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PROCESS FOR PREPARING ISOMERS OF
SALBUTAMOL

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application 1s a divisional of reissue application Ser.
No. 12/026,790, filed Feb. 6, 2008, which is a reissue of U.S.

patent application Ser. No. 10/450,155, filed Sep. 15, 2003,
now U.S. Pat. No. 6,995,286, which is a §3'71 Application of
International Application No. PCT/GB01/05444, filed on
Dec. 10, 2001, [claiming the] which claims priority of Great
Britain Application No. 0030171.3, filed Dec. 11, 2000[, the].

The entire disclosures of [which] tke priority applications
listed above are incorporated herein by reference in their
entireties.

This mvention relates to an improved method of making
optically pure (R) and (S) salbutamol, also known as (R) and
(S) albuterol. The chemical name for salbutamol 1s a-[[(1,1-
dimethyl-ethyl)amino |methyl]-4-hydroxy-1,3-benzene-
dimethanol.

For certain medical conditions such as asthma, the (R)
1somer of salbutamol (which 1s laevorotatory, denoted (-) or
(1) 1s known to be very much more potent therapeutically than
the dextrorotatory (S) 1somer. The R isomer of salbutamol is
also known as levalbuterol. One method of preparing the (R)
and (S) 1somers of salbutamol 1n optically pure form 1s dis-
closed 1n U.S. Pat. No. 5,545,745, In this method, either of
two precursor compounds for salbutamol 1s resolved using a
substituted tartaric acid derivative. Specifically the resolving
compound used i U.S. Pat. No. 5,545,745 1s chosen from
(—)-di-toluoyl-L-tartaric acid, (+)-di-toluoyl-D-tartaric acid,
(—)-di-benzovyl-L-tartaric acid and (+)-di-benzoyl-D-tartaric
acid. Another reference (Hartley et al, Journal of Medicinal
Chemistry, 1971, Vol 14, No 9, pp 8935-896) describes much
the same thing as U.S. Pat. No. 5,545,745: the resolution 1s
performed with either (+) or (=) di-para-toluoyl tartaric acid.
A more recent publication (WO 99/42460) describes the reso-
lution of a new ketal dertvative of salbutamol (specifically
2-(N-t-butylamino)-1-(+2,2-dimethyl-1,2-benzodioxin-6-
yl) ethanol). The resolution 1s again performed with a chiral
tartaric acid dernivative, such as (+) or (-) di-para-toluoyl
tartaric acid or (+) or (-) di-O-benzoyl tartaric acid. Enanti-
omers ol salbutamol can be produced 11 desired, via a com-
plicated, multi-stage process involving resolution of the ketal
derivative. The disadvantage of the process described in WO
99/42460 1s that the enantiomeric excess of the salts obtained
1s low (based on the values given in the Examples). This
requires additional crystallizations, thus lowering the overall
yields. Further, two additional synthetic steps of ketalization
and hydrolysis further reduces the economic viability of the
pProcess.

Whilst the process of U.S. Pat. No. 5,545,745 1s an
improvement over previous methods of resolution, 1t never-
theless has certain disadvantages. The substituted tartaric
acid dermvatives employed are expensive (and not readily
available) and so need to be specially prepared or bought,
which adds to the overall time and cost of the process. These
resolving compounds are generally not recovered from the
process and this further contributes to the costs.

We have now found a way of substantially overcoming,
these problems. In particular, we have found an economical
and etficient method of resolving salbutamol 1into 1ts optically
pure (R) and (S) 1somers, which method does not require the
use of expensive substituted tartaric acid derivatives.
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2

According to the present invention, there 1s provided a
process for making optically pure (R) and/or (S) salbutamol
or pharmaceutically acceptable salts thereof, which process
comprises obtaining the [(E)] (R) or (S) isomer of either
salbutamol or a salbutamol precursor in substantially opti-
cally pure form by resolving a racemic or optically impure
mixture of enantiomers of salbutamol or of said precursor
with either (L) or (D) tartaric acid, and where necessary
converting said 1somer of said precursor into either (R) or (S)
salbutamol respectively; then optionally converting said opti-
cally pure (R) and/or (S) salbutamol 1into a pharmaceutically
acceptable salt.

Unlike the substituted tartaric acid derivatives used in U.S.
Pat. No. 5,545,745, (L) and (D) tartaric acid are readily avail-
able and mexpensive. They can be recovered and re-used 1n
the process 1f desired, although even when they are not re-
used the process 1s much more economical than that
described 1n U.S. Pat. No. 5,545,745.

An advantage of the present method is its general applica-
bility to different intermediates of salbutamol. It also enables
chirally pure product to be obtained 1n a good yield.

In a highly preferred aspect ol the invention, the compound
4-benzyl albuterol (1) (a-[[(1,1- dimethylethyl) amino]me-
thyl]-4-(phenylmethoxy)-1,3- benzenedlmethanol) 1s used as
the salbutamol precursor. A racemic or optlcally 1mpure mix-
ture of the compound 1s resolved to gwe the (R) and (S)
1somers before conversion to the desired 1somer of salbuta-
mol takes place. 4-benzyl albuterol 1s readily available com-
mercially, for example from Cipla Limaited.

The precursor 4-benzyl albuterol 1s typically prepared, for
example, from the ester intermediate methyl-5-[2-[(1,1-dim-

cthylethyl)amino]-1-hydroxyethyl]-2-(phenylmethoxy)-
benzoate (1I).

(1)
HO H

NH—1tBu

J @

BnO

Bn = benzyl
tBu = tertiary butyl

This compound (II) can also, 11 desired, serve as the “salb-
utamol precursor” which 1s 1tself resolved nto 1ts (R) and (S)
1SOmers.

We have found that the present method of resolution can be
used satisfactorily to resolve racemic salbutamol (or an opti-
cally impure mixture of enantiomers of salbutamol) 1tself.

Thus, 1 a further aspect, the invention provides a process
for making optically pure (R) and/or (S) salbutamol or phar-
maceutically acceptable salts thereof, which process com-
prises resolving racemic salbutamol, or an optically impure
mixture of enantiomers of salbutamol, with either (L) or (D)
tartaric acid, and optionally converting said optically pure (R)
and/or (S) salbutamol into a pharmaceutically acceptable salt
thereof.

The present invention thus provides several ways of pro-
ducing (R) and/or (S) salbutamol: by resolution at the final
stage, for example on racemic salbutamol, or by resolution at
an intermediate stage—for example, by resolution of the
alcohol intermediate 4-benzyl albuterol or by resolution of
the ester intermediate (I1I) methyl-5-[2-[(1,1-dimethylethyl)
amino]-1-hydroxyethyl]-2-(phenylmethoxy)-benzoate.
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We prefer to operate the process using (L) tartaric acid,
since this results 1n the more active 1somer (R) salbutamol.
However, the invention encompasses the production of (S)
salbutamol, 1n which case (D) tartaric acid 1s used 1n the
resolution step.

By the term “optically pure”, we mean an enantiomeric
excess (e.e.) (which 1s a measure well known 1n the art) of
about 95% or more. The term “optically impure” refers to
mixtures of enantiomers where the e.e. value 1s below about
95%, but where the mixture 1s not exactly racemic. We have
found that the resolution step with (L) or (D) tartaric acid 1s
very elficient, generally giving an e.e. value of 99% or more
for the chosen 1somer.

Operation of the process using our preferred precursor
4-benzyl albuterol 1s preferably carried out according to the

following Scheme A below:

Scheme A
HO H
(L)
NH-tBu
Q Bn = benzyl
RO tBu = tertiary butyl
OH

4-benzyl albuterol

(a) l

HO, H
/(\ >h\/ h
BnO =
Non

(L) tartaric acid

(b)l

NH-tBu

(R) 4-benzyl albuterol

(ﬂ)l

HO H

/\}F\/ NH-tBu
O

OH
(R) Salbutamol

(d)l

HO
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-continued
HO, H

-

‘HQSO4

(R) salbutamol sulphate

In step (a) a suspension of racemic 4-benzyl albuterol 1s
mixed with a solution of either (L) or (D) tartaric acid (as
desired) 1n an organic solvent. We prefer to use a solvent such
as methanol, ethanol, 1sopropanol, acetone or ethyl acetate or
a mixture of two or more thereof. The mixture 1s then chilled
to give crystals of the (L) or (D) tartrate salt of 4-benzyl
albuterol, which are then separated and purified. The yield of
the chosen tartrate salt 1s generally above 30%, with an e.¢.
value of around 99%.

In step (b), the optically pure 1somer of either (R) or (S)
4-benzyl albuterol i1s obtained from a solution (typically
aqueous) of the corresponding tartrate salt. We prefer to lib-
crate the free base from the tartrate salt by the gradual addi-
tion of alkali to the solution of the salt, for example by using
sodium hydroxide or sodium carbonate. Other bases that can
be used include potassium hydroxide, potassium carbonate,
aqueous ammonia and sodium or potassium bicarbonate. Pro-
longed stirring of the alkali/salt mixture 1s usually necessary
to precipitate the free base completely from the solution. The
yield of the (R) or (S) 1somer of 4-benzyl albuterol 1s gener-
ally 40% or more based on the quantity of racemic starting
material. The e.e. value remains high, typically at 99% or
more.

In step (¢), (R) or (S) 4-benzyl albuterol free base 1s de-
benzylated in order to give (R) or (S) salbutamol. This 1s
preferably carried out by suspending the 1somer of 4-benzyl
albuterol 1n an organic solvent such as ethanol, adding a
palladium on carbon catalyst and hydrogenating the suspen-
s1ion under pressure in a hydrogenator. The resulting optically
pure 1somer of salbutamol 1s then filtered off. If desired, a
pharmaceutically acceptable salt of the free base can be
obtained by the addition of an acid (for example, dilute sul-
phuric or hydrochloric acid) in the usual way (see step (d)).

Alternatively, the resolving-step can 11 desired be carried
out earlier 1n the process, for example, by resolving the ester
intermediate (I1I). (L) or (D) tartaric acid may be used for the
resolution, although preferably (L) tartaric acid 1s employed
so as to give the (R) form of the ester. This preferred route 1s
shown 1n Scheme B below.

HO H

)Q/NH-tBu

Bn = benzyl
tBu = tertiary butyl

@

BnO
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-continued

HO H

)F\/NH—tBu

O
Bn0”” I
O

OMe

(L) tartaric acid

NH-tBu

BnO

O OMe
(R) ester

lreductiﬂn

HO H

):\/ NH-tBu

BnO

OH
(R) 4-benzyl albuterol

The reduction of the (R) 1somer of the ester to (R) 4-benzyl
albuterol can, for example, be carried out using lithtum alu-
mimum hydride, although any suitable reducing agent can be
used. The resolution 1s typically carried out 1n the same way
as that described for 4-benzyl albuterol.

Other salbutamol precursors which can be usefully
employed 1n the process of the mvention include derivatives
of 4-benzyl albuterol in which the ring of the benzyl group 1s
variously substituted. The benzyl group may, for example, be
substituted with one or more halogen atoms (such as, chlo-
rine, fluorine or bromine) or one or more alkoxy groups such
as methoxy. Other similar substitutions which have the pur-
pose of protecting the phenolic group of the salbutamol pre-

cursor may also be used, as will be clear to those skilled 1n the
art.

The following examples are intended to illustrate the
invention:

EXAMPL.

T
[

Preparation of R-4-Benzyl Albuterol-L-tartrate:

Racemic 4-benzyl albuterol (100 g, 0.30 mole) 1s sus-
pended in methanol (500 ml) and heated to reflux. A solution
of L-tartaric acid (50 g, 0.33 mole) 1n methanol (150) ml 1s
introduced 1n about 15 minutes. The clear solution 1s then
chulled to O to 5° C. and the crystals are filtered. The wet
crystals are taken up 1n 1sopropanol (300 ml) and heated to
reflux, cooled to room temperature and filtered to obtain the
title compound as a white solid (65 g, 45% yield, 99% ee)
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EXAMPLE 2

Preparation of R(-)-4-Benzyl Albuterol:

The product from Example 1 (65 g, 0.13 mole) 1s dissolved
in water (650 ml) and filtered over celite to remove insolubles.
The clear filtrate 1s cooled to 10° C. and a solution of 10%
sodium hydroxide (80 ml) 1s slowly introduced. The sticky
solid precipitated becomes free on prolonged stirring for 4
hours. The solid 1s filtered, washed with water and dried to
obtain the title compound as a white solid (40 g, 40% vyield
based on amount of racemic compound, 99% e¢.e.).

EXAMPLE 3

Preparation of R(-) Salbutamol Sulphate:
R-4-Benzyl Albuterol (40 g, 0.12 mole) 1s suspended 1n

500 ml ethanol, 5% palladium on carbon (2 g) 1s added and
shaken in a 1 lit. Parr Hydrogenator at 30 ps1 for 2 hours. The
catalyst 1s filtered ofl and the clear filtrate 1s cooled to 15° C.
under stirring. Sulphuric acid (4.9 g, 0.05 mole) 1s introduced
dropwise and the resulting mixture 1s stirred for 1 hour and
filtered. The solids are washed with ethanol (20 ml) and dried
at 45 to 50° C. 1n a vacuum oven to give pure R-salbutamol

sulphate (30 g, 86% vield).

EXAMPLE 4

Preparation of R(-) methyl-5-[2-[(1,]1-dimethylethyl)

amino]-1-hydroxyethyl]-2-(phenylmethoxy)-benzoate:
Racemic ester (100 g, 0.28 mole) 1s suspended 1n methanol

(600 ml) and heated to retlux. A solution of L-tartaric acid (50

g, 0.33 mole) in methanol (150 ml) 1s mtroduced 1n about 30
minutes. The clear solution 1s then chilled to 0 to 5° C. and the
crystals are filtered. The wet crystals are taken up 1n ethanol
(400 ml) and heated to reflux, cooled to room temperature and
filtered to obtain the R(-) ester-L-tartrate as a white solid.
This 1s then dissolved in water (300 ml) and filtered over celite
to remove 1insolubles. The clear filtrate 1s then cooled to 0 to 5°
C. and an aqueous ammonia solution 1s introduced so as to
obtain apH o1 8.5 to 9. The mass 1s then stirred for 3 hours and
the solids filtered, washed with water and dried to obtain the
title compound (38 g; 38% yield based on racemic compound,

99% e.e.).

EXAMPLE 5

Preparation of R(-)-4-benzyl Albuterol Using R(-)ester of
Example 4:

R(-)-ester (35.8 g, 0.1 mole) 1s suspended 1n dry tetrahy-
drofuran (250 ml) and cooled to O to 5° C. Lithium aluminium
hydride (4 g; 0.33 mole) 1s introduced slowly and the reaction
mass 1s further stirred for 3 hours. A 15% sodium sulphate (20
ml) 1s then introduced and the precipitate 1s then filtered off.
The clear filtrate 1s then concentrated, taken up in ethyl
acetate (100 ml), cooled to 5° C. and filtered to obtain the title
compound (30 g; 91%; 99% e.e.).

EXAMPLE 6

Preparation of (S)4-benzyl Albuterol-(D)-tartrate

Racemic 4-benzyl albuterol (100 g, 0.30 mole) 1s sus-
pended in methanol (500 ml) and heated to reflux. A solution
of (D-)tartaric acid 1n methanol (150 ml) 1s introduced 1n
about 15 minutes. The clear solution 1s then chilled to 0 to 5°
C. and the crystals filtered. The wet crystals are taken up 1n
isopropanol (300 ml) and heated to reflux, cooled to room
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temperature and filtered to obtain the title compound as a
white solid (65 g; 45%; 99% e.e.).

EXAMPLE 7

Preparation of (S)-4-benzyl Albuterol:

The product from Example 6 (65 g; 0.13 mol) 1s dissolved
in water (650 ml) and filtered over celite to remove insolubles.
The clear filtrate 1s cooled to 10° C. and a solution of 10%
sodium hydroxide (80 ml) 1s slowly introduced. The solids
thus precipitated are filtered, washed with water and dried to
obtain the title compound as a white solid (40 g; 40% based on
racemic compound, 99% c.c.).

10

EXAMPLE 8

15

Preparation of (S)-salbutamol Sulphate:

(S)-4- benzyl albuterol (40 g; 0.12 mole) 1s suspended 1n
500 ml ethanol, 5% palladium on carbon (2 g) 1s added and
shaken in a 1 litre Parr hydrogenator at 30 psi for 2 hours. The
catalystis then filtered oil and the clear filtrate 1s cooled to 15° 20
C. Sulphuric acid (4.9 g; 0.05 mole) 1s added dropwise and the
resultant mixture 1s stirred for 1 hour and filtered. The solids
are washed with ethanol (20 ml) and dried to give pure (S)-
salbutamol sulphate (30 g; 86%).

_ _ 25
EXAMPLE 9

Salbutamol (100 g; 0.41 mole) 1s dissolved ina 1:1 mixture
of ethyl acetate and methanol (500 ml) at about 70° C. To this
solution 1s added L(+)tartaric acid (66 g; 0.44 mole) under
stirring. The contents are maintained at 70° C. for 2 hours. On
cooling, the tatrate salt crystallises. This 1s filtered and recrys-
tallised from ethanol to give 52 g of the pure R (-) salbutamol
tartrate. The salt 1s then suspended in methanol (200 ml) and
a solution of sodium methoxide (15 g; 0.27 mole) in methanol
1s introduced. The precipitated solids are filtered off and the 35
filtrate 1s cooled to 10° C. Sulphuric acid 1s added slowly to
obtain a pH of the reaction mass between 4 to 4.5. The solids
are filtered and dried to obtain R(-)salbutamol sulphate (30

2).

30

40

What 1s claimed 1s:

[1. A process for making optically pure (R) salbutamol or
pharmaceutically acceptable salts thereof having a value of
95% enantiomeric excess or more, which process comprises
obtaining the (R) 1somer of either salbutamol or a salbutamol 45
precursor, wherein the salbutamol precursor i1s 4-benzyl
albuterol or methyl-3-[2-[(1,1-dimethylethyl)amino]-1-hy-
droxyethyl]-2-(phenylmethoxy)-benzoate 1 optically pure
form by:

a) dissolving a mixture of salbutamol, 4-benzyl albuterolor 50
methyl-5-[2-[(1,1-dimethylethyl)Jamino]-1-hydroxy-
cthyl]-2-(phenylmethoxy)-benzoate enantiomers and a
molar excess (with respect to said salbutamol or said
precursors) of (L) tartaric acid 1n a solvent;

b) allowing the solution to cool to crystalize a salt of one 55
enantiomer:;

¢) separating the salt from the solution;

d) liberating the enantiomer from the salt;

¢) when the enantiomer 1s 4-benzyl albuterol or methyl-5-
[2-[(1,1-dimethylethyl)amino]-1-hydroxyethyl]-2- 60
(phenylmethoxy)-benzoate, reducing the enantiomer;
and

1) except when salbutamol 1s used 1n step a), debenzylating
the enantiomer and recoVering the (R) enantiomer of
salbuamol; then optionally converting said optically 65
pure (R) salbutamol into a pharmeucedically acceptable
salt.]

8

[2. A process according to claim 1, wherein the mole
equivalent amount of tartaric acid 1s greater than or equal to
1.07.}

[3. A process according to claim 1, wherein the mole
equivalent amount of tartaric acid 1s greater than or equal to
1.1

[4. A process according to claim 1, wherein the mole
equivalent amount of tartaric acid is at least 1.18.]

[5. A process according to claim 1, wherein the salbutamol
precursor is 4-benzyl albuterol.}

[6. A process according to claim 1, wherein the resolution
1s carried out on racemic salbutamol or on an optically impure
mixture of enantiomers of salbutamol.]

[7. A process according to claim 1, wherein the optical
purity has a value of 99% enantiomeric excess or more. ]

[8. A process according to claim 1, further comprising
converting said 1somer of said precursor into either (R) salb-
utamol respectively; then optionally converting said optically
pure (R) salbutamol into a pharmaceutically acceptable salt.]

9. Pure and isolated Levalbuterol L-tartrate having an
enantiomeric excess of at least 95%.

10. Levalbuterol L-tartrate as claimed in claim 9, which is
in crystalline form.

11. An optically-pure 4-benzyl albuterol salt of tartaric
acid, selected from the group comsisting of optically pure
(R)-4-benzyl albuterol-(L)-tartrate salt and optically pure
(S)-4-benzyl-albuterol-(D)-tartrate salt.

12. The optically-pure 4-benzyl albuterol salt of tartaric
acid of claim 11, where the optically pure (R)-4-benzyl
albuterol-(L)-tartrate salt is present in an enantiomeric
excess of greater than about 99%.

13. The optically-pure 4-benzyl albuterol salt of tartaric
acid of claim 11, where the optically pure (S)-4-benzyl
albutervol-(D)-tartrate salt is present in an enantiomeric
excess of greater than about 99%.

14. An optically-purve methyl-5-/2-[(1,1-dimethylethyl)
amino[-1-hyvdroxyethyl]-2-(phenvimethoxy)-benzoate salt of

tartaric acid, selected from the group consisting of optically

pure (R)-methyl-5-[2-[(1, I-dimethyvilethy)amino]-1-hy-

droxyethvl]-2-(phenvimethoxy)-benzoate(L)-tartrate  salt
and optically pure (S)-methyl-5-[2-[(1,1-dimethyiethyl)
aminof-1-hydroxyethyl]-2-(phenylmethoxy)-benzoate-(D)-
tartrate salt.

15. The optically-pure methyl-5-[2-[(1,1-dimethviethyl)
amino/-1-hyvdrvoxyethyl]-2-(phenvimethoxy)-benzoate salt of
tartaric acid of claim 14, wheve the optically pure (R)-methyl-
5-12-[(1,I-dimethylethyvlyamino]-1-hyvdroxyethyl]-2-(phe-
nvimethoxy)-benzoate-(L)-tartrate salt is present in an enan-
tiomeric excess of greater than about 99%.

16. The optically-pure methyl-5-/2-[(1,1-dimethylethyl)
amino[-1-hyvdroxyethyl]-2-(phenvimethoxy)-benzoate salt of
tartaric acid of claim 14, where the optically pure (S)-methyl-
5-12-[(1,1-dimethylethyvlyamino]-1-hydroxyethyl]-2-(phe-
nylmethoxy)-benzoate-(D)-tartrate salt is present in an enan-
tiomeric excess of greater than about 99%.

17. A pure and isolated salbutamol salt of tartaric acid
having an enantiomeric excess of at least 95% selected from
the group consisting of (R)-salbutamol-(L)-tartrate salt and
(S)-salbutamol-(D)-tartrate salt.

18. The pure and isolated salbutamol salt of tartarvic acid of
claim 17, where the (R)-salbutamol-(L)-tartrate salt is

present in an enantiomeric excess of greater than about 99%.

19. The pure and isolated salbutamol salt of tartaric acid of
claim 17, where the (S)-salbutamol-(D)-tartrate salt is

present in an enantiomeric excess of greater than about 99%.

G o e = x
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