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ASYMMVETRI C CATALYTI C REDUCTI ON OF OXCARBAZEPI NE The

present invention relates to a process for the
wagsyomer9dc catal ytic reducti on of oxcar bazepi ReT/GBR0N6/001473

11-di hydro-1 1

0- oxo- 5H di benz/ b, f/ azepi ne- 5- car boxam de) .

Car bama )

est abl i éh%wéMnEeer%tcﬁq‘g %%@%ﬁg@&d% &{éﬁhg eat rent  of

epil epsy: After oral adm nistration to humans,

oxcar bazepine (I1) is rapidly netabolised to a

phar macol ogically active 4:1 mxture of the (S) and

Fi)heep”rami orventsorofel €k, to alpmictﬂ,%(fpnthe asymmetric catalytic reduction

of ox b eOBB A L LERBE Lok O st B AP OBES FPOTHGCY)

preparation of racemc (lI1l) from carbanmazepi ne. WO

02/ 092572 di scl oses a process for preparing a racenic

m Kepemaedpind (1) ynd prsartoxerddDep auaklihed Gistiee drugs used in

di.scl o rocess for resolving the (S) and (R)-
thetrgar%’ﬁ{lﬁ f)fené spsgf (I11) fromthe racem c m xture. The

enanti omers can be used as internedifQtes in the

preparation of (S)-(-)-10-acet oxy- 10\

(R)-(
b, f/ §
t hat

o

of the—eéhtral' ner y '
5, 753, 646) . WD| 2004/ 031155 di scl oses a- thod for the
enarti osel eﬁm gr epar ati or(ldf the

(R - enantlomsrs of? (El) by asymmetric reducfion of
oxcarbazepi ne. The asymretric reduction is carrled out

in the presence of a ruthenium cat aI yst ancg g
Afterseral @aminstEiiopats) Bu@é‘i‘sal%%r ﬁ%?)}'*’“k?e Wotsnes! ¥d7ﬁ‘?tab°1lse to a

] )&15]}@ S t £ 10,11-dihydro-
phm%%ﬁ@éﬁ%ﬁa%ﬁgﬁé;?)l % enyl et %))I ene )aer%a%éomelgroel nafter
10-hydecf>gmﬂé~aﬂﬂieﬂz/b§/a(z®1® -5 TsfbREMNIdeALIR): Xt ur e of formc acid

and triethylamne (in a 5:2 nolar ratio) is used as

the hydride source. The discl osed process uses a very
| ow substrate: catalystoratio, i.e. a high anount

(1)

W002/096881 discloses a two-step process for the preparation of racemic (III) from
carbamazepine. WO 02/092572 discloses a process for preparing a racemic mixture of
(IID) from oxcarbazepine and further discloses a process for resolving the (S) and (R)-
enantiomers of (III) from the racemic mixture. The enantiomers can be used as
intermediates in  the  preparation of  (S)-(-)-10-acetoxy-10,11-dihydro-5H-
dibenz/b,f/azepihe-5-carboxamide and (R)-(+)-10-acetoxy-10,11-dihydro-5H-
dibenz/b,f/azepine-5-carboxamide, two single-isomer drugs that may be used to treat

epilepsy and other disorders of the central nervous system (Benes et al, US 5,753,646).
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of catalyst, (e.g. aratio of 86:1 in exanple 1). The
first maj or disadvantage of using such a high anount
wohowatzidyst is that the residual |evel of rutRemiGB06/001473
netal, a nost undesirable contam nant in the product,
will be high and difficult,to renove, and therefore
the product will be unsuit &bl e for use as an active
pharmmaceutical ingredient (APlI) or as a | ate-stage API
i nternedi ate. Regul atory gui dance for residual netals

degiy's 4/(¥ﬁ%§ iRl hsd ?n?e’fﬁo%t %eqmeﬁéﬂﬁo%@:ltwe preé)aration of the

concen ron"Iimts rut heni umresi dues ar
(S) amdn{R)péartomerst of (Br by asymgiveiric. rétwetisre odnekcatjagepine.  The

s SRS Loy LR S DT ALt o i
source004/ &l%lﬁaéfbatﬁysv ey b efrfiedi Pdth, [RAMT( Ilﬁhﬁnsm]; and (s S) N—(4-

contribution thé catal yst sy st em al one prevents

toluepesylfory)- fhpbmy@@thwgn@e@mm(h%wmﬂ% 1gfredte as K%Sb@@@&l\@ A
rmxtlgggb ;fa 1%11 [.)albclncg RY R ?%ﬁac‘rrxm-gr@q RrQ% &% aldfaﬁgi ﬁé%d'e[% \Q;Qélé/dude

SO us uantl 1eéSs O

source0 Uthe iscibs edipiioreds@ivéssa wdry ﬂaw Emhstra’&t chtalgst r2tid i.e. a high amount

ui val ents of triethylam ne rcial rces of
of e e by BRI T ARt S5l wing

such (r?it fulgﬁtalﬁ}{dﬁm RiHMsE ﬁﬁ% @le HsEaY ?év'efigf SuthEHm! B@tal a most

ure 1's expensive. The considerabl e excess of
undegitabie comamman's éul the prmhlcprwdés’@ highpatdediffigilf yjo remove, and

thereg{ilé 3%{3 o xﬁ,'legec upsu ?@F afgrc Lse %q &nd ggtgvg,g) amo’liaceutaca?l ingredient

(APIF BP 3k an @é@él&aéé berathicpie@ihteC ARREM afdrP e fRngd Corf teaimbhetals
hydrogen gas as wel|l as causing pressure buil d-ups

derivpdh Sonecatdipsty exists gnd theseral conperiration dignitrclgr sHbAYR refidues are
contloped PXrgi[:llllgﬁy %1(1)11 v\g 4 'gllx S Qo dIhE r}ﬁa Blh QL F&Jb%t &@ 39 Qﬁétot'ﬂe ruthenium

own consi dera oes

catal}l‘se 61@ h:xfa tilsiveC OrMter sdtsipstessstend nlepdribled nlgeW(D XU 03|’1 1 55 is very
the_reaction even less efficient a

Ki
mefﬁﬁ}eflt r?ﬁfi gﬁ?l gg‘d%PiﬂHi‘W&% éd %f;atagrsq BRFPU AR Ia{ 9prqv|qn‘{shge process
from Egﬁ k&ﬁ)nﬁgalwl%ig%rqg%&%@ﬁ RenGfREgenpHaddeds. obt ai ned

synmet ri

The process disclosed in WO 2004/031155 also uses large quantities of the
hydride source (7 equivalents of formic acid and 2.7 equivalents of triethylamine).
Commercial sources of the formic acid/triethylamine mixture (triethylammonium
formate) are available, but the mixture is expensive. The considerable excess of formic
acid used in the process is potentially hazardous as the formic acid can decompose in the
presence of the catalyst, causing gradual or spontaneous liberation of carbon dioxide and
flammable hydrogen gas as well as causing pressure build-ups inside the reactor vessel.
Premature degradation of the hydride source also means that the reduction reaction is
slowed down considerably and does not reach full conversion even on prolonged
reaction times, making the reaction even less efficient and ultimately providing product

of low purity.

In the examples of WO 2004/031155 the crude product obtained by asymmetric

reduction of oxcarbazepine is purified by column chromatography over silica gel.



reduction of oxcarbazepine is purified by colum

chromat ography over silica gel.Purification by
wohoamarogr aphy on scale is slow, expensive an8CT/GBIBE001473

cases inpractical due to |ow throughput. The process

di scl osed in WD 2004/031152 IS not suitable for use on

a large scale in terms of 2fficiency and cannot be

regarded as an |ndustr|ally vi abl e nanufact&ilng

P urlf’&la’@%s@’ CAIOMARRIARY QBOFGH 15 THEWpSEBERTYSi AVE N BIf0y cases
1mpr§claiU§’l GREESI0O PP&%Ylbﬁite Phe bﬂ}%&vﬁgcl%ﬁhﬁwm&ﬂ@ﬂﬁ is not

reparatlon 0
suitable dbh yisir 0n hOLatgpdsaaieymStdmiS l@é reffi@ierich sandptanacisbe aegstdednis an

mduﬁmﬂg’h‘ﬁ}%l?lﬁznfé ?ﬁ%lp}}g ngﬁﬁsdfl LR/ S£9"9P i ne- 5- car boxan

5 de, wherein the nethod is readily anenable to

i ndustrial batch-size productlon Sur prisingly,
ercee@seShlasmé@mmu dlyss sepks higr PEQHdS) 2BV ITIIOW Yy Wl%ﬁh%i der the

ol . d
N A R e S e P P
and qRY-()R);1(1-dihyldiot1 0dydirdnyetild-dibenz/b, f/azepme—S ~carboxamide, wherein

10- hydr oxy. -5FFdIb z/ b, f/ azepi ne- 55 car bgxam de,, u
the raSpddt PO OB sG] bRRPAT PO, o SRR, &

10 procedy B8l HdLh&ALA tl’1§tt cdrhio9ide }ﬁgl?%e‘lidsn&iﬂ Nptlcbﬂ'ﬁ ﬁfee?mﬂ 10,11-

I nventi on provi des a process prepari ng ?
dihydt@,10hyddixnypd-dibenz/b f/azeplne 5- carboxamlde and (R)-( ) 10,11-dihydro-

10- hy%%y h}y glglocf%z){); a{zgﬁrﬂé /dea%o{%r%%e eu315ngcg ?ea)t(l?r?eg&ce(a quantity of

catal;%*tt%dﬁ dglq%ubgtfmgwa@éﬂ—rg!m@enz/ b, f/ azepi ne- 5- car boxani de
, by reduction of oxcarbazepine in the presence of a

catal yst and a hydride source, wherein the catalyst is

15 P r&?c% & 9g1§ mgre%&{{bfn(}@lglo?ln pIQvau%B%Q&HsZ fCYf’hﬁxr g?;uj?ng( (S)i(+)—

chl'orines S an ar
10 lladﬂabrdlaLIQQMcb;q 5thlﬁnﬂxz/b1ﬁ/atsz1ae45l-@dﬂd;amﬂda‘ or mul a(RAJ-)-00,11-

formul a (B) Rl .is_chosen f j - al koxy..and
dihydgo-18- h@(ﬁm ), iengbAiarens FEmooeE es, " o antied
r t i iR aital
A0 e T e i) e
exn

prepaaia:cy fromab kempination of hB uXKslidle dvizerary is ®¢, rbremine or iodine,
20 and h r I d Sou%ﬁaﬁgﬁfg&% tvrlglhaafé"a%%fogr@grmu% {;ﬂ) dor%f’rﬁ'ula ?ﬁ)
[M

[OOCH] x and form c acid, mhereln R3 R4 and R5 are

(R")n R? RYn R?

NHz

(RYn (RYn
wherein R! is chosen from C).¢ alkoxy and Cj. alkyl, n is a number from 0 to 5, and
25  when n is a number from 2 to 5, R! can be the same or different, and R? is alkyl,

substituted alkyl, aryl, substituted aryl, alkaryl or substituted alkaryl;



C-6 alkyl, Mis an alkali netal or alkaline earth
metal and x is 1 or 2, and wherein during the process

wea 2pd/ofizoen 6.5 to 8 is maintai ned. The present PCT/GB2006/001473
i nvention nmakes it possible to obtain optically pure
(S)-(+)-10,1 1-
di hydr o- 10- hydi Oxy- 5H di beﬁz/ b, f/ azepi ne- 5- car boxam de

or 10,1 I -di hydro-,10- .
whergiy dhe RysHsapise i FIF RS B @08 e i@ By NFIOOCH]
R* and R®
o e A
C1.¢ aftiryéf efriabh ylkhli onets 2x a&@hl&%aﬂﬂmnﬁalrm@f@lselkﬂlﬁ from

6-99.5% The inventors h f.ound. t hat . by controlling
and V‘f%"r‘?ée”b Argpe E{:ﬁé’rchﬁtscat }?Igfql,onf ?,‘éﬁg S RWABEEEY Y e to achi eve
5 hi gh isolated yields of optically pure (S)-(+)-10,]I
| - di hydr o- 10-
hyldreaxgseBHndetsionnakes itappasiple-1o oblaitpeptigatlyrurg (S)-(+)-10,11-
( )
civy e deh T b AT B de or (RYCL IO 10
hydrosfredH- d%ﬁﬂb;fﬂaﬁ@ﬁn@ﬁ cebbainkle ﬁﬁdzxplfessnbne“(tmmalﬂﬂpmgb wriesed

reagents. The ampunt of resjd niumin,t
to mqllé%ebﬂommgn%%‘&alah ayeOpfigph Py ﬁi@f’%r’% gBﬁne%

10 99.5% %ot f%%]b ABloelgdt e, medi ate. The process |s now
conve nt gﬁfperabl e on a large-scale, and is

econom cally VI abI e due to the | ower cost

c tributio | yst ' n.
RS F 051 68! 3 4ol B LRSIy o
possf@lreefba%&ﬁewfé Q B'é?ﬁ?&(d@/}b?ds aNGpécdllygpnd )- (ﬁ—p}llmllllaiﬂﬁy‘&)ro 10-
or formul a wherein X is chlorine, bro

hydrqxacﬁfhélbepz/é&/@zémqrSGMbQK@rn@e L0 5 (Boh(-3eil Gl 1@ihydr0 10-hydroxy-
15 5H- dﬁ)e}{z/% lf}aE aﬁé_ -C L.]Il Q:ﬂgldtg Li;‘sfhggéccE E¥ITEM n%ua['llltltles of catalyst and

opt op enzene enze ne; hexa ' benzene “or

of theESidiidt enarce aﬁﬁigdnﬁs pﬂ‘héeeﬁﬁhlnj! q:f mymlaaderuﬂﬁmum inhtbs emsulting
fromC -6 al and C -6_al kyl g{nis .nurcplgr‘ :

prodict Gi<sy 1 GPAMEH SHOPELE FaBORS 1T 8 B tedia kT fpfopess s

now Mh? %% er&idl(f: b8 raQéng—sEaﬂ@ f BEaPLdbnohidadly QidHIE [du t&hellower

1, I's preferably either anethoxy or
cost qmtrﬁylltlog pﬁthp cawb&st, Spnmffmdamlytlomoc@us@ arstimpxrgvegryaelgs.
20
The active catalyst is prepared from [RuX;(L)], and a ligand of formula (A) or

formula (B):

NH,

25  wherein X is chlorine, bromine or iodine, preferably chlorine; L is an aryl or aryl-

aliphatic  ligand such as p-cymene (isopropylmethylbenzene), benzene,



the para position. R2 is an al kyl, substituted al kyl,
aryl, substituted aryl, alkaryl or substituted al karyl
wgnroeupi2isber ei n the al kyl may be strai ght - chai RCT/GB2006/001473
branched, cyclic or bridged and the al kyl, aryl or
al karyl groups may be subsgituted wi th al kyl, al koxy,
hal ogen or keto groups. Wien the R2 group is an al kyl
group, it may suitably contain to 9 carbon atons
xR O a2 Ry I lspo) D88 B RV BHE RS Gt om Cie
alkoxts; Bdah KAl 84Pn SUP b stedm B S UittiRRlyis GOtindied floni Q to 5,
carbon atons. The alkoxg or keto group substituent

R' camalye thei seaisl o &ibfioreai.n Prefersbly, ads iséherad oid. andywhep n is 1, R' is
ferred that the 0 r ' [ :
e S ) 5 AL B SRR et onygroup i
5 thep@ﬁ@bgmabjy a phenyl group substituted by nethyl, nost
preferably a phenyl group substituted by nmethyl at the
para-position. Preferred |ligands of formula (A and
(B2 S ?&k'ﬁ%d 13, DA ReB) aryis AENI( & substituted
Sﬁ%T%EEEN#%&P& -stPEN<$Hé£26st preﬁerggd l'i gands are
alkary1SeBjp, ToIAEN the dlkyRnfRy-bEsiaEit-chainhbrandsdncyclic or bridged and

urprisin di scovered that. subst.itution,of th
the oA SR oS P e o el ey Sl Pesep or ket
10 grouftd WeBed tRER @répCRL Al ¥kl BRvbNE @EEshiebletditainenay & edrbon
the asymmetric reduction of oxcarbazepi ne. )
atompcWbenliangllyy] gravohis isgbisitutgd antthe Regre, th alkdagrapy sebstituent
ar.e.requi.r 0 r
oy BUGEEBIRERE. 09, S5 RIBHET 8 Al Sy it Rl B may
suitallgrcbamsai de ofcationaneas. Hakepeferedhibn thonjraxedrdup sobbténent is
I 1 gands. Processes using catalysts forned fromligands
meth@¥y-f or mul a (A) provide (S)-(+)-

15 1qh£%hgh@%g&&%ggmﬂ%gagﬁ%k§@kdibenz/b,f/azepine-S-carbo
r

xam de and “processes usi ngcatal ysts forned from
| i gands of fornul/A provi de
(R -(-)-10,11-di¢ 10- hydr oxy-

~ )

OMe g-@—cx
g_ i o]

R? is preferably a phenyl group substituted by methyl, most preferably a phenyl group
substituted by methyl at the para-position. Preferred ligands of formula (A) and (B) are

20  shown below:



10

15

5H-di benz/ b, f/ azepi ne- 5- car boxam de. The catal yst is

preferably prepared in situ, e.g. by conbining
wpRuxA}23and the |igand of forrmula (A) or (B)PamEB2006/001473

inert atnosphere in a solvent such as

di met hyl f or mam de ( DVF). F%gure 1 provides an exanple

of the catalytic cycle that is believed to take pl ace

(the hydride source in this exanple is [Et3NH [ OOCH]),.

The nolar ratio of oxcaybazepine to the ruthenium

catal yst (which i \yalent to the nolar rati

oxcar bazepi ne to rpy um is SU|tany at Iea~

gxCatbazep?
v SPaQf 2700: 1, the1 it is S
e pPocess can be gh ©
@arbazeplne to ruthes al yst
Ieast 2000: 1, nore preferably at | east
i s expected that the process can be
M Gar bazepine to ru ca&ahyst

at | east 3000:1. Mblar fatios |ower than
ot preferred because gCi
veatal ys¥7i s expensive and mawyes@sul ™1 n unaccept ably
hi gh resij t henium |l evels in tg | SPl

product\ @#@%ess of the inventi E’%ﬁgsr[g@ﬁﬁt he pH
of the reaction mxture is controlled allows for a

significantly inproved substrate: catal yst ratios
conpared to prior ary methods wherein the pHis not

control l ed, e.g.—exgnple 1 process of WO 2004/ 0
uses an oxcarb to rutheniumratio of 86

hydri de source
[ RBRARSNH] [ OO and optionally form c acid,
[ S, xad owﬁcam¢ wher ei MOnoRSam
Ry |, s\gn al kali et al '
and X |é I“or 2. R3, R4 a

al kyl gro ps may be

NH

(S,5)-TsDPEN (R,R)-TsDPEN

The most preferred ligands are (S,S)-TsDAEN and (R,R)-TsDAEN. It has been
surprisingly discovered that substitution of the phenyl rings in particular by a methoxy
substituent gives rise to a catalyst having greater efficiency for the asymmetric reduction
of oxcarbazepine. Accordingly, much lower quantities of this catalyst are required for
the preparation of (S) and (R)-10,1 1-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-

carboxamide from oxcarbazepine when compared to other ligands.

Processes using catalysts formed from ligands of formula (A) provide (S)-(+)-

10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide and processes using



10

15

20

25

30

strai ght-chain, branched or cyclic. Preferably R3, R4

and R5 are ethyl, propyl or butyl, nost preferably
webtyio129Bi s preferably Na, Li or K npst prefeca@Broos/o01473

Na. When Mis an alkali netal x is 1 and when Mis an

al kaline earth netal, x i S:ZZ. [ RBRAR5NH| [ OOCH]

reagents, e.g. [Et3NH | are commercially

avaj | abl e. [Et j [
catal G rged flomy RICE PO PR ED e B Lo IR o v
SH-dfbenz/582283b-Nebibokaimidee presence of a ruthenium

catal yst 'and istherefore expensive, so it is desirable

to minimse the use of this type of reagent. Wen

5, A AR LA ) BePt e TRBRRLL 6 e
liganpHe# fdG0XIH -(ANR&R_ZI(EE XD ;tnGRB F@tig@fbjlﬂlmrekt inl @wspKent hach  as
StsS InI1Is acCl or

. hydride so exi. whi | t .
dimeifyiprarampie (PMIay (HEWe lnPioyidee R byaPls BARBCATN T cycle that i
belieRRG6 18R ﬂl&%?(th@ﬁﬁ?&ﬁ&é RAL&Siniths %Qﬁnﬁl@tiﬁﬂﬁfﬁ%] [oiep. In a

first embodi ne of the invention, the ri de source

is NRBR4AR5 and form c acid, preferably triethylam ne

and formc acid. This enbodinment avoids..th se of th
e e Rt Tt PRagosils! St RpyRe R aben

to thd\NBIR4R&tid &f Adaedzdpind eufRARk)dR siitablstdeat 50te, pleddribly at
of the process. Preferably |l ess than two equival ents

least @Q@l,m}q@rgp@b]é@@ danst 1RP&1. r}‘,héﬁ)gpcgbq GAnse pregated successtully
at a xt%%fegr\fg‘éi@ %tf'oxgﬁﬁa g?‘fénlto &E e @&%E/stt @1‘5‘57605.1,3@1@%‘?01%% is

reaction mxture at the start of "‘the proce€ss can
envishgedmihait nihs egkocebhi san He adpantbd geinbi sadventags eatt logcdrbazepme to

aci d deconposes to carb noxi de and dr oge i,ng. .
rutheffr 6rGER6 ELoAn Ehi st SOBbLeRaaTE SHasAAast FpUo e is
expeélt&f @&t @ %mf&s' @8 bRfopbRtdd \ﬁiﬂf@@ié&l‘@&_rz@piﬁ§ Rfutherivn? BAtMlyst ratios

0

ess than 1.5 equivalents of formc acid are added to
of at idast FROACH. INmlanfatips levetthah80&1 are neff prefemed beesawss the precious

metachré'lgai)%% %g%%ésgéesantdhrﬁgy r]ésglg Hl' ﬁ/naalcge%‘fablyﬁfgh rgsricﬁfa? mgér}{um levels
in the isolated product. The process of the invention wherein the pH of the reaction
mixture is controlled allows for a significantly improved substrate:catalyst ratios
compared to prior art methods wherein the pH is not controlled, e.g. example 1 process

of WO 2004/03115 uses an oxcarbazepine to ruthenium ratio of 86:1.

The hydride source is either NR’R*R® and formic acid, or [R’R*R’NH][OOCH]
and optionally formic acid, or [M][OOCH]y and formic acid, wherein R®, R* and R® are
Ci. alkyl, M is an alkali metal or alkaline earth metal and x is 1 or 2. R3, R*and R’ may
be the same or different, but are preferably all the same. The C,.¢ alkyl groups may be
straight-chain, branched or cyclic. Preferably R?, R* and R’ are ethyl, propyl or butyl,
most preferably ethyl. M is preferably Na, Li or K, most preferably Na. When M is an

alkali metal x is 1 and when M is an alkaline earth metal, x is 2.

[R3R4R5NH][OOCH] reagents, e.g. [EsNH][OOCH], are commercially
available. [EtzNH][OOCH] is commonly used in asymmetric reduction reactions but is

synthesised from H,, CO, and NEt; in the presence of a ruthenium catalyst and is
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equi valents. If less than 1 equivalent of formc acid

is added at the start of the process, further formc
weacia/sosl d be added during the course of thePCT/GB2006/001473

reaction, providing about 1- 3 equivalents of formc

acid in total. In a second, enbodi nent of the

i nvention, the hydride sout ce is [ RBRARSNH [ OOCH] ,

preferably [Et3NH [OOCH] , . with t t f
therefSre explsnsjve; lve if lﬁsilp;um[R@ﬂaﬂq OO sei tgg agd@ggklé&yﬁﬁﬁ 5%.%?: gﬂhen

forrm{: 1‘3%{1 RRARE 5 tlﬂﬁ(ted 1{; Es&%clﬁ5ﬁ€§§samd:ﬁh§fﬂ% BloWihE88d base

WO “equi va ents 0 are use
equilipfigherscalrsy about one equivalent. Suitably |ess t han
0.5 equival ents of formﬁgmd are added to the

r eact t t hePstart=o0
pr ef e:r g}?ﬂéfnoﬁég]éﬁt%% 072 equi val}é(ﬁ]{gé péﬂﬁ%lﬂrgﬂn c
At 10@?1—9 tﬂ@}ﬂ}«ﬂﬁ% Addrd deitd ferd é’c‘?&fdrﬁf‘ V\FHﬂ)éta‘E' h%hglU{)Hnﬂ s in its

urse o e reaction. In a third enbodi nent of the
conjuizate @add form, 4 speciey thel patisipates & ﬁhs CpRYHOCKBHE x
preferably NaOOCH, and form c aci d. Suitably t he
[M[OOCH x is added to thereaction m xture at the

: 4R ﬁtfulﬁferxt.ﬁa)ﬁu?ér?(ﬁ@?% inPérffoar ﬂl*éﬂ))ydfci@é §oufr¢ba§ NS&R“’RS and formic
qui val ents O (II:HIX are use rerera bout
acid, preferabjyitiethilaminesund fmic 1eds Thimemh c|>o &i/ eﬁ? disgof the

expersa R AENIOORIEkehE, SIfialiFAf N@@was Y8Geath thdfeaction

prefera eSs than
m1xtLﬁ§1uﬂ thalseit of tﬁ‘é)ptoorafsefla‘e&bdbw less shah hen eQu@aleqmlaf ARIR'R’ are
| ess than 1 equivalent of formc a

addedt ﬁ@sgpréfqra%y Ay Opf gawyalenty dl“rl’cer?@?ou%?ﬁo&ln&c*}%“d ﬂlﬂﬁm agded to
the reggtlcﬁfjﬂ%ﬂ%x%% thig st‘éﬂ of Ql‘?él#n%@es@ feah 8 th@arikePNThiRO ‘_?;%erﬁzﬁgeous

equi valents of formc acid in total.
becaupe ah@sferrmf: ok depampases o alartwns niosexirle dud deydjegent fwring the

oS M SOUREF, SRR B BN RAP9ER, pre s

Sultalsa'y Néds Fhdreds léﬁ@@aﬁ:ﬁﬁéw et haldent addi tb aigieactin wlixand at the
.7 equivalents of triethylam ne. ha

start of the process, preferably less than 1 equivalent, most preferably less than 0.2

equivalents. If less than 1 equivalent of formic acid is added at the start of the process,

further formic acid should be added during the course of the reaction, providing about 1-

3 equivalents of formic acid in total.

In a second embodiment of the invention, the hydride source is
[R*’RR°NH][OOCH], preferably [Et;NH]J[OOCH], with or without formic acid.
Suitably the [R3R4R5NH][OOCH] is added to the reaction mixture at the start of the
process. Preferably less than two equivalents of [R3R4R5NH] [OOCH] are used,
preferably about one equivalent. Suitably less than 0.5 equivalents of formic acid are
added to the reaction mixture at the start of the process, most preferably less than 0.2
equivalents. Further formic acid may be added to the reaction mixture during the course

of the reaction.

In a third embodiment of the invention, the hydride source is [M][OOCH],
preferably NaOOCH, and formic acid. Suitably the [M][OOCH]x is added to the
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particul ar, the process of the present invention

m ni m ses the hazards associated with adding | arge
wqueoTioizises of formic acid to the reaction m XPAT&B2006/001473

the start of the reaction. The pH of the reaction

m xture i s maintai ned between 6.5 and 8 during the

course of the reaction. Control of pHis essential to

provide good conversi ons and acceptabl i gh produc
reactigh ghigéire it éhe stapl 9 HisoRFECHS, Pk Y ?%% i tﬂ?j“g- AT eeﬂP’é’Bf‘?i‘tS of
u I tl1.es I st ; akysit
e T
equivakshiadsfokniovaeid aretaddsd tes liel readionrmixiiee af the gyt of the process,
preferred nethod is to us m .t o el - fi
prefofabBErdhE heTITaent BEa! PR BRb I O S S L lsg fhen 1
equivalUEDE FPRic AN | PERIERE B st BOtheGiroRs) tfi@heri fognicheidihould
Is to add formic acid in a controlled nanner,dyring .
be addhé dodng dke ofursthefl rsatepstion, Peovedingywbeitt i-dtgapiyaleptiset formic
aoMigrqg rably, the pHis maintained from7.0 to 7.8 by
&% ontrol I ed addition of formic acid. In the first

enbodi ment of the invention, wherein the hydride
source i s NR3R4R5 and fo[nic aci

, to.1.5 .

o ey BB oo Y FHOnAR SRy TElosd i aRes Bk hydrigq source
reageﬁ% C}h%}‘? gﬁ&o GERRRNE, E.g.efhe,fﬂ%ée_@@ bf {420 M004/8%1 &5 FB¥relepH is not
added as necessary’ {6 maintaln the pH. However, it is
contrplief eses eeben kqtivalenfsef fowniaedid and 2atiemdvalanty ﬁ%tl‘llﬁﬁaféﬁqﬁ@ﬂ- In
s A T SRR R P eS8 v

addin%ﬁ%%%ﬁ@ntﬁ]\és b tdralid 9d td 1Ry SeabBorn@tttteny tHelwearpbt the agaction.
.57t0 8. It is preferred to add all the formc acid

in a gradual, controlled manner because this mnim ses

t hazafrds .as i Me ifi f '
g 11 55000 PR Sl O S o
of thVRREEb Uf@ﬁtrdﬂly@iﬁ;m ds seatittad te proprides geod RBRERIINE]ahOBCHptably
high grodupt PRI BrearTaRE SO S U n Ay I R SrCPRiayg Jow diantiies of
£ a {RIfTHoR P ' i
cun FUREEH SRV S0t AUETTIR ) ) 1t BB gl o
methedsgknotvrofwihese #silled fr theiaoth but & peefersechmaihaf ng tq Hee pHamilton

gel—ﬁﬁlgé) rerl]egt'rc?det a% d%'scrlrl])aed tng] %etﬂaﬁl%le% rcr)??l‘gel pqgsnetnt 1%(161]&{1)%.

The preferred method of controlling the pH is to add formic acid in a controlled
manner during the course of the reaction, e.g. by titration. Most preferably, the pH is
maintained from 7.0 to 7.8 by the controlled addition of formic acid. In the first
embodiment of the invention, wherein the hydride source is NR’R*R’ and formic acid,
up to 1.5 equivalents of formic acid may be added at the start of the process and then
further formic acid may be added as necessary to maintain the pH. However, it is
preferred that no formic acid is added to the reaction mixture when the NR’R'R’ is
added, and all the formic acid is added in a gradual, controlled manner, e.g. dropwise by
titration, thus maintaining the pH from 6.5 to 8. It is preferred to add all the formic acid
in a gradual, controlled manner because this minimises the hazards associated with
decomposition of formic acid. In the second embodiment of the invention, wherein the

hydride source comprises [R’R*R’NH][OOCH], it is preferred that no formic acid is
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i nvention, wherein the hydride source is [M[ OOCH| x

and formc acid, up to 1.5 equivalents of formc acid
woryo7me2aglded at the start of the process and PUOEGB2006/001473

further formc acid my be added as necessary to

mai ntain the pH However, it is preferred that no

formc acid is added to tH8 reaction m xture when the

OOCH x is added, and all t ic acjd |
sdded o the iecicnIdhe PESALYBILGE TEPISCIC 8.0 PG weg]o maniain

the pIISI.io ﬁ&%fft{)ﬁ%ﬂb a%iP Y SLH%LDB; Al §9a %ﬁ%uﬁ',"c&{tﬁ‘l‘lb@ nenh&, 8.g. a_fb%wise

y oxcarbazepine i's appreciably |ow in npst
by titet@nrene thiisaidiyg doecpt ftahes.priodesdn Slul thandt embedimgnipf the

) el evated, tenperat yres. Suit vent, s, m 0 '

inverphe PP R BN RO ORCE A PR Pl JEEP b6 15

equivaeRls W folnlcCacid $B BPYUISAC 8 Beestart @F rtad pebicedsusiranthen further
1, 2-di chl or oet hane, di met hoxy et hane and/ or water

ter. It
formic gcidmediebe stfled haneeeseary & wekaip drgophls EQwaben E4s predeiged that
ol ar. apratic, solvent. r it Fd
o o AR SB YSRlo PR R PR RRNL A ana
the formit hd@iQaidee i hasRmal, Sufitbsliesli maingr, esd. alnatawide by titration, thus
. non-deoxygenat ed reagent grade solvents are suitable
mainpiging e pEnARE.- plioctess of the present invention. A
preferred solvent systemfor the process of the
present invention is a mxture of two or nore solvents
s dilecsodubifityoof DkEarb&enite, is sapprasiabiy ldve inndosieplermagaytically

the first enbodi nent o he i,nvention wherejn t
acociapf oL AEEE - o S aie FprRat | utefls' Mlyents, may

comp®i¥é L BRIy AMRIhige S(tlﬁvlﬁﬁ YethMF ac&latd SPEtDALCR acshiifle, 9 B¥propyl
Et OAc or "0-25% acetonitrile, 0-25% water and 75-95% ,
acetafet Qreahyprodiren.api2ydichlpoipre, densthorsgiliene 9/ govetss, It 1s

Et OAc. ..The .npst pr r i,S,~1:09% % .
e
acetof[ligl\élgl’liebﬁ?se \[tih:gé ebnetthardnibcibde wathuratle ofganic and inorganic phases.

BRARSNH] [OOCH], with or. without formic acid, .the .
Surpfé%‘llg}brﬂta‘g?ﬁdt Bp-eREpAibEaEey %%xﬁ@q]‘é‘w %fé-%‘st@)élﬁtf&w?e m
the p%cgsé%fatﬁgE)%@éﬁtrih{/&ltﬁﬁd A Preferred solvent system for the process of the
present invention is a mixture of two or more solvents selected from DMF, EtOAc,

acetonitrile and water. In the first embodiment of the invention wherein the hydride

source is NR’R*R® and formic acid, the solvent suitably comprises 0-25% DMF, 0-25%

water and 75-95% EtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc,
preferably 0-20% DMF, 5-20% water and 80-90% EtOAc. The most preferred solvent is

10% DMF, 10% water and 80% EtOAc. In the second embodiment of the invention
wherein the hydride source is [R3R4R5NH][OOCH] with or without formic acid, the
solvent suitably comprises 5-25% DMF and 75-95% EtOAc, 5-25% acetonitrile and 75-
95% EtOAc, 5-25% DMF and 75-95% water, or 5-25% acetonitrile and 75-95% water.
In the third embodiment of the invention, wherein the hydride source is [M][OOCH]x
and formic acid the solvent suitably comprises 0-25% DMF, 0-25% water and 75-95%
BtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc, preferably 0-20% DMF,
5-20% water and 80-90% EtOAc.
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95% Et QAc, 5-25% DMF and 75-95% water, or 5-25%

acetonitrile and 75-95% water h the third enbodi nent
wofhod7he2i9gvent i on, wherein the hydride source PET/GB2006/001473

[M[OOCH x and form c acid the solvent suitably

conprises 0-25% DVF, 0-25%water and 75-95% Et OAc or

0- 25% acet oni trile, O- 25% wat er and 75-95% Et CAc,

pr fera 2 % 00/ 9

D et PRI SREI 0. B PHESE (REe Rl T Red T e

preseh&k@ﬁa phae @fahﬁ'elt &hﬁalﬁﬁ esengse phasa tphasecdtdlgtsinetude quaternary
catal yst. Suitable phase transfer_catal ysts i ncl ude

alkyl aramenivgr alzdagy Puckngfo TRl SNBE cifiegeilp @@gﬁﬁ{agsfer
catal}c%gl %zg%/s-lf h?sﬂt@tﬁlngﬁ{xl oRNas e 4 f‘é@&gﬁg 265G yst to

i's sul from0’ 1to .5, preferably
about 0.1. The reaction can be carried out at

d| f er ent te ratures . a ur es. SUIt
e ot SR D LethER s LAt Supebty
the 1@4&@01"1 e babtied @UPE @indkshedlc proRuRy fidedtrRe réRixv@iperature of the
system An external tenperature of 100-1200C,

pr efemeéfsehvam %ystmls Ap egtpend] derap@piopy pat Q-1 Cy H@r%n%&erably 105-
110°Qg ise%%raor %wtei orYl} ?s§ %?ettgr?? so-me% ﬁg‘?e‘fﬁ ' on time will

S suc rati o of
oxcar bazepi ne to catal yst. Pr ef er abl y the reaction

shoul d be conpleted in | ess _than 3 urs .
pr Btegicagion Hpe Wélc, denepd An %ﬁy frstars s ?&1? etig o ng P¥arpaggRine to

catal enPl%%ﬂﬂﬁy afle R¥aBR! o HE ecoﬁ{ PGES %1 Qfsst fAen P B8RS, more

fvention 1n reaction times of Iess than 24 hours at
prefembd;;a kb MS ﬂhane% doumt aidybigh ryaelio daey beengaabagved thhgpplying the

n the first enbodi nent..of
proccin gl erpeteat Ky AundBten i I ET b Saegepine
to caﬂaﬂ@t ﬁﬁ@ﬁé‘@én g%@a\fersfﬁﬁmw@epusl y precipitate fromthe
reaction mxture as it cools fromreflux tenperature.

A swtabl e solvent, preferably nethyl tert-butyl ether

I\ﬂgt e tﬁ:rssf e%%%ﬁg?%xg og tfé}geo ﬁggrgfr%qghé}éiﬁttﬂé ﬁytﬂﬁfeosro% ce is NR’R'R’

ment o I nvention

and mhﬁllb%icfd ieeprogtatitingky sponitaneotisly frRIRURS Ridh] Tk ctioh ttixarre as

W t hout formc
it cools from reflux temperature. A suitable solvent, preferably methyl zerz-butyl ether

(MTBE) is added to the reaction mixture before filtration. In the second embodiment of
the invention wherein the hydride source is [R’R'R°NH][OOCH] with or without formic
acid, the product may be isolated by precipitating the crude product from suitable solvent
mixtures, preferably either methanol/water or methanol/MTBE at 0-5°C. The work-up
procedures are particularly simple compared to prior art methods such as those disclosed
in WO 2004/031155 wherein the work-up procedure requires neutralisation of excess
formic acid, extraction, drying, solvent evaporation and flash chromatography. These
procedures are unsuitable for large-scale manufacture. In the present invention the
simple work-up procedures result in acceptably low residual ruthenium content in the
isolated product, consistent with its intended use as a final intermediate in the

manufacture of APIs.

In an alterntaive embodiment, the (S)-(+)-10,11-dihydro-10-hydroxy-5H-

dibenz/b,/azepine-5-carboxamide or (R)~(-)-10,11-dihydro-10-hydroxy-5H-
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acid, the product may be isolated by precipitating the
crude product from suitable solvent m xtures,
wonref7@nztoBy eit her net hanol /water or net hanol / RTBEB2006/001473
0-50C. The work-up procedures are particularly sinple
conpared to prior art netﬁads such as those discl osed
in WO 2004/ 031 155 wherei n“t he work-up procedure
uires neutralisation of excess formc, a

dibeneptaaemneCRBOFRRES 1981 DRECC VS ViR egfion solvent
while, alaﬁ %g%aqgr o} %nta%h‘ﬁé ?ea@ﬁ&? @glltiﬁﬁsat AsBbdinsially @BhRarftvel. The

scal e manufacture. |In the pr esent invention the
leactlslh ﬁalventyvom{chup pmsfemblyuathﬂ acetate, trnayrbmwp@fhb}/ ﬁlﬂtléwwn The

dlStlH&%(%lk ggrglgq%t%%ﬁhsglgg%ral% 3%3&{1 L?g) a yglcft. ﬁnp r\%gﬁt of water
repladlﬂ'i% gkrediiah %ol'v@nttrfi%/ E@aﬁm@%gé 800L09Phfore prefedsbly 90-110% of
erntai ve enbodi ment, the

the W(ag)lt ()ﬁ-)hels@l\aeht mmg}/@dohllt@s@@bqﬂxyelg;_@ebréwgyal of the precipitated

(S)- ('B 18r1ﬂz‘g‘ﬁ%£ 01% }31)31 3)( ﬁ?ﬂgj%ggfr?zfga%&? 51 %)zsec]a?or?ga e bochar(njo()
10 11\?ﬁns{wohgd}@aﬁﬁdymtmatk?dz/b;f/az;qjmsmﬁruomnm;eamay owlbscﬂumﬁy be
i adding water to main i on vol ure at
isolated by YA, 814 Gt D SURIT PREOR. Praifieb PSR QW Dehtolvent
Wh1cﬁ/\ﬁ g)?&ﬁ]laﬁ%yp&}?l %%_ﬂgdeﬁmgw‘ ltrzipRt ate, may be renoved by

st Iatlon tenmperature is
preferably at | east 60C. Typlcally the MEIght of wat er

repl t he reaction o vent :
aakne S PP Sl aney optaona s s RlT B eagton
with §‘?1Iighe§ﬁbsfr§tm&ﬁﬁ§€ntﬂaﬁoﬁ Bigs 0&h 9M rBnhat thb&oleistficiepty of the
he  precipitated (S)-(+)-.10,1 1-di hydro-

1eact1mm iy eryx go®H- dilbisnyy @qucwi@pm@fﬁat cHlioBo e dsaingy large-scale

10, |
mmany ac%ﬂ %&gdr 0- 10- hydr oxy- 5H di benz/ b, f / azepi ne- 5- car boxam
de nay subsequently be isolated by filtration, and can

urther purified, prefera r
séf h?efﬁ) -(h MB&% qlléydﬁ? éB @ygmxy%gﬂ{%n%{ﬁgﬁaqp ﬁ-gallboxamlde or
fiiql : t 1 nt d
AT g0 st OISR SRR o
according o ahmpngbess wif sher present orverthon may ba vsedyas @y AP amhforgglated

into tﬂmshec} a\r/rga!tc%g? ca‘?f pro%u& “¥r orfqayg q)e converted by further chemical
transformation  to  another API, eg.  (S)-(-)-10-acetoxy-10,11-dihydro-5SH-
dibenz/b,f/azepine-5-carboxamide may be provided by esterification of (S)-(+)-10,11-
dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide. The present invention

further provides a process for preparing a compound of formula (C) or (D)
o

o@o ( e}
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reaction is very good. This is especially relevant

when consi dering | arge-scal e manufacturing. The
wO03p07(0+37930, | 1-di hydro- PCT/GB2006/001473

10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de or

(R-(-)- 10,1 1-di hydro-

10- hydr oxy- 5H di benz/ b, f/a]?epi ne- 5- car boxam de

wherbdes RtoRtty Zﬂr&n B T A A A Y
aryl gr {) fy#‘lﬁ?lf ﬁmr ﬂ‘g Ysltt s&?avr\]zﬁircﬁ M%&ces@ ol FRY Rﬁu&%ﬁ’@i" (seq+)-

sformation to anot her
10 1Bdg1yd1(oS)O-K1ydxeXb©5Hahbw9} ﬂ@epmbédqammaonwu (Bérﬁf)flo 11-

dlhycggillga}yg' %) J—E— %/g)%?ag]gglgﬁrga c?lrQoxalpnrd% accorgmg)fo the invention,
and e{jsle@%rﬂf fept thlayedﬁ RSP dognampdﬁol Azepiree-SHcar boxam de

present invention provides a process for

dlberyfleﬁ@@epmg %Caébwwuﬁ@l%ﬁ‘mf(o)rl‘ﬁal bd@@r%}o L Rerern R6
d1benz7¢’b %‘7 dze y%&a&?&@ﬂ}u e ﬂac{c%%ﬁal'[‘&é lcom?&g{c%@b oduC¥F PRk ance

¢yc oxy, ~aryl conprising a
with tHis pilocsss @y bstopticaliyspae pricreis Spflcﬁilytﬁmee peatotiponnds which

(S).-(+)- 10,1
have oplisa yémy by A5 085y prsterably dios B2 P 27 rave PRI AP B JiamYO-
995(99 or (R) ( ) 10| 1-

I hydr o- 10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de

according to the invention, and a second step, wherein

i 9 )l A, SO S B v

halogﬂeg (P}’ o, 0By orohid i P @ik aléh bé a7ERilng (5@9&E&chﬂlmsdﬁrat6d group) or
cyl at ed. The conmpounds produced in accqordance with

aryl mnsgbs@mda@hewdwbahe@pﬁ seketifujed, by ealkeriye feloge o¥ | RiEP| §roup).

e B TSI 0, 0 [Pl s i

5,753,646m gﬁulteﬂﬂb 51%/121&611 naythbds site alegdribedr inb TEh SHED,@E6- la8d WO

al k whi ch may St.i hal
02/ 05@,57%1 1). %€t may (g %+<53 ulg) é}ﬂyﬁgﬂ\@g}}y%( ﬁ%‘ﬁ&c‘?&%@ ngbpme >
carb cﬁéfnﬁ‘([ealtn@g He LA Wfih @ééf%flclﬁlldﬂéél B hdetiv tagBydiae Y ldi@dloromethane
phenyl substituted { oxy, hal ogen or nitro group).
to give (S)-(-)-10-acetoxy-10,11-dihydro-5H-dibenz/b,{/azepine-5-carboxamide.
The appropriate stereoisomers of the following additional compounds may also
be converted from  (S)-(+)-10,11-dihydro-10-hydroxy-SH-dibenz/b,f/azepine-5-

carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide

using an appropriate process, as described in US 5,753,646:

(1) 10-benzoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide

(2) 10-(4-methoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide

(3) 10-(3-methoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide

4) 10-(2-methoxybenzoloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide

(5)  10-(4-nitrobenzoyloxy)-10,11-dihydro-5SH-dibenz/b,f/azepine-5-

carboxamide
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Preferably R6 is CH3. Conpounds of fornula (C) and (D)
are further described in US 5,753, 646. Suitable

waeyl7ai2es nmet hods are described in US 5, 753, 626TaB1008001473

02/ 092572, e.g. (S)-(+)-10,1

| - di hydro-10- hydr oxy-5H-di Qenz/ b, f/ azepi ne- 5-

carboxam de may be react ed™wi t h acetyl chl ori de or

acetic anhydride in dichloroneth ' .

() (- )103(@2/@{@@16@@_1@91)110,1 L e 03 afbonb $ozepine-5-
carbo!géngdgyd.r 0- SHdi benz/ b, f/ azepi ne- 5- car boxani de. The

appropriate stereoisoners of the follow n% addi ti onal

C gMpounds2mityotensaylivey) dfrivedihpdiof b ibenz/b,/azepine-5-

(S)-(+)-10,I11-di hydro-10- hydr oxy- 5H di benz/ b, f/ azepi ne
carboxginid®ar hoxami de or (R)-(-)- 10,11 -di hydro-

1Qghy dri@xy=chtdrohdaesabiyt 1oarepihfeos H-abchos Atz daneis ng
an ‘appropriate process, as described in US 5, 753, 646:
carbogarhijde10- benzoyl oxy- |

Ot 2 DAL R S BARENDrd]  PASDbSTR AR B ATL IR 62)

carbokadidaydr o- 5H- di benz/ b, f/ azepi ne-5- car boxam de (3)
10- (3 - net hoxybenzoyl ox

1618)1- diowgwp@tosﬂpeaméﬁ&%ﬁf%1/laéié;s@ﬁé.%dibea%/w%?ni’a%5( 2)

- (2- met hoxybenzol oxy) -
carbo%%r,ﬂ%i%_ di hydr o- 5H di benz/ b, f/ azepi ne-5- car boxani de (5)

1@ (- riOtpropienygloyy-d8y ) -dihydro-5H-dibenz/b,f/azepine-5-carboxamide
% SR A
PiNer 5-10CaLN6N8RI-46, 1 ( Lihykeo-6B=dibénA)BRmp e Brydrboxidnida
1(5('1 ?ﬁd &%E%ﬁﬁg%;ﬁ%&%ﬂ 015 Sy s PR A2 5 B ine.- -
carbo;lggmildle' di hydr o- 5H di benz/ b, f/ azepi ne- 5-
(15)  10-[(2-ethyl)hexanoyloxy]-10,11-dihydro-5H-dibenz/b,{/ azepine-5-
carboxamide
(16)  10-stearoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5 -carboxamide
(17)  10-cyclopentanoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide
(18)  10-cyclohexanoyloxy-10,11-dihydro-5H-dibenz/b,{/azepine-5-
carboxamide
(19)  10-phenylacetoxy-10,11-dihydro-5H-bibenz/b,f/azepine-5-carboxamide
(20)  10-(4-methoxyphenyl)acetoxy-10,11-dihydro-5H-dib enz/b,f/-azepine-5-
carboxamide
(21)  10-(3-methoxyphenyl)acetoxy-10,11 ~-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide
(22)  10-(4-nitrophenyl)acetoxy-10,1 1-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide
(23)  10-(3-nitrophenyl)acetoxy-10,1 1-dihydro-5H-dibenz/b,f/azepine-5-
carboxamide
(24)  10-nicotinoyloxy-10,11-dihydro-5H-dibenz/b,f/ azepine-5-carboxamide
(25)  10-isonicotinoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-3 -carboxamide
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car boxam de (9)

10- ( 3- chl orobenzoyl oxy) - 10, I | - di hydr o- 5H di benz/ b, f/ az
wepRhT@is93 car boxam de (10) PCT/GB2006/001473

10- ( 2- acet oxybenzoyl oxy) - 10, | | - di hydr o- 5H-di benz/ b, f/ a

zepi ne- 5- carboxamni de (11);50-propi onyl oxy-10,

| - di hydro 5H di benz/ b, f/ azépi ne- 5- car boxam de (12)
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Example 1: Asymmetric Reduction of Oxcarbazepine using NEt; and pH-

controlled addition of HCOOH

In a 2L 5-necked round bottom flask, oxcarbazepine was charged (635mmol,
169g), the flask was fitted with two water reflux condensers connected to a Schlenk line
(two reflux condensers were used to secure two escape routes for CO, and H, gases
evolving from the reaction), a burette for titration and a Hamilton gel-filled electrode
fitted through a hollow GL25 screw cap equipped with a PTFE/silicone ring. To the
starting material under N, flow, EtOAc (480mL, undegassed, HPLC grade), H,O (48mL,
undegassed, HPLC grade) and Et;N (1.leq., 699mmol, 97.5mL, undegassed, Fluka,
99.9% pure) were added with the aid of a graduated cylinder. The catalyst (formed
separately in situ in a 50mL Schlenk tube under N flow by stirring [RuCly(p-cymene)],
(0.1588mmol, 97.2mg) and (S,S)-TsDAEN (2.2eq. with respect to the metal dimer
precursor, 0.3493mmol, 159mg) in DMF (13mlL, degassed, anhydrous) at room
temperature for 10-15min. was injected. The Schlenk tube was rinsed with small
portions of the remaining DMF (5x7mL) and injected to the reaction mixture. The
solvent combination at this point was 10% DMF-10%H,0-80%EtOAc (v/v/v) and the
substrate concentration before titration was 1.1M. The round bottom flask was placed in
an oil bath preheated at 105 °C and the reaction mixture magnetically stirred at reflux (Toj
bath = 105°C, internal T = 72-77°C). Once the reaction mixture started refluxing, the
reaction pH was approximately 8.8. At this point the titration/slow addition with 12.5 M
HCOOH solution in 20%DMF/EtOAc was started. The pH was slowly brought to 7.4
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equi pped with a PTFE/silicone ring. To the starting
material under N2 flow, EtOAc (480r1L, undegassed, HPLC

gr]ﬁlgee)to R CrA 8t under these reaction conditions (10%DMF-10%H,0-
80%EtOAc, 1.leq. EtzN and HCOOH) the product crystallises out at the refluxing
temperature, no solvent was evaporated during the work-up. The very low solubility of
the product in MTBE, allows not only further precipitation of the starting material, but
also it aids the purification/removal of residual ruthenium, DMF and reagents by
washing the filtrate with copious amounts, without a loss in the isolated yield. The

ruthenium level in the product was between 5-50ppm.

Example 2: Asymmetric Reduction of Oxcarbazepine using [Et;NH|[OOCH] and
pH-controlled addition of HCOOH

In a 500mL 4-necked round bottom flask, oxcarbazepine was charged (159mmol,
40g), the flask fitted with a water reflux condenser connected to a Schlenk line, a burette
for titration and a Hamilton gel filled electrode fitted through a hollow GL25 screw cap
with a PTFE/silicone ring. The flask was flushed with N for approximately 30min. To
the starting material under N, flow, EtOAc (78mL, degassed, anhydrous),
[Et;NH][OOCH] commercially available from Fluka (1.07 eq., 170mmol, 25mL,

undegassed, Fluka) were added via a syringe. The catalyst (formed separately in situ in a
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undegassed, HPLC grade) and Et3N (1.1 eq., 699mmmol ,

97.5n, undegassed, Fluka, 99.9% pure) were added with
woheo7ainzroef a graduated cylinder. The catal yst PCTaBIew/001473

separately in situ in a 50m Schl enk tube under N2
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addi ng tthe HCOOH sol ut1on. The HPLC conversion after
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HPLefcohpf%smﬁ %gélj P@:%"%ﬁ s 8386 AMmAf l‘ﬁoﬁ{t ORI Sf tﬁehs%h!ﬁﬁﬁit\klw 8 and
Was stopped an e

reaction mxture was stirred
additédd efvacketlCOO6]1 sodavon whsowinyinusthary. 1. hEulﬂmn]a’errmgulpetoc%hrs led

the oil .bath reached approxj I 8Q0C, .BE :
to 9aGORIRG 1 APPRBLPERY T B HOHRS U RrS! SUg T8 B gpecrt
was é&sﬁﬁ@&rﬂﬁﬁﬂg’tﬁé ak4dtidn. Uﬁ%f 234k, rtlié Réhting s s@Pped MY the reaction
m xture was stirred at 0-50C for approxi mately 30m n,

mixtiiniel wasr sigred rd taHewpd é petltdemar. whize Kpagtiagmixture was concentrated,
100mL MTBE added and the solvent removed again. 15mL MeOH was added and the

white paste refluxed for about 5min and then 250mL MTBE added slowly to this
refluxing mixture. The resulting mixture was stirred at reflux for 30min, cooled to RT,
then to 0-5°C and stirred for 30min. The mixture was filtered cold and washed with cold
portions of MTBE until the ﬁltraté was colourless (8x50mL). The resulting white
precipitate was dried in the air, then under high vacuum, affording a white powder: 94%
isolated yield (37.9g); HPLC: 99.5% product, 97.8% e.e., 0.5% oxcarbazepine. The

ruthenium level in the product was between 5-50ppm.

Comparison 1a: Asymmetric reduction with and without pH Control (Hydride

source is NEt; and HCOOH)

Reactions were carried out using a method similar to that of example 1. The

substrate/catalyst ratio was 2000 and the solvent was 20% H;O/EtOAc. The ligand was
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Comparison 1b: Asymmetric reduction with and without pH Control (Hydride

source is [Et:NH][OOCH] or [Et:NH][OOCH] and HCOOH)

10

Reactions were carried out using a method similar to that of example 2. The
substrate/catalyst ratio was 1000 and the solvent was 10% DMF/EtOAc. The ligand was
Ts-DPEN rather than Ts-DAEN. 20g of oxcarbazepine were used instead of 40g.
[Et;NH][OOCH] was added to the reaction mixture at the start of the reaction and no

15 further HCOOH was added. Table 2 shows how the results of two comparative
examples using different quantities of [EtsNH][OOCH]:
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5 equivalents of the expensive reagent [EtsNH][OOCH] provided 100% conversion after
22 hours, whereas less than 50% conversion was achieved with only 2 equivalents of the

5 reagent. The pH of the reaction mixture increased during the course of the reaction.

The reaction was repeated on a 10g scale using a substrate/catalyst ratio of

1500:1 and a 20% DMF/EtOAc solvent. In comparative examples 4 and 5, 5 equivalents

of [EtsNH][OOCH] were used and no further HCOOH was added. In example 4, only

10 one equivalent of [Et;NH][OOCH] was used but further HCOOH was added during the
course of the reaction to maintain the pH at 7.4. Table 3 shows the results of

comparative examples 4 and 5 and example 4:

15
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Comparison 2: Asymmetric Reduction using a Variety of Ligands

10
The activity of catalysts comprising the (S,S)-TsDAEN and (S,S)-TsDPEN
ligands was compared at a 20-40g scale. The catalysts were generated in situ by stirring
[RuCly(p-cymene)], and either (S,S)-TsDAEN or(S,S)-TsDPEN for 5-10 minutes in
DMEF before addition to oxcarbazepine and 1.07 equivalents of [EtsNH][OOCH]. 12.5M
15 HCOOH solution in 20% DMF/EtOAc was injected slowly at pH=7.4. The ratio of
oxcarbazepine to catalyst was 3000:1. Table 4 shows the results for Examples 5 and 6

(using (S,S)-TsDAEN) and example 7 (using (S,S)-TsDPEN):

20
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The (S,S)-TsDAEN examples show significantly better conversion than the (S,S)-

TsDPEN example and show similar enantioselectivity.

Comparison 3: Asymmetric reduction of Oxcarbazepine using a phase transfer

catalyst

Table 5 shows the results of three asymmetric reduction reactions wherein a

phase transfer catalyst was used in addition to the ruthenium catalyst. In each reaction,

the catalyst was generated in situ by adding [RuCly(p-cymene)], and a ligand to EtOAc
and stirring. (NB (R,R)-TsDTEN has the same structure as (R,R)-TsDPEN except that

the phenyl groups are substituted by tolyl groups). The phase transfer catalyst was 0.1
equivalents of BuyNBr. The hydride source was 2 equivalents of [EtsNH][OOCH] and

additional formic acid was slowly added to the reaction mixture during the course of the

reaction. The ratio of oxcarbazepine to catalyst was 2000:1 and the external reaction

temperature was 110°C. The conversion in example 9, wherein the ligand was (R,R)-
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The reaction m xture was then quenched by the addition

of sul phuric acid. After stirring for 10 mn, the
woOaywerg2mmer e separated. The organic | ayer was wrasieBi006/001473

twice with saturated aqueous sodi um bi carbonat e

solution and then water. Approximately half of the

di chl or onet hane was then renoved by evaporation and

TsDARR e sy S0t i gar S P Tn SRR f Rtein e

ligan8Y #RRY @tHdrsLamr oxd BRPDTEN.5L) and the resul ti ng
slurry was cool ed to approximately 30C. After 3 hours

the solid was filtered off, washed with cold

Tabl. ﬁopr opanol and then dried iinder vacuum overnight.
TRe dried solid was suspended in isopropanol (6.5 L)
and the [resul Ligagd whi t @ Slimerly) was Geateesont o | efhamtiomeric
Once a sjolution was obtjai ned heati ng W st opped and
the reaction mixture wds stirred|for ‘3 hr at 1-B*E5S
Sol i ds re isolated byfiltratiop, washed with col gy)
i sopropanol and dried under vacuumto vield 524 .2 g nf

Exahiplee8 soll i ¢S,SpasBPENel d, 99696 ¢ chemi&l _pur ty, 9% (S)

rbelow the | Hyt—o de .

£
Exeplchi Um BoRIGSPARY flound®to b | essﬂt han 2ppm98 2(R)
According to the regul atory gui delines, the oral
concentrjation limt is|5ppm Exanple 4 : Asynnetric

)

Exareple a0 (jn (L, ROXGEXTIEAY e)i ne Gsi ng h| ghe@O oxcar baz &P hed)
fln Thnc- rcrllr\flnn dot haod a1

was carried out on oxcarbazepine (357nn0|, 90 g; usi ng
[ RuC12(p-cynene)] 2 (0.066mmol, 40.4ng) and (S

S) - TsDAEN (0. 145nno| 61.9 ng) u5|ng f our tlnes t he
quarixamplef: waieés of (S b : v dr oK v-5%

hours . Ethyl a tat ghas . d| t|I ed fromthe batch
whi | e nai nt ai ni | ume by the
addi tion of water (dropwi se). Tenperature was

mai nt ai ned above 600C
(S)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide (500g),

obtained via asymmetric transfer hydrogenation as described above, and 4-(N,NV-
dimethylamino)pyridine (4g) were suspended in dichloromethane (5.07L). Pyridine
(210mL) was added to the suspension. The reaction mixture was heated to reflux
whereupon acetic anhydride (240mL) was added dropwise. The resulting yellowish-

brown solution was stirred for 2 hours and then cooled to 30°C.

The reaction mixture was then quenched by the addition of sulphuric acid. After
stirring for 10 min, the layers were separated. The organic layer was washed twice with
saturated aqueous sodium bicarbonate solution and then water. Approximately half of the
dichloromethane was then removed by evaporation and isopropanol (5 L) was added to
the mixture which was then left to stand overnight. Further solvent was evaporated
(approximately 1.5L) and the resulting slurry was cooled to approximately 3°C. After 3
hours the solid was filtered off, washed with cold isopropanol and then dried under
vacuum overnight. The dried solid was suspended in isopropanol (6.5 L) and the
resulting white slurry was heated to reflux. Once a solution was obtained heating was

stopped and the reaction mixture was stirred for ~ 1 Ir at 1-5 °C. Solids were isolated by
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during the distillation. Approximately 1/3 into the
distillation the product started to precipitate. The

waiad7inzrosas cool ed to 50C, hel d at that tenpeParu@B2006/001473
for one hour and then filtered. The filter cake was
washed with water. The wetpgcake was then reslurried in
ethyl acetate (350 nL) and heated to reflux for 0.5

ours. | s t.hen cool a
s b S e DSBS 4L POF P08 DB 1O 20z 5 of
whit@R61id,ne0 recHvrl €Y. ®oki dthemidah pririay | (FydsdmadrebgldR0threl Jimit of
Dryi ng under high vacuum afforded an off-white powder:

detecg8%s i sol at ed yield (79.8g): HPLC. 99.8% product, 98.4%
e.e., 0.09% oxcarbazepine It will be appreciat ed t hat
t he |nvent| on descri bed above may be nodified. d ai nms
1 Rémcpraowhmﬁmrcopmpm igui(dSo- Beress thah 2ppm. According to the

| - di hydr.o-10:-h XY - i b

regulgicry SapiTine- e Ve BOaR STOPEL i SRPY- 10,
| - di hydr o-10- hydr oxy- 5Hdi benz/
b, f/azepl ne- 5-car boxam de by reductl on of
ke ASERANESLL & of Q 12 highergxcagbazepine:
hydr| de source wher ei Qaéxﬂfs‘t ca aI yst is prepared from
a combi nation of [RuX2tTr—we %in Xis chlori ne,
brom ne or iodine, and L is an aryI or aryl-aliphatic
Ii and, with a |igand of forrru %{Q orforrrula

ig fedpations descsiRed 1pr @Fﬁn@% aV W’&ﬂdo‘é 58 9 ?@%‘?azepme

1 n DAEN
<357%f*°? P BLURRE [RUCDG ey XY bORET ) i) A S5 5972
(0. 14§ni‘m$d11 6 U9 eab) aking| fouratings the gbaitity of wdtearkie, rewtll@arvyﬂs q@mplete
ubstituted al karyl; wherein the hydride source is

in 27909%en from NR3R4R5 and formic acid, or

[ RBRARSNH] [ OOCH] and optionally form c acid, or

[I\/]Hja OOCH] x and form c acid, wherein R3, R4 and R5 are
Gi Eths) regtate wras sligiiled| fkagn itherbetsh vehileampintainias dag epginal batch

volull§ 1"r%lthc!;‘ a&jdléoﬂ 3f water (dropwise). Temperature was maintained above 60°C
during the distillation. Approximately 1/3 into the distillation the product started to

precipitate.

The mixture was cooled to 5°C, held at that temperature for one hour and then
filtered. The filter cake was washed with water. The wet cake was then reslurried in
ethyl acetate (350 mL) and heated to reflux for 0.5 hours. It was then cooled to 5°C and
held at that temperature for 1 hour. The mixture was then filtered and the recovered
solids with ethyl acetate (120 mL). Drying under high vacuum afforded an off-white
powder: 88% isolated yield (79.8g): HPLC: 99.8% product, 98.4% e.c., 0.09%

oxcarbazepine

It will be appreciated that the invention described above may be modified.
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1 or 2, and wherein during the process a pHfrom6.5
to 8 is nmaintained. 2. A process according to claim1,
woher@izroX i s chlorine. 3. A process accor di ngPCO/GH28(6/001473

1 or claim2, wherein L is p-cynene. 4. A process
according to any precedingsclaim wherein nis 1 and R
is a methoxy group or a nmethyl group.5. A process
according to claim4, wherein nis 1 and RL is a

Claimg hoxy group or a nethyl group in the para position.
6. A process according to any precedi ng cl ai m wher ei n
the ligand of fornmula (A) or formula

1. (SAS) - Reqedsst ol ubmesulPERSYNg - di 6%&*ﬁd)@;ﬂdh%h394r5’étoﬁwdé9?@’d5}1"

EN), ]
dlbel%%%zem%é Rl fNZ)n)(/)F) di ((l]ir%t(Rolgylp}h%}r%l/dloeltohkilyldé%xgdSH
d1be1izﬂfﬂ/a&%p1n(e(5&aﬂ)oxaﬂfﬁwﬁi§l) redﬁctloﬁ of acesszaErON mlregpmegera:nyof a

preceding claim wherejn.t lar ra
catal {5 5oRBHR GOVt MGVt HerRiriat & ATpeiediom e pegmpetion of
[RuX?f@Tgklw ereift }@rfgﬁ%ﬁn@%%l%en& foRine! ML 4s avhaey &r ryliiphatic
rati o of oxcarbazepine to the rutheni um catal yst
liganil swidlt a ligastof Tod@uld (APor farpuledBys according to claim 7,
wherein the nolar ratio of oxcarbazepine to the
rutheniumcatalyst is at |east 2500:1. 10. A process
according to any preceding claim wherein the hydride
source i s NR3R4R5 and ;orm c aC| .d. 11. A process

accor &) o cl ai wherein t han t
equi valge t\ d%zl; 5 and | ess

equi £nt of
formc re addé e%othe reaction mxtur,é\tothe
start roge¥s. (A) (B)

NH,

(R (R)n
wherein R! is chosen from Cj.¢ alkoxy and Ci alkyl, n is a number from 0 to 5, and
when n is from 2 to 5, R! can be the same or different, and R? is alkyl, substituted alkyl,
aryl, substituted aryl, alkaryl or substituted alkaryl;

wherein the hydride source is chosen from NR’RR® and formic acid, or
[R’R*R’NH][OOCH] and optionally formic acid, or [M]J[OOCH]x and formic acid,
wherein R®, R* and R are C,. alkyl, M is an alkali metal or alkaline earth metal and x is
1or2,

and wherein during the process a pH from 6.5 to 8 is maintained.

2. A process according to claim 1, wherein X is chlorine.
3. A process according to claim 1 or claim 2, wherein L is p-cymene.
4. A process according to any preceding claim, wherein n is 1 and R! is a methoxy

group or a methyl group.
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12. A process according to any one of clains 1 to 9,
wherein the hydride source is [ RSRARSNH] [ OOCH] and
wopbizonzd9By form c acid. 13. A process accor di RQTAGB2006/001473

clai m 10, wherein [ ess than two equival ents of
[ RBRARSNH| [ OOCH] and | ess,ghan 0.5 equival ents of
formc acid are added to the reaction mxture at the
start of the process.14. A process according to any
one of clainms 1 to 9, wherein the hydride source is

5. | P&! #Q@Qﬁl Xo@fhof BIdMifR ACkEsreihS isAl pPROBESS 2 acethe:di yup or a
clalm 14, wherein |l ess than two equival ents of

methy]l BiqupOCHiopaamposieds t han 1 equi val ent of formic acid
are added to the reaction mxture at the start of the
process. 16. A process according to any preceding
6. ClapiicwlerairdinR3o aby paoeadiRs clame vetergrh thedraspg lof gprmula (A) or
butyl. 17. A_process cor.dj. 0.a r Lag ¢l ai )
ormiipabyiin G- rE A hetCrr B ero R TR A4 (.S
ey ROINL (- B 1841 Bh 1541 (FRARRFplbuy]) ey lehalianines €R,R)-
TSDA(@)IT hog @%%gﬂ @n. 18. uA pirlgﬁge(ss accs:l%r dlslr)19 to claim17,
TsDARN ein the pHis maintained from7.0 to 7.8 by addi ng

formc acid in a controlled manner during the course
of the reaction. 19. A process according to any _
7. PrEcsEiRg &kaidig wWoensi Prdcbéingecluiot,i ometeirk ebe phalee latio of
a solvent, wherein the solvent conprises at |east one
oxcarbedepmedp Hstruthenigiy egielyst2pat leashpQlbss according to
claim19, wherein the solvent conprises
di met hyl formam de or acetonitrile. 21. A process
3.  aGLQfsbefitadcordiigaionsldith ) whereiblthe chadinmetid o6 pxedrbdzepips, to the
wherein the reductijon takes place in a sol vent
ruthepigpssaialyshés #fcast XY DVE, 0- 25% wat er and 75- 95% Et OAc
or 0-25% acetonitrile, 0-25% water and 75-95% Et CAc.

9. A process according to claim 7, wherein the molar ratio of oxcarbazepine to the

ruthenium catalyst is at least 2500:1.

10. A process according to any preceding claim, wherein the hydride source is

NR>R“R’ and formic acid.

11. A process according to claim 10, wherein less than two equivalents of NR’R'R’

and less than 1 equivalent of formic acid are added to the reaction mixture at the start of

the process.

12. A process according to any one of claims 1 to 9, wherein the hydride source is

[R®R*R°NH][OOCH] and optionally formic acid.

13. A process according to claim 10, wherein less than two equivalents of
[R’R‘R’NH][OOCH] and less than 0.5 equivalents of formic acid are added to the

reaction mixture at the start of the process.
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22. A process according to claim 12 or claim13,
wherein the reduction takes place in a solvent
woanwsimeeioag of 5-25% DMF and 75-95% Et OAc, 5- 2B@4/GB2006/001473
acetonitrile and 75-95% Et CAc, 5-25% DMF and 75-95%
wat er, or 5-25% acetonitrihe and 75-95% water. 23. A
process according to any preceding claimwherein the

proc [ i ed t . f L ;
14, prosEesSAEEatiag 18 P LNEEEd o ol A pdr e ffhree i

[Nﬂpjﬁé tl R isikasidel ace in the presence of a phase
transfer catalyst and the phase transfer catalyst is a

quaternary al kyl anmoni um halide. 25. A process
15. ?g?l%glﬁ‘?gg O%q%Pl%gl%/%&é?gl?Hﬁ n%,cb@bﬁn W& @l the equivalents of
M][GOchy daigssdhial il enizblenf éfafbepicreeibare adéuitartheleeagiion mixture
R)-(-)-10,1 [|-dihydro-10-hydroxy-
aiﬂw@ﬂﬂdﬁﬁ_%tﬁ%?ﬁlazepine-5-carboxan1de is isolated either
by addition of methyl tert-butyl ether (MIBE) and
filtration, or by precipitation from either
16. et esveky wabstingito mey ipervolinyRBE aWhereB0R , B an R’ are ethyl,
process according to any one of clainms 1 to 24,
propYhREPEY R t he (S)-(+)-10,Yldihydro-
10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de or
(R-(-)-10,1 |-dihydro-10- _ . : o
17.  hyklpooegssadcelidinente) dnyfiracedpieeclajin 3583 HicgRi jig maintained from
ci pi.tated. by. ' Ls | JeBeti
6.5 BT AEOERER i B YR T b2 iR (SR o oL foiction.
substantially constant |evel. 27. A process according

to claim 26, wh [ i pi - -
18. | -Ad pfgp@q;soa.cg_@dingetg ecllari]mt 1h7? [aree?nl Ietp%lt g%la(irﬁ)ain(sg )fro:anOV.lo to 7.8 by
ddir RO Yt dicBeRGH & thifee B the CRIBO¥RIE BacOn,
" mgﬁ?]?l ) Cr;dd ?CP dﬂwoﬁlo- 10- hydr oiy- oo
5H di benz/ b, f/ azepi ne- 5- carboxam de is isol ated by

19, i Drqters e e oy Rlose i Hdis Rleich 6L IducRGR AL place in

S I'ng

a solRnE GRLkAE tif _IVBVERASiRs bieast She poihr dddotid sodvdmy.dr o- 10-

20. A process according to claim 19, wherein the solvent comprises

dimethylformamide or acetonitrile.

21. A process according to claim 10 claim 11, claim 14 or claim 15, wherein the
reduction takes place in a solvent consisting of 0-25% DME, 0-25% water and 75-95%
EtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc.

22. A process according to claim 12 or claim 13, wherein the reduction takes place in
a solvent consisting of 5-25% DMF and 75-95% EtOAc, 5-25% acetonitrile and 75-95%
EtOAc, 5-25% DMF and 75-95% water, or 5-25% acetonitrile and 75-95% water.

23. A process according to any preceding claim wherein the process is carried out

under reflux conditions.
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hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de or
(R -(-)-10,1 1|-di hydro-10-hydroxy-
weoékedionznz/ b, f / azepi ne- 5- car boxani de has an opPCTAIB2006/001473

purity in the range 92-100% 29. A process for

preparing an conpound of farnula (C) or (D)wherein R6

i s hydrogen, alkyl, hal ogenal kyl, aral kyl, cycloal kyl,

cycl oal kyal kyl , .al kox ryl i - i § :
2. 1 14 Brocetsasofiech oY Piecs gt sleding Bioieiiing reiChon BlEgpRee in

the plednde’of-a phbsd thnéfehylsigst and the phase transfer catalyst is a quaternary
10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de or

alkyl @Rmqniym hafde] 1-
di hydr o- 10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de
according to any preceding claim and a second step,.

25. Whenedoest heofd®g (ordny iBsedingl cldinhywheein the (S)-(+)-10,1 1-dihydro-

o By e e e SR B LTI AT R ooy

5H-dfbehs/BABPLARs-5-caARO% AR 6l @solfedeithetigdadddon & plethye 87-butyl
or preparing (S)-(-)-10-acetoxy-10,1 .

ether| (MITBFIr andsHiltietemz b, by @zesipélons gay iskeiingthanol/water  or

CONRri.skn okirst step, which is a process for the
methﬁ?‘%@??&ﬁo‘gfé'( S)-(+)- 10,1 1-di hydro-

10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de

2o, ST Lo amy one of cl Y o, BRGS0
ihydrg: - l/Bedih @8 &IPSR AED QRR-6, 111 Sdihydro-10-
i USRS SIS b oo ouse o i

hydrduR) SH-H}beh /b faetmng-5 1orHokamideyid rpye@pititek hy removing the reaction

b, f/ azepi.ne- 5- cay boxam.de, conpr.i Si a fir
solvephPHei AR S P Gt S BPRRICET BRCot o Ry EhiRppoqustan
levell- di hydro-

10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de

according to any one of clainms 1 to 28, and a second

tep wherein the (. - Ji- = i .

: tated (S)-(+)-10,11-dihydro-10-
27 Bt @F%@T@E@%E&éﬁ%%a’? }b%%zl} ]%é ¥F %]ZIe%F né-)S(- %ar boxérr}l] de
hydrd:S/- ¥ \hitne, f/azepine-5-carboxamide  or (R)~(-)-10,11-dihydro-10-hydroxy-
5H-dibenz/b,f/azepine-5-carboxamide is isolated by filtration followed by reslurrying in
ethyl acetate and filtration.

28. A process according to any preceding claim wherein the (S)-(+)-10,11-dihydro-10-
hydroxy-5H-dibenz/b,f/azepine-5-carboxamide  or (R)~(-)-10,11-dihydro-10-hydroxy-

5H-dibenz/b,f/azepine-5-carboxamide has an optical purity in the range 92-100%.

29. A process for preparing an compound of formula (C) or (D)
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0O O

A A

RS 0 (®) R®

\\O

\‘\\\

N N

O/I\NH O)\NH

wherein R® is hydrogen, alkyl, halogenalkyl, aralkyl, cycloalkyl, cycloalkyalkyl, alkoxy,

2 2

aryl or pyridyl; comprising a first step, which is a process for the production of (S)-(+)-
10,11-dihydro-10-hydroxy-5SH-dibenz/b,1/ azepine-5-carboxamide  or  (R)-(-)-10,11-
dihydro-10-hydroxy-5H-dibenz/b,{/azepine-5-carboxamide according to any preceding
claim, and a second step, wherein the (S)-(+)-10,1 1-dihydro-10-hydroxy-5H-
dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-5H-

dibenz/b,f/azepine-5-carboxamide is acylated.

30. A process for preparing (S)-(-)-10-acetoxy-10,1 1-dihydro-5H-dibenz/b,f/azepine-
5-carboxamide comprising a first step, which is a process for the production of (S)-(+)-
10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide according to any one
of claims 1 to 28, and a second step wherein the (S)-(+)-10,11-dihydro-10-hydroxy-5H-

dibenz/b,f/azepine-5-carboxamide is acylated.

31. A process for preparing (R)-(+)-10-acetoxy-10,11-dihydro-5H-
dibenz/b,f/azepine-5-carboxamide comprising a first step, which is a process for the
production of (R)-(—)-lO,l1-dihydro-lO—hydroxy-SH-dibenz/b,f/azepine—S-carboxamide
according to any one of claims 1 to 28, and a second step wherein the (R)-(-)-10,11-

dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5 -carboxamide is acylated.



