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WD 2008/ 080891 PCT/ EP2007/ 064406 -1 PROCESS FOR THE
SYNTHESI S OF DERI VATI VES OF 3- AM NO- TETRAHYDROFU

wEANSBSESARBOXYLI C ACI D AND USE THEREOF AS NEDPEARENDS064406

5 Background and summary of theqinvention The present
invention relates to a process for the manufacturing

of S pREHCEYSTFORITAE S‘PN‘TFIEVS?IQ@F ‘I’.J‘EI:(IfW!('ﬁVEQr O3 AMINO-

aC| d am des of general fornula and their

e@f?ﬂﬁdﬁpﬁ%ﬁ%-bﬁ%séﬁ@% A@ld’ﬁ'ﬁo Pek ﬁ‘H'iéRE%F AS

€ precursors esi's o
subst ituted 3-amno-tetr - carboxylic acid
am des of general for w|@E§f§RW@f§h optical purity,
and to the 15 tautoners, enantioners, diastereoners,

m xtures and salts of substituted 3-

am no-tetrahydrof uran-3-carboxylic acid am des of
Backgadbuhd amd surhimaryrofiihghinveptional purity,
particularly the physiologically acceptable salts

thereof with 1inorganic or organic acids or bases,
whi ch have val uabl e properties. 20 Thus, the present

TPETRELAR iR AidiTelded R 3%%%?@ O@Eéuﬁﬁpjcﬁ*ﬂ{ga%ﬁ‘bst““ted
008/ 080 / EP2007/ 064406
§famwg tsfreégﬂ BliRDEREA oo anidsh o Bahoia FFRAR) and
g[hheeir precursors in high optical purity

o)
D N
N Rl
|3
R o)
o)

to the precursors of the synthesis of substituted 3-amino-tetrahydrofuran-3-
carboxylic acid amides of general formula (1) in high optical purity, and to the
tautomers, enantiomers, diastereomers, mixtures and salts of substituted 3-
amino-tetrahydrofuran-3-carboxylic acid amides of general formula () in high
optical purity, particularly the physiologically acceptable salts thereof with

inorganic or organic acids or bases, which have valuable properties.

Thus, the present invention relates to the stereoselective preparation of

compounds of the above general formula (I).
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substituted 3-am no-tetrahydrofuran-3-carboxylic acid
am des of general fornula (I) and of the precursors

wobomshemer substituted 3-am no-tetrahydrof uran- PCT/EP2007/064406

3-carboxylic acid am des of general fornula (l) is
with respect to the carbon 5 atomin position 3 of the

V\ﬁfrﬁ@m%ﬁféfamrﬁﬂof thB®resdift ilﬁ\RﬁitFo!anhéﬁfﬁingqdleiBa! Surity of the

depi cte by tthe nunbering "3" in the follow ng

%@'P%ﬁ%fé[dﬁ%ahg@%% R B Ryic b %@e@e@-%ffbgﬁfyra'
AR T NOR TP TN PR

i nvention also relates to pharmaceutical conpositions
suiRraPrilisqcid agvigsoeimaenaraldfopnyls () isgyituraspesiclodpe sgron
salt of a conpound of the above general fornmula (I)
atoroird pogjtion 3tdféehe mdicath yoeafusardehg nibe positon eindhich i depicted
15 Exanpl es, optionally together with one or nore

betid ngmb@riﬂﬁg3’aiﬁ1dh@rfol¢b\/{Iihg@t@ctur'arh@rmmee(ﬂ'}l on al so
relates to the use of a conpound or a physiologically
acceptable salt of a cogpound according to the

enbodi nents defi ned bel apd in the Exanples, for
preparing a phar mac@uy;a osition wth an 20
inhibitory effect on Hactog\Xa, arMi nhi bitory effect
on rel ated serine proRéages,/ and/or an antithronbotic

activity. WO 2008/ 080891 | EP2007/ 064406 -3

Al t hough the pharnacol ogi cal |l y val uabl e /properties of

the conpounds in accordance with the present

i nvention constitute the basic prerequisite for

effective use of the conpounds in a pharnaceuti cal

Yéthio $ie meapinghofdbeipresent invention, “highly optical pure” means in an

enantiomeric excess of more than 96%, preferably of more than 98%.

The invention also relates to pharmaceutical compositions containing a
compound or a physiologically acceptable salt of a compound of the above
general formula (1) according to the embodiments defined below and in the

Examples, optionally together with one or more inert carriers and/or diluents.

The invention also relates to the use of a compound or a physiologically
acceptable salt of a compound according to the embodiments defined below
and in the Examples, for preparing a pharmaceutical composition with an
inhibitory effect on Factor Xa, an inhibitory effect on related serine proteases,

and/or an antithrombotic activity.
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substance nust in any case satisfy additiona

requi renents in order to be 5 accepted for use as a
woleagosiBaese paraneters are | argely connected PCt/BPI00®064406

physi cochem cal nature of the agtive substance. Hence,

there continues to be a need for crystalline fornms of

Aﬁhbt@n B ARCRDIoGBAIRN A88bIB PrE&SEYies bf e &’ompounds in
formulated for adm™nistration to patients and ch

QE@orB% e W]tﬂ tHb?JIF nt%\)’eﬁ'ﬁi%hldo%tl u@e g{éigés& ?)rérléq[ﬂsne for

re UI rements

SBEEh AL P o SRR o 26 v
characteristics. Exanples of favourable bul k.

sHastasee Must icanueasel patisly additesal requireatesss in erder to be
solubility, intrinsic dissolution rate and stability
aoceadfal uselss Adrudel nesesparlanmaidist aredargaty obnraacted with the
active substance is inportant to the reproducible

@h%ld@dﬁéﬂb@hlﬂmar@@ﬁm%rﬁctl@é sabBrgRa! Aehed, theReeentinues to be a
need to clarify as far as possible any existing

Reky Wdﬁyne %ffoﬁﬁf ?‘FBEY\% SURIA AL WHiGS EAM Pé r(‘:onVﬁmently

crystal orm ere are dlfferent pol ynor p

ot 8 Yo R Bl Al i e 0 PR G B o

t he substa ce d not change in the pharnaceuti cal
prYSing N ?5%&1?@%6%%9@%%'?@' regriRRNENSANG hi s

could have a harnful effect on the reproducible
poeeificationsf the drug. Against this background, active
substances characterised by only slight polynorphism
are preferred. 25 WO 2008/ 080891 PCT/ EP2007/ 064406 -4
Decreased | evel s of organic solvents in the crystal

Padfetafly AR hadorRpdmeRUNR M etreadf forhiedPaid hhde FHRIO%%bIé'bqu
solvent"toxicity to the recipient as a function of the

Eﬁtjat’é%tgrlstlé? A@)?&’irﬂﬁles“df Lfé\f‘derB'Ie"Wdllggh%%té?%tleé are drying times,
I mpor t under

exceptiona
filterability, solubility, intrinsic dissolution rate and stability in general.

As the crystal modification of an active substance is important to the
reproducible active substance content of a preparation, there is a need to clarify
as far as possible any existing polymorphism of an active substance present in
crystalline form. If there are different polymorphic modifications of an active
substance care must be taken to ensure that the crystalline modification of the
substance does not change in the pharmaceutical preparation later produced
from it. Otherwise, this could have a harmful effect on the reproducible potency
of the drug. Against this background, active substances characterised by only

slight polymorphism are preferred.
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ci rcunst ances dependi ng on the choice of formulation
or the choice of manufacturing process is the

waedoshslset y and di ssol ution rate of the acti vePCT/EP2007/064406

substance. |If for exanple pharmgceutical solutions are
prepared (e.g. for infusions) it is essential that

Ué%ré’é%teb\’lévég Qﬁb?gbﬁ'ﬁc §Bl%hf% iR8h& %F)fét&' I@t'ﬂbé)éré alsdrafodidble,

i n physiol ogi call'y accept abl e sol vents. drugs

e
BUSEY 2o bRl 30EEn PRI ko Me rechikh %SQE@“% Pthe
sufficiently soluble over a suitable range of pH, and
B?Wﬁogllable. Hence, W thout being restrictive,
exanpl es of the paraneters which need to be 15
controlled are the stability of the starting substance
under various environnental conditions, the stability
dooihey cpitersuncwhich roéy bhef ehaephxralimpaittarhar undertdestain
and the stability in the final conpositions of the

girclgmsibheed U@Eéﬁ@lﬂgtdrﬁt&@ choisd bivierrauRksibA e ehsl BREICE ©f
prepare the pharmaceutical 20 conpositions should

Hb%?é&ﬁﬁ‘né‘E}’cakggégﬁhesécﬁgbﬂht é/ncg‘@s%lu ion ‘?é‘t%%fqﬁﬁ%\éﬁ\r/b

under all environ con |t|ons

e e R e o e Ty
0B Brssanteal Perive sbsiagh Ward be aRticiT g Sl

crystallinity WO 2008/ 080891 PCT/ EP2007/ 064406 -5
irepitysivledically stegritblesolvents fiayrdrugs fdlich areslo beatakes orally, it
possi bl e exact pharnaceutical requirenents and
wpiagdniecaltvieoy impditattehat the gquties sobstameershioald bekaffieently

as well to an anhydrous crystalline formof 5 a

SONBRUGErNs GithbIBYarge 613131 Atlbiadalldiie Mnuf act ur i ng

process in accordance wt h the present invention,
nanely the conpound (S)-3-[(5-chl oro-
t hi ophen-2-yl)-carbonyl am no]-N-(3-nethyl-2,3,4,5-tetr

dro-1 H,. . . ,
FleHEs Daadli heing rentictie: pxAmRIas oh AR PErRTRIRSR YIS BEpeto be
amde, to a process for the manufacture thereof, and

p@n&r@[@%@r@ thﬁé;,t@@hty,q{ the plaaiingedbatpaeg under various "environmental

conditions, the stability during production of the pharmaceutical formulation and

the stability in the final compositions of the drug.

The pharmaceutically active substance used to prepare the pharmaceutical
compositions should therefore have great stability which is ensured even under

all kinds of environmental conditions.

The present invention further provides a pharmaceutically active substance
which is not only characterised by high pharmacological potency but also

satisfies the physicochemical requirements of high purity and high crystallinity



10

15

20

25

10 conposition. The structure of this conmpound is
depicted below in the formof the free base as

weaspi@92. The characterizing data of its anhydr/gpm07/064406

crystalline formare describedsturther belowin the
experimental section. The present invention also

ReMtioHed her&InBERPS, ihdrdém® fIRINHSE a&tay SosibleR&act
anhydrous crystalline formof the conpound

bR eP s R e RS sB54504190% ¢t anyarr o- 1

H benzo[ d] azepi n-7-yl )- tetrahydrofu ran-3-carboxylic

acid am de, which is described further below in the
experinmental section. 20 Brief Description of the

Hegae ethemrgaert invemnsrelaies rs g/l ioriiarhyfirpes getsérllingorm of
of the anhydrous crystalline formof the conpound
aSonPpqurs- whicbhmoay be aptaned vid thecaabuaiagtusimgropedsy B-

met hyl -2,3,4,5-tetrahydro-1

Hebsrazate hathane presemt)inderitionhygmefyutharcodnseuipes)L 3-g 5%hloro-
acid am de, recorded using a STOE St adi

RS o0 oy S e b
PR B O DeSSis Yo e o Ry FER RN o g procgss for

. Figure 2 sho a light mcroscopy phot ograph of
@@QP%%‘#rettH%r%\gsr@Rﬂ% eqISS §f%9f|”i§)ﬁéﬁ1@6m$f%6¥’ I3 e
compound
coNPLsitiop- Ehe strociune o tisicompoyng ds gepigieshipelofv-in the form of the
N-(3-nethyl -2,3,4,5-tetrahydro-1
fleb draze[al] ezarpple-27 -Tye) cHaeh ctahiyidig afata ah S anbydioos\drystalline
acid am de. Figure 3 shows the thernoanal ysis and
fhEaE deddri®Bd FirthérendBivtih fiSe BRbEYImaRtl sd&idross on
drying (DSC/ TG of the anhydrous crystalline form of
t he conpound (S)-
3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] - N- ( 3- net hyl
=2 3,4 5-tetrahydro-1 H
Eéﬁ?&?%f}rﬁiré\éﬁ '-O}é-%}?cj Pravides 3 BrafessdAr Becnppuiasyre Adhy
am de, recorded using a DSC and TG and eval uat ed by
fRBYYELR chrpdalling farat Phigiercanepoursd i 3rj(Sr@rorongiophen-2-yl)-
nmelting point and by the weight |oss step between room
carpoaynine]-NA@-metyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-

tetrahydrofuran-3-carboxylic acid amide, which is described further below in the

experimental section.
Brief Description of the Figures

Figure 1 shows the X-ray powder diffractogram of the anhydrous crystalline
form of the compound (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-
methyl-2,3,4,5-tetranydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic

acid amide, recorded using a STOE Stadi P-diffractometer fitted with a location-
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15 C for the loss on drying . The val ues given are
determ ned using a DSC 821 e and a TGA/ STDA 851 e,

wooedds/opmde by Mettler Tol edo. Detail ed Descri pPCDRPZN7/064406

the Invention 20 A 1st enbodi negt of the present
i nvention includes those conpounds of general formula

cbnsivieaeidatd? (@ﬂ[@}t&#‘d leﬁaﬁ(%@bé fth}é ﬁQa?bSMﬁJe' éhd 39 '@brmanlum

system of fornula 1 K2-K

| 80 | EP 4 erein
ﬁhcfno )c] c}ﬁﬁ@’@éﬁﬁ in e%tggﬁcll-ent ﬁ%ﬂp@%feﬂg@ét orﬁx‘}énote a
-CH2, -CHR7a, -CR7bR7c or a -C(O) group, and
R7a/ R7b/ R7c each independently of one another denote
a fluorine atom a_ hydroxy, Cl1-5 10 al kyl oxy, am no
Eguse 21 shpveng fight r@icr@m pg]nggr)apgrﬁf@ystals of the anhydrous
C3-5-cycl oal kyl eneim no or Cl-5-al kyl carbonyl am no

grystallineafod &-the lopimppuma SME- K 5-amorodkiophbsta-yl)Hcabdmylamino]-
1-3 fluorine atons, or 15 two groups R7b/R7c together

- (Frrieiey| T Ui B tetaityaro-aHae HERYd o6 pina -3i)-tdiratydrofiran.3-

7- menbered saturated carbocyclic group wherein the

r t hereof may be substituted by 1-2
g ghes. 1 her ol v

Figure 3 shows the thermoanalysis and determination of the melting point and
loss on drying (DSC/TG) of the anhydrous crystalline form of the compound (S)-
3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-
benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide, recorded using a
DSC and TG and evaluated by the peak onset (heating rate: 10°C/min) for the
melting point and by the weight loss step between room temperature and 180
°C for the loss on drying . The values given are determined using a DSC 821e

and a TGA/STDA 851e, both made by Mettler Toledo.
Detailed Description of the Invention

A 1st embodiment of the present invention includes those compounds of
general formula (I) wherein

D denotes D' a substituted bicyclic ring system of formula (l),

IA\ A2

(1)



10

15

20

25

CF3- groups, and/or the nethyl ene groups thereof, if
they are not bound to a heteroatom nmay be 20
wendstodsat ed by 1-2 fluorine atons, and K2 andp&BEez0h064406

i ndependently of one another depote a -CH2, -CHR8a,
-CR8bR8c or a -C(O- group, and 25 WD 2008/ 080891
PCT/ EP2007/ 064406 -8- R8a/ R8b/ R8c each i ndependently
of one another denote a Cl _5-al kyl group which may be
%@Q%%btUted by 1-3 fluorine atons, 5 or two groups

b c together with the cyclic carbon atom may form
a3, 4, 5-, 6- or 7-nmenbered saturated carbocyclic
group, and in all there should be no nore than four
%Eoups4selected fromanong R7a, R b, R7C, R8a, R8b

@R4E in fornula (11), and 10 X denotes a NR group,
wherein RL denotes a hydrogen atom or a hydroxy
C _3- adaplinstgperatently of 062 Bothdndenttaa,-CH,, -CHR', -CR™R™ or
di -(Cl_3-al kyl)-amno, a Cl_5-al kyl, C2.5-al kenyl -CH2,
45C(2) gralgswngl - CH2 or C3. 6-cycl oal kyl group, wherein
t he nmethyl ene and net hyl groups present in the
above-nmentioned groups may additionally be
substituted by a d _3-al kyl, carboxy,
ghyéﬂz koxycar bonyl group or 20 by a hydroxy,

“5-al'kyl oxy, am no, d _5-al kyl am no,

d 5-djal kylam no or C4.7- cycl oal kyl.enei m no group,
each indepen%ently o?one another de%ote a flugrine atom, a h;g/droxg, Cis-

alkyloxy, amino, Cy.s-alkylamino, di-(C4.s-alkyl)-amino, Cs.s-cycloalkyleneimino
or Cys-alkylcarbonylamino group,
a Cqs-alkyl group which may be substituted by 1-3 fluorine atoms,

or

two groups R™/R™ together with the cyclic carbon atom may form a 3, 4, 5-, 6-
or 7-membered saturated carbocyclic group

wherein the methylene groups thereof may be substituted by 1-2 Cq.s-alkyl or
CFs- groups, and/or

the methylene groups thereof, if they are not bound to a heteroatom, may be

substituted by 1-2 fluorine atoms, and

K*and K°
each independently of one another denote a -CH., -CHR®, -CR®*R® or

a -C(O)- group, and
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provided that O COor O CNor NC N bonds are
excl uded and/or one to three hydrogen atons may be

wo e@isas@dl by fl uorine atons, provided that thBCT/EP2007/064406

met hyl ene or nmethyl groups are got directly bound to a
nitrogen atom 25 WO 2008/ 080891 PCT/ EP2007/ 064406
RByRéMdEwherein A denot es either Nor CRIO 5 A2

denotes either N or A3 denotes either N or
gﬁéﬁmd@@%ﬁﬁbﬂt R&g%néﬁ%ﬁo%%gdgﬁg eg@w 'dqlgff g(?llﬁﬁghll(% PGy be

chlorine, b ne. or_.i odi ne atom or a Cl. 5-al kyl,
q[t@ltfc@ iﬂ%x jne %9”@ al kynyl , a cyano, carboxy,

Cl. 5-al kyl oxycar bonyl, hydroxy, Cl.3-al kyl oxy, CF30

CHF2O, CH2FQO, or 15 D denotes D2 a group of general

formula R5 A R4 wherein A denotes A4, a group <DN

ortwo Grogs R¥/Rifieogitherwitbribe eyclitscarban gtarapmay form a 3, 4, 5-,

general formula WO 2008/ 080891 PCT/ EP2007/ 064406 - 10-

6RBAY Membered saturated carbocyclic group, and

in all there should be no more than four groups selected from among R, R™,

R, R®* R® and R* in formula (I1), and
X denotes a NR' group, wherein

R' denotes a hydrogen atom or a hydroxy, C4.3-alkyloxy, amino,
Cqs3-alkylamino, di-(C1.s-alkyl)-amino, a Ci.s-alkyl, Co.s-alkenyl-CHo,
Cas-alkynyl-CHa or Cse-cycloalkyl group,

wherein the methylene and methyl groups present in the above-mentioned
groups

may additionally be substituted by a C4.s-alkyl, carboxy, C1.s-alkoxycarbonyl
group or

by a hydroxy, Ci.s-alkyloxy, amino, Cy.s-alkylamino, C4.s-dialkylamino or Cs4.7-
cycloalkyleneimino group,

provided that O-C-O or O-C-N or N-C-N-bonds are excluded and/or

one to three hydrogen atoms may be replaced by fluorine atoms, provided that

the methylene or methyl groups are not directly bound to a nitrogen atom,



10

15

20

(RRa)m OCN -- xz~ X1 \O (Rla)m N (R% 9am (R9a)m N
jAM N X~ z~x (X3 X O (Roa)MCC (R9a) m (R9a) m (R9a) m

wdl200808088 X1 X1 X2 ~~ or 5 wherein mis theronEP®07/064406

or 2, 10 X1 denotes a carbonyl ,-ot hi ocar bonyl, C=NR9c,
C=N-OR9c, C=N-N02, C=N- CN or sul phonyl group, X2
deaNRSe@mnN oxygen atomor a -NR 9b group, 15 X3
denotes a carbonyl, thiocarbonyl, C=NR9c, C=N OR9c,
C=N-NO02, C=N- CN or sul phonyl group, X4 denotes an
oxygen or sul phur atomor a -NR9c group, 20 R93 in

ach case ind yo of one anot her denotes a
(éydroé%'ﬁ o5 €l tﬁgrglgfé’ tom or a Cl-5-al kyl, hydroxy,
hydr oxy-d - 5-al kyl , Cl1-5-al koxy, Cl-5 WO 2008/ 080891
PCT/ EP2007/ 064406 -11 al koxy-Cl1_5-al kyl, am no,

Cl 5-al kyl am no, (Cl 5-al kyl') -ami no,

Aﬁ'l nodé]lotésadlﬂklgar N orCCLRé al kyl am no- C1_5- al kyl ,
-(Cl1_5-al kyl ) - am no- C1_5 al kyl , am nocar bonyl ,

CI _5-al kyl am nocar bonyl , di-(C _5- al kyl ) -am nocar bonyl

or

A®  denotes either N or CR'?,
wherein R"®, R'"" and R'? each independently of one another represent

a hydrogen, fluorine, chlorine, bromine or iodine atom, or a Cy.s-alkyl,
CF3, Cas -alkenyl, Cos-alkynyl, a cyano, carboxy, Ci.s-alkyloxycarbonyl,

hydroxy, C4.3-alkyloxy, CF3O, CHF.O, CHyFO, or

D denotes D? a group of general formula

RS

wherein A denotes A*, a group

G

or wherein A denotes A, a group of general formula

\H/

O
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Cl_5-al kyl carbonyl am no group, while 5 in the
previously nmentioned substituted 5- to 7-nenbered

wQ@r@spsosdb the heteroatons F, O, Br, |, 0 orpq/EP2007/064406

optionally introduced with RO3_fg% substituent are not
separated by precisely one carbon atomfrom a

het eroatom sel ected from anong N, 0, S, 10 ROb each

i ndependent |y of one anot her denote a hydrogen atom or
a Cl_5-alkyl @#';@ngC each i ndependently of one

%qut her denote gen atom a Cl1_5-al kyl,
Kyl car bon Ei 5- al kyl oxycar bonyl or

-aI' kyl sul phonyl oup, 15 R4 denotes a hydrogen or
haI oge?ﬁ atom a Cl_3- af kyl or Cl1_3-al koxy group,
vvhi I e the hydrogen atoms of the Cl_3-al kyl or

-al koxy gr oupﬁa Jray opti onal (IRgA) be wholly or partly

by fluori atorrs IB(H \kenyl ,
-aI Kynyl nit |I mtro or,am go group, 20 R5
deno a hydr ogen of @l ogen at oﬁ‘rdr a, C1_3-al kyl

gr oup, R3 denotes a hydrogen atomor a Cl_3-al kyl
?ngup, and 25 M genotes a thio ne ring accorde,ﬁg to

) £y, 20084080891 f 07/ 064406 N
S R§ JR6 (111) \NhICLIS bound/to the carbonyl ;(1
gro formula (I ahe 2- p(y)Wn and whi ch ;3

i's substit’uted in the 5-position by R2 and oﬁri onal Iy
additionally by R6, wherein R2 denotes R23 a
hydrogen, fluorine or iodine atom or

wherein
m is the number 1 or 2,

X" denotes a carbonyl, thiocarbonyl, C=NR*, C=N-OR®*, C=N-NO,, C=N-

CN or sulphonyl group,
X?  denotes an oxygen atom or a -NR* group,

X3 denotes a carbonyl, thiocarbonyl, C=NR*, C=N-OR®*, C=N-NO,, C=N-

CN or sulphonyl group,
x* denotes an oxygen or sulphur atom or a —=NR* group,

R%  in each case independently of one another denotes a hydrogen or

halogen atom or a Cqs-alkyl, hydroxy, hydroxy-Ci.s-alkyl, Ci.s-alkoxy, C1.5-
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R2ba net hoxy, Cl_2-alkyl, formyl, NH2CO or 10 R2c a
chlorine, brom ne atomor an ethynyl group, R6 denotes

wa@ 2bugas@mgen, fluorine, chlorine, brom ne or i OPCTVEPENDIG4406

or a C1_2- alkyl or am no group11-15 wher ei n, unl ess
ot herwi se stated, by the term "hal ogen atont nentioned

B%ﬁy@gﬁéﬂkﬁ, bmind & dﬁeélkfﬁlb]?ﬂll‘?@sdll(@1 IRARN)-AirR, @ino- c1 s-alkyl,
sel ecte ronlannng

uoril ne orlne bronlne an
o ﬁyaiq@ﬁayag%o%g %Mn&é??éa efihradings % H'K?’Lu@éﬁ'}‘bcmgnyl

ntioned. definitio ave nore than two carbon
b srudtapinocaitsl G reraaa SHREaToay B r ai ght - chai n
or branched and the al kyl groups in the previously
FeatalipfearioandprynaoeurgMblies, for exanple the
di al kylam no groups, nmay be identical or different,
INah2q0 8086y 9he Pion dePAUTit6d £0 60 7-rh8mineded gmtmsdQ\Sdgen
atons of the methyl or ethyl groups contained in the

hefepggtonss HeCi, Brt i, @er Nltgiti%ﬁéllptrhﬂfducéé vithR®0as swstigent are
vvholly or partly repl ace by fluorine atons, 5 the

Lo SPPIP B i RO et s o

ﬁﬁﬂ%@q@e erelnbefore in the definitions are the

t 1-propyl, 2-propyl, n-butyl, sec-butyl,
tert-butyl, 1 pentyl, 10 2-pentyl, 3-pentyl,
neo- pentyl, 3- nethyl 2-butyl, 1-hexyl, 2 hexyl
3- hexyl 3- nethyl - entyl, 4-nmethyl-2-pentyl,
Bret ayq:h mqg@ﬂnglentlszo e¢gnothgr gdeneotg a hgdmgen atom or a
di met hyl - 3-butyl or 2, 3-di et hyl - 2- butyl group.
Exaakydgradp,t he Cl1_5-al kyl oxy groups menti oned
herei nbefore in the definitions 15 are the nethyl oxy,
et hyl oxy, 1-propyloxy, 2-propyloxy, n-butyl oxy,
sec-butyl oxy, tert-butyloxy, 1 -pentyl oxy,

REPENLYL e panBERTY bPEYe GhothBPuBRBIYA RYdroYeAUlom, a Cy.s-alkyl,

Cis-alkylcarbonyl, Ci.s-alkyloxycarbonyl or Cq.s-alkylsulphonyl group,

R* denotes a hydrogen or halogen atom, a Ci.s-alkyl or C4_3-alkoxy group,
while the hydrogen atoms of the C4.3-alkyl or C4.3-alkoxy group may optionally
be wholly or partly replaced by fluorine atoms, a Co.s-alkenyl, Cos-alkynyl,
nitrile, nitro or amino group,

R® denotes a hydrogen or halogen atom or a C4.3-alkyl group,

R® denotes a hydrogen atom or a C4.3-alkyl group, and

M denotes a thiophene ring according to formula (l11),
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Exanpl es of the C2.5-al kenyl groups nentioned
herei nbefore in the definitions are the ethenyl, 1

wo poospsos9il -yl , 2-propen-1-yl, 1 -buten-1 -yl , PCI/EP2007/064406

2-buten-1-yl, 3 20 buten-1-yl, fo-penten-1 -yl ,
2-penten-1-yl, 3-penten-1-yl, 4-penten-1l-yl, 1 -hexen-
1 -yl, 2-hexen-1-yl, 3-hexen-1-yl, 4-hexen-1-yl,
5- hexen-1-yl, but-1-en-2-yl, but- 2-en-2-yl,
but-l-%g-B-yl, g-nethyl-prop-z-en-l-yl,
- R pent-2-en-2-yl, pent-3-en-2-yl,

-yl, pent-1l-en-3-yl, pent-2-en-3-yl,
ut-1-en- 1-yl, 2-methyl-but-2-en-1-yl,
2- et hyl - but - 3-en-1-yl or 2-ethyl-prop-2-en-1-yl 25
2008/08? 91 PCT/ EP2007/ 064406 -14 Exanpl es
.5-a|kydﬁ” groups nentioned hereinbefore in
the definitions are the ethynyl, 1-propynyl,
2-propynyl, 1 -butyn-1 -yl, 1-butyn-3-yl,
2-butyn-1-yl, 3-butyn-1-yl, 1 -pentyn-1 -yl, 1
windatt igrbo3mgl to the cpebtnyhgroupl in f@mpalat(})n4d the 2-pdstlion and which
pentyn-3-yl, 3-pentyn-1-yl, 4-pentyn-1-yl, 2-nethyl-1
ishsipstitfted lin the SBoBiontoy REAND optidhalBT adtitBidy!bylRE, wherein
-butyn-3-yl group. A 2nd enbodi nent of the présent
i nvention includes those conpounds of general formnula
(1), wherein 10 D denotes a substituted bicyclic ring

steg1of formula (I1), K2-KA1l-:~ A2 X 3 K3 K4 A
R\!I) GARESi n 15 K1 and K4

R? a hydrogen, fluorine or iodine atom, or
R? a methoxy, C1.2-alkyl, formyl, NH.CO, or

R? a chlorine, bromine atom or an ethynyl group,

R® denotes a hydrogen, fluorine, chlorine, bromine or iodine atom or a Cy.»-

alkyl or amino group,

wherein, unless otherwise stated, by the term "halogen atom" mentioned
hereinbefore in the definitions is meant an atom selected from among fluorine,

chlorine, bromine and iodine,

and wherein the alkyl, alkenyl, alkynyl and alkyloxy groups contained in the
previously mentioned definitions which have more than two carbon atoms may,
unless otherwise stated, be straight-chain or branched and the alkyl groups in
the previously mentioned dialkylated groups, for example the dialkylamino

groups, may be identical or different,



10

15

20

25

each i ndependently of one another denote a -CH2,

-CHR a, or a -CR7bR7c group, wherein 20 R7a/ R7b/ R7c
we@aaig/ogisdependent |y of one anot her denote a fl POT/ER®07/064406

atom a hydroxy, methoxy or Cl13-al kyl group which

may be substituted by 1-3 fluorine atons, WO

2008/ 080891 PCT/ EP2007/ 064406 -15 wherein the two

groups R7b/ R7c cannot both sinultaneously be bound to

" AR SRR DA A T G e
r ou ﬁgg}?eglmtlogssu efggrog}e s%étﬁfgng ! hg@ M\Mégr partly replaced

car bocycl ic group, and K2 and K3 each i ndependently of
erduarioe RQMP.epresent a -CH2, -CHR8a, or 10 - CR8bR8c
group, and RB8a/ R8b/ RBC each independently of one
anot her denote a Cl_2-al kyl group which nmay be
substituted by 1-3 fluorine atons, 15 or two groups

REpabtomery ehantiomerg elidiesreonidrs | ingktgiesldrel SfistiPBreof.
atom a 3-, 4-, 5-nenbered carbocyclic group, and in

all in formula (Il1) there should be no nore than four
groups selected from 20 among Ra, R b, Rc, R3a, R8b

Eéﬁg}pi%s %ﬁﬁgo‘ff o@g%'ﬁ%gqe@}{sg {T%O%Sgg%%ﬁggfp?é "h trfePdFhitions are

PCT/ EP2007/ 06 406
the meth ? ethyl, propyl, %-propyl, n-butyl, sec-butyl, tert-butyl, 1-pentyl,

2-pentyl, 3-pentyl, neo-pentyl, 3-methyl-2-butyl, 1-hexyl, 2-hexyl, 3-hexyl, 3-
methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl, 2-methyl-3-pentyl, 2,2-

dimethyl-3-butyl or 2,3-dimethyl-2-butyl group.

Examples of the Cy.s-alkyloxy groups mentioned hereinbefore in the definitions
are the methyloxy, ethyloxy, 1-propyloxy, 2-propyloxy, n-butyloxy, sec-butyloxy,

tert-butyloxy, 1-pentyloxy, 2-pentyloxy, 3-pentyloxy or neo-pentyloxy group.

Examples of the Co.s-alkenyl groups mentioned hereinbefore in the definitions
are the ethenyl, 1-propen-1-yl, 2-propen-1-yl, 1-buten-1-yl, 2-buten-1-yl, 3-
buten-1-yl, 1-penten-1-yl, 2-penten-1-yl, 3-penten-1-yl, 4-penten-1-yl, 1-hexen-
1-yl, 2-hexen-1-yl, 3-hexen-1-yl, 4-hexen-1-yl, 5-hexen-1-yl, but-1-en-2-yl, but-
2-en-2-yl, but-1-en-3-yl, 2-methyl-prop-2-en-1-yl, pent-1-en-2-yl, pent-2-en-2-yl,
pent-3-en-2-yl, pent-4-en-2-yl, pent-1-en-3-yl, pent-2-en-3-yl, 2-methyl-but-1-en-
1-yl, 2-methyl-but-2-en-1-yl, 2-methyl-but-3-en-1-yl or 2-ethyl-prop-2-en-1-yl

group.
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a Cl.2-al kyl or C3.4-cycloal kyl group, wherein the
nmet hyl ene and net hyl groups present in the

wa@begesegent i oned groups may additionally be PCT/EP2007/064406

substituted by a nethyl group .14 and wherein A
denotes CR10 A2 denotes CR11, 10 A3 denotes CR12,
wherein R10, Rl' and R12 each independently of one
anot her represent 15 a hydrogen, fluorine, chlorine,

B 00l P SRl B cons
f R4 20 t A4
s Sy S0 AT HRREBA, BermEaba b eRAor. TBUb S -2-btyn-1-v1

or wherein A denotes A5 , a group of general formula
eradymnlon 1vﬂentwﬁéﬂ),rﬁ-pﬂ%§hﬁg -y, renty-4xd, 2-pentyn-1-yl, 2-
pentyn-3-yl, 3-pentyn-1-yl, 4-pentyn-1-yl, 2-methyl-1-butyn-4-yl, 3-methyl-1-

butyn-1-yl or 3-methyl-1-butyn-3-yl group.

A 2nd embodiment of the present invention includes those compounds of

general formula (l), wherein

D denotes a substituted bicyclic ring system of formula (ll),

1

IA\ A2

(1)
wherein

K" and K*
each independently of one another denote a -CH,, -CHR™?, or a

-CR™R’® group, wherein

R73/R7b/R7C
each independently of one another denote a fluorine atom, a hydroxy, methoxy

or Cy2-alkyl group which may be substituted by 1-3 fluorine atoms,
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5~ (Raym(RRa)m (RRa)m N ~N X x4 X ~jor X~
wherein 10 mis the nunber 1 or 2, X1 denotes a

weaodsorygvl or C=N- CN group, X3 denotes a car bopgl/ER2007/064406

C=N-CN group, 15 X4 denotes ammxygen atom R93 in
each case independently of one another denotes a

réraaeRe ﬁh@g\' PR %ALY bo®f iRitalBb gty YO bound to the
2008/'080891 PCT/ EP2007/ 064406 -18 R4 denotes a

nz?{g:oc[%?ﬁoﬁ%tcfr% l\'/%Lb 'ﬂ%ter‘rc‘)gl?% ! %&ﬁgf ég bﬁec Eydr%ﬁonds toa—

g;i_uorl ne or chlorine atomor a nethyl group R3

AL P hydr ogen at om and M denot es a t hi ophene ring
according to formula (I111), 10 2/S5 R2 R6 (I11)

whi ch is bound to the carbonyl group in formula (1)

via the 2- POSItlon and which is substituted in the
Bv@gsoursoR 'Y Reaya fatmo pogethet with dikel cyélienzerbgn atorRea 3-, 4- or 5-
wherein 15

membered saturated carbocyclic group, and

K*and K°
each independently of one another represent a -CHoy, -CHR®, or
-CR®*R® group, and
R83/R8b/R80
each independently of one another denote a C1.2-alkyl group which may be

substituted by 1-3 fluorine atoms,

or two groups R*®/R® may form, together with the cyclic carbon atom, a 3-, 4-,

5-membered carbocyclic group, and

in all in formula (1) there should be no more than four groups selected from
among R, R, R, R®, R® and R®, and

X denotes an NR' group, wherein

R' denotes a hydrogen atom or
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R2 denotes R2c a chlorine, brom ne atomor an ethynyl
group, R6 denotes a hydrogen atom 20 the tautoners,

wo@stessepnmers, m xtures and salts thereof. WOPCT/EP2007/064406

2008/ 080891 PCT/ EP2007/ 064406 -1¢l9 A 3rd enbodi ment of
the present invention includes all those conpounds of

Bi, ,-AikyiSdr @NHcy@saRA gRRdI ment, wherein D denotes a
substituted bicyclic r| ng system of formula (I1),

Refei e mefiyiefs alidinfuniL Sbubs'dhbgen IR U Bpffe-pithyioped

n enbodi e tauto di ast er eoners,
ifSlns 8y gaaTenal: BE sPShEtEd 6y A THERV BB ment of the
present invention includes all those conpounds of the
first and second enbodi nrent, wherein D denotes D2 a
group of general formula R5 CN ~r | OR4 15 wherein
BPadaviceré®® are as defined in the 1 st or 2nd

enbodi nent, the tautoners, diastereoners, m xtures
and salts thereof.

A" denotes CR™,
A% denotes CR",
A%  denotes CR',
wherein R"®, R'" and R'? each independently of one another represent

a hydrogen, fluorine, chlorine, bromine atom or a Methyl, CF3, a cyano,

Methoxy, CF3sO, CHF,O, CHyFO- group, or

D denotes D? a group of general formula

RS

wherein A denotes A*, a group



10

15

A 5th enbodi nent of the present invention includes al
t hose conpounds of the 20 first and second

wenwsasesent , wherein WO 2008/ 080891 PCT/ EP2007pO6418£067/064406

-20 D denotes D2 a group of gengral formula R5 A R4
5 or wherein A denotes A5 , wherein A5, R4 and R5 are
as~defined in the 1 st or 2nd enbodi nent, the
tdutopers, diastereomers, m xtures and salts thereof.
ANGt INenmbodi ment of the present invention includes al
t hose cghpounds of the 10 previous enbodinents in
hi gh optiical purity at the carbon in position 3 of the
tetrahydrofuran ring, wherein the
am no- tetrahydrofuran carboxylic acid am de noiety
bawhehain A dendteg iy ata gioupAf geheatfoiutent of t he
present invention includes all those conpounds of the
15 previous enbodi nents in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring,
rein the am no-tetrahydrofuran carboxylic acid
anf%f?NaDiety has the S-configuration. The foll ow ng
prefierr,ed conpounds of general forrmula (I) are
ment i ohed » by way 20 of exanple, both as the
tautoners, m xtures and salts thereof:
(é@ 3- [(5 br om0 hen- 2-yl') - car bonyl am no] - N- ( 3- net
hyl - ‘4,5-tetrah rm— 1
Hb 'd] azepi n- & tetrahydrofuran 3-carboxylic
acid anide WO 2008/ 0891 PCT/ EP2007/ 064406 -21-
CXINONN

(Rga)”CN\’f ey (Rga)m(m\‘f
X | x\\__/x | o xi—/x
wherein

m is the number 1 or 2,

X' denotes a carbonyl or C=N-CN group,

X3 denotes a carbonyl or C=N-CN group,

x* denotes an oxygen atom,

R%  in each case independently of one another denotes a hydrogen atom or a

Cip-alkyl group, while
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oBr O-~Y
(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] - N-(3-ne

wo byis/R0s81 4, 5-t et rahydro- 1 PCT/EP2007/064406

H benzo[ d] azepi n-7-yl ) -t etrahydrgf ur an- 3- car boxyl i c
acid amde 5 E\ O N/ Od N >Cvcl

(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no]-N- ((5R
)-3,5-dinethyl-2,3,4,5- tetrahydro-1

ﬁ"?gna%%]egzae@d?oaeﬁf Io)r TIESttlﬁ@IBﬁ%rﬂ’f 6@&0%5@ *Pc?rﬁyg Ir’r‘fethyl ora

3 chl or o-t hi ophen-2-yl)-carbonyl am no] -N- ((5S
;”93)1 -ydé"S?é‘Phyl 2,3,4,5 10

t et rahydr o- 1H benzo[ d] azepi n-7-yl ) -t et rahydr of uran-3-c¢
arboxylic acid amde O-NGa -NI \ NN NNSC

CH3 Opd CH3 0O

R3S) - Befngtes chhyrrogei, faminies-ct-orllgrireaatoompt ametoy/ gio(pl
R -1, 3-dinmethyl-2,3,4,5- tetrahydro-1

H benzo[ d] azepi n- 7-y| )-tet r ahydr of ur an- 3- car boxyl i c
acid amde and 15

gs&geﬁéésvﬂﬂw@g%ﬁ?% efpg2- Yl ) - carbonyl am no] - N- ((1

tetrahydro 1
H benzo[ d] azepi n-7-yl ) -t etrahydrof uran- 3- car boxylic
acid am' de V\D 2008/ 080891 PCT/ EP2007/ 064406 -22 CH3

N.N N N
ﬂ_B denotes a thiophene ring according to formula (lll),

R (1)

which is bound to the carbonyl group in formula (1) via the 2-position and which

is substituted in the 5-position by R? and optionally additionally by R®, wherein

R?>  denotes

R? a chlorine, bromine atom or an ethynyl group,
R® denotes a hydrogen atom,

the tautomers, diastereomers, mixtures and salts thereof.
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0OSC 00O0Sdd (S)-5-chloro-thiophene-2-carboxylic
acid-N-{3-[3-nethyl -4-(5-cyan imin- [1

wo 4jossmepan- 4-yl ) - phenyl car banoyl ] -t et r ahydr oPOT/8P2087/964406

l}-amide O Uo HNS N HC.1g~N\ OCH3 NS5
(S)-5-chl oro-thi ophene-2-carboxylic

AC3E-drhibSdibfEnt of HEaprelbAt ihleAtic MERRRR- a‘H‘those compou unds of the
yl) - phenyl car bam)yl] tetra hydrofuran-3-yl}-amde OO

[ts}"aBd sRshd ephealimeRt Mooy i o
aci d- N-{3-][ 3- methyl 4- ( 5- oxo-
[ 1, 4] oxazepan-4-yl) - phenyl carbanoyl ] -tetra

hydr of ur an- 3-yl } - am de WD 2008/ 080891
B>C/IT/ Efeneres @eutssituted bicyclic ring system of formula (ll),

IA\ A2
(1)

wherein K1, K2, K3, K4, X, A1, A2 and A3 are as defined in the 1% or 2nd
embodiment,

the tautomers, diastereomers, mixtures and salts thereof.

A 4th embodiment of the present invention includes all those compounds of the

first and second embodiment, wherein

D denotes D? a group of general formula

(A

RS

wherein R4 and R5 are as defined in the 1% or 2™ embodiment,

the tautomers, diastereomers, mixtures and salts thereof.

A 5th embodiment of the present invention includes all those compounds of the

first and second embodiment, wherein
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-23- OH NS NBr H~-N\ O OO
(S)-5-brono-thi ophene-2-carboxylic

wa@cid/BespB- [ 4- (5- cyani m n-[ 1. 4] oxazepan- 4- PCT/EP2007/064406

yl) - phenyl carbanoyl ] -tetra hydrgg-uran-3-yl}-am de O O
HJaNS HNBr ONN 1~1 N 5

(S)-5-brono-thi ophene-2-carboxylic

aci d- N-{3-[ 3- et hyl - 4- ( 3- oxo- nor phol i n-4

B - PRERES I RERN Il of! ferlePalWyfthrat M oPhen-3-yl}-am de

R

or wherein A denotes A° , wherein A5, R4 and R5 are as defined in the 15t or 2™
embodiment,

the tautomers, diastereomers, mixtures and salts thereof.

A 6th embodiment of the present invention includes all those compounds of the
previous embodiments in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring, wherein the amino-tetrahydrofuran carboxylic acid amide

moiety has the R-configuration.

A 7th embodiment of the present invention includes all those compounds of the
previous embodiments in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring, wherein the amino-tetrahydrofuran carboxylic acid amide

moiety has the S-configuration.

The following preferred compounds of general formula (1) are mentioned by way
of example, both as the tautomers, mixtures and salts thereof:
(S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide



O/ NOJ (S)-5-ethinyl-thiophene-2-carboxylic acid
-N-{3-[4-(3-0x0-norpholin-4-yl)-

w@basys@ar banoyl | -t et rahydr o-t hi ophen- 3-yl } - anPdE®EVE007/064406
2008/ 080891 PCT/ EP2007/ 064406 224- OO HONN H
rt~ NOJ and (S)-5-brono-thi ophene-2-carboxylic
acid-N-{3-[3-nethyl -4-(pyrrolidin-1-yl- 5 carbonyl)-ph
enyl car banmoyl ] -tetra hydrofuran-3-yl}-amde O ro HN
S NOY OHBr OCF 3

0 hi op - 2-carboxylic

(pyr{rol |\d| n-1-yl - carbonyl) -

ROV - tt ahydrof uran-3-yl}-anide O Uo

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

@]
00,8
S

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5R)-3,5-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

AR L NS

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1S)-1,3-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide



HNS HBr HN~ O O10
(S)-5-ethinyl-thi ophene-2-carboxylic acid
wo bbog®s(sst chl or o- 4- ( 3- oxo- nor phol i n- 4- PCT/EP2007/064406
yl) - phenyl carbanoyl ] -tetra hydrgp.t hi ophen-3-yl }-am de,
WD 2008/ 080891 PCT/ EP2007/ 064406 -25- OO HONN s
H NOJ cl (S)-5-brono-thiophene-2-carboxylic
aci d-N-{3-[ 3-chl oro-4-(2-o0xo0-azepan-|-yl)-
phenyl car banoyl ] -t et rahydr o-t hi ophen-3-yl }-anmide, OO
HNs OBr H NOcl

CH, EH,
-OoLg -OoLg
N\
N 0 S>\©/0| 0 S>\©/C|
(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

N
OK)QN\ CH,
\

N

5 (8S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]Joxazepan-4-

yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

LA N\
|

N

o

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-0xo-

[1,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide



5 (S)-5-brono-thiophene-2-carboxylic
aci d- N-{3-[ 4-(2-oxo-azepan-I|-yl)-

w@basyk@ar banoyl | -t etra hydro-t hi ophen- 3-yl } - aPCTEP2007/034406
HONHSBr N O/(S)-5-brono-tig-ophene-2-carboxylic
aci d- N-{3-[ 3-net hyl - 4- (5-cyani m n-
[ 1. 4] oxazepan- 4-yl) - phenyl carbanoyl ] -tetra
hydr of uran- 3-yl } - ani de WD 2008/ 080891
PCT/ EP2007/ 064406 -26- OO HC/ NNSHBr NN III
N (S)-5-brono-thiophene-2-carboxylic
acid-N-{3-[3-chloro-4-(5-cyanimn
[ 1. 4] oxazepan-4-yl) - nyl car banmoyl ] -tetra
hydr of uran-3-yl}-a 'de\ 00 NCO NS HBr N

.‘:: S
”)KE}/Br

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]Joxazepan-4-

yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

O
|
.': S

O
~N
| ‘ |
N
(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-oxo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide

Iz

(S)-5-ethinyl-thiophene-2-carboxylic acid-N-{3-[4-(3-oxo-morpholin-4-yl)-

phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide



NIIl N 5 (S)-5-chloro-thiophene-2-carboxylic acid
-N-{3-[ 3-net hyl - 4-(3-cyani m no- nor phol

w0 beodyispt phenyl car banoyl |-t etra hydr of ur an- 3- pCF/ERZI0TEs4406
OO HC/ NNSHCd \ NN O4-N IIl N
(S)-5-chl oro-thi ophene-2-carboxylic acid
-N-{3-[3-chl oro-4-(3-gyani m no- nor phol
i n-4-yl)-phenyl carbamyyl ]-tetra hydrofuran-3-yl}-am de

WD 2008/ 080891 PCTNEP200'7/ 064406 -27- OO C / NS H

i opnen- ~Bonyl am no] - N- ((2S)

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(pyrrolidin-1-yl-

5 carbonyl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

O CH,

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(pyrrolidin-1-yl-carbonyl)-

phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

10  (S)-5-ethinyl-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-oxo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide,



tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t et rahydr of ur an- 3- car boxyl i c
wa@ciod/ososvde and PCT/EP2007/064406

(S)-3-[(5-chloro-thi ophen-2-yl)2gar bonyl am no] - N- ((2R)

-2,3-dinethyl-2,3,4,5- 5 tetrahydro-1

H benzo[ d] azepi n- 7-pk -t et r ahydr of ur an- 3- car boxyl i c

acid amde O -N//NNOCO O~S/ O-NGNNOSCd

(S)-3-[(5-chl orlg t N op el 2-yl)-carbonyl am no] - N-((4S)

-3, 4-di methyl - 243, 48

_' “yl yNtetr - 3-carboxylic
()
Ny

d 10
or o- thi ophen- 2- - car bonyl am no] - N- ((2R)
-3 I methyl-2,3,4,5- tetrahydro-1

b\/njo[d] @iepi n-7-yl)-tetrahydrof uran-3-carboxylic
ac:| am de WD 2008/ 080891 PCT/ EP2007/ 064406 -28- N'O

SAd O -N/ N,,NO d
(S) -5- bromo -thiophene-2-carboxylic acid-N- {3 [3-chloro-4-(2-oxo0-azepan-1-yl)-

phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide,

5 (8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(2-0x0-azepan-1-yl)-

phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide,

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide



the followng compound, \ O N / NNpd ~ffyd
O5 the followng conpound, - 11O tNa NNpd O
WO 2008/080891 PCT/EP2007/064406
(S)-3-[(5-chl oro-thiophen-2-yl )2gar bonyl am no] - N- (2, 2,
3-trinethyl -2,3,4,5- tetrahydro-1
H benzo[ d] azepi n- 7- o tetrahydr of uran- 3-carboxylic
acid amde ONNNC \ 0o~S/ WD 2008/ 080891
PCT/ EP2007/ 064406 9
(S)-+H - e¥f

car bonyl am no] - N-( 3, 4,
Br

of ur an- 3- car boxyl i c

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

X
o
\

N

(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-cyanimino-

morpholin-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

oAy
I

N
(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-cyanimino-

morpholin-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide



10

\ ON/ NNOdOd O-~9
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no]-N- (3,5,

wo2008i08mbhyl -2,3,4,5 5 tetrahydro-1 PCT/EP2007/064406

H benzo[ d] azepi n-7-yl ) -t etrahydrpf ur an- 3- car boxyl i c
acid amde O-N/ NNOdOd O-~5

(S)-3-[(5-chl oro-t piephen- 2-yl)-carbonyl am no] - N-( 3-ne
thyl-9-fluor-2,3,4,5-\tesrahydro-1

H-benzo[d] azeplm- /1) - t gt r ahydr of ur an- 3- car boxylic

(S)-3-[( i & bonyl ami no] - N- (3-ne
th o-1

aocid m N

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((2S)-2,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((2R)-2,3-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

O

-2,
S

0 OWC'

b@ § !

—N \

N .JN
O

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((4S)-3,4-dimethyl-2,3,4,5-

Cl

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((2R)-3,4-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide



CX:~FOd 0 ~ffyd W 2008/080891
PCT/ EP2007/ 064406 -30- as well as
wo R)osB8(sdb- br ono- t hi ophen- 2-yl ) - car bonyl am no] p&E/EB200®064406
hyl -2, 3,4, 5-tetrahydro- 1 -28-
H benzo[ d] azepi n-7-yl ) -tetrahydrof uran- 3- car boxylic
acid _am de, 5

aci d am de, N S
(3R)-3-[(5-chl or®t hi a ¢L car bonyl ami no] - N- ((5R
)-3, 5-di met hyl -2, 3, 495 10\t ef/r ahydr o- 1

H benzo[ d] azepi n-7-yl ) -t etrahydr of uran- 3- car boxyl i c

O
phen- 2-yl ) -carbonyl am no] - N- ((5S
tetrahydro-1
fyr ahydr of ur an- 3- car boxylic

acid amde, (R)-5-chloro-thio e-@r carboxylic acid
-N-{3-[3-net hyl - 4- (5- cyanpiii n 1
. 4] oxazepan- 4-yl ) - phenyl car ba -tetrahydrof uran-3-y

| }-am de, (R)-5-chloro-thiophene-2-carboxylic

afd 511 EdmpSusy ani m n-[ 1. 4] oxazepan- 4-

yl ) - phenyl car banoyl ]-tetra hydrofuran-3-yl}-am de, 20
(R)-5-bromp-th i ophene-2-carboxylic acid

-N-{ ety | - 4 0XO0-

[ T7W] oxaz -4-y) - ﬁ\henyl carbanoyl]-tetra
hydr § ' q-de,

(R) Z5; br ono-t hi opfiend- 2- carboxylic

aci d-N-{3-[4- (5- ¢yani
yl) - phenyl car banoyl |Otetr
WO 2008/ 080891 PCT/ EP2007
i ophene- 2-car boxylic acid
the foflopvBygnearhpouad,( 3- oxo- nor phol i n- 4-

T ®hzepan- 4-
hydr of uran- 3-yl }-am de, 25
4406 -31 (R)-5-brono-th

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(2,2,3-trimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide




yl ) - phenyl car banoyl ] -tetra hydro-thi ophen-3-yl }-am de,
(R)-5-ethinyl -thi ophene-2-carboxylic acid

wo bho8Bs(sdt ( 3- oxo- nor pholin-4-yl) 5 PCT/EP2007/064406
phenyl car banoyl | -t et rahydr o- t hizgphen- 3-yl } - am de,
(R) - 5- br ono-t hi ophene- 2-car boxylic acid
(=835 chIBRI-thid rfb‘r{—?X/'l)téHrbeylbﬁmﬂo] NI(3,4 4- -trimethyl-2,3.4.5-

car bonyl) - phenylcarbannyl -tetrahydrofuran-3-yl'}-a
gegflagwy&@ g?{ Qér?i@crﬂﬁag @Pﬁ?ﬁ téfrgﬁ%djrgﬁ}% $B-carboxylic acid amide
phenylcarbannyl] tetrahydrofu ran- 3- yI} am de,

ne- 2- car boxylic acid

- (3-\oxo- nor phol i n- 4-

J<"tetra hydro-thi ophen-3-yl}-am de,
'OpRene- 2- carboxylic acid

(2- 9xa: aepane] -yl ) - |

phenyl car banoyl ] -t et pahydy\o- f/hi ophen-3-yl } - ami de,

(R) - 5- brono-t hi ophene- 2-c xylic acid
-N-{3-[4-(2-0ox0-azepan-1-yl) 20

531 BY(5-ilbr b dhere2yihyatbon yI Bt S 3,53 -trirasihge2,3,4,5-

- br omo- t hi ophene-2- car boxylic

t 3+ !3])5% g Ve lic acid ami
5 Fé? éi’}lyg;r(cgzeplg%ﬁ%[ |Hen)¥f)c§r%ﬂ§'ﬁdgo L.jran -3- carboxy ic acid amide
hydr of uran-3-yl }-am de, WD 2008/ 080891

eng- 2- car boxyl i c

~%- (5-cyani m n-

-Nhenyl car banoyl ] -tetra

hydrofuran 3-yl}amd S Cl

(R)-5-chl oro-thi ophetDe- 2-gar joxylic acid

-N-{3-[3-net hyl -4-(3-cyanimho 5 nor phol

i n-4-yl)-phenyl car banoyl ] -t etrahydr of uran- 3-yl }-am de,
(R)-3-Hcthiorosthidphagra2iyd)-Garban yamyra]eV-484indethyl-9-fluor-2,3,4,5-
-N-{3-[3-chl oro-4-(3-cyani m no- nor phol

tetratyidta-1 PRSENICT @aRapmy? - L/f)&é&élﬁf&f@fb@é#@éhr%ow}cm @fnide

10 the foll owi ng conmpound

10  (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-8-fluor-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide




10

15

20

25

NNOOd O-~S/ the following conpound\ ~O N NN O
ada o-~s/ 15

w@ R)0sB8(sd6b- chl or o-t hi ophen- 2-yl ) - car bonyl am nopeNEPR2064406

3-trinethyl -2,3,4,5- tetrahydrzp-1

H benzo[ d] azepi n-7-yl) -t et rahydrof uran- 3- car boxyl i c
§wb|iedg de,

(R -3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] - N (3, 4,
4-trimethyl -2,3,4,5- tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t etrahydrof uran- 3- car boxylic

2008/0 089 P | EP2007/.064

IR 240 b BT o pBhe R2 o ReADSnVIRTRak Nay ey a5 A g rghycro-

5-trinmet hyl -2 4, 5- tetrah dro-1
mHotéerzzs{[@ﬂ]aa@@@r%rw-tﬂrahxcg@ft&ﬁ@r@r%rbpéﬂtcse%aﬁm@| ic
acid am de,
(R -3-[(5-chl oro t hi ophen-2-yl)-carbonyl am no] - N- ( 3- ne
thyl-9-fluor-2,3,4,5 tetrahydro-1
tRpsqesnBMbﬂzﬁnopShdn 21yl - Erbb A AHiIed | W AB-rdettl-RBY bitetrahydro-

acli d am de,

t(lﬁ%lfe:’%i_of{@aﬁgbﬁrf’ yghgﬁwd“ro%réfh)& EADBRI 267 BRadt (3- e

uor-2,3 10 tetrah
H benzo[ d] azepi n-7-yl ) - tetrahydrof ur an- 3- car boxylic
acid am de. Inapreferred enbodi nent, the foll ow ng

ds are
P LSSl corbomy oM 51y Ak 5
hyl -2, 3,4, 5-tetrahydro- 1
Fettﬁéﬂyﬂ@-d]-élz@pgqﬁd]azwm st rtatigaydrpiuran-33carapkyicya¢id amide and
acid ani de
(3R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide,

(R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

(R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]oxazepan-4-

yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-oxo-

[1,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]oxazepan-4-

yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,



10

15

20

IS5 E\N O N/ NNOBr O-Y
(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] - N-(3-ne

wo byis/R0s81 4, 5-t et rahydro- 1 PCT/EP2007/064406

H benzo[ d] azepi n-7-yl ) -t etrahydgpf uran- 3- car boxyl i c
acid amide E\ ON/ NNO d 20 W 2008/080891
5@?8%7%%9@ 2- C§r‘boxyllc aC|d N {3-[3- methYI -4-(3- oxo mor E_tmglln -4-

[ (5-chl oro-thi ophén- -y -carbony am no] -

enzg{cg?%ze Yﬁt%raﬁ’y?rc% rﬁr ahydr ran e3 car boxylic

acid am de and

(3S)-3-[(5-chl oro-thiophen-2-yl)- carbonyl am no] -N- ((5S
)-3,5-dinethyl-2,3 4,5 tetrahydro-1
@béﬁ@pmmﬁm%ﬁ?yayw&@ aﬁwdadﬂaa ogodapmqhnrdcyl)

acid amde 5 Na O-NI ~\ NNNS O CH3 SOd

CheRylGar®amoyl]-tetrahydro-thiophen-3-yl}-amide,

(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no]-N-((1
R) -1, 3-dinethyl-2,3,4,5- tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t et rahydr of ur an- 3- car boxyl i c

P55 PanERien 2 cotbonyie seg G ey SHGUTOT 2"
ar'bJO’n?/I')gdh%%tyr%lrbgmgylf'-tef’[rahyd rofuran-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(pyrrolidin-1-yl-carbonyl)-

phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

(R)-5-ethinyl-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-oxo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(2-oxo-azepan-1-yl)-

phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(2-ox0-azepan-1-yl)-

phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,



10

15

10
t etrahydr o- 1H benzo[ d] azepi n-7-yl ) -t et rahydr of uran- 3-c

wa@rdsxoylsoc acid amde CH3 CH3 -N O-N N N pOr/EPHoGH64406

ONSCd OO (S)-5-chloro-thioghene-2-carboxylic
aci d- N-{3-[ 3-net hyl - 4- (5- cyani m n-

] L i 13- -(5- imin-
A T o oy

oD Y0 AR ELRBRAS BT 200X BOAAIR 5.y Fimice,

aC|d N-{3-[ 3- methyl 4- (5 0XO0-
[ 1, 4] oxazepan-4-yl) - phenyl car bam)yl] tetra

h|¥drofuran 3-yl}-amde OO HNS
(R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-cyanimino-

morpholin-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

(R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-cyanimino-

morpholin-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

the following compound

(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(2,2,3-trimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide,

(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3,4,4-trimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide,



10

15

20

NBr H~N\ O O__~0O5
(S)-5-chl oro-thi ophene-2-carboxylic

wa@cid/BespB- [ 4- (5- cyani m n-[ 1. 4] oxazepan- 4- PCT/EP2007/064406

yl) - phenyl car banoyl ] -tetra hydrgg-uran-3-yl }-ani de O
U HJaNS NC H~N O-N Il N
(S)-5-brono-thi ophene-2-carboxylic

aci d- N-{3-[ 3- et hyl - 4- ( 3- oxo- nor phol i n-4

He) 2L SRR b L AR o d QBB Al 23 5.

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide,

(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-9-fluor-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide,

and

(R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-8-fluor-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide.

In a preferred embodiment, the following compounds are preferred:
(S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

@)

-2,
S

0 OWBr

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

@]

-0,
S

0 OWCI



(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no]-N- (3,5,
5-trinmethyl -2,3,4,5- tetrahydro-1
wokmsns@pd] azepi n- 7-yl ) -t et r ahydr of ur an- 3- car bPEYEPD07/064406
aci d anmi de WD 2008/ 080891 PCT/ ERR007/ 064406 -36- -N
'O NNS Od OS5 The invention also relates to

PO 58 NSOEHISR-Ahio R LRA AR ROSMIE i) N-NBRIBTBRAUREY1-2,3,4,5-

ng to the enb ment s ‘defi ned above and

B eaBPRLy a?étréﬁg%@%@- -GApBIcREaG0 Gmide and
RS 4l gp%r{é“%nc(é@?%ryn QA AT o N (B S ARt R 4.5

getra)hydro 1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

TS et =gy

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1S)-1,3-dimethyl-2,3,4,5-

10 tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

CH, CH,
-Cog 0o
N _-“N N .~‘N .
S

(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

15 N



10

15 WO 2008/ 080891 PCT/ EP2007/ 064406 -37 wherein A,
Alto A3, Kto K4, Xand R to R6 are defined as in

webnisasizent 1, and which may optionally be prptEEP®I7/064406

at any am no, hydroxy, or carboys. groups present by
the usual protective groups such as for exanple those
described in TW Geene, PGM Wts in "Protective
Groups in Organic 5 Synthesis" and the protective

?%)25{5§?ﬂ5-tmpﬁlénw gr%o%}/lgtg%agnﬂl RN {gg%ln from

era escr exe

R aoa A ey ngﬁfﬂﬂﬁsﬁewﬂﬂvra%—%@?-@meout

for exanple accord| ng to one of the follow ng formula

schemes 1 a or b 10 Schene 1 a1 O /K2. KAO
Xr~~A2I~QSR2 3K30K4AsNHR3+N|// o /
(Iva) (V) R6 i)Ham aflo K2,KL A 30XI1 i O23K3
g A3SNS

(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]oxazepan-4-

yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-oxo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide

2T

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3,5,5-trimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide



O optional cleaving fornula (1) R6 of protecting
group (la) Schene 1 b WO 2008/080891
woeeisRBO07/ 064406 -38- RA A0 O Q S- R2 NHPBr/EPNOtI64406
\' 1 // OR5 (V) R (IVb) i) aggdation R& A3 0 NS
2 11) HR compound of R5 0 optional cleaving formula
f protecting group (I b) Schenme 2 WO
7/ 064406 -39- O

5 The invention also relates to physiologically acceptable salts of the compounds

according to the embodiments defined above and the Examples.
Description of the manufacturing process of the invention

10  a) The preparation of a compound of general formula (la)

2_K’ 1
/K A\\A2 e @) o
X S
3 N )

|
K3\ K4 A

Ir=
/
=

(Ia) or

R
A
N S 2
N R
R’ 5 Hw
R6
(Ib)

15



D.NHR3 + NHPG (PG = H or protecting group for the
amno group) Y (IV) O(V) i) acylation iii)
wopdosormbl cl eavi ng of am no protecting group FPCODERD07/64406
D-NNHR O (VII) O NS 2 acylggionwith QIl)/R
(MIl) RE ORZ3O 1 DNs R H\ Il OR6 (lc)
wher&n AQ Jenag, qfé%é‘ KItYRT gy FOtto R _ftedlefink@4 if'ePihbdifent 1,

hal ogen at om or
and which may optionally be protected at any amino, hydroxy, or carboxy
groups present by the usual protective groups such as for example those
described in T.W. Greene, P.G.M. Wuts in "Protective Groups in Organic

5 Synthesis" and the protective groups of which may be cleaved in a manner
known from the literature,
is described in the exemplifying embodiments or can be done according to

known procedures from the literature or may be carried out for example

according to one of the following formula schemes 1a or 1b or 2:

10
Scheme 1a
0
~K!
P I
X Q S 2
3\K3\K4 AS/J\’\IHRS ¥ HJ\{]/R
o) |
(IVa) V) RS

l i) amidation

1
KZ/ K A‘1
/ %Az RS
Z

0
X | | 0
33 3 N S ii)
K=k A N R® ———>  compound of
X H \ | / - - formula (1)
R6

optional cleaving
of protecting group

(la)

Scheme 1b



5 d _5-al kyl oxycar bonyl oxy or acyl oxy group and PG

denotes a hydrogen atomor a protective group for the
wa@niososdsanct i on  known fromthe literature suchCHEPI007/064406

exanpl e a tert.-butoxycarbonyl ,38-benzyl oxycar bonyl

p- met hoxybenzyl oxycar bonyl, al 1yl oxycarbonyl, 10

et hyl oxycar bonyl, i sopropyl oxycarbonyl,

2,2,2-trichl orethyl oxycarbonyl, methyl oxycarbonyl,

9-fl uor enyl met hyl oxycar bonyl, 2 WO 2008/ 080891

PCT/ EP20P7/ 064406 -40 tri ngthyl

y

si | yhet byl oxycarbonyl, phgnyhet gyl oxycarbonyl, acetyl
or at oroacetyl grotp. Enfntionerically pure
conpou a |band I ﬁ Predrei t her by
chiral Y cAFBnat ography §pr cheni bL/ esol ution of

racemic Y;a, Ib or Ic or dptically active
internediates V, VI or VII cav)be e%ployed in the
syntiipt i ¢ steps flescribed in Scheme 1 a, 1 b and 2.
Accordingly, in a fuPPKEFOenbodi ment, the present

i nvention Rhcludes a nethod 10 for the preparati on of

subst i ayt ed 3- am no- tetrahydrofuran 3-carboxylic acid
am des o hergal nuba (Ia) in high optical purity
at the cd g im of t he tetrahydrofuran

ring conpriféi ng' oundof

formula (g¥va) with cho of th qeral f OkdrHuR (1
(V) in high opti &l purlty g'%ﬁﬁ %&fﬁ83|tlon

3 of the tetrahygyofuran ring optlon ?

conprising 15 cleaving protecting groups, wherein K1,

K2, K3, K4, X, A, A2, A3, R2, R3 and R6, and Q are

as defined hereinabove. The am no-tetrahydrof uran

carboxylic acid am de noiety of the conpound of the

general formula (V) and of the 3-
nhno-tftrahydrofuran-S-carboxyIic aci d am des of

§8 871 formul a (1a) may have the R-configuration or

the S-configuration. 20 In a further enbodi nent, the
present invention also includes a nethod for the

aund er%b



preparation of substituted
3-am no-t et rahydrof uran-3-carboxylic acid am des of
wa@eosnsdsof ormul a (I'b) in high optical purity abPCT/BR2007/064406
carbon in position 3 of the tetg.ahydrofuran ring
conprising reacting a conmpound of the general fornula
25 (I'Vb) wth a ound of the general formula (V) in
hi gh optical pyri at the WD 2008/ 080891
RCT/ EP2007/ 0644 -41 carbon in position 3 of the
t eNrnBhydr of ura pGopt i(P@a H yr fratettrergrogpor theiangno group)
cl@aving protegting groups, wherein A, R4, R5, R2, R3
and R6, and Q are ?\2 defi ned herei nabove. The
am no-tetrahydrofu B car boxylic acid am de noiety of
the conppund of the general formula (V) and of the
3-am no-{ et agWalioaf uran 5 3-carboxylic acid ani des of
gener al rmula (1 b) nay have the R-configuration or
the S-configuration. In a further enbodi nent, the
present i hViBRPHR eraiNg ¢f @MiRReRIOBCHRG HBYP f or t he
prepar ati bn Substituted
3- am no-tet r/ahydr of ur an- 3- car boxylic acid am des of
10 ge %Lf la (1c) in high optical purity at the
carbon in inapn 3 of the tetrahydrofuran ring
conprising tthe steps of: a) reacting a conpound of the
formul a (I\/? with a conmpound of the formula (VI) in
hi gh optjg@l purity at the carbon in position 3 of
the tetrahydrofuran ring|to obtain a conpound of the
formula (V1) in high ' R?&/ at the carbon in
posi tion B ofc then Wi t et r alydy/of ur@lring, optionally
cl eaving § he am no protecti group; and b) reacting
said compound (VII) of step a) wth a conpound of
formula (M11), wherein Q PG D, R3, R2 and R6 are
as defq ned eE)ei nabove. The am no- tetrahydrofuran
' cijd ami de noi ety of the compound of the
|)_gnd of the
ran- 3-carboxylic acid am des of 20
general of ormul a may have the R-configuration or
the S-co ')guratiB . The reaction steps i) -iii)
described Tn Schenme 1 and 2 may for exanple be
carried out as described in the Exanples or under
condi ti ons known fromthe

where
Q denotes a hydroxy or Cqs-alkyloxy group, a halogen atom or a

C+.s-alkyloxycarbonyloxy or acyloxy group and

PG denotes a hydrogen atom or a protective group for the amino function
known from the literature such as for example a tert.-butoxycarbonyl,
benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, allyloxycarbonyl,
ethyloxycarbonyl, isopropyloxycarbonyl, 2,2,2-trichlorethyloxycarbonyl,

methyloxycarbonyl, 9-fluorenylmethyloxycarbonyl, 2-
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literature, for exanple as follows: 25 WO 2008/ 080891
PCT/ EP2007/ 064406 -42 i) acylation of an amne (1V)

woroogkdspr Wi t h an optionally activated car boxyPCT/ERZI0T064406

(V) or (M) or (VIIl) The acyl atsg-on is expediently

carried out with a corresponding halide or 5

YO IsH G etHY Ik y2aHE, sHERk sy IORFdBYDERE, ﬁétﬂrdrcbe’ﬁriﬂuoroacetyl
chl orof orm “carbon tetrachloride, ethéer, ethyl

gp&{ te, tetrahydrofuran, dioxane, benzene, tol uene,
cetonitrile, dinmethylformam de, sodi um hydroxi de

sol ution or sul pholane, optionally in the presence of

an inorganic or organic base at tenperatures between

-20 and 200C, but preferably at tenperatures between .
Enentiererieallyipge. commroundpl lat [copnarg Caple wdfaiaed gither by chiral
carried out wwth the free acid, optionally in the
pheseatographyar cheinticaloesolation@f sapamicda, b atdbydoatically active
agent, for exanple in the presence of isobutyl

phéenadigtesal eVl drhvipash beldrapliodéd in the synthetic steps described in
trimethyl chlorosilane, 15 hydrogen chloride, sul phuric

gehgg]ﬁrvpg,mmgphoni c acid, p-toluenesul phonic acid,

phosphorus trichl oride, 1-propylphosphonic acid cyclic
anhydri de, phosphorus pentoxi de,
2- et hoxy- 1- et hoxycar bonyl - 1. 2- di hydr oqui nol i ne

EEDQ), N, Wdj cycl ohexyl carbodii m de, .

PWDF%QSMI '3 I?eﬁé{l%%? iMetle fREARTSSENE VBRERN Inclideg,a method
20 N, M- di cycl ohexyl car bodi i m de/ N- hydr oxysucci ni m de
tar the prsearelign béaulstitutedsl-aming-ketealyidoviyrali-Brdadeolie acid
O (benzotriazol -1-yl) N, N, WMtetranet hyl - uroni um
batided blgerdral fatmlle: (i) inyHigh opticdlipueity at the carbon in position 3 of
O (benzotriazol -1-yl)-N, N, M N -tetranet hyl uroni um

! tre%fah?@fd?@%hair@ (I%rngil;\llgﬁlb %éé&ﬁ@é’%h%hﬂé,of the ger21e5ral formula

O pent af | uor opheny -tetramet hyl uroni um

h%ﬁ%ﬁ“%@@??’?ﬁ@éﬁéﬁ% é%ﬁéﬂél fAlfa (V) in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring optionally further comprising
cleaving protecting groups, wherein K1, K2, K3, K4, X, A1, A2, A3, R2, R3 and
R6, and Q are as defined hereinabove. The amino-tetrahydrofuran carboxylic
acid amide moiety of the compound of the general formula (V) and of the 3-

amino-tetrahydrofuran-3-carboxylic acid amides of general formula (la) may

have the R-configuration or the S-configuration.

In a further embodiment, the present invention also includes a method for the
preparation of substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of
general formula (Ib) in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring comprising reacting a compound of the general formula

(IVb) with a compound of the general formula (V) in high optical purity at the
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WO 2008/ 080891 PCT/ EP2007/ 064406 -43
tri phenyl phosphi ne/ carbon tetrachl ori de, at

wo eons@B@dLr es between -20 and 200C, but pref erebky20t/064406

tenperatures between -10 and 16pC. The acyl ati on may
al so be carried out with a carboxylic acid ester (V)

eArdoM! |P1 po'élt%ﬂdB bh@}e&@lrﬁﬁyérb’ﬁ()raﬁ)hn@cbbﬂé}ﬁél@ﬁu%éhcomprlsmg

trimet yIa um nium he acy ationof a COI’TpOUﬂ

8%{39@' prfof’éctﬂ'ibg;r&I B% relHONENET ggl B9 RS oftPRE! Sﬁld @f%re as

Feact | |c acti d’ derivative of genera

68fi550 ReielhiaftyenaTe imip- @y drd e Gaopr i s Prile moiety

1 The acylation is then conveniently carried out in

af the cxAPoUnLaf the gQﬂer@I)@‘gmij@ o laner the §-amino-tetrahydrofuran-
tetrahydofuran or di nethyl formam de, wth the addition
Sfcaboxadicccaliemides afogerieral fauhdlao(ﬂb)craaphawe dthep Recdrfiguration
acid or optionally in the presence of a Lews acid

BH e 8<orifiggratibhori de or copper (11)chloride and
optionally by the addition of am ne bases such as for

exanpl e diisopropyl ethylam ne, triethylam ne or N
met hyl mor phol i ne, at tenperatures between -10 and

HE8 St o BRI e a8 T GPBLS s pfiinoa for he

69, 986, .1 2008/ 0808 1 PCT/ EP2007/ 064406, -44
F*F?J%OBWI%%'HEVEQ -AEHAies N%O H‘E%V" Cahaxylic 8aidrapiges of

conpounds of general formula , gedl ently in a

g@ner@formuladly@) iy igb fopsieahautity agt,hehc on in posmon 3 of the

tetrahydrofuran ring comprising the steps of: a) reacting a compound of the
formula (IV) with a compound of the formula (VI) in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring to obtain a compound of the
formula (V1) in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring, optionally cleaving the amino protecting group; and b)
reacting said compound (VII) of step a) with a compound of formula (VIII),
wherein Q, PG, D, R3, R2 and R6 are as defined hereinabove. The amino-
tetrahydrofuran carboxylic acid amide moiety of the compound of the general
formula (V1) and of the 3-amino-tetrahydrofuran-3-carboxylic acid amides of

general formula (Ic) may have the R-configuration or the S-configuration.

The reaction steps i) —iii) described in Scheme 1 and 2 may for example be
carried out as described in the Examples or under conditions known from the

literature, for example as follows:
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di chl or onet hane, trichl oronet hane, carbon
tetrachl ori de, benzene, chl or obenzene, tol uene,

wo ybosnsgsohexanet hyl di si | oxane, ether, tetrahydpof/mpPa07/064406

5 di oxane, acetonitrile, pyridige, optionally in the
presence of N, Md icyclohexyl carbodiim de,

?ﬂ#yfﬁti@h%f%‘h%ln‘é?(’l\ppl&j (V1) SRR B BB UEivBted EftbBkylic acid

dr oxy-benzotriazol e, N, M carbonyl di'i m dazol e,

@J@g@ﬁﬁ@mﬁﬁf' -1-yl)- N,N,M Mtetranethyl -uroni um

or at e/ N- et hyl nor phol i ne, 10
O (benzotriazol-1-yl)-N,N M N -tetranet hyl uroni um
tetrafl uoroborate/ N- ethyl diisopropylamne, or in
acetic anhydri de at tenperatures between -20 and
2be@cylaliongs exeediBNy sarriedpt vathua 6errpsRQRERg halideAg
100C. O her nethods of am de coupling are descri bed
fBohydnidanpl &solneft $uchBas meghyléndchlotifie Oothlbradorm keavbon
Morgan in "Conprehensive Functional G oup

tettaRniies efeNathyl adkthte, Setrard@roRipai, fdioxdtRy, denRend 28fiene,
or in Supplenentary Volunme 22 to Houben- Weyl, Thiene

gﬁéﬂoﬁﬁrne?e%tﬁyﬁoﬂrﬁérﬁb@t Wb&iuki f o&ia%fs%iuﬁ‘tiorj b0 sitphélahe,
eaving a protective group 20 The optiona
en | eavi f.._.an rotective. gro [

BHPO AN B € bR B P o e B 5 gk s et b ures

ueous _sol ven e.g. in ter i sopr opanol / wat e
Delivaam, A 2003l PoFCERRI 2h SIRGTZIUTSE Hewgsn 10 and
presence of an acid such as trifluoroacetic acid,
Ao@r@chl oric acid or sul phuric acid or in the 25
presence of an alkali netal base such as lithium

hydr oxi de, sodi um hydroxi de or WO 2008/ 080891
PCT/ EP2007/ 064406 -45 potassi um hydroxi de or by ether

FTheagitionn8y hbielBrealBb BeedFAe@but with the free acid, optionally in
i odotrinethylsilane, at tenperatures between 0 and

0 bissHo st O A s AP D ARG deEBomoe
[Wél pregg\ﬁvgé/ (e)!f IsoBEtyI chloroformate, thionyl chloride, trimethylchlorosilane,
hydrogen chloride, sulphuric acid, methanesulphonic acid, p-toluenesulphonic
acid, phosphorus trichloride, 1-propylphosphonic acid cyclic anhydride,
phosphorus pentoxide, 2-ethoxy-1-ethoxycarbonyl-1.2-dihydroquinoline
(EEDQ), N,N'-dicyclohexylcarbodiimide,
N,N'-dicyclohexylcarbodiimide/camphorsulphonic acid,
N,N'-dicyclohexylcarbodiimide/N-hydroxysuccinimide or
1-hydroxy-benzotriazole, N,N'-carbonyldiimidazole, O-(benzotriazol-1-yl)-
N,N,N',N'-tetramethyl-uronium tetrafluoroborate/N-methylmorpholine,
O-(benzotriazol-1-yl)-N,N,N',N' -tetramethyluronium tetrafluoroborate/N-
ethyldiisopropylamine, O-pentafluorophenyl-N,N,N’,N-tetramethyluronium-

hexafluorophosphate/triethylamine, N,N'-thionyldiimidazole or
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cl eaved hydrogenol ytically, e.g. with hydrogen in the
presence of a catalyst such as palladium charcoal in

w@2eslos@ai such as net hanol, ethanol, ethyl apel/aPm07/064406

di met hyl f or mam de, di net hyl f or ;ggn de/ acet one or
gl acial acetic acid, optionally with the addition of

HprPlyhodpRinBRcAYEH RAFHBIdridea gt tbrapera@iFas RtWe&S -dPand
betweén 0 and 50C, but preferably at room tenperature,

395G rpr@fflP%Mf/%gEé}anrkmgrb%t Led 1@ afdBBpechut
preferably 0 ar. protectrve group may however
al so be cleaved by the nethods described in T.W
Greene, P.GM Wits in "Protective Groups in Organic
%;gt hesi s". 15 (b) The conponents of general fornula

IMe @cyiatioaimay e kenearrioeout witire Farooxylc acid agtrir () @r /1)
and R3 are defined as in enbodinent 1, and whi ch nay
apditimahiye ¥) pycotivatsah with dmypethyladomiriyole oxy, or
carboxy groups present by the usual protective groups
such as for exanple those described in T.W G eene,
P.GM Wts in "Protective Goups in Organic

P ETRPR Ao RO SR is 8L BAEH RS BB 6B b oe
SRR I & At s BBl i el e Befal My (R-or -

re knowmn fromthe literature, or their synthesis is
cribed in the exenplifying enbodinents, or they

may be prepared for exanple using nethods of synthesis
5 known fromthe literature or anal ogously to nethods
of synthesis known fromthe literature as descri bed
for exanple in DE4329079, US4490369, DE3515864,
US5175157, DE19218 W85/ 00808 or in G Bobowski et
al., J.Heter ' em 16, 1525, 1979 or in P.D
Johnson et al. Medz Chem Letter 2003, 4197,
or in WO04/ 46 W05/ 111029 or

R (R- or S-IX),

wherein R® and R? are defined as in embodiment 1. The acylation is then
conveniently carried out in a solvent such as for example toluene,
tetrahydofuran or dimethylformamide, with the addition of an acid such as acetic
acid or camphorsulphonic acid or optionally in the presence of a Lewis acid
such as zinc chloride or copper(ll)chloride and optionally by the addition of
amine bases such as for example diisopropylethylamine, triethylamine or N-
methylmorpholine, at temperatures between -10 and 100°C, for example using
a microwave oven or as described in P.Wipf et al., Helvetica Chimica Acta, 69,

1986, 1153.
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1o W06/ 34822. Fragnments bridged in the azepine noiety

as shown in formula I1-1 or 11-2 may for exanpl e be
w@rasas®@dl anal ogously to J.W Coe et al. J. MPBCT/E€hmov/064406
2005, 48, 3474 or J.W Coe et-¢4-. , US Patent

appl i cati on US2005/ 0020616, 15 W05/ 111014,
AR okihEa %5} g‘éhem?%/n%ﬂﬁ%@() 8y b@HrEPhRd fforf %Prﬁ%‘%d@fof

general forrmula , Wherei n” R3 'denot es a hydrogen

géﬂé?a??&rgﬁl%(\%’egéédle ;rﬁé’sg@gg 5@' %(T f&gt%'slg?ﬂ as
BRfIgforefbatie, forierote RaRg Labos tai %9°rr@e%% Orﬁg}J |§J1

V\D 2008/ 080891 PCT/ EP2007/ 064406 -47 wherein A,
gilorabenzepe, feijenes xylenexnarameenigisitoxage ﬂtf@frtiétfahwﬂofuran

1, as follows. The reduction of the nitro group is
fimxane pagdtenitriayeyricine | gptioaaly edtheutresenee ob sol vent
or m xture of solvents such as water, aqueous anmoni um

mm.bylgoh@mwrbgaumt@edrochl oric aci d sul phuric acid,
phosphorl c acid, formc acid, acetic acid, acetic

sul ﬁ@‘% &rggamnmzﬁ;@d?%ueémhﬁﬁg (Zinc, tin or

ounds suc ni um sul |de sodi um

%EH)%%)E’y-bgrrlzostﬁgzoLig? RI' ! I-]:%a?tgé)ljiffdum|dazole, O-(benzotriazol-1-yl)-

N,N,N',N'-tetramethyl-uronium tetrafluoroborate/N-methylmorpholine,
O-(benzotriazol-1-yl)-N,N,N',N -tetramethyluronium tetrafluoroborate/N-
ethyldiisopropylamine, or in acetic anhydride at temperatures between -20 and

200°C, but preferably at temperatures between -10 and 100°C.

Other methods of amide coupling are described for example in P.D. Bailey, 1.D.
Collier, K.M. Morgan in "Comprehensive Functional Group Interconversions”,
Vol. 5, page 257ff., Pergamon 1995 or in Supplementary Volume 22 to Houben-

Weyl, Thieme Verlag, 2003 and literature cited therein.
ii) or iii) Cleaving a protective group

The optional subsequent cleaving of any protective group used is carried out
hydrolytically, for example, in an aqueous solvent, e.g. in water,
isopropanol/water, tetrahydrofuran/water or dioxane/water, in the presence of
an acid such as trifluoroacetic acid, hydrochloric acid or sulphuric acid or in the

presence of an alkali metal base such as lithium hydroxide, sodium hydroxide or
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or by catal ytic hydrogenati on with hydrogen, for
exanpl e under a pressure 10 between 0.5 and 100 bar,

woordosps@ber abl y between 1 and 50 bar, or w th PCT/EP2007/064406

hydrazi ne as reduci ng agent, copreniently in the
presence of a catalyst such as for exanple Raney
Bb&s8|lum PYHIAM- LGN B aiheploavBbat & BUTR Bl SeseRdeibf num
on mneral fibres or rhodium or with conpl ex
: . o . g, .
I RERe o SR AT Vs D g 00, pAEHa
i i sobutylal un ni 15 hydride, conveniently in a
E%T]P/eer u%ﬁ%ﬁ?‘%?%ﬁ zg]cﬂ“dsgﬁ{g{ents such as water,
nmet hanol , et hanol, isopropanol, pentane, hexane,
cycl ohexane, heptane, benzene, toluene, xylene, ethyl
acetate, nethyl propionate, glycol,
&\ beraytimethbyyeerzyt or dérzyhyiyeadoingt grali;mmakyhewveeer, be
di oxane, tetrahydrofuran, N nethyl pyrrolidinone, or
bleat/by hydidgepinytielare g ewitihGdedgedl ik theTpredenlce it a @alyst
N-C _5- gl kygfe(gi pygri ceianeg N-Cl 9‘% al kyl py?TrpoI i di ne, y

TR GRS 00k ST Sl e
I0810 sheBeAR IR0 s B RERle P iBHed ot Begtig acia

R : [ 4, R5, R6, and R2 def i ned, [
RERAIORE 116 SHrlameF an AgCERbY €3 TRy BioBRpCH ot temperatures
Cl_4-al kyl ox rouE, a hal ogen atomor a

betveeed Q@nd&)é’ » Buhpredenpbbt ataepmoteynperetyse santhLodemhaiydrogen
optionally be protected at any am no, hydroxy, carboxy
pregsbirebf 1 to 7 bar, but preferably 1 to 5 bar.

A protective group may however also be cleaved by the methods described in

T.W. Greene, P.G.M. Wuts in "Protective Groups in Organic Synthesis".

(b)  The components of general formula IV (including IVa and IVb)

D-NH-R3  (IV),

wherein D and R® are defined as in embodiment 1,

and which may optionally be protected at any amino, hydroxy, or carboxy
groups present by the usual protective groups such as for example those
described in T.W. Greene, P.G.M. Wuts in "Protective Groups in Organic

Synthesis" and the protective groups of which may be cleaved in a manner
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groups present by the usual protective groups such as
for exanple those described in TW Geene, PGM

woBos/080391 Prot ective G oups in Organic Synt heBCBEPZ0T064406

the protective groups of which_ggy be cleaved in a
manner known fromthe literature in the course of the

ﬁM@\F\/H@F@nfi tr%eﬁ’téﬁé”t[iﬁé fnathE Qolitsel&F HREYAHEESs Séqieic@lbdorm
(1), are known fromthe literature, or thei r synt hesi s

bém%‘éﬁﬁaé l&e]q)r é‘%gﬁ exenplifying embodinments, or they

re are exanple u3|ng nmet hods of synthe3|s

knovvn fr ratur net hods

85 K S50 B piailie, Bh et M8 & Sederibel T bRa SRepltying
exanpl e in WO04/46138, W05/1 1 1 01 4, 15 WO05/111029
gmbpgBenrisgontheyspak e REepgeddosers@vgtEIusing methods of synthesis
PCT/ EP2007/ 064406 -49 OO QSR\ 2 Q1 I~+ N2 Q
ReoWNIftam thieviteigtura or awglbgousin to methodspof symithesis known from
conversion of @Gl to Q OO QNSR2

the literature as described for example in DE4429079, US4490369,
DE3515864, US5175157, DE1921861, WO85/00808 or in G. Bobowski et al.,
J.Heterocyclic Chem. 16, 1525, 1979 or in P.D. Johnson et al., Bioorg. Med.
Chem. Letter 2003, 4197, or in WO04/46138, WO05/111014, WO05/111029 or

WO06/34822.

Fragments bridged in the azepine moiety as shown in formula 1l-1 or 1I-2 may
for example be prepared analogously to J.W. Coe et al. J. Med. Chem., 2005,
48, 3474 or J.W. Coe et al. , US Patent application US2005/0020616,

WO05/111014, WO05/111029 or WO06/34822.

For example, a compound of general formula (IV), wherein R® denotes a
hydrogen atom and A1, A2, A3, K1, K2, K3, K4 and X are defined as in
embodiment 1, may be prepared by reduction of the nitro group of a compound

of general formula (lll)

|
© (I,
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H-1--,( 1)/ r R (V) For exanple they may al so be
prepared according to Schene 3 by reacting a conpound
w@ Ydosloposei t h an amine (VI-1), where Q denotes RChYBHIOXY64406

or Cl_4-al kyloxy group, a hal ogen atomor an
al kyl oxycar bonyl oxy or acyl oxy group 5 and Q| denotes

'Wh'éY&h‘MyA@ AQ, K, WK K0 SHPK Fare \WaiRBd EBYn %Pﬁbdlﬂﬁbhw as
converted into Qafter the acylation step by

ification and activation as described above. The
acylation may be carried out according to the
acylation conditions described above. 10 The am no
acid derivatives (VI-1) are known fromthe literature
or may be prepared anal ogously to methods known from
The redw@mqfrtaea%tr@awﬂ '§3 r eXAmple C%Vﬁﬁtﬂ”é'y cafrigd out in a
exanpl e, fromcommercially obtainable am no acid
delvenbon megure af)soltents sugio asmateinpfaggenes amrhomniomd ehleride
or 15 WD 2008/ 080891 PCT/ EP2007/ 064406 -50- O R3 |

BoltidhiZhydPo€Mbli¢ acidMegreuric BcrRNGhBSpladric deitl Rethicacit Nacetic

enbodi nent 1, can be syntheti zed as described in the

‘ééi@”@}:étfcyé o‘?l&%‘W?tHTBBé methistdiR} 48on, é’rtuﬁﬁﬁrs‘%ﬁpﬁlﬁ”

exanpl e usi met hods of synthesis known fromt

gérﬁ@ggﬁﬁg gucf? ad’ rTﬁrgSXluﬁ%uI%ﬁ d%r %B&t ?nds&%ﬁ%redérn s%otu?m dithionite

or by catalytic hydrogenation with hydrogen, for example under a pressure
between 0.5 and 100 bar, but preferably between 1 and 50 bar, or with
hydrazine as reducing agent, conveniently in the presence of a catalyst such as
for example Raney nickel, palladium charcoal, platinum oxide, platinum on
mineral fibres or rhodium, or with complex hydrides such as lithium aluminium
hydride, sodium borohydride, sodium cyanoborohydride, diisobutylaluminium
hydride, conveniently in a solvent or mixture of solvents such as water,
methanol, ethanol, isopropanol, pentane, hexane, cyclohexane, heptane,
benzene, toluene, xylene, ethyl acetate, methylpropionate, glycol,
glycoldimethylether, diethyleneglycoldimethylether, dioxane, tetrahydrofuran, N-
methylpyrrolidinone, or N-ethyl-diisopropylamine, N-C1.s-alkylmorpholine,
N-C1s-alkylpiperidine, N-C4_s-alkylpyrrolidine, triethylamine, pyridine, for
example at temperatures between -30 and 250°C, but preferably between 0 and

150°C.

(c)  The components of general formula
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Scheme 4 Chemical O OOresolution wth
Esterification chiral acid (HX) RO RO O IN RO NH2

wolkids/obdgdr NH2 O HX O HX O O Vla R = H or pr ot BCI/EP07/064406
a X

groups as esters (S)-Vla x HX (48- VI HX separation
O by crystallization NS2 O~O01/ R (MII)

Neutralization R6 or RONH2 H2 amide formation O
0 (S)-Vla (R-Vla/ O\\@iz'" ' OHydrolysis RON S R2
or RONS R2 8\ @) R6§6 (Sg-Va(R)-VaO OO0
N R
H \\ /
O
RG
V),

wherein R*, R®, R® and R? are defined as in embodiment 1, and where

Q denotes a hydroxy or Cqs-alkyloxy group, a halogen atom or a
C1.s-alkyloxycarbonyloxy or acyloxy group

which may optionally be protected at any amino, hydroxy, carboxy or thiol
groups present by the usual protective groups such as for example those
described in T.W. Greene, P.G.M. Wuts in "Protective Groups in Organic
Synthesis" and the protective groups of which may be cleaved in a manner
known from the literature in the course of the synthesis sequence to form
compounds of formula (I),

are known from the literature, or their synthesis is described in the exemplifying
embodiments, or they may be prepared for example using methods of synthesis
known from the literature or analogously to methods of synthesis known from
the literature as described for example in WO04/46138, WO05/111014,

WO05/111029 or WO06/34822.

Scheme 3



HO. S R2or HOzi.,, S2 Amd (S)- or (R- NHR
Formula (I) HO OOR6 R6 (S)-Va (R -Va WO

w@oas/08@9891 PCT/ EP2007/ 064406 -51- Schene 5 BCHEP2007/034406
R(VIIl) 00 N/ p Esterificat4gn R6 HO RO RO S R2
NHZ NH2 H amde formation O O OVlia R = protecting
grgups as esters Va R6 Enzymaigc O O Am dation O

Fofijrula (1) resolution RO 2 T W A
(~OR atigen 0 O by chror&ato rAphy R6 R6 (S)-Va
) | / + NH,
R® O
(VI (VI-1)
i) acylation
i) optional conversion of Q- to Q
0]
O
Q S R2
H
0 \ IJ/
RG
(V)

For example they may also be prepared according to Scheme 3 by reacting a
compound (VIII) with an amine (VI-1), where Q denotes a hydroxy or
C14-alkyloxy group, a halogen atom or an alkyloxycarbonyloxy or acyloxy group
and Q-l denotes a hydroxy or Cqs-alkyloxy group, which may optionally be
converted into Q after the acylation step by saponification and activation as
described above. The acylation may be carried out according to the acylation

conditions described above.
The amino acid derivatives (VI-1) are known from the literature or may be
prepared analogously to methods known from the literature as described in the

Examples, for example, from commercially obtainable amino acid derivatives.

d) The components of general formula V or



WO 2008/ 080891 PCT/ EP2007/ 064406 -52- Schene 5(a) O

Chemcal 0 OO0 resolution with Esterification chiral
wacod/ogdd) RO " + RO HO RO NHz NHz NHz NHZ O piXr/©ridX7/064406

OVla 0 R=Hor protecting grosgps as esters (S)-Vla x

HX (R)-Vla x HX separation by crystallization O

Am no g Neutralization "protection RO ass or RO O
~HPR3 ok RONHPG NHz NHz 0 O0 0 (S)- (R - (S-Vla
R) -V =‘ami no protecting group Kz KA X/ K2- K
SP_N K/ Qiz 3 3K3-K4 ABAZNHRB / Ogz O X R X

Vi),
wherein D and R® are defined as in embodiment 1,
can be synthetized as described in the exemplifying embodiments, or they may
be prepared for example using methods of synthesis known from the literature

or they may be prepared according to Scheme 4.

Scheme 4
Chemical O
] . . ] resolution with
Esterification chiral acid (HX) ,,,
HO —— > RO NH2 NH2
NH, NH, X
fe) [o) Via
R = H or protecting groups as esters (8)-Vlax HX (R)-VIax HX

separation
by crystallization

. *(r
Neutralization \\\ n,
— > RO or RO
amide formation

(S) Via (R)-VIa

Q o]
\\\\X 7 /— Hydroly51s
H
I W,
6

(S)-Va (R)-Va

(0]
\ o
R A o

"o o s 2 o o ", s , Amidation (S)- or (R)-
N N R Formula (I)
Ho \/

0 ! H \. /
6

(S)-Va (R)-Va

\\‘



(I'va) 3K3, 41 g3 N or K3-K4 A3 N NHPG K NHPG
Amdation 0 O (R - (S) Kz KA Kz Kqgl Deprotection /
wo BRsO8IsorAz R3 O 11, 3K3_ 4 g3 N or 3K3 K4 11pcBrN07/H64406

NH2 NHz 0 0 (S)- (R- 0 OSte,52\ | // R(VIII) R6

(S)- or (R- Fornmula (1) Amdation WO 2008/ 080891
BehbfR2907/ 064406 -53- Schenme 5(b) O Chenical 0 OO
resolution with 1 Esterification chiral acid (HX) RO
RO HO RONHZ NHZ NHZ NHZ OHX OHX O O Vla

HO — = RO
NH. NH;

o O Vla
R = protecting groups as esters

Enzymatic ,// Amidation
resolutlon 5 “ (S)- or (R)-
R or Formula (I)

Separation
by chromatography

O
S
Q R?
o RSP e
Esterification # R6
- N R
amide formation o H \ \ /

Va R®

(S)-Va (R)-Va



(S)-VlaxHX separation (R)-VlaxHX R = H or protecting
groups as esters by crystallization O Am no group O
wo b osddeut ral i zati on protecti on RO or RO RO opCcREr N0 4406

NHZ NHZ OO0 (S)-VIIR (R -VIP R#p.PG = am no protecting
group (S)-Vla (R-Vila ARARA NHRB AOA3 O RS
GhBneRaj %1 |z, Nor N NHPG NHPG Amidation R5 O

R O (S)-VIlc (R-VIlc R4 RA AAO Deprotection R3
OR31 or N N2 NHZ RSOR5 O (S- (R-VIld 0 VId

Chemical / Q
(@] (@]
Esterificati resolution with \ ///
sterification chiral acid (HX) n,
HO —» RO NH2 NH2
[¢]

NH, NH; HX
o 0o Via
R = H or protecting groups as esters (8)-Vlax Is_Ie)}garati on (R)-VIax HX
by crystallization
o) (0]
0o —Q Amino group k ////
Neutralization \ , protection RO N or RO, =
& or o, —_— NHPG
—_ RO 3 RO NHPG
NH, NH, 0 0
o o S ®-
(S)-Vla (R)-V PG = amino protecting group

ke-K!

.
/ A§A2 ,
2-K 1
Xs\s | A , kK AL o kK ASpe s /7%
~ 37 NHR a2

Ko t” A / | A o ! X | v 4,

L

NHPG

X N =
| B 3K3
(IVa) 3‘K3§ . AS/J\N ) or K3 a” Al
> K NHPG
Amidation %
© 0 (R)-
2-K! Al k2-K 1
Deprotection /K a2 R O\ / Az g
_— X\ | I W X\ | P | /’/,
3K3 3/ N or 3K3e 4 A3
Kb A NH, K NH,
[¢] [¢]
o (S) (R)-
S
Q/(( R il
Darl
6
R (8)- or (R)-
- Formula (T)

Amidation
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te, 2 SR O1l /] (MIl) R6 (S)- or (R- Formula
(I'b) Amdation 5 e) Preparation of a conpound of

wa@eosnsdsof ormul a (XI) H2N COOR 0 (XI) wher ei nP&I/EB2007/064406

Cl1-Cl12-al kyl, aryl, or aryl- Clsx12-al kyl or a
heterocycle, for exanple Ris Cl-C4-alkyl, aryl, or
8chbmels@f-al kyl, alternatively Ris nmethyl, n- 10
butyl or iso-butyl, benzyl, phenethyl. WO 2008/ 080891
PCT/ EP2007/ 064406 -54 In one enbodi ment, the present
invention relates to a process for the preparation of
a conpound of the formula (XI). In this prgcess, a

(o]
Stre r reaction i sed {"HiE one- pot[ process /_
fol | d By“T#°suit mat i onl«efitest ero, M0j di'ng the L
t m tike react ilon mx

i shathen of intefmydiate product 21 frd
m xtoure. For 5 exanpl¥, the new proces(g,)_\)lasxﬁnq,monas (R)-VIa x HX
follow 0 O [ HZN@N]H oHpoReting@oupdiis Higs  X| | N one by crystallization

enbodi nent, the process uses ketone (X) as the

starting material in a 10 reaction with a %rogen /—0

-0 3 o .
sourGe.f or :@0' e am@m agBLHre or Rgﬁ' oy Yé

RO or RO > NHPG NHPG

NH, NH,

()-Vi8 (R)-VIP

O
R o PG = amino protecting group
(S)-Vla (R)-VIa
A
R* R*
NHR? A A /\o
0 3
R® R
R (ivb) | J | %,
N o or N p
NHPG NHPG
Amidation RS o R® o)
(S)-VIIc (R)-VIlc
R* R
A A
. (@]
Deprotection R? O\ R /
_—mm /I
,l\‘ o or rL “,
NH;, NH,
RS o R® 0
(S)- (R)-VIId

Q/({f]/ RZ(vm)
RG

Amidation

(S)-or (R)-
Formula (Ib)

e) Preparation of a compound of general formula (XI)

HN - coor

© (XI)
wherein R is C1-Cq2-alkyl, aryl, or aryl- C4-C12-alkyl or a heterocycle, for
example R is C4-Cs-alkyl, aryl, or aryl-C4-Cs-alkyl, alternatively R is methyl, n-

butyl or iso-butyl, benzyl, phenethyl.
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in al cohol (for exanple nethanol or ethanol) and a
cyani de source (for exanple a cyanide salt, such as

wae oahisiegosey ani de or potassi um sodi un). The r eacPCDEP2087/064406
for exanple carried out at anbimnt tenperature. This
results in the production of internediate 21.

TyBhé& @MbodimBhe rtﬁ@gkébte‘ﬁt ﬁfilde'nﬁoﬁ ‘Pélate‘-"&t'oaé BebcBE fbrSthe
dlrectlytreated 1 al cohol R-OH in the presence

p?a“r!aﬁqiqu)% cBHAHTIR JHihé chr?mﬁS 'Z‘ﬁ atlr‘?tﬁ g%rocde%é' é%‘irecker

rocess 1s general ate

con ition a ‘ P avalla e st in ter

Fr e ipods UsBin aapno At e oReRS &L‘W«?Q Sy s ﬂﬁ%ﬂagster
of the general forpmula (XI) can be_ _ obtained
ﬁé@@l‘ﬂﬂﬁ?‘@dsﬂ*@i'ﬁ@é’ﬁ'rﬂ%@ﬁ@d'ﬁ REpES %b&pmﬂrhelrﬁ@pﬁm Prgxture For
chem cal 20 resolution for exanple with L-Mandelic
axachplerthe neynerocess ssaflawn asfoliowr: exanpl e with

al cal ase. Accordingly, in a further enbodi nent, the
invention relates to a conpound of the general

formula (XI) in high optical purity. In one aspect the
conpound of WD 2008/ 080891 PCT/ EP2007/ 064406 -55 the

general fornula ) in high p@mcal purity i s HsNt e
R-configuration gt in the S ¢onf\ ation. In th
reactions descr(%é% herei nbef or € ahy reactive gr

present such as “—® hydroxy, carb am no, alkylaﬁ?no

or imno groups may be protected dmring t he react xpn

by conventional protective groups which are cl eaved

again after the reaction. For exanple a protecting

group for a hydroxy group night be the nethoxy, 10

enz trimethylsil nzoy] , , e
TEPRE. STRgAITa: I oGNS a8 kelors (Ahaar BB aps material in 2
group. Protecting groups for a carboxyl group m ght be
teaction; with lRynidogen sokeden(for example anreeriumpaegtate or ammonia),
benzyl or tetrahydropyranyl group. 15

in alcohol (for example methanol or ethanol) and a cyanide source (for example

a cyanide salt, such as sodium cyanide or potassium sodium). The reaction is
for example carried out at ambient temperature. This results in the production of
intermediate 21. Typically, intermediate 21 is not isolated and is directly treated
with alcohol R-OH in the presence of acid (for example HCI) to generate the
desired ester. The process is generally operated in mild condition and readily
available starting materials are used.

Optically pure derivatives of the compounds of the general formula (XI) can be
obtained by the resolution methods described hereinbelow, including chemical
resolution for example with L-Mandelic acid, or enzymatic resolution, for
example with alcalase.

Accordingly, in a further embodiment, the invention relates to a compound of

the general formula (XI) in high optical purity. In one aspect the compound of
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A protecting group for an am no, al kylamno or imno
group mght be the acetyl, trifluoroacetyl, benzoyl,

wetdusogmar bonyl , tert.-but oxycarbonyl, PCT/EP2007/064406

benzyl oxycar bonyl, benzyl, nethbgsybenzyl or
2, 4-di met hoxybenzyl group and additionally, for the

e %%mu‘d“@(lfm iﬁ‘lgh)dptl%l%{ﬂity &inAe F@é@ﬁ%lﬁaﬁon or in the
protect | ng group for an ethynyl group night

r yl, diphenyl net hyl silyl,
%eéqm@ %Iy CI#I methylsilyl or a 1 -hydroxy-1

-met hyl - et hyl group. WO 2008/ 080891 PCT/ EP2007/ 064406
-56 Ot her protective groups which my be used and
their renoval are described in T.W Geene, PPGM
Wwithe, reapm%e@w@e@rfwwbefpr@ragwe@c@gﬁngwwreswnswh as
1991 and 1999. 5 Any protective group used is

bpdiioay atdrposyeeinoe atklylantihe av e irfoogroepampdyebé protected during
hydrolysis in an aqueous solvent, e.g. in water,

trEORyaRE6N ®ly/cudl ehtiond! Bk btabiivl Qfdu n{high efe eleaved again after the
di oxane/water, in the presence of an acid such as
Fééd:ﬁleor oacetic aci d, hydrochloric acid or sul phuric

acid or in the presence of an alkali netal base such
as |ithium hydroxi de, sodi um hydroxi de or potassium 10
hydr oxi de or by neans of ether splitting, e.g. in the
Eresence of iodotrineth |SI I at te E Etures

ef GEAMPIS ARECIEOHTY Ifuer e ramx@r@fy 9fOLRPBIGAt e dae methoxy,
between 10 and 50C. A benzyl, nethoxybenz
benzyoxy ydmetutsilyl, goety, bermwuéeﬂ blstybrtretaz@enby/l or15
hydr ogenol ysis, for exanple, e.g. with hydrogen in the
fetessgaespyohng graln;axl yst such as palladi um charcoal in
a solvent such as nethanol, ethanol, ethyl acetate,
di net hyl f or mam de, di net hyl f ormam de/ acet one or
gl acial acetic acid, optionally with the addition of

e SR R A 5 AR T,
Mf%ﬁbf’?nﬁy%{)@% rgp ranyl grodp. Of 1tov bar but

A protecting group for an amino, alkylamino or imino group might be the acetyl,
trifluoroacetyl, benzoyl, ethoxycarbonyl, tert.-butoxycarbonyl,
benzyloxycarbonyl, benzyl, methoxybenzyl or 2,4-dimethoxybenzyl group and

additionally, for the amino group, the phthalyl group.

For example a protecting group for an ethynyl group might be the trimethylsilyl,

diphenylmethylsilyl, tert.butyldimethylsilyl or a 1-hydroxy-1-methyl-ethyl group.
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A nmet hoxybenzyl group may al so be cleaved in the
presence of an oxidising agent such as

WG esisoB(sh)) anmoni um nitrate in a sol vent such BST/EP2007/064406

nmet hyl ene chloride, acetonitrigg or
acetonitrile/water at tenperatures between 0 and 50C,

SR EUSroRS @iV e 'RBliYs @/hldh%ﬁy'b%"ﬁ%%rdaérﬂﬂ treiMEn?RBARBESSkibed in
PCT/ P2007/ 064406 -57 A nhet hoxy group is conveniently

Cr'\ﬁla&‘?gehé‘ ﬁ?fwPW@%”‘I@ro?éch Hé& #b;?g?an@er Wthdsis”, wiley,

sol'vent such yl'ene ch tures

EQ%\\%@B 1£1%g).and -25C. 5 A 2, 4 pll net hoxybenzyl group,

preferably cleaved in trifluoroacetic
acid in the presence of anisol. A tert.-butyl or
tert.-butyl oxycarbonyl group is preferably cleaved by
treatnment wth an acid such as trifluoroacetic acid
Anypyoitestive group asddlis aptionatyabulysamgiandy aleaM@dsot exarnple by
such as nethyl ene chloride, dioxane or ether. A
ﬁ?@lﬂ@ﬁ)s)’é ingdrPEguesuPsSIlentakly it hedsrebdpropdiblNesence
0

hydrazine or a primary am ne such as net hyl am ne,

?étféﬁgﬁﬂ?fﬂ afér@r“d%ﬁa‘ﬁ‘eﬂﬁat‘e? ift tﬁé"lo %‘iﬁ'?anaécld such as

anol I sopr opano uene vvat er or

E’rff%?%%aﬁi"gra&i%?dgécgh%?ﬁ g U eE SRl SR fesnag of en
6leh atetaCoaeq BHtHo? BB IAEYIGR 0T AVEFAIgH of BPiassM
in a solvent such as tetrahydrofuran and preferably
hidnoisieppregiemeans fof gihenaps§ngot G ib dxepresencast 20

nor phol i ne or 1, 3-di nedone at tenperatures between 0

oudtrraeBylgiaré catatemperaturebetwiesmp@ aat UI00°@ndrefiercéty at
inert gas, or by treatnent with a catalytic anount of

Eémﬁer(a‘hfrbﬁmbié@rﬁ“?@@ﬁdn&)“d hodi un(1)chloride in a

sol vent such as aqueous ethanol and optionally in the
presence of a base such as
1, 4-di azabi cycl o[ 2, 2, 2] oct ane at tenperatures between

%\Qbeannz?/l,meqho%%evrgy 00 ér?zg ?gx%/%:aﬁ%r{ 'IEgF;rZoou(e)?,/h(c)Jg/Aéf'/gF3 is cleaved by

hydrogenolysis, for example, e.g. with hydrogen in the presence of a catalyst
such as palladium/charcoal in a solvent such as methanol, ethanol, ethyl
acetate, dimethylformamide, dimethylformamide/acetone or glacial acetic acid,
optionally with the addition of an acid such as hydrochloric acid at temperatures
between 0 and 50°C, but preferably at room temperature, and under a hydrogen

pressure of 1 to 7 bar, but preferably 1 to 5 bar.

A methoxybenzyl group may also be cleaved in the presence of an oxidising
agent such as cerium(lV)ammonium nitrate in a solvent such as methylene
chloride, acetonitrile or acetonitrile/water at temperatures between 0 and 50°C,

but preferably at room temperature.
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-58 Furthernore, the conpounds of fornula (l) obtained
may be converted into the salts thereof, particularly

wé osospRmoeraceuti cal use into the physi ol ogi cal PgT/EP2007/064406

acceptable salts with inorgani cspor organic acids.

Aci ds which may be used for this purpose include for
exanpl e hydrochloric acid, hydrobrom c acid, sulphuric
5 acid, nethanesul phonic acid, phosphoric acid,

]:A%gfﬂo%g?{?bgp |sSaCI '|é?1tlﬁ§léja?védaiﬁtt§8 pﬁgscén%e cﬁ"bto J?r‘f rhbromlde in

aril c reover,

W conpounds of, f contain a c box ro o
B RdlyeThay e B cBeipuRn R otddaCiR it oS B Gibsh Forati-26°C.
the salts thereof with inorganic 10 or organic bases,
particularly for pharmaceutical use into the
physi ol ogi cally acceptable salts thereof. Suitable
Baz édifmethaxybenpylguosie, hovedwed eisfarefesalaigqel eavedadittiffinoroacetic
hydr oxi de, potassi um hydroxi de, cycl ohexyl am ne,

atidanah@preddncedfeiizonol am ne, and tri et hanol ani ne. 15
According to the invention the optically pure

derivatives of 3-Am no- tetrahydrofu ran-3-carboxylic
acide.g. I, V, VI, VIl or IX can be obtained for

BRI LM Pe B Rkl on s | el e eyt B restment
S DR SUEh kA T TOEr I 61 RO NGRSO Rt cpelly using a
toluene 2 010203 OH COOH OCH2CH2Ph OH O

MR ORI @HMethyiene rhilorider dioxgre ornEler.

A phthalyl group is preferably cleaved in the presence of hydrazine or a primary
amine such as methylamine, ethylamine or n-butylamine in a solvent such as
methanol, ethanol, isopropanol, toluene/water or dioxane at temperatures

between 20 and 50°C.

An allyloxycarbonyl group is cleaved by treatment with a catalytic amount of
tetrakis-(triphenylphosphine)-palladium(0), preferably in a solvent such as
tetrahydrofuran and preferably in the presence of an excess of a base such as
morpholine or 1,3-dimedone at temperatures between 0 and 100°C, preferably
at room temperature and under inert gas, or by treatment with a catalytic
amount of tris-(triphenylphosphine)-rhodium(l)chloride in a solvent such as
aqueous ethanol and optionally in the presence of a base such as

1,4-diazabicyclo[2,2,2]octane at temperatures between 20 and 70°C.
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H3 COO COO MIBE-McCN-H20 C i >75% O 0 4 >99% ee 4
OCH2CH2Ph OH NaHCO O OCH2CH2Ph CO2ZH OH S C NaOH O H

w&260s/08088®2 N / Et OAc EDC, HOBT, DMF 0 0 O 6 0 BCT/EPI07/064406
Ac20 0 SC 01 N8 O Mthod-gd-: Separation of the
enantioners via chiral chronatography 5 The

F@Hﬁéﬁﬁb@%éé‘é‘mb@uﬁ@é BPdeFh@IéJ{I) 8@tra'|rﬂ-:lb3m 'bg-:éorﬁ/%lrt@ﬂﬂﬁto the
AS-H QJ-H B and Kromasil| DVB,

TBR. EoRsE e yfg@nﬁ%@t.ﬁms@%used Sy

phy can

S %ﬁf)le r?@e%c .. nrhc(:)p‘r grgam%ﬂplagi A@j ant, %1”9 may be used for
Me3Si OC(=NSi Me3)CF3 0 \ / chromat ography 0 \ /

this purpose include for example hydrochloric acid, hydrobromic acid, sulphuric
acid, methanesulphonic acid, phosphoric acid, fumaric acid, succinic acid, lactic

acid, citric acid, tartaric acid or maleic acid.

Moreover, if the new compounds of formula (l) contain a carboxy group, they
may subsequently, if desired, be converted into the salts thereof with inorganic
or organic bases, particularly for pharmaceutical use into the physiologically
acceptable salts thereof. Suitable bases for this purpose include for example
sodium hydroxide, potassium hydroxide, cyclohexylamine, ethanolamine,

diethanolamine, and triethanolamine.
According to the invention the optically pure derivatives of 3-Amino-
tetrahydrofuran-3-carboxylic acid e.g. |, V, VI, VIl or IX can be obtained for

example in analogy to the following methods:

Method I: Chemical resolution with mandelic acid



in analogy to 0 O W?2005/111029 rac-7 7 and (R -7 WO
2008/ 080891 PCT/ EP2007/ 064406 -60 or b) to separate
wo amssasoderi vatives 11 like 0 0 0 / 0O NHBoc PEZER2007/064406
NHBoc PHCH2-0 NHZ HOS CI HO Os® O 9 10 PhCH210 N
/'S C chiral colum PhCH21 O ON ASCI HOON/S\ C O
0 &-00\-011 s-12 7 armbH LEH,bh2  or c) tgcﬁ,@pgj”hate
eni.c m 6HOfTsbH 5 H HNaHBND 5 |ra|
N D S O AL R e SN
-1 (R - 10 Method 119: 2Enzymat|c resobut|3on V\D
2008Y 080891 PCT/ EP2007/ 064406

OH

“COOH
o OCHCHAPh o

MTBE-MeCN-H,0
4

2 recrys.

3 NH3 @COO_
O

OCH,CHyPh o

o) . C
3\\NH3, @COO_
O

>75%

>99% ee 4
OCH,CH,Ph
OCH,CHPY, [/ 1\ s OH
Cl CO,H s Cl  nNaoH O
NaHCO; NH, S 2 \\N \ m
EtOAc EDC, HOBT, DMF o} o
0 O 0 7
5
Ac20
O S.__Cl
o)
| 8
o)
Method II: Separation of the enantiomers via chiral chromatography

The separations can be performed on various DAICEL columns like AD-H, OD-

5
H, AS-H, OJ-H, IA, IB and Kromasil DMB, TBB. Especially useful are DAICEL
AD-H, OJ-H and |A columns.
Chiral chromatography can be used to

10  separate racemic 7 into its S- and R-enantiomer

OH
o] /oA OH OH
%NHZ CI/QCOZH o chiral o

H s _c H s o
© i =NSi N N\ —_— M\Nﬂ/@/
1 Me3SiOC(=NSiMes)CF o chromatography T
. O O
in analogy to
W02005/111029 rac-7 7

and (R)-7



-61 OHCA / 1 0 SCCl2 H2N COO Bu EDC S N COO Bu
Alcalase NH2 iBuOH X HOBt HCI OO OCdC [/ | HO
weecasor®91 CO pH 6.9-7.2 1 13 S 1COOH C / | 1pciNagtdoQbed406
/' 1 HSHSN COGBu MOH N, N 0 2.
recrystallization 0 O fromH20 (S)-15 (S)-7 Method IV
GPR{?fd“@ébéfﬁtéﬂé%@hﬁ@ﬁeﬁ%ﬂ)e%ﬂ'1°IFkéN'th mandelic acid OH
H2N COON SOC12 H2N 0 OBu COOBu NH nBuOH 0( COOH MA 1.
NaHCO8 L-2 OO0 0O 2. Boc20 1 16 17 OBu NHBoc -N I NH
BOCHN, 11 N N 6M HCl / MeOH 2

B
6

o (I \

o 0 0
PHCH, PHCH,\ s” I
NH
HO NHBoc o NHBoc o) 2 Ho
[ —_— —_—
o
9

3 O
10

PhCH 1 x N ? H Q4
N
2\0% g7 ~cI chiral column PhCHZ\OM » cl HOJKSN /s\ cl
» S 5
O —_— \
(6] \ (6] > ‘ Oo

O

1 S-12 7
and
R-12

or ¢) to separate racemic mixtures of |

10

Method Ill: Enzymatic resolution
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OH O LHWS 19 18 OCNI1I N H2ZN~~"OH .2HC O
20 5 Accordingly, in a further enbodi nent, the

w@r@s®Risei nventi on i ncl udes a nethod for preppCT/RY2087/064406

compound of the formula (V) indgygh optical purity at
the carbon in position 3 of the tetrahydrofuran ring
by. enzymatic resolution of a race m xt ure of

| .
Hcomp ofy i he nmul a V) rably with
a8 e, ,ﬁgr eIHr% OoE!’ud Rafcégte as ' COOBu  Alcalase

h r gi nabove, ard r eif§! Q—§I S _a Straighdo 6ryWo 1,0 acetone

2008/ 080891 PCT/ EP2007/ 0649 62 substjtteed pH6.9-7.2
Cl_12%1al kyl oxy grouts, aIIonx9 Eo&ybstltuted al | yl oxy
group, a Cl_12-al kyl oxycarbonyl oxy or acyl oxy group,
preferably Qis a straight or substutited

& kyl oxy. 5 Iq @Qﬂther i ment, the present

i nve onilncludes meggnpound the formula (V) in
hi gh opli't Oﬁﬁvlty—aL—Lhe+carbon - Hion 3 of the
tetrahyarof ran ri m”ﬁﬁ@@éﬂn R2 &n are as defined
her ei nabove and @ & n Qis a hydr8xy or
substitutSs¥ c1_12-al kyl oxy group, @7hal ogen atom or a
Cl_12-al kyl oxycar bonyl oxy or acyl oxy group, or

Metisod 1\t adtealdtiyk ehgndecalupsollfiomndthenabdelicddis a
substituted Cl_12-al kyl oxy or substituted allyl oxy
group. In one aspect of the invention, the

am no-tetrahydrofuran carboxylic acid am de noiety

H.N z OBu
,\—Yz COOH  s0C, -~ HN coopy g cooH Xy,
nBuOH S L-MA 1. NaHCO;
o o o
2. Boc,O
1 16 17
OBu
_ 0
X NHBoc Noijt BocHN, mN— 6M HCI/MeOH
NH, N
o) 4 H
LHMDS
19
18
0 (:I j
7Y N_2HCI
N .
o
20

Accordingly, in a further embodiment, the present invention includes a method
for preparing a compound of the formula (V) in high optical purity at the carbon
in position 3 of the tetrahydrofuran ring by enzymatic resolution of a racemic

mixture of said compound of the formula (V), preferably with alcalase, wherein

R2 and R6 are as defined hereinabove, and wherein Q is a straight or
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of the conpound of the general fornmula (V) in high
optical purity at the carbon in position 3 of the

wo edosabysdr of uran ring has the S-configuration. PETVEP2007/064406

anot her aspect, the conpound of2-t he general fornmnula
(V) in high optical purity at the carbon in 15

§9I§éﬂtut‘éﬂl S, plalkfiex} SBNUIYIBkYbRSBINGtL IR igHalb o

t he process descfi b above.

?'Tb glk&%&&caﬁb'&ﬁgf&&g%? xngvg?{)tférhrgfge%@g%?ﬁa’? gﬁ%’bﬁijoh

p t the carbon in position 3 20 of the
?@ tﬁﬁg?ﬁlrgfﬂ?%ﬁ O%¥ng by enzymatic resolution of a

racem c m xture of said conpound of the formula (VI),
preferably with al cal ase, wherein Qis straight or
substituted Cl_12-al kyl oxy group, or a

Clana@hel kyiboxijroant) treypreegnbinvaoiidvoineludgscapompound of the
substituted allyloxy group, preferably Qis a

forhfila (W) inchi§H oftiedl uriex st therctbon angodifon S ¢f theydr ogen
atomor a protectlve group for the amno function 25

W@EM@% @%WRZ%@@%Q%Q%%%QM herelna ove, and

-63 I n anot her e

it %ﬁv@@?&v TR RRBRy Bohs 55%@9% pm or

rofura rin wher a dr oxy
éﬂ%?f‘%P@‘MParﬁ?P”g ¥19r BGY oLy 9r pPZ%’E’F?S}‘iU%A/ @H%ﬁgwp,

hal ogen atom or a Cl. 12-al kyl oxycar bonyl oxy or acyl oxy
grefarablvR isbsubstitiuted Galib-plkyigxy @’r%ﬁ@tlgﬁe@ allylpxy group. ln one
straight or substituted Cl.4-alkyloxy group, and PG
aspectif dhe geentbontheraninprtetrabydroturgn @arbdgftic abiel amide moiety
am no function as defined hereinabove. In one aspect

Bf tHehGorhpy @i bPihe ddieraBBimarat &) ik A &PtidaRPurity at the carbon in
carboxylic acid am de noi ety of 'the conpound of the

gSQ@Bﬁ"s. 5fclﬁénﬂétfal‘£}/\6'r§furz§h Bhgtﬁe@%? g&%{ﬁgﬁjré%@tln %HSEher aspect,

on 1 n posi uran rin

hee?frsmﬁéﬁrfﬁ%ﬁﬁ & kralopd B’W%%&e“ 21 BirfAREE Srbon in

the carbon in position 3 of the tetrahydrofuran rin

Pesigen s of4Be detrnydielupabEiRg 4s ai@draiR BY At Peocess desc%bed

above.

In a further embodiment, the present invention includes a method for preparing
a compound of the formula (V1) in high optical purity at the carbon in position 3
of the tetrahydrofuran ring by enzymatic resolution of a racemic mixture of said
compound of the formula (VI), preferably with alcalase, wherein Q is straight or
substituted Cq.12-alkyloxy group, or a Cy.12-alkyloxycarbonyloxy or acyloxy
group, or substituted allyloxy group, preferably Q is a substituted C1.4-alkyloxy
group, and PG is a hydrogen atom or a protective group for the amino function

as defined hereinabove.
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I n anot her enbodi nent, the present invention includes
a nethod for preparing a 15 conpound of the formula

w@ Ylospsisar hi gh optical purity at the carbon i nPODEPIG0DT64406

3 of the tetrahydrofuran ring-ga. chem cal resol ution
of a racemc mxture of said conpound of the fornula
(MIl1) with a chiral acid, preferably with L-mandelic
acid, wherein D and R3 are as defi ned herei nabove. In

. " : g
03 kr EFRRAHER, ird Bt BREREBho T HENldeSn bOFPUER o he

ur i .the carbop ir ition 3 .of the
Rl it Bl Ao Bhecafbendiessiibn 1ef e i ned

her ei nabove. In one aspect of the invention, the
tatahydrefurathing.orierein Qdp iBdxdrexy acstaaight eresuhsitibytod of
t he conpound of the general fornmula (VIlI) in high
Cht+-abidyloxyrgroyp,aa halogenatbmror a8 61 peslkyloapcadbofnyloke or acyloxy
tetrahydrofuran ring has the S-configuration. In

FIP)oF sdbstarReCallyldxye pesTermind isfa $theighesresstiflpedaul a
\ IFj)1 i n high opt iyca)peguri ty at the \/\092008/ 080891

?g%r{agg o Z?@)?@?Qﬁd P §ﬁg8%ein’1?tgﬁid'§/rt% Egbt%ctﬂfe é@%p for the

nring Is obtarnab roce

SIS BRReR AR iRl Rk Pabue s Bl bhe asnect ol peinyengpy. the

R e T
general formula (1) are the follow ng conpounds: 0 o O
genenaBiarmila 6Vh {NpRhromigey puritat tioe gabon iwpositions of tbe

0 PhCH21 O NHBoc \ O n-Butyl, O-~ NH30'O,NHz O

Ye¥Fahw dflram ring has the S-configuration. In another aspect, the compound
of the general formula (VI) in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring is obtainable by the process described above.

In another embodiment, the present invention includes a method for preparing a
compound of the formula (VII) in high optical purity at the carbon in position 3 of
the tetrahydrofuran ring by chemical resolution of a racemic mixture of said
compound of the formula (VII) with a chiral acid, preferably with L-mandelic
acid, wherein D and R3 are as defined hereinabove.

In another embodiment, the present invention includes a compound of the
formula (VII) in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring, wherein D and R3 are as defined hereinabove. In one
aspect of the invention, the amino-tetrahydrofuran carboxylic acid amide moiety
of the compound of the general formula (VI1) in high optical purity at the carbon

in position 3 of the tetrahydrofuran ring has the S-configuration. In another

aspect, the compound of the general formula (VII) in high optical purity at the



OO 0 PhCHz, O 0 NHBOC Ethyl ~0 NHz hCHzCH2I0 N

n-Butyl, 0 NHiz P ~ C OO OO0 O OO0 H3CGN
wosasBrisyl , N NHBoc O PhCH H 2~ N O ONH z 0 HpCr/lP2007/064406

H™ 0Sd 3NNHz O OHOOgfiso Buryl~ HO

PhCH2~ S O H3GN 00 SO OH O N Qal\!-~, NH(C(0)013n

Bafboh inQosition 3 of the tetrahydrofuran ring is obtainable by the process

described above.

Especially useful 3-Amino-tetrahydrofuran-3-carboxylic acid precursors for the
5 manufacturing of substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides

of general formula (l) are the following compounds:

(6]
%\IHBOC Q/\ n-Butyl\ % Hsc~o%\m2
% J
(6]
PhCHz\ %VHBOC 6 n- Butyl\ 6 Hsc.o/g\lH2

O

0
H Ethyis
PhCH,CH
PhCHZ\o"éSNHz Z\OJKSNYO\ n-Butyl @HBOC %
0
O \—

iso- Butyl\ C)@\ ~NHBoc
Profeng %7//0\ /6
iso- Butyl\ )]/O\
H
PhCHz\O)%\I m\ @H(C(O)QBH

o}

JKS)’/@\.soBum\ &r@mahw\ )KSYO\ Bty )KSYO\

10 Determination of the absolute stereochemistry

The absolute configuration of the compounds can be determined by X-ray
crystallography as is exemplified in the experimental part for (S)-3-[(5-chloro-

thiophen-2-yl)-carbonylamino]-tetrahydro-furan-3-carboxylic acid 7:
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N Ethyl 1,0 SH ONiso-Buryl~0 ON Methyl) 0 S C 0 C
SC Cd HOO\ 00 0 OO0 10 Deternmination of the

wa@baslosdsel st er eochemi stry The absol ut e confi gurat/Eprvonbes406

t he conpounds can be determnm nedgdy X-ray

crystall ography as is exenplified in the experinental
part for (S)-3-[(5-chloror

t hi ophen-2-yl) - car bonyl ang ntﬂ] -t gf r}hydr o-f uran- 3- car bo

xylic acid 7: WD 2008H 01 7/ 064406 -65- O
HONS C 1lIl OO Descritpti of "t he pharmaceuti cal
useful properties of the\eearpounds 5 As al ready

nment i oned herei nbefore, the conmpounds of genera
formula (1) and the tautoners, enantioners,
di astereoners and physi ol ogically acceptable salts

her eof. have, val uabl e armacol.ogi cal properties,

DAREF Bl SomE P A Se AR R O idRar P68 i tha Fompounds
preferably based on an effect on thronbin or factor

Xa, for exanple on a thronbin-inhibiting or factor
Xa-inhibiting activity, on a prolonging 10 effect on
AsalreRTy nnémionedderainbeforehtns campowidsef generakfoamela (1) and
serine proteases such as e.g. urokinase, factor Vil a,
tractaditorhess, eaahtiomts, aivbtér@ohtars Xindl phySlgogicaincacudptable salts

listed in the Experinental Section were investigated

]Ergél"rle%ﬂ%\fe valiAsetorrmbRsIogal Brddeptie L fhak@clify A7 aRfithrombotic
WS

activity which is preferably based on an effect on thrombin or factor Xa, for

example on a thrombin-inhibiting or factor Xa-inhibiting activity, on a prolonging

effect on the aPTT time and on an inhibitory effect on related serine proteases

such as e.g. urokinase, factor Vlla, factor IX, factor XlI and factor XII.

The compounds listed in the Experimental Section were investigated for their

effect on the inhibition of factor Xa as follows:

Method:

Enzyme-kinetic measurement with chromogenic substrate. The quantity of p-
nitroaniline (pNA) released from the colourless chromogenic substrate by
human factor Xa is determined photometrically at 405 nm. It is proportional to
the activity of the enzyme used. The inhibition of the enzyme activity by the test
substance (in relation to the solvent control) is determined at various
concentrations of test substance and from this the ICx is calculated, as the

concentration which inhibits the factor Xa used by 50 %.
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15 Method: Enzyne-kinetic neasurenent with
chronbgeni ¢ substrate. The quantity of p- nitroaniline

wa@ pidb)osesel eased fromthe col ourl ess chronogeni BCT/EP2007/064406

substrate by human factor Xa igg-determn ned
photonetrically at 405 nm It is proportional to 20
Migedgiti vity of the enzynme used. The inhibition of the
enzyme activity by the test substance (in relation to

e R SN
e B R BRSSP Do e

PCT/ EP2007/ 064406 -66- Material:

Tri s(hydroxynet hyl ) - am nonet hane buffer (100 mwbl) and
sodiumchloride (150 mwl), pH 8.0 plus 1 ng/nm Human
AbbloniXa (CadbibcloemY/, specotetasty: 21 é éUbndraiotad coXeentration: 7 1U/ml
(Cal bi ochem, spec. activity: 217 11U ng, final

forneentreatticmmixtutd/ M for each reaction m xture
Substrate S 2765 (Chronopgeni x), final concentration:

0.3 mM1 (1 KM for each reaction mxture 10 Test
substance: final concentration 100, 30, 10, 3, 1, 0.3,

Subpreie 2265 ibedtoien) AupCep il e 3 i o 1Br cach

the test substance or solvent (control), 175 | of
TGRCHORSAXBIf er and 25 | of a 65.8 U L Factor Xa

wor ki ng solution are incubated for 10 m nutes at 37C.

After the addition of 25 | of S 2765 working solution
(2.82 mwvbl /1) the sanple is nmeasured in a photoneter
Tepesubrstdvioe: 2ib@) cariceh®atiom100r 36000 ,s3clod3, at, B.0G, 0.01, 0.003,

0.001 pMol/l

Procedure:

10 wl of a 23.5-times concentrated starting solution of the test substance or
solvent (control), 175 ul of TRIS/HSA buffer and 25 ul of a 65.8 U/L Factor Xa
working solution are incubated for 10 minutes at 37°C. After the addition of
25 ul of S 2765 working solution (2.82 mMol/l) the sample is measured in a

photometer (SpectraMax 250) at 405 nm for 600 seconds at 37°C.
Evaluation:

1. Determining the maximum increase (deltaOD/minutes) over 21 measuring

points.
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20 Evaluation: 1. Determ ning the maxi mumincrease
(del taOD/ m nutes) over 21 nmeasuring points. 25 WO

w@ea3/08@0891 PCT/ EP2007/ 064406 -67 2. Deter mi pPCTVEP100®064406

% i nhi biti on based on the sol vegit- control. 3. Plotting
a dosage/activity curve (%inhibition vs substance

0oPREHiIfhg MRS % ﬁ]kﬁbm&?b%é@i BhEe SBRehtadhtty.

i nterpolating the X-val ue (substance concentration)
of the dosage/activity curve at Y = 50 % inhibition.
t he conpounds tested had an | C50 val ue of Iess
or the

%h%ﬁtﬂ G SRsPa/aat BRI YRS uislRRE Concerifation).

car boxyl ic 10 acid am de noiety higher potency was
observed in the FXa assay. For exanpl e:
(S)-3-[(5-Brono-thiophen-2-yl)-carbonyl am no] - N- ( 3- net
I4yDemrmirzm'ngJcheil(r?ai’qwlinterpalﬁtimg the X-value (substance concentration)
H benzo[ d] azepi n-7-yl ) -t etrahydr of ur an- 3- car boxyl i c

atié dodade/shiowpdupe 4t0he 50 Yamhimsoxi mately 9-fol d
| ower plasma concentration conpared to the

(R) - enanti oner,
(S)-3-[(5-Cnhl oro-thi ophen- 2-yl)-carbonyl am no] - N- (3-ne

A Setounah e S0 YRh i Crafigresripssnandg 4By, Suerngl.
cid am de showe |.C50 at an appr oxi mat el fol d

? Biee Csrfﬁ%'ﬁg%dﬂ&ﬁt@&f‘%ﬁ@“@ﬁ@égﬁ%éﬁﬂ@ f@jr'éahydy ofuran carboxylic
(R) - enanti oner,

@gzsl)aretdp(rsow bigbet ppigniey nvas- gipgerced umtlnpl f%&@ @s$awN- ((5R

)-3,5-dinethyl-2,3,4,5- 25 tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t etrahydrof uran- 3- car boxyl i c

acid am de WO 2008/ 080891 PCT/ EP2007/ 064406 -68

For example:

(S)-3-[(5-Bromo-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide showed an
ICs0 at an approximately 9-fold lower plasma concentration compared to the

(R)-enantiomer,

(S)-3-[(5-Chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide showed an
ICs0 at an approximately 8-fold lower plasma concentration compared to the

(R)-enantiomer,

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5R)-3,5-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
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showed an I C50 at an approximately 10-fold | ower
pl asma concentration conpared to the correspondi ng

woO 3shBYs9di ast er eoi soner and PCT/EP2007/064406

(3S)-3-[(5-chl oro-thi ophen-2-ylgg-car bonyl am no] - N- ((5S
)-3,5-dinethyl -2, 3,4,5- tetrahydro-1
khowed %fnqgéﬁpérﬁ] aprdx)mé CBV @D%@IH%\%@BIB%NF@(E&R%&Wtﬁaﬁon 0

acid amd showed an approxi mately 7-
Pachli SRECHAIRY G, SE R ghdrion
@)d rr%-ﬁ;éqq?fqh?ﬁ |)(c5ar6Ir b SNUAGTA(BS)-3 5-cimethyl-2,3.4.5-

. 4] oxazepan yl) - phenyl car banDyI ] -tetrahydrof uran-3-y
fotraiiae: %W[@@ze@m {-ghdeEahyiolspn oxearpyYlic acid amide

17-fold |l ower plasnma concentration conpared to the
sRywed ant ICasretr an @pprdxirhataip 7 fbiddpiven pla@neacdrmenitiation
aci d- N-{3-[ 3- net hyl - 4- (5- oxo-

tdmphesdaeprcotrésobnd R;5S parBidréoiteined.
hyrg?ofur an- 3-vyl }-gm d'eﬁ@gﬁomedpan 15 II C50 at an

approximately 16-fold | ower plasma concentration
conpared to the (R)-enantioner,

@-g-%ho'{?'gﬂ ﬁ)bbgi %@ﬁz{‘rﬁpﬁgcaécﬁﬁ?-ﬁgék-&%etqw-4-(5-cyanimin-
ﬁ#am%g%‘. a0 R BeE MR T AR P a8 i anigashowed an
| asma concentration conpared to the (R)- enantioner

at gn- @mmmtelwapm rqi@3roR woneentration compared to the
aci d- N-{3-[ 3- et hyl - 4- ( 3- oxo- nor phol i n- 4-

(R)-ephetiprherar banoyl | -tetra hydro-t hi ophen-3-yl }-ani de
showed an I C50 at an WO 2008/ 080891 PCT/ EP2007/ 064406
-69 approximately 15-fold | ower plasma concentration
conpared to the (R - enantiomer. In view of their

Rope Rkl ‘bﬂ'enB@Bgrrbbg?ﬁ‘c LORREMSHMAUITS. A0, the 5

accept abf e sa surtabl e
the reventlon tre f _ven
L konpse BT AotboReniroaiond CERhydTtE R Ay 3fige spawed an
ICs0 at an approximately 16-fold lower plasma concentration compared to the

(R)-enantiomer,

(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]oxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide showed an ICsp at an
approximately 15-fold lower plasma concentration compared to the (R)-

enantiomer and

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-oxo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide showed an ICsg at an
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prevention and treatnent of deep |eg vein thronbosis,
t hronbophl ebitis, for preventing reocclusions after

woymamsosoper ati ons or angi opl asty (PT(C)A), anpCT/EP2007/064406

occlusion in peripheral arteri ag9-di seases, and for
preventing and treating 10 pul nonary enbolism
dbprsiharh e s gk evasplasala srentratibR RoAtaré® ¥EHR (R)-
sepsis, for preventing and treating DVT in patients
%%Htticﬁﬁgrcer bated COPD, for treating ulcerative
col'itis, 'for preventing and treating coronary
thronbosis, for preventing thronboenbolic events
associated with atrial fibrillation, e.g., stroke and
t he occl usion of shunts. 15 In addition, the conmpounds
Hrvignaeiier eheraacelogisal piersritessiietnay eomgeunds and the
antithronbotic support in thronbolytic treatnent, such
pbysiolog@eatiyaiceemiiable saltst thprexd @re sattapledsethe prevention and
tenect epl ase, staphyl oki nase or streptokinase, for

pregweatt 3T enen g aherdrdrias treoadiosic dideiseBTé o as farrexthtle the
prevention and treatnent 20 of ischaem c events in

. " _ i £or
B e O M TR o or
L.nf t . e..0..4n.the n

DR ST ncistind Aot 470BERY P, and
QbblFS porhersl auehel digea. aPadel pigvontifa and treatng
fibrin-dependent tissue adhesions and/or the formation
ptilna@ary eindnlis s wisseprinaedpon savasaupnenagd diieal ansgsevere
processes. WO 2008/ 080891 PCT/ EP2007/ 064406 -70

Sepgis uiod preventiay amdhtesatingt DV/Ttiy patertstwitroagaderbated COPD, for
agents in connection with the preparation, storage

freaghd QRRkatRR &itidsr previthting dMdopshtinggéttoharyt thfombosis, for
coating of invasive devices such as prostheses,

DR ek SRR, SRS b Y BBl L s
i cal gperties the new conpounds and the

h |.0g:
Eﬂéiﬁr‘%ggﬂﬁg'gplﬁsﬁbf? tabl e salts thereof are also

suitable for the treatnent of

In addition, the compounds according to the invention are suitable for
antithrombotic support in thrombolytic treatment, such as for example with
alteplase, reteplase, tenecteplase, staphylokinase or streptokinase, for
preventing long-term restenosis after PT(C)A, for the prevention and treatment
of ischaemic events in patients with all forms of coronary heart disease, for
preventing metastasis and the growth of tumours and inflammatory processes,
e.g. in the treatment of pulmonary fibrosis or pulmonary arterial hypertension,,
for preventing and treating rheumatoid arthritis, for preventing and treating
fibrin-dependent tissue adhesions and/or the formation of scar tissue and for

promoting wound healing processes.
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Al zhei ner' s and Parkinson's di sease. One expl anati on
for this arises for 10 exanple fromthe foll ow ng

wo 2evgiosggs1 from which it can be concl uded t hat PCT/EP2007/064406

thronbin inhibitors or factor Xg-i nhibitors, by
inhibiting thrombin formation or thronbin activity,
may be val uabl e drugs for treating Al zheiner's and

Par ki nson' s di sease. Cinical and experinmental studies

COhS ) SRS SRR AP v e
B S AR e oTUBEH BR800 ot o

injury. Various studies point to the involvenent of .
tviesivei deviGesnalehrfeg@sHianesy arififialo@ivessand eathelean eeducing
follow ng a stroke, repeated bypass operations or
theatskaoi thrdmbus formjaiiop. An i ncreased t hr onbi n

activity has been denonstrated sonme days after

peri pheral nerve damage, for 20 exanple. It has also

been shown that thronbin causes a neurite retraction,

APyicWedf thé tpgrbgr@ag(?l%fcfa?ﬁ%?ﬁabns dm@%eweaﬁn SURdS Bnd the

primary cu eur o neur obl astoma cell's

bRl seeREla St PR irare Athedhe o iR el of

patients with Al zhejner's disease indicated that
?\Iﬁ“@%ﬁﬁs angﬁargmﬁem & GisPaske gt ONSophis pESesH s
di sease (Neurosci. Lett. 1992, 146, 152-54). A
example frami tba folfowingiingings, fooswobhgbgan be concluded that
PCT/ EP2007/ 064406 -71 reactive thrombin has been
trebetire thhilbsitons or faatopXadnrdisitors, by shilsiamgnthrombin formation or
Al zheiner's patients. It has been denonstrated in

WrbFrdir _Baﬁvntyhﬁfw%@vaug,@|emrap§ fordtr&Rlrlg ABhERger's and
regul ation and stinulation of the production of the

AR U RS SR bkl S5qUBliogad Bt euroone
(LS50 8oL To PR Al DFATRle SR win ne

t hr onbi n-i nduced m cr og1l ial activation leads in vivo
aetivalionf psaienaes oh ths Clattiggtasgagantiednyelved butherddng of
These findings |lead one to conclude that mcroglial
aeuionesifollgwingibygiarieginpy ardsgtndies peuddo dne gveo)vement of

thrombin in neurodegenerative processes, for example following a stroke,
repeated bypass operations or traumatic brain injury. An increased thrombin
activity has been demonstrated some days after peripheral nerve damage, for
example. It has also been shown that thrombin causes a neurite retraction, as
well as glia proliferation, and apoptosis in primary cultures of neurones and
neuroblastoma cells (for a summary see: Neurobiol. Aging 2004, 25(6), 783-
793). Moreover, various in vitro studies on the brains of patients with
Alzheimer's disease indicated that thrombin plays a role in the pathogenesis of

this disease (Neurosci. Lett. 1992, 146, 152-54). A concentration of immune-
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such as thronbin, for exanple, are involved in the

neur opat hol ogi cal process of 10 the cell death of
wolo@amseser gi ¢ neurones of the kind which occurBCT/RP2007/064406

patients wth Parkinson's disease (J. Neurosci. 2003,

23, 5877-86). The new conpounds and the

REBESiV 8 tdnttsth Ihas aeeprd bt R dSRINeBritd916808s # Be@bramhs of
suitable for the prophylaxis and treatnent of arterial

5 Y e .
E3EHNEEe BaBoRS T nER ckrifERelti8d 11 PEiSRY; ool 58 plays
and vasodil ators, i arti.cul ACE-inhi bitqrs,, .
Bk ohahe rroyIpion apd sHUeoN SaERTodH BN ¢4aS "Amyloid
f3-receptor antagonists, a-receptor antagonists,
BregussorcRroteln- %éﬁhéﬁ welllasciartge cigaving athetAlPR igp fragments
sol ubl e guanyl ate cyclase. 20 By increasing the
ahicht tarobe detected fri hadyrainshed Aleheic@rsqatigstsandotdayer, it has
physi ol ogi cal |y acceptable salts thereof are al so
Beeh dehristratsuitian &id PiRotbii-miRlcetMntibragfiiBesctivation leads in vivo
anti coagul ants e.g. unfractionated heparin, |ow

Rt S nerARR! 0oL cobARARIR ehenlr Tt Anainggepd one
Rl Fiegtel SR, Gnal e RECoiethasuptpneets

t he physiol ogically acceptable salts thereof are. also

sueh gﬁ?{@oﬂlﬂ'ﬁtfﬁé eﬁ¥’6‘|@ | @i 'QV%JM%g i @“&%%HPPWOM'%& ipapcess of
vascul ar di seases as conbination therapy wth

peacell death@f degaminerginmeuwiones of the knd ve¥eh pceyrs in patients

cl opi dogrel or a glycoprotein-lIb/Ills antagonist or a
withddrkimsor'setisensed JaMeaigasti. 20037128, 888AF6).r equired to

achi eve such an effect is appropriately 0.001 to 3

nmg/ kg body wei ght, preferably 0.003 to 1.0 ng/ kg body

wei ght by intravenous route, and 0.003 to 30 ny/kg

THIE AR LB TS v

rou m ni'stere
til . For this rpqgse, .t he  conpound f
buale Jorihe mroBhiph Budielint bhSrREARAR0URr fsoangs as
be fornmul ated, optionally together with other active
§g@§[rﬂ|@@§herapy with lipid lowering agents such as HMG-CoA reductase
inhibitors; and vasodilators, in particular ACE-inhibitors, angiotensin |l

antagonists, renin inhibitors, R-receptor antagonists, a-receptor antagonists,

diuretics, Ca-channel blockers, or stimulators of soluble guanylate cyclase.

By increasing the antithrombotic efficacy, the new compounds and the
physiologically acceptable salts thereof are also suitable in combination therapy
with other anticoagulants e.g. unfractionated heparin, low molecular heparins or
fondaparinux, or direct thrombin inhibitors e.g. recombinant hirudin or small

molecule synthetic inhibitors.
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with one or nore inert conventional carriers and/or
diluents, e.g. with corn 15 starch, |actose, glucose,

wonesosssyst al | i ne cel | ul ose, magnesi um st ear at BCT/EP2007/064406

pol yvi nyl pyrrolidone, citric acyd, tartaric acid,
wat er, water/ethanol, water/glycerol, water/sorbitol,

%%Myo%é/ ébil‘r‘lbbﬁﬁés %M G gh?éi@@@'i(%ﬂ? &bé?t‘é‘bie salts thereof are
cetyl stearyl alcohol, carboxymethyl cellulose or fatty

?ﬁ%%@i’t?ﬁ%sfo? 'tﬁ:@ htgl?erx‘iis gﬁtﬁ tregfrpéiw c?faat?{e‘?iaméédfﬁgrsdiseases as

ereo conventi ona eni c prepar at

such. 2 r coated tabl sules owder s
gae'&a?glpaﬁegapwﬁw@?%si@%@ega%ie QUi e
the hysi ol ogi cal |y accePtabIe salts thereof nmay be
isifagielraijsb @Y oAbt in- N POIREPNSh ORARrombin reteptor
acetylsalicylic acid, wth inhibitors of platelet
agtagegéti on such as fibrinogen receptor antagonists
(e.g. abciximb, 25 eptifibatide, tirofiban,
roxi fiban), w th physiological activators and
inhibitors of WD 2008/ 080891 PCT/ EP2007/ 064406 -73

ereo?b% 1Bgi osioeéeiﬁé\siegieipgﬁ%%ei a ﬁ@@é 8947601 to 3 mlkg

rotein C antit

bpal Qv'&t t ProeferABE/ %Bgﬁﬁgq @ﬁ&/lﬁgqgébry wg@};%&intravenous route,
R SHDok Erdd i oY vatoRrederally 0440 206Dl adyoeioht by

(e g. 5 terbogrel) or with a thronbin receptor

aral Aguie it eqch easesaHMBEsiezd) 1 to hijpees awlayal section 10
The Exanples that follow are intended to illustrate
the invention, without restricting its scope. As a
rule, nmelting points and/or IR UV, 1H NWVR and/or nass

FBEHiS Bufpdse ti@@dinﬁ@u@dié”é‘ﬂfoﬁ%lé di)epr“e@ﬁpéwa@éording to the

prepared Unl ess ot herw se stated, Rf values 15 were

figﬁ?@tﬁg EnJI 8%[?1‘?(3%”? t{)gé:ntﬂﬁgw'ttf%g%%#' Lsﬁ?st nces,

wiiﬁm%rgorii%‘s;”é Rer S nrahar s ey %ricu?iieiiﬁa‘i?g Wi com
al umi nium oxi de 60 F254 TLC plates (E
piareistlagiose) 9luaesh. mI@r%wsigimwceiiuieﬁecrwaaﬁewum stearate,

polyvinylpyrrolidone, citric acid, tartaric acid, water, water/ethanol,
water/glycerol, water/sorbitol, water/polyethylene glycol, propylene glycol,
cetylstearyl alcohol, carboxymethylcellulose or fatty substances such as hard fat
or suitable mixtures thereof, to produce conventional galenic preparations such

as plain or coated tablets, capsules, powders, suspensions or suppositories.

The new compounds and the physiologically acceptable salts thereof may be
used therapeutically in conjunction with acetylsalicylic acid, with inhibitors of
platelet aggregation such as fibrinogen receptor antagonists (e.g. abciximab,

eptifibatide, tirofiban, roxifiban), with physiological activators and inhibitors of
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saturation. The Rf val ues given under the heading
Rever sed- phase-8 (RP-8) 20 were determ ned using

wo eadysosatde RP-8 F254s TLC plates (E. Merck, PCT/EP2007/064406

Darnmstadt, Itemno. 1.15684) witdhout chanber
saturation. The ratios given for the eluants refer to

Hﬂé idttiRy M_teRinafthe hecsabirant §nél699é‘§%§ér@8f (e’:g?rProteln C,
c rorrato- graphi ¢ purlflcatlon silica gel

rmr fe MA. Hetﬁ'qj W b m@ﬁéﬁiﬁfgﬁé%@g@%%d g\g?rsgjgﬁg (éJBI ess
c@gf %lﬁ%la |E|PBQ|’ %wﬁﬁjﬁﬁ rﬁge;&tpg)auéggn%?% (&8r gangrelor) or with

stereoi somers or m xtures of enantioners and
gPadinadlbrRMBoXantracePtyanigonsissyniiatass inikitais &4 9i n
the test descriptions: 5 BOC tert.-butoxycarbonyl CDI
fiertbogredy dromigh dithranckzin sbeeptor BEAgonist (e.g. SCH-530348).

N- et hyl - di i sopropyl am ne DVAP

4-di met hyl zam nopyri di ne DMF N, N-di nmet hyl f or mam de 1o
DVBO di net hyl sul f oxi de D- DTTA

(+)-O0 O -di-p-toluoyl-D-tartaric acid EDC 1-et hyl

- 3- (3-di et hyl am nopr opy) car bodi i m de Et OCAc

saturated 15 h hour(s) HATU
g&%hg&i}gﬁgsgﬁggz -1-yl)-N,N, N, N -tetranet hyl uroni um
- hexafl uorophosphat e HOBT 1 -hydroxy-benzotriazol e
| PA i sopropanol 20 LIHVDS |ithium hexanet hyl di sil azi de

The Examples that follow are intended to illustrate the invention, without

restricting its scope.

As a rule, melting points and/or IR, UV, 'H-NMR and/or mass spectra have
been obtained for the compounds prepared. Unless otherwise stated, R; values
were determined using ready-made silica gel 60 Fas4 TLC plates (E. Merck,
Darmstadt, Item no. 1.05714) without chamber saturation. The R values given
under the heading Alox were determined using ready-made aluminium oxide 60
Fas4 TLC plates (E. Merck, Darmstadt, ltem no. 1.05713) without chamber
saturation. The R values given under the heading Reversed-phase-8 (RP-8)
were determined using ready-made RP-8 Fas4s TLC plates (E. Merck,
Darmstadt, ltem no. 1.15684) without chamber saturation. The ratios given for
the eluants refer to units by volume of the solvents in question. For chromato-
graphic purification silica gel made by Messrs Millipore (MATREXTM, 35-70 um)

was used. Unless more detailed information is provided as to the configuration,
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NaHMVDS sodi um hexanet hyl di silazide 1i. vac. in vacuo
conc. concentrated mn mnute(s) 25 MsCl

woreddsagmoul f onyl chl ori de WO 2008/ 080891 PCT/EP2007/064406

PCT/ EP2007/ 064406 -75- MIBE nethyl -tert. butyl et her
Me- THF 2-net hyl -tetrahydrofuran NWM

WeBbNYEarRh e tRE pFSHERASre pure stere0|somers or mixtures of
bi s(di benzyl i deneacet one) pal l'adium (0) 5 n-PrCH

%Hgordgﬁ%%frfzd;g(aooc%adl erie)rhodium Rf retention factor
Rt

retention tinme rt roomtenperature 1o TBTU
O (benzotriazol -1-yl)-N,N N, N -tetrarret hyI ur oni um
tetrafl uoroborate TEA tri et hyI am ne
T heffolipyyina @dbrevialions arerused ipithe lﬁt&@@éﬂﬁ)t@rﬁnhydr I de
15 THE tetrahydrofuran TsCl para-tol uene sulfonic acid
8@ri de EsOBupayaatmnyéne sul fonic acid. Wl phos
1-[2 (2' di phenyl phosph
omphenyl ) fertgeonydihigzeiephenyl phosphine 20

DIPEA N-ethyl-diisopropylamine
DMAP 4-dimethylzaminopyridine
DMF N, N-dimethylformamide
DMSO dimethylsulfoxide

D-DTTA (+)-O,0™-di-p-toluoyl-D-tartaric acid

EDC 1-ethyl-3-(3-dimethylaminopropy)carbodiimide
EtOAC ethylacetate

sat. saturated

h hour(s)

HATU O-(7-azabenzotriazol-1-yl)-N,N,N’,N-tetramethyluronium-
hexafluorophosphate

HOBT 1-hydroxy-benzotriazole

IPA isopropanol

LIHMDS lithium hexamethyldisilazide

NaHMDS  sodium hexamethyldisilazide

i. vac. in vacuo
conc. concentrated
min minute(s)

MsCl methanesulfonyl chloride
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wobdogiormdr under the foll ow ng conditions:

The term "thi ophen-2-yl" or "thien-2-yl" denotes the
group shown in the box: S 2 0\/ The HPLC-MS data were

2008/ 080891 PCT/ EP2007/ 064406 _75.6- Method A The
nobi | e phase used was: 5 A: water with 0.15% HCOOH

me:_cetomHem _tb it BRIt |é1hg}n Y%A 9B flowrate in m/mn
0.00 95 5 1.00 10 2. 95 5 1.00 9.00 2 98 1.00 The

nary rbax Stabl eBond C18
co qaﬁ_H? Zﬂﬂ&ggl fé*[’r%ﬂ%é%ﬁu;%ﬂw A) Determ nation of the
Iute s&e em sﬁ of conpound 7: The crystal
cture 8 Tefinls 9' fas deternined by direct
nmet hods. The absol ute configuration was determ ned by
P@ﬁ(ﬂ%rrentb'éfd'bwym%ﬁaqﬁi‘?%%\@@lé@dlumoa\ck H D (1983),
Acta Cryst. A39, 876-881). 20 Crystal data
cHRIA Cl NOA-prapandl100. 7 (4) A3 M =275.70 Z=4 DX =
1.664 Mg m3 25 a=7.8200(16)A Cu Ka

[Rh(COD)CI]2 chloro(1,5-cyclooctadiene)rhodium

Ry retention factor

Ri retention time

rt room temperature

TBTU O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
tetrafluoroborate

TEA triethylamine

TFA trifluoroacetic acid

TFFA trifluoroacetic anhydride

THF tetrahydrofuran

TsCl para-toluene sulfonic acid chloride
TsOH para-toluene sulfonic acid.

Walphos 1-[2-

(2'diphenylphosphinophenyl)ferrocenyl]ethyldiphenylphosphine

The term "thiophen-2-yl" or "thien-2-y|" denotes the group shown in the box:

B

/

The HPLC-MS data were obtained under the following conditions:

WO  PCT/EP2007/064406



WO 2008/ 080891 PCT/ EP2007/ 064406 -77 b = 8.7700 (18)
Ap=4.92 Mm1 c = 16.050 (3) AT =100 (2) Ka = 900
w®resnBosepl ourless R=90 0.1 x 0.1 xO. 2 nm 5 peB@ridat/ec4406
col l ection Saturn 944 CCD nmountagl on AFCL 1 K
diffractometer 1627 independent reflections 10
oscillation scans 1610 reflections with | > 26(1)
Absorption correction: enpirical (using intensity
Wﬁ&ﬁ g\gent s) Rint = 0.052 3840 neasured reflections
max = 63.7 15 Refinenent Refinenment on F2 w =1
/[62(F02) + (0.0388P)2 + 0.2397P] where P = (Fo +
2Fc2)/3 RIF2 > 26(F2)] = 0.030 (N6)max = 0.001
WR(F2) = 0.072 Apnmax = 0.27 e A3 20 S = 1.08 Apmin =
Toe mokilephpspspsed whbect i ons Extinction correction:
none 158 paraneters H atons treated by a m xture of
AndepemadigmO. 136 He@E&H ai ned refi nenent Fl ack
paranmeter: 0.009 (17) WD 2008/080891 PCT/ EP2007/ 064406
B78c&@hdrieo!l | ection: Saturn 944 CCD nounted on AFClL 1
K/ RU200 rotating anode

timeinmin %A %B flow rate in ml/min

0.00 95 & 1.00
2.00 95 & 1.00
9.00 2 98 1.00

The stationary phase used was Zorbax StableBond C18 column; 8um ; 50 mm

X 90 mm

A) Determination of the absolute stereochemistry of compound 7:
The crystal structure of compound 7 was determined by direct methods. The
absolute configuration was determined by refinement of the Flack parameter

(Flack H D (1983), Acta Cryst. A39, 876-881).

Crystal data

C1oH10CINO4S V =1100.7 (4) A®
Mr = 275.70 Z=4

D= 1.664 Mg m™

a =7.8200 (16) A Cu Ka
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generator; cell refinenment: D*trek; data reduction:
D*trek; program(s) used to solve structure: SHELXS97

weragnsesps) used to refine structure: SHELXL97PCT/EP2007/064406

nol ecul ar graphics: XP. 5 The cpnfiguration of the
chiral carbon atomis S. The structure is shown in

5I=99f7$06 (18) APr epar afy =an9@fmm™
-am no- tetrahydro furan 3-car boxyl ic acid derived

10 Pr of
rac 6§§n(‘aﬁiﬁt et rahyd1ra ?ﬁq% carboxylic acid

Eh@gﬁghyl ester X par.a- tolueﬂesulfonlc acid (2): To a
ol dti on of 3-ani no- é??aﬁ?@F Rt an- 3- carboxylic acid
1 (100 g, 163 mml) _in 2-phenyl et hanol (456 nmL) and
B0t 8@ne (400 nL) wasO-dAded*G20PM20 (174 15 g, 916
mmol ) under nitrogen and the m xture was heated to
yef9QX while the water was coll ected via a Dean-Strak
trap. At the conpletion of the reaction, the reaction
m xture was concentrated to 1/3 of its original volune
and cooled to anbient tenperature. MIBE (1000 m ) was
ggﬁggoﬁggub e mxture was stirred for 1 h. The slurry
wa Iltered and the wet cake was washed twice with

drie roduct 2 (284

%gﬂ@ﬂ?@% “%%9%’*%%%6@ %gﬁ?ﬁz) 8 8.60 (br

3k 7.47 J.=8.0 Hz, 2 H, 7.20- 7.50 (m 5H),
%ﬁ'%fpej‘de” reflefond 1y 4.44 (dt, J = 6.6, 1.1 He,
2H), 3.97 (m 1 H), 3.84 (m 3H), 2.97 (t, J = 6.6 Hz,
ospillatioregeang 1 H), OHDreflectiong with 1692¢() 1 H) 25 WO
2008/ 080891 PCT/ EP2007/ 064406 -79 Preparation of
Absoiptiani guorelctibn admygirical (Wsiny Bierwity ongdsuremeints)
phenet hyl ester (3):

Rint = 0.052

3840 measured reflections Omax = 63.7°

Refinement
Refinementon F2  w = 1/[c%(F%) + (0.0388P)* + 0.2397P]
where P = (F,2 + 2F2)/3

R[F?>20(F%)] = 0.030  (A/G)max = 0.001

wR(F?) = 0.072 Apmax =027 e A3
S=1.08 APmin = -0.27 e A7
1627 reflections Extinction correction: none

158 parameters
H atoms treated by a mixture of independent and constrained refinement

Flack parameter: 0.009 (17)
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To a 1.5 L of 5% NaHCO3 aqueous sol ution was added 2
(283 g) and 1.5 L of ethyl acetate and the resulting

wonomss@Inas stirred at anbi ent tenperature fopCBHEBN07/064406

m n. The organi c phase was renoxged and the aqueous
phase was extracted once with 1.5 L of ethyl acetate.

D2ea eONEBRIASAILIAYAG BOBSARSUMREDHAFED 1RIRAU200 rotating anode
concentrated to dryness to yield 157 g of 3 in 97%

; | (O N . fans * .
efiefnor BER RN aD:irek data sedugtign; Dy trek: prpgrami(s) used to
henet h 1 L-mandelic acid.(4): Am

P8 Sriburg) SHERNS Y LoBaaT (o hses 1 acute yuctyfky SHEDKLo7
(0.094 L), and L- mandelic acid (152.2 g) was heated
fwlerlargrgehiss: Z6>-min. The nixture was cooled to

41-43 Cin an hour and 1.29 g of seed was added. After
$herooetigiiratioB ®f time ahiralearipdrx atone isM@s The strediure iDsiOvam th
stirred for 3 h. The slurry was filtered 15 and the
FRjuréake was washed twice with MIBE (75 m -) and dried
to give crude 4 (113.5 g) in 43.9%yvyield and 87% de.

The above salt was recrystallized froma m xture of

MIBE (908 nmL), CH3CN (908 ni), and water (54.5 ni-)

58 bR 8 3 HaL Sy 0:lait- S Fah il qedierivec
%%eg%]lgﬁ_n%, and \évater (48.9 m-) gave 94. 3Og of 4
b e (35.0% overall yield) and 99. 7% de.

The enantionerically purity was anal yzed by chiral

HPLC with chiral pak AD-H colum, 250 cmx 4.6 nmm 5

m 2 nb/mn, 220 nm 95% heptane/5% IPA;, rt = 9.3 nin
PeSpanatiomeof rac-8-amih@-tetrahydrotfidran Secanboxylic st phenethyl
2008/ 080891 PCT/ EP2007/ 064406 -80 Preparation of

eSterX ﬁﬁ?dltblhéhééﬁﬁéhlbééiﬂqmﬁ' carboxylic acid
phenethyl ester 5: A suspension of 4 (94.3 g) in 750

TRg Tl oL P e oo e GEaRIC R 3B o3 romo
Qr 93 eBylethanol (456 mL) and toluene (400 mL) was added TsOH.H,0 (174
g, 916 mmol) under nitrogen and the mixture was heated to reflux while the
water was collected via a Dean-Strak trap. At the completion of the reaction,
the reaction mixture was concentrated to 1/3 of its original volume and cooled to
ambient temperature. MTBE (1000 ml) was added and the mixture was stirred
for 1 h. The slurry was filtered and the wet cake was washed twice with MTBE
and dried to give the desired product 2 (284 g) in 92% yield.

"HNMR (DMSO-D6, 400 MHz) § 8.60 (br s, 3H), 7.47 (d, J = 8.0 Hz, 2 H), 7.20-
7.50 (m, 5H), 7.11 (d, J=7.9 Hz, 2 H), 4.44 (dt, J = 6.6, 1.1 Hz, 2H), 3.97 (m,
1H), 3.84 (m, 3H), 2.97 (t, J = 6.6 Hz, 2H), 2.32 (m, 1H), 2.30 (s, 3H), 2.09 (m,

1H)
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5 phase was renoved, the aqueous phase was extracted
once with EtQAc (750 nlL). The conbi ned organi ¢ phases

wores/osisved and concentrated to dryness to Qi PET/BPF2007/064406

of 5in >99%yvyield. Preparationygf
(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] -t etrahy

W@parﬂa@dméafac%sraﬁthrammborupaﬁrseémos@u.erad.é)phe/hethyl

m xture of 5 (20 .
ésﬁ%?’(@ j.0- t hi ophene 2- carboxyl | ¢ acid (14.5 g, 89.4
)Y, ""HOBT. H20 (13.8 g, 102 mmol ), EDC. HCl (19.6 g,

02. o, & 200 . was_coql edt 0.15 C
TReiT satt 1% NARE A euleats siukisliarag s 24dedin Bha T 5 L of
m xture was warnmed to anbient tenperature and stirred
21 @5et2tehantzﬁfmteS(UﬁM)xtwmwa&gEﬁreq 2bemiigntiereeridte for
to the mxture and stirred for 20 mn. The organic
phasia. Wae orgamic @taaa dvashrenmapedoarsd {nesapiecrs phaseneas extracted
once with Et OAc (200 m ). The conbi ned organi c phases

vREE withes b edovéthil adfatal ThE coPiiedd offinid bRaseWefl diesd and
and concentrated to give 6 (29 g) in 90%yvyield. 20

é&%ﬁ@g @%@s eléﬂ@?éﬁof@ H:bogf%lyuo A 12 ?9 (gr

,296(tJ 6.9 Hz, 2H), 2.53 (m 1 H, 2.29 (m
Preparati on of

S) - 3- r.o-thi oph i no] -tetrah
E’.r%p iAo Sh S eIy P RETAE AV Fyr g GHsbaryB Beid phentthy!
PCT/ EP2007/ 064406 -81 A solution of 6 (40 g) in MeOH
estay xrbymaadelioacidi(4)o 10-15 C, fol l owed by addition

of 1 N NaOH (200 nmL) over 5 min. The m xture was
Wamnixturetaf Jaftidizeg); MTBEP@O4tLY) MeN (G 94 L) edateo0.804 ) pand L-
The m xture was concentrated to renove nost of MOH

%d@@%cﬁzﬁgz_ﬁ%@) Was naafes 0‘9{’56j 5§t°brfb?§0trﬁi?ﬂ ‘Théth'&ﬁJre was

for 10 organic p ase was renoved

hase was washed 200 ,
o5 0o FayaantaLr egsrhas oslesciies 3 %M@r Stirred for 30
soI ution was added to a pH = 2-3. Then 200 niL of
ViR, TtHE raitlregvas cdoled@ O °C and stirred for 3 h. The slurry was filtered
and the wet cake was washed twice with MTBE (75 mL) and dried to give crude

4 (113.5 g) in 43.9% yield and 87% de.

The above salt was recrystallized from a mixture of MTBE (908 mL), CH3CN
(908 mL), and water (54.5 mL) to give 102.0 g of product in 89.9% vyield and
98.2% de. One more crystallization from MTBE (816 mL), CH3CN (816 mL),
and water (48.9 mL) gave 94.3 g of 4 in 92.5% vyield (35.0% overall yield) and
99.7% de. The enantiomerically purity was analyzed by chiral HPLC with
chiralpak AD-H column, 250 cm x 4.6 mm; 5 um; 2 mL/min, 220 nm; 95%

heptane/5% IPA; ri = 9.3 min ((S)-isomer); r; = 10.1 min, ((R)-isomer).
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was added and the m xture was stirred for 10 mn. The
aqueous phase was extracted once with 100 niL of

wd/Re0BldB0s9The conbi ned organi c phase was 10 CONRENEPENE064406

and 100 niL of heptane was addedgp-The slurry was
filtered and the wet cake was washed wi th heptane (50

P\=e|6a|%)tlo?ﬂ6f (Q)Lﬁﬂrﬁmogte\tﬁhl‘@draa‘u?aﬂ% békbo‘i(%%%cﬁél henethyl

Raceni ¢ conmpound 7 coul d al’'so be prepared | ow ng
%,)E_Fe .ocedure descri bed 15 for exanple 1 e: OH O/ \
"NH2 0 SCR2HOHSC  chiral OHS C 1101

LRpETion OBk A L1 ORI War A0 S04T

the racem c conpound into its respective enanti omsrs
NaHCfvealutiom Andathe uiurgiwasstored, far &0 min. i taatiag=prganic

AD-H 250mm x 4, 6mm 20 chiral colum has been used,
phasé wgasw‘etrioved 1thes sapestdus phaise was Ekixacied 80e¢ with EtOAc (750
Et OH(20% as |iquid phase. At a flowrate of 1 m/mn,

Fritt) e MhieCdbrhbifed dr@édinit Pphases deiré aed aindrcordertraicd t@rtﬁyness to
12,5 mn. WO 2008/ 080891 PCT/ EP2007/ 064406 -82

VeSS Mald &8 ¥ >33 \3&Qar ation of this racemate can be
Qc |eve§ on HPLC V\nﬁﬁ DAI CEL QJ-H chiral col um,

eluting with 0,1 % Acetic Acid in Hexane(80% /
EtOH(20%9. At a flowrate of 1 mM/mn, retention tines

F’gégérh qq%gg §)5§R5ég§p5?-,tgi(po m_ -y?)ndaﬁ)onylammo]-tetrahydro-
(5-chl oro-thi ophene-2-yl)-3, 7-di oxa-1-aza-
&mamwanpmwlqa@m @m@thy@»ster (6):
A mixture of 5 (20 g, 85.1 mmol), 5-chloro-thiophene-2-carboxylic acid (14.5 g,
89.4 mmol), HOBT.H»0O (13.8 g, 102 mmol), EDC.HCI (19.6 g, 102.1 mmol),
and DMF (200 mL) was cooled to 10-15 °C. Then TEA (17.8 mL) was added
over 5 min and the mixture was warmed to ambient temperature and stirred for
2 h. EtOAc (200mL) and water (200 mL) was added to the mixture and stirred
for 20 min. The organic phase was removed and the aqueous phase was
extracted once with EtOAc (200 ml). The combined organic phases were
washed with 200 mL of 5% NaCl solution and dried and concentrated to give 6
(29 g) in 90% vyield.
"HNMR (CDCl3, 400 MHz) § 7.15-7.30 (m, 6H), 6.89 (br s, 1H), 4.42 (t, J=6.9

Hz, 2H), 3.90-4.12 (m, 4 H), 2.96 (t, J = 6.9 Hz, 2H), 2.53 (m, 1H), 2.29 (m, 1H).

Preparation of (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydro-

furan-3-carboxylic acid (7):
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50 ng (0.18 nmol)
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] -tetrahy

wole@s/oBosoan- 3- car boxylic acid 7 were stirred fpcT/RR2007064406

45 m acetic anhydride at 85C. _810 The reaction
m xture was evaporated down i. vac., the residue was

hadghitidHlof 64 ABg ERANe OM (Zﬂmﬁﬂ?méﬁ%o@'lé‘cf‘ioo’f @%Wba'ftﬂlow&i by

conpl etely concentrat ed by evaporation. The crude

PRI GRS AT (Yo e o amen

%’Eﬁ%rt t rgtjaté@% rredb f%%%)@?rhnpﬂg ]teertq&gjhré%é)s cgrqcaentrated to remove
3-tert. -but oxycarbon | am no-t et rahydro-furan-3-carbox

mast ohMePH @OdrMTBﬁFéQanM) wag agded@ngesimed; the eaixiuse Tr 10
15 min, then 3.6 m benzyl brom de was added dropw se
einl. frhe\mgalsit:iphasd wan rédnaletsand hquedus phase2@asasashed once
filtered and the |iquid phase was concentrated i.vac.

With 200sindusg MPBE. Tthé lahaéows tdyeﬂv!%\@l cholétb O he efﬁd?@Nﬂ-ﬂ)l
was washed with vvater and saturated NaCl-sol ution.

$5Rti6H YN &d ~°~ 9rd. qui]ew é@emmemw and 18.9 of NaCl

concentrate tO Yy title conpoun

Id rat 0
§EGA0 t%ﬁ%ﬁyﬁ?@@ e CuPed RESEnin o Tog gpueqys phase was
2008/0 0891 P 07 83 A mxture of 5.2
BEhaste @”F@rW'%Tﬂ)&EB’iy%{aM %?aﬂi‘%ﬂ@ﬂ%‘}@@&'qm%ﬁ? as
carboxylate, 200 m CH2CI2 and 20 Ml TFA was stirred
poncentrateshand dfdent atheptarie waaedded. Vhepdriynsas fikered and the
conmpound in quantitative yield. 5 Preparation of
el cake hasrwagHhadopitie heptayle) (50anbor)l saard dridd teegivaly@3®B g) in
furan-3-carboxylic acid benzylester 11 and separation
064 higienantiomers  (S-12 and R-12): 1.59 g (9.8 mmol)
5-chl oro-t hi ophene-2-carboxylic acid is dissolved in

30 M DW and stirred with 3.61 g (10.7 mml) benzyl
3- am no-tetrahydro- furan 3 10 carboxylate and 3.46 ¢

f?‘.lacemlc com)poarl?g 9 cou(fld Iso be pr(eparémPolI)ow’i\lr'1\6vlhaet pr%%ggqure described

for example 1e:

OH
o/\§_< /\ OH OH
NH, Cl/QCOZH o chiral 0 H s. Cl
— N
0o Me3SiOC(=NSiMe3)CF3 n/g chromatography H/U
O

1
in analogy to
W02005/111029 rac-7

and (R)-7

For separation of the racemic compound into its respective enantiomers, a
conventional analytical HPLC system with DAICEL AD-H 250mm x 4,6mm
chiral column has been used, eluting with 0,1% Acetic Acid in Hexane(80%) /
EtOH(20%) as liquid phase. At a flow rate of 1ml/min, retention times for the

enantiomers are 9,2 min and 12,5 min.
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tenperature for 20 h. Then the m xture is evaporated
down and purified by chromatography on silica gel

w@ edosarisy1 di chl or onet hane/ et hanol 100: 0 to 94: ByT/EP2007/064406

Yield: quantitative Rf vaI ue: BH9 (silica gel;
di chl or onet hane/ et hanol 9:1) 15 C17H16CI NO4S

Aﬁ@ﬁwﬁ@ély%séﬁﬁﬁﬁé# BY trﬁé\/f"d@efna"te%ﬁ/ ROSchiEVePHh MPLC with

| sot opes) For separ ation of the racemc mxture into

DASCEESBEEH #Pﬁﬁ%@ﬂﬂﬁh o&ﬁﬁ@g ?\/ﬁh%ﬁ ‘%Egc?tﬁ Aéé dn H I-Pexane (80%) /

conventi ona system

%?(éh@l%@io%a Iowa{éﬁ% frgl 0 nusrg\tl%hgom 'HW eognanq_' gne@s are

m/mn, retention tinmes for the enanti omars are
6:053mirhanth8.02mirvresPechyeldr nat i vel y, the separation of
this racemate can be achi eved on supercritical fluid
chromat ography with DAICEL | A chiral colum, eluting
with EtOH(1 5% / WO 2008/ 080891 PCT/ EP2007/ 064406

PRépaidtibi( dﬂ?@) -2-(5-ehforo-iHio phen 822017379 -didda-a-ddae0w

rate of 70ml retention tines or the enantioners
Sl SRR (e vy Pt on o

- ' i T p
Bbia, %0 ¢ B, <§?1%ﬁ%%h@%9§ﬁbﬁpéﬁmg%@?bg?ﬁ%"ﬂ?ﬂ- Piagyaro-
e Ve Rt Etheds duftradh osrc
m xture stirred for 90 mn and the m xture was
d baceactian miktuie, was evagylaged dpwRCl vagasthadasiduanhs taken up

m xture was stirred overnight. The 10 precipitate was

fwict @zed iatsluene aedd idichgoroendthend ahd eootpigtelyncbricen®@éd by
yield. H2N COO Bu CO HCI Preparation of

é@épé’mﬁﬁh Phé BfURMItRE Grhpb@it wasaeaesdldirecd§ Without any further
i sobut yl

purification.

Preparation of benzyl 3-tert.-butoxycarbonylamino-tetrahydro-furan-3-
carboxylate (9):

A mixture of 7.0 g 3-tert.-butoxycarbonylamino-tetrahydro-furan-3-carboxylic
acid, 80 ml DMF and 4.6 g K.CO3 was stirred for 15 min, then 3.6 ml
benzylbromide was added dropwise and it was stirred for 3 days. The mixture
was filtered and the liquid phase was concentrated i.vac.. The residue was
diluted with CH2Cl,, and the mixture was washed with water and saturated
NaCl-solution. The organic phase was dried with Na>SO4 and concentrated

i.vac. to yield the title compound in 58% yield.

Preparation of benzyl 3-amino-tetrahydro-furan-3-carboxylate (10):
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15 ester hydrogen chloride (13): To a m xture of am no
acid 1 (190.5 g, 1.45 not) in 2-nethyl-1 -propanol

w@ 2008/08)891 at 0 C was added dropw se thionyl chboT/EE®07/064406

(211.6 nm., 2.0 equiv.) over 20-gg-n. The m xture was
heated to 89 C, and kept at 89 C for 0.5 h, then

%\Qgtxﬁﬂet& 29 g1 A Q-Yﬂ@rt.slblhtlbkgébern*IBHﬁnd-?é’ffh?fy@?é’-‘ﬂﬁaﬁQJ-

The m xturé was cooled to r and concentr at ed
RIS R R B 0 TE AR e d R fhfgPnogniratec
suspensi.on .and. . stirred at. rt f . 0.5 h. The m xture
MeBr I VigRuBe G omecattn e aNE Y ol ce wi th
t-butyl WO 2008/ 080891 PCT/ EP2007/ 064406 -85 net hyl
ether (0.2 L x 2) to provide the desired salt 13 (287
g, 1.28 nol, 88% as a white solid. G i S HN COG Bu
Ereparatiopr eba[Ei-cblorofthiophen-2-yl)-carbonylamino]-tetrahydro-
rac- 3-[ (5- Chl oro-t hi ophene- 2-car bonyl ) -ani no] -tetrahyd

furant3HcanbSxylic Boybénzyles teritsiodnd Bepasitidn of e ed@ntiomers
m xture of salt 13 (287 g, 1.28 nol),

bl HPRAPPhene- 2-carboxylic acid 10 (219 g, 1.35
%I, 1. 05 e%ﬁi v), HOBT.H20 (208 g, 1.54 nol, 1.2

Tl 6200 e hiEph sl bRl arads BB g0 m
Pl andizemeg o ¢ {18 iaobrbeliay 15 oiuad-selihy dsoran->-
t he aqueous | ayer was renoved. The Et OAc | ayer was
tamhoxglateasd St e t h0Bemnenol Y PBTY ane SwnN2Q mar®l) NMM at room

solution (2 L) and concentrated. The resi due was
fermpedtirerioudd ha Thborithe siiktuealis @edpopated daavruand purified by

Hexane/ Et OAc 4:1 -* 1:1) to give the desired anm de 14
cB@Pndtography on silica gel (eluant: dichloromethane/ethanol 100:0 to 94:6).
Yield: quantitative

R: value: 0.59 (silica gel; dichloromethane/ethanol = 9:1)

C17H16CINOSS (365.83)

Mass spectrum: (M+H)" = 366/368 (chlorine isotopes)

For separation of the racemic mixture into its respective enantiomers (S-12 and
R-12):, a conventional HPLC system with DAICEL IA, 250mm x 4,6mm chiral
column has been used, eluting with EtOH(2%) / CHCI3(20%) / Hexane (68%).
At a flow rate of 1ml/min, retention times for the enantiomers are 12,3min and
20,7min.

Alternatively, the separation of this racemate can be achieved on supercritical

fluid chromatography with DAICEL IA chiral column, eluting with EtOH(15%) /
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1.01 nol, 82% as an oil. 14:1HNWR (CDC13, 400 MHz) 8
=7.47 (s, 1 H, 7.40 (d, J =4.0 Hz, 1 H), 6.86 (d,

wd 2008ds@otz, 1 H), 4.26 (d, J = 9.6 Hz, 1 H), BCPerhod84406
(m 4H), 2.60 (m 1H), 2.38 (gu- L H), 1.96 (m 1 H),

0.90 (d, 4.04 (m J = 6.8 Hz, 6H); 20 13CNMR ( CDCI3,
@P‘R:I%("I‘Z—))’/QSI sup%?&ﬂﬂeel @;@%gﬁi%}[% a@lov@%tdof 71)3@/rﬁm ﬂ&@nﬁ”@n times

Bl RO e AR S5l R, VO

O O Preparation of

(S)-3-[(5-Chl oro-thi ophene-2-carbonyl)-am no] - tetrahyd

ro- furan-3-carboxylic acid isobutyl ester (15):
Rreparatioshek(sh=3-H5hehlpee-tBianhansa-y bwebomwammo]-tetrahydro-
NaH2PO4. H20: 100.5 g, Na2HPO4: 80.8 g, H2GO 6.55 L)
furant3-casboxiyleciagidc@)ase (564 nL, > 0.75U/ n, 2

U nol) and racem c ester 14 (70 g, 0.211 nol) in

Foet an18tidrd o (S)-3-](5-dherortHiopraint2-yhicdribenyl@sindlite@ahydro-furan-

m xture was about 7. 30. The m xture was stirred at rt
gﬁd{b x;lll_igia bgﬁzL}H&%SFﬁ E{S‘ gﬁ?%ﬂ(anbﬁ %ngﬁé?ﬁdeg 1N
E{%%ﬁ%iﬂﬂéntﬁ%ﬁhxé?%a&r‘f‘%@ 9@@* A D AR elbgntrates

t hrough a exane: Et OAc

bY¥e- RK 6& #'inag éP'XiL!Te(VZ%S @t'”%%’e%‘i%t The
ee). Cl--1 H N% COOH O

precipitate was filtered and dried to give the title compound in 99% yield.

H2NCSCOOIBU
o}

HCI

Preparation of rac-3-Amino-tetrahydro-furan-3-carboxylic acid isobutyl

ester hydrogen chloride (13):

To a mixture of amino acid 1 (190.5 g, 1.45 mol) in 2-methyl-1-propanol (1.9 L)
at 0 °C was added dropwise thionyl chloride (211.6 mL, 2.0 equiv.) over 20 min.
The mixture was heated to 89 °C, and kept at 89 °C for 0.5 h, then heated to
108 °C and stirred at this temperature for 1.5 h. The mixture was cooled to rt
and concentrated to remove most of 2-methyl-1-propanol. The residue was
treated with t-butyl methyl ether (1 L) to form a suspension and stirred at rt for

0.5 h. The mixture was filtered and the cake was washed twice with t-butyl
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15 0 Preparation of
(S)-3-[(5-Chl oro-thi ophene-2-carbonyl)-am no] -tetrahyd

wo eeosfosgsan- 3- car boxylic acid [(S)-7]: The optieal/ky2007/064406

enriched ester 15 (43.5 g, 0.13s5npl) was dissolved in
MeCOH (400 20 nL). To the solution at 0 C was added 1
0 & (ot2 o1y 2 Q)ratqheaﬁd deSred©a4882088Q89128 mol, 88%) as
PCT/ 2007/ 06440 -87 resulting mxture was stirred
Qtwﬁlfe écﬂfd 0.5 h. The m xture was then concentrated to
ve nost of nethanol. The resulting aqgueous
soI uti on was washed once wth t-butyl nethyl ether
(200 nm.), and then neutralized with 3 NHCI at 0 Cto
pH = 1-2. The m xture was saturated by adding solid
NaCl and extracted with 5 Me-THF (500 nL). The Me-THF
| ayer was dried over Na2SO4 and concentrated to give
cid (S)-7 as a white solid. The solid was then
al I—u zed three tines fromwater (40 nlL hot

wat er / CooBy desired acid in 99.5%ee (21 g,
489%) . @%1HNI\/R (DVSO- D6, 400 MHz) 8 = 12.75 (s, 1
H), 8.98 ol H, 7.77 (d, J= 4.0 Hz, 1H),7.21 (d,

J=4.0 Hz, 1 H, 4.12 (d, J = 9.3 Hz, 1H),3.92(d,J 10
=9.3 Hz, 1 H, 3.84 (t, J =7.0H, 2H), 2.35 (m
H2N COOBu CY 0O Preparation of

2H)

-3Amnotet ur,an car. Iic Cldb
E’g?e?rat@ 8h - S I Lo fiiBpRe &Rt Singt gtrany dro-
and n-butanol_ (100 nL) at 0 C was added SOC12

tq@nﬂgarh@svlm@wd @%@Ykﬁ%teb(/ﬂ') 10 min. The nixture
was heated to 110 C over 10 min and stirred at the
Tergmixdtine ef Sabr 131(287 g 1.28 malpd-eblotrathiophenbe2-aanbouylec acid
was concentrated to renove n-butanol and Me-THF 20

(39071 po1e0 s T 109 1) 08 gt v
EDC 1 (895 Gt 175armal 1 Bquil ' SAgRIbGs DWEEt B8 was added
triethylamine over 10 min. The mixture was allowed to warm to rt and stirred for
3 h. EtOAc (2 L) and water (2 L) was added and the aqueous layer was
removed. The EtOAc layer was further washed with water (2 L) and 5% NaCl
solution (2 L) and concentrated. The residue was passed through a short silica
gel plug (eluent: Hexane/EtOAc 4:1 — 1:1) to give the desired amide 14 (335 g,
1.01 mol, 82%) as an oil. 14:"HNMR (CDCls, 400 MHz) § = 7.47 (s, 1H), 7.40 (d,
J=4.0Hz, 1H), 6.86 (d, J = 4.0 Hz, 1H), 4.26 (d, J = 9.6 Hz, 1H), 3.90-4.08 (m,
4H), 2.60 (m, 1H), 2.38 (m, 1H), 1.96 (m, 1H), 0.90 (d, 4.04 (m, J = 6.8 Hz, 6H);
"SCNMR (CDCl3, 100 MHz) 8 = 172.1, 163.5, 161.6, 136.7, 136.0, 128.3, 127.1,
76.2,72.0,67.9, 66.0, 60.5, 37.4, 27.7, 19.0; ESI-MS: m/z 332 [M+H]", 685

[2M+Na]".
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separated and the aqueous | ayer was washed with Me-THF
(50 n.). The conbined organi c phase was washed with

wGoos@sdsosol ution (50 nL) and concentrated toprgixe2ibress406

crude butyl ester 16 as an oil _g¢4.3 g, 99.4%. WO
2008/ 080891 PCT/ EP2007/ 064406 -88- O OBu NH2 L-MA O
Pr epa i on of

no-t et rahydro-furan- 3-carboxylic acid butyl
(S*mandelic acid (17): Butyl ester (16, 10
g, 0.053 GBwil of MeCN was dissolved in a 250
nL react of, Mandelic acid (4.88 g, 0.032 nol, 0.6
equi v) was adde foll owed by addition of another 60
m. of MeCN. Th&® mixture was heated to 70 C and the
clear solution was then cooled to 20 C over 12 h and
kept at 20 C 10 for 1 h. The slurry was filtered and
the nother liquid was recharged back to the reactor

PeépaRition JNES)CRKG-CRPoroahiGshahd-2- d‘éFBEnS/E)Oarmnéﬂ-t%lrah(ydro-

and dried under "vacuumto give 7.8 g of salt with

ﬂffé‘éﬁ'%”?é’a@ Fabl, #F’%&E ST (80 ) ana £BO (0.9
51,011 JH R pbﬂ@ﬁb ted@%%"? NG e é‘ B

at 0 C for s urry was filtered and t
MR%P%SSOMW&@ vﬁ phloal b W@Q%Nﬁ@la@ez(%é rBLca’ Oa?{ﬂJ/mL

dri ed under vacuumto give 17 as white crystal (6.5
g,U/emlpanc egcedmiodested 1@B(r0 gyHBat1 ntolpi; acetone (3.275 L). The pH

esterg

value of the resulting mixture was about 7.30. The mixture was stirred at rt until
the ee of the remaining ester reached 93% by chiral HPLC (about 30 h). EtOAc
(2 L) was added and the aqueous layer was further extracted with EtOAc (1 L).
The combined EtOAc layer was concentrated, passed through a silica gel plug
(hexane: EtOAc = 1:1) to give the optical enriched ester 15 (28 g, 25%, 93%

ee).

Preparation of (S)-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-tetrahydro-
furan-3-carboxylic acid [(S)-7]:
The optically enriched ester 15 (43.5 g, 0.131 mol) was dissolved in MeOH (400

mL). To the solution at 0 °C was added 1 N NaOH solution (400 mL) and the
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Preparation of
(S)-3-tert-Butoxycarbonyl am no-tetrahydro-furan-3-

WG a008m308ki ¢ aci d butyl ester (18): WO 2008/ 080BO1/EP2007/064406

PCT/ EP2007/ 064406 -89 Salt 17.§83.9 g, 100 mmol) was
di ssolved in Me-THF (150 nL) and H20O (150 nl). To the

F@thgem%ufet wé@%tlﬁgé%@ rtSBF 0% NaF K Riktdide ®al thé@@oncentrated

portlon wi se and the m xture was stirred

Hﬂérﬁo ran% trgaerﬂ)?rﬂﬁ@p?suﬁ s%t%qu oI@W@asMﬁsﬁﬁ once

se ara e agueous S Wwas

%t-wﬁh%ﬁahyréw%%@gﬂo%fniﬁ%@eﬂna%@ w 3 E{ﬁcﬁ 210°C to

m xture was added Boc20 (21.8 g, 10 mol

Bbr T i oh. ThEn@ ftIner AR Sah%ah&éettye@ﬂdlag solic a@tdu &ﬁ@@t%ﬁ with
the tenperature for 2 h. After cooled to rt, the
MexT tiFg 588 snpJihedViet THIF sater wdsHEER ¢UsIONadSO cardl concentrated
brine (100 nL) and concentrated to give crude 18 as an

@ giveZfude 8cidY8Y97 ad 8 viaRHélid. @né@@hb was tHen@ecrystalllzed three
Preparation of [(S)-3-(3-Methyl-2,3,4,5-tetrahydro-1

e daseran iRl e 5 1o,
T

4%y (et ERaRUchiShype. @@Nﬁ%# P gt 388, 1), 7.77

benzo[d& azepi n-7-yl am ne é 34.8 nmmol) in THF (100

(A.)J att.0 g, Ohas21 4daéa 4d lsk) 4.ARE, ¢ P-4tz 1H), #92 (d, J

in THF, 2.5 equiv.) over 10 mn. The mxture was

wa@rmldz,u‘p-ll,ds.m @, gwe7.(lHR, 2HY 2185i(tholkBld. by HPLC

anal ysis. Sat. 20 NH4Cl (50 nL) was added at -0 OC to

guench the reaction and the m xture was further

diluted with EtQAc (100 nL). The aqueous |ayer was

¢ rated and extracted once with EtQAc (50 nL). The
i_Ougani ¢ phase was washed

@)

Preparation of rac-3-Amino-tetrahydro-furan-3-carboxylic acid butyl ester
(16):

To a mixture of amino acid 1 (10 g, 76 mmol) and n-butanol (100 mL) at 0 °C
was added SOCI2(18.2 g, 153 mmol, 2 equiv.) over 10 min. The mixture was
heated to 110 °C over 10 min and stirred at the temperature for 4 h. After
cooled to rt, the mixture was concentrated to remove n-butanol and Me-THF
(100 mL) was added. To the mixture was carefully added sat. NaHCO3 (100
mL) and the resulting mixture was stirred at rt for 30 min. The organic layer was
separated and the aqueous layer was washed with Me-THF (50 mL). The
combined organic phase was washed with 3% NaCl solution (50 mL) and

concentrated to give the crude butyl ester 16 as an oil (14.3 g, 99.4%).
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with brine (50 nL) and concentrated. The Iight yellow
solid was recrystallized WO 2008/ 080891

weeisERBoD7/ 064406 -90 fromIPA (85 m-) at OPCr/ER2007/064406

give 19 as a white solid (11.5-g8- 85% 98.3 A%
purity). O 1 \' N H2 N, NH O 2HC 5 Preparation of
(S)-3-Am no-tetrahydro-furan-3-carboxylic acid
(3-nethyl- 2,3,4,5-tetrahydro-1
H-b%r}%lg[d] azepi n-7-yl)-am de hydrogen chloride (20):
lution of 19 (2.00 g) in MeOH (10 m-) was

NHEGI / MeOH(-9N, 10 nl-) at anbient tenperature.
The pesutMAng cl ear solution was stirred at anmbient 10
tefPerature for 1 h and then concentrated to give a
white solid. MeOH (5 m-) and MIBE (30 m-) were
added and the slurry was stirred at roomtenp for 0.5
h. The slurry was filtered, washed with MIBE (5 ni -)

P?é’pé’t’dtﬁﬁ\ HP %-A“r‘ﬁi‘r‘l‘befétréﬁfﬁé%?aﬁ% Sér‘%x?'ctacga Iﬁﬁypester
|te solid 9% purity)

f% 'Nd%h'(_:la t(ﬁ’aﬁpar ation of

s ydr of ur an- 3- car boxylic acid n- butyl

Eu%y? sger (% 68?8]0%%%& Sé%ld 0I r%rll allyll\}leCh was glssolveg iIna 250
mL reactor. (S)-Mandelic acid (4.88 g, 0.032 mol, 0.6 equiv) was added
followed by addition of another 60 mL of MeCN. The mixture was heated to 70
°C and the clear solution was then cooled to 20 °C over 12 h and kept at 20 °C
for 1 h. The slurry was filtered and the mother liquid was recharged back to the
reactor for wash. The cake was washed with MTBE (20 mL x 2) and dried under
vacuum to give 7.8 g of salt with 90% de (43%). 7.5 g of the salt (90% de) was
charged into a 250 mL reactor followed by MeCN (90 mL) and H2O (0.9 mL).
The mixture was heated to 70 °C and the clear solution was then cooled to 0 °C
over 12 h and kept at 0 °C for 1 h. The slurry was filtered and the wet cake was
washed with cold MTBE (20 mL x 2, 0-5 °C) and dried under vacuum to give 17

as white crystal (6.5 g, 99.0% ee, 87%).

OBu
NHBoc

O

@)

Preparation of (S)-3-tert-Butoxycarbonylamino-tetrahydro-furan-3-

carboxylic acid butyl ester (18):
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WD 2008/ 080891 PCT/ EP2007/ 064406 -91 OH H N SOC12,
BuOH HN O COOH H3N O OH COOH 110 C, 4 h 2 ~ OCBu-n

wWORBwWwsns@oD- 88% 88% MeCN O 42% 86% de PCT/EP2007/064406

3- Ami not et r ahydr o-furan-3-carbogol ic acid (75 g, 0.572
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The 20 phases are separated and then the aqueous phase
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Preparation of [(S)-3-(3-Methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-
ylcarbamoyl)-tetrahydro-furan-3-yl]-carbamic acid tert-butyl ester (19):

To a solution of 18 (6.1 g, 34.8 mmol) and 3-Methyl-2,3,4,5-tetrahydro-1H-
benzo[d]azepin-7-ylamine (10 g, 34.8 mmol) in THF (100 mL) at -10 °C was
added dropwise LHMDS (87 mL, 1.0 M in THF, 2.5 equiv.) over 10 min. The
mixture was warmed up to 0 °C over 1 h and monitored by HPLC analysis. Sat.
NH4Cl (50 mL) was added at ~0 °C to quench the reaction and the mixture was
further diluted with EtOAc (100 mL). The aqueous layer was separated and
extracted once with EtOAc (50 mL). The combined organic phase was washed

with brine (50 mL) and concentrated. The light yellow solid was recrystallized



added to the conbi ned organic extracts and the m xture
is stirred the m xture for WO 2008/ 080891
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stand for 15 mn. The aqueous lgyer (-1055g) is

renoved. The organic solution is distilled to a
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in one portion and the resulting solution i's distilled
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coll ected. NVR 5 assay of the concentrated

product indicated 94.0 g of the desired racemc n-

butyl ester was obtained (88% . Chem cal Resol ution

MeCN (1125 m-) is added to the concentrated racemc

n-butyl ester al ysi s shoul d be conducted
at this age 4 e of Me-THF should be
gpyoll to I > anount of Me-THF is >5%
j t and addition of 1125 niL

Eid be repeared. L-Mandelic Acid (60.9 g,

0.4 nol ) /is'added to the ester solution in one portion

rring resulting in the formation of white
solids.~The m xture is heated to2HCS 70 C and hel d at
that tenperature for 30 mn, resulting in a clear

5 solution. The solution is cooled to 20 C over 12 h
and then held at 20 C for 1 h. The resulting slurry is
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flask, under N2 and suspended in 980 25 niL of CH3CN,
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70 C to WD 2008/ 080891 PCT/ EP2007/ 064406

and MTBE (30 mL) were added and the slurry was stirred at room temp for 0.5

h. The slurry was filtered, washed with MTBE (5 mL) and dried under reduced

pressure to give salt 20 as a white solid (1.8 g, 96%, >99% purity).

15

Preparation of (S)-3-amino-tetrahydrofuran-3-carboxylic acid n-butyl ester

20 via chemical resolution with L-mandelic acid
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-93 dissolve the salt, resulting in a clear solution.
The solution is held at 70 C for 30 mn and then

wooeaisesosd) C to 23 C over 12 h. The resul ti ng BEDEPY007/864406

filtered and the wet filter cafkpe is washed twice with

150 nL of MIBE. The product is dried at 50 C under

reduced pressure resulting in 66 g (81 %yvyield) of

(S)-3 5 anmi no-tetrahydrofuran-3-carboxylic acid

n-butyl ester L-mandelic acid saltyjin 99% de.

Preparation of = OH
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AcOH O 50 O O To a solution of dihydrofuran-3-one

(10.0 g, 116.2 mmol) in MeCOH (5@#tgnasas added a

solution of 7 N NH3/MeCH (33 nL) at anbi ent

tenperature. The 15 m xture was cooled to 0 C and

7.66 g of AcOH was added over 5 min while maintaining
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The slurry was filtered and the wet cake was washed

capfiausiy everZb min [ tacstirmesesuspenisioadexptheraie)s After addition is

containing the desired

Semipiete; thetreahlyidg ofixtuas isSheatelddoit10i Weoverette HCI gas is
concentrated and to the residue was added 20 niL of

SRS AU a8 g ovogegohern & cosiOvigorus
when the temperature approaches over 100 °C. The reaction mixture is stirred
110 °C for 4 h.

When the reaction is complete, as indicated by LC/MS, the mixture is cooled to
~70 °C. The reaction mixture is distilled to a minimum volume (~ 200 mL) while
controlling the temperature at 70-75 °C at 95-100 mbar. About 460 g
solvents/SOCI. is collected. The concentrated reaction mixture is cooled to
room temperature and 2-methyl-tetrahydrofuran (Me-THF )(600 mL) is added.
8% NaHCOs (750 mL) is added cautiously, in portions, while vigorously stirring.
COg2 is generated over the course of the addition. The resulting mixture is
stirred for 15 min and then the phases are allowed to stand for 15 min. The
phases are separated and then the aqueous phase is stirred with an additional
400 mL of Me-THF 15 min. After standing for 15 min, the organic layer is

separated and combined with the first organic extract. 3% NaCl (375 mL ) is

added to the combined organic extracts and the mixture is stirred the mixture for



and then 100 nL of 5.5 N HCl in n-BuCH was added. The
resulting mxture was stirred at anbient tenperature
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54.03, 67.51, 78.72, 122.63. Chem cal Resol ution MeCN
ess&some)cdnseahtdmd produttendicatash®4.8tgedf thacEsired racemic n-
n-butyl ester. A GC analysis should be conducted at

bhiys esteromsadistainee (gen)ent of Me- THF should 15 be
controlled to be < 5% I|If the anbunt of Me-THF is >5%

the distillation of solvent and addition of 1125 nL
of MeCN shoul d be repeated. L-Mandelic Acid (60.9 g,

ed to the ester solution in one portion
@ﬁ%pﬁgé ¢$¥ﬂ@9iesultlng in the formation of white
xture is heated to. 70 C and hel d at
ﬂ% 't[nU 4689' 83N GLCANCEUERIPE rREPTIe %Bgtygggter. A GC
solutlon The 20 solution is cooled to 20 C over 12 h
analysiseshonis] be gongactedfas thig skagerard theeeentenihef Meukhlly should
is filtered. The nother liquid is added back to the

beaohtroled talsé < 5%. falsd atiorint lbadMe-THIres 5% ethe aidtitiation of
washed twice with MIBE (200 nL X 2) and the resulting

§6veAt faﬁd dadi@En dF 1128 rkl. BANRICNIQHEGIdVRCrpBatey. 3 h.
(S)-3-Am no- tetrahydrofu ran-3-carboxylic acid

o e
W%T rzr%%7r/e%8 #186|n the ?orm%r’glonc r}tte spcgl %%edflﬁreemixture is heated to
70 °C and held at that temperature for 30 min, resulting in a clear solution. The
solution is cooled to 20 °C over 12 h and then held at 20 °C for 1 h. The
resulting slurry is filtered. The mother liquid is added back to the reaction flask
to wash the flask. The filter cake is washed twice with MTBE (200 mL X 2) and
the resulting solid is dried at ~50 °C under house vacuum for 3 h. (S)-3-Amino-

tetrahydrofuran-3-carboxylic acid n-butyl ester L-mandelic acid salt (82.0 g,

42%) is obtained as a white solid in 86 % de.

Enrichment Procedure
The 86% de ester (82 g) is placed in a 2 L flask, under N2 and suspended in 980

mL of CH3CN, and 19.7 mL of water. The mixture is heated to about 70 °C to
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The 86% de ester (82 g) is placed in a 2 L flask,
under N2 and suspended in 980 nlL of CH3CN, and 19.7

wotoosfososat er. The mixture i s heated to about 7BPCTEPIOT064406

di ssolve the salt, resulting im® clear solution. The
solution is held at 70 C for 30 mn and then cool ed

a%s@vb%a%a@ Rééﬁrtmbanfb cléaresél@ﬁéﬂ tTRE s%mf.ws h@ld at 70 °C for
ltered and the wet [ter cake is washed twice with

ééQn Htan%fthw%%oleﬂjfo ?S?%%t"ld 8%%’% ﬁ &)r@fgléll Hy'%ﬂﬂy is filtered

duced ressure r'esu

ég{jgge %re%n h %srr‘gg |qenwgﬁa|§© ffi/lﬁgljz' Trﬁe proguct is
Al ternatively var| ous al cohol s $R()—|) are used in

driedsat PA “Criadriseduerd pressURNasyItigdBIee g (§Xk)yield) of (S)-3-
Conditions Yield of esters 1 PhCH2CH2OH H2SO4, 90 C,
émidmietrahyenaHPATH @4 rib@S§0¢ ,acldlib;budy e@lerﬁhrr@%d@lic acid salt in
PhCH2CH2OH TsCOH , 90 C, 6h -39% 4 PhCH2CH20OH TsOH,

09, d8®0 C, 6h -39% 5 PhCH2CH2CH Conc. HCl, 75 C, 3h

15% 6 PhCH2CH2OH 2 N HCl, rt, 18h trace 7 PhCH2CH2CH

6 NHCl, rt, 2h -30%8 MeOH 9N HClI, rt, 18h Product on
LC yield VA 9 PhCH2CH2OH -7 N HCl, rt, 18h -33% 10

EE%%W&@M'“8&9&%‘19{9&%%-%%%@%ﬁ@%sé':“ﬁ%ﬁ%tv' ester

50/ I’] F{ﬂ 8h -70% 13 nBuOH -9 N
'F"Cq %" with K icacid o rt, 18 h -69%
0 NH3 / MeOH NH CN HCUnBUOH N i
CS AcOH é NaCN 6 2 OBu-n
3 50 OC a

To a solution of dihydrofuran-3-one (10.0 g, 116.2 mmol) in MeOH (50 mL) was
added a solution of 7 N NH3s/MeOH (33 mL) at ambient temperature. The
mixture was cooled to 0 °C and 7.66 g of AcOH was added over 5 min while
maintaining the temperature below 25 °C. The mixture was stirred at ambient
temperature for 10 min and 5.64 g of NaCN was added in one portion. The
mixture was heated to 50 °C, stirred for 2 h and then concentrated to remove
the MeOH and ammonia. EtOAc (40 mL) was added to the concentrated
mixture and then stirred for 15 min. The slurry was filtered and the wet cake
was washed twice with 20 mL EtOAc. The combined filtrates, containing the
desired 3-amino-tetrahydrofuran-3-carbonitrile, were concentrated and to the

residue was added 20 mL of n-BuOH. The resulting mixture was cooled to 0 °C
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Preparation of
(S)-3-[(5-Chl oro-thi ophene-2-carbonyl)-am no] -tetrahyd

wo oeosfosesan- 3- car boxyl i c acid PCT/EP2007/064406

((S)-3,5-dinethyl-2,3,4,5-tetragygdro-1 H3 5
benzazepin-7-yl)-amide Br O NH MC/TEANOI N~

5hd tﬁéﬁNO@‘%@ é{ 5:5 N HCQW n-BuOPRWak QdéBZNThe/reg}ffflng mixture
Br ONstep 3 2 step 1 3 step 2

ggoxane o@%e}#@%ﬁgﬁ& 1 N b %TTXZEI:I BE N

?g? r[li{-xbjﬁg(y\/a’\slcpql\,!-lggﬁ] tcgpoévcmq?gﬁa rr/w_ }[klla%re\ﬁas(3 agéeeé). %hg rr|1_|lxture was
then concentrated to remove most of the n-BuOH. Saturated NaHCO3 was
added to the residue to pH>7 and the resulting mixture was extracted twice with
200 mL of 2-methyltetrahydrofuran. The organic extracts were washed once
with brine (80 mL) and then concentrated to give 18.3 g of the title compound
(85% overall yield). '"H NMR (CDCI3, ppm): 2.02 (s, 2H), 2.09-2.15 (m, 1H),
2.43-2.50 (m ,1H), 3.75-3.78 (d, J=9.04, 1H), 3.98-4.08 (m, 3H). °C NMR

(CDCI3, ppm) 40.80, 54.03, 67.51, 78.72, 122.63.

Chemical Resolution

MeCN (1125 mL) is added to the concentrated racemic n-butyl ester. A GC
analysis should be conducted at this stage and the content of Me-THF should
be controlled to be < 5%. If the amount of Me-THF is >5%, the distillation of
solvent and addition of 1125 mL of MeCN should be repeated.

L-Mandelic Acid (60.9 g, 0.4 mol) is added to the ester solution in one portion
while stirring resulting in the formation of white solids. The mixture is heated to
70 °C and held at that temperature for 30 min, resulting in a clear solution. The
solution is cooled to 20 °C over 12 h and then held at 20 °C for 1 h. The
resulting slurry is filtered. The mother liquid is added back to the reaction flask
to wash the flask. The filter cake is washed twice with MTBE (200 mL X 2) and
the resulting solid is dried at ~50 °C under house vacuum for 3 h. (S)-3-Amino-
tetrahydrofuran-3-carboxylic acid n-butyl ester L-mandelic acid salt (82.0 g,

42%) is obtained as a white solid in 86 % de.
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waQ RBrdosbp prepare (S)-1: WO 2008/ 080891 PCT/EP2007/064406

PCT/ EP2007/ 064406 -97 To a 2 lgg-acked-flask with
condenser and nechani cal stirrer was charged crude
(RS)-1 (84 g), nPrCH (840 nL), and D DTTA (122 g). The
m xture was heated to 60 C and then water (252 nlL)

Eﬂ?c%@ﬁpPrT&%u%xwre was then heated to reflux to

ear solution. After stirring at reflux for

tuyr. o ambi
FEWM% STeitee o i pragkd 0 e 4 haPskodha o W%J%Rﬁé}ded in 980
h and kept at O Cfor 1 _h. The slurry o
mu @feGléaCHnandééiﬁevam\Maf@él dhggniiirie is h@a@idvt@ abeet 70 "C to
salt (101 g) in 39%yield and 95% de. The salt was
tissolvedbe gsitatdsuiting i raoctearsdbtiomt he S8QMIoh/i b at T®»°C for
give the (S)-1 (95 g) in >99% de and 37% over al |

B0 ehifl antthBnaipaled 20ACad 24 10 ever2i2 Ao T&e&ebulhﬁ@%ldr%ﬂis filtered
was charged 2-(4-nitrophenyl)ethanol 2 (150 g, 0.882

AR kne Bt ?n%p%%.g%%# t"‘n%‘fe,awﬁh T%QQ? D®F WTIZEY IThe product is

ori de MY
g4 S5 G8 i it RRENEUTA P9 B RISty
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tenperature for 1.5 h. Additional MsC (4 nL, 0.05 eq)
@Q% delded i n one

Alternatively, various alcohols (ROH) are used in as shown in the Table below.

Entry | Alcohol (ROH) Conditions Yield of esters

1 PhCH2CH,OH H.S0O4, 90 °C, 6h 10%

2 PhCH2CH,OH H2SO4, Cul, 90 °C, 6h 9%

3 PhCH>CH,OH TsOH, 90 °C, 6h ~39%

4 PhCH>CH,OH TsOH, Cul, 90 °C, 6h ~39%

5 PhCH>CH-OH Conc. HCI, 75 °C, 3h 15%

6 PhCH>CH,OH 2 N HCI, rt, 18h trace

7 PhCH>CH,OH 6 N HCI, rt, 2h ~30%

8 MeOH 9N HCI, rt, 18h Producton LC
yield N/A

9 PhCH>CH,OH ~7 N HCI, rt, 18h ~33%

10 PhCH;CH2CH,OH | ~6 N HCI, rt, 18 h ~ 9%
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portion. The m xture was further stirred at 20-25 C
for 1 h. 1 NHCI (800 nL) was added and the m xture

worwssslser ed at 20-25 C for 10 min. The organi BCR@P2007/064406

| ayer was separated and the aquggus | ayer was
di scarded. The organi c phase was washed wi th 5% NaCl

SO TTTQBJSHD L) _and CPREALIEY €6l 41p aDqultgipo T
To the s ut| on was char ged met hanesulfom c aci d (285
éﬁ%mdﬁB VLA L) 4 Te i n'Z"lL 6753

6ed) in severial portions over mn. The

|
rﬁ&turé“%g stirred at %&@@'@Z@hfor 2 h "Z&%Iltl onal
1, 3-dilbrono-5, 5-hydantoin (25 g, 0.09 nol|, 0.1 eq) was
W3 2009508083 PCT/ EF20@W 166440618 h 98 addedBhd t he

m xturle was further stirred at 25-30 C fgr 4 h. The
reaction mxture was cooled to O C and water (800 niL)
was cautiously added over 30 min while controlling
the tenperature < 35 C. The organi c phase was

separ ated and washed sequentially with 10% Na2S203

FibBaiobn S5 el dpene ot Poniraniqe¥hyaro-
used.in the pext step. Preparation VI a
bieRat ORI asis (818 o-dimely! 2158, ariatralnusiro-TH
net hyl al lylam ne (96.5 g) in DM (250 nL) 10 at 5 C
hevzazrpin-tyhmamide a sol ution of crude 4 in DVF (200
m.) over 1 h while controlling the reaction
tenperature < 15 C. The m xture was kept stirring at
15-18 C for 2 h, then quenched with 3% NaHCO3 (1 L)
and EtOQAc (1 L). The organic phase was separated and
t he agueous phase was further extracted once with
Et OAc (500 nL). The conbi ned organi c phase was washed
with 15 brine, concentrated to about 1 L, and cool ed
to 0-5 C. HC (-64.8 g) gas was bué)rbl ed through the
solution to forma slurry. The g 'ry was filtered and

the vvet cake was washed with Et aOO mL drl ed
\
\ it h Maoose  vac ) verBr/1 -to g|
deS| ﬁﬁiﬁf 5 AT 0M$'5
tep 1 MsOH DCM step 3
step step 2
szdbag tBUSP HBF4 N— Pd/C, H2 N—
TEA, dioxane 2 step 5
step 4 (RS)-1

D-DTTA o \(j}r
n-PrOH/H,O HoN
step 6 step 9 :
0 o Co2
H,N, NaHCO3 |HN, _ CDI
0B T OBu S N
i “< “OH
4 L-MA 2. NaOH 5 (%\
0

step 7
7 8 step 8 9

Resolution of (RS)-1 to prepare (S)-1:
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85% overall yield from2). 1HNVR (400 MHz, CDCI3) 8
8.40 (d, J = 2.3 Hz, 1 H, 20 8.10 (dd, J = 8.4, 2.3

woizgoshsdgp1 7.42 (d, J = 8.4 Hz, 1 H), 5.83 (m raT/EP2007/064406

517 (m 2H), 3.09 (d, J = 6.4tz, 2H), 3.01 (m 2H),
2.65 (m 2H), 2.34 (s, 3H Synthesis of conmpound 6

‘rbaa 2 |Haeked ‘ﬁ§§R WRth: coMlefsér indnitablanital agkr \ﬁ/ﬁg'dﬁﬁﬁj%d crude
nechani cal stirrer and thernoneter at room

Q%EEL@E%B‘%* GB03Bb: Aot aaT B E%f%ﬁﬁ%@ﬂ“ﬂ@é)%%heated

triethylamne ( iuy.) under

& B8 a1 Vherviater @2 Tl Sulsesh RS Arer A e ated to
then Pd2dba3 (11.7 g) and PtBu3. HBF4 (7.4 g) were
eeftixdouretomea agaear Jdietiothohfternsticting at veftuxt for t-h@i5 h, the mixture
degassed at room tenperature for 5 mn, and then

b\/%@tcwécptolémbfénatéhﬁéﬂawr@%@r Ahighd RFPEF abdled t6 0 °c over 0.5

under argon for 1.5 The mixture was cooled to -

cF(l anngbtsggn%b ﬁ%w@e&e Q%Fgﬁw\é?? (Fjg &3;8/]? %%é?r(ﬁ@ §8£d) solvent
gl 67 <R Eo DR e edove some
S_r eci pitated pal | adi um speci es, The G%am C hase was

Bp el was kN rexsysigliesd TR 88 Oldlwaks(t (BREMid Qﬁmb) to give the

with 10 Et OAc. The conbi ned organi c phase was washed
Wb -1 (85 ghan ¥20% de amah87%coveralityiedled t o about 0.5 L.
5-6 MHCI in IPA (56 mM-) was added at 0 C and the
resulting slurry was filtered. The wet cake was washed
and dried to give the HCL salt of 6 as a yell ow sh

el d, 94% purlty) 1HNVR (400 I\/Hz
?E%’g’*%afﬁ%w =24 M, 1H, 803(dd J =

?Zrﬁzr%a{ﬂ% Waéd'qgaqgad 20 n&%@%ﬁggl)itﬁ’a_&%l 35(355 édo séz mol),
sﬁ%mmﬂhw O LEA et il SHonLLCUGiRg (1208 ria i1 M) 1.1 €0)
a suspensi on of 5-chloro- thlophenecarboxyllc acid
eR80725JC.i Fha ouxiure o¥as gooleddnc 10a€, andedreaDrientames (107 g,
g) in one portion at 20-25 C over 10 mn while
1.06 mol, 1.2 eq) was added slowly over 2 h while maintaining the internal
temperature < 5 °C. The mixture was then warmed to 25 ° C and stirred at this
temperature for 1.5 h. Additional MsCl (4 mL, 0.05 eq) was added in one
portion. The mixture was further stirred at 20-25 °C for 1 h. 1 N HCI (800 mL)
was added and the mixture was stirred at 20-25 °C for 10 min. The organic
layer was separated and the aqueous layer was discarded. The organic phase
was washed with 5% NaCl solution (500 mL) and concentrated to about 800
mL. To the solution was charged methanesulfonic acid (285 mL, 4.41 mol, 5 eq)
in one portion, followed by addition of 1,3-dibromo-5,5-hydantoin (151 g, 0.53

mol, 0.6 eq) in several portions over 5 min. The mixture was stirred at 25-32 °C

for 2 h. Additional 1,3-dibromo-5,5-hydantoin (25 g, 0.09 mol, 0.1 eq) was
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gas was generated vigorously. The m xture was heated
to reflux for 30 mn and then cooled to room
wo espses@dbLr e. DVAP (1.44 g) was added fol | owedrbyEPI®7/064406
amno acid butyl ester 8 (22 g)ogn EtQAc (150 m-) in
one portion. The mxture was reflux for 20 h and

‘é@@é@%ﬁo‘)th% mikture whd€driHeko&irrdd ht was3@ddedran® tife reaction

resul tlng m xture was stirred at roomtenperature

E@%ﬁwé%&@aﬁ%%%@“@léaﬂaﬁégg@r B3 EdRopsl progg,over 30
HFEEY%E %mng ng?lt%gl ?33%” éSn{h%nérgﬁQ@ phase was

(150 nL.) was added. The m xture was furt

é@m@r@m andgvashed seyentially with 1Gis Pel@&/@ss(@p@tmbh JasNaHCO3
added 2 N NaCH (90 nmL, 1.5 equiv) and the m xture was
300 mdq, 3% Na@h«i&Oé)nméb,aand eorfaentratéd toTgiwerdrndedeasaas oil, which
distilled to renove npbst of the MeOH and t hen cool ed

MSCUit@ctI%&séUhiCthe(n&Qsméb was added dropw se to

adjust the pHto 1- 2 while naintaining the internal
tenperature <30 C. The resulting m xture was
extracted wth Me-THF (200 nlL), The 10 organic |ayer

ERRparttitn ""éFg vid ARt “Tir/‘é o T eéiﬁﬁﬁ”‘a;’s Z;Sed

167 RobubRa! dEA (18 procut methydivisiginesias s B M5 880 mL)
purity) as a white solid. 15 Preparation_of 53 1lvia
aéﬁm‘%wa&aqlw deravese ¢hselutien gl crugded uxD)VtEi Q mlg over 1 h
ng, 0.01 nmol) and WAl phos (13.16 ng, 0.02 mmol) were

aihile roedtrohing thé reagasstechpdedidraik THPC IThearimixthed wae kept stirring
being transferred to a solution of conmpound 6 (127

EQ15Q 80T 2 h | tRefYRfdentRed With 3757361\1é1116mr(¢ g@ﬁd @tbAd @dL). The
roomtenperature under 100 psi for 1

S 16 %@a@eﬁ@%ﬁ%&@v@a@%&éWséhggwere
FSe i B! AT 50 BREL Ahthe 085, 498 fatnea wit
Blrjlrﬂg ggnnc%%l#rg?ed( ’% at:)LoutC1h|L alnd cooI%d to 0-5 °C. HCI (~64.8 g) gas was
bubbled through the solution to form a slurry. The slurry was filtered and the wet
cake was washed with EtOAc (200 mL), dried at 20-25 °C with house vacuum
over 12 h to give the desired HCL salt of 5 as a white solid (241 g, 0.75 mol,
85% overall yield from 2). "HNMR (400 MHz, CDCl3) & 8.40 (d, J = 2.3 Hz, 1H),
8.10 (dd, J = 8.4, 2.3 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 5.83 (m, 1H), 5.17 (m,

2H), 3.09 (d, J = 6.4 Hz, 2H), 3.01 (m, 2H), 2.65 (m, 2H), 2.34 (s, 3H)

Synthesis of compound 6 via a Heck reaction:
To a 2 L 3-necked flask equipped with mechanical stirrer and thermometer at

room temperature was charged aryl amine (85 g, 256 mmol), dioxane (640 mL)
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showed 79% ee. 25 Preparation of 10: WD 2008/ 080891

PCT/ EP2007/ 064406 -101 Carboxylic acid 9 (3.04 g,
wQ2008/080%01 , 1.05 eq) was dissolved in dry THF PSOEPII0)/064406

at roomtenperature foll owed byygequential addition of

TEA (5.11 nL, 36.8 nmmol, 3.5 eq) and propyl phosphonic

aa dridtHyysHhinde (30 %Etm n(lélo% WoWiv.) uRdEr Birgor®- #8e Mhixture was

11.0 mml, 1.05 eg

he m xture was stlrred at room

T VS 160n T B PG aoR s ﬁf{"&bﬁ] @“ o S BfEENER 749
@??B&&r B U BE b ey whoe et tidaduRbst- Srgasead,at room

of product along with 12% m xed anh dr de. The
Mmpefiedurader gmeincad then B@I@iieﬁdod@om(} @%ﬁ QWé@QQt Nustsmperature

solution and then was concentrated to renpbve npbst of
Thifer @garhrriesikduEhevasxtade edisMeoded Tel~ 600°Grahd distdled under
organi ¢ phase was separated and the aqueous | ayer was

housdeacuamhed ramnblie MRodtHbf (idkafb) andtBel RIDAEH0.8 L) and 3%
Me- THF extracts were washed with brined, dried over

PR 9SO B ARRTR H9405 G54 o  pec o
bfodegeb i, SR 63{8@%&%%09@0'@@%5@1% pae oes. The
gfadéznicp_lpha% @@S(Qppajat(edgar@ﬂ thqzaqliequﬂs pfg}_gylweaaze&jrgcteg gnce with
E@Ac Ebhgsﬁpgw%mgd: éganlglzghggﬂm}agbﬁﬁi(eé?WAIrtDS:I;)‘I%nS(Q)% L) and
(br, 1 H, 2.75-2.95 (m 3H), 2.71 (d, J =12.3 Hz, 1

Edncehtdfled to abotd 0.52L 33-6( 1, HBHJn IPA 266 ZnLS)aNébraddéﬂi)at 0 °C and
1.38 (d, J = 7.2 Hz, 3H); 13CNMR (100 MHz, CCl13) 8

ilhc-’e sultin Iuﬁf’g wbs ferbe. Fre Fet 84k wadSwasheiDak® dﬂied to glve the
72.6, 11 27.2, 127.7, 129.9, 135.7, 136.1,

et at%??ng%el%%o%s%%éﬂdré?%@s'ff%e‘*@s%et g o o
N EO0ARF SR MG (6, JL 3 S, 1H), 8.03 (dd, J = 8.2, 2.4 Hz, 1H), 7.24 (d, J
= 8.3 Hz, 1H), 5.37 (d, J = 1.1 Hz, 1H), 5.35 (d, J = 1.0 Hz, 1H), 3.34 (s, 2H),

2.98 (m, 2H), 2.81 (m, 2H), 2.43 (s, 3H).

Preparation of 9 by using CDI as coupling reagent:

To a suspension of 5-chloro-thiophenecarboxylic acid (25.7 g) in 100 mL of
EtOAc was added CDI (24. 85 g) in one portion at 20-25 °C over 10 min while
gas was generated vigorously. The mixture was heated to reflux for 30 min and
then cooled to room temperature. DMAP (1.44 g) was added followed by the
amino acid butyl ester 8 (22 g) in EtOAc (150 mL) in one portion. The mixture
was reflux for 20 h and cooled to 0-5 °C. 3 N HCI (150 mL) was added and the

resulting mixture was stirred at room temperature for 10 min.The organic phase
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25 WD 2008/ 080891 PCT/ EP2007/064406 -102 0 H\ ~NH2

I \ NTFAA NNk CF3 >95~ NJ "Br O p N~y [/ [/ | 2
wo200B8@391 4 95% O 2 N 11 12 Pd2dba3 (4 nol 9% per/EBr8P064406

(8 mol % 1. F i2 Cyc2NEt CF3 A40bi / NH L-mandelic

acid 800C, 40-50% 02N 2. NaCH 02N 13 14 HCHO JQ (N H

%@Qédaréteﬂ‘ wasted Wit 5%2Na@@©£ éﬂ&%ﬁq/ dnd 8% lacl s@lutlon (50

S)-1 Preparat|on of 11 and To a sol ution of

0 d (e

E*“Lﬁpéﬁ%to?’ it BRada s idhs raane(’s%lg‘?b L Bk (150 mL) was
T cti on m xture is e terrperature

ifed. e %W@&M%%Fﬁn&?l*%ﬂ%&ﬁomw St | on.

Et OAc (500 nlL) and water (500 nmL) were added to the
reaction m xture. The organic |ayer was separated and
t he aqueous | ayer was extracted with Et OAc 10 (200
b)the Hbeve sohitioadvas gddéed 2| MNaOMg90walshtd eguiv) and the mixture
(2x250 nL) and concentrated to give the desired
pagditrtedl at (I8 t@mparairdofyt 211l The mixture was distilled to remove
most of the MeOH and then cooled to 0 °C. 12 N HCI (~20 mL) was added
dropwise to adjust the pH to 1~ 2 while maintaining the internal temperature
<30 °C. The resulting mixture was extracted with Me-THF (200 mL), The
organic layer was separated, washed with 5% NaCl (150 mL), and concentrated
to ~100 mL. To the residue was added heptane (100 mL) to form a slurry, which

was filtered to give the desired product 9 (31.3 g, 96% yield, >98% purity) as a

white solid.

Preparation of (S)-1 via asymmetric Hydrogenation of 6-HCI:

[Rh(COD)CI]2 (4.9 mg, 0.01 mmol) and Walphos (13.16 mg, 0.02 mmol) were
stirred in 2 mL degassed MeOH at for 10 min before being transferred to a
solution of compound 6 (127 mg, 0.5 mmol) in MeOH (2 mL). The mixture was
stirred at room temperature under 100 psi H, for 12 h. HPLC showed complete
reduction of the double bond. To the mixture was added 10% Pd/C (10 mg).
The mixture was further stirred at room temperature under 100 psi Hy for 2 h,
then filtered, and concentrated to give pure compound (S)-1. Chiral HPLC

showed 79% ee.

Preparation of 10:
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To a solution of 11 in CH2CI2 (1 L) at 0 C was added
TEA (2 eq) and TFAA (1.2 eq) over 0.5 h. The m xture

wor®saklsoned to warmto roomtenperature and WBST/ERZ007/064406

stirred for 3 h. Water (0.5 L)-1pas added to quench the
reaction and the resulting m xture was further stirred

Slarb&8/Nc teﬁf@@{%im 9, f1aro Himel, m .03 hgy) %é@ﬂis‘éoh@ﬂelh dr‘WﬁHF (50
separated and the aqueous |ayer was extracted wit

H‘%gt%?ér%%@éér%tu@?o||8®%§bﬂa§Egglffé?ﬁ% %gﬁ@ém’@at %(#‘”ﬁh}nL 36.8
oS3t SwhlTase %8%%4%@3 A (966 il 7.0,

CDC13) 8 8.45 (m 814$m H)[744(d J =
8.48 mk, 14 eymol, 17054@q)( d hemixtigeqway shrmaqah@,tyoom tegnperature for
[5.82 (m mmnor), 5.68 (m major); 1 H, 5.20- 5.32
(ehmH)To theamb(tdre Was 5dc5ed—|ani|iﬂ1e|-05‘,)-13(zsa d,t10.3 mmo),81.0 eq) in
Hz, 2H), 3.18 (m 2H). 5 Preparation of 13: To a

groemg § atfodm kerapeeurd?2 Thé résdting niiXturdWas stirfedegreflux for
Pd2dba3 (250 ng, 0.273 mmol, 0.04 eq), and

eqr;fﬁ_l n¥28\{¥é%<ésoﬂ%é’6rﬂf@réﬁs?<€§ pﬁﬁd@ct d&wg%utﬂ‘@% anxéd anhydride.

rous di oxane under arg

ﬁtﬁgﬂ%%%swgﬂ)qq‘%mﬁeﬁ%% i %@E@a g%’égﬁ?ﬁd'é'gh%? ?@BHO” and

80 C for nd then cool ed erature,

Yed 08903%@"@@ ogMavemesteh 'élﬁd %&"?I@@ems added Me-
The organi c phase was separated and the aqueous | ayer
aE (B o). Jr%@eonganrc phaye wWaroseparatethend dhbi agiedesdayer was
was washed with water (40 nL) and brine (40 niL), dried
turtrer Ne2sied wathdMepTIHFT (200 nily). dhleuoombimeadnmMeogHapbytrdcts were
give 13 (1.1 g, 3.77 mmol, 54% as a 15 yellow solid

a8AEd Wit bﬁné@%i@ed‘”%ﬂ’éle1\%9804,n90r%érﬂfa@@dlcénd bhﬂﬂed by column
at r opi Soners)

E%ngﬁ?té& agdﬂy @@@c@dgﬁ;@'ﬂ %S')(% oé) %ﬁf&@n&&%‘é.r%oduct 10
VR CDC13) 33.1 46,

G2 e B3%] B o white 89iid. {RBIMR (PDMKZ. Cala)sd 8.41 (s,

123. 1, 123 4, 123.6, 123.7, 130.5, 130.6, 141.0,

14), 2.421(8211), 7.35 (d, J = 4.0 Hz, 1H), 7.27-7.33 (m, 2H), 7.06 (d, J = 8.0

Hz, 1H), 6.91 (d, J = 4.0 Hz, 1H), 4.34 (d, J = 9.4 Hz, 1H), 4.19-4.31 (m, 2H),

4.15 (d, J=9.4 Hz, 1H), 3.19 (br, 1H), 3.03 (br, 1H), 2.75-2.95 (m, 3H), 2.71 (d,

J= 123 Hz, 1H), 2.48 (m, 1H), 2.37 (s, 3H), 2.20-2.33 (br, 2H), 1.38 (d, J=7.2

Hz, 3H); *CNMR (100 MHz, CCl3) & 18.5, 35.4, 35.9, 47.6, 57.3, 64.3, 65.1,

68.1,72.6,117.7,127.2,127.7, 129.9, 135.7, 136.1, 137.4, 138.0, 146.2, 160.6,

171.7; ESI MS: 448 [M+H].

Preparation of (S)-3,5-Dimethyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-

ylamine
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20 143.2, 143.3, 143.9, 147.4. Preparation of 14: To a
300 nL autocl ave was added W/ ki nson cat al yst

wobais(OBRaB) 3 (1.78 g, 1.92 nmmol, 0.04 eq) fol Pomes200y/064406

a solution of conpound 18 ( 144429, 48.0 mml, 1.0 25
eq) in THE (100 nL). The m xture was stirred at room

t enper at ure under 30-40 WO 2008/ 080891 0
PCT/ EP26Q7/Q064406 - 104 psi fdf 12 h. LC showed L
conplcg\ﬁss%n\/and noce of ) ovEffr educed Ny ©Fs
by Op¥oddctswas olpser veg \-Naresg, Argtind %% of )
8- menbered ring bews product, qphich was gener@ed T r &y
Heck reaction, was seen. The m xture was concentrated
apgapyrddd ¢ by col um ¢hromat ography (hexane 5
hé&xgheMetAC = t i ve t hed,desir g ydnogenatifbic acid
prij’Gz‘}‘lEt as aﬂ'\b soIW%CFaTﬁ—rso 1iAQEAOf '?%e

hy dj 1a%.) o2 produgt in THF2.(N8OHNL) at 0/C was added
) R O Aoy, (1.98 g, 49.6 nmol )14 n water (20
m.). The m xture was stirred at roomtenperature for

2 h. howed conpl etion of hydrolysis. The m xture
was [lcoffcenypat difHnd t heNesi dye was er eat ed

MR TH 50 mLy—and- wat gt _4Q (100 m_r%o/ cgne N—
l'ayer wds separated aHd the/aqueous Tayer Wds wasjed

with ¥&-THF (100 nlL). The '€onbi ned Me- THF was (S%dshed
with brine (100 nl), dried over Na2SO4, and
concentrated to give the crude product (8.9 g, 43.2
nmmol, 90%vyield) as a yellow solid. 15 Preparation of
15 A mxture of racemc amne 14 (8.0 g, 38.8 mol, 1

?gg%%q@#ég?gﬁamﬁi d (4.43 g, 29.1 nmmol, 0.75 eq)

and water (9 nL) was heated to
ef lux to bec ran rent solutio T i Xt ure :

sl e 8 (g S Rma & PP Pl & ambient
resulting slurry was filtered to 8i ve enantionerically .
fempenatiared added allilamee 426 9¢ 2280gnme). 4w yeaqtign. mixture is
The salt was further crystallized from ethanol-water
Stnre® at sosmciemperaturedar i dh.giiREeCtsimvesd torhpl&iiog, ofliBe%eaction.
with
EtOAc (500 mL) and water (500 mL) were added to the reaction mixture. The
organic layer was separated and the aqueous layer was extracted with EtOAc
(200 mL). The combined organic layer was washed with brine (2x250 mL) and

concentrated to give the desired product 11 (103 g) in 97% yield.

To a solution of 11 in CHxCl» (1 L) at 0 °C was added TEA (2 eq) and TFAA (1.2
eq) over 0.5 h. The mixture was allowed to warm to room temperature and was
stirred for 3 h. Water (0.5 L) was added to quench the reaction and the resulting
mixture was further stirred at room temperature for 10 min. The organic layer
was separated and the aqueous layer was extracted with CH2Clz (200 mL). The
combined CH.Cl, was washed with water (0.5 L), brine (0.5 L), then

concentrated to give the desired product as a brown solid (95% yield). "HNMR
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97.0 %ee. The salt was then treated with 2 N NaCH (20
m.) and Me-THF (50 nl). The Me-THF | ayer was

weemsnadsed and t he aqueous | ayer was extract edPCWEPID07/064406

Me- THF. The conbi ned Me- THF | ayeg-was washed with
brine (20 nmL), WD 2008/080891 PCT/ EP2007/ 064406 -105

?G@Mkﬁ’%l}){ﬂ%&ﬁ%%%ﬂﬂ NBOT (AL a7 AL Cgrﬂog_umz major);

crystal ne solid (

o M 8% e 11uL‘T§%27 o ik G, B, 520

in re at_room tenperature
ﬁég%d%'d') @7@%%@(5 HI ﬂ;H) 3376/3\(\%’(/ 18.Hz, zﬁ‘r)@ng)w {rae2H).

m xture was stirred at 90 C for 3 h, and concentrat ed
to give a yellow oily product. The residue was
diluted with Me-THF (50 nL) and 2 N NaCH (20 nL) and

Preparadion of 98m tenperature for 10 nmin. The aqueous
| ayer 10 was further washed with Me-THF and the

I {
TEPRALer HE UPTIURIE L 2T, 11 g0 Ry 250 mo

B%f%%@&%4%a%daﬁ%ﬂ%%?@5§é%ﬁ§%v'€@ LlGo’ g mmol 1.5
gl In 8 neous diprafier Bhiral g Maxpaer s wandeiced 10% (wiw) ¢
concentrated. The residue was purified by colum

BueRriathegpag Y. 6[ZETHGA@(5‘§ gMolo 0K eﬂ)/)th\/ﬁmUEe v@e/irred under
50/ 50 as eluent) to give the aniline conpound (S)-1

aigdsivatgl0 &C Zom2rhl gndlibetiocodie s mem E8npAH Bl Queched lyy adding
as a brown oil. 1HNWMR (400 MHz, CD3OD) 8 6.82 (d, J =

Wa?er"(zlo rllL?)andGEt@Ac( #0 ﬂnLQ') The. &Qaﬁlédpha]sez\ﬂas s@gﬁrat@d %nd the

e%ﬁ %fgmgw(afgga I\é@:é g}ﬂ)@ O%;@%c ](66571(_2 5Trée coﬁlﬁ@ed EtOAcC
)ggﬁ gW%Wﬁfér gﬁ_a q1 Bﬁlhggﬁa mL), 1érled9 ov%ﬂ\laZSOA,, and

3 5 D net hyl -2, 3, 4,5-tetrahydro
m@ﬁ%pyacﬂtﬂﬁnﬁ chropwtggrarnndo give 13 (1 1@, 3.77 mmol, 54%) as a

yellow solid along with 5-10% 8-membered ring by-product. (two atropisomers):
"HNMR (400 MHz, CDCl3) § 8.19 (m, 1H), 8.11 (m, 1H), 7.33 (m, 1H), 5.40-5.60
(m, 2H), 4.48 (d, J = 15.9 Hz, 2H), 3.89 (m, 2H), 3.15 (m, 2H); *CNMR (100
MHz, CDCls) 6 33.1, 35.22,44.8, 46.2, 47.7, 50.4, 50.7, 114.9, 117.7, 118.7,
120.5, 122.3, 123.1, 123.4, 123.6, 123.7, 130.5, 130.6, 141.0, 141.4, 142.7,

143.2, 143.3, 143.9, 147 4.

Preparation of 14:
To a 300 mL autoclave was added Wilkinson catalyst RhCI(PPhs)s (1.78 g, 1.92
mmol, 0.04 eq) followed by a solution of compound 18 ( 14.4 g, 48.0 mmol, 1.0

eq) in THF (100 mL). The mixture was stirred at room temperature under 30-40
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WD 2008/ 080891 PCT/ EP2007/ 064406 -106 1 W/ ki nson
Cat. | N resolution | DN 02N H2 O2N 2N 6 17 18 H2

wORoosdBIsOB) -1 5 Preparation of 17: To a sol ut POIVER1007/064406

olefin 6 (200 ng, 0.92 nmol) inodHE (2 nlL) was added
RhCl (PPh3)3 (34 ng, 0.037 nmol, 0.04 eq). The m xture

p@ 2'fcbrr’f 2¢_alc %H@\%dtcﬁﬂ?ﬁ)&é@cbhﬁeﬁéﬂﬁﬁéné’b%ﬁﬁaé@bf i er-reduced

, then concentrated and purified by colum

B? lp%@lﬁ,&%ﬁﬁ% é@eg 4é®t({w_§\rg@§% 1??0 %mgnrggﬁ{bﬁ?éq El"lntghﬂ)gbrod uct,
H7hg:r‘2 \&%é ger%?’a egd j@)r@ n{-(gef%,_ﬁea 09y’ Wﬂ? H%é?_lﬁ %’he |S<ture was

2.80-3.10 (m 2H), 2.89 (d, J = 12.3 Hz, 1 H, 2.37
cencegitjated 1@1642 :wr(f@pl 2?90/ aolyer( ¢ chioraatpgpepiyy  dpgxane  —
Preparation of 18: 15 Sane procedure was used for the
hesara/EtQAc of 3/( RB) givehipe desingd Bydragengliopeoghiot as 2@hite solid.
Example 1 (R)- and

T8)a Sollifion br eieohydrogehatior? psdduce & PRFY(SaMDPAt INC3IvaEhdded a
hyl -2, 3,4,5- tetrahydro-1

OR8N B0 piha 6T BT b RO OB Y yes stimed
g?r'\(go% '}Iet%rpe%tgre'\lfo‘? f’ h. LC showed completion of hydrolysis. The mixture
was concentrated and the residue was treated with Me-THF (250 mL) and water
(100 mL). The Me-THF layer was separated and the aqueous layer was washed
with Me-THF (100 mL). The combined Me-THF was washed with brine (100

mL), dried over Na>-SOj4, and concentrated to give the crude product (8.9 g, 43.2

mmol, 90% yield) as a yellow solid.

Preparation of 15:

A mixture of racemic amine 14 (8.0 g, 38.8 mmol, 1 eq) and L-madelic acid
(4.43 g, 29.1 mmol, 0.75 eq) in acetone (90 mL) and water (9 mL) was heated
to reflux to become a transparent solution. The mixture was cooled to 0 °C over
6 h while stirring. The resulting slurry was filtered to give enantiomerically
enriched salt with 58 % ee (7.0 g, 50.4 % yield). The salt was further crystallized
from ethanol-water for 5 consecutive times to give the salt (2.5 g, 18 %) with
97.0 % ee. The salt was then treated with 2 N NaOH (20 mL) and Me-THF (50
mL). The Me-THF layer was separated and the aqueous layer was extracted

with Me-THF. The combined Me-THF layer was washed with brine (20 mL),
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(a) 7-nitro-2,3,4,5-tetrahydro-1 H benzo[d][azepine 5
8.4 g (29.0 mmol)

w@2408i080sapr oacet yl - 7-ni tro- 2, 3, 4, 5-t et r ahydr o- RCHEP2007/064406

benzo[ d] azepi ne are suspended ygger a nitrogen
at nosphere in 80 m of nmethanol and conbined with 5

Atedas¥drs Nibiogn a(r%oo&ialnééﬁtrétbbr ke ditOr compodid 9G@s a yellow

The nethanol is distilled off using the rotary

- .1 t4h esi [|'S [ wi vh wat er and
CHRRAIR 301 (o4 BT TR e PR BE YL O gan ¢
phase is washed with NaOH sol ution (50% and sat.
sodi um chl oride solution, dried on sodium sul phate
and evaporated to dryness i. vac.. Yield: 5.1 g (91 %
Rrepanation of 18 angl ($h7si um oxi de;
di chl or onet hane/ et hanol = 95:5) 15 CLOH12N202
hedntePnelmds 16pdct4 gn7 .0 mimid) was solved B Mty bf HCQOH. To
itro-2,3,4,5-tetrahydro-1 H benzo[d]azepine 20 5.0 g

frebmixtarea room temperature was added 37% HCHO (0.81 g, 37% w/w, 10.5
7-nitro-2, 3,4,5-tetrahydro- 1H benzo[ d] [ azepi ne are

@Orﬁﬁl? iRe rMixtur wé%’rss%/r?dg%i 60 et for 15 12 did E@rﬁé@?‘lt%‘ﬂed to give a

ion in water room tenperature, an

sihrred overni at_7 The reacti ' € oinS de
S Ty YR Ratad L ol shORE AR M5 EHE Fgopmi o 2 N

i ath and extracted WO 2008/ 08089 ,
%ﬂ@%@?‘fwéﬁrmd fééowmttﬁWR@F??U-r%g@w%M'HyFB? [fgqueous layer
The organic phase is dried on sodi um sul phate and .
wegportbeewasbed withekle-THF \ansl thevearmiined Med HBgeas washed with
val ue: 0.65 (al um ni um oxi de; dichl or omet hane/ et hanol
brifé aby concEnttaibdNaQivd 2athidiedMmsspapect6um (MH) + =

207 (c) 3-nethyl-2,3,4,5-tetrahydro-1
H benzo[ d] azepi n- 7-yl am ne

The above residue (1.8 g, 8.2 mmol, 98.2% ee) was dissolved in MeOH (20 mL)
and 10% Pd/C (200 mg) was added. The mixture was stirred at room
temperature under 100 psi Hy for 12 h, filtered to remove Pd/C, and
concentrated. The residue was purified by column chromatography [EtOAc(EtsN
0.06 v/v) MeOH = 100/0 — 50/50 as eluent) to give the aniline compound (S)-1
(1.57 g, 8.2 mmol, 100%, 98.2% ee, 98.5A% HPLC purity) as a brown oil.
"HNMR (400 MHz, CDs0D) & 6.82 (d, J = 7.9 Hz, 1H), 6.61 (s, 1H), 6.49 (dd, J
= 7.8, 2.2 Hz, 1H), 3.07 (m, 1H), 2.93 (m, 1H), 2.60-2.85 (m, 3H), 2.30 (s, 3H),
2.18 (br, 2H), 1.32 (d, J = 7.3 Hz, 3H); ">CNMR (100 MHz, CDs0D) § 19.2, 35.6,

47.9,59.2,66.0,114.4,114.6,131.0, 132.3, 146.9, 147.0; ESI MS: 191 [M+H].

Preparation of (S)-3,5-Dimethyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-

ylamine
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10 4.8 g (23.2 mmol)
3-nethyl-7-nitro-2, 3,4,5-tetrahydro-1

wokisns@pd] azepi ne are dissolved in 45 m of pet/RROY/064406

and conbined with 400 ng Pd/ C 30% The m xture is
hydrogenated in a Parr apparatus at roomtenperature
at 3 bar hydrogen pressure for 5 hours. Then the
catalyst is filtered off and the filtrate is
evaporated down i. vac.. 15 Yield: 3.9 g (96 % K
val ue: 0.36 (al um ni um oxi de; dichl or onet hane/ et hanol
= 98:2 11HI6N2 (176.26) Mass ectrum (MtH)+ = 177

h{10-\uvmtirifs@uhlstdtro f

' oride 3,5 ‘ﬁq’%
2hert, t oxycar bonyl a o-t et fFahydr o- f ur an- 3-%¥r boxy
lic adid are dissolved in 150 of 1-nvol ar 18
hydrochl ori c aci stirred for 1 h at room
tenperéture. Th ction mixture is |yophilised.
25 Yield: ng WD 2008/ 080891

PCT/ EP2007/ 084406 09- C5HONGB*HClI (167.59) Mass
spectrum (M+H) + )132 (e)
3-[ (5-brono-thi ophen-2-yl)-carbonyl anino]-tetra
hydr o- furan-3-carboxylic 5 acid 3.1 g (14.9 mol)

?’r%é?@%ﬂbﬂiﬂi”ié Conbind w th 5.4 m (74.6 mmol)
Aob Salviiel 3 oo 208 mr (052 Tomll B I anish) fm@s adided

10 reaction mxture is evaporated to dryness 2.5
ROLI@Rird {348 mghi h83T enmehy@P4- e dme3mbeLitso iasi %tlrred at room
aci d-hydrochloride are dissolved in 2.0 m (14.9
tempgrallird amdkerl30-40 psicHp dor t12i hethemd conodritrated vartch purified by
5.9 M (22.4 mol)

BoIGNH éhﬂﬁatagﬁdp)}ﬁly&blg\r\vé tHe dédikedy amatee AEsAR tMER Bil. 17: "THNMR

stirring and
(400 MHz, CDCl3) 6 8.05 (d, J = 2.2 Hz, 1H), 8.00 (dd, J = 8.2, 2.3 Hz, 1H), 7.24

(d, J = 8.2 Hz, 1H), 3.29 (m, 1H), 3.22 (m, 1H), 2.80-3.10 (m, 2H), 2.89 (d, J =

12.3 Hz, 1H), 2.37 (s, 3H), 2.15-2.30 (m, 2H), 1.44 (d, J = 7.2 Hz, 3H).

Preparation of 18:

Same procedure was used for the resolution of (RS)-1 by using DTTA.

C) Examples:

Example 1

(R)- and (S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
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refluxed for 4 h with stirring. The reaction m xture
is combined with 4.1 m (29.8 15 mmol) TEA and the

wae edostos@sal of the prepared acid chloride in 50 PET/EP2007/064406

acetonitrile, stirred for 15 npm-at refl ux
tenperature and then cooled slowy to room
tenperature. Then the m xture is evaporated to dryness
i. vac., the residue is conbined with water and

2-mplar _sodi um carbonate sol utign _and washed wth
di_eg.’ he aqueous _paseadj usied to pH 1
W t N $ mngs 20 hydr ochl o ghaeid )%1 precipitate
is suction fiyft¥ed and dried at 500C ifh i he yacuum
dryi ng cupboé’rdOWBBﬁ g (75 % €10 g
(320.16) Mass spect (MH) - = 318/ 320 (browhe

i sotopes) 25 WD 2008/080891 PCT/ EP2007/ 064406 -110

gé)) 7-nitro-2,3,4,5-tetrahydro-1H-benzo[d][azepine

-[ (5- brono-thi ophen-2-yl)-carbonyl am no] - N- ( 3- net hyl -
2,3,4,5- tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t et rahydr of ur an- 3- car boxyl i c

8% & gD ol BRoddl - TR 2 Sriekanydrer V£ nyar o

furan- 3-carboxylic gcid are conbi ned with 890.
gQF‘éQI[ PING-AF %P&”g%i{” epp VEOGEN AFISPIRRRN go ri% of
m DVMF with stirring at roomtenperature and stirred
fmsthamp! ng. cornlkined 8Bthod My NaOH sotutisin) ( 3% ang istirred for 2 h at
-2,3,4,5-tetrahydro-1 H benzo[d] azepi n-7-yl am ne are
@0ded and the mixture is stirred overnight at 65C
The reaction mixture is conbined with water and sat.

FadirkahBKer g @mdtilde crrudag MErctathéipdratoRanBrresitoe it e
is filtered off and purified by chromatography on

PREMLN e AL uephciety il IPEBIERGETT5h oo Eonase
g\&%?r]@j%@ Mﬁ&@fﬁt%w b%‘)eatn%agaet/ g(t)crlluailpnocl:hIc:)rié)e5 égputiorg,z dlried on
sodium sulphate and evaporated to dryness i. vac..

Yield: 5.1 g (91%)

Rf value: 0.28 (aluminium oxide; dichloromethane/ethanol = 95:5)

C1oH12N20; (192.22)

Mass spectrum:  (M+H)" =193
(b)  3-methyl-7-nitro-2,3,4,5-tetrahydro-1H-benzo[d]azepine

5.0 g (26.0 mmol) 7-nitro-2,3,4,5-tetrahydro-1H-benzo[d][azepine are mixed in
9.8 ml formic acid with 15.5 ml formalin solution in water (37%) at room
temperature, and stirred overnight at 70°C. The reaction mixture is made

alkaline with NaOH solution (50%) while cooling with an ice bath and extracted
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15 Mass spectrum (MtH)+ = 478/ 480 (brom ne i sotopes)
For separation of the racemc mxture into its

WO eays@edsvve enantionmers, a conventional HPLC BYEERIMN7/064406
wi th DAI CEL AD-H 250mm x 4, 6rmmqgBiral colum has been
used, eluting with (0, 2% Di et hyl ami ne in Hexane)/

Wﬁﬁéﬁ%@@m@%@n&omé dryamit h@Bé$§drlé‘é oft dodh lsBiphate and
1 m/nin, rétention times for the enanti oners are

Ex le 2 (R d
%éﬁ:&ﬁ}%ﬂsﬂ)ﬂ(ﬂryégsés %gphenagpyle) cgr)bonf/llnam no] - N-(3-me

2,3,4 trahydro-1
IYh%l%’nzo[ d] %\g;e%ﬁsp%?yl ) -t et rahydr of ur an- 3- carboxylic

acid am de WD 2008/ 080891 PCT/ EP2007/ 064406 -111 N O
Rnvalue:\ Q6] (RIuninpingogide; dishiorometiang/athapehz @5:5)
3-[(5-chl oro-thi ophen-2-yl)-carbonyl amno]-tetra

By i aNbQp 820824 ar boxyl ate 5 1.59 g (9.8 mmol)

5- chl oro-t hi ophene-2-carboxylic acid is dissolved in

[3/[333@13 eblybrmand @u+ry'ed wi£hR03. 61 g (10.7 nmol) benzyl
3-am no tetrahydro-furan-3- carboxylate and 3.46 ¢

(10.8 mmol ) TBTU and 4.3 m (39 mmol) NMM at room
tenperature for 20 h. Then the mxture is evaporated

(B Dot TeBEr T Srel iR AERbROLAERY @"-2-@%“ ¢ o°

Yield: quantitative Rf vaI ue: 0.59 (silica g
di chl or onet hane/ et hanol = 9:1) C17H16C I\IO4S (365. 83)

4.8 g (23.2 mmol) 3-methyl-7-nitro-2,3,4,5-tetrahydro-1H-benzo[d]azepine are
dissolved in 45 ml of methanol and combined with 400 mg Pd/C 10%. The
mixture is hydrogenated in a Parr apparatus at room temperature at 3 bar
hydrogen pressure for 5 hours. Then the catalyst is filtered off and the filtrate is
evaporated down i. vac..

Yield: 3.9 g (96 %)

R¢ value: 0.36 (aluminium oxide; dichloromethane/ethanol = 98:2)

C11H1sN2 (176.26)

Mass spectrum:  (M+H)" =177
(d)  3-amino-tetrahydro-furan-3-carboxylic acid-hydrochloride

3.5 g (15.1 mmol) 3-tert.-butoxycarbonylamino-tetrahydro-furan-3-carboxylic
acid are dissolved in 150 ml of 1-molar hydrochloric acid and stirred for 1 h at
room temperature. Then the reaction mixture is lyophilised.

Yield: 2.5 g (100 %)
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Mass spectrum (MtH)+ = 366/ 368 (chlorine isotopes)
15 (b) 3-[(5-chloro-thiophen-2-yl)-carbonyl

wandsepesvet ra hydro-furan-3-carboxylic acid 3pér/grii@7/864406

mmol ) benzyl -109-
3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] -t et rahydr o-

QHENOaHEr @87yl ate are dissolved in 60 ml of
et hanol and conbi'ned with 39.1 m (39.1 mml) 1-nolar

ﬂ@é l.um hydnoxi de sghytion and stirred for 6 h
a g%g%r%ﬁﬁg{ﬁper@uvg Afte?bgvaporation . vac. the
residue is conmbined with 1 WD 2008/ 080891

PCT/ EP2007/ 064406 -112 nol ar aqueous hydrochloric

acid while cooling with an ice bath, the precipitate

(& sudtl{vhrame-thippermdyl Hea@enxtangooletiahydeo-{satngnearboxylic
dryi ng cupboard. Yield: 2.5 g (91 %9 Rf value: 0.13
@gsid i ca gel; dichl oronethane/ethanol 9:1) 5
CloH1oCl NO4S (275.71) Mass spectrum (MH)- = 274/276
(chlorine isotopes) (c)
3-[ (5-chl oro-thi ophen-2-yl)-carbonyl am no] - N- ( 3- net hyl

2, - r 1 11 9. . Py
PALE s paphel)y PG ophene 2 corboxyic acld n gl
BRb i BetBand 9 GIRAE vRPS AIAVE 6 hinBHf 8BS RiéHe win

l am -tetrahydro-f - 3- b i i d

gﬁlﬁr&gan |r8£>n@’r]t§’ ’egatw%épé@ggrgﬁgr §.5Cr$£1t Peél)(:xltgm%(ezlratu?er?q'hen the
H-benzo[ d] azepi n-7-yl am ne with TBTU and TEA in THE at
reROfON enpsturatisicvap@ratedsigodynasht purificati on by
chromat ography with al um nium 15 oxide (eluant:

dicdl( v4.9meod)BantimauettaHydbo-furan-B-éadoxyNa atid-hyaifochidide are
val ue: 0.63 (al um ni um oxi de; dichl or onet hane/ et hanol

dis88ived in 820 hi 44 D3mal (TR a%@) 150 ml acetonitrile and combined with
5.9 ml (22.4 mmol) N,O-bis-(trimethylsilyl)-trifluoro-acetamide with stirring and
refluxed for 4 h with stirring. The reaction mixture is combined with 4.1 ml (29.8
mmol) TEA and the solution of the prepared acid chloride in 50 ml acetonitrile,
stirred for 15 min at reflux temperature and then cooled slowly to room
temperature. Then the mixture is evaporated to dryness i. vac., the residue is
combined with water and 2-molar sodium carbonate solution and washed with
diethyl ether. The aqueous phase is adjusted to pH 1 with 20 ml conc.
hydrochloric acid, the precipitate is suction filtered and dried at 50°C in the
vacuum drying cupboard.

Yield: 3.6 g (75 %)

C1oH1oBrNO4S (320.16)

Mass spectrum: (M-H) = 318/320 (bromine isotopes)
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Mass spectrum (MtH)+ = 434/ 436 (chlorine isotopes)
20 For separation of the racemc mxture into its

WO eays@edsvve enantionmers, a conventional anal yP¢T/aP2007/064406

HPLC systemwi th DAI CEL | A 250mpx 4, 6nm chi ral
col um has been used, eluting with EtOH as |iquid

p*igas e3-[(4- bﬂ)r’ﬁé-‘?rWobﬁér%ZO;ﬂ) chb’éWa'ﬂ?nHo] Ne(tserﬂbtﬁg/nztss ags

r the enanti oners are ,10 mn and

%%%@Qﬁ%ﬁZi??%izdiﬁgzE@’"?%@%ng@é@?dx%u}éﬁi#%%ﬁ?@ i

respective enantioners, a conventional HPLC system

with DAICEL AD-H 250mm x 4, 6mm chiral colum has been
used, eluting with (0,2% Cycl ohexylam ne in Hexane)/
7900 mpdRJI9 mm%b?»é -progn- Ieme"e -YA-carbpnyigmingldtegphydro-
m/mn, retention 5 tines for the enantioners are 12.8
frjranf&ﬁdarbﬁxﬂio’m'amid a@ combined with 890.0 mg (2.34 mmol) HATU and
(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no] - N-(3-ne

60Y10-4.(8.4%. rﬁmdl}?Nl\/MYrdﬂO-rﬂl DMF with stirring at room temperature and
H benzo[ d] azepi n- yI ) -t et rahydr of uran- 3- car boxylic

ﬁr‘r?% P Pmineh éé?" ? 65@_22 44 rﬁﬁ%ﬁ:ﬁg h[)e](j’h)ﬂ %'165 etrahgdro-1 H-

W ng procedu a m xt

W%@Hfﬂ%?@gﬁ}ﬁ%ﬁ‘? rs]aadf*;%"%ﬁ%t%”rﬁ L i sérgl%erﬂ_ﬁht a

BB % ot anD T 6ds caBRInGS WeHEIST AL SadtnEh aregen

refluxed for 2 h, the solvents were renoved i.vac. and
cadopatrisolutomn; the recipiateps filteresddohand imusfied Oy rchppipatography
(Method A) to yield the title compound in 89% or to
phaldralniuwoxidep(edeatiudiehlor@®elane/sthbobdl 100:0fo 98:2).

5-chl or o-t hi ophene-2-carboxylic acid in MeCN (0.1 g,
9idd5850.0 mg (81 %)

Rf value: 0.62 (aluminium oxide; dichloromethane/ethanol = 95:5)
CQ1H24BFN3038 (47840)

Mass spectrum: (M+H)" = 478/480 (bromine isotopes)

For separation of the racemic mixture into its respective enantiomers, a
conventional HPLC system with DAICEL AD-H 250mm x 4,6mm chiral column
has been used, eluting with (0,2% Diethylamine in Hexane)/ isopropanol 70/30
as liquid phase. At a flow rate of 1ml/min, retention times for the enantiomers

are 13.6 min and 16.4 min.

Example 2
(R)- and (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
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mmol ) was added TsCl (0.106g, 0.554 mmol) in one
portion. After the m xture was cooled to O C, NW

w@ Q003®Bsose; 310 ng, 3.08 mMmol, 5 equiv.) was adpeDEP2007/064406

slowy and the m xture was warfgg-to roomtenperature
and stirred for 3 h, 25 then heated to 50 C for 0.5 h.
The reaction was nonitored by HPLC for the WO

2008/ 080891 PCT/ EP2007/ 064406 -114 di sappear ance of
%by area). Salt 20 (0.141 g, 0.388 nmol, KF

to re “BOAc (50 i) and

was added and J Xt S stlrred at ® S.__c
m n. The organic p%tgéggiﬁﬁg separ at ed, washed w%%%ﬁi!}f/
sat. NaHCO3 sol ution ( m.) and brine (50 ni),
concentrated to give the desired exanple (S)-2 as a

@i t ebentyl 3-[(Fetorddkiophen2-A)-Cadsyiamindhtetfablydtoafuign-3-
solubility and solid state characteristics of the
cammzmb (S)-3- 10

[ (5-chl oro-thiophen-2-yl)-carbonyl am no] - N- ( 3- net hyl -
,3,4,5-tetrahydro-1 H

benzo[ d] azepi n-7-yl ) -t et rahydr of ur an- 3- car boxyl i c acid

FELE (@89 oyt BRIRAIAREY SR Ao IR Bived in 30 m

resent ‘1 nventi on

M g%{j I<s§|rr@ﬁ rbgtﬁﬁig) 2r@m9|))bef§yl 3-amino-tetrahydro-furan-3-
carbonyl am no] - N-(3-nethyl -2, 3,4, 5-tetrahydro-1
pamyéﬂ%l]aad 6197(1 Q18 mrrtfék FRRUANSt 4-3rmah39- menahoNyIM at room

acid am de Solubility and dissolution rate in aqueous
tedperalre Tae20 abTeebdhewmistuoevis ¢vepovatedetovat and purified by
solubility of the conpound (S)-3-[(5-chloro-

bﬂ&dgﬁt@gra%hwl on Siatd galy(eidrmnodichotemeriahgletRacol4.08-0 & 04:6).
a y ro-

of 4R 7-yl)-tetrahydrofuran-3-carboxylic acid
am (aﬁe L?é gﬁﬁ)fegr ent aqueous nedia. 25 WO 2008/080891

?-\555228%6/8%3’ %I dichloromethane/ethanol = 9:1)

C17H16CINOSS (365.83)

Mass spectrum: (M+H)" = 366/368 (chlorine isotopes)

(b)  3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydro-furan-3-carboxylic

acid

3.6 g (9.8 mmol) benzyl 3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydro-
furan-3-carboxylate are dissolved in 60 ml of ethanol and combined with 39.1 ml
(39.1 mmol) 1-molar aqueous sodium hydroxide solution and stirred for 6 h at

room temperature. After evaporation i. vac. the residue is combined with 1-
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-115 nmediumsolubiliy [nmg/m] pH of the saturated
solution water 0.28 8.6 0.1 NHCl >10 1.0 pH 2.2 > 10
w@2¢bs/opidert. 0 > 10 4.3 pH 6.0 > 10 6.3 pH 7. 4pdT/8P200%5064406

0.01 N NaOH 0.046 11.8 The tabkhe2bel ow shows t he
values of intrinsic dissolution rate of the conpound

h@mﬁadde%u%mﬁfr@cmaﬂ.@ab.anm%ré/éamn‘agr\}o.ﬂwh 8 path; Md Sreditate
, 3, 4, 5-t et r ahydr o-

Qg%ﬂ.[f@]e?&oe%&‘ dfigdat Bbe&ruﬁﬂé{%{}gédi{rﬁ‘% n@ng%gp%é{ d.C

n-aqueous nedi a ssoluti on

s determned i n aqueous nedia covering a range
gaelgl-é\% 83 %’4 using the rotating disc nethod which

mai nt ai ns constant surface area. 5 n% of drug
Bmmalu&n@e’l&/@élca@%r%@@@m@hﬁaemﬂ@w?c at 356.1 N

for 60 s. These discs were nounted to specially
Gedi gOENOsSAMPI®R71D hol ders which fit into a Sotax
di ssolution tester. The dissolution nedia (37C) were

Mdssrspcaling00 (NMH) Sanpl 274276 (@Hiopiratisstapey)
W t hdrawn every second mnute fromthe di ssol ution

vessel and assayed via UV spectrophotonetry. The
intrinsic dissolution rate expressed in pg/cn2/ mn was

'réﬂé-? [ E0E BobiNeh-PrBREBhy B REPE bt
i St v e ey a9 Shen Byoseitmce
of the exposed di sk. WO 2008/ 080891 PCT/ EP2007/ 064406
-116 pH of aqueous nedi um di ssolution rate

Prepared analogously to Example 2(a) from 3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-tetrahydro-furan-3-carboxylic acid and 3-methyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-ylamine with TBTU and TEA in THF at room
temperature with subsequent purification by chromatography with aluminium
oxide (eluant: dichloromethane/ethanol 100:0 to 97:3).

Yield: 67 %

Rf value: 0.63 (aluminium oxide; dichloromethane/ethanol = 95:5)
C21H24CIN3O3S (433.95)

Mass spectrum: (M+H)" = 434/436 (chlorine isotopes)

For separation of the racemic mixture into its respective enantiomers, a
conventional analytical HPLC system with DAICEL IA 250mm x 4,6mm chiral
column has been used, eluting with EtOH as liquid phase. At a flow rate of

0,5ml/min, retention times for the enantiomers are 13,10 min and 16,30 min.
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[pg/cn2/mn] 1.1 8220 2.3 4520 3.2 4000 4.1 3110
5.1 4015 6.0 4140 7.4 240 Fromthe above results, it

wae asshsosepncl uded that the conpound (S)- 3-][(5-ebl/@Pmo7/064406

t hi ophen-2-yl)-carbonyl am no] -M83-net hyl -2, 3,4, 5-tetr
ahydro-1 H 5

PeBrRItIERZ Rt Sepération dahe #8yshh Rf M @iredneAtdrRspkLivac d
am de has a pH dependent solubility profile in

BRHFRACAE Y Brlfbh oA R SR URNIBA A ABEH b

ia and’a teduce i n neutral and basi

ia due to the |lower solubility.of t r base.. .
Ao Ratitey BSUMEneS BEBR B St mHing Wi oiass scSheXnipe i
fast dissolution rates, and even acceptabl e . .
Hiexgpeisaniopana@ g 0430 psiliquid phesesht pdlogt eate opd aarin; dention
of the conmpound (S)-3-[(5-chl oro-thiophen-2-yl)-
tanelsday thenenmaoitionigrs-anetl By iy and 15-2 atin.ahydr o- 1
H benzo[ d] azepi n-7-yl )- tetrahydrofu ran-3-carboxylic
acid amde 15 In the solid state, the conpound
(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no]j -

-S-1(5-ehloro-thi ylamino]-N-(3-methyl-2 -
éb E%)nggl{sg?ﬂa%@pﬁrﬁ@@yﬁ ?tytb Z(%h\rf%%%rggnuo an-(%-mec a}/bo’%/ ’|50

i ] e : [ i Cr t ine. r..
(0 SuBE) 0588 e BB Wb bR Bt R R e

f th h talli f f th

g/%%f?zg;] g?e(pg)re aggor)éﬁjr{got%sth%rfgl?om?ingIpr}gce urrrer? © ©
[ (5-chl oro-thiophen-2-yl)-carbonyl am no] - N- ( 3- net hyl -2
,3,4,5-tetrahydro-1 H
benzo[ d] azepi n-7-yl ) -t et rahydr of uran- 3-carboxylic acid
Aoiadeixture of 1.08 g (6.13 mmol) 7 and 1.86 g (6.75 mmol) 3-methyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-ylamine in 50 ml THF, was added 2.98 ml TEA
and 4.7 ml 1-propylphosphonic acid cyclic anhydride (50% in EtOAc). The
mixture was refluxed for 2 h, the solvents were removed i.vac. and the crude

mixture was purified by chromatography (Method A) to yield the title compound

in 89%.

or to the following procedure:

To a solution of 5-chloro-thiophene-2-carboxylic acid in MeCN (0.1 g, 0.615
mmol) was added TsClI (0.106g, 0.554 mmol) in one portion. After the mixture
was cooled to 0 °C, NMM (0.38 mL, 310 mg, 3.08 mmol, 5 equiv.) was added
slowly and the mixture was warmed to room temperature and stirred for 3 h,

then heated to 50 °C for 0.5 h. The reaction was monitored by HPLC for the
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5 The anhydrous crystalline formof the conpound
(S)-3-[(5-chl oro-thi ophen-2-yl)-

wae asisosogbani noj - N- ( 3- net hyl - 2, 3, 4, 5-t et r ahydr oPAT/EP2007/064406

H benzo[ d] azepi n-7-yl )- tetrahydggofu ran-3-carboxylic
acid am de may be manufactured by drying a

Efs% 8idreB AT e< PRBICARR). Salt 20 (0.141 g, 0.388 |, KF ~1%
Bg 5-chl orSo ?<hl og‘f}gn 2)y‘3l car(bonylgam noj ml(lncib )

&@&Hﬁb‘zo‘gp i azee“regc/‘ﬁ@'? ﬁ%ﬂ%fé \?/ﬁ% §iied at ampient temperpture for 2 h
A ﬁ@%ﬂmﬁgﬁgent'ia?%é E%”Feemﬁééhgﬁitﬁmce&%gﬁ?angtsﬂ NaHCOs (50

propertleQé stallinity and pol ynorphism 15 of the
EHhyroacd gne; mivdureoas stirred &t ebiepdamain. The organic phase
(S)-3-[(5- chI or o-t hi ophen- 2-

wap-sepabateg) wasimed wilth (s&t.neaHCIO0: B0y tions(E0ent pagd bané (50 mL),
H benzo[ d] azepi n-7-yl)- tetrahydrofu ran-3-carboxylic

and ¢onoeieatétao gEPerdbsired example (S)-2 as a white solid 75%
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] - N-(

bB%éd of ﬁé,agsgy)t et rahydro- 1

enzo[ d] azepi n="/-yl') -t et rahydr of ur an- 3- car boxyl i c
acid an1de is highly crystalline. The X-ray powder
diffraction diagran1is shown in Figure 1. The X-ray

refletlon a tenS| i es (standardi sed
BB nlQ B s6TL0A8Y pB0 SO SEAE ShPECteg Bo R b sagioound (S)-3-
PCT/ EP2007/ 064406 -118 2 0 d-val ue IntenS|t 1/ 10
[(6tchigxp-thigohes-2-y!)caromydamire] -3 (3medhyl 653,413-tetgalydro- 1H-
10 12.29 7.19 11 12.93 6.84 23
benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and of its

anhydrous crystalline form are relevant to the present invention.

Solubility properties of the compound (S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-

tetrahydrofuran-3-carboxylic acid amide
Solubility and dissolution rate in aqueous media

The table below shows the values of solubility of the compound (S)-3-[(5-chloro-
thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-
benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide in different

aqueous media.
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14.93 5.93 11 15.56 5.69 6 16.23 5.46 26 16.81 5.27
8 17.28 5.13 28 18.85 4.70 85 19.11 4.64 100 19.72

wd 2608/0808920. 26 4.38 13 20.46 4.34 30 20.75 4p@BERN2007/064406

21.06 4.22 4 21.79 4.08 5 21198-4.04 6 22.43 3.96
12 22.82 3.89 13 23.09 3.85 7 24.02 3.70 20 24.69

3. 60 15 ggfmdtwy 5 32
27.52 3 rﬂﬁ 27.78 3.7 fsédﬁgg [g?@'qmrgfﬂgt %séoﬁlt%?\
9 30 1’3 ') nc: n

water 0.28

0.1 N HCI >10 1.0

pH 2.2 >10 24

pH 4.0 >10 4.3

pH 6.0 >10 6.3

pH 7.4 1.8 7.5

0.01 N NaOH 0.046 11.8

The table below shows the values of intrinsic dissolution rate of the compound
(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-
1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide in aqueous
media. The intrinsic dissolution rate was determined in aqueous media covering
a range of pH 1.1 — 7.4 using the rotating disc method which maintains a
constant surface area. 5 mg of drug substance was compressed to form a disc
at 356.1 N for 60 s. These discs were mounted to specially designed sample
holders which fit into a Sotax dissolution tester. The dissolution media (37°C)
were stirred at 200 rpom. Samples were automatically withdrawn every second
minute from the dissolution vessel and assayed via UV spectrophotometry. The
intrinsic dissolution rate expressed in ug/cm?min was calculated using the slope
of the concentration versus time plot and from the linear portion of the slope of
the dissolution curve, volume of dissolution medium (35ml) and area (diameter:

2 mm) of the exposed disk.
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30.95 2.89 6 WD 2008/ 080891 PCT/ EP2007/ 064406 -119 In
the above table, the value "20 []" denotes the angle

woboogiogdsonct i on i n degrees and the val ue " dhkbcCT/BPl007/064406

denotes the specified di stancegi1pn A between the
lattice pl anes 5 Accordi ng to the findings shown in

the ab ;tﬂ-l edicnh’ ™t | TfigSold |ohufa‘t§er
relates|to the cryst aI "I ne anh) QH:?n rqlrm 0
(S)-3- [|p= >

car bonyl] i noj - N- ( 3- net hyl - 2, 3, @, 20t et rahydro-1

H benzold] azepin-7-yl)- tetrahydrofuran-3-carboxylic
acid anf8, characterised in th#520n the x-ray powder
di agranp has, inter alia, the characteristic values d =
3.35 A[#234 A 10 4.64 A 4.70480010.54 A and 17.07 A
(nost prom nent peaks in the di agr anm). The nmateri al

crystal [ Zes T rod-11Ke crystalgygnd tends to
agglongrate in |larger aggregatles, as shown in Figure
2. 15 T A thar Al vl o ~F + hd crvat Al l dr oHS

crretd IIUuIIuI yQI ~ Ul CTTy SLU U T ||\4 ullll)’
form of ?é -3-[(5-chl oro- 4015
t hi ophgpn-2-yl)-carbhonylanina]l -N (3-nethyl -2 3 4 5-tetr
ahydr o-[16.B+ 4140
benzo[ d azepi n-7-yl ) -tetrahydrgf uran- 3-carboxylic acid
am de acrdarding to the inventi Qm,o as shown in Figure
3 (DSC/TG di agram), shows a Tfys = 185 3 C (DSC. 10
K-min-1—featinmg ratg), 1 the formrof_a strong
endot herm ¢ peak. A 20 closer ook to the TG trace
(confirmed by TG IR coupling experinents) shows a
wei ght | oss of approx. 1.0 - 2.0% up to approxi mately
180C. This weight |oss may indicate the presence of
EryBrtbeabque é@Sl&W ttikanqug eQraiudad thaé thewerpeewyd (3)-BiltRechloro-
material. Thermal deconposition starts above 240 C
imaipeert-2ny)-carbooylgmireitN1(8irnethyl-Bi304,64strabyd®s1 e 25
WO 2008/ 080891 PCT/ EP2007/ 064406 -120
benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide has a pH

dependent solubility profile in aqueous media with excellent solubility in acidic
media and a reduced solubility in neutral and basic media due to the lower
solubility of the free base. Furthermore, the compound exhibits up to pH 6.0

very fast dissolution rates, and even acceptable dissolution rates at pH 7.4.

Solid state properties of the compound (S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-

tetrahydrofuran-3-carboxylic acid amide

In the solid state, the compound (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-
N-(3-methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide appears as a white microcrystalline powder.
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Thus, the present invention further relates to the
crystall i ne anhydrous form of

wo H)08B8(s6H- chl or o- t hi ophen- 2-yl ) - car bonyl am nopeMNEpB0MR4406

thyl-2,3,4,5-tetrahydro- 1 -117-

H benzo[ d] azepi n-7-yl ) -tetrahydrof uran- 3- car boxylic
acid am de, characterised by a nelting point of Tmp.
= 185 3C (deternmi ned by DSC, evaluation using 5

REpaERiHiR BrockSg dr A AARTIrRAR CfBiiine Fo it e dfféuna (s)-3-
B e PR 2y sarrnya el ARt 34, B telraygpr H-

ahydro-1 H . . .
behzelpAzeREpT v )teyrphydefyranydeamoxylic scidamieryl i ¢ aci d
amde is characterized 10 by its high solubility in
acidic nedia and its high crystallinity. The
crystalline polynorphic formis characterized as an

Erﬁb)dﬁihggﬁ)dsctfr%tanih@%ﬂﬁ oshestvdbeund (SPBE(FehipretHibpiten-2-yl)-
form anple 3 15

. &_ ¢kl _t.hi - ' . R
(St e Ralif nh et At oRat o AT R oL
RN IAE SRR b il PAMRY 64 AR FraRIRRY dfing a
biegesslit ot i e neb i Bebgieshen 251 Sonyidior v
H benzol d%azepi n- 7-dyl ) - tetrahydr of ur an- 3- car boxyl i c
6xnethyh 218, dadrtetranydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-
(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] - N ((1

Barbbxglclacitdmnyide 2t 3, énipe2dtureabeiny dB02C and maintaining it under
H benzo[ d] azepi n-7-yl ) -t etrahydrof uran- 3- car boxylic

agy Stnasgpherand _ _
(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] - N ((1
S)-1,3-dinethyl -2, 3,4,5- tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t etrahydrof uran- 3- car boxylic

gc‘. rp de V\D.ZO(BSI 03 89t1 P /llEPZOO /064406 -121-'0 O

SR S?a?péoF?%'“ Nyslapnitygng RONETRNISMYS 0 '3 0 cH3 CH3

of the anhydrous crystalline form of the compound (S)-3-[(5-chloro-thiophen-2-
yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-

tetrahydrofuran-3-carboxylic acid amide

The compound (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-
2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid
amide is highly crystalline. The X-ray powder diffraction diagram is shown in

Figure 1.

The X-ray powder reflection and intensities (standardised) are shown in the

following table.



-N

I/ \ -NI

/ NNs NNs

0cC 0d

(a) 1-nethyl

-2-0x0-2,3,4,5-tetrahydro-1 H benzo[d][azepine 5 8.0 g
w@ 300smBmb) 2- chl or o- N- (2- phenyl et hyl ) - pr opananPd®ERZI7/064406

15

g (112 mol )

6
and net hanol

alum niumtrighBoride were carefully
m xed at 90C and heated to 150C for
was diluted with water

h. The m xture

and extracted with

Et OAc. The conbi ned organl c Iayers wer e dri ed vvlth
I\Ia.fS\,.):II', LaUIILaCIIl I Cll CU GIIU IJUI I I 1 CU IJ_y blll UIICI.l U I aplly
(m}t2@d A) to give thd-valgee conpound,| Intensity e et hyl
- 2, :E°]4 5- tetrahydro- 1[A-]- benzo[d] [azepl |{%]2 7 g (15
DL a1 azomr e ol DLauad o te il 2w aia_TH
cof soI ution and §Q|5 rred at room perature 15
unddrl .48 ni t r ogen at np&@Rere overnight.| 190 m of
nmef] ha_vnzg wer e careful ¥ygadded, foll ovad1by 30 M of 2M
oS or gan et ay JEre vor o et ed W 2SOn
corzlé’ng:?at ed and pur $ (3d bhy chr nrrntrrj1anhv (et hod
A |116.%6 ve the title|l 268pound as fornil® acid salt. WO
20086029891 PCT/ EP2005/4664406 -122 (126
1, 7'1%'8"19[ ny| =7- n| TTOf 5,27 4 5-tetranyd gu-l- DenZOLGJ [az
epl A? IU J. 3 ul IIUL $1 O III L I U =, J, 4, 2 L CLl I ally\.u U 1
H- | 'dIIa7pn|np E Igmnnn the proce $rp for pxanhlp
1 ) 18-8Rethyl - 2, 3, 4, 5-4&0r ahydro- 1H 5 hézo[ d] [ azepi ne
wag 19ethyl ated to gi V4.64 100
1,3 —1@|1QI hyT=2, d 4, 5FEepr anydr o- I beigzo[ d] [ azepi ne.
1. ] J.U IIIIUI UI
1, 3 2@2@:1‘ h\/I 2. {2 4 5 4§18r ah\/rIr o-1H hen 1{‘?’[ rII In7pn| ne
wag 20mt6ed with 3.7 p#-3onc. H2SO4 and .71 m 65%
HNPR20aZ5 - 5C and stiry4@8for 1 h by -5@ to 0C. The
m YUreg was poured | pg©2I00 m of 1ce|gol d water and
102779 4.08 5

21.97 4.04 6

22.43 3.96 12

22.82 3.89 13

23.09 3.85 7

24.02 3.70 20

24.69 3.60 15

25.54 3.49 9

26.01 3.42 5

26.59 3.35 32

27.52 3.24 3

27.78 3.21 3

28.89 3.09 25

29.31 3.05 9

30.13 2.96 9

30.95 2.89 6
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10 M NaOH was added. The m xture was extracted with
Et OAc, the conbined organic layers were dried with

whl@8@dosoconcentrated and purified by chromat pgr/iaptw7/o64406

on silica gel (eluant: dichl orgnret hane: 95%t hanol / 5%
ammonia 99:1 to 95:5) to give a mxture of the title

GPIRROABER ta@aré 98 value "20 [ ]" denotes the angle of diffraction in degrees
3, 5-di net hyl - 7-ami no- 2, 3, 4, 5-t et rahydro- 1

g'h rtﬁ‘%%ﬂg["% @gnge@&% ghégpem gjrdls_tinces in A between the lattice

Hi-benzo[d][azepl ne 1.4 g (6.3 mml) of a m xture of

R'@8EGi net hyl - 7-nitro-2, 3,4, 5-tetrahydro-1 H
benzo[ d] [ azepine and 1 ,3-d inethyl-8-n
itro-2,3,4,5-tetrahydr o- 1 H 20 benzo[d][azepine, 20 m
nmet hanol and 0.20 g 10% pal | adi um on charcoal was
secondity footheSindligsusttavn amthet atmsehteble, tfe pyedeagiewe(tian further
psi). It was filtered, concentrated and the m xture

YéisteBUbIthé eeysllisdba r@géw*ﬁdoﬂ(S)SiB-l[(L‘SC@hI@@ thi gpglelmalﬂyl)

di chl or onet hane: 95%t hanol / 5% anmoni a 99: 20)
Bl AR PR o gl o T
eg%gpgge@;agegg%(g@y%gg,%gaogsa?fe, cﬁg;rgc%gzse%7/nq9§ﬁ9§he %3

dlclororrethane/etha ol /a nia = 80:2 2) 12H18
S9eDIPORAS ASp KLet At HAFRRIACTENE VARFSH 5580 B 434 A

reg| oi somer A

f - & AfOrfo- ‘ti) 54 & and Y1072 gnasbprostinanteeaksin ithe giagram).

benzo[ d] azepi ne Rf value: 0.70 (silica gel;

di chl or onet hane/ et hanol / anmoni a = 80: 20: 2) C12H18N2

(190.28) Mass spectrum (M-H)+ = 191. 10 e)

RAgirRAteAEEEryStafZés S eaILfikd b‘l“y%iéié‘ afanteRdy td 5g§16hfér3te in larger
wer e coupl ed according to the procedure described in

?ég@lﬁge_sz,%st%o%nv% Agligsure of the 3S d iastereo

The thermoanalysis of the crystalline anhydrous form of (S)-3-[(5-chloro-
thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-
benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide according to the

invention, as shown in Figure 3 (DSC/TG diagram), shows a Tf,;g=185+3 °C

(DSC: 10 K:-min™" heating rate), in the form of a strong endothermic peak. A
closer look to the TG-trace (confirmed by TG-IR coupling experiments) shows a
weight loss of approx. 1.0 — 2.0% up to approximately 180°C. This weight loss
may indicate the presence of absorbed water on the surface of the
microcrystalline material. Thermal decomposition starts above 240 °C indicating

a congruent melting process at 185 °C.
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Rf value: 0.75 (silica gel;
di chl or onet hane/ et hanol / anmoni a = 80: 20: 2)

wE2@BDEEISHIN303S (447.979) 15 Mass spectrum ( MtPOHER2007/064406

448/ 450 chloro isotopes. For sapgration of the m xture
of diastereoisoners into the pure single

%@éetﬂ %ﬁé?ér& invention further relates to the crystalline anhydrous form of
(35)-3-[(5-chl oro-thi ophen- -y)-carbonylamno]-N—((S

iﬁ%%'ﬁ%f’y?@@%‘?pn@%) BRI e 23 i
?%'Ist?e arg[[%éz@wﬂa yDRiraYRiusay 3 carapYinACitAmITe nhar agerised

LB/BSdlmathyl 2,3,4,5- tetrahydro-1
@em.@lilm]mretmw mlp- 1 )85 éBr@Wdﬁe@mmbseD&é} eyiudtion using
acid amde a conventional HPLC system w th DAI CEL

PpBakinZHimony nbabngrate: netCeehymm has been used,
eluting with 0, 2% Cycl ohexyl am ne in Hexane(80% / WO

2008/ 080891 PCT/ EP2007/ 064406 -124 EtOH(20% as
liquid phase. At a flowrate of 1 mM/mn, retention

EdTR St Sbaid Baiel icaithe BRI Bo8d it tod 2Bt (§ ok nioro-
T S AL R G A KN E R 2 et

di ast er eoi soners can be achi eved by supercritical .
beozeldigzepital orteprpydiofirapAd-caboxplicaeidiamideds characterized
eluting wth 0,2% Cycl ohexyl am ne in EtOH(45% /

byjitsrhigh solabdllitydbZdddigomedia amdfitsoigh @rysialéinity. Thelénysialline
retention times for the stereoisonmers are 3,94m n and

éo@%rﬁhlcrféﬁﬁ%bhé/r%btérlz%h d3esn ahBdrBls ﬁ)rﬁmbresent as single
configurated carboxylic acid 7 can be coupl ed

rocedure descri bed above to give a
a;’% gér)lgo r|“EI?§nrr">?ture of 15 the

regi oi somsrs.(BS) 3-[(5-chl oro-thi ophen-2-yl)-carbonyl
amno]-N-((1 R)-1,3 dinmethyl-2,3,4,5-tetrahydro-1

H benzo%d] azepi n- 7 yl)-tetrahydrof uran- 3-
Example

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5R)-3,5-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1S)-1,3-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
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carboxylic acid am de and
(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonylam no]-N-((1

w®peok08esdi net hyl - 2, 3, 4, 5- tetrahydro-1 PCT/EP2007/064406

H benzo[ d] azepi n-7-yl ) -t et r ahydpef ur an- 3- car boxyl i c
aci d arri d. 20 The di astereoi soners could be separat ed
chr orm%ogr aphy ( DAl CEL -H 250 x
ow rat e

ns ha and 45% Di et hyl@am I
UZs ﬁetlontlmssforth so rs are

6 5 mn and 9 n. Esach of the |astere0|

shows €He fol o D)g\l@/%ectrum CHIH) + © 4231‘4@/
chl oro isotopes. © 25 2008/ 080891 PCT/ EP2007/ 06
-125- Bypnple 3-A

(3R) - 3{[ €5- chl or o-t hi ophen-2-yl ) - carbényl ani no] N-((5R

) - 3, et @, 4,5- tetrahydro-
H-—bnzo [ f&-yl ) -tetrahydridf ur g ca box\yl ic
aci d-ar )
(5 S ¢l

(3R - 3 [(5 chl fr o™t hi gopheng2-yl)-car bonyl a
)-3,5-dinethyl-2,874,%) t/gtrahydro-1
H benzo[ d] azepi n- 7-yl )=t'et r ahydr of ur an- 3- car boxyl [

acid amde -NI \ NO-NONNSCNNSC CH300O0
G CH3 0 O Regioisoner A can be coupled separately
with the R-configurated enantiomer 10 of carboxylic
e d 7-rhethypRioxe-2, 861, pteesshure-ftoberxsloftage@néo give
the 3R d iastereo isoners. Both diastereoisomers
showed the follow ng characteristics Rf value: 0.6
(silica gel; dichloronethane/ethanol/ammonia =

§Q) &?372%mol) 2-chloro-N-(2-phenylethyl)-propanamide and 15 g (112 mmol)

aluminium trichloride were carefully mixed at 90°C and heated to 150°C for 6 h.
The mixture was diluted with water and methanol and extracted with EtOAc.
The combined organic layers were dried with Na>SOa, concentrated and purified

by chromatography (method A) to give the title compound,

(b) 1-methyl-2,3,4,5-tetrahydro-1H-benzo[d][azepine

2.7 g (15 mmol) of 1-methyl-2-ox0-2,3,4,5-tetrahydro-1H-benzo[d][azepine was
added to 46 ml 1M BH3-THF complex solution and strirred at room temperature
under a nitrogen atmosphere overnight. 50 ml of methanol were carefully
added, followed by 30 ml of 2M HCI. The mixture was extracted with EtOAc, the
combined organic layers were dried with NaxSO4, concentrated and purified by

chromatography (method A) to give the title compound as formic acid salt.
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C22H26ClI N303S (447.979) 15 Mass spectrum (MH) + =
448/ 450 chl oro isotopes. Exanple 4 (R)- and

wo H)ospsashi or o- t hi ophene- 2- car boxylic PCT/EP2007/064406

aci d- N-{3-[ 3-net hyl - 4- (5-cyanifqpp- 20
[1 4] oxazepan- 4-yl ) -phenyl car banoyl ] -tetra
off W-aiethyIL2-nArs-98 N‘@t@@gﬁ{/&%mibenzﬂd&az'e_f)ine and 1,3-
/ EP2007/ 064406 - 126 0 ~0 Ol /" N

My Do ity 754 EsERn S e R s 7 o o 1

-aza-spiro[4.4]non-1 - en-4-one are stirred with 0.45

g (1.8 nmmol) 3-nmnethyl -4-(5-o0xo-[1. 4]oxazepan 4 5
ézboamllne in 45 mM of toluene with 5.
otowingghacpraceder fof exampled bsbmthber 8, 4h5 tqﬂﬁ@WGtrﬂé H-
reacti on m xture was concentrated poured into 100n
bentalat[azemdé washydthyipad daghenb Baimethywd2, L4 GAmtraif/deo-1H-
extraction wwth EtOAc, the conbi ned organi c phases
b@n,@o[d/[[a@@b@ger magnesi um sul phate and evapor at ed

dovvn i. vac.. The racem c m xture was separated into

coI ) g {1 g@ﬂéggf@@%%’e&)ﬁ'i‘%@B ?%@dréh%ﬁ?ﬁi@tﬂﬁ%me was

Aitxdd (N%@."/ ml conc. H2SO4 and 0.71 ml 65% HNO; at -5°C and stirred for 1
h by -5°C to 0°C. The mixture was poured into 100 ml of ice cold water and 10
M NaOH was added. The mixture was extracted with EtOAc, the combined
organic layers were dried with Na>SO4, concentrated and purified by
chromatography on silica gel (eluant: dichloromethane:95%ethanol/5%

ammonia 99:1 to 95:5) to give a mixture of the title compounds.

(d)  3,5-dimethyl-7-amino-2,3,4,5-tetrahydro-1H-benzo[d][azepine and 3,5-

dimethyl-8-amino-2,3,4,5-tetranydro-1H-benzo[d][azepine

1.4 g (6.3 mmol) of a mixture of 1,3-dimethyl-7-nitro-2,3,4,5-tetrahydro-1H-
benzo[d][azepine and 1,3-dimethyl-8-nitro-2,3,4,5-tetrahydro-1H-
benzo[d][azepine, 20 ml methanol and 0.20 g 10% palladium on charcoal was
stirred for 5.5 h under an atmosphere of hydrogen (50 psi). It was filtered,
concentrated and the mixture was purified by chromatography on silica gel
(eluant: dichloromethane:95%ethanol/5% ammonia 99:1 to 80:20) to give
0.45 g of regioisomer B: rac-7-Amino-1,3-dimethyl-2,3,4,5-tetrahydro-1H-

benzo[d]azepine
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Enantioner 1: Rt = 86 m n Mass spectrum (MH)+ =
502/ 504 (chlorine isotopes) Enantionmer 2 Rt = 136

wones/oddsovass spectrum (M-H) + = 502/ 504 ( chl op¢TY@P2007/064406

i sotopes) Exanple 5 (R)- and -123-
(S)-5-chl oro-t hi ophene- 2- carboxylic

R‘il/é‘lu%" 0F4 @iica g‘éYftﬂdzmbfb‘methane/ethanollammonla 80:20:2)
[ | oxazepan- 4-yI') - phenyl car banoyl | -tetra

B thaoe™ 127" 0 20" 00 NS HS /1 on

H/. NO-N I1IlI IIl NN Th
ﬁ%ssérﬁ)gﬁ {'HBher Mgﬁlbbt ai neaggy fol | owi ng the procedufe
for exanple 4 and usin
gyl 05% g-af ﬁegjp@mr&pﬁéﬁg Aming-3H-dingthyla2. 8.4 ddetsphydsp-1H-

4. 4] non-1-en-4-one 8 and

Benmb[bidzepines- oxo- [ 1. 4] oxazepan-4-yl)-aniline. 5
C22H22Cl N504S (487.96) Mass spectrum (M-H)+ = 488/ 490
Re baloet 00 %Q‘b@w)dlamérdn@ﬂwﬁﬁéﬁ@thmﬁamémﬁbi 8012e62)by
follow ng the sanme procedure using (R)-2-

C12H1gN2 (190.28)

Mass spectrum:  (M+H)" =191,

e) Regioisomer A and S-configurated carboxylic acid 7 were coupled according
to the procedure described in example 2d to give a mixture of the 3S-
diastereoisomers.

R: value: 0.75 (silica gel; dichloromethane/ethanol/ammonia = 80:20:2)
C22H26CIN3O3S (447.979)

Mass spectrum: (M+H)" = 448/450 chloro isotopes.

For separation of the mixture of diastereoisomers into the pure single
stereoisomers (3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5R)-3,5-
dimethyl-2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-
carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide a
conventional HPLC system with DAICEL AD-H 250mm x 4,6mm chiral column

has been used, eluting with 0,2% Cyclohexylamine in Hexane(80%) /
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(5-chl oro-thi ophene-2-yl)-3, 7-di oxa-1
-aza-spiro[4.4]non-1 -en-4-one and 3 10

wareddspBesdt (5- oxo-[ 1. 4] oxazepan-4-yl)-aniline. PCI/EP2007/064406

C22H22CI N504S (487.96) Mass spaeyrum (M-H) + = 488/ 490
(chlorine isotopes) 15 Exanple 6 (R - and

E%H?Z@%gﬁ?hhbid%ﬂb%%eﬂaqﬁiv@@té lof @ mi/min, retention times for the
acid 3-met hyl - 4- (5- oxo-

%t’evré%@é%??g% %g,y%?n.ﬁ%ﬁggac%gamw ]-tetra

/080891
EC?:-{‘ P¥h007/ 0%54406 -128- FO NSHHI Br NN

Sraeeemers ghofs e @R xt ur e was
repared according to the follow ng schene as
Wssrpestium WopdDeY1 1026 468/4RCPrONSOIORES. NHBoC O
HATU _ /\ \ 1| 0 O/ N HO

Alternatively, the separation of the mixture of diastereoisomers can be achieved
by supercritical fluid chromatography with DAICEL AD-H chiral column, eluting
with 0,2% Cyclohexylamine in EtOH(45%) / supercritical CO2(65%). At a flow
rate of Sml/min, retention times for the stereoisomers are 3,94min and 4,08min

respectively.

f) Regioisomer B and S-configurated carboxylic acid 7 can be coupled
according to the procedure described above to give a diastereomeric mixture of
the regioisomers.(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-
dimethyl-2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-
carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1S)-1,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amid.

The diastereoisomers could be separated by chiral chromatography (DAICEL
AS-H, 250 x 4.6 mm, eluens: Methanol and 45% Diethylamine). At a flow rate of
5ml/min, retention times for the stereoisomers are 6.5 min and 8.5 min.

Each of the diastereoisomers shows the following

Mass spectrum: (M+H)" = 448/450 chloro isotopes.
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NHBoc OTFA OH H N NOHo SNHHBr I/ e\l Oz
ON NOI TBTU For separation of the racem c m xture

w0 D40S/0BGS91 r espect i ve enantioners, a conventi opal/EP2007/064406

anal ytical HPLC systemw th DAHEEL AD-H 250mm x 4, 6nm
chiral colum has been used, eluting with 0,2%
Cycl ohexylam ne in 10 Hexane(80% / |1PA(20% as liquid
phase At a flowrate of 1 m/mn, retention tines
h@ eA:lantl omars are 23,70m n and 28, 40m n.
|orrer 1: = 23.70 mn Mass spectrum (M-H)+ =

Ef"ﬁ -gxzbé-é% ”B@S%'@Sf"%@%rﬁfﬁ%ﬂm%ﬁ?ﬁ ((52@2551\%@@%@ 3.4,5-

spectrumtﬂ( H) + = 520/ 522 (brom ne isotopes) Exanple
tetfarydren tp@)zq%d]@.zgﬁ@ [§ Ml)dgﬁéhmrgf%am@owbpéyhc acid amide and
acid-N-{3-[4-(5-cyani m n-

[3R)4;B<§(>6a<zrdpmthoghen—myda)mdrbalnyianmd]}N{(éiS)a’S 5-dimethyl-2,3,4,5-
hydrof uran-3-yl}-anide OO HF O

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

0
- L L. = [
\\5_ N \!\/2'\‘ . N\VKQN .
CH, 0 owm CH, 0 OWCI

Regioisomer A can be coupled separately with the R-configurated enantiomer
of carboxylic acid 7 following the procedure for example 3 to give the 3R-
diastereoisomers.

Both diastereocisomers showed the following characteristics

R: value: 0.6 (silica gel; dichloromethane/ethanol/ammonia = 80:20:2)
C22H26CIN3O3S (447.979)

Mass spectrum: (M+H)" = 448/450 chloro isotopes.

Example 4
(R)- and (S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide
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SN OHI/ Br/ NNNSBr I Ol ~NO_NIN I1I
N The racem ¢ m xture was prepared from

wo 2a@888(s6b- chl or o-t hi ophen-2-yl ) - PCT/EP2007/064406

car bonyl am no] -t etrahydr o-f uran28- car boxylic acid
rac-7 and 4-(5cyani m no- 10 [1, 4] oxazepan-4-yl)anilin
(prepared in an y to procedures described in
W)2005/111029) i hn | ogy to procedure 4.

C22H22Br :

532/ 534

geem poourtd into | respect|v
nvthl ohal analytical HPLC s emi
@p)% 4¢%6mm  chiral colum Ok{;?\een used, eluting
% Acetic Acid in Hexang(80%, £t Et OH(20% as
liquid pghase. At a flowrate o mM{mn, retention
times fof the enantionmers are 9 rrin\K\and 12,2 min. 20
Alternatively, the separation of thid$ racemate can be
achi eved on HPLC with DAICEL QJ-H chiral col umm,
eluting with 0,2% Acetic Acid in Hexane(80% / WD
2008/ 080891 PCT/ EP2007/ 064406 -130 EtOH(20% as

B0g gl #pb&ﬁmol)& (Rchlofyvttiapieersd-23y1 18 btm.axaﬂeéﬁﬂspmm 4]non-1-
tines for the enantioners are 6,10 mn and 8, 10

ERSPRERL V& kMrred with 0.45 g (1.8 mmol) 3-methyl-4-(5-oxo-[1.4]oxazepan-4-

yl)-aniline in 4.5 ml of toluene with 5.0 ml DMF and 500 pl glacial acetic acid at
80°C for 5 h. Then the reaction mixture was concentrated poured into 100ml
semisat. sodium hydrogen carbonate/100 ml EtOAc. After extraction with
EtOAc, the combined organic phases were dried over magnesium sulphate and
evaporated down i. vac.. The racemic mixture was separated into the
enantiomers by using a chiral chromatography column (500X50mm, DAICEL
AD-column, eluent: Ethanol 30 ml/min):

Enantiomer 1: Ry = 86 min

Mass spectrum: (M+H)" = 502/504 (chlorine isotopes)

Enantiomer 2 Ry = 136 min.

Mass spectrum: (M+H)" = 502/504 (chlorine isotopes)

Example 5
(R)- and (S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide
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Example 8 5 (R)- and
(S)-5-brono-thi ophene-2-carboxylic

wa@cid/RespB- [ 3- net hyl - 4- (3- oxo- nor phol PCT/EP2007/064406

i n-4-yl)-phenyl carbanoyl ] -tetrahydro-th
i ophen-3-yl}-amide 0 1-O0O NSNS Ol OHBr OO H

Br NN Q The em c mxture was prepared as

described in WZ00%/ 111029. For separation of fhe,

racem c nixtule Mo llts 4espective enanti gnes. 10
convent i HPIC SY'st &f Withu a DAl CEEED-2 X g
nE/equr ol u has b used, el irot with ||/
hexang and after the first peaﬂh& hee el bated wit
ﬁgéggig%t hanol 55/45 as |iqui & phades. C21 H22Br N3C6S

( .39)¥I\/ass spectrum (M-H) +\= N510 (brom ne

isotopeq for each 15 enantioner. mple 9 (R)- and
(S)- 5-etvhinyl-thi ophene-2-carboxylic
aci d- N-{3-[ 4- ( 3- oxo- nor phol i n- 4-

b D SRt B e PSR gt 84
N

S NN
using (S)-2-(5-chloro-thiophene-2-yl)-3,7-dioxa-1-aza-spiro[4.4]non-1-en-4-one

N

8 and 3-methyl-4-(5-0x0-[1.4]oxazepan-4-yl)-aniline.
C22H22CINsO4S (487.96)

Mass spectrum: (M+H)" = 488/490 (chlorine isotopes)

The (R)-Enantiomer was obtained by following the same procedure using (R)-2-
(5-chloro-thiophene-2-yl)-3,7-dioxa-1-aza-spiro[4.4]Jnon-1-en-4-one and 3-
methyl-4-(5-oxo-[1.4]oxazepan-4-yl)-aniline.

C22H22CIN5O4S (487.96)

Mass spectrum: (M+H)" = 488/490 (chlorine isotopes)

Example 6
(R)- and (8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-0xo-

[1,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide



10

No\l oHoH ~NN-11o0 Q Ql The racemc
m xture was prepared as described in W2006/ 034822.

woooosmegar at i on of the racem c conmpound i nto i PEI/EP2007/064406

respective enantioners, a convegtional analyti cal
HPLC system wi th DAI CEL AD-H 250mm x 4, 6nm 5 chir al
col umm has been d, eluting with hexane/ et hanol 1/1
as liquid phase. PRetcentl on times for the e

. 22, For the preparati
separat i A OOrg',m x 50mm. chift al “£ol s
has__ be ed, s el Utinglw/th et hanol |1 gl d'pha g. e

1@ f ow ng racemnic conp )
@gz‘g?t&malcally pure form an ousytothe nmet hods
d ib&€d in the Exanpl es ablye y! synthetic
pat hways known fromthe litera A (S)- and

(R) - 5- br ono-t hi ophene- 2- car boxy! i c

acid-N-{3-[3-nethyl -4- 15
(pyrrolidin-1-yl-carbonyl)-phenyl carbanoyl]-tetrahydro
Theaneemid thixdunedeas pfearediabedrdiny for theNoowing schH@mélas
2008/ 080891 PCT/ EP2007/ 064406 -132- 1-0O

described in WO2005111029:

K\N \'QNHBOC
o
k/go Q HATU

NHBoc

For separation of the racemic mixture into its respective enantiomers, a
conventional analytical HPLC system with DAICEL AD-H 250mm x 4,6mm
chiral column has been used, eluting with 0,2% Cyclohexylamine in
Hexane(80%) / IPA(20%) as liquid phase. At a flow rate of 1ml/min, retention
times for the enantiomers are 23,70min and 28,40min.

Enantiomer 1: Ry = 23.70 min

Mass spectrum: (M+H)" = 520/522 (bromine isotopes)

Enantiomer 2: R; = 28.40 min.
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HNS NBr NOHOMH3 B (S)- and
(R) - 5- brono-t hi ophene- 2-car boxylic

wa@cod/RespB- [ 4- (pyrrolidin-1- PCT/EP2007/064406

yl - car bonyl )- phenyl car banoyl | -#1epr a
hydr of ur an- 3 yI} amde OO HNS HBr HNO O1-0

fAask dNeetrui %M#NEO O£5Q§)5’223(‘ Bfomine isotopes)
(R)-5- ethl nyI-t i ophene- 2- car boxylic

aci d-N-{3-[3-chl oro-4-(3-
oxo- nor phol i n-4-yl)-phenyl car banoyl ] -tetra
E&dro-tl};i ophen-3-yl}-amde O O

ample

(R)- and (S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

The racemic mixture was prepared from rac-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-tetrahydro-furan-3-carboxylic acid rac-7 and 4-(5cyanimino-
[1,4]oxazepan-4-yl)anilin (prepared in analogy to procedures described in
WQ02005/111029) in analogy to procedure 4..

C2oH2BrNs04S (532.411)

Mass spectrum: (M+H)" = 532/534 (bromine isotopes)

For separation of the racemic compound into its respective enantiomers, a
conventional analytical HPLC system with DAICEL AD-H 250mm x 4,6mm
chiral column has been used, eluting with 0,2% Acetic Acid in Hexane(80%) /
EtOH(20%) as liquid phase. At a flow rate of 1ml/min, retention times for the
enantiomers are 9 min and 12,2 min.

Alternatively, the separation of this racemate can be achieved on HPLC with

DAICEL OJ-H chiral column, eluting with 0,2% Acetic Acid in Hexane(80%) /
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HONNS H O rl~NOJOC 10 WO 2008/ 080891

PCT/ EP2007/ 064406 -133- JOO HN ON H ru-- NOJ
wekoBog@pt and (R)-5-brono-thi ophene- 2- car boxyPCT/EP2007/064406

aci d-N-{3-[3-chl oro-4-(2- -130-

0x0- azepan- 1-yl ) - phenyl car banoyl ] -tetra hydro-th

EQOREIOR) ¥hJigard sase. Rt aHW rde: Bt Bil/nth GetestionltiBes for the

enantiomers are 6,10 min and 8,10 min respectively.

Example 8

(R)- and (8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-oxo-

morpholin-4-yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide

The racemic mixture was prepared as described in W0O2005/111029.

For separation of the racemic mixture into its respective enantiomers, a
conventional HPLC system with a DAICEL OD 250mm x 20 mm chiral column
has been used, eluting first with hexane and after the first peak has been
eluated with hexane/ethanol 55/45 as liquid phases.

C21H22BrN3OsS (508.39)

Mass spectrum: (M+H)" = 508/510 (bromine isotopes) for each

enantiomer.

Example 9
(R)- and (S)- 5-ethinyl-thiophene-2-carboxylic acid-N-{3-[4-(3-oxo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide
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O HONHSBr OrL/ Ncl E(S)- and
(R) - 5- brono-t hi ophene- 2-car boxylic

wacid/despB- [ 4- ( 2- oxo- PCT/EP2007/064406

azepan- 1-yl) - phenyl car banoyl | -#1gtr a
hydr o-t hi ophen-3-yl}-amde OO HSBr ONH-J~ NO
/10 WD 2008/ 891 PCT/ EP2007/ 064406 -134—4-00 H
ATNH S Br O(NF 6S)- and [

(R) - 5- bronoft hhgphgne- 2- car boxyl i

c s
3- Wl -4 (h—= o N —
. 4-y|)-phﬁd~gdN noyk] -tetra

acPd-
C i A
rcw 3-yl }-anide

ZT

o)

The racemic mixture was prepared as described in WO2006/034822.

For separation of the racemic compound into its respective enantiomers, a
conventional analytical HPLC system with DAICEL AD-H 250mm x 4,6mm
chiral column has been used, eluting with hexane/ethanol 1/1 as liquid phase.
Retention times for the enantiomers were 13.9 min and 22.2 min. For the
preparative separation a DAICEL AD-H 500mm x 50mm chiral column has

been used, eluting with ethanol as liquid phase.

The following racemic compounds can be prepared in enantiomerically pure
form analogously to the methods described in the Examples above or by

synthetic pathways known from the literature:

A (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-

(pyrrolidin-1-yl-carbonyl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide




O HBC/ NNSHBr NN IIl 5N OO HCNS / N

NSHB NNIIIl N G(S)- and
w@ R)osbsizopnD-t hi ophene- 2- car boxylic PCT/EP2007/064406
aci d-N-{3-[3-chl oro-4-(5- -132-

cyani m n-[ 1. 4] oxazepan- 4-yl ) - phenyl car banoyl ] -t et r ahyd
rofuran-3-yl }-am de 2008/ 080891 PCT/ EP2007/ 064406
-135- 0O NC NS /H

)
z
O
Iz
\m
W

B (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(pyrrolidin-1-

yl-carbonyl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

Cc (S)- and (R)-5-ethinyl-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-

oxo-morpholin-4-yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide




[l N OO G NS N HBr NNIIIl N H(S- and
(R)-5-chl oro-t hi ophene- 2-car boxylic

wa@cid/RespB- [ 3- met hyl -4-(3- 5 PCT/EP2007/064406
cyani m no- nor phol i n- 4-yl ) - phenyBgar banoyl ] -t et r ahydr of
uran-3-yl}-amde OO H3C/ NNSC HIIT) N\ OJ/

NIIl N W 2008/0 1 PCT/ EP2007/ 064406 -136- 0 O
H3C/ N NS
0O
H
N S
@) N —
H)Kﬁ/)/
N
OJ Cl
D (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(2-

oxo-azepan-1-yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide

E (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(2-oxo-

azepan-1-yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide




H/ C \ ONN ON IlIl NI (S)- and
(R)-5-chl oro-thi ophene- 2-carboxylic acid

wo bbog®s(sst chl or o- 4- ( 3- PCT/EP2007/064406
cyani m no- nor phol i n- 4-yl ) - phenyBgar banoyl ] -t et r ahydr of
uran-3-yl}-amde OO C / NfNcl ~0J NIII 5NO
O G/ NNSH/ o ON O0J~~ NIII N J (9)-
3-[(5-chl oro-thi opf?e?- -yl.) - carbonyl am no]-N-((2S)-2, 3
-di net hyl - 2, 3,4}_|5-t_et ahydro- 1

",

H benzo[ d] azepi mw.7- yi4) -t r of ur an- 3- car boxylic
aci 10 deyand Y('S) - N Br

3- [ (J$-chl %o-khi op en-ﬂyl )-x:ar onyl am no]-N-((2R)-2, 3
-gine

F (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-

cyanimin-[1.4]Joxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

0
S
B
\
0
S
B
\
G (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(5-

cyanimin-[1.4]Joxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide



WD 2008/ 080891 PCT/ EP2007/ 064406 -137
2,3,4,5-tetrahydro-1

wokmsns@pd] azepi n- 7-yl ) -t et r ahydr of ur an- 3- car bPEYEPD07/064406
acid amide O NNNOOd O~%35-0Cc NNNOOd O
~S/ 5 K (S)-
3-[ (5-chl oro-t hi ophgen-@2-
-di net hyl - 2, 3, 4, 5-
H benzo[ d] azep| Ny 7-
acid gl

yl)-carbonyl am no]-N-((4S)-3, 4
et i\ahysdro 1
) ‘te rahydrofuran 3-carboxylic

ram no] -N-((4R) -3, 4
3, 4, Set etrahydr

-d hy
}—m d] a epi n-7-yl)-tetrahydrof uran-3-carboxylic
id 1g_amMde O -N/ N,,NOS O O

~N

I

0
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B
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H (S)- and (R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-

cyanimino-morpholin-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide




-N/ NNOdJ 0 ~S W 2008/080891 PCT/ EP2007/ 064406
-138- L O -NNNp d O~SY -NONNp-~S d 5M
wobdgoposel N >Tcl ~S/ N -tNa O N p O O pSI/EP2007/064406

-136-

| (S)- and (R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-

cyanimino-morpholin-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

\ / Cl
5
\ / Cl

J (S)- 3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((2S)-2,3-dimethyl-
2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid

10  amide and (S)- 3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((2R)-2,3-dimethyl-
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N (S)- and
(R)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no]-N-(2, 2,

WE200%080891 PCT/EP2007/064406

trinmethyl -2, 3,4,5-tetrahydro- 1Hskenzo[ d] azepin-7-yl ) -t
et rahydr of uran- 3- carboxylic acid am de WO 2008/ 080891
j _' - . .
E{@r’\é%g%%@@@@i#@?)enzé?ﬁ%ze(% 7 g?}laet@@drofﬁﬂ—éﬂ 3carbodlic acid
%ﬁ?@g [ (5-chl oro-thiophen-2-yl)-carbonyl am no]-N- (3, 4,
- trimethyl-2,3,4,5-tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t et rahydr of uran- 3- carboxylic
acid.amde O ~pa NNOCO O-~S - FO-~pa NNOC

LG

O S<__Cl

v

b@ (
—N \
S
et

K (S)- 3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((4S)-3,4-dimethyl-

Cl

2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid
amide and (S)- 3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((4R)-3,4-dimethyl-
2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid

amide
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pOeNe
N -“‘N
) S
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0 OW
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O~S/ 1lop (S)- and
(R)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no]-N- (3,5,
w6 200808088t hyl - 2, 3, 4, 5-tetrahydro-1 PCT/EP2007/064406
H benzo[ d] azepi n-7-yl ) -t etrahydggf uran- 3- carboxylic
acid am de WO 2008/ 080891 PCT/ EP2007/ 064406 -140- -N
O NNOOd O~SS FONNOdJd O-~Y
(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am no]-N- (3,5,
5-trinet hyl -2 3,4,5- tetrahydro-1
Haz ) - tetrahydrof uran- 3- carboxylic
rer\ared in anal ogy to the procedures
~“val ue: 0.38 (RP-8;
\ | ulNi on 6:4) C23H28CI N303S
(462, 01) Mass spextru +-6l 462/ 464 (chl ori ne
isotopes) 10 Q (S) -Oand

| )-carbonyl am no] - N- (3-ne
thyI - quor 2, 3 4,5-tetrahydro-1
epi n-7- 6) t et rahydr of ur an- 3- car boxylic

N (S)- and (R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(2,2,3-
10  trimethyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide



acid amde FO -N/ NNO SO 0 J W 2008/080891
PCT/ EP2007/ 064406 -141- FNFO N NS Od OR

W@ 3H)08/080391 PCT/EP2007/064406
(R -3-[(5-chl oro-thi ophen-2-yl)xggar bonyl am no] - N- ( 3- e
thyl-8- fluor-2,3,4,5-tetrahydro-1

0] (S)- and (R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3,4 ,4-
5 trimethyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide

10 P (S)- and (R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3,5,5-
trimethyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide



10

S O0d OS
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonylam no]-N((1

w®peoko8esdi net hyl - 2, 3,4, 5-tetrahydro-1 PCT/EP2007/064406

H benzo[ d] azepi n-7-yl ) -t et r ahydygf ur an- 3- car boxyl i c
acid am de and
5-chloro-t hi(())phen- 2-yl)-carbonylam no]-N-((1
0 Dhyl 1
2,3N4, 5-1 ahy dr{o- 1|§{- benzo[ d] azepi n-7-yl ) -tetrahydr of
Farsexytc Bcid amide\ O -N/ NOQ 0 ~S
/080891 PQff/ EN2007/ Q64406 -142- NONO C O
~S/ The Exanpl e®©tha Oow-dekcri be the preparation
of pharmaceutical 5 @ornu\at ons which contain as
active substance any desired conpound of general
formula |I. Exanple A - Dry anpoule containing 75 ng of
[ U 0l0 mM 10 Conposition: Active
nnitol 50.0 ng

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3,5,5-trimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
was prepared in analogy to the procedures described above.

Rt value: 0.38 (RP-8; methanol/5%NaCl-solution = 6:4)

C23H2sCIN3O3S (462,01)

Mass spectrum: (M+H)" = 462/464 (chlorine isotopes)

Q (S)- and (R)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-9-
fluor-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic

acid amide




10

water for injections ad 10.0 ml 15 Preparati on:
Active substance and mannitol are dissolved in water.

wdbdosns@ackagi ng the solution is freeze-dri edpCT/8P2007/064406

produce the solution ready for-qyge for injections, the
20 product is dissolved in water. Exanple B - Dry
anpoul e coptaining 35 ng of active substance per 2 ni
WO 2008/ 080891 PCT/ EP2007/ 064406 -143- Conposition: 5
[ PN @ nmg Mannitol 100.0 ng water for
I-AFECti o Preparation: 10 Active substance
( “dj #6ol ved in water. After packaging,

t he ze-dried. To produce the solution
ready for use fo inJ ti of e product is dissolved
in water. 15 Exanpl@” C -\Tq Iet cont ai ning 50 ng of
active substance Conposi (1) Active substance

50.0 ng 20 (2) Lactose 98. O rrg (3) Maize starch 50.0
Ry (4)(33’oiaw(my3qw Clﬁlbrcdﬂﬂ@pﬁéw 9-ymgcarbbhy bBomssNY B methyl-8-

stearate 2.
fluor-2,3,4,5- tetrahydro 1H benzo[d]azepln -7-yl)-tetrahydrofuran-3-carboxylic

acid amide

N
v

S (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1S)-1,3-dimethyl-
2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid
amide and (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-dimethyl-
2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid

amide
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WD 2008/ 080891 PCT/ EP2007/ 064406 -144- Preparation:
(1), (2) and (3) are m xed together and granul at ed

wowndds/ogrzongqueous sol ution of (4). (5) is addepct/@rioo®064406

dried granul ated material. Fromphis m xture tablets
are 5 pressed, biplanar, faceted on both sides and
with a dividing notch on one side. Dianeter of the
tabl et sf 9 nn1 Exanple D - Tablet containing 350 ng of
actiye s ance Composition: (1) Active substance
350N0 ng La os% 136.0 mg (3) Mnaize starch 80.0
nmg 15 (4 Wi pyrrolidone 30.0 nmg (5) Magnesium
stearate 4.0 NO mg Preparation: 20 (1), (2)

and (3) are m xec{tog her nd _granulated with an
aqueous sol ution of {4 (5) IS added to the dried
granul ated material . From s mxture tablets are

pressed, biplanar, faceted on both sides and with a

di vidi ng notch on one side. Dianeter of the tablets:
12 mm 25 Exanple E - Capsul es containing 50 ng of
active substance WO 2008/ 080891 PCT/ EP2007/ 064406

- 145- Conposi tion: (1) Active substance 50.0 ng 5 (2)

[ t Powd d I act 50.0
%Ieel':dxanrr%lése tﬁc’at?ol?ow descrlbnegthe pl)eparatlo%roeic pha?r%agggtlca

formulations which contain as active substance any desired compound of

general formula |.

Example A — Dry ampoule containing 75 mg of active substance per 10 mi

Composition:

Active substance 75.0 mg
Mannitol 50.0 mg
water for injections ad 10.0 ml
Preparation:

Active substance and mannitol are dissolved in water. After packaging the

solution is freeze-dried. To produce the solution ready for use for injections, the

product is dissolved in water.

Example B — Dry ampoule containing 35 mg of active substance per 2 ml
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(4) Magnesium stearate 2.0 ng 160.0 ng 10
Preparation: (1) is triturated with (3). This

wo padsos@di on i s added to the mixture of (2) anpcC{ap2007/064406

wi th vigorous mxing. This powjag-m xture is packed
into size 3 hard gel atine capsules in a capsule 15
filling machi ne. Exanple F - Capsul es containing 350
ng of active substance Conposition: 20 (1) Active
substance 350.0 ng (2) Dried maize starch 46.0 ng
(3) Powdered | actose 30.0 mg (4) Magnesium stearate
éEP q%$25_430.0 ng WO 2008/ 080891 PCT/ EP2007/ 064406
~PIROBEbar ation: (1) is triturated with (3). This
trituration is added to the mxture of (2) and (4)
with vigorous mxing. 5 This powder m xture i s packed
into size 0 hard gel atine capsules in a capsule

Active agbstanté ne. Exanpl 85® mgSupposi tori es cont ai ni ng
100 ng of active substance 10 1 suppository contains:
ReHninitel subst ance 100. 0 14D.0 mg

water for injections ad 2.0 ml

Preparation:

Active substance and mannitol are dissolved in water. After packaging, the
solution is freeze-dried.

To produce the solution ready for use for injections, the product is dissolved in

water.

Example C — Tablet containing 50 mg of active substance

Composition:

(1) Active substance 50.0 mg
(2) Lactose 98.0 mg
(3) Maize starch 50.0 mg
(4) Polyvinylpyrrolidone 15.0 mg
(5) Magnesium stearate 2.0 mg

215.0 mg
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25

Pol yet hyl enegl ycol (M W 1500) 600.0 ng
Pol yet hyl enegl ycol (MW 6000) 460.0 ng 15

woedog@BiByl enesor bi t an nonostearate 840.0 ng 2pODEPHONIG4406

Preparation: The pol yet hyl eneghygol is nelted together
wi t h pol yet hyl enesorbitan 20 nonostearate. At 40C the

provHdtiest | ve substance is honpgeneously dispersed in
the nelt. It is cooled to 38C and poured into slightly
chilled suppository nmoulds. WO 2008/ 080891

PCT/ EP2007/ 064406 -147 CLAIMS 1. Substituted

é@n@ d’@')%%@h e [T el etea SamarEe 63 < gglution of
optical purity at the carbon atomin position
94)of5)t'ﬁédtj@@ ﬁ%ﬂiﬂjﬂiﬁ@ Qéﬁﬂlﬂ@tﬁg matgrial Eramphigenbdiers tepless are

substituted bicyclic ring systemof formula (I1),
Keedsed, bipkhar Xageted on both sides and with a dividing notch on one side.

Diameter of the tablets: 9 mm.

Example D — Tablet containing 350 mg of active substance

Composition:
(1) Active substance 350.0 mg
(2) Lactose 136.0 mg
(3) Maize starch 80.0 mg
(4) Polyvinylpyrrolidone 30.0 mg
(5) Magnesium stearate 4.0 mg
600.0 mg
Preparation:

(1), (2) and (3) are mixed together and granulated with an aqueous solution of
(4). (5) is added to the dried granulated material. From this mixture tablets are
pressed, biplanar, faceted on both sides and with a dividing notch on one side.

Diameter of the tablets: 12 mm.

Example E — Capsules containing 50 mg of active substance
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10 K4 (I'1) wherein K1 and K4 15 each independently of
one anot her denote a -CH2, -CHR7a, -CR/bR7/c or a

wo gges@ooup, and R7a/ R7b/ R7c each i ndependentCyERE007/064406

one anot her denote a fluorine 3aygm a hydroxy, Cl-5 20
al kyl oxy, am no, Cl-5-alkyl am no,

-(Cl-5-al kyl)-am no, C3-5-cycloal kyl eneimno or
Cl- 5-al kyl carbonyl am no group, WO 2008/ 080891
E%ﬁs% 7/ 064406 -148 a O _5-al kyl group which may

stituted by 1-3 fluorine atons, or two groups

R7b/ R7c together with the cyclic carbon atom nay form
a3, 4, 5-, 6- 5 or 7-nmenbered saturated carbocyclic
group mhereln t he net hyl ene groups thereof may be
UbAGtivelrubgtangel- 2C1- 3- aPRPMer  CF3- groups,  and/ or
t he nmet hyl ene groups thereof, if they are not bound to
2)Hotied veizenstanaty be su@&.ﬂimgt ed by 1-2 fluorine
atons, and 10 K2 and K3 each independently of one

(m@mer@an@ét@sé -CH2, - 6bRBag - CR8bR8c or a -C(O) -
group and 15 R8a/ R8b/ R8c each i ndependently of one

heslemdi8at&l_5- al kylg gigoup whi ch may be
bst %ted(gb a%%f | uorine a ons, or two groups

R8b/ R8¢ toget her with t Lic carbon atom may form
ReD/ REc L« 180

Preparation:

(1) is triturated with (3). This trituration is added to the mixture of (2) and (4)

with vigorous mixing.

This powder mixture is packed into size 3 hard gelatine capsules in a capsule

filling machine.

Example F — Capsules containing 350 mg of active substance

Composition:

(1) Active substance 350.0 mg
(2) Dried maize starch 46.0 mg
(3) Powdered lactose 30.0 mg
(4) Magnesium stearate 4.0 mg

430.0 mg
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20 6- or 7-nmenbered saturated carbocyclic group, and
in all there should be no nore than four groups

woeedlsos®dl from anong R a, R b, R7C, R8a, R8b poDERB0D7/064406

in forrmula (11), and 25 X denatigg-a NR group, wherein
WO 2008/ 080891 PCT/ EP2007/ 064406 -149 Rl denotes a
hydr ogen atom or a hydroxy, Cl1.3-alkyl oxy, am no,

Cl. 3-al kyl am no, di-(Cl.3-al kyl)-am no, a Cl.5-al kyl,

-al.kenyl - CH2, C2.5-al kynyl -CH2 or C3. 6-cycl oal kyl
gr?%%ar?hé wherein the nmethyl ene and net hyl groups

B brasPe P80 SEis Fltrafion - atie Baiyicture g1i@hgnd ()

Cl. 5- al koxycar bonyl group or by a hydroxy,

withsigeRYs 6%¥iNgani no, C1. 5- al kyl ami no,

Cl.5-dialkylam no or C4.7- 10 cycl oal kyl enei m no
group, provided that O COor OCNor NC Nbonds are
excl uded and/or one to three hydrogen atons nmay be

TaR! gsedetiixtlreas paeked Mie sizer@Haiegelbhieé capé\des in a capsule
nmet hyl ene or nethyl groups are not directly bound to a

j”h P9schisd om 15 _and wherein A" denotes either N or
gng A2 denotes either N or CR11, 20 A3 denotes
either N or CR12, wherein R10, R1' and Rl12 each

i ndependently of one another represent WO 2008/ 080891

CT/ EP2Q07/.064406 .-150 a hydrogen, fluorine,
P?ﬁ%‘rpi'%%, — BUPRPREOTISS ¢Q§E?'Hé¥9a? @(ﬁ{“%? %Pt@f_sy%ﬁ%ﬂe,

1 suppository contains:
Active substance 100.0 mg
Polyethyleneglycol (M.W. 1500) 600.0 mg
Polyethyleneglycol (M.W. 6000) 460.0 mg
Polyethylenesorbitan monostearate 840.0 mg

2,000.0 mg

Preparation:

The polyethyleneglycol is melted together with polyethylenesorbitan
monostearate. At 40°C the ground active substance is homogeneously
dispersed in the melt. It is cooled to 38°C and poured into slightly chilled

suppository moulds.
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CF3, C2.5 -al kenyl, C2.5-al kynyl, a cyano, carboxy,
C _5-al kyl oxycar bonyl, hydroxy, d _3-al kyl oxy, CF30,

wEkH3080sCH2FO, or 5 D denotes D2 a group of geper/abP2007/064406

formula R5 A R4 wherein A denayes A4, a group <DN
-~r O 10 or wherein A denotes A5 , a group of
general formula (R9a% m (dO&filaen CN xz x' (R9a)nC N
(RRa)m (RRa)m N j\* N x~ 2~ x4l ("x3 x O (R9a)
(RRa)m (RBa)m (RBa)m N N O x4 MCC x x1 x2 \-/ or 15
wherein

1. Substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of general
formula (1)
0O
D N
“N \”—M
R O
© (1),

in high optical purity at the carbon atom in position 3 of the tetrahydrofuran ring,
wherein
D denotes D' a substituted bicyclic ring system of formula (Il),
2K _AL
X/K I )2
\ ~
K3\K4 A3J\

(1)
wherein

K" and K*
each independently of one another denote a -CH,, -CHR"?, -CR™R"® or

a -C(O) group, and

R73/R7b/R7C
each independently of one another denote a fluorine atom, a hydroxy, C1.s-
alkyloxy, amino, Cy.s-alkylamino, di-(C4.s-alkyl)-amino, Css-cycloalkyleneimino

or Cys-alkylcarbonylamino group,
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WO 2008/ 080891 PCT/ EP2007/ 064406 -151- mis the
nunber 1 or 2, X1 denotes a carbonyl, thiocarbonyl,

wezNRBD8089L=N- OR9c, C=N-N02, C=N- 5 CN or sul phpoyEP2007/064406

group, X2 denotes an oxygen atqg@gor a -NR 9b group, X3
denotes a carbonyl, thiocarbonyl, C=NR9c, C=N OR9c,

SN DRy &GNP wHIcHEPheRr b BlipStRmEY 1 PafuothedRbRses an
oxygen or  sul phur atom or a -NR9c "group, R93 in each

gase i ndependently of one another denotes a hydrogen

or 15 halogen atomor a Cl-5-al kyl, hydroxy,

hydr oxy-d - 5-al kyl, C1-5-al koxy, Cl-5-

al koxy-d -5-al kyl, am no, Cl-5-al kyl am no,

di - (1-5-al %9& am no, am no-d -5-al kyl,

two greyngyRafR ndoggthst witkyihe cyclic carbon atom may form a 3, 4, 5-, 6-
di - (1-5-al kyl)-am no-d -5-al kyl, am nocar bonyl ,

@17 5vneinbglethsatocatet maybqcydlic o al kyl ) - am nocar bonyl

or Cl1-5-al kyl carbonyl am no group, while 20 in the
pheveinuse Vndtﬁﬂbh@@@@@@@ééfuﬁ%d be-substitiiteepper-ac, s-alkyl or
groups A5 the heteroatons F, , Br, I, O0or N

@J‘F%i gnﬁ}ggy h§broduced with R93 as substituent are not
separ at ’gy preci sely one carbon atomfrom a

SBORESBh g% SRBReEh BlnsfoR ol bsg o alfferoatom, may be

i ndependent | f one anot her denote a hydrogen atom or
gubSH E@-daq’)k%% f&qg@&’atgg@, 838h i ndependently of one

anot her denote a hydrogen atom a Cl_5-alkyl, 5

Ca _5-al kyl carbonyl, d _5-al kyl oxycar bonyl or

Cl_5-al kyl sul phonyl group, R4 denotes a hydrogen or
Kaloga® atom a Cl_3-al kyl or Cl_3-al koxy group,

whil e the hydrogen atons of the Cl1_3-al kyl or

C1_3- aldemididEhéheenior @Rkl Hddhéndenote a -CHy, -CHR®?, -CR®*R® or

a -C(O)- group, and
R83/R8b/R80
each independently of one another denote a C1.s-alkyl group which may be

substituted by 1-3 fluorine atoms,

or two groups R®/R® together with the cyclic carbon atom may form a 3, 4, 5-,

6- or 7-membered saturated carbocyclic group, and

in all there should be no more than four groups selected from among R, R™,

R, R®* R® and R* in formula (I1), and

X denotes a NR' group, wherein
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be wholly or partly replaced by fluorine atons, a
C2_3-al kenyl, C2_3-alkynyl, 10 nitrile, nitro or am no

w@r@spsosRb denot es a hydrogen or hal ogen at om BPCT/#P2007/064406

Cl_3-al kyl group, R3 denotes a4bydrogen atomor a
Cl_3-al kyl group, and 15 M denotes a thiophene ring
according to formula (Ill1), 2/S5 R2 R6 (IIl) 20
whi ch is bound to the carbonyl group in formula (1)

e L L

er in R2 de tes 2008/ 0 4406
S 5ThdamiTon faTcea I PIeTERDr Lo sk e SATERY-bY 12 Rob
a nmet hox Cl1_2-al kyl, fornyl, NH2CO or R2c a
Sk ek -Ofod i Gres- @YCQQ'hXJr%FPU@,roup 5 R6 denotes a
hydr ogen fluorine, chlorine, bromne or iodine atom
oheeeicthe mathyghe mndanéthxyl gmump,prasmtém the abbesmentioned
ot herwi se stated, by the term "hal ogen atont nentioned
gesupsnbefore in the definitions is nmeant an atom
sel ected from anong fl uori ne, 10 chlorine, brom ne

?rﬂ% écﬁj llyHs W REd cyEcblanly, @Arwlm 5aélf§<¥>®€arbonyl

xy groups cont |ned in“t’he preévious
mfcgit%gped definitions which have nore than two carbon
unl ess otherw se stated, be straight-chain
or

ched and the al k roups in 15 the previaously

@ély d:ﬂaﬁ“%iﬂ’ Qﬂéoe@%@ugs s iOHaBNG 164 'g'éy'am'”o or Ca-7-
di aI k)él am no groups, may be identical or different,
cycloalkyleneimino group,

provided that O-C-O or O-C-N or N-C-N-bonds are excluded and/or

one to three hydrogen atoms may be replaced by fluorine atoms, provided that
the methylene or methyl groups are not directly bound to a nitrogen atom,

and wherein

A'  denotes either N or CR',

A?  denotes either N or CR",

A®  denotes either N or CR'?,

wherein R"®, R'" and R'? each independently of one another represent
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15

and the hydrogen atons of the nethyl or ethyl groups
contained in the foregoing definitions, unless

wobtdsngesse stated, may be wholly or partly repbares2002064406

by fluorine atons, the tautonmengp-enanti oners,
di astereoners, m xtures and salts thereof. WO

2008/ Q%%Mbgﬁﬁ&oﬁﬂ%%%nﬁﬁéér i%din%ué’t%Fﬂ,tgﬂtaeg%-s-alkyl,

3- am no-t etrahydr of uran- 3-carboxylic acid am des o

I

eral a [N d wi &h ' '

BFarCapia kT r Elal a6 B8R CpsElloRearBpy
he tetrahydrof ur [ in.5 D denotes a

bﬁ‘g@txlyt éﬂééﬂ‘ﬁff c&?:ébr %i@g Oformula (I1),
K2-KA1-:~ A2 X3 K3 K4 A(Il) wherein 1o K1 and
K4 each independently of one another denote a -CH2,
-CHR a, or a_-CR7bR7c group, wherein R7a/ R7Tb/ R7C 15
Bach dedeipsfengtoupast gemeraifotrhela denote a fl uori ne
atom a hydroxy, nmethoxy or Cl_2-al kyl group which
may bgssubstituted by 1-3 fluorine atoms, wherein the
two gnoups R7b/R7c cannot both sinultaneously be bound
to the lic carbon atomvia a heteroatom except if
corresponds to a - CF2 group, or 20 two
i7b/ R7c may form together with the cyclic
Oofy atom a 3-, 4- or 5-

(RQa)m N"
X1 3 O 3
R, (R™). B R,
w Y o
X' xz’go XA X
(Rga)m (RQa)m (Rga)m . (Rga)m P
S S o S
\ 1 4 1 X1
X N (0] X X i/

wherein



10

15

20

menber ed saturated carbocyclic group, and WO
2008/ 080891 PCT/ EP2007/ 064406 -155- K2 and K3 each

wo pespessdent | y of one anot her represent a - CH2pCr/EPERBa064406

or -CR8bR8c group, and 5 R8a/R8h.R8c each

i ndependently of one another denote a Cl_2-al kyl group
which may be substituted by 1-3 fluorine atons, or
two groups R8b/R8c nmay form together with the cyclic

51@58 , 4-, 10 5-nmenbered carbocyclic

fo?ﬁﬁg ngln |rn1a%rl'3%’ in formula (11) there should be no
nore than four groups selected from anong R a, R Db,
R ¢, RBa, R8b and R8c, and 15 X denotes an NR group,

wherein Rl denotes a hydrogen atomor a Cl 2-al kyl or

&3. 4- g9otesIagarbgpYuhiocarbandr 6FNRRLCTNIQIRT e feNaAD2, C=N-
nmet hyl groups present in the above-nentioned groups

QN oasidphomylagroyp,be substituted by a nethyl group

and wherein 25 A" denotes CR10 WO 2008/ 080891

PCT/ EP2007/ 064406 -156- A2 denotes CR11, A3 denotes
CR12, 5 wherein R10, R11 and R12 each i ndependently

&% ONBeAGRE R oXyRRhEREM or a —~NR® group,

X3 denotes a carbonyl, thiocarbonyl, C=NR*, C=N-OR®*, C=N-NO,, C=N-

CN or sulphonyl group,
x* denotes an oxygen or sulphur atom or a —=NR* group,

R%  in each case independently of one another denotes a hydrogen or
halogen atom or a C4s-alkyl, hydroxy, hydroxy-C1.s-alkyl, Ci.s-alkoxy, C1.s-
alkoxy-C1.s-alkyl, amino, C.s-alkylamino, di-(C1.s-alkyl)-amino, amino-C4.s-alkyl,
Cis-alkylamino-C1.s-alkyl, di-(C4.s-alkyl)-amino-C1.s-alkyl, aminocarbonyl,
Cis-alkylaminocarbonyl, di-(C1.s-alkyl)-aminocarbonyl or
C1.s-alkylcarbonylamino group, while

in the previously mentioned substituted 5- to 7-membered groups A° the
heteroatoms F, CI, Br, I, O or N optionally introduced with R* as substituent are
not separated by precisely one carbon atom from a heteroatom selected from

among N, O, S,
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a hydrogen, fluorine, chlorine, bromne atomor a
Met hyl, CF3, a cyano, Methoxy, CF30 CHF20 CH2FO

w@raspsosor 10 D denotes D2 a group of general POT/EP2®7/064406

R5 A R4 wherein A denotes A4,.1g2group <DN -~r 15 O
or wherein A denotes A5 , a group of general formula

Rﬂga"/ﬁh@ﬁ\'mdéggﬁ@eﬁﬂpﬁ &@ﬁﬁéth@%éﬁ&%@ﬁ{z éﬁflatom]o"ﬁa
(RAa)m C N X X R9a) m (R9a) m (

1 4 X' ~jor x-~ vvhere|n5m|sthe nunberl
gﬁ-S%”/ylérodb,

R%  each independently of one another denote a hydrogen atom, a Ci.s-alkyl,

Cis-alkylcarbonyl, Ci.s-alkyloxycarbonyl or Cq.s-alkylsulphonyl group,

R* denotes a hydrogen or halogen atom, a Ci.s-alkyl or C4.3-alkoxy group,
while the hydrogen atoms of the Cy_3-alkyl or C1.3-alkoxy group may optionally
be wholly or partly replaced by fluorine atoms, a Co.s-alkenyl, Cos-alkynyl,
nitrile, nitro or amino group,

R® denotes a hydrogen or halogen atom or a C4.3-alkyl group,

R® denotes a hydrogen atom or a C4.3-alkyl group, and

M denotes a thiophene ring according to formula (l11),

R (1)

which is bound to the carbonyl group in formula (1) via the 2-position and which

is substituted in the 5-position by R? and optionally additionally by R®, wherein

R?>  denotes
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X1 denotes a carbonyl or C=N-CN group, 10 X3 denotes
a carbonyl or C=N-CN group, X4 denotes an oxygen

w@bessf’9B i n each case independently of one apPOI/RBX007/064406

denotes a hydrogen atomor a %53C1 2-al kyl group,
whil e R4 denotes a hydrogen or fluorine, chlorine or

W%?érd@‘eﬂ”ﬂu@ﬂﬁ@bmﬂdlr@at@m gt hoxy group, 20 RS
denot s a hydrogen, fluorine or chlorine atomor a

oo RSl R R BN g B0 2E W cenot o5 a

i op ner accorln to formula (I11), 2/S5 R2
% ?lcF%rlneS 0 Qe Yiﬂﬂ@r@bothe carbonyl group in

formula (1) via the 2-position and which is

substituted in the 5-position by R2 and optionally
additionally by R6, wherein R2 denotes R2c a

B4l or derotebraomydregen dtuasineanhleting Nydorjne op jodin® akén or a Cy.o-
denotes a hydrogen atom the tautoners, diastereoners,

Bikyt o @RirRngrosdl ts thereof. 15 3. Substituted
3-am no-tetrahydrofuran-3-carboxylic acid am des of

general formula (1) in accordance with claim1 or 2
in hi gh optical purity at the carbon in position 3 of

Bed LRGP 1 66 088 8, pntinee

t%relnbefore in the definitions is meant an atom selected from among fluorine,

chlorine, bromine and iodine,

and wherein the alkyl, alkenyl, alkynyl and alkyloxy groups contained in the
previously mentioned definitions which have more than two carbon atoms may,
unless otherwise stated, be straight-chain or branched and the alkyl groups in
the previously mentioned dialkylated groups, for example the dialkylamino

groups, may be identical or different,
and the hydrogen atoms of the methyl or ethyl groups contained in the
foregoing definitions, unless otherwise stated, may be wholly or partly replaced

by fluorine atoms,

the tautomers, enantiomers, diastereomers, mixtures and salts thereof.
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-:~ A2 X 3 3~ 20 KA (Il) wherein K1, K2, K3, K4,
X, A, A2 and A3 are as defined in claiml1l or 2, WD

wa0a3/0830891 PCT/ EP2007/ 064406 -159 the taut oPET/EP2007/064406

di astereoners, m xtures and salkg-t hereof. 4.
Substi tuted 3-am no-tetrahydrof uran-3-carboxylic acid

am deSuBétltGRJ@B%'mmI)%M@rbfu)rah@ BBk fIREd Bhiidles of general
claim1 or i n high optivcal purlty at the carbon in

r.

garprﬂﬁé LI %@ a%c8FdaW38 v?ﬁ‘f é%@gl if fhgt#hf"aptr iddl %gn@lﬁtrtﬁbrbagxﬁhm

e 5areasdf|ned|ncla|mlor2
prstios &Qf#@?éetr%ﬁv PLFREHAS MRS ur es and saits
thereof. 5. Substituted
3-am no-tetrahydrof uran-3-carboxylic acid am des of
general formula (1) in accordance with claim1l or 2
Dn hi danatpsicsubstituted pia/clic hag systeom of formida gdsi ti on 3
of the tetrahydrofuran ring, wherein D denotes D2 a

grouptof general formula R5 A R4 WO 2008/ 080891
P¢<r/ +Q84406 - 160

2N

(1)
wherein

K" and K*
each independently of one another denote a -CH,, -CHR™?, or a

-CR™R’® group, wherein

R?a/R7b/R7C

each independently of one another denote a fluorine atom, a hydroxy, methoxy
or Cy2-alkyl group which may be substituted by 1-3 fluorine atoms,

wherein the two groups R™/R™ cannot both simultaneously be bound to the
cyclic carbon atom via a heteroatom, except if -C(R""R™)- corresponds to a —

CF, group, or

two groups R"/R’ may form, together with the cyclic carbon atom, a 3-, 4- or 5-

membered saturated carbocyclic group, and
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or wherein A denotes A5 , wherein A5, R4 and R5 are as
defined in claim1l or 2, the tautoners,

wok@stessepners, m xtures and salts thereof. 6.PCTI/EP2007/064406

Substituted 3-am no-tetrahydraffgpan- 3- car boxylic acid
am des of general 5 formula (1) in accordance with
gAynane of claiml1 to 5 in high optical purity at the
carbon in position 3 of the tetrahydrofuran ring,

wher ei HPAX Y
am de é;?oc?ﬂ f;ﬁ%ﬁb‘%@%@@%ﬁ gur at ré%% ?8 b%t qugedOr
%gglﬁgg tetra %ﬁ/cﬂuofuran 3- car boxyl | c acid am des of
9rou: 1 la (1) in accordance with any one of
cIa|m1t05|n hi gh optical purity at the carbon in
position 3 of the tetrahydrofuran ring, wherein the
am no- tetrahydrofuran carboxylic acid am de noiety

REYRPHMBSS- conf i guration. 8. A conmpound in accordance
with any one of clainms 1 to 5 which is 15 selected

éé@fmﬁdé@eﬁ@bhw\bﬂ@né hAbthet ders1eo4I0ds- a@k’gﬂl g%uﬂd Whesh masi be
sal ts thereof

Eé%st?tut%@%;bi %drﬁ'egp%% 2-yl) - carbonyl ani no] - N- ( 3- net

4°5-tetra
H-benzo[d] azepi n-7-yl)-tetrahydrof uran- 3-carboxylic
acid am'de E\ ON/ NNO Br 20

S) - 5- th h b I
E’h Q g q(yp,g_;c éb?l%‘?rrg@%,gfr@f?qget wﬁﬁlctheo 2 cll%rgarggcl)n atoﬁn erlrg 4-,
H-benzo[@éazepl n-7-yl)-tetrahydrof uran-3-carboxylic

aonemberefcanbogpc 8/ ¥e0BandCT/ EP2007/ 064406 - 161-E \ O
-N/ NNOdJd O-~Y

in all in formula (1) there should be no more than four groups selected from
among R, R, R, R®, R® and R®, and

X denotes an NR' group, wherein

R' denotes a hydrogen atom or

a Cq.o-alkyl or Cs.4-cycloalkyl group,

wherein the methylene and methyl groups present in the above-mentioned
groups may additionally be substituted by a methyl group ,

and wherein

A'  denotes CR',
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(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] - N ((5R
)-3,5-dinethyl-2,3,4,5- tetrahydro-1

wokmsns@pd] azepi n- 7-yl ) -t et r ahydr of ur an- 3- car bPEYEPD07/064406

acid am de and 5 -156-

(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] -N- ((5S

)-3,5-dinethyl-2,3,4,5- tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t etrahydr of uran- 3- car boxyl i c

%eidgg}]gt%SCIQhOaN-Nl \' / NCH3 ONSC CH3O0NS
1 )

(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonylam no]-N ((1
R) -1, 3-di nethyl -2, 3,4,5- tetrahydro-1

H,benzo[ d] azepj,n- 7-yl ) -t et rahydr of ur an- 3- car boxyl i c
aci d danefes ,

(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonylam no]-N ((1
S)-1,3-dinethyl -2, 3,4,5- tetrahydro-1

H benzo[ d] azepi n-7-yl ) -t etrahydr of ur an- 3- car boxyl i c
ABieteiaR'eRCHMRYF eadl iRdePendetlyof@ncarothbr repesent
(S)-5-chl oro-thi ophene- 2-carboxylic
acid-N-{3-[3-nmethyl -4-(5-cyan imin- [1

. 4] oxazepan- 4-yl) - phenyl car banoyl ] - t et rahydr of uran- 3-y

LI AR, HHoARBIAIRARS brbiln BN bF AHEhGI, cFio4 )8,

Methoxy, CF3sO, CHF,O, CHyFO- group, or

D denotes D? a group of general formula

RS

wherein A denotes A*, a group

G

or wherein A denotes A®, a group of general formula

\H/

O
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CH3 N (S)-5-brono-thi ophene-2-carboxylic
aci d- N-{3-[ 3- net hyl - 4- ( 5- oxo-

wo 2908jososazepan- 4-yl ) - phenyl carbanoyl ] -tetra  PCI/EP2007/064406

hydrofuran-3-yl}-amde Oro Hs5RS NBr H~N\ O
O_ ~ 5 (S)-5-chloro-thiophene-2-carboxylic
?F@éd N-{3-[4- (5reyani m n-[ 1. 4] oxazepan- 4-

yI) yl car banoy ra hydr of uran- 3-yl }-am de O
Uo [HN:S NCl W

(S)- rom) t hi op%h}re/ gar boxyl i c
acid N-{ 3-[ 3- net hyl - 4- ( 3- oxo- nor phol i n-4- 10
phenyl car ba I ]-tetra hydrodhyi ophen-3-yl}-amn de

080891 PCTFER2007/ 064406 -
Kn }%P’?Q 2*3“{ 1
\ / 4_/X

: or X
wherein
m is the number 1 or 2,
X' denotes a carbonyl or C=N-CN group,
X3 denotes a carbonyl or C=N-CN group,
x* denotes an oxygen atom,

R%  in each case independently of one another denotes a hydrogen atom or a

Ci-2-alkyl group, while

R*  denotes a hydrogen or fluorine, chlorine or bromine atom, a methyl or a

methoxy group,
R®  denotes a hydrogen, fluorine or chlorine atom or a methyl group,

R® denotes a hydrogen atom and
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Oo HONHSBr \ Ol / N OJ and
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no]-N- (3,5,

wo2008i08mbhyl -2, 3,4,5- tetrahydro-1 PCT/EP2007/064406

H benzo[ d] azepi n-7-yl ) -t et rahydegf ur an- 3- car boxyl i c
acid amde O-N/ NNOSdOd O\ ~/ 59. A nethod
WPt B8néte8 R r@hlenng)&%rdﬁqgttS%r_mma am,

3- am no-tetrahydrofuran-3- carboxylic acid am des of
general fornula (1) in accordance with any one of
claims 1 to 8 in high optical purity at the carbon in
posi ti 3 of the 10 tetrahydrofuran ring, wherein the
' separated via chiral colum

ography. 10. A nmethod in accordance with claim
i/m the colum used for the chiral

chro raphi c separation is selected fromthe group
consis?i g of the 15 DAICEL colums AD-H OD-H AS-H
Q-H, I'A, 1B and (Khonasi| DVB, TBB. WO 2008/ 080891
PCT/ EP2007/ 064406 - 164

which is bound to the carbonyl group in formula (1) via the 2-position and which

is substituted in the 5-position by R? and optionally additionally by R®, wherein

R?>  denotes

R* a chlorine, bromine atom or an ethynyl group,
R® denotes a hydrogen atom,
the tautomers, diastereomers, mixtures and salts thereof.
3. Substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of general
formula (I) in accordance with claim 1 or 2 in high optical purity at the carbon in
position 3 of the tetrahydrofuran ring, wherein
D denotes a substituted bicyclic ring system of formula (ll),
2,K1 A1

fe e

\ 3 -

K—y* 3

<A (I

wherein K1, K2, K3, K4, X, A1, A2 and A3 are as defined in claim 1 or 2,
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11. A nmethod in accordance with claim9, wherein the
columm used for the chiral chromatographic separation

w0 3003@B@ei ed fromthe group consisting of the pOREEH07/064406

AD-H, QJ-H and I A colums. 5 1359A nethod for the

preparation of substituted 3-am no-tetrahydrofuran-3-

G ROXOthe s, Afdster@Bhids, MixiaeBe sdiRrAbiadf(l @) in high

optical purity at the carbon in position 3 of the

tetrahydrofuran ring KKK Al. O Az R3 O x K3-K4 A3 N

NSR2 H ORs (la) 10 conprising reacting a

TP el S RS e R S ot Sk afenera

ggneral formula (V) in high optical, ﬁuri_ty at the 15 .
P () rin gespidagre Qvity claie 1t innyiah eptiealurity gt the earbon in

S NRR ~-RHOR6

position 3 of the tetrahydrofuran ring, wherein

D denotes D? a group of general formula

(A

RS

wherein R4 and R5 are as defined in claim 1 or 2,

the tautomers, diastereomers, mixtures and salts thereof.

5. Substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of general
formula (I) in accordance with claim 1 or 2 in high optical purity at the carbon in

position 3 of the tetrahydrofuran ring, wherein

D denotes D? a group of general formula

RS
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(V) WD 2008/ 080891 PCT/ EP2007/ 064406 -165 optionally
further conprising cleaving protecting groups, wherein

w&2008l68089K3, K4, X, A, A2, A3, R2, R3 and R6 PCEERR07/064406

defined in claiml or 2, and wgerein Qis a hydroxy
or Cl_4-al kyl oxy group, a halogen atomor a 5

6F wheAdil W QNGBS WnXA/@%WAS @4! laARS bR#Qs défined feclaim 1 or 2,
met hod accordi ng to claim1 wherein

| fAOrd kIR gYa% &feﬁﬁ?é?s r‘ﬁf&‘& Valn'd t@?Pédee moi ety of
e conpoun enera orrru and of the

3-am no- tetrahydrofuran 3- car boxyl | c acid am des of

general formula (la) 10 have the R-configuration. 14.

The nethod according to claim 12, wherein the

fni noStbstituigfiBaMminarietratydseikiyan-s-earbaxdiciarid aplidesobgeneral

the conpound of the general fornmula (V) and of the

Branmilan ) tietacabsdhnok witnady oae b elgind wch ih highdesicel purity at

general formula (la) 15 have the S-configuration. 15.

thaedrbod ih positiba ofepsnetayrefuratbagi Wheesn the amino-
3-am no-tetrahydrofuran-3- carboxylic acid am des of

%F%{gﬁbfl F I BokiIR) %él P%Iﬁ@ n‘i’cﬂéilyorﬂés PR %nﬂéur‘a'ﬂ@n

position drofuran Ying 2
R4 AO R3 O R2 NN\ 5 H
7. Substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of general

formula (I) in accordance with any one of claim 1 to 5 in high optical purity at
the carbon in position 3 of the tetrahydrofuran ring, wherein the amino-

tetrahydrofuran carboxylic acid amide moiety has the S-configuration.

8. A compound in accordance with any one of claims 1 to 5, which is

selected from the following list of compounds and mixtures and salts thereof:

(S)-3-[(5-bromo-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

@)

-2,
S

0 OWBr

H

(S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
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R ORs (Ib) WO 2008/ 080891 PCT/ EP2007/ 064406 -166
conprising reacting a conpound of the general fornula

w@ kdds)sosRt A NHR3 R5 (I1Vb) 5 with a conpound BET/ER®07/064406

general fornula (V) in high optiggal purity at the
carbon in position 3 of the tetrahydrofuran ring 0 O
QSR NH OR6 (V) 10 optionally further
conprising cleaving protecting groups, wherein A R4,
R5, R2, R3 and R6 are as defined in claiml or 2 and
vvherl n ¢ a hy y or O _4-al kyl oxy group, a

a8 or CI\_5 al kyl oxycar bonyl| oxy or acyl oxy

group._] 67 e thod according to claim 15,
wherein the am ngft eNgahydrofuran carboxylic acid
am de noi ety of ec T Ck he general fornula
(V) and of the 3-an®no-tW%trmahydrof uran-3-carboxylic
acid am des of general formul a (I,b)

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5R)-3,5-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

AR L NS

(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-dimethyl-2,3,4,5-

H

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1S)-1,3-dimethyl-2,3,4,5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

CH, CH,
0L ¢ -,
S

(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

H

[1.4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide



10

have the R-configuration. WO 2008/ 080891
PCT/ EP2007/ 064406 -167 17. The nmethod according to

weo b@sms@s] wherei n the am no-tetrahydrofuran PCT/EP2007/064406

carboxylic acid am de noi ety aoffgpbhe conpound of the
general formula (V) and of the
3-am no-t et rahydr of 0- 3-carboxylic acid am des of
general formula (Ib H\ave)the S-configuration. 5 18.
A net hod for t heypreparatijpn of substituted

4 $Qxyl i c acid am des of
I ithi gh cafl purity at the
ca ' [ ora)3 of the Y4et/rahydrofuran ring O
%Lgm D R2 HO 10 R6 (lc) conprising the
g\iﬁj}% ay,reacting a conpound of the formula (1V)
W Npouhd of the fornula (VI) in high optical
purity at \the carbon in position 3 of the 15
tetrahydrqgfiuran ring, 0 QNHPG D. NHR3 (IV) 0 (V)
and subseguently cleaving the prot ect| ng group PGto
obtain a

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-0xo-

[1,4]oxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

(S)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-[1.4]oxazepan-4-

yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-o0xo-morpholin-4-

yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide
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conpound of the formula (VII) in high optical purity
at the carbon in 20 position 3 of the tetrahydrofuran

wo 2ovgiosaad WO 2008/ 080891 PCT/ EP2007/ 064406 - BEBEB200RB64406

1 D-NNH2 (M1) b) reactingiggid conmpound (VIIl) of
step a) with a conpound of fornula 5 (VIIl) 0 QS R2
1 R(VIII), whereia-d0 Qis a hydroxy or

C _4-al kyl oxy grou i(h%l ogen atomor a

C _5-al kyl oxycarboRyl oxy for acyl oxy group, PGis a
hydr ogen at.om oM_a i veggroup for the am no

[ Bras defined in

()
clajjm1 @] 15 19. The metlhog’ according to claim 18,
&renT the-an no-tetrahydrofuran carboxylic acid
m de |noi ey of the conpound of the general fornula
Wnd of the 3-am no-tetrahydrofuran-3-carboxylic
acid am des of general formula (Ic) , #e the
R-configuration. 20 20. The nethod according to claim

18, wherein the am no-tetrahydrofuran carboxylic acid
am de noi ety of the conpound of the general fornula

(33 [(BRChIVD- O HEIBRIHCRETHFRANDS)/ 043 S trimethyl-2,3,4.5-

tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

9. A method for the preparation of substituted 3-amino-tetrahydrofuran-3-
carboxylic acid amides of general formula (I) in accordance with any one of
claims 1 to 8 in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring, wherein the enantiomers are separated via chiral column

chromatography.

10. A method in accordance with claim 9, wherein the column used for the
chiral chromatographic separation is selected from the group consisting of the

DAICEL columns AD-H, OD-H, AS-H, OJ-H, IA, IB and Kromasil DMB, TBB.



-169 of the 3-am no-tetrahydrofuran-3-carboxylic acid
am des of general fornmula (lc) have the

w@2asngisgur ati on. 21. A nethod for preparing apCDEPmONGG4406
of the formula (V) in high optiigal 5 purity at the
carbon in position 3 of the tetrahydrofuran ring 0 O

QS ZA Metiddih decBRidnk wﬂVcIQWﬁE”%‘eﬁelh Qﬁ@béh‘nﬂf‘u@éd for the

racem c m xture of said conmpound of 0O fornmul a
(:M)rdal ﬁﬁg&% d%%hl@%% Fpag%m %Ire%g%%ﬂﬁfﬁfh@ e(ﬁ'bﬁb %ﬁs@ﬂn&of the

ro or allyloxy or substituted
%%&%‘551 cé% Fpﬁ?g@f‘ OMUANRY| oxycar bonyl oxy or
acyl oxy group. 15 22. A conpound of the formula (V)
in high optical purity at the carbon in position 3 of
the tetrahydrofuran ring,y, 0 0 QS z R NH
5 12. A method for the preparation of substituted 3-amino-tetrahydrofuran-3-

carboxylic acid amides of general formula (la) in high optical purity at the carbon

in position 3 of the tetrahydrofuran ring

—K
K™ ™M Ais
X/ 2 | 1\A2 R3 O O
\ )\,L S
K3\K4 A3 N \ / Rz
H
O Te

(la)

10 comprising reacting a compound of the general formula (1Va)
—K
K™ ™M Ais
/ 2 1\A2
X |
Kymg” A NHR®
4 (IVa)

with a compound of the general formula (V) in high optical purity at the

15 carbon in position 3 of the tetrahydrofuran ring

Iz
s
™

R (V)
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OR6 (V) 20 wherein R2 and R6 are as defined in claim
1 or 2, and WD 2008/ 080891 PCT/ EP2007/ 064406 -170

wob@s®eses9Q i s a hydroxy or Cl_12-al kyl oxy gr oupCT/8P2007/064406

allyloxy or substituted allyl@ggg-group, or a hal ogen
atomor a Cl_12-al kyl oxycar bonyl oxy or acyl oxy group.

5 23. oEﬁ'&wé]l‘?"fQﬂH@rdcé}ﬁpFiQﬁgfdl{dﬂi’rﬂglpﬁo‘{éctiﬁ@hée]iogbs,opt i cal

purity at the carbon in position 3 of t

tet rapydrghywak ;Kggo CEOnY 2?25%‘% HAIRS I&rﬁu aR%eés”deﬂned in

the amno- tetra uran ¢ oxXyl1¢ ac

noi ety, of said coppound of the general formula (V)

has tﬁ@”@-%%%ﬂiﬂlﬁ&i on. 10 24. A nethod for preparing

a conmpound of the fornmula (VI% Ii n high opti cal urity
Yy

at t hWheseip&his a hyeaxyiasic3-AIKYIoKE greln, alyelpaen ora
ring O O NHPG O (VI) 15 by enzymatic resolution of a

r ac eniCa.s+al gyl oryeadforsdorxy aroagyboxydgrotipt he fornula (M),
wherein Qis a hydroxy or Cl_12-al kyl oxy group, or a

allyloxy or substituted allyloxy group, a hal ogen
atomor a Cl_12-al kyl oxycarbonyl oxy or acyl oxy group,

TRe arnbEnnBu HAcEaRmEI Rt 13, RhEHER e Bpiore dpiran
IPﬁré’%llng? gﬁy'cﬂ?ﬁilpsﬁﬁéi'ew ggt?wetc%% ﬁo%rn%o& th8 geplg?'éltfbr%qulg (95 and of

the 3-amino-tetrahydrofuran-3-carboxylic acid amides of general formula (la)

have the R-configuration.

14. The method according to claim 12, wherein the amino-tetrahydrofuran
carboxylic acid amide moiety of the compound of the general formula (V) and of
the 3-amino-tetrahydrofuran-3-carboxylic acid amides of general formula (la)

have the S-configuration.

15. A method for the preparation of substituted 3-amino-tetrahydrofuran-3-
carboxylic acid amides of general formula (Ib) in high optical purity at the carbon

in position 3 of the tetrahydrofuran ring

py)
(9]
Iz
/
™

R (Ib)
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WD 2008/ 080891 PCT/ EP2007/ 064406 -171- 0 Q NHPG O
(VI) wherein Qis a hydroxy or straight or substituted

w@200ds@mbkyl oxy group, a 5 allyloxy or substiptot/es2007/064406

al Iyl oxy group, a hal ogen at om1gp- a

Cl_12- al kyl oxycar bonyl oxy or acyl oxy group, and PG is
a hyd&@%ﬂsﬁb%cﬁﬁ Qcﬁh%cﬁﬁh‘dﬁhgp%éra‘l%rrﬁﬁlﬁ (BfH)no
function. The conpound of the fornmula (VI) in"high
opti cal purlty at the carbon in 10 position 3 of the
tetrahydrofuran ring according to claim25, wherein
the am no- tetrahydrofuran par boxylic acid am de

moi ety of said conpound ofRthe general formula (V)
has the S-configuratign. 2f. A nethod for preparing a
conpound of the fornula in high optical 15
purity at the carbon in ion 3 of the
tetrahydrofuran ring O RN NH2 (V) by

chem cal resolution of a rfcemc mxture of said
conmpound of the 20 fornulag{VIl) w llba chiral acid,
wherein D and R3 are as defined in &Y&im 1 or 2. WO
2008/ 080891 PCT/ EP2007/ 064406 -172 28. A conpound of
the formula (VII) in high optical purity at the carbon
in

with a compound of the general formula (V) in high optical purity at the

carbon in position 3 of the tetrahydrofuran ring

Iz
s
™

R (V)

optionally further comprising cleaving protecting groups,
wherein A, R4, R5, R2, R3 and R6 are as defined in claim 1 or 2 and
wherein Q is a hydroxy or C44-alkyloxy group, a halogen atom or a

C1.s-alkyloxycarbonyloxy or acyloxy group.

16. The method according to claim 15, wherein the amino-tetrahydrofuran

carboxylic acid amide moiety of the compound of the general formula (V) and of

the 3-amino-tetrahydrofuran-3-carboxylic acid amides of general formula (Ib)

have the R-configuration.



10

15

20

position 3 of the tetrahydrofuran ring 0 R3 1 D-N
NH2 5 0 (VII) wherein Dand R3 are as defined in

webasmsdoor 2. 29. The conmpound of the fornul ap¢¥EP)00T/064406

hi gh optical purity at the carhgm-in 10 position 3 of
the tetrahydrofuran ring according to claim 28,

wher eTRe trhéthadideeordifd fRR¥M qféum%réiﬁrﬂ@é’ém|h<9—tét%lﬂldrofuran
am de noiety of said corrpound of the general fornula

(:X H&yh@ﬁc@rﬁmﬁecrﬂgle F'c%rrlnrp aur d ?ftﬂ%&%ﬁeﬁﬁrf?rmlilg (V) and of
%%@n@%&%v%f%@n sarnpRyieatia hidads SFEENS aPlorlfa (1b)

PCT/ EP2007/ 064406 -173 with a nitrogen source and a

Bp¥d e Ssenigerational cohol , and treating the

intermediate with ROH in the presence of an acid,

wherein Ris Cl-Cl2-al kyl, aryl, aryl- Cl-Cl2-al kyl or

a heterocycle. 5 31. Process according to claim 30,

wher eAletodsiat ﬂwdTprfefp@wanS@ftwb%tltlﬁe@Brmﬁllnbfteﬁéﬁy@bmran 3-
or ammoni a; b) said al cohol is nethanol or ethanol;
carboxylic acid amides of general formula (Ic) in high optical purity at the carbon

in position 3 of the tetrahydrofuran ring

(Ic)

comprising the steps of:
a) reacting a compound of the formula (V) with a compound of the
formula (V1) in high optical purity at the carbon in position 3 of the

tetrahydrofuran ring,

NHPG
D.
NHR® (|V) O (V|)

and subsequently cleaving the protecting group PG to obtain a
compound of the formula (VII) in high optical purity at the carbon in

position 3 of the tetrahydrofuran ring; and
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c) said cyanide source is a cyanide salt; or 10 d)
said acid is HO .
WO 2008/080891 PCT/EP2007/064406

19.

-168-

0 (VIl)

b) reacting said compound (VII) of step a) with a compound of formula

(VI

R" (VIII),

wherein

Q is a hydroxy or C1.4-alkyloxy group, a halogen atom or a
C1.s-alkyloxycarbonyloxy or acyloxy group,

PG is a hydrogen atom or a protective group for the amino function, and

D, R3, R2 and R6 are as defined in claim 1 or 2.

The method according to claim 18, wherein the amino-tetrahydrofuran

carboxylic acid amide moiety of the compound of the general formula (VI) and

of the 3-amino-tetrahydrofuran-3-carboxylic acid amides of general formula (Ic)

have the R-configuration.

20.

The method according to claim 18, wherein the amino-tetrahydrofuran

carboxylic acid amide moiety of the compound of the general formula (VI) and
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of the 3-amino-tetrahydrofuran-3-carboxylic acid amides of general formula (Ic)

have the S-configuration.

21. A method for preparing a compound of the formula (V) in high optical

5 purity at the carbon in position 3 of the tetrahydrofuran ring

Iz
s
™

R (V)

by enzymatic resolution of a racemic mixture of said compound of the

10 formula (V),
wherein R2 and R6 are as defined in claim 1 or 2, and
wherein Q is a straight or substituted C1.12-alkyloxy group, or allyloxy or

substituted allyloxy group, or C1.12-alkyloxycarbonyloxy or acyloxy group.

15 22. A compound of the formula (V) in high optical purity at the carbon in

position 3 of the tetrahydrofuran ring,

Iz
s
™

R (V)

20 wherein R2 and R6 are as defined in claim 1 or 2, and
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wherein Q is a hydroxy or Cy.12-alkyloxy group, or allyloxy or substituted
allyloxy group, or a halogen atom or a C1.12-alkyloxycarbonyloxy or

acyloxy group.

5 23. The compound of the formula (V) in high optical purity at the carbon in
position 3 of the tetrahydrofuran ring according to claim 22, wherein the amino-
tetrahydrofuran carboxylic acid amide moiety of said compound of the general

formula (V) has the S-configuration.

10 24. A method for preparing a compound of the formula (VI) in high optical

purity at the carbon in position 3 of the tetrahydrofuran ring

NHPG

© (V1)

15 by enzymatic resolution of a racemic mixture of said compound of the
formula (V1),
wherein Q is a hydroxy or Cy.12-alkyloxy group, or a allyloxy or
substituted allyloxy group, a halogen atom or a Ci.12-alkyloxycarbonyloxy
or acyloxy group, and PG is a hydrogen atom or a protective group for

20 the amino function.

25. A compound of the formula (VI) in high optical purity at the carbon in

position 3 of the tetrahydrofuran ring,
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NHPG

© (V1)

wherein Q is a hydroxy or straight or substituted C1.12-alkyloxy group, a
5 allyloxy or substituted allyloxy group, a halogen atom or a
C1-12-alkyloxycarbonyloxy or acyloxy group, and PG is a hydrogen atom

or a protective group for the amino function.

26. The compound of the formula (VI) in high optical purity at the carbon in
10  position 3 of the tetrahydrofuran ring according to claim 25, wherein the amino-
tetrahydrofuran carboxylic acid amide moiety of said compound of the general

formula (V1) has the S-configuration.

27. A method for preparing a compound of the formula (V) in high optical

15 purity at the carbon in position 3 of the tetrahydrofuran ring

0 (VIl)

by chemical resolution of a racemic mixture of said compound of the
20 formula (V1) with a chiral acid, wherein D and R3 are as defined in claim

1o0r2.
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28. A compound of the formula (VII) in high optical purity at the carbon in

position 3 of the tetrahydrofuran ring

5 0 (Vi)
wherein D and R3 are as defined in claim 1 or 2.
29. The compound of the formula (VII) in high optical purity at the carbon in
10  position 3 of the tetrahydrofuran ring according to claim 28, wherein the amino-
tetrahydrofuran carboxylic acid amide moiety of said compound of the general

formula (V1) has the S-configuration.

30.  Process for preparing the compounds of general formula (XI)

15
HoN - coor
© (X1),
comprising reacting a ketone of the formula (X)
0
20 é (X)
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31.

-173-

with a nitrogen source and a cyanide source in alcohol, and treating the
intermediate with R-OH in the presence of an acid,

wherein R is C1-Cq2-alkyl, aryl, aryl- C1-C42-alkyl or a heterocycle.

Process according to claim 30, wherein:
a) said nitrogen source is ammonium acetate or ammonia;
b) said alcohol is methanol or ethanol;
C) said cyanide source is a cyanide salt; or

d) said acid is HCI.



