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Chapter 4. Design and synthesis of indole-piperazine carboxamide series

and in vitro evaluation of tool compound in combination with trametinib

As presented in the earlier chapters, through systematic structure activity relationship (SAR),
critical structural features were identified for potent inhibition of ME3 and hit molecule A was
optimized in to potent ME3 inhibitors like compound 3 and 7 which were also effective in
terms of cell growth inhibition if BxPC-3 PDAC cells. Further, through heterocyclic
modification of ring-A, a novel series of ME3 inhibitors viz. compound 31 was identified with
a promising activity and marginal selectivity for ME3 over other ME isoforms. Mechanism of
ME3 enzyme inhibition was studied for compound 31 which confirmed that it is a malate
competitive inhibitor of ME3. Further, its target engagement in cells with ME3 was also
demonstrated using cellular thermal shift assay (CETSA). Compound 31 was screened in vivo
as a tool compound where it showed a very good PK profile and also exhibited a good efficacy
in animal xenograft model. Further endeavours were pursued for improvement of biochemical
potency and cellular inhibition for the discovered compounds as described in the following

chapters.

4.1 Structural diversification by incorporating rigidity

With an aim to further improve biochemical potency and cellular inhibition achieved so far,
several new molecules were designed, synthesized and screened for their biological activity.
The first step towards optimization was to incorporate structural rigidity by reducing the
number of rotatable bonds. Several structures were designed by 1) building of bicyclic ring
systems through cyclization at a- or -carbon of the three-carbon linker in compound 31; and

2) incorporation of small rings between the carbonyl group and ring-B (Figure 4.1).

1) Inclusion of bicyclic systems
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2) Introducing small rings as spacer

Figure 4.1. Designing strategy for incorporating structural rigidity in the molecules

For getting the insight of molecular interactions with the target enzyme, the designed structures
were docked in the malate binding pocket of ME3. The in silico study predicted that among
them, compounds 55 to 59 would retain ME3 inhibitory activity and hence their synthesis was
undertaken. The key intermediate VIII was coupled with suitably substituted acids to produce
compounds 55 — 59 (refer section 4.5) (Chart 4.1).

Chart 4.1: Structures of designed compounds 55-59
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These synthesized compounds were screened in vitro in ME3 enzyme and on BxPC-3 cells
(Table 4.1).

Table 4.1. ME3 inhibition and BxPC-3 cell growth inhibition data for compounds 55-59.
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The in vitro screening results obtained were very encouraging as compounds 55 - 59 retained
both potency and selectivity for ME3, similar to that for compound 31. Among them compound
59 with the indolyl moiety was most potent in terms of ME2-null BxPC-3 cells (ICso=3.7 uM)
inhibition. After considering the inhibitory potential of compound 59 in biochemical as well as

in cell viability assays together, it was selected as a new lead for further development.

4.2 Lead optimization of indole-piperazine carboxamides
Docking study of compound 59 showed a couple of vital H-bond interactions: a) interaction of
phenolic hydroxyl group with acid side chain of Asp304; b) interaction of indolyl -NH with

carbonyl oxygen of vall 36 main chain (Figure 4.2).
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f“ VAL 136 ASN 489

TYR 107
ASP 304

Figure 4.2. in silico binding mode of compounds 59 in the malate binding pocket of the

ME3 enzyme.

For further optimization of compound 59, a few analogues with varying linker length and the
compounds with substituents containing halogen were designed and docked in ME3. The
structures exhibiting consistent binding modes (compounds 60 - 65) were taken up for their
synthesis. The key intermediate VIII was coupled with suitably substituted acids to produce
compounds 60 - 65 (refer section 4.5) (Chart 4.2).

Analogues 60 and 61 have one methylene carbon less while 64 has one methylene more
compared to compound 59. Compounds 62 and 63 have halogen substituents on indole ring at
the position-5 which is metabolically susceptible for hydroxylation when unsubstituted. To
investigate the role of nitrogen attached hydrogen in the indole ring, In compound 65, indole
ring was replaced with benzimidazole ring to study the importance of -NH of indole ring.

Chart 4.2: Structures of designed compounds 60-65

F

7\ OM HN_ O.N

@)

N N
ol ¢!
0 OH OH

60 61 62

Hoo, @'a, o,
63 . .

These synthesized compounds 60 - 65 were screened in vitro on ME isoforms for biochemical

inhibition and in BxPC-3 cells for growth inhibition (Table 4.2).
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Table 4.2. ME3 inhibition and BxPC-3 cell growth inhibition data for compounds 60-65.
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The in vitro screening data for these compounds revealed that compounds 60, 61 and 64 were

equipotent either on ME3 potency or on the growth inhibition of BxPC-3 cells compared to

compound 59. As anticipated, Compound 65 which is devoid of the critical H-bond interaction

(N-H~O) with Val136 lost activity both in the biochemical and cellular assays on ME3 enzyme

and on BxPC-3 cells respectively. Compound 62 and 63 with 5-halo substitution on indole
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retained the activity on ME3 as well as on the BxPC-3 cells and this might be advantageous in
terms of metabolic stability over compound 59. Hence, 5-fluoro and 5-chloro indolylacetic acid

constructs were fixed in the molecules designed for the next round of SAR.

To develop further insight into critical structural features in compound 62, several designs were

made without changing the basic molecular skeleton (66-71) as depicted in chart 4.3.

Chart 4.3. Structures of compound 62 analogues (variations highlighted in red)
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Docking studies were carried out for these modifications with ME3 where it was found that the
critical interactions observed for compound 62 with Asp304 and Vall36 of ME3 enzyme
(Figure 4.3) were retained in compounds 66 to 69. Methyl substitution on indole nitrogen
(compound 70) and replacement of the phenolic hydroxyl group with -F (compound 71)

resulted in loss of the essential H-bond interactions with the amino acids as was expected.
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Figure 4.3. Structure of ME3 protein and in silico binding mode of compound 62 in malate

binding pocket of ME3

These newly designed analogues were synthesized (Refer section 4.5) and were screened on

ME3 enzyme and BxPC-3 cells. The results are presented in Table 4.3.

Table 4.3. ME3 inhibition and BxPC-3 cell growth inhibition data for compounds 66-71.
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Compounds 66 to 71 exhibited inhibitory potency on ME3 similar to that exhibited by
compound 62. In concurrence with the in silico predictions, replacement of the hydroxyl group
with fluorine (compound 71) resulted in loss of the inhibitory activity in the ME3 enzyme
assay, attributable to the absence of the critical H-bond interaction with Asp304. however, V-
methylation of indole ring (compound 70) retained the inhibitory activity on ME3 enzyme
which was unexpected. Replacement of amide with an oxoamide (compound 67) as linker led

to enhanced cell growth inhibition of BxPC-3 cells.

To investigate the effect of increasing logP on cell growth inhibition, analogues of compound
63 (compound 72 - 74) were designed wherein lipophilic groups such as methyl and chloro
were introduced at the positions 2 and 6 of the indole moiety (Chart 4.4).

Chart 4.4: Structures of designed compounds 72-74
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Compounds 72 - 73 were synthesized by coupling key intermediate VIII with suitably
substituted acids (Refer section 4.5). These compounds were screened in vitro on ME isoforms
for biochemical inhibition and in BXPC-3 cells for growth inhibition (Table 4.4).

Table 4.4. ME3 and BxPC-3 cell growth inhibition data for compounds 72-74.
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63 -Cl| -H | -H 0.210 3.20 5.4
72 -Cl | -H |-Me 0.280 3.53 4.9
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BxPC-3
ME3 ICso | QPlog
Compound | Ri R2 R3 ICso
M Po/w*
(uM) (uM)
73 -Cl | -Cl | -H 0.280 3.59 2.9
74 -Cl | -Cl | -Me 0.320 3.95 2.2

* logP prediction was performed using QikProp

In biochemical screen for ME3 inhibition, they were found to retain inhibitory potency similar
to that of compound 63. Gradual increase in logP was correlated with the inhibition of cell
viability in BxPC3 cells; compound 74 having the highest logP being the most potent (Table
4.4).

4.3 in vitro screening of selected compounds in Hs766T PDAC cells

BxPC-3 is a ME2”"PDAC cell line with the wild-type R4S genotype while Hs766T PDAC cell
line carries KRAS, TP53 and P16 mutations in addition to SMAD4/ME?2 deletions. In addition,
Hs766T cells carrying KRAS?™ mutation also exhibit a high level of activated RAS.?¢ Due to
these reasons, Hs766T cells are clinically more relevant with regard to metastatic PDAC.
Therefore, the selected compounds exhibiting potent inhibition on BxPC-3 were also screened
in Hs766T cells with varying incubation periods viz. short term (96 hours) and long term (2
weeks). In the short- term assay, except for compound 62 (ICso = 11.8 pM), none of the other
compounds were found to be active. Similarly, in the long-term assay, compound 62 showed

the best potency among these compounds on Hs766T cells with an ICso of 0.8 uM (Table 4.5).

Table 4.5. Antiproliferative effect of selected compounds on Hs766T cells

C"ml\}’;’““d 31 |59 | 62 | 63 | 66 | 67 | 68 | 72| 73 | 74
Hs766T 2;5:;1‘5 35021081828 [30]20/]201]09]29
cells (ICs0) 9% hoer

uM wssay | 230 | >50 [ 118250 | >50 | >50 | >50 | >50 | >50 | >50

4.4 Combination study of compound 62 and trametinib on Hs766T cells

Combination of drugs is a common practice for clinical management of complex cancers like
PDAC. Through comprehensive in vivo screening of 57 drug conditions (16 as a single-agent
and 41 as two-drug combinations) in genetically engineered KPC mice model, Grbovic-Huezo
et. al. demonstrated that a combination of trametinib (MEKi) and PU-H71 (HSP90i) resulted

in prolonged survival.?’
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Taking cue from these findings, it was sought to investigate the combination effect of
trametinib with the most potent of the compounds designed and studied in the current research
viz. compound 62 on Hs766T cell growth inhibition in in vitro. The combination of compound
62 and trametinib was thought to be synergistic in PDAC because it targets two different
pathways that are essential for cancer cell survival. By inhibiting ME3, compound 62 can
disrupt cancer cell metabolism and by inhibiting MEK, trametinib blocks the KRAS mediated
RAS-RAF-MEK pathway. The combination effects of trametinib and compound 62 on Hs766T
cells were assessed in in vitro using isobologram analysis as it is one of the mathematically

proven techniques to evaluate synergistic effects in biological studies (Figure 4.4).

To investigate synergistic drug combinations, level of synergism is typically measured and
quantified by the drug combination index (CI) such as Chou and Talalay’s CI from
experimental dose-response data.?® CI for the combination of compound 62 and trametinib was
found to be < 1 indicating clear synergism between these two compounds (Figure 4.4).
Detailed experimental procedures and analytical data on this aspect are presented in Chapter 6.
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Figure 4.4. Combination index for compound 62 and trametinib
4.5 Chemistry

4.5.1 General information

All commercial laboratory grade reagents and anhydrous solvents were purchased and used
without further purification, unless otherwise specified. Mass spectra (MS) were obtained on a
Quattro premier Waters instrument using electrospray ionization (ESI) in positive mode unless
otherwise indicated. Calculated (calcd.) mass corresponds to the exact mass. 'H-NMR and !*C-
NMR spectra were recorded on Bruker NMR spectrometer (400 MHz or 500 MHz).
Explanation of conventional multiplicity symbols is as follows: s = singlet, d = doublet, t=
triplet, q= quartet, dd = doublet of doublets, m = multiplet, br = broad. '"H NMR chemical shifts

are expressed in parts per million (8) downfield from tetramethylsilane as a standard. '>*C NMR
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chemical shifts are expressed in parts per million (8) downfield from tetramethylsilane as a
standard. All compounds used for study were confirmed with purity >95% in quantitative
HPLC analysis. IR spectra were obtained on a Perkin Elmer FTIR spectrometer, with major

bands reported.

4.5.2 Experimental procedures and spectral data for compounds (55-74)

1) Synthesis of 6-{4-[(1S,2S)-2-phenylcyclopropanecarbonyl]piperazin-1-yl}pyridin-3-ol
(35)

Scheme 4.1: Synthesis of compound 55.
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To a solution of trans-2-phenylcyclopropane-1-carboxylic acid (1 g, 6.16 mmol) in N,N-
dimethylacetamide (10 ml) was added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC-HCI) (1.77 g, 9.24 mmol). The reaction mixture was stirred for 10 minutes
before adding the key intermediate VIII (1.10 g, 6.16 mmol). To the resultant reaction mixture
was added 4-(dimethylamino)pyridine (0.150 g, 0.61 mmol) and further stirred at room
temperature for 6 hours. On completion of reaction, the reaction mixture was quenched with
water and extracted with ethyl acetate. The combined organic extracts were washed with water
followed by brine, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The resultant residue was purified using column chromatography on silica gel (230—
400 mesh) using ethyl acetate — hexane mixture as eluent to afford compound 55 (1.1 g, 3.40

mmol, 55% yield) as an off white solid.
Melting point: 130-133 °C. LC purity (UV 245 nm): 99.00%.

TH NMR (400 MHz, DMSO-ds): § 1.27 (br-s, 1H), 1.48 (br-s, 1H), 2.38 (d, 2H, J = 5.04 ),
3.65 (m, 4H), 3.76 (br-s, 2H), 3.80 (br-s, 2H), 6.80 (d, 1H, J = 8.92 Hz), 7.12 (d, 1H, J = 6.05
Hz), 7.24 (m, 3H), 7.31 - 7.34 (m, 2H), 7.80 (s, 1H), 9.09 (s, 1H).

13C NMR (100 MHz, DMSO-de): & 16.7 (CHz), 22.6 (CH), 25.0 (CH), 41.8 (CHz), 45.0 (CH2),
46.3 (CHa), 46.8 (CH,), 109.0 (CH), 125.8 (CH), 126.0 (CH), 126.4 (2 x CH), 128.7 (2 x CH),
134.5 (CH), 141.3 (C), 147.1 (C), 153.5 (C), 170.0 (C).

IR (ATR) / em': 3129, 1601, 1583, 1487, 1434, 1384, 1267, 1233, 1163, 934, 817, 7438, 697.
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LCMS (ESI™): calculated for C1oH21N302 [M+H]* 324.1712; found: m/z = 324.0182.

2) Synthesis of 6-[4-(3-phenylcyclobutanecarbonyl)piperazin-1-yl]pyridin-3-ol (56)
0

NN
NN,
L
Z ™ oH
56

3-Phenylcyclobutane-1-carboxylic acid (0.10 g, 0.56 mmol) was reacted with 6-piperazin-1-
yl-pyridin-3-ol (VIII) (0.10 g, 0.56 mmol) as per the procedure described for compound 55 to
afford compound 56 (0.11 g, 0.32 mmol, 57% yield) as an off white solid.

Melting point: 123-126 °C. LC purity (UV 245 nm): 95.04%.

'"H NMR (400 MHz, DMSO-de): 5 2.27 - 2.35 (m, 2H), 2.58 (br-s, 1H), 3.31 - 3.38 (m, 1H),
3.41 - 3.45 (m, 2H), 3.46 - 3.48 (m, 1H), 3.50 - 3.52 (m, 3H), 3.55 - 3.60 (m, 4H), 6.80 (d, 1H,
J=8.92 Hz),7.13 (d, 1H, J=6.90 Hz), 7.23 - 7.27 (m, 2H), 7.33 - 7.37 (m, 3H), 7.80 (s, 1H),
9.13 (s, 1H).

13C NMR (100 MHz, DMSO-ds):  31.5 (CHz), 32.5 (CH), 32.7 (CH»), 35.1 (CH), 41.3 (CH>),
44.6 (CH,), 46.4 (CH), 46.9 (CHa), 109.1 (CH), 125.8 (CH), 126.3 (CH), 126.7 (2 x CH),
128.6 (2 x CH), 134.5 (CH), 145.4 (C), 147.1 (C), 153.6 (C), 172.0 (C).

IR (ATR)/em: 3272, 1615, 1487, 1429, 1278, 1262, 1238, 1212, 1160, 1014, 922, 823, 758,
698, 644, 523.

LCMS (ESI*): calculated for C20H23N302 [M+H]" 338.1868; found: m/z = 338.0286.

3) Synthesis of 6-[4-(2,3-dihydro-1H-indene-2-carbonyl)piperazin-1-yl|pyridin-3-ol (57)

0
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Indan-2-carboxylic acid (0.10 g, 0.61 mmol) was reacted with 6-piperazin-1-yl-pyridin-3-ol
(VIII) (0.10 g, 0.61 mmol) as per procedure described for compound 55 to afford compound
57 (0.11 g, 0.34 mmol, 55% yield) as an off white solid.

Melting point: 137-140 °C. LC purity (UV 245 nm): 99.94%.
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'H NMR (400 MHz, DMSO-ds): 5 3.18 (d, 4H, J = 8.32 Hz), 3.34 (t, 2H, J = 5.00 Hz), 3.42
(t, 2H, J = 4.98 Hz), 3.65 (t, 2H, J = 5.00 Hz), 3.69 — 3.78 (m, 3H), 6.83 (d, 1H, J = 8.96 Hz),
7.13 = 7.20 (m, 3H), 7.23 — 7.26 (m, 2H), 7.81 (d, 1H, J=2.92 Hz), 9.16 (s, 1H).

13C NMR (100 MHz, DMSO-de): & 36.4 (2 x CHa), 40.3 (CH), 41.5 (CHo), 45.1 (CH,), 46.5
(CHa), 47.0 (CHa), 109.1 (CH), 124.5 (2 x CH), 125.8 (CH), 126.6 (2 x CH), 134.5 (CH), 142.2
(2 xC), 147.1 (C), 153.6 (C), 172.8 (C).

IR (ATR)/ em™': 3307, 1621, 1486, 1457, 1440, 1273, 1228, 1199, 811, 756, 737, 646.
LCMS (ESI™): calculated for C1oH21N302 [M+H]" 324.1712; found: m/z = 324.0029.

4) Synthesis of 6-[4-(1,2,3,4-tetrahydronaphthalene-1-carbonyl)piperazin-1-yl]pyridin-3-
ol (58)

58

1,2,3,4-Tetrahydronaphthalene-1-carboxylic acid (0.15 g, 0.85 mmol) was reacted with 6-
piperazin-1-yl-pyridin-3-ol (VIII) (0.15 g, 0.85 mmol) as the per procedure described for
compound 55 to afford compound 58 (0.17 g, 0.50 mmol, 58% yield) as an off white solid.

Melting point: 145-148 °C. LC purity (UV 245 nm): 96.60%.

TH NMR (400 MHz, DMSO-de): & 1.73 - 1.75 (m, 1H), 1.83 - 1.87 (m, 1H), 1.91 - 1.96 (m,
1H), 1.98 —2.01 (m, 1H), 2.72 —2.81 (m, 2H), 3.37 (m, 2H), 3.41 (m, 2H), 3.68 - 3.87 (m, 4H),
430 (t, 1H, J = 6.66 Hz), 6.83 (d, 1H, J = 8.96 Hz), 6.95 (d, 1H, J= 7.0 Hz), 7.14 (m, 4H), 7.81
(s, 1H), 9.11 (s, 1H).

13C NMR (100 MHz, DMSO-de): 5 20.9 (CH,), 27.1 (CHz), 29.1 (CH»), 41.2 (CH), 41.5
(CH,), 45.6 (CHo), 46.6 (CH,), 47.1 (CH), 109.1 (CH), 125.8 (CH), 125.9 (CH), 126.3 (CH),
128.8 (CH), 129.2 (CH), 134.5 (CH), 136.2 (C), 137.5 (C), 147.1 (C), 153.6 (C), 173.2 (C).

IR (ATR) / em': 2913, 1633, 1493, 1429, 1268, 1225, 1203, 1158, 1028, 829, 749, 726.

LCMS (ESI'): calculated for C20H23N302 [M+H]" 338.1868; found: m/z = 338.0080.
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5) Synthesis of 1-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]-2-(1H-indol-3-yl)ethan-1-one

(59)
. 0
HN_
Y
NN
|
59

2-(1H-Indol-3-yl)acetic acid (0.10 g, 0.57 mmol) was reacted with 6-piperazin-1-yl-pyridin-3-
ol (VII) (0.10 g, 0.57 mmol) as per the procedure described for compound S5 to afford
compound 59 (0.15 g, 0.44 mmol, 77% yield) as a light brown solid.

Melting point: 184-187 °C. LC purity (UV 245 nm): 98.01%.

'"H NMR (400 MHz, DMSO-ds): 6 3.20 (t, 2H, J = 4.94 Hz), 3.27 (t, 2H, J = 5.12 Hz), 3.62
(t, 2H, J = 5.05 Hz), 3.66 (t, 2H, J = 4.93 Hz), 3.86 (s, 2H), 6.76 (d, 1H, J = 8.90 Hz), 7.00 —
7.03 (m, 1H), 7.09 — 7.13 (m, 2H), 7.27 (d, 1H, J =2.27 Hz), 7.38 (d, 1H, J = 8.08 Hz), 7.62
(d, 1H, J=7.90 Hz), 7.77 (d, 1H, J=2.84 Hz), 9.08 (s, 1H), 10.95 (s, 1H).

13C NMR (100 MHz, DMSO-de):  31.2 (CHa), 41.2 (CHa), 45.6 (CHa), 46.4 (CHa,), 46.6
(CH,), 108.5 (C), 109.0 (CH), 111.7 (CH), 118.7 (CH), 119.1 (CH), 121.4 (CH), 123.8 (C),
125.7 (CH), 127.5 (CH), 134.4 (CH), 136.5 (C), 147.0 (C), 153.5 (C), 169.6 (C).

IR (ATR) / em™': 3318, 3113, 2833, 1606, 1487, 1433, 1341, 1238, 1160, 960, 794, 763, 698,
678, 594.

LCMS (ESI'): calculated for C19H20N402 [M+H]" 337.1664; found: m/z = 337.0322.

6) Synthesis of 6-[4-(1H-indole-3-carbonyl)piperazin-1-yl]pyridin-3-ol (60)

v \ ID
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1H-Indole-3-carboxylic acid (0.15 g, 0.93 mmol) was reacted with 6-piperazin-1-yl-pyridin-3-
ol (VII) (0.16 g, 0.93 mmol) as per the procedure described for compound 55 to afford
compound 60 (0.10 g, 0.31 mmol, 33% yield) as a light brown solid.

Melting point: 168-171 °C. LC purity (UV 245 nm): 98.18%.
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TH NMR (400 MHz, DMSO-ds): & 3.42 (t, 4H, J = 4.84 Hz), 3.78 (t, 4H, J = 4.89 Hz), 6.81
(d, 1H, J=8.97 Hz), 7.13 - 7.17 (m, 2H), 7.21 (t, 1H, J = 7.50 Hz), 7.49 (d, 1H, J = 8.06 Hz),
7.75 (d, 1H, J = 7.89 Hz), 7.80 (dd, 2H, J; = 14.37 Hz, J> = 2.66 Hz), 9.10 (s, 1H), 11.66 (s,
1H).

13C NMR (100 MHz, DMSO-de): 8 44.8 (2 x CH,), 46.8 (2 x CHa), 109.0 (C), 110.1 (CH),
112.3 (CH), 120.5 (CH), 120.6 (CH), 122.2 (CH), 125.8 (CH), 126.3 (C), 128.4 (CH), 134.5
(CH), 136.0 (C), 147.1 (C), 153.7 (C), 166.0 (C).

IR (ATR) / em: 3189, 1608, 1559, 1537, 1508, 1457, 1445, 1433, 1225, 1203, 1186, 1005,
830, 756, 745, 735, 546.

LCMS (ESI™): calculated for CisHisN4+O2 [M+H]" 323.1508; found: m/z = 323.0135.

7) Synthesis of 6-(4-{1H-pyrrolo[2,3-b]pyridine-3-carbonyl}piperazin-1-yl)pyridin-3-ol

(61)
o | .
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7-Azaindole-3-carboxylic acid (0.20 g, 1.23 mmol) was reacted with 6-piperazin-1-yl-pyridin-
3-ol (VIII) (0.22 g, 1.23 mmol) as per the procedure described for compound 55 to afford
compound 61 (0.31 g, 0.95 mmol, 77% yield) as an off white solid.

Melting point: 175-178 °C. LC purity (UV 245 nm): 98.32%.

TH NMR (400 MHz, DMSO-de): & 3.43 (1, 4H, J = 4.83 Hz), 3.80 (t, 4H, J = 5.05 Hz), 6.81
(d, 1H, J=8.99 Hz), 7.14 (dd, 1H, J; = 8.95 Hz, J» = 2.98 Hz), 7.22 (dd, 1H, J; = 7.91 Hz, J»
=4.64 Hz), 7.81 (d, 1H, J = 2.90 Hz), 7.93 (s, 1H), 8.16 (dd, 1H, J; = 7.91 Hz, J, = 1.48 Hz),
8.34 (dd, 1H, J; = 4.62 Hz, J> = 1.47 Hz), 9.11 (s, 1H), 12.25 (s, 1H).

13C NMR (100 MHz, DMSO-ds): & 45.5 (2 x CHa), 47.5 (2 x CHa), 109.6 (CH), 109.8 (C),
117.9 (CH), 119.7 (C), 126.6 (CH), 129.7 (CH), 129.8 (CH), 135.4 (CH), 144.7 (CH), 147.9
(C), 149.2 (C), 154.4 (C), 165.9 (C).

IR (ATR)/ em: 3098, 2826, 1607, 1497, 1442, 1418, 1292, 1260, 1233, 1194, 992, 814, 801,
776, 740, 634.
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LCMS (ESI™): calculated for C17H17Ns02 [M+H]" 324.1460; found: m/z = 323.9622.

8) Synthesis of 2-(5-fluoro-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]
ethan-1-one (62)
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5-Fluoroindole-3-acetic acid (0.15 g, 0.77 mmol) was reacted with 6-piperazin-1-yl-pyridin-3-

ol (VII) (0.14 g, 0.77 mmol) as per the procedure described for compound 55 to afford
compound 62 (0.10 g, 0.28 mmol, 36% yield) as an off white solid.

Melting point: 202-205 °C. LC purity (UV 245 nm): 99.56%.

"H NMR (400 MHz, DMSO-ds): & 3.22 (t, 2H, J= 4.6 Hz), 3.27 (t, 2H, J = 5.16 Hz), 3.62 —
3.66 (m, 4H), 3.84 (s, 2H), 6.76 (d, 1H, J=9.0 Hz), 6.95 (td, 1H, J; = 15.8 Hz, J> = 4.6 Hz),
7.11(dd, 1H, J; =8.9 Hz, J>=3 Hz), 7.37 (m, 3H), 7.77 (d, 1H, J=2.8 Hz), 9.08 (s, 1H), 11.05
(s, 1H).

13C NMR (100 MHz, DMSO-ds): 5 31.0 (CH), 41.2 (CH), 45.6 (CHo), 46.4 (CHa), 46.6
(CHa), 103.8 (CH, d, Je.cr = 23.2 Hz), 108.8 (C, d, Je.c.c.or = 4.7 Hz), 109.0 (CH), 109.4
(CH), 109.6 (CH), 112.6 (CH, d, Je.c.c.-=9.77 Hz), 125.9 (CH, d, Je.c.r = 26.3 Hz), 127.8 (C,
d, Je.c.c.r=10.05 Hz), 133.2 (C), 134.5 (CH), 147.1 (C), 153.5 (C), 157.0 (C, d, Je.r = 230.86
Hz), 169.4 (C).

IR (ATR) / em™: 3406, 2901, 1614, 1573, 1492, 1442, 1408, 1355, 1308, 1282, 1274, 1230,
1198, 1158, 1018, 922, 818, 782, 703, 596.

LCMS (EST*): calculated for C19H19FN4O2 [M+H]" 355.1570; found: m/z = 355.0299.
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9) Synthesis of 2-(5-chloro-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]
ethan-1-one (63)
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5-Chloroindole-3-acetic acid (0.10 g, 0.47 mmol) was reacted with 6-piperazin-1-yl-pyridin-3-
ol (VII) (0.085 g, 0.47 mmol) as per the procedure described for compound 55 to afford
compound 63 (0.10 g, 0.27 mmol, 57% yield) as a light brown solid.

Melting point: 186-189 °C. LC purity (UV 245 nm): 94.95%.

TH NMR (400 MHz, DMSO-ds): 5 3.23 - 3.28 (m, 4H), 3.62 - 3.67 (m, 4H), 3.86 (s, 2H), 6.78
(d, 1H, J = 8.96 Hz), 7.09 - 7.12 (m, 2H), 7.37 - 7.41 (m, 2H), 7.66 (d, 1H, J = 2.04 Hz), 7.77
(d, 1H, J=2.76 Hz), 9.09 (s, 1H), 11.16 (s, 1H).

13C NMR (100 MHz, DMSO-ds): § 32.7 (CHy), 43.1 (CHa), 47.4 (CHa), 48.3 (CHa), 48.5
(CHa), 110.4 (CH), 110.9 (C), 115.1 (CH), 120.4 (CH), 123.2 (CH), 125.3 (C), 127.6 (2 x CH),
130.6 (C), 136.3 (CH), 136.8 (C), 148.9 (C), 155.4 (C), 171.2 (C).

IR (ATR) / em™: 3149, 2861, 1615, 1494, 1444, 1353, 1312, 1282, 1233, 1199, 1162, 1033,
953, 888, 821, 783, 739, 707, 586.

LCMS (ESI™): calculated for C19H9CIN4O2 [M+H]" 371.1274; found: m/z = 371.0545.

10) Synthesis of 1-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]-3-(1H-indol-3-yl)propan-1-

one (64)
o
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3-(1H-Indol-3-yl)propanoic acid (0.15 g, 0.79 mmol) was reacted with 6-piperazin-1-yl-
pyridin-3-ol (VIII) (0.14 g, 0.79 mmol) as per the procedure described for compound 55 to
afford compound 64 (0.12 g, 0.34 mmol, 43% yield) as an off white solid.
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Melting point: 193-195 °C. LC purity (UV 245 nm): 97.89%.

H NMR (400 MHz, DMSO-de): 5 2.76 (t, 2H, J = 7.74 Hz), 2.99 (t, 2H, J = 7.66 Hz), 3.26 —
3.29 (m, 4H), 3.55 (t, 2H, J = 4.88 Hz), 3.61 (t, 2H, J = 4.97 Hz), 6.77 (d, 1H, J = 9.00 Hz),
7.02 (t, 1H, J=7.04 Hz), 7.09 — 7.13 (m, 2H), 7.20 (d, 1H, J=2.06 Hz), 7.37 (d, 1H, J = 8.04
Hz),7.57 (d, 1H, J="7.81 Hz), 7.79 (d, 1H, J = 2.89 Hz), 9.10 (s, 1H), 10.84 (s, 1H).

13C NMR (100 MHz, DMSO-ds): § 21.0 (CH,), 33.6 (CHa), 41.1 (CHa), 45.0 (CHa), 46.3
(CHa), 46.6 (CHa), 109.0 (CH), 111.7 (CH), 114.1 (C), 118.5 (CH), 118.6 (CH), 121.2 (CH),
122.8 (CH), 125.8 (CH), 127.4 (C), 134.5 (CH), 136.6 (C), 147.0 (C), 153.5 (C), 170.9 (C).

IR (ATR) / em™: 3143, 2917, 1580, 1489, 1428, 1382, 1360, 1278, 1261, 1236, 1210, 1197,
1151, 815, 749, 713.

LCMS (ESI*): calculated for C20H22N4O> [M+H]" 351.1821; found: m/z = 351.0847.

11) Synthesis of 3-(1H-1,3-benzodiazol-1-yl)-1-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]

65

propan-1-one (65)
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3-(1H-1,3-Benzodiazol-1-yl)propanoic acid (0.20 g, 1.05 mmol) was reacted with 6-piperazin-
1-yl-pyridin-3-ol (VIII) (0.18 g, 1.05 mmol) as per the procedure described for compound 55
to afford compound 65 (0.18 g, 0.51 mmol, 48% yield) as an off white solid.

Melting point: 212-215 °C. LC purity (UV 245 nm): 95.59%.

'"H NMR (400 MHz, DMSO-ds): & 3.02 (t, 2H, J = 6.78 Hz), 3.22 —3.27 (m, 4H), 3.47 — 3.58
(m, 4H), 4.54 (t, 2H, J=6.78 Hz), 6.76 (d, 1H, J=9.01 Hz), 7.12 (dd, 1H, J; = 8.96 Hz, J>=
3.00 Hz), 7.24 (t, 1H, J=17.02 Hz), 7.30 (t, 1H, J=7.08 Hz), 7.68 (dd, 2H, J; = 7.88 Hz, J>=
2.92 Hz),7.78 (d, 1H, J =2.84 Hz), 8.27 (s, 1H), 9.08 (s, 1H).

13C NMR (100 MHz, DMSO-ds): 5 33.0 (CH,), 40.9 (CHa), 41.2 (CHa), 44.8 (CHa), 46.3
(CHa), 46.6 (CHz), 109.1 (CH), 111.0 (CH), 119.8 (CH), 121.9 (CH), 122.7 (CH), 125.9 (CH),
134.2 (C), 134.6 (CH), 143.8 (C), 144.8 (CH), 147.2 (C), 153.6 (C), 170.9 (C).

IR (ATR) / em': 3296, 1621, 1488, 1436, 1269, 1233, 1163, 1029, 925, 829, 745, 671, 625.
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LCMS (EST*): calculated for C19H21NsO2 [M+H]" 352.1773; found: m/z = 352.0700.

12) Synthesis of 2-(5-fluoro-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]-
2-methylpropan-1-one (66)
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2-(5-Fluoro-1H-indol-3-yl)-2-methylpropanoic acid (0.35 g, 1.58 mmol) was reacted with 6-
piperazin-1-yl-pyridin-3-ol (VIII) (0.283 g, 1.58 mmol) as per the procedure described for
compound 55 to afford compound 66 (0.30 g, 0.78 mmol, 49% yield) as an off white solid.

Melting point: 217-220 °C. LC purity (UV 245 nm): 99.68%.

IH NMR (400 MHz, DMSO-de): & 1.59 (s, 6H), 2.60 (m, 4H), 3.42 (m, 4H), 6.59 (d, 1H, J =
8.98 Hz), 6.92 (t, 1H, J = 9.06 Hz), 6.98 — 7.03 (m, 2H), 7.38 — 7.41 (m, 2H), 7.68 (d, 1H, J =
2.8 Hz), 9.01 (s, 1H), 11.16 (s, 1H).

13C NMR (100 MHz, DMSO-de): & 28.8 (2 x CHz), 40.0 (C), 42.2 (2 x CHa), 46.9 (2 x CHa),
104.3 (CH, d, Je.c.r = 23.55 Hz), 109.6 (CH), 110.4 (CH, d, Je.c.r = 25.98 Hz), 113.9 (CH, d,
Jec.cr=9.86 Hz), 121.6 (C), 123.4 (CH), 126.2 (C, d, Je.c.cr=9.79 Hz), 126.5 (CH), 134.5
(CH), 135.2 (C), 147.8 (C), 154.1 (C), 156.4 (C, d, Je.r = 224.70 Hz), 174.7 (C).

IR (ATR) / em™': 3281, 2982, 1605, 1493, 1428, 1279, 1263, 1237, 1142, 1038, 1020, 933,
809.

LCMS (ESI™): calculated for C21H23FN4O, [M+H]" 383.1883; found: m/z = 383.0271.

13) Synthesis of 1-(5-fluoro-1H-indol-3-yl)-2-[4-(5-hydroxypyridin-2-yl)piperazin-1-yl]
ethane-1,2-dione (67)

174



Chapter 4

To a solution of 6-piperazin-1-yl-pyridin-3-ol (VIII) (0.397 g, 2.21 mmol) in N,N-
dimethylacetamide (5 ml) was added triethylamine (0.61 ml, 4.42 mmol). The reaction mixture
was cooled to 10 °C and was added 2-(5-fluoro-1H-indol-3-yl)-2-oxoacetyl chloride (0.5 g,
2.21 mmol). The resultant reaction mixture was stirred at room temperature for 4 hours. On
completion of reaction, the reaction mixture was quenched with water and extracted with ethyl
acetate. The combined organic extracts were washed with water followed by brine, dried over
anhydrous sodium sulfate and was concentrated under reduced pressure. The residue was
purified using column chromatography on silica gel (230—400 mesh) using ethyl acetate —
hexane mixture as eluent to afford compound 67 (0.7 g, 1.90 mmol, 85% yield) as a yellow

solid.
Melting point: 245-248 °C. LC purity (UV 245 nm): 97.61%.

TH NMR (400 MHz, DMSO-ds): & 3.32 — 3.34 (m, 2H), 3.49 — 3.51 (m, 4H), 3.76 — 3.77 (m,
2H), 6.80 (d, 1H, J=8.98 Hz), 7.14 (dd, 1H, J; = 8.94 Hz, J>=2.89 Hz), 7.19 — 7.23 (m, 1H),
7.59 - 7.62 (m, 1H), 7.80 (d, 1H, J=2.79 Hz), 7.85 (d, 1H, J = 7.64 Hz), 8.32 (s, 1H), 9.11 (s,
1H), 12.46 (s, 1H).

13C NMR (100 MHz, DMSO-de): & 41.5 (CH,), 46.4 (CH2), 47.0 (CHa), 47.6 (CHa), 110.0
(CH), 107.1 (CH, d, Je.c.r = 24.75 Hz), 113.0 (CH, d, Je.c.r = 25.90 Hz), 114.4 (C), 115.3 (CH,
d, Je.c.or = 9.86 Hz), 126.6 (CH), 126.8 (C), 134.7 (C), 135.3 (CH), 139.8 (CH), 148.0 (C),
151.1 (C), 160.0 (C, d, Je.r = 235.92 Hz), 166.8 (C), 187.2 (C).

IR (ATR) / em™': 3180, 1607, 1522, 1488, 1427, 1264, 1234, 1179, 1025, 935, 803, 771, 728,
665, 623.

LCMS (EST*): calculated for C19H17FN4O3 [M+H]" 369.1362; found: m/z = 369.0342.

14) Synthesis of 2-(5-fluoro-2-methyl-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)
piperazin-1-yl]ethan-1-one (68)

175



Chapter 4

2-(5-Fluoro-2-methyl-1H-indol-3-yl)acetic acid (0.15 g, 0.72 mmol) was reacted with 6-
piperazin-1-yl-pyridin-3-ol (VIII) (0.129 g, 0.72 mmol) as per the procedure described for
compound 55 to afford compound 68 (0.12 g, 0.32 mmol, 44% yield) as an off white solid.

Melting point: 218-221 °C. LC purity (UV 245 nm): 99.90%.

'H NMR (400 MHz, DMSO-de): 5 2.38 (s, 3H), 3.16 (m, 2H), 3.25 (m, 2H), 3.60 (t, 4H, J =
5.01 Hz), 3.77 (s, 2H), 6.75 (d, 1H, J = 8.99 Hz), 6.82 - 6.86 (m, 1H), 7.10 (dd, 1H, J; = 8.96
Hz, J>=2.96 Hz), 7.23 — 7.26 (m, 2H), 7.77 (d, 1H, J = 2.87 Hz), 9.09 (s, 1H), 10.97 (s, 1H).

13C NMR (100 MHz, DMSO-de): 3 12.8 (CH3), 30.8 (CHz), 42.2 (CHz), 46.2 (CHz), 47.3 (2
x CHa), 103.9 (CH, d, Je.c.r=23.24 Hz), 105.7 (C, d, Je.c.c.c.r = 4.39 Hz), 108.9 (CH, d, Je.c.
F=25.73 Hz), 109.8 (CH), 112.2 (CH, d, Je-c.c.r = 9.66 Hz), 126.6 (CH), 129.8 (C, d, Je.c-c.r
=9.99 Hz), 132.9 (C), 135.3 (CH), 136.1 (C), 147.8 (C), 154.3 (C), 157.8 (C, d, Je.r = 230.09
Hz), 170.4 (C).

IR (ATR) / em™': 3106, 1618, 1493, 1445, 1315, 1284, 1235, 1199, 1161, 1094, 1034, 919,
854, 823, 781, 585.

LCMS (ESI™): calculated for C20H21FN4O2 [M+H]" 369.1726; found: m/z = 369.0964.

15) Synthesis of 2-(5,7-difluoro-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)piperazin-1-
yllethan-1-one (69)

69

2-(5,7-Difluoro-1H-indol-3-yl)acetic acid (0.15 g, 0.71 mmol) was reacted with 6-piperazin-1-
yl-pyridin-3-ol (VIII) (0.127 g, 0.71 mmol) as per the procedure described for compound 55
to afford compound 69 (0.21 g, 0.56 mmol, 78% yield) as a light brown solid.

Melting point: 212-215 °C. LC purity (UV 245 nm): 95.26%.

TH NMR (400 MHz, DMSO-ds): 5 3.24 — 3.28 (m, 4H), 3.61 (m, 2H), 3.67 (m, 2H), 3.85 (m,
2H), 6.77 (d, 1H, J = 8.98 Hz), 6.97 - 7.02 (m, 1H), 7.11 (dd, 1H, J; = 8.94 Hz, J,= 2.92 Hz),
7.26 (dd, 1H, J; = 9.58 Hz, J>= 1.90 Hz), 7.44 (d, 1H, J = 1.88 Hz), 7.78 (d, 1H, J = 2.84 Hz),
9.09 (s, 1H), 11.59 (s, 1H).
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13C NMR (100 MHz, DMSO-ds): 5 31.5 (CHa), 42.1 (CH»), 46.3 (CH>), 47.2 (CHy), 47.5
(CH»),97.3 (CH, dd, J; c.c.r=30.38 Hz, J> c.c.r=20.64 Hz), 101.1 (CH, d, Jc.c.r = 23.44 Hz),
109.9 (CH), 111.1 (C, d, Je.c-c-c-r = 2.81 Hz), 121.9 (C, d, Je.c.r = 13.13 Hz), 126.6 (CH),
127.8 (CH), 131.2 (C, dd, J; c-c.c.r = 11.43 Hz, J> c.c.c.r = 7.18 Hz), 135.3 (CH), 147.9 (C),
149.3 (C, dd, J; c.r=245.89 Hz, J> c.r = 14.75 Hz), 154.3 (C), 156.6 (C, dd, J; c.r=233.37 Hz,
J2c.r=9.95 Hz), 170.0 (C).

IR (ATR) / em™: 3010, 1616, 1571, 1498, 1445, 1411, 1310, 1280, 1232, 1199, 1159, 1090,
1019, 951, 818, 797, 741.

LCMS (ESI™): calculated for C1oHisF2N4O2 [M+H]" 373.1476; found: m/z = 373.0294.

16) Synthesis of 2-(5-fluoro-1-methyl-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)
piperazin-1-yl]ethan-1-one (70)

2-(5-Fluoro-1-methyl-1H-indol-3-yl)acetic acid (0.20 g, 0.96 mmol) was reacted with 6-
piperazin-1-yl-pyridin-3-ol (VIII) (0.172 g, 0.96 mmol) as per the procedure described for
compound 55 to afford compound 70 (0.15 g, 0.40 mmol, 41% yield) as an off white solid.

Melting point: 205-208 °C. LC purity (UV 245 nm): 96.16%.

'H NMR (400 MHz, DMSO-de): 5 3.27 — 3.31 (m, 4H), 3.61 — 3.66 (m, 4H), 3.83 (s, 3H),
3.96 (s, 2H), 6.78 (d, 1H, J = 8.99 Hz), 7.03 (td, 1H, J; = 15.79 Hz, J>= 4.59 Hz), 7.11 (dd,
1H, J; = 8.96 Hz, J>= 3.00 Hz), 7.34 (s, 1H), 7.39 (dd, 1H, J; = 10.08 Hz, J>= 2.48 Hz), 7.45
(dd, 1H, J; = 8.87 Hz, J,=4.42 Hz), 7.78 (d, 1H, J=2.87 Hz), 9.07 (s, 1H).

13C NMR (100 MHz, DMSO-de): § 31.4 (CH,), 33.8 (CH;), 42.0 (CHa), 46.4 (CH,), 47.1
(CHa), 47.5 (CH,), 104.9 (CH, d, Je.c.r = 23.41 Hz), 108.7 (C, d, Je.c.c.cr = 4.79 Hz), 109.8
(CH), 110.3 (CH, d, Je.cr = 26.14 Hz), 111.8 (CH, d, Je.c.c.r = 9.79 Hz), 126.6 (CH), 128.8
(C, d, Jec.cr=10.08 Hz), 130.9 (CH), 134.5 (CH), 135.3 (C), 147.9 (C), 154.3 (C), 158.0 (C,
d, Jer = 231.30 Hz), 170.2 (C).
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IR (ATR) / em™': 3259, 2830, 1622, 1488, 1462, 1427, 1264, 1232, 1209, 1161, 1034, 904,
840, 810, 788, 687, 666, 597, 587.

LCMS (EST*): calculated for C20H21FN4O2 [M+H]" 369.1726; found: m/z = 369.0542.

17) Synthesis of 2-(5-fluoro-1H-indol-3-yl)-1-[4-(5-fluoropyridin-2-yl)piperazin-1-yl]
ethan-1-one (71)
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2-(5-Fluoro-1H-indol-3-yl)acetic acid (0.50 g, 2.58 mmol) was reacted with commercially
available 1-(5-fluoropyridin-2-yl)piperazine (0.47 g, 2.58 mmol) in lieu of 6-piperazin-1-yl-
pyridin-3-ol as per the procedure described for compound 55 to afford compound 71 (0.38 g,
1.06 mmol, 41% yield) as an off white solid.

Melting point: 126-128 °C. LC purity (UV 245 nm): 99.07%.

'H NMR (400 MHz, DMSO-ds): & 3.38 (m, 2H), 3.43 (m, 2H), 3.63 (m, 2H), 3.68 (m, 2H),
3.85 (s, 2H), 6.90 — 6.98 (m, 2H), 7.37 — 7.39 (m, 3H), 7.56 (td, 1H, J; = 14.5 Hz, J, = 4.45
Hz), 8.14 (d, 1H, J =2.85 Hz), 11.06 (s, 1H).

13C NMR (100 MHz, DMSO-de): § 31.7 (CH), 41.9 (CHa), 46.2 (CHo), 46.3 (CHa), 46.6
(CHa), 104.7 (CH, d, Je.c.r = 23.33 Hz), 109.5 (CH), 109.6 (C), 110.3 (CH, d, Je.c.r = 26.12
Hz), 113.4 (CH, d, Je.c.c.r.=9.81 Hz), 126.5 (CH, d, Je.c.- = 20.09 Hz), 126.8 (CH), 128.5 (C,
d, Jec.cr=10.06 Hz), 134.0 (C), 135.1 (CH, d, Je.cr = 24.11 Hz), 154.3 (C, d, Jor = 241.42
Hz), 157.1 (C), 157.8 (C, d, Je.r = 230.82 Hz), 170.3 (C).

IR (ATR)/ em™: 3202, 1621, 1489, 1473, 1454, 1436, 1401, 1224, 1187, 1158, 924, 807, 791,
654.

LCMS (ESI™): calculated for C19H;sFaN4O [M+H]" 357.1526; found: m/z = 356.9905.
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18) Synthesis of 2-(5-chloro-2-methyl-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)
piperazin-1-yl]ethan-1-one (72)

2-(5-Chloro-2-methyl-1H-indol-3-yl)acetic acid (0.20 g, 0.89 mmol) was reacted with 6-
piperazin-1-yl-pyridin-3-ol (VIII) (0.16 g, 0.89 mmol) as per the procedure described for
compound 55 to afford compound 72 (0.28 g, 0.72 mmol, 80% yield) as a light brown solid.

Melting point: 270-273 °C. LC purity (UV 245 nm): 95.96%.

H NMR (400 MHz, DMSO-de): 5 2.38 (s, 3H), 3.19 (m, 2H), 3.26 (m, 2H), 3.61 (m, 4H),
3.79 (s, 2H), 6.77 (d, 1H, J=9.01 Hz), 7.01 (dd, 1H, J; = 8.47 Hz, J,= 1.84 Hz), 7.10 (dd, 1H,
J1=8.93 Hz, J,=2.92 Hz), 7.28 (d, 1H, J = 8.49 Hz), 7.52 (d, 1H, J = 1.51 Hz), 7.77 (d, 1H, J
=2.83 Hz), 9.07 (s, 1H), 11.07 (s, 1H).

13C NMR (100 MHz, DMSO-de): & 12.7 (CHs), 30.6 (CHa), 42.2 (CHa), 46.2 (CHa), 47.29
(CHy), 47.30 (CHy), 105.4 (C), 109.8 (CH), 112.9 (CH), 118.4 (CH), 120.9 (CH), 124.0 (C),
126.6 (CH), 130.7 (C), 134.7 (C), 135.3 (C), 135.9 (CH), 147.8 (C), 154.3 (C), 170.3 (C).

IR (ATR) / em™: 3135, 2858, 1615, 1573, 1493, 1443, 1409, 1312, 1283, 1235, 1199, 1159,
1035, 894, 823, 788, 734, 555.

LCMS (ESI*): calculated for C20H21CIN4O [M+H]" 385.1431; found: m/z = 385.0328.

19) Synthesis of 2-(5,6-dichloro-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)piperazin-1-
yljethan-1-one (73)
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2-(5,6-Dichloro-1H-indol-3-yl)acetic acid (0.20 g, 0.81 mmol) was reacted with 6-piperazin-
1-yl-pyridin-3-ol (VII) (0.146 g, 0.81 mmol) as per the procedure described for compound 55
to afford compound 73 (0.25 g, 0.61 mmol, 75% yield) as a light brown solid.

Melting point: 265-268 °C. LC purity (UV 245 nm): 98.13%.

H NMR (400 MHz, DMSO-ds): 5 3.25 - 3.28 (m, 4H), 3.61 - 3.67 (m, 4H), 3.87 (s, 2H), 6.78
(d, 1H, J = 8.98 Hz), 7.10 (dd, 1H, J; = 8.93 Hz, J, = 2.88 Hz), 7.42 (s, 1H), 7.64 (s, 1 H), 7.78
(d, 1H, J=2.79 Hz), 7.86 (s, 1H), 9.09 (s, 1H), 11.24 (s, 1H).

13C NMR (100 MHz, DMSO-ds): § 31.3 (CH,), 41.3 (CHa), 46.3 (CHa), 47.2 (CHa), 47.4
(CHa), 109.6 (CH), 109.9 (C), 114.0 (CH), 121.3 (CH), 122.1 (C), 124.4 (C), 126.6 (CH), 127.7
(CH), 128.5 (C), 135.3 (CH), 136.2 (C), 147.9 (C), 154.3 (C), 170.0 (C).

IR (ATR) / em™: 3196, 2859, 1623, 1494, 1443, 1408, 1308, 1282, 1271, 1235, 1200, 1162,
1033, 951, 867, 812, 795, 655, 527.

LCMS (ESI™): calculated for C19H13C1aN4O2 [M+H]" 405.0885; found: m/z = 404.9021.

20) Synthesis of 2-(5,6-dichloro-2-methyl-1H-indol-3-yl)-1-[4-(5-hydroxypyridin-2-yl)
piperazin-1-yl]ethan-1-one (74)

2-(5,6-Dichloro-2-methyl-1H-indol-3-yl)acetic acid (0.25 g, 0.96 mmol) was reacted with 6-
piperazin-1-yl-pyridin-3-ol (VIII) (0.17 g, 0.96 mmol) as per the procedure described for
compound 55 to afford compound 74 (0.15 g, 0.36 mmol, 37% yield) as a light brown solid.

Melting point: 295-298 °C. LC purity (UV 245 nm): 94.90%.

TH NMR (400 MHz, DMSO-de): & 2.37 (s, 3H), 3.22 (m, 2H), 3.27 (m, 2H), 3.61 (m, 4H),
3.80 (s, 2H), 6.77 (d, 1H, J=8.98 Hz), 7.11 (dd, 1H, J; = 8.92 Hz, J,=2.86 Hz), 7.50 (s, 1H),
7.72 (s, 1H), 7.77 (d, 1H, J = 2.75 Hz), 9.08 (s, 1H), 11.21 (s, 1H).
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13C NMR (100 MHz, DMSO-de): § 11.8 (CHs), 29.4 (CH,), 41.7 (CHa), 45.2 (CH,), 46.7
(CH,), 47.0 (CHo), 106.1 (C), 109.2 (CH), 111.2 (CH), 121.5 (C), 121.6 (C), 121.8 (CH), 125.9
(C), 126.8 (CH), 134.7 (C), 135.3 (CH), 137.2 (C), 147.3 (C), 153.8 (C), 169.9 (C).

IR (ATR) / em-1: 3205, 2926, 1616, 1573, 1489, 1438, 1424, 1313, 1261, 1233, 1160, 1021,
824, 812, 706.

LCMS (ESIM): calculated for C20H20ClaN4O2 [M+H]" 419.1041; found: m/z = 418.8765.

4.6 Biological evaluation of the prepared compounds

4.6.1 ME2 and MET1 inhibition data for selected compounds
Table 4.6. ME2 and ME1 inhibition data for synthesized compounds 55-74.

% inhibition of ME2 % inhibition of ME1
Compound ME2 ICso MEL ICso
0.1 1 10 (M) | 0.1 1 10 (nM)
pM | pM | pM pM | pM | pM
31 0 31 73 1.72 4 24 97 1.50
55 4 46 98 - 0 21 95 -
56 8 51 97 - 0 12 95 -
57 0 9 68 - 0 20 93 -
58 10 35 98 - 0 14 80 -
59 28 40 83 1.39 4 13 86 1.84
60 9 23 66 - 6 16 98 -
61 4 14 78 - 1 7 &3 -
62 0 47 99 1.38 0 21 97 1.52
63 0 49 | 100 - 0 33 98 -
64 17 36 80 1.27 10 22 87 1.79
65 22 19 96 - 3 16 84 -
66 12 48 99 - 0 32 98 -
67 18 54 | 100 - 0 16 99 -
68 10 25 | 100 - 1 31 98 -
69 12 14 | 100 - 0 18 99 -
70 0 17 98 - 0 12 98 -
71 0 0 15 - 0 0 13 -
72 2 49 99 - | 21 91 -
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% inhibition of % inhibition of
Compound ICso ICso
0.1 1 10 (™M) | 0.1 1 10 (uM)
pM | pM | oM pM | pM | pM
73 18 62 99 - 0 44 91 -
74 1 45 95 - 0 24 90 -

in vitro screening data of compounds 55-74 suggested that they have certain degree of

selectivity towards ME3 over other ME isoforms.

4.7 Conclusion

Optimization of compound 31 led to a new series of compounds containing indole-piperazine

carboxamides. Among them compound 62 exhibited very good inhibitory potency in ME3

(ICs0 = 0.21 uM) and retained a marginal 6-fold and 7-fold selectivity over ME2 and ME1

respectively. Compound 62 showed superior growth inhibitory effects on BxPC-3 as well as

on Hs766T PDAC cell lines compared to compound 31. When combined with the MEK

inhibitor trametinib, compound 62 showed an encouraging synergistic effect on Hs766T cell

growth inhibition. This combination could be more effective at killing the cancer cells than

either of the drugs alone.
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4.8 Spectral data

183



rel

. SSVI

i 0os ogv L ary ocr
W e e mwuu_wpnw!m:m‘mnw

SL¥E LEE

0: Ofe, O%E OQE | O9C 09T OFC 05 DR OFY  O9L Ol Ogh O
Dhz0-ane A nes i MZi TR B900A8E LOLOEL et o1
suer ez | PHEHEEE
alersdt D005E I
==
ZRLOPZE ~ool

noday ey Sopm

{wi.s)wo (gez 0l 6 0Ly s58W =0

ongl

[ETIR)
0002 0% B0 nege oogr

1%

Coerd [

o0 o0

ooL
1

[ =8
1

welal
1

4 7

HNN H;

HO

91 'ECE ‘SSEW
sS

=

o

N™ “N7

\..r.J
ﬁ/sz\D@

# 123dpYy )

SS JO BlRp [B1OAdg



$81

0 GEv_ o Oy Gey_ Ogr e mee  Ove  oce oo Ge Usc O Gpe  Ooe Ger Gar oy ooroor [ETH]
P L Y, e S e T R T ' Doy 0001 00al fuiili 0092 0302 opag toak
1 | | I I
EBERFLL = i 0%
CCELBEE| Amm
H19
_ 59
114
= &
5r =i
HiR
G
A
7l
\ X 6
. A 7
9870°8€€ B d A Y 5
|2 A ™ B A
m. mm<z S (aL:9) wa (SE2°0) @ 514 esoW 13040 MM
woday sishjeuy ssep
ludd o oz or o9 o8 oot oz ors o@t oas ooz urclel 0 1 0k
1 1 1 1 1 L 1 1 L 1 1 il alaiy il | IS n AETENE T WET]
I
¥
81 LEE ‘SSEW
95
HO
" _
s
NTNTTY
i
HNN D¢ UIN H; 0

# 123dpYy )

9G JO BJEp [BNOadg



981

Nsngm OBy 09F Ok Oz OOF OBE 05 O#C OZE ODC OO 092 082 O  DOZ Ot ,m.,mu,n__;_nwv,ma-u [E 115
vELZ06F 082099k  FZ66 FCF FALEG6E m-nm.w,\a“mhﬁwk Shaizze  'OPLT gragggy SLOSECE  1S0GTLEL L188'0S1GgE0 1wl 09 0001 009} 0002 0082 0008 ooge 000k
cLEEELL [N 1 L 9/
8L
08
8
I | "
L I | 9 0
|
_ | -
.ﬁ 7 &
__ ‘ _ _ 06
,‘ ﬁ RINRI( | @
T _cj_ I /| 6
6200'HZ€ % Al | et it | -
Looi l_ y _,\s(\.iii&b N At 1_.wo
4 ww<z el (ri:g) wo (5T 0) 8 bhe eomp o2 Al
Hoday sisdjeuny ssepy
E-_un- 0nE Q_.T E_m_ ﬂ.ﬁ n_ﬁ__r -u_WP ﬂ-nfr D.% L Dﬂ, L r_.—Q.Q O z n _v m & I 2 9] QP
R 1, | L | |
I __ 7 — : W_zﬁzm? mfm__mw:ﬂ ﬁu_
S E R 2119 2
| i | S v
T SERLTan ] I
T *
|
f
9L ECE SSEW
LS
|
Z\\ Z\\I/J
r/!\Z
i | | - | 0
HIAN D¢y UIN H;

# 123dpYy )

LS JO 'lep [enoadg



/81

O 0T T G O Ogy o9t opc | Ore | Gec | ooc oGt  Goz oo Dez ooz oor Dol opt 0%l oor [EITs
ecprody o0 EEY DR Lz azi uu\m P i e GeEREd. COOENC VALOGGUgyon Lyl ™ =m___4 a_mv 0021 000 092 e 0092 000k
augaELL | ! ! ww
L880/8E% _ rEL
| L
7 rar
8L
| ¥
L | !
ﬁ | . bl
| /| -9
v L ) o8
| ﬁ_ r iy A "
I 1RY. | o o U |
0800°8€€ T - / \i, |
! r—._ ____ I B ", ]
L seonase Loos / n v FL Y st h Y e
- SSVI (£4:9) WO (SEC'D) 8 €17 S9N 19940 Al
woday sishjeuy ssopy
et clicd —_..- H-_N ﬂ_ﬂ. nuuﬂ Hn_-k ﬂ—ﬂ,-u. ﬁ...rﬁ L =._W.F 54._- _.u.fnuu-. widd ] F n w g 9 Vi 8 & oL
| | | 1 | | | |
=2 O 1[ D || 2 | S| |2 == |2 =
| SRR ‘A I ﬁufu 3t SRR B R BB B
ml T hid IniiTa b i
Bl LEE ‘SSEW
85
HO m -
- Z\/J
N
UIAN D¢ YN H, o

8S JO BjEp [BNOadg

# 123dpYy )



PO T T T O O T OO T OO0 0 OO 03
EWQMNON.D&Y BOBE LoF BOLT LIF OWS.m,uYhérDmnn\mmNﬂmnm thmonvwmﬂrm 182U BLZ @BL00'IES 9590TOTCEZO OLL SILGTFL poEEwLL a_w?_ §w E— §mu QSN Oa,a Suﬂ QS&
LOSB D0L
_ 199
soEi 8eE I 29
[ HOL
L
L
97
8L
= R
&
® 5
128
e
99
A 88
A
,\,\.\. \/ / \3_ MM
. , \/
TIE0°LES o \ [
At \ s 6
o o0 m~ ‘ Il’:{.yy\l\\kj_l
© SSVIA vy 15129} WD (SEZ 0) @ GF Eso pang 16
voday sisffeuy ssep
jasct a oz ar asa a8 oot 0zk otL oai oa i udd g - z € v 5 9 L g & O  Z
ETUTTITE [ATRTETr T  ETRUTTTRTE FRTTTTTITI FITOTNTET] CTUURTRITY FRTCTTTTE] FTUTRITHTY FVCTTRUR] SCTIRINT] [TRTRTRTTINATRITITT] VR TTITATA I
o | 2= =2 === i o
952 EREEEEE B
| =Fon T ]
- r
9L°9EE SSEN
65
HO .
T
.r...z..\ “N .\.rl_
./i.\ N ™
Y

HIAN D¢y

° 2 D
YN H; .

# 123dpYy )

6S JO BlEp [BNoadg



N.;.m.Um osy ogr arv fara oo agc Dot are Em_nm. . n—m_M i me " n_Tﬂ i E..WH . Um,m . D.“,_N i nxm: . u.m, . D-,: i nr,{.— " O W FIEHH
8500 L6 X oan.aamtmmnmmn - ¥E20 BT msnn.imann_,._ﬂ.. ._nhu_wt _nnw_n.: i«am‘.u_, Dn-_m— v §_N 8_n—m s_mﬂ Sidk
EO0SE PTE F
0LE8°00k J |D—4
ol e
n I,
_-_ i _ o
==
I/ ® =
| |
" 03
o «
1
| 08
ik
SET0°€TE L H_, Lf. % .
e e M g
004
m_ mm<z o {91:0) WD (STT 0D 0 0LF SSeW _HM_ MM |gv
poday sisfjeng ssepy
il oF av 09 o 0oL ez or.  ost  om | fudd - e b 2 € ¥ § 9 L 8 6 0b L 2T E

s | | | |t | | Jirismil | | | | | |

- T =4 | el b b4 = L - -

1 z _ _ _ ..,L @L o .eﬁa @.a ) I

2 R SISO 1=

1 Ir TNriT 3] |

T (B 3 [

frl'CZE ‘SSE
09
e
.,/z z\//_ ; NH
LN
1 | |
AN D¢y UNN H;

0

# 123dpYy )

09 Jo Blep [Bnoadg



061

IOy, e ooe e, 000 Tor  TRR ; OeB DO o TR s e Lo o o SE s QHC o, O o DEE G DOE
“eosuios  Bos0 06 ‘Bazl B3 L 07l DezE 002 _, 7 BAsE Li¥uCeD e !
(XL Hﬂeqm canitile mnmmav,w_ .ELHEN :_L:J._ : — oSk §N OO_Qﬂ s_m.m 00K
sEBg 40z b
SPSLSTE
[= 1 -0}
02
ot
Or
[ F %
gkt 08
FBEEZEL | 09
)
i 0L
1
\
A\ -0f
. ul$§,_€._§rr!..) %
T796°€TE iy
il ZZoBEzE ook H
g SSVIN (11:5) WO ALST'O) 8 LUS SSen R0 I raill
podey sishreuy ssepw
ucd 0z ov a9 o 0oL 0E L ovi 0oL oaL
; rudd L z £ 1 G 9 1 8 6 0 LWL 7L €l

r T T T L% | ;W_ﬂ,it: {

FL'ECE ‘SSEWN

HIAN D¢y

19 Jo eyep [enoadg

# 123dpYy )



HIAN D¢y

HNN H;

e BTG e D o ope T Ooe o G L gre o e g el gre g or
50 EE 1P L= ol e T P ¥ Ly ; T : _Et_.FtT.EtﬁhFj
o i L I sl - R 05v 005z 0008 005E 00ov
"
worLade
0l
02
Zere oot
g3
-0r
i &
§ L
& _. K
\\\ 4 0L
__,.
i 08
. = B
6620°SSE I e
0ol
= SSVIA 820 sse ~ 0ok Al =
It (z2:6) wid (SEZ°0) @ €L+ SsEM P2
poday siskjeuy ssey
wdd [ or 5] on ooL ozL orL oaL onL wdd L 7 € ¥ [ 9 y] 8 [ oL 1L
L L 1 ) o o 1 : L L EEETRETH IETRRTETY AT RN TR FRRRE AR NETHTRRTTN INE RN ARTRE [N ETRTRET IR TR TR TE STRERENE Nl ST ETNETH] IRTARURNNE FRTE AR TN [ARTRTHE]
ol o et o e _.n. e F [ >
_ — _ __ e D i
! ﬂ
Sl TSE SSEA
9

HO

o

]

N N x..J
_/.\Z

# 123dpYy )

79 JO ®viep [eNnoadg



c6l

8,9 owm oom
€1°/96 8Z¢Z6 sz EeE

SSVIA

ose

oog

052

s1'528 ez vvL |

9L

og'20L

0oL
I

o0se
£iEe0

009
86219

o0ss 005 osv 00% ose oo 08z 002

ziebs ve208 L1 eow | crziw
vievy

WPLE

EIRS

IILE

(TS 7

oizee

o
2
0uBpUNGY BNleIRY

s6
oot
(000°0004-000'00Z] SWID ISZ 9 + i1

s

0092

e ooge COOk
1 1aG

wredcd [T
1

ook oz ark
1 L 1

a9k ok

HIAN D¢y

e

T

]

UNN H;

C1'0E SSEWN
£9

# 123dpYy )

€9 JO Biep [eNn0adg



€61

# 123dpYy )

T
0I0E: 000 W om0 WiE e MUK 000 0sk 0002 0052 000 00st 000p
| __ 111 __ [ ____ ___.____“.__ __ 111 _1_______-____‘_ _-_. _._______._._. _-___-_.__.—_—4.-___‘__ 1 ﬁ__“_ b
T ol
I 0
o A .
L .
i - ._._ v 3 \ or
||U.DH§. m s __ M..__. \ 05 m
- E; f o \
[ I . ®
r _ oL
s I /
- 7_ g 08
LT'ISE r Y
. L f \ 06
Vi s T Al - i
-Z0
epals i :
udd o os ool 0T b or L ool o8l udd - € o} Vi g 6 0L L ZL
o " A ; ) _ L L | 1 ! L 1 L L 1
| M T g Eﬁ_ g ﬁﬂ_
Z1°0SE 'sseN
F9
HO. _ o
z —
|
YN D¢ _ YN H, g ,FM
$9 JO BlEp [B1OAdg



v6l

0DS OBR 0Bk OfF  DTE oor 08 oae okt 0ze o0e nez 0oz otz oz

O ME, mE e m e, O D o me L om o (RS
T e U MBS LU Tae ey £ : T Weades ™ Mescten T T E 00¥005 0004 005} 0002 0052 000€ 005€

[ [ /|
00L0°TSE . 1 % ﬁ ﬁ \h M/
SSVIN N

oon
(0000051 0.0°004] SWLD 1S3 d + 21|

000¥
oosere0e voze'0ET ooecess —— 4 18
ooes 00z o
ondece o 8
oz
00LD FFE E5= v;
o0s
oe r98
o § | 88
- _ &
" | 6 -
g ‘ [
08 |
59 | * i 6
0L L )
52 | A [ 6
" {1 ? \
/ 9%
-86
66

aos0°zsE

e 0 0z ot [11H] o= 00 L OEL oL LI NS (145 wudd i) L z
L i i i I | i I i i

B
Slsmlpl (=
RL T T 0T ] BRER (@

L1715E SSEN
59

YNNI =0 AN H, 0

S9 JO BlEp [BNOAdg

# 123dpYy )



S61

D@ e Gk o Wm bl G G0 Ob G we  Gor oo we  oe me ol _m [EITH)
mmum.mhm e P T L G ol o s ,L::ﬁ_
T 4 ZLAGLEL sy {11,574 000 00GE o00b
€088 6L it f f i
£001"1 42| 09
careril
BLEL wel 59
04
G
i S
o8
DBCE 80T 58
i 6
=
. L [.IJ\}/
1L70°€8€ _— \ o6
e /.I.x./a.r\rll.f}
= 1LTOEBE
# SSVIA (SL71 WA (502°0) + BOSLTSSEIW 19210 I 00k
yodey sisdjeuy ssepy
k [rE: 3 3
Y i b 9 L 8 € 0L b

(Ll P 1] oT (13 3

o5 o o0k aTk
L

HIAN D¢y

Al P K 3 ls i 5
T T L o
T“UTHUT T T_
= Olo] w8 o @

NN

b i |

T T
i NS BT THT I T

——

HIAN H;

T

8|78 ‘SSEW
99

# 123dpYy )

99 JO BjEp [B1OAdg



961

008

SSVIA

oL08 ZieeL

voSes sseee

16026 o8y

005 oov ooe 00z 0oL

POUROT (T DU PORT B JOTSUSTOUEE IOt SO ! et )
iz Eor 6122z sgoBLL O6EEL
vioev 60'cow 8099  OZEBZ SZ'SSZ s

oz
BO§9E =

sy

o8

aouspungy ey

(I-ID) 11°L9€ E>

oot
L1208

wickel oz
1

1000°0001-000°00L] SWID IS3 2 -

(E1Ts

009z boce tese 600
‘ . 5

oL

52

1%

HNN gy

1

_E 7 __:4; [

UNN H;

EL'BIE ‘SSEW
L9
HO. .~
|
- rz\.,.;.._

-)/n\k -

# 123dpYy )

L9 JO Blep [enoadg



/61

zpu

oo8 oSz 004 0s9 009 osy oov ose ooz
cosce  eczii St 666 Z2eie  96lls orzes b fpees e e vee T TS 03k 000k 003} oooe coge ooak
erzow e5rz 9 e k : = = L
ot
st 159
, oz
sLoze sz
E e 0L
w se
ov I
o B rsr
o g
2
oo _ _
» | l
—0L _ | !mm
__ 7 | .__
on J 1 " c | - (]
s t_,( il L , R ANA )/
61'69¢ £ (i ! = \
Ese (P TR Y | ]

SSVIN = A1 16

61°69¢
[000°0004-000 00Z) SWEDISI 2 + i1

ozt art

oEk

wid L

[

£ v

g 6 0L 1

HNN gy

FETL LT

Ty

T

- G080'E

YN H;

g o P

al
&)
N
3

6650
c8LE

o
~
@
)

A

N
Ll

~0000°L
LLLOD'L

2

o

—
—

91 '89€ SSEWN
89

HO.

A

MNH

Lo
LN~

7\

—

# 123dpYy )

89 JO BjEp [B1Oadg



861

HIAN D¢y

YN H;

i oo 0oss 0oL 0s9 MMM Oﬂm ﬂmum O%.\ ooy oSt 00T oszT ooz = Fl—-—u
e = v 1) ) e L e 1= 09k 0001 009} 0002 0092 0008 ooge osmw
wwone | e
o [
, - u
- - 7
= ]
o 8L
o B 08
.z 8 b
E e
ss m “
98
oz M 06
; A
Es. o /,\ do 26
—08 o /
g g % 6
. | ° USSE ad SIS I
6I'ELE | - .
SSVIN f . dl '
i 1000°000L-000 00Z] SWLD ISS 2 + L
el ? P
LR _ﬂ ﬂ_ﬂ. n-,.—_. n—_u ﬁ-,w gm- I U.N_ 8 ﬁ-._ﬂ._. Un_uw nvm | 8 EQ& F N m @ m m O—.
it s Tl o 1o Db v o sl ey
...—; LI B ﬁ— H v:. —_—.. W= |
_ _ 8.a) W\
v
1°TAE ssEN

# 123dpYy )

69 JO BlEp [BNOadg



661

- o - P 1
P76 R A S /AL N | PO St o o 6 1 A1) M AT I L | e L a0 g} 000E 0092 Mae t0se oy
pxl B oL'I%8| zzeio s1Gos | T zesiz Fs [l e Tl ] Rz i 5l 176
Socey | OLEEY | e |
voezy | coniz o

oe0se | _ 9

L0'0BE | ggyg sz

8060w |

1%

ss

B0UBPUNY anTelaY

o8

s9

oL

Fse

Foe

se

01'69¢ | =
SSVIN Al

o180e og
(000°0001-000°00L] SWLID IS3 2 + i1

T m ﬂ; !

‘00°L |

9| 'BIE -SSEW

YNNI S=ESEEEogERs) 25 NN H; E:

0L Jo 'iep [enoadg

# 123dpYy )



00c

A_A-,U—. i nzm_ﬂ. i n_-m_.m. 2 nv_ﬂh Oq_um- i Qﬂ_m n:m:.‘ i d_{ml -u.__|._....| i A_,_J_mu Fl—.._.—u
FOTOLLTOS8  Sonin e ._.ufmﬂm » FILFBEO00S BLBLS L. oo ] SLsgE eeasl :a.n_ﬂ.—‘ Qw..v_‘ 0001 0051 _ﬂ_ﬁﬂ gﬁ 005E gn..vw
G
eo-@st J d.—_
G
_ 0
r L
= ® o8
58 =
oL
Gi
o8
|58
$6'95€ A
SSVIA Lo Al LLol
O OwE _
Cpol i D (DOE0) O SO Saejd 3o audic]
L clel .._.._ a_N _.-_u 5.@ :_w :..w ke 5.;_.1.—, a...._v 5 :m.. b :nm. 5 wdd L ¢ ¥ g 6 oL L zZL e
| | L | | | | | | L
’ 10 =
1 T ged m_;
¥l 95€ SsB N
) 1 72
E =
T
NP ,._n.. J
. -
e
4
UNN D¢y & (O b AN H; T

# 123dpYy )

1L Jo eyep 1enoadg



Loc

HIAN D¢y

058 008 05, 00 0S8 008 0SS  00S  OSy  0Ov ) _,.0sz ooz oSt oot j-un
SV 2,661 vemar sewes SC0pobzs  zi7se eez0ezLzev .nnmmnlh | et sz m.wam:m,.nlvF I° am—w 0054 0002 aO_mN 0002 Oa_mﬂ SOM_W
sessd] HOISE | g
69°0Z1 ‘
169
LLPLL
6L98¢ Ioh
" | o
|~ -
| i g
| al
06 +v8¢€
K]
7 | __ x.S/_!L/
P '
I a2 \ 06
X Li\\r\ /
Mnn ™ R T
SSVIN Al s
ez°001~ 00
(6:9) WO (691 0) £ €€~ ssew 1wang
vueded ’
. il sk i i it s wdd b 4 g 6 0L b Tl
| 1 1 | | | 1 o
T R i e | == =
L T 5 FR
1 i |

HIAN H;

¥l freE SSEpN

L
HO. -~

;: z,uf.z\J

L N
R i v
(i)

]

# 123dpYy )

TL JO 'iep [enoadg



coc

s — ek " ope L T . L
TraIFl BB eeel  SOTICE GTE25F5 508 51 Bon muzm.du,—umo 209 Sy muvunrsumvﬂui s o ﬁa,mw 000E nxumm SO.w-_N
acac 0
rGE
e 2] OF
S
08
59
he 09 m
99
Of
G2
As A \ -08
,\_ V / rea
l.L\\\\.\ /I\f 06
SSVIN sevoy | o . il
o GELEZLGE POP: Hea aseg)|
wwiclol _... r.:,..._. ..:_1-. Em_.r n:_Wr wdd 3 l 8 6 oL bk L
| 1 1 1 1 1 1 1
b b Py g Py = &
UL 2BBEEE [ g
i \/ i
S0°v0p -SSE
" | |
AUNN QE NN :~

# 123dpYy )

€L JO viep [enoadg



04

oss 008 0ss 00L 0s9 0SS 00S osy oov osz 0oz ostL 0oL
e R : . ,
ssace ceevs BPEEL gopeavBEES L, o o T ac oow - vmv_ | s | 8.6@ _..x__mm §0’T
se's8e 0S2ZZ gz 081 | e
GG
|
SL0LL
LLzev| co 7 ls
| ™
f = oL Wm_
|
-Gl
s I
i
Vg -GB
1
n)\ W)
o~ \ 06
zL0ZY - /I
£\ | 66
SSVIA oot 66
B (£:9) WD (6¥1 0) 8 vE SseW Pauq
uached o o0z or o9 o ool orlL 091 odL 8 6 0l 7% (4]
! ! ! 1 !
T o _l
1 1 IR G :
N I i

08l -SSEW

# 123dpYy )

L JO BlRp [BNOAdg



