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Abstract

The invention relates to the novel therapeutically valuable enantiomer-pure
[3a&agr;,8b&agr;]-1,2,3,3a,4,8b-hexahydropyrrolocyclopentapyridine derivatives
of the general formula (I), wherein Z is a single bond or CH,, R1 represents
hydrogen or a straight-chain or branched, optionally unsaturated lower alkyl group
which may be perfluorated, R2 and R3 independently represent hydrogen, a
straight-chain or branched, optionally unsaturated lower alkyl group which may be
perfluorated, lower alkoxy, lower alkylthio or halogen, and X and Y alternately
represent CH or N. The invention also relates to the pharmaceutical salts thereof, to
a method for their production and to their use.
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Enantiomerically Pure Hexahydropyrrolocyclopenta-

pyridine Derivatives

The 1inventilion relates to novel therapeutically
valuable enantiomerically pure [3aa, 8ba]-

1,2,3,3a,4,8b-hexahydropyrrolocyclopentapyridine de-

rivatives of the general formula

R1i

Z

Z
\

R2 N"‘mj
Y\M . ®
R3—+ ¢ >
t— o
x,.'

wherein
Z 1s a single bond or CH,,
Rl 1s hydrogen or a straight-chain or branched,

optionally unsaturated lower alkyl residue which

may also be perfluorated,

R2 and R3 1independently represent hydrogen, a

straight-chain or branched, optionally unsaturated
lower alkyl residue, which may also be perfluorat-
ed, lower alkoxy, lower alkylthio or halogen,

X and Y alternately represent CH or N,

as well as the pharmaceutically usable salts thereof.

The enantiomerically pure compounds and prepara-
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tions, respectively, according to the present 1invention
have surprisingly positive properties as compared to
the enantiomer mixtures and racemates, respectively, of

these compounds, primarily with a view to their bio-

logical activity, 1n particular in the CNS range. It
has been shown that the respective enantiomers have

highly different activities, as will also be demon-

strated in Example 9.

Moreover, the present invention relates to a

method for producing compounds of the general formula

(I), which is characterized in that a compound of the

general formula

’GD%

wherein R2, R3, X and Y are as defined above, 1s reduc-

tively converted into the compound of the general for-

mula (I), wherein Z = single bond and Rl hydrogen,

the latter compound optionally is reacted with enanti-
omerically pure l-phenylethylisocyanate to give the

P

compound of the general formula
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- (1,

the less readily soluble diastereomer 1is recovered from

the thus-obtalined diastereomer mixture by crystalliza-

tion, and the diastereomerically pure compound of the

general formula (III) thus obtained 1s cleaved under
sultable conditions to give the enantiomerically pure
compound of the general formula (I), wherein Z = a sin-
gle bond and R1 = hydrogen, the latter compound option-

ally 1s reacted under alkylating conditions to com-

pounds of the general formula (I), wherein Z = CH,, and

the compound of the general formula (I) optionally 1s

converted 1nto 1ts pharmaceutically usable salts.

The above-used term “lower alkyl” means a
straight-chaln or branched alkyl residue having 1-4
carbon atoms, e.g. methyl, ethyl, n- and i-propyl, n-,
1- and t-butyl.

The above-used term “lower alkoxy” means a
straight-chain or branched alkoxy residue having 1-4
carbon atoms, e.g. methoxy, ethoxy, n- and 1-propoxy,

n-, 1- and t-butoxy.
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The above-used term “lower alkylthio” means a
straight-chain or branched alkylthio residue having 1-4
carbon atoms, e.g methylthio, ethylthio, n- and 1-
propylthio, n-, 1- and t-butylthio.

The above-used term “halogen” means fluorine,
chlorine, bromine or 1odine.

The reactions according to the i1nvention are at

best carried out 1n that the compound of the general

formula (II) is dissolved 1n a polar solvent, such as,
e.g., acetic acid ethyl ester, dioxane, ethanol or

methanol, admixed with 1-5 equivalents of a suitable

catalyst, such as, e.g., WZ Raney nickel or Raney co-
balt and the like, and hyrogenated at 40 to 70°C up to
the stoichiometric hydrogen uptake.

For enantiomer separation, the resultant racemic

compound of the general formula (I) thus obtained,

wherein Z = single bond and Rl hydrogen, can be re-

acted in an 1nert solvent, such as, e.g., tetrahydrofu-

ran, dioxane or acetone, with 1 eqgquivalent (+) or (-)

l-phenylethyl i1socyanate to give a compound of the gen-

eral formula (III), and from the diastereomer mixture

thus obtained, the less readily soluble diastereomer

can be recovered by crystallization. For the purpose of

cleavage, the thus obtained diastereomerically pure
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compound of the general formula (III) 1s dissolved 1in a

high-boiling alcohol, such as, e.g., propanol, butanol,

pentanol, glycol etc. or the aqueous mixtures thereotf

and heated to boiling with 5-20 equivalents of a base,

such as sodium propanolate, -butanolate, -pentanolate

or sodium hydroxide for 1-24 hours.

The enantiomerically pure compound of the general

formula (I) thus obtained, wherein Z = a single bond

and Rl hydrogen, optionally i1s dissolved for the pur-

pose of alkylation in an 1inert solvent, such as, e.g.,

tetrahydrofuran, dioxane, acetonitrile or dimethyl for-

F
p—

mamide etc., with 1-20 equivalents of the compound of

the formula

R1-CHO (IV),

wherein R1 1s as defined above, and admixed with 1.5-4
equivalents of a reducing agent, such as, e.g., sodilium
cyanoborohydride or the like, and reacted at -20°C to
100°C between 1 and 24 hours.

P

The compounds of the general formula (I) obtained

in this reaction are basic compounds and can be con-
verted into their pharmaceutically compatible salts 1in

conventional manner with inorganic or organlic acids.

Salt formation may, e.g., be carried out by dissolving

the compounds of the formula (I) 1in a sultable solvent,

- 5 -
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e.g. water, a lower aliphatic alcohol, THE, dioxane,
benzene, diethyl ether, DMF or DMSO, admixing an
equivalent amount of the desired acid, providing for
good mixing, and removing the solvent in vacuum after
salt formation has been completed. Optionally, the
salts may be recrystallized after having been isolated.
Pharmaceutically usable salts are those of strong
inorganic acids, such as, e.g., hydrochloric acid, hy-

drobromic acid, sulfuric acid etc., yet also those of

b

organic acids, such as, e.g., fumaric acid, citric

acid, sebacic acid etc.

The compounds of the general formula (II), whereln

N and Y = CH, may, e.g., be obtained according to

|

X

-

Scheme 1 (analogous to E. Schroder M. Lehrmann and I.

Bdttcher, Eur. J. Med. Chem. 1979, 14(4), 309-15, J.

Hurst and D.G. Wibberly, J. Chem. Soc. 1962, 119). Ac-

cordingly, the optionally R2 and R3-substituted 2Z2-

P
—

methyl-3-nicotinic acid ester of the general formula

(V), wherein R4 represents a lower alkyl residue, 1s

radically brominated with 1.05 equiv. of NBS (N-

bromosuccinimide) in boiling carbon tetrachloride, and

F
p—

the crude product is substituted with 1.0 equiv. of so-

t 1)

dium malonate in N,N-dimethylformamide. The triester o:

|

formula (VI) obtained, wherein RS repre-

- 6 -

the general
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sents a lower alkyl residue, 1s subjected to a Dieck-

mann ester condensation 1n boiling tetrahydrofuran un-

der the action of 1.05 equiv. of sodium hydride, and by

quenching with aqueous ammonium chloride solution 1S

monosaponified to the f3-keto ester (VII) and decarboxy-

lated. After deprotonation with sodium hydride and al-

kyvlation with i1odoacetonitrile in N,N-

T

dimethylformamide, saponification 1is effected by heat-

ing in 2N hydrochloric acid to give the compound of the

general formula (II) and decarboxylation 1s carried

out.
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Scheme 1
R3
R - ' COOR,
2 D GIENLS Gl
i . R A - N{. (VD)
N CH, \N/ CHLBr Y
(V) R,O0C COOR,
|
O O ' 0O
m’\ /i R3 / | R3 /
s AR S N RN TN XN
mﬂﬁ*mfrwo% Lz /X\xo& TL«/~ ’
() (VD)
““‘V‘Tﬁe cdmpaunds of the general formula (II), wherein

X

}

CH and Y = N, may for instance be obtalined accord-

1ng to Scheme 2, starting from the - optionally R2 and

P

R3-substituted - nicotinic acid ester of the general

formula (VIII), wherein R4 represents a lower alkyl

-

residue. The latter 1s activated with 1.0 equiv. of

chloroformic acid ester and reacted with the zinc-

p—

copper organyl of a 3-i1odopropionic acid ester in tet-

rahydrofuran to give 1,4-dihydropyridine which is oxi-

dized with sulfur in boiling xylene to the pyridine of

the general formula (IX), wherein RS represents a lower

alkyl residue (analogous to M.J. Shiao, W.L. Chia, C.J.

Peng and C.C. Shen, J. Org. Chem. 1933, 58, 3162-4).

This 1s cyclized in a Dieckmann ester condensation in

bolling methanol under the action of 1,3 equiv. of so-

dium methanolate to give the P-keto ester (X) (analo-

- 8 -
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gous to D. Binder, Monatshefte flr Chemie 1974, 105,

196-202) . After deprotonation with sodium hydride and

alkylation with iodoacetonitrile in N,N-

dimethylformamide, saponification is effected by heat-

ing 1n 2N hydrochloric acid to give the compound of the

general formula (II), and decarboxylation is carried

out.

Scheme 2

The compounds of the general formulae (I

and (V) are known from the literature or can be pre-
pared 1n analogy thereto according to methods known to

the person skilled in the art.

The 1nventive compounds of the general formula (I)

and their salts are agonists of central nicotine recep-

_9...
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Lor subtypes and therefore are particularly well suited

for the treatment of diseases of the central conduction
system, such as, e.g., dementia caused by old age, Alz-
heimer's Disease, Parkinson Disease, Tourett's Syn-
drome, dyskinesia, anxiety, depression, panic, psycho-
s1s, bulimia, anorexia, and as analgesics, nociceptive
agents, neuroprotective agents, for the improvement of
perception and attention as well as in the smoke sub-
stitution therapy etc..

Due to these pharmacologic properties, the novel

compounds, alone or in mixture with other active sub-

stances can pbe used in the form of common galenic

preparations as remedies for the treatment of diseases

which can be cured or alleviated by the activation of
the system of the central nicotin receptor subtypes, or

as analgesics, nocilceptive agents, neuroprotective

agents, for the improvement of perception and attention
as well as 1n the smoke substitution therapy.

The 1nvention further relates to remedies which
are used e.g. 1in the form of pharmaceutical prepara-

tions which contain the inventive compounds of the gen-

eral formula (I) and their salts in mixture with a

pharmaceutical organic or inorganic carrier material

suitable for oral, enteral, parenteral and topical ap-

- 10 -
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plication, e.g. water, gelatin, gum arabic, lactose,
starch, magnesium stearate, talcum, vegetable oils,
polyalkylene glycols, Vaseline or the like.

The pharmaceutical preparations may be provided in
solid form, e.g. as tablets, film-coated tablets,
dragées, suppositories, capsules, microcapsules, or in
liquid form, e.g. as solutions, injection solutions,

suspensions or emulsions, or in compositions with de-

‘layed release of the active substance.

Optionally, they are sterilized and/or contain auxil-

lary agents, such as preservatives, stabilizers or

emulsifiers, salts for changing the osmotic pressure,
or buffers.

In particular, pharmaceutical preparations can
contain the inventive substances in combination with
other therapeutically valuable substances. With the

latter, the compounds according to the invention can be

formulated to combination preparations with the above-

indicated auxiliary and/or carrier substances.

The novel compounds may be present in the inven-
tive pharmaceutical compositions in a portion of ap-

proximately 1-200 mg per tablet, the balance being a

pharmaceutically acceptable filler.

A sultable dose for administering the new com-

_11_
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pounds 1s approximately 1-200 mg/kg per day, yet also

—

other doses are possible, depending on the state of the

patient to be treated. The novel compounds can be
orally administered in several doses.

The following examples explain the invention 1in
more detail, without the latter being restricted

thereto:

Example 1

(+)—[3aa,8ba]-1,2£3,3az4z8b-Hexahxdroexrrolo—
[2',3':3,4]cxclogenta[1,2-b]Exridine-dihxdrochloride

6,68 g (278 mmol) of sodium hydride are admixed at
0°C with 280 ml of absolute pentanol and stirred for 30

minutes at room temperature. 5,34 g (17,4 mmol) (-)-
[1(S), 3aa,8bal-1,2,3,3a,4,8b~-hexahydro-N-(1-

phenylethyl)-pyrrolo[2',3':3,4]cyclopentall, 2-
blpyridino-l-carboxylic acid amide are added in solid

form under N2 counterflow rinsing in one portion, and

the reaction mixture is immediately heated to boiling

for two hours. The solvent is removed at 60°C/0.1 mbar,

and the residue is quickly filtered over 400 g of sil-

ica gel with methanol:ammonia=100:2. The solvent 1s re-

moved, and the crude product is chromatographically pu-

rified on a column by gradient elution (400 g of silica
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gel, dichloromethane:methanol=1:1 ->methanol -> metha-

nol:ammonia=100:2). The product obtained is taken up in
20 ml of dichloromethane, dried over sodium sul-

phate/activated carbon, filtered, and the solvent is

distilled off.
Yield: 2.23 g of light-beige crystals (82% of theory)
TLC: methanol:ammonia=100:2; Re = 0.5.

With alcoholic hydrochloric acid, the product is
converted 1nto 1ts dihydrochloride, crystallized under
ethanol, filtered, and digested with acetone. The col-

ourless crystals obtained are highly hygroscopic.

[a]p’: +14.4 + 1.1° (c=0,22/methanol)

Microelementary analysis: RW5 C(%) H(%) N(%)
Summation formula: calculated: 51.52 0.05 12.02
C10H14C15N> found: 51.52 6.10 11.81
IH-NMR(DZO) .

o(ppm) = 8.73 (d,1H,Pcp-H6); 8.69 (d,1H,Pcp-H8):;

/.94 (dd,1H,Pcp-H7); 5.54 (d,1H, Pcp-H8Db);

3.80-3.20 (m,5H, Pcp-HZ2,3a,4A,4B); 2.58
-2.36 (m,1H, Pcp-H3A); 2.09-1.90 (m,1H, Pcp-

H3B)

I3c-NMR (D,0) :
o(ppm) = 156.2 (s,Pcp-Cé4a); 142.5 (d,Pcp-C6); 139.7

- 13 -
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(d, Pcp-C8),; 133.3 (s,Pcp-C8a); 123.1 (d,
Pcp-C7); ©2.2 (d,Pcp-C8b); 43.5 (t,Pcp-C2);
36.6 (d,Pcp-C3a); 33.1 (t,Pcp-C4d); 28.3 (t,
Pcp-C3)

Example 2

(-)~[3aa,8ba]-1,2,3,3a,4,8b-Hexahydropyrrolo-
[2',3':3,4]cyclopenta[l,2-blpyridine-dihydrochloride
from 9.10 g (30.0 mmol) (+)-[1(R),3aa,8ba]-
1,2,3,3a,4,8b-hexahydro-N-(l-phenylethyl)-pyrrolo-
(2',3':3,4])cyclopentall,2-b]lpyridino-l-carboxylic acid

P

amide analogous to Example 1 (72% of theory, colorless

crystals).

] %% -13.9 + 1.0° (c=0,24/methanol)

Microelementary analysis: RW7/ C(%) H(%) N (%)
Summation formula: calculated: 51.16 6.09 11.93
C10H14C1oN,*0.09 H,O found: 51.22 0.24
11.80
'H-NMR (D,0) :

o (ppm) = 8.73 (d,1H,Pcp-H6); 8.69 (d,1H, Pcp-H8);

7.94 (dd,1H,Pcp-H7); 5.54 (d,1lH, Pcp-HS8b);

3.80-3.20 (m,5H,Pcp-H2,3a,4R,4B); 2.58

-2.36 (m,1H,Pcp-H3A); 2.09-1.90 (m, 1H, Pcp-

H3B)

- 14 -
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I3c-NMR (D,0) :

O (ppm) 156.2 (s,Pcp-Cda); 142.5

(d, Pcp-C8),; 133.3

Pcp-C7),; ©62.2 (d,Pcp-C8b);

36.6 (d,Pcp-C3a); 33.1

Pcp-C3)

(d, Pcp-Cbo) ;

(s, Pcp-CBa) ;
43.5

(L, PCP—C4) ;

139.7

123.1 (d,
(t, Pcp-C2);

28.3 (t,

The starting material can be prepared as follows:

2—[2,2—Bis-(methoxxcarbonxl)]—ethxl-3-Exridino-

carboxylic acid methyl ester

219.0 g (1.45 mol)

of Z2-methyl-3-pyridino carbox-

vlic acid methyl ester 1n 3.5 1 of absolute tetra-

chloromethane are heated to boiling over night with

271.0 g (1.52 mol)

dibenzoyl peroxide.

The solid 1s

of N-bromosuccinimide and 13.0 g of

filtered off, the solvent 1s removed,

the residue 1s dissolved 1n 250 ml of absolute dimethyl

—

223.3 g (1.45 mol) of

formamide and added dropwise at 10°C to a suspension of

sodium dimethyl malonate in 1.2 1

of absolute dimethyl formamide and stirred at room tem-

perature for 18 hours.

The solvent 1s removed under high wvacuum,

g—
p—

residue 1s partitioned between 2.5 1 01
of diethyl ether,

800 ml of
- 15 -

four times with

and the aqueous phase

diethyl ether

the

water and 1.5 1

1S extracted

each. The com-
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bined organic phases are washed with 200 ml of water,

dried over sodium sulfate/activated carbon, filtered,

the solvent is removed, and the residue is dilgested

with 200 ml of diethyl ether.

Yield: 138.5 g of colorless crystals (34% of theory)

—_——

TLC: acetic acid ethyl ester; Rf = 0.6

M.p.: 59-62°C (diethyl ether, dig.)

.Microelementa:y'analysis: HKZ29 C(%) H(%) N (%)
Summation formula: calculated:; 55.51 5.38 4,98
C10H14C12N2 found: 55.71 95.206 4.92

TH-NMR (CDC15) :

o(ppm) = 8.55 (dd,1H,Py-H6); 8.18 (dd, 1H, Py-H4) ;

7.20 (dd,1H,Py-H5); 4.22 (t,1H,CH); 3.90 (s,
3H,O0CH3); 3.80 (d,2H,CHy); 3.70 (s,6H,OCHs)

I3c-NMR (CDC1,) :

o0(ppm) = 169.7 (s,2C,COOCH;); 166.2 (s,COOCH3); 158.4
(s, Py-C2); 151.3 (d,Py-C6); 138.3 (d, Py-C4) ;
125.0 (s,Py-C3); 121.2 (d,Py-C5); 52.2
(q,2C,0CH3); 52.1 (qg,OCH3); 49.6 (d,CH); 34.9
(t, CH>)

6, 7-Dihydro-5-oxo-5H-1-pyridino-6-carboxvlic acid

methzl ester

To a suspension of 8.40 g (350 mmol) of sodium hy-

- 16 =
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dride 1n 800 ml of boiling absolute tetrahydrofuran,

there are slowly added 93.5 g (332 mmol) of 2-{2,2-bis-
(methoxycarbonyl) J-ethyl-3-pyridinocarboxylic acid
methyl ester in 600 ml of absolute hot tetrahydrofuran.

The reaction solution 1s refluxed until gas development

has ceased, with the product precipitating.

)

The cooled suspension 1s poured onto 1.5 1 o:

saturated ammonium chloride solution, stirred for 30
minutes, and the precipitate 1s filtered off. The solaid
1s washed three times with 250 ml of water, digested
once with 250 ml of methanol and dried over phosphoro-
pentoxide at 70°C/20 mbar.

Yield: 55.4 g of colorless crystals (87% of theory)

TLC: acetic acid ethyl ester; Rf = 0.4

M.p.: 92-96°C (acetic acid ethyl ester)

Microelementary analysis: C(%) H(%) N (%)
Summation formula: calculated: 62.82 4,774 7.32
C10H9NO3 found: 63.0”7 4.79 7 .32

‘H-NMR (CDC13) :

Keto form: d(ppm) = 8.82 (dd,1H,Pn-H2); 8.02 (dd, 1H, Pn-

H4), 7.35 (dd,1H,Pn-H3); 3.79 (dd,1H,Pn-H6);

3.78 (s,3H,0OCH3); 3.72-3.40 {(m,2H,Pn-H7A,B)

Enol form: o{(ppm) = 8.58 (dd,1H,Pn-H2); 7,87 (dd,1H, Pn-

- 17 -
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H4),; 7.27 (dd,1H,Pn-H3); 3.86 (s,3H,O0CH,);
3.61 (s,2H,Pn-H7)

I3c~NMR (CDC15;) :

Keto form: o(ppm) = 197.6 (s,Pn-C5); 172.7 (s,COOCH;3) ;

168.8 (s,Pn-C7a); 156.3 (d4d,Pn-C2); 132.7 (d,
Pn-C4), 128.5 (s,Pn~-Cda); 122.8 (d,Pn-C3);

52.8 (d,Pn-C6); 52.7 (q,OCH3); 32.9(t,Pn~C7)

Enol form: o(ppm) = 169.3 (s,COOCH3); 167.1 (s,Pn-C5)*;

163.5 (s,Pn-Cla)*; 149.8 (d,Pn-C2); 131.9
(s,Pn-Cda)*, 128.1 (d,Pn-C4); 121.7 (d,Pn-
C3); 102.0 (s,Pn-Co6); 51.3 (g,0OCH3); 34.8

(t, Pn-C7)

6- (Cyanomethyl) -6, 7-dihydro-5-oxo-5H-1-pyridino-6-
carboxylic acid methyl ester

To a suspension of 7.66 g (319 mmol) of sodium hy-
dride 1n 400 ml of absolute dimethyl formamide, there
are added 55.4 g (290 mmol) of 6.7-dihydro-5-oxo-~5H-1-
pyridino-6-carboxylic acid methyl ester at 5°C and it

1s stirred until gas development has ceased. After the

addition of 55.7 g (333 mmol) of i1odoacetonitrile in

200 ml of absolute dimethylformamide, it is first
stirred for 30 minutes at 5°C and subsequently for 18
hours at room temperature. The pH 1s adjusted to 5 with

glacial acetic acid, dimethyl formamide is removed un-
_18...
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der fine wvacuum, the residue 1s taken up in 900 ml of

water, 1t 1s extracted twice with dichloromethane with

600 ml each and three times with 300 ml each. The or-

ganlc phase 1s dried over sodium sulfate/activated car-

bon, filtered, and the solvent 1is distilled off. After

start-spot filtration (1.2 kg of silica gel KG60, ace-

tic acid ethyl ester), the crude product is recrystal-

lized from 200 ml of acetic acid ethyl ester.

Yield: 35.0 g of colorless crystals (53% of theory)
TLC: acetic aclid ethyl ester; Re = 0.6

M.p.: 99-101°C (acetic acid ethyl ester)

Microelementary analysis: FGI C(%) H(%) N(%)
Summation formula: calculated: ©62.061 4.38 12.17
C12H19N-0O4 found: 62.45 4,27 12.16

IH~NMR (CDCl3) :

O0(ppm) = 8.90 (dd,1H,Pn-H2); 8.09 (dd,1H,Pn-H4); 7.44
(dd, 1H,Pn-H3); 3.87 (d,1H,Pn-H7A); 3.71 (s,3H,

OCH3); 3.42 (d,1H,Pn-H7B); 3.20(d,1H, CHAHB-

CN); 2.98 (d,1H,CHAHB-CN)

13c-NMR (CDC1,) :

o(ppm) = 197.4 (s,Pn-C5); 171.6 (s,COOCH;3); 168.6
(s, Pn-C7a); 157.1 (d,Pn-C2); 133.4 (4d,Pn-C4);

127.5 (s,Pn-Cda); 123.4 (d,Pn-C3); 116.0
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(s,CN); 56.6 (s,Pn-C6); 53.6 (g,OCH;3); 39.4

(t,Pn-C7); 22.1 (t,CH,CN)

6, 7-Dihydro-5-oxo-SH-l-pyridino-6-carboxylic acid

nitrile

35.6 g (155 mmol) of 6-(cyanocmethyl)-6,7-dihydro-
S-oxo-l-pyridino-6-carboxylic acid methyl ester are

heated to boiling in 400 ml of 2N hydrochlorid acid for

90 minutes. The reaction solution i1s adjusted to pH=9
with solid sodium carbonate, extracted twice with

200 ml of dichloromethane each and three times with
100 ml each. The organic phase is dried over sodium

sulfate/activated carbon, filtered, and the solvent is

distilled off.

T

p—

Yield: 24.0 g of colorless crystals (90% of theory)

TLC: acetic acid ethyl ester; R = 0.5

M.p.: 95-97°C (dichloromethane)

Microelementary analysis: FG2 C(%) H({%) N(3)
Summation formula: calculated: 09.70 4.08 16.27
C1o0HgN,O found: ©69.54 4.776 16.20

1H-NMR (CDC1-) :

O(ppm) = 8.87 (dd,1H,Pn-H2); 8.06 (dd,1H,Pn-H4),; 7.37

(dd,1H,Pn-H3); 3.060 (dd,1H,Pn-H7A),;, 3.22-2.92

(m, 3H, Pn-H7B, Pn~H6, CHAHB-CN) ; 2.73(dd, 1H, CHAHB-
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CN)

13c-NMR (CDCl;):

S(ppm) = 202.2 (s,Pn-C5); 171.7 (s,Pn-C7a); 156.0°
(d, Pn-C2); 132.4 (d,Pn-C4),; 128.9 (s,Pn-Céda);
123.0 (d,Pn-C3); 117.2 (s,CN); 42.7 (d,Pn-Co);

34.5 (t,Pn-C7); 18.3 (t,CH.CN)

() -[3ac,8bal-1,2,3,3a,4,8b-Hexahydropyrrolo-
[2',3':3,4]cxclogenta[1,2-b]Ezridine

4.0 g (23.23 mmol) ot 6, 7-dihydro-5-oxo-oH-1-
pyridino-6-acetic acid nitrile are dissolved in 80 ml
of absolute methanol, stirred with activated carbon and
filtered. The solution is admixed with 16 g of Raney
cobalt catalyst and hydrogenated in a Parr apparatus at
50°C and 90 psi hydrogen pressure until the end of the

theoretical hydrogen uptake. The catalyst 1s filltered

off via Hyflo, the solvent of the filtrate 1is distilled

off, and the residue is purified by start spot filtra-

tion over 400 g of silica gel with methanol:ammonia=

100:2. The solvent is distilled off, the residue 1s

taken up in dichloromethane, dried over sodium sul-

fate/activated carbon, filtered, and the solvent 1s re-

moved.

Yield: 2.61 g of a colorless oil (70% of theory)
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TLC: methanol:ammonia=100:2; Rge=0.5
IH-NMR (CDC1;) :
O(ppm) = 8.42 (dd,1H,Pcp-H6); 7.62(dd,1H,Pcp-H8); 7.09

(dd, 1H, Pcp-H7); 4.74 (d,1H,Pcp-HB8b); 3.30

(dd, 1H, Pcp-H4A),; 3.12-2.61 (m,4H, Pcp-H4B, 2, 3a);

2.15-1.94 (m,1H,Pcp-H3A); 1.68-1.49 (m,1lH, Pcp-
H3B)

c-NMR (CDC13) :

O(ppm) = 164.0 (s,Pcp-Cda); 149.3 (d,Pcp-Cb); 137.4
(s, Pcp-C8a),; 133.1 (d,Pcp-C8); 121.7 (d,Pcp-
C7); 66.5 (d,Pcp-C8b); 46.6 (t,Pcp-C2); 40.2

(d, Pcp-C3a); 39.3 (t,Pcp-C4),; 35.7 (t,Pcp-C3)

(-)-[1(S)3aa,8bal-1,2,3,3a,4,8b-Hexahydro-N-(1-
phenylethyl) -pyrrolo[2',3':3,4]cyclopenta[l, 2-
b]Exridino-l—carboxxlic acid amide

2.50 g (15.6 mmol) (*)-[3aw,8ba]l-1,2,3,3a,4,8b-

hexahydropyrrolo{2',3':3,4])cyclopentall,Z2-b]jpyridine 1n

30 ml of absolute acetone are admixed with 2.30 g (15.6

mmol) of (S)-(-)-l-phenylethyl-isocyanate 1in 25 ml of

absolute acetone, stirred at room temperature for 60

minutes and put into the refrigerator over night for

completion of crystallization. The crystals are fil-

tered off and digested with cold absolute acetone.
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Yield: 2.04 g of colorless crystals (85% of theory)

TLC: dichloromethane:methanol=95:5; Re=0.5

M.p.: 187-189°C (acetone)

fa]l*’: -229.5 + 0.5° (c=1.00/dichloromethane)

Microelementary analysis: GDZ28 C(%) H(%) N (%)
Summation formula: calculated: 74.24 6.89 13.67
C19H21N50 found: 74.24 7.10
13.53

IH-NMR (CDC13) :

O(ppm) = 8.39 (d,1H,Pcp-H6); 8.03 (d,1H,Pcp-H8); 7.34-
7.21 (m,5H,Bz-H2-4); 7.06 (dd,1H,Pcp-H7); 5.36
(d, 1H, Pcp-H8b); 5.05 (m,1H,CH); 4.63 (d,1H;NH);
3.36-3.29 (m,2H,Pcp-H2); 3.18 (dd,1H, Pcp-H4A);

3.10-2.90 (m, 1H, Pcp-H3a); 2.83 (dd, 1H, Pcp-

H4B), 2.29-2.14 (m,1H,Pcp-H3A); 1.79-1.60
(m, 1H, Pcp-H3B); 1.48 (d,3H,CHs)

I3c-NMR (CDC1l;) :

5(ppm) = 161.9 (s,Pcp-Cda); 156.3 (s,CO); 149.0 (d,Pcp-

Ce); 144.4 (s,Bz-Cl); 137.3 (s,Pcp-C8a); 135.6

(d, Pcp-C8),; 128.4 (d,2C,Bz-C3); 126.9 (d,Bz-

c4),; 125.9 (d,2C,Bz-C2); 121.9 (d,Pcp-C7);
64.5 (d,Pcp-C8b); 49.7 (d,CH); 45.7 (t,Pcp-C2);

39.0 (d,Pcp-C3a); 37.8 (t,Pcp-C4); 31.3 (t,Pcp-
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C3) s 22 . D (CI: CH3)

(+) -[1(R) 3aa,8ba]l-1,2,3,3a,4,8b-Hexahydro-N- (1-
Ehenxlethzl)-gxrrolo[Z',3':3,4]czclogenta[1,2—
b]Exridino-l-carboxxlic acid amide
from 512 g (31.9 mmol) (%)-[3aa,8bal-1,2,3,3a,4,8b-
hexahydropyrrolo[2',3':3,4]cyclopentall,2-b]lpyridine
and 4.47 g (30.3 mmol) (R)-(+)-1l-phenylethylisocyanate
analogous to (-)-[1(S)3aa,8ba]-1,2,3,3a,4,8b-hexahydro-
N-(l-phenylethyl)-pyrrolo[2',3':3,4]cyclopentall, 2-
blpyridino-l-carboxylic acid amide
Yield: 4.19 g of colorless crystals (85% of theory)

TLC: dichloromethane:methanol=95:5; Re¢=0.5

M.p.: 184-186°C (acetone)

[a] s +230.4 £ 0.5° (c=0,19/dichloromethane)

Microelementary analysis: RW1l C(%) H(%) N (%)
Summation formula: calculated: 74.24 6.89 13.67
C19H>1N30O found: 74.26 7.04
13.56

H-NMR (CDC15) :

§(ppm) = 8.39 (d,1H,Pcp-H6); 8.03 (d,1H,Pcp-H8); 7.34-

7.21 (m,5H,Bz-H2-4); 7.06 (dd,1H,Pcp-H7); 5.36

(d,1H, Pcp-H8b); 5.05 (m,1H,CH); 4.63 (d,1H,NH);
— 24 -
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3.36-3.29 (m,2H,Pcp-H2); 3.18 (dd,1H,Pcp-H4A);
3.10-2.90 (m, 1H,Pcp-H3A); 2.83 (dd, 1lH, Pcp-

H4B); 2.29-2.14 (m,1H,Pcp-H3A); 1.79-1.60

(m, 1H, Pcp-H3B),; 1.48 (d,3H,CHj)

13c-NMR (CDCl5):

O(ppm) = 161.9 (s,Pcp-Cda); 156.3 (s,CO); 149.0 (d,Pcp-

Co); 144.4 (s,Bz-Cl),; 137.3 (s,Pcp-C8a), 135.60

(d, Pcp-C8); 128.4 (d,2C,Bz-C3); 126.9 (d,Bz-

c4); 125.9 (d,2C,Bz-C2); 121.9 (d,Pcp-C7);

64.5 (d,Pcp-C8b); 49.7 (d,CH),; 45.7 (t,Pcp-C2);
39.0 (d,Pcp-C3a); 37.8 (t,Pcp-C4); 31.3 (t,Pcp-
C3); 22.5 (qg,CHjs)

Example 3

(-)-[3aa,8ba]-1,2,3,3a,4,8b-Hexahydro-l-methyl-

pyrrolo[2',3':3,4]cyclopenta[l,2-b]pyridine-

dihydrochloride
1.15 g (7.17 mmol) of [3aa,8ba]l-1,2,3,3a,4,8b-
hexahydropyrrolo[2',3':3,4]cyclopentall,Z2-b]lpyridine

(Example 1) in 60 ml acetonitrile are admixed with

5.42 ml of 35% formaldehyde solution and subsequently,
in portions, with 1.04 g (16.5 mmol) of sodium cyano-
borohydride. The reaction mixture 1s stirred at room

temperature for 30 minutes. Now the pH 1s adjusted to 1
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with 2N hydrochloric acid, and 1t 1s extracted twice

with 30 ml of dichloromethane each. By the addition of

2N caustic soda solution, the agueous phase is adjusted

to a pH >11, and 1t 1s extracted six times with 30 ml

of dichloromethane each. The organic phase is dried

over sodium sulfate/activated carbon, filtered, and the

solvent 1s distilled off.

Yield: 1.13 g of a yellow 01l (90% of theory)
TLC: methanol:ammonia=100:2; Re=0.8
methylen-chloride:methanol=10:1; R&=0.5

The product 1s converted i1nto i1ts dihydrochloride

with alcoholic hydrochloric acid, crystallized under

ethanol, filtered off and digested with acetone. The

colorless crystals obtained are highly hygroscopic.

[a]2%: -29.6 + 1.0° (c=0,44/methanol)

Microelementary analysis: RW16 C(%) H(%) N (%)
Summation formula: calculated: 48.83 6.93 10.35
Ci11H1gN>Clo*1 .30 H»O found: 48.84 6.79
10.22
IH-NIVR(DZO) :

O(ppm) = 8.78 (d,1H,Pcp-H6); 8.75 (d,1H,Pcp-H8); 7.96

(dd, 1H, Pcp-H7); 5.28 (d,1H,Pcp-H8b); 3.85-3.50
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(m, 3H, Pcp-H2,4A); 3.19 (s,3H,CH3); 3.50-3.00

(m, 2H, Pcp-H4B,3a); 2.80-2.50 (m,1H, Pcp-H3A);

2.05-1.80 (m,1H, Pcp—H3B)
Bc-NMR (D,0) :
O(ppm) = 161.5 (s,Pcp-Cda); 146.8 (d,Pcp-C6); 145.5

(d, Pcp-C8); 137.2(s,Pcp-C8a),; 128.2 (d,Pcp-C7);
76.7 (d,Pcp-C8b); 59.4 (t,Pcp-C2); 43.1 (d,
Pcp-C3a); 41.9 (q,CH3); 38.4 (t,Pcp-C4); 32.9
(t, Pcp—-C3)

Example 4

(+) -[3aa,8ba]l-1,2,3,3a,4,8b-Hexahydro-l1-methyl-

Exrrolo[2'[3':3,4]cxcloEenta[1,2-b]22ridine-

dihxdrochloride

from 1.13 g (7.17 mmol) of [3aa,8ba]l-1,2,3,3a,4,8b-

hexahydropyrrolo[2',3':3,4]cyclopental[l,2-b]pyridine
(Example 2), 5.42 ml of 35% formaldehyde solution and

1.04 g (16.5 mmol) sodiumcyanoborohydride analogous to

Example 3 (86% of theory, colorless crystals).

[a],?°: +27.5 + 0.5° (c=0,42/methanol)

Microelementary analysis: RW8 C(%) H(%) N (%)
Summation formula: calculated: 48.96 6.92 10.38
C11H1N»Clo*1.26H50 found: 48.92 6.64
10.48
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'H-NMR (D,0) :

5(ppm) = 8.78 (d,1H,Pcp-H6); 8.75 (d,1H,Pcp-H8); 7.96
(dd, 1H, Pcp-H7); 5.28 (d,1lH,Pcp-H8b); 3.85-3.50
(m, 3H, Pcp-H2,4A); 3.19 (s,3H,CH3); 3.50-3.00

(m, 2H, Pcp—-H4B, 3a); 2.80-2.50 (m, 1H, Pcp-H3A4) ;

2.05-1.80 (m,l1H,Pcp-H3B)
3c-NMR (D,0) :
S(ppm) = 161.5 (s,Pcp-Céda); 146.8 (d,Pcp-Co); 145.5
(d, Pcp-C8); 137.2 (s,Pcp-C8a); 128.2 (d,Pcp-
Cc7); 76.7 (d,Pcp-C8b); 59.4 (t,Pcp-C2); 43.1
(d, Pcp-C3a); 41.9 (q,CHs); 38.4 (t,Pcp-C4);
32.9 (t,Pcp-C3)

Example 5

(+)-[3aS-(3aaz8ba)]—1z2z3,3a!4£8b—

Hexahvdropyrrolo[3',2':4,5]-cyclopenta[l, 2-c]-pyridino-

dihydrochloride
6.00 g (250 mmol) of sodium hydride are admixed

with 240 ml of abs. pentanocl at 0°C and stirred for 30

minutes. 4.80 g (15.6 mmol) of [1S-[1R*(R*),2(R*))]-
1,2,3,3a,4,8b-hexahydro-N-(l-phenylethyl)-pyrrolo-
[3'2':4,5]cyclopental[l,2-c]-pyridino-l-carboxamide are

admixed in solid form in one portion, and the reaction

mixture is heated to boiling for 2 hours. The solvent
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is removed at 60°C/0.1 mbar, and the residue is quickly

F

filtered over 500 g of silica gel KGo0 (metha-

nol :ammonia=100:2). The crude product 1s chromato-

graphically purified on a column (250 g of silica gel
KG60; methanol:ammonia=100:2). The product obtained 1is

taken up in 20 ml of dichloromethane, dried over sodium

—r

sulfate/activated carbon, filtered, and the solvent 1s

distilled off.

Yield: 1.93 g of beige crystals (/7% of theory)

TLC: methanol:ammoni1a=100:2; R=0.25

The product is converted into its dihydrochloride

with alcoholic hydrochloric acid, crystallized under

ethanol, filtered off and digested with acetone. The

colorless crystals obtained are highly hygroscopic.

[al52°: +37.9° (c=0,12/methanol)

Microelementary analysis: HA4?2 C(%) H(%) N (%)
Summation formula: calculated: 50.50 6.15 11.78
C10H14C1osNo*0.26H,0 found: 50.064 o.08
11.55
lH-NMR(DZO) .

O(ppm) = 8.97 (s,1H,Pcp-HB8); 8.72 (d,1H,Pcp-Ho); 8.03

(d, 1H, Pcp-H5) ; 5.58 (d,1H,Pcp-H8b); 3.78-3.40
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(m, 3H, Pcp~H3a,4A,B); 3.38-3.18 (m,2H, Pcp-
HZ2A,B); 2.54-2.30 (m,1H,Pcp-H3A); 2.04-1.87

(m, 1H, Pcp-H3B)

3c-NMR (D,0) :

Oo(ppm) = 168.8 (s,Pcp-Cda); 143.3 (d,Pcp-C8); 141.1
(d, Pcp-Cob); 138.0 (s,Pcp-C8a); 126.1 (d,Pcp-
Cd); ©7.0 (d,Pcp-C8b),; 47.8 (t,Pcp-C2); 42.6
(d, Pcp—-C3a); 40.2 (t,Pcp-C4); 32.6 (t,Pcp-C3)

Example 6

(-)-[{3aR-(3aa,8ba)]-1,2,3,3a,4,8b~-

Hexahydropyrrolo[3',2':4,5]-cyclopentafll,2-c]lpyvridino-
dihydrochloride

from 1.00 g (3.20 mmol) of [1R-[1IR*(R*),2(S*)]]-
1,2,3,3a,4,8b-hexahydro-N- (1-phenylethyl) -

pyrrolo[3'2':4,5]cyclopentall,2-¢c]-pyridino-1-

carboxamide analogous to Example 5 (83% of theory, col-

orless crystals)

[a] 2% -36.8° (c=0.11/methanol)

Microelementary analysis: HAZ4 3 C(%) H(%) N (%)
Summation formula: calculated: 50.58 6.15 11.80
C10H14C1oN2*0.25H,0 found: 50.64 6.04
11.55
'H-NMR (D,0) :
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O(ppm) = 8.97 (s,1H,Pcp-H8); 8.72 (d,1H,Pcp-H6); 8.03

(d, 1H, Pcp-H5); 5.58 (d,1H,Pcp-H8b); 3.78-3.40

(m, 3H, Pcp-H3a,4A,B); 3.38-3.18 (m,2H, Pcp-

H2A,B); 2.54-2.30 (m,1H,Pcp-H3A); 2.04-1.87

(m, 1H, Pcp-H3B)

13c-NMR (D,0) :

d(ppm) = 168.7 (s,Pcp-Cda); 143.3 (d,Pcp-C8); 141.1
(d, Pcp-C6); 137.9 (s,Pcp-C8a); 120.0 (d,Pcp-
C5); 67.0 (d,Pcp-C8b); 47.8 (t,Pcp-C2); 42.60
(d, Pcp-C3a); 40.2 (t,Pcp-C4); 32.5 (t,Pcp-C3);

The starting material can be prepared as follows:

6-Cxanomethxl—5,6—dihxdro-7-oxo-7H—2—Exridino-6—

carboxxlic acid methxl ester

P

To a suspension of 4.51 g (188 mmol) of sodium hy-

dride in 500 ml of abs. dimethylformamide, 30.00 g (157
mmol) of 5.6-dihydro-7-oxo-7H-2-pyridino-6-carboxylic

acid ester are added in portions at 0°C. The suspension

thus forming is stirred at room temperature for 2

hours, 31.40 g (188 mmol) of l1odoacetonitrile are added
at 0°C, and the mixture is stirred over night at room
temperature.

The solvent is removed at 60°C/0.1 mbar, and the

residue is partitioned between 500 ml of water and a
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total of 4 1 of diethylether. The combined organic

phases are dried over sodium sulfate/activated carbon,

el

filtered, and the extraction agent 1s removed. The

crude product 1s recrystallized from 250 ml of ethanol.

Yield: 23.50 g of orange crystals (65% of theory)

TLC: EE; Rg=0.35

M.p.: 102-103°C (ethanol)

Microelementary analysis: HA3Z C(%) H(%) N(%)
Summation formula: calculated: 62.61 4.48 12.17
C12H10N205 found: 62.39 4.33

12.14

IH-NMR (CDC13) :

O(ppm) = 9.08 (s,1H,Pn-H1l); 8.82 (d,1H,Pn-H3); 7.53

(dd, 1H, Pn-H4); 3.72 (s,3H,OCH;); 3.83-3.36

(AB, 1H, Pn-H5A); 3.21-2.29 (AB, 1H, CHaHp-CN)

13c-NMR (CDCl;) :

O(ppm) = 197.6 (s,C=0); 168.3 (s,COOCH3); 160.1 (s,Pn-
Cda); 154.9 (d,Pn-Cl); 147.7 (d,Pn-C3); 129.8
(s, Pn-C7a); 121.7 (d,Pn-C4); 1le6.1 (s,CN); 56.6
(s, Pn-C6); 53.6 (q,OCHs3); 36.7 (t,Pn-C3); 22.1
(t,CH,2CN)
5,6-Dihydro-7-oxo-7H-2-pyridino-6-acetic acid ni-

trile
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11.06 g (50.4 mmol) of é6é-cyanomethyl-5,6-dihydro-7-

oxo-~-7TH-2-pyridino-6-carboxylic aclid methyl ester are

P

heated to boiling i1n 180 ml of 2N hydrochloric acid for

4 hours, subsequently adjusted to pH=9 with solid so-
dium hydrogencarbonate and extracted seven times with
100 ml of acetic acid ethyl ester each. The combined

P

organic phases are washed with 100 ml of water, dried

over sodium sulfate/activated carbon, filtered, and the
solvent is removed. The product 1s digested several

times with diethyl ether.

Yield: 7.20 g of dark-green crystals (83% of theory)

TLC: EE; Re=0.2

M.p.: 94~95°C (diethyl ether)

Microelementary analysis: HA33 C(%) H(%) N (%)
Summation formula: calculated: ©9.25 4,73 16.15
C10HgN,O*0.07 H>0 found: ©9.26 4.86 16.00

IH-NMR (CDC15) :

O(ppm) = 9.01 (s,1H,Pn-H1); 8.75 (d,1H,Pn~-H3); 7.49

(dd, 1H,Pn~-H4),; 3.72-3.40 {(m,1H,Pn-Ho6); 3.14-

2.89 (m,3H,Pn-H5A,B, CHaHg-CN); 2.77-2.60
(m, lH, CHAEI_B_CN)

13c_NMR (CDC1l-) :

d(ppm) = 202.2 (s,C=0); 160.0 (s,Pn-Cda); 153.9 (d,Pn-
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Ccl); 146.2 (d,Pn-C3); 130.9 (s,Pn-C7a); 121.0
(d, Pn-C4); 117.0 (s,CN); 42.3 (d,Pn-Cb); 31.3

(t,Pn-C5); 17.7 (t,CHCN)

(t)-[3aa,8bal-1,2,3,3a,4,8b-Hexahydropyrrolo-
[3',2':4,5]-cyclopenta[l,2-c]pyridine
3.45 g (20.0 mmol) of 5,6-dihydro-7-oxo-7H-2-

pyridino-6-acetic acid nitrile are dissolved in 110 ml

of abs. methanol, stirred with activated carbon, fil-
tered, admixed with 12 g of Raney cobalt as a catalyst,
and hydrogenated in a Parr apparatus at 50°C and 90 psi

until the theoretical hydrogen uptake had ceased.

Raney-cobalt is filtered off via Hyflo, the sol-

vent of the filtrate is distilled off, and the residue

is chromatographically purified on a column (135 g of

silica gel KG60; methanol:ammonia=100:2)
Yield: 2.00 g of brown crystals (62% of theory)

TLC: methanol:ammonia=100:2; R = 0.25.

Microelementary analysis: HA34A C(%) H(%) N (%)
Summation formula: calculated: 74.97 7.55 17.48
C10H12N>» found: 74.71 7.57
17.39
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H-NMR (CDC1:) :

O(ppm) = 8.56 (s,1H,Pcp-H8); 8.38 (d,1H,Pcp-H6);
7.09 (d,1H,Pcp-HDS); 4.85 (d,1H, Pcp-H8Db);
3.28-3.13 (m,1H,Pcp-H3a); 3.13-2.90 (m, 2H,

Pcp-H4A,B); 2.80-2.62 (m,2H, Pcp-HZ2A,B); 2.34

(Sbroad, 1H,NH); 2.10-1.95 (m,1H,Pcp-H3A); 1.63-

1.47 (m,1H, Pcp~-H3B)

13c-NMR (CDC13) :

O(ppm) = 152.6 (s,Pcp-Cd4a); 148.3 (d,Pcp-C8); 147.2

(d, Pcp-Cob); 140.6 (s,Pcp-C8a); 119.9 (d, Pcp-
C>); ©67.0 (d,Pcp-C8b); 46.8 (t,Pcp-C2); 41.4

(d, Pcp-C3a); 38.5 (t,Pcp-C4); 35.6 (t,Pcp-C3)

[1S-[1R* (R*) ,2(R*)]]-1,2,3,3a,4,8b-Hexahydro-N-(1-

ohenylethyl) -pyrrolo([3',2':4,5] -cyclopental[l,6 2-c] -

Exridino-l—carboxamide

10.15 g (63.4 mmol) of (f)-[3aa,8ba]-
1,2,3,3a,4,8b-hexahydropyrrolo-[3',2':4,5]-cyclopenta-
[1,2-c]pyridine in 230 ml of absol. acetone are admixed

with 9.32 g (03.4 mmol) of (S)-(-)~a-methyl-benzene-

yr—

methane-isocyanate in 20 ml of abs. acetone, stirred

for 30 minutes at room temperature, and subsequently

the solvent 1s removed.

P

The crude product 1s dissolved in 500 ml of acetic

....35...



CA 02563575 2006-10-18

acid ethyl ester in boiling heat, stirred for 5 minutes
over activated carbon, and filtered. The filtrate 1s
admixed with seed crystals and allowed to crystallize

for 3 hours at -20°C. The precipitated crystals are

filtered off and digested twice with 5 ml each of 1ce-

cold acetic acid ethyl ester.

Yield: 5.00 g of beige crystals (52% of theory)

TLC: EE:MeOH = 8:1; 0.3

M.p.: 163-164°C (acetic acid ethyl ester)

[aﬂﬁw: -218.3° (¢c=0.12/dichloromethane)

Microelementary analysis: HA3S5 C(%) H(%) N (%)
Summation formula: calculated: 73.38 o.94 13.51
C19H21N30*0.2H20 found: 73.50 6.88 13.51

IH-NMR (CDC1-) :

d(ppm) = 8.93 (s,1H,Pcp-H8); 8.44 (d,1H,Pcp-H6); 7.43-
7.20 (m,5H,Ph-H2,3,4,5,6); 7.13 (d,1H,Pcp-H5);
5.46 (d,1H,Pcp-H8b); 5.10 (dg,1H,CH); 4.55
(d, 1H,NH, >Jy4,ce=7.7Hz); 3.42-3.26 (m,2H, Pcp-

H2A,B); 3.18-2.96 (m,Z2H,Pcp-H3a,4A); 2.75 (4,

1H, Pcp~-H4B); 2.31-2.11 {(m,1H,Pcp-H3A); 1.75-
1.57 (m,1H,Pcp-H3B); 1.40 (d,3H,CH3s)

I30-NMR (CDCls) :

d(ppm) = 156.1 (s,C=0); 150.4 (s,Pcp-Cda); 148.8

.._36.._
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(d, Pcp-C8),; 148.4 (d,Pcp-C6); 144.3 (s,Ph-Cl);
140.1 (s,Pcp-CBa),; 128.5 (d,2C,Ph-C3,5); 127.0
(d, Ph-C4); 126.0 (d,2C,Ph-C2,06); 120.2 (d,Pcp-
Cs); ©5.0 (d,Pcp-C8b); 49.8 (d,CH); 45.8 (t,
Pcp-C2); 40.9 (d,Pcp-C3a); 35.8 (t,Pcp-C4);
31.1 (t,Pcp-C3); 22.5 (gq,CHs)

[I1R-[1R* (R*) ,2(S*)]]-1,2,3,3a,4,8b-Hexahydro-N-(1-

ohenylethyl) -pyrrolo[3',2':4,5]-cyclopental[l,2-c]-

pyridino-l-carboxamide
The mother liquor of the above product is narrowed

down to 300 ml, optionally dissolved i1in boiling heat,

admixed with seed crystals and allowed to crystallize

for 5 hours at -20°C. The precipitated crystals are

filtered off and digested twice with 2 ml each of ice-

cold acetic acid ethyl ester.

Yield: 1.20 g of colorless crystals (12% of theory)

TLC: EE:MeOH = 8:1; 0.3
M.p.: 154-155°C (acetic acid ethyl ester)

[a]5%: +185.6° (c=0.13/dichloromethane)

Microelementary analysis: HA36 C(%) H(%) N (%)
Summation formula: calculated: 72.960 6.96 13.43
C19H21N3O*O.3H20 found: 73.05 6.88 13.34

IH-NMR (CDC13) :
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O(ppm) = 8.88 (s,1H,Pcp-H8); 8.44 (d,1H,Pcp-H6); 7.42-
7.20 (m,5H,Ph-HZ2,3,4,5,6); 7.13 (d,1H,Pcp-H5);
5.40 (d,1H,Pcp-H8b,>Jy u3a=7.4Hz); 5.12 (dq, 1H,
CH); 4.55 (d,1H,NH); 3.45-3.25 (m,Z2H, Pcp-

H2A,B); 3.19-3.00 (m,Z2H,Pcp-H3a,44A); 2.75 (d,

1H, Pcp-H4B); 2.31-2.15 (m,1H,Pcp-H3A),; 1.70-

1.59 (m,1H,Pcp-H3B); 1.57 (d,3H,CHs)

I3c-NMR (CDC15) :

o(ppm) = 156.3 (s,C=0); 150.5 (s,Pcp-C4a); 148.9
(d, Pcp-C8); 148.06 (d,Pcp-Co); 144.2 (s,Ph-Cl);
140.2 (s,Pcp-CBa),; 128.6 (d,2C,Ph-C3,5); 127.2
(d, Ph-C4); 126.1 (d,2C,Ph-C2,6); 120.5 (d,Pcp-
C5); 65.1 (d,Pcp-C8b); 49.8 (d,CH); 46.0 (t,
Pcp-C2); 41.1 (d,Pcp-C3a); 35.9 (t,Pcp-C4);
31.3 (t,Pcp-C3); 22.5 (g,CH3z)

Example 7

(+) - [3aS- (3aa,8ba) ]-1,2,3,3a,4,8b-Hexahydro-1-

methylpyrrolo[3',2':4,5]-cyclopentall,2-clpyridino-

dihxdrochloride

650 mg (4.06 mmol) of [3aS-(3aqa,8ba)]-

1,2,3,3a,4,8b-hexahydropyrrolo{3',2':4,5]-

P

cyclopental[l,2-c]pyridine i1n 30 ml of abs. acetonitrile

are admixed with 3.1 ml of 35% formaldehyde solution
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and subsequently in portions with 586 mg (9.33 mmol) of

sodium cyanoborohydride. The reaction mixture is

stirred for 30 minutes at room temperature.

No the pH 1s adjusted to 1 with 2N hydrochloric

o

acid, and it is extracted twice with 30 ml of dichloro-

methane each. By the addition of 2N caustic soda solu-
tion, the aqueous phase is adjusted to pH=10, and it is
extracted five times with 50 ml of dichloromethane
each. The organic phase is dried over sodium sul-
fate/activated carbon, filtered, and the solvent is

distilled off.

Yield: 650 mg of a yellow o0il (92% of theory)
TLC: methylene chloride:methanol = 8:1; R =0.25

With alcoholic acetic acid the product is con-

verted 1nto its dihydrochloride, it is crystallized un-

der ethanol, filtered off and digested with acetone.

The colorless crystals obtained are highly hygroscopi-

cal.

[a]*°: +13.2° (c=0.11/methanol)

Microelementary analysis: HA46 C(%) H(%) N (%)
Summation formula: calculated: 52.20 0.63 11.07
C11H16C1oN,*0 . 33H,0 found: 52.25 6.71
10.88
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'H-NMR (D,0) :

o(ppm) = 9.08 (s,1H,Pcp-H8); 8.76 (d,1H,Pcp-H6); 8.05

(d, 1H, Pcp-H5); 5.50-5.26 (m,1H,Pcp-H8b); 3.86-

3.20 (m, 5H, Pcp—-H2A,B,3a,4A,B); 3.15 (s, 3H,CHs) ;

2.76-2.48 (m,1H, Pcp~H3A); 2.10-1.81 (m, 1H, Pcp-

H3B)

13c-NMR (D,0) :

O0(ppm) = 168.8 (s,Pcp-Cda); 143.9 (d,Pcp-C8); 140.8
(d, Pcp-Cob); 136.5 (s,Pcp-C8a); 126.3 (d,Pcp-
Co): 76.5 (d,Pcp-C8b); 58.6 (t,Pcp-C2); 42.8
(q,CH3); 42.0 (d,Pcp-C3a); 40.6 (t,Pcp-C4);
31.9 (t, Pcp-C3)

Example 8

(-)-[3aR-(3aa,8ba)]-1,2,3,3a,4,8b-Hexahydro-1-

methylpyrrolo[3',2':4,5]cyclopental[l,2-c]lpyridino-

dihxdrochloride

from 580 mg (3.62 mmol) of [3aR-(3aqa, 8ba)]-

1,2,3,3a,4,8b-hexahydropyrrolo[3',2':4,5]cyclopenta-

[1,2-c]pyridine, 2.74 ml of 35% formaldehyde solution

and 523 mg (8.33 mmol) of sodium cyanoborohydride

analogous to Example 7 (90% of theory, colorless crys-

tals).

[a] % -14.0° (c=0.14/methanol)
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Microelementary analysis: HA4'] C(%) H(%) N(%)
Summation formula: calculated: 52.47 6.601 11.11
C11H16C1loN»*0.27H5,0 found: 52.47 6.80
10.94
'H-NMR (D,0) :

O(ppm) = 9.08 (s,1H,Pcp-H8); 8.76 (d,1H,Pcp-Ho6); 8.05

(d, 1H, Pcp-HS5); 5.50-5.26 (m,1H, Pcp-H8b); 3.86-

3.20 (m,5H, Pcp-H2A,B,3a,4A,B); 3.15 (s,3H,CH3);

2.76-2.48 (m,1H, Pcp-H3A); 2.10-1.81 (m,1H, Pcp-
H3B)

13c-NMR (D,0) :

d(ppm) = 168.8 (s,Pcp-Cd4a); 143.8 (d,Pcp-C8); 140.8
(d, Pcp-C6); 136.7 (s,Pcp-C8a); 126.3 (d,Pcp-
C5); 76.5 (d,Pcp-C8b); 58.7 (t,Pcp-C2); 42.8
(q,CHs3); 42.1 (d,Pcp-C3a); 40.6 (t,Pcp-C4);
31.9 (t, Pcp—-C3)

Example 9

Radioligand.Assax

The [°H] cytisin bond to the a4P2-subtype in rat

brain membranes was determined by a modified method otf
Pabreza et al. (Pabreza, L.A., Dhawan, S., Kellar,
K.J., Mol. Pharmacol. 1991, 39, 9-12):

Membrane-enriched fractions of rat brain without
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cerebellum (ABS Inc. Wilmington, DE) were slowly thawed

at 4°C, washed, and re-suspended in 30 parts of BSS-

Tris buffer (120 mM NaCl, 5 mM KCl, 2 mM CaCl,, 2 mM
MgCl, and 50 mM Tris~Cl, pH 7.4, 4°C). Dilutions of the
test compound (107° to 107 ''M) which contain 100-200 ng

of protein and 0.75 nM [°H] cytisin (30 Ci/mmol; Perkin

Elmer NEN, Boston, MA) were 1ncubated in a final volume

of 500 pl for 75 minutes at 4°C (2 samples each). The

non-specific binding was determined with 10 pM (-)-

nicotine. The 1incubation was determined by vacuum fil-

tration through a Whatman GF/C filter which previously
had been humidified with 0.5% polyethylene imine. Bound

radicactivity was collected on Millipore Multiscreen

plates FB with a Packard Cell Harvester, and determined
with a Packard Topcount Microplate Beta Counter. ICsg

values were determined by non-linear regression, and

N

from this the K; values by means of the Cheng-Prusof:

equation, wherein K; = ICsq / 1 + [ligand] / Kp. The
mean K; values were obtained from at least three indi-

vidual determinations.
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K; Values [hMJ of the ﬁnantiémér Pairssmﬁm7
Example 2430 |Example 2 | >1mM
Example 199  |Example 4 >1mM
Example 1110 Example © 15.2
Example 1670 Exéﬁplgug 27.0 o

e —

e s b ———, —r
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24242-618

CLAIMS:

1. An enantiomerically pure [3aq, 8ba]-1,2,3,3a,4,8b-hexahydropyrrolo-

cyclopentapyridine derivative of the general formula

wherein
Z is a single bond or CH,,

R1 is hydrogen or a straight-chain or branched, optionally unsaturated C4to C4 alkyl

residue which is optionally perfluorated,

R2 and R3 independently represent hydrogen; a straight-chain or branched,
optionally unsaturated C, to C4 alkyl residue, which is optionally perfluorated,;

Cqto C4 alkoxy; Cqto C4 alkylthio; or halogen,
X and Y alternately represent CH or N,

or a pharmaceutically acceptable salt thereof.

2. A derivative or salt according to claim 1, wherein R2 and R3 represent
hydrogen.

3. A derivative or salt according to claim 1 or 2, wherein R1 represents
hydrogen.

_44 -
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4. A derivative or salt according to claim 1 which is
(+)-[3aa, 8bal-1,2,3,3a,4,8b-Hexahydropyrrolo-[2',3":3,4]cyclopenta-
[1,2-b]pyridine dihydrochloride.

D. A derivative or salt according to claim 1 which is
5 (-)-[3aq, 8ba]-1,2,3,3a,4,8b-Hexahydro-1-methyl-pyrrolo-[2',3":3,4]cyclopenta-
[1,2-b]pyridine dihydrochloride.

6. A derivative or salt according to claim 1 which is
(-)-[3aR-(3aq, 8ba)]-1,2,3,3a,4,8b-Hexahydropyrrolo-[3',2":4,5]cyclopenta-
[1,2-c]pyridine dihydrochloride.

10 7. A derivative or salt according to claim 1 which is
(-)-[3aR-(3aq, 8ba)]-1,2,3,3a,4,8b-Hexahydro-1-methyl-pyrrolo-
[3',2":4,5]cyclopenta[1,2-c]pyridine dihydrochloride.

8. A method for producing a derivative or salt of the general formula (l) as

defined in claim 1, wherein a compound of the general formuia

= .
N ON
Rsﬁg " m,

o

wherein R2, R3, X and Y are as defined in claim 1 for the derivative of the

15

general formula (1), is reductively converted into the derivative of the
general formula (1), wherein Z = single bond and R1 = hydrogen, the latter
compound optionally is reacted with enantiomerically pure 1-phenylethylisocyanate

20 to give the compound of the general formula
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2
o# o
R2
Sos
R3 P (1) ,

wherein R2, R3, X and Y are as defined for the compound of the general formula (ll),
the less readily soluble diastereomer is recovered from the thus-obtained
diastereomer mixture by crystallization, and the diastereomerically pure compound of
the general formula (lll) thus obtained is cleaved under suitable conditions to give the
enantiomerically pure derivative of the general formula (1), wherein Z = a single bond
and R1 = hydrogen, the latter compound optionally is reacted under alkylating
conditions to the derivative of the general formula (l), wherein Z = CH,, and the
derivative of the general formula (I) optionally is converted into the pharmaceutically

acceptable salt thereof.

9. A pharmaceutical composition comprising a derivative or salt as defined

in any one of claims 1 to 7 and a pharmaceutically acceptable auxiliary or carrier

substance.

10. A pharmaceutical composition according to claim 9, in combination with
a compound that is further to the derivative or salt as defined in any one of

claims 1to 7.

11. A pharmaceutical composition according to claim 9 or 10 for treatment

of a disease of the central conduction system.

12. A pharmaceutical composition according to claim 11, wherein the

disease of the central conduction system is dementia caused by old age or

Alzheimer's disease.
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13. A pharmaceutical composition according to claim 11, wherein the
disease of the central conduction system is Parkinson disease,

Tourette’s syndrome or dyskinesia.

14, A pharmaceutical composition according to claim 11, wherein the
disease of the central conduction system is anxiety, depression, panic, psychosis,

bulimia or anorexia.

15. A pharmaceutical composition according to claim 11, wherein the
pharmaceutical composition is for use as an analgesic, as a nociceptive agent, as a

neuroprotective agent, in improvement of perception and attention or in smoke

substitution therapy.

106. A use of a derivative or salt as defined in any one of claims 1 to 7 In
preparation of a pharmaceutical composition for treatment of a disease of the

central conduction system.

17. A use according to claim 16, wherein the disease of the central

conduction system is dementia caused by old age or Alzheimer's disease.

18. A use according to claim 16, wherein the disease of the

central conduction system is Parkinson disease, Tourette’s syndrome or dyskinesia.

19. - A use according to claim 16, wherein the disease of the
central conduction system is anxiety, depression, panic, psychosis,

bulimia or anorexia.

20. A use according to claim 16, wherein the pharmaceutical composition is
for use as an analgesic, as a nociceptive agent, as a neuroprotective agent, in

improvement of perception and attention or in smoke substitution therapy.

_47 -



10

CA 02563575 2012-02-23

24242-618

21. A use of a derivative or salt as defined in any one of claims 1 to 7 for

treatment of a disease of the central conduction system.

22. A use according to claim 21, wherein the disease of the

central conduction system Is dementia caused by old age or Alzheimer's disease.

23. A use according to claim 21, wherein the disease of the

central conduction system is Parkinson disease, Tourette’s syndrome or dyskinesia.

24 A use according to claim 21, wherein the disease of the
central conduction system Is anxiety, depression, panic, psychosis,

bulimia or anorexia.

25, A use according to claim 21, wherein the derivative or salt is for use as
an analgesic, as a nociceptive agent, as a neuroprotective agent, in improvement of

perception and attention, or in smoke substitution therapy.
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