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ABSTRACT:

Thirty-eight 3O-substituted-3',4'-dimethoxyflavonols and twentefi 3-O-substituted-3',4",7-
trimethoxyflavonols have been synthesized for syatee investigation on the structure-activity
relationships of 39-substituted-3',4'-dimethoxyflavonols in three hunmostate cancer cell models.
Our findings indicate that incorporation of an apgprate amino group to 3-OH of 3'4'-
dimethoxyflavonol and 3',4',7-trimethoxyflavonolrdligh a 3- to 5-carbon linker can substantially
improve then vitro antiproliferative potency in three human prostatecer cell models, but not in two
non-neoplastic human epithelial cell models (MCFAl@nd PWR-1E). 1-Methylpiperazine,
pyrrolidine, and dibutylamine are optimal termirahine groups that, in combination with a 3- to 5-
carbon linker, are notably beneficial to the amtlperative potency of 3-substituted-3',4'-
dimethoxyflavonols. It is worth noting that G{4-methylpiperazin-1-yl)propyl-3',4',7-
trimethoxyflavonol 76) induces PC-3 cell death in a completely differemay from 3O-
pyrrolidinopentyl-3',4',7-trimethoxyflavonol8l) even though they belong toGsubstituted-3',4',7-
trimethoxyflavonols and exhibit similar potency imhibiting PC-3 cell proliferation, suggesting that
the mechanism of action for each specifi©-3ubstitutedflavonol varies with different amino ietg.
3-O-(N,N-Dibutylamino)propyl-3',4'-dimethoxyflavono#i) emerged as the most promising derivative
due to its substantially improved potency in cebdels, superior bioavailability in rats, and good
selectivity of inhibiting prostate cancer cell pfetation over non-neoplastic human epithelial cell

proliferation.

Keywords: Flavonol; Prostate Cancer; Structure-activity relahip; Pharmacokinetic study; Cell

apoptosis



1. INTRODUCTION

Flavonoids are structurally characteristic of tworaatic rings and a central heterocyclic ring. They
widely distributed in a variety of dietary plantisplaying various health and medicinal benefitse T
prime attention of researchers to the potentidlla@bnoids in preventing and treating prostate eans
mainly due to an inverse association between ttaénof flavonoid-enriched diet and the incidente o
prostate cancer [1-8]. Flavonols are classifiedrasof the largest subgroups of flavonoids, stmadity

featuring a hydroxyl group at C-3 [9-10].

Both naturally occurring and synthetic flavonols, exemplified by quercetinl), fisetin ), and
3',4',5'-trimethoxyflavonol 3) (Fig. 1), have been demonstrated ibyvitro cell-based andn vivo
animal experiments to possess potential in treginogtate cancer [1,11-16]. However, the repoited
vitro anti-prostate cancer potency is moderate, typioaith 1Cso values in the range of 15-64 uM.
The synthetic 3',4',5'-trimethoxyflavond)(exhibits 5- to 16-fold greater potency than qeérc(l)
and fisetin 2), but only possesses very modelat&ivo antitumor efficacy even at the highest dose
(0.73 mmol/kg) in two prostate cancer xenograftaude mice [16] and poor bioavailability [17]. The
moderate potency and poor bioavailability have &red the further advancement of these flavonols as
chemotherapeutic agents. Poor bioavailability duraly occurring flavonols is mainly due to their
polyphenolic structures that are highly susceptiiolefirst-pass metabolism of glucuronidation and
sulfation [18]. We envision that modifications ohet phenolic groups of flavonols may lead to
simultaneous improvement of potency and bioavditgbiSpecifically, we are interested in the
chemical manipulations on 3-OH, the unique hydrogndup for all flavonols, while converting all

other phenolic hydroxyl groups into methoxyl groups

Our earlier WST-1 cell proliferation assay in thgestate cancer cell models suggests that the anti
proliferative potency of 3'.4'-dimethoxyflavonol)(and 3',4',5'-trimethoxyflavonol3) could be

appreciably enhanced through chemical modificatioms its 3-OH group [19-20]. 3'4'-



Dimethoxyflavonol §) and 3',4',5'-trimethoxyflavonoB) were chosen as our first two lead flavonols
because they contain two or three methoxyl groupgead of phenolic hydroxyl groups on ring B.
These lead flavonols were expected to overcomsopmee degree, pharmacokinetic limitations caused
by the phenolic hydroxyl groups and to provide dficient approach to incorporation of a basic
nitrogen-containing group to the only hydroxyl gocat C-3. Encouraged by these preliminary data, the
present study aims to further investigate the iptialstructure-activity relationships ofG-substituted-
3',4'-dimethoxyflavonols and to explore the pharokatetic profiles for the optimal derivatives. The
reason that 3',4',5'-trimethoxyflavonols were netested for in-depth investigation is becaus®-3-
substituted-3',4',5'-trimethoxyflavonols did nosplay significantly improved potency as compared

with the corresponding @-substituted-3',4'-dimethoxyflavonols.

Quercetin (1) Fisetin (2) Trimethoxylflavonol (3) Dimethoxylflavonol (4)

Figure 1. Structures of representative flavonols

2.  RESULTS AND DISCUSSION

2.1 Chemistry. 3',4'-Dimethoxyflavonol 4) and 3',4',7-trimethoxyflavonol5) were synthesized
through a well-known two-step procedure, includ@igisen-Schmidt condensation and Algar-Flynn-
Oyamada (AFO) reactions as illustratedSicheme 1that is the general approach to the synthesis of
flavonols [21-23]. Specifically, the intermediate8',4'-dimethoxychalcone 6 and 3'4'7-
trimethoxychalcone7) were prepared by Claisen-Schmidt condensatio'-bfydroxyacetophenone
(8 or 2'-hydroxy-4'-methoxyacetophenon® (with 3,4-dimethoxybenzaldehydd (), which were
directly subjected to the AFO reaction without fnt purification to furnish 3',4'-dimethoxyflavonol

(4) and 3',4',7-trimethoxyflavonob) in 34% and 64% overall yields for two steps, sxtjyely.



As shown in Scheme 2, ten Galkyl-3',4'-dimethoxyflavonols 1(1-20) and ten 32-alkyl-3',4",7-
trimethoxyflavonols 21-30) have been synthesized in 11-99% vyields Oyalkylating 3',4'-
dimethoxyflavonol 4) and 3',4',7-trimethoxyflavonol5) with the appropriate alkyl halide using
potassium carbonate as base and DMF as an apaitiens Twenty eight $-aminoalkyl-3',4'-
dimethoxyflavonols 36-63) and fifteen 3©-aminoalkyl-3',4',7-trimethoxyflavonol$7-81) have been
synthesized from 3',4'-dimethoxyflavonod) (and 3',4',7-trimethoxyflavonol5) in 27-94% vyields
through intermediate31-35 and64-66 via two sequential alkylation reactions as illagtd in Scheme
3. Potassium carbonate was used as the base anda®ME polar aprotic solvent in ba@kalkylation
and N-alkylation reactions. Each crude@bromoalkylflavonol 81-35 or 64-66) was directly used,
without further purification, for the follow-up-alkylation. All synthesized ®-substitutedflavonols
were purified by preparative thin layer chromatpima (PTLC) over silica gel and the nitrogen-
containing final compounds were retrieved by waghine PTLC silica gel with dichloromethane-

diethylamine (100:3, v/v).

OCH;,
R OH OCHs R OH O :2%2I-| KOH
oy _KOH _ | OCH, _NaOH (orKOH) |
OCH;  EtOH MeOH
o 0
0
8 R=H 10 6 R=H
9, R=0Me 7,R=OMe

Scheme 1Synthesis of 3',4'-dimethoxyflavondal)(and 3',4',7-trimethoxyflavonob)



R?X, K,CO3
DMF

11-30

R' = H; OMe

R2= Methyl; Ethyl; Propyl; Butyl;
Pentyl; Hexyl; Heptyl; Isopropyl,
sec-Butyl; Pentan-2-yl

Scheme 2. Synthesis of 3&D-alkyl-3',4'-dimethoxyflavonols 1(1-20) and 30©-alkyl-3',4',7-

trimethoxyflavonols 21-30). For the specific structure for eachldf30, see Tables 1 and 2.

12 1=
:, 21 _ gM [31-35, R1 = H, n= 3,4,5,6,7 36-63, R’I =H;n=34,56,7
., R"=0Me 64-66, R' = OMe; n = 3,4,5 67-81, R' = OMe: n = 3.4.5
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Scheme 3.Synthesis of 3-aminoalkyl-3',4'-dimethoxyflavonols36-63) and 30-aminoalkyl-3',4',7-
trimethoxyflavonols §7-81). For the specific structure for each3#63, see Table 1. For the specific

structure for each @7-81, see Table 2.



2.2 Antiproliferative activity and structure-activity relationships in three prostate cancer cell
models. Thein vitro antiproliferative activity of thirty-eight ®-substituted-3',4'-dimethoxyflavonols
(11-20, 36-63) and twenty-five 32-substituted-3',4',7-trimethoxyflavonol2130, 67-81) against a
panel of prostate cancer cell lines (PC-3, DUl4% &NCaP) was assessed using WST-1 cell
proliferation assay according to the procedure rilgsd in the Experimental Section. The PC-3,
DU145, and LNCaP cell lines are the most commomhaded models fom vitro assessment of
potency and efficacy of anti-prostate cancer agerte androgen-insensitive PC-3 and DU145 cell
lines are derived from bone and brain metastaspgastate tumor, respectively, which cannot express
prostate-specific antigen [24-25]. The androgerstige LNCaP cell line is derived from lymph node
metastasis of prostate tumor and capable of expgegmostate-specific antigen. Two naturally
occurring flavonols, fisetin and quercetin, and tparent flavonols, 3',4'-dimethoxyflavonat) (and
3',4', 7-trimethoxyflavonol%), were used as positive controls. DMSO was useatkgative control. The
ICso values, as summarized in Tables 1 and 2, wereleséd from the dose-response curves based on
at least five dosages for each compound. Our fgglimdicated that 3',4'-dimethoxyflavond) (is
notably less potent than fisetin and quercetirgantrast, 3',4',7-trimethoxyflavonadb)(is appreciably
more potent than fisetin and quercetin. This sutggibat the overall size of a flavonol may be caii

to the antiproliferative potency. Among sixty-thre&O-substitutedflavonols tested, forty-three
displayed markedly improved ability in suppressthg human prostate cancer cell proliferation, as

compared with two naturally occurring flavonols égeetin and fisetin).

As illustrated in Table 1, twenty-eight out of tigieight 3O-substituted-3',4'-dimethoxylflavonol& -
20, 36-63) are significantly more potent than the parert'-8limethoxylflavonol 4), quercetin 1), and
fisetin 2). Alkylation of 3-OH in parent 3',4'-dimethoxylflanol @) with an appropriate alkyl group
leads to a significant increase in the inhibitocyivaty against prostate cancer cell proliferatidine

optimal alkyl groups include ethyl, propyl, butgentyl, and hexyl. The potency ofBalkyl-3',4'-



dimethoxylflavonols is however dramatically deceshsvith increasing length or branching of the
alkyl group (e.g17, 18, 19, 20), especially towards androgen-insensitive PC-3 Bhd 45 prostate
cancer cell lines. Introduction of a suitable ammoiety (i.e.N,N-dibutylamino,N,N-dipentylamino
morpolinopentyl, 4-methylpiperazin-1-yl, and pyidihopropyl) to 3-OH of 3',4'-dimethoxylflavonol
through a three- to five-carbon linker bestows a@18-fold enhancement in antiproliferative effect
prostate cancer cell models. The potency dD-8minoalkyl-3',4'-dimethoxylflavonol is seriously
diminished if the three- to five-carbon linker ighstituted by a six- or seven-carbon linker (&4.58,

62, 63).

As shown in Table 2, 3',4',7-trimethoxylflavon®l) (s more potent than 3',4'-dimethoxylflavond),(
but 3-O-substituted-3',4'-dimethoxylflavonols 11-20, 36-63) exhibit similar potency as the
corresponding ¥-substituted-3',4',7-trimethoxylflavonol2130, 67-81). Eighteen out of twenty-five
3-O-substituted-3',4',7-trimethoxylflavonols possessprioved potency towards the PC-3 prostate
cancer cell line, as compared with the parent, 3-tdimethoxylflavonol ). Twenty-one out of twenty-
five 3-O-substituted-3',4',7-trimethoxylflavonols have emted potency against LNCaP prostate
cancer cells, as compared with the parent flavén@he common structure-activity relationship of 3-
O-substituted-3',4'-dimethoxylflavonols and (Bsubstituted-3',4',7-trimethoxylflavonols can be

concluded as below:

» Thein vitro antiproliferative potency of 3',4'-dimethoxylflaval and 3',4',7-trimethoxylflavonol
can be substantially ameliorated by an appropdagenical modification on 3-OH.

» N,N-dibutylamino, N,N-dipentylamino  morpolinopentyl,  4-methylpiperazindl  and
pyrrolidinopropyl serve as the optimal amino grotgrsthe activity against prostate cancer cells.

» Three- to five-carbon are the optimal length foe tinker, between 7-OH of flavonoid and the

amino moiety, that is beneficial to the potency.



» The PC-3 and LNCaP prostate cancer cells are ggnerare susceptible than the DU145 cells to

the 3O-substituted-flavonols.

» Several optimal derivative$§, 61, 76, 77, 79, and81) reveal submicromolar Kg values against

PC-3 prostate cancer cells.

Table 1. Anti-Proliferative Activity of 3O-Substituted-3',4'-dimethoxyflavononolk1{20; 36-63)

Compd R pC-? ICSEJ(1H4I\£°)3 LNCaP
- a

4 H 409.0 1.8 174.6 +31.6 202.5 + 32.2
11 Methyl 30.0 +15.0 46.1+285 16.2+9.4
12 Ethyl 13.7+9.3 39.2+11.4 9.8+0.6
13 Propyl 10.1£ 3.6 14.6+0.3 6.412.2
14 Butyl 16.8 £ 6.7 26.7+7.6 8.1+3.1
15 Pentyl 16.8+ 4.6 38.9+6.1 14.2+76
16 Hexyl 14.0+6.5 19.4+57 126 +5.8
17 Heptyl 86.3+21.2 111.9+71.1 439+33
18 Isopropyl 33.0+£7.7 38.0+1.6 10.1+4.3
19 SeeButyl 44.2 +19.6 > 50 10929
20 Pentan-2-yl 28.1+57 > 50 13.1+53
36 (N.N-Diethylamino)propyl 57.2+50 498412 13264
37 (N,N-Diethylamino)butyl 60.7 +5.6 > 50 405+ 16.1
38 (N.N-Diethylamino)pentyl 32.0+24 48.1+10.2 18.9£7.4
39 (N.N-Dipropylamino)propyl 26.0+75 38.6 +6.7 13.5+6.3
40 (N.N-Dipropylamino)butyl 25.7+6.1 24.3+11.4 13.246.5
41 (N.N-Dipropylamino)pentyl 13.1+4.0 141465 27+2.1
42 (N.N-Dibutylamino)propyl 1.4£0.2 7.6+1.7 24%15



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
Quercetin

Fisetin

(N,N-Dibutylamino)butyl

2.7+0.8
(N,N-Dibutylamino)pentyl 40+1.0
(N,N-Dipentylamino)propyl 24+0.8
(N,N-Dipentylamino)butyl 77422
(N,N-Dipentylamino)pentyl 49+15
Morpholinopropyl 109+ 4.7
Morpholinobutyl 91+18
Morpholinopentyl 45+1.0
Piperidinopropyl > 50
Piperidinobutyl 134 +3.6
Piperidinopentyl 386+ 65
(4-Methylpiperazin-1-yl)propyl 33405

(4-Methylpiperazin-1-yl)butyl 1.1+0.8

(4-Methylpiperazin-1-yl)pentyl 0.5+0.4
(4-Methylpiperazin-1-yl)hexyl 19.8+3.1
(4-Methylpiperazin-1-yl)heptyl 6.2+0.6
Pyrrolidinopropyl 20+1.9
Pyrrolidinobutyl 1.5+0.6
Pyrrolidinopentyl 0.7+05
Pyrrolidinohexyl 17.4+35
Pyrrolidinoheptyl 135+ 2.2

7 >100

- > 50

16.3+5.5
11934
12.8+3.0
26.9+1.6
14.4+43
38.6 +4.3
44.0+1.3
259+41

> 50

> 50

> 50

> 50
31.6+0.7
20.3+84
246 +0.6
8.3x3.2
27.1+6.7
13.0x7.1
29222
17.3+55
8.5+43
>100

> 50

43+13
50+13
48+1.3
10.2+2.7
78+21
149+121
8.5+6.2
7.7+35
36.0+14.4
241+89
265+44
12.2+0.1
6.4+1.0
3.9+0.7
12.2+£3.5
40+2.4
10.6+2.1
45+1.6
49+1.0
10.3+2.6
7.4+3.7
455+13

34177

2|Csp is the drug concentration effective in inhibitif@% of the cell viability measured by WST-1 celbliferation assay after 3 days of
exposure. The data were presented as the mearfro® = 3.

® Human androgen-insensitive prostate cancer caldierived from bone metastasis of prostate tumor
¢ Human androgen-insensitive prostate cancer oaldierived from brain metastasis of prostate tumor
9 Human androgen-sensitive prostate cancer celtlémized from lymph node metastasis of prostateotum

Table 2. Anti-Proliferative Activity of 3O-Substituted-3',4',7-trimethoxyflavonono&1{30; 67-81)

10



Compd

ICs0 (UM)°

R PC-3 DU145 LNCaP
5 H 199+34 249120 245+45
21 Methyl 149+4.1 30.8+17.1 156+4.6
22 Ethyl 85+1.7 59.8 +5.2 30.2+12.2
23 Propyl 10.0£7.0 24.3+8.9 6.2+29
24 Butyl 141+6.6 26.3 £6.5 9424
25 Pentyl 203+1.7 33.2+1.0 17.7+1.2
26 Hexyl 423 %45 64.4£12.3 19.6+3.4
27 Heptyl 25.7+13.0 127.2 £45.6 229+57
28 Isopropyl 38.0+£8.0 103.1 £ 13.0 271122
29 SeeButyl 22.0+3.0 > 50 13.5+£3.2
30 Pentan-2-yl 39.0+9.1 > 50 12.2+1.8
67 (N,N-Dibutylamino)propyl 19+04 11.8+1.7 55+1.1
68 (N,N-Dibutylamino)butyl 3.2+0.2 16.5+1.0 7.1+£1.3
69 (N,N-Dibutylamino)pentyl 52+1.38 26.0+£2.8 12.4 60.
70 Morpholinopropyl 124 +£5.9 41.3+13.6 32.2+12.3
71 Morpholinobutyl 9.1+3.3 119.9+55 10.0+45
72 Morpholinopentyl 95+1.3 346146 11.1+28
73 Piperidinopropyl 245+56 > 50 30.7 £10.7
74 Piperidinobutyl 16.3+4.4 > 50 16.1 +6.3
75 Piperidinopentyl 89+1.2 27.1+7.2 11.0+3.2
76 (4-Methylpiperazin-1-yl)propyl 0.79£0.17 20.1 A6 6.0+£04
77 (4-Methylpiperazin-1-yl)butyl 0.62 +0.10 34.7 9. 46+0.7
78 (4-Methylpiperazin-1-yl)pentyl 1.6+0.8 22.1+3.1 57+13
79 Pyrrolidinopropyl 0.82 +0.10 21.3+2.1 45+22
80 Pyrrolidinobutyl 42+05 25.0+26 74+13
81 Pyrrolidinopentyl 0.54 £0.31 154 +58 6.3+14
Quercetin - >100 >100 455+1.3

11



Fisetin - > 50 > 50 34.1+7.7

2]Csp is the drug concentration effective in inhibitif@% of the cell viability measured by WST-1 celbliferation assay after 3 days of
exposure. The data were presented as the mearfro® = 3.

® Human androgen-insensitive prostate cancer caldierived from bone metastasis of prostate tumor

¢ Human androgen-insensitive prostate cancer o&ldierived from brain metastasis of prostate tumor

4 Human androgen-sensitive prostate cancer celbli@mwed from lymph node metastasis of prostateotum

2.3 Anti-proliferative activity towards MCF 10A and PWR-1E non-neoplastic human epithelial
cell lines

One parent flavonob, and three 3-substitutedflavonols}2, 76, and81, together with two naturally
occurring flavonols, quercetii) and fisetin 2), were selected for further evaluation against MIOR
non-neoplastic human mammary epithelial cell limel @WR-1E non-neoplastic human prostate
epithelial cells. It is arguable whether the MCRAldlls can truly represent normal human mammary
cells [26] and it was believed by Rhim and co-weosk@ 7] that PWR-1E immortalized human prostate
epithelial cell model stands for an early stageuimor progression. They are therefore called non-
neoplastic cell models rather than normal cell nedéour synthetic flavonol$(42, 76, and81) were
chosen based on the following grounBsepresents the more potent parent flavosdaljs the most
potent 30-substituted-3',4'-dimethoxyflavonol considering dverall potency towards three prostate
cancer cell models/6 and81 are the most promising G-substituted-3',4',7-trimethoxyflavonols. As
shown in Table 3, two natural flavonols, fiset®) &nd quercetinl), demonstrate significantly higher
capability of suppressing non-neoplastic cell (MCBA and PWR-1E) proliferation than prostate
cancer cell proliferation. The parent flavonol,033',4',7-trimethoxyflavonol §), did not exhibit
significantly differential responses to prostatena= cells and to non-neoplastic MCF 10A cells.
However, it doesn’t demonstrate apparent antipaiive activity towards PWR-1E non-neoplastic
epithelial cells up to 50 UM concentration. Int¢éiregly, the 3O-substituted-3',4'-dimethoxyflavonol
42 and the 39-substituted-3',4',7-trimethoxyflavonol§ and81 illustrate good selectivity of inhibiting

prostate cancer cell proliferation over non-nedpmalICF 10A and PWR-1E human epithelial cell

12



proliferation (Table 3), suggesting that modificatiat 3-OH of 3',4'-dimethoxyflavonol and 3',4',7-
trimethoxyflavonol improves the antiproliferative@tpncy only towards prostate cancer cells but not

non-neoplastic epithelial cells.

Table 3. Antiproliferative activity of selected derivativagainst MCF-10A and PWR-1E

compound ICs0(1M)?
PC-3 DuU145 LNCaP MCF 10A PWR-1E

Fisetin > 5C > 50 34.1+7.7 244 £0.27 5.39 £1.16
Quercetin > 10( > 100 455+1.3 11.97+1.49 15.08 £1.41
5 19.9+34 249+120 24545 2395505 >50

81 054+0.3 154+5.8 6.3x14 35.69 + 7.69 > 50

76 0.79+0.2 20.1+6.1 6.0+x04 33.75+14.22 >50

42 1.4+£0.2 7617 2415 20.93+£0.81 > 50

2|Csy is the drug concentration effective in inhibitif@% of the cell viability measured by WST-1 celbliferation assay after 3 days of
exposure. The data were presented as the mearfro@ = 3.

2.4 Cell Cycle Regulation and Cell Apoptosis Indumn:

It has been demonstrated that quercetin artrfjsas two naturally occurring flavonols, possesis
cycle perturbation properties in the androgen-isgee PC-3 human prostate cancer cell line by
arresting cell cycle at 48V phase [12,15]. -Substitued-3',4'-dimethoxyflavondP can induce PC-3
cell cycle arrest at the G2/M phase as well, asrted in our earlier study [19]. The effect of 374
trimethoxyflavonol5 and two 3©-substituted-3',4',7-trimethoxyflavonofé and81 at 10 uM and 20
UM on the PC-3 cell cycle was assessed using figaneetric analysis with propidium iodide DNA
staining. 3',4',7-trimethoxyflavonols) arrests PC-3 cell cycle at they/G; phase in 16 hours by
increasing PC-3 cell population. In contrast, tw®-3ubstituted-3',4',7-trimethoxyflavonof$é and81
induce PC-3 cell cycle at the S phase in 16 hdrs.above-mentioned data imply that modification of

3-OH of 3',4',7-trimethoxyflavonol can alter itgreatory effect on PC-3 cell cycle.

13



The PC-3 cell proliferation inhibition of queraetand fisetin, two naturally occurring flavonolgsh
been revealed to be associated with cell apopfasimotion [28-30]. The F2N12S and SYTOX
AADVanced double staining assay in a flow cytometas used for the discrimination between early
apoptotic PC-3 cells and late apoptotic/necrotiePeells when treated with one parent flavodaind
three 30-substitutedflavonols4@, 76, and81) at 0, 5, 10 and 20 uM concentrations for 16 he Th
known apoptotic inducer staurosporine was usedhagpositive control in apoptotic experiments. As
illustrated in Figure 2, ®-substituted-3',4'-dimethoxyflavondP, 3',4',7-trimethoxyflavonoly), and
3-O-pyrrolidinopentyl-3',4',7-trimethoxyflavonoB() can significantly activate apoptotic cell death i
the androgen-insensitive PC-3 prostate cancerlioellin a dose-dependent manner after a 16-hour
treatment. Specifically, treatment 42, 5, and81 at 5 pM can lead to 45%, 37%, and 59% of PC-3
cells in early phase of apoptosis as compared aaittrol cells; exposure of PC-3 cells4® 5, and81

at 10 pM induces 80%, 79%, and 77% early apoptits together with 5%, 2%, and 3% late
apoptotic/necrotic cells; 20 uM df2, 5, and81 activates notable apoptosis as well, with 93%, 90%
and 92% early apoptotic cells and 4%, 2%, and 48 &poptotic/necrotic cells. All these three
flavonols @2, 5, and81) promote androgen-insensitive PC-3 cell apoptagish more effectively than
the known apoptotic inducer staurosporine (Figyrdr2contrast, treatment of the PC-3 cells wit®-3-
(4-methylpiperazin-1-yl)propyl-3',4',7-trimethoxgflonol 76) up to 100 uM high concentration only
led to 7% early apoptotic cells. It is worth notitigat 3O-(4-methylpiperazin-1-yl)propyl-3',4',7-
trimethoxyflavonol {6) induces PC-3 cell death in a completely differemay from 3O-
pyrrolidinopentyl-3',4',7-trimethoxyflavonol8() even though they both belong toO3substituted-
3',4',7-trimethoxyflavonols and exhibit similar paty in inhibiting PC-3 cell proliferation, suggest
that the action of mechanism for each specifi®-8ubstitutedflavonol varies with different amino

moiety.
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2.51n vivo pharmacokinetic studies

To evaluate if the ®-substituted-flavonols with significantly improveud vitro anticancer activities
could also possess greater bioavailability, wectetethree of the most promising derivativé43, 76,

and 81, together with one naturally occurring flavonakétin), for pharmacokinetic studies in rats.
Sprague Dawley rats, a species that are more doitdzoavailability study, were chosen in thisdju

as the animal models for the pharmacokinetic studibe animals administered with fise#2, 76, or

81, via oral gavage at a single dose of 10 mg/kg,ldodd samples were collected at 1, 3, 6, 8, and 24
h after oral administration. Plasma was preparenh fthe blood samples and was analyzed by HPLC-
MS/MS for determination of drug concentration asaled in the Experimental Section. The PK
parameters for fisetin cannot be calculated becasiggasma concentrations can barely be achievved a
1h time point, implying the poor pharmacokinetiofge of fisetin. Summarized in Table 4 are the
pharmacokinetic parameters for thre®©-3ubstituted flavonols4@, 76, or 81), which lead to the
conclusion that they gain the obvious improvemartheir bioavailability with the peak concentration
at 5773 ng/mL (12.36 puM), 894 ng/mL (1.92 uM), d7@ ng/mL (0.37 uM), respectively. Among the
three 30O-substituted-flavonols42 gains the greatest improvement in its bioavaiighilits peak
concentration at 5773 ng/mL (12.36 puM) is far exiveg its 1G, values ranging from 1.4-7.6 pM in
three human prostate cancer cell lines. It is thggal to conclude that the excellent bioavaildpibf

42, as demonstrated by its high peak plasma cond¢emrand AUC value, will provide the therapeutic

efficacy necessary to suppreéssivotumor growth.
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Table 4.

Pharmacokinetic parameters ##, 76, and81

Parameter Unit 42 76 81
Lambda_ 1/h 0.18 0.079 0.074
t1/2 h 3.67 8.63 9.39
Tmax h 1 8 3
Cma ng/ml| 5773.0 893.9 171.¢1
Tlag h 0 0 0
Clast_obs/Cmze 0.0004 0.044 0.0z6
AUC G-t ng/ml*h 51805.18 16599.:3 2947.1
AUC C-inf_obs ng/ml*h 51820.3 17101.9 3032.2
AUC C-t/0-inf_obs 1.0C 0.¢7 0.¢7
AUMC 0-inf_obs  ng/ml*h/2 343077.1 2708752C 39656.4
MRT C-inf_obs h 6.€2 15.¢4 13.(8
Vz/F_ob: (mg/kg)/(ng/mli 0.0011 0.00%4 0.045
(mg/kg)/(ng/ml)
CIl/F_obs h 0.0003 0.000% 0.0038

3. CONCLUSION

To further investigate the in-depth structure-attivelationships of 3-substitutedflavonols, sixty-
three 30O-substituted-3',4'-dimethoxyflavonols andO8substituted-3',4',7-trimethoxyflavonols have
been synthesized for anti-proliferative evaluatiorboth androgen-sensitive (LNCaP) and androgen-
insensitive (PC-3 and DU145) prostate cancer crlesl Forty-six out of sixty-three Q-
substitutedflavonols are significantly more potémén naturally occurring flavonols quercetin and
fisetin, with the optimal 3-substitutedflavonol being up to 808-fold more potéhan fisetin and
quercetin. The acquired structure-activity relasiop data indicated that i) 1-methylpiperazine,

pyrrolidine, and dibutylamine serve as optimal amgroups for notably improvenh vitro potency;
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and ii) a 3-carbon to 5-carbon linker contributesstubstantially improved antiproliferative effeat i
prostate cancer cell models. Interestingly, incoxpon of an appropriate amino group to 3-OH of'3',
dimethoxyflavonol and 3',4',7-trimethoxyflavonolrdigh a 3- to 5-carbon linker can substantially
improve thean vitro antiproliferative potency in three human prostatecer cell models, but not in two
non-neoplastic human epithelial cell models (MCR Ehd PWR-1E). It is worth noting thatG34-
methylpiperazin-1-yl)propyl-3',4',7-trimethoxyflanol (76) induces PC-3 cell death in a completely
different way from 39-pyrrolidinopentyl-3',4',7-trimethoxyflavonoB() even though they belong to
3-O-substituted-3',4',7-trimethoxyflavonols and exhilsimilar potency in inhibiting PC-3 cell
proliferation, suggesting that the action of mecat@anfor each specific &-substitutedflavonol varies
with different amino moiety. Pharmacokinetic stigdie rat model identified compourt possesses
the excellent bioavailability, as demonstratedtbyhigh peak plasma concentration and AUC value. 3-
O-(N,N-Dibutylamino)-propyl-3',4'-dimethoxyflavono#ip) has been established as the most promising
derivative at this point because of its substdgti@hproved potency in cell models, superior
bioavailability in rats, and good antiproliferatigelectivity of prostate cancer cells over non-mhastc

human epithelial cells.

4. EXPERIMENTAL SECTION

4.1. General Procedures.

HRMS were obtained on an Orbitrap mass speetemwith electrospray ionization (ESI). IR
spectra were recorded on a Nicolet Nexus 470 Fpittsophotometer. NMR spectra were obtained
on a Bruker Fourier 300 spectrometer in CPCThe chemical shifts are given in ppm referencethé
respective solvent peak, and coupling constantgegyerted in Hz. All reagents and solvents were
purchased from commercial sources and were usdtbwtitfurther purification. Silica gel column

chromatography was performed using silica gel (3246n). Preparative thin-layer chromatography
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(PTLC) separations were carried out on thin lay@omatography plates loaded with silica gel 60
GF254 (EMD Millipore Corporation, MA, USA). The pties of biologically tested compounds are
95% as determined by HPLC. Specifically, the ma@ak accounted for 95% of the combined total
peak area when monitored by a Diode Array Dete@#D) at 325 + 100 nm. The HPLC analyses
were performed on an Agilent Hewlett Packard 11@6ieS HPLC DAD system using a 5 utMsC

reversed phase column (4.6 mm x 250 mm) and a DAodsy Detector.

4.2. The general procedure for the synthesis of @-alkyl-3',4'-dimethoxyflavonols (11-20)

The solution of 3',4'-dimethoxyflavonol (50 mg, D.camol) and potassium carbonate (70 mg, 0.51
mmol, 3.0 equiv.) in DMF (0.5 mL) was stirred fod Inin at R.T.. To this solution was added an
appropriate alkyl iodide or alkyl bromide (0.51 mm®.0 equiv.) through syringe, the reaction was
kept at room temperature over 12 h until the stgrinaterial was consumed as detected by TLC
(dichloromethane/methanol, 100/3, v/v). The mixtwas poured into ice water (3.0 mL), and the
solution was extracted with ethyl acetate threeesinThe combined extracts were sequentially rinsed
with saturated sodium bicarbonate and brine, doiet anhydrous sodium sulfate, and concentrited
vacuoto give a crude mass, which was purified by PTU@img with dichloromethane/methanol
(100/3, v/v) to furnish the respective(alkyl-3',4'-dimethoxyflavonols. The yields and spal data
for compounddl], 12, 13, 14, 15, 16, 17, and18 have been reported in the supporting informatibn o
our previous Letter report [19]. HPLC purity #r97.5% (30 min run of 45-80% GBN in H,O, with
15 min gradient, 1.0 mL/min). HPLC purity fad is 95.7% (30 min run of 45-80% GEN in HO,
with 15 min gradient, 1.0 mL/min). HPLC purity fa2 is 99.5% (30 min run of 45-80% GEN in
H>0, with 15 min gradient, 1.0 mL/min). HPLC purityrfl3is 96.7% (30 min run of 45-80% GEN
in H,O, with 15 min gradient, 1.0 mL/min). HPLC puritgrf14 is 98.8% (30 min run of 45-80%
CHsCN in H,O, with 15 min gradient, 1.0 mL/min). HPLC purityrfl5is 95.1% (30 min run of 45-80%

CHsCN in H,O, with 15 min gradient, 1.0 mL/min). HPLC purityrfl6is 95.1% (30 min run of 45-80%
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CHsCN in H,O, with 15 min gradient, 1.0 mL/min). HPLC purityrfl7 is 99.7% (30 min run of 45-80%
CHsCN in H,O, with 15 min gradient, 1.0 mL/min). HPLC purityrfl8is 97.6% (30 min run of 45-80%

CHsCN in HO, with 15 min gradient, 1.0 mL/min).

4.2.1. 3-O-Sec-butyl-3',4'-dimethoxyflavontd)(

This derivative was achieved in 67% yield as agytR (film) vimax 2965, 2931, 1634, 1614, 1614,
1598, 1557, 1509 cih'H NMR (300 MHz, CDGY) 6 8.25 (dd,J = 8.0, 1.4 Hz, 1H), 7.84 (d,= 1.9
Hz, 1H), 7.77 (ddJ = 8.5, 2.0 Hz, 1H), 7.66 (ddd,= 8.4, 6.9, 1.5 Hz, 1H), 7.53 (d= 8.3 Hz, 1H),
7.39 (t,J = 7.2 Hz, 1H), 6.99 (d] = 8.6 Hz, 1H), 4.58 (sextel,= 6.3 Hz, 1H), 3.971 (s, 3H), 3.965 (s,
3H), 1.80 — 1.65 (m, 1H), 1.57 — 1.45 (m, 1H), 1(d2J = 6.2 Hz, 3H), 0.91 (t) = 7.5 Hz, 3H)**C
NMR (75 MHz, CDC}) 6 175.5, 156.2, 155.3, 151.0, 148.4, 138.8, 133.8,912124.6, 124.2, 124.2,
122.5, 118.0, 112.5, 110.6, 79.3, 56.1, 56.1, 29974, 9.9. HR-MS (ESIjn/z calcd for GiH2,05
[M+H]*: 355.1545; found 355.1540. HPLC purity 96.9% (30 nun of 45-80% CHCN in H,0, with

15 min gradient, 1.0 mL/min).

4.2.2. 3-O-(Pentan-2-yl)-3',4'-dimethoxyflavon20)

This derivative was achieved in 20% vyield ayp. IR (film)vnax 2957, 2930, 2870, 1634, 1614,
1598, 1558, 1509 cih'H NMR (300 MHz, CDGCJ) 6 8.24 (dd,J = 8.0, 1.6 Hz, 1H), 7.84 (d,= 2.0
Hz, 1H), 7.77 (ddJ = 8.5, 2.1 Hz, 1H), 7.66 (ddd,= 8.6, 7.1, 1.7 Hz, 1H), 7.53 (d= 8.0 Hz, 1H),
7.38 (ddd,J = 8.0, 7.1, 1.0 Hz, 1H), 6.98 (d= 8.7 Hz, 1H), 4.67 (sextel= 6.1 Hz, 1H), 3.97 (s, 3H),
3.96 (s, 3H), 1.77 — 1.60 (m, 1H), 1.53 — 1.34 8id), 1.10 (d,J = 6.2 Hz, 3H), 0.88 () = 7.2 Hz,
3H). ¥®*C NMR (75 MHz, CDCJ) § 175.5, 156.1, 155.3, 151.0, 148.4, 138.8, 133.5,912124.6,
124.3, 124.2, 122.4, 118.0, 112.5, 110.7, 77.81,585.0, 39.2, 19.91, 18.87, 14.3. HR-MS (E8I}%
calcd for GoH2405 [M+H]™: 369.1702; found 369.1695. HPLC purity 95.0% (3@ mun of 45-80%

CHsCN in HO, with 15 min gradient, 1.0 mL/min).
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4.3. The general procedure for the synthesis of @-aminoalkyl-3',4'-dimethoxyflavonols (36-63)

The solution of 3',4'-dimethoxyflavonod,(50 mg, 0.17 mmol) and potassium carbonate (70 mg,
0.51 mmol, 3 equiv.) in DMF (0.5 mL) was stirred rmom temperature for 10 min before an
appropriate alkyl dibromide (0.51 mmol, 3 equiv.asvadded through a syringe. The reaction was
allowed to proceed at room temperature over 12th tne starting material was fully consumed as
indicated by TLC (dichloromethane/methanol, 10@/¥). The reaction mixture was poured into ice
water (3.0 mL), and the subsequent mixture wasetad with ethyl acetate three times. The combined
organic extracts were sequentially rinsed with st sodium bicarbonate and brine, dried over
anhydrous sodium sulfate, and concentratedacuoto generate a crude product. To the solution of
this crude product in DMF (0.5 ml) was added poatas<arbonate (0.51 mmol, 3 equiv.), the mixture
was stirred for 10 min. The appropriate amine (@i was added to the reaction mixture through a
syringe, and the subsequent reaction mixture waedtat room temperature over 12 h until no starti
material was detected by TLC (dichloromethane/medhal00/3, v/v). The mixture was poured into
ice water (3.0 mL), and the mixture was extractéti ethyl acetate three times. The combined exdract
were sequentially rinsed with saturated sodiumrbmaate and brine, dried over anhydrous sodium
sulfate, and concentratéad vacuoto give a crude product, which was subjected tb@®Ppurification
using dichloromethane/methanol (100/3, v/v) asrlu€he respective ®-dialkylaminoalkyl-3',4',5'-
trimethoxyflavonol was retrieved from PTLC silical gy washing with dichloromethane/diethylamine
(100/3, viv). The yields and spectral data for commus42, 43, 44, 48, 49, and50 have been reported
in the supporting information of our previous LefftE9]. HPLC purity for42is 95.3% (30 min run
of 15-75% CHCN in aqueous solution of ammonium formate (1.2&gnonium formate in
1000 mL water), with 15 min gradient, 1.0 mL/miR)PLC purity for43is 95.8% [30 min run of
15-75% CHCN in aqueous ammonium formate solution (1.26 g 3890 mL water), with 15 min

gradient, 1.0 mL/min]HPLC purity for44 is 97.9% (30 min run of 45-80% GEN in in
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aqueous solution of ammonium formate (1.26 g amamrformate in 1000 mL water), with
15 min gradient, 1.0 mL/min). HPLC purity fdBis 95.6% (30 min run of 15-75% GEN in
aqueous solution of ammonium formate (1.26 g amomrfiormate in 1000 mL water), with
15 min gradient, 1.0 mL/min). HPLC purity f80is 97.0% (30 min run of 45-80% GEN in
aqueous solution of ammonium formate (1.26 g amaomrformate in 1000 mL water), with
15 min gradient, 1.0 mL/min). HPLC purity f&O-Mopholinobutyl-3',4'-dimethoxyflavonol
(49) is 96.5% (30 min run of 45-80% GEN in aqueous solution of ammonium formate (1.26

g ammonium formate in 1000 mL water), with 15 miadjent, 1.0 mL/min).

4.3.1. 3-O-(N,N-Diethylamino)propyl-3',4'-dimeth@ayonol 36)

This derivative was achieved in 88% overalld/iior two steps as a syrup. IR (film}ax 2964,
2835, 1635, 1614, 1599, 1559, 1510%ch NMR (300 MHz, CDCJ) & 8.22 (dd,J = 8.0, 1.5 Hz, 1H),
7.74 (ddJ = 8.5, 2.0 Hz, 1H), 7.70 (d,= 1.9 Hz, 1H), 7.64 (ddd,= 8.6, 7.1, 1.6 Hz, 1H), 7.50 (@=
8.2 Hz, 1H), 7.36 (br.d] = 7.2 Hz, 1H), 6.97 (d] = 8.5 Hz, 1H), 4.07 (] = 6.5 Hz, 2H), 3.94 (s, 6H),
2.54 (t,J = 7.5 Hz, 2H), 2.47 (q] = 7.2 Hz, 4H), 1.87 (quin] = 7.2 Hz, 2H), 0.96 () = 7.1 Hz, 6H).
3C NMR (75 MHz, CDCJ) 6 175.1, 155.8, 155.2, 151.2, 148.7, 140.1, 133.5,812124.6, 124.2,
123.6, 122.4, 118.0, 111.7, 110.8, 71.4, 56.1,,580@8, 46.9, 28.0, 11.6. HR-MS (E®hyz calcd for
Ca4H20NOs [M+H]™: 412.2124; found 412.2118. HPLC purity 95.3% (30 ran of 45-80% CKCN in
aqueous solution of ammonium formate (1.26 g amomrformate in 1000 mL water), with 15 min

gradient, 1.0 mL/min).

4.3.2. 3-O-(N,N-Diethylamino)butyl-3',4'-dimethdaybnol 37)
This derivative was achieved in 90% overallld/itor two steps as a syrup. IR (film)ax 2963,
2797, 1635, 1614, 1599, 1560, 1511 cid NMR (300 MHz, CDCY) ¢ 8.22 (d,J = 8.0 Hz, 1H), 7.75-

7.73 (overlapped, 2H), 7.70 — 7.61 (m, 1H), 7.50( 8.4 Hz, 1H), 7.37 (1) = 7.5 Hz, 1H), 6.98 (d]
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= 8.3 Hz, 1H), 4.04 () = 6.6 Hz, 2H), 3.95 (s, 6H), 2.49 @= 7.2 Hz,4H), 2.43 () = 7.8 Hz, 2H),
1.72 (quin,Jd = 7.2 Hz, 2H), 1.53 (quin] = 7.2 Hz, 2H), 0.98 (1] = 7.2Hz, 6H).X*C NMR (75 MHz,
CDCl) ¢ 175.1, 155.8, 155.2, 151.2, 148.6, 140.2, 133.5,9,2124.7, 124.2, 123.6, 122.4, 118.0,
111.7, 110.8, 72.6, 56.1, 56.1, 52.5, 46.8, 28342,211.6. HR-MS (ESIjn/z calcd for GsH31NOs
[M+H]™: 426.2280; found 426.2273. HPLC purity 95.1% [3@hmun of 45-80% acetonitrile in
ammonium formate solution (1.26 g ammonium format&000 mL water), with 15 min gradient, 1.0

mL/min].

4.3.3. 3-O-(N,N-Diethylamino)pentyl-3',4'-dimethfixyonol (38)

This derivative was achieved in 85% overalld/iior two steps as a syrup. IR (film}ax 2933,
1636, 1614, 1599, 1559, 1511 ¢n*H NMR (300 MHz, CDCY) ¢ 8.23 (dd,J = 8.0, 1.2 Hz, 1H), 7.80
—7.70 (m, 2H), 7.64 (ddd,= 8.7, 6.9, 1.5 Hz, 1H), 7.51 (d= 8.3 Hz, 1H), 7.37 (J = 7.2 Hz, 1H),
6.98 (d,J = 9.1 Hz, 1H), 4.01 () = 6.7 Hz, 2H), 3.95 (s, 3H), 3.94 (s, 3H), 2.50& 7.2 Hz, 4H),
2.38 (t,J = 8.1 Hz,2H), 1.74 (quin] = 7.2 Hz, 2H), 1.47-1.34(overlapped, 4H), 0.99)( 7.2 Hz,
6H). 3C NMR (75 MHz, CDCG4) 0 175.1, 155.8, 155.2, 151.2, 148.6, 140.2, 133.3,91224.7, 124.3,
123.7,122.3, 118.0, 111.8, 110.8, 72.7, 56.1,,521/, 46.9, 30.3, 26.6, 24.1, 11.5. HR-MS (E&8/2
calcd for GgHasNOs [M+H]™": 440.2437; found 440.2428. HPLC purity 97.2% (30 nun of 45-80%
CHsCN in aqueous solution of ammonium formate (1.2&ngmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.3.4. 3-O-(N,N-Dipropylamino)propyl-3',4'-dimettydbavonol 39)

This derivative was achieved in 44% overalld/iior two steps as a syrup. IR (film}ax 2955,
2871, 1636, 1614, 1599, 1559, 1511chd NMR (300 MHz, CDCJ) & 8.24 (dd,J = 8.0, 1.4 Hz, 1H),
7.75 (ddJ = 8.5, 2.0 Hz, 1H), 7.71 (d,= 1.9 Hz, 1H), 7.66 (ddd,= 8.6, 7.1, 1.6 Hz, 1H), 7.52 (@=
8.0 Hz, 1H), 7.39 (ddd] = 7.8, 7.2, 0.9 Hz, 1H), 6.99 (d= 8.5 Hz, 1H), 4.07 (] = 6.4 Hz, 2H), 3.96

(s, 6H), 2.63 (br.s, 2H), 2.40 (t,= 6.3 Hz, 4H),1.93 (quin] = 7.2 Hz, 2H), 1.44 (sextel,= 7.5 Hz,
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4H), 0.83 (t,J = 7.3 Hz, 6H)**C NMR (75 MHz, CDC}) 6 175.1, 155.9, 155.3, 151.3, 148.8, 140.1,
133.4, 125.9, 124.7, 124.3, 123.6, 122.5, 118.0,741110.9, 71.3, 56.2, 56.1, 56.0, 51.1, 27.83,19.
11.9. HR-MS (ESIm/z calcd for GgHasNOs [M+H]*: 440.2437; found 440.2429. HPLC purity 97.8%
(30 min run of 15-70% C¥CN in aqueous solution of ammonium formate (1.26vmgnonium formate

in 1000 mL water), with 15 min gradient, 1.0 mL/min

4.3.5. 3-O-(N,N-Dipropylamino)butyl-3',4'-dimeth&ayonol @0)

This derivative was achieved in 64% overall yiedd two steps as a syrup. IR (filmhax 2954,
2870, 1636, 1614, 1599, 1560, 1511°chd NMR (300 MHz, CDCJ) & 8.24 (dd,J = 8.0, 1.4 Hz, 1H),
7.78-7.74 (overlapped, 1H), 7.74 (s, 1H), 7.66 (ddd 8.7, 6.9, 1.5 Hz, 1H), 7.52 (d= 8.2 Hz, 1H),
7.38 (t,J = 7.5 Hz, 1H), 6.99 (d] = 8.3 Hz, 1H), 4.04 (1 = 6.6 Hz, 2H), 3.962 (s, 3H), 3.957 (s, 3H),
2.49 (t,J = 7.6 Hz, 2H), 2.39 () = 8.3 Hz, 4H), 1.74 (quin] = 7.3 Hz, 2H), 1.62-1.57 (overlapped,
2H), 1.44 (sextet] = 7.4 Hz, 4H), 0.84 (] = 7.3 Hz, 6H)°C NMR (75 MHz, CDC}) 6 175.2, 155.8,
155.3, 151.2, 148.7, 140.2, 133.4, 125.9, 124.4,3.12123.7, 122.4, 118.0, 111.8, 110.9, 72.6, 56.2,
56.1, 56.0, 53.7, 28.3, 23.2, 19.9, 12.0. HR-MSIYESz calcd for GHzsNOs [M+H]": 454.2593;
found 454.2581. HPLC purity 96.7% (30 min run of-8® CHCN in aqueous solution of

ammonium formate (1.26 g ammonium formate in 10Q@0water), with 15 min gradient, 1.0 mL/min).

4.3.6. 3-O-(N,N-Dipropylamino)pentyl-3',4'-dimetlgfizavonol @1)

This derivative was achieved in 69% overalld/ior two steps as a syrup. IR (film}ax 2932,
2869, 2797, 1636, 1614, 1599, 1560, 1511 citd NMR (300 MHz, CDC}) 6 8.24 (dd,J = 8.0, 1.4
Hz, 1H), 7.78 — 7.73 (overlapped, 2H), 7.65 (ddid, 8.6, 7.2, 1.6 Hz, 1H), 7.52 (d,= 8.2 Hz, 1H),
7.38 (dddJ = 8.6, 6.9, 0.9 Hz, 1H), 6.99 (d= 9.0Hz, 1H), 4.03 (t) = 6.7 Hz, 2H), 3.96 (s, 3H), 3.95
(s, 3H), 2.37 (gJ = 7.5 Hz, 6H), 1.74 (quinl = 6.9 Hz, 2H), 1.50 — 1.33 (overlapped, 8H), Qi83 =
7.4 Hz, 6H)."*C NMR (75 MHz, CDC)) § 175.1, 155.8, 155.3, 151.2, 148.7, 140.2, 133.3,912

124.7, 124.3, 123.7, 122.4, 118.0, 111.8, 110.8(,7/5b.2, 56.14, 56.08, 54.1, 30.3, 26.6, 24.01,20.
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12.0. HR-MS (ESI)n/z calcd for GgH3;NOs [M+H] ™ 468.2750; found 468.2739. HPLC purity 97.3%
(30 min run of 45-80% C¥CN in aqueous solution of ammonium formate (1.26vmmonium formate

in 1000 mL water), with 15 min gradient, 1.0 mL/min

4.3.7. 3-O-(N,N-Diamylamino)propyl-3',4'-dimethdaybnol @5)

This derivative was achieved in 46% overalld/ior two steps as a syrup. IR (film}ax 2952,
2929, 2858, 1637, 1615, 1600, 1560, 1511"citd NMR (300 MHz, CDC}) ¢ 8.24 (dd,J = 8.0, 1.4
Hz, 1H), 7.76 (dd, = 8.7, 1.8 Hz,1H), 7.72 (d,= 1.8 Hz), 7.65 (ddd] = 8.4, 7.2, 1.8 Hz, 1H), 7.52 (d,
J=8.2 Hz, 1H), 7.38 (] = 7.1 Hz, 1H), 6.98 (d] = 8.5 Hz, 1H), 4.08 (t] = 6.5 Hz, 2H), 3.96 (s, 6H),
2.56 (t,J = 6.6 Hz. 2H), 2.37 (tJ = 8.1 Hz, 4H), 1.89 (quin] = 6.9 Hz, 2H), 1.56 — 1.12 (m, 12H),
0.85 (t,J = 6.8 Hz, 6H)*C NMR (75 MHz, CDCJ) ¢ 175.1, 155.8, 155.2, 151.2, 148.7, 140.1, 133.3,
125.9, 124.7, 124.3, 123.6, 122.4, 118.0, 111.9,81171.4, 56.1, 56.1, 54.1, 52.2, 51.1, 35.6,,29.8
28.0, 26.6, 26.5, 22.8, 22.7, 14.2. HR-MS (ESI% calcd for GoH4NOs [M+H]™: 496.3063; found
496.3055. HPLC purity 95.3% (30 min run of 15-75%IsCN in aqueous solution of ammonium

formate (1.26 g ammonium formate in 1000 mL wateh 15 min gradient, 1.0 mL/min).

4.3.8. 3-O-(N,N-Diamylamino)butyl-3',4'-dimetho=ytbnol ¢6)

This derivative was achieved in 55% overall yiadd tiwo steps as a syrup. IR (film}ax 2929,
2859, 1636, 1615, 1599, 1560, 1511°chd NMR (300 MHz, CDCJ) & 8.24 (dd,J = 8.0, 1.4 Hz, 1H),
7.77 (ddJ=7.5, 2.1 Hz,1H), 7.75 (s, 1H),7.65 (ddd; 8.4, 6.9, 1.8 Hz, 1H), 7.52 (@= 8.2 Hz, 1H),
7.38 (t,J = 7.1 Hz, 1H), 6.98 (d] = 8.5 Hz, 1H), 4.04(t) = 6.5 Hz, 2H), 3.95(s, 6H), 2.42 (t= 8.4
Hz, 2H), 2.36 (tJ) = 7.2 Hz, 4H), 1.73 (quird = 7.5 Hz, 2H), 1.58— 1.12 (m, 12H), 0.85)& 6.8 Hz,
7H). 3C NMR (75 MHz, CDC4) 0 175.1, 155.8, 155.2, 151.2, 148.7, 140.1, 133.3,91224.7, 124.3,
123.6, 122.4, 118.0, 111.7, 110.8, 71.4, 56.1,,58411, 52.2, 51.1, 35.6, 29.8, 28.0, 26.6, 26258,2
22.7, 14.2. HR-MS (ESIn/z calcd for GiH43NOs [M+H]™: 510.3219; found 510.3213. HPLC purity

95.0% (30 min run of 45-80% GBN in aqueous solution of ammonium formate (1.2&8rgnonium
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formate in 1000 mL water), with 15 min gradien) inL/min).

4.3.9. 3-O-(N,N-Diamylamino)pentyl-3',4'-dimethdaybnol @7)

This derivative was achieved in 46% overalld/iior two steps as a syrup. IR (film}ax 2929,
2859, 1636, 1615, 1599, 1560, 1511"ciH NMR (300 MHz, CDCY) ¢ 8.23 (dd,J = 8.0, 1.3 Hz,
1H),7.75 (ddJ = 4.3, 2.5 Hz, 2H), 7.65 (ddd,= 8.6, 7.1, 1.6 Hz, 1H), 7.51 (d= 8.3 Hz, 1H), 7.37
(ddd,J = 7.8, 7.2, 0.9 Hz, 1H), 6.98 (d= 9.1 Hz, 1H), 4.02 (t] = 6.7 Hz, 2H), 3.96 (s, 3H), 3.95 (s,
3H), 2.38 (tJ = 7.8 Hz, 6H), 1.75 (quin] = 6.9 Hz, 2H), 1.60 — 1.12 (m, 16H), 0.91 — 0.81, 6H).

3%C NMR (75 MHz, CDCJ) § 175.1, 155.7, 155.2, 151.2, 148.6, 140.2, 133.5,912124.7, 124.3,
123.7, 122.3, 118.0, 111.8, 110.8, 72.7, 56.1,,3%411, 54.0, 52.2, 35.6, 30.3, 29.9, 26.7, 26555,2
24.1, 22.9, 22.7, 14.2. HR-MS (ESt)/z calcd for GgH47NOs [M+H]*: 538.3532; found 538.3529.
HPLC purity 95.0% (30 min run of 15-75% @EN in aqueous solution of ammonium formate (1.26 g

ammonium formate in 1000 mL water), with 15 mindjeat, 1.0 mL/min).

4.3.10. 3-O-Piperidinopropyl-3',4'-dimethoxyflavdi(51)

This derivative was achieved in 75% overalld/ior two steps as a syrup. IR (film}ax 2937,
2847, 2779, 1635, 1611, 1598, 1558, 1513'cid NMR (300 MHz, CDC}) 6 8.22 (dd,J = 8.0, 1.3
Hz, 1H), 7.73 (dd, J = 8.4, 2.1 Hz, 1H), 7.69 Jd= 1.8 Hz, 1H), 7.64 (ddd] = 8.7, 7.2, 1.5 Hz,
1H),7.51 (dJ = 8.2 Hz, 1H), 7.37 (] = 6.9 Hz, 1H), 6.97 (d] = 8.5 Hz, 1H), 4.06 (t] = 6.4 Hz, 2H),
3.95 (s, 6H), 2.45 (t] = 7.5 Hz, 2H), 2.36 (br.s, 3H), 1.93 (quih= 6.6 Hz, 2H), 1.55 (quin] = 5.7
Hz, 4H), 1.43-1.36 (m, 2H)*C NMR (75 MHz, CDC}) § 175.1, 155.9, 155.2, 151.2, 148.7, 140.1,
133.4, 125.8, 124.7, 124.2, 123.6, 122.5, 118.Q,711110.8, 71.3, 56.2, 56.1, 54.6, 27.6, 25.83.24.
HR-MS (ESI)m/z calcd for GsHagNOs [M+H]™: 424.2124; found 424.2119. HPLC purity 99.0% (30
min run of 45-80% CECN in aqueous solution of ammonium formate (1.28rgnonium formate in

1000 mL water), with 15 min gradient, 1.0 mL/min).

4.3.11. 3-O-Piperidinobutyl-3',4'-dimethoxyflavorfoR)
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This derivative was achieved in 84% overall yiedd fwo steps as a syrup. IR (film}ax 2931,
1634, 1614, 1599, 1558, 1511 ¢ntH NMR (300 MHz, CDCY) § 8.24 (dd,J = 8.0, 1.4 Hz, 1H), 7.74
(overlapped, 2H), 7.66 (ddd= 8.6, 7.1, 1.7 Hz, 1H), 7.52 (d#i= 8.4, 0.5 Hz, 1H), 7.38 (ddd= 8.1,
7.1, 1.1 Hz, 1H), 6.99 (d, = 8.4 Hz, 1H), 4.04 (t) = 6.4 Hz, 2H), 3.963 (s, 3H), 3.957 (s, 3H), 2.30-
2.45 (overlapped, 6H), 1.78-1.56 (overlapped, 8H8— 1.37 (m, 2H)**C NMR (75 MHz, CDC))
0175.1, 155.9, 155.3, 151.3, 148.7, 140.1, 133.8,91224.7, 124.3, 123.6, 122.5, 118.0, 111.7,9,10.
72.2, 58.5, 56.2, 56.1, 54.2, 28.2, 25.1, 23.9%6.28R-MS (ESI)m/z calcd for GeHzNOs [M+H] ™
438.2280; found 438.2272. HPLC purity 95.2% (30 muin of 45-80% CHCN in aqueous solution of

ammonium formate (1.26 g ammonium formate in 10Q@0water), with 15 min gradient, 1.0 mL/min).

4.3.12. 3-O-Piperidinopentyl-3',4'-dimethoxyflavb(&8)

This derivative was achieved in 91% overall yiedd fwo steps as a syrup. IR (film}ax 2931,
2852, 2763, 1635, 1614, 1599, 1560, 1510'cii NMR (300 MHz, CDC}) § 8.23 (dd,J = 8.0, 1.4
Hz, 1H), 7.44 (dd) = 7.2, 1.8 Hz, 1H), 7.73 (s, 1H), 7.65 (ddd; 8.4, 7.2, 1.5 Hz, 1H), 7.51 (d=
8.2 Hz, 1H), 7.38 () = 7.2 Hz, 1H), 6.99 (d] = 9.1 Hz, 1H), 4.01 () = 6.6 Hz, 2H), 3.96 (s, 3H),
3.95 (s, 3H), 2.42 (s, 4H), 2.31 Jt= 7.8 Hz, 2H), 1.74 (quin] = 7.0 Hz, 2H), 1.61 (quin] = 5.4 Hz,
4H), 1.56 — 1.47 (m, 2H), 1.44-1.33 (overlapped).#C NMR (75 MHz, CDCJ) 5 175.1, 155.8,
155.3, 151.2, 148.7, 140.2, 133.4, 125.9, 124.4,31223.7, 122.4, 118.0, 111.8, 110.8, 72.6, 59.1,
56.2, 56.1, 54.4, 30.2, 26.1, 25.5, 24.2, 24.1. MR-(ESI) m/z calcd for G/H33NOs [M+H]™
452.2437; found 452.2428. HPLC purity 96.0% (30 muin of 45-80% CHCN in aqueous solution of

ammonium formate (1.26 g ammonium formate in 10Q0water), with 15 min gradient, 1.0 mL/min).

4.3.13. 3-O-(4-Methylpiperazin-1-yl)propyl-3',4raethoxyflavonol54)
This derivative was achieved in 77% overall yiedd fwo steps as a syrup. IR (film}ax 2931,
2852, 2763, 1635, 1614, 1599, 1560, 1510'cii NMR (300 MHz, CDC}) § 8.20 (dd,J = 8.0, 1.4

Hz, 1H), 7.70 (ddJ = 8.7, 1.8 Hz,1H), 7.65 (d, = 1.5 Hz, 1H), 7.62 (ddd} = 8.4, 7.2, 2.1 Hz, 1H),
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7.48 (d,J = 8.3 Hz, 1H), 7.34 (t) = 7.5 Hz, 1H), 6.95 (d] = 8.5 Hz, 1H), 4.05 (tJ = 6.4 Hz, 2H),
3.92 (s, 6H), 2.69 — 2.27 (overlapped, 10H), 2233H), 1.88 (quin] = 6.0 Hz, 2H).*C NMR (75
MHz, CDCk) ¢ 175.0, 155.8, 155.2, 151.2, 148.7, 140.0, 133.3,8,2124.7, 124.2, 123.6, 122.4,
117.9, 111.8, 110.8, 71.1, 56.1, 56.0, 55.2, 5530, 46.0, 27.7. HR-MS (ESkn/z calcd for
CasHaoN20s [M+H]™: 439.2233; found 439.2218. HPLC purity 98.8% (3@ nun of 45-80% CHCN
in aqueous solution of ammonium formate (1.26 g amaom formate in 1000 mL water), with 15 min

gradient, 1.0 mL/min).

4.3.14. 3-O-(4-Methylpiperazin-1-yl)butyl-3',4'-déthoxyflavonol §5)

This derivative was achieved in 80% overalld/iior two steps as a syrup. IR (film}ax 2931,
2852, 2763, 1635, 1614, 1599, 1560, 1510'cid NMR (300 MHz, CDC})  8.21 (dd,J = 8.0, 1.4
Hz, 1H), 7.72 (ddJ = 8.1, 1.8 Hz,1H), 7.70 (s,1H), 7.63 (ddd; 8.6, 7.1, 1.6 Hz, 1H), 7.49 (@= 8.0
Hz, 1H), 7.35 (ddd,7.70 (dd,= 8.1, 6.9, 1.2 Hz,1H), 6.96 (d= 8.5 Hz, 1H), 4.02 (] = 6.5 Hz, 2H),
3.94(s, 3H), 3.93 (s, 3H), 2.91 (br.s, 2H), 2.449b6H), 2.29 (t) = 7.5 Hz,2H), 2.24 (s, 3H), 1.71
(quin,J = 6.9 Hz, 2H), 1.64 — 1.49 (m, 2HFC NMR (75 MHz, CDC}) 6 175.1, 155.8, 155.2, 151.2,
148.6, 140.1, 133.3, 125.8, 124.7, 124.2, 123.8,41217.9, 111.8, 110.8, 72.5, 58.2, 56.1, 51,5
53.0, 46.0, 28.2, 23.3. HR-MS (ESt)/z calcd for GgH32N2Os [M+H]™: 453.2389; found 453.2383.
HPLC purity 95.5% (30 min run of 15-75% @EN in aqueous solution of ammonium formate (1.26 g

ammonium formate in 1000 mL water), with 15 mindjeat, 1.0 mL/min).

4.3.15. 3-O-(4-Methylpiperazin-1-yl)pentyl-3',4hkthoxyflavonol56)

This derivative was achieved in 63% overalld/iior two steps as a syrup. IR (film}ax 2931,
2852, 2763, 1635, 1614, 1599, 1560, 1510'cid NMR (300 MHz, CDC}) ¢ 8.21 (d,J = 8.0 Hz,
1H), 7.73-7.71 (overlapped, 2H), 7.67 — 7.58 (m), TH49 (d,J = 8.3 Hz, 1H), 7.35 (] = 7.5 Hz, 1H),
6.96 (dd,J = 9.0, 3.6 Hz, 1H), 4.00 (§,= 6.6 Hz, 2H), 3.94 (s, 3H), 3.93 (s, 3H), 2.44gp7H), 2.32

— 2.11 (overlapped, 3H), 2.25 (s, 3 H), 1.72 (gdlin 7.2 Hz, 2H), 1.53 — 1.29 (m, 4HYC NMR (75
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MHz, CDCk) ¢ 175.1, 155.7, 155.2, 151.2, 148.6, 140.2, 133.5,9.2124.6, 124.3, 123.7, 122.3,
118.0, 111.8, 110.8, 72.6, 58.5, 56.1, 56.1, 55301, 46.0, 30.2, 26.6, 24.0. HR-MS (ES8i)z calcd
for Co7HzaN,0s [M+H]™: 467.2546; found 467.2546. HPLC purity 98.4% (30 mun of 45-80%
CHsCN in aqueous solution of ammonium formate (1.2&ngmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.3.16. 3-O-(4-Methylpiperazin-1-yl)hexyl-3',4'-dithoxyflavonol §7)

This derivative was achieved in 58% overalld/ior two steps as a syrup. IR (film}ax 2932,
2792, 1636, 1599, 1559, 1511 ¢mH NMR (300 MHz, CDCY) 6 8.23 (dd,J = 8.0, 1.4 Hz, 1H), 7.76-
7.74 (overlapped, 2H), 7.65 (ddb= 8.7, 7.2, 1.5 Hz, 1H), 7.51 (@= 8.3 Hz, 1H), 7.37 (§ = 7.5 Hz,
1H), 6.98 (dJ = 9.1 Hz, 1H), 4.01 (tJ = 6.7 Hz, 2H), 3.96 (s, 3H), 3.94 (s, 3H), 2.8L.4p2H), 2.48
(br.s, 6H), 2.36 — 2.18 (overlapped, 2H), 2.28t), 1.72 (quin,J = 7.5 Hz, 2H), 1.52 — 1.32 (m, 4H),
1.27 (m, 2H).2*C NMR (75 MHz, CDCJ) § 175.1, 155.7, 155.2, 151.2, 148.6, 140.2, 133.5,92
124.7,124.3,123.7, 122.3, 118.0, 111.9, 110.8,,B8.6, 56.1, 56.1, 55.0, 53.1, 46.0, 30.3, 27643,
26.0. HR-MS (ESIm/z calcd for GgHssN2Os [M+H]": 481.2702; found 481.2694. HPLC purity 95.6%
(30 min run of 45-80% C¥CN in aqueous solution of ammonium formate (1.26vmmonium formate

in 1000 mL water), with 15 min gradient, 1.0 mL/min

4.3.17. 3-O-(4-Methylpiperazin-1-yl)heptyl-3',4kthoxyflavonol58)

This derivative was achieved in 62% overalld/iiior two steps as a syrup. IR (film}ax 2931,
2854, 2792, 1636, 1614, 1599, 1559, 1511 cid NMR (300 MHz, CDC}) 6 8.24 (dd,J = 8.0, 1.4
Hz, 1H), 7.75-7.72 (overlapped, 2H), 7.65 (ddd; 8.6, 7.1, 1.6 Hz, 1H), 7.51 (@= 8.1 Hz, 1H), 7.38
(ddd,J = 7.8, 7.2, 0.9 Hz, 1H), 6.98 (d= 9.1 Hz, 1H), 4.01 (1] = 6.8 Hz, 2H), 3.96 (s, 3H), 3.95 (s,
3H), 2.96 (br.s, 2H), 2.52 (br.s, 6H), 2.36-2.306{tapped, 2H), 2.30 (s, 3H), 1.71 (quins 7.5 Hz,
2H), 1.51-1.46 (m, 2H), 1.37-1.32 (overlapped, 2HR0-1.24 (overlapped, 4Hy°C NMR (75 MHz,

CDClg) 0 175.2, 155.8, 155.3, 151.2, 148.6, 140.3, 133.5,9,2124.7, 124.3, 123.7, 122.3, 118.0,
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111.9, 110.8, 72.8, 58.6, 56.1, 56.1, 54.8, 5259,430.3, 29.4, 27.6, 26.7, 26.0. HR-MS (E®ly
calcd for GoHzeN,Os [M+H]*: 495.2859; found 495.2848. HPLC purity 96.4% (3@ nun of 45-80%
CHsCN in aqueous solution of ammonium formate (1.2&ngmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.3.18. 3-O-Pyrrolidinopropyl-3',4'-dimethoxyflavarn(59)

This derivative was achieved in 94% overall yiedd ftwo steps as a syrup. IR (filmhax 2956,
2823, 2789, 1611, 1597, 1558, 1512t NMR (300 MHz, CDCJ) 6 8.22 (dd,J = 8.0, 1.4 Hz, 1H),
7.74 (ddJ = 8.4,2.1 Hz, 1H), 7.70 (d,= 1.8 Hz, 1H), 7.64 (ddd,= 8.6, 7.1, 1.6 Hz, 1H), 7.51 (d=
8.0 Hz, 1H), 7.37 (ddd] = 8.1, 6.9, 0.9 Hz, 1H), 6.97 (= 8.5 Hz, 1H), 4.08 (] = 6.5 Hz, 2H), 3.95
(s, 6H), 2.58 (] = 7.5 Hz, 2H), 2.47 (br.s, 4H), 1.95 (quih= 7.2 Hz, 2H), 1.74 (quin] = 6.6 Hz,
4H). 3C NMR (75 MHz, CDC4) 0 175.1, 155.9, 155.2, 151.2, 148.7, 140.1, 133.8,91224.7, 124.3,
123.6, 122.4, 118.0, 111.8, 110.8, 71.2, 56.2,,58112, 53.3, 29.7, 23.5. HR-MS (E$#)z calcd for
Co4H2NOs [M+H] *: 410.1967; found 410.1964. HPLC purity 97.7% (3@ min of 45-80% CHCN in
aqueous solution of ammonium formate (1.26 g amomrformate in 1000 mL water), with 15 min

gradient, 1.0 mL/min).

4.3.19. 3-O-Pyrrolidinobutyl-3',4'-dimethoxyflavdr{60)

This derivative was achieved in 42% overalld/ior two steps as a syrup. IR (film}ax 2931,
1633, 1614, 1598, 1558, 1511 ¢n'H NMR (300 MHz, CDCY) ¢ 8.22 (dd,J = 8.0, 1.4 Hz, 1H), 7.75
(dd,J = 8.5, 2.1 Hz, 1H), 7.71(d,= 2.1 Hz, 1H), 7.66 (ddd,= 8.4, 7.2, 1.8 Hz, 1H), 7.52 (= 8.0
Hz, 1H), 7.38 (dddJ = 7.8, 7.2, 0.9 Hz, 1H), 4.02 @= 5.9 Hz, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 3.50-
3.15 (br.s, 1H), 2.75-2.64 (overlapped, 5H), 1.91.81 (m, 4H), 1.81 — 1.51 (m, 4HYC NMR (75
MHz, CDCk) ¢ 175.1, 155.9, 155.3, 151.3, 148.8, 140.2, 133.5,9.2124.7, 124.3, 123.7, 122.5,
118.0, 111.8, 110.9, 72.3, 56.2, 56.1, 56.0, 5283, 25.0, 23.5. HR-MS (ESin/z calcd for

CasHoNOs [M+H]*: 424.2124; found 424.2115. HPLC purity 95.0% (30 ran of 15-75% CHCN in
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aqueous solution of ammonium formate (1.26 g amomrformate in 1000 mL water), with 15 min

gradient, 1.0 mL/min).

4.3.20. 3-O-Pyrrolidinopentyl-3',4'-dimethoxyflawdiicl)

This derivative was achieved @8% overall yield for two steps as a syrup. IRngjilvypax 2933,
2872, 2785, 1635, 1614, 1599, 1559, 1510'cid NMR (300 MHz, CDC}) ¢ 8.18 (dd,J = 8.0, 1.4
Hz, 1H), 7.72 — 7.66 (overlapped, 2H), 7.59 (ddld;, 8.5, 7.1, 1.6 Hz, 1H), 7.46 (d,= 8.3 Hz, 1H),
7.32 (t,J = 7.5 Hz, 1H), 6.93 (d] = 9.1 Hz, 1H), 3.98 (t) = 6.7 Hz, 2H), 3.91 (s, 6H), 2.41 {t= 5.3
Hz, 4H), 2.34(t) = 7.2 Hz, 2H), 1.77 — 1.62 (m, 6H), 1.53 — 1.29 4#d). **C NMR (75 MHz, CDC}))

0 175.0, 155.6, 155.1, 151.1, 148.5, 140.1, 133.%,7.2124.5, 124.2, 123.6, 122.2, 117.9, 111.7,
110.7, 72.5, 56.4, 56.0, 55.9, 54.1, 30.1, 28.70,223.4. HR-MS (ESI)m/z calcd for GgH3,NOs
[M+H]": 438.2281; found 438.2276. HPLC purity 96.3% (30 mun of 45-80% CKCN in aqueous
solution of ammonium formate (1.26 g ammonium faemia 1000 mL water), with 15 min gradient,

1.0 mL/min).

4.3.21. 3-O-Pyrrolidinohexyl-3',4'-dimethoxyflavd(62)

This derivative was achieved in 75% overalld/ior two steps as a syrup. IR (film}ax 2931,
1634, 1599, 1558, 1510 ¢iH NMR (300 MHz, CDGJ) ¢ 8.24 (dd,J = 8.0, 1.3 Hz, 1H), 7.75 (dd,
= 6.6, 2.1 Hz,1H), 7.74 (s, 1H),7.66 (ddds 8.7, 6.9, 1.5 Hz, 1H), 7.52 (d= 8.3 Hz, 1H), 7.38 (1]
= 7.5 Hz, 1H), 6.99 (d] = 9.1 Hz, 1H), 4.02 () = 6.7 Hz, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 2.58p
4H), 2.47 (tJ = 8.1 Hz, 2H), 1.81 (br.s, 4H), 1.72 (quins 6.9 Hz, 2H), 1.53 (quin] = 7.5 Hz, 2H),
1.46 — 1.36 (m, 2H), 1.36 — 1.25 (m, 2HIC NMR (75 MHz, CDCJ) 6 175.2, 155.8, 155.3, 151.2,
148.7, 140.2, 133.4, 125.9, 124.7, 124.3, 123.2,4,1218.0, 111.8, 110.8, 72.7, 56.5, 56.2, 56412,5
30.3, 28.5, 27.5, 25.9, 23.5. HR-MS (ESHyz calcd for G/HzaNOs [M+H]": 452.2437; found
452.2424. HPLC purity 95.8% (30 min run of 45-80%IsCN in aqueous solution of ammonium

formate (1.26 g ammonium formate in 1000 mL wateh 15 min gradient, 1.0 mL/min).

31



4.3.22. 3-O-Pyrrolidinoheptyl-3',4'-dimethoxyflawdiic3).

This derivative was achieved in 68% overall yield forotateps as a syrup. IR (film)nax 2931,
2854, 2792, 1636, 1614, 1599, 1559, 1511 cid NMR (300 MHz, CDCJ) 6 8.24 (dd,J = 8.0, 1.4
Hz, 1H), 7.75-7.72 (overlapped, 2H), 7.65 (ddd; 8.6, 7.1, 1.6 Hz, 1H), 7.51 (@= 8.1 Hz, 1H), 7.38
(ddd,J = 7.8, 7.2, 0.9 Hz, 1H), 6.98 (d~ 9.1 Hz, 1H), 4.01 (§J = 6.8 Hz, 2H), 3.96 (s, 3H), 3.95 (s,
3H), 2.96 (br.s, 2H), 2.52 (br.s, 6H), 2.36-2.30¢apped, 2H), 2.30 (s, 3H), 1.71 (quin= 7.5 Hz,
2H), 1.51-1.46 (m, 2H), 1.37-1.32 (overlapped, 2HR0-1.24 (overlapped, 4H°C NMR (75 MHz,
CDCl3) 6 175.2, 155.8, 155.3, 151.2, 148.6, 140.3, 133.5,92124.7, 124.3, 123.7, 122.3, 118.0,
111.9, 110.8, 72.8, 58.6, 56.1, 56.1, 54.8, 5259,430.3, 29.4, 27.6, 26.7, 26.0. HR-MS (ESl¥
calcd for GgHasNOs [M+H]™: 466.2593; found 466.2583. HPLC purity 95.9% (30 nun of 45-80%
CHsCN in aqueous solution of ammonium formate (1.2&ngmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.4. The general procedure for the synthesis of @-alkyl-3',4',7-trimethoxyflavonols (21-30)

To the solution of 3',4',7-trimethoxyflavondQ( mg, 0.15 mmol) in DMF (0.5 mL) was added
potassium carbonate (62 mg, 0.45 mmol, 3.0 equag stirred for 10 min at R.T.. To this solution
was added an appropriate alkyl iodide or alkyl bo®m(0.45 mmol, 3.0 equiv.) through syringe, the
reaction was kept at room temperature over 12 h tinat starting material was consumed as detected
by TLC (dichloromethane/methanol, 100/3, v/v). Thixture was poured into ice water (3.0 mL), and
the solution was extracted with ethyl acetate thimees. The combined extracts were sequentially
rinsed with saturated sodium bicarbonate and brareed over anhydrous sodium sulfate, and
concentratedin vacuo to give a crude mass, which was purified by PTL@timg with
dichloromethane/methanol (100/3, v/v) to furnisk tlespective ®-alkyl-3',4',7-trimethoxyflavonol.

HPLC purity for5 is 95.5% (30 min run of 45-80% GEN in H,O, with 15 min gradient, 1.0 mL/min).

4.4.1. 3-O-Methyl-3',4',7-trimethoxyflavon@ll]
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This derivative was achieved in 95% yield agbow solid. m.p. 148-15C. IR (film) vmax 2930,
2827, 1633, 1618, 1598, 1565, 1502cii NMR (300 MHz, CDCJ) 6 8.12 (d,J = 8.9 Hz, 1H), 7.71
(dd,J = 8.1, 1.8 Hz, 1H), 7.70 (s, 1H), 6.97 {cs 8.4 Hz, 1H), 6.94 (dd] = 9.0, 2.1 Hz, 1H), 6.88 (d,

J = 2.2 Hz, 1H), 3.95 (s, 6H), 3.90 (s, 3H), 3.863). °C NMR (75 MHz, CDC}) 5 174.5, 164.0,
157.0, 155.1, 151.1, 148.8, 140.8, 127.2, 123.@,012118.1, 114.3, 111.4, 110.9, 100.0, 60.1, 56.1,
56.1, 55.9. HR-MS (ESlin/z calcd for GgH1¢06 [M+H]™: 343.1181; found 343.1175. HPLC purity

96.2% (30 min run of 45-80% GBN in H,O, with 15 min gradient, 1.0 mL/min).

4.4.2. 3-O-Ethyl-3',4',7-trimethoxyflavon@2)

This derivative was achieved in 95% yield aglow solid. m.p. 115-1C. IR (film) vmax 2971,
2923, 2839, 1616, 1597, 1558, 1512 ¢l NMR (300 MHz, CDCJ) 6 8.11 (d,J = 8.8 Hz, 1H), 7.76
(s, 1H), 7.71 (dJ = 8.6 Hz, 1H), 6.96 (d] = 9.3 Hz, 1H), 6.93 (d] = 9.0 Hz, 1H), 6.87 (s, 1H), 4.09
(9, J = 6.9 Hz, 2H), 3.94 (s, 6H), 3.89 (s, 3H), 1.32)(¢ 6.9 Hz, 3H)*C NMR (75 MHz, CDC}) &
174.6, 164.0, 156.9, 155.2, 151.0, 148.6, 139.8,2223.8, 121.9, 118.1, 114.3, 111.7, 110.8,Q,00.
68.4, 56.1, 56.0, 55.9, 15.8. HR-MS (E8Ijz calcd for GoH200s [M+H]*: 357.1338; found 357.1338.

HPLC purity 97.7% (30 min run of 45-80% @EN in H,O, with 15 min gradient, 1.0 mL/min).

4.4.3. 3-O-Propyl-3',4',7-trimethoxyflavon@3)

This derivative was achieved in 82% vyield askow solid. m.p. 104-108C. IR (film) vmax 2966,
2936, 2842, 1633, 1602, 1515, 1503t NMR (300 MHz, CDCJ) ¢ 8.11 (d,J = 8.9 Hz, 1H), 7.73
(d, J = 1.8 Hz, 1H), 7.70 (dd] = 8.4, 1.8 Hz, 1H), 6.96 (d,= 8.4 Hz, 1H), 6.93 (dd] = 9.0, 2.1 Hz,
1H), 6.87 (d,J = 2.2 Hz, 1H), 3.98 (overlapped,= 6.9 Hz, 2H), 3.94 (s, 6H), 3.89 (s, 3H), 1.73
(sextet,d = 7.2 Hz, 2H), 0.92 () = 7.4 Hz, 3H)*°C NMR (75 MHz, CDC}) J 174.6, 164.0, 156.9,
155.2, 151.0, 148.6, 140.0, 127.1, 123.8, 122.8,21114.3, 111.7, 110.7, 100.0, 74.4, 56.1, 56.0,
55.9, 23.6, 10.5. HR-MS (ESH/z calcd for GiH»,0s [M+H]*: 371.1494; found 371.1486. HPLC

purity 97.8% (30 min run of 45-80% GEN in H,O, with 15 min gradient, 1.0 mL/min).
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4.4.4. 3-O-Butyl-3',4',7-trimethoxyflavon@4)

This derivative was achieved in 59% vyield agelow solid. m.p. 81-8%. IR (film) vmax 2953,
2930, 2869, 2833, 1637, 1622, 1601, 1567, 151% t&0. '"H NMR (300 MHz, CDCJ) § 8.13 (d,J =
8.9 Hz, 1H), 7.74 (d) = 1.8 Hz, 1H), 7.71 (dd} = 8.4, 2.1 Hz, 1H), 6.97 (d,= 8.7 Hz, 1H), 6.94 (dd,
J=09.6, 2.4 Hz, 1H), 6.89 (d,= 2.2 Hz, 1H), 4.02 (1) = 6.8 Hz, 2H), 3.96 (s, 6H), 3.90 (s, 3H), 1.70
(quin, J = 7.1 Hz, 2H), 1.40 (sexted,= 7.4 Hz, 2H), 0.88 (tJ = 7.4 Hz, 3H).X*C NMR (75 MHz,
CDCls) 0 174.7, 164.0, 157.0, 155.3, 151.0, 148.6, 140.7,212123.9, 122.1, 118.2, 114.3, 111.8,
110.8, 100.0, 72.6, 56.1, 56.1, 55.9, 32.4, 19329.1HR-MS (ESI)m/z calcd for GoH240s [M+H] ™
385.1651; found 385.1641. HPLC purity 96.6% (30 min of 45-80% CHCN in H,O, with 15 min

gradient, 1.0 mL/min).

4.4.5. 3-O-Pentyl-3',4', 7-trimethoxyflavon@bj

This derivative was achieved in 58% yield ageiow solid. m.p. 79-8fC. IR (film) vmax 2957,
2930, 2861, 2834, 1636, 1621, 1598, 1566, 151% t&d. *H NMR (300 MHz, CDC}) 6 8.13 (d,J =
8.9 Hz, 1H), 7.74 (d) = 1.8 Hz, 1H), 7.71 (dd] = 8.4, 2.1 Hz, 1H), 6.98 (d,= 8.7 Hz, 1H), 6.95 (dd,
J=9.0, 2.1 Hz, 1H), 6.89 (d,= 2.2 Hz, 1H), 4.01 () = 6.8 Hz, 2H), 3.96 (s, 6H), 3.91 (s, 3H), 1.72
(quin, J = 6.9 Hz, 2H),1.40 — 1.22 (m, 4H), 0.85 Jt= 7.0 Hz, 3H)X*C NMR (75 MHz, CDC}) ¢
174.7, 164.0, 157.0, 155.3, 151.0, 148.6, 140.7,201223.9, 122.1, 118.2, 114.3, 111.8, 110.8,a.00.
72.9, 56.14, 56.08, 56.0, 30.1, 28.2, 22.6, 14.R-M5 (ESI) m/z calcd for GsHzc0s [M+H]™
399.1807; found 399.1799. HPLC purity 98.1% (30 min of 45-80% CHCN in H,O, with 15 min

gradient, 1.0 mL/min).

4.4.6. 3-O-Hexyl-3',4',7-trimethoxyflavon@b)
This derivative was achieved in 72% vyield agelow solid. m.p. 57-5%C. IR (film) vmax 2957,
2929, 2862, 1635, 1621, 1600, 1567, 1515, 1505. 4hNMR (300 MHz, CDC}) § 8.12 (d,J = 8.9

Hz, 1H), 7.72 (dJ = 2.1 Hz, 1H), 7.70 (dd} = 8.4, 2.1 Hz, 1H), 6.96 (d,= 8.4 Hz, 1H), 6.94 (dd] =
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8.7, 2.1 Hz, 1H), 6.88 (dl = 2.2 Hz, 1H), 4.01 (tJ = 6.8 Hz, 2H), 3.95 (s, 6H), 3.90 (s, 3H), 1.70
(quin,J = 7.1 Hz, 2H), 1.42 — 1.28 (m, 2H), 1.23 (overlegpp4H), 0.83 (t] = 6.8 Hz, 3H)°C NMR
(75 MHz, CDC#%) 6 174.6, 164.0, 157.0, 155.3, 151.0, 148.6, 140.0,2,223.8, 122.1, 118.2, 114.3,
111.8, 110.7, 100.0, 72.9, 56.1, 56.0, 55.9, 33073, 25.7, 22.7, 14.1. HR-MS (ES¥)/z calcd for
Ca4H2806 [M+H]™: 413.1964; found 413.1955. HPLC purity 98.9% (3@ nun of 45-80% CKCN in

H,0, with 15 min gradient, 1.0 mL/min).

4.4.7. 3-O-Heptyl-3',4',7-trimethoxyflavon@rj

This derivative was achieved in 50% yield aap. IR (film)vmax 2928, 2855, 1619, 1598, 1512
cm™. 'H NMR (300 MHz, CDC}) ¢ 8.13 (d,J = 8.9 Hz, 1H), 7.73 (d] = 2.1 Hz, 1H), 7.71 (dd] =
9.3, 1.8 Hz, 1H), 6.97 (d,= 8.1 Hz, 1H), 6.95 (dd] = 9.0, 2.1 Hz, 1H), 6.89 (d,= 2.2 Hz, 1H), 4.02
(t, J = 6.8 Hz, 2H), 3.96 (s, 6H), 3.91 (s, 3H), 1.70ikgJd = 7.0 Hz, 2H), 1.40 — 1.29 (m, 2H), 1.24
(overlapped, 6H), 0.85 (8§ = 6.7 Hz, 3H).X*C NMR (75 MHz, CDC}) 5 174.7, 164.0, 157.0, 155.3,
151.0, 148.6, 140.1, 127.3, 123.9, 122.1, 118.2,31111.8, 110.7, 100.1, 73.0, 56.2, 56.1, 561(0,3
30.4, 29.2, 26.1, 22.7, 14.2. HR-MS (E8ijz calcd for GsHsgOs [M+H]": 427.2120; found 427.2111.

HPLC purity 95.1% (30 min run of 45-80% @EN in H,O, with 15 min gradient, 1.0 mL/min).

4.4.8. 3-O-Isopropyl-3',4',7-trimethoxyflavon@Bj

This derivative was achieved in 43% vyield as/up. IR (film)vyax 2929, 2838, 1617, 1597, 1511
cm™. 'H NMR (300 MHz, CDCJ) ¢ 8.13 (d,J = 8.9 Hz, 1H), 7.82 (d] = 2.0 Hz, 1H), 7.73 (dd] =
8.5, 2.0 Hz, 1H), 6.97 (d] =8.4 Hz, 1H), 6.95 (ddJ = 9.0, 2.1, 1H), 6.90 (dl = 2.3 Hz, 1H), 4.70
(septet,d = 6.2 Hz, 1H), 3.96 (s, 6H), 3.91 (s, 3H), 1.19 J&= 6.2 Hz, 6H).23C NMR (75 MHz,
CDCl) ¢ 175.0, 164.0, 157.0, 155.8, 150.8, 148.4, 138.5,212124.3, 122.1, 118.1, 114.3, 112.3,
110.6, 100.0, 74.6, 56.1, 56.0, 56.0, 22.6. HR-ESI{m/z calcd for GiH2:,0s [M+H] *: 371.1494;
found 371.1485. HPLC purity 97.1% (30 min run of8®% CHCN in H,O, with 15 min gradient, 1.0

mL/min).
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4.4.9. 3-O-sec-Butyl-3',4',7-trimethoxyflavon2®)

This derivative was achieved in 34% yield ay@ap. IR (film) vimax 2964, 2930, 2839, 1615, 1597,
1511 cm'.*H NMR (300 MHz, CDCY) 6 8.13 (d,J = 8.9 Hz, 1H), 7.82 (d] = 2.0 Hz, 1H), 7.73 (dd]
= 8.5, 2.0 Hz, 1H), 6.99 (d,= 8.4 Hz, 1H), 6.97 (dd] = 8.7, 2.1 Hz, 1H), 6.90 (d,= 2.3 Hz, 1H),
4.70 (sextet) = 6.2 Hz, 1H), 3.96 (s, 6H), 3.91 (s, 3H), 1.7651(m, 1H), 1.57-1.43 (m, 1H), 1.10 (d,
J = 6.3 Hz, 3H), 0.90 (tJ = 7.5 Hz, 3H).**C NMR (75 MHz, CDC}) J 175.0, 164.0, 157.0, 155.8,
150.8, 148.4, 138.6, 127.3, 124.3, 122.2, 118.4,311112.4, 110.6, 100.0, 79.3, 56.1, 56.07, 55.98,
29.7, 19.4, 9.9. HR-MS (ESin/z calcd for G,H,»40s [M+H] *: 385.1651; found 385.1641. HPLC

purity 98.0% (30 min run of 45-80% GEN in HO, with 15 min gradient, 1.0 mL/min).

4.4.10. 3-O-(Pentan-2-yl)-3',4',7-trimethoxyflavb(i8D)

This derivative was achieved in 11% yield ayap. IR (film)vmax 2957, 2930, 2838, 1616, 1597,
1510 cm'.*H NMR (300 MHz, CDC}) ¢ 8.13 (d,J = 8.9 Hz, 1H), 7.81 (d] = 2.0 Hz, 1H), 7.72 (dd)
= 8.5, 2.1 Hz, 1H), 6.97 (d,= 8.7 Hz, 1H), 6.96 (dd] = 9.0, 2.1 Hz, 1H), 6.90 (d,= 2.3 Hz, 1H),
4.65 (sextet) = 6.2 Hz, 1H), 3.96 (s, 6H), 3.92 (s, 3H),1.75.631(m, 1H), 1.49 — 1.35 (m, 3H), 1.08
(d, J = 6.2 Hz, 3H), 0.87 (] = 7.2 Hz, 3H)X*C NMR (75 MHz, CDC}) § 174.9, 164.0, 157.0, 155.7,
150.8, 148.4, 138.5, 127.3, 124.4, 122.2, 118.2,31112.4, 110.6, 100.0, 77.8, 56.1, 56.1, 560®,3
19.9, 18.9, 14.3. HR-MS (ESH/z calcd for GsHa60s [M+H]*: 399.1807; found 399.1800. HPLC

purity 95.0% (30 min run of 45-80% GEN in HO, with 15 min gradient, 1.0 mL/min).

4.5. The general procedure for the synthesis of @-aminoalkyl-3',4',7-trimethoxyflavonols (67-
81).

The solution of 3',4',7-trimethoxyflavond, (50 mg, 0.15 mmol and potassium carbonate (62 mg,
0.45 mmol, 3 equiv.) in DMF (0.5 mL) was stirred rmiom temperature for 10 min before an
appropriate alkyl dibromide (0.45 mmol, 3 equiv.asvadded through a syringe. The reaction was

allowed to proceed at room temperature over 12th the starting material was fully consumed as
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indicated by TLC (dichloromethane/methanol, 10&/%). The reaction mixture was poured into ice
water (3.0 mL), and the subsequent mixture wasaetdd with ethyl acetate three times. The combined
organic extracts were sequentially rinsed with rsdéid sodium bicarbonate and brine, dried over
anhydrous sodium sulfate, and concentratedacuoto generate a crude product. To the solution of
this crude product in DMF (0.5 ml) was added patesscarbonate (3 equiv.), the mixture was stirred
for 10 min. The appropriate amine (0.45 mmol, 3ieyuwas added to the reaction mixture through a
syringe, and the subsequent reaction mixture waedtat room temperature over 12 h until no starti
material was detected by TLC (dichloromethane/mmeihal00/3, v/v). The mixture was poured into
ice water (3.0 mL), and the mixture was extractéti ethyl acetate three times. The combined exdract
were sequentially rinsed with saturated sodiumrbmaate and brine, dried over anhydrous sodium
sulfate, and concentratéad vacuoto give a crude product, which was subjected tb@®Ppurification
using dichloromethane/methanol (100/3, v/v) as mluelhe respective ®-aminoalkyl-3',4',7-
trimethoxyflavonol was retrieved from PTLC silicaldpy washing with dichloromethane/diethylamine

(100/3, V/v).

4.5.1. 3-O-(N,N-Dibutylamino)propyl-3',4',7-trimetkyflavonol §7)

This derivative was achieved in 33% overall yietd two steps as a syrup. IR (film)ax 2929,
2838, 1617, 1597,1511 ¢hiH NMR (300 MHz, CDC}) 6 8.12 (d,J = 6.8 Hz, 1H), 7.71 (d] = 9.2
Hz, 1H), 7.69 (s, 1H), 6.97 (d,= 7.8 Hz, 1H), 6.95 (dd] = 7.8, 1.5 Hz, 1H), 6.95 (dd,= 11.0, 4.7
Hz, 2H), 6.89 (dJ = 1.6 Hz, 1H), 4.06 (t) = 6.4 Hz, 2H), 3.95 (s, 6H), 3.91 (s, 3H), 2.55)( 7.1
Hz, 2H), 2.37 (tJ = 7.3 Hz, 4H), 1.88 (quir] = 6.8 Hz, 2H), 1.36 (quirl = 7.8 Hz, 4H), 1.23 (sextet,
J = 6.9 Hz, 4H), 0.86 (t) = 7.1 Hz, 6H).**C NMR (75 MHz, CDCJ) § 174.6, 164.0, 157.0, 155.4,
151.1, 148.7, 139.9, 127.2, 123.8, 122.2, 118.2,41111.7, 110.8, 100.0, 71.4, 56.2, 56.1, 56338,5
51.1, 28.9, 27.9, 20.8, 14.1. HR-MS (ESHYz calcd for GgH3gNOs [M+H]™: 498.2855; found

498.2845. HPLC purity 96.5% [30 min run of 15-75%&5-85% acetonitrile in ammonium formate

37



solution (1.26 g ammonium formate in 1000 mL wateti)h 15 min and 10 min gradient, respectively,

1.0 mL/min].

4.5.2. 3-O-(N,N-Dibutylamino)butyl-3',4',7-trimethydlavonol 68)

This derivative was achieved in 38% overalld/ior two steps as a syrup. IR (filmae 2931,
2861, 1618, 1598, 1512 ¢htH NMR (300 MHz, CDCJ) 6 8.13 (d,J = 8.9 Hz, 1H), 7.73 (br.s, 2H),
6.98(d,J = 8.4 Hz, 1H), 6.95 (d] = 8.4 Hz, 1H), 6.90 (s, 1H), 4.03 {t= 6.7 Hz, 2H), 3.96 (s, 6H),
3.92 (s, 3H), 2.37 (1) = 6.6 Hz, 6H), 1.73 (quin] = 7.0 Hz, 2H), 1.58-1.45 (m, 2H), 1.45 — 1.30 (m,
4H), 1.26 (sextet]) = 7.2 Hz, 4H), 0.88 () = 7.1 Hz, 6H)**C NMR (75 MHz, CDC}) 6 174.6, 164.0,
157.0, 155.3, 151.0, 148.7, 140.0, 127.2, 123.2,112118.2, 114.3, 111.7, 110.8, 100.0, 72.7, 56.2,
56.1, 56.0, 53.8, 29.2, 28.4, 23.4, 20.8, 14.2. MiR-(ESI) m/z calcd for GoH4NOs [M+H]™:
512.3012; found 512.2996. HPLC purity 95.6% [30 mim of 15-75% and 75-85% acetonitrile in
ammonium formate solution (1.26 g ammonium format@000 mL water), with 15 min and 10 min

gradient, respectively, 1.0 mL/min].

4.5.3. 3-O-(N,N-Dibutylamino)pentyl-3',4',7-trimetyflavonol ¢9)

This derivative was achieved in 27% overalld/ior two steps as a syrup. IR (film}ax 2930,
2859, 1619, 1599, 1562, 1512 ¢mMH NMR (300 MHz, CDCY) 6 8.13 (d,J = 8.9 Hz, 1H), 7.73 (s,
1H), 7.71 (dJ = 7.2 Hz, 1H), 6.98 (d] = 8.4 Hz, 1H), 6.95 (ddl = 8.7, 2.1 Hz, 1H), 6.89 (d,= 1.9
Hz, 1H), 4.01 (tJ) = 6.7 Hz, 2H), 3.96 (s, 6H), 3.91 (s, 3H), 2.38( 6.6 Hz, 6H), 1.73 (quir} = 7.0
Hz, 2H), 1.44-1.30 (m, 8H), 1.26 (sextét 7.5 Hz, 4H), 0.89 () = 7.2 Hz, 6H)*C NMR (75 MHz,
CDCl) ¢ 174.6, 164.0, 157.0, 155.3, 151.0, 148.7, 140.0,22123.9, 122.1, 118.2, 114.3, 111.8,
110.8, 100.1, 72.8, 56.2, 56.1, 56.0, 54.1, 53098,329.1, 26.7, 24.1, 20.9, 14.2. HR-MS (ESlx
calcd for GiH43NOs [M+H]": 526.3168; found 526.3162. HPLC purity 100.0% 1§30 run of 45-80%
CHsCN in aqueous solution of ammonium formate (1.2&ngmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).
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4.5.4. 3-O-Morpholinopropyl-3',4',7-trimethoxyflawa (70)

This derivative was achieved in 48% overalld/ir two steps as a yellow solid. m.p. 801
IR (film) vmax 2943, 2899, 2839, 1637, 1625, 1603, 1516, 1505, #rthNMR (300 MHz, CDC}) ¢
8.13 (d,J = 8.9 Hz, 1H), 7.70 (dd] = 8.4, 1.8 Hz, 1H), 7.67 (d,= 1.8 Hz, 1H), 6.98 (d] = 8.4 Hz,
1H), 6.97 (ddJ = 9.0, 2.1 Hz, 1H), 6.90 (d,= 2.2 Hz, 1H), 4.07 (] = 6.3 Hz, 2H), 3.96 (s, 6H), 3.92
(s, 3H), 3.70 (tJ = 4.5 Hz, 4H), 2.53 (t) = 7.4 Hz, 2H), 2.44 (br.s, 4H), 1.93 (quih= 6.9 Hz, 2H).
13%C NMR (75 MHz, CDCY)) § 174.6, 164.1, 157.1, 155.5, 151.1, 148.8, 139.9,212123.7, 122.3,
118.2, 114.4, 111.8, 110.9, 100.1, 71.0, 66.8,,56631, 56.0, 55.8, 53.7, 27.2. HR-MS (E&l)z
calcd for GsHogNO; [M+H]™: 456.2022; found 456.2013. HPLC purity 98.8% (30 nun of 45-80%
CHsCN in aqueous solution of ammonium formate (1.2&ngmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.5.5. 3-O-Morpholinobutyl-3',4",7-trimethoxyflavair{71)

This derivative was achieved in 39% overalld/iior two steps as a syrup. IR (film)ax 2934,
2840, 1616, 1597, 1511¢m'H NMR (300 MHz, CDCY)) & 8.12 (d,J = 8.9 Hz, 1H), 7.72-7.67
(overlapped, 2H), 6.97 (d,= 9.0 Hz, 1H), 6.95 (ddl = 9.0, 2.1 Hz, 1H), 6.89 (d,= 2.1 Hz, 1H), 4.03
(t, = 6.5 Hz, 2H), 3.95 (s, 6H), 3.91 (s, 3H), 3.6 4.5 Hz, 4H), 2.38 (br.s, 4H), 2.33 Jt= 7.5
Hz, 4H), 1.73 (quinJ = 6.9 Hz, 2H), 1.57 (quird = 7.3 Hz, 2H)**C NMR (75 MHz, CDC}) 6 174.6,
164.0, 157.0, 155.3, 151.0, 148.7, 139.9, 127.3,812122.1, 118.2, 114.4, 111.8, 110.8, 100.1,,72.5
67.0, 58.7, 56.2, 56.1, 56.0, 53.7, 28.2, 23.0. MR-(ESI) m/z calcd for GgHzNO; [M+H]™:
470.2179; found 470.2175. HPLC purity 95.7% (30 min of 45-80% CHKCN in aqueous solution of

ammonium formate (1.26 g ammonium formate in 10Q@0water), with 15 min gradient, 1.0 mL/min).

4.5.6. 3-O-Morpholinopentyl-3',4',7-trimethoxyflanm (72)
This derivative was achieved in 37% overalld/iior two steps as a syrup. IR (film}ax 2935,

2854, 1617, 1597, 1512 ¢ifH NMR (300 MHz, CDCJ) 6 8.12 (d,J = 8.9 Hz, 1H), 7.71 (s, 1H), 7.70
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(d, J = 7.6 Hz, 1H), 6.98 (d] = 7.5 Hz, 1H), 6.95 (dd] = 8.7, 2.1 Hz, 1H), 6.89 (d,= 1.9 Hz, 1H),
4.01 (t,J = 6.6 Hz, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 3.913H), 3.69 (tJ = 4.5 Hz, 4H), 2.40 (br.s,
4H), 2.28 (t,J = 7.4 Hz, 2H), 1.73 (quin] = 6.9 Hz, 2H), 1.52-1.38 (overlapped, 4EC NMR (75
MHz, CDCk) ¢ 174.6, 164.0, 157.0, 155.3, 151.0, 148.6, 140.0,2.2123.8, 122.1, 118.2, 114.3,
111.8, 110.8, 100.1, 72.6, 67.0, 59.1, 56.2, 58610, 53.8, 30.2, 26.3, 24.0. HR-MS (ES8i)z calcd
for Co;H3;NO; [M+H]™: 484.2335; found 484.2332. HPLC purity 95.7% (30 mun of 45-80%
CH3sCN in in agueous solution of ammonium formate (1lg2&mmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.5.7. 3-O-Piperidinopropyl-3',4',7-trimethoxyflava (73)

This derivative was achieved in 39% overall yietdl fwo steps as a syrup. IR (filmax 2935,
2851, 2758, 1637, 1621, 1596, 1564, 1510'cid NMR (300 MHz, CDCJ) ¢ 8.11 (d,J = 8.9 Hz,
1H), 7.69 (dd,J = 8.5, 2.1 Hz, 1H), 7.65 (d,= 2.0 Hz, 1H), 6.97 (d] = 8.4 Hz, 1H), 6.94 (dd] = 8.7,
2.4 Hz, 1H), 6.88 (dJ = 2.3 Hz, 1H), 4.04 (] = 6.4 Hz, 2H), 3.95 (s, 6H), 3.90 (s, 3H), 2.52¢ 7.4
Hz, 2H), 2.42 (br.s, 4H), 1.95 (quid= 7.0 Hz, 2H), 1.59 (quin] = 5.4 Hz, 4H), 1.47 — 1.36 (m, 2H).
3¢ NMR (75 MHz, CDCJ) ¢ 174.5, 164.0, 156.9, 155.4, 151.0, 148.6, 139.7,112123.6, 122.2,
118.0, 114.3, 111.5, 110.8, 100.0, 71.1, 56.1,,56508, 54.4, 27.3, 25.5, 24.1. HR-MS (E&l)z
calcd for GeHziNOg [M+H]™: 454.2229; found 454.2220. HPLC purity 95.9% (30 nun of 45-80%
CHsCN in in agueous solution of ammonium formate (1lg2&mmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.5.8. 3-O-Piperidinobutyl-3',4',7-trimethoxyflavar{74)

This derivative was achieved in 51% overalld/iior two steps as a syrup. IR (film}ax 2931,
2840, 1616, 1597, 1511 ¢hiH NMR (300 MHz, CDCY) 6 8.11 (d,J = 8.9 Hz, 1H), 7.70 (ddl = 7.2,
2.1 Hz, 1H), 7.69 (s, 1H), 6.97 (@= 9.3 Hz, 1H), 6.94 (dd] = 8.7, 2.4 Hz, 1H), 6.88 (d,= 2.2 Hz,

1H), 4.01 (tJ = 6.5 Hz, 2H), 3.95 (s, 6H), 3.90 (s, 3H), 2.30& 7.8 Hz, 6H), 1.70 (quir] = 6.8 Hz,
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2H), 1.62-1.52 (m, 6H), 1.46 — 1.34 (m, 23C NMR (75 MHz, CDCJ) 6 174.6, 164.0, 157.0, 155.3,
151.0, 148.6, 139.9, 127.2, 123.8, 122.2, 118.2,31111.7, 110.8, 100.0, 72.6, 59.0, 56.2, 56,5
54.5, 28.4, 25.8, 24.4, 23.2. HR-MS (ESH¥z calcd for GgH3sNOgs [M+H]": 468.2386; found
468.2376. HPLC purity 95.1% (30 min run of 45-80%IsCN in aqueous solution of ammonium

formate (1.26 g ammonium formate in 1000 mL wateidh 15 min gradient, 1.0 mL/min).

4.5.9. 3-O-Piperidinopentyl-3',4',7-trimethoxyflaa (75)

This derivative was achieved in 34% overalld/ior two steps as a syrup. IR (film}ax 2932,
2853, 1617, 1597, 1511 ¢m'H NMR (300 MHz, CDCY) § 8.11 (d,J = 8.7 Hz, 1H), 7.22-7.68
(overlapped, 2H), 6.97 (d,= 9.3 Hz, 1H), 6.95 (ddl = 9.0, 2.1 Hz, 1H), 6.89 (d,= 2.2 Hz, 1H), 4.00
(t, J = 6.7 Hz, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 3.903H), 2.42 (br.s, 4H), 2.31 @ = 8.0 Hz, 2H),
1.72 (quin,Jd = 7.1 Hz, 2H), 1.61 (quin] = 5.6 Hz, 4H), 1.56 — 1.47 (m, 2H), 1.44-1.32 @hl). °C
NMR (75 MHz, CDC}) ¢ 174.6, 164.0, 157.0, 155.4, 151.0, 148.6, 140.0,2,223.8, 122.1, 118.2,
114.3,111.7, 110.8, 100.0, 72.6, 59.2, 56.2, 58610, 54.4, 30.2, 26.2, 25.5, 24.2, 24.1. HR-MSIJE
m/z calcd for GgHzsNOg [M+H] *: 482.2542; found 482.2532. HPLC purity 99.6% (3@ nun of 45-
80% CHCN in aqueous solution of ammonium formate (1.26rgmonium formate in 1000 mL water),

with 15 min gradient, 1.0 mL/min).

4.5.10. 3-O-(4-Methylpiperazin-1-yl)propyl-3',4tifmethoxyflavono( 76)

This derivative was achieved in 42% overalld/ier two steps as a yellow solid. m.p. 99-101
IR (film) vmax 2938, 2837, 2790, 1634, 1621, 1596, 1563, 1512, 4thNMR (300 MHz, CDC}) ¢
8.11 (d,J = 8.9 Hz, 1H), 7.70-7.66 (overlapped, 1H), 7.661(8), 6.95 (d,) = 8.4 Hz, 1H), 6.94 (dd]
= 8.7, 2.4 Hz, 1H), 6.87 (d,= 2.0 Hz, 1H), 4.05 (§ = 6.4 Hz, 2H), 3.94 (s, 6H), 3.89 (s, 3H), 2.43 (t
J = 7.5Hz, 10H), 2.24 (s, 3H), 1.88 (quihz 7.0 Hz, 2H)**C NMR (75 MHz, CDC}) 6 174.5, 164.0,
157.0, 155.4, 151.0, 148.7, 139.9, 127.2, 123.2,2.2118.2, 114.3, 111.7, 110.8, 100.0, 71.2, 56.2,

56.1, 55.9, 55.3, 55.1, 53.2, 46.1, 27.7. HR-MSIYESz calcd for GeHzN,Os [M+H]*: 469.2338;
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found 469.2335. HPLC purity 95.0% (30 min run of-8® CHCN in aqueous solution of

ammonium formate (1.26 g ammonium formate in 10Q@0water), with 15 min gradient, 1.0 mL/min).

4.5.11. 3-O-(4-Methylpiperazin-1-yl)butyl-3',4' firtethoxyflavono(77)

This derivative was achieved in 40% overall ¢i@r two steps as a syrup. IR (film}ax 2934,
2836, 2793, 1616, 1597, 1511 ¢n'H NMR (300 MHz, CDCY) 6 8.12 (d,J = 8.9 Hz, 1H), 7.70 (dl =
6.2 Hz, 1H), 7.69 (s, 1H), 6.97 (@= 8.1 Hz, 1H), 6.95 (dd] = 9.0, 2.1 Hz, 1H), 6.88 (d,= 2.0 Hz,
1H), 4.03 (tJ = 6.5 Hz, 2H), 3.95 (s, 6H), 3.90 (s, 3H), 2.48gb8H), 2.33 (tJ = 7.8 Hz, 2H), 2.27
(s, 3H), 1.72 (quin) = 7.0 Hz, 2H), 1.56 (quin] = 7.4 Hz, 2H)**C NMR (75 MHz, CDC}) 6 174.6,
164.0, 157.0, 155.3, 151.0, 148.7, 140.0, 127.3,8222.2, 118.2, 114.3, 111.7, 110.8, 100.0,,72.6
58.2, 56.2, 56.1, 55.9, 55.1, 53.1, 46.1, 28.34.2dR-MS (ES)m/z calcd for GsHzaN,Os [M+H]*:
483.2495; found 483.2488. HPLC purity 95.5% (30 min of 45-80% CHKCN in aqueous solution of

ammonium formate (1.26 g ammonium formate in 10Q@0water), with 15 min gradient, 1.0 mL/min).

4.5.12. 3-O-(4-Methylpiperazin-1-yl)pentyl-3',4tritnethoxyflavono(78)

This derivative was achieved in 37% overall ¢i@r two steps as a syrup. IR (film}ax 2932,
2837, 2794, 1634, 1620, 1597, 1558, 1515 citd NMR (300 MHz, CDC}) ¢ 8.12 (d,J = 8.9 Hz,
1H), 7.70 (s, 1H), 7.69 (d,= 6.9 Hz, 1H), 6.96 (d] = 8.4 Hz, 1H), 6.94 (dd = 8.7, 2.1 Hz, 1H), 6.88
(d, J = 2.1 Hz, 1H), 3.99 (t) = 6.6 Hz, 2H), 3.95 (s, 3H), 3.94 (s, 3H), 3.903), 2.46 (br.s, 8H),
2.31-2.25 (overlapped, 2H), 2.18 (s, 3H), 1.72rfgdi= 7.0 Hz, 2H), 1.53-1.41 (m, 2H), 1.41-1.34 (m,
2H). ¥3C NMR (75 MHz, CDC}) § 174.6, 164.0, 157.0, 155.3, 151.0, 148.6, 140.0,21223.8, 122.1,
118.2, 114.3, 111.8, 110.8, 100.0, 72.6, 58.5,,3%21, 55.9, 55.0, 53.1, 46.0, 30.2, 26.6, 24R:- H
MS (ESI)m/z calcd for GgH3eN2Og [M+H]*: 497.2651; found 497.2640. HPLC purity 95.0% (3@ m
run of 15-55% CHCN in aqueous solution of ammonium formate (1.26vgnmonium formate in 1000

mL water), with 15 min gradient, 1.0 mL/min).
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4.5.13. 3-O-Pyrrolidinopropyl-3',4',7-trimethoxyflanol (79)

This derivative was achieved in 50% overall yietdl fwo steps as a syrup. IR (filmax 2933,
2837, 2790, 1616, 1597, 1511 ¢nH NMR (300 MHz, CDCY) § 8.11 (d,J = 8.9 Hz, 1H), 7.71-7.66
(overlapped, 2H), 6.96 (d,= 8.1 Hz, 1H), 6.94 (ddl = 9.0, 2.4 Hz, 1H), 6.88 (d,= 2.2 Hz, 1H), 4.06
(t, J = 6.4 Hz, 2H), 3.95 (s, 6H), 3.90 (s, 3H), 2.60Q) ¢ 7.7 Hz, 2H), 2.50 (br.s, 4H), 1.95 (quih+
7.1 Hz, 2H), 1.78-1.72 (m, 4H)*C NMR (75 MHz, CDC}) 6 174.6, 164.0, 157.0, 155.5, 151.0, 148.7,
139.8, 127.2, 123.7, 122.2, 118.1, 114.4, 111.18,811100.0, 71.2, 56.2, 56.1, 55.9, 54.2, 53.36,29.
23.5. HR-MS (ESI)m/z calcd for GsHagNOg [M+H]*: 440.2073; found 440.2068. HPLC purity 96.4%
[30 min run of 45-80% acetonitrile in ammonium f@t® solution (1.26 g ammonium formate in 1000

mL water), with 15 min gradient, 1.0 mL/min].

4.5.14. 3-O-Pyrrolidinobutyl-3',4',7-trimethoxyflawol (80)

This derivative was achieved in 40% overall yitdd two steps as a syrup. IR (filmmae 2935,
2838, 1610, 1596, 1511 ¢htH NMR (300 MHz, CDCJ) 5 8.12 (d,J = 8.9 Hz, 1H), 7.72 (d] = 8.4,
2.1 Hz, 1H), 7.69 (dJ = 1.8 Hz, 1H), 6.99 (d] = 8.4 Hz, 1H), 6.95 (dd] = 8.7, 2.1 Hz, 1H), 6.90 (d,
J=2.2 Hz, 1H), 4.01 ( = 6.1 Hz, 2H), 3.96 (s, 3H), 3.95 (s, 3H), 3.913(d), 2.63 (br.sJ = 5.6 Hz,
6H), 1.83-1.70 (overlapped, 8HY’C NMR (75 MHz, CDCY) § 174.6, 164.1, 157.0, 155.4, 151.1,
148.7, 139.9, 127.2, 123.7, 122.2, 118.2, 114.4,6,1110.8, 100.0, 72.2, 56.2, 56.1, 56.0, 54.(2,28
24.9, 23.5. HR-MS (ESIn/z calcd for GgHziNOg [M+H]*: 454.2229; found 454.2217. HPLC purity
95.5% (30 min run of 45-80% GBN in aqueous solution of ammonium formate (1.2&rgnonium

formate in 1000 mL water), with 15 min gradienf) inL/min).

4.5.15. 3-O-Pyrrolidinopentyl-3',4',7-trimethoxyflanol (81)
This derivative was achieved in 35% vyield foptsteps as a syrup. IR (film}ax 2932, 1615, 1597,
1558, 1512 cm.'H NMR (300 MHz, CDCJ) 6 8.11 (d,J = 8.9 Hz, 1H), 7.72 (d] = 8.4, 2.1 Hz, 1H),

7.69 (d,J = 1.8 Hz, 1H), 6.95 (overlapped, 2H), 6.89 dd&; 2.1 Hz, 1H), 3.99 (t) = 6.6 Hz, 2H),
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3.96(s, 3H), 3.95 (s, 3H), 3.90 (s, 4H), 2.66 (bfHd), 2.53 (tJ = 7.5 Hz, 2H), 1.84 (br.s, 4H), 1.73
(quin, J = 7.1 Hz, 2H), 1.61 (quin] = 7.7 Hz, 2H), 1.42 (quin] = 7.3 Hz, 2H)*C NMR (75 MHz,
CDClk) ¢ 174.6, 164.0, 157.0, 155.4, 151.1, 148.7, 140.0,22123.8, 122.2, 118.2, 114.4, 111.8,
110.9, 100.1, 72.4, 56.3, 56.2, 56.1, 56. 0, 53010, 27.8, 24.0, 23.5. HR-MS (ESiyz calcd for
Co7H3aNOg [M+H] *: 468.2386; found 468.2379. HPLC purity 97.3% (30 nin of 45-80% CHCN in
agueous solution of ammonium formate (1.26 g amomrfiormate in 1000 mL water), with 15 min

gradient, 1.0 mL/min).

4.6. Cell culture

All cell lines were initially purchased from Aarican Type Culture Collection (ATCC). The PC-3
and LNCaP prostate cancer cell lines were routicelyured in RPMI-1640 medium supplemented
with 10% FBS and 1% penicillin/streptomycin. The DA% prostate cancer cells were routinely
cultured in Eagle’s Minimum Essential Medium (EMEMupplemented with 10% FBS and 1%
penicillin/streptomycin. The MCF 10A mammary eplidkecells were routinely cultured in MEGM
Bulletkit growth medium (Lonza). The PWR-1E non-plastic prostate epithelial cells were routinely
cultured in Keratinocyte serum free medium (K-SFEpplemented with bovine pituitary extract and
human recombinant epidermal growth factor. Cultuveere maintained in a high humidity
environment supplemented with 5% carbon dioxida &mperature of 3. The DU-145 prostate
cancer cells were routinely cultured in Eagle’s iinm Essential Medium (EMEM) supplemented

with 10% FBS and 1% penicillin/ streptomycin.

4.7. WST-1 cell proliferation assay

PC-3, DU145, LNCaP, MCF 10A, or PWR-1E cells welatgd in 96-well plates at a density of
3,200 each well in 200 pL of culture medium. Thésceere then treated with quercetin, fisetin, or
synthesized flavonols separately at different d¢3e¢&25 uM, 6.25 uM, 12.5 uM, 25 uM, and 50 uM

for the compounds with l§g values greater than 5 uM; 0.1 uM, 0.25 uM, 0.5 oMM, and 5 puM for
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the compounds with I§g values less than 5 pM) for 3 days, while equalttrent volumes (200 pL) of
DMSO (0.25%) in medium were used as vehicle conirbé cells were cultured in a G@cubator at

37 °C for three days. 10 pL of the premixed WST-1 petlliferation reagent (Clontech) was added to
each well. After mixing gently for one minute on arbital shaker, the cells were incubated for
additional 3 hours at 3. To ensure homogeneous distribution of colds important to mix gently

on an orbital shaker for one minute. The absorbaficsach well was measured using a microplate-
reader (Synergy HT, BioTek) at a wavelength of #8@Q The 1@, value is the concentration of each
compound that inhibits cell proliferation by 50%den the experimental conditions and is the average
from triplicate determinations that were reprodieind statistically significant. For calculatinget
ICso values, a linear proliferative inhibition was mallased on at least five dosages for each

compound.

4.8 Cell cycle analysis

PC-3 cells were plated in 24-well plates ateasity of 200,000 each well in 400 pL of culture
medium. After 3 h of cell attachment, the cells evdren treated with test compound at 10 uM and 20
UM, while equal treatment volumes (400 pL) of DM$D25%) in medium were used as vehicle
control. The cells were cultured in @@cubator at 37C for 16 h. Both attached and floating cells
were collected in a centrifuge tube by centrifugratat rcf value of 450 g for 5 min. After discargin
the supernatant, the collected cells were re-sugzewith 500 pL 80% cold ethanol to fix for 30 min
in 4°C. The fixed cells could be stored at “ZDfor one week. After fixation, the ethanol was omed
after centrifuging and the cells were washed wlB8SPThe cells were then re-suspended with 100 pL
of 100 mg/mL ribonuclease and were cultured at@Tor 30 min to degrade all RNA. The cells were
stained with 200 pL of 50 pg/mL propidium iodidd)(Btock solution for 30 min at -2%C, and then
the fluorescence intensity of Pl was detected dividual PC-3 cells using an Attune flow cytometer

(Life Technologies) within 0.5-1 h after staining.
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4.9 F2N12S and SYTOX AADvanced double stainingyassa

PC-3 cells were plated in 24-well plates ateasity of 200,000 each well in 400 pL of culture
medium. After 3 h of cell attachment, the cells evéten treated with the test compound at different
concentrations (5 pM, 10 pM, 20 pM) and culturedCi®, incubator at 3PC for 16 h, while equal
treatment volumes (400 pL) of DMSO (0.25%) in mediwere used as vehicle control. Both attached
and floating cells were collected in a centrifugbd by centrifugation at rcf value of 450 g for f1im
The collected cells were re-suspended with 500 [BISH to remove proteins which may affect flow
signal and centrifuged again. After discarding slpernatant, the collected cells were re-suspended
with 300 pL HBSS and stained with 0.3 pL of F2N12% 3-5 min followed by 0.3 pL SYTOX
AADvanced for an additional 5 min. The fluorescemtensity of the two probes was further measured
in individual PC-3 cells using an Attune flow cytetar (Life Technologies) within 0.5-1 h after

staining.

4.10 Pharmacokinetic Study (Sampling and Analy3iK])

Male Sprague-Dawley rats, weighing between &a@ 300 g (Charles River Laboratories, Portage,
MI) were used for the pharmacokinetic study of tfige3-O-substituted-3',4'-dimethoxyflavono# %)
and two 30-substituted-3',4',7-trimethoxyflavonolgq and81). Rats (n = 4) were given oral gavage
containing 5% dimethyl sulfoxide (DMSO), 40% polygene glycol 400, 55% saline-dissolved
fisetin, 42, 76, and81 at a single dose of 10 mg/kg. After oral admiaisbn, blood samples were
collected from the lateral tail vein of the ratslat3, 6, 8, and 24 h. Rat blood was collected ith
capillary into 1.5 mL microcentrifuge tubes contagn0.01 mL of 10% EDTA anticoagulant. Plasma
was then separated from red cells by centrifugaitiom refrigerated centrifuge at°’@ and transferred
to a separate tube. The plasma samples were faiz&0°C until analysis. All procedures involving
these animals were conducted in compliance withe séad federal laws, standards of the U.S.

Department of Health and Human Services, and guieelestablished by Xavier University Animal
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Care and Use Committee. The facilities and laboyatmimals program of Xavier University are

accredited by the Association for the Assessmethtfarcreditation of Laboratory Animal Care.

4.11 High Performance Liquid Chromatography-Tanddass Spectrometry (HPLC-MS/MS) for Drug
Analysis in Plasma Samples.

Plasma samples were extracted with chlorofortiiamol (2:1) using traditional Folch method for
lipid extraction. Methanol (1 mL) and chloroform if2L) were added to each plasma sample followed
by addition of 5 ng of trans-tamoxiféfic2, >N to each sample as the internal standard. Theuneixt
were stored at -268C overnight. Next, the samples were sonicated farib and centrifuged with a
Thermo Scientific Heraeus Megafuge 16 centrifugee Top layer was transferred to another test tube.
The bottom layer was washed with 1 mL of chlorofom@thanol (2:1), centrifuged, and the top layer
was transferred and combined with the previouslagpr. Eight-tenth of a milliliter of HPLC grade
water was added to the extracts. After vortexihg, mixture was centrifuged. The bottom layer was
dried out with nitrogen and re-suspended in 10@ftHPLC grade acetonitrile. An aliquot of 10 pL of
sample was injected onto a Hypersil Gold column ifi@d x 2.1 mm; particle size 1.9 uM, Thermo
Scientific) on a Dionex Ultimate 3000 UPLC systequipped with a TSQ Vantage triple quadrupole
mass spectrometer for analysis. A binary mobilesphA, water with 0.05% formic acid; B,
acetonitrile with 0.05% formic acid) was used tdiage the gradient of initial 30% B for 1 min and
then to 80% B at 8 min, to 100% B at 9 min, andimezd to 30% B for 4 min. The flow rate was
controlled at 0.6 mL/min. The settings of Heateddilospray lonization source were as follows: spray
voltage (3200 V); vaporizer temperature (369; sheath gas pressure (45 psi); auxiliary gasspire
(10 psi); capillary temperature (38G). Nitrogen was used as the sheath gas and aygjés. Argon

was used as the collision gas.
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Highlights:

* 63 3-O-substituted flavonols were evaluated in prostate epithelia cell models.
* An appropriate amino group to 3-OH of flavonols did improve the potency.

* Theoptimal carbon linkers and terminal amino groups were identified.

¢ One promising compound exhibit improved potency and bioavailability.



