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(57) ABSTRACT 

The present invention of compounds of formula (I) 

a stereochemically isomeric form thereof, an N-oxide form 
thereof or a pharmaceutically acceptable acid addition salt 
thereof, R1 and R2 taken together form a bivalent radical of 
formula Wherein in said bivalent radicals one or tWo hydro 
gen atoms may be substituted With C l_6alkyl; R3 is hydrogen 
or halo; R4 is hydrogen or Cl_6alkyl; R5 is hydrogen or 
Cl_6alkyl; L is C3_6cycloalkyl, C5_6cycloalkanone, 
C2_6alkenyl, or L is a radical of formula iAlkiR6i, 
AlkiXiRZ iAlkiYiC(:O)iR9, or iAlkiY% 
(:O)iNRllRl2 Wherein each Alk is Cmzalkanediyl; and 
R6 is hydrogen, cyano, Cl_6alkylsulfonylamino, 
C3_6cycloalkyl, C5_6cycloalkanone, or a heterocyclic ring 
system; R7 is hydrogen, Cl_6alkyl, hydroxyCl_6alkyl, 
C3_6cycloalkyl, or a heterocyclic ringsystem; X is O, SO2 or 
NR8; said R8 being hydrogen or Cl_6alkyl; R9 is hydrogen, 
Cl_6alkyl, C3_6cycloalkyl, Cl_6alkyloxy or hydroxy; Y is 
NRlo or a direct bond; said R1O being hydrogen, or 
Cl_6alkyl; R11 and R12 each independently are hydrogen, 
Cl_6alkyl, C3_6cycloalkyl, or R1 1 and R12 combined With the 
nitrogen atom may form an optionally substituted 
pyrrolidinyl, piperidinyl, piperaZinyl or 4-morpholinyl ring. 
Processes for preparing said products, formulations com 
prising said products and their use as a medicine are 
disclosed, in particular for treating conditions Which are 
related to impairment of gastric emptying. 

10 Claims, No Drawings 
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BICYCLIC BENZAMIDES OF 3-OR 
4-SUBSTITUTED 4-(AMINOMETHYL) 

PIPERIDINE DERIVATIVES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[This application] This is a reissue of application U.S. Ser. 
No. 09/79],227,?ledFeb. 22, 200], now US. Pat. No. 6,635, 
643, which is a continuation of Us. Ser. No. 09/349,912 
?led on Jul. 8, 1999, now abandoned, which is a continua 
tion of Us. Ser. No. 09/113,635 ?led on Jul. 10, 1998, now 
abandoned, which claims priority from EPO application EP 
98.200.624.9 ?led on Feb. 27, 1998 and EPO application 
EP97.202.180.2 ?led on Jul. 11, 1997. 

The present invention is concerned with novel compounds 
of formula (I) having superior gastrokinetic properties. The 
invention further relates to methods for preparing such novel 
compounds, pharmaceutical compositions comprising said 
novel compounds as well as the use as a medicine of said 
compounds. 

Journal of Medicinal Chemistry, 1993, 36, pp 41214123 
discloses 4-amino-N-[(1-butyl-4-piperidinyl)methyl]-5 
chloro-2-methoXy-benZamide as a potent and selective 
5HT4-receptor antagonist. 
WO 93/05038, published on Mar. 18, 1993 (SmithKline 

Beecham PLC) discloses a number of substituted 
4-piperidinylmethyl 8-amino-7-chloro-1,4-benZodioxan-5 
carboxamides having 5HT4-receptor antagonistic activity. 
W0 94/ 10174, published on May 11, 1994 (SmithKline 

Beecham PLC) discloses a number of substituted 
4-pyridinylmethyl oxaZino[3,2-a]indole-carboxamide 
derivatives having 5HT4-receptor antagonistic activity. 

The above prior art documents all disclose substituted 
4-piperidinylmethyl carboxamides and the analogues 
thereof having 5HT4-receptor antagonistic activity. Com 
pounds showing 5HT4 antagonism are taught to have poten 
tial interest in the treatment of, for example, irritable bowel 
syndrome, in particular the diarrhoea aspects of irritable 
bowel syndrome, i.e. these compounds block the ability of 
5HT (which stands for 5-hydroXy-tryptamine, i.e. serotonin) 
to stimulate gut motility (see WO-93/05038, page 8, lines 12 
to 17). The present gastroprokinetic compounds differ in 
structure mainly by the presence of a hydroxy- or an alky 
loxy group on the central piperidine ring. 
WO 93/16072, published on Aug. 19, 1993 discloses 

5 -amino-N-[(1-butyl-4-piperidinyl)methyl]-6-chloro-3,4 
dihydro-2H-1-benZopyran-8-carboxamide having 5 HT4 
receptor antagonistic activity. 

Bioorganic & Medicinal Chem. Lett., 1996, 6, pp. 
2634266, and WO-96/33186 (Pharmacia S.P.A.), published 
on Oct. 24, 1996, disclose 4-amino-N-(1-butyl-4 
piperidinyl)methyl-5 -chloro-2,3 -dihydro-7 
benzoturancarboxamide having 5 HT4 receptor agonistic 
activity. 

The compounds of the present invention differ from the 
previous prior art documents due to the presence of a 
hydroxy or a Cl_6alkyloxy group on the 3 position of the 
central piperidine ring. 

EP-0,299,566, published on Jan. 19, 1989, discloses N-(3 
hydroXy-4-piperidinyl)benZamides having gastrointestinal 
motility stimulating activity. 

2 
EP-0,309,043, published on Mar. 29, 1989, discloses sub 

stituted N-(l-alkyl-3-hydroxy-4-piperidinyl)benzamides 
having gastrointestinal motility stimulating activity. 

EP-0,389,037, published on Sep. 26, 1990, discloses 
5 N-(3-hydroxy-4-piperidinyl)(dihydrobenzofuran, dihydro 

2H-benZopyran or dihydrobenzodioxin)-carboxamide 
derivatives having gastrointestinal motility stimulating 
activity. 
The latter three prior art documents all disclose carboxa 

mide derivatives wherein the amide function is bonded 
directly with the piperidine ring, while the compounds of the 
present invention all have an amide function wherein a meth 
ylene group is present between the carbamoyl nitrogen and 
the piperidine ring. 

EP-0,774,460, published on May 21, 1997, and WO-97/ 
11054, published on Mar. 27, 1997 disclose a number of 
benZoic acid compounds as 5-HT4 agonists useful for treat 
ing gastric motility disorders. 
The compounds of the present invention differ from the 

latter two prior art documents due to the presence of a 
hydroxy or a Cl_6alkyloxy group on the 3- or 4-position of 
the central piperidine ring. Furthermore, those compounds 
of the present invention wherein R2 is other than hydrogen 
are also structurally different over said prior art documents. 

20 

25 

The problem this invention sets out to solve is to provide 
compounds having gastrointestinal motility stimulating 
properties, particularly having superior gastric emptying 
activity. Preferably said compounds should be orally active. 

30 The solution to this problem is provided by the novel 
compounds of formula (I) that differ structurally from the 
prior art, inter alia, by the presence of a hydroxy or a 
C l_6all<yloxygroup on the 3- or 4-position of the central pip 
eridine ring, or by the presence of a methylene group 
between the carbamoyl group and the piperidine ring. 
The present invention concerns a compound of formula (I) 

(1) 

a stereochemically isomeric form thereof, an N-oxide form 
thereof or a pharmaceutically acceptable acid or base addi 
tion salt thereof, 

50 wherein 

R1 and R2 taken together form a bivalent radical of for 
mula 

ADiCH2iOi (a-l), 
ADiCH2iCH2i (a-2), 

55 ADiCH2iCHZiOi (a-3), 
ADiCH2iCHZiCH2i (a-4), 
ADiCH2iCHZiCH2ADi (a-5), 
A)iCH2iCH2iCH2%H2i (a-6), 

wherein in said bivalent radicals one or two hydrogen atoms 
may be substituted with C l_6alkyl, 

R3 is hydrogen or halo; 
R4 is hydrogen or C l_6all<yl; 
R5 is hydrogen or C l_6all<yl; 
L is C3_6cycloalkyl, C5_6cycloalkanone, or C2_6alkenyl, or 
L is a radical of formula 
iAlkiR6 (b-l), 
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iAlkiXiR7 (b-2), 
iAlkiY4C(:O)iR9 (b-3), or 
iAlkiY4C(:O)iNRl lRl2 (b-4), 

wherein each Alk is Cl_l2alkanediyl; and 

R6 is hydrogen, hydroxy, cyano, Cl_6alkylsulfonylamino, 
C3_6cycloalkyl, C5_6cycloalkanone, or Hetl; 

R7 is hydrogen, Cl_6alkyl, hydroxyCl_6alkyl, 
C3_6cycloalkyl, or Het2; 

X is O, S, SO2 or NR8; said R8 being hydrogen or 
C1-6a1ky1; 

R9 is hydrogen, Cl_6alkyl, C3_6cycloalkyl, Cl_6alkyloxy or 
hydroxy; 

Y is NR1O or a direct bond, said R1O being hydrogen or 
C1-6a1ky1; 

R11 and R12 each independently are hydrogen, Cl_6alkyl, 
C3_6cycloalkyl, or R11 and R12 combined With the 
nitrogen atom bearing R11 and R12 may form a pyrro 
lidinyl or piperidinyl ring both being optionally substi 
tuted With Cl_6alkyl, amino or mono or di(Cl_6alkyl) 
amino, or said R11 and R12 combined With the nitrogen 
bearing R11 and R12 may form a piperaZinyl or 
4-morpholinyl radical both being optionally substituted 
With Cl_6alkyl; and 

Hetl and Het2 each independently are selected from furan: 
furan substituted With Cl_6alkyl or halo; tetrahydrofuran; a 
tetrahydrofuran substituted With Cl_6alkyl; a dioxolane; a 
dioxolane substituted With Cl_6alkyl, a dioxane; a dioxane 
substituted With C l_6alkyl; tetrahydropyran; a tetrahydropy 
ran substituted With Cl_6alkyl; pyrrolidinyl; pyrrolidinyl 
substituted With one or tWo substituents each independently 
selected from halo, hydroxy, cyano, or Cl_6alkyl; pyridinyl; 
pyridinyl substituted With one or tWo substituents each inde 
pendently selected from halo, hydroxy, cyano, Cl_6alkyl; 
pyrimidinyl; pyrimidinyl substituted With one or tWo sub 
stituents each independently selected from halo, hydroxy, 
cyano, C l_6alkyl, C l_6alkyloxy, amino and mono and di(Cl_6 
alkyl)amino; pyridaZinyl; pyridaZinyl substituted With one 
or tWo substituents each independently selected from 
hydroxy, Cl_6alkyloxy, Cl_6alkyl or halo; pyraZinyl; pyraZi 
nyl substituted With one ore tWo substituents each indepen 
dently selected from halo, hydroxy, cyano, Cl_6alkyl, 
Cl_6alkyloxy, amino, mono- and di(Cl_6alkyl) amino and 
Cl_6alkyloxycarbonyl; 
Hetl can also be a radical of formula 

)1 
(0-1) 
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4 
-continued 

(0-4) 

Hetl and Het2 each independently can also be selected from 
the radicals of formula 

((1-1) 
0 

(N I SJ\N R14 
(‘1-2) 

G I S \N R14 
(‘1-3) 

S 

k 
R13 and R14 each independently are hydrogen or C l_4alkyl. 
As used in the foregoing de?nitions halo is generic to 

?uoro, chloro, bromo and iodo; Cl_4alkyl de?nes straight 
and branched chain saturated hydrocarbon radicals having 
from 1 to 4 carbon atoms such as, for example, methyl, ethyl, 
propyl, butyl, l-methyl-ethyl, 2-methylpropyl and the like; 
C l_6all<yl is meant to include C l_4all<yl and the higher homo 
logues thereof having 5 or 6 carbon atoms, such as, for 
example, 2-methyl-butyl, pentyl, hexyl and the like; 
C3_6cycloalkyl is generic to cyclopropyl, cyclobutyl, cyclo 
pentyl and cyclohexyl; C2_6alkenyl de?nes straight and 
branched chain unsaturated hydrocarbon radicals having 
from 2 to 6 carbon atoms, such as ethenyl, propenyl, butenyl, 
pentenyl or hexenyl; Cl_l2alkanediyl de?nes bivalent 
straight or branched chain hydrocarbon radicals containing 
from 1 to 12 carbon atoms such as, for example, 1,2 
ethanediyl, 1,3-propanediyl, l,4-butanediyl, 1,5 
pentanediyl, 1,6-hexanediyl, 1,7-heptanediyl, 1,8 
octanediyl, 1,9-nonanediyl, l,lO-decanediyl, l,ll 
undecanediyl, 1,12- dodecanediyl and the branched isomers 
thereof. Cl_6alkanediyl is de?ned in an analogous Way as 
C 1_ 1 2alkanediyl. 
The 4OR4 radical is preferably situated at the 3- or 

4-position of the piperidine moiety. 
The term “stereochemically isomeric forms” as used here 

inbefore de?nes all the possible isomeric forms Which the 
compounds of formula (I) may possess. Unless otherWise 
mentioned or indicated, the chemical designation of com 
pounds denotes the mixture of all possible stereochemically 
isomeric forms, said mixtures containing all diastereomers 
and enantiomers of the basic molecular structure. More in 
particular, stereogenic centers may have the R- or 
S-con?guration; substituents on bivalent cyclic (partially) 
saturated radicals may have either the cis- or trans 
con?guration. Compounds encompassing double bonds can 
have an E or Z-stereochemistry at said double bond. Stere 
ochemically isomeric forms of the compounds of formula (I) 
are obviously intended to be embraced Within the scope of 
this invention. 
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The pharmaceutically acceptable acid and base addition 
salts as mentioned hereinabove are meant to comprise the 
therapeutically active non-toxic acid and base addition salt 
forms Which the compounds of formula (I) are able to form. 
The pharmaceutically acceptable acid addition salts can con 
veniently be obtained by treating the base form With such 
appropriate acid. Appropriate acids comprise, for example, 
inorganic acids such as hydrohalic acids, eg hydrochloric 
or hydrobromic acid, sulfuric, nitric, phosphoric and the like 
acids: or organic acids such as, for example, acetic, 
propanoic, hydroxyacetic, lactic, pyruvic, oxalic (i.e. 
ethanedioic), malonic, succinic (i.e. butane-dioic acid), 
maleic, fumaric, malic, tartaric, citric, methanesulfonic, 
ethanesulfonic, benZenesulfonic, p-toluenesulfonic, 
cyclamic, salicylic, p-aminosalicylic, pamoic and the like 
acids. 

Conversely said salt forms can be converted by treatment 
With an appropriate base into the free base form. 

The compounds of formula (1) containing an acidic proton 
may also be converted into their non-toxic metal or amine 
addition salt forms by treatment With appropriate organic 
and inorganic bases. Appropriate base salt forms comprise, 
for example, the ammonium salts, the alkali and earth alka 
line metal salts, eg the lithium, sodium, potassium, 
magnesium, calcium salts and the like, salts With organic 
bases, eg the benZathine, N-methyl-D-glucamine, hydrab 
amine salts, and salts With amino acids such as, for example, 
arginine, lysine and the like. 

The term addition salt as used hereinabove also comprises 
the solvates Which the compounds of formula (I) as Well as 
the salts thereof, are able to form. Such solvates are for 
example hydrates, alcoholates and the like. 
Some of the compounds of formula (I) may also exist in 

their tautomeric form. Such forms although not explicitly 
indicated in the above formula are intended to be included 
Within the scope of the present invention. For instance, When 
an aromatic heterocyclic ring is substituted With hydroxy the 
keto-form may be the mainly populated tautomer. 

The N-oxide forms of the compounds of formula (I), 
Which may be prepared in ar‘t-knoWn manners, are meant to 
comprise those compounds of formula (I) Wherein one or 
several nitrogen atoms are oxidiZed to the N-oxide. Particu 
larly those N-oxides are envisaged Wherein the piperidine 
nitrogen is N-oxidiZed. 
A group of interesting compounds consists of those com 

pounds of formula (I) Wherein one or more of the folloWing 
restrictions apply: 

a) R1 and R2 taken together form a radical of formula 
(a-l), (a-2), (a-3), (a-4), (a-5) or (a-6), Wherein option 
ally one or tWo hydrogen atoms are substituted With 
C1.4a11<y1; 

b) R3 is ?uoro, chloro or bromo; in particular chloro; 
c) R4 is hydrogen or methyl, and the iOR“ radical is 

situated at the 3- or 4-position of the piperidine ring; or 
d) R5 is hydrogen. 
More interesting compounds are those compounds of for 

mula (I) wherein R1 and R2 taken together form a radical of 
formula (a-2), or (a-4), Wherein optionally one or tWo hydro 
gen atoms are substituted With methyl. 

Further more interesting compounds are those interesting 
compounds of formula (I) Wherein R4 is hydrogen or methyl. 

Particular compounds are those more interesting com 
pounds Wherein the iOR“ radical is situated at the 
3-position of the central piperidine moiety having the trans 
con?guration, i.e. the iOR“ radical is in the trans position 
in relation to the methylene on the central piperidine moiety. 

Other particular compounds are those more interesting 
compounds Wherein the iOR“ radical is situated at the 
4-position of the central piperidine moiety. 
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6 
Very particular compounds are those compounds Wherein 

L is: 
C3_6cycloalkyl or C2_6alkenyl; or 
a radical of formula (b- l ), Wherein each Alk is 
C l_6alkanediyl, and R6 is hydrogen, hydroxy, cyano, 
amino, Cl _6alkylsulfonylamino, C3_6cycloalkyl or 
Hetl, Wherein Het1 is tetrahydrofuran; dioxolane; diox 
olane sub stituted With C 1 _ 6alkyl; tetrahydropyran; 
pyridaZinyl substituted With one or more substituents 
selected from hydroxy, halo and C 1 _6alkyl; or a radical 
of formula (c- l ), (c-3) or (c-4) wherein R1 3 is 
C 1_ 4alkyl; or 

a radical of formula (b -2), Wherein Alk is C l _6alkanediyl, 
X is O, and R7 is C l_6alkyl or hydroxyCl_6alkyl; or 

a radical of formula (b -2), Wherein Alk is C l _6alkanediyl, 
R7 is Het2 Wherein Het2 is pyraZinyl substituted With 
C l_6alkyl, and X is NR8 Wherein R8 is hydrogen or 
C l_6alkyl; or 

a radical of formula (b-3) Wherein Y is a direct bond, and 
R9 is C l_6alkyl, hydroxy or C l _6alkyloxy; or 

a radical of formula (b-4) Wherein Y is a direct bond, and 
R1 l and R12 are Cl_6alkyl, or 

R1 1 and R12 combined With the nitrogen atom bearing R1 1 
and R1 2 form pyrrolidinyl. 

Preferred compounds are those compounds Wherein L is 
butyl; propyl substituted With methoxy, methylcarbonyl or 
2 -methyl -1 ,3 -dioxolane; ethyl sub stituted With 4-methyl -2 - 
pyridaZinone or tetrahydropyranyl; or methyl substituted 
With tetrahydrofuranyl or tetrahydropyranyl. 
Most preferred are: 
trans-4 -amino-N-[(l -butyl-3 -hydroxy-4-piperidinyl) 

methyl]-5-chloro-2,3 -dihydro-7-benzofurancarboxamide, 
trans-4-amino-5 -chloro-2,3 -dihydro -N-[[3 -hydroxy- l -(3 - 

methoxypropyl)-4 -piperidinyl]methyl]-7 
benZofurancarboxamide, 

trans-4-amino-5 -chloro-2,3 -dihydro -N-[3 -hydroxy-l - 
[(tetrahydro -2-furanyl)methyl]-4 -piperidinyl]-7 - 
benZofurancarboxamide, 

trans-4-amino-5 -chloro-2,3 -dihydro -N-[[3 -hydroxy- l -(4 
oxopentyl)-4 -piperidinyl]methyl]-7 - 

benZofurancarboxamide, 
trans-4-amino-5 -chloro-2,3 -dihydro -N-[3 -hydroxy-l - 

[(tetrahydro -2 -pyranyl)methyl ] -4 -p iperi dinyl ] -7 - 
benZofurancarboxamide, 

trans-4-amino-5 -chloro-2,3 -dihydro-N-[[3 -methoxy- l - 
(3 -methoxypropyl) -4-piperidinyl]methyl]-7 - 
benZofurancarboxamide, 

trans-4-amino-5 -chloro-2,3 -dihydro-N-[[3 -methoxy- l - 
[(tetrahydro-2-furanyl)methyl]-4-piperidinyl]methyl]-7 
benZofurancarboxamide, 

trans-4-amino-5 -chloro-2,3 -dihydro -N-[[3 -hydroxy- l -(3 - 
methoxypropyl)-4-piperidinyl]methyl]-2,2-dimethyl-7 
benZofurancarboxamide, 

trans-4-amino-5 -chloro-2,3 -dihydro-N-[[3 -methoxy- l - 
(4 -oxopentyl)-4 -piperidinyl]methyl]-7 
benZofurancarboxamide, 

trans-5 -amino-N-[(l -butyl-3 -hydroxy-4-piperidinyl) 
methyl]-6 -chloro-3 , 4-dihydro-2H- l -benZopyran- 8 
carboxamide, and the stereoisomeric forms, the pharmaceu 
tically acceptable acid or base addition salts, or the N-oxides 
thereof; and 

trans-(—)-4 -amino-5 -chloro-2,3 -dihydro -N-[[3 -hydroxy 
l-(3 -methoxypropyl)-4-pip eridinyl]methyl]-2,2-dimethyl 
7-benZofurancarboxamide, a pharmaceutically acceptable 
acid addition salt or an N-oxide form thereof. 
The compounds of the present invention can generally be 

prepared by N-alkylating an intermediate of formula (III) 
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With an intermediate of formula (II), Wherein W is an appro 
priate leaving group such as, for example, halo, e.g. ?uoro, 
chloro, bromo, iodo, or in some instances W may also be a 
sulfonyloxy group, e.g. methanesulfonyloxy, 
benZenesulfonyloxy, tri?uoromethanesulfonyloxy and the 
like reactive leaving groups. The reaction can be performed 
in a reaction-inert solvent such as, for example, acetonitrile, 
and optionally in the presence of a suitable base such as, for 
example, sodium carbonate, potassium carbonate or triethy 
lamine. Stirring may enhance the rate of the reaction. The 
reaction may conveniently be carried out at a temperature 
ranging betWeen room temperature and the re?ux tempera 
ture of the reaction mixture. 

(111) 

Alternatively, compounds of formula (I) can also be pre 
pared by reductively N-alkylating an intermediate of for 
mula (III) With an intermediate of formula L':O (IV), 
Wherein L':O represents a derivative of formula LiH 
Wherein tWo geminal hydrogen atoms are replaced by 
oxygen, folloWing art-knoWn reductive N-alkylation proce 
dures. 

(111) 

Said reductive N-alkylation can be performed in a 
reaction-inert solvent such as, for example, 
dichloromethane, ethanol, toluene or a mixture thereof, and 
in the presence of a reducing agent such as, for example, a 
borohydride, e.g. sodium borohydride, sodium cyanoboro 
hydride or triacetoxy borohydride. It may also be convenient 
to use hydrogen as a reducing agent in combination With a 
suitable catalyst such as, for example, palladium-on 
charcoal or platinum-on-charcoal. In case hydrogen is used 
as reducing agent, it may be advantageous to add a dehydrat 
ing agent to the reaction mixture such as, for example, alu 
minium tert-butoxide. In order to prevent the undesired fur 
ther hydrogenation of certain functional groups in the 
reactants and the reaction products, it may also be advanta 
geous to add an appropriate catalyst-poison to the reaction 
mixture, e.g., thiophene or quinoline-sulphur. To enhance 
the rate of the reaction, the temperature may be elevated in a 
range betWeen room temperature and the re?ux temperature 
of the reaction mixture and optionally the pressure of the 
hydrogen gas may be raised. 

The compounds of formula (I) may be prepared by react 
ing an intermediate of formula (V) With an carboxylic acid 
derivative of formula (VI) or a reactive functional derivative 
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8 
thereof, such as for example carbonyl imidaZole derivatives. 
Said amide-bond formation may be performed by stirring 
the reactants in an appropriate solvent, optionally in the 
presence of a base, such as sodium imidaZolide. 

R3 

(V1) 

Further, compounds of formula (I) can be prepared by 
carbonylation of an intermediate of formula (VII), Wherein 
X is bromo or iodo, in the presence of an intermediate of 
formula (V). 

TR4 
L — N CH2 — II\I— H + 

R5 

(V) 
R1 R2 

CO 
—> X NHZ catalyst (1) 

R3 
(VII) 

Said carbonylation reaction can be carried out in a 
reaction-inert solvent such as, e.g. acetonitrile or 
tetrahydrofuran, in the presence of a suitable catalyst and a 
suitable base such as a tertiary amine e.g. triethylamine, and 
at a temperature ranging betWeen room temperature and the 
re?ux temperature of the reaction mixture. Suitable catalysts 
are, for instance, palladium(triphenylphosphine) complexes. 
Carbon monoxide is administered at atmospheric pressure or 
at an increased pressure. Analogous carbonylation reactions 
are described in Chapter 8 of “Palladium reagents in organic 
syntheses”, Academic Press Ltd., Benchtop Edition 1990, by 
Richard F. Heck; and the references cited therein. 

Said amide formation reaction is knoWn from the above 
mentioned reference With metal catalysts Which are soluble 
such as palladium (triphenylphosphine) complexes. 
Unexpectedly, We deem to have found that these reactions 
can also be performed on metal catalysts Which are insoluble 
or immobiliZed on a solid carrier. Suitable catalysts are for 

example palladium-on-carbon. Raney nickel or CuZO. These 
insoluble catalysts or catalysts on a solid phase are much less 
expensive than the metal complexes and are often much 
easier to handle When synthesis is done on an industrial 
scale. 

In other Words, We have found a novel and inventive Way 
to prepare amides in the folloWing Way: 
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— Rd 11 metal 

h lid / [ 1 catalyst 
ar e \ / CO 

R'R"NH 

/ [M111 

In the above formulas Rd represent any substituent pos 
sible on a phenyl, n is an integer from 1 to 5, and R'R"NH 
can be any primary or secondary amine. The term halide 
suitably refers to chloro, bromo, iodo. Preferred halides are 
bromo and iodo. 

The preferred catalyst is palladium-on-carbon. 
The pressure of CO, i.e. carbon monoxide, may vary 

according to the substrates and reactants and a person skilled 
in the art Will certainly be able to ?nd a suitable range after 
little straightforWard experimentation. The preferred pres 
sure of CO, i.e. carbon monoxide, is 50 kg/cm2 (about 4.9x 
106 Pa). It may suitably range between about 1 kg/cm2 
(about 1><105 Pa) and about 100 kg/cm2 (about 10><106 Pa). 
The reaction temperature may range from room tempera 

ture to the re?ux temperature of the reaction mixture. 
This reaction is preferably performed in a solvent, Which 

can be in the amine R'R"NH itself, or in acetonitrile or in 
tetrahydrofuran. 

Preferably said R'R"NH amine is a primary amine. 
Suitably a base is also present. An interesting suitable 

base is for instance triethylamine. 
The starting materials and some of the intermediates are 

knoWn compounds and are commercially available or may 
be prepared according to conventional reaction procedures 
generally knoWn in the art. For example, a number of inter 
mediates of formula (VI) may be prepared according to art 
knoWn methodologies described in EP-0,389,037. 

However, some intermediates of formula (VI) are novel 
and, hence, the invention also provides novel intermediates 
of formula (VI) wherein R1 is methoxy, R2 is methyl or 
methoxy and R3 is chloro. Said novel intermediates of for 
mula (VI) are prepared as described in Example A3. 
An intermediate of formula (III) may be prepared by 

reacting an intermediate of formula (VIII), Wherein PG rep 
resents an appropriate protective group, such as for example 
a tert-butoxycarbonyl or a benZyl group or a photoremovable 
group, With an acid of formula (VI), or an appropriate reac 
tive functional derivative thereof, such as for example carbo 
nyl imidaZole derivatives, and subsequent deprotection of 
the thus formed intermediate, i.e. removal of PG by art 
knoWn methods. 

TR“ 
PG—N\—T>icH2—1II—H + 

RS 

(VIII) 
R1 R2 

if 
HO—C NH2 —> (111) 

R3 

(V1) 
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10 
An intermediate of formula (V) may be prepared by react 

ing an intermediate of formula Q(), with an intermediate of 
formula (II). Said intermediate of formula (X) may be pre 
pared by deprotection of an intermediate of formula (VIII). 

R5 

(X) 

In some cases, it may be appropriate to protect the amine 
functionality bearing the R5 radical in the above described 
reaction sequence. Protecting groups for amine functional 
ities are art-known. These protecting groups may then be 
removed at the appropriate time during the further synthesis. 

Intermediates of formula (V III-a), being intermediates of 
formula (VIII) Wherein PGl is a protecting group Which can 
not be removed by hydrogenation such as eg a tert 
butoxycarbonyl, can be prepared according to scheme 1. 

In scheme 1, an intermediate of formula @(I-a) is con 
verted to an intermediate of formula (XII), wherein W1 is a 
leaving group such as halo or sulfonyloxy. Subsequently, 
intermediate @(II) is treated With an intermediate of formula 
(XIII), Wherein PG2 is a protecting group Which can be 
removed by hydrogenation such as, eg benZyl. Removal of 
the protecting group PG2 from intermediate @(IV) yields 
intermediates of formula (VIII-a). 

Intermediates of formula (V II-a-l), de?ned as intermedi 
ates of formula (V III-a) Wherein R4 is methyl, can be pre 
pared as described in scheme 2. 
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In scheme 2, an intermediate of formula (XI-a), Wherein 
R4“ is hydrogen, is converted to an intermediate of formula 
(XII-l), Wherein W2 is a suitable leaving group such as e. g. a 
tosylate group. Subsequently, the secondary hydroxy of 
intermediate (XII-l), ie the 40R“ moiety, is converted to 
a methoxy using suitable methylation conditions such as eg 
treatment With sodium hydride in tetrahydrofuran and addi 
tion of methyliodide. Conversion of intermediate (XX) to 
intermediate (V II-a-l) can be done using art-known reaction 
procedures. 

In an aspect of the present invention, novel compounds of 
formula (IX) are provided wherein R15 and R16 are each 
independently selected from hydrogen or a protective group 
PG, and R4 and R5 are as de?ned above. Suitable protecting 
groups PG are, e.g. Cl_4alkylcarbonyl, Cl_4 
alkyloxycarbonyl, trihalomethylcarbonyl, diphenylmethyl, 
triphenylmethyl or arylmethyl, Wherein aryl is phenyl 
optionally substituted With up to tWo substituents selected 
from Cl_4alkyloxy or halo. Said novel compounds of for 
mula (IX) comprise the intermediates of formula (VIII), (X) 
and (XIV). 

Intermediates of formula @(I-a), Wherein PGl is a protect 
ing group Which cannot be removed by hydrogenation such 
as eg a tert-butoxycarbonyl, can be converted to intermedi 

ates of formula @(I-b), Wherein PG2 is a protecting group 
Which can be removed by hydrogenation such as, eg 
benZyl, using an appropriate deprotection-protection reac 
tion sequence. Conversely, intermediates of formula @(I-b) 
can also be converted to intermediates of formula (XI-a). 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

An intermediate of formula @(I-b), Wherein the iOR4 
moiety is located on the 3-position of the piperidine moiety, 
R4 is a hydrogen and PG2 is a benZyl group, having the trans 
con?guration, is knoWn from J. Med. Chem., 16, pp. 
l56il59 (1973). Said article also describes an intermediate 
of formula @(IX), Wherein the ‘0R4 moiety is located on 
the 3-position of the piperidine moiety and R4 is a hydrogen, 
having the trans con?guration. 

Intermediates of formula (XI-l-a) are de?ned as interme 
diates of formula (XI-a) Wherein the iOR4 moiety is 
located on the 3-position of the piperidine moiety. 

Those intermediates of formula (XI-l-a) Wherein R4 is 
Cl_6alkyl and having the cis con?guration can be prepared 
by hydrogenating an intermediate of formula (XVI) folloW 
ing art-known methods. The intermediate @(VI), Wherein 
PG1 and PG2 are as de?ned above, can be prepared by react 
ing a protected piperidone of formula @(V) With a phospho 
nium reagent of formula [(aryl)3PiCH2iOiPG2]+ 
halide“, in appropriate conditions for carrying out a Wittig 
type reaction. Subsequent removal of PG2 yields 
intermediates of formula @(I-l-a) having the cis con?gura 
tion. 
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-continued 
OC1_6alkyl 

A novel Way of preparing an intermediate of formula @(I 
l-b) having the trans-con?guration Was found. Said novel 
preparation starts from an intermediate of formula @(I-l-b) 
having the cis-con?guration or from an intermediate of for 
mula @(VII) having the cis-con?guration. In said intermedi 
ates of formula @(I-l -b) and (XVII) PG2 is as de?ned above, 
R4“ is hydrogen, Cl_6alkyl or a protective group such as for 
example, benZyl, tert-butoxycarbonyl and the like. 

Said inversion-reaction is carried out in an appropriate 
solvent, such as, for example an ether, e.g. tetrahydrofuran in 
the presence of CuO.Cr2O3 under a hydrogen atmosphere 
and in the presence of an appropriate base, such as, for 
example calciumoxide. 

The preferred hydrogen pressure and reaction temperature 
is dependent upon the starting material. Starting from cis 
(XI-l-b) the hydrogen pressure preferably ranges from 900 
to 2000 kPa (measured at room temperature) and the reac 
tion temperature ranges from room temperature up to 200° 
C. preferably the reaction temperature is about 120° C. 
When starting from cis-QiVII), the preferred hydrogen 

pressure range is from 1500 kPa to 2200 kPa, preferably 
betWeen 1800 kPa to 2000 kPa. The reaction temperature is 
betWeen 100° C. and 200° C. preferably at about 125° C. 
Apparently an equilibrium is reached, typically With a dias 
tereomeric ratio of about 65:35 (transzcis) as determined by 
gas chromatography. HoWever via recrystallization it is pos 
sible to purify the desired trans-isomer. A suitable solvent 
for recrystallization is an ether, e.g. diisopropyl ether. 

The pure intermediate of formula trans-(XI-l-b) having 
the trans con?guration can also be obtained by chromato 
graphic techniques, such as, for example gravitation chro 
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14 
matography or (H)PLC, starting from the cis/trans mixture 
of the intermediate @(I-l -b). 

Still another novel Way of preparing intermediates of for 
mula trans-(XI-l-b) is to react an intermediate of formula 
@(VII) With borane or a borane derivative. Borane itself is 
commercially available as a borane-tetrahydrofuran com 

plex. Borane derivatives, especially chiral borane derivatives 
are also commercially available. The reaction With borane is 
performed in a reaction inert solvent, preferable an ether, 
e.g. tetrahydrofuran. While adding the borane or the borane 
derivative the reaction mixture is kept at temperatures beloW 
0° C., interestingly at a temperature of about —30° C. After 
adding the borane or the borane derivative to the reaction 
mixture the mixture is alloWed to heat up While stirring is 
continued. The mixture is stirred for several hours. 
Subsequently, a hydroxide, eg sodium hydroxide is added 
as Well as a peroxide, e.g. hydrogen peroxide and the reac 
tion mixture is stirred at elevated temperatures for several 
hours. After this treatment the reaction product Was isolated 
in art-known manner. 

(XVIII) 

BII2 
—> 

NaOH, H202 

OH 

PG2—N CHZOH 

trans-(XI-l-b) 

Intermediates of formula (XVIII) can be prepared by 
reacting an intermediate of formula (XXI), Wherein PG2 is 
as de?ned above and W is a leaving group as de?ned above, 
With an intermediate of formula @(XII), and subsequent 
reduction of the so-obtained intermediate (XXIII) With 
sodium borohydride, yielding intermediates of formula 

(XXIII) 

Said reaction procedure can also be used to prepare inter 
mediates of formula (V). Consequently, an intermediate of 
formula (II) is reacted With an intermediate of formula 
@(XII) and the so-obtained intermediate of formula @(XIV) 
is reduced to an intermediate of formula (XXV) using 
sodium borohydride. Subsequently, the intermediates of for 
mula (XXV) are converted to intermediates of formula 
@(XVI) using the above-described reaction procedure for 
the conversion of intermediates @(VIII) to intermediates of 
formula trans-@(I-b). 
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(XXII) 

L—W + 

(II) 

(XXIV) 

(XXIV) (XXVI) 

Intermediates of formula (XXVI) can be converted to 
intermediates of formula (V) having the trans con?guration, 
using a reaction procedure as describe aboVe in Scheme 1 or 
Scheme 2. 

Intermediates of formula (VIII-a) are de?ned as interme 
diates of formula (VIII) Wherein the iOR“ moiety is 
located on the 4-position of the piperidine moiety and R4 is 
hydrogen. 

Said intermediates of formula (V III-a) can be prepared by 
reacting an intermediate of formula (XXVII) With 
nitromethane under suitable reaction conditions, such as, 
eg sodium methoXide in methanol, and subsequently con 
Ver‘ting the nitro group into an amine group, thereby yielding 
the intermediates of formula (VIII-a). 

CH3NO2 
PG — N O —> 

(XXVII) 

CH2°NO2 
PG — N 

OH 

(XXVIII) 

(VIII-a) 

(VIII-a) 

Intermediates of formula (V-a), de?ned as intermediates 
of formula (V) Wherein R5 is hydrogen, can be prepared as 
folloWing: 

L—W + 

(11) 

(W) 
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-continued 

L—NC>iCHZ—NH—PG3 —> 
(XXXI) 
OH 

L—N CH2—NH—PG3 —> 

(XXXII) 
OH 

L — N CH2 _ NHZ 

(V-a) 

An intermediate of formula (II) is reacted With an inter 
mediate of formula (XXIX), Wherein PG3 is a suitable pro 
tecting group such as p-toluenesulfonyl, and the so-obtained 
intermediate of formula (XXX) is reduced to an intermediate 
of formula (XXXI) using sodium borohydride. 
Subsequently, the intermediates of formula @(XXI) are con 
verted to intermediates of formula @(XXII) using the aboVe 
described reaction procedure for the conVersion of interme 
diates (XVIII) to intermediates of formula trans-(XI-b). 
Subsequently, remoVing the protecting group PG3 from 
intermediates @(XXII) yields the intermediates of formula 
(V-a). 
The compounds of formula (I), the N-oXide forms, the 

pharmaceutically acceptable salts and stereoisomeric forms 
thereof possess faVourable intestinal motility stimulating 
properties. In particular the present compounds shoW signi? 
cant gastric emptying actiVity as is eVidenced in pharmaco 
logical eXample C-l, the “Gastric emptying of an acaloric 
liquid meal delayed by administration of lidamidine in con 
scious dogs”-test. 
The compounds of formula (I) also are shoWn to haVe a 

bene?cial effect such as increase of basal pressure of the 
LES, i.e. LoWer Esophageal Sphincter. 
Most of the intermediates of formula (III) haVe shoWn to 

haVe analogous actiVity as the ?nal compounds of formula 
(I). 

In VieW of the capability of the compounds of the present 
inVention to enhance the gastrointestinal motility, and in par 
ticular to actiVate gastric emptying, the subject compounds 
are useful to treat conditions related to a hampered or 
impaired gastric emptying and more generally to treat condi 
tions related to a hampered or impaired gastrointestinal tran 
sit. 

In VieW of the utility of the compounds of formula (I), it 
folloWs that the present inVention also proVides a method of 
treating Warm-blooded animals, including humans, 
(generally called herein patients) suffering from conditions 
related to a hampered or impaired gastric emptying or more 
generally suffering from conditions related to a hampered or 
impaired gastrointestinal transit. Consequently a method of 
treatment is proVided for relieVing patients suffering from 
conditions, such as, for example, gastro-oesophageal re?ux, 
dyspepsia, gastroparesis, constipation, post-operatiVe ileus, 
and intestinal pseudo-obstruction. Gastroparesis can be 
brought about by an abnormality in the stomach or as a 
complication of diseases such as diabetes, progressiVe sys 
temic sclerosis, anoreXia nerVosa and myotonic dystrophy. 
Constipation can result from conditions such as lack of 
intestinal muscle tone or intestinal spasticity. Post-operatiVe 
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ileus is an obstruction or a kinetic impairment in the intestine 
due to a disruption in muscle tone following surgery. Intesti 
nal pseudo-obstruction is a condition characterized by 
constipation, colicky pain, and vomiting, but Without evi 
dence of physical obstruction. The compounds of the present 
invention can thus be used either to take aWay the actual 
cause of the condition or to relief the patients from symp 
toms of the conditions. Dyspepsia is an impairment of the 
function of digestion, that can arise as a symptom of a pri 
mary gastrointestinal dysfunction, especially a gastrointesti 
nal dysfunction related to an increased muscle tone or as a 
complication due to other disorders such as appendicitis, 
galbladder disturbances, or malnutrition. 

The symptoms of dyspepsia may also arise due to the 
intake of chemical substances, e.g. Selective Seretonine 
Re-uptake Inhibitors (SSRI’s), such as ?uoxetine, paroxet 
ine ?uvoxamine, and sertraline. 

Additionally some of the compounds also are stimulators 
of kinetic activity on the colon. 

Hence, the use of a compound of formula (I) as a medicine 
is provided, and in particular the use of a compound of for 
mula (I) for the manufacture of a medicine for treating con 
ditions involving a decreased gastrointestinal motility, in 
particular decreased gastric emptying. Both prophylactic 
and therapeutic treatment are envisaged. 

To prepare the pharmaceutical compositions of this 
invention, an effective amount of the particular compound, 
in base or acid addition salt form, as the active ingredient is 
combined in intimate admixture With a pharmaceutically 
acceptable carrier, Which carrier may take a Wide variety of 
forms depending on the form of preparation desired for 
administration. These pharmaceutical compositions are 
desirably in unitary dosage form suitable, preferably, for 
administration orally, rectally or by parenteral injection. For 
example, in preparing the compositions in oral dosage form, 
any of the usual pharmaceutical media may be employed, 
such as, for example, Water, glycols, oils, alcohols and the 
like in the case of oral liquid preparations such as 
suspensions, syrups, elixirs and solutions; or solid carriers 
such as starches, sugars, kaolin, lubricants, binders, disinte 
grating agents and the like in the case of poWders, pills, 
capsules and tablets. Because of their ease in administration, 
tablets and capsules represent the most advantageous oral 
dosage unit form, in Which case solid pharmaceutical carri 
ers are obviously employed. For parenteral compositions, 
the carrier Will usually comprise sterile Water, at least in 
large part, though other ingredients, for example, to aid 
solubility, may be included. Injectable solutions, for 
example, may be prepared in Which the carrier comprises 
saline solution, glucose solution or a mixture of saline and 
glucose solution. Injectable suspensions may also be pre 
pared in Which case appropriate liquid carriers, suspending 
agents and the like may be employed. In the compositions 
suitable for percutaneous administration, the carrier option 
ally comprises a penetration enhancing agent and/or a suit 
able Wetting agent, optionally combined With suitable addi 
tives of any nature in minor proportions, Which additives do 
not cause a signi?cant deleterious effect to the skin. Said 
additives may facilitate the administration to the skin and/or 
may be helpful for preparing the desired compositions. 
These compositions may be administered in various Ways, 
e.g., as a transderrnal patch, as a spot-on, as an ointment. 
Acid addition salts of (I) due to their increased Water solubil 
ity over the corresponding base form, are obviously more 
suitable in the preparation of aqueous compositions. 

It is especially advantageous to formulate the aforemen 
tioned pharmaceutical compositions in dosage unit form for 
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18 
ease of administration and uniformity of dosage. Dosage 
unit form as used in the speci?cation and claims herein 
refers to physically discrete units suitable as unitary dosages, 
each unit containing a predetermined quantity of active 
ingredient calculated to produce the desired therapeutic 
effect in association With the required pharmaceutical car 
rier. Examples of such dosage unit forms are tablets 
(including scored or coated tablets), capsules, pills, poWder 
packets, Wafers, injectable solutions or suspensions, 
teaspoonfuls, tablespoonfuls and the like, and segregated 
multiples thereof. 

For oral administration, the pharmaceutical compositions 
may take the form of solid dose forms, for example, tablets 
(both sWalloWable-only and cheWable forms), capsules or 
gelcaps, prepared by conventional means With pharmaceuti 
cally acceptable excipients such as binding agents (eg 
pregelatinised maiZe starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); ?llers (e.g. lactose, micro 
crystalline cellulose or calcium phosphate); lubricants e.g. 
magnesium stearate, talc or silica); disintegrants (e.g. potato 
starch or sodium starch glycollate); or Wetting agents (eg 
sodium lauryl sulphate). The tablets may be coated by meth 
ods Well knoWn in the art. 

Liquid preparations for oral administration may take the 
form of, for example, solutions, syrups or suspensions, or 
they may be presented as a dry product for constitution With 
Water or other suitable vehicle before use. Such liquid prepa 
rations may be prepared by conventional means, optionally 
With pharmaceutically acceptable additives such as suspend 
ing agents (eg sorbitol syrup, methylcellulose, hydroxypro 
pyl methylcellulose or hydrogenated edible fats); emulsify 
ing agents (eg lecithin or acacia); non-aqueous vehicles 
(e.g. almond oil, oily esters or ethyl alcohol); and preserva 
tives (e.g. methyl or propyl p-hydroxybenZoates or sorbic 
acid). 

Pharmaceutically acceptable sWeeteners comprise prefer 
ably at least one intense sWeetener such as saccharin, sodium 
or calcium saccharin, aspartame, acesulfame potassium, 
sodium cyclamate, alitame, a dihydrochalcone sWeetener, 
monellin, stevioside or sucralose (4,1',6'-trichloro-4,1',6' 
trideoxygalactosucrose), preferably saccharin, sodium or 
calcium saccharin, and optionally a bulk sWeetener such as 
sorbitol, mannitol, fructose, sucrose, maltose, isomalt, 
glucose, hydrogenated glucose syrup, xylitol, caramel or 
honey. 

Intense sWeeteners are conveniently employed in loW con 
centrations. For example, in the case of sodium saccharin, 
the concentration may range from 0.04% to 0.1% (W/v) 
based on the total volume of the ?nal formulation, and pref 
erably is about 0.06% in the loW-dosage formulations and 
about 0.08% in the high-dosage ones. The bulk sWeetener 
can effectively be used in larger quantities ranging from 
about 10% to about 35%, preferably from about 10% to 15% 
(W/v). 
The pharmaceutically acceptable ?avours Which can mask 

the bitter tasting ingredients in the loW-dosage formulations 
are preferably fruit ?avours such as cherry, raspberry, black 
currant or straWberry ?avour. A combination of tWo ?avours 
may yield very good results. In the high-dosage formulations 
stronger ?avours may be required such as Caramel Choco 
late ?avour, Mint Cool ?avour. Fantasy ?avour and the like 
pharmaceutically acceptable strong ?avours. Each ?avour 
may be present in the ?nal composition in a concentration 
ranging from 0.05% to 1% (W/v). Combinations of said 
strong ?avours are advantageously used. Preferably a ?avour 
is used that does not undergo any change or loss of taste and 
colour under the acidic conditions of the formulation. 
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The formulations of the present invention may optionally 
include an anti-?atulent, such as simethicone, alpha-D 
galactosidase and the like. 

The compounds of the invention may also be formulated 
as depot preparations. Such long acting formulations may be 
administered by implantation (for example subcutaneously 
or intramuscularly) or by intramuscular injection. Thus, for 
example, the compounds may be formulated With suitable 
polymeric or hydrophobic materials (for example as an 
emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example as a sparingly 
soluble salt. 
The compounds of the invention may be formulated for 

parenteral administration by injection, conveniently 
intravenous, intramuscular or subcutaneous injection, for 
example by bolus injection or continuous intravenous infu 
sion. Formulations for injection may be presented in unit 
dosage form eg in ampoules or in multidose containers, 
With an added preservative. The compositions may take such 
forms as suspensions, solutions or emulsions in oily or aque 
ous vehicles, and may contain formulatory agents such as 
isotoniZing, suspending, stabilising and/or dispersing 
agents. Alternatively, the active ingredient may be in poWder 
form for constitution With a suitable vehicle, e.g. sterile 
pyrogen-free Water before use. 

The compounds of the invention may also be formulated 
in rectal compositions such as suppositories or retention 
enemas, e. g. containing conventional suppository bases such 
as cocoa butter or other glycerides. 

For intranasal administration the compounds of the inven 
tion may be used, for example, as a liquid spray, as a poWder 
or in the form of drops. 

In general it is contemplated that a therapeutically effec 
tive amount Would be from about 0.001 mg/kg to about 2 
mg/kg body Weight, preferably from about 0.02 mg/kg to 
about 0.5 mg/kg body Weight. A method of treatment may 
also include administering the active ingredient on a regimen 
of betWeen tWo or four intakes per day. 

Experimental Part 

In the procedures described hereinafter the folloWing 
abbreviations Were used: “ACN” stands for acetonitrile: 
“THE”, Which stands for tetrahydrofuran: “DCM” stands for 
dichloromethane; “DIPE” stands for diisopropylether 
“EtOAc” stands for ethyl acetate; “NH4OAc” stands for 
ammonium acetate: “HOAc” stands for acetic acid; “MIK” 
stands for methyl isobutyl ketone. 

For some chemicals the chemical formula Was used, eg 
NaOH for sodium hydroxide, K2CO3 for potassium carbon 
ate. H, for hydrogen gas, MgSO4 for magnesium sulfate, 
CuO.Cr2O3 for copper chromite. N2 for nitrogen gas, 
CH2Cl2 for dichloromethane, CH3OH for methanol, NH3 
for ammonia. HCl for hydrochloric acid, NaH for sodium 
hydride, CaCO3 for calcium carbonate, CO for carbon 
monoxide, and KOH for potassium hydroxide. 
Of some compounds of formula (I) the absolute stere 

ochemical con?guration Was not experimentally determined. 
In those cases the stereochemically isomeric form Which 
Was ?rst isolated is designated as “A” and the second as “B”, 
Without further reference to the actual stereochemical con 
?guration. 
A. Preparation of the Intermediates 

EXAMPLE A1 

a) A solution of 4-pyridinemethanol (1.84 mol) in ACN 
(1000 ml) Was added to a solution of benZylchloride 
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20 
(2.2 mol) in ACN (1000 ml) and the reaction mixture 
Was re?uxed for 3 hours, cooled to room temperature 
and evaporated. The residue Was suspended in 
diethylether, ?ltered and dried, yielding 
1-(phenylmethyl)—4-(hydroxy-methyl)-pyridinyl chlo 
ride (411 g, 97%). 

b) 1-(Phenylmethyl)-4-(hydroxymethyl)-pyridinyl 
chloride(0.87 mol) Was dissolved in methanol (2200 
ml) and cooled to —20° C. Sodium borohydride (1.75 
mol) Was added portionWise under a nitrogen atmo 
sphere. The reaction mixture Was stirred for 30 minutes 
and Water (200 ml) Was added dropWise. The reaction 
mixture Was partially evaporated, Water Was added and 
the reaction mixture Was extracted With DCM. The 
organic layer Was separated, dried, ?ltered and evapo 
rated. The residue Was puri?ed over silica gel (eluent: 
DCM), yielding 155 g 1,2,3,6-tetrahydro-1 
(phenylmethyl)-4-pyridinemethanol. 

EXAMPLE A2 

a) A solution of 1,2,3,6-tetrahydro-1-(phenylmethyl)-4 
pyridinemethanol (0.5 mol) in THE (1000 ml) Was 
cooled to —300 C. and Was added dropWise under a 
nitrogen atmosphere to a solution of borane in THE (1 
M, 1000 ml) While the reaction mixture Was kept at a 
temperature betWeen —20° C. and —300 C. After the 
addition, the reaction mixture Was stirred for 4 hours, 
alloWed to Warm up to room temperature and stirred at 
room temperature for 18 hours. The reaction mixture 
Was cooled to —100 C. and Water (25 ml) Was added 
dropWise. Then, simultaneously, NaOH (3M in Water, 
70 ml) and the hydrogen peroxide (30% solution in 
Water. 63.3 ml) Was added dropWise While the reaction 
mixture Was kept at a temperature of —100 C. Again 
NaOH (50% in Water, 140 ml) Was added. The reaction 
mixture Was stirred at re?ux for 4 hours. The reaction 
mixture Was cooled and ?ltered. The ?ltrate Was evapo 
rated. The resulting precipitate Was dissolved in Water 
(500 ml) and saturated With K2CO3. The product Was 
extracted With DCM. The resulting solution Was dried 
over MgSO4 and evaporated. The residue Was crystal 
liZed from DIPE/CH3CN. After several crystalliZations 
(:)-trans-1-(phenyl-methyl)-3 -hydroxy-4 
piperidinemethanol Was obtained (Yield: 50.1%) 

b) A mixture of (:)-trans-1-(phenylmethyl)-3—hydroxy-4 
piperidinemethanol (17.8 g, 0.085 mol) (already 
described in J. Med. Chem., 16, pp. 156*159 (1973)) in 
methanol (250 ml) Was hydrogenated, at 500 C., With 
palladium on activated carbon (10%, 2 g) as catalyst. 
After uptake of H2 (1 equivalent), the catalyst Was ?l 
tered off and the ?ltrate Was evaporated, yielding 12 g 
of (:)-trans-3-hydroxy-4-piperidinemethanol (interrn. 
1-a) (used in next reaction step Without further 
puri?cation). The corresponding cis-isomer is knoWn 
from J. Org. Chem., 34, pp. 3674*3676 (1969). 

c) A mixture of intermediate (1-a) (0.086 mol) in DCM 
(250 ml) Was stirred at room temperature. A solution of 
di-tert-butyl dicarbonate (BOC-anhydride) (0.086 mol) 
in DCM (50 ml) Was added dropWise and the resulting 
reaction mixture Was stirred at room temperature. An 
oil precipitated. Methanol (60 ml) Was added and the 
resulting reaction solution Was stirred for 60 min at 
room temperature. The solvent Was evaporated. The 
residue Was crystalliZed from DIPE. The precipitate 
Was ?ltered off and dried, yielding 13.7 g (68.8%) of 
1,1 -dimethylethyl (trans)-3—hydroxy-4-(hydroxy 
methyl)-1-piperidinecarboxylate (intermediate 1-b). 
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d) Intermediate (1 -b) (0.087 mol) Was dissolved in chloro 
form (400 ml) and pyridine (7.51 ml). The solution Was 
cooled to 0° C. 4-Methyl-benZenesulfonyl chloride 
(0.091 mol) Was added portionWise over 20 minutes. 
The reaction mixture Was stirred and re?uxed for 16 
hours. More 4-methyl-benZenesulfonyl chloride (1.7 g) 
and pyridine (1.4 ml) Were added and the resulting 
reaction mixture Was stirred and re?uxed for 6 hours, 
then cooled, Washed With citric acid (10% W/W in 
H2O), Washed With brine, dried, ?ltered and the solvent 
Was evaporated. The residue Was puri?ed by ?ash col 
umn chromatography over silica gel (eluent: DCM). 
The desired fractions Were collected and the solvent 
Was evaporated, yielding 9 g of (intermediate 1-c) as a 
colourless oil. Intermediate (1-c) (0.13 mol) Was sepa 
rated into its enantiomers by chiral column chromatog 
raphy over a dynamic axial compression column With 
Chiralcel AD (20 pm, 100 A, code 061347) (room 
temperature, column diameter: 11 cm; eluent: hexane/ 
ethanol 80/20; 50 g product in 5 liters of eluent). TWo 
fraction groups Were collected and their solvent Was 
evaporated, yielding 26.2 g of a ?rst eluting fraction 
fraction (I) and 26 g of a second eluting fraction (II). 
Fraction (I) Was crystalliZed from DIPE, ?ltered off and 
dried, yielding 12.5 g of (+)-1,1-dimethylethyl (trans) 
3-hydroxy-4-[[(4-methylphenyl)sulfonyl]oxymethyl] 
l-piperidinecarboxylate [intermediate (1 -c-I); 
[a1D2O=+13.99° (c=27.87 mg/5 ml in CH3OH)]. 

Fraction (II) Was crystallized from DIPE, ?ltered off and 
dried, yielding 15 g of (—)-1,1-dimethylethyl (trans)-3 
hydroxy-4-[[(4-methylphenyl)sulfonyl]oxymethyl]-1 
piperidinecarboxylate [intermediate (1-c-II); [0t]D20=— 
38.46° (c=25.35 mg/5 ml in CH3OH]. 

e) A mixture of intermediate (1 -c) (0.023 mol) and benZy 
lamine (0.084 mol) in THE (100 ml) Was stirred for 16 
hours at 125° C. (autoclave). The reaction mixture Was 
cooled. The solvent Was evaporated. The residue Was 
partitioned betWeen DCM and an aqueous K2CO3 solu 
tion. The organic layer Was separated, dried, ?ltered 
and the solvent Was evaporated, yielding 15.4 g of 1,1 
dimethylethyl (trans)-3-hydroxy-4-[[(phenylmethyl) 
amino ]methyl]- 1 -piperidinecarboxylate (intermediate 
1-d). 

f) A mixture of intermediate (1-d) (max. 0.023 mol crude 
residue) in methanol (100 ml) Was hydrogenated With 
palladium-on-carbon (10%, 1 g) as a catalyst. After 
uptake of H2 (1 equivalent), the catalyst Was ?ltered off 
and the ?ltrate Was evaporated. The residue Was solidi 
?ed in DIPE+ACN, ?ltered off and dried (vacuum, 400 
C.), yielding 4 g (76%) of 1,1-dimethylethyl (trans)-4 
(aminomethyl)-3 -hydroxy- 1 -pip eridine-carb oxylate 
(intermediate 1-e, mp. 1780 C.). 

In an analogous Way, but starting from cis-3-hydroxy-4 
piperidinemethanol (described in J. Org. Chem., 34, pp. 
367443676 (1969)), 1,1-dimethylethyl (cis)-4 
(aminomethyl) -3 -hydroxy- 1 -piperidinecarboxylate (interm. 
1-f) Was prepared. 

EXAMPLE A3 

a) CaCO3 (3.9 g) Was added to a mixture of 1,3 
benZodioxol-4-amine (4.11 g) in DCM (40 ml) and 
CH3OH (20 ml). This mixture Was stirred at room tem 
perature. N,N,N-trimethyl benZenemethanaminium 
dichloroiodate (11.5 g) Was added portionWise at room 
temperature. The resulting reaction mixture Was stirred 
for 15 minutes at room temperature. The mixture Was 
diluted With Water. The layers Were separated. The 
aqueous phase Was extracted With DCM. The combined 
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22 
organic layers Were Washed With Water, dried, ?ltered 
and the solvent evaporated. The residue Was puri?ed by 
column chromatography over silica gel (eluent: 
CH2Cl2/hexane 80/20). The pure fractions Were col 
lected and the solvent Was evaporated. The residue Was 
crystallized from DIPE. The precipitate Was ?ltered off 
and dried, yielding 3.5 g (46.9%) of 7-iodo-1,3 
benZodioxol-4-amine (intermediate 2-a). 

b) Acetic anhydride (14.25 ml) Was added dropWise to a 
mixture of intermediate (2-a) (36.6 g) in acetic acid 
(500 ml), stirred at room temperature. The reaction 
mixture Was stirred for 15 minutes at room temperature. 
The reaction mixture Was poured out into Water (500 
ml). The precipitate Was ?ltered, Washed With Water, 
then dried, yielding 39.39 g (92.6%) of N-(7-iodo-1,3 
benZodioxol-4-yl)acetamide (intermediate 2-b). 

c) A mixture of intermediate (2-b) (38.8 g), potassium 
acetae (20 g) and Pd/C (10%; 2 g) in CH3OH (500 ml) 
Was stirred at 150° C. under 4.9><106 Pa (50 kg) pres 
sure of CO, during 16 hours. The reaction mixture Was 
cooled, ?ltered over dicalite, and the ?ltrate Was evapo 
rated. The residue Was diluted With Water, then 
extracted three times With DCM. The combined organic 
layers Were dried, ?ltered and the solvent evaporated. 
The residue Was dissolved in acetic acid (250 ml) and 
acetic anhydride (6 ml) Was added dropWise. The mix 
ture Was stirred for 30 minutes at room temperature, 
then diluted With Water (250 ml) and the resulting pre 
cipitate Was ?ltered off, Washed With Water, then dried, 
yielding 19.4 g (64.7%) of methyl 7-(acetylamino)-1,3 
benZodioxole-4-carboxylate (intermediate 2-c). 

d) A mixture of intermediate (2-c) (18.5 g) and NCS (11.4 
g) in ACN (130 ml) Was stirred and re?uxed for one 
hour. The reaction mixture Was cooled. The precipitate 
Was ?ltered off, Washed With ACN, With DIPE, then 
dried, yielding 18.2 g (87%) of methyl 
7-(acetylamino)-6-chloro-1,3-benZodioxole-4 
carboxylate (intermediate 2-d). 

e) Intermediate (2-d) (18.2 g) Was added to a solution of 
KOH (37.6 g) in Water (380 ml). The resulting reaction 
mixture Was stirred and re?uxed for 3 hours. The mix 
ture Was cooled, acidi?ed With hydrochloric acid, and 
the resulting precipitate Was ?ltered off, Washed With 
Water, suspended in ACN, ?ltered off, then dried, yield 
ing 14 g (>95%) of 7-amino-6-chloro-1,3 
benZodioxole-4-carboxylic acid (intermediate 2-e). In 
an analogous Way, 3,4-dihydro-9-iodo-2H-1,5 
benZodioxepin-6-amine (intermediate 2-f) Was pre 
pared. 

EXAMPLE A4 

A mixture of intermediate (2-c) (1 g) and 1,1‘ 
carbonylbis-1 H-imidaZole (0.8 g) in ACN (80 ml) Was 
stirred for 3 hours at room temperature. The solvent Was 
evaporated. The residue Was partitioned betWeen Water and 
DCM. The organic layer Was separated, dried, ?ltered and 
the solvent Was evaporated. The residue Was suspended in 
DIPE, ?ltered off, then dried (vacuum), yielding 0.8 g (75%) 
of 1-[(7-amino-6-chloro-1,3-benZodioxol-4-yl)carbonyl] 
1H-imidaZole (intermediate 3-a). 
N-[4-amino-5 -chloro-2,3 -dihydro-2,2-dimethyl-7 - 

benZofurancarbonyl]-lH-imidazole (intermediate 3-b). 
In a similar manner Were also prepared: 

N-[4-amino-5-chloro-2,3-dihydro-7-benZofuranoyl]-1H 
imidaZole (interm. 3-c), 
N-[8-chloro-3,4-dihydro-9-acetylamino-2H-1,5 - 

benZdiaZepine-6-oyl]-1H-imidaZole (interm. 3-d), and 
1-[(5-amino-6-chloro-3,4-dihydro-2H-1-benZopyran-8 

yl)carbonyl]- 1 H-imidaZole interm. 3 -e). 
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EXAMPLE A.5 

A mixture of intermediate (1-1) (0.09 mol) and intermedi 
ate (3-c) (0.087 mol) in ACN (600 ml) Was stirred and 
re?uxed for 1 hour. The reaction mixture Was cooled to 00 
C., and the solvent Was evaporated. The residue Was parti 
tioned betWeen DCM and Water. The organic layer Was 
separated, dried, ?ltered and the solvent Was evaporated. The 
residue Was puri?ed by column chromatography over silica 
gel (eluent: CH2Cl2/(CH3OH/NH3) 97/3). The pure frac 
tions Were collected and the solvent Was evaporated. The 
residue Was crystallized from ACN. The precipitate Was ?l 
tered off and dried), yielding 28.7 g (78%) of (:)-1,1 
dimethylethyl cis-4-[[[(4-amino-5-chloro-2,3-dihydro-7 
benZofuranyl)carbonyl]amino]methyl]-3 -hydroxy-1 
piperidinecarboxylate (interm. 4. mp. 218° C.). 

EXAMPLE A.6 

A mixture of intermediate (4) (0.065 mol) in HCl/2 
propanol (120 ml) and methanol (1000 ml) Was stirred and 
re?uxed for 30 minutes. The reaction mixture Was cooled 
and the solvent Was evaporated. The residue Was partitioned 
betWeen DCM and NH3 saturated aqueous NaCl solution. 
The organic layer Was separated, dried, ?ltered and the sol 
vent Was evaporated. The residue Was dissolved in 
2-propanol and converted into the hydrochloric acid salt 
(1:2) With HCl/2-propanol. The precipitate Was ?ltered off 
and dried, yielding 14:6 g (64%) of (cis)-4-amino-5-chloro 
2,3-dihydro-N-[(3-hydroxy-4-piperidinyl)methyl]-1 
benZofurancarboxamide dihydrochloride (interm. 10, mp. 
2800 C.). 

EXAMPLE A7 

a) To a stirred and cooled mixture of ethyl 4-oxo-1 
piperidinecarboxylate (85.5 g), nitromethane (33.6 g) 
in methanol (240 ml), sodium methoxide (10 g) is 
added dropWise. Upon completion, stirring is continued 
for 2 hours at about 10° C. and further overnight at 
room temperature. The reaction mixture is evaporated 
at room temperature, crushed ice is added to the oily 
residue and the Whole is acidi?ed With acetic acid. The 
product is extracted With trichloromethane, the extract 
is dried, ?ltered and evaporated. The oily residue solidi 
?es on triturating in petroleumether. The product is ?l 
tered off and dried, yielding 73 g of ethyl 4-hydroxy-4 
nitromethyl)-1-piperidinecarboxylate (interm. 5). 

b) A mixture of intermediate (5) (73 g), methanol (400 ml 
and acetic acid (150 ml) is hydrogenated in a Parr 
apparatus With palladium-on-carbon (10%, 5 g). After 
the calculated amount of hydrogen is taken up, the cata 
lyst is ?ltered off and the ?ltrate is evaporated. To the 
residue is added crushed ice and the Whole is alkaliZed 
With potassium hydroxide. The aqueous phase is salted 
out With potassium carbonate and the product is 
extracted With benZene. The extract is dried, ?ltered 
and evaporated, yielding 63 .5 g of ethyl 
4-(aminomethyl)-4 -hydroxy-1 -piperidinecarboxylate 
(interm. 6, mp. 82° C.). 

EXAMPLE A8 

a) Intermediate (1-d) Was puri?ed and separated into its 
enantiomers by chiral column chromatography over 
Chiralcel AD (column n°:AD2000; type: DAC; 20 uM, 
1000 A; column diameter: 11 cm; eluent:hexane/ 
ethanol 80/20 injection: 1 g/200 ml). TWo pure fraction 
groups Were collected and their solvent Was evaporated. 
The ?rst eluting fraction, the (A)-residue, yielded 1,1 
dimethylethyl (trans)-3-hydroxy-4-[[(phenylmethyl) 
amino]-methyl]- 1 -piperidinecarboxylate (intermediate 
25) 
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24 
b) A mixture of intermediate (25) (0.56 mol) in methanol 

(700 ml) Was hydrogenated at 50° C. With palladium 
on-carbon (5 g; 10%) as a catalyst. After uptake of 
hydrogen (1 equivalent), the catalyst Was ?ltered off 
and the ?ltrate Was evaporated. The residue Was solidi 
?ed in DIPE, ?ltered off and dried, yielding 119 g 
(100%) of (+)-1,1-dimethylethyl (trans)-4 
(aminomethyl)-3 -hydroxy-1-piperidinecarboxylate 
(intermediate 2-g; [a1D2O=+2.43° (c=24.70 mg/5 ml in 
CH3OH)). 

c) A mixture of intermediate (3 -b) (0.62 mol) and interme 
diate (2-g) (0.62 mol) in ACN (4300 ml) Was stirred and 
re?uxed for 90 minutes. The solvent Was evaporated. 
The residue Was partitioned betWeen Water (1000 ml) 
and ethyl acetate (4000 ml). The layers Were separated. 
The Water layer Was extracted once more With ethyl 
acetate (1000 ml). The combined organic layers Were 
Washed With Water (2><500 ml), dried, ?ltered over 
silica gel and the solvent Was evaporated. 2-Propanol 
Was added, then evaporated again, yielding 310 g 
(quantitative yield: used in next reaction step, Without 
further puri?cation) of 1,1-dimethylethyl (trans)-4 
[[[(4-amino-5-chloro-2,3-dihydro-2,2-dimethyl-7 
benZofuranyl)carbonyl]amino ]methyl]-3 -hydroxy-1 
piperidinecarboxylate (intermediate 26). 

d) A mixture of intermediate (26) (0.011 mol) in a mixture 
of HCl in 2-propanol (12 ml) and methanol (100 ml) 
Was stirred and re?uxed for 30 minutes. The mixture 
Was cooled and the solvent Was evaporated. The residue 
Was partitioned betWeen Water/NH3 and DCM. The 
organic layer Was separated, dried, ?ltered and the sol 
vent Was evaporated, yielding 2.84 g (73%) of (—) 
(trans)-4-amino-5-chloro-2,3-dihydro-N-[(3-hydroxy 
4-piperidinyl)methyl]-2,2-dimethyl-7 
benZofurancarboxamide (interm. 14). A sample (0.5 g) 
Was crystallized from ACN With a drop of Water, ?l 
tered off and dried, yielding 0.2 g of intermediate (14) 
[mp. 116° C.; [0t]D2O=—15.91° (c=25.14 mg/5 ml in 
CH3OH)]. 

In this manner and in a similar manner Were prepared: 

TABLE l-1 

0R4 R3 

‘i 
H — N CH; — l|\I— C NHZ 

H 

R1 R2 

R3 

AQi NHZ Int. Ex. 1 2 Physical data 
No. No. R R OR4 mp. in ° C. 

10 A.6 OH cis; °2HCl: mp. 280 
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TABLE l-2 

R3 

1? 
CH2—N—C NHZ 

H—N X H 

0R4 R1 R2 

R3 

Int. Ex. 1 2 Physical data 
No. No R R OR4 mp. in ° C. 

21 A.6 Cl OH mp. 205° C. 

NH; 

O 

22 A.6 Cl OH i 

NH; 

0 

CH3 CH3 

23 A.6 Cl OCH3 i 

NH; 

0 

CH3 CH3 

24 A.6 OCH3 °1/2C2H2O4 

NHZ £4. 
CH3 CH3 

°C2H2O4 stands for the ethanedioate salt 

B. Preparation of the Final Compounds 

EXAMPLE B1 

A mixture of intermediate (10) (0.019 mol), 2-(3 
chloropropyl)-2-methyl-1,3-dioxolane (0.029 mol), sodium 
carbonate (0.076 mol) and potassium iodide (catalytic 
quantity) in MIK (300 ml, dried over MgSO2) Was stirred 
and re?uxed for 48 hours. The reaction mixture Was cooled, 
?ltered and the ?ltrate Was evaporated. The residue Was puri 
?ed by column chromatography over silica gel (eluent: 
CH2Cl2/(CH3OH/NH3) 95/5). The pure fractions Were col 
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28 
lected and the solvent Was evaporated. The residue Was 
solidi?ed in DIPE (0° C.), ?ltered off and dried, yielding 5.5 
g (64%) of (cis)-4-amino-5-chloro-2,3-dihydro-N-[[3 
hydroxy-1-[3-(2-methyl-1,3-dioxolan-2-yl)propyl-]4 
piperidinyl]methyl]-7-benzofurancarboxamide (comp. 7, 
mp. 118° C.). 

EXAMPLE B.2 

A mixture of intermediate (17) (0.006 mol) and butyralde 
hyde (0.014 mol) in methanol (150 ml) Was hydrogenated 
With platina-on-carbon (5%, 1 g) as a catalyst in the presence 
of thiophene (4%, 1 ml). After uptake of hydrogen gas (1 
equivalent), the catalyst Was ?ltered off and the ?ltrate Was 
evaporated. The residue Was puri?ed by column chromatog 
raphy over silica gel (eluent: CH2Cl2/(CH3OH/NH3) 95/ 5). 
The pure fractions Were collected and the solvent Was evapo 
rated. The residue Was solidi?ed in DIPE+ACN. The pre 
cipitate Was ?ltered off and dried, yielding 0.53 g of (trans) 
8-amino-N-[(1-butyl-3-hydroxy-4-piperidinyl)methyl]-7 
chloro-2,3-dihydro-1,4-benzodioxin-5-carboxamide (comp. 
55, mp. 1220 C.). 

EXAMPLE B.3 

A mixture of compound (7) (0.008 mol) in HCl (8 ml) and 
THE (80 ml) Was stirred and re?uxed for one hour. The 
reaction mixture Was cooled, then alkalized With NH3/ 
CH3OH (until pH=14). DCM Was added. The organic layer 
Was separated, dried, ?ltered and the solvent Was evaporated. 
The residue Was puri?ed by column chromatography over 
silica gel (eluent: CH2Cl2/(CH3OH/NH3) 95/5). The desired 
fractions Were collected and the solvent Was evaporated. The 
residue Was crystallized from ACN. The precipitate Was ?l 
tered off and dried, yielding 1.7 g of (cis)-4-amino-5-chloro 
2,3 -dihydro -N-[[3 -hydroxy-1-(4-oxopentyl)-4-piperidinyl] 
methyl]-7-benzofurancarboxamide (comp. 4. mp. 1180 C.). 

EXAMPLE B.4 

Compound (38) (10 g) Was puri?ed and separated into its 
enantiomers by chiral column chromatography over Chiral 
cel AS (20 pm, 1000 A; eluentzhexane/2-propanol 80/20; 
injection: 1 g/200 ml). TWo pure fraction groups Were col 
lected and their solvent Was evaporated. The (A)-residue Was 
crystallized from DIPE With a small amount of ACN and a 
little Water. The precipitate Was ?ltered off, Washed, and 
dried, yielding 3.5 g of trans-(—)-4-amino-5-chloro-2,3 
dihydro-N-[[3 -hydroxy-1-(3 -methoxypropyl) -4 -piperidinyl] 
methyl]-2,2-dimethyl-7-benzofurancarboxamide 
[compound 39, mp. 96° C., [a1D2O=—12.29° (c=0.5% in 
CH3OH)]. The absolute con?guration Was determined to be 
(38,48). 
The (B)-residue Was crystallized from DIPE With a small 

amount of ACN and a little Water. The precipitate Was ?l 
tered off, Washed, and dried, yielding 3.6 g of trans-(+)-4 
amino-5-chloro-2,3-dihydro-N-[[3-hydroxy-1-(3 
methoxypropyl)-4-piperidinyl]methyl]-2,2-dimethyl-7 
benzofurancarboxamide [compound 40, mp. 97° C.; [0t]=+ 
12.72° (c=0.5% in CH3OH)]. 

EXAMPLE B5 

A mixture of compound (76) (0.015 mol) in CH3OH/NH3 
(250 ml) Was hydrogenated at 10° C. With Raney nickel (3 g) 
as a catalyst. After uptake of hydrogen (2 equivalents), the 
catalyst Was ?ltered off over dicalite and the ?ltrate Was 

evaporated, yielding 5.7 g of (:)-trans-5-amino-N-[[1-(2 
aminoethyl)-3-hydroxy-4-piperidinyl]methyl]-6-chloro-3,4 
dihydro-2H-1-benzopyran-8-carboxamide (compound 82). 



Table F-l to F-8 list the compounds that Were prepared 
according to one of the above Examples. 
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TABLE F-l 

OR4 01 

‘11 
L—N CH2—l|\I—C NHZ 

H 

O 

Co. EX. Physical 
No. No. 4L 0R4 data 

1 B2 CH3(CH2)3i OH cis; 
mp. 126° C. 

2 B2 CH3(CH2)3i OH trans; 
mp. 149° C. 

3 B.1 CH3O(CH2)3i OH trans; 
mp. 136° C. 

4 B3 CH3CO(CH2)3i OH cis; 
mp. 118° C. 

5 B3 CH3CO(CH2)3i OH trans; 
mp. 166° C. 

6 B.1 O OH trans; 

UCHZ_ mp. 162° c. 

7 B.1 I \ OH cis; 
mp. 118° C. 

O><O 
CH3 (CH2)3— 

8 B.1 I \ OH trans 

O><O 
CH3 (CH2)3— 

9 B.1 I \ OH trans; 
O 0 mp. 166° C.; 

>< °C2H2O4°C3H4O 
CH3 (CH2)3— 

10 B.1 O OH trans; 
mp. 210° C. 

I I|‘l—(CH2)2— 
/ N 

CH3 

11 B.1 OH trans; 
mp. 180° C. 

N—(CH2)3— 
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TABLE F-l-continued 

OR4 01 

‘11 
L—N CH2—l|\I—C NHZ 

H 

O 

Co. EX. Physical 
No. No. 4L 0R4 data 

12 B.1 O OH trans; 
mp. 210° C. 

I Iil—(CH2)2— 
/ N 

Cl 

13 B.1 O OH trans; 
mp. 178° C. 

I T—(CH2)3— 
/ N 

CH3 

14 B.1 O OH trans; 
mp. 220° C. 

Iil_(CH2)2_ 
/ N 

15 B.1 O OH trans; 

i mp. 185.4° c. 
CH3CH2_N N_(CH2)3_ 

16 B.1 O OH trans; 
mp. 120° C.; 

CH3CH2—N N—(CH2)2— ‘H20 

17 B.1 HOi(CH2)24Oi(CH2)2i OH trans; 
mp. 118° C. 

18 B.1 NCi(CH2)3i OH trans; 
mp. 168° C. 

19 B.1 (CH3)2CHO(CH2)3i OH trans; 
mp. 119° C. 

20 B.1 CH3iSO2iNHi(CH2)2i OH trans; 
mp. 168° C. 

21 B.1 O OH trans; 
mp. 164° C. 

N—C—(CH2)3— 

22 B.1 O OCH3 trans; 

UCHZ_ mp. 110° c. 

23 B.1 O OH trans; mp. 
144° C. 
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TABLE F-3-c0ntinued TABLE F-4-c0ntinued 

4 
OR Cl 0R4 C1 

O 

L N CH N C NH 5 (I? 
2 I 2 L—N CH2—1|\I—C NH2 

H H 

O 10 0 0 

CH3 CH3 
I Co. EX. Physical 

Co. EX. 4 Phys1cal NO NO iL 0R4 data 
No No. iL OR data 15 

48 13.1 /—\ OH trans; °C2H2O4; 61 B-1 I \ OH Cis 

O 0 mp. 120° C. OX0 

CH3 (CH2)3— 20 CH3 (CH2)3— 

49 13.3 CH34COi(CH2)3i OH trans; mp. 148° C. 62 B1 /—\ OH trans 

50 13.1 0 OH trans; mp. 202° C. O><O 
25 

I N—(CH2)2— CH3 (CH2)3— 

/ N 63 13.1 /—\ OH trans; °C2H2O4; 
mp. 180° C. 

O O 

CH3 30 X 
51 13.2 CH3(CHZ)3i OCH3 trans; -C3H304; CH3 (CH2)3— 

mp. 132° C. 

52 13.1 CH34COi(CH2)3i OCH3 trans; °C2H2O4; 64 B1 0 OH mus; ,CZHZO“; 
mp. 160° C. mp 2086 C_ 

35 

53 B.1 I \ OCH3 trans; mp. 100° C. l N—(CH2)2— 

O O / N 

CH CH — 
3 ( 2)3 40 CH3 

°C2H2O4 stands for the ethanedioate salt 
°(Z)—C4H4O4 stands for (Z)—2—butenedioate salt °C2H2O4 stands for the ethanedioate salt 

TABLE F-4 45 TABLE F-5 

OR4 Cl 0R4 C1 

(6 O 
L—N CH2—l|\I—C NH; 50 L—N CH2—l|\I—C NHZ 

H H 

O O 0V0 
Co. EX Physical 55 
No. No. iL OR4 data Co. EX. Physical 

N0. No. 4L 0R4 data 
54 13.2 CH3(CH2)3i OH 018; °HCl°H2O; 

mp. 104° C. 65 13.2 CH3(CH2)3i OH trans; -HC1; 
55 13.2 CH3(CH2)3i OH trans; mp. 122° C. mp. 216° C. 
57 13.1 CH3O(CH2)3i OH trans; mp. 138° C. 60 66 13.1 CH3O(CH2)3i OH trans °C2H2O4; 
58 13.3 CH3CO(CH2)3i OH 018; mp. 138° C. mp. 176° C. 
59 13.3 CH3CO(CH2)3i OH trans; ‘H20 67 13.3 CH3CO(CH2)3i OH trans; mp. 130° C. 

60 B.1 O OH trans; mp. 140° C. 68 B.1 O OH trans; mp. 154° C. 

CH2— CH;— 
65 
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TABLE F-S-continued 

OR4 01 

i 
L— N CH2—1|\I— C NHZ 

H 

0V0 
Co. EX. Physical 
No. No. iL 0R4 data 

69 B.1 I \ OH trans; mp. 128° C. 

O><O 
CH3 (CH2)3— 

70 B.1 O OH trans; °C2H2O4; 
mp. 188° C. 

I N—(CH2)2— 
/ N 

CH3 

°C2H2O4 stands for the ethanedioate salt 

TABLE F-6 

OR4 01 

i 
L— N CH2—1|\I— C NHZ 

H 

O 

Co. EX. Physical 
No. No. iL 0R4 data 

71 B.1 CH34Oi(CH2)3i OH trans; °H2O; 
mp. 120° C. 

72 B.1 O OH trans; °H2O; 

UCHZ_ mp. 120° c. 

73 trans; mp. <80° C. 

74 

75 

76 

78 

79 

80 

B.1 I \ OH 

O O 

CH3 (CH2)3— 

B.1 HOi(CH2)3i OH trans; °2H2O; 
mp. <100° C. 

B.1 HOi(CH2)24Oi(CH2)2i OH trans; °C2H2O4; 
mp. 168° C. 

B.1 NC4CH2i OH trans 
B.1 NCi(CH2)3i OH trans; mp. 156° C. 
B.2 CH3i(CH2)3i OH trans; °H2O; 

mp. 125° C. 

B.2 OH trans; °H2O; 
CH2— mp. 115°C. 

B.3 CH34COi(CH2)3i OH trans; mp. 100° C. 

20 

25 

35 

40 

45 

50 

55 

60 

65 

36 

TABLE F-6-c0ntinued 

OR4 01 

ii 
L—N CH2—1|\I—C NHZ 

H 

O 

Co. EX. Physical 

No. No. iL 0R4 data 

81 B.1 (CH2)2CH4Oi(CH2)3i OH trans;mp. 100°C. 

82 B.5 H2Ni(CH2)2i OH trans 

83 B.1 O OH trans;mp. 190°C. 

I Iil—(CH2)2— 

CH3 

84 B.1 CH3 OH trans;mp. 175°C. 

{Ii 
°C2H2O4 stands for the ethanedioate salt 

TABLE F-7 

Cl 

ii 
L—N CH2—N—C NH2 

0R4 pll 
O 

CH3 CH3 

Co. EX. Physical 

No. No. iL 0R4 data 

85 B.2 CH3(CH2)3i OH mp. 135° c. 

86 B.1 CH3O(CH2)3i OH mp. 130° c. 

87 B.1 I \ OH mp. 134° C. 

O O 

CH3 (CH2)3— 

88 13.3 CH34COi(CH2)3i OH mp. 165° c. 










