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5
The invention relates to a process by which esters of
(+)- and (-)-tropic acid can be prepared with a high
degree of purity and in good yields.

10 The problem of synthetically producing enantiomerically

pure esters of (+)- and (-)-tropic acid has not hitherto
been solved with any degree of satisfaction. The
enantiomeric separation of racemic tropic acid esters
also frequently comes up against surprising experimental
15 problems and cannot generally be carried out. This
applies particularly to the higher substituted
homologues and analogues of atropine, such as N-
isopropylnoratropine, the precursor of the commercial
product ipratropium bromide.
20 i
The conventional synthesis of tropic acid esters
according to I. Mamlock and R. Wolffenstein (Ber. dtsch.
Chem. Ges. 41, 731 (1908)), in which O-acetyltropic acid
chloride is reacted with tropine hydrochloride does not
25 produce satisfactory results, possibly on account of the
poor solubility of tropine hydrochloride. The method
has not been used for optically active tropic acid.

The process is problematic because side reactions can

30 easily occur. This is true of basic conditions, with
which there is a danger that water is eliminated, whilst
on the other hand the use of salts of the amino
alcohols, which are usually poorly soluble, requires
elevated temperatures which can lead to the formation of

35 highly disruptive by-products; mention should be wmade
particularly of dehydrated compounds (apocompounds) and
dimerisation products.
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10 wherein
Q denotes CH,-CH,, CH,-CH,-CH,, CH=CH or
CH - CH, '
No”

15 R denotes a straight-chained or branched ng-alkyl
group,

can surprisingly be prepared by

20 (a) acetylating the corresponding optically active
tropic acid,

(b) converting the resulting O-acetyl tropic acid with
thionyl chloride into the acid chloride,

25
(¢) reacting the latter at ambient temperature in an
inert solvent, optionally with the addition of
excess aluminium oxide, with the methanesulphonate
_ of an amino alcohol of formula I,
30
(d) deacetylating the resulting compound by the action
of a strong acid and
(e) 1isolating the optlcally active tropic acid ester
35 obtained.

The (+)- and (-)-ttopic acid required as starting
material can be obtained from D,L-tropic acid by first
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S2- It has now been found that. enantionerically pure (+)- and

(-)-tropic acid esters of am no al cohols of the formul a 5[err]

10 ‘wher ei n Q denot es CH2- CH2, CH2- CH2- CH2, CH=CH or

CH = CH, 15 R denotes a straight-chained or branched C[err]-al kyl
group, can surprisingly be preparad-by

preparing a salt with an optically active base in a
manner known per se and recrystallising this salt
several times. A suitable base might be, for example,
(-) -quinine whilst the solvent for crystallisation might
5 be ethanol. The (+) -tropic acid thus prepared has a
purity of 99.8% ([algo = +73.1; ¢ = 1 in ethanol).

The reaction according to (a) is preferably carried out
at ambient temperature and the reaction according to (b)

10 which is carried out immediately afterwards is
preferably performed without intermediate isolation of
the acetylated acid at ambient temperature or slightly
elevated temperature.

15 Step (c) takes place within a few days, when the
methanesulphonate of a compound of formula (I) is
‘reacted in an inert solvent, such as methylene chloride,
at temperatures between 0°C and about 30°C, preferably at
ambient temperature, with stirring, whilst excess

20 aluminium oxide may be used to bind the acid. Once the
solvent has been eliminated under reduced pressure, the
residue can be further processed directly.

In step (d), favourable results are obtained if the -

25 deacetylation is carried out with a dilute aqueous
inorganic acid, such as 2 - 20% hydrochloric acid,
preferably 3 - 10% hydrochloric acid, at ambient
temperature. Thus, for example, total reaction is
obtained with 5% hydrochloric acid within about 2 days.

30
The reaction product can be isclated as a base (step
(e)) by stirring the acidic reaction solution into
excess dilute (e.g. 20%) sodium hydroxide solution or
into aqueous alkali metal carbonate solution and

35 filtering off the crystalline product precipitated.
Temperatures of between -15 and +50°C may be used; it is
preferable to use sodium carbonate solution at about
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20 (a) acetylating the corresponding optically active tropic
aci d, (b) converting the resulting O-acetyl tropic acid with
thionyl chloride into the acid chloride, 25 (c) reacting the latter
at “anbi ent tenperature in an inert solvent, optionally with the
addi ti on of _ excess alum nium okide, wth the methanesul phonate
of an am no al cohol of formula I, 30 (d) deacetylating the resulting
conpound by t3fE Gt iThe salts, e.gofthe stowrrRFRendingdydrochloxide,

i sol ating theptdefily BEIPYELAFER £rdfi €nE€Sh&Ee 38y adding ALt ai ned.
The (+)- and §-2;tro I'cC acid reguired_as startiqu mat eri al _can be
obt ai ned fr oMY ICHOBREEIG AURRTLEY (Qf ethexea drochloric acid to

the solution of the base, e.g. in methylene chloride.

.
The esters obtained in this way consist of more than 99%
of the pure optically active compound, assuming that the
starting acid is correspondingly pure.

10 The optically active esters which may be obtained
according to the invention are wvaluable intermediate
products for producing the corresponding anticholinergic
quaternary compounds, such as the corresponding
methobromides or methomethanesulphonates, which may be

15 used, for example, as agents for treating asthmatic
diseases or obstructive diseases of the respiratory
tract. '

The quaternary compounds may be prepared by conventional
20 methods without racemisation. o

The reaction according to the invention is explained

more fully in the Examples which follow, but the

reaction conditions according to the invention are not
25 limited to the specific data provided.
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13- preparing asalt with an optically active base in a manner

known per se and recrystallising this salt several tines. A suitable
base m ght be, for exanple, (-)-quinine whilst the solvent for
crystallisation mght - 5 be ethanol. The (+)-tropic acid thus prepared
has a purity of 99.8% ([[err]][ert]5=-+73.1; ¢ = 1 in ethanol).

The reaction according to (a) is preferably carried out at anbi ent

t enperature aﬂuamnbﬁLéactlon accordlng to (b) 10 which is carried out

i Mmedi ately atiervapgs D% ohREdaWki-hout internedi ate
I sol ation of at anblent tenperature or slightly
el evated t enpe Step (c) takes place within a few days, when
t he nethanesulphonate of a conmpound of formula (1) is react ed

In an iqgrt S?éyeniB.iughoﬁs(H?LE¥ESQS EEEBVEQS added to 31.4 g of
acetyl chloride with stirring and at ambient temperature
and within one hour a clear solution is formed. After

another hour, the reaction is wvirtually complete,
according to thin layer chromatography (TLC). 47.5 g of

10 thionyl chloride are added dropwise to the (-)-0O-acetyl
tropic acid solution over 30 minutes. The solution is
stirred overnight at ambient temperature, then for a
further hour at 50°C. After evaporation at 35°C under
reduced pressure, 18.9 g of a brownish liquid remain,

15 [a]SO = -87.8 (¢ = 0.5 in chloroform). The presence of
the desired compound can be confirmed by spectroscopy.

(b) 7.26 g (0.0275 mol) of N-isopropylnortropine
methanesulphonate and 6.20 g (0.0275 mol) of the product

20 obtained in (a) are stirred in 45 mi of methylene
chloride at ambient temperature. After seven days the
reaction solution is evaporated down under reduced
pressure at 30°C. The residue (16.9 g) is used for the
next step without being further worked'up.

25
(c) 11.1 g of the product according to (b) are
dissolved in 60 ml of 5% hydrochloric acid and stirred
for 2 days at ambient temperature. TLC indicates
quantitative deacetylation.

30 The reaction solution is extracted twice with a little
diethylether, then any residual ether is eliminated
under reduced pressure. Excess 20% aqueous sodium
carbonate solution is then stirred into the solution,
and a crystalline product is precipitated. It is

35 filtered off and washed with cold water until the
filtrate running away shows only a slightly alkaline
reaction, and is then dissolved in methylene chloride.

e



‘at tenperatures between O[err]C and about 30[err]C, preferably at

anbi ent tenperature, with stirring, whilst excess 20 al um ni um oxi de may
be used to bind the acid. Once the: sol vent has’ been elimi nated under
reduced pressure, the resi due can be further processed directly.

In step (d), favourable results are obtaithed if the 25 deacetylation is
carried out with a dilute aqueous I norganic acid, such as 2 - 20%
hydr ochl ori c 2fdiet; drying s ragdium sulphatsdrdia pierei# at anbi ent

tenperature. ghsi i Sp@Nder tﬁ&icé&g@féﬁufé and thebieéi@dewish 5%
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+50[ err] C maycHee hisssl; in tmetshylene ¢hbériddl s t conisineddiitin chl®onat e

sol ution atiﬁ%%ﬁchiometric amount of ethereal hydrochloric acid.
After the product has been recrystallised from ethanol
and acetonitrile, the (-)-tropic acid-N-isopropyl-

10 nortropine ester hydrochloride is obtained in the form
of white crystals, m.p. 214-8°C.
[a]go = -27.8 (c=1 in water); optical purity >99.8%.
The presence of the compound was confirmed by elemental
analysis and spectroscopy.

15
Quaternisation to obtain the methobromide is carried
out, for example, by reacting with methyl bromide in
methylene chloride/acetonitrile at ambient temperature.
White crystals are obtained (yield 75.2% of theory, m.p.
20 238-42°C with decomposition). o '

[a]%o = -24.5 (c = 1 in water); optical purity >99.5%.
The presence of the compound was confirmed by elemental
analysis and spectroscopy.

25 Example 2

Starting from (+)-tropic acid, which may be obtained by
30 racemate cleaving from D,L-tropic acid with (-)-quinine,
[a] = +73.1 (c
the title compound is obtained analogously to Example 1

1 in ethanol; optical purity 99.8%),

in the form of white crystals, m.p. 214-7°C, with
decomposition, [ot]%0 = +27.8 (c = 1 in water). Yield
35 55.7% of theory. Once again, the presence of the
compound is confirmed by elemental analysis and
spectroscopy.




4. 20[err]C. The salts, e.g. the correspondi ng hydrochl ori de,

can eaS|Iy be prepared fronlthe base by adding a st oi chonetric
quantlty of ethereal hydrochloric acid to the solution of the base,
e.g. in nethylene chloride. 5 The esters obtained in this way
consi st of nore than 99% of the puﬂe—optically active conpound
assum ng that the starting acid is_correspondngly pure The

optical Iy acheyeessrdbed i Fxmple lobtdis&prpound ey 1% t he
invention ar Qe\é@ltké@lt% 'f'?otrﬁif R et hobromideddut.is. fzzs-prmd:um ng the

correspondin antlch gquat ernary c nds, such as the
correspondi ng (riet |j;pm‘dé*525o'r3 n‘g"t Foret¥h r’f@%r‘émnat es, which nmay be
15 used, for exanple, as agents for treatlng asthmatic di seases or

obstructi ve seasreag&%ngtdq:b g %s_@cre pJZCO aé:.cf‘ct.f]hl(frld?% witdl Gt ernary

conpounds ma Oﬁérﬁ Yy~ conven ona
racenlsat|oncompounds (I), yields of between 60 and 70% are obtalned

if the reactions continue at room temperature for

several days, and in addition to methylene chlorlde, for

example, dimethylformamide or acetonitrile as reaction
10 medium will give similar results.




"The reaction accord

[
12 et
the i'nve

f 0 the invention is expl ai n@dis Sheet Has Besh®eplackd y i N

' y

u ;. but the reaction c i ding to
A, limted to the specific. :

1

-5- _ npl e (-)-Tropic acid-Nisopropylnortropi ne ester
hydrochlorlde 5 (a) 13.3 g of (~)8Tropic acid are added to 31.4 g of
acetyl chloride with stirring and at anbient tenperature and wi thin
one hour a cladmsolution is formed. After anot her hour, the reaction
is virtually conpl ete, according to thin |ayer chromatography (TLC).

47.5 g of 10 thionyl chloride are added dropwi se tqg the (-)-Q acetyl
tropic acid 3ol ut PHeceRs tRY MuARAILnarRnaiqmesiGally puée)(f?- Y

and (-)-tropic acid esters of amino alcohols of the

5 formula
H-0 R—N Q M
10
wherein
Q denotes CH,- CH,, CHZ -CH,- CH2 , CH=CH or
CH —/FH,
15 \\O
R _ denotes a straight-chained or branched C,.,-alkyl
group,

20 characterised in that

(a) the corresponding optically active tropic acid is
acetylated,

(b) the resulting O-acetyltropic acid is converted with

25 thionyl chloride into the acid chloride,

(c) the latter is reacted at ambient temperature in an
inert solvent with the methanesulphonate of an
amino alcohol of formula (I),

(d) the resulting compound is deacetylated by the

30 action of a strong acid and
(e) the resulting optically active tropic ac1d ester is
isolated.
2. Process according to claim 1 (c), characterised in
35 that the reaction is carried out in the presence of

excess aluminium oxide.

3. Process according to claim 1 (e), characterised in



50[err] C

) Uﬂ (ﬂ at 35[err]C under re 18, 9
: 15 [[err]][err] = -8 ["l! umyﬂ]ﬂ ,7
chloroform. The presence of "the desired conpou r med

g of a bro

by spectroscopy. (b) 7.26 g (0.028 1ol) of N-isopropyl nortropine
met hanesul phonat e. and 6. 2Q 3&1(9? 0275 mol ) of the product 20 obtained in
(a) are stirr&Batnthe @ptdcaldihackive troP’&ll%ﬁJtQjeeEiﬁe%ﬂﬁ ent

t enperature. g 1p‘é.%\éﬂ:lédj&3t%nt the acid 'suAQitigh S@iHd caz;uéo@é/aétsua_h@d
down under re %o £ %ﬂ&[ ssure at 30[err]C. The residue (16.9 g) is used
for the n?t ot bei ng further worked up. 25 (c) 11.1
g of the product accordl ng to (b) are di ssol ved in 60 M of 5%

hydrochl gric gcid at e. TLC
i ndi cat eg x qu% tatl ve ea‘ticlé1 I at |C%'£ﬂ%s(s) . td’j}he reac I on s’?ﬁ ution is
extracted tw &8 et N-iisoprepylnortyoning mstdanesigphonatesigingedt her
is elimnatedgg the l@&%'odrﬁjlgfe(tdﬁ@ﬁwr(q) Excess 20% aqueous sodi um
carbonate solution is then stirred into the sol ution, and a
crystalline product is precipitated. It is 35 filtered off and washed
with cold water until the filtrate running away shows only a slightly
al kal i ne reaction, and is then dissolved in nethylene chloride.

stirred over"m waﬂ ambi ent tenperature, then for a Th,sSheethyggelg,eﬁe L at



26- After drylng over sodi um sul phate, the solvent is distilled

of f under reduced pressure and the residue is: recrystallised from
acetonitrile. Wite crystals are obtained, mp. 131[err]C,
[[err]][err] =-19.1 (C=1 in ethanol). 5 In order to prepare the
hydrochl ori de, the solution of t e ¥ase in met hyl ene chloride is
conbined\Mt£§$g§ !' stoichionetric anount of ethereal hydrochloric
aci d. product has been recrystallised from ethano

and acetonitrile, the (-)-tropic acid-Nisopropyl- 10 nortropi ne ester
hydrochl orid edefl C

214-8[err] C ePfécQPégggr?f[EPFEEQB?EHérg cglﬁ?n&&g?gf aﬁ%%?#??F§Lurlty
>99. 8% COHROVIdS cReB Be FHEtBSﬁﬁﬁﬁ dEREY eBREFAkRY BﬁtéW€nental

anal ysi s5 and spepicosefybylacetylatioil eebhoeirs26nt Gnébt ghe tldd

gf;g?g;orhde 'ﬁlggiaé?dreact108u%it£oam§§gngi8bhg¥sr8%0%59%mwhtQIWEthyl

10 . - (1)

(as the methanesulphonate; Q and R are explained in the
specification), deacetylation and isolation of the
15 reaction product.



nethyLene chloride/acetonitrile at anbient tenpethurgEP ‘ﬁﬁ
crystals are obtained (yield 75.2% of theory, n1p \EﬁDec e tl§G
deconposi tion). [[err]][err] = -24.5 (c = 9%’ % upRee ok
>99. 5% The presence of the compound was coT tgﬂ"PWﬁ ,ﬂ_
anal ysi s and spectroscopy. 25 Exanpl e 2 b ) paged ..., to paged ...,
aci d- N-i sopropyl nortropi ne ester- hydr ochl of i suac ‘ pa8ed w7 rtg pagedy..
(+)-tropic acid, which may be obtained by 30 ricenate cl eaving from
D, L-tropic acid with (-)-quinine, [al’ = +73] 1DATE-OF RECEIPRNH/:0/9%..,
optical purity 9.[% §s now bee%\h? Lk éltglé:\:o%%HEQOhérpgﬁﬂf‘%ﬁna(l-@QOU5'Y C0
Exanple 1 t?g orm.o mﬁlte cr st , jﬁﬁkéey.] G wg
deconposi tion, [?Qﬁr TrérPpic asdgegtess P |ﬁm%8?e?}co M58, 7% of
theory. Once agdin, the presence of the conmpound i s confirmed by
el emrental anal ysis and spect roscopy.
K 7N\
Lo = 0—{p—pN 0
' \ (x1)
HO \5 — —
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10 wherein _ -
Q denotes CH,~CH,, COH,-CH,~CH,, CH=CH or 090CT 1998
CH - CH'
o m——
15 R denotes a straight-chained or branched C;.,-alkyl
group,
can surprisingly be prepéred by
20 (a) acetylating the correspanding optically active

tropic acid (HOCH, S HCOOH) ,

(b} converting the resulting O-acetyl tropic acid with
thionyl chloride into the acid chloride,

25
(e} reacting the lattepr at ambient temperature in an
inert solvent, optionally with the addition of
excess aluminium oxide, with the methanesulphonate
of ah amino alcohql of formula I,
30
HO T R—N & (0,
35 wherein R and Q are as defined above

(d) deacetylating the resuylting compound by the action
of a strong acid and



N

-7- As described in Exanple 1, the conpound obtained is

reacted to formthe methobromide; mp. 238-41[err]C (decomp.),
[[err]][err] = +25.3 (¢ = 1 in water). 5 For reacting the
O-acetyltropic acid chlorides with the compounds (1), yields of
bet ween 60 and 70% are obtai ned if the reactions continue at room
tenperature for several days, and in addition to nethylene chloride,
for exanpl e, di methyl formam de or acetonltrlle as reaction 10
mediumwi || give simlar results.
- 8- Cl ai s . : . s . - .

(e) isolating the optically active tropic acid estex

obtained.

The (+)- and (-)-tropid acid required as starting

8 material can be abtained from D,L-tropic acid by first
preparing a salt with gn optically active base in a
manner known per se and recrystallising this salt
several times. A suitgble base might be, for example,

_ (-) ~quinine whilst the .solvent for crystallisation might

10 be ethanol. The (+)-txopic acid thus prepared has a
purity of 99.8% ([o120 = +73.1; ¢ = 1 dn ethanol) .

The reaction according to (a) is preferably carried out
at ambient temperature and the reaction according to (b)

18 which is carried out immediately afterwards is
preferably performed without intermediate isolation of
the aceftylated acid at ambient temperature or slightly
elevated temperature.

20 Step (é) takes place within a few days, when the
methanegulphonate of a compound of formula (I) is
reacted in an inext solwvent, such as methylene chloride,
at temperatures between 0°C and abour 30°C, preferably at
ambient temperature, with stirring, whilst excess

25 aluminium oxide may be used to bind the acid. Once the
solvent has been elimijated under reduced pressure, the
regidue can be further processed diyrectly.

In step [d), favourableé results are ocbtained if the

30 deacetylation is carrikd out with a dilute aqueous
inorganic acid, guch ap 2 - 20% hydrochloric acid,
preferably 3 - 10%lhydrochloric acid, at ambient
temperatuyre, Thus, for example, total reaction is
obtained with §% hydrogchloric acid within about 2 days.

38 '

The reaction product can be isoclated as a base (step
(e)})) by stirring the acidic¢ reaction solution into

: REPLACEMENT SHEET
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1. Process for preparing enantionerically pure (+)- and (-)-tropic

acid'esters of amno al cohols of the 5 formula J[err] 10
wherein Q denotes CHerr]-CHerr], CHerr]-CHerr]-CHerr], CH=CH or
[err] 15 R denotes a straight-chained or branched (err]-al kyl
group, 20 characterised in that

- 4 -

excess dilute (e.gq. 20%9 sodium hydroxide solution or
into aqueous alkali methl carbonate solution and
filtering off the crystalline product precipitated.
Temperatures of between; -15 and +50°C may be used; it is
5 preferable to use sodium carbonate solution at about

20°¢. The salts, e.g. the corresponding hydrochloride,
can easily be prepared from the bage by adding a
atoichometric gquantity of ethereal hydrochloric acid to
the solution of the base, e.g. in methylene chloride.

10
The esters obtained in &his way consist of more than 99%
of the pure optically agtive compound, assuming that the
starting acid is correspondingly pure.

16 The optically active estera which may be obtained
according to the invention are valuable intermediate
products for producing the corresponding anticholinergic
quaternary compounds, such as the corresponding
methobromides or methomethanesulphonates, which may be

20 used, for example, as agents for treating asthmatic
diseases or obstructive diseases of the respiratory
tract.

The quaternary compounds may be prepared by conventional
25 methods without racemisation.

The reaction according ko the invention is explained

more fully in the Examples which follow, but the '

reaction bonditions acdording to the invention are not
30 limited to the specifiq data provided.
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(a) t he corresponding optically active tropic acid is acetyl at ed,
(b) the resulting O acetyltro lﬂ' rted with 25 t hi onyl
chloride into the acid chlori ﬂ* Iﬁﬂl‘ﬂ",ﬁuﬂm | atter is reacted at anbient

tenperature in an i nert® sdl vént Swith the net hanesul phonate of an
am no al cohol of formula (1), (d) the resulting conmpound is

deacetyl ated by the 30 action of a strong acid and (e) the
resulting optically active tropic acid ester is ' I sol at ed.

2. Process according to claiml (c), char¥icterised in 35 that the
reaction is carhiggmgut'in t he presence of excess al um ni um oxi de. .
3. Process accordiing to claiml1l (e), characterised in

1. Procesas for prepaying enantiomerically pure (+) -
and (-)-tropic acid esters of amino alcohols of formula

- 5 i1,
(1I)
10
wherein :
o denotes CH,-CH,, CH,-CH,-CH,, CH=CH or
CH - CH,
15 o}
R ‘denotes a straight-chained or branched C;.,-alkyl
group,
20 characterised in that

(a) the corresponding optically active tropic acid is
acetylated,
(b) the resulting O-atetyltropic acid is converted with
25 thionyl chloride into the acid chloride,
(¢) the latter is reatkted at ambient temperature in_an
inert solvent with the methanesulphonate of an

amino alcohol of formula (I), )

30 - |
HO—<$__[L\Q (1),
—V |

35 wherein R and Q are as defined above

(d) the resulting conpound is deacetylated by the
action of a strong acid and
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-9- -that the optically acti HiAREGin er is precipitated fromthe
acid solution using aqueous gmnﬁmjlm’!ﬂﬂm%m uti on. 4. Process
according to clainms 1 to 3, chardcterisedsin that N-isopropyl nortropine
met hanesul phonate is used as the conpound of formula (I).

- 9 -

(e) the resulting optically active tropic acid ester is.

" isolated,
2. Process according to claim 1 (c), characterised in
5 that the reaction is calrried out in the presence of

excegs aluminium oxide.

3. Procese according to claim L (e), characterised in
that the optically active tropic acid ester is

10 precipitated from the grid solution using aqueous sodium
carbonate solution.

4. Pracess éccording-to claims 1 to 3, characterised
in that N-isopropylnortropine methanesulphonate is used
15 as the compound of formula (I).

5. Process according /to any one of claims 1 to ¢4
substantially as hereingbefore described,

REPLACEMENT SHEET
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