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- 1 - PROCESS FOR THE PREPARATI ON OF AM NES The

woRdoBf&Rl17 nvention relates to a novel process g /EP2006/011885
: preparing certain 5-am nobenzonor bonenes and t

for preparing carboxylic agid benzonorbonenyl - am des

whi ch are useful as mcrobiocides and especially as

fungi ci des. 5Various heterocyclyl-carboxylic acid

benzonor bonen- 5 | - am des met hods for their

pr epar at EdRUG R RIS y | (e AdWBid

described in V\D 04/ 035589 Accordl ng to 04/ 035589

these am des may be prepared as outlined in Schene 1

bel ow. ., .Sc nt hesi s shown in Schene 1,

h
g oS PGy Flates oA b A0 S10 Rt 4repainE Peytin S-atmine-

' benzonoﬂ%rﬁér&@ lahd EhefCise forPrepdring/caffox§Hc Weill Berzonbfdrfen l-am1des,

di ene (B), such as b5- |sopropylcyclopentad|ene
which amoxsqﬁubasmmw locﬂdemumﬁbdanimgl(:@%m n a Diels-A der

VS b B oS AR A S BRGRT petodsfor e

preparatﬁﬁ' dna Qhéimléérhs‘iﬁi'cﬁfbibchdbs %re?&s&ﬁﬂéd B0 @F0I53RY aﬂ@&&ﬂmg to
both the 5-nitro group and the 23-doubl e bond of

04/03558%; thesmatmdemmbﬂmepamdas emhngdjn Schemedchalew. to form
Sghe ? am no- benzonor bonene (D). Reaction of the
no- benzonor bonene (D) wth a
het er ocycl yl - car boxyl ic acid or E

. (o]
M%:het er ocycl yl - A ic acid derwatm ve ,(, o
' 9He hydroxy HQL 6, | orRd AL B o R
uch gs—diehl o e grves i Va
Ret.er coycl 1 - gal g e acid b N0 i o
A (F). anpl e of ¢ i's

5-amn | sopropyl - benzonorbornene 20 which is ar’ R
precurgor 8f an anide of, for exanpl e, 4
3-di fl uog onet hyl - 1- net hyl 1H pyrazol e-4- carboxylic
acid. The problemwi th the synthesis outlined in

In thetsynihesis showm in Sehemgrtbeﬁ-mtrobcmm @énersteddrang a 6-nitro-

antrani B8 L 55 B0 B0 R E 4- BB BHC st TabBS R "
cyclopertiiliée td%rﬁlrdi‘S-ﬂiti’o-ﬁ'éxﬁBﬂbrb’oﬂnﬁdi@hb (@ﬁn&rDElQ-AldéY réa@ﬁon Under
Di el s- Al der 25 reaction, the follow ng rgmglomorrers :

standardaa@bmrrn@wnonm@gorrs Gosxammptss uEmg Fosep nickelsor-patladium on

cavon 4 S et B i b LA S A i

S—mtro-bbﬁitﬂﬁﬂioﬂiﬁﬁeﬂvi(O) araxedacedab fored thats- ilﬁﬁloﬂﬁﬂz&forb&ﬁene D).

Di el s-Alder reaction or at a | ater sta

Reactionof {hie:frapiperbenzompiomeas (Qhwhaasherterramhgrvarboxyhc acid or

'heterocyng'Y-éér%J(yl&aéc&cP ﬁerWati('é ag)t, {vﬂgx%l Q %a@tﬂ.el lly%%x%"ﬂ fﬁmro, chloro or

bromo, in a solvent such as dichloromethane gives a fungicidal heterocyclyl-carboxylic acid
benzonorbomexi—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, R6 and R’ areall Hand Y is CH-iso-propyl, by the Diels-Alder

‘reaction, the following regio-isomers are formed:




omat ographi ¢ nmethods, this synthetic [
Woﬁlg@)’o\ﬁ%{]? suited to | arge scal e producti on. PE&%}%%]%IISSS

solution to this problem i2§— provi ded by the present
process whi ch enabl es t he “5-ani no- benzonor bonene (D)
to be prepared in an econonically favourable manner in
good yield and quality. Thus, according to the
present i nventi on, thereQHs, provi ded a process for the

arat| aI formul a
[ [ ntIy Iél
alky! , which cosg % treating W P~z umr\-g
' her ar corpou t he generas fo
. 2‘417P 11885 - 3 NO,ppYqfher euGH3R|
and R2 have'st he nmeani ngs gi ven for the conpound of the
foCpula (1), ‘R3 is Hog Cl4 alkyl and Ph |scphenyl or.
a conmpound of the general fornuia (111): RL7R3\ 1-1
5Ph wherein RI, R2, R3 and Ph have the neani ngs given
' formula (11), the reducing
cl eave the benzyl noiety -
&i ni no nmoi ety PhCH(R3)NH in
g (11) or in the conmpound of
an am no group and, in
addlt'on in the 'Gxse\of the conpound of 0 the fornula
g , Qﬂsreduce bot h g¢Hpe 2, 3-doubl e bond and the
doa | e bond joining the 'RIR2Choiety to the 9-position
the benzonorbonerg ring to single bonds. Each
atkyl noiety is a strai ght or branched chain and,

Ung?ﬁg&gh);gb Ofksithe fsg 1sct81q+é% ﬁﬁelglﬂ%iy f'ov? &w'}d Y9nfle the

IS,

unwmtedlts@heﬂ@)dlay e ibhﬂdwbd d'lthexea”tttué end ofthy Yilels-lAﬁl@erﬂéﬁdi’Mh or at a later
sec-butyl, iso- butyl tert-butyl, neo-pentyl, n-hex

stage, by genventj oenl feshriquss sush as fracgional grystallisation gy @p@mehmﬁaqon or

5 by chrom? og%pﬁce@%}% t@g §htﬂ?¥c @gig*}s ggt Fﬁlg %/m%g&o g%%% p(gaéé_bﬁggctmn.

A s6hution g this prioblepmis ;ﬁbﬁaéd [0 ﬂumeseﬁl‘ proédsk whidhténablus ¢hiee St
are compounds where RI and R2 are se|lected fromH,
5-amino-bgnzayorogragne (R} fo beprepasedwangorpomitaly favonblamanngs dn good
and R2 are nethyl. R3 is Hor Cl4 al kyl. Mbst
yleldandkzlo ﬁlté’nl ently, it is H W -
ThudDaceofiing to/theprdsBR(acendioh Sthbre-is provided a process for the preparation

10 ofthe cbmpound of the general formula (I):
R\__R

2

@
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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The conpound of the general formula (11) may be in
wo%ﬁﬂﬁgﬂqf the two stereo-isoneric fornms (Ha) P@T/E(PEH(%GOHSSS
or mxtures of both in any proportions, (ha) bein ﬁe
syn epinmer and (I b) the angi epiner: The syn
~epinmer (lla) can exist in two stereoisoneric forns:
the syn (+) formand the syn (-) form The invention
covers the use of both forns,and m xtures of both in
any proportions. The & Bimer (11b) can exist in
two stereoisonmeric fornms:$the anti (+) formand the
anti (-) form The inventkon covers the use of both
forms and m xtures of botk in any proportions. 10The
conmpound of the gen P la (I111) _can exist in two

st ereoi soneric f,orns form the (-) form
The invention ers e usé of both forns and
m xtures of both any proportions. The

conpound of thqargen'dral fornmula (1) may be in el.t her
of the two stereo-isoneric forns (la) or (Ib) or -

wherein Rl andiR&Bavefthénteanings givin RirAROESthind of i fo?lﬁh ‘-@t ReisHor

r and (I b) the 15anti epimer:
C"‘alkyle%ﬁqrrgﬁsnﬁea’)yc%fn exi st in two stereoisoneri c for ns: the
a compoundbftHe %@[‘:ﬁ]f@r[ﬁg;l& syn (-) form The invention

covers e preparation of both forns and m xtures of
both in any proportiopt. The2anti epinmer (lb) can
exist in two stereoi somewyT forns: the anti (+) form
and 20 the anti (-) for The invention covers the
preparation of both for and m xtures of both in any
proportions. - 5 - i ve cl eavage of the benzyl
noi ety of the conpd Qr formu(I)(H may be
carried out usR\g —e tive reducing agent.
Particularly eff ve i s hydrogen in the presence of
~a metal hydro at Hon catal yst, for exanple a rhodi um
catal yst or preferably a palladium catal yst such as

v 0 OB o S
the reducmgagvmlb@ugcgﬁezav@tu cieavfe thobgayhsolety Ph-ONM@R fdie the
benzylamr eau C\ﬁf)?fl?(ﬁlgm efc %&q@%ﬁfﬁ%&gg EI{)?&T:; lﬂ%/qsépmpound
of the fonimﬁlh"(l@) lledve db a]mHB |g?ouz:%ihvﬁl A nofn the Q%%&?ﬁre( (foarlpé)und of

met al catal ysed hydrogéenation w nor ma
the formujg (TH), te resiuce hemgymz,ambuhluhond ;andmhesdc(dli&) banddoinkky) the R'R’C-

Q nveni ently carried out in an
moiety to Jdgee r ? oggg ﬂh ng rng {0 singlkandsy c h as
Eaclialkhbfiolety Etarbﬁ%i'—ém of‘bﬁh&%rbﬁhmgfndzd%ﬁ@iﬂg nW egfer jit contains

protic sol vent such as tetra
ltodor lrﬁgtqﬁar Qs atemns, ig, fgxaxmnpletm‘;thylaethb'hhq:ropyl n-butyl, n-pentyl, n-

b s S Do b 0 T s,
R' afldR? bl IR@dpRhaER1yA ow. Bu&/h %&y%gtﬂoﬁ{‘bé [akn%s'q%ﬁ and

is not critical. Suita gn rled
the other af¢).¢ alkglgroup g, }gmaybmln the seme 25 diffenend aﬂqhgmupﬁrmﬂ y

pcil AU SIRE B, ket 301 i,

especially eliose sbmpomidsiveitie BOthR 'amd W are RidthylS conveniently
perfaormed at anbi ent pressure. The tinme taken to

188%95%{1@1%@4?%@9@@&1?“% itisHepend, inter alia, on the
reaction conditions and scale, but will normally take
frombetween 1 to 48 hours and typically froml 20 to
6 hours. Reducti ve cl eavage of the benzyl nviety
of the conpound of the forrmula gmnmay al so be carried
out using any effective reducing agent. The type of
reduci ng agent, catalyst, solvent and reaction
condi ti ons descri bed above in respect of the reduction
of the conmpound of the forrmula (I1) are equally
effective for the reduction of the conmpound of the
formula (111)

3
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cept that the anmpunt of reduci ng agent ed w ||
WO%@?@E@@ be from3 to 6, typically from3 tolPJ T/EPH0p/Q11885
equi val ents of conpound (HI), because of the
addi ti onal reduction of t'ﬁé two doubl e bonds as wel |
as the cleavage of the benzyl noiety. The anount of
catal yst used, the tenperature and pressure of
The @afgound ofithé deheral formulad (@) neydieiineithalodshewd stéreo-isonteric
the sane as for the reduction of the conpound of, the :
forms (I4)@r (b hoy mixtures of heth dp Amoprenorsiens. kHa) festag the sys epimes and (IIb)

may be prepared by a process that forns another

| ’cheantie&J Ig' : . .
- %ébt of the present invention. This process

conprises reacting a conpound of the general formula
(IVv): - 6 - Xwherein Rl and R2 have the neanings

gi ven abR%e and X is chloro or brono, vvithF‘,ai\|2 . .
benzyl am{ne of the general formula (V): R3 WL Ph(V)
¥MR3 and Ph have the neani ngs gi ved _abpve, in

| east | adi unéﬁagrrpl ex. B bases for
carr he ab process inc ﬂ% i des @mwgh
R} sogrufm and potassi umtert - lyst cnalegZeme/sodi um
me-piki de and et hoxi de, and i gaff ¢ bases such as

rbbhat es, 8 °R¥hpl e pot assi m [ysodi uratidpirzeesi um
car bonat es, hydroxi des, for eX¥mple 10 sodi um and
pot assi um hydroxi des, and phosphates, for exanPI e
Theonepimenfligheaperistdn twa steregtsoriens fomes: the syp &) form and the syn
Kox] . . h - . o o
(3 form. B e e KREFR By At R b BH R0 in any p¥BStions.
The anti §piaRe(1lb)aas lerist irptwal startoisemériaforms: the anti (+) form and the anti (-)

cetyltrinethylarnnmoni tun brom de na bie%d,ded. L
form. Therinventian Gaverstthe yseof hothy fqrngtayéﬂHzaw% qi/o9H i any propAstigns.

o .
Thé o BT Sperchl SRR caP ot th o SerdNBRRE b he
(+) form hitbthe(Qdorn. Thd invgaivarcabery threuse@f both formsrard pricktheed iofiboth in
© precursor and at |east one suitable |ligand. Were the
any propeftigBess is carried out in a solvent, the conplex wll
Th aoP&es%hF@h, g;dxﬁlat (AEmabY¥ Bithek Bf iHRGwo M6t isofHeric
thi's process pal I adi um conplexes expressly include "
forms (la) bo@b) eranisitats afibath in yry proportigas,i(ta) beingatie Hm epimpoandydb) the
.. 20 ("palladacycles") and secondary phosphi ne |igands.
anti €PMMERe pal | adi um conpl ex may be used as a robust,
ormed species or may be forned in situ. Typically
i'® made by reacting a palladium pre®lrsor with at
one suitable ligand. In the case jof inconplete
nstyr mati ons, residual anmounts of I adi um
eeUr $or or |igand nmay be present urdiss lved in the
¥ I Xtur@) - 7 - 56 gal | adi u
M'Sow/'s may be chosen from Ra ’61 A acet at'e,
I I adi um chl ori de, pall adi um chtdri de” sol uti on,

H¥al | adi usy-epitherenzyl i dene acHENne) 30
pal | adi um (di benzyl i dene acet one) 2,
Th@%lnl ithet(14)ah RKiss irf twoaBYkBHOSPTIrS) the syn (+) form and the syn
pal | adi unt car bon, pal.l adi um di chl orobi s(benzonitrile),

(-) form. Tt invéntion ¢aversthe reparatioplof hothpforme pxd muxturegiof bothdn gpy

. pal,adi tunt 5(4&ibenzyl i dene ace d_. ,
proportloggﬂ (ﬁnhrﬁp(r{x?ﬁ(@h cagl tghgnsopsg rre]éf)ggx%)afglc %]r@géglﬁlanfli(&\%o&rsn and
the anti (affﬁnn.f’ﬂ{e if¥étidnTovels thd prepartiors o bhdtk fdrntshd mixtures of both in

bnti epimer

heterocyclic carbene 1igands and phosphinic acid

any proppitigahids. Terti ary phosphine |igands are generally of
two types: nonodentate and bidentate |igands. A
nonodent ate |i gand may occupy one pal |l adi um
coordination site while a bidentate |igand occupies
two coordination sites and hence is able to 10 chel ate
t he pal | adi um speci es. The foll owi ng are exanpl es
of tertiary phosphine, N heterocyclic carbene and
phosphinic acid |igands and a pal | adacycle with a
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(A) Monodent at e phosphi ne |igands:

wo 2ob7/é but yl phosphl ne, tri-ten-butyl phosph
woRtY G?fl'gor oborate ("P(tBu)3HBF43'), tris- Perrt¥hoosionsss

150rt ho-tol yl phOSphI ne (" PéoTol)B ),
~ tris-cycl ohexyl phosphi ne ( P(Q/)S ), 2-di-tert-butyl -
phosphi no-1, 1" -bisphenyl ("P(tBu)2BiPh"),
2-di - cycl ohexyl - phosphi no-1, 1' -bi sphenyl
Re@ﬁﬂ(@;c)@Bag&ﬁf)the benzyl moiety of the compound of the formula (II) may be

carried po“ss;ﬁ CAso q?q%gg ye %Sug%l(gna%er%t Pgrrtlcglaltlly e%fs cthe 1€ }l&drlogélnlmbt g P
presence df LdtTal m&!ﬂt cnhtuﬁ{jﬁdmpgt}’for Qg 91'3'ar}ﬁo g@«%ﬁl‘%&%ﬁé@fﬁaﬂly a

re 1nf Ion a hono atep
palladlumaatalyst aﬁunhmd pahadlﬁnm&ﬂileSSS 20 (B) Bidentate

T Amows! b héa%relts{ls'm%a@@fn DaY b A R YRR o 1 t0 1.3
mole eqdﬂ/%@tﬁgﬁ ?o tert - ypmﬂé/ } B&ﬁ? Q?&RH ge%nﬁxe(a%} of

hosphi no erro

catalyst ysBil will nofmil{yDe Reorfi.@F1tot 0.5 ﬂymmlmmmﬁmhmrwpmmmmms

S LTI T T ———

and antt SRHSRUITASERN | {1 (3. 5-bi o tri 1 uor omet hyl phenyl) pho
The ptduntion is convemently carried out in an inert solvent, for example, an alcohol

such as ] S oSk o2 et Y LprenL oSt e

otahydep BRI b ol dip i B BIERE dimathoryetung ora

mixture thsluyh solugnts. dfwlo;tllp hhs:pﬂvem is tetrahydrofuran or methanol.

Qng% %ﬂqﬁp&K A% dl Cxel Oh%éyarr?et&osl’i??sl r?o?)cf'xgorzélo Pa%l}l itis carned

| out at ﬁoen%‘*c( fb)sotc | fyPicafly @.%w«é RNBRE] RIHRVEE Pt 2B enefature.

yl di phenyl - "phosphi ne,
Slmﬂaﬂxm presyure ig ms)cnzcﬂmnéctm @duitioathyy belperfurines pHevated mho

reduced RRSRRrE, b R lcn net o B FFES By | set hyl di -

Thétifre takénto &Mﬂn}ﬂeﬁé"@x‘é I‘?&lﬂ%ﬁon will depend, inter alia, on the reaction
(R -(-)-14(S)-2-(di {)heny phosphi no) f er rocenyl | et hyl di -
conditionsand seale,hup wild pormally take from between 1 to 48 hours and typlcally from 1

to6hou.r§s) (-0-1-[(R) - 2- (di phenyl phosphi no) f errocenyl j et hyl di
‘tert-butyl phosphine, (R-(-)-1-[(S)-2-
Redubitipb elexvapecstihe bk Embieerantht ebhipbwidorthe fupmuldiMIEmbay also

be carrie«? fe\#u{sf\r)g any[efiytive rednping agensbaaiiipmof redueing apsnt catalyst, golvent
and reac Céogaw F%‘s&fﬁggi {\ga hué rr]eysp ot og gﬁ; rﬁ%ljctlon of the compound of the

formula (ﬂ) afe apally effedtivel for ﬂl)éﬁ'édﬁtﬁbﬂ bpthe<phipBend of the formula (IIT)
(R -(+1-[(S)-2-(dicycl ohexyl phosphi no) ferrocenyl] -
except that; thg peo yedicangagentused will normally be from 3 to 6, typxcally from 3

to 3.3 moﬂ%lévgl Ji'ts mé€ %%rw?%uélﬁ §ﬁ;)p E%Jgh%&%ﬂ@ ﬁcﬂﬁ)i&?arl ol X of &1'3 %vo
double bc(da)s aé wellhs Blﬁé:)leélfagd of tlﬁlﬁeni}tl inyiectp/ IDisPahOvmt b E4talgStIstd, the

phosphi ne

|
temmrat\ye @P& p{esglirg 9? {%‘;ﬁ@ iﬂlﬂ the tims. the rractin talieswilhesappehothp sme as

for th re A IF B¢ g ARl o) for T obeny ot hy! - -

The emhpduntd \oif tHreogenbrah ormul&AT)anayt Becprepared by @igtocess that forms
another aspect of the present invention. This process comprises reacting a compound of the

general formula (IV):
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WO%@/‘)?MY[(S) 2- ( P- net hyl - P- phenyl - phosphl no)?%T’FB@gﬂ 1885
i ethyl-di-tert-butyl phosphi ne *I< ..-b5Z:rt4dP p O
. HCH3 . CZ and racem ¢ ni xt®es thereof, especially
racem ¢ m xtures of 142-(di-tert- butylphosphino)- 5
ferrocenyliethyl -di-o-tolyl phosphi ne,
112- (dicyclohexylph0§phiE@)ferrocenyflethyldi-tertbuty
| phosphi ne and R
142- (d|phenylphosphlnorferrocenyl|ethyld|cyclohexylpho
sphine. (131.2) Bi naphtihyl - bi sphosphi ne |i gands:
2, 2bi s(di phenyl phass |ﬁo) 1, 11- bi napht hyl (" BI NAP"),
R-(+)-2,2 bIS(dI hOSphI
1,11- blnaphthyl MAP"), racetnic :
2 2' - bi s(di -p- to Iphosphino) 1, 11- bi napht hyl 10
"racem c Tol - .(B1. 3)

| whmmfg R QAR éeggg'gs R T

benzylarrﬁh@@ﬁﬂél eneraldBfAnula (V):
- di cyc ohexyl phosphi no- (V N- di net hyl am no) -1, 1' - bi phe

nyI (" PCy2NMe2Bi Ph") 1R3

2-di-tert-butyl phosph/n)j\(NN— di e hyI am no) -1, 1' - bi phe
nyl - (" P(tBu) ZNWZBBP@ C) N Het erocyclic carhene
ligands: 1, 3-bis-( di | propyl phenyl )-im dazol i um

wherein I{’J;Angi:ébgtga %t}:'lél;ra n&%@%er? élbso e, 1n ggr%ts nce of ag] deaazn?llalc%glync
Eatrektt Oné lﬁid“?fn'&‘ fgnyl ) -im dazoliumchloride
amountoeiat_ql\a/eu)?x é% (D Ph}c??phi nic acid |igands:
Suitiblet taases foucarryipg ospthe mbovedrocess irtiide a@l&)xidmlshddmpdim and

s 5 s R R R b Wb 5
carbonates hﬁr Eﬁfﬂ%lﬁ o%sﬁﬁes&ﬁﬁlﬁ‘ﬁhé chivdn carBordtts, ﬁﬁdl%)ﬂde; "}Sr example

pal alumconp (A-1) is described Iin S

sodium amsp@assm h]{/@@&@es,mnd@hospimeso@e exrnple p&ﬁsﬁmﬁphASphaﬁw e
A S descr nl.ed.. (ibid) under the
Pamculari%g%ﬁﬁgﬁéﬁk g\?ﬂﬁ? DUOXIAS| es of pal | adi um

WheR Bthg ¥eHus tdéslﬁﬂl fé 5 the B8deSla Eh%m%s@f Satalyst such
described in J. . em 66, 8677 8681 under th

as cetyltrxmlevlmmsmnpwlde nRgibgzddedhd " POPD1"

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

The palladium complex used in the process will generally be formed from a‘pallad‘ium
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 is made 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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Further exanples of palladi um conpl exes contai ning

woopfégspcycl i ¢ carbene |igands are
, nagﬁt hoqui none- 1, 3- bi s(2 6- di i sopropyl phenyl )Plcrr#:l/E ZoLysss

- 2-yhdene-pal | adi um. ([ " PderQ W12")
di vi nyl -t et ranet hyl si | oxare- 1, 3- bIS(2 6- dllsopropylphe
nyflim dazol e-2-yl i dene- 15 paI | adi um (" Pd- VTS-1Pr"),
1, 3-bi s(2, 6-dil sopropyl phenypi mi dazol e-2-yl i dene-pal | a
Usﬁhulﬁallidﬂimh pfdcdlso(s gl kel ehloSer Jrom palladium acetate, palladium chloride,

bi.s(2, 6-diisopro henyf |l i m dazo| e- 2- denge: pal |
palladluna.hlgﬁ\ldg p@g@@@}p@ll{lcﬁp@g@gcw idyrlxe aceto%xe); or paﬁacimm—(dxbenzyhdene

e
b1s(benzdrﬂﬁllé)meddﬂlrﬁM)tert-bMplmsBﬁmleﬁ of a6nisthire ePpalfadivmheny |

or 46tr|meth{ﬂj henel/_l l\/brelnforrmtlon about
(dibenzyhdeperacatpng)? andpalladminpy(frispichutylphesphmgoac- | Pr and

s s e o Rk 3 ey i e

ligands ahdl phésphini©acia bigaidst Tlatﬁfymmsﬁﬁine ﬂxg&cfs&wrgér&rdll‘yc&)twoaypes
be found in Organic Letters, 5, 1479-1482 (2003

monodenate ppdybidentate laamﬁnﬁewp@m%ﬁ ligand may, P‘EC“«BV og¢
coordmat?(% gx?edsk'ﬂm ? ﬁ@hﬁ%&e\%ﬁg& t v do'&rcfn rs‘&‘éf §|§d( *ﬁce is able to

preparing the conp eneral Tor
chelate tiégpdlladiunnsgecesur sors that are particularly useful for
the formation of the palladi um conpl exes are those
Thg@l@@qlggjaxfereéﬁmplgs |oggﬁrggﬁy hesplige, N-heterocyclic carbene and

PhOSP‘“ﬂP‘?+ l@g# (aé' SZ/(}Qc %ﬁgﬁ S@%%SWP haﬁgpa{l |hl§m chl ori de

(A) Monsdﬂwdtephosphlmltgandsﬂre of pal |l adi un2- (di benzyli dene
d | 1 ad] h
Tri-ert iy pRRTP iR cieH et P ETHLEIE e usrpBpTate S PB S HER Y, tris-

ortho-tol?l%%xl)% &%P@a@!‘d&ﬁ u}s-cyﬁlohékylk)ﬁ%%h%ﬁg?rgg@aﬁ‘dz histe Ak -
phosphinbFig]'phisphhiyl mmmkhm 2di-eyelehaxtyl-phasphimork 11 -bgpmhyl

Py B - RSP BrROEP TR 2 81y ThHGRRY L | PBBRIYLfor-Bpos”), and

tert-butyi\hlh?*a&&ﬁ%ic Osgﬁhé%"mﬁd) )@nd typically at |east

I gan n froma errocenyl bi phosphi ne
More mﬂmmw abautonongsientad pliasphios pigands dan e fiehnsrid §:2004-0171833.

0S h| n Ii. and. Particularly suitable are
(B)Blde%n‘eﬂﬁ& MBS At contain at | east one |igand

1 ﬁggpgﬁ{eq ag;mtrl tert-butyl phospi ne, P(tBu)3BBF4,
(®B1)B pP 0Tol) 3, P(Cy)3, PtBu)ZBl Ph, P(Cy)213i Ph, x- 20

(B1.1) F@r@gnyl%mbggpqmtgag (“1051phos hgands

1 1'-blS((ﬁ?@CP&*[ﬂ:l Eénx%ﬁ)g d! C Begg eﬁils@ls IQert gx?gy p%osp E&Y%errggten)él
R)- (-)-1-1@-% gﬁlﬁ(l)dfﬁtgﬂﬁ@&ﬁdﬂm&iﬁﬂyl)ﬁhés@hfn@?ﬁﬂ%én@l]Bﬂ‘nbllidr-ieﬁf-ﬁutﬁut

phosphing, &)3( -F1-§§S)= 2—%@!&3 S-bisttriBuespmetindphenyhphasphine femggenytlethyl-

dieyclondlylohohabp g B3-Sy SR Hefis-riusramstiy aprpy NRhogRhing)y
ferrocen)‘lmﬂﬂlw S,dlﬂB&fylphlnﬂ)plbhﬂﬁﬁé RPAD- 1bMS)lt-(dlcyclohexylphosphmo)~

hi no) -ferrocene,

ferrocenylRpicly e pycphiospbinep R bﬂ@pﬂw(dm)d@ﬁmewm@bﬂwp@ﬁnyll
etyidicsee B eohie IR R TS 2 BE RIS intosntine) erossmint

dxcycloh%ﬁt@phxﬁ&)(ﬂ «P-1- [(R) 2-(d1cyclohexylphosphmo)ferrocenyl]ethyldlphenyl-
I'(z))s d| hen phos |no)ferro enyfl ethyldi-tert- bu
phosphmce hit{S Fﬂlmf: yi-Arigthboxyp henylphosphiagerroceny].

cnysey e A ﬁ*‘%@?-@%@’%?&b bR i35

formula (A-3), where R5 is 2,6-diisopropyl phenyl or

2,4,6-trinmethyl phenyl. Preferred are pall adi um
conpl exes with at | east one ligand selected from
tri-tert- 5butyl phospine, P(tBu)3HBF4, P(tBu)2BiPh,
P(Cy) 2Bi Ph, x-Phos, (R -(-)-1-[(S)-2-




-tert-butyl phospi ne, P(tBu)31113F4,
Woé‘&/)f BiPh and I-Pr; 15(iii) tri-ten-butyl Bﬂggﬁolqgonsss

and P(tBu)3118E4; and (|v% _
(R-(+1-[(S)-2- (dlcyclohexylphosphlno)ferrocenyllethyl
di -tert-butyl phosphi ne and racem c

142- (di cycl ohexyl phosphi no) ferrocenyl | et hyl di -tert - but

xylylphogﬂhﬁrta;ﬁkw}a(—hé [(S) 2- (diphﬂsilpmspﬂim)fmbcan;el]qjhyltiiaat‘r&:ibntylphosphine,
P ’ .

(-1 P2 TaiPensy st e JerestxehHaE - ROy b IR R)-GIkIIS)-2-

(dlphfm}’?&?é(pgllﬁ cyc: oherylyl pﬂosp |lﬂg)e)x§'g§rh§§:tg%%p[{£% h)y &ﬁR-)t eg*dtllzl}?m;

phosphjnb)ihmsthiyl]eth)hlldicycl@hpmylphasphmej (8) el G{(R)E%i-(dipgq:ﬂy@ho'sphino)
5 ferrocen}f?]rggym@cy oﬁexglp me ?}E) (§ 1p[?§) ??(Iillcj:}rlr(]:lgheng plhogph?n%ferrocenyl]

: = | d
L
dunethylplmagﬂ)phbsphmw(ﬂég(a}h{qsod @ﬁ-tembuwbphmphmoaﬂerrbmnyuleﬂlybdl-o-

(] in a catalytic anount, normally in a nolar ratio-
tdylph“Bh"‘Fr om 1:10 to 1:10000 in respect to the 25conpound
of formula (IV), typically in ratio of 1:100 to
1: 1000, for exanple, 1:500 t 0 or about 1:600.
The conpl ex may be pre forne Qi;ﬁorned in situ by
m Xi ng toget her the ligand, which will
general ly be used |n Iav énnunts or
t her eabout s. The T of formula (V) used for
reaction wwth the conmpound of the fornmula (IV) is
eonveniently benzylam ne itself, where R3 is H.
30Conveni ently, the conpounds (1V) and (V) are
10 @®)- (-)-1@(39129@3,LSrﬂmﬁthylrm:nethe:nmﬁhﬁl)mrospmnh)ferro&nyl@-&ﬁxydﬁdl-tdre
ppound (V). For exanple, the anmount of the conpound
butylphogifeor ml a (V) WD 2007/ 068417PCT/ EP2006/ 011885 - 13 -
used is SU|tany from1l to 3 nole eqU|vaIents of the
conpound (1V), |c 'ly from1l to 2 equivalents, for
exanpl e, about 1 5° e equi va . The

preparation of the ‘“(“Eﬂéiﬂé P& forrmula (I1) is

conveni ently carrled ouf Iizy iarert organi ¢ sol vent,
which is preferably d/ ShEtadle sol vents include
1, 2-di net hoxyet hane, i TEEhY yl ene gl ycol) dinethy
ether (diglyne), g t-putyl methyl ether, pentane,

- hexane, cycl ohexane, tetrahydrofuran, dioxane, t ol uene
or xylene, and m xtures thereof. Preferred solvents
are di et hyl enegl ycol dial kyl ethers having the general -

®)-(-)- 1-f[(S)Iw{d@ethﬁﬁﬁ‘dri%%%ﬂaQr@%mﬂednetleﬂ-ﬂitylph&i;ﬁmaI kyl".

st conveni ent solvents are 1, 2-di t net hoxyet hane or
dlglyne 10However , processkna be perforned
W t hout a sol vent. In hi -Sepdké conpound of
formula (V)" will normalNy eed, i N excess of the
conmpound of formula (. WWhet her or not a sol vent
i s enpl oyed, the process & be performed at anbient
or elevated tenperatures, preferably in a range of
from 50C to 200C and typically from80C to 150C. It
may al so be perforned at anbient, elevated or reduced
pressure, conveniently at 15 anbi ent pressure. The

15 R)-(-)-1 -ph écfhﬁ‘x \GL is%}ob?\kﬁﬁ)sﬁhx%)fgﬁﬂ&ﬁgt]eth?ﬁgcry?ggg 2 n{}l%bphme

whi'ch Is carried o
used and the reacti'on conditions. Normally, however,
it will take from1l to 48 hours, typically from4 to
30 hours, for exanple, from4 to 18 hours. It
may be beneficial to carry out the process in an inert
gas at nosphere such as in an 20 atnosphere of nitrogen
or argon, nost conveniently nitrogen. Furt her
i nformati on on the general conditions for carrying out
t he preparation the process for producing the conmpound
of the formula (Il1) will be available to a skilled
chemi st inthe literature relating to the preparation
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- 14 - X wherein RI and R2 have the neani ngs given

wo2bPmesaRd X is chloro or bromo, wth a benzylpgfiEp8odsforisss
- the general formula (V): R3 (V) HZN A Ph 5 wherein R3

and Ph have the neani ngs ven above, in the presence
- of a base and a catal ytic anount of at |east one

pal | adi um conpl ex. The base, the pall adi um

conpl ex, the compound (V) and the process conditions

are the sane as descri bed abovepfor the process for

preparing the conpound (11) f%%}the 5-chl oro- or

5- br ono- benzobonene (1V). In t case, however, a
particul arly preferrec{ @corrpl ex i s one
where the precursor is chloride and the
ligand is the carbene q-.-- I'-Pr. OGtherw se, all
details described for théTonpound (I1) process are
equal |y applicable to the conpound (H') process..
Wiere Rl and R2 are different, the conpounds of the

general formulae (111) and (1V) may exist as the E- or
Z-isoners or as mxtures of both in any proportion.

®)-(-)- 11{5s)szsoeinhetaﬁ B@hﬁ@l@ﬁﬁéﬂlﬁhnd)%oﬁé@ﬂ?tﬂﬂ@h-&éﬁbﬁ bymne

of the formula (1), the conpound of the fornmula (11
may be used to prepare the con‘pgu of the formula

(rnr). Thus, in yet an ct of the invention
there is provided a pr duhe preparation of a
conmpound of the generely fokBUI & (H: RR2 - 15 -

wherein R, R2, R3 an§ ph #&2e>t he neani ngs given
above, which conprises treating a conmpound of the
general formula (I111): wherein R1,122, R3 and Ph
have t he neani ngs given above, with a reduci ng agent,
the 5 reduci ng agent being effective to reduce both

and 1'ace1hﬁﬁn3c,tx§'e§i fHebdoF, &ﬁ&ﬂalﬂﬂﬁcérﬁi% ﬁ&uﬁla@om[aig iQkRIbRE) hKYRphino)-

C noiety to the 9 position of enzonorbor nene

ferrocenylhﬂ@’ltd@-OsﬁOmeospbm b{R-(eyclaheniphosphie0ieRBHethyldtert-
butylphomiuﬁet Xnd ﬂtf‘-f&:phenylphosphno)ferrocenyl]ethyldlcyclohexylphosphme.
(B1.2) Binaﬁhthyl—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-(N, N-dimethylamino)-1,1'-biphenyl (“PCy,NMe,BiPh™)
2-di-tert-butylphosphino-(V, N-dimethylamino)-1,1'-biphenyl (“P(tBu),NMe,BiPh™).

(C) N-Heterocyclic 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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WOA%"SI%%‘?gl e reduci ng agent for this process igﬁ:@iz?{o%%gﬂsss

resence of a netal hydrogenation cat
such as a rhodi um cat al ysi for exanple, rhodi um on
- carbon. 10The anount of Baci ng agent used wil |
normally be from2 to 6 -nole equivalents of the
conpound (Il1), typically from2 to 2.3 nole
(E) Palladspyiclesicontathing a secbhdarg phosphirefligaad:al yst used wi | |
normally be fromoO0.001 to 0.5 nole equivalents of the
thecomni@hwbﬁ%q pwilaily from0.01 to 0.1. The reduction is
conveniently carried g‘wrb' n an inert solvent, for
.exanpl e, an al qch as net hanol, et hanol _
n- pr opanol or dpanol For. nérpProtic sol vent such as
t et rahydr of ur as e q?ﬂtyl net hyl et her, di oxane,
et hyl acetate or [di (gyet hane or a mxture of such
sol vents. Typi ca ly t | vent i s (Aet) ahydrofuran or
nmet hanol . rme aure at which the reduction
is carried out ot &itical. Suitably it is carried
out at from O0Cg80C, typically fromOC to 25C, and
conveniently at anbient tenperature. 20 Simlarly the
where “npit?’ds nobotrsyl,rand the cdmplax ofithd foingula At i on nay be
performed at el evated or reduced pressure, but is
conveniently perfor a ient pressure to 4 bar
pressure. The t% o conpl ete the reduction
wi Il depend, inter alia™poh the reaction condi'tions
and scale, but wll normu@i take from between 1 to 48
- hours, typically f t§ 6 hours. 25The 5-chl-oro- or
5- br onp- benzonor borE@me~ofMehe general formula (1V)
may be prepared by process whi ch conprises treating
a conpound of theggEe* al forrrulaﬁ_&Vl) - 16 -  x54
3 wherein RI and R2 have the nea bs gi ven above and
X is chloro or bromb, with a reducing agent, the.
reduci ng agent being effective to reduce both the
The pallédiﬁmd:oniplla( (@oh)isslestribied ildSyrﬂéte W%Zﬁiii @004 under the B3d2 name

“sk-Corhf thess g (4 BF & deeithe in Silesridh domer Hintoh nate “SK-

CCo02-A’Process is hydrogen in the presence of a netal
hydrogenation catal yst, such as a Raney nickel, 3
Further epdraplesiofpabladiva tomplepssarontaining phosphinie acig agams. anerdesaribed in

7. 0rg. Chs R RS HRSBR R ol Bemes BQHT P O 22 POp B

Further eRahpisélbfisaliadivadédifpleRds déhﬁa‘imﬁgl mmeraéymrbaﬁaeﬁe lig&fls-are
I n one 10 enbodi nent of the invention, rhodi um on

naphthoqnmpb@ﬂa 3chis@afi-flisswpronyipheoybiseidazole-2 sdidene-pallaiiuam ﬂh’Bdﬁ‘{Q

1er)), iy Sl D B Rbe { Fhisth s ﬂg%o%%é‘r?yex%n?ﬁvé@%%# ks
palladiun?(‘ ‘lPﬁ-\?TS’xIleﬂ? 4, aaisgweidam;ﬁo Slk-2C i dnk phllaties

w |l normal romO0.01 to 50 nol % of the co ound

dichloridg (/Py:Cleippi)e by fbyS(Eﬁo@fmpmwh)hzmylhﬁndeml%%'bdcm dimm :
diacetate gi’gﬁgﬂéﬁpg ﬁ,nay 11 %ﬁls{f&dgyopﬂ)pylﬂ%nyﬁﬁn azocie- - r]1dene-palladium

chloride (“Pd-Al.-Cl-IPrj”) and a compound of the formula (A-3):
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such as net hanol, ethanol, n-propanol or 2-propanol or
t such as tetrahydrofuran, ethyl acet
Wo?zg?ﬁéﬁfg’/ tert-butyl nethyl ether, dioxane, IQ’}I?EP2006/011885
di met hoxyet hane or di chl or?o1 thtane or a m xture of
- such solvents. Typically 1the"solvent is
t etrahydr of uran, ethanol or nethanol, preferably
t etrahydrofuran or nethanol. 20The tenperature at
whi ch the reduction hg carried out is not critical.
Suitably it is_carried\s fromOC to 100C,

typically fromQC to 30Cy anth\conveniently at 20C to
25C. Sim %W the priessyfe is not critical and
the reductio be p 0 \d at from1 to 150 bar,
normal ly at fis B5Q bar ,\ typi cal romlto 25
bar, for exanpl ¢, fr%r’nﬂto 1(Rtt§ar. 25%@Sconpound of
the formula (I nay h@ bt ai ned as the syn or anti

epi mer or asur‘ 03 both. Normally it will be

obt ai ned as & ur the two epiners, their ratio

dependi ng, int®alia, on the particul ar hydrogenati on
Rgat al yst chosen. - 17 - The 5-chloro- or
where R5 ih2,6rdidseprepyiphenyil on2,4¢f-trineshyjphenyh | Mbrer informativh hbowt {Pd-NQ-

IPr),, Pfg%@ﬁi{;ﬁgl@n ?ﬂ@@%ﬁfﬁ%@%'&%@l Db rfé\?ﬁf ggl qgéa%ic Letters,

4, 2229-0D3 D(2002) arkkl Hlerr. , (2005 MorRfinfoR@aG&0
' IR ] Lo, (AU0SEMord infogiRaliel Bt teVoltofind of
formula 698 e foundrinDrganic Lettersns,i 143911482 §2003). sol vent .

DG h t he hal obe e (Vv I S gener at ed,
A SERRYRG B ole} o ABRR et pallytitn Sgesdibrbe used

in the prosess S rbyaingfthé &&npdunﬁ'difiﬂ@(%’éﬁﬁral eriRAS@xy et hane,

di et hyl ether, ten- butyl” methyl ether,

altading preeursors kit arrcpartéiquiarly useft forshe florniasion of thet palledium
comple@ ofb RO sefco s foty ButdbhBh sl HeaRluRR ity HeRe Becioney,
palladiume(diteneylident hedtone)s) palddivm (chIgRide 8bkition o a iiRfire efalfaium,-

+10C, which may he el evated to anbient tenperature or

(dibenzylidene agetang)s andpalladinm(ris-tgr T OHfyiRhosphine). Rallediugmacetate is
espeCian}'g{r%?r{uﬁF’a% ?ﬁ@agg{/m Elggﬁggobenz onor bonadi ene of the

I'SOl at ed by quenching the reaction.

Atrieast oneeliganddsiusegufonths fomslitiomof ts padbsditipd omplex. Normally the
lladi sat ur at ed. fhmmni {Lm 15 ﬁ{él oride solution, extracting
palladium complex jwill havg at leasy ape ligand ehoser fremrg monedantate tertiary

\ i . A fo ine.
phosphitnite eyl iy LR bk AR i,
and typicallyabieastronetigahd chizen frohparfettoe ey 1{biphosphint tigand v bataphthyl-
bisoh urt herdﬁﬁé' fied b¥1 crh}/st allisation froma sol vent

1Sphosp, lggg_ 4R, aminophosp nehgage}.he hal obenzyne (VI1) may
Pet ST e RISl ok RIS R BTt
from m-zw)-butylpmes_pmwéﬂa@)ﬁ{BﬁL B(odbl)@,rRICgl)gl, B(tBu)pBilPlg P‘(C'y)iﬁiPh, X-
or, i , . organonetal |.i c _species such as
Phos, PR B GlreRicrt Rl P inG rbocaiothy g rer-butyl-
phosphiﬂg,??feg?g&g?{/@?iié'%@l{l%:ngrﬂgoéﬁﬁi&er&@@éﬂy]ﬁmﬂpﬁfbﬁtylphosphine, ®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-

(@)

=ﬁ

phosphino)-ferrocene, (R)-(-)-l-[(S)-2-(diphenylphosphino)ferrocenyl]ethyldicyclohexyl-
phosphine, racemic 1-{2-(diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine, R)-(-)-
1-{(8)-2-(diphenylphosphino)ferrocenyljethyldi-zert-butylphosphine, BINAP, Tol-BINAP,
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5The C1_6 al kyl - or phenyl magnesi um halide ig
W?ﬁ?“&?’é?"ém y a chloride or bromide and nore prgpg@gmoyonsss
i so- propyl magnesi um chloride or bromde. If a C1 6
- al kyl - or phenyllithiumird42used, the reaction is
carried out in the presence of the fulvene (MI1I) to
give the 5-chloro- or 5-bronobenzobonmadi ene directly.
. e
racemic 101 BN AP AR RpAGTPLFAGUC HIPL PERDINOE PR 1B LAPHMe, and
a palladitirl cotripéex aftformile (A<Y) awhiere R3fis 2,8QiHsomrop@phénydioe 2)d|6trimiethyl-
-10C to OC. The reaction mxture may be allowed to
phenyl. warm to anbient temperature prior to isolation by

0 . o | .
ProfRRY By Do ARHRRY SR IT B8 LRERETA R0 200 en
butylphoépine, P(tBu)HBF,, 8(tBn),BihyiH{EnEBIRY, Rdthos,(R)/(yl-f(8)L20r ned
) in a stepwise procedure, the hal obenzyne (VI I) being
(dicycloheyylphasphinojfemmgcenyilsthyldidgrt-bytyiphaspyne irpesmic 102-

(dioyclot B LA RRERAIATIATL A ITERE R XD @Prer-
butyl-phdsphinb)ferrocdnyl]ethgldi-~okte Bdpieisphinedadentio 1¢[a-(Hherf-butykne
tep r.eactign between the

phosphing)fesBsns IAByIdbesio P ORF i PP B oy I
e

from the follosting gmmps:he subsequent ful vene addition at -20C to

. . +10C .typical 0_-10C t The reaction.i s .
() tri-tergpiphestons; BBUNFIRF Y RUBRIBITY B(CY-Ii08; Eop it NMeBPh
and I-Pr: O preferably to the reflux tenperature of the solvent
’used. In the second case the subsequent addition to
(ii) tri-zertdbatyfiphospine, P(EBW)stIBF g PCyyNMe; BIRhGndd-Pr)OC, typically
ion is stirred an additi onal

poey ot 70C, .95C., . T
(iif) m'teﬁwywhgompéﬁﬂm%gsi on. Suitable solvents
A I T I B S R L et S

racemic Ipf2-(di¢ysiohexylphosphinodfetracenyl Jothykiierz-butylplesphiand
VEVEIAT L AT TR
(R)-(-)-lJé(??ﬁ(d%%tb‘l‘xeﬂﬁﬁﬁt?sﬁhﬁﬁ}fﬁgoé‘éhyﬂ%?ﬂi@erﬁﬁgty‘l’ﬁﬂo@ﬁhin_e or racemic 1- .

. cri bed above. .inert atnosphere in which the
[2-(dicyclobexylplasphinofamre¢eayljethyldi-er-butylphospiphe, a ni trogen

A s ERAR %3 SRR B8 HR o mevir ¥ Bt cpiogga o
the ligandis (R)-é?g%%%(ﬁh%?gw&pll%%@%c?ﬂﬁ%ﬁl&ﬂ%)-butyiﬁﬁosphme.

2007/
Theipatladium ¢amaplen issed esthgprepatatioprofthecompound of fogmuda @) ina

catalytic @§%1 ’2"'}9{}3{3 ?‘g%&ﬁ%? ca il gﬁf“i‘?‘o‘b %Oeﬁzqg ool ﬁtagg%g%g gli)ear ed

compound ¥f fotmuod VY, alpiesllySancatiy f 17160¢ 19000, fofexample, 1:500 to 1:700
2,3-dichloro-aniline. Such Sandmeyer reactions can be .

or about 1;60G. dihgsemplexrazy bgpresorgeder formedhinosity byrmixingtogether the

- {y- kgt [ SQ- | nitrite. .in
precursor 348 Rediy, ARG Pt MnePAlU' Bl I (RBEF bhguls Srhgeatolss.
Theoag@une obformuly (V) used fordeaction it the sdmpeuridsithe fatfula (IV)
. descri be(iJ in Journal of ,Organic Chem stry, 1977, 42,
is convententty benaylaging (tself,where Rais Heact i on i nvol vi ng
0y N o .
ConffefEfF hdouh bl ) W8 FFUEUITIRAGh hifiofligh By o wit
an excesstofi ére adtiongd (Vi Foe axdmple, tite atnonrt dfahecpnpomdasfdoiniida (V)
solution (as described in Recueil des Travaux
Chi m ques des Pays-Bas et de | a Bel gi que, 101932, 51, .
98-113 and JP-6-2114-921). 6- Al kyl - or
6, 6-di al kyl ful venes may be prepared as described by M
Neuenschwander et al, Helv. Chim Acta, 54, 1037
(1971), ibid 48, 955 (1965), R D. Little et al, J.
O g. Chem 49, 1849 (1984), |. Erden eta!, J. Og.
Chem 60, 813 (1995) and S. Collins et al, J. Og.

[P A PN N P~ [ ——
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R2Ri 20 wherein RI and R2 have the neanings given
weY/Gesain the presence of a base. As a base peympanossniisss
pyrrolidine, notpholine or thionorpholine is
preferably used, nore prefefed is pyrrolidine. In such
reactions 0.01 to 1 equivalents base can be used.
Preferably 0.25 to 0.8 equival ents base are used.
. Preparation of 6.6-dinethvlfulvene: 25 950 g (30 nol)
used is spitahbihom 1993 mole eqeivalents of thet compoand (BO7 typiqalyrfudn) 1 to 2

. I ' r i xed.and cooled to -5C. 107 ¢
eq““’ak%.c’ ﬁ‘g%%“%% ?‘E‘E‘F?‘of Frele A s -l y added. The
Thepreparationd&Xthe c6émpsurfd df1the forinfla (?lt) iPetnyeRfently Carrit@®ut in an
reaction is stopped by addi ng acefic acid and water.

 inert organjrpsolvent,tveticibispreferab Suitable sodvantsaciude pi2adimetisxyethane,

ot SBLARETl] Ht ReB ESPLH  RE e
cycloheRa¥, tetiaRYdtofuf&/dffxahé) ke or xylehb, and mixture® thereof, Preferred

conveni ence thq for €goil ng_reactl ons are sunmmari sed 1 n
solventsgse disthylensglysol digikilsthershaving the genatyl foimulassed above,

formtion of (1) 1SoRRFHRORFREROR “opects: ohl) 1 o¢

whereinfRois G4 d1kyloMoft danvérient(sbMentsadd 1,2&6:)&%%&9{& <§}f diglink.

from(Vl), (4) the formation of (Il) from (Il
Howgver,{he prcasstmanbeperfonmed withont as9lvent Jpahistcase the compound of

o 73 U5 bty W e ot SR 5
Whetbtristasot bl36lvea ik eitiplired]thé brosbin® BEFS fstmedat Gfbient or

involve: (8) the formati-on of é°| from (1V) via (11),
elevated temperatures; preferablydn gaangsref fomy $§°G to200{C/and typacallylfjom 30°C to

0. i BB b B8] YR, By
ambient prdspure( 12) the formation of (VI) from (1X) or (X) via
(M1), 5(13) the formation of (I) from (IX) or (X) via
TheWwime thedeqotipp yakes walj depends isfaraliagon the scalp at whish(it ixcanied out,

the reagéxﬁ u%’éﬁgpnﬁﬁx%eaét#o\ﬁzg??ﬁfﬁogk I(I‘}\ﬂrfn%ﬂ?’l }hjvfe?vg% Efeﬁlfgag@rﬁjo%nl & as
hours, typically from 4 to 30 hours, for example, from 4 to 18 hours.

It may be beneficial to carry out the process in an inert gas atmosphere such as in an
atmosphere of nitrogen or argon, most conveniently nitrogen.

Further information on the general conditions for carrying out the preparation the
process for producing the compound of the formula (I) will be available to a skilled .chemist
in the literature relating to the preparation of anilines from halobenzenes by palladium-
catalysed cross goupling 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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Th according to still yet another aspect of th
WO?W\%W‘%n there is provided a process for th}éc'}’/ESZOOG/011885

preparation of a compound,pof the general fornula (1):

- R2 10H2N wherein R ahd’R2 are independently H or
Cl4 al kyl, which conprises the steps of (a) reacting a
conpound of the general formula (1V): RIR2 X
wherein R1L and R2 qQVe thg nmeani ngs gi ven above and X
is chloro or brono, A1 a 15 benzyl arni ne of the
general formula (V): R (V) H2NPh wherein R3 is H or
Cl4 alkyl and Ph is phgnyl, in the presence of a base

of at | east one pall adi um

and a catal ytic ams® t )
conplex to form a@"l d of theMdeneral formula
(11): - 23 - whd j“xm

, R2, R3 and Ph have the
meani ngs gi ven above; and (b) treating the conpound
of the general fOrnula (11) so fornmed with a reducing

. 2 Cl: (o e

et R g, B gy S R PREH S brb ol WRA e

benzylammine eff the BeaisgFBIMEL(V):0 | eave an ami no group. In
still yet another aspect, of the invention there is
provi ded a process for R'he preparation of a conpound
of the general formulaj(l): RL (V) H2N wherein Rl
and'R2 are independeRq or Cl4 alkyl, which
conprises the steps?of 10 (a) reacting a compound of

wherein BN Ynd B Ehvalthd er%h@s éjVéﬁ above, in the presence of a base and a catalytic

amount of at least one palladium complex.

The base, the palladium complex, the compound (V) and the process conditions are the
same as described above for the process for preparing the compound (II) from the 5-chloro- or
5-bromo-benzobomene (IV). In this case, however, a particularly preferred palladium
complex is one where the precursor is palladium chloride and the ligand is 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 (IIT) 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 (IIT) 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):

Oy
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R2 X wherein RI and R2 have the neani ngs given above

chloro or bronpb, with a benzyl am ne
wogigﬂ@%g{'ﬁfornul a(V): - 24 - wherein R3 is liﬁ%ﬁ/ﬁ%ﬁ%mnsss

al kyl and Ph is phenyl, inghe presence of a base and
a catalytic amount of at |east one palladi um conpl ex
to forma conpound of the general formula (111): R R2
R3\ 2Ph3 wherein R, R2, R3 and Ph have the meanings
wherein® \Re'n Ralgod h haveiths nfdapings givien mbove; svhicihngummpribes treatieg a

nepal forpula (1 so formed with a reduci ng agent,
compouﬁ«ﬁg?{hg&%?rﬁ ogﬁ'gg’t(hk?éi ng effective to cleave the

benzyl nvoiety Ph-CH( + fromthe benzyl am no noiety
PhCH(R3) NH- to | eave gy group and to reduce both
t he 2, 3-doubl e bond and t| e doubl e bond joining the
RIR2C- noiety to the 9-pogition of the benzonorbonene
ring to single bonds till yet another aspect of
the invention there fded a pr ss for the
preparation of compoi / the general formula (1):
Ri (0 H2N wher el and R2 are independently H or Cl4
al kyl, which congriges the steps of (a) treating a
conpound of th&Myeneral formula (M): R2 - 25 - bond

' noi ety to the 9-pasition of the

whereir 8%, 38 a b ave e osgingt giyes Bowal iles redaing sesmipend
reducingQigehf WeiSiE B Rive ft@féﬁﬂi:@bc(tﬁ e 2, 845able bofid and the double bond
joining the R'R?C- moiety to the 9-position of the benzonorbornene ring to single bond but to
leave the P\CH(R?)NH- moiety intact.

A suitable reducing agent for this process is hydrogen in the presence of a metal

hydrogenation catalyst, such as a rhodium 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-benzonorbornene 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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wherein e, R2 and X have the neani ngs given above; 5
WO 2007/06844¢t i ng t he conpound of the general forRel/BPF0P&/911885
so formed with a benzyl am ne of the general fornula
-(V): RB (V) H2NPh wherein1g3 is H or Cl4 al kyl and Ph
I's phenyl, in the presence of a base and a catalytic
anount of at |east one palladiumconplex to forma
conpound of the general formula (11): RIRZ2 10 R3\ Ph
wherein R, R2, R3 & _PhRhave the neani ngs given
above; and (c) treati ngf t he conpound of the general
formula (11) so forned!M@th a reduci ng agent, the
reduci ng agent bel ng ective to cleave the benzyl
nmoi ety Ph- CH( R3)}- '

benzyl no noi ety
PhCH(R3) NH to | e¥ ' m

no gro 15In still yet
anot her aspect of e ipvenption there is provided a
process for the ﬁ&ébaration of a conpound of the
ene&? formula (1): - 26 - H2N wherein Rl and

wherein peave din mpaningspaiversahovy angd Xris chiog e trpmo, with@reducing

sgen, R 55 Mo PR ok S350 B BIPRHA d e
bond joinfiMhe RAR*OE@bieto® the mmi@ibﬁwﬂﬁrvén%dosb&ﬂé@rrm%% s%n\%le_

bronmo, with a benzylam ne of the general fornula

bonds. R3

A suitable reducing agent for this process is hydrogen in the presence of a metal
hydrogenation catalyst, such as a Raney nickel, platinum on carbon, platinum(IV) oxide,
palladium on carbon, rhodium on carbon, rhodium(III) oxide or a rhodium on alumina
catalyst. Rhodium on carbon, palladium on carbon or platinum on carbon are ideal. In one
embodiment of the invention, rhodium on carbon or palladium on carbon is used.

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

The amount of catalyst used will normally be from 0.01 to 50 mol% 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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(V) H2NPh wherein R3 is Hor ClIA alkyl and Ph is
in the presence of a base and a cata ' -
Wog!ramﬁﬁu%#“gf at | east one palladiumconplex to ###@?06/011883
conpound of the general f?fnula (ifi): rit 10 (H
wherein RI, R2, R3 and Ph have the neani ngs given
above,; (b) treatl ng the conpound of the general
formula (I111) so formed with a reduci ng agent, the
The édhlo'rmgar dgemomobenzoponfafient di/thetgenerabiformulaofVil) miag be prepared
3-doubl e hond and t oubl e nd. j oi Ni the RIR2C
byaprwﬁiﬁ%‘w 9@??}%@8@%@%%@8&% ot B b Sibhe i ng to
singl e bonds but 15 310 | eave the PhCH(R3) NH- nviety
intact to forma ceff dof the general formula (I11):
- 27 - R3\ Ph wh RZ(Vﬁ? and Ph have the
meani ngs gi ven abo nd (c) treating the conpound
of the general fornulla (11) so forned with a reducing
agent, the reducing ¥gent being effective to cl eave
t he benzyl noiety Ph-CH(R3)- fromthe benzylam no 5
wherein Xl eltigroRir®6he, Wih a fdlvereanfehagenenal formula (WIII): In
still yet another aspect qf the invention there is
provi ded a proce or t preparati on of a conpound
of .the general f : wherein R and
R2 are independe Ho 2Cl 6 alkyl and X is chloro
or bronmo, which 10 conprfses reacting a

wherein §; @i fa 8 HERERAEES %?eno%b%ﬁsff%%%‘fﬁﬁ% SHeabisARNERL. o0,
Depeﬁdmg\an BbwaneREbberizRe CHAECE Snewe& tﬂé ﬁl’:bc@.ss_xﬁ cédriedlout in an

phenyllithiumor a Cl 6 a eny magnesi um

organic salefpmtcs@c ps teﬁ@hmreﬁém d %ﬂioaarmu glrether, terz-
butyl meﬁ@f émér?m@ﬂj}l-elhyl—itétone, ethyl acetate, methylacetate or an aromatic or

aliphatic hydrocarbon, for examplé, toluene, xylene, benzene, hexane, pehtane or a petroleum

ether, and at a temperature of from -20°C to +10°C, which may be elevated to ambient
temperature or to a higher temperature to complete the reaction.

The 5-chloro- or 5-bromobenzonorbornadiene of the formula (VI) may be isolated 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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% - 28 - In still yet another aspect of the
WORH7A415n there is provided a process for thECT/I‘lPZO'W011885

preparati on of a conmpound of the general fornula (1):
(1) H2N wherein R an¥R2 are independently H or
Cl1 6 al kyl, which conprises the steps of 5(a) reacting
a 1,2, 3-trihal obenzene of the formula (1 X) or (X): X

wherein ?\ﬁsfﬁﬁbfb of brSmé6 2h@ Y0is BForRb BFTRAE With'ad &gQﬁ&H&aﬂ’l'b sF&ﬁ'% such as

an organonetal ['ic species such as

a Cy.6 alkgk op phenyllithivm ama 6 alkgk-o8 phewhagmslumﬂmmb mmgm mertu m
halide in an inert atnosphere to form a hal obenzyne of
atmosphefé, general formula (MI1): 10 wherein X is chloro or

acting the hal obenzyne of the general
PreF&?d}nEIXa (VI#?' so fornmed with a ful vene of the general

The O1.4naikyl- @VphanmﬁQxe&ﬁmMrde iigprferabhyla BRlotide er biomide and
ani ngs gi ven above, [ er organi c solvent to

n.an
more prefegrbly HORIPRTAZAISIUR ﬁ’é‘°&éﬁ@¥ mila (VI): - 29 -

A e S0, 0
fulvene (Wg Hm)en@va‘ the ﬁhdlﬁoro\/bx) S-bmrﬁmhenndJmadiena directly [mthinease the
reaction 1s carn S%gtr i%l aso vc-:mfJ such a\s{) tolueRse, benzene, hexane, pentane or petroleum
ether at a temperature of -20°C to 0°C, typlcally at -10°C to 0°C. The reaction mixture may be
allowed to warm to ambient temperature prior to isolation by quenching in an aqueous
medium as described above.

If a C, alkyl- or phenylmagnesium halide is used, the 5-chloro- or 5-bromobenzo-
bornadiene may be formed in a stepwise procedure, the halobenzyne (VII) being formed in a
first step and the S-chloro- or 5-bromobenzobornadiene being formed in a second step either
by the subsequent addition of the fulvene (VIII) or by the subsequent addition to the fulvene
(VII). The first step reaction between the halobenzene (IX) or (X) wit the C,.¢ alkyl- or
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-bromobenzobomadiene 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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5H2N j %°h00 wherein R3 is Hor Cl4 alkyl and Phis
woXi6ess17i N the presence of a base and a cat al%ﬁlj@i’goomusss

anount of at |east one palladiumconplex to f

conpound of the general fornmula (H): wher ei n

R, R2, R3 and Ph have the Hani ngs given above; and 10
(d) treating the conpound of the general formula (111)
so formed with a reduci ng agent, the reduci ng agent

. Ly . ‘ )
ESLBBBOERERAT TR0 SEOORpE Ko sFlk S o
known methods. Fooexample, It-bromes @ Seditidoro-tdneeri:s Inajohdyprepired tly dhecko-

t he doubl e.bopd j o] nj. t he. RLR2C- iety to the
called SnASREYF TeARtioN TR SahiorSragiiRenSuch SrdmsYer TRaetons SARIGe

Ll dos . . t i j r

pcom Lt by HIBHLRI BREF o RN ey
nitrite, in amprganit solvenhaucteaeacetoritoile)in the (pkdsence offUpric brdiide as

bromina‘%;g égéx{t] &%gq%n i gg@iégd (gq%ggig ghleﬁggg irl%%l,fz’ géltZkgigi) orbya
. _ t. i o . N
sty PERARRnth SR Ll ed s o
0°C to 1WPE iul.:iag illmrganio nittitel dndalé&p?ﬂ:ﬁﬂlle veActios rhrﬁxﬁlie_ﬁa Aipkouls bromide
. Qr er; Jthiu r- 1-6_a - or enyl magnesi um
solutiony{ag 5%%4 igReche fos; Wyﬁh@wgn{@sﬂsf Rhvs-Ris ehsiés Pelzigre,
1932’5{")?8#%8%%8?{)- -2’”349?1).( VII): wherein Xis chloro or

b) reacti'ng the hal obenzyne of the general
6-Atkylor®,¢-dialjylfidvdnes may beiprépazed asl describedfbytMeNgesrclevander et

o et G et 1107 O 08 50088 F 5 T3\ g .4,
1849 (195%), Y. BrdeA%R 9L JI0RS. G, 861¥133(199%) U 'S2 CoMins'er at, S3brg. Chem.
55, 3395 (1990). _

Fulvenes of the general formula (VIII):

R
O~ o
R?
wherein R' and R? have the meanings given above, can be prepared by the reaction of

cyclopenta-1,3-diene with a compound (VIIIa):
o)

PN

R (Viila)

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

R2?2

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.




X wherein Rl and R2 have the neani ngs given above and
WO 2007068447 o 6 or bronp; (c) treating a conpounBCHEPF4E011885
general formula (VI) so forned with a reduci ng agent,
the reduci ng agent bei ng-@f-ective to reduce both the
2, 3-doubl e bond and the double bond 5 joining the
RIR2C- noiety to the 9-position of the benzonorbonene

e i O B0l ds LAGRA ORIl L0160 R efbrae

535 g of 6Rdintegbylfiil vetie apdebteined (purityt)930434dld: 18 %iof tigspmpound of
the general fomula (IV) so formed with a benzyl am ne
of the 10 general formula (V): R3 (V) H2NPh wherein
R3 is Hor Cl4 alkyl and Ph is phenyl, in the presence
of a base and a catalytic anount of at |east one
pal | adi um conplex to forma conpound of the genera
formula (H: RIR2 32 - wherein RI, R2, R3 and Ph
have the meani ngs given above; and (e) treating the
conpound of the general fornmula (l1l) so forned wth a
reduci ng agent, the reduci ng agent being effective to
cl eave the benzyl noiety Ph-CH(R3)- fromthe
benzyl ami no noiety PhCH R3)NH to | eave an am no
group. In still yet another aspect of the
invention there is provided a process for the
preparati on of a conmpound of the general fornula (1):
H2N wherein | e and R2 are independently H or Cl 6
al kyl , which conprises the steps of (a) reacting a
1,2,3-tri hal obenzene of the formula (I X) or (X):



wherein X is chloro or brono and Y is brono or iodo,
woYobleBin70r ganonetal lic species such as a Cl_6 &l phhgen118ss
~or phenyllithiumor a Cl1_6 al kyl- or a phenyl magnesi um
halide in an inert at m)sphsre to forma hal obenzyne of
t he general formula (VII1)T 115 wherein X is chloro or
brono; (13) reacting the hal obenzyne of the general
formula (VII) so formed with a ful vene of the general
Féodonvbriiec¥] the)foregoingFeactiohie arRisGmitarBedin BcHRmES bél6w.
nmeani ngs gi ven above, in an inert organic solvent to
Schem&2r m a conpound of the general fornula (VI): RL (M) X
wherein R and R2 have the neani ngs given above and X
is chloro or bronpb; o (c) reacting the conpound of the

general formyhg so fornmed with a benzyl am ne of

the general for A V)N R3 H2N-L' Ph(V) whereig it 4s

H or Cl4 al kyl and Ph is\phenyl, in the presen a
base and a catal yfic anou e pa @l m(VII)
conplex to f?rm sofpourid of the general for Ia}&
(I11): RR L‘@ erein RI,R2, R3 and Ph ha

nmeani ngs gi ven above’ (d) treating the conpound o% t he

general fornmula (111) so fornmed with avei@omg apent,
t he reduci ng agent being effective to reduce th
R’ 3- doubl e bo and t he doubl e bond joining therR RRC
i ety to theg~9g¥position of the benzonorbornene ring
ojsi ngl e=bopds but 15 to | eave the PhCH( R3) NH 'eti/VI
peact” t a conposmof—thegemerat f or nuady ) (VD
x WO 2007/ @68417PCT/ EP2006/ 011885 Ph X
syn (IV) anti .

R R’
VRPN - e

R? R

RZ Ri
R’ R2 R1 RZ I
R R — Qé RY
3—N 3— H,N H,N »—
syn anti h

+

Ph H syn Ph H anti
a ) (I

T

As already discussed above, the invention includes, in separate aspects:

(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),

(6) the formation of (V1) 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),

N
ph H
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wherein R, R2, R3 and Ph have the neani ngs given
WO 200308841nd (e) treating the conpound of thgcggﬁ@"ﬁpusss
" fornmula (Il) so formed with a reduci ng agent, the
reduci ng agent being eff€22+ve to cl eave the benzyl
noi ety Ph-CH(R3)- fromthe benzylam no 5 noiety
PhCH(R3)NH to | eave an am no group. Illlustrative of

t i la (1) that b
) e EFBRE O A ERabITIBERTD, 1. Weni fon are the -
(1oymwmdﬁoﬁ bﬁ(tl)eﬂomr(va&ith; adl@y. H2NH2N synanti (1)

10 In Table the values of RI and R2 are given

(11) daeformation pﬁ(I):ﬁama(&’ﬂ)evm fIHgnd40x. Table 1 Conpound
C). / ant i ti b

(2} B Bt T BB of 0By 27 38 (Y,

(131 Mee fdrﬁhﬁon of (I) from (IX) or (X) via (VI) and (II),

(14) the formation of (I) from (IX) or (X) via (VI), (IV) and (II), and

(15) the formation of (I) from (IX) or (X) via (VI), (IIT) and (II).

Thus according to still yet another aspect of the invention there is provided a process for

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

R _R?

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_ R

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

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):




10

1.03 H C2H5 1.04 H n-C3H7 1.05 Hi-C3117 1.06 H
WOR06H o849 WO 2007/ 068417PCT/ EP2006/ 011885 -pcdPkP2006/011885
Compound No. Rl R2

-23-

RA_R
3 @L @
R
N
ph H

wherein R', R, 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.

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

of a compound of the general formula (I):

R‘- R?

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):

R\_ R
|
)
(VD
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 V)

H,N" “Ph
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15

Vel d"%po int (C & syn/anti ratio (by glc) 111-N
WOZPHO8%#1%hi fts 8 (ppm) (CDCL3) 1.07 H t- c4119PCT’¥P%P§6/PF1885
{-C4119 1.09 H sec-C4119 1.10 H n-051111 1.11
-24 -

wherein R’ is H or Ci4alkyl 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):
R! R

|
Oy o

ph H

wherein R!, R?, 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(R?)- from the 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'R2C- 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):.

R\ _R®

M

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):

R _R?

Oy @

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




H n-C61- 113 1.12 C113 CH3 mp. 54- 111

wd fyfoggerponent) . 6.91 (t, 111), 6.64(d, SG&cTHP2006/011885
6.48 (d, 111), 3.54 (brd, exchangeabl e syn/anti -

with 1)20, 214), 3.20(m 1Y, 3.15 (m 111), ratio
1.91 (m 211), 1.53 (d, 119%¥°1.18 (m 2H), 98: 02

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):

R _FR’

)

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

L,

H,N" “Ph

wherein R? is H or Cisalkyl 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

(I

RS
N

10 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.

15 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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15

1.02 (m 114), 0.81 (d, 6H). 13C (syn-conponent):

WO 2007/068417 140. 03, 130. 15, 126.41, 113.35, ROCPEBY06/011885
© 69. 00, 46. 62, 42.06, 27.74, 26.83, 25.45, 22.32,
22.04. 1H (anti-conpggent): 6.89 (t, 1H), 6.63 (d,
R\__R?
ey
HN

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

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

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

benzylamine of the general formula (V):

Rr3

)\P )

H.N h

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):
RA__R’

O w
!

Ph

wherein R}, R?, R_3 and Ph have the meanings given above;

(b) treating the compound of the general formula (IIT) so formed with a redﬁcing 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 benzonorbormene ring to single bonds but

to leave the PhACH(R*)NH- moiety intact to form a compound of the general formula In:




111), 6.46 (d, 111), 3.55 (brd, exchangeabl e Wi th
), 3.16 (m 111), 3.13 (m 111),
wdzjl%)ﬁwoo%lﬁ . ﬂcﬁ%ﬁif@/onsss

. 1.48 (d, 1H), 1.42 (m 111), 1.12 (ih;
0.90 (d, 614). 13C (syn-conponent): 150. 72,
138. 74, 133.63, 126.1527112.94, 111.53, 68.05,

RA_R
(m

R
Y
| ph
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
5 moiety P\CH(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): .

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

X

Y X

() )
Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic species such as

X

a Cy alkyl- or phenyllithium or a C;¢ alkyl- or phenylmagnesium halide in the presence of a
fulvene of the general formula (VIII):

15
wherein R' and R? have the meanings given above, in an inert organic solvent and in an inert

atmosphere.




45. 21, 40.61, 26.25, 24.47, 23.55, 20.91 (ZX%. 1.12
WO 2007468417 3 /i scous oi|l syn/antiratio 75: 2BCT/EP2086/011885

CH3 C2H5 1.14 C2H5 C2H5 The internedi ate
. chemicals of the general-#rnulae (11), (R), (1V) and
(M) are novel compounds and formstill yet a further

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

of a compound of the general formula (I):

R _R’

)

H,N
wherein R' and R? are independently H or C;.¢ alkyl, which comprises the steps of
5 (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
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

10 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’
o= om
R2

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

compound of the general formula (VI):




10

15

Thus, the invention also provides a cog%)légg of the
formula (11): WD 2007/068417P

wo?zﬁbﬁ‘ﬁ(\il\ﬁh@tlgei n R and R2 are independently H orq%?{/%%@ﬁ%ilsss
alkyl, R3is Hor Cl-4 alkyl and Ph is phenyl. O
particular interest are cofApounds (I1) where Rl and R2
are selected fromH, nethyl and 5 ethyl, and _
especially those where Rl and R2 are both nethyl.
Preferably R3 is H Jdilus tive of the conpounds of
formula (TI) are th ‘ nds listed in Table 2
below In Table 2, R3 ij$ H Ph is phenyl and the
values of RI and R2 are}given together with
characterising datae=Jallle 2 Conpound No. 141 142
Mel ting point CO )l ratio gle) 1H NMR

3) 2.01 H 2.02 HCH3

X

wherein R' and R? have the meanings given above and X is chloro or bromo;

(c) reacting the compbund of the general formula (VI) so formed with a benzylamine of the

general formula (V):
R®

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 cbmplex to form a compound of the general formula (III):
RA__R?

LN e
>N

Ph
wherein R',Rz, 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 PhACH(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):




10

2.03 HCH5 2.04 Hn-C3117 2.05 Hi-C3H7 2.06 H
WO 2007048417 2 07 H t-C4119 2.08 H PCT/EP2006/011885

=30 -

ty

H,N

wherein R' and R are Aindependently 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)
X Y

wherein X is chloro or bromo and Y is brom§ or iodo, with an organometallic species such as

a Cy.6 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

R1
Z>=< © (v
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):



10

i-CaIIs 2.09 H sec-C4H9 2.10 H n-051-111 2.11 H

2.12 CH3 CH3 mp. 87- 90; syn/an
wolpbfiendrt o 2012 o5 (m 5H, syn+anti). 6.97 (?C{i@”h"%’”“"ss

syn+antt), 6.63 (d, 1H, syn+anti), 6.48 (d, 1H,
syn+anti), 4.38 (dd, 2H, sph+anti), 3.84 (brd,
exchangeable with D20, 1H, syn+anti), 3.19-3.14 (m

2H, syn+antt), 1.94-1.90 (m 2H, syn+anti), 1.53 (dt,
Jd = 10Hz, 1H, syn), 1243 (m 1H anti), 1.20-1.16
(m 2H, syn+ant|) 1H, syn), 0.92-0.90 (2d,
WD 2007/ 068417PCT/ EP200/ 011885 - 37 -

(VD

wherein R and R? have the meanings given above and X is chloro 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-positionof the benzonorbornene ring to single bonds to

form a compound of the general formula (IV):

Rl R

vy
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):
_ i
Lo

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

O Cw

ph H
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15

Con}aound No. R Melting point CC) & syn/anti ratio

WO 2000/06848% 2111 - NVR proton shifts 6 (ppn) (CORGT/EP2086/911885
anti), 0.82 and 0.81 (2d, 6H, syn). 2.13 CH3 C2H5
2.14 C2115 C2115 The -i32vention further provides a
conpound of the general fornmula (111):

Wherein R, RZ, R?and Ph have the meanings given above; and
(e) 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 PACH(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 (T): ‘

R\ _R?

¢)

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

general formula (VIII):
R’
O o
RE
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R3 Ph H5 wherein RI and R2 are independently H or
kyl, leis Hor Cl-4 allcyl and Ph i cﬁ?ﬁ%
W(ﬁooggsrs?iﬂcul ar interest are conpounds (I111) V\;Pere ¥66/011885
and R2 are selected from nmet hyl and ethyl, and
especi al'ly those where R “ahd R2 are both nethyl.
Preferably R3is H Were R and R2 are different,
corrpound (I'1'1) may exist as the E- or Z-enantioner or
wheremzl%1 and R*Have theahedniigs givensabyvelin pm irertodtganib Solveiao forana

des the, se e enantioners and any m xtures

°°mP°“§gP¥1§'F§SF°ra]| fOFnggr&{mve of the conpounds of formula
(I'11) are the corrpo#qu Ih@ted in Table 3 below. In
Table 3, RBis H P enyl and the values of R
and R2 are given toget r with characterising data.
Tabl e 3 Conpound No | R2 Melting point CO
111-NI VIR proton i ts8(ppn) (CbCl3) 3.01 HH
3.02* HCH3 3. (VD

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):

RS

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 (ITI):
R\__R

Oy o

P H
wherein R!,R?, R® and Ph have the meanings given above;
(d) treating the compound of the general formula (IIT) 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 (IT):



10

3.04* Hn-C3112 3.05* Hi-C3112 WO

WO 209396836841 7PCT/ EP2006/ 011885 - 38 -  ConpounBCREP2006/011885
122 Melting point (C 1H NWR proton shifts d (ppn)
(CDC13) 3.06* H n-C4119 -34-

(ID

Ph

wherein R',.Rz, R? and Ph have the meanings given above;' and

(¢) 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(R3)_NH- to leave an amino group. .

Iustrative 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.

~

HN H,N
syn anti

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

Table 1

Melting

1 . -
point H-NMR proton shifts 5 (ppm) (CDCls)

Compound R!- R? O &
No. , syn/anti

' ratio (by

gle)

1.01 H ~H
1.02 H CH;
1.03 H C,H;
1.04 H n-CsHy
1.05 H i-C3H;
1.06 H n-C4Hy




3.07* Ht-C4H9  3.08* Hi-C4H9  3.09* H sec-C4H9
woRobAleshlzn- CsHi 3.11% Hn-O6HI3  3.12 0 Qfyepanagioisss
-35-
Melting | 13 NMR hifts cocl
point - proton shifts 6 (ppm) ( 3)
Compound | R R? ‘C) &.
No. syn/anti
ratio (by
glo)
1.07 H t-C4Hy
1.08 H i-C4Hy
1.09 H | sec-CsHy
1.10 H n-CsHy,
1.11 H n-CgHy;
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).

B¢ (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 D,0, 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,3 CH; viscous
oil
syn/anti-
ratio
75:25
1.13 CH; C,H;s
1.14 C,H;s C,Hs

The intermediate chemicals of the general formulae (II), (TIT), (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):




m 98- 100 Il 7.42-7.24 (m 5H), 6.93 (m

WOGQ"%"&%V 6.77 (d, 1H), 6.38 (d, 111), 4.39 (AT %%006/011885
4.36 (m 1H), 4.38 (s, 2H), 3.8 (brd, exchangeable
with D20, 1H), 1.55 (s, 3Bf; 1.54 (s, 3>H). 3.13* CH3
C2H5 3.14 @2H5 C2H5 * indicates E/Z-m xtures The
i nvention further provides a conpound of the general
forrmula (1V): 5 erein R and rare independently
H or -Cl14 al kyl. and is chlore or brjono. O particul ar
interest are co ‘ ahd R2 are '

selected fromH,
t hose where Rl a

chl oro. IR us
(1V) are the ¢ undsllst
"Tabl e 4, the TRI Uessyst Rl ,

wi th characterising data.

No. | XI

(L1) where

an_g et

2007/ 068417PCT/ EP2006(/H%11885 -

and especially
Preferably X is
éﬁ ounds of formula
ﬂln Table 4 below. In 10
R Vamatix ar e gi ven toget her
WO

39'. Table 4 Conpound

wherein R! and R? are independently H or C; alkyl, R is H or C; 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.

Tllustrative 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? sylj:mti "TH-NMR proton shifts 8 (ppm) (CDCl;)
No. ratio (by '
gle)
2.01 H H
2.02 H CH;
2.03 H C,Hs
2.04 H n-C:H;
2.05 H i-C3H;
2.06 H n-C4Ho
2.07 H t-C4Ho
2.08 -H i-C4Ho
2.09 H | sec-CsHy
2.10 H | n-CsHy
2.11 H | n-CéHis - ‘
2.12 CH; CH; m.p. 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),
1 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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Rl R2 Melting point CC) & synianti ratio (by glc) 1

Wd‘koh‘%%s@fﬁton shifts 6 (ppm (CDCI 3) 4.01 Br

-37-
Melting
point (°C) _
&
Compound | o1 |+ p2 syn/anti | H-NMR proton shifts 5 (ppm) (CDClL)
| No. ratio (by
gle)
6H, anti), 0.82 and 0.81 (2d, 6H, syn).

2.13 . | CHs C,Hs
2.14 C.H; C,H;

The invention further provides a compound of the general formula (I1I):

ity

. Ph
wherein R' and R? are independently H or C,.¢ alkyl, R® is H or C, alkyl and Ph is phenyl.

Of particular interest are compounds (IIT) 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!
apd R? are different, compound (II) 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.

Ilustrative 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 R? point "H-NMR proton shifts 5 (ppm) (CDCls)
No. °C) ‘ :
3.01 H H
3.02* H CH;
3.03* H C,H;
3.04* H n-C:H,
3.05% H i-C3H;
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- (C3117 4,05 Br Hi-C3112 4.06 Br H n-C4H9
WO&O(H/P6§|17 H t-C4H9 4.08 Br Hi-C4Ho PCT/EP2006/011885
-38-
_ Melting | .
Compound | o1 R? point | !H.NMR proton shifts 5 (ppm) (CDCl;)
No. ‘0
| 3.06* H n-C4Ho
3.07* H t-C4Hyg
3.08* H i-C4Hg
3.09* H sec-C4Ho
3.10* H n-Can
3.11* H - n-CgHi3 ’
“13.12 CH; CH; m.p. 98- | 'H: 7.42-7.24 (m, 5H), 6.93 (m, 2H), 6.86 (t,
' 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
4 : ' (s, 3>H).
3.13* CH; C,H; '
3.14. C,H; C,;H;

* indicates E/Z-mixtures

The invention further provides a compound of .thg general formula (IV):
R? | R’
R' ~~R?
X X .
syn anti

av)

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

interest are compounds (IT) where R' and R? are selected from H, methyl and efhyl, 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.
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Table 4
‘Melting
point
Compound 1 2 (0 & 'H-NMR hifts & CDCI
I Ne X| R R syn/anti - proton shifts 8 (ppm) ( 3)
: ratio
(by gl
4.01 Br| H - H
402 Br{ H CH;
4.03 Br| H C,H;
4,04 {Br} H n-C-H;
4.05 Br H i-C3H7 )
4.06 Brif H | n-CHy
4.07 Br|{ H t-C4Ho
4.08 Br{ H i-C4Hy
4.09. Br{ H sec-CqHo
4.10 Br| H n-CsHiy
4.11 Br{ H n-CsH3
412 Br| CH; CH;
413 - Br | CH; CoHs
1414 Br | C;H;s C,H;s
4.15 Cl| H H
4.16 Cll H CH;
4.17 Cl|] H CoHs
418 Cl{ H n-C3H;
4.19 Cl H ) i-C3H7
4.20 Cl| H n-CsHy
4.21 Cl| H t-C,Hy
4.22 Cl| H | i-CHo
4.23 Cl] H sec-CqHg
424 Cl H n-CsHu
4,25 Cl H n-CgHi3
4.26 Cl| CHs 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
(4, 1H), 6.97 (t, 1H), 3.43 (m, 1H), 3.21
(m, 1H), 1.97-1.92 (m, 2H), 1.51 (brd,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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Melting
point
CO& |, ' . '

x| R R? syn/anti H-NMR proten shifts 8 (ppm) (CDCl;)

ratio
(by glo)

Compound
No.

°C (anti-component): 151.4, 146.7,
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,H;s
4.28 Cl | C,H;s C,H;

The invention further provides a compound of the general formula (VI):
: , 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 methyi. 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.
Iﬂustrati?e 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

Iflompmmd I1xlIr | R l:g(i:l;t 'H-NMR proton shifts 5 (ppm) (CDCL)
0. :

5.01 Br| H H

5.02* Br{ H CH;

5.03* Br| H C.H;

5.04* | Br H n-C;H-,

5.05* Br| H [ i-CH;

5.06* Br| H [ »n-CH,

5.07* Br| H | +C4H9

5.08* Br| H | iCHo

5.09* Br| H sec-C4Ho
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Melting
Compound | o | o R: | Point | 'H.NMR proton shifts 3 (ppm) (CDCls)
No. CC)
1 5.10* Br H n-Can
5.11* Br| H | n-CeHyps
5.12 Br| CH; CH, 90-91 | 'H:7.13(d, 1H), 7.06 (d, 1H), 6.95 (m, 2H),
6.81 (t, 1H), 4.57 (m, 1H), 4.45 (m, 1H),
1.58 (s, 3H), 1.55 (s, 3H).
Be: 160.46, 152.91, 150.81, 143.26,
142.24 127.68, 126.10, 119.44, 115.67,
103.73, 51.69, 51.16, 19.04, 18.90.
5.13* Br CH3 C2H5
5.14 Br Csz Csz
5.15 Cl| H H
5.16* Cl| H CH,
5.17* Cl] H C,H;
5.18* Cl| H | »nGCH,
5.19* Cl| H i-C3H,
5.20* Cll] H [ n-CH,
5.21* Cl| H t-C,Hy
5.22% Cl| H i-C4Ho
5.23.* Cl|] H sec-CqHo
5.24* CI| H | nCsHyp
5.25* Cl H n°CsH13
5.26 Cl| CH; CH, 83-85 | 'H: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).
3¢C: 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; | GC,H;
5.28 Cl | C;H; C,H;

* indicates E/Z-mixtures

The following non-limiting examples illustrate the invention in more detail.
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4.23 C H sec-C4119 4.24 C H n-051111 4. .25 Cl H

WO 2007868447 4 26 O CH3 CH3 mp. 61- 62; synfGHEF2006/011885
ratio 91:9 111 (syn conponent):7.06 (d, 1H), 7.04 (d,
1H), 7.01 (t, 1H), 3.49 #42-111), 3.24 (m 1H), -
1.96-1.97 (m 2H), 1.57 (dt, .id = 10 Hz, ./, = 1.2
Hz, 1H), 1.16-1.22 (in, 2H), 0.93 (m IH), 0.83 (d,

3H5 ;, 0.81 (d, 3H. 13 =conponent): 148.6, 143.8,
128.1, 127.0, .125.8, MI—%& 0, 47.1,
Preparation of 5-Bromo-9-isopropylidene-benzonorbornadiene (Compound No. 5.12)
H,C.__CH,

|
O

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, asséy 97%, 69 mmol) in dry toluene (60 ml) under a nitrogexi
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 #-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).

c) 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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44.8, 27.4, 26.4, 25.5, 22.1, 22.0. 1%3 " 19
onent) 7.03 (d, 1H), 7.00 , chzﬁf
Wdﬁ’m’b‘ﬁ?m 43 (m 111), 3.21 (m IH), 1.97-1 Hhocronisss
2H), 1.51 (br.d, J = 10.8_ gk, 1H, 1.43 (in, 1H),
1.16-1.10 (m 211), 0.92 (d, 3H), 0.90 (d, 311). WO
2007/ O68417PCT/ EP2006/ 011885 -40 - Conpound No. X Rl
Mel ting point CC) & synianti ratio (by glc) 1
chlondwmmtﬁﬂ witbtethyl aeatate,svshedpwith bei@daidivater, driediover sodium

12 26.6, 12
sulphate ff aBGERY Ehbdmarcetipty orffe rite Faieriaban sitcs selgnisw gave
the desifedpfodict B84 say 79% by g.l.c., 66% yield).

EXAMPLE 2

Preparation of 5-chloro-9-isopropylidene-benzonorbomadiene (Compound No. 5.26)

a) n-Butyllithium variant, from 1,3-dichloro-2-iodo-benzene.

To a stirred solution of 1,3-dichloro-2-iodo-benzene (38.21g, 140 mmol) and 6,6-dimethyl-
fulvene (46.35g, 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 ovehﬁght. 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.l.c., 83.6% yield) as a yellow solid.
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CH5 C2H5 The invention further provides a
WO&W%‘% of the general formula (MV): X WheHEPPOfP11885
and R2 are independently Hor Cl.6 alkyl and X is
chloro or bronmo. O partrddkar 5 interest are
conpounds (VI) where RI and R2 are selected fromH,
net hyI and et hyI and especially those where RI- and R2
h : . : V\here Rl and
‘ {momeii PENZENCt he E- or
A solun&r éﬁ%ch!&ro@sloﬂo-'ﬁ'eﬁieﬁé @2 3’§ Qaidhdnﬁl)qmdryofo‘l’t%ét(l@ﬁt 1) under a
The invention includes the separ ate ‘enantioners an

nitrogen angoaph&nemasgeaqﬁ@d o8 to 11I5PQ witha2M vsopodpyithagnesivpochiokdeniin

* ceuanycig Bt £ il 78 ) B SBRBS B Raus iR ao B &rfiminyptvene

|
(145g, agéaY/% ?/g,gl@ e} Jl\t/b Oledt? ?{]ag?%gv%etﬁ Hé%eﬂﬁﬁ%to %ﬁh% ?eoxﬁ%erfature for

22 hourssAqnqo;us svark ppwﬂ'caatmca)ed MMuBamﬁlomum 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 (1.75g, assay 86.4% by g.l.c., 79.5% yield) as a yellow solid. |
d) Isopropylmagnesium chloride variant, ﬁ'oin 1-bromo-2.3-dichloro-benzene

A solution of 1-brémo-Z,S-dichldrofbenzene (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
(16.56g, assay 96.2%, 0.15 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 chromaiography onsilica gel in hexane to give the |
desired product (19.57g, assay 84.4% by g.l.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. Reactibn 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-benzonorbornene (syn/anti-mixture, syn-enriched)

" (Compound.. No. 4.26)



H 5.02* Br H CH3 5.03* Br HCGH5 5.04* Br H

1 *
wdbobAdesdr; °- 05" Br H1-C117  5.06 PCT/EP2006/011885
-45.-
+
Cl Cl
syn anti

5-Chloro-9-isopropylidene-benzonorbornadiene (30.0g, 0.1384 mol, prepared as described in
Example 2) was hydrogenated at 20 to 25°C and at ambient pressure in methanol (300 ml) in
the presence of 5% Rh/C (6g). Hydrogen up-take was 97% after 2 hours. Filtration and
5 evaporation was followed by purification on silica gel in hexane to give the desired product
(29.05g, 95% yield) as a colourless solid, m.p. 61-62°C. The syn/anti ratio was determined by
glc. as 91:9.
EXAMPLE 4
Preparation of N-benzyl-5-amino-5-isopropyl-benzonorbornene (syn/anti-mixture, syn-
10  enriched; Compound. No. 2.12) '

+
syn anti
. a) From 5-chloro-9-isopropyl-benzonorbornene (syn-enriched 91:9: Compound No. 4.26
aa) Using R
asa ligand

15 i) (S/C 100, 1 mol%)

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

4.26, prepared as described in Example 3] (1.0g, 4.53 mmol), sodium fert-butoxide (719mg,
assay 97%, 7.25 mmol), palladium acetate (10.2mg, 0.045 mmol) and R(-)-di-terz-butyl-[1-
[(S)-2-(dicyclohexylphosphanyl)-ferrocenyl]ethyl]phosphine (25.1mg, 0.045 mmol) in a
.20 Schienk tube under argon, dimethoxyethane (30 ml) and benzylamine (0.728g, 6.8 mmol)
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-CA119 5.07* Br Ht-CAH9 5.08* Br Hi-CAH9
WO 600@@6843} H sec- C4119 WO PCT/EP2006/011885
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were added. The mixture was heated under efficient stirring to 105°C for 21 hours. After
filtration on Hyflo® the reaction mixture was poured into water (30 ml), extracted with ether,

washed with brine and water and dried over sodium sulphate to give the crude material. -

~ Purification on silica gel in ethyl acetate/hexane (1:9) afforded the desired product (1.33g,

assay 92%, 92% yield) as an orange oil. The syn/anti ratio was 91:9 (by g.l.c.). Colourless
crystals were obtained from hexane, m.p. 87-90°C.

ii) (S/C 200; 0.5 mol%) ' _

The reaction described in (i) above was repeated with 0.005 equivalents of palladium acetate
and 0.005 equivalents of the same phosphine ligand, giving the desired product in a yield of
79%.

1) S/C 200, 0.5 mol% catalyst

To a mixture of 5-chloro-9-isopropyl—benzoﬁorbomene [syn-enriched 91:9; Compound No.
4.26, prepared as described in Example 3] (5.0g, 22.65 mmol), sodium zert-butoxide (3.591g, '
assay 97%, 36.2 mmol), palladium acetate (25.4mg, 0.113 mmol) and 1,3-bis-(2,6-
diisopropylphenyl)—imidgz'olium chloride (48.1 rﬁg, 0.113 mmol) in a Schlenk tube under

argon, dimethoxyethane (150 ml) and benzylamine (3.641 g, 34 mmol) were added. The
mixture was heated under efficient stirring to 105°C for 19 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 to give the crude material (8.53g). Purification on silica gel in
ethyl acetate/hexane (1:9) afforded 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-ennchment giving 3.04g colourless crystals m.p. 98-100°C (syn/anti ratio
98.5:1.5)
b) From N-benzyl-5

N-benzyl-5-amino-9-isopropylidene-benzonorbornadiene (Compound No 3.12, prepared as
described in Example 5) (1.00g, 3.479 mmiol) 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-iso§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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( 13) 5.10* Br H n-051i11 5. 11* Br
Won@%?‘ﬁs 5.12 Br CH3 CH3 90-91 1H 7.13(d, "P2006(4 1885

(d, 1H), 6.95 (m 2H), 6.81 (t, 1H), 4.57 (m 1H),

. 4.45 (m 1H), 1.58 (s, 3H471.55 (s, 3H). 13C 160. 46
152.91, 150.81, 143.26, 142.24 127.68, 126.10, 119. 44,
115. 67, 103.73, 51.69, 51.16, 19.04, 18.90.

EXAMPLE 5

Preparation of N-benzyl-5-amino-9-isopropylidene-benzonorbornadiene (Compound No 3.12)

H,C__CH,

5

dﬁ

a) S/C 100 (1 mol% catalyst)

‘To a mixture of 5-chloro-9-isopropylidene-benzonorbornadiene {Compound. No. 5.26

prepared as described in Example 2] (1.0g, 4.61 mmol), sodium ferz-butoxide (0.731g, assay
97%, 7.38 mmol), palladium acetate (10.3mg, 0.046 mmol) and 1,3-bis-(2,6-diisopropyl-
phenyl)-imidazolium chloride (19.6mg, 0.046 mmol) in a Schlenk tube under argon,
diethylene glycol dimethy] ether (diglyme) (30 ml) and benzylamine (0.741g, 6.91 mmol)
were added. The mixture was heated under efficient stirring to 140-145°C for 21 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 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-benzonorbornadiene [Compound. No. 5.26
prepared as described in Example 2] (5.0g, 23.07 mmol), sodium zert-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 dimethy] 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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c) Preparation of N-benzyl-5-amino-9-isopropylidene-benzonorbornadiene hydrochlorid
H,C_-CH,

|
)

2 e

N

vl

In an inert reactor, 5-chloro-9-isopropylidene-benzonorbornadiene [Compound. No. 5.26
prepared as described in Example 2] (27g, 0.125 mol) was dissolved in xylene(125 g), and
sodium tert-butoxide (15g, 0.156 mol), palladium chioride (0.22g, 0.0012 mol), 1,3-bis-(2,6-
diisopropylphenyl)-imidazolium chloride (0.53g, 0.0012 mol) and benzylamine (20.1g, 0.187
mol) were added. The mixture was heated to 125°C for 3 hours until completion of the
reaction. Water was added to the reaction mixture and the pH wwas adjusted to 6 with HCI.
Activated carbon was added, the suspension was clarified and phases were separated. Xylene
was distilled off, replaced by hexane and a bleaching earth treatment was carried out. The
product was isolated as HCI salt (18.5g, assay 94% by HPLC., 43% yield)

EXAMPLEG
Preparation of 5-amino-5-isopropyl-benzonorbornene (syn/anti-mixture, syn-enriched)
(Compound No. 1.12)

+

H,N H,N

syn anti

-benzonorbornene (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

];repared 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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the solvent afforded the desired aniline as a solid (2.03g, assay 98% by g.l.c., m.p. 54-56°C,
98% yield) with a syn/anti ratio of 98:2 (by g.l.c.).

b) From N-benzyl-5-amino-9-isopropylidene-benzonorboradiene (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 exhaustively hydrogenated in the presence of 5% Pd/C
(400mg) at ambient temperature and 4 bar during 24 hours giving after purification on silica
gel in ethyl acetate-hexane (1:9).the desired aniline (0.61g , 85%); syn/anti-ratio 74:24 (by
g.l.c.) as a viscous oil. |

Hydrogenation at ambient temperature and 40 bar at otherwise identical conditions gave the
desired aniline (0.67g, 96%) in a syn/anti ratio of 75:25.

Hydrogenation at atmospheric pressure under otherwise identical conditions afforded

compound No 3.12 in a yield of 65% and a syn/anti-ratio of 61:39 (by g.L.c.).

In a preferred embodiment of the present invention, the reducing agent used in the process for
the preparation of the compound of the general formula (T) from the compound of the general

formula (III) is hydrogen in the presence of a palladium catalyst.

This preferred embodiment makes it possible to prepare in a simple manner compounds of
formula (I) in which the ratio of the syn epimer of formula (Ia) to the anti 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):

im
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Hi-C4H9 5.23.* O Hsec-C4H9 5.24* Cl H n-051-114
WO 200768487 H n-C61-113 5.26 C CH3 CH3 83- 85PGH/EP2096/911885
(d, 1H), 6.94 (m 211), 6.93 - 6.85 (m 211), 4.63 (m

1H), 4.41 (in, 111), 1.5%50s, 311), 1.55 (s, 3H).

wherein R' and R? are independently H or C;.¢ alkyl, R? is H or C;4 alkyl and Ph is phenyl, is
reacted with hydrogen in the presence of a palladium catalyst to form a compound of the
general formula (I)

R _R®

M
H,N

wherein R' and R? are independently H or Cy.¢ alkyl, and wherein the ratio of the syn epimer
of formula (Ia)

(Ia)
. HN syn epimer
wherein R' and R? are as defined for formula (D, to the anti epimer of formula (Ib)
R1
R2
(b)
H,N anti epimer

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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13C. 160.55, 152.84, 148.35, 143.23, 142.21, 126.90,
124.90, 118.92, 103.57, 51.35, 49.11,
Witz 02 0% Ge Gt 508 O o ot PCTEPIs11sss
i ndicates E/ Z-m xtures The followi ng non-limting
-exanples illustrate the in®&ntion in nore detail. -
42 - EXAMPLE 1 Preparation of
5- Bronp- 9-i sopropyl i dene- benzonor bormadi ene ( Conpound
. - Lithi . .
on carthfl, Siftab itk Abus BRIl oS e LR AR Sl conish 8 Ruitable
palladiim 3atdlystsaan have @ datdp eomteneofup.to@Q%(WABv)3 nmol ) and 6, 6-
di met hyl ful vene (7.57g, assay 97% 69 mnol) in dry
toluene (60 m ) under a nitrogen atnosphere 5.5 m of
. ' fain: bj £.hi 4 I
Suitablf afiotifs b AtFART Baithsbite BoLTo 8y Lalutid o' UEER ok the
compoiind dfifermuld (T)npieftedire@1 NOmMbI%our at anbi ent
tenperature, the reaction m xture was, poured onto a
saturated aqueous sol ution of ammoni um 10 chlori de,
. r
The rediin APrEferab) Suriba i {AHE Fefinel B AR sblvell SRR Sotvents are
for example, lcoladls,znclpéhs mbthanslyethanvlf sropaiol enisépropanad,cdr aprotic solvents,
the desired product as a

hexane afforded 2.55qg of ]
such as\fetrahygrafiuman, tgebutyl ﬁbﬂfﬂg@u ethyl acotgty, gioxang)or tekieng; and
mixmﬁgge;r%gé Spedfal Peereddd if biveltS EtnaNGIYr Athdrlof ™ co! d

The temperatures are generally from 0°C to 80°C, with preference being given to a range
from 0°C to 45°C, more preferred is a range of 20°C to 45°C, even more preferred is a range

of 20°C to 30°C.
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 rea.ction 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.
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n-Butvllithiumvariant, from1.2. 3-tribrono-benzene
Wof 6847 stirred sol ution of 1,2,3-tribrono- hERFER006/011885
(4.34g, 13.8 nanpol) and 6, 6-di et hyl ful vene (2. 38g,
assay 92.6% 20.7 trunol}52ﬂ dry toluene (60 m) under
a nitrogen atnosphere, 5.5 m of a 2.5Mtol uene
solution of n-butyllithiurn (14.5 mvol) were added

i one i AHe5Py i e AP bR Al L o 1 K. st
embodinentp£thid preferret lebodindnt @ Bads i¥ us¥deasiRSadditiveed onto a

saturated aqueous sol ution of ammoni um chl ori de, 20
extracted with ethyl acetate, washed with brine and

e s St RSB BATPHL B RN ion's

explamehﬁx atepdétail Up dvay o3 foflow &ﬁﬁipleﬁsd product as a
?ﬁw oi | (assay 84% by ghfg 55% vyield). c)
I sor onvl magnesi um chl ori de var| ant from

1, 3-di brono- 2-i odo- be ol ution of

1, 3- di br ono- 2-i odo- bemw 0.124 nol) in dry
Preparatiofilofl § -ani @90 soprdpyl itz ondebeinéiiel (sRL@kY-alikmed) Bir-enrivhed)

reacted at -8 to -15C with 2M i sopropyl magnesi um
(Compoyngi N@.ilgk2)i n tetrahydrofuran (63.5 m, 0.124 nol) for 1

hour. Subsequent addjtion of 6, 6-di met hyl f ul vene
(16.54g, assay 97.8% 0.15 nol) atj OC was fol | oned by

reaction m xture e b 0Jla sat ur at ed aqueous
sol ution of ammo extracted with
et hyl acetate, wag ed w th bfine and water, dried over
sodi um sul phat e &nhd evaporHtNed Chr omat ography of the
crude material on gnlica gel ieihexane gave the
desired product (27.84g, assay 79% by g.l.c., 66%
yield). EXAMPLE 2 Preparation of
a)Tesnngof:mlmf@taddlﬁw RYlbaglene- benzonor bonadi ene (Conpound

C CH3 Cs3 a) n-Butvllithiumvariant.
500 mg ¢l ?)m@1130feN&@néylo‘i-gnmoﬁrmmhéene-hman@boméme [Compound

No. 51240 gt AR A ST ey e

hydrogenaf¥d inthe! @resencdoﬁls%tﬂdlle BOnHAR aftibjent tsiﬁiierétufbl dndA0%ar déking
at nosphere, 58.8 m of a 2.5Mtol uene sol ution of

19 hours.\Thyse 4 Mpxtuseiof the wwnﬁrﬁwém}me?—eﬁoam&b@m@m@@@ps was
obaine 8PP e i, e AARAE TINS5l i o

%) was assesged vid gasehroneatogrgpliy. Aqueous work up with saturated

GHEeHS: a-mmnH—un—ehl—mde_and_W
Ia ! ‘?‘.‘W\ followed by washings] wi e &Q eldt ef

WWW&CMM sul phat g gav8la crjude B8teri hl
ehuivalenigthydfochibrieyacikb chr ongt ogr g9hy dn si lgpca ggl
DRqUIOXIBAS ab@icHcYE 19 /99 Of theg despged pr 0dUgE as p
geéh WS actiac 9% 170 by—g—1=

C Tf‘mylcl U)BAICII w
S:t LS 83—85C—rete—eht Aed—f-a-c-ot

yalenits iflyerpacefi apide oo ol ,
5 equivalents thifluoroagetic acidenzene A sol 82 on |of 92

2 cpuivatents npthinetsulforibacidene (24. 599880. 1 |nol ) 97n dr

5 etpuiesientf hidthane)sulfosieacid 20 ni tjr ogegg at ngsphepg was
reacted at -8 to -I5C wih ZM1 Sopropylmagnesi um

b) Testing & MEthalR 'u'i‘fthJc?J‘%%qlaftWeaﬁ d#@e@ press ur%s ol ) for
: q E%llf Sil'iSSéq arnetnyl ful vene

'588¢ (ZEQ fin@yof Idwlylgi an%o-Q—tﬂ@r@p)ll?leﬁﬁ?%lﬁgﬂ%oﬁﬁ%ieﬁ&@@oxﬁﬁound
eat i tor ux_te rature [ ours quequs
No. 3.12, Jhatel s (P bed i1 FABmIc 53 So0lse A BRIbGRG TS SRAMBC HoTY
et hyl acetate extraction foll owed by washings with
bri ne and water and drying over sodi um sul phate gave
25 the crude material which was purified by
chromat ography on silica gel in hexane to give the
desi red product (19.03g, assay 95.2% by g.l.c., 83.6%
y|eld) as a yellow solid. WO

NN ] PN LN A g g | pemrmrs N N s ] PN A A PN PN -
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to the aney epimer

c) /soprovvl magnesi um chl oride variant, from
wokod7/éssp! or o- 2-i odo- benzene A sol ution of PCT/EP2006/011885
- 1, 3-di chl oro- 2-i odo- benzene (239g. 8.76 nmol) in dry
~toluene (10 nl) under a n_iésr_ogen at nosphere was
reacted at -8 to -15C wth 2M i sopropyl magnesi um
chloride in tetrahydrofuran (4.4 m, 8.76 mol) for
| hour. Subsequent addition of 6,6-dinethylful vene
hydroggnated 3y thequesenc@ef 5%PAAG (11molYanatiambaent Oénpexatufeoduirimge3d18 hours.
by. heat | to reflux t erature for .22 hours. ue
Thus, a Jiirsf G ek i oot Mmoo bEmAphrtsenetes bes abidined The

productgmxéolﬁe&h@d ﬁe%ﬁﬁﬁ&@dﬁ iy (iRkh g»ﬁ,%%ewgg :"/Qﬂ%t(i‘gﬁé urity was

rine and water and dryi'ng over “sodium
assessed.he crude material which was purified by

c hr onmptegraphy—efr-sH-ea—gel——h—hexanre—to—gi-ve—t he
desir bd Bressues (h 7%syacclay Yagields n) Jeipuxity 19 504
yi el d]_as 3bayel | ol soB2d. 110 d) 9sopr bpvl fgnesijum
chl or|de \ebarant,| f r o881- brjono- 853- di ¢hl or97 bengene A
sol ut{on @2 bdr br opo- 283- di chl or ggbenzene (g22.59¢, 0.1
nol) M ary toruene (100 ) under a ni trogem
at nosphere was reacted at -8 to -15C with 2M
i sopropyl magnesi um chl oride in tetrahydrofuran (50 m,

In yet afibtherPpéferréd®embbditient Sithe gﬁgﬁﬁ-ﬂﬁn\&ﬂdbﬁj tR@rédlicing agent used in the
the

6, 6-di net hyl ful vene (16. assay 96.2% 0. %5. nol ) at
process et the\prepaniafiemefiths gompawn general farmulaBf)fram thefepmpound

o e sl oS Ay PR Mt B A A S o

thodiund, philsdied abd platiahi ngs with brine and water and drying
over sodi um sul.phate gave the crude naterial which was

purified by chromatography on silica gel in hexane to

_ . L ) 4 40
This prof b S ik I oUGbIe 40 Brepdin BSfMIc Bt Binpounds of
formula/(F¥pinoyhith the gatesofithe sy epimereofformalat(IV4) om
1-brono- 2, 3-di chl oro-benzene 20 A sol ution of
1- brono- 2, 3-di chl or o- bgnzene (37.6g, 0.165 nol) in THE
(170 M) was added tgo i sopropyl magnesi um chl ori de
in tetnhydrofuran (R00g,)}0.206 nol) under a nitrogen
at nosphere at -10C ction mxture was stirred
over |hour. This Gl nt ennedi at e was added over
4 hours to a solutignh of 6,6-dinmethylful vene'(19.9 g,
0.173 nol) in toluehe at &@Epimfhe reacti on m xture was
stirred er hour to conplete the conversion of
?t?égP\llngo)React ion was quenched wth saturated
aqueous ammoni um chl ori de gand phases were separ at ed.
Evapor ati on of THE/ Tol uend af f orded t he desired
conpound No. 5.26 (39.2g 3k?5% vyield) as a yell ow
solid. EXAMPLE 3 30=Rrdparation of
5-chl oro-9-i sopr @};@ or bof@ne (syn/anti-m xture,
syn-enriched) (Conpoutfd. Xo. 4.26) Cl synanti
5- Chl or o- 9-i sopr opW i denggpghgenor bomadi ene (30. Og,
. .0.1384 nol, prepared as described in Exanple 2) was
is signifigguthoensicheds aisually? @ syn/atb @atiarod nzare heni 55 eandesaghieved
. met hanol (3 it he. presence. of 5% Rh/ C.(6Qg). ..
typicalf¥ o reli OP SR SpLD 7 D54 SR o s Thengs il
advantage TRB pfcFerraertBsdiment tBAGHixBMePSf dnpotndof RBmilalTVC@n be
el in hexane to give the desired product (29.05g. 95%
prepare@tnémple mangercibatdave esyn/aufi ratio imfavous of §rGyn Ehimer.
syn/anti ratio was determned by g.l.c. as 91:09.
EXAMPLE 4 Preparati on of '
N- benzyl-5-am no-5-i sopropyl - benzonor bonene
(syn/anti-m xture, synlO enriched; Conpound. No. 2.12)
sYnanti a) From 5-chl oro-9-isonrovvl -benzonor bonene
(svn-enriched 91:9; Conpound No. 4.26) aa) Using
R(-)-di-ten.-butyl-f1-11S)-2-(di cycl ohexvl nhosphanyl | -
ferrocenvll ethvl | nhosphine as a liaand 15 i) (S/C
1004 1 nol%9 To a m xture of
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- 46 - were added. The mi xture was heated under

WO 2007068417 stirring to 105C for 21 hours. AftB¢T/EP2006/011885
filtration on Hyflo(r) the reaction m xture was poured
into water (30 m), extrabd4ed with ether, washed with
brine and water and dried over sodi um sul phate to give
the crude material. Purification on silica gel in

. , A . -desi r
i i rEfE FRBYTABRUR1GeL: SRl IREBRIGE S gyt e
general foithulaTW&: syn/ anti ratio was 91:9 (by g.1.c.).
Col ourl ess crystals were gbtained from hexane, m p.
87-90C. ii) (S/C 200RQ_FRnol % The reaction
described in (i) above jas repeated with 0.005 ,
equi val ents of pall adi ufp acetate and 0. 005 equi val ents
of the sane phosphi nd, gfgmi ng the desired
product in a yield ® TO79% ab) Using
1. 3-bis-(2.6-diisontroPvl ohenvl)-im dazoliumchloride

. ap aljgand i) SIC 200, 0.5 nol%catalyst To a i
wherein Ry gd Reatsiindspendeatly Hhon Gepalisylyand Beischinse oo heomo, is reacted with

Syn- ' Q. .4 26, prepar S
hydrogert B¥8 Gibierl f p Srallot SHRARY Wiy PneBlubP AL Bl o form o
compound®fithdgénerl damfula 89319, 15assay 97% 36.2 nunol),

pal | adi um acet at e (25.14rrg, 0.113 mmol ) and

1, 3-bis-(2,6- diisophop enyl )-im dazol i um chl ori de’

(48.1 ng, 0.113 nmmol) i§ a Schl enk tube under argon,

di met hoxyet hane (150 m } and benzyl am ne (3.641g, 34

mmol ) were added. ThAE ”l ture heat ed under

efficient stirring @f:ﬁ for 19 hours. After

filtration on Hyfl g{r) the reaction m xture was poured
into water, extracted wth ether, washed with brine
wherein RNéhd'R% &6 ixﬁféf&ﬂﬂnﬁ& EESk @Vl Afd %is THIdRE 8 Brontb, 3hY R herein
the crude material’ (8. 5365)., Purification on silica ge
the ratio ¢fithe sym ¢pimeroffoonwlaXBvm (1: 9) afforded 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 gexane proceeded with further

syn-enri chnment giving|3.04g colourless crystals, mp.

98-100C (syn/anti 98.5:1.5) 25 b) From

N- benzv1-5- am no- 9- j=sQpflopvl i dene- benzonor bonadi ene

(Conmpound No. 3.12 (IVa)

N- benzyl- 5- am no- 9- yl i dene- benzonor bomadi ene

(Conpound No 3. 12, Xpr epar ede lfilﬁc,rdescri bed i n Exanpl e 5)

(1.00g, 3.479 nunol) di sSHIET in a mixture of
wherein R'eR? aind Bravé as defined Fomformalaq VIFg, tdthe @inzi(epime of foasula (Ib)

hydrogenated in the presence of 5% Rh/C (400ng) at

ambi ent tenperature and ®bar during 24.5 hours giving
the desired conpound (0.3Rg ,(38%; syn/anti 30ratio

ry alline solid (mp. 89-920
besi des 5-am no- 5- r
syn/anti ratio 87: 1% l‘

oRyl - b onor bonrene (11%

w"o . C. Conpound No. 5.12)
after purificati or%on silica gel in ethyl
acet at e- hexane (1:9). \&gmOe/ 068417PCT/ EP2006/ 011885

- ol 47 -‘%éﬁgggﬁé i ) :

Wherem% g‘eﬁ%%/ -5-am r@-e %?‘?ggg‘?@tﬁﬁ?’agr@’ﬁéﬁ%%%ﬁﬁor nadi ene
(Conpound No 3.12) 5 a) S/C 100 (1 nol % catal yst) To
a mxture of
5-chl oro-9-i sopropyl i dene-benzonor bonadi ene [ Conpound.
No. 5.26 prepared as described in Exanple 2] (1.0g,
4.61 mmol ), sodiumtert-butoxide (0.731g, assay 97%
7.38 nmol ), palladiumacetate (10.3ng, 0.046 mmol) and
1, 3-bis-(2,6-diisopropyl phenyl)-imdazoliumchloride
(19.6rng, 0.046 mmol) in a Schlenk tube under argon,
10 di ethyl ene glycol dinethyl ether (diglyne) (30 m)
and benzyl am ne (0.741g, 6.91 mml) were added. The
m xture was heated under efficient stirring to
140- 145C for 21 hours. After filtration on Hyflo(r)

=
S
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b) SIC 400 (0.25 nol % catalyst) To a m xture of
w206f1b634 - 9- i sopropyl i dene- benzonor bormadi ene  [£ofpek,

'No. 5.26 prepared as described in Exanple 2] (5. Og,(ﬂ(g011885
23.07 mmol ), sodiumtert- bg{.’oxi de (3.548g, assay 97%
36.9 mmol ), palladium acefate (12.9ng, 0.0576 ntnol)
and 1, 3-bis-(2,6-diiso- 20 propyl phenyl)-im dazolium
chloride (24.5ng, 0.0576 nunol) in a Schlenk tube

In a partiodlar embgdiment]iceinpyhreid ®f Gdritudd (I§ égu&edexhhﬂﬁch the ratio of the
(diglyme) (150 m) and_ benzylam ne (3.71g, 34.6

syn epimexplofoymiar(fa) de theenti enimer of tformuladd) isdtane d523de198:2; preferably

i chent | LLEL - for 24 hours. After

from 8‘??(? tor%%g’olﬁg{)elrf; r%—{f]?“%g;(%&:bﬁeﬂoﬁgggtsﬁon m xture was poured

into water, extracted with ether, washed with brine

and water and dried over sodi um sul phate. Evaporation
In a prefesredgrahndiment, X ipphlproand 2575C gave the crude materi al

(6.759). Purification on silica gel in ethyl

acet at e/ hexane (1:9) afforded the desired product .
Suitabld fhoditing catalysts vre) 6hex@Apley HdEm 88 cab¥R rhodiuMi S Mdthina or

oil. -48 - c) Preparation of

rhodium{IK)oxide; Prefepenceds givies ¢prhodium gn sarbbeSuitablenatladivoneatalysts are,

for exar¥fy; H6€tobhdhs Bt catalBes? e DS ARG B cartm, pefipgipn on
aluminidit. 0x3d e} paRadiiia parsiitagsaldaied ok Bariim chrbanmib SHalhdiugdysh barium

0.125 nol) was dissolved in xylene(125 g), and sodi um
sulfate, patladiym opi gleiym sgrbonat gshomegenopspaliadiumcatalystsi sheh as

palladiigacee, JRoRhin Fiirde, Sytialo? hdhoids o gulladjum gyidepopmingures
thereof. IBplegiabprdfdremz s givern®d faZlddibegh orfcakBon. [SuktableplRincchétR ghts are, for
The m xture was heated to 125C for 3 hours until .
example, @i&%@ omcasbon orplatimm(T¥)oxides Speciahpsefareneelis givernte platinum
action m xture and the pH was adjusted to 6 with
1. 10 Activated carbon was added, the suspension was
clarified and phases were separated. Xyl ene was

distilled_qff, replaced by hexane and, a bl eaching .
In one eghogimen of this preferted cambodithent o4 he invRntion s catalysis rhodium on
carbon.| SOl ated as HCl salt (18.5g, assay 94% by HPLC., 43%
yi el d) EXAVMPLE 6 15 Preparation of
In anothsr embodinient efthisgusfered emnbodintentief the (/entiomithe catalystie,
. syn-ensi ched) (Conmpound No. 1.12) H2NH2N sYnanti a)
panad‘“ﬁ'r%‘hﬁ{l{’%nzvl- 5- am no- 5-i sovr ouvl - benzonor bor nene
In one ehAkTh bf Il preterd dmbicl IRl Ot nverfioh the €dalyst i platioum on
carbon.rati o 97:3; Conpound No. 2.12 prepared as described in
Exanpl e 4] (3.00g, assay 97% 9.98 mmol) dissolved in
a mxture of methanol (30 m) and tetrahydrofurane (20

Sultable[ﬂéﬂounw CaballsP R0 190 1 mEIP AL Iafel S;f%h'% gﬁ‘gﬂgt; the compound of

erature in the presence of 5% P
formula f0Bpprefered-atetO:- ito bmoldd evaporation of - 49 - the
solvent afforded the desired aniline as a solid
(2.03g, assay 98% by g.l.c., mp. 54-56C, 98%yiel d)
The reactiohis Prefera19 Bhrriel 3l 1@ tAE pRBere OPYn Shert Solvent BuifabRTblvents are,
N- benzvl1-5-am no-9-i sovrovvl i dene- benzonor bor nadi ene
for example iafeobols, ;ush3s mephanol, ethanol, propanol or isopropanol, or aprotic solvents,

such as (R o B b L0 AR B2 ol e e

mixtures thereof; special preference is given to ethanol or methanol.

on carb
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5 described in Exanple 5] (1.00g, 3.479 rmol)SC
Woa‘?"g@ﬁ“\‘/'éd in a nixture of tetrahydrofuran (1BCHE}204¢(p11885
nmet hanol (15 nl) was exhaustlvely hydrogenated in the
presence of 5% NYC (400n‘g§ at anbi ent tenperature and
4 bar during 24 hours giving after purification on
silica gel in ethyl acetate-hexane (1:9).the desired
The te mﬁf#ﬂn‘eg ﬁré%n@ﬂaﬂys a@'i_’rrusﬁ 1?306?89%0 (F gf%lgg tlfeg%ndbgt(b@gh 1ven toa
range ﬁohe@?ﬁ]atoatiﬁﬂemmﬂppé&mdns atange béZ@ﬁCStB 450€nevenahore preferred isa
g dltr#( rC],s gave the desired aniline (0.67g, 96% in a
range of 20767 030°Cr at'i 0 of 75:25. Hydrogenation at at nospheri c
pressure under otherw se identical conditions afforded
conpound No 3.12 in a yield of 65% and a
The reactigmntima s genetally frdm 6 1o 360 héwes,préferab)y fréca 1 1o 234 lpuwed.er r ed
enbodi ment of the present invention, the reducing
agent used in the process for the preparation of the
Iy ) d
Preferabl UKL g QR0 APy B ichats B WL e RO A
pressure ﬁém&dmeﬂ(] tzantj w:nmdra b;eﬁrredb5| to SO'IBHr,SInrunefeﬁtHoddnent of the
i me es |t possi repare in a Si
m"en“°“r?e&rﬁ§ﬁ““’c§ﬂ$‘gga o0 Rar isised, r rab%( 7 §0 | hbapmore pwéera%lv 8d0 12
of the syn epiner of fornula (la) to the anti epiner
~of formula (Ib) is significantly enriched; usually, a
syn/anti ratio of nore than 55:45 can be achieved;

al.l o.of fr 60: 40 to 99:1.can
In aspeclﬁ@f&ﬁ#@%@bofs e&rﬁi?r@ odiment ofthe Jnvgption, the reactionds sarried

bar.

out in theg?és%n@é' &f G01 Wl@&ﬁﬁ’@dl&ﬁ?&f H‘ﬂidltWeXE%F 1 &redre 02 RBARfvalents.

formula I can prepared I n si manner that
The equivadents aesyhnhmd omrthe basw of the vompowrid ¢fthe Sormudp(IiiprSuitable

e L RS ST B 55 50
acid or mﬂfuhb)amd or stt"ing oryife Sids, Bﬁclﬁﬁcﬁc% &ié, xhét 4&%‘%&%% Iaé’ld o

y,R3|sHorC14aIky and Ph Is phe nyl
trifluor oapglq@abtoemlmw therdof) greferred acids ape bydrcddon€ acid, acetlc amd

methmlesﬁﬁJ?wg %él (OI rﬁéﬁtﬁtl{é %ﬁ)ﬁé@ﬁlﬁagg%%g %ﬁga&)l\%gase such as organic
mtrogen-baﬁ;@@ ISanes1e loryanid itrofdfibaek Xﬂe tnﬂﬁg larfifdbates, sith afs%étﬁyl‘ﬁfmne

syn epi mer_of forrrul a 2ant i epl mer wherein
tnmethylmma imgs hase, hTsmetéVlmehdmp Nﬁnm}'lmoq-pl)olmes: Nore than
55..45. In a particul ar enbodi nent, conpounds of
methylpxqe&dmjera (1) are prepared in which the ratio of the syn
epinmer of fornmula (La) to the anti epiner of formula
Ib) is from75:25 to 95:5; preferably 15from 80:20 to
In one embgdigneniaf thig,prefestedismporliment 30 acid is used(es 1o additiveals agother

el ARl SRTENT 2L 00

pal | adi um on al um ni um oxi de, palladiumon silica,
pal | adi um on bari um carbonate, palladi um on barium

The abovg-apscalbed p W@oﬁfmhﬁd@nema:f theproeess serrading e thepinvention is
h | | adi
e MBI Pl o, e

pal | adi um oxi de, or m xtures thereof. Speci al
preference is given to palladium WO
2007/ 0684171' CT/ EP200EXAMBRES. 57 -

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

"(Compound. No. 4.26)
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25

on carbon. Suitable heterogenous palladium catalysts
Giff erent water contents, suitable pallggi
meﬁ? s can have a water content of up to g’gﬂ%@%musss
Sui tabl e anounts of palladiumcatalyst are 0.01 to 10
- mol % cal cul ated on the badi’s- of the 5 conpound of
formula ON prefered are 0.1 to 1 nol% The reaction
is preferably carried out in the presence of an inert
solvent. Suitable solivents are, for exanple, alcohols,
such as net hanol, etlanol, or isopropanol, or
aprotic sol vents, y as tetrahydrofuran, tert-butyl
nmet hyl ether, ethy tat e, /#hojane or tol uene, and
10 mixtures there§ [ ‘ [
et hanol or nethangl. The tenperatures are generally
fromOCto 80C, With preferg ce being given to a range
fromOC to 45C, nome preferredaitis a range of 20C to
45C, even nore preferred is a range of 20C to 30C. 15
The reaction tine is generally from1l to 100 hours,

a) Ug;inﬂ@t%@a{%gi wathbdt ddaitRéd hours. Preferably the reaction
I's carried out at a pressure of at least 2 bar, nore .
300 mg (i dframoBpf] %Cblom—@gmpr@yildmn-@mon@‘boﬂmadl,enepmpandrae described

o B8 e S SBRhPhe Slo escot
5% Pd/(P (931&12) ainybiént! tempérafied and"M0 Bar RuAhE 18 BbYrsOTHE l?mlﬁﬁﬁe of the

speci al enbodi ment of this preferred enbodi ment
syn/antzéfchlw@-9~merqubhenzpn@bpmms| \ms dbgaived (epauierinpurity: 93%syn,

ne { 10 equival ents of an additiVv
vield: 8 E X8 Geplly O 2 o icnpritlie, B SRintericaniiy B i theyield
(in %) wak assessed Wi %@d;hgﬁnﬁt |s of the conmpound of t he
formula (11 Swtale addi tives are acids or bases.
Sui tabl e aci ds are strong inorganic acids, such as
éP' EIagr'tgl ' % I '.c; acid, or strong organic
hanesul fonic acid or

300 mg n |4thmor) msea:mema%@p cgmmenetw@&ldrb@hw%ne Prephre a8 described
i s nethanesul fonic aci Sui tabl e bases are organic

in Example2) dissglyed 1,3 mi mpthane! wag wéxgém\fsé}sb@romatedbn dhe presence of

o &hn- r wusd'S
5% PA/CYHRR) & ehER AR arl R D ahith KO AT BRRCE Bl S e
.syn/a'nn-ﬁl-dmmﬂ-xsypmpyl-hbmenorbbmdsmwmii@éd Tige identity of the reaction
net hyl, eridipe. - -.ln one enbodi ment. of this
productgi i Emy di Yeert) %mlthe Yild @n (fe)ouasassessediviaiges ve.

t her enbodi nent of this preferred enbodi nent a
chromat %g@ﬂ?s used as an_additive. P The above-descri bed
Meitiewdditiveenbodi nent of the progess,ggsor i ng, yield he
015 equivalents hydroeKehiaafigd N Or eat et gdetarl by ggy of
2! \ﬁﬂlérﬁy‘h{é&aﬁé micacid < WCE| T e par it Tore gt

P WA= L o

LN = JCTTZUTTUT OUTTETIT oyluuu: Lul\_,
Yﬂ&%’iﬁx%‘;ﬁﬁg rmnllnr‘l No—.] ;t\ 1 4 a\ TQQf$ g of

)

c—

Testingofk 5.C3 38 gnt ad ne- benzonor bormdi ene
ot O e B o0 ST e
in Examﬁl)é Qp 63961%&& 3 i hiethaRb PSR EBardtivedp m%eﬁgﬁm tlﬁt_lpresence of

nt tenperature and 10 bar duri hour s
5% Pt/C élﬁﬁng) aframbjentteraperature and 10 bar during 16 hours. Thus, a mixture of the

B R 0 T M-

product, theiephhéric Putity (i %isp)%nd e ylémj(ui 0 ws@kgbséddvidbagas.
assessed via gas chromat ography.
chromatography.

C




Acid additive %syn %yield 0.3 equivalents

WORUO6¥AT ori c acid 81 85 0.75 equi val ents hydPetHPHI0p/11885

acid 78 89 2 equivalents acetic acid 78 86 5
equi val ents acetic acid 73883 2 equi val ents

trifluoroacetic acid 81 91 5 equival ents
trifluoroacetic acid 82 92 2 equival ents net hane

5 l]{i&%l hi‘\&bi 088975 eyurvatents %cst}jlllan blék)fyl‘élidb
0.5 equivalents hydrochloric acid 94 95
2 equivalents methane sulfonic acid 94 94
2 equivalents acetic acid 94 - 94
2 equivalents trifluoroacetic acid 94 94




20 b) Testing of nmethane sulfonic acid as additive at
different pressures 58.8 g (200 mmol) of

N- Benzyl- 5- am no- 9-i sopropyl i dene- benzonor bonadi ene

[ Conpound No. 3.12, prepared as described in Exanple
5] dissolved in nmethanol wagyexhaustively WO

2007/ 068417PCT/ EP2006/ 011885 - 53 - hydrogenated in
the presence of 5% Pd/C (1 nol % at anbient
tenperature during 3-18 hours. Thus, a m xture of the
syn/ anti - 5- ani no- 9- i sopr gy M2nzonor bor nenes was

pbt ain I ric

B 1y s SOt O B e A BT s
assessed. Pressure % spgh %)-Zeld % purity 3 bar 82 94
95 6 bar 83 95 97 12 bar 8%792 92 5 In yet another
[ ¢ present invention, the
process for the preparation
of the conpound of t : fornqba (1V) fromthe
conpound of the generg I's hydrogen in
the presence of a net at al'yst sel ected from

wherein R' and R? are independently H or C\.¢ alkyl, which comprises treating

with a reducing agent either a compound of formula (II):

RL__R’

D

R
—N
H

Ph
wherein R® is H or C,4 alkyl and Ph is phenyl, or

a compound of formula (III):

R

|

\
LSO @
N

pn H

1 2

R

the reducing agent being effective to cleave the benzyl moiety Ph-CH(R®)-
from the benzylamino moiety PhCH(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.
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10 rhodium palladiumand platin. This preferred
enbodi nrent makes it possible to prepare in a sinple
manner conpounds of forrmula (IV) in which the ratio of
the syn epiner of fornmula (I1Va) R2 15 to the anti
epimer of fornula (Ib) (1Vbjsanti epiner is
significantly enriched, usuaPIy a syn/anti ratio of
nore than 55:45 can be achieved; typically a syn/anti
ratio of from#60:40 to 99:1 can be achieved. It is
ther ef oh @ragegsaor thewreparadign i thegompound pSfopnuled):ed
enbodi nent that m xtures of coppounds of fornula IV
can be 20 prepared in SRt Ranner that have a
spi/anti ratio in favour ofgsthe syn epiner. - 54 -

In this preferred enbodlnen: of the process according
to the invention, a co-n-un; of the general formnula
(V1) : wherein R , RR_ar e |an9endentIy H or
Cl.6 alkyl and X s c , 3. /brono, is'reacted with 5
hydrogen in the ﬁ# e of a catalyst selected from
rhodi um palladiun1an platin to forma conpound of
the general formRha (1TV) IRL X wherein Rl and R2 are

i ndependent |y H or,Cl4 alkyl and X is chloro or bro

and whevis rﬁnﬁ‘h and & gk lafleneﬁéelglyﬁi ebpnealkbls Rf sriar QM s alkyl and

(1Vva) V;

def i ned TP PP ERLFTRes EA Pt und Fodiiibufy 8 frftdla 1v)
formula (Ib) R1 WD ﬁ-_QO?/ O@8417PCT/ EP2006/ 011885 -55 -
In a particular enbo , compounds of formula (1)
are prepared in which thg ratio of the syn epi ner of
formula (la) to the antl epl mer of forrmula (lIb) is

from75:25 to 98: 2; ably from 80:20 to 95:5;
mor e preferablyfr po 95:5.(I¥)In a preferred
enbodi nent, X is ch

wherein X is chloro or bromo, with a benzylamine of formula (V):

R3

P V)

H,N Ph
in the presence of a base and a catalytic amount of at least one palladium
complex or (B) treating a compound of formula (III):

R! R?

o

ph H
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.
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Sui tabl e rhodi um catal ysts are, for exanple, rhodium
on carbon, rhodiumon alum na or rhodiun(lI1)oxide.
Preference is given to rhodium on carbon. Suitable
pal | adium catal ysts are, for exanple, heterogenous
pal I adi um cat al ysts, such ag pal | adi um on car bon,

pal | adi um on 10 al um ni um oxi de, palladiumon silica,
pal | adi um on barium carbonate, palladi um on barium
sul fate, palladiumon cal cium carbonate or honpbgenous
pal | adi um catal ysts, such as pall adi um acet at e,

8 e, ool Fh ore U8 o ) SHHERHR BBt ' O

given to palladiumon caron. i table platin

catal ysts are, for exanple, ati num on carbon or

pl ati num(1V)oxi de. Special pfeference is given to

pl ati num 15 on carbon. |In ong enbodi ment of this
preferred enbodi nent of invention, the catalyst is
rhodi um on carbon. In odi nentlllbf this
preferred enbodi mgRt of i nVention, the catalyst is
20 pal I adium on carbpapn I n one enbodi ment of this
preferred enbodi oH the invention, the catalyst is
pl ati num on car bon. Sui t abl e amounts of catal yst
are 0. Qhefeth ROaliOR Y416 %&th@deﬁqy erortde Madi R® R bhe, 4 alkyl and
conmpound of 25 fornula (I'll); prefered are 0.1 to 1

mol % Phés pheapk wbichi conmristereatsing accompoadd ofiforinmla (d):
presence of an inert solvent. Suitable solvents are,
for exanple, alcohols, such as nethanol, ethanol,
propanol or isopropaqgl, ok2aprotic solvents, such as
tetrahydrofuran, tert-but met hyl et her, ethyl

acet ate, di oxane or toldrne, and 30 m xtures thereof;

speci al preference is giien to ethanol or nethanol. -

56 - The tenperaturesaarg.generally varying fromOC to
80C, with prefereni ven tdVd range fromOC to
45C, nore preferred L3 ange of 20C to 45C, even
more preferred is @ range of 20C to 30C. 5 The
reaction tine is generally from1 to 100 hours,
preferably from1l to 24 hours. Preferably the reaction
is carried out at a pressure of at |east 2 bar, nore
pr ef er PagreinsXas plapsqrrhsomp oyvith a pgnayteniae of fapmnlaiye
preferred 5 to 50 bar. Insone enbodi nent of the
invention a pressure from7 to 20 bar is used,
preferably 7 to 15 bar, re pref@thly 8 to 12 10bar.
I'n a special enbodi melgN” of Rhi s preferred enbodi nent
of the invention, the reaction is carried out in the
pr esengetheprdledtt dfa bhbe agly yallend smodnt i asldast bhy palladium
preferred are 0.2 to 3 equivalents. The equivalents
are caFf¥dpPlsked on the basis of the conpound of the
formula (I111). Suitable 15 additives are acids or

ases. [ . C -
35"y BE RS do B g A iR R iRg S BRI s 0B in
or gani ¢laiig RAshicls chprises &egtingta esmshund®t fanesd(Ifnni c
acid or trifluoroacetic acid, or mxtures thereof;
preferred acids are hydrochloric acid, acetic acid,

met hanesul fonic acid or trifluoroacetic acid. Suitable
bases are organi c bases, such as organic

nitrogen- bases. Suitable organic nitrogen-bases are
trial kyl am nebases, such as triethylamne, 20
trimethylam ne, litinigs base, N nethylpyrrolidine,

N- et hyl nor phol i ne o Nmet hyl pi peri dine. In one

enbodi ment of this preferred enbodi nent an acid is
used as an additive. In another enbodi ment 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 follow ng exanpl es:
EXAMPLE 8 30 Preparation of
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a) Using Pd/C as catal yst without additive 300 ng (1.4
mmol ) of 5-Chl oro-9-i sopropylidene-benzonor bonadi ene
prepared as described 5 in Exanple 2) dissolved in 3
m nmet hanol was exhaustively hydrogenated in the
presence of 5% Pd/C (9 ng)_%h_anbient tenperature and
10 bar during 16 hours. Thus,” a m xture of the

syn/ anti -5-chl oro-9-i sopropyl - benzonor bonenes was
obtained (epineric purity: 93%yn; yield: 85%. The
identity of the reacti orRhrod@ét, the epineric purity
(in %syn) and the yield (igmm % was assessed via gas
chromat ography. 10 b) Testilmg of Pd/ C as catal yst
using different additives 300 ng (1.4 mol) of

5- Chl or o- 9-i sopropyl i demne ber onorbonq@ﬁene prepared
as described in nmpihe C ol ved i%D3 m et hanol
was exhaustivel y Riydrogenated in the presence of 5%
Pd/C (9 ng) at anbienN tenperature and 10 bar during
16 hours. Thus, @ xblure of the 15

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

obt ai nedithlheedudantdgent, tie redeingeapeht eingeffidtiot to relice both the
epi neric _purjt N %syn) and the yield (j,n % .was
assess e%g’iﬂ%&lb]ﬁé’é’g@ ﬁ?‘gﬂ’ﬁtdgﬂ]i’]ﬁ;?ﬁ é JolNgg Hlea%éﬁ ET {%m% Qe 9-
% yi el dyQimorsiyhy %&Hﬁ(ﬁ)&%%é’ﬁﬁ% %r éix%l@ﬁ(’)rgls ¥4t Bedve the
equi val ents net hane sulfonic ac 92" 89 2 equival ents
aceti c BeCH(RINBOmoisty feati ng of Pt/ C as catal yst
using different additives 20 300 ng (1.4 mol) of

5- Chl or 0- 9-i sopr opyl i dene- benzonor bormadi ene prepar ed
as, desCAiph6stsd for BrediBpRatdon HithS &dnyshntl bf forffula @V Hanol
was exhaustively hydrogenated in the presence of 5%

Pt/C (15 ng) at anbi epf ten#%rature and 10 bar during
16 hours. Thus, a m xtur& of the

obt ai ned The identit e reaction product, the
epinmeric purity (in d (in %9 was
assessed via gas 25 58 - Acid

additive

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

which comprises treating a compound of formula (VI):

R! R’

|
)
Py

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.
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% syn %yield 0.5 equival ents hydrochloric acid 94 95
2 equi val ents nethane sulfonic acid 94 94 2
equi val ents acetic acid 94 94 2 equivalents
trifluoroacetic acid 94 94 - 59 - CLAIMS A process
foration of the conpound ofgformul R NR2 wherein 1:1.°
and R2 are independently Hor G .6 alkyl, which
conprises treating with a reduci ng agent either a
conmpound of formula (I11): rc. Ph wherein R3 is H or
64 al ky praerss fir theprsheraiion obthe gompeslaidomtula 6Yhul a
(H'): the reducing agent being effective to cleave

t he benzyl noiety Ph- 3 m t he benzyl am no noiety
PhCH(R3)NH in the conpouqu of the formula (H) or in
tht, conmpound of the formula (111) to | eave an am no
group and, in additiop—i n|\the case of the conpound of
the formula OM to @‘@ the 2,@xpoubl e bond and
t he doubl e bond j oi niwg 4+ | R2C- noiety to the 9-
posi tion of the benzghorbonene ring to single bonds.

- 60 -

wherein R' and R? are independently H or C s alkyl and X is chloro or bromo

which comprises reacting a halobenzyne of formula (VII):

(VII)

X
with a fulvene of formula (VIII):

R
E>=< (VIID)
R
in an inert organic solvent.

7. A process for the preparation of the halobenzene of formula (VII)

(V)

X

wherein X is chloro or bromo, which comprises reacting a 1,2,3-trihalobenzene

of the formula (IX) or (X):
X
Y

{X) (X)
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A process for the preparation of the conpound of
formula R4 : N Ph Hwherein Rl and R2 are

i ndependently Hor Cl.6 alkyl, R3is Hor C .4 alkyl a
Id Ph is phenyl, which conprises (A) reacting a
conmpound of fotrmula (IV) Xegherei n Xis chloro or
broino, with a benzyiainine 0of fomula V): R3 (V)
H.NPh in the presence of a base and a catal yti c anmount
of at |east one palladiumconplex or (B) treating a
conpoundheatinfYishrbmoOitiodr, witRan bfganohiktallicaspea duimi angnert
agent, the reducing agent being effective to reduce
both t REMSBACIH bl e bond and the doubl e bond j oi ni ng
the RILR2C- noiety to the 9- position of the

benzonor bonene ring to single bonds but to | eave the,
PhCH( R3TIMg-Rrogsss £3ryihe peaaation ofgy compoupd 9f gymutad() gogerding to

pr epar ati: : qllgpg feortnu a (I1l1) R,R2
wher ei ﬁ&gﬁ{]gg%wﬁg&gpxgéqgn ep%‘%é’efnt ly Hor Cl_6alkyl.
123 i s (d) ovactiiig dcahporindaf dorRiulda @Vizhenyl , whi ch
conprises reading a conpound, of formula (VI): X
wherein X is adore orRbrorm, with a benzyl am ne of
formula R3 10H2N- . Ph insthe presence of a base and a
catal ytic anmount of at | east one pall adi um conpl ex.

Iv)

X

wherein X is chloro or bromo, with a benzylamine of formula (V):

/k )

H,N~ “Ph

in the presence of a base and a catalytic amount of at least one palladium
complex to form a compound of formula (II):

RL__R’

an

RS
pamy

ph H

and

(b) treating the compound of 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.

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

(a) reacting a compound of formula (VI):
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4. The process for the preparation the conmpound of
formula 1) as defined in 15claim2 which conprises
treating a conpound of fornula (111): - 62 - R Ph H
with a reduci ng agent, the reduci ng agent being
effective to reduce both thg: 2, 3-doubl e bond and the
doubl e bond joining the RIR2C noiety to the 9-
position of the benzonorbonene ring to single bonds
but to | eave the Phal (R3)Nri- noiety intact. 5. A
process for the prepa&'ati oR?of the conmpound of foul a
(v X wherein e andy-R2 are independently6 al kyl
and X is chloro or hrono|10whi ch conprises treating a
conpound. of formula (VI): (V) | a
reduci ng agent, the g agent QﬁLng effective to
reduce both the 2,3 gjﬁ bond and e doubl e bond
joining the RIR2C-  m o the 9- 15position of the
benzonor bonmene ring to single bonds. - 63 - A process
for the preparation of the conpound of fornula (V)
wher ei WhereimXds fdomraes brpmiepeit e bengylamipe oCiamalay): and
X is chloro bronp which cgnprises reacting a

hal obenzyne of fornmula (WI): V)

H,N" “Ph

in the presence of a base and a catalytic amount of at least one palladium

complex to form a compound of formula (III):

R R

1 2

Oy w
=

hamy

ph H

and
(b) treating the compound of formula (IIT) 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.

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

(a) treating a compound of formula (VI):
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with a fulven of formula (VII1): /RL -tti/\Fe (VIII)
in an inert organic solvent. X wherein Xis chloro or
brono, which conprises reacting a 1, 2, 3-tri hal obenzene
of the formula (1X) or (X): - 64 - wherein Y is brono
or iodo, with an organonetallic species in atnosphere.
8. The process for the prepa{r6§t'i on of a conpound of
formula according to claim| which conprises the steps
of (a) reacting a conmpound of fortnula (1V):
X wherein X is chlorogdr brghto, R3 a benzyl amine of
formula (V): H2N-Ph 10i nyt he presence of a base and a
catal ytic anmount of at |epst one pall adi um conplex to
forma conpound of formulg (I11): RR2

(VD)

wherein 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 bond joining the
R'R’C- moiety to the 9-position of the benzonorbornene ring to single bonds to

form a compound of formula (IV):
2

R.__R
Iv)
X
(b) reacting the compound of formula (IV) so formed with a benzylamine of
formula (V):
R®
I
H,N Ph

2
in the presence of a base and a catalytic amount of at least one palladium

complex to form a compound of formula (II):

R! R?

(D

R3
g

and

(¢) treating the compound of formula (II) so formed with a reducing agent, the
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<\ Ph/ H and (b) treating the conpound of

anmula (I1) so folioed with a reducing agent, the

15r educi ng agent being effective to cleave the benzyl

noi ety Ph-CH(R3)- fromthe benzyl am no noiety

Phal (R 3)Nl-1- to | eave an §ﬁ1no group. 9. A process

for the preparation of a corrpound of fornmula (1)
according to claiml which conprises the steps of

20(a) reacting a conpound of fornmula (M): - 65 - |

wher ei seducing aghitdememiteptivnio. clegive th%bdnéﬂmlamﬂheCHfR )- from

i R A L e

to forma conpound of formula (111): and (b) treating
t he conpound of fornulagélll so forned with a
déduci %e REpshss, for e pr ioRgT agempowed efgfoanyla &b iageordipg to

cl eave e INHLEXmIRIELY, FLGRC 3 from the
henzyl am no noi e to | eave an amino group
and to(@edumagh@bhmbhmi&HBnﬂdquQ:bond and the doubl e
bond j oi ning the RIRZQ- moi gty to the 9-position of

t he benzonorbornene Mng t& singl e bonds. 10. The
process for the preparatjon of a conpound of according
to claiml which conpr|3rs the steps of (a) treating a

conpound of formul a - 66 - ----=",1 k /\
.ON... .,1 (V)
X
wherein X is chloro or bromo, with a benzylamine of formula (V):
R
o
HN Ph

in the presence of a base and a catalytic amount of at least one palladium

complex to form a compound of formula (1II):

R

oy

N
ph H

1 2

R

(b) treating the compound of 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 formula (II):
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2Z\NA L oo .2 X wherein X is chloro or
brorno, with a reducing agent, the reduci ng agent
bei ng effective to reduce both the 2, 3-double bond and
t he doubl e bond joining the RR2C- noiety to the
9-position of the benzonor b%gene ring to single bonds
to forma conpound of formul'@ (1V): (b) reacting the
compound of forrmula (led with a benzyl am ne of formula
(V): H2ZN- '"Ph 10M the presence of a base and a

catal yti c anmount of at n:f?aSt gAepal | adi um conpl ex to
forma conpound of for afl): ?, and - 87 -
reduci ng agent being effective to cl eave the benzyl

noi ety Ph-CH(O- fromthe henzyl am no noiety

Phal (R3)NH to | eave aji—awi group. The process for
the preparation of a ; pf formAlB according to
claim1 which conRtises e st'eps of reacting a

conmpound of formulayY(M): R2 X wherein X is chloro or
bromp, with henzybgm te of formula (V): Ra HZN-Ph in
the presence of a base and a catal ytic anount of at

| east ogg pal | adi um conplex to forma conpound of

formula : VI Ph: . .
() treating the compound of 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 formula (VI)

(VD

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
Y

(IX) (X)

X Y

wherein Y is bromo or iodo, with an organometallic species in the presence of

a fulvene of formula (VIII):

R
@Z{ (VII)
R2

in an inert organic solvent and in an inert atmosphere.
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(b) treating the conmpound of formula (111) so forned
Wi th a reducing agent, the reduci ng agent being
effective to reduce both the 2, 3-double bond and the
doubl e 'bond joining the 12,472C noiety to the
9-position of the benzonorhg nene ring to single bonds
but to | eave the PhCF1( 125l nmoi ety intact to forma
compound of formula (11): - 68 - Ph H and (c)
treating the conpound of forrmula (11) so fbmed with a

reduci ng agent, the reducing agent being effective to

eave ,t he benz ety Ph: CH R3
Cheey e PR g PG seorcing o ctim
group, 1$ﬁnaq&m@ﬁﬁﬁ§ﬂk@&mﬁbﬁ preparation of a conpound
of fol) ,A4.N 4.4 eN'4, A 41,11 wherein re and R2 are
i ndepeﬁaiémcrlyg Hlé?r3 -trihpl ahenzapg jof Hedfosnyla (BRI G5 or

br omm conpki ses reactlng a 1,2,3-trihal obenzene of the

formula (I or (X) wherei¥ Y. is bromo or
iodmwi th 0 ﬁanoneta lic speC|es nt presence of
ful vene rnula 1) :

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic
species in an inert atmosphere to form a halobenzyne of the general formula

(VID):

(VII)

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

formula (VIII):
R
©:< (VIII)
R

in an inert organic solvent to form a compound of formula (VI):

R’ R?

)
by e

(c) reacting the compound of the general formula (VI) so formed with a

benzylamine of the general formula (V):
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- 69 - 13. A process for the preparation of a conmpound
of formula (1) according to claim1l which conprises
the steps of (a) reacting a I, 2, 3-tri hal obenzene of
the formula (I X) or (X): wherein X is chloro or
bromo and Y is brono or iodg, Withretallic species in
an inert atnosphere to form'a hal obenzyne of the

general formula (VIl): (b) reacting the hal ohenzvne
of formula (M) so folioed with a fulvene of fornula
(M 1) (c) reacting tRe conmpound of the general

formula (VI) so fornmed wi th benzy-hgm ne of the

general formula (V): - P in the presence of a
base and a catalytic |:'lét{\tl)unt g'f at | east one palladium

conpl exinttlcl)e If)r%gerrrllcg1 of § ggs%%?lg aoc];ta{ iE: rgunlo%n (I)tJ alt ]e:ast%}ﬁ’e Rlellaciilllm

complex to form a compound of formula (III):

R R?

|

)
Ly w
N

Ph

1

and

(d) treating the compound of 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.

14. The process for the preparation of a compound of formula (I) according to
claim 1 wherein which comprises the steps of
(a) reacting a 1,2,3-trihalobenzene of the formula (IX) or (X):
X

X

Y X
(1X) )
X Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic

species in an inert atmosphere to form a halobenzyne of formula (VII):

(VID)
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1 r it uUSs., /,t iN". " \ef Ii and (d) treating the
conpound of formula (I1l) so fornmed with a reducing
agent, the reducing agent being effective to cl eave
the benzyl noiety Ph-CIT(R3)- fromthe benzyl am no
noi ety Phal (R 3)NII- to Iea% an am no group and to
reduce both the 2, 3-doubl e bond and the doubl e bond
joining the RIRRC noiety to the 109-position of the
benzonor bonmene ring to single bonds. 14.The process

for thebpreegiingtht bplobenzane @hﬁ@euhl@ (¥iDpo mxyneéc%l&h gfukgne of

to cl al m 11\A@§h§| n whi ch conprises the steps of (a)
reacti ng | tri hal obenzcnc of the formula (or

(X): wherein X is chlorg'or bronp and Y is brono or
Mel o, organoneta i g oeC|-s in an |nert at nosphere to
forma halobenzyne or Ia (VII§ - 71 - (Db)

reacting the hat obenzyne oR*formula or so formed with
a fulvene of fornmula (Vii):
in an inert organic solvent to form a compound of formula (VI):

|
|
VD)

(c) treating a compound of 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'R2C- moiety to the 9-position of the

benzonorbornene ring to single bonds to form a compound of formula (IV):
2

RL__R
(Iv)
X
(d) reacting the compound of formula (IV) so formed with a benzylamine of
formula (V):
R
1w
H,N Ph

2

in the presence of a base and a catalytic amount of at least one palladium

complex to form a compound of formula (II):
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in an inert organic solvent to forma conpound of
formula (VI): X (c) treating a conpound of fornula
(VI) so fornmed with a reducing agent, the reducing
agent being effective to reduce both the 23-doubl e
bond and the double bond joiyjng the RIRRCG npoiety to
the 9-position of the bertzorforbontne ring to single
bonds to forma conpound of fornmula (1V): RL -R2
tr, ?2 "7.7\\, X (d) reacting the conpound of
formul aformed with a berﬁ | amigte of fornula (V): R3 H
2NPh 3 esence of a base and a
catal ytic anmount of at | eastf one pall adi um 15conpl ex
to forma conmpound of formulpa (I11): 72 - and (e)
treating the conpound qula (11) so fornmed with a
reduci ng agent, the r ent bei @Y effective to
v -CM (R3)- fromthe
benzyl am no noi ety (R3)N11- to | eave an am no
group. 15.The proFﬁssHor the preparation of a
conpound of formula (1) according to claim1l which
conprisgsi the steps of (a) reacting a
1,2,3-trilialobcinmene of the formula (DC) or (X): X

(e) treating the compound of 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.

15. The process for the preparation of a compound of 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

(IX) (X)

A Y

wherein X is chloro or bromo and Y is bromo or iodo, with an organometallic

species in an inert atmosphere to form a halobenzyne of formula (VII):

(VID)

X

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

fulvene of formula (VIII):

R
=, om
R2

in an inert organic solvent to form a compound of formula (VI):



wherein X is chloro or brono and Y is brorno or iodo,
Wi th an organonetal lie species in an inert atnosphere
to forma hal obenzyne of foinula (V11): (M) 1
(b) reacting the hal obenzyne of the general formula
(VI1) so formed with a 15fi #vene of formula (MI1Il): R
.R2 (MIIl) - 73 - (c) reacting the conpound of
for mul a "I') so fornmed with a benzylarnine of formula
(V): H2NPh in the presence of a base and a catalytic
amount of at | east on@'-alpﬁdiun1conplex to font a
conpound of formula (H )y 10(d) treating the conpound
of formula (I11) so formed with a reduci ng agent, the
reduci ng agent being eff@ctive to reduce both the
2, 3-doubl e bond and e _doubl e bon% . 0i ning the R R2C-
noi ety to the 9-pos yﬂ t he be ég or bonene ring to

single bonds but to he PliCl-1(R3)NI-1- noiety
intact to forma cHdnmpound of the general fonnula (11):
15 (Ir)(rr)y - 74 and. e) treating the conpound of

the general formula (I1) so funned with a reducing

?ggn}) ) rqéz)h ?aC,rI}@g cin O%Ef?t&fgf%n?‘% o(%fl ict‘%‘%ﬁ% )(;/vl?tg b%ﬂ}’ﬁamme of

noietyﬂﬁhﬁhﬁﬁ@»hk# to | eave an am no group. 16, A
conpound of formula (H), QRD, ") or (M): 2
R

Py (V)

H,N~ ~Ph

in the presence of a base and a catalytic amount of at least one palladium

complex to form a compound of formula (III):

R1\/ R2

oh

ph M

(d) treating the compound of 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 (II):

R.._ R

2

(D

3

R>—'[§]|

Ph
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wherein RI and R- are independently H or Cl.6 alkyl,
R3is Hor Cl4 alkyl, Ph 10is phenyl and X is chloro
or brotno. 17.The process according to claimNherema

conmpound of the foi[Hula (I11) Phf H ith
hydrogen in the presence of pal | adium catal yst to
forma conmpound of formula (" - 75 - and wherein

the ratio of the syn. epirner of formula (la)
H2N. pi to the anti epimer of forrmula (Ib) is nore than
55:45. 4Bl The process according to clain117 wher ei n

the process is carried in the presen an

nddi £ V) Spnedin conBoudt el B B o o adth

10 19. rEhﬁmﬁg A5AS,; Sth@i:éaq&elg Afert Beith 3FfBRtHE to Vﬂéﬁ\'}eeth@ b&&% moiety
process is carried out at a tenperature f

80C. 70PIFREL(Br)o drossthadenzydimigo mepietly é’hEEHIR,)N\I%é@ laame athamino
process is carried out at a 1b5pressure of at |least 2

bar. 215Ph& process according to claim5, wherein a
conpound of the formula (VI)

16. A compound of formula (II), (IIT), (IV) or (VI):

R R’ R R?
|
D ‘
. < G2y
¥H B—N
Ph H

Ph

R’ R’ R! R?
|
& Oy
X X

wherein R! and R? are independently H or C;.¢ alkyl, RYisHor Ci4 alkyl, Ph

is phenyl and X is chloro or bromo.

17. The process according to claim 1, wherein a compound of the formula (III)

(11

is reacted with hydrogen in the presence of a palladium catalyst to form a

compound of formula (I)



is reacted with hydrogen in the presence of a catalyst
sel ected fromrhodium palladiumand platinum to form
a compound of formula (1V) " and wherein the ratio
of the syn epinmer of formula (Na) R2 RA syn epiner

to the anti epiner of for rruJé? (11/ b) Xant . ? epirner
is nore than 55:45. 10 The ocess according to claim
21, wherein Xis ch 23. The process according to claim
21, wherein the catal yst i s a pal | adi um cat al yst .

1524. The process accor di R ’clai m 21, wherein the
catal yst is a platinum cat yst The process according
to claim2l1l, wherein the process is caned out in the
presence of an addi t | ve ein additive is an
acid or a base. - oces according to claim
21, wherein the proces I's carrled out at a
tenperature fromO0C {"d\‘ 80C. 527. The process according

brecsa Pl et e gaid o e rn°e%%%§ré LSALIER out at a.

1 )\y\

syn epimet

;U

to the anti epimer of formula (Ib)

anti epimer

is more than 55:45.

18. The process according to claim 17, wherein the process is carried out in the

presence of an additive, wherein the additive is an acid or a base.

19. The process according to claim 17, wherein the process is carried out at a

temperature from 0°C to 80°C.

20. The process according to claim 17, wherein the process is carried out at a

pressure of at least 2 bar.

21. The process according to claim 5, wherein a compound of the formula (VI)
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22.

23.

24,

25.

-76-

(VD

is reacted with hydrogen in the presence of a catalyst selected from rhodium,
palladium and platinum, to form a compound of formula (IV)

R! R?

X

and wherein the ratio of the syn epimer of formula (IVa)

2

R

R

(IVa)
X syn epimer

to the anti epimer of formula (IVb)
R
R?

(IVb)

X anti epimer

is more than 55:45.

The process according to claim 21, wherein X is chloro.

The process according to claim 21, wherein the catalyst is a palladium catalyst.

The process according to claim 21, wherein the catalyst is a platinum catalyst.

The process according to claim 21, wherein the process is carried out in the

presence of an additive, wherein the additive is an acid or a base.



26.

27.

77 -

The process according to claim 21, wherein the process is carried out at a

temperature from 0°C to 80°C.

The process according to claim 21, wherein the process is carried out at a

pressure of at least 2 bar.



