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1. Introduction

previous study [32], the derivatives were designedntlude
functional groups that had apparent pharmacophf@atures

Current medication for Type 2 diabetes commonly hagaromatic ring and aromatic hydrophobic moiety {poss b and

adverse side effects, which has identified a neednéwv and
better treatments. Control of glycogenolysis (tmeakdown of
glycogen to glucose) is a promising approach tdrobof blood
glucose levels. Glycogen Phosphorylase (GP) is aekeyme in
the glycogenolysis pathway and plays a crucial rabe
carbohydrate metabolism, catalysing the phosphsi®lyof
glycogen to form glucose-1-phosphate which can ised to
form ATP in muscle cells or in the case of hepatesyto form
glucose for maintaining blood glucose levels. Tikiseflected in
the distribution of three main isoforms of GP in thedy;
muscle, liver, brain. Studies have confirmed th&cafy of
inhibitors of GP on hepatic glycogen balance anadblglucose
control, thus making GP a molecular therapeuticetafgr the
design of compounds that could treat hyperglycaeasgociated
with Type |l Diabetes Mellitus [1-7]GP is a highly regulated
allosteric enzyme with multiple binding sites fohibitors which
include the catalytic site which binds glucose darixes [8,9],
the glycogen storage site [10] and binding sitdg far allosteric
effectors (purine site [12],indole site at the enzyme dimer
interface [13,14], allosteric (AMP) site [1,1&hd new allosteric
site [16]). Glucose derivatives, which bind to théabdic site of
GP, represent the most widely studied group of indili
molecules [17-19], However, other structural clasdgashibitors
show promise; for example GPa has been validatedaget in
diabetic ob/ob mice [20] for indole inhibitors. Cprehensive
reviews on a range of GP inhibitors have been regdrtethe
patent literature [21,22)nd elsewhere [1-7, 18, 23-31].

Previously, we reported a chemogenomics strategyGier
inhibitor design [32], based on studies which showed a GP
inhibitor can block the interaction of the C-termmnof the
hepatic glycogen-binding subunit GL (encoded by tiene
PPP1R3B) of protein phophatase-1 (PP-1) [33-35pyAdone
ring was established as a useful mimetic of the Gguresidues
of the C-terminus residues identified with GP adjivitArising
from this work, a ‘first generation’ library of 2-0xl,2-
dihydropyridin-3-yl amides was synthesized and sedeagainst
GPa. Benzyl 3,4-dichlorobenzyl pyridodgest. 1Gy = 6.3uM)
was identified as the lead GPa inhibitor, in the ernhbf the
other 2-oxo-1,2-dihydropyridin-3-yl amide inhibitothat were
identified from the same study [32]; for exampleenbyl
benzylpyridone 2 (est. 1Gy, = 34.2 uM) and benzoyl
dichlorobenzyl pyridone (est. IG, = 162 uM). A preliminary
analysis showed that inhibitory activity of a compdwappeared
to be favoured by aromatic ligands (positions (b &), Figure
1), whereas inclusion of a carbonyl group adjacentC8-N
(position (a), Figure 1) was detrimental to potef83].

¢, Figure 1); and lack of a hydrogen bond acceptoC3-N
(position a, Figure 1). In particular the derivaswvere designed
to explore (a) diversity at the C3-amino group thylo use of (i)
readily available aldehydes which explored the ogtiposition
for the chlorine substituent on the aromatic rifigf € a-d,
Scheme 1), (i) readily available heterocyclic aatimrings (R

= e-h, Scheme 1), and (iiipara-toluenesulfonyl as another
aromatic functional group (R= i, Scheme 1); (b) combinations
of chlorobenzyl substituents at both the C3-amiraug and the
N1 of the pyridine (Scheme 1) and (c) the structlemadjth of the
derivatives, and thus placement of the aromaticetgpihrough
shortening or extending the substituent at the Nthefpyridone
and/or the C3-amino group (Schemes 1 and 2). Deaigh
choice of derivatives was guided further by (i) poes results
where benzyl 3,4-dichlorobenzyl pyridodeand benzyl benzyl
pyridone 2 displayed an order of magnitude of difference in
inhibition of GPa, (i) iterative GPa assay resultéained during
the present study and (iii) commercial availabilitfy aldehyde
and amine precursors.

Reductive amination of aminopyridone es#ef36] (Scheme
1), with a range of readily available aldehydes,egayridone
esters 5-11 and 13 in good to excellent yields (84-99%).
Interestingly, whereas reductive animation of amimimone
ester 4 with N-methyl pyrrole aldehyde was unsuccessful,
introduction of an electron withdrawing group ledremluctive
amination of4 with N-tosylpyrrole-2-carbaldehyde [37] and gave
tosylpyrrole pyridine estet2 (78%). With ester$-13 in hand,
conversion to a library of amides was carried ouhgiglirect
aminolysis, which was previously found to be a mitdi atom-
efficient procedure [36]. Pyridone esté&rd3 were reacted with
3,4-dichlorobenzylamine to incorporate the apparavored
moiety and derivativesl4-17 and 20-24 were obtained in
excellent yields (93-100%). Two further examples wanepared
to facilitate SAR comparison at positions (b) andiricFigure 1.
Aminolysis of 3,4-dichlorobenzyl aminopyridone esterwith
benzylamine and propylamine gave the derivath&§95%) and
19 (97%), respectively. In addition selected benzasfivhtives
were chosen to confirm the difference in activityveen the
carbonyl or methylene moiety at position (a) in Ufagy 1.
Acylation of aminopyridone ested with 2-chlorobenzoyl
chloride and phenyl isocyanate g&and 26 (89-97%). Esters
25 and26 were converted to amide derivativ&g 28 and29 (88-
100%) (Scheme 1) by aminolysis with 3,4-dichlorolsimine,
benzylamine, and propylamine, respectively. Attempte
formation of the corresponding phenylurea 3,4-diobibenzyl
pyridone from este26 and 3,4-dichlorobenzylamine resulted in

A GP- ligand X-Ray structure has yet to be obtained todecomposition (see supplementary data).

establish the binding site of the 2-oxo-1,2-dihygnadin-3-yl
amides to GP. Herein, we report on a second-generkiiamy
consisting of a range of derivatives of benzyl 8ighlorobenzyl
pyridonel. We maintained the use of the pyridone moietyhas t
primary scaffold, as it provides diversity pointsdugh the C3
amino group and the N1 of the pyridone ring. An decelhit
rate was obtained and the inhibitory activity of titmary of
pyridone derivatives provided useful Structure-Aityiv
Relationships (SAR) for the 2-oxo-1,2-dihydropyridiryl amide
inhibitors of GPa.

2. Chemistry

The synthesis of 2-oxo-1,2-dihydropyridin-3-yl amid
derivatives with variations at the C3-amino groupl #me N1 of
the pyridone is outlined in Schemes 1 and 2. Basedour

Alteration of the spacing of the aromatic moietiesd a
flexibility of the alkyl linking chains at the C3w@no group and
the N1 of the pyridine was explored through insertiomleletion
of an ethylene group. This required a differenttlsgtic approach
(Scheme 2). 2-Hydroxy-3-nitropyridirgd was N-alkylated with
the corresponding bromoacetophenor34s36 generated from
bromoacetyl bromide and an amine (aniline, 3,44diclaniline,
phenylethylamine, 3,4-dichlorobenzylamine, 3,4-thoh
phenylethylamine, 2,4-dichlorophenylethylamine)minderate to
excellent yields (30-93%). Two methods were used tfar
generation  of  nitropyridones 37-42.  Addition  of
bromoacetophenonéi-34 to a mixture ofNaH and 2-hydroxy-
3-nitropyridine 30 in THF and then irradiation of the solution
under microwave conditions (180, 60 mins) gave
nitropyridones 37-40 in good to excellent yields (68-100%).



Precipitation of the product from solution requitéé controlled
use of 1.1 equivalents of NaH. In the alternativehmeéf NaH

and 2-hydroxy-3-nitropyridin@0 were reacted in THF, then the ) ) . .
ang®- Calculation of molecular physiochemical properties

solvent was removed. The resultant solid
bromoacetophenon&$ or 36 were heated at 140 for 20 hrs to
give nitropyridone#1-42 in moderate yield (44-63%)

Reduction of nitropyridones87-42 by hydrogenation over
palladium on carbon at atmospheric pressure

LE and LELP for compounds, 2, 14-18, 20, 23, 56, 59, and63
are shown in Table 4.

Compounds %29, 49-63) (Schemes 1 and 2) were converted
to their SMILES-codes. Numerical values for lipoptiil (Log
P), solubility (Log S), polar surface area (PS#gmber of H-

gaveond donors (#OHNH), number of oxygen and nitrogen satom

aminopyridones!3-48, which were unstable and used directly in (#ON), and number of rotatable bonds (#RB) were cafed!
the next step. Reductive amination using NaBH(QAc) with ALOGPS 2.1 [44], and Molinspiration [4&}e listed for the
aminopyridones43-48, and an aldehyde (benzaldehyde, 3,4-compoundd-3,7, 8,12, 14-24, 49-63 (Tables 1-3 and Table S1).

dihlorobenzaldehyde, ortho-chlorobenzaldehyde, metachloro
benzaldehyde, para-chlorobenzaldehyde,
aldehyde; whereas cinnamaldehyde remained unreayaed)the

The compounds in Tables 1-3 and Table S1 havedicped Log

dihydrocinnam P <5 in accordance with Lipinski’s rules [46,47]ddrogP < 3.5

(compounds2, 3, 7, 8, 12, 18, 19, 20, 21, 22, 24, 49, 50) the

target compounds0-63 in low to moderate yields (5-32%). This preferred value for lead-like compounds [4d]. compoundsin

was due to the high instability of the

intermediate Tables 1-3 and Table S1 have molecular weights <{BR6ept

aminopyridonesi3-48. Again a selected benzoyl derivative was for 23) and a TPSA under 120 A [49]. The majority of

prepared. Benzoylation of aminopyridon® with benzoyl
chloride in the presence of triethylamine gd9630%).

compounds do not violate the ‘rule of five’ (#OHNH5; #ON
<10; #RB <8); with12, 22, 23, 52, 53, 56-58, 62, and 63 having
the number of rotatable bonds (an important prediof good

All - compounds were purified by chromatography andq | pioavailability [49-51]>8. Compounds could be classified

recrystallization and characterized (Microanalysisnass
spectrometry, FTIR,’H, and *C NMR spectroscopy).To
facilitate discussion, these derivatives will béereed to by the
left (LHS), followed by the right hand side (RHS)sditbents;
for example, 4-chlorobenzyl 3,4-dichlorobenzyl pgnie16.

3. X-ray Structuresof 13 and 37

In conjunction with the synthetic work, pyridone est& (not
active against GPa), and nitro pyrido3& formed crystals
suitable for single crystal X-ray diffraction stedi (see
supplementary data). The ORTEP-3 diagram of the cutde
structures of pyridone est&B and nitro pyridone37 are shown
in Figures 2 and 3.

4. Biology

GP activity of compound§-29, 49-63 was measured, using
the in vitro GP screen reported in other recentistuf84,38], in
the direction of glycogen synthesis [39] by thenfation of
inorganic phosphate from glucose-1-phosphate [40,Zhe
results for compounds that displayed levels ofhitlun of GP
are listed in Tables 1-3 and Table S1 (supplemgrdata). By
comparison, a typical Kgof 229 + 2, 283 + 10 or 477 + 1M
was obtained for the caffeine standard. In addittboompounds

21 (Table 2),50 (Table 1) andbl (Table 3), the compounds not (ii)

included in Tables 1-3 and Table S1 (compoubids 9-11, 13,
and25-29), did not inhibit GPa at a maximal concentratioedis
in the assay (i.e., <20% at 2RAR1). An apparent I, inhibitory
concentration was recorded at 50% inhibition foagsgeaching
> 90% inhibition, where compounds with a Hillslope @ Svere
included in Table S1 (compoundg2, 49, 55 and 57,
supplementary data). The high Hillslope values ssigdgkat

analogue®2, 49, 55 and57 may have formed precipitates in the V)

assay (not observable by eye) leading to turbiditg creating
false positives due to light scattering interfeeenin the
colorimetric inhibition assay. Thus these compounssre
excluded from Tables 1-3 and only referenced in 8&R
analysis.

into those with lower calculated solubility from theterval
between 4 and 100 mg/L [50] (compourid8, 7, 8, 12, 18-24,
49, 51-54, 56, 62 and 63), and those with lower calculated
solubility of < 4 mg/L (compound$4-17, 55, 57-61). However
apparent solubility observed in the bioassay (Tablevaried
from the LogP predictions. It can also be noted there were no
correlations between TPSA and GPa inhibition levdilsstrated
by compoundsl9 (TPSA 63.01; 67% at 22RM), 18 (TPSA
63.01; 1G, = 10.2uM), and 23 (TPSA 102.2; IG = 3.4 uM)
(Tables 1 and 2).

6. Results and discussion

The preliminary lead compourfd[32] upon which this study
was based suggested that inclusion of a 3,4-didoroyl group
at position (c) (Figure 1) and a methylene groupagition (a)
(Figure 1) were favored moieties for GPa inhibitocyivaty. A
library of 29 compounds was generated which expletedttural
variations of compound and were multiply grouped as sub-sets
based on:

0] Creation of analogues af with a 3,4-dichlorobenzyl
group at position (c) and explore aryl variatiorpasition
(b): Compoundg0-24.

Selected benzoyl analog7¢29 and 49) as ‘structural
controls’ for the GPa inhibition assay

(i) Lengthening the methylene linker at position (b) or
position (c): Compounds2, 53, 56-58, 62 and63.
(iv)  Shortening the methylene linker at position (bposition

(c): Compound$0, 51, 54, 55, 59, 60 and61.

Variation of the aryl chloro substitution at positi¢b) or
(c) or (b) and (c): Compoundg-24 and51-61.

The library of 29 target compounds gave rise toc@®pounds
that inhibited GPa (between 33% at 4.40 mM and apd1.92
pUM); an initial hit rate of 79% for the library.

In the previous study, the 3,4-dichlorobenzyl sitibbsnt had

The compounds with defined activity against GPa anchnly been used at position (c) with benzyl at posit{b). The

meeting acceptable Hillslope values were analysedlifand

3,4-dichlorobenzyl substituent is present in susftésdrugs,

efficiency (LE) [42]and ligand-efficiency-dependent lipophilicity such as the antidepressant Zoloft (Sertraline)nthst prescribed
(LELP) [43]to provide further assessment of the quality of theantidepressant in the U.S. in 2013 [52]. In the gmesstudy,

hits obtained from the GPa screening. The calculatddes for

analogs ofl with the 3,4-dichlorobenzyl substituent at position
(c) and a range of aryl substituents at position(¢ompounds



20-24) (Table 2) were screened against GPa. InhibitioGBa
by these derivatives was variable; for example N#psgrrole
23, displayed a potent activity with an gCof 3.4 uM, whereas
pyridyl 21 was inactive, perhaps as a result of protonatiotmef
pyridyl nitrogen. We noted that the structural cols, benzoyl
(27 and 28) and urea 49) analogs were inactive or gave a
possible false positive resuldy; see section 4 biology). This
result confirmed the previous SAR that incorporatidra C3-N
carbonyl group generally resulted in a decreasmhibition of
GPa. Similarly, incorporation of other polar groupsch as
sulfonyl at C3-N also resulted in a significant retilon in
inhibition of GPa (cfl, ICs, 6.3uM and24, 37% @ 222.M)

It was interesting to note that the apparent lengththe
pyridone analogs, as a function of shortening ngtleening the
methylene linkers between the substituent and N eNG@B8 the
pyridone ring, had an impact on the potency of G#abition.
Approximations for an extended conformation (Chen3Bio

Elsewhere a lower limit of LE (0.3) and a range & <LLELP <
10 for LELP has been discussed [42jpon consideration of the
values for LE and LELP in combination with the patgn
observed, as compared to the previous BgtCs, = 6.3 pM),
two tiers of hits were proposed for the compoundJable 4.
Compoundsl5, 16 and 17 were considered to bEer One hits
(ICso < 6.3 UM and LE> 0.25), with compounds, 14, 18, 20
and 23 being Tier Two hits (1 < 20 uM and LE< 0.25). The
remaining compounds in Table 4 had ag,€20 uM. Thus the
lead compounds with improved potency were narroweghte-
chlorobenzyl 3,4-dichlorobenzyll6 and 3,4-dichlorobenzyl 3,4-
dichlorobenzyll7 (Tier One hits).

7. Conclusion

The design, synthesis and testing of a second ggéoerof 29
new pyridone amide derivatives resulted in 23 complsuthat
inhibited GPa (between 33% at 4.4 mM and ag ¢ 1.92uM).

Ultra 11.0) were used to aid comparison to benzyl- 3,4The hit rate from this second generation library Wik with 13

dichlorobenzyl pyridonel{ est I1G, 6.3 uM), which was ~19.5A
in length. Increased length of an analog &2).~20 A and62;
~21.5 A) gave decreased inhibition levels of GPA valige> 60
UM (63; IC5o = 68uM) or negligible inhibition of GPa5, 53, 58
and62; 22-93%) (Tables 1 and 2). Similarly, shorter ansal@ep.
51; ~ 16 A) decreased GPa inhibition values to 3@0 (59),
negligible 61, 54 and 60; 19-41%) or not active50 and 61)
(Tables 1-3). However, specific non-extended conftiona of a
compound are likely to further promote favorabléeiactions

compounds (hit rate 45%) displayings§alues < 7QuM. Two

new lead compoundd6 and 17 (ICs;=2.1 and 1.92uM

respectively) from the dichlorobenzyl pyridone elasf GPA
inhibitors have been identified. Both were more pbthat the
previously reported. (IC5=6.3 uM). The sensitivity of GPa to
the length of the analogues suggests that the rgndite has
limited spatial tolerance. The SAR suggests that GBs a
sufficiently large hydrophobic binding pocket tocammodate
two 3,4-dichlorobenzyl substituents, or there are teparate

with GPain situ, where the length/floppiness of a compound will hydrophobic binding pockets, each of which can acoodate a

impact accordingly.

In conjunction with the screening of the final targempounds,

ester intermediates-12 and25 (Scheme 1) were also screened.

Interestingly, three of the ester intermediateswstb marginal
inhibitory activity against GPa7 (75% @ 22pM), 8 (43% @
222uM), and12 (75% @ 22M; Table S1). The left-hand side
functional groups were present in target compoundb BiPa
inhibition (e.g. compound6, 17 and23). The left hand side of
esters7, 8 and 12 may be favoured for either their lipophilic
properties, possible-stacking with an aromatic ring, or their
steric fit with GPa.

Testing the preference for the 3,4-dichlorobenzydssituent at
positions (b) and (c) was illustrated by comparisain 3,4-
dichlorobenzyl propyll9 (67% inhibition @ 22@M) and 3,4-
dichlorobenzyl benzyl1l8 (ICs, = 10.2 uM) to benzyl 3,4-
dichlorobenzyll (ICso = 6.3 uM) and benzyl benzgl (IC5,34.2
UM) (Table 1). Incorporation of the 3,4-dichlorobghmoiety at
the RHS (position c) improved inhibition levels ohet
compounds against GPa. Further exploration of thereh
substitution at the aryl substituent at the LHS fjpms b)
revealed a preference by GPa for derivatives widtal5, para
16 or meta and paral?, rather thanortho chloro substituents
(Table 3). The improved activity of the bis-dichdaanaloguel7
suggests either the GPa binding pocket is suffigidiarge to
accommodate two dichlorobenzyl substituents (for otded

conformation of 17; Figure 4A), or there are two separate Where given,

hydrophobic binding pockets (for an extended canfidion of
17; Figure 4B). The even larger N-(osyl)-pyrrole is also
readily accommodate@®g, IC5, = 3.4 uM). Despite the ability of
the hydrophobic pocket(s) to accommodate relativigge
substituents, the sensitivity of GPa to the lendtthe analogues
indicates an analogue-enzyme interaction that pesific spatial
constraints.

The Ligand Efficiency (LE) and Ligand-Efficiencygendent
Lipophilicity (LELP) were calculated for the compais in
Tables 1-3 and compared with thesJCvalues (Table 4).

dichlorobenzyl group. The improvement in potencydan
increased SAR understanding supports further studias
dichlorobenzyl pyridones as a class of GPa inhibitor

8. Experimental Section
8.1 General

All reagents were purchased from commercial supphbecs
used without further purification. Column chromatagjy was
performed using silica gel 60 A (0.040-0.063 mm). Kxtical
thin layer chromatography (TLC) was performed using
aluminium plates coated with silica gel 69 F254 (&), and
visualized by means of ultra-violet irradiation £%m) or
vanillin dip. Melting points were measured on a ahke
temperature apparatus by the capillary method amne a
uncorrectedTemperatures are reported °@. High resolution
mass spectroscopy (HRMS) was performed on a Fourier
Transform Mass Spectrometer equipped with an elgotay
source (ESI-FTMS). Mass spectra were recorded using
electrospray as the ionization technigti¢ and**C NMR spectra
were recorded in DMS@; at 300 or 400 MHz.Coupling
constants J are valued in Hertz (H©hemical shifts are
reported in parts per million, using the approgriaignal for
solvent as a referencéR spectra were recorded on a FT-IR
Spectrometer as KBr discs for solids or as neatpkarfor
oils. Absorption maxima are reported in wavenumigens?).
systematic compound nhames are those
generated by ChemDraw Ultra 11.0 following IUPAC
conventions (Supplementary Data; Note on compound
nomenclature).

The synthesis of the following compounds are repoite the
Supplementary data: Estebsl3, 25 and 26, Bromoacetamides
31-36; 3-Nitropyridones37-42; 3-Aminopyridonesi3-48.

8.2 Experimental Procedures



8.2.1 General procedure for Aminolysis at 1Z0 Preparation of
compoundd4-18, 20-24, 27, and28.
Aminolysis was carried out in a conical micro scaaction

8.2.1.4 'N-(3",4"-Dichlorobenzyl)-2-[3'-[(3™,4‘dichlorobenzyl)
amino]-2'-oxopyridin-1'(2H)-ylJacetamidel7 Colourless solid
(0.410 g, 100%). M.p 186-190 °C. FTIR (KBv) 3354, 3256,

vessel by mixing amine (bL amine per mg of ester) and ester 3072, 1650, 1601, 1556, 719 ¢nmH NMR (400 MHz, DMSO-

(0.15-0.6 g). The reaction mixture was heated fbodrs at 120
°C. Excess amine was removed under vacuum when passibl
the reaction mixture was transferred while still waona conical

flask and diluted with diethyl ether. The diethyhet mixture

was cooled in a freezer overnight (16 hours). Exegste was
separated from the crude solid product by filtratamd washing
with additional diethyl ether. The crude solid wasrystallized

by dissolving in hot acetone and then adding smuadbunts of

diethyl ether. The resulting solution was cooledainfreezer

overnight forming a white solid precipitate. The wehitrecipitate

was filtered and washed with diethyl ether.

8.2.1.1  2-[3'-[(2"-Chlorobenzyl)amino]-2'-oxopyiit1'(2H)-
yl]-N-(3",4"-dichlorobenzyl)acetamide 14 Colourless solid
(0.281 g, 100%). M.p 184-188 °C (dec.). FTIR (KBr)3399,
3265, 3089, 1659, 1642, 1605, 756, 727 cAH NMR (400
MHz, DMSO<s) &: 4.31 (d, 2H,) = 6.0 Hz, 1-NH®,), 4.35 (d,
2H, J = 6.0 Hz, 3-NH®i,), 4.60 (s, 2H, H2), 5.99-6.06 (m, 3H,
H4', H5', NH), 6.86 (dd, 1H] = 6.0, 2.4 Hz, H6"), 7.25-7.31 (m,
4H, H3™, H4™, H5™, H6"), 7.42-7.46 (m, 1H, H67)55 (d, 1H,

J = 2.0 Hz, H2"), 7.57 (d, 1Hl = 8.4 Hz, H5"), 8.70 (t, 1H] =
6.0 Hz, 1-NH)."”®*C NMR (100 MHz, DMSOdy) &: 41.1 (1-
NHCH,), 43.9 (3-NHCH), 51.5 (C2), 105.7 (C5'"), 106.6 (C4),
125.2 (C6"), 127.2 (C4™), 127.5 (C6"), 128.5'(@B8 C5™), 128.6
(C3™ or C5™), 129.1 (C2"), 129.2 (C6"™), 129C4"), 130.4
(C5"), 130.9 (C3") 132.1 (C1™), 136.0 (C2137.6 (C3'), 140.5
(C1"), 157.0 (C2'), 167.3 (C1). ESI-M&z456.1 (M+L{"). Anal.
Calc. for G;H;150:N4Cl5: C, 55.96; H, 4.03; N, 9.32%. Found: C,
56.11; H, 3.92; N, 9.17%.

8.2.1.2  2-[3'-[(3"-Chlorobenzyl)amino]-2'-oxopyiit1'(2H)-
yl]-N-(3",4"-dichlorobenzyl)acetamide 15 Colourless solid
(0.402 g, 95%). M.p 175-178 °C (dec.). FTIR (KBr) 3322,
3252, 3052, 1642, 1585, 780, 727, 682'cthl NMR (400 MHz,
DMSO-ds) 8: 4.29-4.31 (m, 4H, 1-NHB,, 3-NHCH,), 4.60 (s,
2H, H2), 6.00-6.07 (m, 2H, H5', H4"), 6.14 (t, 1Hs 6.4 Hz, 3"
NH), 6.83-6.85 (m, 1H, H6"), 7.25-7.34 (m, 5H, H6", HR4™,
H5™, H6™), 7.54 (d, 1HJ = 1.0 Hz, H2"), 7.57 (d, 1H] = 8.4
Hz, H5"), 8.70 (t, 1HJ = 6.0 Hz, 1-NH);"*C NMR (100 MHz,
DMSO<ds) & 41.1 (1-NHCH,), 45.4 (3-NHCH), 51.5 (C2),
105.7 (C5"), 106.6 (C4"), 125.0 (C6"), 125.7 (GR"C6"), 126.6
(C4™ or C5™), 126.7 (C2" or C6"™), 127.5 [L6129.1 (C2"),
129.3 (C4"), 130.1 (C4™ or C5™), 130.3 (C&3P.9 (C3"), 133.1
(C3™) 137.6 (C3"), 140.5 (C1"), 142.3 (C1"3710 (C2", 167.3
(C1). ESI-MSmM/z456.1 (M+Li"). Anal. Calc. for GH150,NsCls:
C, 55.96; H, 4.03; N, 9.32%. Found: C, 55.78; H, 31929.26%.

8.2.1.3  2-[3'-[(4"-Chlorobenzyl)amino]-2'-oxopyiit1'(2H)-
yl]-N-(3",4"-dichloro benzyl)acetamidel6 Colourless solid
(0.277 g, 99%). M.p 213-218 °C (dec.). FTIR (KBr) 3334,
3260, 1650, 1597, 829, 702 ¢nH NMR (400 MHz, DMSO#d)
8:4.27 (d, 2HJ = 6.4 Hz, 3'-NH®,), 4.30 (d, 2HJ = 5.6 Hz, 1-

NHCH,), 4.58 (s, 2H, H2), 5.98-6.09 (m, 3H, H4', H5', 3"-NH),

6.85 (dd, 1H,) = 6.4, 2.0 Hz, H6"), 7.28 (dd, 1H= 8.4, 2.0 Hz,
H6"), 7.31-7.37 (m, 4H, H2™, H3™, H5™, H6™), Z.6d, 1H,J =
2.0 Hz, H2"), 7.57 (d, 1H] = 8.4 Hz, H5"), 8.68 (brt, 1H,= 5.6
Hz, 1-NH).*C NMR (100 MHz, DMSQdj) 5: 41.1 (1-NHCH,),

dg) 8: 4.29 (t, 4HJ = 6.2 Hz, 1-NH®,, 3'-NHCH,), 4.59 (s, 2H,
H2), 6.01 (dd, 1HJ = 6.8, 6.8 Hz, H5'), 6.06 (dd, 1H~ 7.2, 1.6
Hz, H4"), 6.20 (t, 1HJ = 6.2 Hz, 3'-NH), 6.84 (dd, 1H = 6.8,

1.6 Hz, HE'), 7.26-7.32 (m, 2H, H6", HE6™), 7.53-7 (8, 4H,

H2", H2" and H5", H5"), 8.69 (t, 1H,= 6.2 Hz, 1-NH)."*C

NMR (100 MHz, DMSOd) &: 41.1 (1-NHCH,), 44.8 (3-
NHCH,), 51.5 (C2), 105.7 (C5'), 106.7 (C4'), 125.2 (C637.3
(C6" or C6™), 127.5 (C6" or C6™), 128.9 (G&"C2"), 129.0
(C3" or C3™ or C4" or C4™), 129.1 (C2" or"g2129.3 (C3" or
C3™ or C4" or C4™), 130.3 (C5" or C5™), 18QC5" or C5™),
130.88 (C3" or C3™ or C4" or C4"), 130.9 (©8'C3" or C4" or
C4™) 137.4 (C3), 140.5 (C1™), 141.1 (C1"),7X5(C2"), 167.3
(C1). ESI-MSmM/z492.2 (M+Li"). Anal. Calc. for GH170,NsCl,:

C, 51.99; H, 3.53; N, 8.66%. Found: C, 51.97; H, 3\848.60%.

8.2.1.5 N-Benzyl-2-[3'-[(3",4"-dichlorobenzyl)amia2'-oxo
pyridin-1'(2H)-ylJacetamidel8 Colourless solid (0.334 g, 95%).
M.p 214-216 °C (dec.). FTIR (KBn: 3334, 3269, 1663, 1642,
1597, 731, 694 cth '"H NMR (400 MHz, DMSOd,) &: 4.28-
4.31 (m, 4H, 3'-NH@El,, 1-NHCH,), 4.58 (s, 2H, H2), 6.00 (dd,
1H,J=6.8, 6.8 Hz, H5'), 6.05 (dd, 18 = 7.8, 1.6 Hz, H4'), 6.23
(brt, 1H,J = 6.0 Hz, NH), 6.84 (dd, 1H] = 6.8, 1.6 Hz, H6),
7.21-7.34 (m, 6H, Ph, H6"), 7.54-7.57 (m, 2H, H2","HB.61
(brt, 1H,J = 6.0 Hz, 1-NH)."*C NMR (100 MHz, DMSOds) :
42.1 (3-NHCH), 44.8 (1-NHCH,), 51.4 (C2), 105.6 (C5"), 106.7
(C4"), 125.2 (C6"), 126.8{Ph), 127.2¢-Ph), 127.3 (C6"), 128.2
(m-Ph), 128.9 (C2"), 129.1 (C4"), 130.4 (C5"), B8@C3"), 137.4
(C3", 139.1itPh), 141.1 (C1"), 157.0 (C2'), 167.0 (C1). ESI-MS
m/z 438.1 (M+NQ), 416.2 (M+H), 422.2 (M+L{). Anal. Calc.
for CyH1g0.NsCl,: C, 60.59; H, 4.60; N, 10.09%. Found: C,
60.63; H, 4.66; N, 10.08%.

8.2.1.6 N-(3",4"-Dichlorobenzyl)-2-[2'-ox0-3'-[(2thienyl
methyl)amino]pyridin-1'(2H)-yl]acetamide0 Colourless solid
(0.273 g, 96%). M.p 190-191 °C (dec.). FTIR (KBr)3314,
3265, 1646, 1585, 756, 698 ¢niH NMR (400 MHz, DMSOd)
3:4.29 (d, 2HJ = 6.0 Hz, 1-NH®1,), 4.46 (d, 2H,) = 6.0 Hz, 3-
NHCH,), 4.58 (s, 2H, H2), 5.91 (t, 1H,= 6.0 Hz, 3-NH), 6.06
(dd, 1H,J = 6.8, 6.8 Hz, H5"), 6.25 (d, 1H,= 6.8 Hz, H4'), 6.86
(d, 2H,J = 6.0 Hz, H6"), 6.95 (dd, 1H,= 5.0, 3.6 Hz, H4™), 7.03
(d, 1H,J = 3.6 Hz, H3"™), 7.27 (dd, 1H] = 8.0, 1.2 Hz, H6"),
7.36 (d, 1HJ = 5.0 Hz, H5™), 7.54 (d, 1H,= 1.2 Hz, H2") 7.57
(d, 1H,J = 8.0 Hz, H5"), 8.70 (t, 1H) = 6.0 Hz, 1-NH)."*C
NMR (100 MHz, DMSOds) &: 41.0 (1-NHCH,), 41.5 (3-
NHCH,), 51.5 (C2), 105.6 (C5'), 107.0 (C4'), 124.6 (5525.0
(C3™), 125.3 (C6'), 126.7 (C4™), 127.5 (C@29.1 (C2"), 129.2
(C4"), 130.4 (C5"), 130.9 (C3"), 137.5 (C3)0B4(C1") 143.3
(C2™), 157.0 (C2'), 167.3 (C1). ESI-MS m/z 428M+Li").
Anal. Calc. for GgH;/0,N;SCh: C, 54.04; H, 4.06; N, 9.95%.
Found: C, 53.72; H, 4.17; N, 9.86%.

8.2.1.7 N-(3",4"-Dichlorobenzyl)-2-[2'-0x0-3'-[(pdin-2""-yl

methyl)amino]pyridin-1'(2H)-yl]acetamide1l Colourless solid
(0.271 g, 93%). M.p 165-169 °C (dec.). FTIR (KBr) 3412,
3248, 3072, 1675, 1589, 760 ¢tniH NMR (400 MHz, DMSO-
dg) 8: 4.30 (d, 2H,J = 6.0 Hz, 1-NHG1,), 4.35 (d, 2HJ = 6.0
Hz, 3'-NH,), 4.60 (s, 2H, H2), 6.05 (dd, 1H,= 7.0, 7.0 Hz,

45.3 (3-NHCH), 51.5 (C2), 105.7 (C5'), 106.6 (C4'), 125.0 H5), 6.12 (dd, 1H)=7.2, 1.6 Hz, H4'), 6.20 (t, 1H,= 6.0 Hz,

(C6), 127.5 (C6"), 128.2 (C2", C6"), 128.83(C C5"), 129.1
(C2"), 129.2 (C4"), 130.4 (C5"), 130.9 (C3'3112 (C4™), 137.6
(C3'), 138.5 (C1") 140.6 (C1"), 157.0 (C2'), B{C1); ESI-MS
m/z 458.2 (M+L1). Anal. Calc. for GH;gO,N:Cls: C, 55.96; H,
4.03; N, 9.32%. Found: C, 55.96; H, 3.93; N, 9.22%.

3-NH), 6.86 (dd, 1H,] = 6.8, 1.6 Hz, H6"), 7.24-7.27 (m, 1H,
H6"), 7.29 (d, 1HJ = 2.0 Hz, H5"), 7.32 (d, 1H] = 7.6 Hz,
H3™), 7.55 (d, 1HJ = 1.6 Hz, H2"), 7.57 (d, 1H] = 8.4 Hz,
H5"), 7.73 (ddd, 1HJ = 7.6, 7.6, 2.0 Hz, H4"), 8.52-8.54 (m,
1H, H6™), 8.70 (t, 1H) = 6.0 Hz, 1-NH).*C NMR (100 MHz,



DMSO-) & 41.1 (1-NHCH,), 47.9 (3-NHCH), 51.5 (C2),
105.8 (C5"), 106.7 (C4"), 121.2 (C3™), 122.2 (£325.1 (C6),
127.5 (C6"), 129.1 (C2"), 129.2 (C3"), 130.4')C530.9 (C4"),
136.7 (C4™), 137.8 (C3)), 140.6 (C1") 148.8 (§6L57.0 (C2),
158.2 (C2"), 167.3 (C1). ESI-MS m/z 417.2 (MiN242.3 (M-
NHCH,CH,Cl,). HRMS m/z: 417.0878; calc. for

8.2.1.8 N-(3",4"-Dichlorobenzyl)-2-[3'-[(4"'-nibbenzyl)amino]-
2'-oxopyridin-1'(2H)-yl]acetamide22 Yellow solid (0.197 g,
94%). M.p 191-193 °C (dec.). FTIR (KBv) 3326, 3265, 3072,
2929, 1663, 1646, 1597, 1520, 1344, 1250, 723.c NMR
(400 MHz, DMSO#dg) &: 4.30 (d, 2H,J = 6.0 Hz, 1-NH®E,),
4.43 (d, 2HJ = 6.4 Hz, 3-NHE®1,), 4.59 (s, 2H, H2), 5.97-6.02
(m, 2H, H4', H5'), 6.28 (t, 1Hl = 6.4 Hz, 3'-NH), 6.84 (dd, 1H,
= 6.0, 2.8 Hz, H6"), 7.28 (dd, 1H,= 8.0, 2.0 Hz, H6"), 7.54 (d,
1H, J = 2.0 Hz, H2"), 7.57 (d, 2H] = 8.8 Hz, H2"™, H6"), 7.58
(d, 1H,J = 8.0 Hz, H5"), 8.17 (d, 2H] = 8.8 Hz, H3™, H5"),
8.69 (t, 1H,J = 6.0 Hz, 1-NH).*C NMR (100 MHz, DMSOdj)
8: 41.1 (1-NHCH,), 45.5 (3-NHCH), 51.5 (C2), 105.6 (C5'),
106.7 (C4"), 123.5 (C3™, C5™), 125.2 (C6"), B{C6"), 128.0
(C2™, C6™), 129.1 (C2"), 129.2 (C4"), 130a5(), 130.9 (C3"),
137.5 (C3"), 140.6 (C1"), 146.4 (C4™), 148.1'(f157.0 (C2),
167.3 (C1). ESI-MS m/z 483.1 (M+Na 461.1 (M+H), 467.1
(M+Li"). HRMS m/z: 461.0794; calc. for E;40,N,Cl:
461.0778 (M+H).

8.2.1.9 N-(3",4"-Dichlorobenzyl)-2-[2'-oxo-3'-{[{para-methyl
phenyl)sulfonyl]-1H-pyrrol-2"'-ylmethyl}amino)pyride-1'(2H)-
yllacetamide23 Colourless solid (0.781 g, 100%). M.p 129-133
°C (dec.). FTIR (KBr)v: 3334, 3220, 3056, 1679, 1581, 1360,
1168, 735, 700 cih '"H NMR (400 MHz, DMSO#d,) 5: 2.35 (s,
3H, CH), 4.30 (d, 2HJ = 6.0 Hz, 1-NH®,), 4.34 (d, 2HJ =
6.4 Hz, 3-NHG®,), 4.57 (s, 2H, H2), 5.70 (t, 1H,= 6.4 Hz, 3"
NH), 5.90 (dd, 1H,J = 7.2, 1.6 Hz, H4"), 5.95 (dd, 1H,= 7.0,
7.0 Hz, H5"), 6.16-6.17 (m, 1H, H4™), 6.23 (dd, IH; 3.2, 3.2
Hz, H3™), 6.83 (dd, 1H] = 6.8, 1.6 Hz, H6'), 7.27 (dd, 1H,=
8.0, 2.0 Hz, H6"), 7.34 (dd, 1H,= 3.6, 2.0 Hz, H5™), 7.40 (d,
2H,J = 8.4 Hz,m-Ph), 7.54 (d, 1HJ = 2.0 Hz, H2"), 7.56 (d, 1H,
J=8.0 Hz, H5"), 7.79 (d, 2H, = 8.4 Hz,0-Ph), 8.69 (t, 1HJ =
6.0 Hz, 1-NH);*C NMR (100 MHz, DMSOds) &: 21.0 (CH),
41.0 (3-NHCH), 41.0 (1-NHCH,), 51.5 (C2), 105.5 (C5",
106.8 (C4"), 111.9 (C4™), 114.0 (C3™), 123.5'(f; 125.3 (C6"),
126.7 6-Ph), 127.5 (C6"), 129.1 (C2"), 129.2 (C4"), B3
Ph), 130.4 (C5"), 130.9 (C3"), 131.7 (C2"), 236-Ph), 137.1
(C3), 140.5 (C1"), 145.4p{Ph), 156.9 (C2"), 167.3 (C1). ESI-
MS m/z 581.1 (M+N§, 559.1 (M+H); 565.1 (M+Li"). HRMS
m/z: 559.0979; calc. for gHs0,N,SCh: 559.0968 (M+N3).

8.2.1.10 N-(3",4"-Dichlorobenzyl)-2-[3'-{[(4"-nbylphenyl)
sulfonyllamino}-2'-oxopyridin-1'(2H)-ylJacetamide 24
Colourless solid (0.411 g, 100%). M.p 248-250 °@c(ll FTIR
(KBr) v: 3403, 3126, 1691, 1646, 1581, 1152, 882, 821,crbl
! '"H NMR (400 MHz, DMSO¢) &: 2.32 (s, 3H, Ch), 4.27 (d,
2H,J = 6.0 Hz, NH®,), 4.56 (s, 2H, H2), 6.16 (dd, 1B~ 7.2,
7.2 Hz, H5"), 7.25 (dd, 1Hl = 8.0, 2.0 Hz, H6™), 7.30-7.34 (m,
4H, H4', H6', H3", H5"), 7.50 (d, 1H,= 2.0 Hz, H2"), 7.56 (d,
1H,J = 8.4 Hz, H5™), 7.75 (d, 2H,= 8.0 Hz, H2", H6"), 8.73 (t,
1H, J = 6.0 Hz, 3-NH), 9.00 (brs, 1H, Wh- 16 Hz, 1-NH)*C
NMR (100 MHz, DMSO¢) 6: 21.0 (CH), 41.1 (NHCH), 51.6
(C2), 104.3 (C5'), 124.1 (C4"), 126.8 (C2", C&lp7.3 (C3),
127.5 (C6™), 129.1 (C2"™), 129.3 (C4™), 126G8", C5"), 130.4
(C5™), 130.9 (C3™), 134.5 (C6'"), 137.0 (C1130.4 (C1™) 143.4
(C4"), 156.9 (C2'), 166.7 (C1). ESI-MS m/z 502M+{a"),
480.1 (M+H). HRMS m/z: 480.0523; calc. for,E,00,N5CLS:
480.0546 (M+H).

8.2.1.11 2-Chloro-N-(1'-{2"-[(3",4"-dichlorob®zyl)amino]-2"-
oxoethyl}-2'-0xo0-1',2"-dihydropyridin-3-yl)benzamide 27
Colourless solid (0.407 g, 98%). M.p 232-234 °CIRE{KBr) v:
3326, 3273, 3056, 2912, 1638, 1532, 768, 743, 6&7. ¢cH
NMR (400 MHz, DMSOd;) é: 4.31 (d, 2H,J = 5.6 Hz, 2"-
NHCH,), 4.69 (s, 2H, H1"), 6.34 (dd, 1H,= 6.8, 6.8 Hz, H5),
7.26 (d, 1H,J = 8.4 Hz, H6"™), 7.42-7.57 (m, 6H, H3, H4, H5,
H6', H2™, H5™), 7.63 (d, 1H] = 7.2 Hz, H6), 8.32 (d, 1H] =
6.8 Hz, H4"), 8.78 (brt, 1H] = 5.6 Hz, 2"-NH), 9.45 (s, 1H, 3"-
NH). **C NMR (100 MHz, DMSOdg) &: 41.1 (2"-NHCH), 51.9
(C1"), 104.8 (C5'), 124.0 (C4"), 127.3 (C3), 12{®"), 128.0
(C3), 129.1 (C2"), 129.3 (C4™), 129.5 (C6)91I2(C2), 129.9
(C5™), 130.3 (C5), 130.9 (C3"), 131.7 (C4), 1B4C6") 135.4
(C1), 140.4 (C1™), 156.9 (C2", 164.7 (3-NHCO), B56C2").
ESI-MS m/z 470.1 (M+L). Anal. Calc. for GH;0:NsCls: C,
54.27; H, 3.47; N, 9.04%. Found: C, 54.34; H, 3.333895%.

8.2.1.12 N-{1'-[2"-(Benzylamino)-2"-oxoethyl]-2Z@-1',2'-
dihydro pyridin-3'-yl}-2-chlorobenzamid@8 Colourless solid
(0.311 g, 88%). M.p 196-198 °C. FTIR (KBv) 3330, 3273,
3074, 1646, 1589, 1524, 743, 694, cmH NMR (400 MHz,
DMSO-dg) &: 4.21 (d, 2H,J = 5.6 Hz, CH), 4.69 (s, 2H, H1"),
6.33 (dd, 1HJ = 7.2, 7.2 Hz, H5"), 7.23-7.33 (m, 5H, Ph), 7.42-
7.45 (m, 2H, H6', H4), 7.48-7.55 (m, 2H, H3, H5), 7.68, (tH,
J=7.6, 1.6 Hz, H6), 8.32 (d, 1H,= 6.4 Hz, H4"), 8.70 (brt, 1H,
J = 5.6 Hz, 2"-NH), 9.48 (s, 1H, 3-NH)*C NMR (100 MHz,
DMSO-dg) &: 42.2 (CH), 51.7 (C1"), 104.7 (C5'), 124.0 (C4),
126.8 p-Ph), 127.2 ¢-Ph), 127.3 (C3), 128.0 (C3"), 128.8+(
Ph), 129.5 (C6), 129.7 (C2), 129.8 (C5), 131.6 (Q&}.0 (C6")
135.5 (C1), 139.0i{Ph), 156.9 (C2"), 164.8 (3-NHCO), 166.5
(C2"). ESI-MS m/z 418.1 (M+N} 396.1 (M+H); 402.3
(M+Li"). Anal. Calc. for GH;s0;N,Cl: C, 63.72; H, 4.58; N,
10.62%. Found: C, 63.76; H, 4.50; N, 10.51%.

8.2.2 General procedure for Aminolysis at room tempeea
Preparation of compounds and 29.

Aminolysis was carried out in a conical microale
reaction vessel by mixing amine (& amine per mg of ester)
and ester (0.2 or 1.18g). The reaction mixture wased for 1
hour at room temperature. Excess amine was remoweéru
vacuum when possible, or the reaction mixture wassfeared to
a conical flask and diluted with diethyl ether. Tdiethyl ether
mixture was cooled in a freezer overnight (16 houEjcess
amine was separated from the crude solid produdiltogtion
and washing with additional diethyl ether. The creodd was
recrystallized by dissolving in hot acetone andhthdding small
amounts of diethyl ether, the resulting solution wasled in a
freezer overnight forming a white solid precipitaéhe white
precipitate was filtered and washed with diethyl ether

8.2.2.1 2-[3'-[(3",4"-Dichlorobenzyl)amino]-2'-oxgpdin-
1'(2H)-yl]-N-propylacetamide19 Colourless solid (0.201 g,
97%). M.p 193-195 °C (dec.). FTIR (KBv) 3322, 3256, 3081,
2968, 1646, 1581, 1483, 756 ¢nH NMR (400 MHz, DMSO-
dg) 8: 0.85 (t, 3HJ = 7.4 Hz, 1-NHCHCH,CH3), 1.41 (tq, 2HJ
= 7.2, 7.2 Hz, 1-NHCKCH,), 3.02 (dt, 2HJ = 6.8, 6.0 Hz, 1-
NHCH,), 4.28 (d, 2HJ = 6.4 Hz, 3-NHGE1,), 4.49 (s, 2H, H2),
5.98 (dd, 1H,) = 6.8, 6.8 Hz, H5'), 6.04 (dd, 18~ 7.2, 1.6 Hz,
H4", 6.19 (t, 1HJ = 6.4 Hz, 3'-NH), 6.79 (dd, 1H, = 6.8, 1.6
Hz, H6"), 7.30 (dd, 1H] = 8.0, 1.6 Hz, H6"), 7.55 (d, 2H= 8.0
Hz, H5"), 7.56 (d, 1HJ = 1.6 Hz, H2"), 8.07 (t, 1H] = 5.4 Hz,
1-NH). ®C NMR (100 MHz, DMSOdy) & 11.4 (1-
NHCH,CH,CH3), 22.3 (1-NHCHCH,), 40.4 (1-NHCH), 44.8
(3-NHCH,), 51.2 (C2), 105.5 (C5'), 106.6 (C4'), 125.2 (C6")
127.3 (C6"), 128.9 (C2"), 129.1 (C4") 130.4 (c3'30.9 (C3"),
137.4 (C3"), 141.1 (C1"), 156.9 (C2"), 166.7 ((AHI-MS m/z



374.2 (M+Li"). HRMS m/z: 368.0918; calc. for;&1,00,NsCl,: H6"), 7.20 (t, 1H,J = 5.5 Hz, p-CgHs), 7.20-7.25 (m, 1Hp-
368.0927 (M+H). CH,CeHs), 7.30-7.40 (m, 5HM-CgHs, m-CH,CgHs, 0-CH,CoH)
8.2.2.2 2-[3-[(Anilinocarbonyl)amino]-2'-oxopyridit'(2H)-yI] L‘&SRJ'g%ém,;ﬂﬂo'%ﬁ\'jg@j)ofjg% 1?3;.??,(3, ,SSC,}; gf g‘ H(é;
-N-propylacetamide29 Colourless solid (1.228 g, 100%). M.p ' S o~ ' \ '

193-196 °C (dec.). FTIR (KBn): 3326, 3293, 1646, 1581, 1548, (1(?2;)7 gg )7’ ;_O&BC(%S))’ 578'g'gﬁcHlﬂ'Clﬁg)'slgéché)}'Cle“)'g
1499, 751, 694 cth 'H NMR (400 MHz, DMSO¢) &: 0.85 (t, i : e ' 22 ' 6 s

/t A 128.8 (CH,CoHe), 137.8 (C3), 138.8 i{CeHs), 139.4 (i-
mcfﬂ EH7-43'31’ dCtH;'HLfZe gqé Ozﬂ’J |\TH<175i2’ 47-528 HZ'2|-1|_ CH,CoHy), 157.0 (C2Y), 165.7 (C1). ESI-MS m/z 355.9 (MiNa

2CHy), 3.04 (dt, 2HJ = 6.8, 6.0 Hz, NHEI,), 4.58 (S, 2H,  |\p\iq 177 356.1352: calc. forgHygNsO;: 356.1369 (M+N3).
H2), 6.23 (dd, 1H] = 7.2, 7.2 Hz, H5'), 6.94-6.97 (m, 1ptPh),

7.20 (dd, 1HJ = 6.8, 1.6 Hz, H6"), 7.26 (t, 2H,= 7.8 Hz,m 8.2.4.2 2-(3'-(Benzylamino)-2'-oxopyridin-1' (2"H)-N-(3',4'-
Ph), 7.43 (d, 2HJ = 8.0 Hz,0-Ph), 8.07 (dd, 1H) = 7.6, 1.6 Hz,  dichlorophenyl)acetamidgl Pale blue solid (80 mg, 18 %). M.p.
H4"), 8.14 (brt, 1H,) = 6.0 Hz, 1-NH), 8.55 (s, 1H, 3-NH), 9.51 195-196 °C. FTIR (KBr)v: 3290, 3100, 1659, 1524, 760, 698,
(s, 1H, 3-NHCOM). *C NMR (100 MHz, DMSQd) 3: 11.3 623 cm'. '"H NMR (400 MHz, DMSO«d) &: 4.30 (d,J = 5.0 Hz,
(CHa), 22.3 (1-NHCHCH,), 40.4 (1-NHCH,), 51.6 (C2), 105.1 2H, 3'-NHH,), 4.75 (s, 2H, H2), 6.00-6.10 (m, 3H, H4', H5', 3
(C5), 117.9 ¢-Ph), 119.1 (C4'), 121.9p{Ph), 128.8 f-Ph), NH), 6.83 (d, 1H,J = 5.0 Hz, H6’), 7.20-7.25 (m, 1Hp-
129.7 (C3"), 130.8 (C6"), 139.6Fh), 152.4 (CO), 156.7 (C2'), CH,CeHs), 7.30-7.40 (m, 4H0-CH,CsHs, m-CH,C¢Hs), 7.45-
166.4 (C1). ESI-MS m/z 351.3 (M+Na 329.3 (M+H); 335.3  7.60 (m, 2H, H5", H6") 7.95-8.99 (m, 1H, H2"), 10(631H, 1"-
(M+Li"). Anal. Calc. for GH,Os;Ns: C, 62.18; H, 6.14; N, NH). °C NMR (100 MHz, DMSOd,) 3: 46.0 (3-NHCH), 52.0
17.06%. Found: C, 62.27; H, 6.18; N, 17.16%. (C2), 105.8 (C4"), 106.6 (C5'), 118.9 (C"), 12(C1), 124.7 (C"),
8.2.3 Preparation of N-{1-[2-(3",4"-Dichlorophefmino)-2'- g_?é |SC6)’ 126.7¢CH;Cofte), 126.9 ¢ CrbCefts), 128.3 (v
. A . LCeHs), 130.8 (C"), 131.0 (C"), 137.8 (C3"), 138.8)(@39.4

oxoethyl]-2-oxo-1,2-dihydropyridin-3-yl}benzamide - ”

: ) . (i-CH,C¢Hs), 157.0 (C2"), 166.3 (Cl). ESI-MS m/z 123.83,

Benzoyl chloride (0.14 mL, 1.5 equiv) was added solation . . .
. 125.84 (M+N4&). HRMS m/z: 402.0766; calc. for,§,sCl.N;O.:

of compound44 (250 mg, 1.0 equiv) and &t (0.17 mL, 1.5 402.0771 (M+H)
equiv) in DCM (anhydrous) under nitrogen. The rasglt ' \
solution was stirred 16 hrs at rt, and then coneésdr under 8.2.4.3 N-(3',4'-dichlorophenethyl)-2-(3"-(benaylao)-2"-oxo
reduced pressure. The crude product was purifiedilma gel  pyridin-1" (2H)-yl)acetamidé&2 Pale green solid (90 mg, 20 %).
column chromatography (DCM/f, 99.5:0.5). M.p. 140-146 °C. FTIR (KBry: 3246, 3392, 3077, 1642, 1529,

S11 .
8.23.1  N-{1-[2'-(3",4"-Dichlorophenylamino)-2'-o&thyl]-2- 764, 692, 624 cih "H NMR (300 MHz, DMSOdy) &: .60 (s,

oxo-1,2-dihydropyridin-3-yl}benzamid® Pale yellow gum (100 1H’23|.-I|-’\11HKI’H2C'I-7|2 (:1’ 32:‘](1 :zg_? l_'zzl,31|-|NH?(>:"HI\ICI:|&)—i 3'255'3'30
mg, 30 %). FTIR (KBry: 3249, 3070, 1640, 1528, 764, 690, 623 (M 2H, 1-NHGH,), 4.30 (d, 2H,) = 4.3 Hz, 3"-NHE1,), 4.50 (s,

cmit. *H NMR (400 MHz, DMSOd) 8. 4.85 (s, 2H, 1'Ch), 6.40 a‘g:) H72)1'85_"79;:)6&#1 (ZmH |24H2 '7445) '*75;)6_3"712 E‘% JQEH$°7H52:>:
(t, 1H,J = 5.5 Hz, H4), 7.40-7.65 (m, 6H:CoHs, M-CoHe, H5, , 7.18-7.29 (m, 2H, H2', H5), 7.30-7.40 (m, 7.

Ho. O, 7.80-8.00 (. 2Ho-Cub s H, .30, 6. 1h0 = 0.6, (@ 1H.J = 6.0 Hz, HE"), 8.30-8.40 (m, 1H, 1-NHJC NMR (75
75 Mz, 112 9.30 (5, 11, 3NE), 1078 (6. 1H, 1N NMR MHZ, DMSOd) &: 33.9 (1-NHCHCH,), 38.8 (1-NHCH), 46.0
(100 MHz, DMSO€y) & 52.5 (C2), 105.1 (C4), 119.0 (c5), (3 NHCH) 51.1 (C2), 105.6 (C4), 106.3 (C5"), 124.7 |C6
120.2 (C6"), 124.9 (C2"), 127.1 (C6), 128.0 (Ca28.4 p- 1267 (C2), 126.9%CeHe), 127.3 [-CeHs), 128.3 (rCeH),
Ch.Co), 138.7 6., 129.2 trCH,Catio), 1308 (C5, 1287 (C5), 129.3 (C4), 1303 (C3), 130.7 (CAJ7.8 (CL),
132.6 (). 133.6 (C3) 136.7 (017), 157 My, 1648 1393 (C3), 140.71CiHy), 156.9 (C2'), 166.9 (CL). ESIMS
(C2), 165.8 (3NHC-0). 167.3 (C1). ESIMS iz 437812 452.05, 454.05 (M+Np HRMS miz: 468.0658; calc. for

(M+Na'), 415.82 (M+H). HRMS miz 438.0367: calc, for Cz2i2iClaNeO;: 468.0642 (M+NQ.
CooH1sCloN3O;: 438.0383 (M+NJ). 8.2.4.4 N-(2'.4'-Dichlorophenethyl)-2-(3"-(benzylam)-2"-oxo
pyridin-1" (2H)-yl)acetamideé&3 Pale blue solid (99 mg, 21 %).
8.2.4 General procedure for reductive amination: Ruegion of M.p. 166-170 o(?' TTIR (KBry: 3246, 3392, 3077, 1642, 1529,
compound$0-63 764, 692, 624 cih *H NMR (300 MHz, DMSO) 8: 2.76-2.92
The amine (1.0 equiv) was dissolved in DCE (anhydranst (M, 2H, 1-NHCHCH,), 3.23-3.40 (m, 2H, 1-NHB&,), 4.28 (d,
the aldehyde (1.1 equiv) was added under an atmospife 2H.J = 6.6 Hz, 3"-NH®,), 4.50 (s, 2H, H2), 5.75-6.15 (m, 3H,
nitrogen. The solution was stirred at rt for 16 Hten H4:" H5", HE'), 6.76 (d, 1H] = 7-3"H21 HS), 7.18-7.44 (m, 6H,
NaBH(OAc); (2 equiv) was added. The resulting suspension wagsy GHs), 7.50-7.64 (m, 1H, HE"), 8.20-8.30 (m, 1H, 1-NH).
stirred for 16 hrs. The reaction was quenched wiB@® (1 M) C NMR (75 MHz, DMSOd) &: 32.2 (1-NHCHCH,), 38.2 (1-
and stirred vigorously for 30 mins before the piaseere NHCH,), 46.0 (3"-NHCH) 51.2 (C2), 105.6 (C4"), 106.3 (C5"),
separated. The aqueous phase was extracted with D@pl. T124.7 (C5), 126.6 (C3'), 126.9-CeHs), 127.3 p-CeHs), 128.2
combined organic layers were washed (brine), driedhy@rous (mCeHs), 128.5 (C6'), 131.7 (C4), 132.5 (C2), 133.9 C6
MgSQ,) and concentrated under reduced pressure. Thee crud35.7 (C3"), 137.8 (C1’), 139.BcHs), 156.9 (C27), 166.9 (C1).
product was purified by silica column chromatograpfas ESI-MS m/z 452.05, 454.05 (M+Na HRMS m/z: 430.1079;
indicated below; 50, 60, 61, 63) or recrystallized from Calc. for GsHaClLN;O,: 430.1084 (M+H).
dichloromethane 52, 53, 56, 57, 58, 62), or
dichloromethane/hexangl| 54, 55, 59).
) o 8.2.4.5 2-(3'-(3",4"-Dichlorobenzylamino)-2'-oxomin-1' (2"H)
8.2.4.1 2-(3'-(Benzylamino)-2-oxopyridin-1" (2"H)-l-phenyl  _y}).N-phenylacetamid&4 Pale blue solid (122 mg, 22 %). M.p.
acetamldeSO_ Chromatography (ethyl acetate/hexane: 80/20).212_214 °C. FTIR (KBryv: 3300, 3070, 1650, 1599, 760, 698,
Pale blue solid (100 mg, 32 %). M.p._ 193-197 °CIRFTKBT) v: 623 cnit. 'H NMR (400 MHz, DMSOd) &: 4.24 (d,J = 5.0 Hz,
3318, 3070, 1659, 1600, 760, 698 tmH NMR (400 MHz,  2pi 3 NHQH,), 4.76 (s, 2H, H2). 6.00-6.10 (m, 2H, Ha4', H5).
DMSO-de) o 4.30 (d,J =50 HZ, 2H, 3'-NHG|2), 4.75 (S, 2H, 6.20 ('[, 1H,J = 5.5 Hz, 3'-NH), 6.83 (d, 1H] = 5.5 Hz, HG'),
H2), 5.90-6.10 (m, 3H, H4', H5', 3-NH), 6.84 (d, IH: 5.5 Hz, 7,18 (t, 1H,J = 5.5 Hz,p-CgHs), 7.30-7.38 (m, 1H, 3H, Hétr



CeHs), 7.50-7.64 (m, 4H, H5", H2"p-CgHs) 10.30 (s, 1H,
CONH). ®C NMR (100 MHz, DMSOd,) &: 44.7 (3-NHCH),

51.9 (C2), 105.6 (C4"), 108.8 (C5), 118@TeHs), 123.2 p-

CeHs), 125.3 (C6'), 127.3 (C"), 128.1CsH5), 128.8 (C"), 128.9
(C"), 130.4 (C"), 130.9 (C"), 137.4 (C3)), 138&H,), 141.0
(C"), 156.9 (C2'), 165.7 (C1). ESI-MS m/z 423.9425.89
(M+Na’). HRMS m/z: 402.0779; calc. for ,@;sCLN;O,:

402.0771 (M+H).

8.2.4.6 2-(3'-(3", 4"-Dichlorobenzylamino)-2'-oxojgn-
1(2"H)-yI)-N-(3',4'-dichlorophenyl)acetamidg5 Blue solid (40
mg, 8 %). M.p. 120-125 °C. FTIR (KBr): 3285, 1653, 1524,
760, 698, 623 cth 'H NMR (400 MHz, DMSQGdg) &: 4.26 (d,J

= 5.0 Hz, 2H, 3-NHEl,), 4.72 (s, 2H, H2), 6.00-6.10 (m, 2H,
H4', H5'), 6.22 (t, 1HJ = 5.9 Hz, 3'-NH), 6.87 (dJ = 5.9 Hz,
1H, H6"), 7.28 (dJ = 8.0 Hz, 1H, H6™), 7.43 (dd, 1H= 2.0, 5.0
Hz, 1H, H6"), 7.50-7.60 (m, 3H, H5", H5™, H2") 7(@6J = 2.0
Hz, 1H, H2"), 10.60 (s, 1H, 1-NH)°C NMR (100 MHz,
DMSO-dg) 6: 44.7 (3'-NHCH), 52.0 (C2), 105.7 (C4'), 106.8
(C5, 118.9 (C6"), 120.1 (C2"), 124.7 (C4")512(C6’), 127.3
(C6™), 128.9 (C5"), 129.0 (C3™), 130.4 (C5"130.7 (C4™),
130.9 (C2™), 131.0 (C3"), 137.4 (C3"), 138.8'(¢141.0 (C1™),
156.9 (C2'), 166.3 (C1). ESI-MS m/z 493.75 (MF¥NaHRMS
m/z: 491.9787; calc. for gH,5CI,N;0,: 491.9811 (M+NJ.

8.2.4.7 2-(3'-(3",4"-Dichlorobenzylamino)-2'-oxoin-1' (2H)-
yl)-N-phenethylacetamidé6 Pale blue solid (254 mg, 32 %).
M.p. 183-184 °C. FTIR (KBry: 3249, 3300, 3070, 1640, 1528,
764, 690, 623 cth '*H NMR (400 MHz, DMSOds) &: 2.72 (t,
2H, J = 7.7 Hz, NHCHCH,), 3.24-3.32 (m, 2H, NHB,CH,),
4.28 (d, 2H,J = 6.5 Hz, 3-NHGE1,), 4.50 (s, 2H, H2), 5.96-6.07
(m, 2H, H5', H4"), 6.22 (t, 1H] = 6.5 Hz, 3-NH), 6.78 (dd, 1H,

= 3.0, 6.5 Hz, H6"), 7.15-7.34 (m, 6HgHG, H6"), 7.52-7.60 (m,
2H, H2", H5"), 8.20 (t, 1HJ = 4.8 Hz, NH).”*C NMR (100
MHz, DMSO-dg) &: 35.0 (NHCHCH,), 40.3 (NHCH,CH;), 44.7
(3-NHCH,) 51.2 (C2), 105.5 (C4"), 106.6 (C5, 125.1 (C6",
126.0 (C4"), 127.3pfCeHs), 128.3 ¢-C¢Hs), 128.6 (-CgHs),
128.9 (C6"), 129.0 (C2"), 130.4 (C5"), 130.9'(C337.4 (C3"),
139.3 (C1"), 141.0i{C¢Hs), 156.9 (C2'), 166.8 (C1). ESI-MS
m/z 429.93, 431.91 (M+B. HRMS m/z: 452.0883; calc. for
CaH,1ClN;O,: 452.0903 (M+NJ).

8.2.4.8 2-(3'-(3",4"-Dichlorobenzylamino)-2'-oxomin-1' (2H)-

y)-N-(3",4"-dichlorophenethyl)acetamidb7 Pale green solid
(164 mg, 23 %)M.p. 163-165 °C. FTIR (KBry: 3283, 1653,
1523, 761, 690, 622 c¢m 'H NMR (300 MHz, DMSO-
dg) 8: 2.66-2.78 (m, 2H, 1-NHCHCH,), 3.23-3.30 (m, 2H, 1-
NHCH,), 4.28 (d, 2HJ = 6.5 Hz, 3-NH®,), 4.45 (s, 2H, H2),

7.40 (m, 3H, H2", H2", H5"), 7.50-7.60 (M, 2H, H5§"), 8.15-
8.23 (m, 1H, 1-NH)**C NMR (75 MHz, DMSOd) &: 33.9 (1-
NHCH,CH,), 35.0 (1-NHCH), 44.7 (3-NHCH) 51.2 (C2),
105.5 (C4'), 106.6 (C5'), 125.0 (C6"), 126.8 (L6127.3 (C5™),
128.2 (C2™), 128.6 (C5"), 129.3 (C2"), 130.3(%; 130.6 (C3"),
130.7 (C4"), 130.9 (C3"), 137.4 (C6'), 139.4 JCB40.0 (C1™),
141.0 (C1"), 156.9 (C2"), 166.9 (C1). ESI-MS mB245, 454.05
(M+Na’). HRMS m/z: 520.0117; calc. for ,&;4Cl.N;O,:
520.0124 (M+NJ).

8.2.4.9 N-(2',4'-Dichlorophenethyl)-2-(3"-(3",4dichlorobenzyl
amino)-2"-oxopyridin-1"(2H)-yl)acetamid®8 Pale blue solid
(86 mg, 16 %)M.p. 119-123 °C. FTIR (KBry: 3283, 1653,
1523, 761, 690, 622 c¢m 'H NMR (300 MHz, DMSO-
dg) 8: 2.75-2.86 (m, 2H, 1-NHC}CH,), 3.25-3.30 (m, 2H, 1-
NHCH,), 4.30 (d, 2H, = 4.0 Hz, 3"-NH), 4.49-4.51 (m, 2H, 3'"-

NHCH,), 5.00 (s, 2H, H2), 5.96-6.24 (m, 2H, H6', H5"), 6.40-

6.46 (m, 2H, H5', H6"), 6.76-6.82 (m, 1H, H2"), 72@0 (m,

2H, 1-NH, H5"™), 7.52-7.60 (m, 2H, H3', H4"), 8.15-8(86 1H,
H6"). C NMR (75 MHz, DMSO#dg) &: 32.2 (1-NHCHCH),),
38.2 (1-NHCH), 44.7 (3"-NHCH) 51.2 (C2), 105.5 (C4"), 110.2
(C5"), 125.6 (C5'), 127.1 (C6™), 127.3 (C3)8B(C5™), 128.9
(C2"), 129.0 (C6"), 130.4 (C4™), 131.4 (C43215 (C2'), 133.9
(C6"), 135.8 (C3"), 137.4 (C3™), 138.1 (C1311D (C1™), 157.1
(C2"), 167.0 (C1). ESI-MS m/z 519.96, 521.95, 883M+Na).
HRMS m/z: 520.0107; calc. for ,8,,Cl.N;O,: 520.0124
(M+Na).

8.2.4.10 2-(3'-(2'-Chlorobenzylamino)-2'-oxopyridih- (2"H)-
yl)-N-(3',4'-dichlorophenyl)acetamid&9 Pale blue solid (100
mg, 21 %). M.p. 130-134 °C. FTIR (KB¥). 3299, 1653, 1528,
765, 696, 626 cih 'H NMR (400 MHz, DMSOd,) &: 4.36 (d,
2H,J = 6.5 Hz, 3-NH®,), 4.75 (s, 2H, H2), 6.00-6.10 (m, 3H,
H4', H5', 3'-NH), 6.90 (d, 1H] = 7.1 Hz, H6"), 7.21-7.30 (m, 3H,
H6™, H5™, H4™), 7.40-7.50 (m, 2H, H6", H3™), 0.&, 1H,J =
7.1 Hz, H5™) 7.96 (dJ = 1.4 Hz, 1H, H2"), 10.65 (s, 1H, 1"-
NH). *C NMR (100 MHz, DMSOd) 3: 43.8 (3-NHCH), 52.0
(C2), 105.8 (C4"), 106.7 (C5'), 118.9 (C6"), 12(Ck"), 124.7
(C4"), 125.1 (C6'), 127.1 (C5™), 128.4 (C5178.5 (C4™), 129.2
(C3"), 130.7 (C5"), 131.0 (C3"), 132.0 (CA35.9 (C3"), 137.5
(C1"), 138.8 (C1™), 156.9 (C2'), 166.3 (C1). B8 m/z 157.78,
159.80 (M+N&). HRMS m/z: 458.0191; calc. for,§;6ClsN;0.:
458.0200 (M+N3J).

8.2.4.11 2-(3'-(3"-Chlorobenzylamino)-2'-oxopyridih (2"H)-
yl)-N-(3',4'-dichlorophenyl)acetamide 60  Chromatography
(DCM/EtzN, 9:1) and recrystallisation (DCM/Hexane). Pale blue
solid (100 mg, 18 %). M.p. 175-178 °C. FTIR (KBr)3249,
1649, 1523, 768, 690, 623 ¢m'H NMR (400 MHz, DMSO-
dg) &: 4.38 (d, 2HJ = 5.6 Hz, 3'-NHEi,), 4.72 (s, 2H, H2), 6.00-
6.10 (m, 2H, H4', H5"), 6.22 (t, 1H,= 7.4 Hz, 3-NH), 6.89 (dd,
1H, J = 0.8, 7.4 Hz, H6"), 7.20-7.35 (m, 4H, H6™, H5", 'H4'
H2™), 7.49 (dd, 1HJ = 1.6, 8.1 Hz, H6"), 7.55 (d, 1H,= 8.1
Hz, H5") 7.92 (d, 1HJ = 1.6 Hz, H2"), 10.60 (s, 1H, 1"-NHyC
NMR (100 MHz, DMSO€,) &: 45.3 (3'-NHCH), 52.0 (C2),
105.8 (C4"), 106.7 (C5"), 118.9 (C6"), 120.1 (G224.7 (C4"),
124.9 (C6"), 125.6 (C6™), 126.6 (C4™), 126.2(F 130.1 (C5"),
130.8 (C5"), 131.0 (C3"), 133.0 (C3"), 137.8C138.8 (C1"),
142.3 (C1™), 156.9 (C2', 166.3 (Cl). ESI-MS m/57478,
459.80 (M+N&). HRMS m/z: 458.0193; calc. for,@;6ClsN5O0,:
458.0200 (M+NJ).

8.2.4.12 2-(3'-(4"-Chlorobenzylamino)-2'-oxopyridih (2"H)-
y)-N-(3',4'-dichlorophenyl)acetamide 61  Chromatography
(DCM/Et;N, 99:1) and recrystallisation (DCM/Hexane). Pale
blue solid (100 mg, 18 %). M.p. > 300 °C (dec.)IFTKBTr) v:
3253, 1644, 1524, 760, 698, 623 tmH NMR (400 MHz,
DMSO-dg) &: 4.33 (d, 2H,J = 5.6 Hz, 3-NHGE,), 4.65 (s, 2H,
H2), 6.00-6.10 (m, 2H, H4', H5"), 6.22 (t, 1+ 7.0 Hz, 3'-NH),
6.85 (dd, 1H,J = 0.8, 7.4 Hz, H6"), 7.25-7.40 (m, 4H, H6™, H5™,
H2", H3"™), 7.45-7.60 (m, 2H, H6", H5"), 7.90 (¢4, = 1.6 Hz,
H2"), 10.69 (s, 1H, 1"-NH)®*C NMR (100 MHz, DMSO-
dg) 8: 45.2 (3-NHCH), 52.0 (C2), 105.8 (C4"), 106.7 (C5",
118.9 (C6"), 120.1 (C2"), 124.7 (C4"), 124.9'§CB27.9 (C2"),
128.2 (C6™), 128.8 (C5™), 129.2 (C3™), 13(Ck"), 131.0 (C3"),
131.1 (C4™), 137.6 (C3"), 138.5 (C1"), 138.9'(f;1156.9 (C2",
166.4 (C1). ESI-MS m/z 457.78, 459.78 (MF¥NaHRMS m/z:
458.0212; calc. for gH;¢CIsN;O,: 458.0200 (M+N3).

8.2.4.13 N-(3',4'-Dichlorobenzyl)-2-(3"-(3"'-phdpsopylamino)-
2"-oxopyridin-1" (2H)-yl)acetamidé2 Pale green solid (82 mg,
24 %).M.p. 148-149 °C. FTIR (KBry: 3247, 3390, 3074, 1640,
1528, 764, 690, 623 cm 'H NMR (400 MHz, DMSO-
dg) 8: 1.69-1.97 (m, 2H, H2™), 2.63 (t, 2H,= 8.4 Hz, H3"),
2.93-3.17 (m, 2H, H1"), 4.25 (d, 2d,= 6.0 Hz, 3"-NHGE1,),



4.60 (s, 2H, H2), 5.33 (t, 1H,= 6.0 Hz, 3"-NH), 6.12-6.20 (m,
2H, H4", H5"), 6.82 (d, 1H] = 8.4 Hz, H6"), 7.10-7.38 (m, 6H,
H6', GHs) 7.50-7.62 (m, 2H, H5', H2"), 8.70 (t, 1Bi= 6.0 Hz,
1-NH). ®C NMR (100 MHz, DMSOd) & 29.6 (C2"), 32.6
(C3"), 41.0 (C1™) 41.9 (1-NHGH 51.5 (C2), 105.6 (C4"),
105.9 (C5"), 124.4 (C6"), 125.7 (C4"), 126.1 JC827.4 p-
CeHs), 128.2 -CeHs), 129.1 6-CgHy), 129.2 (C2Y), 130.3 (C5Y),
130.8 (C3'), 138.1 (C3"), 140.5 (C1), 141i9C{Hs), 156.9
(C2"), 167.3 (C1). ESI-MS m/z 444.11, 446.12 (MXHHRMS
m/z: 466.1044; calc. for gH,3Cl,N;0,: 466.1059 (M+NJ).

8.2.4.14 N-(3',4'-Dichlorophenethyl)-2-(3"-(3-ph&omppy!
amino)-2"-oxopyridin-1"(2H)-yl)acetamid®&3 Chromatography

(ethyl acetate/hexanefit, 80:19.5:0.5). Pale blue/green gum
(30 mg, 5 %). FTIR (KBry: 3243, 3391, 3074, 1641, 1520, 762,

690, 623 crit. '"H NMR (300 MHz, DMSOd) &: 1.40 (s, 1H, 3"-
NH), 1.83-2.01 (m, 2H, 3"-NHC}€H,), 2.65-2.82 (m, 4H, 3"-
NHCH,CH,CH,, 3"-NHCH,), 3.10 (t, 2H,J = 5.4 Hz, 1-
NHCH,CH,), 3.62 (t, 2HJ = 5.4 Hz, 1-NH®1,), 4.60 (s, 2H, 2x
H2), 6.20-6.31 (m, 2H, H4", H5"), 6.74 (dd, 1Hs 1.9, 5.7 Hz,
H6'"), 7.12-7.28 (m, 6H, H3', &), 7.36-7.44 (m, 2H, H5', H6"),
1-NH not observed*C NMR (75 MHz, DMSOsd,) &: 31.6 (3'-
NHCH,CH,CH,), 34.2 (3"-NHCHCH,), 35.4 (1-NHCHCH,),
41.5 (1-NHCH), 43.3 (3"-NHCH), 53.3 (C2), 108.8 (C4"),
109.3 (C5"), 125.0 (C6'), 126.9 (C2"), 129p4C:Hs), 129.4 ¢-
CeHs), 129.5 (-CgHs), 129.9 (C5'), 131.1 (C4"), 131.5 (C3),
131.9 (C6"), 139.9 (C1), 141.3 (C3"), 143i6C{Hs), 159.8
(C2"), 169.6 (C1). ESI-MS m/z 480.08, 482.09 (MIN&RMS
m/z: 480.1198; calc. for GH,sCI,N;0,: 480.1216 (M+N3).

9. X-ray structure deter mination

A full cif deposition resides with the Cambridge Gajflographic
Data Centre, CCDC fod3, and 37; 1439368, and 1439367,
respectively. Crystal data, ORTEP plots are desdrilbe the
Supplementary data.

10. GPainhibition assay

RMGPa (Rabbit Muscle Glycogen Phosphorylase a from

Sigma) (0.475 Ig/mL) activity was measured as dbedri13,38]
in the direction of glycogen synthesis by the fatiora of
inorganic phosphate from glucose-1-phosphate [40jgua 384
well plate at 22C in 45puL of buffer containing 50 mM Hepes
(pH 7.2), 100 mM KCI, 2.5 mM EGTA, 2.5 mM Mg£l10.25
mM glucose-1-phosphate, and 1 mg/mL glycogen wi8® anin
incubation time. Phosphate was measured at 620 min &fter
the addition of 150uL of 1 M HCI containing 10 mg/mL
ammonium molybdate and 0.38 mg/mL malachite gre&t]. [
Test compounds were added to the assayih 6f 14% DMSO.
Compounds were tested against a caffeine standatd jpoint
concentration—-response curve in duplicate on twoarsep
occasions. Data was analyzed using GraphPad Pris@Bv.A.
nonlinear regression (curve fit) analysis with arsigdal dose—
response equation (variable slope) was applied tergée 16,
and Hill slope values. The reportedsd®@ad a Hill slope between
0.7 and 3.0 and a Z' value of ~0.8. Compounds wereesed
with maximal concentrations of 22pM (unless indicated
otherwise). The assay was carefully monitored fomsigf
compound insolubility. The results are presentechaan values
from 4 determinations. Samples used in screening we®8%
(*H NMR purity; compoundss-13, 19, 21-26 and 50-63) or
100% purity (microanalytical purity; compoundéd-18, 20, 27-
29 and49)

11. Computational Studies

11.1 Ligand Efficiency (LE). Ligand Efficiency [42] was
calculated for a temperature of 300K using the ofwihg
equation.

LE =Ag = (AG)/N

whereAG = - RTIn Kd and N is the number of non-hydrogen
atoms. The units used for LE were units kcal/mol pen-
hydrogen atom. Following the practice of substitutiof pKd
with pIC50, LE can be expressed as LE = (1.37/HA)G50
[42]. pIC50 values were calculated from the IC50ueal [53].
The LE values were comparable as the assay corslitvere the
same for all tested compounds.

11.2 Ligand-Efficiency-dependent Lipophilicity (LELP).
Ligand-Efficiency-dependent Lipophilicity [43] wasalculated
for compounds using the definition of LELP = théicgaof log P
and ligand efficiency (LE).
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Table 1. GP inhibition data and calculated physical dataedfor RHS derivative48, 19, 50, 54 and56 produced via Schemes
1 and 2 and compounds3 [32].

# Structure MW GPa inhibition LogP LogS #RB #ON #OHN TPSA
(% atuM) or (g/L) H
ICs0 (UM)™
B
x N A cl
1 N N
DL Hﬁ 416 6.3 3.52+0.49  0.004 7 5 2 63.1
Cl
\\i
N
2 gﬂ N ) 347 34.2 2.25:051 0096 7 5 2 63.1
o ~F
O |\ (0]
N Cl
3 N %H/\@[ 430 162 3.00£0.71  0.005 6 6 2 86.2
Pz (o] al
Cl N N N
18 ﬁH I H/\© 416 10.2 3.48+060 0012 7 5 63.1
Cl
o
o AL
19 N N~ 368 67%@222 2.82¢052 0059 7 5 2 63.1
N H o H
B
50 . N\)J\N 333 not active 2324054 0180 6 5 2 63.1
= o
al | rll\)k
54 N N o,
ﬁ“ I N 402 19%@440 3.56£0.59 0.007 6 5 2 63.1
Cl
B
56 Clﬁﬁ N\)ku 430 3138 3.80:0.60 0.009 8 5 2 63.1
(o]

Cl

& Calculated with ALOPS 2.1 and Molinspiration

® |Cs, = Inhibition concentration at 50% inhibition fossays reaching 90% inhibition.

¢ est IC5 reported with % GPa inhibition observed at maxinmadaentration; 45% at 2pR/.
 The caffeine standard 4gwas 283 + 1M for 1-3; 229 + 2uM for 18-19 and 490 + 14M for 54 and56.



Table 2. GP inhibition data and calculated physical dataedfor RHS derivativeg0, 21, 23, 24, 51-53, 62 and63

produced via Schemes 1 and 2
# Structure MW GPa LogP LogS #RB #ON #OHN TPSA

inhibition (% (g/L) H
atpuM) or
ICso (M)"*
or
applGso
(um)?

= o
|
20 D Q% Cl
Cf N HU 422 195 3224048 0012 7 5 2 63.1

Cl

= 0
21 N NQ‘QkN/ o 47 not active 2.52+0.57 0.070 7 6 2 76.0
| H H \@
= O ¥z

Z ¢l

= o
|
2 W HQ%MTXC' 559 3.4 3.63:0.79  0.020 9 8 2 102.2
) [¢]
Tos
24 QOZ JY J# 480 37%@222  324+062  0.013 7 7 2 97.3
51 @ /Q\)k /@ 402 41%@90 3.56+0.59 0.007 6 5 2 63.1
X0
52 Pt 430 80%@444  381+0.60  0.009 8 5 2 63.1
= (o]

Cl
AN [e) =
430 93% @44
53 | QQ&N «);j @ 3.80£0.60  0.009 8 5 2 63.1
H o H al
IS
N - al
2 (TN WL 44 3%@43 4113057 0005 9 5 3 63.1

Cl

Cl
= o
63 Q/WNQQLNM@U 458 68 4.55+0.62 0.004 10 5 2 63.1
Ho§ H

& Calculated with ALOPS 2.1 and Molinspiration

b ICs0 = Inhibition concentration at 50% inhibition fossays reaching 90% inhibition.

° The caffeine standard gvas 229 + UM for 20-24 and 490 + 141M for 51-53 and62-63.

4 app. I1G, = apparent I inhibition concentration at 50% inhibition for ags reaching < 90% inhibitio20 (73% at 22RM).
cmMm



Table 3. GP inhibition data and calculated physical dataegifor compounds4-17, 58-60 and61 produced via
Schemes 1 and 2

# Structure MW GPa inhibition LogP LogS #RB #ON #OHN TPSA
(% atuM) or (/L) H
ICso (LM)PCor
applGo (UM)°

cl i o
14 v a
@AH Hﬁ 451 18.5 3.94+058  0.002 7 5 2 63.1
o]
Cl

= o}
15 \
C'WMQ%H«@[CI 451 5.66 3.94+059  0.002 7 5 2 63.1
S e} a
= o}
16 . Q%N o 451 2. 4.08:0.64 0002 7 5 2 63.1
Cl Cl
17

e

|
C'D”HQJLN“@[‘” 485 1.92 4.49:0.64 00005 7 5 2 63.1
a” °

Cl

Cl
58 Qﬂ WQ/ 499 22%@44 497073 00004 8 5 2 63.1
= N N
cl = o

Cl

59 cl ™ o /@Cl ,
437 5 4.15+0.66 0.002 6 5 2 63.1
N N\)J\N cl
Ho g H
60 I\ o JiICI
C'\@/\N N\)kN g 437 33%@20 4.15+0.66 0.002 6 5 2 63.1
H o H

Cl
o L X -
ﬁ“ N\)J\N o 437 not active 4.17+0.65 0.003 6 5 2 63.1
H H
(0]

Cl

& Calculated with ALOPS 2.1 and Molinspiration

® |Cs, = Inhibition concentration at 50% inhibition fossays reaching 90% inhibition.

¢ The caffeine standard §g@vas 229 + 2uM for 14-17 and 490 + 14uM for 58-61.

 app. IG, = apparent I inhibition concentration at 50% inhibition for ags reaching < 90% inhibitio4 (77% at 22RM).



Table 4. Calculated Ligand Efficiency (LE) and
Ligand-Efficiency-dependent Lipophilicity (LELR)f
compoundsd, 2, 14-18, 20, 23, 56, 59 and63

Compound  1Go(uM)®  LE cLogP LELP
6.3 0.24 3.52 14.75
34.2 0.24 2.25 9.55
14 18.5 0.22 3.94 17.60
15 5.66 0.25 3.94 15.87
16 21 0.27 4.08 15.19
17 1.92 0.26 4.49 17.18
18 10.2 0.24 3.48 14.23
20 19.5 0.25 3.22 12.96
23 3.4 0.24 3.63 15.00
56 31.3 0.21 3.80 17.83
59 57 0.21 4.15 19.96
63 68 0.18 4.55 24.67

#Values as reported in Tables 1-3
PCalculated with ALOGPS 2.1
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2-Oxo-1,2-dihydropyridinyl-3-yl amide-based Glycogen Phosphorylase inhibitors: Design,
synthesis and structur e-activity reationship study

Wendy A. Loughlin, lan D. Jenkins, N, David Karis, Stephanie S. Schweiker, Peter C. Healy

Highlights

» Design and synthesis of 29 new pyridone amide inhibitors of Glycogen Phosphorylase

» Second generation library hit rate was 45%, with 13 compounds inhibiting GPa

* Two lead compounds 16 and 17 with improved GPa inhibition (1Csp = 2.1 and 1.92
uM)

* SAR anaysisrevealed sensitivity of GPato the length of the pyridone amide

» SAR anaysisreveded a preference for inclusion of a 3,4-dichlorobenzyl moiety



