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wherein R', R?, R® and R* are defined as in claim 1 the tautomers, the isomers,

the diastereomers, the enantiomers, the hydrétes thereof, the mixtures thereof and
the salts thereof and the hydrates of the salts thereof, partiCL{larly the
physiologically acceptable saits thereof with inorganic or organic acids or bases,
as well as those compounds of general formula | wherein one or more hydrogen
é-'toms are replaced by deuterium, pha_rmaceutical c‘o_mpositions containing these

compounds, their use and processes for preparing them.
PRIOR ART

CGRP antagonists for the treatment of migraine have already been described in
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the tautomers, the diastereomers, the enantiomers, the hydrates, the mixiures
thereof and the salis thereof as well as the hydrates of the salts thereof,
particularly the physioiogically acceptable salts thereof with inorganic or organic

acids or bases.

In a second aspect, there is provided physiologically acceptable salts of the compounds

as defined above with inorganic or organic acids or bases.

In a third aspect, there is provided pharmaceutical compositions, containing a cdmpound
as defined above or a physiologically acceptable salt as defined above optionally together

with one or more inert carriers and/or diluents.

In a fourth aspect, there is provided the use of a compound as defined above for
preparing a pharmaceutical compeasition for the acute and prophylactic treatment of

headaches, particularly migraine, cluster headaches and tension headaches.

in a fifth aspect, there is provided the use of a compound as defined above for preparing -

a pharmaceutical composition for combating non-insulin-dependent diabetes mellitus
(NIDDM).
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In a sixth aspect, there is provided the use of a compound as defined above for preparing a
pharmaceutical composition for the treatment of cardiovascular diseases,
morphine tolerance, diarrhoea _oaused'by clostridium toxin,. skin diseases,
pariicutarly thermal and radiation-induced damage incﬁiuding éunburn, lichen,
pruritts, pruritic toxidermies and severe itching, inflammatory diseases, e.g.
inflammatory diseases of the joints such as osteoarthritis, rheumatoid arthritis or
neurogenic arthritis, generalised soft-tissue rheumatism (fibromyalgia), neurogenic
inflammation of the oral mucosa, inflammatory lung diseases, allergic rhinitis,
asthma and COPD, diséasés accompanied by excessive vasodiiatétion and
resultant reduced vascuiar blood ﬂow, such as, in particular, shock or sepsis,
chronic pain, such as e.g. diabetic neuropathies, neuropathies induced by
chemotherapy, HIV-induced neuropathies, postherpetic neuropathies,

neuropéthies induced by tissue trauma, trigeminal neuralgias, temporomandibular

dysfunctions, CRPS, back pain, visceral complaints, such as e.g. IBS (irritable
bowel syndrome) or inflammatory bowel syndroms, for relieving pain in general or
for preventive or acute therapeutic treatment of the symptoms of hot flushes
caused by vasodilatation and increased blood flow in menopausal cestrogen-
deficient women and hormone-treated patients with prostate carcinoma and in

castrated men.

In a seventh aspect, there is provided the use of a compound as defined above for

preparing a pharmaceutical composition for the treatment of irritable howel syndrome (IBS).

In an eighth aspect, there is provided the use of a compound as defined above for '
preparing a pharmaceutical composition for the preventive and acute therapeutic treatment

of hot flushes in oestrogen-deficient women.

In a ninth aspect, there is provided the process for preparing a pharmaceutical composition
as defined above, characterised in that a compound as defined above is incorporated in

one or more inert carriers and/or diluents by a non-chemical method.
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DETAILED DESCRIPTION OF THE INVENTION
in the above general formula | in a first embodiment

R'  denotes a group selected from
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wherein
5 R'"  denotes H or H;C-O,

R?  denotes a group selected from

CH, CF, CH, CF,
/C[NHZ /C[NHZ /@om i :OH
. ¢ . Ci . ol and c

R® denotes a group of general formula il

10

RS.‘%

—N
N

4
x—R

i
R3?

15  wherein
X denotes Nor C,

R3>!  denotes H, Crg-alkyl or R***-0-C(0),
20 _
R*'' denotes H, Cye-alkyl, HoN-Ca.s-alkylene,
(C1.3-alkyl)-NH-C; s-alkylene, (Cqa-alkyl)}zN-Cs.4-alkylene,
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HaN-C(O)-Cq.3-alkylene, (Cy.3-alkyl)-NH-C(0)}-C,.s-alkylene,
(C1.3-alkyl),N-C(O)-Cq.s-alkylene or R*""'-C . s-alkylene,

R*** denotes a group selected from

o o]
. \N \N . *
oI OIS 0
, ' . and ,

R32  denotes a pair of free electrons, if X = N, or

R>?  denotes H, Crs-alkyl or R¥*1-0-C(0), if X = C,

R3%' denotes H, Cyg-alkyl, HoN-Co.4-alkylene,
(Cs.a-alkyl}-NH-Cs_4-alkylene, (Cq.s-alkyl),N-Cs4-alkylene,
HQN—C(O)—C1_3~alkyEene, (Cq-3~a!kyf)-NH-C(O)—Cq-3~aikylene,
(Cr.3-alkyl)zN-C(O)-Cy.3-alkylene or R***'-C, s-alkylene,

R3>2% denotes a group selected from

0
o)
. N N \ N
-0 OO O é
, : y and \

R* denotes a group of general formulae Hl

4.1

R*? R 4.2
NN g ) .
* \/\N/RS.E N—’R .
4.2

R
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wherein

Y denotes C and

5
R*'  denotes H or Cy.s-alkyl, or
Y denotes N and
10 R*!"  denotes a pair of free electrons,
with the proviso that X and Y do not simultaneously represent N,
R*?  denotes H, Cr.3-alkyl or R**'-0-C(0),
15
R*?' denotes H, Cqe-alkyl, HoN-C; 4-alkylene,
(Cq.a-alkyl)-NH-C,_4-alkylene, (Cq.3-alkyl)2N-Co.4-alkylene,
H,N-C({Q)-Cys-alkylene, (Cq.a-alkyl)-NH-C(O)-Cz-alkylene,
(C1.5-alkyl)2N-C(0)-C1.3-alkylene or R**"'-C,.4-alkylene,
20

R*2' denotes a group selected from
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and
R*®  denotes H, Cig-alkyl, HoN-Co.4-alkylene,

5 (Cq.3-alkyl)-NH-Co.4-alkylene, (Cis-alkyl);N-Cys-alkylene,
HoN-C(O)-Cq.3-alkylene, (Cq.3-alkyl)-NH-C(O)-C4.z-alkylene,
(C1.a-alky)zN-C(0)-Cy.3-alkylene or R**1.C, 4-alkylene,

R*3' denotes a group selected from
10
o 0
0 O Y L O

and ,

R denotes H, Cys-alkyl, R*"1-0-C(0), R¥"1-0-C(0)-C,.s-alkylene-NH,
R311.0-C(0)-C1.s-alkylene-N(Cy.s-alkyl), R>""-0-C(O)-Cy.s-alkylene-O,

15 R*11.0-C(0)-C.s-alkylene, R**'-0-C(0)-C(0), R*'*-0-C(0)-C(O)-0,
R511.0-C(0)-Cy.s-alkylene-C(0) or R*"'-0-C(0)-C.;-alkylene-C(0)-O,

R denotes H, Ci.g-alkyl, phenyl, indanyl, pyridyl-Cq.s-alkylene,
HO-C.4-alkylene, Cyg-alkyl-O-Cpg-alkylene, HoN-Cs.4-alkylene,
20 (C1.e-alkyl)-NH-C.s-alkylene, (C1g-alkyl)z2N-Co 4-alkylene,
HoN-C(O)-Cs-alkylene, (Ci.e-alkyl)-NH-C(O)-Cqs-alkylene,
(C1.5-alkyl),N-C(O)-Cq.a-alkylene, Cyg-atkyl-C(O)-0O-Cq 3-alkylene,
C1-alkyl-0-C{O)-0-Cy.5-alkylene, R*'1-C(0)-C. s-alkylene or
R>112.C,y s-alkylene,
25

R%'* denotes a group selected from
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. N
O

R%112 denotes a group selected from

O

O

: an

1

denotes H, Cys-alkyl, R¥#1-0-C(0)-C1.3-alkylene-NH,
R5‘2'1-O-C(O)—Cq-3~aiky|ene'0a R5-2-1-0~C(O)-C1_3~alky!ene,
R5.2.1~0_C(O)_C(O) or R5.2.1_O_C(O)-C1_3—aIkyleﬁe—C(O),

R52" denotes H, Cqe-alkyl, phenyl, indanyl, pyridyl-Cy.3-alkylene,
HO-Co.4-alkylene, Cyg-alkyl-O-Co.4-alkylene,
C1.g-alkyl-O-Cos-alkylene-O-Cy.4-alkylene, HaN-C; 4-alkylene,
(Cyg-alkyl)-NH-C,.4-alkylene, (Cqg-alkyl):N-C..4-alkylene,
H,N-C(O)-C1.3-alkylene, (Ci.g-alkyl)-NH-C{O)-C1.3-alkylene,
(Ce-alkyl)aN-C(O)-Cq.3-alkylene, Cqg-alkyl-C(O)-O-Cy3-alkylene,
C1.e-alkyl-O-C(0)-0-Cy.s-alkylene, R**"1-C(Q)-C4.s-alkylene or

R>#12.C, 4-alkylene,

R%2' denotes a group selected from

. Y
Wy )
, and

R5212 denotes a group selected from
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No-yNa o * NH, 0 0 -"---"Lo (385)

O

O

: an , OF

R>%1 denotes a group of formula

o .0
b
0

with the proviso that at least one of the groups R*', R*? R*?, R® or R*Z denotes

a group other than H or Cq.s-alkyl,

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
10  thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A preferred first embodiment of the present invention consists of the compounds of

15  the above general formula I, wherein

R’ denotes a group selected from

: an
20

wherein

R'"  denotes H or H;C-O,
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_HiFFFI10_,NCNO-..0(386) I C"—-N, IIl."P N4 HOF r'F NH, xx o.c

NEQ{?TZQO%@%?)LOSW& 0(387) --, IN.N4 HO F F p Vn(NN,
o !

C----CO
1 6)-() (389)

0 Lo (388) - (Th LATN", HO =-'F NH, 01 /0 Oa(c.-2000/065314

R? denotes a group selected from

CH, CF, CH, CF,
ﬁ /C[ o o
. ¢ . o} . cr and c

R® denotes a group of general formula H

wherein

denotes N or C,

denotes H, C.3-alkyt or HO-C(O),

denotes a pair of free electrons, if X =N, or

denotes H, Cq.z-alkyl or HO-C(O), if X = C,

R* denotes a group of general formulae il

4.2 4.1

R R

4.2
/N%/ 5 \l’\//‘i\
" R™ o 52 * 5.2
e §4123NfR

R*
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--(Thi <N/N-\OCA\A.N/NO OO\ / r the No. Structure 11(390)
g}) 00502 (1391) HO\A. F\"FF™ . ... yHNH, N._-0

_____ 'Cl 00 (393) P%QIEP2006/065314

51 O
N : 0
OH

wherein

RS.‘I

Y denotes C and

R*!  denotes H or Cy.z-alkyl, or

Y denotes N and

R*!  denotes a pair of free electrons,

with the proviso that X and Y do not simultaneously represent N,
R*?  denotes H, Cy.3-alkyl or HO-C(O),

denotes H, Cys-alkyl, HO-C(0), HO-C(O)-Cy_s-alkylene-NH,
HO-C(0)-C1.s-alkylene-N(C.s-alkyl), HO-C(O)-C4.3-alkylene-O,
HO-C(0)-C.s-alkylene, HO-C(Q)-C(QO),HO-C(0)-C(0)-0,

HO-C(0)-Cs-alkylene-C(0) or HO-C(O)-C3-alkylene-C(0)-O,

denotes H, Cq.s-atkyl, HO-C(O)-C4_s-alkylene-NH, HO-C(O)-C1.s-alkylene-O,
HO-C(0)-C.s-alkylene, HO-C(O)-C(O) or HO-C(O)-C+.2-alkylene-C(O),
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[ - \ 1IN 1------ ~--N-""OFFF.91*IN1,10FFr 91 (394) HO

W@?oéﬁz@bbﬁ\' --?(395) r/MN HO_%d\I_O O F4,F INH, I 1T'l NP_CTIEE’Q)OG/%SBM

ructure (396) HO

with the proviso that at least one of the groups R*!, R*2 R*? R*' or R*? denotes

a group other than H or C+_as-alkyl,

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A second embodiment of the present invention consists of the compounds of the

above general formula I, wherein

R’ denotes a group selected from

~N
O O o
H
N/l%o N’<
H , H oo and ,
wherein
R'"  denotes H or HsC-O,
R?  denotes a group selected from
CH, CF, CH, CF,
NH, NH, OH OH
. cl . ci " cl . ci

. , and

R’ denotes a group of general formula Il
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F-4,F 1 N'-0-- (397) HOOFFFH,a (398) ,--?,/N/Th LL_AIN N-Fk' HO

wherein

X

R3.1

Sq (399) N4 HO oN FEE AN

@Ia%-‘;lowﬂl%g- OThINO (401) .-t | NEA

denotes N or C,

denotes H, Cy.s-alkyl or R*"-(0)C,

rR*'' denotes HO, Cqe-alkyl-O,

R3.2

R3.2

denotes a pair of free electrons, f X =N, or

denotes H or Cys-alkyl, if X = C,

R*  denotes a group of general formulae Il

wherein

Y

Rd.‘!

Y

denotes C and

denotes H or Cqz-alkyl, or

denotes N and

\H, a b 0 (400) HOF F
HO O FEE O N

IJ:CIFI/EP2006/065314
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. Ni.,A3(402) OHO F E F NH ,Pi 0,--",----- or\N AOI< ), ,F N...----\\,---N O
}pé égﬁa%%gz%t{ucture (403) HO OF F I1:20_:CI -N DJ (404) 0 HO %W/é@ZIOOG/OGSaM

-y14.N 0

R5.1

1°-2'N 0.-II'Tj- pi Th (405) -----<,/i-Th AN- HO O F E F *

R*'  denotes a pair of free electrons,

with the proviso that X and Y do not simultaneously represent N,
R*? denotes H, Cy.s-alkyl or R**'-(0)C,

R*2! denotes HO, Ci.g-alkyl-O, and

R**  denotes H, Cr.¢-alkyl, HoN-Cy.4-alkylene,
(C1.3-alkyl)-NH-Co4-alkylene, (Cq.3-alkyl)oN-C;.4-alkylene,
HoN-C(0)-Cqs-alkylene, (Cq.s-alkyl)-NH-C(0)-C4.3-alkylene,
(C1a-alkyl)oN-C(0)-C1.s-alkylene or R**1-C, s-alkylene,

R*31 denotes a group selected from

0O
) e B o *\N
o0 TS O

denotes R*'1-0-C(0), R*''-0-C(0)-C4.3-alkylene-NH,
R511-0-C(0)-C1s-alkylene-0, R*"-0-C(0)-C1.3-alkylene,
R5.1.1_0_C(O)_C(O) or R5-1-1“O-C(O)—C1h3-aikyiene-C(O),

R5' denotes H, Ci.g-alkyl, phenyl, indany!, pyridyl-C, s-alkylene,
HO-C..s-alkylene, Cie-alkyl-O-Cy s-alkylene, HaN-Cog-alkylene,
(C1.g-alkyl)-NH-C,.4-alkylene, (Cqg-alkyl):N-Cy s-alkylene,
H,N-C(0)-C1.5-alkylene, (Cq.g-alkyl)-NH-C(0)-C,z-alkylene,
(C1.g-alkyt),N-C(O)-C1.3-alkylene, Cqs-alkyl-C{O)-O-C,.;-alkylene,
Cr.g-alkyl-O-C(0O)-O-C3-alkylene, R*'"*-C(0)-C4.5-alkylene or
RS2, 4-alkylene,
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0 (406) .----F"--1-----=-\ , N==-- HO O -Ft" F -=-N 1L| == ----- -CINOOH 0

407) <<\ L\ INHO F F F Hem_,NH, N.):: . 0 (408) N HO 0 INH, {
§q§9%%2>ogegé1,b h No. Structure (410) O HO \--,...: NO F+F ail NCRRERgo0s 085314

R%11* denotes a group selected from

i N
O

R**2 denotes a group selected from

0]

) and

1

denotes R*?'-0-C(0)-Cy.s-alkylene-NH, R**'-0-C(0)-C4.;-alkylene-O,
R%21.0-C(0)-C.z-alkylene, R**'-0-C(0)-C(O) or
R%>%1.0-C(0)-C1.s-alkylene-C(0),

R%21 denotes H, Cis-alkyl, phenyl, indanyl, pyridyl-C1.;-alkylene,
HO-Cy.4-alkylene, Cqg-alkyl-0-Cas-alkylene, HyN-Cy 4-alkylene,
(Cqs-alkyl)-NH-Cs.s-alkylene, (Cig-alkyl)sN-Cz.4-alkylene,
H,N-C(0)-C4.s-alkylene, (Cy.g-alkyl}-NH-C(O)-Cq3-alkylene,
(C1.6-alkyl)aN-C(O)-C4s-alkylene, Cqs-alkyl-C(O)-O-C4.3-alkylene,
C1.g-alkyl-O-C(0)-0-C1.s-alkylene, R*21-C(O)-C13-alkylene or

R%212.C, ,-alkylene,

R%2"" denotes a group selected from

. N
0
, and

R5212 denotes a group selected from



ITO (411) IN'NNI-I4HO FFFH-NOO (412) HINHOO o FF.NHiN.Ig"li

413) HO - N F F F IKIN N (414) -—-1F—/Thi HO 9 F ish N'W a f,/, --"vOH
&V%i%%‘}?.@?&%%-go HO 0 F4,5iNH, I T ¢ (416) PCT/EP2006/065314

O

. \N \N/\’ . *\N
\ ! O

, and

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,

5  particularly the physiologically acceptable saits thereof with inorganic or organic
acids or bases.

A preferred second embodiment of the present invention consists of the
compounds of the above general formula I, wherein
10

R'  denotes a group selected from

H
B S0,
H , © and ,
15 wherein
RY"  denotes H or H3C-0,
R?  denotes a group selected from
20
CH, CF, CH, GF,
:L/ :NHZ NH, i :OH i :C}H
« Cl * Cl * Cl * Cl

, , and

R? denotes a group of general formula i
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----Az--\ I N-4 HO 0-\AINH2 ,a00 1 biNo. Structure (417) HOO ON
\i?N HO 9 _r;

OFFENHanO (418) 00 FONH a" 1 (419) .-/~
BN BPS20) Ho o) Lk
RS.'?
N
%X/R‘*
F|{3'2
wherein
X denotes Nor C,
R®>'  denotes H, Csa-alkyl or HO-C(O),
R¥>?  denotes a pair of free electrons, if X =N, or
R3? denotes Hor Cys-alkyl, if X = C,

R*  denotes a group of general formulae Hi

wherein

R4

R4.1

denotes C and

denotes H or C+s-alkyl, or

denotes N and

denotes a pair of free electrons,

OH

4: F.
PCT/EP2006/065314

OH
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ANOFFF (O.,0,,,1 3N N\-N,/krCi) 00 (421) N--C, HO -"---/--\N__./\

W5 pbhiihgah (422) HO 0 k- Th Lefgl, Th (423) rth 6AG, Netfedooeiossata

1 bj No. Structure (424)' 70 Frl-NH, Il o

with the proviso that X and Y do not simultaneously represent N,
R*? denotes H, Cs-alkyl or HO-C(O),

R%'  denotes HO-C(Q), HO-C(O)-Cy_s-alkylene-NH, HO-C(O)-Cq.s-alkylene-O,
HO-C(0)-Cy.z-alkylene, HO-C(O}-C(O) or HO-C{O)-C+.5-alkylene-C{O),

R%?  denotes HO-C(0)-Cy.s-alkylene-NH, HO-C(0)-C4s-alkylene-O,
HO-C(0)-C1.s-alkylene, HO-C(0)-C(O) or HO-C(0)-C+.-alkylene-C(0),

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A third embodiment of the present invention consists of the compounds of the

above general formula 1, wherein

R'  denotes a group selected from

N—N
Oy e L
N/&O N4 H
H , H O and

wherein

R'"  denotes H or H;C-O,

R?  denotes a group selected from



0 (425) ---A---"ThNHO o N F4,F at N 1111*a N...-N O icl 0."2 'N- 0 (426)

“k*--/Th HO o/

§427) HO """" (Th 0/ 55‘5@2006/06531 4

Wﬁ?@%@)—é OThFFFEN,1a,
HO ONOFFFNVIm,,A,

a N (.0 LN (429)

CH, CF, CH, CF,
-~ : E :NHZ KINHZ /@OH QOH
* Cl , * Ci * C , and * Ci

R3-R* together denote a group of general formulae IV

R
~—N N
32 ®R51
R™ R*2
A
N
\/\N N_’_Rs.z
R
*/N%],N
R? e
O o
R
~—N
A
R32
*/N
NN 5.2

wherein

3.1 4.1
N ROR r*?
5.2
~R
3.2 N

3.4
N%/ R*2
T N\/}/\ 52
R3,2 N N7 R

R3.1

e N\\;/lr
N
3.2

R

O 4.3

O/R

R3.1

*/N\\;/%/ Q
N
3.2 Rd.Z

R

A O

3.4

N R
. N
3.2



IN FFFN."NH,IlCI,NThO(430) ---s-.7.-Th .I,...IN./ N--- HO

---:-2 -6-7--- I; "FF1,l11100 1bk No1 tructure (431) O=FFIN_0O )
et Yo=FFN 0\ACIN-_ =800 (433) 0NO | 0 H PCT/EP2006/065314

II\---Th4 1---y()

R*'  denotes H, HsC or R*"1-0-C(O),

R*' denotes H, Cg-alkyl, (Cys-alkyl)oN-Cy.4-alkylene,
(C.a-alkyl)sN-C(0)-C1.3-alkylene or R*'1.C, 4-alkylene,

R*!' denotes a group selected from

o

@]
_ SNy *\N/ﬁ —_ N
0 L
) , , and ,
R>?  denotes H, Cy.s-alkyl or R**'-0-C(0),
R3>21 denotes H, Cyg-alkyl, (C1.3-alkyh)zN-Cs 4-alkylene,
(C1.5-alkyl)}2N-C(0)-C1 s-alkylene or R¥*1-C, s-alkylene,
R>2" denotes a group selected from
o O
) *\N +\N ) *\N
oI OO
; , , and

¥

R*'  denotes H or C..s-alkyl,
R*?  denotes H, Cq.s-alkyl or R***-0-C(0),

R*2" denotes H, Cre-alkyl, (Cys-alkyl):N-Cy4-atkylene,
(Cy.3-alkyDoN-C(O)-C1.3-alkylene or R**'1-C, 4-alkylene,

R*2' denotes a group selected from
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00 (434)0IIN HO FFNH2 _a /NOO (435) HO CY-\N FIf F -,H 12, I..--
001 (436) HO -—-\--..1tm F F 1 g- 0o a0.(437) 7-".-if----\

Ky Ri22H

Structure

O

o
. N \N/\ . ~N
{ ] 0

and

R**  denotes H, Cie-alkyl, HoN-Cy4-alkylene,
(C.3-alkyl)-NH-Cys-alkylene, (Cia-alkyl)oN-Cy.4-alkylene,
HoN-C(O)-C.3-alkylene, (Cy.s-alkyl)-NH-C(O)-Cy_3-alkylene,
(C1.3-alkyh)N-C(O)-C1.5-alkylene or R**'-C, s-alkylene,

R**1 denotes a group selected from

O

O
o0 T oS0

R an

R*'  denotes H, H,C, R¥"-0-C(0), R*"'-0-C(0)-C1s-alkylene-NH,
R311-0-C(0)-C1.3-alkylene-N(C+.3-alkyl), R*'*-0-C(0)-Cy.s-alkylene-O,
R311.0-C(0)-C1.s-alkylene, R**'-0-C(0)-C(0), R*"'-0-C(0)-C(0)-0,
R311.0-C(0)-C1.3-alkylene-C(0) or R**'-0-C(0)-C4.s-alkylene-C(0)-0,

R®'" denotes H, Cig-alkyl, phenyl, indanyl, pyridyl-C+.s-alkylene,
HO-C,.s-alkylene, Cqg-alkyl-O-C; 4-alkylene, HaN-Co4-alkylene,
(Cr.g-alkyl)-NH-Co.s-alkylene, (Cq.g-alkyl}2N-C,.4-alkylene,
H.N-C(0)-C4.s-alkylene, (Cqg-alkyl)-NH-C{O)-C,.s-alkylene,
(Cig-alkyl)oN-C{O)-C1.s-alkylene, Cie-alkyl-C{O)-0-C13-alkylene,
C1.g-alkyl-O-C(0)-0-Cy.s-alkylene, R*""1-C(0)-Cy.s-alkylene or

R%112.C,.4-alkylene,

R>'"1 denotes a group selected from

bR 1F v-2-..NH21 0\ AN-TANOIi*----.00 1b1 NB’CT’EPQOOB/O%?’M

¥

)
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(438)----,,,~.. Th, 1 HO OF F FN 01 -N,...---\ Thr \----N- 0 N OH 0 (439)

N H “NH2 0r -N...-\ 0 0.~ 0 (440) O O FF -,../ N2 -
oz ?’%8@541) F--1/--ThN HO 0 FFF Wetieroveioasan

R5.2

— N
O

R5'"2 denotes a group selected from

O

O

' an

denotes H, HsC, R**'-0-C(0)-Cs.;-alkylene-NH,
R521.0-C(0)-Cy.s-alkylene-O, R**'-0-C(0)-Cy.s-alkylene,
R%21.0-C(0)-C(0) or R**'-0-C(0)-C43-alkylene-C(O),

R521 denotes H, Ci.g-alkyl, phenyl, indanyl, pyridyi-C4.s-alkylene,
HQ-C,.4-alkylene, Ci.s-alkyl-O-Co.4-alkylene,
C1.g-alkyl-O-Cy.s-alkylene-O-C, q-alkylene, HzN-Co.4-alkylene,
(Cq.¢-alkyl)-NH-C;.4-alkylene, (Cq.s-alkyl):N-Cz.4-alkylene,
H,N-C(0)-C1_3-alkylene, (Cqg-alkyl)-NH-C({O)-C.3-alkylene,
(C1.s-alky)oN-C(O)-Cy_s-alkylene, Cie-alkyl-C{O)-0-C5-alkylene,
C1.s-alkyl-O-C(O)-O-C1.3-alkylene, R*?#11-C(0)-C1.5-alkylene or

R$212.C, 4-alkylene,

R%21 denotes a group selected from

— N
@,
, and

R%212 denotes a group selected from

¥



H,ClIO -,.",. N./O (442) --Th HO OF Z--/Fla (443) H-40\N1 I-FF/
ok =Nd, - L 0?70 --0(444) YN O FFFNH,a O,-,
I\’Q%ZW&%O%’%‘T ~|éq - I-J"\&T/EPZOGG/OESSC%M

O

C

an , or

R%%' denotes a group of formula
OYO
o

with the proviso that at least one of the groups R*', R*%, R*%, R*' or R*? denotes

a group other than H or Cs.s-atkyl,

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
10 thereof and the salts thereof as well as the hydrates of the saits thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A preferred third embodiment of the present invention consists of the compounds

15  of the above general formula 1, wherein

R’ denotes a group selected from

R N N
N/KO N,\( H
H : H 0O and

20

wherein

R""  denotes H or H;C-0,



Structure (445) 1."..,5.17 N".. HO .------ [-ThFFFN .--H2" 9CI ?.---'N"..

FF gam N Oille C \N-11--Thr--N\------- \N- /0 Ir
%37%%% 5%\9?'1: FE/ oo NH. OFeeemC8e 1) 'No A Ni \rree %’&20%’%5314

(448) 1-n--/-ThE HO F NH 0\ A NON----",. werneeev ct- O (449) OF'IF

R?>  denotes a group selected from

CH, CF, CH, CF,
/@NHZ /@/\NHZ i :OH i :01—5
. o . cl . c and " ci

R3-R* together denote a group of general formulae IV

R R _as
R
—N —N R*?
N e R
2 . R32 N
Ryz
R a1 R
R 42 42
—N R" N R
i ﬂN 5.2 \\;%, Newrf 52
N—’R R3.2 \/\\N,R
R R
/N */N
’ \fﬁrw \ﬁ%/m
R2 R32
O
0% Non OH
R R
/N */N
. \\;%/N o \A,NQ
Ra.z Ra.z R4.z
R
N — N\_ﬂL\
A e O

31
N\%L\ RS.Z N R R5>1
P N - w
=W A
R3.2
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0CI 0 (450) ../Th 1FN "-I'N.-4 HO F.Zfry NH2 OCI

e&ﬁ%/%ﬁﬁ%%qul_ 11bn N9233_tructure (451) .i.,,_,A#,-'I}l)é}59006/065314

FF ... Cl 1\---Ntg---- 0 - 1 Cy- (452) || ==-memmn- 1 4N0
NO FF a ON"---, cv.".."..0 I |

wherein
R*'  denotes H, HsC or HO-C(0),
R*?  denotes H, Cy.s-alkyl or HO-C(O),
R*!  denotes H or Cys-alkyl,
R*?  denotes H, Cya-alkyl or HO-C(O),

R>'  denotes H, H5C, HO-C(O), HO-C(0)-C+.2-alkylene-NH,
HO-C(O)-C+.3-alkylene-N(Cs.3-alkyl), HO-C(0)-C4.s-alkylene-O,
HO-C(0)-C1.5-alkylene, HO-C(O)-C(O), HO-C(0)-C(0)-O-

HO-C(0)-C4.3-alkylene-C(O) or HO-C(O)-C1.3-alkylene-C(0O)-O,

R%?  denotes H, HiC, HO-C(0O)-Cy.3-alkylene-NH, HO-C(O)-Cs.;-alkylene-O,
HO-C(O)-Cy.3-alkytene, HO-C(0)-C(O) or HO-C(O)-Cy_3-alkylene-C(O),

with the proviso that at least one of the groups R*', R*? R*? R*>' or R>? denotes

a group other than H, HsC or Cys-alkyl,

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salfs thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A fourth embodiment of the present invention consists of the compounds of the

above general formula 1, wherein

R'  denotes a group selected from



(453) HOOF,,. F 1 NH (5122,12,2 {IIKIJCC/ Oy, 0 (454) r 11110 0 \NAO
FV@ x O (455) HO .4, 0_a\N-kQ'y"---\..--.===-=-\-=-.. 0 "Dl
(4 ])20;&&%2”5'%0&5 0iHO ENE F i_nr"éa,CI 1bo No. StructurEdeE(IB2006/065314

N
SegRis e Se
N/J%O & H
H , H O and ,
wherein
5 R""  denotes H or H3C-O,
R? denotes a group selected from
CH, CF, CH, CF,
/C[NHZ /@iNHZ i :OH i :OH
. a x cl . ¢ and cl
10
R3.R* together denote a group of general formulae IV
3t 341
R R gt
N N R
N%/st N/R&z
R3.2 R3.2
R3.1 R4'1 R3.‘1
4,2
/N\//’\ R */Nﬂ]/
- : N\ 52
\/\N N/RSZ iz \fN,—R
i
R3.'¥ Rl?
— */N
* N&%,N \ﬁ%,w
R3.2 RBAZ
/R4‘3 o 4.3
0% o o-R

wherein

15
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FNFI/FL,NH, 11 (457) NOii O O F'F NHkk (458)
woRbu7osaIhh0 .1 b ""CrNN'4 - 95 - PCT/EP2006/065314

R5.1

R3.1

R3.2

denotes H,

denotes H or Cq.s-alkyl,

denotes H or Cqs-alkyl,

denotes H,

denotes H, Cq.g-alkyl, HoN-Cy.4-alkylene,
(C1.3-alkyl)-NH-C..4-alkylene, (Cq.s-alkyl):N-Cz4-alkylene,

HyN-C(0O})-C.3-alkylene, {Cqs-aikyl)}-NH-C(O)-C.3-alkylene,
(C1.3-alkyl);N-C(0)-C1.s-alkylene or R**'-C, ,-alkylene,

R*%*' denotes a group selected from

*e

0
N N . N
A0 T SO

O

, an

denotes R*'1-0-C(0), R*""-0-C(O)-C1.s-alkylene-NH,
R5-1-1-O~C(O)~C1_3-aikyieﬂe"o- R5'1'*-O—C(O)-Cm"atkyiene.
R311.0-C(0)-C(O) or R*"'-0-C(0)-Cy.5-alkylene-C(O),

R*®™" denotes H, Cig-alkyl, phenyl, indanyl, pyridyl-C, s-alkylene,

HO-C,.4-alkyiene, Cﬁ_e-aikyl—O—Cg-cra'ikyiene, H:N-C,.4-alkylene,
(Cq.g-alkyl)-NH-Cy.4-alkylene, (C1g-alkyl);N-Cy4-alkylene,
HoN-C(O)-C1.5-alkylene, (Cqs-alkyl)-NH-C(O)-C4.z3-alkylene,
(C1.5-alkyl);N-C(0)-Cy_s-alkylene, Cq.¢-alkyl-C({O)-O-C+5-alkylene,
Cy¢-alkyl-O-C(O)-0-Cyz-alkylene, R*'1-C(O)-C4.s-alkylene or
R5'1'1‘2—Cz-4~aikylene,
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R>"" denotes a group selected from

. N
)

R5112 denotes a group selected from

Q

Q

; an ,
denotes R**-0-C(0)-Cy.s-alkylene-NH, R**1-0-C(0)-C1.5-alkylene-O,
R3>21.0-C(0)-Cy.s-alkylene, R**'-0-C(0O)-C(O) or
R%21.0-C(0)-C1.5-alkylene-C(O),

R521 denotes H, Cyg-alkyl, phenyl, indanyl, pyridyl-C1.s-alkylene,
HO-C,.4-alkylene, Cig-alkyl-O-Cs,.s-alkylene, H,N-Cy4-alkylene,
(Cq.g-alkyh)-NH-C, 4-alkylene, (Cq.g-alkyl),N-C, 4-alkylene,
HoN-C(O)-Cys-alkytene, (Cq.e-alkyl}-NH-C{O)-C1_s-alkylene,
(C1.e-alkyoN-C(O)-Cy.z-alkylene, Cys-alkyl-C(0)-0-Cy.3-alkylene,
C1.g-alkyl-O-C(0)-0-C+.5-alkylene, R**"1-C(0)-C+.s-alkylene or

R5*12.C, 4-alkylene,

R>21! denotes a group selected from

— Y
@
. and

R%2'2 denotes a group selected from



frFF H 0-"-'----ClI (460) 1010 HO N.,.. '-.--—- 0 FIltN

L6t /020261 27 - PCT/EP2006/065314
o O
X *\N *\.gﬁ *\
. , ) = and

’

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the saits thereof,
5  particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A preferred fourth embodiment of the present invention consists of the compounds
of the above general formula |, wherein
10

R'  denotes a group selected from

NE
N/KO ﬁ’é H
H , 0 and ,
15 wherein
R denotes H or H3C-O,
R? denotes a group selected from
20
CH, CF, CH, CF,
i :NHz i :NHZ i :OH OH
* Cl * Cl * Cl - Ci

) , and

R3-R* together denote a group of general formulae IV
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(461)CC\ 0 HO  %?N,~1 |
‘wo JoW obobbl- N.e_N OF

wherein

R*'  denotes H,

R*?  denotes H or Cys-alkyl,

R*'  denotes H or Cy.s-alkyl,

R** denotes H,

FFF-4

-08 .

NH -2 1Ir (462 oa
PCT/EP2006/065314
3.1
*/N R R 2
52
Loz N-R
RS.’[
—N N
52
3.2 \/\N/R
R3.1
N
\A,N
R3.2
O on

R>!  denotes HO-C(0), HO-C(0)-C1.s-alkylene-NH, HO-C(0)-C+.s-alkylene-O,
HO-C(0)-C1.s-alkylene, HO-C(O)-C(O) or HO-C(0)-C1.3-alkylene-C(O),

R%2  denotes HO-C(O)-Cy.s-alkylene-NH, HO-C(O)-C4_3-alkylene-O,
HO-C(Q)-C1.3-alkylene, HO-C(O)-C{O) or HO-C(O)-C1.3-alkylene-C(O),

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures

thereof and the salts thereof as well as the hydrates of the salts thereof,



.1--Nj6IF HO 0 1bp No.IStructure 1 (463) 1 00 CI HO (464) F 1

O H{’JO% %E]@ 0_aHO--0(465) Frjd9.?22/-ThN....N__..... O
H, Oee- - = -0l =eefemi\ \ "z’d A ,.MIN 1NNOT| N HO 0 g o 2u06/065314
(467) F F FTN

particularly the physiologically acceptable salts thereof with inorganic or organic
acids or bases.

A fifth embodiment of the present invention consists of the compounds of the

5 above general formula |, wherein

R'  denotes a group selected from

—N
OO = - ia
H
o i
H : O and ,
10
wherein
R’ denotes H or HyC-O,
15 R? denotes a group selected from
CH, CF, CH, CF,
ﬁNHQ /@iNHQ i :OH i :OH
. Ci * Cl * of * Cl

and

¥

R3-R? together denote a group of general formulae IV
20

N N
%/Nﬁ(/ 5.4 W 5.2
R N’R
4.2

R*



00: 0 (468) FFF 4/NHIa!/0OrC<OLNO @469 FFFvNH,I,.Az-\0

OH (471) HOOFaNwaO0O0O

A 52
N -R 31 N o,
R
- */N\/\
\/é;g\;/%N,CHQ N 252
N~
/N%/ */N
: N . N
R Y R

R’ 5.2
,,,/N —N N/R ’
\\;/;\N/C ~R52 \\ﬁL\\N/C/

3
R
N R®’
* N
R3.2

wherein

R*'  denotes Hor R*1-0-C(0),
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R3' denotes H, Cys-alkyl, {Cy.a-alkyl)oN-Cy4-alkylene,
(C1.5-alky)N-C(0)-C.s-alkylene or R*""1.-C, ,-alkylene,

R*"" denotes a group
*\N/\
Lo
R*? denotes H, HiC or R**1-0-C(O),

R**' denotes H, Cr.g-alkyl, (Cy.a-alkyl);N-C,.4-alkylene,
(Cy.z-alkyl)zN-C(O)-Cy.s-alkylene or R**'1.C,_s-alkylene,

R**" denotes a group

R*?  denotes H or HsC,

R*®  denotes H, Cig-alkyl, (Cy.s-alkyl)2N-Co.4-alkylene,
(C1.3-alkyl}2N-C(O)-C1.s-alkylene or R**1-C, 4-alkylene,

R**1 denotes a group selected from

0]

O
RO OIS

) an

denotes H, HsC, R*"1-0-C(0), R*"'-0-C(0)-C.s-alkylene-NH,
R%®"1.0-C(0)-Cys-alkylene-N(Cy.z-alkyl), R**1-0-C(O)-Cy.s-alkylene-0,



(476) INL"™FF7-NN-4 HO NF NF,.".FOO (477) ....... ,,L O FNF/F NH2

i/0)H 0 (478) ,."-FNNIEj—\N N4 HO F,F'F C N
wb%ﬁ?)@ig%goh ThcoH 8 (479) (. \%o FFFONH Hofepz00sr0ssia

R*'1.0-C(0)-Cy.-alkylene, R¥*1-0-C(0)-C(0), R¥'1-0-G(0)-C(0)-0-
R>11.0-C(O)-C1.3-alkylene-C(0) or R*"1-0-C(0)-C1.s-alkylene-C(O)-0,

R*"" denotes H, Crg-alkyl, phenyl, indany!, pyridyl-CH,, HO-Co.s-alkylene,
5 Cigralkyl-O-Cyq-alkylene, HyN-Cyi-alkylene,
(C1.e-alkyl)-NH-C,.s-alkylene, (C1g-alkyl)}oN-C, 4-alkylene,
HoN-C(O)-Cq.3-alkylene, (Cq.g-alkyl)-NH-C(Q)-C4.s-alkylene,
(C1.6-alkyl)2N-C(O)-C4.3-alkylene, Cys-alkyl-C{0O)-0-C1.5-alkylene,
Ci.g-alkyl-0-C(0)-0-Cys-alkylene, R*'"11-C(0)-C1.a-alkylene or
10 R>"12.C, 4-alkylene,

R>*1 denotes a group selected from

. N
O

R%'12 denotes a group selected from

15

O

O
IR O RS

; an

20 R%?  denotes H, H;C, R**'-0-C(0)-C/.s-alkylene, R**'-0-C(0)-C(O) or
R>%1.0-C(0)-C1.5-alkylene-C(O),

R>*! denotes H, Cy.g-alkyl, phenyl, indanyl, pyridyl-CH,, HO-C,.4-alkylene,
Ci-g-alkyl-O-C,.4-alkylene, Cqig-alkyl-0O-C,4-alkylene-0-C,.4-alkylene,
25 H.N-C,. 4-alkylene, (Crg-alkyl)-NH-Co.4-alkylene,
(C1.g-alkyluN-Cy.4-alkylene, HoN-C(O)-Cy_3-alkylene,
(C1.e-alkyl}-NH-C(O)-Cy.z-alkylene, (Cqe-alkyl);N-C(O}-Cq_3-alkylene,



10

16

20

25
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Cie-alkyl-C(O)-0O-Cys-alkylene, Cqg-alkyl-O-C(O)-0-C;.3-alkylene,
R3>#1.C(0)-Cys-alkylene or R¥?V2.C,_ s-alkylene,

R*>*"1 denotes a group selected from

— N
)

R%>%'2 denotes a group selected from

o
. * [
« N N «
Lo OGRS
R>21 denotes a group of formula

0. .0
O

and , or

with the proviso that at least one of the groups R*!, R*? R*?, R*! or R*? denotes

a group other than H, H3C or Cy.a-alkyl,

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

A preferred fifth embodiment of the present invention consists of the compounds of

the above general formula |, wherein



1 bs No. Structure (483) FEE NH2 OCE Nt4-4 /,D HO (484) F F F NE Iz
NO HO 0 (485) Fam Nm2_ 0 *Is a riThnNN -...."
%5@ #ﬁ 10 (486) Fi-FNHn 2 O%NJI N, -\ F\e---1"FiN OPQQ%P(?OOG’OG%M

(487) 001\A IP/NO(000

R'  denotes a group selected from

~N
@\N/ R‘LL@\\ B { N>:O
N/J&O ﬁ,g H
H ) O and ,
5 wherein
R denotes H or HiC-O,
R? denotes a group selected from
10
CH, CF, CH, CF,
/i:;[;\m2 D:NHz i :om i :OH
* Cl . Cl * Cl * of

, and ,

R%-R* together denote a group of general formulae IV

R*
*/NV\ */N\/\
N 5.2
NN R ) NN o
R*
N\ CH,
* */N\/\
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&%%gd%%&l@%\‘rrr 0101 HOF F F N L.~ 0-CIT'1, (491 T/EP2006/065314
OThr \-~---NN--)V(D.,) 0 0 HO 0 NO ...-? (492) .0

TN N
N0 TN
R“}/\ 3 9
0] OH
/N
*I‘N%/N " ﬁ/NO\R1
Q OH
] A A
R4.2
31 31

N\j\ N\//I\ /Rsz

o \/\N/C\N‘Rs'z s \/\N/QN

R
N RS
N
R32

wherein
R*' denotes H or HO-C(O),
R*? denotes H, H3C or HO-C(0),
R*? denotes Hor HsC,
10  R*'  denotes HO-C(0), HO-C{O)-Cy.;-alkylene-NH, HO-C(0)-C4.s3-alkylene-
N(C+.5-alkyl), HO-C(O)-Cy.r-alkylene-O, HO-C(O)-Cr.s-alkylene,

HO-C(O)-C(0), HO-C(O)-C({0)-0, HO-C(O)-C.3-alkylene-C(O) or
HO-C(O)-C1.a-alkylene-C(O)-0O,
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R5?  denotes HO-C(O)-Cys-alkylene, HO-C(O)-C{O) or HO-C(0)-Cy.5-alkylene-
G(O),

with the proviso that at least one of the groups R*', R*?, R*?, R>' or R*? denotes

a group other than H, H3C or Cy.z-alkyl,

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salfs thereof with inorganic or organic

acids or bases.

A sixth embodiment of the present invention consists of the compounds of the

above general formula i, wherein

R'  denotes a group selected from

N/* 1.1 N+ | >:O
A N
N Yo u*&
H , o and ,
wherein
R'" denotes H or HsC-O,
R?  denotes a group selected from
CH, CF, . CH, CF,
/@NHB /CENHZ /C[OH :’: :OH
: cl . Ci x C . o



JJ,FF*a0t,.0,,,\-, 110 (498) ,./- \HO OFi-GI-N-0(499) N_(

WA ROY)gPbek NH. ha, N..NO 01 \-rWihr 0 (500) HO O FPAlalriepongsioss3i4
ekNK, c-CY-C1'NW'. 10 (501) VcFF:-/Th'N N-Nh1-00\A

R*R* together denote a group of general formulae IV

*/N@/Nﬁ/lf“ */N%N/RM

T e TN
—N f \
* N
43
C O/R e 43

o-R
5  wherein

R*?  denotes H, Cyig-alkyl, (Cy.s-alkyl)sN-Cp4-alkylene,
(Cy.5-alkyl)oN-C(O)-C+.3-alkylene or R**'.C,_s-alkylene,

10 R**! denotes a group selected from

G

O
*\N \N \N/‘w *\N \N
Q '\/O

and

¥

R%'  denotes R*"'-0-C(0), R*"'-0-C(O)-C1.5-alkylene-NH,
5 R*"1.0-C(0)-Cy.5-alkylene-0, R*"1-0-C(0)-C1.5-alkylene,
R5*1.0-C(0)-C(0) or R**1-0-C(0)-C.5-alkylene-C(0),

R>*" denotes H, Cys-alkyl, phenyl, indanyl, pyridyl-CH,, HO-C,.s-alkylene,
Cqg-alkyl-0O-Cs.g-alkylene, HoN-C, 4-alkylene,
20 (Cq.g-alkyl)-NH-Cs.s-alkylene, (Cqs-alkyl);N-Cz.4-alkylene,
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HoN-C(O)-Cy.s-alkylene, {Cq.s-alkyl)}-NH-C(O)-C.s-alkylene,
(Cq.g-alkyl)2N-C(O)-Cqz-alkylene, Cqg-alkyl-C(0)-0O-C4.3-alkylene,
C1.g-alkyl-0-C(0)-0-C1.s-alkylene, R**1'-C(0O)-C,.s-alkylene or
R%'12.C, 4-alkylene,

R31'1 denotes a group selected from

— N
)

R>'"? denotes a group selected from

O

QO
o 000 L0

an

1

denotes R*#'-0-C(0)-Cy.s-alkylene, R**1.0-C(0)-C(0) or
R521.0-C(0)-C1.3-alkylene-C(O),

R%2" denotes H, Cyg-alkyl, phenyl, indanyl, pyridyl-CH,, HO-Ca.4-alkylene,
C1.g-alkyl-O-Cy.4-alkylene, HoN-Co.s-alkylene, |
(C1g-alkyl)-NH-C,4-alkylene, (Cq.g-alkyl)oN-Co.4-alkylene,
HzN-C(Q)-C1.3-alkylene, (Cq.g-alkyl)}-NH-C(O)-C.5-alkylene,
(C1.e-alkyl);N-C(O)-C+.z-alkylene, Cq.s-alkyl-C(O}-0O-C1s-alkylene,
C1.-alkyl-O-C(0)-0-Cs-alkylene, R**"1-C(0)-Cy.s-alkylene or

R%>?12.C, 4-alkylene,

R>2" denotes a group selected from
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— N
O

R%%12 denotes a group selected from

)

0O
*\N \N \N/\ —y \N
Q k/o
5 , : d :

) an

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,

particularly the physiologically acceptable salts thereof with inorganic or organic

10  acids or bases.

A preferred sixth embodiment of the present invention consists of the compounds

of the above general formula |, wherein

15 R'  denotes a group selected from

Crx, e o
d

H H O an

wherein
20
R*'  denotes H or H;C-O,

R?>  denotes a group selected from
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CH, CF, CH, CF,
/@NHZ /@NHQ :{: :OH i :OH
x ci * Cl . ¢ and ¢

R%-R* together denote a group of general formulae IV

o Nﬁ/ N@/ Rs‘z *”N%N/Rs,z
*/N\\//\\N/%N/Rs_z *f Nﬁ/ N\/\ 52

N—>N—R
*’Nﬂ/*‘? AN
° or © OH

R%'  denotes HO-C(O), HO-C({O)-Cy.3-atkylene-NH, HO-C(0O)-C4.3-alkylene-O,
HO-C(0)-C4.s-alkylene, HO-C(0)-C(O) or HO-C(O)-C.s-alkylene-C(O),

R*2  denotes HO-C(O)-Cy.5-alkylene, HO-C(0)-C(O) or HO-C(O)-C4.5-alkylene-
C(0),

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

aclds or bases.

A seventh embodiment of the present invention consists of the compounds of the

above general formula I, wherein

R'  denotes a group selected from
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wherein
R denotes H or HaC-O,

R?  denotes a group selected from

CH, CF, CH, CF,
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0 c ’ C ) e and o

R3-R* together denote a group of formulae 1V
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OH (555) ¢ FFF\rN10OaCo (556) r---\HFL.Fv.,..22,......NH2 Oa
NyHB O PEbEo 4 cd the tautomers, the digstereomers, the enantiW%P2006/065314
the hydrates, the mixtures thereof and the salts thereof as well as the

hydrates of the salts thereof, particularly the physiologically acceptable

salts thereof with inorganic or organic acids or bases. In a second aspect,

there is provided physiologically acceptable salts of the compounds as

defined above with inorganic or organic acids or bases. In a third aspect,

there is provided pha{maceutical compositions, gontaining a compound as
defin@gl:@% [ asphysiologically acceptable sé!jtoihs defined above A

optionally togethér with one or,more inext ¢arriers and/or dibfé%oj

fourth aspect, there is provided the use of alcompound as defined above
for preparing a pharmaceutical composition for the acute and prophylactic
treatment of headaches, particq\}lg/rl\y migraine, cluster headaches and
tension héad "In a fifth aépeﬁﬁ%n?ﬁgﬁfevided theuseefa, 0\)
compound as defined above for preparing &pharmaceutical compositipn

for combating non-insulin-dependent diabetes mellitus (NIDDM). Ice In a
sixth aspect, there is, provided tbe use of 3 compeund as defined abgve ™y~
for preparing a hayrlzceuticafcb/\r‘npbéﬁi kﬂﬁ)treatm’gﬁ”f\@fvx\w o]
carelibvascutay-4i s, morphine tolerance, diarrhoea caused by ©
clostridium toxin,cskin diseases, particularly thermal and radiation-induced

damage including sunburn, lichen, pruritis, pruritic toxidermies and severe

itching, inflammator d}:j]eases, e.g. inflammatoly diseased.ofthefgints
such as osteoaythritis eumaﬁt@%rtﬁ%’tis or Q/Egrogenic arthritis, wo ]
geneml*séd@of{*ﬂs%uél rheumatism (ftbrd Igia), neurogenic S
inflammation of the oral mucosa, inflammatgry lung diseaSes, allergic
rhinitis, asthma and COPD, diseases accompanied by excessive
vasodifaiation and resultant rediigedvageuiar blood flow; Stichasa
particular, sbm%r sepsis, chronie.pain,csueh as e.g. diabeﬁsfg?
neuropathies, neuropathies induced by chemotherapy, HIV-induced o
neuropathies, postherpetic neuropathies, neuropathies induced by tissue
traummiggtﬂ' al neuralgias, t8grperomandibular dysfunéﬁ%,
back pain, visgeral complaints, such as e.g./IBS (irritable bowel syndrgme)
or inflammq&%bowel syndrome, far rg@;%g pain in general or for }
preventivelor acute therapeutic treatfient of the symptoms dﬁ% t flushes
caused by vasodilatation and increased blood flow in menopausal
oestrgy\n-deficient women anqN\rl/lg&n;one-treated patients h\((E\:/E]g)rostate
carci castrated mén:Tn-a h aspect, théreis '

the use gfac ound as defined abmreparing a pharmaceuticak
compositianfgrthe treatment of irritable bowel syndrome (IBS). In an
eighth aspect, there is provided the use of a compound as defined above

for preparin harmaceutical- #ion for the preveptive,and-acute
therapeugc\?é%ﬁent of hot flushWtngen-deficient women. [n
ninth aspect; theres provided the process fof preparing a pharmja/c\e‘hti(fhl

composition as defined above, characterised in that a compound as
defined above is incorporated in one or more inert carriers and/or diluents

a group selected from WO 2007/020281-2POT/EP2006/06531

by & hen-chémical method. IcF DETA ESCRIPTION' “WFEQB
INVENTION(In Aabove general formggag' @firstembodimen;jeﬂ S
wherein |

O



5R11 denotes H or H3C-0, R2denotes a group selected from 10

SRgtes A HEOUP of general formula Il R3.1 4 3.2 is wherein XdWOOGIGGSSM

or C “denotes H, C1.3-alkyl or 12311- -C(O) 20 WO 2007/0202
-PCT/EP2006/065314 H2N-C(0)-C.3-alkylene,
(C1.3-alkyl)-NH-C(0)-Ci_3-alkylene, (C1.3-alky1)2N-C(0)-C1.3-alkylene or
R3.1.11-C2_4-alkylene, R3.111 denotes a group selected from R3.2
denotes a pair of free electrons, if X = N, or 10R3.2 denotes H, C1_3-alkyl
or R3.2,1-0-C(0), if X = C, R3.21 denotes H, C1_5-alkyl,

H2K- dﬁkﬂqﬁe, (ci_ m&ﬁ -alkyleney,_ O\j
(CL.3- aIkyl)2N _G24-alkylene, FoN -C(0)-CT_3-alkylene, %/j,r
(C1_3-alkyl)-NH-C(0)-C1_3-alkylene,

15(C1_3-alky1)2N:-c(0)-C1_3-alkylene or R32:11-C2_4-alkylene, R3.2:11. -

denma@&upws edted from %w@up of ge4 \%r/nqég‘e\)
4.14.2 R5 2 *;WO 2007/020261-4- POT, EP2086/065314 wherei

denotes C and 5 R4.1denotes H or C1_3-alkyl, or denotes N and
10R4.1denotes a paCﬂ?f free electrons, with the proviso that X and \C() \dﬁ\
OH

not simultaneously r esentI\L 2denotes/ Cl _3-alkyTo

R421:6§Q%R4n2> notes H, e2ualky

(C1..3-alkyl)-NHeC24-alkylene, (Cl 3 alky1y2N- C2_4-a|ky|ene,
H2N-C(0)-C1_3-alkylene, (C1_3-alkyl)-NH-C(0)-C13-alkylene,

(CJ;%K%N&%)-CI.3-algw\%%@\l/@gz4-alkylgm%,q \%\/O\io
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R4211 denotes a group selected from WO 2007/020261- 5
65314 0 and R4.3 denotes H,H2N-C2_4-alkyle
5%()@3 aTky NI—?CZ _4-alkylene, (C1_3- reﬁl}‘(;yl)ZN C2_4-alkylene, FeT/EP2006/065314
H2N-C(0)-C1_3-alkylene, (C1_3-alkyl)-NH-C(0)-C1_3-alkylene,
(C1_3-alky1)2N-C(0)-Ci_3-alkylene or R4.3.1-C2.4-alkylene, R4.3.1
denotes a group selected from R5.1denotes H,R5.1.1 -0-C(0), R5.
-0-C(0)-C1_3-alkylene-NH,
R5.1.1-0-C(0)-C1_3-alkyleneR5.1.1-0- C(O) C1 S-alkylene -0,
15R5.1.1-0-C(0)-C1_{3- alkyleneN )JC ), R5. L 9\)
R5.1.:4:8 G@g Cl_3-alBylene O(O) or R51"1-G:C(0)-C1_3-alkylene- CTO
R5.1.1 denote*é/hgc _8-alkyl, phenyl, indanyl, pyridyl-C1_3-alkylene,
HO-C2.4-alkylene,H2N-C2.4-alkylene, 20(C1.8-alkyl)-NH-C2.4-alkylene,
(C1_8-alkyl)2N-C2.4:alkylene, H2N-C(0)-C1_3ralkylene,
(01 8- aIkyI) NH C(O)JZ: 3- alkylene Cl 8- alky N- C(O)-C%éfﬂ?yi/\é
- -Og,\)alkylene -0-C1_3-alkylene,

R51 1.1- O fﬁ -alkylene or R5.1.1.2-0 alkylene 25 R511.1 denotes
a group selected from R5 11 2 denotes a group selected from

tesH, C13alkyl, R5.2.1-0-C(0)-C1_3-alkylene-NH,
R5 2.1°0 C‘(“(/Z\E/?\ﬁ(ylene O/ R5213:0; “3-alkylene, 5
10R5.2.1-0-C(0)- C(O) or R5.2.1-0- C(O) -Ci.3-alkylene-C(0); i.gel
H, C1.5-alkyl, phenyl, indanyl, pyridy1-01_3-alkylene, HO-C2. aIkyI
H2N-C2_4-alkylene, (01_6-alkyl)-NH-02_4-alkylene,

(C1_5-alky1)2N-C2_2#-alkylene, H2N-C(0)-C1.3~alkylene, [O]
(CLB-aMLIANG(0)-61,_3-alkylent 2, 5-gikyl-C(0)-0-C1_3-alkylene,
C1.5-alkyl-O-C(0}:0-Ci_3-alkylene, R5.2.1.15C(0)-01..3-al& N”ﬁr o

R5.2.1.2-024-alkylene, R5.211 denotes a group selected from" WO

2007/0202617-PCT/EP2006/065314 R52:I denotes a group of formula

5 with the proviso thqit at least oﬁ‘.@@e groups R3.1, R3.Z, R4.2,R5.1 or

n5.2. no/es a gro@) other th n H or C1_3-alkyl,
Y
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the tautomers, the diastereomers, the enantiomers, the hydrates, the
| of and the salts thereof as well as the hydrates of
ﬂ%ﬁ@%ﬁticularly the physiologiégl?ym acceptable salts there%?@v/i%hpzo06"06531 4
inorganic or organic acids or bases. A preferred first embodiment of the
present invention consists of the compounds of 15 the above general
formula I, wherein R1denotes a group selected from wherein R1.1
denotes H or H30-0, WO 2007/020261-8- PCT/EP2006/065314
R2denotes ?&oup selected from 5 R3denotes a group eneral

formula "2 10wherein Xdeﬁhﬁ bf C, R3.1 dene L C1” 3-alkyl
or HO-C(Q)715 R3.2 denotes a pair gifree electrons, if X = N8y, R3.2
deratés H, C1.3-alkyl or HO- , iIf X = C, 20R4denotes a group of

general formulae Il fem R4 2 ‘52 WO 2007/0202619
-PCT/EP2006/065314 OHOH wherein denotes C and 5 R4.1denotes H
or G'_T::g%t!fyfror denotes N a denotes a pair of.f egtrons,
with the’proviso that X and Y do nét'simultaneously represerit {é_Z/
denotes H, C1_3-alkyl or HO-C(0), denofes H, _3-alkyl, HO-C(0
HO-C(0)-C1_3-alkylene-NH, C}‘ — 3 —_
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HO-C(0)-C1-3- alkylene-N(Ci.3-alkyl), HO-C(0)-C1_3-alkylene-0,

calkylene, HO-C(0)-C(0), HG-C(0)-C(0)-0, HO'C(O)'géI)?EP2006/O6531 4
alkylene-C(0) or HO-C(0)-C1_3-alkylene-C(0)-0, 20 WO 2007/020261-
10-PCT/EP2006/065314 with the proviso that at least one of the groups
R3.1, R3.2, R4.2, R5.1R52 denotes a group other than H or C1_3-alkyl,
the tautomers, the diastereomers, the enantiomers, the hydrates, the
mixtures 5thereof and the salts thereof as well as the hydrates of the salts
thereof, particularly the physiologically acceptable.salts thereof with
inorg%tnﬁé/er%?ﬁ&afﬂ@ acids or bé@”@§gmd%bodiment of the LO
present invention ¥onsists of the compounds of the 10abet&genetalo
formula I, wherein R1denotes a group selected from 15 wherein R1.
denotes H or H3C-0, 20 R2denotes a group selected from R3denotes a
grogpggggg%@ fofmula Il WQN@QZ\/Q&(/)g%El; -PO17ER2006/P65314
R3.1 X-R R'3Z wheré&in 5Xdenotes N or C, R3-denotes H, C1.3-alkyber
R3-1-1 denotes HO, C1.6-alkyl-0, 10 R3'2 denotes a pair of free electrons,
if X =N, or,R3-2 denotes H or C1-~3-alkyl, if X = C, 15R4denqtes-a group
of gé’ﬁé’%{r‘f rr%trgae [l Where"l’ﬁq:&f s Cand R4.1den*0%i-7$$1
C1_3-alkyl, or WO 2007/020261°12°“PCT/EP2006/065314R451denotes
a pair of free electrons, with the proviso that X and Y do not
simultaneously represent N, R4.2 denotes H, C1_3-alkyl or R4.2.1
o réo'}g&tlc;':%ércs:,lth%_%lijéy:slfgfeaor}rqeﬁé hdeegggen%iyml_ézrsl\l,_t%%‘#iglué){é%??ﬁe mixtures

thereof and the salts thereof as well as the hydrates of the salts thereof,

Q

particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

The following compounds are also mentioned as examples of most particularly

preferred compounds of the above general formula |

No. Structure
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10(C1.3-alkyl)-NH-C2_4-alkylene, (Ci..3-alky1)2N-C24-alkylene,

lkylene, (C1_3-alkyl)-NH-C(0)-C1.3-alkylene,
@2?,@%?&?/%%2&%(0) Ci_3-alkylene or R?% 1-C2..4-alkylene, R431]:)CT/EPZO(36/065314
denotes a group selected from R5.1 denotes R531-0-C(0),
R5.11-0-C(0)-C1_3-alkylene-NH, R5.11-0-C(0)-C1_3-alkylene-0,
R5.1.1-0-C(0)-C1_3-alkylene, 20R5.1.1-0-C(0)-C(0) or
R5.1.1-0-C(0)-C1.3-alkylene-C(0), R5:1:1 denotes H, C1_5-alkyl, phenyl,

yl,|pyridyl-C1_3-al -C2_4-alkylene,
D1_6-alkyl-O-C2.4- alkvllgnlgnlg lf\ll_ll%z 4-alkylene,

C1,6-alkyl)-NH-C24- alkylenefggl 6-alky1)2N-C2_ 4-alkylene,

25H2N-C(0)-C1.3-alkylene, ( falkyl)-NH-C(0)-01_3-alkylene,
(C14p-dlky1)2N-C(0) § ene, C1_5-alkyl-C(D)-0-C1_3-alkylene,
R5.1.1.1-C( %@eﬂ%r%t@@ﬁﬁlﬁ&kylene, WO 2007/020261-
13-PCT/EP2006/065314 R511.1 denotes acgroup $elected from 5R5'112

a.-AroHR-ea

nata ]
enotesa yroup DCICLLCU IIUII e F\JL UCIIULCO

R521-04C(0)-C1_3-alkylene-NH, R5.2.1-0-C(0)-C1,3-alkylene-O0,
035 .1-0-C(0)-C1_3-alkylen 52 1-0-C(0)-C(0)|or
R5 ﬂ C(Om-a Jil% §JJ\ denates H| C1_8-alkyl, phenyl,
ndanyl, pyr ernev HO-CZ4¥al Iehe H2N-C2_4-alkylene,
15(C1_6-alkyl)-NHC2.4-alkylene, (C6-alky1)2N-C2_4-alkylene,

H2N-C(D)-C1.3-alkylene, (CE)&EA)-NH-C(O)-Cl__3-a|kylene,

C1.5-alky1)2N-C(0)-Ci_3-alk @ C1_6-alkyl-O-C(0)-0-C1.3-alkylene,
R5%1:1-C(0)-C1... 3 alkylene 12-C24-aglkylene, 20 R5.21.1 denotes
a group;sel @ %’amét;Waﬁq 261- 14
-PCT/EP2006/085314 00 the tautomers, the diastereomers, the
pantion ners, the h\/rlr:n“nc the #nmvh es-thereof and the salts thereof as
well as the hydrates of the salt¥thereof, 5particularly the physiologically
acceé)taxble salts thereof Wlthiganlc or organic dacids or bases. A

pre(i7 rred mﬂ m Qﬁe presentiinvention consists of the
compounds rélﬂdr wa”l\%/!herem 10 denotes a group
selected from *15 ‘?Nherem Rl*l denotes H or'H3C-0, R2denotes a group
selected from FEE

(8)

@\\ ‘LNAO/\Q’ \%' /\/”\

(9)

(10)




20 Ra3denotes a group of general formula Il WO 2007/020261- 15

R J5h28964365314 R31 4 R 32 whereiy,5 Xdenotes N or C, R3 BcT/EP2006
denotes H, C1.3-alkyl or HO-C(0), 10R3'2 denotes a pair of free electrons, 065314
if X =N, or R3.2 denotes H or C1_3-alkyl, if X = C, R4denotes a group of

general formulae 1l 15 wherein 20Ydenotes C and R4-1denotes H or

C1_3-alkyl, or denotes N and 25 R4.1denotes a pair of free electrons,

with the

roviso that X and Y do not simultaneously represent N, R42

lenotes
N) (0)
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R3.1.1 denotes H, C1_6-alkyl, (C1_3-alky1)2N-02,4-alkylene,

Q% 3oaikebi-0(0)-01_3-alkylene or R3,4.1.1-02.4-alkylene, 5 Ra3d+}dpro008/065314
denotes a group selected from 10R3.2 denotes H, 01_3-alkyl or

R321-0-0(0), R3.2.1 denotes H, 01_6-alkyl,

(C1_3-alky1)2N-02_4-alkylene, (01_3-alky1)2N-0(0)-C1_3-alkylene or
R32.1.1-024-alkylene, 15R32.1.1 denotes a group selected from

R4.1denotes H or 01_3-alkyl, R4.2 denotes H, 01_3-alkyl or

R4, 1-0-0(0), R4.2.1 deggfgs &}, 91_6-alkyl,
01_3-alky1)2N-C2.4-alkylene, (01_3-alky1)2N-0(0}-C1_3-alkylene or
R4.2.1.1-02_4-alkylene, R4 2 1.%&3tes a group selected from WO

2007/020261- 19-POT/EP2006/0 *  R4.3 denotes
H,H2N-C2_4-alkylepe, 5( _4-alkylene,
01 3-a kyl)ZN%%r@e . 1.3-alkylene,
01.3- alkyl) NH C(O)+ 3-a kylene (C1°3 %Ikyl)Zl I-C(0)-Ci_3-alkylene or

R431-02—4-atkylene;R4:3:1-denotesagroup-setected from 10

R5.1denotes H, H3C, R51.1-0-0(0), R511-0-C(0)-01_3-alkylene-NH,

Qg:ﬁélo 0(p)-01 3alkylene- (01 3-alkyl),
R5.T.1-0-C{ ehe-0,115R511:0-C(Q)-CiRR511-0-0(0)-0(0),
R511-040(0)- R -0-C{0)-C1 “3-4lkyerie-G(0) or

R5'11-01C(0)-01 3- alkylene 0(0)-0 1 R5.1.1 denotgs H, 01_8-alkyl,
bhenyl, |ndanyl, pyridy1-01_3- agylene HO-C2_4-dlkylene,

D1 6-alky1-0-02_4-alkylene, F -.C2_4-alkylene,

20(24).6-alkyl)-N -02 4 -al (C1 6-alky1)21\1-C2_4-alkylene,
E121\1- 0(0) -aI @m@éﬂ%yi'};ﬁl )-01 | 3-alkylene,
C1_6-alky1)2N-C(0y- 01 3 alkylene 01_6-akkyl-0(Q)-0-01_3-alkylene,
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15(C1_6-alkyl)-NH-C24-alkylene, (C1.6-alky1)2N-C2_4-alkylene,

AN E4P)ISdearalkylene, (C1_6-alkyl)-Nd-C(0)-Ci_3-alkylene,
(01_6-alky1)2N-C(0)-C1_3-alkylene, C1_6-alkyl-C(0)-0-C1.3-alkylene,
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0_6-alkyl-O-C(0)-0-01.3-alkylene, R52.1.1-C(0)-C1_3-alkylene or
R5.212-C2_4-alkylene, 20 R5211 denotes a group selected from WO
20071020261-21 -PCT/EP2006/065314 R5'21 denotes a group of
formula 5 with the proviso that at least one of the groups R3.1, R3.2,
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R5.2 denotes H, H3C, HO-C(0)-C1..3-alkylene-NH,
= = s erne -0, HO-C(0)-C1.3-, lene, HO-C(0)-C(0) of,

;lgo%%@_gg alkylene-C(0), with theéé)‘r(gwso that at least one ofct-lq'IEPz006/063314
groups R3-1, R32, R42, R5'1 or R5.2 denotes 20a group other than H,
H30 or C1_3-alkyl, the tautomers, the diastereomers, the enantiomers, the
hydrates, the mixtures thereof and the salts thereof as well as the
hydrates of the salts thereof, particularly the physiologically acceptable
sal c;hereof with i morgangt Al otrganlc 25acids or bases. A fourth

mbodiment of the presen [fVention consists of the compounds of the
ibove general formula I, whereip WO 2007/020261- 24
PCDEPR006/065314 wherejfi §R" denotes H or H3C-0, R2denotes a
rddg select @ﬁ4 ;toge er denote a group of general formulae
v wherein 61-25-PCHEF2§061065314 R3.1denotes H,
R3.2 denotes H d‘r C1_3-alkyl, 5R4 1denote% H or C1_3-alkyl, R4.2
enotes|H, R4.3 denotes H, C1B-alkyl, H2N-C2_4- Ikylene
p(C1_3-alkyl)-NH-C2-4-alkylepey(€1_3-alkyl)2N-C24-alkylene,

12@35.‘)(( C1l 3- @gp “atkyl)-NH- C(a) -C1; 3-alkylene,
C1.3-alkyl) {i alkyle 4-a|ky|ene R4.3.1
enotes ja group % ected from 15 R5. 1denote's R5.1.1-0-C(0),
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15.1.1-O-C(0) -C1_3-alkylene, 5{1.1-0-C(0)-C(0)or
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H2N-C24-alkylene, 15(C1_6-alkyl)-NH-C24-alkylene,

/36]2)(%\6 C2_4-alkylene, H2N-C(0);C1_3-alkylene,

& SRi%
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(Ci..6-alkyl)-NH-C(0)-C1_3-alkylene, (C1.6-alky1)2N-C(0)-C1..3-alkylene,
C1..6-alkyl-O-C(0)-0-C1.3-alkylene, R5.2.1.1-C(0)-C1_3-alkylene or
R5.2.12-C2_4-alkylene, 20 R5.2.1.1 denotes a group selected from WO

2007/020261- 27 -PCT/EP2006/065314
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10 wherein denotes H or H30-0, 15 R2denotes a group selected from
RAHR4jeastheidenote a group of genergdjormulae IV 52 C \N"PH?’}%PZOOES/OGS:SM
wherein R31 denotes H or R311-0-C(0), WO 2007/020261-31

-PCT/EP2006/065314 R3.1.1 denotes H,(C1..3-alkyl)2N-C2_4-alkylene,
(01,3-alkyl)2N-C(0)-03-alkylene or R3.1.1.1-C2_4-alkylene, R3111

denotesa group 5 R3'2 denotes H, H3C or R3.2.1 denotes

H,(C1 3-alkyl)2NI-C2 4-alkylene, 10(C1..3-alky1)2N-C(0)-01..3-alkylene

ar .2.1.1-C24-a|kylenesli\>%@|_ﬂ%notes a group 15R4.2 denotes H or
H3C, R4.3denotes H,(Cl alky1)21\1-C2.4-alkylene,
(C1.3-alky1)2N-C(0)-01_3-alkylene or R4.3.1-C2.4-alkylene, 20R4.31
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R51.1.1 denotes a group selected from

C1l 5-a

R5112 denotes a group

sele 6120R52 denotes H, H3C, 43521-0-0(0)-01_3- alkylerFECT/EPZD{)ﬁ/O%am
R521-0-C(0)- O(O) or R5.2.1-0-C(0)-01.3-alkylene-C(0), R5.2.1 denotes H,

01_8-alkyl, phenyl, indanyl, pyridyl-CH2, HO-02_4-alkylene,

lky1-0-024-alkylene, 25H2N-C2_4-alkylene,

(01_6-alkyl)-NH-024-alkylene, (C1_6-alky1)2N-C2_4-alkylene,
H2N-C(0)-01_3-alkylene, (C1 8-alkyl)-NH-C(0)-C1 3-alkylene,
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52 -CH3\NR WO 2007/020261- 35 -PCT/EP2006/065314 OH

otes H or HO-C(0), 5 Rl_%é denotes H, H3C or HO:
\g\l@ genoies Ig-?or H3C, 10R5I denotes HO-C(0), FePkp200si065314

HO-C(0)-Ci..3-alkylene-NH, HO-C(0)-C1_3-alkylene- N(C1_3-alkyl),
HO-C(0)-C1.3-alkylene-0, HO-C(0)-C1_3-alkylene, HO-C(0)-C(0),
HO-C(0)-C(0)-0, HO-C(0)-C1_3-alkylene-C(0) or
HO-C(0)-C1_3-alkylene-C(0)-0, WO 2007/020261-36
{PCT/EP2006/065314 R édeéj-lotes HO-C(0)-C1_3-alkylene,

-87(0 -C(0) or HO-C(0O % 5ﬁ<yleneC(O) with the proviso that at least
one of the groups R3.1, R3. 2{; .2, 31 R-. or R52 denotes 5a group other

than H, H30 or C1_3-alkyl, t omers, the diastereomers, the
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vell as t drate ﬁ@@aﬂsir‘he:@of @ﬂarly the physiologically
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R5.25.2 5 wherein R43denotes H, 01_6-alkyl,

( %I:l; %Cm-alkylene, (C1_3-alky1)2N-C(0)-C1_3-alkylen
F@]%il{} 2>é -a 1y|ene, loR4.3.1 denotes égg'roup selected from

R5.1denotes R51.1-0-C(0), R5.1 -0-C(0)-C1_3-alkylene-NH,

15R5.1.1-0-C(0)-C1_3-alkylene-0, R5-1.1-0-C(0)-C
R5.1.1-0-C(0)-C(0) or R5.1.1-0-C(0)-C1_3-alkylene

H, 01_8-alkyl, phenyl, indanyl, pyridyl-CH2, HO-C2_.
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-C(0), R5.1.1 denotes
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wherein R1-1 denotes H or H30-0, R2denotes a group selected from WO
%y&fﬂg%ﬁép -PCT/EP2006/065314 £3-R4 together denote a@&‘)@ﬁo% 106531
general formulae IV R5.2",..--N------ \1/4 \------ N R5.2 N------ \5.2 4
\-ommeeeee NR o0oOH /.2,--,,00H 5 R5:I denotes HO-C(0),
HO-C(0)-C1.3-alkylene-NH, HO-C(0)-C1_3-alkylene-0,

HO-C(0)-C1_3-alkylene, HO-C(0)-C(0) or HO-C(0)-C1_3-alkylene-C(0),

R5.2 denotes HO-C(0)-C1_3-alkylene, HO-C(0)-C(0) or

HQ-C(0)-C1_3-alkylene é1 e tautomers, the diastereomers, the

er%ﬁtio mers, the hydrat;ésll,? ge1 lgn‘llaxtures thereof and the salts thereof as

well as the hydrates of the sgfs thereof, particularly the physiologically

acceptable salts thereof wit ganic or organi¢ 15acids or bases. A
se\enth embodiment of ¢he nt invention sists of the compounds
of the abolve fienrd| formula |-mheret 7/020261-41
-PCT/EP2006 314 wherein R1.1 denotes H or H3C-0, R2denotes a
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the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.
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TERMS AND DEFINITIONS USED

Unless otherwise stated, all the substituents are independent of one another. If for
example there are a plurality of Cys-alkyl groups as substituents in one group, in
the case of three Cqg-alkyl substituents, independently of one another, one may

represent methyl, one n-propyl and one fert-butyl.

Within the scope of this appiication, in the definition of possible substituents, these
may also be represented in the form of a structural formula. If present, an asterisk
(*) in the structural formula of the substituent is to be understood as being the

linking point to the rest of the molecule.

The subject-matter of this invention also includes the compounds according to the
invention, including the salts thereof, wherein one or more hydrogen atoms, for

example one, two, three, four or five hydrogen atoms, are replaced by deuterium.

By the term "Cys-alkyl" (including those which are part of other groups) are meant
branched and unbranched alkyl groups with 1 to 3 carbon atoms, by the term
"Cig-alkyl" are meant branched and unbranched alkyl groups with 1 to 6 carbon
atoms and by the term "Cq.g-alkyl" are meant branched and unbranched alky!
groups with 1 to 8 carbon atoms. Examples include: methyl, ethyl, n-propvt, iso-
propyi, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, nec-pentyl,
hexyl, heptyl and octyl. The following abbreviations may optionally also be used for
the above-mentioned groups: Me, Et, n-Pr, i-Pr, n-Bu, -Bu, +-Bu, efc.. Unless
stated otherwise, the definitions propyl, butyl, pentyl, hexyl, heptyl or octy! include
all the possible isomeric forms of the groups in question. Thus, for example, propyl
includes n-propyl and iso-prepyl, butyl includes iso-butyl, sec-butyl and ferf-butyl

etc..

By the term "C,s-alkylene"” (including those which are part of other groups) are

meant branched and unbranched alkylene groups with 1 to 3 carbon atoms and by
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the term "Cp.4-alkylene” are meant branched and unbranched alkylene groups with
2 to 4 carbon atoms. Examples include: methylene, ethylene, ethane-1,1-diyl,
propylene, propane-2,2-diyl, 1-methylethylene, butylene, 1-methylpropylene, 1,1-
dimethylethylene, 1,2-dimethylethylene. Unless stated otherwise, the definitions
propylene and butylene include all the possible isomeric forms with the same
number of carbons. Thus, for example, propyl also includes 1-methylethylene and

butylene includes 1-methylpropylene, 1,1-dimethylethylene, 1,2-dimethylethylene.

It should also be mentioned that within the scope of the present invention the

terms "alkytene" and "alkylenyl" are used synonymously.

Compounds of general formula | may have acid groups, mainly carboxyl groups,
and/or basic groups such as e.g. amino functions. Compounds of general formula |
may therefore be present as internal salts, as salts with pharmaceutically useable
inorganic acids such as for example hydrobromic acid, phosphoric acid, nitric acid,
hydrochloric acid, sulphuric acid, methanesulphonic acid, ethanesulphonic acid,
benzenesulphonic acid, p-toluenesulphonic acid or organic acids such as for
example malic acid, succinic acid, acetic acid, fumaric acid, maleic acid, mandelic
acid, lactic acid, tartaric acid, citric acid or as salts with pharmaceutically useable
bases such as alkali or alkaline earth metal hydroxides, e.g. sodium hydroxide or
potassium hydroxide, or carbonates, ammonia, zinc or ammonium hydroxides or
organic amines such as e.g. diethylamine, triethylamine, ethanolamine,

diethanolamine, triethanolamine, cyclohexylamine, dicyclohexylamine, inter alia.

The invention relates to the compounds in guestion, optionally in the form of the
individual optical isomers, mixtures of the individual enantiomers or racemates, in
the form of the tautomers as well as in the form of the free bases or the
corresponding acid addition salts with pharmacologically acceptable acids - such
as for exampie acid addition salts with hydrohalic acids - for example hydrochioric
or hydrobromic acid - or organic acids — such as for example oxalic, fumaric,

diglycolic or methanesulphonic acid.
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The compounds according to the invention may be present as racemates, if they
have only one chiral element, but may also be present as pure enantiomers, i.e. in
{R) or (S} form. Preferred compounds are those which are in the form of

racemates or in the (R) form.

However, the application also encompasses the individual diastereomeric pairs of
antipodes or mixtures thereof, which are obtained if there is more than one chiral
element in the compounds of general formula |, and the individual optically active

enantiomers of which the above-mentioned racemates are made up.

The invention relates to the compounds in guestion, optionally in the form of the
individual optical isomers, mixtures of the individual enantiomers or racemates, in
the form of the tautomers as well as in the form of the free bases or the
corresponding acid addition salts with pharmacologically acceptable acids - such
as for example acid addition salts with hydrohalic acids - for example hydrochloric
or hydrobromic acid - or organic acids - such as for example oxalic, fumaric,

diglycolic or methanesulphonic acid.

METHODS OF PREPARATION
The compounds of general formula | are prepared by methods known in principle.
The following methods have proved particularly useful for preparing the

compounds of general formula | according to the invention:

{a)  For preparing compounds of general formula | wherein all the groups are as

hereinbefore defined:

coupling a carboxylic acid of general formula V
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wherein R and R? are as hereinbefore defined, with an amine of general formula
Vi

H-R*-R* ,

wherein R® and R* are as hereinbefore defined, the linking taking place via the
nitrogen atom of R®.

Before the reaction is carried out any carboxylic acid functions, primary or
secondary amino functions or hydroxy functions present in the groups of the amine
of formula H-R®R* may be protected by conventional protective groups and after
the reaction has taken place any protective groups used may be cleaved again

using methods familiar to those skilled in the art.

The coupling is preferably carried out using methods known from peptide
chemistry (cf. e.g. Houben-Weyl, Methoden der Organischen Chemie, Vol. 15/2),
for example using carbodiimides such as e.qg. dicyclohexylcarbodiimide (DCC),
diisopropyl carbodiimide (DIC) or ethyl-(3-dimethylaminopropyl)-carbodiimide,
O-(1H-benzotriazol-1-yi)}- N.N-N' N'-tetramethyluronium hexafluorophosphate
(HBTU) or tetrafluoroborate (TBTU) or 1H-benzotriazol-1-yl-oxy-
tris-(dimethylamino)-phosphonium hexafluorophosphate (BOP). By adding
1-hydroxybenzotriazole (HOBt) or 3-hydroxy-4-oxo-3,4-dihydro-1,2,3-benzotriazine
(HOODbt) the reaction speed can be increased. The couplings are normally carried
out with eguimolar amounts of the coupling components as well as the coupling
reagent in solvents such as dichloromethane, tetrahydrofuran, acetonitrile,
dimethyl formamide (DMF), dimethyl acetamide (DMA), N-methylpyrrolidone

(NMP) or mixtures thereof and at temperatures between -30°C and +30°C,
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preferably -20°C and +25°C. If necessary, N-ethyl-diisopropylamine (Hiinig base)

is preferably used as an additional auxiliary base.

The so-called "anhydride process” is used as a further coupling method for
synthesising compounds of general formula | (cf. also: M. Bodanszky, "Peptide
Chemistry”, Springer-Verlag 1988, p. 58-59; M. Bodanszky, "Principles of Peptide
Synthesis", Springer-Verlag 1984, p. 21-27). The Vaughan variant of the "mixed
anhydride process” is preferred (J.R. Vaughan Jr., J. Amer. Chem. Soc. 73, 3547
{1951)), in which the mixed anhydride of the carboxylic acid of general formula V
which is to be coupled and monoisobutyl carbonate is obtained, using isobutyl
chlorocarbonate in the presence of bases such as 4-methylmorpholine or
4-ethylmorpholine. The preparation of this mixed anhydride and the coupling with
the amines of general formula VI are carried out in a one-pot process, using the
above-mentioned solvents and at temperatures between -20°C and +25°C,
preferably 0°C and +25°C.

(b) For preparing compounds of general formula | wherein all the groups are as

hereinbefore defined:

coupling a compound of general formula VIl

wherein R' and R? are as hereinbefore defined and Nu denotes a leaving group,
for example a halogen atom, such as the chlorine, bromine or iodine atom, an
alkylsulphonyloxy group with 1 fo 10 carbon atoms in the alkyl moiety, a phenyl-
sulphonyloxy or naphthylsulphonyloxy group optionally mono-, di- or trisubstituted

by chlorine or bromine atoms, by methyl or nitro groups, wherein the substituents
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may be identical or different, a 1H-imidazol-1-yl, a 1H-pyrazol-1-yl optionally
substituted by one or two methyl groups in the carbon skeleton, a 1+-1,2,4-triazol-
1-yl, 1H-1,2,3-triazol-1-yl, 1H-1,2,3,4-tetrazol-1-yi, a vinyl, propargyl, p-nitropheny,
2,4-dinitrophenyl, trichlorophenyl, pentachlorophenyl, pentaflucrophenyl, pyranyl
or pyridinyl, a dimethylaminyloxy, 2(1H)-oxopyridin-1-yl-oxy, 2,5-dioxo-
pyrrolidin-1-yloxy, phthalimidyloxy, 1H-benzotriazol-1-yloxy or azide group, with an

amine of general formula Vi
H-R*-R* ,

wherein all the groups are as hereinbefore defined and the link is effected via the

nitrogen atom of the amine R®.

Before the reaction is carried out any carboxylic acid functions, primary or
secondary amino functions or hydroxy functions present in the groups of the amine
of general formula VI may be protected by conventional protective groups and
after the reaction has taken place any protective groups used may be cleaved

again using methods familiar to those skilled in the art.

The reaction is carried out under Schotten-Baumann or Einhorn conditions, i.e. the
components are reacted in the presence of at least one equivalent of an auxiliary
base at temperatures between -50°C and +120°C, preferably -10°C and +30°C,
and optionally in the presence of solvents. The auxiliary bases used are preferably
alkali metal and alkaline earth metal hydroxides, e.g. sodium hydroxide, potassium
hydroxide or barium hydroxide, alkali metai carbonates, e.g. sodium carbonate,
potassium carbonate or caesium carbonate, aikali metal acetates, e.g. sodium or
potassium acetate, as well as tertiary amines, e.g. pyridine, 2,4,6-trimethylpyridine,
quinoline, triethylamine, N-ethyl-diisopropylamine, N-ethyl-dicyclohexylamine,
1,4-diazabicyclo[2,2,2]octane or 1,8-diazabicyclo{5,4,0lundec-7-ene, the solvents
used may be, for example, dichloromethane, tetrahydrofuran, 1,4-dioxane,

acetonitrile, dimethyt formamide, dimethyl acetamide, N-methyl-pyrrolidone or
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mixtures thereof; if alkali metal or alkaline earth metal hydroxides, alkali metal
carbonates or acetates are used as the auxiliary bases, water may also be added

to the reaction mixture as cosolvent.

The new compounds of general formula I according to the invention contain one or
more chiral centres. If for example there are two chiral centres present, the
compounds may occur in the form of two diastereomeric pairs of antipodes. The

invention includes the individual isomers as well as the mixtures thereof.

The diastereomers may be separated on the basis of their different physico-
chemical properties, e.g. by fractional crystallisation from suitable solvents, by high
pressure liquid or column chromatography, using chiral or preferably non-chiral

stationary phases.

Racemates covered by general formula | may be separated for example by HPLC
on suitable chiral stationary phases (e.g. Chiral AGP, Chiralpak AD). Racemates
which contain a basic or acidic function can also be separated via the
diastereomeric, optically active salts which are produced on reacting with an
optically active acid, for example (+) or (-)-tartaric acid, (+} or (-)-diacety! tartaric
acid, (+) or (--monomethyl tartrate or (+) or (-)-camphorsulphonic acid, or an
optically active base, for example with (R)-(+)-1-phenylethylamine, (S)-(-)-1-

phenylethylamine or (S)-brucine.

According to a conventional method of separating isomers, the racemate of a
compound of general formuia | is reacted with one of the abovementioned optically
active acids or bases in equimolar amounts in a solvent and the resulting
crystalline, diastereomeric, optically active salts thereof are separated using their
different solubilities. This reaction may be carried out in any type of solvent
provided that it is sufficiently different in terms of the solubility of the salts.
Preferably, methanol, ethanot or mixtures thereof, for example in a ratio by volume

of 50:50, are used. Then each of the optically active salts is dissolved in water,
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carefully neutralised with a base such as sodium carbonate or potassium
carbonate, or with a suitable acid, e.g. with dilute hydrochloric acid or aqueous
methanesulphonic acid, and in this way the corresponding free compound is
obtained in the (+) or (-} form.

The (R) or (S) enantiomer alone or a mixture of two optically active diastereomeric
compounds covered by general formula | may also be obtained by performing the
syntheses described above with a suitable reaction component in the (R) or (S)

configuration.

The hydroxycarboxylic acids of general formula V needed as starting compounds

may be obtained by reacting piperidines of general formula VI
i
RN

wherein R is as hereinbefore defined, with carbonic acid derivatives of general

formula IX

O

A

Y Y

wherein Y' and Y? represent nucleofugic groups, which may be identical or

different, preferably the chlorine atom, the p-nitrophenoxy or trichloromethoxy

group,

and with compounds of general formula X
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wherein R?is as hereinbefore defined and 2 denotes a protective group for a
carboxy group, for example a C4¢-alkyl or an optionally substituted benzyl group,
wherein the alkyl groups may be straight-chain or branched and the benzyl group

may be substituted by one or two methoxy groups.

Preferably Z' denotes the methyt, ethyl, tert-buty! or benzyt group. Before the
reaction is carried out any hydroxy functions present in the group R? of a
compound of formuta (V1) may be protected by conventional protective groups and
after the reaction is complete any protective groups used may be cleaved again

using methods familiar to the skilled man.

In a first step the compounds of general formuia VIl are reacted with the carbonic
acid derivatives of general formula IX in a solvent, for example in dichloromethane,
THF, pyridine or mixtures thereof, at a temperature between -20°C to 50°C in the
presence of a base, for example triethylamine, pyridine or ethyldiisopropylamine.
The intermediate thus formed may be purified or reacted further without
purification. The reaction of these intermediates with compounds of general
formula X also takes place in one of the above-mentioned solvates and at the
temperatures specified above, in the presence of a base, such as triethylamine or
pyridine, with or without the addition of an activating reagent, such as e.g. 4-
dimethylaminopyridine. To activate them the compounds of general formula X may
also be deprotonated using a metal hydride, such as e.g. NaH or KH, while in this

case there is no need for the base or the activating reagent to be present.

The starting compounds of formula Vill and IX are either commercially obtainable,
known from the literature or may be prepared using methods known from the

literature.

One way of obtaining compounds of general formula X comprises reacting

aldehydes of general formula Xl
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wherein R?is as hereinbefore defined, with N-acetylglycine in acetic anhydride as
solvent in the presence of alkali metal acetate, preferably sodium or potassium

acetate, at suitable temperatures, preferably at 80 to 130°C.

The azlactones obtained as primary product are hydrolysed without being isolated

to form the compounds of general formula XIt

RZ
i
LA o
Vol

wherein R? is as hereinbefore defined. By further reaction in the presence of
agueous inorganic acids, such as sulphuric, phosphoric or hydrochloric acid, but

preferably hydrochloric acid, compounds of general formula Xl are obtained

wherein R? is as hereinbefore defined.
These are then converted with suitable reducing agents into the compounds of
general formula XV

RZ

0
HOL‘T “H

0]
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wherein R? is as hereinbefore defined.

Suitable reducing agents are alkali metal borohydrides, such as sedium or
potassium borohydride. Other suitable reducing agents are chlorodialkylboranes,
such as chlorodicyclohexylborane. if chiral chlorodialkylboranes, such as e.g. B-
chlorodiisopinocampheylborane, are used, the compounds of general formula XV
may be isolated in enantiomerically pure form. The further reaction of compounds
of general formula XIV to form compounds of general formula X is carried out in an
alcoholic medium, preferably in methanol or ethanol, in the presence of a suitable
acid, such as hydrochloric acid. Alternatively, the reaction may be carried out by

reacting with thionyl chioride in alcoholic solvents, preferably methanol.

All the compounds of general formula | which contain primary or secondary amino,
hydroxy or hydroxycarbonyl functions are preferably obtained from precursors with
protective groups. Examples of protective groups for amino functions include a
benzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, 4-nitro-benzyloxycarbonyl,
4-methoxy-benzyloxycarbonyl, 2-chloro-benzyloxycarbonyl, 3-chloro-
benzyloxycarbonyl, 4-chloro-benzyloxycarbonyl, 4-biphenylyl-a,a-dimethyi-benzyl-
oxycarbonyt or 3,5-dimethoxy-o,a-dimethyl-benzyloxycarbonyl group, an
atkoxycarbonyl group with a total of 1 to 5 carbon atoms in the alkyl moiety, for
example the methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, iso-
propoxycarbonyl, n-butoxycarbonyl, 1-methylpropoxycarbonyl, 2-methyipropoxy-
carbonyi or tert-butyloxycarbony! group, the allyloxycarbonyl, 2,2,2-trichloro-
(1,1-dimethylethoxy)carbonyi or 9-fluorenylmethoxycarbony! group or a formyl,

acetyl or trifluoracetyl group.
Examples of protective groups for hydroxy functions include a trimethyisilyl,
triethylsilyl, triilsopropyl, tert-butyldimethylsilyl or fert-butyldiphenylsilyl group, a tert-

butyl, benzyl, 4-methoxybenzyl or 3,4-dimethoxybenzy! group.

Examples of protective groups for hydroxycarbonyl functions include an alkyl
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group with a total of 1 to 5 carbon atoms, for example the methyl, ethyl, n-propyt,
isopropyl, n-butyl, fert-butyt, allyl, 2,2,2-trichloroethyl, benzyl or 4-methoxybenzyl
group.

The compounds of general formula 1 obtained may, if they contain suitable basic
functions, be converted, particularly for pharmaceutical use, into their
physiologically acceptable salts with inorganic or arganic acids. Suitable acids
include for example hydrochloric acid, hydrobromic acid, phosphoric acid, nitric
acid, sulphuric acid, methanesulphonic acid, ethanesulphonic acid,
benzenesulphonic acid, p-toluenesulphonic acid, acetic acid, fumaric acid, succinic

acid, lactic acid, mandelic acid, malic acid, citric acid, tartaric acid or maleic acid.

Moreover, if they contain a carboxylic acid function, the new compounds of
formuta | may be converted into the addition salts thereof with inorganic or organic
bases, particularly, for pharmaceutical use, into their physiologically acceptable
addition salts. Suitable bases for this include for example sodium hydroxide,
potassium hydroxide, ammonia, cyclohexylamine, dicyclohexylamine,

ethanolamine, diethanolamine and triethanolamine.

The present invention relates to racemates if the compounds of general formula |
have only one chiral element. However, the application also includes the individual
diastereomeric pairs of antipodes or mixtures thereof which are obtained if there is
more than one chiral element in the compounds of general formula 1, as well as
the individual optically active enantiomers of which the above-mentioned

racemates are made up.

Also included in the subject matter of this invention are the compounds according
to the invention, including the saits thereof, in which one or more hydrogen atoms,
for example one, two, three, four or five hydrogen atoms, are replaced by

deuterium.
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The new compounds of general formula I and the physiologically acceptable salts
thereof have valuable pharmacological properties, based on their selective CGRP-
antagonistic properties. The invention further relates to pharmaceutical
compositions containing these compounds, their use and the preparation thereof.
The new compounds mentioned above and the physiologically acceptable salts
thereof have CGRP-antagonistic properties and exhibit good affinities in CGRP
receptor binding studies. The compounds display CGRP-antagonistic properties in

the pharmacological test systems described hereinafter.
The following experiments were carried out to demonstrate the affinity of the
above-mentioned compounds for human CGRP-receptors and their antagonistic

properties:

A. Binding studies with SK-N-MC cells (expressing the human CGRP receptor)

SK-N-MC cells are cultivated in "Dulbecco’s modified Eagle medium". The medium
is removed from confluent cultures. The cells are washed twice with PBS buffer
(Gibco 041-04190 M), detached by the addition of PBS buffer mixed with 0.02%
EDTA, and isolated by centrifuging. After resuspension in 20 ml of "Balanced Salts
Solution” [BSS (in mM): NaCi 120, KCi 5.4, NaHCO3 16.2, MgSQ0, 0.8, NaHPO,
1.0, CaCl, 1.8, D-glucose 5.5, HEPES 30, pH 7.40}] the cells are centrifuged twice
at 100 x g and resuspended in BSS. After the number of cells has been
determined, the cells are homogenised using an Ultra-Turrax and centrifuged for
10 minutes at 3000 x g. The supernatant is discarded and the pellet is
recentrifuged in Tris buffer (10 mM Tris, 50 mM NaCl, 5 mM MgCl,, 1 mM EDTA,
pH 7.40) enriched with 1% bovine serum albumin and 0.1% bacitracin, and
resuspended (1 mi/ 1000000 cells). The homogenised product is frozen at -80°C.
The membrane preparations are stable for more than 6 weeks under these

conditions.
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After thawing, the homogenised product is diluted 1:10 with assay buffer (50 mM
Tris, 150 mM NaCl, 5 mM MgCl;, 1 mM EDTA, pH 7.40) and homogenised for 30
seconds with an Ultra-Turrax. 230 pi of the homogenised product are incubated for
180 minutes at ambient temperature with 50 pM "**I-iodotyrosyl-Calcitonin-Gene-
Related Peptide (Amersham) and increasing concentrations of the test substances
in a total volume of 250 pl. The incubation is ended by rapid filtration through
GF/B-glass fibre filters treated with polyethyleneimine (0.1%) using a cell
harvester. The protein-bound radioactivity is measured using a gamma counter.
Non-specific binding is defined as the bound radioactivity after the presence of 1
uM human CGRP-alpha during incubation.

The concentration binding curves are analysed using computer-aided non-linear

curve fitting.

The compounds mentioned hereinbefore show ICsg values < 10000 nM in the test

described.

B. CGRP Antagonism in SK-N-MC cells

SK-N-MC cells (1 million cells} are washed twice with 250 pl incubation buffer
(Hanks' HEPES, 1 mM 3-isobutyl-1-methylxanthine, 1% BSA, pH 7.4) and pre-
incubated at 37°C for 15 minutes. After the addition of CGRP (10 pl) as agonist in
increasing concentrations (107" to 10° M), or additionally the substance in 3 to 4

different concentrations, the mixture is incubated for another 15 minutes.

Intracellular cAMP is then extracted by the addition of 20 pl of 1M HCI and
centrifugation (2000 x g, 4°C, for 15 minutes). The supernatants are frozen in

fiquid nitrogen and stored at -20°C.
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The cAMP contents of the samples are determined by radicimmunoassay
(Messrs. Amersham) and the pA; values of antagonistically acting substances are

determined graphically.

The compounds according to the invention exhibit CGRP-antagonistic properties

in the in vitro test model described, in a dosage range between 107"? and 10 M.
INDICATIONS

In view of their pharmacological properties the compounds according to the
invention and the salts thereof with physiologically acceptable acids are thus
suitable for the acute and prophylactic treatment of headaches, particularly
migraine or cluster headaches and tension headaches. Moreover, the compounds
according to the invention also have a positive effect on the following diseases:
non-insulin-dependent diabetes mellitus ("NIDDM"), cardiovascular diseases,
morphine tolerance, diarrhoea caused by clostridium toxin, skin diseases,
particularly thermal and radiation-induced skin damage including sunburn, lichen,
pruritis, pruritic toxidermies and severe itching, inflammatory diseases, e.g.
inflammatory diseases of the joints (osteoarthritis, rheumatoid arthritis, neurogenic
arthritis), generalised soft-tissue rheumatism (fibromyalgia), neurogenic
inflammation of the oral mucosa, inflammatory lung diseases, allergic rhinitis,
asthma, COPD, diseases accompanied by excessive vasodilatation and resultant
reduced blood supply to the tissues, e.g. shock and sepsis, chronic pain, e.g.
diabetic neuropathies, neuropathies induced by chemotherapy, HiV-induced
neuropathies, postherpetic neuropathies, neuropathies induced by tissue trauma,
trigeminal neuralgias, temporomandibular dysfunctions, CRPS (complex regional
pain syndrome}, back pain, and visceral complaints, such as e.g. irritable bowel
syndrome (IBS) and inflammatory bowel syndrome. In addition, the compounds
according to the invention have a general pain-relieving effect. The symptoms of
menopausal hot flushes caused by vasodilatation and increased blood flow in

oestrogen-deficient women and hormone-treated patients with prostate carcinoma
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and castrated men are favourably affected by the CGRP antagonists of the
present application in a preventive and acute-therapeutic capacity, this therapeutic
approach being distinguished from hormone replacement by the absence of side

effects.

Preferably, the compounds according to the invention are suitable for the acute
and prophylactic treatment of migraine and cluster headaches, for treating irritable
bowel syndrome (IBS) and for the preventive and acute-therapeutic treatment of

hot flushes in oestrogen-deficient women.

The dosage required to achieve a corresponding effect is conveniently 0.0001 to 3
mg/kg of body weight, preferably 0.01 to 1 mg/kg of body weight, when
administered intravenously or subcutaneocusly, and 0.01 to 10 mg/kg of body
weight, preferably 0.1 to 10 mg/kg of body weight when administered orally,

nasally or by inhalation, 1 to 3 x a day in each case.

If the treatment with CGRP antagonists and/or CGRP release inhibitors is given as
a supplement to conventional hormone replacement, it is advisable to reduce the
doses specified above, in which case the dosage may be from 1/5 of the lower

limits mentioned above up to 1/1 of the upper limits specified.

CGRP is released by sensory nerves, e.g. the trigeminal nerve, which innervates
part of the skin of the face. it has already been shown that irritation of the
trigeminal ganglion in humans leads to an increase in the CGRP plasma level and
causes redness of the face ([4]: P. J. Goadsby et al., Annals of Neurology, Vol. 23,
No. 2, 1988, 193-196).

To demonstrate that hot flushes can be successfully treated with CGRP
antagonists of general formula |, an increased release of endogenous CGRP was
produced in marmosets by stimulating the trigeminal ganglion, feading to

increased bloodflow through the blood vessels in the skin. The effectiveness was
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characterised by determining the particular dose, administered i.v., which reduces
the increased blood flow through the facial skin caused by endogenous CGRP by
50%. A detailed description of the method is disclosed in European Patent EP 1
207 884 B1.

The CGRP antagonists according to the invention are also active in a model for
visceral pain in rodents. In this model, hypersensitivity of the visceral system is
achieved by irritating the gut by instilling chemical substances such as e.q.
butyrate, trinitrobenzenesulphonic acid or acetic acid. The hypersensitivity of the
gut is determined, for example, by means of the number of abdominal
contractions. These occur after the expansion of a balloon introduced into the gut
and are increased in a hypersensitive gut (Bourdu et al., Gastroenterology 2005,
128, 1996-2008; Diop et al., J. Phamacol. Exp. Ther. 2002, 302, 1013-1022;
Plourde et al. Am. J. Physiol. 1997, 273, G191-G196).

As they reverse the hypersensitivity of the gut in the model described, the CGRP
antagonists according to the invention may be used for the treatment of IBS

(irritable bowel syndrome).

The invention further relates to the use of the compounds according to the
invention as valuable adjuvants for the production and purification (by affinity
chromatography) of antibodies as well as in RIA and ELISA assays, after suitable
radioactive labelling, for example by tritiation of suitable precursors, for example
by catalytic hydrogenation with tritium or replacing halogen atoms with tritium, and

as a diagnostic or analytical adjuvant in neurotransmitter research.

COMBINATIONS

Categories of active substance which may be used in combination include e.q.

antiemetics, prokinetics, neuroleptics, antidepressants, neurokinin antagonists,
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anticonvulsants, histamine-H1-receptor antagonists, B-blockers, a-agonists and a-
antagonists, ergot alkaloids, mild analgesics, non-steroidal antiphlogistics,
corticosteroids, calcium antagonists, 5-HTg/p-agonists or other anti-migraine
agents which may be formulated together with one or more inert conventional
carriers and/or diluents, e.g. with corn starch, lactose, glucose, microcrystalline
cellulose, magnesium stearate, polyvinyl pyrrolidone, citric acid, tartaric acid,
water, water/ethanol, water/giycerol, water/sorbitol, water/polyethylene glycol,
propylene glycol, cetyistearyl alcohol, carboxymethylcellulose or fatty substances
such as hard fat or suitable mixtures thereof, into conventional galenic
preparations such as plain or coated tablets, capsules, powders, suspensions,

solutions, metered dose aerosols or suppositories.

Thus other active substances which may be used for the combinations mentioned
above include for example the non-sieroidal antiinflammatories aceclofenac,
acemetacin, acetylsalicylic acid, acetaminophen (paracetamol), azathioprine,
diclofenac, diflunisal, fenbufen, fenoprofen, flurbiprofen, ibuprofen, indometacin,
ketoprofen, leflunomide, lornoxicam, mefenamic acid, naproxen, phenylbutazone,
piroxicam, sulphasalazine, zomepirac or the pharmaceutically acceptable salts
thereof as well as meloxicam and other selective COX2-inhibitors, such as for
example rofecoxib, valdecoxib, parecoxib, etoricoxib and celecoxib, as well as
substances that inhibit earlier or later stages of prostaglandin synthesis or
prostaglandin receptor antagonists such as e.g. EP2-receptor antagonists and 1P-

receptor antagonists.

It is also possible to use ergotamine, dihydroergotamine, metoclopramide,
domperidone, diphenhydramine, cyclizine, promethazine, chlorpromazine,
vigabatrin, timolol, isometheptene, pizotifen, botox, gabapentin, pregabalin,
duloxetine, topiramate, riboflavin, montelukast, lisinopril, micardis,
prochloroperazine, dexamethasone, flunarizine, dextropropoxyphene, meperidine,
metoprolol, propranolol, nadolol, atenolol, clonidine, indoramin, carbamazepine,

phenytoin, valproate, amitryptiline, imipramine, venlafaxine, lidocaine or diltiazem
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and other 5-HTgnp-agonists such as, for example, almotriptan, avitriptan,

eletriptan, frovatriptan, naratriptan, rizatriptan, sumatriptan and zolmitriptan.

Furthermore, CGRP antagonists with vanilloid receptor antagonists, such as e.qg.
VR-1 antagonists, glutamate receptor antagonists, such as e.g. mGlu5 receptor
antagonists, mGlu1 receptor antagonists, iGlu5 receptor antagonists, AMPA
receptor antagonists, purine receptor blockers, such as e.g. P2X3 antagonists,
NO-synthase inhibitors, such as e.g. INOS inhibitors, calcium channel blockers,
such as e.g. PQ-type blockers, N-type blockers, potassium channel openers, such
as e.g. KCNQ channel openers, sodium channel blockers, such as e.g. PN3
channel blockers, NMDA receptor antagonists, acid-sensing ion channel
antagonists, such as e.g. ASIC3 antagonists, bradykinin receptor antagonists such
as e.g. B1 receptor antagonists, cannabinoid receptor agonists, such as e.g. CB2
agonists, CB1 agonists, somatostatin receptor agonists, such as e.g. sst2 receptor

agonists may be added.

The dosage of these active substances is expediently 1/5 of the lowest usually
recommended dose to 1/1 of the normally recommended dose, i.e. for example 20

to 100 mg of sumatriptan.
FORMULATIONS

The compounds prepared according to the invention may be administered either
on their own or optionally in combination with other active substances for the
treatment of migraine by intravenous, subcutaneous, intramuscular, intraarticular,
intrarectal, intranasal route, by inhalation, topically, transdermally or orally, while
aerosol formulations are particularly suitable for inhalation. The combinations may

be administered either simultaneocusly or sequentially.

Suitable forms for administration are for example tablets, capsules, solutions,

syrups, emulsions or inhalable powders or aerosols. The content of the
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pharmaceutically effective compound(s) in each case should be in the range from
0.1 to 90 wt.%, preferably 0.5 to 50 wt.% of the total composition, i.e. in amounts

which are sufficient to achieve the dosage range specified hereinafter.

The preparations may be administered orally in the form of a tablet, as a powder,
as a powder in a capsule (e.g. a hard gelatine capsule), as a solution or
suspension. When administered by inhalation the active substance combination
may be given as a powder, as an aqueous or aqueous-ethanolic solution or using

a propellant gas formulation.

Preferably, therefore, pharmaceutical formulations are characterised by the
content of one or more compounds of formula | according to the preferred

embodiments above.

it is particularly preferable if the compounds of formula | are administered orally,
and it is also particularly preferable if they are administered once or twice a day.
Suitable tablets may be obtained, for example, by mixing the active substance(s)
with known excipients, for example inert diluents such as calcium carbonate,
calcium phosphate or lactose, disintegrants such as corn starch or alginic acid,
binders such as starch or gelatine, lubricants such as magnesium stearate or talc
and/or agents for delaying release, such as carboxymethyl cellulose, cellulose
acetate phthalate, or polyviny! acetate. The tablets may also comprise several

layers.

Coated tablets may be prepared accordingly by coating cores produced
analogously to the tablets with substances normally used for tablet coatings, for
example collidone or shellac, gum arabic, talc, titanium dioxide or sugar. To
achieve delayed release or prevent incompatibilities the core may also consist of a
number of layers. Similarly the tablet coating may consist of a number of layers to
achieve delayed release, possibly using the excipients mentioned above for the
tablets.
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Syrups containing the active substances or combinations thereof according to the
invention may additionally contain a sweetener such as saccharine, cyclamate,
glycerol or sugar and a flavour enhancer, e.g. a flavouring such as vanillin or
orange exiract. They may also contain suspension adjuvants or thickeners such as
sodium carboxymethyl cellulose, wetting agents such as, for example,
condensation products of fatty alcohols with ethylene oxide, or preservatives such

as p-hydroxybenzoates.

Capsules containing one or more active substances or combinations of active
substances may for example be prepared by mixing the active substances with
inert carriers such as lactose or sorbitol and packing them into gelatine capsules.
Suitable suppositories may be made for example by mixing with carriers provided
for this purpose, such as neutral fats or polyethyleneglycol or the derivatives

thereof.

Excipients which may be used include, for example, water, pharmaceutically
acceptable organic solvents such as paraffins (e.g. petroleum fractions), vegetable
oils (e.g. groundnut or sesame oil}, mono- or polyfunctional alcohols (e.g. ethanol
or glycerol), carriers such as e.g. natural mineral powders (e.g. kaolins, clays, talc,
chalk), synthetic mineral powders (e.g. highly dispersed silicic acid and silicates),
sugars {e.g. cane sugar, lactose and glucose), emulsifiers (e.g. lignin, spent
sulphite liquors, methylcellulose, starch and polyvinylpyrrolidone) and lubricants

(e.g. magnesium stearate, talc, stearic acid and sodium lauryl sulphate).

For oral administration the tablets may, of course, contain, apart from the
abovementioned carriers, additives such as sodium citrate, calcium carbonate and
dicalcium phosphate together with various additives such as starch, preferably
potato starch, gelatine and the like. Moreover, lubricants such as magnesium
stearate, sodium lauryl sulphate and talc may be used at the same time for the

tabletting process. In the case of aqueous suspensions the active substances may
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be combined with various flavour enhancers or colourings in addition to the

excipients mentioned above.

Itis also preferred if the compounds of formula | are administered by inhalation,
particularly preferably if they are administered once or twice a day. For this
purpose, the compounds of formula | have to be made available in forms suitable
for inhalation. Inhalable preparations include inhalable powders,
propeliant-containing metered-dose aerosols or propellant-free inhalable solutions,
which are optionally present in admixture with conventional physioclogically

acceptable excipients.

Within the scope of the present invention, the term propellant-free inhalable
solutions also includes concentrates or sterile ready-to-use inhalable solutions.
The preparations which may be used according to the invention are described in

more detail in the next part of the specification.

Inhalable powders

If the compounds of formula | are present in admixture with physiologically
acceptable excipients, the following physiologically acceptable excipients may be
used fo prepare the inhalable powders according to the invention:
monosaccharides {e.g. glucose or arabinose), disaccharides (e.g. lactose,
saccharose, maltose), oligo- and polysaccharides (e.g. dextrans), polyalcohols
(e.g. sorbitol, mannitol, xylitol), salts (e.g. sodium chloride, calcium carbonate) or
mixtures of these excipients with one another. Preferably, mono- or disaccharides
are used, while the use of lactose or glucose is preferred, particularly, but not
exclusively, in the form of their hydrates. For the purposes of the invention, lactose
is the particularly preferred excipient, while lactose monchydrate is most
particularly preferred. Methods of preparing the inhalable powders according to the
invention by grinding and micronising and by finally mixing the components

together are known from the prior art.
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Propeliant-containing inhalable aerosols

The propellant-containing inhalable aerosols which may be used according to the
invention may contain | dissolved in the propellant gas or in dispersed form. The
propellant gases which may be used to prepare the inhalation aerosols are known
from the prior art. Suitable propellant gases are selected from among
hydrocarbons such as n-propane, n-butane or iscbutane and halohydrocarbons
such as preferably fluorinated derivatives of methane, ethane, propane, butane,
cycltopropane or cyclobutane. The propellant gases mentioned above may be used
on their own or in mixtures thereof. Particularly preferred propellant gases are
fluorinated alkane derivatives selected from TG134a (1,1,1,2-tetrafiuoroethane),
TG227 (1,1,1,2,3,3,3-heptafluoropropane) and mixtures thereof. The
propellant-driven inhalation aerosols used within the scope of the use according to
the invention may also contain other ingredients such as co-solvents, stabilisers,
surfactants, antioxidants, lubricants and pH adjusters. All these ingredients are

known in the art.

Propellant-free inhalable solutions

The compounds of formula | according to the invention are preferably used to
prepare propellant-free inhalable solutions and inhalable suspensions. Solvents
used for this purpose include agueous or alcoholic, preferably ethanolic solutions.
The solvent may be water on its own or a mixture of water and ethanol. The
solutions or suspensions are adjusted to a pH of 2 to 7, preferably 2 to 5, using
suitable acids. The pH may be adjusted using acids selected from inorganic or
organic acids. Examples of particularly suitable inorganic acids include
hydrochloric acid, hydrobromic acid, nitric acid, sulphuric acid and/or phosphoric
acid. Examples of particularly suitable organic acids include ascorbic acid, citric
acid, malic acid, tartaric acid, maleic acid, succinic acid, fumaric acid, acetic acid,
formic acid and/or propionic acid etc. Preferred inorganic acids are hydrochloric
and sulphuric acids. It is also possible to use the acids which have already formed
an acid addition salt with one of the active substances. Of the organic acids,

ascorbic acid, fumaric acid and citric acid are preferred. If desired, mixtures of the
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above acids may also be used, particularly in the case of acids which have other
properties in addition to their acidifying qualities, e.g. as flavourings, antioxidants
or complexing agents, such as citric acid or ascorbic acid, for example. According
to the invention, it is particularly preferred to use hydrochloric acid to adjust the
pH.

Co-solvents and/or other excipients may be added to the propellant-free inhalable
solutions used for the purpose according to the invention. Preferred co-solvents
are those which contain hydroxyl groups or other polar groups, e.g. alcohols -
particularly isopropy! alcohol, glycols - particularly propyleneglycoal,
polyethyleneglycol, polypropyleneglycol, glycolether, glycerol, polyoxyethylene
alcohols and polyoxyethylene fatty acid esters. The terms excipients and additives
in this context denote any pharmacologically acceptable substance which is not an
active substance but which can be formulated with the active substance or
substances in the pharmacologically suitable solvent in order to improve the
qualitative properties of the active substance formulation. Preferably, these
substances have no pharmacological effect or, in connection with the desired
therapy, no appreciable or at least no undesirable pharmacological effect. The
excipients and additives include, for example, surfactants such as soya fecithin,
oleic acid, sorbitan esters, such as polysorbates, polyvinylpyrrolidone, other
stabilisers, complexing agents, antioxidants and/or preservatives which guarantee
or prolong the shelf life of the finished pharmaceutical formulation, flavourings,
vitamins and/or other additives known in the art. The additives also include
pharmacologically acceptable salts such as, for example, sodium chioride as
isotonic agents. The preferred excipients include antioxidants such as ascorbic
acid, for example, provided that it has not already been used to adjust the pH,
vitamin A, vitamin E, tocopherols and similar vitamins or provitamins occurring in
the human body. Preservatives may be used 1o protect the formulation from
contamination with pathogens. Suitable preservatives are those which are known

in the art, particularly cetyl pyridinium chloride, benzalkonium chloride or benzoic
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acid or benzoates such as sodium benzoate in the concentration known from the

prior art.
EXPERIMENTAL SECTION

As a rule "H-NMR and mass spectra have been obtained for the compounds
prepared. Unless stated otherwise, Ry values are determined using ready-made
TLC silica gel plates 60 F254 (E. Merck, Darmstadt, ltem no. 1.05714) without
chamber saturation.

The Rf values determined under the name Polygram silica gel are obtained using
ready-made Polygram SIL G/UV254 TLC films {coated with 0.2 mm silica gel)
made by Macherey-Nagel (DUren, Item no. 805 021).

The Rf values determined under the name Polygram Alox are obtained using
ready-made Polygram Alox N/UV254 TLC films (coated with 0.2 mm aluminium
oxide) made by Macherey-Nagel (Diren, ltem no. 802 021).

The ratios given for the eluants relate to units by volume of the particular solvents.
The units by volume given for NH3 relate to a concentrated solution of NH; in
water.

Unless stated otherwise, the acid, base and salt solutions used in working up the
reaction solutions are agueous systems of the specified concentrations.

Silica gel made by Millipore (MATREX™, 35-70 um) is used for chromatographic
purifications.

Aluminium oxide {Alox) made by ICN Biomedicals (Eschwege, ltem no. 02090) is
used for chromatographic purifications. The required activity stage (activity stage
{I-111) is generated before use according to the manufacturer's instructions.

The HPLC data provided are measured under the parameters listed below:

Method A
Analytical column: Merck Chromolith Speed ROD, RP18e; 4.6 x 50 mm; column

temperature: 30°C; flow: 1.5 mL / min; injection volume: 5 yL; detection at 254 nm



16

N (372) IlikN NHIOO/EFFONHO NO(373) 4. N 2N- HO O FEE H2 *
N&:b 80‘9—620%9 Structure (374) N O Fd»NH2 0,CI\NAO: H'NINPbQIESHzOOB/O%SM
0 (375) g NHTO FF
time Percent of water by volume | Percent of acetonitrile by
[minj (with 0.1% formic acid) volume (with 0.1% formic
acid)
0 90 10
4.5 10 80
5 10 90
55 g0 10
Method B:

Analytical column: Zorbax column (Agilent Technologies), SB (Stable Bond) - C18;

3.5 um; 4.6 x 75 mm; column temperature: 30°C; flow: 1.6 mL / min; injection

volume: 5 pl; detection at 254 nm

time Percent of water by volume | Percent of acetonitrile by

fmin] {with 0.1% formic acid) volume {with 0.1% formic acid)
0 95 5

4.5 10 90

5.0 10 90

5.5 90 10

Method C:

Analytical column: Zorbax column (Agilent Technologies), SB (Stable Bond) - C18;

3.5 um; 4.6 x 75 mm; column temperature: 30°C; flow: 0.8 mL / min; injection

volume: 5 uL; detection at 254 nm

time Percent of water by volume | Percent of acetonitrile by

[min] (with 0.1% formic acid) volume (with 0.1% formic acid)
0 95 5

9 10 90

10 10 90




0 NH O_ \NA-O'N /O MrCI ,222,--22r0 -Thi-0--- 0 (376) N N IFO F F F * NI
OFLUVBCAYND L) ON NThr-) 0 (377) SN H EFFH L 4z, oG,
& %%53/ 5FiFFFNH, * 0aN'NDOO(379) 4114 FF 0 NH 0] -°0/%0%314

time Percent of water by volume | Percent of acetonitrile by
[min] (with 0.1% formic acid) volume (with 0.1% formic acid)
il 90 10

in preparative HPLC purifications as a rule the same gradients are used as were
used to obtain the analytical HPL.C data.

The products are collected under mass control, the fractions containing product

are combined and freeze-dried.

In the absence of any more information regarding the configuration, it is unclear

whether there are pure enantiomers involved or whether partial or even total

racemisation has taken place.

The following abbreviations are used in the test descriptions:

Boc tert-butoxycarbonyl

Cyc cyclohexane

DCM dichloromethane

DIPE diisopropylether

DMF N.N-dimethylformamide
EtOAc ethyl acetate

EtOH ethanol

h hour

HCI hydrochloric acid

HOAC acetic acid

i. vac. in vacuo {(under vacuumy)
min minute

MeOH methanol

MTBE methyl-tert-butylether
NaOH sodium hydroxide

PE petroleum ether

RT ambient temperature
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(363)206vBFd2E1! NHN, 0.- 00°'NCI0.04382) H N FEE 0 s:cr \NAGM:£>006/065314

(383) 40N F FE O NH

TBTU 2-(1H-benzotriazol-1-yi}-1,1,3,3-tetramethyluronium tetrafluorohorate
TFA trifluoroacetic acid
THF tetrahydrofuran

The preparation of starting compounds is described below:
Amine 1

Ethyl 3-[4,4"bipiperidinyl-1-yl-propionate

HNWNJO/\

Ala) fert-buiyl 1'-(2-ethoxycarbonyi-ethyi)-[4 4'Tbipiperidinyi-1-carboxylate

4.4 mL (40.6 mmol) ethyl acrylate were added to a solution of 10.0 g (37.3 mmol)
tert-butyl [4,4']bipiperidinyl-1-carboxylate in 100 mL EtOH and the reaction mixture
was refluxed for 2 h. To complete the reaction a further 1 mL (2.2 mmol) of ethyl
acrylate were added, the mixture was refluxed for 1 h and left overnight at RT. The
solvent was eliminated i. vac. and the crude product was further reacted without
being purified.

Yield: 14.0 g (100% of theory)

ESE-MS: (M+H)" = 389

A1b) ethyl 3-[4,4'Tbipiperidinyl-1-yi-propionate

28 mL. TFA were added dropwise to a solution of 14.0 g of the crude product of
Example Ata in 250 mL DCM and the reaction mixture was stirred for 4 h at RT.
The mixture was evaporated down i, vac., the residue was taken up in 200 mL
DCM and this solution was added batchwise to a solution of 20 g Na;COs in 120
mbL water. The organic phase was separated off, the aqueous phase was
extracted twice more with DCM and the combined organic phases were dried over
Na,S04. After elimination of the desiccant and solvent the residue was dried and

reacted without further purification.
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Yield: 8.8 g (88% of theory)
ESI-MS; (M+H)" = 269

Amine 2

Ethyl 3-(4-piperazin-1-yl-piperidin-1-yl)-propionate

0]
HN%N/%N/\)LQ/\

A2a) ethyl 3-[4-(4-benzyl-piperazin-1-yi)-piperidin-1-yl}-propionaie

5.5 mL (50.8 mmol) ethyl acrylate were added to a solution of 11.7 g (44.9 mmol)
1-benzyl-4-piperidin-4-yl-piperazine in 120 mL dry EtOH and the reaction mixture
was refluxed for 1 h and then stirred overnight at RT. The solvent was eliminated i.
vac. and the residue was dried for 1 h under an oil pump vacuum. The crude
product was reacted further without purification.

Yield: 16.5 g (99% of theory)

ESI-MS: (M+H)" = 360

A2b) ethyl 3-(4-piperazin-1-yl-piperidin-1-yl}-propionate

A suspension of 16.5 g of the crude product of Example A2a and 1.6 g of 10 %
Pd/C in 200 mL EtOH and was hydrogenated for 4 h at 50°C and 50 psi hydrogen
pressure. The catalyst was removed by suction filtering, the filtrate was
evaporated down to about 120 mL and combined with 72 mL ethanolic HCI (1.3
M). The precipitate formed was suction filtered and dried i. vac..

The product was obtained as the bis-hydrochloride salt.

Yield: 12.6 g (83% of theory)

ESI-MS: (M+H)" =270

Amine 3

Ethyl 3-(4-piperidin-4-yl-piperazin-1-yl)-propionate
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A3a) ethyl 3-[4-(1-benzyl-piperidin-4-yi)-piperazin-1-y{l-propionate

12.5 mL (73.0 mmol) ethyldiisopropylamine and 5.0 mL (46.1 mmol) ethyl acrylate
were added to a solution of 11.0 g (33.2 mmol} 1-(1-benzyl-piperidin-4-yl)-
piperazine {used as the bis-hydrochloride salt) in 40 mL EtOH and the reaction
mixture was heated to 90°C (bath temperature) for 3 h. After cooling, water was
added, the mixture was exhaustively extracted with EtOAc and the combined
organic phases were dried over Na;S04. After elimination of the desiccant and
solvent the residue was purified by chromatography (silica gel, DCM/EtOH/NH3
100:10:1).

Yield: 6.8 g (56% of theory)
ESI-MS: (M+H)" =360
R¢= 0.64 (silica gel, DCM/MeOH/NH; 90:9:1)

A3b) ethyl 3-(4-piperidin-4-vl-piperazin-1-yl}-propionate

A suspension of 5.13 g (14.3 mmol) ethyl 3-[4-(1-benzyl-piperidin-4-yi)-piperazin-
1-yl]-propionate and 1.0 g 10% Pd/C in 100 mL EtOH was hydrogenated for 2 h at
50°C and 50 psi hydrogen pressure. The catalyst was filtered off and the filtrate
was evaporated to dryness. The oily product was reacted further without
purification.

Yield: 3.6 g (93% of theory)

ESI-MS: (M+H)" = 270

Amine 4

Ethyl [4 4'bipiperidinyl-1-yl-oxo-acetate

9
HN
MN&D\\/
o
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Ada) tert-butyl 1'-ethoxyoxalyl-[4.4'Tbipiperidinyl-1-carboxylate

1.68 mb (15.0 mmol) ethyl chloro-oxo-acetate were added dropwise to a solution
of 4.0 g (14.9 mmol) tert-butyl [4,4']bipiperidinyl-1-carboxylate and 2.15 miL {15.4
mmol) triethylamine in 80 mL DCM, cooled to 0°C. After the addition had ended
the cooling bath was removed and the mixture was stirred for 1 h at RT. The
reaction mixture was mixed with water, the organic phase was separated off and
dried over Na,S04. After elimination of the desiccant and solvent the residue was
taken up in EtOAc, the solution was filtered through silica gel and evaporated
down i. vac..

Yield: 3.1 g (57% of theory)

ESI-MS: (M+H)" = 386

Adb) ethyl [4,4'bipiperidinyl-1-yl-oxo-acetate

5.0 mL TFA were added dropwise to a solution of 3.1 g (8.36 mmol) terf-butyl 1'-
ethoxyoxalyl-[4,4'lbipiperidinyl-1-carboxylate in 40 mL DCM and the reaction
mixture was stirred for 4 h at RT. The mixture was evaporated down i. vac., the
residue was taken up in 50 mL. DCM and this solution was added batchwise to an
ice-cold solution of 4.0 g Na,CO; in 20 mL water, The organic phase was
separated off, the aqueous phase was extacted twice more with DCM and the
combined organic phases were dried over Na,S50,. After elimination of the
desiccant and solvent the product was obtained as an oil, which was reacted
further without purification.

Yield: 2.3 g (84% of theory)

ESI-MS: (M+H)" = 269

Amine 5

Ethyl 4-[4, 4 Tbipiperidinyl-1-yi-4-oxo-butyrate

8]
HN
WN’LWO\/
C
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ABa) fert-butyl 1'-(3-carboxy-propionyl)-{4.4'Ibipiperidinyl-1-carboxylate

A solution of 4.1 g (40.7 mmol) succinic acid anhydride in 50 mL THF was added
dropwise at RT to a solution of 16.0 g (37.3 mmol) fert-butyl [4,4'Tbipiperidinyl-1-
carboxylate in 100 mL THF and the reaction mixture was stirred overnight at RT.
To complete the reaction another 2.0 g (19.9 mmol) succinic acid anhydride were
added, the mixture was stirred for 4 h at 50°C and stirred overnight at RT. 200 mL
of 7.5% K,CQOj3 solution was added and the aqueous phase was washed with 200
mL EtOAc. The organic phase was extracted with 200 mL. 7.5% K,CQOs solution
and the combined aqueous phases were acidified with citric acid. The mixture was
extracted exhaustively with EtOAc and the combined organic phases were
evaporated down i. vac..

Yield: 11.7 g (85% of theory)

ESI-MS: (M+H)" = 369

A5b) ethyl 4-]4 4'Ibipiperidinyi-1-yl-4-oxo-butyrate
A solution of 11.7 g (31.7 mmol) fert-butyl 1'-(3-carboxy-propionyl)-
[4,4"Tbipiperidinyl-1-carboxylate in 250 mbL ethanolic HCI (1.25 M) was stirred

overnight at RT. The solvent was eliminated i. vac. and the product was obtained

as the hydrochloride salt, which was reacted further without purification.
Yield: 4.3 g (46% of theory)
ESI-MS: (M+HY" = 297

Amine 6

Ethyl ([1,4']bipiperidinyl-4-yl-tert-butoxycarbonyl-amino)-acetate

T

ABa) tert-butyl (1'-benzyl-[1,4'bipiperidinyl-4-yl)-carbamate

A solution of 5.0 g (25.0 mmol)} tert-butyl piperidin-4-yi-carbamate and 4.46 mL
(25.0 mmol} 1-benzyi-piperidin-4-one in 150 mL THF was adjusted with AcOH to a
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pH of 5 and then combined batchwise with 5.61 g (26.5 mmol) NaBH({OAc)s within
3 h while cooling with ice. The reaction mixture was stirred overnight at RT, then
made alkaline with 500 mL 30% K,COj; solution, stirred for 1 h at RT, extracted
three times with 100 mL EtOAc and the combined organic phases were dried over
Na,S0Q4. After elimination of the desiccant and solvent the residue was reacted
further without purification.

Yield: 7.0 g (75% of theory)

ABb) 1'-benzyl-[1.4'Tbipiperidinyi-4-ylamine

A solution of 7.0 g (18.7 mmol) fert-butyl (1'-benzyl-[1,4"Tbipiperidinyl-4-yl)-
carbamate and 14.3 mL (185 mmol) TFA in 80 mL DCM was refluxed overnight.
The mixture was evaporated down i. vac., the residue was combined with 200 mL

30% K,CO3 solution and extracted three times with 100 mL EtOAc, discarding the

- first 100 mL of extract. The combined organic phases were dried over Na,S0;,,

fitered and evaporated down. The product was reacted further without purification.
Yield: 5.1 g (100% of theory)

ABc) ethyl (1-benzyl-[1.4bipiperidinyl-4-ylamino)-acetate
2.79 g (13.17 mmol} NaBH(OAc); were added batchwise to a solution of 1.8 g
(6.58 mmol) of 1'-benzyl-{1,4'Ibipiperidinyl-4-ylamine, 2.69 mL (13.0 mmol) ethyl

oxo-acetate (used as a 50% solution in toluene) and 1 mL (17.45 mmol) of AcOH
in 250 mL THF, cooled to 0°C, and the reaction mixture was stirred overnight at
RT. It was evaporated down i. vac., the residue was taken up in EtOAc, the
organic phase was washed with saturated K,CO; solution and dried over Na;SOa.
After elimination of the desiccant and solvent the residue was purified by HPLC.
The fractions containing the product were combined, the organic solvent
(acetonitrile) was eliminated i. vac., the aqueous residue was extracted
exhaustively with DCM and the combined organic phases were dried over MgSO..
After elimination of the desiccant and solvent the product was obtained as a yeliow
oil.

Yield: 1.25 g (53% of theory)
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ESI-MS: (M+H)" = 360
Ri= 0.35 (silica gel, DCM/MeOH/NH; 20:10:1)

A6d) ethyl [(1-benzyl-[1,4"bipiperidinyl-4-vl)-terf-butoxycarbonyl-aminol-acetate

3.34 mL (30.0 mmol) triethylamine were added dropwise to a solution of 1.20 g
{(3.34 mmol) ethy! (1-benzyl-{1,4'Ibipiperidinyl-4-ylamino)-acetate in 15 mL DCM
and then 0.73 g (3.34 mmol) Boc-anhydride were added batchwise. The reaction
mixture was stirred for 70 h at RT and then evaporated down i. vac.. The residue
was taken up in EtOAc, washed with 15% K,CO4 solution and dried over Na,CO3.
After elimination of the desiccant and solvent the residue was reacted further
without purification.

Yield: 1.3 g (85% of theory)

A6e) ethyl {[1.4'bipiperidinyi-4-yl-tert-butoxycarbonyl-amino)-acetate

A suspension of 1.30 g (2.83 mmol} ethyl [(1'-benzyl-{1,4"Tbipiperidinyl-4-yl)-tert-
butoxycarbonyl-amino}-acetate and 0.16 g 10% Pd/C in 25 mL EtOH was
hydrogenated for & h at 56°C and 50 psi hydrogen pressure. The catalyst was
removed by suction filtering and the filtrate was evaporated to dryness. The
product was obtained as a colourless oil, which was reacted further without
purification.

Yield: 1.00 g (96% of theory)

ESI-MS: (M+H)" =370

Amine 7

Ethyl (4-methyl-4-piperazin-1-yl-piperidin-1-yl)-acetate

H’Nﬁuvh,&“/’\/
O
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A7a) 1-benzyi-4-piperazin-1-yl-piperidine-4-carbonitrile

A mixture of 11.0 g (49.8 mmol) 1-benzyl-4-hydroxy-piperidine-4-carbonitrile and
22.0 g (255 mmol) piperazine in 200 mL MeOH was refluxed for 2 h. The
precipitate was suction filtered, the filtrate was evaporated down i. vac., the
residue was taken up in a little water, extracted exhaustively with DCM and the
combined organic phases were dried over Na;S04. After elimination of the
desiccant and solvent the residue was purified by chromatography {Alox,
DCM/MeOH 30:1).

Yield: 2.38 g (16% of theory)
ESIMS:  (M+H)" =285
R = 0.37 (Polygram-Alox, DCM/MeOH 25:1)

A7b) 1-(1-benzyl-4-methyl-piperidin-4-yl)-piperazine

15 mL methylmagnesium chloride solution (45 mmol, 3 M in THF) were added at
RT to 2.37 g (7.92 mmol) 1-benzyl-4-piperazin-1-yl-piperidine-4-carbonitrife in 100
mL dry THF and the reaction mixture was stirred for 3 h. Saturated NH,4CI solution
was added, the mixture was stirred for another 10 min, the agueous phase was
washed with EtOAc, combined with 4 M NaQH solution until an alkaline reaction
was obtained, extracted exhaustively with DCM and the combined organic phases
were dried over Na,S0Q4. After elimination of the desiccant and solvent the residue
was further reacted without any further purification.

Yield: 0.64 g {30% of theory)

ESI-MS: (M+H) =274

A7c) tert-butyl 4-(1-benzyi-4-methyl-piperidin-4-vi)-piperazine-1-carboxylate
1.35 g (6.00 mmol) Boc-anhydride were added to 1.63 g (5.66 mmol} 1-(1-benzyl-

4-methyl-piperidin-4-yl)-piperazine in 50 mL THF and the reaction mixture was
stirred for 3 h at RT. Then it was evaporated to dryness i. vac. and the residue was
further reacted without any purification.

Yield: 2.10 g (100% of theory)

ESI-MS: (M+H)" = 374
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A7d)} tert-butyl 4-(4-methyi-piperidin-4-yi)-piperazine-1-carboxylate

A suspension of 2.28 g (5.62 mmol) fert-butyl 4-(1-benzyl-4-methyl-piperidin-4-yi}-
piperazine-1-carboxylate and 300 mg 10% Pd/C in 50 mL MeOH was
hydrogenated for 3 h at 50°C and 3447 hPa hydrogen pressure. To complete the
reaction 0.47 mL conc. HCl were added and the mixture was hydrogenated for
another 3 h at 50°C and 3447 hPa hydrogen pressure. The catalyst was filtered
off, the filtrate was evaporated down i. vac., the residue was stirred with diethyl
ether, suction filtered and dried.

Yield: 1.54 g (86% of theory)

ESI-MS: (M+H)" = 284

A7e) fert-butyl 4-(1-ethoxycarbonyimethyi-4-methyl-piperidin-4-yl}-piperazine-1-

carboxylate
A mixture of 1.53 g (4.78 mmol) tert-butyl 4-(4-methyl-piperidin-4-yl)-piperazine-1-

carboxylate and 1.1 mL (5.55 mmol) ethyl oxo-acetate (50% in toluene) in 50 mL
TH¥F was stirred for 1 h at RT. The reaction mixture was cooled to 0°C, 1.25 g
{5.90 mmol) sodium triacetoxyborohydride was added baichwise and after
elimination of the cooling bath the mixture was stirred overnight at RT. it was
combined with 10 mL 20% NaHCO: solution, extracted exhaustively with EtOAc
and the combined organic phases were dried over Na;SO,. After elimination of the
desiccant and solvent the residue was purified by chromatography (Alox,
DCM/EtOH 100:1).

Yield: 0.47 g (27% of theory)

ESI-MS: (M+H)" =370

A7)  ethyl (4-methvi-4-piperazin-1-vl-piperidin-1-vl)-acetate
At 0°C 2 mL TFA were added to 0.46 g (1.25 mmol) tert-butyl 4-(1-
ethoxycarbonylmethyl-4-methyl-piperidin-4-yl)-piperazine-1-carboxylate in 5 mL

DCM and the reaction mixture was stirred for 2 h at RT. This was evaporated
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down i. vac. and the crude product, which was obtained as the bis-trifluoroacetate
salt, was further reacted without any purification.

Yield: 0.65 g (100% of theory)

ESI-MS: (M+H)" = 270

Amine 8

Ethyl! [4-(4-methyl-piperidin-4-yl)-piperazin-1-yl]-acetate

HZWN%N/\(O\/

O

ABa) ethyl [4-(1-benzyl-4-methyl-piperidin-4-yl}-piperazin-1-vil-acetate

Prepared analogously to Example A7e from 0.62 g (2.27 mmol) 1-(1-benzyl-4-
methyi-piperidin-4-yl)-piperazine (Example A7b) and 0.55 mL (2.77 mmol) ethyl
oxo-acetate (50% in toluene). The crude product was purified by chromatography
(Alox, gradient PE/EIOAC 2:1 to 1:1).

Yield: 0.45 g (50% of theory)
ESI-MS: (M+H)" = 360
Rs = 0.56 (Polygram-Alox, PE/EtOAC 1:1)

A8b) ethyl [4-(4-methyl-piperidin-4-yl)-piperazin-1-yll-acetate

A suspension of 0.44 g (1.10 mmol) ethyl {4-(1-benzyl-4-methyl-piperidin-4-yl)-
piperazin-1-yl}-acetate and 100 mg 10% Pd/C in 20 mL EtOH was hydrogenated
for 12 h at 50°C and 3447 hPa hydrogen pressure. The catalyst was filtered off
and the filtrate was evaporated to dryness. The product was reacted further
without purification.

Yield: 0.29 g (97% of theory)

ESI-MS: (M+HY = 270
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Amine 9

Ethyl (S)-4-methyl-1-piperidin-4-yl-piperazine-2-carboxylate

ABa) 1-benzyi-4-fert-butyl-2-ethyl {S)-piperazine-1,2 4-tricarboxyiate

11.2 g (34.9 mmol) TBTU and 5.5 mL (39.6 mmol) triethylamine were added to a
mixture, cooled to 0°C, of 12.2 g (32.8 mmol) 1-benzyl-4-tert-buty! (S)-piperazine-
1,2 4-tricarboxylate and 30 mL EtOH in 150 mL THF, stirred for another 30 min at

this temperature and then stirred for 68 h at RT. 600 mL diethyl ether were added
to the reaction mixture, it was combined with 200 mL saturated NaHCO; solution,
the aqueous phase was separated off, the organic phase was washed with
saturated NaCl solution and dried over Na;SQO4. After elimination of the desiccant
and solvent the residue was purified by chromatography (silica gel, gradient
PE/EtOAc 4:1 to 7:3).

Yield: 11.35 g (88% of theory)
ESI-MS: (M+H)" = 393
R = 0.38 (Polygram-silica gel, PE/EtOAc 3:1)

A9b) 1-benzyl-2-ethyl (S)-piperazine-1,2-dicarboxylate

10 mL TFA were added to a mixture, cooled to 0°C, of 3.27 g (8.33 mmol) 1-
benzyl-4-tert-butyl-2-ethyl (S)-piperazine-1,2 4-tricarboxylate and 30 mL DCM, the
mixture was stirred for 10 min while cooling with ice and for 2 h at RT. The mixture
was evaporated down . vac. at 30°C, the residue was taken up again in EtOAc
and evaporated down again i. vac.. The crude product, which was obtained as the

trifluoroacetate salt, was reacted further without purification.

ABc) 1-benzyl-2-ethyl (S)-4-methyl-piperazine-1,2-dicarboxylate
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1.00 g (12.2 mmol) NaOAc and 10 g molecular sieve A3 were added to a mixture
of 4.4 g of the crude product from A9b} and 1.2 mL (16.0 mmol) formaldehyde
{37% in water) in 80 mL THF and the reaction mixiure was stirred for 2 h at RT.
After cooling to 0°C, 3.39 g (16.0 mmol} sodium triacetoxyborohydride was added
batchwise, the mixture was stirred for 30 min at this temperature and for 68 h at
RT. The insoluble components were filtered off, saturated K,CO, solution was
added fo the filtrate, it was stirred for 15 min, combined with EtOAc, the organic
phase was separated off and dried over Na,SOa. After elimination of the desiccant
and solvent the residue was purified by chromatography (Alox, PE/EtOAc 2:1).
Yield: 2.04 g {81% of theory)

ESI-MS: (M+H)" = 307

R; = 0.73 (Polygram-Alox, PE/EtOAc 1:1)

Agd) ethyl (S)-4-methyi-piperazine-2-carboxylate

A suspension of 2,04 (6.66 mmol) 1-benzyl-2-ethyl {S)-4-methyl-piperazine-1,2-
dicarboxylate and 200 mg 10% Pd/C in 100 mL EtOH was hydrogenated at 50°C
and 3447 hPa hydrogen pressure for 6 h. The catalyst was filtered off, the filtrate
was evaporated to dryness i. vac. and the residue was further reacted without any
purification.

Yield: 1.06 g (92% of theory)

ESI-MS: (M+H)Y =173

Age} ethyl {(S)-1-(1-fert-butoxycarbonyl-piperidin-4-yl}-4-methyi-piperazine-2-

carboxylate
A mixture of 0.90 g (5.23 mmol) ethyl (S)-4-methyi-piperazine-2-carboxylate and

1.20 g (6.02 mmol) fert-butyl 4-oxo-piperidine-1-carboxylate in 20 mL EtOH was
combined with 50 pl formic acid and 3 g molecular sieve A3 and the reaction

mixture was left for 66 h at RT. The molecular sieve was filtered off, the mixture
was combined with 100 mg 10% Pd/C and hydrogenated at 50°C and 3447 hPa

hydrogen pressure for 4 h. The catalyst was removed by suction filtering, the
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filtrate was evaporated down i. vac. and the residue was purified by
chromatography (silica gel, gradient DCM/EtOH 98:2 to 75:25).

Yield: 0.35 g (19% of theory)
ESI-MS: (M+H)” = 356
Rf = 0.5 (Polygram-Alox, DCM/MeOH 50:1)

A9f)  ethyl (S)-4-methyl-1-piperidin-4-yl-piperazine-2-carboxylate

A mixture of 0.34 g (0.96 mmol) ethyl (S)-1-(1-tert-butoxycarbonyl-piperidin-4-yi)-4-
methyl-piperazine-2-carboxylate in 6 mbL ethanolic HCI (1.25 M) was refluxed for 1
hour. After cooling of the reaction mixture the precipitate was suction filtered and
dried. The product was obtained as the tris-hydrochloride salt.

Yield: 0.33 g (95% of theory)

ESI-MS: (M+H)" = 256

Amine 10

Ethyl (8)-1-(1-methyl-piperidin-4-yl)-piperazine-2-carboxylate

9.0
N N N—
-

N

A10a) 1-tert-butyl-3-ethy! (S)-piperazine-1,3-dicarboxylate

A suspension of 4.00 g (10.2 mmol) 1-benzyl-4-tert-butyl-2-ethyl (S)-piperazine-
1,2,4-tricarboxytate (Example A8a) and 200 mg 10% Pd/C in 100 mL EtOH was
hydrogenated for 2 h at 50°C and 3447 hPa hydrogen pressure. The catalyst was
filtered off, the filtrate was evaporated down i, vac. and the residue was further
reacted without any purification.

Yield: 2.61 g {98% of theory)

ESI-MS: (M+H)" = 259
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A10b) 1-tert-butyl-3-ethvyl (S)-4-(1-methyl-piperidin-4-yl)-piperazine-1,3-
dicarboxylate

A mixture of 2.65 g (10.05 mmol} 1-fert-butyl-3-ethyl (S)-piperazine-1,3-

dicarboxylate and 1.36 mL (11.06 mmol) 1-methyl-piperidin-4-one in 100 mL THF

was stirred for 1 h at RT. After cooling to 0°C, 3.00 g (14.16 mmol) sodium

triacetoxyborohydride were added batchwise and the reaction mixture was stirred
overnight at RT. To complete the reaction a further 1.00 g (4.72 mmol) sodium
triacetoxyborohydride and 0.3 mL AcOH were added and the mixture was stirred
for another 48 h at RT. 40 mL saturated K,COj3 solution were added, the mixture
was stirred for 15 min, extracted exhaustively with EtOAc and the combined
organic phases were dried over Na;S04. After elimination of the desiccant and
solvent the residue was purified by chromatography (Alox, DCM/EtOH 100:1).
Yield: 1.93 g (53% of theory)

ESI-MS: (M+H)" = 356

A10c) ethyl (S)-1-(1-methyl-piperidin-4-yl}-piperazine-2-carboxylate
A mixture of 1.88 (5.18 mmol) 1-fert-butyl-3-ethy! (S)-4-(1-methyl-piperidin-4-yl)-
piperazine-1,3-dicarboxylate, 3 mL EtOH and 15 mL ethanolic HCI (1.25 M) was

stirred overnight at RT. To complete the reaction the mixture was refluxed for 1
hour. After cooling of the reaction mixture the precipitate was suction filtered and
dried. The product was obtained as the bis-hydrochloride salt.

Yield: 1.35 g (79% of theory)

ESI-MS: (M+H)" = 256

Amine 11

Ethy! (S)-4-(1-methyl-piperidin-4-y)-piperazine-2-carboxylate
/TN

H—N /N‘GNW
e

o]
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A11a) 1-benzyl-2-ethyl (S)-4-(1-methyl-piperidin-4-yl)-piperazine-1,2-dicarboxvlate

A mixture of 4,20 g (10.13 mmol) 1-benzyl-2-ethyl (S)-piperazine-1,2-dicarboxylate
(Example A8b, used as the trifluoroacetate salt) and 1.37 mL 1-methyl-piperidin-4-
one in 100 mL THF was stirred for 1 h at RT. After cooling to 0°C 3.00 g (14.16
mmol) sodium triacetoxyborohydride were added batchwise and the reaction
mixture was stirred overnight at RT. It was combined with 40 mL saturated K,CO4
solution, stirred for another 15 min, extracted exhaustively with EtOAc and the
combined organic phases were dried over Na,S0,. After elimination of the
desiccant and solvent the residue was purified by chromatography (Alox,
DCM/ELOH 100:1).

Yield: 2.17 g (55% of theory)
ESI-MS: (M+H)" = 390
Rf = 0.43 (Polygram-Alox, DCM/MeOH 50:1)

A11b) ethyl (S)-4-(1-methyi-piperidin-4-yl}-piperazine-2-carboxylate

A suspension of 2.15 g (5.52 mmol} 1-benzyl-2-ethyl {S)-4-(1-methyil-piperidin-4-
yh-piperazine-1,2-dicarboxylate and 100 mg 10% Pd/C in 50 mL EtOH was
hydrogenated for 2 h at 50°C and 3447 hPa hydrogen pressure. The catalyst was
filtered off and the filtrate was evaporated to dryness. The product was reacted
further without purification.

Yield: 1.35 g (96% of theory)

ESI-MS: (M+H)" = 256

Amine 12

Ethyt (3-piperazin-1-yl-8-aza-bicyclo[3.2.1]Joct-8-yl)-acetate

H/N%N H’v é_\N/\H/O\/
o
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A12a) tert-butyl 3-(4-benzyloxycarbonyl-piperazin-1-yl)-8-aza-bicyclo[3.2.1]octane-

8-carboxylate

A mixture of 5.00 g (22.2 mmol) tert-butyl 3-ox0-8-aza-bicyclo[3.2.1]Joctan-8-

carboxylate and benzyl piperazine-1-carboxylate in 60 mL THF was adjusted with

AcOH to a pH of 5 and stirred for 1 h at RT. The mixture was combined batchwise

with 5.64 g (26.6 mmol) sodium triacetoxyborohydride while cooling with ice and

the reaction mixture was stirred overnight at RT. It was combined with 150 mL

15% K,CO; solution, the organic phase was separated off, the aqueous phase

was exhaustively extracted with EtOAc and the combined organic phases were

dried over Na.S0,. After elimination of the desiccant and solvent the residue was

purified by chromatography (silica gel, EtOAc).

2 isomeric products were able to be isolated:

Isomer A:

Yield: 2.10 g (22% of theory)
ESI-MS: (M+H)" = 430

Re= 0.55 (silica gel, E1OAc)

Retention time (HPLC): 3.2 min (method B)

Isomer B:

Yield: 2.20 g (23% of theory)
ESI-MS: (M+H)" = 430

R¢ = 0.68 (silica gel, E1OACc)

A12b) benzyl 4-(8-aza-bicyclo[3.2.1loct-3-vi}-piperazine-1-carboxylate

6.01 mL (78.0 mmol) TFA were slowly added to a mixture of 2.10 g (4.89 mmol)

tert-butyl 3-(4-benzyloxycarbonyl-piperazin-1-yl)-8-aza-bicyclo[3.2.1]octane-8-

carboxylate {isomer A} in 60 ml. DCM and the reaction mixture was stirred for 2 at

RT. It was evaporated down i. vac., the residue was taken up in 15% K,COs

solution, extracted exhaustively with DCM and the combined organic phases were

dried over Na,S0.. After elimination of the desiccant and solvent the product was

further reacted without any purification.
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Yield: 1.50 g (93% of theory)
ESI-MS:  (M+H)" =330
Rf = 0.16 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

A12c) benzyl 4-(8-ethoxycarbonylimethyl-8-aza-bicycio[3.2.1]oct-3-vh)-piperazine-
1-carboxylate

1.29 g (9.30 mmol) K;CO3 were added to 1.50 g (4.55 mmol) benzyl 4-(8-aza-

bicyclo[3.2.1]oct-3-yl)-piperazine-1-carboxylate (A12b) in 10 mL DMF, then 0.56

mL (5.00 mmol) ethyl bromoacetate were slowly added dropwise and the reaction

mixture was stirred for a further 4 h at RT. The insoluble components were filtered
off, combined with EtOAc, the organic phase was washed twice with saturated
NaHCOj; solution and dried over Na,S0O4. After elimination of the desiccant and

solvent the residue was further reacted without any further purification.

Yield: 1.75 g (92% of theory)
ESI-MS: (M+H)" =416
Re = 0.72 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

A12d) ethyl (3-piperazin-1-yl-8-aza-bicyclol3.2.1]oct-8-yi)-acetate

A suspension of 1.70 g (4.09 mmol) benzyl 4-(8-ethoxycarbonylmethyl-8-aza-
bicyclo[3.2. 1]oct-3-yl)-piperazine-1-carboxylate (A12¢) and 200 mg 10% Pd/C in
30 mL EtOH was shaken for 3 h at RT and 3000 hPa hydrogen pressure. The
catalyst was removed by suction filtering and the filtrate was evaporated to

dryness. The product was reacted further without purification.

Yield: 1.10 g (96% of theory)

ESI-MS: (M+H)" = 282

Rs = 0.21 (silica gel, DCM/MeOH/NH; 80:20:2)
Amine 13

Ethyl ([1,4'Ibipiperidinyl-4-yloxy)-acetate
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A13a) benzyl 4-fert-butoxycarbonylmethoxy-{1,4"Tbipiperidinyl-1'-carboxylate

2.90 g (13.27 mmol) sodium triacetoxyborohydride were added batchwise to a
mixture of 2.58 g {11.06 mmol) benzyl 4-oxo-piperidine-1-carboxylate and 2.80 g
(12.36 mmol} tert-butyl (piperidin-4-yloxy)-acetate in 30 mL THF and the reaction
mixture was stirred overnight at RT. it was combined with 50 mL 1 M NaOQH, the
mixture was stirred for 1 h at RT, combined with EtOAc, the organic phase was
separated off and dried over Na;S04. After elimination of the desiccant and
solvent the residue was purified by chromatography {Alox, DCM/MeOH 100:1).
Yield: 3.10 g (65% of theory)

ESI-MS: (M+H)" = 433

A13b) tert-butyl ([1,4'bipiperidinyl-4-yloxy)-acetate

A suspension of 3.08 g (7.12 mmol) benzy! 4-tert-butoxycarbonylmethoxy-
[1,4"bipiperidinyt-1’-carboxylate and 300 mg 10% Pd/C in 60 mL MeOH was
hydrogenated for 2 h at 50°C and 3447 hPa hydrogen pressure, The catalyst was
removed by suction filtering and the filtrate was evaporated to dryness. The
product was reacted further without purification.

Yield: 2.15 g (99% of theory)

ESI-MS: (M+H)" = 299

A13c) ethyl ([1.4bipiperidinyl-4-yloxy)-acetate
20 mL ethanolic HCI (1.25M) were added to 2.02 g (6.63 mmol) fert-butyl
([1,4"bipiperidinyl-4-yloxy}-acetate in 20 mbL EtOH and the reaction mixture was

refluxed for 3 h. After cooling to 0°C the precipitate formed was suction filtered and
dried under a high vacuum. The product, which was obtained as the bis-
hydrochloride salt, was reacted further without purification.

Yield: 1.74 g (76% of theory)
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ESI-MS: (M+H) =271
Amine 14

Ethyl [1,4'bipiperidinyl-4-yl-acetate

H/”%/NMO\/
o

A14a) ethyl (1-benzyl-[1,4'bipiperidinyl-4-yl}-acetate

50 mL DCM and 11.7 mL (62.5 mmol) 1-benzyi-piperidin-4-one were added to
11.8 g (56.8 mmol) ethyl piperidin-4-yl-acetate in 100 mbL of THF and the reaction
mixture was stirred for 2 h at RT. The mixture was combined batchwise with 13.7 g
(62.5 mmol) sodium triacetoxyborohydride and stirred for another 36 h at RT. 100
mL 10% NaOH were added to the reaction mixture, this was extracted twice with
100 mL MTBE and the combined organic phases were dried over Na,S0,. After

elimination of the desiccant and solvent the residue was purified by HPLC.

Yield: 3.27 g (17% of theory)
ESI-MS: (M+H)" = 345
Ri= 0.55 (silica gel, EtOAc/MeOH/NH; 90:10:1)

A14b) ethyl [1.4"bipiperidinyi-4-yl-acetate
a suspension of 3.24 g (9.41 mmol) ethyl (1'-benzyl-[1,4bipiperidinyl-4-yl)-acetate
and 300 mg 10% Pd/C in 50 mL EtOH was hydrogenated at RT and 3000 hPa

hydrogen pressure until the theoretical amount of hydrogen has been taken up.

The catalyst was removed by suction filtering, the filtrate was evaporated to
dryness, the residue was combined with 50 mL EtOH and ethanolic HCI (1.25 M).
The mixture was evaporated to dryness i. vac., the residue was stirred with 100
mL DIPE/isopropanol (2:1), the precipitate was filtered off and dried at 35°C in the
circulating air dryer. The product was obtained as the bis-hydrochloride salt.
Yield: 2.90 g (94% of theory)

ESI-MS: (M+H)" = 255
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Rs = 0.05 (silica gel, EtOAc/MeOH/NH; 70:30:3)
Amine 15

Ethyl 3-[1,4"bipiperidinyl-4-yl-propionate

H'%MO/\

A15a) fert-butyl 4-(2-methoxycarbonvi-ethyl}-[1,4"bipiperidinyl-1'-carboxylate

Under a nitrogen atmosphere a mixture of 4.00 g (19.3 mmol) methyl 3-piperidin-4-
yl-propionate and 3.85 g (19.3 mmol) ferf-butyl .4—oxo~piperidine-1~carboxylate in
50 mL THF was adjusted to a pH of 5 with AcOH and the mixture was stirred for 1
h at RT. After cooling to 0°C the mixture was combined batchwise with 5.15 g
(24.3 mmol) sodium triacetoxyborohydride and the reaction mixture was stirred
overnight at RT. Within 10 min, 90 mL of 30% K,COs; solution were added, the
mixture was extracted three times with EtOAc and the combined organic phases
were dried over Na,SO4. After elimination of the desiccant and solvent the residue

was further reacted without any further purification.

Yield: 5.40 g (79% of theory)
ESI-MS: (M+H)" = 355
R = 0.63 (silica gel, DCM/MeOH/NH; 80:20:2)

A15b) ethy] 3-[1.4'Tbipiperidiny!l-4-yl-propionate
5.40 g (15.2 mmol) tert-butyl 4-(2-methoxycarbonyl-ethyl)-[1,4'Ibipiperidinyk-1'-
carboxylate in 150 mL ethanolic HCI (1.25 M) was stirred overnight at RT. The

solvent was largely removed i. vac., the precipitate formed was filtered off and
dried. The product, which was obtained as the bis-hydrochloride salt, was reacted
further without purification.

Yield: 2.30 g (79% of theory)

ESI-MS: (M+H)" = 269

Retention time (HPLC): 1.2 min {method B)



10

16

20

25

30

., (465) HO EFHO CI00 (466) *HO/EEFONH 0a0.,...N-0
g@b%‘%@%%“” 0_ct0  No. Structgre (468) 10N-O0FEF NH 00061065314

Amine 16

Ethyl 4-(4-piperazin-1-yl-piperidin-1-yl)-butyrate

H’%N/%\N/\/\ﬁ/o\/

A16a) ethyl 4-[4-(4-benzyl-piperazin-1-yh)-piperidin-1-yi]-butyrate

Under a nitrogen atmosphere a mixture of 3.11 g (12.0 mmo!) 1-benzyl-4-piperidin-
4-yl-piperazine and 7.50 mL (12.0 mmol, 15% in water) 4-oxo-butyric acid in 70
ml THF was adjusted to a pH of 5 with AcOH and stirred for 1 h at RT. After
cooling to 0°C, 5.35 g (24.0 mmol) sodium triacetoxyborohydride were added
batchwise and the reaction mixture was stirred overnight at RT. Within 15 min 80
mil. of 30% K,CO3; solution were added dropwise, the aqueous phase was washed
twice with EtOAc and evaporated down by half i. vac.. 1 M KHSQ4 solution was
added, the precipitate formed was removed by suction filtering, the filtrate was
washed with EtOAc and the aqueous phase was evaporated to dryness i. vac..
The residue was taken up in 150 mL ethanolic HCI (1.25 M) and the reaction
mixture was stirred overnight at RT. It was evaporated down i. vac., the residue
was taken up in a little 15% K,CO; solution, exiracted exhaustively with EtOAc
and the combined organic phases were dried over Na,S0O,. After elimination of the
desiccant and solvent the residue was further reacted without any further
purification.

Yield: 2.90 g (65% of theory)

ESI-MS: (M+H)" = 374

A16b) ethyl 4-(4-piperazin-1-yl-piperdin-1-yl)-butyrate

A suspension of 2.90 g (7.76 mmol) ethyl 4-[4-(4-benzyl-piperazin-1-y!)-piperidin-
1-yl]-butyrate and 300 mg 10% Pd/C in 60 mL MeOH was hydrogenated for 24 h
at RT and 3447 hPa hydrogen pressure. The catalyst was removed by suction

filtering, the filtrate was evaporated to dryness, the residue was taken up in DIPE
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and a little isopropanol and combined with 4 M HCl in 1 4-dioxane. The precipitate

was suction filtered and dried. The product was obtained as the bis-hydrochloride

salf.
Yield: 2.50 g (90% of theory)
ESI-MS: (M+H)" = 284

Retention time (HPLC): 0.7 min {method B)
Amine 17

Benzyl 4-piperazin-1-yl-piperidine-1-carboxylate

o
H’N%N/%NJ\O/\©

A17a) tert-butyl 4-(1-benzyloxycarbonyl-piperidin-4-vl)-piperazine-1-carboxylate
A solution of 7.18 ml. (48.0 mmol) benzyl chloroformate in 50 mL DCM was added

dropwise to 12.3 g (45.7 mmol) tert-butyl 4-piperidin-4-yl-piperazine-1-carboxylate
and 8.2 mL (50 mmol) N-ethyidiisopropylamine in 200 mL DCM while cooling with
ice and the reaction mixture was stirred overnight at RT. It was washed with 200
mL of 15% K,CQO3 solution, the organic phase was separated off and dried over
Na,S0.. After elimination of the desiccant and solvent the residue was further
reacted without any further purification.

Yield: 16.0 g (87% of theory)

A17b) benzyl 4-piperazin-1-yl-piperidine-1-carboxylate
25 mL TFA were added at RT to 16.0 g (39.7 mmol) tert-butyl 4-(1-
benzyloxycarbonyl-piperidin-4-yl)-piperazine-1-carboxylate in 200 mL. DCM and

the reaction mixture was stirred overnight at RT. it was evaporated down i. vac.,
the residue was taken up in 200 mL water and 200 mL EtOAc, the aqueous phase
was separated off, combined with 50 mL 15% K,CQj; soluticn, extracted twice with

200 mL EtOAc and the combined organic phases were dried over Na;S50,. After

H,* 0Cl \NJON\-.N\.,,,%CT/EP2OO6/065314
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elimination of the desiccant and solvent the residue was reacted with any further
purification.

Yield: 4,00 g (33% of theory)

ESI-MS: (M+H)" = 304

The preparation of the final compounds is described hereinafter:

Example 1

Ethyl 1'-{(R)-3-(4-amino-3-chloro-5-triflucromethyl-pheny)-2-{4-(2-o0x0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carbonyloxyl-propionyl}-1,4'-

F3
NH,

é L /%N)ko;}(’“%/“w?\o/\

bipiperidinyl-4-carboxylate

1a) (Z,E)-2-acetylamino-3-(4-amino-3-chloro-5-triflucromethyl-phenyl)-acrylic

acid

39.7 g (335 mmol) N-acetylglycine were added to a suspension of 50.0 g (224
mmol) 4-amino-3-chloro-5-trifluoromethyl-benzaldehyde and 27.5 g (335 mmol)
NaOAc in 202 mL acetic anhydride and the reaction mixture was heated to 115°C
for 1 h. After cooling to 80°C 100 mlL water were added dropwise, while the
temperature of the mixture was maintained at 80°C. The suspension was heated
to 95°C for a further 40 min and then added to a mixture of 250 mL toluene and
500 mL water. The suspension was stirred at RT, the precipitate was suction
filtered and dried at 60°C in the circulating air dryer.

Yield: 48.8 g (68% of theory)

ESI-MS: (M+H)" = 321/323 (Cl)

R = 0.37 (silica gel, DCM/MeOH/AcOH 90:10:1)
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1b)  3-(4-aming-3-chloro-5-trifluocromethyl-phenvl}-2-0xo-propionic acid

A suspension of 97.0 g (300 mmol} (Z,E)-2-acetylamino-3-(4-amino-3-chloro-5-tri-
fluoromethyl-phenyl)-acrylic acid in 900 mL 1,4-dioxane and 1050 mL 4 M HCl| was
heated to 100°C for 8 h. The mixture was evaporated down to about 600 mL i.
vac., cooled to RT, the substance precipitated was filtered off, washed twice with
100 mL water and dried at 50°C. The residue was taken up in 850 mL toluene,
refluxed and then cooled in the ice bath. The precipitate formed was filtered,
washed with PE and dried in the circulating air dryer at 50°C.

Yield: 63.0 g (74% of theory)

ESI-MS: (M-H) = 280/282 (Cl)

R = 0.21 (silica gel, DCM/MeOH/NH; 80:20:2)

1¢)  (R)}-3-(4-amino-3-chloro-5-triflucromethyl-phenyl)-2-hydroxy-propignic acid

A solution of 100.0 g (312 mmol) (1R)-B-chlorodiisopinocampheytborane in 150
mb THF was added dropwise to a solution of 63.0 g (224 mmol) 3-(4-amino-3-
chloro-5-trifluoromethyl-phenyl)-2-oxo-propionic acid and 31.2 mbL (224 mmol)
triethylamine in 300 mL THF cooled to about -30°C and the reaction mixture was
kept for 1.5 h at this temperature and then heated to RT within a further hour, with
80 mL 4 M NaOH were added to the reaction mixture, it was stirred for 5 min,
cooled to 0°C, combined with 300 mL MTBE, stirred for another 20 min at this
temperature and then the phases were separated. The organic phase was
exhaustively extracted with water, the combined aqueous phases were acidified
with 4 M HCI, exhaustively extracted with MTBE and the combined organic phases
were dried over Na;S0,.

The THF/MTBE/NaOH phase was acidified with 4 M HCI, the phases were
separated and the organic phase was evaporated down i. vac.. The two residues
were combined and reacted further without purification.

R:= 0.20 (silica gel, DCM/MeOH/NH; 80:20:2)
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1d)  methyl (R)-3-(4-amino-3-chloro-5-triflucromethyl-phenyh-2-hvdroxy-

propionate
The crude product of Example 1c (62 g) was dissolved in 300 mL MeQH and 3.65

mL (50 mmol) SOCI, were slowly added dropwise to this solution. The reaction
mixture was stirred for a further 3 h at RT, then evaporated down i. vac., the
residue was taken up in DCM and filtered through silica gel. The solution was
evaporated down i. vac. and the residue was purified by chromatography (silica
gel, DCM/MeOH/NH3 80:20:2). The fractions containing the product were
combined, evaporated down i. vac., the residue was combined with PE, suction
filtered and dried.

Yield: 43.1 g {(65% of theory over 2 steps)
ESI-MS: (M+H)" = 298/300 (Cl)
Rf = 0.86 (silica gel, DCM/MeOH/NH; 80:20:2)

1e) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-methoxycarbonyl-ethyl

4-(2-ox0-1,2 4 5-tetrahydro-1,3-benzodiazepin-3-vi)-piperidine-1-

carboxylate
Under a nitrogen atmosphere a solution of 13.5 g (65.0 mmol) 4-nitrophenyi

chloroformate in 40 mL THF were metered into 100 mL pyridine at 60°C (bath
temperature) within 10 min, the mixture was stirred for 10 min, then a solution of
18.0 g (60.5 mmol) methyl {R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-2-
hydroxy-propionate in 50 ml of pyridine was added dropwise and the reaction
mixture was kept for 1.5 h at this temperature. Then 15.9 g (65.0 mmol) 3-
piperidin-4-yl-1,3,4,5-tetrahydro-1,3-benzodiazepin-2-one was added batchwise.
The temperature of the reaction mixture was increased to 100 °C, the mixture was
kept at this temperature for 6 h and then stirred overnight at RT. The mixture was
evaporated down i. vac., the residue was taken up in 200 mL EtOAc, the organic
phase was washed twice with 100 mL of 1 M KHSO;, solution, ten times with 50
mbL of 15% K,CO; solution and dried over Na,SQ,. After elimination of the
desiccant and solvent the residue was reacted further without purification.

Yield: 33.1 g (96% of theory)
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ESI-MS: (M+H)" = 569/571 (CI)
Ri= 0.72 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

)  (R)-2-(4-amino-3-chloro-5-triflucromethyl-phenyl)-1-carboxy-ethyl 4-(2-oxo-

1,2.4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate

A solution of 2.11 g (88.0 mmol) LiOH in 100 mL water was added to a solution of
33.0 g (68.0 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-methoxy-
carbonyl-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yi}-piperidine-1-
carboxylate in 200 mL THF and the reaction solution was stirred for 3.5 h at RT.
THF was eliminated i. vac., the aqueous residue was washed twice with MTBE,
acidified with 2 M HCI, exhaustively extracted with DCM and the combined organic
phases were dried over Na,SO,4. After elimination of the desiccant and solvent the
residue was dissolved at 65°C in 80 mL isopropanol and slowly cooled to RT
overnight. The suspension was cooled in the ice bath, suction filtered, washed with

a little isopropanocl and DIPE and dried.

Yield: 26.2 g (81% of theory)
ESI-MS: (M+H)" = 555/557 (CI)
Ri= 0.18 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

Retention time (HPLC): 4.0 min (Method B)

1g)  (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-oxo-2-(4-oxo-piperidin-

1-v)-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-vi)-piperidine-1-
carboxylate
7.40 g (23.0 mmol) TBTU and 5.84 mL (40.0 mmol) triethylamine were added to a
solution of 10.0 g (18.0 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-

carboxy-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate in 50 mL DMF and stirred for 10 min at RT. 2.77 g (18.0 mmol)
piperidin-4-one (used as the hydrate of the hydrochloride salt) were added to the
reaction mixture and this was sfirred overnight at RT. The reaction solution was

poured onto 1 L of 7% K,COj; solution, the precipitated substance was filtered off,
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washed with water and dried at 60°C for 8 h. Further purification was carried out

by column chromatography (silica gel, EtOAc).

Yield: 7.5 g (65% of theory)
ESI-MS: (M+H)" = 636/638 (CI)
R = 0.25 (silica gel, EtOAc)

1h)  ethyl 1-{(R}-3-{4-amino-3-chloro-5-triftucromethyl-phenyl)-2-[4-(2-0xo-

1,2.4 5-tetrahydro-1,3-benzodiazepin-3-y|)}-piperidine-1-carbonyloxyl-

propionyli-1.4'-bipiperidinyl-4-carboxylate

62.9 mg (0.4 mmol) ethyl piperidine-4-carboxylate and 11 uL (0.2 mmol) AcOH
were added to a solution of 127 mg (0.2 mmol) (R}-1-(4-amino-3-chloro-5-
trifluoromethyl-benzyl)-2-oxo-2-(4-oxo-piperidin-1-yl}-ethyl 4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yi)-piperidine-1-carboxylate in 2 ml. THF/MeOH
(2:1) and the reaction mixture was stirred for 2 h at RT. Then it was cooled to 0°C,
combined with 10.6 mg {0.16 mmoi) NaBH3CN after 2 h and stirred at 0°C
overnight. The solvent was allowed to evaporate, the residue was taken up in 2
mL DMF and the crude product was purified by HPLC. The fractions containing the
product were combined and freeze-dried.

Yield: 88 mg (44% of theory)

ESI-MS: (M+H)" = 777/779 (CI)

Retention time (HPLC): 7.0 min (Method C)

Example 1.1

1'-{(R)-3-{4-amino-3-chloro-5-trifluoromethyl-phenyl)-2-[4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl}-piperidine-1-carbonyloxyl-propionyl}-1,4'-
bipiperidinyl-4-carboxylic acid
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A solution of 7.2 mg (0.3 mmol) LiOH in 1 mL water was added to a solution of 140
mg (0.18 mmot) ethyl 1-{{R)-3-(4-amino-3-chloro-5-triflucromethyl-phenyl)-2-[4-(2-
5 oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carbonyloxy]-
propionyl}-1 ,4'~bipipéridEny¥—4—carboxylate in 1 mL THF and the reaction mixture
was stirred for 3 h at RT. 1 mL HCH (1 M) was added and the crude product was

purified by HPLC. The fractions containing the product were combined and freeze-

dried.
10 Yield: 53 mg (39% of theory)
ESI-MS: (M+HY" = 749/751 (CI)

Retention time (HPLC): 3.4 min (Method B)

Example 2
15

{R)-1-{4-amino-3-chloro-5-trifluoromethyl-benzyl }-2-[4-(ethoxycarbonylmethyl-
amino)-1,4'-bipiperidinyl-1'-yl]-2-oxo-ethy! 4-(2-0x0-1,2,4,5-tetrahydro-1,3-

benzodiazepin-3-yi)-piperidine-1-carboxylate

;:3
NH,

CL/\\%\\/”\O/T%/@N\AO/\

20
2a) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyh)-2-[4-(fert-butoxycarbony/-

ethoxycarbonyl-methylamino)-1,.4"-bipiperidinyl-1'-vi]-2-oxo-ethyl 4-(2-0x0-

1.2 .4 5-tetrahydro-1.3-benzodiazepin-3-vl)-piperidine-1-carboxvlate
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128 mg (0.40 mmol) TBTU and 56 pk (0.40 mmol) triethylamine were added to a
solution of 200 mg (0.36 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-
1-carboxy-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate in 2 mL DMF and stirred for 10 min at RT. 148 mg (0.40 mmol) ethyl
([1,4'bipiperidinyl-4-yl-tert-butoxycarbonyl-amino)-acetate (Amine A6) were added
to the reaction mixture and this was stirred overnight at RT. The reaction solution
was evaporated down i. vac., the residue was taken up in EtOAc, the precipitate
formed was suction filtered and dried. The product was reacted further without
purification.

Yield: 330 mg (100% of theory)

2b)  (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[4-

{ethoxycarbonylmethyl-amino)-1,4"-bipiperidinyi-1'-yil-2-oxo-ethy| 4-(2-0x0-

1,2.4,5-tetrahydro-1.3-benzodiazepin-3-yh-piperidine-1-carboxylate
0.5 mL TFA were added to a solution of 330 mg (0.36 mmol) (R)-1-(4-amino-3-

chioro-5-trifluoromethyl-benzyt)-2-[4-(tert-butoxycarbonyl-ethoxycarbonyl-
methylamino)-1,4"-bipiperidinyt-1'-yl}-2-oxo-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yl)-piperidine-1-carboxylate in 5 mL. DCM cooled to 0°C and the
reaction mixture was stirred overnight at RT. It was evaporated down i. vac. and
the residue was purified by HPLC. The fractions containing the product were
combined and freeze-dried.

Yield: 263 mg (90% of theory)

ESI-MS: (M+H)" = 806/808 (CI)

Retention time (HPLC): 2.6 min (Method A)

Example 2.1
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[4-(carboxymethyl-amino)-

1,4"-bipiperidinyl-1'-yl]-2-oxo-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-
3-yl)-piperidine-1-carboxyiate



No. Structure (502) HO 0 NNAO F F NH, 0 NN- 0 OH (503) HO 0

NAG LEERoMIs 0 0-N, (504) HO 0\N AQ/F FE NH, 0NN 0 oo\
(505)" HOFF FNH, Cl0(506) HO OFFF eriEP2006/065314

10

15

20

3

7N ! o

A solution of 9.4 mg (0.39 mmol) LiOH was added to a solution of 212 mg (0.26
mmol) {R)-1-(4-amino-3-chioro-5-trifluoromethyl-benzyl)-2-{4-(ethoxy-
carbonylmethylamino)-1,4-bipiperidinyl-1'-yl}-2-oxo-ethy! 4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate in 9 mL THF and the
reaction mixture was stirred overnight at RT. To complete the reaction 6.3 mg
{0.26 mmol) LiOH were also added and the mixture was again stirred overnight at
RT. The reaction mixture was purified by HPLC without further working up. The
fractions containing the product were combined and freeze-dried, the product
being obtained as the trifluoroacetate salt.

Yield: 130 mg (55% of theory)

ESI-MS: (M+H)" = 778/780 (CI)

Retention time {(HPLC): 2.7 min (Method A)

Example 3

(R)-1-(4-amino-3-chloro-5-trifluoromethyi-benzyl)-2-(1'-ethoxycarbonylmethyl-4,4'-
bipiperidinyl-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-

piperidine-1-carboxylate
CF,

j\ : N Ci .
| Q L/O%N oY WN/T -
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632 mg (1.97 mmol) TBTU and 0.34 mL (1.97 mmol) ethyldiisopropylamine were
added to a solution of 1.0 g (1.80 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyi-
phenyl)-1-carboxy-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-
piperidine-1-carboxylate in 10 mL THF and the mixture was stirred for 10 min at
RT. 500 mg {1.97 mmol) ethyl [4,4"bipiperidinyl-1-yl-acetate were added to the
reaction mixture and this was stirred overnight at RT. The mixture was evaporated
down i. vac., the residue was taken up in DCM, the organic phase was washed
with 1 M KHSO; solution and 15% K;CO; solution and dried over Na;SQ,. After
elimination of the desiccant and solvent the residue was purified by HPLC. The
fractions containing the product were combined, evaporated down i. vac., the

residue was triturated with DIPE, suction filtered and dried.

Yield: 150 mg (11% of theory)

ESI-MS: (M+HY = 791/793 (CI)

Ry = 0.46 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)
Example 3.1

(R)-1-{4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(1'-carboxymethyi-4 4'-
bipiperidinyl-1-y)-2-oxo-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yi)-

piperidine-1-carboxylate

CF,

A NH,
1

g ‘L/%NLO;\JNWNWO\H

A solution of 1 mg (0.04 mmol) LiOH in 1 mL water was added 1o a solution of 30
mg (0.04 mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-( 1'-ethoxy-
carbonylmethyi-4,4'-bi-piperidinyi-1-yl)-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yl)-piperidine-1-carboxylate in 2 mL THF and the reaction mixiure

was stirred overnight at RT. The mixture was evaporated down i. vac., the residue
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was combined with a little water and 1 M HCI until an acidic reaction was obtained.
The precipitate formed was suction filtered and dried.

Yield: 20 mg (66% of theory)

ESI-MS: (M+H)" = 763/765 (Cl)

Ri= 0.31 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

Example 3.2

(R)-1-(4-amino-3-chioro-5-trifluoromethyl-benzyl)-2-(1'-methoxycarbonylmethyi-
4,4'-bipiperidinyl-1-yl}-2-oxo-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-

FJ
NH,

)Ci u X Cl )
d&?’“ YA

3-yl)-piperidine-1-carboxylate

100 mg (0.31 mmol) TBTU and 0.06 mL {0.34 mmol) ethyldiisopropylamine were
added to a solution of 200 mg (0.26 mmol) (R)-1-(4-amino-3-chlorg-5-
triftuoromethyl-benzyl)-2-(1-carboxymethyl-4,4'-bipiperidinyl-1-yl}-2-oxo-ethyl 4-(2-
oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate in 15 mL
THF and the mixture was stirred for 10 min at RT. 1 mL (24.6 mmol) MeOH was
added to the reaction mixture and this was stirred overnight at RT. It was
evaporated down i. vac., the residue was taken up in 2 mbL. DMF and the crude
product was purified by HPLC. The fractions containing the product were
combined and freeze-dried.

Yield: 80 mg (39% of theory)

ESI-MS: (M+H)" = 777/779 (CI)

Rs = 0.60 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)
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The foliowing compounds were prepared analogously from in each case 200 mg of
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(1'-carboxymethyl-4,4'-
bipiperidinyi-1-yi}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yi)-

piperidine-1-carboxylate and 1 mL of the respective alcohol:
GF,

/©:NH2
Ci
N

10

dN\/NQO%N o/\g/ W /\érR
\
H
Example R Yield (%) |Mass R¢
spectrum | (silica gel,
DCM/MeOH/Cyc/NH;
70:15:15:2)
33 * 33 805/807 0.59
O\[/ [M+H]*
34 ? 30 819/821 0.61
O\)\ [M+H]"
3.5 1\ 47 821/823 0.58
O™~ [M+H]+
3.6 f 39 875/877 0.70
On [M+H]
Example 3.7

(R)-1-{4~amino-3-chloro-5-trifluoromethyl-benzyi)-2-oxo-2-(1'-

phenoxycarbonylmethyl-4 4'-bipiperidinyl-1-yl)-ethyl 4-(2-0x0-1,2 4,5-tetrahydro-

1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate
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50 mg (0.16 mmol)} TBTU and 37 pL (0.26 mmol) triethylamine were added to a
solution of 100 mg (0.13 mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyil-benzyl)-
2-(1'-carboxymethyi-4,4'-bipiperidiny!-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-
1,3-benzodiazepin-3-y)-piperidine-1-carboxylate in 1.5 mL DMF and stirred for 1 h
at RT. 14.8 mg (0.16 mmol) phenol were added and the reaction mixture was
stirred overnight at RT. The reaction solution was filtered through a syringe filter
and the crude product was purified by HPLC. The fractions containing the product
were combined and freeze-dried. The residue was dissolved in DCM, evaporated

down i. vac., triturated with DIPE, suction filtered and dried.

Yield: 48 mg (44% of theory)
ESI-MS: (M+H)" = 839/841 (CI)
Ri = 0.47 (silica gel, DCM/MeOH/NH; 90:10:1)

Retention time (HPLC). 3.2 min (Method B)

The following compounds were prepared analogously from in each case 100 mg
(Examples 3.8 to 3.12), 120 mg (Example 3.13) or 90 mg (Examples 3.14 and
3.15) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(1'-carboxymethyl-4,4'-
bipiperidinyl-1-yh)-2-oxo0-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl}-

piperidine-1-carboxylate and the amount of the alcohoi component needed in each

3
i :NHz

~ AN

case.
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Example |R Yield (%) Mass retention time
spectrum |HPLC
(Method}
3.8 X 69 879/881 3.1 min
O\@o [M+H]" (B)
3.9 & 57 876/878 2.5 min
0\/\0 M+H]" (B)
e}
3.10 f 59 834/836 2.9 min
Oy MH(B)
3.11 X o 52 888/890 3.0 min
Oy [M+H]" (B)
3.12 b 31 854/856 2.4 min
E
O [M+H]" (B)
3.13 | o 57 874/876 3.0 min
|
O\/\N [M“}‘Hr (B)
3.14 f I/\O 17 890/692 3.0 min
O M+H | (B)
3.15 ? i 63 848/850 3.0 min
SN L []\/'HH]+

(B)
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/0 (527) NOF FE fie NH, 0, WO1\ACNCNNO (528) HOF FF O NH,

oQ B%Diery \---No 0 (529) 0 F FE,@Q N 0 (530) 0 H O F F EAteoo006/055314
NH, 01111iP 01'N-\ A...-...,-N"..-=-\iN 0 (531) SN O F FE ith NH, 0'111,

Cl JLCCN- NAO---11 NN \------- \NO /0 (532) HO

Example 3.16

(R)-1-(4-amino-3-chloro-5-trifluoromethyi-benzyl)-2-[1'-(2,2-dimethylpropionyloxy-
methoxycarbonyl-methyl)-4,4-bipiperidinyl-1-yi]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-

tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate

3
i :NH-z

&L/(%NiO%JNMN/\g/OVO%

O

27 mg (0.20 mmol) K:CO3 and 28 ul {0.20 mmol) chloromethyl 2,2-dimethyl-
propionate were added to a solution of 100 mg (0.13 mmol) (R)-1-(4-amino-3-
chloro-5-trifluoromethyl-benzyl)-2-(1'-carboxymethyl-4,4'-bipiperidinyl-1-yl)-2-oxo-
ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate
in 2 mL DMF and the reaction mixture was stirred for 2 h at RT. The mixture was
evaporated down i. vac., the residue was taken up in 50 mL DCM, the organic
phase was washed with 20 mL water and dried over Na,S0,. After elimination of
the desiccant and solvent the residue was purified by chromatography (silica gel,
DCM/MeOH/NH; 97:3:0.3). The fractions containing the product were combined,
evaporated down, the residue was friturated with a little diethy} ether/DIPE, suction
filtered and dried.

Yield: 39 mg (34% of theory)
ESI-MS: (M+H)" = 877/879 (CI)
Ry = 0.47 (silica gel, DCM/MeOH/NH; 90:10:1)

Retention time (HPLC). 3.3 min (Method B)
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FITE*NH 0O,el\A..0.,...N,---\ NOn\---N4' 0 No. Structure (533) N OF

R d\gﬂ i,Mz\% .=..-NO\S N 0 (534) “4&59 F F F sam NI- 0111" %E
ORI RERZS0H e (535) HO F FIPNH 0CI /00 (536) 15 HD & 20061085314
40 NH2 0a \Nior"----",---CPThrD /00 (537) HO IP F F F gib NH, 011-F 01

Example 3.17

{R)-1-{4-amino-3-chloro-5-trifluoromethyl-benzyl}-2-(1'-
dimethylcarbamoylmethoxy-carbonylmethyl-4,4-bipiperidinyi-1-yl)-2-oxo-ethyi 4-
{2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate

a

CL/O%NJ\O%JNMN/TUL?/

48 mg (0.15 mmol) TBTU, 21 uL (0.15 mmol} triethylamine and 15 mg (8.15 mmol)
2-hydroxy-N,N-dimethyl-acetamide were added to a solution of 100 mg (0.13
mmol) (R)-1-{4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(1'-carboxymethyl-4,4'-
bipiperidiny!-1-yl)-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-
piperidine-1-carboxylate in 1 mL. DMF and the reaction mixture was stirred
overnight at RT. The reaction solution was filtered through a syringe filter and the
crude product was purified by HPLC. The fractions containing the product were
combined and evaporated down i. vac..

Yield: 23 mg (21% of theory)

ESI-MS: (M+H)" = 848/850 (CI)

Retention time (HPLC): 2.9 min (Method B)

Example 4

(R)-1-(4-amino-3-chioro-5-triflucromethyl-benzyi}-2-[4-( 1-ethoxycarbonyimethyl-
piperidin-4-yl)-piperazin-1-yl]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-

benzodiazepin-3-yl)-piperidine-1-carboxylate
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NO---y \------N- /00 (538) HO FF NH, 0CI'N--\ A.),N.,...~-\CiNTh7-0."-k /NO

02390 0@ deEFr NH2 02 0 01'W- 0 Ny Structure (540) 0 0 F =1 MH2006/0653 14
0 0CI() -1/4.,,N,----\"Cry ....-/ NN 00 (541) HOFFFONH, Olci

),A,, ThiNN_cpmr0 j 00 (542) HO S F F F * NH 0CIO NE-Nri-"-AOH (543)
110 HO

Cg ofﬁ( N /YO\/

0.52 g (1.62 mmol) TBTU and 0.28 mL (1.61 mmol) ethyldiisopropylamine were
added 1o a solution of 0.80 g {1.44 mmol) (R)}-2-(4-amino-3-chloro-5-
trifluoromethyl-phenyl)-1-carboxy-ethyl 4-(2-oxo0-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yi)-piperidine-1-carboxylate in 30 mL THF and stirred for 10 min
at RT. 0.40 g (1.57 mmol) ethy! (4-piperazin-1-yl-piperidin-1-yl}-acetate were
added to the reaction mixture and this was stirred overnight at RT. 40 mL EtOAc
were added, the organic phase was washed with 15% K,COz solution and dried
over MgSQy. After elimination of the desiccant and solvent the residue was
purified by chromatography (silica gel, gradient DCM to DCMW/EtOH/NH; 70:30:3).
Yield: 0.68 g (60% of theory}

ESI-MS: (M+H)" = 792/794 (CI)

Re= 0.70 (silica gel, DCM/Cyc/MeOH/NH3 70:15:15:2)

Example 4.1

(R)-1-(4-amino-3-chioro-5-trifluoromethyl-benzyl}-2-{4-(1-carboxymethyl-piperidin-
4-yl)-piperazin-1-yl]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-

FS
i H cl
NN o”\(“%«%m\/om
Ao o 5
i
H

yl)-piperidine-1-carboxylate
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E F F* NH, 0CIO 0O-..,.,,N.Nr)--0.,..k 0---N O (544) SOHOFFEN a0 CIO

N\Z2 2D (545) HO F F F NHZ G40 N..__NF:23 (546) O Flg’crr/‘EfE;zt)06/065314

H2 040 CI0 0,221(/NOCr,rO No. Structure (547) H O FEE NH. 0CIO
19\.._ Nri..0"11. OTh O-N, (548) 110 H O FEE

A solution of 25 mg (1.02 mmol} LiOH in 20 ml. water was added to a solution of
380 mg (0.48 mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-{4-(1-
ethoxycarbonylmethyl-piperidin-4-yl)-piperazin-1-yl]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate in 20 mbL THF and the
reaction mixture was stirred overnight at RT. The organic solvent was eliminated i.
vac. and 20 mlL water and 1.1 mL 1 M HCl were added. The mixture was
evaporated down i. vac., the residue was taken up in 5 mL DMF and the crude
product was purified by HPLC. The fractions containing the product were
combined and freeze-dried.

Yield: 114 mg (31% of theory)

£ESI-MS: (M+H)" = 764/766 (CI)

Rf= 0.07 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

Example 4.2

(R)-1-(4-amino-3-chloro-5-trifluoromethyi-benzyl)-2-[4-(1-butoxycarbonylmethyi-
piperidin-4-yl)-piperazin-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-

benzodiazepin-3-yl)-piperidine-1-carboxylate
CF

3
ﬁ““z
/[(JJ\ H Ci
N/%N o A N\/\ O
&J/RO N/Y
\
H

51 mg (0.16 mmol) TBTU and 29 ub (0.34 mmol) triethylamine were added to a
solution of 80 mg (0.11 mmol} (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-
[4-(1-carboxymethyi-piperidin-4-yl}-piperazin-1-yi]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate in 1.5 mL DMF and
the mixture was shaken for 30 min at RT. 100 b {(1.09 mmol) 1-butanol were

added fo the reaction mixture and this was shaken overnight at RT. After filtration
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*NI- OCIr.,..0.10M <N (,) 0 (549) H O FEE NH, 0CI0 0 (550) HO

REE R0@2hbE41.'N----O N cryNO0 /0 Q (531) HO N FEE OCILo 0358R} 006/065314

HOF NH, 01000 (553) HO FEE NH, 0000

through a syringe filter the crude product was purified by HPLC. The fractions
containing the product were combined and freeze-dried.

Yield: 46 mg (54% of theory)

ESI-MS: (M+H)" = 820/822 (C})

Ri= 0.67 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

The following compounds were prepared analogously from in each case 80 mg
(R)-1-(4-amino-3-chioro-5-trifluoromethyl-benzyl}-2-[4-(1-carboxymethyl-piperidin-
4-yl)-piperazin-1-yl}-2-oxo-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-

yi)-piperidine-1-carboxylate and 100 pL of the respective aicohol component :

FS
NH,

~ LA Ay

0

Example |R Yield (%) |[Mass R¢

spectrum | (silica gel,
DCM/MeOH/Cyc/NH;
70:15:15:2)

4.3 ) 52 834/836 10.63

O IM+H]*

4.4 . 52 848/850 [ 0.61

O™ [M+H]"

The following compounds were prepared analogously from in each case 80 mg
{R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-{4-( 1-carboxymethyl-piperidin-
4-yh)-piperazin-1-yl}-2-oxo-ethyt 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-
yl}-piperidine-1-carboxylate and 1.5 equivalents (Examples 4.5 and 4.6) and 1.6

equivalents (Examples 4.7 and 4.8) of the respective alcohol component:




WO 2007/020261- 136 -PCT/EP2006/065314 No. Structure (554) HO

FArE AQ ZiogPON\--'D ._t 0 OH (555) H §p4H-NOTh- F P E is NH IsmetOekro06/065314
C (556) SHOFFNH20ci\NIOThrNNOOOH (557) OFFFNHCI/O0

= 2
/[!\ /&/l\cE
/% O/\ﬂ/ A /%
7N /Y
=
Example R Yield (%) Mass Rs
spectrum (silica gel,
DCM/MeOH/Cyc/NH;
706:15:15:2)
4.5 . 44 840/842 0.71
O~ l [M+H]"
é\
4.6 * o 57 889/801 0.70
O\//\N [M+H}+
4.7 ‘ 33 880/682 0.51
D e
4.8 ? Ay 49 855/857 0.67
]
O™ [M+H]"

Example 4.9

(R)-1-(4-amino-3-chloro-5-trifltuoromethyl-benzyl)-2-{4-[1-(2-morpholin-4-yl-
ethoxycarbonylmethyl)-piperidin-4-yl}-piperazin-1-yl}-2-oxo-ethyl 4-(2-0x0-1,2,4,5-

tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate
CF.

i :NHz

CQA eN\/C{”%“”Y 7y
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the tautomers, the diastereomers, the enantiomers, the hydrates, the

mixtupes therenfand the salts thereof as aellas the hydrates of thqagquzgpgooﬁ /065314

thereof, particularly the physiologically acceptable salts thereof with
inorganic or organic 5acids or bases. WO 2007/020261- 137
-PCT/EP2006/065314 TERMS AND DEFINITIONS USED Unless
otherwise stated, all the substituents are independent atone another. If for
example there are a plurality of C1.6-alkyl groups as substituents in one
group, in 5the case of three C1_5-alkyl substituents, independently of one

a?»_@thrﬁ g@ﬁ% WJSWBWEH&FWW@@.@AW}SHﬁ'?%t%”y?a@g{ﬂ?%@re added to a

Withinthe scope of this application, in the definition of possible

sapktinems | tHeBOAy ARS8} idprdsehtsainetBectdfpof-drdtwacamathyl-benzyl)-
f%q&%i%-éfa%%%%ﬁwdﬁétséﬁlﬂi%%f}lﬁﬂd#&%r%lﬁl?lwﬁi-@I&B'%ﬂfﬁh&(z-foxo-1 2.4 5-

substituent is to be understood as being the linking point to the'rest of the

neiEzyerreshsjradivaepin s Hoendsie ol seamaudedarie 5 mL THF and
COmMRAVAFSAGEH AR He wﬂvﬁl?ﬁieﬂniﬂﬁl?'@mﬁd%éﬁ!%%%@%rYéS'i}W@rié‘ added
e

one or more hydrogen atoms, for 15example one, two, three, four or five

h{RIFBESRARBPRTARL FEFIREEH B SRRRBRIGR VP ERFHOTCH S RLAGAT. 3 mL of

(insrdiperthagasuhistiare Pastiaf g gfpkRsiaarnart LrRackad PR reaction
unbranched alkyl groups with 1 to 3 carbon atoms, by the term

SRS REAPREHEH AR A IRBraRtes WRSIFsapEe it hiend. MeOH,
CRkPELONRME anyydaeterang bufRiby e meankdrracheksafhtaining the

unbranched alkyl groups with 1 to 8 carbon atoms. Examples include:
RSB CEIMGT SRR R RO SIONDI Bt N A B2BIYE W iityiater Witk PIPE.

NsREb, figereanivi rer-@entyh aexryldgprtyl and octyl. The following
abbreviations may optionally also be used for the above-mentioned

grdBiss: Me, Et, n-pr, i-Pr, nBUTEBE BY B8O Vhless 25stated
othenwise, the definitions propyi-hutyls pratyd fexyl, heptyl or octyl
in¢lude all the possible iso % f ﬂns of Eh r H\%S in guestion. Thus, for
example, propyl includes nrrg* aﬁ (G) i%-’pﬁ)o%@, ﬁmrwﬂuﬁ%g'&]ﬂutyl,
sBetautyb anirie tHRILE etc. B0 Byith@leid @&l _3-alkylene” (including
those which are part of other groups) are meant branched and
unbranched alkylene groups with 1 to 3 carbon atoms and by WO
280402026 10138-PCT/EP2006/065314 the term "C2_4-alkylene" are
meant branched and unbranched alkylene groups with 2 to 4 carbon

atoms. Examples include: methylene, ethylene, ethane-1,1-diyl,
p{EYyledeapropabestd@atylrifoatmidtyibaazpiiene; 2-(4-{1-[2-(2-oxo-

1-methvipropylene. 1,1- dimethvlethylene, 1.2-dimethylethylene, Unle
R e R R T G BRI i 42 00
possible-tstnafeyitr foinisheitz chéasamp-Budiepefidaddrsa iy doe

example, propyl also includes 1-methyle;ylene and butylene includes

1-methylpropylene, 1,1-dimethylethylengi.1l,2+«dimethylethylene. It

should also be mentioned that within the sg¢ope of the present invention
the 10terms "alkylene" and "a!gyl nyl aré used synonymously. 0
Compounds of gengral for M aﬂﬁ” ' ; rly carboxyl

groups, and/or o@ re)LHps such as e®. amino functionss Compéurds of
general formula Friay therefore be present as internal salts, as salts with
pharmaceutically useable 15inorganic acids such as for example
hydrobromic acid, phosphoric acid, nitric acid, hydrochloric acid, sulphuric

aPicspaathanesulphaosiictadiketinsn st iphonidacig ( Darizenesy pRPNICA-amino-3-

acid, p-talyenesulphqpic acid o ic acids such as for example malic ,
o B e b p S B R R e b peracan-1-
|agiic-aoid; adridre( deicoeitrit; 4 Sidatraay daltd FithephadizaeputicaI)-piperidine-1-
useable 20bases such as alkali or alkaline earth metal hydroxides, e.g.

sodium hydroxide or potassium hydroxide, or carbonates, ammonia, zinc

or ammonium hydroxides or organic amines such as e.g. diethylamine,
triethylamine, ethanolamine, diethanolamine, triethanolamine,

cyclohexylamine, dicyclohexylamine, inter alia. 25The invention relates to

the compounds in question, optionally in the form of the individual optical

isomers, mixtures of the individual enantiomers or racemates, in the form
nf the taritnmerce ac well ac in the form of the free hacec nr the
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Sracemates or in the (R) form. However, the application also

epcompassesthe individual diastereom_eg'@epairs of antipodes or mpggbw%%m% /065314

thereof, which are obtained if there is more than one chiral element in the
compounds of general formula I, and the individual optically active to
enantiomers of which the above-mentioned racemates are made up. The
invention relates to the compounds in question, optionally in the form of
the individual optical isomers, mixtures of the individual enantiomers or
r&eepsadslerammé T8ri-dOié runemdréZakywetiassinithefpnmmlioink@-dres using 1.5
basep Rithe Larkesponding acid addition salts with pharmacologically
acceptable acids - such as for example acid addition salts with hydrohalic
a¥ig¥l: for example hydrochistiger(Agdsstrdraiacid - or organic acids -
speh_gecfor example oxalic, Mpglzmﬁcgglyf@hp Rflmethanesulphonic acid.
20METHODS OF PREPARATION The compounds of general formula |
alre prepared by methods kitbhih (#lisignaah & G NeMsIBIRNGIme8ndas have
PredRATtirHRfymiseful fop Ry eRaringethe $@mpounds of general formula

| according to the invention: 25 (a)For preparing compounds of general
formula | wherein all the groups are as hereinbefore defined: coupling a
carpxylic aqig of general formula V- wherein R1 and R2 are as
hereinbefore defined, with an amine of general formula VI 5 H-123-R4
wherein 123 and R4 are as hereinbefore defined, the linking taking place
vig @Iﬁ?ﬂﬁﬁ-@l@ﬁlcﬂfoVE~t}@|§§f@Fﬁéﬂﬁ‘ylfﬁéﬁti%-"é-{iﬁ:[ﬂ%}?%?;SWOlin-4-yf~
carboxylic acid functions, primary or secondary amino functions or
HRRBHERERINE Brelumt RiRREGRotIS SiRseAZifr Yo fomrRiatPyRB(Rxo-
May, be REstaRiRIdY copyRRiaRAERtEcve: Poummandaftshiyateaction
has taken place any protective groups used may be cleaved again using
methods familiar to those skilled in the art. 15 The coupling is preferably

carried out using methods known from gptide chemistry (cf. e.g.

Houben-Weyl, Methoden der Organis ®hemie, Vol. 15/2), for
example using carbodiimides sych ; gllcyclohexylcarbodnmld(e\O

(DCC), diisopropyl carbodiimide! (DIG) Qr
ethyl-(3-dimethylamin r?pylﬁ%ﬁbﬁaﬁm\id\/é?\@f)mf@ﬁ%ﬁa%ﬁﬁl)-
N,N-M,N1-tetr ylurénium hexaﬂﬁorophosphate (HBTU) or

tetrafluoroborate (TBTU) or
1H-benzotriazol-1-yl-oxytris-(dimethylamino)-phosphonium

hexafluorophosphate (BOP). By adding 1-hydroxybenzotriazole (HOBt) or
FRGBRERY-ATUSIP USHIHGIFS AT S e TS th BV EHO Bry ecte Bigidn( 4-amino-3-

saﬁe%caarhmmem@ﬁ%t@w?w[H\@&@é@ﬂ&%tﬁﬁ%fb‘&@ﬁ%%%eperazm-1-

equimolar amounts of the coupling components as well as the coupling”
réd Rt R Ot 6 A dchisiEahetiiant SrbearydisraRin- dubtevnelisine-1-
digeioyy enamide o) 1dimetay) acatrpies (2N ropan-1-ol, using 1.5 mL

N-methylpyrrolidone (NMP) or mixtures thereof and at temperatures

Heideds sseeahd ispey irgtisbPbbé1 thesnrosiest/pes dakroeesin DCM, the
psederablyh306and exdbsotdlnRrasSa WAHE DY SSisaRRORYRaee (HEPiga,50,,

base; is preferably used as an additional auxiliary base. The so-called
AR ER LS R HEHCRoRARA SOARTHIAG FREIbe RS Stred with DIPE,
Ssyribesisisgeampaiidsiafigensral formula | (cf. also: M. Bodanszky,
"Peptjde Chemistry", Springer-Verl 988, p. 58-59; M. Bodanszky,
"gﬁﬁdiples of Peptide Synthesid®d é{%i%fg%%%?ﬁé 1984, p. 21-27). The
\ie@gheg variant of the "mixgd-aniiyeigde porasy” is preferred (JR.
Vaughan Jr., J. Amer. Chem, (3,354 %ﬁh@ in Wwhich the mixed
aﬁh?dride of the carboxylic cﬁg?’ﬁ%%&%hh ? %P%HH%@?&&J)
caepiediantdmo(iciRioDutyl carbonatdistabtalied, using isobutyl
chlorocarbonate in the presence of bases such as 4-methylmorpholine or
4-ethylmorpholine. The preparation of this mixed anhydride and the
coupling with the amines of general formula VI are carried out in a one-pot
process, using the above-mentioned solvents and at temperatures
between -20C and +25C, 15preferably OC and +25C. (b)For preparing
compounds of general formula | wherein all the groups are as

hereinbefore defined: 20 coupling a compound of general formula VI
N7R2Ni1 N O whereain RP1 and R?2 are ac harainhefore defined and N
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5or pyridinyl, a dimethylaminyloxy, 2(1H)-oxopyridin-1-yl-oxy, 2,5-dioxo-

PYfERbEybadewy. phthalimidyloxy, 1H-begzotriazol-1-yloxy or azidec/ep2006/065314

group, with an amine of general formula VI H-R3-R4 10 wherein all the
groups are as hereinbefore defined and the link is effected via the nitrogen
atom of the amine R3. Before the reaction is carried out any carboxylic
acid functions, primary or 15secondary amino functions or hydroxy
functions present in the groups of the amine of general formula VI may be
protected by conventional protective groups and after the reaction has
t%g@ %!?ecg_@gy protective groups used may be cleaved again using

iifar to those skilled in the art. 20The reaction is carried out
under Schotten-Baumann or Einhorn conditions, i.e. the components are

r?l%‘}-t?-‘é4%%%8[95&%?0959&%@%9’{1?(W@%%W!S—%fﬁﬂ@ﬁi}?@frﬂéﬁi/ﬁdt

temperatures between -50C and +120C; preferably -10 +30C,
optisnanyficmestiresgnaedensbvehty! Tpie eligdinaty baxpsragét bndl-2-oxo-ethyl 4-
ferablyalkal ak hydraxides. e.9. sodj
b Ay o e e e et et
carbonates, e.g. sodium carbonate, potassium carbonate or caesium
carbonate, alkali metal acetates, e.g. sodium or potassium acetate, as
well as tertiary amines, e.g. pyridine, 2 4;6:ttithethylpyridine, quinoline,
triethylamine, N-ethyl-diisopropylamin thyl-dicyclohexylamine,
1,4-diazabicyclo[2,2,2]octan or/&,8-blia;ﬁbicE clo[5,4,0Jundec-7-eng, the
solvents 30used may bg e%am‘?y@ﬁi 0 Gﬁ%{hém’e,\gé?rah? ofuran,
1,4-dioxane, ac€toitrité; dimethyl fornfamide, dimethyl aéetamide,
N-methyl-pyrrolidohe or WO 2007/020261- 143 -PCT/EP2006/065314

mixtures thereof; if alkali metal or alkaline earth metal hydroxides, alkali

metal carbonates or acetates are used as the auxiliary bases, water may
afsbrbg HYd8dMotH He@Eioarhidlurd. 48.80suviven}. chDhamethy! 2,2-dimethyl-

fﬁﬁg@ﬁ%ﬂ% REgeneral forsnylayl arserling ] s HHRR qgé N ONEBho-3-

centres. If for example there are two chiral centfes present,

tihdlespdUifideramagbretenvinkddi brarbaizietedrinfyigiird of )-piperazin-1-
finodes:otha inyenias insluderingiiduslisneaAS YRl 3h Berdine-1-

mixtures theréof. 10The diastereomers may be separated on the’basis of

tiseirgiRdriatp iy BiItd e alicalnsropaeties, Bigtusg wacisiiapd overnight at RT. It
chystallizalionEamsiabls o e s BINERIESSIR G WHIPBEAMM B % K,CO;

chromatography, using chiral or preferably non-chiral stationary phases.
15Phiissiie EslierbBrBGiBEAEG MM i PMEjasedapdratediest by column
e&‘ﬁ!‘@ﬁl@t@%@%&ﬁ@ﬂ@?' rahiahstRRNeORIAAGS (FHaN FhEal AYeH,
Chiralpak AD). Racemates which contain a basic or acidic function can

ak8lde separaﬁ@dﬂﬂa(aﬁaé’/ﬂﬁéfé?ﬁ%eric, optically active salts which are
peasiuors! on reppting witlyarseptieally active acid, for example (+) or
(gp—tartaric acid, (+) or (-)-diacetyl tartaric 20 acid, (+) or (-)-monomethyl
tarrate or (+) g’r%s%@éﬁ*ﬁﬁlﬁﬁ’s@@ nghﬁ%zﬁéé%t@e base, for
example with (R)-(+)-1-phenylethylamine, (S)-(+1- phenylethylamine or
(S;-brucine. According to a conventional method of separating isomers,

t f a 25compound of general formula | is reacted with one of

the abovementioned optically active acids or bases in equimolar amounts
in a solvent and the resultin% Lf(i,}?/stallin , pf?_gstereomeric, optically active

stk TP R Sehipiteer LG A N RE¥dIasiftdsl riiSraycatonyloxy-
MAkBE canpiesyeutdtnanydiyeeidhsolyaniipeoxided thatdtissuffisjentty-oxo-1,2,4,5-
different jn terms of the soluhility of the salts. B?Preferatﬂ%x methanol,

el R GRS TR E O S AR 1 i BYPGOHIFLE of 50-50, are
used. Then each of the optically active salts is dissolved in water, WO
2007/020261- 144-PCT/EP2006/065314 carefully neutralised with a base

such as sodium carbonate or potassium carbonate, or with a suitable acid,

e.g. with dilute hydrochloric acid or agueous methanesulphonic acid, and

in this way the corresponding free compound is obtained in the (+) or (-)

form. 5The (R) or (S) enantiomer alone or a mixture of two optically active
diastereomeric compounds covered by general formula | may also be

obtained by performing the syntheses described above with a suitable
raactinn ecomnnnent in the (RY or (K[ eanfininiration 1o The
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wherein R2 is as hereinbefore defined and Z1 denotes a protective group

far & eatyoxyogeup, for example a C1_6-ajkyl or an optionally substigisgebonoes/065314

benzyl group, wherein the alkyl groups may be straight-chain or branched

and the benzyl group may be substituted by one or two methoxy groups. 5
Preferably Z1 denotes the methyl, ethyl, tert-butyl or benzyl group. Before

the reaction is carried out any hydroxy functions present in the group R2

of a compound of formula (VI) may be protected by conventional

protective groups and after the reactionis ¢ Hmplete any protective groups

used may be cleaved again 10using;§§1i s familiar to the skilled man.

In a first step the compounds O;fre ! mula VIl are reacted with the

carbonic acid derivativgsefge for i alvent, forexample in
dichlorometha@?@%ﬂdine or miitures tHeréof, ’\éjté)ﬁerﬂf)eﬁwu?ép

between -20C \in the 15presence of a base, for example

triethylamine, pyridineHor ethyldiisopropylamine. The intermediate thus

formed may be purified or reacted further without purification. The reaction
ofthese intermediates with-comppu f general for X also.t :
R S R L AR ol B R R a-amino-
sPettifie dbtrifejarotine tprédencey i 2 [Bedec stubw g tribiinydaraiidired-y)-piperazin-
20pyridine, with ar without | alifi _'\{'nraentscféas .
o e T o S B TS b iag et
faanita Xateag ralséOnd depsotomatdll Usinig meteyaehydrdd;anateas e.g.

'\Wé'l Qr KH, wkgl& mgtgb%%\%? ﬁl;gg@z’lfhno need for the base or the

activating reagent tg be present. e starting compounds of formula VIl
aB&b&re eithévltbinmiei8RidB3litaihable, known from the literature or

cbe preparg el MELIOBTIINL D MRHULAILIE. 5. Jone way of
obtaining compounds of general formula X comprises reacting
30aldehydes of general formula XI WO 2007/020261-
1@%&%@@@06/065314 wherein R2 is as hereinbefore defined, with

-acetylglycine in acetic anhydride as solvent in the presence of alkali
metal acetate, preferably sodium or potassium 5acetate, at suitable

tepaperaiuRsRIeierably & SRt AINGNTsARAsIongs phtained as

primary product are hydrolysed without being isolated to form the

cEinvlrrib empisaihpimerben i elityliPIDRE RHEMIPR218Z--1-y1]-2-0x%0-
h@fﬁwb@(@@)@ﬁﬁ',@,Q;@béfkﬁﬂ%@{rée@@%Mé@%@@%ﬂ%%ﬂ%‘ﬂé—1~carboxylate
inorganic acids, such as sulphuric, phosphoric or hydrochloric acid, but
preferably hydrochloric acid, compounds of general formula XllI are

obtained 15 R2 0 0 wherein R2 is as herginbefore defined. = These are

then converted with suitable reducing fhto the compounds of 20
general formula XIV R2 0 HO V\E 20 g61- 147

-PCT/EP2006/065314. wherein RR is ias herelnbefore defined. Suitable
reducing agents alk ﬂ?n%t&éi bd?sm}(ﬁr\'\d\/esl\s{;\‘s Sodiurm o>
potassium boro yd\r' ~ Other suitable?educing agents afe
chlorodialkylboranés, Ssuch as chlorodicyclohexylborane. If chiral

chlorodialkylboranes, such as e.g. B- chlorodiisopinocampheylborane, are
used, the compounds of general formula XIV may be isolated in

eR@rmentercallymaliel i, Thetutthd? reacabirstiepampiimaséffenerd 23 mmol)
fW@iéﬁMﬂ—%WH}&ﬂfM%ﬁﬁ grneraldrmyla XJg.GaH 6@ :'ﬂgaﬁm 3 mmol)
referabl ofa

alcoholic medium, p y in methanol or ethanol, in the presence

s{ftadid 4-@aeine steh aEchydrdemieediy-Rremalivds; theatuptionating-piperidin-
bﬁ—?ﬁrﬁﬁ%%iﬁﬁ [oRGsigWiih hienyl chiprde Ansalephplia sevetSn odiazepin-a-

preferably methandl. All the compounds of general formula I which contain
piithaiyesidiaschdaryanials, Wyl ik BMRyaRSAEreape ruMbHsINS Was stired for

preferably obtained from precursors with
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15protective groups. Examples of protective groups for amino functions

InglydR&/ResEdexycarbonyl, 2-nitrobenzyjgxycarbonyl, PCT/EP2006/065314

4-nitro-benzyloxycarbonyl, 4-methoxy-benzyloxycarbonyl,

2-chloro-benzyloxycarbonyl, 3-chlorobenzyloxycarbonyl,

4-chloro-benzyloxycarbonyl, 4-biphenylyl-a,a-dimethyl-benzyloxycarbonyl

or 3,5-dimethoxy-a,a-dimethyl-benzyloxycarbonyi group, an

20alkoxycarbonyl group with a total of 1 to 5 carbon atoms in the alkyl

nﬂﬂé‘tyatfﬁﬂe@mpmm})memmﬁ@nawlaemduemb&y&ammmied NaHCO; solution, the
tea{{?%]é/& |sgs %[%Q%Wﬁﬁl??g&“ghg BHé%yF%bo%lé product was purified

met y propoxycarbonyl, Z2-methylpropoxycarbonyl or
tdry- blﬁyﬁxﬁdwtﬁmmlcgmapnﬂammg/mﬁypmdunyWere combined and freeze-dried.
Zﬁe%dtrlchloro(l 1- dlmethyleotléqﬁﬁggﬁb/o t%g }Jorenylmethoxycarbonyl

group or a formyl, 25acetyl or t acety group.’Examples of protective
g&ﬁ}pb’lﬁjr hydroxy functlonéMﬁﬁ))déﬁ?r?nh?éTH)ﬂ@ﬂM triethylsilyl,

HSODIe $-hypy eth I§|I>ﬂ i m&%@@iphenylsilyl group, a
tert utﬁ%enzylaﬁm?woxy enzy or 3,4-dimethoxybenzyl group. 30 WO
2007/020261 148-PCT/EP2006/065314 group with a total of 1 to 5

Hg ﬁ%ﬁ E%fn‘%gemmg @F@rgﬁ@eféf@m'ngweexly'ﬁemqq%ae%sée 100 mg

utyl, a -trichloroethyl, benzyl or 4-methoxybenzyl grou

5m1cbﬁ@mm§éﬁ@@m5atrfﬁwmwﬁwamw% Hﬁefyeébﬁmmethy! piperidin-
SH'%E'&;?&%EW'T‘%?QS@P@ %/Y @fr@dmft’@r{'@@@ﬁé@aﬂ%?@é}%%ﬁd{ﬁﬁzepm 3-

into their physiologically acceptable salts with inorganic or organic acids.
Sylraireadios igadortdeang ryeroesprictomamatobedihie Erygective
PhReRIAME RFIgnBHFiC acid, sulphuric acid, methanesulphonic acid,
ethanesulphonic acid, 10benzenesulphonic acid, p-toluenesulphonic acid,
acetic acid, fumaric acid, succinic acid, Iacilé a¢id, mandelic acid, malic
acid, citric acid, tartaric acid or maleic acfd. Moreover, if they contain a
carboxylic acid function, the new compgu ds o formula | may
Qﬁlgbases

converted into the addi Gfﬁh

particularly, for ph ace&tbcal use, heir phy3|olog|([:/§f§ acceptable
addition salts. Sui B’gses for this include for example sodium
hydroxide, potassium hydroxide, ammonia, cyclohexylamine,
dicyclohexylamine ethanolamine, diethanolamine and triethanolamine. 20

yngPqB[ tlk mventionm retatestorac %%e@/;f)[he C mgggnds of q@@gmlon fime

ormula | have only one chiral element. However, the application also
includes the individual diastereomeric pairs of antip&®estmixturHsLC
thereof which are obtained if there js more than ong chiral eleme &Hb%

compounds of general formula |, as well as the ind|vidual optically active
4rantiomers gf which the above-mefioned 25 raceffitédare miadié opn
Also incluget] inthe subject matter |of this invention are. the compﬁypds
accordingito the invention, including the salts thereof, in which ane or
more hydrogen atoms, for example one, two, three, four or five hydrogen

-PCT/EP2006{063314 The new coinpounds of general formula | and the
physmloglraﬂy acceptable salts thereof have valuabdidphrmacoldbjical

ApgTsare reﬁd by 30deuteriun, WO 2007/0202657 449 32 min

properties, based on their selective CGRPantagonistic properties. The
invention further relates to pharmaceutical compositions containing these

compounds, their use and the preparation thereof. 5 The new compounds
mentioned above and the physiologically acceptable salts thereof have
CGRP-antagonistic properties and exhibit good affinities in CORP
receptor binding studies. The compounds display CGRP-antagonistic
properties in the pharmacological test systems described hereinafter.
10The following experiments were carried out to demonstrate the affinity
of the above-mentioned compounds for human CGRP-receptors and their
antagonistic properties: A. Binding studies with SK-N-MC cells
(expressing the human CGRP receptor) 15 SK-N-MC cells are cultivated
in "Dulbecco's modified Eagle medium". The medium is removed from
confluent cultures. The cells are washed twice with PBS buffer (Gibco
041-04190 M), detached by the addition of PBS buffer mixed with 0.02%

EDTA and ienlated hyv centrifiinina Aftar reciricneancinon in 20 ml of
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(Hanks' HEPES, 1 mM 3-isobuty1-1-methylxanthine, 1% BSA, pH 7.4)

%g@%gg@%@d at 37C for 15 minute_szﬁftgr the addition of CGF%PC@EPZDOEVOGS?}M

pl) as agonist in increasing concentrations (10-11 to 10-6 M), or
additionally the substance in 3 to 4 different concentrations, the mixture is
incubated for another 15 minutes. 25 Intracellular cAMP is then extracted
by the addition of 20 pl of 1M HCI and centrifugation (2000 x g, 4C, for 15
minutes). The supernatants are frozen in liquid nitrogen and stored at
-EREmMMEG2007/020261- 151 -PCT/EP2006/065314 The cAMP contents
of the samples are determined by radioimmunoassay (Messrs.
Amersham) and the pA2 values of antagonistically acting substances are

détermihehyrapBichllyr & Srtidlsompuihdstaoty it 4o thethwemtiobonylmethyl-

exhibi P isti riies.) I Vitro test escrib
e T P L R [ R el
thempiareolchidanpepditesitsatompattds according to the
invention and the salts thereof with physiolegically acceptable acids are
thus suitable for the acute and prophylactigtteatment of headaches,
particularly migraine or cluster headaches.and tension headaches.

Moreover, the compounds accoginﬁ to‘the inv&ntion also have a positive

effect on the following/disases ™ I6nmi-insUlia- Nelﬁémfﬁngetés
mellitus ("NIDDM" i cular disea8es, morphine tolerance,

diarrhoea caused bylostridium toxin, skin diseases, particularly thermal

and radiation-induced skin damage including sunburn, lichen, pruritis,

pruritic toxidermies and severe itching, inflammatory diseases, e.g.

isHamodcay disessd8atihenp s JosiePanthnitis) thethylatoidawkridisidded to a

neyrogeni rthrity enerali -tissue rheumatism, (fibromyalgia),

T T P N A T e SRR o

allergiibahingibyhdtiitnaxGOR R, disdernsinncofpanisnimzepireSsiwepiperidine-1-

Vv ilatatior resyl ly.t s , &0,

e e R LD g ot 4

imderyddiyl ohierinsttasiapl; Weckiate a5 adde tutties rpastiverpekiture and this
0 es..n thies Dy 1 i i .

AL %?Iéﬂ@r%’ov%%?#? gg?%ﬂ%%ﬁl@’aﬂ%%ﬂ%&%@%é}rﬁﬁ% 'We[ the lreactfon

neuralgias, temporomanai ular unctions, C Xregiona
peiiuEpndnes Ok prin Patdwidsaraiutmp lafortsingueh. d3he. aktitaisieontaining

%\é{?&nﬁa%&é?@@iﬁ inflammatory fpawel syndrome. In addition, the

compounds according to the invention have a general pain-relieving

effiedd: The syrptorad @ ophémepaiisal hot flushes caused by

vaggqijatation mgp{ze@q@qﬂy@?@p‘ﬂow in oestrogen-deficient women and
hormone-treated patients with prostate carcinoma WO 2007/020261-

1B2=P CT/EP 20063065 Brushd Yakitded tbiv afOfa0sUrably affected by
the CGRP antagonists of the present application in a preventive and
acute-therapeutic capacity, this therapeutic approach being distinguished
flexamaithanke replacement by the absence of side effects. 5 Preferably,
the compounds according to the invention are suitable for the acute and
proghylactic treatment of migraine and cluster headaches, for treating

irftatid bARUn Sy PrdidiRTe TEBN e Tt bradahivd atftrcarboxymethyl-piperazin-
i‘gbﬁ:ﬁmﬁﬁﬁmcﬁﬂe@%ﬂé@fw Qtfushesin ,Q‘?ﬁtfé’%???@ eiloienbwesBathzepin-3-

e dosage required to achieve a corresponding effect is conveniently
oYDoPeHANRYIKEAEPBHEF Reight, preferably 0.01 to 1 mg/kg of body
weight, when administered intravenously or subcutaneously, and 0.01 to
10 mg/kg of body weight, preferably 0.1 to 10 mg/kg of body weight when
administered orally, 15nasally or by inhalation, 1 to 3 x a day in each
case. If the treatment with CORP antagonists and/or CORP release
inhibitors is given as a supplement to conventional hormone replacement,
it is advisable to reduce the doses specified above, in which case the
dosage may be from 1/5 of the lower 20limits mentioned above up to 1/1
of the upper limits specified. CGRP is released by sensory nerves, e.g.
the trigeminal nerve, which innervates part of the skin of the face. It has
already been shown that irritation of the trigeminal ganglion in humans

leads to an increase in the CGRP plasma level and 25causes redness of
thea fare (TA1°- P 1 Coadcechyv et al Annale of Nlatirnlocyy \/al 22 No 2
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As they reverse the hypersensitivity of the gut in the model described, the

%E@@ﬁgg@ﬁgts according to the invqufqu may be used for the PCT/EP2006/065314

treatment of IBS (irritable bowel syndrome). 20The invention further
relates to the use of the compounds according to the invention as valuable
adjuvants for the production and purification (by affinity chromatography)
of antibodies as well as in RIA and ELISA assays, after suitable
radioactive labelling, for example by tritiation of suitable precursors, for
example by catalytic hydrogenation with tritin or replacing halogen
atoms with tritium, and 25as a diagnostic gFan N/*fical adjuvant in
neurotransmitter research. COMBINATIONS. 30Gategories of active

substance which may e@gﬁ%%@g ntigmetics,
prokinetics, neuroleptigs, antidepressants,ne rokinihﬁﬁﬁhgoo ist§, WO

2007/020261- 154- 2006/065314 anticonvulsants,
histamine-H1-receptor antagonists, n-blockers, a-agonists and
a-antagonists, ergot alkaloids, mild analgesics, non-steroidal

aptiphlogistics, corticosteroids, calci antagaqnists, 5-HT1stjg-agonists or
T D e T e T e Lo s Qo B Aesgiution of 70
nage (nest oy iEYal Seartieosanbiordi Ueifits egetii-bon giapod-(4-ethoxy-
lactose, glucgse, microcrystalline.cellulose, nesium stearate, polyvinyl
AR e e RB B VRS Gl e acnd s
watexfsaituto| Jwsderpodiyetmte e/ Hypquridiopyleceargtscobtedty iteatyTHF and the
alcohpl, carboxymethylcellulose or fatty tance ch as hard fat qr. .
R e R e S elfbingaglin o nitrogen
astyglam, dheoatdittiablets cerrsalddepoivtiens G bydensionssidolutibrs, acidic
metered do rosols or sitaries.. Thus other actiye substances
R BT A e e B s iected to
ekaersielthiimnon-steroidal antiinflammatories aceclofenac, 15acemetacin,

?m%%gsalicylic gﬁlﬂ.‘ a{ﬁﬁé}@éﬂ%%ﬁ?g&gparawmmol), azathioprine,

enac, diflunis profen, flurbiprofen, ibuprofen,
iffoirhdSacin, Kéfoiofer Sleffédothide, lornoxicam, mefenamic acid,
napoxen, phegyiyiaranaepifsicae iiAAsajaziRes zomepirac or the
pharmaceutically acceptable salts thereof as well as méloxicam and other
selective COX2-inhibitors, such as for 20example rofecoxib, valdecoxib,
PaLeGIXiR.setoricoxib and celecoxib, as well as substances that inhibit
earfier or 1ater stages of prostaglandin synthesis or prostaglandin receptor
antagonists such as e.g. EP2-receptor antagonists and IPreceptor

AMCOpIste PRI AR et pLaeiRsyine. dihydroergotamine,

metoclopramide, domperidone, diphenhydramine, cyclizine,
pidRRithieBa By ImeihRsiEa AT YinkdIsT agtimetispteaddtin-1-yll-2-oxo-
nizalfanheiex gRhaneginnpregabalive hioxesiis ntanRm S IR AN b oxylate
montelukast, lisinopril, micardis, prochloroperazine, dexamethasone,
flunarizine, dextropropoxyphene, meperidine, 30metoprolol, propranolol,
nadolol, atenolol, clonidine, indoramin, carbamazepine, phenytoin,
valproate, amitryptiline, imipramine, ve itfe, lidocaine or diltiazem
WO 2007/020261- 155-PCT/EP2906/O 4C§1nd other 5-Hrleno-agonists
such as, for example, almotriptanj avitriptan letriptan, frovgrt]:ig)ﬁsn,
naratriptan, rizatrjptan, riptanoa/n\dfz itriptan: ?fhgér rexCGRP
antagonists With' eo @ceptor antagonists, such as e.g. 5VR-
antagonists, glutamate ¥eceptor antagonists, such as e.g. mG1u5 receptor
antagonists, mG1ul receptor antagonists, iG1u5 receptor antagonists,
AMPA receptor antagonists, purine receptor blockers, such as e.g. P2X3
antagonists, NO-synthase inhibitors, such as e.g. INOS inhibitors, calcium
channel blockers, such as e.g. PQ-type blockers, N-type blockers,
potassium channel openers, such 10 as e.g. KCNQ channel openers,
sodium channel blockers, such as e.g. PN3 channel blockers, NMDA
receptor antagonists, acid-sensing ion channel antagonists, such as e.g.
ASIC3 antagonists, bradykinin receptor antagonists such as e.g. 81
receptor antagonists, cannabinoid receptor agonists, such as e.g. 082

agonists, 081 agonists, somatostatin receptor agonists, such as e.g. sst2
racaentor 15 annnicte mav he added The docane nf thece acrtivve




16

15

20

25

Preferably, therefore, pharmaceutical formulations are characterised by

th or more compounds of, farmula | according to th
p\rfgé%r%emBn%%gtiements above. 15ltis pé?t?c%uwlarly preferable if the PCT/EP2006/065314
compounds of formula | are administered orally, and it is also particularly

preferable if they are administered once or twice a day. Suitable tablets

may be obtained, for example, by mixing the active substance(s) with

known excipients, for example inert diluents such as calcium carbonate,

calvinm gnh%sphaietﬁmw,s@g cﬂjsi(melwantﬁ;@mheasﬁ@m rrf@a@e;l@ QUAEHNIG.28 mmol)
acid, 20binders such as starch or. gelatine, rigants such as esium

R RS hE CERATE e & S ATy 2
celimiol € Ryelhfibaenteetatehphibra atéfi arpolpiyHaceiate? The 4atdeis xymethyl-

may alsa cqmprise several layers. 25 Coated, tablet y.be prepared

Bl ebTs oy CORS Bt ok A Gy L ther B 1>
shbbstartiagamntaiil)-phed fdintablebcoatylgs: forexdnipiEaltiddne graction
shellac, gum arabic, talc, titanium dioxide or sygar. Tp achieve delaye
R A e B o R B PR hgon o
o$jaiyers. fiBenitantytHeedabietpoalint wasyeoifsist nf & RubEhefftagtosisocontaining
30achieve delayed release, .pos (IEI ing. I?;e excipients mentioned

a c?vgr%ﬁﬁte gﬂ?e?&ﬁﬁggo%ﬁ %%9631%% -PCT/EP2006/065314

Syrelps containing the activel 86bsRNTe% @t dbathinations thereof

agegrgliag to the invention n@y+ di;i%liyéggrz zT a sweetener such as
saccharine, cyclamate, glycerol or sugar and a fldvour enhancer, e.g. a
flResaritigrsticte 45 Rakillin 0B 3 orém (il etkieacd )They may also contain
suspension adjuvants or thickeners such as sodium carboxymethyl

cellulose, wetting agents such as, for example, condensation products of
fdtxaanpdd@ls with ethylene oxide, or preservatives such as
p-hydroxybenzoates. toCapsules containing one or more active

substances or combinations of active substances may for example be

ptEpardd-Byninixiddg-theracivekiematad-WaRaner? dariéretbaakicasbonyl-ethyl)-
lagtose Ap SANIAL AL Basking tham. ipto gelating sapsulRsaRKiaRISnzodiazepin-
suppositories may be ‘made for example by mixing with carriers provided
forwidRapdRe-duedra@y@ifal fats or polyethyleneglycol or the

derivatives 15thereof. Excipients which may.be used include, for example,
water, pharmaceutically acceptable orgapi ents such as paraffins

(e.g. petroleum fractions), vegetabloe oil roundnut or sesame oil),

mono- or polyfunctional al%ég@. Ttha{pég)yo%erol), arriers such

as e.g. natural mineral p s (®.g.%kadlins; T chalk)ysynthetic
mineral powders dispersed sflicic acid and silicates), sugars

(e.g. cane sugar, lactose+and glucose), emulsifiers (e.g. lignin, spent

sulphite liquors, methylcellulose, starch and polyvinylpyrrolidone) and

lubricants (e.g. magnesium stearate, talc, stearic acid and sodium lauryl
stkpiage)).28 Fonotal Bdiiait fonliie. Zibletsatidyictfdemise, ventadnlded to a

?B?(&t“im%hﬁ)ék?ﬂgﬁ?%tig\ﬂ?&%ﬁ%?}zi%??a‘i’ﬂ?%%ﬁéHﬂ?&%-?Hﬁﬂé%ﬁigﬁu%phenyz)~

alcium carbonate™and dicalciu osphate together with various

addmvbsmeﬁﬂ_ab%(ar@rxppie?e&aﬁabﬁﬁe_swgté@mEg@tatﬂr’@zanhntaezlméperidsne-1 -
MOTBQUETIMAHCARLE $HGR a5 fNagnegiHP ?@ﬁﬁﬁﬁéﬁ‘tﬂﬁ%%@%@@ mmol) ethyl 3-

sulphate and talc may be used at the same time for the tabletting process.

If4iElepesichiariebirt Rispenaternd vadilieisstsisiass tmEye wertion mixture
2004/04028]s éﬁ&&%@ﬁ%@9%{Pﬁfrf?_%\‘}t@ﬁf@@a%MH%H;M@WQ%H%Qedﬂster the

flavour enhancers or colourings in addition to the excipients meritiorie
arvdianiselidirprarsredif gretsorpbtmuthsrfolningr weekinripistdre dractions
by.dnbaiatiannanadisuwarereterabliditany aadministered once or

twice a day. For this purpose, the compounds of formula | have to be

made available in forms suitable for inhalation. Inhalable preparations

include inhalable powders, propellant-containing metered-dose aerosols

or propellant-free inhalable solutions, which are optionally present in

admixture with conventional physiologically 10acceptable excipients.

Within the scope of the present invention, the term propellant-free

inhalable solutions also includes concentrates or sterile ready-to-use
inhalahle enliitinne The nrenaratinne whirh mav he 1iced acecordinn to the
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5from the prior art. Suitable propellant gases are selected from among

h%%p ng%ﬁch as n-propane, n- buta@psor isobutane and CT/EP2006/065314

halohydrocarbons such as preferably fluorinated derivatives of methan
ethane, propane, butane, cyclopropane or cyclobutane. The propellant
gases mentioned above may be used on their own or in mixtures thereof.
Particularly preferred propellant gases are 10fluorinated alkane
derivatives selected from TG134a (1,1,1,2-tetrafluoroethane), TG227
(Y,i}a,!ﬂi;z 3,3,3- Hép’taajl(@@é@lmfptaﬂem)nd mixtures thereof. The

\t- dI'IV Iat used within the scope of the use
accor |ng to t ntlon may a o contam other ingredients such as
cBssolvents, st@lﬁBs(arhcalg@,clfb(hbé/f\deﬁkﬁeimwdm@ntants and pH
adjusters. All these ingredients are 15known in the art. Propellant-free
inhalable solutions The compounds of formula | according to the invention
arexprafégdblly used to prepare propellant-free inhalable solutions and
inhalable suspensions. Solvents 20used for this purpose include aqueous
or alcoholic, preferably ethanolic solutions. The solvent may be water on

it Ovin( draxiniatGreud wabelriing etmatioy] Prezydlcidhs Broasubpepsitmg )-4,4 -

t r I tab.
Rl ek e T AR o oin--y1-
Exaﬁwﬂ@s@ofﬁ@mﬂﬂ%wtable inorganic acids include 25 hydrochloric
acid, hydrobromic acid, nitric acid, sulphuri¢sacid and/or phosphoric acid.
Examples of particularly suitable organic agids-#iclude ascorbic acid, citric
acid, malic acid, tartaric acid, malelc acid).sugcinic acid, fumaric acid,
acetic acid, formic acid and/or /inc acid et¢. Preferred in§rganic
acids are hydrochlori¢/and; tic a?c/las’ Iggﬁaﬁsﬂei%m@e the
acids which have &lres mfﬁwed 30an adld addition salt with one of the
active substances. C the40rgan|c acids, ascorbic acid, fumaric acid and
citric acid are preferred. If desired, mixtures of the WO 2007/020261-
160-PCT/EP2006/065314 above acids may also be used, particularly in
tiestasBorf atidd wlg‘céﬁ Ravaiet.fobpertiesinveakditiom soatheadaitidifyirigtion of 30

i f € a
c.t%ﬁ': HE Dot ¢ E%‘?aﬁ»{é 19X B G %e%}ﬂeﬁ%éﬂ%@% 19422 ethoxy-

acid or asc r exampie e. Accor Ing to nven Iitis
p@@tf@ulaﬂbem‘ﬂﬂeﬁrédhmW'ﬁy@ﬂeﬁ%ﬁe@@&tbﬂﬂd&%fﬁpﬂd 5-tetrahydro-1,3-
- \/i o
e e ok B B 0 T ard e Feton
Prerdured s sdivedts eeeniibsathic benthin wasgrekpigaiegsoaatikagen stream,

PR Y] Fésv&@ ARG PSR HsaBraRy Aephnt ffgilru ic refactlon was
particularly propy eneglycol topolyethyleneglycol, polypropyleneglyco

WsisekangbenpERRok IS aRUHeI s HoNa petfjesheyiAtRLC. The
AILESHY Sohis rﬁﬂ%@iﬂ@éfﬂ&ﬁﬁé}% eSS HY SR fARNote any

pharmacologically acceptable substance which is not an active substance

buitehich can B8 f@%@?aﬁe@f\mﬁot‘h’é active substance or substances in
thesphagnacolpgica ?yswﬁa@{ﬁgcﬂ@%nt in order to improve the
er

15qualitative pr ies of the active substance formulation. Preferably,
these substan@eg%b%@ﬁ(ﬁﬁhﬁﬁ%%m%?bﬁh%ﬁe%@éﬁ fh) connection with
the desired therapy, no appreciable or at least no undesirable
pharmacological effect. The excipients and additives include, for example,
surfactants such as soya lecithin, oleic acid, sorbitan esters, such as
polysorbates, polyvinylpyrrolidone, other 20stabilisers, complexing agents,
antioxidants and/or preservatives which guarantee or prolong the shelf life
of the finished pharmaceutical formulation, flavourings, vitamins and/or
other additives known in the art. The additives also include
pharmacologically acceptable salts such as, for example, sodium chloride
as isotonic agents. The preferred excipients include antioxidants such as
ascorbic 25acid, for example, provided that it has not already been used
to adjust the pH, vitamin A, vitamin E, tocopherols and similar vitamins or
provitamins occurring in the human body. Preservatives may be used to
protect the formulation from contamination with pathogens. Suitable

preservatives are those which are known in the art, particularly cetyl
nvridinitim chlaride bhenzallkonitim chlaride or benzoie \ WO 2007/0202RA1 -
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WO 2007/020261- 162 -PCT/EP2006/065314 time [min] Percent of water

by sohame s 0. 1% formic acid) Perceny gf acetonitrile by VOIum%@M@PZOOGIO%m 4
0.1% formic acid) 0 90 10 4.51090 5 10 90 5.5 90 10 Method B:

Analytical column: Zorbax column (Agilent Technologies), SB (Stable

Bond) - 018; 3.5 pm; 4.6 x 75 mm; column temperature: 30C; flow: 1.6 mL

/ min; injection 5 volume: 5 pL; detection at 254 nm time [min] Percent of

water by volume (with 0.1% formic acid) Percent of acetonitrile by volume
(EithrBt&o/formic acid) 0 955 4.5 10 90 5.0 10 90 5.5 90 10 Method C:

Analytical column: Zorbax column (Agilent Technologies), SB (Stable

Bond) - C18; 103.5 pm; 4.6 x 75 mm; column temperature: 30C; flow: 0.8

R Y tairt: dnjtich aldhmé-Bi g etedtiphtatr258-2ri4i e PreittjRereehbofi-ethyl)-

PR T e SRR

benzodiazepin-3-yl)-piperidine-1-carboxylate

FS
NH,

E /L/V%\\Nj\o/ﬁ( N\v//cil\l/%N/\jLO/\

64 mg (0.20 mmo!) TBTU and 111 pL (0.80 mmol) triethylamine were added to a

solution of 100 mg (0.18 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)
1-carboxy-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate in 1 mL DMF and stirred for 10 min at RT. 122 mg (0.20 mmol) ethyl
3-(4-piperazin-1-yl-piperidin-1-yl)-propionate (Amine A2, used as the tris-
trifluoroacetate salt) were added to the reaction mixture and this was shaken
overnight at RT. After filtration through a syringe filter the reaction solution was
purified by HPLC without further working up. The fractions containing the product
were combined and freeze-dried.

Yield: 45 mg (31% of theory)

ESI-MS: (M+H)" = 806/808 (Cl)

R = 0.57 (silica gel, DCM/MeOH/NH; 80:10:1)

Example 7.1

{R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-{4-[ 1-(2-carboxy-ethyl)-
piperidin-4-yll-piperazin-1-yf}-2-oxo-ethyl 4-(2-oxo0-1,2,4 5-tetrahydro-1,3-

benzodiazepin-3-yl)-piperidine-1-carboxylate
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1010 90 WO 2007/020261- 163 -PCT/EP2006/065314 time [min]

P@r@eimmtﬁpy volume (with 0.1% f_oirfrgcw acid) Percent of acetg@ﬁr,ig-:epzooa /065314

by volume (with 0.1% formic acid) 11 90 10 In preparative HPLC
purifications as a rule the same gradients are used as were used to obtain
the analytical HPLC data. = The products are collected under mass
control, the fractions containing product 5 are combined and freeze-dried.
In the absence of any more information regarding the configuration, it is
unclear whether there are pure enantiomer§‘involved or whether partial or
even total racemisation has taken placaﬁtéﬁ%lowing abbreviations are
used in the test descriptions: Bocteg-but bonyl Cyccyclohexane

DCMdichloromethane dP\%ﬁSOﬁ(O {ether i
DMFN,N-dimethylfggfnj@ tOAiJcetﬁyl cetate Et etHg%l/JrTG’ur

20HClhydrochloric OAcacetic acid i. vac.in vacuo (under vacuum)
minminute MeOHmethandl 25MTBEmethyl-tert-butylether NaOHsodium
hydroxide PEpetroleum ether RTambient temperature WO 2007/020261-
164-PCT/ P§é186/06 314

BP0 HRHRY LR P £ 3 SR8 Admmol (R)-1-(4-amino-3-
t@inafhmeﬁebwnfmeowm@wzﬂe{aqumsgﬁmdmwwmg@giﬁelridin~4uy|}-
reparation,o rting com s is descr OW: ine , _
e ey P DDA 1h B ) RS benzodzepin 3
'fZpetitirgcdrbarmydethid) dnd, 4 Thipp €DididyhriotprbOkylate 4.4 mL (40.6
). ethyl lat dt luti f10.09 (37.3 I
rq;’%%&_e yl acylate \f/g{lg/qf%qge%%f solution o ( mmol)

tert-butyl [4,41b|prgr inyl-1-carbdxylate in 100 mL EtOH and the
rétibtbmixtudits wags réflixed @y 2 h. To complete the reaction a

fugther 1 mL ( 1), of eth Iat I, ag ; _tll;e mixture was
refluxed for 1 %Ogrgc]i@@tz é)\%%l’?ﬁi?h a%&%ﬁsé veeiﬁbw s eliminated i. vac.
and the crude product was further reacted without being purified.

Example 7.2

(R)-1-{4-amino-3-chloro-5-trifluoromethyi-benzyl)-2-(4-{1-[2-(2-dimethylamino-
ethoxycarbonyl}-ethyl]-piperidin-4-yi}-piperazin-1-yl)-2-oxo-ethyl 4-(2-oxo0-1,2,4,5-~

tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate
CF,

S L/%NJLO/\{ N%NMN/\)C;\O/\/E\E\

48 mg (0.15 mmol) TBTU and 21 ylL (0.15 mmol)} triethylamine were added to a
solution of 100 mg (0.13 mmol} (R)-1-{4-amino-3-chloro-5-trifluoromethyi-benzy!)-
2-{4-{1-(2-carboxy-ethyl}-piperidin-4-yl}-piperazin-1-yf}-2-oxo-ethyl 4-(2-oxo-
1.2,4,5-tetrahydro-1,3-benzodiazepin-3-yl}-piperidine-1-carboxylate in 1 mL DMF
and stirred for 10 min at RT. 15 pL (0.15 mmot) 2-dimethylamino-ethanol were

added to the reaction mixture and this was shaken overnight at RT. After filtration



Yield:14.0 g (100% of theory) 20 ESI-MS:(M+H)+ = 369 Alb) ethyl 344
piperidinyl-1-yl-propionate 28 mL were added dropwis

%&BE&%%% of the crude product c_)fglzf%mple Ala in 250 mL &WEPZOOS/O%?’M

and the reaction mixture was stirred for 4 h at RT. 25The mixture was

evaporated down i. vac., the residue was taken up in 200 mL DCM and

this solution was added batchwise to a solution of 209 Na2CO3 in 120 mL

water. The organic phase was separated off, the aqueous phase was

akiracttdawichnwofitavithehttod theutombinehorgianic phises wareut further

dried over Na2SQ4. After elimination of the desiccant and solvent th X

ESHRGIR Th 2 AR LT SU FIreF DR SR i an recze-cred.

20@7d1:020261- 165-PCT1ER206612653 b4 tWmiay8.8 g (88% of theory)
-MS:(M+H)+ = 269 Ami Et (4-pjperazin-1-yl-piperidin-1

- -lgﬂ’(?%ionate 0 HN A2a) e h;%IH? =Rloide: (5

Reedtiberizykedidelazin- 1-213-pipe(MdettoglBiropionate 105.5 mL (50.8

mmol) ethyl acrylate were added to a solution of 11.7 g (44.9 mmol)

1-benzyl-4-piperidin-4-yl-piperazine in 120 mL dry EtOH and the reaction

miktufelwvasgfioreebionrds wanel thepastictethalernighy EoRITiNEeekaweat100 mg

inated . ey ’
B e A (R e P B Roro-5-
15 isic s ylbene di-tééry)-EtrMmexgvetRyh-pise0died) dityiberazin-1-yl}-2-

3:(4-pi ins1-vl-piperidin-1-y1); j 1S f16.5.0.
B R s LR S L
ek endaisshy dnegrisestdodnh ansootaidisorpsokytivegeicgressareponent:
The catalyst was removed by suction filterinigsthe filtrate was evaporated

down to about 120 mL and combined with Z2.mb+ethanolic HCI (1.3 M).
The precipitate formed was suction filtered.and dried i. vac.. The product

was obtained as the bis-h dﬁw salt. 25Yigld:12.6 g (83% of theory)
ESI-MS:(M+H)+ = 270 Amﬂg% O Qﬁbﬂ - N R
166-PCT/EP2006/ A/ A3a) ethyl  ©
314-(1-benzyl-piperidii-4-ul)-piperazin-l-yl1-propionate 12.5 mL (73.0
mmol) ethyldiisopropylamine and 5.0 mL (46.1 mmol) ethyl acrylate Swere
added to a solution of 11.0 g (33.2 mmol) 1-(1-benzyl-piperidin-4-0)-

BxaengetineRused as the bis-hydrochitaeilde(¥a)t) in 4WassEtOH anRélention time
reaction mixture was heated to 90C (bath temperatgre J r :?nh' Aﬁt‘g[[ (Method)
cooling, water was added, the mixture was exhaustiVe Yy EXUTACte WI%

TEBOAC and ghe combined organic ph&es were drie@8v&A9a2S4 1 Afiier
elimination ©f the deﬁiccant and 10solvent the resi WJF\%TS purif %Ig by
chromatography %sﬁﬁa gel, DCM/EtOH/NH3 100:10:1). Yield:6.8 256% of
theory) ESI-MS:( )+ = 360 ft =0.64 (silica gel, DCM/Me0OH/NH390:9:1)

15-A3b)ethyl-3=(A=piperidin=4=yl=piperazin-I=v1)-propionate—A-—s
7(;%! 39 /851 P

5.13 g (14.3 mmol) ethyl
344-(1-ben2yl-pipetidin-4-y1)-piperazinl-ylppropiofiadeldfid 1.0 gRP%
Pd/C in 100 mL EhtO,H was hydrogenated for 2 h at{50C and 50 psi
hydrogen|pressure. The catalyst was filtered off and the filtrate 20 was

Bdaporate d;to dryness. The oily protifict was reactegicfaideér withdut min

purificationo\/U\T/ M+H]* (B)
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Yield:3.6 g (93% of theory) ESI-MS:(M+H)+ = 270 25 Amine 4 Ethyl

[4vHL5iRipRAdN4L-1-yl-oxo-acetate WO,2607/020261- PCT/EP2006/065314

167-PCT/EP2006/065314 A4a) tert-butyl 1

‘-ethoxyoxaly1-(4,4'ibipiperidinyl-1-carboxylate 1.68 mL (15.0 mmol) ethyl

chloro-oxo-acetate were added dropwise to a solution of 4.0 g (14.9

mmol) tert-butyl [4,41bipiperidinyl-1-carboxylate and 2.15 mL (15.4 mmol)

triethylamine in 80 mL DCM, cooled to OC. After the addition had ended 5

thxaogliag@bath was removed and the mixture was stirred for 1 h at RT.

The reaction mixture was mixed with water, the organic phase was

separated off and dried over Na2SO4. After elimination of the desiccant
rﬁ?)ée(\éiemmm@féslUi@ém@ért&&tewu@ihﬁ@ﬂaﬁhés{d{ﬁﬂdﬁwﬁmﬂmmﬁonyl -ethyl)-

t%e%ry '??ﬁ@%@ﬂ?‘m@ﬁ %& %W 3% FAEE B Q2R 13-

[banisdipeddinyd-1ybioroidivetdte B MHWA were added dropwise to a
solution of 3.1 g (8.36 mmol) tert-butyl 1'- cr,
15ethoxyoxaly1-[4,41bipiperidinyl-1-car in 40 mL DCM and the
reaction mixture was stirred for 4 h at R e mlxture was evaporated
down i. vac., the residue was t?g up in O DCM and this solution
was added batchW|s to &n'i 120 mL
water. The organit e was separateél off the aqueous phase was
extacted twice more |tﬁ+ DCM and the 20combined organic phases were
dried over Na2S0O4. After elimination of the desiccant and solvent the
product was obtained as an oil, which was reacted further without
rﬁﬁiﬁngt{@rﬁ()ﬁetd{mﬁ & (4% df2Bedry ) 28I AviBo(M#iE+yR2692bskmink &d to a

ﬁ'g@?ﬁé@%&e f'&nﬁéﬁéﬁ@%Qa%r,%tﬁo_\éé&%&%?g Q Qggr%)m% 8y! phenyl)-
11-((3Fbarbe&9?wépﬂarqﬂ)-1@4ﬁ hifsipangingt 11 3chdnaxgmee pirsGltiopipéridine-1-

L S

[Mamprﬁbndirw&pwamaybdi@rmmm (MAFnend Ihevesactiliterhixtéine reaction
A ST)H‘S‘r eh QYRS E%‘h‘%ﬁeff 8&&%8‘?%#%“%&8%&&%@%?0%@} $Hnge filter

uccinic aC| anhydride were added, the mixture was stirre
dhsoeanisthieddionemaigimuafird bI00RhC ovithevs mmﬂﬂ@mwﬁhe
PaabALLIRARENS Phastovaz At 200 fl-EORRJ he
organic phase was extracted with 200 mL 7.5% K2003 solution and the
chitlsined aquéduspliasésaléreciidified with citric acid. The mixture was
1Pextipsted em,wqtjwel}é%}zgd%t(?ég and the combined organic phases

were evaporated down i. vac.. Yield:11.7 g (85% of theory)

HSI2MS: (M+Hﬂ®é§@%ﬂ@b%€WMEOH/NH3 90:10:1)

444 A1bipiperidiny1-1-y1-4-oxo-butyrate A solution of 11.7 g (31.7 mmol)

tert-butyl 11-(3-carboxy-propiony1l)- [4,41]bipiperidiny1l-1-carboxylate in
olic HCI (1.25 M) was stirred overnight at RT. The solvent

was eliminated i. vac, and the product was obtained as the hydrochloride

salt, which was reacted further without purification. 20Y|eld 4.3 g (46% of

thE) ESINNS Rrahipro=SrTHugrRRREE g Zy1)-2-(4-[4-(2-carboxy-ethyl)-

( HAPE WierQutoxycareenylsaminghacetale i dAba
t&'?%ﬁtyl (11%?3{2'2‘))% f1 4r|b_9 |per|d|ny1 -4- |Z‘a{!i:arbamate A soluﬁgn of 5)30

PO HiAReN terrlimiNsHeGn £FIRuBaHate and 4.46 mL (25.0 mmol)
1-benzyl-piperidin-4-one in 150 mL THF was adjusted with AcOH to a




WO 2007/020261- 169 -PCT/EP2006/065314 pH of 5 and then combined
with ice. The reaction mixture was stirred overnight at RT, then made
alkaline with 500 mL 30% K2CO3 solution, stirred for 1 h at RT, extracted
three times with 100 mL EtOAc and the combined organic phases were
dried over 5Na2S04. After elimination of the desiccant and solvent the
residue was reacted further without purlflcatlon Yield: 7.0 9 (75% of
theory) A6b) 1'-benzyl41,411bipiperidinyl-4 -ylar;[nne 10A solution of 7.0 g
(18.7 mmol) tert-butyl (1'-benzy141,41Thip ndl’nyl -4-y1)- carbamate
and 14.3 mL (185 mmol) TFA in 80gmL.BCM was refluxed ovegrnight. The

mixture was evaporat down i-yae., the residue was-sombined with 200
mL 30% K2003 so /@ extracted thjiee fimes with Y00 mLCEtOAc
discarding the flrs rﬁL of extract. The combined organic phases were

dried over Na2S04, 15f||fbred and evaporated down. The product was
reacted further without purification Yield: 5.1 9(100% of theory) A6c) ethyl

(1'-benzy1-11 4Ib ridi ace (13. 1
Eba{ @yg}c %dvx?eq US% tor%/ vagéntg a solga@lon Z énéB? fmlno -3-
mmsm@yﬁmmapglnmmmqm{queﬁgmym@wmmmybtpmerazm 1-yli-

0X0-ac ta d as &, (V 1 7.45 mmol) o
R SR A R e oA e e R ™
quiesTighteatl REriowestevapdiatedddan 2 vaooiiHe@dsidue was taken up
i .E Ac, the o 3 hed with saturated K2CO3 solution
a?r(1' grled overL{ ﬁ?‘}g@? Péﬁt 6(/a}llf’f‘r}rs]ination of the desiccant and solvent
thSredidue wablpdiifred By HBLC!)The fractions containing the product

re combineq, & 8IS@W eato ;qll@dmﬁjs iminated i. vac.,
Vﬁ% aqgueous rgsjlc%1 qu{/%gs xtracte exhausf%l:vely with I@ICM and the
combined organic phases were dried over MgSOA4. After elimination of the
dﬁgéiﬁlg%_%nd solvent the product was obtained as a yellow 30oil.

T (53% of theory) WO 2007/020261- 170-PCT/EP2006/065314

ESI-MS:(M+H)+ = 360 ft =(135 (silica gel, DCM/MeOHNH390:10.1) A6d)

‘#\‘%’1 (4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[4-((R)-2-ethoxycarbonyl-
f(11-benzyl-rl,411bipiperidiny1l-4-y1)-tert-butoXycarbonyl-aminoi-aCetate

aafﬁmirﬁm(wkmﬂ%w bt lahne-fiénd dddeerardpivisettsadoniiion 8f
1,20 R34 el e dAcherivdbalkipireridinyl-4-ylamino)-acetate in
15 mL DCM and then 0.73 g (3.34 mmol) Boc-anhydride were added
batchwise. The reaction mixture was stirred fo 70@ at RT and then
evaporated down i. vac.. The residue was ta up in EtOAc, washed with
15% K2CO3 solution and dried over Na2CQO 0 After-eimination of the
desiccant and solvent the ;ﬁwﬁ%’x&ﬁd"@ﬁ@ out purlflcatlon
Yield: 1.3 g (85% of t ethyl

([1,411bipiperidinv1-4 erf\»‘fbutoxycarbonyl -amino)- aéétate 15A
suspension of 1.30 g (2.83 mmol) ethyl
[(11-benzy141,41bipiperidinyl-4-y1)-tert- butoxycarbonyl-aminol-acetate

0 ARl SO S L YA o

drogen pressure. yst was rem terin
amduhermfa?t@@/mg é()a‘rﬁ)ram@ll YoSrgnesanTine @r@alwpv@ﬁlﬂbcamafas@henyl)
col [ hout i
U A e LB 00 SR SSH -
(¢aﬁmhyla49pipérazimm pmﬁéﬁﬂrﬁw mqﬂ&mm@FRWQSZWV@mMEOD ethyl
](7153 F %@B%QQ%%?%‘MW@)Z -carboxylate were added to the reaction mixture

-benzy1-4-piperazin-1-yl-piperidine-4-carbonitrile A mixture of 11.0 g
(@9@ mviaa eisn aeiiebkpipipbriyiies-dicatiporiite dad @zso’!gqgéger the
mmol) piperazine in 200 mL MeOH was refluxed for 2 h. The precipitate
was suction filtered, the filtrate was evaporated down i. vac., the 5residue
was taken up in a little water, extracted exhaustively with DCM and the
combined organic phases were dried over Na2S0O4. After elimination of
the desiccant and solvent the residue was purified by chromatography
(Alox, DCM/MeOH 30:1), Yield:2.38 g (16% of theory) 10 ESI-MS:(M+H)+
= 285 RI =0.37 (Polygram-Alox, DCM/MeOH 25:1) A7b)

1-(1-banzv1-A-meaethvl-ninearidin-A-vv1\)-ninarazine
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15 mL methylmagnesium chloride solution (45 mmol, 3 M in THF) were
eeskal pddete 2.37 9 (7.92mmol) _pqg_ PCT/EP2006/065314
1-benzyl-4-piperazin-1-yl-piperidine-4-carbonitrile in 100 mL dry THF and

the reaction mixture was stirred for 3 h. Saturated NH4CI solution was

added, the mixture was stirred for another 10 min, the agueous phase was
washed with EtOAc, combined with 4 M NaOH solution until an alkaline

reaction was obtained, extracted exhaustively with DCM and the

cemadifinedso hgamicvia pesi 20dwer & Blicdvatier N 4284 wAfteinglinpnaherfrattions

th ' nt the resid reacted without any
T B A R e - 274
26AITL) tert-butyl 77 mg (56% of theory)
-heazyl-4-methyl-piperidi y1)~-pi | -carboxylate 1.35g

?E%‘ORr&@mol) Boc-anhydridet%é)add‘ﬁj%g %%IES& (5.66 mmol)
Retagioy lime ghathd-pipeddirmainy Ygipedaine in 50 mL THF and the
reaction mixture was stirred for 3 h at RT. Then it was evaporated to
dryness i. vac and the residue was further reacted without any purification.
Jomate 90 g (100% of theory) ESI-MS:(M+H)+ = 374 A7d)
tert-butyl4-(4-methyl-piperidin-4-y1)-piperazine-1-carboxylate A
suspension of 2.28 g (5.62 mmol) tert-butyl
AR)-bdARMIRanESYPHperititagmehyrarind R d4ridxyReagrxgayrolidin-1-
?ﬁié Qgrﬁf%cl 18- Me i vas sxbyrrgenaied fof M as BeGAh ze pin-3-yi)-

147 hPa hydrogen pressure. To complete the reaction 0.47 mL conc.
HiDIafeHaca difed i&i€ mixture was hydrogenated for another 3 h at 50C
and 3447 hPa hydrogen pressure. The catalystonas filtered off, the filtrate
was evaporated down i. vac., the residue was,sti with diethyl ether,
suction filtered and dried. 10Yield:1.54 g (86% | eory) ESI-MS:(WH)t =

284 ATe) tert-butyl J ,
-Prfe?ﬁ}bipé’ri/dﬁn/-z = i'\f)e{azipe-l-

4-(1-ethoxycarbonylme i
carboxylate isA mixture o \ § (4.78 mmol} tert-butyl,”

4-(4-methyl-piperidin-4-yl)-piperazine-1- carboxylate and 1.1 mL (5.55
mmol) ethyl oxo-acetate (50% in toluene) in 50 mL THF was stirred for 1 h
at RT. The reaction mixture was cooled to 0C, 1.25 g (5.90 mmol) sodium

tiaeefoRpbanalaRiRaxdmee® S:dHrge Ghanaftor &immadbtof tHg-amino-3-
COlRg-Ban iR JRIXM -E@%W:?-%QWPQEH%@&#bw%&&&mmﬂﬁ?g-

with 10 mL 20% NaHCO3 solution, extracted exhaustively with EtOAc an
thépesfibir edlofgamcaihustd dvere-dred evieinrbrdodl Afkarendinagion-3-y)-
b pRiceaniand palemdedenilue wanpidifierpy chromatography
(Alox, DCM/EtOH 100:1). Yield:0.47 §27% of theory) 25 ESI-MS:(M+H)+
=Y3AG:ATT) ethyl (4-methy|-44§iﬁ’é?é2%01%7I1B$@Bi’éiin-1-yl)-acetate At 0C
2| \iEA were added to 0.4G.g-{t 257aunelytaripbutyl 4-(1-
ethoxycarbonylmethy1-4-methyl-piperidin-4-y1)-piperazine-1-carboxylate
iRstaittisoe® e read oM MiNAEE WA btirred for 2 h at RT. This
was evaporated WO 2007/020261- 173 -PCT/EP2006/065314 down i.
vac. and the crude product, which was obtained as the bis-trifluoroacetate
sExaWRESrher reacted without any purification. Yield:0.65 g (100% of
theory) ESI-MS:(M+H)+ = 270 5 Amine 8 Ethyl

[4- 4-methyl-piperidin-4-y|)ép perazin -ylpacetate 100 A8a) ethyl
[410-BEAR T Ay OSerEi HA g T ENYERE A iAr4ck ale? Prepared
aﬁm@ﬂwh | _@b/r;ﬁéaﬁé@mwméiﬁamnr@ﬁay@gﬁ%mmp?iéeérédbﬁinzgq#oxo-ethyt 4-(2-
methyl-piperidin-4-y1)-piperazine (Example and 0.55 mL (2.

TR S8R A BTGBy ik BRIt daayate
purified by chromatography (Alox, gradient PE/EtOAc 2:1 to 1:1).
Yield:0.45 g (50% of theory) ESI-MS:(M+H)Ili = 360 Rf =0.56
(Polygram-Alox, PE/EtOAc 1:1) 20 A8b) ethyl
[4-(4-methyl-piperidin-4-y1)-piperazin-1-yll-acetate A suspension of 0.44
g (1.20 mmol) ethyl [4-(1-benzyl-4-methyl-piperidin-4-y1)-
piperazin-1-yli-acetate and 100 mg 10% Pd/C in 20 mL EtOH was
hydrogenated for 12 h at 50C and 3447 hPa hydrogen pressure. The

catalyst was filtered off 25and the filtrate was evaporated to dryness. The
nrodiict wace reaacted fiirthar withort it niirification
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Yield:0.299 (97% of theory) ESI-MS:(M+H). = 270 WO 2007/020261-

WA R leb@i6/065314 Amine 9 Ethybop . PCT/EP2006/065314
(S)-4-methyl-1-piperidin-4-yl-piperazine-2-carboxylate / H-N ). /\-N N - 5
A9a) 1-benzyl-4-tert-butyl-2-ethyl (S)-piperazine-1,2,4-tricarboxylate
11.2 g (34.9 mmol) TBTU and 5.5 mL (39.6 mmol) triethylamine were
added to a mixture, cooled to OC, of 12.29 (32.8 mmol)
1-benzyl-4-tert-butyl (S)-piperazinel,2,4-tricarboxylate and 30 mL EtOH in
150 mL THF, stirred for another 30 min at o this temperature and then
stirred for 68 h at RT. 600 mL diethyl ether &' atlded to the reaction
mixture, it was combined with 200 mt satdrated iNaHCO3 solution, the
agueous phase was se tHJe as washed with
saturated NaCl solupnzﬁ an%dned over Na280%. After & Ilmrn%{i\b\n of the
desiccant and solvent.ifie'fesidue was purified by chFomatogaiaphy (silica
gel, gradient 15PE/EtOAC A1t 7: 3). Yield:11.35 g (88% of theory)
ESI-MS: (M+H)+ 393 ft =0.38 (Polygram-silica gel, PE/EtOAc 3:1) 20A9b)

38 2 nz);(/ L-m-_:. comlgg -t'oé%e(l?azmﬁf gyzge(g? E%Orr)@(rll 0 (?) Jfge@wlyigrﬁﬁ'?‘n\év%grgda% edtoa

beratidrdefebBaty Q@h}ﬂhﬁsb}bfﬁ}eﬂa(zftmﬁ;E@tnbmheﬁylafmanﬂrﬁﬂhwmenzyl -2-

TR e R R S E P R B s

téenhypraghid- beﬁwdmzsamd%yammdiU@Wmagwwylazaon ThelcBidé and

1 SR g Nl ) BSHGRS cor

(BpeB matey] tﬂptbfmeﬁetmm@@mb@wét&W@QM’AA@@@z@@rrﬁga at RT. After
314.

“REIER %9%@/8@% %}/tgxél%nf%t(%&g% @%H%ﬁfﬁﬁlgﬂ%@ ggﬂﬂ&cwhg&c without

sieve A3 weread 4 g of the crude product fro

drher wirking. oiparhiog f@ﬂﬁi@mﬁyaéa(em tineviaashyiat 8 e corpiFnadand
the Leaciigrymixture was stirred for 2 h at RT. After cooling to 0C, 3.39 ¢
(16.0 mmol) sodium triacetoxyborohydride was added 5Sbatchwise, the
nfiltgke was stirred for 30 nif StAHEGENRHéF@@RE and for 68 h at RT. The

iRsplyhte components were an(?d Qfézgag@r@t@g K2CO3 solution was
added to the filtrate, it was stir for 15 min, comblned with EtOAc, the

d’?@é‘ﬁ%'@ﬂé@%ﬁ? é@darat@eﬁdﬁ'&d&ﬂéﬂ’élﬂo%r Na2S04. After

elimination of the desiccant and solvent the residue was purified by
chromatography (Alox, PE/EtOAc 2:1). 10Yield:2.04 g(81% of theory)
E@@w&i@x@aﬁﬁ = 307 Rf=0.73 (Polygram-Alox, PE/EtOAc 1:1) A9d) ethyl
(S)-4-methyl-piperazine-2-carboxylate 15A suspension of 2.04 (6.66
mmol) 1-benzyl-2-ethyl (S)-4-methyl-piperazine-1,2- dlcarboglate and

460 r%é%%lwﬁ:thmﬁﬁtfﬁeﬂ%@Hﬁa&&ﬁaﬁe{& 1R0e @neamiplin-4-yl-
hRdxydenaen resavusader-6-hi Pscertialyst wasdilicerd o - thafitate 4 5.

was eva§>orated to dryness i, vac. and the residue was further reacted

WitHB Y F@bérﬁ%ﬁﬁ%ﬂ‘%?i@f@ ! '@I@'B?@Q%eo? THRAPPELRMS: (M+H)+ =

173 A9e) ethyl Fy
(S)-1-(1-tert-butoxycarbonyl-piperidin-4-yl &thyl-piperazine-2- ca
rboxyl ate 25A mixture of O. 90 g (523 thyl

(S)-4-methyl-piperazine-2-c Iglte 12 (@ mmoﬂ\ t-butyl
4-oxo-piperidine-1-ca E}Latt in %0 rﬁghﬁf as combined 50 pL
formic acid and 3 .@ o637 sieve A3 and the reactiorPmixture was left
for 66 h at RT. The molectlar sieve was filtered off, the mixture was
combined with 100 mg 10% Pd/C and hydrogenated at 50C and 3447 hPa
30hydrogen pressure for 4 h. The catalyst was removed by suction
filtering, the WO 2007/020261- 176 -PCT/EP2006/065314 filtrate was
evaporated down i. vac. and the residue was purified by chromatography
(silica gel, gradient DCM/EtOH 98:2 to 75:25). Yield:0.35 g (19% of theory)
ESI-MS:(M+H)+ = 356
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5Rf =0.5 (Polygram-Alox, DCM/MeOH 50:1) A9f) ethyl

(@&j@@f@iﬂg@{peridinA-yl-piperazine_—%ﬂé:@[boxylate A mixture OfFQ:‘?’fJE%OOG 1065314

(0.96 mmol) ethyl (S)-1-(1-tert-butoxycarbonyl-piperidin-4-y1)-4-
methyl-piperazine-2-carboxylate in 6 mL ethanolic HCI (1.25 M) was
refluxed for 1 tohour. After cooling of the reaction mixture the precipitate
was suction filtered and dried. The product was obtained as the
tris-hydrochloride salt. Yield:0.33 g (95% of theory) ESI-MS:(M+H)+ = 256

1BrApa resd 107 Blbyd (Sly < T=reetip/b Sipehidim-85 i tazmesdic aRoxydatemino-3-

S R e X R sarseobrplsis ylpiperidin--y1-
Repxthyitdribod-2, Bty (Bl pipetacinSt A ditademiyiae (Enxpemline-1-

0 % PG | . ed for 2 h at
S R oy e S R ERA ot e
fitrald: was evaporated dowdd.ead &did aidhesisibe was further 25reacted
vathppiany purification. Yie ﬂﬂgﬁ%g@gg/ aht Bry) ESI-MS:(M+H)+ =
259 WO 2007/020261- 177-PCT/EP2006/065314 Al Ob)
Retenigy-Branyitsl4-(1-metnyngidetita-4y1)-piperazine-1,3-
dicarboxylate A mixture of 2.65 g(10.05 mmol) 1-tert-butyl-3-ethyl
(S)-piperazine-1,3- dicarboxylate and 1.36 mL (11.06 mmol)

ridin-4-one in 100 mL THF 5was stirred for 1 h at RT. After

cooling to 0C, 3.00 g (14.16 mmol) sodium triacetoxyborohyd ride were
added batchwise and the reaction mixture was stirred overnight at RT. To

Rt anaineadidresonrthitiue vong i beRrYbhsbtieim-2-methoxycarbonyl-
'arIRRRINIR ARG QR bR IaIe Rden Anckilie Fafiire. was

stirred for another 48 h at RT. 40 mL saturated K2CO3 solution were
e drzanifuiey MR sinRd %7 P9 AriAtextracted exhaustively with
EtOAc and the combined organic phases were gred over Na2SO4. After
elimination of the desiccant and solvent the residue™vas purified by
chromatography (Alox, DCM/EtOH 100:%). Yi.gf g (53% of theory)
ESI-MS:(M+H)+ =356 15 A C)%/}%l
(8)-1-(1-methyl-piperidin=4Xy1)-Bip azﬁ%?-”c:ﬁfb“@xﬁl%re“ mixture of 1.88
(5.18 mmol) 1-tert-but 4@ 1{8)-4-(1-methyl-piperidir=yl)-
piperazine-1,3-dicarboxylate, 3 mL EtOH and 15 mL ethanolic HCI (1.25
M) was stirred overnight at RT. To complete the reaction the mixture was
refluxed for 1 20hour. After cooling of the reaction mixture the precipitate

wHeRated s Mnseershatdied mpe Srogue W subtainédamehe R)-2-(4-amino-3-

i reghiqyi igk b 3% QL theary) Bz MS: 7 -1 3-
g‘?&%ﬁ giﬂlﬂéﬂ?ﬁ%‘g@f E%tﬁ%ﬁ%%ﬁ LeA BRI MS: M E)E 79801 3
BRN20¢i3a5 BT ir R PeaiBbRy (e FRpK Kinle /AN gAY 200 1020 28mo0l) methyl (S)-1-

ié&@ﬂ&E’ﬁ~ (ORI LR dxhrngy1-2-ethyl _
(S)-4-(1-methyl-piperidin-4-y1)-pipérazine-1,2-dicarboxylate A mixture of
429§ (10.13 mmol) 1-benz§2 PetRf Sy ihtazine-1,2-dicarboxylate

(Example A9b, used as the iflygroacetaie saliand 1.37 mL
1-meth%ll-pi%§;din-4- one in 100 mL THF was stirred for 1 h at RT. After

Bskpglierots 6bF 16 Snirioly SHlsthadMicetoxyborohydride were
added batchwise and the reaction mixture was stirred overnight at RT. It
was combined with 40 mL saturated K2CO3 solution, stirred for another
1xampsdaded exhaustively with EtOAc and the combined organic
phases were dried over Na2S04. After elimination of the desiccant and
solvent the residue was purified by chromatography (Alox, 10DCM/EtOH
100:1). Yield:2.17 g (55% of theory) ESI-MS:(MH)+ = 390
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Rf =0.43 (Polygram-Alox, DCM/MeOH 50:1) 15Al 1b) ethyl
( Grmes iperidin-4-yl)-piperazin carboxylate A suspen

2@%4% (5. 52?%%%0 1-benzyl-2-ethyl (S)%A%ZZ(l -methyl-piperidin-4- %’8&/%%006/065314
yl)-piperazine-1,2-dicarboxylate and 100 mg 10% Pd/C in 50 mL EtOH

was hydrogenated for 2 h at 50C and 3447 hPa hydrogen pressure. The

catalyst was filtered off and the filtrate was evaporated to dryness. The

product was reacted 20further without purification. Yield:1.35 g (96% of
thjét)ry)(aﬁm(MeHbro:&BﬁlﬁmmeemyB?@Emyl) -[4-({S5)-2-carboxy-pyrrolidin-1-

Ll e Cr s 2 b R e R R

Pigebdnmdbhomdnpongtepiperazin-1- yI) -8-aza-bicyclo[3.2.11octane8-carbo
xylate A mixture of 5.00 g (22.2 mmol) tert-butyj

3-0x0-8-aza-bicyclo[3.2.1]octan-8- carboxylate and{senzyl
piperazine-1-carboxylate in 60 mL THF was ted with 5 AcOH to a pH

of 5 and stirred for 1 h at RT. The u e was com |n atchwise with

5.64 g (26.6 mmol) sodiury trlfﬁﬁcﬁT g I|ng with ice

and the reaction mixtuy ed overnlghPat RT. It ombined with

150 mL 15% K2CO3 soft |onche organic phase was separated off, the

agueous phase was exhaustively extracted with EtOAc and the combined

organic phases were 10dried over Na2SO4. After elimination of the
d@@@mmﬂxglu@(WMB W%fp‘urrfiad_byaibramtagw;o(silmtion of 60

TS IR R S et R B8R g -2

Retﬁhwnmger@htﬂ?hﬁ)sﬂ mmg%?mmdfgds?m&wﬁﬂﬂmd? 220 5-
ry) ESI +=4 ilica Et0A
A e A e R B a RS O T and the

rr&a@&ﬁ mmm)eT\F@svsGreaglwgrmgdédttRa rﬁixﬁseim@ﬁ Mag ¢liri@hated in the
tert- bu .

3! ?ﬁ gr?zf’/ E)exycér hgnﬁsf)?ggrg"z?ﬁ- -k?)n ugza blcyile\(’yfgeﬁr 1f]%% é%g%q was added

aanbbayladdis saratioh iwdd ohtaiDeambtieembdotiow ash aurawsiy siredracted

for. ltwas rate t eaMp |
R B s T s M T 0 RS gt an
cﬁgapmmgé@wvere/acdrTéww@mam&am@n@Immé&tﬂmmtﬁéand acetonitrile
(ff‘r@ r}%\/ glvent the product was further reacted without any
purification. WO 2007/020261- 180-POT/EP2006/065314 Yield:1.50 g
(Y896 of theory) ESI-MS: (M ng-(83GRrDtheqRilica gel,
c/MeOH/NH3 70:1 HA
%%W% 5(&15»@3 H3E) PEATY)

oxycarbonylmethy1-8-aza-bicyclo13.2. 1Ioct 3-y1)-piperazine-
S EROE S Q@)F’gt@)so RAdN) K AdeBARE) added to 1.50 g (4.55
mmol) benzyl 4-(8-aza- bicyclo[3.2.1]oct-3-y1)-piperazine-1-carboxylate
(Al2b) in 10 mL DMF, then 0.56 mL (5.00 mmol) ethyl bromoacetate were
ropwise and the reaction 10mixture was stirred for a further
4 h at RT. The insoluble components were filtered off, combined with
EtOAc, the organic phase was washed twice with saturated NaHCO3

SRR Bed- B0 RS O AR RnRERY &1lthE Sk3rccant and

SO IR OB RIS INRSHYK wehait- 2 frseeimUiioationo-ethyl 4-(2-
M Q@%ftheo e s = 2 e o72?§fuc?’éoe i
ale

%M/t%é}‘ tiaQuared b@@ﬁﬁgg&)!@ﬂ%yl) piperid;ne 1-carboxy
(3-piperazin-1-y1-8-aza-bicyclo(3.2.11oct-8-y1)-acetate A suspension of
1.70 g (4.09 mmol) benzyl 4-(8-ethoxycarbonylmethy1-8-aza-
20bicyclo[3.2.1]oct-3-yl)-piperazine-I-carboxylate (Al2c) and 200 mg 10%
Pd/C in
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30 mL EtOH was shaken for 3 h at RT and 3000 hPa hydrogen pressure.

T\N@%@W@W removed by suction filxqi@g and the filtrate was PCT/EP2006/065314

evaporated to dryness. The product was reacted further without
purification. Yield:1.10 g (96% of theory) 25 ESI-MS:(M+H)+ = 282 ft
=0.21 (silica gel, DCM/MeOH/NH3 80:20:2) Amine 13 WO 2007/020261-
181 -PCT/EP2006/065314 0 Al 3a) benzyl
4-tert-butoxycarbonylmethoxy-[1,411bipiperidinyl-I'-carboxylate 2.90 g
(13.27 mmol) sodium triacetoxyborohydride ﬁeremgdded batchwisetoa 5
mixture of 2.58 g (11.06 mmol) benzyl 4-oxerfdine-l-carboxylate and

2.80 g (12.36 mmol) tert-butyl (piperidin-4-<ytexy)-acetate in 30 mL THF

and the reaction mixtur Nﬁvo o Tult yvas combined with
50 mL 1 M NaOH, t ixtg@owas stired for T hatR ¢ fived with
EtOAc, the organic € Was separated off and dried over Na2S0O4. After

elimination of the desiccant and 10solvent the residue was purified by
chromatography (Alox, DCM/MeOH 100:1). Yield:3.10 g (65% of theory)

R TN AL e Ry 1 (0 0l YRP T4 Emino 5

-12"mmo
4etdctrbrfdxyicaroomnylinéthengyl) 2t Bigiderdingisgprppxplate sng BOReniglin-1-yi]-

% Pd/C in LM ropge for 2 h at 50C.and 3447.hPa
R Bl e A e B oo e
fitteabe wyéste\apbdtedg did tyiness ol e iprdeuct-INdé- diractbd fatbiamide.

ithout purification. 20Yield; % of.the ESI-MS:(M+H)+ = 299
VA%Z?(%Hethyl ([1,411Dipiperid£i€15y]fiﬁ-§-g/(‘%§f/)9%§:%§t 2520 mL ethanolic HCI
(E26MBwvere added to 2.0 {6153 niROIBRALBUy!
( lpiperidi -yoxy)- te tOH and the reaction
rr%?ﬁ%r%{%vﬁfﬁﬁ&%ﬂ' é? 3 h?‘??@ﬁ@i%%%o the precipitate formed
was suction filtered and dried under a high vacuum. The product, which

in s the bishydrochloride salt, was reacted further without

%%ield:l.ﬂ g (76% of theory) WO 2007/020261- 182
-POT/EP20061065314 ESI-MS:(M+H)+ = 271 Amine 14 5Ethyl
(14 Lbipipgrdinyd-d-ylacetat i
A oy ot SO S Lot
(62®wirrshonyemATligitidivllRipRrWerd 2dddte TN 8 4456@ dvbiy-
e@%&ﬂ%ﬁj%dﬂr}ﬁ@é@%%tfeﬂ&%%%BEEB#E@H%%&Q%@Q” mixture was

stirred h'at RT. The mixture was combined batchwise with 13.79
(62.5 mmol) sodium triacetoxyborohydride i d gfirred for another 36 h at

RT. 100 mL 10% NaOH were added to the“redction mixture, this was

the residue was purjfied by/dPLC. Y t

ESI-MS:(M+H)+ = 50.55 (silica gel, EtOAc/MEOH/NH3 90:10:1)

20Al 4b) ethyl [1,41]bipiperidinyl-4-yl-acetate a suspension of 3.24 g (9.41
nitnepeddyh(Elcgensi-[0, Exabipiecdidifpr A pgdétdie b BaRimtr (HeemMino-3-

P i ; ed at 9. ..
e T T Ao, FLg B B Rrcin-t-y1
catakstaliad fefBovedt by subtlet silgdiiny | tRebfinzad iazspbvapdiatate sl p6-1-
d resi i it olic HCI
(f}%}g iﬂ%%eﬁﬁﬁ%éwv@s@ﬁpzﬁﬁg %ﬁ%@%ﬁ‘ﬁ%&?%ﬁg}&ﬂéidue was
stifiedd:with 100 mL DIPE/iséropaie? (2:2) theeptecipitate was filtered off
aE@gﬁi/@ at 35C in the cirCL{I,@itimg)aLr g@@%ﬂwmduct was obtained as

the bis-hydrochloride salt. Yield:2.90 g (94% of theory) 30 ESI-MS:(M+H)+
=Rgsniign fowribEtdel- 183500/ 06/685314 Rf =0.05 (silica gel,
EtOAc/MeOH/NH3 70:30:3) Amine 15 5Ethyl
341,41bipiperidinyl1-4-yl-propionate O

extracted twice with 100 mL MTBE and te“edmbin rgani%pq;ses
were dried over Na2SQ4: ﬁq@@%ﬁa{gﬁ@fifm iccan zin/dl solvent
ield:3:279 (17% of theory)
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Al 5a) tert-butyl

A meihesearponyl-ethyl)41,41bipiperidipyl-I-carboxylate Unders-r/epo006/065314

nitrogen atmosphere a mixture of 4.00 g (19.3 mmol) methyl 3-piperidin-4-

10yl-propionate and 3.85 g (19.3 mmol) tert-butyl

4-oxo-piperidine-l-carboxylate in 50 mL THF was adjusted to a pH of 5

with AcOH and the mixture was stirred for 1 h at RT. After cooling to 0C

the mixture was combined batchwise with 5.15 g (24.3 mmol) sodium

triacetoxyborohydride and the reaction mixture was stirred overnight at

Ft'l;ca\ﬁl]iggénﬁo min, 90 mL of 30% K2CO3 solution were added, the 15
extracted three times with EtOAc and the combined organic

phases were dried over Na2S0O4. After elimination of the desiccant and

S res r

o e T O TR A oy

DGeEHAMSE 80! 2By NEPSi Z8hi-3-y1)-piperidine-1-carbonyloxyl-propionyl}-

&(;gﬂéggmﬁgw_@ygﬁ@g- gpionate 5.40 g (15.2 mmol) tert-butyl

4-(2-met oxycarbonyl-ethy)11,41bipiperidiny1-1'F- carboxylate in 150 mL

ethanolic HCI (1.25 M) was stirred overnight at

largely removed i. vac., the precipitate formed ag filtered off and dried.

The product, which was obtained as thedbis-hydroctdori alt, was

reacted further without purificatj 2,30, heory)
ESI-MS:(M+H)+ = 269 30Retestion time (Hﬁ):lz min_{method B) WO
2007/020261- 184-PC 20@6/065314 Amine 16 Ethyl 4-{4-p
perazin-1-yl-piperidin-1-yl)-butyrate 50 Al6a) ethyl
4-14-(4-benzyl-piperazin-1-y1)-piperidin-1 -yll-butyrate Under a nitrogen

aég)(p& Zsrfﬁmﬁr%é’fﬁéﬂzcl%%ﬁg (B'E@lHﬁR)WﬁY&h%ﬂBMﬁ{- Wére acidgd toa

4-yl-piperazine and’7.50 mL mol, 15% in water) 4-oxo-butyric aci
isqloticoral TEFmgAd dd ustedlid Ao dfBniner AcDirarftistiwebfoethil-phenyl)-

a'fw%gm%ﬁ%[éiﬂ 095296 P32 §-{2fhmeh ,%ng@odiazepinﬁ-}/i -piperidine-1-
ré was

triacetoxyborohydride were 'added batchwise and the reaction mix

stisré@xtataitht anRPMbigne s51reid Bo MLBIBaRK2003nsb(0tidh wee) methy!
aqeled dramuisey s REUSAHS RISRENQS ARSI MEEG MR EIDAC Afled to the

evaporated down by half i. vac.. 1 M KHSO4 solution was 15added, the
pieeibivatestrieceRddhismesctBiren eiehTigbtia Rehefifealdtuagion through a

V@%@% WitBr A S0 AMSO U BRAREINAS § HIRXTAGEh I IFMARES lvorking up.

vac.. The residue was taken up in 150 mL ethanolic HC! (1.25 M) and the
rd AEiBAGHPABEONEININE SOV NATR FOMRIRS d vaisbiraeesddingi.

Vafpidhe residag was lakgnumhbadtte 15% K2CO3 solution, extracted
exhaustively with Etosl«c 20and the combined organic phases were dried

el WS04 (Nt leliRaliEREdGHe desiccant and solvent the residue
wgsfurther reactar with Weanydwihes oHnlieation: 1gield:2.90 g (65% of
theory) ESI-MS:(M+H) = 374 25 Al 6b) ethyl 4-(4-piperazin-1
-yl-piperidin-1-yl)-butyrate A suspension of 2.90 g (7.76 mmol) ethyl
Aad-(dhergypiperazin-1-y1)-piperidinl-A-butyrate and 300 mg 10%
Pd/C in 60 mL MeOH was hydrogenated for 24 h at RT and 3447 hPa
hydrogen pressure. The catalyst was removed by suction 30filtering, the

fifrate W) o pporaied B chiiress. tirisesidueyiasiakan 24pin DIRE- QL 5-
2007/020261- 185 -PCT/EP2006/065314 and a little isopropanol and

B kP PRMRY T P o el S e At Wi Kot amdtel -
apipigeadinihe padicimaasattained as the bis-hydrochloride salt.
Yield:2.50 g (90% of theory) 5 ESI-MS:(M+H)+ = 284 Retention time
(HPLC):0.7 min (method B) Amine 17 Benzyl
4-piperazin-1-yl-piperidine-1-carboxylate 0 Al 7a) tert-butyl
4-(1-benzyloxycarbonyl-piperidin-4-v1)-piperazine-1-carboxylate A

solution of 7.18 mL (48.0 mmol) benzyl chloroformate in 50 mL DCM was
added
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15dropwise to 12.3 g (45.7 mmol) tert-butyl
iperazine-1-carboxylats d 8.2 mL (50 mmol)
m%gzg%%%p@lamme in 200 mL DCI\?\% ile cooling with ice an(ft EEPZOOG/O%BM
reaction mixture was stirred overnight at RT. It was washed with 200 mL
of 15% K2003 solution, the organic phase was separated off and dried
over Na2S04. After elimination of the desiccant and solvent the residue
was further 20reacted without any further purification. Yield:16.0 g(87% of
theory) Al 7b) benzyl 4-p perazin-1-yl- plperldlnecﬁ:-carboxylate 25 mL TFA

were added at RT to 16.0 g (39.7 mmol) tert- -(’1-
25benzyloxycarbonyl-piperidin-4-yl)- plpgraz poxytate in 200 mL
DCM and the reaction mixtu w%\ %mt T It was
evaporated down i. vac e residue was (fak in 200 mL water and
200 mL EtOAc, the aq §e was separated off, combined with 50

mL 15% K2CO3 solutlon extr*écted twice with 200 mL EtOAc and the
combined organic phases were dried over Na2S0O4. After WO
07/020 61 186- L&ﬁf 2006/06§ 2‘154 elimination of the desiccant and
t

Vi (& PR MSUEREM dRe g g)-1-((R)-
(SEI%QHH@@Wfﬁﬁb%ﬁd%ﬂrbmaﬁﬂ%ﬁem){ﬂ%ﬁ@mﬁ~Qf2'113Euﬂ@ﬂrahydro 1,3-

d d d he ft E le 1 10E
o e s S NG 65 MCHSRRFOH SHEP A i nes -2
tetrdiydiatd, Srhiemz})mgz(@p@&&yﬁb’rplpaﬁdme 1-carbonyloxy]-propiony1}-

ipiperidin yI

]\Q%ff Z,E)-2- aéétgl'g 9&@%m))-S-chIoro-S-trifluoromethyl-phenyl)-ac
ripl-adit 39. 7(M(B{35=rﬁmﬁr)7ma@)ylglycine were added to a suspension

50.0 g (224 aminox ﬁggy H? hyl-benzaldehyde
%fd 2759 (3 rig fl [§ Cﬁ*ace r&%ﬂ:@d{de and the
reaction mixture was heated to 115C 20for 1 h. After cooling to 80C 100
r@‘xa ater XJ\fre added dropwise, while the temperature of the mixture was

t 80C. The suspension was heated to 95C for a further 40

min and then added to a mixture of 250 mL toluene and 500 mL water.

T nsi ti t
B L S e o e R T
B-¥1S: (Mahwdre-?,ﬁqummr:to—swl()smmgéinectmwe@w@aq@aropuonyl}~
7-PCT/EP20061065314 1b)
gﬂf%{%} ﬁ ﬁﬁoj é%?f}/o?]é%ethyl -phenyl)-2- oxo propionic acid A
suspension of 97.0 g (300 mmol)
(Z,E)-2-acetylamino-3-(4-amino-3-chloro-5- tr| méthyl -phenyl)-acrylic
acid in 900 mL 1,4-dioxane and 1050 md 4 M ated to 100C
for 8 h. The mixture was e ml i. vac., cooled
to RT, the substance pr; |ta/tgd was flltered ff, washe tW|ce W|th 100
mL water and dried at he fesidue was taken up i 850 mL toluene,

refluxed and then cooled in the ice bath. The precipitate formed was
filtered, washed with PE and dried in the circulating air dryer at 50C.

J0XIe1: 53,04.1408 0f oA WD 2500650 Y 284 v

(Et)E@Mﬁamfh@mmmﬁhaﬂwmmetbybeplﬁhyllz)—@hwlmem@p-’r@plemmyd ro-1,3-

cid _15A soluti 100.0 mmo]
R T s ate n 48p9. Q% mgge) methyi (S
dﬁoﬁ\]\hsﬂaeraitmihﬂmadf@@@f@ (224 mmol) 3-(4-amino-3-
chlore-5- trlflu%rgrn_gl—glé}g%@m% -0x0-propionic acid and 31.2 mL (224
0

mmol) triethylamin cooled to about -30C and the reaction
rSiMSwas kédtHdh 1576 3t7is(€nperature and then heated to RT
within a further hour. with 20 80 mL 4 M NaOH were added to the reaction
mixture, it was stirred for 5 min, cooled to 0C, combined with 300 mL
MTBE, stirred for another 20 min at this temperature and then the phases
were separated. The organic phase was exhaustively extracted with
water, the combined aqueous phases were acidified with 4 M HCI,
exhaustively extracted with MTBE and the combined organic phases 25
were dried over Na2S04. The THF/MTBE/NaOH phase was acidified with

A M HCI the nhacec ware ecanarated and the nraaniec nhace wAac
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1d)methyl (R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-2-hydroxy-

PigBieRaieyAf3e £rude product of Examplsls (62 g) was dissolved i8:30Rpo006/065314

mL MeOH and 3.65 mL (50 mmol) SOCI2 were slowly added dropwise to
this solution. The reaction Smixture was stirred for a further 3 h at RT,
then evaporated down i, vac., the residue was taken up in DCM and
filtered through silica gel. The solution was evaporated down i. vac. and
the residue was purified by chromatography (silica gel, DCM/MeOH/NH3
8B:20:2). The Pakfi¢aiswootlidig\id gitddiddtivebeifombined, evaporated
down i. vac., the residue was combined with PE, suction 10filtered and
dried. Yield:43.1 g(65% of theory over 2 steps) ESI-MS:(M+H)+ = 298/300
(Exaririe 88.(silica gel, DCM/MeOH/NH3 80:20:2)
15le)(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-methoxycarbonyl
-ethyl 4-(2-oxo0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
chPhoxyllare St Ademinpitfoginrartidiurirrzetorimhe oy 3 44 (@Gew-1.2,4,5-
itr ten - red i '
T e o A
shipdeefiting wirathexyisskitlon of 18.0 g (60.5 mmol) methyl
(R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenybr2- hydroxy-propionate in
50 ml of pyridine was added dropwise and the fhn mixture was kept
for 1.5 h at this temperature. Then 15.9 g (65, %I) 3-
piperidin-4-y1-1,3,4,5-tetrahydro-1,3- e/rlzooﬁaz%pin-ﬁ- ne was added
batchwise. 25 The temperatureiof'ttie r‘ea@df)\n[(m' was increased to
100 C, the mixture Was at thes temperatufe for 6 h Jtien stirred
overnight at RT. The mixture was evaporated down i. vac., the residue
was taken up in 200 mL EtOAc, the organic phase was washed twice with
100 mL of 1 M KHSO4 solution, ten times with 50 mL of 15% K2CO3
sBugiTehdiedavy KeBsomrplatte épmniioncoffs 3oded]coatindid)-1-{(R)-
sal ' S Wi ificat] iejd:
e N S D SRS B
Estrvsiiazenin- - S5O RIDE-RicEobrn yEited- g PDOMIFC yE Ane01 g/ -2-
70:08:434e and 1.2 mg (0.05 mmol) LiOH,
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-carboxy-ethyl
4YBl6xo- 3 mg (15% of theory)
St istetrahydr éﬂgﬂ;g@ir@@)oin-3-y|)-piperidine-l-carboxylate A
solution of 2.1 8.0 mmol) LiOH in 100 mL water was added to a
sBufion of 33.6 égg_ibq@"g,@b)DCM/MeOH/NHg 90:10:1)
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-methoxycarbonyl-ethyl
4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-0)-piperidine-1-
céﬁ%ﬁ&éﬁw 200 mt. THF and the reaction solution was stirred for 3.5 h
at RT. 10 THF was eliminated i. vac., the aqueous residue was washed
twice with MTBE, acidified with 2 M HCI, exhaustively extracted with DCM
el Re SRR RAS ST UrRerSvbr AL SO ARERIYI-4 4~
ewgiﬁéﬁﬁﬂ}%ﬁh?lﬂQ&B@Qﬁ@HﬁﬂQ%QN&Bﬁ1@24@@4%%@$§@M§Hz%‘d@§£épm-3—yl)—
in 80 mL isopropanol and slowly cooled to RT overnight. The suspension
WRIBRUBIREr IREPRE/IREh, suction filtered, washed with 15a little
isopropanol and DIPE and dried. Yield:26.2:6 (81% of theory)
ESI-MS:(M+H)+ = 555/557 (Cl) ft =0.18 m(mk DCM/Cyc/MeOH/NH3
70:15:15:2) Retention time (HPLC):4.0 mi éhod B) 20
19)(R)-144-amino-3-ch o-;—tr'!wo methyl;:benzyl)-2-0xQ-2-(4-0xo-piperi
din- 1-yl)-ethyl - \ o i L N 2

4-(2-ox0-1,2,4,5-tefrahyeino- ,3-benzodia§epin-3-y|)-piperidiﬁe-1-
carboxylate 7.40 g (23.0 mmol) TBTU and 5.84 mL (40.0 mmol)
triethylamine were added to a 25solution of 10.0 g (18.0 mmol)
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1- carboxy-ethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate in 50 mL DMF and stirred for 10 min at RT. 2.77 g (18.0
mmol) piperidin-4-one (used as the hydrate of the hydrochloride salt) were
added to the reaction mixture and this was stirred overnight at RT. The

reaction solution was 30poured onto 1 L of 7% K2CO3 solution, the
nracinitated cirithetance wace filtered off \ WO 2007/0202R1 -
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5Rf =0.25 (silica gel, EtOAc) 1h)ethyl

1‘”{:@% =(A=amino-3-chloro-5-trifluoromethyl-pheny1)-2-1-4-(2-oxo+
,2,4,5-t§'€r§§@g§§-1,3-benzodiazepin-3-y| -ngperidine-1-calrbonyIoxin:)p(%(g/[{)EIg2006/065314
ny11-1,4'-bipiperidinyl-4-carboxylate 1062.9 mg (0.4 mmol) ethyl
piperidine-4-carboxylate and 11 pL (0.2 mmol) AcOH were added to a
solution of 127 mg (0.2 mmol) (R)-1-(4-amino-3-chloro-5-
trifluoromethyl-benzy1)-2-oxo-2-(4-oxo-piperidin-1-y1)-ethyl
4-(2-ox0-1,2,4,5-

A R TR b e TGRS s o -

watutooled 60L& cdinbmet) WRh2ZLM6amin (0 I-6hurml-NERHRGN tigepheny!)-

h_and stirr t.,0C avernight. Ih vent allowed to evaporate, the ..
N B e R e Bl ine -
KMBLOxViacfiations DdMftaimdgtie griodud wéret®Mbivedgr0.20 mmol) ethyl

T T L e T g e

25 (R )@ S amhipn B«c iy bt S tidlofdiaethiybiibe Nyt 2Ha(8yoxge fRid: the

Siaion sl s By AP S uther i e, Ths frectons
rantpipipgrbinpradosttyssagicaribinguDepdiTée2e261ed91
DG {EP2006/065314 A sc@gt}p}g %y%&%%%pmol) LIOH in 1 mL

140 mg (0.18

water was added to a solution o mol) ethyl
HS{HIS3-(4-amino-3-chlord ¥t Er8 RS- hbny1)-24442-
RedrdrifREanvlie L S enzamiaraRfibd wf)-piperidine L carbonyloxy]-
propiony1}-1,41-bipiperidinyl-4-carboxylate in 1 mL THF and the reaction
mixture was stirred for 3 h at RT. 1 mL HO! (1 M) was added and the
CEI*Q%-'B[Q(}I@I‘ was purified by HPLC. The fractions containing the product
were combined and freeze-dried. 10Yield:53 mg (39% of theory)
ESI-MS:(M+H)+ = 749/751 (Cl) Retention time (HPLC):3.4 min (Method B)

lEﬁfﬁnﬂlﬁ{l@ugr{]ino~3~chEc:ro~5~1;_rifiuorome:thylubenzyi%—2- 1'-oxalyl-4,4'-bipiperidinyl-1-
( {-144-am|no-3-chIoro-5-tr|fluoromethyl-benzyl -244-(ethoxycarbonylmet

m} aign(;ﬁ(@)-gt],}ly_fbf}dj%@mhy@,ﬁ}@gﬁﬂrg%géﬂ@rbenzodiazepén-S-yl)~pEperidine~1 -
%ézb@@fg,gg,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxyla
2a)(R)-1-(4-amino-3-chloro-5-trifluoromethyl-Bepzy1)-2444tert-butoxycarb

onyl- ethoxycarbonyl-methylamino)-1,4.-bipip@ridinyl-11-y11-2-oxo-ethy!
4-(2-oxo- 0z ci o
1,2,4,54etrahydro-1,3- Wﬁm%géﬂﬁ‘mﬁd%ébﬁw@te WO
2007/020261- 192-@@9@(}06/065314 28 mg (0.40 mmo}) TBTU and

56 pL (0.40 mmo() yTgmine were added to a solution of 200 mg (0.36

mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)- 1-carboxy-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-

o ) : OAQ (g i o
T A ol b mine-3
(A R ro madad-kenie RoadoR RSl Hispipiposifiad-1-y1)-2-0x0-
QupERianbag Rl bhe seaelign SRV NAs Ryapepmes dowbbn@fe Nearboxylate
residue was taken up in EtOAc, the precipitate formed was suction filtered
PR EANTHE - proaeP WA Eacted further without purification.
teYdg|d:330 mg (100% of thegny (67% of theory)
2b$(bR -1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-14-

(B g@%arbonylmethyl-amiﬁ%*—'ﬂh'-ﬁiﬁ?ﬂé?i%%@-@'-yl1-2-oxo-ethyl
RN time (HPLC): 5.0 min (Method C)
1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate 15
0.5 mL TFA were added to a solution of 330 mg (0.36 mmol)
(R)-1-(4-amino-3-
chloro-5-trifluoromethyl-benzyl)-244-(tert-butoxycarbonyl-ethoxycarbonyl-
methylamino)-1,41-bipiperidiny1-11-y1]-2-oxo-ethyl
4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate in 5 mL DCM cooled to 0C

and the reaaction mivtiire wac otirred ovverniaoht at RT It wacec avannratad
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WO 2007/020261- 193 -PCT/EP2006/065314 A solution of 9.4 mg (0.39
MohddEbbiss added to a solution of 2d:3mg (0.26 mmol) PCT/EP2006/065314
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(ethoxy-
5carbonylmethylamino)-1,41-bipiperidinyl1-11-y1]-2-oxo-ethyl

4-(2-0x0-1,2,4,5-

tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate in 9 mL THF

and the reaction mixture was stirred overnight at RT. To complete the

reaction 6.3 mg (0.26 mmol) LIOH were also added and the mixture was

3@9!? ﬁgégﬁ% %vernight at RT. The reaction mixture was purified by HPLC

working up. The 10fractions containing the product were
combined and freeze-dried, the product being obtained as the

tri C salt..yleld; %. of MS:(M+ =

Iboh (O eeenine e, (L s 0 s Aeihcd Ay L& B hreaiEaoy
(Ricth@cspni -3 dnioir B Haitigrd nybtidyb et 1) {2 oxattioRyt artbeingidro- 1, 3-
atibddzRiniaridinydmiiiet L8N ate
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-310-

20piperidine-1-carboxylate WO 2007/020261- 194-PCT/EP2006/065314

632 mg (1.97 mmol) TBTU and 0,34 m 7 mmol)

ethyldiisopropylamine were added to a’Sstutien of 1.0 g £1.80 mgnol)

i H
(R)-2-(4-amino-3-ch @WWMJWrMOW y
4-(2-ox0-1,2,4,5-fetrahydro-1,3-benzod z6pin-3-y1)- " i V

piperidine-1-carb ate in 10 mL THE and the mixture was stirred for 10
min at 5RT. 500 mg (1.57 mmol) ethyl [4,41bipiperidinyl-1-yl-acetate were
added to the reaction mixture and this was stirred overnight at RT. The

e A R I Reggermino->
sohition ddflddeehusiby N2 sOY- Aftercdityindtionipinhddiegictahit 2wecko-ethyl 4-(2-
SOERLINE S S PUIGH AP G BN KBRS ORIRRRfAEand 15

product were combined, evaporated down i. \ aé.' he residue was

tiogr & tSwmpiFEh ydevon Hitdrératiayaaeaianig 150 mg (11% of
tRegpy) ES1-MS:(M+H)+ = %Q?iég)o RBf Fr%é@ silica gel,
DCM/Cyc/MeOH/NH3 70:15:15:2) 15 Example 3.

(RPN amino-3-chloro-5-tritlidronie #54/88A4A)-2-(11-carboxymethyl-4,
4R DIDIRRFMYE 1rYR)210%0 L Yhin (Method B)
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-
20piperidine-1-carboxylate A solution of 1 mg (0.04 mmol) LiOH in 1 mL

watg gglded to a solution of 30 mg (0.04 mmol)
(R)-I-;%-am|no-3-chIoro-5-trif|uoromethyl-benzyl)-Z-(l1-ethoxy- 25
carbonylmethy1-4,4'-bi-piperidiny1-1-y0-2-oxo-ethyl

A -ax0rTadthe-telRBYSS-ifaoromethyl-benzyl)-2-[1'-(2-morpholin-4-yl-

benzodiazepin-3-y1)-piperidine-1-carboxylate in 2 mL THF and the
rEHeRSHArd A S R BV R T I HEdhikNe ke el bratudro-1 5

d@%bd@@ﬁeﬁnem}d?ngeméﬂﬂas}ge2@&1@95-PCT/EP2006/065314
|

was combined with a little water and 1 MDﬁCI until an acidic reaction was
obtained. The precipitate formed waJiItered and dried. Yield:20

mg (66% of theory) ESI-MS:(M+H)+ = 76% (Cl) 5ft =0.31 (silica gel,

DCM/Cyc/MeOH/NH3 70:15:15:2) Example 8i2 o
(R)-1-(4-amino-3-c ity : Wﬂ@e@w@@onw
methyl1134,41- qﬂdﬂyl-l-yo-z-o o-ethyl 1 Lo

4-(2-0x0-1,2,4,5x€
3-y1)-piperidine-1-carboxylate 100 mg (0.31 mmol) TBTU and 0.06 mL
(0.34 mmol) ethyldiisopropylamine were 15added to a solution of 200 mg
(0.26 mmol) (R)-1-(4-amino-3-chloro-5-
trifluoromethyl-benzy1)-2-(11-carboxymethyl-4,4'-bipiperidinyl-1-y1)-2-oxo-
ethyl 4-(2-
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0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate

iwgwwwad the mixture was stlrregzg)r 10 min at RT. 1 mL (%@EP2006/065314

mmo s added to the reaction mixture and this was stirred

overnight at RT. It was 20 evaporated down i. vac., the residue was taken

up in 2 mL DMF and the crude product was purified by HPLC. The

fractions containing the product were combined and freeze-dried. Yield:80

mg (39% of theory) ESI-MS:(M+H)ll = 777/779 (CI) 25ft =0.60 (silica gel,

e wd/ efibidhtE3yAd: Exdms2 W08 710202610186 mmol) (R)-1-(4-amino-3-

e DR e T SRR AR RIFRA P S1)-2-0x0-ethy 4-(2-

0 st rom in egch Cast

(et arﬁmfammweiaenﬁmmwmamyp)mmmeafmmmm-am 18 L

iper yI- - -
ja)ft%xo g% F Mgnzodlazepln -3-yl)-
piipgiddine-1- carboxylate an@%h&(@@%@fébped)/e alcohol: CF2 NH2 ClI
1 R Yield (%) Mass spectium |, DCM/MeOH/Cyc/NH3
%@{E\ﬁli 2) 3.3 33 805/80 i§5%{ é%b@ iﬁﬂ ] 3.4 30819/821 0.61
RetefiviprH]me (HPLC). 3.6 min (Method B)

Example 14

{R)1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[1'-(3-ethoxycarbonyl-
propionyt)-4,4'-bipiperidinyl-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2.4,5-tetrahydro-1,3-

benzodiazepin-3-yi)-piperidine-1-carboxylate

CF,

AT YAy

64 mg (0.20 mmol) TBTU and 28 pL (0.50 mmol) triethylamine were added to a
solution of 100 mg (0.18 mmol) (R)-2-{4-amino-3-chloro-5-trifluoromethyl-phenyl)-
1-carboxy-ethyl 4-(2-oxo0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate in 1 mL DMF and stirred for 10 min at RT. 59 mg (0.20 mmol} ethyl 4-
[4,4Tbipiperidinyl-1-yI-4-oxo-butyrate (Amine AS) were added to the reaction
mixture and this was shaken overnight at RT. After filtration through a syringe filter
the reaction solution was purified by HPLC without further working up. The
fractions containing the product were combined and freeze-dried.

Yield: 61 mg (41% of theory)

ESI-MS: (M+H)" = 833/835 (Cl) _

R = 0.61 (silica gel, DCM/MeQH/NH; 90:10:1)
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3.5 47 821/8230.58 | 3.6 39875/877 0.70 [M+H]t Example 3.7
(R):1-(4~amino;3-chloro-5-trifluoromethyl:henzy1)-2-oxo-2-(11-

p e(r}lg(éggﬁgg%é) methy1-4,41-bipiperidiny E)l”-yl)-ethyl PCT/EP2006/065314
4-(2-ox0-1,2,4,5-tetrahydrol,3-benzodiazepin-3-y1)-piperidine-1-carboxyla

te WO 2007/020261- 197 -PCT/EP2006/065314 50 mg (0.16 mmol)

TBTU and 37 pL (0.26 mmol) triethylamine were added to a solution of

100 mg (0.13 mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-
52x(dAnsarhaxymethyl1-4,41-bipiperidiny1-1-y1)-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-

1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate in 1.5 mL DMF and
stiRrd-{drdnhiad-BIcHld8- Tyiddio matio))-pleengl veef € -deldedband i@ pionyl)-4,4'-
reaction. mixture stirred overnight at,RT, The reaction salution was .

TS TG A SR S T st SR WIS ey azepin-3-y)-
Hih&idihe-fractibnsdatdaining the product 10 were combined and

freeze-dried. The residue was dissolved in;DCM, evaporated down i. vac.,

triturated with DIPE, suction filtered and ded.~¥jeld:48 mg (44% of
theory) ESI-MS:(WHY- = 839/841 (Cl) ‘@A 7 (silica gel,

DCM/Me0OH/NH3 90:10:1) 15Reterjtionitimé (HPPLC):3.2 min (Method B)
The following compoundsy e afe\q(ﬁﬁ@@m;ﬁwﬂ‘if@mcase
100 mg (Example tg@dZ), 120 mg $Example 3.13) or 90 mg
(Examples 3.14 a 15)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-(1'-carboxymethyl-4,4
I- 20 bipiperidiny1-1-y1)-2-oxo-ethyl

AN ZOBInA D Iatighpdye-hi3dipnroBiazepint3wdtkr was added to a solution of 40

piperidine-1-carhoxylate and the amount of the alcohol component . .,
R UG BB A S0 b6 1 PR SO Ta s ethory
Exampte/ Rooeld (@ Wassispadirynirgtpationdiste L C dkiethad) 82etrahydro-
1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate in 10 mL THF and the reaction

mixture was stirred overnight at RT. The solvent was eliminated in a nitrogen
stream, the residue was taken up in 1 ml. water, combined with formic acid unti! an
acidic reaction was obtained and mixed with 1 mL acetonitrile and freeze-dried.
The residue was taken up in 1 mL DMF and purified by HPLC. The fractions

containing the product were combined and freeze-dried.

Yield: 19 mg (39% of theory)

ESI-MS: (M+H)" = 805/807 (Ci)

Rs = 0.16 (silica gel, DCM/MeOH/NH3 90:10:1)
Example 14.2

(R)-1-{4-amino-3-chloro-5-triflucromethyi-benzyl)-2-{1'-[3-(2-morpholin-4-yi-
ethoxycarbonyl}-propionyl]-4,4'-bipiperidinyl-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-

tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate
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69 879/881 3.1 min Os [M+Hr (B) 3.9 57 876/878 2.5 min } Na

59 834/836 2.9 min C)r7.1 [M+H] (B) 3.11 52 888/
d;}ﬁlg@/[%%%ﬁt |B)3.12 318541856 % B Rp20061065314

A AN,

|
A)\CE

; N /Ll /FNJ\O/E(NWNWOV/\Q

Prepared analogously to Exampie 9.2 from 100 mg (0.12 mmol) (R)-1-(4-amino-3-
chloro-5-trifluoromethyl-benzyl)-2-[1'-(3-carboxy-propionyi)-4,4'-bipiperidinyl-1-yl]-
2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate and 17 yL (0.14 mmol) 2-morpholin-4-yl-ethanol.

Yield: 16 mg (14% of theory)

ESI-MS: (M+H)Y** = 459/460 (CI)

Retention time (HPLC): 3.7 min (Method B)

Example 15

(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(1'-ethoxycarbonylmethyi-4 4'-
bipiperidinyl-1-yl)-2-oxo-ethyl 4-(7-methoxy-2-0x0-1,2,4,5-tetrahydro-1,3-

benzodiazepin-3-yi}-piperidine-1-carboxylate
CF,

/<INH2
H Ci

j\ N o
Ve OSAAR Lt G

15a) (R)-2-(4-amino-3-chioro-5-triflucromethyi-phenvi)-1-ethoxycarbonyl-ethyt 4-

(7-methoxy-2-ox0-1.2,4 5-tetrahydro-1,3-benzodiazepin-3-y|}-piperidine-1-
carboxylate
1.29 g (6.42 mmol) 4-nitrophenyl chloroformate were added to a solution of 0.79 g
(6.42 mmol) DMAP in 50 mL pyridine and stirred for 1 h at RT. A solution of 2.00 g
(6.42 mmol) ethyl (R)-3-(4-amino-3-chiloro-5-trifluoromethyl-phenyl)-2-hydroxy-




10

16

20

25

30

2.4 min La [M+H] (B) 3.13 r0 57 874/876 3.0 min O,N [M+H] (B) 3.14 17

890./8 in,}Co [M+H] (B) 3.151.1.63 848/850 3.0 min [M+
(é‘&/é@%&%iozal- 199-POPEP200"6%§5‘314 Example 3.16 BEkr 20061065314
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-[11-(2,2-dimethylpropi
onyloxymethoxycarbonyl-methyl)-4,4'-bipiperidinyl-1-y1]-2-oxo-ethyl
4-(2-0x0-1,2,4,5-
Stetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate CF, NE-13

propionate in 15 mL pyridine was added dropwise and the reaction mixture was

stirred for 2 h at RT. Then 1.77 g (6.42 mmol) 7-methoxy-3-piperidin-4-yl-1,3,4,5-
tetrahydro-1,3-benzodiazepin-2-one was added batchwise. The suspension was
stirred for 72 h at RT and then evaporated down i. vac.. The residue was
combined with 200 mL EtOAc, washed with 200 mL 15% K;CO3 solution, the
organic phase was separated off and evaporated down i. vac.. The residue was
purified by chromatography (silica gel, gradient DCM to MeOH/NH; 95:5).

Yield: 1.80 g (46% of theory)

ESI-MS: (M+H)" = 613/615 (Cl)

R = 0.50 (silica gel, DCM/MeOH 9:1)

15b) (R)»-2-({4-aming-3-chioro-5-triflucromethyl-phenyt)-1-carboxy-ethyl 4-(7-

methoxy-2-0x0-1,2.4,5-tetrahydro-1,3-benzodiazepin-3-yl)}-piperidine-1-
carboxylate
A solution of 0.11 g (4.50 mmol) LiOH in 50 mL water was added to a solution of
1.80 g (2.94 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyf)-1-
ethoxycarbonyl-ethyl 4-(7-methoxy-2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-

yh)-piperidine-1-carboxylate in 50 mL THF and the reaction mixture was stirred for
3 h at RT. The THF was eliminated i. vac., diluted with 100 mL water and acidified
with 1 M HCI. The substance precipitated was suction filtered, washed with 50 mL
water and dried in the vacuum drying cupboard at 65°C.

Yield: 1.60 g (93% of theory)

ESI-MS: (M+H)" = 585/587 (Cl)

15¢) (R)-1-{4-amino-3-chloro-5-triflucromethyl-benzyi)-2-(1'-

ethoxycarbonylmethyl-4.4'-bipiperidinyl-1-yl)-2-oxo-ethyl 4-(7-methoxy-2-

oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-vi)-piperidine-1-carboxviate

Prepared analogously to Example 9 from 100 mg (0.17 mmol) (R)-2-(4-amino-3-
chloro-5-trifluoromethyl-phenyl)-1-carboxy-ethyl 4-(7-methoxy-2-oxo-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate and 48 mg (0.19
mmol) ethyl [4,4'Tbipiperidinyl-1-yl-acetate.
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0)A.", 27 mg (0.20 mmol) K2CO3 and 28 pL (0.20 mmol) chloromethyl
ﬁgﬁﬁswﬁ%ionme were added to a sglution of 100 mg (0.13 HBEQJ)EPQOOBIOGS:%M
-1-(4-amino-3-
10chloro-5-trifluoromethyl-benzyl)-2-(11-carboxymethyl-4,4'-bipiperidiny 1-
1-y1)-2-oxo- ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxyla
te in 2 mL DMF and the reaction mixture was stirred for 2 h at RT. The
miiélire was evaporated dows imgae | thexfesisiigiwas taken up in 50 mL
D e organic phase wa, hed wi r% % water and dried over
V\%@é . After elimination o@& e aégié %ﬂ é solvent the residue was
pRetiedtiby chentiarRIgTaphy dilindrgEljddtad/BeOH/NH3 97:3:0.3). The
fractions containing the product were combined, evaporated down, the
residue was triturated with a little diethyl ether/DIPE, suction filtered and
diedmiyield: 39 mg (34% of theory) 20ESI-MS:(M+H)+ = 877/879 (CI) ft
=0.47 (silica gel, DCM/MeOH/NH3 90:10:1) Retention time (HPLC):3.3 min
(Method B) WO 2007/020261- 200 -PCT/EP2006/065314 Example 3.17

(R4 (eaniooS3etidroeSstiifiliavomnestiyydeel)-2-(1'-carboxymethyl-4,4'-
G e GRS OPHIBRE S LRI U R IR 98-

Asepandia2pinb3taliahipenid 8- berrodintealsin-3-y1)-piperidine-1-carboxyl

ate Fl 48 mg (0.15 mmol) TBTU, 21 pL (0.15 gamol) triethylamine and 15

mg (0.15 mmol) 2-hydroxy-N,N-dimethyl-acetamide,were added to a

solution of 100 mg (0.13 10mmol)

(R)-1-(4-amino-3-chloro-5-trifluoromethyl-Benzy1)$2-(11-carboxymethyl-4,

4'- bipiperidiny1-1-y1)-2-6x0- fW/ENﬁLo”}(W«\H/O\H

4-(2-oxo-1,2,4,5-té1,t =¥, 3ebenzodiazefin-3-yl)- O

piperidine-1-carboxylaté’in 1 mL DMF and the reaction mixture was stirred

overnight at RT. The reaction solution was filtered through a syringe filter

and the crude product was purified by HPLC. The fractions containing the

progioicitive ref 15negfthive chemm )dvi@pdiaté drdowatervaas Xield®mgolution of 20

(21% of theor MSM+H)+ = 848(850 Retention time _(FIPL.C):2.9

m%qme()%' 68% IE@%—X jnéﬁ?emﬁo 3 ch%(ro 9 {F.ﬁ orometfﬁyl tDenz l_is é‘ 9 -

(R)rbx{earbiooy Brelitore4S4trifipgrencityitbdinsy b @-bthil -¢thoxyetmpon-o xo-
ethylpiperidin-4-y1)-pi in-1-y1]-250%0- .

2 ( gk%?ftrﬁ%ﬁ%ﬁ d#y%%?é@t_gzgan 3 ffi"? &wgJ:dlne 1-carboxylate in 1 mL THF

band ddeareqiticdryhixdiperidime stirarboxgtatgehVaORDOVI0ee2GIeR0the reaction a

-PCT 6 314 . O] N TBT. 6 :

S ot A e R e SR R s st

nonan)e-fdharhind-3FbhlsmvenBirifieisr efiethglgshing hireaebostyeatity the

4-(2- - - ro-1. i

e O A f seslonills ond waler and the progluct was

1oubiectadRiD. oesaerdySTummol) ethyl

(/&v%ilggrazin-l-yl-pipe{igilql- ();.Ié%c&t%% e added to the reaction

mixture and this was stirred overnight at RT. 40 mL EtOAc were added,
tieSoiydhic phase was waslibtwith=1695/R2E (6 )solution and dried
1RQysL ML (mg[@;l_mingtg)mm (%ﬁﬁﬂ%?nt and solvent the residue
was purified by chromatography (silica gel, gradient DCM to
DCM/EtOH/NH3 70:30:3). Yield:0.68 g (60% of theory) ESI-MS:(M+H)+ =
78261416 Bf =0.70 (silica gel, DCM/Cyc/MeOH/NH3 70:15:15:2) 15
Examplé 4.1
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(1-carboxymethyl-p
iperidin4-y1)-piperazin-1-y1]-2-oxo-ethyl
4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-
20yl)-piperidine-1-carboxylate
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WO 2007/020261- 202 -PCT/EP2006/065314 A solution of 25 mg (1.02

ML AdPELEbgP ML water was added tg-g,solution of 380 mg (0. 4F§CT
mmol) (R)-144-amino-3-chloro-54rifluoromethyl-benzyl)-2-[4-(1- /EP2006/068314

ethoxycarbonylmethyl-piperidin-4-A-piperazin-1-y1]-2-oxo-ethyl
4-(2-0x0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate in 20 mL
THF and the 5reaction mixture was stirred overnight at RT. The organic
sbﬁbehﬁmmﬁmmatédrb«‘éaﬁifmmcﬁﬁ@ﬁLyMGzaM 111-hlrb b b Gh teyie

a ure, Vapor ted the residye was taken
D S P L 5 R T AR 2 00
fmﬁlér&temabywcg’tlribtmododtaﬂemmambmambadmtreezarddeyﬂafe
10Yield:114 mg (31% of theory) ESI-MS:(M+H)+ = 764/766 (Cl) Rf :7"0.07
(silica gel, DCM/Cyc/MeOH/NH3 70:15:15:2) Example 4.2 15
(R)-1-(4-amino-3-chloro-5-trifluoromethy zy1)-214-(1-butoxycarbonyl
methylpiperidin-4-y1)-pipe£%zi%\-\1-j\l]- ¢-oxo-eﬂ’iyl

htO- /\ﬂ/ W OV\N/\

benzodiazepin,3 giperidine-1-carbo®ylate CF2 NH2 CbN 0 O LZDOB

mg (0.16 mmol) U and 29 pL (0.34 mmol) triethylamine were added to

a solution of 80 mg (0.11 mmol)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-
[4-(3-cagdOx§Snetimpl pifiETidins4-yL) (piperarm b -y HiRytxeiathghd 39 mg (0.30
4-(2-0%0s1,2 4 .

tetra j}gz ohldgp b Hgom z%tpq%r@ly\?f?ﬁpaéjrcﬁ d c?i%tg;&ﬁa% %’?Q.@%@'zg mmol)
umpnnﬁaﬁummmmwaszﬁmmném@mamm b@@h@xfﬂn@ﬂwy! 4,4'-

mmoﬁ)eﬂ Hi& &Jn%\g‘g &%%(%%r%%ngéh 4 y ro- l‘fef

Bmz&@a%am%ﬂl@mwdgmmswmﬁm ihebanid® o dunct thasreaction

t b
e e A T S B R D g -
(S@tamtai)mr(gﬁhasg’éﬂhlmWeymdaot—#ma@lm%waszsad‘i@mﬂbwm@and dried
ke et AL
peritipitatad)witp8raAih HG jrpisxeresayiol as the salt. The precipitate was filtered
ARt R SR SRR ZPR BRI BIPE and dried avemnight in the

10yl)-piperidine-1-carboxylate and 100 pL of the respective alcoho

cmﬁéﬂwm@h@&@and\aé@p(’%) Mass spectrum Rf (silica gel,
DiMMeOH/Cyc/NH3 90 mg (34% of theory)

ESI-MS: (M+H)" = 906/908 (C1)
Retention time (HPLC): 3.1 min (Method B)

Example 16

(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[4-(4-ethoxycarbonylmethyl-
piperazin-1-yi)-piperidin-1-yl]-2-oxo-ethyl 4-(7-methoxy-2-0x0-1,2,4,5-tetrahydro-

1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate
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70:15:15:2) 43 k 52 834/836 0.63 0-------------- . [M+H] 4.4 52 848/850

O\‘@@D 2(5@'7’?6502@’1‘9 following compound_syg%rge prepared anaIogousIg,/drfqggggo06/065314

in each case 80 mg
15(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(1-carboxymethy
I-piperidin- 4-0)-piperazin-1-y1]-2-oxo-ethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-
y1)-piperidine-1-carboxylate and 1.5 equivalents (Examples 4.5 and 4.6)

and 1.6 equivalents (Examples 4.7 and 4.8) of the respective alcohol
component: cra Example R Yield (YO) Ma ectrum Rf (silica gel,

DCM/MeOH/Cyc/NH3 70:15:15:2) 4.5, 44, 20.71

WO Aanl et as

Prepared analogously to Example 8 from 100 mg (0.17 mmol) (R)-2-(4-amino-3-
chloro-5-triflucromethyl-phenyl)-1-carboxy-ethyl 4-(7-methoxy-2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate and 49 mg (0.19
mmol) ethyl (4-piperidin-4-yl-piperazin-1-yl)-acetate.

Yield: 62 mg (44% of theory)

ESI-MS: (M+H)" = 822/824 (Cl)

Retention time (HPLC): 2.9 min (Method B}

Example 16.1

(R)-1-(4-amino-3-chloro-5-triftuoromethyl-benzyl)-2-[4-(4-carboxymethyl-piperazin-
1-yl)-piperidin-1-yl]-2-oxo-ethyl 4-(7-methoxy-2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yl)-piperidine-1-carboxylate

CF,

NH,

j.j\ N . N G
\{j JO S

o)

Prepared analogously to Example 15.1 from 20 mg (0.02 mmol) (R)-1-(4-amino-3-
chloro-5-trifluoromethyl-benzyl)-2-[4-(4-ethoxycarbonylmethyl-piperazin-1-yl)-
piperidin-1-yl]-2-oxo-ethyl 4-(7-methoxy-2-ox0-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yi)-piperidine-1-carboxylate and 2 mg (0.08 mmol) LiOH.

Yield: 19 mg (99% of theory)

ESI-MS: (M+H)" = 794/796 (C)
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[M+1-11+ 1I 4.6,57889/8910.70 itD,Njc [M+1-1]* 1/ 47 33

880882 0EL20140* [M+Hr 4.8 --->N }48d855/857 0.67 [M+H)+pCT/EP2006/065314
Example 4.9
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-{441-(2-morpholin-4-y
lethoxycarbonylmethyl)-piperidin-4-ylppiperazin-1-01-2-oxo-ethyl

4-(2-ox0-1,2,4,5-

tetrahydro-1,3- benzodlazepln -3-y1)-pi erldlne 1 -carboxylate CE
Retention time (HPLC): 2.6 min (Method

Example 17

(R)-1-(4-amino-3-chloro-5-methyl-benzyl}-2-(1'-ethoxycarbonylmethyi-4,4'-
bipiperidinyl-1-yl)-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-

R Cl

ALy

piperidine-1-carboxylate

17a) methyl (Z.E)-2-acetylamino-3-(4-amino-3-chioro-5-methyl-phenyh-acrylate

Under a nitrogen atmosphere 15.4 g (49.1 mmol) tri-o-tolyl-phosphane and 11.0 g
{49.0 mmol) Pd(OAc), were added to a mixture of 72.8 g (330 mmol) 4-bromo-
2-chloro-6-methyl-phenylamine and 58.0 g (397 mmol) methyl 2-acetylamino-
acrylate in 970 mL triethylamine and 1.2 L acetonitrile and the reaction mixture
was stirred for 18 h at 80°C. After cooling the reaction solution was filtered,
evaporated down i. vac., the residue was stirred with 350 mL water and 350 mL
EtOAc. The solvents were decanted off, the residue was again stirred with 300 mL
EtOAc, suction filtered, washed with a little EtOAc and MTBE and dried at 60°C.

Yield: 40.6 g (44% of theory)
ESI-MS:  (M+H)" = 283/285 (Cl)
R = 0.47 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

17b)  3-(4-amino-3-chloro-5-methyl-phenvl)-2-0xo-propionic acid

Under a nitrogen atmosphere a solution of 28.0 g (98.0 mmol) methyl (Z,E)-2-
acetylamino-3-(4-amino-3-chloro-5-methyl-phenyl)-acrylate in 250 mL 1,4-dioxane
and 125 mL HCI (4 M) was stirred for 6 h at 80°C. The solvents were eliminated i.

vac., the residue was triturated with isopropanol and DIPE, the precipitate was
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36

NH, WO 2007/020261- 205 -PCT/EP2006/065314 50 mg (0.16 mmol)

TRHbang@hps1(0.34 mmol) triethylaming were added to a solutiop®f,epo006/065314

100 mg (0.13 mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-
244-(1-carboxymethyl-piperidin-4-y1)-piperazin-1-y1]-2-oxo-ethyl
4-(2-0x0-1,2,4,5-

Stetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate in 5 mL THF

and stirred for 30 min at RT. 19 pL (0.16 mmol) 2-morpholin-4-yl-ethanol
wersaddbl st saditisinmbadrdrigitiaheFispensiprodiast stinreobfairied as the
h T L o E ' W irred for another
4@&@#}#& é%%ﬁ%i“@%%@%%ﬁ%@%ﬁ&%g E|’.&\ﬁ'fllé'e.%ﬂtlt{j((?e{residue
wéigldissolved #6 DB HAOMebHhaofliered through a syringe filter and

pggffq\qspy HPlfﬁ;IIjae:f@%tfiggg (@ntaining the product were evaporated

down i. vac., the residue was triturated with DIPE, suction filtered and

dRed at 50C indvAeusiliereaeh Dl (@ yod\de POV EO-NS B H)+ =
877/879 (CI) 15Rf =0.31 (silica gel, DCM/MeOH/NH3 90:10:1) Retention
time (HPLC): 2.7 min ( mple 4.10

ZG)TR)-]_ b",ﬂun; R BLE OVEFRed sa¥alil7a® ANC ( '
OUnder a nitrogen atmosphere a solution of 27.0}1 (84.2 mmol) (1R)-B-chlorodi-
pyrrol_ldm-l-yl?—ethoxycarbon Imethyll-piperidin-4-y1}-piperazin-1-y1)-ethy

| isopinocampheyiborane in 75 ml. THF was added dropwise within 15 minto a

45@&?8?11@214éd%”ﬁdl@{§fr%’a&)@Ul%@ﬁﬁépéncﬁtdﬂe):mﬁ?éiﬂ?%ﬂe?@fi?%&%u
te 25Prepared ana o%ously to Example 4.9 from 80 mg (0.11 mmol
(RIORIRRiHsRELgnd 17.0 mL (122.3 mmol) triethylamine in 175 mL THF cooled to

chlswaragpfiaorcraeting-hemtnh) Haltddaearioxynsthy fuaeidis dywbrBiP and the
erazin-1- y1]-2-oxo-ethy

I
AreRNITPAuadAh e 2/6ENIRHRLBIIN1SY MlphMibiaR! wiye added

200282 61 tBRG < B&DIE PRA0RI00RT dcathgwidiecand (kBraL (9-EE0AC were
mmol) 1-(2-hydroxy-ethyl)-pyrrolidin-2-one, using 1.5 mL DMF as solvent.

YRS g %816 HRSoTYS RS SRR 1 LB /BRI S e RaRss Was

(sitipa grbdSEMIMEDRIH/Biid3r0 JRabk Retentigshidme(dP L@ 50 minof 1 M NaOH,
(Method

B) Example 4.11 i ,
RS R LB Gl Ty At Do e iahRgi s
-We proprxy offt hirivd-math )i BiDe ricid-dvdisp ipesa ziadryil 2e0XOkethybidue was
4-(2-9x01,2,4.5-tetrahydro-1,3-benzpdi in-3-y1)-piperidine-1-carbox
TR 2 Do R B LT 25 A R LS ARG &L RT. The
(I@abtﬁéfaminma& was evaporated down i. vac., the residue was dissolved in a little
O o Bk Bt e B I BERRE I R Prractons
4de@atpinidcPt Hebpetdalny drerd Soberinediarepavapyhaedeatinlime- 1-
carbpxylate and 22 £0.15, mmol) 3-morpholin-4-yl-propan-1-ol, using
1%‘# i 20DMFgaas %g@eﬁ?’t? E% eeroﬁﬂiification by HPLC the product was
takBhMB in DOM#HY er@adie phidEe)was extracted with 5% NaHCO3
sgjution and drj er Na2 fter elimipati f1he desiccant and
sg%nt the reséggép\e/%élso 3t i%@@?ﬁ&‘é%& ﬁt—(}e[rjg”dg ae%m{c%ed in the
air. Yielq:_48 mg (46% of theory) 25ESI-MS:(M+H)J_r = 8_91/893 (C) Rf _
(:I\ae (5 <L ."';'i i';f ‘.'.; l‘\JJn _l.' .-u‘.‘“:-‘.'i;i e _‘o_o: . )ﬁi— 4 05 K1245-

oPh e hydropvonromgnate

oag B WO 020261T-207-P 00 e

\!s{;s,i,‘@»m’u‘o refint Lo pedagarpoxdiatethy!-
BRSNS T FR ey S ARSI ARA RS 54
(Bt R Btetharigdrol 1 Basehiz ddindepiy-BrpD)gipridite Sl icardak§larmol) 3-
e&;gerji}',{'i_rlr—4—yl—1 ,3,4,5-tetrahydro-1,3-benzodiazepin-2-one.
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N210)\cr 700 10 42 mg (0.30 mmol) K2003 and 43 pL (0.30 mmol)
dimethylpropionate werg added to a solution of 1

%?@O?@z (5'%5(%351 harmno-s, e8¢ BRM%2006/065314

chloro-5-trifluoromethyl-benzy1)-244-(1-carboxymethyl-piperidin-4-y1)-pip

erazin-1- y1]-2-oxo-ethyl

4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-

carboxylate in 5 mL DMF and the reaction mixture was stirred overnight at

RheltARieasanapesaie s danbt weacdidhelvesi dve HRmEoTHINGSHWIl3hed with

mL 15% K2Q03 solution, the product precipitated was_suction filtered and

FURRLGRY ebiufhA (:‘Fr@o?ﬁ%@ Fhbiyrtdmcl gak Y ISERpEON mixture was
[REAMVRPHANN 33T GRItedelaid W mer (20800t thepiicEa WS Mt H)intmated .
37280 (0) 0% =0.93 Rlice Gk PG GG SHNIR TS5 n 21 mior 4
(R)HO(aminpr3d-flerts orfifleoromaty khig ozl 2s(4:0rftteth dreatibess with
%@mee@ﬁgr%%bd"% et RRendinAvkpinerazin VW20 SY! Atter

temam@troﬂlofsrhertz@simru a@w@hmp&tiwn@éseﬂmbmlpmnfmy

L

SAﬁﬂﬂro 5-trifl0 @®m ¢ iyl dfahzpt)i244-(1-carboxymethyl-piperidin-4-y1)-pi

z 01- yI
E:eé?' -1,2, 4 t%ﬁ; %}éﬂf%’?’d &odiazepin-3-yl)-piperidine-l-
darboxylate afid140(pllid® S8 NGl TyckildedsithiFeiTylceibidnale. Yield:50
mg (29% of theory) ESI-MS:(M+H)+ = 880/882 (Cl) Ri=0.68 (silica gel,
DCM/Cyc/MeOH/NH3 70:15:15:2) 10 Example 4.14

(Ryed-(4/antir{6-Broitord-BhiiftacTemsttivimmegh 2(U-¢thoxycarbonylmethyl-4.4'-
d'ethy"‘&ﬁrsgﬂ%rﬁv@ h%b%@oamstry'&ger' in-4-yA):Rin§raENs1-y11-2

oxo- 15etn
4- (2 -0x0 .‘-‘ ety b ¥Bai-piperidine-1-carboxyl

ggr-gag%@gg@ﬁgmggﬁrymare@f G T A 30 -

mmo 2-hydroxy-acetamide were a so ution

Qfm@@fﬁgr(@tmglmimyl »-1-carboxy-ethyt 4-(2-ox0-1,2,4,5-tetrahydro-1,3-
(Rrl{drasy g gb}qrre)énrrrqaoroomswr%rgr@s%%éJ(:faﬂomrxmraw
piperidin4-y1)-piperazin-1-y1]-2-oxo-eth
A4 A Bripinezidimytetrahgapsaies- benzodrazepln -3-
Whispjperidine-lgGa & Aterith DMF and the reaction mixture was
stirred for WO 2007/ 0261 20 CT/EP2006/065314 20 h at RT. The
rE&HMS solutiBi Whs polréd %ﬂt@éhturated NaHCO3 solution, the

Reecipitate formed Wam-sUGlomHiRIed ANk ipfiH Meceigdespseduct was
purrfred by HPLC. The fractions containing the product were combined
and freeze-dried. Yield:36 mg (31% of theory) 5SESI-MS:(M+H)+ = 877/879
(%Iﬁfﬁ;%ny@q time (HPLC): 3.2 min (Method B) The following compounds
were prepared analogously from in each case 100 mg
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(1-carboxymethyl-p

'?ﬁglq'qzl%fﬂé)ﬁmwlﬁ -h¥ iy RA0%R-9MYL(1'-carboxymethyl-4,4'-bipiperidinyi-1-
0Xx0-1,214 ,5-tetrahydro-1,3- enzodraz%pln -3-

Sﬁrﬁéﬁo%@h“cé%@s&né@ 4utelenbyries oNAFIFAMBERP Y fhg)-piperidine-1-
rggﬂgggwgtglcohol component: Example R Yield (/o) Mass spectrum
Retention time HPLC (Method) 4.15 76
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8491851 3.1 min [M+H] (B) 4.16 r'-" 25 889/891 3.2 min [M+H] (B) 15

WO _2007/020261- 210 -POT/EF2006/065314 Example 5
(#yg-%gf%ma%@-chIoro-5-trif|uorometh;‘/Igﬁgﬁzy1)-24444-ethoxyca|%8?;§ﬁﬁ12006/ 065314
ethylpiperazin-1-y1)-piperidin-1-y1]-2-oxo-ethyl

4-(2-oxo0-1,2,4,5-tetrahydro-1,3-

5benzodiazepin-3-yl)-piperidine-1-carboxylate CF, NH2 CI 0 64 mg (0.20

mmol) TBTU and 28 pL (0.20 mmol) triethylamine were added to a

solution of 100 mg (0.18 mmol)
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-p Ytol-carboxy-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazegi 6p)-piperidine-1-

carboxylate in 1 mL DME_and stirred]for 10 min at RT. 51 mg (0.20 mmol)

ethyl (4- piperidin-4-yl-pgipe %g&%@mwg\madion
mixture and this wa eh 6vernight at RT. After filtration tRrough a

syringe filter the reaction solution was purified by HPLC without further

working up. The fractions containing 15 the product were combined and
freeze-dried. Yield:91 mg (64% of theory) ESI-MS:(M+H)+ = 792/794 (Cl)

R sl st gemp EMIMBORPN HEDDin® InRoBtaRipRs sidded to a solution of 80
(R 6HamiRRaPr eRITO - Ll ameiByb beRmthl A4 A S SR PUme D Rbony!-
iperazin- 1-y1)-piperidin-1-y11-2-oxo-ethyl

An2ibyb4. 2 hipirstigdrb-1l 32hexredind dpl-9x0-1,2,4,5-tetrahydro-1,3-

y bisRiRRfisag; k- @\é PieiriN¥Q 208008 1nld M CIIAFRARPR{E%a3d o n

CF A solution of 3.6 mg (0.15 mmol)rLi Hin 1 mL water was added to a
sONtFEoN2D G ed YRR at RT. The THF was eliminated i. vac., the agueous

(Ffésla(ﬁ'e%ig%@mH&e@ﬁﬂfmg@metaymwva%@e@aﬁmf% down i. vac.. The
5carbonylmethyl-piperazin-1-y1)-piperidin-1-y11-2-oxo-ethyl
4[@J6k@_ﬂg§4%lﬂﬂed by HPLC. The fractions containing the product were

tetrhy e la3baagediazrpin-3-y1)-piperidine-1-carboxylate in 10 mL

THF and the reaction mixture was stirred overnight at RT. The THF was

ellifithied in ahMeddR suddhE:Ren a little water was added, followed by

farmiagsid untihan-pcidigoeaetionayps obtained and then acetonitrile and

the product was subjected to
I3, Br O ey S iica gel. DCMICyc/MeOH/NH; 70:15:15:2)

Example 18

(R)-1-(3-chloro-4-hydroxy-5-methyl-benzyl}-2-(1'-ethoxycarbonylmethyl-4,4'-
bipiperidinyl-1-yl}-2-oxo-ethyl 4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-

QOH

; l /?NJE\O%JNMN/\([O\/

piperidine-1-carboxylate
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10freeze-drying. Yield:52 mg (76% of theory) ESI-MS:(M-H = 762/764 (Cl)

=0.14 (sjli [, DCM/MeOH/NH3 90:10;1) 15 Example 5.2
%&%ﬁ?&?ﬁggg-chIoro-5-trif|uorometh']£6 nzyl)-244-(4- PCT/EP2006/065314
dimethylcarbamoylmethoxycarbonyl-methyl-piperazin-1-y1)-piperidin-1-y1]
-2-oxoethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxyl
ate 20 WO 2007/020261-212 -PCT/EP2006/065314 90 mg (0.28 mmol)

TEEY, 305nt1dRy0mnah driethyiamineaneti9 1 1pe{£e4@ mmol)

2-hydroxy-N,N-dimethyl-acetamide were added to a solution of 190 mg
(('9’@/% T)’Z mmol) benzyl bromide were added to a suspension of 10.2 g (46.1

(%@tx&-i@aali;a@;%@gm{%fﬁgmW@éhhx;ﬂzbgﬂzyabl?gzwzﬁgmamﬁmé@@%lﬁ 130 mL
iperazin-1-y1)-piperidin-1-y1]-2-oxo-et -(2-0x0-1, -tetrahydro-1,3-

T S FE S e S S SHEBAETTIOB AL Bl BRdrable
reapkguslikuie waststisediovermnightas Rds Ehegeantandsalutiona¥asombined
filtered through a syringe filter and the crude product was purified by |
T8 FA o BT TRLE ot e B SOt REEBEPS Ofganic phases
freeze dhiwmtloVeelNA BN IR0 efthect) RS -ddRiIMHH Hred4/8RE reacted
(?%etenﬂin }riY%]e_gHPLC :3.3 min (Method B) Example 6

1%} @I-\fﬁ- Wl gg—iﬁ%? -5-trifluoromethyl-benzy1)-2411-(2-ethoxycarbo
nylegthyl)- 4,4-bipipgridBnd-dfyhdeypxo-ethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3:-henzodiazepin3-¥1)-pipepdipe-1-carboxyla

thC"F, NH, ocqgé?(q?@g-@tﬁ%' @g@'@ﬁ% )ﬂf%%ﬁ;?’ 5%81 28 pL

(0.20 mmol). triethylamine were added to a solution of 100 mg (0.18 mmol)
(R Chaminp-elisracilromeiiphend): L ARU B onony
carbox@@ mL DMF and’ stirred for 10 min at RT. 54 mg (0.20 mmol)

e I RS o2

thtdug marsyriRgeditte):tive re actitard ol ativikives pUEIEIdD{BRIPLIENtholi-benzy!-

¢ ; i o )
R R S R o ARV 2
neg¢RdembiahromRESHMSD(Mk9f-trieBubisony @hHdi 458 siketogdrjle and the
g S A0 S AL oI5 i eection,
AaBipRndiREd dppR-bxeethijle residue was stirred with 100 ml water, 50 mL
RO HoE R Thi3rRa18 08iaesRId Mo uble components. The

piperidine-1-carboxylate CF, NH2 C<IN N,Cto A solution of 1.4 mg (0.06
nigsdie ORStekenLUpdtePvid Medd (o b senimbined 30thgqivelesahsijcoal,
(Riehd4-arainghepese Fdufierorpetinshenadls?dddei et Rycabanier
ethyl)-4,4'-bipiperidiny1-1-y1]-2-oxo-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-
15B8BARL AFEGHIHSLY () -piperidine-1-carboxylate in 10 mL THF and the
regefipn mixturswias siifrschpyeLBight at RT. The THF was eliminated in a

nitrogen stream, then a little water was added, followed by formic acid

uRitavSicidic IO WEA6bERIREH and then acetonitrile and the crude

prgduct was pyriieddneE Bk C DT/ Taelinre roRiaINtg{he greduct were
cg?mbined and freege-drieg. 20 Yield:g8 mg (97% o%ory) ?ﬂ

:)3_%1ution

18¢) 3-(4-benzyloxy-3-chloro-5-methyl-phenyl)-2-oxo-propionic acid
75 mb 4 M HCl were added to a solution of 18.4 g (49.2 mmol) methyl (Z,E)-2-
acetylamino-3-(4-benzyloxy-3-chloro-5-methylphenyl)-acrylate in 150 mL 1,4-

dioxane and the reaction mixture was refluxed overnight. The 1,4-dioxane was



10

15

20

25

30

ESI-MS:(M+H)+ = 777/779 (CI) ft =0.15 (silica gel, DCM/MeOH/NH3

90:10:1) WO 2007/020261- 214 -PCT/EP2006/065314 Example 7

(&59[- -5’%8%-%Ioro-5-trif|uoromethylgﬂéﬁzyl)-z-{411-(2-ethoxﬁ:§?ﬁ%ﬁ2006/ 065314
yl-ethyl)- piperidin-4-ylkpiperazin-1-y1}-2-oxo-ethyl

4-(2-oxo0-1,2,4,5-tetrahydro-1,3-

5benzodiazepin-3-y0-piperidine-1-carboxylate 64 mg (0.20 mmol) TBTU

and 111 pL (0.80 mmol) triethylamine were added to a solution of 100 mg

(@ifinme: (R2; e priegpishiarpradiitupmmatindarbeyisolved again in DIPE
101-carboxy-ethyl

(ki BN e My <L Slisainabion 26 she S5sjcsmeranseselvent the residue
CAERORYIRIR N TR rNRCRR S stifrestifar, 10 min at RT. 122 mg (0.20

mmol) ethyl 3-54-p|peraz(l’n-l-yl-plperldm-l-yl)-proplonate (Amine A2,

u s the trisRifUdISEceBtd MY vere added to the reaction mixture

andithisswas shakan avernjghbaldgT. After filtration through a syringe filter
the reaction solution was 15puritied by HPLC without further working up.

TReFractions COAEAISIHEAINE I WS BB T EhiFréez0-dried.
Yield:45 mg (31% of theory) ESI-MS:(M+H). = 806/808 (Cl) RE =0.57
(silica gel, DCM/MeOH/NH3 90:10:1) 20 Example 7 - )
(B irBEh (e e EHoX YA ERIQI0N-Bieilvi-pheR s NugioKy-Dropionate
W@%ﬁ%@@eﬁem&f@wmmg éf(thglg%é‘% gnt%tsz%r(zygm?ﬁ-

5benzodiazepin-3-yl)-piperidine-1-carboxylate W 71 1- 215 | )
0o BB BRI G FHER AR ETORH SR 16 min
(€04 ﬁnmnar(gﬁ*ﬂfi(é-ﬁr(riace?mﬁtdqre={5¢trjﬁu@mmmgtb;¢m@rwﬂ)rae{tﬁyﬁ;fhenyf)-z-
-(2-ethoxycarbonyl-ethyl)-piperidin:-4-y11- Spjperazin-1-y1}-2-o0xo-et
REGBHD SIHAR e Tob WAL REine 200 L PH cooled o
piprridirgolccakhioxytate atidnheng ¢ DGITTBA) DY DERIHES regnbAl and the
‘gé%'%% dﬁis 'M§S: yagtfg%%é%ﬁgﬁ %:?aor.lfzﬁ'ﬁao‘%e* M NaOH were added
(Bbab«Meambrme’sfelammmmtqummybbéqgwlmgicéé:{«i@-%@;dﬁt@ﬂmy\b@es"e
e R SRR AR R AR R U5 W erates of
Mmlwdl@amie-bbazedmepﬂsﬁeﬁﬂWﬁmem}cgtb@&ylane\léﬁhgnd once with
918 B TETHE0S Sk Ocko- R BR N R A AR
(Ry+icehizatinoFE-t hotoabtaditvoameithyl-Bemal1pf EtOAC and the combined
i&é:%ﬁ?ééﬁé%%@&&éeﬂ?%%& e RIS AR 61 W cant and
152G tdhalojigresidberas diazapired-yith giperidinemativanodryiite (h 25 M) and

D ' f O0.mi 5 I -

gg?m%%ﬁgg rﬂf{(’iﬁge & sm@%%%@ﬁlat@ﬁ. 1WA )evaéaora eﬁidown i. vac.,

mino-ethanol were add e reaction mixture and this was

shiekezsisiuaigist carRITInadterithitilion- 8irdblntecpingrldiien ardresictoted twice
SRS AERGA M P LEnIHA N MK G950,

containing the product were combined and freeze-dried. Yield: %
ofiitieees\aEEpvBoied [dowBA9¥eE1. (T SrReduativiasinse cheRLigNes without
(I}glgftmggt@n'_rhe following compounds were prepared analogously from in
each case 100 mg (Examples 7.3 and 7.4) or from 95 mg (Example 7.5)
(Kjeid(4-aminof 3 chldrd s0of theory)
trﬁ@pmg@ethyl(Wyﬂakzi{gg%fg%@q@?xy-ethyl)-piperidin-4-y|kpiperazin-1
-y1)-2- 10oxo-ethyl

4807ox0-1,2,4 B8éttatigareel., Sbdhtomaddepthidie-HibéhdiAeL -

carboxylate and the corresponding amount of the respective alcohol
component: CF3 NI-12

FFEED
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Example R Yield (%) Mass spectrum Retention time HPLC (Method) 7. 3
t17 891/893 2.1 min [M+H] (B) 7.4 .t 39 889/891 2.7 min N;j [M+ ?:

76 208 HB3PZ64 3.1 min  [M+H]E (B)" BXample 8 PCT/EP2006/065314
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-{444-(2-ethoxycarbon
yl-ethyl)- piperazin-1-ylppiperidin-1-y1}-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-
5benzodiazepin-3-yl)-piperidine-1-carboxylate CF, NH, CI0 64 mg (0.20

mmev TBY ?E%éﬁ%%@dﬁm)éflﬁ%‘ﬂ%‘&%@ AR 0RhyI 4-(2-0x0-

solution of lUU mg (U 18" mmol)
f if 'a‘ passHiaERESy ) -diperid g HrBokgabRkylate

ek 2aBee %ﬁ‘aﬁaé@(@%‘%ﬁ%ﬂ:ﬁn‘&?@%‘#%%XQEPQ’HMH!?rﬁethyE RL3-o

carboxylate in 1 mL DMF and stirred for 10 min at RT. 54 mg (0.20 mmol)

eﬂmyi@mﬁpéhawﬁyﬂtﬁwﬁw&)ﬂ bv&bmféqmﬂ@éepag)q,@peg (21.2 mmol)
aﬁd&ﬁéﬂéhﬁdsﬁ@tlgmr@%@m@a%ﬂw@%ﬁea@ Sivesnight at RT. After

filtration through a syringe filter the reaction solution was purified by HPLC

thh@lﬂrfmﬂfé\em ISR Pratiect siradisne e AtHINIAY the smﬁﬁtaﬁéréombmed
conbinad rine Areeaesdrigsh Y igleidlh BT IOBVrosde@ Water. The reaction mixture

was stirred overnight at RT, diluted with water and the organic solvent was

eliminated i. vac.. The agueous phase was washed twice with 60 mL EtOAc,
acidified with 21 mL of 4 M HCI and the oil thus formed was exhaustively extracted
with EtOAc. The combined organic phases were dried over MgSQ,, filtered and
the solvent was evaporated down i. vac.. The residue was triturated with DIPE and

suction filtered.

Yield: 3.3 g (26% of theory)
ESI-MS: (M+H)" = 592/594 (Cl)
R = 0.35 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

18f) {R)-1-carboxy-2-(3-chloro-4-hydroxy-5-methyl-phenvyl}-ethyl 4-(2-oxo-
1.2.4 5-tetrahydro-1,3-benzodiazepin-3-vl)-piperidine-1-carboxylate

A suspension of 2.75 g (4.65 mmol) (R)-2-(4-benzyloxy-3-chloro-5-methyl-phenyl)-
1-carboxy-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate and 1.0 g rhodium on aluminium oxide in 150 mL MeOH was
hydrogenated for 18 h at 40°C and 50 psi hydrogen pressure. To complete the
reaction another 0.5 g rhodium on aluminium oxide were added and the mixture
was hydrogenated for a further 6 h. The catalyst was removed by suction filtering
and the filtrate was evaporated down i. vac.. The residue, which was contaminated
with about 50% of the corresponding methyl ester, was dissolved in 25 mL THF
and combined with a solution of 250 mg (10.23 mmol) LiOH in 15 mL water and
the reaction mixture was stirred for 3 h at RT. The THF was eliminated i. vac.,
water and 10.5 mL of 1 M HCI were added, the product precipitated was suction

filtered, then this was washed with a little water and dried at 60°C,
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ESI-MS:(M+H)+ = 806/808 (ClI) ft =0.58 (silica gel, DCM/MeOH/NH3
90:10:1% 20Example 8.1 (R)-1-(4-amino-3-chlo ro-5-trifl

UG ﬁgg?@gﬁﬁyl)-2-{444-(2-carboxy-'e?tﬁ9I)- pi perazin-l-yl)-pip%QH[%PzOOS/ 065314
n-1-y1)-2-oxo-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate WO 2007/020261- 218
-POT/EP2006/065314 F3 NH2 Prepared analogously to Example 6.1
from 60 mg (0.07 mmol) (R)-1-(4-amino-3-

opfere-5-trifluopometiaehenzid g {444-(2-ethoxycarbonyl-ethyl)-piperazin
-1-y11- 5piperidin-1-y1}-2-oxo-%tlgy4

=&-0d8:1,2, 4{Bltdthary als/ P %Y odiazepin-3-y1)-
pperidine-1-cay hoxdaieaans, HEMDRLAASTRIMNIGY: 16ials:ap mg (70%
of theory) ESI-MS:(M-HT = 776/778 (Cl) Rf =0.14 (silica gel,
DCM/MeOH/NH3 90:10:1) 10 Example 9
(Ragh-(4Rrmine-3ieblerarpridiramedlybearyd) )24 ¢ Ehaxgtharweaiatsthyl-4,4'-
nylpyrrolidin-1-y1)-piperidjin-1-y1]-2-oxo-ethyl
4-(2-ox’3?!' = —’-h!42
15benzpdigzafirarM)-pintrisineritiaarhaedpiayfteng (0.20 mmol) TBTU

d 28 0.20 mmol) triethylamine were §Sed t olution.of 100 m
B TR P S Ao S RIS AL e POHBRY. - Satboxy-2-(3-
lchRieRyrgthyxy-5-methyl-phenyl)-ethyl and 51 mg (0.20 mmol) ethyl

-(2-0x0-1,2,4 5-tetrahydrg-1,3-benzodiazepin-3-yl)-piperidine-1-
jzél’éébﬁé&gﬁﬁify%i“g}\%ﬁegﬁ stirred for 10 min at RT. 45 mg (0.20 mmol)
ettwidR)-1-piperidin-4-yl-pyrirélidimn 3 2cafriymgtaie were added to the
reaction. mixture and this was,shaken j RT. After filtration
tﬁ%ﬁjﬁﬁa syringe filter the W@%oﬁ%ggﬂ -PCT/EP2006/065314
readtioticsolitien MAs@urifietl bynHRBEvithidB} further working up. The
fractions containing the product were combined and freeze-dried. Yield:77
mg (56% of theory) ESI-MS:(M+H)+ = 763/765 (Cl) 5Retention time
(BRAGYiB.4 8nin (Method B) Example 9.1 (R)-1
-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2444(R)-2-carboxy-pyrrolidin
-1- 10ylypiperidin-1-y1]-2-oxo-ethyl
AR-DA3-carbBeyenaiydirh 4-Biberrdiiskapih-3-03-chloro-4-hydroxy-5-methyl-
iperidiner1-car I nal ; PR

%ﬁ}g %&é@%ﬂﬁﬁ)‘%%ﬁ%}?ﬁﬁ r{g@ﬁ%% AI9GUIY AL EEHMAIE K- biperidine
chioasteaxyitaieromethyl-benzy1)-2444(R)-2-ethoxycarbonyl-pyrrolidin-1-y1
)- piperidin-1-y1]-2-oxo-ethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepta-34yl)-
piperidine-1-carboxylate and 2.9 mg (0.1 Ig LOH. Yield:42 mg (73%
of theory) ESI-MS:(M+H)+ = 735 3j\(C/I)\2rONWme (HPLC):3.3
min (Method B) Example QMN S N/\D/G‘H
(R)-1-(4-amino-3-c i@ Stifluoromethyl-Benzy1)-244-((R)-22
25dimethylcarbamoyimethoxycarbonyl-pyrrolidin-1-y1)-piperidin-1-y1]-2-0
xo-ethyl 4-(2-
0xo0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate
WG QI00iB/020261 22 (D-0€TIBEPRA06I065 31 | 2& atry (@aB88anmhed] YT B BOlution of 38

B B R e e o 912 k-
Sar R 2realingdpybipliginidingt)t pibetidixoiejily 2-dRevuth|l 2,4, 5-tetrahydro-1,3-

(2-0XQ: 1,24 55 i i . . .
SRR Y Riperding sarboxyiate in 1 ml THE and fhe reagiian mixture
ands shaken for 3 h at RT. The reaction solution was acidified with 1 M HCl and
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stirred for 10 min at RT. 8.1 mg (0.08 mmol)
2-?5:1r0x¥-N,N-dimethyl-acetamide were added to the reaction mixture
ahPthOHRE Hhken overnight at RT. AftéT filtration through a syrinﬁgﬁﬁgrzoom 065314
the reaction solution was purified by HPLC without 10further working up.

The fractions containing the product were combined and freeze-dried.

Yield:38 mg (68% of theory) ESI-MS:(M+H)+= 820/822 (Cl) Retention time
(HPLC):2.9 min (Method A) 15 Example 9.3
(I‘p’hrrlﬁ%win@ﬁc@hiw@f?atﬂi‘w@mﬁmmW&)&M@ra-&amﬁ@mﬂﬁd freeze-
-4-ylethoxycarbonyl)-pyrrolidin-1-A-piperidin-1-y11-2-oxo-ethyl
Z@E@ﬁ’ahydro-l,3-benzodiazepin-3-y1)-piperidine-l-carboxylate \We
20(4020261- 2213 ¢a 2P 800Hpp314 Prepared analogously to

Example 9.2 from 50,mg (0.07 mmol) (R)-1-(4-amino-3-

chigkd -'trifluo{rMﬁEHﬁyT- HK/B-QQH-((R)-2-carboxy-pyrro|idin-l-yl)-piperi
dmy--y1]- 2-ox9:2th¥ilica gel, DCM/Cyc/MeQH/NH; 70:15:15:2)
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-

carboxylate and 10.3 mg (0.08 mmol) 2-morpholin-4-yl-ethanol. 5Yield:35

Nk gedffeofgheory) ESI-MS:(M+H)+ = 848/850 (Cl) Retention time

(HPLC): 2.6 min (Method A) Example 10
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2444(S)-2-methoxycarb

oy Pyl piperiditilashdekgiaibylzy))-2-[4-(1-ethoxycarbonylmethyl-4-

4-(2-0xp-1,2,4 5-tetrghydro-1,3-

B ey st s mansd Addpialydro-1 -
to&ExaptipledhiroBnl PP prgidindSintandip R xR (4-amino-3-
chloro-5-trifluoromethyl-pheny1)-1-carboxyzgthyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3- NN,
benzodiazepin-3-y1)-piperidine-1-carbox @té and 42 mg (0.20 mmol)

methyl (S)-1- piperidin-4-yl-pyrrolidifie-2-carboxylate. 20Yield:80 mg (59%

of theory) ESI-MS:(M+H) @z@z ¢C i ©€):3.3 min

(Method B) Exam .%/E:WO 2007/020261-222 -PCT/EP2006/065314
(R)-1-(4-amino-3-chiefo-trifluoromethyl-benzyl)-244-((S)-2-carboxy-pyrro
lidin-1- y1)-piperidin-1-y1]-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-
pmgsmefirggrgﬁwkm?@ﬁﬂmé%m@%%gw (e. %&mms QB0 MTL45 mmol)
water was added to a solytipr. o mg (0.08 mmo

e s e s R R eGP Rty 4-(2-0x0-1.2.4,5-
methmomarhopyanasaligiedin Bpiasipeitihy H-2aosoxgthd (Example 1f), 250 mg

L I e R RS A e PRty MR iR el AT

anddns 0 g fCIEN e @ BVES BlidedLoR&NRighicathie Tedtiwosolvetlnvagas stirred
eliminated | nitrogen stream, the residue was taken up in 1 mL water,

AP S o A AR B ot 1 e BB A PO TISE by
MRUE; Was fexttarsticelytaixiiragpted withd it Aere e chinkideddigapitlised.
extracts were dried over Na 4, filtere evaporated down i. vac..
Tﬁéﬁ%sidue was taken up |é§%ﬂ?§ \g\%ég ga'r:l’%gg@f@nitrile 15and

frEsréA®ied. Yield:51 mg (8% df treddy ER-E8:(M+H)+ = 735/737 (Cl)

tentipn time (HF; 3.3 min (Method.B xample 10.2
R e e e R R B (o) 2.

dimethylcarbamoylmethoxycarbonyl-pyrrolidin-1-y1)-piperidin-1-y11-2-o0xo
-ethyl 4-(2- oxo-1 ,2,4,5-tetra hyd ro-1,3-benzod lazepe rid ine-1-ca
rboxylate WO 2007/020261- 223 -PCT/EP2006/065314 CF Prepared
analogously to Example 9.2 from 70 mg (0.10 mmol) (R)-1-(4-amino-3-
chloro-5-trifluoromethyl-benzy1)-244-((S)-2-carboxy-pyrrolidin-1-y1)-piperi
din-1-ylk 52-oxo-ethyl
4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
carboxylate and 11 mg (0.11 mmol) 2-hydroxy-N,N-dimethyl-acetamide.
Yield:45 mg (58% of theory) ESI-MS:(M+H)+ = 820/822 (Cl) Retention
time (HPLC): 3.0 min (Method A)
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10 Example 10.3
(R)-1:(4-aming-3-chloro-5-trifluoromethyl;henzy1)-2-{4-[(S)-2-(2-m I
-@%%ﬁﬁ%r%@nyl)-pyrrolidin-1-y|kpip—e|2r?d$|ﬁ-1-y11-2-oxo-ethyl gBtP%EQOOB/OBS?’M
4-(2-ox0-1,2,4,5-

15tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate CF2 NH2

Cl Prepared analogously to Example 9.2 from 70 mg (0.10 mmol)
(R)-1-(4-amino-3-
chlaimdrdriflugromethyl-benzyl)-244-((S)-2-carboxy-pyrrolidin-1-yl)-piperid
in-1-y1]- 2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-
2@Ranbprdatmersicticlovig(Blddroment)y2reotphofin4kyl-edBsolmethyi-4-methyl-

Yield:54 mg (R9% of theory I-MS:(M+H)+ = 848/850 etention
R R e M A7 6 a1 - Eransaront o
-BETAER2006H06531di foddingel 1daidethidte
(R)-11-{(R)-3-(4-amino-3-chloro-5-trifluoromgthyl-pheny1)-2-[4-(2-oxo-
51,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carbonyloxy]-pro
pionyl}- 1,42-bipiperidinyl-2-carboxylate G 64 mg (0.20 mmol) TBTU
and 56 pL (0.40 mmol) triethylaminefjweré added'toja 10 solution of 100

mg (0.18 mmol) (R)-2-(@-amino-3= Hl‘bdﬁdﬁrtﬁﬁjﬁ ,l,»phfrwp-
1-carboxy-ethyl 0 o i
4-(2-0x0-1,2,4,5-tet dr@-1,3-benzodiazepin-3-yl)-piperidine-1-

carboxylate in 1 mL DMF and stirred for 10 min at RT. 57 mg (0.20 mmol)
methyl R)-El,41bipiperidinyl-2-carboxylate (used as the acetate salt) were

addentpihefeaaiannixig enanel INOMAR ShakeweeRighhatiBd (e mg (0.12
fiItrati(])n Eg?ro%?h a 15syringe filter the reaction solution was purifie
itho

AP AT T AR GO g e g carbony-

weeehgombinatambisaere-tlinchiyiek b mg Aot thaoryl-oxo-1,2,4,5-
gtﬁsili%ﬂh? %J’«'ggla‘ﬁa%%g i;ggpsg—l R e e D N M O N3 THE and the

(R)atlisH R)bd(¢ avainetdret| ero BHrRToMathyhp ie 2L J24di(2-axeidl dvere

4,5- . . . .
(S ARY AL BRI RYES S LY TFEAANR 1 X8 IR APt fRien up in
45 128bipipAillieyFP( darhdiidie ddittoiB 20BTL0026 Hd 2md eluted with
nﬁgﬁgﬁeﬁg@gb‘ eI B\ BRI AN TP NG ST inder a high
veaummo-3-chloro-5-trifluoromethyl-pheny1)-214-(2-oxo-1 ,2

4,5-tetrahydro-1,3- o

S%Eerllqgodiazepin-3-y1)-piper?d5| n”é‘_%ﬁ%gr °oor¥3}r5?<?/[y8ropionyll-l,4'-bipiperidi
ngSi2M&arboxylate and 1.9 (vyH{)08 MMBONBOQE) Yield:10 mg (25% of

theqry), ESI-MS: (MeH =<, 747 Cl =0, silica gel, DCM/MeOH/NH3
SO PT BN EY g i oo B

(Bxamp(R E28-(4-amino-3-chloro-5-trifluoromethyl-pheny1)-244-(2-oxo-
1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carbonyloxyl-prop

iony1}- 151,4'-bipiperidinyl-2-carboxylate Prepared analogously to

Exan plé-2mirend iddaiy {orTRienaoBt(R){2e (e dirthBk34-ethoxycarbonylmethyl-
g gIOMAM PRI PAROEIhy 4-(2-0x0-1.2,4,5- 13
ﬁg%gi%ﬂﬁ%g%ﬁgwyg%_l’ C it ?%?Qxé’x% @fhyi 4-(2-0x0-1,2,4,5-tetrahydro-1,3
20trRedaieeipid-3iyl) piratomad-cachmsigtate and 45 mg (0.20 mmol)

methyl (3)-
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[1,41bipiperidiny1-2-carboxylate. Yield:33 mg (24% of theory)

Elfé}!\%é %éé% 763/765 (Cl) WO 2007/020261-226
8 965314 Rf =0.44 (silica g& DCM/MeOH/NH3 90:1071§ T/EP2006/065314

Example 12.1
5(3)-11-{(R)-3-(4-amino-3-chloro-5-trifluoromethyl-pheny1)-214-(2-oxo-1,2
4,5-
tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carbonyloxykpropionyl}-1,
4'- bipiperidinyl-2-carboxylic acid 10Prepared analogously to Example 6.1
from 20 mg (0.03 mmol) methyl (S)-11-{( N,

3-(4-amino-3-chloro-5- trlfluorometh%l ph 44-(2-oxo-1 2,4,5-tetrahydr
0-1,3-

benzodiazepin-3- y %f&arlﬁﬂﬁ@p\mﬁy&}’hﬂi\bﬁlpendm

yl-2- carboxylate a 090.05 mmol) LOH. Yield:3 mg (5% of

theory) 15ESI-MS:= 47/'Fi49 (Cl) Rl =0.29 (silica gel, DCM/MeOH/NH3

90:10:1) Example 13
20(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(11-ethoxyoxaly1-4,
40.pipiperidirid moyah figkaviamne were added to a mixture of 250 mg (0.45 mmol)

Ae2rox0rk i the-tebRBYdre-tifB SBAY A= carboxy-ethyl 4-(2-0x0-1,2,4.5-
plperldlne 1-carboxylate WO 2007/020261- 227 -PCT/EPZ2006/065314

e RN bR eraRI A L RO ST B RN le 11, 140 mg
gﬂ@g FracIPkibgn At LORBIG b FmRR- y1) p:ferazzn 1-yl] aceta}te (Example

2-(4-amino-3- chloro 5-trifluoromethyl-phen 1-carboxy-eth

49(5133)&{1@ P00 SR ARHFIMOL-P BT ez Spkin RpfbERicastion mixture was

cathrxyRierd B MIRPMEsas st dRidlfonin at BT - me (R 20 MM} purified
ethyl E 41b|p|per|d|ny1 1-yl-oxo-acetate (Amine A4) were added to the

rEACHOIP MBIRHEPRAY 1O WK aiaRb P EIMBRE LR naesr Hirhtidihe fractions

thromaimmgHegedigr thesreasiioninelitiampee It iHBdRY. HE@%MBQ%@ by
further working up. The fractions contamlng the product were combined

ahi hiEe REd PR OIS GeIIBE Ry 1 RS- BRI PSS Ry dvophilised.
8%@5&{37 (Cl) Retention time {iAPkfg){4in fMdetyod B) Example 13.1

J[1 ﬁsim;rlu)) § (():Q(I)o(re?hiltrzwimmgtga/é-@%%ze/&%-z-(11-oxaly1-4,41-bipip

4F(étemeh2y4af5{1leﬁam5dro 3,8-hemzoditeep®)3-y1)-piperidine-1-

carboxylate Prepared analogously to Example 6.1 from 40 mg (0.05

mmol) (R)-1-(4-amino-3-
chosonbiriflodromethyl-benzy1)-2-(11-ethoxyoxaly1-4,4'-bipiperidiny1-1-y
1)-2-oxoethyl
4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxyl

af&pne 8-6nmp(o: tﬁlmmcﬂ)tﬂﬂ).idrcﬁﬁ&ibj,dtﬁérmg X& 7% @-taeboymethyl-piperazin-

I o e B G B AR )

(F&bﬂz@dmm%eﬁbem@ﬂdfﬂm@mbwdyﬁﬁezyl) -2-(11-dimethylcarbamo
yl- Smethoxyoxaly1-4,4"-bipiperidiny1-1-y1)-2-oxo-ethyl
4-(2-oxo-1,2,4,5-tetrahydro-1,3- NH,
benzodiazepin-3-y1)-piperidine-1-carboxylate ||[Prepared analogously to
Example 7.2 from 100 mg (O. 13 mmdl) (R)-1-(4-8mino-3-

10chloro-5-trifluorometyl- bﬁx&@ﬁ@\ft {bjﬁp,enﬁlfﬁw 1-y1)-2-
oxo-ethyl 4-(2- /bo
0xo0-1,2,4,5-tetrahy Smenzodlazepln -3-y1)-piperidine-1- carboxylate

and 15 mg (0.15 mmol) 2-hydroxy-N,N-dimethyl-acetamide. Yield:70 mg
(63% of theory) ESI-MS:(M+H)+ = 862/864 (Cl) 16Retention time
(HPLC):4.1 min (Method B) Example 13.3
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(R)-1- (4 amino 3-chloro-5-trifluoromethyl-benzy1)-2-[11-(2-morpholin-4-y1

xal 1) -4,4'-bipiperidiny1-1-y1]-2-oxo-ethyl
\%’ tetrahydro -1,3- % PCT/EP2006/065314

benzodlazepln -3-y1)-piperidine-1-carboxylate WO 20071020261- 229
-PCT/EP2006/065314 Prepared analogously to Example 9.2 from 100 mg
(0.13 mmol) (R)-1-(4-amino-3-
chloro-5-trifluoromethyl-benzy1)-2-(11-oxaly1-4,4'-bipiperidiny1-1-y1)-2-ox

oA ddZanalogously to Example 19.1 from 100 mg (0.12 mmol) (R? 1-(4-amino-
oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate

i IBTor i b RoRRB FRGBRYIR A (4 eswﬁhew@%'(@mram 1-yl)-4-

W!%M@KMW)E&&Q@Q@I (EfpRrstentiontnedMdrd 3 B BEhzodiazepin-3-
(Method B), xam le 14

(Pﬁ')) plpsdiiigs! 3%%@%%&39}&@@-5@1%@%1} @ thoxycarbonyl
pyegionyl)-4,4'-bipiperidinylsd- ya@-@qx@(ﬁthyéory)

4- 1,2,4,5-tetrahydro-1,3- .

b%%%i\@%azepm 3-y1)-piperi é”—"l*)cé_"rgg%_@@ (#8964 mg (0.20 mmol)
TiRdteraiach 281pL(KREC Mmd) 3riethylertinedwye added to a solution of

100 mg (0.18 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-
1-carboxy-ethyl

A 2amnsiel 2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-
carboxylate in 1 mL DMF and stirred for 10 min at RT. 59 mg (0.20 mmol)
ethyl 4- [4,41bipiperidiny1-1-y1-4-oxo-butyrate (Amine A5) were added to
tlﬁehﬁqabeneoﬁmmqaamth@&tahlshalﬁemﬂuemlgbtm@}ﬁeﬂfwﬁ tradiarxo-

filte he reac tion solution was purifie HPL
O SR T e B G B e g brony)-
apig dretnetdyied-veinyb bipayAAibs Dictrbopg) 881 - MS.(M+H)4 8331835
(Cl) 25R1 =0.61 (silica gel, DCM/MeOH/NH3 9@:10:1) WO 2007/020261-
230 -PCT/EP2006/065314 Example 14.1 NH,
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-be -2411 3- carboxy propio

ny1)-4,4'- bipiperidinyl-1-y1]-2-oxo- th

A utlonof19nﬁ’g(008 )-AIOH in 1 mL

water was added to a s&tttioh of 40 mg (0.05 mmol)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[1 t-(3-ethoxy-
10carbonyl-propiony1)-4,4'-bipiperidiny1-1-y1]-2-oxo-ethyl
ﬁﬂ@le%ﬁﬁﬁm&WWiamme were added to a mlxture of 260 mg (0.46 mmol)

R B o KRR O SRS DA rotpo-1. 245
imef:]r? Hyegent Sineamdh@mduﬁ—wpsamanmpmcb nct;smxwgater( Edsambm@d f), 210 mg
u t
R AT
21p] CiDI avegection mixture was
Cheveplatiamuhoemn b e v

IMuZher working up; the fractions containing the product were combined and
(I‘?g) 4 amlno -3-chloro-5-trifluoromethyl-benzy1)-2-{1143-(2-morpholin-4-
?ﬁoxycarbonyl) propionyl]-4,4'-bipiperidinyl-1-yl}-2-oxo-ethyl

4¥(2i0xo0-1,2,4,5- 227 mg (61% of theory)
Zggji /81 /dro-1,3-benzodiaz - *y_) r\teC- -carboxylate WO
0261-231 -PCT/EP 6531 repar d analogously to

ERatapteon. frfrofHBd@Cmg (@.ﬂmnm{m)e@R()OlE(M amino-3-
chloro-5-trifluoromethyl-benzy1)-2-fl
'-(3-carboxy-propionyl1)-4,4'-bipiperidiny1-1-ylp 52-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-
carboxylate and 17 pL (0.14 mmol) 2-morpholin-4-yl-ethanol, Yield:16 mg
(14% of theory) ESI-MS:(M+H)2+ = 459/460 (Cl) Retention time
(HPLC):3.7 min (Method B) 10 Example 15
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(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-(1'-ethoxycarbonylmet

d|ny1 1-y1)-2-oxo-ethyl
%%ﬂoé]t ox@%{oxo 1,2,4,5-tetrahydro- 12?'!,]'-8 ) PCT/EP2006/065314
15benzodiazepin-3-yl)-piperidine-1-carboxylate CF 15a)
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-ethoxycarbonykethyl
4- (7-methoxy-2-oxo-1 ,2,4,5-tetrahydro-1
,3-benzodiazepin-3-y1)-piperidine-1- 20carboxylate 1.29 g (6.42 mmol)
&risraphenyl thloroformate were added to a solution of 0.79 g (6.42
mmol) DMAP in 50 mL pyridine and stirred for 1 h at RT. A solution of
2.00 g (6.42 mmol) ethyl

(@}&(&é{(ﬂm&&@hmr@%éﬂﬂm@methwemhmwﬁyﬂmw& MUD-ox0-1,2,4,5-
/02 26]1-.232 -PCT/EP20Q6/ 65314 nat 5m ridine
NG A SR SR Ten e PR A AR R Aoy -pipericin-
'I2h9r) 4-Teth(6-4d enaxdhe/2rnetthorys: |a|cpldr|d|n -4- y1 1,3,4,5
tetrahydro-1,3-benzodiazepin-2-one was added.patchwise. The
suspension was stirred for 72 h at RT and then_evapgrated down i. vac..

The residue was 5 combined with 200 mL EtOA ashed with 200 mL
15% K2CO3 solution, the organic phas Wa_ separﬁteq/\ﬁ\'and

evaporated down i. va@w p’llrllgf'lY atography
(silica gel, gradient DC INH3 95:5).%ield:1.80.4.(46% of theory)
ESI-MS:(M+H)+ = 613/ (Cl) 10Rf =0.50 (silica gel, DCM/MeOH 9:1)

15b) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-pheny1)-1-carboxv-ethyl
4-amethoxy-2-oxo0-1,2,4,5-tetrahvdro-1,3-benzodiazepin-3-y1)-piperidine-

I sathiytatenkioty solntion Iafdd Licn(dSk: ) k8o i0 B TU- Matehol) ethyl

was added to a solution of 1.80 (2 9 mmol
ST e EABIRos R VEBRBI PRy s dA 245
Adifanethoxy. ﬁ@?&é@a&@pﬁﬁ“ﬁbﬁ%ﬁp&s&b@nﬂ%ﬁiﬁmmﬁy l-propionyl}-piperidin-
y1)-piperidine-1-carboxylate in THF and t action mixture was
L B rP el o et o PRI el S S GRAGRACIED icure veas
vegites@unsk 20 diftletd=210 Witls Wivk Pﬁ@*lfi@b&)ﬁuﬂ@mmthmﬁlmtaiadgm the fractions
suction fllter d, w with 50 mL water d dri d |n the vacuum drying
RS SRR 68 & BT RO BT (et = S85/587
(€#@1a515c) (R)-1-(4-amino BQCMQrCBS%mUm@amlhyI benzyl)-2-(1'-
egngrbonvlmethvl -4,4'- dlnyéL ;7 ) § xo-ethyl 4-(7-methoxy-2-
,2,4,5-tetrahydro-1,3- nzo lazepin- { é)perldlne 1-carboxylate
ARrepamédratiaded bl o E)&mplmﬂmmdm)ﬂyng (0.17 mmol)
(R)-2-(4-amino-3- chloro-5-trifluoromethyl-pheny1)-1-carboxy-ethyl
4-(7-methoxy-2-oxo0-1,2,4,5-
Pretrathied?@-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate and 48 mg
(0.19 mmol) ethyl [4,41bipiperidinyl-1-yl-acetate. WO 2007/020261- 233
-PCT/EP2006/065314 Yield:58 mg (41% of theory) ESI-MS:(M+H)+ =
PRFAS [eh Fténtibanime-GHElOp35etfivoiviedibs B ERyBraplé-15axo-1,2,4,5-

R ROl OB BRRRA APPSR

Ar@thybtpipeyidirodoyl); @l@@&éﬂ’@ﬂ?d}‘@ﬁﬂ‘:@ymte
benzodiazepin-3-y1)-piperidine-1-carboxylate Cf,10 A solution of 1 mg
(0.04 mmol) LiOH in 1 mL water was added to/,d\iolﬂtion of 20 mg (0.02
mmol) (R)-1-(4-amino-3-chloro-5- trlfluoromew@gnzyl) -2-(1'-

ethoxycarbonylmethyl-4,4'- blplpel’ldlnylbl yi)-2- 9&(\?’eth§

4-(7-methoxy-2-0xo-
151,2,4,5-tetrahydro- 1%&0@%{% -3- ;ﬁgolber/dln =f-carboxylate in

1 mL THF and the rea xtufe was stirred o 5(1:9 tatRT. To
complete the reaction a solutién of 1 mg LiOH u?LemL water was again
added and the mixture was stirred for another 3 h at RT. The solvents
were eliminated in a nitrogen stream, the residue was taken up in a
mixture of acetonitrile and water and the product was 20subjected to
freeze-drying. Yield:14 mg (72% of theory) ESI-MS:(M+H)+ = 793/795 (ClI)
Retention time (HPLC): 2.6 min (Method B) 25Example 15.2 WO

2007/020261- 234 -PCT/EP2006/065314
(RY-1-(A-aminn-2-chloro-G_trifliinoromethvl-benvv1\-2411-(2-marnhnlin-A-\/1
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NH3 5 113 mg (0.35 mmol) TBTU, 84 pL (0.60 mmol) triethylamine and 39

%g@%yg%gg12-morpho|in-4-y|-ethan9£%e_re added to a SO'UtionFQ(E‘F%%2006/065314
mg (0.29 mmo

(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-(11-carboxymethy1-4,
4'- bipiperidinyl-1-y1)-2-oxo-ethyl 4-(7-methoxy-2-oxo-1 ,2,4,5-tetrahydro-1
,3- 10benzodiazepin-3-yl)-piperidine-1-carboxylate in 5 mL DMF and the
reaction mixture was stirred overnight at RT. The reaction solution was
poured onto a saturated NaHCO3 solution, the product precipitated was

tlon Lé and (1L woc The crude dtuct was dissolved in 2

érQ1 % rOPANSC eV AtR 6 R A i b PoRaniol £8%4@-36 mmol)
qat)-The-pragipiatenivas Slim’m@bléﬁfétmm@e;hwim 5aﬁbomwt®ganql2aﬁﬂo-1 2,4 5-
30.m dried overni e vacuum, dryin d at 30C
TR OB TR RS OR o X VP e GO ESH 1) Bt 150 o

ttm6$Hﬂk369)&thyh(l$[qumlﬁjﬂQ)5wmpl@w -piperazine-2-carboxylate

R A o o G A R L TR 2 6 IR SR B reaction

M%tmethmeysimd mﬁmwamﬂahymmheﬁedmgmmmmpmmurther
e-l arbox wo 2007/02{)261 2,(%5 POT/EtP2006/06 314 P §) eh
yophilised.

ahd o’é] g y {0 %xar%“qe%cipo Br?f;ur%moebréfﬁf? wam
chieid-5-trifluoromethyl- phmmg{@@t%m@mdwy)

hoxy20x01245 _
g%grgwgdro 1,3-benzodiaze m-g yl)- p?l%%/rl(?né(\i)carboxylate and 49 mg
(B{Q’QMmmh)mmﬂH@L@mendﬁanynmﬁ@tﬁmd Bjyl)-acetate. Yield:62 mg
(44% of theory) ESI-MS:(M+H)+ = 822/824 (Cl) Retention time (HPLC):
2.9 min (Method B) 10 Example 16.1
(Byantalaitnd-3-chloro-5-trifluoromethyl-benzy1)-244-(4-carboxymethyl-p
iperazinl-y1)-piperidin-1-y1]-2-oxo-ethyl
4-(7-methoxy-2-oxo0-1,2,4,5-tetrahydro-1,3-
1SHehidtiarépinpiyr-pipetome-trituaomatuvHenie- BH2-oxo=-1,214,5-
Hik )rri;ﬂ'%leﬁfa&g ﬁ@%%QHS%%ﬁKWBeHéeMWRH‘ 2RISR MMBRionyl-1-(1-
dﬁl@ﬁ*@ybﬂw@d?n‘leﬂ*ﬂypW@?D%ﬁﬁ@@ﬁbﬁﬁ@ﬂoonyImethyl -piperazin-1

-y1)- 20piperidin-1-y1]-2-oxo-ethyl CF,
4-(7-methoxy-2-oxo0-1,2,4,5-tetrahydro-1,3- -~ N4
benzodiazepin-3-y1)-piperidine-1-carboxylat mg (0.08 mmol) LOH.
Yield:19 mg (99% of theory) ESI MS: (M@H)+ =794/796 (Cl) WO
2007/020261- 236 -PCT/EP 6@% ion WHC()HPLC)'Z 6 min

(Method B) Example 1

7
5(R)-1-(4-amino-3-chl @ rﬁ{ethyl benzyl)-2- (1 Heg'{:xycarbonylmethyl 4,
4'- bipiperidinyl-1-y1)-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-310-

pépféldlne-&-$§rbo ghabes M LiOH solution were added to 50.0 mg (0.06 mmol)
ethyl (S)-4-{( R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenyt)-2-[4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yi)-piperidine-1-carbonyloxy]-propionyl}-1-(1-
methyl-piperidin-4-yt)-piperazine-2-carboxylate in 0.8 mL THF and the reaction
mixture was stirred overnight at RT. To complete the reaction another 50 ulL (0.1
mmol) 0.5 M LIOH solution were added, it was stirred for another 4 h at RT and
then the reaction mixture was purified by HPLC without working up; the fractions

containing the product were combined and Iyophilised.
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1017a) methyl
(%,E)s2- lamino-3-(4-amino-3-chloro;5-methyl-phenyl)-acrylat [
a%{lﬁr%%@r?%}?n%gphere 15.4 g (49.1 mnﬁo??r:i]-o-tolyl-phosphane ar?%éﬂ%?%%/%%m
g (49.0 mmol) Pd(OAc)2 were added to a mixture of 72.8 g (330 mmol)
4-bromo2-chloro-6-methyl-phenylamine and 58.0 g (397 mmol) methyl
2-acetylaminoacrylate in 970 mL triethylamine and 1.2 L acetonitrile and
the reaction mixture 15was stirred for 18 h at 80C. After cooling the
rgagtion solution was filtered? evgracedfdewsri,vac., the residue was

j ith 350 mL water a am C solvents were decanted
g’%gﬁ‘%gesidue was again s@ﬁr{é )wﬁkgé%ﬁigﬁm, suction filtered,
WastbatomitinaelitHPE@AC ahd MirBimetisbdrigyl at 60C. Yield:40.6 g (44%
of theory) 20ESI-MS:(M+H)+ = 283/285 (ClI) ft =0.47 (silica gel,
DCM/Cyc/MeOH/NH3 70:15:15:2) 17b)
F= (i @-3-chloro-5-methyl-phenyl)-2-oxo-propionic acid Under a
nitrogen atmosphere a solution of 28.0 g (99.0 mmol) methyl (Z,E)-2- 25
acetylamino-3-(4-amino-3-chloro-5-methyl-phenyl)-acrylate in 250 mL
EAhgiqtare @Rk 325-arhins B (dhiby ovasdiied fosi6 \i-ph 80@)-FHE-(2-ox0-1,2,4,5-

olvents, we liminated i, vac., the residye was triturated wjth .
B B el R R SR propionyiy-a-1-
283HRCTIRERO06106 bBirkramovst darsucyiandiltering and dried at 60C.
The product was obtained as the hydrochloridecgalt, which was reacted
further without purification. Yield:26.0 g (99% oftheety) ESI-MS:(M-H) =
226/228 (CI) 5R1 =0.15 (silica gel, DCM/Cyc/H/NH3 70:15.15:2) 17c)
methyl (R)-3-(4-amino-3-chloro-5-methyl-ptenyl)-2$hydroxu-propionate

Fio1 270 (813 )

F was added

Under a nitrogen atmosphere a%lgu\'o Of}%ﬁ%
(lR)-B-chIorodiisopinN Ib6rare i’ 75

L
dropwise within 15 mi sélution of 13.6)@ gé mmol)
3-(4-amino-3-chloro-5-methyFphenyl)-2-oxo- propionic acid and 17.0 mL
(122.3 mmol) triethylamine in 175 mL THF cooled to about -30C. After the
addition had ended the cooling bath was removed and the reaction

HixfFalwigs 'QifrEBoOVBIRIGHARTIRS M8 AddeMrao s ehadedng (1.26 mmol)

dreppvise denthe-Rantinn-miniie whikiepoinewithica BORyk9f EL3AEx0-1,2,4,5-
were 15added, the mixture was slligrre_d for another 15 min, the aqueous
6ﬂ%{§8¥ﬁ%‘§' epREANRERI Y Ur g RO PR sd GRS mikHEd BRI 80420 My

L. 4f inMdWesin spawithrBhyilpindiediand- acidifeskwite 4 Markehyibe
anic phase was separated off, dried o S04 and evaporated )
AT Th 08 et e QMR e S0 FlelidhoREasE reaction
(hREUM) wad stired foverBiphit R R Tt Whe @ peastinddbitre/s@s the residue was
eyaporated down i, v the residue was djssolved in a little PE and
SR b b TErs S R RSB v Wk e and the
cantditiag trgpriatvich vesr evecaiireldoand MuaP Oratad«tayiimiNigldibdd the
o Y - - L

gg%%@%%%ﬁ%@éé@%Még Té? ﬁ%lgﬁgf@)b%sﬁéi_ez{%ésgrllac&gg!s containing
(R} 2r@dantine@: coloroiredatiy yplpdiided -carboxy-ethyl 4-(2-oxo-1 2 4
%;ifta?ér_ahydro-l,&benzodia 'n-3-)(g7g'pe imgg-ljcarboxylate Prepared
analogously to Example le rom 6D (24. mmorB methyl (R)-3-(4-
FRRN®-3-chloro-5-methyl gy =2ZBRdrexyptppionate and 6.1 g (24.9

1) 3- piperidin:g-y1-1,3.4 5-tetr -1 3:benzodiazepin-2-one. WO
%%%‘%ggﬁgﬁg@%é /EPfé%éfég%%%e rude methyl ester product
was dissolved in 100 mL THF and combined with a solution of 1.0 g (40.9
mmol) LiIOH in 50 mL water. The reaction mixture was stirred for 15 h at
RT, diluted with water and the organic solvent was eliminated i. vac.. The
agueous phase was washed with 60 mL EtOAc, acidified with 21 mL of 4
5M HCI and stirred for 15 min at RT. The mixture was extracted three
times with 150 mL of DCM and the combined organic phases were dried
over MgSO4. After elimination of the desiccant and solvent the residue
was purified by chromatography (silica gel, gradient DCM to

DCM/MeOH/NH3 70:27:3). Yield:0.88 g (7% of theory) 10ES1-MS:(M+H)+
=501/503 (Cl) Rf =0.17 (silica gel, DCM/Cyc/MeOH/NH3 70:15:15:2) 17€)

(RY-1-(A-aminn-2-chloro-G-maethvi-ben7\.v1\)-2-(1 1 -athovyvvearbonvimethyl-A
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y1)-2-oxo-ethyl
4-(2-ax0-1 2 4 5-tetrahydro-1,3-benzodi in-3-yl)-piperidine-1-
c‘é\gr%c%j@?zw%zoowozozal- 239 -PCTIEP2006/065314 A solutior of - 2006/065314
7.0 mg (0.29 mmol) LiOH in 5 mL water was added to a solution of 80 mg
(0.11 mmol)

(R)-1-(4-amino-3-chloro-5-methyl-benzy0-2-(1'-ethoxycarbonyl-
5methyl-4,4'-bipiperidiny1-1-y1)-2-oxo-ethyl

A(Raexeial 234 5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate in 10 mL THF and the

reaction mixture was stirred overnight at RT. The THF was eliminated i.

VER), tHeRqp€gusiasidsie ies cpmifined withQ 1 3heny i (M EGkand 2 4 5-
eﬁfﬁﬁed qlo NN I. vaCcU.@The r%s_i e was urifigd by HPLC. The fractions
AN G e bR S e bR B S S22 a R <Y iahiaw vy 1-4-(1-
(2686of-tiperdif=3 YDA )re=270FAIN0E) Rid-0.21 (silica gel,
DCM/Cyc/MeOH/NH3 70:15:15:2) 15Example 18-
(R)-1-(3-chloro-4-hydroxy-5-methyl-benzy1)-2-(1'-etapxycarbonylmethy1-4
,41- bipiperidinyl-1-y1)-2-oxo-ethyl
4-(2-0xo-1,2,4,5-tetrahydro-1,3-benzodi§ze 3in-3-y & ,C

iperidine-1-carboxylate 20 2007/020261- 240N
pIp y NQYQ\QNQ\OQ\H/

N
-PCT/EP2006/065314 18¢

2-benzyloxy-5-bromo-X Q’-%—‘?nethyl-benzg £-0:mL (57.7 mmol)
benzyl bromide were added tdf a suspension of 10.2 g (46.1 mmol)
4-bromo-2-chloro-6-methyl-phenol and 30.0 g (217 mmol) K2CO3 in 130
mL DMF and the reaction mixture was stirred overnight at RT. The

ind6BBIeS aenosveis R éramaled o, lReTRbateigm Ol B ponabetivinS)-1-{(R)-
L. GARRISH Wit AMaifIABFheATiRe R '(@Jawith,ﬁtgéﬁeiFQﬁydro~1,3-

combined organic phases were dried over Na2S04, filtered an o
ehaparaisgRitn- e iprsilice wasarenda il ERiRthaL ¢ gl riféthighpiperidin-4-
Yilohibh @ 88% af BRI LORIR 9 (siliqe 28l REHY G ANe@hNRition.
70:15:15:2) 18b) methyl

(X 'EYb-acetylamino-3-(4-bePyTk {3 e iheRRidthyl-phenyl)- acrylate
Undersshitrogen atmospheredid)g £176Q meealLti-o-tolyl-phosphane and
3.2915(14.3 mmoII:} Pd(OAc)2 were added to a mixture of 28.0 g (89.9
nﬁﬁgWBPQB@‘?ZW x5 -bremsndms 0 iathy1-benzene and 15.0 g

(203 mmol) methyl 2- acetylamino-acrylate in 260 mL of triethylamine and
400 mL acetonitrile and the reaction mixture was stirred for 18 h at 80C.
A%@—@Qgﬁ%the reaction solution was evaporated down i. vac., the

residue was stirred with 100 mL water, 50 mL 20 EtOAc and 50 mL PE

and filtered to remoye the insgluble co nents, The residye was taken

o ARG P T i B R e i S ERS gy ety
exapraiadaern lovas-yThsimstmigrprodiid-vas-ceagted usther veith@utetrahydro-
pﬁr' é)%ation. Yield:12,5 g.(37%:. ftheﬁ\rﬁggESE I-MS:(M+H)+ = 374/376 (CI)

RE=0P6 P G DR IMEGHIEP 961 # 9 5:2) 180)
3-(4-benzyloxy-3-chloro-5-methyl-phenyl)-2foxo-propionic acid 75 mL 4 M

HCI were added to a solution of 18.49 (4 [) methyl (Z,E)-2-
30acetylamino-3-(4-benzyloxy-3-chloro- ylphenyl)-acrylate in 150

mL 1,4- dioxane and thereagtion\mixture was refluxedovernight. The
1,4-dioxane was WG 0010%026"1-2%%&’//@[5{2 J06534 eliminated

i. vac., the precipitated’prodiict was filtered off, dissolved agdin in DIRE
and dried over MgSO4. After elimination of the desiccant and solvent the
residue was reacted further without purification. Yield:15.5 g (99% of
theory) ESI-MS:(M-H = 317/319 (Cl) Rf=0.20 (silica gel,
DCM/Cyc/MeOH/NH3 70:15:15:2) 18d) methyl
(R)-3-(4-benzyloxy-3-chloro-5-methyl-phenyl)-2-hydroxy-propionate Under
a nitrogen atmosphere a solution of 27.6 g (86.0 mmol) (1R)-B- 10
chlorodiisopinocampheylborane in 100 mL THF was added dropwise
within 15 min to a solution of 15.5 g (48.6 mmol)
3-(4-benzyloxy-3-chloro-5-methyl-phenyl)-2- oxo-propionic acid and 9.2
mL (66.2 mmol) triethylamine in 200 mL THF cooled to about -30C. After

the addition had ended the conlina hath wace remnvved and the reactinn

o
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20 organic phases were dried over MgSO4. After elimination of the
desiccant and solvent the oily residue was combined with 150 mL
MEthAMYIE498% 11.25 M) and the reactioh Mixture was stirred overﬁ@m‘;ﬁzoow 065314
RT. It was evaporated down i. vac., the residue was combined with 70 mL

of 15% K2CO3 solution and extracted twice with 50 mL of EtOAc. The

combined organic phases were dried over MgS0O4, 25 filtered and

evaporated down i. vac.. The product was reacted further without

Py iegion AR eBrs-ofsbrom ESLMS,ANIIAS 2 192884 (Chkctate

ft =0.87 (silica gel, DCM/Cyc/MeOH/NH3 70:15:15:2) WO 2007/020261-
igzaﬁ@sfq@ﬁgg@gygsgggqu%g; a mixture of 200 mg (0.45 mmol) (R)-2-(4-amino-3-

(Errédsbemadmvsishlprsaymatyrebepdinicarboxyoetttyl A5 204y dro-1,3-

1,2,4,5-tetrahydro-1,3-benzodiazepin-3-v1)-piperidine-1-carboxvlate
PR R EPRIBGLYEIP RFESDIRplC R AIMI e Getp iR bl e (0-40 mmol)
(R3-Brl4arResg Yoo s hMoreid tmakykpieayd 22y dowy e BeN8ABH mixture

5.2 g (21.2 mmal) _ " _ .

425 5EFIER 24 A 3 R -1 inyaroPt e o BB LEpibUHE B ERGTavorking

ngthyeesteriprasivshmasrdisselyeddadiseml coinibifeantheambinadtaitiown i.

a solution of 0.5 g (20.7 mmol) of LiOH in 50 mL water. The reaction

mM#ture was stirred overnight at RI, diluted with water and the organic

SpiyRnt was eliminated i. vacs6T g 258€0uBthbasg was washed twice with
tOAc, 10acidified wi mL of 4 nd the oil thus formed

\?éiﬂ & éustively extracted wit tO:'Ag1 %ﬁé@c&%@ined organic phases

vRestedtied over (AGSQ4, filteredramdrtiaehseh\ BNt was evaporated down i.

vac.. The residue was triturated with DIRE and suction filtered. Yield:3.3 g

(26% of theory) 15ESI-MS:(M+H)+ = 592/594 (CI) Rt =0.35 (silica gel,

M Eye/MeOH/NH3 70:15:15:2) 18f)

(R)-1-carboxv-2-(3-chloro-4-hydroxy-5-methyl-pheny1)-ethyl 4-(2-oxo-

1,2,4,5-tetrahvdro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate 20A

ugptidiamin@-Ishiddoes-mfholiomethyl-benzyl)-2-[4-(8-carboxymethyl-8-aza-

(R):-2-(4-benzyl :-_hl.ro--_t_%_ scarboxy-ethyl , 4 a
D e Y R O eER Setrayaro-1.3
deebaxyliatecaive 3-y0 )eprhodiline chciddpixiateoxide in 150 mL MeOH was
hydrogenated for 18 h at 40C and 50 psi hydfogen pressure. To complete

the reaction another 0.5 g rhodium on aluminium+-pxide were added and

the mixture 25 was hydrogenated for a fur 6 h. The catalyst was

removed by suction filtering and %e E:iltrate wgs/%vapor ted down i. vac..

The residue, which wag cotitamifiate wﬁﬁh(a N Oy

corresponding met gr,’Lwas dissolve& in 25 mL THF and combined

with a solution of 2567g (10.23 mmol) LiOH in 15 mL water and the

reaction mixture was stirred for 3 h at RT. The THE was eliminated i. vac.,
30water and 10.5 mL of 1 M HCI were added, the product precipitated
wassuatonofilietedrih¢n. 08swias Washethviitinia Vittie water addkdriediato mg (0.05

(B} ST T3 Y o A G 1 76 S0 carbonyl-

DediQye/MelbidyHB 3R 15dE:21BEBperazin-1-yl]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-

(R)-1-(3-chlgrg-4-hydroxy-5-methyl-benzy1)-2-(11-ethoxycarbonyl =4
O s e e R S R T TR fna tne
berazdidia zepinge yid piperidinede caditall &€ . Phepsobd:atzatogeusiyriaated in a
Example 5.from 10 (0.20,mmol) (R):}-car, 5243+ , -
O - T e R A CE BT RS T st giontaining the
10fd<t bipipe ridimdiinb g lzackiaeWisklil4 mg (9% of theory)

-MS:(M+H)+ = 738/740 (Gl tion i LC):3.2 min (Method B)
- %)’élimple o hRessontimetP
(R)-2-(11-carboxymethyl-4,41-bipiperidinyl-1-y1)-1-(3-chloro-4-hydroxy-5
-methylbenzyl)-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidinel-ca rboxyl
ate 20 A solution of 2.0 mg (0.08 mmol) LiON in 1 mL water was added to
a solution of 38 mg (0.05 mmol)
(R)-1-(3-chloro-4-hydroxy-5-methyl-benzy1)-2-(11-ethoxycarbonylmethyl-4
A1 -bhininearidinvi-1-0\-2-0vn-athvl A-(2-0vn-1 2 A B_tetrahvAdrn-1 2




10

15

20

ESI-MS:(M+H)+ = 710/712 (Cl) 5Rf =0.20 (silica gel, DCM/Cyc/MeOH/NH3
7Q;15:15: ple 19 (R)-i

&é%%ﬁ@%é oqrqo-s-trifluoromethyl-ber-lzzy?f)-“244-(1-ethoxy(:arbonyFI)r(?;ﬂe;{[FI%WO06/06531 4
-4- 10methyl-piperidin-4-0)-piperazin-1-y1]-2-oxo-ethyl
4-(2-oxo0-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate yE, "™)."."," NH, 0.25 mL
(1.18 mmol) triethylamine were added to a mixture of 250 mg (0.45 mmol)
1B $R)25(4-amino-3-chloro-Bdrfioromethydphienyl)-1-carboxy-ethyl

4-(2-0xQ-1,2,4,5- .

RIS T3 PSS op P T REMRSE-carboylate (Examle 19,
250 mg (0.50 mmol) ethyl
(4-methyl-4-piperazin-1-yl-piperidin-1-y1)-acetate (Example A7f) and 160
n%%ﬂ%%%ﬁol) TBTU in 2 mL DMF and the reaction mixture was stirred
for 4 h at RT. It was evaporated down i. vac. and the residue was purified

by 20HPLC: the fractions cqQntaining t roduct were ,combined and
R e o e e B e S PO S Aoy
RetrtipipanbriAR -¢):-2-2 xore{inye th{2t @)oo WQ, 2@ #H0202600 24U 3-benzodiazepin-
-RCT/EP2006/065314 Exal[gfle 19.1

]

(Q)"Y )-"&Pfrﬁﬁﬁg?é-éﬁ%rboqu [ioromethyl-benzy1)-244-(1-carboxymethyl-4

-methylpiperidin-4-y1)-piperazin-1-y1]-2-o0 Slemy
4-(2-ox0-1,2,4,5-tetrahydro-113- ’

5benzodiazepin-3-y1)-piperidine-ltpars . A solution of 10.0 mg

(0.42 mmol) LiOH in w%xgwués ad dgq t0-400.mg\(05L2 Iamal)
(R)-l-(4-amino-3ﬂ§%f(§:§gri uor%megthy!j benhzyl)-244- 1-e\tﬁom>&/-oc\arbonyl-
10methyl-4-methyl-pi Ndinq4-y1)-piperazin-l-yl]-2-oxo-ethy|

4-(2-ox0-1,2,4,5- "
tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate in 10 mL

THE and the reaction mixtyre was stirred foy 3 h at RT..0.42 m 42
AT ES COEHE MR e ML o LR Gon #5054 mmo)
T{R)r2gtlaenivas Jakien ropSnrdilitite MEM/Metit(:1)citereg-tihguigh 20ox0-1,2,4,5-
little sjlica gel and eluted with 15DCM/Me0H (1:1). The filtrate was

e DR ¢RE e et Tt ARG vHR Y B g g 11): 220 mg
(98%Bofrtimedr et ({M 8" Jivbibh ridiny F8/ 7RO E B cetaRRdientiompintel 3c) and 200 mg

( :2.9.mj ethqd B) xample.20 (R)-1 . .
O R B SRR ST P s paniprdang h 2t KT
plperazihsbiytpidamethy-fipentlitich yid2-addetymd the precipitate was filtered

4-(2-9%0-1.2.4.5-tetrahydros 1.3+ : .

o8l e R T end s BIOW e sAg A iasn0s A
-ROTMIEFRO06/0663sicEnbant (@lvemthelyessthglaainpunties dgdedio ; the
amixture of ( . -

R R SR vere campined apd pprilieed
4YBloxo-1,2,4,5- 170 mg (39% of theory)

t nyge0-1,3-benzodiazepi pi ﬁlg@% WA rboxylate (Example 1f),
1%?&@0.49 mmol) ethyl Wﬁv‘ G kﬁ?
[4R@tantthytipipdiitih @)y 1)-piperazitmeiipddetate (Example A8b) and

160 mg (0.50 mmol) TBTU in 2 mL DMF and the reaction mixture was

stirred for 18 h at RT. It was evaporated down i. vac. and the residue was
purified by chromatography (Alox, gradient DCM/MeOH 40:1 nach 30:1).

The fractions 10containing the product were combined, evaporated down

I, vac. and purified by HPLC; the fractions containing the product were
combined and lyophilised. Yield:178 mg (49% of theory) ESI-MS:(M+H)+

= 806/808 (Cl) Retention time (HPLC):3.8 min (method B) 15 Example

20.1
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(4-carboxymethyl-p
iperazinl-y0-4-methyl-piperidin-1-y11-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-
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20benzodiazepin-3-yl)-piperidine-1-carboxylate WO 2007/020261- 247

-ReT H5520964365314 Prepared analogopisly. to Example 19.1 fromat30epo006/0653 14

mg (0.12 mmol)
(R)-1-(4-amino3-chloro-5-trifluoromethyl-benzy1)-244-(4-ethoxycarbonylm
ethyl-piperazin-1-y1)-4- methyl-piperidin-1-yl]-2-oxo-ethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-
y1)-piperidine-1-carboxylate and 10.0 mg (0.42 mmol) LiOH. 5 Yield:42 mg
(Easudlth@dbry) ES 1-MS:(M-1-H)+ = 778/780 (Cl) Retention time
(HPLC):3.3 min (method B) Example 21 10 Ethyl
(S)-1-(1-{(R)-3-(4-amino-3-chloro-5-trifluoromethyl-pheny1)-2-[4-(2-oxo-

1 R I5(feaaiyard-ahopedz il aeepinet o) prsenbirel4-carboxyosiiignopi4 -

V1) nineridinad-0)-A- Derazing.2- F '
e e s G 1 e 1 S8 e aeopin3-4)
(©insnidinety -carboxylate
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-carboxy-ethyl
4-(2-ox0-1,2,4,5- NH
tetrahydro-l,3-benzodiazepin-3-y1){-)piper -%'-carboxylate (Example 10,

210 mg (0.58 mmol) ethyl

(S)-4-methyl-1-piperidin-4 @ﬁmﬁ%@éﬁ@%ﬂ%ﬁmﬁ@% A9f)
and 170 mg (0.53 wIBFU in 2.4 mL°DMF and the reaction mixture
was stirred for 18 h“at' RTu The reaction mixture was purified by HPLC
without any further working up; the fractions containing the product were
combined and lyophilised. Yield:227 mg (61% of theory)

DBES|LNIS (M-8-)8 mg 90/394710h) Re@htior2tine|(Hie) \8a% mitd gehéohted mg

LRk i e S e e

4eBhoxycarbonyl-methoxy-1,4"-bipiperidinyl-1'-yl)-2-oxo-ethyl 4-(2-oxo0-1,2,4,5-

R o B O B ey o e

2R CHO R reoftionvasr s titie {0380 & MG (0.36 Mmdly&trigmol) 1 M HCI was
g%%a_a%&-é&f&)fﬁé‘}ﬁ%zm'ﬂgﬁa%héquﬁé?m%u%ws%hwaeherw@-.%-4%&%—%—5%% up in

tddfalyiiteQrB-Bitgrastibreynn 3-filempendiet and Aty 1o -Blepidtg@H (7:3). It
PipEEidnds) %témm-pwa&mﬁm@%%w&a%ﬂd&aﬁHF;g@evacuum.
reaction mixture was stirred for 20 h at RT. This was purified by HPLC

witigdtit working up; the frac®drgdRtainiigieeProduct were combined

apd fygehilised. Yield:50 mg (85%4of thegng L egipl-MS:(M+H)+ = 764/766

(Ch Ret.e'ntiqn time (HPLC):3.0 m!n‘(lmethod B) Example 22 20Ethyl
(SekentionsimedMid-3-chiérd-Bl Iiﬂ?@lgh%@\g/l-phenyI)-244-(2-oxo-1,2,4,

5-

tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carbonyloxykpropiony1}-
1§4§’MM§piperidin-4-y1)-piperazine-2-carboxylate CF, NH, WO
20071020261- 249 -PCT/EP2006/065314 0.25 mL (2.88 mmol)
triethylamine were added to a mixture of 200 mg (0.36 mmol) '
(R R A%RIHBO3 SRRSO ATl PERBERGY phieg) Leddrshgetgiponyimethyl-1,4-
A2ie¥edirdiad1By|)-2-oxo-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yi)-
tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate (Example 10,
1B S ARy gty
(S)-1-(1-methyl-piperidin-4-yl)-piperazine-2-carboxylate (Example A10c)

and 140 mg (0.44 mmol) TBTU in 2.0 mL DMF and the reaction mixture

was stirred for 5 h at RT. This was purified by HPLC without any further

working up; the fractions containing the product were combined and

lyophilised. Yield:84 mg (29% of theory) ESI-MS:(M+H)+ = 7921794 (Cl)
Retention time (HPLC):3.5 min (method B) Example 22.1
15(S)-4-{(R)-3-(4-amino-3-chloro-5-trifluoromethyl-pheny1)-244-(2-oxo-1,2

,4,5-

tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carbonyloxy]-propionyll-1

-(1- methyl-piperidin-4-y1)-piperazine-2-carboxylic acid
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20 0.26 mL (0.13 mmol) 0.5 M LIOH solution were added to 50.0 mg (0.06
m

20261 - 255 -
(g ;-4%ﬁ?§-gﬁamino-3-ch|oro-5-trifluoromgthyl-phenyl)-244-(2-oxoi?f ,3,5?2006/06531 4
5-

tetrahydro-1,3-benzodiazepin-3-y0-piperidine-1-carbonyloxyppropiony11-1

-(1- methyl-piperidin-4-y0-piperazine-2-carboxylate in 0.8 mL THF and the
reaction mixture was stirred overnight at RT. To complete the reaction

another 50 pL (0.1 25 mmol) 0.5 M LiOH sdlution were added, it was

stirred for another 4 h at RT and then thsgxi'ﬁh mixture was purified by

HPLC without working up; the fracti/?zns: ing the product were

combined and lyophilises 07/020261-250 ;PCFK/EP2006/065314

Yield:22 mg (46% ¢ eo@%sﬂﬁ%+ =7 4@%@ﬁ)1ﬁ%ﬁe/ntion

time (HPLC): 2.9 @ gthdtl B) 5 Example 23 Ethyl ©
(S)-1-{(R)-3-(4-amino-3-chloro-5-trifluoromethyl-pheny1)-244-(2-oxo-1,2,4,

5-

tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carbonyloxyl-propiony11-

42040 Rletdyf-pipeneintaeiy Bipkaan -‘éié’fa%%y@%%%)gﬁ% pefe added to
naBo rgethylamine yees addeshima-Bixtuseoos -TO0LMS feB8/MPRehyl)-1-carboxy-
(R -2-(4-(amino-3-§hloro-5-trifluoro etgyl-phenyl)-l_-carboxy_—ethyl,

€ 5‘562% _2L~§>ﬁ351 .4.5-tetranydro-1,3-benzodidzepin-3-yl)-piperidine-1-carboxylate
teEabpehie- 1 3beT adiazePr3ayt) P iperishimvi- carb oyl aée dExampeid was

430 5(1.41 | thyl s ..

SR S B 4 542 51 22BN S SRR RE Y4V
aﬂdﬁé@f méﬁaﬂ@ﬂﬁfﬁel} EBT2J38 ﬁzmb&ﬁﬁ@t@l@ﬁh@r&a¢ﬂ%ﬂm BWas added
stirr or 18 h at RT. It was evapara ni, .. the residue was
e A s RIS R e Sl st st
ammpgmmm wgmmnnasmmw@ewas/egms@mwmh 50 mi. EtOAc,
e o e R R e R T S B SIS et sotution
haphitised.oviel 670 Gag ABEYstiftieti) BRI Sedibosit oM F@H (@l residue

Retention time (HPLC):3.4 min 0Q7/ -251

Igvaslx @65‘885@?6‘&82@ aq{qaiﬁg‘g@ﬂ?gg g?e)l thzgc e%qm%?gssl.s‘o.sy The
(B ttigRY-Co(taanimgotiBahiodud-widitocombihgpheaph2ield (Beonnily2d, the
téﬁ%ﬁ#&r(‘é‘iﬁ?&f@é‘ﬁ%@? |g\§(t—:%i[r%l -[i'/i Ppﬁﬂgﬂéﬁlﬁ%iﬁqc%? odnryi/?ngkpropionyl}-
4Y(ieidmethyl-piperidtd8-mp fifdYaginkesogrboxylic acid CF, NH3 Cr

P analogousl %?eam 80.0 mg (0.20 mmol) ethyl
(ﬁ% 3-(4-aming@c Ior_otia -tr;izﬁ%%)r{cf)ﬂn?;thyl-phenyl)-244-(2-oxo-1
R45-tetrahydro-1,3-018Béaitoa ele BiCAS/N ppEYNhaR:¢arbD
nyloxyl-propionyl}-4-( 1-methyl-piperid in-4- yl)-piperazine-2-carboxylate
and 0.46 mL (0.23 mmol) 0.5 M LiOH solution. Yield:53 mg (69% of
tHexay) HEsEfS: (M+H)+ = 764/766 (Cl) Retention time (HPLC):2.9 min
(method B) 15 Example 24
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(8-ethoxycarbonyl
niéthyit8-amingasipen3 vifjecemsiybirsiadint(§qarhsneeeiy-1,4 -
43&%1%9‘ i5yRtalydrg ’ér@ﬁs%eﬂ'?zamér)é%wR?-H%Eé%‘f@é%%pm-s-yl)-
ylate'CF, NH3 Cl ‘WO 2007/020261-252 -PCT/EP2006/065314 113 mg
(GperisiReh etayPp3yiiierazin-1-y1-8-aza-bicyclo[3.2.1]oct-8-y1)-acetate
(Example Al2d) were added to a mixture of 200 mg (0.45 mmol)
(R)-2-(4-amino-3- chloro-5-trifluoromethyl-phenyl)-1-carboxy-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate (Example 1f), 128 mg (0.40
mmol) 5 TBTU and 56 pL (0.40 mmol) triethylamine in 2 mL DMF and the
reaction mixture was stirred for 2 h at RT. This was purified by HPLC
without any further working up; the fractions containing the product were
combined and evaporated down i. vac.. Yield:156 mg (53% of theory)
10ESI-MS:(M+H)+ = 818/820 (CI)
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Retention time (HPLC):3.1 min (method B) Example 24.1
15(R)-1- 4-amino-3-chIoro-5-trifluorometh¥benzyl)-2-[4-(8-carbox meth

1982900 HRAA46113.2. 1]oct-3-y1)-piperazity1]-2-oxo-ethyl CT/EF2006/065314

4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate 20A solution of 1.92 mg
(0.08 mmol) LiOH in 1 mL water was added to 40.0 mg (0.05 mmol)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-(8-ethoxycarbonyl
methyl1-8-aza-bicyclo[3.2.11oct-3-y1)-piperazin-1-y1]-2-oxo-ethyl
4-(2-ox0-1,2,4,5- NH,
tetrahydro-l,3-benzodiazepin-3-y1)§peri -carboxylate in 1 mL THE

and the reaction mixture was shakerj overnight t RNT. The solvents were
eliminated in a 25nitrogen §tr an f«ﬂ?ér/e tied"by HPLC;
the fractions contai & product were €ombined and lyophilised.

Yield:13 mg (34% offheory) WO 2007/020261- 253

-PCT/EP2006/065314 ESI-MS:(M+H)+ = 790/792 (Cl) Retention time

(HPLC):2.7 min (method B) Example 25 5 (R)-1-(4-a

nAiree{Bthiord B At flog réhidtyrise hziDF Hid3etloxyatarbeay latthdxy- 100 mg (0.13
AP EBANY b 1y Hs 209 I i thyl- 2-(4- i
462-0)?06??2,X,5-tetraﬂydro-l,3-ber$z(§j(?igozne1§ing-ybﬁ?p?“lg%r%dme?ihoxygg%}%nyi

tenaipnd-3ctmiip(rardinmdly YHethgkarittey ive@-addet 2odcbntittaley O BOB-

E PR e nest-oamenate 19 L THE st e reaction
AMixigre was sired for 2 days at RT. The mixture was evaporated to dryness i.
teteah ’ : 1Y i 1 .
R e AR (el Wi
FEahraotheyrredacs ¥ atmepmrEITediaEniopNiisethd the reaction

yixdige was stirred for 4 h %ﬂg'?ﬁ?}é‘%ﬁﬁ{é d NaHCO3 solution

were added and the precipitate was filtered off. This was taken up in DCM

drd laMiftle EtOH and dried dMéFNazSEB/ A @limination of the desiccant

aReeptvantiine (pedes.waspupfiedBxtHkd-8) the fractions containing the
product were combined and lyophilised. 20Yield:170 mg (39% of theory)

ESI-MS:(M+H)+ = 807/809 (Cl) Retention time (HPLC):3.7 min (method B)
WQ,2004/620261- 254-PCT/EP2006/065314 Example 25.1
(Ri-l-%4-am|no-3-chIoro-5-trif|uoromethyl-benzyl)-2-(4-carboxymethoxy-l,
41- bipiperidiny1-11-y1)-2-oxo-ethyl
4B-0Xa-bib S-tetrabyslmt iR benaetigrepiir gy F4-( 2-ethoxycarbonyl-ethyi)-
ﬁfi‘g\ﬁg_di‘ne-l-carboxylate As Iutiozrz of 8.00 mg (0.33 mmol) LiOH in 2.5

bR

RPGAY Rk 2B 44 %am0n T 2.4, 5-tetrahydro-1,3-benzodiazepin-

(Blyb=Apaminee31chdenonpsiiuoromethyl-benzyl)-2-(4-
10ethoxycarbonyl-methoxy-1,41-bipiperidigy1-1H)-2-oxo-ethyl

4-(2-0x0-1,2,4,5- NH,
tetrahydro-l,3-benzodiazepin-3-y1)-pi-1-carboxylate in 8 mL THF
and the reaction mixture was stirred for 3 frat®RT. 0.34 mL (@.34 mmol) 1
M HCI was added andt i 3 ﬁgﬁiﬂwﬁwn%ﬂhe
residue was taker@r?@(};vl/MeOH, filtered through a little silica gel and
eluted with DCM/ H't7:3). It 15 was evaporated down I. vac. and the
residue was dried under a high vacuum. Yield:61 mg (63% of theory)
ESI-MS:(M+H)+ = 779/781 (CI) Retention time (HPLC):3.2 min (method B)

20-Examaladidiackly to Example 24 from 500 mg (0.90 mmol) (|R)~2~(4~amino—3-
-(4-am|no-3-chIoro-5-tr|fluoromethyl-benzyl)-z-g4-et oxycarbonylmeth

-1
@_hﬁﬁ@péﬂgfﬁﬁ:ﬁg@ﬁl};@-_g&@r_‘g{p‘—wcarboxy—ethy 4-(2-0X0-1,2 .4, —tetraXydfoJ 3=
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-
piperidine-1-carboxylate WO 2007/020251-255POT/EP2006/065314 200
pL (1.43 mmol) triethylamine and 414 mg (1.29 mmol) TBTU were added
to 650 mg (1.17 mmol)
(R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-1-carboxy- Sethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-0)-piperidine-1-carboxyla
te (Example 1f) in 30 mL of THF and 5 mL of DMF and the reaction

mixture was stirred for 30 min at RT. Then 422 mg (1.29 mmol) ethyl
1 A1hinineridinyv1 -A-\v/l-
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acetate (A14b) and 330 pL (2.38 mmol) triethylamine in 10 mL DCM were

a@&gg ”{9({%@ ixture was stirred for a further 18 h at RT. 50 mL of

semil g%ﬁ a NaHCO3 solution wer %ded, the mixture was "~ 1/EP2006/065314
extracted twice with 50 mL EtOAc, the combined organic phases were

washed with 50 mL saturated NaCl solution and dried over Na2S04. After

elimination of the desiccant and solvent the residue was purified by

chromatography (silica gel, EtOAc/MeOH/NH3 95:5:0.5). The fractions

COBHIPHIEABS RRYNCHWEFRIFRIIDINAH 0 RYRIOHREANN ) %aeH 3Be mg (1.00
15residue was triturated with DIPE, suction filtered and dried. Yield:64g

RP60% B thisbhy) IR SIRGEi v Y- peRire iR fFraroris Adifka: gel,
(B feamino-3-chloro. 5.l et ey 2-(4-carboxymethyl- L.
-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-(4-carboxymethyl-1,4'
E )ﬁﬁ"&%ﬁdinyl-ll-O)-Z-OXO-Qﬁ’ilﬁ?mz 505/807 (yc% ( ymeny
IR@roxoh Brad(eralydro-1. 8 henzediseepR) 3-yl)-
piperidine-1-carboxylate WO 2007/020261- 256 -PCT/E P2006/065314 A
solution of 5.00 mg (0.21 mmol) LiOH in 3 mL water was added to 100 mg
(EAshmpnaal)7 . 1
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-(4-ethoxycarbonyl-
5methyl-1,41-bipiperidiny1l-11-y1)-2-oxo-ethyl
4D~ oxe-bRihS-Bettdbyoi®tifRoromethyl-benzyl)-2-[4-(2-carboxy-ethyi)-1,4'-
enzodiazepin;3-y1)-piperidine-1-carbo te in 10 mL THF and the . .
B S e S R A e e S pstarepn-3-v)-
tpideyiviseil varhdlgladsidue was taken up in 1 mL DMF and purified by
HPLC; the fractions containing the product yere combined and

lyophilised. 10Yield:22 mg (22% of theory) ESIsMS:(M+H)+ = 763/765 (Cl)
Retention time (HPLC): 3.2 min (method ample 27

(R)-1-(4-amino-3-chloro-5-trifluoronjethyl-benzyl)-244-(2-ethaxycarbonyk
ethyl)- l,41-bipiperidiiﬂ-1 %@WN%NMO/H
0

4-(2-ox0-1,2,4,5-tetraRydyo~t,3-benzodiagepin3-y1)-piperidine-1-carboxyla

te CF WO 2007/0262615 257 -POT/EP2006/065314
benzodiazepin-3-yl)-piperidine-l-carboxylate (Example 1f) and 341 mg

(12.00 mmol) ethyl 341,4]bipiperidiny1-4-yl-propionate (Example Al 5b).
Yaedghidiomes (4 490raf e oty iaSd M BIM irH) +rit. 8RE00 {E B hRetenBomg (0.06

time (HPLC);3.6 min (method B) le 27

B T s A s L CERSy HpS A b2 ass bapgisarbony-
,é'ﬂmipmariﬁimﬁdhﬁylgl&Mthyl 4-(2-ox0-1,2,4,5-tetrahydro-1,3-
4-(2-0x0Q-1,2,4 5-tetrahydro-1,3-Qenzodiazepin-3-y1)- , .
R B A R S b A AB oE rhdF 28 he ragton mixture
weaderstiagddoled toARMITIARG/ASminubated in a nitrogen stream, the residue
(R)-1-(4-amino:-3-chloro-5-frifluoromethyl-henzy1)-244-(2-eth rbonyl-

R T A e B T B e el the
bemzhdibaepmedybjrmdaridingepicéideokylate in 3 mL THF and the

r%&téon mixture was stirredeQr h s eliminated in a

4 T..THE w.
nitrogéen stream, the residue Wénsgtgzé%uoﬂﬁ%omﬁe water and purified by
HERIGYI8e fractions contain{iHE 20pFEdTcs Wehe combined and

I ilised..Yield; (79%0,0f & \% 1-MS:(M+H)+ = 777/779 (Cl)
I%g%%lgﬁ%sngtitrﬁé%( L@?BA r%fri] %ﬁﬁﬁé @% 2007/020261- 258
-PCT/EP2006/065314 Example 28
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-{441-(3-ethoxycarbon
yl-  propyl)-piperidin-4-ylkpiperazin-1-y11-2-oxo-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-
5benzodiazepin-3-yl)-piperidine-1-carboxylate CF2
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NH2 Cc\N 283 mg (1.00 mmol) ethyl
-(4-pi in:1-yl-piperidin-1-yl)-butyrat; xample A16b) were a
m&r@z{@?g %1>r/ng (0.90 mmol) (R)-2-(4- 5 1ino-3-chloro-5- 1 %%%%820{)&0%314
Otrifluoromethyl-phenyl)-1-carboxy-ethyl
4-(2-ox0-1,2,4,5-tetrahydro-1,3-benzodi-
azepin-3-y1)-piperidine-1-carboxylate (Example 1f), 321 mg (1.00 mmol)
TBTU and 0.14 inL (1.00 mmol) triethylamine in 10 mL DMF and the
regelippiepgure was stirred for 2 h at RT. This was purified by HPLC
without any further working up; the fractions containing the product were
combined, evaporated down i. vac., the 15residue was stirred with

ated NaHE03 S@tﬁ@mﬁiﬂ@@ﬁm@@ﬂ%@zwi}?ﬂi{ﬂq& d@e%yehrbonyl-
t(?f?é’ lj’E %Sfjl’%ﬂ% wepé%gigé?nz% (%I)zRoe)}gné tm%(ol_)!(glﬁcg%15~Etrc1eltrgahydro—1 ,3-
(Bizt4aminmBahiqsiperidifieotopaetianykeazy 1)-2-{411-(3-carboxy-prop
y1)- piperidin-4-ylkpiperazin-1-y11-2-oxo (gthyl

4-(2-ox0-1,2,4,5-tetrahydro-1,3- NH,
benzodiazepin-3-y1)-piperidine-1-carboiylate WO 20071020261- 259

-PCT/EP2006/065314 Preparﬁan 00 u/sW to Example 27.1 from 50

mg (0.06 mmol) (R) kiAo
chloro-5-trifluorome Jée@zyl) 2-{4415(3- ethoxycarbomyl) piperidi

n-4-y11- piperazis=%-y1}-2-oxo-ethyl
4-(2-0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-
piperidine-1-carboxylate and 2.40 mg (0.10 mmol) LION. Yield:29 mg

(Q@%&[;W@%ﬁ%%%&%ﬂ%ﬂ% b ipstemiantime dRECGE xample
3.0 min (method B) 10 Exam

(RIS LUEHRASEhIBB- Bl Hﬂ%&frﬁ@@@%éﬂz‘iﬁﬁ@{%lhﬁﬁ( cifiagaRpoRhloro-5-

yﬂrﬁmlbrﬁmwﬁhén%mnﬁ%ayley&h?thmwl 2,4,5-tetrahydro-1,3-benzodi-
4-(2-0x0-1,2,4,5-tetrahydro-1

1%%%%20%’&%159?@%&&?(&9&%% FERARHE I8h)321 mg (1.00 mmol) TBTU and
(B)12-tAtamino-setunromiisihmresnetnyl-henzydiy- 2rakedd=Ripafidikdine was

1- piperazin-1-yl1)-ethyl . . .
SHREREEE 3 8 AT ore s mastig BIRh G yibos any further working up; the
MQﬁi’d@iﬂ§doﬁaihrmxglate pAcrixitiveced hﬁ]ﬁlgr(écﬁ(ém;mdéated down i. vac., the
2-(4-amino-3-chlorg-5-triflugro henyl)- rbo
B H B A R DB S S Rhang dried.
c‘arblnb(ylate (Example 1f), 5465ngg(lﬂ?/mhm)3bey)zyl
in-1-yl-piperidine 007, 0 PCT/EP2006/065314
IP(E%%zylate (Example Al&@gqﬁ3 még8 %gg%lr(nrr?ol) TBTU and 0.35 mL
(Ré@ntmnl):mnlemwﬂlﬁ]he id10mb DivEhwddSstirred overnight at RT. This
was combined with 150 mL of 15% K2CO3 solution, the precipitate was
removed by suction filtering, washed with 30 mL water and the crude
podnep wasSdtied at 540C in the drying cupboard. Yield:1.50 g (99% of
theory) ESI-MS:(M+H)+ = 840/842 (Cl) Retention time (HPLC):3.7 min

(method B) 10 A suspension of 750 mg (0.89 mmol) of the above product
drﬁnﬁeolmmm&whiok@lﬁﬁrﬁmmnrlvmbb‘l%asmj/)die@bfﬂatéebﬁm@@yhmbpyt)-

t by sucti |
o e e T i o1 o
filzetiopdisoatainihy heanstdioet iverstepmlsitied, evaporated down i. vac.,
the residue was made alkaline with 15% K2CO3 solution, 15 extracted
with 100 mL EtOAc, the organic phase was separated off and dried over
Na2SO04. After elimination of the desiccant and solvent the residue was
triturated with 30 mL DIRE, suction filtered and dried. Yield:280 mg (44%
of theory) ESI-MS:(M+H)+ = 706/708 (CI) 20Retention time (HPLC):2.8
min (method B) 29b)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-244-1-1-(1-ethoxycarbo
nylethyl)-piperidin-4-y11-piperazin-1-y1}-2-oxo-ethyl
4-(2-0x0-1,2,4,5-tetrahydrol,3-benzodiazepin-3-v1)-piperidine-1-carboxyla
te 25A mixture of 140 mg (0.20 mmol)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-

han7\/1\)-2-avn-2-(A-pbinaridin-A-vl-ninarazin-1-vv1\-athvl
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Retention time (HALO):3.1 min (method B) Example 29.1 5
( = - chloro 5-trifluoromethyl-henzy1)-2-{411-(1-carbo
)ﬁ/plperééﬁ@ﬁy?pplperazm 1-y1}-2-oxo- e#na:?e &?}8?42006/065314
4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-y1)-piperidine-1-carboxylate 10 A solution of 2.4 mg
(0.20 mmol) UGH in 0.8 mL water was added to 50 mg (0.06 mmol)
(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-(441-(1-ethoxycarbon

yl- ethyl)-piperidin-4-y11-piperazin-1-y1}-Zfaxo-ethyl
4-(2-oxo0-1,2,4,5-tetrahydro-1,3- NH,

benzodiazepin-3-y1)-piperidine-1-garb in 1 mL THF and the

reaction mixture 15 was. s fat 2 I atMnd for4 h at 50C, It was
then purified by HALO wi ho t\/\/?)rkfﬁ A& cortaiming'the

product were corfibingd ana Iyophlllsed OYleld 42 mg (87% of theory)

ESI-MS:(M+H)+ = 778/780 (Cl) Retention time (HALO):3.0 min (method B)

20 Example 30

(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benz (&41 (1-ethoxycarbon
o

ylrapareirgnapgnpietRiRa RIS séraZiem fgnol) (R)-1-(4-amino-3-

4kt RXS-tifl do RotatsatdierBl) %qﬂnﬁomaéﬁmy%%bﬁgn%emlﬁm% ~4yl]-
ylate WO 2007/020261- 262 -PCT/EP2006/065314 A mixture o

(@'@@'ﬁ%*ﬁoiﬂlc}o-?l@e@ﬁﬂ?ﬁb‘*st%mesws%ﬁf@a?csﬁawp 13 benzodiazepin-3-y))-
bR PEYdiIne-0XEadnih PIRRY i 4- VoG @7 It kryddigthyl H.
4-(2-0x0-1,2,4,5-tetrahydro-

\T%%enzodlazepln 3-y1)-proefdineOTe i o5 (Example 29a), 60.8

e (G4t mmol) K2CO3 an(,MLa-gt £0780 myaolethyl
2- bromo 2- methﬁgg@mnate in 1.8 mL DMFE was shaken at 50C for 12 h

T il akre. L The Br’gﬁfbffg@rwgsqatered off and the filtrate was
purified by HPLC without working up; the fractions containing the product
gere com?igued, evaporated down i. vac., the residue was 10made

i saturated NaHCOS3 solution, the precipitate was suction
filtered, washed with 20 mL water and dried at 40C. Yield:85 mg (52% of

t(ﬂ?i[ﬁgf %nil‘\r/és -C |é?lro— QZ@I{%Z ZrSngﬁ%gH%% 5"33 H_I P+ Ct%oxycat%onyl -ethyl)-

IhipeRJHB- myqnmlwamhmwzgzmmmmemyemm 254ranpdic21435-
ﬁtrah ro 1,3- b dlaé% llra 3- 13/121%8 ridi ine- 1-carbonyloxykpropiony1}-

y%‘ibh” BO " |ny b oxyl’é%{e W0 2007/020261. 263
-PCT/EP2006/065314 A mixture of 127 mgd{0.20 mmol)
(R)-1-(4-amino-3-chloro-5- trifIuoromethﬁ@ﬁrﬁﬂz-oxo-z-(4-oxo-piperidin-
1-y1)-ethyl 4-(2-ox0-1,2,4,5 tetrahygro-

benzodiazepin-3-y1)-pipe | /QZH/ 8.5 mg
(0.40 mmol) ethyl &t'i);l;plpenﬁme {4)% oxyfé and' \(2 mmol)
AcOH in 2 mL DCH stirred for 2 h at RT, cooled to OC, stirred for 2
h, then mixed with 57.7 nfiig (0.26 mmol) sodium triacetoxyborohydride and
stirred overnight at OC. The reaction mixture was purified by HPLC without
working u, the fractlons conta| ing he rod ct ere cmblned nd
IFOHilidEe & : :
Retentlgm@m:ﬂdﬂu%ﬂmmm@m&ihod @thb@é@it@mng B%ﬁ@@@l@&;@pm 3-yl)-
were prepared an Io ousl fr m in each case 127 mg

(R)-1-( ' romethyl-benzyl)-2-oxo-2-(4-oxo-piperidin
-Aeylitdimetiyl. 00 g (1.80 mmol) (R)-2-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-

d I iperidi
e R SRR A e e U

omexoxylate (Example 1f}, 546 mg (1.80 mmol) benzyl 4-piperazin-1-yl-piperidine-




10

16

20

25

30

Example R Yield Mass Retention time (%) spectrum HPLC  (method)

377 %7.2 min O [M+Hr (C)_ﬁgé_m 763/7657.1 m n

%h%(+ t 0 007/020261- 264 -PCTIEP2006/065314 ExampI(iF( rgln EP2006/065314
[ )

Yield Mass Retention time (%) spectrum HPLC

1-carboxylate (Example A17b), 643 mg (2.00 mmol) TBTU and 0.35 mL (2.50
mmol} triethylamine in 10 mL DMF was stirred overnight at RT. This was
combined with 150 mL of 156% K,COj; solution, the precipitate was removed by
suction filtering, washed with 30 ml. water and the crude product was dried at
40°C in the drying cupboard.

Yield: 1.50 g {99% of theory)

ESI-MS: (M+H)" = 840/842 (C)

Retention time (HPLC): 3.7 min (method B)

A suspension of 750 mg (.89 mmol) of the above product and 600 mg Raney
nickel in 50 mL MeOH was hydrogenated for 30 h at RT and 3447 hPa. The
catalyst was removed by suction filtering, evaporated down i. vac. and the residue
was purified by HPLC. The fractions containing the product were combined,
evaporated down i. vac., the residue was made alkaline with 15% K>COQO3; solution,
extracted with 100 mL EtOAc, the organic phase was separated off and dried over
Na,SQ.. After elimination of the desiccant and solvent the residue was triturated
with 30 mL DIPE, suction filtered and dried.

Yield: 280 mg (44% of theory)

ESI-MS: (M+H)" = 706/708 (Cl)

Retention time (HPLC): 2.8 min (method B)

29b) (R)-1-{4-amino-3-chioro-5-trifluoromethyl-benzyl)-2-{4-[1-(1-ethoxycarbonyl-
ethyl)-piperidin-4-yl]-piperazin-1-yil-2-oxo-ethyl 4-(2-0x0-1.2.4,5-tetrahydro-

1,3-benzodiazepin-3-vi}-piperidine-1-carboxylate

A mixture of 140 mg (0.20 mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyi-
benzyl)-2-oxo-2-(4-piperidin-4-yl-piperazin-1-yi}-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-
1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate, 60.8 mg (0.44 mmol) K,CO; and
29 pL (0.22 mmol) ethyl 2-bromopropionate in 1.8 mL DMF was shaken for 2 h at
50°C. The reaction mixture was purified by HPLC without working up; the fractions
containing the product were combined and lyophilised.

Yield: 111 mg (69% of theory)
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(method) 31.3 75 777/779 7.3 min o [WEN' (C) 31.4/72 777/779 7.3

[ &M (C) Example 32 961 - PCT
Iiﬂl/'-af(%-:}%gmino-3-chIoro-5-trif|uoromethyl-phenyl)-244-(2-oxo-1,g,4’2”?—32006/06531 4

Stetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carbonyloxyl-propiony11-
4-methyl- 1,4'-bipiperidiny1-4-carboxylic acid A solution of 2.00 mg (0.08
mmol) LION in 1 mL water was added to 40 mg (0.05 10mmol) ethyl
11-{(R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenyl)-244-(2-oxo-
E3B8Setrahydro-1,3-benzgdidaEpingB4/8ppipridine-1-carbonyloxypprop
iony1}-4- methyl:1,4'-hipiperidinyl-4-carbox ?e in 0.8 mL THF and the
rg%%}atﬁorrﬁ%%%h\%vigirre fdlorr}lé'ﬂ (arp Oé%: ﬁ‘or 8 h at 50C. This was
purified by HPLC without working up; the fractions containing the product

c 5’: d and lyophilised. 15Yield:18 mg (47% of theory)
gﬁ%@%\%ﬂi— ; ). = 763/765 (Cl) Retention time (HPLC):3.5 min (method B)
WO 2007/020261-265- PCT/EP2006/065314 The following compounds

€ af IS1y, | e 40 mg of the carresponding
e o 2 K PR
Eieeniolie-R-YieipwassrRbtdhttonmaihy! 4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yl)-piperidine-1-carboxylate

A solution of 2.4 mg (0.10 mmol) LiOH in 0.8 mL water was added to 50 mg (0.06
mmol) (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-{4-[1-(1-ethoxycarbonyl-
ethyl)-piperidin-4-yl}-piperazin-1-yl}-2-oxo-ethyl 4-(2-oxo-1,2,4,5-tetrahydro-1,3-
benzodiazepin-3-yl)-piperidine-1-carboxylate in 1 mL THF and the reaction mixture
was shaken for 2 h at RT and for 4 h at 50°C. It was then purified by HPLC without
working up; the fractions containing the product were combined and lyophilised.
Yield: 42 mg (87% of theory)

ESI-MS: (M+H)" = 778/780 (C})

Retention time (HPLC). 3.0 min (method B)

Example 30

(R)-1-(4-amino~3-chloro-5-trifluoromethyl-benzyl)-2-{4-[1-(1-ethoxycarbonyl-1-
methyl-ethyi)-piperidin-4-yl]-piperazin-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-tetrahydro-
1,3-benzodiazepin-3-yh)-piperidine-1-carboxylate



(%) spectrum HPLC  (method) 32.1 93 735/737 3.3 min o [M+H] (B)

3 7 3.3 min  [M+H] (B) 32.3../73 749/751 3.3 min o [M+
(@ég@f B 7o 5 s min Ko00r 22 PEiER2001065314
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d\/i%wiojﬁg N%\TNMNJW/O\/

A mixture of 140 mg (0.20 mmol) (R)-1-(4-amino-3-chloro-5-trifluocromethyl-
benzyl)-2-oxo-2-(4-piperidin-4-yl-piperazin-1-yi)-ethyl 4-(2-0x0-1,2 4,5-tetrahydro-
1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate (Example 29a), 60.8 mg (0.44
mmol) K;COz and 45 pbL (0.30 mmol) ethyl 2-bromo-2-methyl-propionate in 1.8 mL
DMF was shaken at 50°C for 12 h and then for 48 h at RT. The precipitate was
filtered off and the filtrate was purified by HPLC without working up; the fractions
containing the product were combined, evaporated down i. vac., the residue was
made alkaline with saturated NaHCO; solution, the precipitate was suction filtered,
washed with 20 mL water and dried at 40°C.

Yield: 85 mg (52% of theory)

ESI-MS: (M+H)" = 820/822 (CI)

Retention time (HPLC): 3.0 min {method B)

Example 31

Ethyl 1'-{( R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenyl}-2-[4-(2-0x0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carbonyloxy]-propionyl}-4-methyi-

Cg;((%\;ioj\g N N%HLO/\

1,4'-bipiperidinyl-4-carboxylate
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[M+Hr (B)

5 Example 33

(R,)Olzmﬁgéﬁ-chIoro-5-trif|uoromethyb@grjzyl)-z-{4-[1-(5-methy&@f@g&o% /065314
-1,3-

10dioxo1-4-ylmethoxycarbonylmethyl)-piperidin-4-yl]-piperazin-1-y1}-2-ox
o-ethyl 4-(2-
0x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate
WO 2007/020261-266 -PCT/EP2006/065314 A mixture of 185 mg (0.24
PANMOBY (RS- & (A 2annigptB-2B loror&ht(ifiIdréfnethifio-3-chloro-5-trifluoromethyl-

A acal BN R Y A BBSIR Y SR par Y
SiepzhBieeraliydryh Brseidboeldzepipe3yakpiffordimeel tgarbex§latg (0.40 mmof)

|
%Eﬁﬁéﬂmﬁmét

momet

) ii%@)_g}%

met

43 DGR RSB 2 o o

ovemigineat RT2That Bachorieiktoe’ wastiiteddanroutiiea syiMagemiltes7.7 mg

%@5@wmﬁg

ised. 10Yie

and lyophi

PR

Reagians canamande etk cL el e

(CREON XBYE MRS EI[IDCRY ETLGeOBNH 32 05t 16 20 Exiaastiens containing

-(5-methy1-2-oxo0-1,3-dioxol4-ylme
-Yigid-2-oxo-ethyl 4-(2-ox0-8520ag554% of theory)

teteqhyero-

&QM%CAMWM%?QJQS&#%BQ@@WQ%W

: Pgl(}ﬁ
2007/020261-267 -PCT/EP

1,3-benzodiaze

006/065314 ethyl
Beteptinn prassktldhyidroA: BIBENEHERSEN-3-y1)-piperidine-1-carboxyl
ate (Example 3.1) and 50 mg (0.26 mmol)
4-bromomethy1-5-methyl-1,3-dioxol-2-one. Yield:8 mg (5% of theory)

Eenloning \Gomgpuyats WeTs Sey ed asmiaggesly from in each case 127 mg

%ﬁelp(rBé‘Jc‘K\Ar\?QFBiESfﬁbﬁ%‘é‘E{%ﬁdtW%ﬂ%hy"benzyl)'241

xycarbonylmethyl)-4,41-bipiperidinyl

-1-(4-amino-3-chloro-5-trifluoromethyl-benzy1)-2-(4-{142
Qyj_4-(2-oxom1 .2,4,5-tetrahydro-1,3-bénzodiazepin-3-yl)-piperidine-1-carboxylate

1esheprsargpanmadirpioarigimdiitl IRRIGRENIL rtd ideein-8HBA case:

4-(2-oxo0-1,

2,4,5-

)=pRagie &icarboxylate CF, WO

3—2—0x0—2—&4zoxo-piperidin-1 -yh)-

2-methoxy-et

tetrahydro-l,3-benzodiazepin-311)-piperidine-l-cac%om!ate H, 13pL

(0.11 mmol) 2-(2-methoxy-ethoxy)-ethanol were &

15mg (0.10 mmol) of

(R)-l-(4-amino-3-ch|oro-5@§?§@@iﬁH
4-(2-ox0-1,2,4,5- ;

carboxymethyl-piperidin-44y Ty-

H

O

R

R

iperazin-1-y1]-2-oxo-ethyl

bd to a mixture of 75

tetrahydro-1,3-benzodiazepin-3-y1)-piperidine-1-carboxylate (Example
4.1), 35 mg (0.11 mmol) TBTU and 28 pL (0.20 mmol) triethylamine in 1

MEEMpIR
yurified by

!
product we
ESI-MS:(M

HPLC without 20working

fthe reaction mixture we

re combined and lyophilis
+H)+ = 866/868 (Cl) Rete
NO 2007/020261-268 -PCT/EP200

S Syfgeg 1o

up; the frac

ntion time (

/065314 EX

'i\heg‘s@[m- |

tions containi

ed. Pfeld: 229§ §b89% of

HPLC):3.2m
ample 35

Whtion time
ng the

thi&t ()
ey B)

—+

hoxycarbo
}-(7-metho
1-carboxyl

AN

Ryt1l(4-am

ate A mixture of 230 mg

ino-+3-chlorg-5- rifluoromethyl4senzy
hylmethylr4,4"-bipiperidinyl-1-y11-2-
ky-2-0x051,2,4,5-tetrahyc

(0.29 mmol

1 76%T652-m
2iy!

Iro-1,3-benzodiazepin-3-

HYpRdTin4-yle

gC). o
y1)-piperidine

bipiperidin

R ly(4-an

Ino-

-4-$1)- ,u-ipﬁa;e‘thyl 4-(7-
!

hioro-5-trifliorometnylbgnzy 1

methoxy-2-

IR
(M+H]'

Y441
(C)
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100x0-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-0)-piperidine-1-carboxylate
(5\@]’986%%5012)61113 mg (0.35 mmol) TBYE), 84 pL (0.60 mmol)  pey/Ep2006/065314
triethylamine and 39.3 mg (0.30 mmol) 2-morpholin-4-yl-ethanol in 5 mL

DMF was stirred overnight at RT. The reaction mixture was poured onto
saturated NaHCO3 solution, the product precipitated was suction filtered
and dried at 40C. This was dissolved in 25 mL of 15 isopropanol and
precipitated as the hydrochloride salt by the addition of 0.5 M HCl in

is@prapapiell Rhis was suction filtered, washled witddssL isopréteteoitiord time
0 mL DIPE and dried at 30C in the vacuym drying cupboard, Yie|d-90 mg
34% of theory) ESI-MS:(M+H)+ = 906/9(@00 Ut k&
HPLC):3.1 min (method B) The Examples that fpllow describe(thethod)

reparatiorof-phatmaceutieal formutationspwhich-contain-as-active -

lﬁ)*é ance any-desired compound of genelfrlgllvfor m/fﬁ%o 2(?(1)‘?/858261-
69 -PCT/EP200 5314 Example ] Capsules dWMpdWder inh&Rition
containing 1 mg of gctive ingredient 5Compositian: 1 capsule for powder
imhalation contains: active ingredientll.0 mg lactase20.0 mg hard gelatine
Cepidles50,0 m 71.0 mg Methodjof préparat|o.7/Fii& activeé .ihgnadient

i$ ground toithe ficle size required for inhaled Evﬁﬁinces. Tlas ground
%ctive ingredient is pormogeneously mixed with the lactose. Tré 15mixture

N

i$ transferred into hard gelatine capsiles. Example 1l 20Inhalable solution

r-Raocnimat anntaift a | £ i H (H e . H a ££
fUI nespiTatcLoritan g 11y or at uve iTigreurcrit COTTpPJuUSItloIT. L pPull

contains: active ingredient 25benzalkonium chloride disodium edetate
pEsfecieater ad 1.0 mg 0.002 mg 0.0075 mg 15.0 pl Method of
preparation: 30The active ingredient and benzalkonium chloride are
dissolved in water and transferred into Respima cartridges. WO

206{Br02Eanhw-RehER2Dt6ivesee hyhrisa-Ahiebiexsolubich Jor

i contain _ tive —_y on- vl o4 ‘
o oA o t2ryiy-4-metiy
piirificdnireadmylodtcg b agyicoeodd g 20.0 ml Method of preparation:

CF,

s

A solution of 2.00 mg (0.08 mmol) LiOH in 1 mL water was added to 40 mg (0.05
mmol) ethy! 1'-{{R)-3-(4-amino-3-chloro-5-trifluoromethyl-phenyl}-2-[4-(2-oxo0-
1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carbonyloxy]-propionyl}-4-
methyl-1,4'-bipiperidinyl-4-carboxylate in 0.8 mi. THF and the reaction mixture was
stirred for 1 h at RT and for 8 h at 50°C. This was purified by HPLC without
working up; the fractions containing the product were combined and lyophilised.
Yield: 18 mg (47% of theory)

ESI-MS: (M+H)" = 763/765 (C)

Retention time (HPLC): 3.5 min (method B)
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The active ingredient, sodium chloride and benzalkonium chloride are

disephed Audoxater. Example IV 20Propgliant gas-operated mete|,g',t&(v:1r},EP?_OO@,065314

aerosol containing 1 mg of active ingredient Composition: 1 puff
contains: active ingredient 25lecithin propellant gas ad 1.0 mg 0.1% 50.0
pl Method of preparation: WO 20071020261-271 -PO11EP2006/065314
The micronised active ingredient is homogeneously suspended in the
mixture of lecithin and propellant gas. The suspension is transferred into a

préssisfisedrapotatnerwitis avanetpramgavadvanslégeumpléryniNasabsprayse 40 mg of
containing 1 mq.of active ingredien P@o osition:. 10active ingredjent

RaTEE TRCT ap A S el gAY el

15 1.0 mg 0.9 mg 0.025 mg 0.05 mg 0.1 ml Methdd-of preparation: The

active ingredient and the excipients are dissolve dter and transferred

into a suitable container. 20 Example VI Injectal tion containing 5

mg of active substance per 5 m G f\llt,lbpo 25 active sybstance5 mg
glucose250 mg human seru al%mlnlo mg gly¢ofurol250 mg water for
injections ad5 ml 30 Prep @. " WO 2007/020261- 272
-PCT/EP2006/065314 Glycofurol'and glucose are dissolved in water for
injections (Wfl); human serum albumin is added; active ingredient is

dissolved with-heating;-made-up-tg-specified-volume.-with Wil; transferred .
EX@MaRiBalles under nitrogen gas. Iﬁﬁmple Vil Injd¥@dfe solutigRetention time
containing 100 mg of active substaneg per 20 ml 1ggerpRasitiorHRLYe
substance monopotassium dihydrggen phosphate = KH2PO4 djsodium
hydrogen;phosphate = Na2ZHPO4*2H20 sodium chloride 16 hum
Fbumin Foyswg 93 735/737 3.3 min
T [M+H]"  |(B)
32.2 ' *-ND-‘.,, o, 73 735/737 3.3 min
T IMeH"  (B)
32.3 e 73 749/751 3.3 min
g [M+H"  {(B)
8]
32.4 t $N< > 80 749/751 3.5 min
" [M+H]" | (B)
Q
Example 33

(R)-1-(4-amino-3-chloro-5-triflucromethyi-benzyl)-2-{4-[1-(5-methyl-2-ox0-1,3-
dioxol-4-ylmethoxycarbonylmethyl)-piperidin-4-yll-piperazin-1-yl}-2-oxo-ethyl 4-(2-

oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate




10

15

20

water for injections ad 20Preparation: Polysorbate 80, sodium chloride,

mwg%gf%%ﬁ%pihydrogen phosphate ; disodium hydrogen ph?’%PPc@E.QOOGIOGSSM

are dissolved Iin water for injections (Wfl); human serum albumin is ad
active ingredient is dissolved with heating; made up to 25specified volume
with Wil; transferred into ampoules. Example VIII Lyophilisate containing
10 mg of active substance 30 Composition: WO 2007/020261- 273
-PCT/EP2006/065314 Active substancel0 mg Mannitol300 mg human

serum albumin20 mg water for injectionsad2 ml Preparation: Mannitol is
dissolved in water for injections (Wfl); A serum albumin is added:;
active ingredient is dissolved with heq ~made up to specified yplume
with WTl; transferred.intg )%fd\ezégﬁri@d/&}ol ent-for Iyog@i&étézzo
Polysorbate 80 =-H ee/m@ 20 'th Marhito200 waterfor hjections
ad10 ml 15 Pre ion: Polysorbate I2330 and mannitol aré dissolved in
water for injections (WH); transferred into ampoules. 20 Example 1X

Tablets containing 20 mg of active substance Composition: 25 active
substance20 mg lactose120 mg corn starch40 mg magnesium stearate?2

it PBBA KES5T9 Mg mnphtadoh( B 880 /e s £: trifluoromethyl-
284rR AT LER 200640662 h bl upipesiances jantase AR caNPSRECBIALR 4-(2-oxo-
homogeneously mixer%; granuli%taed with arba ueo,gﬂs solution of Povidone;
oA R AR b SRt b i AR FRERS ISR mPle 4.1),
tayengQ0. RNt pRIBEOK @ﬂ@%ﬂ&ﬁ@@.@ﬁ’laﬁgﬁg maraﬁﬁw§:§?mnﬁ@thys»1 3
Compaosition: 10active tance corn starch hi ' sed silica .
e o i GO, S THE LA ba B AR ETXure was
soilbstadabroogh staseingodikdicararhdaddenepisly, mixéeioitxectvittaining the
magnesjum stearate; the mixture is packed into size for 3 hard gelatine
L TP R A A R e

Yield: 14 mg (7% of theory)

ESI-MS: (M+H)" = 876/878 (Cl)

Ri= 0.54 (silica gel, DCM/Cyc/MeOH/NH; 70:15:15:2)

Example 33.1

(R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-{1'-(5-methyi-2-oxo-1,3-dioxol-
4-ylmethoxycarbonylmethyl)-4,4"-bipiperidinyl-1-yi]-2-oxo-ethyl 4-(2-ox0-1,2,4,5-

tetrahydro-1,3-benzodiazepin-3-yi)-piperidine-1-carboxylate

o
E

&L/C%N/U\oj\g/ NMN/\Q/O\IO/EO

Prepared analogously to Example 33 from 150 mg (0.20 mmol) (R)-1-(4-amino-3-
chioro-5-triflucromethyl-benzyl}-2-(1'-carboxymethyl-4,4'-bipiperidinyl-1-y1}-2-0xo-
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20 Example XI Suppositories containing 50 mq of active substance

ition:, 25 active substance50 mg E rd fat (Adeps solidus) q.s.
a%g@%gﬁmbg){b’éﬁaration: Hard fat is melf Zét about 38C; ground%&ﬂgpzo%/ 065314
substance is homogeneously 30dispersed in the molten hard fat; after
cooling to about 35C it is poured into chilled moulds. WO

2007/020261-275 -PCT/EP2006/065314 Example Xll Injectable solution
containing 10 mg of active substance per 1 ml 5 Composition: active

sihgtancetRang mamitalaBynephtmae sesumalbirand Qamedawaterdaroxylate
i((r\%/ections adl ml Preﬁaration: Mannitol is dissolved in water for irg'iections

KARRIR ! S @RISR =00 +-PLRrmgrébrsAted wiskoldigxol-2-one.
Wiigidneating; mage s spestier volume with WAl; 15transferred into
ules under nitrpge - 276 - PATENT CLAIMS 1.CGRP
%%’i" %fsts 01(%5+ affgﬁtﬁm @ﬁ RL R4 which compounds are
gelected fromp 731 4iliddog SIMDAME (R MDHANHR FOm1B:15/NH,..-- 00
NN /ON7---;-"-79 H (7) r-----z---\P N-HOF F F

Example 34

{R)-1-{4-amino-3-chloro-5-trifflucromethyl-benzyl)-2-(4-{1-[2-(2-methoxy-ethoxy)-
ethoxycarbonylmethyl]-piperidin-4-yl}-piperazin-1-yl)-2-oxo-ethyl 4-(2-ox0-1,2,4,5-

tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate

Fa

A ANH,

PN
; /L\I MNJLO;\(N%N/%N/\WO\/\O/\/O\

13 L (0.11 mmol) 2-(2-methoxy-ethoxy}-ethano! were added to a mixture of 75
mg (06.10 mmol) of (R)-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[4-(1-
carboxymethyl-piperidin-4-yl)-piperazin-1-yl}-2-oxo-ethyl 4-(2-ox0-1,2,4,5-
tetrahydro-1,3-benzodiazepin-3-yi)-piperidine-1-carboxylate (Example 4.1), 35 mg
(0.11 mmol) TBTU and 28 pL (0.20 mmol) triethylamine in 1 mL DMF and the
reaction mixture was stirred for 1 h at RT. This was purified by HPLC without
working up; the fractions containing the product were combined and lyophilised.
Yield: 22 mg {26% of theory)

ESI-MS: (M+H)" = 866/868 (Cl)

Retention time (HPLC). 3.2 min (method B)
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ge NH2 011-IP c0 ONO IF; (8) -----...-r--\ 7-,"2(PLN 4 HO F"a2,F F i NH, rt

Orey5he NNI\YN -0,-0 2,4," 23" fics™N 2 H (9) r-—-Nove-/. .55
BRI (10) HO Th/MN F.5"F 7°NH2 0C1 0 (11) -1 e [ER2006/085314

NH2 | 0=2".77-7-KCI 9 \NI)-O:N---\ 0 | (12) ---\ 11N

Example 35

(R}-1-(4-amino-3-chloro-5-trifluoromethyl-benzyl)-2-[1'-(2-morpholin-4-yl-
ethoxycarbonylmethyl)-4,4'-bipiperidinyl-1-yi]-2-oxo-ethyl 4-(7-methoxy-2-oxo-
1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl}-piperidine-1-carboxylate

F3
NH,

R e

A mixture of 230 mg (0.28 mmol} (R)-1-(4-amino-3-chloro-5-trifluoromethyl-
benzyl)-2-(1'-carboxymethyi-4,4"-bipiperidinyl-1-yi)-2-oxo-ethyl 4-(7-methoxy-2-
oxo-1,2,4,5-tetrahydro-1,3-benzodiazepin-3-yl)-piperidine-1-carboxylate (Example
15.1), 113 mg (0.35 mmol) TBTU, 84 pL (0.60 mmol) triethylamine and 39.3 mg
(0.30 mmol) 2-morpholin-4-yi-ethanol in 5§ mL DMF was stirred overnight at RT.
The reaction mixture was poured onto saturated NaHCOQOj; solution, the product
precipitated was suction filtered and dried at 40°C. This was dissolved in 25 mL of
isopropanol and precipitated as the hydrochloride salt by the addition of 0.5 M HCI
in isopropancl. This was suction filtered, washed with 5 mL isopropanol and 30 mL
DIPE and dried at 30°C in the vacuum drying cupboard.

Yield: 90 mg (34% of theory)

ESI-MS: (M+H)" = 906/908 (Cl)

Retention time (HPLC): 3.1 min (method B)

The Examples that follow describe the preparation of pharmaceutical formulations

which contain as active substance any desired compound of general formula |:
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HO F F F N "i00 c00-,...., Nil ,-1?"..":7 - 278 - - 279 - - 280 - No.

2&&%@@%@%1 ----- kK-VM N--4. HO Fg H 0,a0 \ A,--\ Noir  BRTIEP2006/0653 14

----- o /OH (29) 11 ----2:-.7"-AN--\HOF,F FI T:
11 0- ¢---""--'00 6\----FN ? H (30) ----fifiy-Arfififi.N. ) 0 F F F NV NH

Example |

Capsules for powder inhalation containing 1 mg of active ingredient

Composition:

1 capsule for powder inhalation contains:

active ingredient 1.0 mg
lactose 20.0 mg
hard gelatine capsules 50.0 mg

71.0mg

Method of preparation:

The active ingredient is ground to the particle size required for inhaled substances.
The ground active ingredient is homogeneously mixed with the lactose. The

mixture is transferred into hard gelatine capsules.

Example Il

Inhalable solution for Respimat® containing 1 ma of active ingredient

Composition:

1 puff contains:

active ingredient 1.0 mg
benzalkonium chloride 0.002 mg
disodium edetate 0.0075 mg
purified water ad 15.0 yl

Method of preparation;

The aclive ingredient and benzalkonium chloride are dissolved in water and

transferred into Respimat® cartridges.
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0-CIFAA ,-NNOIfi/06 (31) ,—--—-- 1 Lfifi.fity"-N, \N HN-S) F,F ,-- ; 1i

et AN NOThr /6 1:1 11(32)_ b4, HO OH fi OCI F AN Nog
O Y O 61 (33) 111 -Nz-\, TH0 1 OH 0:a\/0 0 (34) & C/EF 20061065314

Example ili

Inhalable solution for nebulisers containing 1 mg of active ingredient

Composition:

1 vial contains:

active ingredient 01g
sodium chloride 0.18 g
benzalkonium chloride 0.002 g
purified water ad 20.0 ml

Method of preparation:

The active ingredient, sodium chloride and benzalkonium chloride are dissolved in

water,

Example IV

Propellant gas-operated metering aerosol containing 1 mg of active ingredient

Composition:

1 puff contains:

active ingredient 1.0 mg
lecithin 0.1%
propellant gas ad 50.0 pl

Method of preparation:
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HO r".fiLOH O -'-".----a NOfl A----FN ! 0 (35) 1 ---,.."-----\N 11 HO OH I\ AO

IN/A filo/OH -281-N tructure (36) ----\---r-=-
Qi ey e S N RO 01 oo NN TP Ppe00eessa

A0 (38) A\ p-Th

The micronised active ingredient is homogeneously suspended in the mixture of
fecithin and propellant gas. The suspension is transferred into a pressurised

container with a metering valve.

Example V

Nasal spray containing 1 mqg of aclive ingredient

Composition:

active ingredient 1.0 mg
sodium chloride 0.9 mg
benzalkonium chioride 0.025 mg
disodium edetate 0.05 mg
purified water ad 0.1ml

Method of preparation:

The active ingredient and the excipients are dissolved in water and transferred into

a suitable container.

Example Vi

Injectable solution cordaining 5 mqg of active substance per 5 mi

Compaosition:

active substance 5 mg
glucose 250 mg
human serum albumin 10 mg
glycofurol 250 mg
water for injections ad 5 mi

Preparation:
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N HO NH, 0, 0(39) * N N H pFp NH, 0C 0i, 00 H (40) 1"OF
E INH, 0l a 0341) r—"-"V-ThN HO F F F NH, i1 0'Ci \N IL.CD -N-- - i-T

WLRO07IP088142) 0 F |, 7.F kNH, 0C& 7?82 - No. Structure (45)‘31545?’2006/065314
0,,J,...,..krfkr NH 2 0-ClI

Glycofurol and glucose are dissolved in water for injections (Wfl); human serum
albumin is added, active ingredient is dissolved with heating; made up to specified

volume with WTl; transferred into ampoules under nitrogen gas.

Example VIl

Iniectable solution containing 100 mg of active substance per 20 ml

Composition:

active substance 100 mg
monopotassium dihydrogen phosphate = KH,PO4 12 mg
disodium hydrogen phosphate = Na;HPO4 2H,0 2 mg
sodium chloride 180 mg
human serum atbumin 50 mg
Polysorbate 80 20 mg
water for injections ad 20 ml

Preparation;

Polysorbate 80, sodium chloride, monopotassium dihydrogen phosphate and
disodium hydrogen phosphate are dissolved in water for injections (Wfl); human
serum albumin is added; active ingredient is dissolved with heating; made up to

specified volume with W1l; transferred into ampoules.

Example Vi

Lyvophilisate containing 18 mg of active subsiance

Composition:
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Active substance 10 mg
Mannitol 300 mg
human serum albumin 20 mg

water for injections ad 2mi

Preparation:
Mannitol is dissolved in water for injections (Wfl); human serum albumin is added;

active ingredient is dissolved with heating; made up to specified volume with WTl;

transferred into vials; freeze-dried.

Solvent for lyophilisate:

Polysorbate 80 = Tween 80 20 mg
mannitol 200 mg
water for injections ad 10 mi

Preparation:
Polysorbate 80 and mannitol are dissolved in water for injections (Wfl); transferred

into ampoules.

Example {X

Tablets containing 20 mg of active substance

Composition:

active substance 20 mg
lactose 120 mg
corn starch 40 mg
magnesium stearate 2 mg
Povidone K 25 18 mg

Preparation;
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Active substance, lactose and corn starch are homogeneously mixed; granulated
with an aqueous solution of Povidone; mixed with magnesium stearate;

compressed in a tablet press; weight of tablet 200 mg.

Example X

Capsules containing 20 mg active substance

Composition:

active substance 20 mg
corn starch 80 mg
highly dispersed silica 5mg
magnesium stearate 2.5 mg

Preparation;
Active substance, corn starch and silica are homogeneously mixed; mixed with

magnesium stearate; the mixture is packed into size for 3 hard gelatine capsules

in a capsule filling machine.

Example Xl

Suppositories containing 50 mg of active substance

Composition:
active substance 50 mg
hard fat (Adeps solidus) g.s. ad 1700 mg

Preparation:
Hard fat is melted at about 38°C; ground active substance is homogeneously

dispersed in the moiten hard fat; after cooling to about 35°C it is poured into chilled

moulds.
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Example Xil

iniectable solution containing 10 mag of active substance per 1 ml

Composition:

active substance 10 mg
mannitol 50 mg
human serum albumin 10 mg
water for injections ad 1 mi

Preparation;
Mannitol is dissolved in water for injections (Wfl); human serum albumin is added;

active ingredient is dissolved with heating; made up to specified volume with W,

transferred into ampoules under nitrogen gas.
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the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydraies of the salts thereof,

particularly the physiologically acceptable salts thergof with inorganic or organic
acids or bases.

2. The following compound of general formula | according to claim 1:
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o
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i N NTTO T Ty ! o.
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the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,

particularly the physiologically 'acceptabke salts thereof with inorganic or organic
acids or bases.

3. The foliowing compound of general formula | according to claim 1:

(112) o S
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(557) OHONIC/FF FONH2 CI-ND ..,..,?7,00 I\ the tautomers, the
diastereomers, the enantiomers, the hydeates, the mixtures thereof and
the salts thereof as well as the hydrates of the salts thereof, particularly
the physiologically acceptable salts thereof with inorganic or organic
5acids or bases. 2.The following compound of general formula | according
to claim 1: 10the tautomers, the diastereomers, the enantiomers, the
hydrates, the mixtures thereof and the salts thereof as well as the

hedtateombtoethaldidsesaad mpagidhladntiveiphysiol agichldageeptasdlmixiures
alts thereof with inorganic or orgapic agids or bases. 153.The followin

B e P Gl TR £ AR e WRTIER of BereRts NGRS o

(EtRgularly the pBbdioithicillieessidbtediatietheraef withe eargains drganic

the gydr%tes the mixtures thereof and the salts thereof as well as the

ﬁgz/’(?rat%rs (?f‘c"t%%‘ salts thereof, particularly the physiologically acceptable

salts thereof with inorganic or organic acids or bases.

4, The following compound of general formula | according to claim 1:

el r

Sy

B O

N
H O o

(113)

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salits thereof,
particularty the physiologically acceptable salts thereof with inorganic or organic

acids or bases,

5. The foliowing compound of general formula | according to claim 1: |

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixiures
thereof and the salts thereof as weli as the hydrates of the salis thereof,

particularly the physiologically acceptable salts thereof with inorganic or organic

acids or hases.

6. The following compound of general formula | according to claim 1:
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4. The following compound of general formula | according to claim 1: the
tautomers, the diastereomers, the enanggmers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,
particularly the physiologically acceptable salts thereof with inorganic or
organic acids or bases. 5. The following compound of general formula |
according to claim 1: the tautomers, the diastereomers, the enantiomers,
the hydrates, the mixtures thereof and the salts thereof as well as the

hydrates of the salts thereof, bfafticularly the physialogically acceptable
salts thereof with inorganic ororgtinic 20acids or bases. - 359 - (148)
thé48utomer diastereornérsgthe enantiomers| the hydrates, the
mixtures thereof afidith sﬁl’t%fﬂiéfr\eﬁfﬁ&weuﬂa@ the hydrates of the salts
thereof, particuldrljothe physiologically acceptable salts thereof with

j ing compound of
general formula | according to claim 1: F (3) NNOTh H 0 tothe tautomers,

the chasipressners, dRRRASHHRIRE Vmé@wmmsﬁhﬁWFQ@@Q%iﬂureS
s the

and th$ salts thereof as wel| as the hydrates of the sal reof,
I

PRt anr e pidls disgrAligreiesdesBxdwise ot imsadrdasiest
pegavifatidasphgseiediediihailinwing samperdsrtaanaiakdermuly brganic
according to claim 1: (59) - 360 - particularly the
ﬁﬁﬂ?%o% 85ffy acceptable salts thereof with inorganic or organic acids or
bases. 9. Physiologically acceptable salts of the compounds according to

ne of 5¢claims 1 to 8 with inorganic or organic acids or bases. 10.
Pharm f&@%&'}ﬁ]ﬁsm BhBGARR A Comp8RFeREERag fain 1:
least one of claims 1 to 8 or a physiologically acceptable salt according to
clai ' Wi 2 o inert.carriers and/or diluents.

noraanlc or oraanic 5
Hhergac-ororgaic-o

the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures
thereof and the salts thereof as well as the hydrates of the salts thereof,

particularly the physiologically acceptable salts thereof with inorganic or organic

acids or bases.

8. The following compound of general formula | according to claim 1:
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the tautomers, the diastereomers, the enantiomers, the hydrates, the mixtures

thereof and the salts thereof as well as the hydrates of the salts thereof,
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11. Use of a compound according to at least one of claims 1 to 9 for
preparing a pharmaceutical compositiarz#gr the acute and prophylactic
treatment of headaches, particularly migraine, cluster headaches and
tension headaches. 1512.Use of a compound according to at least one of
claims 1 to 9 for preparing a pharmaceutical composition for combating
non-insulin-dependent diabetes mellitus (NIDDM). 13.Use of a compound
according to at least one of claims 1 to 9 for preparing a 20pharmaceutical
petpdsHv e Pitksipleginatly elcentiaviessalty tismufasitmmptiasic or organic
5%*8?5?53@ rhoea caused by clostridium toxin, skin diseases,
particularly thermal and radiation-induced damage including sunburn,
lichen, pruritis, pruritic toxidermies and severe itching, inflammatory

iIseas o o) i |0l S.0st Ii
o e Do e B SO SR e o
elae dtisn® (ifo o Edgial; pearegeicsipitienamagsasof the oral mucosa,
inflammatory lung diseaSes, allergic rhinitis, asthma and COPD, diseases
accompanied by excessive vasodilatation and resultant reduced vascular
blood fidvaraiaseutica pemicotitiosisocknicdeings; chropauipdiacsacting to at least

et &?%ﬁjﬁsﬂ?%%’6%95hQ&BﬁBB@QI‘Sﬁéc@Q@B%%Vs?é%"g@éﬁ?éﬂﬁggyciaim 9

HIV-induced neuropathies, posthérpetic neuropathies, neuropat

iy jogsshenmitiranrigemiTal insti sigiEsr semnptrodtiatitular -361

- dysfunctions, CRPS, back pain, visceral complaints, such as e.g. IBS

irritable bowel syndrome) or inflammatory bowel syndrome, for relieving

é)éin inlehefd epfoppredentiverdirgcinatiersientcatehiment dbtidor preparing a

gmm%&%apwuﬁmwm é{éé%dg%@r%ﬁ;lﬂ I Oi@ﬁé%?é&%gﬂfgf

ow in menopausal oestrogen-deficient wome rmone-treate
pageaeh@sth prostaiartaroiosrineanilpivabeatathesrentidetsenfreadaches.
compound according to at least one of claims 1 to 9 for preparing a
pharmaceutical composition for the treatment of irritable bowel syndrome
IBS). Le1sl ysembawuimenardiagcording astavteast okénus dlaintsfartpreparing a
grar-piearad a shariarsyiePLeRmARRon fol e Rauplile andiasuie
herapeutic treatment of hot flushes in oestrogen-deticient women.
BB Ob9ENd). preparing a pharmaceutical composition according to
claim 10, characterised in that a compound according to at least one of
claims 1 to 9 is incorporated in one or more inert carriers and/or diluents
by.a ndiserdraicarpetind azoording fo at least one of claims 1 to 9 for preparing a

pharmaceutical composition for the treatment of cardiovascular diseases,
morphine folerance, diarrhosa caused by clostridium foxin, skin diseases,
particularly thermal and radiation-induced damage including sunburn, lichen,
pruritis, pruritic toxidermies and severe itching, inflammatory diseases, e.g.
inflammatory diseases of the joinis such as osteoarthritis, rheumatoid arthritis or
neurogenic arthriiis, generalised soft-tissue rheumatism (fibromyalgia), neurogenic
inflammation of the oral mucosa, inflammatory lung diseases, allergic rhinitis,
asthma and COPD, diseases accompanied by excessive vasodilatation and
resultant reduced vascular biood flow, such as, in particular, shock or sepsis,
chronic pain, such as e.g. diabetic neuropathies, neuropathies induced by
chemotherapy, HIV-induced neuropathies, postherpetic neuropathies,

neuropathies induced by tissue trauma, trigeminal neuralgias, temporomandibular
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dysfunctions, CRPS, back pain, visceral complaints, such as e.g. IBS (irritable
bowel syndrome) or inflammatory bowe! syndrome, for relieving pain in general or
for preventive or acute therapeutic treatment of the symptoms of hot flushes
caused by vasodilatation and increased biood flow in menopausal oestrogen-

deficient women and hormone-ireated patients with prostate carcinoma and in
castrated men.

14.  Use of a compound according to at least one of claims 1 1o 9 for preparing a

pharmaceutical composition for the treatment of irritabie bowe! syndrome (IBS).

15, Use of a compound according to at least one of claims 1 to 9 for preparing a
pharmaceutical composition for the preventive and acute therapeutic tfreatment of

hot flushes in osstrogen-deficient women.

16.  Process for preparing a pharmaceutical composition according to claim 10,
characterised in that a compound according to at least one of claims 1 to 9 is

incorporated in one or more inert carriers and/or diluents by a non-chemical
mathod.
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