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-The title ofi the invention is: Inproved nethod for the preparation of

hexahydroazeplnones and hexahydr oazepi nol es | nproved nethod for the
prep&rati on of hexahydroazepi nones and hexahydroazepi nol es The present
invention relates to an inproved nmethod for the 5 preparation of

hexahydr oazepi nones and hexahydroazepi nol es of the general formula | [err]
10 wherein X signifies R CH2, S, 0 Y signifies R, NCH3, or signifies
[err] and Z signifies O, -OH wherein in each case Rrepresents H, 15

al kyl, cycl oal kyl, aralkyl, aryl and the addition salts thereof.
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The title of the invention is:

Improved method for the preparation of hexahydroazepinones
and hexahydroazepinoles '



DE- OS 3634942/ Drugs O The Future.12 (3), 283 (1987/ 25 EP 488209), as wel |
as;structures for the treatnent of disorders of the central nervous system
such as Parkinsoni sm hyperprol acti naem a and schi zophrenia or for the

treatment of egEdbausagLhan db2CeRSpLLAAEKARN! e DELORyISEUFLBkncM s

Fungicidally act]ve substances conta eterocyc I cseven-

structural ePBﬁeh?xQPKdEP§EeEHBﬂ%eSNbreover derivatives of the
phosphol i pid type containing a 35 heterocycllc seven-ringed structural
elenment int nmai_n co onent _di splay antipeoplastic acti vi Prior
art A conpreﬂ§ﬁ595§s§B vePVERtARE Bﬁiéﬁﬁﬁnﬁ gﬁdéWPﬁpvﬁﬁ W§t¥89n§°th§Fg
Reactions5 \pkepabatiof08f( heka@ahydrdazeptinenésr ahdr hexahydrvatepisodesThr ee
Criteria are_kn [ in the synthesis of seven-nenbered and
hlgher-rrerrbe?gdggE gghgfggpgaﬁnﬁzgdllutlon in order to pronote the

i ntranol ecul ar as agai nst,the |nternDIecuIar reaction 2. long reaction
tinmes (sl ow dropw se additign of the

z
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wherein

X signifies N-R, CH,, S,'O

Y signifies N-R, N-CH,, or signifies N-CH,-CH,-C¢H; and

Z signifies 0, -OH, wherein in each case R represents H,
15 alkyl, cycloalkyl, aralkyl, aryl

and the addition salts thereof.

Heterocyclic ketones having seven-membered rings are
important intermediate products for the synthesis of

20 pharmacologically active substances. These include
structures of the azelastine type (INN) and the
flezelastine type (INN), which have active antiasthmatic
and antiallergic properties (for example,

DE-0S 3634942/Drugs Of The Future 12 (3), 283 (1987/

25 EP 488209), as well as structures for the treatment of
disorders of the central nervous system such as
Parkinsonism, hyperprolactinaemia and schizophrenia or for
the treatment of cardiovascular diseases (for example,
DE-0S 3820775).

30
Fungicidally active substances containing a heterocyclic
seven-ringed structural element are also known.

' Moreover, derivatives of the phospholipid type containing a
35 heterocyclic seven-ringed structural element in the main
component display antineoplastic activity.



dicarboxylié ester in order to pronote the intranol ecular reaction) 15 3.

| arge excesses of the base enployed. The greatly varying yields are also
not i ceabl e,

wor ki ng groups. 20 ‘Alternative nethods ofpﬁreparatlon such as -
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based on the well -known Di eckmann condensati on reaction.

Three criteria are invariably emphasised in the synthe51s
of seven-membered and higher-membered rings:

1. high dilution in order to promote the intramolecular as
against the intermolecular reaction

2. long reaction times (slow dropwise addition of the
dicarboxylic ester in order to promote the intramolecular
reaction)

3. large excesses of the base employed.

The greatly varying yields are also noticeable, even in the
preparation of identical products by different working
groups.

Alternative methods of preparation such as _

-  FPriedel-Crafts acylation (J. Chem. Soc., Perkin Trans.
I 1992, 445) _

- ring enlargement using diazomethane (Bull. Chem. Soc.,
Japén, 31, 418 (1958); Coll. Czech. Chem. Commun., 51,
2034 (1986)) |

- ozonolysis of cyclohexenone followed by a reductive
amino cyclisation (Synth. Commun., 21 (7), 881 (1991)

do not lead to satisfactory yields of the desired products,

quite apart from the technical achievement of ozonolysis or

the handling of diazomethane.

The object of the invention is to develop a method for the
large-scale preparation of heterocyclic ketones having
seven-membered rings, based on the well-known Dieckmann
condensation reaction. '



3 The invention relates to the preparation of salts of heterocyclic ketones
haylng seven-menbered rings by neans of Dieckmann condensation. 5 The
operatlon is such that a 1, 8- di carboxylic ester obtainable in a known
manner is reacted with strong bases in angnert solvent. Follow ng acid
hydrol ysis of the cyclic B-enol ate carboxfllc ester formed, the ester is

saponi fi ed virhBothviRtagn! 2ahated 88dchle Eéb5¥n%90ﬂ98ﬁr98%¥kabﬁd The

‘resul ting heterocyclic ketone having. a se en- ne ring 1s, subsequently
separ at ed frBﬁF?ﬁéCYs&&Fu ﬁtﬁflﬁﬁuhévmgt FeVeBrReBbered réngsabyi MEaAssal t
and i sol at edoEnppatkmhfhmcohBehsapibai.ngly, it was found that the
paraneters of long reaction time, |arge excess of bases and high dilution
do not (as hitherto assunmed) influencé the amount of the yield in a
particul ab wZhe éperatitbnonst sueh thatrani]l8t+dibGakboxglipreteeably 1 to 3

hours, and *$6eaiAtD pfb 3808 Rhpel REOHLDSEOrBaRRENTMILA cflghg' hallRl
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1. The base, which in_an.in tego g the ilrculated A jet

nozzle is po§FPPBﬁ£aepnwFﬁg°EFrPGF&Hl &fo+2a

10 decarboxylated. The resulting heterocyclic ketone hav1ng a
seven-membered ring is subsequently separated from the
reaction mixture in the form of its acid addition salt and
isolated in pure form.

15 Surprisingly, it was found that the parameters of long
reaction time, large excess of bases and high dilution do
not (as hitherto assumed) influence the amount of the yield
in a particular way. At reaction times of from 1 to 6
'hours, preferably 1 to 3 hours, and excesses of base of

20 from 0% to a maximum of 20%, it was poSsible to establish
technical conditions for carrying out the dilution without
resorting to large quantities of solvent and hence greatly
to increase the production output.

25 To this end two methods were developed.

1. The base, which is dissolved in an inert solvent, is
circulated. A jet nozzle is positibned in the circulation
system, similar to the principle of the water-jet pump. The

30 dicarboxylic ester is introduced undiluted into the side
inlet of the nozzle (see Figure 1).

- 2. The ascending vapour along a packed column is used to
dilute the dicarboxylic ester introduced in undiluted form,
35 which is charged at the top of the column. A practical
side-effect is that the diester is thereby brought to the
reaction temperature and, by means of a suitable solvent,



system simlar to the principle of the water-jet punp. The 30 dicarboxylic
ester ig introduced undiluted into the side inlet of the nozzle (see Figure
1y. 2. The ascendi ng vapour along a packed colum is used to dilute the

di carboxylic ester introduced in undiluted form 35 which is charged at
the top of the colum. A practical side-effect is that the diester is
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the top of the column, and corresponds in fact to as much

as 1 to 3 times the quantitative wvolume of the dicarboxylic
10 ester introduced.

Suitable solvents are:

aliphatic ethers such as, for example
15 - diethyl ether

- tetrahydrofuran

- dioxane

aromatic hydrocarbons such as, for example
20 - benzene

- toluene

- o-xylene

- m-xylene

- p-xylene
25 - xylene (mixture of isomers)

- mesitylene

The bases which can be employed are:
- alkali and alkaline-earth hydrides
30 - alkali and alkaline-earth amides
- alkali and alkaline-earth alcoholates

Suitable alcohol components for the 1,8-dicarboxylic esters
are '
35 - alkyl alcohols
- isoalkyl alcohols
- cycloalkyl alcohols



- .t.etrahydrofuran - di oxane aromati c hydrocarbons such as, for exanple 20
- benzene - toluene - o-xylene - mxylene - p-xylene 25 - xylene (mxture
of isonmers) - nesitylene The bases which can be enpl oyed are: - al kali and
alkaline-earth hydrides 30 - alkali and af kaline-earth anm des - alkali and
al kal i ne-earth al cohol ates Suitabl e al cohol conponents for the
1, 8- di car boxyds weldl aiss aafal k3 or aril adlcetledlss - isoal kyl al cohols -
cycl oal kyl al cohol s as well as aral kyl or aryl alcohols. The present
invention is illustrated in nore detail by the follow ng exanpl es.

The present invention is illustrated in more detail by the

following examples.
Example 1

A side stream of 245.3 g of ethyl 4-(2-carbethoxyethyl-
methylamino)butyrate is charged evenly under nitrogen over
10 a period of 2 hours into a solution of 123.4 g of potassium
tert-butylate in 1.3 1 of boiling xylene pumped round a
circulation system and the mixture is allowed to react for
a further 0.5 hours. 750 ml of distillate is withdrawn. The
reaction mixture is hydrolysed at 50 to 80°C by rapid
15 addition to a mixture of 300 ml of concentrated (37%)
hydrochloric acid and 500 g of ice cubes. The organic phase
separated off is washed twice, each time with 150 ml of
semi-concentrated hydrochloric acid. The combined aqueous
extracts are heated for 2 hours under vigorous reflux and
20 then evaporated to dryness in a vacuum. The residue is
dissolved in 700 ml of'isopropandl, filtered off hot from
the undissolved potassium chloride and crystallised at 0 to
-5°C. The residue filtered off is dried to constant weight
in a vacuum at elevated temperature. A second fraction can
25 be obtained by concentrating the mother liquor to a volume
of approximately 100 ml. 141.6 g (86.6%) of 1-methyl-
perhydroazepin-4-one HCl is obtained.

Melting point: 167°C (decomposition)
30 o
Example 2

A side stream of 245.3 g of ethyl 4-(2-carbethoxyethyl-
methylamino)butyrate dissolved in 900 ml of xylene is

35 charged evenly under nitrogen over a period of 3 hours into
a solution of 123.4 g of potassium tert-butylate in 1.3 1
of boiling xylene pumped around a circulation system and



5 Exanple 1 A side streamof 245.3 g of ethyl 4-(2-carbethoxyethyl -
met.hyl aqi no) butyrate is charged evenly under nitrogen over 10 a period of 2
hours into a solution of 123.4 g of potassiumtert-butylate in 1.3 1 of
boiling xylene punped round a circul ation $ysten1and the m xture is all owed
to react for a further 0.5 hours. 750 ml of distillate is wthdrawn. The
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vacuum. The residue is dissolved in 700 ml of isopropanol,
10 filtered off hot from the undissolved potassium chloride
and crystallised at 0 to -5°C. The residue filtered off is
dried to constant weight in a vacuum at elevated
temperature. A second fraction can be obtained by
concentrating the mother liquor to a volume of
15 approximately 100 ml. 145.9 g (89.2%) of l-methylperhydro-

azepin-4-one HCl is obtained.
Melting point: 163-164°C (decompositioﬁ)
20 Example 3

A side stream of 100 g of ethyl 4-(2-carbethoxyethyl-
benzylamino)butyraté dissolved in 780 ml of xylene is
chargéd evenly under nitrogen over a period of 3 hours into

25 a solution of 43.6 g of potassium tert-butylate in 1.65 1 |
of boiling xylene pumped round a circulation system and the
mixture is allowed to react for a further 1.5 hours. 800 ml
of distillate is withdrawn. The reaction mixture is
hydrolysed at 50 to 80°C by rapid addition to a mixture of

30 200 ml of concentrated (37%) hydrochloric acid and 500 g of
ice cubes. The organic phase separated off is washed twice,
each time with 100 ml of semi-concentrated hydrbchloric
acid. The combined aqueous extracts are heated for 2 hours
under vigorous reflux and then evaporated to dryness in a

35 vacuum. The residue is exhaustively extracted from
isopropanol and crystallised. The residue filtered off is
dried to constant weight in a vacuum at elevated



A side streamof 245.3 g of ethyl 4-(2-carbethoxyethyl -

met hyl am no) butyrate dissolved in 900 m of xylene is 35 charged evenly
under nltrogen over a period of 3 hours into a solution of 123.4 g of
petassiumtert-butylate in 1.3 1 of boiling xylene punped around a
circulation system and 6 the mxture is allowed to react for a further

1.5 hours. 15dGpaathd] Shi L;leébﬁd' erdictidhovan BaCopeachbannyi Xture |s

hydrol ysed at % 8% é g di,ition to a mxture of m of
concent r at ed “PRFSPLRQGLHGN LR BOLBRY dAGUSBOtE vaglumeeogubes. The organic
phase separ ahpgrokimaselgshed tdi.cé0.8agh (8on8sM bli 15Befikydperhydro-

sem - concentrg%ggnhxd 8§h583 a%b@ %;§§ conbi ned aqueous extracts are

heat ed for F&7Ung §usore ‘and then evaporated to dryness in
a vacuum 5The residue is dlssolved in 700 M of isopropanol, 10 filtered

of f hot 1 ronsfie1ugdipiakyed sROLES 1045 CldSEdiSoS s & giystallised at 0 to
t (o}

[err] The resi ered Is dried to constant ‘weight in a vacuum at
el evat ed tenperature. A second fraction can be obtai ned by concentrating
t he not her le04a vol une of 15 approximately 100 ml. 145.9 g (89.2%
of 1- nethylperhy ro- azepin-4-one HCl i s obtained.

10 90.0 kg of ethyl 4-(2-carbethoxyethylmethylamino)butyrate
is charged evenly under nitrogen over a period of 2 to
3 hours at the top of the column into a solution of 50.0 kg
of potassium tert-butylate in 400 ml of boiling xylene and
the mixture is allowed to react for a further 1 to

15 1.5 hours. Approximately 160 1 of distillate is withdrawn.
The reaction mixture is hydrolysed at 50 to 80°C by rapid
addition to a mixture of 80 1 of concentrated (37%)
hydrochloric acid and 100 g of ice cubes. The organic phase
separated off is washed twice, each time with 50 1 of semi-

20 concentrated hydrochloric acid. The combined aqueous
extracts are heated for 2 hours under vigorous reflux and
then evaporated to dryness in a vacuum. The residue is
dissolved in 400 1 of isopropanol, filtered off hot from
the undissolved potassium chloride and crystallised at 0 to

25 -5°C. The residue filtered off is dried to constant weight
in a vacuum at elevated temperature. 43.2 kg (72.0%) of
1-methylperhydroazepin-4-one HCl is obtained.

Melting point: 162-165°C (decomposition)
30 | D _
Example 5

168.8 g of ethyl 4-(2-carbethoxyethyl (2-phenyl-

ethyl) amino)butyrate (content: 94%) is charged evenly,
35 together with nitrogen, over a period of 2 to

3 hours at the top of a packed column into a solution of

61.7 g of potassium tert-butylate in 1.5 1 of boiling



Melting point: [err] (deconposition) 20 Exanple 3 A side streamof 100 g of
et hyl 4-(2-carbethoxyet hyl - benzyl am no) butyrate di ssolved in 780 m of
xytene s charged evenly under nitrogen over a period of 3 hours into 25 a
solution of 43.6 g of potassiumtert-butylgate in 1.65 1 of boiling xyl ene
punped round a circulation systemand the mxture is allowed to react for a
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is hydrol ysed~a o [err rapid.additio re o o
concent r at ed 53 IBﬂﬂJﬁr 499%@ atedid 5960 %Bét&h e #Fe or ganic
phase separ atvﬁ(thﬂﬁawrs. \mﬁwedaatcmm nﬁanﬂtnrtel 1] \lmytdrolQ&ed am‘ 50 to 80°C
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crystallisedgp
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vacuum at el évat ed 7 tenperature.. A second fraction can be tal ne by
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(80.8% of l-epistyisettrlidts are heated for 2 hours under v1gorous

reflux and then evaporated to dryness in a vacuum. The

10 residue is suspended hot in 250 ml of isopropanol and
crystallised in the cold. The crystallisate is exhaustively
extracted from isopropanol and crystallised. The residue
filtered off is dried to constant weight in a vacuum at
elevated temperature. A second fraction can be obtained by

15 concentrating the mother liquor to a volume of
approximately 100 ml. 107.7 g (89.7%) of
1- (2-phenylethyl) perhydroazepin-4-one HCl is obtained.

Melting point: 196-198°C (decomposition)
20
Example 6

84.5 kg of ethyl 4-(2-carbethoxyethyl (2-phenyl-
ethyl)aminé)butyrate (content: 92.2%) is charged evenly

25 under nitrogen, over a period of 2 to 3 hours at the top of
a packed column into a solution of 30.0 kg of potassium
tert-butylate in 400 1 of boiling xylene and the mixture is
allowed to react for a further 1 to 1.5 hours.
Approximately 150 1 of distillate is withdrawn. The

30 reaction mixture is hydrolysed at 50 to 80°C by rapid
addition to a mixture of 60 1 of concentrated (37%)
hydrochloric acid and 60 g of ice cubes. The organic phase
separated off is washed twice, each time with 30 1 of semi-
concentrated hydrochloric acid. The combined aqueous

35 extracts are heated for 2 hours under vigorous reflux and
then evaporated to dryness in a vacuum. The residue is



azepin-4-one HO is obtained. 5 Melting point: 191 to [err] (deconposition)
Exanple 4 10 90.0 kg of ethyl 4-(2-carbethoxyethyl nethylam no)butyrate is
charged: evenly under nitrogen over a period of 2 to 3 hours at the top of
the colum into a solution of 50.0 kg of pgtassiumtert-butylate in 400 m
of boiling xylene and the mxture is allowed to react for a further 1 to 15
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vacuum T residue is di ssol ved in 400 | of isopropanol, filtered off hot

fromthe und| Si (o ised at 0 to 25 [err]
The residue fl??[)% e‘g %ﬁﬁé %5%;# d ggﬁ%’?’a S)ﬁt"‘%k‘t) I n a vacuum at
el evated tenpilenental /malyeig72. Mcwfaqed‘retfhyﬁﬁ)e?ﬁydi obz®Hpi N 45 052 HC1
is obtained. Melting point: [err] £4&5PMOSEE ':.Qf‘)H?’P @(% [T
-Content (Cl-): 100.28%
10

Example 7

100 ml of 1 N sodium hydroxide solution is added to a

_ solution of 18.9 g of sodium borohydfide in 100 ml of

15 water. A solution of 163.6 g of 1-methylperhydroazepin-4-
one HCl in 100 ml of water is added dropwise at an internal
temperature of 0 to 5°C. The mixture is stirred for 2 hours
at 0 to 5°C and then for 2 hours at room temperature. The pH
value is adjusted to 2 to 3 by addition of semi-

20 concentrated hydrochloric acid. The mixture is evaporated
to dryness in a vacuum, the residue is taken up in 600 ml
of isopropanol, the inorganic salts are separated off at 60
to 75°C and the product is crystallised out in the cold. The
product is filtered under suction and dried to constant

25 weight in a vacuum at elevated temperature. 149 g (90%) of
1-methylperhydroazepin-4-ol HCl is obtained.

Melting point: 156-158°C
30 Example 8

34.0 kg of ethyl 4-(2-carbethoxyethylmethylamino)butyrate

dissolved in 400 1 of xylene is charged evenly under

nitrogen over a period of 2 to 3 hours into a suspension of
35 5.0 kg of sodium hydride (80% in white mineral oil) in

200 1 of boiling xylene and allowed to react for a further

0.5 hours. Approximately 400 1 of distillate is withdrawn.



168.8 g of ethyl 4-(2-carbethoxyethyl (2-phenyl- ethyl)am no)butyrate
(content: 949 is charged evenly, 35 together with nitrogen, over a period
of 2 te 3 hours at the top of a packed colunn into a solution of 61.7 g of
potassiumtert-butylate in 1.5 1 of boili 8 xylene and the m xture is
allowed to react for a further 1 to 1.5 h urs Approxi mately 500 m of

distillate i g r it o 5
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the nother |igigdoived iHOhwe lOfofaE.%rdifi‘oﬁh%'ﬂ, A tereal @€£7 hot( o) Of
the undissolved potassium chloride and crystallised at 0 to
10 -5°C. The residue filtered off is dried to constant weight
in a vacuum at elevated temperature. 11.7 kg (52.0%) of
1l-methyl-perhydroazepin-4-one HCl is obtained.

~Melting point: 162-164°C
15
Example 9

245.3 g of ethyl 4-(2-carbethoxyethylmethylamino)butyrate
is charged evenly, together with nitrogen, over a period of
20 1.75 hours into a solution of 39.0 g of sodium hydride (80%
in white mineral oil) and 75 ml of ethanol in 1.3 1 of
boiling xylene and allowed to react for a further 0.5
hours. Approximately 700 1 of distillate is withdrawn. The
reaction mixture is hydrolysed at 80 to 100°C by rapid
25 addition to a mixture of 300 ml of concentrated (37%)
hydrochloric acid and 500 g of ice cubes. The organic phase
separated off is washed twice, each time with 150 ml of
semi-concentrated hydrochloric acid. The combined aqueous
extracts are heated for 2 hours under vigorous reflux and
30 then evaporated to dryness in a vacuum. The residue is
extracted hot from 600 ml of isopropanol and crystallised.
The residue filtered off is dried to constant weight in a
vacuum at elevated temperature. A second fraction can be
obtained by concentrating the mother liquor to a volume of
35 approximately 100 ml. 44.3 g (27.1%) of l-methyl-
perhydroazepin-4-one HCl is obtained.



1-(2- phenyl et hyl ) per hydr oazepi n-4-one HCl is obtained. Melting point: [err]
(deconp05|t|on) 20 Exanple 6 84.5 kg of ethyl

4- (2 car bet hoxyet hyl ( 2- phenyl - ethyl)anlno)butyrate (content: 92.2% is
charged evenly 25 under nitrogen, over g griod of 2 to 3 hours at the top
of a packed columm into a solution of 30.0 kg of potassiumtert-butylate in

400 1 of boi lpjdue: %mgﬁﬁyjﬂgylfgyﬁy Bebompbkovednyo react for a further 1
to 1.5 hours. Apgégiinately 150 1 of |st| Pate |sn&nthdramm The 30

reaction mxture is hydrolysed at 50 to [err] by rapid addition to a

m xture of 6Eamgle@wxentrated (37% hydrochloric acid and 60 g of ice
cubes. The organi c phase separated off is washed twice, each tine wwth 30 1
of sem - concentrated hydrochloric acid. The conbi ned agueous 35 extracts
are heated f 812 thauraf Lmdmtwli dor Rreauifdtboxyrat ilei? mbgnylat ed to dryness

i n-a vacuum £H§'r & e el ty opanol
se The resi dLKa £k St Sl X AU dd PR,

and crystalli filtered off is dried to const ant ight in a

vacuum at el Rgeihe%k i A EEOIRN .0 GYPY & Rl of 2 to

3 hours at the top of a packed column into a solution of
61.7 g of potassium tert-butylate in 1.5 1 of boiling

10 xylene and the mixture is allowed to react for a further 1
to 1.5 hours. Approximately 500 ml of distillate is
withdrawn. The reaction mixture is hydrolysed at 50 to 80°C
by rapid addition to a mixture of 200 ml of concentrated
(37%) hydrochloric acid and 300 g of ice cubes. The organic

15 phase separated off is washed twice, each time with 100 ml
of semi-concentrated hydrochloric acid. The combined
aqueous extracts are heated for 2 hours under vigorous
reflux and then evaporated to dryness in a vacuum. The
residue is suspended hot in 250 ml of isopropancl and

20 crystallised in the cold. The crystallisate is exhaustively
extracted from isopropanol and crystallised. The residue
filtered off is dried to constant weight in a vacuum at
elevated temperature. 95.4 g (80.8%) of 1-(2-phenylethyl)-
perhydroazepin-4-one HCl is obtained.

25
Melting point: 196-197°C (decomposition)

Example 11

30 153.7 g of methyl 4-(2-carbomethoxyethyl (2-phenyl-
ethyl)amino)butyrate (content: 96%) is charged evenly,
together with nitrogen, over a period of 2 to
3 hours at the top of a packed column into a solution of-
61.7 g of potassium tert-butylate in 1.5 1 of boiling

35 xylene. In the course of this a precipitate is formed which

' is difficult to stir, which dissolves completely during the
subsequent reaction time and is allowed to react for a '



1- (2- phenyl et hyl ) per hydr oazepi n-4-one HCl is obtained. 5 Melting point:
[err] (deconposition) Elenental analysis: calculated: C 66.26 H 7.95 N 5.52
foeund:« C 66.24 H 7.94 N 5.43 Content (C -): 100.28% 10 Exanple 7 100 m of
1N sodi um hydroxi de solution is added to solutlon of 18.9 g of sodium
borohydride in 100 m of 15 water. A SO|U%IOH of 163 6 g of

L et hyl per hydiRReePined 108¢ Hddes. nfniaggosahmafce 19! 8ho! § BEdaYHigRYLRE al

an i nternal terrperatureo err Xtufe 1s stirre hOUI’
at 0 to [errSafadthgawnor Thensgastaon, pémtusrpdpahyAEolYRedpAty B0uES s

_?_ﬂ] uste? to 8oko Bybrapﬂddlaa@ﬂwénsema @ﬂx@@f@e@t[msednilydafochl o:lﬁ aci d.
e mxture i s_evapor a.vacuuy e residue i,s taken u
in 600 M of |§8§P 3% (éﬁéq ﬁggﬁgﬁbgcféptgcégéa aP§t8d° f£C8 60 top
[err] and5theupesdudhe|srgﬁmsmaphasedsepareneﬂheffohd wabhefdr adick,i S
filtered und n t a t

cl evat od {ensach HE8"y3ER dogo BeYRlatoncantz a0ty bR ATMTA

obt ai ned. MePgidg wentcomﬂaene]d JquRRHFpEXtTagLso kg beasedyfor 2 hours

4- (2- car bet hepnaehh i eRFNsAFF IRV YR kBen evaporated to dryness in a

vacuum. The residue is exhaustively extracted from

10 isopropanol and crystallised. The residue filtered off is
dried to constant weight in a vacuum at elevated
temperature. A second fraction can be obtained by
concentrating the mother liquor to a volume of
approximately 100 ml. 105.4 g (86.5%) of

15 1-(Z-phenylethyl)perhydroazepin-4—one HCl is obtained.

Melting point: 196-198°C (decomposition)

Example 12

20 _
245.3 g of ethyl 4-(2-carbethoxyethylmethylamino)butyrate
is added over a period of 3 minutes, together with
nitrogen, to a solution of 123.4 g of potassium tert-
butylate in 1.3 1 of boiling xylene, with 300 ml of solvent

25 being rapidly distilled off, and the mixture is allowed to
react for a further 0.5 hours. A further 350 ml of
distillate is withdrawn. The reaction mixture is hydrolysed
at 80 to 100°C by rapid addition to a mixture of 300 ml of
concentrated (37%) hydrochloric acid and 500 g of ice

30 cubes. The organic phase separated off is washed twice,
each time with 150 ml of semi-concentrated hydrochloric
acid. The combined aqueous extracts are heated for 2 hours
under vigorous reflux and then evaporated to dryness in a
vacuum. The residue is extracted hot from 600 ml of

35 isopropanol and crystallised. The residue filtered off is
dried to constant weight in a vacuum at elevated
temperature A second fraction can be obtained by



di ssolved in 400 1 of xylene is charged evenly under nitrogen over a period
of 2 to 3 hours into a suspension of 35 5.0 kg of sodium hydride (80%in
white wineral oil) in 200 1 of boiling xylene and allowed to react for a
further 0.5 hours. Approximately 400 1 of 1distillate is w thdrawn. 10
The reaction mxture is hydrolysed at 50 to [err] by rapid addition to a

mi )t;ture ﬁf 3zchaentmertiey rtﬂié%(ihdtg'@@} flmqﬁ.li’dicmd)rd GraiGingk ¥ 60 g of iﬁe
cubes. The or | ¢ .phase s at.e S twice, egch time with 30 1
of sem- 5 c%ﬂ%"ﬁ%&%}%%ri@'a"cigd.(%ffge%go# r?e’&‘%{%ty jus extracts
are heated f@erhyenoazeapiders \ongoHills irefdhbainedlt hen evaporated to dryness
in a vacuum The residue is dissolved in 100 1 of isopropanol, filtered off
hot fromthe undissol ved potassiumchloride and crystallised at 0 to 10
[err]. Thé r ¥81iaT iRtiged 164~ 165°dr (dgcowpesisiamd wei ght in a vacuum at
el evated tenperature. 11.7 kg (52.0% of 1-nethyl-perhydroazepi n-4-one HC

is obtained. Melting point: [err] 15 Exanple 9 245.3 g of ethyl
4- (2- car bet hoxyet hyl et hyl am no) but yrat e



I s charged evenly, together with nitrogen, over a period of 20 1.75 hours
into a golution of 39.0 g of sodium hydride (80%in white mneral oil) and
75 m of ethanol in 1.3 1 of boi ling xyl ene and -atH-ewed-to react for a
further 0.5 hours. Approximtely 700 1 of |st|IIate is withdrawn. The

reaction mxture is hydrolysed at 80 to [ r] by mmmw,’ﬂmﬂﬂﬂ to a
m xture of 30§ ffhg0f concentrated (37% hydrochlo ’ Lﬂﬂg of ice
cubes. The organi ¢ phase separated off is washed twice, ‘eadh €ime with 150
m of sem -concentrated hydrochloric acid. The conbi ned aqueous extracts

are heated far, 2 Eﬁtp&%véadﬁiétﬁbﬁoﬁéﬂ'sthéf b&épa&ataant ben evaporated to

dryness in a vacu residye i s extracted, hqat
|sgpropanol and cﬁ?§?£VﬁF?@&ep?ﬁgnF§sFﬂﬁegﬁ ﬁE&aéﬁplPQQ&ﬁueﬁ tHeconst ant

wei ght i n5a vacuugeaerallefaredilaedperature. A second fraction can be
obt ai ned by concentrating the nother liquor to a volune of 35 approxi mately
100 M. 44.3 g (27.1% of ¥~ hyl - per hydroazepi n-4-one Hcl is obtained. -
Melting point: [err] (decgnposiltion) Exanple 10 5 181.8 g of n-butyl

4- (2- car bet hoxyet hyl ( 2- phe - ethyl )am no)butyrate (content: 93% is
charged evenly,

10 wherein
X signifies N-R, CH,, S, O
Y signifies N-R, N-CH,, or signifies N-CH,-CH,-CH; and
Z signifies O, -OH
wherein in each case R represents H, alkyl,

15 cycloalkyl, aralkyl, aryl and the salts thereof, by
means of the Dieckmann condensation using strong bases

in inert solvents, characterised by the following
features:

20 a) that an excess of up to a maximum of 20% of
strong bases is used

b) that the condensation reaction is carried out
over reaction times of from 1 to 6 hours,
25 preferably from 1 to 3 hours

c) that the operation is conducted using
concentrations of from 0.1 to 1.5 mol, preferably
0.3 to 0.9 mol, of the undiluted dicarboxylic
30 ester flowing in to be condensed, per litre of
| solvent '

d) that, avoiding the conventional dilution
technique, either
35 | |
the reaction is carried out in a closed device,

with the dissolved base being circulated and the
_
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together with nitrogen, over a period of 2 to 3 hours~at tJrre—

packed coI um into a solution of 61.7 g of potassium Iate in 1 5
of boiling 10 xylene and the mixture is allowed to r Enm m}& 1to
1.5 hours. Approximtely 500 m of dlStI|ét6lS Wlt i on

m xture is hydrolysed at 50 to [err] by r %d addition to a mxture of 200

m of concentrated (379 lLar. S%(éq_,

organi c 15 phase separ gnéi}&q{t%ﬁ]glvgggﬁ%gﬁvﬁ%g% eac %&#?(S)dn;gb of -
seni -concentrated hydr &8 gdireudaitdonTisy steFb iy e@&éqﬁeafsaeﬂﬁtaém%
heated for 2 hours undegyr vigorous reflux and then evaporated to dryness in
a vacuum The residue is suspended hot in 250 m of isopropanol and 20
crystallised in the cold. The crystallisate is exhaustively extracted from

i sopropan@ and cryst althatethel lascersiitige daridesrsat eofformedirisediged const ant

wei ght in a vacuum at ur, 8
1- (2- phenyl et hyl) - per‘g roté:%‘glpl E{B}? 2 pal%g{ f)bb zﬁ(lﬁle %)gol\sgﬁl ng p0| nt :
[err] (deconposition) &drm:@mgr@o hﬁa;;mgg off the hyid:.luted

~ 4-(2-carboret hoxyet hyl (f3-dai85auv1 i R iYL, FH%nd S
charged evenly, together wth r¥trogen over a peri o? to 3 hours at
the top of a packed colS#H¥™hto a sol ution of

10
2. Preparation and isolation of hexahydroazepinoles and
the salts thereof through reduction of the
hexahydroazepinones according to claim 1 by means of
complex hydrides or hydrogen, on contact with which
15 hj}dfogenolysis occurs, in water Or alcohols.
3. Method for the preparation of azelastine

hydrochloride, characterised in that the compound I,
wherein X signifies CH,, Y signifies N-CH, and Z

20 signifies 0, in the form of its acid addition salt
with hydrochloric acid

a) is reacted in organic solution with
benzoylhydrazine and the intermediate compound is
25 reduced, without being isolated, to form a
benzoylazepine hydrazine and

b) the latter compound, following acidic splitting-
off of the benzoyl radical in water or organic
30 solvent, by means of 2-(4-chlorophenacetyl) -
benzoic acid is converted into azelastine and
isolated in the form of an acid addition salt by
means of acid. '

35 4. Method for the preparation of flezelastine
hydrochloride, characterised in that the compound I,
wherein X signifies CH,, Y signifies N-CH,CH,-CH; and Z

‘This: Sheet Has Been RT

il L




61.7 g of potassiumtert-butylate in 1.5 1 of boiling 35-
course of this a precipitate is formed which is difficult to stlr whi ch
di*ssol Ves conpl etely during the subsequent reaction ti negmn“"ﬂiﬂluwmu
reatt for a 12 further 1 to 1.5 hours. ?pprom mat el y te
is withdrawn. The reaction m xture is hydiolysed at 50 to [err] by rapld
addition to a m xtg4r m; ,.pf, HH cid and-
300 g of ice 5 Chs‘g.eg? cfc:I'hee%og)r galrﬁfljgr%ﬁase se%tarq%ts(e% off 1s vva%rp(fa‘tzlv‘\fce
each tinme with 10674RE &cigkni - concentrat ed hydrochl ori ¢ acid. The conbi ned
aqueous extracts are heated for 2 hours under vigorous reflux and then
evaporated to dryness i,n a vacu res.i due .i § .exhau vel y-extracted
S e SR SR 1Y e

from10|sopropan& and‘c 90 off is dried to
constant W&eight in a velmnzuydrhyeinazamaj mmératummmmdmmmd)ms:an

be obtai ned by concentr 1{&? roxi mtely
100 mM. 105.4 g (86. S%Eaet# (g pheny e%l)per y?}oazepl rFﬁpagne HO is
obt ai ned. Melting poi ntbeqzawl]aqammxﬂwfrﬁ@ne Exanpl e 12

b) the latter compound, following acidic splitting-
10 off of the benzoyl radical in water or organic
solvents, by means of 2-(4-fluorophenacetyl) -
benzoic acid is converted into flezelastine and
isolated in the form of an acid addition salt by
. means of acid.
15
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20 245.3 g of ethyl 4-(2-carbethoxyethyl net hyl am no)butyrate is added over
a period of 3 mnutes, together with nitrogen, to a solution of 123.4 g of
potassiumtert- butylate in 1.3 1 of boiling xylene, with 300 ml of solvent
25 being rapidly distilled off, and the mxture is allowed to react for a
further 0.5 hours. A further 350 m of diktillate is withdrawn. The

reaction mgzhugeé% hydrol ysed at 80 to [err] by rapid addition to a
m xt ure of %3%F concentrat ed (37% hydrochloric acid and 500 g of ice
30 cubes. The organic phase-separated off is washed twice, each time wth

150 m of s atedQQE éé ﬂeguﬂﬁﬂ Q'E%bctéﬁﬁﬁhciﬁ 33 andeﬂ% GLEQUS

extracts are ours under . vi gor ous re en evapor at ed
to dryness iPFePRRELPR qfichekeTAEKC]LC cSeYRRTEING JESEORAS R Means oF

i sopropang| pigclehash atbhaslsadién r@sbm;enél iﬁ@r@dn@éﬁtiénéil | @fh ieis@NSt ant
weight in a vagﬁggéat el e tgd te y A second ractiog cgn be
obt ai ned by ™ | P r 3URHEHRE h f%? ?ﬁ%li?eﬁg?%??EﬁP%ﬁ 19

hexahydr oazegkcessss aofl basahyrde odispinctky bbéwebedSand thegeeaceiohor nul a
l X_S'gn'f'eéiﬁtélcéﬁéiéergblg shortened.

10 Firstly the 1,8-dicarboxylic ester is metered in the region
of a nozzle into the reaction mixture pumped round a
circulation system, secondly the 1,8-dicarboxylic ester is
metered in at the top of a packed column and diluted along
the column by means of the condensate of the reaction

15 mixture boiling under reflux in the column. The yield
obtained by this procedure is 80-89% of theoretical.

The distinctly improved yields permit the synthesis of
azelastine (INN) and flezelastine (INN) in increased

20 overall yield, with the final reaction to form the end
product being carried out in water instead of in organic
solvent. The reaction in water delivers yields of 70-90% of
theoretical.
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Y signifies NNR [err], or signifies [err] and Z signifies 0, -OH wherein
in_each case R.represents H, al kyl, 15 cycl oal kyl, aralkyl, aryl and
t e salts thereof, by neans of the Di eckmann condensat i on usi ng strong
bases in inert solvents characterised by the follow ng features: 20

a) t hat - an excess of up to a maxi num of 20% of strong bases is used b)
that the condensation reaction is carried out over reaction tinmes of froml
'to 6 hours, 25 preferably from1l to 3 hours c) that the
operation is conducted using concentrations of from0.1 to 1.5 nol,
preferably 0.3 to 0.9 nol, of the undiluted dicarboxylic 30 :
ester flowng in to be condensed per litre of solvent d) t hat, avoiding
t he conventi Bnaurei | dtion technlque either 35 the reaction is carried out
in a closed device, with the dissolved base being circulated and the
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undilut ed di carboxylic ester being charged into the circul ation sy&fe®7Fs
nmeans of a jet nozzle, or 5 that the ascendi ng condensate forned
is used sinmultaneously in a packed colum for ‘the dilution and heating of
the undi | uted di carboxylic ester introduced at the top of the colum. 10 2.
Preparation and isol ation of hexahydroazep#nol es and the salts thereof

t hrough redu &ion of the hexahydroazepi nones according to ' ans .
of conpl ex h§ ftWEs or hydrogen, on contact with which 15J7"E'(mmm, l”u' :
hydr ogenol ysis occurs, in water or alcohols. 3. (Cancelled)s 4. ‘
[err] undi | ute Learho LG .e r [ r I ntzo the circulation :
system by ne%hs o?mgkﬁgan§§%h§§ %%%Stﬂs Bge%g%a%ﬁ%ﬁtg%he ascendi ng
condensat e for medhexabyddoszepinanesushy hexahydeedepinodesft of the

5 general formula I
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10 wherein DATE OF RECEIPT., %1
' X signifies N-R, CH,, S, 0 =
Y signifies N-R, N-CH,, or signifies N-CH,-CH,-CH; and
Z signifies 0, -OH
wherein in each case R represents H, alkyl,
15 cycloalkyl, aralkyl, aryl and the salts thereof, by
' means of the Dieckmann condensation using strong bases

in inert solvents, characterised by the following
features:

20 a) that an excess of up to a maximum of 20% of
strong bases is used

b) that the condensation reaction is carried out
over reaction times of from 1 to 6 hours,
25 preferably from 1 to 3 hours

¢) that the operation is conducted using
concentrations of from 0.1 to 1.5 mol, preferably
0.3 to 0.9 mol, of the undiluted dicarboxylic
30 . ester flowing in to be condensed, per litre of
sblvent '

d) that, avoiding the conventional dilution
technigque, either
35
the reaction is carried out in a closed device,
with the dissolved base being circulated and the

This is the repiacement shect
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di l.ut4 on and heating of the undiluted dicarboxylic es i-atroduced at the
tep of the colum. 10 2. Preparation and isol ation of hexah epi nol es
and the salts thereof through reduction of the hex ii ga‘\

according to claim21 by nmeans’ of conpl ex h%dl‘l des +cont act

wi th which 15 hydr ogenol y5| S occurs;Yin water *or caI (’fohol s. 3.

Met hod for the preparatjo o ac din
that the conpound I, vkaf{er 1%%{5@@)?.%%] es‘{ é’nl %%éﬁ?d‘ﬁl %z 20
signifies 0, in the foruha)fcmncmmwna@dnsttleun byaméans mmwdm@c:hln@mmeam d
a) is reacted in orggyy c solution with benzoyl hydrazine and the

i nternediate conmpound is 25 reduced, w thout being isolated, to

forma benzoyl azepi ne hydrazine and b) the latter conpound, follow ng
acidic spkitting- off Qhaiﬁﬁtﬂée%?s@é'nd&& @%Jndéhé&tteerfdiﬁne@f daniuged0

solvent, by neans of 2- oph acet I aC| is converted into
azel astine and isol at e “WC"T ep&s ofma%' g@lcg% 2t neans of
acid. 35 4. Met hod @irlutien eekahettdagobf IteJBeILﬂEIJJJJm'.ed

dlcarboxyln.c ester J.ntroduced at the top of the

column.
10 _
2. Preparation and isolation of hexahydroazepinoles and
the salts thereof through reduction of the
hexahydroazepinones according to claim 1 by means of
complex hydrides or hydrogen, on contact with which
15 hydrogenolysis occurs, in water or alcohols.

3. (Cancelled)

. (Cancelled)




hydr ochl ori de,
Y $IgnIerS [err]

T L Y= s NE- N
RERLOCEMERT ST

oyl zepi ne hydrazi ne b)

[ err]
addition s
benzoyl hyd
i sol ated,

fol |l ow ng

wat er or of
is convert
salt by ne

and

characterised in that t he conpound I,

wherei n X si BACBir 8™
signifies 0, in the formof its acid

S reacted in organic solution with 5

rmedi ate conmpound is reduced, w thout being

the latter conpound,

Zz

g

hC dLFZEgP no- 10 of f of the benzoyl radical I n

gpni ven y neans of 2-(4- quorophenacet - benzoic acid
bdlivatomitozaladt ifne and isolated.in the fomfbPbA EWEHESHEEHdltlon
ANS of aC|d 15 ThHi s Sheet -HA® Been Re | aced

ABSTRACT

IMPROVED METHOD FOR THE PREPARATION OF HEXAHYDROAZEPINONES AND

HEXAHYDROAZEPINOLES

- The invention describes two technical methods for the

‘preparation of heterocyclic seven-ring ketones by means of
Dieckmann condensation avoiding the conventional dilution

. methods. In addition the otherwise conventional high

‘excesses. of base are distinctly lowered and the reaction
times considerably shortened.

Firstly the 1,8-dicarboxylic ester is metered in the ragion
of a nozzle into the reactionm mixture pumped round a
circulation system, secondly the 1,8-dicarzboxylic ester is
metered in at the top of a packsd column and diluted along
the column by means of the condensate of the reaction
mixture boiling under reflux in the column. The yield
obtained by this procedure is 80-89% of theoretical.

The distinctly improved yields permit the synthesis of
azelastine (INN) and flezelastine (INN) in increased
overall yield, with the final reaction to form the end
product being carried out in water instead of in organic

solvent. The reaction in water delivers yields of 70- 90* of
theoretical.



