20047041805 A1 |00 0O OO O

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

21 May 2004 (21.05.2004)

AT Y0 DO O

(10) International Publication Number

WO 2004/041805 Al

(51) International Patent Classification’:
317126, 311/22, 407/04, COTF 9/535, 9/54

CO07D 311/58,

(21) International Application Number:
PCT/HU2003/000093

(22) International Filing Date:
6 November 2003 (06.11.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
P0203810 6 November 2002 (06.11.2002) HU
(71) Applicant (for all designated States except US): EGIS
GYOGYSZERGYAR RT. [HUMU]; Keresztiri it

30-38., H-1106 Budapest (HU).

(72) Inventors; and

(75) Inventors/Applicants (for US only): TRINKA, Péter
[HU/HU]; Karczag u. 59, H-1116 Budapest (HU). RE-
ITER, Joézset [HU/HU]; T6vis u. 32/b, H-1022 Budapest
(HU). BERECZ, Gabor [HU/HU]; Bihari tt 17., H-1107
Budapest (HU). SIMIG, Gyula [HU/HUJ; Hollésy S. u.
25, H-1126 Budapest (HU).

(74) Agent: ADVOPATENT Office of Patent and Trade-
mark Attorneys; P.O. Box 11, H-1251 Budapest (HU).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG,BR,BW, BY,BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR,
KZ,LC,LK,LR,LS,LT, LU, LV,MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
SI, SK, TR), OAPI patent (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: NEW PROCESS FOR THE PREPARATION OF RACEMIC ([2S[2R*[R[R*]]]] and ([2R[2S*[S[S*]]1]-(+)- o,
-[imino-bis(methylene)]bis[6-fluorochroman-2-methanol] AND ITS PURE [2S[2R*[R[R*]&

* H
N

F

OH

*

o)
()
F

(57) Abstract: Process for the preparation of racemic ([2S[2R*[R[R*]]]]- and ([2R[2S*[S[S*]]]]-(z)- o, & -[imino-bis(methy-
O lene)]bis[6-fluorochroman-2-methanol] of the compound of the formula (I) and its pure ([2S[2R*[R[R*]]]]- and ([2R[2S*[S[S*]]1]-
enantiomer compounds characterized in that the products are prepared from 4-fluoro-phenole or 4-fluoro-anisole via crystalline,

optically active intermediates.



WO 2004/041
805 PCT/HU2003/000093

New process for the preparation .of racemic ([ZS[ZR* [R[R*]]]] and
([2R[2S* [SIS*111]-(&)-o,’ -[imino-bis(methylene)]bis [6-fluoro-
chroman-2-methanol] and its pure [2S[2R*[R[R*11]]-, and
[2R[2S*[S[S*]]]] enantiomers

TECHNICAL FIELD OF THE INVENTION

The invention relates to a new process for the preparation of
(2S2R*[RR*]1]] and ([2R[2S*[S[S*]1]-()-0u0” -[imino-
bis(methylene)]bis[6-ﬂuoro~chroman—2-methanol] of the formula

(whereafter nebivolol) and its pure [2S[2R*[R[R*]]]]-, and
[2R[2S*[S[S*]1]] enantiomers.
Nebivolol is in the market as a practically side-effect free

vasodilatation drug, which has f1-adrenerg receptor blocking and

vasodilatation properties with very favourable effect on the endogen
formation Qf nitrogen monoxide.

Although the compound can have 16 stereoisomer forms theoretically
because of four asymmetric centres in the structure, but the compound
is symmetrical about an axis, which contains the nitrogen atom of the

compound, therefore only 10 different stereoisomer forms exist.
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STATE OF THE ART

Preparation of nebivolol is described in the patent description

US-4,654,362. 4-fluor-phenol of the formula

OH
/©/ :
F

is the starting compound of the synthesis. It is reacted with dimethyl

acethylenedicarboxylate of the formula
COOMe

I | XXV

COOMe
according to the description of the patent application No. EP 331078

obtained the compound of a phenoxy-ethylene compound of the

formula
COOMe

fog

MeOOC
This compound is hydrolysed in an alkah media to the compound of

dicarboxylic acid compound of the formula

HOOC

which is converted to the compound of chromanone compound of the

formula
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) COOH

o

by reacting with sulphuric acid. This compound is transferred to the

compound of racemic 6-fluoro-chroman-carbocilyc acid of the

0. COOH
T
F

by catalytic hydrogenation.

formula

Racemic 6-fluoro-chroman-carboxylic acid of the formula

XXXII is esterified to the compound of the formula

0. _COOR
/@j XXXIII
F

wherein R represents lower alkyl, which is reduced with sodium
dihydro bis(2-methoxyethoxy) aluminate to the racemic methanol
compound of the formula

*

)
OH
: XXXIV
F

The product is reacted with oxalyl chloride and then triethylamine at

-60 OC produced the racemic aldehyde of the formula

0
~0 4
XXXV
F ,



WO 2004/041805 PCT/HU2003/000093

4

The racemic aldehydé of the formula XXXV is reacted with
sodium hydride, then trimethyl sulfoxonium iodide in a solution of
dimethyl sulfoxide. A mixture of racemic RS and SR epoxides of the

formula

0]
o XXXVI-A racemate

XXXVI-B racemate
F

and of racemic SS and RR epoxides of the formula XXXVI-B are
obtained. The mixture is separated by column chromatography, thus
the oily A-isomer racemate of the formula XXXVI-A and the oily B-
isomer racemate of the formula XXXVI-B are obtained.

The mixture of "A"-"B" isomer racemates of the formula

- Ph
OH ( OH
o) N o)
. * XXXV
F F

can be prepared by reacting the compound of the formula XXXVI-A
isomer racemate with benzylamine, the given racemic products of the

'~ formula
Ph

OH (
O NH XXXVI-A racemate

XXXVII-B racemate

subsequently reacted with the compound of the formula XXXVI-B
isomer racemate. The order of reactions can be changed. Thus, the
compound of the formula XXXVI-B isomer racemate could be reacted

with benzylamine. The given racemic product of the formula XXXVII-
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B is reacted with the compound of the formula XXXVI-A isomer

racemate,

There is no teaching to separate the given mixture. The
mixture can be separated by preparative HPLC supposedly. The
desired nebivolol of the formula I was obtained by elimination of the
benzyl group of the pure isomer racemate "A" of the formula
XXXVIII-A. The reaction is carried out by catalytic hydrogenation.

The process described above has several serious disadvantages.
For example the quality of dimethyl acetylenedicarboxylate is very
changeable even if it was bought from same supplier. The cause is the
uncertainty of the preparation method of this product. The preparation
of racemic aldehyde of the formula XXXV takes place at a very low (-

60 ©C) temperature, which requires special equipments.

Very serious disadvantage of the process is that the racemic
aldehyde of the formula XXXV is very unstable. According to our
experiments, the product given by vacuum distillation can not be used
after standing a night at room temperature because it is changed
considerably disintegrated.

Additional very serious disadvantage is that the racemates of
the epoxides of the formula XXXV, the RS and SR = A isomer and
the RR and SS = B isomer are oily products. Their separation can be
carried out by chromatographic, especially column chromatographic
process, which is very difficult to use in industrial scale. There is no
teaching in the description of the separation of the mixture of
racemates (A and B) of the formula XXXVIIL According to our
experiments the separation can be carried out only by chromatographic

method.
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We tried to transform the racgmic mixture of the compound of

“the formula "A" and "B" to the racemic mixture of the compound of
the formula I by catalytic reduction. We expected that the separation
of the desired product of the racemic compound A (nebivolol) from the
other racemic compound can be carried out by crystallisation. The
separation of mixture of the compounds of raceme “A” and “B” is
not possible by recrystallisation nevertheless several different solvents
are used.

The preparation of the compounds of SSSR and RRRS isomers
of the compound nebivolol is described in the patent description EP
334-429 patent application. The substance of this invention is that the
chromene-4-on-carboxylic acid compound of the formula XXXI
obtained by catalytic hydrogenation (83% yield) of the 6-fluoro-
chroman-2-carboxylic acid of the formula XXXII, the product is
resolved than the obtained (+)-(S)-6-ﬂuoro-chroman-carboxylic acid
and the (—)—(S)-6-ﬂuoro-chroman—carboxylic acid products are reacted
separately according to reaction steps described in the US-4,654,362
patent application. o

The 6-fluoro-chroman-2-carboxylic acid compound of the
formula XXXII is resolved using (+)-dehydroabietylamine. The yield
of the compound of (+);(S)-6-ﬂuoro-chroman—carboxy1ic acid is
11,3%, of the compound of (—)-(S)-6-ﬂuoro-chroman—ca:rboxylic acid
is 9,2 % on the basis of the racemic compound.

The compound of (+)-(S)—6-ﬂu0ro—chroman—carboxylic acid is’
transferred to the aldehyde compound of the formula XXXV (S)at -
700C with 57,9% yield, then the oily compound of (H)-[S(S)]-6-fluoro-
2-oxiranyl-chroman of the formula XXXVI (S) is obtained with 9,8 %
yield after the separation by chromatographic method. The yield on the
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basis of the 6-fluoro-chromane-4-carboxylic acid compound of the
formula XXXII is 0,64%, the total yield on the basis of the compound
of chromene-4-one-carboxylic acid is 0,53%.
The compound of (-)-(R)-6 —fluoro-chroman-2-carboxylic acid is
transferred to the compound of methyl ester of the formula XXXIIT
(R) wherein R stands for a methyl group, with 82,6% yield, then it is

reduced to the aldehyde compound of the formula XXXV (R) at -80°C
with[bis(Z-methyl—propyl)]-aluminium hydride. The compound of (-)-
[R(S)]—6-gluoro-2—oxirany1-chromanone of the formula XXXVI (R) is
obtained with 24,8% yield by the reaction of the aldehyde compound
with trimethyl-sulfoxonium iodide, then puriﬁed by HPLC. The yield
on the basis of the 6-fluoro-chromane-4-carboxylic acid compound of
the formula XXXII is 1,9%, the total yield on the basis of the
compound of chromene-4-one-carboxylic acid of the formula XXXI is
1,9%.

The compound of (-)-[R(S)]-benzylamine of the formula
XXXVII (R) is obtained with 38,1% yield by reaction of the
compound of (-)- [R(S)]-6-ﬂuoro-2-0xiranyl—chroman with
benzylamine, then the product was reacted with (+)-[S(S)]-epoxide
compound of the formula XXXVI (S). Then the benzyl group is
eliminated by hydrogenation from the previously obtained
([2R[2S*[S[S*]]]}-benzyl compound, thus obtained the l-nebivolol of
the formula I (R,S,S,S) with 42 % yield.

(The yield on the basis of the compound of (-)-[R(S)]-6-fluoro-
2-oxiranyl-chromanone of the formula XXXVI (R) is 16%, the yield
on the basis of Athe.6-ﬂuoro-chromane-4-carboxylic acid compound of

the formula XXXII is 0,30%, the total yield on the basis of the
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compound of chromene-4-one-carboxylic acid of the formula XXXIT is
0,25 %.)

The compound of d-nebivolol is prepared in the same manner,
using intermediates of formulas XXXV, XXXVI, XXXVII, and
XXXVIII, although this synthesis is not described fully in the cited
description.

 Serious disadvantage of this synthesis is that the resolvation of
the compound of the formula XXXII can be carried out with poor yield
by using (+)-dehydroabiteinamine and (-)-dehydroabiteinamine. It is
very difficult to get at these very expensive reagents. Additional
disadvantage is that only one of the two enantiomers can be prepared
pure which is shown by the values of optical rotation of the
compounds. Using the described conditions the two values of optical
rotation can be same instead of the described values of +14,880 and -
13,399.

Additional disadvantages of this synthesis are that the several
steps of it are carried out at a very low (-70 °C, or -80 °C)
temperature which requires special equipments, furthermore the
compound of S(S)-epoxide of the formula XXXVI (S) and the
compound of R(S)-epoxide of the formula XXXVI (R) are separated
by HPLC which is not feasible in industrial scale.

The strategy of the descriptions of the patent US-4,654,362 and
EP-334-429 are same, a chroman structure is prepared , which contains
a one carbon containing ligand on its second carbon atom, from which
either racemic or optically active aldehyde is obtained, then the
aldehyde is transferred to an epoxide of the formula XXXVI by chain
elongation. The epoxide compounds are separated by chromatograph,

" then reacted with benzylamine obtained racemate compounds of the
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formula XXXVIII. The isomer racemate is supposedly purified by
chromatography, then the benzyl group is eliminated, obtained the
nebivolol.

The description of J. Am. Chem. Soc. 1988, 120, 8340-8347
has a different strategy.

Salicylic aldehyde of the formula

O
z

OH
XL

F

prepared either from the compound of 4-fluoro-phenol of the formula
II or from the compound of 2-bromo-4-fluoro-phenol of the formula
Br

OH
XXXIX

F

is transferred to the compound of 2-propenyl-4-fluoro-phenol of the

formula

OH
XLI

F.'

at -780C. This compound is reacted with 1,2-epoxy-3-cycloheptene,

which can be easily produced from cycloheptadiene. The compound of
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anti-2-[2-(1"-propenyl)-4-fluoro-phenoxy]-3-cyclohepten-1-ol of the

formula

XLII (rac)

is obtained. The free hydroxyl group of the compound of the formula
XLIII is protected by reacting with tert-buthyl-dimethyl-silyloxy-
triflate at -78 OC, then the antipodés are séparated using (R)-ethylene-
1,2-bis(n’-4,5,6,7-tetrahydro-1-indenyl) zirconium-biphenol ((R)-
(EBTHI)Zr-biphenol). The obtained compound of anti-2(R)-[2-(1'-
propenyl)-4-fluoro-phenoxy]-1(R)-tert. -buthyl-dimethyl-silyloxy-3-

cycloheptene of the formula

XLIV (RR)-

o
' OoTBS
is transformed to the compound of 2(R)~(1(R)-tert.-buthyl-dimethyl-

silyloxy-5-hexenyl)-6-fluoro-chroman of the formula

XLV (R,R)
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using a complicated molybdenum catalyst, then the given compound
reacted with palladium/charcoal produced 2(R)-(1(R)-tert.-buthyl-
dimethyl—silyloxy-S—hexyl)—6-ﬂuoro-chroman of the formula XLV
(R,R) The product is transferred to 2(R)-(1 (R)-tert.-bu‘rhyl-dimethyl—
silyloxy-Z—propenyl)—6-ﬂuor6-chroman of the formula '

XLVII (R,R)

OTBS

by irradiation with UV light. It is reacted with ozone, then sodium
borohydride, thus the 2(R)-1(R)-2-hydroxyethy1 compound of the

formula

XLVII (R,R)

OTBS

is obtained. The product is reacted with tributhylphosphine and
phtalimide in subsequently reaction steps. The given product, the 2(R)-
1(R)-2-phtalimidyl-ethyl compound of the formula

XLIX (R,R)
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is reacted with hydrazine to remove the phtalimidyl group, thus
obtained the compound of 2(R)—2—(2'(R)—tert.—buthyl-dimethyl-
silyloxy-2-aminoethyl)—6—ﬂuoro-chroman of the formula

F
L (RR)

OTBS

Racemic compound of anti—2-[2—(1‘—propenyl)-4-ﬂuoro-phenoxy]-3-
cyclohepten-1-ol of the formula XLIIT is reacted with tertier-buthyl-
dimethyl-silyloxy-triflate (TBSOTH), the given racemic tert.-buthyl-
dimethyl-silyloxy-ether of the formula XLIV is transferred to syn-
2(S)-[2-(1'-propenyl)—4-ﬂuoro—phenoxy]-1(R)-tert.—buthyl—dimethyl—
silyloxy-3-cycloheptene of the formula XLIV (S.R) by using (S)-
ethylene-1 ,2-bis(n5-4,5 6,7-tetrahydro-1 -indenyl)zirconium biphenol
((S)-(EBTHI)Zr—biphenol). The obtained product is converted to (S)-
(1'—tert.-buthyl—dimethyl—silyloxy-5-hexenyl)—6—ﬂuoro-chroman of the
formula XLV (S,R) in presence of difficult molybdenum catalyst as
described above, then it is transferred via the compound of the formula
XLVI (S,R) into 2(S)-(1 (R)-tert.-buthyl—dimethyl-silyloxy-5-
propenyl)-6-ﬂuoro-chroman of the formula XLVII according to the
description above. The product is converted to the compound of 2(S)-
(1(R)-tert. -buthyl-dimethyl—silyloxy-z—oxo-ethyl)-6-ﬂuoro-chroman of
the formula

F
LI (S,R)
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The last step of the synthesis is the reductive condensation of
the compound of aldehyde of the formula LI (S,R) and the compound
of amine of the formula L (R,R), in which the d-nebivolol is produced
by acidic hydrolysis of the compound of (-)-[S,R,R.R]- oc'-imino-
[bis(methylene)-bis-(6-ﬂuoro-chroman-Z-tert.—buthyl—dimethyl—
silyloxy-methyl].

The strategy is based on the synthesis of chroman ring and
stereo selective formulation of its side chain oc carbon atom. This aim
can be solved only with a formation of a difficult, long side chain.
Resolvation requires usage of an unusual (R)—(EBTHI)Zr-biphenol

reagent, which is not marketed, the side chain is eliminated by

photochemical reaction, then it is reacted with ozone at -78°C. After
these synthesis steps several additional steps are required to obtain the
key compounds of the synthesis, the amine of the formula L (R,R) and
the aldehyde of the formula LI (S,R). This synthesis is not feasible in
industrial scale too, because the use of very special catalysts and the
unusual dilution of the reaction mixture in the photochemical step of
the synthesis. Ozonolysis makes the method uneconomical with its
dangerous and extreme circumstances and requires special
equipments. Yields of synthesis steps are low. The last steps are
described only in mg scale.

Another synthesis is of d-nebivolol of the formula T (SR.RR)
is described in the Tetrahedron 56, 6339 (2000). The starting
compound is 4-fluoro-phenol of the formula II, which is reacted with

allylbromide to give an O-allyl-ester of the formula
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0
oy
F

This product is isomerised to 2-allyl-fuoro-phenol of the formula

ﬁé(w
F

in circumstances of Claisen reaction, then the phenolic hydroxyl group
is protected with 2-tert.-buthyl-dimethyl-silyl chloride given the

compound of the formula

/é,ows

subsequently water addition is performed onto the allyl-group in basic
media with a complex of borane/dimethyl sulfide/hydrogen peroxide,

thus obtained a propanol compound of the formula

The product is converted to a 2-pentanoate of the formula
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o) OEt

OTBS
Lvil

F
by the reaction with Dess-Martin reagent, then a Wittig olefin

synthesis, using ethyltriphenylphosphorane as reactant. The pentanoate
compound is reduced with DIBAL-H reagent to (E)-pentenol of the

formula
OH

OTBS
Lvil

F

at -10°C. The pentenol compound containing free phenolic hydroxyl

J

_OH

group of the formula
OH

LIX
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is obtained by elimination of silyl group. Subsequently the product is
subjected to the Sharpless asymmetrical epoxidation reaction and
cyclisation in the same time in presence of (+) diethyl L-tartrate, the

given product of 2-chromenyl-(2S)(R)-1,2-ethanediol compound of

the formula
o OH
0 OH
oy
F
is tosylated with tosyl-chloride, the tosyl-ester of the formula
OH
0 OTs
F

is reacted with sodium azide. The key intermediate of the synthesis is

obtained by transformation of azide compound of the formula

OH
o) Ns
LXIlI
F
to the amine compound of the formula
OH
o NH,
LXII

F
which is isolated as hydrochloride salt followed by catalytic

hydrogenation of the compound of the azide compound.
In an other line of the synthesis, the phenolic pentenole

compound of the formula LIX is subjected to Sharpless asymmetrical
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epoxidation reaction and cyclisation in the same step in presence of (-)

diethyl D-tartrate, the given product of 2-chromeny!-(1S)-1,2-

ethanediol compound of the formula
OH

LXIV

reacted with diaza-dicarboxilate, triphenylphosphine and p-nitro-
benzoic acid in Mitsunobu reaction conditions. Beside the inversion of

the Cy carbon atom di-(4-nitro-phenyl-carbonyl-oxy) compound of

the formula

OPNB

o.. OPNB

LXV

F
is obtained. Followed the removing of the alcohol-protecting groups

with sodium methylate, the given product, the diol compound of the

formula

LXVI

is transferred to a mono-methyl compound in basic media. The

obtained product is transferred to the tosylate compound of the formula
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OTs

LXVII

which is subjected to a reaction with sodium-methylate to obtain the

epoxide compound of the formula

0
0.,

LXVIil

F
D-nebivolol of the formula I (S,R,R,R) is obtained by

condensation of the amine of the formula LXIII and the epoxide of the
formula LXVIII in presence of borontrifluoride etherate.

Although it is impressive that the synthesis uses same
intermediates to the Sharpless-reaction it has some serious
disadvantages. It is known from the literature (Org. React. 48, 1-300,
1996), that the Sharpless asymmetrical epoxidation reaction has 90 %
stereo selectivity in the best case, but it is not rare case that the stereo
selectivity is of this reaction only 65%. Most of the compounds of this
synthesis are oily products except tosylate compounds of the formula
LXI and LXVII and the amine-hydrochloﬁde compound of the
formula LXIIL The oily compounds are purified by chromatography.
The chromatography process does not increase the stereo selectivity,
all intermediates have low stereo selectivity. The given optical purity
data of the d-nebivolol of the formula I (S,R,R,R) (6= 0,02g/100ml

optical rotation is +0,0389) is similar to the data given in the article J.
Am. Chem. Soc. 1988, 120, 8340-8347, in which c= 0,0027g/100ml
optical rotation is +0,049) but using this low concentration with this

low rotation value it can not be used to confirm the optical purity.



WO 2004/041805 PCT/HU2003/000093

19

According to our experiments, the optical purity can be defined
correctly by using the chirally HPLC method. Accuracy of this process
+- 2%, therefore we gave the optical purity of our products in our
examples 98 %, although all are found as 100% optically pure
compounds.

Additional disadvantage of this process, that the Sharpless
reaction requires not only the cheap (-)-diethyl-D-tartrate, but the
expensive (+)-diethyl-L-tartrate is necessary, which is difficult to get

at.

SUMMARY OF THE INVENTION

We found surprisedly that all disadvantages described can be
eliminated by using a new synthesis strategy for producing nebivolol,
in which a two carbon atoms long ligand is formed containing two
hydroxyl group in protected form on the chroman ring and containing
an oxo group on its 4th position. Even, the two protected hydroxyl
groups or one of them can be protected with cheap d-, or I-
glycerinealdehyde in the desired stereochemically form. In this case,
after the elimination of protection of hydroxyl group, crystalline
diastereomer products are given, which "resolve" themselves. Beside
the shorter synthesis, it is not needed to use expensive agents to

resolve the enantiomers.

DETAILED DESCRIPTION OF THE INVENTION

According to our invention the product can be prepared as

follows:
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The 4-fluoro-phenol of the formula II or the 4-fluoro-anisole is
reacted in the Friedel-Crafts reaction with a compound of haloacetyl

halogenide of the general formula

X'YCHZ\X v

o

wherein X and X' stand for same or different halogen atom, preferably
- with bromoacetyl bromide or chloroacety! chloride, most preferably
with chloroacetyl chloride to a haloacetyl compound of the general

formula

= \
O
wherein X is defined above, which is reacted with triphenylphosphine

to give the stabile and solid phosphonium salt of the general formula

X

OH

A
F I é’j\@ Vi

wherein X is defined above. The salt described above reacted with
weak base to yield a stabile, solid storagable phosphanylidene-etanone

compound of the general formula
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O

F Vil

O
The phosphanylidene-etanone compound of the general

formula V1T is reacted separately with a protected glycerinealdehyde

compound of the formula

o 9 Vil (R)

or

i O] Vil (S)
ox" ¢

the obtained product is the ethylene compound of the general formula
of
o
: O
OH
l R IX (R)
F
O

or
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S

0
s IX (S)

F

O
Compounds of the general formula of VIII (R) or VIII (S) can

be easily prepared from D-mannit or C-vitamin according to the
literature ( VIII (R): Org. Synth. Coll. Vol. IX, 1998, 450, VIII (S):
Org. Synth. Coll. Vol. IX, 1998, 455).

The chroman-4-one diastereomer mixtures of the general

formula
RS o>
H 9 o
o .
R X (R,R+S,R)
F
0
or
rs X
H
o o)
s X (R,S+S,S)
F
0

are obtained by subjecting the compotinds of the general formula of IX
(R) or IX (S) to ring closure in a basic media.

In desired case, the chroman-4-one diastereomer mixtures of
the general formula X (R,R and S,R) or X (S,S and R,S) are separated

with chromatograph, obtained pure crystalline chroman-4-one
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diastereomers of the general formula X(R,R), X(S,R), X(R,S) and
X(8S,S).

The pure crystalline chroman-4-one diastereomers of the
general formula X(R,R), X(S,R), X(R,S) and X(S,S) are subjected to
acidic hydrolysis, the pure crystalline chroman-4-one diols are

obtained of the general formula
OH

R
0

OH

R Xil(RR)

XII (S,R)

Xl (R,S)

Xi(s,8)
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According to our invention the diastereomer mixture of the

compound of the general formula

R,S
H =
0 : OH
R XI(R,R +S,R)
F
0]
or
R,S o
0 H OH
S XI(R,S +§,5)
F
O

can be prepared by removing the protecting group with acidic
hydrolysis of the diastereomer mixtures of the general formula X (R,R
and S,R) or X (S,S and R,S). The desired pure enantiomers of the
general formula XII (S,R) or XIII (R,S)
can be produced by recrystallisation of the compound of general
formula XI (R,R and S,R).

The pure enantiomers of the general formula XTI R,R) or
XIII(S,S) can be prepared if it is necessary.

Subsequently all enantiomers of the general formula XTI(R,R),
XII(S,R), XII(R,S), XIII(S,S) are separately tosylated to the

corresponding tosylates of the general formula
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R XIV (R,R)

XIV (S,R)
o) R OTs
S XV (R,S)
F
o)
XV (S,S )

According to one of the more advantageous variations of our
invention, pure tosylate compounds of the general formula XIV(R,R)
XV(S,S) can be prepared easily by the crystallisation of the reaction
mixture obtained from the tosylation of the residue of the filtrate
remained from the recrystallisation of the compound of general
formula XTI (S,R) or XIII (R,S), which were crystallised from the
mixture of chroman-diol compounds of the general formula XI (R,R
and S,R) or XI (S,S and R,S).
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Subsequently the tosylates of the general formula XIV(R,R),
XIV(S,R), XV(R,S), XV(S,S) are separately transferred, to
corresponding crystalline oxyranes of the formula

0

XVI (R,R)
XVI (S,R)
‘ 0
o XVl (R,S)
o ,
F

0

XVII (S,S)

The oxirane compound of the genera formula XVI (S ,R) is

reacted with benzylamine, the benzyl-amino compound of the formula
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XV (S,R)

O
is produced, which is reacted with an oxirane compound of the formula

XVI (R,R). Thus, the compound of the formula

XIX (S,R,R,R)

0]
is obtained. The order of the reactions of epoxide compounds can be

changed, thus the intermediate can be the compound of the formula

QH l/Ph
o R NH
R XX (R,R)
F
o)
The diketo compound of the formula

OH OH

XXI (8,RR.R)

o : o :
is prepared by catalytic hydrogenation of the benzyl compound of the

formula XIX (S,R.R.R) ina solution containing lower alkanol or a

mixture of lower alkanol and water in presence of heavy metal,
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preferably palladium /charcoal catalyst, using 1,5-3 bar, preferably 2
bar pressure and room temperature.

The diol compound of the formula
OH

XXI (S,R,R,R)

is prepared by catalytic hydrogenation of the benzyl compound of the
formula XIX (S,R,R,R) in a solution containing lower alkanol, a
mixture of lower alkanol and water or in a solution containing acetic

acid in presence of heavy metal, preferably palladium/charcoal

catalyst, under 1,5-3 bar, preferably 2 bar pressure at 40-50°C
temperature, or the compound of the formula XXI (S,R,R,R) is
reduced onward according to the circumstances described above.

The pure d nebivolol of the formula I (S,R,R,R) is prepared by
catalytic hydrogenation of the benzyl compound of the formula XIX
(S,R,R,R) in a solution containing lower alkanol, a mixture of lower
alkanol and water or in a solution containing inorganic acid, preferably
hydrochloric acid in presence of heavy metal, preferably

palladium/charcoal catalyst under 2-5 bar, preferably 3 bar pressure at
50-55°C temperature, or the compound of the formula XXI (S,R,R,R)

or XXII (S,R,R,R) are reduced in a solution containing lower alkanol,
a mixture of lower alkanol and water or in a solution containing
inorganic acid, preferably hydrochloric acid in presence of heavy

metal, preferably palladium on charcoal catalyst, under 2-5 bar,

preferably 3 bar pressure at 50-55°C temperature onward according to

the circumstances above.
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The reactions mentioned above are repeated with the epoxide
compound of the formula XVII (R,S). The obtained benzylamino
compound of the formula XXIII(R,S) is reacted with the epoxide
compound of the formula XVII (S,S). The given product is the N-

benzyl-diketone compound of the formula

OH OH
W m XXIV (R,S,S,S)

The sequence of the reactions of epoxide compounds of the
formula XVII (R,S) and XII (S,S) can be changed, thus the

intermediate can be the benzyl-amino compound of the formula

XXV (S,S)

too. The pure l-nebivolol of the formula I (R,S,S,S) is prepared in
similar manner as described above by hydrogenation of N-benzyl-
diketone compound of the formula XXIV (R,S,S,S) via the
intermediates of the formula XXIV (R,S,S,S) and XXV (R,S,S,S).

The marketed racemic nevibolol is a mixture of I-nebivolol and
d-nebivolol in a ratio 1:1. The compound of racemic nebivolol of the
formula I can be produced directly in a very favourable manner by
hydrogenation of a mixture of the N-benzyl-diketone compound of the
formula XIX (S,R,R,R) with the N-benzyl-diketone compound of the
formula XXIV (R,S,S,S) in a solution containing lower alkanol, a

mixture of lower alkanol and water or in a solution containing
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inorganic acid, preferably hydrochloric acid in presence of heavy

metal, preferably palladium on charcoal catalyst under 2-5 bar,

preferably 3 bar pressure at 50-55°C temperature.

The Friedel-Crafts reaction of the 4-fluoro-phenol of the
formula II with haloacetyl halogenide, wherein X and X' stand for
same or different halogen atom is carried out as it is known in the
literature, for example Pharm. Chem. J. (Eng.Transl.), 23, 12 (1989),
and J.Indian Chem. Soc. 37, 687 (1960).

Friedel-Crafts reaction of the 4-fluoro-anisole of the formula

O\CH
/©/ 3 “l
F

with chloroacetyl chloride is carried out in a halogenated solvent,
preferably in dichloromethane or 1,2-dichloroethane more preferably
in dichloromethane, at the temperature between room temperature and
temperature of the boiling point of the used solvent. The processing of
the reaction mixture is carried out in the known manner, the reaction
mixture is poured onto ice, the organic layer is dried and evaporated.
Thus, the obtained crude oily product of the formula V, wherein X
stands for a chloro atom is ready to use to the next synthesis step, but it
can be crystallised by adding cyclohexane.

The reaction of the compounds of the formula V wherein X
defined above with triphenylphosphine obtains the compound of the
general formula VI, wherein X defined above. The reaction is carried
out in a polar protic, or aprotic solvent preferably in methanol, ethanol,

propanol, isopropanol, acetonitrile, dichloromethane or 1,2-
dichloroethane, between 0-120°C preferably between 10-100°C more

preferably between 20-80°C temperature. The product is separated
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from solvent and easy to filtrate. The given phosphonium salts are
stable, they have good storage properties and they can be used directly
in the next step.

The phosphonium salts can be transferred into
phosphanylidene-etanon compounds with weak base, like solid
hydrogen-carbonates, preferably sodium or potassium hydrogen
carbonate more preferable sodium hydrogen carbonate preferably in a
mixture of water and a chloroinated solvent, more preferably in a
mixture of water and dichloromethane. The product is obtained
followed the separation and drying of the dichloromethane layer and
evaporated to dryness in vacuum. This stable product has good storage
stability and can be used directly in the next reaction step.

The reaction of the phosphanylidene-etanon compound with the
glycerinealdehyde compound of the formula VIIII(R) or VIIII(S) is
performed in a solvent which is immiscible in water, preferably

chloroinated solvent, more preferably dichloromethane, at temperature

between 0-600C preferably between 10-409C more preferably at room
temperature. After compleﬁon of the reaction, the mixture is washed
with water, dried and the solvent is evaporated. Some ether, preferably
diethyl ether is added to the residual oil, then the side product of the
reaction of the compound of triphenylphosphine-oxide separated as
crystalline, then the mixture is filtrated, and the solvent is evaporated.
Lower alkyl alcohol, preferably isopropanol is added to the residual
oil, then the product of the reaction of the desired compound of the
formula IX (R), or IX(S) is separated as crystalline, thus the product is
filtered. .

The ring closure of the ethylene compounds of the formula IX

(R) or IX(S) to the mixture of the protected chroman-4-one
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diastereomers of the formula X (R,R and S,R) or the mixture of
diastereomers of the formula X (R,S and S,S) performed by reacting
with a strong basis, preferably reacting with an alkali hydroxide, for
example lithium, sodium or potassium hydroxide, more preferably
with lithium hydroxide or with an organic quaterner ammonium
hydroxide, preferably tetramethyl ammonium hydroxide in a solution
of water or in a mixture of water and lower alkyl alcohol, orina

mixture of water and tetrahydrofurane at the temperature between 10-

1000C preferably between 20-80°C more preferably at 60°C. The
product is extracted from reaction mixture with a polar solvent which
is immiscible in water, preferably with diethyl ether, the organic layer
is separated, dried and the solvent is evaporated. Thus the obtained
residue, the oily products of the diastereomers of protected chroman-4-
ones are suitable for use to the next step. In desired case the
diastereomers of protected chroman-4-ones of the formula X(R,R),
X(S,R), X(R,S) and X(S,S) can be obtained as pure crystalline
followed by chromatographic separation.

The protecting group can be removed from the protected
chroman-4-ones of the general formula X in a mixture of water and of
acid preferably in a mixture of water and an organic acid, more
preferably in mixture of water and acetic acid, at the temperature
between 20-1000C preferably between 40-800C more preferably at
650C under stirring. The obtained products, the compounds of
chroman-4-ones of the formula XII ®R.R), XII(S,R), XI(R,S) and
XII(S,S) are evaporated in vacuum to eliminate the solvent, then the
oily residue is crystallized. For the crystallisation of the pure
enantiomer compounds of the formula XII (R,R), XIII (8,S) lower
alkyl ether preferably diethyl ether, in the case of the enantiomer
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compounds of the formula XII(S,R) and XIII(R,S) a mixture of an
organic ester preferably ethylacetate and aliphatic hydrocarbon
preferably n-hexane can be used. The ratio of the organic ester and
aliphatic hydrocarbon is 1:2 preferably.

For the preparation of pure compounds of chroman-4-ones of
the formula XII(R,R), XII(S,R), XIII(R,S) and XIII(S,S) it is not
necessary to separate the mixture of the protected chroman-4-one
diastereomers of the formula X (R,R and S,R) and the mixture of
diastereomers of the formula X (R,S and S,S) in advance, because after
removing the protecting group in an acidic-aqueous media and ;i
removing the solvent as described above, the obtained diastereomers of
the formula XI (R,R and S,R) or from the mixture of diastereomers of
the formula X I (RS and S,S) obtained as an oily residue which can be
crystal_lised fr&n a mixture of ethylacetate and n-hexane in ratio 2:1.
The obtained crystalline product is the compound of the formula XII
(S,R) or XIII(R,S). After the evaporation of the solvent of filtrate the
oily residue is recrystallised from diethyl ether, thus pure crystalline
product of the formula XII(R,R) or XIII(S,S) is obtained.

Tosylation of enantiomer compounds of the formula XII(R,R),
XII(S,R), XIII(R,S) and XIII(S,S) to their corresponding chromanon-
diol-tosylates can be carried out in a chloroinated solvent préferably in
dichloromethane, in presence of an organic base as an acid binding

agent, preferably pyridine, or pyridine is used as solvent at the

temperature -10- +250C preferably at 0°C. After the completion of
reaction the acid binding agent is removed by extraction with water,
the organic layer is dried, the solvent evaporated, then the product is
crystallised from lower alkyl ether preferably from diethyl ether and

filtered, thus pure crystalline tosylates are obtained.
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In case of use of pyridine as solvent, the reaction mixture is
diluted with water, then, the precipitated product is solved in a solvent
immiscible in water and processed as described above.

A favourable variation of the process of our invention is that after
removing the protecting group from the diastereomers of the formula
XI (R,R and S,R) or from the mixture of diastereomers of the formula
XI (R,S and S,S) in an acidic-watery media only the enantiomers of the
formula XII (S,R) or XIII (R,S) are crystallised, the filtrate enriched in
the compounds of formula XII(R,R) or XIII(S,S). They are s
transferred into corresponding tosylates of the formula XIV (R,R) or
XV (8,S) which have good crystallisation properties and they are
more insoluble than the compounds of the formula XIV (S,R) or XV
(S,R) and they can be easily obtained by simple crystallisation and |
filtration.

The transformation of tosylates of the general formula XIV
(R,R), XIV (S,R), XV (R,S) and XV (8,S) to corresponding crystalline
oxyranes of the general formula XVI (R,R), XVI (S,R), XVII (R,S)
and XVII (8S,S) is performed in an organic aprotic solvent preferably in

acetonitrile using basic media preferably an organic base more

preferably triethylamine, at the temperature 10- S00C preferably at
room temperature. After completion of reaction, the reaction mixture is
evaporated to dryness in vacuum, water is added to the crystalline
residue, filtered, then purified by recrystallisation from lower alkyl
ether, preferably from diethyl ether.

The reaction of oxyranes of the general formula XVI(R,R),
XVI(S,R), XVII(R,S) or XVII(S,S) with benzylamine to the benzyl-
amino compounds of the formula XVTII (S,R), XX (R,R), XXIII (R,S)

or XXV (8,S) is carried out in an organic aprotic solvent preferably in
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acetonitrile in presence of an alkali perchloroate preferably lithium

perchloroate at the temperature -10 - +10°C preferably at 09C. The
reaction mixture is poured onto ice and the precipitated crystalline
product is filtered, then purified by recrystallisation from a lower alkyl
alkanol preferably from isopropanol.

The reaction of benzyl-amino compounds of the formula XVIII
(S,R), XX (R,R), XXIII (R,S) or XXV (8,S) and the oxyranes of the
general formula XVI(R,R), XVI(S,R), XVII(R,S) or XVII(S,S) is
performed by melting after pulverizing and mixing of components.
The used temperature is 100- 1600C preferably 1459C. During the
cooling of the reaction mixture the compound of the formula XIX
(S,R,R,R) or XXIV (R,S,S,S) is crystallised in a high purity (HPLC
purity is >98%).

The compounds of the formula XIX (S,R,R,R) or XXIV
(R,S.,S,S) can be hydrogenated to the corresponding diketo compounds

of the formula XXI (S,R,R,R) or
OH OH
o} H "So XXVI (R,S,S,S)
S S ‘
F F
@] 0

in presence of heavy metal preferably, 10 % palladium/charcoal
catalyst in a mixture of water and a lower alkyl alkanol preferably ina
solution of water and ethanol or water and methanol or in a solution of
anhydrous lower alkyl alkanol, preferably in ethanol or methanol at
room temperature.

Diol compounds of the formula XXII(S,R,R,R), or
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OH OH
H )
0 N O XXV (R,S,S,S)

OH OH

are obtained in case of the hydrogenation of the compounds of the
formula XIX (S,R,R,R) or XXIV (R,S,S,S) under 1,5-3 preferably 2
bar, in a mixture of water and a lower alkyl alkanol preferably in a
solution of water and ethanol or water and methanol or in a solution of

anhydrous lower alkyl alkanol, preferably in ethanol or methanol or

acetic-acid at temperature 45- 509C, or in case of the hydrogenation
of the diketo compounds of the formula XXI (S,R,R,R) or XXVI
(R,S,S,S) onward.

The pure d-nebivolol of the formula I (S,R,R,R) or l-nebivolol
of the formula (R,S,S,S,) is the product in case of the hydrogenation of
the compounds of the formula XIX (S,R,R,R) or XXIV (R,S.S.S) '
under 1,5-3 preferably 3 bar, in a mixture of water and a lower alkyl
alkanol preferably in a solution of water and ethanol or water and
methanol or in a solution of anhydrous lower alkyl alkanol, preferably

in ethanol or methanol in presence of an inorganic acid preferably

hydrochloric acid at temperature 50- 559C, or the in case of the
hydrogenation of diketo compounds of the formula XXI (S,R,R,R) or
XXVI (R,S,S,S) or diol compounds of the formula XXII(S,R,R,R), or
XXVII (R,S,S,S) onward.

The hydrogenation is performed as described above in case of
hydrogenation of the mixture of the compound of formula XIX
(S,R,R,R) and the compound of formula XXIV (R,S,S,S) in a ratio 1:1.
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The diketo compound of the formula XIX (S,R,R,R) or
XXIV (R,S,S,S) and the diol compound of the formula XXII(S,R,R,R)
or XXVII (R,S,S,S) can be isolated from the reaction mixture after
hydrogenation by diluting the reaction mixture, then the reaction
mixture is filtered, the solvent evaporated, and the residue is
recrystallized.

The compound of the formula I (S,R,R,R)or I (R,S,S,S) can be
obtained by the filtration of the reaction mixture of hydrogenation
reaction, then the filtrate is partly evaporated and then the precipitated
product as its hydrochloride is filtered.

In case the desired compound is the base of the formula I
SRRR)or I R,S,S,S), it can be obtained by the filtration of the
reaction mixture of hydrogenation reaction, then the filtrate is partly
evaporated, diluted with water then the given suspension is neutralized
with an alkalimetal hydrogen carbonate preferably sodium hydrogen
carbonate, then the hydrochloride salts turned to free basic form and
precipitated, thus the product can be filtered.

This invention relates to a new process for the preparation of
the racemic ([2S[2R*[R[R*T]1]- and ([2R[ZS*[S[S*]]]]—(i)—oc,oc’ -
[imino-bis(methylene)]bis[6-ﬂuoro-chroman—2-methanol] of the
compound of the formula I and its ([2S[2R*[R[R*]]]]- and
([2R[2S*[S[S*]]]]- enantiomers characterized in that 4-fluorophenol of
the formula II or 4-fluoro-anizole of the formula ITI are objected to a
Friedel-Crafts reaction with a haloacetyl halogenide of the general
formula IV, wherein X and X* are same Or different halo atoms, the
obtained haloacetyl compound of the formula V, wherein X defined
above reacted with triphenylphosphine, the given phosphonium salt of

the general formula VI, wherein X defined above is treated with a
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weak acid, the obtained phosphanylidene compound of the formula VII
is reacted separately with a glycerinealdehyde compound of the
formula VIII (R) or VIII(S), the given ethylene-compound of the
formula IX (R) or IX(S) is subjected fto a ring closure reaction in basic
condition, the given protected chroman-4-ones of the formula X(R,R
and S,R) or X (R,S and S,S) are' subjected ito acidic hydrolysis to
eliminate the protectiné group. The obtained chroman-4-one diol of the
formula XI (R,R and S,R) or XI (R,S and S,S) is transformed to the
enantiomer compound of formula XII (R,S) or XIII (R,S) and the pure
diastereomér compounds of the XII (R,R) or XIII (S,S) are prepa:red‘
with the work up of the filtrate of the crystallisation, then the
chroman-4-one diol compounds are separately tosylated to pure

enanatiomer tosylate compounds of the formula XIV (S,R), XIV
®RR), |

OTs
XV (R,S)

or

XV (S,S)

or the filtrate of the crystallisation of the enantiomer compounds of
formula XII (R,S) or XIII (R,S) prepared from chroman-4-one diol of
the formula XI (R,R and S,R) or XI (R,S and S,S) are evaporated then
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the residue is subjected to tosylation, tosylates of the formula XIV
(R,R) and XV (8,S) are obtained.

Tosylates of the formula XIV (S,R), XIV (R,R), XV (R,S) or
XV (8,S) are separately reacted with base to the corresponding oxirane
compounds of the formula XVI (S,R), XVI (R,R), XVII (R,S) or XVII
(S,S) which are reacted with benzylamine. The corresponding benzyl-
amino compounds of the formula XVIII (S,R), XX (R,R), XXIII (R,S)
or XXV (8,S) are prepared, the obtained benzyl-amino compounds are
reacted with the proper oxirane compound of the formula XVI (S,R);
XVI(R,R), XVII (R,S) or XVII (S,S), the given N-benzyl-diketo
compounds of the formula XIX (S,R,R,R) or XXIV (R,S,S,S) are
hydrogenated under 1,5-3 bar pressure, in a solution of a lower
alkanol or a lower alkanol-watery or in a solution containing acetic
acid in presence of heavy metal catalyst at 40-500C, or the diketo
compound is hydrogenated onward in the circumstance described
above, the diol compound of the formula XXII (S,R,R,R) or XXVII
(R,S,S,S) is obtained, 4

or the N-benzyl-diketo compounds of the formula XIX -
(S,R,R,R) or XXIV (R,S,S,S) are hydrogenated in presence of heavy
metal catalyst, at 50-550C, under 2-5 bar pressure in a solution of a
lower alkanol and water preferably in a solution of water and methanol
in presence of an inorganic acid, or diol compound of the formula
XXII (S,R,R,R) or XXVII (R,S,S,S) the diketo compound of the
formula XIX (S,R,R,R) or XXIV (R,S,S,S) is hydrogenated onward in
the circumstance described above, obtained the pure
([ZR2S*[S[S*]]]-(*) -o,o” - [imino-bis(methylene)]bis[6-fluoro-
chroman-2-methanol] of the compound of the formula I 1 (S,R,R,R) or,
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([2S[2R*[R[R*]]]]~(&)-0,0” ~[imino-bis(methylene)]bis[6-fluoro-
chroman-2-methanol] of the compound of the formula I (R,S,S,S),

or the mixture of N-benzyl-diketone compounds of the formula
XIX (S,R,R,R) and XXIV (R,S,S,S) in a ratio 1:1 is hydrogenated in
presence of a heavy metal catalyst at 50-550C under 2-5 bar pressure
in a mixture of water and a lower alkyl alcohol preferably water and
ethanol or water and methanol in presence inorganic acid to obtain the
racemate , ([2S[2R*[R[R*]]]] and ([2R[2S*[S[S*]]]]-®)-a,o -
[imino-bis(methylene)]bis[6-fluoro-chroman-2-methanol] of the
compound of the formula I (R,S,S,S+S,R,R,R).

Optical purity of D-nebivolol prepared according to our
invention can be characterised that values of optical rotation in
different concentrations are as follows: [o(]D20(c=0,2 methanol) =
20,8 [o]D20(c=0,02 methanol) = 184+2° (2° is the accuracy in this
concentration range).

The value of the optical rotation of d-nebivolol can be compared with

the values described in literature [¢]p20(c=0,02 methanol) = 0,04° (J.

Am Chem. Soc.b 1998, 120, 8340-8347) and [a]p20(c=0,02
methanol) = 0,038 ° (Tetrahedron 56, 6339 (2000)).

The main advantages of the process according to present
invention are as follows:

1. The use of protected optically active glycerinealdehyde
compounds of the formula VIII(R) or VIII(S) causes that the a-
hydroxyl group of the diol side chain at the 2nd place of the chroman-
4-on structure is formed as an optically active group and it “resolves™

the compound without other resolving agent.
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2. The oxo- group at the 4th position of the chroman structure
causes that the intermediates are crystalline compounds, which makes
the purification of diastereomer intermediates easy without
chromatography.

3. Serious advantage is that the pure tosylates of the formula
XIV (R,R) and XV (8,S) are obtained with good yield by simple
recrystallisation, without chromatographic separation from the reaction
mixture, which is given by tosylation of the filtrate, which is produced
from the crystallisation of the compound of the formula XII (S,R) or
XIII (R,S) from of diastereomer mixtures of the formula XI (R,R and
S,R) or XI (R,S and S,S).

4. Additional advantage is that the phosphany}lidene compound
of the formula VII used in Wittig reaction is a stable compound and it
has good storage properties without time limit and special conditions.

5. All steps of the synthesis according to present invention
undergo between 0-1450C therefore the process does not require
special equipments.

Further details of our inventions are described in the examples

below without limiting our invention to these examples:
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Example 1
2-chloro-1-(5-fluoro-2-hydroxy-phenyl)-ethanone

146,7 g (1,1 moles) of anhydrous aluminium chloride is added
during 30 min. into a solution of 124,2g (87,5 ml, 1,1 moles) of
chloroacetyl chloride and 126,1 g (114,6 ml, 1,0 moles) of 4-fluoro-

anisole in 750 ml dichloromethane. Aluminium chloride is dissolved
and the temperature of the reaction mixture is increased from 24°C to

380C (during the developing of gas, the solvent is gently refluxed).
The yellowish-brown solution is stirred at room temperature for 72
hours, then it is poured onto a mixture 1500g of cracked ice and 250ml
of water during 40 minutes under vigorous stirring. The icy solution is
stirred until all of ice is melted, then layers are separated. The layer
containing water is washed with 2x100 ml of dichloromethane, the
collected organic layer is washed with 2x100 ml of water. The
dichloromethane layer is dried over sodium sulphate, filtered, and the
solvent is evaporated. 130 g of cyclohexane is added to the 188 g
yellowish oily product. The product is crystallised, filtered and washed
with cyclohexane. Thus 152 g (80,5%) yellow powder is obtained.
Additional 8,4¢g (4,5%) product is prepared by partial evaporation of
the filtrate. Thus the total yield is 85%. The crude product is ready to
use in the subsequent reaction.

The crude product can be purified by under reduced pressure (at 0,1
torr), thus 131 g of pure product can be crystallised from cyclohexane

after distillation of 150 g of the crude product described above. The

melting point of pure product is: 55,6-58°C. (This product is
characterised only in the J. Indian Chem. Soc. 37, 687 (1960) as an oil

with 1779C/10 torr boiling point.)
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Example 2
[2-(5-ﬂuoro-2-hydroxy-phenyl)-z-oxo-ethyl]-triphenyl-
phosphponiuam chloride

183,4 g (0,7 moles) of triphenylphosphine is added to a
solution of 132,0 g (0,7 moles) of 2-chloro-1-(5-fluoro-2-hydroxy-
phenyl)-ethanone in 1100 ml acetonitrile at room temperature and the
obtained suspension is stirred for 37 hours. The precipitated product is
filtered and washed with acetonitrile. Thus the obtained product is
270,2 g (85,5%) white crystalline. Additional 24,0 g (7,5%) of [2-(5-
fluoro-2-hydroxy-phenyl)-2-oxo-ethyl]-triphenyl-phosphponium
chloride can be prepared by evaporation of filtrate to its fifths part.
Thus the total yield is 93%. The crude product is ready to use in the

subsequent reaction.

Example 3
[2-(5-fluoro-2-hydroxy-phenyl)-2-oxo-ethyl]-triphenyl-
phosphonium chloride
The process is same as in Example 2 except 143,3 g (0,76
moles) of crude 2-chloro-1-(5-fluoro-2-hydroxy-phenyl)-ethanone is
‘used instead of pure one. The yield is 279,2+26,0 g (81,5+7,5%). The
quality of the product is similar as described in the Example 2.

Example 4
[2-(5-fluoro-2-hydroxy-phenyl)-2-oxo-ethyl]-triphenyl-
phosphonium chloride

The process is same as in Example 2 except the amount of
reagents, and the used temperature and reaction time. Thus 0,15 moles

of 2-chloro-1-(5-fluoro-2-hydroxy-phenyl)-ethanone is used, the
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reaction mixture is kept at the boiling point of acetonitrile for 7 hours.
The yield is 61,8g (91 %). The quality of the product is similar as
described in the Example 2.

Example 5§
[2-(5-fluoro-2-hydroxy-phenyl)-2-oxo-ethyl]-triphenyl-
phosphonium chloride

The process is same as in Example 2 except the amount of
reagents, and the used temperature solvent and reaction time. Thus
0,01 moles of 2-chloro-1-(5-fluoro-2-hydroxy-phenyl)-ethanone is
used, 15 ml of isopropanol is used as solvent the reaction mixture is
kept on the boiling point of isopropanol for 4 hours. The yield is 3,92g
(87 %). The quality of the product is similar as described in the
Example 2.

Example 6
[2-(5-fluoro-2-hydroxy-phenyl)-2-oxo-ethyl]-triphenyl-
phosphonium chloride

The process is same as in Example 2 except the amount of
reagents, and the used temperature solvent and reaction time. Thus
0,01 moles of 2-chloro-1-(5-fluoro-2-hydroxy-phenyl)-ethanone, 15
ml of 1,2-dichloroethane is used as solvent, the reaction mixture is
kept on the boiling point of 1,2-dichloroethane for 4 hours. The yield is
3,85g (85,5 %). The quality of the product is similar as described in the
Example 2.
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Example 7 .
1-(S-ﬂuoro-Z-hydroxy—phenYl)—Z-(triphenyl-x5-phosphanilydene)-
ethanone

67,2 g (0,8 moles) of sodium hydrogen carbonate is added to a
suspension containing 324,65 g (0,72 moles) of [2-(5-fluoro-2-
hydroxy-phenyl)-2-oxo-ethyl]-triphenyl-phosphonium chloride and '
1200 ml of dichloromethane and 400 ml of water in a rate permitted by
effervescence. The reaction mixture is stirred for an additional 30
minutes, the layers are separated, the aqueousjayer is washed with 150
ml of dichloromethane, the collected organic layer is extracted with
200 ml of water, dried over sodium sulphate, the solvent is evaporated
in vacuum, the solid residue is washed with a small amount of diethyl
ether. Thus 292,8g (98%) product is obtained. Uniformity of the
product is obsérved by thin layer chromatography, its melting point is

196-2000C. The product is ready to use in the subsequent reaction.

The crude product can be recrystallised from 100-fold amount

of ethanol. The melting point of the obtained product is: 199-2000C.

Example 8
(E)-(4R)-4,5-isopropylydene-dioxy-1-(2-hydroxy-5-fluoré-phenyl)-
prop-2E-ene-1-one (IX-R compound)

60 ml of saturated sodium hydrogen carbonate solution is
added to a solution of 159 g (0,61moles) 1,2:5,6-di-O-isopropylydene-
D-mannitole in 1 1 of dichloromethane, then 148 g (0,7moles ) of solid
sodium periodate is added to the obtained dispersion under stirring in a

rate which permits the temperature of reaction mixture is kept under

309C. The reaction mixture is stirred for additional 30 minutes, 100 g

of anhydrous magnesium sulphate is added, the mixture is stirred
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additional 10 minutes, filtered. The given 1200 ml solution of D(+)R-
0,0-isopropylydene-glycerinealdehyde (VIII-R) is stirred and 251 g
(0,61 moles ) of 1-(5;-ﬂuoro-2-hydroxy-phenyl)-2—(triphenyl-k 5.
phosphanilydene)-ethanone is added, then the reaction mixture is left
to stay overnight. The given solution is extracted Wlth 2x100 ml of
water, dried over magnesium sulphate, filtrated and the solvent is
removed by vacuum distillation. 400 ml of diethyl ether is added to the
obtained 380 g oily product and the mixture is stirred for 10 minutes.
The precipifcated crystalline triphenylphosphin oxide is filtered, and
washed w1th 3x100 ml diethyl ether. The filtrate is evaporated in
vacuum. The residue is 300 g. Then 100 g of isopropanol is added to
the residue ‘at room temperature. The reaction mixture is ‘stirred for 10

minutes, filtered, the crystalline is washed with 2x 20 ml isopropanol.

Thus 87,9g (54,1%) titled product is obtained. Mp.: 80,5-820C. The
filtrate is evaporated to 200 ml, is left to stay overnight in fridge, then

the précipitated crystalline is filtered, washed with 2x20 ml cold (5°C)
isopropanol. Thus 50,1 g (30,8%) second product is obtained. Mp.: 80-

820C. Both products are ready to use in the subsequent reaction.

The total yield is 84,9% the optical rotation of product is
[a]p20(c=1, CHCl3) = + 28,1°.

Example 9
(E)-(4S)-4,5-isopropylydene—dioxy-1-(2-hydroxy-S—ﬂﬁoro-’phenyl)-
prop-2E-ene-1-one (IX-S compound)

The pH to 5,5 of the suspension 85,5 g (0,4 moles) of sodium
periodate in 200 ml of water is adjusted with dropping a solution about

16 g (0,4moles) of sodium hydroxide in 130 ml of water into the
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reaction mixture between 0-70C. 43,6 g (0,2 moles) of 5,6-
isopropylydene —L-gylono-1,4-lactone is added to the given oxidizer
mixture under 300C, the pH is kept at 5,5 with adding a 15% aqueous |
solution of sodium hydrogen carbonate until reaction is finished. The
reaction mixture is stirred for additional 30 minutes. Then the pH is -
adjuste(i tb 6,7 with adding a 15% aqueaussolution of sodium hydrogen
carbonate. 100 g of sodium chloride is added to the given suspension,
filtered, the compound on the filter is washed 3x100 ml
dichloromethane. Filtrates are collected, dried over sodium s_ulphate,
then filtered.

The obtained solution containiﬁg L(-)S-0,0-isopropylydene-
glycerinealdehyde (VIII-S) is stirred and 66g (0,16 moles) of 1-(5-
ﬂuoro-2-hydfbxy-phenyl)—2-(tripheny1—7»5 -phosphanilydene)-ethanone
is added, and stirred overnight at room temperature. Then the solution

. is extracted with 2x50 ml of water, dried over magnesium sulphate, the
solvent is evaporated in vacuum. 200 ml of diethyl ether is added to
the given oily product then stirred for 10 minutes at room temperature.

The precipitafed crystalline triphenylphosphin oxide is filtered,
and washed with 3x50 ml of diethyl ether. The filtrate is evaporated in
vacuum, the residue is about 100 g. Then 50 ml of isopropanol is
added to the residue at room temperature under stirring. The reaction
mixture is stirred for additional 10 minutes, then filtered, the

crystalline is washed with. 2x 10 ml .of isopropanol. Thus 22,4g

(42,1%) titled product is obtained. Mp.: 79-819C. The filtrate is
evaporated to 100 ml, is left to stay overnight in fridge, then the -

precipitated crystalline is filtered, washed with 2x10 m] cold (5°C)
isopropanol. Thus 10,4 g (19,5%) second product is obtained. Mp.: 80-

820C. Both products‘ are ready to use in the subsequent reaction.
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The total yield is 61,6% the optlcal rotation of product is
[0]p20(c=1, CHCl3) = - 28,10,

Example 10
(R,R)-2-(2’,2’-dimethyl-[1,3]-dioxolane-4-yl)—6-ﬂuoro-chroman-4-
one and (S,R)-2-(2’,2’-dimethyl-[1,3]-dioxolane—4—yl)—6—ﬂuoro-
chroman-4-one[X (R,R) and X (S,R)]

51.6 g (0,19 moles) of (E)—(4R)—4,5-isopropylydene—dioxy-1~
(2-hydroxy-5 -fluoro-phenyl)-prop-2E-ene-1-one is suspended in water
at 60°C, then 120 mg (0,005 moles ) of lithium hydroxide is added to

the reaction mixture and stirred at 600C for an hour. The reaction

mixture is allowed to cool to 35°C, then 200 ml of diethy! ether and 5
ml of ethanol is added to the reaction mixture. The layers are
separated, the organic layer is dried, and the solvent is evaporated in
vacuum. The obtained oily product is separated by,vacuum

chromatography. Eluents are increasing polarity mixtures of diethyl
ether and petrolether (40-700C). Acceptabie fractions are collected,
evaporated. The obtained 21 g (40%) of (R,R)-2-(2’,2’-dimethyl-[1,3]-
dioxolane-4-yl)-6-fluoro-chroman-4-one is recrystallised from n-
hexane. Mp.: 61,5-63,5°C. Optical rotation is [a]D20(0=1, CHCI3) =-
58,10,

Continued the chromatographic process, the acceptable
fractions are collected, evaporated. The obtained 12 g (24%) of (S,R)-
2-(2°,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-chroman-4-one is
recrystallised from n-hexane. Mp.: 44-450C. Optical rotation is
[a]p20(c=1, CHCI3) = +57,10.
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Example 11
(S,8)-2-(2’,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-chroman-4-
one and (R,S)-2-(2°,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-
chroman-4-one[X (8,S) and X (R,S)]

51.6 g (0,19 moles) of (E)-(SR)-4,5-isopropylydene-dioxy-1-
(2-hydroxy-5-fluoro-phenyl)-prop-2E-ene-1-one is suspended in 65 ml
of water at 60°C, then 48 mg (0,0052 moles ) of lithium hydroxide is

added to the reaction mixture and stirred at 60°C for an hour. The

reaction mixture is allowed to cool to 359, 100 ml of diethyl ether and
2,5 ml of ethanol is added to the reaction mixture. The layers are
separated, the organic layer is dried, and the solvent is evaporated in
vacuum. The obtained oily 26 g oily product is separated by vacuum

chromatography. Eluents are increasing polarity mixtures of diethyl

ether and petrolether (40-700C). Acceptable fractions are collected,
evaporated. The obtained 10,2 g (28,2%) of (S,S)-2-(2’,2’-dimethyl-
[1,3]-dioxolane-4-yl)-6-fluoro-chroman-4-one is recrystallised from n-
hexane. Mp.: 62-630C. Optical rotation is [a]p20(c=1, CHCIl3) =
+58,00,

Continued the chromatographic process, the acceptable
fractions are collected, evaporated. The obtained 5,6 g (21%) of (R,S)-
2-(2°,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-chroman-4-one is
recrystallised from n-hexane. Mp.: 42,5-450C. Optical rotation is
[a]p20(c=1, CHCl3) = -57,20,
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Example 12
(R,R)-2-(1',2"~dihydroxy-ethyl)-6-fluoro-chroman-4-one (XII-R,R)
21 g (0,079 moles) of (R,R)-2-(2’,2’-dimethyl-[1,3]-dioxolane-
4-y1)-6-fluoro-chroman-4-one is suspended in 50 m! of water, then 120
ml of acetic acid is added, the reaction mixture is stirred at 60-650C
for 3 hours. The soh‘/ent of the reaction mixture is evaporated in
vacuum. The oily residue is mixed with 20 ml of diethyl ether and the
mixture is left to be crystallised. The precipitated crystalline is
filtered, washed with small amount of cold diethyl ether. The given
11,6 g (65%) of titled compound is recrystallized from acetonitrile.

Mp.: 122-1240C. Optical rotation is [a]D20(0=1, MeOH) = -80,30,

Example 13
(S;R)-2-(1’,2’-dihydroxy-ethyl)-6-fluoro-chroman-4-one (XII-S,R)
12 g (0,05 moles) of (S,R)-2-(2°,2’-dimethyl-[1,3]-dioxolane-4-
y1)-6-fluoro-chroman-4-one is suspended in 25 ml of water, then 60 ml
of acetic acid is added, the reaction mixture is stirred at 60-65°C for 3
hours. The solvent of the reaction mixture is evaporated in vacuum.
The oily residue is mixed with 25 ml of the mixture of ethylacetate and
n-hexane in a ratio 2:1 and left to crystallise. The precipitated
crystalline is filtered, washed with small amount of cold solvent

mixture described above. Thus 7,2 g (70,6%) of titled compound is
obtained. Mp.: 91-92°C. Optical rotation: [a]p20(c=1, CHCL3) =

+66,20 [a]p20(c=1, CHCL3) = +67,50.
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Example 14
(S,R)-2-(2’,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-chroman—4-
one and (R,R)-Z-(Z’,Z’-dimethyl—[1,3]-dioxolane-4-yl)-6-fluoro-
chroman-4-one[XII (S,R) and X (R,R)]

51.6 g (0,19 moles) of (E)-(4R)-4,5 -isopropylydene-dioxy-1-
(2-hydroxy-5-fluoro-phenyl)-prop-2E-ene-1-one is suspended in 100
ml of water at 60°C, then 120 mg (0,005 moles ) of lithium hydroxide

is added to the reaction mixture and stirred at 60°C for an hour. 230

ml of acetic acid is added to the given suspension and the mixture is

stirred for additional 3 hours at 60°C. The solvent of the given reaction
mixture is evaporated in vacuum, the oily product (about 40 g) is
solved in a mixture of ethylacetate and of n-hexane in a ratio 2:1 and
the mixture is left to be crystallised.

Thus 7,2 g (18,2%) (S,R)-2-(2°,2’-dimethyl-[1,3]-dioxolane-4-
yD)-6-fluoro-chroman-4-one is obtained. Mp.: 90-920C., Optical
rotation is [oc]DZO(c=1, CHCL3) = +67,40,

The filtrate is evaporated in vacuum and the residue is solved in
diethyl ether and left to crystallise. The precipitated crystalline is
filtered, washed with small amount of cold diethyl ether. Thus 202 g
(51,3%) of (R,R)-2-(2°,2’-dimethyl-[1,3]-dioxolane-4-y1)-6-fluoro-
chroman-4-one is obtained. Mp.: 118-123°C. The product is
recrystallised from acetonitrile, thus the yield is 12,3 g (30,6%) of pure
(R,R)-2-(2°,2’-dimethyl-[1,3]-dioxolane-4-y1)-6-fluoro-chroman-4-
one. Mp.: 121,5-1249C, optical rotation is [o]p20(c=1, MeOH) =

-80,49.
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Example 15
(S,S)—2-(1’,2’-dihydroxy-ethyl)-6-fluoro-chroman—4-one (XIII-S,S)

10,5 g (0,04 moles) of (S,8)-2-(2’,2’-dimethyl-[1,3]-dioxolane-
4-y1)-6-fluoro-chroman-4-one is suspended in 25 ml of water, then 60
ml acetic acid is added to the reaction mixture and stirred at 60-65°C
for 3 hours. The solvent of the given reaction mixture is evaporated in
vacuum, the oiljf product is dissolved in diethyl ether and the mixture
is left to be crystallised.

Thus 5.5 g (62,5%) titled product is obtained. Melting point of

the product after recrystallisation from acetonitrile is 121-123°C.
Optical rotation is [a]p2%(c=1, MeOH) = +79,9°.

Example 16
(R,S)—2-(1’,2’-dihydroxy—ethyl)-6-ﬂuoro-chroman—4—one (XIII-R,S)
4 g (0,017 moles) of (R,S)-2-(2°,2’~dimethyl-[1,3]-dioxolane-4-
y1)-6-fluoro-chroman-4-one is suspended in 10 ml of water, then 20 ml
acetic acid is added to the reaction mixture and stirred at 60-65°C for 3
hours. The solvent of the given reaction mixture is evaporated in
vacuum, the oily product is dissolved in 9 ml of the mixture of
ethylacetate and n-hexane in a ratio 2:1 and the mixture is left to be
crystallised. |
The product is filtered, washed with the mixture described above. Thus

2,2 g (65%) titled compound is obtained. Mp.: 91-92°C. Optical
rotation is [a]p20(c=1, CHCl3) = -67,8°.



WO 2004/041805 PCT/HU2003/000093

53

Example 17
R,S)- and (S,S)-2-(1',2"-dihydroxy-ethyl)-6-fluoro-chroman-4-
one (XIII-R,S and XIII-S,S)

26.6 g (0,1 moles) of (E)-(4S)-4,5-isopropylydene-dioxy-1-(2-
hydroxy-5-fluoro-phenyl)-prop-2E-ene-1-one is suspended in 65 ml of
water at 600C, then 50 mg (0,002 moles ) of lithium hydroxide is
added to the reaction mixture and stirred at 60-650C for 3 hours. 150
ml of acetic acid is added to the suspension and stirred at 60-650C fér ‘
additional 3 hours. The solvent is evaporated in vacuum, the oily
residue (about 22 g) is dissolved in the mixture of ethyl acetate and of
n-hexane in a ratio 2:1 and the mixture is left to be crystalliséd. Thus
4,0g (17,6%) of (R,S)-2-(1',2"-dihydroxy-ethyl)-6-fluoro-chroman-4-
one is obtained. Mp.: 91-92°C. Optical rotation is [a]DZO(c=1,
CHCl3) = +67,60.

The filtrate is evaporated, the residue is solved in 12 ml of
diethyl ether left to crystallise. The product is filtered, washed with a

small amount of cold diethyl ether. Thus 10,9g (48,2%) of (S,S)-2-
(1',2"-dihydroxy-ethyl)-6-fluoro-chroman-4-one is obtained. Mp.: 118-

122°C. The product is recrystallised from acetonitrile. The yield is 6,8
g (30,1%) of pure (S,8)-2-(1',2"-dihydroxy-ethyl)-6-fluoro-chroman-4-
one with a melting point 121-123 OC. The optical rotation is

[a]p20(c=1, MeOH) = +80,4°.
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Example 18
(R,R)-6-ﬂuoro-{2—[4-methyl-phenyl)—sulphonyl—oxy]-l-hydroxy-
ethyl}-chroman-4-one (XIV-R,R)

15,3 g (0,07moles) of (R,R)-Z-(l‘,2"-dihydroxy-ethy1)—6-

fluoro-chroman-4-one is dissolved in the mixture of 200 ml of

dichloromethane and 30 ml of pyridine, the solution is cooled to 0°C,
then keeping this temperature 13,0 g (0,07moles) of p-
toluenesulphonyl chloride is added, and the reaction mixture is stirred
for two days. The reaction mixture is extracted with 2x20 ml of water,
dried over sodium sulphate, then evaporated. The given oily product is
dissolved in 160 ml of diethyl ether left to crystallise. The product is
filtered, washed with a small amount of diethyl ether. Thus 10,2g

(39,6%) of titled product is obtained. Mp.: 100-103°C. The filtrate is
evaporated to dryness. The obtained product is separated on a layer of
60H by vacuum chromatography. Eluents are increasing polarity
mixtures of ethylacetate-cyclohexane. Acceptable fractions are

collected, evaporated, recrystallised from diethyl ether. The obtained

additional product is 7,3 g (28,4%) Mp.: 100-103°C. The total yield of
the reaction is increased to 68%. The product is recrystallised from a

mixture of ethyl acetate-cyclohexane 2:8. The melting point of the
given product is 102-104°C. Optical rotation is [a]DZO(c=1, CHCl3) =

- 40,30.
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Example 19
(S,K -6-ﬂuoro-{2—[4-methyl-phenyl)-sulphonyl-oxy]-1-hydr0xy—
ethyl}-chroman-4-one (XIV-S,R)

The process is same as described in the Example 18 except
instead of 15,3 g (0,07 moles) of (R,R)-2-(1‘,2"-dihydroxy-ethy1)—6-
fluoro-chroman-4-one 15,3 g (0,07 moles) of (S,R)-2-(1',2"-
dihydroxy—ethyl)-6-ﬂu0ro-chroman—4-one is used. 6,9 g (26,7%) of

crystalline product with 111-115 °C melting point is obtained after
working up of the reaction mixture and crystallisation of the oily raw
product (about 30 g). The filtrate is evaporated to dryness. The
obtained product is separated on a layer of 60H by vacuum
chromatography. Eluent is a mixture of petrolether dichloromethane

and acetonitrile in aratio 70:1:1. The obtained additional product is

7.6 g (29,5%) Mp.: 117-120°C. The total yield of the reaction is
increased to 56,2 %. The product is recrystallised from a diisopropyl

ether. The melting point of the given product is 1 18-120°C. Optical
rotation is [o]p20(c=1, CHCI3) = +50,7°.

Example 20
(S,S)-6-ﬂuoro—{2-[4-methyl-phenyl)-sulphonyl—oxy]-1-hydroxy-
ethyl}-chroman-4-one XV-S,5)

4,5 g (0,02moles) of (S,S)-Z—(l',2"-dihydroxy-ethyl)-G-ﬂuoro-
chroman-4-one is dissolved in the mixture of 60 ml of
dichloromethane and 19 ml of pyridine, the solution is cooled to 0°C,
then keeping this temperature 3,8 g (0,02 moles) of p-toluenesulphonyl
chloride is added, and the reaction mixture is stirred for two days. The

reaction mixture is extracted with 2x6 ml water, dried over sodium
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sulphate, then evaporated. The given oily product is dissolved in 50 ml
of diethyl ether and is Jeft to crystallise. The product is filtered, washed
with a small amount of diethyl ether. Thus 3,1 g (41%) of titled

product is obtained. Mp.: 99-1019C. The filtrate is evaporated to
dryness. The obtained product is separated on a layer of 60H by
vacuum chromatography. FEluents are increasing pqlarity mixtures of
ethylacetate-cyclohexane. Acceptable fractions are collected,

evaporated, recrystallised from diethyl ether. The obtained additional
product is 2,2 g (28,7%). Mp.: 97-100°C. The total yield of the

reaction is increased to 69,7%. The product is recrystallised from a

mixture of ethylacetate-cyclohexane 7:8. The melting point of the
given product is 102-1049C. Optical rotation is [a]D20(c=1, CHClI3) =
+ 40,40.

Example 21
(R,S)-6-fluor0-{2— [4-methyl-phenyl)-sulphonyl—oxy]-l-hydroxy-
ethyl}-chroman-4-one (XV-R,S)

The process is same as described in the Example 19 except
instead of 15,3 g (0,07 moles) of (S,R)-2—(1‘,2"-dihydroxy-ethyl)-6-
fluoro-chroman-4-one 15,3 g (0,07 moles) of R,S)-2-(1',2"-
dihydroxy-ethyl)—6-ﬂuoro-chroman-4-one is used. 1,8 g (24 %) of

crystalline product with 116-119 °C melting point is obtained after
working up the reaction mixture and crystallisation of the oily raw
product (about 9 g) from diethyl ether. The filtrate is evaporated to
dryness. The obtained product is separated on a layer of 60H by
vacuum chromatography. Eluent is a mixtures of petrolether,

dichloromethane and acetonitrile in a ratio 7 0:1:1. The obtained
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additional product is 2,2 g (28,7%) Mp.: 117-120°C. The total yield of
the reaction is increased to 52,7 %. The product is recrystallised from a

diisopropyl ether. The melting point of the given product is 118-

120°C. Optical rotation is [(x]DZO(c=1, CHC13) =-50,7°.

Example 22
R,S)-6-fluoro- {2-[4-methyl-phenyl)-sulphonyl-oxy]-1—hydroxy-
ethyl}-chroman-4-one (XV-R,S)

The process is same as described in the Example 14 with a
difference that after the filtration of (S ,R)-2-(1',2"-dihydroxy-ethyl)-6-
fluoro-chroman-4-one the filtrate containing of (R,R)-2-(1',2"-
dihydroxy-ethyl)-6-ﬂuoro-chr0man—4—one as main component is

evaporated. The residue is dissolved in a mixture of 400 ml of

dichloromethane and 60 m! of pyridine, then cooled to 0 OC. Keeping
this temperature 28,6 g (0,15 moles ) of p-toluenesulphonyl chloride is
added into the mixture, and stirred for two days. The reaction mixture
is extracted with 2x40 ml water, dried over sodium sulphate, then
evaporated in vacuum. About 60 g oily product is obtained, then it is
dissolved in 160 ml of diethyl ether then the mixture is left to be
crystallised. The product is filtered, washed with a small amount.of
diethyl ether. Thus 17,0g (23,5%) of titled product is obtained. Mp.:

08-100°C. The filtrate is evaporated to dryness. The obtained product
is separated on a layer of 60 H by vacuum chromatography. Eluents
are increasing polarity mixtures of ethylacetate-cyclohexane.
Acceptable fractions are collected, evaporated, recrystallised from

diethyl ether. The obtained additional product is 15,4 g (21,3%) Mp.:

99-1010C. The total yield of the reaction is increased to 44,6%. The
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product is recrystallised from a mixture of ethylacetate-cyclohexane

2:8. The melting point of the given product is 101-103°C. Optical
rotation is [o]p20(c=1, CHCI3) = - 40,40

Example 23
(S,S)-6-ﬂuoro-{2-[4-methyl-phenyl)-sulphonyl—oxy]-l-hydroxy-
ethyl}-chroman-4-one (XV-S,S)

The process is same as described in the Example 17 with a
difference that after the filtration of (R,S)-2-(1',2”-dihydroxy-ethyl)-6-
fluoro-chroman-4-one the filtrate is evaporated. The residue containing
about 17 g (0,08 moles) of (S,8)-2-(1',2"-dihydroxy-ethyl)-6-fluoro-

chroman-4-one as main component is dissolved in a mixture of 200

ml of dichloromethane and 30 ml of pyridine, then cooled to 0 °c.
Keeping this temperature 14,3 g (0,08 moles ) of p-toluenesulphonyl
chloride is added into the mixture, and stirred for two days. The
reaction mixture is extracted with 2x20 ml of water, dried over sodium
sulphate, then evaporated in vacuum. About 30 g oily product is
obtained, then it is dissolved in 150 ml of diethyl ether and left to be
crystallised. The product is filtered, washed with a small amount of
diethyl ether. Thus 8,0g (22,1%) of titled product is obtained. Mp.:

99-101°C. The filtrate is evaporated to dryness. The obtained product
is separated on a layer of 60H by vacuum chromatography.‘ Eluents
are increasing polarity mixtures of ethylacetate-cyclohexane.
Acceptable fractions are collected, evaporated, recrystallised from
diethyl ether. The obtained additional product is 8,1 g(24,0 %). Mp.:

100-102°C. The total yield of the reaction is increased to 46,1 %. The

product is recrystallised from a mixture of ethylacetate-cyclohexane
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2:8. The melting point of the given product is 102-104°C. Optical
rotation is [o]p20(c=1, CHCl3) = +40,2°

Example 24
(R,R)-6-ﬂuoro-2-(oxiran—Z-yl)-chromane-4—0ne (XVI-R,R)

9,9 g (0,026 moles) of (R,R)-6-ﬂu0ro-{2—[4—methy1—phenyl)-
sulphonyl-oxy]-l-hydroxy-ethyl}-chroman—4-one is dissolved in 140
ml of acetonitrile then 20 ml (0,143 moles) of triethylamine is added
under stirring. The reaction mixture is stirred additional 24 hours at

room temperature. The reaction mixture is evaporated to dryness in

vacuum under 35°C, then the residue is filtered from water, dried

(4.1 g), recrystallised from diethy] ether. Thus 3,3 g (61%) of pure

titled compound is obtained. Mp.: 98-101°C. Optical rotation is
[«]D20(c=1, CHCl3) = -66,00

Example 25
(S,R)-6-ﬂuoro-2-(oxiran-2-yl)-chromane—4—one (XVI-S,R)

6,54 g (0,017 moles) of (S,R)-6-fluoro-{2-[4-methyl-phenyl)-
sulphonyl-oxy]-l-hydroxy-ethyl}-chroman—4-one is dissolved in 90 ml
of acetonitrile then 14 ml (0,143 moles) of triethylamine is added
under stirring. The reaction mixture is stirred additional 24 hours at

room temperature. The reaction mixture is evaporated to dryness in

vacuum under 35°C, then the residue is filtered from 15 ml of water,
dried (3,0 g), recrystallised from 30 ml of diethyl ether. Thus 2,08 g
(58,1%) of pure titled compound is obtained. Mp.: 93-979C. Optical
rotation is [o]p20(c=1, CHCI3) = +78,30
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Example 26
(S,S)-6-fluoro-2-(oxiran-2-yl)-chromane-4-one (XVII-S,S)

5,0 g (0,013 moles) of (S,S)-6-fluoro-{2-[4-methyl-phenyl)-
sulphonyl-oxy]-1-hydroxy-ethyl }-chroman-4-one is dissolved in 70 ml
of acetonitrile then 10 ml (0,07 moles) of triethylamine is added under
stirring. The reaction mixture is stirred additional 24 hours at room

temperature. The reaction mixture is evaporated to dryness in vacuum

under 35°C, then the residue is filtered from 11 ml of water, dried (2,0
g), recrystallised from 20 ml of diethyl ether. Thus 1,6 g (59,%) of

pure titled compound is obtained. Mp.: 98-101°C. Optical rotation is
[0]D20(c=1, CHCI3) = +66,20

Example 27

(R,S)-6—fluoro-2-(oxiran—l-yl)-chromane-4-one (XVIII-R,S)
3,8¢(0,01 molés) of (R,S)-6-ﬂuoro-{2—[4-methy1—phényl)-

sulphonyl-oxy]-1-hydroxy-ethyl}-chroman-4-one is dissolved in 50 ml

of acetonitrile then 7 ml (0,05 moles) of triethylamine is added under

stirring. The reaction mixture is stirred additional 24 hours at room

temperature. The reaction mixture is evaporated to dryness in vacuum

under 35°C, then the residue is filtered from 9 ml of water, dried (1,7
g), recrystallised from 22 ml of diethyl ether. Thus 1,27 g (61 %) of

pure titled compound is obtained. Mp.: 93-96°C. Optical rotation is
[a]D20(c=1, CHCl3) = -78,00
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Example 28 t
(R,R)—Z-(Z-benzylamino-l-hydroxy-ethyl)—6-fluoro-chroman-4-one
(XX-R,R)

2,8g (0,01 moles) of (R,R)-6-fluoro-2-(oxiran-2-yl)-chromane-
4-one is dissolved in 25 ml of acetonitrile, cooled to 0°C, then keeping
this temperature 4,28 g (0,04 moles) of benzylamine and 1,06 g (0,01
moles) of lithium perchloroate are added under stirring. The stirring of
the reaction mixture is continued for 3 days, then the mixture is poured
onto a mixture of 100 g of ice and water, the crystalline precipitate is

filtered. Thus 1,84 g (58,3 %) of pure titled compound is obtained.
Mp.: 118-120°C. Optical rotation is [a]p20(c=1, CHCI3) = -35,80

Example 29
(S,S)-2-(2-benzylamino-1-hydroxy-éthyl)-6-ﬂuoro-chroman-4-one
(XXV-5,5)

The process is same as described in the Example 18 except
instead of (R,R)-6-fluoro-2-(oxiran-2-yl)-chromane-4-one (S,S)-6-
fluoro-2-(oxiran-2-yl)-chromane-4-one is used.

The yield is 2,35 g (74,9 %) of titled compound. Mp.: 105-
1179C. The crude product is recrystallised from 13 ml of isopropanol.
Thus, the melting point of the given 1,63 g (51,6%) (j)f pure product is
117,5-120°C. Optical rotation is [o]p20(c=1, CHCI3) = +35,20

Example 30
(S,R)-2-(2-benzylamino-1-hydroxy-ethyl)—6-ﬂuor0-chroman-4—one
XXV-S,R)

The process is same as described in the Example 18 except

instead of
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(R,R)-6-ﬂuoro-2-(oxiran—2-yl)-chromane—4-one (S,R)-6-fluoro-2-
(oxiran-2-yl)-chromane-4-one is used.

The yield is 2,27 g (72,1 %) of'titled compound. Mp.: 98-
100°C. The crude product is recrystallised from 25ml of isopropanol.
Thus, the melting point of the given 1,63 g (51,6%) of pure product is
101-104°C. Optical rotation is [¢]D20(c=1, CHCI3) = +46,80

. Example 31
(S,R)-Z-(Z-benzylamin0-l-hydroxy-ethyl)-G-ﬂuoro-chroman-4-one
(XXV-S,R) |

The process is same as described in the Example 18 except
instead of
(R,R)-6-ﬂuoro—2—(oxiran-2-yl)-chromane-4—one (R,S)-6-fluoro-2-
(oxiran-2-yl)-chromane-4-one is used.

The yield is 2,33 g (74,1 %) of titled compound. Mp.: 99-

101°C. The crude product is recrystallised from 25ml of isopropanol.
Thus, the melting point of the given 1,8 g (56,6%) of pure product is

101,5-104°C.  Optical rotation is [a]p20(c=1, CHCI3) = -46,60

Example 32
N-benzyl-N-[(R,R)-1-hydroxy-2-(6-ﬂuoro-chroman—4—one—2-yl)]-N-
[(S,R)-l-hydroxy-Z-(6-ﬂuoro-chroman-4-0ne—2-yl)]-amine XX
(S;R,R,R))
A mixture of 1,26 g (0,004 moles) of powdered (R,R)-2-(2-

: benzylamino-l-hydroxy-ethyl)—6-ﬂuoro-chroman—4—one and 0,84 g
(0,004 moles) of powdered (S,R)-6-ﬂuoro—2~(oxiran-2-y1)-chromane-
A-one is stirred for 15 minutes at 145°C. The reaction mixture is

recrystallised after cooling. Thus 2,1 g (100%) of titled compound is
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obtained. Mp.: 55-62°C. HPLC purity is 98,4%. Optical purity
monitored by chiral HPLC method is >08%. Product is suitable to use

in the next synthesis step. Optical rotation is [0]D20(c=1, CHCI3) =
+56,80

Example 33
N-benzyl-N—[(R,R)-l-hydroxy-z-(6-ﬂuoro-chroman-4—one-2-y1)]-N-
[(S,R)-l-hydroxy-2-(6-ﬂuoro-chroman—4-one-2—yl)]-amine XIixX
(S,R,R,R))

A mixture of 1,26 g (0,004 moles) of powdered (S,R)-2-(2-
benzylamino-l-hydroxy-ethyl)-6-ﬂuoro-chroman—4-one and 0,84 g
(0,004 moles) of powdered (R,R)—6—ﬂuoro-2-(oxiran—2-yl)—chromane-
4-one is stirred for 15 minutes at 145°C. The reaction mixture is
recrystallised after cooling. Thus 2,1 g (100%) of titled compound is
obtained. Mp.: 56-63°C. HPLC purity is 98,4%. Optical purity
monitored by chiral HPLC method is >98%. Product is suitable to use
in the next synthesis step. Optical rotation is [a]D20(c=1, CHCI3) =

+56,90

Example 34
N-benzyl—N-[(S,S)-1-hydroxy—2-(6-ﬂuoro-chroman-4—0ne-2—yl)] -N-
[(R,S)-l-hydroxy-Z-(6-flu0r0-chr0man-4-one—2-yl)]-amine XX
R,S,S,5))

A mixture of 1,26 g (0,004 moles) of powdered (8,9)-2-(2-
benzylamino-l-hydroxy-ethyl)—6-ﬂuoro-chroman-4—one and 0,84 g
(0,004 moles) of powdered (R,S)-6-fluoro-2-(oxiran-2-yl)-chromane-
4-one is stirred for 15 minutes at 145°C. ‘The reaction mixture is

recrystallised after cooling. Thus 2,1 g (100%) of titled compound is
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obtained. Mp.: 53-62°C. HPLC purity is 98,1%. Optical purity
monitored by chiral HPLC method is >98%. Product is suitable to use

in the next synthesis step. Optical rotation is [aJD20(c=1, CHCI3) =
-56,50.

Example 35
N-benzyl-N-[(S,S)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-N- =
[(R,S)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine (XIX
R,S,S,9))

A mixture of 1,26 g (0,004 moles) of powdered (R,S)-2-(2~
benzylamino-1-hydroxy-ethyl)-6-fluoro-chroman-4-one and 0,84 g
(0,004 moles) of powdered (S,8)-6-fluoro-2-(oxiran-2-yl)-chromane-4-
one is stirred for 15 minutes at 145°C. The reaction mixture is
recrystallised after cooling. Thus 2,1 g (100%) of titled compound is
obtained. Mp.: 54-62°C. HPLC purity is 98,2%. Optical purity
monitored by chiral HPLC method is >98%. Product is suitable to use
in the next synthesis step. Optical rotation is [0]D20(c=1, CHCI3) =

-56,80.

~ Example 36
N-[(R,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2yl)]-N-[(S,R)-1-
hydroxy-2-(6-fluoro-chroman-4 one-2-yl)]-amine (XXI (S,R,R,R)

2,62 g (0,005 moles) of N-benzyl-N-[(S,S)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-y)]-N-[(R,S)-1-hydroxy-2-(6-fluoro-
chroman-4-one-2-yl)]-amine is dissolved in 70 ml of ethanol, then 0,3
g of 10% palladium/charcoal catalyst is added. The reaction mixture is
hydrogenated for two hours under 2 bar pressure. 250 ml of methanol

is added and the reaction mixture is heated to 50°C to dissolve the
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precipitated product. The catalyst is filtered, and washed with 50 ml of
methanol. Organic solutions are collected and evaporated in vacuum.
The residue (1,9 g) is filtéred from small amount of diethyl ether.
Thus 1,59g (73,4%) of titled compound is obtained. Mp 182,5-183,5°C
(recrystallised from acetonitrile). HPLC purity is > 98%. Optical
purity monitored by chiral HPLC method is >98%. Optical rotation is
[0]D20(c=0,2, dimethyl-formamide) = +2,35% is [0]36520(c=0,2,

dimethyl-formamide ) = +127,2"

Example 37
N-[(S,S)-1-hydroxy-2-(6-fluoro—chroman—4—one-2yl)]-N-[(S,R)-l-
hydroxy-Z-(6-ﬂuoro—chroman-4 one-2-yD)]-amine (XXVI (R,S,S,S)
2,62 g (0,005 moles) of N-benzyl-N-[(S,S)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-yl)] N-[(R,S)-1-hydroxy-2-(6-fluoro-
chroman-4-one-2-yl)]-amine is dissolved in 70 ml of ethanol, then
0,3g of 10% palladium/charcoal catalyst is added. The reaction
mixture is hydrogenated for two hours under 2 bar pressure. 250 ml of
methanol is added and the reaction mixture is heated to 50°C to
dissolve the precipitated product. The catalyst is filtered, and washed
with 50 ml of methanol. Organic solutions are collected and
evaporated in vacuum. The residue (1,9 g) is filtered from small
amount of diethyl ether. Thus 1,63g (75,2%) of titled compound is
obtained. Mp: 182-183,5°C ( recrystallised from acetonitrile). HPLC
purity is > 99%. Optical purity monitored by chiral HPLC method is
>98%. Optical rotation is [6]D20(c=0,2, dimethyl-formamide ) =

2,33°
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Example 38
N-[(R,R)-1-hydroxy-Z-(6—ﬂuoro-chroman-4-one-2yl)]-N-[(R,S)-l-
hydroxy-2-(6-fluoro-chroman-4 one-2-yl)]-amine (XXII (S,R,R,R) .

2,62 g (0,005 moles) of N-benzyl-N-[(R,R)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-y1)]-N-[(S,R)-1-hydroxy-2-(6-fluoro--
chroman-4-one-2-yl)]-amine is dissolved in 25 ml of acetic acid, then
0,4g of 10% palladium/charcoal catalyst is added. The reaction
mixture is hydrogenated for 20 hours under 3 bar pressure at 30°C. The
catalyst is filtered, 200 ml of water is added to the filtrate and the pH
of mixture is adjusted to 7 with sodium hydrogen carbonate. The
precipitated product is filtered, washed with water. Thus 1,55g (71%)
of titled compound is obtained. Mp: 180-190°C (degradation). HPLC
purity is > 96%.

Example 39
N—[(R,R)-l-hydroxy-2-(6-ﬂuoro-chroman-4-one-2yl)]-N-[(R,S)-l-
hydroxy-2-(6-fluoroe-chroman-4 one-2-yl)]-amine (XXII (S,R,;R,R))
2,62 g (0,005 moles) of N-benzyl-N-[(R,R)-1-hydroxy-2~(6-
fluoro-chroman-4-one-2-yl)]-N- [(S,R)—l-hydroxy-Z-(6-ﬂuoro-
chroman-4-one-2-yl)]-amine is dissolved in 50 ml of ethanol, then
0,4g of 10% palladium/charcoal catalyst is added. The reaction
mixture is hydrogenated for 24 hours under 3 bar pressure at 50°C. The
catalyst is filtered and washed with 20 ml of ethanol. The filtrate is
evaporated in vacuum, the residue is recrystallised from acetonitrile,
filtrated and dried. Thus 1,2g (54,6%) of titled compound is obtained.
Mp: 180-190°C (degradation). HPLC purity is > 96%. ‘
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Example 40
N-[(S,S)-l-hydroxy-Z-(6-ﬂuoro-chroman-4-one—2yl)]-N-[(R,S)-l-
hydroxy-2-(6-fluoro-chroman-4 one-2-y)]-amine (XXVII
(S;R,R,R)

2,62 g (0,005 moles) of N-benzyl-N-[(S,S)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-y1)]-N-[(S,R)-1-hydroxy-2-(6-fluoro-
chroman-4-one-2-yl)]-amine is dissolved in 235 ml of acetic acid, then
0,4g of 10% palladium/charcoal catalyst is added. The reaction
mixture is hydrogenated for 20 hours under 2,5 bar pressure at 30°C.
‘The catalyst is filtered, 200 ml of water is added to the filtrate and the
pH of mixture is adjusted to 7 with sodium hydrogen carbonate. The
precipitated product is filtered, washed with water. Thus 1,51g (69%)
of titled compound is obtained. Mp: 181-190°C (degradation). HPLC
purity is > 96%.

Example 41
(I2S[2R*[R[R*]]]]-()-0,0’ -[imino-bis(methylene)]bis[6-fluoro-
chroman-2-methanol] (I R,S,S,S), d-nebivolol

2,1 g (0,004 moles) of N-benzyl-N-[(R,R)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-y1)]-N-[(S,R)-1-hydroxy-2-(6-fluoro-
chroman-4-one-2-yl)]-amine is dissolved in 25 ml of ethanol, then 2
ml of cc. hydrochloric acid and 0,4g of 10% palladium/charcoal
catalyst is added. The reaction mixture is hydrogenated for 20 hours
under 3 bar pressure at 50-55°C. After cooling the catalyst is filtered
and washed with small amount of ethanol, then the solvent is
evaporated. The residual suspension is diluted with 30 ml of water and
the pH of mixture is adjusted to 8 with sodium hydrogen carbonate.

The precipitated product is filtered, washed with water then small
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amount of diethyl ether. Thus 1,15g (70%) of titled compound is

obtained. Mp 144-147°C (degradation). HPLC purity is 99,7%.

Optical purity monitored by chiral HPLC method is >98%.
Optical rotation is [4]D20(c=0,2 methanol) = 20,8°

[€]D20(c=0,02 methanol) = 1842

Example 42 .
([2S[2R*[R[R*]]]]-()- a,¢’ -[imino-bis(methylene)]bis[6-fluoro-
chroman-Z-methanol]—hydroéhloride (I(R,S,S,S). HC, d-
nebivolol-hydrochloride)

The process is same as described in the Example 41 except
with a difference that only ethanol is evaporated from the reaction
mixture containing water and ethanol which obtained after the
hydrogenating reaction of the d-nebivolol of the formula I (S,R,R,R).
The precipitated d-nebivolol hydrochloride of the formula I (S,R,R,R).
HCl is filtered. Thus 1,84 g (83,5%) of titled compound is obtained.
Mp: 180-190°C (degradation). HPLC purity is >98,6%. Optical purity
monitored by chiral HPLC method is >98%.

Example 43
(RR2S*[S[S*]]1]-()- a0’ -[imino-bis(methylene)]bis[6-fluoro-
chroman-2-methanol] I (R,S,S,S,), l-nebivolol

2,1 g (0,004 moles) of N-benzyl-N-[(8,S)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-y1)]-N-[(R,S)-1-hydroxy-2-(6-fluoro-
chroman-4-one-2-yl)]-amine is dissolved in 25 ml of ethanol, then 2
ml of cc. hydrochloric acid and 0,8g of 10% palladium/charcoal
catalyst is added. The reaction mixture is hydrogenated for 16 hours
under 3 bar pressure at 50-55°C. After cooling the catalyst is filtered
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and washed with small amount of ethanol, then evaporated to dryness.
‘The residue is diluted with 30 ml of water and the pH of obtained
suspension is adjusted to 8 with sodium hydrogen carbonate. The
precipitated product is filtered, washed with water then small amount
of diethyl ether. Thus 0,97g (62%) of titled compound is obtained. Mp:
145-147°C (degradation). HPLC purity is 99,8%. Optical purity
monitored by chiral HPLC method is >98%.

Example 44

(RR[2S*[S[S*11]] and (2SPR*[RIR*[]]-E)- e’ -[imino-
bis(methylene)]bis[6-fluoro—chroman—Z-methanol] a
R,S,S,S+S,R,R,R) nebivolol)

1,05 g (0,002 moles) of N-benzyl-N-[(R,R)-1-hydroxy-2-(6-
fluoro-chroman-4-one-2-y1)]-N-[(S ,R)-1-hydroxy-2-(6-fluoro-
chroman-4-one-2-yl)]-amine and 1,05 & (0,002 moles) of N-benzyl-N-
[(S,S)-1-hydroxy-?.-(6-ﬂuoro-chroman—4-one-2-y1)]-N-[(R,S)-1-
hydroxy-2-(6-ﬂuoro-chroman-4-one—2-yl)]-amine are dissolved in 25
ml of ethanol, then 2 ml of cc. hydrochloric acid and 0,8g of 10%
palladium/charcoal catalyst is added. The reaction mixture is
hydrogenated for 20 hours under 3,5 bar pressure at 50~ 55°C. After
cooling the catalyst is filtered and washed with small amount of
ethanol, then evaporated to dryness. Crystalline residue is diluted with
30 ml of water and the pH of obtained suspension is adjusted to 8 with
solid sodium hydrogen carbonate. The precipitated product is filtered,
washed with water, then small amount of diethyl ether. Thus 0,85g
(52%) of titled compound is obtained. Mp 140,5- 142°C. HPLC purity
is 99,7%.
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Example 45 .
Experiment for the hydrogenation of the mixture of racemates of
N—benzyl—N-[l-hydroxy-z-(6-ﬂuoro-chroman-Z—yl)]-amine of the
formula XXXVIII-“A” and “B” in a ratio 1:1, which is prepared
from racemates of 6-fluoro-2-(oxiran-2-yl)-chroman (XXXVI-A
racemate) and of racemate 2-(2-benzylamino-1-hydroxy-ethyl)-6—
fluor-chroman (XXXVII-B racemate) according to the description
of US 4,654,362, then the separation of two isomeric racemate (
A= nebivolol, B= undesired isomer) mixture by crystallisation.

0,495 g (0,001 moles) of the mixture of racemates of N-benzyl-
N-[1-hydroxy-2-(6-fluoro-chroman-2-yl)] -amine of the formula
XXXVII-“A” and “B” in a ratio 1:1, is dissolved in 50 ml of ethanol,
0,2g of 10% palladium/charcoal catalyst is added. The hydrogenation
is carried out at room temperature under atmospheric pressure and
intensive stirring until the half of theoretically amount of hydrogen is
reacted. Then the reaction mixture is filtered, the solvent is gvaporated,
residue is purified by vacuum chromatographic method using
Kieselgel 60H layer. Fractions are solved in a mixture of chloroform
and of methanol in a ratio 50:1 then collected and evaporated. The
residue is rubbed with small amount of diethyl ether, then filtered. The
given crystalline product is 0,025 g (51%). Mp.: 141-143°C. The
product is a mixture of the racemates in a ratio 1:1 of the racemate
“A”=(R,S,S,S)+(S.R.R.R) (nebivolol) and the racemates of
“B”=(R,S,R,R) +(S,R,S,S) (undesired isomer) according to CMR
analysis.

40 mg of the product is recrystallised from 1 ml of acetonitrile.
The melting point of obtained product is 138-140°C. The product is a

mixture of the racemates in a ratio 1:1 according to CMR analysis.
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Claims:

1. Process for the preparation of racemic ([2S[2R* [RIR*T11]-
and ([2R[2S*[S[S*TT1]-(5)- a0’ -[imino-bis(methylene)]bis[6-ﬂuoro-

chroman-2-methanol] of the compound of the formula

F

and its pure ([23[2R* [R[R*]]]]- and (2R[28*[S[S*]]1}- enantiomer

compounds characterized in that 4-fluoro-phenol of the formula

: OH
o
F .

or 4-fluoro-anizole of the formula

O~cH
Oy
F .

subjected to a Friedel-Crafts reaction with a haloacetyl halogenide of

the general formula
H,

X C
\ﬂ/ ~X v
wherein X and X’ are same Or different halo atoms, the obtained

haloacetyl compound of the formula
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OH

\)

0
wherein X defined above, reacted with triphenylphosphine, the given

phosphonium salt of the general formula

X

OH /@
F I é’j\@ Vi

wherein X defined above is treated with a weak base compound, the

ethanone compound of the formula

OH Q;p
e

obtained phosphanylidene-

Vil

0

is reacted separately a glycerinealdehyde compound of the formula

o 9 VIt (R)

T or

i Ol VIl (S)
ox/ g
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the given ethylene-compound of the formula

or

is subjected to a ring closure reaction in alkaline condition, the

protecting group of the given protected chroman-4-one of the formula
R.S B(
0
H = 0o

R XRR+SR)

or

X (R,S+S,9)
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is removed by acidic hydrolysis, the obtained diastereomer mixtures of

chroman-4-one diol of the formula

R,S
o 2 " on
R Xl (R,R +SR)
E
0]
or
R,S OH
o OH
S Xl (R,S +S,5)
F
)
are separated to the pure enantiomers of the formula
OH
OH
R Xl (S,R)
. :
)
or
OH
o R OH
S Xill (R,S)
F
0

by crystallisation of diastereomer mixtures, the pure diastereomer

compounds of the
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R Xl (R,R )

or

Xl (S,S)

are obtained by treatment of filtrate, then the chroman-4-one diol
compounds are tosylated separately , pure enantiomer tosylate

compounds of the formula

OH
XIV (S,R)
OH
0 R : OTs
R XIV (R,R)
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OTs
XV (R,S)

or

XV (S,S )

are obtained,

or the filtrate of the crystallisation of the enantiomer compounds of
formula XII (S,R) or XIII (R,S) prepared from chroman-4-one diol of
the formula XI (R,R and S,R) or XI (R,S and S,S) is evaporated, then
the residue is subjected to tosylation, the tos&flate compounds of the
formula XIV (R,R) and XV (8,S) are obtained, the tosylate compounds
of the formula XIV (S,R), XIV (R,R), XV (R,S)or XV (8,S) are
separately reacted with base to the corresponding oxirane compounds

of the formula

XVI (S,R)
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XVI (R,R)
0
XVIl (R,S
s (R,S)
F
0
or
XVIi (S,S)

which are reacted with benzylamine the corresponding benzyl-amino

compounds of the formula
Ph

XVl (S,R)

XX (RR)
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XX (R,S)
or

XXV (s,s}

are prepared, the obtained benzyl-amino compounds are reacted with
the proper oxirane compound of the formula XVI (S,R), XVI (R,R),
XVII (R,S) or XVII (8S,S), the given N-benzyl-diketo compounds of

the formula

XIX(S,RR,R)

“XXIV (R,S,S,S)
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are hydrogenated under 1,5-3 bar pressure, in a solution of lower-
alkanol or in a mixture of lower-alkanol and water in presence of
heavy metal catalyst, obtained compounds of the formula

OH OH

: XXI (S,R,R,R)

or

OH OH
R H I8
o) N XXVI(R,S,8,9)
S S
F F
0 0]

or the N-benzyl-diketo compounds of the formula XIX (S,R,R,R) or
XXIV (R,S,S,S) are hydrogenated under 1,5-3 bar pressure , in a
solution of lower alkanol or in a mixture of lower alkanol and water or
in a solution containing acetic acid in presence of heavy metal catalyst
at 45-50°C, the diol compound of the formula |

OH
XXIl (S,RRR)
or
OH OH
olR P XXVII (R,S,S,S)
s s
E F

OH OH
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is given,
or the N-benzyl-diketo compounds of the formula XIX (S,R.R,R) or
XXIV (R,S,S,S) are hydrogenated in presence of heavy metal catalyst,

at 50-550C, under 2-5 bar pressure in a solution of lower alkanol and
water in presence of inorganic acid, or diketo compounds of the
formula XIX (S,R,R,R) or XXIV (R.,S,S,S) or diol compounds of the
formula XXII (S,R,R,R) or XXVII (R,S,S,S) are hydrogenated
onward in the circumstance described above, the pure
([2R[2S*[S[S*I11]-)- 0,0’ -[imino-bis(methylene)]bis[6-ﬂuoro—
chroman-2-methanol] of the compound of the formula I (S,R,.R,R) or,
(28 [ZR* [RIR*][I]-)- o0 [1m1no-b1s(methylene)]bls[6-ﬂuoro-
chroman-2-methanol] of the compound of the formula I(R,S,S,S) is
obtained,

or

the mixture of N-benzyl-diketone compounds of the formula XIX
(S,R,R,R) and XXIV (R,S,S,S) in a ratio 1:1 is hydrogenated in
presence of heavy metal catalyst at 50-550C under 2-5 bar pressure in
a lower alkyl alcoholic solvent or in a mixture of water and a lower
alkyl alcohol in presence of inorganic acid to obtain the racemate ,
([2S[2R*[R[R*]]]] and ([2R[2S*[S[S*]1]]-()- 0.0’ -[imino-
bis(methylene)]bis[6-fluoro- —chroman-2-methanol] of the compound of
the formula I (R,S,S,S+S.R.R,R).

2. A process according to Claim 1, characterized in that the
Friedel-Crafts reaction of A-fluoro-anisole of the formula III with

chloroacetyl chloride s carried out in dichloromethane between 20-
40°C.
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3. A process according to Claim 2, characterized in that the 2-
chloro-1-(5-ﬂuoro-2-hydroxy-phenyl)-ethanone, whereirll X stands for
a chloro atom is used in the next reaction step without additional

purification after the evaporation of its solution in dichlorometan.

4. A process according to Claim 1, characterized in that the
reaction of the haloacetyl compounds of the formula V, wherein X
stands for a halo atom with triphenylphosphine is carried out in

acetonitrile or dichloromethane between 20-80°C.

5. A process according to Claim 1, characterized in that the
transformation of the phosphonium salts of the formula VI, wherein
X stands for a halo atom to a phosphanylidene-etanon compound of
the formula VII is carried out with solid sodium hydrogen carbonate in

a mixture of dichloromethane and of water.

6. A process according to Claim 1, characterized in that the
reaction of the phosphanylidene-etanon compound of the formula VII
with the protected glycerinealdehyde compounds of the formula VIII
(S) or of the formula VII (R) is carried out in dichloromethane at

room temperature.

7. A process according to Claim 6, characterized in that the
ethylene compounds of the formula IX (R) or IX (S) ate separated
from triphenylphosphine which is produced as side product, the
solvent is evaporated, diethyl ether is added, then crystallised from

isopropanol.
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8. A process according to Claim 1, characterized in that the
ring closure of ethylene compounds of the formula IX (R) or IX (S) to
diastereomer mixtures of 2-(2°,2’-dimethyl-[1,3]-dioxolan-4-y1)-
chroman-4-one of the formula X (R,R+S,R) or of the formula

X (R,S+8,8) is carried out in aqueous media at 60°C , the broduct is
extracted from reaction mixture with diethyl ether, the organic layer is
dried, the solvent is evaporated in vacuum, the residual oily mixture of

" protected 2-(2°,2 -dimethyl-[1 ,3]-dioxolan-4-yl)—chronﬁan—él—one

diastereomers are used directly in the subsequent reaction step.

9. A process according to Claim 8, characterized in that thé
diastereomers of 2-(2’,2’-dimethyl—[1,3]-dioxolan—4-yl);chroman-4-
one of the formula X (R,R), X(R,S) , X(S,R) and X (8,S) are obtained

as their crystalline form after separation from their mixture.

10. A process according to Claim 1, characterized in that the
protecting group is removed from diastereomers of 2-(2°,2’-dimethyl-
[1,3]-dioxolan-4-yl)-chroman-4-one of the formula X (R,R), X(R,S),
X(S,R) and X (S,S) in a mixture of acetic acid and water at 65°C

under stirring.

11. A process according to Claim 10, characterized in that the
enantiomer diols of the formula XII (R,R) and XIII (S,S) are obtained
in crystalline form crystallised from a mixture of ethylacetate n-hexane

in a ratio 2:1.

12. A process according to Claim 10, characterized in that the
diastereomer diol mixtures of the formula XI (R,R and S,R) or XI (R,S
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and S,S) obtained after the protecting groups are eliminated from the
diastereomer mixtures of 2-(2’,2’-dimethyl;[l,3]-dioxolane-4-yl)-
chroman-4-one of the formula X (R,R and S,R) or X (R,S and S,S) are
subjected to a crystallisation in a mixture of ethylacetate and n-hexane
1;1 a ratio 2': 1, the obtained pure crystalline enanti(;mers of formula XII
(S,R) or XIII (R,S) are filtered, then the filtrate is evaporated, the
residue is crystallised from diethyl ether, the pure crystalline
enantiomers of formula XII (R,R) or XIII (S,S) are obtained.

13. A process according to Claim 1, characterized in that the
enantiomer chromanone-diol compounds of the formula XII (R,R), X1I
(S,R), XIII (R,S) or XIII(S,S) are transformed to the corresponding
compounds of :t:he formula XTIV (R,R), XIV (S,R), XV(R,S) or
XV(S,S) by tosylation in dichloromethane containing pyridine as acid
binding agent at 0°C.

14. A process according to Claim 13, characterized in that the
enantiomer tosylate compounds of the formula XIV (R,R), XIV (S,R),
XV(R,S) or XV(S,S) are obtained in their crystalline forms by
crystallisatibn from diethyl ether.

15. A process according to Claim 1, characterized in that the
diastereomer diol mixtures of the formula XI (R,R and S,R) or XI (R,S
and S,S) obtained after the protecting groups are eliminated from the
diastereomer mixtures of 2-(2°,2’-dimethyl-[1,3]-dioxolane-4-yl)-
chroman-4-one of the formula X (R,R and S,R) or X (R,S and S,S)
subjected to a crystallisation in a mixture of ethylacetate and n-hexane

in a ratio 2:1, the obtained pure crystalline enantiomers of formula XII
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(S,R) or XIII (R,S) are filtered, then the filtrate is evaporated, then the
residue is tosylated without further purification, the obtained
enantiomer tosylate compounds of the formula XIV (R,R) or XV(8S,S)

are obtained in their crystalline forms.

16. A process according to Claim 1, characterized in that the
enantiomer tosylate compounds of the formula XIV (R,R), XIV (S,R),
XV(R,S) or XV(8,S) are transformed to the corresponding
chromanone-oxirane compounds of the formula XVI (R,R), XVI (S,R),
XVII(R,S) or XVII(S,S) in acetonitrile in presence of triethylamine at

room temperature.

17. A process according to Claim 16, characterized in that the
enantiomer chromanone-oxirane compounds of the formula XVI
(R,R), XVI (S,R) , XVII(R,S) XVII(S,S) are purified by the
evaporation of reaction mixture to dryness, the crystalline residue is

filtered from water, then recrystallised from diethyl ether.

18. A process according to Claim 1, characterized in that the
enantiomer benzylamino compounds of the formula XX (R,R), XVIII
(S,R) , XXIII(R,S) or XXV (8,S) are obtained from corresponding
oxirane compounds of the formula XVI (R,R), XVI (S,R) , XVII(R,S)
or XVII(S,S) by reaction with benzylamine in presence of lithium

perchloroate catalyst in acetonitrile at 0°C.

19. A process according to Claim 18, characterized in that the

enantiomer benzylamino compounds of the formula XX (R,R), XVIII
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(S,R) , XXTII(R,S) or XXV (8,S) are purified after the working up the

reaction mixture by recrystallisation of products from isopropanol.

20. A process according to Claim 1, characterized in that the
reaction of enantiomer benzyl-amino compounds of the formula XX
(R,R), XVIII (S,R) , XXIII(R,S) or XXV (8,S) with the corresponding
enantiomer oxirane compounds of the formula XVI (R,R), XVI (S,R),
XVII(R,S) XVII(S,S) obtaining the compounds of N-benzyl-diketones
of the formula XIX (S,R,R,R), or XXIV (R,S,S,S) is carried out in a

melted mixture of previously powdered compounds at 145°C.

21. A process according to Claim 1, characterized in that the
hydrogenation of N-benzyl-diketones of the formula XIX (S,R,R,R), or
XXIV (R,S,S,S) to the corresponding diketo compounds of XXI
(S,R,R,R) or XXVI (R,S,S,S) is carried out in a solution containing
ethanol, in presence of 10% Pd/charcoal catalyst under 2 bar pressure

at room temperature.

22. A process according to Claim 1, characterized in that the
hydrogenation of N-benzyl-diketones of the formula XIX (S,R,R,R), or
XXIV (R,S,S,S) to the corresponding diol compounds of XXII
(S,R,R,R), or XXVII (R,S,S,S) is carried out in a solution containing
ethanol or in a solution containing acetic acid in presence of 10%
Pd/charcoal catalyst under 2 or 3 bar pressure at the temperature of
40-45°C.

23. A process according to Claim 1, characterized in that the

hydrogenation of N-benzyl-diketones of the formula XIX (S,R,R,R), or
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XXIV (R,S,S,S) to the d-nebivolol of the formula I (S,R,R,R), or 1-
nebivolol of the formula I (R,S,S,S) is carried out in a mixture
containing ethanol and water in presence of hydrochloric acid and in

presence of 10% Pd/charcoal catalyst at the temperature of 50-55°C.

24. A process according to Claim 1, characterized in that the
hydrogenation of N-benzyl-diketones of the formula XIX (S,R,R,R), or
XXIV (R,S,S,S) to the d-nebivolol of the formula I (S,R,R,R), or I-
nebivolol of the formula I (R,S,S,S) is carried out in a mixture
containing ethanol and water in presence hydrochloric acid and in

presence of 10% Pd/charcoal catalyst at the temperature 50-55°C

25. A process according to Claim 1, characterized in that the
hydrogenation of the mixture of N-benzyl-diketones of the formula
XIX (S,R,R,R) and XXIV (R,S,5,S)ina ratio 1:1 to racemic
nebivolol of the formula I (S,R,R,R+R,S,S,S) is carried out in a
solution of ethanol or in a mixture ethanol and water in presence of
hydrochloric acid and in presence of 10% Pd/charcoal catalyst at the
temperature of 50-55°C.

26. [2-(5-ﬂuoro-2hydroxy-pheny1)—2-oxo-ethyl]-triphenyl-

phosphonium chloride

27. 1-(5-fluoro-2hydroxy-phenyl)-2-(triphenyl-A’-

phosphanilidene)-ethanone

28. (E)-(4R)-4,5-isopropy1ydene-dioxy-1-(2-hydroxy-5-ﬂuoro-
phenyl)-prop-2E-ene-1-one (IX-R compound)
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29. (E)-(4S)-4,5-isopropylydene-dioxy-1-(2-hydroxy-5-fluoro-
phenyl)-prop-2E-ene-1-one (IX-S compound)

30. (R,R)-2-(2’,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-
chroman-4-one [X (R,R) compound] |

31. (S,R)-2-(2°,2’-dimethyl-[1,3}-dioxolane-4-yl)-6-fluoro-
chroman-4-one [X (S,R) compound]

32. (8,9)-2-(2°,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-
chroman-4-one [X (S,S) compound]

33. (R.S)-2-(2’,2’-dimethyl-[1,3]-dioxolane-4-yl)-6-fluoro-
chroman-4-one [X (R,S) compound]

34. (R,R)-2-(1',2-dihydroxy-ethyl)-6-fluoro-chroman-4-one
[(XII-R,R) compound]

35. (S,R)-2-(1',2"-dihydroxy-ethyl)-6-fluoro-chroman-4-one
[(XTI-S,R) compound]

36. (S,S)-2-(1',2'-dihydroxy-ethyl)-6-fluoro-chroman-4-one
[(XTI-S,S) compound]

37. (R,S)-2-(1',2"-dihydroxy-ethyl)-6-fluoro-chroman-4-one
[(XOI-R,S) compound]
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38. (R,R)-6-fluoro-{2-[4-methyl-phenyl)-sulphonyl-oxy]-1-
hydroxy-ethyl } -chroman-4-one [(XIV-R,R) compound]

39. (S,R)-6-fluoro-{2-[4-methyl-phenyl)-sulphonyl-oxy]-1-
hydroxy-ethyl}-chroman-4-one [(XIV-S,R) compound]

40. (S,R)-6-fluoro-{2-[4-methyl-phenyl)-sulphonyl-oxy]-1-
hydroxy-ethyl}-chroman-4-one [(XV-S,R) compound]

41. (S,S)-6-fluoro-{2-[4-methyl-phenyl)-sulphonyl-oxy]-1-
hydroxy-ethyl}-chroman-4-one [(XV-S,S) compound]

42. (R,R)-6-fluoro-2-(oxiran-2-yl)-chroman-4-one [(XVI-R,R)

compound]

- 43. (S,R)-6-fluoro-2-(oxiran-2-yl)-chroman-4-one [(XVI-S,R)

compound]

44, (8,S)-6-fluoro-2-(oxiran-2-yl)-chroman-4-one [(XVI-S,S)

compound]

45. (R,S)-6-fluoro-2-(oxiran-2-yl)-chroman-4-one [(XVI-R,S)

compound]

46. (R,R)-2-(2-benzylamino-1-hydroxy-ethyl)-6-fluoro-
chroman-4-one [(XX-R,R) compound]
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47. (S,S)-2-(2-benzylamino-1-hydroxy-ethyl)-6-fluoro-
chroman-4-one [(XXV-S,S) compound]

48. (R,S)-2-(2-benzylamino-1-hydroxy-ethyl)-6-fluoro-
chroman-4-one [(XXIII-R,S) compound]

49. (S,R)-2-(2-benzylamino-1-hydroxy-ethyl)-6-fluoro-
chroman-4-one [(XV III-%,R) compound]

50. N-benzyl-[(R,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-
y1)]-N-[(S,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine
[XIX (S,R.R,R) compound]

51. N-benzyl-[(S,S)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-
yD)]-N-[(S,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine
[XXIV (R,S,S,S) compound]

52. N-benzyl-[(R,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-
yD]-N-[(S,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine
[XXI (S,R,R,R) compound]

53. N-benzyl-[(S,S)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-
yD]-N-[(R,S)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine
[XXVI(R,S,S,S) compound]

54. N-[(R,R)-1-hydroxy-2-(6-fluoro-4-hydroxy-chroman-2-
yD]-N-[(S,R)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine
[XXII (S,R,R,R) compound]
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55. N-[(S,S)-1-hydroxy-2-(6-fluoro-4-hydroxy-chroman-2-yl)]-
N-[(R,S)-1-hydroxy-2-(6-fluoro-chroman-4-one-2-yl)]-amine [XXVII
(R,S,S,S) compound]
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