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WD 2007/ 057316PCT/ EP2006/ 068128 NOVEL PROCESS FOR THE
PREPARATI ON OF THOC The present invention relates to
rocess for the preparation of indoles,

a
WO&",‘-’%‘]@ﬂﬁtetrahydro car bazol - 4-one and deri Vg&;m%gzoosmﬁsus

t hereof 1,2, 3,9-tetrahydro-carbazol -4-one (THOC) and
derivatives t hereof can be used as inter- medi at es
in the process for the preparation of e.g. val uabl e’
active substances in nedica5 nents, e.g. as an
internmediate in the process for the preparation of a
car bazol yl - (4) -oxy- propanal am ne derivative of '
formula wherein X is a bond, CHr an oxygen or
sul fur at Q¥QVED PROCESHFOR PARATIO )
tetrahydronapht hyl;- Ris hydrogen G - Coal kyI benzyl
naphthyl; Ris hydrogen Cr Ceal kyl _or ar Cl- Coeal kyl
ﬂyférre@pewrrrtm nelagesyP a ppcrr@mfpetlmnre@ﬁ%losrefﬁwca%wr £2,3.9- tetra-
hyfro-barbmALAaRnRldcthvaRRaleror, 15 R4 s hydrogen or
Coal kyl', or when X is an oxygen atom R4 together
vvlth RS is CH0-; R5 and 1(6 are |ndependentI of

Lp3dtewindro-rrbrmddnona diHie handdarivatives therepdigan be used as inter-

méalat&oﬁl ke Fﬁboes@ %lzﬂ’lle B¥pardtion ¥l kVAlﬁziE'I@actlve substances in medica-
sul ph| n or Cl - Coeal k | sul phonyl ;" or 20 R5

m%ms erssas &nolgter B e pIoresTETHPE BIFRaETaERY of @ cyybagslyl-(4)-oxy-
prépagEaieaskyfyy be&‘mﬁf‘a(Z (0- met hoxyphenoxy) et hypani n
propano e.g. EP 004,920) or carvedilol. A
medi cament contai ning carvedilol faf the treatnent of

patients suffering from hyWS| N og coggest ive

heart failure is comrercical | avdl | alT e, /i\re under the
4 [
R

OR' R R

tradenane of Dilatrend(r

wherein

X 1sabond, -CHs-, an oxygen or sulfur etom;

N
H

" Ar is phenyl, naphthyl, indanyl or tetrahydronaphthyl;
"R’ is hydrogen, C;-Cealkyl, benzyl or naphthyl;

R* ishydrogen, C;-Cgalkyl or arC;-Cealkyl selected from benzyl, phenylethyl and phenyl-r
propyl;

| R? is'hydrogen or C;-Csalkyl;

R* ishydrogen or Cy-Cgalkyl, or when X is an oxygen atom, R* together with R is
-CH20-;

R and RS are independently of each other hydrogen, halogen, hydroxy, C;-Csalkyl,
-CONH;-, C;-Csalkoxy, benzyloxy, C;-Csalkyithio, C-Csalkylsulphinyl or Cy-Cealkyl-
sulphonyl; or

R’ and R® to gether represent methylenedioxy,

e.g. of (1-(carbazol-4-yloxy-3-((2-(o-methoxyphenoxy)ethyl)amino)-2-propanol (e.g.

EP 004,920) or carvedilol. A medicament containing ca;rvedjlol for the treatment of

patients suffering from hypertension or congestive heart failure is commercially available,

e.g. under the tradename of Dilatrend®.



- 2 - According to a first aspect- there i s provided
a process for the preparation of a conpound of

formula I wherein both R7 are, independently, '
A(Cc:écii ilélg %g?ﬁdét a%éctt t? grggs p?ov aad ?PHOCWECEE lpI%Hzl at’ionw'%a ﬁ%ﬁlpound of
fhraklegen, e.g. , Br or I; is reacted vvlth a corrpound

of formula IV R7n. R7 0 OOnherein both R7 are,
i ndependently, Cl:C'sal kyd , 7o‘r toget her are
-012- CH2- CH2-; | eséce of an acid or a B
m xture of an ad an_organi c solvent; (b) , _
foll owed by opti onal {‘ﬁddlﬂfl on of extra soI vent, and
by neutralization with a base, and (c) cycllntlon in
whehgn B6@IENEE itiepan dBBR| C,C@ a8y, T téurth e aka SEH - OB (B 1,
the process is a one pot reaction. In one enbodi nent
whets d| scl osure -provides a process for the preparation

of o ormula |- wherein both R7 are,
.(a)l %1H]€:6al kyl, or together are

-CH2 CH2 CH2 agpri Si ng cyclizing a corrpound of
fornmula 11 O ‘ _
AN, (1)
; | Hal
wherein Hal is halogen, e.g. CL, Bror I,
is reacted with a compound of formula IV o
0 0 _ T o ‘ (IV)

_-ﬁ&lerem both R7 are, mdepcndenﬂy, CI Csalkyl, or toccthcr are —CHTCH:;-CHo-

in the presence. of an acid or a mixture of an acid and an organic solvent;

(b) followed by opnonal addltlon of extra solvent, and by neutralization with a base, and
| (c) cychzat:lon in the presence of a metal catalyst and a base

wherein the process is a one pot reaction.

In one embodiment the disclosure provides a process for the preparation of a compound of

formula I
A B

wherein both R are, mdependeﬁﬂy, C-Cgalkyl, or together are —CHz-CH2-CHo-;

comprising cyclizing a compound of formula I

ol .



0 A R7 NR7 wherein both R7 aE |ndependently,
Cl - Coal k-yl, or together are %}Q Cl12-C117-; and Hal -
is halogen, e.g. |, Br or d; in the presence of a
pal | adi um_catal yst in an amount in the range from
‘P@EO@OUGIMRJ’ sk gt don 55, OPCyeyl Y IPlRBa0 GH,-CH-CT,-; and Hal
£%%£%% taI i nclude Pd organic conpounds i Ke
n Ph i s phenyl,
g thatpsesdt@o—f&@&llﬁ@hbhﬁﬂ;@t ﬁlcﬂ.tra@l&ﬁllt W Iﬂi@?ﬁ%'ﬂb‘iﬁ @%@5@’1' to lower

g?lunt(ll) and
onitrile)- palladlun(ll)chlorlde pal | adi um
salts | i ke PdCl2 or another salt w thout addition of

changﬂdfsdﬁ,a pangimmaiamﬁbt ﬁmtﬁréeidatream@éb% ( PEH g ;iike @HfPPr}I"léM whérein

t || ke P
PE B R S RO b tlaufP]é(iﬂhgsﬁhﬂm}b@u'ﬁBﬁlpéﬂghum W), and
bik(i ak@oréirﬂé)@dlladﬂnﬁ(ﬂ)@mbﬁh@ GaNATRR s BkkE ?%cb\aﬁrli%éthé% salt without

% /C 50 % H20 type E105 CA/
adﬁg ‘\ﬁi‘ %&515% ?’?;H 1Emgaoiot?t3§/@wp@laé@lm/€ﬂlﬂé®t3 ype soﬁmgpoxt like

Pct(mrgp;pmﬁheﬁ;roﬁnlm ke, dd%ftﬁﬁ‘éﬁﬂ?@%ﬂﬁﬁg H%ﬁla%?gﬁ& fikce Aldrich, e.g.
croe uIated pal | adi um cat al F A¥h
%]r Lﬁ T8t @yl i% PHE: e %%tl%d/é&) % Haolnm E105 CA/W, or type

B EmHIWl y@%@cpce@arﬁ% P b @
o | | oi dal pailadlunF%¥C E%Pﬁ#%g%@?éie %ﬂbPﬁ%gP¥®Hmﬂmm
WS%W@QWW%@@#uh?d Rmﬂﬁfh’llm catafst. meabl e pol ynmer

nlcrocapsule shell. For exanple, a ntcroencapsulated

| Ex&@ﬁl@é OfSten IR DS RS S0 L33 0rhig Br Spet

.cat aﬁﬁ I n first
FEuEhe. of ¢qﬂ@tda|bpd§émnm Oapéhdmndacetam@topﬂbwaﬂir with acti-

vatﬂbﬁsﬁlcﬁewﬂhm% @&%ﬁﬁgﬁ.‘ g&%g E'}LLCIIO? suollé@[il %?g?%yxhg{p?c a microen-

réacting one nor e apsu
capgitted paiplystana brepiepared brdesieingeedispdren g Sﬁ&]yﬁ‘eﬁl a first phase
v of .second.pha a
e b SEaPEOSE A A5, PR RIS HESO00, SERAL0 SIS oy
aqueRuspiesse fqrmsan @hab@ncma@@mw@ptmmrn alitycAReRWRILBeming

I r uous ase.
s R L
Phaseda &rnoamiedeammpblyreercshell entapelath: sdiesdis J]bcb&ﬂ fBstthhabdtore
and tr?rcgn%%g 059 in&thd ml\fz\f*otclé%s(rﬁ(l)fja gh{)gﬂ] Yeonh ossus pﬁlgslée%hc encapsulated

a matrix,
cat amamma@@@/ﬁaﬁaﬁﬁfﬁsﬁdre&edm& and Ié?egm% Ma;ts kksribed e.e. in -

- h.is.conmercjall

WOLRRRISE <y HaTRp g g by S e e DGy EaCa™ NP

nunber 65,366-7. The reaction may take place-in a - ,

- sotvent |ike NWP, DMF, ethanol or H20 in ethanol. The '
reaction nmay take place in the presence of a base
| irke NaOH and organic bases |like 5 triethylam ne and
tripropylamne or of a salt of an organic or . -
inorganic acid |ike sodiumacetate, NaHCO3 or Na2CGC3.
The process may be perforned at a tenperature in the
range fromroomtenperature (RT) to the correspondi ng
boi ling point of the solvent used, e.g. at 135C or
140C. The process nay be perforned during a tine
period of from1 hour to 72 hours, e.g. for 20 10
hours or 14 hours, e.g. overnight. The process may be
perfornmed in the presence of an additional extra
ligand, e.g. te aphenyl phosphoni um chl oride. The
catal yst may be renpoved fromthe reaction m xture by
procedures known to the skilled artisan, e.g. by
extraction or by suction. The renoval may take place
at a tenperature in the
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15 range fromRT to bel ow the correspondi ng boiling
point, e.g. in arange from80 to 90C. The renoved
catal yst may be washed once or several tinmes with a
WO 27086 e.g. with the solvent used in the rEGEPHHG/068128

e.g. with NMP. By the above pracess the conpound of
formula | may be obtained in a yield of from35 to

(3508 Matfix JoniE, bq n%glh P&/ 09 whid it &n%geréiaﬂﬁ a@aﬂaﬁﬁ ftfn Sigma-
90% For exanple, ound of fofmula I may be

A@@Fba%@nﬂﬁfmﬁaaog:@mb@r@ -F or nul a 11 wherein Hal is
Br or I, inayield from70 to 100 % e.g. from80 to

T redbticA mhPEKE ﬁ@@ﬂrhdsowcnf HE@NMP bM@Bét}QﬁoHQ‘tIﬂG‘ﬁ'ﬁethanol
froma compound of fornula H ‘wher ei n "Hal ad, ina

ield from35 to 100 % e a.o. from 35 to 70 %
Tiysyreﬂ%@naﬂawék@plee@@sth@ RECSSRIH A hepe dike NgPRLand erepmiy bpgss like

orf 2 R
trﬁmyﬁinﬁﬁg ?I‘é\ﬂ ggarép b&ﬁi}}'{s{ L d'f‘ﬁgblggf zlncbrf,%uggr i%og%a%ig Fz)a.lfﬁ) like sodium

zway%pahﬁﬁKbaﬂ@ﬁn 6& e.g. stirring or decoction or
crystallization in an organic solvent, in a mxture

TiRf pr@EbsQﬁﬁ? BE GerFSnyNt 23R8 p¥RheE upt!helrihdé@to%i rodm %mperature (RT)
et'hanol of _ethanol/water or wat er the conpou

f
tofth erITeaPon e peieg Peipt ohthesplor! Ypb sy IFay- %140°C
obtained ina purity of 98 to 100 % (HPLC), e.g. 99.5
T‘He‘br&%s #oal BPbérformed during AtiRB 9EMGT ofediRdihGRAto T4 ours, e.g. for 20
di'scl osure provi des, a process for the preparation of
hogreismus 62 evrmight | conprising cyclizing a
- conpound of formula If in the presence of a paIIadlum
THe3rodekStnal Be po-faHRidNh thdpichdick aflﬂzea&dﬁtmﬂapex@m%na @, & tetra-
l'ower than 5 nol %wherein in fornulae | and Il bot
phearylpbeph By ¢otidR - CH, - CH, -. In anot her embodi nent
the disclosure provides a process for the preparation
mfca@lﬁpmyﬁaﬁénwveﬁ P! kige &a&ﬁﬁﬁﬁixﬁir@ By pitebdiErtshdvn to the skilled
npound of formula Il in; esence of ~a pal | adi um
arsges &Y XA LHRYFECHP- ¢ f?‘%ﬂljj’i TR P 080 empetature in the

raﬁ'ﬂél fréf RE 19 -beldw ﬂl'@@:ofr@ﬁﬂﬁidfﬂﬁiﬁlﬁl SHdint @ g Qn9Q rﬁiﬂée filém 80 to 90°C.

in the range fromO0.0 from

11 np U rapysb b PG of SHBBLITHERYAR AgoNent, & 8 With the
soﬂb&%s@@ﬁﬁe@é&ﬁbﬂ&ﬁ% it pass for the preparation of

a conpound of form conpr|5|ng cycI|2|ng a -
... conpound of formula I rei
BY&%%@YE@%FSS&%&W@%M maﬂ*f? %1%?111?41 %lr?&fl‘ﬂéfof from 35t

10890 edi. BB 90 PBee. BIRS8I0 %rwgrst)lt@m . Gyt &Qple, Iﬂiémﬁ@;&)und of
aration of ‘a congﬁ% d of formula

ok 1B B v SRRl PRy el i B or L

yieh@681 70 t5800 b5 & frofh $0® | BSENBE cOhpound of formula I may be
bi.s(acetonjtrile)- Falladlu H).chl ori de. In _another

obwipsddrore acompeuad o€ fosmwallyhsyin dlal 1§ Gliis agiedd frgm %Snf@ 100 %,

e.gPiERABbLIAM0f a conpound of fornula I conprising
cycI|2|ng a conmpound of forrmula Il wherein Hal is I

or Br in the esence of aIIadlun1 at.al )
By ¢ 2boye REGESS; he GCHRPPUH] élg}lk Tregy bg %{%wwpmty from 50 to
99.63} aHPBL), @Y. 80 &0H9.5l 75 UIPDCY, . EIRAINESS, al | adi um

catngst)l%;Cl Col kanol |nilude Pd(PPI§%¥%£ahere|n Ph

.Rhenyl in Cl-Cal kapol an

By pp gatan(ba S SUFHS) Vi f@f%cttoa. Or GTYSANABARD SR A8 HE AYyFL 10 2
migtupabt eécbrﬂﬁﬁzé tdiyent ﬁn@ha%&irﬁﬁ@@fer i afiph&or @fhano]/water or water

Cl- C4al kan i ncl ude et hanol ano
thejqompoygmot gom%a 1 prgpaissl ﬂaa'?qvgpf%ca?ﬁé?@’ q4baREd e wequuﬂty of
98&ﬁhﬁﬁ7ﬁ§@&£ﬁhﬁr@9$QbQQG@€§HPEE)deS a conposition

containing a com pound of fornmula | and traces of Pd

or palladiumsalt, e.g. 0.001-1 pg Pd/nmy THOC (I).

The conpound of fou ula Il may be prepared by a

procedure known to the skilled artisan



or by the follow ng procedure, |In another enbodi nent
the disclosure provides a process for the preparation
~of a compound of formula Il wherein both R7 are,

i ndependent |y, Cl-Coal kyl, of-together are

- CH2- CH2- CH7- conpri sing reacti ng a conpound of :
In ﬁr@ﬂﬁiﬂrﬂ)o&lﬁﬂ;nt the &isclosumlipbvidad a pbessebnthéprepargiohaf ®gen,

oy Pstriofuf bR AR IR Bl IO AT B eprosceo
a plad(Uba bieylyst iven tangmnhmrmaraa ge i@ IPLOCLe Tower tag| roned |

by crystallizatj st|II e di nent the
whfFedp %lﬁ%%aepf ]gg’gﬂ]aﬁ FhEE ?or "t{%}eI E@gpar ati-on of
a conpound of fornul a If wherein both R7 together are

Tn a;&h&-eﬁh%m the emmpméspragders @@eictss Gor sheqpouppatiordbfef
ornmul a In i s hal ogen
coRPOUREh fogrr@é%&ftmaﬂ%% i LorBr Y rduiatin B plence of

a palladium catalyst in an amount in the range from 0.00001 to 1 mol %, e.g. n therange
from 0.001 to 0.9 mol %, e.g. in the range from 0.01 to 0.5 mol %, e.g, from 0.1 to 0.2 mol

- %.

* In apother embodiment the disclosure prov1des a process for the preparatlon of a
- ‘compound of for mula I comprising cyclizing a compound of formula I wherein Halis C1

in the presence of a palladium catalyst. In still another embodiment the present invention
prowdes a process for the prepar ation ofa  compound of formula T comprising cyclizing a -

compound of formula IT wherein Hal is Clin the presence of bls(acetonltrﬂo)
pa]ladmm(H)chIorlde ' '
In another embodiment the disclosure provides a process for the preparation of a

compound of formula T comprising cyclizing a compound of formula I wherein HalisT or
Br in the presence of a piajladium cafalyst m bI—Ca,aJkonoi; a palladium salt; or a palladium -
catalyst on a solid suoport. | o ' -

Examples of a palladium catolyst in C;-Caalkanol include Pd(PPhs), wherein Ph is phenyl

- i C-Caalkanol and trans—di(u—acetato)bis[o-—(di—o-tolyljghosphino)benzyl] dipalladinm
(1) in C;-Caalkanol. Examples of Ci-Cyalkanol mclude mcthanol ethanol, propanol and -

its isomers, and butanol and its isomers.

In another embodiment the disclosure provides a composition containing a com-

pound of formula I and traces of Pd or palladinm salt, e.g. 0.001-1 pg Pd/mg THOC {I).
The compound of formula II may be prepared by a procedure known to the skilled artisan
or by the following procedure

In another embodiment the disclosure provides a process for the preparation of a
compound of formula I wherein both R7 are; independently, Ci-Cealkyl, or together are

-CHg-CHz—CHz; comprising reacting a compound of formula I11



wherein both R7 together are -CH2-CH2- CH2-; fol l-owed

by crystallization. The reaction may take place in

‘the presence of an acid, e.g. an organic acid, e.g.
acetic acid or propionic acid?-or honaol ogs thereof

The ratio of the acid in the reaction m xture may be
between 0 and 50-wg ght % e.g. between 15 and 25

wei ght % The r¢ on may take place at a '
tamaanneint--’eoefrmnRTtoatemmmuwe (1D
bel ow t he boiling! point? e.g. at 60C. The reaction

may take place ir 3 nitrogen atnosphere. The

e yistah b &0 Of 1 the gonpound of fomula Il maybe
Wlﬁltlateéég§zp déﬂtfgn of water. By the above

. W%h@@@@gnmﬁeﬁﬁuupdmﬁﬂ of formula fl may be obtained in
ayield of from85 %to,quantitative yield, e.g. 98
% The compoun la'ill and Ware commrercially
avai |l abl e or may tbe prepared by procedures known to
the skilled artisan. ~ I n another enbodi nent the

wmmcbmufampm@apmnﬂymlqcﬁaﬁ 1, bofogéther 426 @Hﬁ@ﬂﬁ@ﬂ@f
erein both R7 are,

P &8 ound _of foimnmula I
© QW' gg OnCl Coal kyl , or together are | :
- - CH2- CF17--CHQ wherein (a) a conpound of fornula

In i‘lsilﬂ%nothé‘lalnb(\f&ﬂﬁ&@ﬂﬁ di@bsuképr&@zﬁe@g H:ces?fog thl %ayﬁﬁ on of

a conmp ound or mu

a cipprGItp BRI véheéem.mgemgh@q e - CHERH AGH:. espuprising

raﬁﬁﬁyﬁd&ﬁ'dahgofgkgnﬁgﬂjL CH2-; in the presence of -an
. aci-d- or a m xture of an aC|d and an erganic sol vent :

(b) followed by-tgtional addition of extra solvent . _
and by neutral i on wWith a base and , «
o - H, ., R m

: : ) -Hal
wherein Hal is halo_geﬁ, e.g. Cl, Brorl; |
with a compound of formula IV A o ' '
o Y I : .
oy @
wherein both RT_to gether aré —CHg-.CHT.CHz—;
followed by crystallization. -
The reaction may take place in the presence of an acid, e.g. an organic acid, e. 2. acetic acid
~or propionicacid, or homologs tﬁcreqf.’ The ratio of the acid in the reaction mixture majr
be between 0 and 50 weight %, e.g. between 15 and 25 weight %. The reaction may take
place at a tcmperature in the range from RT toa temperature below the boiling point, e.g.

at 60°C. The reaction may take place in a nitrogen atmosphere.

The crystallization of the compound of formula I may be initiated by the addition of

water. By the above process the compound of formmla Il may be obtained in a yield of

from 85 % to quantitative vield, e.g. 98 %.

The compounds of formula IIT and IV are commercially available or may be prepared by

procedures known to the skilled artisan.



(c) cyclixation in the presence of a netal catalyst
and abase. The above process is referred to :
hereinafter as the ONE POT REACTION. In another
enbodi nent the disclosure proyides a ONE POT" REACTI ON
for the preparatlon of a conpound of formula I
et her .are
In\égcﬁﬁg lellﬂbédr]? P{IJeTH cﬁ?su}e é)?a?cgleg %/plgggeé%]f&dﬁtée ?%th oLofd o
cmﬁ@bahdcﬂbamyhﬂ e.g. a palladiumcatalyst, a rhodium
catal yst and a ruthenium.catal yst, e.g. a palladium
catal yst like the ones ngntioned above. Exanpl es of
an aci d incl ude .an. f,acid, e.g. acetic acid or
propi oni c acid, ho hl ogs t her eof . Exanples of a (I}~
base include NaSg=mpergt al kali ne agents |ike
NaHCO3 and Na, CO3, salts of .organic aC|ds like sodium
acetate, ;and, grganj c_b e tr|
WERTPASBY 2 HO-DErD80 Hr G756 LT EEPSOHE  bERFer 1
whideut ral i zati on may take place by neutroI|7at|on of an
acid wth a mneral alkaline agent or an organic
(a)pgempounds of gymuladll al i zati on of an organic acid like
acetic acid with a mneral alkaline agent |ike sodi um
hydroxi de, an-gfuegus sol ution thereof, or with an
organi c base |i i et hyl am ne or trlpropylan1ne ey
After neutralizali onNHwater may be elininated by a 5
process known toHuahe skilled person, e.g. by
destillation. After th% neutralization step an
Wﬁ@ﬁ@ﬁiﬂ@ﬂﬁﬂ%ﬁ%s%aﬁﬂ v ladded to the mixture. The ONE

1sr(%g5d%qréo%dﬂﬂﬁ%lﬂﬁﬂiwned by addition of a- -~
sol'vent |ike-NwP, DMF, ethanol or H20O in ethanol to.

the reaction-nik&ture. .Fhe sol vent may be added at
di fferent stagesjjof fjhe process, e.g. before or afterlV)
t-he neutralizati®n. @0 The anmount of the sol vent may

shfn g s ghar s MMl Pl B tharths o ey
1nﬂRﬁﬁé%hﬁfbﬁgﬁfi&bﬂxﬂ?XMmm@danﬂcﬂ&méaqugnanmhhather t he
® filloBrt ByopRuSul Rt AT GE a R saek) PR RER R frsp e

(c) E@Nzabien fmthe heekargd afmen dalalyso aﬂfD@’@;se e.g. 60C.
Following 15 the addition of catalyst the tenperature

e elgofSt it B th 0L REGE RS Aol 1t

“catal yst may be renoved fron1the reacti on m xture by
ma&)ﬁ{éﬁﬁ%ﬁﬁﬁﬂ‘tﬁmads&e BeldSﬁTd%NE@oammmol Nerorghe by

extract.ion-or e r.epova Ace -
prengiigf ogpaRRar Lo M ERE T en s SR g d SR e Bether are
-CHe@m,5pending boiling point, e.g. in a range fron180 -

to 90C. 20 The renoved catal yst may be mashed once or
| vent

sever with.a solve
Everf g L PR T gy e s ooh €&t o
rhodREn‘?@ﬂﬂaI?sﬁ dnie resmoun daalysf, ergvu palabivmmyathigstdiat dieneds i n -
ield of from35 to 100% e.g. 60 to 90% e.g. 70
H“mF6X €e.g. 80 to 90% For exanmple, if in the ONE
POT REACTION a conmpound of forrmula 111, wherein Hal
ExanhSed¥f a8lacid,indiSdeisedr shhie acid, e.g. acetic acid or propionic acid, or homologs

thereof.,

Examples of a base include NaOH, mineral afkaline agents like NaHCO; and NayCOs, salts

of organic acids like sodinm acetate, and organic bases like triethylamine and

tripropjflamine.
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25 conpound of fornmula | may be obtained in a yield
from70 to 100 % e.g. from80 to 90 % or if a
compound of farmula Ill, wherein Hal is O, is used

wo Jobgosgergpound of fornula | may be obtained i RCA/EPRENH68128

from35 to 100% e.g. from35,t0 70% By the ONE POT
REACTIC]\I the corrpound of forrrzjl al may be obtained in

N a§£ I }}0%1 50 aée Wut ra%é%ggl‘c&)ag ﬁ%ﬁ%slthf%f @@eﬁﬁ afkQline agent or

an?&Qzﬁ'h@EisB,leﬁtPW /hEE’é.‘ﬂﬁﬁﬁ@tﬁ 8fl#BorpaBic acit hike auwtip acid svithfa mineral

LT L5555, TS, I gy i
ik @ (1dRiS) or thipfopsineihy. Aftemmyu talizatiels dvate matysbe eliminated by a

reaction m fter the n lization. Exanples 5
Pr???ésm%wtﬁﬁm Vfoé’tf’ée%yg\%f’%%used throughout t he

speci fication: room t enper at ur e;
Aftdr Iﬂuéimdﬁﬁtahydtfo@rst@mnMnM base metyfog Iadrzsdpzy theixdorge .
Preparation of a conpound of formula Il Exanple 1.1:

rc?ﬁﬁﬁgﬁ ﬁﬂ@@h(ﬁN 23 Oﬁ%%ﬁg ?9%;%%8@@?@%&&19&@19 DMF,
eﬂﬁa&oBmgHQ(l &Dethnmﬂ)to dfe r2adsionnoixhitei Tie spent ey beadded at different

s of i o o B B BERARRIENECP0S L 1

18.5 nl of acetic acid at 25C under nitrogen. The
Theiaxidtine ofiehe selventrmaly beoin tBe Hge §roat 2PHE0 wiight g &rio frem 50 to 70

'W‘Wﬁ nsion was forned. 74 m of water were added

fn 30 nin at 25C, the suspensi on was stirred for
additional 90 min. The solid was filtered off, washed

Thaitér p&@turt aihink ther ONE RO REACIIORt mE0E pesformed figlgpending on

Yi el , :
el e Bl Bpd Sl ol Roch S ndf 6 BIAIEpRot At gddiion of
thé tdtalydtiahe teu@lc:attm&tmayﬁ:k lncﬂgetdmgp frameRT (q-@(f@gag:ﬁ@‘}(; Following

th%?]%ds ti(gn étl c&t%a(lgsggle) te jara 3.1 %%Ltg!a Ic% = Ildl% ))oﬂmg

pohﬁtdfﬂ@sotx@gﬁﬁd&d{e@ra@B%r@HQ&l—lZ ) were di ssol ved in
18.5 m of aceti c 20 acid at 25C under nitrogen. The

, W&a{agxxf %1?% ISE%JH; rcg(%rofng Eheq'em%?tstnﬁ{uégﬁgﬁ (%c(ﬁ{rgﬁnown to the skilled

$olutt on was wat er
artigan ge. gdxjr&dtrmﬁohl ar BGuption. dhe2&apva m)féakgm pighteprpsrature in the

St' Ll ;ﬂilggp Safdel fh2h 86 to 90°C.
f{);,ii};é’d” ﬂl%cgﬂﬁ%m%%qb OEilg)tlélr Fe]%@at %OC for
r['l'J:bZ“eﬂnOueEdScatawa h‘di.y b2 FvaShegl ¢r@6 o¥peveral pmed Wikth 2 polgent, e.g. with the
ar n COMmQ formula | starting from
Sog{e‘& '1'?6% eé?acflgltlmﬁa #’Inﬁygj Exanpl e 2.1. Preparati on
of THOC (1, both R7 together are -CH2-CH2- CH2-) é
By2h& ONE PG)Q‘ REMI"])‘ION the compound of formula I may be obtained in a yield of

o 58 QIATRD Ok LR35 350800 g Ky 3t it e
ONBWOT EEAB@‘I(BNthOmPO&GdIdf farinte OH vdwdmmﬂai is@x or I is used the
oAb BT oLF RSt 00 Pl ggo0ic 0
orWascongistach davfdorineit iI]iﬁ,gwlm:mmHnleﬂCI brus¢dithe hempgmmhof foﬁéuia I may
R el SR U

preci pitation was separ at ed vvashed with 5 mM of EtOH

By(tREDNEIPOFREAUTION ste qomezbuind dfforwiulhl @8y ht obipingé ires purity
50 to b5 9 2HEPLAN Y LAELRD0 10 99.5 % (HPLC), e.g. 97 to 99.5 % (HPLO).

By purification by &.g. stirring or decoction or crystallization in an organic solvent, in a

mixture of an organic solvent and water or in water, e.g. ethanol or ethanol/water or water



(50C). Yield: 82% THOC (1), mp. identical wth an
aut hentic sanple. Purity: 99.8 % (HPLC) 5 (b) 2.66 ¢

Woggﬂgmmqp of 3-(2-bronoanilino)-cyclohex-2-en Jove/06 -
= Br, both R7 together are -CH2-CH2- CH2- )Peg@g 81238

(o 2 moD of Pd(PPh3)4 pol yme® -bound (0 79 nmol
Pd/g), 35 m of EtO m of water and 3 (30 mmuol )
ﬂ@rcoweeﬁ oﬁ&r@u#éaréama%hﬁﬂle&NEmﬁR% Il{ﬁﬁ Chtdined in a

pRLRRTORES 00 B ﬁﬁ@C)A‘fé@@té%O@%]@-ﬁ? (01 mm') of
Pd PPh3) 4 pol yner bound (0 79 nhol Pd/g) was added

eating caontijnued for further 22 h. The warm 10
s&t v mgyderrfied tor the reprtion mExtPEAEn hepes tralization- wi t h
5mM of EtOH (75C). The filtrate was cooled to OC.
Ipd eci pitati on was separated, washed with 5 nl of
EtOH (0C), dried (50C), stirred (1 h) with 25m '

5 TSy P PRSI SRS e R o e
tulPet DN N D8 dfn dth (1F2b{ami de; (CHIPENGmEH1- mpg&rbh@éne.
3-(2-bronoanilino)- cycl ohex-2-enone (H, Hal = Br,

ot h .R7 et her - CH2-CHr), 10 ng (O. 0446
- PRRoBeT Ry SHBTRRd] WP and 2 95 g (36 o)
of NaOAc were heated under stirring and nitrogen
Esintyis pher Breparafidh Gf B-q2-b4dmbanilihe)-vaioheri2xénsne ((IBH&) = Br, both R’
was filtrate and%ﬁg@g Igg“ij was washed with 5 m of
NVP. The PEFNFLATE %o 30 M of HCL (2 m) 190
m of water. The precipitation was separated, washed
10 2208 g h1380niol) @ff ZWﬁbﬁfo,anﬂithHI,(Hx@G)Br) anditR0 pi( e34mmAPof 1,3- cyclo-

L0y s B S LB St 165 ot e

ackl &l23°C ﬁﬁd&ﬁn'fﬂr@én( T)le nﬁitﬂre wikesited dbr 3héuis am25°C. Ahomogenous

su?é’l_etélgieo%% S a%?% 51l B}:’ mgs% aﬁ%%:é %mi@&ﬁq&he suspension

wisl stirrettiddr addBron abgx lhuRThE@gEd W filesred oﬁ%sﬁéﬁwﬂﬂﬁh ml of water

. b. 7 ) o 05 CA/W
15 anghi o P0Rifee DBode: e 1438 Ry mar 1R e
heat ed under stirring and nitrogen 25 at m)sphere to
Exhfple .01 B@pdratidi of Ial-ah vk odnilieo )(Solchemasenbié {1 F4d CI, both R’
and the residue wa e th 8 mMm of NMP. The
fi|trate%e§ﬁ%fc?686&ﬁ£@@gagﬁ%of HCL (2 m)/360 m of
wat er. The precipitation was separated, washed with

162509( 129 nohoat erchldibmﬂﬂné GOCHa] £ Clitendyise) (1333 Mo BB, 3-cyclo-

et Y o R ok VR e 2 & Ha ke oty iy 18 Dyl of acetic

20 acﬁinﬂ ZS?CE eaddr ni€dgen YTkd hixtide Wasktded (dr)3 hdtrpat 239€NA iclead, yellow-
0
br?gsuslg 50 t?i%q g/gg Ay IjiC'MfS mfrgtl waterpvliiléretaXdedg‘&?aﬂZm ?O(nl;llgLat 55 °C, the sus-

peBsiOR wak sirfeaiol hddi)io 831 S0RRXTRe syHdn@s flltbredda, wast¥. with 60 ml of

b by SpEEEL B s 040 e b 12 CLas
nanol ) of NaOAc were heated under stirring and

Préapdragest £d rof fbAndld P Cat g 6@ o @apIed Jfeasidlon
time (table 1). The warm m xture (85C) was filtrated

and, t.he residue 057 GPC T1EP 2
25 B TR PnPL RARKAL Boft K foeefisr ar etz CHa-CHz)
concentrated under reduced pressure to 25 m and the
(a)SIlé@ g(ﬂs(j 0 moBdefSd(2-brodfoanilisaf)- dylélbhé;Qthéﬂ@(IIdH:ﬂf: Br, both R’ to-

S5 St ISR LA B P B S35 AT b 2 o

méthMMd Wit @edied nederyssiian g ardkitnigthateiapiaalo B(D"QII]A%P/@S h 1 ml

t OH.and dri 0Q, Yield [T t ab , ..of 5

of et by RPIAe s G103 Ry BT S5 AR Re Vs con-
sanple, purity [9% (table 1). Table 1: Pd catal yst
reaction tinme [h] crude yield [To] THOC (1) (in .p
1C1)
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yield [99 THOC (1) purity [%4 (HPLC) 800 ngy 5 % Pd/C
50 % H20 20 88 63 99.7 type E105 CA/W (206-208)

5 % Pd/ C 50 % H20 20 90 66 99.7 type
WO %38%{5%9) et Wheoes128

-9.

centrated to 25 ml and cooled to 0°C. The precipitation was separated, washed with 5 ml of
EtOH (0°C), dried (50°C), stirred (1 h) with 25 ml of water (RT), isolated and dried
(50°C). Yield: 82 % THOC (I), m.p. identical with an authentic sample, Purity: 99.8 %
(HPLC)

(b) 2.66 g (10 mmol) of 3—(2—bronioani]ino)—cyclohex—Z—enone (11, Hal = Br, both R’ to-
gether are -CH,-CH,-CHy-), 250 mg (0.2 mmol) of Pd(PPh;)4 polymer bound (0.79 mmol
Pd/g), 35 ml of EtOH, 1 ml of water and 3 g (30 mmol) of Na,CO; were heated under stir-
ring and nitrogen atmosphere to 80°C. After 44 h 125 mg (0.1 mmol) of Pd(PPhs),4 poly-
mer bound (0.79 mmol Pd/g) was added and heating continued for further 22 h. The warm
mixture was filtrated and the residue was washed with 5 ml of EtOH (75°C). The filtrate
was cooled to 0°C. The precipitation was separated, washed with 5 ml of EtOH (0°C), dried
(50°C), stirred {1 h) with 25 ml water (RT), isolated and dried (50°C). Yield: 70 % THOC
(I), m.p. identical with an authentic sample. Purity: 99.9 % (HPLC).

(c) 8 g(30 mmol) of 3-(2-bromoanilino)-cyclohex-2-enone (I, Hal = Br, both R together
are -CH;-CH»-CH3>-), 10 mg (0.0446 mmol) of Pd(OAc),, 12 ml of NMP and 2.95 g(36
mmol) of NaOAc were heated under stirring and nitrogen atmosphere to 135°C for 41 h.
The warm mixture (85°C) was filtrated and the residue was washed with 5 ml of NMP. The
filirate was added to 30 m1 of HCI (2 m)/90 ml of water. The precipitation was separated,
washed with 60 ml of water, dried (50°C), crude yield: 79 % THOC (1), m.p. 210-212°C;
recrystallized with charcoal from 60 ml of 95 % EtOH and dried (50°C). Yield: 70 %
THOC (I), m.p. identical with an authentic sample. Purity: 99.4 % (HPLC).

(d) 32 g (120 mmol) of 3-(2-bromoanilino)-cyclohex-2-enone (II, Hal = Br, both R’ to-
gethe; are —-CH,-CH,-CH>-), 1.6 g (0.376 mmol) of -5 Y% Pd/C 50 % H20 type E105 CA/W,
48 ml of NMP and 11.8 g (144 mmol) of NaOAc were heated under stirring and nitrogen
atmosphere to 135°C for 20 h. The warm mixture (85°C) was filtrated and the residue was
washed with 8 m1 of NMP. The filtrate was added to 120 m1 of HCI (2 m)/360 ml of water.
The precipitation was separated, washed with 200 ml of water, dried (50°C); crude yield: 83
% THOC (I), m.p. 214-216°C, purity: 98.0 % (HPLC); recrystallized with charcoal from
240 ml of 95 % EtOH and dried {50°C). Yield: 61 % THOC (I}, m.p. identical with an
authentic sample. Purity: 99.7 % (HPLC).

(e) 32 g (120 mmol) of 3-(2-bromoanilino)-cyclohex-2-enone (II, Hal = Br, both R’ to-
gether are “CH»-CH»-CH>-), 0.188 mmol of Pd catalyst (table 1), 50 mlof NMP and 11.8 g
(144 mmo]) of NaOAc were heated under stirring and nitrogen atmosphere to 135°C for
the required reaction time (table 1). The warm mixture (85°C) was filtrated and the residue
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400 rag 10% Pd/ C 50% H20 72 77 50 99.7 type K-0220
(194- 202) (f) To 100 ny (0.39 mml) of

| onitrile)-palladi un{H)chloride and
woﬁd@/@%g t et raphenyl phosphoni um chl ori de \Aereégg%:{ogwwsus

3.7 g (45 mmol ) of NaOAc and-H80 g (23 10 mmoD of
3-(2-chl oroani lino)-cycl ohex-2-enone (I, Hal =
whowishRY with @Eﬂﬁeﬁaﬁbrat@@o@l@n@amd)ur@mmdumd Hﬁ@@fﬂ to 25 ml and

@} n&%ﬁﬁ&l\ﬁl\g%dﬁgtg ?’rb ézgldcgfg—i lgg rt@f/ 9(?&1@%\%5& ?{1 %&E{ﬂﬁon was sepa-

ratteml 2aetl vaths2{10ird] efamatén, rinei &4°GF; trugn giekhighod THOR (% in table 1;
Th I r
reg bR vith chFR A o3 9Bt And HeT o) NieiB T HbID), mp. of
regiystallik&O THIOW(]) exldnylk:alamﬁt ant thexfticenmplel perityil G (tabdar1).
activated 15 charcoal the ethyl acetate solution was
T&ci?ﬁ,entrat ed to dryness. The residue was stirred with
yl-t-butylether. After filtration and drying the

Pd eatalysit eri al  (crude |yiesdtion t8fe JocTddGi¢l %] pLyieldy[%] | purity [%]
90.7 % (HPLC) was rs§ stallize Et OH. | ¥i 1y B
% THOC (1), mp. i demﬂ' cal wth dra}%(ﬁagphenti c¥§?rr(%p%. ?HP[C)
~Purity 99.0 % (HPLC)|. Preparati cﬁmmf["(él)conpound of
. ..

Aot ra:\r\fi o 20 Evannl

Sﬁlﬁﬁgréﬁ%}p’gﬂbg%éo i;%&; HO, both Ri 8{soget her ;r 63 9.7

yyéﬁzﬂw ) 22.6|g (131 mmol|x2@f-2a8)br onopni | i ne

1] = Br) and.ll5.2 g (134 mnol) of

.qu@gé%?@ﬁ‘e%g%eﬁﬁnejpl V, both | I%)“roget her a% 9.7
,typg:n.;mm CH2-) werg dissolved |i(BoA20% m of acetic

acid at 60C.under niltrogen The pmixture waststirred 3

e d0 R PHOCOPHEP 1425 m of NP were addef™%it hin| 297

tyB@KMIRoSuUbsequent Iyl 17 g of sqdijenpdrydr oxi fe
solution (50% were 125 added _atl a tenperature bhel ow

70C wi'thin 30 min. Pd catalyst (table 2) was added to
(ff 6 100 mg (0.39 mmol) of bis(acetonitrile)-palladium(IT)chloride and 1.5 g (4 mmol)

of tetraphenylphosphonium chloride were added 3.7 g (45 mmol) of NaOAc and 5.0 g (23
mmol) of 3-(2-chloroanilino)-cyclohex-2-enone (IT, Hal = Cl, both R’ together are
-CH,-CH,-CH,-) under an argon atmosphere. After addition of 22.5 ml of DMF the mix-
ture was stin‘éd 20 hours at 150°C. After cooling to 20°C the solid was filtered off and
washed with DMF. The filtrate was added to 280 ml water and after stirring for 30 min the
mixture was extracted twice with 150 ml of ethyl acetate. After filtration over activated
charcoal the ethyl acetate solution was concentrated to dryness. The residue was stirred
with methyl-t-butylether. After filtration and drying the raw material {crude yield: 60 %
THOC (I), purity: 90.7 % (HPLC) was recrystallized from EtOH. Yield: 36 % THOC (I),
m.p. identical with an authentic sample. Purity: 99.0 % (HPLC).

Preparation of acompound of formulaI in a one-pot reaction

Example 3.1: Preparation of THOC (I, both R’ together are -CH,-CH>-CH2>-)

22.6 g (131 mmol) of 2-bromoaniline (III, Hal = Br) and 15.2 g {136 mmol) of 1,3-cyclo-
hexanedione (IV, both R’ to gether are -CH,-CH,-CH3-) were dissolved in 13.5 ml of acetic
acid at 60°C under nitrogen. The mixture was stirred 3 hours at 60°C, then 74.5 ml of NMP
were added within 30 min. Subsequently, 17 g of sodium hydroxide solution (50 %) were
added at a temperature below 70°C within 30 min. Pd catalyst (table 2) was added to the
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WO 2007/ 0573161' CT/ EP2006/ 068128 m xture. Water/ NWP
was distilled off till a pot tenperature of 140C.

_ ' at 135C was continued under stirrin
WO Eﬁﬁ%ﬁ% 9{7(?112&1)27096/068128

€ warmm xture (85C) was filtrated and
resi due was washed with NWP.-The filtrate was

concentrated under reduced pressure to 25 nl and 30
mykturst WaG/ N Priydsatistiled off tilla pot tomeperatugeletil 40 dHeating at 135°C

PRSI AFIAR2 RPN B Pl BRI 1) BBl
regidRe @ps mm@ IQMH;i dbo ﬁith Wi (h)l’lEtIfGH;: under reduced pressure to 25
A0 b LCT L B0 BT e R il @ g st
washed uttiiﬂlle?tﬁ)o ingl of amﬂre%riqahiﬁm@) ; e ekl THOL) (1) argbpwritg (HPLC) in
P 8 o0 5755 Ho
(W0). Yigld (% P0Bbladp o p5Side tichl @ithGmonHiotic sayeplEositCiftable 2).

86! 78! 68 98.4! 99.7! 99.8 870 ny (0.205 nmol) 5 %
T@gég 50 % H20 type EI0O NNW85! 75! 66 98.3! 99.7!

Pd catalyst yield [%] THOC (I) purity [%] (HPLC)
- crude / decoct. / recryst. | crude/ decoct. / recryst.

870 mg (0.205 mmol) 5 % Pd/C 86/78/68 98.4/99.7/99.8

50 % H,O type E105 CA/W

§70 mg (0.205 mmol) 5 % Pd/C 857757 66 983799.7/99.8

50 % H,0 type EI0 N/'W

400 mg (0.16 mmol) Pd(0)EnCat™™ | 82/71/63 98.0/99.0/99.1

NP (30 % Matrix content, 0.4 mmol

Pd/g)

Example 3.2:  Preparation of THOC (I, both R’ together are —CH;-CH>-CHy-)

2.9 g (13.1 mmol) of 2-iodoaniline (I, Hal = I) and 1.52 g (13.6 mmol} of 1,3-cyclohex-
anedione (IV, both R’ to gether are -CH,-CH;-CH>-) were dissolved in 1.4 ml of acetic acid
at 60°C under nitrogen. The mixture was stirred for 3 hours at 60°C, then 7.5 ml of NMP
were added within 30 min. Subsequently, 1.7 g of sodium hydroxide solution (50 %) were -
added at a temperature below 70°C within 30 min. 87 mg (0.0205 mmol) of 5 % Pd/C 50
% H,0 type E105 CA/W was added to the mixture. Water/NMP was distilled off till a

- temperature of 140°C was reached. Heating at 135°C was continued under stirring for 20 h.

The warm mixture (85°C) was filtrated and the residue was washed with NMP. The filtrate
was concentrated under reduced pressure to 2.5 m! and 9 ml of water were added. The pre-
cipitation was separated, washed with 20 ml of water, dried (50°C), decocted with EtOH
and dried (80°C, vacuum drying oven). Yield: 33 % THOC (I), m.p. identical with an
authentic sample. Purity: 98.8 % (HPLC). Additional THOC (I) can be isolated via silica
gel column chromatography. Yield: 13 % THOC (I), m.p. 209-212°C, purity: 89.9 %
(HPLC).

Example 3.3: Preparation of THOC (I, both R’ together are -CH,-CH,-CH,-)
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5 hydroxide solution (50 %9 were added at a
tenperature below 70C within 30 mn 1 8 g (0.423 -
nmmol) of 5 % Pd/C 50 % H20 type E105 CA/ Wwas added
to the m xture. Water/NWP W{_:lﬁ distilled off till a
tenperature of 140C was reac %d Heating at 140C was
conti-nued under stirring for 20 h. The warm m xture
ClEg¥c) was filtrated and the residue was washed with
NVP. The filtrate was concentrated under reduced
1. Arpescesy fer the fréparkticanet ak@nfoumt offorii@lal2 m) /180 m of -
wat er were added. The pr%ci pitati on was separ at ed,
washed with 400 m of watjer, dried (50C); crude
yi el d: 86% THOC £h). pug R 7. 1 % (HPLC); decocted -
wi th et hanol / wa 5) and dried (50C). Yield 78 %(D
THOC (1), mp. Ddefty ith an authentic *
sanple.Purity: 99.5 % (HPLC). The conpound of

formula 1; may e.g.,be use s.a startin ixn.
whgregy he et 5o T teRBIAT Y C ST RO Ty RO Il
LEHBOC OH- - 13 - Caims 1. A process for the
preparati on of a compound of forrmula I O wherein
(2)pcomprundpeformgirelendent | y, C - Coal kyl, or toget her
" are -CH2- CH2- CH2-; '

wh

- (1)
NH,
" Hal
wherein Hal is halogen, e.g. CL, Br or I
1s reacted with a compound of formula IV
| R’ R’
H. (V)
o O

wherein both R’ 'aie, independently, C,-Calkyl, or together are -CHi—CHg—CH;-;

in the presence of an ac:_id ora mixture of an acid and an organic solvent;
(b) followed by optional addition of extra solvent, and by neuntralization with a base, and
(c¢) cyelization in the preseﬂée of a metal catalyst and a base;

wherein the process is a one pot reaction.

2. The process according to claim 1 wherein in formulae I and IV both R’ together are -

 CH,-CH,-CH,-.



wherein (a) a conmpound of forrmula Il NH2 Hal wherein
Hal is kalogen, e.g. d, Br or |I; is reacted with a
conpound of formula IV 44 R in.R7 7 0 0 wherein
both R7 are, independently, C-C. -alkyl, or together
are -CH2-CHz-CH2-1 in the presence of an acid or a

m xture of an acid and an organi c solvent; (Db)

3. Tﬁéﬂré&mc&&ﬁng@tdwﬁmw@% Ehle B3taPla m?st & @a@@h ent, and

neutralization with a base, |zat|on in
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suppRT. t oget her are - CH/7-CH2-di2-. -14- 3. The process
according to claim1.wherein the netal catalyst is
Pd( PPh3) 4, wherein Ph is phenyl,
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salt or a palladiumcatalyst on a solid support. 4.
The process according to claim 1l wherein the netal
catalyst is added to the reaction m xture after
neutralization.




