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present invention relates to an inproved and Lfi I for S@e
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di sease. Field of the invention Abstract paged ....... to paged ...
5 The present invention relates to an improved and sim-

plified process for the preparation of formoterol and
related compounds and derivatives thereof and their
pharmacologically and pharmaceutically acceptable fumarate
salts and/or solvates. The invention is also directed to
10 new compounds as defined in claim 9. Formoterol is a long-
acting and highly selective bronchodilator. The B.-
adrenoceptor agonists taken by inhalation are the adminst-
ration of choice in the symptometrlc therapy of obstruc-
tive airway disease.
15 )
Background of the invention

The administration by inhalation enables the dose to be
delivered directly to the airways. By this route of

20 adminstration, it is possible to give a small dose and
thereby minimizing unwanted side-effects. The drawbacks of
the current available bronchodilators are their relatively
short duration of action. Studies with formoterol giwven by
inhalation have shown its much longer duration than any

25 other bronchodilators on the market. By using a compound
with long duration it would be possible to avoid the
nocturnal asthma, so often causing considerable anxiety
and debility to the patients. Formoterol gives less
nocturnal waking. Formoterol has been registered for oral

30 adminstration in Japan since 1986.

Formoterol has two asymmetric carbon atoms in the
molecule. It is used as the fumarate salt of one of the
two possible pairs of enantiomers of 3-formamido-4-

35 hydroxy-a-[N[1-methyl-2-(p-methoxyphenyl)ethyl]amino-
methyl]lbenzyl alcohol. Formoterol consists of the
enantiomers, which have the RR + SS configuration.
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Background of the invention The adm nistration by inhalation enables the
dose .to be delivered directly to the airways. By this route of adm n-

stration, it is possible to give a snall dose and thereby m nin ze unwant ed
siFrde-effects. The drawbacks of the curren@ly avai l'abl e bronchodil ators are

their relatively short duration of actiqn. Studies wth formgterol given b
i nhal ati on ha FOIRKAEQY Was flrfk essigdedydma &?W%rﬁg‘%&%r ° Y

bL Onlcgogi | at ora%lglric%mdmrmarﬁmaﬁi Ehat maeeutich )y thagam ol rdidign it
shou e possible to 0, noct ur ast f t . j C i der abl e
anxi ety and déMi¥9RAFY gg/t%%’bléa-ry 1§12, rqu ed prioritied Ydpard W
: 39416 (19 april 1972), 51013 (23 May 1972) and 52925 (27
5 May 1972)). The corresponding patent in Germany is
DE 2 305 092.

DE 2 366 625 discloses some a-aminomethylbenzyl alcohol
derivatives which‘are intermediates for preparing end

10 - products useful as bronchodilators. Example 3 therein
refers to the preparation of 3-formamido-4-hydroxy-a-(N-
benzyl-N-isopropylaminomethyl)benzylalcochol.

The hitherto published synthetic routes to formoterol
15 involve a nucleophilic substitution reaction of an amine
to a bromoketone according to:

0
P2
@—Cﬁz -o—@—é-cxzsr + NH—(EH-CHZ—-@—OCH3
) ¢

The reduction of the nitrogroup is accomplished by either
Fe/HCl or Sn/HCl followed by formylation with a mixture of
formic acid and acetic anhydride. The presence of acetic

25 anhydride has shown to give some undesired acetylated
products. The separation'step of the two pairs of
enantiomers are tedious and several recrystallizations are
needed to obtain sufficient purity of the product.

20

30 The patent application J 50012-040 (priority date 31 May
1973) discloses a process where a substituted ketone is
undergoing a reductive alkylation with the appropriate
amine.

35 ES 2 005 492 (S.A. Lasa Laboratorios) describes a process
for the synthesis of formoterol characterized by a
coupling regction between 3-formamido-4-benzyloxy-
phenyloxirane and the unprotected 2-(4-methoxyphenyl)-1-
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tients. Fornoterol gives |ess nocturnal waking. Fornoterol has been
registered for oral admnstration in Japan since 1986. Fornoterol has two
asynmetric carbon atons in the nolecule. I{ is used as the fumarate salt of
one of the two possible pairs of enantioners of

3-f or mam do- 4-@@{%1{1@ rdmidd ]a'x{a?tiy'f&%ﬂié’@tﬁ}?)%’mé )ﬂvé:yl ] am no- et h

yl ] benzyl al cohol.” Forrnoterol consists_ of e enantiorners, I ch have_the
RR + SS confi iR IaEons, SKARS o USRLF | FRoWR athe g AP TRe adid ent

application (‘somrsiwdilitereoseie ciid meglylére lcHride causing
environmental and health problems, HCOOH/acetic anhydride
5 etc.) to the final product.

The synthesis of formoterol and closely related compounds
have also been reported in Chem. Pharm. Bull., 25(6),
1368-1377 (1977), where 3-nitro-4-benzyloxy-a-(N-

10 substituted aminomethyl)benzyl alcohols are used as the -
keyintermediate. Use of Raney-nickel for the reduction of
the nitro group has been rejected due to difficulties in
obtaining pure products without a chromatographic step.
However, the general procedure for the preparation of 3-

15 amino-4-benzyloxy-a-(N-substituted aminomethyl)benzyl
alcohols reported on page 1373 of said document involves a
tedious and cumbersome column chromatographic step on
silica gel using benzene-ethyl acetate as the eluent.

20 There is a strong desire of synthesizing formoterol
fumarate (as dihydrate) by a simple procedure causing
small environmental concerns e.g. by elimination of
solvents like benzene.

25 Brief description of the invention.

The present invention is directed to a process for
preparing a compound of the general formula I

30 ! / \ EH iH3
RO~ - H-CHZ-A- H-CHZ- -OCH3 I

[

NH
EHO
35
wherein R1 is H or a straight or branched alkyl group
having 1~-5 carbon atoms,
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priority 5 february 1972. related priorities Japan no 39416 (19 apri

1972), 51013 (23 May 1972) and 52925 (27 May 1972)). The correspondi ng
patent in Germany is DE 2 305 092. DE 2 366 625 di scl oses sone

[ érr]-am nonet hyl benzyl al cohol derivativeS which are internmedi ates for
prepari ng end products usefulyas bronchoditators. Exanple 3 therein refers
to the preparation of 3-forngm do-4-hydroxy-[err]- (N ben-

zyl - N- i sopr opyd abs reitcher | ) bdhzy| alwhgxrgin Bdsik g 1 SuRidHePSynt heti ¢

routes to fornoterol involve nucl eophilic substitution reaction of an
amne to a 2

branched alkyl group having 1-5 carbon atoms and R” is H
5 or a straight or branched alkyl group having
R
1-5 carbon atoms; or -&- wherein R is as defined
above,
10 or a pharmaceutically acceptable fumarate and/or solvate

thereof, in the form of the pure racemates or the mixture
of the four isomers, by

a) reacting

15 |
' / \ /0 H + HECH—CH - -QOCH
-CH2 -0 -CH— 2 l 2 3
| CH,
‘102
20
II I1X

to give compound IV

25 CH,
@-CH -OQ-CH CH, K- c[H CHZQ-OCH3

3
Iv

30

b) reducing and formylating compound IV to give compound V

< >-CH -0-< E} EH- CH -N éH CH2 @-OCH3
35

| cno
S v
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br onoket one according to: [err] The reduction of the nitro group is
acconpl i shed by either Fe/HCI or Sn/HCI followed by fornmylation with a

m xture of formc acid and acetic anhydride. The presence of acetic
anhydri de has been shown to give sone undesired acetyl ated products. The
separation of the two pairs of enantioners is tedious and several
recrystallizations are needed to obtain sufficient purity of the product.

c) forming the fumarate of compound V and resolving the
racemates by crystallization,

5
d) extracting the base of the desired racemate of compound
v,
e) hydrogenolyzing of the protecting benzyl groups of said
10 'H
base of compound V to obtain compound I wherein A is - &-
and R1 is H , and optionally
f) forming a fumarate and/or solvate of compound I, and
15 optionally
g) when
1|2
A is either -nt- wherein R is H or a straight or
20 k2
branched alkyl group having 1-5 carbon atoms and R2 is H
or a straight or branched alkyl group having
Ill
1-5 carbon atoms; or -N- wherein R is a straight or
25 branched alkyl group having 1-5 carbon atoms, and
Rl is as defined above,
alkylating the compound obtained in step e) or f).
Another aspect of the present invention refers to a new
30 compound of the general formula I
OH CH
1 L cm [ 3
RO~ -CH-C 2—A-CH—CH2 -O(?H3 I
35 ?H
CHO
—
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The patent application J 50012-040 (priority date 31 May 1973) discloses a
process where a substituted ketone undergoes a reductive al kylation with
the appropriate amine. ES 2 005 492 (S. A g.asa Laboratorios) describes a
process for the synthesis of formoterol characterized by a coupling
reaction bet r%ifrprnﬂaana oD U RAGHEDY PEAREHLKYE GIAIP! ect ed
2-(4- nethoxyphenyl) neth—gbﬁthyl amne and is followed by tedi ous and

t roubl esone sz%ﬁ#QQuﬁ?Qﬁc§ﬁ HMS s, hydrofluoric acid, solvents like

benzene and net hyl ene chl ori causi ng environmental and heal t h pr obl ens,
HOOOH aceti ¢ %@hydrlc%h }C')- {Ltr“hﬂéfgﬁn R is a straight or
2
5 R
2

branched alkyl group having 1-5 carbon atoms and R” is H
or a straight or branched alkyl group having

1-5 carbon atoms; or -N- wherein R is as defined

10 above,
or a pharmaceutically acceptable fumarate and/or solvate
thereof, in the form of the pure racemates or the mixture
of the four isomers.

15 Detailed description of the invention

The starting material 4-benzyloxy-3-nitro-styreneoxide (4-
benzyloxy-3-nitro-phenyloxirane) (II) is prepared
according to the method described in J. Med. Chem. 17, 49

20 (1974) by C. Kaiser et al.
25
30
35
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product. The synthesis of fornoterol and closely related conpounds has al so
been reported in Chem Pharm Bull., 25(6). 1368-1377 (1977), where
3-nitro-4-benzyl oxy-[err]-(Nsubstituted I noret hyl ) benzyl al cohols are
used as the key inter- nediates. Use of Raney-nickel for the reduction of
the nitro group has been rejected due to difficulties in obtaining pure
products w thout a chromatographic step. However, the general procedure for
t he preparation of 3-anin07r enzyl oxy-[err]- (N-substitute

ocH
am nonet hyl ) ben al coreld €l on page 1373 of shid nt 1nvol ves
a tedi ous and @ -
+ Hy
2 o8

S
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_éone col utm chr omat ographi ¢ step on silica gel using benzene-ethyl acetate

as the el uent.

There is a strong desire to synthesize fornoterol fumarate

(as dihydrate) by a sinple procedure causigg smal | environnmental concerns,
e+rg. by elimnation of solvents |ike benzene.

10

15

20

25

30

35
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According to the present invention formoterol, i.e. the
compound of formula I wherein R and Rl
prepared by a) reacting

0 CH
2\ | 2
-CHZ-O- -CH——CHz + NH-EH-CHZ- -OCH3

Hy

are hydrogen, is

N02

II III

in the presence of a solvent such as lower alcohols at
reflux temperatures or in the absence of a solvent at
temperatures preferably at 80-120°C, to give compound IV

| on LHZ
@—cr:z-o- ~CH-CH,- -?H—CHZQ-OCH3 v
CH,

NO2

b) reducing and formylating compound IV to give compound V
in either a one step reaction with e.g. Raney-
nickel/formic acid or in a two step reaction (catalytic
reduction of the nitro group, e.g. over platinum metals in
a polar solvent, such as lower alcohols and/or esters,
preferably PtO. in methanol or more preferably Pt/C in
ethyl acetate, to give compound IVa, followed by
formylation, e.g. in a 6-10 fold excess of formic acid).
The formylation step is preferably performed at a
temperature of 20-90°C during 1-24 hrs. The mixture of the
two racemates of V (RR + SS and RS + SR resp.) are
thereafter separated by

¢c) transforming the amine base into its fumarate salt for
separation by fractional crystallization in a solvent
system cgmprising ethyl acetate, isopropyl acetate and/or

|



-2- Brief description of the invention. The present invention is directed
to a process for preparing a conpound of the general fornmula I [err]

wherein [err] is Hor a straight or branchd al kyl group having 1-5 carbon
atons, Ais either

methyl isobutylketone. A very efficient system is based
upon a solvent system which also comprises small amounts
(preferably less than 15 %) of solvents more polar than
the solvents just mentioned, such as dimethylformamide |
5 (DMF), dimethylsulfoxide (DMSO) and/or methanol. A
preferred solvent system comprises ethyl acetate and a
small amount of dimethylformamide, dimethylsulfoxide or
methanol. The presence of a solvent like DMF is very |
important in order to increase the solubility and thereby
10 improve the purity of the desired diastereomer.

Step e) is a common hydrogenolysis of the protecting
benzyl groups of the amine base V, performed in a
traditional manner with platinum, palladium, and nickel

15 catalysts in a polar solvent, such as ethanol, isopropanol
or ethylacetate or a mixture of said solvents, at normal
or higher temperature and pressure. A simple
crystallization of the formoterol base by means of
isopropanol or preferably by means of a isopropanol/water

20 mixture may be carried out in connection with this step as
a work up procedure. Said crystallizion should be carried
out at a temperature as low as possible (e.g. < 45°C).

The formoterol may thereafter in step f) be transformed

25 into its fumarate salt and/or solvate and crystallized in
a polar solvent (isopropanol, ethanol and the like)
containing some water (2-25%, preferably 20 %) in order to
obtain suitable solide state properties of the compound
(hydrate) for the micronization procedure. The compounds

30 usually exist as solvates (hydrates) giving the
possibility of different crystal arrangements
(polymorphism).

The solvents may or may not be completely evaporated in
35 each step in the process. It is preferred by technical
reasons not to evaporate the solvents.

heet Has Been Replaced
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2 wherein Ris Hor a straight or branched al kyl group having 1-5 carbon
atons, and [err] is Hor a straight or branched al kyl group having 1-5
carbon atons; or wherein Ris as defined Eove. ora pharmaceutically
acceptabl e fumarate (and/or a sol vate of ? e furnarate) thereof, in the

formof the PU§ ééaé\e?rl{'itnesfoﬂx.lla I is a straight or branched alkyl
group having 1-5 carbon atoms, such as methyl, ethyl,
propyl, iso-propyl, a further step g) is necessary,
wherein the compound obtained in step e) or step f) is
5 alkylated in a conventional manner, such as by
nucleophilic substitution with alkyl halides or by
reductive alkylation.

R in the definition of compound I is preferably hydrogen
10 or a straight alkyl group of 1 to 3 carbon atoms.

Examples

The invention is further illustrated but not limited by
15 the following examples.

Test methods

The purity of the synthesized compounds has been

20 determined on a HPLC (high performance liquid
chromatography) system with UV detection using a
LiChrosphere RP Select B 5 um (125 x 4 mm) column under
the following conditions:

25 System A:
Mobile phase : CH,CN:phosphate buffer pH 4.95
(55:45)
Detection wavelength : 280 nm
Flow rate : 1.0 ml/min
30 Retention time (min) : II 4.8; III 1.9; IV 15 (RR,SS) 17
(RS,SR); IVva 6.7; V 5.5
System B:
Mobile phase : CH,CN:ethanol:phosphate buffer pH
35 4.95 (24:16:60)

Detection wavelength 280 (220) nm
1.0 ml/min

Retention time (min) : V 40 (RR,SS) 48 (RS,SR)

Flow rate

i



a) reacting [err] to give conpound IV [err]

11
System C:
Mobile phase : CH,CN:ethanol: 0.1 M NH,OAc in 0.1
M HOAc (11:11:78)
5 Detection wavelength : 280 nm
Flow rate : 0.8 ml/min
Retention time (min) : I 8.7

The reactions have continously been followed by HPLC and
10 the given data for yield, purity are taken directly from
the chromatogram unless otherwise stated.

Preparation
Synthesis of IV. (step a)

15
4-Benzyloxy-3-nitro~styrenoxide (II, 0.5 mole, 135.8 g)
and p-methoxyphenyl-2-benzylaminopropane (III, 0.55 mole,
140.5 g) were stirred under nitrogen atmosphere at 90<C
for 69 hours (no solvent). The dark syrup (267.0 g)

20 consisted of 94 % of compound IV with a diastereomer ratio
of 43:57 {(System A).

Synthesis of V. (step b)

25 Method A (two steps). The dark syrup (IV, 133.5 g) in
methanol (1.5 1) was hydrogenated over 1.5 g PtO; XH,O at
a pressure of 2-4 bar for 3 hours. Compound IVa with a
purity of 91 % was obtained (System A).
Filtration and evaporation of the solvent followed by

30 addition of a seven fold excess of formic acid gave after
standing for 24 hours at 20°C compound V with a purity of
87 % V (System A) after evaporation. The reaction mixture
was used without further purification.

35 An alternative of Synthesis of IV and V

4-Benzyloxy-3-nitro-styreneoxide(II, 164 mole, 44.5 kg)
and p-methoxyphenyl-2-benzylaminopropane (III, 179 mole,

T



- 3- b) reducing and fornylating conmpound IV to give conmpound V [err] c¢)
formng the fumarate of conpound V and resolving the racemates by
crystallization, d) extracting the base of, the desired racemate of conpound

V. , 12
45.8 kg) were stirred under nitrogen atmosphere at 90°C
for 65 hours (no solvent). To the dark syrup dissolved in
ethyl acetate (350 1) was added Pt/C (5.6 kg).
Hydrogenation with hydrogen gas gave after evaporation of

5 the solvent an oily solid of V with 91.3 % purity. The
product was used without further purification.

Method B (one step)

10
The dark syrup (IV, 5.0 g), Raney nickel (5 g) and 75 %
(v/v) aqueous formic acid (50 ml) were refluxed for 1 hr.
The mixture was filtered, and the filtrate and washings
diluted with water and extraxted with chloroform. The

15 extracts were washed with saturated sodium hydrogen
.carbonate, water and dried (Na-.SO.). The oily residue was
chromatographed on a silica column using petroleum ether
(40-60° C)/ethyl acetate'(7.5:6) as eluent giving pure
compound V (1.8 g).

20
Separation of the diastereomers (step c)

To. fumaric acid (0.62 mole, 72.5 g) dissolved in methanol
(2 1) the reaction mixture consisting of compound V (about

25 1.25 mole) in formic acid was added. After evaporation of
the solvents at 50°C the brown syrup was dissolved in
ethyl acetate (7.5 1) while heating. The light brown
crystals of compound V fumarate formed during cooling were
filtered, washed with ethyl acetate (1 1) and dried in

30 vacuum at 40°C for 20 hours. The product (1.12 mole, 654.7
g) had a diastereomer ratio of 84:16 (System B).
1.10 mole (644.7 g) of compound V fumarate in ethyl
acetate (7.5 1) was heated to reflux, DMF (750 ml) was
added and the clear solution was allowed to stand for 4

35 days at room temperature. The light brown crystals formed,
were washed with ethyl acetate (1.5 1) and dried in vacuum
'at 40°C for 4 hours giving a diastereomer ratio of
98.5:1.5. By repeating the recrystallization procedure, a

This Sheet Has Bee;
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e) hydrogenol yzing of the protecting benzyl groups of said base of conpound
V to gbtain conpound | wherein Ais and [err] is H and optionally f)

formng a fumarate (and/or a solvate of th furnarate) of compound I, and
optionally, and g) when one or nore of R %Hr] and [err] is a straight or

b hed al kyl havi 1- b i
obtained 1 st ERCENLE! BrsLepcot; Faneated, Fobrontipek,L8o Yonfe RBtathea
in good yield (System B).

Synthesis of I.

5 Step d _
The protected (N,O-dibenzylated) formoterol base (V) was
obtained by an extraction procedure (ethyl acetate (2
1)/ammonia, 2 M (1.5 1)) from compound V fumarate (0.28
mole, 164.1 g).

10 Step_ e
Hydrogenolysis of compound V (0.28 mole) in ethanol (2.5
1) with 5 % Pd/C (16.0 g) at 45 psi over night gave the
formoterol base (0.23 mole, 78 g (82 %); purity 99.2 %)
after filtration and evaporation of the solvent.

15 Recrystallization in isopropanol (1.1 1) increased the
purity to 99.8 %. An alternative procedure for
recrystallization giving even better purity (>99.9 %)
involves the use of a mixture of isopropanol/water (e.g.
85:15) and keeping the temperature as low as possible

20 (e.g. <45°C).

Step £

To formoterol base (0.176 mole, 60.6 g) in isopropanol
(960 ml) and water (200 ml) fumaric acid (0.088 mole,
10.21 g) was added. A clear solution was obtained after

25 heating. After standing at room temperature the crystals
were filtered, washed with isopropanol (2 x 50 ml) and
dried in vacuum at 45°C for two days. The formoterol
fumarate dihydrate formed (0.17 mole, 69.7 g) had a purity
of 99.2 % and an diastereomeric purity of 99.8 % (System

30 C). *H-NMR (Varian VXR 300, deuterated dimethylsulfoxide,
chemical shift in ppm): -CH(CH;)- 0.99 (3H, doublet); -
CH(CH,)- 3.0-3.1 (1H, multiplet); -CH(OH)- 4.60-4.65 (1H,
multiplet); -CH,-NH- 2.75-2.9 (2H, multiplet); ~CH(CH, )~
CH.-2.44-2.5, 2.75-2.9 (2H, two multiplets); -OCH, 3.73

35 (3H, singlet); -CHO 9.61 (1H, doublet); -NH-CHO 8.29 (1H,
doublet).; -CH=CH- 6.49 (1H, singlet). In the thermospray
mass spectrum the assignment fragments are m/z 345 (MH™,
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The st 4 benzyl oxy- 3-ni tro-styreneoxi de
(4- benz “ “ﬁ“ henyl oxirane) (Il) is prepared accord- ing to the
nethod Med. Chem 17, 49 £i974) by C. Kaiser et al. -4-

100 %); 327 (MH* - H,0, 27 %); 166 (C,0H,5N,O0%, 7.2 %),
which confirm the structure.

Synthesis of N-[2-(3-formamido-4-hydroxy-phenyl)-2-
hydroxy-ethyl]-N,N-dimethyl-N-(p-methoxy-a-methyl-
phenylethyl)ammonium fumarate

5 A mixture of formoterol fumarate (500 mg), sodium
carbonate (200 mg), methyl iodide (5 ml) and acetonitrile
(50 ml) was stirred over night at room temperature. '
Filtration and evaporation of the filtrate gave an oily
solid which was washed with chloroform to give 341 mg (66

10 %) of the crude N-[2-(3-formamido-4-hydroxy-phenyl)-2-
hydroxy-ethyl]-N,N-dimethyl-N-(p-methoxy-a-methyl-
phenylethyl)ammonium fumarate. ﬁecrystallization from 95 %
ethanol gave a purity of 98.6 % (HPLC system: Licrosphere
RP Select B, 5‘pm, 129x%4 mm, 214 nm, gradient elution from

15 acetonitrile/phosphate buffer (50 mM, pH 3) 16/84 to
acetonitrile/phosphate buffer (70/30), 1 ml/ min). 1H-NMR:
-CH(CH3)- 1.17 (3H, doublet); N-CH3 3.2 (3H, singlet);
N-CH3 3.3 (3H, singlet); -CH(CH3) 4.0 (1H, multiplet);
-CH(OH) 5.1-5.2 (1H, broad doublet); -CH(OH) 6.1 (broad

20 singlet); —OCH3 3.76 (3H, singlet); CHO 8.31 (1H,
singlet); -NHCHO 9.6 (1H, singlet); -CH=CH- 6.9 (1H,
singlet). The electrospray mass spectrum shows the
molecular peak at m/z 373 which is in accordance with the
proposed structure.

25
The new process according to the invention, which differs
from known procedures for the preparation of formoterol
fumarate and its derivatives in the following major ways
1. The use of an epoxide as a starting material

30 2. Reduction and formylation of the nitro group
3. The optional use of a cosolvent in the separation of
the racemates.

The new process is easier to use and gives an end product
35 with a higher purity than the same compounds prepared
according to earlier known processes.



[err] Acc tgg}kpg&ha. cgsent invention fornoterol, i.e. the conpound of

forrmla I ‘\“\\n‘“ err] are hydrogen, is prepared -5-

15
CLAIMS

1. A process for preparing a compound of the general

formula I
5
s
-CH CH -A- CH-CHZ- —OCI-I3 I
o
10 CHO
wherein R1 is H or a straight or branched alkyl group
having 1-5 carbon atoms,
15 A is either -i+— wherein R is H or a straight or
: 2
branched alkyl group having 1-5 carbon atoms and R2 is H
or a straight or branched alkyl group having
20 1-5 carbon atoms; or -N- wherein R is as defined

above,

or a pharmaceutically acceptable fumarate and/or solvate

thereof, in the form of the pure racemates or the mixture
25 of the four isomers, by

a) reacting

Y .
30 @-CHz-O- - —--CI-I2 + H-C\H-CH2-©-00H3
CH

3

NO 2

35 I1 III



by a) react irgsHe&Had BdelREgMBedor €sence of a solvent such as a | ower al coho

at reflux te n the absence of a solvent at a tenperature of
preferably [ npound |V [err] b) reducing and fornylating

compound 1V t d Vin either gcone step reaction with e.g.
Raney- ni ckel / f or -

to give compound IV

oH CH,
5 @-cnz—o -CH—CHZ-N-fH-CH2©ocn3
CH
NO,

3

Iv

10

b) reducing and formylating compound IV to give compound

\Y
15

/ \ ?H (I:H3

. -CHz-O- -CH- CH2-¥-CH-CH2-©-OCH3
Hy
iH
20 HO
v

25

c) forming the fumarate of compound V and resolving the

racemates by crystallization,

d) extracting the base of the desired racemate of compound
30 v,

e) hydrogenolyzing of the protecting benZyl groups of said

. H

base of compound V to obtain compound I wherein A is - &-

35 and R1 is H, and optionally

f) forming a fumarate and/or solvate of compound I, and
‘optionally

el



mc acid-“or”Tﬁ'a two step reaction (catalytic reduction of the nitro
group, fk §M§ﬁﬁﬁéﬁk Bepénet al in a pol ar solvent, such as a | ower al cohol
and/ or es [err] in nethanol or nore preferably Pt/C in ethyl
acet at e, B | Va, foll owed fornylation, e.g. in a 6-10 fold
excess of f The fornylation si@p Is preferably perforned at a

t enper at ure of [err] durlng 1-24 hrs. The m xture of the two racemates of V
{RR + SS and RS + SR resp.) are thereafter separated by c) transformng the

ani ne base intg) ivieerf umarate salt for separation by fractional
crystallization in a sol vent ?ystem

A is either -N - wherein R is H or a straight or
5 k2

branched alkyl group having 1-5 carbon atoms and R2 is H

or a straight or branched alkyl group having

R

1-5 carbon atoms; or -&- wherein R is a straight or
10 branched alkyl group having 1-5 carbon atoms, and

R1 is as defined above,

alkylating the compound obtalned in step e) or £).

2. A process according to claim 1,characterized in that

15 step a) is carried out in the presence of a solvent, such
as lower alcohols, at reflux temperatures or in the
absence of a solvent at temperatures preferably at 80-
120°C .

20 3. A process according to any one of claims 1-2,

- characterized in that step b) is a one step reaction with
Raney-nickel/formic acid or a two step reaction comprising
catalytic reduction of the nitro group followed by
formylation in excess of formic acid.

25
4. A process according to any one of claims 1-3,
characterized in that the resolving of the racemates by
crystallization in step c) is carried out in a solvent
system comprising ethyl acetate, isopropyl acetate and/or
30 methyl isobutylketone.

S. A process according to claim 4, characterized in that
the solvent system further comprises small amounts of
solvents more polar than the solvents defined in claim 4,

35 such as dimethylformamide, dimethylsulfoxide and/or
methanol.
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conpr|5|ng el hgdpropyl acetate and/or nethyl isobutyl ketone. A
very eff|C|en ﬂ ed upon a solvent system which al so conpri ses
smal | anmounts ss than 15 % of solvents nore polar than the

sof vents j ust nentloned such as di net hyfformam de (DVF), dinethyl sulfoxide
(DMSO) and/or nethanol. A pre- ferred sol Vicht systen1conprises et hyl

acetate and LI t of dingethylf thyl sul f Qxi.d
anol - The pr esBne® BFOGSSD) SERPHILRE LRFCIBLDcry GBEFRERBFIEER SRathety

i ncrease the sehebambuptaofi thermbyei pplaresblieentr prgferably dssilesd
racemnat e. than 15 %.

met h-

5 7. A process according to any one of claims 1-6,
characterized in that R is hydrogen and R1 is hydrogen.
8. A process according to any one of claims 1-6,
characterized in that R and/or R2 are straight or branched
10 alkyl groups having 1-5 carbon atoms.

9. A compound of the general formula I -

15 o cH
1 [ 3
rlo- ~CH~CH,-A-CH~CH, ~ocH, I

CHO
20
wherein R1 is H or a straight or branched alkyl group
having 1-5 carbon atoms,
R .
A is either -§+- wherein R is a straight or
25 k2
branched alkyl group having 1-5 carbon atoms and R
or a straight or branched alkyl group having

2 is H

1-5 carbon atoms; or -N- wherein R is as defined

30 above, '
or a pharmaceutically acceptable fumarate and/or solvate
thereof, in the form of the pure racemates or the mixture
of the four isomers.

35

e

e



Step €) is a commobn hydrogenoly5|s of the protecting benzyl groups of the
am ne_base V. pqm&@ﬁﬁﬁﬁmBﬁm eplacsd|i t i onal manner with plati num palladium
E sol vent, such as ethanol, isopropanol or

or nickel catalys

ethyl acetate or ajum i d solvents, at normal or higher tenperature
and pressure. crystalllzatlon of19he fornot erol base by neans of

i sopr opanol or preferably by means of an isopropanol/water m xture may be
carried out in connection with this step as a work up procedure. Said
crystallizion should be carried out ata tenperature as | ow as possible

(e.g. < Jerr]). The fornoterol may thereafter in step f) be transforned
into its fumaPBSIRMTE (and/or a solvate of the fumarate) and

5 The present invention is directed to a process for
preparing formoterol and related compounds and derivatives
thereof and their pharmacologically and pharmaceutically
acceptable fumarate salts and/or solvates. The present
invention is also directed to certain formoterol related

10 compounds per se.

15
20
25
30

35



crys Repholdar sol vent (i sopropanol, ethanol and the like)
conta r (2-25% preferably 20 % In order to obtain suitable
sol i d

|es of the compound (hydrate) for the micronization
procedure The conpounds usual |y exi st as_sol vates (hydrates) giving the
possibility of different crystal arrangen%nts (pol ynor phi sm . The solvents
may or nay NONEWEPROCRSSt FOR PREPARING (FORMOTZEROLT? 35
preferred for technical reasons not to evaporate!t

<
a@EE
or nore of RNéwerptoeesls[err] in formulal is a f‘@

f—" Iy
i
"2<>

= »
! ; § 1PRel % Qc?.!ﬁ é@
group -having 1 5 car bon at ons, 1 Draving(s) - paged _____ to pagcd

tS@

1.
8.

Field of the invention ; ﬁ Abstract  :paged 19, to paged .o
1 -
_DATE, OF RECEIPT. JJe-10-96,
————The present invention relates to an:
i§@§l§if plified process for the preparation of formoterol and
Eg -é-g © Y |related compounds and derivatives thereof and their
g § § § pharmacologically and pharmaceutically acceptable fumarate
E eee 2 |salts and/or solvates. The invention is also directed to
ﬁj ’é@é‘gqé new compounds as defined in claim 9. Formoterol is a long-
% Ta’;'?; -g; 1:‘:; acting and highly selective bronchodilator. The B8,-
Eﬂ g § g § adrenoceptor agonists taken by inhalation are the adminst-
2 p ,a ration of choice in the symptometric therapy of obstruc-
Qo -~ . .
i & 3@ 2 ¢ kive airway disease. -
W 5 E S E
{;12 = Background of the invention

The administration by inhalation enables the dose to be
delivered directly to the airways. By this route of
adminstration, it is possible to give a small dose and
thereby minimizing unwanted side-effects. The drawbacks of
the current available bronchodilators are their relatively
short duration of action. Studies with formoterol given by
inhalation have shown its much longer duration than any
other bronchodilators on the market. By using a compound
with long duration it would be possible to avoid the
nocturnal asthma, so often causing considerable anxiety
and debility to the patients. Formoterol gives less

nocturnal waking. Formoterol has been registered for oral
adminstration in Japan since 1986.

Formoterol has two asyﬁmetric carbon atoms 1n the
molecule. It 1s used as the fumarate saltfof one of the
two possible pairs of enantiomers of 3- formamldo 4-
hydroxy-a-[N[1l-methyl-2-( p-methoxyphenyi )ethyllamino-
methyllbenzyl alcohol. Formoterol consists of the
enantiomers, which have the RR + SS configuration.

“Thie is the replacement sheet
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such as nethyl th I propyl | so-propyl, a further step g) is necessary,
mhereTMsﬂhe tht ai ned in step e) or step f) is alkylated in a
conventli ‘such as by nucl eophilic substitution with al kyl

hal i de aIkyIatlon

Formoterol was flrst described in a Japanese patent
application (Yamanouchi Pharmaceutical, Japan no 13121,
priority 5 february 1972, related priorities Japan no
39416 (19 april 1972), 51013 (23 May 1972) and 52925 (27
May 1972)). The corresponding patent in Germany is

DE 2 305 092.

DE 2 366 625 discloses some a-aminomethylbenzyl alcohol
derivatives which are intermediates for preparing end
products useful as bronchodilators. Example 3 therein
refers to the preparation of 3-formamido-4-hydroxy-a-{N-
benzyl~-N-isopropylaminomethyl)benzylalcohol.

The hitherto published synthetic routes to formoterol
involve a nucleophilic substitution reaction of an amine

to a bromoketone according to: [;:]
<.> i
(__}-cn2 -o—-@—c-cnzar + NH-(I:H-CHZ -—(_}—-oen3
' CH _

3

The reduction of the nitrogroup is accomplished by either
Fe/HCl or Sn/HCl followed by formylation with a mixture of
formic acid and acetic anhydride. The presence of acetic
anhydride has shown to give some undesired acetylated
products. The separation step of the two pairs of
enantiomers are tedious and several recrystallizations are
needed to obtain sufficient purity of the product.

The patent application J 50012-040 (priority date 31 May
1973) discloses a process where a substituted ketone is
under901ng a reductlve alkylatlon with the appropriate
amine. ! e

iy
[

F

ES 2 005 492 (S.A. Lasa Laboratorios) describes a process
for the synthesis of formoterol characterized by a
coupling reaction between 3-formamido-4-benzyloxy-
phenyloxirane and the unprotected 2-(4-methoxyphenyl)-1-

This is the replacement sheet

\3“&(}\%

Déw:



¥ T

Rin Shetefris i, ion%6¥‘conpound i is preferably hydrogen or a straight

al kyl acgd car bon atons. Exanples The invention is further
i Il ust limted by the follow ng exanples. Test methods The
purity o si zed conpounds has been determ ned on a HPLC (high

performance |iquid chromatogra- phy) systediwith UV detection using a
Li Chrosphere RP Select 8 5 urn (125 x 4 mm colum under the foll ow ng con-
methylethyl amine and is followed by tedious and

troublesome steps (uée of crown ethers, hydrofluoric acid,
solvents like benzene ‘a&nd methylene chloride causing
environmental and health problems, BCOOH/acetic anhydride
etc.) to the final product.

The synthesis of formoterol and closely related compounds
have also been reported in Chem. Pharm. Bull., 25(6),
1368-1377 (1977), where 3-nitro-4-benzyloxy-a-(N-
substituted aminomethyl)benzyl alcchols are used as the -
keyintermediate. Use of Raney-nickel for the reduction of
the nitro group has been rejected due to difficulties in
obtaining pure products without a chromatographic step.
However, the general procedure for the preparation of 3-
amino-4-benzyloxy-a-(N-substituted aminomethyl)benzyl
alcohols reported on page 1373 of said document involves a
tedious and cumbersome column chromatographic step on
silica gel using benzene-ethyl acetate as the eluent.

There is a strong desire of synthesizing formoterol
fumarate (as dihydrate) by a simple procedure causing
small environmental concerns e.g. by elimination of
solvents like benzene.

Brief description of the invention.

The present invention is directed to a process for
preparing a compound of the general formula I

L\ ZH ins
R O- -CH-CH.,~A-CH-CH,, - -OCH I
2 2 3
NH '
HO

1

wherein R™ is H or a straight or branched alkyl group

having 1-5 carbon atoms,

This is the replacement sheset



di tionsT System A Nbbile"bhase . [err]:phosphate buffer pH 4.95
(25: f shER G IpJ@Tyvaverength : 280 nmFlowrate 1.0
1

m/m (ni n) 11 4.8 .9; 1V 15 (RRSS) 17 (RS, SR);
N

A is either -ﬁ+-' wherein R is H or a straight or
2

4

branched alkyl group having 1-5 carbon atoms and R2 is H
or a straight or branched alkyl group having

1-5 carbon atoms; or ~N~ wherein R is as defined
above,

or a pharmaceutically acceptable fumarate and/or solvate

thereof, in the form of the pure racemates or the mixture
of the four isomers, by

a) reacting

-CH /,\: + EH CH-C
C 2-0 -CH— HZ -I Hz- -OCH3
CH
0,

3

II ' III
to give compound IV
?H ?HZ
@—cnz-o -CH-CHZ-N-?H-CH2©<)CH3
CH
N02

3
Iv

b) reducing and formylating compound IV to give compound V

< >—CH -O-{ > IH- CH -N-éH CH2 <;;;:>—OCH3

CHO
v This is the replacament sheet
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Systen1B "Mobi e phase- - [err]:ethanol : phosphate buffer pH 4. 95
(24: Ilﬁlsﬁﬂaeum g&tﬁlﬁrﬁ{\avel engt h : 280 (220) nm Flow rate

1 0 m !"Imlnmmrm me (mn) : V40 (RR SS) 48 (RS, SR} System C

c) forming the fumarate of compound V and resolving the
racemates by crystallization,

d) extracting the base of the desired racemate of compound
v,

e) hydrogenolyzing of the protecting benzyl groups of said

‘H
base of compound V to obtain compound I wherein A is - &-
and R1 is H , and optiocnally

f)} forming a fumarate and/or solvate of compound I, and

optionally
g) when
T
A is either -N'- wherein R is H or a straight or

L2
branched alkyl group havihg 1-5 carbon atoms and R2 is H

-or a straight or branched alkyl group having

R

l
1-5 carbon atoms; or -N- wherein R is a straight or
branched alkyl group having 1-5 carbon atoms, and

R1 is as defined above,

alkylating the compound obtained in step e) or f).

Another aspect of the present invention refers to a new
compound of the general formula I

oH cHy
rlo -CH-CHZ-A-CH-CH2-<:::3>~OCH3 I

This is the replacement sheet
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Nbbllerhnfsa&eHasBeenReﬁced . [err]:ethanol: 0.1 MJ[err] in 0.1 M HOAc

(11:11: wavel engt h : 280 nmFlowrate - 0.8
m/mn (mn) : 18.7 The reactions have continously been
follome the given data for yield, purity are taken directly

fromthe chronatogran1un|ess ot herw se sta%ed

wherein R1 is Hor a st:aight or branched alkyl group
having 1-5 carbon atoms,

¥

A is either -§+- wherein R is a straight or
. R2
branched alkyl group having 1-5 carbon atoms and R2 is H

or a straight or branched alkyl group having

1-5 carbon atoms; or ~-N- wherein R is as defined
above,

or a pharmaceutically acceptable fumarate and/or solvate
thereof, in the form of the pure racemates or the mixture
of the four isomers.

Detailed description of the invention

The starting material 4-benzyloxy-3-nitro-styreneoxide (4-
benzyloxy-3-nitro-phenyloxirane) (II) is prepared
accofding to the method described in J. Med. Chem. 17, 49
(1974) by C. Kaiser et al.

This is the replacament sheet
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Pre;;a_at | on Synt S| X of V. (step a) 4-Benzyl oxy-3-nitro.styrenoxide (II,
0.5 n’ﬁ‘ﬂ1 Y - met hoxyphenyl - 2- benzyl am nopropane (111, 0.55
nol e, ‘ t| rred under nitrogen atnosphere at [err] for 69 hours.

(no so k syrup (267.0 g) consisted of 94 % of conpound IV
with a racemc ratio of 43:57 (System A). Synthesis of V. (step b)
7

P

% ocH,
+ 1/2 funatate
+ "20
e .
oK RR,SS
A

This is the replacement sheet
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thhodlﬁk a§ﬁ§9 (pe dark syrup (IV, 133.5 g) in nethanol (1.51) was

hydroge g [err] at a pressure.of 2-4 bar for 3 hours.
COnpoun rlty of 91 % was obtained (SystemA). Filtration and
evapor athi vent followed by addjtion of a seven fold excess of

formc acid gave after standing for 24 houts at [err] conpound V mﬁth a

purity of 87 % A) after ara n_T react.i m Xt ur

used Wi t hout f’tﬁ‘i"@ﬁ Iqﬁgseﬁ(&p%x}v{ggﬁ'&tqw mc%ﬁﬁ‘??g'slls “of % and Y,
compound of formula I wherein R and R™ are hydrogen, is
prepared by a) reacting

0 CH
Z\ N [ 2
-CHZ*O- -CH—-CHZ NH‘EH‘CHZ- -OCH3
H
NOZ

3

II III

in the presence of a solvent such as lower alcohols at
reflux temperatures or in the absence of a solvent at
temperatures preferably at 80-120°C, to give compound IV

QH LHZ _
@»cnz-o- -CH-CH,- -?H-CH2~©-OCH3 v
CH

3
NO

2

b) reducing and formylating compound IV to give compound V
in either a one step reaction with e.g. Raney-
nickel/formic acid or in a two step reaction (catalytic
reduction of the nitro group, e.g. over platinum metals in
a polar solvent, such as lower alcohols and/or esters, '
preferably PtO. in methanol or more preferably Pt/C in
ethyl acetate, to give compound IVa, followed by
formylation, e.g. in a 6-10 fold excess of formic acid).
The formylation step is preferably performed at a
temperature of 20-90°C during 1-24 hrs. The mixture of the
two racemates of V (RR + SS and RS + SR resp.) are
thereafter separated by

c) transforming the amine base into its fumarate salt for
separation by fractional crystallization in a solvent
system comprising ethyl acetate, isopropyl acetate and/or

This is the replacement sheet
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4- Benz YhioStget MafiBdek Regtlcyd eneoxi de(11, 164 nole, 44.5 kg) and

p- met ho ylam nopropane (111, 179 nole, 45.8 kg) were stirred
under ni ere at [err] for 65 hours (no solvent). To the dark
syrup di sso yl acetate (350 1) was added Pt/ C (5.6 kg).

Hydr ogenati on wi th hydrogen gas gave after Svaporation of the solvent an
oily
- methyl_isobutylketone. A very efficient system is based
upon a solvent system which also comprises small amounts
(preferably less than 15 %) of solvents more polar than
the solvents just mentioned, such as dimethylformamide
(DMF), dimethylsulfoxide (DMSO) and/or methanol. A
preferred solvent system comprises ethyl acetate and a
small amount of dimethylformamide, dimethylsulfoxide or
methanol. The presence of a solvent like DMF is very
important in order to increase the solubility and thereby

improve the purity of the desired diastereomer.

Step e) is a common hydrogenolysis of the protecting
benzyl groups of the amine base V, performed in a
traditional manner with platinum, palladium, and nickel
catalysts in a polar solvent, such as ethanol, isopropanol
or ethylacetate or a mixture of said solvents, at normal
or higher temperature and pressure. A simple
crystallization of the formoterol base by means of
"isopropanol or preferably by means of a isopropanol/water
mixture may be carried out in connection with this step as
a work up procedure. Said crystallizion should be carried
out at a temperature as low as possible (e.g. < 45°C).

The formoterol may thereafter in step f) be transformed
into its fumarate salt and/or solvate and crystallized in
a polar solvent (isopropanol, ethanol and the like)
containing some water (2-25%, preferably 20 %) in order to
obtain suitable solide state properties of the compound
(hydrate) for the micronization procedure. The compounds
usually exist as solvates (hydrates) giving the
possibility of different crystal arrangements
(polymorphism).

The solvents may or may not be completely evaporated in

each step in the process. It is_preferred by technical
reasons not to evaporate the solvents.

This is the replacament sheet
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' This Sheet Has B
- 7- SO|I Wbpurlty The product was used without further
purlflcat (one step) The dark syrup (1V, 5.0 g). Raney nicke
(5 g) an ueous formc acid (50 n1) were refluxed for 1 hr

The m xture was flltered and the filtrate ?Me washi ngs diluted with water
and extracted with chloroforn1 The extract§ re washed wi th saturated

sodi um hydrogen; ¢aL DO &1 "B Shu % Yiked LEELland"S: OhLinERRh ERYES
group having 1-5 carbon atoms, such as methyl, ethyl,
propyl, iso~propyl, a further step g) is necessary,
wherein the compound obtained in step e) or step f) is
alkylated in a conventional manner, such as by
nucleophilic substitution with alkyl halides or by
reductive alkylation.

R in the definition of compound I is preferably hydrogen
or a straight alkyl group of 1 to 3 carbon atoms.

Examples

The invention is further illustrated but not limited by
the following examples.

Test methods

The purity of the synthesized compounds has been
determined on a HPLC (high performance liquid
chromatography) system with UV detection using a
LiChrosphere RP Select B 5 um (125 X 4 mm) column under
the following conditions:

System A:

Mobile phase : CH,CN:phosphate buffer pH 4.95
(55:45)

Detection wavelength : 280 nm

Flow rate £ 1.0 ml/min

Retention time (min) : II 4.8; III 1.9; IV 15 (RR,SS) 17
{RS,SR); IVa 6.7; Vv 5.5

System B:
Mobile phase

CH;CN:ethanol:phosphate buffer pH
4.95 (24:16:60)

Detection wavelength : 280 (220) nm

Flow rate _ 1.0 ml/min

Retention time (min) : V 40 (RR,SS) 48 (RS,SR)

This is the replacement sheet
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graphed on a silica colum using petroleumether ([err] CVethyl acetate
(7.5:6) adhi s BrewRéplcdaur € conmpound V (1.8 9). Separation of the
racemat es | naric acid (0.62 nole, 72.5 g) dissolved in
met hanol ( [on m xture consisting of conpound V (about 1.25
nole) in formc aci added. After evéﬂoration of the solvents at [err]
the brown syrup was dissolved in ethyl acetate (7.5 1) while heating. The
i ght brown crystals of conpound V fumarate forned during cooling were
System C:

Mobile phase

CH;CN:ethanol: 0.1 M NH,OAc in 0.1
_ M HOAc (11:11:78)

Detection wavelength : 280 nm

Flow rate ' : 0.8 ml/min

Retention time (min) : I 8.7

The reactions haﬁe continously been followed by HPLC and
the given data for yield, purity are taken directly from
the chromatogram unless otherwise stated.

Preparation
Synthesis of IV. (step a)

4-Benzyloxy~3~nitro~styrenoxide (II, 0.5 mole, 135.8 g)
and p-methoxyphenyl-2-benzylaminopropane (III, 0.55 mole,
140.5 g) were stirred under nitrogen atmosphere at 90°C
for 69 hours (no solvent). The dark syrup (267.0 g)
consisted of 94 % of compound IV with a diastereomer ratio
of 43:57 (System A). '

Synthesis of V. (step b)

Method A (two steps). The dark syrup (IV, 133.5 g) in
methanol (1.5 1) was hydrogenated over 1.5 g PtO, xXH.O at
a pressure of 2-4 bar for 3 hours. Compound IVa with a
purity of 91 % was obtained (System A). .
Filtration and evaporation of the solvent followed by
addition of a seven fold excess of formic acid gave after
standing for 24 hours at 20°C compound V with a purity of
87 % V (System A) after evaporation. The reaction mixture
was used without further purification.

An alternative of Synthesis of IV and Vv

4-Benzyloxy¥3-nitro-styreneoxide(II, 164 mole, 44.5 kg)
and p-methoxyphenyl-2-benzylaminopropane (IXI, 179 mole,

This is the replacement sheet
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filtereghsfeshehdl khLelL4hy! acetate (1 1) and dried in vacuumat [err] for
2Q hours. .12 nol e, 654.7 g) had a racemc ratio of 84:16
(System \%ﬂ!mmmm I 644.7 g) of conpound V fumarate in ethyl acetate
(7.5 1) eflux, DMF (750 m) was added and the clear solution

was allowed to stand for 4 days at room téAperature. The light brown
crystals fornmed, were washed with ethyl] acetate (1.5 1) anddried in vacuum

at [err] for 4A%dukglyiRans) sEirrashiwider initdognn atmosphere &le30°Cy t he
recrystal | i zalfigin 65 QRAG & ncd SGIGRSTE) PG eheOfdN YD idscllvEastinl 00 %
was obtained 11,990 ¥k (35% AV Yas addea pt/c (5.6 kg).

Hydrogenation with hydrogen gas gave after evaporation of

the solvent an oily solid of V with 91.3 % purity. The

product was used without further purification.

Method B (one step)

The dark syrup (IV, 5.0 g), Raney nickel (5 g) and 75 %
(v/v) aqueous formic acid (50 ml) were refluxed for 1 hr.
The mixture was filtered, and the filtrate and washings
diluted with water and extraxted with chloroform. The
extracts were washed with saturated sodium hydrogen
.carbonate, water and dried (Na.SO,). The oily residue was
chromatographed on a silica column uSing petroleum ether
(40-60° C)/ethyl acetate (7.5:6) as eluent giving pure
compound V (1.8 g).

Separation of the diastereomers (step c¢)

To fumaric acid (0.62 mole, 72.5 g) dissolved in methanol
(2 1) the reaction mixture consisting of compound V (about
1.25 mole) in formic acid was added. After evaporation of
the solvents at 50°C the brown syrup was dissolved in

. ethyl acetate (7.5 1) while heating. The light brown
crystals of compound V fumarate formed during cooling were
filtered, washed with ethyl acetate (1 1) and dried in
vacuum at 40°C for 20 hours. The product (1.12 mole, 654.7
g) had a diastereomer ratio of 84:16 (System B)}.
1.10 mole (644.7 g) of compound V fumarate in ethyl
acetate (7.5 1) was heated to reflux, DMF (750 ml) was
added and the clear solution was allowed to stand for 4
days at room temperature. The light brown crystals formed,
were washed with ethyl acetate (1.5 1) and dried in vacuum
at 40=C for 4 hours giving a diastereomer ratio of
98.5:1.5. 5y repeating the recrystallization procedure, a
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Synthe5|s of 1. Ster d The protected (N, O-di benzyl ated) fornoterol base (V)

was obt BhisBhebt dction procedure (ethyl acetate (2 1) /ampnia, 2 M
(1.5 1)) m V fumarate (0.28 nole, 164.1 g). Step e

Fydrogen und V-(0.28 nole) in ethanol (2.5 1) with 5 %Pd/C
(

16.0 Qg) at 45 psi over night gave the 13

racemic purity of compound V of almost 100 % was obtained
in good yigld {System B).

Synthesis of I.

stepd

The protected (N,O-dibenzylated) formoterol base (V) was
obtained by an extraction procedure (ethyl acetate (2
1)/ammonia, 2 M (1.5 1)) from compound V fumarate (0.28
mole, 164.1 g).

Step e

Hydrogenolysis of compound V (0.28 mole) in ethanol (2.5
1) with 5 % Pd/C (16.0 g) at 45 psi over night gave the
formoterol base (0.23 mole, 78 g (82 %); purity 99.2 %)
after filtration and evaporation of the solvent.
Recrystallization in isopropanol (1.1 1) increased the
purity to 99.8 %. An alternative procedure for
recrystailization giving even better purity (>99.9 %)

involves the use of a mixture of isopropanocl/water (e.g.
85:15) and keeping the temperature as low as possible
{e.g. <45°C).

Step £

To fdrmoterol base (0.176 mole, 60.6 g) in isopropanol
{960 ml) and water (200 ml) fumaric acid (0.088 mole,
10.21 g) was added. A clear solution was obtained after
heating. After standing at room temperature the crystals .
were filtered, washed with isopropancl (2 x 50 ml) and
dried in vacuum at 45°C for two days. The formoterol
fumarate dihydrate formed (0.17 mole, 69.7 g) had a purity
of 99.2 % and an diastereomeric purity of 99.8 % (System
C). *H-NMR {(Varian VXR 300, deuterated dimethylsulfoxide,
chemical shift in ppm): ~CH(CH5;)- 0.99 (3H, doublet); -
CH(CH;)~- 3.0-3.1 (1H, multiplet); -CH(OH)- 4.60-4.65 (1H,
multiplet); -CH.-NH- 2.75-2.9 (2H, multiplet); ~CH(CH,)-
CH,-2.44-2.5, 2.75-2.9 (2H, two multiplets); ~OCH, 3.73
(3H, singlet); -CHO 9.61 (1H, doublet); ~-NH-CHO 8.29 (1R,
doublet).; -CH=CH- 6.49 (1lH, singlet). In the thermospray
mass spectrum the assignment fragments are m/z 345 (MH™,
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f or not er ol base (0 23 nDI , 78 g (82 %; purity 99.2 % after filtration

and evapdht ‘8 vent . Recrystalllzatlon I n isopropanol (1.1 1)

i ncreased n 99.8 % An alternative procedure for

recrystall even better purity (>99.9 % involves the use of a
m xture of isopropanol/mater (e.g. 85:15) and keeping the tenperature as

| ow as possible (e.g. <45[err]). Steo f ¥4 fornoterol base (0.176 nol e,

oo 6, %10 5 RBP4 et L 826, 54 ) (138 Tl ok BRLLE, 71414 O°°

which confirm ‘the structure.

Synthesis of N-[2-(3-formamido-4~-hydroxy-phenyl)-2-
hydroxy-ethyl]-N,N-dimethyl-N-(p~-methoxy-a-methyl-
phenyvlethvyl)ammonium fumarate

A mixture of formoterol fumarate (500 mg), sodium
carbonate (200 mg), methyl iodide (5 ml) and acetonitrile
(50 ml) was stirred over night at room temperature. '
Filtration and evaporation of the filtrate gave an oily
solid which was washed with chloroform to give 341 mg (66
%) of the crude N-[2~(3-formamido-4-hydroxy-phenyl)-2-
hydroxy-ethyl]-N N-dimethyl-N- (p—methoxy-a-methyl-
phenylethyl)ammonlum fumarate. Recrystalllzatlon from 95 %
ethanol gave a purity of 98.6 % (HPLC system: Licrosphere
RP Select B, Slpm, 129%4 mm, 214 nm, gradient elution from
acetonitrile/phosphate buffer (50 mM, pH 3) 16/84 to
acetonitrile/phosphate buffer (70/30), 1 ml/ min). 1H-NMR:
-CH(CHB)- 1.17 (3H, doublet); N-CH, 3.2 (3H, singlet);
N-CH3 3.3 (3H, singlet); -CH(CHa) 4.0 (1H, multiplet);
-CH{CH) 5.1-5.2 {1H, broad doublet); -CH{(OH) 6.1 (broad
singlet); -OCH3 3.76 (3H, singlet); CHO 8.31 (1H,
singlet); -NHCHO 9.6 (1H, singlet); -CH=CH- 6.9 (1H,"
singlet). The electrospray mass spectrum shows the
molecular peak at m/z 373 which is in accordance with the
proposed structure.

The new process according to the invention, which differs
from known procedures for the preparation of formoterol
fumarate and its derivatives in the following major ways
1. The use of an epoxide as a starting material

2. Reduction and formylation of the nitro group

3. The optignal use of a cosolvent in the separation of
the racematés.

The new process is easier to use and gives an end product
with a higher purity than the same compounds prepared

according to earlier known processes.
This is the replacemerit sheet
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g) was_added. A clear solution was obtained after heating. After standing

at rooﬂ?‘h mﬂﬁvktam crystals were filtered. washed with isopropanol (2

x'50 m vacuum at [err] for two days. The fonoterol furnarate
dihydra nole, 69.7 g) had a purity of 99.2 % and an

di astereoneric purity of 99.8 % (System Chg [err] (Varian VXR 300,
deut er at ed di net hyl sul f oxi de. chem cal shift in ppm: [err] 0.99 (3H
doublet); - CH¢filems 3.0-3.1 (1H, nul- tiplet); -CHOH- 4.604.65 (1 H,
multiplet); [err] 2.75-2.9 (2H, multiplet); [err] 2.75-2.9 (2H two
multiplets); -OCH3 3.73 (3H, singlet); -CHO 9.61 (1 H doublet); -NH CHO
8.29 (1 H, doublet).pro€esSHEob. pﬁeﬁérthg a compound of the general

formula I .

3
Q-CH CH -A-CH-CHZ @-oea3 I
NH

to
1

wherein R™ is H or a straight or branched alkyl group
having 1-5 carbon atoms,

A is either -iz- wherein R is H or a straight or
branched alkyl group having 1-5 carbon atoms and R2 is H
or a straight or branched alkyl group having

R
1-5 carbon atoms; or -ﬁ- wherein R is as defined
above,

or a pharmaceutically acceptable fumarate and/or solvate
thereof, in the form of the pure racemates or the mixture
of the four isomers, by

a) reacting

R [
@-CHz-O— - -—-CH2 + -C\H-CHZ-Q-OCH3
_ CH

3
N02

IiI I1I

R ot
A, O
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struc
N[ 2- hydroxy phenyl ) - 2- hydroxy- et hyl ] - NN- di et hyl - N- (p- net ho
xy-[err]- nethyl phenyl et hyl ) ammoni um fu ate A m xture of fornoterol

fumarate (500 ng). sodi um c ate (200 ng), nethyl iodide (5 m) and
acetonitrile YS9 qﬁ&?oé'ﬂ%'l: &&3 over p at roomtenperature. Filtration
and evaporation of the filtrate gave @ y solid which was

2
@—CHZ-OQ -CH-CH, - fH cn2©-oca3
3 .

Iv

sin ea nDspray mass spectrum the assignnent fragnents are nz
345 - H20,27 %; 166 [err] 7.2 %, which confirmthe

b) - reducing and formylating compound IV to give compound
\'2

OH CH '
/ N\ [ 1 3
~CH,-0- ~CH- CH,-N~CH-CH,~ -OCH,

— . Hz

-

c) formihg the fumarate of compound V and resolving the
racemates by crystallization,

d) extracting the base of the desired racemate of compound
v,

e) hydrogenolyzing of the protecting benzyl groups of said
. H
base of compound V to obtain compound I wherein A is - ﬁ-

and R1 is H, and optionally

f) forming a fumarate and/or solvate of compound I, and
optionally o

|III|II| |||I|| IIIIl |II|| || III| This s the replacement shee
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washed mﬂth -chl-oroformto give 341 ng (66 %9 of the crude
N-[2-(3- f n1 0- 4- dr oxy- phenyl ) - 2- hydr oxy- et hyl ]

=N, N- di me -[err]-met hyl phenyl et hyl ) amoni um f unar at e.
Recrystall 5 % et hanol gave a pu- rity of 98.6 % (HPLC system
Li cr ospher 5 [err] 129x4mm 214 nm gradient elution from

acetonltrlle/phos- phate buffer (50 nmM pﬂ 3) 16184 to
acetonitril e/ phosphate buffer (70/30), 1 m/mn). [err] 1.17 (3H,

g) when

A is either -i+- wherein R is H or a straight or
2
branched alkyl group having 1-5 carbon atoms and R2 is H

or a straight or branched alkyl group having

R
' |
1-5 carbon atoms; or -N- wherein R is a straight or
branched alkyl group having 1-5 carbon atoms, and
R1 is as defined above,

alkylating the compound obtained in step e) or f).

2. A process according to claim 1,characterized'in that
step.a) is carried out in the presence of a solvent, such
as lower alcohols, at reflux temperatures or in the
absence of a solvent at temperatures preferably at 80-
120°Cc .

3. A process according to any one of claims 1-2,
characterized in that step b) is a one step reaction with
Raney-nickel/formic acid or a two step reaction comprising
catalytic reduction of the nitro group followed by
formylation in excess of formic acid.

4. A process according to any one of claims 1-3,
characterized in that the resolving og the racemates by
crystallization in step c¢) is carfie&yout in a solvent
system comprising ethyl acetate, isopropyl acetate and/or
methyl isobutylketone. ‘

5. A process according to claim 4, characterized in that
the solvent system further comprises small amounts of
solvents more polar than the solvents defined in claim 4,
‘such as dimethylformamide, dimethylsulfoxide and/or
methanol.

“— This is the replacement sheet
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- 8- doubl efhi Se&&ﬁgB&& g} singlet); [err] 3.3 (3H singlet): [ rr] 4.0
(1H nultl 5 1-5.2 (1H, broad doublet); -CMCH 6.1 (broad
singlet); |nglet): CHO 8.31 (1 H, singlet); [err] 9.6 (1H
singlet); * singlet). The el ectrosoray mass spectrum shows

t he nol ecul ar peak at mz 373 which is in accordance with the proposed
structure. 18

6. A process according to claim 5, characterized in that
the amount of the more polar solvent preferably is less
than 15 %.

7. A process according to any one of claims 1-6,
characterized in that R is hydrogen and Rl is hydrogen.

8. A process according to any one of claims 1-6,
characterized in that R and/or R2 are straight or branched

alkyl groups having 1-5 carbon atoms.

9. A compound of the general formula I

oH . CH,
1 ]
R O- -CH-CHz-A-CH—CHz-Q -OCH, I

CHO

wherein R1 is H or a straight or branched alkyl group
having 1-5 carbon atoms,

R .
A is either -i;— wherein R is a straight or

branched alkyl group having 1-5 carbon atoms and R2 is H

or a straight or branched alkyl group having

1-5 carbon atoms; or ~N- wherein R is as defined
above,

or a pharmaceutically acceptable fumarate and/or solvate
thereof, in the form of the pure racemates or the mixture
of the four isomers.

Hll\ll\ I III\\ \\I\I \\ \Il\ This s the replacement sheet
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The N§YYs BleBGHS Bech RefiRed €F tO use and gives an end product with a higher
purity conpounds prepared according to earlier known
pr ocessl‘ III W VENT SHEET

19

NEW PROCESS FOR PREPARING FORMOTEROL & RELATED COMPOUNDS

ABSTRACT

The present invention is directed to a process for

preparing formoterol and related compounds and derivatives
- thereof and their pharmacologically and pharmaceutically

acceptable fumarate salts and/or solvates. The present

invention is also directed to certain formoterol related
compounds per se. '

iy ’
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-9- Clainms 1. A process for preparing a conmpound of Thigds den espihsament ahest
[err] wherein [err] is Hor a straight or branched al kyl group having 1-5

carbon atoms, A is either | o1  Date: 22 J0L 1997

NEW_PROCESS FOR PREPARING FORMOTEROL AND RELATED COMPOUNDS

Description

The presant invention relates to an improved and simplified process for the praparation of farmoterol and related
compounds and derivatives thereol and their pharmacologically and pharmacaeutically acceptable fumarate saits and
solvates thereof. Formoterol is a long-acting and highly selective bronchodilator. The B,-adrenaceptor agonists taken
by inhalation are the adminstration of choica in the symptomatic therapy of obstructive airway disease.

Background of the invention

Tha administration by inhalation enables the dose to be delivered directly to the airways. By this route of admin-
stration, it is possible to give 2 small dose and thereby minimize unwanted side-effects. The drawbacks of the currently
available bronchodilators are their relatively short duration of action. Studies with formoteral given by inhalation have
shown it has 2 much longer duration than any other bronchadilators on the market. By using a compound with long
duration it should be possible to avoid noctumal asthma, so often causing considerable anxiety and debility to the pa-
tients. Formoterol gives less nocturnal waking. Formoterol has been registered for oral adminstration in Japan since
1986. :

Formoterol has two asymmetric carbon atoms in the molecule. It is used as the fumarate sait of cne of the two
possible pairs of enantiomers of 3-formamido-4-hydroxy-c-{N(1 -methyl-2-(p-methoxyphenyl)ethyllaminc-methyllbenzyl
alcohol. Formoterol consists of the enantiomers, which have the RR + SS configuration.

- Formotarol was first described in a Japanese patent application (Yamanouchi Pharmaceutical, Japan no 13121,
priority S february 1972, related priorities Japan no 39416 (19 april 1972), 51013 (23 May 1972) and 52925 (27 May
1972)). The corresponding patent in Germany is DE 2 305 092.
~ DE2 366 625 discloses some a-aminomethylbenzyl alcohol derivatives which are intermediates for preparing end
products useful as bronchoditators. Exampie 3 therein refers to the preparation of 3-formamido-4-hydroxy-c-(N-ben-
zyl-N-isopropylaminaomethyl)benzylaicohol. _

__ The hitherto published-synthetic routes to formateral involve a nucleophilic substitution reaction of an amine to a
bromaketone according to:

~CH.,-0 i-cn Br + ﬁizcn-cn —-@—ocn
2 2 [ 2 3
| - CH,

NO;

. The raduction of the nitro group is accomplished by aither Fe/HCl or Sa/HC1 followed by formylation with a mixture

S of formic acid and acetic anhydride. The prasence of acatic anhydride has been shown to give some undesirad acetylated
products. The separation of the two pairs of enantiomers is tedious and several recrystallizations are needed to obtain
sutficient purity of the product.

The patent application J 50012-040 (priority date 31 May 1973) discloses a process where a substituted ketone
undergoes a reductive alkylation with the appropriate amiine.. = :

ES 2 005 492 (S.A. Lasa Laboratorios) describes a procass for the synthesis of formoterol characterized by 2
coupling reaction between 3-farmamido-4-benzyloxyphenyloxirane and the unprotected 2-(4-methoxyphenyl)-1-meth-
ylethyl amine and is followed by tedious and troublesome steps (use of crown ethers, hydrofluoric acid, solvents like
benzene and methylene chioride causing environmental and health problems, HCOOH/acetic anhydride etc.) to the final
product, ’ '

The synthesis of formotercl and closely related compounds has also been reported in Chem. Pharm. Bull,, 25(6).
1368-1377 (1977), whera 3-nitro-4-benzyloxy-a-(N-substituted aminomethyl)oenzy! alcohols are used as the key inter-
madiates. Use of Raney-nickel for the reduction of the nitro group has been rejected due to ditficulties in obtaining pure
products without a chromatographic step. Howaver, tha general procedure for the preparation of 3-amino-4-banzyloxy-¢-
(N-substituted aminomethyl)benzy! alcohols reported on page 1373 of said document involves a tedious and cumber-
some column chramatographic step on silica gel using benzene-ethyl acetate as the eiuent.

There is a strong desire to synthesize formoterol fumarate (as dihydrate) by a simple procedure causing small

environmental concarns, 8.g. by elimination of solvents like benzene.
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[err] wherein Ris Hor a straight or branched al kyl group having 1-5
carbon’atons and [err] is Hor a straight or branched al kyl group having
1-8 carbon atons; or wherein Ris as defined above, or a pharmaceutically
accept abl e furmar at e (and/or a solvate -of2 the funarate) thereof, in the form
of the pure racemates, by

Briat description of the invention.

Tha prasent invention is directed (o a process for preparing a compound of the genaral formula |

1 Bi-coyonbe
O—Q- -CHz-A- H-CHZ-Q-OCH3 I

EHO
wharein R? is H or a straight or branched alky! group having 1-5 carbon atoms,
Ais aither

fs

1

wherein R is H or a straight or branched alkyl group having 1-S carbon atoms and R2 is H or a straight or branched alkyl
group having 1-5 carbon atoms; or

whersin R is as defined above,

or a pharmaceutically acceptable fumarate (and/or a solvate of the fumarate) thereol!, in the form of the pure racemates,
by

a) réacting

Q-CHZ-OQ-CH/——O\CHZ + ﬁz@-@;-@-@;

II III

10 give compound IV

Iv

This is the replacement sheet
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a) reaqting [err] Il to give conpound |V

b) reducing and formylating coi'nﬁéhnd IV to giva compound V

@-cx -o-< >-iu- CH,- -E:zcu -< >-0CH
2 2 2 3
2

CHO

V

c) forming the fumarate of compound V and resolving the racemates by crystaliization,
d) extracting tha base of the desired racermate of compound V,

@) hydrogenclyzing of the protecting benzyi groups of said base of compound V to obtain compound | wherein A is
H .

and R1 is H, and optionally

1) forming a fumarate (and/or a sohate of the fumarate) of compound 1, and optionally, and

g) when ane or more of A, R and R2 is a'straight or branched alkyl group having 1-5 carbon atoms alkylating the
_compound obtained in step e) or f).

Detailed description of the invention

The starting material 4-benzyloxy-3-nmo-styreneox|de (4-benzyloxy-3-nitra-phenyloxirane) (il) is prepared accord-
ing to the method described in J. Med. Chem. 17, 49 (1974) by C. Kaiser et ai..

1
Thig is the rep\acement ghee



- 10 - [err] b) reducing and fornylating conpound IV to give conpound V _
[err] <€) form ng the fumarate of conpound V and resolving the racemates by

criystal lizati on,
- 4 -

+ K0

According to the present invention formoterol, i.e. the compound of formula | wherain R and R! are hydragen, is prapared



d) extracting the base of the desired racemate of conpound V. e)
hydrogenol yzi ng of the protecting benzyl groups of said base of conmpound V
to obtain conpound | wherein Ais [err] and [err] is H and optionally
|Yforming a fumarate (and/or a solvate- & the funmarate) of compound |I. and

optionally
by a) reacting

Q H
N\ f 2
‘CHZ -0- -CH—CHZ + NH- ‘Cﬂz
NOZ .

II I1I

in the presence of a solvent such as a lower alcohol at reflux temperature, or in the absence of a solvent at a temperature
of preferably 80-120°C, to give compound IV

Q.CHZ-O-Q IH Cﬁz-l{- H-CHZOOCH Iv

b) reducing and formylating compound IV to give compound V in either a one step reaction with e.g. Raney-nickel/for-
mic acid, or in a two step reaction (catalytic reduction of the nitro group, a.g. aver platinum metal in a polar scivent,
such as a lower alcohol and/or ester, preferably PtO, in methanol or more preferably PYC in ethyl acetate, to give
compound [Va, lollowed by formylation, e.g. in a 6-10 fold excess of formic acid). The formyfation step is preferably
performed at a temperature of 20-90°C during 1-24 hrs. The mixture of the two racematas of V (HH +8Sand RS
+ SR resp.) ara thereafter separated by

c) transforming the amine base into its fumarate salt for separation by fractional crystallization in a solvent system
comprising ethyl acetata, isopropyl acetate and/or methyl isobutylketone. A very efficient system is based upon a
solvent system which also comprises small amounts (preferably less than 15 %) of soivents maore polar than the
solvents just mentioned, such as dimethyiformamide (DMF), dimethylsulfaxide (DMSQ) and/or mathanol. A pre-
ferrad solvent system comprises ethyl acetate and a small amount of dimethylformamide, dimethylsuifoxide or meth-
anol. The presence of a scivent like DMF is very desireable in order to increase the solubility and thereby improve
the purity of the desired racemate.

Step e) is a common hydrogenolysis of the protecting benzyl groups of the amine base V, performed in a traditional
manner with platinum, palladium, or nickel catalysts in a polar solvent, such as sthanol, isopropanol or ethylacetate or
amixture of said salvents, at normal or higher temperature and pressure. A simple crystallization of the formoteral base
by means of iscpropancl or preferably by means of an isopropancl/water mixtura may be carriad out in connection with
this step as a work up procedura. Said crystallizion should ba carried out at atemperature as low as possible (e.g. < 45°C).

The formoterol may thereatfter in step f) be transformed into its fumarate sait (and/or a solvate of the fumarate) and
crystailized in a polar solvent (isopropanci, ethanol and the like) containing some water (2-25%, preferably 20 %) in
order to obtain suitable solid state properties of the compound (hydrate) for the micranization procedure. The compounds
usually exist as solvates (hydrates) giving the possibility of different crystal arrangements (potymorphism).

The solvents may or may not be completely evaparated in each step in the process. It is preferred for technical
reasons not to evaporate the solvents. ,

In case one or more of R, R! and R2 in formula | is a straight or branched alkyl group having 1-5 carbon atoms,
such as methyl, ethyl, propyl, iso-propyl, a further step g) is necessary, wherein the compound obtained in step @) of
step 1) is alkylated in a conventional manner, such as by nucleophilic substitution with alkyl halides or by reductive

This is the replacement sheet
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g) when one or nore of R [err] and [err]

Is a straight or branched al kyl

group having 1-5 carbon atons al kylating the conpound obtained in step e)

or f).
carri ed out

2. A process according to claima1,

ei ther of aidi@bds 1-2

in the presence of a sol vents at
absence of a solvent at a tenperature of [err]
characterized in that step b)

characterized in that step a) is
reflux tenperature or in the
3. A process according to
IS a one step reaction

wi t h Raney- i i ke kidfihitn ot daingoudt iisthrafirab® hjavdgersdr @ Rralghtalkyi gidlp of OBIcarsdnREme at al yti c

reduction of the nitro group followed by fornylation in excess.
Examples

The invention is further illustrated but not limited by the following examples.

Tast methods

The purity of the synthesized compounds has baen determined on a HPLC (high performance liquid chromatogra-
phy) system with UV detection using a LiChrosphere RP Select 8 S um (125 x 4 mm) column under the following con-

ditions:
System A:
Mobile phase : CH4CN:phosphate butfer pH 4.95 (55:45)
Detection wavelangth : 280 nm
Flow rate : 1.0 mVmin

Retention time (min)

System B:

(4.8 111 1.9; IV 15 (AR,SS) 17 (RS,SR); Va 6.7, V5.5

Mobile phase : CHyCN:athanol:phosphate buffer pH 4. 95 (24:16:60)
Detection wavelength : 280 (220) nm

Flow rate : 1.0 mVmin

Retention time (min) : V40 (RRA,SS) 48 (RS,SA)

System C;

Mobile phase : CHCN:ethanol: 0.1 M NH,OAc in 0.1 M HOAc (11:11:78)
Detection wavelength : 280 nm

Flow rate : 0.8 mVmin

Retention time (min) .87

The reactions have continously been followed by HPLC and the given data for yield, purity are taken directly from
the chromatogram uniess ctherwisa stated.

Preparation

Synthesis of 1V. (step a)

#Benzyloxy-s-nitrc-styranoxnde {il, 0.5 mole, 135.8 g) and p-methoxyphenyl-2-benzylaminopropanae (iif, .55 mole,

140.5 g) were stirred under nitrogen atmosphere at 90°C for 69 hours {nc solvent). The dark syrup (267.0 g) consisted
of 94 % of compound IV with a racemic ratio of 43.57 (System A).

Synthesis of V. (step b)

Maethod A (two steps) The dark syrup (IV, 133.5 g} in methanal {1.5 1) was hydrogenated over 1.5 g PtO, tzo at
a pressure of 2-4 bar for 3 hours. Compound {Va with a purity of 91 % was obtained (System A).
Fiitration and evaporation of the solvent followed by addition of a saven fold excass of formic acid gave after standing
tor 24 hours at 20°C compound V with a purity of 87 % V (System A) after evaporation. The reaction mixture was used
without further purification.

An alternativa of Synthesis of IV and V

4-Benzyloxy-3-nitro-styreneoxida(l!, 164 mole, 44.5 kg) and p-methoxyphanyl-2-benzylaminopropane (Il!, 179 mole,
45.8 kg) were stirrad under nitrogen atmosphera at 90°C for 65 hours {no solvent). To the dark syrup dissoived in ethyl
acetate (350 1) was added PY/C (5.6 kg). Hydrogenation with hydrogen gas gave after evaporation of the solvent an aily

s the ,ep\apem
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of formc acid. 4. A process according to any one of clainms 1-3,
characterized in that the resolving of the racemates by crystallization in
step c) is carried out in a solvent systemconprising ethyl acetate,

i sopropyl acetate and/or nethyl isobutyfketone S. A process according to
claim4. characterized in that the solvent systemfurther conprises snall

amount s Ofyqig el WaR §1. 99 pRityPMb Blduk@susbdWansptuii@ndusnca@hi ned in claim 4.
Methed 8 (ona step)

The dark syrup (IV, 5.0 g), Raney nickel (5 g) and 75 % (v/v) aqueous formic acid (50 mi) were refiuxed for 1 hy,
The mixture was filtered, and the filtrate and washings diluted with water and extracted with chioroform. The extracts
were washed with saturated sodium hydrogen carbonata, water and dried (Na,SOy). The oily residue was chromalg.-
graphed on a silica column using petroleum ether (40-60° C)ethyl acetale (7.5:6) as eluent giving pure compound v

(1.8 g).
Separation of the racamates (step c)

To fumaric acid (0.62 mole, 72.5 g) dissoived in methanal (2 1) the reaction mixture consisting of compound V
(about 1.25 mole) in formic acid was added. After evaporation of the solvents at S0°C the brown syrup was dissolved
in ethyl acetate (7.5 1) while heating. The light brown crystais of compound V fumarate formed during cooling wers
filtered, washed with ethyl acetate (1 1) and dried in vacuum at 40°C for 20 hours. The product (1.12 mole, 654.7 g)
had a racemic ratio of 84:16 (System B).

1.10 mole (644.7 g) of compound V fumarate in ethyl acetate (7.5 1) was heated to rsflux, DMF (750 mi) was added
and the clear solution was allowed to stand for 4 days at room temperature. The light brown crystals formed, were
washed with ethyl acetate (1.5 1) and dried in vacuum at 40°C for 4 hours giving a racemic ratio of 98.5:1.5. By repeating
the recrystallization procedure, a racemic purity of compound V of almost 100 % was cbtained in good yield (System 8).

Synthesis of |.
Step d

The protected (N,O-dibenzylated) formoteroi base (V) was abtained by an extraction procedure (ethyl acetate 21
Jammenia, 2 M (1.5 1)) from compound V fumarate (0.28 mole, 164.1 g).

Step e

Hydragenoalysis of compound V (0.28 male) in ethanol (2.5 1) with 5 % P/C (16.0 g) at 45 psi over night gave the
formoteral base (0.23 mole, 78 g (82 %); purity $9.2 %} after filtration and evaporation of the soivent. Recrystallization
in isopropanci (1.1 1) increased the purity to 99.8 %. An altemative procedure for recrystallization giving even better
purity (>99.9 %) involves the use of a mixture of isopropanol/water (e.g. 85:15) and keeping the temperature as low as
possible (e.g. <45°C). )

- Step {

To formotarol base (0.176 mole, 60.6 g) in iscpropanal (360 mi) and water (200 ml) fumaric acid (0.088 mole, 10.21
g) was added. A clear solution was obtained after heating. After standing at room temperature the crystals were fikered,
washed with isopfapanol (2 x 50 ml) and dried in vacuum at 45°C for two days. The formaterol fumarate dihydrate formed
(0.17 mole, 69.7 g) had a purity of 99.2 % and an diastereomeric purity of 99.8 % (System C). TH-NMR (Varian VXR
300, deuterated dimethylsulfoxide, chemical shift in ppm): -CH(CHj)- 0.99 (3H, doublet); - CH(CHy)- 3.0-3.1 (1H, mul-
tiplet); -CH(OH)- 4.60-4.65 (1H, multiplet); -CHy-NH- 2.75-2.9 (2H, multipiet); -CH(CHg)-CH3-2.44-2.5, 2.75-2.9 (2H.
two muitiplets); -OCH, 3.73 (3H, singlet); -CHO 9.61 (1H, doublet); -NH-CHO 8.29 (1H, doublet)., -CH=CH- 6.49 (1 H,
singlet). In the thenmaspray mass spactrum the assignment fragments are myz 345 (MH*, 100 %), 327 (MH* - Hy0. 27
%), 168 (C,0H,5N;0*, 7.2 %), which confirm the structure.

Synthesis of N-[2-

phenylethyl)ammonium fumarate

A mixture of formoterol fumarate (500 mg), sodium carbonate (200 mg), methyl iodide (S mi) and acetanitrile (50
mi) was stirred aver night at room temperature. Filtration and evaporation of the filtrate gave an oily salid which was
washed with chlorcform to-give 341 mg (66 %} of the crude N-[2-(3-formamido-4-hydroxy-phenyl)-z-hydroxy-ethyﬂ
-N,N-dimethyl-N-(p-maethoxy-a-methyiphenylathyl}ammonium fumarate. Recrystaliization from 95 % ethanol gave a pu-
rity of 98.6 % (HPLC system: Licrosphere RP Select B, S um, 129x4 mm, 214 nm, gradient alution from acatonitrile/phos-
phate buffer (50 mM, pH 3) 16/84 to acatonitrile/phosphate butfer (70/30), 1 ml/ min). 'H-NMR: -CH(CHy)- 1.17 (3H,
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- 11 - 6. A process according to claim5, characterized in that the nore
pol ar sol vent is dinethylformam de, dinethylsul foxide and/or nethanol. 7. A
pr-ocess according to claim5 or claim®6, characterized in that the anount
of the nore polar solvent is |less than 8%

doublet); N-CH, 3.2 (3H, singlat); N-CH, 3.3 (3H, singlet); -CH(CHj) 4.0 {1H, muttiplet); -CH(OH) 5.1-5.2 (1H, broad
doublet); -CH(OH) 6.1 (broad singiet); -OCH4 3.76 (3H, singiet); CHO 8.31 (1K, singlat); -NHCHO 9.6 (1H, singlat);
-CH=CH-6.9 (1H, singlet). The elactrospray mass spectrum shows the malecular peak at m/z 373 which is in accordance
with the proposed structure.

Tha new procass is easier to use and gives an end product with a higher purity than the same compounds prepared
according to earfier known processes.
Claims

1. A process for preparing a compound of the general formula |

OH . TH
1 1 3
R70 -CH-CH,~-A-CH-CH, - -OCH I
2 2 3
~ NH
two
wherein R1 is H or a straight or branched alkyi group having 1-5 carbon atoms,
A is either
12

wherein R is H or a straight or branched alkyl group having 1-5 carban atoms and RR2 is H or a straight or
branched alkyi group having 1-5 carbon atoms; or

-N-

wharein R is as defined above,
or a pharmaceutically acceptable fumarate (and/or a solvate of the fumarate) theradf, in the form of the pure
racematas, by

a) reacting'
0 | H
~CH., - -cﬂ/ e + ﬁ'ﬂfcn-c
2 —CH, A-CRy- ~OCH,

II III

to give compound IV

heet Has Been Re laced This is the rep]acement sheet
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Eﬂocess accordiJiﬂ to any one of the preceding clains characterized in

that ll Im!] Iumﬂm A process according to any one of clains 1-7,

char a one or nmore of R [err] and [err] is a straight or
br anched aIkyI group haV|ng 1-5 carbon 8t ons.

doubiet); N-CH, 3.2 (3H, singlet); N-CH, 3.3 (3H, singlet); -CH{CHy) 4.0 (1H, multiplet); -CH(OH) 5.1-5.2 (1H, broad
daublet); -CH(OH) 6.1 (broad singlat); -OCH, 3.76 (3H, singlet); CHO 8.1 {1H, singlet); -NHCHO 9.6 (1H, singlat);
-CH=CH- 6.9 (1H, singlet). The slactrospray mass spectrum shows the molecular peak at m/z 373 which is in accordance
with the proposed structure. :

Tha new process is aasier to use and gives an and product with a higher purity than the same compounds prapared
according to earlier knawn procasses.

Claims

1. A process for preparing a compound of the general formuia

OH (f!'l3 _
RIO °£H-CH2 -A—CH-CHz-Q -OCHa I
NH
ko

wherein 81 is H or a straight or branched alkyl group having 1-5 carbon atoms,
A is either

-g*-
k2
whersin R is H or a straight or branched alkyl group hévhg 1-5 carbon atoms and R2 is H or a straight or '
branched alkyl group having 1-5 carbon atoms; or

"2"'
wharein R is as defined above,
or a pharmaceutically acceptable fumarate (and/or a so!vate of the fumarate) thereof, in the form of the pure
racemates, by

a) reacting

: . C{C,\ ' | E:z
Q‘Cﬂz'Q- -—CHz + -C\H-CHZ-Q-OCH3
' CH3
-NOZ .

II III

to give compound IV
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pH CH,
Q‘C”z -0 ~CH~CH, -N-CH~CH, @-ocn3
No, |

v

b) reducing and formyiating compound IV to give compound V

P CH,
@-cnz-o- -CH- cxz-§-cn-ca2—© -OCH,
Ha
Lo

v

c) forming the fumarate of compound V and resolving the racemates by crystallization,
d) extracting the base of the desired racemate of compound V,

e) hydrogenolyzing of the protecting benzyl groups of said base of compound V to obtain compound |
wharein A is
!

f) forming ‘a fumarate {(and/or a scivate of the fumarate) of compound !, and optionally

and R is H, and optionally

g) when one or more of R, R, and R2 is a straight or branched alkyl group having 1-§ carbon atoms
alkylating the compound obtained in step e) or f).

2. A process according to claim 1, characterized in that step a) is carried out in the presence of a solvent at reflux
temperature or in the absence of a solvent at a temperature of 80-120°C.

3. Aprocess according to aither of claims 1-2, characterized in that step b) is a one step raaction with Raney-nickel/for-
mic acid or a two step reaction comprising catalytic reduction of the nitro group followed by formylation in excess
of formic acid.

4. Aprocess according to any one of claims 1-3, characterized in that the resolving of the racemates by crystaliization
in step c) is carried out in a solvent system comprising ethyl acetate, isopropyl acetate and/or methyi isobutylketone.

5. Aprocess according to claim 4, characterized in that the solvent systam further comprises smail amounts of soivents
more polar than the solvents defined in claim 4.

T — -
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6 A proceés according to claim S, characterized in that the more polar solvéh’i i§ '&imethylformamide. dimethylsuifoxide
and/or methanoil.

7. Aprocess according to claim 5 or claim 8, characterized in that the amaount of the mare polar solvent is lass than 15%.
8. A procass according to any one of the preceding claims charactsrized in that R is hydrogen.

9. A process according to any one of claims 1-7, characterized in that one or more of A, R, and R2 is a straight or
branched alkyl group having 1-5 carbon atoms.

—— .
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NEW PROCESS FOR PREPARING FORMOTEROL & RELATED COMPOUNDS

ABSTRACT

The present invention is directed to a process for
preparing formoterol and related compounds and derivatives
thereof and their pharmacologically and pharmaceutically
acceptable fumarate salts and/or solvates. The present

invention is also directed to certain formoterol related
compounds per se.
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doubiet); N-CH; 3.2 (JH. singlet); N-CH, 3.3 (3H, singlet); -CH(CH,) 4.0 (1H, muttiplet); -CH(CH) 5.1-5.2 (1H, broad
doubtat); -CH(CH) 6.1 (broad singlet); -CCHy 3.76 (3H, singlet); CHO 38.31 (1M, singlet); -NHCHC 9.6 (1H, singlet);
-CH=CH- 8.3 (1H, singlet). The electrospray mass spectrum shows tha molecular peak at mvz 373 which is in accordanca
with the proposed structure,

Tha new prccass is easiar o use and gives an and praduct with a higher purity than the same campounds praparad
according to earlier Knawn procassas,

REPLACEMENT SHEETS SG
, E;/Description : paged .B. to paged ..
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Claims

1. A pracess for praparing a compound of the ganeral formula |

OH
| 3
rlo -c‘:x-cnz —A—g-cnz-Q -ocH, I
7 |
tno

wherein R? is H or a straight or branched alkyl group having 1-5 carbon atoms,
A is either

4
12

wherain R is H or a straight or branched alky! group having 1-5 carbon atoms and R2 is H or a straight or
branched alkyl group having 1-5 carbon atoms: or

-N-

wharein R is as defined above,
or a pharmacautically acceptable fumarate (and/or a solvate of the fumarate) thereof, in the form of the pure
racemates, by

v

a) raacting

3

. _
\ ﬁ:z
Q-caz- —c:{—-cx-x2 + -c:\u-cn2 -@-ocna
; CH
NO,

II III

to give compound IV
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?H CH,
@-cxz-o -cx-cnz-u-fa-cnz H,
cH
NO

3
. 2

Iv

b) reducing and formyfating compound IV to give compound V

pH cH,
Ocnz-o- -CH- cxzfy-cn-cnz-Q -OCH,
Hy
o

v

¢) forming the fumarate of compound V and resolving the racemates by crystallization,

d) extracting the base of the desired racemate of compound V,

e) hydrogenolyzing of the protecting benzyl groups of said base of compound V to abtain compound |
wherein A is

H

- -

f) forming a tumarate {and/or a sclvate of the fumarate) of compound |, and optionaily

and R! is H, and opticnally

g) when one or more of R, R'. and R? is a straight or branched alky! group having 1-5 carbon atoms
alkylating the compound cbtained in step e) or f).

2. A procass according to claim 1, characterized in that step a) is carried out in the presence of a soivent at raflux
temperature or in the absence of a scivent at a temperature of 80-120°C. '

3. Aprocess according to either of claims 1-2, characterized in that step b) is a one step reaction with Raney-nickel/for-
mic acid or a two step reaction comprising catalytic reduction of the nitro group foliowed by formylation in excass
of formic acid.

4. A process according to any one of claims 1-3, characterized in that the resolving of the racematas by crystallization
in step c) is carried out in a solvent system comprising ethyl acetate, isopropyl acatate and/or methyl isobutylketone.

5. Aprocess according to claim 4, characterized in that the solvent system further comprises smail amounts of solvent:
mare polar than the solvents defined in claim 4.
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8. Aprocess according to claim S, characterized in that the more polar soivent is dimethyifonmamide, dimethylisulfoxide
and/or methanol.

7. Aprocass according ta claim S or claim 6, characterized in that the amount of the mora polar soivent is less than 15%,
8. A pracass according lo any one of the precading claims characterized in that R is hydrogen.

9. A process according to any one of claims 1-7, characterized in that one or mora of R, R?, and A2 is a straight or
branched alkyl group having 1-5 carben atoms.
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NEW PROCESS FOR PREPARING FORMOTEROL & RELATED COMPOUNDS

ABSTRACT

The present invention is directed to a process for
preparing formoterol and related compounds and derivatives
thereof and their pharmacologically and pharmaceutically
acceptable fumarate salts and/or solvates. The present

. invention is also directed to certain formoterol related

compounds per se.
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