ENANTI OSELECTI VE SYNTHESI S OF 13- OXOTRI CYCLOr8.2.1.0 3

8| TRI DECA- 3f 8) , 4, 6- TRI ENE- 5- CARBOXYLATES The present invention is in the
field of wonbdwtisas3dor gani ¢ chem stry. In particul ar, it PprmB20essars?2
enanti osel ective synthesis of 13-oxotricyclof8. 2.

1.03' 8] trideca-3(8), 4, 6-tri ene-5-carbokyl ates. Such conpounds are key

I nternmedi ates in the synthesis of further conpounds which inhibit the
processi ng of amyl oid precursor proteln by ganna secretase, and which
therefore are potenti al e prevention of

Al zhei mer' s di sease. WO 093252, WD 03/ 093264,
WD 03/ 093251, mzmwm&mmm 20)@21?1@93%@&3@8)% IROENI36731 di sclose a
vari ety of sul phonam de and sul pham de derivatives as ganma- secret ase

i nhi bitors. The preferred exam%@@ﬁ%ﬂ@é formula (1): (1) in which R4
represents a variety of functional groups and R conpletes a variety of

sul phonam de and sul pham de noi eties, including sul pham de noieties in the
formdi a .sp/ rThleiprdsent ihvdntidhdmim-tﬁe Beld, oﬁsylﬁhwtim;rgatme theiStry.hIinadi azol e ri ng

(as discl osed n 2({636 55, %\/0 3252, 03/ 093264 and WO 03/09325 1,
for exanpPayt iﬂﬂg {proyides,an enantloselec 1ve synthesis o

f105) I13 ?gggdxbﬁi@bl@;[ﬁzz O 1RBLB(8) 06 Bicte B) c b Syl dtéL Mrch co bk a8 es of
ormul a (2a
key 1ntermed1ates in the synthesis of further compounds which inhibit the processing

of amyloid precursor protein by gamma-secretase, and which therefore are potentially
10  useful in the treatment or prevention of Alzheimer's disease.
WO 01/70677, WO 02/36555, WO 03/093252, WO 03/093264, WO
03/093251, WO 2004/039800, WO 2004/039370 and WO 2005/030731 disclose a
variety of sulphonamide and sulphamide derivatives as gamma-secretase inhibitors.

The preferred examples conform to formula (1):

o R .

Y R
//S\
H
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in which R* represents a variety of functional groups and R completes a variety of

15

sulphonamide and sulphamide moieties, including sulphamide moieties in the form of
a spiro-linked 1,1-dioxo0-2,3,4,5-tetrahydro-1,2,5-thiadiazole ring (as disclosed in WO

20  02/36555, WO 03/093252, WO 03/093264 and WO 03/093251, for example). Alkyl
(1R, 105)-13-oxotricyclo[8.2.1.0**]trideca-3(8),4,6-triene-5-carboxylates of formula
(2a):

(2a)

25  where R’ represents methyl, ethyl and the like, represent useful intermediates in the

synthesis of such compounds. However, the conventional routes to esters (2a), such



where R3 represents nethyl, ethyl and the |ike, represent useful
internediates in the synthesis of such conpounds. However, the conventi onal
rout es t ovexb@vEsq6da), suchas those disclosed in the af eceraBmeases2PCT
publications, inevitably lead to a racem c mxture of esters (2a) and their
enantiomers (2b): (2b) Al though these ?acenic nixtures have been resol ved
successfully, 50% of the starting naterials are wasted in production of the
unwant ed i soner, and hence the overall efficiency of the process is |ow.

There is for Eg%@ ] I (ri?, 105)-
13-oxotri t@ggﬁ’éﬁﬂgﬁ%‘lﬂ%ﬁa{f? I ecgbg%%@fbg (?cral ?éﬁ%“@%’@’#gg@ﬁﬁ% such as

t he conpoum@miomitiorerofleatefsqaa) and\vtheis eeintiamerbg@b):i be the use of chiral

bi s(oxazol i ne) copper (11) conpl exes (J. Am Chem Soc, 1999, 121, 7559-73)
and chiral bis(imnmne)copper(ll) ] &s.(Tetrahedron Lett., 1993, 34,
2027-2030) as catalysts in epanyi e Diels-Alder reactions, but
there is no disclosure or suggesti, g Iity{n constructing a
tricyclo[8.2. 1.03" 8]trideca-3(8 7 eneCOyRTem According to the
invention there is provided an enantloselectlve process for preparing a
conpound of formula I : I conpri sing @b steps of : (a) reacting a conpound

of for a ound of fornmul
gru ?\lthough \ﬁese racemlc ixtures have been reso veé successfully, 50% of the starting

materials are wasted in production of the unwanted isomer, and hence the overall
efficiency of the process is low.
There is thus a need for an enantioselective synthesis of alkyl (1R, 105)-
13-oxotricyclo[8.2.1.0°®]trideca-3(8),4,6-triene-5-carboxylates such as the compounds
10  of formula (2a).
Evans et al describe the use of chiral bis(oxazoline)copper(Il) complexes (/.
Am. Chem. Soc., 1999, 121,7559-73) and chiral bis(imine)copper(Il) complexes
(Tetrahedron Lett., 1993, 34, 2027-2030) as catalysts in enantioselective Diels-Alder
reactions, but there is no disclosure or suggestion of utility in constructing a
15  tricyclo[8.2.1.0**]trideca-3(8),4,6-triene system.
According to the invention there is provided an enantioselective process for

preparing a compound of formula I:

R

CO,R’
~

R

R!

I
20  comprising the steps of:
(a) reacting a compound of formula IT
—



1l in the presence of a catalyst selected from B to forma conpound of
formula I'V: IV (b) treating said conpound of fornula FV with R30 M+ to form
a conpoumstoahodmsdsal a V: (c) dehydrating said conpound eCTiGB2mfm@od2to form
t he conpound of fornula I;- A - wherein RL is Hor Cl-4alkyl; R2 is H,

Cl- 4al kyl, phenyl, or d; R3is C1-4a13<yl or benzyl; Zis Oor S; Mis an

al kali metal; Xis SbF6 , BF4 , PF6 or CF3SC3 ; each Y1 is t-butyl;

i -propyl, phenyl or 1-naphthyl; each Y2 is t-butyl, phenyl, 4-cyanophenyl,
2-chl or op - di nyl or 2,6-difluorophenyl; and Tf represents
trifluor or%g?%%/ oggﬁogggffmrﬁél?dgﬂﬁafter, the description [Cu(”, S)-Y1"Ox)] X2
is used to denote the catal yst of &tructyure A In fornmulae I-V, RLis Hor
Cl- 4al kyl such as nethyl, ethyl oubrop

Z N
R
I
in the presence of a catalyst selected from:
5
— — 2+
6] 0)
DR \\
N _N /—N N=
\Cu v 2 \ / 2
1 g Y Cu Y
Y Y /\
— - TO OTf
A B
to form a compound of formula IV:
10 v

(b) treating said compound of formula IV with R*O"M" to form a compound of

formula V:

15  (¢) dchydrating said compound of formula V to form the compound of formula I;



Typically, RLis Hor nethyl, and preferably RlL is H R2 represents H,

Cl- 4al kyl, phenyl or d. Typically, R2 represents H, or nethyl, but

pr ef er ablwonemmaseat s H R3 represents benzyl or Cl-4al legiriGB2n03p@&0t32cul ar
met hyl or ethyl, and nost preferably nmethyl. Z represents Oor S. In a
preferred enbodi nent Z represents O Mrepresents an alkali netal, such as
Na or K, preferably Na. X represents SbF6 , BF4 , PF6 or CF3S3 . In a
preferred enbodi nent, X represents SbF6 . The two Y1 groups are identical
and are s 1 i -propyl, phenyl and 1-naphthyl, of which

t - butyl |§h§$% grﬁsggi&g baﬂ%ylfly, the two Y2 groups are |dent|cal and are
sel ect ed fromfRstHyCHadit}é,rphenylélor:gZhnophenyl 2- chl or ophenyl ,

2, 6-di chl oroph yl ﬁ%’ﬁ dlfluorophenyl of which t - butyl i s preferred.
In step (a) of % - PFP@’ZM’ocess the reaction of the conpound of
formula Il wthy lggocenpound of formula 111 is typically carried out under
an inert atnosphere (€.g. nitrogen) at reduced tenperature in an aprotic
sol veri. The r dddtanmlkalsmpakf erably carried out at a tenperature bel ow

-50C, nost prefer Y. ) ut = . The solvent is preferably a

chl ori nat ed hyéf’éﬁ’:lrboﬁ% ﬁg rp(;]fze’%gr 3ably di chl oronet hane. However,if the
catal yst i s of ofeH yUisa-tatyiti gﬁ@ 1 beBagsAhyr es (e.g. up to 0C) and

ot her solvents (e. acettyomh?’apfl rrg be used‘lb1 Preferablgg, t he conpound of
formula 111 iscpehe¥eistt-butylephsayk 4(cya1g>ph2nylo¥@hl¢mrémnselx%,é ghlerpphenyhe

compound  gf » fekifftbphdriyr;'ha?

10 Tf represents trifluoromethylsulfonyl.

Hereinafter, the description [Cu((S,$)-Y '-box)] Xz is used to denote the catalyst
of structure A.

In formulae I-V, R' is H or C;_salkyl such as methyl, ethyl or propyl.
Typically, R' is H or methyl, and preferably R' is H.

15 R? represents H, C;_4alkyl, phenyl or Cl. Typically, R? represents H, or
methyl, but preferably represents H.

R? represents benzyl or Cy_4alkyl, in particular methyl or ethyl, and most
preferably methyl.
Z represents O or S. In a preferred embodiment Z represents O.

20 M represents an alkali metal, such as Na or K, preferably Na.

X represents SbF¢, BF4, PFg or CF3SO;5". In a preferred embodiment, X
represents SbFg .

The two Y' groups are identical and are sclected from t-butyl, i-propyl, phenyl
and 1-naphthyl, of which t-butyl is preferred.

25 Similarly, the two Y? groups are identical and are selected from t-butyl,
phenyl, 4-cyanophenyl, 2-chlorophenyl, 2,6-dichlorophenyl and 2,6-difluorophenyl,
of which t-butyl is preferred.

In step (a) of the inventive process, the reaction of the compound of formula IT
with the compound of formula IIT is typically carried out under an inert atmosphere

30  (e.g. nitrogen) at reduced temperature in an aprotic solvent. The reaction is preferably
carried out at a temperature below -50°C, most preferably at about -78°C. The solvent

is preferably a chlorinated hydrocarbon, most preferably dichloromethane. However,



typi cal procedure, the conpounds of formula Il and Il are dissolved in

di chl oronet hane, put under a nitrogen atnosphere, cooled to -78C, then
treat ed vwohoa/Eedeati on of the catal yst in di chl oronmet haoe/GBREUsHBD] €

| oadi ng of catalyst is about 10 nol e% based on the conpound of fornula II

A solution of catalyst A nay be prepar®d by nixing an excess of AgX (e.g.
2- fold) with [Cu(O'S)-Y1l-box)]d 2. CH2A 2 in dichl oronet hane sol uti on and
filtering the resulting m xture (see also Evans et al, supra). A bis(imne)

catel st SEOLLRSTRY PonRUREGH TR NS A g, 0o

di et hyl pseRyhts gepakeiaitlRpian e uselt. draffrdby, thednpolind of fethfilla INist he
reaction sol vent of choice referably dichloronethane or acetonitrile) at

anbi ent t ®rseRtdn greess (F & &rfoldmanolar gxrcesy) avaethegompgund oftfaemulptk Up@ i s stirred

until the s ' ' Pl et €1 l.on is evidenced b
di sappear %ngaqg#&tg %@t@@m@%ﬁéﬁlgf (8?(1)? muldaﬁIq]“é,inh\}v%g3 c%gsﬁaﬁ%hﬁlg noni t ored by Y
convers i odahldrembihanit Pat ukicda nkffdgen a hérk] dbokddaa ks, tHeh@reaRdGkitton i s
conplete after 20 hours' stirring at -78C, or 3 hours at OC. The resulting
Di el s- Al desolitign of thrcatadystrin dichloromeghane. Aswitabledoasingeficataliyst dsbeutet hod,
but a prefar ' ' the reaction with aqueous al kali
(e.qg. Eonelj6 W@Fw@%@ég@gg&gﬁf}g@?&lgglﬁperat ure, dilution \(;IVI th water
(about 1 vol uma) solith@nofeatksn i midbe prcparad by veixingrakieugeswof AgX (e.g. 2-

di chl or onet hane. Evaporation _of the conbined extracts and crystallisation
of the redold)with ,[gﬁg(gw -box)]Cl,.CH,Cl; in dichloromethane solution and filtering the

10  resulting mixture (see also Evans et al, supra).

g

A bis(imine) catalyst solution may be prepared by mixing Cu(OTf), with a
slight excess of the appropriate cyclohexane di-imine, e.g. (15,25)-N,N'-bis(2,2-
dimethylpropylidene)cyclohexane-1,2-diamine, (e.g. 1.1-fold) in the reaction solvent
of choice (preferably dichloromethane or acetonitrile) at ambient temperature.

15 After addition of the catalyst, the mixture is stirred until the reaction is
complete. Completion of the reaction is evidenced by disappearance of the compound
of formula II, which may be monitored by conventional techniques, ¢.g. HPLC.
Generally speaking, the reaction is complete after 20 hours’ stirring at -78°C, or 3
hours at 0°C.

20 The resulting Diels-Alder adduct of formula IV may be isolated by any
suitable method, but a preferred method involves quenching the reaction with aqueous
alkali (e.g. conc. NIH;OH), warming to ambient temperature, dilution with water
(about 1 volume), then conventional extractive work-up with dichloromethane.
Evaporation of the combined extracts and crystallisation of the residuc from ethyl

25  acetate/heptane 1:2 provides the compound of formula IV, sufficiently pure for use in
the next step.

In step (b) of the inventive process, the adduct of formula IV is treated with
R*O'M" to form the ester V. This may be carried out by adding to a solution of the
adduct in an aprotic solvent (such as dichloromethane) a solution of the alkoxide

30 R’O'M"inR’0H (e.g. a 0.5M solution of sodium methoxide in methanol). A two-
fold molar excess of the alkoxide is typically used. The addition is preferably carried

out at reduced temperature, ¢.g. at about -60°C with subsequent warming to 0°C over



acet at e/ heptane 1:2 provides the conpound of fornmula IV, sufficiently pure
for use in the next step. In step (b) of the inventive process, the adduct
of formulwol2ve/msdeBeated with R3O M- to formthe ester YCTB2803m&y13Re
carried out by adding to a solution of the adduct in an aprotic sol vent
(such as dichioronethane) a solution o®-the al koxi de R3O M+ in R3CH (e.g. a
0.5M sol ution of sodium nethoxide in nethanol). A two fold nolar excess of
the al koxide is typically used. The addition is preferably carried out at

reduced t a ' ;s%e _Im'i&gl o 0C overa
period of %@@é@%ﬁéﬁgﬁfg%hgpgg te’rt,hgtgﬁgmétsn{ihr §§rlagé§/é8%§e/ ql\ﬁglé) at eggby
quenchi ng r¢detion anctrconitiabdut ae cgudl ko sator. Ucys Ao aturate

hi % (% ' ' 1dl ol gt aclajucons oitns d

aqueous anmppni u hl ori de fol] owed by, conventional extractjve work-up using
di chl or omét gﬁs%@mﬁ@w&w@m STt Yeauon PPHNS SHPREBIEor ds ¢ he est er

in a suffighsdthlion Otihe dﬁ&@&?afé@rext}ﬁ affordshfic 8¢t %tsﬁﬂiciénﬂr?;uf‘eostéte) of the

I nventive process, a variet reagents nmay be used to effect dehydration
(and Hencdorarsommthegwmkt siep). of t he conpound of fornula V. Suitable reagents

i ncl ude b i hal ides, ferric chloride.i ti hydri d
LI L1 or onet halbSGR(OETie IRAFRIFesLr YarrE e oebhs AR st Htet
parti cul aigehyRiehton @hd Feee M AEARafo o iR Rnidiind bfRmuAV CBhitai@cedur e, the

compound of Torrmula V is reacted with excess BO 3 (e._g‘i 2-fold nol ar
excess) i meagenty innledechonemeihebidest fesric ehlordaiinasetic anhydride ande (e. g. about
-40C). Afte L1 lent .t e r e hi .t h

separati oﬁ%%%gélSaS%er %ﬁfogi?%ﬁy@%&ee, g? ‘3’%‘%&‘3’ Of%ygﬁgﬂ%%éﬂ%gglé &ag‘,“lﬁgﬁﬁ 8¥I uxed
for alput FE81;MxsOsart Prefier@ido mh tartipical tppoczaime] i eompeutberfermalary iso t he

reacted with excess BCl; (e.g. 2-fold molar excess) in dichloromethane solution at

reduced temperature (e.g. about -40°C). After warming to ambient temperature,
quenching with water, separation and evaporation of the organic layer, the residue is
refluxed for about 18 hours in acetonitrile to complete the conversion to the

15  compound of formula I. The product may be purified by conventional means, such as
crystallisation or chromatography.

All three steps of the inventive process give high yields. Furthermore, step (a)
proceeds with a high degree of stereoselectivity, giving the desired Diels Alder adduct
in greater than 99% diastercomeric and enantiomeric excess. Consequently, the

20  compound of formula I is ultimately obtained essentially free from the undesired (1,
10R)-isomers.

The compounds of formula II, formula IV and formula V as defined above are
believed to be novel, and individually constitute further aspects of the invention.

Compounds of formula II may be obtained by routes which are analogous to

25  published routes for the construction of bicyclo[4.2.1]non-3-en-9-one ring systems,
(c.g. Iddon et al, J. Chem. Soc. Perkins Trans. I, 1990, 1083-90; Bélanger et al, J.
Org. Chem., 1982, 47, 4329-34). Thus, bis(halomethyl)furans (VI) are refluxed in

acetonitrile with enamines VII in the presence of base:



conpound of forrmula I . The product may be purified by conventional neans,
such as crystallisation or chromatography. Al three steps of the inventive
process gwoeodigBeegi el ds. Furthernore, step (a) proceed®CRidB0eE&@/ (3032 degr ee
of stereoselectivity, giving the desired Diels Al der adduct in greater than
99% di ast ereoneric and enantioneric extess. Consequently, the conpound of

formula | is ultinmately obtained essentially free fromthe undesired (1S,
10i ?)-i soners. The compounds of fornmula Il, forrmula IV and formula V as
defi ned above are beligved to be novel, and individually constitute further
aspects of the i nvent ifo. odHds of fornmula Il may_be obtained by routes
whi ch are anal ogous to I shed routes for the.construction of

bi cycl o[ 4. 2. 1] non- 3-eng9-one ring systens, mu.o et al, J. Chem Soc.
Perkins Trans. 1, 1990, \1083-90; Bel anger et a i Chem, 1982, 47,
4329-34). Thus, bis(hah methyl)furans (VI) are refluxed in acetonitrile
with enamnes VIl in tRe presenlé‘é of base:VI VII where Hal represents Br or

Cl, the R5 groups conplete a heterocyclic ring, and Rl has the sane neani ng
as before. Wen Hal is Cyjaddition of a catal ytVB anount of sodium i odide
I's beneficial. Hydrolysis of the resulting imniumsalts then provides the
desired tricyclic furans Il. The base is suitably a trial kylam ne such as
triethylam ne or diisopropylethylgmne, and the RS groups typically

conpl et e Fhersmdalgepmsseats Br orlp HieR™ grpnens complsie p deicencyelic pngpapd & has or

mor phol i negne RlcAhddnthgPdsUPstl! Hohcd Tl Y €Y d&floh Br & BRa i@ BRbER o¥eCt | On

her ei n.
5  sodium iodide is beneficial. Hydrolysis of the resulting iminium salts then provides

the desired tricyclic furans II. The base is suitably a trialkylamine such as
triethylamine or diisopropylethylamine, and the R’ groups typically complete a ring of
5 or 6 members, such as pyrrolidine, piperidine or morpholine.

Detailed procedures are provided in the Examples section herein.

10 The compounds of formula I are versatile intermediates for the synthesis of
sulphonamides and sulphamides having activity as inhibitors of gamma-secretase, as
described in WO 01/70677, WO 02/36555, WO 03/093252, WO 03/093264,

WO 03/093251, WO 2004/039800, WO 2004/039370 and WO 2005/030731, the
disclosure of which is incorporated herein by reference. The ketone group in the

15  compounds of formula I may be transformed into a variety of sulphonamide and
sulphamide functionalities as described in the above-listed published applications,
including spiro-linked cyclic sulphamide moieties as disclosed in WO 02/36555, WO
03/093252, WO 03/093264, WO 03/093251, WO 2004/039800 and WO
2005/030731. Likewise, the ester group -CO,R? in the compounds of formula I may

20  be converted into a variety of different functionalities, as disclosed in the above-listed
published applications. In particular, the ester group serves as the precursor for a
variety of 5S-membered heteroaryl substituents, as disclosed in WO 03/093252, most
notably a 5-aryl-1-alkylpyrazol-3-yl substituent.

Most preferably, the ketone group is further elaborated into a 3,3-spiro-linked

25  5-substituted-2,3,4,5-tetrahydro-1,2,5-thiadiazole-1,1-dioxide ring where the 5-
substituent is Cy_galkyl or C, ¢alkenyl optionally substituted with up to 3 halogen
atoms, in particular 2,2,2-trifluoroethyl. Most preferably the ester group CO,R? is
further elaborated into a 5-aryl-1-methylpyrazol-3-yl substituent, where "aryl" refers



The conmpounds of formula | are versatile internmedi ates for the synthesis of
sul phonam des and sul pham des having activity as inhibitors of

gama- secwoeta®ais@s descri bed in WO 01/ 70677, WO 02/ 365P6T/GH20@GA5033252, WO
03/093264, WD 03/093251, WD 2004/ 039800, WD 2004/039370 and WD 2005/ 030731,
the di sclosure of which is incor porate%i'herei n by reference. The ketone
group in the conpounds of fornmula | may be transfornmed into a variety of

sul phonam de and sul pham de functionalities as described in the

above-lis blgi a@ﬁﬁl! atj i.NC i gl j Vel i c

sul pham dté(?grrlt())?gt’ fﬂez)l?g%l [ sgbglé}éf [ nc%%é%@%g?ﬂmgp@@gg?ﬁm

03/ 093264 diforéhcaPior 314-didhlo2éien P13 pBifatsin d-WoresHehy 10 Shifable plocéduntsse, t he
ester gro -CO2R3 i n the conpoynds .0 r ol may, Qe conyverted into a
variety oA OTAhFRe BN AP pfeddn R‘é&é@é?@ié@ %ﬁﬁ?%e ABBIE S st ed

publ i shed japPldraRd hoRkfh by fRfdéddel cul ar, the ester group serves as the
precursor for a variety ‘of 5-nmenbered heteroaryl substituents, as discl osed
i n WO 3/ 09325Themp=ntiom isdBustrateddbyathy follovahg yxgmpleszol - 3-yl substi t uent.
Most preferably, the ketone group is further elaborated into a

3, 3-spiro-1linked

5-substituted-2, 3,4, 5-tetrahydro- IgRAMPINEgdi azol e-1,1-di oxide ring where
the 5- substituent is Cl-6al kyl or CZ-6alkenyl optionally substituted with
up to 3 hdxagmie dtons, in particular 2,2,2-trifluoroethyl. Mst preferably
t he ester g% 18,74 r LML

5-aryl -1 - .?8‘5"%%9"3? azu'il:@-ygﬁécgﬁ?'ﬂeﬁiﬁ'ge é?{e_ﬁ{afyl " refersto nono-, di-
or trithal ophenyllo,a stitregablukion bad-(Tchtloperiah e)morphatint QI@P BEEY/E mndolH -

di fl uor ophengfl or. 3, 4-di chl orophenyl referably 4-fl uor O&gﬁgél . Suitable
pr ocedur e8nd §pN-diisensonylethylpmyingl ? el o0%0 mmel) Biregtoniirilad] 3B52, the
di scl osur g48dq éﬁﬂh%m-bﬁ(bromomethyl)ﬁlran (17.3 g, 68.1 mmol). The resulting solution

was left to stir at rt for 15 h, by which point a yellow slurry had formed. The slurry

was filtered, washing the wet-cake with acetonitrile (2 x 5 mL), then the resulting
15  solid was suspended in acetonitrile (100 mL), heated to reflux, and the reaction
mixture stirred at this temperature for 31 h. Afier cooling to ambient temperature, the

resulting slurry was filtered to afford the iminium salt:

@)
N
O
as a beige solid (9.21 g, 41%)).

20 This salt (6.00 g, 18.4 mmol) was partially dissolved in water (30 mL) and the
resulting mixture left to stir at ambient temperature for 25 h. The slurry was filtered,
washing the wet-cake with water (2 x 5 mL), and the resulting solid was dried under
vacuum to afford title compound (2.97 g, 92%) as a beige solid. If required, this
material can be purified via recrystallization from methanol-water (6 and 12 mL/g,

25  respectively) with 86% recovery: 'H NMR (250 MHz, CD.Cl,) § 7.31-7.28 (m, 2 H),
2.75 (dd, J=14.8, 5.7 Hz, 2 H), 2.61-2.48 (m, 2 H), 2.47 (d, / = 15.1 Hz, 2 H), 2.10—
1.85 (m, 2 H), 1.55-1.41 (m, 2 H); *C NMR (63 MHz, CD,Cl,) & 225.0, 141.8, 121.8,
45.9,27.8, 23.6.

30 Example 2



I ncorporated herein by reference. The invention is illustrated by the

foll ow ng exanpl es. EXAMPLES Exanple 1 5-oxatricvclor7.2.1.0

3' 71 dodecwo20@/mdB@n- 12-one (11, RL = H). To a stirred seCutdrmosnfs0132

4- (1l -cycl openten-1| -yl )norpholine (10.5 g, 68.8 muvol) and ,

-di i sopropyl ethyl am ne (12.0 niL, 69. 0'?mol) in acetonitrile (120 nL) was
added solid 3, 4-bis(brononethyl)furan (17.3 g, 68.1 mmol). The resulting
solution was left to stir at rt for 15 h, by which point a yellow slurry
had for e et DAasH adiibn 7. el G 2195s0gkch e WRh-ioalks Wi th acetonitrile
(2 x 5 )y, them the resuf trng SOl Fd was SUuSpernde m acetonitrile (100
m.), heated to[€Cef(b,9kreraBd-HokyCleCkiCle (0.43 g,tOJS33m&idl) sieerat this tenperature

f 31 h. Af | |
11 tor ed HEAROHAARTIRBTE KA gl GArmOIN e ak blogimeBmey DXMBH G Thi s
salt (6. Oqlnlgedlq:tﬁieflam%n‘ﬁﬁﬁos ﬁé&'aﬁﬁkﬁnéﬁﬁ?qlhvlﬁ%é drater (30 nl) and the

resulting mxture 0 stl at _anpbient tenperature for 25 h. The slurry
was fidtered, \Sahdﬁﬁgtatrtwcl@’ﬂddﬁé]dmdaca-}g@:ﬂ@n 122on¢ (Bxarople 126291 lge resul ting
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tall th
8696 ?Zciv%g@%@d&%@‘o??g%m%%%@m - B A0k d bt BRRACiAVENY) o ) -

14.8, 5.7DEM (25mL) vzasaﬂdgimglt{mtnze actipnAmix{ure Was eoqlgde’zS °Q Py, 2. 10-
green catalyst solution, prepared above, was then filtered through a 0.45 um filter into

10  the reaction mixture over ~15 min, washing the filter through with DCM (5 mL). The
resulting batch was then left to stir at —78 °C for 20 h. The reaction was quenched by
addition of conc. NH,OH (5 mL) and allowed to warm to ambient temperature. The
resulting biphasic mixture was diluted with water (50 mL) and then extracted with
DCM (3 x 50 mL). The combined organic layers were washed with saturated brine

15 (50 mL), dried (Na,SO4) and then concentrated in vacuo. The semi-solid residue
obtained was taken up in EtOAc (50 mL), then heptane (100 mL) was slowly added to
the resulting stirred slurry. After aging for 2 h at rt, the solid was collected by
filtration and washed with 3:1 heptane-EtOAc (20 mL). After drying under vacuum,
the Diels-Alder adduct IV (R' = R? = H, Z = O) was isolated as an off-white solid

20  (4.74 g, 90%, >99% cc): "H NMR (250 MHz, CD,Cl,) § 4.99 (d, J=4.5 Hz, 1 H),
4.73 (d, /J=4.5Hz, 1 H), 4.39 (t, /= 8.0 Hz, 2 H), 4.05 (app dt, /= 8.7,4.3 Hz, 1 H),
3.99-3.82 (m, 2 H), 2.60-2.39 (m, 2 H), 2.37-2.02 (m, 5 H), 1.95 (dddd, /=11.1, 8.8,
4.5,1.0 Hz, 1 H), 1.83-1.60 (m, 4 H); °C NMR (63 MHz, CD,Cl,) & 222.4, 171.3,
154.0, 141.7, 135.7, 85.1, 84.9, 62.9, 45.6, 45.5, 45.4, 43.3, 31.8, 30.2, 29.2, 26.9,

25  26.3.

Alternative Procedure
(+)-1,2-trans-Diaminocyclohexane (250 mg, 2.18 mmol) in CH,Cl, (20 mL)
was treated with Na;SO4 (923 mg, 6.50 mmol) and trimethylacetaldehyde (473 pL,

30  4.35 mmol). The mixture was stirred at ambient temperature under an atmosphere of
N for 0.5 h then filtered. The filter was washed with CH,Cl, (5 mL) and the



1.85 (m 2 H, 1.55-1.41 (m 2 H); 13C NWR (63 MHz, CD2C2) d 225.0, 141.8,
121.8, 45.9, 27.8, 23.6. Exanple 2Di el s-Al der reaction of 5-oxatricyclo
\1.2. 1. O3Wo2dedas@33 , 6-di en- 12-one [Cu((5',5)-"rr - Bu- lpox)dB2003805042C 2
(0.43 g, 0.83 mml), silver hexafluoroanti nonate (0.56 g, 1.63 mmol) and

di chl oromet hane (DCM) (15 nL) were nmi-¥8d under a nitrogen at nbsphere and
stirred for 4 hin the dark. Solid 5-oxatricyclo[7.2.1.0

3' 7] dodeca- 3, 6-di en- 12-one (Exanmple 1) (2.91 g, 16.5 mol) and

g;/Z(r:\t)élr?XEB@E%Eioﬁfﬁgé%ﬁggﬁ&a&g%@%ﬁe ’ _pu%_ezﬂn_ eret@]ﬁ{o&?@%&gg)-g{‘ nospher e
and then Bﬁﬁlbhé&nml)z-&iamirmi?wmlgnﬂ?%mm aﬁbﬁfw}dteitersgnggtdlm m x% Eree :‘Aﬁstg(r)gljed
to -78 C. T (0]

tﬁr ough a 0. ngﬁWﬁC@éS%’@@S%&ﬁ &oigﬁi 3«8&(‘8’ %ﬁg’rl\,\?‘ignﬂ% ﬁ)’ washi ng
the filten f,gglibé\(gfbwnpgﬁ)ﬁ $.00%, 18TRE PENNRI(NG DAL EDIes) 5190.5! ef; to

stir at -78 h.” The reacti’on was quenched by addi'ti'on of cone.
NHAOH § 5 B)7, ahd, 33.2,026H 2¢S. war m t o anbi ent tenperature. The resulting

(3% 50 ) - TAENERRe iy lhropy b ERpEr o/ fehedml CAaiemin (e 420 "br i ne
(50 m), dirhé61y ahdNed&sHe), @09 nid) 0282 FNBET) iwedd Mikddt ¥RbIeat tehlpRran@diin sol i d
resi due obtai hed was ta21<en up in EtQAc (50 niL), then heptane (100 nL) was

sl owl y ad@shkydrousasetonislel (1 iSrgLyfor OrSeliurdey pmyjiroganatnospleteg Therespltingat rt
the solid S . ed fhlirabd N Lth 3:1 heptane-Et OAc (20
iy At U R A odded BG4 B SRR it TS (R SR Y2
O weR) i sekakiegclaly. rnodTdodsba-B%-dieni1d-one (500 mg, 2.84 mmol) and 3-

acryloyloxazolidin-2-one (801 mg, 5.68 mmol) in acetonitrile (3 mL), added dropwise

over 3 min. The resulting deep blue solution was aged at 0°C for 2.5 h then treated
with concentrated ammonium hydroxide and aged at 0°C for 10 min. The mixture
was diluted with CH,Cl, (10 mL) and H,O (10 mL) and the layers were separated.

15  The aqueous phase was extracted into CH,Cl, (2 x 10 mL) and the combined organics
were dried (Na,SO,4) and evaporated to dryness. LC analysis of the residue indicated
an assay yield of 85%, endo:exo ratio of 20:1 and an endo ee of 86%. Isolation of the

Diels-Alder adduct was then carried out as described previously.

20 Example 3
Methyl (1R, 105)-13-oxotricyclo[8.2.1.0>*1trideca-3(8).4,6-tricne-5-carboxylate

(L, R'=R*=H, R* = Me).
A stirred solution the product of Example 2 (4.15 g, 13.1 mmol) in DCM (200

mL) was cooled to —60 °C under a nitrogen atmosphere. A 0.5 M solution of sodium
25  methoxide in methanol (52 mL, 26 mmol) was slowly added over 30 min., then the
reaction mixture was allowed to warm to 0 °C over a period of 4 h. At this point,
HPLC analysis indicated that the reaction was complete (<1% starting material
remained). The cooling bath was removed and the resulting solution allowed to warm
to ambient temperature. The reaction was quenched by addition of saturated aqueous
30 NH4CI (200 mL) and the two layers were separated. The aqueous phase was extracted
with DCM (150 mL), and the combined organic layers were washed with half-
saturated brine (2 x 100 mL) and then dried (Na;SO4). Concentrating in vacuo
afforded methyl ester V (R' = R* =H, R? = M) as a beige solid (3.15 g, 92%): 'H



(4.74 g, 90% >99%ee): 1 NVR (250 MHz, CD2A2) d 4.99 (d, J =4.5 Hz, 1 H),
4.73 (d, J =4.5 Hz, 1 H, 4.39 (t, J =8.0 Hz, 2 H, 4.05 (app dt, J = 8.7,
4.3 Hz, Iwb)20060186833.82 (m 2 H), 2.60-2.39 (m 2 H), 2P8TARB20&/05m325 H),
1.95 (dddd, J = 11.1, 8.8, 4.5, 1.0 Hz, 1 H), 1.83-1.60 (m 4 H); 13C NMWR
(63 MHz, CD2C12) d 222.4, 171.3, 154-d1-141.7, 135.7, 85.1, 84.9, 62.9,
45.6, 45.5, 45.4, 43.3, 31.8, 30.2, 29.2, 26.9, 26.3. Alternative Procedure
(+)-1,2-rrani'-D am nocycl ohexane (250 ng, 2.18 mmol) in CH2A 2 (20 nL) was
treated WinpirRNGSPH 5 oy n rg | I y. (473 m,
4.35 mol). Rg mxtzt(j?:?(: szl?%lr égug‘t'aganblpgﬁu’#ﬁ%@sg;gfﬁ?%’ g%g’egggn
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AN b o (37T @34 By Dof Sk denbhd 4 HoohEfane- 1 3.t ami ne (610 my, 98%
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(m 2 H, 1.74(m 2 H, 1 1.00 (s, 18 H: 13C
NMR (190 Mds codpd € 20 W antDa M sdufion @Ehoron BRhRyrideén ®CM40.32 mL, 0.72

N, N - Bi s- (2, 2-di net hyl.pr | i dene) - cycl ohexane-|, 2-di amj ne (78 ng, 0.312
ol ) and TN Do AgaE Bopy 55 Thi A5\ RRd BN ¥ah LR WO U Perper at ur e
i N anhydr Qiibiché RingiRkdtirel vef 4 handthenfaged Q figtHer 4 mdqIPIRC ahzil?sﬁgﬁibw%ﬁftl_?a%pher €.
The resulting deep green solution was cooled to Q0C and treated with a
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?‘gm lm)_) :’;mg a‘%l-g &%%E%llﬁ% glg géc?iﬁ&!l iop\i;vgfeg(l%f LU T %o ?aygles Wi lsgpairar%ecﬁcﬁﬁeo nitrile

10  organic layer was dried (Na;SO) and then concentrated in vacuo. The residue

obtained was dissolved in acetonitrile (10 mL) and the resulting solution was heated to
80 °C. Afier stirring at this temperature for 18 h, the solution was cooled to ambient
temperature and then concentrated to dryness. Purification of this crude product by
flash column chromatography (3:1 hexane/MTBE) afforded the title compound as a

15  white solid (68 mg, 78%, 99% cc): "H NMR (250 MHz, CD,Cl,) & 7.88 (s, 1 H), 7.84
(dd,7=8.1,1.5 Hz, 1 H), 7.30 (d, /= 7.6 Hz, 1 H), 3.88 (s, 3 H), 3.06 (ddd, J =15.5,
7.9,2.1 Hz,2 H), 2.87 (d, J=15.4 Hz, 2 H), 2.62-2.52 (m, 2 H), 1.93-1.82 (m, 2 H),
1.32-1.15 (m, 2 H).



over 3 min. The resulting deep blue solution was aged at QOC for 2.5 h then
treated with concentrated ammoni um hydr oxi de and aged at O0C for 10 mn.
The m xt we 20@1866But ed with CH2C 2 (10 nL) and H2O0 ( 10 poir)GEeneb/ashis2| ayer s
wer e separated. The aqueous phase was extracted into CH2O 2 (2 x 10 nL) and
t he conbi ned organics were dried (Nazééft) and evaporated to dryness. LC
anal ysis of the residue indicated an assay yield of 85% endo:exo ratio of
20: 1 and an endo ee of 86% Isolation of the Diels-A der adduct was then
carried o@; g.rﬁggescri bed previously. Exanple 3 Methyl (li?. 10S

3-oxotric ~2.1.0 3" 8ltrideca-3(8)A6-triene-5-carboxylate (L Rl = R2
=H, R3 = Me). A stirred solution the product of Exanple 2 (4.15 g, 13.1
nol ) in DCM (200 was .cooled to -6Q C under a nitrogen_ atnpsphere. A
0.5 M sol ution lof %ww%m%mpwsr%&mmng(wmwnge #ﬂ%ﬁ%l\ms sl owl y
added over 30 min., then the reaction mxture was allowed to wvarmto 0 C
over a period of 4 h. At this point, HPLC anal ysis indicated that the
reacti on was conplete (<1% start j.re~pat AL al Cogmhi ned). The cooling bath
was renmoved and the resulting sg u‘t’io pwed 'to warm to anbi ent
tenperature. The reaction wa en\(l ) addi ti on of saturated aqueous
NH4Cl (200 nL) and the two | ayers: eparpted. The aqueous phase was
extracted with DCM (150 nL), and the combi ned organic | ayers were washed
with hal fsaturated brine (2 x 100 nL) aRd then dried (Na2SO4).
Concengrating in vacuo afforded nethyl_ester V(RL = R2 =H R3 = M) as a
bei ge $olid (3.15 g, 92%: 1INWR (250 Mz, cD2C 2) d 4.81 (d, J =4.7 Hz, 1

H, 4.68 (Hmpdsing iR s ok H . 3.59

(@) reacting a compound of formula II
R
-
O O
N
R
I

4 o0
ZJ\N
O
R2

III
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(s, 3 H, 3.07 (app dt, J =9.0, 4.5 Hz, 1 H), 2.59-2.44 (m 2 H), 2.41-1.84
(m 7H, 1.73-1.63 (m 2 H, 1.56 (dd, J = 11.4, 4.0 Hz, 1 H). A stirred
sol uti on Wb 200v/a846at er medi ate (94 ny, 0.36 nmol) in DCMpPCIGBI)S/08832Cc00l ed
to - OC and a 1M solution of boron trichloride in DCM (0.72 m., 0.72 nmol)
was then added dropw se. The resul ti nd3m' xture was allowed to warmto

anbi ent tenperature over 4 h and then aged a further 1 h. HPLC anal ysis
showed that starting material had been conpletely consumed by this point.
Therefore, the reaction was quenched by addition of water (10 nmL) and the
two | ayers were separated. The organic |ayer was dried (Na2SO4) and then
concent r atetbrina somepound B éortedd Bue obt ai ned was di ssolved in acetonitrile
(10 nL) and the resulting solution was heated to 80 C. After stirring at
this tenperature for 18 h, the sol utiR RN Wad coolgd to anbient tenperature
and then concentrated to dryness. Puriificatlion gf this crude product by
flash col um chronmat ography (3/%. hex . )N orded the title conpound
as a white solid (68 ny, 76% ¢ 2506MHz, CD2C2) d 7.88 (s, 1
H, 7.84 (dd, J : : &@I £7.6 Hz, 1 H), 3.88 (s, 3
H, 3.06 (ddd, J = 15.5, 7.9, 2.T'Hz, J2 H 2.87 (d, J = 15.4 Hz, 2 H),
2.62-2.52 (m 2 H, 1.93-1.82 (m 2 H! 1.32-1.15 (m 2 H). CLAIMB 1. An
enanti osel ective process for preparing a conpound of formula | : conprising
the steps of: (a) reacting a conmpoundyQf formula Il I

I
o
P
=
ol
_E
T

5 (b treating said compound of formula IV with R’*O"M" to form a compound of

formula V:

;and

(c) dehydrating said compound of formula V to form the compound of formula I;
10  wherein R' is H or Cy_qalkyl;
R?is H, C;_salkyl, phenyl, or CI;
R?is Ci.4alkyl or benzyl;
ZisOorS;
M is an alkali metal;
15 X is SbFy', BF4', PFs or CF:SO5;
each Y'is t-butyl; i-propyl, phenyl or 1-naphthyl;
each Y is t-butyl, phenyl, 4-cyanophenyl, 2-chlorophenyl, 2,6-dichlorophenyl
or 2,6-difluorophenyl; and
Tf represents trifluoromethylsulfonyl.
20
2. A process according to claim 1 in which the catalyst in step (a) is of

formula A.



with a conpound of formula Il1l: Ill in the presence of a catalyst selected
from A Bto forma conpound of formula IV: 1V (b) treating said conpound of
formul a IwowedniRs®W to form a conpound of formula V: YCiaBde&tnsarat i ng
said conmpound of formula Vto forn1the conpound of formula | ; wherein Rl
is Hor Cl-4alkyl; R2 is H Cl1_4al kyI' phenyl or C; R3is G _4alkyl or
benzyl; Zis Oor S Mis an alkali netal; X is SbF6 , BF4 , PF6 or CF3SCB
; each Y1 is t-butyl; i-propyl, phenyl or 1-naphthyl; each Y2 is t-butyl,
phenyl, 4-cyangphen I

2, 6- d|fluorophenyl ﬁ%ega¥%H%@%$%§§%%Qm?§??Aq%ﬁ%%gSﬁgﬁ b ]Fpﬁﬁmﬁs process
accordl ngSbbsclaim1 in which the catalyst in step (a) is of formula A 3.
The process of claim2 in which Y1 represents t-butyl and X represents

4. A process according to claim 1 in which the catalyst in step (a) is of

5 formula B and Y? represents t-butyl.

5. The process of claim 4 in which step (a) is carried out in acetonitrile at
0°C or below.
10 6. A process according to any previous claim in which R'! and R? are both
H.
7. A process according to any previous claim in which Z is O.
15 8. A process according to any previous claim in which the dehydration in

step (c) is effected using BCls or using ferric chloride and acetic anhydride.

0. A compound of formula II:
Rl
=
0] 0]
Sl
1
20 R

(1)

where R is as defined in claim 1.

10. A compound of formula IV:
25



SbF6 . 4. A process according to claim1 in which the catalyst in step (a)
is of formula B and Y2 represents t-butyl. 5. The process of claim4 in

whi ch st ewo(2afe/i18668arri ed out in acetonitrile at 0OC or Ipelr@B20&/05813pr ocess
according to any previous claimin which RL and R2 are both H 7. A process
according to any previous claimin whiléh zis O 8. A process according to
any previous claimin which the dehydration in step (c) is effected using
BCl or using ferric chloride and acetic anhydride. 9. A conpound of formula
I1: (H where RL is as defined in claim21. 10. A conpound of fornula

| V:wherein Z, RlL and R2 are as defined in _ alﬂz. 11. A compound of

formula V: wherein R1, R2 and

Z
0 . L/

wherein Z, R! and R? are as defined in claim 1.

11. A compound of formula V:

10

wherein Rl, R? and R? are as defined in claim 1.



