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ABSTRACT

The current development in medical chemistry rexfuiextended research to explore new
chemical space leading to innovative active mokulhe concept girivileged structuresproposed
by Evans in which the biological activity of syntitzebenzodiazepines as cholecystokinin antagonists
Is discussed, is a valuable starting point. Theewrdnge of biological activities displayed by
benzodiazepine derivatives make these scaffolds ainthe most important scaffolds for drug
discovery. However, the modified ring systems (e&dly the N-analogues replacing the phenyl ring
by a pyridine ring) are only scarcely studied. Sdmeérocycle-fused diazepine derivatives, such as
the pyridodiazepines, were only rarely synthetizedt show potentially new pharmacological
activity.

This PhD research is part of an IWT-SBO projectdied by the agency for Innovation by
Science and Technology, Flanders (2010-2014). Tine @& this PhD study focused on the
development of synthetic methods in order to expltre chemical space for broad screening
programs against different targets (kinases, autninmty and invasive cancer, viruses, ...) as well as
for testing in phenotypic assays. The desired nempounds were selected from rarely described
libraries of scaffolds. One of this unexplored slase pyridoxazepines. The synthetic methods were
designed and elaborated. The synthesis of thodfolsisais very demanding, which proves the
unnoticeable presence in the scientific literatiMevertheless, the synthesis of these heterocyclic
structures was successful for pyrido[$]Bt,4]oxazepines and pyrido[2}3f1,4]oxazepines, the
desired pyrido[3,4][1,4]oxazepines scaffold could not be obtained.e Thynthesis of the
pyridoxazepine scaffold includes the formation ofeher bond between hydroxynitropyridines and
selected alcohols via Mitsunobu reaction or chldgropyridine and alcohols via nucleophilic aromatic
substitution. Reduction of the nitro group andamolecular cyclization leads to the desired bicycli
molecules. Also the synthesis of six-membered rfogsed to pyridine was developed. This synthesis
provides a method to obtain pyrido[2Jpyrimidines with two identical or two different gups
attached to nitrogen.

The selected compounds were evaluated as potgrailive agents against NPP1 (nucleotide
pyrophosphatase phosphodiesterase 1) and of GramivpoStaphylococcus aureusnd Bacillus
subtili and Gram-negativeeGcherichia coliandKlebsiella pneumonigebacterial strains. Although,
the selected molecules were not active or slightijive, the ADME properties for the library
of pyrido[2,3d]pyrimidines and their precursors were performeaadhaboration with the group of
Prof. Patrick Augustijns (KULeuven) in order to aiot information for fragment based drug design.
The biopharmaceutical profiling of a selection ofrido[2,3-d]pyrimidines and their precursors
reveals a broad range of structure-dependent dibjulpiermeability and hepatic metabolism values.

90% Of the investigated compounds showed acceptiabiglike properties.
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RESULTS AND DISCUSSION

1. Introduction and goals

Natural products play an important role in drugcdigery and chemical biolod. Every year,
the number of approved drugs based on natural ptedis growind”® The current development of
biology requires extended research, leading theclsdar new natural products-like small molecules.
In order to introduce a strategy for the constarctf natural product-like libraries, it can beuadble
to use the concept gbrivileged structures proposed by Evanst al. in which he discussed
the biological activities of synthetic benzodiazeys as cholecystokinin antagonists. This concept
describes the selection of structural classeshimat to multiple, unrelated protein receptors aghhi
affinity ligands®®¥ The tendencies of privileged structures to extbbiding affinity toward various
receptors and enzymes has made them attractivéolsisafor drug discovery. The utility of this
approach is evident by the numerous libraries whiehdesigned and constructed on such scaffdlds.
In this regard the benzazepine- or benzodiazeroetare is a widely explored scaffold.

The wide range of biological activities displayeyl llenzodiazepine derived compounds make
benzodiazepine scaffolds, particularly the 1,4-belfezepine system, one of the most important
structures for drug discovery. Benzodiazepines lgctfacilitating the binding of the inhibitory
neurotransmitter GABA at various GABA receptors otlghout the central nervous system.
Changes in GABA transmission contribute to theletjp of several prominent neurological and
mental disorders including epilepsy, anxiety, Amg@h’s syndrome and schizophrenia.
Therefore, modulation of their expression, celluldistribution, and function has profound
consequences for neural excitability under bothsfifiggical and pathophysiological conditidfis.
Benzodiazepines were developed in response toabeé for safe and effective anxiolytics. Classical
1,4-benzodiazepines such as diazepam display a vedety of behavioral effects, and they are
clinically used as anticonvulsants, sedatives/htipao anxiolytics” muscle relaxants and
preanesthetics. Benzodiazepines exert their adtiprinteracting with several GABA receptor
subtypes with different pharmacological charactes€™™ The majority of the pentametric GARA
receptors are believed to be composed,0B, andy subunits in the ratio of 2:2:1, respectively.
The benzodiazepine binding site is located at titerfiace betweer: and y subunits, and its
pharmacology is thus influenced by bathandy subunits. Most classical benzodiazepines bind to
afy2 receptors containingl, a2, a3, or a5 subunits with approximately the same affinity.
The insensitivity ofa4 and a6 subunit-containing receptors to benzodiazepisebased on the
presence of an arginine instead of a histidinedtesiat a conserved position in the benzodiazepine
binding site. Anxiolytic activity of benzodiazepsé mediated by the interaction witB-containing
afy2 receptors, especially in the amygdala and hipppca, whereas some anxiolytic activity
is probably mediated by:3-containing receptors. Muscle relaxant activity lwénzodiazepines
iIs mediated partially by each of tlagy2 receptor subtypes containing, o2, a3, or a5 subunits.

In addition, hippocampal extrasynaptib-containing receptors are involved in learning ar@mory
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processe8'% Several 1,4-benzodiazepine derivatives have adsnodstrated activity as antitumor
and anti-HIV agents. A lot of efforts have been m#&adl discover new synthetic routes to access this
type of skeleton. Although, the modified ring syste(specially the N-analogues replacing the phenyl
ring by a pyridine ring) is only scarcely studigbme of heterocycle-fused diazepine derivatives,
such as the pyridodiazepines, were synthetizedshod potentially new pharmacological activity.
Pyridodiazepine activity in the central nervoustsys control is comparable to that of the well-
known benzo-condensed analogliedhe pyridodiazepine derivatives are as intermediah the
preparation of anti HIV-1 substandg¥? antihistamines agenfd*? D1 receptor subtype of
dopamin&?, analogues of galantamitfé*® or they are known as A3 adenosine receptor anistgon
which is implicated in a variety of important physathological processé&g.

This PhD research focuses on the development oftheyo methods in order to explore
the chemical space for broad screening programssigdifferent targets (kinases, autoimmunity and
invasive cancer, viruses, ...) as well as for testmghenotypic assays, in particular on the synshes
of bicyclic heteroarmatic structures as centraffelth These compounds can be considered as lead
compounds. To design the desired hew moleculesyalefactors should be taken into consideration.
The Lipinski rule of five can give some directiotts predict whether a compound will be more
permeable for membranes or can be easily absonpédebbody. In view of this rule, the designed
compounds are relevant candidates. Since, thetlgie and aromaticity can cause low solubility and
in fact lower permeability, which can be an issag¢he ADME study, we focused on linking a non-
aromatic ring to an aromatic one which may overctimese problems. The described aromatic rings
can be decorated in several ways. The structuréiseoflesired new compounds were selected from
very rarely described scaffolds as checked by &isadér search. As mentioned above, pyridine
derivatives of benzodiazepines are not widely deedr in the scientific literature. From the
knowledge of the rarely described/synthesized bt pyridine derivatives, three pyridoxazepines

were selected (Figure 1).

N
X0 XN N =
P P P

Figure 1 A: pyrido[3,4b][1,4]oxazepines, B: pyrido[4,B}[1,4]oxazepines,
C: pyrido[2,3b][1,4]oxazepines.

These scaffolds have been described, mainly ipdicsystems, having a second aromatic ring fused
to the seven-membered ring. In the scientificditere (no patents included, except for the synshafsi
pyrido[2,3b][1,4]oxazepines), only ten articles mention thathgsis of pyridoxazepines (four of the
pyrido[3,4]oxazepines and six of the pyrido[2,3]pepines). That makes this unit an interesting targe

to further develop in synthetic organic chemistry.
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This work will be divided in four parts. In the dirpart, we will focus on possible pathways for
the  synthesis of  pyrido[3d}1,4]loxazepines A, pyrido[4,3b][1,4]oxazepines B,
pyrido[2,3b][1,4]oxazepinesC, and on the exploration of the saturated sevenimesd ring in
pyrido[2,3b][1,4]oxazepines. The general strategy for the tsssis of those compounds involves

a fusion of an oxazepine ring to the preformeddigg ring (Scheme 1).

NH, NO, N02
X
|| | e— >|(|  e— )|<| /\)J\
/\//Z) "2 /\/[Z) A
(0] R
4 OR3 3 OR® 1 2

Scheme 1Retrosynthesis of pyrido[3,d{1,4]Joxazepine®\ (X=CH, Y=N, Z=CH),
pyrido[4,3b][1,4]oxazepine8 (X=N, Y=CH, Z=CH ) and pyrido[2,®][1,4]oxazepine
(X=CH, Y=CH, Z=N); R=OH, CI; R= OH, Cl; R= Me, Et.

Because of the commercial availability of chloroopyridines and hydroxynitropyridines, these
compounds were chosen as starting materials forsyn¢hesis of pyrido[4,8}[1,4]oxazepines or
pyrido[2,3b][1,4]oxazepines. The most important part in thysteesis is the creation of the ether
bond at C2 in the pyridine ring. Three options weoasidered. The ether bond can be created by
aromatic nucleophilic substitution of chlorine imetchloropyridine (R=Cl, Rr=OH), by Mitsunobu
reaction starting form hydroxypyridine and an afmiofiR'=OH, R=0H) using TPP and DEAD/DIAD
and in the third option the hydroxyl group in C2 tbe pyridine ring can be alkylated *6OH,
R?=CI). In the next step the nitro group will be redd to the corresponding amine using the common
reducing agents (Pd/C,H-e; Zn). The ring closure will be performed bgation of an amide bond
using strong base to activate the amine group. iBeca-hydroxy-4-nitropyridine is not commercially
available, the synthesis of pyrido[3}f1,4]oxazepines starts from 3-hydroxypyridine or
3-bromopyridine as a precursor of 3-substitutedttbpyridine.

Next, the synthesis of eight- or nine-memberedsifused to the pyridine ring, by atom
transfer radical addition (ATRA), known as the Kidmoh reaction will be discussed (Scheme 2).
The nine- and ten-membered ring including an esteiety F, can be generated by a metathesis

reaction (Scheme 3).

11
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R O CCI3
N
D (INR (I
| _ — | e—
NN
1
R D 8 7

NO, NO, NH,
(X = (\/E = CE

Cl

Scheme ZRetrosynthetic scheme for the formation of nineeight-membered rings
by Kharasch reaction, R=Me, Bn!=Bn.

O/\/ | SN O/\/ | SN OH
| e— | e—
N BN ’@\/ N N cl
n=12 R 10 9

Scheme Retrosynthetic scheme for the formation nine- temdmembered ring
generated in the metathesis reaction, R=Bn, Ts.

In the study of the pyrido[2,8lpyrimidine, the synthesis of pyrido[2¢8pyrimidines with two
identical groups attached to nitroge@sand pyrido[2,H]pyrimidines with two different groups
attached to nitrogenld will be presented (Scheme 4). In the literatuigheksynthesis methods of
pyrido[2,3d]pyrimidine are described. Most of those utilizgpensive reagents, toxic chemicals,
apply harsh reaction conditions or have a low yigldlesired product. The investigated synthesis
pathway starts from 2-chloropyridine-3-carboxyliwda Through ester formation and reaction with

alkyl/aromatic amines, the pyrido[2¢¥pyrimidinesG andH could be synthesized.

o} 0
Rl
| X N | X7 "NHR!
N N/go N” \ o o o

\ NHR!
1
R® G 13 Xr” OoR X oR X" “OH
| e— | _ | e— | _
o) NHRl N~ ~Cl N~ ~cl
_R?
NT N’go NHRl
Rl

Scheme 4Retrosynthetic scheme for the formation of pyr&i8jd]pyrimidine, R=CHCHCH,; R'=alkyl,
aromatic; compound4 andH: R'=cyclohexyl,t-octyl, R=allyl, propyl,i-pentyl.

Finally, the results of the biological investigaito of pyrido[3,4b][1,4]oxazepines,
pyrido[4,3b][1,4]oxazepines, pyrido[2,B}{1,4]oxazepines and pyrido[2@pyrimidine
as potentially active agents against NPP1 (nudeagtyrophosphatase phosphodiesterase 1) and of

12
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Gram-positive $taphylococcus aureandBacillus subtili3 and Gram-negativeegcherichia coliand
Klebsiella pneumonigestrains and the ADME properties for the library of pyrido[@@yrimidines

and their precursors will be described in this thesis.
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2. Literature overview

In this chapter, a literature overview on the pshiid synthesis of pyrido[2,3]Joxazepines and
pyrido[3,4]oxazepines will be presented. Furthemnahe synthesis of the pyrido[ZfHsyrimidine-
2,4(1H,3H)-diones will be discussed.

2.1. Synthesis of pyrido[2,3]oxazepines

Pyrido[2,3]oxazepines have 20 possible isomeriacsires, up to now only six have been

synthesized (Figure 1).

N ' XN N e ° Xy Q X7~ Q
O o O o) OO O3
N~ o N NOJ (N:[N NNJ N

N

[2,3-b][1,4] [3,2-d][1,3] [3,2-][1,4] [3,2-][1,4] [2,3-e][1,4] [2,3-[1,4]

Figure 1

2.1.1. Pyrido[2,3-b][1,4]oxazepines

In the literature only two synthesis of pyrido[231,4]oxazepines are described. In 2004,
Sher and Ellsworflf’ published a patent, in which they described thentt®sis of
pyrido[2,3b][1,4]oxazepines. Starting from 2-chloro-3-nitrojame andN-(tert-butoxycarbonyl)-L-
serine in N,N-dimethylformamide (DMF) the gert-butoxycarbonylamino-3-(3-nitro-pyridin-2-
yloxy)propionic acid 1 was obtained in 75% vyield. After reduction of tmiro group the
corresponding amine was separated by preparativeCH&nd the producR was obtained as
a trifluoroacetic acid salt. For the ring closurkeethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC), 1-hydroxy-azabenzotriazole (HOAt) and diismyylethylamine (DIPEA) in THF were used
((iii), Scheme 1). The pyrido[2,81,4]oxazepines trifluoroacetic acid s@twas obtained in 31%
yield. In order to remove the Boc group from theireen3 was stirred in a solution of hydrogen

chloride in dioxane for 16 hours.

14
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gl GO, OO,

HN. CF3;COOH
Boc 8
Jiii

H O

N Boc
INH2<— “INH

Hel N O™ cF;co0H
3

Scheme 1Synthesis of pyrido[2,3-b][1,4]oxazepines desdatibg Sher and Ellsworth.
Reaction condition: (i) NaH, DMF, -20260°C (1h}--20°C (1h); (ii) Pd/C, Kl MeOH, rt (6h);
(iif) EDC, HOAt, DIPEA, THF, rt (17h); (iv) HCI idioxane, CHClI,, rt (16h).

In 2012, Liuet al. described the synthesis of pyrido[dJBt,4]oxazepines in the palladium-catalyzed

tandem reaction of 2-hydroxy-3-aminopyridine, 1bf@moethynyl)benzene andrt-butylisocyanide
(Scheme 2¥®

Br N‘t Bu

NH,
G =G0
N

OH

Scheme 2Synthesis of pyrido[2,8][1,4]oxazepines presented by letial*®
The reaction conditions: Pd(P{ICl,, TPP, CgCO;,, 1,4-dioxane, 80°C.

The mechanism of this reaction is depicted in Sehén Initially the nucleophilic addition of
2-hydroxy-3-aminopyridine to 1-(2-bromoethynyl)bene gave an intermediat® which after

oxidative addition with a Pd(0) species generatesmy palladium specied. Subsequent migratory
insertion oftert-butylisocyanide results in the formation of intetmateB, which in the presence of

base eliminates hydrogen bromide to generate tig-giembered intermediate. In the last step,
reductive elimination affords, regenerating the Pd(0) catalyst.
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Br
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Scheme 3Proposed mechanism by Léti al™®

2.1.2. Pyrido[3,2-d][1,3]oxazepines

The synthesis of pyrido[3;d][1,3]oxazepines was reported by Donati al, the desired
scaffold was obtained as one of the many end pteduof the reaction of
2-methyloxazolo[5,4]pyridine with vinyl ethyl ether (Scheme 4J. After the reaction, they
observed five different compound@s12 in the mixture, but after chromatographic separatihe
compoundsl3-17 were detected. The reaction proceeded via atthekyg ethyl ether at the position
7a in the oxazolopyridine, which causes the ringnipg of the oxazole and the formation it
The separation on the silica gel promoted the aegement ofl2 to the 2-hydroxyindolel?7
(Scheme 5).
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Scheme 4Complex mixture after photocycloaddition of virgthyl ether to compound
(detected compounds12). The silica gel promoted rearrangement to compeB-17.

Os-CHg o}
N\<CH3 §»<:H3
= NH

A X e} XN
| o) % | — 0 OH

N M2 N H N

OFEt
12 18 17

Scheme SProposed mechanism of formation of compoliddia ring opening and ring closing reactions.

2.1.3. Pyrido[2,3-b][1,5]0xazepines

Only two methods to synthesize pyrido[hJBl,5]oxazepines have been published, via an
intramolecular nucleophilic aromatic substitutiarea intramolecular cyclization and ring opening.

Natsugariet al. have synthesized pyrido[2t8[1,5]oxazepines, as tachykinin Nifeceptor
antagonists (Scheme 8J. Commercially available acetophenond® were condensed with
ethyl cyanoacetate, followed by reaction witR,N-dimethylformamide dimethyl acetal or
N,N-dimethylacetamide dimethyl acetal to the enamiziesThe reaction o1 with anhydrous HCI
caused the formation of the pyridine ri2g, next the ester group was removed by hydrolysis
affording the free acid 23 The acid chlorides of 23 were reacted with
N-3,5-[bis(trifluoromethyl)benzyllaminoethanok6, which was prepared by the nucleophilic

substitution of mesylated 3,5-bis(trifluoromethwjizyl alcohoR5 by 2-aminoethanol. Intramolecular
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cyclization of 27 led to the formation of pyrido[2;B][1,5]oxazepine28 existed in two stable
atropisomersZ8A and28B).

i i i iv Rl R?
1 1 1 1 aH H
R x_COOEt R . COOEt R . COOEt R . COOH
\ \ ‘ b Me H
20 CN R2 CN RN R27ON cH Me
21 22 23

Rl RL
aH

o
b Me 19 NMe, cl

\/@ * \/@ . H\/@
HO. MsO. N
CFs S CFs HO > CFs \
24 25 26
CF3 CF3 CF3
(@] (@] [e)
Viii
Rl N N _ Rl N N - Rl N N
» J CF3 » J CF3 » \\\ CFs
R2"°N” Yo R2" °N” Yo R2
28B 28A

<

N “cl OH
27

Scheme 6Synthesis of pyrido[2;B][1,5]oxazepines. Reaction conditions: (i) ethyhngacetate, N¥DAc,
AcOH, benzene), 10h; (ii) N,N-dimethylformamide dimethyl acetal biN-dimethylacetamide dimethyl
acetal, rt; (iii) 4N HCI/EtOAc, rt, 30min; (iv) 4NlaOH/EtOH:1/1A, 4h; (v) a) SOGI cat. DMF, THF A, 4h,
b) 26, rt, 2h; (vi) MsCI, E{N, THF, rt, 30min; (vii) 2-aminoethanol, THF, rth1(viii) NaH, THF,A, 2h.

Caleet al. have developed the synthesis of pyridofdl[3,5]oxazepines as a synthesis of new
H, histamine antagonists. They proposed three diffesgnthesis pathways (Schemé?})Route A
employs a cyclization to a seven-membered lactamebgtion of the chloropyridinecarboxylic acid
with 1-amino-4-(dimethylamino)-2-butanol. The riogening of3-benzyl-5-[2-(dimethylamino)ethyl]-
2-oxazolidinone29 via hydrolysis and deprotection resulted in theeframine31l. The amide
formation was achieved by coupling of a free angrmup31 with 2-chloropyridine-3-carboxylic acid
by DCC, followed by the intramolecular cyclizatime nucleophilic aromatic substitution of the
chlorine atom leading to the desired pyridofB],5]oxazepine36. The synthesis of an analogue
with a shorter chloroalkyl side chain is preserigdoute C. The ring opening of epichlorohydrdy
is carried out with dimethylamine. The bicycB6 was achieved through the amide formation and the
ring closure by nucleophilic aromatic substitutiorhe route B started by nucleophilic aromatic
substitution of the chlorine atom in 2-chloronioiti acid by 1-methyl-3-pyrrolidind83. The sodium
salt of the aciB4 was treated with hydrogen chloride gas to formiydrochloride salB5. The acid
chloride was synthesized by the Appel reaction. f@sellting rearrangement was effected by heat or
by the addition of an organic base. The pyrrolidmigogen was involved in an intramolecular
cyclization to the intermediat&, in which the pyrrolidine ring is opened by th&ak of the chloride

anion on the closest carbon connected to the ammoniitrogen in an eight-memberd ring.
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The obtained pyrido[2;B][1,5]oxazepines were converted to the thioamidgdréatment with the

phosphorus pentasulfide or Lawesson’s reagent.
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Scheme 7Synthesis of pyrido[2;B][1,5]oxazepines. Reaction conditions: (i) NaOHQBIH,O, reflux, 3h; (ii)
Pd(OH)/C, H, 40 psi, 65°C, 4h; (iii) 1-hydroxybenzotriazole, DOCH,Cl,, rt, 72h; (iv) KH, THF, reflux, 4h;
(v) NaH, DMSO, 60°C, 1h30min, N(vi) @) HCls b) TPP, CCJ, A, 4h, c) EtOH, rt, 1h; (vii) (CENH, rt, 2d;
(viii) (CH3)2NH, 5°C, 2h; (ix) a) (CH).NH, MeOH, 5°C, 2h, b) CkENH,, 5°C, 1h; (x) DCC, MeCN/kD, rt,
overnight; (xi) NaH, toluene, reflux, 20min.

The optically pure isomers of some of the most mowomMpounds have also been synthesized
(Scheme 8¥? The synthesis started by the ring closureRahalic acid 41 with methylamine.
After reduction with red-Al and treatment with attate salt, the enantiomerically pure or S-1-
methyl-3-pyrrolidinol43was obtained. The remainder of the synthesis, wikithe same as discussed
in route B, was accomplished while retaining the chirality tbé starting compound in the end

products. The synthesis presented in Scheme &dft-isomer was also applied for tBésomer.

OH OH X Me
OH _ /A/—/L ) \/—j R\(\/KLN
| Il 1
HoOC — — — |
~coon 07Ny o N ol
e Me VA
44

M
41 42 43 R=H. CI

z= N(CH3)2,—N1>

Scheme 8Synthesis of pyrido[2;B][1,5]oxazepines. Reaction conditions: (i) §dHH,, A, 30min; (i) red-Al,
THF, A, 1h; (iii) @) 2-chloronicotinic acid, NaH, THRA, 2h30, b) CHSO;H, TPP, CCJ, CH,Cl,, A, 4h, ¢) E4N,
P,Ss, CH;CN, A, 2h30.
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The use of 2-(hydroxymethyl)-1-methylpyrrolidine dad-methyl-3-piperidinol led to the tricyclic
compound48 (Scheme 9), bN-demethylation. The desired bicyclic compouftitiwas not obtained

or detected in the reaction mixture.

OM?+C|' (0] Me cl
= COOH ; % | COONaI\I/Ie | AN N | AN N
~ | ~ N 2 EE —
N cl N O“Q N o N o
HCI
45 J 46 47
(0]
XN N
»
N "o
48

Scheme Formation of tricyclic compound8. Reaction conditions: (i) a) 2-
(hydroxymethyl)-1-methylpyrrolidine, NaH, DMF, 60;Ch30, b) SOG| A, 2h, ¢) E4N, rt, 0.n.

The synthesis of the pyridoxazepinone describeBdy et al’®® starts from the amide bond
formation by 2,4-dichloro-3-pyridinecarbonyl chidei and aminet9. After removal of protecting
group of an alcohol, and cyclization, the mixtufecompoundss1 and52 was obtained. The free
amine group irb3 and54 was introduced by condensation with 4-methoxybkmaine followed by
deprotection. Compoundl was obtained in 55% yield, while compou® in 23% yield
(Scheme 10).
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Scheme 10Bynthesis of pyridoxazepinon®8 and54. The reactions conditions: (i) 48, THF, 0°C; (ii) a)
MeOH, HCl,,, 25°C b) CgCO;, MeCN, reflux; (iii) a) 4-methoxybenzylamine,;&f DMA, sealed tube, 140°C,
b) TFA, 50°C, c) LiOH, HO, p-dioxane.
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2.1.4. Pyrido[3,2-b][1,4]oxazepines

Bonsignoreet al. used 2-amino-3-hydroxypyridine and carbon suboxidesynthesize the
pyrido[3,2b][1,4]oxazepine55 which exist in the corresponding tautomeric forrBsHeme 11§
This is the only published method for pyrido[&1,4]oxazepines.

0P o P o "
O i X X A 2\
| — | — | J ) — [ _
N~ “NH, NN N™ N N™ N
H O H OH H O
55A 558 55C

Scheme 11Synthesis of pyrido[3;D][1,4]oxazepines5.
Reaction conditions: (i) §0,, EtLO, -5°C (24h}-»rt (48h) or GO,, rt (6 days).

2.1.5. Pyrido[2,3-€][1,4]oxazepines

Only two methods to synthesize pyridol&JRL,4Joxazepines have been published, either via
pyridyne formation or an intramolecular inverseceien-demand Diels Alder reaction.
Saitoet al. have synthesized the pyrido[ZB1,4]oxazepine$8 using 1-methyl-2-oxazolidinone

57 (Scheme 12), via a pyridyne intermediate.

R O
- TMS i — 0
] S g
N oTf JL N° °N R=H, OMe
in /
56 MeN O Me 58

Scheme 12Synthesis of pyrido[2;8][1,4]oxazepine$8. Reaction conditions: (i) CsF, rt, 1h.

The pyrido[2,3€][1,4]oxazepineb7 can be synthesized via an intramolecular invelestren-demand

Diels Alder reaction and subsequent nitrogen gesise (Scheme 15¥!
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Scheme 13ynthesis of pyrido[2;8][1,4]oxazepines7. Reaction conditions: (i) NaOAH,0, H,O, A, 45min
(crude); (i) NaHCQ, 0°C, 12h; (iii) methyl iodide; (iv) 2-(prop-2-yh-yloxy)ethanamine, benzeng, 4d;
(v) PhO, 230°C, 1d.

2.1.6. Pyrido[2,3-f][1,4]oxazepines

Pyrido[2,3f][1,4]oxazepines  could be  synthesized via a  dominaing
opening/carboxamidation reaction of acychetosyl aziridines with 2-iodo-3-pyridino68 under
phase transfer catalysis, as reported by Agtaal. (Scheme 14) and is the only published synthesis

for pyrido[2,3][1,4]oxazepine&”

R2
N OH | A OH L P .
U S R
N NT I N N,

Ts
68 69 ©

R'=Bn, R>=H
Rl= CH,CgH,OMe, R?=H

Scheme 145ynthesis of pyrido[2;§[1,4]oxazepines9. Reaction conditions: (i NaCOs, H,O, rt, 30h;
(i) N-tosyl aziridine, Pd(PRRCl,, TPP, KCO;, TEBA, CO, 30 bar, THF, 130°C, 48h.

The possible mechanism of this reaction is showidheme 15. The base-catalyzed ring opening of
the N-tosyl aziridines70 with 2-iodo-3-pyridinol68 under phase transfer catalysis (PTC) generated
the amine71. The oxidative addition of1 to thein situ generated Pdspecies led to the formation of
palladium compleXA. The insertion of carbon monoxide into the arylboa-palladium bond oA
affordedB, and the nucleophilic attack of the protected &wn an aroyl-palladium complékgive

an eight-membered intermedia®e This intermediate underwent the reductive elimorato afford

the pyrido[2,3f][1,4]oxazepines9 with regeneration of palladium(0).

22



RESULT AND DISCUSSION

R2
70
PdCl,(PPh3),+phosphine
O
= | &/Rl
N NHT
2 PdO N7 S
o N 71
=
| iRl
NS
N N,
Ts
69 ©O R2 R? Rl
0 1 )\<
R O
7 J\/ ) NHTSs
X NTs N M|
N Py N
C o Ln A
base
R2
base.HI R1 CcoO
o)\<
= | NHTs
Pd
SN Ln
o B

Scheme 1%roposed reaction mechanism for the synthesiseopyrido[2,3f][1,4]oxazepineb9.

2.2. Synthesis of pyrido[3,4]oxazepines

The bicyclic pyridines which contain oxygen in tiused ring are not well-explored as compared
to the bicyclic pyridines which contain nitrogenthre fused ring. From the possible 20 structures of

pyrido[3,4]oxazepines, only 4 have been reportegufie 2).

N o
o MY T Y
fﬁ) | O fj} | SN
N7 N N N
[43-€][1,4] [43[1,4] [34[L4 [34-€]l4]

Figure 2 The structures of pyrido[3,4]oxazepine descrilpethé literature.

2.2.1. Pyrido[4,3-€][1,4]oxazepines

In 1927, Koenigs and Kantowitz obtainetl-[2,6-dimethyl-pyridyl-4]-glucin-3-acid

(4-[(carboxymethyl)amino]-2,6-dimethylnicotic acidyclic anhydride) 73 in the reaction of
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aminoacetonitrile72 and chlorolutidinecarboxylic acid (Scheme %8).Nearly fifty years later,
Yurugi et al. used the ethyl ester of chlorolutidinecarboxgaid andN-substituted ethanolamiri&t
to obtain the cyclized pyrido[4,8{1,4]oxazepine’5 (Scheme 17§

HN o)
COOH NH
X 2 ;
GOSN S o,
= CN =
H3C N CHs HsC N CHs
72 73

Scheme 16-ormation of cyclic anhydridé3. Reaction conditions: (i) NaOH, EtOH @, 150°C.

R2
1
cl R R‘N/\<o
COOEt  HN
| = . 165°C | N X
— ~
HsC” "N~ “CHs HO™ “R2 HsC” "N~ “CHs

75a Rl= CH,CH,OH, R?= H

& 5 75b Rl= CHa, R%= H

Scheme 17Synthesis of pyrido-[4,8}[1,4]oxazepiners.

Nishiwaki et al. introduced a new method for the synthesis ofoyredo[4,3€][1,4]oxazepine
79 (Scheme 185" The method is based on the synthesis of the B from nitropyrimidinone
76 with enaminone ester7. The nitropyrimidinoner6 is known as an excellent substrate for ring
transformations and behaves as a synthetic equoivabdé activated diformylamine to give
azaheterocyclic compounds upon treatment with démpdilic reagents. An intramolecular
nucleophilic addition of the alcohol function @8 across the ester moiety on the pyridine ring in the

presence of sodium hydride provided the desireitipf#,3-€][1,4]oxazepiner9.

0 HO~w o i o
OZN\fj\l/CH3+ HO\/\),\:/ICJ)\ i fj/u\OEtL fj/<0
N OEt N N
76 77 78 79

Scheme 18ynthesis of bicyclic pyridin@9. Reaction conditions: (i) MeOH\, 1d (80%);
(i) NaH, THF, A, 1d (quant.).
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The potential mechanism for the synthesis of theidme 78R is illustrated in Scheme 19.
The enamine estéf7R attacks the 6-position of the nitropyrimidinor@and forms intermediat@Q.
The tautomeric enamin@0B leads to an intramolecular cyclization to the blyintermediate31,

from which the pyridiné8R can be obtained by the elimination of nitroacethB.

o) o
~
OZNL\fJ\N/CHa HOZN N/CH3 HOZN N/CH3
OFt |N/) EtOOC N/) = EwoocC ﬁ/)
76 |
O A
HN
~ . 80A HN 80B
R 77r

Ronb o H
EtOOC NO3H
() o= 7
P HN o
N R N
O Me
78R HOZ“%)J\NME 81
g2 M

R= Pr, iPr, Bu, Ph, p-MeOCgHg4

Scheme 1%otential mechanism of the formation pyridif&R.

The coupling reaction of the 1-methyl-2-oxazolidongith pyridynes proceed to the
pyrido[4,3€][1,4]oxazepine84 in the presence of CsF at room temperature. Thiymes with
substituents in the positions 2 or 2 and 6 gavgch pyridines in 51 and 52 % vyield, respectively
(Scheme 20!

TES Me-N" o
oTf
X X
B - | [ o
2 1 2 1
R R N R Ri=ome RE=H
83 in MeN"~ O 84 R1=R2=0OMe

57

Scheme 2Bynthesis of pyrido-[4,8}[1,4]-oxazepineB4. Reaction conditions: (i) CsF, rt, 1h.

2.2.2. Pyrido[4,3-f][1,4]oxazepines

The pyrido[4,3f][1,4]oxazepine scaffold can be obtain by an inwleaular cyclization and
ring opening (Scheme 21) or from pyridoxamine (Sohe22). The first pyrido[4;§[1,4]oxazepine
87 was synthesized by Cat al. (Scheme 21§ The same synthesis route has also been used to
obtain the pyrido[2,3][1,5]oxazepines36 (Scheme 7) and the pyrido[3f§1,4]oxazepines9s

(Scheme 23). The starting sa8l, required for the rearrangement 83 were prepared from the
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3-chloro-4-pyridinecarbonitrile. The synthesis loé tpyridine87 was conducted in three steps. In the
first step the cyanid85 was converted to the corresponding salt usingsgaten hydroxide, then the
same salt was suspended in chloroform and the pgdrahloride gas was introduced to form
a tertiary ammonium salt. In the last step a chhiihg reagent was added to afford compo86d

The best method to obtain the acid chloride invdlveiphenylphosphine (TPP) and carbon

tetrachloride.

H3<\3 HaC i ] _
N HCl HaC,, ©) HsC
tiz \ cl
o o)
c . work-up_ N0 0
T (]
N
HCI
- A - 87

Scheme 21Synthesis of pyrido[4;§[1,4]oxazepine 87. Reaction conditions: (i) NaHn&thyl-3-pyrrolidinol,
DMSO, 60°C, 1h30, N (ii) a) KOH,t-BuOH, rt, 88h, b) HCl-gas, CHgIc) TPP, CCJ, A, 7h.

In 1990, Uedaet al. reported the synthesis of the pyrido[M]3,4]oxazepine (Scheme 28}
The reaction of the pyridoxamin®8 with acryloyl chloride or crotonoyl chloride gave
4-(N-alkenoylaminomethyl)-3-hydroxy-2-methyl-5-(hydrorgthyl)pyridine89. The cyclization with
phenylselenenyl chloride in acetonitrile in the gamece of triflic acid and water, provides the

pyrido[4,3f][1,4]oxazepin-3-one90. Deselenization oP0 was unsuccessful and led to the ring

Lo

H

H O
SePh OH
i, HOT Y © ii, HO™ 7]
N\ NS
N” CHs N” “CHz
90

91

opening td1.

Scheme 225ynthesis of pyridin@1 through bicyclic pyridiné0.
Reaction conditions: (i) acryloyl chloride, 30% NdQt, 1h; (i) PhSeCl, TfOH:ED 1:5, MeCNA, 40min;
(i) NiCl yH,O, NaBH;, MeOH:THF 1:9, rt, 5min.

2.2.3. Pyrido[3,4-f][1,4] oxazepines

The method reported by Cakt al®®! to synthesize the pyrido[2}§[1,5]oxazepines36
(Scheme 7) and the pyrido[4fj§1,4]oxazepine87 (Scheme 21) can also be used for the synthesis of
pyrido[3,4f][1,4]oxazepine5 (Scheme 23).
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Me. .
- Me
Me Me
& i AN L
»
cl 0 0~ OEt o@,q M N-Me N-Me
~Me
_~_-COOH __COONa P o P / P
| —— e [ — [ o | —[[J°o A-[C] o
S S NS N NS NS
N N N N N N
92 93 A 94 95

Scheme 23ynthesis of pyrido[3:#][1,4]oxazepined5. Reaction conditions: (i) NaH, 1-methyl-3-pyrrafidl,
DMSO, 60°C, 1h30, M (ii) a) HCI-gas, b) TPP, CGIA, 4h, c) EtOH, rt, 1h; (iii) CEkNH, rt, 2d.

2.2.4. Pyrido[3,4-€|[1,4] oxazepines

The only one reported synthesis of the pyridog}[4:4]oxazepine is presented by Sagtoal.
(Scheme 24¥° They prepared the desired pyridooxazep¥efrom 5-methoxy-4-triethylsilyl-3-
trifluoromethanesulfonyloxypyridin@6 and 1-methyl-2-oxazolidor’. This is the same method that
was used for the synthesis of the pyrido[@[3;4]oxazepines (Scheme 12) and the

pyrido[4,3€][1,4]oxazepines (Scheme 20).

o)
TES o w
MeO._A_OTf _ MeO. AN,
| i | Me
96 in MeN O 97

/
57

Scheme 24Reaction conditions: (i) CsF, rt, 1h.

2.3. Synthesis of pyrido[2,3d]pyrimidine-2,4(1H,3H)-diones

Pyridines and pyrimidines have proven to be intergssubjects of research due to diverse
pharmacological activities. They possess wide geaasf pharmacological activities eantibacterial
(antibacterial agents of the nalidixic type), amtibr, antihypertensive, cardiotonic, bronchodilator
vasodilator, antialergic, antimalarial, analgestamtifungal and CNS depressant propefifés.
Compounds containing those two rings, pyrido[@®yriminides also exhibit a variety of promising
pharmacological activities, such as: dihydrofolageluctase inhibition, diarrhea treatment, cyclin
dependent kinase 4 inhibition and K562 cells apgptmhibition. Compounds having pyrido[2,3-
djpyrimidines as a central core unit have been ifiedtas a new class of fibroblast growth factor
receptor (FGFR3) tyrosine kinase inhibit6f5.Some pyrido[2,3d]pyrimidines were found as the

main metabolites of flupyrsulfon in séif!
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O
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Scheme 253Possible pathways to obtain the pyrido[d]Byrimidine scaffold, R=H, CHl

Various methods are known for the synthesis of dofl,3d]pyrimidine-2,4(H,3H )-diones
(Scheme 25): starting from 6-aminour&tilor 6-amino-1,3-dimethyluracil as the most convenie
starting material, via condensation witk-unsaturated carbonyl compouriifsthe reaction with
Mannich base8” the reaction with nitrile§® the condensation reaction of 6-amino-1,3-
dimethyuracil with a dicarbonyl compound and anehitle in acidic conditioR. A three
component condensation reaction between 6-amindifin8thyluracil, an aldehyde, and a nitrile
(route a).*?! Cyclization to the desired pyrido[2,3-d]pyrimidiman be performed using palladium
compound like PdGICuCI-O, compleX and PdGl, Pd(OAc)*? Pd* or non-palladium
compounds like TiGH. Some different synthetic methods with uracil daiives provide the
pyrido[2,3d]pyrimidine*® Reaction of pyrido[2,3f]pyrimidine-2,4,7(H,3H,8H)-trione with POCJ
leads to the desired pyrido[2¢pyrimidine (routeg),”*® and starting from isoxazolo[3dlpyrimidine

in the reaction with cyanoolefins in the presentériethylamine (EfN) as a catalyst (routd),*”

arylidene derivatives of barbituric acids (routg“® pyrano[2,3d]pyrimidine in reaction with

[49 [50]

ammonigrouteh),”® hydrolysis of pyridodipyrimidinérouteb),®™ pyrimidotriazine with dienophiles
(routee)®™ and pyridine-3-caboxylic acid derivativgeutef)®?1%,

Because of the performed investigations on thehsgms of the pyrido[2,8}pyrimidine
scaffold in this thesis, the synthesis methodsdasepyridine derivatives will be explored.

To synthesize pyrido[2,8}pyrimidine, 2-aminopyridine-3-carboxylic acid iset most popular
starting material (Scheme 26). 2-Aminopyridine-8boylic acid can react as a ester or free acid
with isocyanates to provide the desired scaffolsliteg A, Scheme 26 The mechanism of the
reaction between 2-aminopyridine-3-carboxylic aemd isocyanate is presented in Scheme 27.

The isocyanate is generatgdsitu from potassium cyanate and acetic acid. If sulistit isocyanate
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reacts with the ester of 2-aminopyridine-3-carbmxycid, the alcohol is formed as a side product
(route B, Scheme 27).

~
N~ "NH N” "NH N” °N” 70 R=H, Me; RI=H; R?= H, CH,CgH4-OMe, CgH4-COOMe
R 99 Rl 100 Rl 101 route A
R
X @ i’
| K pocs” weRz [ /’L
/
N” NH HgO NN R1=H; R?=CgH3-(OCHg, CHs, H)
Rl 102 R? 101 route B
O\*)%o P
Rl 103 route C

Scheme 26The 2-aminopyridine-3-carboxylic acid as startmgterial for the synthesis
of pyrido[2,3d]pyrimidine.

The reaction of the potassium salt of 2-aminoppees-carboxylic acid 102 with
N-aryldithiocarbamate under reflux in the presencenercury(ll) oxide (HgO) in DMF, lead to the
pyrido[2,3d]pyrimidine after acidic hydrolysis of the 2-thioxgroup®™ As well the reaction of
2-amino-nicotinamide 03 with a carbonyl donor species (oxalyl chlorifriethyl orthoacetatg®
1,1'-carbony|diimidazo[é7] are used to obtain the desired scaffold.

KPOCN® +AcOH

‘ACO®K®
H-K=C=0
o} o}
el
Xy “oH Xy ROH NH
| .l -Ho0_ || Y
=
N~ NH, N~ NH N"To
A 07 “NH,
o
X7 oR Ny
P +R2N<:o—>(j\)k -R-OH.. (fi&
N 2
NH
B2 R1=H, Me
B R2= H, CH,CgH,-OMe, CgH,-COOMe

Scheme 27Synthesis of the pyrido[2,8fpyrimidine through reaction of the free carboxydicid (A)
or the ester (B) with isocyanates.
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In 1989, Mongeet al. published the synthesis of pyrido[ZJByrimidine in three steps. The synthesis
starts with the formation of methyl [(2-chloro-3¢minyl)carbonyl]-carbamimidothioaté04 from
2-chloro-3-pyridinecarboxyl chloride and 2-methgtisiourea. The substituted isothiourea was used
to avoid the substitution by sulfur at C2 (ScherBg The cyclization was performed by heating of

104in DMF. The compound01was obtained by heating compouksin acidic mediunt®

0 O  SCHj o] o]
| X o/ | N NANH i N NH i N NH
_ 1 H i /)\ | /&
N~ ~cl N~ ~ClI N” "N~ “SCHj N H o)
104 105 101

Scheme 28-ormation of pyrido[2,2fpyrimidine 101 Reaction conditions: (i) 2-methylisothioureagNEt
pyridine, CHC}, 0°C—rt, 15h; (ii) a) DMF, reflux, 15min, b) HCI in CHCl3, EN; (iii) HCI, reflux, 1h.

The same method to obtain the pyrido[d]@Byrimidine scaffold was used by Palop’s group.

The 2-aminopyridine-3-carboxylic acid and urea westiered at 210°C leading to the pyrido[2,3-
d]pyrimidin-2,4-diol 106in 62% yield (Scheme 28’

(0] OH (e}

U O, (LT

N NH, N N OH N H (e}
106

Scheme 2Reaction conditions: (i) a) urea, 210°C, 15minNBjOH,, heated.

In 1968, Beckwith et al. described the synthesis of the pyrido[@]Byrimidine from
2,3-pyridinedicarboxamidel07 in the reaction with lead tetraacetate (Pb(QAdBcheme 30).
The reaction mechanism involves the formation efifocyanate from the amide at C2 in the pyridine

ring and the cyclization to pyridopyrimidiri®1 The possible isomeric product was not detefed.

(0] (6]
I N, N e

@)
107 101

Scheme 30Formation of the pyrido[2,8}pyrimidine 101
Reaction conditions: (i) DMF, Pb(OA¢)0-60°C, 20min.
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3. Results and discussion

3.1. Synthesis of pyrido[2,3][1,4]oxazepines
3.1.1. Synthesisof 3,3-dimethyl-2,3-dihydropyrido[2,3-b][1,4]oxazepin-4(5H)one

In 2008, Paulset al. published the synthesis of the 3,3-dimethyl-2}3¢dropyrido[3,2-
b][1,4]oxazepin-4(5)-one starting from 2-nitro-3-mgaypyridine. In the Mitsunobu reaction,
the 2-nitro-3-hydroxypyridine was coupled with mgtR,2-dimethyl-3-hydroxypropionate to obtain
methyl 2,2-dimethyl-3-(2-nitropyridin-3-yloxy)prophate 108 Then, the bicyclic 3,3-dimethyl-2,3-
dihydropyrido[3,2b][1,4]oxazepin-4(5)-onel10 was formed through reduction of the nitro group
by H, and Pd/C and subsequent reaction of methyl 2, 2ttiyh3-(2-aminopyridin-3-
yloxy)propionatel09 with sodium hydride (NaH) in DMSO (Scheme 81)).

~OH N o\><H/OCH3 ) (ﬁ:o\><f(ocH3 PO

| il S i 5 _ii, |

N~ NO, N~ "NO, N~ "NH, N N
108 109 H

O 110

Scheme 31IThe synthetic route presented by Paatlal’®”! Reaction condition: (i) methyl 2,2-dimethyl-3-
hydroxypropionate, TPP, DIAD, 1,4-dioxane, 0°C (Bjnb rt (4h)— reflux (overnight), 61%; (ii) H, Pd/C,
MeOH, rt (overnight), 100%; (iii) NaH, DMSO, rt (exnight), 94%.

To synthesize the pyrido[2{3{1,4]oxazepines, a similar synthetic route waslofekd.
For the synthesis of methyl 2,2-dimethyl-3-(3-nipyridin-2-yloxy)-propionatelll, 2-hydroxy-3-

nitropyridine and 2-chloro-3-nitropyridine was sghktl as starting materials.

H O
~ N0z NO, NH, N
| A P
N~ OH OCHs OCH3 N 0
113

\n

N~ Cl

Scheme 3ZThe synthesis of 3,3-dimethyl-2,3-dihydropyridofb]Bl,4]oxazepin-4(5)onel113 Reaction
conditions: (i) methyl 2,2-dimethyl-3-hydroxypropiate, TPP, DIAD, 1,4-dioxane, 0°C (5mir) rt (4h)—
reflux (o.n.), (i) methyl 2,2-dimethyl-3-hydroxyppionate, KOH, KCO;, TDA-1, toluene, rt (1h) or methyl

2,2-dimethyl-3-hydroxypropionate, LIHMDS, DMF/THR,(19h); (iii) Fe, NHCI, MeOH/H,0, reflux (5h); (iv)
NaH, DMSO, rt (18h).
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Using the Mitsunobu reaction conditions, compoadd was synthesized from 2-hydroxy-3-
nitropyridine and methyl 2,2-dimethyl-3-hydroxypiopate ((i), Scheme 32). Triphenylphosphine
(TPP) and diisopropyl azodicarboxylg@IAD) were the reagents of choil8. 2,2-Dimethyl-3-(3-
nitro-pyridin-2-yloxy)-propionatelll was obtained in 40% yield after column chromatpbya
Because of the low vyield ofll after coupling under the Mitsunobu conditions, aternative
approach was followed, in which the 2-chloro-3-opyridine and methyl 2,2-dimethyl-3-
hydroxypropionate were coupled using  tris(2-(2-roggfethoxy)ethyl)amine  (TDA-1%"
or LIHMDS® ((ii), Scheme 32). Nucleophilic aromatic substiintof the chlorine atom in the 2-
chloro-3-nitropyridine by methyl 2,2-dimethyl-3-hykypropionate in the presence of KOH,QO;
and TDA-1*® gave pyridinel11 in 70% yield after column chromatography. When MBS was
applied as base, pyridirid 1 was obtained in 50% yield after column chromatpbya The'H-NMR
and®C-NMR analyses of the products were compared ttudrcthe formation oN-product under
the Mitsunobu reaction conditions. The productsaimietd by both methods showed the same shifts
which proved the formation @-alkylated product via Mitsunobu reaction.

For the reduction of the nitro group, two methoderevadopted. The reduction using
tin(I)chloride (SnC}) in ethanol under reflux for 26 hours, gave commub@12 in 80% vyield®®
Because of difficulties with the isolation of theoguct, a procedure using iron powder and
ammonium chloride was applied ((iii), Scheme 82)After 5 hours of reflux, the pure compouhi?
was isolated in 90% yield. For the final ring cloesuNaH in DMSO at room temperature was U&&d,
and 3,3-dimethyl-2,3-dihydropyrido[2}3{1,4]oxazepin-4(B)one 113 was obtained in 90% yield as

a white solid.

3.1.2. Exploration of thering

After the successful synthesis of bicyclic scaffal3 the following seven substrates were

investigated (Figure 3).

i 0 0 0
HO/\H OEt HO OCH3 HOYKOEt c:|/\)koa

114 115 116 117
0] (0] O
OH
o HO OCH, HO OR
NHBoc ) .
HO a) R=H (S configuration)
118 119 120 b) R= CHj (R configuration)

Figure 3 The investigated substrates.
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Ethyl (hydroxymethyl)carbamat&14 was synthesized from the corresponding urethanddse-
catalyzed condensation with formaldeh§8én 40% yield. Methyl 3-hydroxy-2-methylenepentateoa
115 was synthesized by Baylis-Hillman reaction of pooaldehyde with methyl acrylate, catalyzed
by 1,4-diazabicyclo[2.2.2]octane (DABCO) in 43% Igif® Ethyl 2-(hydroxymethyl)acrylatd 16
and ethyl 3-chloropropanoatel7 are commercially available. Dihydro-3-(1-hydroxyg)-2(3H)-
furanonell8 was synthesized as a mixture of isomers fromotleetylbutyrolactone via reduction
with sodium borohydrid€” Methyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropiate 119 was
synthesized by the esterification of 3-hydroxy-gelfoxymethyl)-2-methylpropionic acid with MeOH
in the presence of a catalytic amount g8B,."” Boc-protected seriné20awas obtained by the
reaction of serine and dhbutyl dicarbonaté the methyl ester of Boc-protected serih20b
is commercially available.

The strategy for the synthesis of compoulB is shown in Scheme 33. Starting form
2-hydroxy- or 2-chloro-3-nitropyridine and ethylyftroxymethyl)carbamatd14 under Mitsunobu
reaction conditions or via nucleophilic aromatidstitution, productl21 could be obtained. After

reduction of the nitro group and the cyclizatioompoundl23 can be synthetized.

H O
| e— | e— | e—
~ N O/\HJ\OEt Nig O/\HJ\OEI N No—

N X

X=0OH, CI 121 122 123

Scheme 3FRetrosynthetic scheme for the formation of biayclbmpoundL23

At first the Mitsunobu reaction conditions were sép for the synthesis @21 DIAD and TPP were
used in 1,4-dioxane. After overnight reflux the ide product was isolated in 10% vyield. The low
yield is due to the difficult separation of the guat and triphenylphosphine oxide (TPPO). As an
alternative phosphorus compound, tributylphosphindBu;P) was selected. After reaction with
n-BusP and diethyl azodicarboxylate (DEAD) in T¥fEor DME ™ the product could be obtained in
40-47% yield. However, NMR analysis (HMBC analysiepfirmed that the isolated compound is the
N-substituted produdt24 and not theD-substituted produci21

~ N0 N0z
- ]

N° OH N" ~O

Scheme 34The synthesis dfl-alkylated pyridinonel24. Reaction conditions: (i) ethyl
(hydroxymethyl)carbamat&l4, DIAD, TPP, 1,4-dioxane, reflux or DEAD;BusP, THF or DME, 40°C or rt.

33



RESULT AND DISCUSSION

Due to the formation di-substituted pyridinoné24 (Scheme 34), the 2-chloro-3-nitropyridine was
used as the starting material to exclude the faomabf the N-substituted product. Two different
methods were investigated. After 1 hour stirring@m temperature of the mixture of 2-chloro-3-
nitropyridine and ethyl (hydroxymethyl)carbamatetlive presence of KOH, JXO; and a catalytic
amount of TDA-1® only starting materials were detected BiyNMR. Also for the reaction with
NaH in DMF at -20°C only starting materials wer¢edted after 1 hour. The reason of non formation
of the desired compountl1, could be a competition between of the formatidrthe anion of the
hydroxyl group and the nitrogen of the carbamate.

Because of the problems with formation of alkylated product, a different substrate was
selected to prepare structural derivatives, me3Hyydroxy-2-methylenepentanoaté5 A proposed

pathway to the bicyclic compound is shown in Sch&me

X NO, N NO, X NH, X N
| _ | e— | _ | e— | _ | e— | _
OH N (0] O N O O

N N O
12?)\”/M OCHj 12?)\”)\ OCHj 127

Scheme 33Retrosynthetic scheme for the formation of biayclbmpoundL27.

2-Hydroxy-3-nitropyridine and methyl 3-hydroxy-2-thglenepentanoatd15 were coupled under
Mitsunobu reaction conditions. Two solvents wered)'HF and 1,4-dioxarl®! and DIAD and TPP
were employed as the promoting agents to form #taite. After reaction, a product was isolated in
66% and 55% yield, respectively. The NMR analysigfitmed that the isolated compound is the
N-substituted 2(#)-pyridinonel28(Scheme 36).

N . NO;
-y i, |

N° OH O N O

Scheme 36The synthesis dfl-alkylated pyridinonel28 Reaction conditions: (i) methyl 3-hydroxy-2-
methylenepentanoate, DIAD, TPP, THF/1,4-dioxaresfttx.

Due to the isolation oN-alkylated products in the reaction mixture, theuilgrium of
2-hydroxy-3-nitropyridine with 3-nitro-2{)-pyridinonel29 (Scheme 37) is shifted to the right to the
3-nitro-2(1H)-pyridinone.
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o NO2 N0z
| P —_— |

N

H

129

Scheme 37The equilibrium between 2-hydroxy-3-nitropyridiaed 3-nitro-2(H)-pyridinone.

A good example to control the formation tl@alkylated product was reported by Hovinen.
He performed the reaction between 2,6-di(pyriding}yridine-4(1H)-one with an alcohol under
Mitsunobu conditions (DIAD and TPP). The steric dremce at the C2 and C6 of the
4(1H)-pyridinone causes the ether formation to be fabler instead of th&l-alkylation (Scheme

38)

o (CH2)4-C=CH

o)
HO—(CHy)4~C=CH z
| | TPP, DIAD |
NN THE reh) NS
N N~ N N~

Scheme 38)-alkylation of 2,6-di(pyridine-2-yl)pyridine-4()-one under Mitsunobu conditions.

It is not sure that the steric hindering group & i@ 3-nitro-2(H)-pyridinone will control the
formation of theO-alkylated product. The steric hindrance of theylaltng agent can also have
influence on the creation of tialkylated product. Comins and Jianhua used theuviibu reaction
as an alternative way for alkylation via silvertsBF In their investigations, THF or DME and
a-benzylated alcohols were used at room tempera@uadkylated products were obtained in high
yields as a single product, Mbalkylated products were detected. In their cajcshindrance and
the solvent had a big influence for the directidrthee alkylation. Ethyl (hydroxymethyl)carbamate
114is not sterically hindered and the 6 positionha pyridine ring is well accessiff#®? which can
decrease-alkylation. N-Alkylation was favored even with DME as a solvEfitOn the other hand
methyl 3-hydroxy-2-methylenepentanodtes is more sterically demanding due to the ethyl grou

a position to hydroxyl group and methylidenefishould lead t@-alkylation. The group of Charette
proposed the mechanism of formation fattack (Figure 4y’

o}
®
PhsP A B
3 o/;(“\owle

y
chooe

Figure 4

They performed several reactions under Mitsunobnditions with various acids and solvents.

In all reactions the major product was formed aftitgack of the nucleophile at theposition. Using
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stronger carboxylic acids the ratio o attack decreased. Increasing the steric bulk efgtioup in
a position of the alcohol (change the ethyl group-fivopyl or t-butyl) not only suppressed the
a-attack, but it also considerably slowed downjtiaétack process”

The proposed mechanism of formation of compodd8 via the Mitsunobu reaction is
presented in Scheme 39. DIAD and TPP create ttaéniect30 which can deprotonate 3-nitro-2(}-
pyridinone129 The positively charged phosphorous atom in adii86tis attacked by the lone pair
of the hydroxyl group of15 thereupon creatingl31 After rearrangement, diisopropyl
hydrazodicarboxylaté32 is removed and formeti33is attacked by the pyridinone anion to produce

128 after losing of triphenylphosphine oxide.

. NO> *

\ ﬁo OCHs
N
H

S 115
® 129 ®
N.__O + Phsp — N—=N F" N-N F
A o )9 o« )9
o) ﬂ 0 O NO, *< 0 0O
X
120 X
N Yo \
S
OMe
- - 0

HiCO™ Y g

Scheme 39The proposed mechanism for the synthesi&28fvia Mitsunobu reaction.

A second proposed mechanism involves an aza-Micresaition catalyzed by phosphine
(Scheme 40). The TPP attacks atgkmosition of the olefin, generating the reactivieimediatel 34.
The resulting aniornl34 deprotonates the 3-nitro-24)-pyridinone 129, and the addition to the
S-position of another olefin creating anid36. The formedl136 reacts with anothet35 providing
compound137. During this reaction TPP and methyl 3-hydroxy-8thylenepentanoat&l5 are
released. The methyl 2-(3-nitro-2-oxékdyridin-1-ylmethyl)-pent-2-enoatd 28 is the result of

the spontaneous elimination of® forming the double bond.
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o) o)
PPhs + 1o OCH; Ho™ " ocH,

®
115 PPh; 134
o ~NO2 0 o NO2
Ho & SocH, Y | ) HO ocHs * |
® NgNe) ® N~ 0
H o
PPhs 134 129 135 PPhs
o}
HO OCHjs
@
PPh; 135
~NO2 o - NO2 ( N0, o NO;
‘ + _— ‘ —_— ‘ —H20 ‘
N"To HO OCHj,4 o N” o o "N o o N0
o
115 H3CO 136 H3CO 137 H3CO ‘ 128
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o

PPhy + Hogﬁkows

115

Scheme 40rhe proposed mechanism for the synthesi28fvia aza-Michael reaction catalyzed by
triphenylphosphine.

Another ester with a double bond was chosen tdhéarexplore the non-aromatic ring in
pyrido[2,3b][1,4]oxazepines. Ethyl 2-(hydroxylmethyl)acrylatel6 reacted with 2-hydroxy-3-
nitropyridine under Mitsunobu reaction conditiofi$iree different solvents were selected: DNFE,
1,4-dioxan&? and THF. As a result onli-alkylated pyridinonel38 was isolated (Scheme 41).
TheO-alkylated product was not detected in the reaatdtiure.

N0z N0z
|
-y il

N° "OH N° "0

f 138

O~ OFEt

Scheme 41IThe synthesis dfl-alkylated pyridinon&. 38 Reactions conditions: ()16, TPP, DIAD, DME, rt
(22h), 44% o116, TPP, DIAD, dioxane, rt (4h)- reflux (17h), 85% 16, TPP, DIAD, THF, rt (73h), 93%.

Further, a different alkylating agent ethyl 3-cldpropanoate 117 was chosen.
The strategy is shown in Scheme 42. 2-Hydroxy-Bspitridine reacted witli17 in the presence of
Et;N in MeCN at room temperature for 48 holifs The N-alkylated productl42 was isolated as
yellow oil (Scheme 43). Th@-alkylated pyridinel39was not formed under that condition.
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H O
| e— | e— | e—
N~ “OH N O/\)J\OEt N O/\)J\OEt N o
139 140 141
Scheme 4ZRetrosynthetic scheme for the formation of biayclbmpoundl41

LI N0
-y i

N° OH N~ "0

Scheme 43TheN-alkylation of 2-hydroxy-3-nitropyridine. Reacti@onditions: (i) ethyl 3-chloro-propionate
117, E&N, MeCN, rt, 48h.

In the literature, the aspect of tautomerism of y@drbxypyridine 143 with
2-pyridinonel44 (Scheme 44) is knowf?!

N~ OH N~ "O
H H
143 144A 144B

Scheme 44T he tautomerism of 2-hydroxypyridine with 2-pyridine.

Since the positive charge prefers tetravalent giinoand negative charge prefers oxygen, the charge-
separated structur@44B, which is also associated with an aromatic sextetkes a significant
contribution to the overall structure of 2-pyridonolar solvents stabilize the polar tautomer.
Substituents also influence the position of theildgium. Electron-donating substituents favor the
pyridine 144 and electro-withdrawing substituents favor the rbygipyridine 143 An electron-
withdrawing group adjacent to a ring nitrogen atiemds to decrease its basicity, and so a tautomer
with a proton at that nitrogen atom is destabiljzmal the equilibrium displaced towards the isomer.
Substituents may also favor one tautomer by inttecutar hydrogen bonding. The tautomeric form
129 of 2-hydroxy-3-nitropyridine is presented on Scleesi.

The tautomerism of 2-hydroxy-3-nitropyridine ahHalkylation was a research subject of
many research groufd® O-alkylation can be favored using silver sélfts In 1967, Hopkins

et. al®?

published an article about the influence of catiand the alkylating agent @alkylation of
2-pyridones (Scheme 45). According to this study thaction with silver salts gave-alkylated
product as a major product or as the only proddating this investigation they found that silveltsa
alkylations were highly solvent sensitive and webserved in nonpolar solvents such as benzene,

hexane and pentane. The procedure was appliedrfira32(1H)-pyridinone129 The silver salt of
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3-nitro-2(1H)-pyridinone was obtained by mixing 3-nitro-2{tpyridinone129 with silver(l) nitrate
(AgNO5)® in 89% yield or 3-nitro-2(#)-pyridinone with silver(l) oxide (AgD). That prepared salt
of 3-nitro-2(1H)-pyridinone was stirred at room temperature withyle3-chloropropionate for 20-23
hours. After removal of the precipitate by filt@ii and washing with MeCN, the solvent was
removed, however th#d-NMR analysis only showed ethyl 3-chloropropionate

X XN X
| + rRx — S + MX
N} N" o N~ TOR
R

Ng
Scheme 45The reaction of silver salt of 2-pyridones witkyahalides!™

The N-substituted pyridinones are very promising inhitstfor cysteine proteas&swhich
mediate protein hydrolysis. The best characteri&smodiumcysteine proteases are falcipains,
which are papain enzymes. Falcipain-2 and falciggiare major hemoglobinaseshaffalciparum®!
Structural and functional analysis of falcipainowkd that they have unique domains including
a refolding domain and a hemoglobin binding dom&igure 5, Figure 6). Overall, the complex of
falcipain-2 and falcipain-3 with small and macroswllar inhibitors provides structural insight to
facilitate the design or modification of effectigeug treatment against malaria.

Hb binding

domain

Refolding domain

(a)

Figure 5 3D structure of falcipain-2-cystatin complex (fatin-2 protease is greefij!
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Lumenal

Trafficking domain

Inhibitory domain

Figure 6 Domains of falcipain-2. Prodomain is made up dbpiasmic transmembrane, luminal and inhibitor
domains. The mature domain has a refolding donm@moglobin (Hb) binding domain and catylytic triad
residues (Cys, His, Astff’

: NH’
P, recognition | (\I AN i .
i | otential for H-bondin
element :| :/p g

Py recognition m\ electrophilic group for
element E enzyme alkylation

Figure 7 Structure of peptidomimetic templdté.

The key structural aspect of these inhibitors maety containing the desired substituent at the P1
position and the ester function, to allow

subsetjueshemical transformation
(Figure 7)%7

The next four chains were selected as a potent@bd reagents for formation of ether bond
with 2-hydroxy-3-nitropyridine: dihydro-3-(1-hydrggthyl)-2(3H)-furanonell8 methyl 3-hydroxy-
2-(hydroxymethyl)-2-methylpropanoatd 9, 2-[(tert-butoxycarbonyl)amino]-3-hydroxypropiorécid
120aand methyl 2-[(tert-butoxycarbonyl)amino]-3-hydypxopionatel 20b (Scheme 46).

O
é—Q %OC”B g

NHBoc a) R=H

119 120 b) R= CHs3

i I

b) R= CHj

Scheme 48Jnsuccessful formation of compount#5-147.
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The dihydro-3-(1-hydroxyethyl)-268)-furanone118 was synthesized from-acetylbutyrolactorfe”

as a mixture of isomers. Then, the Mitsunobu reactionditions were applied. The dihydro-3-(1-
hydroxyethyl)-2(#)-furanonell18 was treated with DIAD and TPP or tributylphosph{neBusP) in
THF or 1,4-dioxane (Table 1). However, all attenfpited.

Table 1 The conditions for reaction of 2-hydroxy-3-nityoine with dihydro-3-(1-hydroxyethyl)-
2(3H)-furanonell8

Entry Reagents Conditions and solvents  Result
1662 2-hydroxy-3-nitropyridine (leq),  rt (4h)—reflux (21h), NR
DIAD (1.1eq), TPP (1.1eq) 1,4-dioxane

2-hydroxy-3-nitropyridine (1eq),
DIAD (1.1eq), TPP (1.1eq)

372 2-hydroxy-3-nitropyridine (1eq),

DIAD (1.1eq),n-BusP (1.1eq)

2 rt (98h), THF NR

40°C (20h), THF NR

Methyl  3-hydroxy-2-(hydroxymethyl)-2-methylpropanea 119 was  synthesized  from
3-hydroxy-2-(hydroxymethyl)-2-methylpropionic acifl. Table 2 present all reactions with methyl 3-
hydroxy-2-(hydroxymethyl)-2-methylpropanoate and chHeero-3-nitropyridine or
2-hydroxy-3-nitropyridine.

The reaction of 2-hydroxy-3-nitropyridine with mgth2-[(tert-butoxycarbonyl)amino]-3-
hydroxypropionate 120b  under Mitunobu reaction conditions (DIAD, TPP,
1,4-dioxane) or 2-chloro-3-nitropyridine with 24(t-butoxycarbonyl)amino]-3-hydroxypropionic
acid120ain dry DMP®¥ failed.
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Table 2 Reactions conditions for the potential synthe§is46

Entry Reagents Conditions and solvents Result

1188 2-chloro-3-nitropyridine (1eq),

LIHMDS (0.12eq) rt (21h), THF SM

62 2-hydroxy-3-nitropyridine (leq),  rt (4 hy—-reflux (21h),

DIAD (1.1eq), TPP (1.1eq) 1,4-dioxane, NR
rt (25h), THF, N
5621 2-hydroxy-3-nitropyridine (1eq), NR
DIAD (1.1eq), TPP (1.1eq) reflux (25h),
THF, N,
2-hydroxy-3-nitropyridine (1eq),
[89]
4 DEAD (1.4eq), DPPE (1eq) rt(21h), THF, N NR
2-hydroxy-3-nitropyridine (1eq),
[89]
5 DEAD (2eq), DPPE (1eq) rt (21h), toluene, b NR
2-hydroxy-3-nitropyridine (1eq),
[72] o
6 DEAD (3eq).n-BusP (3eq) 40°C (18h), THF, N NR
2-hydroxy-3-nitropyridine (1eq),
[72] o
4 DIAD (3eq),n-BusP (3eq) 40°C (23h), THF, N NR
2-hydroxy-3-nitropyridine (1eq),
[90]
8 ADDP (1.5eq), TPP-PS (1.5eq) rt(16h), THF, N NR
geul 2-hydroxy-3-nitropyridine (1eq), [t (17h), CHCly, N, NR

DEAD (1.2eq), TPP-PS (1.5eq)

2-hydroxy-3-nitropyridine (1eq),
10°Y  DEAD (1.2eq), TPP-PS (1.5eq), rt (19h), THF, N NR
Et:N (1.4 eq)

2-hydroxy-3-nitropyridine (1eq),

ADDP (1.1eq)n-BusP (1.1eq)

40°C (23h), THF, N NR
2-hydroxy-3-nitropyridine
129 (0.9eq), rt (18h), THF, N NR
DCAD (1.1eq)h-BusP (1.1eq)
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3.2. Synthesis of pyrido[4,3][1,4]oxazepines

3.2.1. Synthesisof 3,3-dimethyl-2,3-dihydropyrido[4,3-b][1,4]oxazepin-4(5H)one

The strategy to obtain pyrido[4l8fl,4]Joxazepine 150 is presented in Scheme 47.
To synthesize pyrido[4,B}{1,4]oxazepine 150 the same synthetic route was used as for the
pyrido[2,3b][1,4]oxazepines. 4-Hydroxy-3-nitropyridine and Hkaro-3-nitropyridine were selected

as starting materials.

O O

OCHjs OCHjs
OH (0] (0) (0] (6]
AN N02 AN N02 2 NHZ AN NH
| i _ii || —iv, ||
~ ~ ~ ~
N N

148 149 150

Pz
2

—_—

Cl

N0,

~

N

Scheme 47The synthesis of 3,3-dimethyl-2,3-dihydropyrid@4b][1,4]oxazepin-4(5)onel150 Reaction
conditions: (i) methyl 2,2-dimethyl-3-hydroxypropiate, TPP, DIAD,
1,4-dioxane, 0°C (5minprt (4h)—reflux (o.n.); (i) methyl 2,2-dimethyl-3-hydroxypropionate, KOK,CGO;,
TDA-1, toluene, rt (20h); (iii) Fe, NkCI, MeOH/H,O, reflux (5h); (iv) NaH, DMSO, rt (22h).

For the synthesis of methyl 2,2-dimethyl-3-(3-niprgridin-4-yloxy)-propionatel48 two methods
were selected. 4-Hydroxy-3-nitropyridine was codplewith  methyl 2,2-dimethyl-3-
hydroxypropionate under Mitsunobu reaction cond#idDIAD, TPP) in 1,4-dioxane. After stirring at
room temperature for 4 hours and then overnighefix, the productl48 was isolated by column
chromatography in 44% yield as a yellow oil ((0), cheme a47).
The pyridine 148 was also obtained through nucleophilic substitutiof chlorine atom in
4-chloro-3-nitropyridine under TDA-1 ((ii), Schemd7)!®® The resulting yield of methyl
2,2-dimethyl-3-(3-nitro-pyridin-4-yloxy)-propionaté48 was lower (21%) compared to the first
conditions (44%). In the next step the nitro gravgs reduced to the amine. Several methods were
applied (Table 3). The method with tin(Il)chlori¢®nC}) in ethanol under reflux for 16 hours, gave
compoundl49in 80% yield®®. Because of difficulties with the isolation of theoduct, the reaction
with iron powder and ammonium chloride was appfidafter 5 hours of reflux compount49was
isolated in 95% yield. This method was the mosiciffit one. The intermolecular cyclization of
compound149 was performed using sodium hydride (NaH) in DMSOraom temperature ((iv)

Scheme 47), the bicyclic pyridiig0was obtained in 90% vyield as a white s&f.
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Table 3 Methods for the reduction of nitro group of corapd 148

Entry Substrates, solvents Conditions Product 149
1% Fe (4eq), NKCI (1.5eq), MeOH/HO (5:1) reflux (5h) 95%
21 snC) (5eq), EtOH reflux (16h) 80%
3% Fe (5eq), AcOH (0.03eq),.B (0.02eq), EtOH reflux (16h) 68%
41 pd/C (10 mol%), NaBl(2eq), HO/THF rt (10-30min) 40%
5! Zn (10eq), NHCI (10eq), MeOH/THF (1:1) rt (overnight) SM
6°7  NaS,0, (4.1eq), KCO; (5eq), MeOH/HO (6:1) rt (22h) SM
7081 sulfur (3eq), NaHC@(3eq), DMF 130°C (5.5h) SM

In comparison, Mitsunobu reaction of 4-hydroxy-&apyridine with methyl 2,2-dimethyl-3-
hydroxypropionate gave a comparable yield to tit@iobd methyl 2,2-dimethyl-3-(3-nitro-pyridin-2-
yloxy)-propionoatel11 under the same conditions. Although, the aronsthstitution of the chlorine
atom in 4-chloro-3-nitropyridine gave a lower yietd the desired product than for 2-chloro-3-
nitropyridine under the same conditions. The ymflthe amine after reduction of the nitro group was
slighty higher for pyridinel49. The cyclization proceeded without difficultiestivexcellent yield for
both pyridoxazepines. The presence of the two mettoyips are more sterically demanding than two
hydrogens im position in the chain. The repelling effect of twwthyl groups reduces the internal
angle and brings the two reactive units (aniontecedy deprotonation of amine group by NaH and

methyl ester), closer together, which facilitates ¢yclization (the Thorp-Ingold effect).
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3.3. Synthesis of pyrido[3,49][1,4]oxazepines

In the first attempt to synthesize pyrido[®}§1,4]oxazepines, 4-aminopyridine was chosen

as starting material.

o O O (0]
NH, NH, \)J\NJ\/ HNJ\/ HNJ\/\OH
x : Br x Br i Br B i Br - Br iv Br: N Br
o ) = L) = 1) == 1.
N N N N N
151 152 153 T 154
\'

Scheme 48ynthesis of thél-(3,5-dibromo-pyridin-4-yl)-3-hydroxy-propionamide.
The reaction conditions: (i) NBS, CCtt, 48h, 70%; (ii) acryloyl chloride, BY, CH,Cl,, 0°C (2h)— rt (19h),
50%; (iii) 1M NaOH,q, rt, 2h, 90%; (iv) MeOH, DBU, rt (9 days); (B)propiolactone, BEAICI, CH,CI,,
0°C—rt (2h), 72%.

First, 4-aminopyridine was brominated with NBS twiain 4-amino-3,5-dibromopyridinks1
in 70% yield® In the next reaction 4-amino-3,5-dibromopyridinasatransformed in the diamide
152 with acryloyl chloride in the presence ofEf*® To remove one of acryoyl groups, compound
152 was stirred at room temperature in a 1M aqueolugign of sodium hydroxide. To introduce the
hydroxyl group onto double bond, the hydroalkoxglatwas selected. Therefore, compola® was
stirred in MeOH in the presence of 1,8-diazabicik0Jundec-7-ene (DBU) for 9 days" After
this time, only starting material was isolated. @weoid this step, the reaction of 4-amino-3,5-
dibromopyridine withp-propiolactone was performed in the presence dhgi@uminum chloride
(ELAICI), after 2 hours of stirring at room tempera&ux-(3,5-dibromo-pyridin-4-yl)-3-hydroxy-
propionamidel 54 was obtained ((v), Scheme 485! However, different attempts for the ring closure
of 154, employing varying reaction conditions, did noadeto the desired bicyclic compound

(Table 4). In all reaction mixtures only 4-amin&-8libromopyridine was detected.

Table 4 Ring closure procedures Nf(3,5-dibromo-pyridin-4-yl)-3-hydroxy-propionamidéa.

Entry Substrates Conditions and solvent  Result

11103] 154 (1eq), Pd(OAg)(0.02eq),
Ligand* (0.03eq), CG£Os (1.5€q)

50°C (24h), toluene, N **

211041 154 (1eq), NaH (1.2eq) 80°C (2h), DMF ok
31104l 154 (1eq), KQ-Bu (1.2eq) reflux (2h), DMF **
4 154 (1eq),n-BulLi (1.2eq) rt (2h), THF, Bl *
5 154 (1eq), NaH (1.2eq) rt (18h), THF,N id

Ligand* rac-2-(di-tert-butylphosphino)-1,tbinaphthyl;**4-amino-3,5-dibromopyridine
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After all failed trials for the ring closure ofl54 to the bicyclic compound,
all investigations were focused on the synthesié-afmino-3-hydroxypyridine. Only four methods are
known in literature for the synthesis of 4-amintn&iroxypyridine. In 1958, Boyland and Sims
reported the oxidation of 4-aminopyridine to 4-aopyridine-3-pyridyl hydrogen sulfate.
After cleavage of the sulfate group, the target poamd was obtained in 5% overall yiéf#! The
second synthesis is based on the synthesis of Bemgiyridine’® The third method involves
ortho-amination of 3-pyridyIN,N-diethylcarbamate witlp-toluenesulfonyl azide (Tsi\followed by
cleavage of the carbamdt® In 1983, Turner reported regioselective metalation
of 4-(pivaloylamino)pyridine at C3 positidtt®¥) Chu-Moyer and Berger used this relation for the
synthesis of 4-amino-3-hydroxypyridifi€’ The 4-(pivaloylamino)pyridine was treated with an
excess of butyllithiumr¢-BuLi) in THF at 0°C for 4 hours. After this timarhethyl borate (B(OMe)
was used as electrophile, and was followed by dixela workup. The 3-hydroxy-4-
(pivaloylamino)pyridine was obtained in 81%. To lée¢ the described procedure, 4-
(pivaloylamino)pyridine 155 was synthesized from 4-aminopyridine and pivalosthloride

[110

in the presence of §4.**”) Chu-Moyer- Berger's procedure was repeated byt stalrting material

was isolated.
o) o)

NH» t—BuJ\NH t—BuJ\NH
X i X i - OH
== U= [
N N N
155 156

Scheme 4Bynthesis of 3-hydroxy-4-(pivaloylamino)pyridinecarding to Chu-Moyer- Berger's procedure.
Reaction conditions: (i) pivaloyl chloride, 48, CH,Cl,, °C— rt, 3h, 70%; (ii) a) n-BuLi, THF, -78°C— 0°C
(4h), b) B(OMe}, -78°C— 0°C (2h), c) AcOH, HO,, rt, 3h.

In order, to introduce a hydroxyl group in the 3sjpion, the 4-amino-3-iodopyridiné57 was

synthesized"

NH, NH, NH,
N - \\OH
==L J ==
N N N

157 158

Scheme 50Bynthesis of 4-amino-3-hydroxypyridine. Reactionditions: (i) KI, b, N&CQO;, H,O, reflux, 2h,
26%; (i) CSOH (50 % aq), Cul, dibenzoylmethangafid), DMSO/HO (1:1), 116C, 2482} KOH, Cul, 8-
hydroxyquinoline, DMSO/KLD (1:1), 116C, 48H'*3!.

To obtain 4-amino-3-hydroxypyridin€58 the conditions to direct the hydroxylation of laigdides
catalyzed by Cullligand system with KOH or CsOH waaspplied (Scheme 50).

This Ullmann-type coupling of aryl iodide with phas is widely used for formation of ethers, amines
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or thioether$t™ The coupling reaction of 4-amino-3-iodopyridinegtwikKOH or CuOH did not lead to
the desired 4-amino-3-hydroxypyridiné58 Continuing studies on the direct hydroxylation
of halopyridine, the Buchwald coupling conditionser& used for reaction of 4-amino-3,5-
dibromopyridinel51 with KOH in the presence of tris(dibenzylideneacefdipalladium(0) (Pdba)
and 2-ditert-butylphosphino-24',6'-triisopropylbiphenyl {Bu XPhos) as a ligar’ After 20 hours
of stirring at 100°C only starting material waslaed.

To introduce the hydroxyl group into the pyridimeag another method was applied,
Cu-catalyzed benzyloxylation. The pyridid®1 was heated at 110°C with benzyl alcohol in the
presence of Cul and 1,10-phenantroline as ligafidafter 24 hours of stirring only 4-amino-3,5-
dibromopyridine was detected in the reaction mextur

The reaction to introduce the hydroxyl group ine tipyridine 153 was performed.
To this purpose, pyridineg53was reacted with KOH/CsOH catalyzed by Cul inghesence of ligand

(Scheme 51). After 24 hours of stirring at 4 Ponly starting material was isolated.

O (0]
NS NS
Br X Br i Br X OH
S o
N N
153 159

Scheme 51IThe hydroxylation ofl53 catalyzed by Cul in the presence of ligand. Reaatonditions: (i) CsOH
(50 % aq), Cul, dibenzoylmethane (ligand), DMS@BH1:1), 116C, 24H#*?/ KOH, Cul, 1,10-phenantroline,
DMSO/H,0 (1:1), 116C, 24K7.

As another possibility to synthesize the 4-aminoy8roxypyridine, 3-hydroxypyridine was chosen as
a starting material. In 1992, Shutskat al. published the synthesis of 4-amino-3-pyridinol
N,N-diethylcarbamaté61 starting formiN,N-diethylcarbamate of 3-hydroxypyridine (Scheme &2).

NH,
o] NEt (e} NEt
A 2 AN 2
| D bl
— (@) bz (0]
N N
160 161

Scheme 52ynthesis of 4-amino-3-pyridindl,N-diethylcarbamaté&61
Reaction conditions: TMEDA, THF, &BulLi, -78°C, 1h, b) TsN rt, c) TBAHS, NaBH, H,O.

TheN,N-diethylcarbamate of 3-hydroxypyridid&0was allowed to react withBuLi in the presence
of tetramethylethylenediamine (TMEDA) to achiemeho-lithation. Then the lithiated pyridine was
treated with tosyl azide and the product was diectduced with NaBH in the presence of
tetran-butylammonium  hydrogen  sulfate  (TBAHS) to  obtain -amino-3-pyridinol
N,N-diethylcarbamatd 61" In order to follow the described procedure, Mbl-diethylcarbamate
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of 3-hydroxypyridinel60 was synthesized by reaction of 3-hydroxypyridinghvdiethylcarbamoyl
chloride in pyridiné™*® The procedure was repeated but after work-up ctbde mixture did not
contain the desired product. Because of the unsfuidcamination ofL60 with tosyl azide, a bromine
atom was introduced on C4 of the pyridine ring @®ad leaving group for nucleophilic substitution
(Scheme 53). TheN,N-diethylcarbamate of 3-hydroxypyriding#60 reacted withs-BuLi in the
presence of TMEDA, then to the reaction mixture-dilfomoethane was added. After 2 hours of
stirring at -78°C, the desired bromo-derivatit®2 was isolated in 20% yield after column

chromatograph¥}*® The yield increased to 70% when the reaction waslacted without TMEDA.

R.
Br NH
O-__NEt, O._NEt, O _NEt,
SN N , SN
| hig i fj/ il i, bl
— (o) ———— — O %’ — o)
N N N
160 162 163

Scheme 53ynthetic pathway to compouié3. Reaction conditions: (§-BulLi, 1,2-dibromoethane,
THF, -78°C, 2h, 70%; (ii) see Table 5; R= allylppyl, benzyl.

To introduce the amine group at C4 in the pyridih62 several conditions were tested
(Table 5).

Table 5 Reaction conditions of the amination of 4-brom®-dyridyl N,N-diethylcarbamat&62

Entry Substrates Conditions and solvent  Result
1 propylamine reflux (95h), propylamine *x
2107 propylamine (1.2eq), CuCl (0.2eq) 120°C (69h), NMP  **
rt (18h), MeCN SM
3 allylamine (1eq), KCOs (1.1eq)
80°C (48h), MeCN SM

benzylamine (1.3eq), Rdba (2 mol%),

BINAP (6 mol%), CsCO; (1.5q) 100°C (20h), toluene, N SM

411201
benzylamine (1.3eq), Rdba (2 mol%), o
Xantphos (6 mol%), GEO; (1.5eq) 100°C (20N), toluene, N SM
benzylamine (1.3eq), Pd(OAQR mol%), .
- BINAP (6 molo), CsCOs (1.5eq) 100°C (15h), toluene, N SM
5 120
benzylamine (1.3eq), Pd(OAQR mol%), R
Xantphos (6 mol%), GEO; (1.5eq) 100°C (15h), toluene, N SM
G121 benzylamine (1.5eq), Rdba (0.02eq), 85°C (17h), toluene, N SM

n-BusP (0.02eq), K@Bu (1.5eq)

**conversion less than 10%
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Stirring 4-bromo-30-pyridyl N,N-diethylcarbamatel62 and propylamine at reflux, even after long
reaction time did not lead to the desired prodif although theH-NMR analysis showed small
signals for the product. The Pd-catalyzed coupdih§j62 with benzylamine using different sources of
palladium or different ligands, did not give positiresults (Table 5, entry 4, 5 and 6). In the tieac
mixtures, only starting materials were detectdd-N\MR or LC-MS analysis). The amination of
A-bromo-3-hydroxypyridine 164'?  obtained in the reaction of 4-bromdSBpyridyl
N,N-diethylcarbamatel62 with sodium hydroxide, with propyl and benzylaminader different
conditions is presented in Table 6.

Br R‘NH
N O\"/NEIZ _ . OH . \-OH
| P o . | P X~ | P
N N
162 164 165

Scheme 545ynthesis of 4-amino-3-hydroxypyridid®5 Reaction conditions: (i) 2M NaQkl MeOH, reflux,
40h, 9094 (i) see Table 6.

Table 6 Conditions for amination of 4-bromo-3-hydroxymline 164

Entry Substrates Conditions and solvent  Result
1 rt (112h), propylamine SM
propylamine (1.2eq)
2 reflux (164h), propylamine SM

benzylamine (1.3eq), Rdba (2 mol%),

BINAP (6 mol%), CsCO; (1.5eq) 100°C (19h), toluene, N  SM

3120]
benzylamine (1.3eq), Rdba (2 mol%), R
Xantphos (6 mol%), GEO; (1.5eq) 100°C (14h), toluene, N SM
benzylamine (1.3eq), Pd(OAQR mol%), .
BINAP (6 mol%), CsCOs (1.5eq) 100°C (14h), toluene,N  SM
4[120]
benzylamine (1.3eq), Pd(OAQR mol%), R
Xantphos (6 mol%), GEO; (1.5eq) 100°C (14n), toluene, N SM
benzylamine (1.5eq), Rdba (0.02eq),
{121] °
! n-BugP (0.02eq), KEBu (1.5eq) 85°C (21h), toluene, N SM
g2l benzylamine (3eq), Cul (10 mol%) 85 °C (25h), Me®hl SM

All the attempts to obtain the desired 4-alkylaminar arylamino- 3-hydroxypyridine from
4-bromo-3-hydroxypyridine using Pd-coupling with pappriate amines failed. In the reaction
mixtures only starting materials were detectétN[MR or LC-MS analysis).

To continue the investigations, 2-chloro-3-hydropygine was chosen as starting material.
In the literature, nitration of 2-chloro-3-hydroxyjine was reported in 2006 and 2007 by Jones
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et al™ Nevertheless, the nitration of 3-hydroxypyridineasvdescribed in 1932 by Wulff.
The nitration gave 3-hydroxy-2-nitropyridine in 508¢ld **° In 1968, Selms repeated that procedure
and obtained 74% vyield of 3-hydroxy-2-nitropyridiaad 1% of 3-hydroxy-6-nitropyridine. He also
proved that substituents (group like methyl or dhie atom) in the C2 gave 4- and 6-nitro derivative
(4:1 ratio)™® To obtain 2-chloro-3-hydroxy-4-nitropyridine, th&ocedure of Jonest al. was
repeated. The separation of the isomers by colunmontatography failed, and the reaction with
ELAICI was performed using the mixture of 4- and Bapyridine (Scheme 552 After work-up,

only a mixture ofL66 and167 was isolated.

NO, NO;
o -OH . OH ~OH i § O\H/YOH XN OWOH
| ~ —l’l ~ + | — K | ~ 0 + | ~ 0
N Cl N Cl O3N N Cl N Cl O3N N Cl
166 167 168 169

Scheme 55Attempt to obtain pyridine$68 and169. Reaction conditions: (i) $$Qy, HNG;,
0°C (1h)— rt (1h); (ii) Et,AICI, p-butyrolactone, ChCl,, 0°C — rt (20 min)— 0°C — rt (2h).

As a succeeding starting material, 3-bromopyridivees selected. Pyridine is an electron
deficient molecule, and the reaction with electitgshis difficult. To activate the pyridine, an efon
rich substituent should be added and the nitrogeould be protected from acting with the
electrophild®®” Because of nucleophilicity of nitrogen, pyridirencbe oxidized by D, and AcOH.
3-BromopyridineN-oxide on the other hand can react freely with tebghilic species formed in the
reaction between 130, and HNQ to obtain the 3-bromo-4-nitropyridineN-oxide 171
(Scheme 56Y2¢

NO,
N Br x Br i N Br
| Yz - | = s | —
N '}@ 170 ’I\@ 171
e o3

Scheme 565ynthesis of 3-bromo-3-nitropyrididoxide 171 Reaction conditions: (i) #D,, AcOH, reflux (8h)
— rt (0.1n.), quant.; (ii) H;SOy, HNG;, 90 °C, 5h, 46%.

In literature, it is known that thBl-oxide group reduces the electron density atc¢thand
y-positions in the ring, which influences on the iiiob of halogen substituent&’ 11291132
The N-oxide group also activates the nitro group whieln be easily replaced by various reagents,
e. g. (a) in the reaction of 4-nitropyridiheoxide with NaOH at 100°C leading to 4-hydroxypymiel
N-oxide, (b) in the reaction with HBr at 120°C tdydmopyridineN-oxide, (c) in the reaction with
Alkyl/Aromatic-ONa to 4-Alkyl/Aromatic-O-pyridineN-oxide!**”! To obtain the desired pyridine
with an amino group at C4 and oxygen at C3, fouplabls were selected (Table 7). The methyl
2,2-dimethyl-3-hydroxypropionateAj as an alcohol used to the synthesize 3,3-dime&tjdyl

dihydropyrido[2,3b][1,4]oxazepin-4(5l)one and 3,3-dimethyl-2,3-dihydropyrido[4,3-
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b][1,4]oxazepin-4(bl)one. Benzyl alcohol @) and methanol B), and 3-chloro-1-propanolDj
possessing also the chlorine atom for further miodtibn.

NO, NO,
B \\_OR
| R—OH_ ||
E %
N® 71 N® 172
% o8 o
R: %OCH3(A), CHs (B), Bn (C), > >CI (D)

H3C CHs

Scheme 57The synthesis of compoudd2 Reaction conditions: see Table 7.

The nucleophilic substitution of bromine at C3 wgascessful for 3-chloro-1-propan@)(and benzyl

alcohol C). In the reaction with sodium methoxide (NaOMe}lfle 7, entry 5) only 3-bromo-4-
methoxypyridineN-oxide 173 was isolated (Scheme 58). This reaction was peddr based on
synthesis of 2-chloro-3-methoxy-4-nitropyriding-oxide in the reaction of 2-chloro-3-fluoro-4-
nitropyridine N-oxide with 1equivalent of NaOMe. The authors, Dehmlow and Scbbkerved that
the reaction with 2 equivalent of NaOMe leads hibro-3,4-dimethoxypyridin&l-oxide ***!

NO, OMe
N Br x Br
| NaOMe_ ||
~ ~
NG MeOH N
e %
171 173

Scheme 58ubstitution of the nitro group in 3-bromo-4-njtseidine N-oxide by a methoxy group.

The vyield of 3-(3-chloro-propoxy)-4-nitro-pyridindl N-oxide 172D after column chromatography

was very low (Table 7, entry 9). All attempts torigase the yield did not give a positive effect.
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Table 7: The nucleophilic substitution at C3 by methyl-8jthethyl-3-hydroxypropionated),
methanol B), benzyl alcohol€) or 3-chloro-propan-1-oLy).

Entry Substrates and solvent Conditions Result
A (1.1eq), KCO; (3eq), DMF rt (23h) SM
1
A (1.1eq), KCO; (3eq), DMF 80 °C (5h) SM
[131] rt (15min)— 50°C
2 A (1.25eq), NaH (1.25eq), THF/DMF (4hy> 40°C (14h) SM
332 A (1.2eq), NaOH (leq), #/acetone reflux (16h) SM
4130 A (1.4eq), KABuU (1eq), THF rt (27h) SM
51122 NaOMe (1eq)B rt (21h) 90 %
rt (15min)— 50°C
C (1.25eq), NaH (1.25eq), THF/DMF o SM
i (1.25eq), NaH (1.25eq) (4h)— 40°C (14h)
C (1.1eq), NaH (1.2eq), THF 0°C (5min)-rt (22h) 25%
743 C (1.2eq), NaOH (leq), /Me,CO reflux (16h) SM
C (1.5eq), KCOG; (1eq), KOH (4eq),
[133]
8 TDA-1 (cat.), toluene rt(3h) SM
9 D (1.2eq), NaH (1.4eq), THF 0°C (15min)-rt (16h) 17%

To reduce the nitro group and tiNeoxide, the reaction of 3-(3-chloro-propoxy)-4-nHpyridine
N-oxide 172D was performed with hydrogen in the presence oCHd/EtOH. After 18 hours of
stirring at room temperature, two compouridst and 175 were detected (3:2 ratio in the crude
reaction mixture) (Scheme 59). Unfortunately, tiselation failed. The compounds are highly

insoluble in organic solvents.

NO, NH, NH,
X0 N O N O
| i Sl
N o N

Q
% 1720 © 174 175

Scheme 59The hydrogenation of 3-(3-chloro-propoxy)-4-nipgridine N-oxide in the presence of Pd/C.
Reaction conditions: (i) 51 Pd/C, EtOH, rt (1atm), 18h.

The dominance di-oxide 174 in the mixture suggests that the nitro goup isiced first followed by
removal of theN-oxide. To direct the reaction only to the reductiof the nitro group, the

deoxygenation ofl72D was performed. In the literature, several methtodsemove arN-oxide are
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described. Those methods use a lot of differengeaets, e.g. Pd compléX® phosphorous
compound$**3% systems of Lewis acid§” and rhenium complex€¥% 172D Reacted with
TPP (leq) in the presence of trichlorooxobis(triphehosphine)rhenium(V) (Re(V) compleki”

After 20 hours of stirring at room temperature 98P476 was isolated (Scheme 60).

NO, NO, NO, NH,
B N O N O~ Cl
| < i P _ii P il

,I\l 171 ! 172D 176 N 175

® ®

Scheme 6(Bynthesis of 3-(3-chloro-propoxy)-4-amino-pyridibés as a precursor
to pyrido[3,4b][1,4]oxazepines. Reaction conditions: (i) see €ahlentry 9; (ii) Re(V) complex (cat.), TPP,
benzene, rt, 20h, 98% (iii) H,, Pd/C, EtOH, rt (1atm), 46h.

For the reduction of the nitro group of pyridilg6 two methods were selected. Fir¥6 was
reacted with Fe and NBI® and after 25 hours of stirring at reflux, LC-MSadysis detected
3-(3-chloro-propoxy)-pyridin-4-ylamin&75 and starting material. The isolation also faileess than
10% of the mixture was isolated. In the second ,cagdrogenation with palladium on carbon was
used.176 Was stirred at room temperature for 46 hours. iSbkted mixture contained the desired
product175 and starting material. The separation of the ddsdompoundl75 from the starting
material turned out unsuccesfull. The 3-(3-chlooguixy)-pyridin-4-ylaminel75 is insoluble in
organic solvents, although the mixturel@6 and175can be separated from Pd/C.

To synthetize methyl 2,2-dimethyl-3-(4-nitro-pymd8-yloxy)-propionate 178,
the dioxygenation reaction on 3-bromo-4-nitropyraiN-oxide 171 with the Re(V) complex was
performed!®*! The 3-bromo-4-nitropyridind77 was obtained in 94% yield. The pyridiig7 and
methyl 2,2-dimethyl-3-hydroxypropionate were stiri@ room temperature with,&0O; and KOH in
the presence of TDA#4®*Y The desired product78 was not detected in the reaction mixture,
the isolated compound is the product of substitutibthe nitro group, methyl 3-(3-bromo-pyridin-4-
yloxy)-2,2-dimethyl-propionat&79in 54% yield (Scheme 61).

B B \ O\><H/OCH3
| > _I’l Pz +’| ~ 0
NG N N
Op 171 177 178
Oy—0CH;
1l o]
- Br

179

Scheme 6IFormation of methyl 3-(3-bromo-pyridin-4-yloxy)22dimethyl-propionatd 79.
Reaction conditions: (i) Re(V) complex (cat.), TBBnzene, rt, overnight, 9484%:
(i) methyl 2,2-dimethyl-3-hydroxypropionate ,€0;, KOH, TDA-1, toluene, rt, 3h, 5495
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3.4. Synthesis of nine-membered ring pyrido annelat derivatives

3.4.1. TheKharasch reaction

The efficient synthesis of cyclic systems continteebe an important area of modern organic
chemistry. Increasingly, common methodologies Far tormation of cyclic systems are free radical
cyclization protocols. The majority of such reanoare typically mediated by organdfi
or organosilane reagents. In the first report @matransfer radical addition (ATRA), halogenated
derivatives were directly added to olefinic bondsthe presence of radical initiators or light.
Today this reaction is known as the Kharasch amditEarly work in this area involved ATRA of
CCl, or CBn to simple olefins in the presence of a radicatiator such as 2,2"-azobis(2-
isobutyronitrile) (AIBN). Very high yields of mondauct were obtained in the addition of GBo
a-olefins, but this significantly decreased for mogactive monomers. The main reason for this lower
yield of the monoadduct was radical-radical coupland repeated radical addition to the growing

chain, affording oligomers (Scheme 62).

Initiation
A CN
AIBN —=— )\ + N,
CN « CN
K+ Bre-Br Br)< + CBrge
Propagation

R
k
° p .
CBrge + /\R M, Br3C\/\R —— BI’3CL</§/\R
/\R n

Br
. k
Br3C\/\R + BI’SC_BI' Mt Br3C\)\R + CBI’3°
monoadduct

Termination (radical-radical coupling)

k
CBrae + CBrge ——> BrzC—CBrs
CN CN CN
).\ + ).\ K 4H7
CN
R

Brgc\/KR + Brgc\/'\R ke Br3c\)\/\CBr3

R

Scheme 62The Kharasch addition of CBio alkene in the presence of free-radical initi&tBN.

54



RESULT AND DISCUSSION

Starting from 1960, several groups began to ingatdithe use of transition metal complexes
to catalyze ATRA. The major idea behind this applho that transition-metal complexes are more
effective halogen transfer agents than alkyl halideave an increased chemoselectivity for the
monoadduct and an increased speed of chain trafiglerA number of species were found to be
particulary active in the ATRA process&8*4including complexes of Cu, Fe, B35 and Ni,
as well as metal oxides and zero valent metals @sa@d F& Based on chemo-, regio- and
stereoselectivity observations, it is generally epted that the mechanism of ATRA involves
free-radical intermediates. The proposed mechammsiwase of a copper complex is presented in
Scheme 63.

Katra=Ka,1/Kg,1 cu'L, X

A\ By

X
3 Kd2

Cu"Lp X5
§ R
R~ . L
RTR=TR R\_/R'/\/R Re R')VR
Kadd
R,/\ kp%R/\

polymers

Scheme 63roposed mechanism of copper catalyzed ATRA; mmexing ligand, X-halide.

The homolytic cleavage of an alkyl halide bond bgoaper(l) complex generates the corresponding
copper(ll) complex and an organic radick].f. The radical may terminaté) or add to an alkene
(kagg In an inter- or intramolecular fashion or it cabstract a halogen atom from the copper(ll)
complex and return to the original dormant alkylide speciesk ). If the abstraction of a halogen
atom occurs after the first addition to an alkethe, desired monoadduct will be formdd 4. This
step regenerates the corresponding copper(l) congid, therefore, completes the catalytic cycle.
The key to increase the chemoselectivity of the madduct in copper-mediated ATRA lies in the
radical generating step. Transition metal catalyf€MC) ATRA reactions can be conducted
intramolecularly when the alkyl halide and alkemnmdtionalities are part of the same molecule.
Intramolecular TMC ATRA or atom transfer radicattigation (ATRC) is a very attractive synthetic
tool because it enables the synthesis of functioedlring systems that can be used as starting
materials for the preparation of complex organiclenoles. Furthermore, the halide functionality
in the resulting product can be very beneficial duse they can be easily reduced, eliminated,

displaced, converted to a Grigniard reagent, degfired, serve as a further radical precut&8t*4
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The first successful example of a copper mediat@@R@ reaction included the synthesis
of trichlorinatedy-lactones from readily accessible alkeny! trichtwetate$§****”) The reaction was
highly selective, but required elevated temperat(t¢0-130°C) and large amounts of copper catalyst
(20-30 mol% relative to the substrate). The cytiima of a-N-allylcarbamoyl! radicals is a difficult
process requiring high temperatures, primarily tlu¢he high barrier to rotation around the amide
bond. As indicated in Figure 8, only tleti conformer can cyclize and thHé-protecting groups
typically regulatesyn-antiequilibrium™*® Cyclization ofy-lactam precursors in the presence of only
CUCl required elevated reaction temperatures (80-Q}G*"

Cl. ¢ Cl. ¢
ai f mi
— R
(6] I}l (0] N
R v
anti syn
Cl Cl
aj‘\ J/ uj‘\
I — .R
(6] I}l O N
R =
cyclization no cyclization

Figure 8 Syranti equilibrium in the cyclization od-N-allylcarbamoyl radicals.

The role of the complexing ligands is not onlyriorease the solubility of the copper complex
in the reaction medium, but also to regulate thelidgium constant for atom transfa {rri=Ka, /Ky, 1)-
The copper(l) chloride in conjunction with 2,2"-pifline was also found to efficiently catalyze
ATRC of severab--chloroglycine derivatives with a 3-alkenyl subsgint at nitrogeft*®

Copper(l) complexes with nitrogen-based ligandsehbeen shown to be quite effective
in catalyzing sequentially both ATRA and ATRC. hetcase of ATRC followed by ATRA, substrates
are typically chosen such that intermolecular aoiditreactions are slower than intramolecular
ones™*I7 The fine tuning of the transition metal complexpiarhaps the most important aspect of
the catalytic system because it regulates the dynequilibrium between dormant (alkyl halides) and
propagating species (radicals). For copper catdlya@RA this is typically acheved utilizing
bidentate, tridentate, tetradentate and multidentatogen-based complexing ligands (Figure 9).
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bidentate tridentate
R1 1
— — X \ 2 R
R
e YL P
N N NT Y, N N =y B NLR2
bpy NPrPMI R- PMDETA M R3
propyl [ R?2
NOctPMI R=n-octyl N TpX
R3
tetradentate multidentate

i? /—\/ = N/—\N/\
R Jﬁj[ 2 %53

TPMA HMTETA

MegTREN

Figure 9 Nitrogen-based ligands.

In literature, there are no precedents up to novhie Kharasch reaction with pyridine species
as substrate. Pyridine derivatives have been usdigand to coordinate the involved méetai*s”
In this part, we wanted to investigate the inflied the pyridine ring on the formation of nine- or
eight-membered rings attached to the pyridine rifay. this purpose, compourd®4 was synthesized
(Scheme 64).

NO, NO, N NH, X NHR X NR
E:[ (\/E | i~ NS | i~ ANF | P ANF R=a:Me
N N N N N N N b:Bn
Bn Bn Bn :
180 181 182 J 183
\%
R o
N Cl
X Cl X
| P | P
or
BnN al BnN
184

Scheme 645ynthesis of pyrido annelated nine- and eight-nexetbring attached to the pyridine. Reaction
conditions: (i)N,N-allylbenzylamine, NaH, THF, 026t (22h), 82%; (ii) Fe, NH4Cl, MeOH/H,O, reflux, 5h,
80%; (iii) Me: n-BuLi, Mel, THF, -78°C (15min}-rt (2h), 69%; Bn: a) benzaldehyde, EtOH, reflux,
b) NaBHCN, AcOH, MeOH, rt, 17h, 70%; (iv) Me: trichloroagechloride, CHCl,, 0°C—rt (20h), 80%;
Bn: trichloroacetyl chloride, C}l,, 0°C—rt (18h), 90%; (v) see Table 8 for Bn derivative and Table 9 for Me
derivative.

2-(N-Allyl- N-benzylamino)-3-nitropyridind 80 was synthesized by a nucleophilic substitutiothef
chlorine atom byN,N-allylbenzylamin€®Y in 2-chloro-3-nitropyridine. Reduction of the witgroup

was accomplished with iron powder in the preseridétyCl, and after 5 hours of reflux, the desired
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amine 181 was isolated. Two groups, methyl and benzyl, weekected to protect the amine
functionality. Methylation was conducted by depr@tion withn-BuLi following by methyl iodide.
Benzylated amind83 was obtained by reductive amination. In a firgpstthe imine fron181 and
benzaldehyde was obtained in ethanol. The reducidmine 181 to the corresponding amine was
conducted using sodium borohydride (NaBland sodium cyanoborohydride (NagEN). Only the
reaction with NaBHCN in the presence of acetic acid gave the desesmbndary amind83h
The obtained aminek33 were reacted with trichloroacetyl chloride in £, (Scheme 64). Next, the
benzyl derivative ofLl83 was treated with different copper catalysts (Cu@ilO, CuCl, CuO) in the
presence of ligand (TMEDA, PMDETA) or without lighnDifferent solvents were used, &2, and
1,2-dichloroethane (DCE) for the benzylated amidlab{e 8) and CKCl,, DCE and toluene for
methylated amide. For the methyl derivative, Cu@bwsed in the presence of a ligand (PMDETA,
2,2 bipyridine), the ruthenium cataly&¥ (RuCh(PPh);,™****" Grubbs catalySf! or 183a was
refluxed only with copper(l) chloride (Table 9). Wever, cyclization to the eight- or nine-membered
ring failed in all cases. Only stating material kcbbe detected in the reaction mixturédd-NMR and
LC-MS analysis). The failure of these cyclizatiaasmost probably related to the liganding nature

of the starting material, resulting in the formatiaf unreactive rutheniufi® or copper complexes.

Table 8 Kharasch reactions conditions to which compol®diwas subjected, R= benzyl.

Entry Substrates Solvent Conditions Result

1%%¢1  TMEDA (0.8eq), CuCl (0.4eq)  Ci&l,  Ar, reflux (24h), N  SM

2% PMDETA (0.8eq), CuCl (0.4eq) GBI,  Ar, reflux (24h), N SM

3 CucCl (0.4eq) CBCl,  Ar, reflux (24h), N SM
4 CuO (0.4eq) CKCl, reflux (24h), N SM
5 CuO (0.2eq), CuCl (0.2eq) GEl, reflux (24h), N SM
6 CuCl (0.4eq) DCE reflux (24h),,N SM
7 CuO (0.8eq) DCE reflux (24h),,N SM
8 CuO (0.8eq), CuCl (0.8eq) DCE reflux (24h}, N SM
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Table 9 Kharasch reactions conditions to which compol@dlwas subjected, R= methyl.

Entry Substrates Solvent Conditions Result
1 CuCl (0.8eq) ChCl, reflux (20h), N SM
2019013 PMDETA (0.8eq), CuCl (1.6eq) GBI, reflux (23h), N *
311571 RuCh(PPh); (10 mol%) toluene reflux (22h),,N  SM
4 RuCL(PPHh)s (10 mol%) DCE 80°C (22h), N SM
5 Grubbs 1 generation (5 mol%) toluene reflux (22hy N SM
CuCl-bpy (0.3eg-0.3eq) DCE rt (71h); N SM
6[158]
CuCl-bpy (0.3eg-0.3eq) DCE 80°C (71h N SM

* mixture of compounds (LC-MS)
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3.4.2. The Metathesis reaction

Olefin metathesis is a process in which alkylidegreups on alkenes are exchanged.
The first metathesis reported by Anderson and Miergkwas the polymerization of norbornene by
titanium(ll) species. Several classes of olefin atiedsis including ring closing metathesis (RCM),
ring opening metathesis (ROM), cross-metathesis )(GMyne metathesis (EN? acyclic diene
metathesis (ADMET) and ring opening metathesis ipelyzation (ROMP) have all become widely
used reliable routine methods (Scheme68).

\ ¢ ) _
| —— 5

ROMP

2 1 2
—_ = o R R R
R+ R Gur St l/_; + 2/—“
R R

Scheme 65Types of metathesis reactions: RCM= ring-closirggathesis; ROM= ring-opening metathesis;
ROMP-= ring-opening metathesis polymerization; ADMEAcyclic diene metathesis polymerization;
CM= cross-metathesis.

The generally accepted catalytic cycle of transitioetal catalyzed metathesis proposed by Herison
and Chauvin, consists in a reversible sequenc2+d][cycloadditions and cycloreversions, alkene
coordination to the metallacarbene complex, cyddamh, followed by cycloreversion to a new
alkene and metallacarbene because of breaking of diiferent bonds. The newly formed
metallacarbene complex, after coordination with ewnolefin molecule, metallacyclobutene
formation, and double bond reordering, gives theathesis product and re-forms the ruthenium
carbene initiator which restarts the cycle. Aspheduct no longer participates in the catalyticleyc
the equilibrium is thus shifted towards formatidritee metathesis product. At equilibrium the reeers
and forward rates of all chemical reactions oredimentary steps are identical, and the reverse
reaction procceds through the same series of ekamersteps as the forward reaction
(Scheme 66Y6HI2621166]
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Scheme 66The mechanism of metathesis catalyzed by transitietal carbenes.

If two olefins of similar reactivity are subjectdad CM conditions, assuming full conversion,
a maximum of 50% vyield of the desired product vaé obtained while 25% of each of the two
homocoupling products will be formed. To achievesynthetically efficient yield of 90%,
10 equivalents of one coupling partner must be i&2dhe stereoselectivity of product formation
further complicates CM. Although the thermodynartyctavoredtrans olefins are usually the major
products, a mixture oE, Z isomers can be obtained when the energy differdratereen them

is small. Extensive research in this area hastexbin fruitful discoveries in more efficient catsis
and new applications. The generalization into sgtthorganic chemistry has been driven primarily
by the discovery of well-defined and functional gpetolerant catalysts independently by Schrock and
Grubbs. In the present time there are two mainstyfecatalyst in use (Figure 185 These are the
molybdenum-based compléx developed by Schrock and the ruthenium-based leoftfid B and in
particularC, developed by Grubbs. Compl@xhas the major disadvantage of being air- and nnast
sensitive, wherea€ is not significantly affected by air, moisture thie reaction impurities, tolerate
substrates containing free alcohols, ketones, sstamides, epoxides, acetals, silyl ethers
and sulfide$'® Titanium carbenes such & which are more commonly utilized in olefination
reactions, find occasional use. Hoveyda have tegothe synthesis and some applications

of ruthenium alkyliden& andG.[*®
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Figure 10 Catalysts used for metathesis.

Ring-closing metathesis of dienes has become otigeainost important methods now in use
for the assembly of cyclic organic compoufi8*"® First employed by Villemi®® and by Tsufi®?,
the importance of this reaction rose over the paats. RCM is used for construction of synthetjcall
valuable building blocks such as heterocyclic ringsntaining phosphorous, sulfur, oxygen,
or nitrogen, including aromatic heterocycles; spydic, cyclophane, and polycyclic compounds;
and compounds of biological and medical relevanoehsas peptidomimetics, carbohydrate
derivatives, alkaloids, bioactive cyclic moleculemnd polycyclic ethers, including macrocyclic
aza-crown ethers and topologically interesting malest' "™

To obtain nine-membered ring compound$87 and 191 were synthesized
(Scheme 67). As a protecting group benzyl and tgsgups were chosen. The allyl 12-allyl-N-
benzylamino)-3-pyridinecarboxylate87 was synthesized from allyl 2-chloropyridine-3-aaxilate
186 by a nucleophilic substitution reaction wittyN-allylbenzylaminé**"! The synthesis of tosyl
derivative 191 started with the synthesis of the allyl 2-aminigine-3-carboxylatel89 using
the same reaction conditions as for the synthdsster186. In the next step, the amino group of allyl
2-amino-3-pyridinecarboxylat®89 was tosylated in the reaction with tosyl chloridepyridine*”"
leading to the allyl 2N-tosylamino)-3-pyridinecarboxylat€90. The prepared sulfonamid€®0 was
alkylated by allyl bromide in the presence of pstas carbonaté’" the desired tosyl derivativiE91
was isolated as a beige solid.
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Scheme 67Synthesis of nine-membered ring in metathesik8@fand191 R= Bn, Ts.
Reaction conditions: (i) allyl alcohol, EDC, DMAEBH,ClI,, rt, 16h, 78%; (iiN,N-allylbenzylamine, MeCN,
80°C, 73h, 49%; (iii) see Table 10; (iv) allyl aledd, EDC, DMAP, CHCl,, rt, 13h, 42%; (v) TsCl, pyridine,
60°C, 41h, 72%; (vi) allyl bromide, &£O;, DMA, 90°C, 39h, 84%; (vii) see Table 13.

Several ruthenium catalysts, solvents and reactionditions were investigated for the benzyl
derivative 187 (Table 10). The starting material 87, was recovered in 75-90% vyield after
16-71 hours.

Table 10 The metathesis condition reactions for benzyivdgive 187.

Entry Catalyst Conditions and solvents Result
11472 Grubbs ¥ generation (5 mol%) rt 24-71h), toluene, N SM

2 Grubbs 1 generation (5 mol%) rt (19h), GEl,, N, SM
317 [RUCIH(CO)(PPH)] (5 mol%) 65°C (16h), toluene,.N SM

4 [RuCIH(CO)(PPH] (5 mol%) reflux (24h), CECl,, N, SM

5 Hoveyda-Grubbs" generation (10 mol%) rt (16h), tolueng, N SM
674 G2 (4 mol%) 45°C (24h), 40 SM

7 G2 (12 molo) reflux (16h), SM

CH.,CI, or toluene, N

To compete with or to prevent the coordination loé hitrogen atom of the pyridine ring to the
ruthenium carbene intermediate, a Lewis acid wasdnced in the reaction systéf? Grubbs 2
generation catalyst (5% mol) and various Lewis @€80% mol) in toluene under inert atmosphere in
80°C were evaluated (Table 11).
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Table 11 The metathesis reaction 487 in the presence of Grubbd®Xyeneration catalyst in
combination with a Lewis acid.

Entry Catalyst: G2, LA Conditions and solvent  Result
1 G2 (5 mol%), Ti(®-Pr), (20 mol%) 80°C (15h), toluene,N  SM

2 G2 (5 mol%), LiCl (20 mol%) 80°C (15h), toluem, SM
3 G2 (5 mol%), ZnGl(20 mol%) 80°C (15h), toluene,N SM
4 G2 (5 mol%), In(OTH (20 mol%) 80°C (15h), toluene,N  SM*

5 G2 (5 mol%), Sc(OT%)(20 mol%) 80°C (15h), toluene,N  SM*
*new product detected BY4-NMR and LC-MS analysis

The presence of a Lewis acid such as titanium@$dpropoxide (Ti(@Pr),), lithium chloride (LiCl)

or zinc chloride (ZnG) did not improve the formation of the desired rgygtem. ThéH-NMR and
LC-MS analysis of the reactions with indium(lll) ifluoromethanesulfonate (In(OT)) and
scandium(lll) trifluoromethanesulfonate (Sc(Gj)f)showed the presence of a new compound
(Table 11). The prolongation of the reaction timeltl4 hours at reflux or 6 hours at reflux and
continued at room temperature for 20 days, or amidit equivalents of Lewis acid (20 mol%-0.5eq)
did not have any influence on the vyield of the rasnpound (Table 12). The separation by column
chromatography failed completely. Because of proklevith the separation, preparative HPLC was
used. Due to the presence of a 0.1% aqueous solafidrifluoroacetic acid, the compound was
isolated in its salt form. Since protonation canue on the two N-atoms, on thé-NMR spectra the
migration of proton can be visible. Thid-NMR analysis confirms the presence of a new campo
(Scheme 68) 2M-allyl-N-benzylamino)-nicotinic acid.

0 o)
N ou N o
@ ~ P
NN NG NN
Bn o H  Bn o
F3CCOO F5CCOO

Scheme 6@eallylation during the attempted metathesis ieact
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Table 12 Optimalization conditions for ring-closing metasiis 0f187in the presence of Grubb¥'2
generation catalyst and Sc(OJ#)s a Lewis acid (LA).

Entry Catalyst: G2, LA: Sc(OTf) Conditions and solvent Result
1 G2 (10 mol%), LA (20 mol%) *
80°C (15h), toluene, N
2 G2 (10 mol%), LA (40 mol%) *
3 G2 (10 mol%), LA (20 mol%) *
80°C (37h), toluene, N
4 G2 (10 mol%), LA (40 mol%) *
5 G2 (10 mol%), LA (0.5eq) 80°C (13h), tolueng, N *
reflux (16h), toluene, N *
6 G2 (5 mol%), LA (20 mol%)
reflux (114h), toluene, N *
7 G2 (5 mol%), LA (20 mol%) reflux (6h)- rt (476hpluene, N *

*conversion ~40%

For the tosyl derivativd91, only three conditions were applied (Table 13)alncases ring-closing

metathesis failed. Only starting material was dettby'H-NMR and LC-MS analysis.

Table 13 The metathesis reaction conditions for the tdgylvative191

Entry Catalyst/ LA Conditions Result

1 G2 (5 mol%) rt (20h), toluene ;N SM

reflux (6h)- rt (476h),

SM
toluene, N

2 G2 (5 mol%), Sc(OT%)(20 mol%)

3 G2 (5 mol%), In(OTH (20 mol%)  80°C (21h), toluene,N SM

Because of difficulites with the ring-closing métasis to the nine-membered ring for derivatit8%
and191, a new possibility was taken into consideratioime Bddition of one ClHgroup to the chain in

the tertiary amine should lead to a compound wittnamembered rin§92 (Scheme 69).

P
N TsN
192

Scheme 69The desired product after ring-closing metathesagtion of1l93

To investigate this hypothesis, the 2-propen-1-yl-(NZ3-buten-1-yl)N-tosylamino)-3-
pyridinecarboxylatd 93 with a homo-allyl chain was synthesized (Scheme Starting from pyridine

65



RESULT AND DISCUSSION

190using 4-bromo-1-butene as an alkylating reagettiérpresence of §CO; in DMA or MeCNI"
the desired 2-propen-1-yl 2H(3-buten-1-yl)N-tosylamino)-3-pyridinecarboxylatt93was obtained.

| N o | N o N
|
— I —
N~ “NHTs N ¥S/\/\
190 193

Scheme 70Bynthesis of 2-propen-1-yl 2(3-buten-1-yl)N-tosylamino)-3-pyridinecarboxylate93. Reaction
conditions: (i) 4-bromo-1-butene ,&0;, DMA/MeCN, 90-80°C, 43-50 hrs, 84-67%.

Compound 193 could form two possible products upon ring closingetathesis: thecis a,a’
ten-membered ring or thieans a,a” ten-membered ring. For the formation of estép, different
reaction conditions were evaluated (Table 14). Qabction with the Grubbs™@generation catalyst

proceeded to the mixture of compourd@=l and195 (Figure 11).

Ts
o 0
TsN” N o Z
= | (0] ) = | O o
/
SN/ SN/
Ts Ts
194 195

Figure 11 Products after ring-closing metathesis of compal@@l

Table 14 Reaction conditions for ring-closing metathegid @3

Entry Substrates Conditions Result
1 G2 (10 mol%) 80°C (3h), toluene; N 80% conversion
2 G2 (10 mol%) 80°C (5h), toluene; N 100% conversion

3 G2 (10 mol%), Sc(OT$)(20 mol%)  80°C (3h), toluene,,N 60% conversion

4 G2 (10 mol%), In(OTH (20 mol%)  80°C (3h), toluene N SM
80°C (3h), toluene, N SM

5 Grubbs 1 generation (10 mol%)
rt (3h), toluene, M SM

The LC-MS analysis showed three peaks, correspgrdinhe mass af94195 The isolation using

column chromatography failed. Only impurities wesparated. The isolation of the compounds was
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performed by preparative HPLC, but only three duthe four detected compounds were separated.
The product was obtained as a mixture of isomeesaBse of the use of 0.1% aqueous solution of
trifluoroacetic acid, the compounds were isolatadtheir salt form. Unfortunatelly, the HPLC
separation of the mixture allows only for NMR arsdéy and confirmation of mass (LC-MS and
HRMS analysis). The yield of the separated compsuwds not determined. The reaction with
Grubbs 2 generation catalyst was repeated with a higheitidii but the conversion of the reaction
decreased to 70% leading to the same mixture opoamds. Changing the degree of dilution or using

longer time reaction did not improve the resultho$ reaction.
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3.5. Synthesis of pyrido[2,3d]pyrimidine-2,4(1H,3H)-diones

The synthesis of pyrido[28lpyrimidine-2,4(H,3H)-diones is based on the reaction of
2-propen-1-yl 2-chloro-3-pyridinecarboxylaié6 with primary amine§7%? Alkyl amines and one
aromatic amine were evaluated. Starting from coroially available 2-chloropyridine-3-carboxylic
acid, reaction with allyl alcohol and the couplingreagent 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), in the pease of a catalytic amount of DMAP, afforded
2-propen-1-yl 2-chloro-3-pyridinecarboxylaied6 in 78%!""®") Compound186 was further reacted
with aliphatic/aromatic primary amines providing lexules196 and197in good yields (Scheme 71,
Table 15). Only for the reaction with 1-adamantyilaen acetonitrile (MeCN) was used as a solvent
(Table 15, entry 9). Produdi96 was obtained as the sole product in the reactigh sterically
hindered amines like cyclopropylamineyutylamine t-octylamine and 1-adamantylamine (Table 15,
entries 5, 7, 8 and 9). Reaction with cyclohexyl@nprovided two products, 2-cyclohexylamino-
nicotic acid allyl ester196f was obtained together wittN-cyclohexyl-2-cyclohexylamino-
nicotinamidel97f (Table 15, entry 6). The main produd@6 results from the nucleophilic aromatic

substitution of chlorine, which is more favoratiar the formation of amide97.:""

O O O

= =

| X o NF i | X o NF o X NHR

— — —

N Cl N NHR N NHR
196 197

186

Scheme 71Reaction of allyl 2-chloro-pyridinecarboxylate viamines.
Reaction conditions: N3R (solvent), reflux, see also Table 15.

Table 15 Preparation of compound®6and197.

Entry NH ,R Time [h] - Prgd“d : 3
Yield(%) Yield(%)

1 allylamine 19 196a 36 197a 61

2 propylamine 20 196b 29 197b 56

3 butylamine 23 196¢ 23 197c 74

4 i-pentylamine 17 196d 2 197d 68

5 cyclopropylamine 68 196e 31 197e -

6 cyclohexylamine 21 196f 68 197f 30

7 t-butylamine 259 1969 63 197¢g -

8 t-octylamine 27 196h 73 197h -

9 1-adamantylamine 117 196i 51° 197i -
10 benzylamine 21 196j 26 197] 56

3column chromatographyreaction in MeCN
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Using 1,1'-carbonyldiimidazole (CDI) and NaH in aixtare of THF and 1-methylpyrrolidinone
(NMP), ring closure could be carried out in 16-1&urs at room temperature (Scheme 72, Table
16)*"® Under these conditionsN-cyclohexyl-2-(cyclohexylamino)-3-pyridinecarboxatai 197f
(Table 16, entry 5) did not react at room tempeeatur under reflux. For this ring closing reaction,
also triphosgene was evaluat€d. After 30 hours of stirring at room temperature tresired product
198f was formed in the reaction mixture; however itslason, using column chromatography or

crystallization, was not successful.

O o}
| N NHR | N NR
= —
N° 'NHR N g O
197 198

Scheme 7Ring closure reaction of compoufé7. Reaction conditions: NaH (3eq), CDI (3eq), THF/RM
(2:3), rt, 16-18h.

Table 16 Preparation of compourk®8

Entry 197 Time [h] Product Yield(%)

1 197a 18 198a 69%
2 197b 18 198b 58%
3 197c 16 198c 61%
4 197d 18 198d 91%
5 197f 16 198f -2

6 197j 17 198j 60%

@ product was not isolated

With the aim to prepare a series of pyrido[d]Byriminides with two different alkyl groups,
compoundsl96f and196h were refluxed with a second amine (Scheme 73,eTaDb). In the reaction
of allyl 2-(cyclohexyl)-3-pyridinecaboxylat&96f with allylamine, the yield of amid&99awas low,
even after prolonged reflux (Table 17, entry 1)e Hoctyl derivative was obtained in higher yield
(Table 17, entry 5-7). For-pentyl derivatives, longer reaction times providiéd same yield,
as for thet-octyl derivative (Table 17, entries 3 and 6). fmth derivatives, the reaction with

cyclopropylamine andpropylamine did not occur even after a prolongedqa of reflux (4 days).

(@) O
| AN O/\/ i NNHR,
Pz Pz
N NHR N NHR
196 199

Scheme 73reparation of compourib9.
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Table 17 Preparation 0199

Entry R NH ;R Time [h]  Product Yield(%)?
1 allylamine 189 199a 54%
2 propylamine 42 199b 55%

cyclohexyl (196f) ) )
3 i-pentylamine 186 199c 85%
4 cyclopropylamine 192 199d SM
5 allylamine 43 199 74%
6 propylamine 113 199f 68%
t-octyl (196h) ) )
7 i-pentylamine 88 1999 85%
8 cyclopropylamine 192 199h SM

dield after column chromatography

Compounds 199 containing two different N-substituents can be easily transformed
into pyrido[2,3d]pyrimidines 200 using the same reaction conditions as for the clogure 0f198
Only for the allyl derivatives, the yields are lowe. 47% for the cyclohexyl derivative and 49% for
the t-octyl derivative, respectively. All other amineavg excellent yields (Table 18, entries 2, 3, 5
and 6).

(0] O
N NHR N Q O
199 200

Scheme 74Ring closure reaction of compouff9. Reaction conditions: NaH (3eq), CDI (3eq), THF/RM
(2:3), rt, 15-18h.

Table 18 Preparation o200,

Entry 199 Time [h] Product Yield(%)

1 199a 15 200a 47%
2 199b 16 200b 91%
3 199c 19 200c 97%
4 199e 19 200e 49%
5 199f 19 200f 97%
6 1999 19 2009 86%

In an attempt to synthesize dipyrido[2]pyrimidine 201, compound02was prepeared.
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Figure 12 Structure of desired dipyrido[2@pyrimidine.

Starting from the 2-chloropyridine-3-carboxylic écP-chloropyridinecarbonyl chloride was obtained
quantitatively after 2 hours of reflux with excexsthionyl chloride. The remaining thionyl chloride
was removed and ethylenediamine in ,CH was added, affording compourzD2 The latter
molecule was refluxed with an appropriate alkylaerfior 32-68 hours and the obtained products were

purified by column chromatography (Table 19).

R
Cl N HN N
O (0] H ~ | (0] H = |
AN OH AN N/\/ N NS AN N/\/ N NS
| L] H I i | H o
N Cl N Cl N II\IH
202 R 203

Scheme 75ynthesis of compourZD3 Reaction conditions: (i) a) SOCteflux, 2h,
b) ethylenediamine, Ci&l,, rt, 17h, 60%; (ii) NHR (solvent), reflux, 32-68h.

Table 19 Preparation of compourtD3

Entry NH,R Time [n]  Product Yield(%)?
1 allylamine 32 203a 54%
2 propylamine 68 203b 62%
3 i-pentylamine 59 203c 59%

dield after column chromatography

Compound203bwas treated with NaH and CDI in a mixture of THEI&NMP to obtain dipyrido[2,3-
dlpyrimidine 201b Unfortunately, after 17 hours of stirring at rodemperature, only starting
material was detected. The ring closure was sulesgiguattempted with triphosgene and DIPEA in
CH.CI, in room temperature for 1-5 hours. However, evaingl the better carbonyl donor,
triphosgene, dipyrido[2,8}pyrimidine 201 could not be obtained. The LC-MS analysis showed
masses corresponding to three compounds: the nsgtartmaterial, N-(2-aminoethyl)-2-
propylaminonicotinamid€04 and compound®05 (Scheme 76). Compouri2D5 was separated by

preparative TLC in 9% yield and characterized.
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Scheme 78Jnexpected formation of five-membered ri2@b. Reaction conditions: (i) DIPEA (6eq),
triphosgene (2.4eq), GBI,, 0°C (15min}-rt (1h), 9%.

To confirm the structure of the separated compouhe,"H-NMR analysis were compared with
starting material203b. The '"H-NMR of the compound203b used as a starting material shows
broadened signals from the amide at 6.94 ppm astyraal from the amino group at 7.52 ppm.
On the'H-NMR spectrum of205, the broaded signal occurs at 7.55 ppm. TfieNMR analysis
showed a new signal at 151.4 ppm. This signal am¢gespond to any tertiary (154.2, 110.2 and
141.8 ppm) or quaternary (107.4 and 158.3 ppm)arafbom the pyridine ring (HSQC analysis).
To determine the structure @05 the HMBC analysis was recorded. The carbon at41ppm

is coupled with protons at 4.00, which correspondk the protons of the ethyl linker. The carbon at
151.4 ppm is characteristic for the carbon from tim@bonyl group of 2-imidazolidinorf&”

In conclusion, from the performed analyses thecstine of the product is deduced to Be5
(Figure 13).

o 9 o
Oy
\ D

N/ NH  HNTN =
( % 205

Figure 13

For the preparation of pyrido[2@pyrimidine with 2-hydroxyethyl in the 3 positio&;chloroN-(2-
hydroxyethyl)-nicotinamide was synthesized from hlsco-3-pyridinecarbonyl chloride and

ethanolamine (Scheme 77).
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Scheme 77Synthesis of 2-chlord-(2-hydroxyethyl)-nicotinamid07. Reaction conditions: (i) a) SOCI
reflux, 2h, b) ethanolamine, G@l,, rt, 17h,207: 98%.

LC-MS analysis showed the mass of compow@Band207, while ‘H-NMR analysis only showed
signals from207 and ethanolamine (used in excess). Compo2did was separated by column
chromatography in 98% yield, compou@6 was isolated in less than 1% yield. In the begigni
the 2-chloro-3-pyridinecarbonyl chloride is presenexcess to the ethanolamine. In the first place,
the amide bond is formed and then, because of exaescid chloride and availability of free
hydroxyl group, the ester bond. When in the reactiuxture ethanolamine is in excess, the free
amino group of ethanolamine can attack the carbomylety of the este206 and form another
molecule207.

In order to obtain nicotinamid208 compound207 was refluxed with the appropriate amines
for 16-96 hours (Scheme 78, Table 20).

(0] O
SN N/\/OH . N N/\/OH
| | H i J H
N Cl N NHR
207 208

Scheme 78ynthesis of 2-alkylamindl-(2-hydroxyethyl)-nicotinamid208 Reaction conditions: N4R
(solvent), reflux/100°C (19-69h).

Table 20 Synthesis of compoun@®8

Entry NH ;R Conditions  Product Yield(%)?®
1 allylamine reflux, 69h  208a 91%
2 propylamine reflux, 26h  208b 91%
3 i-pentylamine reflux, 16h  208c 98%
4 benzylamine 100°C, 20h 208d 95%

5 cyclohexylamine  100°C, 19h 208e 22%

dield after column chromatography

As an alternative, 2-benziN-(2-hydroxyethyl)-nicotinamide208d was also synthesized from
2-benzylamine-3-pyridinecarboxylic ac®9'®"! and ethanolamine in the presence of (benzotriazol-
yloxy)tris(dimethylamino)phosphonium hexafluoroppbate (BOP) and B in THF at room

temperaturé® The 2-benzyN-(2-hydroxy-ethyl)-nicotinamide208d was separated by column

chromatography.
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Scheme 7QAlternative synthesis of compou288d Reaction conditions: (i) BnNE90°C, 10h, 40%, (ii)
ethanolamine, BOP, B, THF, rt, 21h, 80%.

For the ring closure, two methods were selected. Z-benzyIN-(2-hydroxyethyl)-nicotinamid208d
was treated with CDI in THE® and was refluxed under a nitrogen atmosphere Gonalirs. After
reaction, only210was present in the reaction mixture (LC-MS analysio cyclize compoungl10to
the nine-membered molecu2d 1, two methods were chosen. In the first atteBifiwas treated with
NaH in THF; the second trial involved reflux in theesence of KCOs. Unfortunatelly, in both cases
the poor nucleophilicity of the amine did not alltlwe cyclization ((ii), Scheme 80). Wh208d was
treated with NaH and CDI during 20 hours, only tatgr material and compour?ll2 was detected,

after which212was isolated in 10% vyield.

BnHN /Nl 0
X N/\/O N ‘ X N/\/OH N N/\/OH
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Scheme 80Synthesis of bicyclic compourtl3d Reaction conditions: (i) CDI, THF, reflux, 40h;
(i) NaH, THF, rt, 21h or KCOs;, MeCN, reflux, 22h; (iii) triphosgene, DIPEA, GEl,, rt, 4h;
(iv) NaH, CDI, THF, rt, 20h.

In a third method, 2-benz{-(2-hydroxyethyl)-nicotinamide08d was treated with triphosgene in
the presence of DIPEA in GBI,. After 4 hours the desired compouii3d was isolated in 20%
yield. The ring closure using triphosgene was aksdormed for propyl derivative, and bicyckd 3b
was obtained in 27% yield.

To synthesize 3,4-dihydro-pyrido[3fR1,4-oxazepin-5(B)-one 214, 2-chloroN-(2-
hydroxyethyl)-nicotinamid®07 was treated with NaH in THF. After stirring at maemperature for
22 hours, a white precipitate was filtered off amashed with THF. Surprisingly the 14-membered
tricyclic molecule215 was obtained in 33% yield (Scheme 81). The dediregtlic compound®14

was not detected in the reaction mixture. Dilutafrthe solution did not have any influence on the
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formation of compound®14, in the reaction mixture compoun@96 and 207 were detected by
LC-MS. After reaction with TDA-1 in tolue&” at room temperature for 2-4 hours, only starting

material was detected.

(0] (0] o}
(ﬁ“ﬁ oo e
SN e S —>— L )
215 K/N 5 207 214

(6]

Scheme 81Unexpected formation of the 14-membered ring.
Reaction conditions: (i) NaH, THF, 02@xt, 22h.

In 1988, Schultz et al™ reported the synthesis of 6,7:13,14-dibenzo-118:4,
dioxadiazacyclotetradecanone-5,12-dione218 in the reaction of 2-fluoro-N-(2-
hydroxymethyl)benzamid@16 with NaH in DMF, the tricyclic compound was is@dtin 62%.
In the reaction mixture also bicyclic 6,7-benzoxXb@l-azepin-5-one was detected (4% yield).
They observed that the macrocycle was formed origna2-fluoroN-(2-hydroxymethyl)benzamide
was treated with NaH in THF and that only secondampides provide the macrocycle
(Table 21, entry 1-3). Tertiary amides direct aterimolecular cyclization to bicyclic compounds
(Table 21, entry 4-5). Low concentration of stagtimaterial resulted in the formation of

benzoxazepinoné®”

0O R? 0 gt
©\)LN)\(OH CKLNI @\)L )\/R?’
) —_— R2 +
R! RS
F o) 5 Rlo
216 217 R R3)\(

Scheme 825ynthesis of 6,7:13,14-dibenzo-1,8,4,11-dioxadige®tetradecanone-5,12-diog&8 as presented
by Schultzet al™*®¥

Table 21 Synthesis of 6,7:13,14-dibenzo-1,8,4,11-dioxaaligzlotetradecanone-5,12-dio2&8

Entry Compound 216 Product (%)
R R® R’ 217 218
1 H H H - 62
2 H Me H 4.7 69
3 H CHMe H 6.6 72
4 Me H H 90 -
5 Me Me Ph 60 -
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Those results confirm our observation during reactf 2-chloroN-(2-hydroxyethyl)-nicotinamide
207 with NaH. Although, the dilution of the reactiorixture did not induce the formation of bicyclic
compound110 As was mentioned before, tertiary amides direttir@ermolecular cyclization
to bicyclic compounds. To synthesize the 3,4-dibyéhbenzyl-pyrido[3,24]-1,4-oxazepin-5(B)-one
221, the N-benzyl-2-chloroN-(2-hydroxyethyl)-nicotinamide 219 was treated with NaH.

The seven-membered bicyclic compo@#l was obtained in 98% yield (Scheme 83).

Cl N
‘s
O. AN |
XN N/\/
+ Bn
(0]
N~ CI
220

Scheme 83ynthesis of the seven-membered 224; (i) a) SOC}, reflux, 2h,
b) 2-benzylaminoethanol, GBI, rt, 22h; (ii) NaH, THF, rt, 16h.

To obtain the bicyclic223 amine-3-pyridinecarboxylic aci®209 was coupled with
2-chloroethanol using BOP and;Ht(Scheme 84}%? The obtaine®22 was allowed to react under
different conditions to potentially form the 2,3gdro-pyrido[2,3e][1,4]oxazepin-5(H)-one 223
(Table 14). The reaction of NaH to generate th@ramif 222 (R=H) provided 2-aminopyridine-3-
carboxylic acid as a product. The application ofeaker base (}CO;), (after 41 hours of stirring
at 80°C) only led to starting material. The cydii@aa of the benzyl derivative under different

conditions did not provide the desired seven-megdheompound.

o) o) o)
cl
P - — P
N” "NH N” "NH N"ON R=H. Bn
200 R 222 R 223 R

Scheme 84Attempt to obtain bicycli23. Reaction conditions: (i) 2-chloroethanol, BORNEITHF, rt (19h),
90-80%; (ii) see Table 22.
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Table 22 Reaction conditions used for the potential ritagare of222

Entry R Substrates and solvents Conditions Result

1 NaH (2eq), THF 0°C (5mind> rt (22h) gi‘:r'g'gfyféd;r(‘;d
> H MeCN 80°C (112h) SM

3 KoCO; (3eq), MeCN 80°C (41h) SM

4 NaH (1.1eq), THF 0°C (5min> rt (21h) SM

5 MeCN 80°C (24h) SM

6 Bn K,CGO; (2.5eq), MeCN reflux (86h) SM

7 n-BuLi (1.3eq), THF -78°C (5min)> rt (21h), N SM

8 LDA (1.2eq), THF 0°C (5miny> rt (21h), N SM
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4. The biological activity of the selected compounds

4.1. I nhibitory activity of the selected compounds at NPP1

The screening tests for NPP1 inhibitory activityeperformed in the laboratory headed by Professor
Christa E. Miller (PharmaCenter Bonn, Pharmacdutiosatitute, Pharmaceutical Chemistry I,

University of Bonn, An der Immenburg 4, D-53121 BpGermany).

The nucleoside pyrophosphatase/phosphodiesterabd2Ps) are widely distributed
N-glycosylated enzymes that catalyze the hydrolg§ipyrophosphate and phosphodiester bonds of
numerous nucleotides and nucleotide suf&fsPhosphodiesterases are classified as enzymes that
hydrolyse diesters of phosphoric acid into phosptesters, and can be classified into two main
groups; those that act on lipids or on nucleotifgsophosphatases are acid anhydride hydrolases tha
catalyze the breakdown of diphosphate bonds andbaiegically important in the cleavage
of ATP ¥ Mammalian NPPs have been shown to be involvedvarigty of cellular processes such
as nucleotide signaling, cell differentiation, reatide recycling and control of the levels of
nucleotides linked to glycosylation and sulfati@actiond®®” In humans the NPP family consist of
five proteins of which NPP1 and NPP3 show simitamcture and function and the genes encoding for
these two proteins have been mapped onto the hetmamosome 6q22-25® The NPP1 protein
is a membrane spanning homodimer and, when cledliedextracellular domain can function as
a secreted circulating protelBENPPlis expressed in a wide range of tissues includarglage, heart,
kidney, parathyroid and skeletal muscle, and highly expressed in vascular smooth muscle cells
(VSMCs), osteoblasts and chondrocyt&4®¥ |t was reported to exist in bone (osteoblast) and
cartilage (chondrocytes) and has a role in regquatmineralization processes (Figure 14).
Extracellular pyrophosphate (fPthe product of ATP hydrolysis by NPP1, is a lksource of
inorganic phosphate to support hydroxyapatite féienawhen hydrolyzed by phosphatases and is
also a potent inhibitor preventing apatite mineteposition and growth?” Excessive amounts of
NPP1 in the chondrocytes can lead to deposits d¢fiuca pyrophosphate crystals in joints,
the so-called calcium pyrophosphate dihydrate déposdisease, which can trigger inflammatory
arthritis and joint pain. NPP1 downregulates inmsslgnaling by inhibiting the tyrosine kinase aittiv
of insulin receptors, resulting in reduced insgémsitivity!**” NPP1 was found in human astrocytic

brain tumors and was correlated with tumor gradetid
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Figure 14 The role of NPP1 in ATP hydrolysis and the dowraineeffects of bone mineralisatiGf!

The primary function of NPPL1 is the hydrolysis of Ainto AMP and PPthough it is involved in
further degradation of pyrophosphate bonds to geeekDP, adenosine ang PR is converted into
Pi by tissue-non-specific alkaline phosphatase (PNAnd the PHRs transported through the cell
membrane by ankylosis protein (ANK) and type llldeon-dependent ;Pco-transporter (P-1).
The Ris generated by phosphoethanolamine/phosphochatiosphatase (PHOSPHOL1) in the matrix
vesicle by the hydrolysis of phosphoethanolamingéAPand phosphocholine (Pchol). ;HRhibits
hydroxyapatite formation, while; Promotes this process, thus the balance of thesentediators
is important in regulating mineralizati&f®

Studies suggested that quinazoline-4-piperidineehgisulfamide is a NPP1 inhibitor
lacking binding affinity for the humaether-a-go-gerelated gene (hERG¥ and that
1,3,4-oxadiazole(thiadiazole)-2H3-thiones are noncompetitive human NPP1 inhibitdéns2014,
Nadel et al. reported two new potent compoundshibit NPP1 (Figure 15, examples A and'8.

NH, NH,
N— =~ N— =~
© 0 ClLO~ O N™ N @60 O O N
O~p-C~p-0-p-0 O~p-O-p——~p-0
1" 1" 1" O 1" 1" 1" O
o] S O O
HO OH A HO OH B

Figure 15 Dinucleotide and nucleotide analogues as poteN#&1 inhibitorsA adenosine BPa-thio-,y-
(dichloromethylene)triphosphatB,adenosine '5a,3-methyleney-thiotriphosphate.
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The selected compounds are showed in Table 23hBinical properties of NPP activity were
determined by assessing nucleotide phosphodiestarativity, usingp-nitrophenyl 5'-thymidine

monophosphatg{Nph-5"-TMP) or ATP as a substrate.

Table 23 Initial screening with p-Nph-5"-TMP and ATP fdret selected compounds.

Compound Structure p-Nph-5"-TMP? Inhibition (%) ATP ? Inhibition (%)

111 - O%O/ - 11

H O
113 @ §< 26 25
N/ O

124 N0 ; 13
NH
oZ o7
~ NO,
(@] N O
128 ; 7

HaCO™

N~ O

138 f - 5
o” o7
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Compound Structure p-Nph-5"-TMP? Inhibition (%) ATP & Inhibition (%)
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Compound Structure p-Nph-5-TMP? Inhibition (%)  ATP # Inhibition (%)
O
196h “SNH 62 26
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—
196i N™ NH 53 27
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H
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Compound Structure p-Nph-5"-TMP? Inhibition (%)  ATP # Inhibition (%)
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Compound

Structure

p-Nph-5"-TMP? Inhibition (%)

ATP @ Inhibition (%)
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p-Nph-5"-TMP? &y o
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p-Nph-5"-TMP? & Jpia (0
Compound Structure Inhibition (%) ATP? Inhibition (%)
0]
221 = | NBn ) °
NS
N O

qnitial screening with the artificial substrapeNph-5"-TMP. The assay conditions were: 400pMitrophenyl
5-TMP, 10uM inhibitor concentration, 20 ng of humaecombinant NPP1, reaction buffer (ImM GaCl
200uM ZnC}, 50mM Tris, pH 9.0), spectrophotometric detecd00nm and n=1.

“The assay conditions were: 400uM ATP as substnalghitor concentration at 10uM, 1.8ng/pl of human
recombinant NPP1 (K= 43.2uM, own enzyme), reaction buffer (1mM Ca@mM MgCh, 10mM CHES, pH
9.0), detection at 260nm (n = 3).

In the initial screening with artificial substrage-Nph-5"-TMP) only two compounds were exhibited
an enzyme inhibition over 50% (compout@bhand196i, 62% and 53% respectively). The screening
with ATP for compoundsl96h and 196i resulted with 26% and 27% inhibition respectively.
The inhibition effect with ATP (over 25%) were detied also for compounds99b (25%), 200f
(30%) and113 (25%). For investigations with the natural sulistr@éompounds should inhibit over
70% in the initial screening. The negative valuas suggest that the products of metabolic pathway

acts upon the enzyme.
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4.2. Antimicrobial potency assay of the selcected compounds

The antimicrobial activity test was performed ire thaboratory of Microbiology & BCCM/LMG
Bacteria Collection (Faculty of Science, Ghent énsity, K.L. Ledeganckstraat 35, B-9000 Ghent,
Belgium).

The five compounds were submitted to antimicrol@ivity test (Figure 16). The four strains

were selectedEscherichia coliKlebsiella pneumonigtaphylococcus aureamdBacillus subtilis

0] 0] (0] /\)\
N O/\/ N N/\/ N N
§ LT

NH N~ N

196i ﬁ 198a @ 200c
H O
o T v
X ®
N" 07 113

Figure 16

Escherichia coli is a member of the bacterial family @&nterobacteriaceae Also is

a prevalent commensal inhabitant of the gastrdintdstracts of humans and warm-blooded animals,
and one of the most important pathogens responfibla broad spectrum of diseases. The special
properties of theE. coli, such as ease of handling, availability of the glete genome sequence,
and its ability to grow under both aerobic and aobkie condition, makes it an important host
organism in biotechnolod®® Seven major pathotypes were classified for entricoli, and three

E. coli pathotypes for extraintestinal strains (EXPEC)teEa E. coli cause diarrhea in children,
hemorrhagic colitis, traveler's diarrhea, the értestinal E. coli case neonatal meningitis and
probable source of food-borne dise&%8°! Klebsiella pneumoniaés the most common organism
associated wittKlebsiella pneumoniacarbapenemases (KPCs) resistance determinantss IRC
typically reside on transferable plasmids and cafrdlyze all penicillins, cephalosporins, aztreonam
and carbapenems. Infections caused by KCPs hawe liveited options for treatment and often
require the use of polymyxins, which fell into disuin the 1970s due to high rates of
nephrotoxicity*® Staphylococcus aureus a gram-positive spherical bacterium. It is ofteund as

a commensal associated with skin, skin glandspauntbus membraneStaphylococcus aureus one

of the main causes of hospital- and community-aeguinfections which can result in serious

consequences. It can be a cause of central veraitster-associated bacteremia and ventilator-
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assisted pneumonia. It also causes serious detgmséafections, such as endocarditis and
osteomyelitis.Staphylococcus aureus often responsible for toxin-mediated diseasesh as toxic
shock syndrome, scalded skin syndrome and staptndat foodborne diseases (SFD). They are
resistant to heat denaturation and proted$e8Bacillus subtilisis a Gram-positive, aerobic soil
bacterium ubiquitous in the environment and commasisociate with variety of food products such
as milk and dairy product, meat products, ricetgpaend dried products such as spices. The faworabl
effect of Bacillus subtilisspores on the balance of the intestinal microfisréhe rationale for its
general use as a probiotic preparation in the rtreat or prevention of intestinal disorders.
The pathogenic potential is generally describetbasor absent. Data of infections casesBagcillus
subtilisare incomplete due to discard these strains audthé cause-of -death statistics no data about
infections are preseff” Bacillus subtilisis considered as a GRAS organism (generally rézedras
safe)*® RecentlyBacillus subtilisand otheBacillus have been linked to potential food poisoning
issues. One of the main concerns associates wothiothe low pH which is applied to prevent and
control the growth o€lostridium botulinuntan increases yacillus production of enzymes. One of
the difficulties is the resistance for the pastmation treatment. In other hand, the ability toduce
enzymes have been used in a positive manner tougeothe food (e.g. the Thai fermented soy

products, the African fermented locus bean prodtict)

The tested compounds did not display an antimiataiffect against both Gram-negative test
strainsEscherichia coliandKlebsiella pneumoniad-our tested compound$98a 200¢ 113 150
displayed a very weak growth inhibition of both @rpositive test strainStaphylococcus aurewasd
Bacillus subtilis The compound 96i did not demonstrate any effect against Gram-negati Gram-

positive strains.
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4.3. Theresults of the ADME study of the selected compounds

The ADME study were performed in Drug Delivery abDgposition headed by Professor Patrick
Augustijns (Department of Pharmaceutical and Paboiogical Science, KU Leuven, Campus
Gasthuisberg-O&N 1, Herestraat 49 — box 921, B&806uven, Belgium).

The ADME study of the synthesized libra96i, 197a, 197d, 197f, 198a, 198b, 198d, 198;,
199¢, 200awas published iBioorg. Med. ChenR014 22, 3947-3956.

Due to the variety of pharmacological activities &fe pyridopyrimidine scaffold
(Introduction), the ADME (Absorption, DistributionMetabolism, and Excretion) study was
performed on selected examples of the synthesi#wmdry (Figure 17). Key physicochemical
properties were determined using Marvin Sketch i@ad4). All compounds were considered
drug-like according to the Lipinski's rules condegthe molecular weight (MW), the amount of
hydrogen bond donors (HBD) and acceptors (HBA) dhd partition coefficient (LogB}"

Moreover, polar surface areas were below 140 Azt recommended by Vebetral 2°Y

i i Y PO
L™ OL0” L Ol (L
H H H ) H
N~ NH N" H/\/ N” NH N” O NH N~ NH
@ 196i 197a i 197d @ 197f >j< 199

0 0 o) &)\ 0 0
LT OO0 U0 Ol Ol
NN o Nig N/go N7 N/&O Nig lél/&o N7 N/go
n
H 198a H 198b il\ 198d 198; @ 200a

Figure 17 Selected compounds for ADME study.

With respect to the evaluation of the intestindubility and permeability, plain aqueous
buffers are often used. However, plain aqueoushaifhsufficiently represent the vivo conditions,
possibly resulting in too low solubilities to allofurther experiments. Hence, biorelevant media are
more promising, mimicking than vivo environment more accurately due to the presenarixdéd
micelles of taurocholate and lecithin, i.e. a fdstenulated intestinal fluid (FaSSIEf?°Y Recently,

a good correlation was shown between solubilitfFasSIF and fasted state human intestinal fluid

(FaHIF)%! Table 24 and Figure 18 reveal a broad range imbdity values for this series, ranging
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from 12.6 uM for compound@97fto 13.8 mM for compoundi97a To generally describe “solubility”
the United States Pharmacopoeia (USP) uses diffeodubility expressions based on parts of solvent
(in this case FaSSIF) required for one part ofteditf! The selected compounds could be classified as
practically insoluble 196i, 197f, 198j, 199e, 200ao0 slightly soluble 1973. The use of aliphatic
chains as substituent on the pyrido[d]Byrimidines scaffold 198a, 198b, 198dresulted in a higher
solubility compared with compouri®8j containing benzyl groups. The presence of ringcstires as
substituent generates a higher lipophilicity of twmnpound leading to a lower aqueous solubility.
Also for the 2-aminopyridine scaffold, the use bé t2 cyclohexyl substituentdq7f) resulted in

a lower solubility compared to compounds contairatighatic chains on the same positid®7a,

197d, 199¢ These observations suggest that aliphatic chaiaespreferred if solubility issues are

encountered.
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Figure 18 Solubility (uM) in fasted state human intestiraid (FaSSIF) of the selected pyrido[2,3-
d]pyrimidine-2,4(H,3H)-diones and their precursors is presented as dam S.D. (n=3)
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Table 24 Properties of pyrido[2,8}pyrimidine-2,4(H,3H)-diones and their precursors.

Compound MW HBs HB. cLogP Log(LogP) PSA' FaSSIF Solubility Classificatior! Papp Clint hep.human
(g/mol) (A2) @M) (x 10% (cm/s)  ml/min/kg.b.w.
Drug-like® <500 <5 <10 <5 <140
196i 3128 1 3 4.3 0.63 51.2 207 HIF PI 1.2 + 05 843 =+ 6.4
197a 2171 2 3 2.0 0.3 54.0 13801.7 937.8 SS 468 + 1.8 280 + 35
197d 2772 2 3 3.8 0.58 54.0 509.2 $£5.9 VSS 198 + 13 267 + 83
197f 3012 2 3 4.2 0.62 54.0 126 2.4 PI 9.7 + 20 1520 * 0.7
198a 2431 0 3 1.7 0.23 53.5 10549 #1.1 VSS 90.7 +150 00 =+ 00
198b 2471 0 3 2.0 0.3 53.5 32652 5.6 VSS 63.0 £62 36 = 05
198d 3032 0 3 3.4 0.53 535 384.7 552 VSS 139 + 1.7 1532 + 1938
198; 3431 0 3 3.7 0.57 53.5 53.7 0.5 PI 305 + 1.2 339 # 50
199e 289.2 2 3 3.9 0.59 54.0 207.8 A7.2 PI 147 + 1.3 1592 + 9.1
200a 2851 O 3 2.7 0.43 53.5 431 497 PI 320 + 09 266 =+ 6.3

Abbreviations: MW, molecular weight, HBhydrogen bond donors, HBhydrogen bond acceptors, cLogP, computationaitioar coefficient, PSA, polar surface area,
acid dissociation constant, FaSSIF, fasted statalated intestinal fluid, B, apparent permeability, fhep numan humMan hepatic intrinsic clearance

abcalculated with Marvin Sketch

®Lipinski's rule of five?*”

'Veber et al, 2007°%

9Standard deviation (SD), n=3

"Solubility classification according to the Unitethfs Pharmacopoeia (USP, 2007): PI, practicasiglible, VSS, very slightly soluble, SS, slightbfuble!?*
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Similar as for the intestinal solubility, a broashge was observed for the intestinal permeabifithe
compounds using FaSSIF as apical medium (Tablen@4Faggure 19). With exception of compound
196i, the Ry, values of the investigated compounds were sigmfly higher than that of
a paracellular marker atenolol (5.3 x™®l@m/s) and lower than that of a transcellular marke
indomethacin (93.3 x 10cm/s). In literature, azfy value of 10 x 16 cm/s has been reported to result
in a fraction absorbed in humans of at least §®Hence, for 9 out of 10 compounds the
permeability was relatively high.

The permeability of the selected compounds was @dsermined in the presence of 4uM of
the P-glycoprotein (P-gp) inhibitor elacridar (GPB928) to explore whether P-gp has a modulatory
effect on the absorption of the selected compotffidislone of the compounds showed a significant
increase in B, when elacridar was included in the medium,; thisniscontrast with the 3.2-fold
increase which was observed for a known P-gp satiesindinavit?®® Hence the intestinal absorption

of these compounds is not expected to be modulbgt&igp-mediated efflux transport in the intestine.

120 1 BFaSSIF
100 -

mFaSSIF + 4uM GF

D
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4aa 4ab 3aa 6aa 4aj 3ad bae 4ad 3af 2ai

Figure 19 Absorption potential of the pyrido[2 @pyrimidine-2,4(H,3H)-diones and their precursors in fasted
state simulated intestinal fluid (FaSSIF), estirdais the apparent permeability coefficiengfFof the Caco-2
monolayer in presence and absence of 4uM P-glyteiprP-gp) inhibitor GF-120918 (data presentethas

mean_+ S.D., n=3)
It is important to note that solely the free corication of the compounds is able to permeate
across the epithelial membrane. Compounds wittgla lpophilicity are readily incorporated
in micelles present in FaSSIF and are therefore desilable for absorptidf?® Figure 20

clearly illustrates the significant correlationween Ry, and Log(LogP) in FaSSIF.
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Figure 20 Relationship between the intestinal permeability,Jf the pyrido[2,3d]pyrimidine-2,4(H,3H)-
diones and their precursarssilico predicted lipophilicity (Log(LogP))

The CJ, of the pyrido[2,3d]pyrimidine-2,4(H,3H)-diones, determined in human liver microsomes
(HLM), was clearly compound dependent, as depittdegure 21. Scaled values for intrinsic hepatic
clearance in human (fhepnumay varied between 0 and 159 ml/min/kg. For compour@8a,
no metabolism was observed under the conditiond. Us@ossible explanation is that the metabolism
of this compound is not mediated by cytochrome PdBfymes (CYP) and can therefore not be
determined with liver microsomes as in vitro drugtabolism model. Verapamil was used as
a positive control compound for hepatic metabolasrit is known to be an extensively metabolized
compound? ] Compounds199e 198d, 197f are more extensively metabolized compared to
verapamil which could be useful when the metabadhews biological activity. The metabolism of
196i is comparable to verapamil. Five of the compousr@smore stable than verapaniibgj, 197a
197d 200a 198b). Since the biological activity of these compoursii needs to be evaluated,
compounds showing intermediate metabolig®6i, 198j, 197a, 197d and 200agre the most
promising. Parent concentrations remained stabiecubations performed in the absence of NADPH
and glucose-6-phosphate, indicating chemical stabdf the compounds under the incubation

conditions used.
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Figure 21 Mean C},; values (£S.D. n=3) for selected pyrido[2ipyrimidine-2,4(H,3H)-diones and their
precursors determined in a pool of human liver asomes (HLM) from 45 donors.
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THE BIOLOGICAL ACTIVITY OF THE SELECTED COMPOUNDS

The biopharmaceutical profiling of a selection ofrigo[2,3-d]pyrimidine-2,4(H,3H)-diones and
their precursors reveals a broad range of structependent solubility, permeability and hepatic
metabolism values. Taking under consideration #sults of permeability and hepatic metabolism,
all compounds, except fdr96i, show acceptable drug-like properties; the consecgl of the hepatic
metabolism study depends on the biological actiatythe parent compound and its metabolites.

The selected compounds show poor solubility in FaS®hich can be a limiting stage to further
investigation.
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PERSPECTIVES

5. Perspectives

The new library of pyrido[2,®][1,4]oxazepines\ib) and pyrido[4,3][1,4]oxazepine iya)
can be synthesized using chloro derivativies ghd ib) of pyridine. Because of the equilibrium
between 2-hydroxy-3-nitropyridine and 3-nitro-Bijipyridinone the reaction with other alcohols
under Mitsunobu conditions or alkylation by chla$d could provideN-alkylated products.
If the alcohol will possess also a carbonyl groafper reduction of the nitro group, the condensatio
reaction can be performed followed by the ring wfesto desired pyridoxazepine scaffold.
The nitrogen atom can be alkylated and the pyridimg could be brominated at C5 with NBS ok.Br
This can open many possibilities to coupling reawdi e.g. Heck reaction, Suzuki reaction,

Sonogashira coupling and Buchwald-Hartwig coup(igheme 1).

H
xSy N0z 07 o< o N R
|/\/E &/E _Fe, NH,Cl /I 1) EtOH, reflux /\/[
(g KOH ch:o3 (§ MeOH/HZO 2) NaBH,4, MeOH L R2
Y Cl \2Ne)
TDA-1 Rl Rz
toluene
ia: X=N, Y=CH iia: X=N, Y=CH iiia: X=N, Y=CH S _
T O o e iva: X=N, Y=CH
ib: X=CH, Y=N iib: X=CH, Y=N iiib: X=CH, Y=N ivb: X=CH, Y= N

‘NaH, BrR3
RS RS R3
\ \ \
N N R B N RE XX N— Rt
| | NBS )
= R? = R? (g R?
(e} or N O Y O
Br via vib va: X=N, Y=CH

vb: X=CH, Y=N
Heck reaction, Suzuki reaction,
Sonogashira coupling, Buchwald-Hartwig coupling

Scheme 1

The radical ring closure is more demanding. To erthe formation of the complex metal-
pyridine compound, the benzyl analogweshould be synthesized. The synthesis can stam fro
condensation of 2-bromoanilimMi and benzaldehyde to the imine, followed by redwctimination to
the secondary amineviii. To introduce theN,N-allylbenzylaminé™®¥ into the 2 position,
the Buchwald-Hartwig amination can be u&d.To complete the synthesis of the starting matetial

reaction with trichloroacetyl chloride should befpamed (Scheme 2).
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Bn O Bn
Bn. = ! T
Br 1) benzaldehyde Br NN N PI] N
EtOH, reflux H ~X c” el X
2) NaBH,, MeOH Pd,dbas, NaOt-Bu EtN(i-Pr),, CH,Cl,
NH, NHBn  B|NAP, toluene NHBn NBn
vil vii ix 0" CCl«
CuCl
CH,Cl,
BN cl
BN Cl
Cl

Xi
Scheme 2

The presented synthesis of 2,3-dihydro-pyridojg[3;4]oxazepin-5(H)-one started by the
formation of the ester bond, however the cyclizafiry alkylation failed. One of the uninvestigated
ways includes the synthesis of an amine at C2\@tb by transesterification (Scheme 3, route A).
Using allyl 2-chloropyridine-3-carboxylate the amigroup can be easily introduced into C2 of the
pyridine ring by substituton of the chlorine atowith O-benzylated ethanolamiffé®
The debenzylation can be performed with hydrogealyzed by Pd/C. The ring closure to the bicyclic

compoundkv could be performed by transesterification, usiraiNn THF.

o o}
N o N NH, Xy S0 NF
| Bno” "2 | PIC, Ho
7 MeCN, reflux N~ ~0Bn " EtOH /\/OH THF

N Cl
" H
route A Xii Xiii
(0]
n NH2

(\/f‘\ OH po ™~ NBN: (\/fl\ PA/C, Hy [ o NaH
Et3N BOP EtOH N/ cl THF

THF

route B XVi Xviii

Scheme 3

The second option to the 2,3-dihydro-pyrido[2]R-,4]oxazepin-5(H)-one scaffold, starts by the
formation of ester xvii by the reaction of 2-chloropyridine-3-carboxyliccida and
N,N-dibenzylethanolamifé’ in the presence of BOP. The double substitutednangirevents
the formation of amide, thus the ester will be faasithe only product. The debenzylation can be
conducted with hydrogen in the presence of Pd/Qyige the free amine group which in the aromatic

substitution of the chlorine atom at C2 leads todhsired cyclic compound (Scheme 3, route B).
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SUMMARY

6. Summary

In conclusion, the synthesis of pyrido[hBi,4Joxazepines iyb) and pyrido[4,3-
b][1,4]oxazepine iya) was designed and successful accomplished (Schgnidne most challenging
step of those syntheses turned out to be the cmumif the hydroxynitropyridine with methyl
3-hydroxy-2,2-dimethylpropanoate. The 2,2-dimetBy(B-nitro-pyridin-2-yloxy)-propionateiip) and
2,2-dimethyl-3-(3-nitro-pyridin-4-yloxy)-propionatéia) were isolated in low yields. Next steps did
not give any trouble, the reduction of nitro groujth Fe and NHCI gave the amino derivative in

excellent yields. The ring closure reaction to ggrazepines proceeds in 90% yield for both

pyridines.

90-95% 90%

H O
NO NO NH N
QU ST O 3 e UL 8 a0
( TPP, DIAD /><J\ "MeOH/H,0 ™~ %OM DMSO kY/ °

1,4-dioxane
40-44%
ia: X=N, Y=CH iia: X=N, Y=CH iiia: X=N, Y=CH iva: X=N, Y=CH
ib: X=CH, Y=N iib: X=CH, Y=N iiib: X=CH, Y=N ivb: X=CH, Y=N
Scheme 1

To explore the seven-membered ring fused to thielipgrring of pyrido[2,38][1,4]oxazepines, seven
alcohols and a chloride derivative were selectede Do the equilibrium between 2-hydroxy-3-
nitropyridine and 3-nitro-2()-pyridinone, theN-substituted products were isolated only for three

alcohols and the chloride (Scheme 2). The reactigtiisthe other alcohols did not allow to synthesiz

neitherO-alkylated noN-alkylated products.

N~ 0
H
OH OH OH Cl
n-BuszP, DEAD '\NH TPP, DEAD TPP, DEAD EtN
DME, rt (21h) /& THF, rt (47h) THF, rt (73h) MeCN, rt (48h)
4%  |gro” Yo 66% | p,co” o 9% g0 Yo 95% Et0” O
Nk o) o N o N~ 0o N~ 0
NH H3CO ;
/g \% | Vi Vil VIl
Et0” ~O 0~ TOEt 0~ TOEt
Scheme 2
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The desired pyrido[3,8}[1,4]oxazepine scaffolkii was not achieved. The cyclization of
N-(3,5-dibromo-pyridin-4-yl)-3-hydroxy-propionamidei using Buchwald coupling conditions

followed by deprotonation lead to deamidationxto

o

0
NH, HNJ\/\OH HNH
Br Br Br 0
ST 1ol
J cal, rt (48h) CH,Cly, 0°c 1t (2h) P _
N N N
Xl

70% 72%
Xii

ix
‘ cyclization product

Scheme 3

Despite the fact that for the synthesis xiif a lot of methods were used, the starting material

4-amino-3-hydroxypyridine was not synthesized (Sobd).

®
N

Scheme 4

The most promising pathway which includes the ryahdic substitution of bromine at C3 did not
succeed, the isolation failed because of the polubaity of 3-(3-chloropropoxy)-pyridin-4-ylamine

Xix in organic solvents.

N02 NOZ
Br Br Br O Cl
B Hy0p ACOH N HNOG, H,S0, 17 Ho " fﬁ/ T
Pz reflux (8h)- rt (on) reflux (5h) = NaH, THF Z
N quant. \® 46% N® 0°C-rt(16h) N®
) Og Ogo . 17% Og
Xiv XV XVi XVii
TPP, Re(V)

benzene, rt (20h)
98%

NH, NO,
o) cl o) Cl
fj/ NN pdic (j/ TN
— EtOH, 1latm =
N™ rt@eh) N
XIX XVIII
Scheme 5
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SUMMARY

The formation of the nine-membered ring of tg2-(N-allyl-N-methylamino)-pyridin-3-yl]-
N-benzyl-2,2,2-trichloro-acetamide xx{a) or the N-[2-(N-allyl-N-benzylamino)-pyridin-3-yl]N-
benzyl-2,2,2-trichloro-acetamidexib) under the Kharasch reaction conditions couldheotealized
(Scheme 6). The synthesis»ofa andxxb is presented in Scheme 7.

oﬁ/cu3
O (\/[
~
N N/\/ BnN R= a:Me

Bn Cl b:Bn
XX XXii

Scheme 6

NO
A 2
| BN || Fe, NH,Cl _ ||
NaH, THF PN\~ MeOH/H,0 NN
N o NN N~ N
rt (22h), 82% Bn reflux (5h) Bn
Xxiii 80% XXV

1) benzaldehyd
EtOH, reflux
n-BuLi, Mel, THF quant.
-78°C to rt (22h) 2) NaBH;CN
69% AcOH, MeOH
rt (17h)
70%
@NHCHs (\/ENHBn
= e
N N/\/ N N/\/
Bn Bn
xxva xxvh
X
C'sc cl,e” Cl

CH,Cl,, 1t (20h)
80%

CCI3

7
N N/\/
Bn

Xxa

Scheme 7

CH2C|2, rt (18h)
90%

OYCCI3
—
N N/\/
Bn
xxb

The Kharasch reaction was conducted with CuCl witlithout ligand (TMEDA/ PMDETA), CuO,
a mixture of CuCl and CuO for the benzyl derivatiaed with CuCl, Ru(PRRCl,, Grubbs I
generation and complex CuCl-bipyridine for the rngetterivative. Different solvents (GEl,, DCE

or toluene), under reflux, 80°C or room temperatwere applied. For all investigated conditions,
only starting materials were recovered.
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To obtain a nine-membered ring fused to pyridihe, metathesis reaction of allyl R-allyl-
N-benzylamino)-3-pyridinecarboxylate  xxvia) and allyl 2-(-allyl-N-tosylamino)-3-
pyridinecarboxylatexxvib) was performed under different conditions (Sch&hneThe synthesis of
compoundxxvi is presented in Scheme 9. The allyNgllyl-N-benzylamino)-3-pyridinecarboxylate
(xxvia) was reacted with different ruthenium complexesufids f' and 2¢ generation catalyst,
[RUCIH(CO)(PPh)], Hoveyda-Grubbs " generation) in toluene or GEl,, at room temperature,

reflux or 65°C. However, all the attempts led te tbolation of starting material.

0 o) o)
0
NO” —»NOM @f\/
N” X Nig R/\/ /

~
N"RN
X= Cl, NH, XXVi XXVii R=a: Bn
b: Ts
Scheme 8
AN AN
Y OH_wo ™ ([ ©° BN > s
Z EDC, DMAP ez MeCN, 80°C (73h) NN
N O chch rtashy N © 49% NTON
78% XXVili xxvia
o) o)
AN AN AN
| X OH HO/\/ | X (e} TsCl Ej\)l\o Br/\/ | X (@)
=z EDC, DMAP = pyridine, 60°C (41h) z K,CO3, DMA NN
N© NH2 e, tasny N NH2 72% N* NHTs oo°c 3on) NN
42% XXiX XXX 84% XXvib
Scheme 9

The reaction okxvia with Grubbs ¥ generation was also conducted in the presencewfsLacids
(Ti(Oi-Pr),, LiCl, ZnCl,, In(OTf)s, Sc(OTfy). Only in the presence of Sc(OFDr In(OTfi a new
product was detected. The new compound was isotetdtie trifluoroacetic acid salt after separation
on preparative HPLC. ThéH-NMR analysis confirms presence of the deallylatmpound

(Figure 1), 2-{-allyl-N-benzylamino)-nicotinic acid or allyl 2-benzylammaidine-3-carboxylate.

o} o}
| A OH | = OH
A D pZ =
N HN/\/ NG ONTNF
Bn ) H Bn S]
F3CCOO F3CCOO
Figure 1

The ring closure of allyl 2M-allyl-N-tosylamino)-3-pyridinecarboxylatex{vib) using Grubbs ¥
generation, and Grubb&°@jeneration catalyst with Lewis acid (In(OfBc(OTfy) did not proceed to
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SUMMARY

the bicyclic compound. Because of the deallylatiod the isolation of starting material, the 2-prepe
1-yl 2-(N-(3-buten-1-yl)N-tosylamino)-3-pyridinecarboxylatexxxi) was synthetized as a precursor
for a ten-membered ring fused to pyridine (Schefje 1

] ] O o
Ej\)l\o/\/&/\/\l\ O/\/ |\ w

= K,CO3, DMA ~ /\/\ ~
N NHTs 90°C (43h) N _Il\_ls N TSN\/';’
XXX 84% XXXi XXX
Scheme 10

xxxi Reacted with Grubbs"2generation catalyst at 80°C in toluene and aftdr, & mixture of

compounds was detected. The compounds were seapabgtepreparative HPLC as a salt of
trifluoroacetic acid (acid was added to the eluantinixture). Unexpectedlly, under these conditions,
the intramolecular cyclization products were fornf€thure 2). In the reaction mixture, the desired

bicyclic ten-membered pyridine derivative was netiedted.

(@]
e INEe s
Q TsN” N Q Og)
LW NN

XXXiii XXXV
Figure 2

When more diluted conditions (0.86 mM) were applie conversion of the reaction decreased to
80% and in the reaction mixture, only productsndéimolecular cyclization were present.

The new method for the pyrido[2ddpyrimidine-2,4(H,3H)-dione &xxviii and xI)
is presented in Scheme 11.

o o)
X X ANF 1
4 EDC, DMAP = reflux (19-259h) 259h) ! )
N"C o chcl ey N © NHR NHR
78% XXXV XXXVi XXXVii
NH,R? NaH, CDI
reflux (42-186h) THF/NMP, rt (16-18h)

54-85% 58-91%

_ NaH.CDI (kaHRZ
“THE/NMP, rt (16-18h)

1
47-97% NHR
XXXIX

R1= cyclohexyl, t-octyl

R1= allyl, propyl, butyl, i-pentyl, benzyl
XXXViii

NH,R= allyl, propyl, butyl, i-pentyl, cyclopropyl, cyclohexyl, t-butyl, t-octyl, 1-adamantyl, benzyl
NH,R2= allyl, propyl, i-pentyl

Scheme 11
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The estexxxv, synthetized from 2-chloropyridine-3-carboxylidchand allyl alcohol, in the reaction
with alkyl/aromatic amines gave a mixture of praucxvi andxxxvii, or onlyxxxvi for sterically
hinder amines. The selective nucleophilic aromatibstitution with sterically hinder amines at C1
(t-octylamine t-butylamine, 1-adamantylamine) is more difficuldameeds longer reaction times than
with other amines (e. g. allylamine, butylaminpentylamine). Amines giving sterically hinder &,C
allow the synthesis ofN-alkyl 2-(alkylamino)-3-pyridinecarboxamides in gboyields. The
cyclopropylamine is an exception In the reactiorthweyclopropylamine, only compounxxii
(R'=cyclopropyl) was obtained. The synthesis of presumxxxix to pyrido[2,3d]pyrimidine-
2,4(1H,3H)-diones with different groups attached to nitrogesguired longer reaction times and the
yields are lower than in the case of two identatkyl group.

To the synthesis of dipyrido[2@pyrimidine, the N,N'-1,2-ethanediyl-bis[2-chloro-3-
pyridinecarboxamide] i) was synthesized from 2-chloropyridine-3-carboxyliacid and

ethylenediamine. The obtained compoutideacted with alkylamine tdii (Scheme 12).

Cl__N
(@] (@] H -z | 0] H 7 |
N N
(YJ\OH 1) SOCl, reflux (2h) NH/\/ NH,R B H/\/
~ NH = (o] _
N 2) N> N2 Ne reflux (32-68h) Z o}

N” NH
54-62%
CH,Cly, 1t (17h) i R li
60%

NH,R= allylamine, propylamine, i-pentylamine
R= allyl, propyl, i-pentyl

Scheme 12

The ring closure was only performed for the progetivative. For this reaction, two carbonyl donor
reagents were selected, CDI and triphosgene. Irrghetion with CDI, only starting material was
detected after 17 hours of stirring at room temjpeea The reaction oN,N'-1,2-ethanediyl-bis[2-
propylamino-3-pyridinecarboxamidediib with triphosgene gave unexpectedly the compoxiiid

(Scheme 13). The desired dipyrido[2][pyrimidine was not detected in the reaction migtur

HN.__N o 9 o

’
1) &
A N
Ej\)l\ﬂ triphosgene, DIPEA \\ N
N~ > NH o CH,Cly, 1t (1h) N ONH O OHNTN =
xliib i
Scheme 13

In attempt to synthesize the 3-(alkyl/aromaticRixdroxyethyl)-pyrido[2,H]pyrimidine-
2,4(1H,3H)-dione, the 2-chloropyridine-3-carboxylic acid waansformed into the acid chloride,
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then reacted with ethanolamine or 2-benzylaminaethi obtain the mixture of productBv andxlv
(Scheme 14).

CI.__N
|
o} x OH
| S OH 1) SOCI,, reflux (2h) | N g/\/ | A H/\/
7 Pz O + Pz

N™ ClI 2)RHN/\/OH N Cl N" “Cl xliv  xlv
CH,Cl, xliv xlv R=H trace 98%
R=Bn 52% 48%

Scheme 14

The 2-chloroN-(2-hydroxyethyl)-nicotinamidelva in reaction with alkyl/aromatic amines gave the
2-alkyl/aromaticN-(2-hydroxyethyl)-nicotinamidelvi in good yields. The ring closure to pyrido[2,3-
d]pyrimidine-2,4(H,3H)-dione xlvii (for the propyl and benzyl derivative), was pemnfed with

triphosgene as a carbonyl donor (Scheme 15) xMiiewere obtained in low yields, 27%"and 20% for

propyl and benzyl respectively.

(0] o o
(jfLH/\/OH %»Ej\)l\u/\/oki triphOSngev DI;’EA | \/ /’L/\/OH
v xlva : Léxz-(gs;/o ) " NHRxlvi CHZZ%-227IE/§4 ) N g ° xlvii
NH,R= allylamine, propylamine, i-pentylamine, cyclohexylamine, benzylamine R= propyl, benzyl
Scheme 15

The ring closure reaction of unprotected amitda led to the intramolecular substitution and resllte
into the tricyclic compoundlviii, whereas the reaction with the benzyl protectediaxivb led to
the intermolecular substitution and the formatidrih@ seven-membered ring fused to pyricfig
(Scheme 16).

o]

(0] (0]
= N /\ SN N /\/OH N NBn
| H NaH | R NaH |
SN0 O Ny, TTHF, it (22h) S\ Z THF, it (16h) 7
H o 33% 90% o~
xlviii K/N pZ Xlv xlix
R=H R=Bn

Scheme 16
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Dutch trandation of summary

In deze doctoraatsthesis werd de synthese van gprgb][1,4]Joxazepine iya) en
pyrido[2,3b][1,4]oxazepines iYb) ontwikkeld en succesvol uitgevoerd (Schema 1). deze
synthetische route bleek de grootste uitdagingappé&ling van het hydroxynitropyridine met methyl
3-hydroxy-2,2-dimethylpropanoaat te zijn. Dit résetde in de synthese van 2,2-dimethyl-3-(3-nitro-
pyridin-2-yloxy)-propionaat ifb) en 2,2-dimethyl-3-(3-nitro-pyridin-4-yloxy)-propnaat {ia),
die beiden echter geisoleerd werden in lage rendeme Vervolgens werden beide derivaten
onderworpen aan een reductie van de nitro-groep daddel van reactie met Fe en NMH,
wat resulteerde in de vorming van de overeenkomstigino- derivaten in uitstekende rendementen.
De daaropvolgende ringsluiting met vorming van gigdoxazepines verliep voor beide derivaten in

een rendement van 90%.

H O

NO NO NH N

Xl/j 2 Mo’ /\/[ 2 _Fe, NH,CI _ /j: 2 NaH (\/[

7 TPP, DIAD /><’k MeOH/HZO /><k DMSO =

M 1,4-dioxaan 90-95% OMe 9094 Y O
40-44%

ia: X=N, Y=CH iia: X=N, Y=CH iiia: X=N, Y=CH iva: X= N, Y=CH
ib: X=CH, Y=N iib: X=CH, Y=N iiib: X=CH, Y=N ivb: X=CH, Y=N
Schema 1l

Met het oog op de synthese van een ruime waaieipwado[2,3b][1,4]oxazepines, werden zeven
alcoholen en een chloride derivaat geselecteerd veactie met het 2-hydroxy-3-nitropyridine
startproduct. Omwille van het evenwicht tussen @rbyy-3-nitropyridine en 3-nitro-2{)-pyridinon,
werden er enkeN-gesubstitueerde producten bekomen na reactie metvdn de betreffende
alcoholen en tevens bij reactie met het chloridehéga 2). De reacties met de andere alcoholen

resulteerden tevens niet in de vorming vaiDdgealkyleerde noch de-gealkyleerde producten.
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N~ O
H

OH OH OH Cl
n-BugP, DEAD |\NH TPP, DEAD TPP, DEAD EtsN
DME, rt (21h) By THF, rt (47h) THF, rt (73h) MeCN, rt (48h)
47%  Et0” Yo 66% | p,co” o 9% g0 o 95% Et0” SO

Schema 2

De synthese van de pyrido[3)}f1,4]oxazepine “scaffold™ii werd tevens beoogd in deze
doctoraatsthesis. De cyclizatie van he(3,5-dibroom-pyridin-4-yl)-3-hydroxy-propionamidé via
een Buchwald koppeling, gevolgd door deprotoneriegilde echter tot een deamidatie reactie wat

resulteerde in de synthese van verbinding

NH,
Br o)
| A _ NBS \(ﬁ/ A | A
CCI4 rt (48h) CH,Cl,, 0°c rt (2h) NS N

/
70% 72%
\ Xi

ring-gesloten product

Schema 3

Ondanks het feit dat er verschillende routes zijgeprobeerd voor de synthese van het 4-amino-3-
hydroxypyridine startproduct, resulteerde geen knkan deze pogingen in het gewenste resultaat.

Bijgevolg kon de beoogde verbindirg niet gesynthetiseerd wordéBchema 4)
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NH,
~OH \«OH B
| ) = ] = _

N N N

xiii

I

Schema 4

Misschien wel één van de meest veelbelovende “matlsiv voor de synthese van deze
“scaffold” ging uit van een nucleofiele substitutian het Br-atoom in de C3-positie. De isolatie van
deze verbinding mislukte echter door de slechtesfjaarheid van het 3-(3-chloorpropoxy)-pyridin-4-
ylaminexix in organische solventen.

NO, NO,
™ B 1,0, AcOH B % HNOy, S0, [ o g | O
~ reflux (8h)- rt (on) P reflux (5h) ~ NaH, THF _
N kwantitatief N® 46% N® 0°C-rt(16h)y N
, Oo Oo_ . 17% Oo .
Xiv XV Xvi XVii
TPP, Re(V)

benzenee, rt (20h)
98%

NH, NO,
O Cl (0] (o]
| X ~ N H,, PdIC E‘j/ ~ N
= EtOH, latm Pz
N n@aeh)y N
XixX xviii
Schema 5

De synthese van het N-[2-(N-allyl-N-methylamino)-pyridin-3-yl]N-benzyl-2,2,2-
trichlooracetamide xkia) of het N-[2-(N-allyl-N-benzylamino)-pyridin-3-ylN-benzyl-2,2,2-
trichlooracetamide xkib) werd tevens vooropgesteld. Geen van deze madisdye verbindingen
kon echter bekomen worden onder de gegeven Kharasgiie condities (Schema 6). De synthese

van de startproductetxa enxxb is weergegeven in Schema 7.

OYCCIB R O R O
\ cl \
N N
~ X -
NN NBnN or N™ °N R=a:Me
Bn Cl Bn cl b:Bn
Xi

XX X XXii

Schema 6
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NO NO NH
N 2 = A 2 AN 2
| BnHN” ] Fe, NH,ClI E\/E
¢l NaH, THF FNNTNF MEOHH,0 (P NF
rt (22h), 82% Bn reflux (5h) Bn
XXiii 80%
1) benzaldehyde
EtOH, reflux
n-BuLi, Mel, THF kwantitatief
-78°C to rt (22h) 2) NaBH3CN
69% AcOH, MeOH
rt (17h)
70%
@NHCHs @NHBn
b
NN N
Bn Bn
xxva Xxvb
X X
cl,e” el cl,c” cl
CH,Cls, 1t (20h) CH,Cl,, rt (18h)
80% 90%
OYCCE OYCCIg
NN NN
Bn Bn
xxa xxb
Schema 7

De Kharasch reactie werd uitgevoerd in aanwezighaid de volgende katalysatoren: CuCl
(met of zonder TMEDA/ PMDETA als ligand), CuO ennemengsel van CuCl en CuO voor het
benzylderivaat; en met CuCl, Ru(PRJCl,, de ' generatie Grubbs' katalysator en CuCl-bipyridine
voor het methyl derivaat. Er werdt tevens een greggscheidenheid aan reactie condities
uitgeprobeerd met verschillende solventen {Cli} DCE en tolueen) en temperaturen (reflux, 80°C en
kamertemperatuur).

Met het oog op de synthese van een aan pyridingsgefde negenring, werd de metathese
reactie van het allyl 2N-allyl-N-benzylamino)-3-pyridinecarboxylaatxvia) en het allyl 24-allyl-
N-tosylamino)-3-pyridinecarboxylaaixvib) tevens onderzocht (Schema 8). The synthese van de
startverbindingenxxvi is weergegeven in Schema 9. Het allyl N2a{lyl-N-benzylamino)-3-
pyridinecarboxylaatxxvia) werd samengebracht met verschillende ruthenitagemtia (I en 2°
generatie Grubbs' katalysatoren, [RuUCIH(CO)@JRif 2 generatie Hoveyda-Grubbs' katalysator) in
tolueen of CHCI, en bij verschillende temperaturen (kamer tempearatueflux of 65°C).

Al deze pogingen leidden echter tot het opnieuvwob@n van de startproducten.
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o] 0 o)
P o
| N OH | N o F ‘ AN
_ pp—— P A~ - _
NN N RN

N~ X J
X=Cl, NH, XXVi XXVii R=a: Bn
b: Ts
Schema 8
o) o) o)
Xy~ “OH A N o AN N o N
\ HO \ BnHN
Z EDC, DMAP = MeCN, 80°C (73h) NN
N© G chch taehy N © 49% NTR,
78% XXViii xxvia
o) o) o) o)
‘ A OH Ho/\/ ‘ A O/\/ TsClI (Yko/\/ Br/\/__ \ b O/\/
- EDC, DMAP - pyridine, 60°C (41h) - K,COs, DMA NN
N NHz o open tasny N NH2 72% N* NHTs goocon NN
42% XXiX XXX 84% xxvib
Schema 9

De reactie van verbindingxvia met de ¥ generatie Grubbs' katalysator werd tevens
uitgevoerd in de aanwezigheid van Lewis-zuren (iFR@Q,, LiCl, ZnCl,, In(OTf);, Sc(OTf)). Hierbij
werd enkel bij reactie met Sc(OTfen In(OTfy een nieuw product gedetecteerd. Na scheiding en
isolatie op een preparative HPLC kolom, bleek deideuw component het overeenkomstige
trifluorazijnzuur zout van de startverbinding tejnZH-NMR analyse bevestigde tevens
de aanwezigheid van de gedeallyleerde verbindingu(f 1), het 24{-allyl-N-benzylamino)-

nicotinezuur of het allyl 2-benzylaminopyridine-8rboxylaat.

o} o}
| A OH | = OH
A D pZ =
N HN/\/ NG ONTNF
Bn ) Bn S]
F3CCOO F3CCOO
Figuur 1

De metathese reactie van het allyNed]lyl-N-tosylamino)-3-pyridinecarboxylaatxvib) met
de 2° generatie Grubbs' katalysator, al dan niet inatev@zigheid van In(OT{pf Sc(OTf)als Lewis
zuur, resulteerde tevens niet in de synthese vayedenste bicyclische verbinding. Omwille van het
optreden van een deallyleringsreactie en de igolan de startverbindingen, werd het 2-propeen-1-yl
2-(N-(3-buteen-1-yI)N-tosylamino)-3-pyridinecarboxylaakxxi) gaangemaakt als precursor voor de

synthese van een aan pyridine gefuseerde tiericliefna 10).
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0] O o
(Yko/\/sr/\/\,\ SN
= K>,CO3, DMA = /\/\ ~
N NHT: 90°C (43h) N _II\_IS N'TeN
XXX 84% XXXi XXXii
Schema 10

Verbindingxxxi werd gereageerd met d& Beneratie Grubbs' katalysator in tolueen bij 80°C
en na 5 uur reactie werd er een mengsel van véesdde verbindingen gedetecteerd.
Het reactiemengsel werd opgezuiverd via prepamtitL.C en het overeenkomstige trifluorazijnzuur
zout van de startverbinding werd bekomen (triflagreeuur werd toegevoegd aan het elutie mengsel).
Onverhoopt, werden onder deze reactie conditiemti@moleculaire cyclizatie producten gevormd

(Figuur 2). In het reactiemengsel werd de beoogtelische tienring echter niet gedetecteerd.

XXXiii XXXV

Figuur 2

Wanneer meer verdunde reactie condities (0.86mMjlevegebruikt, daalde de conversie van
de reactie naar 80% en werden er enkel interma@eutyclizatie producten gevormd.
De nieuwe methode voor de synthese van de pyr@d]pyrimidine-2,4(H,3H)-dionen

(xxxviii enxl) is weergegeven in Schema 11.

(6] O
=
SN N AN AN 1
B OH o™~ | ) o R (fko (fLNHR
EDC, DMAP reflux (19-259h) (19-259h) 1 1
N~ Cl CHoCly, 1t (16h) N~ CI NHR NHR
78% XXV XXXVi XXXVii
NH,R?2 NaH, CDI
reflux (42-186h) THF/NMP, rt (16-18h)
54-85% 58-91%
NaH, CDI (fk NHR?
THF/NMP, rt (16-18h) NHRY
R1= cyclohexyl, t-octyl 47-97% R1= allyl, propyl, butyl, i-pentyl, benzyl

XXXiX

XXXViii

NH,R™= allyl, propyl, butyl, i-pentyl, cyclopropyl, cyclohexyl, t-butyl, t-octyl, 1-adamantyl, benzy!
NH,R?= allyl, propyl, i-pentyl

Schema 11
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Het esterxxxv, gesynthetiseerd door reactie van 2-chloorpyri@+arbonzuur en allyl
alcohol, werd gereageerd met alkyl- en aryl amineaj resulteerde in een mengsel van de
verbindingerxxxvi enxxxvii, of selectief in verbindingxxvi voor meer sterisch gehinderde aminen.
Deze selectieve nucleofiele aromatische substitytiele C1-positie wordt bemoeilijkt met sterisch
gehinderde aminert-octylamine,t-butylamine, 1-adamantylamine) en heeft dan ookedam reactie
tijden dan bij reactie met andere aminen (bvb aityhe, butylamine-pentylamine). De resulterende
aminen waarvan de C2-positie meer is afgeschermdr daerische hindering, leveren de
overeenkomstigeN-alkyl 2-(alkylamino)-3-pyridinecarboxamiden in giee rendementen. Hierbij is
het cyclopropylamine echter een uitzondering, azilege na reactie enkel verbindingxii
(R'= cyclopropyl) werd bekomen. De synthesis van mjei¢B-d]pyrimidine-2,4(H,3H)-dionen,
uitgaande van precurs@kxix, met twee verschillende groepen op Neatoom, vereisten langere
reactie tijden en resulteerden in lagere rendemeirievergelijking met de aminen met twee identieke
groepen op hetl-atoom.

Met het oog op synthese van het dipyrido[@8yrimidine, werd het 2-chloorpyridine-3-
carbonzuur gereageerd met ethyleendiamine, walteeste in de vorming val,N'-1,2-ethaandiyl-
bis[2-chloor-3-pyridinecarboxamidekl{(). De bekomen verbindingli onderging vervolgens reactie

met een alkylamine, wat leidde tot de vorming varbindingenxlii (Schema 12).

— NH -
N Cl 2) HZN/\/ 2 reflux (32-68h)

54-62%
CH,Cly, rt (17h) xli
60%

R
Cl__N HN___N
(6] (@] H z ‘ o) H = ‘
NS NS
Ny OOH 1) SOCH, reflux (2h) XY N7 NH-R NN
‘ - ‘ H —2>‘ H
Nl N” NH
R

xlii

NH,R= allylamine, propylamine, i-pentylamine
R= allyl, propyl, i-pentyl

Schema 12

De daaropvolgende ringsluiting werd enkel uitgedoep het bekomen propyl derivaat.
Met het oog op deze reactie werden twee carbonyéel@nde reagentia geselecteerd, nl. CDI and
trifosgeen. Bij reactie met CDI werd na 17 uur evebij kamer temperatuur enkel het start product
gedetecteerd. De reaction v&gN'-1,2-ethaandiyl-bis[2-propylamino-3-pyridinecarlaoxide] xliib
met trifosgeen resulteerde echter onverwacht isydéhese van verbindingiii (Schema 13). Hierbij

was het gewenste dipyrido[2dppyrimidine niet aanwezig in het reactiemengsel.
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HN._N o 9 o
(@) =~
Y o
A S~
(j\)LH triphosgeen, DIPEA \\ / | N
N >NH o CH,Clj, rt (Lh) N’ NH  HN N=
xliib ( % i

Schema 13

Met het oog op de synthese van de 3-(alkyl/ary(®-hydroxyethyl)-pyrido[2,3]pyrimidine-
2,4(1H,3H)-dionen, werd het 2-chloorpyridine-3-carbonzuutrgesformeerd in het overeenkomstige
zuurchloride en vervolgens gereageerd met ethammdaof 2-benzylaminoethanol, wat resulteerde in
een mengsel van de verbindingdiv enxlv (Schema 14).

Cl N
|
O NN OH
| S;T TOH 1) s0Cl,, reflux (2h) | N g/\/ | = g/\/
— — O + —

N Cl Dgun M N° N" °Cl xliv  xlv
CH,Cl, xliv xlv R=H trace 98%
R=Bn 52% 48%

Schema 14

Bij reactie van het 2-chlodx-(2-hydroxyethyl)-nicotinamidelva met alkyl- en aryl aminen
werden de overeenkomstige 2-alkyl/aNA2-hydroxyethyl)-nicotinamiderlvi in goede rendementen
bekomen. De daaropvolgende ringsluiting tot de duj#,3-d]pyrimidine-2,4(H,3H)-dionen xlvii
(voor de propyl en benzyl derivaten) werd uitgedomet trifosgeen als carbonyl donor (Schema 15).

De resulterende verbindinga&tvii werden echter bekomen in lage rendementen (200).27

0] (0] 0]
~_"0OH ~~_-OH ~_-OH
(ﬁ\)}\” NH,R | N H triphosgeen, DIPEA | \ /’L
= reflux (16-69h) = CH,ClI,, rt (4h) “
N cl | 22-98% N NHR N 20-27% NN O
xlva xIvi

xlvii

NH,R= allylamine, propylamine, i-pentylamine, cyclohexylamine, benzylamine R= propyl, benzyl

Schema 15

De ringsluitingsreactie van het vrije amixlea leidde tot een intramoleculaire substitutie die
resulteerde in de vorming van de tricyclische vehigxIviii . Wanneer het benzyl beschermde amide
xlvb echter werd onderworpen aan een intramoleculaivstigutie, resulteerde dit in de vorming van
een aan pyridine gefuseerde zevenxilirg (Schema 16).
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O o}

(0]

OH NBn

o R A =

TN et O

> O._-N THF, rt (22h < THF, rt (16h =

N~ O = N~ °Cl N
Ho |l 33% 90% o
xlviii K/N L xlv xlix

R=H R=Bn

o

Schema 16
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EXPERIMENTAL PART

7. Experimental part

7.1. Reagents and equipment

All the reagents were commercially available andduwithout further purification. Tetrahydrofuran
(THF) was distilled from sodium, dichloromethaneHgCl,) was distilled from calcium hydride and
immediately prior to use. TLC (thin-layer chromaimghy) was carried out on glass plates coated with
silica gel (Merck, Kiesegel 60F254, precoated 0v@6). 'H (300 MHz/ 400 MHz) and’C (75 MHz/
100.6 MHz) NMR spectra were recorded in Cpahd DMSO€ds as solvent, with a Jeol Eclipse FT
spectrometer or a Bruker Avance Il Nanobay 400 Mipectrometer at room temperature. Low-
resolution mass spectra were recorded using at dimet system with an Agilent 1100 series LC/MSD
type SL with a UV detector and mass spectrometén ®iectrospray lonisation Geometry (ESI 70
eV) using a quadrupole detector. IR spectra wererded with a Perkin—Elmer Spectrum One FTIR
spectrometer with an ATR (Attenuated Total Reflect) accessory in neat form. Melting points were
measured using Kofler bench, type WME Heizbank afgiér & Munz.

7.2. Procedures and spectra

7.2.1. Synthesis of pyrido[2,3-b][1,4]oxazepines and pyrido[3,4-b][1,4] oxazepines scaffold

7.2.1.1. Synthesis of methyl 2,2-dimethyl-3-(3-oHpyridin-2-yloxy)-propionatd 11 and
methyl 2,2-dimethyl-3-(3-nitro-pyridin-4-yloxy)-ppionatel48

1 Procedure based on WO 200706 742@0()

To a cold mixture of 2-hydroxy-3-nitropyridine/ 4sdiroxy-3-nitropyridine (1eq), TPP (1.2eq) and
methyl 3-hydroxy-2,2-dimethylpropionate (1.1eq)li-dioxane under nitrogen atmosphere, DIAD
(1.2eq) was added dropwise over 5 min. The ice-bah removed and the reaction mixture was
stirred at room temperature for 4h and then ovéin@t reflux. The solvent was evaporated.
The residue was dissolved in EtOAc, washed withewatried over MgSg) filtrated and

concentrated. The desired product was isolatedlyrer chromatography, using EtOAc as eluent.

2 Procedure based on WO 2006025720009

To a suspension of 2-chloro-3-nitropyridine (Leggthyl 3-hydroxy-2,2-dimethylpropionate (1.1eq),

K,CO; (1eq) and KOH (1eq) in dry toluene, TDA-1 (0.1eeps added. The reaction mixture was

stirred at room temperature for 1h then filtrateotigh celit pad, washed with toluene and methanol.
The filtrate was concentrated to give 70% vyieldmadthyl 2,2-dimethyl-3-(3-nitro-pyridin-2-yloxy)-

propionate as orange oil.
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To a suspension of 4-chloro-3-nitropyridine (Leggthyl 3-hydroxy-2,2-dimethylpropionate (1.1eq),
K,CO; (1eq) and KOH (1eq) in dry toluene, TDA-1 (0.1eegs added. The reaction mixture was
stirred at room temperature for 20h then filtrd®ugh celit pad, washed with toluene and methanol.
The filtrate was concentrated and the product salsiied by column chromatography using EtOAc as

eluent in 21% yield of methyl 2,2-dimethyl-3-(30itpyridin-4-yloxy)-propionate as yellow oil.

3 Procedure based on WO 20101162710

To a methyl 3-hydroxy-2,2-dimethylpropionate (0.pegdry THF, 1M LIHMDS in THF (1eq) was

slowly added. After 5 min stirring at room temperat a solution of 2-chloro-3-nitropyridine (1eq) i

DMF was added. The reaction mixture was stirredoaim temperature for 24h. After this time,
the reaction mixture was quenched with saturatéatien of NH,Cl and extracted with EtOAc (4x).

The combined organic phases were washed with bdiied over MgSQ filtered and concentrated.
The methyl 2,2-dimethyl-3-(3-nitro-pyridin-2-yloxygropionate was isolated by column
chromatography using EtOAc as eluent in 50% yield.

@NOZ o Methyl 2,2-dimethyl-3-(3-nitro-pyridin-2-yloxy)-pro pionate (111)
N O%OCH 40% vyield; orange oiljR: 1729 (C(O)O), 1602, 1570 (C=C), 1526 (N-O,
® NO,), 1436 (C-H), 1348 (N-O, N£, 1305 (C-O-CH), 1248, 1222 (C(0)0);
'H NMR (CDCE): 1.38 (s, 6H, 2xCH}, 3.73 (s, 3H, O-CH), 4.19 (s, 2H, Ch), 7.05 (d,J= 6.05 Hz,
1H, py), 8.63 (dJ= 5.50 Hz, 1H, py), 9.03 (s, 1H, py}iC (CDCE): $22.33, 43.28, 52.46, 75.56,
109.33, 136.41, 147.24, 154.86, 158.25, 175.72; W% (%)= 255 [M+ 1] (100), 256 (11);
HRMS calcd. for GH14,N,O5 [M + 1] 255.0975; found 255.0983.
Q OCH Methyl 2,2-dimethyl-3-(3-nitro-pyridin-4-yloxy)-pro pionate (148)
0/72 * 44% yield; yellow oil; IR: 1716 (C(O)O), 1600, 15¢2=C), 1521 (N-O, N¢),
NO, 1474 (C-H), 1354 (N-O, N9, 1310 (C-O-CH), 1286, 1270, 1242 (C(0)O);
(j/ 'H NMR (CDCL): 1.36 (s, 6H, 2xCH}, 3.71 (s, 3H, O-CH), 4.50 (s, 2H, Ch),

N 7.06 (dd,J= 12.66, 4.95 Hz, 1H, py), 8.28 (dd= 2.20, 9.91 Hz, 1H, py),
8.38 (ddJ= 2.20, 7.15 Hz, 1H, py)?C (CDCE): & 22.48, 43.07, 52.19, 73.45, 116.73, 135.13, 151.67
156.26, 176.26; MS: m/z (%)= 255 [M+"1(100), 256 (18); HRMS calcd. for,1:,N,0s [M + 1]°
255.0975; found 255.0986.

7.2.1.2. Synthesis of methyl 2,2-dimethyl-3-(3-ampyridin-2-yloxy)-propionatd. 12 and
methyl 2,2-dimethyl-3-(3-amino-pyridin-4-yloxy)-pgomnatel49

1 Procedure based @ull. Korean Chem. So2008 29, 2331-2336

The mixture of methyl 2,2-dimethyl-3-(3-nitro-pyid4-yloxy)-propionate (1eq) and SnGbeq) in
ethanol was refluxed for 16h. The reaction mixtwas cooled to room temperature and diluted with
10% NaHCQ and extracted with EtOAc (3x). The combined orgdayers were dried over MgQ0O

filtered and concentrated under vacuum. The desireduct149in 80% yield.
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2 Procedure based on WO 200503022@08§

The solution of methyl 2,2-dimethyl-3-(3-nitro-pgim-4-yloxy)-propionate (1eq) in acetic acid was
heated at 80°C with iron powder (5eq) overnightcdss of acetic acid was removed; the residue was
taken up in 20% NaOH solution and chloroform. The mixture wasefiéd through celit pad.
The aqueous phase was extracted with chloroforin {3 combined organic phases were dried over

MgSGO,, filtered and concentrated under vacuum. The eégroductil49was obtained in 80% yield.

3 Procedure based on Vogel's Textbook of Practicghfic Chemistry, Il Edition (Polish), WNT
Warszawa2006 pp 859-860

To a suspension of Pd/C in® was added NaBH?2eq) in HO. This mixture was stirred for 2 min
and then methyl 2,2-dimethyl-3-(3-nitro-pyridin-doyy)-propionate (1eq) in THFA® was added.
The reaction mixture was stirred at room tempeeafor 10 min. The reaction mixture was filtered
and the filtrate was acidified with diluted HCI atigen neutralized with diluted solution of NaOH in
water to pH~7, extracted with £ (4x). The organic phases were combined and adwed MgSQ,
filtrate and concentrated. The residue was washigd MeCN, organic phase was concentrated,
gave the desired produt49in 40% yield.

4 Procedure based on WO 200804622@08

The suspension of methyl 2,2-dimethyl-3-(3-nitraigin-2-yloxy)-propionate/2,2-dimethyl-3-(3-
nitro-pyridin-4-yloxy)-propionate (leq), iron powdédeq) and NKCI (1.5eq) in the mixture of
methanol and BD (5:1) was refluxed for 5h. The reaction mixturaswcooled to room temperature
and then filtrated through celit pad. The cake washed with methanol and acetonitrile. The filtrate
was concentrated under vacuum. To the residue afblon was added and solid was removed
by filtration. The solvent was removed under vacugave desired product in 90% (methyl 2,2-
dimethyl-3-(3-amino-pyridin-2-yloxy)-propionate) @n 95% (methyl 2,2-dimethyl-3-(3-amino-
pyridin-4-yloxy)-propionate) yield.

N2 o Methyl 2,2-dimethyl-3-(3-amino-pyridin-2-yloxy)-propionate (112)
@ % dark red oil; IR: 3371 (NB), 1725 (C(O)O), 1614, 1594 (C=C), 1452 (C-H),
N O OCHs 1243, 1150, 1023 (C-HJH NMR (CDCL): 1.33 (s, 6H, 2xCH), 3.69 (s, 3H,
O-CHy), 4.36 (s, 2H, Ch), 6.72 (ddJ= 7.44, 5.00 Hz, 1H, py), 6.87 (dd 7.48, 1.36 Hz, 1H, py),
7.54 (dd,J= 6.24, 3.68 Hz, 1H, py}’C (CDCH): 5 22.73, 43.20, 52.46, 72.38, 117.71, 120.69, 130.99
135.12, 152.46, 176.75; MS: m/z (%)= 225 [M+ (100), 226 (12); HRMS calcd. for;&l;eN,0s
[M + 1]" 225.1234; found 225.1233.

Q cH Methyl 2,2-dimethyl-3-(3-amino-pyridin-4-yloxy)-propionate (149)
o 3 light pink solid; mp. 184°CjR: 3364, 3278 (NH, 1729 (C(0)0O), 1631, 1557,
NH, 1508 (C=C), 1313 (=C-O-CHj 1261 (C-NH), 1149 (C(0)0)1286;H NMR
| N (CDCly): 1.38 (s, 6H, 2xCh), 3.73 (s, 3H, O-Ch}, 4.20 (s, 2H, Ch), 5.26 (2H,
N NH,), 7.00 (d,J= 6.05 Hz, 1H, py), 7.92 (d= 6.05 Hz, 1H, py), 8.48 (s, 1H, py);
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3C (CDCE): & 22.42, 43.19, 52.62, 76.73, 106.99, 124.84, 130L87.79, 156.11, 175.39; MS: m/z
(%)= 225 [M+ 1T (100), 226 (13); HRMS calcd. for;(E:¢N,O5 [M + 1]" 225.1234; found 225.1238.

7.2.1.3.Synthesis of 3,3-dimethyl-2,3-dihydropyf{RIi8-b][1,4]oxazepin-4(H)onell3and
3,3-dimethyl-2,3-dihydropyrido[4,8}[1,4]oxazepin-4(5)one 150

Procedure based on WO 200800912208

To a suspension of NaH (1.2eq) in DMSO, methyl drethyl-3-(3-amino-pyridin-4-yloxy)-
propionate/methyl 2,2-dimethyl-3-(3-amino-pyridirydxy)-propionate (leq) was added in one
portion. The reaction mixture was stirred at ro@mperature for 22h. After this time,® and E£O
were added. The water phase was extracted wig® E3x). The combined organic phases were

washed with HO and brine, dried over MgQ{iltered and concentrated, gave the desired ptodu

H O 3,3-Dimethyl-2,3-dihydropyrido[2,3-b][1,4]oxazepin-4(51)one (113)

@ §< 90% vyield; white solid; mp. 222 °C; IR: 3209 (NH)660 (C(O)N), 1591 (C=C),

N o 1474, 1450, 1431, 1409 (C-H), 1362 (-NH-pyridindR81, 1258, 1241 (C-H);

'H NMR (CDCE): 1.36 (s, 6H, 2xCH}, 4.15 (s, 2H, Ch), 7.00 (ddJ= 7.71, 4.40 Hz,

1H, py), 7.24 (ddJ= 7.98, 1.65 Hz, 1H, py), 7.99 (dd 4.95, 1.65 Hz, 1H, py), 8.05 (br, NH);

¥C (CDCh): & 22.92, 44.09, 72.83, 119.23, 122.71, 128.84, B42.353.75, 178.35;

MS: m/z (%)= 193 [M+ 1] (100), 194 (12); HRMS calcd. for,@¢i;,N,0, [M + 1]" 193.0972; found
193.0974.

3,3-Dimethyl-2,3-dihydropyrido[4,3-b][1,4]oxazepin-4(31)one (150)

o o 90% vyield; white solid; mp. 192 °C; IR: 3206 (NH)%56 (C(O)N), 1582, 1496, 1413,
\_NH 1398 (C=C), 1362 (-NH-pyridinefH NMR (CDCL): 1.32 (s, 6H, 2xCk), 4.08 (s, 2H,
| CH,), 6.89 (d,J= 4.95 Hz, 1H, py), 8.13 (d= 5.50 Hz, 1H, py), 8.29 (s, 1H, py), 8.91
N (br, NH); *C (CDCL): & 22.38, 44.67, 73.08, 114.94, 123.77, 142.81, B45.53.17,

178.87; MS: m/z (%)= 193 [M+ 1)100), 194 (15); HRMS calcd. for;§1,N,0, [M + 1]" 193.0972;
found 193.0975.

7.2.2. Synthesis of N-alkylated pyridinone

7.2.2.1. Synthesis of ethyl (3-nitro-2-oxékpyridin-1-yImethyl)-carbamat&24

1 Procedure based on WO200706742@0()

A mixture of 2-hydroxy-3-nitropyridine (0.0029molleq), ethyl (hydroxymethyl)carbamate
(0.0029mol, 1eq) and TPP (0.0031mol, 1.1eq) indlgg&ane (75 ml) under nitrogen atmosphere was
stirred at 0°C for 5 min, then DIAD (0.0031mol, éq) was added. The reaction mixture was stirred at
room temperature for 4h and then at reflux overmighe solvent was removed under vacuum and

product was isolated by column chromatography uBt@Ac as eluent in 10% yield (0.070g).
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2 Procedure based dretrahedror200Q 56, 9121-9128

To a cold solution of 2-hydroxy-3-nitropyridine (@29mol, 1eq), ethyl (hydroxymethyl)carbamate
(0.0029mol, 1leq) and-BusP (0.0031mol, 1.1eq) in dry THF (75 ml) under rga atmosphere,
DEAD (0.0031mol, 1.1eq) was added. The reactiontumexwas stirred at 40°C for 20h. The solvent
was removed under vacuum and product was isolatecblumn chromatography using EtOAc as
eluent in 40% yield (0.2799).

3 Procedure based dretrahedron Lett1994 35, 2819-2822

To the mixture of 2-hydroxy-3-nitropyridine (0.008@l, leq), ethyl (hydroxymethyl)carbamate
(0.0009mol, 1.25eq) and-BusP (0.0011mol, 1.5eq) in 10 ml of DME under nitrogimosphere,
DEAD (0.0011mol, 1.5eq) was added dropwise at rcemperature. The reaction mixture was stirred
at room temperature for 21h. To the mixture MeOhiljland HO (5ml) were added, and the mixture
was extracted with C}&l, (3x). The combined organic phases were washedHythand brine, dried
over MgSQ, filtrated and concentrated. Desired product wesasated by column chromatography
using EtOAc as eluent, as an orange solid in 46 yD.079q).

v NO2  Ethyl (3-nitro-2-oxo-2H-pyridin-1-ylmethyl)-carbamate (124);
ENIO orange solid; mp. 128°C; IR: 3406 (NH), 1709 (C=0§80, 1596, 1502 (C=C), 1472,

kNH 1378 (C-H aliphatic), 1311 (C(0)0), 1239 (C-Njt NMR (CDCE): 1.24 (t,J= 7.12 Hz,
o Yo  3H, CHs), 4.12 (q,J= 7.12 Hz, 2H, CH, 5.32 (d,J= 7.04 Hz, 2H, Ch),
6.34 (dd,J= 14.28, 6.64 Hz, 1H, py), 6.35 (br, NH), 8.07 §d,6.44 Hz, 1H, py), 8.38 (dd= 7.70,
2.10 Hz, 1H, py), 8.91 (br, NH}*C (CDCk): 6 14.37, 57.51, 61.89, 103.27, 138.79, 139.75, B45.0
154.89, 156.75; MS: m/z (%)= 242 [M+"1(L00), 243 (12); HRMS calcd. fory8;;NsNaCG; [M + 1]*
264.0591; found 264.0594.

7.2.2.2.Synthesis of methyl 2-(3-nitro-2-oxd42pyridin-1-ylmethyl)-pent-2-enoat&28

1 Procedure based on WO 200706742@0()

A mixture of 2-hydroxy-3-nitropyridine (0.0014mdleq), methyl 3-hydroxy-2-methylenepentanoate
(0.0016mol, 1.1eq) and TPP (0.0017mol, 1.2eq) #dlgxane (50 ml) under nitrogen atmosphere
was stirred at 0°C for 5 min. Then DIAD (0.0017mbReq) was added and the reaction mixture was
stirred at room temperature for 4h and then atuxefivernight. The solvent was removed under
vacuum and the desired product was isolated bynuolochromatography using EtOAc as eluent.
The methyl 2-(3-nitro-2-oxo+2-pyridin-1-ylmethyl)-pent-2-enoate was obtained %% yield
(0.234q9) as yellow oil.
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2 A mixture of 2-hydroxy-3-nitropyridine (0.0014mol, 1eq), methyl 3-hydroxy-2-
methylenepentanoate (0.0016mol, 1.1eq) and TPRX®@rol, 1.2eq) in THF (50 ml) under nitrogen
atmosphere was stirred at 0°C for 5 min. Then D@DO017mol, 1.2eq) was added and the reaction
mixture was stirred at room temperature for 47he Bblvent was removed under vacuum and the
desired product was isolated by column chromatdgragsing EtOAc as eluent. The methyl 2-(3-
nitro-2-oxo-H-pyridin-1-ylmethyl)-pent-2-enoate was obtaine®6% yield (0.281g).

o NO2  Methyl  2-(3-nitro-2-oxo0-2H-pyridin-1-ylmethyl)-pent-2-enocate  (128)
EI orange oil; IR: 1705 (C(O)), 1675 (C=C), 1537, 15MD,), 1311 (C-N),
1223 (C-N); 'H NMR (CDCk): 1.14 (t, J= 7.52 Hz, 3H, CH),
2.63 (q,J= 7.57 Hz, 2H, Ch), 3.74 (s, 3H, O-CHJ, 4.88 (s, 2H, Ch¥), 6.26
(dd, J= 7.64, 6.72 Hz, 1H, N-CH), 7.16 (U= 7.56 Hz, 1H, py),
8.07 (dd,J= 6.70, 2.14 Hz, 1H, py), 8.29 (dit 7.66, 2.14 Hz, 1H, py}’C (CDCL): 6 13.14, 21.95,
22.75, 23.65, 46.72, 51.79, 52.12, 102.73, 123138,52, 138.73, 145.98, 153.71, 154.49, 167.15;
MS: m/z (%)= 267 [M+ 1] (100), 268 (13); HRMS calcd. for,&,sN,Os [M + 1]* 267.0970; found
267.0975.

O N O

HaCO™

7.2.2.3. Synthesis of ethyl 2-(3-nitro-2-oxbkpyridin-1-yImethyl)-acrylatel 38

1 Procedure based dretrahedron Lett1994 35, 2819-2822

To the mixture of 2-hydroxy-3-nitropyridine (0.0086l, leq), ethyl 2-(hydroxymethyl)acrylate
(0.0035mol, 1.25eq) and TPP (0.0043mol, 1.5eqPimlLof DME (80 ml) under nitrogen atmosphere
DIAD (0.0043mol, 1.5eq) was added dropwise at raemperature. The reaction mixture was stirred
at room temperature for 22h. The solvent was recholdesired product was separated by column
chromatography using first mixture of EtOAc and PIE3) and then EtOAc as eluent. The ethyl
2-(3-nitro-2-oxo-H-pyridin-1-ylmethyl)-acrylate was obtained in 44®322g) yield as a yellow oil.

2 Procedure based on WO 200706742@0()

A mixture of 2-hydroxy-3-nitropyridine (0.0029molleq), ethyl 2-(hydroxymethyl)acrylate
(0.0031mol, 1.1eq) and TPP (0.0034mol, 1.2eq) #dlgxane (80 ml) under nitrogen atmosphere
was stirred at 0°C for 5 min. Then DIAD (0.0034nbReq) was added and the reaction mixture was
stirred at room temperature for 4h and then atxdibr 17h. The solvent was removed under vacuum
and the desired product was isolated by columnrolatography using first mixture of EtOAc and PE
(1:3) and then EtOAc as eluent. The ethyl 2-(3enfoxo-H-pyridin-1-ylmethyl)-acrylate was
obtained in 85% yield (0.621g) as yellow oil.
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3 A mixture of 2-hydroxy-3-nitropyridine (0.0029molleq), ethyl 2-(hydroxymethyl)acrylate
(0.0031mol, 1.1eq) and TPP (0.0034mol, 1.2eq) ifr T80 ml) under nitrogen atmosphere was stirred
at 0°C for 5 min. Then DIAD (0.0034mol, 1.2eq) wadded and the reaction mixture was stirred at
room temperature for 73h. The solvent was removaden vacuum and the desired product was
isolated by column chromatography using first migtef EtOAc and PE (1:3) and then EtOAc as
eluent. The ethyl 2-(3-nitro-2-oxd-2pyridin-1-ylmethyl)-acrylate was obtained in 93%ely
(0.680g9).

X NO2  Ethyl 2-(3-nitro-2-oxo-2H-pyridin-1-ylmethyl)-acrylate (138);

(I\IO yellow oil; IR: 1708 (C(0)0), 1673 (C(0)), 1601 (@) 1535 (NQ), 1514 (C-C), 1344
jf/ (NOy), 1297 (C(O)O)*H NMR (CDCh): 1.30 (t,J= 7.12 Hz, 3H, CH), 4.22 (q.J= 7.12
ot Hz 2H, CH-CHy), 4.86 (d,J= 0.76 Hz, 2H, N-Ch), 6.24 (d,J= 0.68 Hz, 1H, =Ch),

6.30 (dd,J= 7.66, 6.70 Hz, 1H, py), 6.54 (& 0.72 Hz, 1H, =Ch), 8.01 (ddJ= 6.68, 2.09 Hz, 1H,

py), 8.33 (ddJ= 7.68, 2.12 Hz, 1H, py}°C (CDCL): 5 14.10, 51.22, 61.47, 102.97, 132.74, 133.08,

138.75, 138.89, 145.61, 154.50, 165.72; MS: m/z=(283 [M+ 1] (100), 254 (12); HRMS calcd. for

C11H13N,05 [M + 1]" 253.0814; found 253.0815.

7.2.2.4. Synthesis of ethyl 3-(3-nitro-2-oxbkpyridin-1-yl)-propionatel 42

Procedure based dretrahedror?009 65, 7403-7407

To the mixture of 2-hydroxy-3-nitropyridine (0.0014l, 1eq) and EN (0.0071mol, 5eq) in MeCN
(40 ml), ethyl 3-chloropropionate (0.0057mol, 4e@s added and the reaction mixture was stirred at
room temperature for 48h. The precipitate was rexddw filtration and washed with MeCN, filtrate
was concentrated under vacuum. The desired pradastisolated by column chromatography using
EtOAc as eluent in 95% yield (0.333g).

X V02 Ethyl 3-(3-nitro-2-0xo0-2H-pyridin-1-yl)-propionate (142);

E\Io yellow oil; IR: 1722 (C(0O)0), 1692 (C(0)), 1599 ©:; 1533 (NQ), 1505 (C-C), 1343
j\ (NO), 1302 (C-N):"H NMR (CDCL): 1.24 (t,J= 7.15 Hz, 3H, Ch), 2.93 (dd,J= 11.56,

o ort 5-50 Hz, 2H, CH) 4.13 (q,J= 7.15 Hz, 2H, CHCHj), 4.31 (dd,J= 11.56, 5.50 Hz, 2H,
CH,), 6.29 (ddJ= 14.31, 6.60 Hz, 1H, py), 7.95 (dd; 8.81, 2.20 Hz, 1H, py), 8.34 (dds 9.91,

2.20 Hz, 1H, py)C (CDCE):  14.18, 32.27, 47.79, 61.22, 103.08, 139.12, 146.56.49, 171.47;
MS: m/z (%)= 241 [M+ 1] (100), 242 (15); HRMS calcd. for@,3N,Os [M + 1]° 241.0814;
found 241.0829.

120



EXPERIMENTAL PART

7.2.3. Synthesis of intermediates to the pyrido[3,4-b][1,4] oxazepines
7.2.3.1. Synthesis d-acryloyl-N-(3,5-dibromopyridin-4-yl)-acrylamid&52

Procedure based dnPharm. Biomed. Ana200Q 53, 179-185

To a cold solution of 4-amino-3,5-dibromopyridin@.5g, 0.0019mol) in CKCl, (70 ml) under
nitrogen atmosphere, &t (0.856g, 0.0085mol) was added. Then a solutiora@¥loyl chloride
(0.256¢, 0.0028mol) in CiI, (10 ml) was added dropwise. The reaction mixtuas stirred at room
temperature for 19h. After this time saturated sofuof NaHCQ,, was added to pH~8, the organic
layer was separated and the water layer was estracth CHCI, (2x), the combined organic layers
were washed with }©, dried over MgSQ filtered and concentrated. The residue was diystd
from the mixture hexane/EtOH (5:1). TiNeacryloyl-N-(3,5-dibromo-pyridin-4-yl)-acrylamide was
obtained in 50% yield (0.357g).

o 9 N-acryloyl-N-(3,5-dibromopyridin-4-yl)-acrylamide (152);
A M .
N mp. 119.7-121.8°C; IR: 1702 (C(O)N), 1690, 1399 QF=1212 (C-O)H NMR
B
B " (CDCl): 5.92 (ddJ= 10.32, 0.88 Hz, 1H, =CHi 6.33 (ddJ= 17.00, 10.32 Hz, 1H,
~
N =CH,), 6.52 (dd,J= 17.00, 1.00 Hz, 1H,-CH=CH{ 8.69 (s, 2H, py)“C (CDCL):
5119.91, 129.37, 129.97, 142.08, 151.39, 162.43.1% (%)= 360 [M+ 1] (100), 358 (51), 359 (4),

361 (11), 362 (45), 363 (6); HRMS calcd. fondsBrN,O, [M + 1]" 358.9025; found 358.9011.

Br

7.2.3.2. Synthesis &-(3,5-dibromopyridin-4-yl)-acrylamid&53

To a flask charged withiN-acryloyl-N-(3,5-dibromo-pyridin-4-yl)-acrylamide (0.2g, 0.G&€ol),
the 1M NaOH, (30ml) was added. The reaction mixture was stieetbom temperature for 2h. The
1M HCI was added to pH~8, and the product was etedawith CHCI, (3x). The organic phases
were combined, dried over Mg@Jiltered and concentrated. The pure product watsined after
crystallization from EtOAc in 90% yield (0.153g).

o N-(3,5-dibromopyridin-4-yl)-acrylamide (153);
HNT mp. 164.5-166.4°C; IR: 3199 (NH), 1667 (C(O)N), 349399 (C=C), 1194 (C-N),
| \/ o 986 (C-H); 'H NMR (CDCk): 5.92 (dd, J= 10.32, 0.96 Hz, 1H, =CM
N 6.33 (ddJ=16.92, 10.29 Hz, 1H, =G} 6.52 (ddJ= 17.00, 1.00 Hz, 1H,-CH=GH}{
8.69 (s, 2H, py)3C (CDCk): § 119.90, 129.37, 129.98, 142.07, 151.39, 162.42. i3 (%)= 306
[M+ 1]" (100), 304 (53), 307 (9), 308 (48); HRMS calcd. @&H-Br,N,O [M + 1]" 304.8920; found

304.8909.

Br

121



EXPERIMENTAL PART

7.2.3.3. Synthesis &-(3,5-dibromopyridin-4-yl)-3-hydroxy-propionamidé4

Procedure based on WO 20050614%305

To a cold solution of 4-amino-3,5-dibromopyridin@.156g, 0.003mol) in C}€l, (75 ml) under
nitrogen atmosphere, AICI (1M in hexane) (0.36g, 0.003mol) was added &mel mixture was
stirred at room temperature for 20 min and then lemboto 0°C. The S-propiolactone
(0.229¢g, 0.003mol) in Ci€l, was added dropwise, and the reaction mixture wia®d at room
temperature for 2hrs. To the reaction mixture diduHCI| was added to pH~8 and the water phase was
extracted with CHCl, (3x), the combined organic phases was washed watter and dried over
MgSQ,, filtered and concentrated by evaporation. Tk€3,5-dibromo-pyridin-4-yl)-3-hydroxy-
propionamide was obtained as white solid aftertatlyzation from EtOH, in 72% of yield (0.6999).

O N-(3,5-dibromopyridin-4-yl)-3-hydroxy-propionamide (154}
HNJ\AOH mp. 80.9-82.4°C; IR: 3426 (NH), 1729 (C(O)N), 162665, 1484 (C=C), 1260
i | \/ B (C-0);*H NMR (CDCE): 3.55 (t,J= 5.76 Hz, 2H, Ch), 4.28 (t,J= 5.76 Hz, 2H,
N CH,), 5.07 (br, NH), 8.31 (s, 2H, py}*C (CDCE): & 39.17, 58.52, 106.06,

147.70, 149.83. MS: m/z (%)= 252 [M+*1]100), 250 (53), 253 (7), 254 (49). HRMS calcd: fo
CeHsBrN, [M + 1]* 250.88140; found 250.881.

7.2.3.4. Synthesis of 3-bromo-4-methoxypyriditexide 173

The 3-bromo-4-nitropyridind-oxide (0.2g, 0.0009mol) was dissolved in MeOH (barid MeONa
(0.0493¢g, 0.0009mol) was added. The reaction néxtuas stirred at room temperature for 21h.
The solvent was removed andg@and EtOAc was added, the organic layer was stghend the
water layer was extracted with EtOAc (2x). The comld organic layers were dried over MgSO
filtered and concentrated. The 3-bromo-4-methoxigltye N-oxide was isolated as white solid in 90%
(0.1679).

OMe  3.Bromo-4-methoxypyridine N-oxide (173)
| \/ o mp. 146.6°C; IR: 1643, 1613, 1485 (C=C), 1299 (NN@xide); *H NMR (CDCL): 3.96
N®& (s, 3H, OCH), 6.78 (d,J= 7.24 Hz, 1H, py), 8.13 (dd= 7.23, 2.23 Hz, 1H, py),
% 36 (d,J= 2.18 Hz, 1H, py)C (CDCh): 5 56.98, 107.83, 109.97, 138.82, 141.98,
154.84; MS: m/z (%)= 204 [M+ 1J(100), 205 (7), 206 (95), 207 (6); HRMS calcd. @H;BrNO,

[M + 1]* 203.96547; found 203.9655.(Roczniki Chemii 1962, 3165-1475, Talik, T.)

122



EXPERIMENTAL PART

7.2.3.5. Synthesis of 3-(3-chloropropoxy)-4-nitrgrifine N-oxide 172D

To a cold solution of 3-chloro-1-propanol (0.104g0011mol) in dry THF (30 ml) under nitrogen
atmosphere, NaH (0.051g in oil, 1.2eq) was adddte mixture was stirred at 0°C for 15min.
The 3-bromo-4-nitropyridiné-oxide (0.2g, 0.0009mol) in one portion and thectiea mixture was
stirred at room temperature for 16h. After thisdimpO (few drops to hydrolyzed excess of NaH) was
added and the solvents were removed by evaporafioba. pure product was isolated by column
chromatography using EtOAc as eluent, in 17% (@p$&eld.

mp. 105°C; IR: 1601, 1565, 1508 (C=C), 1322 (NMBoxide), 1231 (C-O);
II\IC/B 'H NMR (CDCk): 2.34 (pentet, J= 5.72 Hz, 2H, CHCH,-CH,),
% 3.82 (t,J= 6.02 Hz, 2H, CHCH,-Cl), 4.30 (t,J= 5.64 Hz, 2H, CHCH,-O),
7.88 (dd,J= 7.10, 1.74 Hz, 1H, py), 7.93 (dz 7.08 Hz, 1H, py), 8.12 (d]= 1.68 Hz, 1H, py);
3C (CDCE): & 31.45, 40.58, 67.13, 122.21, 128.36, 132.43, 1341%0.88. MS: m/z (%)= 233
[M+ 1]" (100), 234 (11), 235 (30); HRMS calcd. fogHz,CIN,O, [M + 1]" 233.0324; found
233.0320.

NO2 3-(3-Chloropropoxy)-4-nitro-pyridine N-oxide (172D)
ﬁ/o\/\/ﬂ

7.2.3.6. Synthesis of 3-(3-chloropropoxy)-4-nitrgriline 176 and 3-bromo-4-nitropyridine
177

General procedure; modifiied procedure fromy. Lett.200Q 2, 3525

The pyridineN-oxide (leq) was dissolved in benzene, TPP (le adued and the mixture was
stirred at room temperature for 5 min. To the migturichlorooxobis(triphenylphosphine)rhenium(V)
(6 mol%) was added and the final reaction mixtuees stirred on the air overnight. The benzene was

removed and the product was isolated by columnnahtography.

NO2 3-(3-Chloro-propoxy)-4-nitro-pyridine (176);
AN ;
| 98%; yellow oil; IR: 1598 (C=C), 1527 (N-O, N 1258 (C-0O), 728 (C-Cl),
~
N 'H NMR (CDCk): 2.32 (pentet)= 5.89 Hz, 2H, ChCH,-CH,), 3.79 (t,J= 6.05

Hz, 2H, CH-CH,-Cl), 4.43 (t,J= 5.71 Hz, 2H, CHCH,-0), 7.65 (d,J= 5.37 Hz, 1H, py),
8.44 (d,J= 5.07 Hz, 1H, py), 8.64 (s, 1H, pyjiC (CDCE): & 31.85, 40.81, 66.61, 117.45, 138.64,
143.09, 144.27, 146.35. MS: m/z (%)= 217 [M+ {]00), 218 (11), 219 (34); HRMS calcd. for
CaH1CIN,O; [M + 1]* 217.0374; found 217.0367.

123



EXPERIMENTAL PART

NO2  3-Bromo-4-nitropyridine (177);
(\j ®" 94%; yellow solid, mp. 49°C: IR: 1530 (C=C), 1354-0, NO): 'H NMR (CDCh):
N 7.69 (d,J= 5.20 Hz, 1H, py), 8.76 (dd= 5.22, 0.99 Hz, 1H, py), 8.99 (@ 1.52 Hz, 1H,
py); °C (CDCH): § 111.32, 118.26, 150.09, 154.69, 155.13.

7.2.3.7. Synthesis of methyl 3-(3-bromo-pyridindéxy)-2,2-dimethyl-propionat&79

The mixture of 3-bromo-4-nitropyridine (0.05g, 00@®mol), methyl 3-hydroxy-2,2-
dimethylpropionate  (0.036g, 0.00027mol), ,GO; (0.034g, 0.00025mol) and KOH
(0.014g, 0.00025mol) in dry toluene (25 ml) wasrstl at room temperature, then TDA-1 (3 drops)
was added. The reaction mixture was stirred at rtemperature for 3h. After this time, precipitate
was filtered off and washed with MeOH. The filtratas concentrate and the product was separated
by preparative TLC, using EtOAC/PE (1:2) as elu&he product was obtained as colorless oil in 54%
(0.068g).

IR: 1728 (C(0)0), 1576, 1459 (C=C), 1301 (C-O), 1.14024 (C-H):'H NMR
B (CDCl): 1.38 (s, 6H, 2xCh), 3.72 (s, 3H, CH), 4.09 (s, 2H, Ch), 6.80 (d,J= 5.60
| 7 Hz, 1H, py), 8.38 (dJ= 5.66 Hz, 1H, py), 8.57 (s, 1H, pyJC (CDCk): & 22.33,
52.25, 74.75, 108.25, 110.54, 149.98, 152.44, 161.05.86; MS: m/z (%)= 288 [M+ ‘J100), 289

(13), 290 (98), 291 (12); HRMS calcd. for;8:sBrNO; [M + 1]* 288.0230; found 288.0240.

/izoc% Methyl 3-(3-bromo-pyridin-4-yloxy)-2,2-dimethyl-pr opionate (179)
¢

7.2.4. Synthesisof the intermediates to the Kharasch reaction

7.2.4.1. Synthesis of 2(allyl-N-benzylamino)-3-nitropyridiné80

1 Procedure based on WO 200602572009

To a suspension of 2-chloro-3-nitropyridine (1dgjallyl-N-benzylamine (1.1eq), &O; (1eq) and
KOH (1eq) in dry toluene, TDA-1 (0.1eq) was add@&tie reaction mixture was stirred at room
temperature for 2h. Then filtrate through celit padd the cake was washed with EtOAc and MeCN.
The filtrate was concentrated; crud product wagfipdrby column chromatography using mixture of
PE/EtOAc (9:1) as eluent. The desired product vidained in 12% yield as yellow oil.

2 To a cold solution oN-allyl-N-benzylamine (1.1eq) in dry THF under nitrogen apiere, NaH
(1.2eq) was added in one portion. The mixture wased at 0°C for 15min, the 2-chloro-3-

nitropyridine (1eq) was added, the ice-bath wasoresd and the reaction mixture was stirred at reflux
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for 22h. The solvent was evaporated and the progudfied by column chromatography using

mixture PE/EtOAc (9:1) as eluent, as yellow oib2fs yield.

3 To a cold solution ofN-allyl-N-benzylamine (1.1eq) in dry THF under nitrogen aipitere,
NaH (1.2eq) was added in one portion. The mixtues wtirred at 0°C for 15min, the 2-chloro-3-
nitropyridine (1eq) was added, the ice-bath wasored and the reaction mixture was stirred for 22h
at room temperature. The solvent was evaporatedhengroduct purified by column chromatography
using mixture PE/EtOAc (9:1) as eluent in 82% vyield

@Noz 2-(N-allyl-N-benzylamino)-3-nitropyridine (180},

| N ,E\;,n/\/ yellow oil; IR: 1592 (C=C), 1555 (N§, 1506, 1494 (C=C), 1333 (-N=), 1231
(C-N); '"H NMR (CDCk): 3.94 (t,J= 1.28 Hz, 1H, -CHCH), 3.96 (t,J= 1.28 Hz,
1H, -CH-CH), 4.74 (s, 2H, CHbenzyl), 5.17 (qdtJ= 2.97, 1.37, 2.67, 1.32 Hz, 2H, =gH
5.80 (qt,J= 6.15, 6.15, 6.15, 6.15 Hz, 1H, -CH=), 6.74 (dd,4.48, 8.00 Hz, 1H, py), 7.21-7.32
(m, 5H, Bn), 8.09 (ddJ= 1.76, 8.68 Hz, 1H, py), 8.33 (dd= 1.76, 5.07 Hz, 1H, py);
¥%C (CDC): § 52.79, 52.97, 113.23, 119.16, 127.33, 127.89,5128.32.94, 133.19, 135.39, 137.13,
151.55, 152.51; MS: m/z (%)= 270 [M+71(100), 271 (18); HRMS calcd. for,1:Nz0, [M + 1]°

270.1237; found 270.1248.

7.2.4.2. Synthesis of 2(allyl-N-benzylamino)-3-aminopyridin&81

Procedure based on WO 200804624@0Q

The suspension of Nfallyl-N-benzylamino)-3-nitropyridine (1eq), iron powdere(@ and NHCI
(1.5eq) in the mixture of methanol and@H(5:1) was refluxed for 5h. The reaction mixturasw
cooled to room temperature, filtrated through qaditl. The cake was washed with MeOH and MeCN
and the filtrate was concentrated under vacuumth&aresidue chloroform was added and solid was
removed by filtration. The solvent was removed undagcuum; desired product was isolated by

column chromatography using mixture of PE/EtOAQ)%s eluent in 80% vyield.

o NH2 2-(N-allyl-N-benzylamino)-3-aminopyridine (181)
EN:[N/\/ dark red oil; IR: 3430, 3310 (NBH, 1601, 1584, 1451 (C=C), 1214 (C-N);
Bn 4 NMR (CDCL): 3.69 (d,J= 6.04 Hz, 2H, -CHCH=), 3.88 (br, NH), 4.32 (s, 2H,
CH,-benzyl), 5.15 (qdtJ)= 2.95, 3.22, 1.52, 1.52 Hz, 2H, =¢H5.86 (qt,J= 6.09 Hz, 1H, -CH=),
6.81 (dd,J= 12.48, 4.76 Hz, 1H, py), 6.92 (dik 9.36, 1.64 Hz, 1H, py), 7.17-7.31 (m, 5H, BnY .
(dd, J= 6.40, 1.64 Hz, 1H, py)’,f'C (CDCh): 6 53.02, 53.91, 117.30, 119.69, 121.72, 126.79,2128.
128.45, 135.13, 136.38, 137.41, 139.19, 150.29; M3: (%)= 240 [M+ 1] (100), 241 (15); HRMS

calcd. for GsHigN3 [M + 1]* 240.1495; found 240.1498.
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7.2.4.3. Synthesis of 2\(allyl-N-benzylamino)-34{-methylamino)-pyridinel82a

The solution of 2{{-allyl-N-benzylamino)-3-aminopyridine (leq) in dry THF undeitrogen
atmosphere at -78°Gy-BuLi (1.3eq, 2.5M in hexanes) was added dropwiseé the mixture was
stirred at -78°C for 15 min. The methyl iodide veakled and the reaction mixture was stirred at room
temperature for 2h. The solvent was removed andd#sred product was isolated by column

chromatography using mixture PE/EtOAc (8/1) asmiu€he product was obtained in 69% vyield.

(\/ENHMG 2-(N-allyl-N-benzylamino)-3-(N-methylamino)-pyridine (182ay)
| N ’E\3]n/\/ Ilight pink oil; IR: 3387 (NH), 1580, 1482, 1403 (Cy 1223 (C-N);
H NMR (CDCL): 2.81 (d,J= 5.32 Hz, 3H, Ch), 3.63 (t,J= 1.28 Hz, 1H, -Cht
CH=), 3.65 (t, J= 1.28 Hz, 1H, -CHCH=), 4.27 (s, 2H,_CHbenzyl), 4.48 (br, NB,
5.12 (ddt,J= 3.06, 1.66 Hz, 1H, =CHi 5.10-5.12 (m, 1H, =C}), 5.79 (qt,J= 6.12, 6.20, 6.20, 6.12
Hz, 1H, -CH=), 6.79 (dd)= 9.40, 1.52 Hz, 1H, py), 6.91 (dd 4.80, 12.64 Hz, 1H, py), 7.17-7.28
(m, 5H, Bn), 7.72 (dd}= 1.56, 6.36 Hz, 1H, py)°C (CDCL): 5 30.32, 53.18, 54.29, 115.65, 117.29,
120.11, 126.80, 128.18, 128.56, 135.02, 135.15,1839.39.43, 150.10; MS: m/z (%)= 254 [M+ 1]

(100), 255 (18); HRMS calcd. for;H,oN; [M + 1] 254.1652; found 254.1661.
7.2.4.4. Synthesis of N(allyl-N-benzylamino)-3{{-benzylamino)-pyridind.82b

The mixture of 24{-allyl-N-benzylamino)-3-aminopyridine (1eq) and benzaldehyteq) in EtOH
was refluxed till the condensation was completg,(Bte reaction was monitored by TLC. The solvent
was removed and the product was used to next stepuw purification. To the mixture of 2¥allyl-
N-benzylamino)--phenylmethylene-3-amino)-pyridine (l1eq) and acedicd (leq) in MeOH,
NaBH;CN (2eq) was added. The reaction mixture was dtira¢é room temperature for 17h.
The solvent was removed under vacuum; crud prodastpurified by column chromatography using
mixture of PE/EtOAc (5:5) as eluent, in 70% yield.

X NHEN 2-(N-allyl-N-benzylamino)-3-(N-benzylamino)-pyridine (182b)
EN:[N/\/ yellow/light brown oil; IR: 3380 (NH), 1577, 1477, 1452 (C=C), 1218 (C-N);
Bn 'H NMR (CDCL): 3.68 (d,J= 6.04 Hz, 2H, -CHCH=), 4.29 (s, 2H, CHbenzyl

connected to N in C2), 431 (dJ= 6.96 Hz, 2H, NH-Chbenzyl), 5.00 (br, NH),
5.07-5.20 (m, 2H, = C}), 5.80-5.92 (m, 1H, -CH=), 6.74 (@& 7.76 Hz, 1H, py), 6.83 (dd= 4.92,
1256 Hz, 1H, py), 7.17-7.34 (m, 10H, 2xBn), 7.78d,(J= 2.30, 6.84 Hz, 1H, py);
¥%C (CDCE): & 40.71, 53.79, 54.58, 116.61, 117.41, 120.19, ¥26187.09, 127.22, 128.19, 128.64,
128.68, 135.19, 135.47, 138.31, 138.96, 139.10,0865MS: m/z (%)= 330 [M+ 1](100), 331 (25);
HRMS calcd. for GHxNs [M + 1]* 330.1965; found 330.1968.
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7.2.4.5. Synthesis d-[2-(N-allyl-N-benzylamino)-pyridin-3-yl[N-methyl-2,2,2-

trichloroacetamidd.83a

Procedure based dn Am. Chem. So201Q 132, 16631-16636

To a solution of 2{¢-allyl-N-benzylamino)-34d-methylamino)-pyridine (1eq) in G&l, at 0°C,
trichloroacetyl chloride (2.2eq) was added dropwike ice-bath was removed and the reaction
mixture was stirred at room temperature for 20JO Mias added and the reaction mixture was basified
with saturated solution of NaHGQo pH~7, and extracted with GEl, (3x), dried over MgS@)
filtered and concentrated. The product was obtaime®0% vyield after column chromatography
(PE/EtOAC 1:2).

OYCC% N-[2-(N-allyl-N-benzylamino)-pyridin-3-yl]- N-methyl-2,2,2-

- Me trichloroacetamide (183a) brown oil; IR: 1680 (N-C(O)), 1586 (C=C), 1449

EN:[N/\/ (C-H), 1111 (=C-H);*H NMR (CDCE): 3.51 (s, 3H, CH), 3.97 (s, 2H, CHBn),
Bn 4.54 (br, 1H, =Ch), 4.71 (br, 1H, =CH), 5.16 (tt,J= 1.8 Hz, 2H, -CH+CH=), 5.83-

5.95 (m, 1H, -CH=), 6.88 (U= 5.48 Hz, 1H, py), 7.20-7.34 (m, 5H, Bn), 7.43, (® 1.96 Hz, 1H,
py), 8.27 (dtJ= 2.00 Hz, 1H, py)°C (CDCL): 5 40.54, 52.17, 52.67, 116.41, 117.62, 126.88, 1228.2
128.24, 128.46, 134.41, 137.86, 138.47, 147.2569604S: m/z (%)= 400 [M+ 1](100), 398 (99),
402 (33), 399 (21), 401 (20), 403 (6): HRMS calft. CigH1ClsNsO [M + 1]° 398.0588; found
398.0606.

7.2.4.6. Synthesis ®-[2-(N-allyl-N-benzylamino)-pyridin-3-yl|[N-benzyl-2,2,2-
trichloroacetamidé.83b

Procedure based dn Am. Chem. So201Q 132, 16631-16636

To a solution of 2N-allyl-N-benzylamino)-34{-benzylamino)-pyridine (1eq) in GBI, at 0°C,
trichloroacetyl chloride (2.2eq) was added dropwike ice-bath was removed and the reaction
mixture was stirred at room temperature for 18JO kias added and the reaction mixture was basified
with saturated solution of NaHGQo pH~7, and extracted with GEl, (3x), dried over MgSQ
fillered and concentrated. The product was obtaime®0% vyield after column chromatography
(PE/EtOAC 3:1).
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OYCC'S N-[2-(N-allyl-N-benzylamino)-pyridin-3-yl]-N-benzyl-2,2,2- trichloroacetamide

- NBN (183b) brown oil; IR: 1714 (C(O)N), 1677, 1584, 1452 (@ 1231 (C-N);
(:[N/\/ 4 NMR (CDCH): 4.53 (d,J= 15.55 Hz, 1H, Ck#Bn), 4.86 (d,J= 15.55 Hz, 1H, -
Bn CH,-Bn), 5.20 (dt,J= 2.40 Hz, 1H, -CHCH=), 5.17 (qtJ= 3.00 Hz, 1H, -Cht
CH=), 5.60 (dJ= 13.96 Hz, 2H, -CKBn), 5.90 (qtJ= 6.20 Hz, 1H, -CH=), 6.56 (dd= 7.68, 4.72
Hz, 2H, -CH-CH=), 6.95-7.03 (m, 3H, 2x1H from py and 1H frorm)B7.14 (m, 10H, 2xBn),
8.75 (dd,J= 4.68, 1.72 Hz, 1H, py)*C (CDCk): § 52.37, 53.73, 117.98, 127.03, 127.99, 128.32,
128.34, 128.56, 129.27, 134.46, 135.14, 138.54,454147.30, 160.83; MS: m/z (%)= 474 [M+ 1]
(100), 476 (95), 478 (31), 475 (27), 477 (26), 488 HRMS calcd. for GH2ClN,O [M + 1]
474.0901; found 474.0910.

N

7.2.5. The metathesisreaction

7.2.5.1. Synthesis of the metathesis intermediates

7.2.5.1.1. Synthesis of 2-propen-1-yl 2-chloro-3-pyridinecatylate 186

To a cold solution of 2-chloropyridine-3-carboxyliacid (0.5g, 0.003mol) and allyl alcohol
(0.184g, 0.003mol) in 40 ml of dry Gdl,, EDC (0.67g, 0.0035mol) and DMAP (0.04g, 0.0003mol
were added. The reaction mixture was stirred amrtamperature for 16h. Then,® was added and
the organic layer was washed with NaHC&ueous saturated solution and a saturated solafio
NaCl. The organic layer was dried over MgSfiltered and concentrated under vacuum. The produ
was purified by column chromatography, using Et@&celuent, to obtain 0.49g (78%) of 2-propen-1-

yl 2-chloro-3-pyridinecarboxylate as colorless liju

IR: 1733 (C(0O)0), 1578, 1560 (C=C), 1402 (C=HL297, 1287, 1269, 1242

N el (C(0)0), 1063, 1051 (C=CH 'H NMR (300 MHz, CDC}): 4.86 (dt,J= 5.80,
1.36 Hz, 2H, CH), 5.32 (dtJ= 10.45, 2.44, 1.2 Hz, 1H, =G} 5.44 (qtJ= 17.18, 2.91, 1.47 Hz, 1H,
CH,), 6.04 (qtJ=17.18, 10.45, 5.8 Hz, CH), 7.35 (d¢; 7.71, 4.95 Hz, 1H, py), 8.2 (dds 7.71, 2.2
Hz, 1H, py), 8.53 (ddj)= 4.4, 1.65 Hz, 1H, py)?’C (CDC}): § 66.65, 119.29, 122.19, 126.85, 131.41,
140.41, 150.12, 152.02, 154.78, 164.18; MS: m/z=(%98 [M+ 1] (100), 199 (12), 200 (20);
HRMS calcd. for GHgCINO, [M + 1]" 198.0316; found 198.0319. Literature: M. H. Sheklo
CH 534129 A 19730413

e 2-Propen-1-yl 2-chloro-3-pyridinecarboxylate (186)
CL™
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7.2.5.1.2. Synthesis of allyl 2N-allyl-N-benzylamino)-3-pyridinecarboxylafe37

The mixture of allyl 2-chloro-3-pyridinecarboxylaf@eq) andN-allyl-N-benzylamine in MeCN was
heated at 80°C for 73h. The precipitate was remdwefiltration and washed with MeCN. The filtrate
was concentrated and the desired product was gadirfify column chromatography using EtOAc as

eluent in 49% yield as orange oil.

O Allyl 2-(N-allyl-N-benzylamino)-3-pyridinecarboxylate (187)

N o N IR: 1710 (C(0)O), 1582, 1554, 1471, 1442, 1414 (=1220, 1118 (C-N);
N gn/\/ 'H NMR (CDCL): 3.94 (d,J= 6.00 Hz, 2H, =CH-CHKN), 4.69 (s, 2H, CKBn),
471 (dt, J= 5.85, 117 Hz, 2H, O-CHCH=), 5.08-5.15 (m, 2H,_CHCH-CH-N),
5.27 (ddt,J= 10.40, 2.40, 1.16 Hz, 1H, GHCH-CH-0O), 5.37 (ddtJ= 17.17, 1.43, 2.89 Hz, 1H,
CH,=CH-CH,-0O), 5.84 (qt,J= 16.77, 10.70, 5.99 Hz, 1H, N-Gi€H=), 5.97 (qt,J= 17.21, 10.40,
5.83 Hz, 1H, O-CHCH=), 6.70 (dd,J= 7.71, 4.68 Hz, 1H, py), 7.15-7.31 (m, 5H, Bn),
7.94 (dd J= 1.94, 7.58 Hz, 1H, py), 8.26 (ddt 1.98, 4.66 Hz, 1H, py}*C (CDCk): § 52.70, 53.13,
65.74, 113.27, 113.37, 117.83, 118.85, 126.87,8R7128.29, 132.03, 134.24, 138.29, 140.41,
150.32, 158.57, 167.29; MS: m/z (%)= 309 [M+ 1100), 310 (21); HRMS calcd. forgB,;N,0,

[M + 1]* 309.1592; found 309.1610.

7.2.5.1.3. Synthesis of 2-propen-1-yl 2-amino-3-pyridinecarylaie 189

To a cold solution of 2-aminopyridine-3-carboxyéicid (1eq) and allyl alcohol (1eq) in dry &,
EDC (1.1eq) and DMAP (0.1eq) were added. The reactiixture was stirred at room temperature for
13h. The solvent was removed under vacuum. Theuptosdlas purified by column chromatography,

using EtOAc as eluent, to obtain white solid in 4gi#d.

o 2-Propen-1-yl 2-amino-3-pyridinecarboxylate (189)
AN /\/
| o mp. 49°C; IR: 3429 (N}, 1683 (C(0)0O), 1622, 1579, 1565 (C=C), 1450 (C-H)
N” NH; 1238, 1104, 1085 (C-NjH NMR (300 MHz, CDC)): 4.79 (dt,J= 5.67, 1.41 Hz,

2H, CH-CH), 5.28 (ddtJ= 10.44, 2.56, 1.28 Hz, 1H, CH=GH5.39 (ddtJ= 17.21, 3.01, 1.51 Hz,
1H, CH=CH), 6.02 (qt, J= 17.20, 10.47, 5.67 Hz, 1H, GI€H=CH,), 6.35 (br, NH),
6.61 (dd,J= 7.80, 4.76 Hz, 1H, py), 8.15 (dd 7.80, 1.96 Hz, 1H, py), 8.21 (ddk 4.76, 1.96 Hz,
1H, py); *C (CDCH): § 65.32, 106.26, 112.69, 118.31, 132.14, 139.97,78359.57, 166.59; MS:
miz (%)= 179 [M+ 1] (100), 180 (10); HRMS calcd. forg8,;N,O, [M + 1]* 179.0815; found
179.0815.

129



EXPERIMENTAL PART

7.2.5.1.4. Synthesis of 2-propen-1-yl N{tosylamino)-3-pyridinecarboxylateE90

The mixture of 2-propen-1-yl 2-amino-3-pyridinecaxglate (0.3g, 0.0017mol) anmtoluenesulfonyl
chloride (0.483g, 0.0025mol) in pyridine (30 ml) svstirred at 60°C for 41h. The reaction mixture
was cooled to room temperature angDHvas added. The precipitate was filtered off aadived with
H.,O, dried over vacuum pomp gave 0.41g (72% yield)dekired product as white solid.
Crystallization form MeOH.

O 2-Propen-1-yl 2--tosylamino)-3-pyridinecarboxylate (190)
=
(NTT0T mp. 126°C; IR: 3217 (NH), 1687 (C(0)O), 1591, 152962, 1450 (C=C),
b
N~ NHTs 1291 (C(0)0), 1146 (C-N);'"H NMR (CDCEk): 2.39 (s, 3H, Cbh),

4.83 (dt,J= 5.84, 1.32 Hz, 1H, -CHCH=), 5.34 (ddt,J= 10.37, 2.33, 1.17 Hz, 1H, =GH
5.41 (ddt,J= 17.26, 2.83, 1.45 Hz, 1H, =GH 6.01 (qt,J= 17.17, 10.40, 5.89 Hz, 2H, -CH=QH
6.79 (dd,J= 7.86, 4.82 Hz, 1H, py), 7.26 (d= 8.36 Hz, 2H, Ts), 8.05 (di= 8.36 Hz, 2H, Ts),
8.21 (ddJ= 7.88, 1.92 Hz, 1H, py), 8.37 (dit 4.84, 1.92 Hz, 1H, py}*C (CDCk):  21.59, 66.48,
109.47, 117.36, 119.49, 128.63, 129.13, 131.23,2087139.79, 143.87, 152.21, 152.87, 166.19;
MS: m/z (%)= 333 [M+ 1] (100), 334 (19), 335 (7); HRMS calcd. forg8,;:N,0,S [M + 1]
333.0904; found 333.0912.

7.2.5.1.5. Synthesis of 2-propen-1-yl 2N{allyl-N-tosylamino)-3-pyridinecarboxylate91

The mixture of 2-propen-1-yl 2Ntosylamino)-3-pyridinecarboxylate (0.15g, 0.0005mallyl
bromide (0.071g, 0.0006mol) and®O; (0.249¢g, 0.0018mol) in DMA (15 ml) was heated @Gt® for
39h. The reaction mixture was cooled down and Wiatewas added. The precipitate was filtered off

and washed with 0, dried over vacuum pomp gave 0.14g (84% yield)ledired product as beige

solid.
o 2-Propen-1-yl 2-N-allyl-N-tosylamino)-3-pyridinecarboxylate (191)
A /\/
| o mp. 128°C; IR: 1714 (C(O)O), 1447, 1425, 1343, 1304C), 1161 (C-N);
~ /\/
N ¥S '"H NMR (CDCL): 2.40 (s, 3H, Ch), 4.30 (dt,J= 6.28, 1.32 Hz, 2H, N-CH

CH=), 4.91 (dtJ= 6.00, 1.28 Hz, 2H, O-CHCH=), 4.99 (ddt])= 10.24, 2.68, 1.32 Hz, 1H, GECH-
), 5.16 (ddtJ= 17.13, 2.99, 1.51 Hz, 1H, GHCH-), 5.33 (ddt)= 10.38, 2.44, 1.16 Hz, 1H, GECH-
), 5.46 (ddtJ= 17.17, 2.97, 1.49 Hz, 1H, GHCH-), 5.87 (qt,J)= 17.18, 10.20, 6.26 Hz, 1H, GECH-
), 6.14 (qtJ= 17.22, 10.40, 5.98 Hz, 1H, GECH-), 7.23 (dJ= 8.00 Hz, 2H, Ts), 7.29 (ddz= 7.72,
4.72 Hz, 1H, py), 7.44 (d= 8.32 Hz, 2H, Ts), 8.24 (ddz 7.81, 2.05 Hz, 1H, py), 8.45 (dik 4.76,
1.97 Hz, 1H, py)*3C (CDCW): § 21.58, 51.39, 66.62, 118.73, 118.96, 122.25, B27.78.25, 129.52,
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132.07, 132.73, 135.38, 139.79, 143.65, 150.50,7850.65.74; MS: m/z (%)= 373 [M+ “1]100),
374 (23), 375 (11); HRMS calcd. ford»:N,0,S [M + 1] 373.1217; found 373.1220.

7.2.5.1.6. Synthesis of 2-propen-1-yl N{(3-buten-1-yl)N-tosylamino)-3-
pyridinecarboxylatd 93

1 The mixture of 2-propen-1-yl Nftosylamino)-3-pyridinecarboxylate (0.10g, 0.0003mé-bromo-
1-butene (0.053g, 0.0004mol) anddO; (0.1669g, 0.0012mol) in DMA (5 ml) was heated at’@or
24h. After this time KCO; (0.128g, 0.0009mol) and 4-bromo-1-butene (0.0%8§004mol) were
added and the mixture was stirred at 90°C for ardtBh. The reaction mixture was cooled down and
water/ice was added. The precipitate was filteféciod washed with D, dried over vacuum pomp

and crystallized from PE gave 0.099¢g (84% yieldjledired product as beige solid.

2 The mixture of 2-propen-1-yl 2¥tosylamino)-3-pyridinecarboxylate (0.10g, 0.0008-bromo-
1-butene (0.053g, 0.0004mol) andGO; (0.166g, 0.0012mol) in MeCN (5 ml) was heated @t’'8

for 30h. After this time KCO; (0.128g, 0.0009mol) and 4-bromo-1-butene (0.093g004mol) were
added and the mixture was stirred at 80°C for aera®@h. The reaction mixture was cooled to room
temperature and solvent was removed. The desimtlpt was separated by column chromatography
using mixture of EtOAc and PE (1:1) as eluent. Taesired product was isolated in 67% yield
(0.078g) as beige solid. Crystallization was peried from PE.

O 2-Propen-1-yl 2-(N-(3-buten-1-yl)-N-tosylamino)-3-pyridinecarboxylate

(\j\)ko/\/ (193} mp. 122°C; IR: 1713 (C(0)0), 1424 (C=C), 1343NE-1158 (C-O):
NN 34 NMR(CDCE): 232 (dt, J= 6.64, 6.80 Hz, 2H, CHCH,CH=),
2.39 (s, 3H, CH), 3.73 (t,J= 7.62 Hz, 2H, N-CH), 4.92-5.01 (m, 4H, O-CH CH,=CH-CH,-CH,-N),
5.33 (ddt,J= 10.36, 2.38, 1.10 Hz, 1H, GHCH-CH,-0), 5.45 (ddtJ= 17.21, 3.01, 1.50 Hz, 1H,
CH,=CH-CH,-0), 5.76 (qtJ= 17.09, 10.31, 6.76 Hz, 1H, G¥CH-CH,-0), 6.15 (qt,)= 17.24, 10.32,
6.02 Hz, 1H, CHECH-CH,-CH,), 7.22 (d,J= 8.00 Hz, 2H, Ts), 7.32 (dd= 7.76, 4.93 Hz, 1H, py),
7.41 (d,J= 8.29 Hz, 2H, Ts), 8.26 (dd= 7.72, 7.20 Hz, 1H, py), 8.46 (dik 4.74, 1.98 Hz, 1H, py);
13C (CDCH): & 21.56, 32.88, 48.25, 66.67, 116.55, 119.05, 122120.68, 128.36, 129.49, 132.14,
134.96, 135.34, 139.84, 143.57, 150.57, 150.84,79634S: m/z (%)= 387 [M+ 1](100), 388 (24),

379 (7); HRMS calcd. for £H23N,0,S [M + 1T 387.1373; found 387.1377.
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7.2.5.2. Synthesis of 2\(allyl-N-benzylamino)-nicotinic acid salt of trifluoroacetacid

To the solution of allyl 2¥-allyl-N-benzylamino)-3-pyridinecarboxylate (0.054g, 0.00028 in
toluene (30 ml) at room temperature under nitrogemosphere, Sc(OEf(18mg, 20 mol%) was
added. The mixture was stirred at room temperdtr® min and then 10 min at 80°C. Grubl§ 2
generation catalyst (8.5mg, 5 mol%) was added.réaetion mixture was stirred at 80°C for 15 hours.
Toluene was removed and the new compound was $egdra preparative HPLC using mixture of
MeCN/0.1% CECOOH in HO.

Q Q 2-(N-allyl-N-benzylamino)-nicotinic  acid salt of
[ o OH — ] © trifluoroacetic acid;
AN NG SN N
Bn o H  Bn o "H NMR (CDCk): 4.83 (dt,J= 5.78, 1.34 Hz, 4H, CH
F3CCOO F3CCOO <

CH=, CH-Bn), 5.36 (ddtJ=10.39, 2.31, 1.13 Hz, 1H, =GK15.43 (ddtJ= 17.17, 2.76, 1.44 Hz, 1H,
=CH,), 6.02 (qt,J= 17.16, 10.42, 5.87 Hz, 1H, -CH=), 6.69 (br, 1B)79 (t,J= 6.68 Hz, 1H, py),
7.30-7.37 (m, 2H, py), 7.39 (d= 4.29 Hz, 3H, Bn), 8.47 (dl= 6.97 Hz, 2H, Bn), 9.01 (br, 1H);
% (CDCW): 6 46.37, 66.52, 109.59, 111.39, 119.68, 127.85,1128.29.00, 131.08, 136.19, 144.22,
147.11, 154.35, 165.49; MS: m/z (%)= 269 [M+ 1100), 270 (18); HRMS calcd. fori£;/N,O,
[M + 1]" 269.1285; found 269.1289.

7.2.5.3. Synthesis of twenty-membered ring fusgoytaline

The 2-propen-1-yl 2N-(3-buten-1-yl)N-tosylamino)-3-pyridinecarboxylate (0.05g, 0.0001)meas
dissolved in dry toluene (30 ml) and the solutioasvflushed with nitrogen (3x), the Grubb¥ 2
generation catalyst (0.011g, 0.000013mol) was adtleel reaction mixture was stirred at 80°C for 3h.
The solvent was removed under vacuum and the ptodugre separated by preparative HPLC using
mixture of MeCN/0.1% CJ)COOH in HO. Three compounds were isolated as the salt gCOPH.

1% fr; 'H NMR (CDCE): 2.22-2.31 (m, 2xCh), 2.39 (s, 2xCh), 3.75-3.84 (m, Cb), 4.68 (d,J= 6.44
Hz, CHy), 4.79-4.85 (m, Ch, 4.82 (m, CH), 5.66-5.78 (m, 2xCH), 5.85-5.94 (m, CH),
5.94-6.04 (m, CH), 7.19-7.40 (m, 16xCH from 2xT8)21 (dd,J= 4.16, 1.96 Hz, 2x2H from py),
8.23 (dd,J= 4.10, 1.98 Hz, 2x2H from py), 8.24 (@ 1.96 Hz, 2x2H from py), 8.25 (dd= 7.70,
1.98 Hz, 2H, 2x1H from py), 8.43-8.46 (m, 2x1H froy), 8.47 (ddJ= 4.72, 1.96 Hz, 2H, 2x1H from
py); 1°C (CDCW): § 21.56 (2), 26.53 (1), 30.58, 30.76, 30.94, 47H647.79 (2), 61.97 (2), 65.62 (2),
65.98 (1), 121.96 (2), 122.07 (1), 125.29 (2), 495(1), 127.64 (1), 127.70 (1), 127.75 (2), 129.50
(1), 129.54 (2), 132.66 (1), 135.04 (1), 135.22 @0.35 (2), 140.42 (1), 140.48 (1), 143.65 (1),
143.69 (2), 150.43 (2), 150.49 (1), 150.53 (2),.386(C=0), 166.51 (C=0); MS: m/z (%)= 717
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[M+ 1]* (100), 718 (48), 719 (26), 720 (7); HRMS calcd. @agHs/N4OsS, [M + 1]* 717.2047; found
717.2039.

(2)major compound; (2)minor compound

2" fr: 'H NMR (CDCL): 2.18 (s, 4H, 2xCh), 2.38 (s, 6H, 2xC¥), 3.57 (t,J= 7.10 Hz, 4H, 2xCh),
5.01 (d,J= 2.72 Hz, 2H, 2xCh), 5.37-5.41 (m, 2H, 2xCH), 6.18-6.22 (m, 2H, 2xCHAR1 (d,J= 8.40
Hz, 4H, 2x2H from Ts), 7.35 (dd= 7.76, 4.88 Hz, 2H, 2x1H from py), 7.36 (@ 8.28 Hz, 4H,
2x2H from Ts), 8.36 (dd]= 7.74, 1.94 Hz, 2H, 2x1H from py), 8.47 (dd, 4.76, 1.96 Hz, 2H, 2x1H
from py); **C (CDC}): 6 21.52, 31.51, 48.67, 65.32, 122.31, 127.62, 12828.61, 129.22, 129.54,
135.01, 140.93, 143.73, 150.38, 150.44, 165.92; M¥3:(%)= 717 [M+ 1] (100), 718 (51), 719 (24),
720 (7); HRMS calcd. for §gH3:N4,OsS, [M + 1]" 717.2047; found 717.2040.

3% fr; 'H NMR (CDCk): 2.26 (s, 4H, 2xCh), 2.38 (s, 6H, 2xCH}, 3.65 (t,J= 8.32 Hz, 4H, 2xCHh),
5.02 (s, 4H, 2xCh), 5.23 (t,J= 4.62 Hz, 2H, 2x-CH=), 6.21-6.24 (m, 2H, 2x-CH#)21 (d,J= 8.08
Hz, 4H, 2x2H from Ts), 7.35 (dl= 8.24 Hz, 4H, 2x2H from Ts), 7.36 (dds 7.76, 4.60 Hz, 2H,
2x1H from py), 8.34 (dd)= 7.75, 1.99 Hz, 2H, 2x1H from py), 8.48 (dd¢, 4.76, 1.96 Hz, 2H, 2x1H
from py); °C (CDCE): & 21.53, 27.19, 48.26, 65.28, 122.50, 127.41, 127.28.53, 128.73, 129.56,
135.35, 140.80, 143.63, 150.44, 150.66, 166.26; M¥3:(%)= 717 [M+ 1] (100), 718 (40), 719 (16),
720 (5); HRMS calcd. for §gH3:N4,OsS, [M + 1]° 717.2047; found 717.2033.

7.2.6. Synthesis of pyrido[2,3-d]pyrimidine-2,4(1H,3H)-diones
7.2.6.1. Synthesis of compountid6 and197

General procedure

The mixture of 2-propen-1-yl 2-chloro-3-pyridinebaxylate (0.5g, 0.003mol) in amine (~5 ml) as
solvent was refluxed. The reaction mixture was eddb room temperature, precipitate was filtered
off and washed with EtOAc. Solvent was removed unvdeuum and product was purified by column

chromatography. The synthesis of compofifii was carried out in acetonitrile (20ml) as solvent.

o Allyl 2-(allylamino)nicotinate (196a)
O eluent: EtOAC/PE (1/4); 0.199g, 36% vyield; lightllges liquid; IR: 3372 (NH),
~Z =
N"NTT 1688 (C(0)0), 1591, 1579 (C=C), 1508 (C=C), 1241NC 1126 (C-O).
H NMR (300 MHz, CDGJ): 4.18 (t,J= 5.50 Hz, 2H, Ch), 4.78 (d,J= 5.50 Hz, 2H, CH), 5.10-5.46
(M, 4H, 2xCH), 5.93-6.11 (m, 2H, 2xCH), 6.54 (dd 12.66, 4.95 Hz, 1H, py), 8.07 (s, 1H, NH),

8.16 (dd,J= 9.36, 1.65 Hz, 1H, py), 8.29 (d& 6.05, 1.65 Hz, 1H, py}*C (CDCE): § 66.7 (CH),
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119.3 (=CH), 122.2 (C5), 126.9 (C3), 131.4 (-CH=), 140.4 (Q40.1 (C2), 152.0 C6), 164.2 (C=0);
MS: miz (%)= 219 [M+ 1] (100), 220 (12); HRMS calcd. for,@;N,0, [M + 1]* 219.1128;
found 219.1135.

o N-allyl 2-allylamino-3-pyridinecarboxamide (197a)

dkm/\/ eluent: EtOAC/PE (1/4); 0.336g, 61% yield; oraniggil; IR: 3327 (NH), 1626

N H/\/ (C(O)NH), 1577 (NH), 1504 (C=C), 1257 (C-NH NMR (300 MHz, CDC})):
4.03 (t, J= 5.50 Hz, 2H, ChH, 4.13 (t, = 5.50 Hz, 2H, CH, 5.06-5.33 (m, 4H, 2xChl
5.84-6.08 (m, 2H, 2xCH), 6.23 (s, 1H, C(O)NH), 6.48d, J= 12.66, 4.95 Hz, 1H, py),
7.59 (dd,J= 9.36, 1.65 Hz, 1H, py), 8.20 (d& 6.05, 1.10 Hz, 1H, py), 8.20 (s, 1H, NHjC NMR
(CDCly): 6 42.3, 43.3, 109.9, 110.6, 115.4, 116.9, 134.0,.2,3835.3, 151.9, 157.9, 168.3;
MS: m/z (%)= 218 [M+ 1] (100), 219 (20); HRMS calcd. for,&;eNsO [M + 1]° 218.1288; found

218.1297.

o Allyl 2-(n-propylamino)-3-pyridinecarboxylate (196b);
X o/\/ . L
| eluent; EtOAC/PE (1/4); 0.162g, 29% vyield; yelloguid; IR: 3373 (NH), 1685
—
N (C(0)0), 1593, 1580 (C=C), 1513 (C=C), 1242 (C-N)21 (C-O)H NMR (300

H
MHz, CDCE): 1.01 (t,J= 7.15 Hz, 3H, Ch), 1.67 (q,J= 7.15 Hz, 2H, Ch), 3.47 (q,J= 6.2 Hz, 2H,

CH,), 4.77 (dJ= 5.50 Hz, 2H, Ch), 5.29 (ddJ= 11.56, 1.10 Hz, 1H, C#| 5.39 (ddJ= 17.06, 1.1

Hz, 1H, CH), 6.00 (dg,J= 5.5, 5.5 Hz, 1H, CH), 6.50 (ddl= 13.21, 4.95 Hz, 1H, py),
7.97 (s, 1H, NH), 8.14 (dd)= 9.36, 1.65 Hz, 1H, py), 8.29 (dd= 6.60, 1.65 Hz, 1H, py);
3C NMR (CDCE): & 11.8, 22.8, 42.9, 65.3, 105.5, 110.7, 118.3, 13P48.1, 153.9, 158.9, 167.3;
MS: m/z (%)= 221 [M+ 1] (100), 222 (14); HRMS calcd. for&1,:N,0, [M + 1]* 221.1285;

found 221.1293.

o N-(n-propyl) 2-(n-propylamino)-3-pyridinecarboxamide (197b},
NH/\/ eluent: EtOAC/PE (1/4); 0.3149, 56% yield; yelloguid; IR: 3325 (NH), 1625
N” ONH (C(O)NH), 1577 (NH), 1509 (C-H), 1459 (C-H), 125C-K). '"H NMR (300

MHz, CDCk): 0.98 (t,J= 7.15 Hz, 3H, Ch), 1.00 (t,J= 7.15 Hz, 3H, Ch),

6.07 (s, 1H, C(O)NH), 6.45 (dd= 12.11, 4.95 Hz, 1H, py), 7.52 (di5 8.81, 1.1
Hz, 1H, py), 8.08 (s, 1H, NH), 8.21 (dé 6.6, 1.65 Hz, 1H, py)**C NMR (CDCE): & 11.5, 11.8,
22.7,22.9, 41.6, 42.9, 110.1, 135.1, 151.7, 1588,6; MS: m/z (%)= 222 [M+ 1](100), 223 (14);
HRMS calcd. for GH,NsO [M + 1] 222.1601; found 222.1609.
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0 Allyl 2-(n-butylamino)-3-pyridinecaboxylate (196c¢)
=
NC’/\/ eluent: EtOAC/PE (1/4); 0.136g, 23% vyield; yelloguid; IR: 3373 (NH), 2957,
N/ N/\/\

N 2929, 2871 (C=C-H), 1685 (C(0)0O), 1593, 1580 (C=AB13 (C-H), 1241 (C-H),
1121 (C-N)."H NMR (300 MHz, CDCJ): 0.96 (t,J= 7.15 Hz, 3H, Ch), 1.38-1.52 (m, 2H, C}),
1.59-1.71 (m, 2H, CH), 3.51 (dt,J= 12.38, 6.88 Hz, 2H, CH| 4.77 (d,J= 5.50 Hz, 2H, Ch), 5.29
(dd,J= 11.56, 1.10 Hz, 1H, Ci 5.39 (dd,J= 18.71, 1.65 Hz, 1H, C#| 5.94-6.10 (m, 1H, CH), 6.50
(dd, J= 12.66, 4.95 Hz, 1H, py), 7.94 (s, 1H, NH), 8.1dd,(J= 9.36, 1.65 Hz, 1H, py),
8.29 (dd,J= 6.60, 1.65 Hz, 1H, py}*C NMR (CDCk): & 13.9, 20.4, 31.7, 40.8, 65.3, 105.3, 110.7,
118.3, 132.3, 140.1, 153.9, 158.9, 167.3; MS: ®#6y=(235 [M+ 1] (100), 236 (14); HRMS calcd.
for CigH1N,0, [M + 1]* 235.1441; found 235.1439.

eluent: EtOAC/PE (1/4); 0.468g, 74% vyield; orangpild; IR: 3324 (NH),
N” NH 2957, 2929, 2871 (C=C-H), 1624 (C(O)NH), 1577 (C-T910 (C-H), 1258
(C-N). *H NMR (300 MHz, CDCJ): 0.95 (dt,J= 7.15, 7.15 Hz, 6H, 2xC}
1.29-1.49 (m, 4H, 2xC}), 1.59 (tt,J= 7.15 Hz, 4H, 2xCh), 3.40 (qt,J=7.15
Hz, 4H, 2xCH), 6.13 (br, C(O)NH), 6.44 (dd= 12.66, 4.95 Hz,12H, py), 7.51 (di; 9.36, 1.65 Hz,
1H, py), 8.05 (br, NH), 8.20 (dd= 6.05, 1.65 Hz, 1H, py)*C NMR (CDCE): & 13.8, 14.01, 31.6,
31.7, 39.6, 40.8, 110.0, 134.9, 151.8, 151.1, 168IS: m/z (%)= 250 [M+ 1] (100), 251 (17);
HRMS calcd. for GH24Ns0 [M + 1]" 250.1914; found 250.1924.

O N-(n-butyl) 2-(n-butylamino)-3-pyridinecarboxamide (197c)
CL™
H

o Allyl 2-(i-pentyloamino)-3-pyridinecaboxylate(196d),
| \/ o eluent: EtOAC/PE (1/5); 0.13g, 2% vyield; yellowdid; IR: 3372 (NH), 2954,
N° NH 2927, 2870 (=C-H), 1686 (C(0O)0), 1593, 1581 (C=1513 (C-H), 1242 (C-N),
5\ 1124 (C-O)."H NMR (400 MHz, CDC})): 0.95 (s, 3H, Ck), 0.97 (s, 3H, CH),

1.56 (q,J= 7.26 Hz, 2H, Ch), 1.69-1.79 (m, 1H, CH), 3.52 (d 7.29, 5.19 Hz,
2H, CH,), 4.77 (d,J= 5.60 Hz, 2H, Ch), 5.28 (ddt,J= 10.42, 2.64, 1.3 Hz, 1H, =GH
5.39 (ddt,J= 17.19, 2.92, 1.42 Hz, 1H, =GH 6.01 (qt,J= 17.17, 10.48, 5.61 Hz, 1H, -CH=), 6.49
(dd, J= 12.48, 4.76 Hz, 1H, py), 7.89 (s, 1H, NH), 8.1dd,(J= 9.72, 2.00 Hz, 1H, py),
8.29 (dd,J= 6.72, 1.96 Hz, 1H, py}*C NMR (CDCL): & 22.6, 25.4, 38.5, 39.2, 65.2, 105.5, 110.6,
118.2, 132.1, 139.9, 153.7, 158.8, 167.3; MS: ®#y=(249 [M+ 1] (100), 250 (18); HRMS calcd.
for C14H2:N,O, [M + 1]7 249.1598; found 249.1608.
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EtOAC/PE (1/5); 0.478g, 68% vield; yellow liquid®13327 (NH), 2954, 2928,
2869 (=C-H), 1624 (C(O)NH), 1577 (NH), 1510 (C-HJ257 (C-N).
5\ 'H NMR (300 MHz, CDCJ): 0.94 (dd,J= 3.30, 0.55 Hz, 6H, 2xC$)| 0.96 (dd,
J= 3.30, 0.55 Hz, 6H, 2xCHl 1.52 (dt,J= 7.71, 7.71 Hz, 4H, 2xCH 1.61-
1.78 (m, 2H, 2xCH), 3.43 (df= 7.15, 7.15 Hz, 4H, 2xCHi 6.02 (br, C(O)NH), 6.45 (dd= 12.66,
4.95 Hz, 1H, py), 7.50 (dd= 9.36, 1.65 Hz, 1H, py), 8.01 (s, 1H, NH), 8.28,(d 6.60, 1.65 Hz,
1H, py); °C NMR (CDCL): & 22.6, 22.7, 38.2, 38.5, 39.4, 110.0, 134.9, 15158.1, 168.2;
MS: m/z (%)= 278 [M+ 1] (100), 279 (19); HRMS calcd. for,@,sN:O [M + 1]° 278.2227; found
278.2237.

0 &)\ N-(i-pentyl)  2-(i-pentylamino)-3-pyridinecarboxamide (197d) eluent:
N N
| ] H
N~ "NH

O Allyl 2-cyclopropylamino-3-pyridinecaboxylate (196€)
=
NO/\/ eluent: EtOAC/PE (1/8); 0.172g, 31% vyield; yelloguiid; IR: 3370 (NH), 1686
N” NH (C(0)0), 1579 (C=C), 1500 (C-H), 1251, 1230 (C-M)28 (C-0)*H NMR (300

MHz, CDCL): 0.52- 0.62 (m, 2H), 0.86 (dt}= 12.11, 6.05 Hz, 2H, CHi
2.86-2.95 (m, 1H, CH), 4.76 (dI= 4.95 Hz, 2H, CH), 5.29 (d,J= 10.46 Hz, 1H, =C}),
5.39 (d,J= 17.06 Hz, 1H, =Ch), 5.93-6.09 (m, 1H, =CH-), 6.58 (dit 12.11, 4.40 Hz, 1H, py), 8.05
(s, 1H, NH), 8.15 (dJ= 7.71 Hz, 1H, py), 8.39 (dl= 4.40 Hz, 1H, py)*C NMR (CDCE): § 7.2,
23.8, 65.4, 106.1, 111.5, 118.4, 132.2, 139.9,0,5659.8; MS: m/z (%)= 219 [M+ 1](100), 220
(14); HRMS calcd. for GH1sN,O, [M + 1]" 219.1128; found 219.1135.

o Allyl 2-cyclohexylamino-3-pyridinecaboxylate(196f);
| o eluent: EtOAC/PE (1/6); 0.448g, 68% yield; colosléiguid; IR: 3359 (NH), 1685
N” NH (C(0)0), 1592, 1578 (C=C), 1507 (C-H), 1241 (C-M)06 (C-0)."H NMR (300

MHz, CDCk): 1.10-2.13 (m, 10H, cyclohexyl), 4.01-4.16 (m, ,1i€H),

4.77 (d,J= 5.50 Hz, 2H, =Ch), 5.29 (dd,J= 11.56, 1.10 Hz, 1H, =C}
5.39 (ddJ= 18.71, 1.62 Hz, 1H, C| 5.94-6.10 (m, 1H, -CH=), 6.47 (dd 12.66, 4.95 Hz, 1H, py),
7.96 (d,J= 6.60, NH), 8.14 (ddJ= 9.91, 2.20 Hz, 1H, py), 8.27 (dd= 6.60, 1.65 Hz, 1H, py);
3C NMR (CDCE): 6 24.9, 25.9, 48.8, 65.2, 105.3, 110.5, 118.3, 13p48.2, 153.9, 158.2, 167.4;
MS: m/z (%)= 261 [M+ 1] (100), 262 (15); HRMS calcd. for,&,;N,O, [M + 1] 261.1598;
found 261.1607.
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o} /O N-cyclohexyl 2-cyclohexylamino-3-pyridinecarboxamide (197f);, eluent:
NH EtOAC/PE (1/6); 0.229g, 30% yield; white solid; mp68°C; IR: 3355, 3260
N~ > NH (NH), 2924, 2851 (=C-H), 1617 (C(0)O), 1576, 1582C), 1503 (C-H), 1258
© (C-N). '"H NMR (300 MHz, CDCJ)): 1.10-2.10 (m, 20H, cyclohexyl),
3.88 (tt,J= 3.30 Hz, 1H, CH), 4.02 (td= 4.40 Hz, 1H, CH), 5.96 (br, C(O)NH),
6.40 (dd,J= 12.11, 4.95 Hz, 1H, py), 7.51(dd 9.36, 1.65 Hz, 1H, py), 8.11 (& 7.15 Hz, 1H,
NH), 8.18 (ddJ= 5.50, 1.10 Hz, 1H, py}*C NMR (CDCL): § 24.9, 25.0, 25.6, 26.0, 33.2, 33.3, 48.6,
48.8, 109.8, 135.1, 151.8, 157.5, 167.7; MS: m/y=%8©2 [M+ 1] (100), 303 (20); HRMS calcd. for
CiaH2eNz0 [M + 1]" 302.2227; found 302.2227.

O Allyl 2-(t-butylamino)-3-pyridinecaboxylate (1969)

(\j\)L 07 eluent: EtOACIPE (1/7): 0.374g, 63% yield: yellowuid: IR: 3352 (NH), 1686

N™ °NH (C(0)0), 1591, 1528 (C=C), 1514 (C-H), 1243 (C-N}127 (C-O).

'H NMR (400 MHz, CDC)): 1.50 (s, 9H, 3xC#h), 4.76 (dt,J= 1.57, 1.35 Hz, 1H,

CH,), 4.74 (dt,J= 1.57, 1.35 Hz, 1H, CH, 5.28 (ddt,J= 10.39, 2.64, 1.33 Hz, 1H, =GH
5.38 (ddt,J= 17.25, 3.08, 1.56 1H, =GH 6.01 (qt,J= 17.19, 10.43, 5.57 Hz, 1H, -CH=),
6.46 (dd,J= 12.48, 4.68 Hz, 1H, py), 8.05 (s, 1H, NH), 8.1&,(J= 7.80, 2.08, 1H, py),
8.25 (dd,J= 4.66, 2.06, 1H, py)**C NMR (CDCE): & 29.2, 51.4, 65.1, 105.5, 110.2, 118.2, 132.3,
139.8, 153.2, 158.7, 167.5; MS: m/z (%)= 235 [M* (1]00), 236 (14); HRMS calcd. for;1oN,O,
[M + 1] 235.1441; found 235.1447.

O Allyl 2-(t-octylamino)-3-pyridinecaboxylate(196h),
| 0 eluent: EtOAC/PE (1/10); 0.537g, 73% yield; oratigaid; IR: 3353 (NH), 1686
b
N™ 'NH (C(0)0), 1592 (C=C), 1515 (C-H), 1243 (C-N), 1126Q). '"H NMR (300 MHz,

CDCl): 0.95 (s, 9H, 3xCh, 1.54 (s, 6H, 2xCh, 1.97 (s, 2H, Cb),

4.75 (d,J= 5.50 Hz, 2H, Ch), 5.24-5.44 (m, 2H, C§), 5.94-6.09 (m, 1H, -CH=),
6.43 (dd,J= 12.11, 4.40 Hz, 1H, py), 8.06 (s, 1H, NH), 8.1&,(J= 9.91, 2.20, 1H, py),
8.24 (dd,J= 6.05, 1.65, 1H, py):*C NMR (CDCE): & 30.1, 31.6, 31.8, 50.7, 55.3, 65.2, 105.4, 110.1,
118.2, 132.3, 139.9, 153.2, 158.7, 167.5; MS: ®#y=(291 [M+ 1] (100), 292 (20); HRMS calcd.
for Ci7H,7/NLO, [M + 1]7 291.2067; found 291.2077.

O Allyl 2-(1-adamantylamino)-3-pyridinecaboxylate(196i);
=
| N o eluent; EtOAC/PE (1/7); 0.404g, 51% yield; whitdidomp. 94°C; IR: 3338
N° NH (NH), 2905, 2848 (=C-H), 1686 (C(0)0), 1588 (C=C»11 (C-H), 1252 (C-N),

1130 (C-O). 'H NMR (300 MHz, CDC)): 1.63-1.79 (m, 6H, 3xCH,
2.1 (s, 3H, 3xCH), 2.19 (s, 6H, 3xG)}14.75 (d,J= 5.50 Hz, 2H, Ch), 5.27 (dd,
J= 11.56, 1.10 Hz, 1H, =C#i 5.38 (dd,J= 18.16, 1.10 Hz, 1H, =C#{ 5.93-6.07 (m, 1H, -CH=),
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6.44 (dd,J= 12.66, 4.95 Hz, 1H, py), 7.97 (s, 1H, NH), 8.4d,(J= 9.36, 1.65 Hz, 1H, py),
8.21 (d,J= 6.60, 2.20 Hz, 1H, py), 8.39 (& 4.40 Hz, 1H, py)~*C NMR (CDCE): § 29.8, 36.8, 41.9,
52.2, 65.2, 105.4, 110.3, 118.2, 132.4, 139.9,21558.9, 167.6; MS: m/z (%)= 313 [M+*1(100),
314 (24); HRMS calcd. for HsN,0, [M + 1]* 313.1911; found 313.1914.

eluent: EtOAc/ PE (1/3); 0.177g, 26% yield; coledeliquid; IR: 3371 (NH),

N~ "NHBn 3085, 3063, 3028, 2926, 2875 (=C-H), 1685 (C(OI3P2, 1578 (C=C), 1509
(C-H), 1242 (C-N), 1131 (C-OJH NMR (300 MHz, CDC})): 4.76 (d,J= 5.50, 4H, CHand CH-Bn),
5.23-5.45 (m, 2H, =C}J, 5.92-6.08 (m, 1H, -CH=), 6.56 (dd 12.66, 4.95 Hz, 1H, py), 7.21-7.43
(m, 6H, Bn), 8.17 (ddJ= 9.36, 1.65 Hz, 1H, py), 8.30 (ddk 6.60, 1.65 Hz, 1H, py), 8.29 (s, NH);
%C NMR (CDCL): & 44.9, 65.4, 105.7, 111.4, 118.4, 127.1, 127.6,6,2128.6, 132.2, 139.5, 140.1,
153.9, 167.3; MS: m/z (%)= 269 [M+ "1{100), 270 (18); HRMS calcd. for,§,;N,0, [M + 1]
269.1285; found 269.1296.

0 Allyl 2-benzylamino-3-pyridinecaboxylate(196);
EYJ\O/\/

o N-benzyl 2-benzylamino-3-pyridinecarboxamidg197j);

| \/ NHBn eluent: EtOAC/PE (1/3); 0.451g, 56% yield; whitdidsomp. 98°C; IR: 3398, 3297

N° 'NHBn  (NH), 3083, 3058, 3027, 2924, 2852, (=C-H), 1614Q)™), 1573 (N-H), 1519,
1504 (C=C), 1260 (C-N)'H NMR (300 MHz, CDC)): 4.53 (d, J= 5.50 Hz, 2H, Ch),
4.70 (d,J= 5.50 Hz, 2H, Ck), 6.45 (dd,J= 12.66, 4.95 Hz, 1H, py), 6.49 (br, C(O)NH),
7.20-7.40 (m, 10H, 2xBn), 7.54 (dd= 9.36, 1.65 Hz, 1H, py), 8.20 (d= 4.95 Hz, 1H, py),
8.50 (br, NH);"*C NMR (CDC}): & 43.9, 44.9, 109.8, 110.8, 127.0, 127.6, 127.8,9,2128.6, 128.9,
135.3, 138.0, 139.7, 152.1, 157.9, 168.3; MS: ®#y=318 [M+ 1] (100), 319 (20); HRMS calcd.
for CooH,0N3O [M + 1] 318.1601; found 318.1608.

7.2.6.2. Synthesis of compountig9

General procedure

The mixture of allyl 2-(alkylamino)-3-pyridinecabgate (0.5g, 0.003mol) in amine (~5 ml) as
solvent was refluxed. The reaction mixture was eddb room temperature, precipitate was filtered
off and washed with EtOAc. Solvent was removed uwvdeuum and product was purified by column

chromatography.
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O N-allyl 2-cyclohexylamino-3-pyridinecarboxamide(199a)
| \/ H/\/ eluent: EtOAC/PE (1/8); 0.269g, 54% yield; whitdidsomp. 96°C; IR: 3357
N" "NH (NH), 3285 (NH), 1620 (C(O)N), 1573, 1551 (C=C),085(C-H), 1252 (C-N).
@ 'H NMR (300 MHz, CDCJ): 1.19-1.49 (m, 4H, cyclohexyl), 1.53-1.80 (m, 2H)

1.92-2.07 (m, 2H), 4.03 (8= 5.50 Hz, 3H, Chifrom CH-CH= and CH-cychex),
5.15-5.31 (m, 2H, =C}), 5.85-6.00 (m, 1H, -CH=), 6.11 (br, C(O)NH), 6.4RI, J= 12.11, 4.95 Hz,
1H, py), 7.55 (ddJ= 9.36, 1.65 Hz, 1H, py), 8.12 (d= 6.05, NH), 8.20 (dJ= 3.30 Hz, 1H, py);
3C NMR (CDCh): § 24.9, 26.0, 33.2, 42.2, 48.8, 109.2, 109.9, 11631, 135.2, 152.2, 157.5,
168.4; MS: miz (%)= 260 [M+ 1](100), 261 (18); HRMS calcd. for:&1,,N;0 [M + 1]° 260.1757;
found 260.1761.

O N-(n-propyl) 2-cyclohexylamino-3-pyridinecarboxamide(199b})
| N H/\/ eluent: EtOAC/PE (1/6); 0.276g, 55% vyield; whitdidomp. 119°C; IR: 3360
~
N" NH (NH), 3300 (NH), 2923, 2852 (C=C-H), 1620 (C(O)N}73 (C=C), 1500 (C-H),

1252 (C-N).'H NMR (300 MHz, CDCJ)): 0.97 (t,J= 7.71 Hz, 3H, Ch),

1.18-1.50 (m, 4H, cyclohexyl), 1.60 (dir 14.31, 7.15 Hz, 2H, CH 1.68-1.80
(m, 2H, cyclohexyl), 1.95-2.08 (m, 2H, cyclohexy,35 (dd,J= 19.81, 6.60 Hz, 2H, CHi
4.00 (tt,J= 3.85 Hz, 1H, CH from cyclohexyl), 6.13 (br, C(QJN 6.41 (ddJ= 12.66, 4.95 Hz, 1H,
py), 7.52 (ddJ=9.36, 1.65 Hz, 1H, py), 8.09 (@ 6.60 Hz, 1H, NH), 8.18 (dd= 6.60, 1.65 Hz, 1H,
py); *C NMR (CDCE): § 11.5, 22.9, 24.9, 26.0, 33.2, 41.6, 48.8, 10908,8, 135.1, 151.9, 157.5,
168.6; MS: m/z (%)= 262 [M+ 1](100), 263 (18); HRMS calcd. for,,,N;O [M + 1] 262.1914;
found 262.1918.

o] &)\ N-(i-pentyl) 2-cyclohexylamino-3-pyridinecarboxamide (199c) eluent:
A N
L H
N~ “NH

EtOAC/PE (1/7); 0.472g, 85% yield; orange oil; IB320 (NH), 2954, 2928,

2854 (C=C-H), 1626 (C(O)N), 1576 (C=C), 1507 (C-H)257 (C-N).

'H NMR (400 MHz, CDC})): 0.95 (d,J= 6.65 Hz, 6H, 2xCHl i-pentyl),

1.24-1.35 (m, 4H, 2xCH cyclohexyl), 1.38-1.46 (m, 2H), 1.46-1.52 (m, 2H,
CH, i-pentyl), 1.57-1.65 (m, 1H;pentyl), 1.70-1.78 (m, 2H, cyclohexyl), 3.41 (dt, 5.95 Hz, 2Hj-
pentyl), 3.98-4.06 (m, 1H cyclohexyl), 5.93 (br,GJNH), 6.41 (dd,J= 12.40, 4.80 Hz, 1H, py),
7.49 (dd,J= 9.40, 1.80 Hz, 1H, py), 8.08 (br, NH), 8.19 (dd¢, 6.55, 1.75 Hz, 1H, py)°C NMR
(CDCL): & ; MS: m/z (%)= 290 [M+ 1] (100), 291 (20); HRMS calcd. for;#,gN;O [M + 1]
290.2227; found 290.2238.
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% N-allyl 2-(t-octylamino)-3-pyridinecarboxamide (199¢e)
H eluent: EtOAC/PE (1/8); 0.369g, 74% yield; whitdidsomp. 65°C; IR: 3314
NH (NH), 3270 (NH), 2949, 2903, 2860 (C=C-H), 1620Qy), 1577 (C=C), 1513
>5< (C-H), 1261 (C-N).'H NMR (300 MHz, CDCJ): 0.95 (s, 9H, 3xCp),
1.52 (s, 6H, 2xCh), 1.95 (s, 2H, Ch), 4.02 (t,J= 5.5 Hz, 2H, CH), 5.13-5.30
(m, 2H, =CH), 5.84-5.96 (m, 1H, -CH=), 5.98 (s, 1H, C(O)NH)33% (dd,J= 12.66, 4.95 Hz, 1H, py),
7.51 (dd,J= 10.46, 2.20 Hz, 1H, py), 8.18 (di 6.60, 2.20 Hz, 1H, py)?C NMR (CDCE): & 30.1,
31.6, 31.8, 42.2, 50.6, 55.0, 109.4, 116.8, 13434.8, 151.4, 157.9, 168.7; MS: m/z (%)= 290
[M+ 1]" (100), 291 (20); HRMS calcd. for;#,eNz0 [M + 1]° 290.2227; found 290.2228.

CL

N

O

N

o N-(n-propyl) 2-(t-octylamino)-3-pyridinecarboxamide (199f);
H/\/ eluent; EtOAcC/PE (1/7); 0.341g, 68% yield; whitdidomp. 73°C; IR: 3348
NH (NH), 3276 (NH), 2954, 2871 (C=C-H), 1622 (C(O)Np81, 1553 (C=C), 1512
>5< (C-H), 1263 (C-N).'H NMR (300 MHz, CDCJ): 0.95 (s, 9H, 3xCBH,
1.52 (s, 6H, 2xCh), 0.96 (t,J= 8.26 Hz, 3H, CH), 1.60 (dg.J= 7.15, 7.15 Hz,
2H, CH,), 1.95 (s, 2H, Ch), 3.33 (ddJ=19.81, 6.60 Hz, 2H, ChH 6.09 (s, 1H, C(O)NH), 6.36 (dd,
J=12.11, 4.40 Hz, 1H, py), 7.48 (di#k 9.36, 1.65 Hz, 1H, py), 8.10 (s, 1H, NH), 8.18,(@ 6.05,
1.65 Hz, 1H, py);*C NMR (CDCE): & 11.5, 22.9, 30.1, 31.6, 31.8, 41.6, 50.6, 54.9.4,0110.1,
134.8, 151.1, 157.9, 168.9; MS: m/z (%)= 292 [M+ (00), 293 (20); HRMS calcd. for,&Ei3NzO
[M + 1]" 292.2383; found 292.2388.

0 &)\ N-(i-pentyl) 2-(t-octylamino)-3-pyridinecarboxamide (1999g)
I
H
N” O NH

eluent: EtOAC/PE (1/10); 0.482g, 85% yield; yellswlid; mp. 68°C; IR: 3286
(NH), 2955, 2870 (C=C-H), 1620 (C(O)N), 1578 (C=@)15 (C-H), 1264,
>E|< 1223 (C-N). 'H NMR (300 MHz, CDCJ): 0.95 (s, 9H, 3xCH3),
1.52 (s, 6H, 2xCH3), 1.41-1.58 (m, 2H), 1.59-1.@#8 (H), 1.95 (s, 2H), 3.38
(dt, J= 6.05, 6.05 Hz, 2H, CH, 6.09 (br, C(O)NH), 6.35 (ddJ= 12.11, 4.95 Hz, 1H, py),
7.48 (dd J= 7.71 Hz, 1H, py), 8.13 (di= 6.60 Hz, 1H, py), 8.15 (br, NH}*C NMR (CDC}L): 514.3,
22.6, 26.0, 30.1, 31.6, 31.8, 38.2, 38.5, 50.69,5409.4, 110.1, 134.8, 151.1, 157.9, 168.9; M m/
(%)= 320 [M+ 1] (100), 321 (24); HRMS calcd. for;§:N:0 [M + 1]" 320.2696; found 320.2703.

7.2.6.3. General method for the synthesis of py&idad]pyrimidines

To a solution ofN-alkyl-2-(alkylamino)-3-pyridinecarboxamide in axture of dry THF and NMP
(2:3 ratio), NaH (3eq) and CDI (3eq) were addede Tkaction mixture was stirred at room
temperature for 15-19h. After this time, solid widtered off and washed with THF, filtrate was

concentrated under vacuum. The desired productselged by column chromatography.
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o 1,3-Diallyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (198a)
AN N/\/ . . . °
| /& eluent: EtOAC/PE (1/3); 69% vyield; white solid; n§1°C; IR: 2986, 2923, 2853
—
N~ N 7O (C=C-H), 1708 (NC(O)N), 1657 (C(O)N), 1595 (C=CW8p, 1462, (C=C).

ﬁ 'H NMR (300 MHz, CDCJ): 4.70 (d,J= 5.5 Hz, 2H, CH), 4.99 (d,J= 5.50 Hz,
2H, CH), 5.17-5.37 (m, 4H, 2xCH, 5.876.09 (m, 2H, 2x-CH=),
7.22 (dd,J= 12.11, 4.40 Hz, 1H, py), 8.47 (dit 8.81, 1.10 Hz, 1H, py), 8.67 (dd 5.50, 1.10 Hz,
1H, py); **C NMR (CDC}): § 43.9, 44.5, 110.9, 117.8, 118.3, 119.1, 131.6,0,387.9, 150.5, 150.6,
154.3, 160.9; MS: m/z (%)= 244 [M+*1]100), 245 (13); HRMS calcd. for;§1.NsO, [M + 1]*
244.1081; found 244.1084.

o 1,3-Dipropyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (198b),
| S /’\!\/ eluent: EtOAC/PE (1/4); 58% yield; yellow liquidRi 1709 (NC(O)N), 1659
N" N o (C(O)N), 1597 (C=C), 1484, 1461, 1346 (C-F NMR (300 MHz, CDC)):

H 0.98 (t,J= 7.15 Hz, 3H, Ch), 1.00 (t,J= 7.15 Hz, 3H, Ck), 1.68-1.83 (m, 4H,
2XCH,), 4.05 (ddJ= 15.41, 7.71 Hz, 2H, CHi 4.31 (ddJ= 15.41, 7.71 Hz, 2H,
CHy), 7.19 (dd,J= 12.11, 4.40 Hz, 1H, py), 8.46 (ddk 9.36, 1.65 Hz, 1H, py), 8.65 (dd 6.60,
1.65 Hz, 1H, py)**C NMR (CDCE): & 11.3, 11.4, 21.1, 21.2, 43.4, 44.1, 110.9, 11837,7, 150.8,
154.1, 161.4; MS: m/z (%)= 248 [M+ "1[100), 249 (17); HRMS calcd. for;§:sN:0, [M + 1]°
248.1394; found 248.1405.

o 1,3-Dibutyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (198c)
S )N\:\/\ eluent: EtOAC/PE (1/3); 61% yield; yellow liquidR1 2958, 2930, 2871
N~ N o (=C-H), 1710 ((NC(O)N), 1663 (C(O)N), 1598 (C=C}8l, 1462, 1431, 1405,
i 1348 (C-H)."H NMR (300 MHz, CDCJ): 0.98 (dt,J= 3.85 Hz, 6H, 2xC},
142 (qt, J= 7.15 Hz, 4H, 2xCh), 1.63-1.76 (m, 4H, 2xCH\
4.08 (t,J= 7.71 Hz, 2H, Ch), 4.35 (t,J= 7.71 Hz, 2H, Ch), 7.19 (dd,J= 12.11, 4.40 Hz, 1H, py),
8.45 (dd,J= 9.36, 1.65 Hz, 1H, py), 8.65 (dd 6.60, 1.65 Hz, 1H, py)*C NMR (CDCH): 5 13.8,
13.9, 20.2, 20.3, 29.9, 30.1, 41.8, 42.5, 110.98.1,1137.6, 150.8, 150.9, 154.0, 161.3;
MS: m/z (%)= 276 [M+ 1] (100), 277 (18); HRMS calcd. for,&,,N;0, [M + 1]* 276.1707; found
276.1716.

o &)\ 1,3-Di(i-pentyl)-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (198d),
d‘\i eluent; EtOAC/PE (1/5); 91% vyield; white solid; m#B°C; IR: 2954, 2928,
N~ N "0 2881, 2867 (=C-H), 1702 (NC(O)N), 1656 (C(O)N), 25€=C), 1483, 1466,
5\ 1460, 1351 (C-H)!H NMR (300 MHz, CDCJ): 0.99 (t,J= 5.50 Hz, 12H,
4XCHg), 1.52-1.66 (m, 4H, 2xCHji, 1.66-1.77 (m, 4H, 2xChj, 4.07 (d,J= 6.60
Hz, 1H, CH), 4.10 (dJ= 6.60 Hz,14H, CH), 4.19 (dd= 12.66, 4.95 Hz, 1H, py), 8.45 (di; 9.36,
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1.65 Hz, 1H, py), 8.65 (ddl= 6.05, 1.65 Hz, 1H, py)°C NMR (CDCE): & 22.5, 22.6, 26.3, 26.4,
36.5, 36.5, 40.6, 40.9, 110.9, 118.6, 137.5, 1506D,8, 154.0, 161.2; MS: m/z (%)= 304 [M+ 1]
(100), 305 (18); HRMS calcd. for;&1,5N:0, [M + 1]* 304.2020; found 304.2022.

o 1,3-Dibenzyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (198));

Ej\)L NBn eluent: EtOAC/PE (1/3); 60% yield; white solid; mp20°C; IR: 3088, 3065, 3028

N" "N"0 (=C-H), 1711 (NC(O)N), 1658 (C(O)NH), 1592 (C=C)i8#, 1465, 1450 (C-H).
'H NMR (300 MHz, CDC)): 5.25 (s, 2H, Ch), 5.54 (s, 2H, Ch), 7.14 (dd J= 12.66, 4.95 Hz, 1H,
py), 7.18-7.33 (m, 5H, Bn), 7.43-7.55 (m, 5H, B§43 (dd,J= 9.36, 1.65 Hz, 1H, py),
8.61 (dd,J= 6.05, 1.65 Hz, 1H, py)}®C NMR (CDCE): & 45.2, 45.5, 110.9, 119.2, 127.7, 127.8,
128.5, 128.6, 128.7, 129.2, 136.7, 137.0, 137.9,0.85 151.3, 154.2, 161.3;
MS: m/z (%)= 344 [M+ 1] (100), 345 (23); HRMS calcd. for,E;gNs0, [M + 1]" 344.1394; found

344.1397.

O 3-Allyl-1-cyclohexyl-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (200a)
(jfl\i/\/ eluent: EtOAC/PE (1/8); 47% yield; white solid; mp41°C; IR: 2925, 2852
N~ 'N° "0 (C=C-H), 1709 (NC(O)N), 1658 (C(O)N), 1589 (C=Cx%8b, 1447, 1408 (C-H).
@ 'H NMR (300 MHz, CDCJ): 1.16-2.00 (m, 8H, cyclohexyl), 2.59 (d& 11.56
Hz, 2H, cychexyl), 4.68 (d,J= 4.95 Hz, 2H, CH from -CH-CH=),
5.17-5.33 (m, 2H, =C}), 5.39 (br, CH-cyclohexyl), 5.86-6.03 (m, 1H, -CH%.19 (dd,J= 12.11,
495 Hz, 1H, py), 846 (ddJ= 9.36, 1.65 Hz, 1H, py), 8.65 (ddJ= 6.05, 1.65);
3C NMR (CDCW): & 25.4, 26.6, 29.0, 29.8, 43.8, 55.4, 111.1, 11R18,7, 131.8, 137.9, 151.2, 153.6,
161.2; MS: m/z (%)= 286 [M+ 1](100), 287 (16); HRMS calcd. for;§10N:0, [M + 1]* 204.0768;
found 204.0773. Literature: K. Noda, A. Nakagawa,, ™otomura, S. Yamasaki,
DE 2334266 Al 19740131

o 3-Propyl-1-cyclohexyl-pyrido[2,3d]pyrimidine-2,4(1H,3H)-dione (200b)
| \/ i/\/ eluent: EtOAC/PE (1/6); 91% vyield: white solid; mp33°C; IR: 2925, 2852
N~ 'N° "0 (C=C-H), 1709 (NC(O)N), 1656 (C(O)N), 1589 (C=C),44B (C-H).
@ 'H NMR (300 MHz, CDCJ): 0.98 (t,J= 7.15 Hz, 3H, Ch), 1.22-1.55 (m, 4H,
cyclohexyl), 1.60-1.79 (m, 2H, GH 1.81-1.97 (m, 2H, cyclohexyl),
2.59 (dt,J= 11.56 Hz, 2H, CH-cyclohexyl), 4.02 @ 7.15 Hz, 2H, CH), 7.17 (ddJ= 12.11, 4.40
Hz, 1H, py), 8.46 (dd,J= 9.36, 1.65 Hz, 1H, py), 8.64 (dd= 6.04, 1.65 Hz, 1H, py);
%C NMR (CDCE): 6 11.7, 21.2, 25.5, 26.6, 28.9; 30.4, 43.4, 11113,4, 137.8, 151.2, 153.4, 161.5;
MS: m/z (%)= 288 [M+ 1] (100), 289 (18); HRMS calcd. for,E,,N;0, [M + 1]* 288.1707; found
288.1713. Literature: K. Noda, A. Nakagawa, T. Motwa, S. Yamasaki, DE 2334266 A1 19740131.
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o &)\ 3-(i-Pentyl)-1-cyclohexyl-pyrido[2,3d]pyrimidine-2,4(1H,3H)-dione (200c)
dj\l eluent: EtOAC/PE (1/7); 97% yield; white solid; mpl8°C; IR: 2922, 254
N" N "0 (C=C-H), 1708 (NC(O)N), 1656 (C(O)N), 1588 (C=CHy8t, 1449, 1411,
@ 1381 (C-H)."H NMR (300 MHz, CDCJ): 0.98 (s, 3H, CH), 0.99 (s, 3H, Ch),
1.26-1.38 (m, 1H, CH-cyclohexyl), 1.39-1.52 (m, Z2i&H,-cyclohexyl),
1.57 (dt,J= 7.89 Hz, 2H, CHi-pentyl), 1.65-1.75 (m, 4H, 2xGHcyclohexyl), 1.84-1.94 (m, 2H,
CH,-cyclohexyl), 4.07 (dtJ=5.20, 5.20 Hz, 2H, CH-pentyl), 7.18 (ddJ= 12.44, 4.72 Hz, 1H, py),
8.45 (dd,J= 9.72, 2.00 Hz, 1H, py), 8.64 (dd 6.72, 2.00 Hz, 1H, py)’C NMR (CDC}): § 22.5,
24.9, 25.9, 26.0, 33.1, 38.2, 38.4, 48.7, 109.9.8,0135.0, 151.8, 157.4, 168.5; MS: m/z (%)= 316
[M+ 1]" (100), 317 (23); HRMS calcd. for;§,¢Nz0, [M + 1]" 316.2020; found 316.2028.

o 3-Allyl-1-(t-octyl)-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (200¢€)
eluent; EtOAC/PE (1/8); 49% vyield; yellow liquidR12986, 2950, 2868 (C=C-H),
o 1715 (NC(O)N), 1668 (C(O)N), 1598, 1579 (C=C), 1485H). '"H NMR (300
>>< MHz, CDCk): 0.98 (s, 9H, 3xC}h), 1.87 (s, 6H, 2xC¥), 2.40 (s, 2H, Ch), 4.63
(d, 3= 5.50 Hz, 2H, Ch), 5.15-5.31 (m, 2H, =C}), 5.86-6.01 (m, 1H, -CH=),
7.15 (dd,J= 12.38, 4.95 Hz, 1H, py), 8.39 (d#; 9.36, 1.65 Hz, 1H, py), 8.61 (ddk 6.05, 1.65 Hz,
1H, py): °C NMR (CDC}): & 31.4, 31.9, 32.1, 43.9, 51.3, 68.1, 112.6, 11718.4, 132.0, 137.0,
151.4, 151.6, 152.7, 161.6; MS: m/z (%)= 204 [M* (1]00), 205 (13); HRMS calcd. for;§10N3O,
[M + 1]" 204.0768; found 20774.

o 3-Propyl-1-(t-octyl)-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (200f);
eluent: EtOAC/PE (1/10); 97% vyield; light yellowqtiid; IR: 2956, 2874
S (C=C-H), 1715 (NC(O)N), 1667 (C(O)N), 1598, 1580=(), 1430 (C-H).
>5< '"H NMR (300 MHz, CDCJ): 0.97 (t,J= 8.26, 3H, CH), 0.98 (s, 9H, 3xCHh),
1.69 (qd,J= 7.71, 7.71 Hz, 2H, CH\, 87 (s, 6H, 2xCh), 2.40 (s, 2H, Ch),
3.98 (t,J= 7.71Hz, 2H, CH), 7.14 (dd,J= 12.66, 4.95 Hz, 1H, py), 8.37 (ddk 9.36, 1.65 Hz, 1H,
py), 8.59 (ddJ= 6.60, 2.20 Hz, 1H, py)?C NMR (CDCk): & 11.4, 21.3, 31.4, 31.9, 32.1, 45.5, 51.3,
67.9, 76.7, 77.1, 77.5, 112.8, 118.4, 136.9, 15158,8, 152.7, 161.9; MS: m/z (%)= 206 [M+ 1]
(100); HRMS calcd. for GH1,NsO, [M + 1]* 206.0924; found 206.0924.

0 &)\ 3-(i-Pentyl)-1-(t-octyl)-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione  (200g)

| o /’L eluent: EtOAC/PE (1/7); 86% vyield; yellow liquidR1 2922, 2854 (C=C-H),
—

N" N7 o 1708 (NC(O)N), 1656 (C(O)N), 1588 (C=C), 1449 (C-HJ NMR (400 MHz,
>>< CDCly): 0.97 (s, 3H), 0.98 (s, 9H, 3xGH 0.99 (s, 3H), 1.50-1.55 (m, 1H),

1.60-1.72 (m, 1H), 1.87 (s, 6H), 2.40 (s, 2H), 4068 J= 4.98, 7.80 Hz, 2H,
CH,), 7.14 (ddJ= 12.36, 4.68 Hz, 1H, py), 8.37 (dd 9.76, 2.04 Hz, 1H, py), 8.59 (dd: 6.68,
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2.04 Hz, 1H, py):*C NMR (CDCE): & 22.5, 26.4, 31.3, 31.8, 32.0, 36.6, 40.7, 51.28,6712.7,
118.3, 136.8, 151.4, 151.6, 152.6, 161.7; MS: 8#)=(234 [M+ 1] (100), 235 (6); HRMS calcd. for
C1H1sNs0, [M + 1]" 234.1237; found 234.1237.

7.2.6.4. Synthesis of dipyrido[2d@pyrimidines

7.2.6.4.1. Synthesis oN,N'-1,2-ethanediyl-bis[2-chloro-3-pyridinecarboxan]i@@2

The 2-chloro-3-pyridinecarboxylic acid (1.6g, 0.@hibl) in thionyl chloride (25 ml) was stirred at
reflux for 2h. The excess of thionyl chloride wasnoved under vacuum and the residue dried on
vacuum pomp for 3h. The 2-chloro-3-pyridinecarboalgloride (1g, 0.0057mol) was placed in the
flask, and then the flask in the ice-bath. To thigrexl 2-chloro-3-pyridinecarbonyl chloride,
ethylenediamine (0.17g, 0.0028mol) in £H, (10 ml) was added dropwise. The mixture was stirre
at room temperature for 17h. The white precipitages filtered off, washed with GBI, and dried.
The N,N'-1,2-ethanediyl-bis[2-chloro-3-pyridinecarboxanjideas obtained as white solid in 60%

yield.

o HC' N | N,N'-1,2-ethanediyl-bis[2-chloro-3-pyridinecarboxamidd  (202);
(YkN/\/N . mp. 232°C; IR: 3216 (NH), 1652 (C(O)N), 1542, 14Q8=C);
| g H ol 'H NMR (300 MHz, DMSOd,): 3.43 (dd,J= 2.80 Hz, 4H, 2xCH),

7.51 (dd,J= 7.52, 4.84 Hz, 1H, py), 7.94 (ddk 7.52, 1.92 Hz, 1H, py), 8.47 (di 4.82, 1.94 Hz,
1H, py), 8.72 (br, NH, 2H)}*C (DMSOds): 5 36.96, 123.49, 133.56, 138.62, 146.99, 150.71,7B55
MS: m/z (%)= 339 [M+ 1] (100), 340 (16), 341 (65), 342 (12); HRMS calaok €,4H;:CI,N,O;
[M + 1]" 339.0405; found 339.0405.

7.2.6.4.2. Synthesis ofN,N'-1,2-ethanediyl-bis[2-alkylamino-3-pyridinecarboxiae] 202

General procedure
The N,N'-1,2-ethanediyl-bis[2-chloro-3-pyridinecarboxanjide.2g, 0.0006mol) in alkylamine (5 ml)
was stirred at reflux for 32-68h. The solvent wasnoved and product isolated by column

chgromatography.
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J N,N'-1,2-ethanediyl-bis[2-allylamino-3-pyridinecarboxamide]
(203a) eluent: EtOAc; 0.122g, 54%; light yellow solid;pm136°C;
Q H - || IR: 3413, 3308 (NH), 1618 (C(O)NH), 1578, 1537, 8§€=C), 1256
dkﬂ/\/'\l I N (C-N). *H NMR (300 MHz, CDC})): 3.66 (dt,J= 2.50 Hz, 4H, 2xCh),
N™ NH 4.13 (tt,J= 5.36, 1.68 Hz, 4H, 2xCHCH), 5.12 (ddtJ= 10.30, 3.08,
| 1.54 Hz, 2H, 2x =Ch), 5.25 (ddt,J= 17.19, 3.33, 1.75 Hz, 2H, 2x
=CH,), 5.99 (qt,J= 17.19, 10.34, 5.19 Hz, 2H, 2x-CH=), 6.49 (dd, 7.68, 4.84 Hz, 2H, 2xpy),
7.00 (br, C(O)NH), 7.61 (dd}= 7.74; 1.78 Hz, 2H, 2xpy), 8.23 (dds 4.80, 1.76 Hz, 2H, 2xpy),
8.26 (br, NH-CHCH=CH,); *C (CDCL): & 40.84, 43.23, 109.11, 110.81, 115.33, 135.21,5E35.
152.21, 157.79, 169.76; MS: m/z (%)= 381 [M+ 1100), 382 (25); HRMS calcd. for,,5NO,
[M + 1]" 381.2028; found 381.2041.

N,N'-1,2-ethanediyl-bis[2-propylamino-3-pyridinecarboxamide]
(203b) eluent: EtOAc; 0.141g, 62%; light yellow solid;pm135°C;

o) Hp IR: 3243 (NH), 1635 (C(O)NH), 1574, 1538, 1508 (§=C258, 1159
N
@kuw (C-N). *H NMR (300 MHz, CDCJ): 0.99 (t,J= 7.40 Hz, 6H, 2xCH),
Z O
N™ “NH 1.61 (M, 4H, 2xCh} -CH,-CH,), 3.42 (dt,J= 7.00 Hz, 4H, 2x-Cht

CH,), 3.63 (ddJ= 2.84, 2.24 Hz, 4H, 2xCi 6.43 (ddJ= 7.68, 4.80
Hz, 2H, py), 6.94 (br, C(O)-NH), 7.57 (dd= 7.70, 1.82 Hz, 2H, py), 8.12 (br, NH-prop),
8.21 (dd,J= 4.80, 1.18 Hz, 2H, py)**C (CDCE): & 11.59, 22.71, 40.84, 42.79, 108.92, 110.0976,
135.18, 152.26, 158.31, 169.76; MS: m/z (%)= 385+[M]" (100), 386 (24); HRMS calcd. for
CooH2oN6O, [M + 1]" 385.2341; found 385.2349.

N,N'-1,2-ethanediyl-bis[2i-pentylamino-3-pyridinecarboxamide]
(203c) eluent: EtOAc; 0.154g, 59%; light yellow solid;pm150°C;

0 g /NI IR: 3353 (NH), 1624 (C(O)NH), 1569, 1510 (C=C), 026C-N).
EYJ\H/\/N\HJ;J 'H NMR (300 MHz, CDCJ): 0.94 (s, 6H, 2xCk}, 0.96 (s, 6H, 2xCH),
N” NH © 1.53 (dt,J= 14.68 Hz, 4H, 2xCh), 1.68-1.78 (m, 2H, 2xCH), 3.46 (dt,
J= 7.34 Hz, 4H, 2xChH), 3.64 (dt, J= 2.46 Hz, 4H, 2xCh),
6.46 (dd, J= 7.73, 4.80 Hz, 2H, 2xpy), 6.99 (br, C(Q)NH),
7.59 (dd,J= 7.73, 1.76 Hz, 2H, 2xpy), 8.09 (br, NHpentyl), 8.23 (ddJ= 4.82, 1.78 Hz, 2H, 2xpy);
3C (CDCL): § 22.65, 26.04, 38.46, 39.30, 40.95, 108.77, 110.235,30, 152.38, 158.14, 169.78; MS:
m/z (%)= 441 [M+ 1] (100), 442 (29); HRMS calcd. for,E:/NgO, [M + 1]° 441.2967; found
441.2964.
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7.2.6.4.3. Synthesis of 1,3-bis-(2-propylaminopyridine-3-camplp-imidazolidin-2-one205

To the cold solution of N,N-1,2-ethanediyl-bis[2-propylamino-3-pyridinecarlboxide (0.2g,
0.0005mol) in dry CECI; (30 ml), DIPEA (0.403g, 0.003mol) was added arelrthixture was stirred
at 0°C for 15min. The solution of triphosgene (A.70.0012mol) in CkCl, (5 ml) was added
dropwise. The reaction mixture was stirred at rdemperature for 1h. The mixture of g, and
H,O was added and the organic phase was separaedalér phase was extracted with,CH (2x).
The combined organic phases were washed with satuisolution of NaCl, dried over MgQ0
filtered and concentrated. The compound was segghtat preparative TLC using EtOAC/PE (1:1) as

eluent.
j’\ 0 1,3-Bis-(2-propylaminopyridine-3-carbonyl)-imidazoidin-2-one (205)
~ N\—/NJi/} eluent: EtOAC/PE (1:1); 0.02g, 9%; light yellow;diR: 3354 (NH), 1743
| N/ NH HN /N/ (NC(O)N), 1649 (C(O)NH), 1595, 1578, 1460 (C=C),2@2(C-N).

'H NMR (300 MHz, CDC)): 1.01 (t,J= 7.42 Hz, 6H, 2xCl), 1.62-1.72

(M, 4H, 2xCH), 3.45 (dt,J= 7.07 Hz, 4H, 2x-CHCH,-), 4.00 (s, 4H,
2XxCH,), 6.45 (dd,J= 7.82, 4.74 Hz, 2H, 2x1H from py), 7.52 @= 5.22 Hz, 2H, 2xNH),
7.64 (dd,J= 7.84, 1.92 Hz, 2H, 2x1H from py), 8.24 (di 4.72, 1.92 Hz, 2H, 2x1H from py);
3C (CDCE): & 11.66, 22.69, 40.67, 42.95, 107.39, 110.19, 141181.40, 154.18, 158.27, 170.45;
MS: m/z (%)= 411 [M+ 1] (100), 412 (24); HRMS calcd. for,®1,7Br,NeO; [M + 1]* 411.21392;
found 411.2127.

7.2.6.5. Synthesis of 3-(alkyl/aromatic)-1-(2-hyxyethyl)-pyrido[2,3d]pyrimidine-
2,4(1H,3H)-dione

7.2.6.5.1. Synthesis of 2-chlor®d-(2-hydroxyethyl)-nicotinamid@07 and 2-chloronicotinic
acid 2-[(2-chloropyridine-3-carbonyl)-amino]-ethsdter206

The 2-chloro-3-pyridinecarboxylic acid (1.6g, 0.@tfbl) in thionyl chloride (25 ml) was stirred at
reflux for 2h. The excess of thionyl chloride wasnoved under vacuum and dried on vacuum pomp
for 3h. The 2-chloro-3-pyridinecarbonyl chloridey(D.0057mol) was placed in the flask, and then the
flask in the ice-bath. To the stirred 2-chloro-3iginecarbonyl chloride, ethanolamine (0.87g,
0.0.014mol) in CHCI, (10 ml) was added dropwise. The mixture was stieleroom temperature for
17h. The solvent was removed and product isolatecddbumn chromatography using EtOAc as

eluent.
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O 2-Chloro-N-(2-hydroxyethyl)-nicotinamide (207)

dL H/\/OH 98% (1.11g); white solid; mp. 89°C; IR: 3299, 326H), 1646 (C(O)NH),
Nl 1584, 1544, 1403 (C=C), 1058 (C-Nij NMR (300 MHz, CDCJ): 3.66 (dt,J=
10.28, 10.40 Hz, 2H, CHOH), 3.86 (dtJ= 9.76, 9.88 Hz, 2H, NH-CH, 7.00 (br, C(O)NH), 7.35
(dd, 3= 7.64, 4.76 Hz, 1H, py), 8.09 (dd& 7.64, 1.84 Hz, 1H, py), 8.46 (dd 4.76, 1.96 Hz, 1H,
py): 1°C (CDCh): § 42.79, 61.72, 122.79, 131.05, 139.73, 147.17,0/51165.47; MS: m/z (%)= 201
[M+ 1]* (100), 202 (10), 203 (30); HRMS calcd. forgHGCIN,O, [M + 1]° 201.0425;

found 201.0427.

o CIN N\, 2-Chloro-nicotinic acid 2-[(2-chloro-pyridine-3-carbonyl)-amino]-
|
| X N/\/O X ethyl ester (206) colorless oil; IR: 3276 (NH), 1733 (C(O)NH or
NG CIH O C(0)0O), 1649, 1579, 1561 (C=C), 1399 (C-H), 1272-Q¢

'H NMR (300 MHz, CDC}): 3.89 (dt,J= 10.68 Hz, 2H, CKHNH), 4.59 (t,J= 5.24 Hz, 2H, O-C}),
7.11 (t,J= 5.92 Hz, 1H, C(O)NH), 7.33 (dd= 15.69, 4.80 Hz, 1H, py), 7.33 (@ 4.76 Hz, 1H, py),
8.02 (dd,J= 7.62, 1.98 Hz, 1H, py), 8.20 (dds 7.70, 1.98 Hz, 1H, py), 8.42 (dds 4.78, 1.98 Hz,
1H, py), 8.50 (ddJ= 4.80, 2.00 Hz, 1H, py)-*C (CDCL): & 39.21, 64.43, 122.29, 122.76, 126.40,
131.09, 139.41, 140.59, 147.07, 149.83, 151.03,145264.39, 165.14; MS: m/z (%)= 340 [M+ 1]
(53), 341 (9), 342 (35), 343 (6); HRMS calcd. fqyH;,Cl,N305 [M + 1]* 340.0250; found 340.0240.

7.2.6.5.2. Synthesis of 2-(alkyl/aromatic)amimd{2-hydroxyethyl)-nicotinamide

7.2.6.5.2.1. Synthesis of 2-(alkyl/aromati¢)2-hydroxyethyl)-nicotinamid208

General procedure
The 2-chloroN-(2-hydroxyethyl)-nicotinamide (0.3g, 0.0015mol) atkyl/aromaticamine (6 ml) was

stirred at reflux for 69h. The excess of amine wesoved and product was separated by column

chromatography.
O 2-Allylamino- N-(2-hydroxyethyl)-nicotinamide (208a)
OH
Nm/\/ eluent; EtOAc; 0.302g, 91%; orange oil; IR: 333¢H{N1628 (C(O)NH), 1578,
=
N NH 1508 (C=C), 1258 (C-N)H NMR (300 MHz, CDC}): 3.53 (dt,J= 10.20, 5.48

| Hz, 2H, CH-OH), 3.77 (dtJ= 5.54, 4.58 Hz, 2H, NH-C}}, 4.09 (tt,J= 5.38,
1.66 Hz, 2H, O-Ch), 5.11 (ddtJ= 10.29, 3.03, 1.51 Hz, 1H, =GH 5.24 (ddtJ= 17.18, 3.31, 1.73
Hz, 1H, =CH), 5.97 (qt,J= 17.18, 10.36, 5.20 Hz, 1H, -CH=), 6.44 (dd,7.64, 4.88 Hz, 1H, py),
6.88 (br, C(O)NH), 7.59 (ddl= 7.68, 1.80 Hz, 1H, py), 8.13 (br, NH-allyl), 8.1éd, J= 4.88, 1.76
Hz, 1H, py);®C (CDCk): § 42.42, 43.27, 61.78, 109.88, 110.69, 115.45, B35185.57, 151.77,
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157.60, 169.17; MS: m/z (%)= 222 [M+"1(100), 223 (13); HRMS calcd. for,E1:N:0, [M + 1]°
222.1232; found 222.1242.

Q 2-n-Propylamino-N-(2-hydroxyethyl)-nicotinamide (208b)
OH
(j\)km/\/ eluent: EtOAc; 0.304g, 91%,; orange oil; IR: 333MHJN1627 (C(O)NH), 1578
—
N™ NH (N-H), 1513 (C=C), 1259 (C-NYH NMR (300 MHz, CDC}): 0.96 (t,J= 7.40

Hz, 3H, CH), 1.61 (dgJ= 7.26 Hz, 2H, CHCH,), 3.34 (dt,J= 7.04 Hz, 2H,
CH,-OH), 3.49 (dt,J= 5.2 Hz, 2H, NH-CH), 3.74 (t, J= 5.14 Hz, 2H,_CHCH,-CH,),
6.37 (ddJ= 7.62, 4.90 Hz, 1H, py), 7.18 (& 5.48 Hz, 1H, C(O)NH), 7.61 (ddz 7.68, 1.76 Hz, 1H,
py), 8.04 (t,J= 5.10 Hz, 1H, NH-prop), 8.10 (ddz 4.90, 1.74 Hz, 1H, py)-*C (CDCE): & 11.65,
22.55, 42.32, 42.87, 61.44, 109.80, 110.18, 1351F3,.49, 157.83, 169.22; MS: m/z (%)= 224
[M+ 1]" (100), 225 (12); HRMS calcd. for,E1gNsO, [M + 1]* 224.1394; found 224.1393.

O 2-i-Pentylamino-N-(2-hydroxyethyl)-nicotinamide (208c)
OH
(YJ\H/\/ eluent; EtOAc; 0.369¢g, 98%; orange oil; IR: 3322H[N1628 (C(O)NH), 1578
—
N° NH (N-H), 1513 (C=C), 1259 (C-N)}H NMR (300 MHz, CDC}): 0.93 (s, 3H,

CHy), 0.95 (s, 3H, CH, 153 (dt, = 14.64 Hz, 2H, CHOH),

1.66-1.78 (m, 1H, CH), 3.41-3.48 (m, 2H, §HB.55 (dtJ= 10.04 Hz, 2H, NH-
CH,), 3.79 (t,J= 4.98 Hz, 2H, O-Ch), 6.42 (ddJ= 7.62, 4.86 Hz, 1H, py), 6.91 (br, C(O)NH), 7.61
(dd, J= 7.68, 1.80 Hz, 1H, py), 8.01 (br,_NHRr), 8.18 (dd,J= 4.86, 1.74 Hz, 1H, py);
3C (CDCE): & 22.37, 22.56, 25.96, 38.37, 39.30, 42.47, 61.T®.6b, 110.06, 135.51, 151.75,
157.98, 169.23, 170.64: MS: m/z (%)= 252 [M+ £}00), 253 (16); HRMS calcd. foriE,NsO,
[M + 1]* 252.1707; found 252.1714.

O 2-BenzylaminoN-(2-hydroxyethyl)-nicotinamide 208d)
OH
EYJ\H/\/ eluent: EtOAc; 0.386g, 95%; mp. 81°C; IR: 3320 (NBH), 1627 (C(O)NH),
—
N° NHBn 1577, 1508 (C=C), 1257 (C(0)-N), 1063 (C-Ngt NMR (300 MHz, CDC}):

3.55 (dt,J= 10.16, 10.08 Hz, 2H, GHDH), 3.78 (dtJ= 5.02 Hz, 2H, NH-CH), 4.71 (d,J= 5.56 Hz,
2H, CH-Ph), 6.49 (ddJ= 7.61, 4.88 Hz, 1H, py), 6.55 (br, C(O)NH), 7.28F (m, 5H, Ph),
7.59 (ddJ= 7.68, 1.80 Hz, 1H, py), 8.23 (3 4.84, 1.76 Hz, 1H, py), 8.42 (br, NH-PHIC (CDCE):

6 42.39, 44.90, 62.12, 109.64, 110.77, 126.95, ®7128.51, 135.29, 139.58, 152.08, 157.82,
169.11; MS: m/z (%)= 272 [M+ 1)100), 273 (11); HRMS calcd. for,1:gN-0, [M + 1]" 272.1394;
found 272.1396.
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O 2-CyclohexylaminoN-(2-hydroxyethyl)-nicotinamide (208e)
OH
NH/\/ eluent: EtOAc; 0.087g, 22%; mp. 102°C; IR: 3306 JNH/38 (C(O)NH), 1620
N” O NH (N-H), 1575, 1503 (C=C), 1253 (C-O), 1063 (C-NH NMR (300 MHz,

CDCly): 1.17-1.33 (m, 4H, cyclohexyl), 1.33-1.48 (m, Z2ldyclohexyl),

1.66-1.77 (m, 2H, cyclohexyl), 1.94-2.04 (m, 2Hclohexyl), 3.46 (br, OH),
3.53 (dt,J= 10.24 Hz, 2H, CHOH), 3.78 (dt,J= 5.58 Hz, 2H, NH-CH), 3.92-4.03 (m, 1H, CH-
cyclohexyl), 6.38 (ddJ= 7.64, 4.84 Hz, 1H, py), 6.85 @5 4.94 Hz, 1H, C(O)NH), 7.58 (dds 7.75,
1.80 Hz, 1H, py), 8.08 (dJ= 7.56 Hz, NH-cyclohexyl), 8.15 (ddl= 4.84, 1.76 Hz, 1H, py);
%C (CDCk): & 24.81, 25.86, 29.69, 33.08, 42.42, 48.77, 61.8R.24, 109.94, 135.65, 151.91,
157.29, 169.34; MS: m/z (%)= 264 [M+"1(100), 265 (17); HRMS calcd. for;§1,,Nz0, [M + 1]*
264.1707; found 264.1707.

7.2.6.5.2.2. Synthesis of 2-benzylaming-2-hydroxyethyl)-nicotinamid208d

Procedure based on WO 2010109123

To a suspension of 2-benzylamino-3-pyridinecarbiexgtid (0.6g, 0.0026mol) in dry THF (15 ml),
EtN (0.8g, 0.0079mol), ethanolamine (0.19g, 0.003}raad BOP (1.39g, 0.0031mol) were added.
The reaction mixture was stirred at room tempeeatar 21h. The precipitate was filtered off, washed
with THF and EtOAc. The filtrate was concentratedd aproduct was isolated by column
chromatography using EtOAc as eluent. The 2-beNz{2-hydroxy-ethyl)-nicotinamide was obtained
as light orange oil in 80% vyield (0.5719).

7.2.6.5.3. Synthesis of 3-(propyl)-1-(2-hydroxyethyl)-pyrided]pyrimidine-2,4(H,3H)-
dione213band 3-(benzyl)-1-(2-hydroxyethyl)-pyrido[2@pyrimidine-
2,4(1H,3H)-dione213d

Synthesis of 3-(propyl)-1-(2-hydroxyethyl)-pyrid@:28i]pyrimidine-2,4(1H,3H)-dione

To a solution of 2-propylaminbl-(2-hydroxyethyl)-nicotinamide (0.2g, 0.0009mol) dny CHCI,

(5 ml), DIPEA (0.347g, 0.0027mol) was added andrttigture was stirred at room temperature for
10min. Then the solution was cooled to 0°C andtewiuof triphosgene (0.319g, 0.0011mol) in dry
CH.CI, (3 ml) was added dropwise. The reaction mixture wirred at room temperature for 4h.
The CHCI, and HO were added and organic layer was washed witle bdined over MgSe) filtered
and concentrated. The desire product was sepagtpceparative TLC using mixture of EtOAc and
PE (1:2) as eluent. The 3-(propyl)-1-(2-hydroxy&tpyrido[2,3-d]pyrimidine-2,4(H,3H)-dione was
obtained in 27% yield (0.06g) as colorless oil.
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O 3-(n-Propyl)-1-(2-hydroxyethyl)-pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione
| N /’\L/\/ (213Db) eluent: EtOAC/PE (1/2); 0.06g, 27%; colorless B: 1704 (NC(O)N),
N" NS0 1662, 1591, 1484 (C=C), 1430 (C-HH NMR (300 MHz, CDCJ): 1.00

ﬁ (t, 3= 7.44 Hz, 3H, Ch), 1.77 (m, 2H, CKCHy), 3.81 (tJ= 6.64 Hz, 2H, Cht
OH), 4.32 (dt, J= 9.64 Hz, 2H, -CH CH, CHy), 446 (t, J= 6.64 Hz, 2H,
N-CH,), 7.72 (ddJ= 7.79, 4.77 Hz, 1H, py), 8.47 (dd 7.76, 1.96 Hz, 1H, py), 8.68 (ddk 4.76,
1.92 Hz, 1H, py)*C NMR (CDCH): § 11.23, 21.13, 40.24, 42.58, 44.19, 110.59, 118183,81,
150.72, 150.81, 154.36, 161.23; MS: m/z (%)= 250+[M* (100), 250 (13); HRMS calcd. for
CiH1N30; [M + 1] 250.1186; found 250.1185.

Synthesis of 3-(benzyl)-1-(2-hydroxyethyl)-pyrigdfa]pyrimidine-2,4(1H,3H)-dione

To a solution of 2-benzylamini-(2-hydroxyethyl)-nicotinamide (0.2g, 0.0007mol) dny CHCI,

(5 ml), DIPEA (0.0017g, 0.0027mol) was added aredrttixture was stirred at room temperature for
15min. Then the solution was cooled to 0°C andtewiuof triphosgene (0.263g, 0.0009mol) in dry
CH.CI, (3 ml) was added dropwise. The reaction mixture wtrred at room temperature for 4h.
The CHCI, and HO were added and organic layer was washed witle bdined over MgSg) filtered
and concentrated. The desire product was sepalgteuteparative TLC using EtOAc as eluent.
The 3-(benzyl)-1-(2-hydroxyethyl)-pyrido[2@pyrimidine-2,4(H,3H)-dione was obtained in 20%
(0.0464) yield as yellow oil.

O 3-(Benzyl)-1-(2-hydroxyethyl)-pyrido[2,3d]pyrimidine-2,4(1H,3H)-dione
| \/ /’L/\/OH (213d) eluent: EtOAC/PE (1/2); 0.046g, 20%; yellow diR: 1774 (NC(O)N),

N IE\;ln o 1707 (C(O)N), 1651, 1594, 1459, (C=C), 1272 (C-8).NMR (300 MHz,
CDCly): 3.80 (t,J= 6.60 Hz, 2H, CR+OH), 4.46 (t,J= 6.60 Hz, 2H, N-Ch), 5.57 (s, 2H, CKBn),
7.18-7.35 (m, 5H, Bn), 7.49 (d= 7.15 Hz, 1H, py), 8.47 (dd)= 7.71, 1.65 Hz, 1H, py),
8.69 (dd,J= 4.40, 1.65 Hz, 1H, py)?C NMR (CDCk): § 29.79, 40.27, 42.79, 45.49, 110.75, 119.36,
127.77, 128.57, 128.69, 136.84, 138.05, 150.79,085154.43, 161.19; MS: m/z (%)= 316 [M+ 1 +
NH,]" (100), 317 (20), 318 (36), 319 (8); HRMS calcd: @¢H16N:O; [M + 1] 298.3160; found
298.1170.
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7.2.6.5.3.1. Synthesis of 2-[(2-benzylaminopyridine-3-carborghino]-ethyl imidazole-
1-carboxylate210

Procedure based dn Am. Chem. So2002 124, 1933-1940.

The mixture of 2-benzyN-(2-hydroxyethyl)-nicotinamide (0.55g, 0.002mol) darCDI (0.33g,
0.002mol) in dry THF (20 ml) was refluxed for 40hhe solvent was removed and product was
isolated by column chromatography using EtOAc aseml The 2-[(2-benzylamino-pyridine-3-
carbonyl)-amino]-ethyl imidazole-1-carboxylate wabtained as pale yellow oil in 35% vyield
(0.223g).

0 ,4’\‘ 2-[(2-Benzylaminopyridine-3-carbonyl)-amino]-ethyl imidazole-1-
A H/\/O\H/N\/ carboxylate (210) eluent: EtOAc; 0.223g, 35%; pale yellow oil;
N~ NHBn © IR: 3287 (NH), 2923, 2857 (C=C-H), 1766 (C(O)), 363495 (C=C),
1293 (C-0), 1241 (C-N)!H NMR (300 MHz, CDCJ): 3.82 (q,J= 5.41 Hz, 2H, CHNH),
4.59 (t,J= 5.22 Hz, 2H, O-Ch), 4.71 (d,J= 5.52 Hz, 2H, CHPh), 6.52 (dd)= 7.64, 4.84 Hz, 1H,
py), 6.62 (t,J= 5.56 Hz, 1H, C(O)-NH), 7.05 (di= 1.58 Hz, 1H, imidazole), 7.21-7.42 (m, 6H, Bn
and proton from imidazole), 7.59 (d& 7.72, 1.80 Hz, 1H, py), 8.11 @ 1.00 Hz, 1H, imidazole),
8.25 (dd,J= 4.84, 1.76 Hz, 1H, py), 8.42 (= 4.80 Hz, NH-Ph)*C NMR (CDCE): & 29.59, 38.98,
44.88, 66.88, 109.15, 110.68, 117.04, 126.84, I71.88.42, 130.91, 134.93, 137.07, 139.69, 148.90,
152.39, 158.00, 168.65; MS: m/z (%)= 366 [M+ 1100), 367 (25); HRMS calcd. fori§,0Ns05
[M + 1] 366.1561.

7.2.6.5.3.2. Synthesis of 2-[(2-benzylaminopyridine-3-carborgyino]-ethyl 2-

benzylaminopyridinecarboxylal?2

To a solution of 2-benzyi-(2-hydroxyethyl)-nicotinamide (0.12g, 0.0004mat) dry THF (15 ml)
NaH (0.021g, 0.0006mol) and CDI (0.072g, 0.0004madje added. The reaction mixture was stirred
at room tempereature for 20h. The solvent was rechoand product isolated by column
chromatography using mixture of EtOAc and PE (B=4)eluent. The 2-[(2-benzylaminopyridine-3-
carbonyl)-amino]-ethyl 2-benzylaminopyridinecarbtatg was isolated in 10% (0.02g) yield as a pale

yellow oil.
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o BnHN._N_  2-[(2-benzylaminopyridine-3-carbonyl)-amino]-ethyl 2-
NN/\/O A benzylaminopyridinecarboxylate (212) eluent: EtOAc/PE (1/1);
7 NH';n o! 0.02g, 10%:; pale yellow oil; IR: 3363 (NH), 292852 (C=C-H), 1686

(C(0)), 1633 (C(O)N), 1577, 1508 (C=C), 1243 (C-m)32 (C-N)."H NMR (300 MHz, CDC)): 3.74
(dt, J= 10.60 Hz, 2H, CKHNH), 4.46 (t,J= 5.08 Hz, 2H, O-Ch), 4.69 (d,J= 5.66 Hz, 2H, CKHPh),
4.75 (d,J= 5.46 Hz, 2H, ChPh), 6.43 (ddJ= 7.64, 4.84 Hz, 1H, py), 6.53 (di; 7.80, 4.76 Hz, 1H,
py), 6.54 (br, C(O)NH), 7.20-7.38 (m, 10H, Ph), Z.%dd, J= 7.72, 1.80 Hz, 1H, py),
8.11 (dd,J= 7.78, 1.98 Hz, 1H, py), 8.22 (ddk 4.84, 1.76 Hz, 1H, py), 8.23 (br, NH-Ph), 8.3d,(d
J=4.76, 1.96 Hz, 1H, py), 8.44 (= 5.24 Hz, 1H, NH-Ph)}*C NMR (CDC}): & 39.53, 44.87, 44.89,
63.49, 105.32, 109.47, 110.76, 111.40, 126.93,1827127.48, 127.53, 128.51, 128.61, 135.15,
139.32, 139.58, 140.10, 152.13, 154.24, 157.85,5258.67.88, 168.49; MS: m/z (%)= 482 [M+ 1]
(100), 483 (34), 484 (6); HRMS calcd. fogs8,eNs03 [M + 1] 482.2181; found 482.2193.

7.2.6.6. Synthesis of 3,4-dihydro-4-benzyl-pyrid@H-1,4-oxazepin-5(&)-one221

7.2.6.6.1. Synthesis oN-benzyl-2-chloroN-(2-hydroxyethyl)-nicotinamid@19and 2-
chloronicotinic acid 2-[benzyl-(2-chloropyridine€&rbonyl)-amino]-ethyl ester
220

The 2-chloro-3-pyridinecarboxylic acid (1.6g, 0.@hbl) in thionyl chloride (25 ml) was stirred at
reflux for 2h. The excess of thionyl chloride wasnoved under vacuum and dried on vacuum pomp
for 3h. The 2-chloro-3-pyridinecarbonyl chloride{2g, 0.0098mol) was placed in the flask, and then
the flask in the ice-bath. To the stirred 2-chl8rpyridinecarbonyl chlorideN-benzylethanolamine
(1.78g, 0.0118mol) in Cil, (10 ml) was added dropwise. The mixture was stireg@ room
temperature for 10min. The solvent was removedmnducts separated by column chromatography

using EtOAc as eluent.

O N-Benzyl-2-chloro-N-(2-hydroxyethyl)-nicotinamide (2.9);
OH
| N ’E\;‘n/\/ colorless oil; eluent: EtOAc; 1.27g, 48% yield; 18390 (OH), 1732 (C(O)N),
—
N~ Cl 1619 (C=C), 1396 (C-H), 1058, 1046 (C-¢Bt NMR (300 MHz, CDCJ): 3.26

(br, 2H, CH-OH), 3.88 (t,J= 5.04 Hz, 2H, CHN), 4.47 (s, 2H, CHBn), 7.11 (d,J= 6.76 Hz, 1H,
Bn), 7.20 (ddJ= 7.56, 4.84 Hz, 1H, py), 7.26-7.44 (m, 4H, Bng9(dd,J= 7.54, 1.90 Hz, 1H, py),
8.40 (dd,J= 4.86, 1.82 Hz, 1H, py)**C (CDC}k): & 48.54, 53.79, 61.27, 122.32, 127.11, 127.73,
128.02, 128.32, 128.74, 128.90, 135.89, 136.73,6837.49.85, 150.08; MS: m/z (%)= 291 [M+ 1]
(100), 292 (19), 293 (34), 294 (6); HRMS calcd. forHCIN,O, [M + 1]" 291.0895; found
291.0903.
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o CI\ N | 2-Chloronicotinic acid 2-[benzyl-(2-chloropyridine-3-carbonyl)-
(YkN/\/O A amino]-ethyl ester (220) colorless oil; eluent: EtOAc; 2.03g, 52%
| N ¢ Bn 0 yield; IR: 1732 (C(O)N and C(0O)0O), 1639 (C=C), 13@5H), 1241,

1063 (C-0);'H NMR (300 MHz, CDC}): 3.50 (t,J= 5.50 Hz, 2H, ChOH), 4.49 (s, 2H, CKHBn),
4.63 (t,J= 5.34 Hz, 2H, NH-Ch), 7.09 (d,J= 6.80 Hz, 2H, Bn), 7.20 (dds= 7.52, 4.84 Hz, 1H, py),
7.26-7.42 (m, 4H, Bn), 7.30 (dds 4.70, 2.86 Hz, 1H, py), 7.59 (dds 7.54, 1.94 Hz, 1H, py), 8.19
(dd, J= 7.70, 1.94 Hz, 1H, py), 8.39 (dds 4.80, 1.88 Hz, 1H, py), 8.50 (dds 4.76, 1.92 Hz, 1H,
py); *C (CDCE): & 46.07, 53.21, 62.83, 122.05, 122.37, 126.75, 127128.37, 128.81, 128.97,
135.56, 136.74, 139.96, 140.36, 150.13, 150.20,915152.13, 164.26, 167.45; MS: m/z (%)= 430
[M+ 1] (100), 431 (24), 432 (66), 433 (14), 434 (11); HRMalcd. for GH;sCI,N3;O5 [M + 1]°
430.0720; found 430.0733.

7.2.6.6.2. Synthesis of 3,4-dihydro-4-benzyl-pyrido[3X]21,4-oxazepin-5(R)-one221

To a cold solution oN-benzyl-2-chloroN-(2-hydroxyethyl)-nicotinamide (0.2g, 0.0007mol) diny
THF (25 ml) under nitrogen atmosphere, NaH (0.38gil, 1.2eq). The reaction mixture was stirred at
room temperature for 16h. The,® was added and the product was extracted with Et(BX),
the combinate organic layers were dried over MgSidered and the solvent removed. The desired
3,4-dihydro-4-benzyl-pyrido[3,8-1,4-oxazepin-5(&)-one was obtained in 90% yield (0.158g) as

colorless oll.

Q 3,4-Dihydro-4-benzyl-pyrido[3,2£]-1,4-oxazepin-5(#)-one (221)
(YL }B” colorless oil; 0.158g, 90% yield; IR: 1630 (C(O)@%86, 1427 (C=C), 1050 (C-O);
N o 'H NMR (300 MHz, CDC)): 3.58 (t,J= 4.40 Hz, 2H, CH0), 4.38 (t,J= 4.40 Hz, 2H,
N-CH,), 4.82 (s, 2H, CHBn), 7.16 (dd,J= 7.71, 4.95 Hz, 1H, py), 7.26-7.42 (m, 5H, Bn}@.
(dd, J= 4.40, 1.65 Hz, 1H, py), 8.47 (d& 7.71, 1.65 Hz, 1H, py)**C (CDCE): & 46.79, 51.89,
118.87, 119.21, 128.06, 128.37, 129.01, 136.43,364352.14, 159.77, 166.48; MS: m/z (%)= 255
[M+ 1]" (100), 256 (18); HRMS calcd. for,E15N,O, [M + 1]* 255.1128; found 255.1132.

7.2.6.7. Synthesis of 7,8,16,17-tetrahydro-dipyffigig[1,8,4,11]dioxadiazacyclotetradecine-
9,18(6H,15H)-dione215

To a cold solution of 2-chlord-(2-hydroxyethyl)-nicotinamide (0.25g, 0.0013mot) dry THF
(25 ml) under N atmosphere, NaH (0.036g, 0.0015mol, 60% in oils ve@lded in one portion.
The ice-bath was removed and the reaction mixtues wtirred at room temperature for 22h.
The precipitate was filtered off, washed with THidadried. The 7,8,16,17-tetrahydro-dipyritjo
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[1,8,4,11]dioxadiazacyclotetradecine-9,18(65H)-dione was obtained in 33% (0.135g) as white
solid.

9,18(6H,15H)-dione (215) mp. >260°C; IR: 3358 (NH), 1646 (C(O)NH),
N~ O | NS 1535, 1420 (C=C), 1235 (C-N)!H NMR (300 MHz, DMSOd):
bN\HJ/\) 3.72 (dt,J= 10.04 Hz, 4H, 2xCKNH), 4.49 (t,J= 4.96 Hz, 4H, 2xCHO),
7.15 (ddJ=7.42, 4.90 Hz, 2H, 2xpy), 8.13 (dt; 7.42, 2.02 Hz, 2H, 2xpy),
8.30 (dd,J= 4.90, 1.98 Hz, 2H, 2xpy), 8.59 (br, NHJC (DMSO4d,): 564.71, 118.21, 140.29, 149.47,
159.94, 164.24; MS: m/z (%)= 329 [M+"1(100), 330 (19); HRMS calcd. for,;;N4O4 [M + 1]"
329.1244; found 329.1243.

O 7,8,16,17-tetrahydro-dipyridof[f,m][1,8,4,11]dioxadiazacyclotetradecine-
= N
LY

O

7.2.6.8. Synthesis of intermediates to the 2,34thibrpyrido[2,3€][1,4]oxazepin-5(H)-one

7.2.6.8.1. Synthesis of 2-chloroethyl 2-amino-3-pyridinecandake 222a

Procedure based on WO 201010912310

To a suspension of 2-aminopyridine-3-carboxyliag€i.4g, 0.0029mol) in THF (30 ml), 4&t (0.88g,
0.0087mol), 2-chloroethanol (0.28g, 0.0035mol) @@P (1.54g, 0.0035mol) were added. The
reaction mixture was stirred at room temperatune 1f®h. The solvent was removed and the 2-
chloroethyl 2-amine-3-pyridinecarboxylate was isetaby column chromatography using EtOAc as

eluent, as a white solid (0.52g, 90% yield).

0 2-chloroethyl 2-amino-3-pyridinecarboxylate (222&)

dl\o/\/d eluent: EtOAc; 0.52g, 90%; white solid; mp. 122°R: 3428 (NH), 1693
N° NHp (C(0)0), 1619, 1566 (C=C), 1236, 838 (C-CH NMR (300 MHz, CDC)):
3.81 (t,J= 5.64 Hz, 2H, CHCI), 4.54 (t,J= 5.67 Hz, 2H, O-Ch), 6.65 (dd,J= 7.90, 4.78 Hz, 1H,
py), 8.21 (dd, J= 28.69, 1.92 Hz, 1H, py), 8.21 (dd}= 16.09, 1.96 Hz, 1H, py);
¥C NMR (CDCE): & 41.65, 64.32, 105.73, 112.87, 140.38, 153.97, 1399 166.47;
MS: m/z (%)= 201 [M+ 1] (100), 202 (10), 203 (31); HRMS calcd. fogHzCIN,O, [M + 1]°

201.04253; found 201.0426.

7.2.6.8.2. Synthesis of 2-chloroethyl 2-benzylamino-3-pyridiadoxylate222b
Procedure based on WO 201010912310

To a suspension of 2-benzylamino-3-pyridinecarhbioxgtid (0.2g, 0.0009mol) in dry THF (15 ml),
Et:N (0.266g, 0.0026mol), 2-chloroethanol (0.08g, @@fol) and BOP (0.465g, 0.0.0010mol) were
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added. The reaction mixture was stirred at roonptgature for 19h. The precipitate was filtered off,
washed with THF and EtOAc. The filtrate was concaetl and product was isolated by column
chromatography using mixture of EtOAc and PE (1a$) eluent. The 2-chloroethyl 2-benzyl-3-
pyridinecarboxylate was obtained as light orangend@0% yield (0.2049).

o 2-chloroethyl 2-benzylamino-3-pyridinecarboxylate 222b},
| eluent: EtOAc ; 0.204g, 0, light orang : ,
N O I EtOAC/PE (1/1); 0.204g, 80%; ligh Je BR: 3389 (NH), 1681
=
N~ NHBn (C(0)0), 1590, 1578, 1507 (C=C), 1240, 733 (C-CH. NMR (300 MHz,

CDCly): 3.69 (t,J= 6.05 Hz, 2H, CHCI), 4.42 (t,J= 5.50 Hz, 2H, O-Ch), 4.68 (d,J= 5.50 Hz, 2H,
CH,-Bn), 6.49 (ddJ= 7.71, 4.40 Hz, 1H, py), 7.14-7.32 (m, 5H, Bn®B(dd,J= 7.71, 2.20 Hz, 1H,
py), 8.13 (br, NH), 8.24 (ddl= 4.95, 1.65 Hz, 1H, py)*C NMR (CDCE): 5 41.75, 44.96, 64.30,
105.45, 111.51, 127.19, 127.62, 128.67, 139.45,3P4054.25, 158.59, 167.10; MS: m/z (%)= 291
[M+ 1]" (100), 292 (17), 293 (33); HRMS calcd. fors8,6CIN,O, [M + 1]7 291.0895; found
291.0900.

7.3. Characterization of the NPP inhibitors

Materials

2-(N-cyclohexylamino)ethanesulfonic acid (CHES) amds(hydroxymethyl)aminomethane (Tris)
were obtained from Applichem (Darmstadt, Germaby$odium hydrogen phosphate was purchased
from Carl Roth (Karlsruhe, Germany). ATP, calciurhlatide, dimethyl sulfoxide (DMSO),
magnesium chloridep-nitrophenyl 5’-thymidine monophosphatp-Nph-5-TMP), sodium chloride
and sodium hydroxide were obtained Sigma (Steinheimin@ay). Human recombinant soluble
NPP1, expressed in NSO cells from murine myelomas wbtained from R&D Systems GmbH
(Wiesbaden, Germany). Human recombinant soluble INP&pressed in Sf9 insect cells,
was prepared in the laboratory headed by Profe€duista E. Miller (PharmaCenter Bonn,
Pharmaceutical Institute, Pharmaceutical Chemistiyniversity of Bonn, An der Immenburg 4, D-
53121 Bonn, Germany).

Initial screen

The initial screening of compounds for inhibitiof lluman NPP1 was performed as previously
described using a colorimetric assay with the iarif substrate p-nitrophenyl 5’-thymidine
monophosphatep{Nph-5'-TMP) M2l The assays were carried out at 37°C in a totalimael of
100ul in a clear 96-well microplate. The reactioixtare contained 1mM Cagl20QuM ZnCl,,
50mM Tris, pH 9.0, 40eM p-Nph-5’-TMP, and 10M of each test compounds. The enzyme reactions
were initiated by the addition of 20ng of human NFBommercial, Ig = 8.17uM), then incubated at
37°C for 15min, and subsequently terminated byatidition of 2@l of 1.0 N NaOH. The amounts of
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p-nitrophenolate liberated were measured at 400ninexperiments were performed two times in
triplicate. The % inhibition of test compounds wasgaluated when sets the blank (without test

compound) as 100 % of enzyme activity.

ATP assays

For compounds that showed at least 70 % inhibitiersus the artificial substrate, their inhibitory
activities were investigated versus the naturalssate ATP at 37°C in a final volume of 100pl.
The reaction mixture contained 1mM MgCl 2mM CaC}, 10mM
2-(N-cyclohexylamino)ethanesulfonic acid (CHES), pH,3t00uM ATP as substrate and 10uM of
test compounds. The reaction was initiated by ttbtian of 20ng of human NPP1 (commercia}, K
8.17uM) or 360ng of human NPP1l (produced, ¥ 43.2uM), respectively. The mixture was
incubated for 30 min, respectively and terminatgdhbating at 90°C for 3min. After cooling the
reaction samples in ice, they were transferred d¢agaillary electrphoresis (CE) vials and injectetbi
the CE instrument. The previous operation conditidn CE were modified for the NPP1
detectiond**® All experiments were carried out using a P/ACE Mbdpillary electrophoresis system
(Beckman Instruments, Fullerton, CA, USA) equippéth a DAD detection system. Data collection
and peak area analysis were performed by the P/MDE) software 32 KARAT obtained from
Beckman Coulter (Fullerton, CA, USA). The electropic separations were carried out using
a polyacrylamide-coated capillary (40cm [30cm dffer length], x 50um (id) obtained from CS-
Chromatography (Langerwehe, Germany)). Electrokinefections were performed using a voltage
of —6kV for 60s and separations were carried outibyoltage of — 15kV. Analytes were detected
using direct UV absorbance at 260nm. The capiltargperature was kept constant at 15°C and the
temperature of the storing unit was adjusted toC15Fhe running buffer consisted of 50mM
phosphate buffer (pH 6.5). Between separationsgdbélary was washed with water for 2min (20psi)
and subsequently with running buffer for 2min (2Pfeefore each injection. All experiments were
performed two times in triplicate. For compoundattshowed at least 70 % inhibition vs. ATP,
concentration-inhibition curves were determinedhvét8 different concentrations of test compound
and 1G, values were determined by nonlinear curve fittisghg the program PRISM 5.0 (GraphPad,
San Diego, USA). Inhibition mechanisms were deteadiusing five different concentrations of ATP
(from 20 to 500 uM), and three different conceitrzg of inhibitor. The inhibition type of each

inhibitor was evaluated graphically from the Linewer-Burk plots using PRISM 5.0.
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7.4. Antimicrobial activity test methodology

Culturing of test strains

Escherichia coliLMG 8063, Klebsiella pneumoni&MG 2095, Staphylococcus aureuMG
8064,Bacillus subtilisLMG 13579 were routinely grown in Mueller Hintohdroth medium
(BD ref 212322). All strains were incubated at 37T6€24h under aerobic conditions, except
LMG 13579 which was incubated at 28°C. Accordingihe same broth media and incubation
conditions were also used during the actual tests.

Inocula were prepared in MH broth until a densityl®® CFU/mL (or a McFarland turbidity

standard equivalent) was reached.

Bioassay

The bioassay was carried out in a batch.

Working solutions of test compounds were prepasethixing 20QuL of the supplied DMSO
solutions of the compounds (app. 50mg/mL) andi80dueller Hinton 1l (MH) culture broth.
The bioassay was carried out in sterile 96-wellratiter plates. Per plate, the antimicrobial
potency of compounds was tested in duplicate agaissigle test strain. Also included were
duplicate wells of positive, negative and steritipntrols, respectively.

To each well, 17(L of sterile MH broth was added. Next, dependingtiom type of well,
additional reagents are added.

In each pair of test wells, 0 of the working solution prepared from each testnpound
was added.

In the twopositive control wells 10uL gentamicin sulfate solution (in a concentratiomikar

to the compound concentration) was added.

In the twonegative control wells 1QuL of sterile 0.85% saline was added.

Finally, in all wells, 2@QL of bacterial inoculum was added. In the tsterility control wells,
30uL sterile MH broth was added.

This way, final concentrations of app. @gdmL test compound and 4CFU/mL test bacteria

were obtained in a test volume of 200

Depending on the test strain, plates were incubaitélte respective temperatures (28 or 37°C) for 24

under aerobic conditions. Plates were covered avgbal to prevent dehydration during incubation.

Bacterial growth was scored visually. Turbidity éé& comparable to those in the positive control

wells were regarded as positive for antimicrobietivity of the compound in question. Turbidity

levels comparable to those in the negative comisdls were considered as negative for antimicrobial

activity.
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Remark: Originally, it was planned to also assesewth by spectrophotometric turbidity
measurement at 590nm. However, because severalocme® upon addition to the MH growth
medium caused a “milky” or “orange’coloration whiclly interfere with OD measurements, it was

decided to only rely on visual growth inspection.

7.5. The ADME (Absorption, Distribution, Metabolism, and Excretion) study

performed on selected examples of the synthesizelrary- methodology

Intraluminal solubility profiling: The solubility of the pyrido[2,8]pyrimidines was experimentally
determined in the biorelevant medium FaSSIF, pagsgsixed micelles of taurocholate and lecithin.
The thermodynamic solubility was determined by addan excess of compound to the medium
(0.8mg/300pL). This suspension was shaken for 24i7%rpm and 37°C (KS 4000i Control incubator
shaker, Staufen, Germany) and afterwards centdfugie 20,817g for 15min (5804 Centrifuge,
Eppendorf, Hamburg, Germany) to remove undissoled). The supernatant was analyzed with
HPLC and UV detection.

Intestinal permeability: Caco-2 cells were obtained from American Type @elt Collection
(Manassas, VA) and were grown in DMEMt 37°C in an atmosphere of 5% Céhd 90% relative
humidity. Cells were passaged every 3 to 4 days80at90% confluence) at a split ratio of 1:6.
For transport experiments, cells were seeded atnaity of 90,000 cells/chon Costar Transwell
membrane inserts (3um pore diameter, 12 mm diam@tening Inc., Corning, NY) and were used
for experiments 17 to 18 days after seeding. Oropatayers with transepithelial electrical resiseanc
values higher than 15@cn? were used. Transport studies were performed uairgreviously
described methdd®* HBSS (pH 7.4) containing 0.2% B-tocopheryl polyethylene glycol 1000
succinate was used in the basolateral compartmentreate sink conditions; in the apical
compartment, FaSSIF (pH 6.5) was used. The expatiwas initiated by adding the incubation
medium, containing the pyrido[2@pyrimidine-2,4(H,3H)-diones (30uM) in absence or presence of
GF120918 (4uM), to the donor compartment. Due tobility issues of compounii96iin DMSO, an
initial concentration of 20uM was used in ordephtain a non-toxic DMSO concentration below 1%.
Samples were shaken at 300 rotations per minute) (fpr 1h at 37°C (Thermostar, BMG Labtech,
Offenburg, Germany). Afterwards, analysis of thenglkes was done with HPLC and UV detection.
The apparent permeability coefficient,(ffwas calculated according to the following equatio

— e X -

At AxC

donor
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where Q is the cumulative amount of drug appeairintne acceptor compartment, A is the surface

area of the Transwell membrane, ang.&is the drug concentration in the donor compartment

Human hepatic in vitro intrinsic clearance: Test compounds (81) were incubated with a pool of
human liver microsomes (HLM) from 45 donors (KaKglC Plobsheim, France) (0.5mg microsomal
protein/ml), NADPH (1mM), glucose-6-phosphate (3mikip total volume of 400 phosphate buffer
(0.1M) containing 3mM MgGl at a pH of 7.4. Incubations were conducted at 3&f@G50 rpm
(Thermostar, BMG Labtech, Offenburg, Germany). Reas were commenced with the addition of
NADPH and glucose-6-phosphate and after 0, 10,r203®min, aliquots (48) were removed and
added to acetonitrile (7 to quench the reaction. Incubations in the abserf NADPH and glucose-
6-phosphate were performed as a negative conteshllBl incubation with pM verapamil was
performed with human liver microsomes in a conaditn of 0.25mg microsomal protein/mil.
Intrinsic clearance (GJ) values were obtained with the ‘in vitr@,tmethod?®” Briefly, residual
concentrations of the parent compound were cordedethe percentage of the drug remaining
relative to the initial concentration. The slope tbe linear regression from the log percentage
remaining versus incubation time was used to caleuhe elimination rate constant k=-slope*(In 10).
Finally, in vitro t, is calculated from k and incorporated in the foilogvequation to obtain scaled

Cli; values for hepatic metabolism in human{&e huma):

0,693 % incubation volume (ml) % 45 mg microsomes 20 gliver

Scaled CJ; =
inthep,human in vitro ty, mg microsomes g liver kg bodyweight

HPLC analysis: The HPLC system used to analyze the pyridof}p§+imidine-2,4(H,3H)-diones
samples consisted of a Waters 2790 Alliance segesrations module and a Novapak C18 column
under radial compression (Waters, Milford, MA). @sorbance was monitored using a Waters 2487
detector and fluorescence using a FP-1520 intellileorescence detector (Jasco, Tokyo, Japan).
The observed peaks were integrated using Empower(Bnpower 2) software. The calibration
curves of the pyrido[2,8}pyrimidine-2,4(H,3H)-diones were linear over the concentration rarfge o
0.39uM to 100puM. The assessment of intraday anerday reproducibility at concentrations of
1.25uM and 0.125uM for each pyrido[2JByrimidine-2,4-(H,3H)-dione in 50:50 microsomal
buffer:ACN, resulted in a RSD below 2.1 (n=5). Tdeviation from the theoretical concentration was
lower than 3.2%. The different HPLC methods of plyeido[2,3d]pyrimidine-2,4(H,3H)-diones are
listed in Table 1.

159



EXPERIMENTAL PART

Table 1 Conditions of the HPLC analysis of pyrido[2Jyrimidine-

2,4(1H,3H)-diones analogues

Compound Mobile Phase UV/Fluo detection &
(Methanol / 25mM acetate

buffer pH 5.5) (nm) (min)

196i 95/5 340 11
197a 60/40 Ex:330/Em:369 4.7
197d 80/20 340 4.9
197f 90/10 Ex:256/Em:420 5.3
198a 80/20 Ex:243/Em:366 4.9
198b 80/20 Ex:243/Em:366 7.2
198d 90/10 Ex:222/Em:361 8.6
198j 80/20 340 10.1
199e 90/10 350 5.6
200a 90/10 Ex:245/Em:363 5.7
Atenolol 40/60 Ex:271/Em:302 2.8
Indomethacin 70/30 318 4.4
Indinavir 80/20 Ex:256/Em:290 5.1
Verapamil 60/40 Ex:275/Em:315 9.7

®Retention time
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