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WD 2004/ 024708 PCT/ GB2003/ 003982 1 PROCESSES FOR THE
PREPARATI ON OF HETEROCYCLI C HYDROXYAM NES, AND

w0 DIDERMEDS ATES AND CATALYSTS FOR USE THEREI N TPCHGB2003/003982
invention relates to proceises for the preparation of
heterocyclic 5 hydroxyam nes and to novel substituted
het erocycl es and catal ysts. Heterocyclic hydroxyam nes
are inportant internediates in the synthesis of many

PR((E&?%)S_@%%@HH@'%EE?R@%%R*Wb? HEHERGEYBEIC HYDROXYAMINES, AND
t hi ophen&y! JT RQ@@* X
upt ake inhibitor, i s showi ng consi derabl e proni se as

a PR NhidHioh" ‘?%%ﬂ)? to f ‘BE c%@ e85 Offed gﬂ%ﬁé’rétg@g ycg fheterocycllc

i ncont i nenance 9 US 4, 38
hydeoxyaping$,28@ i '@Ylef@iﬁs“%qwh%‘ﬁmPYFqsrﬁi@% ¥X'$-onal Drugs

( PhiéateraBydiis siydiiosyamia29 @ impbitaht intetrhiedidtes. in i sydbesis of many
phatrﬂéc[@hga@anugcapt akaem;slaé  BhoxEhe N %y@me@@ﬁ@ ﬂggﬁmhéasﬁmoxy) 2

ter
jtor, is showing

thiopheneptpapdroing).: agsetloend w@@pmzehrmg upterk@r dphi
con$ibiétadlel grymisé24sla pootiAArdaBénit)for ddptéstidrODandndnamh éredoatinenance

(Usgﬁ,g%ggg ligatg?éé %QB SRHRQr a é&ﬁﬁ% O@Hﬁérm ﬁﬁfo%) n Investlgatlonal

ordi sent vent
Drugsh@'?t’@rmg 531" 30@10)p96ée1s§ ). the preparati on of a

cormotHdedfor s muh@adtlye of BRiloxétim@have bddn desQitedinrDudter, et al.,
Tetr%ﬂi?edrp% OLé’{ﬁ‘?g egﬁ‘ 405¢ 5?01304 (186g) N8 A38Y 1543504 %ﬁé* By et al,

ani ¢’ group

Chiraitye )i rR6SAS {300 \ERASTRE; @p@.wﬁaqelpy L8lst igbelied Compd.
Racﬁddg}akmqis(@pjzmmgig (yoo5pubstituted aryl; 25 Gis a t

su a

( a)Ac' rzggr@rié the BI%S%[B |ﬁ\?} 319%? tr\g\‘@fsﬁlpoﬁ(%?fg b\nl%%ésst %?th%rp“argﬁacfatlon
OfadDﬁFP@HlﬁdJPfaEQQHRH:(Z)to give a conpound of Fornula (3):

ORO x OR4 OR

X Re
N

|
(©G),
Formula (1)
wherein:
Xis S, O or NR?, wherein R? is H or an organic group;
Ris Horan ofganic group;
R' and R? each independently are H, optionally substituted alkyl or optionally
substituted aryl;
G is a substituent; and
nis 0 to 3:
which comprises the steps:
(a) reacting a compound of Formula (2) with a compound of Formula NHR'R? to give a

compound of Formula (3):
OorR Q
X

\ | / OR*

(G)y

Formula (2)
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Y\ 30 (Gn Fornmula (2) WO 2004/024708
PCT/ GB2003/003982 2 OR0O X Rz N YW/ ---~1 (G,, R
wo-o0oat4108 3) wherein X, R, G and n are as def i PedGabw3H03982
and R4 is optionally substjtuted alkyl, 5 optionally
substituted al kenyl, optionally substituted al kynyl,
optionally substituted aryl, optionally substituted
het eroaryl or a conbination thereof; and (b) reducing
t he conpound of Fornula (3PRt® give a conpound of
Formula (1). A second t I nvention provides
a process for the pre tioh ok a 10 conpound of
Formul a (3) whereby a clonpound bf Formula (2) is
reacted with a conpoune, of ForRula NHRIR 2 to give a
conmpound of Formula (3)._A thi ? aspect of the
i nvention provides a pro%@?@“? the preparation of a
compound of Formula (1) in which a conmpound of Formnula

whe(eqﬁ} X,S F‘Eeéuéﬁ)dn e He eﬁhedcmu&?ﬁ R | }_%: %rgﬂb‘r#eﬁl (%L?ostlta'%d alkyl,

oniQ A PR ANV oo o sl 1otsaletle SRdsinoly phistiuied ary!
optlcvrcallyespbsmfuﬁecabétyroldr}dmr apbmbinatibry thetsesitandut ed CL al kyl |
is especially preferred that when X is NR3 then R3
ref erab is S. Preferably nijs O.
(b) @5‘&"& gﬁﬁ?ﬂﬁov@y %\x Fosptladdhia 9vaa SomPeNnl Fé)m@yha (1).
opt serzdridyaspeb‘sbﬁ thet imdeatidoe prolvides approsess ffor the preparation of a
comﬁb‘&ﬁt} Iy L#c’frﬁw Ké’)nM/her téoé@rlgi ?‘Skbwlgd(Z Teacted with a

naI I uted” heter
comp ‘é'?de?ff Qsinulg Wﬁl‘%)@%fﬁ@t@é‘iﬂ%@dg berp UG as benzyl
bedzthitd aspect aff rtadyidvaripnh apihided\Ve préeiss fOptthé)rb’:l*ééafatlon of a

comgb\m& bF %ﬁﬁulgélfwrkm/lﬂﬁbu% %%Hﬁ\éﬂﬁ&l %?t#o‘fthlgd@illig"???uncgg rt’o give a

yne it nay
ComBg%m’c‘Pfé: rgrladikl i ¢ nol ecul e. is particularly
pr §¥ren Xds Nn&t thBn RS ik pr@fptabqnal byucﬁuuhgsbuasmtﬁ@b alkWJJr, optionally

subs‘ﬁﬁﬂg&' yll %or@@]ﬁf@rﬁg&“ﬁ g‘rw onIa@ ggli)sg l(%ﬁ:\l%}ﬂ al |t ))s especially
pFEf%rEﬂ%Q‘PE‘MF%XMth%RO'ﬁ nal |y subst | tuted napt hyl .
| t Preferadlyecis@.ly preferred that Ris H or napthyl. 30

(@0] tltuentsfor Rare preferably sel ect ed
frg‘fné?é]%}l)wltg? r ef er abl g‘f al kyl), optionally
&¥

suBQQf?'iaQB'eg 8 kloxgptiopal %ﬂlﬁe‘t allgyl,apriipoplly substituted alkenyl,
optiopatly sutsstituyedsallyi, bptialipsMbstituted aryl, optionally substituted heterocyclyl

or a combination thereof or a hydroxy protecting group such as benzyl, benzoyl or
tetrahydropyranyl.

When R is optionally substituted alkyl, optionally substituted alkene or optionally
substituted alkyne it may be a linear, branched or cyclic molecule.

It is particularly preferred that R is H; optionally substituted alkyl, especially
optionally substituted C,.,alkyl; or optionally substituted aryl, especially optionally
substituted phenyl or optionally substituted napthyl.

It is especially preferred that R is H or napthy!.

Optional substituents for R are preferably selected from: alkyl (preferably Ci4-
alkyl), optionally substituted alkoxy (preferably Ci4-alkoxy), optionally substituted aryl
(preferably phenyl), optionally substituted aryloxy (preferably phenoxy), polyalkylene oxide
(preferably polyethylene oxide or polypropylene oxide), carboxy, phosphato, sulpho, nitro,
cyano, halo, ureido, -SO,F, hydroxy, ester, -NR®R?, -COR? -CONR®R®, -NHCOR?,
carboxyester, sulphone, and -SO,NR®R® wherein R? and R® are each independently H or
optionally substituted alkyl (especially C4-alkyl) or, in the case of -NR?R®, -CONR?R® and
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(preferably phenyl), optionally substituted aryl oxy

(preferably phenoxy), polyal kyl ene oxide (preferably
w@odoyee4198 ene oxi de or pol ypropyl ene oxi de), cBCTDGBY003/003982

phosphat o, sul pho, nitro, ,cyano, halo, ureido, -SO2F,

hydr oxy, ester, -NRaRb, - , -CONRaRb, -NHCOR8, 35

carboxyester, sul phone, and - SO2NRaRb wherein R a and

Rb are each independently H or optionally substituted

-SONIKIR, (F€S§IQ§|F5’| toy eﬂar 4vital el Ditregen idforh ' WAISKR tAéy are attached

20 4708, P 200 /003982
repfew@?i?ﬁﬁp%“ %sr%%wﬁag S8 868 PR TiERRE L on-at o
t o Thrisshstituent Gatsear@fenaab'r@dﬁctqdefmrﬁMpt@nalaﬂubﬁmmnt@ agfor R.
ar ‘F‘i‘%rébly IR Gariy RE @R I-Pbr () ﬁ@ﬂﬁny "biﬁ)bﬂﬂtetdhé %ﬂéyl The preferred

emege R g 8 258 S 3 d&%@i’%&ﬁ? Bfenalip Fogd gL AL in an
espegialyprefermpd satbetiment ek TR ariddy] is H anchthproéfemsr ethyb
e""@ﬂﬂlbﬁﬁl”"su@i@éﬁfs ket Rndan'azl?\"zsare| F’é‘f’er&ﬂ hdredq 'ﬂ%m optionally

d Cl-4
subslfise i (iR e e - BB a@sﬁamsx&s%efﬁ&ﬁ&r%ﬁéﬁ'y pheny),
optignatigr sulsstitriedyarylogpt {poefatablyu lphenoxyentmlyiatyleRe  axide Ripreferably
poly@fh?leﬁéeéfré@%k‘ lbo%rn;?feﬁg dxidm cé’rBBkyPrtfﬂoEMhaté uBbHd, WS cyano,

nalog e t‘éﬁeﬁf@ﬁfﬁ%( @ ﬁvgiﬁ*yx%%nsﬁb B NsiRQRS carboxyester,

sulpbois t ardi tSCNRIR ovherdip riRef andaR® yarp hescb xindlepepdentyl Kyoreomtionally
subé%?&rtéﬁ &lR\yle 951}9 %;3 W%pe&hyu'ne EéjeoforNRaRb -CONR®R® and
r

-SOW@%@r pgp g@)%’tr at 00W6 E?)’éra’re attached
repreddrd Bb ahpl@ﬂaa;r afdh@tlé&iﬁb SystiriCORa pomhmla’amythste@f

sul ”}Mae e?&:g ;
[ ngg&g% %Pﬁl' H or optiona (9 &eﬁ%&@:@utggp &?ask rding to the
invenii, |o§m%/ﬁ( Jal kyl) or, in the case of -NRaRb
CO\lRaRb and -SO2NR Rb, Ra and Rb together with the
nitrogen atomto which th are at&ached 15 represent
an aliphatic or aromm .gt'em or a conbi nation
thereof. Preferably c unds of Fornmula (1) prepared
by a process according|to the Lnvention are of
Formula (4): OR X R2 @R (Go 20 Forrmula (4)
wherein X, G n, R Rl a &ﬁiﬁae‘re as defined above. In
a conpound of Fornul a (Zf gfer ably is optionally
substituted alkyl or optionally substituted aryl,
NDihepdie e Gah| R, RidridoRradre yis slefasdd dndved C1_12 al kyl or

0 [ o) .t i
or di & Baipbouty cRyehug (oF RoBRINLN, i el BIBCEIReg ayt or
optlwlyuselmstauﬂe&i asylh{nore PF%?"@P'Vétﬂ)t'@rpﬁ"il/cﬁ#@ﬁtltﬁt?ﬁs@mt gl @r optlonally
substilite®beni@. as i espdhllppeciERed GrTRIUE dsptiohallyosuslitated2, 4 alkyl,
part@[lsnzlegq‘gr abl y formed by acyl ating a conpound of
Preferre optlonal substituents for R* are as for R' and R2.
Compounds of Formula (2) are preferably formed by acylating a compound of

Formula (5):

0]
X

\ 1/ CH,
@),
Formula (5)

where X, G and n are as defined above, to give a compound of:
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X CY~/ CH3 30 (@n Formula (5) where X, Gand n are
as defined above, to give a conpound of: WO
wQoo22d¥ 08 PCT/ GB2003/003982 4 0 0 OR4  ( G PCFOBRIBM03982
(6) where X, G n, and R4 gre as defined above,
foll owed by reduction of the Beta-keto group 5 so
formed and optionally al kylating the hydroxyl group so
formed. The compound of Formula (5) is preferably
acyl ated by a dial kyl carb Reduction of the
Bet a- keto group in conp rmula (6) may be
carried out by any ne known 'n the art to be able
to reduce Beta-keto groups in conpounds such as those
of Fornula (6). 10 Preféfably the reduction of the
Bet a- ket o group in conmpounds of Fornula (6) is
achi eved by reaction MAtﬁom“H?Gﬂogen source ot her than
hydrogen gas. The hydrogen source is preferably

aci i SO ano| ; adi en ni c
wher kb b G & iR Roover HElRER ThElGion e B ko oroup
so fommadgrnd aptiboallyelieylatimgithe el gitdup spdorassii um  sodi um

(ére 'I*h'etcrcbh\\H@SUn%f P?rﬁrh%% &) gungﬁérd ékéﬂété’cﬁ‘ b?g didM| carbonate.

. EGABIROIhS BSlATRa Sap gy Bedy q?ﬂv@a% g bdchied ou
by amyxnezarts kanowh in ther ark o fzcalle fnckduce Eelaykatorgroaips in compounds such
as tReRf §FRRhYiaiB).2 Mol ar ratio of formic acid to

trlet m ne’ of fro 101 o 1.1 and especially in
molF4Ffe %b? Jrepfedgction If?‘ioo@?f%? iR g@m ‘ﬂ'%@skfgt@rmu'a (6) is
achlgvempylraamtnmlﬂndshydfogéorsmutcm ¢tbgr thanyefayeabdag. aThe hydrogen

sour%%‘jé?f?l g r)rfafo?mrcegéi'&t i5&Bro an E{IQSH&EdQE LEH By %dqamc formate salt,

her "t
espw@'rvemmyiﬁr@'ﬁ% Pr FamRIa; @npPek e@dforrﬁafst s SOl Potassium,

sodiameor, lithivme Maré qreficirgbly meduictibre @f thed Befacketo graupdin compounds of
Forrﬁ?l@e(@ ) glge'é‘c@rhpélﬁ@%f l%?rﬁhl%u%& nf%/ei‘:és Bgu%é’ctl%g%tﬂ éﬂ%&ﬁre a of
formjc agid an(j ipthylgmins, mfga?ly)m a\mg_lﬁréraj(o oéformlcaﬁcad ey trigthylamine of
froma$0: dl éd nﬂe:iwdaetspeelallyﬁhannmlemnb ob®20f the Beta-keto

gr g4g rb&ucﬂloﬁ%wggtaqgetd: é’r’bgb‘ lrﬁcérﬁgodnﬁis%f Fgrmula (@ is greferably a

steregspecitic reductio
sterpespgsifig feduction. (The p{pdudt gf tl'pshéeductlon may be either the (S) or the (R)

isomer. Preferably the product is produced in at least 80% e.e., more preferably in at
least 90% e.e., and especially in at least 95% e.e. Preferably the product of the reduction
is a compound of Formula (7):

oH ©
X

\ | / OR#

(G,

Formula (7)

Where X, G, n and R* are as defined above.

When reduction of the Beta-keto group in a compound of Formula (6) is a
stereospecific reduction it may be carried out by any means known in the art for the
stereospecific reduction of Befa-keto groups. These include the use of chemical catalysts
(for examples see Genet, J. P.; Ratovelomanana-Vidal, V.; Cano de Andrade, M. C;
Pfister, X.; Guerreiro, P.; Lenoir, J. Y. Tefrahedron Lett. 1995, 36, 4801; Guerreiro, P.;
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i nclude the use of chem cal catalysts (for exanples
wGe®4ettes, J. P.; Ratovel orranana Vidal, V.; Ga@DG#2003/003982

Andrade, M C.; Pfister ; Guerrelro P.; Lenoir,

J. Y. Tetrahedron Lett. 1595 36, 4801; Cuerreiro, P.;

WO 2004/ 024708 PCT/ GB2003/ 003982 5 Cano de Andr ade,

M C Henry, J. C. ; Tranchier, J. P.; Phansavath, P.;
ngn : Iﬂ aHQfFT P R tvelomanana—
Can ﬁér%gg A 6 % SSI'I;]rgrgﬁE@ J, Pﬁans a

VldalwggGer’zet 47%, HmmrbrT a'lf%uq 'néoPpo‘?%{t E'asﬂl%‘? 8@ AG. Bci. Paris
19997 of £152WiHich @reSAcarperateddtseia by tefermnicbe disoreactions @sydeseribed in

“Cat Asté%t I T?%%@gégs Bfm& hffishdt! m@ggdﬁ/ (8B MGbo27-

0) ar@f“Pﬁe@JWﬁde/’@p@Wméﬁ ésweﬁr'ﬁ'sgﬁ' eSSV FUB R Bhorshed
by Wiy Wdrayichbé @sBsi-ante9gi5aBNoda bibloghe868a3) sush aa a whole cell,

an ergzlygwlgl?l jﬁ é)ﬁé@érgllé’rﬁr)r asé:{a‘mre@%x?r?éfwo' e cell, an enzyne,

ree ext ract Prefe ?d .
cal?raf%r@ldscﬁalﬁs'fﬁ ese dhessyaryetetiic {raagfer Rydragenayge ﬁ’ﬁ{% ¥§ks which
are Gaicbystm WoOeN2078% WeEx0sI42648, iand WMDOZO4B9, which are herein
nd WD02/ 44111 which are herein 10

mcorpﬂr@qué%y f&f‘%ﬁ reference. Particularly preferred
t f'am‘ﬂda”mmf@@@%étanéf?r dw&gyga@na%tab'ﬁfés@eRtPOS?er&brRh or Ir

catal §ts &@ﬁ@ f Geefibédiéh WQBT/Z0TS0] WESE/426480 8ird 2006244111 which

comgﬁ;pl %'?1 aﬂqtl9h@@b§lft$g?&%%cg% n‘éﬁ,l \1\@5&; fo?%@wgfee ogponﬁlly substituted

ethylepe idiaTaine yiigendst anditeigandt Wirle e Séleé‘??ﬁdngoﬂnl @ﬁn@@“p REPrising
optlo‘ﬂail dandditnBd Gleutral éﬁin%%’bq@aﬁdé)mot hexagiblu p-oyaiepe)j ahd@ptionally

subs%wrediexgﬁs?'et'aéleeﬁﬁé o A BREIAT, " Cubst e

cycl opent adi en Ilgands Exanpl S |nclude

Ph~ N Ph Nk Ph 2 U~Y NCl =2 Ph'

NTs N Ire ~ NH NH L af

Espéeial| y red™#x eNR I'r

type es, [bed in W9 /3!) 89, W98/ 424 /H\amd
VW2 whi ch compt i 8% an opti ondPly sGbstit uted

20 di am ne ligand wherein at |east one nitrogen atom
of the optionally substituted dijam ne Iigand is
substituted w tth a group cont ai a chiral
parti cul arl ntai ni ngrsa
centre. pbst r Kans dr #gn

cata S @' océss of the &sen

i ni oprlhave the tah, Formul a: 25SHA, A’ /B

"' NH,

~.

Especially preferred are Ru, Rh or Ir catalysts of the type described in
WO097/20789, W098/42643, and W002/44111 which comprise an optionally substituted
diamine ligand wherein at least one nitrogen atom of the optionally substituted diamine
ligand is substituted with a group containing a chiral centre, particularly a sulphonyl group
containing a chiral centre.

Most preferred transfer hydrogenation catalysts for use in the process of the
present invention have the general formula:

/7 N\
\, /
7 N

R6

wherein:
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MY~ ~R6 wherein: WO 2004/ 024708 PCT/ GB2003/ 003982 6

R6 represents a neutral optionally substituted
whyanozardyl , a neutral optionally substit ut eRPCT/GB2003/003982

per hal ogenat ed hydrocarbyl, or an optionally

substituted cycl opentadi enyl |igand; A represents an

optionally substituted nitrogen; 5 B represents an

optionally substituted nitrogen, oxygen, sul phur or

PhRS REGLS.s a IﬁeﬁﬁﬂrS&%ﬂblﬁl §u6§tlﬂdféd7%y%@élrlbyl M neutral optionally

oS a i LR o e SRAD, b gy

ligarldasi ¢ |igand or a vacant site; provided that at |east

gnﬁ rShreforfté aﬁoﬁ?%l&%@ﬁst%té@ﬁ%géd"t ed nitrogen and the

stituen iral cen
or BVPHERSTtA @0 oRHaRRIY V snesifidia Aoasih s SUpRG; orfitosphorous:
| e&gtpresentot lihking gouparri es a hydrogen atom

Pr ﬁ/f fégge%ﬁts eﬁnéﬁ\gﬁ&%@)@ of ca%rﬁgtra'?'%r hyd%t‘gaﬂ% Pil\BYSd?S
c:( YrRESRATYS AEEBIRICYrHA. 2 RASICHIaRERRT VRGN SH and Ro

15 peaidedi thade pe tedenbhy of &poe Beodreprises o tsubstiliteg nitrogen and the
Sugﬁﬁétlidéh?ﬁ?éqé(tqéﬁﬁ %ﬁ@%hweg Qﬁﬁtr@laﬂgenat ed hydrocarbyl or

et er oc roup,
anerqr@@ dhat WB@% Y st Maeht It’%//eﬂ %dﬁ Ofg& (ﬂl?l glries a
dehjdrederf aonR9; and B represents -0-, -OH OR10, -S-,

_SEE é@%& g)%g%ﬁts 'Nlﬁi - Iﬂ’lllllR7 N&V R%}’-NRW\%EQT% 'R’ is H,

C(OR omaJR_%F@ B NGBRIER qmﬁﬁsy%ﬁleo LEENRSGRY, R and RS
each(md‘éBéﬁd@Ri«GrepFéb@n%Oaﬁrmbtlﬁﬂﬂlyeaﬂds;tlfumtemmbeartblyy perhalogenated

hydlfogﬁ'hgsc?rn o?ﬁcc){?%ﬂ;/ %@!lth dsﬁgférbgdﬂﬂ g;? L%y d{r“acﬂ“bé(ﬁd R are each

rocar
mdeﬁermntly Y By dagme o6 Barpup w6 dgfingslor RO B rapteseRis 6Oa;-OH. OR®,

GﬂQfSRﬁd-NR?PI-dGMIRF -Nymfbgmnwaﬂ NRPRUFp-RR-daf HPR'ERFavhere R"
s Hg%@)mu ¢@NRMR1 PRRERS, Bl=dRolsi: SOHENREOR", R

en ar € substrtuent, repreéesent
and b)R eaqhg, mdqa@endﬁmtly represgntsR1gn tp@{g)nakly | Mlt% hydrocarbyl

perr@m éﬁéte@ wtwcarb%oﬂ\/bm optivreile sastiuted\ herpssgsighgoup Nid R and

R %r&eéach H%Egﬂlg %ﬁ{) ﬂ@g\‘% é&fﬁm 'P_"ovﬁ(a@r@ at least

one Of ANRB3ORTIsES RSURSIHUTRY Niteogen an QWH%EW?FSIVQP{%M&%W R%,
R, RW RpfokRWﬂhbya{SI@B&tdrfetﬂhﬁél {eméfogar bylt per hal ogenalt ed
ocar an n, S (3 r
e A B L S e
H, G‘W@é}@aRorC(&))ng& as) NB?Rne@(ﬁNﬁf )ﬁ& An@(=zh!IR™)OR™, R and R

each Ehﬁ’d R&drtly- N‘Bl&'ents DR’ optiodQy- Mibistifuted W&!Q}‘B&r?gyl Oferhalogenated

N
indepandenitiy dygogdemr |y giosprassesiingd f@rrRormdoEnaewr?sents R NR™,
NHRUDSINR'Yt'ed Jﬁydnnt‘:’aﬂsz&her@ekhahsom&nm(@ Ry BoHF, by omR12R15
C(S 19%%68Q$B1Z)§ﬁdj égb@iﬁgﬁ Q}% 0Gyh &ﬁclgin%ggénaaenﬂy rep?esents
an optionally substituted hydrocarbyl, perhalogenated hydrocarbyl or an optionally
substituted heterocyclyl group, and R"™ and R are each independently hydrogen or a
group as defined for R'% provided that at least one of A or B comprises a substituted
nitrogen and the substituent, represented by R?, R®, R®, R®, R" or R", has at least one
chiral center.

Preferably, when either of A or B is present as a group represented by -NR'-,
-NHR’, NR'R?, -NR"-, -NHR"' or NR'™R'" wherein R® and R'" are as hereinbefore
defined, and where R” or R" is a group represented by C(O)NR’R'™, C(S)NR°R",



10

15

20

25

30

35

group as defined for R12; provided that at |east one

of A or B conprises a substituted 35 nitrogen and the
wG@aimsn47oent , represented by R7, R8, R9, R10, RIN/GBR003/003982

R12, has at |least one chiyal center. Preferably, when

either of A or Bis present as a group represented by

-NR -, -NHR7, NR7R8, -NR'-, -NHR11l or NR1OR11l wherein

R8 and R10 are as hereinbefore , C(S)NROR, defi ned,
C(=HR{)SREr e R=NR"*)BRL*,i s CHOINR'ER'S; e pCEIRIFRY, by C(= NR15)SR16 or

C(—ﬁ?@%&%%{’ |%t é&%ﬁtgf f@s c?? @E%%@/ 19%559% Ilg\ylgubstltuted

hyd ©oca @Fgﬁi@eﬁﬁted ORI GN qpﬁa'ea"atquéﬁ@tedoh@e@pyclyl group
havihg at @bgtom,ra%tm R16 is an optionally substituted
hy | d 7
opw%}égj%‘a}pp%{l% ?9‘%’?6}& %9 @Ys Sﬁ%ﬂ{lg’é/gréup ﬁé;reseated by -NR'-,
ReadR'BneNhi- raNHBenPér R’ W rﬁWeRer%ﬂS’l R’ @fer@s hereinbefore
defu@éd ad whefy REor R" aam Bty gralipaepres@e@ e nC@IRPyr -ONB)R', that R®

and R%HR?sr ghl;gsdﬁﬁnal J“Rég‘ﬁt%l#t%é\l%?bch (XN@%& mﬁ%ﬁt@%%@?oca%%l or an
optiprally substijyted rh@tﬂjo%@bﬂl gxuin: hayingyat-legsbore ahiral cgrdgir1Bxamples of
acylt ledup89 whithd nfdl2 bes rétesitédP 8l IRV spRY i indh@dd (R)-2-methyl-2-(4-

metﬁ%?*“em%tﬁé@ ipSiRFefRTarE %%RZW gREaRy; (Brgmety-26-

metheg/s2-nanl sdhtheapylcer(ﬁ'é? hy@soawﬁr(w tprophenylisthanpysupand  (R)-2-
mem{mgc@ FWW resent ed by R7 or Rl11 |ncI ude -
M t }/}Xbl en %1 E( hen ?et hano . a sulphonamide grou
(R)%n%?ﬁ‘é H s%ﬁy‘chﬁe 85"1?8?% P group
represgnted ke tMigl- NHR' N ri‘é'ﬁﬂht oy NRSERIAmierein R® and R™ are
as ﬁébj}h%ﬂ@@ﬁ@ﬂd@dz a((jr%l' Whtbﬁsr @?nR%EEQ%ﬁ%ﬂonyla Q)ubR)ep?esented by
et han . Mos
SR e S TR oM S I,
heécmees@dmrobgrbym an optigriily, suthPtR@d hef¢Rocyclyl prgRpIhaying at least
one N%ﬂa@ﬁljeeﬁ‘@?r ei Pre?@rréﬂ“%dﬁ%ng‘lr Qrod@ss hﬁél@dé" bf?lfR)r elu(7 ,7-dimethyl-2- .
oxo by BRI G tongy 18] ik e PgBlitolaz, Thept
-yllrmtme@plforwhal ly €iRe8) t ut ed-(RyetimetiyblHhydroxybicyclo[2.2.1]hept-1-
yl) niéﬂ-fbagﬁtelél?ﬁﬁylgt ﬁgt grm QR‘;‘” lbyl rqr(?atuuﬁethypﬂﬁyb%xyblcyclo[z2 1]hept-1-
VOEHRPEPIBERL o PREPER) 2d cul NG RV bapKERalieHstply 2 Inept-1-
yl)m@jhabegutformyldi net hy1S8,2S20 1-(7,7-dimethyl-2-hydroxybicyclo[2.2.1]hept-1-
yl)n@ﬁ%*ﬁ &Mﬁhﬁ s% 1- gd@erénﬁyu @fm Eé%'?ﬂé )-p-eltHaPsulfonyl, (2R) 1-
(6,640 é;pwg i]pgmgﬁfe s ﬁkg ]f gl (28) 1-(6,6-
d|méih(/IBLcyelcn{Brie‘t]lhgﬁt—.?zeria)wmmy\bnﬂyfohyi[ 2.2.1] hepR}- 1-(6,6-
dlmé!thglmégag@E%S’Hﬁépﬁ@(éne)lem&har% ulfony (1R 2R,5R 5-isopropyl-2-

metk}yl mﬁm[ﬁrﬁmypng rogybﬁ:glg\{) P%[lsoprop IBrﬁethylcyclohexansulfonyl
(1S, IS(SR)2—|sbprepyh-\,‘5l-méthwy¢¢lqubn$1yfohyj[2 2. 1] hept - 1-
?ecclé ﬁi@@é( |that(ti|1§ )ﬁg%lse n tuLe of A i d B W|ll 3% determined by

ydr o cyc
| or are coor: mated to the metal via a

whe;he; Mr}%q{éﬁref em y to the met
Ionelpe(nﬁof@lad:trnm hyl bi cycl o[ 3. 1. 1] hept - 2- ene) - 2- et hansul f on

8-10 12- 16
{5 BEERN e whily 1424 O fopresens, by gn oL ot oL R
mclude QI l, flk By,6alky yl and aryl groups, and any comblnatlon thereof, such as
aralldyl madj hgktatyi dyraxafPlelbdrizyk plpha-nestie)betzpetriddrityUgrioapy.| |

Rk ?wh may b‘i r%presenied by ne,or more %fs FST 1f0 oaHd R'216 1mclude

_ rret
"neaﬁam% Chs .aﬁ% @HW CQmpﬁ%@shym&y %.ﬁ NS @ﬁWCU'aHh om 1 to
7 cdritorSaftimsSR)d prafsmaplydfpyrh 12’fonﬁtcb5b|onyatd)mhe><\61hem ltheo a1, groups are
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30 (1 S, 2S,5R) 2-isopropyl -5-net hyl cycl ohexansul f onyl .

It will be recognised that the precise nature of A and
w@2milo470%2 det ermi ned by whet her A and/ or B aP&I/GB2003/003982
formally bonded to the nmetg@l or are coordinated to the

metal via a |lone pair of electrons. Hydrocar byl

groups which nmay be represented by one or nore of

R8"10 and R12"16, 35 include al kyl, al kenyl, alkynyl
branghéd &hd'gr@fp@@l‘én o@ﬁﬁbrléélwpctemb)l rahchza dhadr w:rbon sitorhs, gseferably

up tgrf%@%%%ﬁ&aﬁéﬁﬁ s d?z{ﬁaﬂf%{ﬁ%& n%ﬁ%qtﬁﬁ ﬁlkyl %roup may be cyclic,

commﬂntyn comprisig fepr 8stontlBdcasho rb Imﬁfflee lafeeﬁsﬂrig zﬂﬁ’él optionally
featlmr% ke dritRdrd %ﬁdglh%ﬁﬁ@é Eiéin@é@ﬂﬁéll@ﬂi gRJulsy Whithavig be represented
Hpr i sU r C
EE0e Rl Tl B S, S 20 T
CYCImQXN’BQFOWQEn t he al kyl groups are WD 2004/ 024708
PCMI@?«DQ.%QQW n%ybtbéi’?«ai?ﬁébntéd‘lﬁygiﬂéuﬁsnﬁréeﬁ R®" and R'2®

b
o SR el G- SRS B8k LR BB caropn coubl
bonesrinarli reenpresenthe ek plkegylogipurainapecatiyc e, or Ewigrostbgtituents,

parti%@lﬁﬁf/';ﬁié’rhgl Suedtisent)  1Bx&ApIBS NofabikEBy!| Qrobb@blhalgaés\hnyl styryl,
nd fUring one or nore bridgin
CVC"PhGH%Qa %P@Eﬁ#é’%‘r‘/ %-PBQJ%S whi ch may be 91

r ephlisgwhigeatips WlyichRgrayobe repRsented byrerieude mase tof|R*® and R™™
|nc|d%lteh(2l Qﬁd)Bb@fera@lymzAP)éhkyn?%rMbps 20t ot moFe Bé&bléh -adbon triple

bon&%ﬂp%ysiﬁgll @%rou %Po%n)i\ghag&d pazorlgwore substituents,

particnlatly @hemﬂ sab)stntwms pEgamplas lof alBgnyd gedupsrigtlude ethysy!, Piepyl and
pheﬁlvlet PQO - carbon double bonds may be present.
h I ken

carr or rmre sub t ;uents
(9P WHIC) THRERYI FRIESERIH denpRe © R S R omay
contalnk’enyg oy annmsore figdeddingeiwhyith mey ymopde cychelk&h@Qérwlheterocychc :

r|ng§ycé edri\'yé u QQ\ﬁI"Bh'err%r q%gr% re%'elﬁﬁéayﬁ BFOURSH W€ hnclude
pherﬁcmw R TRe i e eRRS b | YORSPhEYA| IO BgETY, anisy.

napltthg and fereecodr fronps. cBerthalogenated dyydivoady! @ayudsewhich may be
reprgéfﬁ&ﬂ) y orld'6r rﬁbr‘@’d'fﬁa 04 R”Wdﬁﬁ’éﬁd)ént‘ﬁﬂlﬁclgﬂe t5@|rrl%logenatted alkyl

sti1tuents, articul arl su sﬁ
and E8P BIQBS o4 Y n oGP ENRs. HefedtuGbtt Ry A S dpgkarh groups.
Exambs\df giehyatyjengiedugisyl gloups wirichu pey\vie mbremyteldeby R®"° and R'*"°
mcle%pbﬁse&tl%dan@Caﬂnﬁ or nore of R8"10 and R12-16nay

contain 1°xin Y or more fused s whi ch g
" nelRIBoS) BBRPR WHTChGY B Fepracenien b¥.Pie of prgigdf R*™ and R'21®

mdeﬁmdqﬁtlgmd)fdearmhatyr cafusatedh andh parmyllyhmsawated gingeystesns and may
comﬁﬁseup g% Eq)? m]og? Fudeh Vlﬂﬁ ﬁ/ﬂlcﬁ r?ﬁ‘% hﬂu&é":?’clloalkyl aryl or heterocyclic

rngs. H’%&aﬁt@rﬁgqumgb%g{]gqll c |g>gt Ieas,tlgﬁﬁtt}%qro%c ring, the largest of
whidhewifl @oemonlygtomppise fidar 81&d Dorgaton inwwhichcatridadt oge atgus is carbon

and \g?%%t%%&?ey aJBr% is g@ﬁ{;ﬁﬁ et §%r By %ﬁwﬂ{s dmﬁferg%cr?%%gpgm é:h may

Yie' hcl'udé pe
be rapigsaried By AARC L RSB ol PY K PYTalG dgheny, furanyl

indofyl, abiiniblyRrisoduinon,y imigazoyh s oxazblyg npip&ddigfi, morpholinyl and triazoyl
gro@grhal ogenat ed al kyl groups which may be represented

y R8"10 and R12-16 25 include - - C2F5 and
CaMérersanyeftReT oeRt R §r3<ﬁH5’§t'WﬁddeFﬁ§?rWé°'? lpiprosKsficgoup, the
subditueni@) stiourdbeswh $384slfotandddvigelyt Gffect the rate or stereoselectivety of
the reaction. Optional substituents include halogen, cyano, nitro, hydroxy, amino, imino,
thiol, acyl, hydrocarbyl, perhalogenated hydrocarbyl, heterocyclyl, hydrocarbyloxy, mono

or di-hydrocarbylamino, hydrocarbylthio, esters, carboxy, carbonates, amides, sulphonyl
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i ndependently include aromatic, saturated and
partially unsaturated ring systens and nay conprise 1
WO 20vg/opt702 or nore fused rings which may i ncl UPET/GB2003/003982
cycloal kyl, aryl or heterggyclic rings. The
heterocyclic group will contain at |east one
heterocyclic ring, the largest of 30 which wll
commonly conprise from3 to 7 ring atons in which at

and b@l@ﬁbnaﬂﬁ@o @rwpslvﬂneiahhﬁ@ hyaodadt droaps aﬂsﬂ@s defimed for ®iyabove.

One it org SUpfi K RS BB+ 75" A R, T oReh e BHech more

chirgbgentegs. , pyri mi dyl , pyrrol yl, thiophenyl, furanyl,
'ndMeyheut?éll leéu smwtéwlrwbsocamyd@zqadrhalag@mcvlhydrocarbyl

o o A O A A5 A4, B

Ilgarmls het erocyclic group, the substituent(s) should be

hén‘i’al?%uﬁ@tﬁutb@ aﬁﬁ“@é%'%@f ﬁﬁ?tbetrbﬁreééﬁtéd 8y R® may contain 1
Steéeose

ring 1o P G o UFerL e WD QRO B (7. O iegggy e fngs.
Prefenablyothei ligand comprises|a, 6 meyiberddyatomeatic byd., The rlng or rings of the aryl

liga eél‘éa&f%i\egl?és%@téwmﬂ‘?‘?‘@H:QﬁébrbyhQFo%bQCYmeY;*,ubstltutlon pattern and the

o oRs e 1 VB ey BPUSHE AR Ph A Eber g s, Present
but sfttérpfronyh B BbddaDiayl 208 stitaat GRROGBE AG0R@8ent, prefendbly 2 3or6

hydrBUérgi?lo?\%ggéjlj%gg rrﬁéfgspr%%tﬁy B ﬁﬁﬁo&ﬁfﬁiﬁ C{j?gﬁp%\é lt P%f@#?@ h@¢d@carbyl
SUb%‘Q‘e@F%s'Qﬁ'{‘de Rg‘e!m' aﬁg]yfﬂisol%mprﬁy '@Setﬁylcoﬂ?(ﬁp?fﬂﬁﬂ agaméhenyl
Particolady vatienr the argrigeed is dhsingie uing atheoljgaind rigpreferably benzene or a
subsgﬂﬁéé #e\?&% Wﬁérpﬁr\@rhg%d Wa BthtéﬁJ' @E&@@%?&oeﬂl@ypﬁ?éf&ébly itis a

onBﬂngﬂﬁ;qzq yegqmgtqupu@éwea(gﬁorg anzcﬂnﬁecw]exa{1 qoggcgl?]edgne When the .
hydr@p&rbplnabbgtltmemtstcﬁrmaledemryilorﬁemgaamtﬂow\hilasltermeb@ centres, it is

pref% red ‘F%@gné\% Eﬁneﬁ% élj\g!gtsradl téreo Eeal@rpu%flé’d foRis€of these are

usechetBEqngé%@ Eyrpyl g@sntqu_ﬂeefa Eﬁmetp% enqe&érﬁe&ﬁpﬁplp@egreferred :

ligaris6 menbered aromatic ring. The ring or rings of the

ar Bﬁnéﬂall?{h&ﬂﬂ uférdeal%rﬁﬁnigéﬁﬂ%sﬁhfcmlﬁ%/ Wﬁtr}ép %QB%WRIB include

Caoag @Bgtﬁr?fﬁéﬁlw)é Caizl PIkgREs, OrapusloRtENe® W‘tﬁfﬂrﬁféf?@&dt"ﬂi/ of ere carbon-
carbadrndmibleo boiids) geefpralyeaitly twb wdarladri-enbdr doullle thwnds. The carbon-

carngdd?%g%r tggrldﬁﬁﬂ.%s{)bt oltr)ﬁgw b8'c ngﬁat@g % %Erf‘e?%g?tupét (F §{/§1Q|1n¥ which

nor e pre era
mayh par aweambtgre@p@ref@r@é epp@agﬁ%rf@csﬁwoher e Glkenes or

cyclsalksidst aptise bulsstitited pesfenably with\Hydrocaybsatpsfituents. When the
alkeﬁ% 'FutaQ)Qn,y é}%ogfﬁ@ h%nda'ﬂ% gt}‘lﬁmﬂly subRtify 'E ?Jdtélﬁéﬂfﬁéé’nd"m% comprise

two ge@areteaaik%nege Rzeéerée%hydaocaé%ﬁibq LtHGé‘éﬁ 'Bé'Hg% Aethyhyfiby 1t igerpropyl
and|pr@agid  Esaraplee foh abigrenatsedstityide calieariyy ligarias eheluddcyclotocta-1,5-

dlenﬁ an§ c%ﬂ? gﬁﬁggﬁ?%ﬁg ag&glﬁtb%f%? B g% enﬁ‘emw é)refelﬁed
hy @rdieasgllyysubstitytadi @y@mﬁﬂ@d@awt @nonme Whichi B PP JeRiegeRied by R°
mcldiie@sdyelbﬁ@rﬁlﬁdlbﬁyl @%Up&&%pablé df ta-poeheing.e dhethgtlopastadienyl group

is 01?‘ ant ' g@?‘:{*‘&@e r%rpgqggﬂ{}/ dc%?ﬁg?ﬁ%%ﬁ? dr&% AbY \{Wﬁ Bftb %q'nydrocarbyl

groupss |anyl| ginge ahrGfGiﬁ@blhmytﬂhyﬁ bBYdreersbyr Qr%@ﬁem aqqu)'red hydrocarbyi
sub:ﬁﬁ@rﬁé rr@mdelmawn Ckhyl @At iphel] Wisnheé hydrb@bﬁlslﬂbsmhtents contain

enagth ands n\é\fhoe( mwzpé?%orﬁezncr gﬁeggg}s g)gefgéfe& @ éﬁ%ﬁtnorﬁ%@ﬂy and/or

dlasltﬁrgﬁlaﬁlmlly doforme roé thesenara-used. Examples of optionally substituted
cyclopentadienyl groups include cyclopentadienyl, pentamethyl-cyclopentadienyl,
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carbon doubl e bonds, preferably only two carbon-carbon

doubl e bonds. The carbon 25 carbon doubl e bonds may
wopionahd y be conjugated to ot her unsat urat edPGlEB2IUS/003982

which nmay be present, butgare preferably conjugated

to each other. The al kenes or cycl oal kenes may be

substituted preferably with hydrocarbyl substituents.

When the al kene has only one doubl e bond, the

pentaﬂﬁérgwblbw?r&s;@?iﬁt u&@gah*«emdpeh@mm MethyR&trapRdtREpentadienyl,
Separate al Kenes Preferre :
menl e P RERP e R bt hyl | oo en g Ete¥phonvicygopentadieny.
meniiiylsgioperiadiapyles of opemeptyicyclepaniadienyl.ed al kisghydroindenyl,
men{Hygé‘tPéiﬁ/gPdiﬁdég?B CyC'éhleCt a- 1né)mé5Ht Metram@iroindenyl | groups.
-norbor nadiene. Oycl.a: -1.5-di ene is especia

Pe“%’F@F'E’?‘?VQ Pe%ﬁ{j'ieaﬁéﬁ (%)egféwgﬁefe ureégd cycl opent ad}oenyl d

gr datals wihich mayybe eepregeried hyeM inglupe metals) whisk are capable of
catafy¥h Oﬁﬁﬁgfé}dh?dTMJT;erﬁaﬁiSMpstél‘@%ﬂ enddhis ehaiule RRNEIIBE - méts, more

T A M e e AT
iridiumy.dv\dhearthy megs isyuthepisineihis prefeeabiy presenitin yalonasrstate Il. When the
e ERERIR (AP RS PRSIV RS gl  nouts
OPUGTALY AP e PPCTSAN | TP he R Rtar Y SHSH et Belogenates
hydracatbyr ligéinds tied eierably present és valencd stape 8 wher®°tinian optionally

flRe@ PRI HcPRidryAlgata and/ or  di ast er eoneri cal 'y
SUbépt)'urle(?i ed %orrré f “hese are used

- anpl es, qf ,
opfIR 19)PUPSHENICH L MEY b%y@@&@ﬂieggﬁé:@l 'ngl.uafapgydﬂde, hydroxy,
hydrocarbyidey, dyyclagaeiylamtine apdl , halogen groups. Preferably when a halogen is -

- L | .
reprgﬁ}%%%eg%% q?%ﬁggﬁ?%é/v%érfﬁa fgegffcgg)g%gg or Ry?roc§rbylam|no A
groupeis IBRFRSRPIEdyRY dpdik Qb‘ﬁ@nma, gy 85% yfe étﬁf‘ﬁt&’n of the
hydrogary Honormatilidelalih thet reagtioeny| cycl opent adi enyl , :

ne t ' ;

o R ot SHIRAAD Mo rébeaBRE ), P waler £ oohols Cuc
Primagt PLAGERNSRNCBMRES: Ot yrreqany 4PRRIr iRy &hpresgAlyim the reaction
systamo reprefeyieddtasighigadieprbspyled diyotiissvaters

Pe j LS € j r r

NoyBE e R B ?éf%’f‘é?é%dmbis R St D ThE o orows €
achigygscA s&;tgblga:@ggqr@amn océtad]dygis,q)ga%/ i, gd¢w both A and B to bond or
coor’dydtal)tqaemamaal, MPr &faad iBegrenazin@henly tickeddibrdugh s it erahatoms. The

, b t ' Y, ,
atorfE b £2 ik A 2B WL B k) i T Bof SlboHRAR, (The Sbms in E
espeqiallythgptomseaiphane AeitBimaysbe liitked ie ArandiB.iinsyshe way gp jo form a
hetepscyBioing, Iprefetablyce ssttirtied ting, é«%qmlrﬁdu@r[yOa 56 al 7irsembered ring.
| A .

such B3P Wbl RS PR AR, Lrgh 57 Sopl Ak 308 & i
be cahancriamBy IPreferallynene Pamo ol tha SRrkPNAless lipking A and B will carry
subgtifuightd itthgam toﬁldo AfbeB.OsalBshtlﬂlllerit gBARE inditd hoss W?i@blnyay substitute

8 a wo
R, 80, B3 e A0V alhe e S5 S0ty St a8 eldled to be
groupsivdticheg netecoprtinaéa with B rgtaly M. nRrefateedrspgptitdents include halogen,
cyarity daitmsy.-su|phaﬁyl,h%rmgfybwgwog&u@ﬁqﬁard@akmmwhetecbcyclyl groups

r , [ I S
as JBREEIYE BT orge S Alerlin 81 € ity 8ol g phent aroups.
hy dMast arefgrabky AoendyRieee dinksd &ititwe cajberugtqnes, and especially an
optiérely thixbﬁﬁttﬁt_édbé‘th% mﬁi@@. %Wd Reahde ger iir_\k'e_d By 6w tctbtbon atoms,
(0] n 1 QN o | T
pref6EBly bt tafilotine balGen, Bl atE SniiRRka B inbsdE pitondibius inking
A and B meyecomnrise partef an aopwsitio os aliphatig cyalig gppupaaricarly a 5, 6 or 7-

merfiSsteN dAg Y Sabh Refhg iy b fuday db 086 br euie bitehisaéh fisgs. Particularly
present in the reaction
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system A preferred basic ligand represented by Y is
wat er. The groups A and B are connected by a |inking
w@e@y24208 The | i nking group E achieves a sui t di/6B2003/003982
conformation of A and B sqqas to allow both A and B to
bond or coordinate to the netal, M A and B are
comonly linked through 2, 3 or 4 atons. The 25 atons
in Elinking A and B may carry one or nore
prefemds bid erabddimeniadn WhifEE igprdsentses Rt aforh ke pata@é® and one or

, e . . nd B, in_such
T T e
E repegsgnigtad caibap atesn gepssatiancuiiel F9Merises ascysiopgntanerpeeysiphexane
ring/ dptidnallyFuséd & 4 pishying. Ibe fused to gng or I Im)rg ot heL

ri n_.the. I pkij W e carbon ..

RO AL b DMt i BB
cenfre.nKyhese Any s alb ohithel 2, 4 ansslinkénd A wedtB arensubstiiutacosp as to
defifiatiedst dRe s&tgﬁdebiﬂg 6?[1@! @u@‘ge omnabredst tﬁe{%@sﬁorﬂ@,: i€ pFe¥rred that

i e def i ne Qve vant ageous .an
ot B el Rlnp B0 oS Pe Rl ol BERT8G 1y Y aroum
or BahiWhen @t deast cer slichasterepspertificheenitst isl presentPiteis eadvadtageously
pres%H’lpiﬁLdntéiﬁmiﬁnSﬁB‘dllyggriflfé@s‘&ﬂ@.ﬂ, | Cyan?, dniht g o, ol .

sul phon roc , ~per enat e rocarh nd . .

het' 19t cf%ﬂrgsg%“g%gé" %Es'oglefe]nﬁe@’ aﬁ%@%e.nt I\%%'P Br f%r‘?aéa%on' it is
prefeiiiert that Belops natferrcpai oba kgrboyyliogpayp. and phenyl groups.

35 dﬂhﬁouﬁ&@fvﬂﬁ@bbﬁhbé @PFEsEntal Byl ﬁﬁ@,‘%ﬁﬁoh‘“@hi@@ﬁbp@{? may be
cor B T BRI H bt B R SO, Kok kltod +
amingadfesr blsy  shbstituted ottharoihoalkan-é¢ mish orsubstitutedar 8-aminoalkan-1-ols,
subﬁaﬁlhéé gtéh?iﬁgae"?én-%{&%, %H\ﬂ;ﬁ%cfé‘ﬂng tsiaﬁsQig('fceg F{Hglﬂqig&iﬂléeﬁéﬁgﬁi Substituted .
t-argeRlkan peals BPHe) Zeminogkan-2s AproabBtiulat-g aseikag-3-ol,
and rrbaw@quimjy bebdtitiged 2-amionethamolsroresudiskitateds Bedminoprgpanols, or are
subdRstbd Cla'ia%ihé!s,\’\%aﬂ?@ﬁé 0%&5&%&’%{1,‘%&%%0%&%%@% Sslr'gsﬁztuted 1,3-

. preferred are epbodinents | n C represen _
dianjingalanes &ﬁngéﬁ'g? SpsSiited . 8" 02,5 (sATINGAIKags @R pesrticularly
subsiituied ethalenedismineso furtberadubgtitated siminedleshobsr that rgayhie repsesented
by Aleip BRI sahGYRe® Q—anﬁnéé}@fo@éﬁ%@ls nd GBS @S- 8Minocyclohexanols,

seBar ation V\lfpﬁch [ofo) % s .a cycl opentane or _
preferaply durstiing P nafbr,mgcr)rﬁ‘tq Ridippineg dert 3y ke fsressgntedibyf\-E-B are
subsiitiieqdr ef, 2rdidrhipocyaigpentarss pamnd obulsstiade o uh2-diavihduyclehexanes,

t [ re. I
profyB85 ulgPion FREPRRE) WhEn oXRINGE 1o PR EnRAPAE rBloraby o
leastang gMminggrpyReis-sylphanates witn a shigal sHIPRPRY! groupy pregerahly camphor
sulpbmrwl.oﬁ'herlarr&?aﬂcdhblssm dignaings _ar}e_tsdbstitpl'eelf @ higdgdrneith aaubstitutent
t .0 I a

contg B a0l o e, SHEARARREEY e SRTIRESNE opBRhffks"tre aiso
substififeqd op e ildng gioupeBshiest 'ﬁ?\% eralkd greupy segeas a Gra-gliyl, and
partialady & agstio sgrpup dOatpeass ond alyng@op Seatidulariyes pieslyl group.

pu . -0- -

b RebioRiribies of Witbdind ERER S Be SbraBivedtl A% R e
protensided eeivalertairpanwhigh thgy mayibexdarived giedup. Conpounds

whi ch nay be represented by A-E-B, or fromwhich A-E-B

may be derived by deprotonation, are often

substituted am noal cohol s, including substituted 4- 15

am noal kan-1-ols, substituted 1-am noal kan-4-ol s,

substituted 3-am noal kan-1-ols, substituted

1- am noal kan-3-o0l s, and especially substituted

2-am noal kan-1-ol s, substituted 1-am noal kan-2-ols,

substi tuted 3-am noal kan-2-o0ls and substituted

2- am noal kan- 3-ol s,
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and particularly substituted 2-am noethanols or

substi tuted 3-am nopropanols, or are substituted
walp@aiozsss i ncl udi ng substituted 1, 4-di am noal R&NEs82003/003982

substituted 1,3 20 di am ngal kanes, especially

substituted 1,2- or 2,3- diam noal kanes and

particularly substituted ethyl enediam nes. Further

substi t ut ed am noal cohol s that may be represented by

A-E-B aF Dsti tat edy, 2- am pocycl opent anol s and

substjtu HZ ani nedycl ohex3ngl's, prefg bI y fus 0

a phgggl r| ng. %Ralt h&t dio ﬁuneﬁ*zthat e,

0,8~

rep nt ed E-B ar ubstit ut &N L
1, 2- m nocy pent ane nd subst &

1, 2- di 8mi nocycl chexanes, prefer y fused

phenyl ,[,‘({ ng, \Wen a diamne is represented by A E-

preferably(at |&%s CHt)ne a n hgroupr| N- sul phon
wi th e—chi r@l sglph yI ,NHprefer canphor

sul yl. T m noal ¢ or di agp-neEs-ar e PN
sub tut ed |troge%th a sututent
contai'si ng a chigal cen advantageousl y t

am noal cohol s or diam nes are al so “gubstitut edH on the
l'i nki ng rod,p E, by At | east one al kyl group, c as

a Cl -al )4—( and " rjartlc arty a mgthy ‘ group
e

at Ieaet“”oné> ar l)HN p, pa.rN | wlarly a Nyl

Spe o, CONRYUNLS whi ch,
repr nt ed b -B an prot it e oequ%uafﬂz%*
from which they rmy be derived are 2004/

PCT/ GB2003/ 003982 12 H3 CPh PhCHa Ph Ph H2N (10 ~H
OH 025 ~()—|028—HNNH 0S- N 02S HOH 0 O H3 HPh
Ph CH P OH >n-- o H2Np, 023-- OzS-N OH H 02S-

HO SNy 2ogNzr)—d4 OH OQH OH OH JPh P

Ph~%? S\WYiN TPy “OH, Qod™HN") - - OH QLN NH2 037\ 30

o)

S =802 : ,“H o, %)so o

F‘h Ph

NHz

6 > / SO HN
@J S0z 0H Z:t 2 \so OH
2

Ph

NH2 HN\’ 5
H so2 S0, OH
02

Preferably, the enantiomerically and/or diastereomerically purified forms of these
are used. Examples include (1R) 1-(7,7-dimethyl-2-oxobicyclo[2.2.1]hept-1-
yl)methanesulfonyl, (1S) 1-(7,7-dimethyl-2-oxobicyclo[2.2.1]hept-1-yl)methanesulfonyl,
(1R,28) 1-(7,7-dimethyl-2-hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (1R,2R) 1-(7,7-
dimethyl-2-hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (1S,2R) 1-(7,7-dimethyl-2-
hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (18,28) 1-(7,7-dimethyl-2-
hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl(2S)  1-(6,6-dimethylbicyclo[3.1.1]hept-2-
ene)-2-ethansulfonyl, (2R) 1-(6,6-dimethylbicyclo[3.1.1]hept-2-ene)-2-ethansuilfonyl, (2S)
1-(6,6-dimethylbicyclo[3.1.1]hept-2-ene)-2-methansulfonyl, (2R) 1-(6,6-



H30 H\ Ph Ph CH3 Ph~Ph H2ZN _ OH HN OH HN OH HN NH,

S /c~/\7\., YO OHHN OH ,,SO2 OH S2 ~CH SO SOz
W@R0048020%6- - PhuPh Ph>_ <Ph HN NHz HN HN NH, SPCT/6B2@B{003982
\S8 HN SOz OH Ph~Ph Ph_\H /\ Ph HN NH2 HN HN NH, \

p g HN S02 SO20H 6f2S> Preferably, the
enantionerically and/or diastereonerically purified
forms of these 5 are used. Exanples include (1 R

dme&%yl&%?l%[gngﬁﬁ%—z @neﬁiﬁf\g RébRy12- | ] heiR 2R 5R) 5-isopropyl-2-

methyllcyciohgxanswiemy - 21.% yc¥ 5P9rogylr%-ﬁgmwcypg9p?mng%§u and
(18,26f 5?{})2'45 rbéﬁﬂﬁ)&thylcyclohexansuIfonyl
é\&qﬁt pis ?/rggﬂ/h%:sr%[g%%? ﬂ?‘:‘*’? RY Sh Pl Zrd chddeRiuch tdt eeéRayst is

5 chlrald|VHerh§uchzs Hm@f@ygn gs}qnt@[ngrlgally]aﬁgm d@sggrgqm?rm% Ryyifieg form
|spré?é/r 1- (7, 7-di net hyl -

hy ro b' C e%l ﬁeet%%rt%djgﬁﬁ%éts Wﬂéﬁ%%%@%él@@d in thd process of

theph#dnbﬂw%m@ydﬁﬁF@ 2. 1]hept 1-yl ) met hanesul f onyl (2S)
1-(6,6-di nethyl bicyclo[3. 1. 1 ]hept-
en et hansul f onyl
1- 6neth | bi cyc .
yl, (29~ 1- (& 6-di net ylm
]hept goene

4o GB2083/ G039 di kY| bi€ycl of
1 - ené) - 2- nef han(Sul’f onyl , (1 RPR:5R)

ngy‘u -2- nethye Hoffexansul fony N'('zl S, 2S, 5R)

5 |sopropyl 2-met hyl cycl ohexansul fonyl, and (1

S, 2S,5R) 2-isopropyl -5-net hyl cycl ohexansul fonyl. Most
preferably, the natur A-E-B, R6 a are chosen
suc t the catalys o5 chiral . uch s the
case!l nantijorerical |y and/ opn_di asterneo [
purififed form
t hese s@%err

at al ststvhl
pro ssh',o re nti on i ncl u eRu\CI
6’ "~ "NH o Py NH,

One example of these especially preferred catalysts can be prepared by reacting
rhodium pentamethylcyclopentadiene dichloride dimer with (8)-N-camphorsulphonyl-
(S,S)-diphenylethylenediamine under the conditions described in Example 6 of
W098/42643 to give a catalyst of Formula:

*
‘, Nﬂz /CP
Rh .
Ph N/ \Cl Cp* = Pentamethylcyclopentadiene

. 1] hept - 2- ene) -2 et hansul f on

t he

m

10

15

Other examples of these especially preferred catalysts include chlororhodium-eta-
5-pentamethylcyclopentadienyl N-[(18,2S)-2-amino-1,2-diphenylethyl]-1-[(1R)-7,7-
dimethyl-2-oxobicyclo[2.2.1]hept-1-yl[Jmethanesulfonamide, chlororhodium-eta-5-

20 pentamethylcyclopentadienyl N-[(1 R,2R)-2-amino-1,2-diphenylethyl]-1-[(1R)-7,7-dimethyl-
2-oxobicyclof[2.2.1]hept-1-y[jmethanesulfonamide, chlororhodium-eta-5-
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s02 OO ZPh NOZLOOPhN Ph~CNHC SC Ph N2

Cl Ph2PhOO Lo SO2 so Ph 2 NOZ N\~CN NH2 10
won@402409| e of these especially preferred catedTH6EB2003/003982

can be prepared by reacting rhodium

pent anet hyl cycl opent adi ene di chloride diner with

(S) - N-canphor sul phonyl - (S, S) -di phenyl et hyl enedi am ne

under the conditions described in Exanple 6 of
penMﬁ%ﬁiyfb@@léﬁeﬁt@lehweNa{(’F&Rs’ -aiirel1, Baiphehqlethl/B-1€[$)S)-Fh-dimethyl-

Ic@gg%ﬁh Eh-et e STGEEt Y| cYe! OPENLARtFhSum-ota-5-
pen@w@m plpperpia@ﬁ@ylr@d Ra2R)-3raminor nﬁ%ﬂni@nylethyl] 1-[(18)-7,7-dimethyl-
2-0 rélémlﬁoqhéﬂmeyl}ineéﬁarﬁﬁﬂﬁ?ﬂ%l@é” cycl ?pent adi enplorhbdidrh-eta-5-
Ip

peni@eiisyPEBU BB, o1 of S0 SH A TRoLF SBhRANEb Y JR A7 7
ey o opableoiE A Shavi-Hir BB g | naR e - 5-
peniéln{e&riyldix’claﬁéntaduammo 1, Re[chispreyvh@inby , b-dibhkbylethyl]-1-[(1R,2S)-7,7-

dimGhi 2o BB IIY0%.2 1 1hgRt - F N ARSHIRNATS o Cpgrorhodium-eta:5-
pentame@rydnyhlcﬂemjﬁdlemd 5 WO\ 034292 anmorci-dEBeoveihgtddats,2R)-7,7-
dimétf I@eﬁyd?é@bl%yblﬁm g] Eﬂg{?&b‘énéﬁu&&rﬂamlde chlororhodium-eta-5-

%ne?yifyalp%l? ﬁg;lphﬁz o %%{%L@ L{ 3. diphenylethyl}-1-[(18,28)-7,7-
dlm¢thrdra hydrguypiegclbiRriz Slbeplehylimetbanashifenasnidedi umckliogorBodium-eta-5-
peni%%ft@re? IBMér%&lleﬁﬂent aONiF(ﬂR' 2R)d-4rhino-1 2—d|phenylethyl] -14(1R,2R)-7,7-
dlm%’lyg @yd&q% 99[222 ?]Ihgpt-{1 ylﬁmetngnésufjfor{agm chlororhodium-eta-5-
pentamethylcyclopentadienyl N-[(1R,2R)-2-amino-1,2-diphenylethyl]-1-[(1R,2S)-7,7-
dimethyl-2-hydroxybicyclo[2.2.1]hept-1-ylmethanesulfonamide, chlororhodium-eta-5-
pentamethylcyclopentadienyl N-[(1R,2R)-2-amino-1,2-diphenylethyl]-1-[(1S8,2R)-7,7-
dimethyl-2-hydroxybicyclo[2.2.1]hept-1-yllmethanesulfonamide, and chlororhodium-eta-5-
pentamethylcyclopentadienyl N-[(1R,2R)-2-amino-1,2-diphenylethyl]-1-{(1S,2S8)-7,7-
dimethyl-2-hydroxybicyclo[2.2.1]hept-1-ylJmethanesulfonamide.

The reduction reaction may optionally be carried out under biphasic conditions and
is preferably carried out in the absence of oxygen, for example under a nitrogen
atmosphere. The preferred temperature range for this reaction is -30 to 90°C, especially
0 to 50°C.

When X is S, preferred compounds of Formula (2), including compounds of

Formula (8):
o 0

S 5
@/U\/U\OR

Formula (8)

where R® is optionally substituted Cy_salkyl.

may be prepared by reacting 2-acetyl thiophene with a dialkyl carbonate, more
preferably diethyl carbonate, in the presence of a base preferably an alkali salt of the alkyl
salt corresponding to the dialkylcarbonate (eg sodium ethoxide if the dialkyl carbonate is
diethyl carbonate), a non-nucleophilic base such as NaOtBu, KOtBu, LiOtBu, lithium
diisopropylamide, Na, K or Li hexamethyldisylazide, Na in liquid ammonia, sodamide or an
amine base with an activating Lewis acid (eg triethylamine with a Mg salt). Especially
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2- oxobi cycl o[ 2. 2. 1] hept - 1-yl ] met hanesul f onam de,

chl ororhodiumeta-5 5 pentanet hyl cycl opent adi enyl
WORED243982S) - 2- am no- 1, 2- di phenyl et hyl ] -1-[ (1 PCT/GB2003/003982

R 2R)-7,7- dinethyl-2-hydrgxybicyclo[2.2. 1 Jhept-1

-yl ] et hanesul f onani de, chI or or hodi unm et a- 5-

pent anet hyl cycl opent adi enyl N-[(1

S, 2S) - 2-am no- 1, 2-di phenylethyl]-1-[(1 R, 2S)-7, 7-
prefeir6® basds-ate RydHde s, ?‘a}h@ﬂaﬁrly&‘odwni &vide Bnd non-nucleophilic bases,

sul f onam chl or or hodi um et a- 5-
partgé 'm ‘cycl opent adi enyl [
S, R)s prefanably opticnadly pulkstijiited ﬁwafkynar[ck aspscially ethyl7 10
di mhthdmp%dﬁMdéfoFWﬁhLﬁé’QBPisztr%m prerpabiyt redldsRt bRne stekddgdpecific

red‘ffzﬂ? aﬁ»?& Cgl}:'boar?gé{bggg,htg?&l%g%qmpound of Formula (9):
N-[ (1S, 2S)-2-am no-1, 2-di p ﬁ_gyl ethyl]-1-[ (1S, 2S)-7, 7-
2

di met hyl - 2- hydroxyblcyclo[ 1]hept 1
-yl ] met hanesul f onam de@%«e‘p‘h@ﬁl um et a- 5-
pent anmet hyl cycl opent adi N[(1

R 2R) - 2- am no- 1, 2- di phenyl et hyl1-1-[(1 R 2R)-7, 7-

di met hyl - 2- hydr oxybi cycl % U@/ ] hept -1

-yl ] met hanesul f onam de, chI ororhodiumeta-5 15

PeRjrRERNK EVdesensd abveny! N-[(1

5 | ﬁg)ptﬂlzmlgg}q%gtgé§gr:nggﬁqn%%§gog%ya (]2) N g’teg ’(g)s)ﬁe?y U6 carried ot by
any Jnveps kKaewn jmtbe laeinesul f onani de, chl or or hodi um et a- 5-

perﬁr@f@?ébﬂb’ fepC a?%?ﬂﬁ@ﬁf&.@% |s’\be£r€élfmed |n the resence of any organic
SoNghFRR I TR OB MYD U REe uateR e Faleatiqrploved.
Polaraaprotis, sclvehts lare espéciallyuiavedrad.5-Examples of suitable solvents include
tolu@&f‘??%%%hﬁaﬁ | RBEAAE] B anbrelels

di Eﬁ ) og]tqﬁ,laygﬁ?&lg?la?%%g& hfgrﬂed ou gn the temz)era’ture raznoge of from

-20"p1tep50‘3[3 yipreggratenasyinf tbe fempieatuErange diftein e 10°CatadOD YR
=4 Id&%’f‘fﬂé o@@sscléraﬁ%/ %&Jsl néﬂ@\i/e@'t@ﬁl%%bé?d tohat least 90% and

0] ns an r arri e out
morsﬁﬁmége&vsw I 93% CORLETRIBY 1o & FRIBPOW 1A ),
at m‘msplamtlen tineeofpster éa)rafdhe pmparsad)fuhe seam’rg;baépmct ofthe invention

will B@ | Q! mb%P of ﬁac%?g: f ?éf?%ﬁ;?__l@ltﬁé’ § WéefF\eXelatlve
pre rre oun or Eormul
am%%@dﬁ%ﬂ?"&? EFBV ¢ e catglygipge r@§" &S’ cggamcularly

the vdzetien fémpesatorgt iTypizhl mas&dnsttmdwtr@ﬂﬁbn&altlkqfeagafmwdmelon times,
ran@eg1 ﬁ'gﬁr??nim‘ce "§3%bh r}g)fugsr, g@fﬁt %gcﬁd?\' BERE sWhirlhited ﬁlii:' @lhEMljs being

rbonate, nore pre I et h car bonat e,
conppdsence of a base preferably an aI kali salt of the
al kyhen, srabtpreferree ephodingnt bbthieHevetitiah kydecofr Roarad R? [selg and the

t
on g ATV 4 6 P RRS Loy o 2
withethyjamineex Bu, | t hi um 35 di i sopropyl ani de, Na, K or
Li |hne>paﬁe;ntay|w:r@‘girea ittt thé\eorhound @l iFdrraaem@) and methylamine are

boti??\%gmé ide In?élth%Fﬁ sf?\g\e“& ﬁ&ﬁﬁa‘%‘s%gg activating Lew s

alt). Especiall o
2oo°4p(¢iermssqd*@nt SEYleRfonsEpe®) comppsast wateé@nsa%é@?/eaﬂr@mrsmble
solveyit] esskeisiipltdlsenepar t i cul arly sodi um hydri de and

nonl'h%%!h?c‘ﬁeﬂiok {h% &ﬂ?p%%md of %Hu?éjlﬁm yte;'}l"i’tg rﬁgy be carried out using
any suitable method known in the art. These methods include reduction by: lithium
aluminium hydride, di-iso-butylaluminium hydride, lithium borohydride, lithium borohydride
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R5 is preferably optionally substituted Cl-al kyl and
especially ethyl. The conpound of Fornula (8) is then
wee@heeam y reduced by a stereospecific 5 redeCr/Gengo3/003982
as descri bed above, to gi a conmpound of Forrmula (9):
OHO OS OR Fornula (9) 0O where R5 is as described
above. The am dation of the conpound of Fornmula (2) in
step (a) may be carried out by any nmeans known in the

withafriethaiok f etédHolboRireP of Bordife bheofiuaT &BoHyaride (Hréferadfy with an
acti\'éa{riinégggrﬂ;sglfﬁs%%%gh%&ﬁ?% gbgﬁ‘q-l %Mﬁ{éb %Ehc#}%r%l“ or éOClz

r edtjefetablie rpslustien of the CPmpavncbsf &prreulgomemnséemv(@ is by lithium
amm,gmacc}ﬁulnkjy f avour ed Exanpl es of suitabl e soI vent s

anc 8 ), & o Ui REMMGR VBT =R Slenf gy oreferabiy

perf@emed adhe presence B ame Afganigtsoivent emgixtuse orf pfgﬂmc s@\@nisowhich is
unrdtite td@4Es pthef féragbht‘ﬁ ér‘ﬁcflbi?@i t eEReREIes!IdT §I8RBR 8blvértdThclude

h
olugl RS ST RET rRam . RS edarelogosighlle and
dlm%ylfﬁﬁméﬁmahtf@@wgﬁlf% istespecially faBrebnversion to a

STy opfheﬁﬁbﬂéﬂsas b?@feraﬂ_b 9eﬁ@rﬁi‘éd' iR l’dhé bHSg?en@é oﬁb%e(‘n axygen

m%f’? PSR 3 Samile a7 eSO racel gosrPeBali feSehdhroush the

reagtigngwxtureconcent rations, the relative anounts of

rem@mfb; of i r@éeesg%bg/aoeoéar@eoc&k@huértred&m prasdiire. of

en nd articul ar
t o et T5asoRd) SSPESLH B MYERIGN I (PraBERblY GAiee out n the
tempﬁetw@mmofmm +308@ to |15‘é°§ argbmoemnpreferalolyninl the teatperatare range
offrgg,%o@wy@cwth react| on times of 5 m nutes to 6

conmon. in a red e
of S 151 e PETEESS 0t s Sacpnd b G i eblian s Admniageously
allowsd e tohadeedt theat ©asipIQ%) cqnverdsonadhd, rrwermre&eeably ¢act ileayt 95%
Co e bRl TP " e gﬁt pound of Formi o
0oyt Hanligteas Sieb T topaosss QORaSPoRNd #AaEL Hidhe pvention
will depegideonoa nuriber ph &estors,yfst example thieefeageetdcambnteations, the relative
am%&t&%éﬁ tssél?cfpéﬁ):ulﬁmf'e'éaﬁﬁoﬂﬁéﬁ}ie%ﬂﬁe T}Q’Efcﬁlrr actlon tlmes in

especi uene
addl(gpn Itq]&ecwsﬁh%&gtforpwpﬁ%rgnqqg rgmn1 g@lrélbte( B) >pu15% W|th reactlon
timesaf Rihedrsdaé8usurgpeidbcanyos.ui t abl e met hod known in the

arta T&%ﬁ@ ehPSf e lreggMCf\\/Qﬁh&ﬂy rdvld%g'éjgﬁrocess for the
al um n|um | | SO- B umnluﬁw
preRarataN G SOTHR Pﬁ%ormU#% ﬂphm borohydrl de VO

2004/ 024708 PCT/ GB2003/003982 16 with net hanol,

cat echol borane or borane ogH sodi um bor ohydri de
preferably with an acisyvaling_agent such as ethanol,
CH3S2H, H2SO4, pyridijpe] net ha Hs Ti A 4 or CoCl2.
Preferably reduction o he conpound of Fornula (3) in
step (b) is by lithium Formula (10)

which comprises the steps:

(a) reacting a compound of Formula (9):
OH O

s 5
@)\/U\OR

Formula (9)
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alum nium hydride. 5 Step (b) of the process can be

perfornmed w thout any solvent but is preferably
wp@esohoe4te’l i n the presence of any organi ¢ sol vBCI/GBR003/003982

m xture of organic sol ventg which is unreactive

towards the reagents enployed. Exanples of suitable

sol vents include toluene, nethanol, hexane,

tetrahydrofuran, ethylacetate, octanol, acetonitrile
wheaa R® |didmbha{llyf suibstitutete C, Jatkyl awitldl modthylamiries toe glveca alohyound of
Rxﬁﬁ%??ﬁ 10 Step (b) of the process is preferably

ned in the absence of oxygen. Oxygen may be

excluded by, for exanple, passing an inert gas,

especially nitrogen, throufh the reaction mxture.

Step (b) of the processS ﬁ i ed out under

reduced pressure. Ste \ (p) of the Second aspect of the

invention is preferably carried out in the 15

tenperature range of frdRrMBETlb 150C and nore
andpreferably in the tenperature range of from10C to

(b) r%ﬁgclngﬁfh E‘g)rc])uﬁrg og E&nﬂ{lé) é\ji?o 5iﬁve {hg%oﬁﬁc;ﬁgﬂéj oiaﬁér)rgr@}éae@fo ‘o
at Thea)gfefe@ed/&ez,d@ma@f i P i lrﬂwr@ abrainiin pydy Idteo at
I eansmo%ﬁfefeﬁfaavaﬁmmmentt F the BA¥BALIATEMon PVt Aa (pldcess for the

pregagatlo a%%ﬁntcotogggg rnﬂfla gﬁofp (b) .Of the process of the

&Lond e | nv ion wll depend on a
nunber of factors, for exanple the reagent
concentrations, the relati Q& anmounts of reagents and
particularly the reactj k re. Typica
reaction tines, in adgifion to thé reagent addition
ti mes, range fron11 mnute to 200 hours, with reaction
times of 2 hours to 48 Huuwmyledddhg comon. 25 A
preferred enbodi nent of the present invention provides
whi $ ocess for t he preparation of a conpound of
4 / NHCH3 C S Fornmula (10) 30 which
0] mmtﬁtmg asaqehétfmrépse t¢ give theagomnegng of bema.ka B)of
Formula (9): OHO ORS GCs Formula (9) WO 2004/ 024708
PCT/ GB2003/ 003982 17 whereQ R5Qi s optionally

substituted Cl1_8al kyl , t %ganine to give a
conpound of Formula (AL)/

Formula (8)
where R® is optionally substituted C,.salkyl;

(i) reducing the compound of Formula (8) to give the compound of Formula (9):

OH O

s
X_)/l\¢JLoﬁ

Formula (9)
where R® is optionally substituted C,.salkyl;

(iii) reacting a compound of Formula (9) with methylamine to give a compound of
Formula (11):
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OH 0O \S NHCH3 5 Fornmula (11) and (b) reducing the
conpound of Formula (11) to give the conpound of
wo-o00at4108 10) . The preferred reductant in stepCl/GB2003/003982
l'ithium al um ni um hydride,_ A nore preferred enbodi nent
of the present invention Eﬁovi des a process for the
10 preparation of a conpound of Formula (10): OH \S/
NHCH3 Formul a (10) 15 which conprises the steps: (i)
acetylating 2-acetyl thio to give the conmpound of
Formula (8): o O ORS_s ockul aH(8) 20 where RS is
optionally substitute _8al kﬂ; (ii1) reducing the
compound of Formula ( to give! the conpound of
Formula (9): OH O OW €omaflafonnula (9) where R5 is
optionally substituted Cl1.8alkyl; 30 (iii) reacting a
conpound of Formula (9) with nethylamne to give a
and conpound of Formula (11): WO 2004/ 024708

(iv) réeldiigRRO @3MPeFRBEF Fokdu@H19 i th&FBTZpbbnd:@frFm{hﬂlat((ld).

an . Cl. b C nd .0 r 0

o 7St SO e S g e a3 e oty

st Ageording te @ fouith aspectael hesioyeren there igsrpyideder egmpound of
Fornﬁh@(&?asﬂéw&ﬁb@%.t o a fourth aspect of the invention

t h%rp?efef?'reg E‘o’%bgﬁr‘ﬁdsaof%%%&%'@) leand X are as preferred in the first aspect
of the invention.

A preferred compound of Formula (3) is of Formula (12):

OR @ .
X 2
WT/
R

(G),
Formula (12)

A more preferred compound of Formula (3) is of Formula (11).

Many of the compounds of Formulae (1) to (12) may exist in the form of a salt.
These salts are included within the scope of the present inventions.

The compounds of Formulae (1) to (12) may be converted to the salt form using
known techniques.

The compounds of Formulae (1) to (12) may exist in tautomeric forms other than
those shown in this specification. These tautomers are also included within the scope of
the present inventions.

The invention will now be illustrated, without limitation, by the following examples.

Example 1

Stage 1
Preparation of ethyl-3-oxo 3-(2-thiophenyl) propanoate

o 0
S

\ / OEt
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Formul a (3) as defined above. In preferred conpounds

of Formula (3) Rand X are as preferred in the first
w@2en24708.0 of the invention. A preferred conpPCrGBRG03/003982

Formula (3) is of Formula;§12): OROXR2 (G" RL

Formula (12) 15 A nore preferred conmpound of Fornul a

(3) is of Fornmula (11). Many of the conpounds of

Forrmulae (1) to (12) may exist in the formof a salt.

ThSé@iu?aMdﬁdél{(_@O%Mép#;ﬁén WM Hrivighaltdie 1eg@,pz:5|qﬁo|§ s washed with
rese invent i : e . conpoun
an RS R Rern B s il IS T RETERED Rinchhait 86 vl shperature
Anhydsaibmfetfabydrofitan CEHpoiAB M Waschemladdeq with glining folleupd by 2-
acetﬁﬁhiébgépdeéc(ﬁg@gg{[@ssn ﬁloi_l)chhﬁ BEhr&\& THI @310 rhh @l%@r §érm}bfizo minutes.
I S. [ i pn. ese agtonmer § L SQ |
The yRadlioR TTHTS Ste o WERECoIeCReRt AGED: DiLfes AEA Sroonate
(305immér2 5 ool BhhystsousHBHF (6@’ miavasdaddertayste Heriad oAt ingur. After
an agé(itiérﬁlﬂ h?@thé’%d&g?ﬁ*ﬂl iiﬁ’fles &vas ce?%@gﬁ? ﬁ@bﬁqdenoﬁbagﬁthhater (475 ml)
epar ation. 0 - 3- ox0,3-( 2-t.hi ophenyl.
and glagaGesoteti g 46V 53 SR od "eET AR BB F B is ZEgfLfes and
thenSgatimed thyrdeindempeGiurei sPwr elgenicilayeriwasr sgpasated apdale aqueous
Iayelrzﬂwés @%Qg}é’@ﬁiﬁw\’t@ﬁﬁﬁé’c&éttb h3 xa00MA.OThRe B@Pﬁ@{h@d (ofgai@ 8Rracts were
[ ge .mosphey.e ropmtenperat ure.

wasfeghylih f0e; @ x ARYAPr GRER Ak o0 h EpP GERElL i der reauce
presautedd give tife tittei compoynd ak lacmede dark 2range ilyn 98%i yigith 6242.89).

(136 M, 1.25 nol) in anhydrous THF (340 m) over

period of 20 mnutes. 5 The reaction m xture was then
Stadget med to 35C. After 30 minutes diet hyl carbonate
Prepa8diionof athyl-2(S)-mmlirdxyi 3(Zathioptemd)prdpdnodB60 nl ) was

added over a period of 1 hour. After an additional

hour the reaction mxture was gooled to -10C, quenched

with water (475 m) and gllaci il acetic acid (145 m)

was added. The mixture sirrad for 20 m nutes and

then warned to roomte rature. The organic |ayer was

separated and the aqueous 10 | ayer was extracted with
ethyl acetate (3 x 200 m). The conbi ned organic

o R A SR 0 i 1, S48 o) n
<S>—N-&a@pb%rswﬁeorm'-é$5—5‘&%% Vigacderane 45 koor GG o) were
stirrechin A% (Bi7 &I5dnlj 24U C3g)der nitrogen to form a catalytic solution.

Ethyl-3-oxo 3-(2-thiophenyl) propanoate (300 g, 1.513 mol, from stage 1) was
stirred in THF (378.5 ml) at 10°C and sparged with nitrogen at a rate of 1.2 Lmin™. A
portion of the catalytic solution (78.5 ml) was added, and a mixture of formic acid and
triethylamine in a molar ratio of 5:2 (327.1 g) was charged at a rate of 52.1 mihr". Further
portions of the catalytic solution (75 ml) were added every 1.5 hr. After the reaction had
been shown to have gone to completion by GC, after about 24 hours, saturated aqueous
sodium hydrogen carbonate solution (1 L) was added at room temperature to quench the
reaction. The aqueous layer was extracted with toluene (400 mi). The combined organic
layers were washed with brine (400 ml, 10 % w/w solution) and dried over anhydrous
sodium sulphate. The organic solution was concentrated under reduced pressure to give
a dark brown oil in 97.5% yield (295.4 g).
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Stage 2 15 Preparation of ethyl-3-(S)-hydroxy
3-(2-thi ophenyl) propancate OH 0 \S / OEt 20 Rhodi um
w@eontarsddyl cycl opent adi ene di chl ori de di mer (RCB@82009/003982
0. 0030 nol) and 2
(S) - N-canphor sul phonyl - (S, %) - di phenyl et hyl enedi am ne
(2.582 g, 0.0061 nol) were stirred in THF (378.5 m)
at 0C under nitrogen to forma catal ytic sol ution.
Stadetdyl - 3- oxo 3-(2-thi ophenyl) propanoate (300 g, 1.513
) ) AD C

%@ Iss-ﬁfoﬂﬁ ooo 5 i§5 m) at

ar g at a rate .2 Lmin'.
A 25 portion of the catal ti%solution (78.5 m) was
added, and a m xture ofsfo T @ acid and tri et hyl am ne
in a nmolar ratio of 5:

ghvavas charged at a
rate of 52.1 mhr'. Fu er portions of the catalytic

solution (75 mM) were added every 1.5 hr. After the

reacti d, been 0 t 9. have gone conpletion b

oKy Slsl Bt S BmPRen s e Ea s Tagastie ) was
dissblyeld ogiiveoar(@thate Tolthis,i amadueolj nvedisylamghedscdutiond6rs ml, 40 %
’w/w} &P 88 it Etﬂrigé‘ggélb_ F%‘rﬁ’od?’& 155ambiedt rddiR t@fp&@tRe. Once the

ayer was extra tol uene,. (400 m ). The .
rea eﬁﬁﬁﬂsan%%%qmwet% N wea%sgﬁgréwaw%% angLthe fyganic layer
wasrﬂapgm(ﬂedJ/cfrwan\thsmqmebm])ayand.Szhiti(éOIO @evasaaﬂ@edrfouﬂae aqueous layer
whictO LS gkﬂhgédfwitﬁ Q‘%PFHp?PéHe_@até e3bb 4. WP 6RRAREErBLE @nd the
reduce e r

origisglfjgrr%amcepuer( rge_ez:%é)b_lnegg |_yogoﬁpg%4mgrg edOIaLdltpne resulting
susOS0GRE0S]INRA3BB 20 rAiduistadhelmRtueg araatfilieredoénd silica (250 g) was

- —h < irfed fo i PP RETN q{éq,{g
aga%_é@e\dsé(ﬁl‘l\ﬂﬁg n@&tﬁﬁwék 3%1{;%)%@%2? (0)74 BéS)( EB ﬁg?o hengl red.  The
resyfingirohdan éva(smcaﬁ,tr%%w aa@vczsi PrgssUrefoudiv QRSP krystals (905
g, 36 o4)usniee pedbct ). To this, an aqueous net hyl am ne

solution (675 m, 40 % "ww was added with stirring

over a period of 15 m nutes at room tenperature. Once
Staget  reaction had gone to conpletion after 1 hour,
Pregethtict of §8)-3vas-neethyd pamimp di -(hthiopheramiptopaay ol 10 was

separated fromthe aqueous layer. Salt (100 g) was

added to the aqueous | ayer gunwhi ch was then extracted

with isopropyl acetate §2x300 gl). The organic

extracts and the origing orgafhi¥e | ayer were

conmbi ned. Silica (250 was added and the resulting

suspensi on was stirred for 20 m nutes. The m xture was

| GBI E] {EReBhalE B o0 Bsoneo
anhydrpuse e, (3RRan!)1 Bneesshifregeny With| siirmingn \lea§0|ét'w1t@ﬁgimr@cﬁluminium
hyd#de 848 dH ABTInPTIES SkHsCaddbdatViRted i §ep(C thestetlpRratBié. Eonstant at
50°8: erq/()allatﬁetllrt]ﬁu%r glﬂ%r%mm%yadgge %olution had been added the reaction
mixture was held at 50°C for 50 minutes. The mixiure was then cooled to -10°C and
isopropanol (100 ml) was slowly added. A saturated sodium sulphate solution (310 ml)
was then added and the mixture was filtered. The filter residues were washed with ethyl
acetate (2x100 ml) and the aqueous layer was separated. The organic layer was washed
with saturated brine (2x100 ml) and then dried over sodium sulphate. The organic
solution was then concentrated under reduced pressure to give a dark orange oil (65 g, 88
%). Solvating the oil in toluene and stirring at 0°C overnight gave crystals as the final
product that were filtered and dried on the filter.
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Preparation of (S)-3-(N-nethyl) am no 1-(2-thiophenyl)
propan-1-ol 20 OH S NHMe 3-(S)-Hydroxy-N nethyl

w@2q02/0410phenyl ) propanam de (80g) was di ssol REHGBR003/003982
anhydrous THE (320n1) unde2r1 nitrogen with stirring. A
solution of lithiumalumnium25 hydride (648nl, 1 M
in THE was added at rate that kept the tenperature
constant at 50C. Wen all the lithium alum nium

Exahiptr2 de sol ution had been added the reaction mxture
was held at 50C for 50 mnutes. The m xture was then

cool ed to -10C and |soropanol (100 m) was slowy

..... et 138 B ate by bididdicatiraduction of

ethv]!\IaT“oxIJ Bqa-tmdﬂl@éﬂwﬁ%éﬁ@af@ xture S L | tgged The

i r e wa t a t

(o ot R it o SE NN ek Andiry e 2 BT Bz, Liauia
cultigpg aiere Preppesd hmsnwmlag a eingle codanyrfavrech plateinté BOD@f sterile
growth)médisnt doBistifd ®F (sereh tre??@!tu%@esylb@?aie%% B?f?ac,qr(ggﬁ tface metal
sonafgh LR Vi, Aur BBRERY 2685 (2058 (UOGH (Bbehnifasts 7H:0
(0.2g) and; FeGlo(Q@fragkind 250mirhafitedaiask C Follewing g4h gyawth at 28°C on an
orbitel ¥t5ekal, shéselfefd Radesttl B9 %htrl,t@?r{%%ﬁ(ﬁ)(f bt €5refd Afftes and

o Bol BTyl Frrsisayiies Mesmhar B 1 hagatite inyfep ot 7.5. The cel
SUS@nthh -y sprthifugedxgs 3bows, t the cpipermalant plisgasdeaintiad ke cell pellet
resuBpétdediig sl ro?%bb&fé S’uﬁeretWEd@t'tBﬁQ werd i %c%’ Bgef Ladition of
anoate Yeast ure rown on
omi Bf GRS SI08.49 5B o5l 259S Bufer conEIES 4l iphELandkACu of ethyl-
3- oxpr%@gh@ghwm momnofate figmeEEx@mple € stageonyThe oghisawdrk didRibated for
t ro
24h l ét rQsed)\?’!‘:;fn 8@ éﬁbﬁﬁl sg\)zk&xe‘%;gmgﬁﬂ gig’t &?gﬁé-ﬁ%@% of. ‘mt?%?;henyl)
propgROiE s TP TS DISPENNG 170 ) ChaRpeLNOD | ERTIEG0R g 4K om
for 4 Nimife 8Onellet t%)cgellsl\/gﬁoéné'lyﬂﬁ)g tHeDsBwrnatant e @@rse phase HPLC.
Anal{8s %Q%rfbﬂ?n&i &59 'Fﬂcm&%fdlﬁéi cél{nﬂﬁ Kzifn?khﬁq}hﬂq d%“é"uted at fmi/min
with .0 e s A GRe CeIsgitlg (40 30beics FMoempsramATas C. The
reactantiand produetl Werpaletextediays thear sibsprbanedlat 264pm. Diie fAerdMon time of
ethy P8P B Bgﬂ nGl » rcﬂﬁnga wa-EhPZ ?ﬁl rllutef H@cﬁ’ %Sﬂegé}lgg\ﬁ%gne of ethyl-

ent as agove
8- hygﬁ?éy 54&1 ppr 9%}9@@& M’@é@ 3r w'r@atms dpiofasectigibipactions showing

the Hferfmiation ﬁ:c ettetiGdydanxg G&2-¢hiopriehi/iat Mpbwodtélewéfwlvﬁ%r?éﬁ up by
i uf f.er

ol BLARToEEb 49903080 3 5 o By BB Al

V°'U'§e o. mﬁ‘ihéslgfﬁga%%\%' B%parﬁ@a?@nl?"ﬂ%e&@%l\/ée@ drieggever. anhydrous

~ sodilfh eulpbdatbsanvjﬂhm thecuobehtwad evaporatéd & dBES0 M Tesitle Wab taken

up irRakEne 598 @ﬁr‘oﬁo f(?@&(g)\/% d?’thg%%ﬁ’t@fn%lc nfont)oxgusg@) S ethyl-3-

&yo noa Qfﬁ‘ renov
hydr % erdyiopienyd b Qﬁwat%wa%ﬂeffmnﬁsrﬁy glyral phase ddFéLQ o Analysis
was petfbratedt dre ac@hitaiceh @D aominys (25gmt & GtRed) aikaDdicé)Ltd) eluted at

1miRARIFERIARE oG %@%ﬂ%ﬂﬁ al8R0Bf @i BEGRB Foaec. Ethy-a-
0X0 ?n@ thigphenyl) propanoate and the enantiomers of r‘2hyl 3-hydroxy 3-(2-thiophenyl)
propanoate were detected by their absorbance at 235nm. The retention time of ethyl-3-
oxo 3-(2-thiophenyl) propanoate was 16.5 minutes, the retention time of ethyl-3-(S)-
hydroxy 3-(2-thiophenyl) propanoate was10.3 minutes and the retention time of ethyl-3-
(R)-hydroxy 3-(2-thiophenyl) propanoate was 24.0 minutes. The results are summarised
in the following table.



20 with 0.1% aqueous TFA and acetonitrile (70:30) at a

columm tenperature of 28C. The reactant and product
wowene/ogistect ed by their absorbance at 254nm  TPET/GB2003/003982

retention tinme of ethyl- X0 3-(2-thiophenyl)

propanoate was 12.7 mnutes and the retention tinme of

et hyl - 3-hydroxy 3-(2-thiophenyl) propanoate was 9.3

ni nut es. Bi oreduction reactions sho
Mic@bor: Igfyrh Bbhygr oxy 3- _(%2 t hi om@ambérsubhw noav/ee\&ebta(S)
wor ked up by 25 centrifuging
ant gtth\)(ﬂl% éﬁw t h r{Enﬂ{)ﬂfnSF‘

and extracting the supernat
vol une of nethyl-tert-butyl

et HEEroXYRe2co

an equa
i ned

extracts were dried over an
and then the solvent was ev

resi-due-was—taken ax! HA—-S

Sao@ﬁaﬂp@@%m&i@h@%%h@%ﬁﬁ@ﬁu

m sul phat e
yness. The

a¥d nnannl
Hullul

of the 79

hy derieishengdi U
DohBbafoad o

c conpdbltlon

henyl)5propanoate Wasg1

HarREAMA wikkeR¥ehiPaBs3d72- t hi op

¥:
ucLr el 1imritreu

T lldbl:‘
Sa%mrpwsa%%cefﬁvwm%ﬁ Hol

30 was

PEE. Tat YySTS
nﬁé X 4 er$QAI ex

colu (?'—'mm

PmﬁﬁpaﬁbmiCBB?B&uted at | nif{mn with i sohexane as@l

unn tquerature of 2

Deb% &%@Wéral(n% \l(.’}\?é @ a col

nr-aB-a-no-at

I_LII 1 UANU J [ LIIIU ||C||

Hansaale Phiiastosdet CBBENTE. 3. hydr

proupgarroat C

oxv 3- (18-t hi op
Carwmnﬂt@ﬂﬁé&awmﬂet ected by

J_envl) 91
t hei r 1gbsor ban
P

ce at ZS85nm
I+ 3- -(Z-thi ophen

)
Carelidaythoid@ri{ SBS3&2Mhydr oxy 3- (2t t hi opkhényl ) propanoad®

Har\,’¥ E&Qnﬁnfé‘rrﬂaﬁt‘éﬁg%@%? retentiongsi me of| ethyl-g

VAL Z Y thtophenyt propancate—was 240

Harﬁpﬁ@jg@ggusﬁﬁ@ lts are supmaris in the foll%%ing

Tortigpdiesp. \&E@WI 024708 PCT/ (3B2003/ 263982 22 78

Cr-oor er-si on o0 e . of S
Torglpgi§ Matieuhians ¢ B e o B ot i bkenyt &

onpy + hi

etvet Foxy—3—(2—+h

propanoate Saccharonyces cari sbergensis NCYC398 4 79
Hansenul a wi ckerham i CBS4307 51 61 Saccharonyces
cerevisiae CBS431 26 80 Pichia pastoris CBS704 17 82
Debar onyces marama NCYC282 12 92 Hansenul a

phi | odendra CBS6075 10 91 Candida internedia | FO0O761
18 76 Pichia angusta NCYCR320 46 80 Candi da boi di ni
CBS2420 66 98 Hansenul a nonfernmentans CBS5674 65 84
Hansenul a angusta BCC426 39 93 Torul opsis sp. BCC900
25 78 Torul opsis nolischiana CBS837 64 85
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WD 2004/ 024708 PCT/ GB2003/003982 23 CLAIMS 1. A
process for the preparation of a conpound of Fornula
W@ 2004/02600R X Rz / | RL (G, Formula (1) ®REBGBR0V3/003982
10 X is S, 0 or NR3, wherghn R3 is Hor an organic
group; Ris Hor an organic group; Rl and R2 each
i ndependently are H, optionally substituted al kyl or
optionally substituted aryl; Gis a substituent; and
15 ni sOto3: which conpri seEAIM®& steps: (a) reacting a
conmpound of Formula (2) wth a conmpound of Formnula
NHRIR 2 to give a conpound of Formula 32: RO XY
1. ORA pregessdor theypreparafiomal a compourgol- N (9" RL
Formula (3) 25 wherein X, RR, G and n are as defined
above and R4 is optionally substituted al kyl,
optionally substituted al oplgzi onal ly substituted
al kynyl, optionally s ti artyl, optionally
substituted heteroary i nation thereof; and
30 (b) reducing the co rFOrmula (3) to give a
conmpound of Fornmula (1)6),

ound of

Formula (1)

wherein:

Xis S, O or NR?, wherein R?is H or an organic group;

R is H or an organic group;

R' and R? each independently are H, optionally substituted alkyl or optionally
substituted aryl;

G is a substituent; and

nis 0to 3:
which comprises the steps:
(a) reacting a compound of Formula (2) with a compound of Formula NHR'R? to give a
compound of Formula (3):

OrR O
X

\ |/ OR4#

©),

Formula (2)

OrR O
R2
WT/
R

X
()N
Formula (3)

wherein X, R, G and n are as defined above and R* is optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl,
optionally substituted heteroaryl or a combination thereof; and

(b) reducing the compound of Formula (3) to give a compound of Formula (1).



WD 2004/ 024708 PCT/ GB2003/ 003982 24 2. A process for
the preparation of a conpound of Fornmula (3): ORO0O X
wo2004023708 Rl Fornul a (3) 5 whereby a conpoundrP@f/GB2003/003982
Formula (2): RO X O Y\/ ---, (Gn Formula (2)
10 is reacted with a conpound of Fornmula NHRLR2 to
give a conpound of Fornmula (3); wherein X, G n, R
Rl, R2 and R4 are as defined in claim1. 3. A process
2. fOfAérB@eé%rf@pﬁlg?réMathn A acompoundlobforfalaa)a (1): 15
R X Rz | (G, Formula (1) in which a conpound
of Formula (3): 20 R0 X Rz N YW/ I (§n Rl Formula
(3) 25 is reduced to give Fc mpoypd of Fornmula (1):
wherein X, G n, R rg as defined in claim
1. WD 2004/ 024708 PCT/ 003/ 00?982 25

(©), Rt
Formula (3)
5
whereby a compound of Formula (2):
orR @
X
\ | / OR#
@),
Formula (2)
10
is reacted with a compound of Formula NHR'R? to give a compound of Formula (3);
wherein X, G, n, R, R', R? and R* are as defined in claim 1.
3. A process for the preparation of a compound of Formula (1):
15
OR
X /R2
N
\ |/ |
R
@),
Formula (1)
in which a compound of Formula (3):
20
OrR Q
X /R2
\ |/ T
@), Rt
Formula (3)

25 is reduced to give a compound of Formula (1): wherein X, G, n, R, R! and R? are as
defined in claim 1.
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4. A process according to any one of clains 1 and 3
wherein the conpounds of Fornula (1) are of Fornul a
W@ 2004/0LR08 X Rz | R (Qn 5 Formula (4). WhRCEGB2043/003982
G n, R Rl and R2 are asogefined in claiml. 5 A
process according to any one of the preceding clains
wherein Xis S. 10 6. A process according to any one
of the preceding clains wherein Ris H or napthyl. 7.
4. A N prRESs accatidyng atgg: @y oodaines ;tdnﬁi 3rmheeeinrtge @oaipesnds of
and R2 is Hand the other is
Forr}n@?ﬁ@%}e%%g%%%r)bcess according to any one of the
precedi ng cl ainms, for the eparation of a conpound
of Formula (10): OH \ ZORzFormJI a (10) which
conprises the steps: a compound of
Formula (9): OH O OR 25 Fofrmla(9) where R5 is
optional 'y substitutediC, Sal kyRt with methylamne to
give a conpound of Foffmla (11): OHO JI \S/ NHCH3
30 Formula (11) WO 2004/ gxthifS4RCT/ GB2003/ 003982 26
and (b) reducing the conpound of Formula (11) to give
t he conpound, of For nmul a $ 0 9. A process, according
wherein Xn @, OnR, B} anhB’ easslelingd BIdaims!. for t he
preparation of a

5. A process according to any one of the preceding claims wherein Xis S.
6. A process according to any one of the preceding claims wherein R is H or napthyl.
7. A process according to any one of the preceding claims wherein one of R' and R?

is H and the other is methyl.

8. A process, according to any one of the preceding claims, for the preparation of a
compound of Formula (10):

OH
S NHCH
\ / :
Formula (10)
which comprises the steps:
(a) reacting a compound of Formula (9):
OH 0O
S OR®
\_/
Formula (9)

where R°® is optionally substituted Cqsalkyl, with methylamine to give a compound of

Formula (11):
OH O

C ) NHCH,

Formula (11)



5 compound of Formula (10): OH & ~ NHCH3 Formula
(10) which conprises the steps: 10 (i) acetylating
wWQ@2@ae247h8 t hi ophene to give the conpound of FopPemGR2003/003982
(8): 00 OR CS Formula ¢8) 15 where R5 is
optionally substituted C,_$al kyl; (ii) reducing the
conpound of Formula (8) to give the conpound of
Formula (9): OH OOR5 20 Formula (9) where R5 is
andopti onal |y substituted C,_$alkyl; (iii) reacting a

b i ] t.0.give a

() BRI Smbliier Polrtla ) o R BhRtaar Fpitiud (10),
Forrmula (11) 30 and (iv) reducing the conpound of

9. ForAnpracesd,lgccomirgi teany pe s timoprededihg ERMR! fr QHéJbrePMQtion of a

5 COWQQ?&%@@,Q@&GBZOOS/ 003982 27 10. A conpound o

ornmul a : 0 X (y=JJa\j (GOn R Formula (3) 5
wherein X is S, 0 or NR3, erein R3is Hor an
organic group; Ris 0 oihc group, R and R2
each independently are optionally substituted al kyl

or optionally substitut 10 Gis a
substituent; and ﬁéjrnﬁﬁg}’ém)

which comprises the steps:
10 (i) acetylating 2-acetyl thiophene to give the compound of Formula (8):

o] 0

s
WORS

Formula (8)
15 where R is optionally substituted Cisalkyl;

(ii) reducing the compound of Formula (8) to give the compound of Formula (9):

OH O
S G
\ / OR
20 Formula (9)

where R%is optionally substituted C,.salkyl;

(i)  reacting a compound of Formula (9) with methylamine to give a compound of
25 Formula (11):

oH O

w ~CH;,
\_/ )
H

Formula (11)

30 and
(iv) reducing the compound of Formula (11) to give the compound of Formula (10).
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nisOto3. 11. A conpound of Fornula (3), according to
claim10, of Formula (12): ORO X Rz N \ "/ 1 (Q"
woR2004054700r mul a (12) wherein X, G n, R Rl apdi/BB2@B©03982
as defined in claim10. 26,12. A conpound according to
either claim10 or claim1ll wherein Xis S. 13. A
conpound according to any one of clains 10 to 12
wherein Ris H or napthyl. 14. A conpound according to
10. any cntpodihd of Porfmulal@)t 0 13 wherein one of RL and R2 is
25 H and the other is nmethyl. 15. A conpound according
to any one of clainms 10 togrl4oof Formula (11): OH O
NCH3 CS H 30 Formula 2064/ 024708
PCT/ GB2003/ 003982 28\ yst of fornmula: E A\
/B MY~ ~R6 wherein: represents a neutral
optionally substituted hydrocargyl, a neutral
optionally 5 substit ué ed per hal ogenat ed hydrocar byl ,
or an optionally substi tkeraulecidl opent adi enyl |i gand;
whefifi €pPresents an opti ofjal 'y Eub_st it uged_ nitrogen; B
represents option substituted nitrogen, oxygen,
suldRS Bo‘?r '%%o%’ﬁﬁ@frblgs',sm B aepPadiEH¥Pa | i nki ng group;
10 Rvsi+eprasagasic grawpt al capabl e of catal ysing transfer
hy¢y10. [ - Nt-St: i B EM r , i
B A BB PR o I orcotonally
subgiifiged YK or B conprises a substituted nitrogen and the
sulsksia substitubitsared | east one chiral centre; and

nis 0to 3.

11. A compound of Formula (3), according to claim 10, of Formula (12):

OrR © "
X
\ | / T/

@), Rt
Formula (12)

wherein X, G, n, R, R' and R? are as defined in claim 10.
12. A compound according to either claim 10 or claim 11 wherein Xis S.
13. A compound according to any one of claims 10 to 12 wherein R is H or napthyl.

14. A compound according to any one of claims 10 to 13 wherein one of R' and R? is
H and the other is methyl.

15. A compound according to any one of claims 10 to 14 of Formula (11):

OH O

S CH,
\_/ \

H
Formula (11)
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35

provided that when Y is not a vacant site that at
| east one of A or B carries a hydrogen 15 atom 17. A
we a10algests according to G ai m 16 wherein A reprBSEOB2003/003982
NR7-, -NR8-, -NHR7, -NR7R& or -NR8RI where R7 is H,
C(O)R9 802R9 C(O) NROR13, C(S) NROR13, C(=NR13)SR14 or
C(=NR13) OR14, R8 and RO each independently represents
an optionally substituted 20 hydrocarbyl,
16. PeAkatapaesebeslidydrocarbyl or an opti onaIIy
substituted heterocyclyl greup, and R13 and R14 are
each independently hydrogaen g a group as defined for
RO: and B represents -0-,3\OH OR10, -S-, -SH, SRIO0,
-NR10-, -NR'-, -NHR11, NRlORPl -NR10R12, -PR10- or
_PRLORL2 where RI11 is H C(OR12, S02R12, C(O NR12R15,
whergng) NR12R15, C(=NR15) SR16 or C(=NR15) OR16, R10 and
R1R® éﬁrbsémd%oﬁéﬁkﬁltdgﬁohﬁm esmtitutedahydrptarbylalal ye@tal optionally

o B g I RETE A by

ligandhd R16 are each independently hydrogen or a group as
deNr@ sémg aRbgtioranpvilsktititédaitrogdn; | east one of A or B

E’*S%%ﬁ?%%a%%@ﬂ oy S5l B8] BYgeh SRS bt Horous:
I e srepr@ﬁ@“t%ﬁlhﬂlﬁng gEMPer . 30 18. A catal yst "accor di ng
t ONQegféﬁeﬂtZ a%@téﬁdzdpaﬁlefcﬁ REESIMgIrandir hydro@JR&ftlon -addR

s 50 S Tt o Bl

R13) OR14
R8pmvwepz9thefaauqleaﬁtjerpfe@6én@r P e@ipprisss i SUkFY l&ﬁ‘ﬂ ingFRgenyand the
subghdtitusheradutdéat andhiral Renthelaggenat ed hydrocar byl or

provg{%gqgatdronal JYisaﬁﬁtbe? tH'at ug%g% rtlmq“?ta‘? Le%%y Sﬁé’ Ef ﬂroQLtP caﬁlgg I%ﬁﬂrogen

rogen or
aton35 defined for RO, and B represents - NR10- NR11
-NHR11, -NR1OR11, or -NR1OR12 where R11 |s H,

S02 N 8
v A SR e LRI o2
or mﬁﬂcmenesmb@sasz(om" SRR G(@MRIR N GEPIVRIBNT | G=NR™)SR™ or
C(= Nﬂpgﬁﬁent@ amd Tt ieaB@! ihdefenBehtiyt %;ﬁésdﬁﬁ@fam@bb(yﬂally substituted

rroRCET PRTSRRH B TGRS SR pppres rous
and &It and iRI& peneaait ingepsrdientie hydipaen gr @ @poups agl defingehifor &' and B
i FOTF RO T et T
P RS DR T RS O gt
C(= NR?%R“’@e@(e‘ﬂR” 16,AR8@DQI %eacawdmﬁrﬁgnﬂsore@r%en’@ aryoptionally
subé}ﬂ téﬁ W&B@érﬁyle' petBaloderite hyfijr&fa@@ﬂ?nbr agn aoptionally substituted
hetertp@g yPg?quHR%_nLg ﬁbjﬁqﬂrfg%?iasrgc\%eg lpﬁeqsgggrht&/ R\fg ée% oBaRSroup as
definest for ﬁ&%fpmv&ieddhaimideasande whAras BRIoroprisRs A $L§>S§tuted nltrogen and
the ﬁg(sg‘u%ﬁite&é d%/ R e 3T RIe 1Dy R'E(Has R%a8E one chiral center.

and R12 is an optionally
substit ut ed hydrocarbyl per hal ogenat ed hydrocarbyl ,
18. or facatafyst ranedrdmgshob@talmLrt7eM/hlaE£merPoc:§pr§¢nt§r~HBp- -NR®-, -NHR/,

-NR"\@"&Q ﬂkﬂﬂa@%ﬁerenwcm rg ecmker sé’z@eg PC(@NHQR@t C(S)NRR™,
e e B refeseh dritop
C(= l_>ﬂ IFE(FN%S?QD%]S an eac lndependenty represens n optionally
submmobuhgmbmbﬂ 2pérhhlegenated | mymommés or f amy optiqnallg) substituted
hete]‘o r¥e gddge ?{l R2-arfXRB Qﬁécéétfhzma hﬂphﬁdrogen or a group as
esu é

deﬂﬂ% b? nd B ren "Es%’él F%“e tﬁ§)1 175@%“3#6 R‘guhere R

n
is I—RG{B))R $®2R“2dC(@)NB}fR1§, C(S)NR1 1 , C(=NR™)SR"® or é’( NR )OR16 R
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hydr oxybi cycl o[ 2. 2. 1] hept - 1-yl ) met hanesul fonyl, (1
S,2R) 1-(7,7-dinethyl -
whyanoxs cycl o[ 2. 2. 1] hept - 1- yl ) net hanesul f onyPCT/GB2003/003982

S,2S) 1-(7,7-di methyl-2 28,
hydr oxybi cycl o[ 2. 2. 1] hept - 1-yl ) met hanesul fonyl, (2S)
1- (6, 6-di net hyl bi cycl o[ 3. 1. 1] hept - 2-
ene) - 2- et hansul fonyl, (2R

and 1R(%, &aclli MEddpehbésyc | reprbsantd] heptoplioraly) -<hibetitaeds hydestarbyl,

perhﬁqgﬁéa%%a QY]%? azbﬁe h%heé hﬂ%l’r}/c%t%sﬁ@%d Iiet;\ clyl group, and R" and
R™ atereachindepengenty bydregen of thUpzaSedﬁé'F‘e@ qfdt Fwa?rﬁgﬂﬂ%ﬁw at least
one 6flA Br @%oﬁgils@sé saptieRyd n@ngéfﬁérht%’iﬁ@l)wbﬂlh@egﬂmpfe‘sle?&b bly R’, R?,
9 SO me cycl ohexansul f on
R, Fg‘S’ aﬁ%t I%aﬁt%g?@ %ﬁl éeﬁet hzl czcl ohexansul fonzl
21. A catal yst according to any one of Clainms 16 to 20
19. Whﬁr@elté] 4t dcéor%h | RKCREMOMPUS 18 Uhbreihaithek A Bigprsent as a

sulploriRsy w?cra%” %332'0%'83 o RHRh S R pt' BRI 5 NRR"

whein Rhand BErede eé heminhefere dafsrmedvﬁnwwhem?wr R> Is a sulplzqmyl group
reprgén%sb¥> @@ e L CTS 1NHhat“P@Zs§1d\|R@‘|ls A optiEalPhsuBetituted

oo e e Sel ey B & ettt Up iy PRl oroue
havitiNaiOeh< oRBlchFgl centeBO\ HN O HN (vimz 5-~ S Oz O SOz
SOz OH H3C Ph Ph CH3 Ph~Ph > -- ( HZN OH H\M SO CH

NOH OH HN N
20. A catalyst acclz_cgzrding to Claim 19 wherein one of R” or R'" is (1R) 1-(7,7-dimethyl-

2-oxobicyclo[2.2.1]hept-1-yl)methanesulfonyl, (1S) 1-(7,7-dimethyl-2-
oxobicyclo[2.2.1]hept-1-yl)methanesulfonyl, (1R,2S) 1-(7,7-dimethyl-2-
hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (1R,2R) 1-(7,7-dimethyl-2-
hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (18,2R) 1-(7,7-dimethyl-2-
hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (18,28) 1-(7,7-dimethyl-2-

hydroxybicyclo[2.2.1]hept-1-yl)methanesulfonyl, (2S) 1-(6,6-dimethylbicyclo[3.1.1]hept-2-
ene)-2-ethansulfonyl, (2R) 1-(6,6-dimethylbicyclo[3.1.1]hept-2-ene)-2-ethansulfonyl, (25)
1-(6,6-dimethylbicyclo[3.1.1]hept-2-ene)-2-methansulfonyl, (2R) 1-(6,6-
dimethylbicyclo[3.1.1]hept-2-ene)-2-methansulfonyl, (1R,2R,5R) 5-isopropyl-2-
methylcyclohexansulfonyl, or (1S,2S,5R)  5-isopropyl-2-methylcyclohexansulfonyl,
(1S,2S,5R) 2-isopropyl-5-methylcyclohexansulfonyl.

21. A catalyst according to any one of Claims 16 to 20 wherein E is a linking group
such that A and B are linked through 2, 3 or 4 atoms which are optionally substituted.



z 60H~ \ SOHN HNY%OH r -/~J z 6~; SOZ OH 6-~ SOz

SOzOH Ph Ph / \ Ph~Ph HN~NHZ HN NH2 SO2 HN SO3 HN
wWEIR44706- - ; SO2Z0H Ph Ph Ph~Ph HN NH2 HN HN NPCT/GB200B#03982

S22 \SO Hz \ &zS H 53@nd di ast ereoners or

resol ved forns thereof.

22.  Aligand of formula:
He Ph, CH, Ph Ph
) (OH — >_< H,N
05—} 08— OH os—N  NH U
% ) é > OH
0 o S
Hy c Ph CH o
0, s— 05— ‘ :NHZ U
@ é ) OH
H’C) (Ph Ph, CH, Ph,  Ph
HN.  OH ) ( ) ( W
o T\ o PN O HN  NH, U
50, o, o Nso, . HN{\ o M
% %o, %JSO,_OH

H,G ph Ph, CH, Ph Ph
—~ — "< o
OH HN\ OH HN OH HN NH
S0, OH \ OH "\ 2 e onHN

Ph Ph
Ph Ph
HN  NH, >‘<
\ HN NH,
S0, HN \
\ S0, HN
@Jso2 OH \
S0, OH
Ph
Ph Ph Ph
HN NH, HN\
HN S0, S0, OH

HI\ll NH,
0,5 ]

and diastereomers or resolved forms thereof.



