-1- PROCESS FOR THE SYNTHESI S OF DERI VATI VES OF 3- AM NO-
TETRAHYDROFURAN- 3- CARBOXYLI C ACI D AND USE THEREOF AS MEDI CAMENTS 5
Background and summary The present disclosure relates to a process for the
manuf act uri ng of substituted 3-am no-tetrahydrofuran-3-carboxylic acid
am des of general formula (1) and their priecursors in high optical purity
10 to the precursors of the synthesis of substituted
3- am no- t et r ahy ARPCESS-FORTH B SVNTHESIS OF DERRATIVEGSDE 3aAMiaIUl a2 (1)
in high optical purity, and to the 15 tautoners, enantioners,
di ast er eoner s, TETRAHYBRORURAMN-3SC ARBDICAUCIACRFARD USE THEREOE AS
am no-t et rahydrof uran-3-carboxylic acid am des of genera ormula (I) in
high optical purity, particularly jephBRMEt€9i cally acceptable salts
t hereof with inorganic or organic aci o‘s or bases, which have val uabl e
properties. 20 Thus, the present disclosure relates to the stereosel ective
preparation of conpounds of the above general fornmula (I). -2- Wthin the
meani ng gf Sl i e, the high optical purity of the
substi tu?edrﬁ?afi!;l(%F no-t%?gfﬁ@cf?%&r an- 3-car boxylic acid am des of general
formula (1) and of the precursors of these substituted
3-am no-tetrahydrofuran3-carboxylic acid am des of general formula (I) is
with respect to the carbon

The present disclosure relates to a process for the manufacturing of substituted

3-amino-tetrahydrofuran-3-carboxylic acid amides of general formula () and
‘their precursors in high optical purity

10

o the precqrsors of the synthesis of substituted 3-amino-tetrahydrofuran-3-
carboxylic acid amides of general formula (1) in high optical purity, and to the
15 tautomers, enantiomers, diastereomers, mixtures and salts of substituted 3;
ami_no—;etrahydrofu‘ran—3—carboxyiic acid amides of general formula (1) in high
optical purity, particularly the physiologically acceptable salts thereof with

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

20 .
Thus, the present disclosure relates to the stereoselective preparation of

compounds of the above general formula (1).



5 atomin position 3 of the tetrahydrofuran ring, the position of which is
depicted by the nunbering "3" in the follow ng structural formula (1) O
(0. Wthin the nmeaning of the present disclosure, "highly optical
pure"” neans in an 10 enantioneric excess of nore than 96% preferably of
nore than 98% The disclosure also relatesy,to pharnmaceutical conpositions
contai ning a conpound or a physiologically acceptable salt of a conpound

of the above . general formul aré)l) according to the enbodi ments defined
bel ow and i n"thia themeaniRg oEthe mEesany Aiseipure oiije higsy opticalrpusityeofdne nor e i ner t

carriers an il )| C i | sa.relates . to the use of a
corrp:)und prdéaﬂlgsﬂgi%%?%glﬁ%%}- y 'ﬁ’gi‘%@ﬁg&@’ﬂ‘ﬁ'%ﬁm a%qﬁo‘?ftrﬂ?”&g%ordi ng to
bhar moeut | o 45T ehBier B (ARG BtlndRe iBTRySa atin e tPaMBE, an

i nhi bit ‘ [ t , and/ tithromboti
activity. “SeERpls AR Bies e debee s () svifuesspecpdheretos of the
conpound% i tacc:orda_ ce wi th the present disclosure constitute the basic
prerequi S t}?rgrm eppian 308 g letiahveralurap misguthespasiticn gtvericn scderiictad

conposi tion, atH active substance nust in any case satisfy additional
r equi r ement LYitHe GHEWEriRG “Bain the Tollowing structural formula (1)

(.

Within the meaning of the present disclosure, “highly op.ticai puré” means in an

10 enantiomeric excess of more than 96%, preferabily of more than 98%.

The disciosure also relates to pharmaceutical compositions containing a

compound or a physiologically acceptabie salt of a compound of the above
general formula (1) according to the embodiments defined beiow and in the

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

The disclosure 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
20  inhibitory effect on Factor Xa, an inhibitory effect on related serine proteases

and/or an antithrombotic activity.



5 accepted for use as a drug. These paraneters are largely connected with
t he physi cochem cal nature of the active substance. Hence, there continues
to be a need for crystalline forns of active substances, which can be
conveniently formulated for adm nistration to patients and which are pure
and highly crystalline in order to fulfil-3exact pharmaceutical

requi renments and 10specifications. Preferably, such conpounds wll be
readi |y for mitdoagidthegphanhavsiogisbhyevdiuhiie preperitdeof the icompobrdsin es of
favourabl e bul k characteristics are drying tines, filterability,

sol ubi |1 ty, abaidddeSiitndhe BRIsHA AISCIG & casin é i dslobrbiqanetarl . 15 As the
crystal nodification of an active substance is inportant to the

reproduci bl %ﬁ@&ﬂxﬂe‘(ﬁe%ﬂ?f% é&ﬁSomiﬁ@prPJm%cQﬁﬁdé%éhb%mﬁ@ﬁ§cﬂv‘é a need to
clarify as far as possible any existing polynorphismof an active

substance PLsantod Muet ik dbBeahal BokbnbNetsidhend!f LRig1b o0l yror phi c

nodi fi cati ons of an actli ve e taken to ensure t hat

phar mabeti | S té‘ae’%ﬁ“é%?a%'na‘)ﬁ*aﬁfﬂ@@e FR Bl G Do BB Wk "C o o

haeaharmc ect n he cb 0 thed anst
This backor BISCBTIA eliis oh LA sbspBRs 3@%%{?@9 s 052 2

pol ynmor phi sm are pref e!@n %é 103 Decreased | evels of organic, solvents in
the cryst al "PEY {97 Corsigiine josgs ol gelivegHistansgs. WRIcpGaD Qe B4 sol vent

toxicity to the recipient as a function of the solvent. 5 Another

criterion wiftrBwlaied ios@dptinisialion odyatientsnnst which ére pues ape highihh

circunst ances dependi ng on the choice of fornulation or the choice of

manuf act ur i eysiailineds oraer o fdfilexagbpharmacerticalregdtamerds andt e of the active
substance. If for exanple pharmaceutical solutions are prepared (e.g. for

i nfusi ong) spediicafiosenti al that the active substance shoul d be
sufficiently soluble toin physiologically acceptable solvents. For drugs
which are to be taken orally, it is in general very inportant that the
active substance should be sufficiently sol uble over a suitable range of

pH, and bi o@ygretadil, euchirietmpoutits Willde r@euggfdrmearér@tﬁm  fae@ableasulief the
par amet ers whi ch need to be 15 controlled are the stability of the

starting subpiRBeAsHtd ExaMpldsObiTa RS hbIRHIROERrabRRdiidd S8 lhﬁ%rﬁésab' lity
during production of the pharmaceutical fornulation and t he Stability in
the final cengashity eO8pfly, iHinglé HRsolution rate and stabiiity in general.
15
As the crystal modification of an active substance is important to the
reproducible active substance content of a preparation, there is a need fo clarify
as far-as possible any existing polymorphism of an active substance present in
crystaliine form. If there are different polymorphic modifications of an active
20 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 havela harmful effect on the reproducible potency
of the drug. Against this background, active sebstances characterised by only

slight polymorphism are preferred.

25



The pharmaceutically active substance used to prepare the pharnmaceuti cal
20 conpositions should therefore have great stability which is ensured
even under all kinds of environmental conditions. The present disclosure
further provides a pharmaceutically active substance which is not only
characteri sed by high pharmacol ogi cal potgency but also 25 satisfies the
physi cochem cal requirenents of high purity and high crystallinity -5-
nmentioned hekefdzBed hels dfibrgasiesoiventsuh the cgstal RitticSarBQist Riveurast
phar maceuti cal requirenments and specifications. Hence, the present
di scl osure - - [ 5 a
conpound m?gﬁﬂn@%Zpdg%ﬁé?}tﬁgg%sit?Pﬁg&%ﬂﬁu@g%ﬁﬁ:a%ﬁpé%@ﬂﬁﬁ accor dance
with the pr%ﬁl@@ﬁt di scl osure, nanely the conpound ‘
(S)-3-[(5-chlorot hi ophen-2-y1)-carbonyl am no] - N (3-net hyl-2, 3, 4, 5-tetrahyd
ro-1 Hoenzo[d] azepin-7 -yl)-tetrahydrofuran-3-carboxylic acid amde, to a
proces's for the manufacture thereof, and to the use thereof in a
phar maceuti cal . conposition. The structure of. this co und i s depicted
Dor ow | nt hANPERFIEToR PfkEas hes SSCebing] BPberGs LDRET SEaR: 21 ng. dat a
of its anhydrous crystalline formare described further belowin the
exper i ment aFir&spsiarees dapengingrhtneingiges fpaniiption o theideiceLipr ocess for
t he manufacture of the 15 anhydrous crystalline formof the conpound
(S) - 3- [ ( 5- cAIEBKERckURINgFTesesE. iy the solubility and dissolution rate of the active
car bonyl am nopN- ( 3- et hy1- 2, 3, 4, 5-t etr ahydr o- 1H benzo[ d] azepi n-7-y1) -
t et r ahydr of eukgiarkec Hrfdosxarple atiadnaceutical sthititinsi ave peaparedéelof tort her bel ow
in the experinmental section. -5a- In a first aspect, there is provided a
subst i t ut edindusiong) i-i$ essartiptthat theoactBe cabbiaryd shoddibed aufiidestiyodolgiaer al -
formula (1) '

10 in physiologically acceptable solvents. For drugs which are to be taken orally, it

is in general very important that the active substance should be sufficiently

soluble over a suitable range of pH, and bicavailable.

Hence, without being resfrictive, examples of the parameters which need to be
15 conirolied are the stability of the starting substance under various environmental
conditions, the stability during productién of the pharmaceutical formulation and

the stability in the final compositions of the drug.

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

all kinds of environmental conditions.

The present disclosure further provides a pharmaceutically active substance

which is not only characterised by high pharmacological potency but also

25  satisfies the physicochemical requirements of high purity and high crystallinity



In an enantioneric excess of nore than 96% at the carbon atomin position
3 of the tetrahydrofuran ring, wherein denotes DI a substituted bicyclic
ring systemof formula (I11), KLAI K2- Xl K3--K4AC wherein K and K4

each independently of one another denote a -CF-12, -CH R7a, -CR7bR7c or a
- C(0) group, and R7al/ R7b/ R7c each i ndependently of one another denote a
fluorine atom a hydroxy, Cl1 5-al kyl oxy, am no, Cl.5-al kyl am no,

Cm cycl oal kyl enei mi no or 01.5-al kyl car bonyﬁ‘am’ no group, -5b- a Owal kyl

roup which may,. be substituted by 1-3 fluorine atons, O
9 P methoned%ere:nEechl)re,?n o¥der to fulfil as far as possible exact

pharmaceutical requirements and specifications.

Hence, the present disclosure relates as well to an anhydrous crystalfine form of

5 & compound which may be obtained via the manufacturing process in
accordance with the present disclosure, namely the compound (S)-3-[(5-chloro-
th iophen-2-yl}-carbonylamino}-N-(3-methyl-2,3,4,5-tetra hydro-1H-
benzo[d]azepin-?-yl)-tetrahydrofuran-3-carboxylic acid amide, to a procéés for

| the manufacture thereof, and to the use thereof in a pharmaceutical

10 composition. The structure of this compound is depicted below in the form of the

free base as eﬁample 2. The characterizing data of its anhydrous crystaliine

form are described further below in the experimental section.

The present disclosure also provides a process for the manufacture of the

15 anhydrous crystalline form of the compound (8)-3-[(5-chloro-thiophen-2-yl)-
carbonyiamino]-N-(S-methyl—z,3,4,5—tetrahydro—1 H-benzo[d]azepin-7-yl)-
tetrahydrofuran-3-carboxylic acid amide, which is described further below in the

experimental section.



two groups R7b/R7c together with the cyclic carbon, atommy forma 3, 4,
5-, 6- 5 or 7-nenbered saturated carbocyclic group wherein the nethyl ene
groups thereof may be substituted by 1-2 Owal kyl or CF3- groups, and/or

t he net hyl ene groups thereof, if they are not bound to a heteroatom may
be substituted by 1-2 fluorine atons, and 10 K2 and K3 each

i ndependently of one another denote a -CH2, -CHR8a, -CR8bR8G or a -C(0)-
group, and 15R8a/ R8b/ R8c each independently of one another denote a
Cl_5-al kyl group which may be substitiited by 1-3 fluorine atomns, or
two groups R8b/R8c together with the cyclic carbon atomnmy forma 3, 4,
5-, 20 6- or 7-nenbered saturated carbocyclic group, and in all there
shoul d be no nore than four groups selected fromanong R7a, Feb, R7c, Rea,
RR8" Ln gornul ﬁllg, and -5c- denotes a hydrogen atomor a

hydr oXy? " ESRECk | t&TF [ R7ovVidsfigRybstited 3-gminprisfrhysofun-3caatbovigiakid] ) - ani no, a
Cl_5- ahigd of g8@%r@ fa@inklerdly| - CH2, C2_5-al kynyl -CH2 or Cm cycl oal kyl group, 5
wherein the nmethyl ene and nethyl groups present in the above-nentioned
groups may ~additionally be substituted by a Cl_3-al kyl, carboxy,

Cl_5-al koxycar bpnyl group or by a hydroxy, d _5-al kyl oxy, am no,
G _5- ﬂ\[(%l i NngN_Cl_5-di al kylam no or C4_7- 1 Ocycl oal kyl enei m no group,
M
I
R® o)
© (.

]

in an enantiomeric excess of more than 96% at the carbon atom in position 3 of the
tetrahydrofuran ring, wherein

D denotes D' a substituted bicycliic ring system of formula (10,

1
, /Kz‘ [»(I AgAz

X
\K§-- K4 A3//k

(i)
wherein

K" and K*
each independently of one another denote a -CH,, -CHR™, -CR™R’° or a -

C(O) group, and

R7a/R7b/R7C
each independently of one another denote a fluorine atom, a hydroxy, Cis-alkyloxy,
amino, C1.s-alkylamino, di-(Cs-alkyl}-amino, Cs.s-cycioalkyleneimino or

C1.s-alkylcarbonylamino group,



provided that 0-C-0 or 0-C-N or N-C- N bonds are excluded and/or one to
t hree hydrogen atons may be replaced by fluorine atons, provided that the
nmet hyl ene or nethyl groups are not directly bound to a nitrogen atom 15
and wherein denotes either N or CRL0 , A2denotes either N or CRl1, 20

A3denotes either N or CRl2, -5d- -5b-a hydrogen, fluorine, chlorine,
brom ne or iodine atom or a Cl_5-alkyl, CF3 C2 5 -al kenyl, C2_5-al kynyl,

a cyano, carh -al oxy, CF30,
CHF20, CHZFO,QZ(;I%— %@Dﬁi"n‘ﬁ@‘%?éf@%‘}%’s“& ei(‘\g’ﬂ orm?l%rjﬁ wherein A

denotes A4, grgroup O

two groups R™/R™ together with the cyclic carbon atom may form a 3, 4, 5-, 6-
5 or 7-membered saturated carbocyciic group
wherein the methylene groups thereof may be substituted by 1-2 Cis-alkyl or
CF3- groups, and/or
the methylene groups thereof, if they are not bound to a heteroatom, may be
substituted by 1-2 fluorine atoms, and |
10
K? and K3
each independently of one another denote a -CHa, -CHR® -CREPR® or

a -C(O)- group, and
15 = RPYR%/RE
each independently of one another denote a Cys-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-,

20  6- or 7-membered saturated carbocyclic group, and

in all there should be no more than four groups selected from among R™2, R™,

R, R% R® and R® in formula (1), and

25 X denotes a NR' group, wherein



10 or wherein A denotes A5 , a group of general formula wherein -5e-
mis the nunber 1 or 2, denotes a carbonyl, thiocarbonyl,

C=NR9", C=N-OR9b, C=N-NO2, C=N5 CN or sul phonyl group, X2denotes an oxygen
atomor a -NR9b group, X3denotes a carbonyl, thiocarbonyl, C=NROb, C=N OR
C=N-NO2, C=N- 10 CN or sul phonyl gr"&ﬁp, X4denot es an oxygen or sul phur
atomor a -NR9c group, R9a in each case independently of one anot her
denotes a hydrogen or 15hal ogen atomor a Cl_5-al kyl, hydroxy,

hydr oxy- 05-al kyl , G _5-al koxy, Cl_5-

R’ denotes a hydrogen atom or a hydroxy, Cq.z-alkyloxy, amino,
Ci.3-atkylamino, di-(C+.s-alkyl)-amino, a Cy.s-alkyl, Czs-alkenyl-CHa,
Czs-alkynyl-CH: or Css-cycioalkyl group,
5 wherein the methylene and methyl groups present in the above-mentioned
groups
may additionally be substituted by a Cys-alkyl, carboxy, Cy.s-alkoxycarbonyl
group or '
by a hydroxy, C,s-alkyloxy, amino, Ci.s-alkylamino, C1.s-dialkylamino or C4r-
10 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,
15 and wherein

A'  denotes either N or CR™,

A?  denotes either N or CR"",
20

A’ denotes either N or CR'?,

wherein R", R"" and R" each independently of one another represent



al koxy-C1_5-al kyl, am no, Cl_5-al kyl am no, di-(Cl_5-al kyl)am no,

am no- C1_5-al kyl, am nocarbonyl, Cl1 5-al kyl am nocar bonyl,

di - (G _5-al kyl )am nocarbonyl or C _5-al kyl carbonyl am no group, while 20in
the previously nentioned substitut ed_s%-_ to 7-menbered groups A5 the
heteroatons F, C, Br, I, O or Noptionally introduced with R9a as
substituent are not separated by precisely one carbon atomfroma

het er oat om sel ec%gﬁ,g&{%%m glénae)gri}gea%lrﬁqigs’sgmaﬁ%paﬁgglee%&ghi%)?%e@gr_lglgglt l'y of

one anot her deno b each

i ndependent | y- at.one_,ano r note a hydrogen o] a G 5-al kyl,

5Ci s- al kyl CQIFB’O%'F fal%@ﬁ’gfe%@glgﬂ}‘éa? BYHA: UE&O&S-h%WWVWB’HVh group,
Rddenot es a hydrogen or hal ogen ato a_C3-al kyl or d _ral koxy group,
while the h)*/‘éféf?@‘&ﬂsh%‘%lﬂ%’%% (gﬁéocéﬂg?%i Q%F@(o% _3-al koxy group may
optionally be wholly or partly replaced by fluorine atons, a C2_3-al kenyl,
C2_3-alkynyl, nitrile, nitro or am no group, Rb5denotes a hydrogen or

hal ogen atom or a Cl_3-al kyl group, R3denotes a hydrogen atomor a
G s-al kyf gfbup, denries B° muraup @5 ganeral omelee ring according to fornul a

(rery, .

RS

wherein A denotes A*, a group

o

10 or wherein A denotes A® | a group of general formula

T

O

(R*) - )mg\m-"
o H
X! o)
R™), Ry . ®R™),
cTer Ty
X' NN XA X
R R™),. (R™). . R™),
N N KN N
ﬁ(’ )Qo XA ;(‘ X'
x? AN g

or
15

wherein



20 which is bound to the carbonyl group in fornmula (1) via the 2-position
and which is substituted in the 5-position by R2 and optionally ’
additionally by R6, wherein R2denotes -5g- R22 a hydrogen, fluorine or

i odine atom or R2b a nethoxy,fornyl, NH2CO or R2c a chlorine, brom ne or
et hynyl group, 5R6denotes a hydrogen,sd] uorine, chlorine, brom ne or

i odine atomor a Cl2- al kyl or am no group, wherei n, unl ess otherw se
stated, by the term "hal ogen atoni nentioned hereinbefore in the
definitions is meant an atom sel ected from anong fluorine, 10chl ori ne,
brom ne and i odine, gand wherein the alkyl, alkenyl, alkynyl and al kyl oxy
groups cont &f fe efW”%ﬁ§1ﬁWé%iously ment i oned definitions which have nore
than two carbon atons may, unless otherw se stated, be straight-chain or
branched and the al kyl groups in 15the previously nentioned dial kyl at ed
groups, for exanple the dialkylam no groups, may be identical or
different, X andengies py@roeguh thiosadanyl, GrNRE GN-OR™ e CHN-NGr00PN-
contained in the foregoing definitions, unless otherw se stated, may be
whol |y of p&nN bysulpimdrat gebup, ‘

X?  denotes an oxygen atom or a —=NR™ group,

X*  denotes a carbonyl, thiocarbonyl, C=NR%, C=N-OR¥, C=N-NO,, C=N-

10 CN or suiphonyl group,
X*  denotes an oxygen or sulphur atom or a -NR* group,

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

15 halogen atom or a Ci.s-alkyl, hydroxy, hydroxy-Cq.s-alkyl, C+.s-alkoxy, C1.5-
alkoxy-C._s-alkyl, amino, Ci.5-alkylamino, di-(Cy.s-alkyl}-amino, amino-Cy_s-alkyl,
Ci-s-alkylamino-C.5-alkyl, di-(C+.s-alkyl)-amino-C1.s-alkyl, aminocarbonyl,
Cis-alkylaminocarbonyl, di-(Cis-alkyl}-aminocarbonyl or
Cis-alkylcarbonylamino group, while

20 in the previously mentioned substituted 5- to 7-membered groups A’ the
heteroatoms F, Cl, 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,



20by fluorine atons, the tautoners, enantioners, diastereoners, mxtures
and salts thereof. -5h- In a second aspect, there is provided a conpound
as defined above, which is selected fromthe following |ist of conpounds
and m xtures and salts thereof:
(S)-3-[(5-brono-thiophen-2-yl)-carbonyl am noj-N-(3-nethyl-2,3,4,5-tetrahyd
ro-1 H- b enzofd jazepin-7 -yl)-tetif-ahy dr of ur an-3 - carb oxyli c¢
acid am de ,

(S)-3-[(5- chﬁ?oroeﬁ‘r‘h&bq?&@ﬂﬂeytj)) otenvengihantemdte i RirogarhgtbnPoBa 4, 5- t et r ahy
dro-1 Hbenzofd jazepln -yl)-tetr ahy dr of ur an-3 -carb oxylic acid

ani de Cis-alkyl group,

(3S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl am nol - N-y5R) - 3, 5-di net hyl - 2, 3, 4,
5- tetrahydro-1H benzo[ dJazepi n-7-y1)-tetrahydrof uran-3-carboxylic acid
am de and

(3S) - 3- [ ( 5- d¥F or eathirmepend@ntiylof-orer Huwibbedenmk 2 enatd Lhyikgi2, 3. 4,
5- tetrahydro-1H benzo[ d] azepi n-7-y1) - tetrahydro%ﬁs can.gg)r;% |é({:lg<)ét d

anide  5i Gis diﬂﬂaarﬁehﬁi5€¢ﬁb oxt/BarbeREs @ YaikyiS | 0oj -N-((1
R) -1, 3-di net hyl-2, 3, 4 Wyndy st GrakySapheY g )
t et rahydr o- 1H benzo| dj azepl n-7-yl)-tetrahydrofuran-3-carboxylic acid am de

and
3S)-3-[(5- ¢l or -Ns((15)-1 di rethyl-2, 3,4
FS-)tetLghygd:o 1%%&;%5%[ epl n- %ﬁ%?getr 8&?‘8 'ﬁ%%" 83'€§PB3IE)QWWD€ acid
d S
aci don- {30 [ ITRCHR BrdrsHer %ﬁ? G B %'izgﬁ%rp%w kD) IR RYPLAPEYI | -t ot
ahydr of ur anpg WHOYI?'S'rgSrﬂy replaced by fluorine atoms, a Coa-alkenyl, Co.s-alkynyi,

10 nitrile, nitro or amino group,

R® denotes a hydrogen or halogen atom or a Cy.s-alkyl group,
R? denotes a hydrogen atom or a Cy.s-alky! group, and

15

M denotes a thiophene ring according to formula (1,

(H1)

20 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



(S)-5-brono-thiophene-2-carboxylic acid-N{343-nmet hyl-4-(5-o0xo0[1

, 4] oxazepan- 4-yl) - phenyl car banoyl | -t et rahydr of uran-3-yl | -am de -5j -
(S)-5-chl oro-thi ophene-2-carboxylic

acid-N-{3-[4-(5-cyanimn-[1. 410xazg_ihban-4-

y1) - phenyl car banoyl | -t et r ahydr of uran- 3-yl | -am de

(S) - 5- brono- 4hi ophene- 2-carboxylic acid-N-{3-[3-nethyl 4

(3;(;)(;0- nmor prﬁzlagrméfog)é%z ﬁ@%ﬁ‘é’&ﬁ%ﬁ%@”ﬁgm, b;[_ et rahydr o-t hi ophen-3-yl | -am de
R?™ a methoxy, C1.2-alkyl, formyl, NHCO, or

R* a chlorine, bromine or ethynyl group,

5 R° denotes a hydrogen, fluorine, chlorinte, 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,

10  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
15 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, uniess otherwise stated, may be wholly or partly replaced

20 by fluorine atoms,

the tautomers, enantiomers, diastereomers, mixtures and salts thereof.



(S)-3-[(5-chl oro-thi ophen-2-y1)-carbonylam no]-N(3,5,5-trinethyl-2,3,4,5-
t et rahydr olH benzo[ d] azepi n-7-y1) -t et r ahydr of ur an- 3-carboxylic acid am de
-5k- In a third aspect, there is provided a nmethod for the preparation of
substituted 3- am no-tetrahydrofuran-3ycarboxylic acid am des of general
formula (1) as defined above in an enantioneric excess of nore than 96% at
the carbon in position 3 of the tetrahydrofuran ring, wherein the

enant l&ﬂ@é@n@éﬁae&e%F@fs%Wdeﬁ acﬁinﬁﬁ*mocg% Hgﬁ?neg ggogﬁvﬁlgm lsgspe){escﬁ?!ggt ?t L? gat h

aspec;rbmg r"e ]S % vid a net repa

3-ani nod PoRvaLde OB“dS@QFBW‘Vﬁ%"da'i?ITﬁthafﬁpfdes of general formula (la)
in an enantl oneric excess of nore than 96% at the carbon in position 3 of
the tetrahydrofuran ring (la) conprising reacting a conpound of the

gener @) 3 BBt d-thidphed-24Narb ohy KMIRS]-R-E8-MEtH)1 %3 4 5-tetrahydro-14-

benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxyiic acid amide

m O
— N \
S

1

(S)—3-[(5-chioro-thiophen—z-yi)-carbonylamino]—N~(3—methyI-2,3 4,5-tetrahydro-1H-

benzo[djazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

(38)~3—[(5-chforo-thiophen-z-y!)-carbonylamino]—N—((5R)-3,5-dimethy!~2,3,4,5~
tetrahydro-1H-benzo[dlazepin-7-yl )-tetrahydrofuran-3-carboxyiic acid amide and
(38)-3-{(5-chloro-thiophen-2-yl)-ca rbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-

tetrahydro-1 H—benzo[d]azepin-T-yE)—tetrahydrofuran-3—carboxyiic acid amide

AR CTRANR



wi th a conmpound of the general formula (V) in an enantioneric excess of

nore than 96% at the carbon in position 3 of the tetrahydrofuran ring (V)
-51- optionally further conprising cleaving protecting groups, wherein Kl,
K2, K3, K4, X, A, A2, A3, R2, R3 anrfli-R6 are as defined above, and wherein

Qis a hydroxy or C _cal kyl oxy group, a hal ogen atom or a
Cl _5-al kyl oxycar bonyl oxy or acyloxy group. In a fifth aspect, there is

provi ded’ a m)h@qst:ﬂnorbhaio@heﬁ@r—ﬁs-b%oﬁgtgir&f@@trl/g.mfe@gl,§@§§%§gza,ﬁ- 0 an

tetrahydrofuran-3- carboxylic acid am

ot rahydr of i an ey BT RR s e e R iR AboR R ol

tetrahydrofuranring R2 r'i St ng’ reac
general for (Bé)as-((blémoro-thic;phen-z-y:)-carbonylamino]-N—((1S)-1,3-dimethyi-2,3,4,5

tetrahydro-1 H—benzo[d]azepin-T-yt)—tetrahydrofuran-3-carboxyiic acid amide

CH,

CH, ﬁ
-O0L8  -00g
NS N -"‘N
s 5
0 OWC! 0 Om,cz

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

7

[1 .4]oxazepan—4—yl)—phenylcarbamoyl}tetréhydrofuran—3—yl}—amide

- (8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyi-4-(5-ox0-

[1.4]Joxazepan-4-yl}-phenyicarbamoyi]-tetrahydrofuran-3-yl}-amide

I=
N




(I'Vb) wth a conpound of the general formula (V) in an enantioneric
excess of nore than 96% at the carbon in position 3 of the tetrahydrofuran
ring -5m (V) optionally further conprising cleaving protecting groups
wherein A, R4 R5, R2, R3 and R6 are-ai defined above and wherein Qis a
hydr oxy or . 4- al kyI oxy group, a halogen atomor a

e A B L SO LS el
O bo%t%mfa L O NN

tetrahydrofuran ring (lc)

Cl

(S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methy -4-(3‘-oxo—rnorpr'101 in-4-

y!)-phenylcarbamoyl]—tetrahydro-thiophen-S-yl}-amide '

ZT

, and

(S)~3-[(5-chIoro-thiophen—2-y!)-carbonylamino]-N—(S,5,5—frimethyl-2,3,4,5-tetrahydro—

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




conprising the steps of: a) reacting a conpound of the fornmula (1V) with a
conpound of the formula (VI) in an enantioneric excess of nore than 96% at
the carbon in position 3 of the tetrahydrofuran ring, D.NHR3 (1V) (V)
-5n- and subsequently cleaving the protecting group PGto obtain a

f t f th 96%
at Tho engiie Sepset Berd if Piovadd s B ERPYR ik eemmiation oh quaToBy® 1 oact i ng

sai d Coﬁ:ﬁ@gﬁﬁyabmrquramﬁ cabeyyiiagcidvarmnidesofgempsaligithurf() bossmba( VI I 1) (VT T),
above in an enantiomeric excess of more than 95% at the carbon in position 3 of

the tetrahydrofuran ring, wherein the enantiomers are separated via chiral column
chromatography.

In a fourth aspect, there is provided a method for the preparation of substituted 3-amino tetrahydrofuran-3-
carboxylic acid amides of general formula (la) in an enantiomeric excess of more

than 86% at the carbon in position 3 of the tfetrahydrofuran ring

e 39%&

comprising reacting a compound of the general formula (IVa)

(WVa)

with a compound of the general formula (V} in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

RO )



wherein Qis a hydroxy or C _cal kyi oxy group, a hal ogen atom or a

Cl. 5- al kyl oxycar bonyl oxy or acyi oxy group, PGis a hydrogen atomor a
protective group for the amno function, and D, IRS, R2 and R6 are as
defined above. -50- In a seventh aspgct, there is provided a nmethod for
preparing a conpound of the fornula (V) in an enantioneric excess of nore

than 96% at_ t. n in position 3. of the tetrahydrofuran ring (V) by
enzymati c r°é’t§’§ﬁﬂﬁfﬁﬁﬂﬁ Ganfpe{@éﬂﬁ EeAVING PORAING A'8URS mpound of the formul a
(V), wherein R2 and R6 are as defined above, and wherein Qis a straight

or Subst i t Wirefbif k1, R4, Kul R SAD Uy, RO Ralahif kB3 U fetiRed bboileCdng! | Vi oxy

group, or 0142-al kyl oxycar bonyl oxy or acyloxy group. I'n an eigh aspect,

there is provided a conpound of the fornmula (V) in an enantioneric excess

of nmore than 96% at the carbon in position 3 of the tetrahydrofuran ring,
wherein Q is a hydroxy or Ci-alkyloxy group, a halogen atom or a

Cs.s-alkyloxycarbonyloxy or acyloxy group.

In a fifth aspect, there is provided a method for the preparation of substituted 3-amino tetrahydrofuran-3-

carboxylic acid amides of general formula (Ib) in an enantiomeric excess of more -

than 96% at the carbon in position 3 of the tetrahydrofuran ring ‘

.
A
O
v (3
, N .
R® \ /
e} Lo

comprising reacting a compound of the general formula (IVb)

(Ib)

R (IVb)

with a compound of the general formula (V) in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring



(v) wherein R2 and R6 are as defined above. and -5p- wherein Qis a
hydr oxy or Cl_12-al kyl oxy group, or allyloxy or substituted allyl oxy
group, or a halogen atomor a Cl_12s@l kyl oxycarbonyl oxy or acyl oxy group.
In a ninth aspect, there is provided the conmpound of the forrmula (V) in an
enantionmeric excess of nore than_.96% at the carbon in position 3 of the
tetrahydrofuran ring as defingd daboye, wherein the am no-tetrahydrofuran
carboxylic acid am de noi ety 4Qf i g conpound of the general formula (V)
has the S-configuration. | there is provided a nethod for
prepari ng a conpound of the ; n enantioneri c excess of
nore than 96% at the carbon f the tetrahydrofuran ring by
chemi cal resolution of a racem c m xturel«of said conpound of the formula
(VMI1) with a chiral acid, wherein D and are d¥)defined above. In an
el eventh aspect, there is provided a conpound of the fornmula (VI1) in an
enantioneric excess of nore than 96% at the carbon in position 3 of the
tetrahydrofuran ring - 50-

optionally further comprising cleaving protecting groups

wherein A, R4, R5, R2, R3 and R6 are as defined above and

wherein Q is a hydroxy or Ci<-alkyloxy group, a halogen atom or a

C1.s-alkyioxycarbonyloxy or acyloxy group. ‘L
in a sixth aspect, there is provided a method for the preparation of substituted 3-amino tetrahydrofuran-3-

carboxyilcrac;d amides of general formula (Ic) in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

O
i i
D—-N y )%E?,Rz
H
I \, /
RB

comprising the steps of;

(Ic)

a) reacting a compound- of the formula {(IV) with a compound of the formuta

(V1) in an enantiomeric excess of more than 96% at the carbon in position 3 of

the tetrahydrofuran ring,

NHPG

NHR? :
(V) © (Vi)



Brief Description of the Figures Figure 1 shows the X-ray powder

di ffract ogram of the anhydrous crystalline formof the conpound
(S)-3-1(5-chl oro-thi ophen-2-y1)-carbonyl am nol - N- ( 3-

met hyl - 2, 3, 4, 5-t et rahydr o- 1H benzof cfi azepi n-7-y1) - t et r ahydr of ur an- 3- car bo
xylic acid anide, recorded using a~SFOE Stadi P-dfffractoneter fitted with
a location- WD 2008/ 080891PCT/ EP2007/ 064406 -6- sensitive detector (CED)
and a CarhsclEssgmiehtie cleaviyg the reteafifly Jreéap @@ltﬁ%mﬁ}p@hﬂs&ﬁ?bghd(d%“ :
radi ati on, = 1.54056 A, 40 kV, 40 md). Figure 2 shows a |light m croscopy

hot ogr apk fa I §80; .0 .conpound
(3]~ 3oL R e Ry s TAV Y o S, B ectafof 0 TE0 VT

o- 1H be - Z11) - rof uran-3- carboxylic acid am de. Figure -
3 shows%ﬁeﬂytnﬂ%?ﬁ%’%ﬂ%ﬁ%ﬁ?’é%&(kg&rﬁﬁ%rqﬁaﬁati on of the nelting point and |l o

| oss on drying (DSC/1G) of the anhydrous crystalline formof the conpound

(S)

3-[(5-chl oro-thi ophen-2-y1l)-carbonyl a- N-(3-nmethyl -2, 3, 4, 5-tetrahydro-

1Hbenzo[ d] azepi n- 7-y1) - t et r ahydr of Kir a gar boxylic acid am de, recorded
using a DSC and TG and eval uated by the p€ak onset (heating rate: 10C/ m n)
for the nelting point and by the Wi Rﬁf step between roomtenperature
and 180 15 C for the loss on drying. |The vaFues given are deternined using
a DSC 82le and a TGA/ STDA 85le, bothQmde by Wpjifl er Tol edo. Detailed
Description of the Invention 20 A 1st enbodi nent of the present invention
i ncl udes those conpounds of general formula (1) wherein denotes D1 a
substituted bicyclic ring systemof formula (I11), 2 K11 NZA)01/'42

b) reacting said compound (V) of step a) with a compound of formuia‘(VHI)

R (Vi)

wherein

Q is a hydroxy or Cisalkyloxy group, a halogen ailom or a
C+.s-alkyloxycarbonyloxy or acyloxy group,

PG is a hydrogen atom or a protective group for the amino function, and

D, R3, R2 and Rb are as defined above.



X, \3V K-K4 A WD 20081080891PCT1EP20071064406 -7- wherein Kl and K4

each independently of one another denote a -CH2, -CHR7a, -CR71)R7c or a
-0(0) group, and R7a/ R7b/ R78 each i ndependently of one anot her denote a
fluorine atom a hydroxy, C15- 10abkyl oxy, am no, Cl_3-al kyl am no,

di - (C15-al kyl )-am no, Cm cycl oal kyl enei m no or 0i _3-al kyl carbonyl am no
group, a 01.3-al kyl group which may be substituted by 1-3 fluorine atons,

O 15 trvisegémiugspefnaérRE prvvideetareethad fohprefesing p cbinpouwrdohtie fermwia (Waip Shanamtigmeric
3, 4, 5-, 6- or 7-nmenbered saturated carbocyclic group wherein the

net hy| erees sfupsrd han s % rathd eashdrsini gagitsh Bof v (€3 talydrbkyanaindCF3-

groups, and/or
o
7§2 i
Q /u\(s o
N R
H
R (V)

by enzymatic resolution of a racemic mixture of said compound of the formula
V),

wherein R2 and R6 are as defined above, and

wherein Q is a straight or subsiituted C..r-alkyloxy group, or allyioxy or

substituted allyloxy group, or Cq.1z-alkyloxycarbonyloxy or acyloxy group.

In an eighth aspect, there is provided a compound of the formuia (V) in an enantiomeric

excess of more than 96% at the carbon in position 3 of the tetrahydrofuran ring,

Iz
A

wherein R2 and R6 are as defined above, and



t he net hyl ene groups thereof, if they are not bound to a heteroatom may
be 20substituted by 1-2 fluorine atons, and K2 and K3 each
i ndependently of one another denote a -CH2, -CHRBa, -CR8bR8a or a -C(0)-
group, and WD 20081080891PCT1EP2007P064406 -8- R8a/ R8b/ R8C each

i ndependently of gne anot her denote a Cl..5-al kyl group \Mji ch may be
subst i t ut ed5E @ 151 BoPYdexyt B - 5-alkylemo groupporRebyIGE drogebdtiniedi t h
the cyclic carbon atommy forma 3, 4, 5-, 6- or 7-nenbered saturated

carbocycl i Bhgesugroumdri a haibgemetemsbow ¢ heangidicartdtiiohOBF RIS
selected fromanong R78, e, R7., R82, R8b and rI%g,b in forrmula (II),y aﬁd 10
Xdenot es agfd#Rh. group, wherein Rldenotes a hydrogen atomor a hydroxy,
Cl_3-al kyl oxy, anmino, Cl_3-alkylamno, di-(Cl_3-alkylyanmno, a Cl_5-alkyl,
C2_5-al kenyl - CH2, 15C25-al kynyl -CH2 or C3_6-cycl oal kyl group, wherein the
nmet hyl ene and net hyl groups present in the above-nentioned groups

in a ninth aspect, there is provided the compound of the formula (V) in an enantiomeric

excess of more than 96% at the carbon in position 3 of the tetrahydrofuran ring as defined

above, wherein the amino-tetrahydrofuran carboxylic acid amide moiety of said compound

of the general formula (V) has the S-configuration. '

In a tenth aspect, there is provided a method for preparing a compound of the fofrmuia' (Vi)
in an enantiomeric excess of more than 96% at the carbon in posifion 3 of the
tetrahydrofuran ring

© (V)

by chemical resolution of a racemic mixture of said compound of the formula

(VII) with a chiral acid, wherein D and R2 are as defined above.

“In an eleventh aspect, there is provided a compound of the formula (VII) in an
enantiomeric excess of more than 96% at the carbon in position 3 of the tetrahydrofuran

ring

© (Vi)

wherein D and R3 are as defined above.



may additionally be substituted by a C1_3-al kyl, carboxy,

Cl_5-al koxycar bonyl group or 20by a hydroxy, Cl..5-alkyloxy, am no,

Cl _5-al kyl am no, Cl _5-dial kyl ami no or C47- cycl oal kyl enei m no group,
provided that 0-C-0 or 0-C-N or N-GaN bonds are excluded and/or one to

t hree hydrogen atons nmay be replaced by fluorine atons, provided that the
nmet hyl ene or nethyl groups are not directly bound to a nitrogen atom WO
2008/ 080891PCT/ EP2007/ 064406 -9- and wherein denotes either N or CR15, 5
A2denotes either N or CR11l, A3denotes either N or CR12, wherein R15, R11

and R12 eagpidr iR t f_.one another represent 10 a hydrogen,
fluorine, chlori ne?ﬁgi?’glnéfyntggoﬁ'gpfﬁﬁ ne atom or a Cl_5-al kyl,

Figure 1 shows the X-ray powder diffractogram of the anhydrous crystalline
form of the compound (S)-3~[(5-chforo~thiophen-2-yl)—carbonyiamino}-N—(S—
methyl-2,3,4,5-tetrahydro-1 H-benzo[d]azepin-7—yi)-tetrahydrofuran—3~carboxylic

acid amide, recorded using a STOE Stadi P-diffractometer fitted with a location-



CF3, C2-5 -alkenyl, C2.5-alkynyl, a cyano, carboxy, Cl_5-al kyl oxycarbonyl,
hydr oxy, Cl1_3-al kyl.oxy, CF30, CHF20, CH2FO, or 15 Ddenotes D2 a group of
general formula R5 wherein A denotes A4, a group O 20 or wherein A
denot es M) 2msgs08ep of general fornula WO 2008/ 080891%&@@%?40@64406
-10- 5 wherein . 8-

sensitive detector (OED) and a Cu anode as the x-ray source and a Germanium

monochromator (CuK , radiation, = 1.54056 A, 40 kV, 40 mA).

: Figure 2 shows a light microscopy photograph of crystals of the anhydrous
5 crystalline form of the compound (S)~3-[(5—chloro—thiopﬁen~2~yl)—carbq_nylamino}—
N-(3-methyi-2,3,4,5-tetrahydro-1H-benzofd]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide.

Figure 3 shows the thermoanalysis and determination of the melting point and
10 loss on drying (DSC/TG) of the anhydrous crystalline form of the compound (S)-
3~[(5-ch[oro-thiophen-Z—yE)-carbonylamino]-N—(3—methyI.-2,3,4,5-tetrahydro-1 H-
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
15 °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

20 A 1stembodiment of the present invention includes those compounds of
general formula (l) wherein

D denotes D' a substituted bicyclic ring system of formula (I},

IA\ A2

(I1)



mis the nunmber 1 or 2, 10 Xldenotes a carbonyl, thiocarbonyl, C=NR9,
C=N- OR9b, C=N-NO2, C=N- CN or sul phonyl group, X2denotes an oxygen atom or
a -NR9b group, 15 X3denotes a carbonyl, thiocarbonyl, C=NR9b, - C=N-CR

C=N- NO2, vappos@peser sul phonyl group, X4denotes an oxygeROiI/BP208Tédadusr at om
or a -NR9b group, 20 R9a in each case indBpendently of one anot her denotes
a hydrogen or hal ogen atomor a Cl_5-al kyl, hydroxy, hydroxy-Cl.5-al kyl,
Cl_5-al koxy, Cl-5- WD 2008/ 080891PCT/ EP2007/064406 - 1 1 -

al koxy-Cl1_5-al kyl, am no, Cl_5-al kyl am no, di-(C15-al kyl)-am no,

am no- C1_5yskkath, Cl_5-al kyl am no- G _5-al kyl , am nocar bonyl ,

0_5-al kyl am nocar bonyl, di-(Cl_5-al kyl)am nocar bonyl or '

Cl_5-al kyl carbonyl arnino group, while 5 in the previously nentioned
substituted 5- to 7-menbered groups A5 theheteroatons F, C, Br, I, 0 or N
optionall yKh ghaqguced with R9a as substituent are not separated by

preci sely one carbon atom from a heteroatom sel ected fromanong N, 0, S,

10 ROl D h i ndependent | t denot h
O B b onpaeRgtRDentie M SR aR e v ae s R REE 47 ogen

atom a 01 5-al ké/lr Cl_5-al kyl carbonyl, Cl1_5-al kyl oxycar bonyl or

|
Cl_5- al kyl SaFHRbSRPUPgRFRIp,

RTQIRTIDIRTC

each independently of one another denote a fluorine atom, a hydroxy, Cis- |
10 alkyioxy, amino, Ci.s-alkylamino, di-{C.s-alkyl)-amino, Css-cycloalkylengimino

or Cy.s-alkylcarbonylamino group,

a Cy.s-alkyl group which may be substituted by 1-3 fluorine atoms,

or

15 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 Cy.z-alkyl or
CFs- groubs, and/or | |
the methylene groups thereof, if they are not bound to a heferoatom, may be

20 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

25



15 denotes a hydrogen or hal ogen atom a Cl_3-al kyl or Cl1_3-al koxy
group, while the hydrogen atons of -the 01_3-al kyl or Cl.3-al koxy group may
optionally be wholly or partly replaced by fluorine atons, a C2.3-al kenyl,
C2_3- al kymybkossinsossi | e, nitro or ami no group, 20 R5denor@RERRODNEALGEN OF

hal ogen atom or- a 01_3-al kyl group, R3desptes a hydrogen atomor a

01 3-al kyl group, and 25Mlenotes a thi ophene ring according to fornula .
(1T1), VWORSOA®IYB0891PC T/ EP2007/ 064406 - 12- which is bound to the -
carbonyl group in fornula (1) via the 2-position and which 5is substituted

in the 5-pggé ln%peb{dé?«%: %n%péddm*dého@éialm oA lgyolRY whieh Bgpei n

R2denotes R2a a dr oge fluorine or 1odine atom or R2b a net hoxy,

C _2-al kyl sugtﬁf’tﬁfﬂéb bh’ygg(ﬁg"”ﬁéﬁ"?ﬁgb a chlorine, brom ne atomor an ethynyl

group, denotes a ogen uorine, chlorine, bromne or iodine atom or
a Cl2-

5 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 formuia (1), and
10

X denotes a NR' group, wherein

R'  denotes a hydrogen atom or a hydroxy, Cs.s-alkyloxy, amino,
C1.s-alkylamino, di-(Cs-alkyl}-amino, a Cis-alkyl, Cos-alkenyl-CHa,

15 Cas-alkynyl-CH; or Css-cycloalkyl group,
wherein the methylene and methyl groups present in the above-mentioned

f groups

may additionally be substituted by a C1-3—a!kyl, carboXy, C1-s-alkoxycarbonyl |
gro.up or |

20 by a hydroxy, Cis-alkyloxy, amino, Cys-alkylamino, Cs.s-dialkylamino or Caz-
cycloalkyleneimino group,
provided that O-C-O or O-C-N or N-C-N-bonds are excluded andfor
one to three hydrogen atoms may bel replaced by fluorine atoms, provided that
the rhethylene or methyl groups are not directly bound to a nitrogen atom,

25



al kyl or am no group, 15 wherein, unless otherwi se stated, by the term
"hal ogen atom’ nentioned herei nbefore in the definitions is neant an atom
sel ected fromanong fluorine, chlorine, brom ne and iodine, and wherein

t he al kyWo ziloges9991, al kynyl and al kyl oxy groups cont ai F(SHER2007Meéd06 20
previously nentioned definitions which h&e nore than two carbon atons
may, unless otherw se stated, be straight-chain or branched and the al kyl
groups in &mewpesinously nentioned di al kyl ated groups, for exanple the
di al kyl am no groups, may be identical or different, WO

2008/ 080891PCTAEP2007/ 064406 -13- and the hydrogen atonms of the nethyl or
et hyl groups contained in the foregoing definitions, unless otherw se
stated, maytbe by ePiedbl CRP epl aced by fluorine atonms, 5 the

t aut omer s, enanti oners, di astereoners, mixtures and salts thereof.

Exanpl es of the Cl.-al kyl groups nentioned hereinbefore in the definitions
are.the nethyl, ethyl, 1-propyl, 2-propyl, n-butyl, sec-butyl, tert-butyl,
1-pentyl, 2-pentyl, 3-pentyl 9-pentyl, 3-nethyl-2-butyl, 1-hexyl,

2- hexylg, - hex;f"%/n%e’s ﬁ@feﬂﬁp&p ntyl, 4-methyl-2-pentyl, '
- 3-nmethyl -3-pentyl, 2-nethyl-3-pentyl, 2,2- dinethyl-3-butyl or

.2, 3-di met hyl-2-butyl group. Exanples of the Cl_5-al kyl oxy groups nentioned
herei'nbefore in the definitions are the nmethyloxy, ethyloxy, 1-propyloxy,
2- propyl oxf, n-denoeseiherdber bk vl oxy, tert-butyl oxy, 1-pentyl oxy,
2- pentyl oxy, 3-pentyloxy or neo-pentyl oxy group. Exanples of the
C2_5-al kenyl groups nentioned hereinbefore in the definitions are the
et henyl, 1-propen-1-yl, 2-propen-1-yl, 1-buten-1-yl, 2-buten-1-yl, 3-
~ wherein R™®, R and R" each independently of one another represent

10
a hydrogen, fluorine, chlorine, bromine or iodine atom, or a Cys-alkyl,
CF3, Cas -alkenyl, Cas-alkynyl, a cyano, -c‘arboxy, C1s-alkyloxycarbonyl,

hydroxy, Cy.s-alkyloxy, CF30, CHF20, CH2FO, or

15 D  denotes D?a group of general formula

RB

wherein A denotes A%, a group
Ch

20  or wherein A denotes A®, a group of general formula

g

O



20 buten-l-yl, 1-penten-1-yl, 2-penten-|-yl, 3-penten-1-yl, 4-penten-1-yl,
1- hexenl-yl, 2-hexen-1-yl, 3-hexen-1l-yl, 4-hexen-1-yl, 5-hexen-1-yl,

but - 1-en-2-yl, but2-en-2-yl, but-1-en-3-yl, 2-nethyl-prop-2-en-1-yl,

pent - | - enWw@208B/0808%INt - 2- en- 2-yl , pent-3-en-2-yl, pent - 4PEHER20§1/(64406
pent-1-en-3-yl, pent-2-en-3-yl, 2-nethylibut-1-enl-yl,

2-met hyl -but-2-en-1-yl, 2-nethyl-but-3-en-1-y1l or 2-ethyl-prop-2-en-1-yl
25 group. WD 20081080891PCT1EP20071064406 - 14- Exanples of the

C2_5-al kynyl groups nentioned hereinbefore in the definitions are the

- ethynyl, 1-propynyl, 2-pQﬁ§MHy|, 1-butyn-1-yl, 1-butyn-3-yl, 2-butyn-1-yl,

3-butyn-1- % 1-pentyn-1-yl, pentyn-3-yl, 1l-pentyn-4-yl, 2-pentyn-1-yl,
2- spentyn-3-yK~y3:=pentyn-1-yd / 4-pentyn-1-yl, 2-nethyl-1-butyn-4-yl,
3-methyl-1- b f-1-y1l or 3-netpyl - 1-butyn-3-y1l group. A 2nd enbodi nent of

the present invention includes those conpounds of general formula (1),
wherei n Ddenotes a substituted bicyclic ring systemof formula (11), 11

L] 2- K A2 ) Eﬁgal)ml - (R )m - (Rga)m -
N N’ N
Lo /& . s

Sa

(RQS) (R )m

) R - " ) -
m s N- . Na
Z N§(1 : C )to XAK\N§(" r\ §(1
X2 , \.._/ , or ﬁ"'—/

R™)

wherein
m is the number 1 or 2,

10 X'  denotes a carbonyl, thiocarbonyl, C=NR*, C=N-OR%, C=N-NQ,, C=N-

CN or sulphonyl group,
X2 denotes an oxygen atom or a -NR* group,

15 X*®  denotes a carbenyl, 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,

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

halogen atom or a C1.s-alkyl, hydroxy, hydroxy-C1.s-alkyl, C1s-alkoxy, C1.s-



wherein K1 and K4 each independently of one another denote a -CH2,
-CHR7a, or a -ClIR7bR70 group, wherein 20 Wai R7b/ R7c each i ndependently of
one anot her denote a fluorine atom a hydroxy, nethoxy or Cl_2-al kyl group
“whi ch mawdmosodosdii tuted by 1-3 fluorine atons, WD PCI/EP2007/064406

2008/ 080891PCTf EP2007/ 064406 -15- whereifM-t he two groups Rm Rm cannot both
si mul t aneously be bound to the cyclic carbon atomvia a heteroatom except

i - C( RThRakoxye 0} k- @yD B#sinb 0CAs-alkgla?nigs QdHC 1.0l Ftaming! aurso-Brk-Brkyfray
form together with the cyclic carbon atom a 3-, 4- or 5- nenbered

saturat ed Gﬂg Qﬂ’(?bé%lh@(ﬂ SRy, @%1%I%ﬂaﬂﬁ%o—c1 salkyl amnn@é&ﬁfﬁoﬂlﬂdependent ly
of one anot her

epresent a - | R & group, and

Rea/ R8Dl R8 Ia'nﬂﬁg ggwtqy%pﬁ%@ﬁ SRR Hdh ?p@te a Cl. 2-al kyl group

whi ch may stltu ne at ons, or two groups R8b/Rec

may form ge cli arbon atom a 3-, 4-, 5-nenbered
car bocycl i p%{@@arb(ﬁw%mmg grgup,v?m _

5 in the previously mentioned substituted 5- to 7-membered groups A’the
heteroatoms F, Cl, 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,

10 R® each independently of one another denote a hydrogen atom or a

Cy-s-alkyl group,

R*  each independently of one another denote a hydrogen atom, a Cy.s-alkyl,

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

15
"R*  denotes a hydrogen or halogen atom, a C-alkyl or C1.s-alkoxy group,
while the hydrogen atoms of the C1_3¥a[kyl or Cq.3-alkoxy group may optionally
be wholly or partly replaced by fluorine atoms, a Co.s-alkenyl, Czs-alkynyl,
nitrile, nitro or amino group,
20

R® denotes a hydrogen or halogen atom or a Cq.3-alkyl group,
R®  denotes a hydrogen atom or a Cq.s-alkyl group, and

25 M denotes a thiophene ring according to formuta (IH),



inall in formula (11) there should be no nore than four groups sel ected
from 20 anong 13,7a, Rm Rm R8a, le) and Fe, and Xdenotes an NR1 group,

wherein WD 2008/ 080891PCT1EP20071064406 -16- a Ci . 2-al kyl

or

C3- 4- cycambdoghsoggioup, wherein the net hyl ene and net hyCHERM@ERIcpeseEnt in
t he above-nentioned groups may additionafpy be substituted by a methyl
group , 5 and wherein Al denotes CR15, A2denotes CR11, 10 denotes CR12,

wherein R10, Rl11 and R12 each i ndependently of one anot her

represent 15 a

hydrogen, fluorine, chlorine, bromine atomor a Methyl, CF3, a cyano,
Met hoxy, CF30, CgFZO CH%FO group, or denotes D2 a group of general

forrrula R5 2.7 5

R )

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

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

R?  denotes
R* a hydrogen, fluorine or iodine atom, or
R® a methoxy, Ci.-alkyl, formyl, NH,CO, or

10 R a chlorine, bromine atom or an ethynyi group,

R®  denotes a hydrogen, fluorine, chiorine, bromine or iodine atom or a Cror

alkyl or amino group,

15  wherein, unless otherwise stated, by the term "halogen atom” mentioned

hereinbefore in the definitions is meant an atom selected from among fluorine,

chiorine, bromine and iodine,

and wherein the alkyl, alkeny!, alkynyl and alkyloxy groups contained in the.

20 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,



20 wherein A denotes A4, a group WO 20081080891PCT/ EP20071064406 -17- CN
0O or wherein A denotes A5, a group of general formula (R9a)nm R9a)rn KNE

11 X4\----)1(3
WO 2008/480891 PCT/EP2007/064406

13-

and the hydrogen atoms of the methyl or ethyl groups contained in the
foregoing definitions, uriless otherwise stated, may be wholly or partly replaced

by fluorine atoms,
the tautomers, enantiomers, diastereomers, mixiures and salts thereof.

Examples of the C1¢-alkyl groups mentioned hereinbefore in the definitions are |
the methyl, ethyl, 1-propyi, 2-propy!, n-butyl, sec-butyl, terf-butyl, 1-pentyl,

10 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—pentyi, 2,2-

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

B E'xampieé of the C1.s-alkyloxy groups mentioned hereinbefore in the definitions |
15 are the methyloxy, ethyloxy, 1-propyloxy, 2-propyloxy, n-butyloxy, sec-butyioxy,

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

Examples of the C‘g_s-alken.yl 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-

20 buten-1-yl, 1-penten-1-yi, 2-penten-1-yl, 3-penten-1-yl, 4-penten-1-yi, 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-yi, but-1-en-3-yl, 2-methyl-prop-2-en-1-yl, pent-1-en-2-yi, pent-2-en-2-yl,
pent-3-en-2-yi, pent-4-en-2-yl, pent-1-en-3-yl, pent—é—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

25  group.



wherein 10 mis the nunmber 1 or 2, denotes a carbonyl or C=N-CN group,
X3denot es a carbonyl or C=N-CN group, 15 X4denotes an oxygen atom Fea in
each case independently of one another denotes a hydrogen atomor a

Cl_2- al k@wo goggpgomhi | e WO 2008/ 080891PCT/ EP2007/ 064 4BGI/EX2897/064406
denotes a hydrogen or fluorine, chlorinet$4r bromne atom a nethyl or a
nmet hoxy group, 5 R6denotes a hydrogen, fluorine or chlorine atomor a

met hyl group, R3denotes a hydrogen atom and Mlenotes a thi ophene ring
according to formula (111), 10

Exampies of the Cos-alkynyl groups mentloned hereinbefore in the definitions
are the ethynyl, 1-propynyl, 2—p_ropyny|, 1-butyn-1-yl, 1-butyn-3-yl, 2-butyn-1-yi,
3-butyn-1-yl, 1-pentyn-1-yl, 1-pentyn-3-yl, 1-pentyn-4-yl, 2-pentyn-1-yl, 2-

5 pentyn-3-yl, 3-pentyn-1-yl, 4-pentyn-1-yl, 2-methyl—?-bUtyn-4-yI, 3-methyl—1~

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

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

general formula (1), wherein

10
D  denotes a substituted bicyclic ring system of formula (1),
IA\ K
(n
wherein
15
K'and K* -

each independently of one another denote a -CHa, -CHR"™, .or a

-CR™R"® group, wherein

- 20  RPR™R
each independently of one another denote a fluorine atom, a hydroxy, methoxy

or Ci.2-alky! group which may be substituted by 1-3 fluorine atoms,



which is bound to the 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 R2denotes R2C a chlorine, brom ne atomor an ethynyl group,
R6denot ewgeoby/ebogsggen atom the tautoners, di aster eonerBECT/ER2AG7(06606 and -
salts thereof WD 2008/ 080891PCT/ EP2007.184406 -19- A 3rd enbodi nent of
the present invention includes all those conpounds of the first and second

enbodi MentwhifaeT Bletwbdpahe R R UL N0t bbedsibulxtddusly bagosaysteteof formul a
(ry, K2-KN'..-174 5XI \ 3."....... j .., K---K4 A'wherein 1(1, K2,

sj .
K3, K4, X cvlic cAhoRHof3/idathdsroatim Netebhif LORTRIC) Oforidihongeslaent, the

tautoners, “di astereoners, m xtures and salts thereof 10 4t h enbodi nent

of the pr nt_invention includes all those conmpounds of the first and
second enﬁgg?ggﬁﬁ;saherein' :

5 two groups R™/R™® may form, together with the cyclic carbon atom, a 3-, 4- or 5-

membered saturated carbocyclic group, and

K? and K*
each independently of one another represent a -CHs, -CH R%, or

10 -CR®R® group, and

R83/R8E/REC
each independently of one another denote a Cy.o-alkyl group which ma'y be
substituted by 1-3 ﬂuorihé .atorns,

15
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 () there should be no more than four groupé selected from
20 among R™®, R™, R”, R®, R® and R, and

X  denotes an NR' group, wherein

25 R' denotes a hydrogen atom or



denotes D2 a group of general fornmula R5 15 wherein R4 and R5 are as
defined in the 1st or 2nd enbodi nent, the tautoners, diastereoners,

m xtures and salts thereof. A 5th enbodi nent of the present invention
i ncl udes wad toesbmosE conpounds of the 20 first and secorCHEROE 0G40,
wherein WD 2008/ 080891PCT/ EP2007/ 06440616-20- denotes D2 a group of
general fornmula R5 5 or wherein A denotes A5 , wherein A5, R4 and RS are

as defi nedamzlamm b8 T3 Qoydoeikggesiprent , the tautoners, di astereoners,
m xtures and salts thereof. A 6th enbodiment of the present invention

I ncludes alheleitPffR Memy %‘éd&id)ﬁweﬂ'gﬁgﬂ&ﬂfs Presetst i FROSHERMENtiGhed gh opti cal

purity at the carbon in position of the tetrahydrofuran ring, wherein

R cont | gurSP-BR e R et fe L S e BB et fon i ncl udes al

t hose conpounds of the

5 and wherein
A'  denotes CR'°,
A2 denotes CR",
10
A®  denotes CR',

wherein R, R and R'? each independently of one another represent

15 a hydrogen, fluorine, chlorine, bromine atom or a Methyl, CFs, a cyano,

Methoxy, CFs0, CHF 2O, CH2FO- group, or

D denotes D?a group of general formula

RS

20

wherein A denotes A*, a group



15 previous enbodinents in high optical purity at the carbon in position 3
of the tetrahydrofuran ring, wherein the am no-tetrahydrofuran carboxylic
acid anide noiety has the S-configuration. The followi ng preferred
conpoundsy@bocgesesial fornmula (1) are nentioned by way POrefoex@ake, both
as the tautoners, mxtures and salts theqpof:

(S)-3-[(5-brono- th| ophen- 2-y1) - car bonyl.am nol - N- (3- et hy1- 2, 3, 4, 5-tetr ahyd
rolH benzo | azepi n-7-yl)-tetrahydrof uran-3-carboxylic aci d am de WO
20081080891PCT/|EP2007/ 064406 - 21-

(S)-3-[(5-ckl ang-t hi ophen-2-y1) - carbonyl am no]-l\l—(3-rrethy1-2,3,4, 5-tetrahy
dr olH benzo[ Ci azﬁﬁ)l/n- 7-y1l)-tetrahydrofuran-3-carboxylic acid amde 5 0 -
(3S)-3-[(5-chl or @it hi ophen-2-y1)-carbonyl am no] - N- ((5R) -3, 5-di net hyl -2, 3, 4
, 5- tetrahydro- 1 benzo[ d] azepi n-7-y1l) -t etrahydrof'uran- 3-carboxylic acid
am de and (38?] gS chl oro-t hi ophen-2-y1) - carbonyl am i noj - N-((59)-3, 5-d
“imethyl-2, 8wl greln denotes A’ , a group ofgeneral formula

1() t et rahydro- 1H benzo[ cl azepi n- 7-y1) -t et r ahydr of ur an- 3- car boxyl i ¢ aci d
am de (3S)-3-[(5-chloro-thiophen-2-y1)-carbonylamnoj-N((1R)-1

, 3-di nethyl-2, 3, 4, 5-

tetrahydr O(Rﬂ-l- benzo[d] azepin-7-yl)-tetrahydrofuran-3-car boxyl ic acid am de
and N

15(3S) - 3- [ ( 5- ahlyor o- t hi ophen- 2-yl ) - car bonyl am no] - N- (0S) - 1, 3-di net hyl -2, 3,
4,5- tetrahydro-1H benzo[ d] azepi n-7-y1l)-tetrahydrofuran-3-carboxylic acid

am de
(RQE)m (Rga)m

DA o
5 X1 - Xll\\/,?-‘(3
m [\‘["' . h‘I‘_-‘ ((\!\\I—;
Z X' o x4 X X
or X~/

wh‘efein '
10 m ié the number 1 or 2,
X denotes a carbonyl or C=N-CN group,
X*  denotes carbonyl or C=N-CN group,
15 |

X*  denotes an oxygen atom,

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

C+-2-alky! group, while



WO 2008/ 080891PCT/ EP2007/ 064406 -22- (S)-5-chl oro-thi ophene-2-carboxylic
aci d- N-{343- net hyl- 4- (5-cyani m nll. 4] oxazepan- 4-y1l) - phenyl car banoyl pet r ahy
drof uran-3-yll-am de 5(S)-5-chl oro-thi ophene-2-carboxylic

aci d- N- { &f20bDogyani m n- 0. 4] oxazepan-4- - PCT/EP2007/064406

y1) - phenyl car banoyl pet r ahydr of ur an- 3-y11¢@m de ' _

('S) - 5-brono-t hi ophene- 2- car boxylic :

aci d-N-{3-[3-net hyl-4-(5-o0xo0[ 1, 4] oxazepan-4-y1) - phenyl car banoyl Hetrahydrof

- uran-3-yll-anmi'de WO 2008/ 080891PCT/ EP2007/ 064406 - 23-

g?l) d5 N?E g”[ﬁzt ? éé{;g%% %Hﬁﬁd'lgléﬁu] O'ﬂé}%nne crﬂorlne or bromine atom, a methyl or a

yl) - phenyl ca{h%%}o rI kt et rahydrof uran- 3-yl}-am de

5 R° denotes a hydrogen, fluorine or chiorine atom or a methyl group,
R®  denotes a hydrogen atom and

M denotes a thiophene ring according to formula (lif),

10
2< ~s R
R ()

which is bound to the carbonyl group in formuta (l) via the 2-positibn and which

is substituted in the 5-position by R?and optionally additionally by R®, wherein
15 |

R? . denoies

R* a chlorine, bromine atom or an ethyny! group,

R®  denotes a hydrogen atom,
20

the tautomers, diastereomers, mixtures and salts thereof.



5 (S)-5-brono-thi ophene-2-carboxylic
aci d- N-{343- net hy1- 4- ( 3- oxo- nor phol i n- 4-
y1) - phenyl car banoyl pet r ahydr o-t hi ophen- 3-y1}-am de

(S) - 5- et Woydosiofissphene- 2- car boxyl i ¢ aci d- N-{ 3- [ 4- ( 3- oxer/EPJRRice- 4- Y1) -

phenyl car bar noyl | -t et r ahydr o-t hi ophen-3-y4}-am de WO
2008/ 080891PCT/ EP2007/ 064406 -24- 0 1LN o j and

car bonyl ) - phenyl car banoyl p rofuran-3-yl

() hor ot STRSrBiARRRAReA: GARBPRAATE RehfloRtriduded RS cipBlEObt e~ V! 5

(S)-5-bro

=t 0 G | . ‘
aci d- N- 13- rz?t[ ?%@Er@gﬁ[’}f‘{jgwﬁ%&w&ﬁa‘?’ %'heflrl) - ph enyl car banoyl pet rahydrofu ra

n-3-yl}-a mide

D denotes a substituted bicyclic ring system of formula (I1),

2 K! '

X/K IKAIZ
\Ki_Kf-l ASI*

5 {{)]

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

embodiment,

the tautomers, diastereomers, mixtures and salts thereof.

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

first and second embodiment, wherein

b denotes D”a group of general formula

(h

O R

RS

4

15
wherein R4 and R5 are as defined in the 1% or 2™ embodiment,

- the tautomers, diastereomers, mixtures and salis thereof.

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

20 first and second embodiment, wherein



| o('S) - 5- et hinyl -thi ophene-2-carboxylic acid-N-{3-[3-chloro 4

( 3- oxo- nor phol i n-4- y1)-phenyl carbanoyl | -tetrahydro-thi ophen-3-yl}-am de,
WO 2008/ 080891PCT/ EP2007/ 064406 -25- (S)-5-brono-thi ophene-2-carboxylic
aci d- N-{ ssqp2odbsesa 4 (2 oxo-azepan-1-yl)- phenyl car banmyi/Ep2betosatoydr o-t h
5(S) - 5- brono-t hi ophene- 2-carboxylic aci dzfN 13- [ 4- (2- oxo-azepan-1-y1l)-
phenyl car banoyl11-tetrahydro-thi ophen-3-yl|-am de,

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

aci d- N-{343- net hyl-4-(5-cyani m n[ 1. 4] oxazepan-4-yl) - phenyl car banoyl Het r ahy

dr of ur an- 3py 1} - Al gies DRI LPEARIARGHHER2007/ 064406 - 26-

RS

5  orwherein A denotes A® , wherein A5, R4 and R5 are as defined in the 1% or 2™
embodiment,

the tautomers, diastereomers, mixtures and salts thereof.

A 6th embodiment of the present invention includes all those compounds of the
10 previous embodiments in high optical purity at the carbon in posiﬁon Jof 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 Qompounds of the
15  previous embodiments in high optical purity at the carbon in position 3 of the
tefrahydrofuran ring, wherein the ami‘no—tetrahydrofuran carboxylic acid amide

moiety has the S-configuration.

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

1H—benzo[d]az‘epin-?—yl)—tetrahydrofuran—3—carboxylic acid amide



(S) - 5-brono-thi ophene-2-carboxylic acid-N13{3-chloro 4 (5

cyani m n[ 1. 4] oxazepan- 4-yl) - phenyl car banoyl Het r ahydr of ur an- 3-y1} - am de
5(S) - 5-chl oro-t hi ophene- 2-carboxylic acid-N{3-13-nmethyl-4-(3-cyani m no-
nmor phol i sect208didsopienyl car banoyl kt et r ahydr of ur an- 3- yl | -moi/EE200MB1406

2008/ 080891PCT/ EP2007/ 064406 -27- - 21-

(S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl ami nON- ((2S) -2, 3-di net hyl -2, 3, 4, 5-
t et rahydro- 1H benzo[ dl azepi n-7-y1) -t et r ahydr of ur an- 3- carboxylic acid am de
and '
(S)-3-[(5-chl oro-t hi ophen-2-y1)-carbonyl am no] - N R2R) - 2, 3-di net hyl1-2, 3,4, 5
- 5tet rahydr g- 1HNpbenzp[ dJ RI n-7-yl)-tetrahydrof uran-3-carboxylic acid
am de 0SYCI—N ‘ '

(S)-3-[(5-chl oxa- I\P car bonyl am noi - N- ((4S) - 3, 4-di met hyl - 253, 4,
5- tetrahydro-1H benzo d] a epi- 7-y1 - tet rahydrof uran- 3- car boxyl i ¢ acid

am de and Br

10(S)-3-[(5-chl oro-thi ophen 20)/1) Nar onyl am nol - N- U2R) - 3, 4-di met hy1-2, 3, 4
, 5- tetrahydro-1H benzo[ d] azepi n-7-y1) -t etrahydrof uran- 3-car boxylic acid
am de (S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino}-N-(3-methyl-2,3,4,5-tetrahydro-

1H-benzoldlazepin-7-yl}-tetrahydrofuran-3-carboxylic acid amide

-G
. | Ng“ S\._-cl
SV

(38)-3-[(5-chloro-thiop;hen,;Z—yl)—carbonylamino]-N—((SR)—B,S-dimethyl—2,3,4,5—
tetrahydro-1H-benzo[d]azepin-7-yl}-tetrahydrofuran-3-carboxylic acid amide and
(38)-3-{{5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S5)-3,5-dimethyl-2,3,4,5-

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

0
—N \
"N
CH, O
O

(38)-3-[(5-chloro-thiophen-2-yl}-carbonylamino]-N-({(1R)-1,3-dimethyl-2,3,4,5-

tetrahydro-1 H—benzo[d]azepin—7-y!)—tetrahydrofu'ran-B-carboxylic acid amide and
15 {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



WO 2008/ 080891PCT/ EP2007/ 064406 the follow ng conpound, 5 the follow ng
conpound,

(S)-3-[(5-chl oro-thi ophen-2-yl)-carbonyl am nON-(2, 2, 3-trinmethyl -2, 3,4, 5-

t et r ahy diQy sbbk/egwr ol d] azepi n- 7-y1) - t et r ahydr of ur an- 3- qarixpeydeessi d ani de
WD 2008/ 080891PCT/ EP2007/ 064406 - 29- 29

(S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl am nON- (3, 4, 4-trinmethyl -2, 3, 4, 5-

t et rahydro- 1H benzo[ d] azepi n- 7-yl ) -t et r ahydr of ur an- 3- carboxylic acid am de
(S)-3-[(5-chl oro-thiophen-2-y1)-carbonylam no]-N(3,5,5-trinethyl -2, 3,4, 5-
t et rahydro- 1H benzo[ c] azepi n- 7-yl.) -t et r ahydr of ur an- 3- car boxylic acid am de
(S)-3-1(5-chl oro-thi ophen-2-y1)-carbonyl am nol -N- (3-nethyl-9-tluor-2,3,4,5
- tetrahydro-1H benzo[ d] azepi n-7-yl ) -t et rahydr of uran- 3- car boxylic acid

. am de

fro )

Shg Gy

(S)—S—chIoro-thiophene-Z—carboxy]ic écid-N—{B—[S-methy[-4-(5-cyanimrin-

[1.4Joxazepan-4-yl)-phenylcarbamoyl}-tetrahydrofuran-3-yl}-amide

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

yi)—phenylcarba_moyl]~tetrahydroﬁ1ran—3-yl}~amide- -

(8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-0x0- .

[1 ,4]oxazepan-4-yl)-phenyicarbamoyl]-tetrahyd rofu ran%—yl}—arﬁide



10(S) - 3- [ (5-chl oro-t hi ophen-2-y1) - car bonyl am no] - N- (3- et hy1-8-fluor-2,3,4
., 5- tetrahydro-1H benzo[ d] azepi n-7-y1)-tetrahydrof uran-3-carboxyli c aci d
am de WD 2008/ 080891PCI MP2007/ 064406 -30- as well as

(R -3- [(%@5@%@4@ ophen- 2-y1) - car bonyl am no] - N- ( 3- met iyd/e@odwdbafost et r ahyd
rolH benzo[ dl azepi n-7-y1) -t et rahydr of ur ags3- car boxylic acid anide, 5
(R)-3-[(5-chl oro-thi ophen-2-y1)-carbonyl am no] - N-(3-nethyl-2, 3,4, 5-tetrahy
dr olH benzo[ d] azepi n- 7-y1) -t et r ahydr of ur an- 3- car boxyl i ¢ acid am de,

(3R) - 3-[ (5-chl oro-t hi ophen-2-y1)-carbonyl am nol - NA(5R) - 3, 5-di net hyl- 2, 3, 4,
5- 10 tetrahydro-1H benzo[ d] azepi n-7-y1l)-tetrahydrofuran-3-carboxylic acid
am de and

(3R) - 3-[(5-chl oro-thi ophen-2-y1)-carbonyl am no] - N-((5S) - 3, 5-di net hyl -2, 3, 4
, 5- tetrahydro-1H benzo[ d] azepig- 7-y1) -t etrahydr of uran- 3-carboxylic acid
am de, (R) - 5-chl oro-thi gphegne-
aci d- N-{343- net hyl- 4- (5- cyanNm

hydr of uran- 3-y1} - am de,
acid-N-{3-[4-(5-cya
y1) - phenyl car banoyl

. 4] oxazepan- 4-yl) - phenyl car banoyl petra
_t hisophene- 2- car boxyl i c

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

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

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

yi)—phenylcafbamoyl]-tetrahydro—thiophen-3-yl}-am'ide

=
N

(8)-5-ethinyl-thiophene-2-carboxylic acid-N-{3-[4-(3-oxo-morpholin-4-yl)-

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



20 (R)-5-brono-thi ophene-2-carboxylic acid-N{3-[3-nethyl 4

(5-0x0[ 1, 41loxazepan- 4-y1l) - phenyl car banoyl | -t et rahydr of uran- 3-yl | - am de,

(R) - 5- brono-t hi ophene- 2- car boxylic

aci d- N- { $yd oog/bsogpani m n-[ 1. 41oxazepan- 4- . PCT/EP2007/064406

y1) - phenyl car banoyl pet r ahydr of ur an- 3-yl}lsam de, WO

2008/ 080891PCT/ EP2007/ 064406 -31- (R)-5-brono-th iophene-2-carboxylic

acid-N-{3-[3-nmethyl 4 (3 oxo; roholln 4-

y1) - phenyl car banoyl | - t et r ahy/dr ; ophen- 3-y1}-ani de,

(R) 5- et hi nyl -t hi ophene- I2_| C c aci d- N-{3-[ 4- (3- oxo-nor pholin-4-yl) -
5 phenyl car banoya-teg rah _ yl}- am de,

(R) - 5- br ono- thi- op I'E'
aci d- N-{343- et hy \ca;/, onyl) phenyl car banoyl | -tetrahydro
furan- 3-yl}<antqe, r ono-t hi ophene- 2-car boxylic

acid-N-13-[l4-(p rroI|d|n | -yl -carbonyl) -

phenyl carb -t et rahydr of uran-3-y1}-am de,

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

(3- oxo-nor phol i n-4-" y1) - phenyl car banoyl ] - t et r ahydr o- t hi ophen-3-yl | -ami de,
15 (R)-5-brono-thi ophene-2-carboxylic

aci d-N-13-{3-chl oro- 4- (2- oxo- azepan- 1-y1) -

phenyl car yl ytetrahydro-thi ophen-3-y1l}-ani de,

(R) - 5- br ono- t hi ophene- 2-car boxyl i c aci d- N-éS44 - 0X0-azepan-1-y1)- 20
pheny!| car by braree-thieftrns-2eaymiic scighy-{aid-methyl-4-(pyrrolidin-1- y!-

(R) - 5- brono-t hi ophene- 2- car boxyl i ¢

" aci d N-5] 3-¢Bbory hpheryi¢cBbermyl] ﬁem@hyd@f@méﬂ&hhamﬁﬁl) phenyl car barmyl ptetra
~hydr of ur an- 3-yl yam de,

H
N
O CH,

(S)~S~brbmo—thiophene—Z-barboxylic acid—N—{S—[4—(pyrroiidin-1 -yi-carbonyl)-

: phehylcarbémoyl]—tetrahydrofuran~3-y|}-amide

a.

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

yl}-phenylcarbamoyl]}-tetrahydro-thiocphen-3-yi}-amide,



WO 2008/ 080891PCT/ EP2007/ 064406 -32- (R)-5-bromp-th iophen e-2-ca rboxyl
ic acid-N-{3-p-chloro-4-(5-cyanimin-[1 .4] oxazepan-4-yl)-phenyl carba
noyi kt et rahydrofu ran-3-yll-a md e,
(R) - 5- chizas meéddepahene- 2- car boxyl i ¢ aci d- N-{ 313- net hy|PCE/KI2007/064406
cyani m no5nor phol i n-4-y1) - phenyl car banoy#3det r ahydr of ur an- 3-y1} - am de,
(R)-5-chl oro-t hi ophene- 2- car boxylic
- aci d-N-{3-[ 3-chl or o- 4- ( 3- cyap+@i nonor phol i n-4-y1) - phenyl car banoyl ] -t etrahy
drofuran-3-yl}-amde, to th fd{ll %M ng conpound the foll ow ng conmpound
15(R) - 3-[ (5-chl oro-t hi ophen- 1) -itar bonyl am no] -N-(2, 2, 3-trinmethyl-2, 3, 4,
5- tetrahydro-1HDb [0 N t rahydr of ur an- 3- carboxylic acid
amde, WO 2@98/08§ PCT/ — '

o\) Cl

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

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

5  (8)-5-bromo-thiophen 'e—2¥carboxyl ic acid-N-{3-[4-(2-oxo-azepan-1-yi}-

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

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

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



(R -3-[(5-chl oro-thi ophen-2-y1)-carbonylam no]-N(3,5,5-trinmethyl-2, 3,4, 5-
t et rahydr o- 1H benzo[ d] azepi n-7-y1) -t et r ahydr of ur an- 3- car boxylic acid
am de, (R)-3-[(5-chloro-th ioph en -2-yl)-ca rbonyl a m
i no] - N ( egmbdwshe- f | uor-2, 3, 4, 5- PCT/EP2007/064406
tetrahydro- 1H benzo[ d] azepi n-7-y1) -t et r apgedr of ur an- 3- car boxylic acid
am de, and
(R -3-[(5-chl oro-thi ophen-2-yLecarbonyl am no] - N-(3-nmet hy1l-8-fluor-2,3,4,5
- 10t etrahydro- 1H benzo[ d] az¢pi r\ 7oyl) -tetrahydrof uran- 3-carboxylic acid
amde, In a preferred enbagdi dent’, the foll ow ng conpounds are preferred:
(S)-3-[(5-brombsth N Ny S
i ophen-2-y1)-carbo ‘ no] 4IN\- ( 3Hnet hiil- B4 5-tetrahydrolH benzo[ d] azepi
n-7-yl)-tetr dr oy apt 3- car boxylic d am de
(S)-3-[(5-chl ord¥t hi dphen-2-y1)-carbonyl ami no] - N-(3-net hyl-2, 3, 4, 5-tetrahy
drolH benzm- 7-yl)-tetrahydrofuran-3-carboxylic acid am de 20 WO .
2008/ 080891 T~2007/ 064406 -34- -
(3S)-3-[(5-chl oro-thi ophen-2-y1)-carbonyl am noj-N ((5R)-3, 5-di net hyl-2, 3,4
, 5- tetrahydro-1H b\ nzo[ dj azepi n-7-y1)-tetrahydrof uran- 3-carboxylic acid
am de and N
(3S)-3-[(5-chl oro-thi ophen-2-y1)-carbonyl am no] - N- ((5S) - 3, 5-di net hyl -2, 3, 4
, 5- t et r ah{8}rBbibrhd thiapijatieaz-eprboxiyly bidt i 8-dhgblood-dr(arcyantainboxyl i ¢ aci d
amde 5 '

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

Q
N

e

\

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

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

O\/L}N
\\N\

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

morpholin-4-yl}-phenylcarbamoyil-tetrahydrofuran-3-yl}-amide



(3S)-3-[(5-chl oro-thi ophen-2-y1)-carbonyl am nol -N- ((1R)- 1, 3-di nethy1-2, 3, 4
, 5- tetrahydro- 1H benzo[ dj azepi n-7-y1) -t et rahydr of ur an- 3- carboxyllc aC|d
am de and
(3S)- 3- [ @& sdd/@ogsrt hi ophen-2-y1) - car bonyl am no] - N- ( ( 19crieBeshoseiobyl - 2, 3, 4
, 5- 10 tetrahydro-1H benzo[ d] azepi n-7- ylyz.t et rahydr of uran- 3- car boxylic
acid am de (S) - 5-chl oro-thi ophene- 2- carboxylic _
aci d- N-{343-net hyl-4-(5-cya n[ 1. 4] oxazepan- 4-y1l) - phenyl car banoyl pet r ahy
drofuran-3-ylyam de 15 C /W0\20@88/ 080891PCT/ EP2007/ 064406 - 35-
- (S)-5-brono-t hi ophene- 2- @ar xyl|-
aci d- N-{3-[ 3- nElitg 4
f.uran-3-y1ll-am de
aci d- N-13-[ 4-(5- o8 :
y1) - phenyl ¢ar bahoyq tetrahydrofuran 3 yi yam de
(S)-5-bro 1;2;E3hene 2-carboxylic

B ﬁyﬁv4 ( 3- oxo- nor phol i n- 4-

Ié ' 4-y1) - phenyl car banoyi kt et r ahydr o
5) - 5 hl or - thi ; CQ car boxyl i c

acid-N-{34
y1) - phenyl car barmy\ -tetrahydro-thi ophen-3-yl | -am de

(8)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((28)-2,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[dlazepin-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-

5 tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

~
2 OONe
| S
O O}-\@/CE

0
0,8
N .N

-0
O

(S)-3-[(5-chloro-thiophen-2-yl}-carbonylamino]-N-((48)-3,4-dimethyl-2,3,4,5-

Cl

tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
10 (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



WO 20081080891PCT/ EP2007/ 064406 -36- 5 The invention also relates to
physi ol ogi cally acceptable salts of the conpounds according to the
enbodi ments defined above and the Exanples. Description of the
manuf act Wg fgseyoesess of the invention 10 a) The prepar@iERon7@h4486 conpound
of general fornmula (la) - WD 2008/ 080821PCT/ EP2007/ 064406 -37- wherein
A Ato A3, KIto K4, X and RL to R6 are defined as in enbodi nent 1, and
which may optional |y be protected at any ami no, hydroxy, or car boxy groups
Qﬁ groups such as for exanpl e those descri bed
: in "Protective Goups in Oganic 5 Synthesis"
and the protect UpR_ ob<Wwhi ch may be cl eaved in a manner known from
the literaturg, N

(S)*3-[(5-chlofo~th iophen-2-yl)-carbonylamino]-N-(2,2,3-trimethyl-2,3,4,5-

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

0
2
“N

0 Oz%ﬂﬁ%iizr/Ci



I's described in the exenplifying enbodi ments or can be done according to
known procedures fromthe literature or may be carried out for exanple

according to one of the following formula schenmes |a or

| b or

2: 10 Schene

la i) vaih@@bdessy  Scheme I|b WD 2008/ 080891PCT/ GREOEIHHSAA4ARE

29
(S)-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

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

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

\
N

O
O

S

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

tetrahydro-1 H—benzo[d]azepin-?-yl)—tetrahydroﬁ1ran—3~¢arboxyiic acid amide

(S)—3—[(5—chEoro-thiophen~2-y!)-carbonylami_no]—N—(S—methylu8—ﬂuor-2,3,4,5—

tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide




-39- D.NHR3 + (IV) (VI) ii) acylation 1iii) optional cleaving of

am no protecting group o R3 DN NH2 wher e Q denotes a hydroxy or
Cl4- al kyl oxy group, a halogen atomor a 5 C _5-al kyl oxycar bonyl oxy or
acyl oxy GPioRs/@sh: PCT/EP2007/064406
-30-
as well as

(R)-3-{(5—bromo—thiophen-z-'yl)—carbonylamino]—N—(S—methyi—2,3,4,5-tetrahydro-

1H—benzo{d]azepin-?—yl)-tetrahydrdfuran-3—carboxylic acid amide,

(R)-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,

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

15 [1 .4]dxazepan—4-yl)—phenyIcarbamoyl]—tetrahydrofuran-3-yl}-amide,

(R)-5-chloro-thiophene-2-carboxylic acid-fN-{S—[4-(5—cyanimin—[1 4Joxazepan-4-

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

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

[1,4loxazepan-4-yl)-phenylcarbamoyl]-tetrahydrofu ran-3-yl}-amide,

(R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-{5-cyanimin-[1.4]Joxazepan-4-
yl)-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide,

25



PG denotes a hydrogen atom or a protective group for the am no function
known fromthe literature such as for exanple a tert.-butoxycarbonyl,
benzyl oxycar bonyl, p-nmethoxybenzyl oxycarbonyl, allyl oxycarbonyl,

10et hyl oxxs#hPeyd, | sopropyl oxycar bonyl , 2,2, 2-tri chlaretybwosymoar bonyl ,
met hyl oxycar bonyl, 9-fl uorenyl net hyl oxycgybonyl, 2- WO
20081080891PCT/ EP2007/ 064406 -40- tri et hyl silyl et hyl oxycarbonyl,

phenyl et hy{@%ﬁ%ﬁ&-ﬁbphéﬁ@?ﬂg g&fxa/;ﬂc Ia%id‘éﬁgﬁ@{[@-ﬁ%ﬁwlL4—Q§—8kt£lmorpho[_in~4-

Enant i oner y pure compoun c can be obtained either by

opt | cal Ty HEPORHABANeRl P A GB pBAN S R e "Crpl oyed in the

synthetic steps described in Scheme | a, Ib and 2. Accordingly, in a
further enbodi ment, the present invention includes a nethod 10 for the
preparation of substituted 3-am no-tetyrahydrofuran-3-carpoxylic acid

ani des of @r%?ﬁl'ﬂbﬂﬁﬂ'ﬁm‘%?'?é)ar?wyﬂfp@ﬁ'doﬁt{gt{gﬂ(g'ﬁéf’imVpgpP@%éylL“ar bon in
position 3 of the tetrahydrofuran ring conprising reacting a conpound of
t he gerfer aphdrytcanbamoylistgtrabydro-thiepgivdnd-amidehe general fornula (V) in
hi gh optical purity at the carbon in position 3 of the tetrahydrofuran
ri.ng optionally further conprising 15 cleaving protecting groups, wherein
KI , K2, K3, K4, X, A, A2, A3, R2, R3 and R6, and Q are as defined

her ei nabovg&)—ﬁbmrﬁédtm@pﬁ@ig-alm@b@tyuc@nidcrar{aqxwémyla@‘(@rmﬁﬁmeuybi ety of the
conpound of the general fornmula (V) and of the 3-

ami no- t et r ahwaR Al BhERGardarRANMEIShRbRraTBd@saRidegeneral formula (la) may

have the R-configuration or the S-configuration.

10 (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(pyrrolidin-1-yi-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, |

15
(R)-5-bromo-thiophene-2-carboxylic a'cid—N-{3—[3-chIbro—4—(2-oxo-azepan—1 -vi)-

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

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

20 phenylcarbamoyl]-tefrahydro-thiophen-3-yl}-amide,

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

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



20 In a further enbodi ment, the present i.nvention also includes a nethod
for the preparation of substituted 3-am no-tetrahydrofuran-3-carboxylic
acid am des of general fornula (Ib) in high optical purity at the carbon
in posit iz, l&{osﬁhe tetrahydrofuran ring conprising Qa6 046 mpound
of the genera? ormula 25(1'vb) with a cogpound of the general formula (V)
in high optical purity at the WD) 20081080891PCT/ EP20071064406 -41- carbon

clovi no. sPU B DB 2 RBIAAC st R ARR - SHRRE" SOTPG 51 0%
moi oty of (HIOCHRBBA P PRECER T E SRR () e B ne

3-am no-tetrahydrofuran- 5 3-carboxylic acid am des of general formula
(I'b) may have the R-configuration or the S-configuration. |In a further
enbodi nent, the present invention also includes a nethod for the

pr epar at i ofiR)ei-chiotsthiophens-2-cariaxylic aciddhyHMmetmr43ScarardRrincr ¢ aci d

am des of 10general fornula (Ic) in high optical purity at the carbon in
posi ti an 3mofpHdiin-4-g)-pabydcaranayl]riemghybofurarsBndl-ahelest eps of 1 a)
reacting a conmpound of the formula (IV) with a conpound of the formula
(VI) in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring to obtain a conpound of the formula (VI1) in high"

opti cal p%ﬂglacﬁbrd-ﬂﬁown%%chm i beigIN-33-g-chiBRo-4 (B alyaaliAsof uran ring,

optionally cleaving the am no profecting group; and b) 'reacting said

conpound ( St i C f.farmula:{VI11), wherein Q
PG D, %,Mh@hgﬁ ﬁ@p@%gﬁé@%@@ﬁ@ﬁgﬁ%%%%@g) I éu@]dgr’ﬁ not et r ahydr of ur an
carboxylic acid am de noiety of the conpound of the general formula (VI)

and of the 3-ami no-tetrahydrofuran-3-carboxylic acid ani des of 20 general

formula (l¢) ,may have the R-configuration or the S-configuration.
10 = the following compound

the following compound

—N / ]
S

15 (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,



The reaction steps i) -iii) described in Schenme 1 and 2 may for exanple be
carried out as described in the Exanples or under conditions known from
the literature, for exanple as follows: WD 2008/ 080891PCT/ EP2007/ 064406
-42- i) Wioﬁﬁ/g@ of an amne (IV) or (VII) with an opid@nahéMeaeli vat ed
car boxylic aci ?9\}) or (VI) or (VIIl) Thezacylation is expediently carried
out wwth a corresponding halide or 5 anhydride in a solvent such as

nmet hyl ene chl oride, chloroform carbon tetrachloride, ether, ethyl

acetate, tetrahydrofuran, dioxane, benzene, toluene, acetonitrile,

di met hyl fo 1.de, .sodium hydrgxi de sol ut.i on h tionally in
the pr esenm(géﬁ?’?rﬂgb'ﬁgh?%g@ﬁﬁ 577 é’HV‘l«?”B%@éN'z{”ﬁtS%h@%Q?‘[‘?ééﬁg‘et ween -20
and 200C, but preferably at tenpperature etween -10 and 10160C The

acyl ati on m@hwﬂewwbeazgig]a?@%ﬁw)ef&traﬁygr@}%rﬂn PORUCAGEAMS i onal |y
~in the presence of an acid-activating agent or a dehydrating agent, for
exanple in the presence of isobutyl chloroformate, thionyl chloride,
trimethyl chl orosi |l ane, 15hydrogen chloride, sul phuric acid,

met hanes ul {Rye®h{(5-ctord-thipphen-2eyipsatbohylanonaeleNd 3-retbyighiuors2 34,8l ori de,

1- propyl phosphoni c acid cyclic anhydride, phosphorus pentoxi de,

2- et hoxy - liegaRgeinc e ipenydrdlazépih-yiFetahpdriofuren-GESADtdxylitlatid amide,

-di cycl ohexyl carbodi i m de, N, Af -dicycl ohexyl car bodUm de/ canphor sul phoni c
acid, 20 Ny - di cycl ohexyl carbodi i m de/ N- hydr oxysucci ni m de or ’
1- hydr oxy-benzotriazol e, N, N-carbonyl diim dazol e, O-(benzotriazol-1-y1l)-
N, N, N, Mtetranet hyl -uroni um tetrafl uoroborate/ N nethyl norphol i ne,
0-(benzQriazol-1 -yl)-N,N,AF, N -tetra nmethyl u ron iu mtetrafi

poncert IR AR Pogeryeptp i ro-etor 245

2o XA B R  Behko et By tebrahlaroirR S bBTR R F e,

in a preferred embodiment, the following compounds are preferred:
(S)-3-[(5-bromo—’_[hiophen-2—y|)—carbonylamino]-N-(3~methyI-2,3,4,5-tetrahydro-
1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide

15
' B 0
-G
Br

{8)-3-[(5-chioro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-

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

| 0

-0, 8
_ s

O OWCH

20



WO 2008/ 080891PCT/ EP2007/ 064406 -43- tri phenyl phosphi ne/ carbon
tetrachl oride, at tenperatures between -20 and 200C, but preferably at
t enperatures between -10 and 160C. The acyl ation may al so be carried out

with a cawbo¥ldsesopci d ester (V) or (V) 5 and the am perfbYs7A¥i0s
activation with trimethylalumnium The agylation of a conpound of general
formula (1V) may however al so be carried out with a reactive carboxylic

ot i ned as (o) SHod RPN ZYh EaftinyBimiAbE N (o 33% SRR e out
I 1 dof
hf‘n{';‘th byl ¥§?é i %%r‘th‘ﬁ@%%%ﬁﬁﬁ#’e%a‘m Q48 oggﬁ‘c;%%i%év%agdor h
L
R G Ay ?@—ﬁb-&%mmn@iﬁ?@&e“%% dipelnb2abt i on of
am ne base ch as for exanple diisopropylethylamne, triethylamne or
Net hy| mor ?Pﬁfﬁ YAEO- érbqrtzﬁiféa%&mm€sylbtthéwﬁrofqr@na3mam@ﬂfc #cid amiderpl e usi ng

20 a m crowave oven or as described in P.Wpf et al., Helvetica Chimca
Acta, 69, 1986, 1153. WD 2008/ 080891PCT/ EP2007/ 064406 - 44-

C@H@ R

(38)—3-[(5—chIoro-thiophen-z-yl)—carbonylamino]-N—-((1 R)-1,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[djazepin-7-y!)-tetrahydrofuran-3-carboxylic acid amide and
(385)-3-[(5-chloro-thiophen-2-yl)-carbonylamino}-N-((1S)-1,3-dimethyl-2,3,4,5-

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

(8)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

[1.4Joxazepan-4-yl)-phenylcarbamoyl}-tetrahydrofuran-3-yl}-amide

15 ' N



Compounds of general formula (1 X) may be prepared from conpounds of
general fornula (V), expediently in a solvent or m xture of solvents such
as dichl oronet hane, trichloronethane, carbon tetrachloride, benzene,

chl or obegz£Resnsosd;uene, xyl ene, hexanet hyl di si | oxane, pi2007/064406
tetrahydrofuran %dloxane acetonitrileagpyridine, optionally in the
presence of N, N-dlcyclohexylcarbodllnlde

N, W di cycl ohexyl car bodi i m de/ N- hydr oxysucci ni m de or

1- hydr oxy- benzotriazole NI V- car bonyl di i m dazol e, O- (benzotriazol 1-y1)-

‘N, N, M N-t t et f [N hol
t 00- (benze )q&ge ”YOIt n| uegé-ﬁgrk{@xy ‘?géﬁ@?@ f%ﬁﬁgﬁ e ;PI Solrggor ate/ N-

et hyl di i sopr gpyl am ne in acetic ﬁ_d%@tﬂe at erat ures between -20
and 200C, IB.MO@Z@P@M&JY@/PB?“YI%P@F}R apgyn -“a¥e100C. Ot her
~methods of amide coupling are descri bed for exarrpl e in P.D. Bailey, |I.D.

15 Collier, KM Mrgan in" rehensi ve Functional G oup

| nt er conversi ons”, Vol . 5, 5@ f., Perganon 1995 or in Suppl enmentary
Vol unme 22 to HoubenWsyI, Hhi exe- Ver ag, 2003 and literature cited therein.
H or H) deaving 2 Yot The optional subsequent cl eaving
of any protective ¢ Wydr olytically, for exanple,

in an aqueo | ven e.g. On water, pr opanol / wat er,

t et r ahydr of/ur an/Mat er] or di oxane/water, in the presence of an acid such as
trifluoroaegtic id,] hydrochloric acid or sulphuric acid or in the 25
presence of | K& i metal base such as |ithium hydroxide, sodium

hydr oxi de or WO 2008/ 080891PCT/ EP2007/ 064406 -45- potassium hydroxi de or

Cemper &t urSy Far el nehg A bR R Rerer I AP PR A ﬁ%’a Ween 10 and
S0C yl)-phenylcarbamoyl]-tetrahydrofuran-3-yi}-amide

(8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-oxo-morpholin-4-

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

ZI
Iz

10

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

tetrahydro-1H-benzold]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide



5 A benzyl, nethoxybenzyl or benzyl oxycarbonyl group may, however, be

cl eaved hydrogenol ytically, e.g. with hydrogen in the presence of a

catal yst such as pall adi uni charcoal in a solvent such as net hanol

et hanol , vas fugboseset at e, di net hyl f or mam de, di et hyl f oreEmkeedzweLioone or

gl acial acetic acid, optionally with the3gddition of an acid such as
hydrochl oric acid at tenperatures 10 between 0 and 50C, but preferably at
room t enper at upe~_and under a_hydrogen pressure of 1 to 7 bar, but
preferably 1 A pr/o tive group may however al so be cl eaved by

t he met hods dg n TMWW Geene, PGM Wits in "Protective Goups in
Organi ¢ Synt hes+s'. 3 onponent s of 'general fornula IV (including
IVa and 1Vb) DN R3(1V), ereign D and R3 are defined as in

enbodi nent 1, and which na? o?% I &l protected at any am no, hydroxy,
or carboxy groups present by e usual/ protective groups such as for
exanpl e those described in TTW Geene, PGM Wts in "Protective G oups
in Organic Synthesis" and the protective groups of which nay be cleaved in
a manner WD 20081080891PCT/ EP2007/ 064406 -46- known fromthe |literature
in the course of the synthesis sequence to form conpounds of formula (1),
are known fromthe literature, or their synthesis is described in the
exenplifying enbodi nents, or they nay be prepared for exanple using

met hods of synthesis 5 known fromthe literature or anal ogously to methods
of synthesis known fromthe literature as described for exanple in
DE442907 9, ThiStweo 8a9 alsDEsEISS BphysBiagicalty7accpptate salts oMbpes00u808der in G
Bobowski et al., J.Heterocyclic Chem 16, 1525, 1979 or in P.D. Johnson et
al ., Bi oorgrcoMiifdg t¢renembetinesnt? defnedaBdve and the B0a4pE6138, W05/ 111014,
W005/ 111029 or 10 WD06/ 34822.

Description of the manufacturing process of the invention

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

(|8)

15



Fragnments bridged in the azepine noiety as shown i.n fornula 11-1 or 11-2
may for exanple be prepared anal ogously to J.W Coe et al. J. Med. Chem,
2005, 48, 3474 or J.W Coe et al. , US Patent application US2005/ 0020616,
15 W05/ whlddlesod05/ 111029 or W06/ 34822. For exanpl ecrareoypedsns of
general fornula (IV) wherei n R3 denotesga hydrogen atomand A, A2, A3,
K, K2, K3, K4 and are defined as in enbodinent 1, may be prepared by

duct 3 4 rry ,,2-
A | : 3“@“‘%@??&”’&&52‘ RO B0 DastoTesy %%‘%8%9?%%”45?13?‘*%( vvh)er ein

foI I ows ﬁ@w@&ﬁ%ﬁm&#&}"ﬂ%ﬁ& o?%oggﬂ%ﬂ?%nﬁf h@?(@%?% conv | ent Iy

d t 5 t f t
ot um cHPHPs BEEef BY %uswa@eﬁﬁ\%&@é&sﬁc“e%ﬁ%‘ﬁ%z%"iﬁsiﬁé&%r bhosphor i ¢
acid, formc acid, acetic acid, acetic an th base netals such as

iron, zi n@eW'ﬁe@HHEWpﬁtﬁe%ﬁp@Md@/%@h Qteﬁtr?fﬁ) WARSSTIYRRPEE, sodi um

sul phl de or sodiumdithionite
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
ke~ K A R o
/ I p2 ,
X Q S
: R?
;KS“K“ _ As'J\NHRa + HH]/
o |
: ]
{IVa) V) R
l i} amidation
KQ’K.I

"\Aﬁ

3
Ll
3K3‘K4 /k( ]/ compound of
optlonal ceaving  formula ()

of protecting group

{la)

Scheme 1b



or by catal ytic hydrogenation with hydrogen, for exanple under a pressure
10 between 0.5 and 100 bar, but preferably between 1 and 50 bar, or with
hydrazi ne as reduci ng agent, conveniently in the presence of a catalyst
such as Q06560 Raney nickel, palladi um charcoal, wiwatr0emeas de,
platinumon mneral fibres or rhodium oggw th conplex hydrides such as
l'ithium al um ni um hydri de, sodi um borohydri de, sodi um cyanoborohydri de,

di i sobutyl al um nium 15 hydride, conveniently in a solvent or m xture of
sol vents such as water, nethanol, ethanol, isopropanol, pentane, hexane,
cycl ohexane, heptane, benzene, tol uene, xylene, ethyl acetate,

met hyl pr opi onat e, Rl ycol , gl ycoi di et hyl et her,

~di et hyl enegl yegl dilnret hyl et her, di oxfan tet rahydr of uran,

Nmet hyl pyrrol i di @, or N-ethyl-diN r §pyl am ne, N-C1_5-al kyl nor phol i ne,
20N- C1_5- al kyl pillperildi ne, N Gl.5% Ry’ inez triethylam ne,

- pyridine, for exaypl & tenperatulfles Het b /J-30 and 250C, but preferably
bet ween 0 and 150 (c) The conponefits of genéral formula WO

2008/ 080891PCT/ EP2007/ 064406 -48- (V),(Mherern R4, R6, R6 and R2 are
defined as i nybodi nent ,Cﬁndtggere Q denotes a hydroxy or Cl4-al kyl oxy
group, a hal ogen atom or agl UQ&onycarbonyloxy or acyl oxy group 5
whi ch nay optionally; be protected at any am no, hydroxy, carboxy or thiol
groups present by _the usual prptective groups such as for exanple those
described in LW @ e, RP. Bats in "Protective Goups in Oganic

Synt hesi s" and t he 3“§t| rqups gof which ngy be cleaved in a manner
known fromthe literfature™ R r 8f t he—symthesi s seopeendef to form
10 conpounds of formala (1X, afe kn f r omdplhighal bib&irat ur @rmea (N hei r
synthesis is described in the exenpl rRfyi ng efbaticimngsyp or they may be
prepared for exanpl e usingb)ret hods of synthesis known fromthe literature
or anal ogously to nmethods of synthesis known fromthe literature as

descri bed for exanple in WO04/46138, WO05/111014,

| Scheme 2



15 W05/ 111029 or W06/ 34822. Scheme 3 WO 2008/ 080891PCT/ EP20071064406
-49- NH2 0 (VI-1) 1 i) acylation i) optional conversion of QI to Q (V)
For exanple they may al so be prepared according to Schene 3 by reacting a
conpound WO/RHOBYS0ERE h an amine (VI-1), where Q denotes BCTREPRIOHIGIO6
Cl4- al kyl oxy group, a hal ogen atom or an3@ kyl oxycar bonyl oxy or acyl oxy
group 5 and Q| denotes a hydroxy or Cl4-al kyl oxy group, which may
optionally -be converted i Q after the acylation step by saponification
and activation as descrilped ybove. The acylation may be carried out
according o the acyl ahj op<gonditions described above.

NHR®  + NHPG (PG = H or protecting group for the amino group)

(V) o ' :

(Vi)

l i} acylation

l i) optional cleaving of amino protecting group

O
R3

|
D—N
NH,

o]
(Vi)

o .
S 2
QTN R
l acylation with J\{L?/ (VI
RG

IZ

where .
Q denotes a hydroxy or Cs4-alkyloxy group, a halogen atom or a

5 C1-5-alkyl'oxycarbonyioxy 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 ten.-butoxyéarbonyl,
benzyloxycarbonyl , p-methoxybenzyloxycarbonyl, allyloxycarbonyl,

- 10 ethyloxycarbonyl, isopropyloxycarbonyl, 2,2,2—trichIorethyioxycarbony[,

methyloxycarbonyl, 9-fluorenylmethyloxycarbonyl, 2-



| o The am no acid derivatives (VI-1) are known fromthe literature or may
be prepared anal ogously to nethods known fromthe literature as descri bed.
in the Exanples, for exanple, from conmmercially obtainable am no acid

deri vat i vagzooghdsedsye. conponents of general fornula V orpcM007/064406 _
2008/ 080891PCT/ EP2007/ 064406 -50- (VII) . 4mherein D and R3 are defined as
I n enbodi nent 1, can be synthetized as described in the exenplifying

enbodi ment g, P 1dtRY Q%@J,xpg)' | LGk
synt hesi s ﬁlr%é\}nﬁy[%%%{ﬁh?ﬁgyﬁt) gégt ﬁ?@é 01? K ey J’L%eéﬁgrdg%ﬁed ggtcz%ty |cli ng to
Scherre 4. ?3 Scheme 5 -52- Schene 5(a) :

gr’oﬁ
Enantiomerically pure compounds la, Ib and ¢ can be obtained either by chiral
5 chromatography or chemical resolution of racemic la, Ib or Ic or optically active
intermediates V, VI or VIl can be employed in the synthetic steps described in

Scheme 1a, 1b and 2.

Accordingly, in a further embodiment, the present invention includes a method

10 for the preparation of substituted 3-émino—tetrahydrofuran-3-carboxylic acid
amit:les of general formula (la) in high optical purity at the carbon in position 3 of
the tetrahydrofuran ring comprising reacting a compound of the general formula
(IvVa) with a compound of the general formula (V} in high uptical purity atthe
carbon in position 3 of the tetrahydrofuran ting optionally further comprisirig

15  cleaving protecting groups, wherein K1, K2, K3, K4, X, A1, A2, A3, R2, R3 and
R6, antﬂ Q are as deﬁned hereinabove. The ami'no-tetrahydrofuran carboxylic
acid amide moiety of the compourtd of the general formula (V) and of the 3-
am.ino-tetrahydroft.ltan-?;—carboxylic acid amides of general formula {la) may
.have the R-configuration or the S-configuration.

20
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 corhpound of the general formula

25 | (IVb) with a compound of-the general formula (V) in high optical purity at the



K2-1CAI AL X --""ik2 ;(3- Kr5,311--11'"INHPG 1 or31(3-N O (S)- NETT)
(S)- or (R- Formula (I) '

WO 2008/080891 . PCT/EP2007/064406
-A1-

carbon in position 3 of the tetrahydrofuran ring, optionally further comprising
cleaving protecting groups, wherein A, R4, R5, 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-
5 3-carboxylic acid amides of general formula (Ib) may have the R-configuration

or the S-configuration.

In a further embodiment, the present invention also includes a method for the

ﬁreparation of substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of
10  general fprmuia (Ic) in high optical purity at the carbon in position 3 of the

tetrahydrofuran ring comprising the steps of. a) reacting a compound of the

' formu!a' (IV) with a compound .df the formula (VI) in high optical purity at the
carbon in poesition 3 of the tetrahydrofuran ring to obtain a compound of the

formula (VH) inr high optical purity at the carbon in bosition 3 of the

15 tetrahydrofuran ring, optionally cleaving the amino protecting group; and b)

‘ reacting said compound (VII) of step a) with a compoun'd of formula (VIIl),
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-tetrahydfofuran-S—carboxyIic acid amides of

20 general formula (fc) 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 Examplésﬂ or under conditions known from the
literature, for example as follows:

25



Anai dati on WO 20081080891PCT/ EP2007/ 064406 -53- Schene 5(b) A nidation
5 e) Preparation of a conpound of general formula (XI) (XI) wherein Ris
Cl-Cl2-al kyl, aryl, or aryl- C -Cl2-alkyl or a heterocycle, for exanple R

i s Cl - Capwa) W¥gmwsogdry! . or aryl-Cl-C4-al kyl, alternati vepyEbrododkhdy!
n-t()butyl or iso-butyl, benzyl, phenetty. WO
20081080891PCT1EP20071064406 -54- In one enbodi nent, the present invention
rel ates to)acpLfGEefart 8Midd'@v) or (VIN) with an optionally activated carboxylic acid

(V) or (V1) or (Vi)

The acylation is expediently carried out with a corresponding halide or

5 .anhydride in a solvent such as methylene chloride, chloroform, carbon
tetrachloride, ether, ethyl acetate, tetrahydrofuran, dioxane, benzene, toluene,
acetonitrile, dimethylformamide, sodium hydroxide solution or sulpholane,
optionally in the presence of an inorganic or organic base at temperatures
between -20 and 200°C, but preferably at temperatur.eé between -10 and

10 160°C. .

The acylation may however also be carried out with the free acid, optionally in
the presence of an acid-activating agent or a dehydrating agent, for example in
the presence of isobutyi chloroformate, thiony! chloride, trimethylchiorosilane,

15 hydrogen chioride, sulphuric acid, methanesulphonic acid, p-toluenesulphonic
acid, phosphorus trichioride, 1-propylphosphonic acid cyclic anhydridé,
phosphorus pentoxide, 2-ethoxy-1-ethoxycarbonyl-1.2-dihydroguinoline
(EEDQ), N,N-dicyclohexylcarbodiimide,

N,N -dicyclohexylcarbodiimide/camphorsulphonic acid,

20 N,N-dicyclbhexylcarbddiimidé/N—hydroxysuccinimide or
1-hydroxy-benzotriazole, N,N'-carbonyldiimidazole, O-(benzotriazol-1-yi)- |
N,N,N,N—tetramethyi-uronium tetrafluoroborate/N-methylmorpholine,
O-{benzotriazol-1 -yi)-N,N,N‘,N-fetramet’hyiuronium tetrafiucroborate/i-
ethyidiisopropylamine, O-pentafluorophenyl-N,N,N’, ’—'tetraméthyiuronium-

25 hexafluorophosphate/triethylamine, _N,N-thionyldiimidazole or



preparation of a conpound of the formula (XI). In this process, a Strecker
reaction is used in a "one-pot" process followed by in suit formation of
ester avoiding the isolation of internediate product 21 fromthe reaction
m xt ure. v‘F(Pioo osByAnpl e, the new process is shown as faldi@zeo7/064406 One
enbodi nment, e process uses ketone (X)_gp the starting material in a 10
reaction vmth a nitrogen source (for exanple ammoni um acetate or ammoni a),

in al COhO'tnééﬁMW{&/%ﬁﬁ@&b&{ i 0 Rnndathres byafdAeoBace (for

exanple a C such as so I'um cyani pot assi um sodi um. The

[ Che pr GARIEE: B B R Aaar eyt bRl bR B i at e 21 1< not

isolated and is directly treated 15 with alcohol R OH in the presence of
acid (for exanple HC) to generate the desired ester. The process is
generally operated in mld condition and readily avail able starting

mat er i al s Hieagdainn mgyiale by cpiies Qi Miha P@@@Xﬂfc AGe es@pYLPIdY bt t he
general formula (XI) can be obtained by the resolution nmethods descri bed
her ei nigel camd thednoider(bV)dheadtvation @dtbdomethybalumiriuexanpl e with L- Mandel i c
acid, or enzymatic resolution, for exanple with al calase. Accordingly, in
a further enbodinent, the invention relates to a conpound of the general
formula (XI) in high optical purity. In one aspect the conpound of WO

2008/ 0808 IfRCALFEER O H64rhPbundof general formula (IV) may however also be
carried out with a reactive carboxylic acid derivative of general formula (R- or S-
IX)

10

(R- or S-IX),

wherein R® and R? are defined as in embodiment 1. The acylation is then
wc:onveniently carried out in a solvent such as for example toluene,

15  tetrahydofuran or dimethylformamide, with the addition of an acid such as acetic
acid or camphorsulphonic acid or opt_ionaliy in the presence of a Lewis acid
such as zinc chioride or copper(ll)chloridé 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 exampie using

20  a microwave oven or as described in P.Wipf et al., Helvetica Chimica Acta, 69,

1986, 1153.



the general formula (XI) in high optical purity is in the Rconfiguration
or in the S-configuration. In the reactions described hereinbefore any
reactive groups present such as 5 hydroxy, carboxy, am no, alkylam no or

i M no gr QuPsediRsdie protected during the reaction by aqiyEnbiaeabe
protective groups which are cleaved agaigy.after the reaction. For exanple

a-protecting group for a hydroxy group m ght be the methoxy, benzyl oxy,

trimethyl Sd;J)]éﬁg uﬁ&%{) Oé]enet?ﬁi%%hia (I)gmg'l?)éggy% arﬁaﬁ'ﬂtd(ﬁ cor*ﬁ%ﬂéb{tﬂs 8f

'tetrahydropyr nyl gr rotectin a carboxyl group m ght be

the trimeth I y. l e

t et rahydr o% J%r%v’gﬁgy %eﬁ E%gtm é%"h’enggﬁb"t '%&Z%Ilve?ﬁs SlfCh 'ﬁ( | am no or
imno grou trtfl I nzo I et hoxycar bonyl ,
tett.-but 0(59@‘3 Bﬁnegﬂﬁ@ﬂ%ﬁﬁ@ﬁpﬁo‘fﬁf g%@f&?r idr?es enzyl or

2, 4- di met hoxybenzyl group and additi onal | for the am no group, the

pht hal yl  diiRigbentenes tolugagpens., b%@@@%ﬁy@s loxane ¢tber deralt fany oup

m ght be the trimethylsilyl, diphenylmethylsilyl, tert.butyldimethylsilyl
or a 1-hydiioxanel anetohittilee pidingr eptiphally\p heq8edsT®AiPCT1EP20071064406 - 56-
Ot her protective groups which may be used and their renoval are described
in T.W GrateicyBloBelyicivtogliinid¥,ot ecti ve Groups in O ganic Synthesis",
Wley, 1991 and 1999. 5 Any protective group used is optionally

subsequent Ay eficgRiopexfieartanmu e Mbydiydisatyiginside oran aqueous sol vent, e.g.
in water, | sopropanol /wat er, tetrahydrofuran/water or di oxane/water, in

the presencgygb eﬁﬁbﬁaﬁa@hw éérbéhwemﬁ@@,@abcoa@eﬁzothﬁ%mvll)orl c acid or
sul phuric aCYd_ of in the presence of an alkali netal base such as lithium
hydr oxi de, y SoRi MR I SroRunP RitdRSbiBorate/N-methylmorpholine,

10 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.
15 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.

i} or iii) Cleaving a protective Qroup

20 |
The optional subsequent cleaving of any protective group used is carried out
hydfonticalIy, fér exar_nple, in an aqueous solvent, e.g. in water,
isopropanol/water, tetrahydrofuran/water or dioﬁ(ane/water, in the presence of
an acid such as triflucroacetic acid, hydrochloric acid or sulphuric acid or in the

25 presence of an alkali metal base such as lithium hydroxide, sodium hydroxide or



10hydr oxi de or by neans of ether splitting, e.g. in the presence of
i odotrinethylsilane, at tenperatures between 0 and 100C, preferably at
t enperatures between 10 and 50C. A benzyl, nethoxybenzy]l or

benzyl oxyesdagmiike1dr oup, however, is cleaved by 15 hydrogenemsisms for
exanple, e.g. with hydrogen in t he presepse of a catal yst such as
pal | adi um charcoal in a sol vent such as net hanol, ethanol, ethyl acetate,

di met hyl fo&gv\;ﬁg%{gﬁh@;yr%a%}sww 0 ey g@;@?emotheﬂﬂr@%rﬁ!e @rcetl c acid,

optionally Ion o uch as hydrochloric acid at

t enperature et n.0 an [ I3 rature, and
“under a hy'&ﬁB@ ﬁ‘ aé‘sesagge%ggerfﬁﬁ%s gé@'eee a‘gL’%{d gpgfgfﬁpgfeﬁgﬁﬁtag 5 bar. A
met hoxybenz rou al so be cleaved in the presence of an oxidising
agent sucheﬁ?eg@i“fé)ﬁw?m%)e&ﬂr@n?tﬁrsh C?r ate in a solvent such as nethyl ene
chloride, acetonitrile or acetonitrile/water at tenperatures between 0 and
50C, 25 but preferably at roomtenperature. WO

2008/ 080891PCT1EP20071064406 -57- A nethoxy group is conveniently cl eaved
i n t he Hr eAdeoeylomeliuryhenzyl lor dena@oiycazoatl gD rsayHAuevastbg/| ene
chloride at tenperatures between -35 and -25C. 5 A 2, 4-di net hoxybenzyl
group, howsgeved hdrpgeieytdaly, egewitk dhydrogeniin Ithm)pmeece of acathlyst t he
presence of anisol. A tert.-butyl or tert.-butyloxycarbonyl group is

pr ef er abl ygdhesyvesl|diuri/chaiomenin asblearsuabidb metianak etiarfdl wthgacet i ¢ aci d
or hydrochloric acid, optionally using a 10 sol vent such as nethyl ene

chloride, ?éeﬁé%nﬁln?éthﬁ?d?ﬁfamsﬁepﬁﬁmﬁyfforﬂlé%/béet@héb?g%ﬂla! aebReyed, i n the

presence o razine or a prinmary am ne such as mnethyl am ne, et hyI am ne

or n-butyl ,
Col uenel wetBiotay i 52 4a o 2R 4 PR SR ChiBRe S AeRpERAIRS
10 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 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".

15

(b)  The components of general'formula IV {including IVa and IVb)
D-NH-R3  (IV),

20  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 TW. Greene, P.G.M. Wuts in "Protective Groups in Organic

Synthesis” and the protective groups of which may be cleaved in a manner



An al | yl oxycarbonyl group is cleaved by treatnent with a catal ytic anount
of tetrakis-étrighenylphosphine)-palladiun(O), preferably in a solvent
such as P& 143(088¥%f uran and preferably gﬂ%the presence GERREREESs of a
base such as 20 norpholine or 1, 3-dined at tenperatures between 0 and
100C, preferably at roomtenperature and under inert -gas, or by treatnent
with a catkiown %O@rfbahter@mrﬁ i} e @awr ghehie SHBSRiISeAUERBYIURMM™) chl ori de in
a solvent such as aqueous ethanol and optionally in the presence of a base
such as 1,ebrdpearalsiafyeiujla, ), 2] oct ane at tenperatures between 20 and 70C.
WO 20081080891PCT/ EP20071064406 -58- Furthernore, the conpounds of fornula
(1) obtai nee kmeyvrbieorn tiny Hieratdre, o theéihsyrehésis is desosibéd irptret @amalifyipg f or
pharmaceutical use into the physiologically acceptable salts with
- inorgani ¢ @nbediaRihts; AR ehélsmadbiedsrephicehfonByarpleussieh methdds of gyufieese
i nclude for exanple hydrochloric acid, hydrobrom c acid, sulphuric 5acid,
met hangsul ' G4 i j ' ' ' {dWrCirasl d,
ot 0 taci oM forahé e RRe 0P B oBGH Sl 10 PR TSy HngSITIAEIan & e
new conpo : Lol . i : may

e it iR deGortase B8 KahPISrTERRI07E, BitpuobRsy

subsequen e converted | ereof with

i i ' : ' hat ' , into th
physt ol ogi Hanp e LstasPI57.pRTS i, B ObaloBpoB R IBE BEbbERNARE. L pose-
i nclude f I di hyd ' ot I hyd i

cycl ohoxy I BHEIRIODETR GSTREnT 028 8 FAABIIAEn oMl ¢0d o Lirars efne, 15
According to the invention the optically gure derivatives of 3-Am no-

t et r ahydr dEenmnleitera3098x ¢ 9€. ardn §V@04/4611 3WAHS/1 14014 WORSIIAA0BR Obbt ai ned

for exanple in analogy to the follow ng nethods:
10 WO006/34822.

Fragments bridged in the azepine moiety as shown in formula [I-1 or [I-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,

15 WO005/111014, W0O05/111029 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

20  of general formula (lif)

o (a, .



Method |: Chemical resolution with mandelic acid 20 WD 2008/080891 PC
T/ EP2007/ 064406 OH 0OCH2CH2Ph. pH MIBE- MeCN- H20- NH37° COO- 04 NaHCO3
Et 0Ac

WO 2008/086891 PCT/EP2007/064406
47-

wherein A1, A2, A3, K1, K2, K3, K4 and X are defined as in embodiment 1, as

follows.

- The reduction of the niiro group is for.example conveniently carried oth ina
5 solvent or mixture of solvents such as water, aqueous ammonium chloride
solution, hydrochlori_c acid, sulphuric acid, phosphoric acid, formic acid, acetic
acid, acetic anhydride with base metals such as iren, zinc, tin or sulphur
compounds such as ammonium sulphide, sodium sulphide or sodium dithionite
or by catalytic hydrogenation with hydrogen, for example under a pressure
10  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 exampie Raney nickel, palladium charcoal, platinum oxide, plati_num on
mineral fibres or rhodium, or with complex hydrides such as lithium aluminium
hydride, sodium boféhydride, sodium cyanoborohydride, diisobutylaluminium
15 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,
g!yco!dimethyiether, diethyleneglycoldimethylether, dioxane, tetrahydrofuran, N-
methylpyrrolidinone, or N-ethyl-diisopropylamine, N-C.s-alkylmorpholine,
20  N-Cq.s-alkylpiperidine, N-Cq.s-alkylpyrrolidine, triethylamine, pyridihe, for
example at temperatures between -30 and 250°C, but preferably between 0 and

150°C.

{c}  The components of general formuia

25



OCH2CH2Ph OCH2CH2Ph / 1 CICO2H H S Cl NaOH EDC, HOBT, DMF 1.0 CO6 5 Ac2 O
8 Method I1: Separation of the enantioners via chiral chromatography 5 The
separations can be perforned on various DAICEL columms |ike AD-H OD H,
AS-H, QI 2doéesokl and Kronmasi| DVB, TBB. Especi al | y usefmbzoemasaddbl CEL
AD-H, QJ-H and I A columms. Chiral chromagggraphy can be used to |l o
separate racemc 7 into its S and R-enanti oner

V),
wherein R, R®, R® and R? are defined as in embodimant 1, and where
Q denotes a hydroxy or Ci4-alkyloxy group, a halogen atom or a
C1s-alkyloxycarbonyioxy or acyloxy group

5  which may optionally be protected at ahy amino, hydroxy, carboxy or thiol
groups present by the usual protective groups such as for example those
described in TW. Greene, P.G.M. Wuts in "Protective Groups in Organic
Synthesis" and the protective groups of which may be cieaved in & manner
known from the literature in the course of the synthesis sequence to form

10 oompounds of formula (1}, |
are known from thé 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
thé literature as described for example in WO04/46138, WO05/111014,

15 WO05/111029 or WO06/34822.

Scheme 3



WO 2008/ 080891PCT/ EP2007/ 064406 -60- or b) to separate racem c derivatives
11 i ke 910 11S-127 and R-12 or c) to separate racem c m xtures of |

Method I11: Enzymatic resolution Method I'V: Alternative chem cal
resol uti %mi}&/ﬁhoﬁndd ic acid PCI/EP2007/064406
‘ -49-
0 -0
_ NN R Q-
\1 7 + NH,
R® : o
(VI | (VI-1)
i) acylation
i) optional conversion of Q-1to Q
)
O
Q
; \ ./
RG
V)

For example they may also be prepared according to Scheme 3 by reacting a
compound (VIIil) with an amine (VI-1), where Q denotes a hydroxy or
C14-alkyloxy group, a halogen atom or an alkyloxycarbonyloxy or acyloxy group
5 and Q-[ denotes a hydroxy or CM—aI-konxy group, which may optionally be
converted into Q after the acylation Vstep by saponification and activation as
described above. The acylation may be carried out according‘ to the acytation

cond itions_ described above.

10 The amino acid derivétives (VI-1) are known from the literature or may be
prepared analogously o 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

15



20 5 Accordingly, in a further enbodi nent, the present invention includes
a method for preparing a conpound of the fornula (V) in high optical
purity at the carbon in position 3 of the tetrahydrofuran ring by
enzymat i g f89bgekdion of a racemc o m xture of said camporrnereisé he
formula N), preferably with al cal ase, waggein R2-and R6 are as defined
her ei nabove, and wherein O is a straight or WO

2008/ 080891PCT/ ER, ey/064406 -62- substituted Cl12-al kyl oxy group,

al Iyl oxy or qq@s ituted allyloxy group, a Cl.12-alkyl oxycarbonyl oxy or
acyl oxy groupl prefetably Qis a straight or substutited Cl4-al kyl oxy. 5
I n anot her “er ! the present invention includes a conpound of the
formula (V) in Righ optical purity at the carbon in position 3 of the
t et rahydr of uranOri ng, mherein\ﬂ% and R6 are as defined herei nabove, and
wherein Qis a hydroxy or subgtrfuted Cl_12-al kyl oxy group, a hal ogen atom

Sli Fﬁlp,cﬂ o Bherl GTe A ggiﬁ%@??ﬁﬁ&ﬂ%é%@% oyl oxy or Zﬂhif. futed
al lyl oxy gr

I t f
car boxy! | coatebsHRPREE e SessPertiE Teb Yo tRIY BB TR raR. PSR (V) T
hi.gh optical purity at the carbon in position 3 of th etr gdrofuran
ring has t%%pgﬂéﬁﬂgﬁﬁﬁﬁaﬁﬂﬁhUQFHﬂ%ﬁﬁ?ﬁépfﬁﬁﬁg%$skPﬂ@”%@ﬁbgﬁﬂﬁ [§furEhe

general formula (V) in high optical purity at the carbon in 15 position 3
of the & eterdhedmdubeprapaned pecasgingitasishemy/4t he process descri bed above.
In a further enbodi nent, the present invention includes a nethod for
preparing a conpound of the formula (VI) in high optical purity at the
carbon in position 3 20 of the tetrahydrofuran ring by enzynmatic

resol uti onggerfegacem ¢ m xture of said conpound of the formula (VI1),
preferably with al calase, wherein Qis straight or substituted

Cl.12-al kyl oxy group, or a Cl_ 12 alkykgéycarbony\éis or acylo Qgroup, or
b&}

substituted al oxxm&ﬁg&p, pre erabﬁxmgfw a Subsl st ut ed C1 onxy
group, and REhg a -hydrogemncat wp for no
function 25 a dé&fi ned herein bgy%

HX

R= H or protecting groups as esiers (8)-Vlax HX (R}-Viax HX
separation
o by crystaliization
S
o R2
oy 0w
Neutralization :\\ “a, RrE
———™ RO < or RO,
NHz NHz ] ]
armide formation
O O
(8)-VIa (R)-VIa
Q 0
‘\\\S 7 A o . Hydrolysis
2 s v,
RO " RZ o RO . S_pt —
[s) : \ ! o H \ 1 /
= =
(5)-Va (R)-Va '
Q _ =0
‘3 i “ i Amidatio
- %,
HOL D S\_RZ or HOL_~ s , on (S)or (R}
¥ . N R Formmula (I)
o H \ / a H \
R®. RE

(8)-Va - (R)}-Va



WO 2008/ 080891PCT/ EP2007/ 064406 -63- In anot her enbodi nent, the present

i nvention includes a conmpound of the formula (VI) in high optical purity
at the carbon in position 3 of the tetrahydrofuran ring, wherein Qis a
hydr oxy @Fo sié/adeogit or substituted 5 Cl42-al kyl oxy gr oxprERsdv@lcegen atom
~or a Cl_12-al kyl oxycarbonyl oxy or acyl oxyi.group, or substituted allyl oxy,
-preferably Qis a straight or substituted Cl4-al kyl oxy group, and PGis a
hydr ogen aégW% 52 protective group for the amno function as defined

her ei naboveée n one aspect of the invention, the am no-tetrahydrofuran
carboxylic acid am de noiety of the conpound of the 10general fornula (V)
in high optical purity at the carbon in position 3 of the tetrahydrofuran
ring has the S-configuration. In anofher aspect, the conpound of the
general formula (VI) in high optical puglty at the carbon in position 3 of

the tetrahydrofuran ring is obtalnaB \ mproce escrlbed above. In
anot her enbo ntqitg%mprese t |nvent| |ncludes od for preparing
a 15conpoungd i_n_high _optigalre g carbon in
position 3 of” t e tetrahydro urdﬁzrlggknggbenlcal esblut of a racemc

m xture of said conpound of th&*fornmula (VII) with a ehi ralreaci d,
preferably with L-mandel i & @& e & D and R3 are as defi ned

her ei nabove. | n another enbodi ment, the present invention includes a
compound of the 20for VII) in high gﬁf}cal purity at the carbon in
position 3 oﬁmyﬁ@ tetr furan rlng in D and $@?¥ﬁe‘§§n@pflned
her ei nabove—1n ome R 0 gﬂ%ﬁiéfﬂﬁno t et r ablvyahiagh ur an

- carboxylic @@hgmanldecﬁnlety t he conpound oftiYhe general formula (VII)

in high optbn%wmmuwwty theRcarbon in @9§|t|oﬁ 3 of the tetrahydrofuran
ring has the S—conflgur |on I n anot her



25aspect, the conpound of the general forrmula (VII) in high optical purity
at the Vi T02008/080891PCI AP2007M64406 -64- carbon in position 3 of the
tetrahydrofuran ring is obtainable by the process descri bed above.

Especi al {pp 108888dk013- Am no-t et r ahydr of ur an- 3- car boxyl i eEgE®o@eews sors for
the 5 manufacturing of substituted 3-anigm-tetrahydrofuran-3-carboxylic
aci d am des of general formula (1) are the foll ow ng conpounds: 10
Eeternlnat gge absol ute stereochem stry The absol ute configuration
of the conpoun S n be determ ned by X-ray crystall ography as is
exenplified in the experinental part for

(S)-3-[(5-chl orot hi ophen-210- car bonyl anm nopet r ahydr o- f ur an- 3- car boxyl i c

acid 7: WD 20081080891PCT/ EP20071064406 - 65- cription t he

phar maceut i cal—gsef ul propertj of ﬂﬁéfg@npound 5\ As alreacj§Jc nti oned
herei nbefore, 5ﬁﬁﬁﬂ%ds ener @ $i6HHU| arg G nd t her Quers,
enanti oners," stereoners a ysiol ogi cal | y adcepkabl e saltsukher eof

have valuableopharnacologlcab pioperti es, partlcukg&&xxan angihirQnbotic
separation

R = H or protecting groups as esters

by crystallization
. ] | .
Q /_ Q Amino group \é [/,,-
Neutralization é Y, protection RO of RO. , .
™ RO < o RO - NHPG
NH; . NHz 5 o
o] ° _ (8)- ®)-
(8)via - RV PG = amino protecting group
K1 1
,K2 As Sp2 .
-
X\ I J\ KE'K K
Kyt aT NHR? Ax Az 3 ,L
\\ 3K3
(Iva) A
Amidation ®

(8

Kz—l(

A,
Xy o)
Deprotccuon : "‘-A2 'x’ | R g / '
‘\\ ’ or e # rl\f ",
. g
3K3 Kogs” A NH,
e]

o

S
o%l R? iy

RS
(8)-or (R)-
- Formula ()

Amidation



activity which is preferably based on an effect on thrombin or factor Xa,
for exanple on a thronmbin-inhibiting or factor Xa-inhibiting activity, on
a prolonging 10 effect on the aPTT time and on an inhibitory effect on

rel at ed @&5i00§odaEAat eases such as e.g. urokinase, factarchiteg7/desamsor | X
factor XI and factor XlIl1. The conpounds_43sted in the Experinental Section
were investigated for their effect on the inhibition of factor Xa as

fol |l ows: %CH@?Q%B) Enzyne- ki neti c nmeasurenent with chronogeni c substrate.
The quantity of p- ‘nitroaniline (pNA) released fromthe col ourl ess '
chronogeni ¢ -substrate by human factor Xa is determ ned photonetrically at
405 nm It is proportional to 20 the activity of the enzynme used. The

i nhibition of the enzyne activity byhthgl test substance (in rel@ation to
_the sol vent cantor OI%, i s deterpifed abaMardous co cehtrations/of ) test
subst ance and & pom_tHE" ¥ he | i st U8t ed ro-gS e "contepffyl i on whi ch
inhibits the twgr Xa used ., % WD 2008108089 LBCT1EP20f)71084406 - 66-

Mat eri al : Tris(hydroxynet h%/fl 1t nomet hane buf f ef,#.180 smdsh)  andd¥edizum
chloride (150 m\ol), pH 8.5 Prue<ts syt Human A bum i B4t on v,
protease-free SFactor Xa (Cal biochem), spec. activity: 217 Illing, final
- concentration: 7 Um for_each reactjon nixture & [y
0 Ammo group Al e,
Neutralization 3 ” protection RO, o or RO, >
RO\% or Ro\w}éN I NHPG %HF’G
Nz ’ S}V RVIP
» 0 Q PG = amino protecting group
.A (8yVla (R)-Via
i Rt
NHR® A A
RS S 0 f/\o
(IVb) ] = or L,
' N NHPG NHPG
Amidation RB o RS o
5}V R)VIe
ot Re
A A 0
Deprotection R Q\ FI<3 f
'& o or ) N\Eé
NH, NH,
RS & RS o
(R)-vIid

. Q%IS]/ Rz(vm)
RG

. {8)-or Ry
- Formula {Tb)

Amidation

e) Preparation of a compound of general formula (XI)
HN - coor
© (X1)
wherein R is C1-Cqz-alkyl, aryl, or aryl- C4+-Ciz-alkyl or a 'heterocycl_e, for
example R is C-Cg-alkyl, aryl, or aryi-C1-Cy-alkyl, alternatively R is methyl, n-

10 butyl or iso-butyl, benzyl, phenethyl.



Substrate S 2765 (Chronogeni x), final concentration: 0.3 mMI (1 KM for
each reaction m xture 10 Test substance: final concentration 100, 30, 10,
3, 1, 0.3, 0.1, 0.03, 0.01, 0.003, 0.001 Rw1/1 Procedure: 1510 pi of a
23. 5-t1 My 50H6RRdr ated starting sol.ution of the test wubshedwes@E Sol vent
(control), 175 Rl of TRIS/HSA buffer ands25 Rl of a 65.8 UL Factor Xa
wor ki ng sol ution are incubated for 10 mnutes at 37C. After the addition

of 25 Rl of, rér@sl(/ i s measured
in a photo gr?épéeﬁ@ﬁéﬁé ?S@%%%dt eﬁ%gﬁ%ei oro Hgggﬁﬁgﬂlit 37C. 20
measuri h;’”%epm g %ﬁ%ﬁ%@ﬁﬁé@ﬁ%%ﬁ@m@%eﬁ?%%%e%eé‘rf% g the
0,

oo (o | e P b el h BT e | Ko
by interpolating the X-value (substance concentra |on% of th?

dosage/ act P¥i€ipg e {ﬁ@l%hon\ofmtsme@@l%ﬁwwﬂp%% from the reaction mixture. For

5  example, the new process is shown as follow:

0O

7 HoN
& Ko} o}
e o 0o
X

21 Xl

in one embodiment, the process useé ketone (X) as the starting material in a
10  reaction with a nitrogen source (ior example ammonjum acetate or ammorniia),
in alcohol (for ekémple' methanol or éthanol) and a cyanide source (for example
a cyanide sait, 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
15 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 formuia (_Xl) can be
obtained by the resolution methods described hereinbelow, including chemical
20 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 (X1) in high optical purity. In one aspect the compound of



Al'l the conpounds tested had an |1 C50 val ue of |ess than 10 pnol /L.
Surprisingly, for the conpounds with S-configuration at the

am no-tetrahydrofuran carboxylic 10 acid am de noi ety higher potency was
obser vedwaonobdresckofa assay. For exanpl e: PCT/EP2007/064406
(S)-3-[(5-Brono-thiophen-2-y1)-carbonyl aggno] - N- (3-net hyl- 2, 3, 4, 5-tetrahyd
ro- 15 1 H benzo[c]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid am de
showed an t'h@%%n%?awr‘@m&mm(xnlmtg@xl dptRal Plity iPiethe R-asnfUEaMSEH ihakhé on
conpared to the (R)-enantiomner, '

(S)-3-[( 5-%9@0,%% phen-2-y1)-carbonyl am no] - N- (3-net hyl -2, 3, 4, 5-tetrahy
dro- 20 1 enzo[ c ?’azepi n-7-yl)-tetrahydrof uran-3-carboxylic acid am de
showed an |1 C50 at an approxi mately 8-fold | ower plasma concentration
conpared to the (R)-enantiomner, - '
(3S)-3-[(5-chl oro-t hi ophen-2-y1)-carbonyl ami nc] - N- ((5R) -3, 5-di.net hyl-2, 3,4
,5- 25 tet IP&H?(H?%Q"WS E%tf%é‘i') Cbr?-fc?r- '}y-rle@FI}“J%%Lé? 8%%‘?“355%{? Boxylic
acid am de WD 20081080891PCT1EP20071064406 -68- showed an Ig:SO at an

appr oxidmat BAFOX0-CBBIQKY) BHEI0. RllArEINe SN dEHIG SHOMBR MNRRPEeSsd dyENg
correspondi ng (3R, 5R)-di ast ereoi soner and ) .

( 3S) - 3- [ ( Sheleacton by ophentionglrotestive oyouns WoTh Rreelspvar sgainrmstenine 2, 3, 4,
5- tetrahydro-1H benzo[ c] azepi n-7-y1)-tetrahydrof uran-3-carboxylic acid

am de 5 sheeefibran 1 C50 at an approxinmately 7-fold | ower plasna
concentration conpared to the correspondi ng (3R, 5S)-di ast ereoi soner.
(S)-5-chl oro-thi ophene-2-carboxylic

aci d- N-{343- net hyl - 4- (5-cyani m n[ 1. 4] oxazepan-4-yl) - phenyl car banoyl Het r ahy
~drof uran- ey deRfide HoRRAg g%d&fdrﬁﬁgzo%x@@o@gnﬁ@m patR mehxdol d | over

pl asma concentration conparéd to the (R)-€nantioner,

(S) - 5-hr ooz LhiQphenes.2-carb, |yi - D h

(5-o0xo0[1, ﬁeoigglzoe aﬁ?ﬁ?@{l?%h%&%wtg?@%ﬁfmﬁﬁ%;ﬁ&lbpg?é’rll-05-yI yam de showed
an 15 IC5Q£ Et an aﬁgnori mately 16-fold | ower plasma concentrati on conpared
to the (R CEARY{TPEHENY! group.

Protecting groups for a carboxyl group might be the trimethylsilyt, methyl, ethyi,

tert -butyl, benzyl or tetrahydropyranyl group.

15
A protecting grou-p for an aming, alkylamino or imino group might be the acetyl,
trifluoroacetyi, benzoyl, ethoxycarbonyl, tert.-butoxycarbonyl,
benzyloxycarbonyl, benzyl, methoxybenzyl or 2,4-dimethoxybenzyl group and.
additionally, for the amino group, the phthalyl group.

20 |

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

diphenylmethylsiiyl, tert.butyidimethylsi!yl or a 1-hydroxy-1-methyi-ethyl group.



(S)-5-chl oro-thi ophene-2-carboxylic

aci d- N- 1344- (5-cyani m n-[ 1. 4] oxazepan- 4- ,

y1) - phenyl car banoyl pet r ahydr of ur an- 3-yl bam de showed an 1 C50 at an 20

appr oxi matceiowsddasdiol d | ower plasma concentrati on conpar@EvER2607I0€106 R) -
enanti omer and WD 20081080891PCT1EP20074§64406 -69- approximately 15-fold
| ower plasma concentration conpared to the (R)- enantioner. In view of

their phar @ aeplagbedle @69?@ WiHiG S mal) Den@WdcaieeRdemag! dre®escribed in
5physi ol ogical 'y acceptable salts thereof are suitable for the prevention

and treat hidid @;ee %n@'ﬁ.l\ﬁz}ﬂfyf’g "@théétivbré@gggﬁr} @)f&i"ﬁ@g?’ﬁ ’es%‘”,oﬂ_ilé*?, For

exanpl e the preventi oh an reat nent of eg - vel n "t hronbosi s,

t hr onbophl f&#i ) ié preventing reoccl usions after bypass operations or
angi opl ast quactjl § and occlusion in peripheral arterial diseases, and

for preventing and treating 10 pul nonary enbolism dissem nated

i ntravascul ar coagul ati on and severe sepsis, for preventing and treating
DVT in patients with exacerbated COPD, for treating ul rcferati Vﬁ %ol itis,
for prévenhingrodeativergsaup ngee iy eptianplly RHbsRBENdY cregived feh RXAMRG Y _

t hr omboenbol i c events associated with atrial fibrillation, e.g., stroke
and the ocuydrslysis imansiquedss solyenhh eagidn wader, iISOREREGWEWaIRIs according to
the invention are suitable for antithronbotic support in thronbolytic

t r eat ment , tegbidrefurhofvataomdiexand/watrt iaghe pessenee e basejd swnheas epl ase,

st aphyl oki nase or streptokinase, for preventing long-termrestenosis after

PT(C) A forintibeabsfy86li Rpdrabelofic Baidn@Hul ek dcitorierthe pesssnice of anpat i ent s
with all fornms of coronary heart disease, for preventing netastasis and

the gr owt iR fidfdiaSe 30n iR AIRMRIAE CSRASATY RIS dpdiBSsibmeat ment of

pul nonary rosts or pul'monary art’erial hypertension” for preventing and
treati r i r 11l - eV P @ﬁ% : F Ng

fibri n{bgep@%gﬁﬁgto?Eglﬁﬁegéaﬁgﬁeltgégg%ﬁﬁdﬁo%%'H@g? or ng%—;ﬁ%%&t)f scar tissue and
For iodotrimethylsilane, at temperatures between 0 and 100°C, preferably at

temperatures between 10 and 50°C.

A benzyl, methoxybenzyl or benzyioxycarbony! group, however, is cleaved by
15 hydrogenolysis, for example, e.g. with hydrogen in the presence of a catalyst
~ such as palladium/charcoal in a solvent such as methanol, etha_no[., ethyl
acetate, dimethylformamide, dimethylformamide/acetone or glacial acetic acid,
optionally with the addition of an acid such as hydrochioric acid at temperatures
between 0 and 50°C, but preferably at room temperature, and under a hydrogen

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

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

25  but preferably at room temperature.



25 pronoting wound healing processes. W) 20081080891PCT1EP20071064406
-70- Conpounds may al so have utility as anticoagul ant agents in connection
with the preparation, storage fractionation or use of whole blood ; and in
t he coat isighoddogogmasi ve devi ces such as prostheses, arpdinerad7osedoyes and
catheters in reducing 5 the risk of throgous formation. In view of their
phar macol ogi cal properties the new conpounds and the physiologically
acceptabl e salts thereof are also suitable for the treatnent of

Al zhei nmer' s and Par ki nson's di sease. One explanation for this arises for

1D XA Ca kol 81 B¥h AN i pHeRRe of bERIN PG BE i ded

that thronbin™in rs or tact y inhibiting thronbin

S e N e e R A T

i ndi cate that neurotoxic nechanisns, for exanple the inflanmmation which is
associated with the 15 activation of proteases of the clotting cascade,
are involved in the dying of neurones follow ng brain injury. Various

st udi e poh Ai4-dinethexyaensy\@rpent heweyaly ismselers yﬁ@@w@@@bﬁrﬁé%qwac
processes, for exanple follow ng a stroke, repeated bypass operations or
traumat i c dsidimthiergjrasgncefof amsoleased t hronbin activity has been :
denonstrated sonme days after peripheral nerve damage, for 20 exanple. It
has al so been shown that thronbin causes a neurite retraction, as well as
glia proliferation, and apoptosis in primary cultures of neurones and

neur obl astA?@af.OcﬁJtM%r(té@.tblﬁy@_u?wb&snﬁ@eou@er@mrgbly oRgived B30f<tment 6) , 783-
ro

793). Moreover, various in vi studies on the brai-ns of patients with

Al zhei ner '@itﬁi%ﬁ%%?est |l Laingdrddeatic hbm%miyﬂrdﬂh%fﬁlébiéz,%[ﬁiohﬁllﬁ Dﬁn% 2) A

pat hogenesi' s I's disease (Neurosci. Lett. 1992, 146, 152-

concent atd g 4, LA Mstny MR AN ARILRETHERRR0 71064406 - 71-

A phthalyl group is preferably cleaved in the presence of hyd’razirie or a primary
amine such as methylamine, ethylamine or n-butylamine in a solvent such as
rﬁethanol, ethanol, isopropanol,-toluene/water or dioxane at temperaiures

15  between 20 and 50°C.

An allyloxycarbonyl group is cleaved by treatment with a catalytic amount of
tetrakis-(triphenylphosphine)-paliadium(0), preferably in a solvent such as
tetrahydrofuran and preferably in the presence of an éxcess of a base such as
20  morpholine or 1,3—d.imedone at temperatures between 0 and 100°C, preferably
at room températur’e and under inert gas, or by freatment with a catalytic
amount of tris-{triphenylphosphine)-rhodium(l)chloride in a solvent such as
agueous 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.

25



reactive thronmbin has been detected in neurite plaques in the brains of

Al zheinmer's patients. It has been denonstrated in vitro that thronbin al so
plays a part in the regulation and stinulation of the production of the
"Any| oi dwky Resssegmr Protein” (APP) as well as in the cleavvimgmbibbe APP
into fragnents 5 which can be detected igg-the brains of Al zheiner's
patients. Mreover, it has been denonstrated that the thronbin-induced

mi crogl i al agidrtefe e LBRbGBUNGS W 1ty L EoiRaIIAARbE @nGired Bgtne

dopam ner gi C neurones. I ndings | ead one to conclude that mcroglial

St S SR S T
death of e 00 9 OGRS o St Sclhol BERHY ek RRRBMSRES "

and the physiologically acceptable salts thereof are al.so suitable for the
prophy!| axi%'sd?iﬂp‘fﬁ%kﬁlcmgﬁtfobﬁx%’ﬂ’é’@rri“&m %‘E‘:?J?%ig’ W@@E@Q@C §§'d1§UIEBH‘B? nati on
therapy with |ipid |owering agents such as HMG CoA reductase inhibjtors,;
and vasodidcid.onethanasyahenic @cis: PRoePhoris anid. deariamgide SERENIG acid, lactic
antagonists, renin inhibitors, R receptor antagonists, a-receptor

ant agoni stagid, diiticelcid; $artaCic- adidenetalbic@ckkers, or stinulators of soluble
guanyl ate cyclase. 20 By increasing the antithronbotic efficacy, the new
conpounds and t he physi ol ogically acceptable salts thereof are also -
suitable in conmbination therapy with other anticoagul ants e.qg.

unfracti onabevBeRAkhew E¥mpBLRGbEMIBRAT dWhidIh of GiBeRAgIoNpXhegr di r ect
thrombin inhibitors e.g. reconbinant hirudin or snmall nolecule synthetic

1 nhibi tors, y%ﬁ%ﬁnﬁgwaéﬁ% l@fé&ﬁ%%&%@ thel %altﬁh@lcﬁrv\!riﬁh inbRfanf@mpounds

and the phyg acceptdbl’e salts thereof are also suitable for the
h i nd t { t..of I,al i ! ti

Pher a wi PR At deaeoauurayaly I A RrrmbPagerled KRS FREmRRISAER R e

or a glycoprotein-1I1b/ll1a ant ni_st _or thrombin receptor 5 agoni st .

The  dos agtehiAtie s hersoguTlE haseS or P PRoeBr SR R e e 00s t o 3

ng/ kg body weight, preferably 0.003 to 1.0 /)ﬁg body wei ght. by

i nt r avenousPdigltwdrade. Potresiyg WQFW%éyﬁ@h‘gx My et APRBly 0.01 to

10 nmg/ kg body weight by io oral route, in each case administered 1 to 4
ti mes a dajiethanolamine, and triethanolamine. ,

15  According to the invention the optically pure derivatives of 3-Amino-
tetrahydrofuran-3-carboxylic acid eg. I, V, Vi, VIl or IX can be obtained for

example in analogy to the following methods:

Method I: Chemical resolution with mandelic acid

20



For this purpose, the conpounds of formula (1) prepared according to the
invention may be fornul ated, optionally together with other active
substances, with one or nore inert conventional carriers and/or diluents,
e.g. W tiFRbfeshpst arch, lactose, glucose, mcrocryst aldrrreowabias ose,
magnesi um st earate, polyvinyl pyrrolidonegcitric acid, tartaric acid,

wat er, water/ethanol, water/glycerol, water/sorbitol, water/polyethyl ene

gl ycol, propyene gl ycoI cetyl st ead;ou c,azlpaohol car besryeepbhyl cel | ul ose or
fatty subsfapnces s as olp,arﬂoﬁat égbl BaHTO% eguthereof, to produce
conventiona%d 2er’u§6?\§ r—aam S ch ) asgphal n/ o Coat ed t abl ets,
capsul es ers uspensi ons or Qugpositories. The ngw conpounds and t he
phy5|olog|cally acceptabl e salts thereof nay be used therapeutically in
conjunction with acetylsalicylic acid, with inhibitors of platelet
aggregation suck™as fibri nogen receptor antagonists (e.g. abciximb,
26eptifi batl GO0 | ban@ exishi ban), with phgsmmmizmabHactl vators and

i nhibitors o V\D 2008 él 1EP200 72064406 ™ -N Jun, %’[I ng system
and the recwuTbeEmaot-Hanal o ue% ere®? (ersgw Pratein @fﬁjﬁl
antithronbin), wth inhi®itors“of ,ADP-induced agﬁqre&@tl on (e g.

cl opidogrel, ticlopidine), with P2T recept or ant agoni *STs (e.g. cangrelor)
or with conbi ned thronboxane receptor antagonists/synthetase inhibitors
(e.g. 5 terbogrel) or with a thrombin r8 h‘gr ant agoni st (e.qg.

SCH- 530348). Experl MBof2H, p&ﬁWT I"es that foIQ"bw are intended
to illustratenthe Tventiorf % éﬁ

7
EtOAC EDC, HOBT, DMF . VS
o 7

SCO

0
5

Ac20
s._.Cl
O
o W
.

Q

Method Il: Separation of the enantiomers via chiral chromatography

5 The separations ¢an be performed on various DAICEL columns like AD-H, OD-
H, AS-H, OJ-H, IA, IB and Kromasil BMB, TBB. Eépecially useful are DAICEL

AD-H, OJ-H and IA columns.

Chiral chromatography can be used to

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

0 . OH
NH. C[ CO,H chiral Of H N
o vy (3T
9 4 MesSIOC(=NSiMe;)CF; chromatography o
in analogy to o
WO02005/1110629 7

and (R)-7



As a rule, nelting points and/or IR UV, 1H N AR and/or nmass spectra have
been obtained for the conpounds prepared. Unless otherw se stated, Rf

val ues 15 were determ ned using ready-made silica gel 60 F254 TLC pl ates
(E. Mercko fdessesadt, |tem no. 1.05714) wit hout chanbhaCEER2007464406. The Rf
val ues gi ven under the headi ng Al ox wer es@et er mi ned usi ng ready-nade ,
al um ni um oxi de 60 F254 TLC plates (E. Merck, Darnstadt, Itemno. 1.05713)
wi t hout ck@rﬁ)qb @pbm@t—é@@nic'ﬂ@ﬁvﬁﬁvm 1Ukig gi ven under the heading

Rever sed- phase-8 (RP-8) 20 were determ ned using ready-nade RP-8 F254s TLC
pl ates (E. Merck, Darnmstadt, Itemno. 1.15684) w thout chanber saturation.
The ratios given for the eluants refer to units by volunme of the solvents
in question. For chromatographic purification silica %el de by Messrs
MI11ipore (MATREXTm 35-70.lanf was used. \nlesg nore Pad information
is provided as, ha. cont i GirasqBiee WO 20087 PG®/ EP2007/ 064406 - 74-
it is not clear t her—=+he prdycts are pure stigr/eoi somers or m xtures of
enanti oners and &iastereomers. The fol | ow ng abbrevi ations are used in the
test descriptions: 5 BOCtert-bugoxycarbonyl CDI #%1'-carbonyl diini dazole D
PEAN- et hyl - di i sopr opyl am ne DVAP4-di net hyl zam nopyri di ne

DVFN, N-cl i gt hyjf ar j de DMVBCdi met hyl sl foxi £ H
. J O | -\—O a —_— LO (o]
11 S-12 - 7
and
R-12
or c) to separate racemic mixtures of |
5 A '
, 5 |
D i H D i ﬁ D ﬂ
~ chiral column ~ ~ . -
S NCU S S
R o SRR R /-0
—0 _ c 0 ,
N (S)I (R-l
10

Method Ill: Enzymatic resolution



“EDCL- et hyl - 3- (3-di met hyl am nopr opy) car bodi i m de Et OAcet hyl acet ate
sat.saturated 15hhour(s) HATU _

0- (7-azabenzotriazol -1-y1)-N, N, N , N -tetranet hyl uroni umhexaf | uor ophosphat e
HOBT 1 - oslssaxsolpanzot ri azol e | PAi sopropanol 20LI HVDSI gctimksson /064406

hexanet hyl di si | azi de NaHVDS sodi um hexapg{hyl di silazide i. vac.in vacuo
conc. concentrated m nm nute(s) 25 MsCl net hanesul fonyl chloride WO

2008/ 080891PCT/ EP2007/ 064406 - 75-

Cl—¢ ]
oy™" soct HzN, _cooiB EDC S H
NH;  BUOH St OBt N, COOBu  Alcalase
o HCl o 6 H,0. acetone
0] : Cl—¢ ] 0 pH®&.8-7.2
1 13 14
COQH
M
® N, .COOiBu ° S N, LCOOH
o} 6 2. recrystallization o} 6
o from H;O Is!
(8)-15 (s)-7
Method IV: Alternative chemical resolution with mandelic acid
: OH -
HzN = O ) -
COOH  S0C, H2N ~50Ry ©/\COOH NH, :
ABUOH (—y MA  1.NaHCO;
O o 0
2. BOCzo
1 16 17

0 OBU ) : : -
NHBoc TN BocHN, N— 6M HCI/MeOH
vy |
H
o
o 19

0 :

LHMDS
18
0
2 & N 2HCI
H
0
20

Accordingly, in a further embodrimént, the preseht invention includes a method

for preparing a compound of the formula (V) in high optical purity at the carbon

in poéition 3 of the tetrahydrofuran ring by enzymatic resolution of a racemic
10 mixiure of said compound of the formula (V), preferably with alcalase, wherein

R2 and R6 aré as defined hereinabove, and wherein Q is a siraight or



MIBEnmet hyl -tert. butyl et her Me-THF2- net hyl -t etrahydr of uran

NVIWN- et hyl - nor phol i ne Pd2dbasbi s(di benzyl i deneacet one) pal | adium (0) 5

n- Pr OHL- propanol [Rh(COD)Cl]2 chloro(1, 5-cycl ooct adi ene) rhodi um

ftretent wanmdaodess ftretention tinme rtroomtenperat ur eeCiPEP2007/664406

TBTWO- (benzotriazol -1-y1)-N, N, WN1-tetraget hyl uroniumtetrafl uoroborate
TEAtri ethyl am ne TFAtrifluoroacetic acid TFFAtrifl uoroacetic anhydride 15

THFt et r ahygliiafitifad CTS SRRy GRbMS RyRsy P BLEsIAGHE AMPloRy Gftkup, a

C1.12-alkyloxycarbonyloxy or acyloxy group, preferably Q is a straight or

substutited C4-alkyloxy.

5 Inanother embodimént_, the present invention includes a compound of the
formula (V) in high optical purify at the carbon in position 3 of the
~ tetrahydrofuran ring, wherein R2 and R6 are as defined hereinabove, and
wherein Q is a hydroxy or substituted Ci.12-alkyloxy group, a halogen atom or a
C1.12-alkyloxycarbonyloxy or acyloxy group, or substituted allyloxy group,

10 preferably Qis a substituted Ci.1z-alkyloxy or substituted allyloxy group. In one
aspect of the invention, the amino-tetrahydrofuran carboxylic acid amide moiety
of the compound of the general formula (V) in high opfical purity at the carbon in
position 3 of the tetrahydrofuran ring has the- Suqonfiguration. In another aspect,
the compound of the general formula (V) in high optical purity at the cérbon in

15  position 3 of the tetrahydrofuran ring is obtainable by the process described

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
20 ofthe tet.rahydrofur'an ring by enzymatic resolution of a raéemic mixture of said
compound of the formula (VI), preferably with alcalase, WHerein Q is straight or
substituted Ci.12-alkyloxy group, or a &C1-12-aIkyloxycarbonyloxy or acyloxy
group, or substituted allyloxy group, preferably Q is a substituted Cq«-alkyloxy
group, and PG is a hydrogen atom or a protective group for the amino function

25 as defined hereinabove.



TsOHpar a-t ol uene sul fonic acid. \al phosl 42-
(2' di phenyl phosphi nophenyl ) f errocenynet hyl di Phenyl PhosPhi ne 20 The ter m
"t h' ophen-2-y1" or "thien-2-yl" denotes the group shown in the box: 2 \\
The HPLCwW@stssayer e obt ai ned under the fol |l owi ng conelit/Erene/064400
2008/ 080891PCT/ EP20071064406 -76- Methodg#®  The nobil e phase used was: 5
A: water with 0.15% HCOOH B: acetonitrile 10 - ' :
In another embodiment, the present invention includes a compound of the
formula (V1) in high optical purity at the carbon in position 3 of the
tetrahydrofuran ring, whefein Q is a hydroxy or straight or substituted
5 Ciaz-alkyloxy group, a halogen atom or a C1.4 2-alkyloxycarbonyloxy or acyloxy
group, or substituted allyloxy, preferably Q is a straight or substituted
Ci4-alkyloxy group, and PG is a hydrogen atom or a protective grdﬁp for the
aminb function as defined hereinabove. In one aspect of the invention, the
amino-tetrahydrofuran carboxylic acid amide moiety of the compound of the
10 general formula (V1) in high optical purity at the carbon in positioh 3 of the
tetrahydrbfuran ring has the S-configuration. In another asrpect, the compound
of the general formuia (V1) in high optical purity at the carbon in position 3 of the
tetrahydrofurah ring is obtainable by the process described above.
In another e'mbodiment, the present invention includes a method for preparing a
15 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 formuia (VIl) with a chiral acid, preferably wfth L-mandelic
acid, wherein D and R3 are as defined hereinabove.
In énother embodiment, the present invention includes a compound of the
20 formula (VIl) in h.igh optical purity at the carbon in position 3 of thé
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 (VIl).in high optical purity at the carbon

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

25 aspect, the compound df the general formula (V1) in high optical purity at the



time in mn 0.00 2.00 9.00 %\ 95 95 2 "B 5 5 98 flowrate in m/mn 1.00
1.00 1.00 The stationary phase used was Zorbax Stabl eBond C18 col um; 8pm
; 50 M x 90 nm 15 A) Determ nation of the absolute stereochem stry of

conpoundyg zoddissesryst al structure of conpound 7 was degicgrmmoemsdayes di rect
met hods. The absol ute configuration was gheterm ned by refinement of the

Fl ack paranmeter (Flack HD (1983), Acta Cryst. A39, 876-881). 20
carbon in position 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 (I) are the foliowing compounds:_

PRCH, fé NHBoG @\/\ Jb n-Butyl, ‘\NH J%

PncH. I peHcH, I R ) n-Buty g Ethyl NH
2"0 NHZ 4 2\0 ‘\O ‘\NHBOC O | 2
§7Cl
O R
\_O , J

HC— e
|so-Butyi\ m\N sNHBoc
Foxg 7711 * o .

Jéz °

B
PhCHz\ %—)\ ) N%NH(C(O)OBn
H
*Sr@ JKS - Jg“r& *S

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:



Crystal data CLOHLOCI NO4SV= 1100.7 (4) A3 M = 275.70Z = 4 Dx= 1.664 My

in-3 25 a = 7.8200 (16) ACu Ka ~77- b = 8.7700 (18) Ap = 4.91 M 1
c = 16. 050 ,
WO 2008/080891 ) PCT/EP2007/064406
' -65- :
O
H
Ne 4\
HGO
A s’ ~Cl

Description of the pharmaceutical useful properties of the compounds

5 As already mentioned hereinbefore, the compdunds of general forrhula {I) and
_the tautomers, enantiomers, diastereomers and physiologically acceptable salts -
thereof havé valuable pharmacological properties, particularly an antithrombotic
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

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

such as e.g. urokinase, factor Vlla, factor IX, factor Xl and factor XIi.

The compounds listed in the Experimental Section were investigated for their
effect on the inhibition of factor Xa as follows:
15
Method:
Enzyme-kinetic méasuremént with chromogehic 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 -
20 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 ICso is calculated, as the

concentration which inhibits the factor Xa used by 50 %.
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Data col |l ection

WO 2008/080891 PCT/EP2007/064406
-66-

Material:
Tris(hydroxymethyl)-aminomethane buffer (100 mMol) and sodium chloride (150

mMol), pH 8.0 pius 1 mg/ml Human Albumin Fraction V, protease-free

Factor Xa (Calbiochem), spec. activity: 217 1U/mg, final concentration: 7 1U/mil

for each reaction mixture

Substrate S 2765 (Chromogenix), final concentration: 0.3 mM/l (1 KM) for each

reaction mixture

Test substance: final concentrat.ion 100,_ 30,10, 3,1, 0.3, 0.1, 0.03, 0.01, 0.003,

0.001 uMol/l

Procedure:

10 pl 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 2 65.8 U/L Factor. Xa
working solution are incubated for 10 minutes at 37°C. After the addition of
25 W of 8 2765 working solution (2.82 mMol/l) the sample is_measured ina

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

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

points.



Saturn 944 CCD nounted on AFCl11K diffractoneter 1627 independent
reflections 10o0scillation scansl1610 reflections with I> 20(1) Absorption
correction: enpirical (using intensity nmeasurenents) Rint = 0.052 3840
measur edweido@bdokaAns= 63. 7 15 Refinenent Refinenment orpciZemyoskdfe- 2( FO2)
+ (0.0388P)2 + 0.2397P] where P = (F02 +2F, 2)/3 RF2 > 20(F2)] =
0.030(A/a)max = 0.001 WR(F2) = 0.072APmax = 0.27 e K3 20 S = 1.08Aprnir, =

027 e A o inne: .27 0 S it
e z%_éﬁd&égrﬁﬁmﬁt@%r?ﬁ@hpﬁ sed ggl%é%ﬁgbﬁf‘corﬂﬂﬂ‘._e par anet ers

atons tre ure ndependent and constrai ned refinenent Flack
paraneter: 0.009 (17) WD 20081080891PCT/ EP2007/ 064406 - 78-

3. Plotting a dosage/activity curve (% inhibition vs substance concentration).

5 4. Determining the ICso by interpolating the X-value (substance concentration)

of the dosage/activity curve at Y = 50 % inhibition.

All the compounds tested had an ICs; value of less than 10 umol/L. Surprisingly,
for the compounds with S-configuration at the amino-tétrahydrofuran carboxylic

10  acid amide moiety higher potency was observed in the FXa assay.
For example:

(S)-3-[(5-Bromo-thiophen-2-yt)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-
15 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-ChIoro-thiophen-2-y|)~carbonylamino]-N—(3-methyl-2,3,4,5-tetrahydro-
20 1H-benzo[d]azepin-7-y!)-tetrahydrofuran-3-carboxylic acid amide showed an
ICso at an approximately 8-fold lower plasma concentration compared to the

(R)-enahtiomer,

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

25  tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide



Data col l ection: Saturn 944 CCD nounted on AFCL1K/ RU200 rotating anode
generator; cell refinement: Dtrek; data reduction: Direk; progranm(s) used
- to solve structure: SHELXS97 progran(s) used to refine structure: SHELXL97

nmol ecul aky@sphdoss: XP. 5 The configuration of the chip@irastaemoatomi s
S. The structure is shown in Figure 4. BjgPreparation of
3-am no-tetrahydro-furan-3-carboxylic acid derived internedi ates: 10

Preparati og,Rfe aﬁ@gﬁif},ﬂ% it ?Yé(ig;apff_arrdaawéf ﬁl%%%%nicénﬁﬁtii(ﬂ*u phenet hy!

ester x para-toluenesulfonic aci 0 a solution of

3-am no-tejr [ n- 3- j J 3 mol) in :

2- phenyl et%%{ﬁ@%fr%éﬁééﬁ%ﬁﬁﬁr@ﬁ%@%ﬁi&%ﬁ#&#&%ﬁa 385 TooH Heo (174 15

, 916 nmo r nitrogen and the m xture ted.tore (=wWhi |l e the
et or uas. GOV EAE ety SRR RO B o BT RS e Y g e
reaction, the reaction m xture was concentrated_to é/S 'Of%iés g{?iegi nal

vol ume andie¥abyd@-1/d-berarisiazepiirpat)delABydromEen-C1ereoR i a¥fed and the
m xture was stirred for 1 h. The slurry was filtered and the wet cake was
washed & wi ghowgd an iRt 20 appiodmiaély 70Ol lower Rlasmaseansgnpaiieiuct 2 (284 g)
in 92%yield. i HNVR (DVMSO- D6, 400 MHz) 8 8.60 (br s, 3H), 7.47 (d, J = 8.0
Hz, 2 H), dorafared.tdbhd ooréshondhglBR,8S)-diastere@sotner.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 WO 2008/ 080891PCT/ EP2007/ 064406 - 79-
Preparation of rac-3-am no-tetrahydro-furan-3-carboxylic acid phenet hyl

ester (3) 3gsﬁgsl.-éhIéro5t%ﬁen@%-@éﬁ@@lﬁﬂﬂ@@%{@%—ﬂi&t%ﬂ(@cﬁﬁﬂﬂEh—2 (283 g) and

1.5 L of e acetate and the reSulting m xture was stirred at anbi ent

ormer a1 U 48t ARG LR S AT ooy

phase was ‘extrac acet ate. e conbi ned organic
phases wer e dr{ed and COne,
50 &

yield. 10 £8 aBPOIRAERM 7 RN bk HEYREIDnES¥AtRhbohatefto thd M 97%

(R)-enantiomer,

(8)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-0x0-
[1,4Joxazepan-4-yl)-phenylcarbamoyl}-tetrahydrofuran-3-yl}-amide showed an
15  ICsp at an approximately 16-foid lower plasma concentration compared fo the

(R)-enantiomer,

(8)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-{1.4]oxazepan-4-
yI)—phenyicarbamoyl]-tetrahydrofuran-3—yl}-amide showed an ICsp at an
20 approximately 15-fold lower plasma concentration oompared 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 ICs at an



Preparation of (S)-3-am no-tetrahydro-furan-3-carboxylic acid phenethyl 10
ester x L-mandelic acid (4): A mxture of 3 (157 g), MIBE (0.94 L), MCN
(0.94 L), water (0.094 L), and Lmandelic acid (152.2 g) was heated to

50- 52C f ¢fp Rfds/ddos1 The m xture was cool ed to 41-43C i np@nerosmosaind 1. 299
of seed was added. After stirred for 30_gan, the m xture was cooled to 0 C
and stirred for 3 h. The slurry was filtered 15 and the wet cake was

vashed i gt bR {oTPioll cth lebfkbriich (BrphrslpIcthd Ry ©) 1n 43. 9%

yield and e above salt was recrystallized froma m xture of MIBE
(908 ni), %%3@% 08 nm.), and water (54.5 nL) to give 102.0 g of product
in 89.9%y "20 98.2% de. One nore crystallization from MIBE (816
m.), CH3CN (816 nmiL), and water (48.9 nlL) gave 94.3 g of 4 in 92.5%yield
(35.0% overall yield) and 99. 7% de. The enantionerically purity was

anal yzed by chiral PLC with chiral pak AD-H colum, 250 cmx 4.6 nmm 5 pm
2 num n, 2Poviewnof deis pasmacelogizal properties-the rewcomppads ety . it = 10.1
mn, ((R-isoner). WD 2008/ 080891PCT/ EP2007/ 064406 -80- Preparation of
(S) - 3- Am nehtsialpingky acdeptatte salksifesaglare suirlblejocihetmrgyerdionands: A
suspension of 4 (94.3 g) in 750 nL of Et0Ac was added 750 nlL of 5%
NaHCOBsol utréaimenn of vérsous ardiarenis shrohibatiedliseases Osudhras far esamplecther gani c 5
phase was renoved, the agueous phase was extracted once with Et0Ac (750

). The cpwbintsh angasbenattas esepisgveinithmbnabissis; troertiophlebitis, ordr yness to
give 57.6g of 5 in >99%yield. Preparati on of

(9)- 3-[ (5 siel@hfind RcRBRGRN Akl brpSnRyeatbmobr & iéﬂﬁw(i?g@c(i);gban%g, L

furan- 3-carboxyli'c acid phenethylester (6): A m xture of

o) > St A e Sl g i o) T
c00! S0 Ay ST p i BB} 15
and vater éezp%?s, %) pr‘é@gntﬁ]%daegd Er(e)aﬁnhgeD%Fi upra%er?trs];dwiﬁ';( (ia{arceecljbated COPD, for
treating ulcerative colitis, for preventing and freating coronary thrombosis, for
preventing thromboembolic events associated with atrial fibriliation, e.g., stroke
and the- occlusio-n of shunts.
15
In addition, the compounds according to the invention are suitable for
antithrombotic suppor{ in thrombolytic treatment, such as for example with
altéplas,e, reteplase, tenecteplase, staphylokinase or streptokinase, for
preventing long-term restenosis after PT(C)A, forl the prevention and treatment
20 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 preQenting and treating rheumatoid arthritis, for preventing and.treating
fibrin-dependent tissue adhesions and/or the formation of scar tissue and for

25  promoting wound healing processes.



for 20 mn. The organic phase was renoved and the aqueous phase was
extracted once with EtOAc (200 m). The conbi ned organic phases were
washed with 200 nL of 5% NaCl sol ution and dried and concentrated to give

6 (29 0) woheddidydel d. 201FINVR (CDCI 3, 400 MHz) a 7. her/ebfo7foea«wéH) , 6. 89
(br s, 1H), 4.42 (t, J = 6.9 Hz, 2H), 3.80-4.12 (m 4 H, 2.96(t, J= 6.9
Hz, 2H), 2.53 (m 1H), 2.29(m 1H). Preparation of

(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] -t et rahydr of ur an- 3- car boxyl i
c acid (7): WD 20081080891PCT/ EP20071064406 -81- A solution of 6 (40 Q)

in MeOH (2Q0 ni cogled to 10- . émeag addit.L Qk ; Na OH
(200 ni) o@gmpghﬂ%‘\%ﬁ]a?‘r?gs?rﬁﬂ%?@ﬂﬁg a\ﬁlgcr:%%}h 0 r?glyseﬂ'fwtng%@ﬁ&g%and
and MTBE (BOORIpTraRiEACaRanSR o a0l Mol Boey eapa 1oe BORngOrhe.
‘organi ¢ phase was renoved and agueous phase s washed once with 200 nL of
MIBE. The BHY@fi¥RISCYiE§SPUGERIS Qm?%%%aﬂf'@la esNgNaCFatagierR NJsME89added to -
a pH = 2-3. Then 200 nL of Me-THF and 189 of NaCl was added and the

m xt ur & watbegiskraf derofriusforméation. The aqueous phase was extracted once with
100 mL of Me-THF. The conbi ned organi c phase was 10 concentrated and 100

mL of heptane was added. The slurry was filtered and the wet cake was
washed with heptane (50 nL x 2) and dried to give 7 (23.3 g) in 99%yield.

Raceni ¢ copaawdf thefophaimdcelvgital praaratiegitheaidvovdmgotiinds prdtredur e
described 15 for exanple le: For separation of the racem c conpound

into its rgs) i i ] itaBR2foy theeéathidaCosyst em
M@%ﬁaﬁé@éﬁéﬁ?@%lts fhePSBTRa bisydlitadRadoy a oy

wi t h DAl 50mm x 4, 6nm 20 chiral colum has been used, eluting

L0 0. 1 ASRUE Ak AR B0l R Oa e bawibpise, A
12,5 _m1'0n. example from the followihg findings, from which it can be concluded that
thrombin inhibitors or factor Xa inhibit'ors, by inhibiting thrombih formation or
| thrombin activity, may be valuable drugs for treating Alzheimer's and
Parkinson's disease. Clinical and experimental studies indicate that neurotoxic
mechanisms, for exampie the inflammation which is associated with the
15  activation of proteases of the clotting cascade, are involved in the dy_ing of
- neurones following brain injury. Various studies point to the involvement of -
thrombin in neurodegenerative processes, for example following a siroke,
repeated bypass operations or traumatic brain injury. An increased thrombin
activity has been demonstrated some days after peripheral nerve damage, for
20 example. It has also been shown that thrombin causes a neurite retraétion, as
well as glia proliferation, and apoptosis in primary cultures of neurones and
neuroblastoma cells (for a sumrmary see: Neurobiol. Aging 2004, 25(6), 783-
793). Moreover, various in vifro studies on the brains of patients with

Alzheimer's disease indicated that thrombin plays a role in the pathogenesis of

25 this disease (Neurosci. Left. 1992, 146, 162-54). A concentration of immune-



- WD 20081080891PCT/ EP2007/ 064406 -82- Alternatively, the separation of this
racemat e can be achieved on HPLC with DAICEL QJ-H chiral columm, eluting
with 0,1% Acetic Acid in Hexane(80% / EtOH(20% . At a flow rate of

1ml/ m n, WwehRibhsogsn tinmes for the enantioners are 6,05 paPeeach/@iddé M n
respectl vely. 5 Preparation of -71-
(S)-2-(5-chl oro-thiophene-2-y1)-3, 7-di oxa- 1-azaspi ro[ 4. 4] non- 1- en4- one (8)

50”9(01a{&r9é tected in rieurite pl the b f
(S)-3-[(5-c &‘h oro mbwhhas B(ﬁn d(éaerc e‘on|3r/}l arl#lnneo%gg%l% I3'/1dr(t:5\f tﬂ?lgﬁo carboxylic

Feact ?oﬁehﬁ@éw@fﬁa@aﬂ Esﬁ%@%eééﬂ %ﬁ%%s@;‘*‘?ﬁ’ E i EPliasl Rl o,

el y, d b
evapor at | of PATTIa 1 (aLer) SR FpIRNEY %@e?p&g@ﬁc@”‘%ﬁ& AR hout any
further purification. 15 Preparat| on_ of

3-tert . - buUPEEHERT AR RS )taét‘-?’%!hﬁﬂfrbth?lﬁ‘%ﬁ‘r’"}ﬁ ofdhe iy inde & 3TN i xture

of 7.0 g 3-tert.-butoxycarbonyl ani no-tetrahydro-furan-3-carboxylic acid,
80 m DM whigh4ae by detecedviadhs brainsal AgheirerisinatienveMarepvar, it has

benzyl broni de was added dropwise and it was stirred for 3 days. The

m xt ure 20be@sdémbhsiratdd dimat thaéhromdpin-ihduicad eninaglislamtigatiorateadsiin vixo. . The
resi due was diluted with CH2A 2, and the m xture was washed with wat er and

sat urat ed iyakkdegbbéiation oTh?rQ!rtﬂﬁp”drmnerl@ﬁtsﬁe%ﬁe@lﬂ@eﬂrﬁh@ﬁﬁéﬁ@énend
concentrated i.vac. to yield the title conpound in 58%yield. WO

2008/ 0808%&%%%‘8%6{95{ PRIk a%?rvatiﬁnn‘trigfg!éféﬁ 8 eRddg e&ho@@%btance%)
3-tert.-butoxycar bonyl am no-t et rahydro-Turan-3- carboxyl ate m CH2C12

and 20 m JEA Yo Shbi fcg e&e af’é‘ﬂv@@%&%ﬁeaﬁé?ﬂobatpﬁ%@ca‘i Brotegh ¢ t he

t3|t|§ cglrrpoun I n quant reparation o _
2ci & blhzyBSel RN, @%@é@ﬁ%? BRUESRE g hi i Sl saii ) | ©

with Parkinson's disease (J. Neurosci. 2003, 23, 5877-86).

The new compounds and the physiologically acceptable salts thereof are also
suitable for the prophylaxis and-treatment of arterial vascular diseases as

15 combination therapy with lipid 'Iowe-ring agents such as HMG-CoA reductase
inhibitors_; and vasodilators, in particular ACE-inhibitors, angiotensin 1l
antagonists, renin inhibitors, B-receptor antagohists, a-receptor antagonists,

diuretics, Ca-channel blockers, or stimulators of soluble guanylate cyclase.

20 By increasing the antithrombotic efficacy, the new compounds and the
physiologically acceptable salts thereof are also suitabie in combination therapyr
with other anticoagulants e.g. unfractidnated heparin, low molecular heparins or
fondaparinux, or direct thrombin inhibitors e.g. recombinant hirudin or small

molecule synthetic inhibitors.



1.59 g (9.8 .nmol) 5-ch|oro-fhiophene-z-carboxylic acid is dissolved in 30
m DMF and stirred with 3.61 g (10.7 mol) benzyl _ _
3-anm no-tetrahydro-furan-3- 10 carboxylate and 3.46 g (10.8 mmol) TBTU and

4.3 mM (3 550bsosVWM at room tenperature for 20 h. Thepct/b@eitoskisse i S
evaporated down and purified by chromatoggaphy on silica gel (eluant:
di chl or onet hane/ et hanol 100:0 to 94:6). Yield: quantitative ft value: 0.59

(silica geki.@dich r%.&?@ =IRON 3) Mass
spectrum (ﬁml—'ﬁr&’ %%6 C I%{rﬁgq%hggpop?i%”}éggé%g%%%ﬁﬁeo %ﬁ% racemc
m xture in its [ tiv nti.or - _R- : tional
HPLC syst e%%wsyﬁa%%ﬁ elpgsp@%aﬁgﬁ{e%%@gr&%rag{&?ﬁf co Lan%oq%é;%@é%g n used,
eluting with EtOH(2A.) / CHCl 3(20% / Hexane,L(68% . At a flow rate of
1/ min, r%?’B'H'P?E fh%@%v i ﬁﬁs%fﬁaﬂﬁgéﬁ@? g""i‘?@’%-z‘%-%maﬁpﬁ’ﬁd 20, 7min.
Alternatively, the separation of this racemate can be achi eved on

super cri t i @aPioppal @r ahglyrRR O APIYIIRianRIoRISCRL a TN CEMIF ZFCRPTUMm, el uti ng
with EtOH(15% / WD 2008/ 080891PCT/ EP2007/ 064406 -84- CHCl 3(10% /
supercritianhg@uel.75% . At a flowrate of 70ml/nmin, retention times for
the enantionmers are 3,57mn and 5,13 mn respectively. Preparation of
- (S)-3-[(5-chl oro-thi ophen-2-y1)-car bonyl am nol -t et rahydr o5
furan-3-carboxylic acid (7): To a solution of

(-S) - 3- [ (5-The Bb9addicRiten 13 arhieve 3Ub0 Ayl eifschig]apprbsradwg0oa0 utced Shgriey boxyl |
c acid benzylester S-12 (5.8 g) in ethanol (100 ni) was added 1IN NaCH (63
m). The nhdyivBight, greRFatIP0.G83 @ NoRIG Bedweidht ByWReavtions Mbi@t ed

and 0.003 to 30 mg/kg body weight, preferably 0.01 to 10 mg/kg body weight by

10 oral route, in each case administered 1 to 4 times a day.

For this purpose, the compounds of formuia () prepared according to the
invention may be formulated, optionally together with other active substances,
with one or more inert conventional carriers and/or diluents, e.g. with com

15 starch, lactose, glucose, microcrystalline cellulose, magnesium stearate,
polyvinylpyrrolidone, citric acid, tartaric acid, water, water/ethanol,
water/glycerol, water/sorbitol, water/polyethylene glycél, propylene glycol,
cetylstearyl alcohol, carboxymethylcellulose or fatty substances such as hard fat
or suitable mixtures thereof, to produce conventional galenic preparations such

20 as plain or coated tablets, capsules, powders, suspensions or suppositories.

The new compounds and the physiclogically 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,

25 eptifibatide, tirofiban, roxifiban), with physiological activators and inhibitors of



i.vac.. Cold 1 N HC was added and the m xture was stirred overni ght. The
10precipitate was filtered and dried to give the title conmpound in 99%
yield. HCd Preparation of rac-3-Am no-tetrahydro-furan-3-carboxylic

aci d i sokgd Yosdspsast er hydrogen chloride (13): To a mpdmEEeefocaasno acid
1(190.5 g, 1.45 mol) in 2-nethyl-1-propapgl (1.9 L) at 0 C was added
dropwi se thionyl chloride (211.6 nL, 2.0 equiv.) over 20 mn. The m xture

was heat edy0,ffn s n%erg&ureqeg@cg&mgre_r?ﬂgl 3,6 idieh (892 PAg9020108 C and

stirred at this xture was cool ed to rt and

concentr at I due was
treat e? V\A?EP aﬁdﬁbr? ﬁgﬁt)mtth EH%PE?%% g@fnggéreaspengeegn and stirred
at rt for O. tu iltered and t he,cake was tw ce _
M h t- but PR OBTA0RL T arRssRIs ere s (€ fetani ol Yy 5 L
)
to provide the desired salt 13 (287 g, 1.28 mol 88%h as a white SO|Id 5
combined thromboxane receptor antagonists/synthetase in lbItOFS {e.g.

5  terbogrel) or with a thrombin receptor antagonist (e.g. SCH-530348).

Experimental section

10  The Examples that follow are intended to illustrate the invention, without

restricting its scope.

As a rule, melting pbints and/or IR, UV, 'H-NMR and/or mass spectra have
been obtained for the compounds prepared. Unless otherwise stated, Ry values

15  were détermined using ready-made silica gel 60 F2s4 TLC plates (E. Merck,
Darmstadt, ltem no. 1.05?14) without chamber Satu_ration. The Rs values given
under the heading Aldx were determined using ready?made aluminium oxide 60
Fos4 .TLC plates (E. Merck, Darmstadt, Item no. 1.05713) without chamber
saturation. The R values given under the headi'ng Reversed-phase-8 (RP-8)

20 were determined using ready-made RP-8 Fzs4s TLC plates (E. Merck,
Darmstadt, Item no. 1.15684) without chamber saturation. The ratios given for .
the eluants refer to units by volume of the solvents in duestion. Fbr chromato-
graphic purification silica gel made by Messrs Millipore (MATREX™, 35-70 um)

was used. Unless more detailed information is provided as o the configuration,



Preparation of .
rac- 3-[ (5- Chl or o-t hi ophene- 2- car bonyl) - am not -t et r ahydr of ur an- 3- car boxylic
acid isobutyl ester (14): To a mixture of salt 13 (287 g, 1.28 nol),
5- chl or olyiy ARSEReN2- car boxylic acid 10(219 g, 1.35 nolpcriridb7eedsoy)
- HOBT. H20 (208 g, 1.54 not, 1.2 equiv), ayl EDC. HCI (295 g, 1.54 not, 1.2
equi v) in anhydrous DMF at 0 C was added triethylam ne over 10 mn. The

m xture V‘@?isﬁ*dt%\’%g é’ﬁ%ém%rtﬁ%?%&&d@&% ;?L‘iriersrt@r‘éofs%\‘né?s Br nfikidAs df2 L) and

water (2 L) was a aqueous | ayer was renoved. The EtOAc | ayer
was further hed_ w1 b [ L) and 5% NaCl 15 solution (2 L) and
concentrat%%%ﬁ%eq?ggﬁg’fﬁeﬁ%\%gnﬁ%sed through a short silica éel )pl ug.

(el uent: Hexane/EtOAc 4:1 -* 1:1) to give the desired amide 14 (335 g,
1.01 nol, 82% as an oil. 14:1HNVR (CDCI 3, 400 MHz) 6 = 7.47 (s, 1H), 7.40
(d, J =4.0 Hz, 1H), 6.86 (d, J = 4.0 Hz, 1H), 4.26 (d, J = 9.6 Hz, 1H),
3.90- 4. 08 [h& fQi‘H)N,IﬂSQ@@US(’!ﬁ%’OﬂWEQ ysesgin the tq?r?)d,esﬁﬁ'é@” m 1H), 0.90 (d, Hzl. 04
(m J =6.8 H, 6H; 2013CNWR (CDClI 3, 100 MHz) 8 = 172.1, 163.5, 161.6,
136. 7, 5136BQC 128. 3 tertAputoxycagbonyl 72. 0, 67.9, 66.0, 60.5, 37.4, 27.7,

19.0; ESI-Ms: nmlz 332 [M+Hr, 685 [2MtNa]t WO 2008/ 080891PCT/ EP2007/ 064406
- 86- Pr@par at i on bfl’-carbonyldiimidazole :

(S)-3-[(5-Chl oro-thi ophene-2-carbonyl)-am no] -t etrahydr of uran- 3- car boxylic
aci d i sobuppERst er N-&fhyl-diisopropylamine

DMAP 4-dimethylzaminopyridine
DMF N,N-dimethylformamide
10  DMSO dimethylsulfoxide

D-DTTA (+)-0, O-di-p-toluoyl-D-tartaric acid

EDC 1 -ethyl-3-(3—dimethylaminopropy)ca rbodiimide
EtOAc ethylacetate
sat. saturated

15 h hour(s)

- HATU O-(7-azabenzotriazol-1 -yI_)-N,N,N’, N'-tetramethyluronium-
hexafluorophosphate
HOBT 1 —hydroxy-behzotriazole
IPA isopropanol
20 LIHMDS lithium hexamethyidisi]azide
NaHMDS  sodium hexamethyldisilazide

i. vac. in vacuo

conc. concentrated
min minuie(s)

25  MsCl methanesuifonyl chloride



5 To a 0.1 M phosphate buffer solution (pH = 6.7, NaH2PO4. H20: 100.5 g,

Na2HPO4: 80.8 g, H20: 6.55 L) at rt was added Al cal ase (564 m., >

0.75U ., 2 Unol) and racemc ester 14 (70 g, 0.211 nol) in acetone

(3. 275 Liyo Zogodebdival ue of the resulting mixture was afrautr2d078440d he

mxture was stirred at rt until the ee ofsthe renmining ester reached 93%

by chiral HPLC (about 30 h). EtOAc 10 (2 L) was added and t he agueous

| ayer was er e t OAc (1 L). The conbi ned Et OAc | ayer was
h B e el L ErrRE 02 el )

concentr at passed a”silica gel plug (hexane: EtOAc = 1:1) to

give the opti ri ch 8 g, 25% 93%ee). 15 C '

Prepar at i olﬁl "ﬁ_a‘%S) gi ﬁwl?étf)%d{%f phene- 2- car bonyl)-ami noFtetrahyd
rof uran- 3-car boxylic acid The optically enriched ester 15
(43.5 g, oNMM npi) ’V\/Q%e'ﬂﬁf's‘é‘a R/hé’]i”‘?n MeOH (400 20 mL). To the solution at
0 C was added 1 N NaCH solution (400 niL) and th WO

2008/ 0808QEGZ@D,BEPZ0@73(@@@&%'5198‘?3‘3?"8@%)%”?@“% ure was stirred at rt for
0.5 h. The mi xture was then concentrated to renove nost of nethanol. The
resul timg mdi®bls sdl-pmipanoas washed once with t-butyl methyl ether (200
m.), and then neutralized with 3 NHCl at 0 Cto pH = 1-2. The m xture was
sat ur at ed [Rh(@db)0H2schiob(NSCtyctouttaiemejoiaeliumi th 5 Me- THF (500 ). The
Me- THF | ayer was dried over Na2SO4 and concentrated to give crude acid
(S)-7 as apphite solrkfbntidhgagtet i d was then recrystallized three tinmes from
water (40 m. hot water/ g) to give desired acid in 99.5%ee (21 g, 48%.

(S)-7: |HI\NR(DIVBOD%EF§Q,QHM§2) 5 =12.75 (s, 1H), 8.98 (s, 1H), 7.77 (d,

J=4.0 ;z 1H), 4.12 (d, J = 9.3 Hz, 1H), 3.92
(d, J 10= r% 3 %on'lll.'a}npe%a’éﬁ‘e(t’ J = 7.0 Hz, 2H), 2.35 (m 2H). H2N
10 TBTU O—(beﬁzotriazol—‘f -yI)-N,N,N' ,N'-tetramethyluronium
tetrafluoroborate
TEA triethylamine
TFA trifluoroacetic acid
TFFA triﬂuoroacetic anhydride
15 THF tetrahydrofuran
TsCl para-toluene sulfonic acid _ch.loride
TsOH para-toluene sulfonic acid.

Walphos 1-[2-
(2’dipheny|phosphinophenyl)ferrocenyl]ethyldiphenylphosphiné
20

The term "thiophen-2-yI" or "thien-2-yl" denotes the group shown in the box:

)

I

The HPLC-MS data were obtained under the following conditions:



CO0Bu Preparation of rac-3-Am no-tetrahydro-furan-3-carboxylic acid
butyl estweo2@80408%t To a m xture of amno acid 1 (10 gecVErmmbeis0and

n- butanol (100 nL) at OC was added SOC 2¢48.2 g, 153 nmol, 2 equiv.) over
10 mn. The m xture was heated to 110C over 10 mn and stirred at the
tenperature for 4 h. After cooled to rt, the m xture was concentrated to
renove n-butanol and Me-THF 20 (100 nL) was added. To the m xture was
careful |y pegiesh aat. NaHCO3 (100 ni) and the resulting mxture was stirred
at rt for 30 mn. The organic | ayer was separated and the aqueous | ayer
was washed with Me-THF (50 nL). The conbi ned organi c phase was washed with
3% NaCl solution (50 nmL) and concentrated to give the crude butyl ester 16
as an oil (réés , 9.4@. VWD 2008/ 080891PCT1EP2007/ 064406 -88- 0OBu NH2
. L- MA Mﬁtq GRE FECPMES3_ Ani no-t et r ahydr o- f ur an- 3- car boxyl i ¢ aci d
butyl ester 5 (S)-mandelic acid (17): Butyl ester (16, 10 g, 0.053 nol)
and 50 tL Of WRIEENTRL TavesdEQfdd in a 250 nL reactor. (S)-Mandelic acid
(4.88 g, 0.032 nol, 0.6 equiv) was added fol |l owed by addition of another
60 nL of MBUREelThiEilgi xt ure was heated to 70 C and the clear sol ution was
then cooled to 20 C over 12 h and kept at 20 C

timeinmin %A %B flow rate in ml/min

0.00. 9% 5 1.00
10 2.00 95 5 1.00
9.00 - 2 08 1.00

The stationary phase used was Zorbax StablreBond C18 column; 8um ; 50 mm
x 90 mm
15
A} Determination of the absolute stereochemistry of compound 7:
The crystal structure of compound 7 was determined by direct methods. The
absoluté configuration was determined by reﬁhemenf of the Flack parameter
(Flack H D (1983), Acta Cryst. A39, 876-881).
20 |
Crystal data
C1oH1oCINOLS V =1100.7 (4) A
Mr = 275.70 Z=4
D= 1.664 Mg m™

25 a=7.8200(16)A Cu Ka



10 for 1 h. The slurry was filtered and the nother |iquid was recharged
back to the reactor for wash. The cake was washed with MIBE (20 nL x 2)
and dried under vacuumto give 7.8 g of salt with 90% de (43%. 7.5 g of
t he sal t (PR GQ%Was charged into a 250 nl reactor faidmpwetiisdeCN (90
m.) and H20 (0.9 nlL). The mixture was hegted to 70 C and the clear
solution was then cooled to O C 15 over 12 h and kept at O Cfor 1 h. The

slurry was, fid . t he wet_ s washed with cold MIBE (20 nL x 2,
0-5 O andbdrél'zgétﬁﬁogj?gvacuu to&%ﬁ\e’rg?’r‘fb as white crystal (6.5 g, 99.0%

ee, 87%. 20 tion of - _
(S -3-tertQBu1té;é<§gg{) nyl am ng-'f é??é%r o-furan-3- carboxylic acid butyl
ester (18): WO 2008/ 080891PC‘IF;/_EP2007/ 064406 -89- Salt 17 (33.9g, 100
mol ) was 872l ved in Me- THEF[88E CRIOHMNERY H20 (150 .ml). To the mixture at
rt was added solid NaHCO3 (12.6 g, 150 mmol) portion wise and the m xture
was stirre@=d0%t until no gaQ-\ﬁa@JQQr?ema'i ed. The organi ¢ phases were
separated and t he aqueous |ayer was washed with Me-THF (50 5 nmL). The
conbi nexd Mp=H& was washed with 3% NaCl (100 nL) and concentrated to 100
m.. To the m xture was added Boc20 (21.8 g, 10 mmol) in one portion. The
m xture was heated to 50 00 and stirred at the tenperature for 2 h. After
cooled to rt, the m xture was washed with sat. NaHCO3(100 ni) and brine
(100 nlL) apdifepnestiomted to give crude 18 as an oil (27.3 g, 95%, 10
Preparation of [(S)-3-(3-Methyl-2,3,4,5-tetrahydro-1H benzo[d]azepin-7- 15
yl car bar no = 05 . hetegCi d tert-butyl ester (19):
Y42 ghﬁigﬁyﬁ( 6_n§bJr+ﬂé<gan %ﬂéﬂrlwaﬁﬁpﬁaand BinGteR

To a solution o g, 34.8 mmol)

3- Met hyl - ﬁ%épg:ekgﬁwmégﬁ%%%ggenzo[ d] azepin-7-ylam ne (10g, 34.8 mmol) in

THF (100 dropwi se LHVDS (87 nL, 1.0 Min THF, 2.5
equiv.) over 10 m n. The m xt e o0 Cover 1 h and
noni toioe_d W'[ﬂqg‘ﬁﬁ S4A9Pysi s. ngs?o‘?@r?ec\{\%ns Win1% 580)
Absorption correction: empirical (using intensity measurements)
Rint = 0.052

3840 measured reflections Bmax = 63.7°

15  Refinement
Refinementon F2  w = 1/[o*(F,%) + (0.0388P)* + 0.2397P]
where P = (Fo2 + 2F2)/3 |

R[F? > 20(F3)] = 0.030  (A/O)max = 0.001

wR(F?) = 0.072 Apmax = 0.27 e A7
20 S=108 ApPmin = -0.27 e A
1627 reflections Extinction correction: none

158 parameters

H atoms treated by a mixture of independent and constrained refinement

Flack parameter: 0.009 (17)



- 20 NH4C1 (50 nmL) was added at -0 C to quench the reaction and the m xture
was further diluted with Et0Ac (100 nlL). The aqueous | ayer was separated
and extracted once with EtOAc (50 nL). The conbi ned organi c phase was
washed Wgidhobddsag1(50 nL) and concentrated. The |ight praltmui7aeids was
recrystallized WO 2008/ 080891PCT/ EP200/#4)64406 -90- from | PA (85 niL) at

gCto give 19 as a white solid (11.5 g, 85% 98.3 A%purity). 5 2HCI
reparati ey r ¢ aghay t
( 3- net hyl (2)6§1% ng%t'%'r g?tgﬂ é‘ﬂ b@%fz}%t% (g{z]égcn 7- X!Oa% ?tgig(ejarm/dc?r ogen

I NEOH - SNSTB Y B ?"H%% ﬁ%?%d Q“Pifﬁé&{”#% AR BT on vas

stirred at arrblent 10 t e to‘ivea
white sol i $PVeRHHEtUES: r‘ﬁ_";‘ @@r?@&)ﬁ@?d&gf%ft o%'é‘t??‘érﬁdgy ar rygwas
stirred at roomtenp for 5 h. The slurry was filtered, washed with MIBE
(5 n) andﬂﬂﬁcé@f@ﬁmcﬁé@ced pressure to give salt 20 as a white solid
(1.8 g, 96% >99% purity).

5  The configuration of the chiral carbon atom is S. The structure is shown in

Figure 4.

B) Preparation of 3-amino-tetrahydro-furan-3-carboxylic acid derived
intermediates: |
10
Preparation of rac-3-amino-tetrahydro-furan-3-carboxylic acid phenethyl
ester x para-toluenesulfonic acid (2): |
To a solution of _3—amino—tetrahydrofuran¥3—carboxylic acid 1 (100 g, 163 mmoil)
in 2-phenylethanol (456. mL) and toluene (400 mL) was added TsOH.H0 (174
15 g, 916 mmol) under nitrogen and the mixture was heated to reflux while the
. water was collected via a Dean-Strak trap. At the oompletior_n Qf the reaction,
the reactioh 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
20 and dried to give the desired product 2 (284 g) in 92% yield.
"THNMR (DMSO-D8, 400 MHz) 5 8.60 (br s, 3H), 7.47 (d, J= 8.0 Hz, 2 H), 7.20-
7.50 (m, 5H), 7.11 (d, J=7.9Hz, 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,
TH) |

25



15 Preparation of (S)-3-am no-tetrahydrofuran-3-carboxylic acid
"n-butyl ester 20 via chemcal resolution with L-mandelic acid WO

2008/ 080891PCT/ EP2007/ 064406 -91- 42% 86% de

3- Ami not etg sayeloenf ur an- 3- carboxylic acid (75 g, 0.572ramip20em@44660 nl n-
5 butanol are conmbined into a 2 L reactipm flask. The resulting suspension
I's cooled while stirring to about 3 C SOC 2 (131.6 g, 1.144 nol) is added

caut i ousl ypRyfiirafién Hf tab 3-Min St tFAIRFHRDURIEA-S-SAr oYL RRIdTbREnethiyt er

addition is conplete, the resulting mxture is heated to 110C over |h. HC
gas is genggt.\%kI .during the course of heating and the generation of gas is
vigorous 1 “the tenperature approaches over 100 C. The reaction

m xture is iy Eed 4_h. \We | [

i sated B oo b RN trie 00 Eh Va0 Sheste GRE SRS BN B e ur e
is distilled to a mninumvolunme (- 200 nL) while controlling the

t enper at ur%tﬂ&&acﬂgat?%d%eggsqgag Ffé’éﬂ“fe ‘ﬂﬁ%ﬁi’"ﬁ%@t 6’“%@ &WBW@@J@% 2 is

coll ected. The concentrated reaction mxture is cooled to roomtenperature
and 2- rfet 90 Mkt Eng@eaicRase(Wes naarovedsats he) aqueoyg dbase sasatiected 750

m.) is added cautiously, in portions, while vigorously stirring. CO2 is
gener at ed @werwitthé.coof sthybacethte. Jtidicondrined arganisphasesgverexirigdands
stirred for 15 min and then the phases are allowed to stand for 15 mn.
The concentrated to dryness to yield 157 g of 3 in 97% yield.

Preparation of (S)-3-amino-;tetrahydro?furan-3-carboxylic acid phénethy!
10  ester x L-mandelic acid (4):
A mixture of 3 (157 g), MTBE (0.94 L}, MeCN (0.94 L), water (0.094 L}, and L-
mandelic acid (152.2 g) was heated to 50—52 °C for 30 min. The mixture was
~ cooled to 41-43 °C in an hou_r-and 1.29 g of seed was added. After stirred for 30
min, the mixture was cooled to O °C and stirred for 3 h. The slurry was fillered
15  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), CH3:CN
(908 mL), and water (54.5 mL) to give 102.0 g of product in 89.9% yield and
20  98.2% de. One more crystallization from MTBE (816 mL), CH3CN (816 mL),
and water (487.9 mL) gave 94.3 g of 4 in 92.5% yield (35.0% overall yield) and
99.7% de. The enantiomerically purity was analyzed .by chiral HPLC with
chiraipék AD-H column, 250 cm X 4.6 mm; 5 um; 2 mL/min, 220 nm; 95%
heptane/5% IPA; r: = 9.3 min ((S)-isomer); r: = 10.1 min, ({R)-isomer).

25



20 phases are separated and then the aqueous phase is stirred with an
additional 400 nL of Me-THF 15 mn. After standing for 15 mn, the organic
| ayer is separated and conmbined with the first organic extract. 3% Naa
(375 L wo soosdsegh t 0 t he conbi ned organic extracts angct/heomosiase i s
stirred the mxture for WO 2008/ 080891RgH/ EP2007/ 064406 -92- 15 m n and
then allowed to stand for 15 min. The aqueous |ayer (-1055g) is renoved.

The or gani pré&sdratiofrofi(S)-BLAkiihd-26t-aRy drdFuraRi8c 3@ dxic (acid pRefbihyi VECN
(1000 nL ) is added in one portion and the resulting solution is dlstllled

to a mni oY@ ume (- 250 nl). About 800g solvents were collected. NVR 5
assay of the concentrated product indicated 94.0 g of the desired racemc

but yl | Ui 25 L
adec 1 o3 hSvstE AR bR 28 5 B o0 AE R EfbalRS a“%é%%@%%a%ifs. s"Shout d
b duct th t d.th t db
oo o oo BB BRS AL 98B0k Rt S OMRRERY ) at o o
solvent and addition of 1125 nL of MeCN shoul d be repeated. L-Mandelic

Acid (60. opliasegwas ﬁ%’P?V@‘% b gguceys Phasewas exEasiad iOGFie “ﬂthﬁ@W@Pon whi | e
stirring resulting in the formation of white solids. The m xture is heated
to 1570C afé)-hé&he cambinest oigansaphasesavargdried andmroncesiiatedng drynessdoear
solution. The solution is cooled to.20 C over 12 h and then held at 20C
for 1 h. Theeb&gugof bgn LAl yields filtered. The nother liquid is added back
to the reaction flask to wash the flask. The filter cake is washed tw ce
with MIBE (200 nL X 2) and the resulting solid is dried at -50 C under
house vacuum for 3 h. (S)-3-Am no- 20tetrahydrofuran-3-carboxylic acid

golb:JéI y: negigﬁopdraﬂaﬁQﬂ'(SFSE[FS-@hIiﬁ”b&hf&?h&-ﬂrylﬁg%bdrﬁrlé}mlﬂ]ft@ﬂ'aﬁﬁd?o-"‘hi te

10. furan-3-carboxylic acid phenethylester (6):
A mixture _of 5 (20 g, 85.1 mmol}, 5-chloro-thiophene-2-carboxylic acid (14.5 g,
89.4 mmol), HOBT.H0 (13.8 g, 102 mmol), EDC.HCI (19.6 g, 102.1 mmo!),
and DMF {200 mL) was cooled to 10-15 °C. Then TEA (17.8 mL) was added
over-5 min and the mixture was wafmed to ambient temperature and stirred for

15 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
exiracted once with EtOAc (200 mi). The combined organic phases were
waéhed with 200 mL of 5% NaCl solution and dried and concenfrated to give 6
(29 g) in 90% yield.

20 '"HNMR (CDCls, 400 MHz) 3 7.15-7.30 (m, 6H), 6.89 (brs, 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):



Enrichment Procedure The 86% de ester (82 g) is placed in a 2 L
flask, under N2 and suspended in 980 25 nL of CH3CN, and 19.7 nL of water.
The m xture is heated.to about 70 Cto WD 20081080891PCT/ EP2007/ 064406

-93- di ssphymshdgesalt, resulting in a clear solution.pdhepmglssidegn 1S )
held at 70C for 30 mn and then cool ed 28¢€ to 23C over 12 h. The resulting
slurry is filtered and the wet filter cake is vvashed twce with 150 nL of

e yro o APl irs A0 MoORT0MY b Bl Aptare, apidfug, 1 00 ¢
e31°% LBk o b b 3 v%ﬁwﬁ@ezﬁémﬁe [
resol uti Ontevr\%erahre angelnrred :90 min. The rw{?ure was conceqt_'rated\{o remove
most of MeOH and MTBE (200 mL) was added and stirred the mixture for 10
5 min. The organic phase was removed and aqueous phase was washed once
with 200 mL of MTBE. The aqueous Iayef was cooled to 0 °C and 3N HCI
solution was added to é pH = 2-3. Then 200 mL of Me-THF and 18 g of NaCl
was added and the mixture was stirred for 10 min. The aqueous phase was
extracted once with 100 mL of Me-THF. The combined brganic phase was
10  concentrated and 100 mL of hebtane was added. The slurry was filtered and the

wet cake was washed with heptane (50 mL x 2) and dried to give 7 (23.3g) in

99% yield.

Racemic compound 7 could also be prepared following the procedure described

15  for example 1e:

OH
O~ . 7\ OH OH
;‘ ~NH, CIZQ\COQH o chiral 0

z_{ H s ¢
— e N
O 1 Me3SiOC(=NSiMe3)CF3 m chromatography M
. (&)
in analogy to
WO2008M11028 rac-7 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
20  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.



5 NaCNO C OBu-n To a solution of dihydrofuran-3-one (10.0 g, 116.2 mmol)
in MeOI-1 (50 nL) was added a solution of 7 N NH3/MeOH (33 nL) at anbi ent
“tenperature. The 15 m xture was cooled to O C and 7.66 g of AcOH was added
over 5 myh Withgdei ntaining the tenperature bel ow 25 ggr/direomicxoslr € Was
stirred at anbient tenperature for 10 nmigp.and 5.64 g of NaCN was added in
one portion. The m xture was heated to 50 C, stirred for 2 h and then

concent r at i f STUNE <bEraMERIS: A AERAL an BAN AR o1 hpteswagded 1o

t he concentrated re and then stirred for 15 min. The slurry was

fi1tr af es DRSO H ST, 2058 it G Freddelc b S AR e S0 e,
wer e conceﬁ%ﬁ{?ﬁ%’)\i&a gﬁ'f rgge {')ﬁ’? r'@ﬂ%(len ,V}Igtsenﬁgrq ‘ta‘lldnezs%mheoénarﬁ_tig%gfg ap—éﬂ' €

resul ting

6,05 min and 8,07 min respectively.

Preparétion of (S)-2'-(5-chIoro-th.iophene-Z-yl)-3,7-dioxae1 -aza-
spiro[4.4jnon-1-en-4-one (8)
50 mg (0.18 mmol) (S)—3-[(5-ch-loro—thiophen-2-yl)-carbon'ylamino]-tetrahydro-
furan-3-carboxylic acid 7 were stirred for 2h in 45 ml acetic anhydride at 85°C.
10 The reaction mixture was evaporat_ed down i. vac., the residue was taken up
twice each in foluene and dichioromethane and completely concentrated by
: evapbration. The crude titie <_:ompound was reacted directly without any further

purification.

15  Preparation of benzyl 3-tert.-butoxycarbonylai'nino-tetrahydro-furan-3-
carbbxylate (9):
A mixture of 7.0 g 3-tert.-butoxycarbonyl_amino-tetrahydro-furan—3~carboxy!ic
acid, 80 ml DMF and 4.6 g K2CQs3 was stirred for 15 min, then 3.6 ml |
benzylbromide was added dropwise and it was stirred for 3 days. The mixture

20 was filtered and the liquid phase was concentrated i.vac.. The residue was
diluted with CH.Cl2, and the mixture was washed with water and saturated
NaCl-solution. The organic phase was dried with Na;SO4 and concentrated

i.vac. fo vield the title compound in 58% yield.

25. Préparation of benzyl 3-amino-tetrahydro-furan-3-carboxylate (10):



WO 2008/ 080891PCT/ EP2007/ 064406 -94- and then 100 nmL - of 5.5 N HC in

n- BUuOH was added. The resulting m xture was stirred at anbient tenperature
for 12 h. The m xture was cooled to 0 C and 20 nL water was added. The

m xt ure wapadbHegsaoncentrated to renove nost of the n-HRIGH:20GAGWMIat ed
NaHCO3 was 5 added to the residue to pH=g3-and the resulting m xture was
extracted twice with 200 nt.. of 2-nethyltetrahydrofuran. The organic

extracts WRIEixMAS BeY.20BENMAI Behi-biRxX(E&bBhYlamith-tdhenysrfeai-Bat ed to give
18.3 g of the title conmpound (85% overall yield). 1H NVR (CDCl 3, ppm:

2.02 (s, 2 - ( 231 2Fr0LE8stirePiof S H Snd dofcdratdd
3.98-4.08 n%boéﬁé[ E.%’%g%ﬁﬂu\gHE%in?, ngrr) 40.80. 54,03, 67.51, 78.72.

122. 63. Cheni ut.j o ; 1).. . s..added to the concentrated
raceni ¢ n-bu @%g@i?{eﬁﬁ%ﬁ”ﬁ@%@‘s S rgﬁtﬁtyealéé}gbnduct ed at this stage and
the content of Me-THF should 15be controlled to be < 5% If the anpunt of
Me-THF is >5% the distillation of solvent and addition of 1125 nL of MeCN

shoul d be repeated. L-Mandelic Agid (6Q.9 g, 0.4 nol) is.added to the
ester <ol uPrenarationqf Wﬁhb?mm'?ehévﬁrvﬂ%gfh%'w?m'@-ﬁeﬁr dre%r mati on of
white solids. The mxture is heated to 70 C and held at that tenperature
for 30 m nfuraesucanbexylio agid benzylester1band spparatiogbelithepnantirpsied to

© 2000 over 12 h and then held at 20C for 1 h. The resulting slurry is

filtered. (Bi¢2modes12):i quid is added back to the reaction flask to wash
the flask. The filter cake is washed twice with MIBE (200 nL X 2) and the

resul ting $8bighd.& nthholpb-alilordsthidphende?-chauselivadd isniibsolved in 3¢ 8)I- 3- Ami no-
t etrahydrof uran- 3- carboxylic acid n-butyl ester L-mandelic acid salt (82.0
9, 25 42%pif S sifefwirs 356 Mg i1 @ 7SAhiof BehzP63-Ynfigo-tetrahydro-furan-3-
10  carboxylate and 3.46 g {10.8 mmol) TBTU and 4.3 ml (39 mmol) NMM at room
temperature for 20 h. Then the mixture is evaporated down and purified by
~ chromatography on silica gel (eluant: dichloromethane/ethanol 100:0 fo 94:6).
Yield: quantitative
R¢ value: 0.59 (silica gel; diéhiorometh-ane/éthanol =0:1)

15 C17H4sCINOSS (36583)

Mass spectrum: (M+H) = 366/368 (chlorine isotopes)

For separation of the racemic mixture into its resp_ective enantiomers (S-12 and

R-12):, a conventional HPLC system with DAICEL IA, 250mm x 4,6mm chiral
20- column has been used, eluting with EtOH(2%) / CHCI3(20%) / Hexane (68%).

At a flow rate of 1ml/fmin, retention times for the enantiomers are 1 2,3min and

20,7min.

Altemativeiy, the separation of this racemate can be achieved on supercritical

fluid chromatography with DAICEL 1A chiral column, eluting with EtOH(15%) /



WO 2008/ 080891PCT/ EP2007/ 064406 -95- Enrichment Procedure The 86% de ester
(82 g) is placed in a 2 L flask, under N2 and suspended in 980 nL of
CH3CN, and 19.7 nL of water. The m xture is heated to about 70C to

5di ssol veyg hias/esakds, resulting in a clear solution. Thep@gkrrbémasdos hel d at
70 C for 30 min and then cooled 20C to 284 over 12 h. The resulting slurry
is filtered and the wet filter cake is washed twice with 150 nL of MIBE

The prwuc?g@%‘jj@%ﬁs@ﬁeéﬂtiﬁ% 5% MW rARSHITOIARH] feldiiontinks 9 (819

yi el d) of no-tetr furan-3-carboxylic acid n-butyl ester

L- mandel i ' . 9 : i : i | cohol
ar e used 17 0 gidkridts i S8 ap T3 Phed PRt ° R “Gonan ¢ ons.
Yield of esters 1 PhCH2CH20H H2SO4, 90 C, 6h

Preparation of (8)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-tetrahydro-

5 furan-3-carboxylic acid (7):
To a solution of (S)-3-[(5-chioro-thiophen-2-yl)-carbonylamino]-tetrahydro-furan-
3-carboxylic acid benzylester $-12 (5.8 g) in ethanol (100 mL) was added 1N
NaOH (63 mL'). The mixture stirred for 90 rnih and the mixture was concentrated
i.vac.. Cold 1 N HCl was added and the mixture wés stirred overnight. The |

10  precipitate was filtered and dried to give the titie compound in 99% yield.

HN

6000;8“
O HCI

'Preparation of rac-3-Amino-tetrahydro-furan-3-carboxylic acid isobutyl

15 ester hydi‘ogen 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 wés heated to 89 °C, and kept at 89 °C for 0.5 h, then heated to

20 108 °C and stirred at this temperature for 1.5 h. The mixture was cooled to rt
and conc;entrated 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



10% 2 PhCH2CH2OH H2SO4, Cul, 90 C, 6h 9% 3 PhCH2CH2OH TsOH , 90 C, 6h -39%
4 PhCH2CH2OH T50H, Cul, 90 C, 6h -39%5 PhCH2CH2OH Conc. HCI, 75C, 3h

WO 2008/680891 PCT/EP2007/064406
- -85-

methyl ether (0.2 L x 2) to provide the desired salt 13 (287 g, 1.28 mol, 88%) as

a white solid.
Cl—¢ ]
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N. _cooBu
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Preparation of rac-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-tetrahydro-
furan-3-carboxylic acid isobutyl ester (14):
To a mixture of salt 13 (287 g. 1.28 mol), 5-chiorothiophene-2-carboxylic acid

10 (219 g, 1.35 mol, 1.05 equiv), HOBT.HzO (208 g, 1.54 mol, 1.2 equiv), and
EDC.HCI (295 g, 1.54 mol, 1.2 equiv) in anhydrous DMF at 0 °C was added
triéthy[amine 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 agueous layer was
removed. The EtOAc layer was further washed with water (2 L) and 5% NaCl

15  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,
A1.O1 mol, 82%) as an oil. 14:"HNMR (CDCls, 400 MHz) § = 7.47 (s, 1H), 7.40 (d,
J=4.0Hz, 1'H), 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);

20 “CNMR (CDCls, 100 MHz) § = 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]".



15% 6 PhCH2CH20H 2 N HCl, rt, 18h trace 7 PhCH2CH2COH 6 N HCl, rt, 2h -30%
8 MeOH 9N HCI, rt, 18h Product on LCyield VA 9 PhCH2CH2OH -7 N HCl, rt,
18h '

WO 2008/680891 , PCT/EP2007/064406
' -86-
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Preparation of (S)-35[(5—ChIoro-thiophene-z-carbonyl)-amin-o]-tetrahydro- _
furan-3-carboxylic acid iscbutyl ester (15):

5 Toa0O.t1 M phosphate buffer solution (pH = 6.7, NaH:PO4.H-0: 100.5 g,
Na:HPO4: 80.8 g, H20O: 6.55 L) at rt was added Alcalase (564 mL, > 0.75U/mL,
2 U/mol) and racemic ester 14 (70 g, 0.211 mol) in acetone (3.275 L). The pH
value of the resulting mixture was about 7.30. The mixture was stirred at rt until
the ee {)f the remaining ester reached 93% by chiral HPLC (about 30 h). EtOAC

10 (2L)was added and' the agueous 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).

C[/l

S H

N, _COOH
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o

Preparation of (8)-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-tetrahydro-

15

furan-3-carboxylic acid [(S)-7]:
The optically enriched ester 15 (43.5 g, 0.131 moi) was dissolved in MeOH (400

20 mL). To the solution at 0 °C was added 1 N NaCH solution (400 mL) and the



-33% 10 PhCH2CH2CH2OH -6 N HCl, rt, 18 h ,.., 9% WO
2008/ 080891PCT/ EP2007/ 064406 -96- 11 nBuOH -2 N HCl, 50C, 2h -15% 12 nBuCH
-9 NHCG, it, 18h -70% ' _
WO 2008/080891 _ PCT/EP2007/064406
-87-
resulting mixture was stirred at rt for 0.5 h. The mixture was then concentrated
to remove most of methanol. The resulting adueous solution was washed once
with {-butyl methyl ether (200 ml.), and then nedtralized with 3 N HCl at 0 °‘Cto
pH = 1-2. The mixture was saturated by adding solid NaCl and extracted with
5 Me-THF (500 mL). The Me-THF layer was dried over Na>SO4 and concentrated
to give crude acid (§)-7 as a white solid. The solid was then recrystallized three
times from water (40 mL hot water/ g) to give desired acid in 99.5% ee (21 g,
- 48%). (S)-7: '"HNMR (DMSO-D8, 400 MHz) § = 12.75 (s, 1H), 8.98 (s, 1H), 7.77
(d, J=4.0Hz, 1H),7.21 (d, J= 4.0 Hz, 1H),4.12 {d, J=9.3 Hz, 1H),3.92 (d, J

10 = 9.3Hz, 1H), 3.84 (t, J= 7.0 Hz, 2H), 2.35 (m, 2H).

H,N

% .COOBu

o

Preparation of rac-3-Amino-tetrahydro-furan-3-carboxylic acid butyl ester
15  (16):

To a mixture of amino acid 1 (.10 g, 76 mmol) and n-butanol (100 mL) at 0 °C
was added SOCI;(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

- 20 (100 mL) was added. Td the mixture was carefully added sat. NaHCO3 (100
rnL) and the resulting mixture was stirred at rt for 30 min. The organic layer was
separated and the agueous layer was washed with Me-THF (50 mL). The
combined organic phase was washed with 3% 'NaCI solution (50 mL) and

concentrated to give the crude butyl ester 16 as an oil (14.3 g, 99.4%).



13 nBuCOH -9 N HCl, it, 18h -73% 14 Iso-BuCH -9 N HCl, it, 18 h -69%
Preparati on of

(S)-3-[(5-Chl oro-thi ophene-2-carbonyl)-am no] -t etrahydr of uran- 3- car boxylic
acid (( Sw@zdsgadcpnet hyl -2, 3, 4, 5-tetrahydro-1H 3- 5 beng@zemiroéadok) - am de-
WO 2008/ 080891PCT/ EP2007/ 064406 -97- To._gg2 L jacked-flask w th condenser
and nechanical stirrer was charged crude (RS)-1 (84 g), nPrOH (840 nL),
and D-DTTA (122 g). The mixture was heated to 60 C and then water (252 nlL)
was added. The m xture was then heated to reflux to becone a clear
solution. Aft tirring at reflux for -- 0.5 h, the mxture 5 was cool ed
to anbient @ ature over 2 h, and further cooled to O C over 0.5 h and
kept at 0 C NiHsh. The slurry was filtered and washed with cold sol vent
to givethesb t I(-MA g) in 39%vyield and 95% de. '

Preparation of {S)-3-Amino-tetrahydro-furan-3-carboxylic acid butyl ester
5 {S)-mandelic acid (17):
Butyl ester (16, 10 g, 0.053 mol) and 50 mL of MeCN was dissolved in a 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
10 for 1 h. The slurry was. filtered and the mother liquid was recharged back fo 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 (20 mL}) and HxO (09 mL).
The mixture was heafed to 70 °C and the clear solution was then cooled to 0 °C
15 over 12 hand 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%).

o OBu
| FSNHBOC
o ‘

20

Preparation of (S)-3-tért-Butoxycarbonylamino-tetrahydro-furan-3-

carboxylic acid butyl ester (18):



The salt was then recrystallized fromnPrO+4 water (800nL/200m) to give
the (S)-1 (95 g) in >99% de and 37% overall yield. 10 Preparation of 4
from2: To a 2 L reaction was charged 2-(4-nitrophenyl)ethanol 2 (150 g,

0. 882 nohyg 2idkestker met hane (1 L) and net hanesul fonyl chdREbAe/dstimsS ML,
0.971 rol, 1.1 eq) at 20-25 C. The m xtugg was cooled to -10 C, and then

triethylamne (107 g, 15 1.06 nol, 1.2 eq) was added slowy over 2 h V\gile
. T- '

25 C and 2?????353?% 0 hiEEREE; HsSoped M F Rl 3 ﬁ‘?ﬁmcﬁ‘jﬁfr”ﬁ e

0. 05

20- 25e%)f2%i1aﬁ ﬁfrh&ﬁ%ﬁ%egﬁw%ﬁﬁﬁdaisggﬂbéhww’?ﬁeg BTGt 7 cd

20-25-C for, n The organi,c 20 | ayer was separated, and t he aqueous
Fayer s HISSRBE THRES SEEIECHIL LIS G HEdO SRS KGO0 ut 1 on
(500 nL) and concentrated to about 800 nL. To the solution was_ charged
met hanesul PoARes weresepamsedand4he aguppys Byegyas washed pathiVen HE 630 owed by
addi tion of 1,3-dibronp-5,5-hydantoin (151 g, 0.53 mol, 0.6 eq) in several
portiorts oWé). Ehentombimae Me-THiT wassashed witd % Nath (300 D(L)zmdor 2 h.

Addi tional 1, 3-dibrono-5,5-hydantoin (25 g, 0.09 nol, 0.1 eq) was WO
2008/ 0808%0?@'6(1&5’%&6/ 10844067 e 9 middedwas ddtiée Bot)D (2 £8\wrd Oframohdn
stirred at 25-30 Cfor 4 h. The reaction m xture was cooled to 0 C and

wat er (800prd-porties. TRe/ hiaurd wastéatbddioes0 ID and Btimbd IaEtm@H&lréﬂuP@fdrhe
tenperature < 35 C. The organi c phase was separated and washed

sequent i al 3 . AbFodfdh MR SHAIAERE 9 woed\BIIOGH: Fit RO, (TelmBPaNRC (500

m.), and concentrated to give crude 4 as an oil, which irectly used
in the nexg

(180 ni) anrH%n@PHyrF ?’?‘f gfgn'#é#@tr%g%dgg) %.)ee%m%ﬁ:e ?ggam (?7%06 el Of TEA
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Preparation of [(S)-3-(3-Methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-
15 ylcafbamoyl)-tetrahydro-furan-3-yl]-carbamic acid tert-butyl ester (19):
To a solution of 18 (6.1 g, 34.8 mmol) a_nd 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 'fHF, 2.5 equiv.) over 10 min. The
mixture was warmed up to 0 °C over 1 h and monitored by HPLC analysis. Sat.
20  NH4CI (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



lo at 5 C was added dropw se a solution of crude 4 in DW (200 nlL) over 1
h while controlling the reaction tenperature < 15C. The m xture was kept
stirring at 15-18C for 2 h, then gquenched with 3% NaHCO3 (1 L) and EtOAc
(1 L). Thveo osvgesusel phase was separated and the aqueousPEhER®OMES406UNt her
extracted once with Et0Ac (500 nL). The -go4rbi ned organi ¢ phase was washed
with 15 brine, concentrated to about 1 L, and cooled to 0-5 C HC (-64.8
g) gas wasfrhmiPlle@sthil paahee kegvel 19 498 viritef lien(#1 .5lg)B86%, SBBASh urry was
filtered and the wet cake was washed with Et0Ac (200 nL), dried at 20-25 C
W th housepuﬁ? lJumover 12 h to give the desired HCL salt of 5 as a white
solid (241 g, "0.75 nol, 85%overall yield from2). 1FINVR (400 MHz, CDCl 3)
68.40 (d, J = 2.3 Hz, 1H), 208.10 (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) nthesi s of conpound 6 via a Heck
reaction: To 2 L negked fl agk equi pped with nmechanical stirrer
and thernoneter aty25 roffm t enper at urig_was charged aryl amne (85 g, 256
mol ), di okyld, (640 i) 008/ 080891PCT/ EP2007/ 064406 -99- and -
triethylamne ( R , eqi-4v. ) under argon. The m xture was
degassed with  figr 15 min then Pd2dba3 (11.7 g) and PtBu3.HBF4 (7.4
g) were added\und argon. The whole m xture was further degassed at room
tenperature f mn, and then heated 'tof?rlli C and stirred at this
tenperature 5 under argon for 1.5 h. The fMXture was cooled to - 50 C and
distilled under house vacuumto renpbve nost of dioxane, and then Et0OAc
(0.8 L)® and 3% NaHCOB (0.5 L) solution were added. The mixture was
filtered through a pad of diatonmaceous earth to renpve sone precipitated
pal | adi um Braparagon{dShaamino-teisalay dresfurapai-aariexyiig aci (3cribBYl phase
was extracted once with 10 Et0Ac. The conbi ned organi c phase was washed
wi t h bri ne2,3ot.8-tetrabydra dHehenzofdlarepin-dkyiramids hydragen phlatide (20)PA (56
m.) was added at O C and the resulting slurry was filtered. The wet cake
was washedTemadsaluiicerof 99 208 ¢)he MEDHSHIO mbf wasasddedyldCl AMeSH(-s@ilj t0 (66 g,
84% yield, 94% purity). 11-1INWR (400 MHz, CDClI 3) 88.10 (d, J = 2.4 Hz,
1H), 8.03 Migat dmibieht ZemBerhtiie. Tﬂab’)resﬁltiﬁ? clehr sdlutiba whas3stifred Atimblen87 (d,
J=1.1Hz, 1H, 5.35(d, J =1.0 Hz, 1H), 3.34 (s, 2H, 2.98 (m 2H),
2.81 (4p Zt'é)né)e?alﬂge {1 And me%pf’drﬂfehﬁatéaf t09gi0¥ akwhitd sEkd. _OFP{*ZSOHL'?Q _
To 5-ch d (25.7°g) in

reagent: suspensi on of or o-t hi ophenecar boxyl i ¢ aci
100 L of

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



20 EtOAc was added CDI (24. 85 g) in one portion at 20-25 C over 10 nmin
whil e gas was generated vigorously. The m xture was heated to reflux for
30 nmin and then cooled to roomtenperature. DVAP (1.44 g) was added

f ol | owedway20bd6s0891i N0 aci d butyl ester 8 (22 g) in EtCeA/EPeBO/o6dpsi n one
portion. The m xture was reflux for 20 lggnd cooled to 0-5 C. 3 N HC (150
m.) was added and the 25 resulting m xture was stirred at room tenperature
for 10 m n. The organi c phase WD 20081080891PCT/ EP2007/ 064406 - 100- was
separated, washed with 5% NaHCO3 (150 nlL) and 5% NaCl solution (50 ni).
The organi ¢ phase was concentrated to -50 gy and I\/EOH (150 nL) was added.
The m xture was further concentrat ed to 00 L. Tg the ab@we sol ution
was added %NN , FSNe ui v) th oW xtur e% at room
t enper atur@ PEAS: dﬁeﬂ f he MeOH
and then c ed to 0 @3% 12 N (-20 nlL) Meds adde odro to adj ust the
pHto 1- 2 while maintaining the internal tenperature <30 C. The resulting
m xture was extracted with Me-THE (200 nt#3% 8M#e 10 organi c | ayer was
separated, washed with 5% NaC (150 nlL), and concentrated to -100 nL. To

t he resi due was added heptane (100 nmL) to forma slurry, which was
filtered to give the desired product 9 (31.3 g, 96%yield, >98%purity) as
a white saot-AhindtzirBhegdrarfarare8-cafbS)ic dcidi (A5gs Privdt mbh argdiddgshati on of
6-HCl: [Rh(COD)C1)2 (4.9 ng, 0.01 mml) and W&l phos (13.16 ng, 0.02 mmmol)
wer e stg r rigeahdl e tonftess Btsla IPH0 R atioh dask.0 Thie mediéfiry sudpensipntis ansf er r ed
to a solution of conmpound 6 (127 ng, 0.5 nmol) in MeOH (2 nL). The m xture

was stirreghqgidd Wﬂi?@bﬁﬁ(gp%%!éhﬁs @@d%oé%o(mﬂis §121 a1 ) B.addBHC showed

conpl ete 20 reduction t he doubl e bond. To t m xture was added 10%

0010, B335 e b B Tad WA SR BERbES rer
7( 5)-1. Chi cro%plgﬁalj%espe% %g7r%(y Jt&is heated to 110 °C over 1h. HCI gas is
generated during the course of heating and the generation of gas is vigorous
10 when the temperature approaches over 100 °C. The reaction mixture is stirred
110°Cfor 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
éontroliing the temperature at 70-75 °C at 95-100 mbar. About 460 g
15  solvents/SOCI: is collected. The concentrated reaction mixture is cooled to
room temperature and 2-methyl-tetrahydrofuran (Me-THF (600 mL) is added.
8% NaHCOj3 (750 mL) is added cautiously, in portions, while vigorously stirring.
COs is generated over the éourse of the addition. The resulling mixture is
stirred for 15 min and then the phases are allowed to stand for 15 min. The
20 phases are separated and then fhe 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



WO 20081080891PCT/ E1' 2007/ 064406 - 10 1- Carboxylic acid 9 (3.04 g, 11.0
nmmol, 1.05 eq) was dissolved in dry THF (50 nL) at roomtenperature

foll owed by sequential addition of TEA (5.11 nL, 36.8 nmol, 3.5 eq) and

~ propyl phespbmgbsisaci d anhydride in Et0Ac (50% w W' 7. Opgr/Egeedocndos 11. 0
mmol, 1.05 eq). The m xture was stirred_-g¢- roomtenperature for 5 10 mn.
To the m xture was added aniline (S)-1 (2.0 g, 10.5 mmol, 1.0 eq) in THF

(10 nl) at 15 eaMaheIREY BloWwed tof BRNE e 8 it Th& bBLSov@Ryst {~1088g Rk T ef | ux
for 2 h. LC showed 88 A% conversion of product along with 12% m xed

anhydri de. . JJA& 44 X'fﬁg@rg‘éfﬁﬁ: %F@ﬁ&hiﬁ%iéﬂe@%’-b’?ﬁnﬁw%rﬂ})vfdﬁhﬁi—a?gét il HCCB

solution and then was ¢oncentrated to renbve npst "residue

was added r The o i < c at ed. the
Aqueous. | abEEOBRPE 13 Slides B BeRh SrBRE S R SR BRuE - o
extracts were washed with prjinped, .dried r 2904, congentra and
purified by %HI‘WW%H&HHJ& g"g#%ﬁﬁv-)( @Sﬂkgﬁ%ww%ém@@ :C?ﬁ%&@%') %gi ve the
desired product 10 (4.13 g, 9.2 mol, 83% as a white solid. 1HNWVR (400
Mz, Cd 3)assay.ofthg soncentratgd produpt @ggcaiq@ 94.9 oaf t{’@,de§ir§d fRGENHE N-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, Jbutybesierwas obfjained @8%).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= 12.3 Hz, 1H),
2.48 (m 1H), 2.37 (s, 3H), 2.20-2.33 (br, 2H), 1.38 (d, Jr 7.2 Hz, 3H);
13CNWR (100 MHz, CCI3) 8 18.5, 35.4, 35.9, 47.6, 57.3, 64.3, 65.1, 2068.1,
72.6, 117.@Fhemithl Resdldiiod, 129.9, 135.7, 136.1, 137.4, 138.0, 146.2,
160.6, 171.7; ESI Ms: 448 [ MtH]. Preparati onof

Sk oo TEE L R A RSO oot et a1 0

10  analysis should be conducted at this stage and the content of Me-THF should
be controlled fo 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 resultiﬁg in the formation of white solids. The mixiure is heated to

15 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 m!__ X 2yand
the resulting solid is dried at ~50 °C under house vacuum for 3 h. (S)-3-Amino-

20 tetrahydrofuran-3-carboxylic acid n-butyl ester L-mandelic acid salt (820 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

25 mL of CHsCN, and 19.7 mL of water. The mixture is heated to about 70 °C to |



OVs Br THE 495% Preparation of 11 and 12: 5 To a solution of 4 (120 g,

370 mmol ) in dry DMF (750 nL) at anbient tenperature is added allylam ne
(127 g, WRShesaEdr The reaction mxture is stirred atpepepmobasERfsat ure

for 1 h. HPLC showed conpletion of the rggction. EtOAc (500 ni) and water
(500 nL) were added to the reaction m xture. The organic Iayer was

separ at ed &@%IEQ%@%?QH&H :3%2{]%3%% ﬁﬁﬁléﬁtﬁ ‘@ohﬂlgﬁt ﬁé L) . The

conbi ned organi ¢ layer was bri ne 2x25 concentrated

? : &ea Ehﬁqﬂﬁﬁ a“?q%@%eﬁﬁéa st 8‘/%5?5 ?nﬁ*hﬁ%ﬁ%iu'ﬁ@s %'Uiﬁ)'%'&%‘%d? 5
3. vt or g it HAE CabR g ol e Wihe BRaaLl B ﬁ[ﬂﬁ’air% King =

m xt ure was furthe stirred at roomterrperature for 10 mn. The organic
| ayer was %ﬁféﬁfa@%&aﬁaeﬁwuaa@@&%ur%wu'%méﬁg é?&/edr'q}ﬁ')tqf (elda 2 (200
mL). The conbined CH2A 2 was washed with water (0.5 L), brine (0.5 L),
then cdnceamingierahpdigiurentheardexylicerig ndetiviesier lamandalic aeidisalt (959
yi el d). 1HNWVR

99% de.

Preparation of (S)-3-amino-tetrahydrofuran-3-carboxylic acid n-butyl ester
via chemical resolution with L-mandelic acid

10

' 0
O NH3 / MeOH NH
. H.N
& et é NaGCN 6 _HCI/m-BuOH N csun
3 ooc

o]

To a solution of dihydrofuran-3-one (10.0 g, 116.2 mfno!) in MeOH (50 mL) was
added a solution of 7 N NHy/MeOH (33 mL) at ambient temperature. The
15  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 o remove
the MeOH and ammonia. EtOAc (40 mlL) was added to the concentrated
20 mixture and then stirred for 15 min. The slurry was filtered and the wet cake
was washed twice with 20 mL EtOAc. The combined filfrates, containing the
desired 3-amino—tetra’hydrofuran-é—carbonitrile, were concentrated and to the

residue was added 20 mL of n-BuCH. The resulting mixture was cooled o 0 °C



WO 2008/ 080891PCT/ EP2007/ 064406 -103- (400 MHz, CDCI3) 8 8.45 (m 1H),
8.14 (m 1H), [7.44 (d, J = 8.4 Hz, major); 7.40 (d, J = 8.4 Hz, mnor);
1H, [5.82 (m mnor), 5.68 (m mjor); 1F1], 5.20- 5.32 (m 2H), 3.92 (d,

J = 5.5 W robkRsoss- 62 (t, J = 7.8 Hz, 2H), 3.18 (m 2Hjgrrep2biaRaoat i on of
13: To a mixture of aryl bromide 12 (2.694, 6.82 mml, 1.0 eq), Pd2dba3
(250 ng, 0.273 mmol, 0.04 eq), and N-nethyl di cycl ohexyl am ne (2.00 g,

10. 23 nmol i W 1dh RBReH .1 S0 6k afi was
added 1006 7 et TR, ARSI EIThAYBORS Rstisiacs. [THY ¥Rl Bier 1S
m xture wa L r Cfor 2 h and then cooled to room
terrperatur‘z’?géh@éﬁgag@@%ﬁé&ﬂé&%&gﬁ&? i%hm'_) and EtO0Ac (40 nlL). The
organi ¢ phase was separated and the ueous . | ayer S shed .once with
Et OAc (40 hi§ MiftHE \‘3’5%91%'@8 tﬁ?b&awaéav@%M@é?rvﬁ%a%de%%mme WA brine
(40 nmL), dried over Na2SO4, and purified by columm chromat ography to give
13 (1.1 g,thenzpneemiiated jogermevamst gétheowBeOIH. dSalusigd WaH{-8s vags
8-menbered ring by-product. (two atropisoners): 11-1NWVR (400 MHz, CDCl 3)
88. 19 (gm ddded ©.thé r¢siiud td pHZ7 2Bid(the résdltingdomadure. was exiracted twice with

200 mL of 2-methyitetrahydrofuran. The organic exiracts 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

10  (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 thié stage and the content of Me-THF shouid
15  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 repeéted.
L-Mandelic Acid (60.9 g, 0.4 mol) is added to the ester solution in one portion
while stirring ré'sulting 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 Solufion. The
20  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 écid n-buty! ester L-mandelic acid salt (82.0 g,

25  42%) is obtained as a white solid in 86 % de.



(m 2H), 4.48 (d, J = 15.9 Hz, 2H), 3.89 (m 2H), 3.15 (m 2H); 13CNMVR
(100 MHz, CDCI3) 833.1, 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, 14¢0 Joos/oddsd3- 2, 143.3, 143.9, 147.4. PCT/EP2007/064406
-95-

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 waterl. The mixture is heated to about 70 °C to

5 dissolve the salt, resulting in a clear solution. The solution is held at 70 °C fof
30 min and then cooled 20 °C to 23 °C over 12 h. The resulting slurry is filttered
and the wet filter cake is washed twice with 150 mL of MTBE. The productis
dried at 50 °C under reduced pressure résulﬁng in 66 g (81% yield) of (S)-3- -
amino-tetrahydrofuran-3-carboxylic acid n-butyl ester L-mandelic acid salt in

10 99% de.

Alternatively, various alcohols {(ROH) are used in as shown in the Table below.

Entry | Alcohol (ROH) Conditions | Yield of esters

1 PhCH2CH-OH H2S0a, 90 °C, 6h 10%

2 | PhCH,CHOH H2SO., Cul, 90 °C, 6h | 9%

3 PhCH,CH-OH TsOH , 90 °C, 6h ~39%

4 PhCH2CHzOH TsOH Cul 90°C,6h | ~39%

5 PhCHgCHgdH Conc. HCI, 75 °C, 30 | 15%

6 PhCH,CH-OH 2NHCL i, 18h trace

7 PhCH2CH20H 6 N HCI, rt, 2h ~30%

5 [MeOH 9N HCI, rt, 18h Product on LC
yield N/A

9 PRCH,CH-OH ~7 N HCI, t, 18h ~33%

10 | PACH2CH,CHZOH | ~6 N HCI, rt, 18 h ~9%




Preparation of 14: To a 300 nL autoclave was added W ki nson cat al yst
Rha(PPh3)3 (1.78 g, 1.92 mvol, 0.04 eq) followed by a solution of
conmpound 18 ( 14.4 g, 48.0 nmmol, 1.0 25 eq) in THE (100 nlL). The m xture
was stir kasladknogogem t enperature under 30-40 WO PCT/EP2007/064406

2008/ 080891PCT/ EP2007/ 064406 -104- psi Hgfor 12 h. LC showed :
-conpleteconver5|on and no trace of over-reduced by product was observed.

- Not e Ar ounph 1096 3t TEMDET €] LQW@F@X 55@@qg{ ggmas generpted from
Heck reacti on, Was seen. The nlxture was concentrate and purifjed by

col um chrieogs Lugi'"“i"" (hexanc > 5 a|c +H0AC—=13/ to—gtve he desired
hydr ogenat|i g% préﬁﬁgﬁias a itegg%rﬁ% Tgﬁh sol ut|i 3ﬁﬁ%f t he hydrogenati on
product i THE (80 .m.) at 0. .C Wwas added a -solution of NaOH- (1.9 g, 49. 6

et St — G o C o —6& ~

mol) in t%r 2‘@“@."’. The i xtdMNeMfdsrt :stghred at r7§(f?nterrperature for 2
h. LC showed conpletion of hydrolysis. The mixturd was concentrated and
the residuyeldwas |1s®eBUSH wi t h Me=FMEHCESE 1AH and Watt®% 10 (100 pl). The
Me- THF | ayler wag separated and|the aqueous |ayer wWas washed with Me-THF
(100 nL). The conbi ned Me-THF was washed with brine (100 nL), dried over
Na2SO4, and concentrated to give the crude product (8.9 g, 43.2 mol, 90%
yield) as a yellow solid. 15 Preparation of 15 A m xture of racem c am ne
14 (8.0 g, 38.8 mmwl, 1 eq) and L-madelic acid (4.43 g, 29.1 nmol, 0.75
eq) in acef’%}f‘aréﬁgn'Hf)(sﬂ-ﬂﬁt(%h%ro(-ﬁnabhem éﬁ%bﬁ?&té?nﬁﬁﬂltéﬁfaﬁﬁdhﬁcom a

transparent solution e mxture was cooled to O over

stirring. Q]Fﬁn,a merically 20
enri ched s-a[){??n f?#@%‘:?ﬂ ;&a%%@%ﬂﬁ&?ﬂs%ﬁ %ﬁl e Q’Falill‘?, was further
crystal 8§d frome; ang ter for 5 consecutive tinmes to give the salt
(2.5 g, e a% The salt was then treated with 2 N NaCH (20
m.) and Me-THF (50 nmlL). The I\/e- THF | ayer was separated and the aqueous

| ayer was extracted with Me-THF. The conbi ned Me- THF | ayer was washed with
brine (20 m.), WD 20081080891PCT1EP20071064406 '

' H
//”\./N\
MsCITEA m LN
CH,Cly/r L _EN
i A 0N OMs

OMs  \1s0H, DCM

step 3
step 1 step 2 4
szdba3 tBuSP HBF4 N— Pd/C, H2 N—
N > HN
TEA, dioxane - Gz step 5
siep 4 (RS)-1
D-DTTA \qr N—
n-ProH/H,0 H2N
step 6 step 9
(81
o coZH ol
HQN, NaHCO3 HZN . CD!
> OBu * : g N
A TOH
S EMA gep7 2. NaOH & <<L
7 8 step 8 9 O

10 Resolution of (RS)-1 to prepare (S)-1:



-105- dried over Na2SO4, and concentrated to give conpound 15 as a yel |l ow
crystalline solid (1.44 g, 7.0 mmol, ee: 97.0% 18%yield). Preparation of
16 and (S)-1: 5 The internediate 15 (1.44 g, 7.0 mml) was dissolved in 10
nmL of HCO@ResFososdle m xture at room tenperature was addeuERGVyad@6t®O (0. 81
g, 37% ww, 10.5 mml). The m xture was-8firred at 90 C for 3 h, and
concentrated to give a yellow oily product. The residue was diluted with

Me- THE (50Tata)2 hrjgckedMidsaQuitt @8hddnsehadd shédhapibanbtirgromad enmgedtoiidge f or 10
m n. The aqueous | ayer | o was further washed with Me-THF and t he conbi ned

Me- THF was p t ' i) CONE ENDTTAGE 2D @ ITNE miTRi fHegrpound
16. The ab@?%‘ﬁ %eﬁﬁr?HS(%m&% %I , 98. g(oq/oee) vvaf di SEI%’)}A%E?Q;E n MeOH

(20 nL) a %P d. 1L 1.X1 i.r room
15 tenpera ué’tg %nag{edﬁh%g‘(’)aﬁgﬂ%%(@q%% %‘E‘d#ﬂ%ﬁﬁ‘[‘ﬁ%%n@tve@ %%?%gmmand
concentrated. The residue was purified by .col um_ chyomat ogr aphy .

TR oac( et 5T b8 BepaTe Aveloh soRbononfer 6 e ient)0 4 g e
aniline conpound (S)-1 (1.57 g, 8.2 mmol, 100% 98.2% ee, 98. 5A% HPLC
purity)s aswas geoed teo ambiert-tempRratdaoovadZ h,GoRbDyther exded (al( °G-over 9.4z,
1H), 6.61 (s, 1H), 6.49 (dd, J 20 = 7.8, 2.2 Hz, 1H, 3.07 (m .1H), 2.93

(m 1H), 2h@&6dXepbal 01°C3dy ,1h2TRO Sty @iy, filtBrekBaid wasBel with. &d sdivedE 7. 3
Hz, 3H); 13CNWR (100 MHz, CD30D) 8 19.2, 35.6, 47.9, 59.2, 66.0, 114.4,

114.6, 13LoQyive e salt (146 .gYin 39% PeldErld 863% ded1 [ M+H . WO 2008/ 080891 :
- 106- PCT/ EP2007/ 064406 5 Preparation of 17: To a solution of olefin 6 (200

0, 0,92 MR bat UK ich ZoB bR PtR P ERR NGOG bR, .07 !

0.04 eq). The mxture was Stirre roomtenperature un

he desi T i aniohoI s SR 0% AR R Pl YRR 10 00 W, “coI %) S 8. 08

(d, J =22 H, 1H, 800 (dd, J =82, 2.3 H, 1H, 7.24

Preparation of 4 from 2:
To a 2 L reaction was charged 2-(4-nitrophenyl)ethanol 2 (150 g, 0.882 mol),
dichlormethane (1 L) and methanesulfonyl chloride (75.8 mL, 0.971 mol, 1.1 eq)
at 20-25 °C. The mixture was cooled to -10 °C, and then triethylamine (107 g,
15 1.06 mol, 1.2 eq) was added slowly over 2 h while maintaining the internal
temperature < 5 °C. The mixturé was then warmed to 25 °C and stirred at this
temperature for 1.5 h. Additidnal 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
20 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 solutioh was charged methanesuifonic acid (285 mL, 4.41 mol, 5 eq)
in one portion, féllowed 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

25 for 2 h. Additional 1,3-dibromo-5,5-hydantoin (25 g, 0.09 mol, 0.1 eq) was



(d, J= 8.2 Hz, 1H), 3.29 (m 1H), 3.22 (m 1H), 2.80-310(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: 15 Sane procedure was used for the resolution of (RS)-1
by usi ngwdAbsodesorExanpl es: 20 Exanple 1 (R - and PCT/EP2007/064406
(S)-3-[(5-brono-thiophen-2-y1l)-carbonyl agg-noj - N- ( 3- net hyl- 2, 3, 4, 5-

t et rahydr o- 1H benzo[ dj azepi n-7-yl) -t etrahydr of uran- 3-carboxylic acid am de

WO 2008/ O8ARREHPGRY Eﬁ@Qﬂ&ﬁPQMQ@ o stirfed at 25-30 °C for 4 h. The reaction
7-nitro-2,3,4,5-tetrahydro-1H benzo[dj[ azepine 58.4 g (29.0 nmol)

S-trifl uorr?mﬁ{rjﬁley\krag .c?blteﬂoco% 3 Hney \R/Eferr (ggﬁ%\ﬁés céhtﬁﬁuéﬁ;{ ?d(?e%ﬁo%r@(? are

suspended u rogen atnDsphere net ha and conbi ned

with 5 mM NaOH sol ut o2 t I
st ea B 3K Eco'pﬁglhﬁ t%f‘*ﬁs?%{eér PneCt heprdge  BAGTEIACT L ¢
wat er and extracted W|t d. - but th . hed
with NaOH %%ﬂ%@ﬁeerﬁr@sw g It g CR ot A 3W3fé§b¢@ﬁms °
sodi um sul phate and eva orat ed to dryness i. vac. 2 V6 lh/o

5 (500 mL), 5% NaCl (500 mL}, and concentrated to give crudee as an 0|P hic

was directly used in the next step.

Preparation of 5 via amination:
To a solution of TEA (180 mL) and methylallylamine (96.5 g) in DMF (250 mL)
10 at 5 °C was added dro-pwise a solution of crude 4 in DMF (200 mL) over 1 h
while controlling the reaction temperature < 15 °C. The mixture was kept stirring
at 15-18 °C for 2 h, then quenched with 3% NaHCOs (1 L) and EtOAc (1L). The
organic phase was separated and the aqueous phase waé further extracted
once with EtOAc (500 mlL). The combined organic phase waé washed with
15  brine, concentrated to about 1 L, and cooled to 0-5 °C. HCI (~64.8 g) gas was
bubbled through the solution to form a s'lurr_y. The slurry was filtefed and the wet
cake was washed with EtOAc (200 mL), dried ét 20-25 °C ' with house vacuum
over 12 h to give the desired HCL sait of 5 as a white solid (241 g, 0.75 mol,
85% overall yield from 2). "HNMR (400 MHz, CDCls) 5 8.40 (d, J = 2.3 Hz, 1H),
20 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

25 room temperature was charged aryl amine {85 g, 256 mmol), dioxane (640 mL)



Rf val ue: 0.28 (al um nium oxi de; dichloronethane/ethanol = 95:5)

15C10H12N202 (192.22) Mass spectrum (MtH) += 193 (b)
3-methyl -7-nitro-2, 3, 4,5-tetrahydro- 1H benzo[ d] azepi ne 20 5.09 (26.0 mmol)

7-ni tro- 3y8 2dushsdsei r ahydr o- 1H-benzo[ d] [ azepi ne are m XggripPrad7/843s fOrmc
acid with 15.5 m formalin solution in wager (37% at roomtenperature,
and stirred overnight at 70C. The reaction mxture is nade alkaline with

_ | uti A0 e I " : ' :
2008/ 0808900 RSN Bearof: aar i Pregard UREr il T  AEkGE
vaco Vi of Begenta BUERA Rie Ml Aol (1 (Y RS Plad R TP
2:022![?L%n?%fé]%/g%%g?&]rﬁjder:ar%gh? )Thg \%OIQ ﬁ}f’x’%‘&l%zwggq“grt gl) dg/ggsssed at room

et rahydro-1H benzo{(gjuiqz_i_gcgi n-7-ylam ne 104.8 84 (23.2

3-nethyl-2,3,4,5-t . :
En% ) rrg nglq{wer?t%?lf?r 2 Py andsthephestse 8nd sfided Ak finienapesatliresol ved

in 45 m of nmethanol and combined with 400 ng Pd/C 10% The mxture is
hydr ogehat BadgMAGOPAPF Tdppalieusidirersascoekrgdoat 0’ Gaang distilletyuhdegen
pressure for 5 hours. Then the catalyst is filtered off and the filtrate
i s evapor abedsalgaguuim teaemove most of dioxane, and then EtOAc (0.8 L) and 3%

NaHCO; (0.5 L) solution were added. The mixture was filtered through a pad of
diatomaceous earth to remove some precipitated palladium species. The
organic phase was separated a-llnd the aqheous phase was exiracted once with
10 EtOAc. The combined organic phase was washed with brine (0.4 L) and
concentrated to about 0.5 L. 5-6 M HCI in IPA (56 mL) 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 yeliowish solid (66 g, 84% vyield, 94% purity). "HNMR (400
MHz, CDCl3) 5 8.10 (d, J = 2.4 Hz, 1H), 8.03 (dd, J=8.2,2.4Hz, 1H), 7.24 d, J
15 = 8.3 Hz, 1H), 5.37 (d, J=1.1Hz, 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
20 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 temperaturé. 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

25  resulting mixture was stirred at room temperature for 10 min.The organic phase



15Yield: 3.9 g (96% ft value: 0.36 (al um nium oxide;

di chl oronet hane/ et hanol = 98:2) Cl11Fl 16N12 (176.26) Mass spectrum ( MtH) +=
177 20(d) 3-am no-tetrahydroduran- 3-carboxylic acid-hydrochloride 3.5 g
(15. 1 mmQ 20508841 - but oxycar bonyl ami no-t et rahydr o- f urea/Broer/dsaesgl i c aci d
are dissolved in 150 ml of 1-nolar hydrog@-oric acid and stirred for 1 h
at roomtenperature. Then the reaction mxture is |yophilised. 25 Yield:

2.5 g (1004hs 802068/ WRRRALRET/ERITC064485 miIQid SEHIMOBSSIGliof 167 . 59)
Mass spectrum (M-H) += 132

(e)3-[(5- bg&mﬁ%b%@ﬁb@%ﬂ%ﬁ%ﬁ%ﬁ@@ W%ﬁb%ﬁ%é@%%‘rﬁ%}é@%ﬁ' ic

S5acid 3.1 no-t hi ophene- 2-carboxylic acid in

di chl orone r [ | .6 g@gl) thionyl chloride with
stirring a%g(?%bgrmegmrrper t@gu‘ghépg%%n?&té%é 3.‘l h Lat reflux tenperature.
Then the 10reaction m xture is evaporated to dryness.

5 To the above solution was added 2 N NaOH (90 mL, 1.5 equiv) and the mixture
was stirred at room temperature for 2 h. The mixture was distilled to remove
most of the MeOH and then cooled to 0 °C. 12 N HC‘I (~20 mL) was added
dropwise to adjust the pH fo 1~ 2 while maintaining the interal temperature
<30 °C. The resulting mixture was extracted with Me-THF (200 mL), The

10 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 o give the desired product 9 (31.3 g, 96% .yield, >98% purity) as a

white solid. 7

15  Preparation of (_S)-1_ via asymmetric Hydrogenation of 6-HCI:
[Rh{(COD)Cl]z (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 tb a
solution of compound 6 (127 mg, 0.5 mmol) in MeOH (2 mL). The mixture was
- stirred at room temperature under 100 psi Hz for 12 h. HPLC showed complete
20 reduction of the double bond. To the mixture was added 10% Pd/C (10 mg).
Thé mixture was further stirred at room temperature under 100 psi Hp for 2 h,
then filtered, and concentrated to give pure compound 7(S)-1. Chiral HPLC

showed 79% ee.

25  Preparation of 10:



2.5 9 (14.9 mml ) 3-am no-tetrahydro4uran-3-carboxylic acid-hydrochl oride
are dissolved in 2.0 mM (14.9 mmol) TEA and 150 m acetonitrile and
conbined with 5.9 m (22.4 mol)

N, O- bi s- (o roo®bdegdisi | y1)-trifl uoro-acetam de wth stirrdmepaevdessnt| uxed
for 4 h with stirring. The reaction m xti@ie is conbined with 4.1 m (29.8
15mml) TEA and the solution of the prepared acid chloride in 50 m

acetonitri Cérbo%?lldf e 9 Qs.o@rm noahmosf1.08 iy dissdigednd drpamHiE ¢80 ed
slowy to roomtenperature. Then the m xture is evaporated to dryness i.

vac., the ﬁ@f H?:onﬁ %erﬁ?ﬁ?%i(tjur} mfsv&éfu Walsehuamthl Ad8mbAof TEH YN £ Al e

sol ution an ether. The aqueous phase i's adjusted to
pH 1 with S on
filtered aﬁ@] art g%g ég%é{ &ﬂgg vggcu%'ﬁrdlj ”h}t’&r@"’gﬁ oar u(%%‘ Wﬁ”d U;gég g (75
% C10H10e . rum §98é§29r(§obr ng l§<‘%tfkc';f;)es)

V0 20081 0EOB8 TRt EaSTTbk e 68 e Wb S Tehpérati

3-[(5- brom)thlo hen-211 carbonlamn - - , 4, 5- :

t et r ahydr olA MiBe edpe.ra BVag § gle@ @P%ﬁ%ﬁf)af @éﬁf §0§%FHB9L,/|*%83&"% ani de
700.0 ng (2.19 rrrml) 3-[ (5-brono-t hi ophen-211) - car bonyl am nopetrah dro- 5
f ur an- 3- caT*dB)(Wll’Y@— aai.r@prart@m@@rmweeahmr@ﬁulggm)rmxtﬁge was simagat yeflyxifor and
601.0 pl1(5.47 mol) NMin 10 m- DMF with stirring at roomtenperature and
stirred fao2 h10Crshowethégh AS8Bovargiofnfigoduet|giong with 12% mixed anhydride.
3-nmethyl -2, 3,4,5-tetrahydro-1H benzo[d] azepi n-7-yl am ne are added and the

m xture i ST infikiede o quarithedtbhy addingh40 neasbiusatedi NAKC ;i solutimmbamied wi t h
wat er and sat. sodi um hydrogen carbonate solution, the precipitate is

filtered offnansh Bodehiatbdlb RMERIRE! BPTHFOToahy MbSiUWRS AtRidieMeant :
di chl or onet hane/ et hanol 100:0 to 98:2).

10 THF (40 mL). The organic phase was separated and the aqueous layer was
further washed with Me-THF {20 mL). The combined Me-THF extracts were
washed with brined, dried over Na,SO4, concentrated, and pu.rified by column
chromatography (EtOAC/EIOH/EtzN = 2:1:0.06) to give the desired product 10
(4.13 g, 9.2 mmol, 83%) as a white solid. "HNMR (400 MHz, CCls) & 8.41 (s,

15 1H), 7.42 (s, 1H), 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),
415 (d, J=9.4 Hz, 1H), 3.19 (br, 1H), 3.03 (br, 1H), 2.75-2.95 (m, 3H), 2.71 (d,
J= 12.3 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) & 1-8.5, 35.4, 35.9, 47.6, 57.3, 64.3, 65.1,

20 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].

Pre'paration of (8)-3,5-Dimethyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-
ylamine

25



Yield: 850.0 ng (81 % Rf value: 0.62 (alum nium oxide;

di chl or onet hane/ et hanol = 95:5) C21H2413r N303S (478.40) 15 Mass

spectrum (M+H) += 478/ 480 (brom ne isotopes) For separation of the racemc
m xt ur e W moesesesyiespecti ve enanti oners, a conventi ondiCTHHR2@78p40eém wi t h
DAl CEL AD-H 250mm x 4, 6mm chiral col um102s been used, eluting wth (0, 2%
D et hyl am ne in Hexane)/ isopropanol 70/30 zo as liquid phase. At a flow
rate of ImM/mn, retention tinmes for the qpantloners are 13.6 m and 16. 4

mn. Exanple 2 ) - adNH CFB
(S)-3-[(5-chlor | opnerE ) ca ylahmg ]——EH—?rm?t

t et rahydr o- 1%Nenzopci | aze"|ﬂFn 76) etarahydr 61°0f an hel g[l aC| d

am de WD 2008/ 088891PCT/ BFP2007/ 0644061 (a) benzyl

3-[(5 chl oro-t hi ophen-2-yl)-car bonyl am noj - tetrahydro f ur an- 3 car boxyl at e

5 (9Pc8cib|emtﬂ>h 1%8- chl gf o- hene- 2- car box acid is dissolved in
61N o . ol ) yI i L-mandslic acid
boxy %ﬁ@ Pdo 26 0.8 nmmol ) TBTU and

30 m DIVF ARYPSETY reed wi

3-am no-tet - urap

4.3 m (39 nnmbymNNWIaf rogQn¥'t enper at ZO,Q Then the m xture is
evapor ated down and purifiéd by 10chromat ography on silica gel (eluant:
di chl or onet hane/ et hanol 100:0 to 94:6). Yield: quantitative

. HCHO
NH  HCOOH
ON 10% PAIC 1y,
15

(S)-1

Preparation of 11 and 12:

5 To a solution of 4 (120 g, 370 mmol) in dry DMF (750 mL) at ambient
temperature is added allylamine (127 g, 2220 mmol). The reaction mixture is
stirred at room temperature for 1 h. HPLC showed compietion of the reaction.
EtOAc {500 mL) and water (500 mL) were added to the reaction mixture. The
organic layer was separated and the agueous layer was extracted with EtOAc

10 (200 mL). The combined organic layer was washed with brine (2x250'mt_) and

concentrated to give the desired product 11 (103 g) in 97% yield.

To a solution of 11 in CH2Clz (1 L) at 0 °C was added TEA (2 eq) and TFAA (1.2
eq) avé_r 0.5 h. The mixture was allowed to warm to room temperature and was
15  stirred for 3 h. Water (0.5 L) was added to quench the reaction and the resutlting
mixture was further stired at room temperature for 10 min. The organic layer
was separated and the aqueous layer was extracted with CH,Clz (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



Rl value: 0.59 (silica gel; dichloronethane/ethanol = 9:1) Cl17HleCl NO4S
(365.83) Mass spectrum (MH—|) += 366/ 368 (chlorine |sot opes) 15 (b)
3-[(5-chl oro-thiophen-2-yl)-c, arbonyl ani nol -t etrahydro-furan-3-carboxylic
aci d 3. 6w f0s/ekogarol ) benzyl PCT/EP2007/064406
3-[(5-chl oro-thi ophen-2-y1l)-carbonyl amﬂoaetrahydro- 20
furan-3-carboxylate are dissolved in 60 m of ethanol and conbined with

39.1 m (3908 MRl cobid 8l45 HEOHR sy drad de spEw.k iy, angost i 1red
for 6 h at roomterrperature fter evaporation i. vac. the resi die Is

ﬁ;g?l)gﬁfio act C! \\llﬁdlze ¢6'gﬁ8ﬁ %fﬁ%ﬁgﬁz{é‘gﬁ’ﬁm@%ﬁe pr eIC|)g|r1t ;:]g@lg:s
25 g (o1 %/éﬁr edaﬁ?kgﬁégﬁéaﬁ%@%aﬁ@ F62 08 0 Tt AR BOAERR o ©) 5
C1OH1OCI N04S (275. 71)
5 Preparation bf 13
To a mixture of aryl bromide 12 (2.6 g, 6.82 mmol, 1.0 eq), Pdzdbas (250 mg,
0.273 mmol, 0.04 eq), and N-methyldicyclohexylamine (2.00 g, 10.23 mmol, 1.5
eq) in anhydrous dioxane (60 mL, 0.1 M) under argon was added 10% (w/w) t-
BusP in hexane (1.62 ml, 0.55 mmol, 0.08 eq). The mixture was stirred under
10 argon at 80 °C for 2 h and then cooled to room temperature, queched by adding
water (40 mL) and EtOAé (40 mL). The organic phase was separated and the
aqueous layer was washed once with EtOAc (40 mL). The combined EtOAc
was washed with water (40 mL) and brine (40 mL), dried over Na>SQ,, and
purified by column chromatography to give 13 (1.1 g, 3.77 mmol, 54%) as a
15 yellow solid along with 5-10% 8-membered ring by-product. (two atropisomers):
__‘HNMR (400 MHz, CDCls) 6 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, CDC]V;;) & 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,

20 143.2,143.3,143.9, 147 4.

Preparation of 14:
To a 300 mL autodave was added Wilkinson catalyst RhCl{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

25  eq)in THF (100 mL). The mixture was stirred at room temperature under 30-40



Mass spectrum (MH) "= 274/ 276 (chlorine isotopes)

(c)3-[(5-chl oro-thiophen-2-y1l)-carbonyl am no] - N- ( 3- net hyl - 2, 3, 4, 5-

t et rahydro- 1H benzo[ c] azepi n- 7-y1) - t et r ahydr of ur an- 3- car boxyl i ¢ acid am de
10 Pr epanasizmgedoegous|y to Exanpl e 2(a) from 3-[(5-chleroeedizghens- 2-yl) -
car bonyl am no] -t etrahydr o-f uran- 3-carboxyyiLc acid and 3-nethyl -2,3,4,5-

t et rahydr o- 1H benzo[ dl azepi n-7-yl am ne with TBTU and TEA in THF at room

t enper at ur gsiviJ for S\POS. 00 SHowRl bdrhpidcRRVEMICENAIAbOBAGRPBY ovéridedatedn ni um
15 oxide (eluant: dichl oronethane/ethanol 100:0 to 97:3). Yi eI d 67 % Rf

val ue: hl t {

F124C N303%’ P@%%ag%%@ecﬁtgm% 9@2@%?4@%@%@0 %e | sot opes) 20
For separ e It e

conventi O?I\Bél g\{yt [ %a%%%&gl%o@yﬁéegr% v'(né?#%ﬂm%ﬁ{ ?‘g\&gSHn% W%ém%\n% [ r aI
col um has been UF el.uti nrgfvg{ as |IEUId has m& a flowrate of
0, 5/ ni n, SFEEIHEIE laf‘ﬂesp'f' 1€ hé)yenﬁ NEX8R8 15° 30
mn. WD 2008/ 080891PCT/ EP20071064406 -113- Al ter nat [ veI y, for separation
of the ¥ ackenaneft Q/‘\ﬁ'ei”“r)t@gl"f%thleé@%@gl drageaation pEaduct 8s aorviERqlignal
HPLC system wi th DAI CEL AD-H 250mm x 4, 6mm.chi ral col umm_has been used,

el uting wi T0a(®lutmnaydhe hydragematien iprodusk imENF (B8 opk)oath & wes/siileda | i qui d

phase. At a flowrate of Im/mn, retention
solution of NaOH (1.98 g, 49.6 mmol) in water (20 mL). The mixture was stired

at room temperature for 2 h. LC showed compietion of hydrolysis. The mixture
was concentrated and the residue was treated with- Me—THF- (250 mL) and water
10 (100 mL). The Me-THF layer was separated and -the aqueous layer was washed
with Me-THF (100 mL). The corhbiﬁed Me-THF was washed with brine (100
mL), dried over NazSQO4, and concentrated to give the crude product (8.9 g, 43.2

mmol, 90% yield) as a yellow solid.

15  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 fo 0 °C over
‘6 h while stirring. The resulting slurry was filtered to give enantiomerically

20  enriched salt with 58 % ee (7.0 g, 50.4 % yield). The salt was further cryétallized
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.),



5 tines for the enantioners are 12.8 mn and 15.2 mn. d)
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am nol - N- (3-net hyl -2, 3, 4, 5-
tetrahydro- 1Hbenzo[ ci azepi n-7-y1) -t et rahydrof uran- 3- car boxylic acid am de

was al so woegsrne@onccording to the foll ow ng procedur ep@@p{dgwammﬁxture of -
1.08 g (6.13 nmml) 7 and 1.86 g (6.75 mds. 3-net hyl -2, 3, 4, 5-
t etrahydro- 1H benzo[ d] azepin-7-ylam ne in 50 m THF, vvas added 2.98 ml TEA

and 4.7 m dlie®r R PR @ho%'nﬁ é@hébrﬁr}é@éd GoagEdebBoln%a nasEtaOHOWThe

m xture was refl uxed 2 h, the solvents Wwere renoved i.vac

crude 15 nhﬁ;gga'”i 5 %%gij?eﬂowmﬁp%%ngyw a@%/g urthod A) to yield the

title conpoun 0 the dllovmng ‘proc e: 20 To a sol ution of
5-chl or o-t hi ophene-2-carboxylic acid in MeCN (0.1 g, 0.615 mmol) was added
TsCl (0. 1069, 0 554 mmol ) in one portion. After the m xture was cooled to

0 C, NW ( 5 equiv.) was added slowy and the
m xture wa ?I%"’Fr Bnt%o‘{'%gﬂq?@ﬁgerature and stirred for 3 h, 25 then heat ed
to 50C for he reaction was nonitored by HPLC for t he

2008/ oa‘bsﬂb@rﬂ?tm%‘éjﬂ%%ﬁ&bM&ﬂO W@%Nf?@ammvéed)m Ral QEIﬂOZQQHaT@a)

Salt 20 (0.141 0.388 nmmol, KF -1% was added and the reaction m xture
was sti rretegni ia% neomdemperatureswas nddeth 3ZIHO (@ 8hge BT awad 1051 enove
MeCN. EtOAc (50 nmL) and sat. NaHCO3 (50 mL) was added and the m xture was
stirred atmmolf.orhel Bixture wEsestorghat @0pitaser 35 Hebesrdctratorhsgirevd t h
sat. NaHCO3 solution (50 nL) and brine (50 nlL), and concentrated to give

the desiregclewaspy prédct2Tag @sitict was dilutbd #aho mSﬂdFC{BoHﬁL?a%S@M\) . The
following solubility and solid state characteristics of the conpound
(S)-3- NaOH (20 mL) and stirred at room temperature for 10 min. The agueous layer

10 was further washed with Me-THF and the combined Me-THF was washed with

brine and concentrated to give methylated compound 16.

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 sfirred at room

15 temperature under 100 psi Hz for 12 h, filtered to remove Pd/C, and
concentrated. The residue was purified by column chromatography [EtOAc(EtsN

0.06 viv)f MeOH = 100/0 — 50/50 as eluent) to give the ahiline 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

| 20 =78, 2.2Hz, 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); SCNMR (100 MHz, CDs0OD) 6 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 (8)-3,5-Dimethyl-2,3,4,5-tetrahydro-1H-3-benzazepin-7-

25 ylamine



10[ (5-chl or o-t hi ophen-2-y1)-carbonyl am no] - N- (3-net hyl - 2, 3, 4, 5-tetrahydro-
1H benzo[ d] azepi n-7-y1l)-tetrahydrofuran-3-carboxylic acid am de and of

its anhydrous crystalline formare relevant to the present inventjon.

Sol ubi ity YPapsroseass of the conpound (S)-3-[(5-chloro-thiophen-2-yI)-
15car bonyl am no] - N- ( 3- net hyl - 2, 3, 4, 5-t et rahydr o- 1H- benzob@},%?%%n- 7-y1) -

t et r ahydr of ur an- 3- carboxyl i ¢ acid anide SolQ@®bility and dissolutio Wate in
aqueous nedia 20 The tabl e bel ow shows the val ues of solubility of the

conmpound
(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] - N (3-net hyl -2, 3, 4, 5-tetrahy
dr o- 1H benzo[ d] azepi n-7-y1) -t etrahydr of uran- 3-carboxylic acid am de in
i WO 20081080891PCT/ EP2007/ 064406 -115- nedi um

di fferent aqueou

sol ubi liy [ny/ H of\_t hengabapat ed
_ OyN —H ON N— _r_em -
6 O,N
17
H 18
A — N—
: Hleq: ,
(8)-1

5 Preparation of 17-

RhCl(PEhs)g (34 mg, 0.037 mmol, 0.04 eq). The mixture was stired at room

| temperature under 30-40 psi Hy for 12 h, then concentrated ang purified b
column chromatography to give the desireq amine 17 as a thick oil. 17: 1HNMF\3’/

10 (400 MHz, CDCl3) § 8.05 (d, J=22Hz, 1H), 8.00 (dd, J = 8.2, 2 3 Hz 1.H) 7.24

d, J=82H
Z 1H), 3.29 (m, 1H), 3.22 (m, TH), 2.80-3.10 (m, 2H), 2,89 d, J
12.3 o
Hz, 1H), 2.37 (s, 3H), 2.15-2.30 (m, 2H), 1.44 (d, J= 7.2 Hz, 3H)

Preparation of 18-

15 Same
procedure was used for the resolution of (RS)-1 by using DTTA

C) Examples:

20  Example 1

(R)- and (S)-3-[(5- i
(8)-3-1(5 bromo-th|0phen—2-yl)-carbonylamino]~N-(3-methyl 2,345



0.1 NHC >10 1.0 pH 2.2 >10 2.4 pH 4.0 > 10 4.3 pH 6.0 > 10 6.3 pH 7.4
1.8 7.5 0.01 N NaOH
WO 2008/080891 PCT/EP2007/064406
-107-

(a)  7-nitro-2,3,4,5-tetrahydro-1H-benzo[d][azepine

5 8.4 g (29.0 mmol) 3-trifluoroacetyl-7-nitro-2,3,4,5-tetrahydro-1H-
benzo[d]azepine are suspended under a nitrogen atmosphere in 8G mi of
methanol and combined with 5 ml NaOH solution { 50%) and stirred for 2 h at
70°C.

The methanol is distilled off using the rotary evaporator, the residue is

10  combined with water and extracted with ferf.-butylethylether. The organic phase
is washed with NaOH solution (50%) and sat. sodium chloride solution, dried on
sodiiJm sulphate and evaporated to dryﬁess i. vac..
Yield: 5.1 g (91%)
Rs value: 0.28 (aluminium oxide; dichloromethane/ethanot = 95:5)

15 CioH12N202 (192.22)

Mass spectrum:  (M+H)* =193
(b)  3-methyl-7-nitro-2,3,4,5-tetrahydro-1H-benzo[d]azepine

20 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



0.046 11.8 The table bel ow shows the values of intrinsic dissolution rate
of the conpound

(S)-31(5-chl oro-t hi ophen-2-y1l)-carbonyl am no] - N- ( 3-net hyl -2, 3, 4, 5-tetrahyd
ro- 51H wemmed/@pmaepi n-7-yl) -t etrahydr of ur an- 3- car box HUTEER2BU764H% de | n
aqueous nedia. The intrinsic dissolutiong8ate was determ ned in aqueous
medi a covering a range of pH 1.1 - 7.4 using the rotating disc nethod

whi ch mai ngigd fgt. dusmmstraibthst mMhacegaiie phabe npdridd on sgdisubsiiphaie amals
conpressed to forma disc at 356.1 N for 60 s. These discs were nounted to

speci al | y bEHtE t&é e§ser)3a%| ders which fit into a Sotax dissolution
tester. I SSo ut| media (37C) were stirred at 200 rpm Sanpl es were
aut omat i c Q& Wi t hdrag/\@(gd.g y second minute fromthe dissolution vessel
and assay Viia UV spectrop otorretry. The intrinsic dissolution rate

Concont  atROR: oo ATRaRh S ERARRY BT T85T ¢ ne <t ope o

15 the di ssol ution Ebléréi vol une of dissolution medium (35nl) and area
(di ametder :CaHmhy2Qsl( dxposed di sk. WD 2008/ 080891PCT/ EP2007/ 064406

-116- pH of aqueous nedi um dJ ssolution rate [pg/cn@/ m n]
Mass spectrum:  (M+H) = 207

(¢)  3-methyl-2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-ylamine

10 4.8g(23.2 mmol) 3-mdethyl—7—nitro—2,3,4,5-tetrahydro—1 H—ben}_o[d]azepine are
dissolved in 45 mi 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 ﬁltéred off and the filtrate is
evaporated down i. vac..

15  Yield: 3.9 g (96 %)

R value: 0;36 (aluminium oxide; dichloromethane/ethanol = 98:2)
Cy1H4gN2 (176.26)

Mass spectrum:  (M+H)" =177
20 (d) 3—amino—teirahydro-‘furan—3-carboxy!ic acid-hydrochloride

3.5 g (15.1 mmol) 3-tert.-butoxycarbonylamino-tetrahydro-furan-3-carboxylic
acid are dissolved inr 150 ml of 1-molar hydrochloric acid and stirred for 1 h at
room temperature. Then the reaction mixture is lyophilised.

25  Yield: 2.5 g (100 %)



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 can be concluded that the conpound

(S)-3-[(5-chl oro-thiophen-2-yl)-carbonyl am no] - N (3-nethyl -2, 3, 4, 5-tetrahy
dro- 1H W0 2008/080891 PCT/EP2007/064406 -

10

15

- 20

25

| -109-
CsHINO3*HCI (167.59)

Mass spectrum:  (M+H)" =132

(e)  3-[(5-bromo-thiophen-2-yl}-carbonylamino]-tetrahydro-furan-3-carboxylic

acid

3.19(14.9 mrho’l) 5—br0mo-thiophene—2—carboxylic acid in 50 ml
dichloromethane are combined with 5.4 ml (74.6 mmol) thionyl chioride with
stirring at room temperature and stirred for 3.5 h at reflux temperature. Then the
reaction mixture is evaporate_d to dryness.

2.5g (14.9 mmol) 3-a_rnino—tetrahydro-furan—3—carboxyiic acid-hydrochloridé are
dissolved in 2.0 mi (14.9 mmol) TEA .an'd 150 ml acetonitrile and combined with
5.9 mi (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 sIoWIy to room

temperature. Then the mixture is evaporated o 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 i$ suction filtered and dried at 50°C in the
vacuum drying cupboard.

Yield: 3.6 g (75 %)

C1oH10BrNQO4S (320.16)

Mass spectrum:  (M-H) = 318/320 (bromine isotopes)



5 benzo[ d] azepi n-7-yl)-tetrahydrofuran-3-carboxylic acid am de has a pH
dependent solubility profile in aqueous nedia with excellent solubility in
acidic nmedia and a reduced solubility in neutral and basi‘c nmedia due to

t he | onewaadorbsdspty of the free base. Furthernore, thecwprpouwssdisxhi bits
up to pH 6.0 very fast dissolution ratesj10and even accept abl e di ssol ution
rates at pH 7.4. 10 Solid state propertiées of the conpound

(S) - 3- [ (5- gl or 3 {vroptemichhch)2-ygERENAING)-NoB:=Netht-oeg hgl- 2 | 3, 4
, 5- tetrahydro 1H— enzo[ d] azep i n- 2 yl)- tetraLydrof uﬁh’aﬁl 3-car boxyl ic acid

ani de 15 N )
(S)-3-1(5- ﬁ%@?ﬁ'ﬁ 'r'ﬂ Ob?ﬁg%@aiff)?l mﬁgmroﬁtgap 3-carboxylic acid amide

N-(3-nethyl -2, 3,4, 5-tetrahydro-1H benzo[ d] azepi n-7-yl) -t et rahydr of ur an- 3-
carboxylic acid am de appears as a white mcrocrystalline powder.. WO

2008/ 08089%&%5/ EP@Q%/ 064@1%‘%%#5()@%) ggﬁgﬁ_ l_J)I/’Ij ne%bgny%%Slr?o]%trahydranhydr ous

crystallin

[ (5- chI oro-t hi gphen-2-y1) - car bonyl am ng nmet h t et rahydro- 1H
benzo[ 6] az&Fi %ﬁ%yii?xvd'@@%@r&rwmlaﬁd wlf@agr%&oofmg @ %ﬁcmc&w&é U andrhe

anhydr ous crystalline formof the conpound ‘
(S)-3-[(5- @(M/ b {(3-A7 opneh NMRiin 10 mi DMF with stirring at room temperature and

car bonyl am no] - N- (3-net hyl - 2, 3, 4, 5-tetrahydr o- 1H benzo[ d] azepi n-7-y1) -
t et r ahydr oftirreghfoB-1OaninoX e 8856 mjgdﬁﬂﬁemrmylo BenatieyhH, ddttedehpgrodt i ng a
preparation of the conpound

(S) - 3- [ ( 5-sdri{dlakdpinFgaming dve sddepayd td miire is stirred overnight at
10(3-net hyl - 2, 3, 4, 5-tetrahydro- 1H benzo[ d] azepi n- 710- t et r ahydr of ur an- 3-

car boxyl i ceseg, Ch“érﬁeﬂétléﬁ Mkt B RbADINET AR VRIS Satdsomumtdididdgeh 1t under
dry at nosphere.
10 carbonate solution, the precipitate is filtered off and purified by chromatography
on aluminium oxide (eluant: dichloromethane/ethanol 100:0 to 98:2).
Yield: 850.0 mg (81 %)
Rs value: 0.62 (aluminium oxide; dichloromethane/ethanol = 95:5)

021 H24BFN 3038 (478 40)

15  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 uéed, elﬁting with (0,2% Diethylamine in Hexane)/ isopropanol 70/30
20 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-Chl-oro—th iophen-2-yl)-carbonylamino}-N-(3-methyl-2,3,4,5-

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



Solid state properties (crystallinity and pol ynorphisn) 15 of the
anhydrous crystalline formof the conpound (S)-3-[(5-chl oro4hi ophen-2-

y1) - car bonyl am no] - N- (3-net hyl - 2, 3, 4, 5-t et rahydr o- 1H benzo[ d] azepi n-7-y1) -
t et r ahy dmod pecanesa@scar boxyl i ¢ aci d am de The conpound PCT/EP2007/064406
(S)-3-[(5-chl oro-thiophen-2-y1)-carbonylemni-no] - N- (3- et hyl - 20
2,3,4,5-tetrahydro- 1H benzo[ d] azepi n-7-yl ) -t etrahydr of uran- 3-car boxylic
acid amde is highly crystalline. The X-ray powder diffraction diagramis
shown in Figure 1. The X-ray powder reflection and intensities

(st andar di sed).—are_shown inothe -118- 2 0 - d:val ue [OAI Intensity 1/10
rol 5.17 17.Q; 399 Q o /3
N~ ' N ; _

N N
O S Cl O S Ci
o” N\ o” "\ J
(@)  benzyl 3-[(5-chioro-thiophen-2-yl)-carbonylamino]-tetrahydro-furan-3-

carboxylate

-1 99 g (9.8 mmol) S-chloro-thiophene-2-carboxylic acid is dissolved in 30 mi
DMF and stirred with 3.61 g (10.7 mmol) benzyl 3~amino—tetra_hydro-furan—S-
carboxylate and 3.46 g (10.8 mmol)} TBTU and 4.3 ml (39 mmo!) NMM at room
temperature for 20 h. Then the mixture is evaporated down and purified by

10 chromatography on silica ge! (eluant: dichloromethanefethanol 100:0 to 94:6).
Yield: quantitative
R; value: 0.59 (silica gel; dichloromethahe/ethanol = 9:1)
C17H1gCINO,S (365.83)
Mass spectrum:  (M+H)" = 366/368 (chlorine isotopeé)

15
(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-
20 furan-3-carboxylate are dissolved in 60 mi of ethanol and combined with 39.1 ml
(39.1 mmol) 1-molar agueous sodium hydroxide solution and stired for 6 hat

room temperature. After evaporation i. vac. the residue is combined with 1-
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molar agueous hydrochloric acid while cooling with an ice bath, the precipitate
is suction filiered and dried at 60°C in the vacuum drying cupboard.
Yield: 2.5 g (91 %) |
Ry value: 0.13 (silica gel; dichloromethane/ethanol 9:1)
5 CioHwCINO,S (275.71)

Mass spectrum: (M-HY = 274/276 (chlorine isotopes)

(c)  3-I{b-chloro-thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-
tetrahydro-1 H—benzo[d]azepin—?-y[)—tetrahydrofuran—S—Carboxylic acid amide
10
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
témperature with subsequent purification by chromatography with aluminium -
15 oxide (eluant: dichloromethane/ethanol 100:0 to 97:3).
Yield: 67 %
Ry value: 0.63 (aluminium oxide; dichloromethane/ethanol = 95:5)
CarH24CINGOsS (433.95)
Mass spectrum: (M+H)+ = 434/436 (chlorine isotopes)
20 |
For 'separation of the racemic mixture into its respective enantiomers, a
conventional analyﬁca[ 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.

25
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Alternatively, for separation of the racemic mixture into ifs respective
enantiomers, a conventional HPLLC system with DAICEL AD-H 250mm X
4,.6mm chiral column has been used, eluting with (0,2% Cyclohexylamine in
Hexane)/ isopropanol 70/30 as liquid phase. At a flow rate of 1ml/min, retention

5 times for the enantiomers are 12.8 min and 15.2 min.

d) (8)-3-[(5-chioro-thiophen-2-yl)-carbonylaminoc}-N-(3-methyl-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
was also prepared according to the following procedure:

10 |
To a mixture of 1.08 g (6.13 mmol) 7 and 1.86 g (6.75 mmol) 3-methyl-2,3,4,5-
tetrahydro-1H-benzofdjazepin-7-ylamine in 50 ml THF, was added 2.98 ml TEA
and 4.7 mi 1-propylphosphonic acid cyclic anhydride (50% in EtOAc). The
mixture was refluxed for 2 h, the solvents were rerhov_ed i.vac. and the crude

15  mixture was purified by chromatography (Method A) to yield the title compound

in 89%.

or to the following procedure:

20
To a solution of 5-chloro-thiophene-2-carboxylic acid in MeCN (0.1 g, 0.615
mmol) was added TsCl {0.106g, 0.554 mmol) in one portion. After the mixiure
was cooled to 0 °C, NMM (0.38 mlL, 310 mg, 3.08 mmol, 57 equiv.) was added
slo.wly and the mixture was warmed to room temperature and stirred for 3.h,

25 then heated to 50 °C for 0.5 h. The reaction was monitored by HPLC for the
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disappearance of TsCl (<1% by area). Salt 20 (0.141 g, 0.388 mmol, KF ~1%)
was added and the reaction mixture was stirred at ambient temperature for 2 h
and then concentrated to remove MeCN. EtOAc¢ (50 mL) and sat. NaHCO3 (50
mL) was added and the mixture was stirred at rt for 15 min. The organic phase
was separated, washed with sat. NaHCOs solution (50 mL) and brine (50 mL),
and concentrated to give the desired example (S)-2 as a white solid (75%

based on HPLC assay).

The following solubility and solid state characteristics of the compound (S)-3-
[{5-chioro-thiophen-2-yl}-carbonylamino]-N-(3-methyi-2,3,4,5-tetrahydro-1H-
benzol[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-benzofd]azepin-7-yl)-

tetrahydrofuran-3-carboxylic acid amide
So'lubi!ity and dissolution rate in aqueous media

The table below shows the values of solubility of the compoun‘d' (S)-3-[(5-chloro-
thiophen-2-yl)-carbonylamino]-N-(3-methyi-2,3,4,5-tetrahydro-1H-
benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide in different

aqueous media.

79
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medium solubiliy [mg/ml] |pH of the _
saturated solution
water 0.28 - 8.6
0.1 NHCI >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 sh_ows the values of intrinsic dissolution raté of the compound
(8)-3-[(5-chloro-thiophen-2-yl j—carbonylamino]-N-(3-methyI—2,,3,4,5-tetrahydro—
5 1H-benzo[d]azepin—?-yl)—tefrahydrofuran-3—carb0)<ylic 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 rhg of drug substance was compressed to form a disc
at 356.1 N for 60 s. These discs were mounted fo specially designed sample

10  holders which fit into a Sotax dissolution tester. The dissolution media (37°C)
were stirred at 200 rpm. -Samples were autbmatically withdrawn every second
minute from the dissolution vessel and assayed via UV spectrophotometry. The
intrinsic dissolution rate expressed in pg/cm®/min was calculated using the siope
of the concentration versus time plot and from the linear portion of the slope of

15  the dissolution curve, volume of dissolution medium (35ml) and area (diameter:

2 mm) of the exposed disk.
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pH of aqueous medium dissolution rate
| [ng/cm?/min]

1.1 8220

2.3 4520

3.2 O 4000

4.1 : 3110

51 ‘ 4015

6.0 4140

7.4 240

From the above results, it can be concluded that the compound (S)-3-{(5-chloro-
thiophen-2-yi )—carbonylamino]-N—(3—meth‘yl—2,3,4,5-tetrahydro-1 H-

5 benzo[d]azepin-T—yl)-tetrahydrofuran-?:—carboxylic acid amide has a pH
dependent solubility profile in agueous media with excellent solubiiity in acidic
media and a reduced solubility in neutral and basic media due to the lower
solubility of the free base. Furthemmore, the compound exhibits up to pH 6.0
very fast dissolution rates, and even acceptable dissolution rates at pH 7.4,

10
Solid state properties of the compound (S)-3-[(5-chloro-thiophen-2-yi)-
carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-yl)-

tetrahydrofuran-3-carboxylic acid amide

15  In the solid state, the compound (S)-3-[(5-chloro-thiophen-2-yl}-carbonylamino]-
N—(3—méthy!-2,3,4,5—tetrahydro—1 H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide appears as a white microcrystalline powder.
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Manufacturing process of the anhydrous crystaliine form of the compound (S)-3-
[(5-chloro-thiophen-2-yl )—carbonylamino]—N-(3—methyI-2,3,4,5-tet'rahyd ro-1H-

benzo[dlazepin-7-yi)-tetrahydrofuran-3-carboxylic acid amide.

The anhydrous crystalline form of the compound (S)-3-[(5-chloro-thiophen-2-yl)-
carbonylamino]-N-(3-methyi-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-
tetrahyd_rofuran—éncarboxylic acid amide may be manufactured by dfying a
preparation of the compound (S)-3-[-(5—chloro-th iophen42—yl)—carbonyiamin0]-N—
(3-methyl-2,3,4,5-tetrahydro-1H-benzo[djazepin-7-yl)-tetrahydrofuran-3-
carboxylic écid amide at a temperature above 130°C and maintaining it under

dry atmosphere.

Solid state properties (crystallinity and polymorphism)
of the anhydrous crystalline form of the compound (S)—3—[(5—chloro—thiophen-2-
y!)-carbonylafnin_o]—N-(3~methy!-2,3,4,5-tetrahydro‘—1 H-benzo[d]azepin-?-yl >

tetrahydrofuran-3-carboxylic acid amide

The compound (S)-3—[(5-chIoro-thiopheh-2—yl)-carbonylamino]—N-—(3-methyI-
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.
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In the above table,

the value "20

[0]" denotes the angle of diffraction in degrees and the value "dim[Al"
denotes the specified distances in A between the lattice planes.

Accor di nve zooshsessl ndi ngs shown in the above table,

further relates to the crystalline anhydri@is form of

(S)-3-[(5-ch

| or o-t hi ophen-211) -

5

t heCHERMEHMI64406vent i on

carbonyl am no] - N- (3-net hyl - 2, 3, 4, 5-t et rahydr o- 1H benzo[ d] azepi n- 7-yl y
t et rahydr of uran- 3-carboxylic acid am de, characterised i-n that in the
X-ray powder gﬁgr am nas, 1t ar a TNe char EL(ittEI’I stre—varues |d = 3.35
A 4.34 A 192864 A 4.70 A ik%' A and 17.0 z}e('mfyt Bbroni nerft peaks in
t he di agram [*the materi al cry Liiizes in rod{lfdde crystals and tends to
aggl onerate f[g {7ar ger aggr egatjgy.0ms shown 1 n Kiggure 2. 15 The
t her noanal ys [thecrystal i My drous Tor f
(S)-3-[(5-Zh g"3';yunu upnc?lu 2 Y 1@?—)zlﬁbu?llyl atr IIUJ '\@5(()3 "T"Ethy: 2,3, ,5-tetrahy
dr o- 1H benzo :‘11 4;3 n| n-7- \/I yt et 7:\ /dr of Uran-3-c¢4 i ide
according to|#R&% nvention, as 7s'|*ﬁ)wn in Figureld!(DSC TG diagran), shows a
Tfus = 185 BI1ZY3DSC. 10 Kminlenghting rate), {3t he formof a dqtrong
endotherm c pealoz A 20 cToser |lsogk to the TG triage (confirnmed by TGIR
coupling expg PHET ms) SHOWS & [ g;nt |oss_0T G OX. 1.0- 220%(gp to
appr oxi mat el Thi-s—wetght—-oss—may—tndiegte—the—presenece—gqf absor bed
wat er on the 4@2‘%(‘9 of the il O rystalline ngter|al Thernal
deconpositioh16@drts above 240527 ndi cating a déhgruent nelting |process at
185 C. - WO 2903/2880891PCT/ EP20&/1364406 -120- TiA8s, the present |i nvention
further rela e;ggr50 the crystal Igm anhydrous fagm of (S)-3-T(5-ghloro-th
Inoghsg) 2t gtlz ;ﬁ,@ﬁﬂﬁ}'ﬂi:' gui‘ﬂlx V&'AIF;“ZS: 'L* ::;*: ,1 eharactertsed tioc[id] aeep!
mel ting poin 18f72Tm p. = 185 | det er ni ned by 8)SC.eval uation Jusi ng 5
peak- maxi nur] 26&4t i ng rate: 10 @/313 n). Fromthe |dBove data, it cdn be
concl uded t hppotige conpound 4.34 30
(S)-3-[(5-ch Q{) yr5n| opnen Z- yl) 40% Donyl am O - Yr4(3- rret nyl Z, 3, 4 5-tetrahyd
ro-11-1- _ben qu azepi =7~ yJ.} 4c22 aquI of-tur-an=—3 LA UU)\yI ~c—actd{am de is
characteri zef
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10 by its high solubility in acidic media and its high crystallinity. The
crystalline polynorphic formis characterized as an anhydrous form _

present as single stable polynorphic form Exanple 3 B

15( 3S) - 3Wq 2os/bdosyio- t hi ophen- 2-y1) - car bonyl am nol - N4 ( SRITBE2B07di6#486 hy 1- 2, 3,
4,5- tetrahydro- 1H benzo[ d] azepi n- 7-y1)-iti8t r ahydr of ur an- 3- car boxylic acid
am de and

(39) - 3- [ ( 5incthk eibeve ine aevael 2@ g aendienihecinghe 86@frakition di degrlees- 2, 3, 4,
5- tetrahydro-1H benzo[ di azepi n-7-y1)-tetrahydrof uran-3-carboxylic acid

am de and gnd the value "dna [A]" denotes the specified distances in A between the fattice
(3S)-3-[(5-chl oro-thiophen-2-yl)-carbonylam no]-N((1R)-1, 3-di nethyl -2, 3,4
,5- 20 tet agﬂégr 0- 1H benzo[ d] azepi n- 7-y1) -t et r ahydr of ur an- 3- car boxyl i c
acid am de"and™ :

(3S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl am no] - N4(1S)-1, 3-di met hyl-2, 3, 4,
5- tetrahydro-1H benzo[ d] azepi n-7-y1l)-tetrahydrofuran-3-carboxylic acid

am de a) l-nethyl-2-90xq-2,3, 4, 5-tetrahydr.o: 1H-benzo[ d].[ azepi .0 g
(3 et 3. Aot DAgRGsshakRjE e A SheueaSes! OGRS e
alumniumtrichloride were carefully m xed_at 90C and Q@Et e%ct_o 150C for 6
h. The ni xtelates xthedirysiabinernhydiusderna ol (et HarloranfioeRencYléd wit h

Et 0Ac. The conbi ned organic layers were dried with Na2SO4, concentrated
and puri f i eatbbyylamiraiay-6meiny-2, &t hririrallydeie 1 ibeszoldazenin-€-¥bnpound, 10
(b) 1-nethyl-2,3,4,5-tetrahydro-1H benzo[d][azepine 2.7 g (15 mmol) of

1- met hyl - 2tetraby@rofyrdn S-taborylicchad bhhide rehafatit¢riseepin tiratiadhasday to 46 n
1M BH3- THF conpl ex solution and strirred at roomtenperature 15 under a

ni trogen apomadiagrafyBad)iigiet alidOthelchafacteidienalucser e 3036 Af 4I34yA added,
followed by 30 mMl of 2M HC1. The m xture was extracted with Et0Ac, the

combi nesl_ o8 G4 H@KCH 6 SGK Bnel7eu W(kibshprRiHenRtens uss edona). puT | 1 o

by chromat ography (method A) to give the title conpound as formc acid
salt. WD 20081080891PCT/ EP2007/ 064406

The material crystallizes in rod-like crystals and tends to agglomerate in larger

aggregates, as shown in Figure 2.

15  The thermoanalysis of the crysialline anhydrous form of (S)-3-[(5-chloro-
thiophen-2-yl)-carbonylamino]-N-(3-methyl-2,3,4,5-tetrahydro-1H-
benzold]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide according to the

invention, as shown in Figure 3 (DSC/TG diagram), shows a Ty =185%+3°C

(DSC: 10 K-min heating rate), in the form of a strong endothermic peak. A

20  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. Thermai decompoSition starts above 240 °C indicating
a congruent melting process at 185 °C.

25



-122- (c)1,3-dinmethyl-7-nitro-2, 3, 4,5-tetrahydro-1H benzo[ d] [ azepi ne and
1,3- dinmethyl-8-nitro-2, 3, 4,5-tetrahydro-1H benzo[ d] [ azepi ne Follow ng the
procedure for exanple 1 b 1-nethyl-2,3,4,5-tetrahydro-1 H 5

benzo[ d] paxzgosoressas net hyl ated to give 1, 3-di net hyl- ZQE/ER280H 064408 hydr o- 1
Hoenzo[c/][azepine 1.79 g (10 mmol) of- 120-

1, 3-dinethyl-2, 3, 4, 5-tetrahydro- 1H benzo[ d] [ azepi ne was m xed with 3.7 nl
conc. HZSCXIhLamdhé)pr?’ésem inG&AtidNDBthat reldi@sdadhss ciystadithefanhydrdusifiprm®E t o OC.
The m xture was poured into 100 ml of ice cold water and 10 10 M NaOH was

added. The(S)‘lIBiL(EfdPiId@f‘lh|@i§hé@@ﬁ}jcﬁﬂbbhyiﬁhﬁv9@]rm(3¢neﬂhﬂiﬂ ,Bdcb-tatgmyto-1 ayer s
were dried Na2SO4, concentrated and purified by chromatography on

silica gel 1lﬁl%éh%fd(l?i@tp%gV%P@ﬁ*ah%%f&éh@&&%%(&%ﬁ@amw &hB8iclerised95: 5)

to give a mxture ti'tl e conpounds

ai et hy - coRAtag BB B Te %ﬁ%%}*??@%ﬁeﬁz&%ﬁ?ﬁ%ﬁ*@aﬁ&ph?@ga“d 35

of a mxture of 1,3-dimethyl-7-n ? 3,4,5-tetrahydro-1 Hbenzo [d]
[azepi e apREKMaXHNYR; AEALNS TRIY: r1(9 @’ﬁ“ﬁ 5-tetrahydro-1 H 20

benzo[c/][azepine, 20 m nethanol and 0.20 g 10% pal | adi um on charcoal was
stirred for 5.5 h under an atnosphere of hydrogen (50 psi). It was
filtered, concentrated and the m xture was purified by chronat ography on
silica gel Friomh thenabowdi aath oit oarebbaoacRised diatdhe toBROERtH)-3-[(echiorn 80: 20)
to give 0.45 g of regioisoner B:
rac- 7- Ami n@ridphgnd?-yBicaytiond/idinifo Nt E@-mathyth2es, 4, 5Hetrabydse+izb[ dJazepi ne

benzo[d]azepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide is characterized

10 by its high solubility in acidic media and its high crystallinity. The crystalline
polymorphic form is characterized as an anhydrous form, present as single

stable polymorphic form.

Ekample 3

15 (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
(38)-3-[(5-chloro-thiophen-2-yl )—carbonylamino]»N—((SS)-S,5-dimethyl-2,3,4_,5—
tetrahydro-1 H-benzo[dlazepin-7-yi)-tetrahydrofuran-3-carboxylic acid amide and
(38)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((1R)-1,3-d ifnethyi-2,3,4,5—

20 tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(3S)-3-[{5-chloro-thiophen-2-yl)-carbonylamino]-N-((15)-1,3-dimethyl-2,3,4,5-

tetrahydro-1 H—benzo[d}azepin-?'—yl »tetrahydrofuran-3-carboxylic acid amide



WD 2008/ 080891PCT/ EP2007/ 064406 -123- ft value: 0.75 (silica gel;
di chl or onet hane/ et hanol / ammoni a = 80: 20: 2) C12H1817?12 (190.28) Mass
spectrum (M+H) += 191 and 0.55 g of regioisonmer A rac-7-Amino-3,5-d
i met hy1- Wa2048/@308%t r ahydr o- 1H5 benzo[ d] azepi ne Rf val (RCT/ER20E/064400 i ca gel ;
di chl or onet hane/ et hanol / anmoni a = 80: 20:12)1- C12H 18N2 (190. 28) Mass
spectrum (MrH) += 191. 10 e) Regioi soner A and S-configurated carboxylic
acid 7 were cpupl ed. accorging to the procedu C bed in exanple 2d to
give a m xtuge of 3 d| gst er eoi SOmers.N ft : {0.%5 (silica gel;

' n’rmm a = 80:20:2 3Q3S (447.979) 15 Mass

spect rum ( MtH) += 448/ 4 orogi sotopes. For separ t| By of s he mxture of
di ast er eoi somer Sent o t@\e ) gile stereofomers W
(35)-3-[(5-chl oro-thiophen-2-y car bonyl am no] - N4( 5R) - 3, 5-

nmet hyl- 2, 3, 4, 5-t gtiy ahyd ro- 1H benzo[ c] azepi nCT-I@yl) tetra hyd rofu ran- 3-
2y d

n2y1) carbony_l mn Sg , 5-di net hy1- 2, 3, 4,
3

azepin-7-yl)-tetr carboxyllc acid
stem w th DAICEL ADH niix 4,6mm chiral

0l 2% Cycl ohexyl an® ne, (80/0) /
1 24-

am de a conventional
col um has been used, elauti
WO 2008/ 080891 PCT/ EP2007/ 08440

(a) 1-methyl-2-ox0-2,3,4,5-tetrahydro-1H-benzo[d}[azepine

5 8.0 g (37 mmoi) 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 dilutéd with water and methanol and extracted with EtOAC.
The combined organic layers were dried with Na>SQy4, concentrated and purified
by chromatography {method A) fo give the title compound,
10

(b) 1-methyl-2,3,4,5-tetrahydro-1H-benzo[d][azepine

2.7 g (15 mmol) of 1-methyl-2-oxo-2,3,4,5-tetrahydro-1 H;benzo[d] [azepine was
added to 46 ml 1M BH3-THF complex solution and strirred at room temperature
15  under a nitrogen atmosphere ovemight. 50 ml of methanol were caréfully
added, followed by 30 ml of 2M HCI. The mixture was extracted with EtOAc, the
combined organic layers were dried with Na>SO., concentrated and purified by

chromatography (method A) to give the title compound as formic acid salt.



Et OH(20% as liquid phase. At a flowrate of 1nml/mn, retention tinmes for
the stereoisoners are 10, 75m n and 16,5m n. Each of the diastereoisoners
shows the followi ng Mass spectrum ( MtH) += 448/ 450 chl oro isotopes. 5

Al t er nat W@20p$/080B8 separation of the m xture of di ast erEUEROIME406aN be
achi eved by supercritical fluid chromatd@2aphy wth DAl CEL AD-H chiral
columm, eluting with 0, 2% Cycl ohexylam ne in EtOH(45% / supercritical.
C2(65% . @) a fBaimithyi-atsitrof2, SrE-rmahydet ttbeapoldi[aespifieo antHe3-

stereoi soners are 3,94mn and 4,08m n respectively. f) Regioisomer B and

S-confi gur@ih%)qqy_ﬁ;gbyigg,g@ét%@dg@mfg%r%m{aggpmcor ding to the procedure
descri bed above to give a diastereoneric mxture of 15 the

regi oi somers. (3S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl am nol - NVR) - 1, 3-

di nret hyl- 2, 3, 4, 5-tetrahydr o- 1H benzo[ d] azepi n-7-y1) -t et r ahydr of ur an- 3-

b | i c-aci i d
055 ) 1 EF8fMInG Me Briihurs forsxampg 8 1-mSthur2 R4 HREEVIR-4 o 1yl -2 3. 4
,5- tet dr o- b d in-7-vy1)-t h -3- | id
o - 5 R A R R et AR B el S o A BRRGPAL: oty
(DAICEL AS-H, 250 x 4.6 mm eluens: Methanol and 45% Di et hyl am ne). At a

flow rate RN29Il[aREAINS et ention times for the stereoisomers are 6.5 nin
and 8.5 mn. Each of the diastereoi soners shows the foll ow ng Mass

spect rum (MEBIgHE 0@l TehidimethysaBabadetrahyndro( d8persmtdiFzepirere@® 7/ 064406
I mixed with 3.7 ml conc. H280,4 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
10 M NaOH was added. The mixture was extracted with EtOAc, the combined
organic layers were dried with Na>S04, concentrated and purified by

chromatography on silica gel (eluant: dichloromethane:95%ethanoi/5%

ammonia 99:1 te 95:5) to give a mixture of the title compounds.

15 (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-tetrahydro-1H-benzod][azepine

1.4 g (6.3 mmol) of a mixture of 1 ,3—dimethyl—?—nitro-2,3,4,5-tetréhydro-1 H-
benzo[d][azepine and 1,3-dimethyl-8-nitro-2,3,4,5-tetrahydro-1H-
20 benzo[d}fazepine, 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: dichioromethane: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-1 H~

25 benzo[dlazepine



Exanpl e 3-A

(3R)-3-[(5-chl oro-thi ophen- 2 y1) - carbonyl am no] - N- ((5R) - 3, 5-di met hy1-2, 3, 4
, 5- tetrahydro-1H benzo[ dl azepi n-7-y1) -t etrahydrof uran- 3-car boxylic acid
am de ansvo 2008/080891 , PCT/EP2007/064406
5(3R)-3-[ (5-chl oro-thi ophen-2-y1)-car borfgBam no] - N- ((5S) - 3, 5-di net hyl -2, 3,
4,-5- tetrahydro-1H benzo[ d] azepi n-7-y1) -t et rahydr of uran- 3- carboxylic acid
am de RROVOUS.OTES (éNl@aa@elb&chmhetﬂiaaemmmwﬂammom;b =t $&@2®2)onf i gur at ed
enanti omer 10 of carboxylic acid 7 follow ng the procedure for exanple 3
to give the gﬁguﬁ]tggrml sonmers. Both diastereoi soners showed the follow ng
char acteri stl CS value: 0.6 (silica gel; dichloronethane/ethanol/amoni a

= 80: 20: 2) %Q&ﬁOSS(M@ 9792I 1@ l\/ass spectrum ( M+H) += 4481450 chl oro

i sot opes. 5-chl or o-t hi ophene- 2-car boxylic

£ anyar of u%%@%ﬁ A e e th

(1.9 nnDI) chl ar o-t hi ophene- 2-y0- 3, 7- di oxa- 1- aza- spi ro[ 4. 4] non- 1-
en- 4-ore & ﬁﬂ??%nﬁnthO%g(leml)

3- et hyl - 4- (5- oxo oxazep
_ Y Rf(va lue: 0 IIO (sr}ma gel; dichloromethane/ethanol!ammonla 80:20:2)

Ci2H1gN2 (190.28)

Mass spectrum:  (M+H)" = 191,

10  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 35-
diastereoisomers.

R; value: 0.75 (silica gel; dichiorométhane/ethanol!ammonia = 80:20:2)
C2oH26CINSO3S (447.979)

15 Mass spectfum: (M+H)" = 448/450 chloro isotopes.

For separation of the mixture of diastereoisomers into the pure single
stereocisomers (38)-3-[(5-chloro—thiophen-2—yl)-carbonylamino]-Né((SR)-S,S-
dimethyl-2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-

20 carboxyiic acid amide and
{3S)-3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((5S)-3,5-dimethyl-2,3,4,5-
tetrahydro-1 H~benzo[d]azepin-?—yl)—tetrahydrofurann3~carboxyli¢ 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%) /



Syl)-aniline in 4.5 mM of toluene with 5.0 nmMl DWW and 500 pl gl aci al
acetic acid at 80C for 5 h. Then the reaction m xture was concentrated
poured into 100mlL sem sat. sodi um hydrogen carbonate/ 100 m EtOAc. After
extract i &YO MOPASIBIIDAC, the conbi ned organi c phases werBCHEPAS7/Q¢406

magnesi um sul phat e and evaporated down i124vac.. The racemnmic mixture was
separated into the 10 enantioners by using a chiral chromatography col um
( 500X50nm EfAH 0% )3 iglid phasel Atenflow BeleaafdmiBoinptetention: tirdeafaritoeer 1: R
= 86 m n Mass spectrum ( MtH) += 502/ 504 (chlorine isotopes) Enantionmer 2 Rt

= 136 mi n. sttbedisraespae O3 itddct-46,50#4.504 (chl orine isotopes) Exanple 5
(R - and (S)-5-chl oro-thi ophene-2-carboxylic

aci d- N-{ 31aéRortaniinaichidneazpoas e Ydlowgny! car bamoyl Het r ahydr of ur an-
3-yll-am de WD 20081080891PCT/ EP2007/ 064406 -127-

Mass spectrum: (M+H)" = 448/450 chloro isotopes.

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
10 rate of 5ml/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 tq give a diastereomeric mixture of

15 the regioisomers.(SS)—S-[(5-chIoro-thiophen-2-yl}carbonylamino]—N—(ﬁ R}-1,3-

d imethyl—2,3,4,5—tetrahydro-1 H-benzofdlazepin-7-yl)-tetrahydrofu ran-s-
carboxylic acid amide and
(3S)-3-{(5-chloro-thiophen-2-yl}-carbonylamino]-N-({1S)-1,3-dimethyl-2,3,4,5-
tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amid.

20 The diastereoisémers 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 diastereocisomers shows the following
Mass spectrum: (M+H)" = 448/450 chloro isotopes.

25



The (S)-Enantioner was obtained by follow ng the procedure for exanple 4
and using (S)-2-(5-chbro-thiophene-2-yl)-3,7-di oxa-1-aza-spiro[4.4]non-1
en 4-one 8 and 3-nethyl -4-(5-o0xo0-[1. 4] oxazepan-4-yl)-aniline. 5

C22H22Cl MaD28s8/0808%. 96) Mass spectrum (M FH) += 488/ 490 ¥CHEPR00IMB44068 0t Opes)
The (R)-Enantioner was obtai ned by fol |l on@ng the sanme procedure using
(R)-2- (5-chloro-thiophene-2-yl)-3,7-di oxa-1-aza-spiro[4. 4] non-1-en-4-one .
and 3- nethyl-4-(5-0x0-[1.4loxazepan-4-yl)-aniline. C22H22ClI N504S (487. 96)
Mass spectrum (I\/H—I) += 488/ 490 (chlorine isotopes) 15 Exanple 6 (R)- and
(S)-5-bronp P @ne- 2- car boxylic

aci d- N-{313 rre hyl - 4 (5- oxo[l 4] oxazepan- 4- y1) - phenyl car banoy11-t et rahydro

furan3y1 0391 el acem c
m xt ure vva grcg a(%@g %8)?%85,; ﬁﬁlaﬁﬁﬁc\ﬁj ’Qg&@%’éﬁe@emaleg?fe% ed in
m20051110t%?rahydr0 -1H-benzo[djazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and

5  (3R)-3-[(5-chioro-thiophen-2-yi)-carbonylamino]-N-{(55)-3,5-dimethyl-2,3,4,5-

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

—NCD\ /_3 N “ —N /~
: NW/JN S | " N S
CH,§ 0 OWCI CH, o O}\@/Cl

Regioiéomer A can be coupled separately with the R-configurated enantiomer
10 of carboxylic acid 7 following the procedure for example 3 to give the 3R-

diastereoisdmers. .

Both diastereoisomers showed the fol.lowing characteristics

R; value: 0.6 (silica gel; dichloromethane/ethanol/ammonia = 80:20:2}

CooHoeCINO3S (447.979)
15  Mass spectrum: (M+H)" = 448/450 chloro isotopes.
Example'4

(R)- and (8)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-cyanimin-

20  [1.4]oxazepan-4-yl)-phenylcarbamoyl}-tetrahydrofuran-3-yl}-amide



HATU HO NHBoc TEA 5 For separation of the racemc mxture into its
respective enantioners, a conventional analytical HPLC system w th DAI CEL
AD-H 250nm x 4, 6mm chiral col um has been used, eluting with 0,2%

Cycl ohexyamiosvaesosy 10 Hexane(80% / | PA(20% as |iqui degimeemo7/osisoa fl ow
rate of Im/mn, retention tines for the2gnantioners are 23, 70m n and
28,40m n. Enantioner 1. Rt = 23.70 m n Mass spectrum (M+H) += 520/ 522
(brom ne isotopes) Enanti r 2. Rt = 28.40 mn.

2008/ 080891PCT/ EP2007/ 06 0‘ 29 Mass spectrum (I\/H—})—ﬂr 520/ 522 (brom ne

| sot opes) #
Q ° -

500 mg (1.9 mmol) 2—(5-chioro—thiophene—2—yl)-3,7—dioxé-1 -aza-spiro[4.4]non-1-
en—4—on_e are stirred with 0.45g (1.8 mmo!)' 3-methyl-4-(5-oxo-[1.4]oxazepan-4-
5 y'I)Qa'nil'i'ne 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 concenirated poured into 100m|
semisat. sodium hydrogen carbonate/100 ml EtOAc. After-extraction with
EtOAc, the combined organic phases were dried over magnesil_Jm sulphate and
evaporated down i. vac.. The racemic mixiure was separaied into the

10  enantiomers by using a chiral chromatography column (500X50mm, DAICEL
AD-column, eluent: Ethanol 30 ml/min):
Enantiomer 1: R; = 86 min
Mass spectrum: (M+H)* = 502/504 (chlorine isotopes)
Enantiomer 2 Ry = 136 min.

15 Mass spectfum: (M+H)Y* = 502/504 (chlorine isotopes)

Example 5
(R)- and (8)-5-chloro-thiophene-2-carboxylic acid-N-{3-[4-(5-cyanimin-

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



Exanple 7 (R - and (S)-5-brono-thi ophene-2-carboxylic
acid-N-{3-[4-(5-cyani m n5 :

[ 1. 4] oxazepan-4-yl) - phenyl car banoyl pet r ahydr of uran- 3-yl | -am de The

racem c Miotons/esosEs prepared fromrac-3-[(5-chl oro-t hi RGIASHZEPTE406

car bonyl am nol -t etrahydro-f uran- 3-carboXglit c acid rac-7 and 4-(5cyani m no-
10[ 1, 4] oxazepan-4-yl)anilin (prepared in anal ogy to procedures described
in W2005/111029) in anal pg® to procedure 4.. C22H22Br 4S (532.411) Mass
spectrum (M+ Ht= 532/%3 (b\ro i ne isotopes) 15 For s¢gpakatd on of the
raceni c conpound ipto iNtS _¥espective enanti oner ayj conyentli onal

anal yti cal HPLC wift h BAl H 250mM 0 has
been used, iAgawEt h- @, 2% Aceti~¢ Aci d_i ki 0% as

l'i quid phage. aflowrate of I/ mn/ retentton tines for the

enant i omer s\ ar nmMn and 12,2 min. 20 %Al te \aNti vely, the separation of
this racemate can\be achi eved on HPLC wi DAIKCEL QJ-H chiral col um,
eluting with 0, 2%Acetic Acid i n Hexane(80A)) W Wo

2008/ 080891PCT/ EP2007/ 064406 -130- EtOH(20% as |iquid phase. At a flow
rate of 1nl/mn, retention tinmes for the enantioners are 6,10 mn and 8, 10
M n respecthy & VEndptiimdravSs btafed BHbIOGWINGTEhE beoEedué faresaenle daimdoxy! i c
aci d- N-{313- ng)%/l 4- ( 3- oxonor phol i%—ylgnpﬁhenyl car banoyl | -tpg?rahydro-t hi
ophen- 3- y Ljsia{§€2-(5-chioro-thiophene-2-yi)-3,7-dioxa-1-aza-spiro[4.4]Jnon-1-en-4-one

8 and 3-methyl-4-(5-0x0-[1.4]oxazepan-4-yl)-aniline.
5 Cz-zH;zzCEN5O4S (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{4.4Jnon-1-en-4-one and 3-

10  methyl-4-(5-oxo-[1.4]Joxazepan-4-yl)-aniline.
C2oH22CIN504S (487.96)

Mass spectrum:  (M+H)” = 488/490 (chlorine isotopes)

15 Example 6
'(R)- and (S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(5-oxo-

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



The racemic m xture was prepared as described in W2005/111029. For
separation of the racemc mxture into its respective enantioners, a to
conventional HPLC systemw th a DAICEL OD 250nm x 20 mm chiral columm has
been use®WO 20803082 first with hexane and after the fi rRET/BRK/eéd6been

el uated wi th hexane/ et hanol 55/45 as |i¢&8d phases. C21H22Br N305S (508. 39)
Mass spectrum (M+H) . = 508/ 510 (brom ne isotopes) for each 15 enanti oner.
Example 9 (R)- and (S)- hi nyl -t hi ophene- 2- car boxyl i -

aci d- N-{ 344- ( 3- oxo- nor phol i r}\ 4o y1)-phenyl car barmyl Fy_t ahydro th

i ophen- 3-y1) - ani de__WOR20087 08 891S - 131-
. N e
. H
O
L/go

The racemic mixture was prepared according to the following scheme as

described in WO2005111029:

NH,,

: H
N
: f\N \‘QNHBOC
Q
k/go Q HATU K\N .
. OL/E
o .

NHBoc

For separation of the rac_emic mixture inio its respective enantiomers, a
conventional analytical HVP'LC system with DAICEL AD-H 250mm x 4,6mm
chiral column has been used, eiuting with 0,2% Cyclohexylamine iﬁ

10 Hexane(80%)/ IPA(20%) as liquid phase. At a flow rate of 1ml/min, retention
fimes for the enantiomers are 23,70min and 28,40min.
Enantiomer 1: Rg 23. 70 min -
Mass spectrum: (M+H)" = 520/522 (bromine isotopes)

Enantiomer 2: R; = 28.40 min.



The racemic m xture was prepared as described in W2006/ 034822. For
separation of the racem c conpound into its respective enantioners, a
conventional anal ytical HPLC systemw th DAI CEL AD-H 250nm x 4, 6mm 5chi ral
col um hw feewesoseed, el uting w th hexane/ et hanol 1/ 1 PAS/ER26(T0448hase.
Retention times for the enantioners werd293.9 nmin and 22.2 min. For the
preparative separation a DAICEL AD-H 500nm x 50mm chiral col unmm has been
used, el utiiags spédinghhan@+as" | i qut §2prERdebrdiinélisotbpédjowi ng racenic
conpounds can be prepared in enantionerically pure form anal ogously to the
met hods described in the Exanpl es above or by synthetic pathways known
fromthe literature: PCT/EP2007/064406 A(S)- and

(R)-5-br On%_(éfmf phene- 2- carboxylic acid-N{3-3-nethyl -

15(pyrrolidi yl - car bonyl ) - phenyl car banoyl pet r ahydr of ur an- 3-y1} - am de

10 0 oA i e e,

yl -car bony[l1)4 Qaezré | 5 yl?npngnsl/lca %Fn%%clre&aHy&gfu%aX 3-y[fg}n%

.T. OQ‘*“

! d

S

=

=

The racemic mixture was prepared from rac-3-[(5-chloro-thiophen-2-yl)-

carbonylamino]-tetrahydro-furan-3-carboxylic acid rac-7 and 4-(5cyanimino-
10  [1,4]oxazepan-4-yhanilin (prepared in analogy to. procedures described in

‘WQ2005/111029) in analogy to procedure 4..7

C2H22BrNsQ4S (532.411)

" Mass spectrum:  (M+H)" = 532/534 (bromine isotopes)

15  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 1mi/min, retention times for the
enantiomers are 9 min and 12,2 min.

20  Alternatively, the separétion of fhis racemate can be achieved on HPLC with

DAICEL OJ-H chiral column, eluting with 0,2% Acetic Acid in Hexane(80%) /



(S)- and (R)-5-ethinyl-thiophene-2-carbontlic acid-N-{3[3-chloro 4 (3-

oxo- nor phol i n-4-y1) - phenyl car banoyl Het r ahydr o-t hi ophen-3-01-am de WO

2008/ 080891PCT/ EP2007/ 064406 - 133- (S)- and

(R) - 5- br sygpzobrosaphnene- 2- car boxyl i ¢ aci d- N-{ 3- 13- chl or CREEEE2007/064406

8xo- azepan- 1-y1) - phenyl car banoyl Het r ahy.d3o-t hi ophen-3-yl1}-am de 0 Cl 0
EtOH(20%) as liquid phase. At a flow rate of 1ml/min, retention times for the

enantiomers are 6,10 min and 8,10 min respectively.

Example 8
5 (R)- and (S)-5-bromo-thiophene-2-carboxylic acid-N-{3-[3-methyl-4-(3-oxo-

morpholin-4-yl)-phenylcarbamoyl]-tetrahydro-thiophen-3-yl}-amide

"’a ‘,‘-'O
o}

=
T

The racemic mixture was prepared as described in WQ2005/111029.
For separation of the racemic mixture into its respective enantiomers, a

10 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.
C21H22BrN3058 (508.39)
Mass spectrum:  (M+H)* = 508/510 (bromine isotopes) for each

15  enantiomer.

Example 9 |
(R)- and (8)- 5-ethinyl-thiophene-2-carboxylic acid-N-{3-[4-(3-0xo-morpholin-4-
y)-phenyicarbamoyl]-tetrahydro-thiophen-3-yl}-amide

20



Cl E(S)- and (R)-5-brono-thiophene-2-carboxylic acid:N(34442-0x-
azepan- 110- phenyl car banoyll-t et rahydro-t hi ophen-3-yl}-am de 10 WO

20081080891PCT1EP20071064406 -134-

(S)- and

(R) - 5- br woebdiesogshene- 2- car boxyl i ¢ aci d- N-{ 3- [ 3- net hy |RCTAER2Bpa#406
I mn-11. 4] oxazepan- 4-y1l) - phenyl car banoylB4¢ et r ahydr of ur an- 3-y1} - am de

(S)-

cyani m'n-[ 1. 4] oxazepan-

and (R)-5-brono-thi ophene-2-carboxylic acid-N{343-chl oro-4-(5-

%I ) - phenyl car banmoyl pet rahydr/O‘f
y o ,

ZT

H
g N

TZ
I
Q

The racemic mixiure was prepared as described in WO2006/034822.
For separation of the racemic compound into its respective enant_iomers, a
conventional analytical HPLC system with DAICEL AD-H 250mm x 4,6mm

5 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. Fo} the
preparative separation a DAICEL AD-H 500mm x 50mm chiral column has

been used, eluting with ethanol as liquid phase.

10 The following racemic compounds can be prepared in enantiorerically 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-

15  (pyrrolidin-1-yl-carbonyl}-phenylcarbamoyl]-tetrahydrofuran-3-yl}-amide

Iz
N

ran- 3-yl yam de
(o]



WD 2008/ 080891PCT1EP20071064406 - 135- ‘ (S)- and

(R)-5-chl oro-t hi ophene- 2-car boxylic

aci d- N-{ 3-[ 3- et hyl - 4- (35cyani m no- nor phol i n- 4-y1) - phenyl car banoyl ] -tetrah
ydr of ur aiWw(B20p8/psogtti de WO 2008/ 080891PCT/ EP2007/ 064406PCERH07/064406

(S)- and (R)-5-chl oro-thi ophene-2-carboxXiy2rc aci d- N-{3-[3-chl oro-4- (3-
cyani m no- nor phol i n-4-y1) - phenyl car banoyl ] -t et r ahydr of ur an- 3-yl yam de
J(S)- 3-[(5-chloro-thiophen-2-§1i®-carbonyl am no] - N- ((2S) - 2, 3-di et hyl -
2,3,4,5-tetrahydro- 1H benzo[d azepi iy 7-y1) - tetrahydrofuran 3-carboxylic

OYQ sl

B (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-[4-(pyrrolidin-1-

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

C (S)- a'nd (R)-5-ethinyl-thiophene-2-carboxytic acid-N-{3-[3-chloro-4-(3-

oxo-morpholin-4-yl)-phenylcarbamoyl}-tetrahydro-thiophen-3-yl}-amide

10



10am de and (S)-

3-[ (5-chl oro-thi ophen-2-y1l)-carbonyl am nol -N- ((2R) -2, 3-di net hyl - WO
2008/ 080891PCT/ EP2007/ 064406 -137- 2,3,4 ,5-tetrahydro-1H benzo[ d] azepi
n-7-y1) - tvat Toadysdsaiof u ran-3-ca rboxyl ic acid am de  HIBIR2007/064406
3-[(5-chl oro-thi ophen-2-y1)-carbonyl am18B- N- ((4S) - 3, 4-di net hy1-
2,3,4,5-tetrahydro- 1H benzo[ d] azepi n-7-y1) -t et rahydr of ur an- 3- car boxyl i c
acid am de and (S)- 0.

3-[(5-chl oro-thi ophen-2-yl) {car oryl am nol - N\d(4R) - 3, 4-di met hy1-

2,3, 4, 5-tetrahydro- 14 bepzo[dj #zepg{ n- 7-y1) - t et r ahydr of ur an- 3- car boxyl i c
acid 10 am de W0-2008KNQ80 E 7/ 064406 -138-
POREAYa
O
N ) .
O Cl
D (S)- and (R)—5-bromé-thiophene—2—carboxylic acid-N-{3-[3-chloro-4-(2-

oxo-azepan-1 -yt)—phenylcarbamoyl]-fetrahydro-thiophen-S—yI}-amide

O
N
Cl
5
O
N
Cl
E (S)- and (R)-5-bromo-thiophene-2-carboxylic acid-N-{3-{4-(2-oxo-

azepan-1-yl)-phenylcarbamoylj-tetrahydro-thiophen-3-yl}-amide

Iz

10



5M NS- and (R -3-[(5-chloro-thiophen-2-yl)-carbonyl am nol -N-(2, 2, 3-
10trimethyl-2, 3,4, 5-tetrahydro-1H benzo[ d] azepi n-7-y1l)-tetrahyd rofura
n-3- carboxylic acid am de WD 2008/ 080891PCT/ EP2007/ 064406 - 139-

(S)- and we&reddrkgssr chl or o- t hi ophen-2-y1) - car bonyl am nobeNepRnAediaosd
trinmethyl-2,3,4,5-tetrahydro-1H benzo[ dl pzgpi n-7-y1) -t etrahydrof uran- 3-
carboxylic acid am de

O
' S
O
7 L)
N
F (S)- and (R)-5-bromo-thiophene-2-carboxyl ic acid-N-{3-[3-methyl-4-(5-

cyanimin-[1.4Joxazepan-4-yl}-phenylcarbamoylj-tetrahydrofuran-3-yl}-amide

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

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



10P(S)- and (R)-3-[(5-chloro-thiophen-2-yl)-carbonyl am no]-N- (3,5, 5-
trimethyl-2,3,4,5-tetrahydro-1H benzo[ d] azepi n-7-y1) -t etrahydrof uran- 3-
carboxylic acid am de WD 2008/ 080891PCT/ EP2007/ 064406 - 140- yd

(S) - 3- [ ( BV@PMOEH#YSNi ophen- 2-y1) - car bonyl ami no) - N- (3, 5, BEWERREN 494062, 3A, 5-
t et rahydro- 1H benzo[ d] azepi n- 7-y1) - t et r dfdpdr of ur an- 3- carboxyl i ¢ acid ami de
5 was prepared in anal ogy to t he procedures descri bed above. ft val ue:

0.38 (RP-8; nmethanol/ 5%NaCl - %I on = 6:4) C23H28C1N303S (462, 01) Mass
spectrum (M+H) += 462/ 464 (chl oriye sotopes) 10 (S)- and
(R)-3-[(5-chloregthio henfi2-y < car onyl.am no] - N- ( 3- met hy1- 9- '
fluor-2,3,4,5-tet 1 énzafd] - I3 yl) t et rahydr of ur an- 3- car boxy

lic aC|d am de

o)
s
B
\
H | {S)- and (R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-methy!-4-(3-

5 cyanimino-morpholin-4-yl)-phenylcarbamoylj-tetrahydrofuran-3-yl}-amide




WO 2008/ 080891PCT/ EP2007/ 064406 - 141- ' (S)- and

(R)-31(5-chl oro-thi ophen-210- car bonyl am nokN- ( 3- net hyl - 8-

fluor-2, 3, 4,5-tetrahydro- 1H benzo[ d] azepi n-7-y1) -t et rahydr of ur an- 3- car boxy
i c aci dveormeogssoiCl ' PCT/EP2007/064406

-136-

| (S)- and (R)-5-chloro-thiophene-2-carboxylic acid-N-{3-[3-chloro-4-(3-

cyanimino—morphblin-4-y|)-phenyicarbamoyl]—tetrahydrofuran-3-yl}-amide

J (S)- 3-[(5-chloro-thiophen-2-yl)-carbonylamino]-N-((28)-2,3-dimethyl-
2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid .

10 amide and (S)- 3-[(5—chloro—thiophen—z-yl)-carbonylamino]—N—((2R)—2,3-dimethyl~



(S)-3-[(5-chl oro-thiophen-2-yl)-carbonylam no]-N-((1S)-1, 3-dinethyl 2,3,4,5
-tetrahydro- 1H benzo[ d] azepi n-7-yl) - t etr ahydr of ur an- 3- carboxylic acid

am de and (S)-3-[(5-chl oro-thiophen-2-y1)- carbonyl am no]-N-((1

- R -1, 3- dwtetdoghsosel PCT/EP2007/064406

102, 3 4, 5-tetrahydro- 1H- benzo[ d] azepi n--A3yt) - t et r ahydr of ur an- 3- car boxyl i c
acid amide WO 2008/ 080891PCT/ EP2007/ 064406 - 142- The Exanpl es t hat

f ol | ow desgBifs-téinshyeirenal-bénidjakephat-pirtetrahydadiufant Brarioaylioasidwhi ch
contain as active substance any desired conpound of general formula I.
Exanmpl e A-gdige anpoul e containing 75 ng of active substance per 10 m
10Conposi tion: Active substance75.0 nmg Mannitol 50.0 ng water for

i nj ectionsad ,10 Om 15

L Q
—N ‘\
N “N
9]
O
0L G
N ‘N
O

Cl

Ci

5
K (S)- 3-[(5-chIoro—thiophen—Z-yf)-carbonyiamino]-N—((4S)-3,4—aimethyl-
2,3,4,5-tetrahydro-1 H-benzo[d]azepin-7-yi)-tetrahydrofuran-3-carboxylic acid -
amide and (S)- 3-[(5-chioro-thiophen72-y!)—carbonylamino]-N—((4R)—3,4-dimethyi—
2,3,4,5-tetrahydro-1H-benzo|djazepin-7-yl)-tetrahydrofu ran-3-carpoxylic acid
10 | amide |

| 0
~+{ 2,
O
.
—N \
S
o OW

Ci



Preparati on: 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 20product is dissolved in water. WO
2008/ 080890 P@FNTEPAO07/ 064406 - 143- Conposition: 5 ActiREVERHSTEA635. 0 ngy
Manni tol 100. 0 ng water for injectionsad-188 m Preparation: .io Active
subst ance and mannitol are dissolved in water. After packaging, the
solution ik freeze-dried. To produce the solution ready for use for
injections, the product is dissolved in water. 15 Exanple C - Tabl et

cont ai ni ng 50 pg—of active substance Conposition: (1) Active substance50.0

i o)
T
N
0 O _Cl
o° \ /

N (S)- and (R)-3-[(5-chloro-thiophen-2-yl)-carbonylaminol-N-(2,2,3-
10 trimethyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yl)-tetrahydrofuran-3-

carboxylic acid amide



(3) Maize starch50.0 ng (4) Polyvinylpyrrolidonel5.0 ng (5) Magnesium
stearate2.0 ng 215.0 ng WD 20081080891PCT/ EP20071064406 - 144-
Preparation: (1), (2) and (3) are m xed together and granulated with an
" .aqueous s rdns/osesaf (4). (5) is added to the dried grarau/EReer/0s8di0er i al .

- Fromthis mxture tablets are 5 pressed,139-pl anar, faceted on both sides
.and with a dividing notch on one side. D aneter of the tablets: 9 mm
Exanple D - Tapl et containing 350 ng of active substance 10 Conposition:
(1) Active sthgtance350.0 ng ng) Lactosel36.0 ng (3) Miize starch80.0 ny

ENG

(o ) (S)- and (R)-3-[(5-chlora-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

Cl

—N
O
pOSHY
N~ N ,
S
O
| A\
107 P (8)- 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



15 (4) Pol yvinyl pyrrolidone30.0 ng (5) Magnesium stearate4.0 ng 600.0 ny
Preparation: 20 (1), (2) and (3) are m xed together and granulated with an
aqueous solution of (4). (5) is added to the dried granul ated nmateri al .
From t hi 3vOni0es/0R0891t abl et s are pressed, biplanar, facetREBRUFHHIE des and
with a dividing notch on one side. D and#®r of the tablets: 12 nm WD
2008/ 080891PCT/ EP20071064406 -145- Conposition: (1) Active substance50.0
ng 5 (2) Dried tarch58,0 ng (3) Powdered | actose50.0 ng (4)
Magnesi um st eg Z g 160.0 ng 10Preparation: (1) is triturated with

(3). This tri S a ded to the mxture of (2) and (4) w th vigorous
m Xi ng. This is packed into size 3 hard gel atine
capsules in a cdpsul e 15fi

| ZQ}WCI

N Q
No " Sa_-Cl
St

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

tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide
5 was prepared in analogy to the procedures described above.

R: value: 0.38 (RP-8; methanol/5%NaCl-solution = 6:4)

CasH2CIN3OsS (462,01) |

Mass spectrum:  (M+H)" = 462/464 (chlorine isoiopes)

10
Q (S)- and (ij3~[(5-chIoro-thiophen—Z-yl)-carbonylamin‘o]-N-(S—m‘ethy|—9—
fluor-2,3,4,5-tetrahydro-1H-benzo[dlazepin-7-yl }-tetrahydrofuran-3-carboxylic

acid amide




Exanple F - Capsul es containing 350 ng of active substance Conposition: 20
(1) Active substance350.0 ng (2) Dried maize starch46.0 ng (3) Powdered

| act 0se30.0 ng (4) Magnesium stearate4.0 ng 25430.0 ng WO

2008/ 080881 ROF/OHPA0071064406 - 146- Preparation: (1) i SPGHRER2097406&86wi t h
(3). This trituration is added to the mTtlure of (2) and (4) with vigorous
m xing. This powder m xture is packed into size 0 hard gel ati ne capsul es
in a capsule fillindg=machine. Exanple G - Suppositories containing 100 ng
of active substance suppository contains:

—N / ]
: S

R (S)- and (R)-3-[(5-chioro-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

S | {S)-3-[(5-chloro-th iophen-2—y|)—c_arbonylamino]~N—((1 S)-1,3-dimethyl-

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

10  2,3,4,5-tetrahydro-1H-benzo[d}jazepin-7-yl )—tétrahyd rofuran-3-carboxylic acid

amide




Active substancel00.0 ng Pol yet hyl enegl ycol (MW 1500)600.0 ng

Pol yet hyl enegl ycol (M W. 6000) 460. 0 ng 15Pol yet hyl enesor bi t an nonost ear at e
840.0 ng 2,000.0 ng Preparation: The pol yet hyl eneglycol is nelted together
wi t h pol wed bapBes8%lor bi t an 20 nonost earate. At 40C t he RFIBERIE074B#400 e

subst ance i s honbgeneously dispersed in14e nelt. It is cooled to 38C and
poured into slightly chilled suppository noulds. -147- CLAI M

1. Substituted 3-agi no-tetrahydrofuran-3-carboxylic acid ani des of general
formula (1) 01 ZF

-,

The Examples that follow describe the preparation of pharmaceutical
5 formulations which contain as active substance any desired compound of
general formula |.

Example A — Dry ampoule containing 75 mg of active substance per 10 m!

10 Composition:

Active substance 75.0 mg

Mannitol ~ 50.0mg

water forkinjections ad 10.0 m
15

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

20  product is dissolved in water.

Example B — Dry ampoule containing 35 mg of active substance per 2 ml



0 O(l), in an enantioneric excess of nore than 96% at the carbon atomin
position 3 of the tetrahydrofuran ring, wherein denotes Dl a substituted
bicyclic ring systemof formula (I1), K22 /A X 3 '\ wherein KL and K4
each i ndegemdgoroByt of one anot her denote a -CH2, - CHRARLT/ERZBR/O064406a - C(0)
group, and R7a/ R7b/ Rm each i ndependent | ¥143f one anot her denote a fluorine
atom a hydroxy, Cl1_5-al kyl oxy, am no, Cl_5-al kyl am no,

C3_5-cycl oal kyl enei m no or el _5-al kyl carbonyl am no group, WO

2008/ 080891PCT/ EP2007/ 064406 - 148-

Composition:
5 Active substance 35.0mg
‘Mannitol 100.0 mg
water for injections ad 2.0 ml
Preparation:

10 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

waler.

15 Example C - Tablet containing 50 mg of active substance

Composition:

(1) Active substance ~ 50.0mg
20 (2)Lactose 98.0 mg

(3) Maize starch 50.0 mg

(4) Polyvinylpyrrolidone 15.0 mg

(5) Magnesium stearate 2.0mg
215.0 mg

25



a Cl_3-al kyl group which nmay be substituted by 1-3 fluorine atons, or
two groups Feb/Rmtogether with the cyclic carbon atommay forma 3, 4,
- 5-, 6- 5 or 7-nenbered saturated carbocyclic group wherein the nethyl ene
groups t Wy mo$/089891 be substituted by 1-2 Cl_3-al kyl orPGIHAR20/06{486, and/ or
t he met hyl ene groups thereof, if they arld4not bound to a heteroatom nmay
be substituted by 1-2 fluorine atons, and 10 K2 and K3 each
i ndependenPiapaedtiomne anot her denote a -CH2, -CHR8a, -CR8bRec or a -C(0)-
group, and 15R8a/ R8b/ R8c each independently of one another denote a
Cl. 3-al kyl group which may be substituted by 1-3 fluorine atons, or
two groups R8b/R8G together with the cyclic carbon atomnmay forma 3, 4,
5-, 20 6- @Qf I 4 : | tdyer e
choul d be 1 )RR BLEe e F 2 R At S e SR on e re
R8b and R8g,i or (o L) s LEP: ! - 149-
donot os a W)debbiicislhy el fnlited Qath AT M RIS hahadtRe
Cl_3-al kyl am no, di-(Cl-al kyl)-amno. a Cs-alkyl. .. -al ke -.CH?,
5. alyryests thiata et pR Y Soed ot iltur Ynng SR 85y
met hyl groups present in the above-nentioned groups -

Diameter of the tablets: 9 mm.

Example D — Tablet containing 350 mg of active substance

10  Composition:

(1) Active substance 350.0 mg
(2) Lactose | 136.0 mg
(3) Maize starch 80.0 mg
15 (4) Polyvinylpyrrolidone 30.0mg
(5) Magnesium stearate 4.0mg
600.0 mg

Preparation:

20 (1), (2) and (3) are mixed together and granulated with an agueous 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.

25 Example E — Capsules containing 50 mg of active substance



may additionally be substituted by a Cl1_3-al kyl, ‘carboxy,

Cl_5-al koxycar bonyl group or by a hydroxy, Cl_5-al kyl oxy, am no,
Cl_5-al kyl am no, Cl_5-dial kyl ami no or C4-710cycl oal kyl enei m no group,
provi ded wihaws/@so@10 or 0-C-N or N-C- N-bonds are excl udEi/ERg#TN64490e t o

t hree hydrogen atons nmay be repl aced by-1#buori ne atons, provided that the
nmet hyl ene or nethyl groups are not directly bound to a nitrogen atom 15
and wherein denotes either N or CR13, A2denotes either N or CR11, 20
A3denotes either N or CR12, WD 2008/ 080891PCT/ EP2007/ 064406 - 150- a
hydrogen, EbHpokitien: chl orine, bromne or iodine atom or a Cl_5-alkyl,
CF3, C2-5 -al kenyl, C2_5-alkynyl, a cyano, carboxy, Cl1_5-al kyl oxycarbonyl,
hydr oxy, Cl1_3-al kyl oxy, CF30, CHF20, CH2FO, or 5 Ddenotes D2 a group of
general fornmula R5 ' -

(1) Active substance 50.0 mg

5 (2) Dried maizé starch 58.0 mg
(3) Powdered lactose 50.0 mg

(4) Magnesium stearate : 2.0 mg

| 160.0 mg

10  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 capsUIe

15 filling machine.

Exampie F — Capsules containing 350 mg of active substance

Composition:

20
(1) Active substance 350.0 mg
(2) Dried maize starch 46.0 mg |
(3) Powdered lactose 30.0mg
(4) Magnesium stearate 4.0mg

25 ' 430.0 mg



wherein A denotes A4, a group cN O 10 or wherein A denotes A5, a group of
general fornula wherein WD 2008/ 080891Perr EP2007i 064406 -151- mis the
nunber 1 or 2, Xldenotes a carbonyl, thiocarbonyl, C=NROG C=N ORIG

C=N- NO2, wWaxpb0sB808N or sul phonyl group, X2denotes an OXBGEEP20DHH4M a - NRODb
group, : : -146-

Preparation:
(1) is triturated with (3). This trituration is added to the mixture of (2) and (4)

with vigorous mixing.

5
This powder mixture is packed into size 0 hard gelétine capsules in a capsule
filling machine.
Example G — Suppositories containing 100 mg of active substance
10

1 suppository contains:
Active substance _ _ 100.0 mg
Polyethyleneglycol (M.W. 1500) 600.0 mg
Polyethyleneglycol (M.W. 6000) 460.0 mg
15 Polyethylenesorbitan monostearate  840.0 mg

2,000.0 mg

Prebaration:
The polyethyleneglycol is melted together with polyethylenesorbitan

20  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.



denotes a carbonyl, thiocarbonyl, C=NR5c, C=N-OR, C=N-NO2, C=N10 CN or

sul phonyl group, X4denotes an oxygen4er sulphur atom or a -NR9c group,

R9a in each case independently of one another denotes a hydrogen or

15hal ogen atom or a C5-al kyl, hydroxy, hydr oxy- C1_5-al kyl, Cl1_5-al koxy,

Cl- - al koxy-Cl1_5-al kyl, am no, CL_5- yIanino,anino-Cl_S-aIkyI,

Cl 5- al kyl ani no- Cl1. 5- aIkyI anlnocd?%ﬁ , Cls-al kyl am nocar bonyl ,
-(Cl_5- aIknyanlnocarbonyI or Cl1_5-al kyl carbonyl am no group, while 20 in

the previ ously mentioned substituted 5- to 7-nmenbered groups A5 the

heteroatons F, C, Br, I, O or Noptionally introduced with R9a as

substituent are not separated by precisely one carbon atomfroma

het er oat om sel ected fromanong N, 0, S, WD 2008/ 080891PCT/ EP2007/ 064406

-152- qR66 SﬁBQt:t'uﬂQ)ep%ﬂﬂﬁélté!trﬁﬁyd?ﬂﬁrﬁﬁ-@téﬁboﬂﬂl&ot&@ Buflaegesr ajaiarar a
Cl1_5-al kyl group, R3c each 1 ndependently of one another denote a

hydro% Emﬁéﬂ?n a Cl_5-al kyl, 5C1_5-al kyl carbonyl, Cl1_5-al kyl oxycarbonyl or
Cl_5-al'kyl'sufl phonyl group, R4denotes a hydrogen or hal ogen atom a

Cl_3-al kyl Oor Cl_3-al koxy group, while the hydrogen atons of the

Cl_3-al kyl GL_3-al koxy group may optionally be wholly or partly

repl agrd b fI uqrine atons, a C2_3-al kenyl, C2_3-alkynyl, nitrite, nitro
or am nd\lgr , FZTFert es a hydrogen or hal ogen atomor a Cl_3-al kyl
group, g3 o

© ),
in an enantiomeric excess of more than 96% at the carbon atom in position 3 of the
tetrahydrofuran ring, wherein

D denotes D' a substituted bicyclic ring system of formula (1),

/KZ’K1 AL 2
"l
\Ki,Kl A3J\

(15)
wherein

K'and K*
each independently of one another denote a -CH,, -CHR’®, -CR™R"® or a -

C(O) group, and

RTa/RTbIRYC
each independently of one anocther denote a fluorine atom, a hydroxy, Css-alkyloxy,
amino, Cis-alkylamino, di-(Cqs-alkyl)-amino, Css-cycloalkkyleneimino  or

Ci.s-alkylcarbonylamino group,



R3denotes a hydrogen atomor a Cl_3-al kyl group, and 15 Mlenotes a
t hi ophene ring according to formula (I1l11), 20which is bound to the
carbonyl group in fornula (1) via the 2-position and which is substituted

in the 5-pQay hbhzedy R2and optionally additionally by ReerfiBishes
R2denotes WO 2008/ 080891PCT/ EP2007/ 0644C %._153- R2a a hydrogen, fluorine
I ky

or iodine atom or R2b a nmethoxy, Cl 2-a , fornmyl, NH2CO or R2b a
hlorine, b ' 5 fl i ne,
Chlori ne, b EG RIS RLEN RS RSP Frdiean, | or e

chl orine, brom ine a a or am no group,
wher ei n, unlot?ss ot herwi se stated, by the term "hal ogen atont nentioned
herei nbefore’in the definitions is nmeant an atom sel ected from anong

fluorine, 10chlorine, brom ne and i odi ne,

two groups R™’/R™® together with the cyclic carbon atom may form a 3, 4, 5-, 6-
5 or 7-membered saturaied carbocyclic group
wherein the methylene groups thereof may be substituted by 1-2 Cis-alkyl or
CF3- groups, and/or
the methylene groups thereof, if they are not bound to a heteroatom, may be
substituted by 1-2 fluorine atoms, and
10
K* and K®
each independen-tiy of one another denote a -CH,, -CHR®?, -.CR®R¥ or

a -C(Q)- group, and
15 R¥/R¥/R
each independently of one another denote a Cq.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-,

20 6-or 7-membered saturated carbocyclic group, and

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

R™ R%® R® and R* in formula (ll), and

25 X denotes a NR' group, wherein



and wherein the al kyl, al kenyl, alkynyl and al kyl oxy groups contained in
the previously nentioned definitions which have nore than two carbon atons
may, unless otherw se stated, be straight-chain or branched and the al kyl

groups in &% HfieskdesVi ously nmentioned dial kyl at ed groupser/kpisoisaimel e t he
di al kyl am no groups, may be identical or _gidferent, and t he hydrogen

atons of the nmethyl or ethyl groups contained in the f or egoi ng
definitions, unless otherw se stated, nay be wholly or partly repl aced
20by fluorine atons, the tautorrers enantionmers, diastereoners, mxtures

A T

3-am no- tetrahydr uran ’neral formula (1) in

Garbon i po 1rsta'E>'/+%"@“'r‘zﬂl dhﬂ@-f refVaRR T Can ARG avé%é@f frhonotes &
SKUELS‘Lt :A\t \l;\;]g? - c}lﬁ%ﬁ Cr|_||2n(% églfct:fcrl%acfkylfg%u%l a (), te2- KIA1 2 /A X, \ 3
5  wherein the methylene and methyl groups present in the above-mentioned

groups

may additionally be substituted by a C1_3—élkyl, carboxy, Ci.s-alkoxycarbonyl

group or

by a hydroxy, C1.s-alkyloxy, amino, Cqs-alkylamino, C1.s-dialkylamino or Cs.7-
10 cycloatkyleneimino 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 methy! groups gre not directly bound to a nitrogen atom,
15 and wherein

A" denotes either N or CR",

A?  denotes either N or CR"",
20

A®  denotes either N or CR",

wherein R'®, R'" and R'? each independently of one another represent



K1 and K4 each independently of one another denote a -CH2, -CHl :ea,
or a -CFel DR7c group, wherein Rn R7b/ R7c each i ndependently of one anot her
denote a fluorine atom a hydroxy, methoxy or Cl_2-al kyl group which nmay
be substi tﬁb%os%\éoéi:)’ fluorine atons, wherein the two gpOHBEEIR44EdC
cannot both sinultaneously be bound to thggyclic carbon atomvia a

het eroatom except if -C(WDR70)- corresponds to a -CF2 group, or two
groups, Feb/ R7C My i, HAGHA BhidtinbolcRfin€ ¥ ldufer bR Rr AloBalRyi3- . 4- of

5- nmenbered satur ocyclic group, an

W02008/ 0808 EP2007/ 064406 - 155- ) Lndependent |y
of one anot %ﬁ%ﬁrég@w ‘22@‘%%%{‘311%&@%’,’%%&0%5&%”5’?'up,bba d5

R8a/ R8b/ R8c ,each i ndependent f e ther denote a C .2-al kyl group
whi ch may bé‘yg[%%’tgﬂ-ﬁi @a%bﬂ}’ %@&Pﬁg??xﬂa%@n%i or two groups R8b/R8b
may form together with the cyclic carbon atom a 3-, 4-, 10 5-nenbered

carbocyclic group, and in all in forrmula (11) there should be no nore than

four groups selected frgmanong R7a, Rrb, R7b, R8a, R8b and R8b, and 15
5 D denotes D~ a group of general formula

5

R

wherein A denotes A%, a group
&

10 orwherein A denotes A, a group of general formula

Y

O

. R )?A
R ) ‘ N-"
X' o
(RQa) (Rga)m . (Rga)m
m N f\N' |}|
) L
Sa
Rga (Rga)m (RQa)m . (R )m
( )m |\\| L P(\i\\l’ F\I\\l 1
t 1 X4 X1 X

15

wherein



Xdenotes an NRI group, wherein Rl denotes a hydrogen atomor a Cl_2-al kyl
or C3_4-cycl oal kyl group, 20 wherein the nethylene and nethyl groups
present in the above-nmentioned groups nay additionally be substituted by a
met hyl gr og®, 200sikoyvherein 25 Aldenotes CR10 , WO PCT/EP2007/064406

2008/ 080891PCT/ EP2007/ 064406 - 156- a yglrogen, fluorine, chlorine,

brom ne atomor a Methyl, CF3, a cyano, Methoxy, CF30, CHF20, CH2FO-
group, or denotes D2a group of general formula R5 wherein A denotes A4, a

group
' m is the number 1 or 2,

X! denotes a carbonyl, thiocarbonyl, C=NR¥, C=N-OR*, C=N-NOz, C=N-

5 CN or sulphonyl group,
X2 denotes an oxygen atom or a -NR* group,

X2 denotes a carbonyl, thiocarbonyl, C=NR¥*, C=N-OR%, C=N-NO;, G=N-

10 CN or sulphony! group,
x* denotes an oxygen or sulphur atom or a —N R* group,

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

5 halogen atom or a C1‘_5—alkyl, hydroxy, hydroxy-C1.s-alkyl, Cis-alkoxy, C1.5-
alkoxy-C1.s-alkyl, amino, Cq_s-alkylamino, di—(Cq_5—alky[)-aMino, amino-Cqs-alkyl,
C1.s-alkylamino-C1.s-alkyl, di-(Ci-s-alkyl)}-amino-C4.s-alkyl, aminocarbonyl,
C1.s-alkylaminocarbonyl, di-(C1s-alkyl)-aminocarbonyl or
C1-s-alkylcarbonylamino group, while

20 in the previously mentioned substituted 5- to 7-membered groups A’the
heterocatoms F, C, 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,



CI\1 0 or wherein A denotes A5, a group of general formula WO
20081080891PCT1EP20071064406 -15T (Rga)m 1, wherein 5

10

15

20

WO 2008/680891 PCT/EP2007/064406

-152+
R%®  each independently of one another denote a hydrogen atom or a

Ci.s-alkyl group;

R®  each independently of one another denote a hydrogen atom, a Cq.s-alkyl,

C1.s-alkylcarbonyl, C1.s-alkyloxycarbonyl or C1s-alkylsulphonyl group,

R*  denotes a hydrogen or halogen atom, a Cys-alkyl or C4.s-alkoxy group,
while the hydrogen atoms of the Cys-alkyl or Cy3-alkoxy group may optionally
be wholly or partly replaced by fluorine atoms, a Ca.s-alkenyl, Czs-alkynyl,
nitrile, nitro or amino group,

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

R®  denotes a hydrogen atom or a C1_3-élkyl group, and

M denotes a thiophene ring according to formula (lll),

|
R i

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



mis the nunber 1 or 2, denotes a carbonyl or C=N-CN group, 10 X3denotes a

car bonyl or

C=N-CN group, X4denotes an oxygen atom R9a in each case
i ndependent|y of one anot her denotes a hydrogen atom or a 15CG _2-al kyl

group, Whi{ 4dRpRY es a hydrogen or fluorine,
met hyl or a methoxy group,

chl ori nep@FERHEMIsMc at OM
20R5denot es a_{wsglrogen, fluorine or chlorine
atom or a nethyl group, R3denotes a hydrogen atom and -158- Mlenotes a

a

t hi ophene riﬁ@ﬁq@? Jinngudthd & iBYINR dtbil br Which is bound to the carbonyl
Ayl s ; )

group in fornu

a chlorine,

10

15

20

ynyl*“group,
R” a chiorine, bromine or ethynyl group,

brom ne a

RS denotes a hydrogen, fluorine, chlorine, bromine or iodine atom or a Cq.o-

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 th.e
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 ethyf 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.

via the 2-position and which is substituted in the

5-position th’zb%%9@?&%@%%@&9i'\“fzwldry by R6, wherein R2denotes R2c



R6denot es a hydrogen atom the tautoners, diastereoners, m xtures and
salts thereof. 3.Substituted 3-am ngsghet rahydrof uran-3-carboxylic acid
am des of general fornmula (1) in accordance with claim1l or 2 in an
enantiomeric excess of nore than 96% at the carbon in position 3 of the

tetrahydrofuran r wherei n deno stltuted bicyclic ring system
of fofnul aS %'Wt)tUtQ’dl% QW'W')‘@WWWFWI R’iy"CK?c’anma%ﬁs fr e% 5% and
A3 are as defined in claim1 or 2, - 159 the taut oners, di astereoners

m xt ufcesiuden ) sial accordaraeowith 4laisubdn ianuenrantiomeric excess of more than 96%
3-am no-tetrahydrof uran- 3-carboxylic acid am des of general formula (1) in

accor gegheccatbdm irt pesitivd 3wf the itetrahyceofnan dngrwhemstess of nore than 96% at
the carbon in position 3 of the tetrahydrofuran ring, wherein denotes D2a
group of general formula

D denotes a substituted bicyclic ring system of formula (1),

KA (I

wherein

K' and K*
each independently of one another denote a -CH,, -CHR™, or a -CR™R"®

group, wherein

RTa/RTb/RTG

each independently of one another denote a fiuorine atom, a hydroxy, methoxy or
C4_z-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



wherein R4 and RS are as defined in claiml or 2, the tautoners,
di astereoners, mxtures and salts thereof. 5. Substituted
3-am no-t et rahydrof uran-3-carboxylic acid am des of general fornmula (1) in
accor danceyy-higgh@di M 1 or 2 in an enantioneric excess pfypEerdshan 96% at
the carbon in position 3 of the tetrahydrpfguran ring, wherein denotes D2 a
group of general fornula -160- or wherein A denotes A5 , wherein A5, R4
and R5 are fiined in claim1l or 2, the tautoners, diastereoners,
m xtures and salts thereof. 6. Substituted
3-am no-tet rahydrégc‘ﬁriﬁ@égg'rﬁa%ﬁﬁfﬁy'!ih{aﬁgl'ngr St f .oanerpirRy grmula (1) in
accordance with any oneof clalm 0 I'n an enantioneric excess of nore
t han 96% at Ebﬁ:?@rbon indc)osition 3 of the tetrahydrofuran ring, wherein
the ami no-te ydIQB?Lm'aqp arboxylic acid am de noiety has the
R-configuration. 7. Substituted 3-am no-tetrahydrofuran-3-carboxylic acid
am des of general fornmula (1) in accordance with any one of claiml1l to 5
in an enantigneric.excess of nore than 96% at the carbon in position 3 of
the tetr&hydrdfurBn ring, wherein the anino-tetrahydrofuran carboxylic
acid am de noiety has the S-confi gturati on. 8. A conpound in accordance
with any on&ash indenengently of one apatber genate pdetacrlkY G5AYR WBIChET®BR® ng | i st
of conpounds and m xtures and salts thereof:
(S) - 3- [ ( 5- brsuhstitutsidophtd-Rioyipe@@Mony| ami no] - N- ( 3- net hyl - 2, 3, 4, 5-t et r ahydr
0-1 H - benzo[d]azepin-7 -yl)-tetr ahy dr of uran-3-carboxylic acid am de
(S)-3-[(5-chl oro-thi ophen-2-y0-car bonyl am no] - N-(3-net hyl -2, 3, 4, 5-tetrahyd
ro-1 Hbenzo[ d] azepi n-7- A-t et r ahydr of ur an- 3- carboxylic acid am de

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

10 5-membered carbocyclic group, and

in all in formula (I1) there should be no more than four groups selected from

among R7%, R™, R7°, R*, R®™ and R%, and

15

X denotes an NR' group, wherein
R'  denotes a hydrogen atom or
a Cq.z-alkyl or Csu-cycloalkyl group,
20 wherein the methylene and methyl groups present in the above-mentioned
groups may additionally be substituted by a methyl group ,

and wherein

25 A'  denotes CR",



WO 20081080891PCT/ EP2007/ 064406 -161-

(3S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl am no] - Nd(5R) - 3, 5-di net hyl - 2, 3, 4,
5- tetrahydro-1H benzo[ d] azepi n-7-y1)-tetrahydrof uran- 3-carboxylic acid

am de and wo 2008/080891 PCT/EP2007/064406
5(3S)-3-[(5-chl oro-thiophen-2-y1l)-carbony{sgm no] - N- ((5S) -3, 5-di net hyl-2, 3,
4,5- tetrahydro-1H benzo[ d] azepi n-7-yl)-tetrahydrofuran-3-carboxylic acid
am de

10(3S) - 3-[ (5-chl oro-t hi ophen-2-y1) - carbonyl am no] - N-((1R) - 1, 3-di net hy1-2, 3

, 4, 5- tetrahyedr Odéhb@gr@ﬁﬁd] azepin-7-yl)-tetrahydrofuran-3-carboxylic acid
am de and

(3S)-3-[(5-chl oro-thiophen-2-y1)-carbonyl am no]-N-((1S)-1, 3-di net hyl -2, 3,4
,5- tetr ahydr o 1H benzo[ d] azepi n- 7-y1) -t et rahydr of ur an- 3- car boxyl i ¢ aci d
am de 15 -5-¢chl or Bi ophene- 2- car boxylic

aci d- N-{ 343 t h?fnﬁt ?& yani m n[ 1. 4] oxazepan- 4-y1) - phenyl car banoyl | -tetra
hydr of ura5n 3-yll-am de WO 2008/ 080891PCTI EP2007/ 064406

wherein R', R'" and R each independently of one another represent

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

Methoxy, CF30, CHF,0, CHzFO- group, or

10
D denotes D? a group of general formula
RS
A
R’ |
wherein A denotes A%, a group
G
15 O

or wherein A denotes A® | a group of general formula



-162- (S)-5-brono-thi ophene-2-carboxylic

aci d-N-{3-[ 3-net hyl-4- (5- oxo[ 1, 4] oxazepan- 4-y1) - phenyl car banoyl Het r ahydr of
uran-3-yll-amde 5 (S)-5-chl oro-thi ophene-2-carboxylic

aci d- N- { 314(fBaGosaydl m n-[ 1. 4] oxazepan- 4- PCT/EP2007/064406

y1) - phenyl car banoyl kt et r ahydr of uran- 3-yl}¢+sgpxride no S 0 C

R . R™)

wherein

m is the number 1 or 2,

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

x* denctes an oxygen atom,

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

15  Cyz-alkyl group, while

R*  denotes a hydrogen or fluorine, chlorine or bromine atom, a methyl or a

methoxy group,
20 R° denotes a hydrogen, fluorine or chlorine atom or a methyl group,

R®  denotes a hydrogen atom and



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

aci d- N-{ 3-[ 3-net hyl - 4- ( 3- oxo- nor phol i fis 4-

y1) - phenyl car banoyl ] -t et rahydr o-t hi ophen-3-yl | -am de -163- , and
(S)-3-[(5-chl oro-thiophen-2-y1)-carbonylam no]-N(3,5,5-trinethyl -2, 3,4, 5-
tetr§3¥drol benzo&d]azepin-?-yl)-tetrahydrofuran-3-carboxy|ic acid am de
9. A hod 9eHPias? thiprhenefing aceprdingtn farmuél(18), ani no- t et r ahydr of ur an- 3-
carboxylic acid am des of general forrmula (I) in accordance with any one
of claims 1 to 8 in an enantiomeric excess of nore than 96% at the carbon
in position 3 of the tetrahydrofuran ring, wherein the enantioners are
separated via chiral columm chro graphys -164- 10.A nmethod for the
preparation of substituted i dr of uran- 3- carboxylic acid

am des of general fornula (la) i nanti omeri c excess of nore than 96%
at the carbon in position 3 of thejtetrahydrofuran ring (Ila)

R (1)

o-t

which is bound to the carbonyl group in formula (I) 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 tautdmers, diastereomers, mixtures and salts thereof.

3. Substituted  3-amino-tetrahydrofuran-3-carboxylic acid amides of general
formula (1) in accordance with claim 1 or 2 in an enantiomeric excess of more than
96% at the carbon in position 3 of the tetrahydrofuran ring, wherein
D denotes a substituted bicyclic ring system of formula (Il),
1 1

X’KZ’KIK\Az

A3 4 3//,\

KA ()

wherein K1, K2, K3, K4, X, A1, A2 and A3 are as defined in ¢laim 1 or 2,



conprising reacting a conpound of the general formula (IVa) (lvVa) wth a
conpound of the general formula (V)_qisg_an enantioneric excess of nore than
96% at the carbon in position 3 of the tetrahydrofuran ring -165-
optional | y furt her corrpri Si ng cl eavi ng protecting groups, wherein Ki, K2,

K3, K4, and I_6{21(51\,a%deflnedlnclalmlor2 and
wher elfte ’@W@“ﬁr%ﬁéﬂs@{?ome%lmmlér% $2ltsrB8FEOfa hal ogen atom or a
Cl_5-al kyl oxycar bonyl oxy or acyl oxy group. 11. The nmethod according to
clai m 10, wherein the am no-tetrahydrofuran carboxylic acid am de noiety
of the compound of the general fornula (V) and of the

3- am 9o- t eBubbitdierf WB-amiBedattdoydrbirard-caraokylies arid gamided oforgarexal( | a)
have the R-configuration. 12. The nethod according to claim 10, wherein

the ammfna %%)ﬁﬁ@(:@bﬂfdﬁb@r\m@%wv& B¢ dnaHahBofRiriet ekcekstdfensrmamnd of
the general fornula (V) and of the am no- tetrahydrofuran 3-carboxylic

e ﬂogg‘kﬁgﬁhﬁicaﬁﬁéﬁé*?% %@#“é'@éﬁ%@“%‘ﬂ’“ o G ey of ur an- 3.

car boxylic aci des of ener for la (I'b) in an enantioneric excess
of rmée th%”%@ﬁa goMPY {Tul on 3 of the tetrahydrofuran ring

(1b) o
C\“wﬁ
o R

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 an enantiomeric excess of more than

96% at the carbon in position 3 of the tetrahydrofuran ring, wherein

D denotes D? a group of general formula

5

R



-166- conprising reacting a conpound of the general formula (1Vb) NH
(I'vb) wth a conpound of the generagkptornmula (V) in an enantioneric
excess of nore than 96% at the carbon in position 3 of the tetrahydrofuran
ring optionally further conprising cleaving protecting groups, wherein A,

nyar oo e PR 4 SyBte AL R il b g oBnde e T & 2 O 1° 2

Cl1_5-al kyl oxycar bonyl oxy or acyl oxy group. 14. The nmethod according to

cl ai nthestauigieers; diaskereamars.-m uraﬁﬁmal&awewfboxyl ic acid ani degrmi ety
of the compound of the general fornula (V) and of the

3-am no-tetrahydrof uran-3-carboxylic acid am des of general formula (Ib)
have 6he RSobsitutid a3-aavino-tettdirdrofuran-3-carboxylic acid amides of general

formula (1) in accordance with any one of claim 1 to 5§ in an enantiomeric excess of
more than 96% at the carbon in position 3 of the"tetrahydrofuran ring, wherein the

amino-tetrahydrofuran carboxylic acid amide moiety has the R-configuration.

7. Substituted 3-amino-tetrahydrofuran-3-carboxylic acid amides of general
formula () in accordance with any one of claim 1 to 5 in an enantiomeric excess of
more than 96% 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

| 0
~(O0,.4
s
0 O%U

(8)-3-[(5-chloro-thiophen-2-yl)-carbonylamino}-N-(3-methyl-2,3,4,5-tetrahydro-1H-

Br

. ¥

benzo[d]azepin,—?—yi)-tetrahydrofuran—3-cafb0xylic acid amide



15. The nmethod according to claim 13, wherein the am no-tetrahydrofuran
carboxylic acid am de noiety of the conpound of the general formula (V)
and of the 3-am no-tetrahydrofuran-3-carboxylic acid am des of general
formul a (14 o@&weedohe Sconfig u ration. 16. A nmethod fEriklecjmcepar ati on
of substituted 3-amno-tetrahydrofuran-3=qgarboxylic acid am des of
general- fornmula (lc) in an enantioneric excess of nore than 96% at the
carbon in position 3 of the tetrahydrofuran ring (lc) conprising the
steps of: a) reacting a conmpound of the formula (1V) with a conpound of
the formula (V) an_enantioneric excess of nore than 96% at the carbon
in position 3 of thg tetfrahy, furan ring, D.NHRa (IV) (V) and
subsequent | y_cNavi
formula (M1) i y
position 3 of the tetrahydr fur

'ﬁ excess of nore than 96% at the carbon in
ring; - 168-

e Vs

(38)-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

5  (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

-2, pOove
¢ N "‘N . ' N N .
¢ cl

10 (38)—3—[(5~chioro—thiophen—Z—yl)—carbbny!amino]—N—(U R})-1,3-dimethyl-2,3,4,5-

E

tetrahydro-1H-benzo[dlazepin-7-yl)-tetrahydrofuran-3-carboxylic acid amide and
(38)-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,
o oo
—N \
: NWQ‘N o g

7

uo

ava

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

15

[1.4Joxazepan-4-yl)-phenylcarbamoyi]-tetrahydrofuran-3-yl}-amide



b) reacting said conmpound (VII) of step a) with a conpound of formula
(Vi) (Vil), wherein Qis a hydroxy or Cl4-al kyl oxy gr.oup, a hal ogen
atom or a Cl_5-al kyl oxycar bonyl oxy or acyl oxy group, PG is a hydrogen atom
or a protegbireg@ipup for the am no function, and D, R3pcREpaithsiksare as
defined in claim1 or 2. 17. The nethod_ggrording to claim 16, wherein
the am no-tetrahydrofuran carboxylic acid am de noiety of the conpound of

t he general fornula (VI) and of—tdie 3-am no-tetrahydrofuran-3-carboxylic
acid am des of general formula (Id) bave the R-configuration. 18. The

met hod according to claiml8, er'ei f| the ami no-tetrahydrofuran carboxylic
acid am de noiety of the c¢ R neral formula (VI) and -169-

of the 3-am no-tetra of ur an- 3- car boxyyl i g~aéi d ani des of general formula
(Ic) have the-S"s0 ) for preparing a conmpound of
the formula (V) i an énantioneric excess of nore than 96% at the carbon
in position of the tetyahydrofuran ring by enzymatic resolution of a
racem c m xtu f 54i d conpound of the formula (V), wherein R2 and R6 are
as defined in claim \or 2, and

N

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

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

_ O\ .
.~"N s
H \ / Br

5 s

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

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

v
QMCI

B
QQ

N

\

e

N

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

10 yb)-phenylcarbamoyl]-tetrahydro-thiophen-3-yi}-amide



wherein Qis a straight or substituted G A2-al kyl oxy group, or allyloxy or
substituted al Iyl oxy group, or Cl_12gal kyl oxycarbonyl oxy or acyl oxy group.
20. A conpound of the formula (V) in an enantioneric excess of nore than
96% at the carbon in position 3 of the tetrahydrofuran ring, (V) wherein
R2 and R6 are as defined in claim1 or.2, and -170- wherein Qis a

hydr oxy or Cl_12-al kyl oxy group, or al(?ylwry or substituted allyl oxy
group, or a hal ogen atomor a Cl.12{al lkyl @xycar bonyl oxy or acyl oxy group.
21.. The conpound of the fornula {g\/) }

96% at the carbon imyposi

claim 20, whereint am ot r ahydr of Hr an xyPi ¢ acid am de noiety
of said conpound of the S-configuration.

-171- 22. A netho foerrepri ng a conpound of the formula (VII) in an
enantioneric excegs of ilnorelthan 96% at the carbon in position 3 of the
tetrahydrofuran ring~ by chemical resolution of a racejig¢c m xture of said
conmpound of the formula

ofyl%an ring according to

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

1H-benzo[djazepin-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 (1) in accordance with any one of claims 1
to 8 in an enantiomeric excess of more than 96% at the carbon in position 3 of the
tetrahydrofuran ring, wherein the enantiomers are separated via chiral column

chromatography.



(M1) with a chiral acid, wherein D and R3 are as defined in claim1l or 2.
-172- 23. A conmpound of the fornulaqgdLl) in an enantioneric excess of
nore than 96% at the carbon in position 3 of the tetrahydrofuran ring
wherein D and R3 are as defined in claiml1l or 2. 24. The conpound of the

formul,a (VILI) i n.enantioneric,excess of r han. 96%.at the carhon in
posi t n 32 meliod d6F aReaRSPRRIAHOR; 9 Sdegttel ramUIcKiSHaby TR |t he
am no-tetrahydrofuran carboxylic acid am de noiety of said compound of the
gener 8RGOV lagid emides £§ ganerd tosmulaydleatin n enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

/ 1 1'}A:2 R Q o
A | /]\ l s
KS""K4 A3 N N R2
oo\

R (Ia)

comprising reacting a compound of the general formula (IVa)

— K1 A
/% Sa,
X | /L
- 3
Kok A7 TNHR
4 (IVa)

with a compound of the general formula (V) in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

I=Z
/
.

R V)



-165-

optionally further comprising cleaving protecting groups,

wherein K1, K2, K3, K4, X, A1, A2, A3, R2, R3 and R6 are as defined in claim
1 or 2, and

wherein Q is a hydroxy or Cis-alkyloxy group, a halogen atom or a

C,.s-alkyloxycarbonyioxy or acyloxy group.

11. The method according to claim 10, 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 R-

configuration.

12. The method according to claim 10, 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.

13. A method for the preparation of substituted 3-amino-tetrahydrofuran-3-
carboxylic acid amides of general formula (Ib) in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

[H)]

TZ
"
T

R (Ib)
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comprising reacting a compound of the general formula (iVb)

R’ (IVb)

with a compound of the general formula (V) in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

£
/
T

R V)

optionally further comprising cieaving 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 Cis-alkyloxy group, a halogen atom or a

C1.s-alkyloxycarbonyloxy or acyloxy group.

The method according to claim 13, 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.
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15. The method according to claim 13, 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 S-

configuration.

16. A method for the preparation of substiuted 3-amino-tetrahydrofuran-3-
carboxylic acid amides of general formula (Ic) in an enantiomeric excess of more

than 96% at the carbon in position 3 of the tetrahydrofuran ring

comprising the steps of:
a) reacting a compound of the formula (1V) with a compound of the formula

(VD) in an enantiomeric excess of more than 96% at the carbon in position 3 of

the tetrahydrofuran ring,

NHPG

D.NHR3 , (|V) O (VI)

and subsequently cleaving the protecting group PG to obtain a compound of
the formula (VI1I) in an enantiomeric excess of more than 96% at the carbon in

position 3 of the tétrahydrofuran ring; and



-168-

NH

O (VII)

b) reacting said compound (VII} of step a) with a compound of formula (VI

R® (VIII),

wherein

Q is a hydroxy or Cjsalkyloxy group, a halogen atom or a
Cis-alkyloxycarbonyloxy or acyloxy group,

PG is a hydrogen atom or a proteciive group for the amino function, and

D, R3, R2 and R6 are as defined in claim 1 or 2.

17.  The method according to claim 16, wherein 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) have the R-

configuration.

18, The method according to claim 16, wherein the amino-tetrahydrofuran

carboxylic acid amide moiety of the compound of the general formula (V1) and
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of the 3-amino-tetrahydrofuran-3-carboxyiic acid amides of general formula (Ic) have

the S-configuration.

19. A method for preparing a compound of the formula (V) in an enantiomeric

excess of more than 96% at the carbon in position 3 of the tetrahydrofuran ring

IZ=
/
N

by enzymatic resolution of a racemic mixture of said compound of the formuia
V),

wherein R2 and R6 are as defined in claim 1 or 2, and

wherein Q is a straight or substituted Cyq.-alkyloxy group, or allyloxy or

substituted allyloxy group, or C1.12-alkyloxycarbonyloxy or acyloxy group.

20. A compound of the formula (V) in an enantiomeric excess of more than 96% at

the carbon in position 3 of the tetrahydrofuran ring,

IZ
—
T

wherein R2 and R6 are as defined in claim 1 or 2, and
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wherein Q is a hydroxy or Cyqz-alkyloxy group, or allyloxy or substituted
allyloxy group, or a halogen atom or a Cj.i>-alkyloxycarbonyioxy of acyloxy

group.

21.  The compound of the formula (V) in an enantiomeric excess of more than 96%
at the carbon in position 3 of the tetrahydrofuran ring according to claim 20, wherein
the amino-tetrahydrofuran carboxylic acid amide moiety of said compound of the

general formula (V) has the S-configuration.
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22. A method for preparing a compound of the formula (VIl} in an enantiomeric

excess of more than 96% at the carbon in position 3 of the tetrahydrofuran ring

0 (Vil)

by chemical resolution of a racemic mixture of said compound of the formula

(VIl) with a chiral acid, wherein D and R3 are as defined in claim 1 or 2.
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23. A compound of the formula (VII) in an enantiomeric excess of more than 96%

at the carbon in position 3 of the tetrahydrofuran ring

O (VID)
wherein D and R3 are as defined in claim 1 or 2.

24. The compound of the formula (VII) in an enantiomeric excess of more than
96% ‘at the carbon in position 3 of the tetrahydrofuran ring according to claim 23,
wherein the amino-tetrahydrofuran carboxylic acid amide moiety of said compound of

the general formula (V1) has the S-configuration.



