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ABSTRACT

The present invention provides an improved process for the preparation of exametazime (Formula I),

which is used as ligand in preparation of technetium-99m complex.
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AN IMPROVED PROCESS FOR THE PREPARATION OF EXAMETAZIME

FIELD OF THE INVENTION

Present invention relates to improved process for the preparation of exametazime, which is used as
ligand in preparation of technetium-99m complex.

BACKGROUND OF THE INVENTION

Exametazime (formula I) is a propylene amine oxime ligand, which is used for the preparation of
lipophilic technetium-99m (Tc¢-99m) complex. This complex is used as diagnostic aid (radioactive
imaging agent) as an adjunct in the detection of altered regional cerebral perfusion in stroke and

localization of intra-abdominal infection and inflammatory bowel discase.

H3Cy, NH HN CH; HsC, NH HN__aCHs
Lo Lok X
x* N

HaC l}l ITI/ CH; HsC 1}1 r;l/ CHs
OH OH OH OH

Exametazime

Formula I

The complex is marketed by GE Healthcare under brand name Ceretec® kit, which is having strength
of 0.5 mg exametazime per vial as injectable.

Examctazime is chemically known as (SS,RR)-4,8-diaza-3,6,6,9-tctramcthyl undccanc-2,10-dionc
bisoxime, formerly it was also known as hexamethylpropylene amine oxime (HMPAO). Examctazime
is a racemic mixture of ‘¢’ (formula Ia) and °/° (formula Ib) enantiomers. Exametazime and its
lipophilic complex with technetium-99m (Tc¢-99m) are specifically covered in expired US4789736,
assigned to Amersham Intemational PLC.

US4789736 discloses preparation of exametazime (Scheme 1), which involves reaction of 2,3-
butancdionc monoxime (formula IT) with 2,2-dimcthyl-1,3-propancdiamine (formula I1I) in benzenc,
in presence of acetic acid to afford diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-
diene-2,10-dione bisoxime (formula IV). Benzene is known to be carcinogenic and is not used as
solvent, as per the current norms. The diimine derivative is reduced with sodium borohydride in
aqueous cthanol followed by double recrystallization from acetonitrile to afford pure product, which
1s a mixture of ‘d’, ‘I’ and meso isomers. US4789736 further discloses methods for separation of
meso and d, lisomers cither by normal-phasc HPLC or by fractional crystallisation. Fractional
crystallization method involves double recrystallization of crude product from acetonitrile to afford
dl-enriched material, which is further subjected to slow recrystallization from cthyl acetate to afford

enantiomerically pure d! isomer 1.¢. exametazime, as large clear crystals.



10

15

20

CA 02942280 2016-09-07

WO 2015/145302 PCT/TB2015/051928

HaCo O P<| ?ﬁ
I + Pﬁ meon MO N O LL’Q?, O Ce _NH HNo _cH
Hie” SN NHz NH; ———»~ I I —_ 3 I /Iv\ 3
] 2) Double Recrys. \

H,C” SN N% “CH
OH ’ ° ACN HiC” SN N% CH;
Formulall  Formula Iif OH OH 3 ) I
Formula IV OH OH

Mix. of 'd’, T and
meso isomers

Fractional crystallization;
slow recrystallization

form EtOAc H3C//ll. NH HN CH3 ch NH HN ‘\\\\CH3
°f - X T X
Separation of meso and =

H,c” N N¥C NN NF
d-l-isomers 3 Hy  HiC | | CHs
from Normal phase HPLC OH OH OH OH

la Ib
Formula |
Scheme 1

US4789736 reported 0.8~0.9% of exametazime (formula I) yield from a mixture of ‘d’, ‘I’ and meso
isomers via fractional recrystallization.

CS276287B6 assigned to Ustav Jaderneho Vyzkumu, discloses preparation of exametazime (Scheme
2), the process involves reaction of 2,3-butanedione monoxime (formula IT) with 2,2-dimethyl-1,3-
propanediamine (formula III) in benzene, in presence of weak acid cation Amberlite IRC-50 catalyst
to afford diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3 8-diene-2,10-dione bisoxime
(formula IV). Benzene is known to be carcinogenic and is not used as solvent, as per the current
norms. The dimine derivative is reduced with sodium borohydride in aqueous ethanol to afford
crystals of °d’, °I’ and meso isomers. These crystals are recrystallized three times with ethyl acetate to
give undesired pure meso form. The filtrate of reduction step is diluted with water and extracted with
chloroform. The extracts are evaporated and further recrystallized five times from ethyl acetate to
afford exametazime.

The said process involves multiple recrystallizations, which in tum reduces the overall yield of

cxamctazime.
HsC (0] B
enzene,
I + Amberiite IRC-50 catalyst HeC~ 2N Ny -CHs L)/g‘ﬁ EtOH,

HiC” SN NHp NH, o I I 3—4’ Exametazime

OH HC SN NP e 2) Mulipe Formula |

recrystallization
Formula Il Formula il OH OH y
Formula IV

Scheme 2
KR134565B1 assigned to Korca Inst. Sci. & Tech., discloscs reductive amination method which
involves reaction of 2 3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine
{(formula Iil) in anhydrous methanol, in presence of sodium cyano borohydride to afford a mixture of

2
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‘d’, ‘I’ and meso isomers. This mixture is recrystallized in ethyl acetate to afford exametazime

(Scheme 3). However, the patent is silent about the enantiomeric purity of exametazime.

1) Anhy. MeOH,

H,C O Pﬁ Pﬁ
r NaBHCN  HaOm, NH HN 4CHy HiCa NH HN._ oCH
+ —
HyC” SN NH, NH;  2)Recry. from /[ * ]\
|

) EtOAC HaC \rlv r;l/ CH; HsC \r;l rﬁ/ CH,
H
OH OH OH OH
Formula [l Formula Il
la Ib
Exametazime
Formula | ,
Scheme-3

5 KR615893BI and its divisional patent KR632963B1 assigned to Dong A Pharm. Co. Ltd., discloses a
method for the preparation of exametazime (Scheme 4) by avoiding the fractional crystallizaﬁon step,
the process involves condensation of dimethyl malonic acid with L-alanine methyl ester
hydrochloride and D-alanine methyl ester hydrochloride to get corresponding stereoisomers,
separately. Mixing equivalent moles of these stercoisomers and further reducing them to afford

10  racemic mixture of amino alcohol intermediate. Protecting the nitrogen of amino alcohol intermediate
followed by oxidation and Grignard reaction affords secondary alcohol infermediate, which on
oxidation followed by condensation with hydroxvlamine affords racemic mixture of nitrogen

protected dioxime dernvative. Deprotection of nitrogen affords exametazime.

HCI_HQN/( OWO

COOCH;
L-Alanine Methyl NH HN__ W
ester HCI - i S
0 o TEA, t-BuOCOCI COOCH;  COOCH;
: LAH, THF
—_
-OH OH (0] O
Dimethyl TEA, t-BuOCQCI - e
malonic acid = /n,, NH HN
HOLHaN™NG ey, COOCH;  COOCH;
D-Alanine Methyl
ester HCI
//,,/,rNH HN\( . j/NH HN\E\\ B0 o, NBszN\( . j/NBszNj:\\
15  HO OH HO OH HO OH HO OH
COCIL,/DMSO CH3MgBr, THF
(i-Pr),NEL, DCM ’fa.rNBZBZN + \rNBZBZN w»
CHO CHO CHO CHO
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“Chion TEOH

OH OH OH OH OH OH OH OH
la b

Exametazime (Formula I)
Scheme-4

The process involves multiple steps, which in turn reduces the overall yield of exametazime.
Chemical & Pharmaceutical Bulletin, Volume: 48, Issue: 2, Pages: 288-289, 2000, discloses one-pot
5  procedure for the preparation of exametazime. The process involves reaction of 2,3-butanedione

monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula III) in ethanol, followed by

reduction with sodium borohydride to afford a mixture of ‘d’, ‘I’ and meso isomers. The said article

discloses single recrystallization in ethyl acetate to afford a mixture of (70:30) dI and meso isomers.

The known processes for the preparation of exametazime are not cost effective due to multiple
10 recrystallizations, which is required for the removal of unwanted meso isomer from the raccmic

mixture of d and 1 isomers. The multiple recrystallizations reduce the overall yield of exametazime.

The known processes also use benzene as solvent, which is carcinogenic.

Thus, there is a nced to develop an alternative and improved process for the preparation of

exametazime, which is simple, environment friendly, cost effective and improves the overall yield
15  along with enantiomeric purity of exametazime.

SUMMARY OF THE INVENTION

In first aspect, the present application provides process for preparing exametazime (formula I),

HyCy, NH HN: ZCH3 H3C: NH HN.__ «CHs
/E ¥ j\
N/ \N N/
Lo L

HC” SN CH; HsC CHg
OH OH OH OH

la b
Exametazime

Formula I

20 which comprises the steps of;
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a) reacting 2,3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula
IID), in a suitable solvent, in presence of dehydrating agent to afford diimine derivative 4,8-diaza-

3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime (formula IV),

HaC 0 H;,CIN NICHa

HsCI\N HsC \ff '}‘/ CHa
o NH, NH, OH OH

Formula Il Formula il Formula IV

5  b) reducing diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime
(formula IV) with a suitable reducing agent in a suitable solvent to afford a mixture of ‘d’, ‘I’ and

meso 1Somers,

H3C,,:[NH HNICH3 HSCINH HN]:\\CH3 H‘INH HNIRZ
HaC” SN 'i’/ CHs HsC \l}l r;l/ CHz H,C \hll hll/ CHs
OH OH OH OH OH OH
la b Ic

R1 = Hz =""ICH3; or,
R' = R? = ~\CH,
Mix. of 'd" (formula la), 'f (formula Ib) and meso (formula Ic)
isomers

c) optionally, purifying the mixture of ‘d’, ‘I’ and meso isomers,

10 d) treating the mixture of ‘d’, ‘I’ and meso isomers with d or [ chiral resolving acid to form the
corresponding acid addition salts and separating said one of the enantiomers of exametazime as acid
addition salt,
¢) optionally, purifying the acid addition salt obtained in step (d),

f) treating the mother liquor of step (d) with a suitable base,
15  g)isolating a mixture of ‘d” or ‘I" enantiomer and meso isomer,
h) purifying the mixturc obtained in step (g),
1) treating the mixturc from step (h) with [ or d chiral resolving acid to form the corresponding acid
addition salts and separating said other enantiomer of exametazime as an acid addition salt,
J) optionally, purifving the acid addition salt obtained in step (i),
20 k) mixing the acid addition salt of step (d) or (¢) and step (i) or (j),
1) optionally, purifying the mixture of acid addition salts obtained in step (k),
m) treating thc mixture of acid addition salts of stcp (k) or (1) with a suitablc basc to afford

exametazime and,
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n) optionally, purifying the exametazime.

In second aspect, the present application provides process for preparing exametazime,

HyCy, NH HN_ _gCH; HiCq_NH HN.__CHs
XY
X z

H,C \llu I;l/ CH; HiC |}1 CHj
OH OH OH

Ia |b
Exametazime

o—=z

H

Formula I
5  which comprises the steps of :
a) reacting 2,3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula

III), in a suitable solvent, in presence of dehydrating agent to afford diimine derivative 4,8-diaza-

.

3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime (formula IV),

HsC 0 HgCIN NICH3
HscIN Pﬁ HOTIN T ek,
Ay NH, NH, OH OH

Formula Il ~ Formula il Formula iV

10 b) reducing diimine derivative 4,8-diaza-3 6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime
(formula IV) with a suitable reducing agent in a suitable solvent to afford a mixture of *¢”, ‘I’ and

meso 1SOMmers,

H3C/,,;[NH HNICH3 H3CINH HN]i\\CH;\, R1INH HNIR2
H;C = \[;j = ‘

N lil/ CH3 H,C r;l/ CHs HsC ;;1 CHs
OH OH OH OH 0
la Ib

O-—-z

H OH

lc
R'=R2?="mICHj,; T,

R'=R?=~=CH;,

Mix. of 'd" (formula la), '/’ (formula Ib) and meso (formula Ic)
isomers

c) optionally, purifying the mixture of ‘d’, ‘I” and meso isomers,
15 d) treating the mixture of *d’, ‘I’ and meso isomers with d and I mixture of chiral resolving acid in a

suitablc solvent to afford acid addition salts and scparating the acid addition salts of cxamctazime (d

and / enantiomers),
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e) purifying the acid addition salts of exametazime (d and / enantiomers) obtained in step (d),
f) treating the acid addition salts of exametazime with a suitable base to afford exametazime and,
g) optionally purifying the exametazime.
DETAILED DESCRIPTION OF THE INVENTION
5 In first aspect (Scheme 5), the present application provides process for preparing exametazime

(formula I),

H3C,,:[NH HNICH3 H3CINH HNijHg
+

HsC \Iil ITJ,/ CH; H,C \l]l l;l/ CHs
OH OH OH OH

|a |b
Exametazime

Formula 1
which comprises the steps of ) i
10 a) reacting 2,3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula
III), in a suitable solvent, in presence of dehydrating agent to afford diimine derivative 4,8-diaza-

3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime (formula IV),

N N

- i HSCI \ICHB
HaCIN Pﬂ HaC \l}l |}1/ CHa
Ay NH, NH, OH OH

Formula I Formula il Formula IV

b) reducing diimine derivative 4,8-diaza-3,6,6,9-tctramethylundccane-3,8-dienc-2,10-dionc bisoxime
15 (formula IV) with a suitable reducing agent in a suitable solvent to afford a mixturc of ‘4, ‘I’ and

meso 1somers,

H3C,,:[NH HNICH3 HscINH HNji\\CHg R'. _NH HN R?
NZ A 3 I I
I

H,C7 SN IIJ CH,
OH OH ’ OH OH OH

la tb Ic
R'=R2= “NjCH, ; OT,

R'=R? =~CH;,4

Mix. of 'd" (formula la), 'f (formula Ib) and meso (formula Ic)
isomers

7
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c) optionally, purifying the mixture of ‘4”, ‘I’ and meso isomers,

d) treating the mixture of *d”, ‘I’ and meso isomers with chiral resolving acid to form acid addition
salts and separating one of the enantiomers of exametazime as acid addition salt,

e) optionally, purifying the acid addition salt obtained in step (d),

f) treating the mother liquor of step (d) with a suitable base,

g) isolating a mixture of ‘d’ or ‘I’ enantiomer and meso isomer,

h) purifying the mixture obtained in step (g),

1) treating the mixture from step (h) with chiral resolving acid to form acid addition salts and
separating other enantiomer of exametazime as an acid addition salt,

1) optionally, purifying the acid addition salt obtained in step (i),

k) mixing the acid addition salt of step (d) or (¢) and step (i) or (j),

1) optionally, purifying the mixture of acid addition salts obtained in step (k),

m) treating the mixture of acid addition salts of step (k) or (I) with a suitable basc to afford
exametazime and,

n) optionally, purifying the exametazime.
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H:C 20 Pﬁ HsC. 2N Ny .CHj
Lot X, T —
HaC \N NH, NH, HaC \I}I l:l’ CH; N7 CH,
OH OH OH I 1
Formula li Formula tll Formuia IV OH OH
Mix. of ‘o, 't and
meso isomers

HNICH3

'd" Chiral acidl or

'd" enantiomer and  HaCaNH HN_ aCH;
meso compound
of exametazime

PCT/TB2015/051928

l‘l’ Chiral acid

HaC, NH HN CH
&, 3
L I *
N

‘I enantiomer and
meso compound
of exametazime

(mother liquar) HyC \';‘ NZCHy  HC N f;l’ CHz  (mother liquor)
OH OH OH OH
'd chiral acid sait *I' chiral acid salt
with 7' form with ‘d" form
Treating mother liquor Treating mother liquor
1) Base 1) Base_
2)'I' Chiral acid 2)'d" Chiral acid
H3Cp,, NH HN: :CH3 HsC NH HN]_jCHa
HsC \ri: rlq/ CH; H;C” N r;l/ CHa
OH OH OH OH
‘' chiral acid salt 'd' chiral acid salt
with 'd" form with 'f farm
1) Mixing the 'd" and 7' chiral 1) Mixing the ‘T and 'd" chiral
acid addition salts acid addition saits
2) Base 2) Base
3) Purification 3) Purification
HaCp, NH HN_ gCHy HiCa NH HN_ aCH;
XL : X
HyC \lil ril/ CH3 HiC \I;l rll/ CH;
CH OH OH OH
la b
Exametazime
Scheme 5

In sccond aspeet (Scheme 6), the present application provides process for preparing cxametazime,

HsCy, NH HN__4CHs HyCq NH HN__ (CHs
+
HiC” SN N7 “CH; HyC \r;l I}l/ CHj-
OH OH OH OH
la b
Exametazime
Formula I

which comprises the steps of :

a) reacting 2,3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula
II), in a suitable solvent, in presence of dehydrating agent to afford diimine derivative 4,8-diaza-

3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime (formula IV),

9
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H3CIN % HCTSN NPk,
O NH, NH, OH OH

Formula Il Formula Hl Formula IV

b) reducing diimine derivative 4,8-diaza~3,6,6,9-tctramethylundecanc-3,8-dicne-2,10-dionc bisoxime
(formula IV) with a suitable reducing agent in a suitable solvent to afford a mixture of ‘d”, ‘I" and

meso isomers,

HaC N III CH; H;C I}J N CH; HsC N N CH3
OH OH OH OH OH OH
la tb Ic
R' = R2 ="mICHjy; O,
R'=R?==wCH,
Mix. of 'd" (formula la), 'f (formula Ib) and meso (formula Ic)
5 isomers

c) optionally, purifying the mixture of ‘d’, ‘I’ and meso isomers,
d) treating the mixture of ‘d’, ‘I’ and meso isomers with o and / mixture of chiral resolving acid in a
suitable solvent to afford acid addition salts and separating the acid addition salts of exametazime (d
and / enantiomers),

10 ¢) purifying the acid addition salts of exametazime (d and / enantiomers) obtained in step (d),
f) treating the acid addition salts of exametazime with a suitable base to afford exametazime and,

g) optionally purifying the exametazime.

10
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HsC o H.C N?<r|\| CH HsC m CH
:If F>*(% 3 :Ii jI: 3 8 :I: :Ii ° di-Chiral Acid
+ — m— —_—
= ,;J NH;  NH, x & i N 7z Purification
|

H3C HCT SN NZcH HaC N ~cHs
OH OH OH OH OH
Formula 1l Formula Ill Formula IV Mix. of 'd" ' and

meso isomers

H3C/,,', NH HN CH;  H3C NH HN .‘\\\CHS
J: I j\ di-Chiral acid -Bai-» Exametazime
>

HiC” SN NP SCH; H, " SN N7 “CH,
| | |
OH OH OH OH
dI-Chiral acid addition salt of Exametazime

Scheme 6

Stcp (a) of first and sccond aspects involve, reacting compound of formula TT with the compound of
formula I, in presence of dehydrating agent in a suitable solvent, to afford diimince derivative of
compound of formula TV. The reaction of compound of formula TT with the compound of formula HI
is carried out at suitable temperature, preferably at reflux temperature of solvent to achieve good yield
and purity of compound of formula IV. The reaction can be completed in about 6 to 22 hours,
preferably in about 10 to 18 hours. The complction of reaction can be monitored by any- suitable
technique such as high performance liquid chromatography (HLPC) or thin layer chromatography
(TLC), gas chromatography (GC) and the like.

It is surprisingly found that the use of dehydrating agents during the reaction enhances the reaction

rate and reduces the formation of the unwanted cyclic impurity referred below:

HN NH
X
OH

Cyclic Impurity

Suitable dehydrating agents that may be used in step (a) of first and second aspects include but are not
limited to hydride such as calcium hydride. The dehvdrating agents such as molecular sieves,
anhydrous salts such as magnesium sulphate and sodium sulphate can as well be used.

The compound of formula TIT may be used cither in its frce base form or as its acid addiﬁon salt.
Suitable acid addition salts include, but not limited to, salts with organic or inorganic acids.

‘The compound of formulas II and III can be prepared by any suitable methods known in the art
preferably these can be prepared by the disclosed processes of patents viz. US4789736, US4818813

and EP0123504B1.
11
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Step (b) of first and second aspects involve reduction of diimine derivative of compound of formula
IV with a suitable reducing agent in a suitable solvent to afford a mixture of ‘@, ‘I’ and meso isomers,

which may optionally be purified to achieve higher chemical purity.

H3C,,:[NH HNICH3 H3CINH HN]i\\CH::, R NH - HN
= IN I
i

HsC \r;l Iil/ CH; HZC I?I !il/ CH3 HsC r}l
OH OH OH OH OH OH
la b

RZ

CHs

Ic
R1=R2= "MICH,; OT,
R'=R2=~=.CH,

Mix. of 'd" (formula la), 'I' (formula Ib) and meso (formula lc)
isomers

The reduction of compound of formula TV is carricd out at any suitable tcmpcraturc preferably at
about 0°C to about 30°C, morc preferably at about 5°C to about 20°C. The reduction can be completed
in about 10 to 22 hours, preferably in about 12 to 18 hours. The complction of rcaction can be
monitored by any suitable technique such as high performance liquid chromatography (HLPC) or thin
layer chromatography (TLC), gas chromatography (GC) and the like.

Suitable reducing agent that may be used in step (b) of first and sccond aspects include but arc not
limited to borohydride reagents (e.g., sodium borohydride, sodium cyanoborohydride) and sodium
triacetoxyborohydride and the like. | ‘

The reaction mixture obtained from step (a) and step (b) of first and second aspects may be optionally
processed to remove any insoluble solids, and particles by methods such as decantation,
centrifugation, gravity filtration, suction filtration, or any other techniques for the removal of solids.
The products of step (a) and step (b) of first and second aspects may be isolated directly from the
reaction mixture itself after the reaction is complete in step (a) and step (b) of first and second aspects,
or after conventional work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, the crude product of steps (a) and (b) of first and second aspects
may be directly used for next step or it may be isolated as a éolid. The isolation of the step (a) and step
(b) products of first and second aspects may involve methods including removal of solvent,.cooling,
concentrating the reaction mass, adding an anti-solvent, extraction with a solvent, and the like. The
other alternate methods, such as for example, shaking, agitation, and the like, may also be employed
for isolation.

Further, the resulting compound of formula IV of step (a) and mixture of ‘d’, ‘I’ and meso isomers of
step (b) of first and second aspects may be further purified by recrystallization, slurrying in a suitable
solvent, treating with adsorbent materials such as, but not limited to, silica gel, aluminium oxide,
synthctic resin, and the like; or any other suitable techniques.
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The purified mixture of ‘d’, I’ and meso isomers of first and second aspects may be in the form of a
crystalline compound, a solvate, an amorphous compound, or a mixture thereof. The solid may be
optionally further dried. Drying may be suitably carried out using a tray drycr, vacuum oven, air oven,
fluidized bed dryer, spin flash dryer, flash dryer, and the like, at atmospheric pressure or at any
suitable temperature or under reduced pressure and in the presence or absence of an inert atmosphere,
such as nitrogen, argon, neon, or helium. The drying may be carried out for desired time periods to
achieve the desired quality of the mixturc of ‘d’, I’ and meso isomers.

Suitable solvents that may be used in steps (a) and (b) of first and second aspects and/or for
purification of compound of formula IV and mixture of ‘d’, ‘I’ and meso isomers of first and second
aspects include but not limited to nitriles, alcohols in presence or abscnce of water, esters,
halogenated hydrocarbons, ethers, amides, dialkylsulfoxides, hydrocarbons, or the mixtures thereof.
Nitriles are selected from the group comprising of acetonitrile, propionitrile, butyronitrile,
valeronitrile and the like. Alcohols are selected from the group comprising of methanol, ethanol, n-
propanol, isopropanol, #-butanol, and the like, or their aqueous solutions. Esters are selected from the
group comprising of ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate and the like.
Halogenated hydrocarbons are selected from the group comprising of dichloromethane (DCM),
chloroform, dichlorocthane, chlorobenzene and the like. Ethers are selected from the group
comprising of diethyl ether, methyl zerr-butyl ether (MTBE), diisopropyl ether, tetrahydrofuran
(THF), dioxane and the like. Amides are seclected from the group comprising of N,N-
dimethylformamide ~ (DMF), N, N-dimethylacetamide ~ (DMA),  N-methylformamide, N-
methylpyrrolidone and the like. Dialkyl sulfoxides can be selected from the group comprising of
dimethylsulfoxide, diethylsulfoxide, dibutylsulfoxide and the like. Aliphatic hydrocarbons are
selected from the group comprising of alkanes or cycloalkanes such as pentane, hexane, heptane,
octane, cyclohexane, cyclopentane and the like. Aromatic hydrocarbons are selected from the group
comprising of tolucne, xylenc and the like. Proviso that ketoncs / nitriles arc not used during the
reductton reaction of step (b); and watcr is avoided in condensation step (a) however it may be uscd in
step (b) of first and sccond aspects. »

The usc of anhydrous alcohols or their agucous solution is preferred in reduction step (b) of first and
second aspects, however it is advantageous to use anhydrous alcohols to improve d and / content in
the isolated material of step (b).

Optionally the steps (a) and (b) of first and second aspects may be carried out m-situ, i.e. without
isolating the intermediates formed in one or more stages.

In step (d) of first aspect, the person skilled in the art may utilize cither “d” or 0 isomer of chiral
resolving acid to isolate corresponding enantiomer of exametazime from a mixture of ‘d’, ‘I’ and

meso isomers of step (b) or (c) of first aspect. Accordingly, in step (i) of first aspect, the appropriate
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isomer of chiral resolving acid can be utilized to isolate second enantiomer of exametazime from the
second mixture of *d” or I’ and meso isomers of step (h) of first aspect.

In genceral, the preparation of acid addition salts in step (d) and in step (i) of first aspect can be
achieved by reacting the corresponding chiral resolving acid with the material obtained from steps (b)
or (c) and step (h) of first aspect. The reaction can be performed in any suitable solvent and preferably
it can be carried out at any suitable temperature such as at about 0°C to about 40°C or at reflux
temperature of the solvent. The reaction can be completed in about 2 to 15 hours, preferably in about
4 to 10 hours.

The appropriate suitable chiral resolving acid that may be used in step (d) and in step (i) of first aspect
can be selected from, but not limited to L-(+) tartaric acid, D-(-) tartaric acid, L-malic acid, D-malic
acid, S-(+) mandelic acid, R~(-) mandelic acid, S-(+)-O-acety] mandelic acid, R-(-)-O-acetyl mandelic
acid, (-)-naproxen, (+)-naproxen, (IR)-(-)-camphor sulfonic acid, (IS)-(+)-camphor sulfonic acid,
(1R)-(+)-bromocamphor-10-sulfonic acid, (1S)-(-)-bromocamphor-10-sulfonic acid, (-)-Dibenzoyl-L-
tartaric acid, (-)-Dibenzoyl-L-tartaric acid monohydrate, (+)-Dibenzoyl-D-tartaric acid, (+)-
Dibenzoyl-D-tartaric acid monohydrate, (+)-dipara-tolyl-D-tataric acid, (-)-dipara-tolyl-L- tataricacid,
L(-)-pyroglutamic acid, L(+)-pyroglutamic acid, (+)-lactic acid, (-)-lactic acid, (S)-(+)-2—
chloromandelic acid, (R)-(-)-2-chloromandelic acid; preferably L-(+) tartaric acid and D-(-) tartaric
acid. ,

The isomeric mixture of “d” or ‘I and meso isomers of step (g) of first aspect can be isolated by
treating the mother liquor of step (d) of first aspect with a suitable base, preferably the volume of
mother liquor is reduced by any suitable techniques such as concentrating the solution prior to
neutralization reaction with a base. The neutralization reaction can be performed at about 5°C to 30°C
by adjusting the pH about 9-10 with a suitable base.

The resulting acid addition salts of steps (d) and (i) of first aspect and the precipitated solid of *d’ or
*I” and meso isomers of step (g) of first aspect may be further purified by rccrystallization, slurrying
in a suitable solvent, treating with adsorbent materials such as, but not limited to, silica gel,
aluminium oxide, synthetic resin, and the like; or any other suitablc technigucs.

Suitable solvents that may be uscd in steps (d) and (i) of first aspect and/or for purification of acid
addition salts of steps (¢) and (j); and precipitated solid of ‘@ or ‘I" and meso isomers of step (h) of
first aspect include but not limited to nitriles, alcohols in presence or absence of water, ketones, esters,
halogenated hydrocarbons, cthers, amides, dialkylsulfoxides, hydrocarbons or mixtures thereof or
their mixtures with water. Nitriles are selected from the group comprising of acetonitrile,
propionitrile, butyronitrile, valeronitrile and the like. Aleohols arc sclected from the group comprising
of methanol, ethanol, n-propanol, isopropanol, n-butanol, and the like or their agueous solutions.
Ketones are selected from the group comprising of acetone, methyl ethyl ketone, methy! isobutyl

ketone and the like. Esters arc selected from the group comprising of ethyl aéetate, propyl acetate,
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isopropyl acetate, butyl acetate and the like. Halogenated hydrocarbons are selected from the group
comprising of dichloromethane (DCM), chloroform, dichloroethane, chlorobenzene and the like.
Ethers are selected from the group comprising of diethyl ether, methyl rerr-butyl ether (MTBE),
diisopropyl ether, tetrahydrofuran (THF), dioxane and the like. Amides are selected from the group
comprising of N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA), N-
methylformamide, N-methylpyrrolidone and the like. Dialkyl sulfoxides can be selected from the
group comprising of dimethylsulfoxide, diethylsulfoxide, dibutylsulfoxide and the like. Aliphatic
hydrocarbons are sclected from the group comprising of alkanes or cycloalkanes such as pentanc,
hexane, heptane, octane, cyclohexane, cyclopentane and the likc. Aromatic hydrocarbons are selected
from the group comprising of toluene, xylene and the like.

It is surprisingly found that the use of alcohols or their aqueous solution during the acid addition salts
preparation, in step (d) of first and second aspects and step (i) of first aspect. reduces the content of
meso isomer in precipitated acid addition salts, so cffectively, that it may not require any further
purification step for the removal of meso isomer. Moreover, the use of aleohols or their ‘aqueous
solution during the purification of acid addition salts in step (e) of first and second aspects, and step
(j) of first aspect effectively reduces the content of meso isomer.

Preferably, the percentage of aqueous alcohol may range from 3% to 15% by volume, more preferably
from 5% to 10% by volume.

The use of ethyl acetate is preferred for the purification of a mixture of ‘d” or T enantiomer and meso
isomer in step (h) of first aspect, as it produces the corresponding ‘d” or I’ enriched mixture.

In a preferred method of first aspect, the mixture of ‘d’, I” and meso isomers of step (d) is treated
with L-(+)-tartaric acid at reflux temperature of cthanol for about 1-6 hours to precipitate L-(+)-

tartrate salt of compound of formula Ib, which is optionally further purified with a suitable technique.

HsCa_NH HN__ aCHs
L L, veoe

HsC” SN rI\u/ CHs
OH OH

Ib
L-(+)-tartrate salt of formula Ib

o
I
Oluw
I
Q
0
o}
I

The filtrate of step (d) of first aspect contains an isomeric mixture of formula Ia, formula Ic (meso
isomer) as L-(+)-tartaric acid salt. The said acid of the mixture is neutralized by adjusting the pH
about 9-10 with an aqucous solution of base, the precipitated solid is purified with cthyl acetate. The

solid isolated from the filtrate is an isomeric mixture of formula Ia and formula Ic (meso isomer),
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H3Cy, ~NH HN:I:CHg REI:NH HN_ _R?
/E \ X

HsC T T/ CH; HsC T T/ CHs
OH OH OH OH

la lc
R! = R? = miCcH,; or,
Rl = R2 = "wCHj;
Mixture of formula la, and meso (formula Ic)
isomers

The solid of isomeric mixture is further added to ethanol and treated with D-(-)-tartaric acid at reflux
temperature of ethanol for about 1-6 hours to precipitate, D-(-)-tartrate salt of compound of formula

Ia, which is optionally further purified with a suitable technique.

HsCy, NH HN__ 4CH; OH
/l: :I Hooc/!\I’COOH
HiC” SN N7 CH,
| l OH
OH OH

la
5 D-(-)-tartrate salt of formula la

Step (k) of first aspect involves, mixing the acid addition salt of step (d) or (¢) and step (i) or (j), the
said mixture is optionally purified prior to acid neutralization reaction with a suitable technique. The
acid neutralization reaction can be performed at about 5°C to 30°C by adjusting the pH about 9-10
with a suitable base to isolate exametazime, which may further purified to afford pure exametazime.
10 In second aspect of present application, the step (d) involve tfeating the mixture of °d’, *I’ and meso
isomers of step (b) or (¢) of second aspect with d and ! mixture of chiral resolving acid in a suitable

solvent to afford acid addition salts of cxamctazime, which is preferably di-tartratc salts of

examctazime,
R1
ch//’, NH HN CH; H,C NH HN \\\\CH3 .
' COOH
HOOC
HiC \T v/ CHs Hs;C \7 w/ CHj R2
OH OH OH OH R! = R2 =.m\OH

di-tartrate salt of Exametazime
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The reaction is carried out at any suitable temperature such as at about 0°C to about 60°C or at reflux
temperature of the solvent. The reaction can be completed in about 2 to 15 hours, more preferably in
about 4 to 10 hours.

Suitable ‘d’ and ‘I mixture of chiral resolving acid that may be used in step (d) of second aspect is (£)
tartaric acid, (+) malic acid, () ascorbic acid, (=) mandelic acid, (+)-O-acetyl mandelic acid, (%)
naproxen, (=) camphor sulfonic acid, (=) bromocamphor-10-sulfonic acid, () Dibenzoyl-tartaric acid,
(£) dipara-tolyl-tataric acid, (x) pyroglutamic acid, (£) lactic acid, (x)-2-chloromandelic acid,
preferably (+) tartaric acid.

The resulting ‘@’ and */" mixture of chiral resolving acid addition salts of exametazime is further
purified by recrystallization, slurrying in a suitable solvent, treating with adsorbent materials such as,
but not limited to, silica gel, aluminium oxide, synthetic resin, and the like; or any other suitable
techniques.

The step (f) of second aspect involves, treating ‘d’ and ‘I’ mixture of chiral resolving acid salts of
exametazime with a snitable base. The acid neutralization reaction can be performed at about 5°C to
30°C by adjusting the pH about 9-10 with a suitable base to isolate crude exametazime, which may
further purified to afford pure exametazime.

Suitable bases that may be used for neutralization reaction in step (f) of first and second aspects and
step (m) of first aspect include and are not limited to: inorganic bases, such as, for example, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate,
potassium bicarbonate, and the like, either alone or as their aqueous solutions.

The mixture of acid additions salts of step (k) of first aspect, and crude exametazime obtained from
first and second aspects may be further purified by recrystallization, slurrying in a suitable solvent,
treating with adsorbent materials such as, but not limited to, silica gel, aluminium oxide, synthetic
resin, and the like; or any other suitable techniques.

Suitablc solvents that may be uscd in step (d) of second aspect and purification of acid addition salts
of step (1) of first aspeet, chiral resolving acid addition salts of cxamctazime of step (c) of sccond
aspect and crude exametazime include but not limited to nitriles, alcohols in presence or absence of
water, ketones, esters, halogenated hydrocarbons, cthers, amides, dialkylsulfoxides, hydrocarbons or
mixtures thercof or their mixtures with water. Nitriles are selected from the group comprising of
acetonitrile, propionitrile, butyronitrile, valeronitrile and the like. Alcohols are selected from the
group comprising of methanol, ethanol, a-propanol, isopropanol, n-butanol, and the like or their
aqueous solutions. Ketones are selected from the group comprising of acetone, methyl ethyl ketone,
methyl isobutyl ketonc and the like. Esters arc sclected from the group comprising of cthyl acctate,
propyl acetate, isopropyl acetate, butyl acetate and the like. Halogenated hydrocarbons are selected
from the group comprising of dichloromethane (DCM), chloroform, dichlorocthane, chlorobenzene

and the like. Ethers are selected from the group comprising of diethyl ether, methyl fert-butyl ether
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(MTBE), diisopropyl! ether, tetrahydrofuran (THF), dioxane and the like. Amides are sclected from
the group comprising of N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA), N-
methylformamide, N-methylpyrrolidone and the like. Dialkyl sulfoxides can be selected from the
group comprising of dimethylsulfoxide, diethylsulfoxide, dibutylsulfoxide and the like. Aliphatic
hydrocarbons are sclected from the group comprising of alkanes or cycloalkanes such as pentane,
hexane, heptane, octane, cyclohexane, cyclopentane and the like. Aromatic hydrocarbons are selected
from the group comprising of toluene, xylene and the like.

The reaction mixture obtained in step (m) of first aspect and step (f) of second aspect may optionally
be processed to remove any insoluble solids or particles by methods such as decantation,
centrifugation, gravity filtration, suction filtration, or any other technique for the removal of solids.
The product so obtained may be isolated as a solid directly from the reaction mixture after the reaction
is complete in step (m) of first aspect and step (f) of second aspect, or after conventional work up; by
techniques such as filtration, quenching with a suitable reagent, extraction, and the like. The said
isolation may include removal of solvent, cooling, concentrating the reaction mass, adding an anti-
solvent, extraction with a solvent, or the like. The other altemate methods, such as for example,
shaking, agitation, and the like, may also be employed for isolation.

The product exametazime thus obtained from first and second aspects may be recovered as solid using
conventional methods including decantation, centrifugation, gravity filtration, suction filtration, or
other techniques known in the art. The resulting compound may be in the form of a crystalline
compound, a solvate, an amorphous compound, or a mixture thereof. The solid may be obtionally
further dried.

All pereentages and ratios used herein are by weight of the total composition and all measurements
made are at about 25°C and about atmospheric pressure, unless otherwise designated. All
temperatures are in degrees Celsius unless specificd otherwise. As used herein, "comprising" means
the clements recited, or their equivalents in structure or function, plus any other element or clements
which arc not recited. The terms “having™ and "including" arc also to be construed as open ended. All
ranges recited herein include the endpoints, including thosc that recite a range "between™ two valucs.
Whether so indicated or not, all valucs recited herein arc approximatc as dcfincd by the
circumstances, including the degree of expected experimental error, technique error, and instrument
error for a given technique used to measure a value.

Certain specific aspects and embodiments of the present application will be explained in greater detail
with reference to the following examples, which are provided only for purpoées of illustration and
should not be construed as limiting the scope of the disclosure in any manncr. Reasonable variations
of the described procedures are intended to be within the scope of the present application. While
particular aspects of the present application have been illustrated and described, it would be apparent

to those skilled in the art that various other changes and modifications can be made without departing
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from the spirit and scope of the disclosure. It is therefore intended to encompass all such changes and
modifications that are within the scope of this disclosure.

EXAMPLES

Example 1

(Preparation of Exametazime ‘formula I’ involving the separate use of d & [ tartaric acid with
purification of corresponding distereomeric salts: Method A)

Step I: Preparation of diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione
bisoxime (formula I'V)

To a cooled (0-5°C) solution of 2,3-butanedione monoxime (formula II; 118.6 g) and 2,2-dimethyl-1,3-
propanediamine (formula III; 50.0 g) in acetonitrile (500 mL), was added calcium hydride (42.0 g)
portionwise and solution was stirred at 0-5°C for next 30 minutes and then allowed to warm to room
temperature. The solution was slowly brought to reflux and kept under stirring at the same temperature
for ~6-10 hours. The reaction mixture was cooled ~70°C, filtered through celite® and washed with
acetonitrile (200 mL). The filtrate was concentrated under vacuum and the obtained solid residue was
crystallized in acetonitrile (150 mL) to afford the title compound (Weight: 66.0 g; Yield: 50.26%).
Step II: Preparation of a mixture of ‘d’, ‘I’ and meso isomers

To the cooled (0°C) suspension of diimine derivative (formula IV; 66.0g) in ethanol, sodium
borohydride (18.63 g) was added portionwise at 0-5°C in 30 minutes and kept stirring at this
temperature for 30 minutes. The reaction mass was concentrated under vacuum and then diluted with
water (198 mL). The resulting suspended mass was stirred at 5-10°C for 16 hours and solid was filtered
which was stirred under reflux in ethyl acetate (1800 mL) and filtered off the undissolved residue
through celite®. The filtrate was concentrated to afford the title compound as a white solid (Weight:
32.0 g; Yield: 48%; Chiral Purity: d-isomer ~23%, I-isomer ~23%, meso-isomer ~54%).

Step III: Preparation of L-(+)-tartrate salt of compound of formula Ib

L-(+)-Tartaric acid (16.8 g) was added to a suspended mixture of ‘d’, ‘I’ and meso isomers (30.5 g) in
ethanol (915 mL). The resulting mixture was stirred under reflux for 2 hours, cooled to 25-30°C in 2-3
hours and kept stirring at this temperature for another 3 hours. The solid was filtered, washed with
cthanol (15 mL) at 25-30°C and dried at 40-45°C under vacuum to afford the title compound (Weight:
11.0 g; Yield: 23.25%; Chiral Purity: -isomer ~96%, meso-isomer ~4%, d-isomer 0%).

Step IV: Purification of L-(+)-tartrate salt of compound of formula Ib

A suspension of L-(+)-tartrate salt of compound of formula Ib (11.0 g) in 5% aqueous ethanol (220 mL)
was stirred under reflux for 2 hours. It was gradually cooled to 25-30°C in 3-4 hours and stirred at this
temperature for another 3 hours. The solid was filtered, washed with ethanol (5.5 mL) at 25-30°C and
dried at 45-50°C under vacuum to afford pure L-(+)-tartrate salt of compound of formula Ib (Weight:
8.0 g; Yield: 72.72%; Chiral Purity: <isomer ~99.85%, meso-isomer ~0.15%, d-isomer 0%).
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Step V: Isolation of isomeric mixture of formula Ia and formula Ic (meso isomer)
The filtrate of step III (method A) above, was concentrated under vacuum at 40-45°C and traces of

ethanol was removed by chasing with ethyl acetate (50 mL). The obtained residue was dissolved in

‘water (27.0 mL) and pH was adjusted to ~10 with 20% aqueous sodium hydroxide solution (35 mL)

at 10-15°C. The suspended solution was stirred at 10-15°C for 2 hours, filtered the solid under
vacuum and washed with cold (10-15°C) water (20 mL). The solid was dried at 45-50°C then
suspended in ethyl acetate (1250 mL) which was stirred under reflux for 2 hours and cooled.to room
temperature and stirred for another 3 hours. The undissolved solid residue was filtered off and washed
the solid residue with cthyl acetate (50.0 mL). The filtrate was concentrated under vacuum to afford
the title compound (Weight: 12.0 g; Chiral Purity: d-isomer ~57%, meso- isomer ~43%, I[-isomer
~0%)

Step VI: Preparation of D-(-)-tartrate salt of compound of formula Ia

D-(-)-tartaric acid (6.61 g) was added to a suspension of isomeric mixture of formula Ia, formula Ic
(meso isomer) (12.0 g) in ethanol (180 mL) and stirred under reflux for 2 hours. Reaction mass was
cooled to 25-30°C in 2-3 hours and stirred at this temperature for 3 hours. The solid was filtered,
washed with ethanol (12 mL) at 25-30°C and dried at 40-45°C under vacuum to afford the title
corﬁpound (Weight: 10.5 g; Yield: 56.45%; Chiral Purity: d-isomer ~97.6%, [-isomer 0%, meso-
isomer ~2.5%).

Step VII: Purification of D-(-)-tartrate salt of compound of formula Ia

The D-(-)-tartrate salt of compound of formula Ia (10.5 g) was suspended in 5% aqueous ethanol
(157.5 mL) heated to reflux for 2 hours and gradually cooled to 25-30°C in 3-4 hours. Reaction mass
was stirred at 25-30°C for 3 hours. The solid was filtered and washed with ethanol (5 mL) at 25-30°C.
The solid was dried at 45-50°C under vacuum to afford the title compound (Weight: 8.65 g; Yield:
82.38%; Chiral Purity: d-isomer ~99.67%, I-isomer 0%, meso isomer ~0.33%).

Step VIII: Preparation of cxamctazime (formula I)

To a cooled (10-15°C) solution of purc L-(+)-tartratc salt of compound of formula Ib (8.0 g) and pure
D-(-)-tartratc salt of compound of formula Ta (8 0 g) in water (10 mL) was added 20% aqucous
sodium hydroxide solution (15 mL) to adjust its pH to ~10 and stirred for 2 hours at 10-15°C. The
solid was filtered and washed with cold (10-15°C) water. The solid was dried at 45-50°C which was
suspended in ethyl acetate (470 mL) and stirred under reflux for 2 hours. The undissolved solid was
filtered off through micron. The filtrate was concentrated under vacuum to provide white solid mass
which was dissolved in ethyl acetate (50 mL) under reflux, stirred for 2 hours. The solution was
cooled to 25-30°C and stirred for 16-18 hours. The precipitated solid was filtered and dricd under
vacuum at 40-45°C to afford exametazime of formula I (Weight: 7.0 g; Yield: 67.96%; Chiral Purity:
d-isomer ~48.5%, I-isomer 51.4%, meso-isomer Not detected).

Example 2
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(Preparation of Exametazime ‘formula I’ involving the separate use of 4 & [ tartaric acid and
without separate purification of corresponding distereomeric salts: Method B)
Step I: Preparation of diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione
bisoxime (formula I'V)
To a cooled (0-5°C) solution of 2,3-butanedione monoxime (formula II; 118.6 g) and 2,2-dimethyl-1,3-
propanediamine (formula IIT; 50.0 g) in acetonitrile (500 mL), was added calcium hydride (42.0 g)
portionwise and solution was stirred at 0-5°C for next 30 minutes and then allowed to warm to room
temperature. The solution was slowly brought to reflux and kept under stirring at the same temperature
for ~6-10 hours. The reaction mixture was cooled ~70°C, filtered through celite® and washed with
acetonitrile (200 mL). The filtrate was concentrated under vacuum to afford the title compound as an
oily residue (Weight: 130.0 g; Yield: 99.23%).
Step II: Preparation of a mixture of ‘d’, ‘I’ and meso isomers
To the cooled (0°C) suspension of diimine derivative (formula IV; 130.0g) in ethanol (750 mL), sodium
borohydride (18.63 g) was added portionwise at 0-5°C in 60 minutes and kept stirring at this
temperature for 30 minutes. The reaction mass was concentrated under vacuum and then diluted with
water (250 mL). The resulting suspended reaction mass was stirred at 5-10°C for 16 hours and solid
was filtered which was stirred under reflux in ethyl acetate (1800 mL) and filtered off the undissolved
residue through celite®. The filtrate was concentrated under vacuum at 40-45°C to afford a white solid,
which was recrystallized in acetonitrile at -10 to -20°C to afford the title compound (Weight: 64.0 g;
Yield: 48.74% (from step 1); Chiral Purity: d-isomer ~24%, [-isomer ~24%, meso-isomer ~52%).
Step III: Preparation of L-(+)-tartrate salt of compound of formula Ib
L-(+)-Tartaric acid (34.7 g) was added to a suspended mixture of ‘@, ‘I’ and meso isomers (63 g) in
cthanol (1890 mL). The resulting mixture was stirred under reflux for 2 hours, cooled to 25-30°C in 2-
3 hours and kept stirring at this temperature for another 3 hours. The solid was filtered, washed with
cthanol (25 mL) at 25-30°C and dried at 40-45°C under vacuum to afford the title compound (Weight:
25.0 g; Yield: 25.57%; Chiral Purity: /-isomer ~93%, meso-isomer ~6.1%, d-isomer 0.59%).
Step IV: Isolation of isomeric mixture of formula Ia and formula Ic (meso isomer)
The filtrate of step III (method B) above was concentrated under vacuum at 40-45°C and traces of
cthanol was removed by chasing with ethyl acetate (50 mL). The obtained residue was dissolved in
water (63.0 mL) and pH was adjusted to ~10 with 20% aqueous sodium hydroxide solution (74 mL) at
10-15°C. The suspended solution was stirred at 10-15°C for 2 hours, filtered the solid under vacuum
and washed with cold (10-15°C) water (20 mL). The solid was dried at 45-50°C then suspended in ethyl
acetate (2750 mL) which was stirred under reflux for 2 hours and cooled to room temperature and stirred
for another 3 hours. The undissolved solid residue was filtered off and washed the solid residue with
cthyl acetate (25.0 mL). The filtrate was concentrated under vacuum to afford the cectitle compound
(Weight: 25.0 g; Chiral Purity: d-isomer ~58%, meso- isomer ~42%, l-isomer ~0%).
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Step V: Preparation of D-(-)-tartrate salt of compound of formula Ia
D-(-)-tartaric acid (13.23 g) was added to a suspension of isomeric mixture of formula Ia, formula Ic
(meso isomer) (24.0 g) in ethanol (360 mL) and stirred under reflux for 2 hours. Reaction mass was
cooled to 25-30°C in 2-3 hours and stirred at this temperature for 3 hours. The solid was filtered, washed
with ethanol (24 mL) at 25-30°C and dried at 40-45°C under vacuum to afford the title compound
(Weight: 20.5 g; Yield: 55.1%; Chiral Purity: d-~isomer ~97.7%., l-isomer 0%, meso-isomer ~2.27%).
Step VI: Preparation of exametazime (formula I)
A mixture of pure L-(+)-tartrate salt of compound of formula Ib (19.0 g) and pure D-(-)-tartrate salt of
compound of formula Ia (18.0 g) was suspended in 5% aqueous ethanol (370 mL), the suspended
mixture was heated to reflux for 2 hours and gradually cooled to 25-30°C in 3-4 hours. Reaction mass
was stirred at 25-30°C for 3 hours. The solid was filtered and washed with ethanol (16 mL) at 25-30°C.
The solid was dried at 45-50°C under vacuum to afford a pure compound (Weight: 29.0 g; Yield:
78.37%).
To a cooled (10-15°C) solution of pure compound (27 g) in water (16.2 mL) was added 20% aqueous
sodium hydroxide solution (27 mL) to adjust its pH to ~10 and stirred at 10-15°C for 2 hours. The solid
was filtered and washed with cold (10-15°C) water. The solid was dried at 45-50°C which was
suspended in ethyl acetate (950 mL) and stirred under reflux for 2 hours. The undissolved solid was
filtered off through micron. The filtrate was concentrated under vacuum to provide white solid mass
which was dissolved in ethyl acetate (140 mL) under reflux, stirred for 2 hours. The solution was cooled
to 25-30°C and stirred for 16-18 hours. The precipitated solid was filtered and dried under vacuum at
40-45°C to afford pure exametazime of formula I (Weight: 10.5 g; Yield: 46.87% (over 2 steps); Chiral
Purity: d-isomer ~49.41%, l-isomer 50.43%), meso-isomer ~0.16%.
Example 3
(Preparation of exametazime ‘formula I’ using d! tartaric acid: Method C)
Step I: Preparation of diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione
bisoxime (formula I'V)
To a cooled (0-5°C) solution of 2,3-butanedione monoxime (formula II; 118.6 g) and 2,2-dimethyl-1,3-
propanediamine (formula II; 50.0 g) in acetonitrile (500 mL), was added calcium hydride (42.0 g)
portionwise and solution was stirred at 0-5°C for next 30 minutes and then allowed to warm to room
temperature. The solution was slowly brought to reflux and kept under stirring at the same temperature
for ~6-10 hours. The reaction mixture was cooled ~70°C, filtered through celite® and washed with
acetonitrile (200 mL). The filtrate was concentrated under vacuum to afford the title compound as an
oily residue (Weight: 130.0 g; Yield: 99.23%).
Step II: Preparation of a mixture of ‘d’, ‘/” and meso isomers
To the cooled (0°C) suspension of diimine derivative (formula IV; 130.0g) in ethanol (750 mL), sodium
borohydride (18.63 g) was added portionwise at 0-5°C in 60 minutes and kept stirring at this
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temperature for 30 minutes. The reaction mass was concentrated under vacuum and then diluted with
water (250 mL). The resulting suspended reaction mass was stirred at 5-10°C for 16 hours and solid
was filtered which was stirred under reflux in ethyl acetate (1800 mL) and filtered off the undissolved
residue through celite®. The filtrate was concentrated under vacuum at 40-45°C to afford a white solid,
which was recrystallized in acetonitrile at -10 to -20°C to afford the title compound (Weight: 64.0 g;
Yield: 48.74% (from step I); Chiral Purity: d-isomer ~24%, I-isomer ~24%, meso-isomer ~52%).

Step II: Preparation of crude dl-tartrate salt of exametazime

(£)-Tartaric acid (11.0 g) was added to the suspended solution of ‘d’, ‘I’ and meso isomers (20.0 g), in
isopropanol (600 mL). The resulting mixture was stirred under reflux for 2 hours, cooled to 25-30°C in
2-3 hours and kept stirring at this temperature for 3 hours. The solid was filtered, washed with ethanol
(20 mL) at 25-30°C and dried at 40-45°C under vacuum to afford the title compound (Weight: 17.2 g;
Yield: 55.48%; Chiral Purity: d-isomer ~41.6%, l-isomer 40.5%, meso-isomer ~17.9%).

Step IV: Preparation of pure dl-tartrate salt of exametazime

The crude dl-tartrate salt of exametazime (17.0 g) was suspended in 5% aqueous ethanol (340 mL)
heated to reflux for 2 hours and gradually cooled to 25-30°C in 3-4 hours. Reaction mass was stirred at
25-30°C for 3 hours. The solid was filtered and washed with 5% aqueous ethanol (10 mL) at 25-30°C.
The solid was dried at 45-50°C under vacuum to afford the title compound (Weight: 10.5 g; Yield:
61.76%; Chiral Purity: d-isomer ~47.22%, l-isomer 46.05%, meso isomer ~6.23%).

Step V: Preparation of exametazime (formula I)

To a cooled (10-15°C) solution of pure di-tartrate salt of exametazime (10.5 g) in water (6.2 mL), was
added 20% aqueous sodium hydroxide solution (12 mL) to adjust its pH to ~10 and stirred for 2 hours
at 10-15°C. The solid was filtered and washed with cold (10-15°C) water (11.5 mL). The solid was
dried at 45-50°C which was suspended in ethyl acetate (350 mL) and stirred under reflux for 2 hours.
The undissolved solid was filtered off through micron. The filtrate was concentrated under vacuum to
provide white solid mass which was dissolved in ethyl acetate (50 mL) under reflux, stirred for 2 hours.
The solution was cooled to 25-30°C and stirred for 16-18 hours. The precipitated solid was filtered and
dried under vacuum at 40-45°C to afford exametazime of formula I (Weight: 5.0 g; Yield: 73.43%;
Chiral Purity: d-isomer ~49.57%, I-isomer 50.03%, meso-isomer 0.41%).
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Blakes Ref: 13690/00001
CA 2,942,280

Claims:

1. A process for the preparation of exametazime (formula I),

HsC,, NH HN.__ 4CHs HiCa  NH HN__ (CHs
\N =
|

HsC \l]l I]J/ CH; HiC I}J CH;
OH OH OH OH
la Ib
Exametazime
Formula I

which comprises the steps of:

a) reacting 2,3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula
III), in a solvent, in presence of dehydrating agent selected from the group consisting of calcium
hydride, molecular sieves, magnesium sulphate and sodium sulphate to afford diimine derivative 4,8-

diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime (formula IV);

Hscfo HSCI/N NICH3
H,C” SN HsC \l}l l}l/ CH;
On NH, NH, OH OH

Formula Il Formula Il Formula IV

b) reducing diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime

(formula I'V) with a reducing agent in a solvent to afford a mixture of ‘d’, ‘I’ and meso isomers;

H3CINH HNICHs HSCINH HNICHg Rj:NH HNIRZ
HsC \hll r?|/ CHy HsC” SN N7 “CHs HsC \r?l r?l/ CH,
OH OH OH OH OH OH

la fb Ic
R'=R? ="1ICH,; Of,

R!=R?=-acH,
¢) optionally, purifying the mixture of ‘d’, ‘I’ and meso isomers;
d) treating the mixture of ‘d’, ‘I’ and meso isomers with chiral resolving acid to form the corresponding
acid addition salts and separating one of the enantiomers of exametazime as acid addition salt;
¢) optionally, purifying the acid addition salt obtained in step (d);
f) treating the mother liquor of step (d) with a suitable base;
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Blakes Ref: 13690/00001
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g) isolating a mixture of ‘d’ or ‘I’ enantiomer and meso isomer;
h) purifying the mixture obtained in step (g);
1) treating the mixture from step (h) with / or d chiral resolving acid to form acid addition salts and
separating other enantiomer of ¢xametazime as an acid addition salt;
1) optionally, purifying the acid addition salt obtained in step (i);
k) mixing the acid addition salt of step (d) or (¢) and step (i) or (j);
1) optionally, purifying the mixture of acid addition salts obtained in step (k);
m) treating the mixture of acid addition salts of step (k) or (1) with a suitable base to afford exametazime;
and

n) optionally, purifying the exametazime.

2. A process for the preparation of exametazime (formula I),

HsCy, NH HN__ 4CHs HeCo NH HN__ (CHs
X X
= N/

HsC \IIJ r]l/ CH; HiC I}l | CH,
OH OH OH OH
la Ib
Exametazime
Formula I

which comprises the steps of:

a) reacting 2,3-butanedione monoxime (formula II) with 2,2-dimethyl-1,3-propanediamine (formula
III), in a solvent, in presence of dehydrating agent selected from the group consisting of calcium
hydride, molecular sieves, magnesium sulphate and sodium sulphate to afford diimine derivative 4,8-

diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime (formula IV);

HsC 0 H3CI/N N ICH:;

H3C:EN Pﬂ HsC” SN I}J/ CHs
O NH, NH, OH OH

Formula ll Formula lll Formula IV

b) reducing diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime

(formula I'V) with a reducing agent in a solvent to afford a mixture of ‘d’, ‘I’ and meso isomers;
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HSCINH HNICH3 H3CINH HN__ \CH; R'__NH HN R?
U ¢

HaC \hll r?l/ CH; HiC \ITI r?l/ CH3 H,C N “CHs
OH OH OH OH OH OH

la b Ic
R'=R2="1ICH,; Of,

R'=R?=-=CH,
¢) optionally, purifying the mixture of ‘d’, ‘I’ and meso isomers;
d) treating the mixture of ‘@’, ‘I’ and meso isomers with d and / mixture of chiral resolving acid in a
suitable solvent to afford acid addition salts and separating the acid addition salts of exametazime (d
and / enantiomers);
¢) purifying the acid addition salts of exametazime (d and / enantiomers) obtained in step (d);
) reating the acid addition salts of exametazime with a suitable base (o afford exametazime; and

g) optionally, purifying the exametazime.

3. The process according to claim 1 or 2 for the preparation of exametazime (formula 1),

HaCy, NH HN.__4CHs HsCoq  NH HN._ (CHs
Lo X X
~ \N

|

HsC I}l r]l/ CH; HsC I]J/ CH,
OH OH OH OH
|a Ib
Exametazime
Formula I

which comprises:
a) reducing diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime

(formula IV),

HiC N Ny _CHs

I/ j:
H,C \171 1}1/ CH,
OH OH
Formula IV
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Blakes Ref: 13690/00001
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with a suitable reducing agent in anhydrous alcohol or aqueous alcohol to afford a mixture of ‘d’, ‘I

and meso isomers; and

H3CINH HNICH3 chjiNH HNICHg R _NH HN R?
IN I
[

H:C” SN NZ "CH; H,C” SN N7 “CHs; HiC N% “CH
| | | | 3 | ®
OH OH OH OH OH OH

la b Ic
Rl = R? =""ICHj 5 Of,

R' = R? =~&CH;,

b) converting the mixture of ‘d’, ‘I’ and meso isomers to exametazime.

4. The process according to claim 1 or 2, wherein the d and / mixture of chiral resolving acid is selected
from the group consisting of L-(+) tartaric acid, D-(-) tartaric acid, L-malic acid, D-malic acid, S-(+)
mandelic acid, R-(-) mandelic acid, S-(+)-O-acetyl mandelic acid, R-(-)-O-acetyl mandelic acid, (-)-
naproxen, (+)-naproxen, (IR)-(-)-camphor sulfonic acid, (IS)-(+)-camphor sulfonic acid, (1R)-(+)-
bromocamphor-10-sulfonic acid, (1S)-(-)-bromocamphor-10-sulfonic acid, (-)-Dibenzoyl-L-tartaric
acid, (-)-Dibenzoyl-L-tartaric acid monohydrate, (+)-Dibenzoyl-D-tartaric acid, (+)-Dibenzoyl-D-
tartaric acid monohydrate, (+)-dipara-tolyl-D-tataric acid, (-)-dipara-tolyl-L-tataricacid, L(-)-
pyroglutamic acid, L(+)-pyroglutamic acid, (+)-lactic acid, (-)-lactic acid, (S)-(+)-2-chloromandelic
acid and (R)-(-)-2-chloromandelic acid.

5. The process according to claim 1(i) or 2, wherein / or d chiral resolving acid is selected from the
group consisting of (%) tartaric acid, (+) malic acid, (£) ascorbic acid, (=) mandelic acid, (£)-O-acetyl
mandelic acid, (£) naproxen, () camphor sulfonic acid, () bromocamphor-10-sulfonic acid, ()
Dibenzoyl-tartaric acid, (£) dipara-tolyl-tataric acid, () pyroglutamic acid, (£) lactic acid and (£)-2-

chloromandelic acid.

6. The process according to claim 1 or 2, wherein the base is selected from the group consisting of
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate

and potassium bicarbonate, either alone or as their aqueous solutions.

7. The process according to claim 1 or 2, wherein the solvent is selected from the group consisting of
nitriles, alcohols, esters, halogenated hydrocarbons, ethers, amides, dialkylsulfoxides, hydrocarbons

and water or the mixtures thereof; proviso that ketones / nitriles are not used during the reduction
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reaction of diimine derivative 4,8-diaza-3,6,6,9-tetramethylundecane-3,8-diene-2,10-dione bisoxime
(formula IV); and water is avoided in condensation of 2,3-butanedione monoxime (formula II) with 2,2-

dimethyl-1,3-propanediamine (formula IIT).
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HaCy, NH HN.__4CHs HsCq NH HN__ 4CHs
JOED RIS N
™. T

HC™ N r?/ CHy HC™ °N |\I£/ CHs
OH OH OH OH

la . Ib
Exametazime

Formula I
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