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WO 2007/ 068417 PCT/ EP2006/ 011885 -1 PROCESS FOR THE
PREPARATI ON OF AM NES The present invention relates to
- WQ2HGPe341hr ocess for preparing certain 5-am noPCT/EP2006/011885

benzonor bornenes and their use for preparing

carboxylic acid benzonorboﬂenyl am des, which are

useful as microbioci des and especi ally as fungi CI des.

5 Various heterocyclyl-carboxylic acid

benzonor beg AeksE pOR GHIPREPARAIGEN HEANMMIES

preparation and their USe as mcrobloci des are

described in WD 04/035589. According to 04/035589,

these am des may be prepared as outlined in Schene 1
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generated froma 6-nitro- anthranmlic acid (A), is
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9-1i5 cl entadle 0
preparaijon s Hiefuiss an RO EnEe dejorited i¥ BAP4/0A5 589 According to
e ISehérRé Y BElo)
04/035%%3{%%?%%&(9% girgm'pl e, gudgﬁlﬁllgé&Rgggy niéic‘l?e or
Sdeimetli um on  carbon in a solvent such as nethanol),
both the 5-nitro group and the 2, 3-doubl e pond of the
Nnol5 5-nitro- benzom@rmadl ene (O Rl € reduc to f05m
t heodh- ami no- beRk B
R -am no-henzpno
fuer ogycl yl,- capdy
heteroc - L
A may be Yaydroxyl, %luoro, chloro of
R® : '
R . ¢
8

In the synthesis‘ shoWn in Scheme 1, a 3-nifrobenzyne, generated from a 6-nitro-
anthranilic acid (A), is reacted with a cyclic 1,4-diene (B), such as S-isopropyl-
cyclopentadiehe, to form a 5-nitro-benzonorbormadiene (C) in‘a Diels-Alder reaction. Under
standard catalytic reduction conditions (for example, using Raney nickel or palladium on
carbon in a solvent such as methanol), both the 5-nitro group and the 2,3-double bond of the
5-nitro-benzonorbornadiene (C) are reduced to form the 5-amino-benzonorbornene (D).

Reaction of the 5-amino-benzonorbornene (D) with a heterocyclyl-carboxylic acid or

heterocyclyl-carboxylic acid derivative (E), where Q may be hydroxyl, fluoro, chloro or

bromo, in a solvent such as dichloromethane gives a fungicidal heterocyclyl-carboxylic acid
benzonorbomeh-S-yl-amide (F). An example of (D) is 5-amino-9-isopropyl-benzonorbornene,
which is a precursor of an amide of, for example, 3-diﬂuoromethyl-1-methyl-1H-pyrazole—4-
carboxylic acid.

The problem with the synthesis outlined in Scheme 1 is that a number of unwanted
isomeric impurities are formed. For example, in the preparation of the 5-nitro-benzonorborn-

adiene (C), where R*, R’ R®and R are all Hand Y is CH-iso-propyl, by the Diels-Alder

‘reaction, the following regio-isomers are formed:



bronp, in a solvent such as dichl oronethane gives a

fungi ci dal heterocyclyl-carboxylic acid
‘V%éﬂg@ﬁﬂﬂbonen-S-yl-anide (F). An exanpl e of (LT/EB2006/011885
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Unfortunately, the desired isomer C, is formed in relatively low yield. While the
unwanted isomers may be removed, either at the end of the Diels-Alder reaction or at a later
stage, by conventional techniques suéh as fractional crystallisation or fractional distillation or

5 by chromatographic methods, this synthetic route is not well suited to large scale production.

A solution to this problem is provided by the present process which enables the
5-amino-benzonorbornene (D) to be prepared in an economically favourable manner in good
yield and quality. | '

Thus, according to the present invention, there is provided a process for the preparation

10 ofthe cbmpound of the general formula (I):

R1

R2

@

HN

wherein R' and R? are independently H or Cy¢ alkyl, which comprises treating with a

reducing agent either a compound of the general formula (II):
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Thus, according to the present invention, there is
rovided a process for the preparation 10 of the
‘y@&%5@@%&7of the general formula (1): R R2 HPRI/EP2006/011885
wherein R and R2 are indqggpdently H or C1_6 al kyl,
-whi ch conprises treating with a reducing agent either
a conpound of the general formula (I1): WO 2007/ 068417
PCT/ EP2006/ 011885 -3 RR2Z R3 R \~- N Ph H wherein R
and R2 have the neanings gi ygh for the conpound of the
formula (1), R3is Hor “&-4 alkyl and Ph is phenyl,
or a conpound of the general formula (I11): RL R2 R3
,-N 5 Ph H wherein R1, R2i R3 ‘and Ph have the
meani ngs given for t pound of the formula (I1),
t he reduci ng agent b octive tdlyl eave the
benzyl moiety PRICH(R3 the benzylam no noiety
PhCH(R3) NH i n t hg_genmpound of the forrmula (I1) or in
t he compound OE hg4forrmula (I111) to | eave an am no
group and, in a Hition, in the case of the conpound of

o B BNl s NS NN B R 0.

Ci.salkylraad Phpe phényhrorof t he: benzonorbornene ring to single

bonds., Each al kyl mpiety is a straight or branched
acomp%\ﬁ’gi‘%t%%ﬁne@zml%glwn whether it contains 1 to 4 or

1 to 6 carbon atons, igy for_sexanple, nethyl, ethyl,
n-propyl, n-butyl, n- pé ,R n- hexyl, iso-propyl,
sec-butyl, iso-butyl, terjf-butyl, neo-pentyl, n-hexyl
or 1, 3-di net hyl butyl. and R2 are independently H
or Cl1_6 alkyl. They p=a t h be Hor one nmay be H and

(1)

rR3
Ph H
wherein R', R%, R? and Ph have the meanings given for the compound of the formula (II),
the reducing agent being effective to cleave the benzyl moiety Ph-CH(R?)- from the
benzylamino moiety PhACH(R*)NH- in the compound of the formula (II) or in the compound
of the formula (III) to leave an amino group and, in addition, in the case of the compound of
the formula (II), to reduce both the 2,3-double bond and the double bond joining the R'R*C-
moiety to the 9-position of the benzonorbornene ring to single bonds.
Each alkyl moiety is a straight or branched chain and, depending on whether it contains
1to 4 or 1 to 6 carbon atoms, is, for example, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-
hexyl, iso-propyl, sec-butyl, iso-butyl, tert-butyl, neo-pentyl, n-hexyl or 1,3-dimethylbutyl.
R! and R? are independently H or C, alkyl. They may both be H or one may be H and
the other a Cy_¢ alkyl group or they may both be the same or different alkyl groups. Of
particular interest are compounds where R! and R? are selected from H, methyl and ethyl, and
especially those compounds where both R' and R? are methyl.

RYisHor Ci4 alkyl. Most conveniently, it is H.
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the other a Cl1.6 al kyl group or they may both be the
sane or different al kyl groups. O particular
WO M7 ar e conpounds where R and R2 are sePeLEBY06/011885
fromH nethyl and ethyl, agnd especially those
-conmpounds where both R and "R2 are methyl. R3 is H or
Cl4 al kyl. Mst conveniently, it is H W 2007/068417
PCT/ EP2006/ 011885 -4 The conpound of the general
THeXomMfoand bnhe@.‘de@?fdnlﬂufal () @daydfe ih eRhérwid the two stereo-isomeric
stereo-isoneric forns (l1a) or (lIb) or mxtures, of '
forms (Bajtdr (ITh) armpixysvisp of both i any propgrtieas,KHa) bring the sup ppigier and (I1b)
and (I1b) the anti epinmer: RR Rl R-R2 a (lla) a
the anfi€pR§- R R N Ph H syn epinmer H anti epimer 5 Ph The.
syn epinmer (lla) can exist in two stereoisoneric
fornms: the syn (+) formand the syn (-) form The
i nvent i onR%overs t he use of both forns and ﬁmtures of
both. in ahy proportions. The anti epimer (Ffib) can

eXiStH% mQ stereoisoneric forms: the anti I(+) form
and t ant (-) form The invention covefs R2 use
of bot s..and m res of both |nyroport| ons.
10 Thé of t general for can efipyt
iR3 t wo )st&7 eoi™soneric forms: mahd the (-)
forya-Nrhe invention covers the 3_ both forms and

bt ukes of bS¥"MCRURCT any proport i The aenippinzt of
the general fornula (1) may. beF?m e ther of the tvvo

stereo-isoneric fornms (la) or (lIb) or mxtures
Thﬂ).t)m apmlem@ilab p@p@mn inhwo stereg)soparigompse tlge},wnéﬁ} fpgm apd dhe syn

(-) form ll'm; 1nvent10n covaepsF t'he uge SPbsth I?gmils anl?f'ml%res( étagotlg irpany proportlons
The anti epimer (IIb) can exist in two stereoisomeric forms: the anti (+) form and the anti (-).
form. The invention cdvers the use of both forms and mixtures of both in any proportions.
The compound of the general formula (III) can exist in two stereoisomeric forms: the
(+) form and the (-) form. The invention covers the use of both forms and mixtures of both in
any pfoportions. |
The compound of the general formula (I) may be in either of the two stereo-isomeric

forms (1a) or (Ib) or mixtures of both in any proportions, (Ia) being the syn epimer and (Ib) the |

anti epimer:
R? R’
R'- R
(Ia) ()
H N syn epimer H,N anti epimer

The syn epimer (Ia) can exist in two stereoisomeric forms: the syn (+) form and the syn
(-) form. The invention covers the preparation of both forms and mixtures of both in any
proportions. The anti epimer (Ib) can exist in two stereoisomeric forms: the anti (+) form and
the anti (-) form. The invention covers the preparation of both forms and mixtures of both in

any proportions.
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H2N syn epi ner H2N anti epimer The syn epi nmer (Ia) can
exist in two stereoisoneric forns: the syn (+

WORW0p1Eyn  (-) form The invention covers t %T/EP2006/011335

preparation of both fornms and m xtures of both in any
_proportions. The anti epimé (1b) can exist in two
stereoi soneric fornms: the anti (+) formand 20 the
anti (-) form The invention covers the preparation of

R L gl g R0

carried odttemuwycﬂffebm mdumgxg agant Raytiaflarheffactinp cundregentih éhe

a na e arried o [ ffecti
presenct Sh ) hftasendtiocalaisb Pt agile & TRt XA at Gprieragy o
panaduﬁxb@atal Et%ﬁ@ﬁ‘ﬁ?}é&lfadﬁm'irﬁﬁ%rbﬁb{drOgenat' on catalyst, for

exanplfe a rhodium catal yst or preferably a palladium
Tbeaambgmtof s&dmhmgsagpntl used wlﬂmmmalkyrﬁ:mdmm 3t ISety@mally tfromf 1 to 1.3

be f
mole eqp gl ot corgnnd UG Whege thigp@icung pspi s/ Srageh. b poaHes of
catalyst(ukéd w1lmf1§x§atlfyhﬁ ft A WUOn 90 83° Blpldaﬁylﬁb% 09%"0 Otlr}ﬁol%réﬁﬁf%lents

cat used Wil |l nornally fromO0. 001
of comno;apd ¢B). |Aymietad natelySdd hyslr@gehation wxlqumdallyemlé a mfxture of the syn

A netal catal ysed hydrogenation wl|l
anda”th‘?ﬂ‘nﬁﬁﬁr}g! %ﬁ@“’a mxture of the syn and anti epiners
The fe@hctitds chbikhientt cﬂ?’f%dro%gfﬂ:éd iR8rt kSIVERNGR @kﬁﬁf)l'e)/an alcohol

carried out in an inert solvent, for exanp e, an
such as ajettoinol, etheneh ngsoprsbhempropetdlamalprotic sologmd sath asr

tetrahydroRah AP e mRebA Bhet giiRor st gfetu B imeshoxygthane or a

mixture®féh . Q‘yﬁfcaﬂy RO ELs M y@fofigran Bt ietHagoPf such
solvents. Typically the solvent is tetrahydrofuran or

Thestepesiture Thwhichithereduction iacamied obit ismet enteadtSustablydt is carried

car ko i foj~cal uitably it is ca
out at 53! G0 404, Bl pEmSE oy b Rgmepily e bl mperature.
Similari§iHe FREJLE isaidi Chitied] aﬁar‘aieaeauohaﬁmryeﬁetﬂeefonn& ] él@sfaltéd or
the pressure is not critical and the reduction nmay be

reducedpsessuieabef lapowe@watlweﬁeque%! @GEWIENS PESSSiee, but i s

TSNS LR Yo RELLAIE BN SOIcn I ARIUIE orHE Lol

con‘p I'on AW

conditionk lafd seule n)hewileﬁ@ﬁnam@ taleofidsth tbetwezn dnd 48chahﬁs anhllyplmll}l from 1
normal Iy take frombetween 1 to 48 hours and typically
to6hows.om 1 20 to 6 hours. Reductive cl eavage of the

Rga}rﬂgé% IRV 43 Y% Be BeASyIGRERRME O orhund Ve T Brrhibial QI TRYy also

be carried out using any effective reducing agent. The type of reducing agent, catalyst, solvent
and reaction conditions described above in respect of the reduction of the compouhd of the
formula (II) are equally effective for the reduction of the compound of the formula (III)
except that the amount of reducing agent used will normally be from 3 to 6, typically from 3
to 3.3 mole equivalents of compound (III), because of the additional reduction of the two
double bonds as well as the cleavage of the benzyl moiety. The amount of catalyst used, the
temperature and pressure of reaction and the time the reaction takes will be much the same as
for the reduction of the compound of the formula (II).

The compound of the general formula (II) may be prepared by a process that forms
another aspect of the present invention. This process comprises reacting a compound of the

general formula (IV):
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be carried out using any effective reducing agent The
e reduci ng agent, catalyst, solvent and
‘V?éﬁﬁwﬁﬂﬁ Tconditions described above in respecPCHEPFg/011885
reduction of the conmpound of the fornmula (I1) are
equal |y effective for the -feduction of the conpound of
the formula (111) 25 except that the anmount of
reduci ng agent used will normally be from3 to 6,
typically from3 to 3.3 ?gle equi val ents of conpound
(111), because of tH&~s ional reduction of the two
doubl e bonds as well as the cl eavage of the benzyl
noi ety. The anmount of cdtal yst used, the tenperature
and pressure of reag ol and the time the reaction
takes wll be rruc as fowt)he reduction of
t he conpound of the fgemula (11). 30 The conpound of
the general formula (11) nay be prepared by a process
that forns anot hé&r aspect of the present invention.

. This pcess. conpr.i ses. react i ound of the
whereirgin @ik BT SeRTOFS Ses S50 08Kt P PERIDB PR o
benzylanfine & fRé gehofhl fofn¥fag%§i N RL and R2 have the neanings
gl ven above and X is Cchloro or bronpo, with a
benzyl am ne of the genemél formula (V): R3 (V) H2
N'J'" Ph 5 wherein R3 and Ph have Vne meani ngs gi ven
above, in the presegg& base and a catalytic
pw

anount of at | east dlun1conplex Sui t abl e

bages for carrying out, the above process include
whereirgR k%}}d %Feéa@l}ﬁﬁ meaniggs giysn abpye, glothsggqssnﬁetoé’ @atbags,asla eptalytic

amountgﬂ*q &leoﬂggg’gicﬂ%lcgﬁlpw et hoxi de, and ! nor gani c bases

onat es exanpl e potassi um sodi um and
Suitabdé barves for loamying ©ut thedbowxe piesessﬁmniucb(eﬂhqo&idaesJ@c]s aglsadiom and

and taSSI um r.oxi de hat e for .e
potassiygp fesEBHaHIdEh &ﬁgﬁe@n meid cyP 5 @ inogganiC basek such as
carbona@éskﬁ?f"egﬁﬁ legfb@ﬁgl'uﬁl E% ﬁﬁ’idinﬁ &S?IHI{] c%"ﬁb&i’tbg %yd Uk Beample

ta y ase

sodi um or Ssium drOX| as t ase,
sodiumtand pstfasmumdlydtqmdessandrphosphates, for example potass1um phosphate.

Particularly useful are alkoxides, especially sodium tert-butoxide.

When using sodium or potassium hydroxide as the base, a phase transfer catalyst such
as cetyltrimethylammonium bromide may be added. '

The amount of base used is typically from 1 to 3 mole equivalents of the compound
(IV), for example 1 to 2 mole equivalents.

The palladium complex used in the process will generally be formed from a,palladium
precursor and at least one suitable ligand. Where the process is carried out in a solvent, the
complex will normally be soluble in the solvent. In the context of this process palladium
complexes expressly include those consisting of cyclic organic palladium compounds
(“palladacycles’”) and secondary phosphine ligands.

The palladium complex may be used as a robust, pre-formed species or may be formed
in situ. Typically it 1s niade by reacting a palladium precursor with at least one suitable ligand.
In the case of incomplete transformations, residual amounts of the palladium precursor or

ligand may be present undissolved in the reaction mixture.
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as cetyltrinmethyl anmoni um brom de may be added The
anmount of base used is typically from1lto
W4 Pat4dht s of the conpound 15 (I1V), for exa%T/@P&OO?/BHSSS
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coordingfiogt By eoarbls%ntﬁtaéﬁgawf PERUBISA 2P CRRIHIatgR Skt ence 19 able to

chelate: ﬁ@lplfaﬂﬁdﬂm %g& aki s(tri phenyl phosphi ne),

on pal | adi um di chl or o-
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pal | adi um (tris rt-but hos ne xt re of
phosphifiiacLN EAPES 80 APBIAZSYSIGHAS *ReagaD) Bhosh TEdid
(A) Moﬁ’c?deh?a?é éﬁl%:ﬁ cgutyl phosphi ne) 2. Useful |igands
e tertiary phosphine Ilgands

n-tethlut}ép}msplmye,l tnaexta:ulqdplmsphorgamdstrdl@rmgtplﬁ B(iBu)aIBEL”), tris- ,

ot ine AN e AR B Sl

phosphifig11od eﬁi&ﬁ}{eﬁyi 4“9@9@1)2% ‘?CZIHP?c%H%x?la Roaghing1,1' -b1spheny1
coofdination site | e"a bidentate 1gand occupi e .
(“P(Cy)chd)a@rdicycéQhewlpbps@sncaa'dﬂr' Filnicisoprop bl 6 bigphempl (“x-Phos”), and

oot iRy CEHBEN R L ol er ocycl ¢ car bene

More infétthatioh @66t rhérodefitate pHogptiaes ligdnds dapbé foasid diy TISe2004t 0174833,
secondary phosphine |igand. (A) Mnodentate phosphine
(B) Bidentatgrersiarymphospleine lipardsi phosphi ne,

rt- | phosphoni um tetrafl uoroborate
(Bl)Bl?h(E?b l’fgﬁg , tris- 15 ortho-tolyl phosphl ne

(B1.1) I(Zen(?l(c_ex;fgt]%l?ht)sphlﬂel ligangc(“Oosiphospligams):.ne (" P(Cy) 3"),

1 1-bls(dlphenylphosphmo%ferrocene (dppf), 1,1'-bis(di-tert-butylphosphino)- ferrocene
(R)-(-)-1-[(S)-2-(bis(4-trifluoromethylphenyl)phosphino)ferrocenyl]ethyl-di-tert-butyl-
phosphine, (R)-(-)-1-[(S)-2-(di(3,5-bis-trifluoromethylphenyl)phosphino)ferrocenyl]ethyl-
dicyclohexylphosphine, (R)-(-)-1-[(S)-2-(di(3,5-bis-trifluoromethylphenyl)phosphino)-
ferrocenyl]ethyldi(3,5-dimethylphenyl)phosphine, (R)-(-)-1-((S)-2-(dicyclohexylphosphino)-

ferrocenyl]ethyldi-tert-butylphosphine, (R)-(-)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyl]-

ethyldicyclohexylphosphine, (S)-(+)-1-[(R)-2-(dicyclohexylphosphino)ferrocenyl]ethyl-
dicyclohexylphosphine, (S)-(+)-1-[(R)-2-(dicyclohexylphosphino)ferrocenyl]ethyldiphenyl-
phosphine, (R)-(-)-1-[(S)-2-(bis(3 ,5-dimethyl-4-methoxyphenyl)phosphino)ferrocenyl]-
ethyldicyclohexylphosphine, (S)-(+)-1-[(R)-2-(di-furylphosphino)ferrocenyljethyldi-3,5-
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o)ferrocenyl | et hyl - di g phosphi n
5  ferroceg eﬂp&l(}mxclohexylphosphme (R) ( ) 1 [(S)-2- (d1cyc1ohexylphosphmo)ferrocenyl]

ethyldlprlleggé sﬁqﬂleﬁ %)5(-%'1 i%/gc)lrioildlﬁl%lr gpgﬁ%h%%}%wl}ﬂ%&%?@ e
dlmeth)(lﬁien(yl) h@sph(n‘é E-CP1{E)2- mlscﬁ-bufyll@ﬁémd)ﬁ'@bﬁf}&]e)l@ﬂ}dl o-

hi no
tolylphcfsehm@cenyl ] et hyl di (3, 5- di met hyl pheny! ) phosphi ne,
(R-(-)-1-[(S)-2-(di cycl ohexyl phosphi no) -
ferrocenyl]ethyldi-tert- butyl/@ i ne,
(R-(-)-1-1(S)-2-(di cycl ohexy hi no) f errocenyl ] -
et hyl di cycl ohexyl phos
(S)-(+)-1-[(R-2-(di c%%h@yl p%bsphl no) ferrocenyl]eth
yl 30 di cycl ohexyl phospiNfE&E>
(S)-(+)-1-[ (R -2-(di cycl ohexyl phosphi no) ferrocenyl]eth
yl di phenyl - phosphi ne,
(R-(-)-1-[(S)-2-(bis(3,5-di net hyl - 4-nmet hoxyphenyl ) pho
10 -$17(8) " {Hi B 5odiateyhyll -4-@Ethpk gty gl Minpjfesedenyh rethyl-di-tert-
RYC) gts) WS} [ (R)-2- (d| furyfjkb hogr))ﬂhﬁg)fe);frocengﬁ] et}hyl di
butylpho sphsnfvxo 2007/ 068417 PCT/ EP2006/ 011885 -8
xyl yl phosphi ne,
(R-(-)-1-[(S)-2- (dl phenyl phosphl no) ferrocenyl ]

-~ ethyldi-tert-butyl phegphi ne,
(S)-(+)-1-[(R-2-(din yl hua%iferrocenyl]
ethyldi-tert- butylphosphw e ¢+) 1-[(S)- 2-
(diphenylphosphlno) en et%yldlcyclohexylphosph
ne, (R)-(+)- [(R)
phosphlno)ferrocenyl yldlcyclohexylphosphlne
(S-(+H)-1-[(R-2- (dlphe yl phosphi no) 5
ferrocenyl ] et hyl di cycl ohexyl phosphi ne,
(R -(-)-1-[(9)-2-(dicycl ohexyl phosphi no)ferrocenyl]-
)-eireylal di&ﬁ P& fer®cenyl]-ethyl-di-tert-butylphosphine '
R é&” ( F S)-2- (d|phenyl%phgsphlno)fé?roggnyl]ethyld
|(3 5 d|nethylphenyl)pK:sphlne,
- butvyl| - B

(R-(-)-1-[(S)-2-(di-teft
t hyl -di -o- tolyl phosphi ne,
~

15  (R)-(-)-1-[(S)-2-(P-methyl-P-isopropyl-phosphino)ferrocenyl]ethyldicyclohexylphosphine

/
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R -(-)-1-1(S)-2-(bis(3,5-dinethyl -4-net hoxyphenyl ) pho
Wéﬁ%ﬂ7§?6%4ﬁér rocenylJ-ethyl-di-tert- butyl phosph?ﬁﬁ?g@%wﬁlsss
"CH3 O
(R-(-)-1-[(S)-2-(di et hyl plgosphi no) ferrocenyl ] -ethyl -d
i-tert-butyl phosphine tCpP HH3 15
(R-(-)-1-1(S)-2-(P-nethyl -P-i sopropyl - phosphi no)ferro
cenyl ] ethyl di cycl ohexyl phosphi ne WD 2007/ 068417 -
PCT/ EP2006/ 011885 -9 P N.IP F
(R-(-)-1-1(S)-2-(P-net hyl - P- pdenyl - phosphi no) ferrocen
yl'] ethyl-di-tert-butyl phosphin ~ F ~" CH3 and
racem c m xtures ther eo{p gl racem c m xtures
of 1-[2-(di-tert-butyiphos{sl na)-° 5 '
ferrocenyl ] et hyl -di - o- tolgE&BBosphi ne,
1-[ 2- (di cycl ohexyl phosphi no) ferrocenyl ]Jethyldi-tert-
but yl phosphi ne and '
1-[ 2- (di phenyl phosphi no) f errocenyl ] et hyl di cycl ohexyl ph
osphine. (B1.2) Binaphthyl-bisphosphine |igands:

<R>—<->-(é;;[_fr'ii'ﬁ:;?éf—%ﬁw?;@%—ﬁﬁgné@gﬂb?{’#ﬁaéﬁ%&ﬁ?&%Pﬁl-z%%iﬁ%tgﬁﬁé%nhine

2,2"-bis(di-p-tolyl phosphino) - 1,\lpf'_kbi napht hyl 10
("racem c Tol -BI NAP"). B /
n Y

9, 9- Di net hyl - 4, 5- bi s(dj ghe gphi no) - xant hene .

(" Xant phos"). (B2) ophgsphi ne2 |igands: (B2.1)

Bi phenyl | i gands:

2- di cycl ohexyl phosphi no- (N, N-di net hyl anmi no) - 1, 1' - bi phe
nyl ("PCy2NMe2Bi Ph") 15

2-di -tert-butyl phosphi no- (NN-di et hyl am no) -1, 1' - bi phe

st S USR5 VB S5 i
ferrocexg)megﬁlgig-o%t:(:)}y_l%d:s%hig%,alzbe('cﬁ&}%kﬁl@ﬁ‘ﬁBﬁEsﬁhﬁnb)feﬁ%é’éfﬂﬂ%@hﬁﬁi-tert—
butylphosphitg and D[ %5(diphdnylnbosphyng) farreiceiad isthyldic yHoloaxiytihogphine.
(B1.2) Binéphthyl-bisphosphine ligands:

2,2'bis(diphenylphosphino)-1,1'-binaphthyl (“BINAP”’), R-(+)-2,2"-bis(di-p-tolylphosphino)-
1,1'-binaphthyl (“Tol-BINAP”), racemic 2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthyl
(“racemic Tol-BINAP”).

(B1.3) 9,9-Dimethyl-4,5-bis(diphenyl-phosphino)-xanthene (“Xantphos”).

(B2) Aminophosphine2 ligands:

(B2.1) Biphenyl ligands:

2-dicyclohexylphosphino-(V, N-dimethylamino)-1,1'-biphenyl (“PCy,NMe,BiPh”)
2-di-tert-butylphosphino-(N, N-dimethylamino)-1,1'-biphenyl (“P(tBu),NMe,BiPh”).

(&) N-Heterocycl_ic carbene ligands:

1,3-bis-(2,6-diisopropylphenyl)-imidazolium chloride (“I-Pr”), 1,2-bis(1-adamantyl)-
imidazolium chloride (“I-Ad”) and 1,3-bis-(2,6-methylphenyl)-imidazolium chloride (“I-
Me”).

(D) Phosphinic acid ligands:

di-tert-butyl-phosphinoxide.
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15

Me"). 20 (D) Phosphinic acid |igands:
di -tert-butyl - phosphi noxi de. WO 2007/ 068417
WoTEHd 06/ 011885 - 10 (E) Pal | adacycl es cont BY HERY 04011885
secondary phosphine ligand: the conplex of the
formula (A1) norb H IP-ndPb Pd-C (A1) N-~CH3 CH3
where "norb" is norbornyl, and the conplex of the
formula (A-2) P Pd-C NVez Fe 5 (A-2) The
¥ah £¥edo hesphéaidah@d in Synlett.
E) Palgg%g@%w ﬁggg%)gznggr»tphgs}%odg gnarre " SK- CCOL- A The
the compderpdfcthe foxmRila (A-10lescri bed in Synlett. (ibid) under
t he code nane " SK— CCOZ A, 10 Further exanples of
pal | adi um conpl exes cont Pmmg phosphinic acid |igands
are described i Org Fiz‘hem 66, 8677-8681 under
t he code nanes " PONT zs’nd "POPD 1 ". Further
exanpl es of pal | agffi um ?drﬁdl exes containing

‘N-heterocyclic cajben (%:'nds are (A-1) -
e'?j gi i sopropyl phenyl )i m dazol e

napht hoqui none- 3

-2-yl i dene- pal | ([Cfﬁ@l NQ IPr]2"),

di vi nyl -tetramethylsi | oxane-1, 3-bi s(2, 6-dii sopropyl phe .
nyl )i m dazol e- 2-yl i dene 15 pal | adi um (" Pd- VTS-1Pr"),

where “hofb™3k B6rbofny] drRIQRE @&ﬁbléia%mﬁe)fb%ﬂﬁmlzg 2-ylidene-pal |
adium dichloride ("Pd-d -

1, 3-bi s(2, 6-diisoprop hen | m dazol e-2-yl i dene-pal |
adi um

Pd Cl

=

NMe,

(A-2)

The palladium complex (A-1) is described in Synlett., 2549-2552 (2004) under the code name
“SK-CC01-A”. The complex (A-2) is described in Synlett. (ibid) under thé code name “SK-
CC02-A”. | .
Further examples of palladium complexes containing phosphinic acid ligands are descﬁbed in
J. Org. Chem. 66, 8677-8681 under the code names “POPd”, “POPd2” and “POPD1”.
Further examples of palladium complexes containing N-heterocyclic carbene ligands are
naphthoquinone-1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene-palladium ([‘-‘Pd-NQ-
IPr],”), divinyl-tetramethylsiloxane-1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene-
palladium (“Pd-VTS-IPr”), 1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene-palladium
dichloride (“Pd-Cl-IPr”), 1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene-palladium
diacetate (“Pd-OAc-IPr”), allyl-l,3-bis(2,6-diisopropy1pheny1)imidazole-2-ylidene-palladium
chloride (“Pd-Al-CI-IPr”) and a compound of the formula (A-3):
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di acetate ("Pd-QAc-I1Pr"),
allyl-1,3-bis(2,6-diisopropyl phenyl)i m dazol e-2-yliden
W%-Z%M%Y um chloride ("Pd-Al-d-1Pr") and a BoHBH¢01188S
of the formula (A-3): WD 2007/068417 PCT/ EP2006/ 011885
-11- R N zj-- NPd-C R-831(-A-3) N CH3 CH3 where R5
is 2,6-diisopropyl phenyl or 2,4,6-trinethyl phenyl.
More information about [Pd-NQ [Pr]2, Pd-VTS-IPr,
Pd-C -1Pr, Pd-QAc-I1Pr_and Pd-Al-d -1Pr can be found in
Organic Letters, 4, B229-2231 (2002) and Synlett.,
275-278, (2005) More inf rmt\\ n about the conmpound of
5 fornmula (A ah be found in Organic Letters, 5,
1479- 1482 (20 [ | adi um conpl ex or a
m xture of dif | adi upn conpl exes, may be used
in the process f p I&(SQH ng the corrpd@n%i) of the
general formula j(I1) \PeH!adi um precursors that are
particul arly Nor‘ e formation of the palladium
conpl exes are » sehHgct ed from pal | adi um acet at e,
pal | adi un2- (divg i dene acetone)3, 10 ‘
pal | adi um (di benzyl i dene acetone)2, palladium chloride
where Rf)istﬁ,di-ﬂﬁsé}fro%rlﬁB:ehtyUbﬁZ,¢,ﬁ5-tﬁﬁie&@%h¢ﬁ§1. (vibirb fYapthatéengout [Pd-NQ-
acet one) 3 an al ladium (tris-tert. - but};I phosphi ne) 2.
IPr],, BaY TSP bt BA-OAc s e PdtAChIRsren be Suinddn Organic Letters,

[ | QL i de.,-Al,-ke 0 b i S ed.for
4, 22223 ) S SR 2180075700 Nk B0, A3 Bppound o
formulp eA133danibe CoumdlieOrghhit Lbreie, 5t1472a482 @903).i gand chosen
.oma nonodentate tertiary 15 phosphine |ligand, a

¢
Ab;lﬂélﬁtpé{lédit’@rqoﬂml?‘ Hrrospinisef diffzaent palediam complexes may be used

i 1 ' i cal | | east

el i e N

Pallgtima, precubsoraififat iglparticutaplyaseful fe thé fpamdtiomaf te palladium
am nophosphi ne | i Particularly suitable a

an re
complexes 415 dRQsmselsRiEH &0 pﬁhgwn&mtaaf:,rpaHadlp@aéthb%mdp@eamtone)s,
. | . it - i 4 .
BRSO A AR B g L Ao
(dibenzplid@ie) dcAdar); 2nd palladium-(tris-ters.-butylphosphine),. Palladium acetate is

especmi)%lﬁéftltla%lmp%ng di,cycl ohexyl phosphi no)ferrocenyl ] eth

At least one ligand is used for the formation of the palladium complex. Normally the

palladium complex will have at least one ligand chosen from a monodentate tertiary
phosphine ligand, a bidentate teritary phosphine ligand and a N-heterocyclic carbene ligand,
and typically at least one ligand chosen from a ferrocenyl-biphosphine ligand, a binaphthyl- -
bisphosphine ligand and an aminophosphine ligand.

Particularly suitable are palladium complexes that contain at least one ligand selected
from tri-tert-butylphospine, P(tBu);HBF4, P(0Tol)s, P(Cy)s, P(tBu),BiPh, P(Cy),BiPh, x-
Phos, P(tBu)(Adam),, (R)-(-)-1 -[(S)—2-(dicyclohexylphosphino)ferroceﬁyl] ethyldi-tert-butyl-
phosphine, racemic 1-[2-(dicyclohexylphosphino)ferrocenyl]ethyldi-tert-butylphosphine, (R)-
(-)-1-[(S)-2-(di-tert-butyl-phosphino)ferrocenyl]ethyldi-o-tolylphosphine, racemic 1-[2-(di-
tert-butyl-phosphino)ferrocenyl]ethyldi-o-tolylphosphine, dppf, 1,1'-bis(di-tert-butyl-
phosphino)-ferrocene, (R)-(-)-1-[(S)-2-(diphenylphosphino)ferrocenyl]ethyldicyclohexyl-
phosphine, racemic 1-[2-(diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine, (R)-(-)-
1-[(S)-2-(diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphine, BINAP, Tol-BINAP,
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phosphl ne, racemc
di cycl ohexyl phosphi no)ferrocenyl ] et hyl di
W‘P;% %Wg%
(-)-

hine, (R)- PCT/EPZOOE/OIISSS
1-[(S)-2-(di-tert-butyl - phosphi no)ferrocenyl ]
et hyl di - o-t ol yl phosphi ne, -fdeem c 1-[2-(di -
tert-butyl - phosphi no)ferrocenyl ] et hyl di -o-tolyl phosphi
ne, dppf, 1,1 -bis(di-tert-butyl-

) c :
racemlcpﬁsﬂsl?mﬂg @gﬂ‘i@ ?g%ﬂ”nﬁ‘l)%o ABWNMeBiPh, LPr [-Ad and L Me, and
a pallacﬁlﬁlh)ébmpdie_,kodfdbﬁmdh (RB)phhap R’ ne2, 6+ disepropylphenyl or 2,4,6-trimethyl-

1-[ 2- (dlphenylphosphlno)ferrocenyl]ethyld|cyclohexylph
phenyl.osphine, (R)-(-)

rigbiadp AR DS 5 G Ao et
butylpheﬁﬁfﬁéiﬂ"%fmﬁﬂmm?@u)zm}i FEN),BiPIOk- I%N‘(R) (Xan((lsms
Cy2NMe2Bi Ph, P(tBu) 2NVe2Bi Ph, | -Pr, 1-Ad and |-

(dxcyclcﬁwaylpaowmoamﬁm yddi-terrt-brubylphsphing, rsgemwie[ﬂe R5 is

o By b SAMEIBLBOSR B 2 S SAS R DRETN v

butyl-plhdsgﬂiﬂd)ﬁﬁb@ahtyﬁ éthﬁ/fdi)-mil-tblylpﬁcﬁplﬁlne Taduiiy 1 {RQaPtereEbutyl-
P(LBU) SHBEA, P(tBu) 2Bi Ph. P(Oy)28i Ph, X-Phos,
phosphlpg)fex(rogeny ]Ftby;bdl-g tolyIphosphine, dppf, PCy,NMe,BiPh and I-Pr.

Of 9%@5&& ﬁ@%g%fé?gﬁﬁ%ﬁt@?%ﬁﬁleg&etﬂ% cofifaflYAtdLast Ghd r2AHaseRBred

from thé ﬂ)llbmhg)gmuph phosphi no) f errocenyl ]
thyldi-tert- but hosphi ne, . . .
(i) tri- te(quuty osping, &Y Eg E(tBu)zBlPh P(Cy),BiPh, x-Phos, PCy,NMe;BiPh

and [-.pPUt YI - phosphi no) ferrocenyl ] et hyl di - o-t ol yl phosphi ne,
racemc 1-[2-(di-tert-butyl -
(ii) tri- tnhxbagﬂpmpmeJP(mm)@HBthﬂthbﬂM@Btmi atiddFRrs phi ne, dppf,

Bi Ph a 0 O especial interest are
(iii) tri- ﬁﬁ?/t? ﬁﬂﬁpé%ﬂ%g%@, wHBFs@8ft ai n at | east one Iigand

) D BT (e Pk S aphphiA o (G BhyIdsery butylphogphine and
racemicH(- @W@{ckthe?ﬂpMnoMWBt}gﬂgé thmdb;tyl;ﬂrqsphme)

M{ostmre {'rfg ayl('lq é/qll;ggrtulrrf Icc?rgplpx%ﬁﬁ@t) Cﬁﬁ@érb?sr?e %I\ﬁe(;zyzi\ljidezgm% I-Pr,
R)-(-)- Pg Mgﬁﬂ?’éfbheﬁﬁ h&épl’ﬁ‘no)ferrocenyl]ethyldl -tert-butylphosphine or racgmlc 1- -

(di cycl ohexyl'phosphi no) f'err ocenyl | et

(2- (dlcyyloiicxxlpanSp yienbesyHetheldimer-bntydmhoisphine.

ARt AT E B SR OF Bh e RS AR sdh AVt Ehlade and
the hgaﬁmi@t(Rw)n (8)- Q-‘(dfé 10BN Ryl dth§Adi-rert-but lphosphme.
(R a{{(S) 2- d| cycl ohexyl phosphi no)ferrocenyP’

Tha mllad@m casuplox pruseg in the pseparattoarif ghelcompund of formula (II) ina
canyil RIS A PRABIGFR B LETRA GO ot e
compoum of forinix AV aVpissily insa ﬂﬁb |oﬁd {1omte h11000 der axdnple, 1:500 to 1:700
or about 1:600. The complex may be pre-formed or formed in situ by mixing together the |
precursor and ligand, which will generally be used in equimolar amounts, or thereabouts.

The compdund of formula (V) used for reaction with the compound of the formula (IV)
is conveniently benzylamine itself, where R? is H.

Conveniently, the compounds (IV) and (V) are employed in equimolar émounts or with

an excess of the compound (V). For example, the amount of the compound of formuia V)
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the ligand is

1-1(S)-2-(di cycl ohexyl phosphi no)ferroce
‘V§P&V&¥%$f but yl phosphi ne. The pal | adi um conpf %%%PLWWMJ&E
used in the preparation of the conpound of fornula
(I'l') ina catalytic anounﬂ?'nornally in a mlar ratio
of from11:10 to 1:10000 in respect to the 25 conpound
of formula (I1V), typically in a ratio of 1:100 to
used is 5uitdH1) frohPT teX AU Squivial&iPoftthe éoxﬁ?&mdc('l\/?b?pikalﬂy £688:1t02
The conpl ex may be pre-fornmed or Tormed 1n situ
equivalentsj fog exagplehabout hé mele equivalents.and | i gand, which W| |l
used in

TRRreramp ST T it Oh o uf A1 R cpoy ity ceed outin an

' inert org®@6 sbRBntMvhithtiS Bref@ MY dpg Sﬁftaﬁl@ §olfv@ﬁt§‘1’t{<ﬁ‘uc(e| M- dnh§thoxyethane

conveniently benzyl am ne 'tsel wher e

di(ethytenn gbwpérdlmythyt ¢ther(dighyroeld @rt( buxyl medhyl Mhexa pentemg ﬂlgyam

eyclohgdng AR o ke titnt br s i 536 Wi hen Meisnt, Bipfarred
colventfed AEIced ol VAIRNOTL AR (RCTLEFRROBAELESS - 12

used is suitably from1l to nol @ equival ents of the
compound (1V), typ&Qﬂ?H;CHzQﬁHz‘CHzD& equi val ents, for

whereub? 1??@1 EBWE%H% °8?Ve[nheé1 F@??lﬁﬁ’%/grleel%‘?ﬁ? Tﬁ%@%\}%ﬁ?éﬁhig&r}n

Ho¥eveE thedprbedss rrﬂ!g belpREforméed Wbt aSIvean n tWE4R thécompound of
preferably dré@ ui tabl e sol vents incl ude

formula(\émﬂhmnmidy faerbin exgesa iof étewphmen@ E;‘/fsmmﬂmlﬁlwt hyl
A e R R R S LT

elevate@® tenipdr@tifes, preferably i/d Rhgt BELreRl 50°Erte 0% shd typicHBy r6m 80°C to
. are diethyl enegl ycol dlal@%!ethers havi ng the genera
150°C. ftgnay, plse be pexfepmgdatanp vigkedros ireruced presaurg, depyeniently at
nveni ent sol vents are 1, 2-di met hoxyet hane or
anﬁnm&?ﬁ%mﬁ@ 10 However, the process may be perforned

'I‘hb hththf:a feastibry aakkes wilhdéﬂ&h& inRs alik,fon the sEde mdvith it is carried out,
ormal ly be used in excess_of t

the reageaHAIFEA 8% fhorTaRHon Gopd iy NREBALH hoprenh favgakeufiomilgo 48
hours, QPEB@%’?%m A 3 PhARE $5r 8B é’? ﬁ% 2ok, ambient or
eva éra

t enper at ures, y 1n a range of from
It':'xﬂ{y b@bﬁﬁbﬂ@ahtujcarwmm ﬂiel prod¢asoin &0iGett @as dthfySphdre suadyas in an
erforned at ambi ent,. el evated or reduced

atmospfirg QL BHESEeR 61 PERNTADS.F ORYSHIYAFSHE. pr cssur o The
F{d’tﬂ& 15%5@@&51‘1 fie gteﬂé'ﬁﬁcdﬂditlong ?&Qﬂﬂwdg’ﬂu@ khebrefaratidh the

the scale at which Is carried ou the reagents -

processxfgenmdndng lee ¢oe1amumd nf therfdimnule (H) wNbberawdilablelto wskéled chemist
in the hterature rela?tx%%%o ftl{eoprpeparatlon (ﬁ” anilines from halobenzenes by palladium-
catalysed cross coupling reactions with alkyl amines. Review articles on such couplings have
appeared in, for. example, the Handbook of Organopalladium Chemistry for Organic
Synthesis, Vol. 1, 1051-1096 (2002), the Journal of Organometallic Chemistry, 576, 125-146
(1999) and the Journal of Organometallic Chemistry, 653, 69-82 (2002).

The compound of the general formula (III) may be prepared by a process that forms yet

another aspect of the present invention. This process comprises reacting a compound of the

general formula (VI):
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15

hours, typically from4 to 30 hours, for exanple, from
4 to 18 hours. It may be beneficial to carry out
WORHIOE! T n an inert gas at nbsphere such as in %T{EP%OGG/O“SSS
at nosphere of nitrogen or argon nost conveniently
nitrogen. Further informatin on the general
conditions for carrying out the preparation the
process for producing the compound of the formula (I1)
will be avail able toga skidd ed chem st in the
literature relating Bo e *preparation of anilines
from hal obenzenes by pa| | adi um catal ysed cross
coupling reactions w t h'jal kyl am nes. Review articles
on such couplings hey ﬁ appeared in, for exanple,
t he Handbook of Or = adi um Ch@mystry for O ganic
Synt hesis, Vol. 1, ‘9” (2002), the Journal of
Organonetal i c Che 'stry, 576, 125-146 (1999) and the
Journal of Organofretallic Chem stry, 653, 69-82
Whereirgﬁo% R? 5\% tgg H{%Q;Lﬁﬂgs gifvextl Fﬁm@%ﬂ& has CBR)EWJ Brofdo. With Y
prepared by a process at Tofns ye anot her
benzylaasine 6f thefgehéral pr@akV)i nvention. This process
conprises reacting a conpound of the 30 general
formula (VI): WD 2007/ 068417 PCT/ EP2006/ 011885 - 14-
RLRR\N / / (VI) Xx wherein R ag®¥)R2 have the
nmeani-ngs gi ven abov hS chloro or bronpb, with a
benzyl ami ne of the géneral ornul a(V): RB (V) H2N

whereu? %O%nd: ﬁlu ﬁa\%/%‘}gé %}egglsggg g? A 0\be n th%l Rgesgr%%ntf g%fﬁ‘rg%nde a catalytic

amountdTatRhst@ne phllddiastcosiptepal | adi um conpl ex. The base,
t he pal |l adi um conpl ex, the conpound ( and the

Tb? b%;sés%le paleliumsemplexe therr@m@ané (Bkandehe prasess apmditions are the

same as @}: é?% fo?qhé S%CEJS ?Qnrgﬁljgg gﬁé(ﬁxgg%r@%ﬂs Ifrﬁ)}rt {h ?n&hloro- or

S-brommmobbmmv €1V)). b théy dak€, uioevreWr ppefienlafl§l peeeiredipaladiin
onplex is one where the precursor is palladium

compl% H Qe vehera e nrﬁélrmrg%mllqdm pllodde prd-he liggadhis the carbene ligand
I-Pr. Otherwise, all details described for the compound (II) process are equally applicable to

the compound (IH) process.

Where R' and R? are different, the compounds of the general formulae (III) and (IV)
may exist as the E- or Z-isomers or as mixtures of both in any proportion.

As well as being useful for preparing the compound of the formula (I), the compound of
the formula (III) may be used to prepare the compound of the formula (II).

Thus, in yet another aspect of the invention there is provided a process for the

preparation of a compound of the general formula (II):

y
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I-Pr. Oherwse, all details described for the
conpound (Il) process are equally applicable to the
WRAMIG6HA (111) process. Were R and R2 are dPET/EPHI|/01188S
t he compounds of the general formulae (111) and (1V)
may exist as the E- or z-rd8mers or as mixtures of
both in any proportion. 15 As well as being useful for
preparing the conpound of the formula (1), the
wherei® RIS URVar@fl Ph hdi@ th@mediags dilén adR¥, WRicH $8RptSestalAg 8
t he compound of the formula (11). Thus, in yet another
compoyshyfdhe generaldommmileion there is provi ded a process
for the preparation of ;a conpound of the general
formula (11): RR2 R3R RPh H WD 2007/ 068417
PCT/ EP2006/ 011885 -15 whg¢rein Rl, R2, R3 and Ph have
t he nmeani ngs gi ven above, ich conprises treating a
compound of the genera frrula (I11): RIEWRR R3 ~N
Ph H wherein Rl, R2, R ne Ry have ”(ﬁI nmeani ngs gi ven
above, with a reduci Rg ;,ﬂ the 5 rgduci ng agent
bei ng effe_ctiveRt rgduce both the 2, 3-doubl e bond and
t he doubl e bond | Qli ng the R RRC- noiety to the
9-position of tRa benzonorbornene ring to single bond
but -to 3I eave the PhCH(R3)NH noiety intact. A
whereig i} {RibRé an&Bl bavethe gwanings given abovys; withsireducing dgengyahe

reducing gl helte SR e Rurouekiiph et FagHIR Bbad S B dpiighond
joining €& R'RIC- Hdidth o ﬂi&"@?ﬁsitﬂfn ¢fRHBéEn&B8Hent Biff tdinkle bond but to
normal ly be from2 to 6 nole equival ents of "t he

leave the DNH{ mpiety ipdctal |y from 2 to 2.3 nole
ASHAYR lrgdputcic’rig agent for this process is hydrogen in the presence of a metal

hydrogenation catalyst, such as a rthodium catalyst, for example, rhodium on carbon.

The amount of reducing agent used will normally be from 2 to 6 mole equivalents of the
compound (III), typically from 2 to 2.3 mole equivalents.

The amount of catalyst used will normally be from 0.001 to 0.5 mole equivalents of the
compound (III), typically from 0.01 to 0.1.

The reduction is conveniently carried out in an inert solvent, for example, an alcohol
sﬁch as methanol, ethanol, n-propanol or 2-propanol or a protic solvent such as
tetrahydrofuran, fert-butyl methyl ether, dioxane, ethyl acetate or dimethoxyethane or a
mixture of such solvents. Typically the solvent is tetrahydrofuran or methanol.

The temperature at which the reduction is carried out is not critical. Suitably it is carried
out at from 0°C to 80°C, typically from 0°C to 25°C, and conveniently at ambient temperature.
Similarly the pressure is not critical and the reduction may be performed at elevated or
reduced pressure, but is conveniently performed at ambient pressure to 4 bar pressure.

~ The time taken to complete the reduction will depend, inter alia, on the reaction
conditions and scale, but will normally take from between 1 to 48 hours, typically from 1 to 6
hours.

The 5-chloro- or 5-bromo-benzonorbomene of the general formula (IV) may be

| prepared by a process which comprises treating a compound of the general formula (VI):
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The anmount of catalyst used wll normally be from
0.001 to 0.5 nole equivalents of the conpound $III ,

WO IHITO8841Y from 0.01 to 0.1. The reduction is PCI/EP2006/011885
conveniently carried out in an inert solvent, for
exanpl e, an al cohol 15 sugé-as net hanol, ethanol,
n- propanol or 2-propanol or a protic solvent such as
tetrahydrofuran, tert-butyl nethyl ether, dioxane,
ethyl acetate or dinethoxyethane or a mxture of such
sol vents. Typically tRe _soRvent is tetrahydrofuran or
nmet hanol . The tenperatuq
carried out is not_criti
out at fromOC to
conveniently at g

@l . Suitably it is carried

pically fromOC to 25C, and

‘ Qrat'urg 20 Simlarly the

pressure i s not cr 5 d ther lecti on may be
performed at el evat/ed orgaregduced pressure, but is
conveniently perfofmed at anbient pressure to 4 bar

~_pressure.  The time taken to con‘s{legte t he reduction )
whereinR | gndR pleaye, the mcanings giyen abpvergad Xeis chlos or brgme, idirasreducing

. Wi | | f
e L T
bond joidingthl RIRBE beo oy o the 9aRRRicalof tebepenRrBdmén fitd ® Snol

may be prepared by a process which conprises treating
bonds. 3 conpound of the general fornula (VI): WD 2007/ 068417
P ] - : '
AT BRI o 1l hrottls Wi dloach o edbate bl et
hydrogenation{catslysthbwwhas @Rdued iickelyipldtinamr aictagbong plasig @i LV)toxéde,
. reduci ng agen,t bei ng effective to reduce both the |
palladium op gyhen.ahediiem eiherrboms rhpsdiwndll) geidg of arhadiymionealumina

> i t - it . b
s R B S B RS 8 Pl AR o
embodiﬁhi&ﬁofﬂh@hﬂ_ﬁﬁtidrﬁ rlkgc}imngmma'rhmrr]xtdn Paltadiwa m&a_ﬂfoll(ﬁils osddal
ydrogenation catal yst, such as ney nickel, .
The 2RQYR of Erdtcingagant lﬁpéwﬂﬁ emwat@%a%% to §anels gAvivrishts of the

PPNty ARG T 910 83 HOTR L (1 11) oxide or a
compou?xﬁgdlﬂﬂ%pgn gl um na_ 18R eqif¥n :

The amount of catalyst used will normally be from 0.01 to 50 mo1% of the compound
(VI), typically from 0.1 to 20 mol%.

The reduction is conveniently carried out in an inert solvent, for example, an alcohol
such as methanol, ethanol, n-propanol or 2-propanol or a solvent such as tetrahydrofuran,
ethyl acetate, toluene, tert-butyl methyl ether, dioxane, dimethoxyethane or dichloromethane
or a mixture of such solvents. Typically the solvent is tetrahydrofuran, ethanol or methanol,
preferably tetrahydrofuran or methanol.

The temperature at which the reduction is carried out is not critical. Suitably it is carried
out at from 0°C to 100°C, typically from 0°C to 30°C, and conveniently at 20°C to 25°C.

Similarly the pressure is not critical and the reduction may be performed at from 1 to
150 bar, normally at from. 1 to 50 bar, typically from 1 to 25 bar, for example, from 1 to 10
bar. |

The compound of the formula (IV) may be obtained as the syn or anti epimer or as a
mixture of both. Normally it will be obtained as a mixture of the two epimers, their ratio

depending, inter alia, on the particular hydrogenation catalyst chosen.
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catal yst. Rhodi um on carbon, palladium on carbon or

SI ati num on carbon are |deal In one 10 enbodi nent of
RY7{06%4&At i on, rhodi um on carbon or pal | adi urﬂ’%ﬂEm%mllsss
carbon is used. The anmount _of reducing agent used wl|
normal Iy be from2 to 6 ndl’e equival ents of the

conpound (VI), typically from2 to 2.3 nole

equi val ents. The anount of catalyst used will normally
TI{E% &{191‘8- Br 9brb Q0B I AR End mh& FErmulY(VT) may be prepared
typically from0.1 to 20 nol % The reductlonls

by a process wdnéhecunhprises reactung ahalobenzyme ohtbc forpully EWiLI): f or
exanpl e, an al cohol such as nethanol, ethanol,
n- propanol or 2-proganvy, or a sol vent such as
tetrahydrofuran, e lacet ate ol uene, tert-butyl
nmet hyl et her, di oxaRg nmet hox ane or
di chl oronmet hane or aJm xture of such solvents.
Typically the sol ventyi s tetrahydrofuran, ethanol or
met hanol , preferably tetrahydrofuran or methanol. 20

wherein B0R dHESTBF BEHAG, wath MRl dhelofthe @Aeal FRuilS(wRTY | ed out

is not critical. Suitably |t is carried out at from

0C to 100C, typical from 0C to 30C, and conveniently
at 20C to 25C. g t he p:rg e is not critical
and the reducti onldaa be grfor at from1l to 150

bar normally at from1l to 50 bar, typically from1 to
bar for exanple, from1l tg 10, bar. 25 The
wheremc,Ra AR aye theﬁeemg«fm@n@bvye AR PN ST TERIA SRIVERL. { he
DRYehRfe A hdw IR RIVID 1okl 2ho it lhs (EPAABA bl in an
organic kéleént shélt asotetraleyaesfiirang 1,4t didxaneadiimethosiyethhre, isthyl etheayters-

t talyst ch WO 2007/ 068417
butyl m@éﬂ/re%%ggrggyllhg?ﬁ%ggl%e%;q etc-:hy g%rt]aéﬁpgq ylaggtate or an aromatic or

allphan%ﬁ@hgé’ bl g&be%'lﬁ'lgiee Qﬁué?xfe, é} Sgﬂeﬂé HeRhhe ?@ntﬁ?(é dr 4B8troleumn

rocess nmprises feacting a
ether, adabdttahempymmmbf fromm -ﬂ@"iGdeO(G‘/,I wtpch (Mylt)e elovatdicto @imbient
is chloro or brono a fulvene of the general

temperafuge R fo2 highern tj:mper@w? mcongnlg_ggihegf W ein R and R2

Tiegy%%{be oTBHIbABBeoN B0 of the TS (VI)IhAPBE Rolated by

quenching the reaction mixture in an aqueous medium, for example, in saturated ammonium
chloride solution, extracting the product in a solvent such as ethyl acetate, washing the solvent
extract with, for example, brine and water, drying it and evaporating off the solvent to obtain
the halobenzobornadiene (VI), which may be further purified by crystallisation from a solvent
such as hexane.
The halobenzyne (VII) may be obtained by a process which comprises reacting a 1,2,3-
trihalobenzene of the formula (IX) or (X):
X
Y
(IX) ‘ X)
X
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Dependi ng on how t he hal obenzyne (VI1) is generated,
the process is carried out in an organic solvent such
‘VgémV@?*%ﬁydrofuran 1, 4- di oxane, di met hoxyet hBREEP2006/011885
diethyl ether, tert- butyl nethyl ether,
nethyl-ethyl-ketone, et hyt 1&cet at e, nethylacetate or
an aromatic or 10 aliphatic hydrocarbon, for exanple,
tol uene, xyl ene, benzene, hexane, pentane or
wherenff ¢ SAIRIBr 6o land 906 Lot PO é‘%?fggt‘%*ﬁ%%‘ﬁgﬁé?%%%“ &
a C,¢ alk§l-ar Iphgtlmdhthhen”pea &} yakyl-or phepllabgnesinen had@etin aminefthe
5-chl oro- or 5-bronobenzonorbornadi ene of the formula
NHKWPW%#) nay be isolated by quenching the reaction
P&%%&Hg |sthidtoaqueous medium for exanple, in _
tur ammoni um 15 chl oride sol ution, extracting
The€, paltkgILI ot phénydmsgiegmnt haidehs prefeeitly b chkoatiabebromlde and
washing the solvent extract wth, for exanple, brine
more praﬁaa%fserpmewlmaa@esmm shigndg SbBI‘Pgtl?“h g of f the sol vent

If QZ‘, 15 B Dor él{kig@ﬁ‘i%lﬁﬂﬁg 2080 LA&106 1§ %Qr)led Yhif %ereﬁ%selﬂ@e of the

er’ pur crystallisation froma sol
fulvene W [5()} mglmmalﬁechldibeohﬂbnhmmylmw&enemmpctﬂye Inlthiscasedhe

a process which c rises reacti al 2.3 20
reactlont if eAacd guk POyt FW@“@&?W% E12gRe: g&gﬂm peritane orypefroleum
ether at Qlteﬂn%é@ug(% ‘éom 7439;br oI#'Dat HPEES O 1B 0N m%ﬁlre may be

ro or and Y i's brono or io
allowedvib twarmrto aniéend tenEdriturce [rjxedo &slation by gsenchin@linGnaiqkgdus

. or ({) I (thiumor a Cl.6 al kyl- or phenyl magnesi um
medium3g) degert R¥$nert atnosphere. Preferably X is
IfCJ&, 5or 8dilt%! 1aliBE iARBAMhERGARRS-WP sTRYohiBehsd-

pre era |y a c loride or brom de and nore preferably
bomadiéxmnpy bpfdnmgmea istepwidel puxomdareo thelhatnbenzyne|(VIk belngeformed ina

ot st i i PR Y BB e s 9 by s ether
by the sgbééﬁuélﬁ %d@m%ﬁ |oP fHe- fulen® (PIIDIB B IEOAMEEHeANRIdH dree ithy/ fulvene
his case the reaction’is Carried out in a solvent

(VIID). "étwcﬂi:sasten rdagiéorebetiyeery thadaldbenzene (Cpan(Xhwitdhe fes plkybion
phenylmagnesium halide is carried out at a temperature of from -78°C to 0°C, typically at -
20°C to -10°C. In the first case the subsequent fulvene addition at -20°C to +10°C, typically at
-10°C to 0°C. The reaction is promoted by warming the mixture to ambient temperature or
preferably to the reflux temperature of the solvent used. In the second case the subsequent
addition to the fulvene is carried out at 20°C to 100°C, typically at 70°C to 95°C. The reaction
is stirred an additional hour to complete the conversion.

Suitable solvents include tetrahydrofuran, 1,4-dioxane, dimethoxyethane, diethyl ether,
tert-butyl methyl ether, hexane, petroleum ethers, pentane, benzene, toluene and xylene,
preferably toluene, tetrahydrofuran or hexane. The 5-chloro- or 5-bromobenzobornadiene may
then be isolated by quenching in an aqueous medium as described above.

The inert atmosphere in which the reaction is carried out is, for example, a nitrogen
atmosphere.

Transformations of this type are described by J. Coe in Organic Letters, 6, 1589 (2004)
or P. Knochel in Angew. Chem. 116, 4464 (2004).
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10 ether at a tenperature of -20C to OC, typically at

-10C to OC. The reaction mxture may be allowed to
WQANHH1Anbi ent tenperature prior to isol ati oRCHfP2006/011885

guenching in an aqueous nedium as described above. If

a Cl-6 al kyl - or phenyl magri@si um halide is used, the

5-chl oro- or 5-bronobenzo- bornadi ene may be forned in

a stepvvi se procedure, the hal obenzyne (VI'l) being

f 15 f.i 5- chl -

1L S desS AR BT et Kb Qi 8h be appared by
known%étﬁ’&fs pé(r é)ﬁﬁlp?é* tlstﬁ'Gh'l%[E 3N drb Bensnes fb‘é'p‘x‘ﬁﬁ?ed by the so-

(VI by the subsequent addition to the ful vene

called $aﬂdme)rcr r'Eh@ldn frem 253-dishlozerenilioe Swh\ﬁaadmem reactions can be
| X X t the Cl

performeL AHer By HooE AR PREIAI® e Frebcis e Sui s rdsaspentd

nitrite, ?xi arf 6@hic §8{veh® skkh astatBlofifileyindthe predéfeetd? cuﬂt@ccbrohﬁdé E’se

first case the subsequent fulvene add|t| on at
brommatl@g)agemyﬁasmlsctr;bednn domd @€ Qrgar0CChamistuye 5217, 48, 24526 31) orbya

warm ng..t he mxt re to anbhi ent t ratur
two-stEacHo By g ciago a1 S5 AR P oo R tenperstures of
0°C to ?tS"*(Y 86lhg HiRghni¢ RithteAnd AR ARRBIRe tABHSHRTRGHAD '%:uprous bromlde
dition to the fulvene is carried out at 20C to 100C

solutxon m dea¢ribeddan Reowil desdayaux{chimegues demPayssBastet de daBelgique,

52, SEHR P R ERTRL o & e comverson S tabi
6IAIKS1- N 6y BBl Ened MY b@?i”@ﬁred ad dedceibled IBZ‘MJ NE®RnSsHwander et

et her, hexane, petrol eum ethers, pentane, enzene,

al, Hely. £Mgnécmnﬂ4,xlﬂ3éﬁb97l),pb@#@ﬁ; 269 919(65]) &Bethtle et al, J. Org. Chem. 49,

1849 ({g84]. MR SHAET, Ol ERERNED, sTRTIOVS a0 afting eqgr /- Ore. Chem.

55, 3395[}(@990)1 ng in an aqueous medi um as descri bed above. The
i nert atnosphere in which the reaction is carried out
Fulyenespf the gepsral forma(VHEen  at nosphere. 30
Transformations of this type are described by J. Coe
in Organic Letter € 39 (2004) or P. Knochel in
Angew. Chem 116, 2004) . WO(YOD)// 068417
PCT/ EP2006/ 011885 n3-trihal obenzenes of the
formula (1 X) or (X) are known and/or can be prepared

whereﬂ?R ak RMiaveihB %je%nm': %‘l\%ﬁ AN E can be prepared by the react1on of

brono- 2, 3-di chl or 6- benzenes may be prepafed by t
cyclop@tt\a lﬁaﬁllbwwﬁhmmggpeund €éldla).on from

2,3-dichioro-anili neﬁch Sandneyer reactions can be

perfornmed either by uging an organic nitrite ester,
such as tert-butyl nitite or iso-pentyl 5 nitrite, in
an organi ¢ sol ventR2'suchrRis acet pgjifahile, in the
prgsence of cupric brom de as

wherein R and R” have the meanings given above, in the presence of a base. As a base

pyrrolidine, morpholine or thiomorpholine is preferably used, more prefered is pyrrolidine.
In such reactions 0.01 to 1 equivalents base can be used. Preferably 0.25 to 0.8 equivalents
base are used.

Preparation of 6,6-dimethylfulvene:
950 g (30 mol) methanol, 543 g (7.8 mol) acetone and 397 g (6 mol) cyclopentadiehe are
mixed and cooled to -5°C. 107 g (1.5 mol) pyrrolidine are carefully added. The reaction

. mixture is stirred for 2 hours at -5°C. The reaction is stopped by adding acetic acid and water.



brom nati ng agent (as described in Journal of Organic
Chenistry 1977, 42, 2426-31) or by a two-ste

WO RHH6%A7 i nvol vi ng di azotation in an acidic aﬁggﬁﬁngMJ&ﬁ
reaction nedia at tenperatures of O0C to 15C using
inorganic nitrite and then28ddi ng the reaction mxture
to cuprous brom de solution (as described in Recuei
des Travaux Chi mi ques des Pays-Bas et de |a Bel gi que,

After pégsgl %?grﬁ%ét%fth %m% pﬂgs% i%gitpdc?e%%ﬂ?gflﬁe Qi E%L]ecflt Ny evl\%)orated.

Enes red as descri

535¢g dﬁ%@ﬂﬁﬁéﬁﬂﬁﬂﬂ%ne@fre olﬁbmedl‘lgmhty @3%)}1@9&73 %ot ,théb(ﬂ)'m
(1971), ibid 48, 955 (1965), R D. Little et a
Og. Chem 49, 1849 (1984), |. Erden et al, J. C)g.
Chem 60, 813 (1995) and S. Collins et al, J. Og.
Chem 55, 3395 (1990). 15 Ful venes of the genera
formula (MI1): (VIM C=R R wherein R and R2 have
t he neani ngs gi ven above, can be prepared by the
reaction of cyclopenta-1,3-diene with a conpound
(VHa): O R "k RL (Villa) 20 wherein R and R2 have
t he neani ngs gi ven above, in the presence of a base.
As a base pyrrolidine, norpholine or thionorpholine
is preferably used, nore prefered is pyrrolidine. In
such reactions 0.01 to 1 equival ents base can be used.
Preferably 0.25 to 0.8 equivalents base are used.
Preparation of 6, 6-dinmethylfulvene: 25 950 g (30 nol)
nmet hanol, 543 g (7.8 nol) acetone and 397 g (6 nol)
cycl opentadi ene are m xed and cooled to -5C. 107 g
(1.5 nol) pyrrolidine are carefully added. The
reaction mxture is stirred for 2 hours at -5C The
reaction is stopped by adding acetic acid and water.
WO 2007/ 068417 PCT/ EP2006/ 011885 -20 After phase
separation, the organic phase is extracted with brine
and the solvent is evaporated. 535 g of
6, 6-di net hyl ful vene are obtained (purity: 93% vyield:
78 % of theory).



WO 2007/ 068417 PCT/ EP2006/ 011885 -21 For conveni ence
the foregoing reactions are summari sed in Schene
W‘Bé?“&(}?ﬁs‘”%cherre 2 xY (1X 6¢cx x (M1) 11X XPQT/EWOG/OHSSS
(MI11) I, -RR2R RLR R2 R R +\ /[ (M) XxX
X syn (IV) anti R4 R4 V-21HZN-Ph ( ) H2ZN Ph R2Z R
R R R R RRRR\ r )-NHNHHNTrH Ph Hsyn
Ph Hanti syn anti Ph (11) (1) (III) As al ready
nvention inclu se
i R0 Rne 15 RorpeotFg R s P porp Pt SR peron”
Schemel2! 1), (2) the formation of (Il) from(N), (3) the
For mation of (III)xfrom(VI),

Y
1
X \
X _ ©| (VID)
X
) C[ X
Y

R? R' Rl _R?
R rR? I
. - VD
X X X
s .
yn av) antl
) X
\
V) H,N)\Ph ' ™ H,NT "Ph
R? ' R' R? R' RU_R?
R1 R2 R1 RZ I
+ + -
RY RA RA
§—N \—N : HN H,N »-N
Ph H syn Ph H and syn anti Ph
11
@ M {am

As already discussed above, the invention includes, in separate aspects:
5 (1) the formation of (I) from (II) or (III),

(2) the formation of (II) from (IV),
(3) the formation of (III) from (VI),
(4) the formation of (II) from (III),
(5) the formation of (IV) from (VI),

10 (6) the formation of (VI) from (VII), and
(7) the formation of (VII) from (IX) or (X).
The invention further includes the following multi-step processes which involve:
(8) the formation of (I) from (IV) via (II),
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(4) the formation of (IlI) from(Ill), (5) the

formation of (I1V) from(Vl), 10 (6) the formation
WORY06844P (vi1), and (7) the formation of (VP?VEP?O@WP“SSS
(I'X) or (X). The invention further includes the
following nulti-step proce2zes which involve: (8) the
formation of (1) from (1V) via (1), WO 2007/068417

PCT/ EP2006/ 011885 -22 (9) the formation of (1) from

Vi ' J1 10 f t fo(r) f Vi
95' ?1 }“ aag}ﬂ’wf frm)((\}ﬂylat(ﬁ@n?olr?rgt |oon(o1)‘ (Ir;m}gom)
(l@Y'the Fdrﬁhaﬁblll bi (TREEm((VI v1a (f\1)2éndt( formation of (V)

from (1X) &?wav&) , 5 (13) the formation of

(l(li))thct qsma(wrxp d erM)( 'ala((m))andr( (111), (14) the

c1gf & asiioh o£ VR BRI PR TVEY) %t fom (1% o (%
(18) 3hd Mrinatibh bf (1) ﬁrBﬂ'l () or (xBM@(\m?@@d dipg to still yet

anot her aspect of the 1nventio here is provided a

(19 dbefoymaten of H)sfrpme(b&}@t@@ma)f‘/la, (&%hmﬂiﬁ ofd t he

g AT iR b o B Dy B ™ "

TR REOREAE tb@ﬁll%ﬁﬂﬁ)tlfbfr as;{eab of@@@ﬂdeﬁﬁo@tlﬁf&‘iﬂ PR a ﬁrbsess for
general formula (I1V): R\ / (I1V) X wherein R and

the prepapation\od atchmpavathoiihs ggﬁlﬁmlrfoab'd@él)and X is chloro or
bronmo, with a 15 benz%l, am nRe2 of the general fornula

(V)1 R3 (V)

@

H.N
wherein R' and R? are independently H or C,.¢ alkyl, which comprises the steps of
(a) reacting a compound of the general formula (IV):

RL_FR

V)

X

wherein R' and R? have the meanings given above and X is chloro or bromo, with a

benzylamine of the general formula (V):

R3

PY )

H,N~ ~Ph

wherein R? is H or C).4 alkyl and Ph is phenyl, in the presence of a base and a catalytic

amount of at least one palladium complex to form a compound of the general formula (IT):
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H2N Ph wherein R3 is Hor Cl alkyl and Ph is phenyl
in the presence of a base and a catalytic anoun
WQR007048K 7 one pal | adi um conpl ex to form a corrpBﬁW@P%ﬂ‘WOllsss
the general formula (11): WD 2007/ 068417
PCT/ EP2006/ 011885 -23 R R23H R3 /--N Ph H wherein
R, R2, R3 and Ph have the neani ngs given above; and
(b) treating the conmpound of the general fornmula (11)
so formed with a reducing agept, the reducing agent
being effective to cl ede t iR benzyl noiety Ph-CH(R3)-
fromthe benzylamno 5 nogety PhCH(R3)NH to | eave an
amno group. In still yet gnother aspect of the
invention there is pr aprocess for the
preparation of a corg fthe gengral forrmula (1):
RLRR\ / (n HZN,V\,h and R2 a i ndependent |y
H or Cl-6 al kyl, Ib.\g_ corrprlses the steps of .10 (a)
reacting a conpou Ef the general fornula (M): R R2
\' /[ (V) x whei " RL and R2 have the neani ngs
|ven atgove and X is chloro or bronmo, with a
wheremé?nzl}f Riiand Pbthavé thegeeanings givenrabbee;@fi: R3 (V) H2N Ph

(b) treating the compound of the general formula (IT) so formed with a reducing agent, the

reducing agent being effective to cleave the benzyl moiety Ph-CH(R?)- from the benzylamino
moiety PhCH(R*)NH- to leave an amino group.
In still yet another aspect of the invention there is provided a process for the preparation

of a compound of the general formula (I):
2

R _R
o
H,N

wherein R' and R? are independently H or C. alkyl, which comprises the steps of

(a) reacting a compound of the general formula (VI):

(VD)

wherein R' and R? have the meanings given above and X is chloro or bromo, with a

benzylamine of the general formula (V):

R3
V)

H,N" “Ph



WO 2007/ 068417 PCT/ EP2006/ 011885 -24 wherein R3 is H

or Cl-4 alkyl and Ph is phenyl, in the presence o
WQUINEHAT o catal ytic anount of at |east one 5%1@56]0@{941885

conplex to forma conpound of the general fornula

(11r): R R R3 ,-N PhrHwherein R, R2, R3 and Ph

have the neani ngs gi ven above; and 5 (b) treating the

conmpound of the general fornula (III) so formed with a

whereingfggg-fegﬁ@gaglg)h fg?ﬁ ?ﬁﬁ rlEee;jrlll}J'gﬁQ %gl(&s)encef? ef f(F & tca!lt\a{l%ftit °
amount BERAA¥ARBGhE audamﬁwmglaﬂr& Mﬁorﬁﬁbdnﬁ%‘f%eagbn&m ﬂﬁmula (1ID):
group and to reduce th the 2, 3-doubl e bond and the
doubl e bond j oi ni ng t IR! RC- noiety to the
9-position of the benzonoybonene ring to single
bonds. 10 In still yet an '
there is provided a proceg
conmpound of the gene
wherein R and a

s for the. preparation of a

la (I):, R1 R2 rn H2N

dently My C1_6 al kyl,

(a) treating a corrpound
of the general f la (M): R RR\ [/ [/ (M) 15 X
wherein R and hidve t he meani ngs gi ven above and X
is chloro or bronb, with a reducing. agent, the
wherelﬂrebl o] R@ax&gpmhamh@meaﬁmg@gww absver ggice both the
3-doubl e bond and the dolbl e WD 2007/ 068417
5 (b Ueatmmgmmm@%genc% fosarvde (1H) ae frymed avith Rxeducingageny, the

reducmgg*é{' geug% Eﬁé&tfve % cl%]f;vet tﬁg bgr?z 01et9%r€ﬁ61’) ﬂgmttﬁe benzylamino
moiety PhCH(R3)NH- to leave an amino group and to reduce both the 2,3-double bond and

the double bond joining the R'R?C- moiety to the 9-position of the benzonorbornene ring to

single bonds.
10 In still yet another aspect of the invention there is provided a process for the preparation

of a compound of the general formula (I):.

R1 R2

(D

H,N
wherein R' and R? are independently H or C,. alkyl, which comprises the steps of
(a) treating a compound of the general formula (VI):
RA__R?

|
\
P

15 X

wherein R' and R* have the meanings given above and X is chloro or bromo, with a reducing

agent, the reducing agent being effective to reduce both the 2,3-double bond and the double
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to forma conpound of the general formula (N): RR2 /

é X wherein RlL, R2 and X have the neani ngs gi ven
WQRMTO68447 () reacting the conpound of the genBfKEP2006/011885

formula (N) so formed with a benzyl am ne of the

general formula (V): R3 (VR5-H2N Ph wherein R3 is H or

Cl al kyl and Ph is phenyl, in the presence of a base

and a catalytic anount of at |east one palladium

vond A R BBER 6 PP of B ERRORrl B Pado i bonas

to fornPAcdiaysundHE (e gderd Sortiute(Ivabove; and (c) treating the
compound of the general fornmula (11) so fornmed with a
reduci ng agent, the edu@g agent being effective to
cl eave the benzyl noiety Ph-CH R3)- fromthe
benzylam no noiety PhCH(R3)NH to | eave an am no
group. 15 In still yet: another aspect of the invention
there is provided 3 hss for the“;)reparation of a
conpound of the g mul a (1 XEVY)WO 2007/ 068417
PCT/ EP2006/ 011885 < R2 / (1) H2N wherein Rl and
R2 are independentfy Hor Cl_6 alkyl, which conprises
the steps of

wherein R!, R? and X have the meanings given above;

(b) reacting the compound of the general formula (IV) so formed with a benzylamine of the
general formula (V):

R3

PY V)

H,N" “Ph

wherein R? is H or C,4 alkyl and Ph is phenyl, in the presence of a base and a catalytic
amount of at least one palladium complex to form a compound of the general formula (II):

RL_F’

(1)

R3

s
ph H
wherein R!, R, R? and Ph have the meanings given above; and
(c) treating the compound of the general formula (II) so formed with a reducing agent, the
reducing agent being effective to cleave the benzyl moiety Ph-CH(R?)- from the benzylamino
moiety PhCH(R*)NH- to leave an amino group.

In still yet another aspect of the invention there is provided a process for the preparation

of a compound of the general formula (I):



(a) reacting a conmpound of the general fornmula (VI):
RIE R/ /] (M) X5 wherein RL and R2 have the
WORU0p84d7 gi ven above and X is chloro or brompPCHEPH0E011885
benzyl am ne of the general fornmula (V): R3 (V) H2N Ph
~wherein R3 is Hor Cl4 alkd- and Ph is phenyl, in the
presence of a base and a catalytic anount of at | east
one pal l adium conplex to forma conpound of the
general formula (111): ,R RZ (IIEL) R3 ,-N Ph H 10
wherein R, R2, R3 andRRQy hd&lie the neani ngs gi ven
above; (b) treating the cgnpound of the genera
formula (I111) so formed wiith a reduci ng agent, the
reduci ng agent being g fegtive to reduce both the
2, 3-doubl e bond and @nn e bongr) joining the
RIR2C- noiety to the ‘dgi'? on of the benzonorbornene
ring to single bonds/But 15 to | eave the PhCH( R3) NH
nmoi ety intact to HgNm a compound of the general
formula (11): WD 2007/068417 PCT/ EP2006/ 011885 -27 R
whereinR 'Raid REZiréindBperidenthyeHeir 1€, RalkyRAvhiBs camgriss thasteps dfe

meani ngs gi.ven above; and
(a) reacting a corr%pou%d of the general formula (VI):

(VD

wherein R and R? have the meanings given above and X is chloro or bromo, with a

benzylamine of the general formula (V):

Rr?

' )\ V)
H,N Ph
wherein R? is H or Ci4 alkyl and Ph is phenyl, in the presence of a base and a catalytic

amount of at least one palladium complex to form a compound of the general formula (III):

(1

Ph

wherein R!, R, R? and Ph have the meanings given above;

(b) treating the compound of the general formula (III) so formed with a reducing agent, the
reducing agent being effective to reduce both the 2,3-double bond and the double bond
joining the R'R*C- moiety to the 9-position of the benzonorbornene ring to single bonds but

to leave the PACH(R?)NH- moiety intact to form a compound of the general formula ID):
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(c) treating the conmpound of the general fornmula (11)
so formed with a reducing agent, the reducing agent
WO ecti ve to cl eave the benzyl nmoiety @&Eﬁ@?mLBSS
fromthe benzylamno 5 noiety PhCH(R3)NH to | eave an
amno group. In still yet -2act her aspect of the
invention there is provided a process for the
preparation of a conpound of the general formula
(M): . R R (M) X whereln Rl and R2 are
I ndependently H or Ci- Rl k R and X is chloro or
brono, which 10 conprisessreacting a
1,2,3-tri hal obenzene of the formula (I X) or (X): X X
\ (IX) ( (X)) X/ Y wherein‘x is chloro or bronpb and Y
IS bronmo or iodo, wt ~anonetal1§c speci es such
as a Cl_6 alkyl-, or hi um or ClL 6 al kyl- or
phenyl magnesi umRal i d&—nh thé presence of a fulvene
of the general forpmuNa (MIl): R (VIII) ~ R2 15
wherein R1 and Rﬂ1haHe t he neani ngs gi ven above, in an
inert organic solvent and in an inert atnosphere. WO

wherelawmﬁ%%a PRERA ERRANEMEEE $BFen ab3be;landsti ||y et

anot her aspect of the nventlon there is.provid

(c) tregfingthe sompeundref the s?mradt prapula g) s9 fepnpbwi adfv‘dlt% agent, the
redumr%e;{é%ﬁfalgeuflé)éﬁwtl@e td drea? thge%ex{zy( fln)mety Ph-CH(R® )- from the benzylamino

moiety PhCH(R?)NH- to leave an amino group.

In still yet another aspect of the invention there is provided a process for the preparation

of a compound of the general formula (VI): .

R1

)
Py o

wherein R! and R? are independently H or C.¢ alkyl and X is chloro or bromo, which
comprises reacting a 1,2,3-trihalobenzene of the formula (IX) or (X):

X X

Y X
) X

X Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic species such as
a Cy alkyl- or phenyllithium or a C, alkyl- or phenylmagnesium halide in the presence of a
fulvene of the general formula (VII):

R
R2

wherein R! and R? have the meanings given above, in an inert organic solvent and in an inert

atmosphere.
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H2N wherein Rl and R2 are independently H or Cl_6

al kyl , which conprises the steps of 5 (a) reacting a
W‘i?%’%@@"ﬂ? hal obenzene of the fornula (1X) or (%:T/Eygggwonsss

Y X (IX) (X x Y wherein Xis chloro or brono and Y

is bronp or iodo, with an-® ganonetal |ic species such

as a Cl-6 alkyl- or phenyllithiumor a Cl-6 al kyl- or

phenyl magnesi um halide in an inert atnosphere to form

| :
Ix?stihla}L& *ﬁgﬂé&é?ﬂ;&% t S(,kc 1%?&3@1%?% drOf r%ﬁfb@lg)@&/ h ggo&eésnﬂor ll-ﬁé)\/éparatlon
ofacomladlmlde:rleymgerxefalifcbrmmﬁkr al for mula (VIIl) so for med

with a fulvene of the gener formula (M11): & MR

R 15 wherein R and R2Rhqve R'he neani ngs gi ven above,

in an inert organic solvegt to forma conmpound of the

general formula (VI): WO 4007/068417 PCT/ EP2006/ 011885

-29- RL R\ [/ [ (M) herein R and R2 have the

meani ngs gi ven above kS chl or(](p, or brono; (c)

reacting the conpouny general formula (VI) so

formed with a benzyl 2 the general formula (V):

R3 H,N

wherein R' and R? are independently H or C.¢ alkyl, which comprises the steps of
(a) reacting a 1,2,3-trihalobenzene of the formula (IX) or (X):
X

X

Y X

(IX) X)

% Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic species such as
a Cy alkyl- or phenyllithium or a C, alkyl- or phenylmagnesium halide in an inert
atmosphere to form a halobenzyne of the general formula (VII):

(VID

wherein X is chloro or bromo;

(b) reacting the halobenzyne of the general formula (VII) so formed with a fulvene of the

R
E>=< (VI
R2

wherein R' and R? have the meanings given above, in an inert organic solvent to form a

general formula (VIII):

compound of the general formula (VI):
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5 H2N Ph wherein R3 is Hor Cl. alkyl and Ph is

hen , in the presence of a base and a catalytic

WM &%7 at | east one pal | adi um conplex to fé?ﬁ@gﬂmWMJ&ﬁ
conpound of the general fornmula (l111): R R2Z R3 W

,--N Ph Hwherein R, R2, R&nd Ph have the neani ngs
gi ven above; and 10 (d) treating the conmpound of the
general formula (I11) so formed with a reduci ng agent,
the reducing agent bging effective to cleave the

benzyl noiety Ph-CH( R _fRom the benzylanmino noiety
PhCH(R3) NH to | eave anI m no group and to reduce both
the 2, 3-doubl e bond and the doubl e bond joi ning the

R R2C- noiety to the
ring to single bo

n stlll(qu anot her aspect
of the invention t a ‘process for the

preparation of a npound of the general formula (I):
WO 2007/ 068417 PCW EP2006/011885 -' 30 RL R2\ / (D

e R St
© reaéir% a§? %ﬁx@%ﬁ;ﬁ{ﬂgf% PaLJ vﬁx‘fuﬁ Y ?gﬂc{?v&% a gr%%w&ﬁlée of the

generabfoamilai (¥)br oo or i odo, with an organonetal lic species
such as 3
R

P )

H,N~ “Ph

wherein R* is H or C,4 alkyl and Ph is phenyl, in the presence of a base and a catalytic
amount of at least one palladium cbmplex to form a compound of the general formula (III):
R\__R?

|
)
(P o

ph H

wherein R' R, R? and Ph have the meanings given above; and
(d) treating the compound of the general formula (III) so formed with a reducing agent, the
reducing agent being effective to cleave the benzyl moiety Ph-CH(R?)- from the benzylamino
moiety PhCH(R*)NH- to leave an amino group and to reduce both the 2,3-double bond and
the double bond joining the R'R’C- moiety to the 9-position of the benzonorbornene ring to
single bonds.

In still yet another aspect of the invention there is provided a process for the preparation

of a compound of the general formula (I):
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a Cl..6 alkyl- or phenyllithiumor a Cl1_6 al kyl- or
henyl magnesi um halide in an inert atnosphere to form
WO 204{06%dhzyne of the general formula (VII): XPCHEBFNAH/PLISES
X is chloro or brono; 10 (b) reacting the hal obenzyne
of the general fornula (M30-so formed with a ful vene
of the general formula (MIII): R(VIED R 2 wherein
Rl and R2 have the neani ngs given above, in an inert
organic solvent to forma cgnpound of the general
fornula (VI): WO 2007/R6841RPCT/ EP2006/ 011885 - 31-
RLRR\ / / (M) x wheregn Rl and R2 have the
meani ngs gi ven above and is chloro or brono; (c)
treating a conpound of _th& general fornmula (VI) so
formed with a reduci the (Deduci ng agent :
being effective to Ng ;I-‘% h the 2, 3-doubl e bond and
the double bond 5 jofning the RIRRC- noiety to the
9-posi tion of theHy¥nzonorbornene ring to single bonds
to forma conmpound of the general formula (N: R' R2
wherein\R "/ an(IR) are ¥idepardently H or 02 atind, whioheemptisesitbastepsyst

gi ven aboye; (d) reacti th onmpound of the general
(a) reacting 3|2 'W%V}Obé’ézePSPﬁéﬂ tjﬁqu%["hla D@éﬁz(%zam' ne of the 10
general fgrmula (V): R3 (V) x
v

X
_ (X) X)
X Y
wherein X is chloro or bromo and Y is bromd or iodo, with an organometallic species such as
a Cy.¢ alkyl- or phenyllithium or a Cy alkyl- or phenylmagnesium halide in an inert

atmosphere to form a halobenzyne of the general formula (VII):
(Vi

wherein X is chloro or bromo;

(b) reacting the halobenzyne of the general formula (VII) so formed with a fulvene of the

R
R2

wherein R! and R? have the meanings given above, in an inert organic solvent to form a

general formula (VIII):

compound of the general formula (VI):
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H2N Ph wherein R3 is H or Cl-4 alkyl and Ph is phenyl,
in the presence of a base and a catalytic anount of
WQ 20708817 one pal | adi um conpl ex to form a conpBUREPHV6/011885
the general formula (I1): RR2ZR3 ~-N Ph HW
2007/ 068417 PCT/ EP2006/ 011886- -32 wherein R, R2, R3
and Ph have the neanings given above; and (e) treating
t he conpound of the general forrmula (I1) so forned
wi th a reduci ng agent,, the ,reducing agent being
effective to cleave e beRzyl noiety Ph-CHR3)- from
t he benzyl am no noi etyrthH( R3I)NH- to | eave an am no
group. 5 1In still yet anpther aspect of the invention
there is provided a_p ocgss for the preparation of a
compound of the ge rrul a (I)d R2 H2N
wherein RL and R2 a Ladependent | or Cl1 al kyl,
whi ch conprises the steps of (a) reacting a
1,2, 3-tri hal obenzefe of the formula (1X) or (X): X X
CtydllIX Y ~ X (~).(X). Y 10 wherein X is chloro or
wherein Ky and K, haye the lé?%mﬁscﬁquo%,ve X 1sechleropahsemeal | i c
. . it hi
(© e QT of e genleh] RSN R oRET Wi arRikTh Phech, the
reducing agenpbeing effectivertoraiube bothehe 9,3 elonbletboad gad diedouble bond

... for VIiJ): [/ | )
jolning t%e [Rii{@C-( mo{e to the b-po>s<1tlon-of the benzonorbornene ring to single bonds to

form a compound of the general formula (IV):

RL__R’

)
X
wherein R', R? and X have the meanings given above;
(d) reacting the compound of the general formula (IV) so formed with a benzylamine of the
general formula (V):

R3

PR V)

H,N" “Ph

wherein R? is H or C;4 alkyl and Ph is phenyl, in the presence of a base and a catalytic

amount of at least one palladium complex to form a compound of the general formula (II):

RL__R

|
LAy o
-y

Ph
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15 wherein X is chloro or brono; (b) reacting the
hal obenzyne of the general formula (VIl1) so fo

WQ24/04847)) vene of the general fornula (VI II)PCT/‘@WOOW?{“%S
2 C=== WD 2007/ 068417 PCT/ EP2006/ 011885 -33 wherein
Rl and R2 have the neani ngB2 -gi ven above, in an inert
organi ¢ solvent to forma conpound of the general
formula (M): R R\ / / (M) x wherein RlL and R2

wherinf o R B B8 BT S e oeer o

(e) treatfngtﬂé‘ l:ﬁnééﬂn)d o¥%hd %n@r‘%qj fo¥rfulla @II)Q@ 'Téﬁhllé%mvﬁl? a?édu'éfh% agent the

neral Tornula : (V) ereln
reducin g:agemt heikg Ieffawtd/eFth clegvepthebghzyl momtpl é’hrEHéIé oc%omfthabémsbmmo

: amount of at | east one palladi um
mO‘CW@%a%W“%%?Yﬁ%P%‘FBW of the general fornula

In(sllll ﬁfkt ano%er@ﬁ% of the MveRfottheddds W@é(ﬁa Procés 'forFfﬁe ﬁfbgaratlon

ave the ani ngs gi ven above; (d) treating t
ofacomm@nmmoﬁﬁwq&nmhb&@mnhdﬁl formula (111) so forned mnth a
reduci ng agent, the reducing agent being effective to
reduce both the 2, 3-ddble nd and t he doubl e bond

¢y

H,N

wherein R! and R? are independently H or Cy. alkyl, which comprises the steps of
(2) reacting a 1,2,3-trihalobenzene of the formula (IX) or (X):
) X
Y _X
- @™ - X)
X v
wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic species such as
a Cy.¢ alkyl- or phenyllithium or a Cy_ alkyl- or a phenylmagnesium halide in an inert |

atmosphere to form a halobenzyne of the general formula (VII):

(VI

wherein X is chloro or bromo;

(b) reacting the halobenzyne of the general formula (VII) so formed with a fulvene of the

general formula (VIII):
R
o~ o
R
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joining the R R2C- noiety to the 9-position of the
benzonor bornene ring to single bonds but 15 to |e

WO RWTBAL R3)NH npiety intact to forma conpoﬁﬁB’Eg?‘)%/onsss
the general formula (11): WD 2007/068417
PCT/ EP2006/ 011885 34 R2 -BBR N Ph H wherein R, R2,
R3 and Ph have the neani ngs given above; and (e)
treating the conpound of the general formula (11) so

I
whereif & IR, B SRUUED B850, 118 bR e R ARARle o
compoﬁxrmmhgemzymm) 5 noi ety PhCH( R3)NH to | eave an
am no group. Illlustrative of t he conpounds of the
general formula (1) RRkat y be prepared by the
process of the inventign are the conpounds listed in
Table 1 below R2Z R R|R2 H2N H2N syn anti (I) 10
In Table 1, the values of R and R2 are given together
wi th characteri si .\ Tabl e 1\?ﬁlt|ng 1H NMR
proton shifts 8 (p fﬂ Conpound Rl R
(O & No. syn/fanty—ratio (by lc 1.01 HH
X

wherein R! and R? have the meanings given above and X is chloro or bromo;
(c) reacting the compound of the general formula (VI) so formed with a benzylamine of the
general formula (V):
R
P )
H.N Ph

wherein R? is H or C,4 alkyl and Ph is phenyl, in the presence of a base and a catalytic
amount of at least one palladium complex to form a compound of the general formula (IIT):

RA__R®

Oy @

Ph

1

wherein R!,R?, R? and Ph have the meanings given above;

(d) treating the compound of the general formula (II) so formed with a reducing agent, the
reducing agent being effective to reduce both the 2,3-double bond and the double bond
joining the R'R*C- moiety to the 9-position of the benzonorbornene ring to single bonds but

to leave the PhACH(R*)NH- moiety intact to form a compound of the general formula (II):
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1.02 HCH3 1.03 HC2H5 1.04 Hn-C3H7 1.05 Hi-C3H7
1.06 H n-C4H9 WD 2007/ 068417 PCT/ EP2006/ 011885 -35
WRRIY{06%17 H NMR proton shifts b (ppm) (CDCL3) PHYERR06/011885
Compound R1L R2 (C) & No. syn/anti ratio (by Ic 1.07
Ht-C4H9 1.08 Hi-C4H9 1-09-H sec-C4H9 1.10 H =
n-C5H11 1.11 Hn-C6H13 1.12 CH3 CH3 mp. 54- H
(syn-conponent): 6.91 (t, 1H), 6.64(d, 56; 1H), 6.48
(d, 1H), 3.54 (brd, exchangeaple syn/anti- wth D20,
2H), 3.20 (m 1H), 3.1RNm_RH), ratio 1.91 (m 2H),
1.53 (d, 1H), 1.18 (m 2H3 98:02 1.02 (m 111), 0.81
(d, 6H). 13C (syn-conponent): 147.73, 140.03, 130.15,
126. 41, 113.35, 112.68 00, 46.62, 42.06, 27.74,
26. 83, 25.45, 22.32, 1H (ant| Hgon‘ponent): 6. 89
(t, 1H, 6.63 (d, 1t 55 (brd,
exchangeabl e

ph H
wherein Rl,-Rz, R? and Ph have the meanings given above;v and
(e) treating the compound of the general formula (II) so formed with a reducing agent, the
reducing agent being effective to cleave the benzyl moiety Ph-CH(R?)- from the benzylamino
moiety PhCH(R® )NH- to leave an amino group. |
Ilustrative of the compounds of the general formula (I) that may be prepared by the process

of the invention are the compounds listed in Table 1 below.

H,N H,N
syn anti

@)
In Table 1, the values of R! and R? are given together with characterising data.
Table 1

“:‘:)‘i‘::g 'H-NMR proton shifts & (ppm) (CDCly)

Compound R R °0O) &'
No. , syn/anti

' ratio (by

gle)

1.01 H " H
1.02 H CH;
1.03 H C,Hs
1.04 H n-CsH
1.05 H i-CsH5
1.06 H n-C4H9




wo 5%07@

wi th D20, 2H)

1.48

syn/anti -

L0110 L0111

ratio

(d, 1 H,

3.16 (m 1 H),
1.42 (m 1 H,
pf41713C (syn- conponent):

126. 15, 112.94, 111.53, 68.05,
24.47, 23.55, 20.91 (2X).

3.13 (m 1 H),

1.12 (m 2 90

150. 72, 138. 74, PC @QZ%Q‘"ISSS
45.21, 40.61, 26.25,

187(m

-35-12 CH3 CH3 viscous oi |
: 75:25 1.13 CH3 C2H5 1.14 C2H5 C2H5
The intermedi ate chem cals of the general

f or mul-ae

)5 T V) da AT € 1novel comnmpounds an
form t\i I yet\ a)fu 3\4&“‘“’& )e&H-NMRpeoqongdmﬁ(Ppm) (CDCl)
i nvention. | Thus, the H’N‘étn jon al so provides a
Comp‘?}!ﬂﬂpounﬁl of thRden=rgp)f86r mula (11'): 5 WO
No. 2007//068417 PCI/ EP2pG8pantigg5 -36 R R R RZ R3 R3
Ph~H sYn P|hH anti (rhu;v(lnherei n R and R2 are
i ndependently H or 1 glepl kyl, R3 is Hor Cl4 alkyl
1.07 and B Phepg]H, F parti¢ular interest are
conp ere R _and|R? are selected fromH,
1.08 rcrnet hy ﬁhd 5'©¢Hbyl and espem aIIy those where R and
zZ=—tt —etx Het-efamt O |T|—| |||Ubllallve
1.09 p_f t he g)‘m og“ f|formila (jlll) are the conpounds
1.10 TTsteg v az berow. Tn| Table 2, R31s H Phis
pheny] andthe values of R |and R2 are given together
1.11 with H n-CeH;s
1.12 CH; CH; m.p. 54- | "H (syn-component): 6.91 (t, 1H), 6.64(d,
- | 56; 1H), 6.48 (d, 1H), 3.54 (brd, exchangeable
syn/anti- | with D,0, 2H), 3.20 (m, 1H), 3.15 (m, 1H),
ratio 1.91 (m, 2H), 1.53 (d, 1H), 1.18 (m, 2H),
98:02 1.02 (m, 1H), 0.81 (d, 6H).
13C (syn-component): 147.73, 140.03,
130.15, 126.41, 113.35, 112.68, 69.00,
46.62, 42.06, 27 74, 26. 83 25.45,22.32,
22.04.
'H (anti-component): 6.89 (t, 1H), 6.63 (d,
1H), 6.46 (d, 1H), 3.55 (brd, exchangeable
with D0, 2H), 3.16 (m, 1H), 3.13 (m, 1H),
1.87 (m, 2H), 1.48 (d, 1H), 1.42 (m, 1H),
1:.12 (m, 2H), 0.90 (d, 6H).
B¢ (syn-component): 150.72, 138.74,
133.63,126.15,112.94, 111.53, 68.05,
45.21, 40.61, 26.25, 24.47, 23.55, 20.91 (2x).
1.12 CH; CH; viscous
oil
syn/anti-
ratio
75:25
1.13 CH; C,Hs
1.14 C,Hs C,Hs

The intermediate chemicals of the general formulae (II), (IIT), (IV) and (VI) are novel

compounds and form still yet a further aspect of the present invention.

Thus, the invention also provides a compound of the general formula (II):




characterising data. Table 2 Melting point (C 1H NWR

&éoton shifts S (ppm (CDO 3) Conpound Rl R2 sT\{‘n/ ant i
007048415 (by glc) 2.01 HH2.02 HCH3 2. 0BCHEEHN0E01188S

2.04 Hn-C3H7 2.05 Hi-C3H7 2.06 Hn-C4H9 2.07 H

t-C4H9 2.08 Hi-C4H9 2.096H sec-C4H9 2.10 H n- C5H11

2.11 Hn-C6H13 2.12 CH3 CH3 mp. 87- "H 7.39-7.28 (m

5H, syn+anti), 6.97 (t, 1H  90; syn+anti), 6.63 (d,

1H, syn+anti), 6.48 (d, syn/anti 1H_s;syn+anti), 4.38

(dd, 2H, syn+anti), 384 ratio 91:9(brd,

exchangeabl e wi th P26\ 1H, syn+anti )}y >~%219-3.14 (m

2H, syn+anti), 1.94-1.40 (nl 2 n+anti), 1.53 (dt,
Jar = 10 Hz, 1H, s¢ ca. 1. H, anti), '
1.20-1.16 (m R 9 ti R\, (th 1H, s n , |
0.92-0.90 (2d, 007/ 06841>‘ﬁCT/ EP2006/ 011885 - 37-

: Ph syn Ph anti

(ID)

wherein R' and R? are independently H or C;_¢ alkyl, R} isHorCiy alkyl and Ph is phenyl.

Of particular interest are compounds (II) where R' and R? are selected from H, methyl and

ethyl, and especially those where R' and R? are both methyl. Preferably R is H.

Itlustrative of the compounds of formula (II) are the compounds listed in Table 2 below. In

Table 2, R® is H, Ph is phenyl and the values of R! and R? are given together with

characterising data.
Table 2
Melting
. point (°C)
Compound R! R synﬁnti ''H-NMR proton shifts & (ppm) (CDCl;)
No. ratio (by '
glc)
2.01 H H
2.02 H CH;
2.03 H C,H;
2.04 H n-C;H;
2.05 H i-C3H;
2.06 H n-C4H9
2.07 H t-C4Hy
2.08 - H i-C4Hy
2.09 H | sec-C4Hg
2.10 H n-CsHiy
2.11 H | n-CéHis - '
2.12 CH; | CH; |mp.87- | 'H:7.39-7.28 (m, 5H, syn+anti), 6.97 (t, 1H,
90; ‘syn+anti), 6.63 (d, 1H, syn+anti), 6.48 (d,
syn/anti 1H, syn+anti), 4.38 (dd, 2H, syn+anti), 3.84
ratio 91:9 | (brd, exchangeable with D,0, 1H, syn+anti),
© | 3.19-3.14 (m, 2H, syn-+anti), 1.94-1.90 (m,
2H, syn+anti), 1.53 (dt, J;= 10 Hz, 1H, syn),
ca. 1.43 (m, 1H, anti), 1.20-1.16 (m, 2H,
syn+anti), 1..06 (m, 1H, syn), 0.92-0.90 (2d,
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l\/blting point (C) CDA 3) Conpound R R syn /anti

'H NVR proton shifts S (ppm ( No. ratio (by | c) 6H,
W%ﬁ?q7506846782 and 0.81 (2d, 6H s n . 2.13 CI—BP%E/F%ZOOG/OHSSS

2.14 C2H5 C2H5 The invention further provides a

conmpound of the general fogpula (111): RLR2 M R3 N

~ Ph H5 wherein R and R2 are independently Hor Cl1 6

alkyl, R3 is Hor Cl-4 alkyl and Ph is phenyl. O

re—coppovnds—(HHH)—vwhere R —and
ect ed fr'orMFltmﬂet hyl and ethyl, and
t hose int @) and R2 are both methyl .

C ablyl R3 is H Wre R ,and R2 are differe
°mP%WE ' (I 11 R?may| eynantiag t FENMRprogonsshifts |5c(ﬂern)<6CDCla)

|No. as a mixture of Hotakié (byally proportion. The invention

i ncludes the separlat egpanti oners and any m xtures 10
thereppf. I§lustratfive of the corrpounds of forrrul a

(111N o hao r-nnﬂﬂnnnn]c ligtad in TAahl A al Ay
—

Tablel 3 R3 is M |Ph is mmaa@b‘%‘é@ﬂwﬂe@ﬂﬂdy@
213 and R2Chbe| giGeHn tloget her

2.14 Tabl €] GHgl tiChHs Conpound RL R2 poi nt ' H NVR prot on

Shifts S (ppm (CDCL3) No. (O

The invention further provides a compound of the general formula (II):

(I

_ Ph
wherein R! and R? are independently H or C, ¢ alkyl, R*is H or Ci4 alkyl and Ph is phenyl.

Of particular interest are compounds (III) where R' and R? are selected from H, methyl and
ethyl, and especially those where R' and R? are both methyl. Preferably R® is H. Where R
and R? are different, compound (IIT) may exist as the E- or Z-enantiomer or as a mixture of
Both in any proportion. The invention includes the separate enantiomers and any mixtures
thereof.

Tlustrative of the compounds of formula (III) are the compounds listed in Table 3 below. In

Table 3, R? is H, Ph is phenyl and the values of R! and R? are given together with

characterising data.
Table3
Melting
Compound | o R2 point 'H-NMR proton shifts & (ppm) (CDCls)
No. O _
3.01 H H
3.02* H CH,
3.03* H C,H;
3.04* H n-CsH
3.05* H i-C;H;




301HH 3.02* HCH3 -3.03* H C2H5 304*HnC3H7
5* i - C3H7 WO 2007/ 068417 PCT/ EP2006/ 011885 -
W‘R/@?‘Woﬁﬁ”borrpound R R2 point 'H NVR proton ShP?T@P%OOG/OllSSS
(ppm) (CDC13) No. (C) 3.06* H n-CAHO 3.07* H t-CAHO
3.08* Hi-C4H9 3.09* H seB8ec4H9 3.10* H n-C5H11 -
3.11* Hn-C6H13 3.12 CH3 CH3 mp. 98- 'H 7.42-7.24

(m 5H), 6.93 (m 2H), 6.86 (t, 100 1 H), 6.77 (d,
Hh-T6—38 u,J_l—l,'-i-o:J-ll 1 o0 M), 4950
s bH . B.8 (brd | MSWEloeabie with D20, 1H), 1.55
Compquad 3151 1 54p2 (s,| >PPINt 3| 13 HONBIRpFSton3hifts SoHEm)EBCl;)
No. * jndicatpes E/ Z-nijxt &M@s The invention further
provii des a conmpound of the general formula (1V): R2
13.06* R1 |R B2 #-C Mo X
3.07* H t—C4H9
3.08* H i-C4Hy
3.09* H sec-C4Ho
3.10* H n-CsHi
3.11* H | n-CéHis
3.12 CH; | CH; |mp.98- | H:7.42-7.24 (m, SH), 6.93 (m, 2H), 6.86 (1,
- 100 1H), 6.77 (d, 1H), 6.38 (d, 1H), 4.39 (m, 1H),
| 4.36 (m, 1H), 4.38 (s, 2H), 3.8 (brd,
exchangeable with D,0, 1H), 1.55 (s, 3H), 1.54
| - ‘ (s, 35H).
3.13* CH3 C2H5 ’
3.14 C,H; C,H;

* indicates E/Z-mixtures
The invention further provides a compound of the general formula (IV):
R | R’
R1 ) R2

syn anti
av)

wherein R' and R? are independently H or C,.¢ alkyl and X is chloro or bromo. Of particular
interest are compounds (I) where R' and R? are selected from H, methyl and ethyl, and
_especially those where R' and R? are both methyl. Preferably X is chloro.

Illustrative of the compounds of formula (IV) are the compounds listed in Table 4 below. In

Table 4, the values of R', R? and X are given together with characterising data.




syn
or

chl o

are the conpounds listed in Table 4 bel ow

ant i

ro.

(I'V)
Cl. 6 al kyl

a
t

et hyl ,

5 wherein R and R2 are independently H
and X is chloro or
WO 39E06%17 ar e conpounds (11) where R and R2 aPeT/EP2006/011885
sel ected fromH, nethyl
those where Rl and R2 are

brono. O particul ar

and
h nmet hyl .

especially
Preferably X is

IllTustrative of the conmpounds of fornula (IV)

In 10

Table47abl e 4, the val ues of R, R2 and X are given together

with characterising data. WD 2007/068417
PCT/ EP2006/ 011885 -39Maeltinge 4 Melting point
Conppung 1 2{cC) & ' Hi NpBimpragton shifts 6 (ppm
(CDCL3) |[No. X Rl Rsyn/@@y& |ratio (by glc) 4.01 Br
| Compomnd 400 g H CHR? 4. 03yBantt dii-@MR.nmt«Br shifts 5¢gpm) (CDCL3)
No. 4.05/Br|Hi-¢3H7 4.06 Dégmy n-C4H9 4.07 Br H t-C4H9
4,08[Br|Hi-¢4H9 4. 09&5’% ?)sec-C4H9 4.10 Br H
n-CsH11| 4.11 Br. H n{ LY |4.12 Br o3 O3
4.01 Br| H -H
4.02 Br{ H CH;
4,03 Br| H C,H;
4.04 {Br| H n-C;H;
4.05 Br| H i-C;H;
4.06 Bri H n-C4Ho
4.07 Br H t-C4Hyg
4,08 Br{ H i-C4Ho
4.09 Br{ H sec-C4Ho
4.10 Br| H n-CsHy,
4.11 Br H n-C6H13
4.12 Br | CH; CH,
4.13 Br| CH; C,Hs
4.14 Br C2H5 C2H5
415 Cl| H H
4.16 Cl| H CH;
4.17 Cl| H C,H;
418 Cl| H n-C3Hy
4.19 Cl H ) i-C3H7
4.20 Cl| H n-C4Hy
421 Cl H t-C4Ho
422 Cl| H i-C4Hy
423 Cl H S€C-C4H9
424 Cl H n-C5H11
425 Cl H n-C5H13
4.26 Cl| CH; CH, m.p. 61- | 'H (syn component):7.06 (d, 1H), 7.04 (d,
62; | 1H),7.01 (t, 1H), 3.49 (m, 1H), 3.24 (m,
syn/anti- | 1H), 1.96-1.97 (m, 2H), 1.57 (dt, J;= 10
ratio Hz, J;= 1.2 Hz, 1H), 1.16-1.22 (m, 2H),
91:9 0.93 (m, 1H), 0.83 (d, 3H), 0.81 (d, 3H).
13C (syn-component): 148.6, 143.8,
128.1, 127.0, 125.8, 119.8, 69.0, 47.1,
44.8,27.4,26.4,25.5,22.1,22.0.
'H (anti-component): 7.03 (d, 1H), 7.00
(d, 1H), 6.97 (t, 1H), 3.43 (m, 1H), 3.21
(m, 1H), 1.97-1.92 (m, 2H), 1.51 (br.d, J =
10.8 Hz, 1H), 1.43 (m, 1H), 1.16-1.10 (m,
2H), 0.92 (d, 3H), 0.90 (d, 3H).
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4.13 Br CH3 CH5 4.14 Br CH5 C2H5 415CIHH416
d HCH3 4.17 d HC2Hs 4.18 CI Hn-C3H7 4.19

WO 20934084134 20 O H n-C4H9 4.21 O H t-C4H9 4P§12/E&F‘10ﬁ4011885
i-CAH9 4.23 d Hsec-C4H9 4.24 C H n-CoH11 425C|
H n-C6H13 4.26 O CH3 CH3-#0p. 61- H (syn
conponent):7.06 (d, 1H), 7.04 (d, 62; 1H), 7.01 (t, |
H) , 349(m 1H) 3.24(m syn/antl- 1H), 1.96-1.97

0.

(m—3H)- 1T 577 (dt5—3d atTo Hz,—3r—12Hz;

M), [1. 16-1. 2p (m 2mmtti“g9093(m 1H), 0.83 (d,

3H), 10.81 (d,{3H). 13d % corrpone,nt): 148. 6, 143. 8,
1

1, 127.0.|125.8, 1 471
g:mp SR, 1'% RP5h 1R%2 synhn(tla b -'13@{%85%‘8{‘)“‘8“/5 %é"t’ﬁ) (CDCly)

1H), 17.do " (d| 1H), 6.lo7ratio, LH), 3.43 (m 1H), 3.21 .
(m 1H),| 1.97}1.92 (m| @igle)l] 51 (br.d, J = 10.8 Hz,
| H | 1.143 (nj I H, 1.16-1.1p (m 2H 0.92 d, 3H, 0. 90

(d, $F) [ WO 2p077 068417 PCITH b ponent 1 3EL 1457,
126.8, 126.6, 125.5, 118.7, 67.9, 45.6,
43.4,26.1,24.2,23.2,20.9, 20.8.

4.27 Cl | CH; C,Hs

4.28 Cl | CoHs C.Hs

The invention further provides a compound of the general formula (VI):
RL_R’ |
|
(VD)

X .
wherein R' and R? are independently H or Cy alkyl and X is chloro or bromo. Of particular

interest are compounds (VI) where R' and R? are selected from H, methyl and ethyl, and
especially those where R' and R? are both methyl. Preferably X is chloro. Where R' and R?
are different, compound (VI) may exist as the E- or Z-isomer or as a mixture of both in any
proportion. The invention includes the separate enantiomers and any mixtures thereof.
Iilustrative of the compounds of formula (VI) are the compounds listed in Table 5 below. In |
Table 5, the values of R', R? and X are given together with characterising data.

Table 5

_ Melting
Compound | | p1 R? point | 'H_NMR proton shifts & (ppm) (CDCls)
No. e (°C)
5.01 Br| H H

5.02* Br{ H CH;

5.03* Br| H C,Hs

5.04* |Br| H [ »n-GCH,

5.05% Br| H i-C3Hy

5.06* Br| H | n-CHp

5.07* Br| H | ¢C4H9

5.08* Br| H i-C4Ho

5.09* Br| H sec-CsHg




poi nt

shifts S
W S l0osE o onent )
118.7, 67.9, 45.6,

Compound (C) & X R R2 syn/anti

( CDC13)
151.

43.

"H- NVR proton
No. ratio (by glc)
4, 146.7, 126.8,

4, 26.1, 24.2, 23.2, 20.9,

20.8. 4.27 d CH3 C2H5 4.38-A C2H5 C2H5 The
i nvention further provi des a conpound of the general
formula (M): RRZ (VI) X wherein R and R2 are
inde eﬂdvﬂt!y H oF r~1 R -;I I/\:I onr~| X ic r-hl oF-0—0k
bromd. O particular | Melting st are conmpounds (WVI)
Compoynsh o R | apdl R2 gge s¢l ®OiMd |f HWNMR pﬂi&itbl)/hhnﬁ@@(ppm)l(CDCb)
No. and |esppcial|y those [wh@Ep R and R2 are both nethyl .
Preferabl]y X |s chlorg. Wherg R and R2 are
15.10* dlffqrgln Heompaud, (Y1) may [exist as the E or
5.11* Z 1 SOMgf oHa ACHKIJre of porh rm any proportlon
1Te 1 LI U3 |
512 any m'g]i lrcg the@élu ?qFEsE ?5 (m, 2H),
of fdrnula (M) are the conpa W&é |(H1’ m, 1H),
bel ow. Ih 10 [fable 5, [the val 5 3, 1.50(so3Hd)- X ar e
gi ver| toget hef with char act er|i S nkpOcrt 452.9T:aki0e815143.26,
Mel tijng | Conppund X R| R2 poi|rid2:24-1VR8pi24. b 1dRidk §1557,
(ppn) (apC13)| No. 5.Q1 Br H|HO035302F.6r51H 60HS.0451 90,
5.13* Br H|@HPCH; |  C,Hs
5.14 Br | CGHs | CoHs
5.15 Cl| H H
5.16* Cl{ H CH;
5.17* Cl| H C,H;
5.18% Cl| H n-C;H;
5.19* Cl| H i-C3Hy
5.20* Cl H n-C4H9
5.21* Cl|] H [ #+CiH,
5.22% Cl| H i-C4Ho
5.23.* Cl| H sec-C4Ho
5.24* Cl H n'C5H11
5.256* Cl H n-CegHj3
5.26 Cl| CH; | CH, 83-85 | TH: 7.10 (d, 1H), 6.94 (m, 2H), 6.93 — 6.85
(m, 2H), 4.63 (m, 1H), 4.41 (m, 1H), 1.57
(s, 3H), 1.55 (s, 3H).
BC: 160.55, 152.84, 148.35, 143.23,
142.21, 126.90, 125.77, 124.90, 118.92,
103.57, 51.35, 49.11, 19.00, 18.89.
5.27* Cl | CH, C,H;
5.28 Cl | C;Hs CoHs

* indicates E/Z-mixtures

The following non-limiting examples illustrate the invention in more detail.

C
126. 6PC'§_/§BZ(]§6/01 1885
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5.04* Br Hn-C3H7 5.05* Br Hi-C3H7 5.06* Br H
n-C4H9 5.07* Br Ht-C4H9 5.08* Br Hi-C4HO 09* Br
W20 19 WO 2007/ 068417 PCT/ EP2006/ 011885 P‘&E/EP2006/011885
Melting Conmpound X R1L RZ point 'H NVR proton shifts 8
(ppm) (CDAI3) No. () 5.1@2-Br Hn-C5H11 5.11 * Br H
n-C6H13 5.12 Br CH3 CH3 90-91 H: 7.13 (d, 1H), 7.06 (d,
114), 6.95 (m 2H), 6.81 (t, 1H), 4.57 (m 1H), 4.45
(m 1H), 1.58 (s, 3H) .. 3H). 13C 160. 46,

152. 91, 150. 81, 143. 26 1 127.68, 126. 10,
Prepara%%g o;f@-Blgo]ﬁo §Zsopr3@%dg€bé?e'§&cg€c§b%2ﬂdﬁ§e (é&nl%‘tm}_']fﬁ; 30 2)

HGH,5. 18* A H n- C3H7
n-C4H9 5.21 * d H

5. 16* Cl HCH3 5.17* O H
5.19* d Hi-C3H/ 5.20* C ,
t-C4H9 5.22* O Hi-C4H9

a) n-Butyllithium variant, from 1.3-dibromo-2-iodo-benzene

To a stirred solution of 1,3-dibromo-2-iodo-benzene (5.00g, 13.8 mmol) and 6,6-
dimethylfulvene (7.57g, assay 97%, 69 mmol) in dry toluene (60 ml) under a nitrogen
atmosphere 5.5 ml of a 2.5M toluene solution of n-butyllithium (14.5 mmol) were added
dropwise at 0°C within 10 minutes. After a further 10 minutes at 0°C and 1 hour at ambient
temperature, the reaction mixture was poured onto a saturated aqueous solution of ammonium
chloride, extracted with ethyl acetate, washed with brine and water, dried over sodium
sulphate and evaporated. Purification of the crude material on silca gel in hexane afforded
2.55g of the desired product as a yellow oil (assay 99% by g.l.c., 70% yield). Yellow crystals

of m.p. 90-91°C were obtained from cold hexane:

b) n-Butyllithium variant, from 1.2.3-tribromo-benzene

To a stirred solution of 1,2;3-tribromo¥benzene (4.34g, 13.8 mmol) and 6,6-dimethylfulvene
(2.38g, assay 92.6%, 20.7 mmol) in dry toluene (60 ml) under a nitrogen atmosphere, 5.5 ml -
of a 2.5M toluene solution of n#-butyllithium (14.5 mmol) were added dropwise at -5 to 0°C

within 10 minutes. After a further 10 minutes at 0°C and 2 hours at ambient temperature, the

reaction mixture was poured onto a saturated aqueous solution of ammonium chloride,

extracted with ethyl acetate, washed with brine and water, dried over sodium sulphate and

evaporated. Purification of the crude material on silca gel in hexane afforded 2.38g of the
desired product as a yellow oil (assay 84% by g.l.c., 55% yield).
¢) Isoropylmagnesium chloride variant, from 1,3-dibromo-2-iodo-benzene

A solution of 1,3-dibromo-2-iodo-benzene (45:95g, 0.124 mol) in dry toluene (200 ml) under

a nitrogen atmosphere was reacted at -8 to -15°C with 2M isopropylmagnesium chloride in .

tetrahydrofuran (63.5 ml, 0.124 mol) for 1 hour. Subsequent addition of 6,6-dimethylfulvene

'(16.54g, assay 97.8%, 0.15 mol) at 0°C was followed by heating to reflux temperature for 19

hours. The reaction mixture was poured onto a saturated aqueous solution of ammonium
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5.23.* O Hsec-C4H9 5.24* C H n-C5H11 5. 25* CI H
n-C6H13 5.26 d CH3 CH3 83-85 H 7.10 (d, 1H),
W?ﬁ?07QF§4176 93 - 6.85 (m 2H) 4.63 (m 1H), HC'E{EP%W/OIISSS
1H), 1.57 (s, 3H), 1.55 (s, 3H). 13C. 160.55, 152. 84,
148. 35, 143.23, 142.21, Ifg 90, 125.77, 124.90,
118.92, 103.57,51: 35, 49, 11,19.00,18.89. 5.27* d CH3
C2H5 5.28 d C2H5 C2H5 * indicates E/Z-m xtures The
chloride Odxt@vied Gvittogthyli ddkthieN & aghed FatESrirel dnd SYdt@t 8riéd\ver sodium
invention in nore detail. WO 2007/ 068417
sulphate@md EPFROBLD ﬂlgematomhmmel_caldr Imtelpdmtsnlma gel in hexane gave

r en nadi ene ( Conpound
the des%ﬁp‘?@ﬁs(jﬁgg} @dﬁgg)gq é??l/o ﬁ:)'hi um variant, from
1, 3-di brono- 2-i odo- benml\@fgyza stirred sol ution of
1, 3-di br ono- 2-i odo- benzene (5.00g, 13.8 nmol) and 6, 6-
Preparationf ﬁyqlﬂmpw%nepr(wyme-basmrl@mdlm (GowippunciNdr §.26)
toluene (60 m) under a .qérog at nrosphere 5.5 m of
a 2.5M toluene solution of Sﬁﬂllithium(M.S nmol )
were added dropw se at 0C V\}ithl n 10 mnutes. After a
further 10 ninutes at @C @nd $ hour at anbient
tenperature, the reacti {{ lire was poured onto a
saturated aqueous sol raroni um 10 chl ori de,
extracted with ethyl agetd ashed wth brine and
water, dried over sodChum suI ph%tte and evapor at ed.
Purlflcatlon of the crude materlal on silca gel in
A yanant e : p-2rigdo-henzepeq product as a
To a stitfel lsmtlgh Iof ? Qscﬁ@lﬂox%gf/‘b&fé lgenEerﬁf 85@ 0 YoGhibi) a %ﬁ (?I %imethyl-
crystals wer e tal ed from’co
fulvenel(d& 36, assay 96. 2%, 420 mmol) in dry toluene (600 ml) under a nitrogen

atmosphere, 58.8 ml of a 2.5M toluene solution of n-butyllithium (147 mmol)were added
dropwise at 0°C within 16 minutes. After a further 10 minutes at 0°C, the reaction mixture
was allowed to stand at ambient temperature ovefnight. Aqueous work up with saturated
aqueous ammonium chloride and ethyl acetate extraction followed by washings with brine
and water and drying over sodium sulphate gave a crude material which was purified by
chromatography on silica gel in hexane to give 19.79g of the desired product as a yellow oil
(assay 94.7% by g.l.c., 62% yield). Yellow crystals of m.p. 83-85°C were obtained from cold
hexane.

b) Isopropylmagnesium chloride variant, from 2-bromo-1,3-dichloro-benzene
A solution of 2-bromo-1,3-dichlorobenzene (22.59g, 0.1 mol) in dry toluene (100 ml) under a

nitrogen atmosphere was reacted at -8 to -15°C with 2M isopropylmagnesium chloride in
tetrahydrofuran' (50 ml, 0.1 mol) for 1hour. Subsequent addition of 6,6-dimethylfulvene
(13.03g, assay 97.8%, 0.12 mol) at 0°C was followed by heating to reflux temperature for 10
hours. Aqueous work up with saturated aqueous ammonium chloride and ethyl acetate
extraction followed by washings with brine and water and drying over sodium sulphate gave
the crude material which was purified by chromatography on silica gel in hexane to give the

desired product (19.03g, assay 95.2% by g.1.c., 83.6% yield) as a yellow solid.
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) n-Butyl lithiumvariant, from
2;

2,3-tri brono- benzene
To a stirred solution of 1, t

1,
3- rlbronn benze
h

W?&““ﬂ?@s‘”is 8 mmol) and 6, 6-di net hyl f ul vene ECTB/@EZOWOHSSS
assay 92.6% 20.7 nmmol) in dry toluene (60 n1) under a
ni trogen atnosphere, 5.5 AH4-of a 2.5M tol uene '
solution of n-butyllithium (14.5 mvol) were added
dropvvise at -5 to OC wthin 10 mnutes. After a

A solut%iéﬂﬁBﬂ%h@&UWo%@hi&lb@ %, 8%?&&0%% R{hhéix% (1(?911) under a
extracted with et hyl acetate; shed ‘'w th” brine and

nitrogepatm@spherei veas reacted ato8tairh58Q Mpﬂna&l\é igopropyémagiesanrechloride in

oG B 2 o B S b b e

(1.45 g,)é@ialy% D) 11 S o] PA PO Yv a4 fbllFwed B3RS tSWefluk kemperature for
| sof opyl magnesi umchl ori de variant, from

22 hours, 8quiédus ovask 2pivdthsabuated aqueus aingtonpm obloride and ethyl acetate
i.odo- gé zene (45. 95 0. 124 nol i n
daW Py

extractltog%%lg% (f%waehu)lgslm nezzgl gdeﬁlnﬁtoﬁﬁ’é U\;Q&Xte gave

chlaride in tetrah drofuran

the crudeée@atesid] Which Svas Purifiedo We ko ésgr?hgr di’lps)(ﬂ é@%g%hé%e to glve the
desuedprmt (1. 518 sesghi 8t Vabgd co 9 §Po '

BleBl)@S ma't:l'lesqhd!ene
oI | oned by

21\~

A soluttmll-mnmzwn@ums;emﬂeqdz 89k ® %ﬁﬂuéﬁ%@@@l f1l) under a
sol uti on of ammoni um WO 2007/ 0 8417 2006/ 011885

nitrogen anesphere was reaskad aicl - 1€ WlféltWIlsaamyémegnemwheldonde in

o R BB A e
(16.56g hisag 96204, 0.15 Moy ane’Waisfollohed dgHehtdsk Rrrefluf temperature for 10

&ﬂ? 844, assay 79% by g.1.c., 66%yield). EXAMPLE 2 5
hours. /xquseys Horlopp Wit saturated aqueous ammonium chloride and ethyl acetate

extractlﬁg %]Loqge%b%' ‘té%&y Bi ﬁﬁkf@%@%ﬁ%@%’vg&%}d&% QRI%H&Q gave

the crud&IBattmhll wlluhh wms ]banﬁethby cliroftatography on silica gel in hexane to give the
I do benzene,

desired product é:lg 5 g, assay 4.4% by g.I.c., 76.2% yield) as a yellow solid.

e) Isopropylmagnesium chloride variant, from 1-bromo-2.3-dichloro-benzene

A solution of 1-bromo-2,3-dichloro-benzene (37.6g, 0.165 mol) in THF (170 ml) was added |

to 2M isopropylmagnesium chloride in tetrahydrofuran (100g, 0.206 mol) under a nitrogen

atmosphere at -10°C and reaction mixture was stirred over 1hour. This Grignard intermediate

was added over 4 hours to a solution of 6,6-dimethylfulvene (19.9 g, 0.173 mol) in toluene at

85°C. The reaction mixture was stirred over one hour to complete the conversion of the
reaction. R’eactien was quenched with saturated aqueous ammonium chloride and phases were
separated. Evaporation of THF/Toluene afforded the desired compound No. 5.26 (39.2g,
80.5% yield) as a yellow solid.

EXAMPLE 3

Preparation of 5-chloro-9-isopropyl-benzonorbomene (syn/anti-mixture, syn-enriched)

" (Compound..No. 4.26)
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To a stirred solution of 1,3-dichloro-2-iodo-benzene
(38.21g, 140 mmol ) and 6, 6-di net hyl - ful vene (46. 35g,

W 3WAPoBIR7 204 420 mmol ) in dry toluene (600 nl PCT/ER206/811885
nitrogen 10 atnosphere, 58.8 ml of a 2.5Mtol uene
solution of n-butyllithiumd4bl:47 nmol )were added
dropwi se at OC within 16 mnutes. After a further 10
m nutes at OC, the reaction mixture was allowed to
stand at anbi ent tenperature overnight. Aqueous worKk
up with saturated ueous anmoni um ¢hl ori de and et hyl
acetate extractio | | oned by washings with brine
and water and drying
mat eri al whi ch
silica gel in he \ t he desired
product as a yellow oil (assa¥y 94. 7% by g.l.c., 62%
yield). Yellow €ltystals of nfh. 83-85C were obtai ned
fromcold hexane.sﬁ% | sopr opyl gpgnesi um chl ori de
variant, from 2-brono-1, 3-di chl oro-benzene A sol ution

5-Chlogd-94sdpropyiidénSbehzohbiboafadiene (30.(g) 2. 1389 md), freparkd as described in
tol uene (100 a_ 20 nitrogen atnosphere

d n
Examm&r%) Vesdeydeegepated gt ?-%tofj 2?%8 A 3 ambiens grssesg ivEgHBER1 (AP0 ml) in

r ' § fr , for.
e e 5795 D A5 AT, WGPl flen
evaporftich Wagfollased by Pirifieation chsilied gel it héx@nsvasgitotHealssieedptoduct

heatjng, 1o reflux te rature f 0 hours. . Agueous .
(29.05 00 widia¢ f 8 P%&sgﬁg,ara@eéféﬁﬁn{@wswgeﬁrm Hes ined by
gle. aggﬂg! acetate extraction followed by washings with

rine and water and dryi ng over sodi um sul phate gave
25 the crude material VEXAMRIES4purified by

chro raphy on siica | in hexane to give the
Prepargjion, q'}ﬁ\irgg%@gamm%ﬂé%f’pﬂi%o borgs S&/gvte-mlxw, &
enriched: €ofhbodsd. No/el19w solid. WO 2007/ 068417 ‘
PET/ EP2006/ 01188 -44 c) |sopropyl magnesi um chl ori de
variant, from 1, 3-di chljoro-2-i odo-benzgne A sol ution
of 1, 3-dichloro-2-iododbenzene (2.39g, B.76 mol) in
dry toluene (10 ni) unde
‘reacted at -8 to -17&W §
chloride in tetra @gi
| hour. Subsequent agHd
(1.45g, assay 96.,29

gr'methyl ful vene 5

N at 0C was foll owed by
o f&t 22 hours. Aqueous
work up with @ rated aq » anmoni um chl ori de and
ethyl acetate <traction NeH owed by washings with
bri ne and water and drying over sggjun1sulphate gave
the crude material Which was purified by

 a) Fron BIcB626 9965 bYy1Bensoddrbanas] (simehect2d ©1190 Bintduhd Vo, 4.26)

aa) Using R

as a ligand
1) (S/C 100, 1 mol%)

To a mixture of 5 -chloro-9-isopropyl-benzbnorbornene [syn-enriched 91:9; Compound No.

-)-di-tert.-butyl-

4.26, prepared as described in Example 3] (1.0g, 4.53 mmol), sodium tert-butoxide (719mg,
assay 97%, 7.25 mmol), palladium acetate (10.2mg, 0.045 mmol) and R(-)-di-tert-butyl-[1-
[(S)-2-(dicyclohexylphosphanyl)-ferrocenyl]ethyl]phosphine (25.1mg, 0.045 mmol) in a

| Schlenk tube under argon, dimethoxyethane (30 ml) and benzylamine (0.728g, 6.8 mmol)
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desired product (1.75g, assay 86.4%by g.l.c., 79.5%
ield) as a yellow solid. 10 d I|sopropyl magnesi um

%H?"&{‘)Pfifyvarl ant, from 1-brono- 2, 3-di chl or o- bBRYERYOK011885
sol ution of 1-brono- 2, 3-di chl'oro-benzene (22.59g, 0.1
mol) in dry toluene (100 4% -under a nitrogen '

at nosphere was reacted at -8 to -15C with 2M

i sopropyl magnesi um chloride in tetrahydrofuran (50

b
v fle. SRl Lk YR U TPl sy
filtratioat orOKy flaS tHeakdotior ehikturdiwas poged ints abieni30 I extedcttidawith ether,
0 15 hours. Aqueous work up with saturated

WasheJawu% éuge andrivaten and dnest o e s%amespmteae &tvgtte crude material.

PR OYET AL TED A4 TP 0.

assay 9284, O2¥ayield)ias n vEangOOil. IThees(jln/l’&)itz eftiowad D00 @Y.1.8)). Colourless
silica gel Ln hexane to give the desired product

crystalg weremppiaingdsizam hexaneysnq §-90 6. , 76.2%yield) as a

T bid. e) |sopropyl magnesi um chl ori de vari ant,
i) (S/CY0, 0 s -2, 3-di chl oro-benzene 20 A sol ution of
The reattion dmarchd%m.Kl):éfHo&e o-ab edpeated with/0.605 edhivdiéntsof palladiufifcetate
70 m added to 2M jsopropyl magnesi um chl ori de
and 0. 0&’% eﬂ%lf/?%ﬂ&? dreseane phosriyne igadegiving the dersted profuct Bpeyield of
799, atnmosphere at -10C and reaction m xture was stirred
over lhour. This Gignard internediate was added over

ab) Using h3dbis-(2.6- chzsemogﬂghenyc_b)f-nﬁg&zaliumetmwdwésveh@g@19. 9 g,
i ;& 183 rml[,g g toluene at 85C. The reaction mxture
) S/C one hour to conplete the conversion
To a mikkurk B 5%R14 S@C&b yif t
oa I ;ﬁﬁgmargeﬁl‘i d?ﬁkm“(gt?e @Wand pﬁal deom oundNo

sat urat ed aqueous S&2 e ‘
4.26, preped as describedhindtxampde 3 b(5. (]QﬂEZ'BGImmnB smfdium d&dbutbmde (3.591 g,

assay 9921? b% Yot oﬁgpalfg%gmcg?%g g@(é&:%ég}]a’it dI 1e£ gls-a

dusopr(ﬁ)}@ﬁ}ieﬁﬂl? -iidaz6RARYlor{e 1491 ‘nfg bqugmo in a Schlenk tube under
i -mxture, syn-enric ( Conmpoun No.

argon, émxzﬂm)oxmgmﬂﬁo @sna_rm mzyammw/ @283 mmatbwete added. SKhre

mixture st Bl ngienP ABHEPY: LGRE FoR B ARSI treiction Byro®
the reactibn \WeiS tuly dﬂé@ﬁ@lﬁ@& ﬁﬂo Waté%oe)&ﬁc%a@vﬂﬂé{'héﬁ wasRidaRith brine and water

pressure in nethanol (300 ) in the presence of 5%

and drigggver s@Hym spjpatsde giveghe atude MC@T% 83g)ePurifi¢ationon silica gel in
ethyl ace{aké/ﬁ&tahg Pl é\fﬁforded the desired product (6.28g, assay 91%, 86% yield) as an

orange oil. The syn/anti ratio was 89:11 (by g.l.c.). Crystallisation from hexane proceeded
with further syn-enrichment giving 3.04g colourless crystals m.p. 98-100°C (syn/anti ratio
98.5:1.5)

b) From Nabenz&l-5-amino-9-isopropvlidene-benzonorbornadiene {Compound No. 3.12)

N-benzyl-5-amino-9-isopropylidene-benzonorbornadiene (Compound No 3.12, prepared as
described in Example 5) (1.00g, 3.479 mmol) dissolved in a mixture of tetrahydrofuran (15
ml) and methanol (15 ml) was hydrogenated in the presence of 5% Rh/C (400mg) at ambient
temperature and 4 bar during 24.5 hours giving the desired compound (0.39g (38%); syn/anti
ratio 98:2 (by g.l.c.)) as a crystalline solid (m.p. 89-92°C) besides 5-amino-5-isoi)ropyl-

“benzonorbornene (11%, syn/anti ratio 87:13 (by gl.c.) (Compound No. 5.12) after purification

on silica gel in ethyl acetate-hexane (1:9).
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5 evaporation was followed by purification on silica

8e| in hexane to give the desired product (29.05@,
WOZTP6%1E) as a col ourl ess solid, mp. 61-62CPCHE{E2006/011885

syn/anti ratio was determned by g.l.c. as 91:9.

EXAVMPLE 4 Preparation of -47-

N- benzyl - 5- am no- 5-i sopr opyl - benzonor bor nene

(syn/anti-m xture, syn- 10 enriched; Conpound. No.

2.12) HH syn anti a) Frgm
5-chl oro-9-i sopropyl -b nene (syn-enriched

Prepargforyof (PR ariflorststibpyftithe Rk Aorhomadicne (Compound No 3.12)
-ferrocenyl |l ethyl | phosphine as a ligand 15 i) (S/C
100, 1 nol% To a mi xture of
5-chl oro-9-i sopropyl - benzondkbo ﬁ’é"a[ syn-enri ched
91:9; Conpound No. 4.26, prepajjed as described in
Exanple 3] (1.0g, 4.53 mol di um tert-but oxi de
(719mg, assay 97% 7.25 mft l\pal | adi um acet at e
(10. 2ng, 0.045 mmol ) and R ‘
[ (S)-2-(dicycl ohexyl phosphéanyl ) -
hi ne (25.1ny, O. 045Hi n a 20 Schl enk tube under
argon, di met hoxyet @ 30 m) and benzyl am ne
(0.728g, 6.8 muol) WD 2007/068417 PCT/ EP2006/ 011885
,-46 were added. The m xture was heat ed under

a) S/C 806 (cmel®h cafalyst)i Ng to 105C for 21 hours. After

filtration on Hyflo(r) the reaction_m xture was poured

To a mixfugs afer @HoroghisgpropylidenehenaenasperpadienaCompouaddio.d- 2t

prepardl i s A B8k AN U1 DG BY SR Ul S RLGad b B1YCassay

e Ccr Ica on silica @

97%, 7638vimod); pilkddaurh axeme (A3}, AD4Omaeas]) dlvel,8%d-(261diisopropyl-
gt oduct . (1.33g, 5 assay 92% 92%yield) as an orange
phenylysimidazeliing ghipgdg (19:Gme.d-Yesmurpl)gn @pighignk tubeyunder argon,

diethylgh QeI RERonG LB RGO pRE ey AR, BoRimmol
were added( The alixtuee wiasshaatgdemtiedefiicicht Qirfing teetid-V48°€rfos2 bhours. After
.pal I adj ugn.acetate .and 0.005 equival ents of the sa
filtratidgy L KO GUTBAEHAN TR /2% RGMER 81tp S61eBy Giaeted rjtyether, washed
with brfAeSird vPdter aH dfR¥over sodium sulphate to give the crude material (9.54 g).
Purification by chromatography on silica gel in ethyl acetate/hexane (1:9) afforded the desired

product (1.54g, assay 84%, 98% yield) as a yellow viscous oil.
b) S/C 400 (0.25 mol% catalyst)

To a mixture of 5-chloro-9-isopropylidene-benzonorbormadiene [Compound. No. 5.26

prepared as described in Example 2] (5.0g, 23.07 mmol), sodium terz-butoxide (3.548g, assay
97%, 36.9 mmol), palladium acetate (12.9mg, 0.0576 mmol) and 1,3-bis-(2,6-diiso-
propylphenyl)-imidazolium chloride (24.5mg, 0.0576 mmol) in a Schlenk tube under argon,
diethylene glycol dimethyl ether (diglyme) (150 ml) and benzylamine (3.71g, 34.6 mmol)
were added. The mixture was heated under efficient stirring to 140-145°C for 24 hours. After
filtration on Hyflo® the reaction mixture was poured into water, extracted with ether, washed
with brine and water and dried over sodium sulphate. Evaporation for 2hours at 2 mbar and
75°C gave the crude material (6.75g). Purification on silica gel in ethyl acetate/hexane (1:9)

afforded the desired product (6.27 g, assay 94%, 89% yield) as a yellow viscous oil.
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ab) Using 1, 3-bis-(2,6-diisopropyl phenyl)-im dazolium

chloride as a ligand i) S/C 200, 0.5 nol % catal yst To
WO 2007068412 of 5-chl or 0- 9-i sopr opyl - benzonor bonBHEEP2006/011885

[syn-enriched 91:9; Conpound No. 4.26, prepared as

described in Exanple 3] (548g, 22.65 mmol), sodium

tert-butoxide (3.591g, 15 assay 97% 36.2 mmol),

pal | adi um acet at e (25 4ng, 0.113 mmol) and

c) Prep&ragog f]\/(l?mgyldi Qﬁ%gp&%g)f%#e Bﬁ(&&%%x’nﬁ@eﬁ@ hgciroc%eiorid

myg, U. 115 Ill

d| nmet hoxyet hane (150 m ) zylam ne (3.641g, 34
nmol ) were added. The m xtufle was heated under
efficient stirring to 10 r 19 hours. After
filtration on Hyflo(r) Ctihdpn m xture was
poured into water, extragted with ether, washed with
bri ne and water 20 dfi ed over sodium sul phate to
gi ve the crude mater (8.53g). Purification on
silica gel in ethyl acetate/hexane (1:9) afforded the

In an iféASEARsE, chﬁﬂh‘@-@ zﬁ&rgﬁﬁldeﬁﬁéﬂzoga%on%@%'[?bgl)poaﬁd q‘fb) 5.26

orange 0I| he syn/anti ratio was
preparedrag dJesdribed in Ezsmnplp Sh{Hgx@nas plod))(:\emrhsisolwdtlh xfylene1@b g), and

T Y TN R E SN EE

diisopr npouig-éﬁnl\%dibﬁﬁm%;nlo‘ﬂa@ {OBYL, (A601-hE1) 2A0 BERSIREE (2. 1g, 0.187

(
mol) wegeladded, (The mixtune wes h@é@r ioph257 @ éore3 sy untdlrdoorpdetionr the

reactloré %{E%Q %as ach%di(;}émz rﬁefg tbo gli[llgg.g?a 3%%31' wﬁﬁeagtal i tEgﬁgE with HCL
Actlvatbdibirﬁbd%@ﬁdﬂeﬂntl{ejsﬁspem;lbn and clEeifeannd /pﬁﬂs'_és Wete H@ﬁrated Xylene

ﬁ%{o enated in the presence of 5% Rh/C (400ny)
was disH treplageshey bexane angha bleaghing gath ﬁgatnwnswmmed out The

PdellCtg\’V%fs 19(9&%&%5 ?@ﬁ sgl% 18:§) s%g(%c/g ?X’%?%ﬁ 8%%/ é’b‘%{ éa?m .

89-92C) besi des 5 am no 5-i sopropyl - benzonorbornene

11% /anti tio 87:.13 (b Co d No.

5112) after purificati EXAMELEG | oo bl in ety
Preparafi§ff bE> Srfifid3 Q?cg‘r&%gr el &@&é&%ﬁ%ff’mﬁ?@ 99%9&&,%5)5

(CompondaNz ML 125- am no- 9- i sopr opyl i dene- benzonor bor nadi ene
(Conpound No 3.12) H3C CH3 H j-N

Pbph

syn anti

a) From N-benzyl-5-amino-5-isopropyl-benzonorbomene (syn/anti ratio 97:3: Compound No.

2.12)

N-Benzyl-5-amino-5-isopropyl-benzonorbornene [syn/anti ratio 97:3; Compound No. 2.12

;Srepared as described in Example 4] (3.00g, assay 97%, 9.98 mmol) dissolved in a mixture of
methanol (30 ml) and tetrahydrofurane (20 ml), was hydrogenated at ambient pressure and

temperature in the presence of 5% Pd/C (300mg) over 20hours. Filtration and evaporation of
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5a) S/SC 100 (1 nol % catalyst) To a m xture of

5-chl oro- 9-i sopropyl i dene- benzonor bormadi ene [Corr/%ound.
WRRWTHHZT nr epared as described in Exanpl e 21PET/EB06/011885

4.61 mmol ), sodiumtert-butoxide (0.731g, assay 97%

. 7.38 mmol ), palladium acetatge (10.3ng, 0.046 mmol ) and

1, 3-bis-(2,6-diisopropyl- phenyl)-imdazoliumchloride

(19.6ngy, 0.046 mol) in a Schl enk tube under argon, 10

the solieft AROLRETL® 1 4518 s ¥ s el Yy ehpamle. 3836,

o, ABItWA i ' fif.iyci ent stirring to
I8 @i@-%ﬁ%é@%ﬁmg?&lﬁgg?géq%?e}rc) filtration on Hyflo(r)

b) Fromhé-beez 5t aminpi9%ds oprep wadenpden zohoihorma dige € ComerundiNt 8dl 2)

with ether, wash ith brjne and ter and. dri.ed
N-Benylet e G0 BTy ens Hs R TR L RpMpa o P 1 gpignared as
i BRI 0 SO A 5S4 G 1
ml) ang muatheaiol (15. B gvas @sbausti el yhySdPenste id)thapresenge ok 6% Pd/C

, , 0
(400m\ﬁ/i %faﬁ}ﬁerg;témpe%tursé acr:1d4ép lg)ar(d%n%g ZRL)u/f)SCg?\Eiglg Xﬁél) pu-ll:i%cgtion on silica

1 in th§iMcBfaf-RexaBOPI.OPNE HESRA-RARR D81 H 0§ 5AYI -ratio 74:24
sein [ Ogln'p?ognd. No. pl5. 26 prepared gs dgéc% ’év’gﬁylﬁ’riln&élonﬁ e (by
gl.c.) &ayiScg,0il23. 07 nmmol ), sodi um tert-butoxi de (3.548g,

Hydroge_sr%gg% a%ifgtghlgp%%?%f %(y)%da:gg gxgig%l%egtiéajf %br?(ﬁgc’)ns gave the
desiredArfiRN¢ Mbﬁ%?fﬂﬂ%ﬂtﬁ%i&ﬁ?%:hg.e (24.5ng, 0.0576
mol) 1Tn a Schlenk "tube under argon, diethylene

Hydroggnation athitmespheric préssure udiler otheryviselidentich) conddions afforded
b l.amn 3. .7 o34 [),. dded. Th
compaff -5 45 SRl ri i Sl e 0T L33
140- 145C for 24 hours. After filtration on Hyflo(r)

08 A58 NGk Bty 81481 s o

W t
the prepamatios ofithg compbwivhofthe gegpalrfatrnda (F) dron2 hewospatund ofithageneral

25, 75C th d . al . 759) .
fOHﬂUl%EﬁpF? E%%P% a'\éﬁh% Pﬁ%ﬁ%’&g QZ a glgﬂaecg{nﬁﬂa&gyégt gz e/ hexane
(1:9) afforded the desired product (6.27 g, assay

. 94% 89%yield) as a yellow viscous oil. WO
This pefordeshedimetmakes §pesdhle 4@ prepas in apimplg manneicomipounds of

N-Renzyl 35: am no-9:- i sopropyl i.dene-b nor bor.nadi en
formulﬁ )dg iy é’%‘f%&hgraﬁé’ﬁl&iﬁ’”ﬁﬂl{?&ﬁ%ﬁfmula ‘(Jﬂf RYRE 7Y, epimer of formula
(Ib) is signiﬁcantly enriched; usually, a syn/anti ratio of more than 55:45 can be achieved;
typically a syn/anti ratio of from 60:40 to 99:1 can be achieved. It is therefore a particular
advantage of this preferred embodiment that mixtures of compounds of formula I can be

prepared in simple manner that have a syn/anti ratio in favour of the syn epimer.

In this preferred embodiment of the process according to the invention, a compound of the

general formula (III):

(m
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In an inert reactor,
5-chl oro-9-i sopropyl i dene- benzonor bor nadi ene
WOeHHIStMA. No. 5.26 5 prepared as descri bed PRI/EP2006/011885
Exanmple 2] (27g, 0.125 nol) was dissolved in
xyl ene(125 ¢g), and sodi um-t5€rt - but oxi de (15g, 0. 156
nol ), palladiumchloride (0.22g, 0.0012 nol),
1, 3-bis-(2,6- diisopropyl phenyl)-imdazolium chloride

Q.1 n2 n i3 .1 . .
wherif S35k D PSTIER IEL(AT 0By o . s
reactedhwitti Bydrogen incthepreséncenf afpallidumrcealyst @ fordét ®mpsafd of the

added to the reaction m xture and the pH wwas adj usted
generak fgrmgulgi(Dh Hol . 10 Activated carbon was added, the

suspensi on was clarifi eg; and_phases were separat ed.

Xyl ene was distilled off; I%pl aced by hexane and a

bl eachi ng earth treatnment s carried out. The

product was isolated a salt (18.5g, assay 94% by
HPLC., 43%vyield) EXA 5 Preparation of
5-am no-5-i sopropyl -b onene (syn/anti-m xture,

syn-enriched) (Conmppynd No. 1.12) H2N H2ZN syn anti
a) From N-benzyl - 5- afi no- 5-i sopropyl - benzonor bonene
whereit RY BA@RE brd ialépienldhit H PTG, BBd whérelr?the 28io of the syn epimer
N- Benzyl - 5- am no- 5-i"sopr opyl - benzonor bor nene [syn/anti
of formula (&) 97: 3; Compound No. 2.12 prepared as descri bed
in Exanple 4] (3.008, assay 97% 9.98 mmol) dissol ved
in a mxture of nethanol (30 m) and tetrahydrofurane
(20 M), was hydrogenat eg? at anbi ent pressure and
tenperature in the presefpce of 5% Pd/ C (300ng) over
20hours. Filtration amd’ewgporati on of WO 2007/ 068417
PCT/ EP2006/ 011885 - 49keflsol vent afforded the
desired aniline as a ¢ ,;l('.‘ 03dla) assay 98% by
g.l.c., mp. 54-56C, L yrreld) with a syn/anti ratio
of 98:2 (by g.l.c.).HM) Frommepimer
.N-benzyl -5-am no- 9-i sopropyl i dene- benzonor bor nadi ene
whereu( &)ﬂ%én reNs dgﬁr_[g; for formula EII), to the anti epimer of formula (Ib)
N- Benzyl - 5- am no- 9-i sopr opyljidene- benzonor bormadi ene
[ Conpound No. 3.12, prepared as 5 described in
Exanpl e 5] (1.00g, 3.479 mpoNgzdi ssolved in a mxture
and net hanol (15 m) was
exhaustivel y hydrogeng t he (py esence of 5% Pd/ C
(400ng) at anbient ternpefatire and 4 bar during 24
hours giving after pNifi cahi@inedn silica

wherein R' and R? are as defined for formula (I), is more than 55:45.

In a particular embodiment, compounds of formula (I) are prepared in which the ratio of the
syn epimer. of formula (Ia) to the anti epimer of formula (Ib) is from 75:25 to 95:5; preferably
from 80:20 to 95:5; more preferably from 80:20 to 90:10.

Suitable palladium catalysts are, for example, heterogenous palladium catalysts, such as
palladium on carbon, palladium on aluminium oxide, palladium on silica, palladium on
barium carbonate, palladium on barium sulfate, palladium on calcium carbonate or
homogenous palladium catalysts, such as palladium acetate, palladium chloride, palladium

hydroxide or palladium oxide, or mixtures thereof. Special preference is given to palladium
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gel in ethyl acetate-hexane (1:9).the desi red ani I [ ne

0. 61 85% ; syn/anti-ratio 74:24 (by g.l. 22
WQRMIWA%1Bi | . 10 Hydrogenation at anbient tenpB y@ﬁ%‘)@G/OHS%
and 40 bar at otherw se identical conditions gave the
desired aniline (0.67g, 969%1in a syn/anti ratio of

75: 25. Hydrogenation at atnospheric pressure under

ot herwi se identical conditions afforded conpound No

on carg'ml, I1 nblf%zl h’:{e?cliéng{lf. ;ga?]?ixgggqa? Sgi%ﬁggzd ﬁé%{xtl \g:‘ng{ cffgl%ents suitable
palladﬁfrr?ézﬁgl t?@%?ﬂﬁde%at%p@orﬁ&ﬁi H?h e Cg)z‘f)ed in the

oces preparation o ound of the
general formula (1) fromthe conpound of the general

| 1) ] hy h f
Smtabﬁeﬁ#m”&m%# el e PR B BBt AT takess pfthe
compcg.@ﬁ%'f% ?ﬁ? eﬂ?@fe d'zﬁ‘%@ 1%bTRhéesrenner conpounds of

ornua the ratio of the syn epi ner of
formula (la) to the anti epinmer of forrrula (Ib) S

signific nt enriched; ~usuall n/a t.i of
The regefion is b pamisd g tHERFFReE of 3 heTtsh Wlt Vﬁieasﬁlvems are,

for exarple, oz}IQJhoflsr QERHELY: rﬂ& Arfd1, Fhaho ??oﬁﬁo?&hk@p\f §5hmol, lor 'aﬁrotlc solvents,

oreapartlcu ar ~ advan of thi's preferred
such aetdmaﬁyaheﬁtram hert-boiyk mettes ethkr, cctimb acptats, d:)bxa{ne ontdlaere, ah

ared. i n_si npl.e manner,. t hat haye syn/ ant i
mixtuges et PGP R R OB L Eh 0] or BERRCk by o
preferred enbodi nent of the process according to the
i nvention, a conpound of the general formula (II1):
The teRipefaurB8are gendrally from\)Rhtol$0M0, RUD ?tdf&@me%eing given to a range

/ EP2Q006/ 011885 .:50 wh
from (R g deReie PreicRrd s T R 0°Cr 4S5C, igp icfe prefyrpg i a ranee
of 20°@1d 3kci s phenyl, is reacted with hydrogen in the

presence of a palladiumcatalyst to forma conpound of
the general formula (1) RL R2 ~ ~ cn

The reaction time is generally from 1 to 100 hours, preferably from 1 to 24 hours.

Preferably the reaction is carried out at a pressure of at least 2 bar, more preferred is a
pressure from 2 to 50 bar, even more preferred 5 to 50 bar. In one embodiment of the
invention a pressure from 7 to 20 bar is used, preferably 7 to 15 bar, more preferably 8 to 12

bar.

In a special embodiment of this preferred embodiment of the invention, the reaction is carried
out in the presence of 0.01 to 10 equivalents of an additive, preferred are 0.2 to 3 equivalents.
The equivalents are calculated on the basis of the compound of the formula (III). Suitable
additives are acids or bases. Suitable acids are strong inorganic acids, such as hydrochloric
acid or sulfuric acid, or strong organic acids, such as acetic acid, methanesulfonic acid or
trifluoroacetic acid, or mixtures thereof; preferred is methanesulfonic acid. Suitable bases are
organic bases, such as organic nitrogen-bases. Suitable organic nitrogen-bases are
trialkylaminebases, such as triethylamine, trimethylamine, Hiinigs base, N-methylpyrrolidine,

N-methylmorpholine o N-methylpiperidine.



H2N 5 wherein R1 and R2 are independently H or Cl 6
al kyl , ~and wherein the ratio of the syn epimer
WO ap PSA‘IZI a) R R (la) H2N syn epimer V\her%?T{ER?LOOG/OHSSS
and R2 are as defined for forrmula (1), to the anti
epi mer of formula (Ib) RF52R2 10 H2N anti epi ner
wherein R and R2 are as defined for forrmula (1), is
nore than 55:45. In a particul ar enbodi nent, conpounds
a {
In one aﬁb&ﬁﬁf&f @f tﬁ{,s)pfr%fr@ﬁa Erﬁ?% ;?1%{1 ﬁlt%{lggd & s?t:&]gs ;Iin rréedrd?tl\?e In g}l%ther
embodlmehtTUf ﬂtus( ﬂl’eferﬂed efbotintent 2 adeds 856d%s aﬁraﬁﬁﬁivam y 15
from80:20 to 95:5; nore preferably from80:20 to
90: 10. Suitable pal | adi um cat al ysts are, for exanpl e,
: t su i um .
The ab&ﬁ; cge[gr M@fe %‘éoméflgﬂ]e%gﬁﬂhg olj:rer:]sso%(c%ard?ngr)tgﬁﬁ mvg?ﬁloonnls
5 explaingd kr gaatepaéthlady may@lﬂtheuanbwmg@mpmt e, palladiumon
' barium sul fate, palladi umon cal cium carbonate or 20
honogenous pal | adi um catal ysts, such as pall adi um
acetate, palladi um chl gx} des | adi um hydr oxi de or
pal | adi um oxi de, or m M@Hﬁlﬁereof Speci al
Preparapiog b€ 5-amntifo-9sisgprupyl-tezqmrb@tene s Wam R ehix U6 4)lnlenriched)
PCT/ EP2006/ 011885 -51 on carbon. Suitable
(ComppynddYQydel?dus pal | adi um catal ysts have different water
contents, suitable palladiumcatalysts can have a
wat er content of up 80% W w). Sujtable amounts of
pal | adi um cat al yst areN0.01 to 10oM% cal cul ated on
the basis of the : ‘n mula (111);
prefered are 0.1 t tlonls preferably
carried out int presence qf an inert solvent.
Sui t abl e sol vents*are, for ®&xanple, alcohols, such as
10 met hanol , et hanol, propanol or #gopropanol, or aprotic
sol vents, such as tetrahydrofuran, tert-butyl nethyl
et her, ethyl acetate, dioxane or toluene, and

a) Testing of different additives at 10 bar

500 mg (1.7 mmol) of N-Benzyl-5-amino-9-isopropylidene-benzonorbornadiene [Compound

No. 3.12, prepared as described in Example 5] dissolved in S ml methanol was exhaustively
15 hydrogenated in the presence of 5% Pd/C (50mg) at ambient temperature and 10 bar during

19 hours. Thus, a mixture of the syn/anti-5-amino-9-isopropyl-benzonorbornenes was

obtained. The identity of the reaction product, the epimeric purity (in % syn) and the yield (in

%) was assessed via gas chromatography.

Acid additive % syn Y% yield
0.3 equivalents hydrochloric acid 81 85
0.75 equivalents hydrochloric acid 78 89
2 equivalents acetic acid 78 86
5 equivalents acetic acid 77 83
2 equivalents trifluoroacetic acid 81 91
5 equivalents trifluoroacetic acid 82 92
2 equivalents methane sulfonic acid - 88 97
5 equivalents methane sulfonic acid 88 97

20  b) Testing of methane sulfonic acid as additive at different pressures

'58.8 g (200 mmol) of N-Benzyl-5-amino-9-isopropylidene-benzonorbornadiene [Compound

No. 3.12, prepared as described in Example 5] dissolved in methanol was exhaustively
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10 m xtures thereof; special preference is given to
et hanol or nethanol. The tenperatures are genera
WO 2HH06% 171 o 80C, with preference being given t8€ HEP%/PH@@“SSS
fromOC to 45C, nore preferred is a range of 20C to
'45C, even nore preferred i$3a range of 20C to 30C. 15
The reaction tinme is generally from21 to 100 hours,
preferably from1l to 24 hours. Preferably the
hydro%ﬁ?t‘é& iPfhelptest er 4184, PH/C @lméte ra?%ﬁlﬁfe‘ﬁt f%ﬁnf@f'atﬁr%%g 3-18 hours.
ar, nore preferred Is a pressure from a
Thus, aanmrturmfeth@swf’cemrﬁdmﬁld Q}ld&@rdpat-beﬂmnmbenmnmdasmamed The

the 20 i tion .a press om?7, to 20.b i s used,
product wap éspé%rd/m% 416 ealsw%arpun %wag} éheawré Yo 03 thegiyrity was
assessdd? @ speci al enbodi ment of this preferred embodi ment
of the invention, the reaction is carried out _in the
presence Bfesfu@l tlo 19 syqui al 8eyieldf pnY%apdiity v,
preferyed ang,0.2 [to 3gequi falenys. 25 Thes

equi va En[ ih e Cal CUI gy ed an -t ng DaSI oT ne ‘
COfT'pOU reHo rrc o1 RV oygt atbrt acg-t+ves are
aci ds eg—&.r—t—ab-—e—ae-r- Storg—Torgani ¢

aci ds, such as hydrochloric acid or sulfurlc acid, or
strong organic aci ds, such as acetic acid,
hane Ci L u I C_aci. [ .
in et FRREDEIU 2B A5 s D RGBSR ARGl i ol ot in e
proces§ﬂjrttﬁ@ﬂn%phﬁﬁ@50ﬂhe cop@iid of theg@feral Sorekul & VY Fghai tHe compound
nitrogen-bases. Suitable organic nitrogen-bases are 3
of the genieggl ) dsslsslrogendn thespreseneg of 2 meiah gatalyst selected from

] . Huni gs base, N-rmethyl pyrrolidine,
l‘hOdlLDh_, h%ﬁfarﬁl%nogﬁ%ﬁféflphe o N-net hyl pi peridine. WO
2007/ 068417 PCT/ EP2006/ 011885 -52 In one enbodi nent

of this preferred enbodi_ment an acid is used as an
This prgfrared; epbodjmeny makge H Pogsiple de RSARredR asHnRle sragpel; qaggpounds of

Th
formul Eﬁf}%g‘ﬁg}} ?‘Be &’e?fe e%e%lﬁﬁ%@}oﬁgﬁth (NG t he Sr ocess

according to the |nventR20n is 5 expl a| ned in greater

detail by way of the fo]l ow ng exanpl es: EXAMPLE 7

Preparati on of 5-am RO-9~ sopropyl - benzonor bor nene

(syn/anti-m xture, sy n iched)angbnpound No. 1.12)
’ a

H2N H2N
X syn epimer
to the anti epimer of formula (Ib)
R
R
(IVb)
X anti epimer

is significantly enriched; usually, a syn/anti ratio of more than 55:45 can be achieved;
typically a syn/anti ratio of from 60:40 to 99:1 can be achieved. It is therefore a particular
advantage of this preferred embodiment that mixtures of compounds of formula IV can be

prepared in simple manner that have a syn/anti ratio in favour of the syn epimer.
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10 syn anti a) Testing of different additives at 10
bar 500 ng (1.7 mmol)
WOLNBE}#37[ - 5- ami no- 9-i sopropyl i dene- benzonor bBY HEHFAHR11885
[ Conpound No. 3.12, prepared as described in Exanple
5] dissolved in 5 m nethabét was exhaustively 15
hydr ogenated in the presence of 5% Pd/ C (50ny) at
anbi ent tenperature and 10 bar during 19 hours. Thus,

. I . . .
tnthis G5kt ool e eoagsss isrdinn e s & cqmpound of the
generaldBindhlagvI): The identity of the reaction product, the
epimeric purity (in %syn) 2and the yield (in % was
assessed via gas chrorfatggfiaphy. Acid additive % syn %

)
equi val ent s hydrochloric‘acid 78 89 2 equivalents
acetic acid 78 86 5/eoutwal ents etic acid 77 83 2
LSnag .
€}“7 acid 81 91 5 equivalents
trifluoroacetic acik 82 92 2 equival ents net hane
su fonig acid 88 97 5 eéui val ents net hane sul fonic

Whereirza&l andR” arp indepepdentlyd prg-otlkyleandahis chlorp onbromeiigiregeted with

dditiv iof f n [ essuyres, 58. 8 Q0 l)..0
hydrogf et PfesBiee be LA ST GanGE, Tl FRE R Lo form o
compo&ﬁwmwgéherMomﬁllé?W)pf epared as described in Exanple

5] dissolved in net hanql was exhaustively WO

2007/ 068417 PCT/ EP20067 &5 -53 hydrogenated in the

presence of 5% Pd/C (1 m3l % at anbient tenperature

during 3-18 hours. Thus,) a m xture of the

syn/ anti - 5- am no- 9-i gop e | - ben or bor nenes was

obt ai ned. The prod @,fb sol ated and the epineric

purity (in %syn), e yield (in % and the purity was

assessed. Pressure % syn %yield %purity 3 bar 82 94
whereir®R' shdR¥ a:%%n&%e&?ently H or C, alkyl and X is chloro or bromo, and wherein

the ratio of the syn epimer of formula (IVa)

(IVa)

X

syn epimer
wherein R', R? and X are as defined for formula (VI), to the anti epimer of formula (Ib)

R1

(Ivb)
X anti epimer

wherein R, R? and X are as defined for formula (VI), is more than 55:45.



10

15

20

25

30

12 bar 81 92 92 5 In yet another preferred enbodinent

of the present invention, the reducing agent used i
W?H@”’“B’f“é&ess for the preparation of the corrpoﬁﬁH’Eg?O%/Ollsss

the general fornula (1V) fromthe conmpound of the

general formula (VI) is hydiSogen in the presence of a

nmetal catal yst selected from 10 rhodi um pall adi um and

pl at i n This preferred enbodi nent nmakes it possible to

A R T T TR

syn epiﬁ%ar oli%ffoﬁﬂu\rana) % tﬁaanz@\e/mﬁﬁf oflforinglal(g @ﬁbm BRLIRY 9833; preferably
formula (Ib X anti epiner

from 89;2@rtpﬂ5c5amqr9p@ﬁ¢raldméwm peaare 93:5a syn/ ant| rati o of
nore than 55:45 can be achieved; typically a syn/anti
ratio of from60:40 to 99:1 can be achieved. It is

In a préfefe@bAbBdimmddart ischige. advantage of this preferred
enmbodi ment that m xtures of conmpounds of fornmula N can
be 20 prepared |n sinpl e manner that have a syn/anti

suitablecth Buthalatids frsclor St AR calfRrd Hodiss &1 lyrping pr

rhodiufri{BI)B% 6! qs:‘éfe@é‘dé@ﬁﬁ%ﬁ&l iocrhbéﬁam S &b Suitabl6 BAMINAA cRfalysts are,
the general formula (V) R2 (VI) X wherein R

for exammle, ﬂ@tem&enpnmqibdmcatgflyﬂsmucms palladium om aarbyn,ipalladium on

alumm(flml %5(10de palﬁd on sﬁlca ﬁ cﬁum on banum carbonate, palladium on barium

sulfate, palladium on calcium carbonate or homogenous palladium catalysts, such as

palladium acetate, palladium chloride, palladium hydroxide or palladium oxide, or mixtures
thereof. Special preference is given to palladium on carbon. Suitable platin catalysts are, for
example, platinum on carbon or platinum(IV)oxide. Special preference is given to platinum

on carbon.

In one embodiment of this preferred embbdiment of the invention, the catalyst is rhodium on
carbon.

In another embodiment of this preferred embodiment of the invention, the catalyst is
palladium on carbon..

In one embodiment of this preferred embodiment of the invention, the catalyst is platinum on

carbon.

Suitable amounts of catalyst are 0.01 to 10 mol% calculated on the basis of the compound of

formula (III); prefered are 0.1 to 1 mol%.

The reaction is preferably carried out in the presence of an inert solvent. Suitable solvents are,
for example, alcohols, such as methanol, ethanol, propanol or isopropanol, or aprotic solvents,
such as tetrahydrofuran, tert-butyl methyl ether, ethyl acetate, dioxane or toluene, and

mixtures thereof; special preference is given to ethanol or methanol.
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5 hydrogen in the presence of a catal yst sel ect ed from

rhodi um palladiumand platin to forma conpoun
WORWTWeHeTal formula (N R R2 (1V) X wherei nP@T/EB?'P&WOHSSS

R2 are independently H or Cl-6alkyl and X is chloro or

bromo, and wherein the rabfo of the syn epi mer of

formula (Na) 10 R2 R (Na) X syn epiner wherein R,

R2 and X are as defined for fornula (VI), to the anti

The tengferdlifss A LMy A2l frolf 05CHE 80 G th BRIHRcc eilen 1 o
range fohBOP CS 455 C, nibbe p¥Ofezted i 0 gt 6f PCT (oREDCG LN IREE prefefred is a
Lo g icul ar enmbodi ment, conpounds of formula (1)
rangeoé?%%p&’g{%ped in which the ratio of the syn epi nmer of
formula (la) to the anti epiner of formula (Ib) is
from75:25 to 98:2; preferably from80:20 to 95:5;
The reantsretime é gerebdlly frommtQ00 Qotire, Bbfebabl b frbm Bto24ehairs.ed
enbodi nent, X.is chloro. Suitable rhodium catalysts
are, for exanple, rhodiumon carbon, rhodi um on
ol c
prferay 5 e IR HERUHE LBt Rk eptos 2

pressuré fomeX anfl kar, évehenarg prefersediitd ﬁﬂbaﬂﬂmieaﬁn)iﬁd&nelﬁwflﬂleas

) .pal I adi um on carbon, .pall adi n_10_al um ni um oxi
mventl%m PraafuEeTam 510 2Qbber ipuser o R 7§ b ermr%ewserébly 8012

bar. Palladiumon barium

In a special embodiment of this preferred embodiment of the invention, the reaction is carried

out in the presence of 0.01 to 10 equivalents of an additive, preferred are 0.2 to 3 equivalents.

The equivalents are calculated on the basis of the compound of the formula (III). Suitable
additives are acids or bases. Suitable acids are strong inorganic acids, such as hydrochloric
acid or sulfuric acid, or strong organic acids, such as acetic acid, methanesulfonic acid or
trifluoroacetic acid, or mixtures thereof; preferred acids are hydrochloric acid, acetic acid,
methanesulfonic acid or trifluoroacetic acid. Suitable bases are organic bases, such as organic
nitrogen-bases. Suitable organic nitrogen-bases are trialkylaminebases, such as triethylamine,
trimethylamine, Hiinigs base, N-methylpyrrolidine, N-methylmorpholine o N-
methylpiperidine.

In one embodiment of this preferred embodiment an acid is used as an additive. In another

embodiment of this preferred embodiment a base is used as an additive.

The above-described preferred embodiment of the process according to the invention is

explained in greater detail by way of the following examples:

EXAMPLE 8

Preparation of 5-chloro-9-isopropyl-benzonorbornene (syn/anti-mixture, syn-enriched)

"(Compound. No. 4.26)
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sul fate, palladiumon cal cium carbonate or honpgenous
al | adi um catal ysts, such as palladium acetate,
@é?%?&%?n chl ori de, palladi um hydroxide or paPFHEF’%ﬂ‘??/OHSSS
‘oxide, or mxtures thereof. Special preference is
~given to palladiumon carbegp.- Suitable platin
catal ysts are, for exanple, platinumon carbon or
pl ati nunm(IV)oxi de. Special preference is given to
plati num 15 on carbon. In one enbodi nent of this
preferred enbodi ment pof the inventilon, the catalyst is
rhodi um on carbon. anot her enbotkhnment of this
preferred enbodi nme \ the invenjion, the catalyst is
20 pal |l adi um on c& P @ﬂ“ﬂ’ ment of this
preferred enbodi ne of “the i pvéntt’on, the catalyst is
pl ati numon carb®n. Suitabl® amounts of catal yst are
0.01 to 10 nol % cal gyl ated on thg basis of the
compound of 25 forrmula (I11); prefered are 0.1 to 1
nmol % The reaction is preferably carried out in the

a) Usi e5E1S Ca {sg\g.tﬁ er Edl,?%vent Sui tabl e sol vents are,

uch as net hanol, ethanol,

300 mg?{PA3MAb]) @Ff 5l(Sﬂ@fowlﬁﬁpfopyﬁderﬁﬂfeﬁkcbﬁbr&ﬁ'ha’cﬁéﬁdspre]i)zﬁa@ Bs @cribed
tetrahydrofuran, tert-butyl nethyl ether, eth

in Examplet2)dessolyed i &1l srethasol wpsexhansiively hﬁ@t@m@dm theauesence of

5% PO B P BB Bt 1D5P Gl I ho e MR ure e

syn/an@5chiro - sbpivpylebetizigbrborasndd ds@bflifed (spinferRrpririey: €3¢ yn;
bei n%h given to a range fromOQOC to 45C, nore preferred
yield: §586)a The iflgatityf of therepetiopsrrodysy.cthe mrﬁsm@n@r ¢ia do p)&2) and the yield

(in %) ??%?h&i&%%%%&?ggh&%t % reaction tine is generally

hour's eferably from1 to 24 hours.
Preferably the reaction is carried out at a pressure

( ast 2bar, NrLe pre erredlsa pressure from
b) Testing atalystysingdiffereptaddiives 5 {9 50 bar. In one
b SfCHIbg. i
o PRI It UG S Ry e

in Ex axtlplem dlsiﬁlvbdim 3 tmh ntetlanebwad e)élabsld)leh;ellbtdr@genhtedsn the presence of -

rred enbodi nent of t i nyenti reacti.on i s
5% PR (BIRBLA SpiHen (e ang N oD i £ Boiry TG (B the
syn/antb-cilor89Cisbpréyl-BunSbiRrb GHlerts Svdd - oBtdifedSTIRAMENRY B R reaction

product, the epimeric purity (in % syn) and the yield (in %) was assessed via gas

chromatography.
Acid additive % syn % yield
0.5 equivalents hydrochloric acid 92 89
2 equivalents methane sulfonic acid 92 89
2 equivalents acetic acid 94 80

¢) Testing of Pt/C as catalyst using different additives

300 mg (1.4 mmol) of 5-Chloro-9-isopropylidene-benzonorbornadiene prepared as described
in Example 2) dissolved in 3 ml methanol was exhaustively hydrogenated in the presence of
5% Pt/C (15 mg) at ambient temperature and 10 bar during 16 hours. Thus, a mixture of the
syn/anti-5-chloro-9-isopropyl-benzonorbormenes was obtained The identity of the reaction
product, the epimeric purity (in % syn) and the yield (in %) was assessed via gas

chromatography.



The equi val ents are cal cul ated on the basis of the
conpound of the formula (I11). Suitable 15 addit

W%F@%Qé?“&% or bases. Suitable acids are strongPCT/EPZO‘W011885

i norgani c acids, such as hydrochloric acid or

sul furic acid, or strong eb§anic acids, such as acetic

acid, nethanesulfonic acid or trifluoroacetic acid,

or mxtures thereof; preferred acids are hydrochlorlc

R SO AU MACTS Y TR
bile2equiLy) Eitfs hydrgrhlge acid 1 ¢y ogenthasdd o nhl9
of2equivalenits methane gHlfosic asid tri al kyl affnebases. %uch hs
t

N

12i egjuimallents avetic A6idt ri et hyl am ne| Hi P4i gs |base 94
nefubnalldid frifluotbabétic Nidret hyl norphol bge o [N 94
ETNyT pi peridine. Tn one enbodl nent _of this prererre
enbodi nent an acid is used as an additive. In another
enbodi nent of this preferred enbodi nent a base is used
as an additive. 25 The above-descri bed preferred
enbodi nent of the process according to the invention
is explained in greater detail by way of the
foll owi ng exanpl es: EXAMPLE 8 30 Preparation of

5-chl oro-9-i sopropyl - benzonor bonene (syn/anti-m xture,
syn-enriched) (Conmpound. No. 4.26) WO 2007/068417
PCT/ EP2006/ 011885 -57 C1 C1 syn anti a) Using Pd/C
as catalyst without additive 300 ing (1.4 mmol) of

5- Chl or o- 9-i sopropyl i dene-benzonor bor nadi ene prepared
as described 5 in Exanple 2) dissolved in 3 ni

nmet hanol was exhaustively hydrogenated in the presence
of 5%Pd/C (9 ng) at anbient tenperature and 10 bar
during 16 hours. Thus, a m xture of the

syn/ anti - 5-chl oro-9-i sopropyl - benzonor bor nenes was
obtained (epinmeric purity: 93%yn; vyield: 85%. The
identity of the reaction product, the epinmeric purity
(in %syn) and the yield (in % was assessed via gas
chromat ography. 10 b) Testing of Pd/C as catal yst
using different additives
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WQ30HAe#T bed in Exanple 2) dissolved in 3 n
‘was exhaustively hydrogenated in the presence of 5%
"Pd/C (9 ng) at anbient temf®-ature and 10 bar during

300 ing (1.4 mmol) of

5- Chl or 0- 9-i sopr opyl i dene- benzonor bor nadi ene Er epar ed
g:g/f%ﬁ%ﬂqunsss

16 hours. Thus, a m xture of the 15

syn/ anti - 5-chl oro- 9-i sopropyl - benzonor bor nenes was
obtai ned The identity of dfhgpfeaction product, the
epinmeric purity (in Qbsyg;Tﬂﬂﬁthe yield (in % was
lhssessAdrodeas fpashe priopavatidroefithe ympoAmid b f aloigdniesad fSfmayn(I):
%yield 0.5 equivalentg hydrgchloric acid 92 89 2
equi val ents nmet hane sulRsgi ¢cRAcid 92 89 2 equival ents
acetic acid 94 80 <c) Testgng of Pt/C as catal yst '
using different additives 20 300 mmg (1.4 mol ) of

5- Chl or o- 9-i sopropyl i dene- henzonor bor nadi ene pr epar ed
as described in Exanp \di ssol v in 3 m nmethano
was exhaustively hyd )5 g in the presence of 5%
P't/C (15 ng) at anbint tenperature and 10 bar during
16 hours. Thus, a HiMture of the

syn/ anti - 5-chl oro- 9-i sopropyl - benzonor bonenes was

obt ai neHerdineR | Ah@R3 dry indbpdnidentheHGr iR allpi oslkich cofpfises treating
epinmeric purity (in %syn) and the yield (in % was
asses sWih ¢ redughg agsntcgithgha esapasdyf thargenstr forgpda @I):
PCT/ EP2006/ 011885 -58 Acid Eﬁditive % syn %yield

0.5 equi val ents hydroctRsgie™acid 94 95 2 equival ents
nmet hane sulfonic acid 94 984 2 equivalents acetic acid
94 94 2 equivalents trifl joroacetic acid 94 94 WO
2007/ 068417 PCT/ EP2006/,0118 -59 CLAIMS 1. A

process for the prep t he comound of the
gener al forrrulaéd): f‘r _
N

ph H

wherein R' and R? have the meanings given above, R* is H or C, 4 alkyl and Ph
is phenyl, or

a compound of the general formula (III):

R1 R2

Ly
R~
NN
ph H
wherein R', R%, R? and Ph have the meanings given above, the reducing agent
being effective to cleave the benzyl moiety Ph-CH(R3 )- from the benzylamino
moiety PhACH(R*)NH- in the compound of the formula (II) or in the compound

of the formula (III) to leave an amino group and, in addition, in the case of the

compound of the formula (III), to reduce both the 2,3-double bond and the
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\ / (I) H2N wherein R1 and R2 are independently H or
alk;/ whi ch conprises treating 5 wth a
agent either a conpound of the gener RFT/EP2006/011885
formula (I1): RR2Z RB R /--NPh Hwherein RL and R2
have t he neani ngs given ab60e, R3 is H or Cl al kyl and
Ph is phenyl, or a conpound of the general fornula
(rrr): R R RBM '"--NPh H 10 wherein Rl, R2, R3

agent SRR Rohd RN RR e BT ZRE SR UL T

Ph- CHba%aonoon@ﬁenterfrﬁl ghesigglesbnge noi ety PhCH( R3)NH in
t he conpound of the forrrula (I'l) or in the conpound

of the formula (111) to |leave an am no group and, in

23901 0Bork 61 S35 b BrGBIRE s Bhad gt g o
t he V\@e2AKA/h QB3 LAV HREH ¢ SR A 488D compduridicafthe ﬁ&ﬂéﬁd formula
joining the R R2C- noiety to the 9-position of t

benzofdPbor nene ring to single bonds. 2. A process for
t he preparation of th1e co%@ound of -the general formula
(1'l) as 5 defined i RslajimI|which conprises reacting a
conpound of the general ¢formula (N): RR2

av)

X
wherein R! and R? have the meanings given in claim 1 and X is chloro or

bromo, with a benzylamine of the general formula (V):

R3

J

H,N~ “Ph

wherein R’ and Ph have the meanings given in claim 1, in the presence of a

base and a catalytic amount of at least one palladium complex.

A process for the preparation of the compound of the general formula (IIT) as

defined in claim 1which comprises reacting a compound of the general formula

(VD):

(VD

wherein R' and R? have the meanings given in claim 1 and X is chloro or

bromo, with a benzylamine of the general formula (V):
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\' / (IV) X wherein R and R2 have the neani ngs given
inclaiml and X is chloro or bronpb, with

a
WRNZPFHA ne of the general formula (V): R3 (\FCTEB2NORI188S

Ph wherein R3 and Ph have the meanings given in claim
1, in the presence of a b#Je and a catal ytic anount
of at | east one palladiumconplex. 3. A process for
the preparation of the conmpound of the general fornula
(') as 15 defined in claimlwhich conprises
reacting a conpound of tihe general formula (VI): R
R\ / / (VI) x wherein]R and R¥)have the neani ngs
given in claiml1l andq4)qTs>¢n oro or brono, with a
benzyl ani ne of the geheral formula (V): WD 2007/ 068417
PCT/ E \%Qé}g{n%%%% ha%¢ theTnéaning gu}ghl? e E}&‘th% efillbfa
Ph have the neanings given in I'n the presence
of a Uu3sendindatalytiatmbowit of aareastraﬁle phlladiumedsiplexne

pal | adi um conplex. 5 4. A process for the preparation
t he conpound of the general fornula (1) as defined

4.n cl afpraceshios thequegnratipaghe eempoung of teoagnstel doriula 4P as
gener acieﬁne&) rTHalm i l Ihlléh compnFs%s t?g’atll\r{lg a compound of the general
formula (III):

(1)

Ph

wherein R', R, R? and Ph have the meanings given in claim 1, with a reducing
agent, the reducing agent being effective to reduce both the 2,3-double bond
and the double bond joining the R'R*C- moiety to the 9-position of the
benzonorbornene ring to single bonds but to leave the PACH(R®)NH- moiety

intact.

5. A process for the preparation of the compound of the general formula (IV) as

defined in claim 2 which comprises treating a compound of the general
formula (VI):

(VD)

wherein R' and R? have the meanings given in claim 1 and X is chloro or

bromo, with a reducing agent, the reducing agent being effective to reduce



~-N Ph H wherein Rl, R2, R3 and Ph have the neani ngs

given in claiml1l, wth a reducing 10 agent, the
woedwraicsyy7agent being effective to reduce bot hpCaP2006/011885

2, 3-doubl e bond and the double bond joining the

R R2C- noiety to the 9-position of the

benzonor bornene ring to si e bonds but to | eave the

PhCH(R3)NH noiety intact. 15 5. A process for the

Pr ePBSRLhOP, 3%@&%&@%@ macao%netﬂaﬁd 9&inR1gahe RORPTY xﬂox@P}) to the

as defined in claim2 which conprises treating a

conp@pnsition of Hee parerosboménering ta s{ngldg borlds. R2 \ / /

(VI) X wherein R and R2 have the neanings given in

claiml and X is chloro or. 20 bronp, V\ntharedum
agenf\ proggss fardhe pregaatiemet the Pﬁ'@l’@mde‘%ﬁth‘?/ geneal fopmla Q%b as

pond Ak o v Eagils pachie REEeRS B o KA

t he (\Hposition of the.benzonorbonene ring to si ngl e
bonds. 6. A process for the preparation of the
compound of the gepefal fornula (VI) as defined in
claim3 which conp ${{ react i E‘%éﬁ hal obenzyneof the
formula (VI1): X W in Xi loro or bronp, with
a fulvene of the gengral formula (VII1): R M) R2
n? wherein Rt and R2yhave the neanings given in claim
1, in an inert organic solvent.

wherein X is chloro or bromo, with a fulvene of the general formula (VII):

R
O, om
RZ

wherein R' and R? have the meanings given in claim 1, in an inert organic

solvent.

A process for the preparation of the halobenzene of the geﬁeral formula (VII)

as defined in claim 6 which comprises reacting a 1,2,3-trihalobenzene of the

formula (IX) or (X):
X X
Y X
. ™ X)
X Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic
species such as a Cy.¢ alkyl- or phenyllithium or a C,.¢ alkyl- or a phenyl-

magnesium halide in an inert atmosphere.

A process for the preparation of a compound of the general formula (I)
according to claim lwhich comprises the steps of

(2) reacting a compound of the general formula (IV):

RECTIFIED SHEET (RULE 91)
ISAJEP
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"7. A process for the preparation of the hal obenzene
of the general formula (VII) as defined in cla

g?rprl ses reacting a 1,2, 3-tri hal obenzeﬁ%T/@?ZOtOﬁ%llsss
formula (I1X) or (X): x x Y X (X)) (X) XY wherein X
-is chloro or bronp and Y i-$63bronmo or iodo, with an
organonetal lic species such as a & _6 al kyl- or
phenyl lithiumor a Cl.6 alkyl- or a phenyl- nagnesium
halide in an inert atqmsphlgge 8. A process for the
preparation of a confou f the general fornmula (1)
according to claimlwhich conprises the steps of (a)
reacting a conpound of the general formula (1V):
RECTI FI ED SHEET (RU \ | SA/EP WD 2007/ 068417 ,
PCT/ EP2006/ 011885 R2 (N (fglwherei n R and R2
have the neani ngs : claiml1land X is chloro or
bronp, with a benzy am ne of the general formula (V):
R3 (V) H2N Ph 5 wherein R3 is Hor C -4 alkyl and Ph

i's phen .| esence of a base and a catalytic
amoEmW%ﬁfrfﬂatlgl @53% pf@ﬁ%t heAneanmes & e8p clam land gk 1 Gloro or
CcompouRgmd with& bedS1Shfe of e Btherat Fnmu SV}

R®

PR \

H,N" “Ph

wherein R? is H or C, 4 alkyl and Ph is phenyl, in the presence of a base and a
catalytic amount of at least one palladium complex to form a compound of the

general formula (II):

R
Yn

ph H

wherein R' and R” have the meanings given in claim 1 and R® and Ph have the

meanings given above; and

(b) treating the compound of the general formula (II) so formed with a

reducing agent, the reducing agent being effective to cleave the benzyl moiety |

Ph-CH(R®)- from the benzylamino moiety PhCH(R*)NH- to leave an amino
group.

9. A process for the preparation of a compound of the general formula (I)
according to claim 1 which comprises the steps of

(a) reacting a compound of the general formula (VI):
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R3/ Q /--NPh Hwherein R and R2 have the neani ngs
iven in claiml1l and R3 and Ph have the 10 neani ngs

WQrensthbyve; and (b) treating the compound ofPQ:T{@PgO%/OHSSS

‘general formula (11) so forned with a reducing agent,
.the reduci ng agent being ebfiective to cl eave the
benzyl noiety Ph-CH(R3)- fromthe benzyl am no noiety
PhCH(R3)NH to | eave an amino group. 15 9. A process
for the preparation of a coipound of the general
formula (1) accordiR Rl aim1 which conprises the
steps of (a) reacting allconpound of the general
formula (VI): WO 2007/ 0848417 PCT/ EP2006/ 011885 - 64-
RLR2\ /[ (V) A in R and R2 have the
meani ngs given in and X i snghl oro or  brono,
e /Hener al ?o mula (V): R3 (V)
H2N Ph 5 wherein R 1I's Hor Cl-4 alkyl and Phis
phenyl, in the pr&ence of a base and a catalytic

amount of  at ,l east one_ pal | adi um conpl ex to forma
conpoieren R gad Rgélﬁ%ertélp mjegpiRgs gIVER 1 §laink] apg X irghlogo oy

bromo, with a benzylamine of the general formula (V):

R3

)\ j W)

"H,N” Ph

wherein R? is H or C 4 alkyl and Ph is phenyl, in the presence of a base and a
catalytic amount of at least one palladium complex to form a compound of the

general formula (III):

Ph

wherein R' and R? have the meanings given in claim 1 and R* and Ph have the
meanings given above; and

(b) treating the compound of the general formula (III) so formed with a
reducing agent, the reducing agent being effective to cleave the benzyl moiety
Ph-CH(R3_)- frorh the benzylamino moiety PhCH(R*)NH- to leave an amino
group and to reduce both the 2,3-double bond and the double bond joining the -

R'R?C- moiety to the 9-position of the benzonorbornene ring to single bonds.

10. A process for the preparation of a compound of the general formula (I)
according to claim 1 which comprises the steps of

(a) treating a compound of the general formula (VI):



wherein R and R2 have the meanings given in claiml

and R3 and Ph have the 10 neani ngs gi ven above; and
WQRY7p%AT i ng the conpound of the general for nBEHEPIO0E/P1188S

so fornmed with a reducing agent, the reduci ng agent

bei ng effective to cl eave -t8% benzyl noiety

Ph-CH(R3)- fromthe benzylam no noiety PhCH R3)NH to

| eave an amino group and to reduce both the

2, 3-doubl e bond and t@e doR{al e bond joining the 15

R R2C noiety to the ion of the benzonorbornene

ring to single bonds. A process for the

preparation of a conmpoungd of the general fornula (I)

gener al (Vglrrul a (vl): W
385 - 65- R2 (M) X

wherein R and R2 Have the nmeani ngs given in claiml
and X is chloro or brom) with a reduci ng agent, the

2. 3- OB a0 ot et il f el s ez o

moi et Yorbmo} Witha r9d1wilig dgdet) tefrediitin d@@%%owh@@ﬂean@ tb irdillice
to single bonds to forma conpoun t he gener.al

f or multeth th)2,3-goyble Ppm) and)@@\ﬁ@\lhéﬁ how joamg szs R&RTE- medety to the
reani @é?fq'!(%lfgf the b H%bﬁ%ge éng n%lhglg bt%ﬁamonlgrm%] coffipound of

above; reac I ng e Co € genera

f or nulthe généralgornfila (BY: Wi t h a benzyl ani ne of the
general fornmula (V): 1Rs (\/)2
R

R

)
[\~ oA

wherein R' and R? have the meanings given in claim 1and X has the meaning
given above; '
(b) reacting the compound of the general formula (IV) so formed with a

benzylamine of the general formula (V):

R3

PY W

H,N" ~Ph

wherein R? is H or Cy4 alkyl and Ph is phenyl, in the presence of a base and a |
catalytic amount of at least one palladium complex to form a compound of the

general formula (II):
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H2N Ph wherein R3 is H, or Cl-4 alkyl and Ph is

henyl, in the presence of a base and a catalytic
Wa A\ 346? at | east one pal | adi um conpl ex to fBFHER2006/011885
‘conpound of the 15 general formula (I11): WO

2007/ 068417 PCT/ EP2006/ 011885 -66 R R2 (I1) R 3 N

Ph H wherein Rl and R2 have the neani ngs given in
claim1 and R3 and Ph have the neanings given above;

and (c) treating the coqpoungzof t he general fornula
(I'l) so formed with a Rxweduti ng agent, the reducing
agent being effective to cteave the benzyl noiety
Ph-CH(R3)- fromthe benzyl &m no noi ety PhCH(R3)NH to

| eave an am no group, : A process for the

preparation of a conp O\ he gen | formula (I)

10 according to ¢ ai conpris t he steps of

(a) reacting a Fxpound of the general formula (VI):

R R (V) x \/vhe)(SgTE_iI R and R2 have the neanings

given in claim Prmnd"X is chloro or bronp, with a
benzyl am ne qf th% general formula (V): R3 15 H2N Ph
wher eiwheRgn Rs and &’ hate thiekyeanings given i clpine hyand R’and b have the
presence of a.bas and catal ytic anmount of at | east

one pa\??aélﬁ}gﬁlﬂvc%‘ P‘é‘%(aP form a conpound of the

(c) treating the compound of the general formula (II) so formed with a

| reducing agent, the reducing agent being effective to cleave the benzyl moiety
Ph-CH(R?)- from the benzylamino moiety PhCH(R*)NH- to leave an amino

- group.

11. A process for the preparation of a compound of the general formula D
according to claim 1 which comprises the steps of

(a) reacting a compound of the general formula (VI):

(V)

wherein R and R? have the meanings given in claim 1 and X is chloro or |

bromo, with a benzylamine of the general formula (V):

R3

/L \%)

H,N" “Ph

wherein Rv3 is H or C;4 alkyl and Ph is phenyl, in the presence of a base and a
catalytic amount of at least one palladium complex to form a compound of the

general formula (III):
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general formula (I111): WD 2007/ 068417
PCT/ EP2006/ 011885 -67 R R2 R3 N Ph H wherein

WQRYTR84Yhye t he neanings given in claim and ?@T@H%PQ?‘HHSSS

have the neanings given above; (b) treating the
.conpound of the general f or6TH a (I'1'l) so formed with a
5 reduci ng agent, the reduci ng agent being effective
to reduce both the 2,3- double bond and the doubl e
bond joining the R RRC-_pmoiety to the 9-position of

t he benzonorbornene ri $Y ngl e bonds but to | eave
the PhCH(R3) NH- noiety intjact to forma conpound of
the general fornula (I11): R R R3\,--N Ph H 10
wherein R and R2 havg he‘neanlngs given in claim1l
1ot gs giv bove; and (c)

and R3 and Ph have t %
treating the co;Hgoun '

gener al rmula (I1) so
formed with a ‘§_ g agent, the reduc:| ng agent
bei ng effective t Neave the benzyl noiety

Ph- CH( R3) - fromthhe enzyl amino noi ety PhCH(R3)NH to

| eave an am no group. 12. A process for the
pr epar%bqr@ﬁ Rifang Rs digpe theemernings el saria ckiim{ ondry” and Phyave the

I oL 3 which conprises reacting a
1 2, 3 r?ﬂlﬁﬁgsgv‘%z%ne of the formula (IX) or (X): WO

2007/ QbBtdatingEhé EhmpeidbE HeBgenerab formula (I11) so formed with a

* reducing agent, the reducing agent being effective to reduce both the 2,3-

double bond and the double bond joining the R'R?C- moiety to the 9-position
of the benzonorbornene ring to single bonds but to leave the PhCH(R*)NH-
moiety intact to form a compound of the general formula (II):

R K

(I

3

R
—N
H

Ph

wherein R' and R? have the meanings given in claim 1 and R? and Ph have the
meanings given above; and

(c) treating the compound of the general formula (II) so formed with a
reducing agent, the reducing agent being effective to cleave the benzyl moiety

Ph-CH(R?)- from the benzylamino moiety PhCH(R?)NH- to leave an amino
group.

12. A process for the preparation of a compound of the general formula (VI) as
defined in claim 3 which comprises reacting a 1,2,3-trihalobenzene of the
formula (IX) or (X):
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X X YX(Im (X) xy wherein Xis chloro or brono
and is brono or iodo, with an organonetallic

W‘%ﬁ@g{“@g‘l%uch as a Cl_6 al kyl - or phenyllithi UFFB(FP%{)%/O“SSS

'C1_6 al kyl- or phenyl nagnesi um halide in the presence
of a fulvene of the generaf8formula 5 (MII1): (V1)
R 2 wherein R and R2 have the neanings given in claim
1, in an inert organic solvent and in an inert

at nospherg 10 13. A process for the preparation of a
conpound qf the general fornula (1)X according to

claim1 wy ¥onpri ses the steps o (a)xreacti ng a

1,2, 3-t benzm of the formuba~X"or (X): x X
(X)) ( tein X is chi bromdXand Y is
bromop or T™6do,’Xwi th an organonet a ¢ speci es such

as ClL_6 al kyI or phenyl I | t hi umor a Cl % al kyI or

phenyl 10 dbr YL I mat go SR 1tﬁ nd ganometalllc
a hal f‘h‘ér 85\9&“ OFomP 8T fadey yvith an or
(VI'1) sp e&e\é\&a@&u 6pB4iky1- B%ﬁé%%ﬁﬁﬁ&r@érlﬁéﬁé alkglg'or |

V\hereln X is chloro or” brono; "(b) reacting
hal obphenylmagiesiutrehajisiedn die firesence of g ﬁdﬂ\re)legrﬁtlfecgqnml formula

W th ?VIH)-
| R
E>=< (Vi)
R2

wherein R! and R? have the meanings given in claim 1, in an inert organic

solvent and in an inert atmosphere.

13. A process for the preparation of a compound of the general formula (T)
according to claim 1 which comprises the steps of
(a) reacting a 1,2,3-trihalobenzene of the formula (IX) or (X):
X X
Y ' X

) X

X Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic
* species such as C; alkyl- or phenyllithium or a Cy.¢ alkyl- or
phenylmagnesium halide in an inert atmosphere to form a halobenzyne of the

general formula (VII):

I
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fulvene of the general formula (VIII): ' MD R2 (>:::
5 wherein R and R2 have the neani ngs given above

WQR0W7e#417 or gani ¢ sol vent to forma conpound g@T/pﬁg)%/onsss
‘general formula (VMI): R R2 (VI) x wherein R and R2
.have the nmeanings given inggaiml and X is chloro or

brono; 10 (c) reacting the conpound of the general
formula (VI) so forrred with a benzyl anmi ne of the
gener al fornulahg (V) H2N )"' Ph wherein R3 is
H or cYbereiXiqc ?F&qﬁll?r‘?@o’phenyl in the presence of a

b I i
base, A ey LRI Finclengt fala @17 ATk it o
(1) :ﬁﬁenRBf(ngen&al forivulaRVIH):wherein R and R2 have
the neanings given in claiml1l and R3 and Ph have the

meani ngs gi ven aboven and RD 2007/ 068417
PCT/ EP2006/ 011885 (VIID)
. 2

R
wherein R! and R? have the meanings given above, in an inert organic solvent
to form a compound of the general formula (VI):
R! R?

|
A w

wherein R' and R? have the meanings given in claim 1 and X is chloro or
bromo;
(c) reacting the compound of the general formula (VI) so formed with a

benzylamine of the general formula (V):

R3

Py \)

H,N~ ~Ph

wherein R® is H or C;4alkyl and Ph is phenyl, in the presence of a base and a
catalytic amount of at least one palladium complex to form a compound of the

general formula (III):

Qy

Ph

wherein R' and R? have the meanings given in claim 1 and R? and Ph have the

meanings given above; and
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V@YoM T ecti ve to cl eave the benzyl noiety

(d) treating the conmpound of the general formula (111)

so formed with a reducing agent, the reduci ngc%/%le)?()t%/onsss

Ph-CH(R3)- fromthe benzylsnlno noi ety PhCH(R3)NH to
| eave an am no group and 8-reduce both the

2, 3-doubl e bond and the double bond joining the 5

R R2C- noiety to the 9-position of the benzonorbornene

ring @) ﬁédﬁﬁk@h@@&iﬁ’;ﬁ)undbfthe%eﬂéﬁpﬁﬁﬁuf TIT} §Lformed with a
preparation of a conpound of the general fornula (1)

accor dedugingrgentithe redudieg agent bging hff@@wp to skgave the bgn'eﬁ, goiety

f hal ob
(1) “Br AR ol i Bepiy e BRGY BRC AR e ) g Amino
i's chlgesy £id thrafiRe 86 the 2 3-AHuBEbIA 2h@ @ doMbldbeHa joining the
organRR%aI lic species such as CL.6 al kyl - -or

pheny R RtGi maicty tosthe9-m@sisiokpif thedrenzgstechrneneingsiossingle bonds.
halide in an inert atnosphere to form a hal obenzyne of
the general formula (MI): / 1l (M1) 15 X wherein X

14s chlopceds fbmmprep@mmhwﬁtcbﬂ@oﬁﬁtpom& eheRAMBEn@h (1)

the general formulfa (VIl) so formed with a fulvene of .
t he g@m@mgﬁ@pma wharein)which cqmprisey therstes ofherein Rl

or gant®) ekGbd 2 g AP R et bR AT RN 0 op BkEr "
formula (W): WO 2007/068417 PCT/ EPg(OOG./ 011885 -71

Y X

(IX) X

X Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic
species such as C,.¢ alkyl- or phenyllithium or a C,¢ alkyl- or
phenylmagnesium halide in an inert atmosphere to form a halobenzyne of the

general formula (VII):

X

wherein X is chloro or bromo; ‘
(b) reacting the halobenzyne of the general formula (VII) so formed with a
fulvene of the general formula (VIII):

R
=, om
. R2

wherein R' and R? have the meanings given in claim 1, in an inert organic

solvent to form a compound of the general formula (VI):
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Rl R2 (M) X wherein Rl and R2 have the neanings
given in claiml1l and X is chloro or brono; (c)

W‘?ﬁ@&tﬂﬁ%7a conpound of the general fornula (VW§T/EB2006/011885

formed with a reducing 5 agent, the reduci ng agent

‘being effective to reduce-gdt-h the 2, 3-doubl e bond

and t he doubl e bond joining the RlRZC— noi ety to the
9-position of the benzonorbornene ring to single
bonds to form a cowp%gnd of2the general formula (1V):
R2 R X 10 wherein apd *R2 have the neanings given
in claiml and X has th¢ neaning given above; (d)
reacting the conmpound off the general fornmula (1V) so
formed with a benzykqnilhe of the general formula (V):
R3 (V) H2N Ph 15 @ﬂ“ is HpypnCl-4 alkyl and Ph
is phenyl, in the p ‘ /of a base and a catalytic
annunt of at |east/one palladiumconplex to forma
conpound of the é%neral formula (11): WD 2007/068417

PCT/ E%@éﬁ% ]a§1§ %2 have the mReZanﬁlgg g}ve{l 1 ufaim Tarl\lld Is?is %hloro or

bromo;

(c) treating a compound of the general formula (VI) so formed with a reducing
~agent, the reducing agent being effective to reduce both the 2,3-double bond

and the double bond joining the R'R*C- moiety to the 9-position of the

benzonorbornene ring to single bonds to form a compound of the general

formula (IV):

RL__R’

Oy ™

wherein R' and R? have the meanings given in claim 1 and X has the meaning
given above;

(d) reacting the compound of the general formula (IV) so formed with a
benzylamine of the general formula (V):

R3

PR )

H,N" “Ph

wherein R? is H or C14 alkyl and Ph is phenyl, in the presence of a base and a
catalytic amount of at least one palladium complex to form a compound of the

general formula (II):
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20

wherein R and R2 have the neanings given in cI ai m 1
and R3 and Ph have the neani ngs given above; é{g%mllsss

W?F@ﬂf“?’ﬁ‘ythe conpound of the general fornula ?T’}EP

formed with a 5 reduci ng agent, the reduci ng agent
‘being effective to cl eave-t/Re benzyl noi ety
Ph-CH(R3)- fromthe benzylam no noiety PhCH R3)NH to
| eave an amino group. 15. A process for the
preparation of a conpound of .the general fornula (I)
10 according to claim R 'Bh conprises the steps of
(a) reacting a 1,2,3-trihatobenzene of the fornula
(IX) or (X): XX\Y\XOX)MXY wherein X is
chloro or bronp and Y bom) or iodo, with an
organonetal lic speci f‘ ~Nas Cl-6 @j)kyl or

phenyl I'i t hi um or 3a C A or 15 phenyl magnesi um

halide in an in n't}l_ sphere to forma hal obenzyne of

the general for (VI_I): X wherein X is chloro or
brono; (b) reactF?I'ng he hal obenzyne of the general

formula (VI1) so formed with a 20 ful vene of tshe'

gener athereip ijand B\/ﬂlp.vg theyysap@y £owB4n 7laim 1 and R* and Ph have the

PCT/ EP28006/ Ol:L‘,885b 8> R2 (V~ wherein Rl and R2
have tHETHERS ﬁasa ﬁﬁitgﬂ inclaiml, in an inert

Or gani() tréatiny ﬂ{Hcoflgg)ofuﬂﬁ rafmecgéﬁmummma (I eo GdaVith a
formula (V)
reducmg agent the reducmg agent belng effective to cleave the benzyl moiety

Ph-CH(R?)- from the benzylamino moiety PhCH(R*)NH- to leave an amino
group.

15. A process for the preparation of a compound of the general formula (I)
according to claim 1 which comprises the steps of
(a) reacting a 1,2,3-trihalobenzene of the formula (IX) or (X):

X X

v X

) )

X Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic
species such as C, ¢ alkyl- or phenyllithium or a C,_ alkyl- or
phenylmagnesium halide in an inert atmosphere to form a halobenzyne of the

general formula (VII):

(VI

X
wherein X is chloro or bromo;
(b) reacting the halobenzyne of the general formula (VII) so formed with a
fulvene of the general formula (VIII):
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5 wherein Rl and R2 have the neanings given in claiml
and X is chloro or brono; (c) reacting the conpound

VoW fesgeneral formula (VI) so formed with a PCI/EP2006/011885
‘benzyl am ne of the general formula (V): R3 (V) H2N Ph
10 wherein R3 is Hor Cl-473kyl and Ph is phenyl, in

the presence of a base and a catalytic anount of at

| east one pall adium conplex to forma conpound of the
general fornmula (I11): R R3 M i-NPh Hwerein R
and R2 have the ne gs gitven in claim1l and R3 and

Ph have the 15 ne S—

conmpound of the ge c2ula (111) so formed with a
reduci ng agent, the reducing agent being effective to
reduc ! 2 oH.eéS?

j oi ni %@ﬁg K h%(zl?:{ %%?gitéeh ‘fedgmg%%“%ﬂggts:?%qﬁ m@R%‘i’gamc
2007/ G6B4nf7toHGTN BR2OPEANI dBBE generd fofmulagVI):

benzonor bornene ring to single bonds but to |eave the
PhCH(R3) NH- i ety i Rragt Ro form a conpound of the
general fornmula (I1): RJRZ2 R3 R /-N Ph H wherein R

and R2 have the neaningd given in claim1 and R3 and

Ph have the 5 neanln gi ven above; and

(V)

wherein R' and R? have the meanings given in claim 1 and X is chloro or
bromo;
(c) reacting the compound of the general formula (VI) so formed with a

benzylamine of the general formula (V):

R3

)\ V)

H,N” “Ph

wherein R? is H or C;4 alkyl and Ph is phenyl, in the presence of a base and a
catalytic amount of at least one palladium complex to form a compound of the

general formula (III):

(1)

Ph

wherein R' and R? have the meanings given in claim 1 and R’ and Ph have the
meanings given above;

(d) treating the compound of the general formula (III) so formed with a
reducing agent, the reducing agent being effective to reduce both the 2,3-

double bond and the double bond joining the R'R*C- moiety to the 9-position



(e) treating the conmpound of the general fornmula (11)
so formed wwth a reducing agent, the reduci ng a%ent
WO 2G84 T ective to cleave the benzyl noiety PCT/EP2006/011885
Ph-CH(R3)- fromthe benzyl am no noiety PhCH R3)NH to
leave an amino group. 10-I6- A conpound of the
general formula (I1), (I11), (I1V) or (M): RRR R
RB\ (~RRHPhPhHRR2R R (IV) (VI) X x W

2007/ L '
aro. | RhaafenEsakrieA b o Pk e the PEHTONH
al kyl mdréty intactpb €onn a asvélpotiridsofahd generad forbuda@I): 17. A
process according to claim1,_wherein a conpound of
the formula (111) R RAR(RfI) 3 N 5 Ph H wherein
Rl and R2 are independently Hor Cl.6 alkyl, R3is H
or Cl-4 alkyl and Ph is phenyl, is reacted with
hydrogen in the presence o\ a pal | adi um catal yst to
forma conpound of theueperal formulag (1) RL R2  H2N.
10 wherein R1 and3 R2 endentl( Hor Cl.6
al kyl, and wher &\ thge—rati o of

N

ph H

wherein R' and R? have the meanings given in claim 1 and R? and Ph have the
'meanings given above; and

(e) treating the compound of the general formula (II) so formed with a
reducing agent, the reducing agent being effective to cleave the benzyl moiety
Ph-CH(RY)- from the benzylamino moiety PhCH(R3)NH- to leave an amino

group.

16. A compound of the general formula (II), (III), (IV) or (VI):

RL_R’

(1)

(Iv) (VD)
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the syn epinmer of fornmula (la) R R (la) H2N syn
pi mer wherein RL and R2 are as defined for fornu

W?IZSWO?%”? he anti epinmer of formula (Th) R RECT/F53006/011885

15 H2N anti epinmer wherein RL and R2 are as defi ned
for formula (1), is nore thén 55:45. WO 2007/ 068417

PCT/ EP2006/ 011885 -76 18. A process according to
claim17, wherein the process is carried out in the

br e_sen%s r%wn Ry & téﬁre 1§de8%r9deg{l\}' P—lrorC@l CRB gll?gf galk}’l Ph

claim ces car'f but
terrperfgg}me%fdh@rxg(ahlaogg&on?@. A pr ocess according to
claim1l erein the process is carried out at a
pressure of at least 2 bar. 10 21. A process according

]It:é E:l\/?)t\rgr%e\%mg?cro? ing fo CC]%E,"P EZ\{}lgr %Bla:]cgglﬁé) k Fi’l}?(fgtl‘nzl)l}la o)

Cl1_6 alkyl and. X is chlororQr Rtono, is reacted with
hydrogen in the presence of § catalyst selected from
rhodium palladiumand platijnum to forma conpound
of the general formula (1/%

phn H
- wherein R! and R? are independently H or C,.¢ alkyl, R is H or C;4alkyl and
Ph is phenyl, is reacted with hydrogen in the presence of a ﬁalladium catalyst

to form a compound of the general formula (I)

1 2

R R

HN .

wherein R! and R? are independently H or C,. alkyl, and wherein the ratio of
the syn epimer of formula (Ia)
R2
R1
(Ia)

HN syn epimer

wherein R! and R? are as defined for formula (I), to the anti epimer of formula
(Ib)
R1
R2
(Ib)
H,N anti epimer

wherein R' and R? are as defined for formula (I), is more than 55:45.



15 X wherein RL and R2 are independently Hor Cl.6
al k and X is chloro or bronmo, and wherein the ratio
W%Pﬂ%ﬁ@“épn epimer of formula (IVa) R2 R (WaFCT/RP)H011885
epi mer wherein R1, R2 and are as defined for formula
(1V), to the anti epiner 6f'620 fornul a (Nb) WO
2007/ 068417 PCT/ EP2006/011885 -77 R R2 (1Vb) X anti
epi mer wherein R, R2 and X are as defined for formula

18! V), A ré826Ladcbfiin F@r ddim 17 FheRithe peScesHis cafridd @t indthe

claim 2 wherein is chloro. 5 23. A process

accor mrn§WQOEM$dﬁltEf@ wherein the catalyst is a

pal | adi um catal yst. 24. A process according to claim
21, wherein the catalyst is a platinumcatalyst. 10

185. A RPR6RSSaRefMioNTailnO]l T hlierdi the prbikistairied out at a
process’ is carried out in the presence of an

5 addi t i temper2gire fropy @€etosB08€cor ding to claim 21, wherein
the process is carried out at a tenperature fromOC
to 80C. 15 27. A process according to claim 21,

20herei g tpi’cf&s@i&@ﬁﬁrﬁg foScl4if 17, Shefditt tlﬁtprébes@fse;aﬁibﬂ&)uoﬁt a
at least 2 bar
pressure of at least 2 bar.

10 21. - A process according to claim 5, wherein a compound of the formula (VI)
RU_FR
I
(V)
X

wherein R! and R? are independently H or C,.¢ alkyl and X is chloro or bromo,

is reacted with hydrogen in the presence of a catalyst selected from rhodium,

palladium and platinum, to form a compound of the general formula (IV)

R! R?

(v)

15 X

wherein R and R? are independently H or C,.s alkyl and X is chloro or bromo,

- and wherein the ratio of the syn epimer of formula (IVa)

syn epimer
wherein R', R? and X are as defined for formula (IV), to the anti epimer of

20 formula (IVDb)
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WO 2007/068417 : PCT/EP2006/011885

22.

23.

24.

25.

26.

27.

(Ivb)

X anti epimer

wherein R', R and X are as defined for formula (IV), is more than 55:45.

A process according to claim 21, wherein X is chloro.

A process according to claim 21, wherein tﬁe catalyst is a palladium catalyst.
A process according to claim 21, wherein the catalyst is a platinum catalyst.

A process according to claim 21, wherein the process is carried out in the

presence of an additive.

A process according to claim 21, wherein the process is carried out at a

temperature from 0°C to 80°C.

A process according to claim 21, wherein the process is carried out at a

pressure of at least 2 bar.



