydbsy procedure E, 90% vyield;
'H-NMR (CDCk, 300MHz)& 7.04 (m, 1H), 6.67 (d, 1H,= 8.4 Hz), 4.68 (d, 1H] = 4.6 Hz), 3.93
(s, 3H), 3.87 (s, 3H)

3.2. (5,6-Dimethoxypyridin-2-yl)methanol (6).

Alcohol compound was synthesized through reduction of aldedbsy procedure E, 95% yield;
'H-NMR (CDCk, 300MHz)$ 7.04 (d, 1HJ = 7.7 Hz), 6.78 (d, 1H] = 7.9 Hz), 4.61 (d, 1H] =
5.3 Hz), 4.03 (s, 3H), 3.88 (s, 3H), 3.02 (t, IH; 5.3 Hz)

3.3. 2-Fluor 0-3,4-dimethoxy-1-((phenylsulfonyl)methyl)benzene (7).

Compound7 was synthesized frons following procedure H, 75% yield*H-NMR (CDCl,
300MHz) 3 7.66 (m, 3H), 7.47 (m, 2H), 7.04 (m, 1H), 6.68,(d#,J = 8.6, 1.7 Hz), 4.33 (s, 2H),
3.88 (s, 3H), 3.71 (d, 3H,= 0.9 Hz)



3.4. 2,3-Dimethoxy-6-((phenylsulfonyl)methyl)pyridine (8).

Compound8 was synthesized froné following procedure H,75% vyield; *"H-NMR (CDCl,
300MHz) 8 7.68 (m, 3H), 7.45 (m, 2H), 6.99 (m, 2H), 4.402Bl), 3.86 (s, 3H), 3.51 (d, 3H,=
0.9 Hz)

3.5. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethan-1-
one (12).

Compoundl2 was synthesized from compounénd9 following procedure A, B and C, 90% yield,
pale yellow oil;*H-NMR (CDCl, 300MHz)8 7.57 (d, 1H,) = 8.6 Hz), 6.87 (m, 1H), 6.67 (dd, 1H,
J=8.6, 1.7 Hz), 6.65 (s, 1H), 6.60 (d, 1H; 1.5 Hz), 5.68 (d, 1H] = 10.1 Hz), 4.25 (d, 1H] =
0.9 Hz), 3.92 (d, 3HJ = 0.9 Hz), 3.86 (s, 3H), 3.84 (s, 3H), 1.46 (s);1HRMS (FAB) calcd for
C2H24FOs (M + H'): 387.1608. Found: 387.1604.

3.6. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethan-1-one
(13).

Compound13 was synthesized from compouBdand 9 following procedure A, B and C, 90%
yield, pale yellow oil*H-NMR (CDCk, 300MHz)5 7.62 (d, 1H,J = 8.6 Hz), 6.99 (d, 1H) = 7.7
Hz), 6.79 (d, 1H,) = 7.9 Hz), 6.61 (d, 1H] = 10.1 Hz), 6.58 (d, 1H] = 8.6 Hz), 5.67 (d, 1H] =
10.1 Hz), 4.29 (s, 1H), 3.91 (s, 3H), 3.84 (s, 332 (s, 3H), 1.45 (s, 6H); HRMS (FAB) calcd for
C21H24NOs (M + H"): 370.1654. Found: 370.1656.

3.7. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)pr opan-
1-one (14).

Compoundl4 was synthesized from compouh? through methylation following procedure D, 40%
yield, pale yellow oil!H-NMR (CDCk, 300MHz)§ 7.43 (d, 1HJ = 8.6 Hz), 6.89 (m, 1H), 6.61
(dd, 1H,J = 8.8, 1.7 Hz), 6.60 (s, 1H), 6.55 (d, 1Hs 2.0 Hz), 6.53 (d, 1H] = 0.5 Hz), 5.64 (d,
1H.J = 10.1 Hz), 4.90 (g, 1H} = 7.0 Hz), 3.88 (d, 3H] = 0.9 Hz), 3.83 (s, 3H), 3.74 (s, 3H), 1.45
(d, 1H,J = 7.0 Hz), 1.43 (s, 3H), 1.40 (s, 3H); HRMS (FA&)lcd for GsHxFOs (M + HY):
401.1764. Found: 401.1770.



3.8. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chromen-6-yl)-2-
methylpropan-1-one (15).

Compoundl5 was synthesized from compoud through dimethylation following procedure D,
45% yield, pale yellow oiftH-NMR (CDCk, 300MHz)5 7.00 (m, 1H), 6.77 (d, 1H] = 9.2 Hz),
6.68 (dd, 1HJ = 8.8, 1.7 Hz), 6.54 (d, 1H,= 9.9 Hz), 6.32 (d, 1H] = 9.2 Hz), 5.63 (d, 1H] =
9.9 Hz), 3.87 (s, 3H), 3.82 (d, 3Bl 0.9 Hz), 3.79 (s, 3H), 1.58 (s, 6H), 1.40 (s);8HRMS (FAB)
calcd for G4H2eFOs (M + HY): 415.1921. Found: 415.1915.

3.9. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propan-1-one
(16).

Compound16 was synthesized from compoud8 through methylation following procedure D,
40% vyield, pale yellow oiftH-NMR (CDCl, 300MHz)$ 7.46 (d, 1H,J = 8.6 Hz), 6.94 (d, 1H] =
7.9 Hz), 6.77 (d, 1H) = 7.9 Hz), 6.58 (d, 1H] = 10.1 Hz), 6.52 (dd, 1H, = 8.4, 0.6 Hz), 5.64 (d,
1H,J =10.1 Hz), 4.74 (q, 1Hl = 7.0 Hz), 3.91 (s, 3H), 3.81 (s, 3H), 3.75 (s),3H51 (d, 1HJ =
7.0 Hz), 1.42 (s, 3H), 1.41 (s, 3H); HRMS (FAB)amhfor GoHz6NOs (M + H'): 384.1811. Found:
384.1808.

3.10. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropan-1-one (17).

Compoundl7 was synthesized from compouf8 through dimethylation following procedure D,
43% vyield, pale yellow o0iftH-NMR (CDCl, 300MHz)8 7.00 (d, 1HJ = 7.9 Hz), 6.85 (d, 1H] =
8.1 Hz), 6.54 (d, 1HJ = 9.9 Hz), 6.34 (d, 1H] = 8.6 Hz), 6.26 (d, 1H] = 8.4 Hz), 5.63 (d, 1H] =
9.9 Hz), 3.94 (s, 3H), 3.87 (s, 3H), 3.76 (s, 3HR7 (s, 6H), 1.40 (s, 6H); HRMS (FAB) calcd for
C23H2eNOs (M + HY): 398.1967. Found: 398.1968.

3.11. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chromen-6-yl)ethan-1-

ol (18).

Compoundl8 was synthesized from compoufd through reduction following procedure E, 90%
yield, pale yellow oil:*H-NMR (CDCl, 300MHz)3 7.16 (d, 1H,) = 8.4 Hz), 6.88 (m, 1H), 6.58 (m,
3H), 5.65 (d, 1H,J = 9.9 Hz), 6.32 (d, 1H] = 9.2 Hz), 5.63 (d, 1H] = 9.9 Hz), 5.12 (dd, 1H]=
8.6, 4.4Hz), 3.90 (s, 3H), 3.86 (s, 3H), 3.78 (4),38.00 (m, 2H), 1.44 (s, 3H), 1.42 (s, 3H); HRMS
(FAB) calcd for GoH24FO4 (M - Ho0 + HY): 371.1659. Found: 371.1659.
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3.12. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)pr opan-
1-ol (19).

Compoundl9 was synthesized from compoufd through reduction following procedure E, major
80%, minor compound 4% vyield, pale yellow d#{-NMR (CDCk, 300MHz)§ 7.08 (d, 1H,) = 8.4
Hz), 7.01 (d, 1H) = 7.9 Hz), 6.73 (dd, 1H] = 8.6, 2.5 Hz), 6.59 (m. 2H), 5.65 (d, 1Hs 9.6 Hz),
4.97 (d, 1HJ = 6.6 Hz), 3.90 (d, 3H] = 0.8 Hz), 3.87 (s, 3H), 3.83 (s, 3H), 3.39 (p, I 7.14
Hz), 1.96 (m. 1H), 1.44 (s, 3H), 1.42 (s, 3H), 1(803H,J = 7.14 Hz); HRMS (FAB) calcd for
CaaH2gFOs (M + HY): 403.1921. Found: 403.1933.

3.13. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropan-1-ol (20).

Compound20 was synthesized from compouf8 through reduction following procedure E, 90%
yield, pale yellow oil;"H-NMR (CDCk, 300MHz)§ 7.10 (d, 1H, = 8.6 Hz), 6.94 (m, 1H), 6.59 (m,
3H), 5.63 (d, 1HJ = 9.9 Hz), 5.44 (s, 1H), 3.94 (s, 3H), 3.87 (s,,3B176 (s, 3H), 1.45 (s, 3H),
1.39 (s, 3H), 1.33 (s, 3H), 1.25 (s, 3H); HRMS (BAGlcd for G4H2sFO; (M-H,O + H') :
399.1972. Found: 399.1978.

3.14.  2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethan-1-ol
(22).

Compound21 was synthesized from compoufd through reduction following procedure E, 90%
yield, pale yellow oil;}H-NMR (CDCl, 300MHz)§ 7.25 (d, 1H,J = 8.6 Hz), 6.99 (d, 1H] = 7.9
Hz), 6.65 (d, 1H,) = 7.7 Hz), 6.59 (d, 1H] = 8.1 Hz), 6.57 (d, 1H] = 9.9 Hz), 5.64 (d, 1H] = 9.9
Hz), 5.38 (br-s, 1H), 5.29 (t, 1H,= 5.9 Hz), 4.04 (s, 2H), 3.87 (s, 3H), 3.78 (s),2H98 (d, 2H,]

= 5.9 Hz), 1.44 (s, 3H), 1.41 (s, 3H); HRMS (FAB)Ia for GiH,6NOs (M + H'): 372.1811.
Found: 372.1807.

3.15. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)pr opan-1-ol
(22).

Compound22 was synthesized from compouf@ through reduction following procedure E, 90%
yield, pale yellow oil;}H-NMR (CDCl, 300MHz)$ 6.92 (d, 1H,J = 7.9 Hz), 6.85 (d, 1H] = 8.4

Hz), 6.57 (d, 1HJ = 9.9 Hz), 6.53 (d, 1H] = 7.9 Hz), 6.46 (d, 1H] = 8.6 Hz), 5.63 (d, 1H] = 9.9
7



Hz), 5.08 (d, 1H,) = 5.5 Hz), 4.05 (s, 3H), 3.80 (s, 2H), 3.73 (s),3409 (p, 1H,J = 7.0 Hz), 1.47
(s, 3H), 1.37 (s, 3H), 1.31 (d, 3H,= 7.1 Hz); HRMS (FAB) calcd for SHNOs (M + H"):
386.1967. Found: 386.1964.

3.16. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropan-1-ol (23).

Compound23 was synthesized from compoufd through reduction following procedure E, 90%
yield, pale yellow oil;*H-NMR (CDClk, 300MHz)8 6.99 (d, 1H.J = 8.0 Hz), 6.67 (d, 1H] = 8.1
Hz), 6.56 (d, 1H,) = 9.9 Hz), 6.43 (d, 1H] = 8.4 Hz), 6.37 (d, 1H] = 8.4 Hz), 6.27 (d, 1H]=5.9
Hz), 5.61 (d, 1HJ = 9.9 Hz), 5.05 (d, 1H] = 5.9 Hz), 4.08 (s, 3H), 3.88 (s, 3H), 3.74 (s),3H44
(s, 3H), 1.43 (s, 3H), 1.35 (s, 3H), 1.18 (s, 3HRMS (FAB) calcd for GzHzoNOs (M + H):
400.2124. Found: 400.2125.

3.17. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethyl
acetate (24).

Compound24 was synthesized from compouh8 through acetylation following procedure F, 70%
yield, white solid, mp = 91-92C; *H-NMR (CDCk, 300MHz)& 7.02 (d, 1HJ = 8.7 Hz), 6.73 (m,
1H), 6.53 (m, 3H), 6.19 (m, 1H), 5.61 (d, 1H= 10.2 Hz), 3.88 (d, 3H] = 0.9 Hz), 3.82 (s, 3H),
3.76 (s, 3H), 3.02 (m, 2H), 1.98 (s, 3H). 1.42 3Bl), 1.37 (s, 3H); HRMS (FAB) calcd for
C24H26FOs (M + H'): 431.1870. Found: 431.1875.

3.18. (re-1R,25)-2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-
6-yl)propyl acetate (25).

Compound25 was synthesized from compouh@ through acetylation following procedure F, 70%
yield, pale yellow oil’H-NMR (CDCk, 300MHz)$ 7.01 (d, 1HJ = 8.4 Hz), 6.95 (d, 1H] = 7.9
Hz), 6.67 (dd, 1HJ = 8.8, 1.7 Hz), 6.58 (d, 1H,= 9.9 Hz), 6.56 (d, 1H] = 8.4 Hz), 6.15 (d, 1H]
=9.2 Hz), 5.62 (d, 1H] = 6.2 Hz), 3.88 (s, 6H), 3.85 (s, 3H), 3.50 (p, 1H,7.3 Hz), 1.85 (s, 3H).
1.45 (s, 3H), 1.40 (s, 3H), 1.11 (d, 1Mz 7.1 Hz); HRMS (FAB) calcd for £gH30FOs (M + H):
445.2026. Found: 445.2019.

3.19. (re-1S,25)-2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-
6-yl)propyl acetate (26).



Compound26 was synthesized from compouf®l minor through acetylation general procedure F,
45% vyield, pale yellow oifH-NMR (CDCk, 300MHz)$ 6.91 (d, 1HJ = 8.4 Hz), 6.75 (m, 1H),
6.52 (m, 2H), 6.48 (s, 1H), 6.21 (d, 1H7= 6.6 Hz), 5.59 (d, 1H] = 9.9 Hz), 3.85 (s, 3H), 3.82 (s,
3H), 3.77 (s, 3H), 3.59 (p, 1K,= 6.8 Hz), 2.05 (s, 3H). 1.41 (s, 3H), 1.37 (s),3H26 (d, 1HJ =

6.9 Hz); HRMS (FAB) calcd for §H20FOs (M™): 444.1958. Found: 444.1948.

3.20. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropyl acetate (27).

Compound27 was synthesized from compouB@d through acetylation following procedure F, 40%
yield, white solid, mp = 101-10%; *H-NMR (CDCk, 300MHz)5 6.91 (d, 1HJ = 12.5 Hz), 6.82
(m, 1H), 6.56 (dd, 1HJ = 9.0, 1.7 Hz), 6.55 (s, 1H), 6.52 (m, 1H), 5.80%H,J = 9.9 Hz), 3.92 (s,
3H), 3.85 (s, 6H), 1.90 (s, 3H), 1.46 (s, 3H), 1(873H), 1.32 (s, 3H); HRMS (FAB) calcd for
C26H31FOs (M): 458.2105. Found: 458.2108.

3.21. (1-(2-Fluor o-3,4-dimethoxyphenyl)cyclopr opyl)-1-(5-methoxy-2,2-dimethyl-2H-chromen-
6-yl)methyl acetate (28).

Compound28 was synthesized from compoufd through alkyation using dibromoethane and
acetylation following procedure D and F, 35% yieldhite solid, mp = 48-48C; 'H-NMR (CDCk,
300MHz) & 6.74 (m, 1H), 6.57 (d, 1H = 9.9 Hz), 6.54 (d, 1H) = 8.4 Hz), 6.51 (d, 1H] = 8.6
Hz), 6.37 (d, 1HJ = 8.4 Hz), 5.90 (s, 1H), 5.63 (d, 18= 9.9 Hz), 3.84 (s, 6H), 3.81 (s, 3H), 2.05
(s, 3H), 1.44 (s, 3H), 1.37 (s, 3H), 1.19 (m, 16188 (m, 1H), 0.83 (m, 1H), 0.74 (m, 1H); HRMS
(FAB) calcd for GgH29FOs (M™): 456.1948. Found: 456.1952.

3.22. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethyl
propionate (29).

Compound29 was synthesized from compouf through propionylation following procedure F,
70% yield, pale yellow oifH-NMR (CDCk, 300MHz)$ 7.03 (d, 1HJ = 8.3 Hz), 6.75 (m, 1H),
6.57 (dd, 1H,) = 8.6, 1.7 Hz), 6.55 (d, 1H,= 9.2 Hz), 6.22 (m, 1H), 5.63 (d, 1Bi= 9.9 Hz), 3.88
(s, 3H). 3.84 (s, 3H), 3.80 (s, 3H), 3.04 (d, 2K 6.0 Hz), 2.28 (d, 2H] = 7.5 Hz), 1.44 (s, 3H),
1.40 (s, 3H), 1.06 (t, 3H] = 7.5 Hz); HRMS (FAB) calcd for £Hs0FOs (M + H'): 445.2026.
Found: 445.2033.



3.23. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chromen-6-yl)propyl
propionate (30).

Compound30 was synthesized from compou@ through acetylation following procedure F, 70%
yield, pale yellow oil’H-NMR (CDCL, 300MHz)§ 7.00 (d, 1HJ = 8.4 Hz), 6.98 (m, 1H), 6.65
(dd, 1H,J = 8.8, 1.8 Hz), 6.57 (d, 1H,= 9.9 Hz), 6.54 (d, 1H] = 8.6 Hz), 6.15 (d, 1H] = 9.2
Hz), 5.61 (d, 1HJ = 9.9 Hz), 3.89 (s, 3H). 3.88 (s, 3H), 3.87 (s),3449 (p, 1H,J = 7.3 Hz), 2.12
(dg, 2H,J = 7.7, 1.7 Hz), 1.45 (s, 3H), 1.40 (s, 3H), 1.823H,J = 7.1 Hz), 0.94 (t, 3H) = 7.5
Hz); HRMS (FAB) calcd for ggH31:FOs (M™): 458.2105. Found: 458.2096.

3.24. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropyl propionate (31).

Compound3l was synthesized from compoud through propionylation following procedure F,
70% yield, pale yellow oitH-NMR (CDCk, 300MHz)$ 6.87 (d, 1H,J = 8.4 Hz), 6.80 (m, 1H),
6.55 (dd, 1HJ= 10.1, 1.7 Hz), 6.53 (m, 3H), 5.59 (d, 1H7 9.9 Hz), 3.91 (s, 3H). 3.87 (s, 3H),
3.85 (s, 3H), 2.18 (q, 2H,= 7.7 Hz), 1.42 (s, 3H), 1.37 (s, 3H), 1.32 (s),3H96 (t, 3HJI = 7.5
Hz); HRMS (FAB) calcd for GHz4FOs (M + HY): 473.2339. Found: 473.2343.

3.25. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethyl
cyclopropanecar boxylate (32).

Compound32 was synthesized from compouf8 through cyclopropane carbonylation following
procedure F, 70% yield, pale yellow di§-NMR (CDCk, 300MHz)$ 7.02 (d, 1H,J = 8.4 Hz),
6.76 (m, 1H), 6.57 (dd, 1H, = 8.6, 1.7 Hz), 6.56 (m, 2H), 6.19 (m 1H), 5.63 1#,J = 9.9 Hz),
3.88 (d, 3HJ = 0.5 Hz), 3.84 (s, 3H), 3.78 (s, 3H), 3.05 (d, A 6.2 Hz), 1.59 (m, 1H), 1.44 (s,
3H), 1.40 (s, 3H), 0.92 (m, 2H), 0.81 (m, 2H); HRMBAB) calcd for GgH3zoFOs (M + H'):
457.2026. Found: 457.2033.

3.26. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propyl
cyclopr opanecar boxylate (33).
Compound33 was synthesized from compoutf through cyclopropane carbonylation following

procedure F, 70% yield, pale yellow oit-NMR (CDCL, 300MHz)$ 6.98 (d, 1H,J = 8.4 Hz),
6.97 (m, 1H), 6.67 (dd, 1H,= 8.6, 1.5 Hz), 6.57 (d, 1H,= 9.5 Hz), 6.56 (d, 1H] = 8.3 Hz), 6.11
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(d, 1H,J = 9.0 Hz), 5.64 (d, 1H] = 9.9 Hz), 3.88 (d, 3H] = 0.5 Hz), 3.87 (s, 6H), 3.49 (p, 1Bi=
7.3 Hz), 1.45 (s, 3H), 1.43 (m, 1H), 1.40 (s, 3H)}L1 (d, 3H,J = 7.1 Hz), 0.76 (m, 2H), 0.69 (m,
2H): HRMS (FAB) calcd for G/H3:FOs (M*): 470.2105. Found: 470.2115.

3.27.  2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)butyl

cyclopropanecar boxylate (34).

Compound 34 was synthesized from compouri® through alkyation using iodoethane and
cyclopropane carbonylation following procedure i & 45% vyield, white solid, mp = 50-5C;
'H-NMR (CDCl, 300MHz)8 6.95 (m, 1H), 6.88 (d, 1H,= 8.4 Hz), 6.68 (dd, 1H] = 8.8, 1.5 Hz),
6.57 (d, 1HJ = 10.1 Hz), 6.52 (d, 1H] = 8.4 Hz), 6.18 (d, 1H] = 8.4 Hz), 5.63 (d, 1H] = 9.9
Hz), 3.88 (d, 6H,) = 0.5 Hz), 3.86 (s, 3H), 3.24 (m, 1H), 1.57 (m,)2H45 (s, 3H), 1.42 (m, 1H),
1.40 (s, 3H), 0.80 (m, 2H), 0.70 (t, 3d,= 7.3 Hz), 0.65 (m, 2H); HRMS (FAB) calcd for
CagH34FOs (M + H'): 485.2339. Found: 485.2346.

3.28. 2-(2-Fluor 0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropyl cyclopropanecar boxylate (35).

Compound35 was synthesized from compouf@ through cyclopropane carbonylation following
procedure F, 40% vyield, white solid, mp = 58969 *H-NMR (CDCk, 300MHz)$ 6.89 (d, 1H,) =
10.8 Hz), 6.93 (m, 1H), 6.56 (dd, 1Bi= 9.0, 1.7 Hz), 6.51 (m, 3H), 5.60 (d, 1H 10.1 Hz), 3.91
(s, 1H), 3.85 (s, 3H), 3.84 (s, 3H), 1.50 (m, 1HX%5 (s, 3H), 1.37 (s, 6H), 1.33 (s, 3H), 0.84 (m,
2H), 0.70 (m, 2H); HRMS (FAB) calcd forsgHzsFOs (M + H'): 485.2339. Found: 485.2344.

3.29. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propyl
cyclobutanecar boxylate (36).

Compound36 was synthesized from compourdd through cyclobutyl carbonylation following
procedure F, 43% yield, pale yellow oi--NMR (CDCL, 300MHz)$ 7.00 (d, 1H,J = 8.6 Hz),
6.96 (m, 1H), 6.68 (dd, 1H,= 8.8, 1.7 Hz), 6.57 (m, 2H), 6.13 (d, 1H+ 9.2 Hz), 5.64 (d, 1H] =
9.9 Hz), 3.90 (s, 3H), 3.87 (s, 3H), 3.86 (s, 3BIX7 (p, 1HJ = 8.6 Hz), 2.93 (m, 1H), 2.05 (m,
2H), 1.97 (m, 2H), 1.95 (m, 2H), 1.45 (s, 3H), 1(403H), 1.11 (d, 3H]) = 7.1 Hz); HRMS (FAB)
calcd for GgH34FOs (M + HY): 485.2339. Found: 485.2346.
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3.30. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chromen-6-yl)ethyl
carbamate (37).

Compound37 was synthesized from compoub8 through carbamoylation following procedure G,
42% yield, white solid, mp = 168-16€; 'H-NMR (CDCk, 300MHz)$ 7.05 (d, 1H,J = 8.4 Hz),
6.77 (m, 1H), 6.58 (dd, 1H,= 8.6, 1.7 Hz), 6.55 (m, 2H), 6.12 (m, 1H), 5.62 18, J = 9.9 Hz),
4.53 (br-s, 2H), 3.88 (d, 3H,= 0.8 Hz), 3.84 (s, 3H), 3.79 (s, 3H), 3.05 (m)2H44 (s, 3H), 1.40
(s, 3H); HRMS (FAB) calcd for §H,6FNOg (M™): 431.1744. Found: 431.1746.

3.31. 2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propyl
carbamate (38).

Compound38 was synthesized from compouf@ through carbamoylation following procedure G,
35% yield, white solid, mp = 75-7&; *H-NMR (CDCl, 300MHz)$ 7.01 (d, 1H,J = 7.0 Hz), 7.00
(m, 1H), 6.67 (dd, 1H) = 8.6, 1.7 Hz), 6.59 (d, 1H,= 9.9 Hz), 6.56 (d, 1H] = 8.4 Hz), 6.03 (d,
1H,J = 9.2 Hz), 5.65 (d, 1H] = 9.9 Hz), 4.39 (bs, 2H), 3.89 (s, 3H), 3.88 (d, 3= 0.7 Hz), 3.87
(s, 3H), 3.48 (p, 1HJ) = 7.3 Hz), 1.45 (s, 3H), 1.40 (s, 3H), 1.09 (d, 3t 7.1 Hz); HRMS (FAB)
calcd for GsH26FNOs (M¥): 445.1901. Found: 445.1895.

3.32. 2-(2-Fluor0-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propyl
methylcarbamate (39).

Compound39 was synthesized from compoud through N-methyl carbamoylation following
procedure G, 36% vyield, white solid, mp = 74%8 'H-NMR (CDCk, 300MHz)§ 7.00 (m, 1H),
6.97 (d, 1HJ = 8.6 Hz), 6.67 (dd, 1H] = 8.6, 1.5 Hz), 6.59 (d, 1H,= 9.9 Hz), 6.56 (d, 1H] =
8.6 Hz), 6.02 (d, 1HJ) = 9.0 Hz), 5.64 (d, 1H] = 9.9 Hz), 4.47 (br-s, 1H), 3.91 (s, 3H), 3.83H),
3.86 (s, 3H), 3.44 (p, 1H,= 7.9 Hz), 2.63 (d, 3H] = 4.8 Hz), 1.44 (s, 3H), 1.40 (s, 3H), 1.11 (d,
3H,J = 7.1 Hz); HRMS (FAB) calcd for ££H3:FNOs (M + H"): 460.2135. Found: 460.2129.

3.33.  2-(2-Fluoro-3,4-dimethoxyphenyl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propyl
dimethylcar bamate (40).

Compound40 was synthesized from compoud€ through N-dimethyl carbamoylation following
procedure G, 33% vyield, white solid, mp = 55%8 *H-NMR (CDCk, 400MHz)$ 6.97 (m, 1H),
6.91 (d, 1HJ = 8.4 Hz), 6.64 (d, 1H] = 8.6 Hz), 6.56 (d, 1H] = 9.9 Hz), 6.50 (d, 1H] = 8.4 Hz),
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5.93 (d, 1H,J = 8.7 Hz), 5.60 (d, 1H] = 9.9 Hz), 3.89 (s, 3H), 3.84 (s, 3H), 3.83 (s),38446 (p,
1H, J = 7.8 Hz), 2.79 (s, 3H), 2.73 (s, 3H), 1.42 (s),3H37 (s, 3H), 1.10 (d, 3K}, = 7.2 H2);
HRMS (FAB) calcd for GsHa3FNOs (M*): 473.2214. Found: 473.2217.

3.34. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethyl acetate
(42).

Compoundl was synthesized from compoutl through acetylation following procedure F, 65%
yield, pale yellow oil;*H-NMR (CDClk, 300MHz)8 7.11 (d, 1H,J = 8.4 Hz), 6.91 (d, 1H] = 7.9
Hz), 6.62 (d, 1HJ) = 7.7 Hz), 6.56 (d, 1H] = 8.3 Hz), 6.54 (d, 1H] = 9.9 Hz), 6.47 (m, 1H), 5.62
(d, 1H,J = 10.1 Hz), 3.96 (s, 3H), 3.83 (s, 3H), 3.79 (4),33.11 (m, 2H), 1.98 (s, 3H), 1.43 (s,
3H), 1.41 (s, 3H); HRMS (FAB) calcd forgH2eNOg (M + H'): 414.1917. Found: 414.1911.

3.35. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)propyl
acetate (42).

Compouni42 was synthesized from compou@ through acetylation following procedure F, 55%
yield, white solid, mp = 115-11%;*H-NMR (CDCk, 300MHz)$ 7.10 (d, 1HJ = 8.4 Hz), 6.96
(d, 1H,J = 7.9 Hz), 6.70 (d, 1H] = 7.7 Hz), 6.60 (m, 2H), 6.38 (d, 1Bi= 9.9 Hz), 5.64 (d, 1H]

= 9.9 Hz), 4.02 (s, 3H), 3.90 (s, 3H), 3.86 (s, 38R0 (p, 1HJ = 7.1 Hz), 1.80 (s, 3H), 1.46 (s,
3H), 1.41 (s, 3H), 1.04(d, 3H,= 7.1 Hz); HRMS (FAB) calcd for GH3oNOg (M + H"): 428.2073.
Found: 428.2071.

3.36. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropyl acetate (43).

Compoun43 was synthesized from compouB8l through acetylation following procedure F, 35%
yield, white solid, mp = 120-12%C; *H-NMR (CDCk, 300MHz)& 6.95 (d, 1HJ = 7.9 Hz), 6.89
(d, 1H,J = 8.4 Hz), 6.79 (d, 1H] = 8.1 Hz), 6.63 (br-s, 1H), 6.57 (d, 1z 9.9 Hz), 6.51 (d, 1H]

= 8.4 Hz), 5.61 (d, 1H) = 10.1 Hz), 4.01 (s, 3H), 3.89 (s, 3H), 3.86 (d),3L.84(s, 3H), 1.46 (s,
3H), 1.39 (s, 3H), 1.36 (s, 3H), 1.17 (s, 3H); HRNFAB) calcd for GsHzoNOs (M + HY):
442.2230. Found: 442.2236.
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3.37. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chromen-6-yl)ethyl
carbamate (44).

Compound4 was synthesized from compoutl through carbamoylation following procedure G,
35% yield,white solid, mp = 99-10C; *H-NMR (CDCk, 300MHz)$ 7.12 (d, 1H,J = 8.4 Hz),
6.91 (d, 1HJ = 7.9 Hz), 6.64 (d, 1H] = 7.9 Hz), 6.57 (d, 1H] = 8.2 Hz), 6.54 (d, 1H] = 9.9 Hz),
6.37 (m, 1H), 5.62 (d, 1H, = 9.9 Hz), 4.53 (br-s, 2H), 3.96 (s, 3H), 3.833), 3.79 (s, 3H), 3.12
(m, 2H), 1.47 (s, 3H), 1.41 (s, 3H); HRMS (FAB) @lfor G;H2eN20s (M*): 414.1791. Found:
414.1800.

3.38. 2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)-2-
methylpropyl carbamate (45).

Compound45 was synthesized from compouB8 through carbamoylation following procedure G,
35% yield,white solid, mp = 90-9C; *H-NMR (CDCk, 300MHz)& 6.96 (d, 1H,J = 8.0 Hz), 6.91
(d, 1H,J = 8.4 Hz), 6.79 (d, 1H] = 7.9 Hz), 6.55 (m, 3H), 5.62 (d, 18Iz 9.9 Hz), 4.37 (br-s, 2H),
4.01 (s, 3H), 3.89 (s, 3H), 3.86 (s, 3H), 1.463@), 1.39 (s, 3H), 1.35 (s, 3H), 1.17 (s, 3H); HRMS
(FAB) calcd for G4H31N-0g (M + HY): 443.2182. Found: 443.2187.

3.39. (E)-6-(2-Fluor 0-3,4-dimethoxystyryl)-5-methoxy-2,2-dimethyl-2H-chr omene (46).

Compoun46 was synthesized from compoubd through elimination following procedure I, 85%
yield,white solid, mp = 121-12%C; *H-NMR (CDCk, 300MHz)3 7.41 (d, 1H,) = 8.6 Hz), 7.26 (m,

2H), 7.07 (d, 1HJ = 16.7 Hz), 6.70 (dd, 1H,= 8.8, 1.5 Hz), 6.64 (d, 1H,= 2.6 Hz), 6.62 (s, 1H),

5.65 (d, 1HJ = 9.9 Hz), 3.94 (s, 3H), 3.90 (s, 3H), 3.78 (s),3H44 (s, 6H); HRMS (FAB) calcd

for CooHoaFO4 (M™): 370.1580. Found: 370.1580.

3.40. (E)-2,3-Dimethoxy-6-(2-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)vinyl)pyridine (47).

Compound47 was synthesized from compoud through elimination following procedure |, 88%
yield,white solid, mp = 116-11%C; *H-NMR (CDCl;, 300MHz)8 7.69 (d, 1HJ = 15.9 Hz), 7.41
(d, 1H,J = 8.6 Hz), 6.99 (d, 1H] = 7.9 Hz), 6.97 (d, 1H] = 15.9 Hz), 6.84 (d, 1H] = 7.9 Hz),
6.64 (d, 1HJ = 10.1 Hz), 6.61 (d, 1H] = 8.6 Hz), 5.65 (d, 1H] = 9.9 Hz), 4.10 (s, 3H), 3.89 (s,
3H), 3.81 (s, 3H), 1.45 (s, 6H); HRMS (FAB) calcdr fC;H.3NO, (M*): 353.1627. Found:
353.1629.
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341. (re-1S,25)-1-(2-Fluoro-3,4-dimethoxyphenyl)-2-(5-methoxy-2,2-dimethyl-2H-chr omen-
6-yl)ethane-1,2-diol (48).

Compound48 was synthesized from compoud@ through diolation following procedure J, 42%
yield, white solid, mp = 69-78C; *H-NMR (CDCl, 400MHz)8 7.14 (m, 1H), 6.89 (d, 1H,= 8.4
Hz), 6.65 (dd, 1HJ = 8.7, 1.6 Hz), 6.49 (s, 1H), 6.46 (d, 1H; 2.7 Hz), 5.61 (d, 1H] = 9.8 Hz),
5.09 (d, 1HJ = 6.5 Hz), 4.83 (m, 1H), 3.82 (s, 3H), 3.76 (s,)3B174 (s, 3H), 3.06 (d, 1H,= 5.6
Hz), 3.00 (s, 1H), 1.39 (s, 3H). 1.37 (s, 1H); HRNFAB) calcd for GoHosFOs (M™): 404.1635.
Found: 404.1635.

3.42. (rel-1S,25)-1-(5,6-Dimethoxypyridin-2-yl)-2-(5-methoxy-2,2-dimethyl-2H-chr omen-6-
yhethane-1,2-diol (49).

Compound49 was synthesized from compoudd through diolation following procedure J, 45%
yield, brown solid, mp = 79-8%C; *H-NMR (CDCk, 300MHz)5 7.17 (d, 1HJ = 8.4 Hz), 6.93 (d,
1H, J = 8.1 Hz), 6.60 (m, 2H), 6.50 (dd, 1Bi= 9.9, 0.6 Hz), 5.65 (d, 1H,= 9.9 Hz), 5.00 (m,
1H), 4.78 (m, 1H), 4.01 (s, 3H), 3.84 (s, 3H), 3(653H), 1.43 (s, 3H), 1.40 (s, 3H); HRMS (FAB)
caled for GiH26NOg (M + H'): 388.1760. Found: 388.1755.

3.43. (E)-2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethan-1-

one oxime (50a).

Compound50a was synthesized from compoudd through oximation following procedure K,
40% vyield, yellow solid, mp = 69-7%C; 'H-NMR (CDCk, 300MHz)$ 7.00 (d, 1HJ = 8.4 Hz),
6.92 (d, 1HJ = 7.9 Hz), 6.74 (d, 1H] = 9.9 Hz), 6.58 (d, 1H] = 9.9 Hz), 6.50 (d, 1H] = 8.4 Hz),
5.63 (d, 1HJ = 10.1 Hz), 4.19 (s, 2H), 3.89 (s, 3H), 3.81 (3),3.66 (s, 3H), 1.41 (s, 6H); HRMS
(FAB) calcd for GiH2sN-0s5 (M + HY): 385.1763. Found: 385.1759.

3.44. (Z2)-2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethan-1-

one oxime (50b).

Compound50b was synthesized from compoud@ through oximation following procedure K,

25% vyield, yellow solid, mp = 68-6%C; *H-NMR (CDCk, 300MHz)$ 6.90 (d, 1HJ = 7.9 Hz),

6.76 (d, 1H,J = 8.4 Hz), 6.67 (d, 1H] = 7.9 Hz), 6.58 (d, 1H] = 10.1 Hz), 6.48 (d, 1H] = 8.4
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Hz), 5.61 (d, 1HJ =9.9 Hz), 3.89 (s, 3H), 3.87 (s, 2H), 3.80 (s),3B172 (s, 3H), 1.42 (s, 6H);
HRMS (FAB) calcd for G;H2sN,0s (M + HY): 385.1763. Found: 385.1769.

3.45. (2)-2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)ethan-1-
one O-methyl oxime (51).

Compoundbl was synthesized from compouh® through oximation following procedure K, 38%
yield, pale yellow oil*H-NMR (CDCk, 400MHz)$ 7.02 (d, 1H,J = 8.4 Hz), 6.87 (d, 1H] = 7.9
Hz), 6.65 (d, 1H,) = 7.8 Hz), 6.54 (d, 1H] = 10.0 Hz), 6.47 (d, 1H] = 8.2 Hz), 5.60 (d, 1H] =
9.9 Hz), 4.12 (s, 2H), 3.94 (s, 3H), 3.82 (s, 2Bi¥8 (s, 3H), 3.71 (s, 3H), 1.36 (s, 6H); HRMS
(FAB) calcd for G,H,7N,05 (M + HY): 399.1920. Found: 399.1915.

3.46. 2-(5,6-Dimethoxypyridin-2-yl)acetic acid (52).

To a solution of compouné in DCM was added SO&(1.5 equiv) dropwise at @C. After being
stirred for 30 min, the mixture was evaporatedetmaove excess amount of SQ@hd directly used
for the next step. The chlorinated compound wasotired in DMSO. Sodium cyanide (1.5 equiv)
was slowly added to the solution at®. The mixture was warmed to ®Dand stirred for 2 h. The
resulting solution was cooled down to room tempemtextracted with DCM, dried over Mga0
and concentrated under reduced pressure. The eeswas purified by flash column
chromatography on silica gel to afford the corregpog nitrile product 80% yield. The nitrile
compound was dissolved in the solvent (EtOHOH: 1:1). Potassium hydroxide (5.0 equiv) was
added to the solution and stirred 2 h. The reaatiotiure was cooled to ¥, neutralized with 1N
HCI, extracted with MC. Organic layer was dried o%gSQ,, and concentrated under reduced
pressure to afford the corresponding carboxylid gmioduct52, 86% vyield;'H-NMR (CDCl,
300MHz)$ 7.11 (d, 1HJ = 7.9 Hz), 6.79 (d, 1H] = 8.0 Hz), 4.05 (s, 3H), 3.88 (s, 3H), 3.75 (s,
2H)

3.47. (5)-4-Benzyl-3-((S)-2-(5,6-dimethoxypyridin-2-yl)pr opanoyl)oxazolidin-2-one (53).

(9-4-benzyloxazolidin-2-one (1.0 equiv) was dissdlve THF. 2.5 M n-BuLi solution in hexane
(1.0 equiv) was added to the solution at %Z80n another flask, in a solution of carboxyliédes2
in anhydrous THF, pivaloylchloride (1.1 equiv) aflA (1.1 equiv) was added dropwise at’@8
The reaction mixture was warmed t8@. This mixture was added to the former solutior7&t°C.

The final mixture was stirred for 1 h, quenched witer, extracted with EtOAc, dried over MgSO
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and concentrated. The residue was purified by ftadbmn chromatography on silica gel to afford

oxazolidinone compound, 60% yield.

This compound was dissolved in anhydrous THF. 1.0iINMDS solution (1.0 equiv) was added
to the solution at -78C. The mixture was stirred for 20 min and iodometh41.0 equiv) was
added to this solution. The resulting solution waged for another 30 min, quenched with water,
extracted with EtOAc, dried over Mg3@nd concentrated. The residue was purified by flash
column chromatography on silica gel to affo8Ffnono methylated compour&8, 40% vyield;'*H-
NMR (CDCl, 400MHz)3 7.36-7.22 (m, 5H), 7.00 (d, 1K,= 7.9 Hz), 6.87 (d, 1H) = 7.9 Hz),
5.09 (q, 1HJ = 7.0 Hz), 4.65 (m, 1H), 4.13 (m, 2H), 3.96 (s,)3B192 (s, 3H), 3.37 (dd, 1H,=
13.2, 3.1 Hz), 2.81 (dd, 1Kd,= 13.2, 3.1 Hz), 1.56 (d, 3H,= 7.0 Hz).

3.48. (5)-2-(5,6-Dimethoxypyridin-2-yl)propanal (54).

To a solution of compoun®3 in anhydrous EO, LAH (1.0 equiv) was added slowly af0. The
reaction mixture was stirred for 1 h, quenched widiter and 1 N NaOH solution. The organic
layer was extracted with EtOAc, dried over Mg®@d concentrated. The residue was purified by
flash column chromatography on silica gel to affatdohol compound, 90% yield. This alcohol
compound was dissolved in MC and oxidized followitigg procedure B to afford aldehyde
compounds4, 90% vyield;*H-NMR (CDCL, 300MHz)3 9.79 (s, 1H), 7.03 (d, 1H,= 7.9 Hz), 6.74

(d, 1H,J = 7.7 Hz), 4.00 (s, 3H), 3.88 (s, 3H), 3.63 (q, I 7.1 Hz), 1.44 (d, 3H] = 7.1 Hz)

3.49. 6-1 odo-5-methoxy-2,2-dimethyl-2H-chromene (56).

To a solution of compounsb (1.0 mmol) in HO, KI (2.0 mmmol) was mixed and then 1 drop of c-
HCI was added at @C. NaNQ was slowly added to the mixture af®. The resulting solution was
stirred for 30 min. Then the mixture was extractath EA, washed with brine, water and the
organic phase was dried over MgS&hd concentrated. The residue was purified by fadumn
chromatography on silica gel to afford iodo compb&6, 90% yield;'H-NMR (CDCl, 300MHz)

8 7.45 (d, 1H, = 8.6 Hz), 6.55 (d, 1H] = 10.1 Hz), 6.39 (d, 1H] = 8.6 Hz), 5.64 (d, 1H] = 10.1
Hz), 3.82 (s, 3H), 1.87 (s, 6H)

3.50. (5)-2-(5,6-Dimethoxypyridin-2-yl)-1-(5-methoxy-2,2-dimethyl-2H-chr omen-6-yl)pr opan-
1-one (169).
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Chrial compound6S was synthesized from iodo compows@land aldehyd&4 through procedure
A followed by procedure B, 35% vyield, pale yellovl; do]®p -79.6€ 0.1, CHCH), *H-NMR
(CDCl;, 300MHz)$ 7.46 (d, 1HJ = 8.6 Hz), 6.94 (d, 1H] = 7.9 Hz), 6.77 (d, 1H) = 7.9 Hz),
6.58 (d, 1HJ = 10.1 Hz), 6.52 (dd, 1H),= 8.4, 0.6 Hz), 5.64 (d, 1H,= 10.1 Hz), 4.74 (q, 1H =
7.0 Hz), 3.91 (s, 3H), 3.81 (s, 3H), 3.75 (s, 3HB1 (d, 1HJ = 7.0 Hz), 1.42 (s, 3H), 1.41(s, 3H);
HRMS (FAB) calcd for GoH26NOs (M + H): 384.1811. Found: 384.1808.

4. Molecular modeling
All performances of computational works were catr@it on the Tripos Sybyl-X 2*Imolecular

modeling package with CentOS Linux 5.4. operatiysjeam.

4.1. Preparation of ligandsand prepare structure

All used ligands for docking screening were sketichied saved as Mol2 format. Gasteiger-Huckel
charges were assigned to all ligand atoms. Eneigymzation was performed with the standard
tripos force field with convergence to maximum datives of 0.001 kcal mdIA™. It was reported
that the function of HSP90 C-terminal inhibitors smeelated with binding to the open form of
homodimer HSP90 structut® Therefore, we built the homology model of open comfation of
human Hsp90 dimer based on the extended SAXS noddelcoli HSP90 homodimer including N-,
middle and C-terminal domain. Homology modeling \wasformed with ORCHESTRARnNodule.

The template structure was retrieved from Agardi l@ebsite (http://www.msg.ucsf.edu/agard,
PDB id: hsp90). The sequence identity of Hsp90 betwE-coli and human is 42.9%. In the first
step, alignment file was defined using completdiglamodel. Next, based on this alignment file,
structurally conserved regions (SCRs) were builtomatically and variable region was also
identified. Loops were optimized by loop-searchiamptind side chains were modified with set side
chain option. The resulting homology model struetwas optimized by minimization with
assigning Kollman all charges to all the atomsrotgin and convergence to maximum derivatives
of 0.05 kcal mof.A™.

4.2. Molecular docking

To exam docking pose d5, the compound was docked into the active sitdnlld§P90 using
Surflex-Dock embedded in Sybyl. The active site determined based on the ATP binding pocket
the C-terminal domafrand was generated by constructing protomol. Theoprot was built in the
active site from the hydrogen-containing proteinl2nfile using default parameters (threshold

factor of 0.5A and bloat of OA). Docking was conthet using default parameters such as 6
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additional starting conformations per molecule #1@ to expand search grid. Max number of
conformations per fragment was 20, and 100 max eund§ rotatable bond was used for
parameters and flags. For output, 20 maximum nunobegposes per ligand were generated.
Binding affinity of each docking pose of ligand wealculated by Surflex-Dock score (-log)K
The final docking model was selected by dockingee@mnd visual inspection.
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