WO 2007/ 012793 PCT/ GB2006/ 001473 1 ASYMVETRI C CATALYTI C REDUCTI ON OF
OXCARBAZEPI NE The present invention relates to a process for the
asynmmetri c omdadoybixey educti on of oxcarbazepi ne PCT/CB2006/001473
(10, 11-di hydr o- I 0- oxo- 5H-di benz/ b, f/ agepi ne- 5- car boxami de) .

Car banmazepine (1) and oxcarbazepine (I1) are established first-1line
drugs used in the t f ile : I 0 NHz
O-NHZ 10 After oral g nlﬁﬁg%rggﬁggfCbﬁﬁéﬁgﬁé,&%g%%%%%§%3#%e (rr) is
rapidly metabolised to a pharmacologically active 4:1 mi xture of the
(S) and (R) enantionmers of 10, 11-di hydro-

10- hydr oxy- 5H di benz/ b, f/ azepi ne-5- carboxam de (I111): HO (Ill1) NO
NH2 ~ 15 W02/ 09b8@iese!deycaties rohates ig-ashiaeesp fos dess ssypuielihealyy éhEedastioon
of racem %f()kéamazéﬁif?@ﬁl09?—@ﬂ%ﬁ?&@(ﬁlb%SHM&Z/b?ﬁ%%Z&~$1'ce§-%}9a§1%§e)?‘ _
process for preparing a racemc m xture of ['11") from oxcarBazepi ne
and furit her discloses a process for resolving the (S) and (R)-

enanti oners of ; : 1, C. M : - i ._be
used as 20 i nt SrHEHErRErT A BRERELGAL i Welpil e RRRY: 2RSS S8
(S) - (-) - 10heicetoy ol €pilkpsydi hydr o- 5H  di benz/ b, f/ azepi he- 5- car boxam de
and (R)-(+)-10-aeetoxy-10, 11-di hydro-5H o

di benz/ b, f/ azepi ne- 5- car boxam de, two single-ist
used to treat epil epsy =anc ot her p
system (Benes et

drugs that may be
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10 After oral administration to humans, oxcarbazepine (II) is rapidly metabolised to a

2

pharmacologically active 4:1 mixture of the (8) and (R) enantiomers of 10,11-dihydro-
10-hydroxy-5H-dibenz/b,{/azepine-5-carboxamide (III):

(I11)

13
WO02/096881 discloses a two-step process for the preparation of racemic (II) from
carbamazepine. WO 02/092572 discloses a process for preparing a racemic mixture of
(II[) 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

20 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),



2 WD 2004/03 1 1 5 5 discloses a nethod for the enantiosel ective
preparation of the (S) and (R)-enantiomers of (II11) by asymetric
reduction ofwexoashasepi ne. The asymetric reduction iSp&aEEb@eoRWMs
in the presence of a rutheniumcatalyst and a hydride 5 source.
suitabl e catal yst may be fornmed from[Rud 2(p-cynene)] 2 and

(S, S)-N-(4- toluenesul fonyl)-di phenyl et hyl enedi am ne (hereinafter
referred to as (S,S)-TsDPEN). A mxture of formc acid and
triethylamine (in a 5:2 nolar ratio) is used as the hydride source.
The di scl osed wm%womss BsclREYa W08 YOStE ah@itioSddcll Y lephidtib® of fhe-
a high amount _of cataly {ng aratio of 86:1 in exanple 1). The
first naj &) éﬂ%a{&)rélilﬂn&@*@e’@f of §1 py1 6svaTRitia TRAUGHOR S LICaBRZcal YdIE
is that t ' , t

cont am nang ot e e e el P REY oS Gla pubelPRe] codt BT LBRRe
t her ef dr e sp¥ee. prosigblieviatalysh enayriwuioraes] EomoRuiddp-gemens)lacnil (E,S)-N-(4-

phar miceu%lﬁ&le ancgﬁg gﬁiglliylet @ e%izaﬂ'[n%eaﬁle%ﬂ AL ere eg@g%o 2Fls t L’tS)n?" 'aAe.

Regul at ory gw resi erive rom
exi st s anduitime of @mconokand &idtlotentinen(ins: §:8rmolat twin) tsmseé sk d]mehyc&'rde

15 control rt a ht |y The S r_.di sadva a IS
that the. Poiien BB phates A linraR RSSO ol i PEARE S
descri bedof matmtzw/a%ﬁd% Si6sl Meaxyimplengf fTIﬁ:I it maph dishdenegs tof using

contrl utlon of .t he catal yst syst one vents t e process from
bor ng Beoftih & aistySuab L eabs B 5. Ge dredbh RieRet mihs T drdteasnos
The processdadirsgt @e@Emiman\G 2@@@1&3&1%11%%1@{145% banag evaghbdd asgof
t he hydrl de source (7 equivalents of formc acid and 2.7 equi val ent s

of tri et h{icEPieye BroB e ChaT B 8 "0t 2 He sFGerRtBmiceutical ingrecion

aci d/ tri eghyh api fae: Wixbbge At ih i AMMor! YlBh &) fo?rlgsﬂﬁ"@' héahke,
but the m xture is expensive. The consi derabl e excess of formc acid

used in t BEH dvasetslysipetianendibp prah soneeafsriion é@ntsr{el fugheniven wesiddecan
deconpesecidioliRe padi-RLA $akay. Ofrnk (I}‘@ccﬁﬁt A Isa(?‘laaﬁtsﬁl‘ﬁ'agi @{aﬁ%ﬂaahﬁﬂgmum

spont aneous |iberation of carbon di oxi de "an rogen gas
as wel | asatedasisis ypprsess urlbe aatalydt wpsern ndsisdbet his Wéa@@a#/(}%%%is very

Premat ur e, ngﬁg[le%gazﬁ]ﬁ(%ﬂe %Sﬁt g\?ﬁt d‘%@n Slieth§ %gtr fé/ %Jséam :ggnedg egerﬁ% tther ]%188(?‘?5

reduction reacti'on is consi
full convéfmsub@mg@vemnnwllprnmbdn@eﬂargwwaletmaﬂmfatmrmgpumdes ng the
reaction even less efficient and ultimtely providing product 30 of
| ow purity.

20 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).
Conunercial 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
25 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 sowrce 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

30 oflow 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.



In the exanpl es of WD 2004/ 031155 the crude product obtai ned by
asymmetric reduction of oxcarbazepine is purified by col um

chr omat ogr aphy2ven27ei | i ca gel . WO 2007/ 012793 PCT/ GB2006¢P@B4b&001373
Purification by chromatography on scale is slow, expensive and in
many cases inpractical due to | ow thrgoughput The process di scl osed
in WD 2004/ 031155 is not suitable for" use on a large scale in terns
of efficiency and cannot be %@?’arded as an i ndustri aI@H .viabl e
manuf act uri |uHé°%’PBCE§és°h}Watt%gr 1 e¥plgolty S1O8: RO ES P niPamt %8s

thus seeksmbRcida0Vhdl e BRY ihRIAyad TR hoekst alsclbl inPWepaseEriansfs not

(S)-(+)- 10 1-di hydr o- 10- hydr oxy- SH di benz/ b, f / azepi ne- 5- car boxam de
and suitable for use on a large scale” in terms of efficiency and cannot be regarded as an

(R-(-)- 1%&%@1@%;@ rﬂaﬁuﬁ}éﬂhﬁéi&o@é‘s%Qﬁﬂ@éf@c&ﬂd’i&%ﬁpl ne- 5- car boxani de,

wherein the nethod is readily anmenable to industrial batch-size
productiion. Surprisingly, a 10 process has been devised that can

provide high vy p ) 5p Fp

di hydr o-10- hyd@é&ﬁ %gl-é ﬁﬁlfgfrll{z;% Lt%sa%%g? &%9 %%.?’ g)agxa r%veedam(f thod for the
(R-(-)- 1@1,.epmratimhydr(($9 (+)-10, 11 -dihydro-10- hydzoxy—SI—I—dlbenz/b flazepine-5-carboxamide
10- hydr OX¥a (? Hy 1 ch[% 1J(r}]/§10§y S3 %8%(1% a%g;gdfg? Q:% {{a'flﬁgt Yherein

reduced quant yst ratio).
15 Accordnﬂughi)ethoﬂhe :mﬂyanﬁeuahl\teﬂot mdusuﬁrrld;\amﬂz%zeaplpdmmss Baprisingly, a
preparing

S)-(+)- . . . . . ]

10, 11-'4i hyﬁq%s.sllb% HR7eH 6R9°°6 e Ry PBde Jigh ot feolbortisr o R @& (B 10:11-
((:I R%} ((:I ) - llglh%(&ro IO—hyd%oxy-SH dlbelllzéb ]:f/?zepme—S caleoxam1d§ and éR) -(-}-10,11- (cjilhydlo—
i hydro- i z az p| ne-5- car boxam de reducti

oxcar 682%%0 %Hrfhé é)%ﬂn fEEahEec O%Pnea% awwaa%mﬂialﬁwwea%w e,
\Aher ei N t bRalgatpd Wligh SbstRiSRAIRE rdioPm @ combi nation of [RuX2(L)]2
wherein X is chlorine, bromne or iodine, 20 and L is an aryl or

aryl-aliphatic ligand, with a |ligand of formJIa (A) or formula (B):

(RL)n Rz (R1) “AE%,%rde"l OtheS 1e£e%)c Wnﬁéﬁ r¥ilfes”a Nfc@ss fo¥ o rf) Bpaéﬁé)%ﬂ-

wherein RL is ch osen rom nd C15a

from 0 tol®]ll-gigdre-10- hydroxy-SH—dlbenz/b flazepine-5- calboxeumcie or (R)-(-)-10,11-
dihydro-10-hydroxy-SH-dibenz/b,f/azepine-5-carboxamide, by reduction of
oxcarbazepine in the presence of a catalyst and a hydride source, wherein the catalyst is
prepared from a combination of [RuX,(L)]; wherein X is chlorine, bromine or iodine,

20 and L is an aryl or aryl-aliphatic ligand, with a ligand of formula (A) or formula (B):

(R (RY)
wherein R’ is chosen from Cig alkoxy and Cy4 alkyl, 11 is 2 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;



25 when n is a nunber from2 to 5 Rl can be the sane or different,
and R2 is alkyl, substituted alkyl, aryl, substituted aryl, alkaryl
or substit utvesleat/ieasyl; WO 2007/ 012793 PCT/ GB2006/ 001478cT/ésWMieiRi13
the hydride source is either NRBRARS and form c acid, or [ RSRARS5NH|
[OOCH and optionally form c acid, or4[l\/][OOCH]x and form c acid,
wherein R3, R4 and R5 are Cl1-6 alkyl,”  Mis an alkali netal or

al kal i ne e

2 o 1 rombesh e gdradted zf?NRéRﬁSansv*‘é%éﬁla@lﬂﬂ&reﬁ?ﬁ%Rﬁfaﬁé@ﬁfﬁs

possi bl e ufd eftcainy ﬂ:li)ﬁilccﬂﬂld Yor M [© XS (ar&& fo’h@mclélmd whelem R? R* and R’ are
di hydr o-1 hydrox ﬁ Penz/b f@ zZep | ? e or
(R-(-)-1 lﬂkéi]l H@Ba% %Pb% @Ql-eﬁll éPpi“ne- 5- car boxami de

The expr egsd RfercRRfutiBAtheYréteses Hﬁoﬁlﬁ‘@ﬁtogl‘émaﬁlﬁbﬂd&ﬁ conpounds whi ch
have optical purity from 75-100% preferably from92 10 99.5% nore

preferdably from 96-99.5% The inventors have found that by

controlllng th e
hi gh isol at ed ‘Ph@%‘le&eﬁat ﬁlbglt{oﬁ?g%{}eé;@g%ér%ié(@)dj}%m o E%j Iﬁll@hg)ﬁ*%@b 16

hydr oxy- 5ﬂ11w@|0bl&%ﬂdm>®f5éﬁé@ﬁwéb ﬁa?@ambéx@rhoet@mtﬁe or (R) (--10, {1 -dihydro-10-
(R-(-)-1 cgr Pkﬂlrcﬁ'ﬁﬁa lf}?lz rger £. éé{'bc}}élmlde The ex IGS ion “optically pure” is u
b b1 PHSHE]

5H di benz azepl ne oxam de ‘using a uan%l ties
of catal y!;:tina}ndle ccmﬁpduh@ \Iﬂlyldh hadle opbeal pmluyémge?& $00Whnefalrafbhrrftom92-

resi dﬁgbl % eni gegwgelaﬁéfi}; e%r?%g;%g product is very low, making it

accep fredi ate. The process is now
conveniently operabl e on a large-scale, and is econom cal ly viabl e,

due to the lo cost ontrlb of th S|rrpI|f|e
S0l at i on' pr oo DiuFSCLHE TAYpBRAI Y Bl 0BG THOPHet! U FCRISHyat® pev
prepared deSs@IHSIe[ RI%21k)e] Klghaﬁaha@dlylgam;qulgnﬁﬂryn?{u@ (H+pro,1 f-emparba o-
(B): (R)n (RO)n R2 [ S/ [S\. NH oar ) NH }
hydzoxy~SII -dibenz/b,{/azepine-5- CalbOXEllnldB or (R)-(-)-10,11-dihydro-10-hydroxy-
15 SH-dibenz/b,f/azepine-5-carboxamide using acceptably small quantities of catalyst and
of the hydride source reagents. The amount of residual rutheniun in the resulting
product is very low, making it acceptable for use as an APl intermediate. The process is
now conveniently operable on a large-scale, and is economically viable, due to the lower
cost contribution of the catalyst, simplified isolation procedwre and improved yields.
20
The active catalyst is prepared from [RuX3(L)]2, and a ligand of formula (A) or
formula (B):

&

(R")n

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

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



11 NH2 "/ NH2 25 wherein X is chlorine, bromne or iodine, preferably
chlorine; L is an aryl or aryl- aliphatic |ligand such as p-cynene

(i sopropyl met:dydebenzene), benzene, WO 2007/012793 PCT/ @3@9%%%@%3
5 hexanet hyl benzene or nesitylene,.and is preferably p-cynene. R is
chosen from CJ-6 al koxy and C. 6 al kyI5 and nis a nunber fromO to
5. Wen nis a nunber from2 to 5, R*“can be the same or different.
Preferably ei ther 0 or and .when_n pr.ef er bI y

ei t her H@E‘%‘?@Sﬂ Bziis HyPey 6ip. all%%f’mﬁef%%ﬂ-‘éi’a?ﬁ‘lnﬁm F£ {5 °h85

group i n cdkhenpar @a}lk?lsb,ﬁd 2 2 Rdmb& At akky| Wisshsisial dtingdr ﬁ’oiﬁ)/i fo 3,
aryl, substituted aryl, al]car or. substityted allcaryl gI‘OUf -
wherein tHe Pl fh?ré?“%@ gltffeéﬁ“éh?leéﬁél?lﬁ 1y GiehE er 1c | Vhenoh 1t Rigid

and the aldlpiyaitidr OhetBbKAShet@VI0MRS. MAYst RRASHNS IR N etk broup in
al I cyl, al koxy, "hal ogen or keto 10 groups. Wen the R2 group is an
al kyl g‘irodbepqlw?ﬁ&ymswtably contain 1 to 9 car bon atonms. Wien an
al kyl group is substituted on the R2 group, the al kyl group
substituent rmay suitably contain 1 -to 9 carbon atons. The al koxy or
ket o group sub& iiswenalkyiapubssirtedablkyl, cont substititadoargl, edvabd norasuhiiutedt

by o or 1 ou “toh e MReRlo @G Bu4D 18 Wy MARL blaflondTELRAX br bf8ecd and
group subshks allqyledrybyr Al frouposhy pe emisﬁmtﬂdyw:ah plﬂtghyﬂkogy,cmp)gen or keto
substi }Out ed b 3{16 gﬁ t he II{%)ara SI tion, Pref

formula ( &}oug EFYPSIE S al goup; \}ﬁ)mﬁbé?lﬁtﬂ %algal go 9 carbon
PCT/ CEBZOO&icﬁi&l/Wi&n o] d\lla,ﬂ) grou\is I&‘Elﬂstlﬁivted drShhe R @ouy/, tNHhINAZréily/ SMtituent

may suitably contain 1 to 9 carbon atoms. The alkoxy or keto group substituent may

suitably contain 1 to 9 carbon atoms. It is preferred that the alkoxy group substituent is

methoxy.
15 Preferred R? groups are shown below:

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

20  shown below:



MeO / MeO (S, S)-TsDAEN (R R -TsDAEN ~s\o | ~S ", \\\NH NH NHZ //NHZ
5 (S,S)-TsDPEN (R R)-TsDPEN The nost preferred |ligands are

(S, S) - TsDAEN@nd7/(iR7R) - TSDAEN. 1t has been surpri singl ypdi/ggaetas:
that substitution of the phenyl rings in particular by a nmethoxy
substituent gives rise to a catalyst having greater efficiency for
the asymmetric reduction 10 of oxcarbazepi ne. Accordingly, much | ower
quantities of this catalyst are required for the preparation of (9S)
and (R)-10, 11-di hydro- 10- hydr oxy- SH di benz/ b, f/ azepi ne-5- car bgxam de
from oxcar bazepi ne when conpar Q other l|igands. Processgs Gsing

processes usjpg WO 2007/012793 )PCF/ GB20Qp4L001473 7 cat al ysts—1 or ned

fromligands o (Bf%Q ovi de (R)-(- 0, T di hy | O- hydr oxy-
5H-di b enz/b, f/ggepine-5-carbgxani de. The { st is preferably
prepared in situ, e. g by gembining [ RuX2L] 28 ik i gand of
formula (A) or (B) “dhder™i'nert atnosphere in a such as

di met hyl f onnam de (DMF). [Figure 1 provides an exanpl ¢ of the

catal ytic cycle tha s ~believed to take pl ace
in this exanple i BNH| [ 300H] ). The nol ar
to the ruthenium yst (which is equivale
of oxcarbazepipe theniun) is suitally
at least 1000:1, nore preferably at |east 1500:1. The process can

been oper at ed succe@%$hﬁi¥“ﬂ3t a nolar ratio ofRéRcks pine to the
rut henium catal yst of 2700:1, therefore it is envisaged that the

process can be operated with advantage, at oxcarbazepine to
rut heni um catal yst ratios of at

| east 2500:1. It is 15 expegted{that the process can be qted with
oxcar bazepi ne to rutheni um st ratios of at |east 3 . Mol ar

ehydride source
q of o%@arbazepine
) to the nolar ratio
Ast 500: 1, preferably

ratios |l ower than 500:1 are

¥ NH,

5 (S,S)-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

10 of oxcarbazepine. Accordingly, much lower quantities of this catalyst are required for
the preparation of (S) and (R)-10,11-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)-(+)-

15 10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide and processes using



metal catalyst is expensive and may result in unacceptably high
residual rutheniumlevels in the isolated product. The process of
the inventi oo whenerss the pH of the reaction m xture isSpepab@EbAHS
allows for a significantly inproved substrate: catalyst ratios 20
conpared to prior art methods wherein 4he pHis not controlled, e.g.
exanple 1 process of WD 2004/03 1 1 5 uses an oxcarbazepine to

rut heni um urce 4 )
form c aci gﬂ{‘)}gfg f%&%wwr}ngﬁoég&mmea@ v 1& 3L dh@é% ﬁ?h Oxy
[ M [ OOCH] XHaditleifzbr, fazepiaet darbwhengen R3, R4 and R5 are 25 C -6 aI kyl ,
Mis an alkali netal or alkaline earth netal and x is 1 or 2. R3, R4

and R5 may be the sane or different, but are preferably all the sane.
The C, 6 al kyI gho ugslysmEy pbﬂeralslygaaé;gi‘&i zﬁhﬁhmgbjl;y&fmﬁi‘b&ﬂng)fR@Xﬁlifﬁnd thgl
Preferabl 4 and R5 re ethyl p or but nost preferably
et hyl . %arﬁff e AR & s ndﬂﬁ?m %pﬁ%mé?%%%/ yIONG. SYAHER iSeqh 28
an al kal idiri®h fomaﬂnﬁielgmm vhge W ﬁr&l@é& eﬁa' éﬁc@inbl&%f%&é@alﬂﬁi &lcle thail B
2. 30 [ RBRARSN nts e.g. &%{Hare commercially
avai | abl e "e1eFs fft@@ﬁq](fhegl}’%%ﬁwnu wxalﬁp 4y HeOfdHuct i on
reactions but is synthesised fromH2, CO2 and NEt3 in the presence
of a rutheniumcatalyst and is WO 2007/012793 PCT/ GB2006/ 001473 8

t her ef ore expenbt ywlars@ia of gxsapeszipingp dhe wihehvbniaidyst Kehigk ds ofuivadiing

type of r ?@&@%olar\%ﬁ@of $R0L Lokl ARG NRBRARRLA § 100 Bferably at
)ﬁ %%oeip?% ?U|§9Er|um

st oi chionetric anount ng and base occur
pH>4 HCOBEstd ORIRBRARE prefoldolyGit loastH3RARSNI p15ceéet cqhdﬂaﬁrpcbj;eratbrbsdweksfuﬂg

source exi H.il.exists.in.its
conj ugat ela%gzndlé} S O% ngar{éi%eg}nfa \ﬁh the g%tfen | pafitglélgﬁ o ﬁ]ogefé %{FE?E‘? gis
cycle. | newiiaige&ttha&nﬁxadplmt (7171 bé\&pbﬁ%ﬁnhmthnadvhﬂ@gmyﬂr bRriRRuite th s
NR3R4AR5 and, formc, .aci pref er abl riethyl am and_for
Thi s enbo&%ﬁﬁélﬁfma }?llyd‘g ”ﬁ?& ({fe%t Eﬁa t%@to ildm@é %fﬂgg ["@WR@%\W—% fO}(‘)O‘F-I]
reagenss. efpjdabﬁcalﬂ‘la}‘/thetph&eﬁ%ﬁé?ﬁp&rﬁtle@d}{iﬁ@x&@%&zﬁﬁné ﬁ)@ﬁﬁﬂeﬁhﬂn{ﬂaﬁlyﬁi @e%tﬁﬁ
Prefera ess than two equivalents o
}\Igg Réslf?gr ;ngt 1?3&@?3860919?\%01&1‘ ratios lower ﬂ%/an 500:1 are not pr efer.redqbecmse the precious
metal catalyst is expensive and may result in unacceptably high residual ruthenium 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

20 compared to prior art methods wherein the pH is not controlled, e.g. exampie 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 [R3R4R5NH][OOCH]
and optionally formic acid, or [MI[OOQCH]; and formic acid, wherein R®, R® and R® are
25 Cj alkyl, M is an alkali metal or alkaline earth metal and x is 1 or 2. R*, R* and R® may
be the same or different, but are preferably all the same. The Cy. 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 1s an
allcali metal x is 1 and when M is an alkaline earth metal, x is 2.
30
[R3R4R5NH][OOCH] reagents, e.g. [EtNH][OOCH], are commercially
available. [EtsNH][OOCH] is commonly used in asymmetric reduction reactions but is

synihesised from H,, CO, and NEt; in the presence of a ruthenium catalyst and is



added, nost preferably about one equivalent. The amount of formc
acid that is added to the reaction m xture at the start of the
process canwiexoni/memwssed. This is advant ageous because gdechandagsTs
aci d deconposes to carbon nonoxi de and hydrogen during the 15
process, and this is potentially hazardous if |arge quantities of
formc acid are used. Suitably |ess than 1.5 equivalents of formc

acid are added to the reaction mxture at the start of the pr SS,
pr ef er abl {FEIEEE CXRFEFH VS, S@dlﬂ?\gﬁ?l’é’me,to AR § 8f‘ea%flttglsltb§°§s°ft1%a§ﬁ&0.c\§ﬁen
equi val enfesmicl dcid #sSNEIRER® hreagittby &l £abichibmalcintuag g hiowndedidadasd he
start of the _process, further form c and should be added during the
course of SPRBIMERICISN, provi ding about 1- 20 3 equival ents of fornic
acid in total. In a second enbodi megi>40f the invention, the hydride

source is [ RBRARSMG&@PGHIR el erabl v T Et3dbbi ORGHR Nwi*t h or
w thout formc acid. Suitably the [R3R4R5NH£5000 is added to the

reactibn A kwupid, the hydridespnrce ewibistinés p8d fprgs edule appighedb| Ty 4igs & tthan

Lo equi val.cus 19k, £FAIBSML L G00HiAK ARdsianf efar abl y about one

equi val ent . Ita gui valents o ormc acid are
added to the reaction mxture at the start of the process, nost

preferably le than Q. 2. equiyalents. Eurther fonni.c b4, s
added to the rédc %6ﬁgﬁ$§?%§8%%ﬁ??ﬁ%§Fh§mglg?%%“%ﬁ?l§ eg$§%g$¥§%3n%o
I n a thir ik mbeeiabiyntietaflambe dnd\Vveniit acd. tThés dydrdident aovide ¢hd sse of the

SO0 s AR PG 200, LS BB R L1 i

reacti on mixtdrdhetetstadted (Bé pfobesdfl Pidi@aily 0B 8sm 1P efevakity of BRIR tiiare
two equi val ents of [N%%OOCHb are used, preferably about one _
equi val entddegnqshpielerady sbqup gpe equiyalegly fReAneipsolgpps Arfdhalds ¢dst &

added t o0 #BQck8ALkh@Mek Xt 8f the Reocsdslah vRIMihiMEsdAl CARS &, advantageous
preferably | ess than | equival ent, nost preferably |ess than 0

equi val enftesausefthy deunie gl demmpgedsyvigl GOTOMORYHRG DG AIEroREn Aueeg the
the star tpl-eéefgg,%d%gcigﬁz%mnwm &ardoQl far Ch&nga&uwfon% addegk diii ng
the course of 'the reaction, providing about "1-3 equivalents of formc
aci d i n totitably less than 1.5 equivalents of formic acid are added to the reaction mixture at the
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-

20 3 equivalents of formic acid in total.

In a second embodiment of the iuvention, the hydride source is
[RRR*NH]|[OOCH], preferably [Et;NH][OOCH], with or without formic acid.
Suitably the [R*’R*R°NH][OOCH] is added to the reaction mixture at the start of the

25  process. Preferably less than two equivalents of [RR'R’NH][OOCH] are used,
preferably abowt 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
squivalents. Further formic acid may be added to the reaction mixture during the course
of the reaction. ‘

30

In a third embodiment of the invention, the hydride source is [M][OOCH]y,
preferably NaOOCH, and formic acid. Suitably the [M][QOCH], is added to the



The process of the invention allows for reduced quantities of hydride
source 10 reagents than prior art nethods, e.g. the process of WO
2004/ 03115 whermymzpdd is not controlled uses seven equi yat/eakdms/fia7s
formc acid and 2.7 equivalents of triethylamne. In particular, the
process of the present invention mnirngses the hazards associ at ed
with adding |arge quantities of form" acid to the reaction m xture

at the start of the reaction. The pH af .t reaction mxture is

i nt i nedBRCUBEATS § Hndo8 Sbeoehe CEIreay T5F LHerb g O

Control ofvpiddcHESSeNtded) phdFe@bVivtat 30O deuakRr. Si BiitabBNdesacibept Abl y

hi gh product yields, preferably above 85% whilst using acg pt abl

| ow quant iefRiuonsy of fogmie 34 aieeidded 1 16q BRIEOR WIXtEERANysY2Tt gt {75 TPeeBh0

or nore). tpi@?&aﬁlﬁ'le%@ﬁa@@ cRRATERY ﬁfési@fafeﬂﬁﬁ&@é?s@%a&%uﬁ@deﬁﬁ@qﬁle&kﬂhhﬂ ed
: m

inthe art, but a preferred nethod is to use a ton 20
gel - fi Bl eguerdet b denasadéscridpéat ihn seref theapres fBihe Hermpf agidshould
I nvention Ib g Eﬁ&edp&lﬁﬁﬁgtﬁg g(flﬂ?é Bef ok Eent ﬂlQ\Lﬂﬂtng Gbbirer PGS al%:fﬁtg ftdormic

formc ac I'n a controlled malner during e course of

reaction, aeidgntoba). titration. Most preferably, the pHis naintained
from7.0 to 7.8 by the controlled addition of formc acid, hr the
first 25 enbodi nent of the invention, wherein the hydride source is
NR3RAR5 and f offhé @rceedsdof thepntentibn Zlleqsifwatedntes pfanfittrsndichalcidd soagebe

added at the start of the process and then r rm c .aci.d. m
b oddly ket Bt argr bl SHBEIRSE R BREbAS Sl abs {13 Theh SHEiTR
that no fesfidiie@asdd sbvven@gaioelehi® of REmicerEt dndrp. Trequi wil@iadTaicthiemi3 R4 RS
is added, and all the formc acid.is added .in a rﬁdu‘I , _control lﬁnd
mai ner, e PHUCHFoPH BRCH 300 PIFEH B IUh A ?Zﬂésta}ﬁ@"ﬁ’it—?dr V8
6.5 to 8. jhdind BrddlRbQtl6dr fPmadi@b thd BRbR Ik Krea tifd st fahSieadtisal |
controll ed mari ner  because this mninm ses the hazards associated with

deconposition of formc acid. In the second enbodi ment of the

i nvent..on, whesgl : . i ; i R3R4 : rcal
i's pre}? erred tagiﬁ%tgb?jgrl %é@B%@?yg%??@%n%%&%b’gﬁﬁe%g PCT. }g %g%%g%%f%

10 added af thehreactipar Copifrolt dfepIpisnesesdiabgtrre gt sk rneralonsatdsacceptably
subsequen i i . j o B i I
added i n y%r@%ﬂ%ﬁ i Bl agg%ﬁg% ‘é’ﬂgﬁ J&%L@vag‘ﬁﬂ‘%%‘?ﬂ??%@gﬁ?

t hus mai ntaklgst(g.gt heulpilafer ormlstSatiooB8500 or mhee)t Aibe ¢pHerdnorl memitored by he

iuBV? (r;t ilogtne%gg qilor{w% poetllgyedgigil?eeci i%%é gl% biu§ a[plj}gf&%tﬁog ?sdtofuosre Tﬁalﬁai(ftiolq !

20 gel-filled electrode as described in the Examples of the present invention.

The preferred method of controlling the pH is to add formic acid in a controlled
mamner 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

25  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

30 titration, thus maintaining the pH from 6.5 to 8. If 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 [RR*R*NH][OOCH], it is preferred that no formic acid is



5 equivalents of formc acid may be added at the start of the process
and then further formc acid may be added as necessary to maintain

t he pH. Howsserop7ate7ds3s preferred that no form c acid i spagdesht/eilifae
reaction m xture when the [M[OOCH] x is added, and all the formc
and is added in a gradual, controlled nner, e.g. dropw se by
titration, thus maintai ni ng the pH ft%m 6.5 to 8. 10 The sol ubility

of oxcar bazepl ne i s appreciably |low in m)st har naceut i cal o
accept abl & dﬁﬁ&&@?sst%?fs@ﬁﬂj’éoce%\}%‘ﬁ thyt = Cé?“é‘?/%{‘il%gs %u ?Fﬁ}é‘?@ty ggd YO%F’EW e
sol vents PRYbH. CRAIbHER afiidNBhilib AR Geer§ AV, bont@U1BY tnafeet @f eropwise
(Et OAc), acetonitrile, isopropyl __acetate, tetrahydrofit

1, 2-di chl by @éﬂiﬁpahéh%dm#&aﬁm fet A A Br Swdk &i¢ thyzd ?f%bO%BnﬁFé?fféP? ed

that the SQLMRRA! AR SESydidel &Rsde RNBVROICUHIARAObENISOANENEp S8ICHs as
DVF or acetonitrile because these solvents are miscible with both

organi & apghivaisiygehfemshasésnay wupdstel it Al gtart of Ahryayogess and then further
non- deoxy%‘?ﬁﬂc‘ £ 58708 Macd ra'glﬁé‘ce%‘ah}’t% ats ]ﬁﬁﬁhéﬂ'{t aRl8ydrOft 1su;§§feh@d tﬁa*@e

process o e present invention. "A preferred solvent systemfor the
process ofo fimmic pidserted ovibatdaotion mixauraivshen tle [&f][@WoHr is wddasl, and all
sol vents sel.ect.e t LT RN o | e
first enb%1 |Iﬁrélhl 9101]@ % ﬁmg%%%%[% v %gP ggaeﬁ@ﬁ{e&’ éy%r%f%é}g Se\é@{}r%ggéno?éthw
NR3RR5 anghafumdimihg thagitiorh 165 186l vent suitably conprises 0-25% DWVF,
0-25%_ water and 75-95% Et OAc or 0-25% acetonitrile, 0-25% water and
75- 9598 Et OAc, preferably 0-20% DVF, 5-20% water and 80-90% Et OAc.

The nost pref erkecbissilivest okSrbat&fndM-aprledabatier iantbs8 QHadmilAdicalin
the second enbodi nent of the invention 25 wherein t%gita dri de source

i s [ R3RARSRAIEOBOTPICSHSRICTP RHOP HSUTIC T i EPEEF acs: ( BISpBiRIS may

sui tably {sk S@Shebn ?f‘én{qaw& 5-HRY0 BLEBC(E:DALD Yacekalian tigd nd
75- 95% Etg B L0 DVE and }é ovgter or e 25j5/0 acetonifri %ﬁjﬁd

75- 95% wafastate, qeﬁahyﬁ@fmhm,r élilé%&@pﬁ%me, cﬂﬂmﬁ‘ﬁ@?{}i hant BBHor Widelei it tife

hydride SQUEERY i [IM [T Gmpdid af %gp oqlegma@ aglfaac SONYRNCIS % m@m
conprises 0-25% DVF, 0- 25 A)wa}?er and QAc or 0-25

acet oni t r idetonitGledBos R thEse mima%args%@plmath lmﬂéf)@ﬁ@zb lagpd @*-OMWFI,SBS

5- 20% Wat g1, 400,805 A0MdEL Peox VP20 TLQLAT AR PITIR2006L0BIAZS usd b

the process of the present invention. A preferred solvent system for the process of the
present invention is a mixture of two or more solvents selected from DMF, EtOAc,

20 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% DMEF, 10% water and 80% EtOAc. In the second embodiment of the invention

25 wherein the hydride source is [R'R*R’NH][OQCH] with or without formic acid, the
solvent suitably comprises 5-25% DMF and 75-95% EtOAc, 5-25% acetonitrile and 75-
95% EiQAc, 5-25% DIMT 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]
and formic acid the solvent suitably comprises 0-25% DMF, 0-25% water and 75-95%

30 BtOAc or 0-25% acetonitrile, 0-25% water and 75-95% EtOAc, preferably 0-20% DME,
5-20% water and 80-90% EtOAc.



In a particular enbodi mnent of the process, .the reduction takes place
in the presence of a phase transfer catalyst. Suitable phase
transfer catvadymtsizraacl ude quaternary al kyl ammoni um hapégegeshsliys
as for exanple Bu4NBr. The ratio of phase transfer catalyst to
catalyst is suitably from0.01 to 0.5, ;preferably about 0.1. 5 The
reaction can be carried out at dlfferent tenperatures and pressures
Suitably the reac h # and

The reflux tenphg;%a{a#guér el%‘%ﬁ&fnh%% %’f“ hed epcfo Vﬁgt éééuog Ipiﬁégﬁﬁ%e I ‘Ehe
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t he nost erred.sol.vent syste 10 _Th e
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Pr ef er abl yatahet tbeaslykidnsigadbiyl fibnb@.0C copb gdrefdrably dbes. 1. han 36 hours,
nore preferably in less than 24 hours and high yields have been
achi eved by applying the process of the present invention in

reaction tines Tt rda@S6n ddAaR cdAiddQ 8t AffereXGahPadaRisRed plodsuk€s. CRk@blySt
rati os even greater than 2000:1. In the first_ enbodi mrent of the
i nvention Whﬁ?@ﬂﬁlﬁﬁ@“ﬁQGWTH%ﬂgﬁﬁ#@é°P§$%m%ﬁﬁh§théﬁﬁmﬁdﬁﬁp@aﬁ@?BfﬂFhe

product fSPQANAREO KW, pAﬁCekf%h{a@Ee%qpfefa% bh@od eapt] 91616’&5%?@%3%/ A$s-
it cools fromreflux tenperature. A suitable solvent, preferably

met hyl teﬂﬂﬂ%h$§Pm@W%%¢ﬁ?@WGWWBEFﬁﬁﬁdéﬁﬂﬁﬂSﬁﬁﬂm$e reaction mxture
beforeyfiltration. In the second enbodi nent of the invention wherein
t he hygrlde source is [ RBRARSNH| [OOCH] with or wthout formc acid,
t he product mﬂ hipeeattswl tanedilbgepprdei kivtfatiom gudhive tmruad@omxmdmazepﬁmﬂm

sui tabl e eith t hanal./

ot hanol / WAEe A, PerRufbl S woliph SO eCloriiie'Rh 1S htn iy more
sinpl e compﬂereblytlm lgmsitban 24 ﬁaoumtdnddﬁg}symms aavé beseadhiesed cbgeqbp@ﬁu.g the WO
2004/03 1 155 erein the work-up.proced res neutralisation
of excess PRI e BB SO Pt 166 Gd? SO arr B R

f1 ash ghr esredtfgst gy evehhesster tin@pedur es are unsui tabl e for

| ar ge-scal e manufacture. In the present invention the sinple work-up
procedures result in acceptably | ow residual rutheniumcontent in the

i sol ated produg the GRESHoMentVof the ihnlis RRLEH tHS By@Rle Bohb D& NRR'R®
intermediate in the 30 nmanufacture of APIs

and formic acid, the product may spontaneously p1eczp1tate from the reaction mixture as

it cools from reflux temperature. A suitable solvent, preferably methyl tert-butyl ether

20 (MTBE) is added to the reaction mixture before filtration. In the second embodiment of

the mvention wherein the hydride source is [R*R*R*NHJ[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 parficularly simple compared to prior art methods sach as those disclosed

25 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

30 manufacture of AFls,

In an clierntaive  embodiment, the  (S)-(+)-10,11-dihydro-10-hydroxy-5H-
dibenz/b,/azepine-5-carboxamide or (R}-(-)-10,11-dihydro-10-hydroxy-5H-



In an altentaive enbodi ment, the (S)-(+)-10, 11-di hydro-1|0-hydroxy-5H
di benz/ b, f/ azepi ne- 5- car boxam de or

(R)-(-)-10, Wo givhydreo- | 0- hydr oxy- 5H WO 2007/ 012793 PCT/ Ga2R084000dAH3
12 di benz/ b, f/azepi ne-5- car boxani de may be precipitated by renoving
the reaction solvent while adding vva r to maintain the reaction

vol une at a substanti al | y const ant The reacti on sol vent,

which is prefer th acet at e, ma b ved stillati
e’ "al o Bopat Berel oo o g e oy, %P% D Fingtthe Shieai ! o,
the wei ghwhgé ad@ﬁg,eﬁlatél foeﬂéla@nnﬁe tdaeridneatinhoft a%@bs)t@ﬂitallﬁﬁéﬁmtbﬁi leRelt Mee

range 80-120% nore pref erablfy 90-110% of the weig of thﬁ sol ent
r enoved. }%Cttqai‘lsé’h’@ﬁbdﬁil%ﬁtple PRy el g ShitS fMavhes lﬁP’QE?de distigpation. the

( S) g ( +) - 1Qisdilaridh g 0mhs By $ha¥uns Hidichengdb, fTyprap mes Svfak haxamide

10 11- di hyrgkeeing therrpention yolseRtdnayisin Brefrange S8 178%0% mew 1 eeErbla0-hfipo of

S ubsequenuew?gm OF%&J it Rndvkd, g ik %boﬂﬂﬁlmcaﬁ 1@@10@1' rotrm% pﬂ@abit&e@d
preferably by Teslurrying in a solvent 0 whichis preferab r{ééet yl

acet ate affg-(reid, l]-thhadllodr@—hy,dmfﬁéfbdiéawébaff%ﬁgyngﬁ G@tb@xwl@genpl i i on
s that i I h e
5 Lhat £ R0ASL Bk 0, U0 LDE S SAEHL O <MLl b SLBSLER o

reaction tsslawérby fgmmbn At san ls2 fisthecpuifiey, prefeetbrity mdsienymgns Bdelvemg

| ar ge- sca . The .

(S) g( +S- 1UETE Iscﬁl%hﬂﬂ? E'I%@H %eﬂaﬁ)ﬁ/@@@lﬁ?tboélnz/ b, f / azepi ne- 5- car boxami de

(R)-( )-10, 11-di hydrq- 1 O- hyﬁrox -5|--1-di be /b, f/az |ne carboxam
de produced actBhd ?ja“tlacﬁeto egpesERidaveghon ’ﬁé aﬁt"“é%%??ﬁ é‘r‘ﬁ%h‘eaﬁﬂ‘i}n be

used as af;ithRlnhighduts@EBUbAlRHatZR & at@sfis0i shadatpharaesewifigiadey of the
products, or may be converted by further chemcal transformation to

anot her ARRCtiog § vems) gped - | Bbiacist espgeialy, 1eerhydies.- gpsidering large-scale
di benzzlfb fQERRISE; 5- carboxami de may be provided by esterification of
(S)-(+)-10, 11-

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

} g‘r’rerﬂlt ;0? o f 3{1"’1%%;8)%8-‘{5%2%*%&%‘ %@%ﬁo{yﬁé@-ﬁ%ﬁ#ﬁ@%&p&%@m&%&i@ or
(R)-(-)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide produced
according to the process of the present invention may be used as an API and formulated

20 into finished pharmaceutical products, or may be converied by further chemical
transformation to  another API, eg  (S)-(-)-10-acetoxy-10,11-dihydro-5H-
dibenz/b,f/azepine-5-carboxamide may be provided by esterification of (S)-(+)-10,11-
dihydro-10-hydroxy-5H-dibenz/b,/azepine-5-carboxamide. The present invention

further provides a process for preparing a compound of formula (C} or (D}
0

0
Rﬁ)ko (9) Rﬁ)koﬁ )]

25



25 O~ NH2 0)--~NH2 WD 2007/012793 PCT/ GB2006/ 001473 13 wherein R6 is
hydr ogen, al kyl, hal ogenal kyl, aral kyl, cycl oal kyl, cycl oal kyal | cyl,
al koxy, aryoenpprdsdyl ; conprising a first step, whichpifg8200E0085S
for the production of (S)-(+)-

10, 11- di hydr o- | O- hydr oxy- 5H di benz/ b, f.[ azepi ne- 5- car boxam de or

(R -(-)-10, 11- di hydro-10- hydroxy-5H dbenz/ b, f/ azepi ne- 5- car boxam de
?g;: ?E :j_l) ??_O\rgf}%ﬁlgﬁﬁiﬁ&\gﬁgggéﬁ r]ﬁg}ariég gg%p% ,%r% glyl,chrglgéillcy\ﬁt~| gy%%‘aﬁcyglﬂyefl, alkoxy,

di benz/ b, fa‘aﬁ%@@&ﬁ@d;@uﬁ?ﬁhﬁé @H’ﬁ'ﬂ@te@,rwhich is a process for the production of (S)-(+)-

(R -(-)-10, 11-di hydro- 10- hydroxy-5H di benz/ b, f/ azepi ne- 5- car boxani de
i s acyl at e ITREYESAEUNFaSY-pHolbred Tareriec s P REEI AR R ){H118- 181 ocess

may be optdigaikd-Yo-RUGExy-WLASn D b QR SmRLE -YarPiiashi ALRBS 50 1P QldRekeenihi, C h
have optical purity from 75-100% preferably from 92-99.5% nore

pr ef er abl yanfl egpRoné sten,oviooeis dhe (RBCnel?, Ihedilsidrad ¢riydrery-Blanched Cl. 15
al kyl , whig i Ry hal o CaaBrsmr 1). It
may al so b@ﬁk&g}gﬁ%ﬁ@ﬁﬁ%&%@ ?%&d@( e:gg’égtgﬁ{r}g%dezéo &F%%%S%r aryl
(unsubst i tditesd/bghespite-Drarpbremyitie subgtibd. ufledobpoahdsoryductibinggemndaoce

nitro gro g r.ef I I.S.. - . r il d
(D) ar e TPl bySeSfaRy dnioRy Ml et IR fu Pl Q1M Bul bt
met hods artevdesgesl dyeitly from US-1BOTH Brefetdhlaficin\WD-90024,08026 g2 ferablyg from 96-
(S)-( +§)— 13, ]51, di hydr o- 10- 1 rydroxy-5H di benz/ b, f/ azepi ne- 5-

car boxdm 3 n{ﬁy be reacted with acetylchloride or acetic anhydride in
di chl oronet hane to give

(S)-(-)-10-acet @xy-10, 11-di hydr0-5 i penz/ b, f/ azepi ne- 5- car.boxam.de.
20 The appr opr i gsr%f&igélar?érbga%%f{d &ief 64%%@* el b9 Shgtituied Wl
conpounds hﬁ'ﬁ)%@lﬁt}fé @], Be 019I)ﬂVI@Eﬁa@chlgor&rﬁycloalk}/lb(afc clic C3-Cy saturated group) or

(S)-(+)-10, 11I-di hydr o- 10- hydr oxy- 5H- di benz azepl ne- 5- car%oxam de
aryl (unsubstituted phenyl or phenyl substitnted by alkoxy, halogen or nitro group).

or

(R~ ()5 1edibratliyhycls A0 ddp Qitls BHbBRNe) bnd 07 80IrARiD uearoxan de

u5|_ ng an appr o6pr| ate process, as described in US 5, 753,646 (1)

10- benzoy5e%y-516, 1 budathy dicglager didteqiiz/ def desorepidner 35 ari58x04hi dwl VW8

(2),10- (vpmiponybenzay] oxy) 30 o ges: B sAkBEL it 26 S0LAS:

10- ( 3- net kavbyirmnio ylapby yeabfdtHldadetiduhiorBetod értin 2hhbydrida zre gichlerGrethane
to give (S)-(-)-10-acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide.

20 The appropriate stereoisomers of the following additional compounds may also
be converted from = (S)-(+)-10,11-dihydro-10-hydroxy-SH-dibenz/b,{/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,flazepine-5-carboxamide
25 (2) 10-(4-methoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,{/azepine-5-
carboxamide
(3) 10-(3-methoxybenzoyloxy)-10,11-dihydro-5H-dibenz/b,fazepine-5-
carboxamide
(4) 10-(2-methoxybenzoloxy)-10,11-dihydro-5H-dibenz/b,f/azepine-5-
30 carboxamide
(5) 10-(4-nitrobenzoyloxy)-10,11-dihydro-5H-dibenz/b, flazepine-5-

carboxamide



car boxam de (4)

10- ( 2- met hoxybenzol oxy) - 10, 11- di hydr o- 5H- di benz/ b, f/ azepi ne-5- 30
car boxam de W®}007/012793 PCT/GB2006/001473
10- (4-ni ti obenzoyl oxy) -10, 11-di hydr o- 5H di benz/ b, f/ azepi ne- 5-

car boxam de WO 2007/ 012793 PCT/ GB200 01473 14 (6)

10- (3- ni trobenzoyl oxy) - 10, 11- di hydr o- di benz/ b, f/ azepi ne- 5-

car boxar ni de ( . . . .

10- (2-ni t robené%yl oM Eobepz iyt Bl St A o7 S AP

car boxam gg4,8=08e

10- (4-chl orobenzo on -10, 11-di hydr o- SH-di be zepi ne- 5-
car (boxam de ( 9 y a/?: nlilobenzoylox 3/10 1] d]l._l’il-yd}.o 5 lbenéllé %aze%il}e 5"‘

10- ( 3- chlg&gggﬁﬁgyloxy) 10, 11-di hydr o- SH-di benz/ b, f/ azepi ne- 5-
car boxani de (10

10- ( 2- Acet oxybéhz oyl biéylororepzaxdeiyd P4l SHyErhErEs Y &2 epined5- 10
car boxam de: Féxjai'rh

10- pr opi onyl oxy- f_iLO 11- di hydr o- 5Hdi benz/ b, f/ azepi ne- 5- car boxam de
(12) 10-butyry(%xy- 11CGC31chéhthzW1@H)dDbéﬁﬂ¥miq51’&ziéaﬁnﬁbf/52@meb%xam de
(13) 10-piy. Ixoa}/m&)exy 10, 11- di hydr o- 5H- di benz/ b, f / azepi ne- 5- car boxam de
(14)
10-[ ( 2- pr opyl ) fiént areiztoxipkyiebzdyloxd)-hi,dr-dihSttoditbdaidd). /Azpepine- 5- 15
car boxam de a
10-[ (2% et ﬁ%ﬂ% Shoyl oxy] - 10, 11- di hydr o- 5H- di benz/ b, f / azepi ne- 5-
car boxai ni de (@&6) 10-propionyloxy-10,11-dihydro-5H-dibenz/b,fazepine-5- ca1b0kam1de
10- st ear oyl oxy- 10, 11- di hydr o- 5H |ben%éb f/%gpl ne-5-ca boxagl

5- 20

(17) 10-cycl opdrt anByPeryions 194 - AP 3 P DR ES

car boxami de (18k) 10~p1valoyloxy—10 11-dihydro-5H-dibenz/b, f/azepine-5-carboxamide
10- cycl o.hexanoell oXy- Q-l dr o- 5H _di bendz/ brg g%?deﬂ:?elnrz]/%-f?a-ze es.
car boxani de 10-[( plopyl)pentanoyloxy] 10,11-dihyd D
15  carboxamide
(15)  10-[(2-ethylhexanoyloxy]-10,11-dihydro-5H-dibenz/b,7azepine-5-
carboxamide
(16)  10-stearoyloxy-10,11-dihydro-5H-dibenz/b,{/azepine-5-carboxamide
(17)  10-cyclopentanoyloxy-10,1 I~dihydro-5H-dibenz/b,f/azepine-5-
20 carboxamide
(18)  10-cyclohexanoyloxy-10,11-dihydro-5H-dibenz/b,fazepine-5-
carboxamide
(19)  10-phenylacetoxy-10,11-dihydro-5H-bibenz/b,f/azepine-5-carboxamide
(20)  10-(4-methoxyphenyljacetoxy-10,11-dihydro-5H-dibenz/b,f/-azepine-5-
25 carboxamide
(21)  10-(3-methoxyphenyl)acetoxy-10,11-dihydro-5SH-dibenz/b,f/azepine-5-
carboxamide
(22)  10-(d-nitrophenyl)acetoxy-10,11-dihydro-5H-dibenz/b,fazepine-5-
carboxamide
30 (23)  10-(3-nitrophenyl)acetoxy-10,11-dihydro-5H-dibenz/b,{/azepine-5-
carboxanude
(24)  10-nicotinoyloxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide
(25)  10-isonicotinoyloxy-10,11-dihydro-5H-dibenz/b,{/azepine-5-carboxamide



(19)

10- phenyl acet oxy- 10, 11- di hydr o- 5H bi benz/ b, f/ azepi ne- S- car boxam de
(20) WO 2007/012793 PCT/GB2006/001473
10- (4- met hoxyphenyl ) acet oxy- 10, 11- di hydr o- 5H di benz/ b, f/ - azepi ne- 5-
25 car boxam de (21)

10- ( 3- met hoxyphenyl ) acet oxy- 10, 11- di hyglr 0- 5H-di benz/ b, f/ azepi ne- 5-

car boxam de (2 o

10- (4-nit ropheﬁ%q)) al®i h&)?lipai%m?llod% 1hc§}8¥d69—gﬁ LB T %m&afz) CaLboxalglde
car boxal ni de 3@27%)23).0-bromoacetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5- cflrboxamlde
i‘g; E)g;(glmt ggp?g%lé)) agg’ tfc%f'(rXrioxyd%l]Ildih})égg %{%%eglzfg?}gl%ép?ﬂefg %Zlg&la&eldf? )
10- ni cot i noyl 0x39) 10;d-2theikJerthoay oy th, bedinidrpfstadiepiaitef &epiacsoxam de

(25) ] .
10- i sorii c6TPABYFERy- 10, 11- di hydr o- 5H di benz/ b, f / azepi ne- 5- car boxani de

WO 2007/ 012793 (RET/ @@&ﬁél@)@ﬂaﬁ?oﬁyloiﬁiﬁZﬁ-)ilhydlo SH-dibenz/b,f/azepine-5-
10- chl or oacet oxy- 10, 11- di hydr o- 5H di benz/ b, f/ azepi ne- 5- car boxam de

(27) carboxamide

10- br ompacet oxy- 10, 11- di hydr o- 5H di benz/ b, f/ azepi ne- 5- car boxam de
(28) 10-fornyl oxy-10, 11-di hydro-5Hdi benz/ b, f/ azepi ne- 5- car boxam de
(29) 10- et hoxydh¢ bveyticndy ne® descriphiyiredaraiqe do Heamniss, Whish eps s igesled
car boxgm

10-( 2- fghl g(r?%%ﬁlg%}n th‘?%Oxfy 10, 11- di hydr o- 5H di benz/ b, f/ azepi ne- 5-
ear boxam de The invention is now described by reference to exarrpl es,
whi ch are not, . i .

Asymetric Ret — . ‘

addi ti on of HCOO—l 15 In a Zlcoﬁamlwlceﬂi:ﬂimmdltbombmflask

oxcar bazepi ne was charged (635mmp1, 169g), the flask was fitted with
two water reflux condensers connected to a Schlenk line (two reflux
conflen;ser ? wer alhusml 5in@ciea Clalied aneiﬁal?%xﬁ@ﬂé&@in%&ﬁas@ﬁ%r@ﬂd(@ﬁln@aﬁ es
evolving fromthe reaction), a burette for titration and a Ham |ton
gel - fi | | ed®@elf igtieat it ViR RFOUERT B IHG CPElRPerDepnaesi el o darhiskilsped
wi th a PTRE/Skeklg @BRddnkdd welPudel8o secure two escape routes for CO, and H, gases

avolving 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
20 starting material under N; flow, EtOAc (480ml., undegassed, HPLC grade), H,0O (48mL,
undegassed, HPLC grade} and EtsN (l1.leq., 699mmol, 97.5mL, undegassed, Fluka,
99.9% pure} were added with the aid of a graduated cylinder. The catalyst (formed
separately in sifu in a 50mL Schlenk tube under N; flow by stiming [RuCl(p-cymene)];
(0.1588mmol, 97.2mg) and (S,S)-TsDAEN (2.2eq. with respect to the metal dimer
25 precursor, 0.3493mmol, 159%mg) in DMF (i3ml, degassed, anhydrous) at room
temperatire for 10-15min. was injected. The Schlenk tube was rinsed with small
portions of the remaiming 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
30 an oil bath preheated at 105°C and the reaction mixture magnetically stirred at reflux (Toy
bty = 105°C, internal T = 72-77°C). Once the reaciion mixiure 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/BtOAc was started. The pH was slowly brought to 7.4



20 starting material under N2 flow, EtOAc (480nL, undegassed, HPLC
grade), H20 (48nL, wundegassed, HPLC grade) and Et3N (1.leq.,

699Mmo1l, 97 vhartaorvekdgassed, Flulca, 99.9% pure) were agggdpWolfiifAe
aid of a graduated cylinder. The catalyst (fornmed separately in situ
in a 50nL Schl enk tube under N2 flow % stirring [RuCl2(p-cynene)]2
(0.1588mmmol, 97.2nmg) and (SS)- TsDAEN (2.2eq. with respect to the
metal dinmer 2

5 precursor, 0.3493mopl, 159 i 1 , de ,
anhydr ous P fhengamntamet sarsiing At gy alf@-ofg'%'s 3&%@ é‘@‘gtﬁ%l h %g%%ﬁg
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(5x7mL) and injected to the reaction m xture. The sol vent
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flask was placed in 30 an oil bath pireheated at 105C and the reaction

m xturé remptestel was pynsemed dwingdho faaptianx Thp overal) sebptratefueiuct popcErifdpn T
= 72-77C) .5 (RCKLHEKE g&gﬁdlﬁﬁagb)% wre Siargd fh%fﬂe%'iéqg/a? (E)t&ﬁpedr £RACHE ON

pH was approxi nately this point the titration/s addi tion
W th 12. 5rédeti¢iOBBH1s otaasiioed ind 209BME EolMvmelewht a hedthe Thepertivnes

slowy brgught .to 7. 2007/ 0127 P 0014 i
mai nt ai negleggésqag’nfeaé%e\é\?% é&\}é%ﬁé g@g’r %61%&\2@%@ ‘8%30\%\?3 dfdégdﬁﬁge%cﬂgg
HCOOH  sohtittugnand TdiewdPldCcodl ny eseh oampidhee vhbdrrssirivees D8Ypeadtiont thixture

stirring up to 20lus, . resulted.in t formation of a whi.te

o oci pi atls shathats st RR btttk oSt T o Svetii b e wated
total of appaeXyrEiEtid forfieds of ABE WAt Rhe EBRGCKad lbtiRsSt Thé baagltibg
mat eri al was consuned during the reaction. The overal

: . : .. .
subst r at e PHBEFEPTEEIE REFAT A 20 HIECEHE BoutRe FBLEERIH RES V86
M After 204isolatdgeReMINEMAS BlOPPRGuANT 4908 ., 08BCEL AR RpMidIr € Was
stirred and allowed to cool down slowy. Wen the tenperature of the

oi | bath reached approxi mately 80C, 500m. MIBE was added to the
reactign m xtgpe 1%?‘51133%91‘%@& Ex%g?%ése%%ﬁtf?ﬂ”b&ﬁﬁ%& g&f@ggumn@@mzo-

stirring. The reaction mxture was stirred at 0-5 _
appr oxi maelolti@8emh leq iBtihérand BRQOHN ethpmeedupt pastelliaes oWagthég refluxing

r epeat edl i ol d ' f . MIB j QJIC}J rg}e]\%aﬁ o
col ourl esg‘c{nﬁfﬁ%ﬁrﬁé’e‘léoufcﬁ%%w\g\%}r e %%Ee%r%%&éét vevwv?\(gl ' rhitee int éUbélll ,Of
t hen undethehirgéucy aCMIRE, afléws dotneply fusthiet prepipiiaimn: of (D6 Ywitisg nediethl.ytivgl d
(1529). Hla:_)f§oc it 9&19d36%)ep1gu(%%?l3%&0nfrgex7rim8ff% St (rae'sidugl' %(1){&)16%)1(&&r %ﬁ pa'naefeagents by
20  washing the filirate with copious amounts, without a loss in the isolated yield. The

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

Example 2: Asvmmetric Reduction of Oxcarbazepine using [ENH][OOCH] and
25 nH-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

30  with a PTFE/silicone ring. The flask was flushed with N» for approximately 30min. To
the starting material under N; flow, FEtOAc (78ml, degassed, anhydrous),
[Et:NH][OOCH] comumercially available from Fluka (1.07 eq., 170mmol, 25mL,

undegassed, Fluka) were added via a syringe. The catalyst (formed separately in situ in a



15 Due to the fact that under these reaction conditions

(109%OMF- 10%120- 80%t OAc, |.leq. Et3N and HCOOH) the product
crystalli sesvoul7afz74she refl uxing tenperature, no sol vep&rwaSfocoo1473
evaporat ed during the work-up. The very low solubility of the
product in MIBE, allows not only furt ﬁ precipitation of the
starting material, but also it aids the purification/rermval of

residual r i and reage efllt it h
copi ous arTQ:éBﬁT QCh%gﬁ%ﬁE/FPyétlpﬂ)‘bgs&“@i%&P \A?@Hé{}%a?{g l?’ﬁ@g r’"ﬁ “um
level in theAmMO@L teqWashheipseet ﬁae 5@@&1@1111@(@1‘30{11@012 0. 05BYAMERA," 1 %) in
Reducti on of Oxcarbazepi ne usi npq] Hl | OOCHI_ and__25 pH-control | ed
addi ti on dtMEdeRH fegasted gphyydrops éth%‘E t?fﬁléﬁﬁ%}u%dtf’lt il Ppig fras injected. The

oxcar bazepjcagniasbe Ras §RLed LRAMIBAL podR) of the rérhafike f Didre il Ad
wat er refl ux condenser connected to a Schlenk line, a burette or
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with N2 for approxinately 3 he starting material under
f1 ow, Et Qaeudi®itpm el afsspldcedalnhy@ﬂcba@)preheﬁ@ Mf@@m—mwwpmtemhatl y

avai | abl e fx %ng !etﬁ‘l:léﬁY gﬂr(ra%7 i1 fi;,ll 1y qsmnceuﬂg? gﬂx’cﬁeuslﬁa?'?ed

were added Vi a‘a Syr he ca se ara e
a WO 2007/r6)‘:|112{71%3 ﬂ%ﬁédﬁﬁﬁ@@ﬁh@@ mpmxmmmyzﬁm l‘ﬁehbmﬁbn nﬁm‘hme ﬁywly tumed

(25" o i FEL BT R el R e O Bt ¥ tsastiey 2hsh)
in DIVF ( s, coﬁlﬂﬁt@ﬁﬂg eﬁhenaiﬂhw @bkhkd ats-7. wmettﬁfmeﬁfalbw:’ zlﬁidﬁtmt\ii&h 155“1@
the 1 onar HCROBIEES e M BRAT G %o Thh el SicoreRoT ¢t e he
sol vent coRbi 1mats Wldly bidisg ﬂ@'H@O@ﬁ%oRﬂMﬁeﬁ% 8¢edcMényhiand wdhe

oxcar bazepi ne concentration pbefore titration was 13M The round
bot t om f | 458 NEBlepVHR senp fatahystaleromBRRsHIoB bRt deen ﬁ{e Wl of ffdilaske The

reactign mptlUiRve Vs IBINSE WAl gy, Shi ﬂhfs%nﬁtthcr o bie(dintioR Qs 73 and
105C). Once the reaction mxture started” refluxing, the reaction pH

was appr o%ﬂfﬁfﬁﬂépﬁlmﬁegicaﬂg sobyien "G Cortionert & 75T okuriher Hirriaglup & Pimpiee
dth
an e phl §6arhedide en fhald pHg%aﬁ;:%e 3 %{v HF:;E}aég?%oEﬁeﬁle QLR M a1

formate was consumne
titrati on/fsk oonsaadi ﬂmrmg tag tedactich, A 23hrs, the heating was stopped and the reaction

mixture was stirred and allowed to cool down. The reaction mixiure was concentrated,
20 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 stitred 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 filtrate was colourless (8x50mL). The resulting white
25  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 i the product was between 5-30ppm.

Comparisen 1a: Asvmmetric reduction with and withont pH Conitrol (FHvydride
30 source is NEt; and HCOOH)

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

substrate/catalyst ratio was 2000 and the solvent was 20% H,Q/EtOAc. The ligand was



HCOCH sol ution in 209V Et OAc was started. The pH was nai nt ai ned at
pH = 7.4 over 121us by slowly adding the HCOOH sol ution. After 17hrs
the reacti owodostus®swas clear purple, with sone catal YﬁiT/GBzo()(/omns
deconposi tion observed on the walls of the flask. The 15

conversion after 17hrs was 98% At thgg poi nt the plH of the sol ution
was 7.8 and addition of nore HCOOH sofution was continued at 7.7.

LR KB APBAIRe B 4 ot BRI e SO B LRI
during t henix@acd ilenstarAbities reddivns Futthe I-HB@@IIH@sMSedSﬁmgladlt af@d;otlfge Of

reaction _m xture was stlrrZI%gI gnd al l oned to cool ﬁvw reac ion
m xture wHY EHIVORAR PEARHD 20T PDOML [NIPBEPARHY SIS fre™ STk ved
agai n. 15mcdbidHwesranded andd ket mitie hasdatdiehiuxedn @0 abAUhe
5m n and then 250mL MIBE added slowy to this refluxing m xture.
The resdul PrEging of Hrcerepionst e 1a%h°Wéf”FfU}@S‘ﬂléﬁr oBEHITPIE & FHH egmparaTe
then to OzpG@ang stirred for 30mn. The m xture was filtered cold and
washed with cold portions of MIBE until the filtrate was col ourl ess
(8x50nL). The resulting white 25 precipitate was dried in the air,

t hen under high vacuum affording a white powder: 94% isolated yield
(37.99); HPLC. 99.5% product, 97.8%e.e., 0.5% oxcarbazepi ne. The

rut heniumlevel in the product was between 5-50ppm Conparison 1la:
Asymn?éri c reduction with and wi thout pH Control (Hydride 30 source
is NEt3 and HCOOH) Reactions were carried out using a nethod simlar
to that of exanple |I. The substrate/catalyst ratio was 2000 and the
sol vent was 20% H20/ Et CAc. The |igand was WO 2007/012793

PCT/ GB2006/ 001473 18 (S, S)-Ts-DAEN. In.exanple 3, leq. NEt3 and |eq.
HCOOH were added to the reaction mxture at the start of the
reaction. Further HCOO | was added throughout the course of the
reaction to maintain a pH of 7.4. In conparative exanple 1, 4.4eq.

Et 3N and 4eq. HCOOH were pre-m xed in H20O and added to the reaction
m xture in EtOAc at the 5 beginning of the reaction. Table 1 shows
the results of exanple 3 and conparative exanple 1. 10



WO 2007/ 012793 PCT/ GB2006/ 001473 19 Table 1 Hydri de source Tine
Al cohol e.e (11) (%9 (% Exanple 3 leq. of NEt3 and leq. of 2 22
98. 8 HCOOH avdled7at27st art of 4 33 98.7 reaction. Furthepchchefen@hii:o
46 98.8 HCOOH added during the 8 57 98.5 course of the reaction,

82 98.3 mmintaining the pH at 7.4. 32 82 98.3 Conparative M xture of
4. 4eq. of NEt3 21 31 96.8 Exanple 1 &hd 4eq. HOOOH in H20/ Et OAc
added at the start of the reaction. The yield of the pH controlled
reaction (Té‘%i’n]'ple 3) was nmuch better than the yield of the reaction
in which pH was not confrolTgdq{®esRas ati vé Bxanplecckp, despide 5
the fact that higher quantities of hydride|source reagents re used.
Conparison |Ib: Asymetrijic reduction with a d @i t hout Cont |rgP)
(Hydri de sow. g TS TEBN] L OQRE P eql 5% ST [QOOH—ang;H 193
Reactiond were Carried put usi ng a ne simlaf to that of] exanpl e
2. The substrat e/ cat al ySCOQH adledaisstad®0 and4t he sol vént was P8%
DVF/ Et OA¢. The |igand W Is- - thap Ts$- DAEN,. 20g jof
oxcar bazepi ne were used%’?eﬁcgioz]agﬁ(@?&;\%&%f[ t SNH] | OOCI—I]%Was ddeg(%'gto
t he reactii on m xture at|HEOOH aided diridgtee r ¢acti op and 5o 15 ff i @8ther
HCOOH wag added. Table 2 shows how E'he results of two _gonpariati
exanpl es |usi ng di f f er ent “GEEAE ETEEHEE [ Bt 3NH apoH] - 200[7/ 8%%793

v

PCT/ GB2006/ 001473 20 | maintaining the pH at 7.4. 33 82 98.3
Comparative Mixture of 4.4eq. of NEf; 21 31 96.8
Example 1 and 4eq. HCOOH in H,0/

LEtOAc added at the start of

the reaction,

The yield of the pH controlled reaction (example 3) was much better than the
yield of the reaction in which pH was not controlled (comparative example 1), despite

5  the fact that higher quantities of hydride source reagents were used.

Comparison 1b: Asvmmetric reduction with and without pIl Conirol (Hvdride
source is [EtsNHJOOCH] or [EL:NHIIOOCH] and HCOOID)

10
Reactions were carried ouf using a method similar to that of example 2. The
substrate/catalyst ratio was 1000 and the solvent was 10% DMEF/EtQOAc. The ligand was
Ts-DPEN rather than Ts-DAEN. 20g of oxcarbazepine were used instead of 40g.
[Et;NE][OOCH)] was added to the reaction mixture at the start of the reaction and ne
15 further HCOOH was added. Table 2 shows how the results of two comparative
examples using different quantities of [Et:NH][OOCH]:



Table 2 [Et3NH [000H Time pH Conversion Enantiomeric
(% Conparative 5 0 6.95 0 -

Conpar at i vewd fhoBoigres -
3 8.85 -

eXxcCess

2 8.86 -

5 8.65

Exanple 3 0.15 6.8 -

6

equi val ents of the expensive reagent

conversion after

22 hours,

whereas | e
achieved with only 2 equivalents of the

Exanple 2 22 8.6 100 97.7

8.6 -

!

0.5 7.55 -peryd
19 8.22 47 98.
t 3NH] [ OOCH|] provi ded 100%
t han 50% conver si on was
5 reagent.

The

pH of the

reacti on dPR¥dre increased during the course of the reaction. The

(eq) (13) (%
BRGe04D3 -
5 5

reaction was repea "GOCHY [STah& [USI a subshvahi@l €ahaliysicrieat i o
of 1500:1 and a 20% }EtOAc sol vent. I'n conparative exanpl es 4jand
5 5 equivalents pf [EeINH [ ODCHD were used ahd rfd®f ur t he®“#8H0H |was
added. In exanple @4, only 10 one equijval ent of} [ Et 3NH] [ ODOCHfowas Ysed
but further HCOOH mwas added during the courselof the reaction t
mai nt ai n | Coeppietied | 7. 4. Table 3 skows thé%esujts & conparative
exanpl es |4_and.5,and exanple 4} 15 WD) 20Q7{ 01293 / GL320 001473
21 Tabl e 3Ef$%%%% Hydri de Sour g¢e %%nﬁ Cb%ygrsian ﬁgﬁtionergge
Comparative 2 0 6.7 - -
Example 3 0.15 6.8 - -
0.5 7.55 - -
1.5 8.25 - -
2 8.86 - -
3 8.85 - -
5 8.65 - -
6 8.6 - -
19 8.22 47 98.5

5 equivalents of the expensive reagent [Et;NHI[OOCH)] provided 100% conversion after

22 hours, whereas less than 50% conversion was achieved with only 2 equivalents of the

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 [EtyNH][OOCH] were used and no finther HCOOH was added. In example 4, only

10

one equivalent of [EfsNH][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 £ and 5 and example 4:

15



(h) (%9 Excess (9% Conparative (S,S)- 5 eq. 25 98 97 Exanple 4
TsDPEN [ Et 3NH| [ OOCH] Conparative (S S)- 5 eq. 20 97 96.9 Exanple 5
TsDAEN [ Et 3NH) fooDCkR9sExXanpl e 4 (S, S)- | eq. 7 99 97.8 Te®AHEBbooswo1473
[Et 3NH [ OOCH] plus HCOOH to maintain pH 7.4 A conparison of
conparative exanples 4 and 5 with exagl e 4 shows that by
controlling the pH by addition of H , a nuch smaller quantity of
t he expensli,l\g? 35 reagent [ Et 3NH] [ 000H] can be used, and the reaction
reaches al’ifost conplete conversion in 7 hours rather than 20-25
hours. Conparison 2:| Acigmatet I ilfydRdel8cirton Tisieng CanMagivet |y Rifantfidrgaicd s
to The activity of cjatal ysts|conprising the (S, S)-TsDAEN an%

(S, S)-TsDPEN 1igands was cohpared at a 20%0g scd’®. The cat’ef$sts
were generated in situ by stirring [RuC:2(p-c)rmene)]2 |and ejother
(S, S)- TsDAEN-or (S, SH-TsDPEN for 5-10 minutes iin DVE beflore addi t.i.on
to oxcar Qaz&pPAdtishd 19 -eqli val @Als of |[ BO3NH [ O2%8H . [12. 515
HCOOH sol|ut Eomdid1a 20% bt 1@(1@@ oborggted slowy at pH=7.4. The
ratio of |_axcarbazepine tg c al ysi was ~3000: Table 4 shows the
resul ts floFompampres 50abd 6! (usfeg (S, $)-2PsDAEN) 9and exanpl96.97

(using (S S, Iﬁgf N)|: %%g% P %%i FPCT/ GB2006/ 001473 22 Tabl e
Scale (Q) IS‘%ana i nET ) 16‘@?’& ﬁégﬁérti ongric (9% excess
Example 4 (S,8)- I eq. 7 99 97.8
TsDAEN | [Et;:NH][OOCH]
plus HCOOH to

maintain pH 7.4

A comparison of comparative examples 4 and 5 with exampie 4 shows that by
controlling the pH by addition of HCOOH, a much smaller quantity of the expensive
5 reagent [EtNH][OOCH] can be used, and the reaction reaches almost complete

conversion in 7 hours rather than 20-25 hours.

Comparison 2: Asymumetric Reduction using a Variety of Ligands

10
The aclivity of catalysts comprising the (8,8)-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 o1(S,S)-TsDPEN for 5-10 minutes in
DMF before addition to oxcarbazepine and 1.07 equivalents of [ENH][OOCH]. 12.5M
15 HCOOH solution in 20% DME/EtOAc was injected slowly at pH=7.4. The ratio of
oxcartbazepine to catalyst was 3000:1. Table 4 shows the results for Examples 5 and 6
(using (S,S)-TsDAEN) and example 7 (using (8,S)-TsDPEN):



(%9 Exanple 5 40 (S, S)-TsDAEN 23 99 98.1 Exanple 6 25 (S, S)-TsDAEN 4
55 98.2 6 69 98.3 8 77 98 26 97 97.9 Exanple 7 20 (S, S)-TsDPEN 5
47 98.4 6 %0 9BuRA2798 64 98.3 8 77 98 23 83 98 26 85 AySr20808h3
97.8 The (S, S)-TsDAEN exanpl es show significantly better conversion
than the (S, S)- TsDPEN exanpl e and shew sim|ar enantioselectivity. 5
Comparison 3: Asymmetric reduction of Oxcarbazepi ne using a phase
transfer 1gaf.alyst 10 Table 5 shows the results of three asymetric
reduction reactions_wherein a phase transfer catalyst was used in
addition to the rufHzaiedgh ¢at aligsnd | n |eEicte (hpac Coorersion heEcatiayst
was generated in slitu by adding [ RuCd 2(p-cyrrene)]2( d a |g%nc%ssto
Et OAc and stirring. (NB (R R)-TsDTEN Has the sane ‘$truct pre S

(R, R - TsDPEN except that the phenyl grljoups aré¢ substitutged by%;t oly

groups) The-phaseit-ransf-ed -cat-alvst—was—0-—1 Dm.. valents

ey
W\

Bu4NBr . '-r@%ﬁﬁ?ﬁda sdtr ce \A@@Eﬁquﬁlq\‘/al ents of [Et %ﬁ\IH] [ QOCH] 9?ahd
addi ti on@TEL.80PM & ACT GhsWas | Sisailepadaled t o4t he|Treacts on ) Xt Usgy
during the course pf the neaction. Thg ratio ¢of oxcarbazgpine to
catal yst |was 2000: L and the external rdactfon |[tenp@faturp wa%-3110C
The conversion in exanple 9, wherein the | kgand wasy4 R R)| WO g
2007/ 012793 PCT/ GBR006/ 001473 23
26 &7 97.9
Example 7 20 (S,S)-TsDPEN 5 47 98.4
5 54 98.2
7 64 98.3
8 77 98
23 83 98
26 85 97.8
30 86 97.8

The (S5,5)-TsDAEN examples show significantly better couversion than the (S,S)-

TsDPEN example and show similar enantioselectivity.

5
Comparison 3: Asymmeiric reduction of Oxcarbazepine using a _phase transier
catalyst
10 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 sifu by adding [RuCly(p-cymene)}, and a ligand to EtOAc
and stining, (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
15 equivalents of BuNBr, The hydride source was 2 equivalents of [Et;NH][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)-



TsDAEN was significantly better than the conversion in exanples 8 and

10, where
Li gand Ti

(S, S)- TsDPEN 6 58 98(S)
10 (RR)-TsDTEN 6 60 97.8 (R

(S)-(+H)-1
oxam de 1

(S) - ( +) - 10-PLFA Foysign ety debisy e e PRSP, P LA adrn e 2t L isicinitge
dhadsrvegle ©§,8)- PR hId @ RyB0BRNer hydrogenati on as descri bed
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above, an

di chl oronet hane (5.07L).
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in the
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PCT/ GB2006/ 0014 73xample 3: Acetviation of (8)-(+)-10.,11-dibydro-10-hydroxy-SH-

10

15

20

25

dibenz/b.t/azepine-5-carboxamide

(5)-(+)-10,11-dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide (500g),
obtained via asymmetric fransfer hydrogenation as described above, and 4-(N,N-
Pyridine

(210mL) was added to the suspension. The reaction mixture was heated to reflux

dimethylamino)pyridine (4g) were suspended in dichloromethane (5.07L).

whereupon acetic anhydride (240mL) was added dropwise. The resulting yellowish-

brown solution was stitred 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 svaporation 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 slury was cooled to approximately 3°C. After 3
howrs the solid was filtered off, washed with cold isopropano] 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 soiution was obtained heating was

stopped and the reaction mixture was stirred for ~ 1 hr at 1-5 "C. Solids were isolated by

11lir at 1-5 C. Solids were isolated by WO 2007/012793

e

e



24 filtration, washed with cold isopropanol and dried under vacuumto
yield 524.2 g of white solid, 90 %yield, 99.96 %chem cal purity,
(R) -isonmer badowribnenslimt of detection. 5 Residual rutpBep:EE® 001473
content was found to be |less than 2ppm According to the regulatory
gui delines, the oral concentration ligyt is 5ppm Exanple 4:
Asymmetric reduction of Oxcarbazepi ne using hi gher oxcarbazepi ne:
catal yst ratio 10 Thi.s r.educt.l on describ i N £x ryie
out - on oxCABRL Serb S HESHE ST Rk (hEXOURLE & e £A1T Lo
(0. 066mMDIwhi#0sodidy P0avd vieB, IP-96s BAENMICD. fulBprl);isddder Obelgyy theilivgit fadur
times the(ggaptity of water. The reaction was conplete in 27 hours .
15 Ethyl acetate was distilled fromthe batch while maintaining the
original batch volume by the addition of water (dropw se).
Tenperature wa i nt aj ned above,K 60C. duyri the distillation,
APpr oximat el y . FECHANTBMEHEmHPSIER] 1Vak 5T thae fo0 Qe CPEPardug s to the
preci pi t atreaiAfy ERicHhes! tHE Brayesnceftied]ilg iSpprhel d at that
tenperature for one hour and then filtered. The filter cake was
washed with water. The wet cake was then reslurried in ethyl acetate

(350 n) ama&gﬁt@%ﬁﬁnﬁ&éib VetirfcBbn Bf éx@@ﬂﬁﬁagiﬂetusmiélt@%ﬁ&‘ya ghik@ SC
and held & a enperatuare 1or our. The mxtare was en
filtered and the recovered 25 sol iadtaly§tantiet hyl acetate (120 nl).

Dryi ngunder high vacuum afforded an off-white powder: 88%i sol ated

yield (79.8g): HPLC. 99.8% product, 98.4%e.e., 0.09% oxcarbazepine
It will be appibisi sdecionhdtsctibel imesmnplon] desc ciubed @bowe mesybhepine

modi fied. 10,200760%7 (8%, BdbBRA08LIM & Gs6rfiRol, 40.4mg) and (S,5)-TsDAEN

(0.145mmol, 61.9 mg) using four times the quantity of water. The reaction was complete

in 27 hours .

i3
Ethyl acetate was distilled from the batch while maintaining the original batch
volume by the addition of water (dropwise). Temperature was maintained above 60°C
during the distiliation. Approximately 1/3 into the distillatioﬁ the product started to
precipitate.
20

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
ethy! 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

25 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.e., 0.09%
oxcarbazepine

It will be appreciated ihat the invention described above may be modified.



Clainms 1. A process for preparing
(S)-(+)-10, 11-di hydro-1 0- hydr oxy- SH di benz/ b, f/ azepi ne-5- car boxam de
or (R)-(-) - 300dzdiziydr o- | 0- hydr oxy-5H 5 PCT/GB2006/001473
di benz/ b, f/ azepui e- 5- car boxam de, by reducti on of oxcarbazepine in
the presence of a catalyst and a hydipide source, wherein the
catalyst is prepared froma conbination of [RuX2(L)]2 wherein X is
chl ori ne, Qgggne or iodine, and L is an aryl or aryl-aliphatic

i gand, w ligand of fornmula (A) or formula (B): (R)n Rz (R)n
RZ 5/ .aPNH(A) NH (B) NH2 "."NH2 10(R')n(R')n wherein R is

chosen fromCl -6 al koxy and.Cl1.6 al k n j

and Wnenoln i s%rom QC%% 5, 19 é’hepﬁéngt he @Z@@?ﬂgﬁw gﬁ]thyc‘“"x&%ﬁz
is alkyl, csbdazms;ﬂau&pel@k Sbdclybxamidd yI subst i (mt(e)dl{anydl;hycabmarmamp 5H-
substitutﬁﬂ %ﬁﬁ{ X erel drld sou 1S, c osen n¥
NR3R4ARS a Pria "'Pé}&ﬁ car ‘?Xantl Nﬁf |°}*?ﬁ1 %ﬁ]%}n%ﬁ% B’n%}Ff"yli‘“r 8t fic
acid, or [dMelyeOed a h?ﬂl@ﬂefs@ﬁfﬁecwﬁ@bﬂh the m@w 8 pPRdardRir@nd RmianRiollof6
aIkyI Mis an alkali netal or alkaline earth gytal and X is

and wher ei[Rude(lngrhersin Frip chlogng Wempe omigiiee, ppd i &n ﬁ«b}ilr?e éi%%é‘éphaﬂéo
2. A ProcagsnAGaRILlidt iTofibdh (e hANSE) X 1s chlorine. 3. A
process according to claim1 or claim2, wherein L is p-cynene. 25 4.
A process according to any precedi ng cIa|n1 wherein nis 1 and Rl is
a nmethoxy group or a nethyl group. WO 2007/012793 PCT/ GB2006/ 001473
26 5. A process accordlng to cIa|n14 wherein nis 1 and Rl is a

met hox roup or &gmthyl group &n the paf¥, positian. F
y ¢ p yl g cp p / p Ocp\\\\s /
/ "o /X
NH (A) NH (B)
NH; gom

wherein R is chosen from C). alkoxy and Cj.s 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;

15 wherein the hydride source is chosen from NR’R'R® and formic acid, or
[RPRRNHJJOOCH] and optionally formic acid, or [M][OOCH], and formic acid,
wherein R, R* and R’ are C . alkyl, M is an alkali metal or alkaline earth metal and x is
lor2,

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

20
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.
25 4 A process according to any preceding claim, wherein n is 1 and R'is a methoxy

group or a methyl group.



5 6. A process according to any preceding claimwherein the |igand of
formula (A) or fornula (B) is

(S, S)-N (4- vt wenasuisf onyl ) - di (met hoxyphenyl ) et hyl enedi apgten200€:&19)-
TsDAEN), or

(R R -N-(4-tol uenesul fonyl)-di (et hoxyphenyl ) et hyl enedi am ne, ((RR)-
TsDAEN). 10 7. A process according to any preceding claim wherein
the nolar ratio of oxcarbazepine to the rutheniumcatalyst is at

| east 500:1 8. A process according to claim7, vvherel n the nol ar

rati o of excarhazepssnecidinghe clamtd evherem tag alay@R iissa atethoas oSO 1.
15 9. A prOﬁess accor di nf? to claim7, wherein the nolar ratio of
oxcar baz e 3‘8“"[%% ° B RS Uim cat al yst is at |least 2500:1. 10. A
process according to any preceding cI aim wherein the hydri de source
is 20 NR3R4R5 and formg¢ acid. 11. F%q%aﬁ S ac Ol‘ldl %to 1%(55
wherei b | Bss thEFPERFCEHL é?é‘?ﬁ@e%qm% ARE A Y 1§§n§ PhEh T

equi val enty,-@fiiaf @’)nilsC(S@}lNi(@f@1@€ﬂ@ﬁn§mdi(ﬁ@thb)%@ﬁéﬂ}@ﬁthmex&d]l:{rﬂma,t ((SI8y-
start of the process. rocess. accord 0 .any, one oe‘
claims 1 ?@@Nmr &-R)- Nn@ tﬁ%—?@ﬂ@"@@tﬂ“@%@ lﬂ%yplr% ﬂpéﬂ%‘t B

opti onal | ¥ oF m c acid. 13. A process according to claim 10, V\/ner ein
| ess than two equi valents of 30 [RBRORSNH][OOCH] and less than 0.5
equi valents of formc acid are added to the reaction mxture at the

start _of the pfo Q074 9 - 6 7 4
pr ocesugs) atz:'cor i nél%;é %B ae\tr?pmg1 % lé?%(%?aﬁﬁ%@%ﬂg%%gg éﬁg%igll ﬁwt %gd%yélarnlgdgf
source iswc{aﬂz&a@ﬁ%@ﬁﬂ:th-n‘dhemumﬁatalﬁtisat16&5.50%1process according to
claim 14, wherein less than two equivalents of 5 [M[OOCH x and | ess
than 1 equivalent of formc acid are added to the reaction m xture

at the start ok pidvespacoe@ig.to claim 7, wherein the molar ratio of oxcarbazepine to the

ruthenium catalyst is at least 1500:1.

15

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 fo any preceding claim, wherein the hydride source is

20 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.

25
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
36 [RIR'R’NHI[OOCH] and less than 0.5 equivalents of formic acid are added to the

reaction mixture at the start of the process.



16. A process according to any preceding claimwherein R3, R4 and R5
are ethyl, propyl or butyl. 10 17. A process according to any
precedi ng cha mwp7ahwsein the pHis maintained from 6.5 pOr/8sRs001473
adding formc acid in a controlled manner during the course of the
reaction. 18. A process according t | aim 17, wherein the pHis

mai ntained from7.0 to 7.8 by 15 adding formc acid in a controlled
mari ner duying,the course. of the reagti on. - I to
any precedli'ng %Ipé?cﬁfs WHer 1en%nt°taﬁg OFggg%]ta?%ni ﬁﬁ’e@lésflgggé?%&ﬁg%églcegsnt ,
wher ei n t h)[90ICHEnindformiciasids at | east one pol ar aprotic solvent. 20
20. A process according to claim 19, wherein the solvent conprises

di met hyl formam de or acetonitrile. 21. A process according to claim
10 claim 14, chabicdd Qooeimi M 1Gainwher eilerdihdessr éductiorequakissispbhce
in a solvent consisting of 0-25% DVF, .0-25% wat er, d .75-95% 25

FL OAG or | DI HDe et P! OISO LRI 98 AT Bty TR ure
process agGed diNgrfhenkdsm 12 or claim 13, wherein the reduction
takes place in a sonent consi sting of 5-25% DI M and 75-95% Et OAc,
5-25% acetonitrile and 75-95% Et QAc, 5-25% DMVF and 75-95% wat er, or

5- 25% acetoni tA'ﬂl‘Sce@Qgccgﬁij@gs%) WAL ﬁrecedﬁ‘% A3 AhBERCRS R ‘agORUiangeth,
any precedi ng cl'aimwherein the process is carried out under reflux
condi t i onprop¥AOr 80Q%/ 012793 PCT/ GB2006/ 001473 28 24. A process
accor% ng to any preceding claim wherein the reduction takes place
in the presence of a phase transfer catalyst and the phase transfer
catal yst 158 a fuatesnarcydingl thyphy aracehingiceina|whtesin Gie28] isAnpngeed Jrom

di .ecedi ai ' (S),- ~10r A 15dick -
oo o o253 B B SR B Db b Bl ol bl el
(R -(-)-10, 11-di hydro-10- hydroxy- 5H di benz/ b, f/azepi ne-5-car boxam de

is isolated either by additi f ethyl -butyl . d
(11 rat, o orMByPETERIaLT DA LD B ChAE AHEO R PRRaP ) T2 e

15 adding formic acid in a controlled manner during the course of the reaction.

19. A process according to any preceding claim, wherein the reduction takes place in

a solvent, wherein the solvent comprises at least one polar aprotic solvent.

20 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, wheremn the
reduction takes place in a solvent consisting of 0-25% DMEF, 0-25% water and 75-95%
25 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 75-25% EtOAc, 5-25% acetonitrile and 75-95%
BtQAc, 5-25% DMF and 75-95% water, or 5-25% acetonitrile and 75-95% water.

30
23. A process according lo any preceding claim wherein the process is carried out

under reflux conditions.



met hanol / MTBE at 0-5C. 10 26. A process according to any one of
claims 1 to 24, wherein the (S)-(+)-10,11-

di hydr o- 10- modroxyi2BBt di benz/ b, f/ azepi ne- 5- car boxam de oFcT/GB2006/001473
(R -(-)-10, 11-di hydro-10- hydroxy-5H di benz/ b, f/ azepi ne-5- car boxam de
is precipitated by renoving the reactypn solvent while addi ng water
to maintain the reaction volune at a substantially constant 15

l evel . 27,,A p o di | , &)y T aYgT=Tot Mot d
(9 (h 1T | gg)gﬁc;%r%g@g{ng 9} Fe&ladlBiAR, wﬂ@%ﬁﬁh@w&ha@ t86ds B dcate
hydr oxy- SHiedirbrened &, § plaze prnderSatadsh andaibic dbassr transfer catalyst is a quaternary
(R-(-)-10,11-di hydr o-1 0- hydr oxy- 5H di benz/ b, f/ azepi ne-5- car boxam de
i's isolatg%y%§mF?%??§?#%h followed by reslurrying in 20 ethyl
acetate and filtration. 28. A process according to any precedi ng

claimwherein the (S)-(+):10, 11-di hydro-] 0O- " o
Py oxg- SPEdl berBPsSY Fae e Y ShPHURE Rt vperen the (5)(+)-10.11-dibyero-
(5 :?? - ((:I - z)- 1@(})%1}']!?1/61{%313{(1%631%’{)Jﬂaygﬂlﬁxypagboxanﬁde or (R)—(~)-1?,1 1-diliydro-10-hydroxy-

- di benz/ b, f/ azepi ne- 5- car boxam de, has_an, opti . purity in the
R Pl 1 e S S L R O
(O or (Dkné® (MIHE)ROAD fiati RO AR~ b DirecitaNon OrlH2 efer ~Miathaublevairn oR
i s hydrogen, alkyl, hal ogenal kyl, aral kyl, cycl oal kyl,
cycl oal ky&eiyno/MIRB%Y0-5@aryl or pyridyl; conprising a first step,
whi ch s a process for the production of (S)-(+)- 10, 11-dihydro-|
0- hydr oxy- 5H-di benz/ b, f/ azepi ne- 5- car boxam de or (R)ﬁ(-é-lo,ll 5
di hydr o- 106 hy4 rossessSkecdidies i By pag epictens-lcier Boxureis @e ddrding- o
any precedi 1GlLa) and ;- : St ; LNt e . T 102
(- oy - 200 ot e BB BB R B AR O o 09 Qe IR0 e
or (R - (- hydOsyIE ditleydh.daidpiteydeakopaBhdle is precipitated by removing the reaction
di benz/ b, f [,azepi,.ne- 35.car boxam de .. .ed !
accordi ng théeng I%éji%rgn E‘ggl,ng v‘%a?eé ﬁto ingﬁgh%rtgg g%@%o@%@% %g i S%SQ{H%)%&? -%Jr}siaélﬁ

15 level

27. A process according to claim 26, wherein the precipitated (S)-(+)-10,11-dihydro-10-
hydroxy-5F-dibenz/b,ffazepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydroxy-
5H-dibenz/b,f/azepine-5-carboxamide is isolated by filtration follewed by reslurrying in

20 ethyl acetate and filtration.

28. A process according to any preceding claim wherein the (S)-(+)-10,11-dikydro-10-
hydroxy-5H-dibenz/b,f/azepine-5-carboxamide or (R)-(-)-10,11-dihydro-10-hydraxy-
5H-dibenz/b,f/azepine-5-carboxamide has an optical purity in the range 92-100%.

25

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



acet oxy-10, 11- di hydr o- 5H di benz/ b, f/azeplne 5- car boxam de, wherein
the first step conprises preparing

(S)-(+)-10,11-di hydro-10- hydroxy 5H di Benz/b f/ azepi ne-5- carboxam de
according to any one of clains to 2 and the second step conprises
acyl ating the

(S)-(+)-10, 11-di hydr o- 10- hydr oxy- 5H di benz/ b, f/ azepi ne- 5- car boxam de.
15 31. A process according to claim?29, which is a process for
preparing (R)-(+)-10-

acet oxy-10, 11- di hydpo- 51 1- di benz/ b, f/ azepi ne-®b- car boxam de, wherein

the first step conprises preparing _
(R -(-)-10,11-di hy -1 O0- hydr oxy- 5H di benz/ b,A/ azepi ne-5- car boxam de
according to any cl ai s 1itp 28, angs"t h Osecond step cqﬁgrlses

20 acyl ating the %
(R -(-)-10, 11-di hydr o- 1B=hydr oxy- 5H-di benz/ b, f/ azepine- 5- car boxam de.

wherein R® is hydrogen, alkyl, halogenalkyl, aralkyl, cycloalkyl, cycloalkyalkyl, alkoxy,
aryl or pyridyl; comprising a first step, which is a process for the production of (S)-(+)-
10,11-dihydro-10-hydroxy-5H-dibenz/b,{/azepine-5-carboxamide  or  (R)-(-)~10,11-
5  dihydro-10-hydroxy-5H-dibenz/b,f/azepine-5-carboxamide according to any preceding
claim, and a second step, 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 is acylated.

10 30. A process according 1o claim 29, which is a process for preparing (S)-(-)-10-
acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide, wherein the first step
comprises preparing (S)-(+)-10,11-dihydro-10-hydrox y-5H-dibenz/b, fazepine-5-
carboxamide according to any one of claims 1 to 28, and the second step comprises
acylating the (S)-(+)-10,11-dihydro-10-hydroxy-5SH-dibenz/b, fazepine-5-carboxamide.

15
31. A process according to claim 29, which is a process for preparing (R)-(+)-10-
acetoxy-10,11-dihydro-5H-dibenz/b,f/azepine-5-carboxamide, wherein the first step
comprises preparing (R)-(-)-10,11-dihydro-10-hydroxy-5SH-dibenz/b, fazepine-3-
carboxamide according to any one of claims 1 to 28, and the second step comprises

20 acylating the (R)-(-)-10,11-dihydro-10-hydroxy-3H-dibenz/b, fazepine-5-carboxamide.





