Process for the preparation of enantiomerically pure cyclo-
al kano-indol -and azaindol -and pyrimdo [1,2a] indol-

e ‘%

[

car bocylfi]_@ 0%

gf-‘i(}ds and the;'éAa_'gf %éﬁé%ﬁfswg‘%%ﬁ%q%m}gguiQvegt ion relates to a“

rep

cess for t .. _ _ _ _
cy¢él oal kano-i ndol ecarboxyli¢ acids :and.j .azai ndol ecarboxylic acids

pyrim do[ 1, 2a] i ndol ecarboxylic acids and their activated derivatives, - which

resent

a i ' s -for_the synthesis of
antiatherosc%ﬁ%%%’gﬁgfﬂ%ﬁ f PIE &9 e PliV 8 £ ¥840an

azai ndol e defiN¥aNPgd8dahd-pydi azabidoPajdmtiqhyrimido [ld@mi7vdnideds- 10

It is known

and

10

20

25

B . -

——— | THIS SHEET HAS BEEH

chaboepanti QRRAE 64! Yh P & CYO) A3 NG Adqhegar boxyli ¢ aci

The invention re:lates to a process for the preparation of enantiomerically pure
cycloalkano-indolecarboxylic acids and azaindolecarboxylic acids and
pyrimido[1,2a}indolecarboxylic acids and their activated derivatives, which represent
important intermediates’ for the synthesis of antiatherosclerotically active
cycloalkanoindole derivatives and azaindole derivatives and pyrimido{1,2alindole

derivatives.

It is known that enantiomerically pure cycloalkano-indolecarboxylic acids and
azaindole-carboxylic acids and their activated derivatives can be separated into the
corresponding enantiomers by diastereomeric separation by conventional methods, for

example by chromatography or fractional crystallization.

This process has a number of disadvantages: both the chromatographic diastereomeric
separation and the fractional crystallization of the diastereomers are associated with
high equipment requirements. In addition, in this case, generally 50% of the "wrong"
diastereomer arises, which can no longer be recycled to the original preparation

process.

This 50% loss of yield considerably impairs the economic efficiency of a (large)
industrial-scale process, quite apart from the fact that 50% of "by-product" must be
disposed of. Furthermore, the customary chiral auxiliary reagents are generally very
expensive even in small amounts and can then usually only be prepared via a complex

synthetic pathway.

It has now been found that enantiomerically ‘pure cycloalkano-indolecarboxylic acids
and azaindolecarboxylic acids and pyrimido[1,2a}indole-carboxylic ‘acids and their

activated derivates of the general formula (I)
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azai ndol e-carboxylic acids and their activated derivatives can be separated

i.nt:o the . correspondi ng enantioners by di astereoneric separationby
conventi onal nethads, for exanpl e by chromat ography or fractional
crystallizati 31 659 This process has a nunber of disadvantages: both

t hé chromat ogr aphi ¢ di astereoneric 15 s,gpar ation and the fractional
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equi pnent requirenments. In addition, in this case, generally 50% of the
"wrong" di astereomer arises, which can no | onger be recycled to the
original preparation Aprocess. This 50% | oss of yield
considerably inpairs the ecdnonmi ciency of a (I(ﬁrge) 20

i ndustrial -scal e process, qéithe ¥ oAt fact What 50% of
"by- product” nust be di sposest . IFurthernore, the customary chiral
auxiliary reagents are generally very T expensi ve even in small anounts
and can thenjysu@hl y only be prepared via a conpl ex synt het'i c
pat hway. I't has now been found that enantionerically pure
cycl oal kano-i ndol ecar boxylic acids 25 and azai ndol ecar boxylic acids and
pyri m do[ 1, 23] i ndol e- car box J |alc fatfi g ui‘nd their activated derivates
of the gener& folfHIFE" |a)ra 1cal ol the
R3 R1
R* N R?
!
or
A G
D N/é"'
Z
E N M
5
A, D,E, G, L and M are identical or different and denote hydrogen, halogen,
trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms, or linear or branched alkyl
having up to 6 carbon atoms, which itself can be substituted by hydroxyl or by
10 linear or branched alkoxy having up to 4 carbon atoms,
in which
R’ and R?, including the double bond linking them, together form a phenyl ring or
pyridyl ring or a ring of the formula
l 5
NR
_ @)
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in which A represents a radical of the formula

Le A 31 659 -
-3-

R’ denotes hydrogen or linear or branched alkyl having up to 4 carbon atoms,

R? and R*, including the double bond linking them, together form a phenyl ring or
a 4- to 8-membered cycloalkene or oxocycloalkene radical,
where zall the ring systems listed under R'/R? and R¥/R* are optionally up to
trisubstituted identically or differently by halégen, trifluoromethyl, carboxyl,
hydroxyl, by linear or branched alkoxy or alkoxycarbonyl each having up to 6
carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,
which itself can be substituted by hydroxyl or by linear or branched alkoxy

having up to 4 carbon atoms,

T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alkyl having up to 12 carbon atoms,
Q represents hydroxyl or an activating radical,
and their salts are obtained

by firstly converting compounds of the general formula (II),

Q/ . (H)
CO,R

in which

- R® together with the oxygen atom represents a chiral alcohol radical, by means of

compounds of the general formula (1)

T-Z (11D) _
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A D E G L and Mare identical or different and denote hydrogen,

ha) ogen, - trifluoronethyl, carboxyl, hydroxyl, linear or branched
al koxy or al koxycar bonyl each having up to 6 carbon atons,- or.

| i near or br anchéd 65Pkyl having up to 6 carbon atons, which itself
can be substituted by hydroxyl or by 10 | i near or branched al koxy
having up to 4 carbon atons, I n whi ch*~

Z represents a typical leaving group, such as bromine, chlorine, iodine, mesyl,

tosyl, or trifluoromethylsulphonyl, preferably iodine or bromine,

in inert solvents in the presence of a base by diastereoselective alkylation into the

enantiomerically pure compounds of the general formula (IV)

CH,
. COR® )
5 in which
T and R® have the meaning specified,

then converting these, by halogenation, into the enantiomerically pure compounds of

the general formula (V)

R'—H,C
\@/ coR® V)

T
in which

10 T and R® have the meaning specified

and

R’ represents halogen, such as chlorine, bromine, iodine, preferably bromine,

reacting these in a further step with compounds of the general formula (VI)
A-H (VD

15  in which
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Rl err] and Rlerr], including the double bond Iinking them together form

a phenyl ring-or . pyridyl ring or aring of the fornula [err]
15 wher e Rl err] denot es hydrogen or |inear or
branched al Kyvd AHHV63%y up to 4 carbon atons, R err] and Rierr],

I ncl udi ng the doubl e bond |inking them goget her forma phenyl ring or

R!, R?, R? and R* have the meaning specified,

to give the enantiomerically pure compounds of the general formula (VII)

A

I *
Al e om

T

in which
A, T and R°® have the meaning specified,

5 and, in the case of compounds of the general formula (I) where Q = OH, carrying out
a hydrolysis, and in the case where Q = activating radical, starting from the

enantiomerically pure acids reacting with activating reagents.

These can be reacted in a further step with D- or L-phenylglycinol to give compounds
of the general formula (VIII)

on (VII)
A

: . _CONH

D

10 where these are in this case active compounds for medicaments.

The process according to the invention can be described by way of example by the -

following formula diagram:
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a 4- to 8-nenbered cycl oal kene or oxocycl oal kene radi cal,
where all the ring systens listed under Rlerr]/Rerr] and Rerr]/Rerr] are

optionally up to 5 trisubstituted identically or differently by
hal ogen, tri flleuAd3dneddhyl , carboxyl, hydroxyl, by linear or
branched al koxy or al koxycar bonyl each haglng up to 6 car bon
atons, or by linear or branched al kyl hav¥ng up to 6 carbon atons,

which itself can be substituted by hydroxyl or by linear or branched al koxy
having up to 4 carbon atons, 10 T represents cycl oal kyl having 4
to 12 carbon atons, or represents |linear or branched al kyl
having up to 12 rbon at ons, Q Jepresents hydr oxyl or an
activating rad|53 and their salt$®a t ai ned by firstly
converting conpound t hecgenrer aleyf ornul a (| [ered—o  cH,
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15 I n which R err] together with the oxygen atomrepresents a
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-4- Z represents a typical |eaving group, such as brom ne,

chl orine, iodine, -nmesyl, tosyl, or .trifluoronethyl sul phonyl,
pref erably iodi ne or brom ne, in inert solvents in the presence of a
base by di asLered$éb®ctive alkylation into the enantiomerically pure

conpounds of the general formula (1V) [egrr] —
e This Sheet Has Be,
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Surprisingly, the process according to the invention gives the wanted enantiomerically
pure cycloalkano-indolecarboxylic acids and azaindole-carboxylic acids and pyrimido-
indolecarboxylic acids and their activated derivatives without great equipment

requirements in very good yields and high purity.
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_ formula (V) [err] i n which
have flbeA B@a&50ng specified and Rl err] g’” ﬂ
hal ogen, such as chlorine, brom ne, iodi nge, preferably bro

Depending on the configuration of the radical R® and stearic effects of the alkyl halide
(I1) used, the alkylation of the compound (II) proceeds in high yields and in a simple
manner diastereoselectively for the first time. The compounds (IV) arise with high
diastereomeric excess and crystallize out of the reaction mixture directly, as a result of
which even the simple crystallization of crude products gives the compounds of the

formula (IV) in diastereomerically pure form.

A further advantage of the process according to the invention is that, by suitable choice
of the solvent and 2 base, the unwanted diastereomer can be epimerized to the desired
diastereomer, which in turn crystallizes out directly. Thus, further (wanted)
diastereomerically pure product can be produced from the mother liquors by repeated
epimerization and crystallization. Direct addition of the mother liquors to the alkylation

step can optimize the entire process in the form of a cyclic process.

A further advantage of the process according to the invention is that the halogenated
compounds of the general formula (V) surprisingly react with the compounds of the
general formula (VI) without racemization at the carbon atom in the 2 position to the

carboxylic acid function, to give the compounds of the general formula (VII).

A further advantage of the process according to the invention is the racemization-free
reaction at the carbon atom at the 2 position to the carboxylic acid function of the
compounds of the general formula (I) where Q = activated radical, preferably chlorine,

to give the compounds of the general formula (VIII).

- Furthermore, it is a great advantage of the process according to the invention that the

starting compounds are very readily accessible. They may be prepared in good yields
from relatively simple building blocks with low equipment requirements. Furthermore,

the process according to the invention enables amounts of known racemates of the

unds
aced

compounds of the general formula (I) present to be converted into the cotresponding . |

enantiomers. The process according to the invention enables the preparation of the

compounds according to the invention of the general formula (I) using few synthetic

stages and in a considerably hlgher overall yield than by processes | known from the
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reacting these in a further step with conpounds of the gener al
(V1) 15 I n whi ch : I

A-H
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Rlerr], Rerr], Rerr] and R err] have the meaninig specified,

to*gl ve the dreaAt3lo6ﬁ9r| cally pure conmpounds of the genera} fgrsﬂlé'tlﬁaas een{{gplaced
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R

RS, in the context of the above specified definition, represents a chiral alcohol radical,

such as (+)- or (-)-menthyl, (+)- or (-)-bornyl, (+)- or (-)-isobomyl or (-)-8-

prior art.

phenylmenthyl. Preferably, R® represents (+)- or (-)-menthyl.

5 Activating radicals (Q), in the context of the invention, generally represent chloride,

bromide, mesylate, tosylate or trifluoride. Preference is given to chloride.

Preferably, by the process according to the invention, compounds of the general

formula (I) are prepared, in which

A represents a radical of the formula
1
R R G
10 “ ll or N L
4 R D
R N F N
| E M

in which

A, D, E, G, L and M are identical or different and denote hydrogen, fluorine, chlorine,
bromine trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 4 carbon atoms, or linear or branched alkyl

15 having up to 4 carbon atoms which itself can be substituted by hydroxyl or by

linear or branched alkoxy having up to 3 carbon atoms,

R' and R?, including the double bond linking them, together form a

NR

phenyl ring or pyridyl ring or a ring of the formula 0

1
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[err] I n which A, T and Rlerr] have the neaning specified,
5 . and, in the case of conpounds of the general formula (1) where Q = OH,

carryi ng out a hydrolysis, and in the case where Q = activating =
radi cal, stali€ABli659m the enantionerically pure acids reacting with
activating reagents. These can be lrleact ed in a further step with D
or L-phenylglycinol to give conpounds ‘of the general formula (VII I)

in which
R’ denotes hydrogen or linear or branched alkyl having up to 3 carbon atoms,

R’ and RY including the double bond linking them, together form a phenyl
ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,

5 oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene
radical,

where all ring systems, listed under R'/R*> and R¥R’ are optionally up to
disubstituted identically or differently by fluorine, chlorine, bromine,
trifluoromethyl, carboxyl, hydroxyl, by linear or branched alkoxy or
10 alkoxycarbonyl each having up to 4 carbon atoms, or by linear or branched
alkyl having up to 4 carbon atoms, which itself can be substituted by hydroxyl

or by linear or branched alkoxy having up to 3 carbon atoms,

T represents cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, or

represents linear or branched alkyl having up to 10 carbon atoms,
15 Q represents hydroxyl or represents an activating radical,
and their salts.

Particularly preferably, compounds of the general formula (I) are prepared by the

process according to the invention in which

A represents a radical of the formula
1
R R
20 “ |l , O
R "N R
] |
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in which

A, D, E, G, L and M are identical or different and denote hydrogen, fluorine, chlorine,
bromine, trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 3 carbon atoms, or denote linear or branched

5 alkyl having up to 3 carbon atoms,

R' and R?, including the double bond linking them, together form a

phenyl ring or pyridyl ring or a ring of the formula | NR®

in which
R® denotes hydrogen or methyl,

10 R’ and R*, including the double bond linking them, together form a phenyl ring or
a cyclopentene, cyclohexene, cycloheptene, cyclooctene, oxocyclopentene,

oxocyclohexene, oxocycloheptene or oxocyclooctene radical,

where all ring systems listed under R!Y/R? and R*/R* are optionally up to
disubstituted identically or differently by fluorine, chlorine, bromine,
15 trifluoromethyl, carboxyl, hydroxyl, by linear or branched - alkoxy or
alkoxycarbonyl each having ﬁp to 3 carbon atoms or by linear or branched alkyl
having up to 4 carbon atoms which itself can by substituted by hydroxyl, |

methoxy or ethoxy.

T represents cyclopentyl, cyclohe){yl, cycloheptyl, cyclooctyl or linear or branched
20 alkyl having up to 6 carbon atoms,
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Q. represents ﬁ§df6k'yl or an activating radical, ”lm

and their salts.

Very particularly preferably, the compounds of the general formula (I), in which

A represents a radical of the formula
CH,
N7 R
Z
Z N CH,

ot

in which

R? and R* = phenyl ring

and having the radical ‘CH-T-COQ in the paraposition and Q = chlorine, and

their salts,
are prepared by the above described process.

Suitable solvents for the alkylation of the compound of the general formula (II) are
customary organic solvents which do not change under the rea;:tion conditions. These
preferably include ethers, such as diethyl ether, diisopropyl ether, tert-butyl methyl
ether, dioxane, tetrahydrofuran, glycol dimethyl ether, or hydrocarbons, such as
benzene, toluene, xylene, hexane, cyclohexane or mineral oil fractions, or halogenated
hydrocarbons, such as dichlofomethane, trichloro-methane, tetrachloromethane,
dichloroethylene, trichloroethylene or chlorobenzene, or ethyl'z;cetate, triethylamine,

pyridine, dimethyl sulphoxide, dimethylformamide, N-methylpyrrolidone,

1
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hexamethylphosphoric triamide, acetonitrile, acetone or mtromethane, methanol or

ethanol. It is equally possible to use mixtures of the said solvents. Preference is given

to dimethylformamide.

The alkylation is carried out in the solvents listed above, if appropriate under a
protective gas atmosphere, at temperatures of -20°C to +100°C, preferably at -10°C to

+30°C, at atmospheric pressure.

Suitable bases for the diastereoselective alkylation are the customary basic compounds.
These include alkali metal hydrides, such as sodium hydride, alkyli metal amides such

as sodium amide, alkali metal alkoxides, such as sodium methoxide, sodium ethoxide,

- potassium methoxide, potassium ethoxide or potassium tert-butoxide, or organic

amines, such as trialkylamines, e.g. triethylamine, or organolithium compounds, such

as butyllithium or phenyllithium. Preference is given to potassium tert-butoxide.

In the diastereoselective alkylation, the base is used in an amount from 1 mol to 10
mol, preferably from 1.2 mol to 3 mol, based on 1 mol of the compounds of the
general formula (II).

Suitable solvents for the halogenation of the compound for the general formula (IV) are
customary solvents which do not change under the reaction conditions. These
preferably include tetrachloromethane, chlorobenzene, dichlorobenzene, acetonitrile, .
acetic acid, sulphuric acid, nitrobenzene, 1,2-dichloroethane, dichlorqmethane, '

trichloromethane.

For the halogenation, customary halogenating agents are suitable, such as bromine,
chlorine, NBS, NCS, dichlorodimethylhydantoin, dibromodimethylhydantoin,

trichlorisocyanuric acid, chloramine-T.

Suitable free-radical starters are, for example, AIBN, peroxides, such as dibenzoyl
peroxide, t-butyl hydroperoxide, dilauryl peroxide, t-butyl peroxide, butyl perbenzoate,
di-t-butyl peroxalate, and photochemical methods.
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The halogenation is carried out in the solvents listed above, if appropriate under a
protective gas atmosphere, at temperatures of 20°C to 180°C, if appropriate under

pressure. Preferably, the halogenation is carried out at 70°C to 130°C.

In the halogenation, the halogenating agent is used at 0.8 mol to 1.7 mol of active

halogen, based on 1 mol of the compounds of the general formula (I).

Suitable solvents for the alkylation of the compound of the general formula (VI) are
customary organic solvents which do not change under the reaction conditions. These
preferably include ethers, such as diethyl ether, diisopropyl ether, tert-butyl methyl
ether, dioxane, tetrahydrofuran, glycol dimethyl ether, or hydrocarbons, such as
benzene, toluene, xylene, hexane, cyclohéxane or mineral oil fractions, or haldgenated
hydrocarbons, such as dichloromethane, trichloromethane, tetrachioromethane,
dichloroethylene, trichloroethylene or chlorobenzene, or ethyl acetate, triethylamine,
pyridine, dimethyl sulphoxide, dimethylformamide, N-methylpyrrolidone, hexamethyl-
phosphoric triamide, acetonitrile, acetone or nitromethane, It is equally possible to use
mixtures of the said solvents. Preference is given to dimethylformamide, toluene and

tetrahydrofuran.

The alkylation is carried out in the solvents listed above, if appropriate under a
protective gas atmosphere, at temperatures of -20°C to +100°C, preferably at -10°C to

+30°C, at atmospheric pressure.

Suitable bases are generally inorganic or organic bases. These preferably include alkali
metal hydroxides, such as sodium hydroxide or potassium hydroxide, alkaline earth
metal hydroxides, such as barium hydroxide, alkali metal carbonates and alkali metal
hydrogen carbonates, such as sodium carbonate, sodium hydrogen carbonate or

potassium carbonate, alkaline earth metal carbonates, such as calcium carbonate, or

alkali metal alkoxides or alkaline earth metal alkoxideé, such as sodium m_ethoXide or

potassium methoxide, sodium ethoxide or potassium ethoxide or potassium tert-
butoxide, or organic amines (trialkyl(C,-C,) amines), such as triethylamine, or
heterocylcles, such as 1,4-diazabicyclo[2,2,2]Joctane (DABCO),
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1,8-diazabicyclo[5,4,0]undec-7-ene (DBU), pyridine, diaminopyridine, methylpiperdine
or morpholiné. It is also possible to use alkali metals, such as sodium, or their
hydrides, such as sodium hydride, as bases. Preference is given to sodium hydrogen

carbonate, potassium carbonate and potassium tert-butoxide, DBU or DABCO.

5 In the alkylation, the base is used in an amount of 1 mol to 10 mol, preferably of 1.2

mol to 3 mol, based on 1 mol of the compounds of the general formula (II).

To eliminate the chiral radical R® in the compounds of the general formula (VII), the
customary organic carboxylic acids are suitable, such as acetic acid, formic acid,
trifluoroacetic acid, methanesulphonic acid, or inorganic acids, such as hydrobromic
10 - acid, hydrochloric acid or sulphuric acid or mixtures of the said acids. Preference is
given t;) acetic acid, formic acid, hydrobromic acid and/or sulphuric acid. Very
particular preference is given to the mixtﬁre acetic acid/sulphuric acid and also formic

acid/hydrobromic acid and formic acid/sulphuric acid.

The acids or their mixtures are simultaneously employed as solvent and thus used in a

15 great excess.

The elimination proceeds in a temperature range from 0°C to +150°C, preferably from
40°C to 100°C.

It can generally be carried out at atmospheric pressure, but optionally alternatively at

superatmospheric pressure or reduced pressure (e.g. 0.5 to 3 bar).

20 After neutralization with bases in water or in one of the solvents listed above, in
particular in a water/toluene, water/isopropanol, water/methanol or water/ethanol

mixture, the acids are worked up by a customary method.

Suitable bases for the neutralization are alkali metal hydroxides, such as sodium

hydroxide or potassium hydroxide. Preference is given to sodium hydroxide.
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Dependi ng on the configuration of the radical R err] and stearic effects of

t he al kyl halide ~(1'1) -used, the al kyl ati on of t-he conmpound (I11)

proceeds in high yields and in a sinple manner dlastereoselectlvely

for the firstletA3d.65%he conpounds (1V) arise with high

di.astereoneric excess and crystallize ouH of the reaction mxture directly,
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as a result of whi ch even the sinplé crystallization of crude
products giv ecorrpo nd of .the formula (JV) in
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sol vent and a base, The unwanted di astereo e epinerized to the
desired prefdtiah}yt iankadenethers;\/rshdh as diethyl rether,ydiisaptopylesthen uertibutgb ndeyhyl Thus,

further (want di a omer i aI Y oduct e prodyced from
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hydrocarbons, such as dichloromethane, trichloromethane, tetrachloromethane,

dichloroethylene, trichloroethylene or chlorobenzene, or ethyl acetate, tricthylamine,
pyridine, dimethyl sulphoxide, dimethylformamide, acetonitrile, acetone or
nitromethane. It is equally possible to use mixtures of the said solvents. Preference is

10 given to dimethylformamide, toluene and dichloromethane.

For the activation, conventional activation agents are suitable, for example oxalyl
chloride, phosphorus trichloride, phosphorus pentachloride, trichloroisocyanuric acid,
thionyl chloride, phosphorus tribromide, phosphorus pentabromide, mesyl chloride,
tosyl chloride, phosgene, trifluoromethanesulphonyl chioride, sulphuryl chloride.

15 Preference is given to thionyl chloride, oxalyl chioride and phosgene.

The activation is carried out in the solvents listed above, if appropriate under a
protective gas atmosphere, at temperatures of -20°C to 120°C, optionally under

preséure. Preferably, the activation is carried out at -20°C to 80°.

In the activation, the activation reagent is used in an amount of 1 mol to 10 mol, based
20 on 1 mol of the compound of the general formula (I), or is optionally employed as

solvent.

The activation is optionaily perfomied with the addition of bases, such as organic
amines (trialkyl(C,-C¢)amines), such as triethylamine, or heterocycles, such as
1,4-diazabicyclo[2,2,2]octane (DABCO), 1,8-diazabicyclo[5,4,0Jundec-7-ene (DBU),
25 pyridine, diaminopyridine, methylpiperidine or r_r.xorphc.)line.-‘lf appropriate, the activated
derivatives can be prepared starting from carboxylic salts of alkali metals and alkaline

earth metals by reaction with, e.g., oxalyl chloride.
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step can optim ze the entire process in the formof a cyclic process.
A further advantage of the process according to the inventien-ts—that-—the —
hal ogenat ed conpounds of the general forrmula (V) surprisingly react

with the comlsuhidd 60 t he 15 general formula (VI) W t [HSheet B4 @RinZb000

at. the carbon atomin the 2 position to He car box[’llﬂumumll "

function, to give the conpounds of the gefieral fornmula (VI

further advanl%h%ge of tcp fpéocess ccordl to the inventi

racem zat i on-fe&gmpounds of the, generg] togmyly Ik 4 hon at om at the 2 position to
the carboxylic acid function of the conpounds of the general formula
(I') where Q = activated radical, preferably chlorine, 20 to give the
conmpounds of the general formul "@ O Furthernore, it is a
great advantage of the process accor tojthe i n@tion that the

starting conpounds are very readily gssite. ;They may be prepared in

good vyi el ds fromrelatively sinplé& bui IQ‘B ng bl ocks with | ow
equi prent requirenents. Furthernore, the process according to the
i nventi on enabivddchanounts of known racemates of the 25 conmpounds of the

general formula (lI) present to be converted into the correspondi ng
enantioners. The process according to the invention enables the preparation

of the RECONMpERBatsaCaffall llRehdl Fadibg, | nvention of the general formula
(1) using few synthetic

are obtained

5 by esterifying compounds of the general formula (IX)

- 1%
OH

with chiral alcohols according to processes disclosed in the literature.

The compounds of the general formula (IX) are known per se or can be prepared by

customary methods.
The enantiomerically pure compounds of the general formula (I) in which Q represents

10 tert-butoxy are novel and can be prepared by first converting racemic carboxylic acids

of the general formula (X)
H,C
\©7, coH ®S) (0
T .

T has the ‘meaning specified abové,

in which
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stages and in a considerably higher overall yield than by processes known

fromthe prior art. " Rerr], in the context of the
above specified definition, represents a chiral al cohol radical, - such
as (+)- or (-lededtBYY, (+)- or (-)-bonyl, (+)- or (-)-isobornyl or (-)-8-
phenyl nent hyl . Preferably, R9 represents %f)' or (-)-menthyl. 5
Activating radicals (Q, in the cont ext “of? the invention, generally

represent chloride,, .. hrom de mesYI ate, tosylate or trifluoride.
Pref erence i Sbygirgaé:ﬁog oWVitly | (B4 gé.(S)-pheny ethylamine in inert solvents and subsequent

crystallization of the phenethylammonium salts and subsequent hydrolysis of the salts,

into the enantiomerically pure compounds of the general formula (XI)

H,C
@‘f CO,H 1)
T

5 T has the meaning specified above,

in which

converting these in a further step with isobutene, in inert solvents and in the presence

of acids, into the enantiomerically pure esters (XII)

CH,
\©+Cozt-8u )
T

T has the meaning specified above,

in which

10 then converting the esters (XII) by halogenation into the enantiomerically pure

compounds of the general formula (XIII)

R’ —H,C _
G\;’ CH - CO,tBu (XTiI)

L
in which
This Sheet Has Been Replaced
T bas the meaning spcified ahove LUHILETL S
and
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Preferably, by the process according to the invention, conpounds of the

.gener al formula (1) are prepared, in which A represents a
radical of the formula [err] i n which A, D E G L and
M are identilzah 3r659 fferent and denote hydrogen, fluorine, chlorine,

br.om ne trifluoronethyl, carboxyl, hydrgﬁyl , linear or branched al koxy or

al koxycar bonyl each having up to 4 carbdn "atons, or |inear or branched

al kyl . o
Y R’ represents a typical leaving group, such as chlorine, bromine, iodine, tosylate or

mesylate, preferably bromine,
in a further step, by reaction with compounds of the general formula (VI)
A-H(VI)
5  in which
A has the meaning specified above,

preparing the enantiomerically pure compounds of the general formula (I)

in which
A and T have the meaning specified above and
10 Q represents tert-butyl,

and in the case of the compounds of the general formula (I) where Q = OH, carrying
out a hydrolysis.

Tert-butyl esters are generally saponified with acids, for example hydrochloric acid or
trifluoroacetic acid, in the presence of one of the above specified solvents and/or water

15 or their mixtures, preferably with dioxane or tetrahydrofuran.

The compounds of the general formula (X) are prepared from the corresponding esters

disclosed in the literature by hydrolysis according to methods disclosed in the literature.
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15
hydr oxyl
at ons,

or

CH, . 0 CH, Te}
‘rOH(mC) phenethyiamine \QELOH
CH, o
| % |
Br '
' O
" © ‘

Example 1

2(R/S)-2-Cyclopentyl-2-(4-methylphenyl)-acetic acid

Me
0]

OH

2.0 kg (7.2 mol) of tert-butyl 2(R,S)-2-cyclopentyl-2-(4-methylphenyl)-acetate are
dissolved in 4 1 of dioxane in a 40 | agitated vessel fitted with an attached washing
tower. After addition of 4.5 1 of concentrated hydrochlbric acid, the mixture is stirred
at 50°C to complete conversion (3h). The reaction mixture is admixed with ice and
adjusted to pH = 12 with cdnceﬁtrated sodium hydroxide solution. After addition of

water to complete solution of the solids, the mixture is washed with acetic acid, the

having up to 4 carbon atons which itself can De substitutéd by

by | i near or branched al koxy hayjp car hon
Rlerr] and Rl err], including the double b N an_ Brcied em
together forbea\ 31669r] phenyl ring or py(r1i “I Hmﬂ F ri ng

of.the fornul a
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I n which Rl err] denot es hydrogen or Tinear or branched al kyl

having up to 3 carbon atons, Rerr] and Rerr], including

t he doubl e bond Iinking them t oget her form aﬂph“é HasBeenReplaced ring
or a cycl operitecA€3] €3cl ohexene, cycl ohept ene,

oxocycl opent ene, oxocycl ohexene, oxocyclo epte octene

radi cal , where all rlng t under Rerr]/Rer ]
and R[err]/R[err] are optionally u | substi tuted

i dentical |y CFEali¢ paRsents| Yyashpd leﬂbF‘ﬂWé SOéwnbhyqifemdﬁrsemﬂﬁe and the combined
trifluoromnet Sb?ﬁll.\eacﬁfhﬁ%yalre a@s&e&wbn by iR eBb1RY, m&%ﬁp@n@a@a@ay%mm&o

al koxycar bon avin car bon at ons, near ranched

al kyl havi ng a¢j. the4mﬁairebﬁmmmxcmlmmﬁlmétﬁtepmdo@vee whdi tunt suiphetebgnd
hydr oxyl or by linear or branched al koxy having up to 3 carbon
at ons, congentrated; epr esent's cycl obutyl, cyclopentyl, cyclohexyl,

cycl oheptyl, ¢y, Q%tl%'é, 8194 of theory.
Melting point: 92°C
R; = 0.20 (petroleum ether: ethylacetate = 4:1)
'H-NMR (CDCl,, 200 MHz, TMS): 8 = 0.98 (m, 1H); 1.20 - 1.71 (m, 6H); 1.82 -2.05
(m, 1H); 2.31 (s, 3H); 2.52 (m, 1H); 3.21 (d, 1H); 7.10 (m, 2H); 7.21 (m, 2H); 11.90
- 10 (br, s, 1H) ppm.

Example 11

(8)-2-Cyclopentyl-2-(4-methylphenyl)-acetic acid

Me

OH

2.4 1 of THF and 129.7 g (1.28 mol) of triethylamine are added, with stirring, to a
suspension of 560 g (2.57 mol) of the compound from Example I in 4.8 1 of water. The
15 resulting solution is heated to 60°C, 155.4 g (1.28 mmol) of (S)-(-)-phenethylamine are
added and the resulting suspension is stirred for 2 h at 60°C. The reaction mixture is
cooled to 20°C, the precipitate is filtered off by suction, washed with 2.4 | of
water/THF (2:1) and dried under reduced pressure. '
Yield: 360 g of phenethylammonium salt; 41.3% of theory.
20 745 g (2.2 mol) of phenethylammonium salt are suspended in 3 I of water, acidified
(pH = 1) with dilute hydrochloric acid (1:1) and stirred for 30 minutes. The oily
suspension is washed 3 times, each time with 1 1 of dichloromethane, the combmed

organic phases are now washed with water, dned over sodium sulphate and
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represents |inear or branched al kyl having up to 10 carbon atons, 15

Q

represents hydroxyl or represents an activating radical, —————andtheir

salts. Particularly preferably, conpounds of the general fornula

(I) are prepdeectl 36509he process according to the imaheiet}hSBWnrmi 9

represents a radical of the fornul as[err] “l““l“ lIHQT

concentrated, the residue crystallizing out.

Yield: 475 g; 37.3% of theory, based on racemate of Example No. I
ee: 96.3% (HPLC)

Melting point: 66°C

5 By crystallization of the phenethylammonium sait from THF, as described above, the
pure enantiomer is obtained:
ee: >99.5% (HPLC)
Specific rotation: [o}¥= + 59.55 (ethanol/c = 0.85)

The HPLC method for determination of the ee value is as follows:

10 Column: Chiracel OJ (Daicel)
Particle size: 10 p
Packing: _ 250 x 2 mm (Grom)
Mobile phase: n-heptane: 2-propanol = 97:3
Flow rate: 0.2 mi/min

15 Inlet pressure: 22 bar

Example III

Tert-butyl (S)-2-cyclopentyl-2-(4-methylphenyl)acetate

Me
o]

OtBu

6 ml of concentrated sulphuric acid are added to a solution of 465 g (2.13 mol) of the
compound from Example II in 14 1 of dichldrométhane, a temperature of
20 approximately 10°C being established, 550 ml (5 mol) of isobutene are condensed in
a Dewar flask and added in one portion to the starting material solution. The reaction

mixture is stirred over night. To complete the reaction, a further 6 ml of concentrated




-12- i n which A D E G L and Mare identical or
different and denote hydrogen, fluorine, chlori néhisSheetHasBeen Replaced Dr OMi ne,

trifluoronethyl, carboxyl, hydroxyl, linear or br H r
al koxycar bonyle aaghéstavi ng up to 3 carbon atons, |} I Hzr or
br anched 5 al kyl having up to,Z3 carbon atons, Rl err]
and R err], including the double bond | i i hg them together forma
phenyl ring or pyridyl ring or. aring of the formula [err]. ..
sulphuric acid and 500 ml of isobutene are added and stirred over night. After addition
of 40 g of potassium carbonate, the mixture is stirred for 3 h, and then 2 1 of water are
added, vigorous gas development initially occurring. The mixture is washed three
times, each time with 2 1 of dichloromethane, the combined organic phases are washed
5  with 51 of sodium chloride solution, dried over sodium sulphate and concentrated to

give an oil which slowly crystallizes.

Yield: 480 g; 82% of theory
Melting point: 45°C
R; = 0.90 (toluene: ethyl acetate = 8:2)

10 Example 1V

Tert-butyl (S)-2-(4-bromomethylphenyl)-2-cyclopentyl-acetate

Br

OtBu

In a 10 1 flask, 480 g (1.75 mol) of the compound from Example Il are dissolved
under reflux in 3.4 ] of tetrachloromethane and 70 g of a total amount of 311 g (1.75
- mol) of NBS and 14 g (0.085 mol) of AIBN are added. The reaction begins after
15 refluxing for approximately 1 h; after it decays, further NBS is added in 50. g portions.
After refluxing for 5 h and subsequent standing over night at room temperature, for the
work-up, the mixture is cooled to 0°C, the succinimide is filtered off with suction and
washed with 600 ml of tetrachloromethane. The combined filtrates are concentrated and
residual solvent is removed under reduced pressure to constant-weight.
20  Crude yield: 570 g; approximately 100% of theory.
HPLC: 68.8% (15.5% starting material, 10.1% dibromo compound)
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i n which Rlerr] denotes hydrogen or nethyl, 10 FRerr]
and Rl err], including the double bond |inking them toget her forma phenyl

ring or a cycl opent ene, cycl ohexene, cycl oheptene,
cycl ooct ene, Lexv8¥d50pent ene, oxocycl ohexene, oxocycl ohept ene
or.oxocycl ooct ene radical, where all ring systens |isted

under Rerr]/Rerr] and R[err]/R[err] ar350pt|onally up to
di substituted_ identically or di fferently bK"@fl uorine, chlorine, bromne, 15
trifluor onet e Puecasubstanse isiopeninsd\ by, cabymn ichromatogiaphy anched al koxy or

al koxycar bon)ﬁ _e@g@(%geﬂeﬁgj %&ge{’ gthil gathon 2@? nms or by linear or branched

al kyl carbon nms which itself can by
substituted BY-Niygr (GDCL;, 200 MHz, TMS): 8 rE098X(m,orHEetIeXYy.1.71 (m, 6H); 1.40

(s, 9H); 1.90 (m, 1H); 2.47 (m, 1H); 3.16 (d, 1H); 4.49 (s, 2H); 7.32 (m, 4H) ppm.

5 Example V

(L)-menthyl 2-(4-tolyl)-acetate

g
3]

Me

o
Me Me

3.15 kg of p-tolylacetic acid and 9.45 | of toluene are introduced. 3.115 kg of L-
menthol and 21.4 ml of methanesulphonic acid are added with stirring and cooling. The
mixture is then heated to reflux temperature and the corresponding amount of water is

10 separated off in the course of 16 to 20 hours via a water separator. After cooling to
room temperature, the mixture is stirred once with 4.41 1 of saturated sodium hydrogen
carbonate solution and twice, each time with 4.41 1 of water. The organic phase is
freed from solvent and gives 5.725 kg of the wanted compound (GC 99.9%, retention
time 19.49 min).

15 'H-NMR (CDCl,, ppm): 7.05 - 7.15 (4H, m); 4.55 (1H, txd); 3.5 (2H, s); 2.8 (3H, s);
0.65 (34, s).

e,
e
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T represents cycl opentyl, cyclohexyl, cycloheptyl, cyclooctyl or I|inear
or, branched 20 - al kyl having up to 6 carbon atons, _

-13 - Q represents hydroxyl or an actlvatlng_radlcal ' and
t heir salts leléliﬁﬁyery particularly preferably, the conpoundS'Uf‘the-~—

general formula (1), in which EYS
26 This Sheet Has Bee eplaced

_— LT

(L)-menthyl 2-(S)-2-cyclopentyl-2-(4-tolyl)-acetate

Me

Me Me

1.575 kg of botassium tert-butoxide are dissolved in 3.75 1 of DMF at room
temperature. The mixture is cooled to 10°C and, in the course of 45 minutes, 2.678 kg

5 of the compound from Example V are run in at this temperature and rinsed with 0.375
1 of DMF. Then, with full cooling, 1.658 kg of cyclopentyl bromide are pumped in in

the course of 1 to 2 hours. The suspension is further stirred for 1 hour without cooling

and then cooled to -7°C. When -10°C is reached, the mixture is seeded with the correct
diastereomer and then further cooled to -7°C. When -7°C is reached, the mixture is

10 further stirred for 3 to 4 hours at this temperature. The reaction suspension is worked
up by introducing it into a mixture of 1.5 kg of ice and 6 kg of water. The batch is

then stirred over night at 0 to 2°C. It is worked up by filtering off the suspension with
suction and washing the crystals with a total of 2.5 1 of water. The crystals are dried

at 455C in a vacuum drying cabinet. 3.289 kg of an 85 to 15 diastereomer mixture are

15 obtained.

4.345 kg of a mixture prepared as described above are dissolved in 21.75 1 at 30 to
35°C. After seeding with the correct diastereomer and cooling to room temperature, the -
mixture is stirred over night and cooled the next moming to 0 to 5°C. Aftér 1t02
hours at this temperature, the crystals are filtered off with suction, dried or
20  recrystallized. By repeating the methanol crystallization once or twice, material haviﬁg

a diastereomeric purity >99.5% can be prepared (GC retention time 22.61 min).
[THIS SHEET HAS BEEN
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A represents a radical of the fornula [err]
or in which ‘ R[erlﬂxsﬁeédHB[&énrﬂc lxc phenyl ring

-and having the radical [err]CH T- COQ in the par chl ori ne,
ang " e A sal 5 TITHTH

The yield of diastereomerically pure title compound is 65 - 70% over the stages
cyclopentylation and pure crystallization and can be increased to 75 - 80% by
recrystallization and by epimerization of the mother liquors with potassium tert-
butoxide in DMF and recrystallization of the crude diastereomer mixture.

5 BC-NMR (CDCl,, CH-signal, ppm): 128.90; 128.92; 73.96; 57.85; 46.92; 42.13; 31.28;
25.96.

Example VII
(L)-menthyl 2-(S)-2-(4-bromomethyl-phenyl)-2-cyclopentyl-acetate

Br

k-
[

. “\

Me Me

1.40 kg of the compound from Example VI are heated to 80°C in 13.74 1 of
10 chlorobenzene. 0.618 kg of 1,3-dibromo-5,5-dimethylhydantoin are then added and the
mixture is further heated to 85°C. 20.4 g of AIBN are then added at this temperature
to start the reaction. The temperature increases after the start of the reaction to 90 to
105°C, but then decreases again to about 85°C. The mixture is allowed to react further
for a total of 2 hours. The vessel contents are then cooled to room temperature and
15 - further stirred for one hour. The precipitated crystals are filtered off with suction and
the filtrate is freed from solvent. The remaining oil is 61.2% pure according to HPLC
analysis (retention time: 14.68 min). 1.69 kg are obtained. The mixture can be used in
the crude state in the following alkylations. Chromatography and subsequent
crystallization give a white powder at melting point 57 - 58°C having the correct CH

20 analysis.
'‘H-NMR (CDCl,, ppm): 7.3 (4H, s); 4.65 (1H, =d); 4.45 (2H, s); 3.35 (1H, d); 0.65

. (3H, d).
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10 are prepared by the above described process. Sui t abl e
sol vents for the alkylation of the conpound of the general fornula (l11) are
customary organi ¢ sol vents whi ch do not change under the reaction .

condi tions. TeeAdl 659 preferably include ethers, such as diethyl ether,
di i-sopropyl ether, tert-butyl nethyl et her, di oxane, tetrahydrofuran,
gl ycol dinethyl ether, or hydrocarbons,'gﬁch as 15 benzene, toluene,

xyl ene, hexane, c§c!ohexane or mneral oil fractions, or hal ogenated

hydr ocar bons, e I i chl oronet hane, trichl oro-nethane,

t et rachl or onet hane, di chl oroet hyl ene, trichl oroethyl ene or

chl or obenzene, or ethyl acetate, triethylam ne, pyridine, dinethyl

sul phoxi de, di-metthyl X(S)-2rayelcisenty 2@ )y daéthl d-d@B6lin-9-yl)methylJphenyl-acetate

The reaction is carried out under a nitrogen atmosphere. 480 g (2.44 mol) of carboline
are suspended in 4.13 | of dimethylformamide and 287.7 g of potassium tert-butoxide
5 dissolved in 1 ] dimethylformamide are added, with stirring. The reaction solution heats
to 30°C. After 30 min, the batch is cooled to 20°C. 1.707 kg (2.69 mol) of 69%
strength menthyl ester bromide, dissolved in 1.56 1 of dimethylformamide, are then.
added dropwise in such a manner that the internal temperature does not exceed 35°C.
After a further 15 min of reaction time, the reaction solution is poured into a mixture
10 of 1.8 1 of 10% strength sodium chloride solution and 13 1 of ethyl acetate. After 20
min, with stirring, the ethyl acetate phase is separated off and extracted twice, each
time with 3 1 of 10% strength sodium chloride solution. After drying the organic phase
over sodium sulphate, ethyl acetate is distilled off under reduced pressure at
approximately 40°C. The syrupy residue is taken up in 4.4 1 of methanol and stirred for .
15 30 min under reflux at room temperature for 12 h. The precipitated crystals are filtered
off with suction, washed with methanol and dried under reduced pressure at 40°C.
Yield: 947 g (70.6% of theory)
Melting point: 142°C
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-14- hexanet hyl phosphoric triam de, acetonitrile, acetone or

ni t ronet hane, nethanol or ~ ethanol. It is equally possible to use
m xtures of the said solvents. Preference is given to
di et hyl f or nhaiAddl 659 The al kylation is carried out in the solvents

| i sted above, if appropriate under a 5 protective gas atnosphere, at
tenperatures of -20[err]C to +100[err] C,Z%Feferabl y at -10[err]C to

+30[ err] C, ai at ggsglgeri C pressure. Sui t abl e bases for the

di ast er eosel kyl ation are the customary basi c conpounds.

These include al kali netal hydrides, such as sodium hydride, alkyli netal

am des such as sodium am de, al kali metal al koxides, such as sodi um
met hoxi de, s2qBSuPrcgtibpentyl-[41Q2,4-dinpthydestanbolindey Danetigd)phpotastic aodd et hoxi de
or potassium tert-butoxide, or organic am nes, such as

trialkylamnes, e.g. triethylamne, or organolithium conpounds, such
as butyllithiumor phenyllithium Preferefce is given to pot assi um

tert-but oxi de. In the
used in an amount from 1l nol
nol, based on 1 nol of the conp

947 g (1.72 mol) of the compound from Example VIII are admixed with 2.4 1 of
formic acid. 1.21 1 of aqueous hydrobromic acid (48% strength) are added dropwise
5 with stirring. The resulting suspension is stirred for 6 hours at 95-98°C and then cooled
to room temperature. The reaction solution is admixed with 1.6 1 of isopropanol and
3.2 1 of water, with stirring. A pH of 5 is established with 45% strength sodium
hydroxide solution, with gentle cooling (consumption of sodium hydroxide solution:
5.2 kg). The precipitate is filtered off with suction, washed twice with 5.7 1 of water
10 and sucked dry. The water-moist product is then stirred in 2.6 1 of isopropanol for 2
hours at room temperature. The crystals are filtered off with suction, washed with 2.8
1 of isopropanol and dried under reduced pressure at 60°C.
Yield: 574 g (81% of theory)
Melting point: 197-199°C
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15 general formula (I11). Sui tabl e sol vents for the hal ogenation
of .the compound for the general fornmula (IV) are customary sol vents
whi ch do not change under the reaction conditions. These pref erably
i ncl ude tetrdehh3l@¥8t hane, chl orobenzene, dichl orobenzene, acetonitrile,
acetic acid, sulphuric acid, nltrobenzeng0 1 , 2-di chl or oet hane,

di chl or onet hane, 20 trichl or onet hane. For the hal ogenati on

customary halogenating agents are suitable, such as broni ne,
chl ori ne, ﬁ@—kl‘di chl or odi net hyl hydant oi n, di bronodi net hyl hydant oi n,

trichlori socyanuri c acid, chloram ne-T. Sui tabl e free-radi cal
starters are, for exanple, AIBN, peroxides, such as dibenzoyl 25

per oxi de, t - BeS)yL2-dyylopeniyrbid-(2e4-dihetlaoytarpaineS-yjenethylipheyylatyl chiatde but yi

per benzoat e, di -t-butyl peroxal ate, and photochem cal nethods.

Me

Cl

A suspension of 350 g (0.85 mol) of the compound from Example IX in 3 | of
methylene chloride is heated to reflux, with stirring. In the course of 1 h, 95 ml (155 g,

5 1.3 mol) of thionyl chloride are added dropwise and the mixture is stirred for a further
2 h at reflux temperature. The reaction solution is then cooled to room temperature,
concentrated at 25 - 30°C under reduced pressure until the beginning of crystallization

and admixed with 2.5 1 of toluene. At a temperature of 30-40°C, a further 2.3 | of
solvent are distilled off under reduced pressure. After cooling to approximately 20°C,

10 1.2 1 of toluene are added to the batch. The suspension is cooled to 0-5°C, stirred for
1 h at this temperature, filtered with suction, washed with 1.4 1 of toluene and sucked

dry. The toluene-moist product is reacted without further characterization.

e
—————
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The hal ogenation is carried out in the solvents |isted above, if
appropriate under a protective gas atnosphere, at tenperatures of
20[err]Cto 180[err]C, if appropriate under pressure. Preferably,

t he hal ogenaledh 3l $58arried out at 70[err]C to 130[err]C In the
hal ogenati on, the hal ogenating agent is ed at 0.8 nol to 1.7 nol of
active 5 hal ogen, based on 1 nol of " thé conpounds of the general
formula (1). Sui tabl e solvents for the al kylation of the conpound
of the gener ExampleXI, () are customary organi ¢ sol vents which do
not change under the reaction conditions. These preferably include
et hers, such as diethyl ether, diisopropyl ether, tert-butyl nethyl

et her, diox aihé[Z - aicjapentyl2 A-(2 g +Hdnnethy B roatHolih-Setljraethytiphdny thcety H-(Ron s,

such as 10 Irféene t ol uene, xyl ene, hexane, cycl ohexane or mneral oil
fractions, )j"éﬁ“a‘t ed hydr ocar bons, such as dichl or onet hane,
trichl ororret hane, t et rachl or onet hane,

Me

AN

Z
=
\
s
()
IHIQ

458 g of toluene-moist acid chloride, 125 g of R-phenylglycinol and

5 8.5 litres of toluene are introduced into a 20 1 flange flask and stirred. Beginning at
20°C, 235 ml (171 g, 1.7 mol) of triethylamine are added dropwise in the course of

15 min. The mixture is then stirred for 1 hour at 60-65°C, cooled to room temperature

and stirred at this temperature.for 8 h. The precipitated crystals are filtered off with
suction, washed with toluene and sucked dry. After the toluene-moist crystals have

10 been heated to boiling in 11 litres of ethanol for 15 min, 7.5 litres of ethanol are
distilled off and then 8 litres of water at boiling heat are added. The mixture is stirred

for a further 15 min at reflux temperature. The flask contents are cooled to 20°C. The
crystals are _ﬁltered off with suction, washed 3 times, each time with 3.5 litres of water,

and dried under reduced pressure at 80°C. The dried crude product is recrystallized

15 from approximately 4 litres of methyl ethyl ketone.
Yield: 383 g (85% of theo
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di chl oroet hyl ene, trichl oroethyl ene or chl orobenzene, or ethyl acetate,
triethyl am ne, . pyridine, dinmethyl sul phoxide, dinethylformam de,

N- net hyl pyrrol i done, hexanethyl - phosphoric triam de, acetonitrile,
acetone or nitgamtésne. It is equally possible to use 15 m xt ures of
the said solvents. Preference is given to dinethylformam de, toluene and

t et rahydr of ur an. The al kyl ati on32s carried out in the solvents

| i sted above, if appropriate under a protective gas atnosphere, at
tenperat ures ExampleXdi ] C to + 100[err]C, preferably at -10[err]C to
+30[err] C, at atnospheric pressure. 20 Sui t abl e bases are generally

i norgani ¢ or organi c bases. These preferably include al kali net al
hydr oxi des, _'Sluﬁh:nﬂﬁfls0Ql(BBIQW[dﬁéh@@-ﬂ[@@?&%%ﬁéﬂk?l-ﬁyﬁﬁx% @Q»a]ain%ai-bnq?{eart h
met al hydroxi des, such as barium hydroxi de, al kali netal carbonates "anhd

al kal i netalfnﬂhynphﬂﬁdhwggﬁn carbonat es, such as sodi um carbonate, sodium
hydr ogen car bonate or pot assi um car bonate, al kaline earth netal
carbonates, such as cal cium carbonate, or 25 al kali metal al koxides or

al kaline earth netal al koxi des, such fas sodi um net hoxi de or pot assi um
met hoxi de, sodi um et hoxi de g potassiiym et hoxi de or potassiumtert-

but oxi de, or organi c am negs 4 Sherr]-Cerr]) am nes), such as
triethylam ne, or he
1, 4-di azabi cycl o[ 2, 2, 2] oct™ag

41.9 g (0.2 mol) of 2,4-dimethyl-pyrimido[1,2-a}indole and 33.6 g of sodium hydrogen
5 carbonate are introduced into 300 ml of dimethyl-formamide. The mixture is heated to
120°C and a solution of 128.1 g (0.2 mol, 68% strength) of the compound from
Example XII (bromide) in 135 mi of dimethylformamide is added dropwise at
30 - 70°C in the course of 10 min. The mixture is stirred for 40 min at 120°C and the
reaction mixture is poured into 2.2 1 of semi-concentrated sodium chloride solution at
10 room temperature. After extraction with 2.2 1 of ethyl acetate, the organic phase is
washed 3 times with semi-concentrated sodium chloride solution, dried over sodium
sulphate and concentrated at 50°C.
Yield: 165.4 g (70.4% of theory)
HPLC: 46.9%
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-16- 1 , 8-diazabicycl o[ 5, 4, 0] undec-7-ene (DBU), pyridine,

di am nopyri di ne, methyl pi perdine . or norpholine. It is also possible
to use alkali metals, such as sodium or their _hydrides, such as
sodlun1hydr|cﬁbp@§1@§ﬁes Preference is given to sodi um hydrogen

carbonat e, potassrum carbonate and potassiumtert-butoxi de, DBU or DABCO
5. In the al kylation, the base is used33n an anount-of 1 nol to 10 nol,
preferably of 1.2 nol to 3 nol, based on | nol of the conpounds of

t he general fExampla X101 ). To elimnate the chiral radical Rerr]

I n the conpounds of the general formula (VIl), the . customary organic
carboxylic acids are suitable, such as acetic acid, formc acid,

Menthy1-2-(S)-2-cyclopentyl-2-/4-(2,4-dimethyl-pyrimido/1,2-a7-indol-
9-y1)-methyl)phenyl/acetate hydrochloride

[y
o
N

x HCI

o /l l""'.,: :
(o]

165.4 g (0.14 mol) of the crude product from Example XII are dissolved in 1.6 1 of
5 acetone at S0°C. In the course of 10 min, 80 m! (0.48 mol) of semi-concentrated
hydrochloric acid are added dropwise at 15 to 20°C and the mixture is stirred for 2 h
at approximately 10°C. The precipitated solid is filtered off with suction, washed with
a sparing amount of acetone and dried at 50°C under reduced pressure.
Yield: 60.7 g (39.3% of theory, based on pyrimidoindole)
10 HPLC: 76.1%
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trifluoroacetic acid, nethanesul phonic acid, or inorganic acids, such as
hydr obrom c 10 acid. hydrochloric acid or sulphuric acid or m xtures of
the said acids. Preference is given to acetic acid, form c acid,
hydr obr om ¢ Beiad3nldgor sul phuric acid. Very particul ar preference

I s.given to the mxture acetic acid/sul phuric acid and also formc

aci d/ hydrobrom c acid and formc acid/suﬁﬁhuric aci d. The acids or
their mxtures are sinultaneously enployed as solvent and thus used in a 15
great excessExample XIV The elinination proceeds in a tenperature range from
O[err]C to +150[err]C, preferably from 40[err]C to 100[err]C.

It can generally be carried out at atnospheric pressure, but optionally

al ternativel 2-(syz-cyclopentﬁtmpr(at4@ﬁ@ﬂh9r byringia6f Pudlandul-Sryepimetd)plicdyHadetic (€. 9.

0.5 to 3 bar). 20 After neutralization wth bases in water or in one
of the sol vemlé | i sted above, in particular in a water/tol uene,
wat er /i sopropanol , water/net hanol or water/ethanol m xture, the acids

are worked up by a customary net hod. :
: S
Z
N

60.7 g (0.10 mol 76.1% pure) of the compound from Example XII are dissolved in 146
5  ml of formic acid and 43 ml of 48% strength hydrobromic acid and stirred for 6 h
under reflux (109°C), the reaction mixture foaming vigorously initially. At room
temperature, 94 ml of isopropanol and 187 ml of water are added and, with cooling, in
the course of 1 h, the mixture is adjusted to pH 5 by addition of 190 mi of
concentrated sodium hydroxide solution. The mixture is stirred for 2 h, the solids are
10 filtered off with suction and washed three times with isopropanol, each time with 100
ml, and three times with water, each time with 100 ml. The residue ts stirred for 1 h
with 310 ml of isopropanol, filtered off with suction, washed with a sparing amount of
isopropanol and dried under reduced pressure at 50°C.
Yield: 36.9 g (approximately 100% of theory)
15 HPLC: 92.1%
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Sui tabl e bases for the neutralization are alkali netal hydroxides, such as

sodi um hydr oxi de or potassi um hydroxide. Preference is given to
sodlun1hydrOX|de

17- BaiA 3bl689sol vents for the activation of the conpounds of the
general fornula (1) are custonaéi organi ¢ sol vents which do not
change under the reaction conditions. é preferably include

et hers, such_as dieggﬁl et her, diisopropyl ether, tert-butyl nethyl

et her, di oxare ydrof uran, glycol dinethyl ether, or hydrocarbons,
such as 5 benzene, tol uene, xylene, hexane, cyclohexane or mneral oi
fractions, or hal ogenated hydr ocar bons, such as di chl or onet hane,

t ri chl or omet RBp2-cyebpantiii2odBEtdimethyl-pyrimido[1 2-ajtihdul-Sef fambtpBphenyljacetyl
trichl oroet h)&llgrnlge or chl orobenzene, or ethyl acetate, triethylan ne,

vl

10 ml (0.14 mol) of thionyl chloride are added dropwise in the course of 10 min at

5 39°C to a solution of 37.1 g (0.09 mol) of the compound from Example XIV in 306 ml

of dichloromethane, and the resulting gases are passed into a scrubbing tower. The

mixture is stirred under reflux for 2 h and volatile portions are distilled off under

reduced pressure at 40°C bath temperature, The remaining thick suspension is admixed

with 270 ml of toluene, concentrated under reduced pressure at 50°C and the residue

10 is stirred with 270 ml of toluene at room temperature for 2 h. The product is filtered

off with suction, washed with a sparing amount of toluene and dried under reduced
pressure.

Yield: 47 g (toluene-moist)
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pyridi ne, dinmethyl sul phoxide, dinethylformam de, acetonitrile, acetone or
nitromethane. It is equally possible to use m xtures of the said sol vents.
Preference is 10 i ven to di net hyl f or mam de, tol uene and

di chl or omet haeeA 31 659 For the activation, conventional activation
agents are suitable, for exanple oxalyl chl ori de, phosphorus
trichloride, phosphorus pentachl oride, fﬁﬁdhloroisocyanuric aci d,

t hi onyl chl Orli«hgaen’n lg?gﬁ)horus tribrom de, phosphorus pentabrom de, nesyl

chl ori de, chl oride, phosgene, trifl uoronethanesul phonyl
chloride, sul phuryl chloride. 15 Preference is given to thionyl
chl oride, oxalyl chloride and phosgene. The activation is carried

out in the soVvi@n{®)-2reydepabtxle?-[4F(2ppdinpethyl @ywimdiedo[d,2-a]-indoprBlydpt i ve
gas at nospherge t enper. es of. -20[err]C to 120[err]C, optionally under
pressure. Pr é?%tpg]%‘?t&?%ﬁeﬁifﬁ]ﬁgwlgwq‘é’?carri ed out at -20C to 80[err].

In the activation, the activation reagent is used in an amount of 1 nol to

10 nol, based 20 on 1 nol of the c¢nmpound of the general fornula (1), or
is optionally enployed as ~ sq)
“ .

The toluene-moist crude product (47 g, approximately 0.08 mol) from Exﬁmple XV is
5 suspended in 810 ml of toluene. 11.8 g (0.086 mol) of D-phenylglycinol aﬁd 23 ml
(0.166 mol) of triethylamine are added and the mixture is stirred at 61 to 63°C for 1 h.
The solids are filtered off with suction at room temperature and stirred for 2 h with
500 ml of water and 50 ml of saturated sodium hydrogen carbonate solution. The solids
are filtered off with suction, washed with 150 ml of water and dried at 50°C under

10 reduced pressure.

The crude product (32.3 g) is dissolved in 1 | of methyl ethyl ketone at boiling heat,
filtered off hot with suction from insoluble portions, the filtrate is concentrated to
approximately 200 ml and cooled with an ice bath. The product which has crystallized
- out is filtered off with suction, dried at 50°C under reduced pressure, dissolved in 2 1
15 of methanol at boiling heat, filtered off hot with suction and concentrated to 150 ml.
The product which has precipitated out at room temperature is filtered off with suction,
washed with 150 ml of methanol and dried at 50°C under reduced pressure.
Yield: 14.9 g (34.6% of theory)
HPLC: 99.9%
20 Melting point:-195-200°C.
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The activation is optionally performed with the addition of bases, 'such as
organic amnes (trialkyl(Cerr]-Cferr])amnes), such as .
triethylamne, or heterocycles, such as o
1, 4-di azabi cybed{ 31 59] oct ane (DABCO), 1, 8-di azabi cyclof5;4;0]undec- 7- ene

(D 20 Ppeire dam nopvriine, mpyiolper o e AR |\ﬂ§|| form

carboxylic salts of alkali nmetals and al kali ne eart henet al's By
reaction w t hEatengClaimsa) y| chiori de. The conpounds of the

general formula (11), [err]

1. Process for the preparation of enantiomerically pure cycloalkano-
indolecarboxylic acids and azaindole-carboxylic acids and

pyrimido[1,2a}indolecarboxylic acids and their activated derivatives of the

5 general formula (I)
A
| .
CH, co-Q M
T
in which

A represents a radical of the formula

fil or

A, D,E, G,L and M are identical or different and denote hydrogen, halogen,

10 trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms or linear or branched

alkyl having up to 6 carbon atoms, which itself can be substituted by

hydroxyl or by linear or branched alkoxy having up to 4 carbon atoms, .
in which

15 R' and R? including the double bond linking them, together form a phenyl
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Rlerr] represents a chiral al cohol 1P obt ai ned 5 by
esterifying conpounds of the general for ﬂ, "'H(l"" I{‘m ' Wi th
chiral al-cohol s according to processes disclesed 1m tshe*li'terature. .

Le A 31 659
-38 -
ring or pyridyl ring or a ring of the formula - | NR®
O
where

R’ denotes hydrogen or linear or branched alkyl having up to 4 carbon atoms,

R*® and R, including the double bond linking them, together form a phenyl
5 ring or a 4- to §-membered cjrcloalkene or oxocycloalkene radical,

where all the ring systems listed under R'/R? and R*/R* are optionally up to

trisubstituted identically or differently by halogen, tirfluormethyl, carboxyl,

hydroxyl, by linear or branched alkoxy or alkoxycarbonyl each having up to 6

carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,
10 which itself can be substituted by hydroxyl or by linear or branched alkoxy

having up to 4 carbon atoms,

T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alkyl baving up to 12 carbon atoms,
Q represents hydroxyl or an activating radical,

15 and their salts,

by firstly converting compbunds of the general formula (II),

e S
————
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The compounds of the general for 'IHflll'ﬂflﬂlﬂﬂ#ﬂtltﬂﬂ” per s or can be

prepared by customary net hods. '«

lomerically pure

conpounds of the general formula (1) in which Qrepresents 10 tert-butoxy
are novel andecAallES9prepared by first converting racenm c carboxylic acids
of -the general formula (X) [err] T has t he neani ng
-speci fied above, -39 -
H.C
6 9]
CO,R
in which
R® together with the oxygen atom represents a chiral alcohol radical, by means
of compounds of the general formula (IIT)
T-Z (1IT)
5 in which
T has the meaning specified and
Z represents a typical leaving group, such as bromine, chlorine, iodine,
mesyl, tosyl, or trifluoromethylsulphonyl, preferably iodine or bromine,
in inert solvents in the presence of a base by diastereoselective alkylation into
10 the enantiomerically pure compounds of the general formula (IV)

CH,

. COR’ )
in which
T and R® have the meaning specified,

then converting these, by halogenation, into the enantiomerically pure

compounds of the general formula (V)

wie "‘L] e ey I
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REPLACED
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-19 - by reaction with (R)- or (S)-phenylethylamne in inert solvents
and subsequent - crystal lization of the phenethylanmonium salts and
subsequent hydrolysis of the salts, i nto the enant+erertcatty pure

FTPOlaS e moaning spect {1 o4 above, o] LU
# [+ L ] § *

.40 -

R’ —H,C
@\'{ coR? )

T
in which

T and R® have the meaning specified
and
R’ represents halogen, such as chIprine, bromine, iodine, preferably bromine,
5 réacﬁng these in a further step with compounds of the general formula (VI)
A-H VD
in which
R', R%, R? and R* have the meaning specified,

to give the enantiomerically pure compounds of the general formula (VII)

A

| * 8
CHZ—‘@\'/ COR (vID)

T

This Sheet Has Been Replaced
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10 in which

A, T and R® have the meaning specified,

and, in the case of compounds of the general formula (I) where Q = OH,

carrying out a hydrolysis, and in the case where Q = gctivating radiéai, starting
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REPLAGED




in inert solvents and in
pure esters (Xl1)

speci fied above, .10

to the enantionerically
rr]

converting these in a further step with is
the presence . of acids, |nto th mﬂﬂm
[ L

e

—=D
& —J
<

[err] i n which

then convert LegA Bh&58st er s (XII) by hal
pure conpounds of the general fornu
[err]

\_/3
p—
@ >

from the enantiomerically pure acids reacting with activating reagents.

2. Process according to Claim 1 for the preparation of compounds of the formula

(I) according to Claim 1, in which

R' and R?, including the double bond linking them, together form a

5 phenyl ring or pyridyl ring or a ring of the formula | NR

in which
R*® denotes hydrogen or linear or branched alkyl having up to 3 carbon atoms,

R® and RY, including the double bond linking them, together form a phenyl

ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,

10 oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene
radical,

where all ring systems, listed under R'/R? and R*/R* are optionally up to

~ disubstituted identically or differently by fluorine, chlorine, bromine,
trifluoromethyl, carboxyl, hydroxyl, by linear or branched alkoxy or

15 alkoxycarbonyl each having up to 4 carbon atoms, or by linear or branched
alkyl having up to 4 carbon atoms, which itself can be substituted by hydroxyl

or by linear or branched alkoxy having up to 3 carbon atoms,

T represents cyclobutyl, cyclopentyl, 6ycloﬁexyl,'cycloheptyl, cyclooctyl, or

represents. linear or branched alkyl having up to 10 carbon atoms,

Sheet Has Been Replaced
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T has the meani ng specified above and _ - Rerr]
represents a typical |eaving group, such as chlorine, -bromne, iodine,
tosyl ate or nmesyl ate, preferably bron ne,

s By

- 42 -

Q represents hydroxyl or represents an activating radical,
and their salts.

3. Process according to Claim 1 for the preparation of compounds of the formula

(I) according to Claim 1
5 in which

R' and R?, including the double bond linking them, together form a

phenyl ring or pyridy! ring or a ring of the formula | NR®,

in which
R’ denotes hydrogen or methyl,

10 R’ and R’, including the double bond linking them, together form a phenyl
ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,
oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene

radical.

4. Process according to Claim 1 for the preparation of compounds of .the general

15 formula (I) according to Claim 1,

in which

This Sheet Has Been Replaced
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B S

in a further step, by reaction w f t he general formula (V)
A-H(VI) 5 I n which m H n| ng specified above,
preparing the enantionerically pure co he general formula (I)

[err] Le A 31 65%hi ch
" -43 -
CH,
NT TR
Z
Z NN e,

or

and
R® and R* = phenyl ring
and having the radical "CH-T-COQ in the paraposition and Q = chlorine.
5 5. Process for the preparation of enantiomerically pure cycloakanoindolecarboxylic

acid and azaindolecarboxylic acids and pyrimido[1,2a]indolecarboxylic acids

and their derivatives of the general formula (I)

c|;|-12 —@T co-Q M

A represents a radical of the formula

I 1] I
R R2

eet Hlas Been Replaced
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A and T have the neaning specified above and 10 Q represents

tert-butyl, - and in the case of the conpounds of the general formula

(I') where-Q = OH, carrying out a hydrolysis. Tert-butyl

esters are gdmeAdil|85%aponified with acids, for exanpl-e_hydrochloric acid

or - trifluoroacetic acid, |n the pr 4%ence of one of the above——
°t

speci fied solvents and/ or water or €ir m xtures, y,m
di oxane or tetrahydrofuran. The conpounds of th fﬂﬁ%ﬂ"f
(X) are prepared fromthe corresponding esters di s¢l ose

literature by hydrolysis according to nethods disclosed in the literature.

D N..’-

=
E NM

A, D,E, G, L and M are identical or different and denote hydrogen, halogen,
trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms or linear or branched

5 alkyl having up to 6 carbon atoms, which itself can be substituted by

hydroxyl or by linear or branched alkoxy having up to 4 carbon atoms,
in which

R' and R? including the double bond linking them, together form a phenyl

ring or pyridyl ring or a ring of the formula - | NR

10 where

R’ denotes hydrogen or linear or branched alykyl having up to 4 carbon
atoms, | |
R’ and RY, including the double bond linking them, together form a phenyl
ring or a 4- to 8-membered cycloalkene or oxocycloalkene radical,
15 where all the ring systems listed under R'/R? and R*/R* are optionally up to
trisubstituted identically or differently by halogen, tirfluormethyl, carboxyl,
hydroxyl, by linear or branched alkoxy or alkbxyca'rbonyl each having up to 6

carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,
| THIS SHEET HAS BEEN |
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10

15

Le A 31 659
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which itself can be substituted by hydroxyl or by linear or branched alkoxy

having up to 4 carbon atoms,

T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alky! having up to 12 carbon atoms,
Q represents hydroxyl or an activating radical,
and their salts,

characterized in that racemic carboxylic acids of the general formula (X)

H,C
GCOZH ®RS) X)
!

in which

T has the meaning specified above,

are first converted by reaction with (R)- or (S)-phenylethylamine in inert
solvents and subsequent crystallization of the phenethylammonium salts and

subsequent hydrolysis of the salts, into the enantiomerically pure compounds of
the general formula (XI)

H,C
@‘% COH (XI)
T :

T has the meaning specified above,

in which

1 THIS SHEET HAS BEEN
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Exanpl e |

10

2(R/'S)-2-Cycl opentyl 2- (4- et hyl phenyl ) -acetic acid

[err]

Leallew AR 0 AR VL

- 46 -

these are converted in a further step with isobutene, in inerf solvents and in the

presence of acids, into the enantiomerically pure esters (XII)

CH,
G’ CO,t-Bu (X0)
T

in which

T has the meaning specified above,

then the esters (XII) are converted by halogenation into the enantiomerically

pure compounds of the general formula (XIII)

R’ —H,C
©\'( cH-cogeu O

T
in which

R has the meaning specified above
and

R’ represents a typical leaving group, such as chlorine, bromine, iodine,

tosylate or mesylate, preferably bromine,
in a further step, by reaction with compounds of the general formula (VI)

A-H (VD)

mwaed o { THIS SHEET HAS BEEN
REPLACED
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2.0 kg (7.2 mol) of tert-butyl
2(R S)-2-cyclopentyl - 2- (4- met hy| phenyl ) - acet at ved in 4 1
of dioxane in a 40 1 agitated vessel fitted wit EE!’M‘H}IBE E@hshl ng 5
tower. After I&ldiili 656 of 4.5 1 of concentrated hy , the
mxture is stirred at 50[err]Cto corg),} ete conversion (3h). The
reaction mxture is adm xed with ice and adjusted to pH = 12 with
concentrated sodiu r]%/ldrom de .solutjon. After addition of water to
conpl et e sol uti on ‘f Hapdhepesmag spestfiediabp¥ise i s washed with acetic aci d,

t he -22 -

organi ¢ phase is washed with dilute sodi um hydroxi de solution and the
conbi ned the enantiomerically pure compounds of the general formula (I)

in which

A and T have the meaning speciﬁed abové and
5 Q represents tert-butyl,

are prepared,

and, in the case of the compounds of the general formula (I) where Q = OH, a

hydrolysis is carried out.

6. Intermediates of the general formula (IV)
CH,
. COZRG : )
10 T
This Sheet Has Been Replaced
i

T represents a cycloalkyl having 4 to 12 carbon atoms or represents linear or

branched alkyl having up to 12 carbon atoms
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aqueous phases are adjusted to pH =1, with cooling, wth concentrated

hydr ochl ori c acid. The mxture is washed twice with ethyl acetate,
dried over sodium sul phate and concentr at ed 5 Yield: 1.27 kg; 81%
of theory. LeA 3639 ng point: 92[err]C Rlerr] = 0.20 (petroleum

ether: ethylacetate = 4:1) [err]H—NIVR(CDCI[erm
[err] = 0.98 (m 1H); 1.20 - 1.71 (m 6H*-1. 82 2, iﬂmﬂﬁlmlm 2. 31
(s, 3H; 2.52 (m 1H); 3.21 (d, 1H); 7.10 (m 2H); 7.21¢nt 2H);s

(br, s, 1H ppm and Exanpl e ||

(S)-2-Cycl opentyl -2-(4-net hyl phenyl )-acetic acid [err]

R® represents the D- or L-menthyl radical or tert-butyl,

with the exception of the compound having T = isopropyl.

7. Intermediates of the general formula (V)
R'—H,C
\©\'( coR® )
T _
5 in which |

R® represents the D- or L- menthyl radical or represents the tert-.butyl radical,

T represents cycloalkyl having 4 to 12 carbon atoms or represents linear or

branched alkyl having up to 12 carbon atoms
and
10 R’ represents bromine.

8. Use of the intermediates according to claims 6 and 7 for the preparation of

enantiomerically pure active compounds of the Formula (I) according to

Claim 1,
tn which This Sheet Has Been Replaced
15 Q represents a phenylglycinol radical. | “'I II““ ”I III
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2.4 1 of THF and 129.7 g (1.28 nol) -of triethylamne are added, with
stirring, to a suspension of 560 g (2.57 nol) of the corrpound from
Exanple | in 4.8 1 of water. The 15 resul ti ng sol ution s heated-to
60[err] C, 155Aé_(é5;28 mml ) of (S)-(-)-phenethyl am d and
the resulting suspension is stirred for Z h at 60[err]rmmHm mr
mxture is cooled to 20[err]C, the %rem pitate i's fclltere

suction, washed with 2.4 1 of water/ THF (2:1) and dried under reduced
pressure. Yield: 360 % of phenet hyl ammoni um salt; 41.3% of theory. 20
745 g (2.2 mol) of phenethyfanmonium salt are suspended in 31 of water,
acidified (pH = 1) witlh dil
for 30 mnutes. The oily CH,
11 of dichl oronet hane, the conbi nNed
with water, dried over sodium sul phate dnd

hyd-r ochI or| C aﬁgd (1:1) and stirred
s Qashed times, each tinme with
or gani ¢ phases are now washed

in which A represents

CH,
B
or N
s
2\ CH,

and T represents cycloalkyl having 4-12 carbon atoms or represents linear

or branched alkyl having up to 12 carbon atoms and

5 Q represents hydroxyl or chlorine and their salts.
10.  Intermediates of the general formula VII
CO,R®
in which A and T have the meaning specified under 9 and
R® represents D- or L- menthyl.
This Sheet Has Been Replaced
11.  Intermediates of the group consisting of: HII I ll“‘“ 3| |I|||
.10
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-23 - concentrated, the residue crystallizing out. Yield: 475
g; 37.3%of theory; based on racemate of Exanple No. | ee: 96.3%
(HPLC) " Melting point: 66[err]C 5 By crystallization of the
phenet hyl anmolb¢ A3K6%% from THF, as described above, the pure
enantionmer is obtained: ee: >99. 5%5( HPLC) Specific rot ation:
[[err]][err]= + 59.55 (ethanol/c = 0.85)"”Y"  The HPLC.nethod for
determ nation of the ee value is as follows:

250 x 2 mm (Grom . Mbbile phase hé&éﬁ;” m'l!ﬂﬂﬂﬁmﬂlﬂﬂl!

Fl ow rate: 0.2 M/mn 15 Inl et pressure: 22 bar

a) Tert-butyl (S)-2-(4-bromomethylphenyl)-2-cyclopentyl-acetate of the
formula

OtBu

b) (L)-menthyl 2-(S)-2-cyclopentyl-2-(4-tolyl)-acetate of the formula

Me

Me Me

5 ¢) (L)-menthyl 2-(S)-2-(4-bromomefhy1—phenyl)-2-cyclopentyl-acetéte of the

fo_rmula

——— . .

This Sheet Hag Been R

W




Exanple 111 Tert-butyl (S)-2-cyclopentyl-2-(4-nethyl phenyl)acetate
[err] 6 m of concentrated sul phuric aci dare—added—+to-a ___

sol ution of 465 2.13 nmol) of the conmpound from in1.41
of dichlor orret%gé,(l_@& enperature of 20 approxi mat el y 1 ! fﬁmﬁ ”"
established. 550 m (5 nol) of isobutene Sre condensed in =

flask and added in one portion to the sta ti- ng material sol utlon The
reaction m xture is stirred over night. To corrpletethe reaction, a

further 6 m of concentrated

%9

d) L-menthyl 2(S)—2-cyclopentyl-2[4-(2,4-dimethyl-oc-carbolin-9-y1)methyl]-

phenylacetate of the formula

e) 2-(S)-2—cyclopentyl-2-[4-(2,4-dimethyl-a-carboli_n-9-yl)methy1]phenylacetyl

chloride of the formula

This Sheet Has Been Replaced
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-24 - sul phuric acid and 500 m of isobutene are added and stirred

over night. After addition - of 40 g of potassium carbonate, the

m xture is stirred for 3 h, and then 21 of water are added, Vi gorous
gas devel opnehe A3it6581 |y occurring. The mixture i

tines, each time with 2 1 of dichloronet hgge the ummlwlmrwmllphases
are washed 5 with 51 of sodiumchlort sol ution, driedrver sodium
sul phate and concentrated to give an oil which slowy crystallizes. -
Yield: 480 g; 82% of theory Melting p nt: 45[err]C Rerr] =

0.90 (toluene: ethyl acetate = 8:2)

Cl

f) L-menthyl 2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-pyrimido[1,2-a}-indol-9-
yl)-methyl)phenyl] acetate of the formula

g) Menthy]-2—(S)-2-cyc10penty1-2-[4-(2,4-d1'methy1—pyrimido[l,2-a_7—
ind01-9-y1)-methy])phenyﬂ-acetate of the formula

, THIS SHEET MAS Brre
This Sheet Has Been Replaced : 1S SHEET HAS BEEN
REPLACED
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10 Example 1V Tert - butyl
(S)-2-(4-brononet hyl phenyl ) -2-cycl opentyl -acetate [err].

In a 101 flask, 480 g (1.75 nol) of the conpound from Exaipretit—ar

di ssol ved Le AiddleS9reflux in 3.4 1 of tetrachl oronet han

total anmount of 311 g (1.75 nmol ) of NBS and 14 g (O. ﬁmﬂﬂw} @"a"
are added. The reaction begins after 15 - 53 ef | uxi ng for appfoxi mat ey

after it decays, further NBS is added in 50 g portions.

h)  2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-pyrimido[1,2-a]-indol-9-y1)-
methyl)phenyljacetyl chloride of the formula

This Sheet Has Been Replaced

L I
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After refluxing for 5 h and subsequent standing over night at room
tenpgrature, for the wor k-up, the mxture is cooled to OC,’ the

succi ni m de : S f': I %gged off with suction and washed with 600 m of
tetrachl oro 227The conbined filtrates are concentrated and _
resi dual solvent is renoved under reduceg, pressure to constant weight. 20

Crude yield, 570 g; approximately 100% of theory HPLC. 68.8% (15. 5%
starting nateri aI 10. 1% d| br.ono. conpound)
- 25 - N P [UH.A f ‘lu‘ t =

gese [err] FD, 1. 40
(s, 9H); 1.
4H) ppm

1tiamanicahl pnan e apelo-
Rlerr] = 0. @Kﬂﬁﬂﬂiﬁ!m-ﬁtn@era,zaqtnlﬂbh aﬁﬁHabgr‘rngblgl 2af7 15@6T]HN|VR

Abstract

The invention relates to ‘a process and intermediates for the preparation of
enantiomerically pure cycloalkanoindolecarboxylic acids and azaindolecarboxylic acids
and pyrimido[1,2a]indolecarboxylic acids and their activated derivatives, characterized
in that the tolyl acetic acid is first esterified with a chiral alcchol, then
diastereoselective substitution at a-carbon atoms is carried out and this product is
halogenated in the tolyl group and then reacted with appropriate cycloalkanoindoles,
cycloalkanoazaindoles or pyrimido[1,2a]indoles. It is possible by this method to prepare
specifically, in high purity, the enantiomerically pure carboxylic acids which are

intermediates for valuable medicaments.

This Sheet Has Been Replaced

LT

,_?h:s éﬁﬁﬁ?ﬁ”ﬁﬁﬁi"BEEﬁf7

REPLAGED



q -}U?V»ﬁg@' ‘Jf

5 Exanplle V (L)-menthyl 2-(4-tolyl)

Me [err] : 3.15 kg of p-tolyl acet?f%@%ﬁ%?’%%'{l of tol"m;erré:
are introduced. 3.115 kg of L- ment hol and |21. 4 m—of— j

met hanesul phonic acid are added with stirring gn

C I
m xture is then heated to reflux tenperature ard tﬁgqcorrégﬁgn I ng anount
of water is 10 separated off in the course of via a water
separator. After cooling to .roon1tggﬁera1ure, the mxture fis stirred
once with 4.41 1 of saturated sodium hydrogen
Process for the preparation of énantiomerically pure cyclo-
alkano-indol '-and azaindol -and pyrimido [f1,2a7 indol .-

carbocylic acijdgand their activated derivatives

The invention relates to a process for the preparation of enantiomerically pure
5 cycloalkano-indolecarboxylic acids and azaindolecarboxylic acids and
pyrimido[1,2a]indolecarboxylic acids and their activated derivatives, which represent
important intermediates for the synthesis of antiatherosclerotically active
cycloalkanoindole derivatives and azaindole derivatives and pyrimido{l,2a]indole

derivatives.

10 It is known that enantiomerically pure cycloalkano-indolecarboxylic acids and
azaindole-carboxylic acids and their activated derivatives can be separated into the
corresponding enantiomers by diastereomeric separation by conventional methods, for

example by chromatography or fractional crystallization.

This process has a number of disadvantages: both the chromatographic diastereomeric
15 separation and the fractional crystallization of the diastereomers are associated with
high equipment requirements. In addition, in this case, generally 50% of the "wrong"
diastereomer arises, which can no longer be recycled to the original preparation

process.

This 50% loss of yield considerably impairs the economic efficiency of a (large)
20 industrial-scale process, quite apart from the fact that 50% of "by-product” must be
disposed of. Furthermore, the customary chiral auxiliary reagents are generally very
expensive even in small amounts and can then usually only be prepared via a complex

synthetic pathway.

It has now been found that enantiomerically pure cycloatkano-indolecarboxylic acids
25 and azaindolecarboxylic acids and pyrimido[1,2a]indole-carboxylic acids and their

activated derivates of the general formula ()



ey

carbonate solution and twice, each tine with 4.41 1 o

M@L&(‘E'\!’H’-fhb S@!K’gam c

phase is freed fromsolvent and gives 5.725 kg of rthe—wanted corrp und
(GC 99.9% retention time 19.49 mn). 15 [err]|+rl\/l%§c‘@LI r 3
ppm: 7.05 - 7.15 (4H, m); 4.55 (1H, txd); 3.5 (2H, s); |2 @{7 !
0.65 (3H, s). S % t

I[Exarr}ol e Vi (L) -ment hyl 2-(S)- 2-%ycl opentyl - 2-{(4-tol yl ) acet at e
err -2- e e
|
‘@ﬁ/ .
T
in which
A represents a radical of the formula
R R'

or

5
A, D,E, G, L and M are identical or different and denote hydrogen, halogen,
trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms, or linear or branched atkyl
having up to 6 carbon atoms, which itself can be substituted by hydroxyl or by
10 linear or branched alkoxy having up to 4 carbon atoms,
in which
R! and R?, including the double bond linking them, together form a phenyl ring or
pyridyl ring or a ring of the formula
l 5
NR
o)
15 where



1.575 kg of potassiumtert-butoxide are dissolved in 3.{7Reb gfeidT aficf00m
tenperature. The mxture is cooled to 10[err]C and, in th‘e—eg%a«oﬁif

m nutes, 2.678 kg 5 of the compound from Exanple V @arfe run in at tr§|§
tenperature and rinsed with 0.375 1 of DMF. Then,| vi t BS BAY B8l iing,
1. 658 kg of cycl opentyl brom de are punped in in the course of 1/to 2

hours. The suspension is further stirred for 1 hour wi tfhout cooling™ ,'
and then cooled to -7[err]C. Wien -10[errBC is reached,'the. m.xture is._ |
seeded with the correct di astereoner and then further cooled to
-7[err] C. Wel' - 7[dsnetechydrogemenliatar ohbranthed alieylibaving up tor ¢askan aemsyr ed f or

up by i ntroauk! ng FE B PR AT b dpEpOSPEIREL bty RESERE Rk MBhIChegr 11

batch is a 4- to 8-membered cycloalkene or oxocycloalkene radical,

where all the ring systems listed under R'/R? and R*/R* are optionally up to
5 trisubstituted identically or differently by halogen, trifluoromethyl, carboxyl,
hydroxyl, by linear or branched alkoxy or alkoxycarbonyl each having up to 6
carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,
which itself can be substituted by hydroxyl or by linear or branched alkoxy

having up to 4 carbon atoms,

10 T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alky! having up to 12 carbon atoms,
Q represents hydroxyl or an activating radical,
and their salts are obtained

by firstly converting compounds of the general formula (II),
H,C X
CO,R

R® together with the oxygen atom represents a chiral alcohol radical, by means of

in which

compounds of the general formula (III)
T-Z (11T)
in which

20 T has the meaning specified and



then stirred over night at 0 to 2[err]C. It is worked up-iy E-—'H “gxedf

t he suspension with suction and washing the crygt rW *a'ﬁ\é ‘e”ai}‘h«al of
2.5 1 of water. The crystals are dried at 45[err] LN vacuum ¢ryi ng
cabinet. 3.289 kg of .an 85 to-15 di astereomer mixture jarie 395ayofgnai hed.
4.345 kg of a mixture prepared as described above are |dilssol veﬁ in21j75 1
at 30 to 35[err]C. After seeding with the corredt dtastereoner=and
cooling to roomtenperature, the nt #ture is stirred over ni ght and
cooled the next norning to O to 5[err]C. After 1 to 2 AoursTat” thls

tenperature, the & ysre;abs:nesraetypncaltlemng grbfip,shicthassiremingnchlerineq tpdie, mgsyl,
recrystallized. By re ting.the r alllzalon or tw ce,
materi al havi ng gsg?cﬂrég‘p}é?@ff’?é’ry BPPBﬁPfH éreﬁ’ ?tFli'é rcgljrzl&ﬁ‘ge pr epar ed
(CCretention tine 22.61 mn).

-27 - o
in inert solvents in the presence of a base by diastereoselective alkylation into the

enantiomerically pure compounds of the general formula (IV)

CH,
. _COR° (Iv)
5 in which
T and R® have the meaning specified,

then converting these, by halogenation, into the enantiomerically pure compounds of

the general formula (V)

R —H,C
\©\'/ co,R® V)

T

in which

10 . T and R® have the meaning specified

and

R’ represents halogen, such as chlorine, bromine, iodine, preferably bromine,

reacting these in a further step with compounds of the general formula (V)
A-H (V1)

in which



The yield of diastereomerically pure title conpound is ? ver—the
i @ﬁ*ﬁ@ St

i 1

st ages cycl opentylation and pure crystallizatio EE
increased to 75 - 80% by recrystallization. and epi neri zat1 on
the nother liquors with potassiumtert- but oxi d ”m&f”@wﬁ
recrystallization of the crude di astereoner m xture. [err] C-N
(Chlferr], CH-S|gnaI ppm: 128.90; 128.92; 73.96; 57{8 ‘%6—9-2'-—4*2-»
31. 28; 25. Exanple VII -3 - (L) - meht hyl

of

2-(S)-2-(4- brormrret hyI phenyl)-2-cycl opentyl -acetate [err]
', R?, R? and R have the meaning specified,

to give the enantiomerically pure compounds of the general formula (VII)

A

| * 6
CHZG\'/ CO,R (VI)

T
in which

A, T and R® have the meaning specified,
5 and, in the case of compounds of the general formula (I) where Q = OH, carrying out
a hydrolysis, and in the case where Q = activating radical, starting from the

enantiomerically pure acids reacting with activating reagents.

These can be reacted in a further step with D- or L-phenylglycinol to give compounds
of the general formula (VIII)

OH (VI

A . _CONH
CH, ‘O\K _

D

10 where these are in this case active compounds for medicaments.

The process according to the invention can be described by way of example by the

following formula diagram:



1.40 kg of the conpound from Exanple VI are heated to 80[err]Cin 13.74 1
of 10 chlorobenzene. 0.618 kg of 1, 3-dibrono-5, 5-dj r%bj.y eVt rf“'"are
t hen added and t he m xture is further heated tjo w2IM ?

Al BN are then added at this tenperature to start| the reactlon; The
tenperature increases after the start of the reactidn {t 02 9OMEY 1957 ] ?
105[err] C, but then decreases again to about 85[err]|C.| The m xture js!

all owed to react further for a totdl- of 2 hourjs.” The vessel Canents
are then cooled to roomtenperature and 15 furtheristirred for one hour.
The precipitated crystals are filtered off with suction and t he
filtrate is freed fromsolvent. The remaining oil is 61.2% pure according
to HPLC analysis (retention time: 14.68 nmin). 1.69 kg are obtained.
The ni xture canHSe_ysed i-n t he crude™s n the follow ng

al kyl ati ons. Chrong aphy.angd su@sequent rysja-ozatemQn give a
white powder at nel®=AgNpol nt 57 e cofrect CH 20
anal ysi s. [err]H-Nl\/R(

dw, PP : s) 5°¢HH, txd);
4.45 (2H, s); 3.35 (1H_d); O (3H—+d)
H,C\\\ HC
Br CH,
cO—0  CH, = )
Zex
—
& : —
H,C
or
i CH,

22 CH,



Exanple VI 11
L-ment hyl 2(S) - 2-cycl opentyl -2[4-(2,4-dinethyl-[err]-carbolin-9-yl)nmethyl]ph
enyl -acetate [err]

-7-
a)
CH,
X
|
p
N N CH,
CH, ?H’
X
= X
P LA
NN CH, - N 3
z —
’ | co<l
\ COMH
CH,
| N
~Z
N



The -reaction is carried out under a nitrogen atnosphere. 480 g (2.44 nol)
of carboline - are suspended in 4.13 1 of dinethylformamde_and 287.7 ¢
of potassiumtert-butoxide 5 di ssol ved in 11 df nkEtHpCEMErmgHEe are
added, with stirring. The reaction solution heats “—*—*'-'t"v*“&@ferﬂr“]=;cj After
30 min, the batch is cooled to 20[err]C. 1.707 kg {2 6%%/%{% 69%!
strength nenthyl ester brom de, dissolved in 1.56 L pf h ?orfmin’i de,
are then added dropwi se in such a n&nner thaj Lhe.internal .: |
tenperature does not exceed 35 err]C After p further 15 mn df
reaction tinme, the reaction solution is poured inte a-mxture~t0--10f 1.81
of 10% strength t§odi um chloride solution and 13 1 of ethyl acetate. After
20 mn, with stirring, the ethyl acetate phase is separated off and
extracted tw ce, each ime with 3 1 of 10% strength sodi um chl ori de
solution. After drying the® ¥ gani ¢ phase over sodi um sul phate, ethyl
acetate is distillsad off er reduced pressure at approxi mately
40[err] C. The sy resiNduelis taken up in 4.4 1 of nmethanol and stirred
for 15 30 min & il uxtat roomtenperature for 12 h. The precipitated
crystals are filtered N of i t h suction, washed with nethanol and
dried under reduced pré& at 40[err]C. Yield: 947 g (70. 6% of

t heory)

C)

co—o CH

Surprisingly, the process according to the invention gives the wanted enantiomerically
pure cycloalkano-indolecarboxylic acids and azaindole-carboxylic acids and pyrimido-
indolecarboxylic acids and their activated derivatives without great equipment

requirements in very good yields and high purity.



Melting point: 142C Exanple I X BT pseayevm
2-(S)-2-cycl opentyl - 2-[ 4- (2, 4-di met hyl - [ err]-car bol i §- 9=y =iBEhydEshel
etic acid [err] . """"” I
|
l

10

20

L)
wn

-9.

Depending on the configuration of the radical R® and stearic effects of the alkyl halide
(I1) used, the alkylation of the compound (II) proceeds in high yields and in a simple
manner diastereoselectively for the first time. The compounds (IV) arise with high
diastereomeric excess and crystallize out of the reaction mixture directly, as a result of
which even the simple crystallization of crude products gives the compounds of the

formula (IV) in diastereomerically pure form.

A further advantage of the process according to the invention is that, by suitable choice
of the solvent and a base, the unwanted diastereomer can be epimerized to the desired
diastereomer, which in tumn crystallizes out directly. Thus, further (wanted)
diastereomerically pure product can be produced from the mother liquors by repeated
epimerization and crystallization. Direct addition of the mother liquors to the alkylation

step can optimize the entire process in the form of a cyclic process.

A further advantage of the process according to the invention is that the halogenated
compounds of the general formula (V) surprisingly react with the compounds of the
general formula (VI) without racemization at the carbon atom in the 2 position to the

carboxylic acid function, to give the compounds of the general formula (VII).

A further advantage of the process according to the invention is the racemization-free

reaction at the carbon atom at the 2 position to the carboxylic acid function of the

compounds of the general formula (I) where Q = activated radical, preferably chlorine,

to give the compounds of the general formula (VIII).

- Furthermore, it is a great advantage of the process according to the invention that the

starting compounds are very readily accessible. They may be prepared in good yields
from relatively simple building blocks with low equipment requirements. Furthermore,
the process according to the invention enables amounts of known racemates of the
compounds of the general formula (I) present to be converted into the corresponding
enantiomers. The process according to the invention enables the preparation of the
compounds according to the invention of the general formula (I) using few synthetic

stages and in a considerably higher overall yield than by processes known from the



947 g (1.72 nol) of the conmpound from Exanple VIII are adm xed with 2.4 1

of formc acid. 1.21 1 of aqueous hydrobrom ¢ aci d—{#8%:s fe-ng{h) are
added dropwise 5 wth stirring. The resulting suspen’ﬁi LAGENENT 8k if ar
6 hours at 95-98[err]C and then cool ed to roomtepperature.” Theé i |

reaction solution is adm xed with 1.6 1 of isopropanol pnd 29 Mmay3; 71i'of,i
water, with stirring. A pHof 5 is established with 459 strengtF?so
hydr oxi de solution, with gentle cooling-(lonsunpti on of| sedrum-fydrexide |

Si=ar

sol ution: 5.2 kg). The precipitate is filtered off with suction, ,{
washed twi ce gfigrar. 7 1 of water 10 and sucked dry. The Wwat ér-horst—
product is then stirred in 2.6 1 of isopropanol for 2 hours at room

tenperature. The crystals are filtered off with suction, washed with 2.8

L, of T s0pr 00aRely BTl Eok e Uekve SURES AR GorlenBU 1] Fohol radicall !
such as (+)- or (-)-menthyl, (+)- or (-)-bomyl, (+)- or (-)-isobornyl or (-)-8-

phenylmenthyl. Preferably, R® represents (+)- or (-)-menthyl.

5 Activating radicals (Q), in the context of the invention, generally represent chloride,

bromide, mesylate, tosylate or trifluoride. Preference is given to chloride.

Preferably, by the process according to the invention, compounds of the general

formula (I) are prepared, in which

A represents a radical of the formula
3 R
R A G
10 | J\ or N L
R 4 /\ N RZ D /
| E N M
in which

A, D, E, G,L and M are identical or different and denote hydrogen, fluorine, chlorine,
bromine trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbony! each having up to 4 carbon atoms, or linear or branched alkyl

15 having up to 4 carbon atoms which itself can be substituted by hydroxyl or by

linear or branched alkoxy having up to 3 carbon atoms,

R' and R?, including the double bond linking them, together form a

NR

phenyl ring or pyridyl ring or a ring of the formula



Melting point: 197-199[err]C Exanpl e X
2-(S)-2-cycl opentyl -2-[14-(2, 4-di methyl -[err]-carbol ifn=9=y +j*:ﬂ;€} hy*lv—@henyl ac
etyl chloride [err] _ _ Rt?* ACEWENT SHEE

29 MAY B97

S mremy dadein: g T

-1l -

i
e e e A e A PO 5

in which
R’ denotes hydrogen or linear or branched alkyl having up to 3 carbon atoms,

R’ and R* including the double bond linking them, together form a phenyl
ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,
5 oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene

radical,

where all ring systems, listed under R'/R? and R¥R® are optionally up to
disubstituted identically or differently by fluorine, chlorine, bromine,
trifluoromethyl, carboxyl, hydrdxyl, by linear or branched alkoxy or
10 alkoxycarbonyl each having up to 4 carbon atoms, or by linear or branched
alkyl having up to 4 carbon atoms, which itself c;m be substituted by hydroxyl

or by linear or branched alkoxy having up to 3 carbon atoms,

T represents cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, or

represents linear or branched alkyl having up to 10 carbon atoms,
15 Q represents hydroxyl or represents an activating radical,
. and their salts.

Particularly preferably, compounds of the general formula (I) are prepared by the

process according to the invention in which

A represents a radical of the formula

1

CORY R A .G
| . N

20 4/& | L éL
2\



A suspension of- 350 g (0.85 nol) of the conpound from Exanple 1 X in 3 1 of
nmet hyl ene chloride is heated to reflux, with stirring. In the course of 1
h, 95 mM (155 g, 5 1.3 mol) of thionyl chloride aje—added--dr.opwi.se. and

the mxture is stirred for a further 2 h at ref|ThPLABEPEACYEES jThe
reaction solution is then cooled to roomtenperature; [ “‘*‘cvnceﬁt%at ed at
25 - 30[err]C under reduced pressure until the begin | V. Illziatlon
and adm xed with 2.5 1 of toluene. At a-iZrperature of H(\g@ '

further 2.3 1 of solvent are distilled off un er u&ed..p_t_e_s_ uJ

After cool i ngn whbicapproxi mately 20[err]C, 10 1.2 1 of tol uene are a{zlded
to the batch. The suspension is cooled to 0-5C sti ryeg—for———-—l

A, D, E, G,L and M are identical or different and denote hydrogen, fluorine, chlorine,
bromine, trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 3 carbon atoms, or denote linear or branched

alkyl having up to 3 carbon atoms,

wn

R' and R?, including the double bond linking them, together form a

phenyl ring or pyridyl ring or a ring of the formula | NR®

in which
R’ denotes hydrogen or methyl,

10 R’ and RY, including the double bond linking them, together form a phenyl ring or
a cyclopentene, cyclohexene, cycloheptene, cyclooctene, oxocyclopentene,

oxocyclohexene, oxocycloheptene or oxocyclooctene radical,

where all ring systems listed under R'/R? and R*R* are optionally up to
disubstituted identically or differently by fluorine, chlorine, bromine,
15 trifluoromethyl, carboxyl, hydroxyl, by linear or branched.- alkoxy or
alkoxycarbonyl each having ﬁp to 3 carbon atoms or by linear or branched alkyl
having up to 4 carbon atoms which itself can by substituted by hydroxyl, |

methoxy or ethoxy.

T represents cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl or linear or branched

20 alkyl having up to 6 carbon atoms,



1 hat this tenperature, filtered with suction, washed with 1.4 1 of

t ol uene and sucked dry. The tol uene-noist product’ i: ATOJ0 [
further characterization. Exanpl e Xl F ﬁﬁﬂ_‘i\bﬁﬂgh SHEET
N-[2-(S)-2-cyclopentyl -2-[4-(2, 4-di net hyl - a-carbolin-9-yl}-fethyl]phenyl ace
tyl]-(R) - phenyl gl ycinol [err] 29 MAY 1997
-13 -
Q represents ﬁj;droxyl or an activating radical,

and their salts.

Very particularly preferably, the compounds of the general formula (I), in which

A represents a radical of the formula

CH, CH,
3
R | | AN NT S
= Z
RN ONT e, Z SN e,
| .
5 or
in which

R’ and R* = phenyl ring

and having the radical "CH-T-COQ in the paraposition and Q = chlorine, and

their salts,

10 are prepared by the above described process.

Suitable solvents for the alkylation of the compound of the general formula (II) are

customary organic solvents which do not change under the reaction conditions. These

preferably include ethers, such as diethyl ether, diisopropyl ether, tert-butyl methyl

ether, dioxane, tetrahydrofuran, glycol dimethyl ether, or hydrocarbons, such as

15 benzene, toluene, xylene, hexane, cyclohexane or mineral oil fractions, or halogenated

hydrocarbons, such as dichloromethane, trichloro-methane, tetrachloromethane,

dichloroethylene, trichloroethylene or chlorobenzene, or ethyl acetate, triethylamine,

pyridine, dimethyl sulphoxide, dimethylformamide, N-methylpyrrolidone,



458 g of toluene-noist acid chloride, 125 g of R-phenylal ycing
and 5 8.5 litres of toluene are introduced into a 2G Rep]gnaegufl agkrta
stirred. Beginning at 20[err]C, 235 m (171 g, 1.7 #«Sﬂ%ﬁljﬁf
triethylam ne are added dropw se in the course of 18 mi.n. The m'x}u
is then stirred for 1 hour at 60-65[err]C, cooled to rodmit eAfeaY dP¥ |
and stirred at this tenperature for 8 h. The precipitatgd crystals are i
filtered off with suction, washed-w4t-h tol uene and sucked dry. Afteg
t he tol uene-noi st crystals have 10 been heated to boiii.ng.in-11.litres!

of ethanol f ofexdmethyIPhosphérid iridrdige Ohcebdnaif)|ac@tofe or nitroethand, methadol and
then 8 litres of water at boiling heat are added. The m xture is stirred

for a furt herethaBokiliis gauallyf passiblegayes mixfuess of fhe spidasokvestsn Prslersncs s 8¥58| ed

to 20[err] C

10

15

25

tc-)r rgi?methylforrnarnide.

The alkylation is carried out in the solvents listed above, if appropriate under a
protective gas atmosphere, at temperatures of -20°C to +100°C, preferably at -10°C to

+30°C, at atmospheric pressure.

Suitable bases for the diastereoselective alkylation are the customary basic compounds.
These include alkali metal hydrides, such as sodium hydride, alkyli metal amides such
as sodium amide, alkali metal alkoxides, such as sodium methoxide, sodium ethoxide,
potassium methoxide, potassium ethoxide or potassium tert-butoxide, or organic
amines, such as trialkylamines, e.g. triethylamine, or org_anolithium compounds, such

as butyllithium or phenyllithium. Preference is given to potassium tert-butoxide.

In the diastereoselective alkylation, the base is used in an amount from 1 mol to 10
mol, preferably from 1.2 mol to 3 mol, based on 1 mol of the compounds of the

general formula (II).

Suitable solvents for the halogenation of the compound for the general formula (IV) are
customary solvents which do not change under the reaction conditions. These

preferably include tetrachloromethane, chlorobenzene, dichlorobenzene, acetonitrile,

acetic acid, sulphuric acid, nitrobenzene, 1,2-dichloroethane, dichloromethane, |

trichloromethane,

For the halogenation, customary halogenating agents are suitable, such as bromine,
chlorine, NBS, NCS, dichlorodimethylhydantoin, dibromodimethylhydantoin,

trichlorisocyanuric acid, chloramine-T.

Suitable free-radical starters are, for example, AIBN, peroxides, such as dibenzoyl
peroxide, t-butyl hydroperoxide, dilauryl peroxide, t-butyl peroxide, butyl perbenzoate,

di-t-butyl peroxalate, and photochemical methods.

-

d



crystals are filtered off with suction, washed 3~ttfresr—each—ti+mejwith 3.5
litres of water, and dried under reduced pr JEBLAEMENTSHHEArJC. The
dried crude product is recrystallized 15 fromjapgproxinately 4iliitres of
nmet hyl et hyl ketone. Yield: 383 g (85% of |t Heo 4 | §i ng
point: 221[err]C Exanpl e X1 QQ)LM%nltg%.{/:ﬁ .
2-(S)-2-cyclopentyl-2- [4-(2,4-di methyl-pyrimdag [45 }—+ndoet~ 91y 1) -
met hyl ) phenyl ] acet at e - 15-

The halogenation is carried out in the solvents listed above, if appropriate under a

protective gas atmosphere, at temperatures of 20°C to 180°C, if appropriate under

pressure. Preferably, the halogenation is carried out at 70°C to 130°C.

In the halogenation, the halogenating agent is used at 0.8 mol to 1.7 mol of active

n

halogen, based on 1 mol of the compounds of the general formula (I).

Suitable solvents for the alkylation of the compound of the general formula (VI) are

customary organic solvents which do not change under the reaction conditions. These

preferably include ethers, such as diethyl ether, diisopropyl ether, tert-butyl methyl

ether, dioxane, tetrahydrofuran, glycol dimethyl ether, or hydrocarbons, such as

10 benzene, toluene, xylene, hexane, cyclohexane or mineral oil fractions, or halogenated

hydrocarbons,. such as dichloromethane, trichloromethane, tetrachloromethane,

dichloroethylene, trichloroethylene or chlorobenzene, or ethyl acetate, triethylamine,

pyridine, dimethyl sulphoxide, dimethylformamide, N-methylpyrrolidone, hexamethyl-

phosphoric triamide, acetonitrile, acetone or nitromethane, It is equally possible to use

tetrahydrofuran.

15 mixtures of the said solvents. Preference is given to dimethylformamide, toluene and

The alkylation is carried out in the solvents listed above, if appropriate under a

protective gas atmosphere, at temperatures of -20°C to +100°C, preferably at -10°C to

- +30°C, at atmospheric pressure.

20 Suitable bases are generally inorganic or organic bases. These preferably include alkali

metal hydroxides, such as sodium hydroxide or potassium hydroxide, alkaline earth

metal hydroxides, such as barium hydroxide, alkali metat carbonates and alkali metal

hydrogen carbonates, such as sodium carbonate, sodium hydrogen carbonate or

potassium carbonate, alkaline earth metal carbonates, such as calcium carbonate, or

25 alkali metal alkoxides or alkaline earth metal alkoxides, such as sodium methoxide or

potassium methoxide, sodium ethoxide or potassium ethoxide or potassium tert-

butoxide, or organic amines (trialkyl(C,-C,) amines), such as triethyfamine, or

heterocylcles, such as 1,4-diazabicyclo[2,2,2]octane

(DABCO),



[err] : 41.9 g (0.2 nol) of
2,4-dimethyl -pyrimdo[1, 2-a]indole and 33.6 g of
carbonate are introduced into 300 m of dinethyl-

?@%W‘;aggi zrgﬁgta

heated to 120[err] C and- a sol uti on of 128.
of the compound from Exanple XI1 (brom de) 35 m of
di met hyl formam de i s added dropw se at 30 - 70[err] C in the ¢ourse of

10 min. The mixture is stirred for 40 ntd6at 120[
reaction mxture is poured into 2.2 1 of sem -concentrated sodi um chl ori de
sol uti on at 1,8-diazabicyclo[5,4,0Jundec-7-ene (DBU), pyridine, diaminopyridine, methylpiperdine

or morpholine. It is also possible to use alkali metals, such as sodium, or their
hydrides, such as sodium hydride, as bases. Preference is given to sodium hydrogen

carbonate, potassium carbonate and potassium tert-butoxide, DBU or DABCO.

S In the alkylation, the base is used in an amount of 1 mol to 10 mol, preferably of 1.2

mol to 3 mol, based on 1 mol of the compounds of the general formula (II).

To eliminate the chiral radical R® in the compounds of the general formula (VII), the
customary organic carboxylic acids are suitable, such as acetic acid, formic acid,
trifluoroacetic acid, methanesulphonic acid, or inorganic acids, such as hydrobromic
10 -acid, hydrochloric acid or sulphuric acid or mixtures of the said acids. Preference is
given to acetic acid, formic acid, hydrobromic acid and/or sulphuric acid. Very
particular preference is given to the mixture acetic acid/s(xlphuric acid and also formic

acid/hydrobromic acid and formic acid/sulphuric acid.

The acids or their mixtures are simultaneously employed as solvent and thus used in a

15 great excess.

The elimination proceeds in a temperature range from 0°C to +150°C, preferably from
40°C to 100°C.

It can generally be carried out at atmospheric pressure, but optionally alternatively at

superatmospheric pressure or reduced pressure (e.g. 0.5 to 3 bar).

20 After neutralization with bases in water or in one of the solvents listed above, in
particular in a water/toluene, water/isopropanol, water/methanol or water/ethanol

mixture, the acids are worked up by a customary method.

Suitable bases for the neutralization are alkali metal hydroxides, such as sodium

hydroxide or potassium hydroxide. Preference is given to sodium hydroxide.



10 roomtenperature. After extraction with 2.2 1 of ethyl acetate, the

organi c phase is washed 3 tines with sem -co cg A@ﬁd SOt
chloride solution, dried over sodium sul phat ¢ e ha*t:ed at
50[err]C. Yield: 165.4 g (70.4% of theory) HPLC 4679% |
Exanple Xl 11 29 May 997 f
Ment hyl - 2-(S) - 2-cycl opentyl -2-[4-(2, 4-di met hyl - pyrji ni do [1 2- a}-l ndolf -
9-yl) - et hyl ) phenyl ] acet at e hydrochl ori dd7 - T e

Suitable solvents for the activation of the compounds RHM‘@ are
customary organic solvents which do not change under the reaction conditions. These
preferably include ethers, such as diethyl ether, diisopropyl ether, tert-butyl methyl
etﬁer, dioxane, tetrahydrofuran, glycol dimethyl ether, or hydrocarbons, such as
5 benzene, toluene, xylene, hexane, cyclohexane or mineral oil fractions, or halogenated
hydrocarbons, such as dichloromethane, trichloromethane, tetrachloromethane,
dichloroethylene, trichloroethylene or chlorobenzene, or ethyl acetate, triethylamine,
pyridine, dimethyl sulphoxide, dimethylformamide, acetonitrile, acetone or
nitromethane. It is equally possible to use mixtures of the said solvents. Preference is

10 given to dimethylformamide, toluene and dichloromethane.

For the activation, conventional activation agents are suitable, for example oxalyl
chloride, phosphorus trichloride, phosphorus pentachloride, trichloroisocyanuric acid,
thionyl chloride, phosphorus tribromide, phosphorus péntabromide, mesyl chloride,
tosyl chloride, phosgene, trifluoromethanesulphonyl chloride, sulphuryl chloride.

15 Preference is given to thionyl chloride, oxalyl chloride and phosgene.

The activation is carried out in the solvents listed above, if appropriate under a
protective gas atmosphere, at temperatures of -20°C to 120°C, optionally under

pressure. Preferably, the activation is carried out at -20°C to 80°.

In the activation, the activation reagent is used in an amount of 1 mol to 10 mol, based
20 on I mo] of the compound of the general formula (I), or is optionally employed as

solvent.

The activation is optionally performed with the addition of bases, such as organic
amines (trialkyl(C,-C¢)amines), such as triethylamine, or heterocycles, such as
1,4-diazabicyclo[2,2,2]octane (DABCO), 1,8-diazabicyclo[5,4,0Jundec-7-ene (DBU),
25 pyridine, diaminopyridine, methylpiperidine or morpholine. If appropriate, the activated
derivatives car be prepared starting from carboxylic salts of alkali metals and alkaline

- earth metals by reaction with, e.g., oxalyl chloride.



[err] 165.4 g (0.14 nol) of the crude product from
Exanple XI'I are dissolved in 1. 6 1 of 5 acetone at the
course of 10 min, 80 m (0.48 nol) of sem -concentratdd PL CEﬂWﬂOSW{f‘Qt‘ Ii C
acid are added dropvm se at 15 to 20[err]C and the mxture |s 5 '*r-r-edwt 2

h at approximately 10[err]C. The precipitated solfi %}L (3%93
with suction, washed with a sparing anount of acet ne an d at{
50[ err] C under reduced pressure. Yiegd: 60.7 g (B9. -e#—Lhegr_y_j ti‘ased

on pyrim doi ndol e)
The compounds of the general formula (II),

CH3 0]
UL, @
or®

——
|

in which
R represents a chiral alcohol radical,
are obtained

S - by esterifying compounds of the general formula (IX) -

CH, o .
(IX)
OH
with chiral alcohols according to processes disclosed in the literature.

The compounds of the general formula (IX) are known per se or can be prepared by

customary methods.
.The enantiomerically pure compounds of the general formula (I) in which Q represents

10 tert-butoxy are novel and can be prepared by first converting racemic carboxylic acids

of the general formula (X)
H,C
@YCO’H RS
T

T has the ‘meaning specified above,

in which



10 HPLC 76.1% REPLACEMENT SH4
Exanpl e XIV 2-(S)-2-cyclopentyl -2-[4-(2, 4-di nmejt r"y+=—13yH~m—de[7-17
,2-a] -indol -9-yl)-net hyl henyl ] aceti c acid erfr
] yl) yl') phenyl ] [er]r] 29 MAY 1997 |
) ]
- 19 -

10

by reaction with (R)- or (S)-phenylethylamine in inert solvents and subsequent
crystallization of the phenethylammonium salts and subsequent hydrolysis of the salts,

into the enantiomerically pure compounds of the general formula (XI)

HyC
@“’“’“ D
T

T has the meaning specified above,

in which

converting these in a further step with isobutene, in inert solvents and in the presence

of acids, into the enantiomerically pure esters (XII)

CH,
\@, CO,t-Bu xan
T

T has the meaning specified above,

in which

.then converting the esters (XII) by halogenation into the enantiomerically pure

compounds of the general formula (XIII)

R’ —H,C
\@/ CH - CO,tBu (X110)

T
in which

T has the meaning specified above

and




60.7 g (0.10 nmol 76.1% pure) of the conmpound from Exanplie

re*ﬂﬁselumged
in 146 5 m of formc acid and 43 m of 48% strength hy

O&CEM{ET acirgr and

stirred for 6 h under reflux (109[err]C), the reactfipn m xt u"f"é’"'foam,ng
vigorously initially. At room tenperature, 94 m of |sQ@J epangy 7ar§d |
187 m of water are .added and, with cooling, in th ourse of h,! the

m xture is adjusted to pH 5 by addition of 190 m of concent+-at-ed.]
sodi um hydroxi de solution. The m xture i-0stirred for the solids ar
10 filtered off with suction and washed three tines wth isopropanot;—

each time witfl 1 Gepresents at@bwaﬁ@ﬂnﬁé’lgﬂﬁp tsudtess oMldriheVbromine, Gairte, tdsplatendrt h

100 M. The residue is stirred for with 310 ml of isopropanol,
filtered off vmthrsmtamm,refwabhyehxowqeh a sparing amount of
i sopropanol and dried under reduced pressure at 50[err]C Yield: 36.9

g (approxi mately 100% of theory)
in a further step, by reaction with compounds of the general formula (VI)

A-H(V])
5 in which
A has the meaning specified above,

preparing the enantiomerically pure compounds of the general formula (I)

i @ cora
in which
A and T have the meaning specified above and
10 Q represents tert-butyl,

and in the case of the compounds of the general formula (I) where Q = OH, carrying

out é. hydrolysis.

Tert-butyl esters are generally saponified with acids, for example hydrochloric acid or
trifluoroacetic acid, in the presence of one of the above specified solvents and/or water

15 or their mixtures, preferably with dioxane or tetrahydrofuran.

The compounds of the general formula (X) are prepared from the corresponding esters

disclosed in the literature by hydrolysis according to methods disclosed in the literature.



15 HPLC: 92. 1%

Exanpl e XV
2-(S)-2-cycl opentyl -2-[4-(2, 4-di net hyl -pyrimdo[1, 2-
henyl ] acet yl chl ori de [err]

221 -

CH,

OH(rac) phenethylamine

.
>

CH, °

N S

Br
o]

Example 1

2(R/S)-2-Cyclopentyl-2-(4-methylphenyl)-acetic acid

Me
O

OH

REPLAGEMENT SHEER!

lr]n

| rRIDIMAY J997- m

hyl ) p

CH,

OH

2.0 kg (7.2 mol) of tert-butyl 2(R,S)-2-cyclopentyl-2-(4-methylphenyl)-acetate are

dissolved in 4 1 of dioxane in a 40 | agitated vessel fitted with an attached washing

5 tower. After addition of 4.5 1 of concentrated hydrochloric acid, the mixture is stirred

at 50°C to complete conversion (3h). The reaction mixture is admixed with ice and

adjusted to pH = 12 with concentrated sodium hydroxide solution. After addition of

water to complete solution of the solids, the mixture is washed with acetic acid, the



!

10 m (0.14 nol) of thionyl chloride are added dromﬂ@h.f\nwt‘%wéﬂrs‘e of 10

mn at 5 39[err]Cto a solution of 37.1 g (0.09 mo

Exanple XIV in 306 m of dichl or omet hane, and
passed into a scrubbing tower. The m xture is
2 h and volatile portions are distilled off under

JotTthe conp!o%nd from
e 4 @SHAM k gasies are
i géé'&\t : riefl ux for

_-_r.e-dueed——pf—els sure at

40[err] C bath tenperature. The remaining thick suspension is adm xed;

with 270 ml of toluene, concentrated unde®? +educed

pressure-at~50[&rr] C and

t he residue 10 is stirred with 270 ml of toluene at roomtenperature for
2 h. The prodysgdnid phise! ik wAed with @ifldte Wollfans tigdrogide sohsidn chndi the anthesd ng

anount of toluene and dried under reduced press

47 ¢

ure. Yi el d;
(t ol uene- noi sagyeous phases are adjusted to pH = 1, with cooling, with concentrated hvdrochlonc

10

20

acid. The mixture is washed twice with ethyl acetate, dried over sodium sulphate and
concentrated.

Yield: 1.27 kg; 81% of theory.

Melting point: 92°C

R; = 0.20 (petroleum ether: ethylacetate = 4:1)

'H-NMR (CDCl,, 200 MHz, TMS): 8 = 0.98 (m, 1H); 1.20 - 1.71 (m, 6H); 1.82 -2.05
(m, 1H); 2.31 (s, 3H); 2.52 (m, 1H); 3.21 (d, 1H); 7.10 (m, 2H); 7.21 (m, 2H); 11.90
(br, s, 1H) ppm.

Exampie IT

(S)-2-Cyclopentyl-2-(4-methylphenyl)-acetic acid

Me

OH

2.4 1 of THF and 129.7 g (1.28 mol) of triethylamine are added, with stirring, t0 a

suspension of 560 g (2.57 mol) of the compound from Example I in 4.8 | of water. The
resulting solution is heated to 60°C, 155.4 g (1.28 mmol) of (S)-(-)-phenethylamine are
added and the resulting suspension is stirred for 2 h at 60°C. The reaction mixture is
cooled to 20°C, the precipitate is filtered off by suction, washed with 2.4 1 of
water/THF (2:1) and dried under reduced pressure.

Yield: 360 g of phenethylammonium salt; 41.3% of theory.

745 g (2.2 mol) of phenethylammonium salt are suspended in 3 I of water, acidified
(pH = 1) with dilute hydrochloric acid (1:1) and stirred for 30 minutes. The oily
suspension is washed 3 times, each time with 1 | of dichloromethane, the combined

organic phases are now washed with water, dried over sodium sulphate and



Exampl e XVI N[2-(S)-2-cyclopentyl-2-[4-(2,
[1,2-a]-indol-9-yl)- ~ methyl ] phenyl acetyl]-(R)-
.23 -
concentrated, the residue crystallizing out.
Yield: 475 g; 37.3% of theory, based on racemate of Example No. I
ee: 96.3% (HPLC)
Melting point: 66°C
5 By crystallization of the phenethylammonium salt from THF, as described above, the

pure enantiomer is obtained:
ee: >99.5% (HPLC)
Specific rotation: [a]®= + 59.55 (ethanol/c = 0.85)
The HPLC method for determination of the ee value is as follows:

10 Column: Chiracel OJ (Daicel)
Particle size: 10u
Packing: 250 x 2 mm (Grom)
Mobile phase: n-heptane: 2-propanol = 97:3
Flow rate: 0.2 ml/min

15 Inlet pressure: 22 bar
Example III
Tert-butyl (S)-2-cyclopentyl-2-(4-methylphenyl)acetate

Me
0O
OtBu

6 ml of concentrated sulphuric acid are added to a solution of 465 g (2.13 mol) of the
compound from Example II in 1.4 1 of dichloromethane, a temperature of

20 approximately 10°C being established. 550 m! (5 mol) of isobutene are condensed in

a Dewar flask and added in one portion to the starting material solution. The reaction

mixture is stirred over night. To complete the reaction, a further 6 ml of concentrated



The tol uene-noi st crude product (47 g, approxi mat €l REQLAFMENT) SHEEEGm Exanpl e
XVis 5 suspended in 810 m of toluene. 11.8 ¢ (j6—086—not)of |
D phenyl gl yci nol and 23 m (0.166 nol) of trjidth ' _e-aﬁded and
the mxture is stirred at 61 to 63[err]C for 1 h. | %b'?ﬁ]é‘pg‘gﬁd% re
filtered off with suction at roomtenperature and {stlirred.for 2. hiwith

500 M of water and 50 ml of saturated sodi um hydrlogen carbonate solution.
The solids are filtered off with s@éti on, wastet—w-th—-1t56—mt—0f water
and dried at 50[err] C under 10 reduced pressure. The crude
product (32. 3ulphuricsacid &sbs00esl] ofisdbutank apeidded and bytredk@ieonghatAfleoaddition heat ,
filtered off hot with suction frominsoluble portigns, the filtrate is

concent r at ed of 80 & of potagsivp sarbepate, the mptuse 1s strged- 95 P dy apd then 2 A E AR, The
product whic S i iRt Lt d.er Wik Ry SHET |
dried at 50[ g‘ri‘ﬁac %@Irsaédéd%egg?p‘p"re‘éts‘s%fy] 3?%‘2’% e@gi ﬁ{"%‘“l §SHE B o
at boiling heates, dach timeextio? { ohdithloioetisne,t the nombided orgemintphastee dret washed i .

5 with 5 1 of sodium chloride solution, dried over sodium sulphate and concentrated to

give an oil which slowly crystallizes.

Yield: 480 g; 82% of theory
Melting point: 45°C
R; = 0.90 (toluene: ethyl acetate = 8:2)

10 Example 1V

Tert-butyl (S)-2-(4-bromomethylphenyl)-2-cyclopentyl-acetate

Br

OtBu

In a 10 1 flask, 480 g (1.75 mol) of the compound from Example III are dissolved
under reflux in 3.4 | of tetrachloromethane and 70 g of a total amount of 311 g (1.75
mol) of NBS and 14 g (0.085 mol) of AIBN are added. The reaction begins after
15 refluxing for approximately 1 h; after it decays, further NBS is added in 50-g portions.
After refluxing for 5 h and subsequent standing over night at room temperature, for the
work-up, the mixture is cooled to 0°C, the succinimide is filtered off with suction and
washed with 600 ml of tetrachloromethane. The combined filtrates are concentrated and
residual solvent is removed under reduced pressure to constantl weight.
20 Crude yield: 570 g; approximately 100% of theory.
HPLC: 68.8% (15.5% starting material, 10.1% dibromo compound)



The product which has precipitated out at roomtenperature is filtered off

with suction, washed with 150 ml of nethanol and dri ~g~r—-r—]-.{;w._..i
under reduced pressure. Yield: 14.9 g (34.6% of theof yJEPLACEMENIPGEERT
99. 9% 20 Melting point: 195-200[err]C .

- 37 - Patent C ai ns Process for thel |Jpr i f
enantionerically pure cycloal kano- I ndol ecar boxy| ??Mggi @27 ﬁ
and azai ndol e-carboxylic acids and -25-

pyri m do[ 1, 2a] i ndol ecar boxylic acids and their activated o‘eri vati ves of the]
The pure substance is obtained by column chromatography

R = 0.42 (petroleum ether, ethyl acetate = 20/1)
'H-NMR (CDCl,, 200 MHz, TMS): § = 0.98 (m, 1H); 1.22 - 1.71 (m, 6H); 1.40
(s, SH); 1.90 (m, 1H); 2.47 (m, 1H); 3.16 (d, 1H); 4.49 (s, 2H); 7.32 (m, 4H) ppm.

5 Example V

(L)-menthyl 2-(4-tolyl)-acetate

g
o

Me

o
Me Me

3.15 kg of p-tolylacetic acid and 9.45 | of toluene are introduced. 3.115 kg of L-
menthol and 21.4 ml of methanesulphonic acid are added with stirring and cooling. The
mixture is then heated to reflux temperature and the corresponding amount of water is

10 separated off in the course of 16 to 20 hours via a water separator. After cooling to
room temperature, the mixture is stirred once with 4.41 1 of saturated sodium hydrogen
carbonate solution and twice, each time with 4.41 1 of water. The organic phase is
freed from solvent and gives 5.725 kg of the wanted compound (GC 99.9%, retention
time 19.49 min).

15 'H-NMR (CDCl;, ppm): 7.05 - 7.15 (4H, m); 4.55 (1H, txd); 3.5 (2H, s); 2.8 (3H, s);
0.65 (3H, s).



5 general formula (I) [err] I n which
represents a radical of the formula J[err] :

10

15

A

REPLAGERTHY SHEEY

¥

-2 -

Example VI

BT v 3

¥
!

(L)-menthyl 2-(S)-2-cyclopentyl-2-(4-tolyl)-acetate

Me

1.575 kg of potassium tert-butoxide are dissolved in 3.75 | of DMF at room
temperature. The mixture is cooled to 10°C and, in the C(;LIISC of 45 minutes, 2.678 kg
of the compound from Example V are run in at this temperature and rinsed with 0.375
1 of DMF, Then, with full cooling, 1.658 kg of cyclopentyl bromide are pumped in in
the course of 1 to 2 hours. The suspension is further stirred for 1 hour without cooling
and then cooled to -7°C. When -10°C is reached, the mixture is seeded with the correct
diastereomer and then further cooled to -7°C. When -7°C is reached, the mixture is
further stirred for 3 to 4 hours at this temperature. The reaction suspension is worked

up by introducing it into a mixture of 1.5 kg of ice and 6 kg of water. The batch is

.then stirred over night at 0 to 2°C. It is worked up by filtering off the suspension with

suction and washing the crystals with a total of 2.5 | of water. The crystals are dried
at 45°C in a vacuum drying cabinet. 3.289 kg of an 85 to 15 diastereomer mixture are

obtained.

4.345 kg of a mixture prepared as described above are dissolved in 21.75 1 at 30 to
35°C. After seeding with the correct diastereomer and cooling to room temperature, the
mixture is stirred over night and cooled the next moming to 0 to 5°C. Aftér 1to2
hours at this temperature, the crystals are filtered off with suction, dried or
recrystallized. By repeating the methanol crystallization once or twice, material havihg

a diastereomeric purity >99.5% can be prepared (GC retention time 22.61 min).
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10

15

The yield of diastereomerically pure title compound is 65 - 70% over the stages
cyclopentylation and pure crystallization and can be increased to 75 - 80% by
recrystallization and by epimerization of the mother liquors with potassium tert-
butoxide in DMF and recrystallization of the crude diastereomer mixture.

BC-NMR (CDCl,, CH-signal, ppm): 128.90; 128.92; 73.96; 57.85; 46.92; 42.13; 31.28;
25.96.

Example VII

(L)-menthyl 2-(S)-2-(4-bromomethyl-phenyl)-2-cyclopentyl-acetate

Br ' Me

Me Me

1.40 kg of the compound from Example VI are heated to 80°C in 13.74 | of
chlorobenzene. 0.618 kg of 1,3-dibromo-5,5-dimethylhydantoin are then added and the
mixture is further heated to 85°C. 20.4 g of AIBN are then added at this temperature
to start the reaction. The temperature increases after the start of the reaction to 90 to
105°C, but then decreases again to about 85°C. The mixture is allowed to react further

for a total of 2 hours. The vessel contents are then cooled to room temperature and

- further stirred for one hour. The precipitated crystals are filtered off with suction and

the filtrate is freed from solvent. The remaining oil is 61.2% pure according to HPLC
analysis (retention time: 14.68 min). 1.69 kg are obtained. The mixture can be uséd in
the crude state in the following alkylations. Chromatography and subsequent
crystallization give a white powder at melting point 57 - 58°C having the correct CH
analysis. B

'H-NMR (CDCl,, ppm): 7.3 (4H, s); 4.65 (1H, txd); 4.45 (2H, s); 3.35 (1H, d); 0.65
(3H, d).
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L-menthyl2(S)-2-cyclopentyl-2{4-(2,4-dimethyl-a.-carbolin-9-yl)methyl]phenyl-acetate

The reaction is carried out under a nitrogen atmosphere. ;’eSO g (2.44 mol) of carboline
are suspended in 4.13 1 of dimethylformamide and 287.7 g of potassium tert-butoxide
dissolved in 1 1 dimethylformamide are added, with stirring. The reaction solution heats
to 30°C. After 30 min, the batch is cooled to 20°C. 1.707 kg (2.69 mol) of 69%
strength menthyl ester bromide, dissolved in 1.56 | of dimethylformamide, are then.
added dropwise in such a manner that the internal temperature does not exceed 35°C.
After a further 15 min of reaction time, the reaction solution is poured into a mixture

of 1.8 | of 10% strength sodium chloride solution and 13 1 of ethyl acetate. After 20

.min, with stirring, the ethyl acetate phase is separated off and extracted twice, each

time with 3 1 of 10% strength sodium chloride solution. After drying the organic phase
over sodium sulphate, ethyl acetate is distilled off under reduced pressure at
approximately 40°C. The syrupy residue is taken up in 4.4 | of methanol and stirred for.
30 min under reflux at room temperature for 12 h. The precipitated crystals are filtered
off with suction, washed with methanol and dried under reduced pressure at 40°C.
Yield: 947 g (70.6% of theory)

Melting point: 142°C



carbon atons, or by linear or branched al kyl having up to 6 carbon atons,

10 which itself can be substituted by hydroxyl or by linear or
branched al koxy having up to 4 carbon @t N A
T represents cycloal kyl having 4 to 12 carbon atonsj FunPLA%M@geHW%{”I iinear
or < branched al kyl having up to 12 [cay bon atons, '
Q represents hydroxyl or an activating radical, 15 29 MAY 96pnd it heir
salts, by firstly conveRPi-ng conpounfds| of the gener al
formula (11),

Example IX

2-(S)-2-cyclopentyl-2-[4-(2 4-dimethyl-a-carbolin-9-yl)-methyl]phenylacetic acid

Me

oH

947 g (1.72 mol) of the compound from Example VIIIA are admixed with 2.4 | of
formic acid. 1.21 ] of aqueous hydrobromic acid (48% strength) are added dropwise
5 with stirring. The resulting suspension is stirred for 6 hours at 95-98°C and then cooled
to room temperature. The reaction solution is admixed with 1.6 1 of isopropanol and
3.2 1 of water, with stirring. A pH of 5 is established with 45% strength sodium
hydroxide solution, with gentle cooling (consumption of sodium hydroxide solution:
5.2 kg). The precipitate is filtered off with suction, washed twice with 5.7 | of water
10 and sucked dry. The water-moist product is then stirred in 2.6 1 of isopropanol for 2
hours at room temperature. The crystals are filtered off with suction, washed with 2.8
I of isopropanol and dried under reduced pressure at 60°C.
Yield: 574 g (81% of theory)
Melting point: 197-199°C
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2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-a-carbolin-9-yI)—methyl]phenylacetyl chloride

Me

Ct

A suspension of 350 g (0.85 mol) of the compound from Example IX in 3 1 of
methylene chloride is heated to reflux, with stirring. In the course of 1 h, 95 ml (155 g,

1.3 mol) of thionyl chloride are added dropwise and the mixture is stirred for a further

Lh

2 h at reflux temperature. The reaction solution is then cooled to room temperature,
concentrated at 25 - 30°C under reduced pressure until the beginning of crystallization
and admixed with 2.5 1 of toluene. At a temperature of 30-40°C, a further 2.3 1 of
solvent are distilled off under reduced pressure. After cooling to approximately 20°C,
10 .12 | of toluene are added to the batch. The suspension is cooled to 0-5°C, stirred for
1 h at this temperature, filtered with suction, washed with 1.4 1 of toluene and sucked

dry. The toluene-moist product is reacted without further characterization.



T has t-he neani ng specified and Z represents a typi cal
| eavi ng group, such as brom ne, chlorine, iodine, ' mesyl ,
tosyl, or trifluoronethylsul phonyl, preferably iodine or brom ne,

in inert solvents in the presence of a base by diasterfe WM& cueetr |
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N-[2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-a-carbolin-9-yl)-methyl]phenylacetyl1-(R)-

phenylglycinol
Me
X
Z
N7 N TMe @
o =
H OH
N
458 g of toluene-moist acid chloride, 125 g of R-phenylglycinol and

5 8.5 litres of toluene are introduced into a 20 1 flange flask and stirred. Beginning at
20°C, 235 ml (171 g, 1.7 mol) of triethylamine are added dropwise in the course of
15 min. The mixture is then stirred for 1 hour at 60-65°C, cooled to room temperature
and stirred at this temperature .for 8 h. The precipitated crystals are filtered off with
suction, washed with toluene and sucked dry. After the toluene-moist crystals have
10 been heated to boiling in 11 litres of ethanol for 15 min, 7.5 litres of ethanol are
distilled off and then 8 litres of water at boiling heat are added. The mixture is stirred
for a further 15 min at reflux temperature. The flask contents are cooled to 20°C. The
crystals are filtered off with suction, washed 3 times, each time with 3.5 litres of water,
and dried under reduced pressure at 80°C. The dried crude product is recrystallized
15 from approximately 4 litres of methyl ethyl ketone.
Yield: 383 g (85% of theory)
Melting point: 221°C
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Example XII

e

L-menthyl 2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-pyrimido(1,2-a]-indol-9-yl)-
rhethyl)phenyl]acetate

41.9 g (0.2 mol) of 2,4-dimethyl-pyrimido[1,2-a}indole and 33.6 g of sodium hydrogen
5 carbonate are introduced into 300 ml of dimethyl-formamide. The mixture is heated to

120°C and a solution of 128.1 g (0.2 mol, 68% strength) of the compound from

Example XII (bromide) in 135 ml of dimethylformamide is added dropwise at

30 - 70°C in the course of 10 min. The mixture is stirred for 40 min at 120°C and the

reaction mixture is poured into 2.2 1 of semi-concentrated sodium chloride solution at
10 room temperature. After extraction with 2.2 | of ethyl acetate, the organic phase is

washed 3 times with semi-concentrated sodium chioride solution, dried over sodium

sulphate and concentrated at 50°C.

Yield: 165.4 g (70.4% of theory)

HPLC: 46.9%
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represents hal ogen, such as chlorine, bromne, iodin rabl y brom ne,
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Example XIII

Menthyl-2-(S)-2-cyclopentyl-2-/4-(2,4-dimethyl-pyrimido/1,2-a7-indol-
9-y1)-methyl)phenyl/acetate hydrochloride

AN
=z
N

x HC!

O /L;O\
o

165.4 g (0.14 mol) of the crude product from Example XII are dissolved in 1.6 1 of
5 acetone at 50°C. In the course of 10 min, 80 ml (0.48 mol) of semi-concentrated
hydrochloric acid are added dropwise at 15 to 20°C and the mixture is stirred for 2 h

at approximately 10°C. The precipitated solid is filtered off with suction, washed with

a sparing amount of acetone and dried at 50°C under reduced pressure.
Yield: 60.7 g (39.3% of theory, based on pyrimidoindole)
10 HPLC: 76.1%
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Example XIV T T

2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-pyrimido[1,2-a]-indol-9-yl)-methyl)phenyl]acetic

acid

60.7 g (0.10 mol 76.1% pure) of the compound from Example XII are dissolved in 146

(¥4

ml of formic acid and 43 ml of 48% strength hydrobromic acid and stirred for 6 h
under reflux (109°C), the reaction mixture foaming vigorously initially. At room
temperature, 94 ml of isopropanol and 187 ml of water are added and, with cooling, in .
the course of 1h, the mixture is adjusted to pH 5 by addition of 190 ml of
concentrated sodium hydroxide solution. The mixture is stirred for 2 h, the solids are
10 filtered off with suction and washed three times with isopropanol, each time with 100
-ml, and three times with water, each time with 100 ml. The residue is stirred for 1 h
with 310 ml of isopropanol, filtered off with suction, washed with a sparing amount of
isopropanol and dried under reduced pressure at 50°C.
Yield: 36.9 g (approximately 100% of theory)
15 HPLC: 92.1%
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fromthe enantionerically pure acids reacting with activating.eagents.s.
2. Process according to Claim1 for the preparation off epp@FnEsTSHithe
formul a (1) according to Caim1l, in which
Rlerr] and Rl err], including the double bond Iinking them tggﬁtﬂ?& ..é?fm a
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Example XV

2-(S)-2-cyclopentyl-2-[4-(2,4-dimethyl-pyrimido( 1 ,2-a]-indol-9-yl)-methyl)phenyl]acetyl

X
=
N

chloride

10 ml (0.14 mol) of thionyl chloride are added dropwise in the course of 10 min at

39°C to a solution of 37.1 g (0.09 mol) of the compound from Example XIV in 306 ml

i

of dichloromethane, and the resulting gases are passed into a scrubbing tower. The

mixture is stired under reflux for 2 h and volatile portions are distilled off under

reduced pressure at 40°C bath temperature. The remaining thick suspension is admixed

with 270 ml of toluéne, concentrated under reduced pressure at 50°C and the residue

10 is stirred with 270 ml of toluene at room temperature for 2 h. The product is filtered

. off with suction, washed with a sparing amount of toluene and dried under reduced
pressure.

Yield: 47 g (toluene-moist)




Rl err] denotes hydrogen or l|inear or branched al kyl having up to 3 carbon

at ons, Rlerr] and Rferr], including the double bond |inking
them together form a phenyl ring or a_cyclopentere——-
cycl ohexene, cycl oheptene, cycl ooctene, 10 Rgmmgymrﬁbéhtéﬁe
oxocycl ohexene, oxocycl oheptene or oxocycl ooct ene

radi cal , where all ring systens, |isted un §H§@¥LA§§ r
and Rlerr]/Rerr] are optionally up to -36- di subdt @ {
identically or differently by fluorine, chlorine, brom e, -
trifluoronet BxamplaKWixyl, hydroxyl, by linear or branched al koxy or 15

al koxycar bonyl each having up to 4 carbon atons, or by |‘Rear—orbranched”
al kyl having up to 4 carbon atons, whi ch itself can be substituted by

hydr oxyl [9.(]).9- L KOXd J13V 39- 4R of ® -3 ar bon
at ons, N-[2-(8)-2 c$)'c %CM eﬁztayoql ut yffgl ?ycq%pe tyl, ?clyc | oh egﬂs

cycl oheptyl, rrteylgall}phaiﬂdcpm]’-(R)-phenylglycmol represents linear or branched

al kyl having up to 10 carbon atons, /5\

The toluene-moist crude product (47 g, approximately 0.08 mol) from Example XV is

h

suspended in 810 ml of toluene. 11.8 g (0.086 mol) of D-phenylglycinol and 23 ml
(0.166 mol) of triethylamine are added and the mixture is stirred at 61 to 63°C for 1 h.
The solids are filtered off with suction at room temperature and stirred for 2 h with
500 ml of water and 50 ml of saturated sodium hydrogen carbonate solution. The solids
are filtered off with suction, washed with 150 ml of water and dried at 50°C under

10 reduced pressure.

The crude product (32.3 g) is dissolved in 1 | of methyl ethyl ketone at boiling heat,
filtered off hot with suction from insoluble portions, the filtrate is concentrated to
approximately 200 ml and cooled with an ice bath. The product which has crystallized
- out is filtered off with suction, dried at 50°C under reduced pressure, dissolved in 2 1
15 of methanol at boiling heat, filtered off hot with suction and concentrated to 150 ml.
The product which has precipitated out at room temperature is filtered off with suction,
washed with 150 ml of methanol and dried at S0°C under reduced pressure.
Yield: 14.9 g (34.6% of theory)
HPLC: 99.9%
20 Melting point:-195-200°C.
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1. Process for the preparation of enantiomerically pure cycloalkano-

indolecarboxylic acids and azaindole-carboxylic acids and
pyrimido[1,2a]indolecarboxylic acids and their activated derivatives of the

general formula (I)

h

in which

A represents a radical of the formula

or

A, D, E, G, L and M are identical or different and denote hydrogen, halogen,

10 . trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms or linear or branched

alkyl having up to 6 carbon atoms, which itself can be substituted by

hydroxy! or by linear or branched alkoxy having up to 4 carbon atoms,
in which

15 R' and R? including the double bond linking them, together form a phenyl
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Rlerr] and Rerr],
pyri dyl ring or aring of the fornmula [err]

phenyl ring or
in which

Rlerr] and Rerr],

cyUIlLIIUHﬂF

okocycl'oh&pt &ne” or oxocyd8eoct ene

phenyl
cycloheptene
oxocycl ohexene,
radi cal

10

I ncl udi ng the double bond Iinking them together forma

Rl err] denotes hydrogen or nethyl, 10
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ring or pyridyl ring or a ring of the formula - | NR

where
R’ denotes hydrogen or linear or branched alkyl having up to 4 carbon atoms,

R’ and RY, including the double bond linking them, together form a phenyl
ring or a 4- to 8-membered cycloalkene or oxocycloalkene radical,

where all the ring systems listed under R'/R? and R¥R* are optionally up to

trisubstituted identically or differently by halogen, tirfluormethyl, carboxyl,

hydroxyl, by linear or branched alkoxy or alkoxycarbonyl each having up to 6

carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,

which itself can be substituted by hydroxyl or by linear or branched alkoxy

having up to 4 carbon atoms,

T represents cycloalky! having 4 to 12 carbon atoms, or represents linear or

branched alkyl having up to 12 carbon atoms,
Q represents hydroxyl or an activating radical,
and their salts,

by firstly converting compounds of the general formula (II),
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4. Process accordi-ng-to-G-ai-m-1-for the preparati on of conmpounds of the
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H,C
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R?® together with the oxygen atom represents a chiral alcohol radical, by means

in which

of compounds of the general formula (IIl)

T-Z ()

in which

W

T has the meaning specified and

Z represents a typical leaving group, such as bromine, chlorine, iodine,

mesyl, tosyl, or trifluoromethylsulphonyl, preferably iodine or bromine,

in inert solvents in the presence of a base by diastereoselective alkylation into

10 the enantiomerically pure compounds of the general formula (IV)

CH,

. _CO,R° av)

T —_—
in which This Sheet Has Been Re

LT

then converting these, by halogenation, into the enantiomerically pure

T and R® have the meaning specified,

compounds of the general formula (V)
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in which

T and R® have the meaning specified

and
R’ represents halogen, such as chlorine, bromine, iodine, preferably bromine
reacting these in a further step with compounds of the general formula (VI)

A-H (VD

in which

R', R, R? and R* have the meaning specified,

to give the enantiomerically pure compounds of the general formula (VII)

Replaced

1

cet Has Been

o = "

A, T and R® have the meaning speci

and, in the case of compounds of the general formula (I) where Q = OH

carrying out a hydrolysis, and in the case where Q = activating radical, starting
[ THIS SHEET HAS BEEN
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5 5. Process for the preparation of enantionerical YRM?\EEMFNT SA‘C’

cycl oakanoi rmdotecarbexxH -G ... acid and azai ndol echr

pyti m do[ 1, 2a] aci ds and their fefi vat ives of t
general for wl,mmm pﬂ”} m i'n which 2R M&Yr B9ént
radi cal of the *or "

-41 -

from the enantiomerically pure acids reacting with activating reagents,

3]

Process according to Claim 1 for the preparation of compounds of the formula

(I) according to Claim 1, in which

R' and R?, including the double bond linking them, together form a

5 pheny! ring or pyridyl ring or a ring of the formuta | NR

in which
R’ denotes hydrogen or linear or branched alkyl having up to 3 carbon atoms,

R’ and RY, including the double bond linking them, together form a phenyl
ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,
10 oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene

radical,

where all ring systems, listed under R'/R? and R*R* are optionally up to

~ disubstituted identically or differently by fluorine, chlorine, bromine,
triflucromethyl, carboxyl, hydroxyl, by linear or branched alkoxy or

15 alkoxycarbonyl each having up to 4 carbon atoms, or by linear or branched
alkyl having up to 4 carbon atoms, which itself can be substituted by hydroxyl

or by linear or branched alkoxy having up to 3 carbon atoms,

T represents cyclobutyl, cyclopentyl, cycloﬁexyl,'cycloheptyl, cyclooctyl, or

represents linear or branched alkyl having up to 10 carbon atoms,

- —
I

and

he
S
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Q represents hydroxyl or represents an activating radical, !

cbtn e P & oA R 58

and their salts.

Process according to Claim 1 for the preparation of compounds of the formula

(I) according to Claim 1
in which

R' and R? including the double bond linking them, together form a

phenyl ring or pyridyl ring or a ring of the formula | NR®,

-

in which
R’ denotes hydrogen or methyl,

R’ and R* including the double bond linking them, together form a phenyl
ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,
oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene

radical.

Process according to Claim 1 for the preparation of compounds of the general

formula (f) according to Claim 1,
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A represents a radical of the formula
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J, Db E G L and Mare identical or different and denote hydrogen,
hal ogen, trlfluoronethyl car boxyl, hydroxyl, |inear or
branched al koxy alkoxycarbonyl each hawing up to 6

carbon atons n be substituted b . “Hydr-ox
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or by linear or brahcHed sal RKoxy having up to 4 carbon atpng

in which Rlerr] and R err}43i-ncl udi ng the cloub?e9 BN WIQYHHI ng
them together forma phenyl ring or pykidyl ring or.la
ring of the fornmula [err]

CH,
NN
s

Z N CH,

or

and

R’ and R* = phenyl ring

and having the radical "CH-T-COQ in the paraposition and Q = chlorine.

-

5 5 Process for the preparation of enantiomerically pure cycloakanoindolecarboxylic
acid and azaindolecarboxylic acids and pyrimido[1,2a}indolecarboxylic acids
and their derivatives of the general formula (I)
A
' -
CH, co-Q @
T
in which
A represents a radical of the formula
R R’ |
10 | Sheet Has Beﬁ‘iﬁiird
or




10 wher e Rl err] denotes hydrogen or |inear or

branched al'ykyl “havihg up to 4 carbon at ons,

Rlerr] and R €1 (RHEIE b L T l he doubl e bond Iinking them together forma
phenyl : Eiml““"l"‘“ﬂﬂm ﬂl“ a 4- to 8-nenbered cycl oalkene or.

oxocycl oal kene ¥adical,"15 * where all the ring syptmypel st ed mmder
Rlerr]/Rerr] and Rlerr]/Rerr] are optionally up to —l....,..‘.,":i‘rf.-..‘fjffi;

trisubstituted identically or differentl44 by hal ogen, t{rfl uornethyl, } {

car boxyl , hydroxyl, by linear or branched a] kpxyg DMAY 597 |
al koxycar bonyl each having up to 6 carbon atops, or by Iin?ar_,
or branched al ky| having up tg 6 carbon atomns, i R 1
N R
E N M :

A, D,E, G, L and M are identical or different and denote hydrogen, halogen,
trifluoromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms or linear or branched

5 alkyl having up to 6 carbon atoms, which itself can be substituted by

hydroxyl or by linear or branched alkoxy having up to 4 carbon atoms,

in which

R' and R? including the double bond linking them, together form a phenyl

ring or pyridyl ring or a ring of the formula - NR

This Sheet Has Been Replaced

R’ denotes hydrogen or linear or branched alykyl having up to 4 carbon

10 where |

atoms,
R’ and R*, including the double bond linking them, together form a phenyl
ring or a 4- to 8-membered cycloalkene or oxocycloalkene radical,
15 where all the ring systems listed under R'/R? and R¥/R* are optionally up to
trisubstituted identically or differently by halogen, tirfluormethyl, carboxyl,
hydroxyl, by linear or branched alkoxy or alkoxycarbonyl each having up to 6

carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,

Yt e o e, .
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or branched al koxy

having up to 12 carbon atoits, ©

branched al kyl
or an activating radical,

hydr oxyl

characterized in that

[err]

10

15

which itself can be substituted by hydr oxyl
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racem c carboxylic acids of the genera
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which itself can be substituted by hydroxyl or by linear or branched alkoxy

having up to 4 carbon atoms,

T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alkyl having up to 12 carbon atoms,

Q represents hydroxyl or an activating radical,

and their salts,

characterized in that racemic carboxylic acids of the general formula (X)

H,C
@YCOZH ®S) X
T

in which
T has the meaning specified above,

are first converted by reaction with (R)- or (S)-phenylethylamine in inert
solvents and subsequent crystallization of the phenethylammonium salts and

subsequent hydrolysis of the salts, into the enantiomerically pure compounds of

the general formula (XI)

H,C
@‘f‘“’” CD '
T | T

This Sheet Has Been Replaced

HII!I\HlIIlH\\IIIHIIl

T has the meaning specified above, ﬁ HiS S UAS BEEN
; ?ii:w. GED




in which

sol vents and

subsequent hy
conpounds of

whi ch

T has the neaning specified above, T T 1 -y
first converted by réaction with (R - or (S)-phenylethyl afi ng AGEHRRT iR |
“ﬂ‘“uwm | l'ization af the phernethyl amfroni um salts a
ammﬂ alts, into the enantionericglty RRY 1507 f
"t egeneral formula (XI) [err] , -in]
- 46 -

10

these are converted in a further step with isobutene, in inert solvents and in the

presence of acids, into the enantiomerically pure esters (XII)

CH,
@‘{’ CO,t-Bu (xan
T

in which

T has the meaning specified above,

then the esters (XII) are converted by halogenation into the enantiomerically

pure compounds of the general formula (XIII)

R'—H,C
\©\'/ CH - CO,tBu (XI10)

T
in which

R has the meaning specified above
and

R’ represents a typical leaving group, such as chlorine, bromine, iodine,

tosylate or mesylate, preferably bromine,
in a further step, by reaction with compounds of the general formula (VI)

AH VD)

!} THIS SHEET HAS BEEN

in which BLRLADED

v gty

This Sheet Has Been Replaced

[T




15 T has the neaning. speWﬁLabove

a further step with isobutene, in
inert solvents and in the

enantionerically pure esters (Xl “ Hmm”"’ ds. 1intepf figy ENT SHEET
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-46 - t hese are convertm : w

A has the meaning specified above, e e

the enantiomerically pure compounds of the general formula (T)

in which

A and T have the meaning specified above and
S Q represents tert-butyl,

are prepared,

and, in the case of the compounds of the general formula (I) where Q = OH, a

hydrolysis is carried out.

6. Intermediates of the general formula (IV)

CH,

. _COR’ )

10 This Sheet Has Been Replaced

I

in which

T represents a cycloalkyl having 4 to 12 carbon atoms or represents linear or

branched alkyl having up to 12 carbon atoms ";5. HAS Ber ’\J
FEIN s v DES }
h»—*r')g-f‘a!t !J 3

ey e o S s s
e —
st



I n which T has the neaning specified above, S Itlhen t he
esters (Xl I) -areconverted by hal ogenation into the enantio Lca Yy ‘Wh

il 1 T 7 3
!
l
A

. L

and
R® represents the D- or L-menthyl radical or tert-butyl.

with the exception of the compound having T = isopropyl.

7. Intermediates of the general formula %)
R’ —H,C
@\-( coR® V)
T
5 in which

R® represents the D- or L- menthyl radical or represents the tert-butyl radical,

T represents cycloalkyl having 4 to 12 carbon atoms or represents linear or

branched alky! having up to 12 carbon atoms
and
10 R’ represents bromine.

8. Use of the intermediates according to claims 6 and 7 for the preparation of

enantiomerically pure active compounds of the Formula (I) according to

Claim 1,
in which
This Sheet Has Been Replaced
S 1 [1]

9. Intermediates of the general formula D l THIS SHEET HAS BEEN
) R T.Pn.f‘m;ff—)




' err] represents—a fvni Palj lLeaving group, such as
o o o ] 6 rresyl ate, preferably

gm)(r)ﬁr |nge br om ne, i;)ﬁi ge{‘urther |HH“ ml%‘i n wth HEPPHEY, W“/

general formula (VI) [err] *

- 49 -

M

and T represents cycloalkyl having 4-12 carbon atoms or represents linear

or branched alkyl having up to 12 carbon atoms and

Q represents hydroxyl or chlorine and their salts.

wh

10.  Intermediates of the general formula VII

co,R’

in which A and T have the meaning specified under 9 and

R® represents D- or L- menthyl.
P 0 Y This Sheet Has Been Repl

1. o of e o conising o T

P
10 L
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A has the neaning specified above the e
enantionerically pure.conpounds of the general forrmula (I) [err]
i n which A and T have the neani ng specified above and

e —— REPLACENENT NT SHEET |
A
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a) Tert-butyl (S)-2 (4-bromomethylphenyl)-2 cyclopentyl-acetate of the
formula

OtBu

b)

(L)-menthyl 2 (8)-2-cyclopentyl-2-(4-tolyl)-acetate of the formula

Me

N
(]

- ‘\\

This Sheet Has Been R,
Me Me

T

¢) (L)-menthyl 2 (8)-2 (4-bromomethyl-phenyl)o2-cyclopentyI-acetéte of the
formula

ﬂ

K ?s, SHEET HAS bLs\1§
l PLACED

l




tert-buryl . are prepared,
Q represents y formila (1) where Q= OH,

5
he. conpounds of the general . )
nthe case o ehs. comp Enantionerically pure

and
is carried out. .
|nterrred| at es mnﬂgi* W " formula (1V) [err] m\ﬁg‘ﬂ‘ %,I_.;g__
I
"5t 29 MY 1997 |
e |

d) L-menthyl 2(S)-2-cyclopentyl—2[4-(2,4-dimethyl-oc—carbolin—9-yl)methyl]-

phenylacetate of the formula

e) 2-(S)-2-cyclopenty1—2-[4—(2,4-dimethy1-a—carboIin—9-yl)methyl]phenylacetyl

chloride of the formula

—_—

This Sheet Has Be Replaced
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represent s- a««cycLQaI havi ng 4 to 12 carbon atons
hed a yT “fraving up to 12 carbon

i n which T
or represents |inear or
at ons and R[er i@g mﬂmm e D or T“H‘EH{;-h.yl_____’_m\ N
radical or tert-butyl, with the exce biu‘p;}.‘tu “[fm”g
having T = isopropyl. -~-M.,‘.k.(5 |
. i
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Me A -
AN
I
Z
N N Me
o]
Cl

f) L-menthyl 2-(S)-2-cyclopenty1-2-[4-(2,4-dimethyl-pyrimido[ 1,2-a]-indol-9-

yl)-methyl)phenyl] acetate of the formula

M -2-
g) i:g;c:ly; 2 (S)-2-cyc]openty1-2-[4-(2,4-d1‘methy1-pyr1‘m1‘do[1 2-3]-
- -yT)-methyT)phenyﬂ-acetate of the formula ,

This Sheet Has Been Replaced

LT

[THIS SHEET HAS BEEN
REPLACED .




7. I nternedi ates of the general formula (1V) [err]

I n which T represents a cycloal kyl having 4 to 12 carbon atons or
represents | inear—eor.. ._.____—_branched al kyl having up t ﬁ.@;&eg,@oﬂ Q%,m;‘"‘
and A ‘ . VLt |

1y MO

:
29 MAY 1597 |
|

h) 2-(8)-2-cyclopentyl-2-[4-(2,4-dimethyl-pyrimido{1,2-a]-indo1-9-y1)-
methyl)phenyljacetyl chloride of the formula

IS
=
N

This Sheet Has Been Repl

i e

REPLAGED




Rlerr] represents the D- or L-nenthyl radical. :
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Process for the preparation.of enantiomerically pure cyclo-
alkano-indol-and. azaindol -and pyrimido /f1,2a7_.indol .-
carbocylic acidgand their activated derivatives '

Abstract

The invention relates to a2 process and intermediates for the preparation of
enantiomerically pure cycloalkanoindolecarboxylic acids and azaindolecarboxylic acids
and pyrimido(1,2a]indolecarboxylic acids and their activated derivatives; characterized
in that the tolyl acetic acid is first esterified with a chiral alcohol, then
diastereoselective substitution at a-carbon atoms is carried out and this product is
halogenated in the tolyl group and then reacted with appropriate cycloalkanoindoles,
cycloalkanoazaindoles or pyrimido{1,2alindoles. It is possible by this method to prepare
specifically, in high purity, the enantiomerically pure ‘carboxylic acids which are

intermediates for valuable medicaments.

No figure suggested
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: i represents the tert-butyl s
represents the D- or L- ment hm: g;vi ng 4 to 12 carbon atons of £&\ |
radical, i ! r'e“p_r’j-:"SLELDLS—--branched al kyl having up to 12 carbon atons
repr esents |inear or - :.._;m i I 9 I nt er nedi at GWWA&};S‘T
and e rTm‘mm‘H“‘ﬁ“mmm ' REPLACEMENT SHEET |
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-37- 120CT 998 | |
Patent Clsims g
L. Process for the Preparation of enantiomerically pure cycloalkano-

indolecarboxylic acids and azaindole-carboxylic acids and

pyrimido[l,Za]indolecazboxylic acids and their activated derivatives of the

3 general formula (I)
A
I -
CH, —-@\r co-q )
T
in which

A represents a radical of the formula

| or

aﬁ D,E,G, L and M are identical or different and denote hydrogen, halogen,

10 trifluoromethyl, carboxyl, hydroxyl, linear or branched .alkoxy or
| alkoxycarbonyl each having up to 6 carbon atoms or linear of branched
alkyl having up to 6 carbon atoms, which jtself can be substituted by

hydroxy! or by linear or branched alkoxy having up to 4 carbon atoms, .

in which

15 R' and R? including the double bond linking them, together form a phenyl



I n which Rlerr] represents the D or L- nenthyl radical, T
represents cycl oal kyl having 4 to 12 carbon atons or represents-linear or

branched al kyl having up to 12 carbon atons and REPEACEMENT eSS
brom_ne. REPEACEMENT-
] —
LM s e .
ring or pyridyl ring or a ring of the formula - | NR®
0
where

R’ denotes hydrogen or linear or branched alkyl having up to 4 carbon atoms, |

R’ and RY, including the double bond linking them, together form a phenyl
5 nng or a 4- to 8-membered c}cloalkene or oxocycloalkene radical,

where all the ring systems listed under R'/R? and R/R* are optionally up to

trisubstituted identically or differently by halogen, tirfluormethyl, carboxyl,

hydroxyl, by linear or branched alkexy or alkoxyearbony! each having up t0 6

carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,
10 which itself can be substituted by hydroxy! or by linear or branched alkoxy

having up to 4 carbon atoms,

T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alkyl having up to 12 carbon atoms,
Q represents hydroxyl or an activating radical,
15 and their salts,

by firstly converting compéunds of the general formula (II),




10. . Use of the internedi ates according to clains 6 to 9 for the

pr epatr ati on of enantionerically pure active conpounds-af the Fornul. a
(Iy according to Claim1, i n which Q repgrlma,f(;b:&n]is.;xl
phenyl gl ycinol radical———11. Enantionerically pure i nt[e es_fﬁ_

T [ rzorom | |

H,C
\Q/co,r\j‘ ®

[
R® together with the OXygen atom represents a chiral alcohol radical, by means
of compounds of the general formula (III)

e e .
e

in which

T-Z {1
5 in which
T has the meaning specified and

Z represents a typical leaving group, such as bromine, chlorine, iodine,

mesyl, tosyl, or trifluoromethylsulphonyl, preferably iodine or bromine,

in inert solvents in the presence of a base by diastersoselectjve alkylation into

10 the enantiomerically pure compounds of the general formula av)
CH,
. _CO,R® ™
T
in which

T and R® have the meaning sperified,

then converting these, by halogenation, into the enannomencally pure
compounds of the general formula V)



formula (1) [err] T MRNSUUUREVRN U a IUR.1 o Y BY oY « BHW L NURNN
represents [err] in which Rlerr] and R[ erf J#EpLACHMEN IngHite |

doubl e bond _
R fﬂ_ﬁ—”’f__

el L

*
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R —H,C
Wy ©

T

in which

T and R® have the meaning specified

and

R’ represents halogen, such as chlorine, bromine, iodine, preferably bromine,
5 ré:acting these in a Mex step with compounds of the general formula (VI)

A-H VD)
in which
R', R%, R? and R* have the meaning specified,

to give the enantiomerically pure compounds of the general formula (VII)

A

| .
T .
10 in which

A, T and R* have the meaning specified,

and, in the case of compounds of the general formula (I) where Q = OH,

carrying out a hydrolysis, and in the case where Q = activating radical, starting



linking them together forma phenyl ring, and REPLACEMEMT SHEE

cycl.oal kyl
branched al kyl
- hydr,oxyl or
t he general

10

15

hawing-4-12 carbon atons or represents |inear

havi ng up to 12 carbon atons and Q

chI :wmmmmn l"'sal ts. [err] “12. lintjer r@dbg’q’?}gg@f

-

epresents

—+
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from the enantiomerically pure acids reacting with activating reagents.

Process according to Claim 1 for the preparation of compounds of the formula
(I) according to Claim 1, in which

R' and R?, including the double bond linking them, together form a

phenyl ring or pyridyl ring or a ring of the forrnula i NRS

in which
R® denotes hydrogen or linear or branched alky] having up to 3 carbon atoms,

R’ and R, including the double bond linking them, together form a phenyl
ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,
oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene
radical,

where all ring systems, listed under R'/R? and R/R® are optionally up to
disubstituted identically or differendy by fluorine, chlorine, bromine,
triflucromethyl, carboxyl, hydroxyl, by linear or branched alkoxy or
alkoxycarbonyl each having up to 4 carbon atoms, or by linear or branched
alkyl having up to 4 carbon atoms, which itself can be substituted by hydroxyl

or by linear or branched alkoxy having up to 3 carbon atoms,

T represents cyclobutyl, cyclopentyl, cyclohexyl ‘cycloheptyl, cyclooctyl or

represents linear or branched alkyl having up to 10 carbon atoms,



in which A represents [err] ‘&ﬁeFTrepr

having up to 12 carbon atons and | HFiRHEREn: s ver
. * 0 L M s s

and-their salts
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esents.cycl oal kyl

oxXyt—or—echkori-n
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Q represents hydroxyl or represents an activating radical,

and their salts.

(V%)

(1) according to Claim 1

5 in which

R' and R?, including the double bond linking them, together

brrERLRCETKyheT '/’
I
|

.t
T et R i i
Erion S

Process according to Claim 1 for the preparation of compounds of the formula

form a

phenyl ring or pyridyl ring or a ring of the formula QRS .
' (o)

in which

R’ denotes hydrogen or methyl,

10 . R?® and R® including the double bond linking them, together form a phenyl

ring or a cyclopentene, cyclohexene, cycloheptene, cyclooctene,

oxocyclopentene, oxocyclohexene, oxocycloheptene or oxocyclooctene

radical.

4. Process according to Claim 1 for the preparation of compounds of' the general

15 formula (I) according to Claim L,
in which

A represents a radical of the formula



| formula (V1) [err] in
13. _ Internedi ates of the genera Rrerr]

: d
T e e

12 0CT ‘1998 ,
5. ]

CH,
NT
Z
R Z N CH,

or

and
R® and R! = phenyl ring
and having the radical "CH-T-COQ in the paraposition and Q = chlorine.
5 S. Process for the preparation of enantiomerically pure cycloakanoindolecarboxylic

acid and azaindolecarboxylic acids and pyfimido{1,2a}indolecarboxylic acids
and their derivatives of the general formula (I)

in which

A represents a radical of the formula

10

or
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Tert - butyl

f ormul a

10

15

;L’

I nt er nedi at es of the—gwup_cmtl ng of: a)

(S)-2-(4-b t hyl ph | opentyI- acet at e_of th
| romomet hyl p e mmmmﬁ(i” iifﬂ“ﬂl -acetate _(?‘_PLAC:NENT S

12 0CT 1998

D, E, G, L and M are identical or different and denote hydrogen, halogen,
triflucromethyl, carboxyl, hydroxyl, linear or branched alkoxy or
alkoxycarbonyl each having up to 6 carbon atoms or linear or branched
alkji ﬂhéiving up to § carbon atoms, which itself can be substituted by

hydroxy! or by linear or branched alkoxy having up to 4 carbon atoms,

in which

RI

where

RS

R!

and R?, including the double bond linking them, together form a phenyl

ring or pyridyl ring or a ring of the formula - | NR

denotes hydrogen or linear or branched alyky! having up to 4 carbon
atoms,
and R®, including the double bond linking them, together form a phenyl

ring or a 4- to 8-membered cycloalkens or oxocycloalkene radical,

where all the ring systems listed under P/R* and R*/R" are optionally up to

trisubstituted identically or differendy by halogen, tirfluormethyl, carboxyl,

hydroxyl, by linear or branched alkoxy or alkoxycarbonyl each having up to 6

carbon atoms, or by linear or branched alkyl having up to 6 carbon atoms,




b) (L)-menthyl 2-(S)-2-cyclopentyl-2-(4-tolyl)-acetate df ﬁEB?AéE%EW' SUEET

[err]--
LLEULTITED (. | || rzoer o

- 45 -

which itself can be substituted by hydroxyl or by linear or branched alkoxy
having up to 4 carbon atoms,

T represents cycloalkyl having 4 to 12 carbon atoms, or represents linear or

branched alkyl having up to 12 carbon atoms,
5 Q represents hydroxyl or an activating radical,

and their salts,

characterized in that racemic ca}boxylic-acids of the general foimh!g x

H,C
@\(cow RS X
T

in which
T has the meaning specified above,

10 are first converted by reaction with (R)- or (S)-phenylethylamine in inert
solvents and subsequent crystallization of the phenethylammonium salts and

subsequent hydrolysis of the salts, into the enantiomerically pure compounds of
the general formula (XI)

H,C
\©“;’ COH X7
T .

15 T has the meaning 'speciﬁed above,

in which



?Zar grhl) ;irrent hyliﬁ%;#- br ononet hyl - phenyl ) - 2- cycl opent yl Wapciﬁbgﬁtewofé}:;@e"
- (RR Y T A | 120cTm98 |
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these are converted in a further step with isobutene, in inert solvents and in the

presence of acids, into the enantiomerically pure esters (XII)

CH, S |
\©+ CO,t-Bu (XI)
T

in which
T has the meaning specified above,

S " then the esters (XII) are converted by halogenation into the enantiomerically
pure compounds of the general formula (XIII)

RT—H,C
\& CH ~ CO,t8u (XI)

T
in which
R has the meaning specified above

and

10 R’ represents a typical leaving group, such as chlorine, bromine, iodine,

tosylate or mesylate, preferably bromine,
_ in a further step, b); reaction with compounds of the general formula (VI)

A-H (V)

in which



d) L-nmenthyl 2(S)-2-cyclopentyl-2[4-(2,4-dinethyl-carbolin-9-yl)nethyl].

phenyl acet at e of formula [err]
| T

.a7- 12 OCT 1998

A has the meaning specified abave,

A P A et g e

the enantiomerically purs compaunds of the geaeral formula (1)

A

! .

CH, @\, co,-Q ey
: l
T

in which

A and T have the meaning spesified above and

(¥

Q represants tert-butyl,

are prepared,

and, in the cass of ths cempeunds of the generz! formula (€) whers Q = 0H, 2
bydrolysis is carried out. '

Enantigmesically pure intszraediates of the general
fermula (IV) : ’

CH,

10 T
in which

T represents a cycloalkyl haviag 4 to 12 carhon atoms or reprasents lincar or
beanched alkyl having up to 12 cachan atams

and

represents the D- or L- ;nenthyl radical or tert-butyl, with the exception of the
compound having T = isopropyl.




e

2-(S)-2-cyclopentyl-2-[4-(2,4-dinmethyl-[err]-carbolin-9-yl)nethyl] ghenyl ace
tyl

[ er

y chloride of the formul a =.54-
err] 12 OCT 1998 REPLACEMENT SHEET
-48 - 12 OCT 1998
7. Intermediates of the general formula (IV)

I

CH,

(]
- CO,R . ()

in which

T represents a cycloalkyl having 4 to 12 carbon atoms or represents linear or

branched alkyl having up to 12 carbon atoms

and

R® represents the D- or L-menthy! radical.



f) L-nenthyl

2-(S)-2-cycl opentyl - 2- 2 pyrimdo[ 1, 2-a]-indet
yl)-methyl)phenyl ] ace‘ Iﬁlﬂi I ﬁ“ﬁﬁ{ﬁﬁm a lerr] 12.0CT 1998
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Enantlomerlcallx pure intermediates of the general

formula (V)

R’ —H,C
\©\'( corR’ V)

T
in which

R® represents the D- or L- menthyl radical or represents the ten;butyl radical,

T represents cycloalkyl having 4 10 12 carbon atoms or reéresents linear or

branched alkyl havieg up to 12 carbon atomns
and

R’ represents bromine.

Intermediates of the general formula (V)

R’ —H,C -
\@/ coR )
T .

in which
R* represents the D- or L. menthyl radical,

T represents cycloalkyl having 4 to 12 carbon atoms or represents linear or

branched alkyl having up to 12 carbon atoms
and

R’ represents bromine.



9) Menthyl-2-(S)-2-cyclopentyl-2-14-(2,4-dinmethyl-pyrimdo [1, 2-a]-

I ndal-9-yl)-nethyl)phenyl]-acetate of the fornula | REPLACEMENT SHEET

- 55-
CE R T —. 12 0CT 1998
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10. Use of the intermediates according to claims 6 to S for the preparation of

enantiomerically pure active compounds of the Formula () according 10
Claim 1,

in which

Q represents a phenylglycinol radical.

11 Enantiomerically pure intermeﬂlat=s sf thes gensarsl
formuls (1)

CH,
N \

)\

in which RJ and R4 includiné the double bond
linking them, together form a phenyl ring,
and T represents cycloalky! having 4-12 carbon atoms or represents linear

or branched alkyl having up to 12 carbon atoms and

Q represents hydroxyl or chlorine and their salts.



[err] h)

2-(S)-2-cycl opentyl - 2-[ 4- (2, 4-di mthrm

met hyl ) phenyl ] aceryl chloride of th?m"mm m”m”lm

Doelpy AodlenT SHEET

12 OCT 1998
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12. Intermediates of the general formula (I)
A
l -
CH, 4 co-Q Q)
T
in which A represents
CH,
N7
=z
7NN e,

and T represents cycloalky! having 4-12 carbon atoms or represents linear

or branched alkyl having up to 12 ca:bon atoms and

Q represents hydroxy] or chlorine and their saits.

- 13- Intermediates of the %eneral formula ( VII )

s
CO,R (VII)

L

in which A and T have the meaning specified in claim 11

and

R® represents D- or I. menthyl,
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isting of:
Intermediates of the group consis
14. n

of the
-2-cyclopentyl-acetate
thylphenyl)-2-cyc

- 1 (8)-2-(4-bromome

a) Tert-buty

formula

Br

OtBu

cetare 'of the formula
) (L)-menthyl 2-(S)-2-cyclopentyl-2-(4-tclyl)~a...ta

Me

: f the
: -2-cyclopentyl-acetate o
thyl-phenyl)-2-cyc
2-(S)-2-(4-bromome
c) (L)-menthy]
formula
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B3 .

Br Me
@ -
o™
. 'Me Me

d) L-menthyl 2(S)-2- cyclopentyl 2{4-(2,4-dimethyl-c-carbolin-9- -yDmethyl]-
phenylacetate of the formula

Me

N

l....
Me\l.

O,

)  2(S)-2-cyclopentyl-2- ~[4-(2,4-dimethyl-a- carbolm 9-yl)methyl]phenylacetyl
chloride of the formula



O
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f) L-menthy! 2-(S)-2-cyclopemyl-z-[4-(2,4~dimethyl-pyrimido[1,2va]-indol-9-
yI)-methyI)phenyI] acetate of the formula

ﬁ .
~
N

g) Menthyl-Z-(S)-2-cyclapentyl-2-

[s- (2,4-d1‘methyl-pyrimido[1 ,2-37-
: . ' hou | .
tndol-S-y])-metnyl)pnenyg-

acetate of the formula




N O
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h}) 2-(S)-2-cyclopentyl-2-[4-(2.4-dimethyl-pyrimido[l.2

-2]-indol-9-yD). -
methyl)phenyl]acetyl chloride of the formula




