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FIELD OF THE INVENTION

The invention relates to a proCesS for preparing therapeutically important quinolone

‘and naphthyridone derivatives.
BACKGROUND OF THE INVENTION

The quinolone and naphthyridone skeletons are integral part of the structure of
antibiotics such as Ciprofloxacin (I), Levofloxacin (Il) and Gemifloxacin (lll) shown in
-Figure 1. _They_ are _active_against, both gram-positive_and gram-negative bacteria and
~are currently in clinical use to treat different types of infections. The fact that
| Ciprofloxacin and Levofloxacin together generate ~3 billion US dollars per year in US
alone show the high demand of this class of antibiotics. Compounds from this class

- have recently been shown to posséss promising anti-HIV-1 integrase, anti-cancer, anti-
.tuberculosis and anti-malarial activities. This has resulted ih a renewed interest in the
syhthe_sis and biological activities of quinolones and naphthyridones. . |
o) 0

| FI”:fﬁs/coon chom—l
6 | | |

N7 N2 N N

H"(\) B ° A ./N\) O\)\

“Ciprofloxacin " Levofloxacin

Gemifloxacin
i _ | nm

Figure 1. Examples of quinolone and naphthyridone based antibiotics

Quinolones with nitro- or amino functfonalities at}the 6" positvion have reéently

emerged as a second line of chemotherapeutic agéﬁts from this class. A number |
of 6-nitroquinolones studied, for example, were active against E. coli, and had
potencies in the same order as that of fluoroquinolones. Most importantly, these

1
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corwpounds _possessed activity against Mycbbacterium tuberculosis with MICsq
- value of 0.2 pM (eg. Compound IV, Figure 2) and were found to be more active
‘- than Ciprofloxacin and Ofloxacin. Cecchetti et al. have studied the activity of 6-
amino quinolones against various gram-positive and gram-negative bacteria and
have found thenﬁ more active agaihst staphylococci as well as those strains which
are methicillin- and ciprofloxacin-resistant (eg. Compound V, Figure 2). In a
related study, Stevens et al. have found that 6-amino quinolones show activity
against cytomegalovirus (CMV) as well which shows the potential of this class of.
compounds to act as broad spectrum anti-infective agents. Derivatization of C-7
and N-1vpositions of these scaffolds with suitabl.e groups and their structure—
~ activity relationship studies have led to the identification of new compounds (eg.
- Compound VI, Figure 2) with activity against HIV-1 and HIV-2 in both acutely and
: chronically infected cells. Existing anti-HIV drugs such as Maraviroc, Ritonavir,
TenofoVir target virai proteins such as Reverse Transcriptase, proteasé‘, and
. in'_te_rgr:asé (De Clercq, E. “N.ew_de_velqpmenfs in anti-HIV. chemotherapy” Biochim. _
Biophys. Acta, Mol. Basis. Dis. 2002, 1587, 258-275; De Clercq, E. “Ahtiviial
therapy for human immunodeficiency virus infections” Clin Microbiol Rev. 1995, 8,
200—39;_ Opar, A. “New HIV drug classes on the horizon” Nat. Rev. Drug
- Discovery 2007, 6, 258-259). The 6-amianuinolones on the other hand are
believed to interfere with the trans-activation 'step of transcription which

represents a new therapeutic stratégy against HIV.

o 0 | 0
OzNJQ(“j/COOH H,N COOH HoN COOH
| - |
(N N N ' 5 N
O\/l- » /‘\
v ’

, I
, Z \) '
CH3 N\ N . CH3
v I . .
'Figure 2. Examples of known nitro- and amino- quinolone based antibiotics

Z Y

The amino-quinolones studied thus far were accessed from the correspondingv
nitro quinolones through c'atalytic reduction using Raney nickel or palladium on
carbon '(Cecchetti, V. et al., “Studies on 6-aminoquinolones: Synthesis and
antibacterial evaluation of 6-amino-8-methylquinolones” J. Med. Chem. 1996, 39,
436-49). Ne_w and efficient synthetic approaches‘towards these precursors are

still in great dem'and'conside'ring their therapeutic importance.‘

2
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Syﬂthesis and various biological activities of 4-quinolones, naphthyridones or
related heterocycles have been reported in the literature and are described in the

following references:

Emmerson, A. M et al., “The quinolones: Decades of development and use” J.
Antimicrob. Chemother. 2003, 51, 13-20; Mitscher, L. A. “Bacterial
Topoisomerase Inhibitors: Quinolone and Pyridone Antibacterial Agents” Chem.
Rev. 2005, 105, 559-592; Anderson, V. R. et al,, “Levofloxacin: a review of its use
as a high-dose, short-course treatment for bacterial infection” Drugs 2008, 68,
535-565; Bbteva, A. A et al., “The methods of synthesis, modification, and
biological activity of 4-quinolones” Chem. Heterocycl. Compd. 2009, 45, 757-785;
Bouzard, D. et al., “Fluoronaphthyridines and quinolones as antibacterial ‘agents. :
1. Synthesis and structure-activity relationship of new 1-substituted derivatives” J.
Med. Chem. ‘1989, 32, 537-542; Wolfson, J. S. et al., “Norfloxacin: a new targeted
fluoroquinolone antimicrobial-agent”™ Ann. .Intern. . Med. 1988, 108, 238-251",_Raja,. .
A et al., “Fresh from the pipeline: Telithromycin” Nat. Rev. Drug Discovery 2004,
3, 733-734; Sato, M; et al., “Quinolone Carboxylic Acids as a Novel Monoketo
Acid Class of Human Immunodeficiency Virus Type 1 Integrase Inhibitors” J. Med.

- Chem. 2009, 52, 4869-4882; Sissi, C. et al, “The quinolone family: From |
~ antibacterial to anticancer agents” Curr. Med. Chem.: Anti-Cancer Agents 2003,
3, 439-450; .Hadjefi, M. et al., “Antimitotic Activity of 5-Hydroxy-7-methoxy-2-
phenyl-4-quinolones” J. Med. Chem. 2004, 47, 4964-4970. Mahmoudi, N. et al.,
“In vitro activities of 25 quiholones and fluoroquinolones against liver and blood
stage Plasmodium spp” Antimicrob. Agents Chemother. 2003, 47, 2636-2639.
Shul'gi‘na, M. V.et al., “Mechanisms of the antibacterial activity of fluoroquinolones
and nitroquinolones with respect to Escherichia coli K12” Pharm. Chem. J. 1999,
33, 343-347; Artico, M. et al., “Nitroquinolones with broad-spectrum
antimycobacterial actiVity in vitro” Bioorg. Med. Chem. Lett. ‘1999, 9, 1651-1656;
Sbardella, G. et al., “New 6-nitroquinolones: synthesis and antimicrobial activities”
| Farmaco 2004, 59, 463-471; Cecchetti, V. et al., “6-Aminoq_uinoiones: A New
Class of Quinolone Antibacterials” J Med. Chem. 1995, 38, 973-82; Cecchetti, V.
et él., “Studies on 6-aminoquinol6nes: Synthesis and antibacterial e\)aluation of 6-

amino-8-methquuinolones” J. Med. Chem. 1996, 39, 436-45; Loregian, A. et al.,
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“I;ug 6-aminoquinolone WC5 inhibits human cytomegalovirus replication at an
early stage by interfering with the transactivating activity of viral immediate-early
2 protein™ Antimicrob. Agents Chemother. 2010, 54, 1930-1940; Cecchetti, V. et
al., “6-Aminoquinolones as New Potential Anti-HIV Agents” J. Med. Chem. 2000,
43, 3799-3802; Stevens, M. et al., “Cell-dependent interference of a series of new
6-aminoquinolone derivatives with viral (HIV/CMV) transactivation” J. Antimicrob.
Chemother. 2005, 56, 847-855; Tabarrini, O. et al., “Structure Modifications of 6-
Aminoquinolones with Potenthnt‘i-HIV. Activity” J. Med. Chem. 2004, 47, 5567-
.5578;' Richter, S. N. “Antiviral 6-amino-quinolones: Mdlecular basis for potency
and selectivity” Bioorg. Med. Chem. Lett. 2005, 15, 4247-4251; Viola, G. et al,, V.
“6-Aminoquinolones: photostability, cellular distribution and phototoxicity” Toxicol.
in Vitro 2004, 18, 581-592.

In this disclosure, wé report a quick and highly efficient method to access the
-quinolones and..naphthyridone derivatives. from- readily available .Baylis-Hillman .
adducts. The sfrategy inVoIvesonIy two reaction steps and doesn’t employ any
toxic reagents. High yields, absence of side reactions and ad'aptab_ility for scale-

up are some of the attractive features of this strategy.
SUMMARY OF THE INVENTION:

This invention relates to a novel 'process for the synthesis of quinolone and
naphthyridone derivatives of the general formula VII through an intermediate of the

general formula X.

Ry, O
YT
o
-Rg” A [?|
| X

Vil

~In which, - o |
R, represents alkyl, arylalkyl, aryl, alkenyl, alkynyl, cycloalkyl, phenyl, heteroaryl

groups etc.
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RZ‘;epresents ester, cyano, amide, aldehyde, keto, phosphonate, sulfoxide, sulphone
grdLips etc. _
Ri represents hydrogen, F, Cl, B.r, I, C4-C4 alkyl, C4-C4 alkoxy, cyano, amino or -
NHR1, -N(R1)2 groups etc. | ’ ' |
R4 represents -NO;, -CN, -CORy, Phenyl, -F, -NHz, -NHR1, -N(R1); etc. -
Rs represents halogen, hydrogen, cyclic secondary amines, -NH, -NHRy, -N(Ry).
etc. .
R4 and Rs can also be part of a mono- or polycyclic ring systems.
A represents N, CH, CF, CCl, COCHs, CCN etc.
The process includes the following steps,
Reacting Baylis-Hillman adduct of formula (VIII)

R; OH
Ry | N R
URe WX
il

“in which Rz, R3, Rs and A each are as defined under the formula (VIl) and X

represents |, Br, Cl, F, OTs, OTf; R4 can be H or Ry if A represents a hetero-atom
such as N. If A is CH, R4 need to be an electron withdrawing substituent such as

NO,, CN, COR; etc.

with an amine of the general formula 1X
R1-NH. (IX),
in which Ry is as defined under the formula (VII)

- in the presence of a base to produce 4-hydroxy-1,2,3,4-tetrahydroquinoline or 4-

hydroxy-1,2,3,4-tetrahydro-1,8-naphthyridine derivative of the general formula X

R; OH
"-R4 I AN R2
- R AN
R4
X

in which Ry, Rz, R3, R4, Rs and A each are as defined under the formula (VII) »

b) Subjecting 4-hydroxy-1,2,3,4-tetrahydroquinoline or 4-hydroxy-1,2,3,4-tetrahydro-
1,8-naphthyridine derivative  of the general formula X to oxidation with an oxidant to
produce the quinoione or naphthyridone derivative of the formula VIl in one step.
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PRIOR ART

Although there are a number of patents and journal publications on the synthesis of
quinolones, naphthyridones and related heterocycles, they mainly follow one of the
two general stratégies (i or ii, Scheme 1) and involve either skeleton X| or Xil as
intérmediates (Boteva, A. A. et al.,, Chem. Heterocycl. Compd. 2009, 45, 757-785;
Mitscher, L. A. Chem. Rev. 2005, 105, 559;592). They mainly differ in the nature of
these intermediates and the synthetic strategies adopted to prepare them. The
transformation of these intermediates to the target quinolones or naphthyridones

more or less follows a similar route.

ROOC | -9
7 j/COOR heat v \~COOR (i)
R1 KA/ N > R1_:\‘/ | ,
R | AN
X2 R,
0 | o |
/\/EU\ECOOR RyNH; N COOR
| ‘ ; ] e
Rt | > Rig | (i)
’\A/ X R, Base _ ‘\A/ ||\|
. R2. '
X :
Rj3 - leaving groups
eg., -OR, -NR,,
halogen
X -halogens, -OR where R is alkyl
A -CH,N

Scheme 1. General approaches towards quinolones and naphthyridone derivatives
Specific examples for the synthesis of quinolbnes and naphthyridones following the
above mentioned general strategies are given below: |

1) The invention by Grohe et al. presented in Canadian Patent No. 1,218,067
discloses the synthesis of the intermediate 9 from readily available dihalo-
metatoluidine derivative 1 and its transformation to quinolone skeleton by reaction

with amines as shown below (Scheme 2).
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\;‘ZN Me NaNO,, H* Me,N—-N= Me HF F Me le/orinaﬁon
cl Cl Me,NH | cl cl
| 2 3
N
:@00'3 95% H,S04 F COOH  soch, FI:[COC' CH(COOE),
———
cl cl c o Me(OEL:
6
COOEt_TsOHMz0 COOEt COOEt
_ Lo _HC(OEts _
| o OEt

Scheme 2.

2) Prosenjit Bose et al. (U.S. Pat. No. US 2004/0267019 A1) has reported the
synthesis of intermediate 13 s’tarting from benzoic acid derivative 10 as shown below
which was later reactéd with various amines to get the quinolone skeleton (Scheme
3).

_ 0 .
COOH _-Cocl COOR COOR
: . ____.)SOCIZ : JI/ base .
+ ——
Br Br toluene-DMF g, Br RyN 50-70 °C Br Br 'NRy
OCHF, ~ OCHF, . 72:84% OCHF,
10 - 11 12 13

Scheme 3.

3) Jared Lynn Randall (U.S. Pat. No. 6,803,469 B2) accessed the intermediates
17& 18 starting from substituted acetophenone 14 as shown below. Compound 14
was first reacted with diethyl carbonate to get a mixture of products 15 and 16 which
was reacted with ah amine capable of undergoing Knoevenagel reaction to get the
intermediates 17 and 18 (Scheme 4). After amine addition, elimination and

cyclization steps, they gave the corresponding quinolone in an overall yield of 82%.
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l
17
(EtO)ZCO NaH CH<OCH3)2N<CH3)2 R \ .
F F toluene, 90-95 °C Toluene
R
14 o OEt

Scheme 4. , }
4) Wan Pyo Hong and Lee déveloped a synthetic route towards the intermediate
21 from suitably substituted aromatic aldehyde 19 and methyl propiolate in presence
of tetra butyl ammonium iodide and ZrCl4 as shown below (Synthesis 2006, 6, 963-
| 68). The product 20 on oxidation with Dess-Martin periodinane gave the intermediate
21 in 83-88% yields (Scheme 5). |

X CHO - COCHy X oo,
, BusL ZICl e PR
Yo F o Ty F o

CH,Clp, 0°C,8h

19 81-84% 20
Dess-Martin periodinane X o
CH.Cl, r.t, 30 min l OCHs
83-88% Y F |
21

- Scheme 5.

5) Egle et al. (U.S. Patent No. 5,914,401) developed a new process to make
quinolones starting from the compound 22. The strategy involves bromination, amine
substitution, Cyanation and hydrolysis as the key steps (Scheme 6)
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Rs O Rs O Rs O
F © Bry/ACOH F Br RyH, base [ Br
—— : ' -
50-60 °C | |
X N 63.655% X N 110-130 °C R N
E | = '
Rg R1 - (Y RB R1 90-96% RB R1 R7 NRR
22 23 24
F P CN Rs O
KCN,Cul aq.EtOH F COOH
NMP, R N NaOH
7 l oc R N
190-210 °C R. R 110°c Ry \
88-92% 8 ™ 88-93% Rg Ry
25 . : 26
Scheme 6.

6)  Zerbes et al. (U.S. Pat. No. 5,639,886) has developed a one-pot method

tdwards-substituted quinolones in an overall yield of 83-87% as shown in Scheme 7.

| COOR | 1
Xt o 9 J | X' o o . X 0 9
v 3 v
XWX 2) RLNH, X377 X2 NH X AT N
F'{1 ) . R‘l :
27 | 28 29
Scheme 7.

7) In the method developed by Gould et él. (J. Am. Chem. Soc. 1939, 61, 2890-
2'895), a substituted aniline 30 on reaction with diethyl 2-(ethoxymethylene)malonate
31 at high temperaturé undergoes addition-elimination and cycloacylation steps to
give 4-'hydroxyquinoline—3-carboxylate derivative 32. N-alkylation of this intermediate
using appropriate alkyl halide gave substituted quinolones (Scheme 8). A limitation
of this ép‘proach is the generality of the N-functionalization step.
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' EtOOC.. COOEt .
O\ | high heat Ny \_-COOEt
NH , AT
2 OEt NN
31 32
Base (:(uj/COOEt hydrolysis C(uj/COOH
33 34

Scheme8

8) Grohe- heitzer approach (Mitscher, L. A. Chem. Rev. 2005, 105, 559-592;
Silva, D. et al. Curr. Med. Chem. 2003, 10, 21-39) shown below offers some
advantages over the method discussed above (Gould et al.) especially in
accessing a wider variety of N-alkylated quinolone derivatives. In this, an
orthohalo aroylhalide 35 is initially converted to an aroylmalonate ester 36
“through” an ‘acylation reaction. ‘Condensation of 36 with. an orthoester generates
the key intermediate 37, which can be reacted with an amine to form the

'quinolone through addition-elimination-cyclization sequence (Schemé 9).

cocl - (NCH,(CO,Et), COCH,CO,Et
o Mg(OE), [ Zve
XT —=—=2 Xy |
Z¢) (i) TSOH/H0 N

| CO,Et - |
X CO,Et
g » I
38
(i) Base, heat , COMH
(ii) hydrolysus '

Scheme 9.

9) ‘Gerster and Hayakawa developed an approach that can give N1-C8- bndged

- tricyclic ‘quinolones of the type 45 (J. Med. Chem. 1987, 30, 839-843; Canadian
Patent 1,167,840) starting from 2,3 4-trifluoronitrobenzene 40 as shown below. The

transformation involves Gould-Jacobs cyclisation of benzoxacin derivative 43, which

10
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wgs prepared by reductive cyclization of 42. The racemic nature of 43 is the major

bottleneck that decreases the optical purity of 45 (Scheme 10).
F

. .
KOH - F chloroacetone
L T - »  F NO, Reduction
F NO,  29% F NO, base o 0 T
’ : . 90%
F OH 65%

a0 “a 42 CHy

F EtO—HC=C(COOE);, 0 o 0
140-145 °C:PPA F COOE! i) acid hydrolysis F. COOH
FI>\NH —_— i - |
oA 64% Fm ii)N-Methy! (\Nj;jj:j/
o\/K piperazine /N\/I O\/K
44

43%
43 ° 45

Scheme 10.
10)  Mitscher and Chu (J. Med. Chem. 1987, 30, 2283-2286) has reported the -
synthesis of optically pure (both + and — isomers) Ofloxacin (49) through Grohe-
Heitzer cyclisation using the intermediate 47 and R- or S- alaninol as shown below
(Scheme 11). |

0 o 0
F. COEt = . F. CO,Et NH, F lCOin
— I HOAL F FONH
F F CH(OEt), F F TOEt . S .
F  AC,0, 110°C F 57% F48 )\
46 47 OH
L -
DAMSO | 59%
0
F CO,Et ?
| 2 THFKOH _ COLEt
. 65-70°C
F N . 70% F 'N|
. (J
ok ¢ H\ 49
| 50 _ O
Scheme 11.

11)  -4-Quinolones can also be constructed from precursors such as 51, 55 and 57
under ofganometallic catalysis as shown below (Scheme 12). Kalinin et al.,
" (Tetrahedron Lett, 1992', 33, 373-376) and Sigeru Torii et al., (Tetrahedron 1993, 49,
6773) synthesized 2-éubstituted 4-quinolone 54 using palladium catalysed
carbonylative coupling of oFiodoaniIines with terminal arylacetylenes as shown in
Scheme 12-(1). Tollari et al., (J. Chem. Soc., Chem. Commun. 1994, 1741-42) used

11
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Ruthenium-catalysed reductive cyclisation of 55 to synthesize 2-aryl quinoldnés as
sh?)flvn in Scheme 12-(2). Camps cyclisation (Camps, R. Chem. Ber. 1899, 32, 3228)
involves synthesis of 4-quinolones through base-promoted cyclisation of N-(keto-
aryl)amides 58. Along similar lines, Jinkun H'uang et al., (Org. Lett., 2008, 10, 2609-
12) have synthesized 4-quinolones in one pot via palladium catalysed amidation of
2-acetylbromoarenes 57 and the subsequent base promoted cyclisation as shown in
Scheme 12-(3). a R

| r o) o
Xr Pd(0) | '
R + H ———>( ) R - S X A
ZNH co ' Re | = > Ry |
2 R, heat NH, 4995% N AN~k M
2
H .
.51 52 53 _ 54
0 0 |
| Rus(CO) | , |
| s 22-60% === (2)
NO, R DIAN-Me ZNTR
55 EtOH/H,0 56
CO,-170°C ~ — o
O Pdy(dba)s(1 mol %) 0 0
. 0,
R'(XU\ Xantphos (2.5 mol :’) ] d‘\ NaO'Bu (2 equiv) _.@\)j\ --- 3)
T L ‘ s AT ‘
Z g RNHCOR", Cs,CO, A neore| 100°C ZINTR
dioxane,100°C | R 5204% = . . R -
57 | 58 | 59
Scheme 12.

12) Amarante et al. (Tetrahedron 2010, 66, 4370-4376) has reported the
synthesis of quindlone 62 through reduction of the intermediate 61 using
molybdenum hexacarbonyl in ethanol and subsequent N-alkylation as shown below
(Scheme 13). The N-oxides of 4-hydro>_<yquino_line (61) were prepared through TFA-
mediated cyclization of the corresponding Baylis-HiIIman adduct 60.

OH O OH O -0 9
. | (i) Mo(COg, EtOH, reflux,
" "OMe TR, 60-70°C, 10h, Ny TOMe__A5min. 77%; - OMe
N g

NO, 80%; \ (i) R-X, K5CO3, KI : \
: e, DMF, 95 °C R
60 ‘ : 61 } 62

Scheme 13.

12
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1,3%/ The patent application by Antoine et al. (U.S. Pat. No. 5,004,745) discloses
the synthesis of benzonaphthyridones (66) from the intermediate 65 as shown in

scheme 14. _
| i) CHCl, SOC,
O iii} magnesium chelate of -
F N OH HOOC-CH,-COOEt, THF O N COOR
. ~ >
X N” °Cl
Re 63
X = halogen
9 . NMez-CH(OR1)2
75°C
0
R,-NH; F N COOR
- PR
X N Cl NMe,
Re
65

Scherhe14

'1‘4) Recently, we have developed a synthetlc route towards 4- and 2-
quinolones using Baylis- -Hillman acetates and amines as the starting materials
(John, N. and Muraleedharan, K. M. Synthesis 2011, 20, 3379-3388). This
involves the initial formation of 1,2-dihydroquinolines (68) from Baylis-HilIman'
acetates and amines through Sy2'- SNAr cyclization steps These intermediates (68)
when exposed to light and oxygen gave both 4- and 2- qumolones through sensntlzed

oxidation or a (A**-A>* shift)— oxidation sequence (Scheme 15).

. OAc O i) Ry-NHy, KoCO3, R, “
. 0,
N e OMe NMP, 70-80 °C e » OMe
: . : . R; N

R ~ Rs ii) Water, DCE extraction, 1 68

~ hv,0,,48h ' R4
67aR1 R, =H, R3—Br
67bR,=H,R,=R3=Cl °

67CR1 Rz—R3—F

WHI“

69 Rq
-Scheme 15.
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Muyltiple reaction steps, harsh reaction conditions, high temperature, toxic reagents,
low vyields or involvement of sensitive intermediates are some of the drawbacks of
the above-mentioned methdds, which need to be addressed. The synthetic strategy
discussed in this invention is an entirely new approach and utilize Baylis-Hillman
adducts and amines as the starting materials. The transformation involves a
tandem Michael addition-SyAr cyclization followed by oxidation, and is amenable

for scale up.
~ DETAILED DESCRIPTION OF THE INVENTION

This invention relates to a process for the synthesis of compounds of the general

formula VII
Ry O
/"- R4 I \ | R2
\"~-R-5 A/ N
R4

. Vil
Wh‘ere, the_ substituent Ry can be H, C4-Cz alkyl, C4-Cz aryl alkyl, C3-Cs
cycloalkyl, C4-Cs heterocycloalkyl, C1-C2o alkoxy, -NH>, -NHR{, -N(R1)2, C2-C1o
alkenyl, C3-Cqo alkynyl, phenyl, 5 to 6-membered heteroaryl, bicyclic aromatic or
heteroaromatic rings, biaryls or heteroatom substituted biaryls, optionally
substituted with one or more of, including, but not limited to, the substituents,
such as |, Br, Cl, F, lower alkyl groups such as C4-Cs, alkoxy; cyano, nitrb, amino.
- The term ‘élkyl’ denotes branched or straight-chain hydrocarbons, or'hydrocarbon

chains with saturated/unsaturated rings in-between or at the terminus.
Rz represents an electron withdrawing group such as —COORj, -CN, -NO,, -
CONH,, -CONHR4, -CON(Rj)2, -CHO, -COR{, -COSEt, -PO(OEt), -PO(OMe)., -

SQO,Ph, -SO3;Ph and SOPh wherein R4 is same as defined above.

Rs represents all the substituents included under Ry and others such as F, Cl, Br,
|, C1-C4 alkoxy, -COR1, CN, NOz, NH2, -NHR1, -N(R1)2.

14
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R4 represents all the substituents included under R4. This also includes -NO,, -

CN, -CORy, aryl, heteroaryl, F, Cl, Br, I, -NH,, -NHR;, -N(R1)a.

Rs represents all the substituents included under R4. This also includes |, Br, Cl,
F, C1-Cyo alkoxy, cyano, NHz, -NHR,, -N(R1)2, or a compound with open chain,
mono-, bi- or tricyclic saturated or unsaturated system with at least one ring with a

nucleophilic atom such as nitrogen.

R4 and Rs can also be part of a mono- or p}olycyclic-ring 'systvems which are part of
non-aromatic, aromatic and heteroaromatic compounds which is optionally
substit‘uted at one or more of the ring atoms with substituen'ts mentioned under R4
and others such-as F, Cl, Br, |, C4-C4 alkoxy, -COR4, CN, NO,, NH;, -NHRj, -
N(R1)2. | ‘

A can be CH, CF, CCI, CBr, Cl, .CCN, C-Ry, N, COCHs, C-NO,, C-NH, C-NHRy,

C-N(R1)a2.

The process for the preparation of VII involves reaction of Baylis-Hillman adducts

(VI'II) “with various amines (IX) to effect aza-Michael addition and SnAr cyclization
and subsequent oxidation of the intermediate X to get the target skeleton Vi
(Scheme 16). '

R; OH [ Ry oH R, O

"Re B Rz HN  base; solvent :"-R“ S Rz | oxidation ;o Y

Re™ A7 X TR | “-RgTWOON A “.Rg KON

vl X i X F j vnR1
Scheme 16.

Baylis-Hillman adducts (VIII) were prepared in very good yields using the reported

procedure which involves the reaction of substituted aromatic or heteroaromatic

‘aldehydes with various Michael acéeptors in presence of a base such as DABCO

(Baylis and Hillman, German Patent 2,155,113 (1972)). These adducts were then

15
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cg)n/verted-to the quinolones or naphthyridones in two steps (steps a ahd'step b)

as discussed below.

- Step a) This ,involv.es heating a solution containing a mixture of the Baylis—HilIman
adduct (VIIl) and the desired amine (IX) in a polar sovent (eg. NMP) in presence
of a base (eg. Et;N) to get the 4-hydroxy-1,2,3,4-tetrahydroquinoline or 4-
hydroxy-1,2,3,4-‘tetrahydro-1,8-naphthyridiné derivative (X, scheme 16). Two
equivale'nts each of the primary amine and the base were used in all the reactions
and the reaction temperature and reaction time respectively ranged from room
femperature.to 70-80 °C and 1-12 h depending on the nature of the reactants.‘

The solvént used in step a) include but not limited to, N-methylpyrrolidinone
(NMP),‘N,N-dimethylformamide (DMF), N,N-dimethyl acetamide, nitromethane,
acetonitrile, methanol, tertiary buta}nol, dimethyls‘ulfoxide (DMSO), methyl tert-
flge;(afluorobenzene, benzene, vtoluene, xylene, dichloromethane, dichloroethane,
chloroform and ethy! acetate, butylacetate, their homolbgues, of a mixture of one
of more of the above-mentioned solvents. Herein, NMP is the solvent of choice
considering the efficiency and rate of Michael addition and SyAr cyclisation steps.
The bases used in this reaction includes, but not limited to amines such as triethyl-
amine, Diisopropyl ethyl amine (DIPEA), N-alkylpyrrolidihes, N-alkyl morpholines,
N-alkylpiperidines, 1,8-Diazabicycloundec-7-ene - (DBU), 1.,4-
diazabicyclo[2.2.2]octane (DABCO), 1,5-Diazabicyclo[4.3.0]Jnon-5-ene (DBN),
pyridine, DMAP (N,N-dimethylaminopyridine), pyrimidine, N-alkylpyrrole, N-
alkylindole, and N-alkylimidazole. Other baées include potaésiuh carbonate,
'sodium carbonate, cesium carbonate, sodium tert-butoxide and potassium tert-

butbxide.

Dilution of the reactioh ‘mixture with ethyl acetate followed by water wash and
evaporation of thé solvent gives a residue which can be directly taken forward for
oxidation without purification. For extraction, chloroform or dichloromethane also
: can be used. The unvreacted amine and the excess base present can be removed

either during evaporation or by water work-up.
16
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Steg b) This step involves the oxidation of the intermediate X to the target
skeleton VII. The solvent used in step b includes but not limited to the solvents
mentioned under step (a). Other possible solvents are water, and ionic liquids
such as [bmim]BF, and [bmim]PFs. Alcoholic solvénts such as methanol should
be avoided due to their sensitivity to oxidation; acetonitrile was found superior to
others in terms of the yields of products shown here. The preferréd temperature
of the reaction for the examples presented here ranged between 70-80 f’C. The
oxidising reagent can be selected from the group comprising of, but not limited to
2-iodoxybenzoic acid (IBX), Oxone and 2-iodoxybenzoic acid (IBX), Oxone and 2-
iodo benzoic acid, Oxone and iodosobenzoic acid (IBA), N-me_thylmdrpholine-N-

oxide (NMO) and 2-iodoxybenzoic acid (IBX), 4-methoxypyridine-N-oxide (MPO) _

and '2-iodoxyb'enzoic acid (IBX), 2-iodoxybenzenesulfonic acid (IBS), 2-
iodobenzeneéulfonic acid and Oxone, sodium or - potassium 2-
iodobenzenesulfonate and Oxone; Dess-Martin periodinane or IBX substituted on
the_aromatic _ring. with .one.or. more C1-C6 alkoxy chains, F, R4, NO;, COOH -
N(R1)3 and mixtures _thereof, wherein Ry is defined as above (ref. Nicolaou, K. C.
et al., lodine(V) Reagehts in Organic Synthesis. Part 4. o-lodoxybenzoic Acid as a
Chemospecific Tool for Single Electron Transfer-Based Oxidation Processes. J.
Am. Chem. Soc. 2002, 124, 2245-2258); for the examples presented in table 1,
IBX was found‘most appropriate. For the best results, 2-2.2 equivalents of IBX
was necessary and the time taken for the Complefe oxidation varied from 5-24 h
depending upbn the substrates. |

Table 1: List of quinoldnes and benzonaphthyridones synthesised

ry | Compoun | Structures Overall | Entr | Compound | Structures Overall
d No. v 1 Yield® y No. . Yield?
: (%) (%)
VII-A o o0 |80 T 17 VI-G oo 70
OzNID\)‘j)‘\O/ . OzN\d‘j/u\o/
| : |
cl N N
L K@
VI-B | 0 o |74 8 | VI-H . o 73
v - |
TA C
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VIl-C ‘ o o (77 9 | ViH o 70
ozwm)ko/ , OZN\@ij/CN
|
Cl N NH
VID o o |87 10 | Vi 9 o %0
OzNWo/ ' 02N\©\)‘]/ko/k
cl N - NK/
| Y |
VII-E : O 0 |86 11 | VIIK R % 87
O;N o : O,N 0 :
| _ |
VII-F o o |83 12 | VILL oo |
ozNO\)j/u\o/ : _ : ON o J< 81
NI : . .N|_
13 | VIM [ 90
DA
NN
-

® The overall yield starting from Baylis-Hillman adduct is presented here.
GENERAL EXPERIMENTAL PROCEDURE

~ The appropriate amine 1X (2 mmol) was added to a stirred solUtion containing a
mixture of Baylis-Hillman adduct Vil (1 mmol) and triethylamine (2.mmol)v in N-
<methyl-2-pyrrolidinone (NMP; 3 mL). The m‘i'xture was heated at 70-75 °C until the
starting materials were consumed, then cooled to room temperature, diluted with
ethyl acetate (30'mL), and washed with water (3 x 20 mL). The organic Iayer was

dried using sodium sulphate, filtered and evaporated under reduced pressure to

18
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__get a residue. This residue was dissolved in acetonitrile (20 mL), 2-iodoxybenzoic
acidr (IBX) (2.2 mmol) was added to it, and the mixture heated at 70-75 °C for 5-
24 h. Once the starting materials were consumed, the byproduct was removed b‘y
filtration. The filtrate was diluted with ethyl acetate (20 mL) and washed with 10 %
agq.NaHCO; solution (20 mL). The organic layer was dried using sodium sulphate,
filtered and evaporated under reduced | pressure and the residue was
chromatographed on silica gel using ethyl acetate;hexanes mixture in a gradient
mode to get the product. When the experiment was repeated in large scales (eg.
Compound VIlI-A), the column chromatographic purification was not necessary
and the product was obtained in pure form by simple crystallization.

EXAMPLES

EXAMPLE 1

Methyl_2-((2,4-dich|oro-5-nitrophenyl)(hydroxy)methyl)acrylate (1 g, 3.28 mmol) was
reacted with propylamine (0.39 g, 0.54 mL, 6.56 mmol) in presence of triethylamine
(0.9 mL, 6.56 mmol) in NMP (10 mL) at 75 °C for 1 h and the resulting 4-hydrbxy-
1,2,3,4-tetrahydroquinoline derivative was oxidized using IBX (2 g, 7.14 mmol) by
heating the mixture for 12 h according to the general procedure discussed above to
get VII-A (850 mg, 80% yield) as a pale yellew crystalline solid. HRMS (ESI) exact
mass calcd. for C14H14N205Cl [M+H]" 325.0591, found [M+ H]' 325.058.8.'

EXAMPLE 2 ‘
‘Methyl 7-chloro-1-cyclopropyl-6-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (VII-
B) | |
methyl 2-((2,4-dichloro-5-nitrophenyl)(hydroxy)methyl)acrylate (0.2 g, 0.66 mmol)
was reacted with cyclopropylamine (0.075 g, 0.091 mL, 1.32 mmol) in presence of
triethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) at 70 °C for 7 h and the resulting 4-
,hydroxy-1,‘2,3,4-tetr’ahydroqu_inoline derivative was oxidized using IBX (407 mg, 1.45
mmol) by heating the mixture for 20 h according to the general procedure discussed
above te get VII-B (78 mg, 74% yield) as a pale yellow crystalline solid. HRMS (ESI)

~ exact mass calcd. for C14H14N205Cl [M+H]" 325.0591, foun'd‘[M+H]" 325.0580.
19 , . |
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EXAMPLE 3

Methyl 1-beniyl-?—chIoro-6-nitro-4-oxo-1 ,4-dihydroquinoline-3-carboxylate (VH-C) v
Methyl 2-((2,4-dic‘hIoro-5-nitrophenyl)(hydroxy)methyl)aCrylate (0.2 g, 0.66 mmol)
was reacted with benzylamine (0.141  g, 0.144 mL, 1.32 mmol) in presence of
triethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 4 h and the resulting 4-
hydroxy-1,2,3,4-tetrahydroquinoline derivative was oxidized using IBX (407 mg 1.45
mmol) by heating the mi‘kture for 24 h according to the general procedure discussed
above to‘ get Vil-C (188 mg, 77% yield) as a pale yellow crystalline solid. HRMS
(ESI) exact mass calcd. for C1gH14N2OsCl [M+H]* 373.0591, found [M+H‘]+ 373.0575.

EXAMPLE 4 _ . ‘

Methyl 7-chloro-1-(furan-2-ylmethyl)-6-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate

(VII-D) *

‘Methyl _2':((2‘,4-‘di_c'hvlo_|fo-«57nif_rop‘henyl)(hydroxy)m.eth,yl)aCrylate, (0.2 g, 0.66. mmol)..
was reacted with furfurylamine (0.128 g, 0.117 mL, 1.32 mmol) in presence of
triethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) ét 75 °C for 4 h and the resulting 4-
hydroxy-1,2,3,4-tétrahydroquinolin_e derivative was oxidized using IBX (407 mg, 1.45

mmol) by heating the mixture for 10 h according to the general procedure discussed

above to get VII-D (206 mg, 87% yield) as a pale yellow érysta||ine solid. HRMS

" (ESI) exact mass calcd. for C16H12N20sCl [M+H]" 363.0384, found [M+H]* 363.0366.

EXAMPLE 5 _

Méthyl 6-nitrb-4-oxo-1 -propyl-1,4-dihydroquinoline-3-carboxylate '_(Vll-E)

Methyl 2-((2-chloro-5-nitrophenyl)(hydroxy)methyl)acrylate (0.2 g, 0.74 mmol) was
reacted with propylamine (0.087 g, 0.12'mL, 1.48 mmol) in bresence of triethylamine
(0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 12 h and the resulting 4-hydroxy-
- 1,2,3,4-tetrahydroquinoline derivative was oxidized using IBX (456 mg, 1.63 mmol)
by heating the mixture for 12 h according to the general procedure discussed above
to get VII-E (184 mg, 86% yield) as a pale yellow crystalline solid.'_HRMS (ESI) exact
mass calcd. for C14H15N205 [M+H]" 291.0981, found [M+H]" 291.0969. |

20



WO 2013/157018 PCT/IN2013/000199

EXAMPLE 6

Mg.thyl 1-butyl-6-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (VII-F)

Methyl 2-((2-chloro-5-nitrophenyl)(hydroxy)methyl)acrylate (0.2 g, 0.74 _mmol) was
reacted with butylamine (0.108 g, 0.146 mL, 1.48 mmol) in presence of triethylamine
(0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 3 h and the resulting 4-hydroxy-
, 1,2,3,4-tetrahydroquinoline derivative was oxidized using IBX (456 mg, 1.63 mmol)
by heating‘t'he mixture for 12 h according to the general pfocedure disdussed‘above
to get VII-F (186 mg, 83% yield) as a pale yellow crystalline solid. |

-Rf (20% EtOAc/hexanes) = 0.67; mp 142-144 °C; 'H NMR (400 MHz, CDCls) § 9.17
(s, 1H, -CoH), 8.46 (s, 1H, ArH), 8.40 (dd, 1H, ArH, J = 9.3, 2.6 Hz), 7.58 (d, 1H, ArH,
J = 9.3 Hz), 4.24 (t, 2H, N-CH-CH,, J = 7.2 Hz), 3.88 (s, 3H, -OCH;), 1.88 (pentet,
 2H, CH2-CHz-CHp, J = 7.2 Hz), 1.60-1.40 (m, 2H, CH>-CH,-CHg), 0.99 (t, 3H, CHo-
CHs, J = 7.2 Hz) ppm; *C NMR (100 MHz, CDCl3) & 173.0, 165.2, 150.2, 144.3,
142.6, 129.0, 126.9, 124.2, 1 17.5,.112.1,.54.5, 52.3, .30.9,-20.0,-13.6 ppm; IR (KBr) -
cm™: 2962, 1690, 1648, '1613, 1556, 1515, 1485, 1334, 1231, 1200, 1157, 1,125’
1065, 837; HRMS (ESI) exact mass calcd. for C1sH17N2Os [M+H]* 305.1137, found
[M+H]+ 305.1133.

EXAMPLE7 |

Methyl 1-benzyl-6-nitro-4-oxo-1 ,4-dihydroquiholine-3-carboxylate (VII-G)

Methyl 2-((2-chloro-5-nitrophenyl)(hydroxy)methyl)acrylate (0.2 g, 0.74 mmol) was
~ reacted with benzylamine (0.159 g, 0.162 mL, 1.48 mmol) in presence of
triethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 5 h and the resulting 4-
hydroXy-1,2,3,45tetfahydroquinoline derivative was oxidized using IBX (456 mg, 1.63
mmol) by heating the mixture for 20 h acCording to the gene'ral‘ procedure discussed
above to get VII-G (174 mg, 70% yield) as a pale yellow crystalline solid. HRMS
(ESI) exact mass calcd. for C1gH1sN205 [M+H]" 339.0981, found [M+H]" 339.0992.

EXAMPLE 8
1-ethyl-6- nltro-4 oxo-1,4-dihydroquinoline-3-carbonitrile (VII-H). _
2-((2-chloro- 5 n|trophenyl)(hydroxy)methyl)acrylonltnle 0.2 g, 0.84 mmol) ‘was
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reacted W|th ethylamine (0.108 g, 0.09 mL, 1. 68 mmol) in presence of triethylamine
(0. 24 mL, 1.68 mmol) in NMP (2 mL) at 75 °C for 2 h and the resulting 4-hydroxy-
1,2,3,4-tetrahydroquinoline derivative was oxidized using IBX (518 mg, 1.85 mmol)
by heating the mixture for 24 h according to the general procedure discussed above
to get VII-H (148 mg, 73% vyield) as a pale yellow crystalline solid. HRMS (ESI) exact
mass calcd. for C12HgN303K [M+K]'+ 282.0281, found [M+K]" 282.0293.

EXAMPLE 9 ‘
6-nitro-4-oxo-1-propyl-1,4-dihydroquinoline-3-carbonitrile (ViI-) _ _
2-((2—chlero-5-nitrophenyl)(hydroxy)methyl)acrylonitrile (0.2 g, 0.84 mmol)‘ was
reacted with propylamine (0.099 g, 0.138 mL, 1.68 mmdl) in presence of
friethylamine (0.24 mL, 1.68 mmol) in NMP (2 mL) at 75 °C for 10 h and the resulting
4-hydroxy-1,2,3,4-tetrahydroquinoiine derivative was oxidized using IBX (518 mg,
1.85 mmol) by heating the mixture for 12 h according to the general procedure
dl_scids_sed above to get VII-I (151 mg, 70% yield) as_a pale yellow crystalllne solid..

HRMS (ESI) exact mass calcd. for C3H{1N3O3K [M+ K]* 296.0437, found [M+ K]*
296.0437.

EXAMPLE 10

- tert-butyl 6-nitro-4-oxo-1-propyl-1,4-dihydroquinoline-3-carboxylate (VII-J)

tert-butyl 2-((2-chloro-5-nitrophenyl)(hydroxy)methyhacrylate (0.2 g, 0.64 mmol) was
reacted with propylamine (0.076 g, 0.105 mL, 1.28 mmol) in- presence of
tri'ethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 4 h and the resulting 4-
'hydroxy—1,2,3,4-tetrahydroqui‘noline derivative was oxidized using IBX (393 mg, 1.41
mmol) by heating the mixture for 10 h according to the general procedure discussed
above to get VII-J (191 mg, 90% yield) as a pale yellow crystalline solid. HRMS (ESI)
exact mass calcd. for C17H21N205 [M+H]" 333.1450, found [M+H]* 333.1467. | '

EXAMPLE 11

tert-butyl 1-cyclopropyl-6-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (VII-K)
tert-butyl 2-((2-chloro-5-nitrophenyl)(hydroxy)methylacrylate (0.2 g, 0.64 mmol) was
reacted with cyclopropylamine (0.073 g, 0.089 mL, 1.28 mmol) in presence of

friethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 12 h and the resulting
22 ‘
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4-hydroxy-1,2,3,4-tetrahydroquinoline derivative was oxidized using IBX (393 mag,
1'.;(1 mrhol) by heating the mixture for 12 h according to the general procedure
discussed above to get VII-K (183 mg, 87% yield) as a pale yellow crystalline solid.
HRMS (ESI) exact mass calcd. for C17H19N205 [M+H]" 331.1294, found [M+H]
331.1285. ’

EXAMPLE 12 .

) » tert-butyl 1-benzyl-6-nitro-4-oxo-1,4-dihydroquinolinef3-carboxylate (VI-L)
tert-butyl 2-((2-ch|oro-5-nitrophenyl)(hydroXy)methyI)acrylate (0.2 g, 0.64 mmol) was
reacted with benzylamine (0137 g, 0.140 mL, 1.27 ‘mmol) in presence of
triethylamine (0.2 mL, 1.47 mmol) in NMP (2 mL) at 75 °C for 8 h and the resulting 4-
- hydroxy-1,2,3,4-tétrahydroquinoline derivative was oxidized using IBX (393 mg, 1.41
mmol) by heating the mixture for 24 h according to the general procedure discussed
above to 'get VII-L (196 mg, 81% yield) as a pale yellow crystalline solid. HRMS (ESI)
exact mass calcd. for C21H21N20s [M+H]" 381.1450, found [M+H]" 381.1455.

EXAMPLE 13 , , |

methyl 4-‘6x_o-1 -propy|-1 ,4-dihyd robénzo[b][_1 ,8]naphthyridine-3-carboxylate (VII-M)
.Methyl v2-((2—chIoroquinolin-3-yl)(hydroxy)mefhyl)acrylate (0.1 g, 0.36 mmol) was
reacted with propylamine (0.042 g, 0.060 mL, 0.72 mmol) in presence of
triethylamine (0.1 mL, 0.7 mmol) in NMP (1 mL) at 75 °C for 5 h and the resulting 4-
hydroxytetrahydro naphthyridine derivative was oxidized using IBX (222 mg, 0.79
mmol) by heating the mixture for 8 h according to the general procedure discussed
above to get VII-M (96 mg, 90% yield) as a colourless crystalline solid. HRMS (ESI)
exact mass calcd. for C17H17N20; [M+H]* 297.1239, found [M+H]" 297.1224.
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CLAIMS:
1. Quinolones and naphthyridones of the general formula Vi
R; O
TR R
e
--Rg A r;]
R4
Vil
in which,

the substituent Ry can be H, C1-Cz alkyl C1-Cyo aryl alkyl, C3-Cg cycloalkyl, C4-Cs
heterocycloalkyl, C1-Cz alkoxy, -NHz, -NHR;, -N(R)2, C2-Cqo alkenyl, C3-Cyq
alkynyl, phenyl, 5 to 6-membered heteroaryl, bicyclic aromatic or heteroaromatic
rings, biaryls or heteroatom substituted biaryls, optionally substituted with one or
~ more of, substituents such as I, Br, Cl, F, lower alkyl groups such as C4-Cs,

alkoxy, cyano, nitro, amino.

_”CON.HZ, -CONHR4, -CON(Rj)2, -CHO, COR1, -COSEt, -PO(OEt),, -PO(OMe)z, -
SO,Ph, -SO3Ph and SOPh wheréin R is same as defined above.

R3 represents all the substituents ih_cluded under R4 and others such as F, Cl, Br,
-1, C4-C4 alkoxy, -CORj, CN, NOy, NH2, -NHRj, -N(R1)2.

R4 represents all fhe substituents included under Ry, further including ‘NOZ, CN, -
CORy, aryl, heteroaryl, F, Cl, Br, |, -NH,, -NHR;, -N(R1)2:

Rs represents all the substltuents included under Ry,further mcludmg I, Br, Cl, F
C1-C1o alkoxy, cyano, NHz, -NHR4, -N(R1)2, or a compound with open chain,
mono-, bi- or tricyclic saturated or unsaturated system with at least one ring with a
hucleophilic atom such as nitrogen. |

Rs and Rs may be part of a mono- or polycyclic ring system which are part of non-
aromatic, aromatic and heteroaromatic compounds which is optionally substituted
at one or more of the ring atoms with substituents mentioned under Ry and others
such as F, Cl, Br, |, C4-C4 alkoxy, -COR4, CN, NO2, NH;, -NHR4, -N(R1)2.

A can be CH, CF CCl, CBr, Cl, CCN, C- R1, N, COCH3j, C-NO2, C-NH;, C-NHRq,
C- N(R1)
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2., The quinolones and naphthyrldones of the general formula VIl as claimed in
claim 1, wherein ‘alkyl’ denotes branched or straight-chain hydrocarbons with or
without heteroatoms in-between, or hydrocarbon chains with saturated/unsaturated
rings in-between or at the terminus, and wherein the term ‘alkoxy’ refers to the group

—OR1 where R, represents all the groups defined under the formula (Vil)

3. A process for preparing quinolones and naphthyridones of the general formula Vi
comprising the steps:
a) Reacting Baylis-Hillman adduct of formula (VlII)

R; OH
;Ra B R,
LR WX

vill

ih which Rz, R3, R4, Rs and A each are as defined under the formula (VIi) and X
represents I Br Cl F OTs 'OTf. Rq can be H or Ry if A represents a hetero- atom
| ‘vsuch as N. If Ais CH R4 need to be an electron wnthdrawmg substituent such as
NO,, CN; COR; etc.

with an amine of formula IX

R4-NH3 --=---- - (1X), in Wthh R, is as defined under formula (V1)

in the presence of a base to produce 4-hydroxy-1,2,3,4 tetrahydroquinoline or 4-
hydroxy 1,2,3,4-tetrahydro-1,8- naphthyrldlne derivative of the general formula X

R; OH
"-R4 > R2
\‘ ) I o
S.. R5 A N
. R1
x.

in which Ry, Ry, R3, R4, R5 and A are each as defined under formulas (VII) & (VII),
and .
b) Subjecting 4-hydroxy-1,2,.3,4— tetrahydroquinoline or 4-hydroxy-1,2,3,4-
tetrahydro-1,8-naphthyridine derivative of the formula X to oxidation with an oxidizing

agent to produce the quinolone or naphthyridone derivative of formula VIl

4. The proces_s' as claimed in claim 3, wherein the intermediate of the general -
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formula X obtained after step a) was taken to the next step without chromatographic

pu ification.

5. The process as claimed in claim 3, wherein the solvent used in step a) is selected
from a group comprising of N-methylpyrrolidinone (NMP), N,N-dimethylformamide
(DMF), N,N-dimethyl acetamide, nitromethane, écetonitrile, methanol, tertiary
butanol,. dimethylsul.foxide‘(DMSO), methyl tert-butyl ether, dimethoXyethane (DME),
tetrahydrofuran ‘(THF)', dioxane, acet'o’ne, hexafluorobenzene, benzehe, -toluene,
‘xylene, dichloromethane, dichloroethane, chloroform and ethyl acetate, butylacetate,

their homologues, or a mixture of one or more of the above-mentioned solvents.

6. The process as claimed in claim 3, wherein the solvent‘used in step b) is
selected frdm a group of solvents comprising of N-methylpyrrolidinone (NMP), N,N-
dimethylfo’rmémide (DMF),‘ N,N-dimethyl acetamide, nitromethane, acetonitrile,
tertiary but?n}z',_di!n,elhylslilfpxige__(DMSQ),_m'.éth.yl tert-butyl ether,. dimethoxyethane
(DME), tetrahydrofuran (THF), dioxane, acetone, hexafluorobenzene, water, ionic
liquids such aé [bmim]BF4, [bmim]PFe, benzehe, toluene, xylene, dichloromethane,
dichloroethane, chloroform‘and ethyl acetate, butylacetate, their-homologues, ora

mixture of one or more of the above-mentioned solvents.

7.  The process as claimed in claim 3 wherein the step a) is carried out at a
temperature ranging from 25 °C to 80 °C, and the step b) is carried out at a

temperature ranging from 25 °C to 80 °C.

8. The process as claimed in claim 3, wherein the r_eaCtion time for step a) range
from 1-12 h and that of step b) range from 5-24 h. |

9. The process as claimed in claim 3, w‘herein the base USed includes amines
such as triethylémine, Diisopropylethylamine (DIPEA), N-alkylpyrrolidines, N-alkyl

'morpholines, N-alkylpiperidines, 1,8-Diazabicycloundec-?-ene (DBU), 1,4- |
diazabicyclo[2.2.2]octane  (DABCO), 1,5-Diazabicy«_:lo[4'.3.0]non-5-ene -(DBN),
pyridine, DMAP " (N, N-dimethylamino pyridine), pyrimidine, N-alkylpyrrole, N-

alkylindole, and N-alkylimidazole. Other bases include potassium carbonate, sodium
26 : '
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carbonate, cesium carbonate, sodium tert-butoxide and potassium tert-butoxide.

10. The process as claimed in claim 3, the oxidising agent used in step b) can
be selected from the group comprising of, but not limited to 2-iodoxybenzoic acid
(IBX), Oxone and 2-iodoxybenzoic acid (|BX), Oxone and 2-iodobenzoic acid,
Oxoné and iodosobenzoic acid (IBA), N-methylmorpholine-N-oxide (NMO) and 2-
iodoxybenzoic acid (IBX), 4-methoXypyridine-N-oxide (MPO) and 2-iodoxybenzoic
aéid (IBX), 2-iodoxybenzenesulfoni¢ acid (IBS), 2-iodobenzenesulfonic acid and
Oxone, sodium or potassium 2-iodobenzenesulfonate and Oxone; Dess-Martin
periodinane or IBX substituted on the aromatic ring with one or more C4-Cg alkoxy
chains, F, NO,, COOH, Ry, -N(R1)s and mixtures thereof wherein Ry is deﬁned as

above.

11. The procéss as claimed in claim 3, the amines of the genéral formula R{-NH,

‘used in step a) possess the same R groups as claimed in claim 1,
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