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PROCESS FOR MAKING N-(DIPHENYLMETHYL)PIPERAZINES

[0001)  Cetirizine, chemically 2-[4-[(4-chlorophenyl)-phenyl-methyl]
piperazin-1-yl]ethoxylacetic acid, is a useful pharmaceutical active ingredient. It is an
antihistamine whose principal effects are mediated via selective inhibition of H, receptors. This
anti-allergy drug is marketed by the company UCB (which is also the originator of the drug)
and/or Pfizer under the brand name Zyrtec®, as a dihydrochloride salt (often referred to as

“cetirizine hydrochloride™) as shown below.

Ci

HC—N N——/\o/ﬁ]/OH « 2HCI
__/

o

The drug is indicated for the relief of symptoms associated with seasonal allergic rhinitis or
perennial allergic rhinitis, as well as for the treatment of the uncomplicated skin manifestations

of chronic idiopathic urticaria in adults and children 6 months of age and older.

[0002]  Cetirizine has one asymmetric carbon, therefore it may be resolved into
enantiomers. The pharmaceutically active enantiomer in the racemic cetirizine is the

levocetirizine, which is the (R) enantiomer of cetirizine. A medicament comprising
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levocetirizine was launched in the first quarter of 2001 in Germany followed by a pan-European
launch. Levocetirizine is also marketed as the dihydrochloride salt, under the brand name

Xyzaal®.

[0003]  Cetirizine was disclosed in US 4,525,358 (EP 58146). Levocetirizine was
specifically disclosed in GB2225321. The method of use of levocetirizine has been disclosed in

US 5,698,558 (EP 663828).

[0004] Conventionally, levocetirizine may be obtained by resolution of the cetirizine
enantiomers as generally suggested, e.g., in WO 94/06429. However, the effectiveness of such
process is apparently not high and therefore it is preferred to make levocetirizine from an

enantiopure intermediate.

[0005]  One such useful intermediate is the compound of formula (4)

_/

Cli
\Q /_\
_.CH—N NH

4

[0006] The presence of a quarternary carbon in the formula (4) indicates that the
compound may be obtained as a racemate or as a single enantiomer, particularly as the (R)
enantiomer. This intermediate may be converted to cetirizine or related analogues, particularly
to racemic cetirizine or levocetirizine, by various known processes, e.g., by processes reviewed
in US 4,525,358. Resolution of the intermediate (4) into enantiomers by L-tartaric acid as well

as the process for making levocetirizine from the corresponding enantiomer of (4) was disclosed
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- in GB2225321. However, the yield and effectiveness of the resolution is insufficient, as shown

in US 5,478,941.

[0007] The useful starting material for making the compound (4) is the well known

and commercially available compound of formula (1),

Cl

CH_NH2

5 (D

[0008]  Similarly as the above compound (4), the compound (1) may be obtained as a
racemate or as a single enantiomer, particularly as the (R) enantiomer. It is known that the
racemic compound (1) can be easily and effectively resolved into enantiomers by a fractional
crystallization, preferably by the crystallization of salts with L- tartaric acid. (see US 5,478,941).

10  This makes the compound (1) an important intermediate, particularly in the synthesis of an

enantiomerically pure (4).

[0009] In a known process for making compound (4) disclosed in EP 617028 (US
5,478,941), the racemic compound of formula (1) and/or its (R)-enantiomer is subjected to a

condensation with the N-sulfonated bis-chloroethylamine compound of formula (2),

C'/_\N—soz- CH,
TR,

to form the compound of formula (3).
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cl
: "CH—N N—SO, CHs
S

The compound (3) is then deprotected to form the key intermediate of general formula (4). A

3)

disadvantage, however, with the use of the compound of formula (2) in the synthesis of the
compound of formula (4) is the need to use a strong deprotecting agent. The tosyl-protective
group may be effectively removed only by using a solution of hydrogen bromide in acetic acid.
This agent is extremely corrosive, irritating and toxic so that special measures must be used in

employing this material.

[0010] In principle, one could expect that also an unprotected compound of the

formula (5a)

CI/_\

NH

Cl\_/ (5a)

might be used for coupling with the compound (1). This would avoid the deprotection step and
form the compound (4) directly. But this option is not satisfactory. First, the compound (5a) is
an extremely toxic compound ("mustard gas"), and second the reaction is accompanied with a
large amount of side products arising particularly from the self-condensation of the compound
(5). Thus, the use of an N- protected bis-haloethylamine is clearly preferable. But other
potentially useful N- brotected compounds, e.g. a carbonyl, alkyl or a triphenylmethyl protecting
group, have been reported as unsatisfactory. US 5,478,941 and EP 955295 teach that the above

mentioned N-tosyl compound of formula (2) is the only useful compound for the coupling

-4-
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reaction with (1). The protected analogues (a carbonyl, alkyl, or trityl protecting group) caused
important racemization of the compound (1) during the coupling reaction and/or the formation of

undesired by-products.

[0011] Opalka C.J. et al. (Synthesis 1995 (7), p. 766-768) reports that the coupling
reaction failed if the amides of formula 6, wherein R represents a carbon-terminated substituent,

were used.

0
C

N\

CIAN_
Thus other protecting groups have proven to be unsuitable so far. It would be desirable to have

an alternative process for making the compound of general formula (A), particularly for making

the racemate or the R-enantiomer thereof.

Summary of the Invention

[0012] The present invention relates to the discovery of a suitable protecting group
and a convenient process for making an intermediate compound for cetirizine, and for making
cetirizine including levocetirizine. Accordingly a first aspect of the invention relates to a
process, which comprises:

a) reacting a compound of formula (1) with a compound of formula (7) in the

presence of a base,
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Cl

CH—NHz

Qe

XmN_
(1) x_/ oz )

to form a compound of formula (8):

Cl

CH—N C<

Q@

®)

wherein X is a leaving group reactive with an amine, for instance a halo group such as chloro or
S bromo group; or a sulphonyl group such as mesyloxy, besyloxy or tosyloxy group; and
preferably X is a chloro group;

Z is C3-C20 cycloalkyl group, C7-C20 aralky! group, C6-C20 aryl /alkylaryl group, each
of which groups can be substituted by one to four halogen, alkoxy, amino, nitro groups, and
preferably the Z is a phenyl, p-tolyl or benzyl group; and

10 b) deprotecting said compound of formula (8), preferably by an alkaline hydrolysis, to

form a compound of formula (4)

Cl

2w

CH—N

Al

®.

The compound of formula (4) can be converted to a cetirizine compound. The compounds of
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formula (1), (8), and (4) can be racemic or substantially a single enantiomer, typically the (R)

enantiomer. Each of the above formulas includes salts of the compounds.

[0013]  Another aspect of the invention relates to the compounds of formulas (7) and

(8). Typically X is chloro and Z is phenyl. The compounds can be racemic or substantially the

(R) enantiomer.

[0014] A further aspect of the invention relates to a crystalline oxalic acid addition salt
of a compound of formula (4). The oxalate allows for isolation of the compound of formula (4)

and can be stored.

Detailed Description of the Invention.

[001S]  The present invention deals with an alternate process for making the compound
of formula (4), which is the key intermediate in the synthesis of pharmaceutically useful
compounds including cetirizine compounds. The use of the ester protecting group allows for less
stringent deprotection conditions without causing racemization. Thus, the compound of formula
(1) can be converted into the compound (4) by a more convenient process without the use of the

corrosive, toxic agent of HBr in acetic acid.

[0016]  As used herein, all chemical formulas having a chiral carbon, e.g., (1), (4), (7),
and (8), include both mixtures of the enantiomers such as a racemate as well as substantially a
single enantiomer; i.e., at least 90% optical purity, preferably at least 95% optical purity, and
including at least 98% and at least 99% optical purity. Similarly, all chemical formulae, e.g., (1)

to (8), include the acid addition salts thereof unless explicitly stated to the contrary. For
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instance, the starting compound (1) may react as a base, or as an acid additions salt, for instance

as the hydrochloride.

[0017] In the first step of the process of the present invention, the compound of formula
(1), a racemate, a single enantiomer thereof or mixtures of any of the preceded, reacts, generally
in a liquid phase, with the compound of the general formula (7) to yield the compound of

formula (8).

ROV O~
o

CHNH, 4 X N—c7 CH-N N

SEE A S ®

(D (7 ®

o

/

In the formula (7) and (8), Z is C3-C20 cycloalkyl group, C7-C20 aralkyl group, C6-C20 aryl
/alkylaryl group, each of groups moreover with a possibility to be substituted by one to four
halogen, alkoxy, amino, and/or nitro groups. For instance, the Z may be phenyl, p-tolyl, p-

methoxyphenyl, benzyl , or 4-nitrophenyl group, Preferably, the Z is a phenyl group.

[0018]  The compound (7) also contains two equal leaving groups X that are reactive
with the primary amine in the compound (1) to form the piperazine ring. Such groups X may be
represented by a halogen group, or a sulphonyl group such as mesyloxy, besyloxy,

anisylsulfonyloxy or tosyloxy group; preferably X is a chloro-group.

[0019]  Thus, the preferred example of the compound of the general formula (7) is

N,N-bis(2-chloroethyl) phenyl carbamate of formula (7a),
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AN\

N
CI\_/
(7a)

[0020]  The reaction between compounds (1) and (7) proceeds in the presence of a
base, which is preferably an organic base. In a convenient embodiment, a liquid organic base is
employed, whereby the liquid organic base serves also as the solvent of the reaction. The
preferred liquid organic base is diisopropylethylamine. The reaction preferably proceeds at an
enhanced temperature, e.g., at a temperature between 50-150°C, suitably at reflux.
Advantageously, potassium iodide may be added as an initiator . The reaction progress may be
monitored by a suitable analytical technique, e.g. HPLC. After the reaction, the reaction
mixture containing the product (8) may be used for the next step (advantageously, after removal
of amine salts formed and/or after removal of at least part of the solvent) or is elaborated to
isolate the reaction product (8). In a suitable way of isolation, the reaction mixture is partitioned
between an aqueous and organic phase (whereby the organic solvent may be conveniently a
hydrocarbon or a chlorinated hydrocarbon) and the product is isolated from the organic phase.
The crude product may be purified, if necessary, or may be used in the next step in the crude

state. The compound (8) may also be isolated as an acid addition salt.

{0021]  Dependent on the conformation of the compound (1), the product of formula
(8) is a racemate, a single enantiomer thereof or mixtures of any of the preceded. It is an
important advantage that the reaction between (1) and (7) proceeds substantially without
racemization, so that a substantially single enantiomer of (1) yields the corresponding substantial

single enantiomer of (8).
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[0022] If the preferred compound (7a) is used, the reaction product is the compound
of formula (8a), a racemate or a single enantiomer, particularly substantially the (R)- enantiomer,

or a mixture of the preceded.

Ci

\ /o
CH—N N—C
= )

[0023] In the second step, the compound (8) is subjected to a deprotection step. The

(8a)

N-protective alkoxycarbonyl/aryloxycarbonyl moiety is generally sensitive to alkaline hydrolysis
and may be removed by an aqueous alkali, thus avoiding the use of the toxic and irritant
HBr/acetic acid agent. The “aqueous alkali” comprises an aqueous solution or suspension of
lithium, sodium, potassium or calcium hydroxide or carbonate. The reaction may proceed in the
presence of an inert co-solvent, such as in an alcoholic solvent (methanolic, ethanolic,
isopropanolic solvent), or the aqueous alkali serves itself as the solvent. The reaction product (4)
is then advantageously extracted by a water-insoluble organic solvent , preferably by toluene,
and isolated from the organic phase. Side products, if any, may be efficiently removed if the

above extraction is done under acidic or alkaline conditions.

[0024] Both steps may be also performed in a “one-pot arrangement” as indicated
above, i.e., the reaction mixture from the first step is subjected, without an isolation of the

intermediate product, to the alkaline hydrolysis by the aqueous alkali.

[0025] In an advantageous mode, the formed compound of formula (4), a racemate, a

single enantiomer thereof or mixtures of any of the preceded, is isolated from the reaction

-10-
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mixture, and/or purified. For instance, it may be isolated by converting it into an acid addition
salt with an organic or inorganic acid that is isolatable as a solid, preferably crystalline, product.
An advantageous salt in this respect is the oxalate salt as it may be isolated as a stable crystalline
material. The oxalate salt of the compound (4) is a suitable form that allows storage of the
compound (4), particularly the racemate or the (R)- enantiomer thereof, for an enhanced period
of time. The compound (4) may be however isolated also as a free base, which is preferably a
solid product, for instance by a suitable extraction process. In an example, the reaction mixture
is partitioned between an organic layer and acidified aqueous layer (in which the product
concentrates), the aqueous layer is neutralized, the free base of (4) is extracted by an organic

solvent and isolated from this solvent.

[0026]  The starting (4-chlorophenyl)phenylmethylamine of formula (1) is a known,
commercially available compound. It may be used as a racemate or as a single enantiomer,
éither as a free base or as an acid addition salt, e.g., as the hydrochloride. Both the levorotatory
(-)(4-chlorophenyl)phenylmethylamine and the dextrorotatory (+)(4-
chlorophenyl)phenylmethylamine may be prepared by the resolution of the racemic compound
by (+) or (-) tartaric acid, resp., according to the method described by Clemo et al, J.Chem.Soc.

(1939), p.1958-1960.

[0027]  The compound of formula (7) may be obtained, for instance, by the

condensation of the compound (5)

N\

NH

~/ (5)

and/or an acid addition salt thereof, with a chloroformate compound of formula (9)

-11-
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0-Z 9

wherein X and Z have the above meaning. The preferred compound N,N-bis(2-chloroethyl)
phenyl carbamate of the formula (7a) is thus obtained by the reaction of the bis(2-

chloroethyl)amine of formula (5a) with a phenylchloroformate of formula (9a).

/o
clI—C
)
5 (%2)

[0028] The reaction is advantageously performed in an inert solvent, e.g., in a
hydrocarbon solvent or a halogenated hydrocarbon solvent, preferably in the presence of a base.
The reaction generally proceeds at the ambient or close to ambient temperature ( e.g. from 0 to
50°C) . The product is isolated from the reaction mixture by conventional means, e.g., by an

10 extraction into a suitable organic solvent and removal the solvent.

[0029]  Alternatively, the compounds of formula (7) may be obtained from bis (2-

hydroxyethyl) amine and a haloformate (9) according to the scheme

HO

0 HO,
\ Vs — o
N-H *+ CI—C\ _— N < —_— (7)
HO” 0-Z /f——d/ 0-Z
HO
under general conditions known in the art.
15 [0030] The compound of formula (4), as well as acid addition salts thereof, prepared

by the above process, may be converted into a cetirizine compound by known means as

-12-
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described in the above cited patents. As used herein a “cetirizine compound” embraces the
cetirizine racemate and its salts as well as substantially one enantiomer (levocetirizine) and salts

thereof.

[0031] In light of the prior art disclosure, which teaches away of using carbonyl-based
N-protecting groups in making the compound of formula (4), the finding of a suitable group of
successfully useful carbonyl- comprising compounds for the same purpose is surprising. In
particular, the compounds (4) may be obtained by the present process in a high degree of
chemical and/or enantiomeric purity, without a danger of racemization and under conditions that
are easily and reliably obtainable in an industrial process and avoid using irritating and toxic
HBr/acetic acid solution. Consequently, the whole manufacturing process for making
pharmaceutically useful compounds cetirizine and/or levocetirizine, if comprising the process of

the present invention, becomes more economical and more technically convenient.
[0032]  The invention is illustrated by the following non-limiting examples.
Example 1 - N,N-Bis(2-chloroethyl) phenyl carbamate - compound of formula (7a)

[0033] To a suspended bis(2-chloroethyl)amine hydrochloride salt (17.85, 0.1 mole)
in 200 ml dichloromethane, a 1M NaOH solution (120 m!) was added and stirred at room
temperature (“rt”) for 1 hour. Separated dichlormethane layer was dried and concentrated in

vacuo to give an oily bis(2-chloroethyl)amine free base.

[0034]  Above crude oil was dissolved in 50 ml dried dichloromethane. With cooling
(ice water) and stirring, phenyl chloroformate (12.55 ml, 0.1 mole) was added dropwise. The
addition was completed within 20 min followed by addition of triethylamine (22.0 g, 0.22 mole).

The mixture was further stirred at room temperature for 2 hours. Water (100 ml) was added, and

-13-
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the mixture was stirred for 20 min. Separated water layer was extracted with dichloromethane
(50 ml). Combined dichloromethane layer was washed with water (10 ml), dried and

concentrated in vacuo to give an oily product (26.5 g, ~100% yield).
Example 1a - N,N-Bis(2-chloroethyl) phenyl carbamate - compound of formula (7a)

5 g of Bis(2-chloroethyl)amine HCI was suspended in 30 ml of pre-dried dichloromethane. 4.7 g
of phenylchloroformate was added with cooling (ice water) and stirring, while N, was bubbled
through the mixture. The addition was complete within 10 min and was followed by addition of
8.5 ml of triethylamine during 20 minutes.

The mixture was further stirred at ambient temperature for 1 hour.

Then, 10 ml of water was added, and the mixture was stirred for 50 min. till the solid dissolved.
The organic layer was separated and washed with 10 ml of HCl IM and 10 ml of saturated
aqueous NaCl. The o;ganic layer was dried and concentrated in vacuo to give an oily product
(6.7 g).

Example 2:
Step 1 - compound (8a)

[0035] A mixture containing (4-chlorophenyl)phenyl methylamine (2.17 g, 10 mmol),
N,N-bis(2-chloroethyl) phenyl carbamate [7a] (2.75 g, 10.5 mmol) and diisopropyl ethylamine (5
ml) was stirred (N gas was pre-blown through for 1 hour before heating up), with smooth

refluxing (130°C oil bath), for 5 hours.

[0036]  After cooling down to room temperature, 50 mi dichloromethane and 25 ml
water was added, and the mixture was stirred for 20 min. Separated dichloromethane layer was

concentrated to give an oil (~4.6 g).

-14-
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Step 2 - compound (4)

[0037}]  Above oil was dissolved in 20 ml 2-propanol, followed by addition of 5 ml
NaOH solution (prepared from 10 g NaOH and 20 ml water). The mixture was stirred, with

smooth refluxing (90°C oil bath), for 2 hours.

[0038] The mixture was concentrated in vacuo. 50 ml isopropyl ether and 25 ml water
was added, and the mixture was stirred for 30 min. Separated ether layer was washed with

water, brine, dried and concentrated to give a crude oily product (2.55g).
Step 3 - compound (4) oxalate

[0039] A solution of above crude product in 25 ml ethyl acetate was stirred at room
temperature. Oxalic acid (0.9 g, 10 mmol) was added, the mixture was stirred at rt for 2 hours
and further at ~5°C overnight. Solid was collected by filtration and washed once with ethyl

acetate (5 ml). 2.3 g oxalate solid was obtained after drying at 40°C overnight in vacuo.

Example 3 - Compound (4) oxalate

[0040] A mixture containing (4-chlorophenyl)phenyl methylamine (2.17 g, 10 mmol),
N,N-bis(2-chloroethyl) pheny! carbamate (2.75 g, 10.5 mmol) and diisopropyl ethylamine (4 ml)
was stirred at 90°C for 1.5 hours (N, gas was pre-blowed through for 1 hour before heating up),

and further with smooth refluxing (130°C oil bath), for 4 hours.

[0041]  Afier cooling down to room temperature, 20 ml 2-propanol was added
followed by addition of 3 ml NaOH solution (prepared from 10 g NaOH and 10 mi water). The

mixture was stirred, with smooth refluxing (90°C oil bath), for 2 hours.

[0042]  After cooling down to rt, solid was filtered off via a celite layer and washed

with toluene (75 ml).

-15-
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[0043]  The filtrate and washings were combined and partly concentrated in vacuo to

get rid of most 2-propanol. Then it was washed with NaOH (1M, 15 ml) and brine, and dried.

[0044]  With stirring at rt, a solution of oxalic acid (0.9 g, 10 mmol) in ethanol (1 ml)
was added, the mixture was stirred at rt for 2 hours and further at ~5°C overnight. Solid was
collected by filtration and washed once with ethyl acetate (5 ml). 2.35 g oxalate solid was

obtained after drying at 40°C overnight in vacuo.
Example 4 (compound (4))
Step 1 - compound (8a)

[0045] A mixture containing (4-chlorophenyl)phenyl methylamine hydrochloride salt
(3-05 g, 20 mmol), N,N-bis(2-chloroethyl) pheny! carbamate (5.76 g, 22 mmol) and diisopropyl
ethylamine (12 ml) was stirred at 80°C for 2 hours (N, gas was blown through during the

reaction), and further at 100°C for 9 hours.

[0046]  After cooling down to 50°C, 20 ml ethyl acetate was added. Mixture was
stirred for 20 Min, while the temperature further went down to rt. Solid was filtered off and
washed with Ethyl acetate (2x5 ml). Filtrate and washings were combined, and 50 ml ethyl
acetate was added. The ethyl acetate solution was washed with H,O (50 ml), NaOH (1M, 2x50

ml), H>O (20 ml), brine (20 ml), dried and concentrated to give an oily material (8.8 g).
Step 2 - compound (4)

[0047]  Above crude material was dissolved in a solution containing NaOH (4 g)in 10

ml H,O and 40 ml 2-propanol. With stirring, mixture was refluxed for 3hours.

[0048]  The mixture was concentrated in vacuo to get rid of 2-propanol and

redissolved in100 ml ethyl acetate and 100 ml H,O. The mixture was stirred for 20 min, and

-16-
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layers were separated. 20 ml HCI (2M) was added to the ethyl acetate layer and stirred for 20
min. Separated acid layer was basified. The mixture was extracted with ethyl acetate (2x50 ml).
Combined ethyl acetate layer was washed with H;O(10 ml), brine (10 ml), dried and

concentrated in vacuo to give the desired product (2.5 g), which was solidified while seeded.
5 Example S - compound (8a)

[0049] A mixture containing (4-chlorophenyl)phenyl methylamine hydrochloride
(2.53 g, 10 mmol), bis(chloroethyl)amine phenyl carbamate (2.88 g, 11 mmol) and diisopropyl
ethylamine (5 ml) was stirred (N, gas was pre-blown through for 1 hour before heating up), with

smooth refluxing (130°C oil bath), for 6 hours.

10 [0050]  After cooling down to room temperature, 50 ml ethyl acetate and 25 ml water
was added. Mixture was stirred for 10 min and solid was filtered off. The filtrate was washed
with HCI (1M, 15 ml), H,O (15 ml), brine (15 ml), dried and concentrated to give a crude

product (4.4 g).

[0051]  The crude product was purified by chromatography (2% to 10% ethyl acetate
I5  in heptane were used as eluents). After removal of the solvent, the purified product solidified at

rt (2.8 g). Analytical sample was obtained by washing of the solid with heptane.
'H NMR (400 MHz, CDCl,):
0 7.40-7.05 (m, 14H, Ph-H), 4.27 (s, 1H, CH-piperazine),
3.7-3.5 (br, 4H, piperazine-H), 2.43 (m, 4H, piperazine-H).

20 EU/MS: 407 (M*+1), 201 (M*-N(CH,CH,),COOPh).
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Example 6 - compound (4) - R enatiomer
Step 1 - Compound (8a) - R enantiomer

[0052] A mixture containing (R)- (4-chlorophenyl)phenyl methylamine free base
(4.34 g, 20 mmol, optical purity 99%), N,N-bis(2-chloroethyl) phenyl carbamate (576 g, 22
mmol) and diisopropyl ethylamine (10 ml) was stirred under nitrogen at 90°C for 1 hour and

further at 115°C for 5 hours.

[0053]  After cooling down, 20 ml ethyl acetate was added. Mixture was stirred for 20
min, solid was filtered off and washed with ethyl acetate (2x25 ml). Filtrate and washings were

combined, washed with H,O (2x25 ml), and concentrated to give an oily material (8.9 g).
Step 2 - Compound (4) - R enantiomer

[0054]  Above crude material was dissolved in a Solution containing 4 g NaOH in 10

ml H>O and 40 ml 2-propanol. With stirring, mixture was refluxed for 3hours.

[0055]  The mixture was concentrated in vacuo to get rid of 2-propanol and
redissolved in 50 ml ethyl acetate and 20 ml H,O. The mixture was stirred for 20 min, and layers
were separated. 20 ml HCI (2M) was added to the ethyl acetate layer and stirred for 20 min.
Separated ethyl acetate layer was extratected again with 10 ml HCI (IM). Acidic layers were
combined and basified. The mixture was extracted with ethyl acetate (2x50 ml). Combined ethyl
acetate layer was washed with H;O( 10 ml), brine (10 ml), dried and concentrated in vacuo to

give the desired product (2.7 g), which was solidified while seeded. Optical purity ~99%.
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Example 7 - compound (4) - R enatiomer

Step 1

A mixture containing 10.05 g (R)-(4-Cl-phenyl)phenyl methylamine, 13.34 g N,N-bis(2-
chloroethyl)phenyl carbamate, 4.2 g potassium iodide and 25 ml diisopropyl ethylamine was
stirred at 115°C (oil bath: 140°C) for 3h 30min. While cooling down, 180 ml dichloromethane
was added, and the mixture was stirred for 20 min. Then, HCI (6M) was added until pH was ~5.
The organic layer was separated, washed with 10 ml aqueous NaCl, dried over Na,SO, and
concentrated at reduced pressure

Step2

Above crude material was mixed with 100 ml 2-propanol, 25 ml water and 13.5 g sodium
hydroxide. The mixture was refluxed for 3.5 hours. It was concentrated in vacuo to get rid of 2-
propanol and re-dissolved in a mixture of 100 m! toluene and 40 ml water. The mixture was
stirred for 45 min. The solid was filtered off. The organic layer was separated and washed with
10 ml water, and extracted twice with 50 ml HCI (2M). A fter washing the aqueous layer with 25
ml toluene, the mixture was basified to pH 8-9, extracted with 100 ml toluene. The organic layer
was washed with 10 ml water, dried and concentrated in vacuo to give the desired product (8 g,
~60% yield). Stirring the crude product in 20 ml of toluene for 20 minutes, followed by filtrating

and drying at 40°C (vaccum oven) overnight, gave 4.5g of the purified product.

Example 8 N,N-Bis (2-chloroethyl) p-tolyl carbamate
To a suspension of bis(2-chloroethyl)amine hydrochloride salt (5.23g, 0.03 mole) in 45 ml
dry dichloro-methane, with cooling (ice water) and stirring, p-toly! chloroformate (5g, 0.03

mole) was added dropwise. The addition was complete within 20 min and was followed by
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addition of triethylamine (6.46g, 0.06mole) during 45 min. The mixture was further stirred at
room temperature for 1 hour. Water (12 ml) was added, and the mixture was stirred for 10 min.
Separated dichcloromethane layer was washed with HCI 1M(12ml), brine (10 ml), dried and

concentrated in vacuo to give an oily product (6.67 g, ~80.5% yield).

Example 9 Compound (4) oxalate - R-enantiomer

A mixture containing (R)- (4-chlorophenyl)phenyl methylamine free base (1.05 g, 4.8
mmol), N,N-bis(2-chloroethyl) p-tolyl carbamate (1.39g, 5 mmol) potassium iodide (0.42¢g,2.5
mmol) and diisopropyl ethylamine (2.6 ml) was stirred at 120°C (oil bath 135°C) for 5
hours.While cooling down 7 ml ethyl acetate was added. The mixture was stirred at ambient
temperature overnight. The solid was filtered off and washed with ethyl acetate (5 ml) and
concentrated to give an oily material (2.64 g).

Above crude material was dissolved in a solution containing 1.3 g NaOH in 2.5 ml H,0
and 10 ml 2-propanol. The mixture was refluxed for 1 hour 30min.

The mixture was concentrated in vacuo to get rid of 2-propanol and redissolved in 10 ml
toluene and 5 ml H,0O. The mixture was stirred for 30 min. The solid was filtered off and layers
were separated. 10 ml HCI (2M) was added to the toluene layer and stirred for 20 min. The
separated toluene layer was extratected again with 10 ml HCI (1M). The acidic layers were
combined, washed with 10 ml toluene and basified. The mixture was extracted with toluene (15
ml). The separated organic layer was washed with H,O (10 ml), dried and concentrated in vacuo
to give the desired product (840 mg oil).

To the crude product ethyl acetate (25ml) was added, followed by addition of 0.9g oxalic

acid dissolved in 2ml EtOH. The suspension was stirred 4h at ambient temperature and overnight
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at 5 °C. Solid obtained was filtered off and dried at 30 °C under vaccum to give a white solid

material (1g, 53%yield, 98.96% ee purity).

Example 10 - N,N-bis(2-chloroethyl) p-methoxyphenyl carbamate

To a suspension of bis(2-chloroethyl)amine hydrochloride salt (4.78g, 0.026 mole) in 45
ml dry dichloro-methane, with cooling (ice water) and stirring, 4-methoxyphenyl chloroformate
(5g, 0.026 mole) was added dropwise. The addition was complete within 20 min. and was
followed by addition of triethylamine (5.95g, 0.05 mole) during 55 min. The mixture was further
stirred at room temperature for 1 hour. Water (12 ml) was added, and the mixture was stirred for
10 min. Separated dichcloromethane layer was washed with HCI 1M(12ml), brine (10 ml), dried

and concentrated in vacuo to give an oily product (7 g, ~89.7% yield).

Example 11- Compound (4) oxalate - R-enantiomer

A mixture containing (R)- (4-chlorophenyl)phenyl methylamine free base (1.05 g, 4.8
mmol), N,N-bis(2-chloroethyl) 4-methoxy pheny! carbamate (1.49g, 5 mmol) potassium iodide
(0.42¢g, 2.5 mmol) and diisopropyl ethylamine (2.6 ml) was stirred at 120°C (oil bath :135°C) for
5 hours.

While cooling down, 7 ml ethyl acetate was added. Mixture was stirred at ambient
temperature overnight. The solid was filtered off and washed with ethyl acetate (5 ml) and
concentrated to give an oily material (2.734 g).

Above crude material was dissolved in a solution containing 1.3 g NaOH in 2.5 ml H,O

and 10 ml 2-propanol. The mixture was refluxed for 2hour 45min.
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The mixture was concentrated in vacuo to get rid of 2-propanol and redissolved in 10 ml
toluene and 5 ml H,O. The mixture was stirred for 30 min. The solid was filtered off and layers
were separated. 10 ml HCI (2M) was added to the toluene layer and was stirred for 20 min.
Separated toluene layer was extracted again with 10 ml HCI (1M). Acidic layers were combined,
washed with 10 ml toluene and basified. The mixture was extracted with toluene (15 ml). The
separated organic layer was washed with H,O (10 ml), dried and concentrated in vacuo to give
the desired product (800 mg oil).To the crude product ethyl acetate (25ml) was added followed
by addition of 0.9 g oxalic acid dissolved in 2 ml EtOH. The suspension was stirred 4h at
ambient temperature and overnight at 5 °C. The solid obtained was filtered off and dried at 40 °C

under vaccum to give a solid material (0.86g, 45.7% yield, 98.77%ee purity).
p

Example 12- N,N-Bis(2-chloroethyl) p-nitrophenyl carbamate

To a suspension of bis(2-chloroethyl)amine hydrochloride salt (4g, 0.022 mole) in 25 ml
dry dichloro-methane, with cooling (ice water) and stirring, 4-nitrophenylchloroformate (4.6g,
0.022 mole) was added dropwise. The addition was complete within 10 min and was followed by
addition of triethylamine (5g, 0.049mole) during 1 hour. The mixture was further stirred at room
temperature for 1 hour. Water (10 ml) was added, and the mixture was stirred for 10 min.
Separated dichcloromethane layer was washed with HCI 1M(10ml), brine (10 ml), dried and

concentrated in vacuo to give an oily product (6.4 g, ~94.8% yield).
Example 13- Compound (4) oxalate - R-enantiomer

A mixture containing (R)- (4-chlorophenyl)phenyl methylamine free base (4.1g,

18.8mmol), N,N-bis(2-chloroethyl) 4-nitrophenyl carbamate (6.4g, 20.8mmol) potassium iodide

2.



10

15

20

WO 2009/065622 PCT/EP2008/009978

(1.7g, 10 mmol) and diisopropy! ethylamine (10.2 ml) was stirred at 140°C(oil bath) for 4
hours.

While cooling down, 60 ml dichloromethane was added. The mixture was stirred at
ambient temperature for 20 min. 30 ml HC1 (IM) was added to the dichloromethane. The organic
layer was separated washed with NaCl (5 ml) dried and concentrated to give an oily material
(13.6 g).

Above crude material was dissolved in a solution containing 5.3 g NaOH in 10 ml H,O and
42 ml 2-propanol. The mixture was heated til 50 °C for 3h 30min.

The mixture was concentrated in vacuo to get rid of 2-propanol and redissolved in 40 ml
toluene and 20 ml H,O. The mixture was stirred for 30 min, the solid was filtered off and layers
were separated. 40 ml HCI (2M) was added to the toluene layer and stirred for 20 min. Separated
toluene layer was extracted again with 40 ml HCI (1M). Acidic layers were combined, washed
with 40 ml toluene and basified. The mixture was extracted with toluene (80 ml). The separated
organic layer was washed with H,O (10 ml), NaCl (10ml) dried and concentrated in vacuo to
give the desired product (1.2g oil). To the crude product ethyl acetate (25ml) was added,
followed by addition of 0.9g oxalic acid dissolved in 2ml EtOH. Suspension was stirred 4h at
ambient temperature and overweekend at 5 °C. Solid obtained was filtered off and dried at air to

give a solid material (1.3 g, 17.6% yield). 98.56%ee purity.

Example 14 N,N-Bis(2-chloroethyl) benzyl carbamate
To a suspension of bis(2-chloroethyl)amine hydrochloride salt (5g, 0.028 mole) in 30 ml
dry dichloro-methane, with cooling (ice water) and stirring, benzyl chloroformate (5.1g, 0.03

mole) was added dropwise. The addition was complete within 10 min and was followed by
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addition of triethylamine (6.46g, 0.063mole) during 1 h. The mixture was further stirred at room
temperature for 1 hour. Water (10 ml) was added, and the mixture was stirred for 15 min.
Separated dichcloromethane layer was washed with HCl 1M(10 ml), brine (10 ml), dried and

concentrated in vacuo to give an oily product (7 g, ~ 95.5% yield, 80% pur).

Example 15 Compound (4) oxalate - R-enantiomer

A mixture containing (R)- (4-chlorophenyl)phenyl methylamine free base (4.1g,
18.8mmol), N,N-bis(2-chloroethyl) benzyl carbamate (7g, 26.7mmol) potassium iodide (1.7g, 10
mmol) and diisopropyl ethylamine (10 ml) was stirred at 135°C (oil bath), for 4 hours.

While cooling down, 60 ml dichloromethane was added. The mixture was stirred at
ambient temperature for 20 min. 35 ml HCI (1M) was added to the dichloromethane. The organic
layer was separated, washed with NaCl (10 ml) dried and concentrated to give an oily material
(10 g). The impure material was purified with AcOEt/heptane column (3->50%)

0.5 grams of above pure material was dissolved in a solution containing 1.3 g NaOH in 1.2
ml H,O and 5 ml 2-propanol. The mixture was heated til 100 °C for Sh.The mixture was
concentrated in vacuo to get rid of 2-propanol and redissolved in 10 ml toluene and 5 ml H,O.
The mixture was stirred for 20 min and layers were separated. The organic layer was dried over
Na,;SO4 and concentrated. To the crude product ethyl acetate (10ml) was added, followed by
addition of 0.2g oxalic acid dissolved in 1ml EtOH. The suspension was stirred 4h at ambient
temperature and overnight at 5 °C. The solid obtained was filtered off and dried at air to give a

solid material (0.3g, 38.5% yield). 98.86 % ee purity

224-



WO 2009/065622 PCT/EP2008/009978

Each of the patents, patent applications, and journal articles mentioned above are incorporated
herein by reference. The invention having been described it will be obvious that the same may
be varied in many ways and all such modifications are contemplated as being within the scope of

the invention as defined by the following claims.
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P12GT16/SV/137
CLAIMS
5 1. A process, which comprises:

a) reacting a compound of formula (1) with a compound of formula (7) in the

presence of a base,

Cl< :
CH—NH2
: 1) oz %)

to form a compound of formula (8):

cl
\©\CH—N N— //O
©/ \__/

O-z
10 8)
wherein X is a leaving group reactive with an amine, for instance a halo group, such as
chlord or bromo group; or a sulphony! group such as mesyloxy, besyloxy or tosyloxy
group; preferably in the presence of potassium iodide as an initiator;
15 Z is C3-C20 cycloalkyl group, C7-C20 aralkyl group, C6-C20 aryl /alkylaryl

group, each of which groups can be substituted by one to four halogen, alkoxy, amino,
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and/or nitro groups, ; and

b) deprotecting said compound of formula (8), preferably by an alkaline

hydrolysis, to form a compound of formula (4)

CI :

CH—N NH
:: G
The process according to claim 1, wherein Z is phenyl, p-tolyl, or benzyl.

The process according to claim 1 or 2 wherein X is a chloro- group.

The process according to claim 1-3, wherein the compounds of formulae (1), (8), and (4)

are racemic compounds.

The process according to claim 1-4, which further comprises converting said compound

of formula (4) to a cetirizine compound.

The process according to claim 1-3 or 5, wherein the compounds of formulae (1), (8), and

(4) are substantially the (R)-enantiomer compounds.

The process according to claim 1-6, wherein said compound of formula (4) has an optical

purity of at least 95%.

The process according to claim 1-7, which further comprises isolating said compound of

formula (4) as an oxalate salt, preferably in crystalline form.

The process according to Claim 1-8, wherein the deprotection is performed without using

HBr in acetic acid.
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10.  The process according to claim 1-8, wherein the deprotection is performed by an aqueous
alkali.

11. A compound of formula (7)

y /—\N—C /O
X~ Noz 9

5 wherein X is a leaving group reactive with an amine, for instance a halo group such as
chloro or bromo group; a sulphonyl group such as mesyloxy, besyloxy or tosyloxy group;
and preferably X is a chloro-group; and

Z is C3-C20 cycloalkyl group, C7-C20 aralkyl group, C6-C20 aryl /alkylaryl
group, each of which groups can be substituted by one to four halogen, alkoxy, amino,

10 and/or nitro groups, and preferably the Z is a phenyl, p-tolyl, or benzyl group.
12.  The compound according to claim 11, wherein X is chloro and Z is phenyl.

13. A compound of formula (8)

O

AN

—C.

v

Cl
\O\CH—N/_\N
5
(®)
wherein Z is C3-C20 cycloalkyl group, C7-C20 aralkyl group, C6-C20 aryl
15 /alkylaryl group, each of which groups can be substituted by one to four halogen, alkoxy,

and/or amino groups, and preferably the Z is a phenyl, p-tolyl, or benzyl group.

14.  The compound according to claim 13, wherein said compound is substantially the (R)

enantiomer, preferably having an optical purity of at least 95%.
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A crystalline oxalic acid addition salt of a compound of formula (4)

cl
\O\CH—N NH
S

4.

The crystalline salt according to claim 15, wherein said compound of formula (4) is

substantially the (R) enantiomer, preferably having an optical purity of at least 95%.

Use of a compound according to claim 11 -16 in the making of a cetirizine compound,

such as levocetirizine, and/or the compound of formula (4).
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