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Methods for Preparing Naphthyridines

Field of the Invention

10 The present invention relates to the synthesis of substituted 1,8-naphthyridine compounds.

Background of the Invention

WO 2008/046136 (PCT/AU2007/001566) discloses, inter alia, substituted 1,8-

15 naphthyridine compounds of the following general class:
R O O
RTONTN
Ry .

These compounds have been shown to possess anxiolytic activity without sedative side-
20 effects and therefore represent an attractive pharmacological alternative to the 1,4-

benzodiazepine class of anxiolytics such as diazepam (comfnon]y known as Valium®).

While the synthesis of the 1,8-naphthyridines has been quite successful on a laboratory
scale (that is, mg scale) the use of this methodology to produce larger amounts (e.g.,
25 kilogram scale) of a particular class of 1,8-naphthyridines has.proven to be challenging.
This has caused the present inventors to devise new scale up methodology to overcome the
current deficiencies which exist in the art. The present invention is directed to addressing

these shortcbmings to enable the synthesis of 1,8-naphthyridines on a larger scale.

30
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" Summary of the Invention

In one aspect, the present invention provides methods of preparing compounds of formula

)
| ﬂ (@] (@)
X N
1008 0N
N ITJ )
Y .

wherein Q is an optionally substituted N-containing heterocyclyl or optionally substituted
N-containing heteroaryl, and Y is a lower alkyl group; ‘

10 comprising:

a) treating a compound of formuila (2)

0]
ON_~ l OH
N

N° Cl

)

15 ~ with an acid activating agent, a non-nucleophilic base, lower alkyl N,N-
lower dialkyl aminoacrylate and lower alkylamine, under conditions

sufficient to obtain a compound of formula (3)

(0] O
O)N = [ | OR
S G
N Tl\l :
] Y
wherein R is lower alkyl,
20 b) reducing the nitro group of the compound of formula (3) from step (a) to
obtain a compound of formula (4) »
O -0
H,yN = OR
< @)
N - N '
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c) treating the compound of formula (4) from step:(b) with 2-indanone and a

suitable reducing agent under conditions sufficient to obtain a compound of

formula (5)
| E 0O O
5 d) hydrolysing the compound of formula (5) from step (c) to obtain a

compound of formula (6); and
H O O
. NN ,

: Y

e) reacting (6) with an acid activating agent and QH, under conditions

sufficient to obtain a compound of formula (1).

10
[n another aspect, the present invention pro?ides methods for preparing a compound of
formula (3)
g O
O3;N / | | OR
N (3)
N
Y
wherein Y and R are independently lower alkyl;
1S comprising:
a) reacting a compound of formula (2)
' 0
ON._~
| OH )
N
N Cl

with a chlorinating agént under conditions sufficient to obtain a compound

20 of formula (2a)
O

| (2a)
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b) . treating the compound of formula (2a) from step a) with a non-nucleophilic
base and lower alkyl N,N-lower dialkyl émihoacrylate to obtain a
compound of formula (2b)

| o O

N r @
R
5 wherein R and R' are independently lower alkyl; and
c)  reacting the compound of formula (2b) from step (b) with a lower

alkylamine under conditions sufficient to form (3).

In still another aspect, the present invention provides compounds of formula (2b) and salts

10 thereof:

wherein R and R' are independently lower alky!.

15

In yct another aspect, the present invention provides a compound of formula (2c) and salts

thereof: . ‘

o 0
0N\~ | | OBt
SN N Me  (20)
Me

20

In another aspect, the present invention provides methods for preparing a compound of

formula (1)
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ﬂ 0O O :
. A N
1SS RONK
. N‘ITl
Y

wherein Q is an optionally substituted N-containing heterocycly!l or optionally substituted
N-containing heteroaryl and Y is a lower alky! group;

cdmprising:
a) reacting a compound of formula (6)
ﬂb O O
I '
, NN |
Y

with an acid activating agent in the presence of non-nucleophilic base in a suitable
solvent and reacting the resultant product with QH under conditions sufficient to

obtain a compound of formula (1); and

b) purifying the compound of formula (1) obtained from step a) by washing

with a weakly basic solution.

Detailed Description of the Invention

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or s’ieps

but not the exclusion of any other integer or step or group of integers or steps.

The present invention is based on the discovery that compounds of formula (1), asi
described herein can be prepared efficiently and in good to high yields in kilogram-scale
quantities by utilising néle advanced methodology which is shown herein to be amenable
to large scale production of chemical compounds in terms of chemical efﬁciency and

reagent safety..
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The term "alkyl" as used alone or in combination herein refers to a straight or branched
chain saturated hydrocarbon group. The term "lower alkyl" refers to such groups
containing from one to six carbon atoms, such as methyl ("Me"), ethyl ("Et"), n-propyl,

isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl and the like.

The term "alkynyl" refers to a linear or branched monovalent hydrocarbon radical with at
least one site of unsaturation, i.e., a carbon-carbon sp triple bond, preferably having from 2
to 10 carbon atoms and more particularly 2 to 6 carbon atoms and having at least 1, and

particularly from 1-2, carbon to carbon, triple bonds. Examples of alkynyl groups include

_ethynyl (-C=CH), propargyl (-CH,C=CH), pent-2-ynyl (-CH,C=CCH,-CHj3), and the like.

The term "alkenyl" refers to a monovalent hydrocarbon radical with at least one site of

" unsaturation, i.e., a carbon-carbon, sp> double bond, which may be straight chained or

branched and particularly have from 2 to 10 carbon atoms and more particularly 2 to 6

carbon atoms and have at least 1 and particularly from 1-2, carbon to carbon, double

bonds. An alkenyl radical includes radicals having “cis” and “trans” orientations, or

alternatively, "E” and “Z” orientations. Examples include ethenyl (-CH=CH,), n-propeny! -
(-CH,CH=CH,), iso-propenyl (-C(CH3)=CH,), but-2-enyl (-CH,CH=CHCH3;), and the"
like. ‘

The term "cycloalkyl" refers to cyclic alkyl groups having a single cyclic ring or
multiple condensed rings, preferably incorporating 3 to 11 carbon atoms. Such
cycloalkyl groups include, by way of example, single ring structures such ‘as
cyclopropyl, Eyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl, and the like. The term
also includes polyéyclic ring systems where the cycloalkyl ring is fused with one or
more ardmatic or non-aromatic carbocyclic or heterocyclic rings, such as adamantanyl,

indanyl, 1,2.3,4-tetrahydronapthalenyl and the like.

The term "lower alkylamine” refers to a "lower alkyl-NH," where lower alky! is as defined

above.
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In some embodiments, Y is C,.; alkyl. In certain embodiments, Y is methyl or ethyl. In

other embodiments, Y is ethyl.

The term "N-containing heteroaryl” refers to a monovalent aromatic heterocyclic group,
preferably having from 2 to 10 .carbon atoms, and 1 to 4 heteroatoms selected from
nitrogen, oxygen, and sulfur within the‘rihg, wherein at least one heteroatom is nitrogen.
Such heteroaryl groups can have a single ring (e.g., pyridyl, pyrrolyl or imidazolyl). or

multiple condensed rings (e.g., indolinyl or benzimidazoiyl).

The term "N-containing heterocyclyl” refers to a monovalent saturated or unsaturated

group havi‘ngba single ring or mﬁltiple condensed rings, preferably from 1 to 8 carbon

- atoms, and from 1 to 4 heteroatoms selected from nitrogen, oxygen, and sulfur within the

ring, wherein at lcast one heteroatom is nitrogen. .

Examples of 5-membered monocyclic N~containing heterocyclyl and N-containing
heteroaryl groups include pyrrolyl, H-pyrrolyl, pyrrolinyl, pyrrolidinyl, furazanyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinyl, triazolyl (including. 1,2,3
and 1,3,4 triazolyls) and tetrazolyl.

Examples of 6-membered monocyclic N-containing heterocyclyl and N-containing
heteroaryl groups include pyridyl, piperidinyl,v morpholinyl, thiomorpholinyl and

piperazinyl.

The above heterocycles may be optionally substituted with a broad range of substituents,
such as C, alkyl, Ci.¢ alkoxy, Ca alkenyl, Cy.6 alkynyl, halo, hydroxy, mercapto, C¢
haloalkyl. phenyl, phenyloxy, phenylalkyl, phenylalkyloxy, amino, cyano, or mono or
di(C;.¢ alkyl) amino. |

As referred to above the N-containing heterocycle or heteroaryl may be fused toa
carbocyclic aromatic ring such as phenyl, naphthyl, indenyl, azulenyl, fluorenyl, and
anthracenyl; or a heteroaryl ring such as pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl,

pyrrolyl, and imidazole.
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Examples of 8, 9 and 10-membered bicyclic N-containing heterocyclyl and N-containing
heteroaryl grOlips include 1H-thieno[2,3-c]pyrazolyl, indolyl, isoindolyl, benzoxazolyl,

benzothiazolyl, benzisoxazolyl, benzisothiazolyl, benzimidazolyl, indazolyl, isoquinolinyl,

“quinolinyl, quinoxalinyl, uridinyl, purinyl, phthalazinyl, quinazolinyl, quinoxalinyl,

benzotriazinyl, pteridinyl, pyrrolopyridine and the like. These heterocycles may be
optionally substituted, forl example, with C)¢ alkyl, Ci. alkoxy, Cy.6 alkenyl, Cy.¢ alkynyl,
halo, hydroxy, mercapto, C;s haloalkyl, cyano, phenyl, phenyloxy, phenylalkyl,

phenylalkyloxy, amino, and mono or di(Ci. alkyl) amino.

Exemplary N-containing heterocyclic and N-containing heteroaromatic radicals for the Q
group include (optionally substituted) piperazinyl, piperidinyl, pyrrolidinyl, azetidinyl,
azepanyl, diazepanyl, morpholinyl, thiomorpholinyl, pyrrolyl, imidazolyl, pyrazolyl;
indolyl, isoindolyl, 3H-indolyl, and indolinyl. These radicals can be optionally substituted
with, by example, C,4 alkyl, C,s alkoxy, C.¢ alkenyl, Cjealkynyl, halo, hydroxy,
mercapto, C;¢ haloalky‘l, amino, phenyl, phenyloxy, phenylalkyl, phenylalkyloxy, cyano,

or mono or di(C;.¢alkyl) amino.

In some embodiments, the N-containing heteroaryl or N-containing heteroaromatic ring

group Q is piperazinyl, morpholinyl, piperidinyl, or pyrrolidinyl.
In g:enain embodiments, Q is morpholinyl.

As used herein, the term "optionally substituted" means that a group may include one or
more substituents. One or more hydrogen atoms on the group may be replaced by
substituent groups independently selected from halogen, C,.s alkyl, C,4 alkenyl, Cas
alkynyl, -(CH),-C;.; cycloalkyl, -(CH;),-Cs.7 cycloalkenyl, -(CHy)p-aryl, -(CHp),-
heterocyclyl, - (CHz)p-heteroaryl, -CeHaS(0)q-Ci alkyl, -C(Ph)s, -CN, -OR?, -O(CH2),.¢-

R?, -0-(CH;),6-OR", -OC(O)R?, -C(O)R?, -C(D)OR?, -OC(O)OR?, -OC(O)NR"R’, -NR'R’,

-NRC(O)R®, -NRC(O)NR®R, -NRC(S)NRPR®, ¢NRS(O)2Rb, -NRC(O)OR®, -C(NR)NRR,
-C(=NOR"R®, -C(=NOH)NRR®, -C(O)NR'R®, -C(=NCN)-NR°R, -C(=NR)NR’R®, -
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C(= NRb)SR° “NRYC(=NCN)SR®, -CONR’SO,R?, -C(S)NR'R’, -S(O)qRa -SO,NR'R®, -
SOwNRaC(O)Rb -OS(O),R?, -PO(OR®),. -NO,, -CN, mercapto,

where p is 0-6, q is 0-2, and each R® R® and R°® is independently selected from H, Cy.
alkyl, C,¢ alkenyl, Cs¢ alkynyl, Cs.; cycloalkyl, C47 cycloalkenyl, aryl, heterocyclyl,
heteroaryl, Ci. alkylaryl, C,.¢ alkylheteroaryl, and C,; alkylheterocyclyl, wherein the
alkyl, alkeﬁyl. alkynyl, cycloalkyl, cycloalkenyl, aryl, heterocyclyl, heteroaryl, C,
alkylaryl, C,.¢ alkylheteroaryl, or C,.¢ alkylheterocyclyl, may be opfionally substituted with
one to six of same or different groups selected bfrom halogen, hydroxy, lower alkyl, lower
alkoxy, - CO;H, CF;, CN, phenyl, NH; and -NQ,; or when R® and R® are attached to the
same nitrogen atom, the); may, together with the atom to which they are attached, form a 5-

to 7- membered nitrogen containing heterocyclic ring.
In certain embodiments, Y is ethyl and Q is morpholinyl.

In certain embodiments, an inventive method comprises the formation of an acrylate ester
of formula (2b) from the acid chloride (formula (2a)) of 2-chloro-3-nitro-nicotinic acid
(formula (2)); and a subsequerit cyclisation step (in situ) to form a 1,8-naphthyridine of

formula (3).. The preparation of a compound of formula (2) is detailed in WO

.2008/046135. The substituted pyrldme of formula (2) is commercmlly available from

Shanghai FWD Chemicals Limited.

In a further aspect, the present invention provides methods of preparing a compound of

formula (2b):

Mo LR @

wherein R and R' are independently lower alkyl;

comprising:
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a) treating a compound of formula (2)
o
O,N
= OH
| ' @
N
N Cl
5 with a chlorinating agent, under conditions sufficient to obtain a compound

15

20

25

of formula (2a) ,
O

0N R
7 o ea)
N Cl )
- b) treating the compound of formula (2a) from step a) with a non-nucleophilic

base and lower alkyl < N,N-lower dialkyl aminoacrylate to obtain a

compound of formula (2b).

In some embodiments, the chlorinating agent is selected from thionyl chloride, oxalyl
chloride, pivaloyl chloride, phosbhorus pentachloride, and phosphorus oxychloride. In

certain embodiments, the chlorinating agent is thionyl chloride.

In some embodiments, a compound of formula (2) is treated with 2 to 4 equivalents of
thiony! chloride in a chlorinated solvent. In certain embodiments, the chlorinated solvent
is chloroform. In certain embodiments, the reaction is conducted at reflux. In certain
embodiments, the reaction is conducted in the presence of a catalytic amount of DMF
(dimethyl formamide). lnycertain embodiments, between about 1-10% of DMF (relative to
chloroform) is added, ;md in another embodiment about 2-5%, and in a further

embodiment about 2.5% DMF.

In certain embodiments, a compound- of formula (2) is treated with about 2 to 4 equivalénts
of thionyl chloride in chloroform at reflux wherein the chloroform comprises about 2-5%
DMF, or in another embodiment about 2.5% DMF (relative to chloroform). In certain -

embodiments, completion of the reaction is monitored by treating an aliquot of the reaction
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mixture with methanol to form the methyl ester and the relative concentrations of ester and

acid is determined by HPLC.

In some embodiments, after acid chloride formation to give a compound of formula (2a),

the reaction mixture is reduced, in vacuo or by distillation (or both) to remove or at least

" minimise the amount of unreacted or excess chlorinating agent (for example, thionyl

chloride).

Acid chloride (2a) is then dissolved in a polar aprotic solvent (for example, acetonitrile)
and treatéd with a solution of lower alkyl N,N-lower dialkyl aminoacrylate and a non-
nucleophilic organic base such as tricthylamine (TEA), N N-diisopropylethylamine
(Hiinigs base), or 1,8-diazabicycloundec-7-ene (DBU), to form a compound of formula
(2b). In certain embodiments, the acrylate is ethyl N,N-dimethyl aminoacrylate
(commercially available from Alfa Aesar) In certain embodiments, the solvent is
acetonitrile. In other embodiments the acrylate is ethyl N, N-diethylamino acrylate or
methyl N,N-diethylamino acrylate. Accordingly, in certain embodiments, both R' are
ethyl. In other embodiments, both R' are methyl. In certain embodiments, a compound of
formula (2a) is treated with about 2-6 molar equivafents of TEA and about 1.5-3.0 molar
equivalents of ethyl N,N-dimethyl aminoacrylate. In other embodiments, a compound of

formula (2a) is treated with about 4 molar equivalents of TEA and about [.8 molar

_ equivalents of ethyl N N-dimethyl aminoacrylate.

In certain embodiments, the formation of a compound of formula (2b) by treating acid

chloride (2a) with TEA and ethyl N,N-dimethyl amino acrylate is conducted at room
terhperaturc. In certain embodiments the reaction is conducted at a temperature range of
15-40°C, such as about 15°C, about 20°C, about 30°C, or about 40°C. In certain
embodiments, the reaction is complete within about 2.5-3 hours. An aliquot can be
quenched by MeOH for monitoring by HPLC. -

In some embodiments, ring closure (or the cyclisation step) from a compound of formula

(2b) to a compound of formula (3) occurs with the use of a lower alky! amine as a solvent

~or within a solvent mixture in great excess relative to (2b). In certain embodiments, ring
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closure (i.e., cyclisafion step) from (2b) to (3) occurs-at refluxing temperatures. In an
embodiment the reaction is conducted with acetonitrile under reflux. In certain
embodiments the reaction is conducted at a temperature range of 50-100°C, such as about
50°C, about 60°C, about 70°C, about 80°C, about 90°C or about 100°C. The progress of

" this reaction to form a compound of formula (3) may be followed by standard techniques

- such as thin layer chromatography (TLC), gas chrorhatégraphy, LCMS monitoring, etc.

In some embodiments, the reaction step from (2b) to (3) is conducted by treating (2b) with
an ethylamine solution. ~In certain embodiments, the ethylamine solution is an
approximately 70 wt% ethylamine solution in water. In certain embodiments the
cyclisation step the molar ratio of (2b) to lower alkyl amine is about 1 : 2.5. It will be
appreciated that when this step is conducted with ethylamine this corresponds to Y being
cthyl in the final product (i.c., compounds of formula (1)). In certain embodiments, the

reaction mixture is cooled to about 25-30 °C, added to a large excess of water at about 0-5

°C, and kept at about 0-25 °C for 2-4 hours to give a solid. In certain embodiments, the

solid is separated by filtration, washed with water, and dried.

Further optional purification of a compound of formula (3) may include column

chromatography or recrystallization as the l,8-naphthyridines of formula (3) are usually

characterised as solids.

In certain embodiments, the 6-nitro group of a compound of formula (3) is subjected to

| reducing conditions to form a 6-amino analogue of formula (4). Suitable reducing agents

include Fe and sodium dithionite. The reduction may also be facilitated by hydrogenation

using pafladium (Pd) or Raney nickel as catalysts.

In certain embodiments, the reducing step involves treating a compound of formula (3)
with Fe and an aqueous acid (e.g., HCI or acetic acid) at a temperature of between 40°-

60°C>,A for instance, about 50°-60°C.

In other embodiments, the reducing step involves treating a compound of formula (3) with

sodium dithionite in an aqueous medium. In certain embodiments, the aqueous medium is
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an acetone/water mixture or acetone/HCI mixture. . In certain embodiments, the reduction
is conducted at clevated temperatures, for instance, about 50-70 °C, or for instance, about
50-60 °C.

In certain embodiments, the reduction of a compound of formula (3) occurs via

hydrogenation over Pd or Ni based catalysts. In certain embodiments, the'catalyst is a

- palladium catalyst (e.g., Pd/C). In other embodiments, the catalyst is Raney Ni. In certain

embodiments, the reaction is conducted in a polar solvent, for instance, methanol or
acidified methanol. In certain embodiment, the solvent also contains catalytic amounts of
an acid such as acetic acid or hydrochloride acid. In certain embodiments, the reduction
rqaction is conducted at ambient temperature (room temperature), and with the use of

hydrogen at atmospheric pressure or-at a pressure between 1.8-2.4 kg/em®.

A list of exemplary reducing conditions includes:

@) Fe (3.0 eqs) and HCI (4.0 egs) at 50 °C,
(i)  Fe (3.0 eqs) and Acetic Acid (13-15 Vol) at 55-60 °C;

(iii)  Raney Ni, Hy , MeOH, or DCM+MeOH (1:1) or Aqueous MeOH or Ethyl
acetate; '

(iv)  Raney Ni, Ha, TFA or Acetic Acid(15%) in MeOH;

v) Sodium Dithionite (4.0 egs) in 3:1 acetone:water or acetone:HCI (IN or 2N)
at 55-60 °C; |

(vi)  Pd over Carbon, H; , (MeOH, or MeOH+1N HCI catalytic); and

(viil)  10% Pd over Carbon '(wet), H, (pressure 2 kg/cm?), MeOH, 25-30 °C.

In certain embodiments, the reducing step involves the hydrogenation of (3) to (4) with the

use of Pd/C as a catalyst.

In certain émbodiments, a‘compound of formula (4) is prepared with substantial purity
such that no further purification is required prior to subjecting (4) to the next reaction step.
Processing of (4) from the reaction medium in this regard simply entails separating (4) by
phase separation techniques. The compound of formula (4) can also be subjected to further

purification by column chromatography and/or recrystallisation, for instance, from ethanol.
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In some embodiments, a compound of formula (4) is reacted with 2-indanone
(commercially available from, for instance, Aldrich Chemicals) bS/ reductive amination.

The reductive amination reaction can occur in a single pot reaction using boron-containing

- reducing reagents, including, but not limited to, sodium borohydride, lithium borohydride,

potassium borohydride, sodium triacetoxyborohydride, sodium cyanoborohydride, lithium
triethylborohydride, pyridine borane, picoline borane, 5-ethyl-2-methylpyridine borane,
tert-butylamine-borane in halogenated solvents such as dichlororhethane or 1,2-
dichloroethane, or alcohols such as methanol, ethanol or isopropanoi, or polar aprotic
solvents, such as dimethylsulfoxide, acetonitrile, or ethyl écatatg,_or cthers, such as
tetrahydrofuran, dioxane, or 1,2-dimethoxyethane. In certain embodiments, a lower
carboxylic acid such as acetic acid, propanoic acid, or butanoic acid is used as a co-

solvent.

In certain embodiments, the reduétive_' amination. can also occur in two steps. Firstly by the
formation of an imine in the presence of an acid including, but not limited to, lower
carboxylic acids such as acetic acid, propanoic acid, butanoic acid, or p-toluenesulfonic
acid or Amberlyst resin, and also a dehydrating reagent such as, but not limited to,
magnesium sulphate, sodium sulphate, molecular sieves or TiCls, using, for example,
dichloromethane, ethanol, ethy! acetate, tetrahydrofuran, 1,2-dimethoxyethane, or dimethyl
sulfoxide as solvent. In certain embodiments, the imine formation step is performed in a
Dean Stark apparatus using toluene at 90-110 °C. In the second step, the imine can be
converted to the secondary amine using the boron containing reducing agents as described

above.

In certain embodiments, the:reductive amination is conducted in a mixture of solvents

comprising a halogenated solvent, ethers or alcohols with acetic acid.

In some embodiments, the reaction is conducted with the use of about 1-2.5 molar
equivalents of 2-indanone relative to (4). In certain embodiments, about 1-1.6 molar
equivalents of the borohydride or borane complex relative to (4) are employed. In certain

embodiments, the reaction is conducted in a solvent system comprising a lower carboxylic
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acid such as acetic acid, propanoic acid, or butanoic acid and a solvent, such as ethanol,
methanol, THF, dichloromethane (DCM) or I,2-dichloroethane (DCE). In certain
embodifnents the lower carboxylic acid is acetic acid (AcOH).. In certain embodiments,
the ratio of AcOH : DCE is about 1 ; 1 and the concentration of (4) is about 0.04-0.05 M.
In certain embodiments, the reaction is conducted at temperatures below 40 °C under an
inert atmosphere' (e..g., nitrogen or argon). In other embodiments, the ratio of AcOH :
EtOH is about 4 : 3 and the concentration of (4) is about (0.1-0.2 M. In other embodiments,
the ratio of AcOH : THF is about 5:2, and the concentration of (4) is about 0.05-0.15 M.

In certain embodiments, a compound of formula (4) and 2-indanone are added to a AcOH :
DCE (1:1) solvent system under an inert atmosphere. In certain embodimetns, the
reducing agent (e.g., borohydride) is added in a single portion. The reaction progress can

be monitored by TLC.

In certain embodiments, a compound of formula (4) and 2-indanone are added to AcOH :

EtOH (4:3) solvent system under an inert atmosphere. _In certain embodiments, the

" reducing agent (e.g., 2-methylpyridine borane complex) is added as a single portion. The

reaction progress can be monitored by LCMS.

If required, an additional amount of 2-indanone and reducing agent may be added in order

to ensure that the reaction reaches completion.

Once completed, the reaction may be quenched (e.g., with a sodium hydrogen carbonate
solution) and extracted with an organic solvent such as, for example, a chlorinated solvent
(e.g.. DCM) or ether. The resultant product (5) is ordinarily characterised as a solid and

turther purified (if required) by recrystallization and chromatography.

Accordingly, in a further aspect the invention provides a method of preparing a compound
of formula (5) ’
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wherein R and Y are independently lower alkyl,

comprising:
a) treating a compound of formula (4)
0o O
HN 7 Y oR
> ' (4)
N Nl - B
Y

with 2-indanone and a suitable reducing agent under conditions sufﬁcight to
obtain a compound of formula (5),

wherein the reducing agent is 2-methylpyridine borane complex.

Hydrolysis of a compound of formula (5) to give a compound of formula (6) may be
achieved by any conventional process. In some embodiments, the hydrolysis step is
conducted under basic conditions (using, for instance, sodium hydroxide) in a polar solvent
system (e.g., methanol or ethanol). In certain embodiments, the hydrolysis is conducted by
dissolving a compound of formula (5) in an aqueous NaOl/ethanol solvent system. In

certain embodiments, the hydrolysis is conducted at a temperature ranging from about

- room temperature to about 100 °C (for instance, from about 50 to 90 °C). The hydrolysis

step can be monitored using TLC, and once completed the basic solvent system may be

neutralised by the addition of a suitable acid (e.g. citric acid).

The product acid (i.e. a compound of formula (6)) is typically insoluble once the solvent
system is neutralised and accordingly can be separated from the reaction mixture by simple

filtration. Further purification, if required, can be achieved by recrystallization or other

" techniques known in the art. In other embodiments, the cbmpéiind of formula (6) can be

directly subjectcd to the next process step.

In another aspect, a method of the present invention comprises reacting a compound of
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- formula (6) in situ with an acid activating agent and a nucleophilic QI group to prepare a

1,8-naphthyridine compound of formula (1) (wherein Q is an optionally substituted N-

containing heterocycle or optionally substituted N-containing heteroaryl).

Suitable activating agents include pivaloyl chloride, lower alkyl chloroformates, carbonyl
diimidazole (CDI), N,N'-dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide
(DIC), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI), benzotriazole-1-yl-oxy-
tris-(dimethylamino)-phosphonium  hexafluorophosphate  (BOP),  benzotriazol-1-yl-
oxytripyrrolidinophosphonium  hexafluorophosphate  (PyBOP), hydroxybenzotriazole
(HOBt),  O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
(HBTU), O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
(HATU), and propane phosphonic acid anhydride (T3P).

In certain embodiments, the activating agent is an alkyl chloroformate, such as ethyl

chloroformate, n-propyl chloroformate, isopropyl chloroformate, tert-butyl chloroformate,

. or an acid chloride, such as pivaloyl chloride.

In certain embodiments, the reaction is conducted in the presence of a non-nucleophilic
base such as TEA, Hiinigs base, or 4-dimethylaminopyridihe (DMAP) in a polar solvent,
including, but not limited to, DCM,‘DCE, THEF, or CH3CN.

In other embodiments, a compound of formula (6) is converted to an acid chloride using
suitable conditions_ before reactibn' with a nucleophilic QH group to‘prepare a 1,8 -~
naphthyridine compound of formula (l)' (wherein Q is an optionally substitutéd N-
containing heterocycle or optionally substituted N-containing heteroaryl). It has been

found, however, that in such a process care needs to be taken to ensure that any

* chlorination step does not chlorinate at the 4-oxo-position which may lead to undesirable

by-products and reduced yields.
In certain embodiments, QH is morpholine.

Suitable conditions for the formation of an acid chloride include treatment of a solution of
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a compound of formula (6) in dichloromethane with 1-2 molar equivalenté of thionyl
chloride, or oxalyl chloride at 0-20 °C. In certain embodiments, the reaction is performed

in the preSence of dimethylformamide (5-10% relative to dichloromethane).

In certain embodiments, the reaction is performed by treatihg a compound bf formula (6)
with an activating agent at a below ambient temperature (e.g., ~0-15°C) and then adding
the QH (preferably at about 1-1.2 molar equivalents relative to the compound of formula
(6)) and allowing the reaction mixture to warm to room temperature or slightly higher, for

instance, 50 °C. The reaction progress can be monitored by TLC.

. . / :
The present inventors have also discovered that a compound of formula (1) can be
recovered in high purity from the final reaction step by washing the reaction mixture with a
weakly basic solution (for instance, an aqueous NaHCO;j solution) which removes much of

the unreacted acid (6).
Further purification of (1), if required, may be conducted by standard techniques.

In certain embodiments, methods described herein allow for an overall yield of at least
15%, at least 20%, at least 25%, at [east 30%, at least 40%, at least 50%, at least 60%, or at
least 70% when performed on a gram scale or larger. In certain embodiments, methods
described herein allow for an overall yield of at least 15%, at least 20%, at least 25%, at
least 30%, at least 40%, at least 50%, at Ieést 60%, or at least 70% when performed on a
ten gram scale or larger. In certain embodiments, methods described herein allow'for an’
overall yield of at least 15%, at least 20%, at least 25%, at least 30%, at least 40%, at least
50%, at least 60%, or at least 70% when performed on a hundred gram scale or larger. In |
certain 'embodiments, methods described herein allow for an overall yield of at least 15%,

at least 20%, at lbeast 25%, at least 30%, at least 40%, at least 50%, at least 60%, or at least

70% when performed on a five hundred gram scale or larger. In certain embodiments,

methods described herein allow for an overall yielrd of at least 15%, at least 20%, at least
25%, at least 30%, at least 40%, at least 50%, at least 60%. or at least 70% when
performed on a kilo gram ‘scale or larger. In certain embodiments, methods described

herein allow for an overall yield of at least 15%, at least 20%, at least 25%, at least 30%, at
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least 40%, at least 50%, at least 60%, or at least 70% when performed on a hundred

kilogram scale or larger.

sIn relation to any one of the aforementioned scales the reductive amination step allows for
a yield of isolated product of from about 60-80%, for instance, about 60%, about 65%,
about 70%, about 75%, or about 80%. In certain embodiments the reductive amination

step allows for an isolated yield of about 65% - 80%.

In certain embodiments, the methods of the present invention are performed on a multi-
gram scale. In certain embodiments, the methods of the present invention are performed
on a kilogram scale. In certain embodiments, the methods of the present invention- are
performed on a multi-kilogram scale. In certain embodiments, the methods of the present

invention are performed on an industrial scale (e.g., greater than hundreds of kilograms).

The following examples are intended to illustrate the invention and are not to be construed

as being limitations thereon.

Examples

Ethyl 1-ethyl-6-nitro-4-oxo-1,8-naphthyridine-3-carboxylate:

Step 1:2-Chloro-5-nitronicotinic acid (5.0 kg) was added to chloroform (20.0 L) at 25-30
°C under a nitrogen atmosphere. N,N-dimethylformamide (500 g) and thiony! chloride
(6.0 kg) was sequentially added to the flask at 25-30 °C under a nitrogen atmosphere and
‘the reaction mixture was heated to reflux. The reaction was monitored by quenching 1.0
mL of the reaction mixture with 10.0 mL of methanol and recording the HPLC for 2-
chloro-5-nitronicotinic acid (should be not more than 10%). After comp]etioﬁ of the

reaction (~3h), the reaction mass was cooled to 40-45 °C, and the organic solvents were
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- distilled under vacuum below 45 °C. The residue was cooled to 25-30 °C, and acetonitrile

(10.0 L) was added at 25-30 °C with stirring.

Step 2: Triethylamine (10.0 kg), ethyl—3—(N,N-dimethylamino)acrylate and acetonitrile
(12.5 L) were added to a glass flask at 25-30 °C. The acid chloride solution prepared at
step 1 was added to the reaction flask at 25-30 °C and the mixture was stirred for 2.5 h.
The reaction mixture was monitored by quenching 0.5 mL of reaction mixture with 0.5 mL
of methanol and recording the HPLC for methyl ester of 2-chloro-S-nitronicotinic acid
(should be. not more than 5.0%). After completion of the reaction (%4 h), 4.0 L of aqueous
ethylamine solution (70%) was added élowly (~2.5 h), maintaining the reaction

temperature at 25-30 °C. The reaction mixture was heated to reflux for 2.5 h and monitored

' By HPLC for intermediate acrylate ester content (should be not more than 2.0%). The

reaction was found to be complete by 8 h, and the reaction mixture was then cooled to 25-

30 °C and maintained at this temperature for 3 h.-

Step 3: 300.0 L of water was cooled to 0-5 °C in glass-lined reactor, and the reaction
mixture from Step 2 was poured intc_> it, ma{ntaining the reactor temperature below 5 °C.
The reaction mixture was kept at 0-5 °C for ~3 h and the solid separated was filtered
through Nutsche filter. The solvents were removed by filtration under vacuum. The wet
cake was suspended in diethyl ether (25.0 L), mixed thoroughly and filtered through a
Nutsche filter. The solvent was removed by filtration under vacuum and then material was
loaded into‘drying trays. The solid was dried at 50-55 °C with hot air dryers until the water
content was below 2.0% and then cooled to 25-30 °C to yield 68% of desired ester as a
solid. '"H NMR (DMSO-dé, SOOMHZ): 1.31(3H, t, J =7.0 Hz), 1.40(3H, t, J =7.0 FHZ),
4.27(2H, q, J =7.0 Hz), 4.54(2H, q, J =7.0 Hz), 8.96(1H, s), 9.07(1H, d, J =2.5 Hz), 9.59
(1H, d, J =2.5 Hz). >C NMR (DMSO0-d6, 125MHz): 14.16, 14453,.'46.63, 60.27, 113.00,
121.54, 131.45, 140.97, 147.70, 150.61, 151.22, 163.49, 172.57. '
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Ethyl 6-amino-1-ethyl-4-o0xo-1,8-naphthyridine-3-carboxylate:
The reactor was flushed with nitrogen gas continuously for 2-3 minutes. Methanol (255.0
L) was added to the reactor at 25-30 °C under nitrogen atmosphere. 306 g of palladium on

carbon ( 10.0%) and ethyl 1-ethyl-6-nitro-4-oxo-1,8-naphthyridine-3-carboxylate (5.1 kg)

- was added to rcactorvsequentially under nitrogen atmosphere at 25-30 °C. The reactor

pressure was increased to 1.0kg/cm’® with nitrogen and then released slowly. This process
was repeated three times. The reactor was filled with hydrogen gas and"pressure was
increased to 1.0 kg/cm’ and then slowly released. This process was repeated three times
and finally the hydrogen gas pressure was increased to 2.0 kg/cm® at 25-30 °C and

maintained thereafter for 60-72 hrs.

The reaction progress was monitored by HPLC for consumption of starting material
(should be no more than 2.0%) and intermediate hydroxylamine (should be no more than
10.0%). If the reaction progress was too slow, the hydrogen pressure was released slole
and additional 10% palladium over carbon (50 g) and methanol (50.0 L) were added and
hydrogen pressure (2.0 kg/cm?) was re-established. After completioh of the reacﬁon (64-75
h), the hydrogen pressure was released slowly and reactor was filled with nitrogen gaS up
to 1.0 kg/cm’. The nitrogen pressure was released slowly and dichloromethane-(128.0 L)

was added.

A Hyflow bed was prepared in Nutsche filter with 2.60 kg of Hyflow and 29.1 L of

dichloromethane. The filtrate was discarded. The reaction mixture was then filtered

through the Hyflow bed under vacuum. The Hyflow bed was washed with a mixture of
methanol (38.3 L) and dichloromethane (38.3 L). The filter was again subjected to

vacuum. Filtrate was transferred into distillation flask and solvents were evaporated under
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vacuum below 50°C. The flask was cooled to 25-30 °C and acetone was added (25.5 L) at
25-30 °C. The reaction mixture was stirred at 25-30°C and then filtered through Nutsche
filter under vacuum. The material was transferred to drying trays uniformly and dried With
hot-air dryers at 40-45 °C dryers until the water content was below 0.5% and then cooled
to 25-30 °C to yield 65% of desired compound as a solid. 'H NMR (DMSO-d6, 500MHz):
1.29(3H, t, J = 8.4Hz), 1.353H, t, J =7.0Hz), 4.23(2H, q, J =7.0Hz), 4.4.3(2H, q J
=7.0Hz), 5.80(2H, s), 7.67(1H, s), 8.26(1H, d, J = 2.0 Hz), 8.67 (1H, s). °C NMR
(DMSO0-de6, IVZSMHz): 14.32, 15.08, 45.81, 59.51, 108.77, 115.12, 123.87, 140.08, 140.67,
143.57, 146.82, 164.69, 173.30.

H O O
, N 0/\‘>
, Y]
. NNK

Ethyl 1-ethyl-6-(indan-2-ylamino)-4-0xo-1,8-naphthyridine-3-carboxylate
Stepl: 180 L of l,2-dichlofoethane (water content no mdre than 0.1%) and sodium

borohydride (785 g) were sequentially added to a flask at 25-30 °C under nitrogen |
atmosphere. The reaction solution was cboled to 0-5 °C and 4.30 L of acetic acid (water
content ‘no more than 0.1%) was slowly added to reaction flask maintaining the

temperature at 0-10 °C. The reaction mixture was warmed to 25-30 °C and maintained at

- this temperature for 12 h.
20 '

Step 2: 1,2-dichloroethane (118.8 L), sodium sulphate (19.3 kg) and ethyl 6-amino-1 -ethyl-
4-oxo-1,8-naphfhyridine-3-carboxylate (3.6 kg) were added sequentially to the -reactor at
25-30 °C under a nitrogen atmosphere and cooled to 0-5 °C. 2-Indanone (1.80 kg) was
added to the reaction mixture under stirring at.0-5 °C, followed by slow addition of acetic
acid (136.8 L) keeping temperature at 0-5 °C. The reaction mixture was stirred at 0-5°C for
10-15-minutes. 13.8 L of sodium triacetoxy borohydride solution (prepared at step 1) was -
added slowly in three instalments of 4.6 L each at 0-5 °C and stirred at 0-5 °C for 2h. Then,
sodium sulphate (10.1 kg) and 2-indanone (878 g) were sequentially added to reaction

mixture at 0-5 °C. 8.0 L of the sodium triacetoi(y borohydride solution (prépared at step 1)
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were slowly added to the reaction ‘mixture at 0-5 °C and the reaction mixture was
maintained at 0-5°C for 10-12 h. The reaction prbgress was monitored by TLC for
disappearance of starting material. After the completion of reaction (15 h), solvents were
removed under vacuum below 60 °C and the reaction mass was cooled to 25-30 °C.
Dichloromethane (72.0 L) was added to reaction mixture with stirring at 25-30 °C and
stirring was continued for 20-30 minutes. Then, reaction mixture pH was adjusted to 7-8
with aqueous sodium bicarbonate solution (prepared by dissolving 36 kg of sodium
bicarbonate in 324 L of water) and the reaction mixture was stirred at 25-30 °C for 10-15
minutes. Two layers were allowed to separate over 15-20 minutes and then the organic
layer was separated. Aqueous layer was washed with 36 L of dichloromethane twice and
all organic layers were pooled, washed twice with water (2 x 36 L) and with aqueous
sodium chloride solution (prepared by dissolving 7.2 kg of sodium chloride in 28.8 L of
water); and finally dried over anhydrous sodium sulphate (1.8 kg) at 25-30 °C by stirring
for 15-20 minutes. The solution was filtered through a Nutsche filter. The filtrate was

transferred to a reactor and solvents were distilled under vacuum below 40 °C.

Silica gel (25.2 kg) was adde‘d‘ to plugged column and the crude réaction mass was loaded
on column. The column was eluted with dichloromethane (1728.0 L), 5% ethyl acetate in
dichloromethane (864 L), 7.5% ethyl acetate in dichloromethane (865 L) and 10% ethyl
acetate in dichloromethane (1500 L). The fractions was analysed by TLC and the fractions

containing pure material were pooled together in a reactor. The solvent was distilled out

under vacuum below 45 °C and the remaining mass was cooled to 25-30 °C. Diethyl ether
(14.4 L) was added to reactor at 25-30 °C and stirred for 2.0 h. The reaction mass was
filtered through Nutsche filter. The solid was spread over drying trays and dried with hot-
air dryer at 35-40 °C yielding 2.2 kg of desired prdduct as solid. '"H NMR (DMSO-d6,
500MHz): 1.293H, t, J =7.0Hz), 1.36(3H, t, J = 7.0Hz), 2.84-2.88(2H, m), 3.5-3.39(2H,
m), 4.22(2H, q. J = 7.0Hz), 4.31-4.33(1H,m), 4.44(2H, q, J = 7.0Hz), 6.73(1H, 4, J =
6.5Hz), 7.16-7.17(2H. m), 7.25-7.27(ZH, m), 7.59(1H, 4, J = 3.0 Hz), 8.35(1H,d,J =3.0

" Hz), 8.68 (1H, s). >)C NMR (DMSO-d6, 125MHz): 14.29, 15.10, 45.85, 53.07, 59.52,

109.00, 112.15, 123.78, 124.60, 126.36, 140.04, 140.69, 141.21, 142,78, 146.65, 164.72,
173.17. C '



CA 02835450 2013-11-08

WO 2012/151640 PCT/AU2012/000533

10

20

25

224 .
; l];} (0] 0O
a2 Ly
N7 NK

1-Ethyl—6-(indan-2—yIamino)—4—oxo-1,8,-naphthyridine-3-carboxylic acid;
Ethanol (42.0 L) was added to reactor at.25—30 °C, followed by ethyl 1-ethyl-6-(indan-2-
ylamino)-4—oxo-1,8-naphthyridin¢-3-carboxylate (4.20 kg) with stirring. Aqueous sodium
hydroxide solution (prepared by dissolving 3.4 kg of sodium hydroxide into 42.0 L of
water) was added to reaction mixture at 25-30 °C and reactor temperature was raised to 50-
55 °C. The reaction mixture was stirred at 50-55 °C for 2 h and reaction progress was
monitored by TLC. After completion of hydrolysis (~3 h), the reaction mass was.cooled to
25-30 °C and pH was adjusted to 5-6 by addition of citric acid solution (prepared by
dissolving 5.2 kg of citric acid in 47.0 L of water). The reaction mass was stirred for 20-25
minutes at 25-30 °C and filtered, the solid mass was washed with water (42.0 L) and
acetone (21.0 L). The material was transferred to drying trays and dried with hot-air dryer
at 70-75 °C until the water content decreased to 1.0%, yielding the desired compound
(90%) as a solid. 'H VNMR (DMSO-d6, SOOMHZ): 1.40(3H, t, J = 7.0Hz), 2.86-2.90(2H,
m), 3.37-3.41(2H, m), 4.38(1H, d, J = 5.5 Hz), 4.62(2H, q, J = 7.0Hz), 7.06(1H, d,J=
6.0Hz), 7.].7-7.'18(2H. m), 7.26-7.27(2H, m), 7.60(1H, d, J = 2.5 Hz), 8.52(1H,d,.J =2.0"
Hz), 9.00 (1H, s), 15.30(1H, s). >C NMR (DMSO-d6, 125MHz): 15.19, 46.92, 52.92,
107.12, 109.42, 121.58, 124.63, 126.41, 140.11, 141.12, 143.33, 143.43, 145.93, 166.12,
177.53. '

6-(2,3-Dihydro-1H-inden-2-ylamino)-1-ethyl-3-(morpholin-4-ylcarbonyl)-1 ,8-

naphthyridin-4(1H)-one
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" Step 1: 160.0 L of dichloromethane (water content should be no more than 0.1%), 1-ethyl-

6-(indan-2-ylamino)-4-oxo-1 ,8-naphthyridine-3-carboxylic acid (4.0 kg) and triethylamine
(3.5 kg) were sequentially added to reactor at 25-30°C under nitrogen atmosphere and the
reaction mixture was coQIed to 10-15 °C. Pivaloyl chloride (4.1 kg) was slowl'y added to
reaction . mixture keeping the reaction temperature at 10-15°C. Then, the reaction
temperature was raised to 25-30 °C and stirred. The reaction progress was monitored by
TLC for disappearance of starting material. After completion of reaction (3-4 h), the
reaction mixture was again cooled to 15-20 °C and morpholine (6.0 kg) was added with
stirring, keeping the reaction temperature at 15- 20 °C. N,N-Dimethyl-4-aminopyridine
(194 g) and DMF (2.0 L) were added to the reaction mixture at 15-20 °C and heated to
reflux. The reaction progress was monitored by TLC for the disappearance of intermediate
pivaloyl ester and found to be complete within 12-13 h. The reaction mixture was cooled
to 15-20 °C and then quenched by addition of aqueous sodium bicarbonate solution
(prepared by dissolving 5.6 kg of sodium bicarbonate ih 56.0 L of water) with stifring. The
organic layer was separated and washed with aqueous sodium chloride solution (prepared
by dissolvi.ng 23.0 kg of sodium chloride in 57.0 L of water). The organic layer was
separated and dried by stirring with anhydrous sodium sulphate (4.0 kg). The organic layer
was filtered through a Nutsche filter and the sodium sulphate was washed with
dichioromethane, The filtrate was transferred into a flask and evaporated under vacuum
below 40 °C. The resulting material in the flask was cooled to 25-30 °C and suspended in
diethyl ether (40.0 L). The solid separated was filtered using a Nutsche filter and washed
with diethyl ether (8.0 L) ‘and the isolated wet solid was dissolved in dichloromethane
(20.0 L). The solution (10.0 L) was then filtered through a silica gel plug (10.0 kg) with
dichloromethane (36.0 L), followed by 10 L of 10% methanol in dichloromethane. The
silica gel filter was dried under vacuum. Similarly, the remaining portion of solution (10.0
L) was filtered through another éilica gel plug (10.0 kg). The combined filtrate was
evaporated under vacuum below 40 °C and then residual solid was suspended in ethyl

acetate (20.0 L) with stirring at 25-30 oc. The solid separated was filtered through Nutsche

* filter and washed with ethyl acetate (4.0 Lﬂ). The filter was dried under vacuum and then

material was transferred to drying trays and dried at 40-45 °C. Yield (2.36 Kg). 'H NMR
(DMSO-d6, 500MHz): 1.49 (3H, t, J = 7.2Hz), 2.91(2H, dd, J = 3.5Hz, 16.0 Hz), 3.42-
3.47(4H, m), 3.80(6H, s), 4.25-4.26(1H, bd), 4.40-4.48(3H, m), 7.20-7.25(4H, m),
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7.82(1H, d, J = 3.0Hz), 8.09 (1H, 5), 8.18(1H, d, J = 3.0Hz). '>C NMR (CDCls, 150MHz):
15.27, 39.87, 43.05, 46.66, 48.09, 53.93, 66.80, 67.40, 113.27, 116.71, 123.22, 124.92,
126.78, 140.87, 141.46, 141.83, 141.90, 143.84, 166.27, 173.38.

Alternative methodologies for preparing:

Ethyl 1-ethyl-6-(indan-2-ylamino)-4-oxo0-1,8-naphthyridine-3-carboxylate
H O O .
YLy
N~ l\ll\ ‘

Method A. To a suspension of et‘hyl 6-amino-1-ethyl-4-oxo--1,8-naphthyridine-3-
carboxylate (262 mg, 1.0 mmol) in anhydrous THF (3 mL) was added acetic acid (6 mL),
and the mixture was stirred until all solids _weﬁt into solution (may need to warm up to 40-
45 °C). 2-Indanone (210 mg, 1.6 mmol) was added to the reaction mixture and stirred until
completion of imine formation (indicated by disappearance of starting material by LCMS)
(~30 min to | h). 2-Picoline borane complex (140 mg, 1.3 mmol) was added to reaction
mixture and stirred vigorously to completion of imine reduction (disappearance of imine

by LCMS). The reaction mixture was transferred to a beaker, diluted with ethyl acetate (20

. mL), added an ice-cooled aqueous sodium hydroxide solution (1.0 M) (~90 mL, enough to’

quench almost 90% of acetic acid) and then basified with solid sodium bicarbonate. The
organic layer was separated, washed with brine, dried over MgSQO4 and evaporatéd under

reduced pressure to dryness. The crude was dissolved in dichloromethane (20 mL) and

- hexane (~20 mL) was added dropwise to cloudiness. The solid separated was washed with

1/1 mixture of diethyl ether and hexane to yield the desired compound as yellow solid
(vield: 70%, HPLC Purity: 95%). ’

Method B. Step 1: To a suspension of ethyl 6-amino-1-ethyl-4-0x0-1,8-naphthyridine-3-

carboxylate (261 mg, 1 mmol) in 4 mL of 1,2-dimethoxyethane was added acetic acid (8
mL) and the mixture was stirred until all solids went into solution (may need to warm up to

40-45 °C). 2-Indanone (180mg, 1.4 mmol) was added to reaction mixture and stirred for }
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h. The reaction mixture was diluted with anhydrous diethyl ether (10 mL), the solid

_ separated was filtered, washed with cold diethyl ether and dried under vacuum to yield

imine as dark yellow solid (275 mg, 74%).

Step 2: Imine (275 mg, 0.74 mmol) was suspended in MeOH (5 mL) and acetic acid (5
mlL), sodium cyanoborohydride (95 mg, 1.5 mmol) was added, and the mixture was
vigorously stirred for 1 h. The reaction mixture was transferred to a beaker, diluted with
cthyl acetate (40 mL), an ice-cooled aqueous sodium hydroxide solution (35 mL, 2.0 M)
was added (enough to quench almost 90% of acetic acid) and then the reaction mixture was.
further basified with solid sodium bicarbonate to pH 7-8. The organic layer was sepa_rated,
washed with brine, dried over MgSQ, and evaporated under reduced pressure to dryness to

dark yellow solid (260 mg, 95%, HPLC purity: 87%) .

Other Alternative Methods. To a suspension of ethyl 6-amino-1-ethyl-4-oxo-1,8-

naphthyridine-3-carboxylate in a solvent specified in Table 1 was added acetic acid and the

mixture was stirred until all solids went into solution (may need to warm up to 40-45 °C).
2-Indanone was added to reaction mixture and stirred to completion of imine formation
(indicated by disappearance of étarting material in LCMS) (~30 min to 1 h). Boron
reducing agent (as listed in Table 1) was added to reaction mixture and stirred vigorously
to completion of imine reduction (disappearance of imine in LCMS). The reaction mixture
was fransferred toa beaker, diluted with ethyl acetate, added an ice-cooled aqueous sodium
hydroxide solution (1.0 M) (enough to quench almost 90% of acetic acid) and then further

basified with solid sodium bicarbonate to pH 7.8. The organic layer was separated, washed |
with brine, dried over MgSO, and evaporated under reduced pressure to dryness. Where
specified in Table 1, the crude was passed through a plug of silica gel with increasing

gradient of EtOAc in DCM to offer the required product as dark yellow solid.
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Amine | 2-Indanone (eq) Solvent Reaction | Yield
| /Reducing Agent Solvents (Ratio) Total Time (h) | %
_ (eq) ' Volume
1. | 262 25 eq /| THF/AcOH(2/5) 14mL [25h 65**
mg Na(OAc);BH (2.5
eq)
2. 1100 1.2eq/ THF/AcOH (1/2) 45mL |25h 64*
mg Na(OAc);BH
(2.5eq)
3. | 100 1.2 eqs/ DCM/AcOH (1/2) } 45mL [25h 59*
|mg | Na(OAc);BH
(2.5¢q) -
4. 12.61g. |13eqgs./ EtOH/AcOH(3/4) 70mL [ 25h 74%*
NaCNBHj; (2.0
. eqs.)
S. | 261 1.5eq/ 1,2-DME/AcOH 10mL |25h 78*
» mg' NaCNBH; (1.2 (/1) |
eq) |
6. | 261 1.5eq/ 1,2-DME/AcOH 10mL |25h 73*
mg’ | NaCNBH; (1.2 | (1/1)
eq)
7. 1150 1.3eq/ THF/AcOH (1/2) 6 mL 25h 57*
mg NaCNBH; (1.7 |
eq)
8..]150 1.7eq/ | EtOAc/MeOH/AcOH | 5mL 20h. | 75%
mg NaCNBH; (1.2 ansy -
cq)
9. 1261 1.1 egs/ MeOH/AcOH(2/3) SmL [1.0h 70*
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Amine | 2-Indanone (eq) | - Solvent Reaction | Yield
/Reducing Agent Solvents (Ratio) | Total Time (h) | %
(eq) Volume
mg | NaCNBH;(1.7
eq)

10

15

20

25

* Yield from LCMS-HPLC of crude.
** Isolated yield after column purification.

# Anhydrous MgSOy (10 eq) was added to reé_ction mixture.

Alternative methodologies for preparing:

6-(2,3-Dihydre-1H-inden-2-ylamino)-1-ethyl-3-(merpholin-4-ylcarbony!)-1,8-
naphthyridin-4(1H)-one

PO

Method A. To a suspension of ]-efhyl-6-(indan-2-ylamino)-4-oxo-1,8-naphthyridinc-3;
carboxylic acid (350 mg, 1 mmol) in anhydrous DCM (16 mL) was added NEt; (280 puL, 2 .

" mmol) and the reaction mixture was cooled to 0 °C in ice bath. Ethyl chloroformate (143

uL, 1.5 mmol) was added to reaction mixture via syringe and the reaction was stirred for
10 min. The ice bath was removed and the reaction temperatufe was allowed to rise to
room temperature and stirred to completion of reaction (~20 min). The reaction mixture
was again cooled in ice-bath and morpholine (26! mg, 3 mmol) was added via syringe.
The reaction mixture stirred at room temperature until the amide formation was complete
(~30 min). The reaction mixture was again cooled in ice-bath and quencﬁed by addition of
few drops of methanol, then diluted with ethyl acetate. The organic layer was washed with
NaHCO;- (sat. aq.), brine, separated, dried over MgSO; and evaporated- to dryness. The
crude was dissolved in MeOH (5 mL) and hot water (7 mL, at ~70 °C) was added to it. The
solid separated was filtered and dried under high vacuum to yield the required material as
pale yellow solid (350 mg, 84%, HPLC Purity: 99%).
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Method B. To a suspension of [-ethyl-6-(indan-2-ylamino)-4-oxo-1,8-naphthyridine-3-
carboxylic acid (248 mg, 0.7 mmol) in 1/l DCM/DMF (12mL) was added morpholine
(400uL, 4.6 mmol), followed by HATU (305 mg, 0.8 mmol) in one portion. The reaction

5 was warmed to 50 °C until the completion of reaction (~1 h).. The reaction was quenched
with NaHCO; (sat. aq.) and extracted with DCM. The extracts were combined, wéshed' |
with H>O and brine, dried over MgSQ,, filtered and concentrated in vacuo. The crude was
passed through a small plug of silica gel with increasing gradient of MeOH (1% to 5%) in
DCM to yield required as pale yellow solid (164 mg, 55%).
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WE CLAIM:

1. A method of preparing a compound of formula (1)

ﬁ QO O
N/ ITI
Y

wherein Q is an optionally substituted N-containing heterocyclyl or optionally substituted
N-containing heteroaryl, and Y is a lower alkyl group;

said method comprising:

a) treating a compound of formula (2)
0}
O;N
N
| OH @)
NS
N Cl

with an acid activating agent, a non-nucleophilic base, lower alkyl N,N-
lower dialkyl aminoacrylate and lower alkylamine, under conditions

sufficient to obtain a compound of formula (3)

(0] (0]
O;N = OR
< I ®)
Ny
Y

wherein R is lower alkyl,
b) reducing the nitro group of the compound of formula (3) from step (a) to

obtain a compound of formula (4)

o 0
HN._~ OR
< M @
NN
Y
c) treating the compound of formula (4) from step (b) with 2-indanone and a

suitable reducing agent under conditions sufficient to obtain a compound of

formula (5)

CA 2835450 2019-06-21
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u o O
~
N
Y

d) hydrolysing the compound of formula (5) from step (¢) to obtain a

compound of formula (6); and
H 0 (0]
(T ]
NN
Y

¢) reacting (6) with an acid activating agent and QH, under conditions

sufficient to obtain a compound of formuia (1).

2. The method according to claim 1 wherein the acid activating agent in step a) is

thionyl chloride, and the reaction takes place in a chlorinated solvent.

3. The method according to claim 2 wherein the reaction is conducted in the presence

of a catalytic amount of DMF.

4. The method according to any one of claims 1 to 3 wherein the non-nucleophilic

base is tricthylamine (TEA).

5. The method according to any one of claims 1 to 4 wherein the lower alkyl-N,N-

lower dialky! aminoacrylate is ethyl N,N-dimethyl aminoacrylate.

6. The method according to any one of claims 1 to 5 wherein the lower alkyl amine is
ethylamine.
7. The method according to any one of claims 1 to 6 wherein the step of reducing the

nitro group involves subjecting the compound of formula (3) to a suitable reducing agent
which is Fe or sodium dithionite, or hydrogenation of the compound of formula (3) using

palladium (Pd) or Raney nickel as catalysts.

8. The method according to any one of claims 1 to 7 wherein the reducing agent in

step (c) is a boron containing reducing agent which is sodium borohydride, lithium

CA 2835450 2019-06-21
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borohydride, potassium  borohydride, sodium triacetoxyborohydride, sodium
cyanoborohydride, lithium-triethylborohydride, pyridine borane, picoline borane, 5-ethyl-

2-methylpyridine borane, or tert-butylamine-borane.

9. The method according to any one of claims 1 to 8 wherein step (c) is conducted in

the presence of an organic solvent with a lower carboxylic acid used as a co-solvent.

10.  The method according to any one of claims 1 to 9 wherein step (¢) is conducted as

a two-step process with the initial formation of an imine.

11.  The method according to any one of claims 1 to 10 wherein the compound of

formula (4) in step (b) is treated with 1-2.5 molar equivalents of 2-indanone.

12. The method according to any one of claims 1 to 11 wherein the acid activating

agent in step ) is an alkyl chloroformate or an acid chloride.

13.  The method according to claim 12 wherein reaction step (e) is conducted in the

presence of TEA in a chlorinated solvent.

14, The method according to any one of claims 1 to 11 wherein step (e) includes
treatment of a solution of compound of formula (6) in dichloromethane with 1 to 2 molar

equivalents of thionyl chloride or oxalyl chloride at a temperature of 0 to 20 °C.

15. The method according to claim 14 wherein the solution includes DMF at a

concentration of 5 to 10 wt% relative to the dichloromethane.
16.  The method according to any one of claims 1 to 15 wherein QH is morpholine.
17.  The method according to claim 1 wherein step (a) comprises:

reacting a compound of formula (2)

0
O,N
= OH

| (2

CA 2835450 2019-06-21
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with an acid activating chlorinating agent under conditions sufficient to

obtain a compound of formula (2a)

0
ON_~

- I Cl (23)

.

N” ~cl
treating the compound of formula (2a) with a non-nucleophilic base and

lower alkyl N,N-lower dialkyl aminoacrylate to obtain a compound of

formula (2b)
o O
0N 7 | | OR
N R (2b)
N Cl T\IJ
Rl

wherein R and R' are independently lower alkyl; and
reacting the compound of formula (2b) from step (b) with a lower

alkylamine under conditions sufficient to form (3).
18.  The method according to claim 1 wherein the compound of formula (I) obtained

from step (e), is further purified by washing with a weakly basic solution.

19.  The method according to claim 1 wherein step (¢) comprises:

treating a compound of formula (4)

(0] O
H;N % OR
< @)
N
Y

with 2-indanone and a suitable reducing agent under conditions sufficient to
obtain a compound of formula (5),

wherein the reducing agent is 2-methylpyridine borane complex.
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