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Stereoselective process and chiral
intermediates for Aryloxydropanolamines.

The present invention relates to a general method for
preparing chiral B-adrenoceptor antagonists and to
intermediates therefor. B-Adrenoceptor antagonists are
useful in the treatment of a range of diseases for example
hypertension, angina, myocardial infarction, arrhythmias,
thyrotoxicosis, anxiety, migraine, tremor, glaucoma and
congestive heart failure.

Many B-adrenoceptor antaéonists have the general
formula (I):-

RNHCH2$HCH20Ar . (T)

OH

wherein Ar is an optionally substituted aryl, heterocaryl
or heterocyclic group as known in the art, and R is an
optionally substituted alkyl group as known in the art for
example a group R2R3CH- as hereinafter defined. The
carbon atom bearing the hydroxy group is chiral and it is
generally acknowledged that B-adrenoceptor activity
resides in the S-isomer. Generally such S-isomers are
prepared by resolution or by asymmetric synthesis.
However, these processes are difficult and inefficient
and, in general, S-isomers of B-adrenoceptor antagonists
substantially free of the corresponding R-isomer have not
been widely commercialised.

In an asymmetric synthesis known in the art
(GB 2130585 A)a compound of the formula (II):

R

Ph

w\é
\<

(I1)

0
l

Chnvant Y

H.OAr

[ 8]
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wherein R and Ar are as hereinbefore defined, is treated
with to form the compound of the formula (I). This
intermediate compound of the formula (II) is de;ived from
the appropriate isomer of a compound of the formula (III):

RNHCHZCH(OH)CHZOH (I1I)

wherein R is as hereinbefore defined, by reaction with
benzaldehyde and modification of the terminal hydroxy
group to introduce the -0-Ar group.

A wide variety of groups R are known in the
B-adrenoceptor antagonist art. Clearly the group R is
introduced at a very early stage of the overall asymmetric
synthesis. Therefore it is particularly inefficient to
synthesise chiral compounds as this necessitates a
complete synthetic sequence for each value of R.

It is particularly beneficial to have a general
intermediate that can provide a wide range of chiral
B-adrenoceptor antagonists with introduction of the gtoup
R at a late stage of the synthetic sequence. The present
invention provides such an intermediate, additionally this
is readily formed in good yields.

Accordingly, the present invention provides the

S-isomer of a compound of the formula (IV):

1
R CHZNHCH2CHCH20Ar (IV)

H

wherein Ar is an optionally substituted aryl, heteroaryl
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1

or heterocyclic group, and R™ is phenyl optionally

substituted by Cl_salkoxy or Cl_6alkyl.

In this specification 'S-isomer' relates to the
absolute configuration of the pictured carbon atom bearing
the hydroxy group; and is preferably provided
substantially free of the corresponding R-isomer.

Suitably Ar is an optionally substituted aryl,
heterocaryl or heterocyclic group as known in the
B-adrenoceptor antagonist art.

More suitably Ar is phenyl optionally substituted by
one, two or three groups selected from hydrogen,

Ci-galkyl, C,_calkoxy, C;.galkanoyl, Ci.galkanoyloxy,
C2_6alkenyl, C2_6alkenyloxy, C3_locycloalkyl, halo,
carbamoyl, Cl_6alkylcarbamoyl, di-Cl_Galkylcarbamoyl,
arylcarbamoyl, arylcl_ealkyl,’arlel_salkoxy, Cl_salkanoyl-
amino, arlel_Galkanoylamino, arylcl_6alkanoyl,
arylcz_salkenyl, carbamoylcl_Galkyl, Cl_ealkylcarbamoyl-
Cl_salkyl, di~Cl_6alkylcarbamolel_6alkyl, aryl, aryloxy,
Cl_salkylthio, cyano, hydroxycl_6alkyl, Cl_6alkanoyl-
Ci-galkyl, amino, C,_calkylamino, di-C, _calkylamino,
morpholino, C3_locycloalkylcl_salkoxy, C3_locyclo-
alklel_6alkoxycl_6alkyl, C3.1g9CY¥cloalkylC,; .alkoxy-
C;-galkoxy, Cl_6a1koxycl_6alkyl, Cl_salkoxycl_salkoxy,
C3_10cycloalkylcl_6alkyl, ureido, Cl_salkylureido,
Cl_salkylsulphonamido and arylsulphonamido, Suitably
also Ar is indanyl, indenyl, naphthyl, 5-oxotetrahydro-
naphthyl, 6-oxotetrahydronaphthyl, tetrahydronaphthyl,
5,8-dihydronaphthyl or 7,8-dihydroxytetrahydronaphthyl.
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When Ar is an optionally substituted heteroaryl or
heterocyclic group suitably it contains up to three
heteroatoms selected from oxygen, sulphur and nitrogen.
For example, pyridinyl, pyrimidinyl, quinolinyl, indolyl,
and 1,2,5-thiadiazol-3-yl. Suitable substituents, where
appropriate, are those described hereinabove as suitable
for substitution on phenyl.

Examples of groups Ar are 2-cyanophenyl, 2-methyl-
phenyl, 2,3-dimethylphenyl, 4- (2-methoxyethyl) phenyl,
4~ (carbamoylmethyl)phenyl, 2-allyloxy, 4-butyronamido-
phenyl, 2-chlorophenyl, 2-methoxypﬁenyl, 2-morpholino-
phenyl, 4-(2-(cyclopropylmethoxy)ethyl)phenyl, 4-methane-
sulphonamidophenyl, 4-(2-acetylethyl)phenyl, 4-morpholino-
1,2,5~-thiadiazol-3-yl, 4-acetamidophenyl and phenyl.

Suitably R1 is pheny; or phenyl substituted by one,
two or three groups selected from-Cl_salkoxy and C;_galkyl,
for example methylphenyl, methoxyphenyl and ethoxyphenyl.
Preferably Rl is phenyl.

The compounds of the formula (IV) are useful in that
they can be converted to the S-isomers of a wide range of
~adrenoceptor antagonists in two steps.

Accordingly in another aspect the present invention
provides a process for preparing the S-isomer of a
compound of the formula (V):

R'CH,
NCH.,CHCH.,0Ar
Rz_?H,/ 2] V)
o
L3

where Rl and Ar are as hereinbefore defined, and
2.3

R R CH- represents optionally substituted alkyl:

which process comprises reacting the S-isomer of a
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compound of the formula (IV) as hereinbefore defined with
a compound of the formula (VI), or a compound of the
formula (VIA) under conditions of reductive alkylation:

R2R3cH-X (VI) R2Rr3c=0 (VIA)

2 3

and R
a displaceable group.

wherein R are as hereinbefore defined and X is

In a further aspect the present invention provides
the S-isomer of a compound of the formula (V). Suitable
and preferred values for Rl and Ar are as described for

compounds of the formula (IV).

Suitably R2R3CH- is a moiety known in the
B-adrenoceptor antagonist art, for example R2 is
hydrogen or Cl_Galkyl, preferably hydrogen or methyl,
and R3 is optionally substituted Cl_salkyl. Suitable
substituents for R} include those of the following

sub~formulae:
i) R3-0-C(=0)-

ii) R®-CO-NH-

iii) R®-NRP-co-

iv) R®-NRP-CO-NH-

wherein R? is Cl_salkyl, phenyl or phenylcl_salkyl,
said phenyl groups being optionally substituted by one,

two or three groups as defined hereinabove with reference

to suitable substituents for Ar; and Rb

Cl_salkyl. Preferably R2R3CH- is isopropyl.

is hydrogen or



WO 86/06368 PCT/GB85/00514

10

15

20

25

30

35

-6~

The reaction between compoﬁnds of the formulae (IV)
and (VI) is performed in conventional manner. Suitably X
is halo, for example chloro or bromo. Conveniently the
reaction is performed in a substantially inert solvent.

The reaction between compounds of the formulae (IV)
and (VIA) is performed under conventional reductive
alkylation conditions, for example in a substantially
inert solvent in the presence of Raney nickel.

In another aspect the present invention provides a
process for the preparation of the S-isomer of a compound
of the formula (VII): )

R2R3CHNHCH2(13HCH20A1:

OH

(VII)

3 and Ar are as hereinbefore defined,

wherein Rz, R
which comprises reducing the S-isomer of a compound of

the formula (V) as hereinbefore defined.

Suitably the reductioh is performed using catalytic
hydrogenation in conventional manner. For example using
conventional transition metal catalysts such as palladium
on a suitable carrier with hydrogen-gas or under
conditions of catalytic transfe: hydrogenation. For
example palladium on carbon and palladium hydroxide on
carbon may be used. Hydrogenation with hydrogen gas may
be performed at non-extreme pressure for example between
atmospheric pressure and pressures of 10 atmospheres.
Suitably hydrogenation is performed in a Cl_4alkanol for
example ethanol. Catalytic transfer hydrogenation can be
effected for example using hydrazine.

The S-isomers of the compounds of the formula (IV) as
hereinbefore defined can be prepared by reacting the
S-isomer of a compound of the formula (VIII) with acid:
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L HICH-CH,OAr
R CHZ-N (VIII)
\ 0
At—
5 wherein Rl and Ar are as hereinbefore defined, and A'

is an acid-cleavable optionally substituted methylene
protecting group for the N- and 0- atoms.
Suitably A' is ::C=0 or a group -C(R4)(R5)- wherein
10 R and R are independently Cl_6alkyl, for example they
are both methyl. Suitably also A' is optionally substituted
-CH(Ph) -, preferably A' is -CH(Ph)-~-. Suitably
such a reaction is performed in an aqueous or mixed aqueous

4

solvent system. Conveniently concentrated hydrochloric
15 acid is used.

The S-isomers of the compounds of the formula (VIII) are
conveniently prepared from the S-isomer of a compound of the
formula (IX):

20 L SPTcH-ca ot
R CH,—N |

2 \Al/o

(IX)

wherein A' and Rl are as hereinbefore defined and Ql
25 is a displaceable group, and an anion of the formula
"OAr wherein Ar is as hereinbefore defined.

In the compounds of the formula (IX) suitably Ql is
a sulphonate such as a Cl_6alkanesulphonate for example
30 methanesulphonate, trifluoromethanesulphonate or an ’
arylsulphonate for example benzenesulphonate or toluene-p-
sulphonate, or a phosphonate or phosphinate for example
diphenylphosphonate or diphenylphosphinate, or Ql is
halo for example bromo or chloro. The anion of the
35 formula OAr is conveniently formed in situ from the
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corresponding hydroxy compound. The anion of the formula
“OAr is conveniently generated by the action of base,

for example an alkali metal hydroxide or alkaline earth
metal hydroxide, for example sodium hydroxide, or for
example an organic base such as triethylamine. In a
suitable alternative the anion of the formula "OAr is
introduced into the reaction as the alkali metal salt of
the hydroxy compound, for example the sodium or potassium
salt. The reaction between the compound of the formula
(IX) and an anion of the formula ~OAr is conveniently
performed in a substantially inert aprotic solvent such as
dimethylformamide.

The S-isomers of the compounds of the formula (IX)
can be prepared by reacting the S-isomer of a compound of
the formula (X) with a compound capable of introducing the
group ot : |

CH :
/2 CH-CH,-OH
RlCHZ——N 2 (X)
Al/o
wherein Rl and A' are as hereinbefore defined.

Suitable reagents for introducing the group Ql are
sulphonylating agents for example methanesulphonyl
chloride, benzenesulphonyl chloride and toluené-p-sulphonyl
chloride; phosphoryl and phosphinyl reagents for example
diphenylphosphoryl chloride and diphenylphosphinyl
chloride; and halogenating agents for example'thionyl
chloride or thionyl bromide, used in conventiohal manner.

The S-isomers of the compounds of the formula (X) can
be prepared in conventional manner by reacting an
appropriate precursor, for example a ketone or optionally
substituted benzaldehyde, with the S-isomer of.a compound

y
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of the formula (XI):
RlCH NHCH..CHCH,OH
2 2] 2 (XI)
OH
5 wherein Rl is as hereinbefore defined.

The S-isomers of the compounds of the formula (XI)
represent another important intermediate and are a further
aspect of the invention. Preferably in such compounds

10 Rl is phenyl.

The S-isomers of the compounds of the formula (XI)
can be prepared by reacting the S-isomer of a compound of

the formula: CHOCH(OH)CHon with a compound of the

15 formula: RlCH NH2 wherein Rl is as hereinbefore

2
defined, in the presence of a reducing agent, for example

hydrogen and a transition metal catalyst.

The following Examples illustrate the invention.
20

Example 1

To a stirred suspension of mannitol diacetonide
(26.2 g) in benzene (800 ml) was added lead tetraacetate
25 (44.2 g) over 5 minutes. The resultant solid was broken
up to give a cloudy solution, stirred for 45 minutes,
filtered, evaporated under reduced pressure and distilled
to give as an oil, acetone-d-glyceraldehyde (17.7 g),
b.p. 44-8°C/11 mm Hg. To a solution of this in methanol
30 (60 ml), at 5°C, was added slowly a solution of benzylamine
(10.7 g) in methanol (60 ml). This mixture was added to
a slurry of 5% palladium on carbon (1.5 g) in methanol
(40 ml) and hydrogenated at 344 KPa (50 p.s.i.) for
30 minutes. The mixture was filtered, treated with
35 6N hydrochloric acid (150 ml), distilled until the vapour
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temperature was 98°C and heated under reflux for one hour.
The mixture was cooled, taken to pH 14 with sodium
hydroxide, extracted into dichloromethane (3 times), dried
and evaporated under reduced pressure to give an oil.

This oil was extracted with boiling ether (twice),
filtered whilst warm and on standing gave as a crystalline
solid (S)-(-)-3-benzylamino-1,2-propanediol (10.1 g),
[a]%5 = -25.72° [concentration 1.01% in ethanol :

water: concentrated HC1 (17:2:1)], m.p. 63°C.

Example 2

Part of the product from Example 1 (7.24 g) in warm
toluene (35 ml) and benzaldehyde (4.66 g) were stirred at
room temperature for 90 minutes, then stirred under reflux
for 60 minutes removing water using a Dean-Stark apparatus.
The solution was then cooled, evaporated under reduced
pressure to give an oil which was crystallised from ethyl .
acetate to give (S)-(-)-2-phenyl-3-benzyl-5-hydroxymethyl-
oxazolidine (8.1 g), m.p. l00°C.

Example 3

Part of the product from Example 2 (6.73 g) in
pyridine (10 ml) and toluene-p-sulphonyl chloride (4.8 q)
were stirred at room temperature for 2 hours (initial
cooling). Potassium carbonate (4.13 g) in water (20 ml)
was added cautiously and the product extracted into
dichloromethane (3 times). rThe organic extracts were
dried and evaporated under reduced pressure to give the
tosylate (10.7 g) as an oil. The tosylate in
dimethylformamide (12.5 ml) was added 'in portions to a
solution of the anion of 4-(2-(cyclopropylmethoxy)ethyl)-
phenol (4.8 g) (formed from sodium hydride (50% dispersion;
1.25 g)) in dimethylformamide (12.5 ml). The reaction
mixture was heated at 70°C for 6 hours, poured on to ice
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(90 g) and extracted into ether (3 times). The ether
extracts were washed with water, dried and evaporated

to give (S)-(-)-2-phenyl-3-benzyl-5-(4-(2-cyclopropyl-
methylmethoxy)ethyl) phenoxymethyl) oxazolidine as an orange
oil (9.78 g).

Example 4

The oxazolidine from Example 3 (9.78 g) was slurried
in a mixture of water (80 ml) and concentrated hydrochloric
acid (20 ml) for one hour until the orange oil had changed
to a pale yellow solid. The solid was filtered, washed
with water, slurried with ether, filtered and dried under
vacuum to give (S)-(-)-2-hydroxy-3?[4-(2-(cyclopropyl-
methoxy) ethyl) phenoxy] -N-benzylpropylamine as a
hydrochloride (5.18 g), m.p. 172°C (recrystallisation from
acetonitrile), [a]%5 = -14.0° [concentration 1.11%
in ethanol : water: concentrated HCl (17:2:1)], m.p. 172°C.

Example 5

S-(-)-2-Hydroxy-3-[4-(2-(cyclopropylmethoxy)ethyl) -
phenoxy] -N-benzylpropylamine (1.77 g) and isopropyl iodide
(0.98 g) were heated under reflux in ethanol (20 ml) for
12 hours. Ethanol was removed under reduced pressure,
the resultant oil dissolved in dichloromethane (20 ml),
washed with base (NaOH solution, pH 14, 20 ml), separated,
dried (MgSQ,), filtered and evaporated to give a pale
brown oil. Column chromatography (silica gel:methanol:
dichloromethane 1:9) gave S-(-)-2-hydroxy-3-[4-(2-
(cyclopropylmethoxry)ethyl) phenoxy] -N-benzyl-N'-isopropyl-
propylamine as a pale o0il (120 mg); - (CDC13) 7.30
(5H,m, gngzN), 3.90 (2H,m,Phg§2N), 3.60
(ZH,m,CH(OH)-ngo-), 2.98 (lH,m,NCH(CH
(2H,m,NCH,CH (OH)), 1.07 (3H,d,NCH(CH
(3H,d,NH(g§3)2), ppm.

3)2)! 2!60

3)2)! lIOl
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Example 6

The product from Example 5 (100 mg) was dissolved in
ethanol (10 ml), in the presence of palladium hydroxide on
carbon and the mixture hydrogenated at 344 KPa (50 p.s.i.)
for 3 hours. Filtration to remove catalyst followed by
evaporation of solvent gave a pale o0il which was purified
by preparative tlc (dichloromethane:methanol (saturated
with ammonia) 9:1), to give S-(-)=-2-hydroxy-3-[4-(2-(cyclo-
propylmethoxy)ethyl) phenoxy]-N-isopropylpropylamine, 28.5
mg, identical with an authentic sample by chromatography
and a nuclear magnetic resonance spectrum.

-
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Claims :
1. A compound of the formula:

RlCHzNHCHZCHCHZOAr (IV)

OH

wherein Rl is phenyl optionally substituted by Cl_Galkoxy

10 or Cl_salkyl, and Ar is an optionally substituted aryl,
heteroaryl or heterocyclic group: in the form of the
S~-isomer.

2. A compound of the formula
15
?H
1
R CHZNCH2CHCH20AI (V)
| 23
HCR™R

20 where RL is phenyl optionally substituted by Cl_6alkoxy

or Cl_6alkyl, R2R3CH- is optionally substituted alkyl
and Ar is an optionally substituted aryl, heteroaryl or
heterocyclic group: in the form of the S-isomer.

25 3. A compound according to claim 1 or claim 2
wherein R' is phenyl.

4. A compound according to claim 2 or 3 wherein

R2R3CH— is isopropyl.
30
5. A process for preparing the S-isomer of a
compound of the formula (VII):
35 R2R3CHNHCH CHCH,OAr
2| 2 (VII)

CH
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wherein Rz, R3

and Ar are as defined in claim 1, which
comprises reducing the S-isomer of a compound of the

formula (V):

2.3 )
R™R C??CH2$HCH20Ar (V)
R™CH, OH
2
wherein Rz, R3, Ar and Rl are as defined in claim 2.

6. A process for preparing the S-isomer of a
compound of the formula (V) as defined in claim 2 which
comprises reacting the S-isomer of a compound of the '
formula (IV): .

rlcH. NuCH

2 2 OAr

?HCH
OH

2 (IV)

wherein Rl and Ar are as defined in claim 2, with a
compound of the formula (VI), or with a compound of the
formula (VIA) under conditions of reductive alkylation:

R®R3CH-X - (VI) R®R3C=0 (VIA)

2 3

and R’ are as defined in claim 2 and X is a

displaceable group.

wherein R

7. A compound of the formula (XI):

1 :
R CHZNHCH2$HCH20H (XI)

OH
wherein Rl is as defined in claim l: in the form of the
S-isomer.r
8. A compound according to claim 7 wherein Rl is
phenyl.

Loy
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