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ABSTRACT

Novel 3-aroyl-1,4-diarylpyrrole derivatives werendlyesized to explore structure-activity
relationships at the phenyls at positions 1 and the pyrrole. The presence of amino phenyl
rings at positions 1 and 4 of the pyrrole ring wkrend to be a crucial requirement for potent
antitumor activity. Several compounds strongly Iiteid tubulin assembly through binding to
the colchicine site. Compound®, 44, 48, 62 and 69 showed antitumor activity with low
nanomolar 1Gp values in several cancer cell lines. Compod®avas generally more effective as
an inhibitor of glioblastoma, colorectal and urindiladder cancer cell line€§9 consistently
inhibited CML cell lines and demonstrated supetyorin nilotinib and imatinib resistant
LAMA84-R and KBM5-T315I cells. In animal models, mpound 48 exhibited significant
inhibition of the growth of T24 bladder carcinomadeES-2 ovarian clear cell carcinoma tumors.
Compounds48 and 69 represent robust lead compounds for the desigrewf broad-spectrum

anticancer agents active in different types ofdsahd hematological tumors.



1. Introduction

Cancer is a serious leading cause of death workgvaidiming more than 8.2 million human
lives in 2012. According to available global canstatistics, lung (12.3%), breast (12.3%),
colorectal (10.6%) and prostate (7.5%) accounttfe most cancers diagnosed worldwide.
Nevertheless, leukemia alone represents 2.5 %l efi|jnosed cancers [1,2]. Cancer cells are
characterized by a high rate of cell division. Mitibules (MTs) play a key role in regulating the
eukaryotic cell machiner¥Interfering with the MT dynamic equilibriufis an attractive option
for the design of effective agents against a wialéety of cancers [4-11].

We recently reported the synthesis of (4-(4-amirogh)-1-phenyl-H-pyrrol-3-y1)(3,4,5-
trimethoxyphenyl)methanond)((Chart 1), an inhibitor of tubulin polymerizatiand MCF-7
cancer cell growth with antiproliferation activip BCR/ABL-expressing chronic myeloid
leukemia (CML) cells from patients in blast crigii?]. Herein we report the synthesis and
structure-activity relationship (SAR) studies of wne3-aroyl-1,4-diarylpyrrole (ARDAP)
compound®-69. The SAR studies have been grouped in three sefriésrivatives based on the
substituentsi) at the pyrrole 1-phenyl ring (Ring &;16), (ii) at the 4-phenyl ring (Ring B,7-
33), and (i) at both these phenyl rings (Rings A+®4-69). We examined their effects as
inhibitors of tubulin polymerization and MCF-7 bs¢@ancer cell growth and as inhibitors of the
binding of colchicine to tubulin (Tables 1-3). Filigghly potent derivatives}2, 44, 48, 62 and
69, were evaluated in a panel of cancer cell linasluding leukemia (KU812, LAMA84-S,
LAMA84-R, KBM5-WT, KBM5-T315I), glioblastoma (T98G,U87MG and U343MG),
neuroblastoma (SK-N-BE and SK-N-BE(2)-C), coloré@tar29, HCT116, SW480 and SW620)
and urinary bladder (T24)ells. ARDAPs42, 44, 48, 62 and69 demonstrated broad spectrum

activity in all these cell lines, witd8 generally more effective in the glioblastoma, cettal



and urinary bladder cancer cells &8lin the leukemia cell lines. In animal models, counpd

48 exhibited significant inhibition of the growth tie T24 bladder and ES-2 ovarian clear cell
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Chart 1. General structures of ARDAP compourid®-16 (Table 1),17-33 (Table 2 an®4-69 (Table 3).

2. Chemistry
2.1. Synthetic procedures

The new ARDAP derivatives were synthesized as deghicn Scheme 1. Reaction of an
appropriate benzaldehyde with 3,4,5-trimethoxyguetmone 70) in the presence of NaOH in
ethanol at room temperature for 24 or 2 h affordediconesr1-84 and 85-89, respectively,
which underwent cyclization into the correspondipgrrole derivatives90-108 with p-
toluenesulfonylmethyl isocyanide (TosMIC) in theegence of NaH in dimethyl sulfoxide and

diethyl ether at room temperature. In order to iowpryield, pyrrole®0-108 were transformed



into ARDAP compounds by different procedured: with an appropriate boronic acid in the
presence of copper(ll) acetate and triethylamindichloromethane under an Ar stream at room
temperaturedq, 26, 30 and33), at 40 °C 8, 7, 24, 58) or at 50 °C 17-23, 25, 27-29, 31, 32, 34-

38, 41, 49-53, 56, 57, 59 and 60) for 18 h, or in 1,2-dichloroethane at 80 °C fdr2 @, 10-12
and15); for compoundb, pyridine in dichloromethane was used insteadiefitylamine at room
temperature for 5 h;iij with an appropriate iodonitrobenzene, copperfdntide, cesium
carbonate and 8-quinolind-oxide in dimethyl sulfoxide at 65 °C for 18 #, © and13); (iii)
with an appropriate iodoaniline, copper(l) iodidesium carbonate, 1,10-phenanthroline in 1,4-
dioxane at 110 °C for 24 MZ%-46 and 63-67); for 16, DMF at 110 °C overnight was used.
Reduction of nitro derivatived, 13, 37, 38, 45, 46, 53, 59, 60, 66, 67 with tin(ll) chloride
dehydrate in ethyl acetate at 80 °C for 3 h fureishmino ARDAPS, 14, 39, 4, 47, 48, 54, 55,

61, 62, 68 and69.

2.2 Molecular modeling studies

The binding modes of compound®, 44, 48, 62 and 69 were evaluated by docking experiments
using our previously reported procedure [1Zhe proposed docking poses were consistent
across all inspected structures and were superaposvith the bound DAMA-colchicine (pdb
code: 1SA0) [13]. Inspection of the binding modghtighted the following key contacts) ¢he
trimethoyphenyl ring formed polar contacts with tBgs24B side chain and hydrophobic
interactions with Leu24B and Leu25B; (ii) the B ring was involved in hydrophobic contacts
with the Lys358 side chain andecation interactions with the L$52 e-nitrogen atom;i{i) the

A ring formed hydrophobic interactions with Met759.ys353, Ala 180x and Vall8&. The
position of the substituent of both the A and Bgsirdid not affect the binding mode (Figure

1SD, supplementary data).
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Scheme 1. Synthesis of compounds69. For structure®2-69, see Tables 1-3. Compoundk 108, R,: H,
71, 90; 2-Me, 85, 91; 2-Cl, 72, 92; 3-Cl, 86, 93; 4-Cl, 73, 94; 2-Br, 74, 95; 3-Br, 75, 96; 4-Br, 76, 97; 2-
NO,, 77, 98; 3-NO,, 78, 99; 4-NO,, 79, 100; 2-MeO, 87, 101; 3-MeO, 88, 102; 4-MeO, 80, 103; 5-Br,2-
MeO, 81, 104; 2,5-F, 82, 105; 2,4,6-k, 89, 106; styryl, 83, 107; 2-F, 84, 108. Reagents and reaction
conditions: (a) appropriate benzaldehyde, NaOH,HE®B%; r.t., 24 h{1-84) or 2 h 85-89); (b) NaH,
TosMIC, DMSO/ESO0, r.t., 4 h §0-108); (c) appropriate boronic acid, Cu(OAcEtN, DCM, r.t.,, 18 h
(2, 26, 30, 33), DCM, 40 °C, 18 h3, 7, 24, 58), DCE, 50 °C, 18 h1(7-23, 25, 27-29, 31, 32, 34-38, 41,
49-53, 56, 57, 59 and 60), DCE, 80 °C, 18 h,§ 10-12, 15), Pyr, DCM, r.t., 5 h&); (d) appropriate
iodonitrobenzene, CuBr, 8-quinolindl-oxide, CsCO;, DMSO, 65 °C, 18 h4; 9, 13); (e) appropriate
iodoaniline, Cul, C£G0;, 1,10-phenanthroline, dioxane, 110 °C , 244R-46, 63-67), 110 °C, DMF,
overnight (6); (f) SnCL2H,0, MeCOOEt, 80 °C, 3 I5( 14, 39, 4, 47, 48, 54, 55, 61, 62, 68 and69).



Tablel
Inhibition of tubulin polymerization, growth of MGF human breast carcinoma cells and colchicine
binding to tubulin by compounds16.?

OMe
) e
Cyrov
[\ OMe
N
@
AR
NS
2-16
Compd Ph-R (A ring) ICs0 £ SD (UM) IC50 £ SD (nM) (% + SD)
Tubulin MCF-7 Inh. colch. bind
Me
2 @ >20° 2200 + 50 nél
Cl
3 @ >20 1800 + 200 nd
NO,
4 @ >20 5000 + 0 nd
NH,
5 @ >20 3800 + 400 nd
OMe
6 @ 1.3+0.01 150 + 20 2244
Cl
7 @ 2.1+02 150 £ 4 37+4
Br,
8 O 1.9 £0.04 78 + 4 23+4
O,N
9 @ >20 550 + 70 12+2
MeO
10 O 1.6 £0.04 500 + 70 25+2
11 a— Y 17401 140 + 40 42 +2
12 s )— 0.66 + 0.1 2042 78 +4
13 o H— 3.3+0.3 4000 + 700 18+3



14 HQN@ 1.6+0.1 35+7 67 +1

15 Meo@ 0.96 + 0.1 120 + 10 27+5
MeO

16 Me04©7 >20 >5000 6.5+ 4
MeO

@ Experiments were performed in duplicate or trigtiec

®Inhibition of tubulin polymerization. Tubulin was 20 uM in the assembly assay.
“Inhibition of growth of MCF-7 human breast carcirogells.

4 Inhibition of PH]colchicine binding: tubulin,*H]colchicine, inhibitor at 1:5:5M.
°nd, not done.



Table2
Inhibition of tubulin polymerization, growth of MGF human breast carcinoma cells and colchicine
binding to tubulin by compound¥-33.2

R\,_ OMe
B (0]
\"/ OMe
/ \ OMe
é
17-33
Compd Ph-R (Aring) ICsq* SD M) ICs0 £ SD (NM) (% + SD)
Tubulin® MCF-7 Inh. colch. bind.
Me
17 @ 0.79+0.1 190 + 30 18 +1
Cl
18 @ 0.63 +0.07 76+ 8 50 + 2
Cl
19 @ 2.3+0.04 540 + 90 7.5+0.3
20 o )— 1.2 +0.08 290 + 10 23 %2
Br
21 @ 0.67+0.1 190 + 10 39+1
Br,
22 O 20 950 + 70 nd
23 5 —_)— 0.77 0.1 340 + 60 14 + 4
NO,
24 @ 0.73+0.1 49 + 10 611
O,N
25 O 0.94 +0.06 50 + 10 12+1
26 on—_H— >20 590 + 20 nd



27

28

29

30

31

32

33

o
o
<
o7

0.55+0.08

0.45+£0.05

0.48 +0.04

>20

1.3+0.08

0.51+0.1

>20

190 + 30

180 + 30

70+10

2200 £50

230 +40

180 + 30

2200 + 50

31+2

27 %1

42 +0.2

nd

24 +0.07

27x1

nd

4 Experiments were performed in duplicate or trigic
®Inhibition of tubulin polymerization. Tubulin was 20 uM in the assembly assay.
¢Inhibition of growth of MCF-7 human breast carcirmwells.
¢ Inhibition of PH]colchicine binding: tubulin,*H]colchicine, inhibitor at 1:5:5M.
°nd, not done.



Table3
Inhibition of tubulin polymerization, growth of MGF human breast carcinoma cells and colchicine
binding to tubulin by compound!-69.

= OMe
B (0]
\"/ OMe
/N OMe
N
/ |
Ok
34-69
Compd Ph-R (A ring) Ph-R (Bring) ICs+SD @M) ICs0+ SD (M) (% £ SD)
Tubulirf MCF-7° Inh. colch. bind.
Me, F
34 @ @ 0.79 £0.04 190 + 20 57 +4
Me Cl
35 @ 0.71+0.1 420 + 30 39+3
Me, NO,
36 @ @ 1.2 +0.06 220 + 50 41+9
Me, O,N
37 @ O >20 880 + 40 42+5
Me,
38 @ on-{_ ) >20 780 + 200 10+0.8
Me, HoN
39 @ O 0.91+0.1 130 £ 30 64 + 4
Me
40 @ HN—)— 0.33+0.02 18+4 88 + 0.4
F NO,
41 @ @ 11+0.1 190 + 10 41+2
HoN F
42 @ @ 0.50 + 0.02 17 %5 90 +1
HoN cl
43 @ @ 0.63+0.1 40 + 4 79 +2
HoN NO,
44 @ G 0.71 +0.02 14 +2 82+0.2
HoN O.N
45 @ O 1.7 £0.07 510 + 80 32+5



46

a7

48

49

50

51

52

53

55

56

57

58

59

60

61

62

63

64

H

N

H

N

PP

=
)

=
)

POCOEL0D0P000 T

n

n

Ha

D9
s¥e

Hp

P4

O,N

Hal

HoN

sl

Cl

P

NO

N

e

(@)

N

O,

=z

Ho

P4

+

Q

+

NO

N

e

o
N

O,N

HoN

0.78+0.1

0.88+0.1

0.47 £0.03

0.78 £0.06

0.48 +0.04

0.61 £0.004

0.71 £ 0.07

0.65+0.1

0.42 +0.01

0.36 £0.06

0.66+0.1

0.51 £0.02

0.68+0.1

>20

>20

0.41 +0.02

0.50+0.1

0.59+0.1

0.71+0.1

180 + 30

65+7

2107

200 +£40

53+4

391

8310

384

440 + 60

240 + 30

53+4

28+4

83 +10

92 +£0.07

80+0.5

70+3

71+1

36+5

34+2

88 +0.3

95+0.9

68 +4

65+0.6

46 +0.04

11+4

68 +2

90+0.1

79+1

65 +0.6



65 HzN@ @ 0.52 +0.01 53 +4 69 + 0.6
o,N

66 HZN@ @ 3.8+0.4 260 + 60 1842

67 HZN@ OQNQ 1.8+0.3 260 + 30 235
H,N

68 HZN@ O 0.87 0.1 78 +4 59 + 2

69 HN— ) Hn—)— 0.38 £ 0.04 15+2 87 +0.09

#Experiments were performed in duplicate or trigkca

®Inhibition of tubulin polymerization. Tubulin was 20 uM in the assembly assay.

¢Inhibition of growth of MCF-7 human breast carciroeells.

Inhibition of [’H]colchicine binding: tubulin,*H]colchicine, inhibitor at 1:5:5M. With the inhibitor at
1uM, 42 yielded 68 + 0.448 67 £ 2,55 74 + 2, andb2 61 + 4 % inhibition.

°nd, not done.

3. Resultsand discussion

3.1. Inhibition of tubulin polymerization and MCF-€ancer cell growth
3.1.1. Compoundg-16, Ring A (Table 1)We first synthesized ARDAP derivativ@sl6 to
explore a variety of substituents at the 1-pheriythe pyrrole nucleus (Table 1). As tubulin
polymerization inhibitors, ARDAPS, 8, 10, 11 and14 showed IG, values in the 1.0-2.OM
range, and two compoundk? and 15, were inhibitory at submicromolar concentrationstiV
the exception o6, introduction of substituent at position 2 of thehenyl ring abolished the
ability of a compound to inhibit tubulin polymertizan. Derivatives bearing a methoxy group at
position 2, 3 or 4 of the 1-phenyl ring were altgrd inhibitors of tubulin assembly (compd&e
(ICs0= 1.3uM), 10 (ICso = 1.6uM) and15 (ICso = 0.96uM). Among ARDAPS2-16, compound,

12 (ICs0 = 0.66uM) was the most potent tubulin polymerization intoh In general, ARDAPSs



bearing a substituent at position 4 of the 1-pheimd were superior to the corresponding 3-
substituted counterparts (compdafewith 7, 12 with 8, and15 with 10) in both biochemical and
cellular assays. The 4-brom@2 (ICso = 20 nM) and 4-aminoi4 (ICso = 35 nM) phenyl
derivatives were the most potent inhibitors of ghewth of human MCF-7 nonmetastatic breast
cancer epithelial cells among the ring A modifiedidatives.

3.1.2. Compound47-33, Ring B (Table 2)ARDAP derivatives17-33 were synthesized to
evaluate substituent on the 4-phenyl ring of thergdg¢ nucleus (Table 2). Ten ARDAP
derivatives,17, 18, 21, 23-25, 27-29 and32, inhibited tubulin polymerization with Kg values at
submicromolar concentrations, and two compou2safid31) had 1Go values in the 1.0-2.0
uM range. ARDAP derivatives bearing a chlorine diramine atom at position 2 or 4 of the 4-
phenyl ring were more potent than the correspon@usyibstituted counterparts [compd@
(ICso = 0.63uM) and 20 (ICso = 1.2uM) with 19 (ICso = 2.3uM); 21 (ICsp = 0.67uM) and 23
(ICso = 0.77uM) with 22 (ICso >20 pM)]. In contrast, ARDAP24 (ICso = 0.73uM) and 25
(IC50 = 0.94 uM), bearing a nitro group at position 2 or 3 of #hehenyl ring were much
superior to the corresponding 4-nitro derivat®@ (ICso >20 uM). Introduction of a methoxy
group on any position of the 4-phenyl ring (ARDAP29) yielded potent inhibitors of tubulin
assembly, with Igy's of 0.55, 0.45 and 0.48M, respectively. Fluorine atoms at positions 2,5-
(31, IC50 = 1.3uM) or 2,4,6 B2, ICso = 0.51uM) of the 4-phenyl ring also resulted in potent
tubulin polymerization inhibitors. Several deriwegs inhibited MCF-7 cancer cell growth with
high nanomolar 16 values; compoundE3, 24, 25 and29 were the most potent inhibitors of the
MCF-7 cell growth in this group of derivatives, WikCso values ranging from 424) to 76 nM
(18).

3.1.3. Compound84-69, Rings A+B (Table 3)We synthesized compound4-69 to combine



substituents at both the aryl rings at positiorRing A) and position 4 (Ring B) of the pyrrole
nucleus (Table 3). New ARDAPs with substituentspasition 2 of the 1-phenyl ring were
synthesized because of the weak activity displdyederivatives2-6 (Table 1). Many of these
derivatives 84, 35, 39, 40, 42-44, 46-58, 61-65, 68 and69) inhibited tubulin polymerization with
submicromolar 1G, values, and four compound86( 41, 45 and 67) had IG values in the
1.0-2.0uM range.

3.1.3.1. ARDAPs34-48: R; substituent at position 3 of the 1-phenyl rinbhe 3-amino
derivatives at the 1-phenyl ring2-48 were generally highly potent inhibitors in botheth
biochemical and cellular assays, with the exceptib#b, which has a nitro group at position 3
of the 4-phenyl ring. ARDAP42, 44 and48 were the most potent MCF-7 cancer cell growth
inhibitors of this group, with 16 values of 17, 14 and 14 nM, respectively. WhenRimgg A
substituent was a 3-methyl group4{40) or a 3-fluorine atom4(l), there was a significant
reduction in antiproliferative activity, with thexeeption of40 (ICso = 18 nM). The derivative
with a 2-nitro group on the 4-phenyl rindd( ICso = 14 nM) was a strong inhibitor of the MCF-7
cancer cell growth. The presence of an amino gmuRing B positively affected both the
inhibition of tubulin assembly and MCF-7 cancerl gglowth, in particular when the amino
group was at position 4 of Ring B (compdf: ICs of 18 nM. and48, ICsp of 14 nM).

3.1.3.2. ARDAP49-69: R; substituent at position 4 of the 1-phenyl rikigith three exceptions,
59, 60 and66, these ARDAPs were potent inhibitors of tubulinypeerization, with 1@, values
at submicromolar concentrations. The most potenvaléves were characterized by the presence
of a 3- or 4-amino group on the 4-phenyl rigg, (tubulin assembly 1§ = 0.42uM, MCF-7 1G5

= 53 nM; 55, tubulin assembly 165 = 0.36uM, MCF-7 1G5 = 6.0 nM; 61, tubulin 1G5, = 0.41

MM, MCF-7 1G5 = 53 nM; 62, tubulin assembly 165 = 0.50uM, MCF-7 IG5 = 12 nM; 68,



tubulin 1Cso = 0.87uM, MCF-7 1C50 = 78 nM; 69, tubulin assembly 165 = 0.38uM, MCF-7 1G5

= 15 nM). The derivativegl9-55, with a 4-methyl substituent on Ring A, were afitent
inhibitors of tubulin assembly, with the Ring B stilbuents 2-fluoro49), 2-nitro 61), 3-amino
(54) and 4-amino §5) also being highly effective inhibitors of MCF-7arccer cell growth.
Among the 4-fluorophenyl derivatives-62, introduction of a nitro groupb® and60) yielded
compounds with little ability to inhibit tubulin jpomerization and reduced antiproliferative
activity. Among this group of compounds, the betipaoliferative activity was observed with
56, 58 and, especially2, with an 1G, of 12 nM against the MCF-7 cells. Generally, ARBAP
63-69, bearing a 4-aminophenyl moiety, showed potenbitibn of tubulin assembly and MCF-
7 cancer cell growth, with the exception of nitrompounds66 and 67. In this group,
exceptional antiproliferative and antitubulin adiwas observed in compour@®, with para-
amino substituents in both Rings A and B. A SAR swary of tubulin polymerization inhibition

and inhibition of MCF-7 cancer cell growth of conymals2-69 is shown in Chart 2.



Chart 2.
SAR Summary for tubulin polymerization inhibitiom®l) and MCF-7 cancer cell growth
inhibition (CGI) by compound2-69.

0 R\—— OMe
oM 8/ °
e Ring B \ OMe
7\ oM TPI: good ~
N e CGl: all rings, weak / \ OMe
1 N

_ Ring A
A +-R  2-subst-Ph: TPland CGl bad
X 3-subst-Ph: TPl good, CGI bad

4-subst-Ph: TPl and CGI good

2-16 17-33
R, /— OMe
215G
B // 0] X X
\ OMe Rings A RingB

- 3-Me-Ph, all, except NO,: TPl good, CGI weak
I\ OMe 3-NH,-Ph, all: TPI good, CGl good
N, 4-Me-Ph, all: TPI vey good, CGI good
— 4-F-Ph, all, expt NO,: TPl very good, CGl good
\A:—Rl 4-NH,-Ph, all, expt NO,: TPl and CGl excellent

34-69

3.2. Inhibition of the binding ofH]colchicine to tubulinCompound<-69 were also examined
for potential inhibition ofthe binding of {H]colchicine to tubulin. ARDAP compounds, 40,
42-44, 48, 49, 54, 55, 62, 63 and69 yielded >75% inhibition of the binding reaction.sisould be
noted that only onel@) among2-16 with Ring B = phenyl (Table 1) and none of compaa/-

33 with Ring A = phenyl (Table 2) showed binding ibiion >75%. The most potent derivatives
42, 44, 48, 55, 62 and69, Rings A and B = aryl (Table 3), showed good datien between
binding inhibition with a range of 879%6%) — 95% 65) and inhibition of the MCF-7 cancer cell
growth with 1Go <17 nM. Compounds with 80-90% inhibition ofH]colchicine binding
inhibited the growth of the MCF-7 cancer cell liwéh ICso values in the range of 12-53 nM;
except for50, compounds with 70-80% inhibition oH]colchicine binding inhibited the growth

of the MCF-7 cancer cells with gs in the range of 28-65 nM.



3.3. Inhibition of leukemia KU812, LAMA84-S, LAMABAKBM5-WT, and KBM5-T315I cells.

Chronic myeloid leukemia (CML) is a myeloprolifakeg disorder of hematopoietic

stem/progenitor cells [14]. CML arises from recigab chromosome translocation

1(9;22)(g34;911) leading to the Philadelphia (PHjrocnosome encoding for the hybrid

phosphoprotein tyrosine kinase P210BCR-ABL thatvatés downstream signals leading to the
pathogenesis of CML [15,16]. CML predominantly atteadults, although it can also occur in
young people, accounting for 20% of adult leukemigdse NIH SEER Program has estimated
8990 new cases and 1140 deaths in 2019 in thedJ&ttes [17].

Imatinib mesylate (IM, STI-571, Gleevec) ispecific BCR-ABL and c-ABL tyrosine kinase
inhibitor (TKI), and it represents the standarchtneent for CML. Treatment with the drug leads
to stable clinical responses and extended ovemalival in the majority of patients. However,
patients treated with IM develop clinical resistaft8] to the drug due to point mutations in the
catalytic domain of the BCR/ABL oncoprotein [19] tarbcr/abl gene amplification [20]. Such
events usually result in CML patients having alféast crisis. The BCR/ABL threonine for
isoleucine mutation at the “gatekeeper” positio®»,3I315I1, causes drug resistance to IM and
other tyrosine kinase inhibitors (TKIs) [21,22]. Wagents to overcome the IM drug resistance
in CML cells are needed. MTs have received attenis a target for the development of
alternative therapy for CML [10,11]. Recently, miypic ARDAP [12] and MPT [23,24]
compounds have been reported as potential agernteabCML. However, this field requires

further exploration.



Table4
Growth inhibition of KU812, LAMAS84-S, LAMA84-R, KBN6-WT and KBM5-T315I cell lines

by compoundd2, 44, 48, 62, 69 and reference nilotinib.

Compd IGo + SD (nMY
KU812 LAMA84-S  LAMA84-R  KBM5-WT  KBMS5-T315|
42 14+ 4 15+1 14 +2 18 + 4 22 +2
44 16 +2 18+4 20+2 15 +3 21+2
48 8+2 10+4 12 +4 14 +3 16 +3
62 18+3 20+2 22+2 25 + 2 26 +3
69 5+2 8+3 10+ 2 10 +3 12 +2
NLT® 10 +2 11+2 126 + 21 12+5 2421 +2

 Cytotoxic concentrations for the indicated cefies. Experiments were performed in triplicate.
Incubation time was 48 h.
®NLT: Nilotinib.

ARDAPs 42, 44, 48, 62 and 69 were compared with nilotinib (NLT) in the BCR/ABL-
expressing KU812 cells and in the LAMA84-S cellelisensitive to IM and its paired IM
resistant LAMA84-R. NLT is a second-generation T#&pproved for the treatment of IM-
resistant CML, and NLT was superior to IM as atfinse treatment in newly diagnosed CML
[25,26]. Compoundd2, 44, 48, 62 and69 inhibited the KU812, LAMA84-S and LAMA84R cell
lines at low nanomolar concentrations (Table 4)TNtas comparable t42, 44, 48, 62 and69
in the KU812 and LAMAS84-S cells but showed weakdribition of the LAMA84-R cell line.
At such nanomolar concentrations, peripheral blomshonuclear cells (PBMCs) isolated from
healthy donors were minimally affected (data naivah). ARDAPs42, 44, 48, 62 and69 also
inhibited the IM-sensitive KBM5 and IM-resistant KB-T3151 cells with similar 1G
inhibitory concentrations. Most importantly, theigity of these compounds did not appear to be
affected by the T315I1 mutation; in contrast, NLfpwed weak inhibition of this cell line. As an

inhibitor of the IM-resistant LAMA84-R and KBM5-T3&L1 cell lines,69 (ICso of 10 and 12 nM,



respectively) was 12.6 and 201.7 times superidiLio.

The ability of 69 to potentiate the cytotoxic effects of NLT wasessed in human KBM5
CML cells. KBM5-WT and KBM5-T315I cells were tredtdor 48 h with 10 nM NLT in the
presence or absence of 10 ®®land analyzed by the MTT assay. Apoptosis evalndiioflow
cytometry (annexin V-stained cells) showed #@potentiates NLT-mediated cell death in both
KBM5-WT and KBM5-T3151 CML cells. The NLT&9 drug combination was clearly more
effective than NLT 069 alone in increasing the percentage of apoptotis ét®m near 50% to

90% (Fig. 1).

120 7
100

80 - T 0 KBMS-WT

O KBM5-T315I
60 -

40

20 -

0 s s B B s
DMSO NLT 69 NLT+69

% apoptotic cells (Annexin V*)

Fig. 1. ARDAP 69 potentiates NLT-mediated CML cell death, includithgse cells that express the
T3151 mutation. Cells were treated for 48 h andhthesessed by flow cytometric analysis. Experiments
were performed in triplicate.



3.4. Inhibition of growth of glioblastoma T98G, W& and U343MG and neuroblastoma SK-
N-BE and SK-N-BE(2)-C cell lineGlioblastoma is a highly malignant and rapidly gnogvtype

of brain cancer. It is usually aggressive and atiretly common brain tumor in adults [27]. A
major difficulty in treating glioblastomas is caddey different cell types found in these tumors.
Standard therapy includes surgical resection, ia@lb by postoperative radiation therapy and
adjuvant chemotherapy with the alkylating agentdeotomide [28]. Treatments of U343MG
(human glioblastoma-astrocytoma), U87MG (human bj¢istoma-astrocytoma) and T98G
(human glioblastoma) cells with increasing concaiins of compoundd2, 44, 48, 62 and 69
produced a dose-dependent inhibition of cell vigb{Fig.s 2SD-4SD, supplementary data). The
ICs5o values obtained were in the nanomolar conceniratamge in each cell line, and ranged
from 12 @8) to 69 @2) nM in U343MG cells, from 3044) to 61 @2) nM in U87MG cells, and
from 22 62) to 54 @2) nM in T98G cells.

Neuroblastoma is the most common extracranial stlidor occurring in children. As
inhibitors of the SK-N-BE (human neuroblastoma) &KN-BE(2)-C (human neuroblastoma
chemio-resistant derived from SK-N-BE) cell linesmpoundsi2, 44, 48, 62 and69 were one
order of magnitude less effective than they hachlee¢he glioblastoma cell lines. Compou4tl
was the most active in both neuroblastoma celklimgth EG, values of 221 (SK-N-BE cells)

and 56 nM (SK-N-BE(2)-C cells) (Table 5).



Tableb

Growth inhibition of U343G, U87MG, T98G, SK-N-BE &nSK-N-BE(2)-C cell lines by

compound#2, 44, 48, 62 and69.

Compd IGo + SD (nMY
U343MG U87MG T98G SK-N-BE SK-N-BE(2)-C
42 695 617 54+4 244 + 1 106 £1
44 304 3004 353 3111 132+1
48 12+£2 31+0.7 375 2211 56 £1
62 202 46 £ 4 223 288+ 1 178 +£1
69 22+2 48 £5 24 £2 303+£1 147 +1

& Cytotoxic concentrations for the indicated cellebn Experiments were performed in triplicate.
Incubation time was 48 h. For U343MG cells incutratime was 72 h.

3.5. Inhibition of growth of colorectal HT29, HCTE,1SW480 and SW620 cell lin€olorectal

cancer (CRC) is a commonly occurring cancer wortiwiand 95% of these tumors are

adenocarcinomas [29]. Early CRC cases are tregtedrgery, but often the disease is diagnosed

at an advanced stage and sometimes with distamtstases. Adjuvant chemotherapy is needed,

but drug resistance may emerge, leading to fadfireeatment [30]. Compoundt?, 44, 48, 62

and 69 showed strong inhibition of four CRC cell linesTBB (colorectal adenocarcinoma),

HCT116 (colorectal carcinoma), SW480 (colorectaleramtarcinoma) SW620 (colorectal

adenocarcinoma)] (Table 6). Theshvalues obtained ranged from 248) in HCT116 cells, to

167 ©2) nM in SWA480 cells. ARDAHMS was the most potent inhibitor of HCT116, SW480 and

SW620 cell lines, where&® was the most active in the HT29 cells.



Table6
Growth inhibition of HT29, HCT116, SW480, SW620 an24 cell lines by compound, 44, 48, 62
and69

Compd IGo = SD (nMY
HCT116 HT29 Sw480 SW620 T24
42 42 +2 561 162 1 1231 34+1
44 44 +2 512 164 1 38x1 12+£2
48 27 £2 512 48+ 1 281 12+1
62 362 35x2 167 £4 47+ 1 48 +1
69 41 +5 34+1 153 +1 61+1 58+1

@ Cytotoxic concentrations for the indicated celie. Experiments were performed in triplicate.
Incubation time was 48 h.

3.6. Inhibition of growth of urinary bladder T24 é@movary carcinoma ES-2 CellS€ompounds
42, 44, 48, 62 and69 inhibited the growth of urinary bladder T24 cancells with 1Gg's in the
nanomolar range ARDAP44 and48 (ICso of 12 nM in both cell lines) showed the strongest
antitumor activity (Table 6). The highly potent ARP 48 was evaluated as an inhibitor of
human ovary carcinoma ES-2 cells. In this agaghowed G, of 118 nM.

3.7. Drug-like propertie®f compoundsi2, 44, 48, 62 and69 were predicted through the most
common descriptors of drug-likeness. The physindl @emical descriptors of the Lipinski [31]
Veber [32] and Egan[33] rules were computed to evaluate the bioavaitgbafter oral
administration of derivatived2, 44, 48, 62 and69. There was no violation of the rules for these
five compounds, so they were predicted to haveaa goal bioavailability (Table 7). The data of

derivative48 are summarized in the radial graph (Fig. 2).



Table7
Physico-chemical profiles of compountis 44, 48, 62 and69.

Comp Mw® Hdorf® Hacd® logP*® logS' PS¢ Lr*" vr* EP  Cacd' MDCK*™ Khsd"

42 446.47 2 6 4.62 -5.36 75.7 0 0 0 1276 932 0.99
44 473.48 3 9 4.35 -5.28 1215 0 0 0 228 100 0.9

48 443.50 4 7 3.84 -4.84  101.7 0 0 0 323 145 0.71
62 446.47 2 6 4.62 -5.36 75.7 0 0 0 1277 1165 0.99
69 443.50 4 7 3.84 -4.84 101,73 0 0 0 323 145 0.71

@ Physicochemical properties predicted by FAF-drsggver [34,35].
®Molecular weight.

“Number of H-bond acceptors.

4Number of H-bond donors.

®Octanol-water partition coefficient predictor by ®GP3 method [36].
"Logarithm of compound water solubility by ESOL medH37].
9Topological polar surface area.

"Lr: Lipinsky Rule deviation (log P <5, H-bond dosei5, H-bond acceptorsl0, and a molecular weight <500) [31].
"Vr: Veber rule deviation (rotatable bonds0, tPSA<140) [32].

'Er: good/bad bioavailability 0tPSA<132 and - logP<6) [33]
*Physicochemical properties predicted by QikProp.[38

'Caco: Apparent Caco-2 permeability (nm/sec) (<28 pe500 great).

"MDCK - Apparent MDCK permeability (nm/sec) (<25 ppe500 great)’Logarithm of the predicted binding to human
serum albumin (-1.5 - 1.5).
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Fig 2. A radial plot representing the computed oral bidabdity profile of 48. Structural properties of
compounds are compared with the optimal blue aefinetl from Rule-of-five and Veber's rules.
Compound values (blue line) should fall within theeen area; the red one, being an extreme zone,
generally indicates low oral bioavailability. Thensputations involved logP, molecular weight (MW),

topological polar surface area (tPSA), rotatabledso(RotB), H-bond acceptors and donors (HBA,
HBD).

3.8. Metabolic stability of compound8. Aniline compounds may potentially cause
methemoglobin formation and hemolysis as their npostinent adverse effects. In particular,
the N-hydroxylation of aniline is responsible for oxiotat of Fe(ll) of oxyhemoglobito Fe(lll).
Hemoglobin-Fe(lll) is a weak carrier of oxygen igsties and leads to methemoglobinemia, low
levels of oxygen in the blood and red blood celindge. Oxidation of the amino group of the
aniline decreases the amount of hemoglobin bindargl increases mutagenicity and

carcinogenicity [39]. While several aniline compdanmay undergo oxidation, there are also



many examples of drugs with aniline substructuhes €scape oxidative metabolism. Since the
most active derivatives reported in this work shaméine moieties, we evaluatéd silico the
metabolic reactivity of these groups. Using the ®Pamdule from the Schrddinger suite [40], we
computed the intrinsic reactivity of all atoms betderivative48 to the 3A4 Cyp isoform. The
carbon atoms of the methoxy groups and the unsutesti aromatic carbon atoms of the
trimethoxyphenyl moiety showed higher likelihoodre&ctivity than the aniline nitrogen atoms,
which were predicted to have a low likelihood ofidation. The computational prediction
suggests negligible metabolic oxidation of theiaaigroups o#i8. Further development of these
agents will include aniline group masking by thatlusion in heterocyclic rings or carboxamide
groups.

3.9. In vivo antitumor activity of compoud8. Tumors could be observed on the backs of the
mice (injected T24 or ES-2) in the saline treatmgnoiup on Day 22, whereas no tumors were
found on the backs of th48-treated nude mouse group. Mice were euthanizeDayn40, and
tumors on the backs were collected for measurementimor volume and weight. Results
showed that the tumors from the group treated wW&hwere significantly smaller than those
obtained from the control group (saline treatmeémtjerms of both tumor volume and weight
(Fig- 3). Meanwhile, hematoxylin and eosin (HE)irsitag showed that the type of tumor formed
in the two groups were human bladder transitioedll @arcinoma (from T24-injected mice) or
human ovarian clear cell carcinoma (from ES-2-itgdcmice) (Figure 5SD, supplementary

data).
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Fig. 3. A. Mice injected with T24 (top panel) or ES-2 (fmon panel) tumors after 40 days of treatment with
compound48 or with saline. B. Tumor weight at day 40. C. Tumize at day 40.

Immunofluorescence staining results showed thatuitmers from thel8-treated group (ES-2
or T24) had significantly lower expression of theleration factor Ki67, a marker for tumor
angiogenesis CD31, a mitochondrial stability pmotBicl-2, compared with the control group
(Fig. 4). In addition, the tumors from the untreaggoup (ES-2 or T24) had significantly higher

expression of apoptotic factors caspase 9 and saspaand a mitochondrial disintegration



protein Bax, compared with the control group (Fp.Thus,in vivo experiments showed théd

significantly inhibited cancer cell proliferatiom, vivo tumorigenesis, and tumor angiogenesis.

A. T24 (compd 48) T24 (Saline) B. ES-2 (compd 48) ES-2 (Saline)

KI67

CD31

BCL2

Fig. 4. Immunofluorescence staining results of tumor peddition and angiogenesis markers.
Immunofluorescence staining results showed thatuhmrs from thel8 treated group have significantly

lower expression of the proliferation factor Ki6@ marker for tumour angiogenesis CD31, a
mitochondrial stability protein Bcl-2, compared kvthe control group. Original magnification x200.



A. T24 (compd 48) T24 (Saline) B. ES-2 (compd 48) ES-2 (Saline)
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Fig. 5. Immunofluorescence staining results of cellulan@ptic markers. Immunofluorescence staining
results showed that the tumours from 4Bdreated group have have significantly higher esgign of the
Apoptotic family factors Caspase 9 and Caspasen8, aa mitochondrial disintegration protein Bax,
compared with the control group. Original magnifica x200.

4. Conclusion

We synthesized three series of 3-aroyl-1,4-dianytgg (ARDAP) derivatives2-16, 17-33
and 34-69, to explore SARs of the phenyl rings at positiorarid 4 of the pyrrole. Among
ARDAPs 2-16 bearing a substituted phenyl ring at position 1tloé pyrrole, the 1-(4-
bromophenyl) derivativd2 was the most potent inhibitor of tubulin polymatipn with an 1G,
of 0.66uM and of the growth of the human MCF-7 nonmetastateast cancer epithelial cells
with an 1Go of 20 nM. ARDAPSs bearing a substituent at posidoof the 1-phenyl ring were
generally superior to the corresponding 3-substitidounterparts. Introduction of a substituent

at position 2 of the 4-phenyl ring @7-33 provided tubulin polymerization inhibitors with 46



values at submicromolar concentrations. The mogerpoMCF-7 cell growth inhibition
correlated with the presence of a nitro group &itpm 2 of the phenyl at position 24, ICs, of
49 nM). Among ARDAPSs bearing substituents at betarid 4-phenyl rings, introduction of one
or two amino group(s) at position(s) 3,4 of the rplieings resulted generally in highly potent
inhibitors in both biochemical and cellular assad®; 44, 48, 54, 62, 68 and69 were the most
potent MCF-7 cell growth inhibitors with nanomol&@s,s. Compoundg2, 44, 48, 62 and 69
inhibited the KU812, LAMA84-S, LAMA84-R, KBM5-WT ah KBM5-T315I leukemiccell
lines at low nanomolar concentrations and werendefy superior to the reference second
generation TKI NLT as inhibitors of the IM-resistabAMA84-R and KBM5-T315I cells.
Intriguingly, ARDAP derivative9 was uniformly effective as an inhibitor of the CMEll lines
independently on the molecular mechanisms undeylyiKl resistance. Indeed, LAMA-84R
cells express heightened levels of Bcr/Abl protamd mRNA compared to LAMA84 [45],
whereas KBM5-T315I cells express a mutation in dineg binding sitevs KMB5-WT. Our
results therefore imply less risk of cross-resistaof 69 with TKI and provide the basis
of alternative synergistic targets for combined radpeutic strategies in CML-resistant and -
sensitive cells. Accordingly, we observed that #tWeDAP derivative 69 enhanced NLT-
mediated cell death in both KBM5-WT and KBM5-T318ML cells, with the NLT69
combination superior to NLT 089 alone in increasing the percentage of cells inpaysis.
Compounds42, 44, 48, 62 and 69 produced a dose-dependent inhibition of cell Vigbin
glioblastoma T98G, U87MG and U343MG cells, in celdal HT29, HCT116, SW480 and
SW620 cells, and in urinary bladder T24 cells yirdgdlow nanomolar 16 values. In the T24
and ES-2 animal models, compour8 exhibited significant inhibition of cancer cell

proliferation,in vivo tumorigenesis, and tumor angiogenesis.



In conclusion, the new 3-aroyl-1,4-diarylpyrroleser& potent inhibitors of tubulin
polymerization. Compound®, 44, 48, 62 and69 showed strong and broad-spectrum anticancer
activity in breast carcinoma, leukemia, glioblastgrolorectal and urinary bladder cancer cells.
Compound48 was generally more effective as an inhibitor & tlioblastoma, colorectal and
urinary bladder cancer cells, wher&&sconsistently was more active as an inhibitor ef @vL
cell lines. These results highlight that the introdon of amino groups on both the 1- and 4-
phenyl rings of the ARDAP scaffold is an effectisgategy to obtain new broad-spectrum
anticancer agents. Compourd® and 69 are robust lead compounds for the design of a new
class of anticancer agents active in different $ypé solid and hematological tumors. These
findings prompted the synthesis of new ARDAP anaésg The results will be reported in a

forthcoming publication.

5. Experimental protocols
5.1. Chemistry

All reagents and solvents were handled accordinthéomaterial safety data sheet of the
supplier and were used as purchased without fugbgfication. Microwave-assisted reactions
were performed on a CEM Discover SP single-modetoeaequipped with an Explorer 72
autosampler, controlling the instrument settingsRA&+running CEM Synergy 1.60 software.
Closed vessel experiments were carried out in chpperowave-dedicated vials (10 mL) with a
cylindrical stirring bar (length 8 mm, diameter 3n Stirring, temperature, irradiation power,
maximum pressure (Pmax), pressure set point, timbeset point, delta pressure, PowerMAX

(simultaneous cooling-while-heating), ActiVent (siltaneous venting-while-heating), and ramp



and hold times were set as indicated. Reaction eeatyre was monitored by an external CEM
fiber optic temperature sensor. After completiorthaf reaction, the mixture was cooled to 25 °C
via air-jet cooling. Organic solutions were drieeepanhydrous sodium sulfate. Evaporation of
solvents was carried out on a Bichi Rotavapor R-2d@ipped with a Blchi V-850 vacuum
controller and a Biichi V-700 vacuum pump. Colummoaiatography was performed on
columns packed with silica gel from Merck (B0 mesh). Silica gel thin layer chromatography
(TLC) cards from Merck (silica gel precoated alumin cards with fluorescent indicator
visualizable at 254 nm) were used for TLC. Devetbpkates were visualized with a Spectroline
ENF 260C/FE UV apparatus. Melting points (mp) weetermined on a Stuart Scientific SMP1
apparatus and are uncorrected. Infrared (IR) spawgre recorded on a PerkinElmer Spectrum
100 FT-IR spectrophotometer equipped with a unaleastenuated total reflectance accessory.
IR data were acquired and processed by PerkinEBperctrum 10.03.00.0069 software. Band
position and absorption ranges are given in‘ciroton tH NMR) and carbon-13{C NMR)
nuclear magnetic resonance spectra were recorddd aviarian Mercury (300 MHz) or a
Bruker Avance (400 MHz) spectrometer in the indddasolvent, and the corresponding fid files
were processed by MestreLab Research SL MestreReBl@v1-769 software. Chemical shifts
are expressed id units (ppm) from tetramethylsilane. Mass spectemenrecorded on a Bruker
Daltonics MicroTOF LC/MS mass spectrometer equippit a positive ion ESI source.
Compound purity.The purity of tested compounds was checked by hpgéssure liquid
chromatography (HPLC). Purity of tested compounds Wound to be >95%. Thermo Fisher
Scientific Inc. Dionex UltiMate 3000 HPLC systemnststed of an SR-3000 solvent rack, a
LPG-3400SD quaternary analytical pump, a TCC-300@8IDimn compartment, a DAD-3000

diode array detector, and an analytical manuatfige valve with a 2Q.L loop. Samples were



dissolved in acetonitrile (1 mg/mL). HPLC analysias performed by using a Thermo Fisher
Scientific Inc. Acclaim 120 C18 column {@m, 4.6 mm x 250 mm), at 25 £ 1 °C with an
appropriate solvent gradient (acetonitrile/watéow rate of 1.0 mL/min and signal detector at
206, 230, 254 and 365 nm. Chromatographic data wegeired and processed by Thermo

Fisher Scientific Inc. Chromeleon 6.80 SR15 Buitéh@ software.

5.1.1. General procedure A. Preparation of compaugd26, 30 and 33. Example: (1-(2-
Methylphenyl)-4-phenyl-1H-pyrrol-3-yl)(3,4,5-trinmetxyphenyl)methanong)(

A solution of 4-phenyl-#H-pyrrol-3-yl)(3,4,5-trimethoxyphenyl)methanon@0f (0.30 g, 0.8
mmol), 2-methylphenylboronic acid (0.20 g, 1.16 ninoopper(ll) acetate (0.15 g, 0.8 mmol)
and triethylamine (0.15 mL) in dichloromethane (816) was stirred at room temperature for 18
h under an Ar stream. The reaction mixture wasteiluvith water and extracted with ethyl
acetate; the organic layer was washed with brineddand filtered. Removal of the solvent gave
a residue that was purified by column chromatogygigilica gel,n-hexane:ethyl acetate 2:1 as
eluent) to furnist? (yield 33%, 0.04 g), mp 62-65 °C (from ethandl.NMR (DMSO-dg, 400
MHz): & 3.32 (s, 3H), 3.71 (s, 3H), 3.78 (s, 6H), 7.132(d), 7.19 (tJ = 7 Hz, 1H), 7.25-7.32
(m, 3H), 7.35-7.46 (m, 6H), 7.53 ppm (W= 2.3 Hz, 1H). IRy 1640 and 2932 cth MS (ESI):

428.5 (MH). Co7HpsNO; (427.49).

5.1.2. (4-(4-Nitrophenyl)-1-phenyl-1H-pyrrol-3-y8)é,5-trimethoxyphenyl)methanorg&)Y
Synthesized according to general procedure A,istaitom 100 and 2-methylphenylboronic
acid. Yield 72%, mp 115-120 °C (from ethan&.NMR (DMSO-ds, 400 MHz):8 3.73 (s, 3H),
3.81 (s, 6H), 7.16 (s, 2H), 7.37 {t= 7.4 Hz, 1H), 7.53 (J = 7.5 Hz, 2H), 7.67-7.69 (m, 2H),
7.79-7.81 (m, 2H), 8.02 (dd,= 2.4 and 10.9 Hz, 2H), 8.16-8.18 ppm (m, 2H).A4R:579 and

2925 cm. MS (ESI): 459.3 (MH). CogH22N,Og (458.46).



5..1.3. (4-(5-Bromo-2-methoxyphenyl)-1-phenyl-1iHqy3-yl)(3,4,5-trimethoxyphenyl)-
methanone3)

Synthesized according to general procedure A, isgarfrom 104 and 5-bromo-2-
methoxyphenylboronic acid. Yield 62%. Mp 148-150 (fdm ethanol)*H NMR (DMSO-ds,
400 MHz):8 3.38 (s, 3H), 3.66 (s, 3H), 3.72 (s, 6H), 6.70)(¢,8.8 Hz, 1H), 6.95 (s, 2H), 7.29-
7.34 (m, 2H), 7.49-7.53 (m, 3H), 7.67 (b= 2.4 Hz, 1H), 7.77 (d] = 7.7 Hz, 2H), 7.93 ppm (d,

J= 2.4 Hz, 1H). IRy 1581 and 2935 cih MS (ESI): 523.5 (MF). Co7H24BrNOs (522.39).

5.1.4. (1-Phenyl-4-styryl-1H-pyrrol-3-yl)(3,4,54tnethoxyphenyl)methanorzsy

Synthesized according to general procedure Afisgafrom 107 and styrylboronic acid.
Yield 60%, mp 72-75 °C (from ethanotd NMR (DMSO-ds, 400 MHz):8 3.76 (s, 3H), 3.84 (s,
6H), 7.14 (tJ = 7.4 Hz, 3H), 7.23-7.25 (m, 1H), 7.35-7.38 (m,)3A45-7.59 (m, 5H), 7.77 (d,
= 7.8 Hz, 2H), 7.94 (dJ = 2.0 Hz, 1H), 8.05-8.06 ppm (m, 1H). IR1582 and 2941 cth MS

(ESI): 440.35 (MH). CogH2sNO; (439.50).

5.1.5. Preparation of Compound3 7, 24, 58. (1-(2-Chlorophenyl)-4-phenyl-1H-pyrrol-3-
y)(3,4,5-trimethoxyphenyl)methanors (

Synthesized according to general procedure A,isgaftom 90 and 2-chlorophenylboronic
acid, by heating at 40 °C. Yield 4%, mp 112-115(f@m ethanol)!H NMR (DMSO-ds, 400
MHz): § 3.72 (s, 3H), 3.79 (s, 6H), 7.15 (s, 2H), 7.2087@, 1H), 7.27-7.30 (m, 2H), 7.37-7.40
(m, 3H), 7.50-7.53 (m, 2H), 7.64 (d,= 2.3 Hz, 1H), 7.67-7.72 ppm (m, 2H). IR:1579 and

2926 cni. MS (ESI): 448.8 (MH). CogH2:CINO, (447.91).

5.1.6. (1-(3-Chlorophenyl)-4-phenyl-1H-pyrrol-3{@)4,5-trimethoxyphenyl)methanon® (



Synthesized according to general procedure A,isgaftom 90 and 3-chlorophenylboronic
acid, by heating at 40 °C. Yield 61%, mp 112-115(ftém ethanol)'H NMR (DMSO-ds, 400
MHz): § 3.72 (s, 3H), 3.78 (s, 6H), 7.12 (s, 2H), 7.1871®, 1H), 7.27-7.30 (m, 2H), 7.38-7.39
(m, 3H), 7.52 (tJ = 8.1 Hz, 1H), 7.78-7.85 (m, 2H), 7.98-8.05 ppm @h). IR:v 1687 and

2935 cni. MS (ESI): 448.9 (MH). CoH2,CINO, (447.91)

5.1.7. (4-(2-Nitrophenyl)-1-phenyl-1H-pyrrol-3-\8)é,5-trimethoxyphenyl)methanord).
Synthesized according to general procedure A,isgaftom 98 and phenylboronic acid, by

heating at 40 °C. Yield 25%, mp 153-155°C (frorhexane)H NMR (CDCk, 300 MHz):&

3.86 (s, 6H), 3.89 (s, 3H), 7.08 (s, 1H), 7.20-7@6 2H), 7.36-7.58 (m, 9H), 7.99 ppm @z

8.1 Hz, 1H)."*C NMR (300 MHz, CDGJ): & 56.30, 60.90, 106.73, 120.57, 120.84, 123.70,

124.32, 126.68, 127.32, 127.94, 129.96, 132.38,7B3133.76, 134.62, 135.62, 139.21, 141.36,

149.15, 152.81, 189.78 ppm. IR:1523 and 2943 cth MS (ESI): 459.5 (MH). CogH2oN20s

(458,46).

5.1.8. (1-(4-Fluorophenyl)-4-(2-nitrophenyl)-1H-pgl-3-yl)(3,4,5-trimethoxyphenyl)methanone
(58)

Synthesized according to general procedure A,isgaftom 98 and 4-fluorophenylboronic
acid, by heating at 40 °C. Yield 46%, mp 208-210(f®m ethanol).*H NMR (CDCl;, 300
MHz): 8 3.86-3.89 (m, 9H), 7.07 (s, 2H), 7.17-7.21 (m, 3H®1-7.49 (m, 5H), 7.53-7.58 (m,
1H), 7.98 ppm (dJ = 7.8 Hz, 1H)*C NMR (300 MHz, CDGCJ): 5 56.33, 60.90, 106.78, 116.69,
117.00, 120.82, 122.78, 122.89, 123.84, 124.33,8828.28.01, 129.66, 132.37, 132.72, 134.55,
135.60, 141.46, 149.16, 12.84, 189.72 ppm.VR512 and 2944 cih MS (ESI): 477.3 (MH).

CaeH21FN,Og (476.45).



5.1.9. Preparation of compoundg-23, 25, 27-29, 31, 32, 34-38, 41, 49-53, 56, 57, 59 and 60.
(1-Phenyl-4-(2-methylphenyl)-1H-pyrrol-3-yl)(3,4mmethoxyphenyl)methanon&7)

Synthesized according to general procedure A,istaftom 91 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 7% #20-122 °C (frorm-hexane).'H NMR
(CDCls, 400 MHz):5 2.25 (s, 3H), 3.83 (s, 6H), 3.87 (s, 3H), 7.0897(6, 6H), 7.15-7.16 (m,
1H), 7.25-7.26 (m, 1H), 7.47-7.48 (m, 4H), 7.62 pEn1H).**C NMR (300 MHz, CDG)): &
20.60, 56.23, 60.84, 76.75, 77.07, 77.39, 107.20,3D, 120.70, 124.92, 125,40, 125.68, 126.98,
127.16, 127.73, 129.91, 130.31, 134.39, 134.58,4¥36139.54, 141.42, 152.66, 190.06 ppm.

IR: v 1638 and 3133 cih MS (ESI): 456.5 (MH). CagH2sNOs (455.50).

5.1.10. (4-(2-Chlorophenyl)-1-phenyl-1H-pyrrol-3{a,4,5-trimethoxyphenyl)methanorid)
Synthesized according to general procedure Atirsgafrom 92 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 30%g 155-157 °C (from ethanofH NMR
(CDCl;, 300 MHz):8 3.84 (s, 6H), 3.86 (s, 3H), 7.09 (s, 1H), 7.16-7(26 3H), 7.31-7.38 (m,
3H), 7.46-7.50 (m, 5H), 7.61 ppm @ = 2.4 Hz, 1H).**C NMR (300 MHz, CDCJ): § 56.23,
60.84, 107.00, 120.82, 121.01, 124.98, 125.04,4128.26.45, 127.11, 128.18, 129.56, 129.90,
131.71, 133.22, 33.59, 134.36, 139.44, 141.39,6452.90.10 ppm. IRv 1643 and 2943 cih

5.1.11. (4-(3-Chlorophenyl)-1-phenyl-1H-pyrrol-3{4,4,5-trimethoxyphenyl)methanori®)
Synthesized according to general procedure A,isgaftom 93 and phenylboronic acid, by

heating at 50 °C in 1,2-dichloroethane. Yield 21%g 137-139 °C (from ethanofiH NMR

(CDCls, 300 MHZz):8 3.82 (s, 6H), 3.88 (s, 3H), 7.09 (s, 2H), 7.1767(, 5H), 7.34-7.59 ppm

(m, 6H).3C NMR (300 MHz, CDGJ): & 56.23, 60.87, 107.20, 110.02, 120.03, 120.88, B23.7



126.58, 126.76, 126.83, 127.30, 128.49, 129.28,9529.33.89, 134.40, 136.19, 139.33, 141.68,

152.76, 190.22 ppm. IR:1637 and 2949 cih MS (ESI): 448.8 (MH). CogH,CINO, (447.91).

5.1.12. (4-(4-Chlorophenyl)-1-phenyl-1H-pyrrol-3{d,4,5-trimethoxyphenyl)methanor®)
Synthesized according to general procedure A,istaftom 94 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethangeld 13%, mp 144-146 °C (from ethanotd NMR
(CDCls, 300 MHz):6 3.83 (s, 6H), 3.89 (s, 3H), 7.12 (s, 2H), 7.2137(&, 2H), 7.32-7.36 (m,
3H), 7.44-7.49 (m, 5H), 7.56 ppm (@= 2.1 Hz, 1H)*C NMR (300 MHz, CDGJ): & 56.27,
60.97, 107.26, 119.94, 20.87, 123.54, 126.84, B27127.50, 128.25, 129.78, 129.94, 132.49,

132.82, 134.39, 139.35, 141.77, 152.78, 190.13 pRmv. 1636 and 2973 cth MS (ESI):

5.1.13. (4-(2-Bromophenyl)-1-phenyl-1H-pyrrol-3(gl},5-trimethoxyphenyl)methanorgi
Synthesized according to general procedure A,isgaftom 95 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 15%g 164-166 °C (from ethanofH NMR
(CDCls, 300 MHZz):5 3.85 (s, 3H), 3.86 (s, 6H), 7.09 (s, 3H), 7.2247(®, 4H), 7.48-7.60 ppm
(m, 6H).°C NMR (300 MHz, CDCJ): § 56.27, 60.84, 107.03, 120.79, 120.96, 123.92,9124.
125.34, 126.88, 127.02, 127.09, 128.38, 129.90,8031132.75, 134.435, 135.64, 139.44,
141.37, 152.66, 190.00 ppm. IR:1641 and 3135 cth MS (ESI): 493.3 (MH). CysH22BINO,

(492.36).

5.1.14. (4-(3-Bromophenyl)-1-phenyl-1H-pyrrol-3(gl},5-trimethoxyphenyl)methanorg2)
Synthesized according to general procedure A,isgaftom 96 and phenylboronic acid, by

heating at 50 °C in 1,2-dichloroethane. Yield 25%g 124-126 °C (from ethanofH NMR

(DMSO-ds, 300 MHz):8 3.74 (s, 3H), 3.80 (s, 6H), 7.12 (s, 2H), 7.250 &, 7.8 Hz, 1H), 7.34-

7.41 (m, 3H), 7.52 () = 7.5 Hz, 2H), 7.61 (s, 1H), 7.80 @@= 8.4 Hz, 2H), 7.87 (s, 1H), 7.99-



8.00 ppm (m, 1H)®C NMR (300 MHz, DMS@): § 55.79, 59.94, 106.78, 120.08, 120.87,
121.13, 122.57, 125.73, 126.65, 126.78, 127.22.7828.29.66, 129.84, 130.65, 133.93, 136.72,
136.72, 138.53, 140.90, 152.39, 188.91 ppmvIR638 and 2930 cth MS (ESI): 493.2 (MH).

CysH2oBrNO, (49236)

5.1.15. (4-(4-Bromophenyl)-1-phenyl-1H-pyrrol-3¢gl%,5-trimethoxyphenyl)methanoriS)
Synthesized according to general procedure A,isgaftom 97 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 7% 49-151 °C (from ethanoljH NMR
(CDCls, 300 MHZz):8 3.83 (s, 6H), 3.89 (s, 3H), 7.12 (s, 2H), 7.2167(, 2H), 7.36-7.56 ppm
(m, 9H).*C NMR (300 MHz, CDGJ): § 56.26, 60.97, 107.22, 119.92, 120.59, 120.85,4R3.
126.89, 127.26, 127.47, 129.93, 130.11, 131.17,513133.26, 134.35, 139.30, 152.75, 190.12

ppm. IR:v 1634 and 2931 cih

5.1.16. (4-(3-Nitrophenyl)-1-phenyl-1H-pyrrol-348)4,5-trimethoxyphenyl)methanoris)
Synthesized according to general procedure A,isgaftom 99 and phenylboronic acid, by

heating at 50 °C in 1,2-dichloroethanéeld 26% as an oil*H NMR (CDCls, 300 MHz):5 3.85

(s, 6H), 3.89 (s, 3H), 7.13 (s, 2H), 7.32-7.55 {@H), 7.60 (d,J = 2.4 Hz, 1H), 7.76-7.79 (m,

1H), 8.06-8.09 (m, 1H), 8.28 ppm @,= 2.1 Hz, 1H)**C NMR (300 MHz, CDGCJ): § 56.30,

60.92, 107.10, 120.79, 121.00, 121.41, 123.22,423.26.49, 127.44, 127.58, 128.87, 130.04,

134.43, 134.80, 136.12, 139.15, 141.80, 148.09,865289.92 ppm. IR 1637 and 2937 cth

MS (ESI): 459.5 (MH). CoeH22N20 (458.46).

5.1.17. 3-(2-Methoxyphenyl)-1-phenyl-4-(3,4,5-ttinoxyphenyl)-1H-pyrrole27)
Synthesized according to general procedure A,istaftom 101 and phenylboronic acid, by

heating at 50 °C in 1,2-dichloroethanéeld 6%, mp 142-145 °C (from-hexane)."H NMR



(CDCl;, 300 MHz):5 3.51 (s, 3H), 3.75 (s, 6H), 3.83 (s, 3H), 6.65)(&,9.9 Hz, 1H), 6.92 (1]
= 5.4 Hz, 1H), 7.08 (s, 2H), 7.14-7.20 (m, 2H),1ZB37 (m, 2H), 7.46-7.47 (m, 4H), 7.62 ppm
(d, J = 1.8 Hz, 1H)."*C NMR (300 MHz, CDG)): ¢ 54.72, 56.14, 60.82, 106.84, 110.39,
119.71, 120.55, 120.68, 123.76, 124.80, 125.27,7726.28.43, 129.82, 133.95, 139.65, 141.21,
152.41, 155.92, 190.60 ppm. IR:1635 and 2930 cth MS (ESI): 444.5 (MH). Cy7H2sNOs

(443.49).

5.1.18. (4-(3-Methoxyphenyl)-1-phenyl-1H-pyrroli3¥,4,5-trimethoxyphenyl)methanoriS)
Synthesized according to general procedure A,istaftom 102 and phenylboronic acid, by

heating at 50 °C in 1,2-dichloroethane. Yield 1084a oil."H NMR (CDCls, 300 MHz):8 3.72

(s, 3H), 3.80 (s, 6H), 3.86 (s, 3H), 6.73-6.76 i), 6.88-6.89 (m, 1H), 6.95-6.97 (m, 1H), 7.11
(s, 2H), 7.15-7.24 (m, 2H), 7.34-7.38 (m, 1H), 77460 (m, 4H), 7.60 ppm (d,= 2.4 Hz, 1H).
13C NMR (300 MHz, CDG)): § 55.15, 56.20, 60.87, 107.32, 112.39, 114.26, #19180.81,
121.00, 123,96, 126.40, 127.10, 128.35, 129.11,9129.34.32, 135.69, 139.46, 141.59, 152.64,
159.36, 190.46 ppm. IR: 1637 and 2937 cth MS (ESI): 444.3 (MH). Calcd. for G;HasNOs

(443.49).

5.1.19. (4-(4-Methoxyphenyl)-1-phenyl-1H-pyrrold33,4,5-trimethoxyphenyl)methanor9)
Synthesized according to general procedure A,istaftom 103 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 948t 67-69 °C (from ethanol}H NMR
(CDCls, 300 MHz):8 3.78-3.88 (m, 12H), 6.82 (d,= 8.4 Hz, 2H), 7.13-7.18 (m, 3H), 7.30-7.56
ppm (m, 8H).**C NMR (300 MHz, CDCJ): § 55.24, 56.21, 60.91, 107.26, 109.99, 113.62,
119.25, 120.74, 123.59, 126.49, 126.75, 127.00,262829.64, 129,87, 133,82, 134.44, 139.48,
141.48, 152.64, 158.48, 190.50 ppm. KR1635 and 2939 cth MS (ESI): 444.4 (MH).

CoHasNOs (443.49).



5.1.20. (4-(2,5-Difluorophenyl)-1-phenyl-1H-pyr@iyl)(3,4,5-trimethoxyphenyl)methanone
(31)

Synthesized according to general procedure A,istaftom 105 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 7%aasoil. '"H NMR (DMSO-ds, 400 MHz):&
3.72 (s, 3H), 3.80 (s, 6H), 7.10 (s, 2H), 7.11-7(h7 2H), 7.30-7.38 (m, 2H), 7.52 (t, J = 9 Hz,
2H), 7.76-7.80 (m, 3H), 8.02 ppm (d,= 2.4 Hz, 1H). IRv 1638 and 2943 cth MS (ESI):

450.5 (MH). CogH21FNO, (449.45).

5.1.21. (1-Phenyl-4-(2,4,6-trifluorophenyl)-1H-pghk3-yl)(3,4,5-trimethoxyphenyl)methanone
(32)

Synthesized according to general procedure A,istaftom 106 and phenylboronic acid, by
heating at 50 °C in 1,2-dichloroethane. Yield 5%pML62-164 °C (from ethanoljH NMR
(CDCl;, 300 MHz):5 3.86 (s, 6H), 3.89 (s, 3H), 6.66 (t, J = 8.4 H4),27.11 (s, 2H), 7.26-7.27
(m, 1H), 7.37-7.51 (m, 5H), 7.61 ppm @@= 2.4 Hz, 1H).**C NMR (300 MHz, CDGJ): &
56.25, 60.90, 99.71, 99.74, 99.97, 100.05, 10010®.122, 100.43, 100.46, 106.79, 112.80,
121.03, 122.25, 124.65, 126.02, 127.38, 129.95,3B34139.34, 141.52, 152.80, 189.78 ppm.

IR: v 1640 and 2942 cih MS (ESI): 468.4 (MH). CogHoFsNO; (467.44).

5.1.22. (4-(2-Fluorophenyl)-1-(3-methylphenyl)- 1i#ol-3-y1)(3,4,5-trimethoxyphenyl)-
methanone34)

Synthesized according to general procedure A,istaftom 108 and 3-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i31%, mp 124-126 °C (from ethandiy
NMR (CDCls, 300 MHZz):8 2.43 (s, 3H), 3.83 (s, 6H), 3.87 (s, 3H), 6.9897(, 2H), 7.12 (s,
2H), 7.16-7.21 (m, 2H), 7.27 (d,= 6.0 Hz, 3H), 7.31-7.39 (m, 2H), 7.59 ppm Jcs 2.4 Hz,

1H). **C NMR (300 MHz, CDG)): & 21.47, 56.20, 60.86, 107.07, 115.29, 115.59, 118.0



120.99, 121.17, 121.62, 122.34, 122.53, 123.77,402425.98, 127.93, 128.35, 128.46, 129.68,
130.99, 131.04, 134.36, 139.43, 140.05, 152.67,98957161.26, 190.19 ppm. IR:1572 and

3146 cni. MS (ESI): 446.4 (MH). Co7H24FNO; (445.48).

5.1.23. (4-(2-Chlorophenyl)-1-(3-methylphenyl)-1i#+pl-3-yl)(3,4,5-trimethoxyphenyl)-
methanone3d)

Synthesized according to general procedure A, istaftom 92 and 3-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i8%, mp 179-181 °C (from ethanotH
NMR (CDCls, 300 MHz):5 2.43 (s, 3H), 3.84-3.86 (m, 9H), 7.09 (s, 2H),477117 (m, 3H),
7.21 (d,J = 2.1 Hz, 1H), 7.26-7.38 (m, 5H), 7.60 ppmJg 2.1 Hz, 1H)**C NMR (300 MHz,
CDCls): 6 21.48, 56.23, 60.82, 107.10, 117.98, 121.12, 12184.97, 125.51, 126.44, 127.90,
128.15, 129.59, 129.71, 131.78, 133.30, 133.74,4834.39.50, 140.04, 141.47, 152.70, 190.13

ppm. IR:v 1642 and 3126 cth MS (ESI): 461.9 (MF). Co7H,CINO, (461.94).

5.1.24. (4-(2-nitrophenyl)-1-(3-methylphenyl)-1Hy@}-3-yl)(3,4,5-trimethoxyphenyl)-
methanone3p)

Synthesized according to general procedure A, istaftom 98 and 3-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i20% as an oil*H NMR (CDCls;, 300
MHz): & 2.43 (s, 3H), 3.86-3.89 (m, 9H), 7.09 (s, 2H),6¢7126 (m, 4H), 7.34-7.48 (m, 3H),
7.53-7.58 (m, 2H), 7.99 ppm (d,= 9.6, 1H).**C NMR (300 MHz, CDG)): ¢ 21.47, 56.28,
60.88, 106.76, 117.98, 120.65, 121.61, 123.61,2124.24.33, 126,75, 127.89, 128.10, 129.75,
129.94, 132.34, 132.77, 134.72, 139.25, 140.12,374149.21, 152.85, 189.78 ppm. {RL638

and 2938 cit. MS (ESI): 473.4 (MH). Ca7H24N,06 (472.49).



5.1.25. (4-(3-Nitrophenyl)-1-(3-methylphenyl)-1H+o¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanonedy?)

Synthesized according to general procedure A,istaftom 99 and 3-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i47%, mp 57-59 °C (from ethanotH
NMR (CDCls, 300 MHz):8 2.45 (s, 3H), 3.85-3.89 (m, 9H), 7.12 (s, 2H),977148 (m, 6H),
7.58 (d,J = 2.4 Hz, 1H), 7.76-7.78 (m, 1H), 8.06-8.09 (m,)1H.28-8.29 ppm (m, 1H)’C
NMR (300 MHz, CDC}): 6 21.47, 56.34, 60.92, 107.23, 118.09, 120.86, 121.37.73, 123.23,
123.32, 126.36, 127.50, 128.35, 128.84, 129.82,4934.34.81, 136.22, 139.16, 140.26, 141.89,
148,14, 152.89, 189.96 ppm. IR:1580 and 2937 cth MS (ESI): 473.5 (MH). Co7H24N206

(472,49).

5.1.26. (4-(4-Nitrophenyl)-1-(3-methylphenyl)-1H+o¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanone3g)

Synthesized according to general procedure A,isgaftom 100 and 3-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroetha¥ield 23%, mp 156-159 °C (from ethanciH
NMR (CDCls, 300 MHz):$ 2.45 (s, 3H), 3.87-3.91 (m, 9H), 7.17 (s, 2H),0¢7242 (m, 5H),
7.55-7.60 (m, 3H), 8.14 ppm (d,= 9 Hz, 2H).X*C NMR (300 MHz, CDG)): 6 21.47, 56.34,
60.97, 107.25, 118.09, 121.36, 121.71, 123.35,4423.25.04, 126.41, 127.76, 128.42, 128.92,
129.83, 134.28, 139.03, 140.26, 141.40, 142.03,2746152.92, 189.78 ppm. IR: 1582 and

2934 cmt. MS (ESI): 473.6 (MH). C,7H24NOp (472.49).

5.1.27. (1-(3-Fluorophenyl)-4-(2-nitrophenyl)-1H#pyl-3-yl)(3,4,5-trimethoxyphenyl)-
methanone4l)
Synthesized according to general procedure A,istaftom 98 and 3-fluorophenylboronic

acid, by heating at 50 °C in 1,2-dichloroethaviield 9% as an oil'H NMR (CDCls, 300 MHz):



§ 3.87-3.90 (m, 9H), 7.05-7.10 (m, 3H), 7.16-7.27 @H), 7.43-7.61 (m, 5H), 8.00-8.03 ppm
(m, 1H).**C NMR (300 MHz, CDGJ): 6 56.31, 60.90, 106.74, 108.23, 108.56, 114.02,3014.
116.21, 116.25, 120.31, 124.16, 124.39, 124.77,282628.12, 129.58, 131.34, 131.47, 132.46,
132.69, 134.43, 152.86, 189.63 ppm. 1610 and 2937 cth MS (ESI): 477.3 (MH).

CaeH21FN,Og (476.45).

5.1.28. (4-(2-Fluorophenyl)-1-(4-methylphenyl)-1i4ol-3-yl)(3,4,5-trimethoxyphenyl)-
methanone49)

Synthesized according to general procedure A,istaftom 108 and 4-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroetha¥ield 15%, mp 150-153 °C (from ethanotH
NMR (CDCls, 300 MHz):$ 2.40 (s, 3H), 3.82-3.87 (m, 9H), 6.97-7.09 (m, 3”12 (s, 2H),
7.16-7.32 (m, 3H), 7.34 (s, 2H), 7.36-7.37 (m, THR6 ppm (d,) = 2.4 Hz, 1H)**C NMR (300
MHz, CDCk): & 20.94, 56.20, 60.85, 107.09, 115.28, 115.58, I211@1.04, 121.09, 122.38,
122.57, 123.77, 124.29, 126.02, 128.33, 128.44,383031.00, 131.05, 134.39, 137.13, 141.48,
152.66, 158.00, 161.26, 190.18 ppm. KR1581 and 3146 cth MS (ESI): 446.5 (MH).

CoHaaFNO, (445.48).

5.1.28. (4-(2-Chlorophenyl)-1-(4-methylphenyl)-1¥#+pl-3-yl)(3,4,5-trimethoxyphenyl)-
methanoned0)

Synthesized according to general procedure A,istaftom 92 and 4-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroetha¥ild 9%, mp 174-176 °C (from ethanofH
NMR (CDCls, 400 MHz):5 2.39 (s, 3H), 3.83-3.85 (m, 9H), 7.09 (s, 2H),377118 (m, 4H),
7.25-7.37(m, 5H), 7.58 ppm (d,= 3.2 Hz, 1H)!*C NMR (300 MHz, CDGJ): J 56.03, 60.62,

106.94, 120.68, 120.99, 124.71, 124.79, 125.32814.27.96, 129.45, 130.26, 131.66, 133.18,



133.65, 134.37, 136.87, 137.11, 141.32, 152.58,988ppm. IR:v 1638 and 3132 cth MS

(ESI): 462.8 (MH). Co7H24CINO, (461.94).

5.1.29. (4-(2-Nitrophenyl)-1-(4-methylphenyl)-1Hyo¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanoneql)

Synthesized according to general procedure A, isgaftom 98 and 4-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®fi5%, mp 191-193 °C (from ethanotM
NMR (CDCls, 400 MHz):5 2.41 (s, 3H), 3.86-3.89 (m, 9H), 7.08 (s, 2H),77(d,J = 2.1 Hz,
1H), 7.26-7.35 (m, 4H), 7.41-7.59 (m, 4H), 7.99 pfnJ = 7.8 Hz, 1H)*C NMR (300 MHz,
CDCl): 8 20.96, 56.30, 60.90, 106.72, 110.00, 120.67, B2A.Z23.45, 124.06, 124.30, 126.77,
127.86, 129.92, 130.44, 132.33, 132.75, 134.71,9034.37.32, 141.32, 149.19, 152.8, 189.74

ppm. IR:v 1518 and 2939 cith MS (ESI): 473.5 (MH). Ca7H24N,06 (472.49).

5.1.30. (4-(3-Nitrophenyl)-1-(4-methylphenyl)-1Hyo¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanone3?)

Synthesized according to general procedure A,istaftom 99 and 4-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethanesl®fil0%, mp 129-132 °C (from ethandiy
NMR (CDCls, 400 MHz):5 2.42 (s, 3H), 3.85-3.88 (m, 9H), 7.12 (s, 2H),6¢7247 (m, 6H),
7.56 (d,J = 3.2 Hz, 1H), 7.77 (d] = 10.4 Hz, 1H), 8.06-8.09 (m, 1H), 8.27-8.28 ppm (H).
13C NMR (300 MHz, CDGJ): § 20.97, 56.31, 60.91, 107.17, 110.03, 120.93, 121128.24,
126.30, 127,54, 128.83, 130.52, 134.52, 134.81.,2634.36.85, 137.63, 141.82, 148.12, 152.88,

189.91 ppm. IRy 1516 and 2937 cth MS (ESI): 473.4 (MH). CaH24N,06 (472.49).

5.1.31. (4-(4-Nitrophenyl)-1-(4-methylphenyl)- 1H4@y-3-y1)(3,4,5-trimethoxyphenyl)-

methanone53)



Synthesized according to general procedure A,istaftom 100 and 4-methylphenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i20%, mp 202-205 °C (from ethandij
NMR (CDCls, 400 MHz):$ 2.41 (s, 3H), 3.85-3.89 (m, 9H), 7.17 (s, 2H),7#7236 (m, 5H),
7.53-7.58 (m, 3H), 8.11 ppm (d,= 12 Hz, 2H).X*C NMR (300 MHz, CDG): § 20.97, 56.32,
60.92, 107.35, 120.98, 121.42, 123.36, 123.45,4172a.27.85, 128.98, 130.57, 134.40, 136.85,
137.71, 141.49, 142.16, 146.337, 153.02, 189.73.ppmv 1580 and 2930 cih MS (ESI):

473.5 (MH). Co7H24N206 (472.49).

5.1.32. (4-(2-Fluorophenyl)-1-(4-fluorophenyl)-1kt¥pol-3-yl)(3,4,5-trimethoxyphenyl)-
methanoned6)

Synthesized according to general procedure A,isgaftom 108 and 4-fluorophenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i15%, mp 144-146 °C (from ethandij
NMR (CDCls, 400 MHz):8 3.82 (s, 3H), 3.86 (s, 6H), 6.97-7.08 (m, 2H),17(&, 2H), 7.16-7.23
(m, 4H), 7.27-7.35 (m, 1H), 7.43-7.47 (m, 2H), 7§58n (d,J = 3.2 Hz, 1H).2*C NMR (300
MHz, CDCk): ¢ 56.23, 60.86, 107.13, 115.33, 115.63, 116.63, B16.21.16, 121.35, 122.79,
122.90, 123.87, 124.69, 126.06, 128.48, 128.59,983031.03, 134.19, 135.81, 141.63, 152.69,
157.97, 159.85, 161.24, 163.13, 190.15 ppmyvIB579 and 3337 cth MS (ESI): 450.5 (MH).

CaeH21FaNO; (449.45).

5.1.33. (4-(2-Chlorophenyl)-1-(4-fluorophenyl)-1krml-3-y1)(3,4,5-trimethoxyphenyl)-
methanoneq7)

Synthesized according to general procedure A,isgaftom 92 and 4-fluorophenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i9%, mp 162-165 °C (from ethanotHd
NMR (CDCls, 400 MHz):5 3.84-3.86 (m, 9H), 7.07 (s, 2H), 7.16-7.22 (m, 5AR9-7.36 (m,

2H), 7.43-7.47 (m, 2H), 7.54 ppm @ = 2.1 Hz, 1H).**C NMR (300 MHz, CDGJ): § 56.25,



60.84, 107.05, 116.62. 116.93, 121.27, 122.71,8P2225.07, 125.61, 126.48, 128.25, 129.60,
131.72, 133.19, 133.44, 134.26, 135.79, 135.83,4B41152.66, 159.81, 163.09, 190.13 ppm.

IR: v 1636 and 2959 cih MS (ESI): 466.7 (MF)). CagH2:CIFNO; (465.90).

5.1.34. (1-(4-Fluorophenyl)-4-(3-nitrophenyl)-1H#pyl-3-yl)(3,4,5-trimethoxyphenyl)-
methanoned9)

Synthesized according to general procedure A,isgaftom 99 and 4-fluorophenylboronic
acid, by heating at 50 °C in 1,2-dichloroethaneel®i59%, mp 60-63 °C (from ethanofH
NMR (CDCls, 400 MHz):5 3.84-3.88 (m, 9H), 7.11 (s, 2H), 7.18-7.26 (m, 3A}1-7.48 (m,
3H), 7.52-7.53 (m, 1H), 7.74-7.76 (m, 1H), 8.0468(M, 1H), 8.26-8.26 ppm (M, 1HJC NMR
(300 MHz, CDC}): ¢ 56.35, 60.90, 107.28, 116.77, 117.08, 121.03, 221122.94, 123.05,
123.24, 123.59, 126.53, 127.55, 128.88, 134.35,7634.35.56, 136.05, 142.02, 148.12, 152.61,
160.06, 163.35, 189.84 ppm. IR1512 and 2937 cth MS (ESI): 477.4 (MH). CogH21FN,Og

(476.45).

5.1.35. (1-(4-Fluorophenyl)-4-(4-nitrophenyl)-1H#pyl-3-yl)(3,4,5-trimethoxyphenyl)-
methanoneq)

Synthesized according to general procedure A,is¢gaftom 100 and 4-fluorophenylboronic
acid, by heating at 50 °C in 1,2-dichloroetha¥ield 71%, mp 196-199 °C (from ethanotH
NMR (CDCls, 300 MHz):8 3.86 (s, 6H), 3.90 (s, 3H), 7.15 (s, 2H), 7.1987(®, 3H), 7.43-7.47
(m, 2H), 7.50 (dJ = 2.1 Hz, 1H), 7.57 (dJ = 8.7 Hz, 2H), 8.15 ppm (d, = 8.7 Hz, 2H)*C
NMR (300 MHz, CDCJ): 6 56.36, 60.98, 107.27, 110.02, 116.82, 117.12,411122.97,
123.09, 123.49, 123.64, 126.64, 127.79, 128.94,1234 35.40, 135.45, 141.16, 142.16, 146.37,
152.94, 160.09, 163.38, 189.70 ppm. NR1638 and 2950 cih MS (ESI): 477.5 (MH).

CaeHa21FN,Og (476.45).



5.1.36. Preparation of compoun8is10-12 and15. (1-(3-Bromophenyl)-4-phenyl-1H-pyrrol-3-
yN)(3,4,5-trimethoxyphenyl)methanor& (

Synthesized according to general procedure A,isgaftom 90 and 3-bromophenylboronic
acid, by heating at 80 °C in 1,2-dichloroethaneel®fi5% as an oi*H NMR (DMSO-ds, 400
MHz): § 3.72 (s, 3H), 3.77 (s, 6H), 7.12 (s, 2H), 7.187(th, 1H), 7.28 (tJ = 7.2 Hz, 2H),
7.37-7.39 (m, 2H), 7.45 (§ = 8.2 Hz, 1H), 7.51-7.53 (m, 1H), 7.81-7.83 (m,)2B104 (d,J =
2.2 Hz, 1H), 8.09-8.11 ppm (m, 1H). IR: 1579 and 2923 cth MS (ESI): 493.4 (MH).

CogH2oBrNO;4 (49236)

5.1.37. (1-(3-Methoxyphenyl)-4-phenyl-1H-pyrroli3¥,4,5-trimethoxyphenyl)methanori)
Synthesized according to general procedure A,istaitom 90 and 3-methoxyphenylboronic
acid, by heating at 80 °C in 1,2-dichloroethane=ltf 5%, mp 68-70 °C (from ethandif NMR
(DMSO-ds, 300 MHz):5 3.70 (s, 3H), 3.75 (s, 6H), 3.83 (s, 3H), 6.88t6:9, 1H), 7.10 (s, 2H),
7.18-7.29 (m, 3H), 7.32-7.35 (m, 5H), 7.74-7.75 (i), 7.96-7.97 ppm (m, 1H). IR:1579 and

2924 cnit. MS (ESI): 444.3 (MH). Co7H2sNOs (443,49).

5.1.38. (1-(4-Chlorophenyl)-4-phenyl-1H-pyrrol-3{d,4,5-trimethoxyphenyl)methanorid
Synthesized according to general procedure A,isgaftom 90 and 4-chlorophenylboronic
acid, by heating at 80 °C in 1,2-dichloroethaneel®fi8%, mp 162-165 °C (from ethancli
NMR (DMSO-ds, 400 MHz):6 3.72 (s, 3H), 3.77 (s, 6H), 7.11 (s, 2H), 7.187&, 1H), 7.28
(t, J = 6.9 Hz, 2H), 7.36-7.38 (m, 2H), 7.56 ,= 8.4 Hz, 2H), 7.77 (d] = 1.8 Hz, 1H), 7.83
(d, J = 8.8 Hz, 2H), 7.97 ppm (d,= 2.5 Hz, 1H). IRy 1574 and 2937 cth MS (ESI): 448.7

(MH™). CaeH2,CINO, (447.91).

5.1.38. (1-(4-Bromophenyl)-4-phenyl-1H-pyrrol-3(gl},5-trimethoxyphenyl)methanori)



Synthesized according to general procedure Atirsgafrom 90 and 4-bromophenylboronic
acid, by heating at 80 °C in 1,2-dichloroethaneel®i7%, mp 128-130 °C (from ethandii
NMR (DMSO-ds, 300 MHz):5 3.70 (s, 3H), 3.76 (s, 6H), 7.10 (s, 2H), 7.1897(@, 3H), 7.35-
7.37 (m, 2H), 7.67 (d) = 8.8 Hz, 2H), 7.74-7.75 (m, 3H), 7.96-7.97 ppm (H). IR:v 1573

and 2923 cil. MS (ESI): 492.2 (MF)). CogH2BrNO, (492.36).

5.1.39. (1-(4-Methoxyphenyl)-4-phenyl-1H-pyrroli3¥,4,5-trimethoxyphenyl)methanorib)
Synthesized according to general procedure A,istaitom 90 and 4-methoxyphenylboronic
acid, by heating at 80 °C in 1,2-dichloroethanesl®i5% as an oifH NMR (DMSO-ds, 300
MHz): & 3.70 (s, 3H), 3.75 (s, 6H), 3.78 (s, 3H), 7.0297®, 4H), 7.17-7.28 (m, 3H), 7.35-7.37
(m, 2H), 7.62-7.69 (m, 3H), 7.82-7.83 ppm (m, 1HR: v 1583 and 2925 cih MS (ESI): 444.3

(MH™). Cy7H25NOs (443,49).

5.1.40. (1-(2-Methoxyphenyl)-4-phenyl-1H-pyrrold33,4,5-trimethoxyphenyl)methanorg) (
Synthesized according to general procedure A,isgaftom 90, 2-methoxyphenylboronic
acid and pyridine at room temperature in dichlortrare. Yield 16% as an oitH NMR
(DMSO-dgs, 400 MHz):6 3.70 (s, 3H), 3.77 (s, 6H), 3.84 (s, 3H), 7.0577®, 1H), 7.10 (s, 2H),
7.16-7.19 (m, 1H), 7.26 (8,= 7.4 Hz, 3H), 7.33-7.39 (m, 4H), 7.50-7.52 (m)1H58 ppm (d,

= 2.2 Hz, 1H). IRy 1581 and 2932 cih MS (ESI): 444.2 (MH). Co7H2sNOs (443.49).

5.1.41. General procedure B. Preparation of commsud, 9 and 13. Example: (1-(2-
Nitrophenyl)-4-phenyl-1H-pyrrol-3-yl)(3,4,5-trimeikyphenyl)methanond)

In a flask charged with copper(l) bromide (1.4 Ag)1 mmol), 8-quinolinoN-oxide (3 mg,
0.02 mmol), and cesium carbonate (640 mg, 1.97 mma$ adde®0 (0.50 g, 1.48 mmol), 1-

iodo-2-nitrobenzene (0.25 g, 0.99 mmol) and dimietyfoxide (1.0 mL) under an Ar stream.



The reaction mixture was stirred at 65 °C for 18After cooling, water was added and the
mixture was extracted with ethyl acetate; the oig#ayer was washed with brine, dried and
filtered. Removal of the solvent gave a residud thas purified by column chromatography
(silica gel,n-hexane:ethyl acetate 1:1 as eluent) to furdi§d%, 60 mg), mp 152-155 °C (from
ethanol).H NMR (DMSO-ds, 400 MHz):5 3.73 (s, 3H), 3.82 (s, 6H), 7.12 (s, 2H), 7.2237.2
(m, 1H), 7.30 (t] = 7.8 Hz, 2H), 7.37-7.43 (m, 3H), 7.61-7.62 (m,)1AH71 (d, J = 7.8 Hz, 1H),
7.84-7.90 (m, 2H), 8.17 ppm (d,= 7.8 Hz, 1H). IRy 1579 and 2937 cth MS (ESI): 459.2

(MH"™). CaeH22N206 (458.46).

5.1.42. (1-(3-Nitrophenyl)-4-phenyl-1H-pyrrol-3-8)4,5-trimethoxyphenyl)methanorsd (
Synthesized according to general procedure B,irsgaftorm 90 and 1-iodo-3-nitrobenzene.
Yield 34%, mp 164-167 °C (from ethandhi NMR (DMSO-dg, 400 MHz):5 3.72 (s, 3H), 3.78
(s, 6H), 7.14 (s, 2H), 7.21 @,= 7.4 Hz, 1H), 7.29 () = 7.1 Hz, 2H), 7.40-7.41 (m, 2H), 7.79 (t,
J=8.2 Hz, 1H), 7.98 (d] = 2.4 Hz, 1H), 8.15-8.18 (m, 2H), 8.28-8.30 (m,)18162-8.63 ppm

(m, 1H). IR:v 1638 and 2940 cih MS (ESI): 459.3 (MH). CoeH22N206 (458.46).

5.1.43. (1-(4-Nitrophenyl)-4-phenyl-1H-pyrrol-348)4,5-trimethoxyphenyl)methanoriS)
Synthesized according to general procedure B,irsgaftorm 90 and 1-iodo-4-nitrobenzene.
Yield 12%, mp 193-195 °C (from ethandit NMR (DMSO-ds, 400 MHz):8 3.72 (s, 3H), 3.78
(s, 6H), 7.14 (s, 2H), 7.22 @,= 7.2 Hz, 1H), 7.30 () = 7.3 Hz, 2H), 7.39 (d] = 7.2 Hz, 2H),
7.99 (d,J = 2.4 Hz, 1H), 8.11 (d] = 9.2 Hz, 2H), 8.18 (d] = 2.3 Hz, 1H), 8.34 ppm (d,= 9.2

Hz, 2H). IR:v 1593 and 2939 cih MS (ESI): 459.4 (MH). CagH22N,0¢ (458.46).

5.1.44. General procedure C. Preparation of compusu#?-46 and 62-66. Example: (1-(3-

Aminophenyl)-4-(2-fluorophenyl)-1H-pyrrol-3-yl) (3%4trimethoxyphenyl)methanon2)



A mixture 0f108 (160 mg, 0.44 mmol), 3-iodoaniline (100 mg, 0.4¢hoh), copper(l) iodide
(40 mg, 0.22 mmol), cesium carbonate (210 mg, @é&ol) and 1,10-phenanthroline (80 mg,
0.44 mmol) in 1,4-dioxane (2.3 mL) was stirred &0 2C for 24 h under a nitrogen stream. After
cooling, water was added and the reaction mixtuas extracted with ethyl acetate. The organic
layer was washed with brine, dried and filteredm@eal of the solvent gave a residue that was
purified by column chromatography (silica gelhexane:ethyl acetate 55:45 as eluent) to furnish
42 (Yield 23%, 40 mg), mp 174-177 °C (from ethan).NMR (CDCls;, 400 MHz): 3.83-3.87
(m, 11H; 9H after treatment with,D), 6.30-6.66 (m, 1H), 7.75-7.76 (m, 1H), 6.81-6(84
1H), 6.97-7.36 (m, 8H), 7.55 ppm (@= 3.2 Hz, 1H).X*C NMR (300 MHz, CDG)): § 56.02,
60.66, 107.01, 110.55, 113.46, 115.09, 115.39,782(.23.61, 124,04, 125.81, 128.13, 128.23,
130.49, 130.80, 130.84, 134.20, 140.32, 147.70.485257.80, 161.07, 190.03 ppm.\R1630

and 3423 cit. MS (ESI): 447.3 (MH). CogH2sFN,O;4 (446.47).

5.1.45. (1-(3-Aminophenyl)-4-(2-chlorophenyl)-1H+py-3-y1)(3,4,5-trimethoxyphenyl)-
methanone43)

Synthesized according to general procedure Cjrggdrom 92 and 3-iodoaniline. Yield 65%,
mp 173-175 °C (from ethanolfH NMR (CDCl;, 400 MHz): & 3.82-3.86 (m, 11H; 9H after
treatment with RO), 6.64 (ddJ = 2.0 and 10.8 Hz, 1H), 6.75 &= 2.8 Hz, 1H), 6.82 (dd] =
2.0 and 10.8 Hz, 1H), 7.05-7.07 (m, 2H), 7.13-7185 6H), 7.56 ppm (dJ = 3.2 Hz, 1H)°C
NMR (300 MHz, CDCJ): ¢ 56.23, 60.84, 107.03, 107.25, 110.74, 113.73, B 1124.63,
124.73, 125.52, 126.42, 128.10, 129.53, 130.67,7031.33.22, 133.68, 134.43, 140.46, 141.37,
147.72, 152.63, 190.18 ppm. IR1582 and 3342 cth MS (ESI): 463.8 (MF)). CogH25CIN,O4

(462.92).

5.1.46. (1-(3-Aminophenyl)-4-(2-nitrophenyl)-1H-mt¥3-yl)(3,4,5-trimethoxyphenyl)-



methanone44)

Synthesized according to general procedure Cjrggdrom 98 and 3-iodoanilineYield 77%,
mp 200-203 °C (from ethanoPH NMR (CDCl;, 300 MHz): & 3.84-3.96 (m, 11H; 9H after
treatment with RO), 6.65-6.82 (m, 3H), 7.11 (s, 2H), 7.21-7.27 @Hl), 7.41-7.46 (m, 1H),
7.54-7.55 (m, 1H), 7.55-7.56 (m, 1H), 7.76 {& 6.9 Hz, 1H), 8.26 ppm (s, 1HFC NMR (300
MHz, CDCk): 6 56.32, 60.90, 106.77, 107.53, 111.07, 114.17,6220123.43, 124.01, 126.77,
127.87, 129.91, 130.76 132.35, 132.74, 134.67,2V4A41.37, 149.17, 152.82, 189.84 ppm. IR:

v 1579 and 3341 cth MS (ESI): 474.3 (MH). CogH23N306 (473.48).

5.1.47. (1-(3-Aminophenyl)-4-(3-nitrophenyl)-1H-mt¥3-yl)(3,4,5-trimethoxyphenyl)-
methanone4p)

Synthesized according to general procedure Cjregarom 99 and 3-iodoanilineYield 98%,
mp 190-192 °C (from ethanofH NMR (DMSO-ds, 400 MHz):8 3.73 (s, 3H), 3.80 (s, 6H),
5.38 (s, 2H, disappeared after treatment wit®))6.56-6.58 (dJ = 8.1 Hz, 1H), 6.87-6.88 (m,
2H), 7.11-7.17 (m, 3H), 7.61 (3,= 8.0 Hz, 1H), 7.80-7.90 (m, 3H), 8.08-8.10 (m,)1B.25
ppm (s, 1H).2*C NMR (300 MHz, CDGJ): § 56.34, 60.90, 107.19, 107.25, 110.63, 114.00,
120.84, 121.30, 123.10, 123.22, 126.16, 127.54,812430.79, 134.53, 134.77, 136.27, 140.19,
141.89, 148.12, 152.88, 189.98 ppm. KR1575 and 3339 cth MS (ESI): 474.2 (MH).

C26H 23N306 (473 .48) .

5.1.48. (1-(3-Aminophenyl)-4-(4-nitrophenyl)-1H-mt¥3-yl)(3,4,5-trimethoxyphenyl)-
methanone4b6)

Synthesized according to general procedure C,irggaftom 100 and 3-iodoanilineYield
27%, mp 215-218 °C (from ethanold NMR (DMSO-ds, 300 MHz):5 3.75 (s, 3H), 3.83 (s,

6H), 5.42 (s, 2H, disappeared after treatment BiB), 6.59 (dJ = 7.5 Hz, 1H), 6.86-6.88 (m,



2H), 6.13-6.17 (m, 3H), 7.69 (d,= 8.7 Hz, 2H), 7.83 (d] = 13.5 Hz, 2H), 8.17 ppm (d,= 8.7
Hz, 2H). °C NMR (300 MHz, DMS@): 6 55.94. 60.05, 105.32, 106.89, 107.55, 112.66,
122.11, 122.34, 123.09, 124.96, 127.50, 128.91,1230.33.99, 139.30, 141.13, 141.66, 145.39,
150.04, 152.50, 188.76 ppm. IR:1583 and 3340 cth MS (ESI): 474.3 (MF)). CysH23N30s

(473.48).

5.1.49. (1-(4-Aminophenyl)-4-(2-fluorophenyl)- 1H#@y-3-yl1)(3,4,5-trimethoxyphenyl)-
methanoneq3)

Synthesized according to general procedure C,irgjaftom 108 and 4-iodoaniline. Yield
50%, mp 135-138 °C (from ethandii NMR (CDCls;, 300 MHz):5 3.82-3.86 (m, 11H; 9H after
treatment with BO), 6.74 (dJ = 8.7 Hz, 2H), 6.97-7.07 (m, 3H), 7.12-7.26 (m,)5A30-7.35
(m, 1H), 7.47 ppm (dJ = 2.1 Hz, 1H).**C NMR (300 MHz, CDGJ): § 56.20, 60.65, 107.10,
115.26, 115.56, 115.63, 120.65, 121.47, 122.60,782423.77, 126.46, 128.20, 128.31, 131.10,
134.57, 141.41, 145.91, 152.65, 158.02, 161.28,209ppm. IR:v 1624 and 3335 cth MS

(ESI): 447.5 (MH). CoeH23FN>0, (446.47).

5.1.50. (1-(4-Aminophenyl)-4-(2-chlorophenyl)-1H+p¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanone@4)

Synthesized according to general procedure Cjregarom 92 and 4-iodoanilineYield 72%,
mp 175-179 °C (from ethanofiH NMR (CDCl;, 300 MHz):§ 3.83-3.85 (m, 11H; 9H after
treatment with BO), 6.74 (d.J = 8.4 Hz, 2H), 7.08-7.10 (m, 3H), 7.14-7.16 (m)2H24 (d,J =
8.7 Hz, 2H), 7.29-7.35 (m, 2H), 7.49 ppm {Jd= 2.1 Hz, 1H)**C NMR (300 MHz, CDCJ): &
56.22, 60.82, 107.04, 115.75, 121.54, 122.54, B4124 .44, 125.93, 126.40, 128.01, 129.55,
131.21, 131.81, 133.27, 133.90, 134.64, 141.30,7P48152.65, 190.18 ppm. IR:1520 and

3352 cnit. MS (ESI): 463.7 (MH). CogH2sCIN,O, (462.92).



5.1.51. (1-(4-Aminophenyl)-4-(2-nitrophenyl)-1H-mt¥3-yl)(3,4,5-trimethoxyphenyl)-
methanonegb)

Synthesized according to general procedure Cjrggdrom 98 and 4-iodoaniline. Yield 72%,
mp 109-112 °C (from ethanolfH NMR (CDCl;, 300 MHz): & 3.85-3.88 (m, 11H; 9H after
treatment with RO), 6.71 (dJ = 8.1 Hz, 2H), 7.07 (s, 3H), 7.20 @= 8.4 Hz, 2H), 7.38-7.46
(m, 3H), 7.51-7.57 (m, 1H), 7.95-7.98 pm (m, 18X NMR (300 MHz, CDGJ): § 56.27, 60.86,
106.73, 115.62, 121.12, 122.48, 123.56, 124.24,2P27127,72, 130.10, 130.73, 132.29, 132.78,
134.87, 141.23, 149.20, 152.78, 189.78 ppmvIR518 and 2936 cth MS (ESI): 474.4 (MH).

C26H 23N306 (473 .48) .

5.1.52. (1-(4-Aminophenyl)-4-(3-nitrophenyl)-1H-mt¥3-yl)(3,4,5-trimethoxyphenyl)-
methanonedp)

Synthesized according to general procedure Cjrggdrom 99 and 4-iodoaniline. Yield 40%,
mp 77-80 °C (from ethanolfH NMR (CDCl;, 300 MHz): & 3.85-3.88 (m, 11H; 9H after
treatment with RO), 6.75 (dJ = 8.1 Hz, 2H), 7.08-7.12 (m, 2H), 7.19-7.27 (m,)4H40-7.47
(m, 2H), 7.75-7.78 (m, 1H), 8.03-8.06 ppm (m, 1HC NMR (300 MHz, CDG)): J 56.33,
60.90, 107.24, 115.65, 121.20, 121.38, 122.66,7122.23.26, 125.86, 128.04, 128.78, 130.68,
134.72, 134.80, 136.46, 141.79, 146.31, 148.12,875290.01 ppm. IR 1551 and 2922 cth

MS (ES|) 474.2 (MH) 026H23N305 (473,48)

5.1.53. (1-(4-Aminophenyl)-4-(4-nitrophenyl)-1H-mt¥3-yl)(3,4,5-trimethoxyphenyl)-
methanoneqy)

Synthesized according to general procedure C,irgjaftom 100 and 4-iodoaniline. Yield
64%, mp 228-230 °C (from ethandif NMR (DMSO-ds, 300 MHz):6 3.74-3.82 (m, 9H), 4.18

(s, 2H, disappeared after treatment witO 6.68 (dJ = 8.7 Hz, 2H), 7.15 (s, 2H), 7.40 @5



8.7 Hz, 2H), 7.67 (dJ = 8.7 Hz, 2H), 7.76 (d] = 1.8 Hz, 2H), 8.15 ppm (d,= 8.7 Hz, 2H)=C
NMR (300 MHz, DMSQ@i): 6 55.91, 60.05, 106.89, 114.13, 121.70, 121.81, B22123.07,
124.61, 127.79, 127.95, 128.87, 134.12, 141.04,954145.26, 148.04, 152.48 ppm. iRL637

and 3389 cm. MS (ESI): 474.2 (MH). CoeH2aN306(473.48).

5.1.54. (4-Phenyl-1-(3,4,5-trimethoxyphenyl)-1HfpisB3-yl)(3,4,5-trimethoxyphenyl)methanone
(16)

Synthesized according to general procedure C, irggarfrom 90 and 5-iodo-1,2,3-
trimethoxybenzene in DMF at 110 °C overnight. Thede product was purified by silica gel
column chromatography (CHEACOEt 95:5 as eluent), Yield 19%, mp 80-82 °C iffro
CH,Cly/n-hexane)™H NMR (300 MHz, CDCJ): & 3.78 (s, 6H), 3.85 (s, 3H), 3.90 (s, 3H), 3.93
(s, 6H), 6.67 (s, 2H), 7.10 (s, 2H), 7.16 J& 2.4 Hz, 1H), 7.20-7.35 (m, 5H), 7.56 ppm I

2.4 Hz, 1H). IRv 1636 and 2941 cih MS (ESI): 504.5 (MH). CogH2eNO; (503.54).

5.1.55. General procedure D. Preparation of commtab) 14, 39, 47, 48, 54, 55, 61, 62, 68, 69.
Example: (1-(2-aminophenyl)-4-phenyl-1H-pyrrol-3¢(8l4,5-trimethoxyphenyl)methanor (

A mixture of4 (40 mg, 0.09 mmol) and tin(ll) chloride dihydrateDQ mg, 0.44 mmol) and
ethyl acetate (1.2 mL) was stirred at 80 °C for. Je mixture was made basic with a saturated
solution of sodium hydrogen carbonate and extraaiigdl ethyl acetate. The organic layer was
washed with brine, dried and filtered. Removalla solvent gave a residue that was purified by
column chromatography (silica gekhexane:ethyl acetate 3:7 as eluent) to furbigd7%, 80
mg) as an oil*H NMR (DMSO-ds, 400 MHz): 8 3.71 (s, 3H), 3.79 (s, 6H), 5.22 (s, 2H,
disappeared after treatment witb@), 6.66 (tJ = 8.2 Hz, 1H), 6.87 (d]) = 8.3 Hz, 1H), 7.12 (t,

J =7 Hz, 1H), 7.17-7.21 (m, 4H), 7.24-7.30 (m, 3A¥2-7.44 ppm (m, 3H). IRz 1622 and

3371 cmt. MS (ESI): 429.4 (MH). CgH24N,0;4 (428.48).



5.1.56. (1-(A-aminophenyl)-4-phenyl-1H-pyrrol-3(8l%,5-trimethoxyphenyl)methanorig)
Synthesized according to general procedure D,isgaftom 13. Yield 40% as an oil*H
NMR (DMSO-ds, 400 MHz):6 3.70 (s, 3H), 3.76 (s, 6H), 5.27 (s, disappeafest &reatment
with D,O, 2H), 6.63 (d,J = 8.8 Hz, 2H), 7.07 (s, 2H), 7.17 &= 7.4 Hz, 1H), 7.25 (t} = 7.4
Hz, 2H), 7.35-7.37 (m, 4H), 7.48 (d= 2.3 Hz, 1H), 7.66 ppm (d,= 2.3 Hz, 1H). IRy 1518

and 3350 cril. MS (ESI): 429.3 (MF). CogH24N,0, (428.48).

5.1.57. (4-(3-Aminophenyl)-1-(3-methylphenyl)-1Hrpl3-yl)(3,4,5-trimethoxyphenyl)-
methanone39)

Synthesized according to general procedure D,irstiaftom 37. Yield 60%, mp 51-53 °C
(from ethanol).'H NMR (CDCl;, 400 MHz): § 2.43 (s, 3H), 3.81-3.88 (m, 11H; 9H after
treatment with RO), 6.52 (dd,J = 2.0 and 10.8 Hz, 1H), 6.70-6.77 (m, 2H), 7.0387(m, 8H),
7.54 ppm (dJ = 3.2 Hz, 1H).**C NMR (300 MHz, CDGJ): ¢ 21.47, 56.23, 60.86, 107.40,
113.58, 115.52, 117.87, 119.04, 119.63, 121.50,802326.35, 127.78, 128.54, 129.04, 129.65,
134.47, 135.36, 139.50, 140.00, 141.63, 146.24,665290.54 ppm. IRx 1642 and 3449 cth

MS (ESI): 443.3 (MH). Co7H26N0;4 (442.51).

5.1.58. (4-(4-Aminophenyl)-1-(3-methylphenyl)-1irpl-3-y1)(3,4,5-trimethoxyphenyl)-
methanone40)

Synthesized according to general procedure D, irsgaftom 38. Yield 76%, mp 88-89 °C
(from ethanol).'H NMR (CDCl;, 400 MHz): § 2.42 (s, 3H), 3.81-3.88 (m, 11H; 9H after
treatment with BO), 6.59 (d, J = 11.2 Hz, 2H), 7.13-7.19 (m, 6HR3#7.26 (m, 2H), 7.32-7.35
(m, 1H), 7.53 ppm (dJ = 3.2 Hz, 1H)*C NMR (300 MHz, CDCJ): § 21.47, 56.20. 60.91,
107.35, 114.89, 117.77, 118,87, 121,40, 123.48,612426.33, 127.63, 128.54, 129.49, 129.60,

134.54, 139.53, 139.93, 141.43, 145.17, 152.60 pRnv. 1578 and 3367 cth MS (ESI): 443.5



(MH"). CoH26N204 (442.51).

5.1.59. (1,4-Bis(3-aminophenyl)-1H-pyrrol-3-yl)(FH4rimethoxyphenyl)methanon&rj
Synthesized according to general procedure D,imsgaftom 45. Yield 35% as an oil'H

NMR (CDCls, 400 MHz):6 3.79-3.87 (m, 13H; 9H after treatment with@), 6.50 (dJ = 10.4

Hz, 1H), 6.59-6.79 (m, 4H), 7.00-7.26 (m, 6H), 7p (s, 1H)*C NMR (300 MHz, CDCJ):

0 56.28, 60.86, 107.12, 107.51, 110.53, 113.57, B13.59.04, 119.68, 122.05, 123.60, 126.43,

128.37, 129.03, 130.62, 134.55, 135.42, 140.563841.46.29, 148.04, 152.70, 190.62 ppm. IR:

v 1579 and 3360 cih MS (ESI): 444.5 (MF). CoeH2sN30, (443.49).

5.1.60. (1-(3-Aminophenyl)-4-(4-aminophenyl)-1H#piA3-yl)(3,4,5-trimethoxyphenyl)-
methanone4g)

Synthesized according to general procedure D,irsgaftom 46. Yield 22%, mp 189-191 °C
(from ethanol)’H NMR (CDCls;, 400 MHz):5 3.81-3.88 (m, 13H; 9H after treatment with®),
6.58-6.64 (m, 3H), 6.73-6.74 (m, 1H), 6.80-6.83 {iH), 7.10-7.12 (m, 3H), 7.16-7.26 (M, 3H),
7.50 ppm (dJ = 3.2 Hz, 1H)*C NMR (400 MHz, CDG): 6 56.09, 60.90, 107.06, 107.32,
110.61, 113.45, 114.93, 118.88, 118.91, 123.26,7/82426.43, 128.34, 129.52, 130.65, 134.64,
140.64, 145.09, 147.84, 152.56, 152.63, 190.54 pRmv. 1583 and 2924 cih MS (ESI): 444.3

(MH™). Cy6H25N30;4 (443.49).

5.1.61 (4-(3-Aminophenyl)-1-(4-methylphenyl)-1HfpiB-yl)(3,4,5-trimethoxyphenyl)-
methanone34)

Synthesized according to general procedure D,irsgaftom 52. Yield 56%, mp 135-138 °C
(from ethanol)."H NMR (CDCls;, 400 MHz): 6 3.81-3.87 (m, 14H; 12H after treatment with

D;0), 6.52 (dJ = 10.4 Hz, 1H), 6.74-6.77 (m, 2H), 7.01-7.35 (m)8A51-7.52 ppm (m, 1H).



13C NMR (300 MHz, CDG): 6 20.93, 29.71, 56.23, 60.86, 107.37, 113.57, 115138,07,
119.70, 120.70, 123.66, 126.41, 128.47, 129.04,363(130.53, 134.50, 135.39, 136.97, 137.20,
141.58, 146.22, 152.65, 190.51 ppm. WR:1587 and 2921 cth MS (ESI): 443.3 (MH).

CoHagNo04 (442.51).

5.1.62. (4-(3-aminophenyl)-1-(4-methylphenyl)-1Hrply3-yl)(3,4,5-trimethoxyphenyl)-
methanonedd)

Synthesized according to general procedure D,irsgaftom 53. Yield 85%, mp 181-184 °C
(from ethanol)."H NMR (CDCl;, 400 MHz): 8 2.40 (s, 3H), 3.62 (s, 2H, disappeared after
treatment with RO), 3.86 (s, 6H), 3.88 (s, 3H), 6.59 M= 11.2 Hz, 2H), 7.11-7.35 (m, 9H),
7.51 ppm (dJ = 3.2 Hz, 1H).**C NMR (300 MHz, CDG)): § 20.92, 56.21, 60.92, 107.36,
114.90, 118.95, 120.62, 123.39, 124.70, 126.36,48B2829.52, 130.32, 134.59, 136.81, 137.28,
141.44, 145.13, 152.61, 190.55 ppm. KR1580 and 3346 cth MS (ESI): 443.4 (MH).

CoHagN,04 (442.51).

5.1.63. (4-(3-Aminophenyl)-1-(4-fluorophenyl)-1Ho¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanoneqgl)

Synthesized according to general procedure D,rsgaitom 59. Yield 52%, mp 148-150 °C
(from ethanol)’H NMR (CDCls;, 300 MHz):5 3.80-3.87 (m, 11H; 9H after treatment with),
6.50-6.53 (M, 1H), 6.67 (s, 1H), 6.73 (d= 7.5 Hz, 1H), 7.02 (] = 7.8 Hz, 1H), 7.11-7.27 (m,
5H), 7.39-7.44 (m, 2H), 7.48 ppm (@= 1.8 Hz, 1H)**C NMR (300 MHz, CDGJ): J 56.26,
60.85, 107.52, 113.67, 115.50, 116.58, 116.88,0119.19.79, 122.63, 122.74, 124.08, 126.42,
128.74, 129.09, 134.29, 135.18, 135.89, 135.93,8P4146.30, 152.70, 159.78, 163.05, 190.60

ppm. IR:v 1641 and 3370 cth MS (ESI): 447.3 (MH). CogH2aFN,O;4 (446.47).



5.1.64. (4-(4-Aminophenyl)-1-(4-fluorophenyl)-1H+o¥-3-y1)(3,4,5-trimethoxyphenyl)-
methanone@?)

Synthesized according to general procedure D,imsgaftom 60. Yield 88% as an oil'H
NMR (CDCl;, 300 MHz):6 3.63-3.87 (m, 11H; 9H after treatment with@), 6.58 (d,J = 8.7
Hz, 2H), 7.07 (dJ = 2.4 Hz, 1H), 7.11-7.19 (m, 6H), 7.39-7.44 (m,)2F.47 ppm (d]) = 2.4
Hz, 1H).**C NMR (300 MHz, CDG): § 56.21, 60.91, 107.40, 114.89, 113.52, 116.82, 119.0
122.51, 122.62, 123.77, 124.38, 126.36, 128.74,482934.35, 135.93, 135.97, 141.57, 145.29,
152.63, 159.65, 162.92, 190.56 ppm. NR1516 and 3366 cih MS (ESI): 447.3 (MH).

CaeH2aFN,04 (446.47).

5.1.65. (4-(3-Aminophenyl)-1-(4-aminophenyl)-1H#pi3-yl)(3,4,5-trimethoxyphenyl)-
methanonegd)

Synthesized according to general procedure D,irsgaftom 66. Yield 45%, mp 80-82 °C
(from ethanol)’H NMR (CDCls;, 300 MHz):5 3.80-3.87 (m, 13H; 9H after treatment with®),
6.50 (d,J = 7.8 Hz, 1H), 6.70-6.76 (m, 4H), 7.00-7.08 (m, 2A)L1-7.12 (m, 2H), 7.19-7.26 (m,
2H), 7.42-7.43 ppm (m, 1H}’C NMR (300 MHz, CDGJ): 5 56.26, 60.84, 107.47, 113.46,
115.60, 115.65, 119.10, 120.17, 122.47, 123.13,8426.28.07, 128.99, 131.19, 134.72, 135.60,
141.59, 145.85, 146.23, 152.66, 190.51 ppmvIRS578 and 2923 cth MS (ESI): 444.4 (MH).

C26H 25N 304 (443 .49) .

5.1.66. (1,4-Bis(4-aminophenyl)-1H-pyrrol-3-yl)(FH4rimethoxyphenyl)methanorngdj
Synthesized according to general procedure D,irsgaftom 67. Yield 41% as an oil'H

NMR (CDCls, 300 MHz):6 3.81-3.87 (m, 13H; 9H after treatment with@), 6.58 (d,J = 8.4

Hz, 2H), 6.73 (dJ = 8.7 Hz, 2H), 7.02 (d] = 2.4 Hz, 1H), 7.12 (s, 2H), 7.16-7.27 (m, 4H), 7.4

ppm (d,J = 2.1 Hz, 1H).**C NMR (300 MHz, CDGJ): ¢ 56.23, 60.39, 60.91, 107.39, 114.91,



115.66, 119.46, 122.43, 122.84, 124.94, 126.83,1128.29.56, 131.36, 134.81, 141.39, 145.04,
145.67, 152.62, 190.57 ppm. IR:1520 and 2923 cth MS (ESI): 444.4 (MH). CogH2sN30,

(443.49).

5.1.67. General procedure E. Preparation of compuisufi-84. Example: (E)-1-phenyl-3-(3,4,5-
trimethoxyphenyl)prop-2-en-1-onélj

A solution of70 (1.75 g, 8.3 mmol), benzaldehyde (0.88 g, 8.3 maotl NaOH (0.2 g, 4.8
mmol) in ethanol (33 mL) was stirred at room tenapere for 24 h. After dilution with water,
the reaction mixture was extracted with ethyl aeet@ihe organic layer was washed with brine,
dried and filtered. Removal of the solvent gaveesidue that was purified by column
chromatography (silica gat-hexane:ethyl acetate 9:1 as eluent) to furiis(i.O g, yield 41%),
mp 78-80 °C (from ethanoliH NMR (CDCls, 400 MHz):5 3.93 (s, 3H), 3.94 (s, 6H), 6.89 (s,
2H), 7.52-7.62 (m, 4H), 7.74 (d,= 15.6 Hz, 1H), 8.02-8.05 ppm (m, 2H). iR1659 and 2941

cm?,

5.1.68. (E)-3-(2-chlorophenyl)-1-(3,4,5-trimethokepyl)prop-2-en-1-onerR)

Synthesized according to general procedure E,irggaftom 70 and 2-chlorobenzaldehyde.
Yield 59%, mp 105-107 °C (from ethandif NMR (CDCls;, 300 MHz):5 3.95 (s, 9H), 7.27-
7.65 (m, 6H), 7.73-7.64 (m, 1H), 8.13-8.18 ppm {i). *C NMR (300 MHz, CDCJ): 5 56.36,
60.99, 106.24, 124.89, 127.11, 127.80, 130.28,17731.33.09, 133.29, 135.37, 140.55, 142.54,

153.15, 189.50 ppm. IR:1657 and 2921 cih

5.1.69. (E)-3-(4-chlorophenyl)-1-(3,4,5-trimethokepyl)prop-2-en-1-onerg)
Synthesized according to general procedure E,irggaftom 70 and 4-chlorobenzaldehyde.

Yield 76%, mp 100-102 °C (from ethandii NMR (CDCls, 300 MHz):8 3.95 (s, 9H), 7.28 (s,



2H), 7.38-7.59 (m, 5H), 7.76 ppm (@@= 15.6 Hz, 1H)*C NMR (300 MHz, CDGJ): J 56.43,
60.99, 106.15, 122.13, 129.24, 129.59, 133.30,3033.36.42, 142.68, 143.20, 153.19, 188.86

ppm. IR:v 1654 and 2937 cih

5.1.70. (E)-3-(2-bromophenyl)-1-(3,4,5-trimethoxgpyl)prop-2-en-1-oneré)

Synthesized according to general procedure E,rggaftom 70 and 2-bromobenzaldehyde.
Yield 53%, mp 99-101 °C (from ethandlif NMR (CDCls, 300 MHz):8 3.95 (s, 9H), 7.26-7.36
(m, 5H), 7.63-7.74 (m, 2H), 8.10 ppm @= 15.6 Hz, 1H).*C NMR (300 MHz, CDG)): §
56.39, 60.99, 106.33, 125.22, 125.78, 127.74, B7191.31, 133.06, 133.55, 135.15, 143.07,

153.17, 189.54 ppm. IR:1657 and 2923 cih

5.1.71. (E)-3-(3-bromophenyl)-1-(3,4,5-trimethoxgpyl)prop-2-en-1-onerp)

Synthesized according to general procedure E,rggaftom 70 and 3-bromobenzaldehyde.
Yield 73%, mp 109-111 °C (from ethanod NMR (CDCl;, 300 MHz):8 3.96 (s, 9H), 7.28-
7.33 (m, 3H), 7.44-7.56 (m, 3H), 7.70-7.80 ppm 2#).*C NMR (300 MHz, CDCJ): § 56.46,
61.00, 106.20, 122.93, 123.10, 127.29, 130.48,783A.33.17, 133.25, 137.04, 142.88, 153.22,

188.71 ppm. IRv 1655 and 2942 cth

5.1.72. (E)-3-(4-bromophenyl)-1-(3,4,5-trimethoxgpyl) prop-2-en-1-one7p)

Synthesized according to general procedure E,rggaftom 70 and 4-bromobenzaldehyde.
Yield 71%, mp 120-122 °C (from ethandii NMR (CDCl;, 300 MHz):8 3.95 (s, 9H), 7.27 (s,
2H), 7.44-7.58 (m, 5H), 7.75 ppm @@= 15.9 Hz, 1H)®*C NMR (300 MHz, CDGJ): § 56.42,
61.00, 106.11, 122.20, 124.80, 129.80, 132.21,2B33.33.80, 142.65, 143.29, 153.18, 188.88

ppm. IR:v 1637 and 2838 cih

5.1.73. (E)-3-(2-nitrophenyl)-1-(3,4,5-trimethoxyplyl)prop-2-en-1-onery)



Synthesized according to general procedure E,irggaftom 70 and 2-nitrobenzaldehyde.
Yield 31%, mp 122-124 °C (from ethanoid NMR (CDCl;, 300 MHz):8 3.95-3.96 (m, 9H),
7.17-7.28 (m, 3H), 7.56-7.61 (m, 1H), 7.70-7.75 2#), 8.05-8.10 ppm (m, 2H)*C NMR (300
MHz, CDCJk): ¢ 56.38, 61.00, 106.47, 110.01, 125.00. 127.78, 129.30.32, 132.49, 133.66,

140.04, 142.72, 148.45, 153.21, 190.04 ppmyIR657 and 2941 cih

5.1.74. (E)-3-(3-nitrophenyl)-1-(3,4,5-trimethoxwgolyl)prop-2-en-1-onerg)

Synthesized according to general procedure E,irggaftom 70 and 3-nitrobenzaldehyde.
Yield 59%, mp 139-141 °C (from ethanold NMR (CDCls, 300 MHz):$ 3.96-3.97 (m, 9H),
7.31 (s, 2H), 7.58-7.65 (m, 2H), 7.82-7.94 (m, 28125-8.28 (m, 1H), 8.52 ppm (,= 2.1 Hz,
1H). *C NMR (300 MHz, CDGJ): 6 56.52, 61.01, 106.37, 122.38, 124.36, 124.64, B30.0

132.87, 134.36, 136.74, 141.58, 143.12, 148.79,3%5390.01 ppm. IR: 1720 and 2928 cth

5.1.75. (E)-3-(4-nitrophenyl)-1-(3,4,5-trimethoxgplyl)prop-2-en-1-onerg)

Synthesized according to general procedure E,irggaftom 70 and 4-nitrobenzaldehyde.
Yield 89%, mp 170-175 °C (from ethandil NMR (DMSO-ds, 400 MHz):8 3.77 (s, 3H), 3.90
(s, 6H), 7.45 (s, 2H), 7.82 (d,= 15.6 Hz, 1H), 8.11-8.20 (m, 3H), 8.28-8.30 ppm 2H).*C
NMR (300 MHz, CDC)): ¢ 56.49, 61.03, 106.34, 124.21, 125.44, 128.95, B32141.08,

141.40, 143.16, 148.56, 153.30, 188.26 ppmyIR653 and 3189 cih

5.1.76. (E)-3-(4-methoxyphenyl)-1-(3,4,5-trimethghanyl)prop-2-en-1-oneQ)

Synthesized according to general procedure Ejragaitom 70 and 4-methoxybenzaldehyde.
Yield 84%, mp 92-94 °C (from ethanotd NMR (CDCls, 300 MHz):5 3.85 (s, 3H), 3.94-3.95
(m, 9H), 6.94 (dJ = 8.7 Hz, 2H), 7.27 (s, 2H), 7.35-7.40 (m, 1HBIZ(d,J = 8.7, 2H), 7.79

ppm (d,J =15.6 Hz, 1H)*C NMR (300 MHz, CDGJ): ¢ 55.41, 56.37, 60.97, 105.82, 105.98,



114.42, 119.39, 127.60, 130.24, 133.82, 142.27,6P4453.11, 161.69, 189.24 ppm. \RL655

and 2970 cnf.

5.1.77. (E)-3-(5-bromo-2-methoxyphenyl)-1-(3,4jBrathoxyphenyl)prop-2-en-1-on&lj
Synthesized according to general procedure E, irggarfrom 70 and 5-bromo-2-

methoxybenzaldehyde. The product was used withothdr purification.

5.1.78. (E)-3-(2,5-difluorophenyl)-1-(3,4,5-trimettyphenyl)prop-2-en-1-on&3)
Synthesized according to general procedure Ejragerom 70 and 2,5-difluorobenzaldehyde.

The product was used without further purification.

5.1.79. (2E,4E)-5-phenyl-1-(3,4,5-trimethoxyphgustta-2,4-dien-1-one3B)

Synthesized according to general procedure E,rggaftom 70 andtrans-cinnamaldehyde.
Yield 36% as an oifH NMR (DMSO-ds, 400 MHz):8 3.75 (s, 3H), 3.88 (s, 6H), 7.24-7.26 (m,
2H), 7.33 (s, 2H), 7.35-7.37 (m, 1H), 7.40-7.43 @H), 7.50-7.51 (m, 2H), 7.58-7.60 ppm (m,

2H). IR:v 1650 and 2943 cth

5.1.80. (E)-3-(2-fluorophenyl)-1-(3,4,5-trimethokgmyl)prop-2-en-1-onedf)

Synthesized according to general procedure E,rggaftom 70 and 2-fluorobenzaldehyde.
Yield 65%, mp 115-117 °C (from ethanotd NMR (CDCls, 300 MHz):8 3.94-3.95 (m, 9H),
7.11-7.27 (m, 2H), 7.29-7.43 (m, 3H), 7.57-7.68 @H), 7.90 ppm (dJ = 15.9 Hz, 1H). IRy

1648 and 2931 cih

5.1.81. (E)-3-(o-tolyl)-1-(3,4,5-trimethoxyphenybp-2-en-1-onegb)
Synthesized according to general procedure E.rggaftom 70 and 2-methylbenzaldehyde,

but reaction time was 2 h. Yield 81%, mp 107-109(fi@m ethanol).!H NMR (CDCk, 300



MHz): & 2.49 (s, 3H), 3.95 (s, 9H), 7.24-7.42 (m, 6H)97(6,J = 5.7 Hz, 1H), 8.11 ppm (d,=
11.7 Hz, 1H).*C NMR (300 MHz, CDG)): § 19.88, 56.21, 56.40, 60.98, 106.19, 123.06,
126.35, 126.43, 130.26, 130.94, 133.52, 134.04,303842.37, 153.18, 189.23 ppm. IR1655

and 3019 cnl.

5.1.82. (E)-3-(3-chlorophenyl)-1-(3,4,5-trimethokgpyl)prop-2-en-1-oned6)

Synthesized according to general procedure E,irggaftom 70 and 3-chlorobenzaldehyde,
but reaction time was 2 h. Yield 75%, mp 100-102(f©@m ethanol)'H NMR (CDCls;, 300
MHz): & 3.95 (s, 3H), 3.96 (s, 6H), 7.28-7.50 (m, 6H),17ppm (t,J = 15 Hz, 2H)°C NMR
(300 MHz, CDC}): ¢ 56.43, 60.99, 106.15, 110.02, 122.88, 126.86, £27180.22, 130.33,

133.16, 134.96, 136.74, 142.97, 153.20, 188.72 pRmv. 1665 and 2945 cih

5.1.83. (E)-3-(2-methoxyphenyl)-1-(3,4,5-trimethghenyl)prop-2-en-1-one7)

Synthesized according to general procedure Ejrggairom 70 and 2-methoxylbenzaldehyde,
but reaction time was 2 h. Yield 29% as and ®lINMR (CDCls, 300 MHz):5 3.62-3.95 (m,
12H), 6.94-7.03 (m, 2H), 7.28 (s, 2H), 7.39)(& 6 Hz, 1H), 7.55 (dJ = 12 Hz, 1H), 7.64 (dJ

= 5.7 Hz, 1H), 8.11 ppm (d,= 12 Hz, 1H). IRv 1575 and 2940 cih

5.1.84. (E)-3-(3-methoxyphenyl)-1-(3,4,5-trimethghenyl)prop-2-en-1-oné3g)

Synthesized according to general procedure Ejrggairom 70 and 3-methoxylbenzaldehyde,
but reaction time was 2 h. Yield 87% as an 8il. NMR (CDCls, 300 MHz):& 3.86 (s, 3H),
3.94-3.95 (m, 9H), 6.96-6.99 (m, 1H), 7.16-7.17 (), 7.21-7.27 (m, 3H), 7.35 (,= 7.8 Hz,

1H), 7.46 (d,J = 15.6 Hz, 1H), 7.78 ppm (d,= 15.9 Hz, 1H). IRy 1575 and 2940 cih

5.1.85. (E)-3-(2,4,6-trifluorophenyl)-1-(3,4,5-trathoxyphenyl)prop-2-en-1-on89)

Synthesized according to general procedure E, iggartfrom 70 and 2,4,6-



trifluorobenzaldehyde, but reaction time was 2 kel® 68%, mp 107-109 °C (from ethandhi
NMR (CDCl3;, 300 MHz):6 3.86-3.95 (m, 9H), 6.74-6.80 (m, 2H), 7.28 (s, 2HY1-7.85 ppm

(m, 2H). IR:v 1660 and 3079 cth

5.1.86. General procedure F. Preparation of comma89-108. Example: (4-Phenyl-1H-
pyrrol-3-y1)(3,4,5-trimethoxyphenyl)methanor@®)

A mixture of71 (0.20 g;0.67 mmol) ang- TosMIC (0.13 g, 0.67 mmol) in DMSO/& 1:2
(6.0 mL) was added dropwise into a well stirredpgmsion of NaH (60% in mineral oil, 0.09 g,
2.98 mmol) in dry BO (3.5 mL) under an Ar stream. The reaction mixtwes stirred at room
temperature for 4 h. Water was added and the oeaptixture was extracted with ethyl acetate.
The organic layer was washed with brine, dried fiteled. Removal of the solvent gave a
residue that was purified by column chromatogragiyjca gel,n-hexane:ethyl acetate 1:1 as
eluent) to furnist90 (0.16 g, 70%), mp 179-181 °C (from ethanty.NMR (CDCls, 400 MHz):

8 3.81 (s, 6H), 3.84 (s, 3H), 6.64-6.65 (m, 2H),368095 (m, 1H), 7.28-7.29 (m, 1H), 7.35-7.39
(m, 2H), 7.46-7.48 (m, 1H), 7.78-7.81 (m, 2H), 8@#n (br, s, disappeared after treatment with

D0, 1H). IR:v 1617 and 3285 cih MS (ESI): 366.2 (MF). Co1H1oNOs (365.38).

5.1.87. (4-(2-Methylphenyl)-1H-pyrrol-3-yl)(3,4 ,Brethoxyphenyl)methanon@l

Synthesized according to general procedure F,rggaitom 85. Yield 55%, mp 206-208 °C
(from ethanol)*H NMR (CDCls, 300 MHz):8 2.19 (s, 3H), 3.82 (s, 6H), 3.87 (s, 3H), 6.71 (s,
1H), 7.04-7.26 (m, 7H), 9.11 ppm (br, s, disappeaker treatment with fD, 1H). IR:v 1625

and 3235 cit. MS (ESI): 380.3 (MH). CoH21NOs (379.41).

5.1.88. (4-(2-Chlorophenyl)-1H-pyrrol-3-yl)(3,4,6rmethoxyphenyl)methanon@?)

Synthesized according to general procedure F,rggafitom 72. Yield 98%, mp 177-179 °C



(from ethanol)’H NMR (CDCls, 300 MHz):8 3.82 (s, 6H), 3.87 (s, 3H), 6.85 (s, 1H), 7.0637.3
(m, 7H), 9.34 ppm (br, s, disappeared after treatméth D,O, 1H). *C NMR (300 MHz,
CDCly): 6 56.19, 60.88, 107.00, 119.85, 123.24, 125.54,3@A.27.93, 129.46, 131.73, 133.33,
134.13, 134.67, 141.21, 152.59, 190.73 ppmvIB625 and 3235 cth MS (ESI): 372.6 (MF).

CaoH1sCINO, (371.81).

5.1.89. (4-(3-Chlorophenyl)-1H-pyrrol-3-yl)(3,4,Grethoxyphenyl)methanon@3j

Synthesized according to general procedure Fragaitom 86. Yield 74%, mp 154-156 °C
(from ethanol)’H NMR (CDCls;, 300 MHz):8 3.82 (s, 6H), 3.87 (s, 3H), 6.85 (s, 1H), 7.0617.3
(m, 7H), 9.42 ppm (br, s, disappeared after treatméth D,O, 1H). *C NMR (300 MHz,
CDCly): 6 56.20, 60.92, 107.17, 119.05, 121.75, 125.45, B28.26.79, 126.98, 128.51, 129.22,
133.77, 134.77, 136.70, 141.45, 152.69, 190.93 pRNv. 1625 and 3235 cth MS (ESI): 372.8

(MH"*). CooH1sCINO, (371.81).

5.1.90. (4-(4-Chlorophenyl)-1H-pyrrol-3-yl)(3,4,Brmethoxyphenyl)methanon@4)

Synthesized according to general procedure F,rggafitom 73. Yield 82%, mp 217-219 °C
(from ethanol)H NMR (DMSO-ds, 300 MHz):8 3.72 (s, 3H), 3.78 (s, 6H), 7.04-7.13 (m, 3H),
7.28-7.40 (m, 5H), 11.68 ppm (br, s, disappearéet afeatment with BD, 1H).**C NMR (300
MHz, DMSQdg): 6 55.77, 60.00, 106.59, 119.68, 120.33, 124.08, R7127.72, 129.85,
130.08, 134.19, 134.72, 140.49, 152.26, 189.05 pRNv. 1625 and 3235 cth MS (ESI): 372.6

(MH*). CogH1sCINO, (371.81).

5.1.91. (4-(2-Bromophenyl)-1H-pyrrol-3-yl)(3,4,5Arethoxyphenyl)methanon@bj
Synthesized according to general procedure F,rggafitom 74. Yield 80%, mp 188-190 °C

(from ethanol)'H NMR (DMSO-ds, 300 MHz):8 3.71 (s, 3H), 3.79 (s, 6H), 6.99 (s, 3H), 7.11-



7.17 (m, 1H), 7.29 (d] = 4.2 Hz, 2H), 7.42 (s, 1H), 7.54 (@= 7.8 Hz, 1H), 11.63 ppm (br, s,
disappeared after treatment with@ 1H).*C NMR (300 MHz, DMS@): § 55.76, 59.93,
106.36, 109.45, 119.99, 121.79, 123.71, 123.97.8¥29.26.91, 127.84, 131.86, 132.01, 134.57,
136.88, 140.25, 152.20, 188.45 ppm. 1642 and 3397 cth MS (ESI): 417.2 (MH).

CyoH1sBrNO, (41627)

5.1.92. (4-(3-Bromophenyl)-1H-pyrrol-3-yl)(3,4,5arethoxyphenyl)methanongs)

Synthesized according to general procedure F,rggaitom 75. Yield 48%, mp 155-157 °C
(from ethanol)H NMR (DMSO-ds, 300 MHz):5 3.72 (s, 3H), 3.78 (s, 6H), 7.03 (s, 2H), 7.18-
7.23 (m, 2H), 7.34 (d] = 7.5 Hz, 2H), 7.42 (s, 1H), 7.51 (s, 1H), 11.phmp(br, s, disappeared
after treatment with BD, 1H).**C NMR (300 MHz, DMS@k):  55.73, 59.93, 106.54, 120.05,
120.37, 120.96, 123.77, 127.09, 127.82, 128.13,7029.30.68, 134.70, 137.73, 140.44, 152.26,

189.10 ppm. IRy 1578 and 3226 cth MS (ESI): 417.1 (MH). CaoH1sBrNO; (416.27).

5.1.93. (4-(4-Bromophenyl)-1H-pyrrol-3-yl)(3,4,5Arethoxyphenyl)methanon@rj

Synthesized according to general procedure F,rggafitom 76. Yield 88%, mp 155-157 °C
(from ethanol)*H NMR (DMSO-ds, 300 MHz):8 3.72 (s, 3H), 3.78 (s, 6H), 7.04 (s, 2H), 7.13
(s, 1H), 7.28-7.44 (m, 5H), 11.70 ppm (br, s, disgred after treatment with,O, 1H).C
NMR (300 MHz, DMSQ@l): ¢ 55.75, 60.00, 106.55, 118.53, 119.67, 120.26, TR4127.77,
130.21, 130.44, 134.55, 134.69, 140.45, 152.25,018ppm. IR:v 1577 and 2922 cth MS

(ESI): 417.2 (MH). CooH15BrNO, (416.27).

5.1.94. (4-(2-Nitrophenyl)-1H-pyrrol-3-yl)(3,4,5ktmethoxyphenyl)methanor@s]
Synthesized according to general procedure F,rggafitom 77. Yield 41%, mp 122-124 °C

(from ethanol).'H NMR (CDCls, 300 MHz): 3.82 (s, 6H), 3.87 (s, 3H), 6.82 (s, 1H), 7.02 (s,



2H), 7.22 (s, 1H), 7.27-7.53 (m, 3H), 7.92 {7 7.8 Hz, 1H), 9.55 (br, s, disappeared after
treatment with BO, 1H) ppm. IR:v 1523 and 2939 cth MS (ESI): 383.3 (MH). CyoH1gN-Os

(382.37).

5.1.95. (4-(3-Nitrophenyl)-1H-pyrrol-3-yl)(3,4,5ktmethoxyphenyl)methanorn@oj

Synthesized according to general procedure Fntaftom 78. Yield 54%, mp 172-175 °C
(from ethanol)*H NMR (CDCls, 300 MHZz):5 3.85 (s, 6H), 3.89 (s, 3H), 6.98-6.99 (m, 1H)97.0
(s, 2H), 7.29-7.31 (m, 1H), 7.43 @,= 9 Hz, 1H), 7.71-7.75 (m, 1H), 8.01-8.05 (m, 1BR1-
8.23 (m, 1H), 9.39 ppm (br, s, disappeared afeatment with RO, 1H).**C NMR (300 MHz,
CDCly): 0 56.28, 60.96, 107.21, 119.84, 120.97, 121.45, ¥23.24.55, 127.89, 128.82, 134.88,
134.98, 137.04, 141.50, 148.04, 152.78, 191.11pistny 1522 and 3308 cth MS (ESI): 383.3

(MH). CooH1eN206 (382.37).

5.1.96. (4-(4-Nitrophenyl)-1H-pyrrol-3-yl)(3,4,5Hnethoxyphenyl)methanon#Q)

Synthesized according to general procedure F,rggafitom 79. Yield 27%, mp 175-180 °C
(from ethanol)H NMR (DMSO-ds, 400 MHz):8 3.71 (s, 3H), 3.79 (s, 6H), 7.07 (s, 2H), 7.34
(d, J = 1.9 Hz, 1H), 7.47 (d] = 1.9 Hz, 1H), 7.59-7.62 (m, 2H), 8.10-8.13 (m,)2HL.87 ppm
(br, s, disappeared after treatment witsOD1H). IR:v 1633 and 3195 cth MS (ESI): 383.2

(MH™). CaoH1N,05 (382.37).

5.1.97. (4-(2-Methoxyphenyl)-1H-pyrrol-3-yl)(3,4rimethoxyphenyl)methanon&0(l)
Synthesized according to general procedure F,rggafitom 87. Yield 54%, mp 167-169 °C

(from ethanol)’H NMR (CDCls;, 300 MHz):8 3.49 (s, 3H), 3.74 (s, 6H), 3.83 (s, 3H), 6.64)(d,

= 6 Hz, 1H), 6.85-6.91 (m, 2H), 7.04 (s, 2H), 72415 (m, 1H), 7.26-7.29 (m, 2H), 9.26 ppm

(br, s, disappeared after treatment wisOD1H). IR:v 1625 and 2931 cth MS (ESI): 368.2



(MH™). C1H21NOs (367.40).

5.1.98. (4-(3-Methoxyphenyl)-1H-pyrrol-3-yl)(3,4rimethoxyphenyl)methanon&0Q)
Synthesized according to general procedure F,rggafitom 88. Yield 62%, mp 155-157 °C
(from ethanol)’H NMR (CDCls, 300 MHz):5 3.69 (s, 3H), 3.79 (s, 6H), 3.87 (s, 3H), 6.6826.7
(m, 1H), 6.84-6.86 (m, 2H), 6.90-6.93 (m, 1H), 7(882H), 7.12-7.26 (m, 2H), 9.39 ppm (br, s,

disappeared after treatment with@ 1H). IR:v 1629 and 3182 cth MS (ESI): 368.3 (MH)).

Ca1H21NOs (367.40).

5.1.99. (4-(4-Methoxyphenyl)-1H-pyrrol-3-yl)(3,4rimethoxyphenyl)methanon&0g)

Synthesized according to general procedure F,rggafitom 80. Yield 81%, mp 139-142 °C
(from ethanol)’H NMR (CDCls;, 300 MHz):8 3.75 (s, 3H), 3.81 (s, 6H), 3.88 (s, 3H), 6.79)(d,
= 9 Hz, 3H), 7.09 (s, 2H), 7.22-7.29 (m, 3H), 9d@n (br, s, disappeared after treatment with
D,0O, 1H).2*C NMR (300 MHz, CDG): § 55.21, 56.16, 60.92, 107.18, 113.52, 118.12, 121.61
126.40, 126.59, 127.23, 129.64, 134.82, 141.27,58,2158.23, 190.94 ppm. IR:1627 and

2922 cnit. MS (ESI): 368.3 (MH). Ca1H2:NOs (367.40).

5.1.100. (4-(5-Bromo-2-methoxyphenyl)-1H-pyrrolig3;4,5-trimethoxyphenyl)methanone
(104)

Synthesized according to general procedure Fjregdrom81. Yield 58% as an oitH NMR
(DMSO-ds, 400 MHz):8 3.40 (s, 3H), 3.65 (s, 3H), 3.70 (s, 6H), 6.69), 8.8 Hz, 1H), 6.88
(s, 2H), 6.99 (dJ = 1.9 Hz, 1H), 7.23-7.26 (m, 1H), 7.33-7.34 (m,)2H#1.59 ppm (br, s,
disappeared after treatment with@ 1H). IR:v 1627 and 2922 cth MS (ESI): 447.2 (MH).

C>1H20BrNOsg (44629)

5.1.101. (4-(2,5-difluorophenyl)-1H-pyrrol-3-yl)@B5-trimethoxyphenyl)methanorkb)



Synthesized according to general procedure F,rggaitom 82. Yield 36%, mp 202-205 °C
(from ethanol)!H NMR (DMSO-ds, 400 MHz):8 3.71 (s, 3H), 3.77 (s, 6H), 7.02 (s, 2H), 7.03-
7.13 (m, 3H), 7.14-7.20 (m, 1H), 7.44-7.45 (m, 1H).75 ppm (br, s, disappeared after
treatment with BO, 1H). IR:v 1654 and 2950 cih MS (ESI): 374.3 (MH). CyoH17FNO,

(373.35).

5.1.102. (4-(2,4,6-trifluorophenyl)-1H-pyrrol-3-¥8,4,5-trimethoxyphenyl)methanori®)
Synthesized according to general procedure F,rggaittom 89. Yield 65%, mp 221-223 °C

(from ethanol)*H NMR (CDCls, 300 MHz):$ 3.64-3.87 (m, 9H), 6.63 (8,= 8.4 Hz, 2H), 6.96

(s, 1H), 7.05 (s, 2H), 7.34-7.36 (m, 1H), 10.84 pibm s, disappeared after treatment witl©D

1H). IR:v 1581 and 3249 cih MS (ESI): 392.3 (MH). CyH16FaNO;4 (391.34).

5.1.103. (E)-(4-Styryl-1H-pyrrol-3-yl)(3,4,5-trinteixyphenyl)methanon&qy?)

Synthesized according to general procedure E,rggaitom 83. Yield 51%, mp 112-115 °C
(from ethanol)."H NMR (DMSO-ds, 400 MHz):8 3.74 (s, 3H), 3.82 (s, 6H), 6.98 (#= 16.7
Hz, 1H), 7.04 (s, 2H), 7.19-7.20 (m, 1H), 7.32-7(8§ 2H), 7.37 (s, 2H), 7.42 (d,= 7.4 Hz,
2H), 7.61 (dJ = 16.6 Hz, 1H), 11.67 ppm (br, s, disappeared afatment with RO, 1H). IR:

v 1650 and 3025 cith MS (ESI): 364.2 (MH). CosH»NO, (363.41).

5.1.104. (4-(2-Fluorophenyl)-1H-pyrrol-3-yl)(3,4tBmethoxyphenyl)methanon#0g)

Synthesized according to general procedure F,rggafitom 84. Yield 55%, mp 101-103 °C
(from ethanol).'"H NMR (CDCls, 300 MHz):8 3.82 (s, 6H), 3.85 (s, 3H), 6.93-6.99 (m, 2H),
7.02-7.07 (m, 3H), 7.12-7.17 (m, 1H), 7.27-7.32 @Hl), 8.82 ppm (br, s, disappeared after
treatment with RO, 1H). IR:v 1579 and 3257 cih MS (ESI): 356.2 (MF). CyoH1gFNO,

(355.36).



5.2. Molecular Modeling

All molecular modeling studies were performed oMacPro dual 2.66GHz Xeon running
Ubuntu 14LTS. The tubulin structure was downloadédm the PDB data bank
(http://www.rcsb.org/), PDB code: 1SA0O [13]. Ligasttuctures were prepared with Maestro
[40]. Proteins were prepared by Protein PreparaWdmard [41] of Maestro. The docking
simulations were performed using PLANTS [42]. Imaghown in the manuscript were prepared

with Pymol [43].

5.3. Biology
5.3.1. Tubulin assembly and colchicine binding gssa

The assembly reaction mixtures contained 0.8 M rsodinm glutamate (pH 6.6 with HCI in
a 2 M stock solution), 1QM tubulin, 4% (v/iv) DMSO, and varying concentratsoof drug.
Following a 15 min preincubation at 30 °C, samplese chilled on ice, GTP to 0.4 mM was
added, and turbidity development was followed & BB in a temperature-controlled recording
spectrophotometer for 20 min at 30 °C. The extémeaction was measured. Full experimental
details were previously described [44or the colchicine binding assay, reaction mixtures
contained 1.QiM tubulin, 5.0uM [®H]colchicine, and 5.QM inhibitor and were incubated for
10 min at 37 °C. Complete details were describeslvipusly [45]. As a tubulin assembly
inhibitor, colchicine yielded an Kg of 3.2 + 0.4uM. For the tubulin assembly data described
here, different tubulin preparations were used. Thetemporaneous CSA4 controls yielded
ICs0's ranging from 0.54 + 0.06M to 1.2 + 0.1uM. Compoundl yielded an IGy of 1.2 £ 0.1
pHM. Colchicine, CSA4 andlL inhibited the growth of the MCF-7 cells (obtainédm the
National Cancer Institute drug screening prograt WCsq values of 5.0 £ 1, 13 £ 3 and 9.0 =

2 nM, respectively.



5.3.2. Cell cultures

Cell lines were obtained from the American Typet@a Collection (ATCC), Rockville MD,
unless otherwise specified. U343MG, U87MG and T334 lines were obtained from the
National Institute for Cancer Research of Genaay(Jt All cell lines, except as indicated, were
grown in Dulbecco’s modified Eagle’s medium (DMEKNRPMI-1640 medium for the SK-N-
BE and SK-N-BE(2)-C cells) supplemented with 10%alfebovine serum (FBS), 20 mM
HEPES, 100 U/mL penicillin, 100 mg/mL streptomycand 1% L-glutamine; an additional
specific component was the addition of glucose ¢iL5for HT29 and HCT116 cells). Cell lines
were cultured at 37 °C in 5% GO5% air in a humidified incubator. Treatments wiigated
24 h after cell seeding using compourt®s 44, 48, 62 and 69 diluted in 0.1% DMSO, the
indicated reference compound, or 0.1% DMSO vehiide,24-72 h, as indicated. T98G and
U87MG cells were cultured in RPMI medium and minmuessential Eagle’s medium,
respectively, supplemented with 10% FBS, 2 mM Utaghine, 100 U/mL penicillin, 200 mg/mL
streptomycin and 1% non-essential amino acids &iC3ih 5% CQ The U343MG cells were
cultured in minimum essential Eagle’s medium withm® L-glutamine and Earle’s BSS
adjusted to contain 1.5 mg/mL sodium bicarbonatesarpplemented with 10% FBS, 100 U/mL
penicillin, 100 mg/mL streptomycin, 1% non-essdrdiaino acids and 1.0 mM sodium pyruvate
at 37 °C in 5% C@ KBM5, KU812, and LAMAS84 cell lines expressing thd-sensitive wild
type BCR/ABL were derived from CML patients in dlasisis[46]. These CML cell lines were
purchased from ATCC and cultured in RPMI-1640 (Lifechnologies, Gaithersburg, MD)
containing 10% FBS (Cambrex, Baltimore, MD), 100ita&/fmL penicillin, 100 pg/mL
streptomycin, 2 mM L-glutamine (GibcoBRL, Paisl&lK) at 37 °C with a 5% C@atmosphere.

KBM5-T315I cells ectopically expressing the IM-r&sint T3151 mutation of BCR-ABL were



also from ATCC and maintained in the presence ofatM..0uM. PBMCs were obtained after
informed consent from 2 healthy donors and purifled standard Ficoll-Hypaque density
gradient centrifugation (Amersham Biosciences, @fmsSweden). IM was kindly provided by
Novartis (Basel, Switzerland) or synthesized byAMonso Zambon (University of Venezia,

Italy). Stock solutions of IM at 1 or 10 mM in sterwater were filtered and stored at -20 °C.

5.3.3. Cell viability assay

The methodology for the evaluation of the growthhaman MCF-7 breast carcinoma cells
was previously described, except that cells weogvgrfor 96 h for 1G, determinations [47ell
viability of KU812, LAMA84-S, LAMA84-R, KBM5-WT, KBM5-T315l, HT29, HCT116,
Sw480, SW620, T24, ES-2, SK-N-BE and SK-N-BE(2)dllscwas determined using the MTT
colorimetric assay [48]. The cells were seeded Htavell plates to a density of 15%16L in
each well. After 24 h of growth to allow attachmefitcells to the wells, test compounds were
added at 20-320 nM. After 48 h of growth and renh@fahe culture medium, 500L/well of
PBS containing 504M MTT was added. Cell cultures were further incellsat 37 °C for 2 h in
the dark. The solutions were then gently aspirétech each well, and the formazan crystals
within the cells were dissolved in propan-2-ol &h@4 N HCI (200uL). Optical densities were
read at 550 nm using a Multiskan Spectrum ThernmextEdn Corporation reader. The results
were expressed as % relative to vehicle-treatedralo(0.1% DMSO), and 16 values were
calculated by nonlinear regression analysis (GraghPrism statistics software). Experiments
were performed in triplicat&.he effect of treatment with compoundi®, 44, 48, 62 and69 on
the T98G, U87MG and U343MG cell lines was estimateing the colorimetric MTS
conversion assay, as previously reported [49].rAftanpound incubation, the MTS reagent was

added, and the absorbance at 590 nm was measuradniigroplate reader (Wallac, Victor 2,



1420 Multilabel Counter, PerkinElmer). The percegetaf proliferating cells after compound

exposure was calculated with respect to contrds ¢200%).

5.3.4. Statistical analyses

Graph-Pad Prism 5 software (Graph-Pad Software $agy Diego, CA) was used for data
analysis and graphic presentations. Statisticalyaisawas performed by non-linear regression
fitting; sigmoidal-dose response curves were gdedraising the log(inhibitor) vs response
analysis. The 1§ value and the maximal efficacy of compounds inbitimg cell viability (E

max) were derived.

5.4. In vivo experiments
5.4.1. Xenograft model

Briefly, 8 week-old female BALB/&™ mice (20 mice) were purchased from the Shanghai
University of Traditional Chinese Medicine with titstional Animal Care and Use Committee
approval in accordance with institutional guidetin&he mice were randomly divided into four
groups. In group #1 (5 mice), 1¥16ells/mL of EZ-2 in logarithmic growth phase were
harvested and inoculated subcutaneously and inttapeal injection of 10QL 48 (20 mg/kg)
was administered every 2 days. In group #2 (5 mite}l® cells/mL of EZ-2 in logarithmic
growth phase were harvested and inoculated subsmtaly, and intraperitoneal injection of 100
uL saline was administered every 2 days. In group(33nice), 1x18 cells/mL of T24 in
logarithmic growth phase were harvested and in¢edlsubcutaneously, and intraperitoneal
injection of 100uL 48 (20 mg/kg) was administered every 2 days. In grédig5 mice), 1x19
cells/mL of T24 in logarithmic growth phase werevested and inoculated subcutaneously, and
intraperitoneal injection of 100L saline was administered every 2 days. After 4sdthe mice

were sacrificed, and the tumors were removed. Tihmts were weighed, and the volumes were



calculated using the following formula: tumor volertcn?) = (alf)/2 (a: the longest axis (cm),

b: the shortest axis (cm)).

5.4.2. Hematoxylin and eosin staining

Tissue samples were fixed in 4% paraformaldehydbydrated, and embedded in paraffin.
The paraffin-embedded tissues were cut infordsections using a microtome, and the sections
were affixed onto glass slides. Subsequently, #dians were dewaxed using xylene and
subjected to dehydration in an ethanol gradiené Jéctions were stained with hematoxylin (H)
for 5 min at room temperature, and then 1% etharasd added for 30 s. Afterwards, agueous
ammonia was added for 1 min, followed by rinsinglistilled water for 5 min. Subsequently,
the sections were stained with eosin (E) for 2 atimoom temperature and then rinsed with
distilled water for 2 min. Then, decolorization Wwian ethanol gradient was performed, and
xylene was added for 2 min for clearing. Finallye tsections were sealed and mounted with

neutral resin.

5.4.3. Immunofluorescence staining

Briefly, fresh tissues were immersed in 4% paratddehyde (Sigma-Aldrich) for fixation at
room temperature for 30 min. The tissues were thiehydrated with an ethanol gradient,
embedded in paraffin, sectioned (thicknesgng, and immersed in xylene for dewaxing. Tissue
sections were blocked with immunohistochemical kilog solution (Beyotime Biotechnology
Co., Ltd., Zhejiang, China) at 37 °C for 30 min.eTblocking solution was then discarded, and
the sections were washed three times at room tedmyser for 5 min each with
immunohistochemical washing solution (Beyotime Bdatnology). Then, primary antibodies
[Ki-67 (D3B5) rabbit mAb, Bax (D2E11) rabbit mAb,cB2 (D55G8) rabbit mAb, CD31

(PECAM-1) (D8VIE) XP® rabbit mAb, caspase-3 antipocaspase-9 antibody, Cell Signaling



Technology, MA, USA] were added and incubated at@7or 45 min. After incubation, the
antibody solution was discarded, and the sectiogr® washed three times at room temperature
for 5 min each with immunohistochemical washinguioh (Beyotime Biotechnology). Then,
secondary antibodies [goat anti-rabbit IgG H&L (¥deFluor® 532), Abcam, MA, USA] were
added, and the tissues were incubated at 37 °Cl3omin. After incubation, the antibody
solution was discarded, and the sections were watsinee times at room temperature for 5 min
each with immunohistochemical washing solution. afin immunofluorescence blocking

solution (Sigma-Aldrich) was added, and the sestiware mounted.
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