Nano-ZrO:-Catalyzed Biginelli Reaction and the
Synthesis of Bioactive Dihydropyrimidinones That
Targets PPAR-y in Human Breast Cancer Cells

Suresha N. Deveshegowda, Ji-Rui Yang, Zhang Xi, Omantheswara Nagaraja, Kashifa Fazl-Ur-Rahman,
Bhanuprakash C. Narasimhachar, Gautam Sethi, Ganga Periyasamy, Mahendra Madegowda,
Shobith Rangappa, Vijay Pandey, Peter E. Lobie and Basappa Basappa

Supplementary Data



L1y
-n-.-v
Il

LLTT~_
yoE'T

rio'v
820
Zro'y

950°'%

£6E'S—

289'§—

EVE'L
6SE'L
96E°L
'L
98L'L—

PIrg—

- =

\

yirg— -

507
I-s0g-

74 73

76 75

Foot.

79 78 77

T
8.0

8.1

[-eeq”

— S0
dﬂmon
=001

f1 (ppm)

€0E

' o 60€
< y0E

—~-80T

= 00'T

201

>~ 860

115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
'"H NMR of 4a

12.0

B1FI—7
09°FI v
S8°81—

BE'SE—

0z'09—

FLOL

L}

N

L Ll

STLL

6Z' 101 —

PELZL
LELZI v

zever
SEvED
09'9E1—
0Z'0PE~_
LT
s Tr-F
PRERT
tzont

EOEST—

LL'ZIT—
ES'S9I—

P A

Vi

_.
T e R A I

A

L

80
1 (ppm)

%
13C NMR of 4a




1: TOF MS ES+

3.95e6

371.1495

370.1487

100

Mass spectrum of 4a

9Pl
091’1
SLT'1

L9%'1
[12:] 8 §
£6¥°'T

905°T
1ze’

1S0°T
290°T
YL0'T
L80°CT
660°C

8EE'T

190°'v
80y
990°#

8L0'V
9ILE'Y
06E'V
yor'y
8Iv'y

9I¥'S—

9ZT'9—

LSE'L
Le'L
SIv'L
0EV'L
SPy'L
6¥'L
L0S°L
$09°L
619°L
159°L
999°L
$88°L

1€ L~
ueL—
SIPL~
oEy'L—
svpr’
26YL—
108°'L—

$09'L~_
619'L—
1§9'L—
999°'L"

¥88'L—

*=10€

20T
=10

roc
=10'€

00T

Fezot

=00'1
960
16'1
Moo.—
00°C

102
o001

5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

5.5

f1 (ppm)

"H NMR of 4b

11.0 105 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0

115



oTv1
SL8T—
08'€C-

LT'EE—

Y15
TE'S5-
€109~

SL'9L-

00'£2—

szl

0T —

79T+
89'STT~|
43714 g
8y Lz1/F

19°99T
ST'L9T-

o i

-

T T T T T T T T T
170 160 150 140 130 120 110 100 920
f1 (ppm)

T
180

T
190

BCNMR of 4b

1.38e6

1: TOF MS ES+

896 4147

leo7.4199

1200

1100

1000

895.4161

laa9 2161

448 2146

100

Mass spectrum of 4b



891°1
N»—.—W.
9617

09E€T—

oy
8y0'¥
950
£90¥
6L0'F
€60

ESPS—

EL8S—

S6TLy
SOEL |
oI¥'L
ozh'L
055°L
995°L1
185°L
2091+
EE/
66L'L
£18'L]
s18'L
ze8L
vE8'L
LygL
698
z10%8]
0508
¥60%8

T T

190°01—

SI.\
praeril

0ss°L
995" L
185'L—
209/

L6L'L
mah.h/
EI18'L
m-w.hV.
TEV'L
vno.h\
Ly8'L
6¥8'L
z10'8"

050'8—
$60'8~

Fszy

v1°g

74

7.8 7.7 7.6

7.9

8.0

1 (ppm)

- ¥§0'E

- > §8'C

=ETT

|J ot

Frot

oz
W»«._

pIT
=p2'1
»or'l

n 090

0.0 -0.5

0.5

25 20 1.5

3.0

6.5 6.0 5.5 5.0
f1 (ppm)

7.0

125 120 115 110 105 100

13.0

'"H NMR of 4c

el
81°F1 >
0L'81
6L'81

SE'SS-,_
Tees—"
#0'09

o100’

SLOL

e
nn.t..\

mn.::
LE'TOT v

85921
8TLTl
Lz
L6'LTT
£0'821
0L'821
E.muw
5621
96°'ZE1
§8'9€T~_
1e6e1,

15191 A
vv.n:\
T'EPT ;\
6E'FT

LTEST—

85591 —

ZE'THI—

85921
mn.__.N-./
LPLTT~
L6°LTT
20821
[11%:74 8
BLBTT
o561

96 TEI—

SBOET—

TEBET—

L

e

Ll

MW‘\WML/

|

-‘erﬂmv\»‘immw e

T T T
134 132 130

T
136

f1 (ppm)

20 10

30

180 170 160 150 140 130 120 110 100 90 B0 70 60 50
f1 (ppm)
I3C NMR of 4¢

190



1. TOF MS ES+

2101961-3UC-3 118 (3. 995)

3 651'1
_..M !.EW - =60
881’1
m .m preT— ———————— =00%
>4 m/
L
850'%
1@ 890°%
zLo'y
L 280'% —— 00T
980'%
.m 160
001'¥
1 ) 9zr's e
~ zeve — =001
8 5
= 216'5— -= =960
3 =
o zLo'L
3 o 060'L
m 17} Lo1'L
- |m w2 umm.h/ e 00T
. n yLEL | ooz
. mz - < 6vY'L — yee
S Sop'L S— g
m .m SLy'L
z8y'L
+ £6¥'L
.m 852'8— = 160
ot — ,
F 060°L /- - [®% R
.m Lor'e
-
b ~N
.m FN
=
- m
L8
& P
-
85E'L— - L
L yis— . o0z .
1] By
- oL
3 Sv'L = ez
szW — i
'L = oL wn
Q [ 1
m Y y % Y Y y ] eove/ o

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
f1 (ppm)
"H NMR of 4d

11.5




LTFT—

FOO .ANH

6T —

cTo9—

LT

00°LL
STLL

9101 —

S5°5T11
L8 V.

LO'LET
LT'LET
¥5°8C1
09°821

99°0£1 S
E£8'6E1-"
SO°ZHT —
LE'OF] A

PHEST—

9191 —
CHEIT—
E9'591—

1 (ppm)

BC NMR of 4d

09T1°1
nhn.—v
681°1

6VET—

va.n
Ncc.v./
120'%
9L0'¥
S80'%
060
660V

1EP'S
hnv.mv
908'S—

998'9
128'9
788’9
188'9

990°L
690°L
vL0°L

611°L
SET'L
EIE'L
6ZE'L
SPE'L
£9€°L
6LE'L
90S§°L
2zs'L

= 10'E

- 00'E

20T

160

=160
/660
=£0'1
£ ¥

o1z
=01z

T
4.5

5.0
f1 (ppm)

T T T T T
95 90 8 80 75 70 65 60 55
'"H NMR of 4e

T
10.0




L8 J

LL'8T—

__..N.m.n
__..m.mnv

Pro9—

SL'9L

o\

\ ZT

I

STLL

SE'T0T—

89°CTIT
LTI V.

S5'61T—

00°'£21
oA
SE'9T1 ﬁ
Lueziy
08'IET

TLoP~
60°THT
9L'THT /
] ) S

IEEST—
PE'65T—

9591 —

——1

80
f1 (ppm)

T T T T T T
150 140 130 120 110 90

T
160

3C NMR of 4e

1: TOF MS ES+

2101968-BUC-9 129 (4.367)

100

9.20e5

733 3033

734 3068

368 1590

367 1544

1

%

Mass spectrum of 4e



0ET'T
om—.uw
SPIL

an.N
mnn.Nv

6¥0'¥
950'%
£90'¥
0L0'¥
8L0'¥
$80°%

8S¥'S
nwv.mv.

STLL
L

1918~
1028

EY'L—
20L°L
E0L°L
LOL°L

L

191'8—
L02'8—

=107

Lea
S0

201
Fsor

79 78 77 7.6 75

T

8.2 81

f1 (ppm)

80

*86'C

STE
.ch.n

*90'T

=00'1

860

> 10'T
80'1
L0'1

50'1

201
Ano.—

0.5 0.0

1.0

6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20
1 (ppm)

7.0

10.5 10.0 9.5 9.0 8.5 8.0

11.0

'"H NMR of 4f

LT¥I—F
651 7
L8l —

1o's5—

PI09—

SL'9L

STLL

FOTOE—

95"9Z1
89°9Z1
£5°6Z1 —

TEEH
S.om-%

09'PEl -~
TELEN
zeorl

orTHi>
88THI

10 bPI—
95'9PE "

BTEST—

§8°091—
SLTII-
S5°591—

vt

poletin

10

20

60

70

f1 (ppm)

3C NMR of 4f

160 150 140 130 120 110 100 a0

170



vnm.—
—mn.—v
69€E'T

815°T~—
65T

va.v
QON.vv

L19°s—

$9Z'9—

Ly'e
th.n./
16S°L
929°L
Pro’L
[A2: 4%

rs'8—

LryL—
TLS'L

16S°L V.
929L-F
'vw.h.\

v8'L—

Zys8—

Froz

<
~

84 82 80 78 76
1 (ppm)

8.6

A

=E

=8&E

81T

" 180
Egop
001

=102

105 100 95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 a5 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

11.0

"H NMR of 4g

1: TOF MS ES+

2101962-BUC-8 69 (2.336)

100

1.10e7

[339.1448

338.1430

Mass spectrum of 4g



Survivalrate (%)

Survival rate (%)

Log curves of synthesized compounds on MCF-7 cancer cells

Compound:43

> Cell line: MCF-7 (2000 cells/per well?¢-well plate)

» Treated time: 72hrs

» Assay: alamarBlue (3hrs incubated)

* Data:4a
1505
Viability
Conc. (pM)
004 AVE. +5D.
] 10000 137
L ]
S04 - 0.0 9750 0.84
0 98.04 2.17
a T L LI L L
.3 7 1 z 1 9634 6.35
o fLog 10" pMi
pregnies 10 6247 0.75
IC s lpM) = 40,14
Log I g (P9] @ .48 100 4256 2.76

Compound:4b

» Cell line: MCF-7 (2000 cells/per wel[?¢-well plate)

» Treated time: 72hrs

» Assay: alamarBlue (4hrs incubated)

» Data: ap
Viability
Conc. (uM)

AVE. +5D,
0 100,00 137
00 9593 3.96
0.1 695 2.24
1 0 1 ? 1 8395 255

] i 10" pM)
oasage lLog ] 10 55_36 3-11

IC o (M) = 21.20

Log IC 58 (P = 1,33 1m 3926 1.96




Survival rate (%)

Compound: 4c

» Call line: MCF-7 (2000 cells/per well?t-we plate)

» Treated time: 72hrs

» Assay: alamarBlue (4hrs incubated)

» Data: 4c
T80 =
Viability
Conc. (uM)
o AVE. 150,
\ 0 10000 137
1 \ 007 9682 5.77
0.1 95 E3 0.88
o v T T T T
-5 -2 =1 ] 1 3 1 o8 71 199
Dosage (Leg 10" pM) 10 1o o
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> Cell line: MCF-7 (2000 cells/per well?-well plate
» Treated time: 72hrs
Compound: 4d : m:ﬁmarmueﬂhmmhﬂeﬂl
150 =
Viability
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: * 0 10000 2.67
L
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Survivalrate (%)

Compound: 4e

> Cell line: MCF-7 (2000 cells/per well7¢-well plate)

» Treated time: 72hrs
» Assay: alamarBlue (4hrs incubated)
» Data: 4e

150+
Viability
- Conc. (M)
; 100 AVE. +SD.
g 0 100.00 2.67
5 50 0.01 97.27 195
a o
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0 - . r . -
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g f 10 52.82 3.80
IC 5o (M) = 15.82
LogIC gy (M) = 1.20 100 29.38 0.33
» Cell line: MCF-7 (2000 cells/per well96-well plate)
» Treated time: 72hrs
_ > Assay: alamarBlue (4hrs incubated)
Compound: 4f > Data: 4f
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Survivalrate (%)

Compound: 4g

» Cell line: MCF-7 (2000 cells/per well%6-well plate)

» Treated time: 72hrs
» Assay: ~'>marBlue (4hrs incubated)
> Data: 4g

1509
Viability
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; 0 100.00 2.67
w o
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» Cell line: MCF-7 (2000 cells/per well9¢-well plate)
» Treated time: 72hrs
) » Assay: alamarBlue (4hrs incubated)
Compound: 4h > Data: 4h
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Survival rate (%)

Compound: 4
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1008
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150-
g .
g s
s
£ 507
2
0
0 r r * T .
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= Cell line: MCFT (2000 cells/per well™)
» Treated time: T2hrs
= Assaw MTT (90mins incubated)
» Data: 4i
Viability
Conc. (pM)
AVE. + SD.
0 100.00 3.60
0.01 94.29 B.45
0.1 95.68 10.61
1 B6.88 0.23
10 76.47 5.18
100 41.95 3.09
# Cell line: MCF7 (2000 cells/per well*)
» Treated time: T2hrs
= Assay: MTT (30mins incubated)
» Data: 4j
Viability
Conec. (uM)
AVE. tsD.
0 100.00 1.62
0.01 102.77 287
0.1 93 .87 2.58
1 93.21 122
10 B4 .52 9.35
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Compound: 4k
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» Cell ling: MCFT (2000 cells/per well*)
» Treated time: 72hrs
= Assay: MTT (30mins incubated)
» Data: 4k
Viability
Conc. (M)
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0 100.00 162
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Log curves of synthesized compounds on MCF-10A non-cancerous cells
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Compound: 4a
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# Cell line: MCF104[{2000cells/per well#w sk
= Treated time: 72hrs
» Assay: alamarBlue(4hrs incubated)
# Data: da
Conc.[puM) Viability
AVE. 5D
0 100 10.16
0.01 100.66 7.37
0.1 104,58 3.49
1 101.29 0.89
10 103.92 2.89
100 78.89 6.17
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Survival rate (%)
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Compound: 4b

ICey=51 8M

1004

Dosage(log10"}:M)

Compound: 4c

Dosage(log10"uM)

Cell line: MCF10A{2000cells/per wel[#&-#=" 2]

; Treated time: 72hrs
» MAssay: alamarBlue(dhrs incubated)
» Data: 4b
Conc.[uM]) Viability
AVE. 15D
0 100 4.59
0.01 104.72 4.59
0.1 103.27 295
1 104.27 4.32
10 75.6 5.78
100 38.18 2.14
# Cell line: MCF10A{2000cells/per well36-w== slat=)
» Treated time: 72hrs
» Assay: alamarBlue{dhrs incubated)
~ Data: 4c
Cone.{uM) Viability
AVE, 1sp
0 100 1.45
0.01 102.34 6.47
01 104.29 19
1 103.26 2.98
10 102.75 3.99
100 67.61 9.47
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100+
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Compound: 4e

lil—'-\

ICscP 'lm"M

Dosage(log10"uM)

# Cell line: MCF10A[2000cells/per wel[#6-w=t sls)
» Treated time: 72hrs
# Assay: alamarBlue(dhrs incubated)
» Data: 4d
Conc.[uM) Viability
AVE. 5D
0 100 165
0.01 100.19 1.69
0.1 102.82 1.85
1 103.27 116
10 103.58 422
100 7733 2.32

# Cell line: MCF10A(2000cells/per well*-=" #=)
+ Treated time: 72hrs
~ Assay: alamarBlue(4hrs incubated)
» Data: 4e
Conc.[uM) Viability
AVE. #5D
0 100 277
0.01 10.36 4.66
0.1 99,50 2.98
1 102.57 0.46
10 99.57 1.52
100 79.67 1.93




