WO 01/ 92200 PCT/ SE01/01240 1 PROCESS FOR THE PREPARATI ON OF CYCLOPROPYL
CARBOXYLI C ACI D ESTERS AND DERI VATI VES FI ELD OF THE | NVENTI ON The present

i nventi owoel/gi2es to a novel process for the preparati on PET/SENIIER4D

cycl opropyl 5 carboxylic acid esters and other cycl opropyl carboxylic acid
derivatives; a novel process for the Fr eparation of dinethyl sul foxonium
nmet hyl i de and di nmet hyl sul foniuimnethyfide; to the use.of «certain

cycl opropyl carboxylic acid esters in a process for the preparation of

i nternedi at es t%c;?é‘%o‘?ﬁﬁ'@?ﬂ#ﬁ Kfon Bt E_Q?Ls\ggp?ﬁ%%m%{,ﬂ_,@al ly active
] .

P
entities; and to Cértain Int e ese processes. 10
DESCRI PTI ON OF THE | NVENTI Ofﬁslﬁelgéflﬁ@'\lgspecl K Ihe i nvention therefore

provi des a process for the preparation of a conpound of formula (1): 0 11
R C -Y ( IFIELBhOFTHE INNVIENTEOPhenyl substituted with one or nore hal ogen; Y

5 O, e R L el sl craloy i, b dnchet, sl ool oslily
a conoungd: ki Ofduibderk bhd other By doprofiy ShibekbliCacidldertalives; a novel process for the
preparation of dimethylsulfoxonium methylide and dimethylsulfonium methylide; to the use of
certain cyclopropyl carboxylic acid esters in a process for the preparation of intermediates that
can be used in the s&nthesis of 'pharmaceutically active entities; and to certain intermediates
provided by these processes.
10
DESCRIPTION OF THE INVENTION
In a first aspect the invention therefore provides a process for the preparatioh of a

compound of formula (I):

@

wherein:

15 R is phenyl substituted with one or more halogen;
Y is ORI, where R1 is a straight chain alkyl, branched alkyl, cycloalkyl, or a substituted

bicycloheptyl group (eg bornyl),

which comprises contacting a compound of formula (II):

2
Q .
| ,R—CH:CH—{J:——Y
(1)

where R and Y are as defined above, with dimethylsulfoxonium methylide in the presence

of a solvent.



where R and Y are as defined above, with diinethyl sulfoxoniumnethylide in
the presence of a solvent. WO 01/92200 PCT/SE01/01240 2 Suitably the

sol vent iwoarpbar sol vent, preferably dinethyl squOX|dePcEmEmahmm t he
reaction is carried out at -10C - 90C, preferably 25C. The

di met hyl sul f oxoni um nmet hyl i de can be prepared by reacting a
triznethyl sul foxonium 5 salt with a sol i d strong base, preferably in solid
form in dinmethyl sulfoxide at anbient or an eIevated t enper at ur e.
Suitably, the base is a netal hydroxide, eg iOH or alkali neta

hydri de, SeijatijaHie sphisfiicis alﬂO%ItShb’ebfa%efﬁéblS’@Hﬁﬁhﬂrﬁﬂélf@ébdﬁd%ultqb}Yef}@rrﬁ%ﬂWn
tr||neth Isulf th di hyd d wd i 10
. “&2@8& LiBLéf%Qgég’égﬁ?si’ Oése, W sodi um hydr oxi de po er in

di et hyI "phase transfer catal yst),

optional Iy under nitrogen, at 20-25C for 90 minutes. Aternatively, the

di i net hyl sul f oxoni um nmet hyl i de can be prepared froma trinethyl sul foxonium
salt (pr @herdabbthylisddideivon msthdidechan h@sm@r@bhy geActing grtoimiedylsuosemwnny |

sul f oxi de ansf er t al r.

amon? uWﬂWWﬁ$&§O%HF§rW asc?t R’éeferg@ydlﬁé dagoélgl su%&gﬂlL &é’éﬁ?%r%# Bale of

hydri des an lelbyaieBdniperaturkdSitdbl @ theiBase A5 &m&m@hyafoﬁﬁefsngMDH (408, cratkalie
prepared by reacting a_conpound of formula (l1I11): 1L? RCHCH C -OH

(111)  whesta bdiide, g8 No&F Prrferahlydhe basgiis spdaimd hydrqsids: chl ori nating agent in
the presence of an inert 20 solvent and an optional catalyst at at a
tenperature of 0-200C. Preferably Y is ORLl, the chlorinating agent is
t hi onyl Q’héf@fab@e,miﬂa&lyisaﬁbkorﬁoﬂnvmﬁdd & stifrede rveth andiumhéydmalleymwd% in

pyridine. Suitably the action rature.is 70C. The. resu acid
chl oritde diﬂ’éethﬁ]e?\ﬂ%?"élﬁ&’t \%P%qﬁlcefpfépﬁgﬁe rapgie ptalyst); tighally f g)ﬁg%’l es of

?I.% OCY '22 8909 ENRY RPN Butes. ORItELRN Y, @k AheflyR¥AbLChiSRRAFIEE @an HeCh as
prepared from a trimethylsulfoxonium salt (preferably iodide or chloride) using sodium
hydroxide in dimethyl sulfoxide with a phase transfer catalyst, for example tetrabutyl-n-
ammonium bromide, or with other strong bases, such as alkali metal hydrides, in dimethyl

15 sulfoxide.

A compound of formula (IT) can be prepared by reacting a compound of formula (III):

0
]

R—CH=CH-C —OH

(1)

where R is as defined above, with a suitable chlorinating agent in the presence of an inert
. 1
20  solvent and an optional catalyst at at a temperature of 0-200°C. Preferably Y is OR ', the

chlorinating agent is thionyl chloride, the inert solvent is toluene, and the catalyst is-
pyridine. Suitably the reaction temperatufe is 70°C. The. resulting acid chloride is then
reacted with YH or Y~, (where Y  is an anionic species of Y), Y is as defined above,
optionally at an elevated temperature, such as 100°C.

25
A compound of formula (IIT) can be prepared using standard chemistry, for ex_ample by

contacting a compound of formula (IV):



A conpound of fornmula (111) can be prepared using standard chem stry, for
exanpl e by contacting a conpound of fornmula (1V): WO 01/ 92200

PCT/ SEO1Ma @208 0 R-C -H (IV) where Ris as defined abpowsEomiiz4e nal onic
acid in the presence of pyridine and piperidine at an elevated
tenperature, preferably 50-90C. 5 A compound of formula (I) can be

hydr ol ysed using basic hydrolysis to ﬁel d a conmpound of formula (V): O
~II RC-CH (V) where Ris as defined above. For exanple, ester groups
are preferably renmoved by basic 10 hydrol ysis using an al kali netal

hydr oxi de, such as sodi um hydroxi de or |ithium hydroxide, or quaternary
anmoni um hydroxi de in a solvent, such as ter, an aqueous al cohol or
aqueous tetrahydrofuran, at a tenperaturg from 10 - 100C. Mst preferably
the base is sodium hydroxide, the solyent,is_ethanol, and the reaction
tenperature is 50C. 15 A conpound of f%r a %{V) can be used to generate a
conpound of forrmula (VI): 0 .~ 11 R C(IV)CI (VI) where Ris as defined
above, by reaction with thionyl chloride or another suitable chlorinating
agent in the presence of toluene, or another suitable solvent, - and an

optional where R is as defined above, with malonic acid in the presence of pyridine and piperidine

at an elevated temperature; preferably 50-90°C.

A compound of formula (I) can be hydrolysed using basic hydrolysis to yield a coinpound

of formula (V):

V)

where R is as defined above. For example, ester groups are preferably removed by basic
10 hydrolysis using an alkali metal hydroxide, such as sodium hydroxide or lithium hydroxide, or
quaternary ammonium hydroxide in a solvent, such as water, an aqueous alcohol or aqueous

tetrahydrofuran, at a temperature from 10 - 100°C. Most preferably the base is sodium

hydroxide, the solvent is ethanol, and the reaction temperature is 50°C.

15 A compound of formula (V) can be used to generate a compound of formula (VI):

O

VAN S

(VD)

where R is as defined above, by reaction with thionyl chloride or another suitable
chlorinating agent in the presence of toluene, or another suitable solvent, and an optional
catalyst, preferably pyridine, at 0-200°C. Preferably the temperature is to 65-70°C.

20

A compound of formula (VI) can be used in the synthesis of a compound of formula (VII):



catal yst, preferably pyridine, at 0-200C. Preferably the tenperature is to
65- 70C. 20 A conmpound of fornula (VI) can be used in the synthesis of a
conpound voo of/empul a (VI1): WO 01/92200 PCT/ SE01/ 01240 4 BCT/RE@vavz4o (VI1)
where R is as defined above, by reaction with an al kali metal azide
(preferably sodium azide) in the presence of a phase transfer catalyst
(preferably tetra-n-butyl anunoni um 5‘%ronide) agueous potassium carbonate
and an inert solvent (preferably toluene). Preferably the reaction
tenperature is 0 - 10C. A conpound of formula (VI1) can be used in the

synt hesis of a .conmpound of formula (VMII1): 10 RNH 3 +C- (VIIl) where R
is as defined above, by rearrangenent in tol@®ene at tenperatures between OC
and 200C, preferably at a reaction te erat@re of 90-100C, after which the
i socyanate internediate is reactedg-w oeNLoric acid at elevated
tenperatures, preferably 85- 15 90C. An unprotonated parent am ne (free
base) of formula (I1X): RNH2 (I1X) 20 Wwaye Ris as defined above, can be
| i berated by adjusting the pH of an aqueous solution of the salt of a
conmpound of forrmula (VIIl) to 10 or nore. This can then be converted to
other salts of organic acids or inorganic acids, preferably mandelic acid.

The R (- )wherenlgeils Ia(s: d%%ned V%% ?, ngzgc 101 W1{hSE0 ”kafizn%gtal azide (preferably sodium

azide) in the presence of a phase transfer catalyst (preferably tetra-n-butylammonium
s bromide), aqueous potassium carbonate and an inert solvent (preferably toluene).

Preferably the reaction temperature is 0 - 10°C.

A compound of formula (VII) can be used in the synthesis of a compound of formula
(VIII): ‘

10

ANEECY

(Vi)

where R is as defined above, by rearrangement in toluene at temperatures between O°C and
200°C, preferably at a reaction temperature of 90-100°C, after which the isocyanate
intermediate is reacted with hydrochloric acid at elevated temperatures, preferably 85-

15 90°C.

An unprotonated parent amine (free base) of formula (IX):

20  where R is as defined above, can be liberated by adjusting the pH of an aqueous solution of
the salt of a compound of formula (VIII) to 10 or more. This can then be converted to other

salts of organic acids or inorganic acids, preferably mandelic acid. The R-(-)-mandelic acid



5 salt of a conpound of formula (1X) can be generated by addition of
R-(-)-mandelic acid at anbient or an el evated tenperature to a sol ution of
a conmpoumndoofsfzermula (I X) in a solvent, preferably ethyPCrSEG1Z01210
Preferably the tenperature is 20C. 5 Suitably R is phenyl optionally
substituted by one or nore hal ogen at o(r)gs. Preferably, Ris phenyl
substituted by one or nore fluorine atons. More preferably Ris

4-fl uorophenyl or 3,4-difluorophenyl. Preferably Y is D-nmenthoxy, or nore

r ef er abl L- ment hoxy. . .10 nds of fornul ae. (. X n exjst in
gi fferent gﬁl“s‘tfr?e?‘?lﬁpqlg‘)térf’éc f?’%’&]’gﬁ( UCE‘? P EFagate Mﬁﬂ@oé Pﬁ%ﬁ@'l%?‘?&w aeda’
di ast er eoLFOMES ) -an 116 ROk ralﬂlfre 1481 S sA1RN G bF %ncdnt%;duHQ%T i%hjnulﬁU((Iﬁ? g Qneric

forms and mxtures thereof 1n a proportions. 15 ere Yis chiral, a

conpound edlvdray prafeaatly pthyi ddetatre Peeferakiyihe tepipeditastie?®6l. sor ners and can be
resolved to yield a diastereornerically-enriched conpound of fonnula (la):
R'" O (la) Y where R and Y are as defined above, by crystallisation or by

chr oma 8??@5’“@% Rtﬁ,ﬁgmg%oguﬁ’ﬁﬁty%p@aiﬂtea B§ 0%k 5 hiidhé hid@kdORokns, 1G8fcrbRf UL 1 N

-situ esis“of a conpound of 2 ormula (I), a

descri bedphdagl eybstiyutery ong ot merecflumtiner aans.i Marerpimeferably Bris i+ {lvoseriienyl or
near-total dj.ssolution is achieved, then cooling at an appropriate rate
until suf ?ﬁﬁ‘ilgﬁ?mé? $9%als of the desired quality are formed. The crystals
are then collected by filtration. Alternatively, the resolution can be
carried out in any other suitable solvent, such as a hydrocarbon, eg

hept ane  Biefaatly acisilhpeathosyyss mmde preférablyulanqothoxynt o a sui t abl e anount of
the solvent, heating the 25 extracts until total dissolution is achieved,
then dboling at an appropriate rate until sufficient crystals of the

desi red quahipbynds 6f hanied (1) @Ukyoat byist haliffergarnisenerd fomus {suchns bis/tmashed
wth water, ‘dried over magnesiumsul fate ag{j filtered prior_to the .
crystal | i seantiomese 9& AiapisEPoRNBwE). WS ITeres 26 ipryerifangdatel] ich isomeric

forms and mixtures thereof in all proportions.

15 Where Y is chiral, a compound of formula (I) will be a mixture of diastereoisomers and

can be resolved to yield a diastereomerically-enriched compound of formula (Ia):

R““““Aﬁo

(Ta) Y

where R and Y are as defined above, by crystallisation or by chromatographic methods.
Preferably the crystallisation is carried out in situ following the synthesis of a compound o:
20  formula (I), as described above, by heating the crude reaction mixture until total or near-tota
dissolution is achieved, then cooling at an appropriate rate until sufficient crystals of the
desired quality are formed. The crystals are then collected by filtration. Alternatively, the
resolution can be carried out in any other suitable solvent, such as a hydrocarbon, eg heptane
by extracting a compound of formula (I) into a suitable amount of the solvent, heating the
25 extracts until total dissolution is achieved, then cooling at an appropriate rate until sufficien
crystals of the desired quality are formed. Optionally the organic extracts can be washed witt

water, dried over magnesium sulfate and filtered prior to the crystallisation described above.



A conpound of fornula (la) can be hydrolysed to yield a conmpound of formula
(vVa): R O(Va) OH where R is as defined above, using the nethod descri bed
above fowohe9trydrol ysis of a conpound of fornula (1) toprgT/skE@/a24onmpound
of formula (V). 5 A conmpound of fornula (Va) can be used to generate a
compound of fonnula (Ma): R 0 (Via), O where Ris as defined above,

usi ng the nethod descri bed above for the conversion of a 10 conpound of
formula (V) to yield a conmpound of formula (VI). A conmpound of formula

(V1 1) “n DEAeY of Rl 00Tl BE bR Slys SLETRA R IR ) Shove

for the conversion of a conpound of formula (VI) to yi el d a conpound of.
formula (M1). A conpound of fornu (VIla) can be used in the synthesis of
a conpound of fornmula (Villa): WO 922@0 PCT/ SE01/01240 7 R,,, NH3+C -
(M1lla) where Ris as -defined ébove ng the nethod described above for

t he conversion of a conpound of (VIl') to yield a conpound of
formula (MI1). 5 A conpound of #orrml (VIlla) can be used in the
synthesis of a conpound of formula (IXa): RO H2

where R is as defined above, using the method described above for the hydrolysis of a

compound of formula (I) to yield a compound of formula (V).

A compound of formula (Va) can be used to generate a compound of formula (VIa):

where R is as defined above, using the method described above for the conversion of a

10 compound of formula (V) to yield a compound of formula (VI).

A compound of formula (VIa) can be used in the synthesis of a compound of formula (V1la):

(VIla) N,

15 where R is as defined above, using the method described above for the conversion of a

compound of formula (VI) to yield a compound of formula (VII).

A compound of formula (VIIa) can be used in the synthesis of a compound of formula (VIIa):



(I Xa) where Ris as defined above, using the nethod described above for
the conversion of a conpound of formula (VIIl) to yield a conpound of
formul a WO(p1/92200 The R-(-)-mandelic acid salt of a conpoupdr/SEotfe4eul a

(1 Xa) can be generated using the nethod described above for the generation
of the mandelic acid salt of a conpou of formula (IX). 15 Novel
conpounds forma further aspect of the invention. In a further aspect the
invention therefore provides conpounds of formula (1), (la), (1), (IIl),
(V), (va, (M), (Ma), (MIl), Mla), (VIll), (Mlla), (I1X) and (I Xa) as
defined above. Particularly preferr conpounds include: 20 OR 2S,

5R) - 2-i sopropyl - 5- net hyl cycl ohexx‘l\‘-ﬁg\ﬁs- 2- (3, 4-

di f1 uor ophenyl ) cycl opr opanecar b&yl at e; NH,+Cl-

(1R 2S, 5R) - 2-i sopropyl - 5- net hyl cycl ohexyl trans- (1R 2R)-2-(3, 4-

di f1 uor ophenyl ) cycl opr opane car boxy(\dila

(1R, 2S, 5R) - 2-i sopropyl - 5- net hyl cycl ohexyl
(B)-3-(3,4-difluorophenyl)-2-propenoate; 25 ) : i

( E) - 3- ( 3whemdi Rl isorsogefinegd| gbove,pusing il eneteadd desppberd pboveobrrply/ compasionoofoa s

E)-3-(3,4-difl,uqar.ophen -.2- Pl | i : ns- (1R
(ZRg - 2- g 3?04?%‘%‘\“9&8;%}8’&%&@)&93? %(g?gg% 8%%&%(){3} i %(gg?)d; (t rans- ( 1R,
2R) - 2- (3, 4-di fl uor ophenyl ) cycl opr opanecar bonyl chloride; trans-( 1R_,~

2R) - 2- (3, 4-di fl uor ophenyl ) cycl opropanecar bonyl azide; 5 )

t r anss ( 14 @g)popng gf Brani (%(éﬁ@;ﬂ%ahﬁu?e%%h% Byshssis of gichmpoupgof formula (IXa):
trans- (1R, 2S).- 2- (3, 4-di f | uorophenyl ) cycl opr opanai ni ni um ( 2R) - 2- hydr oxy- 2-
phenyl et hanoat e Exanples 10 The inventi is illustrated by the follow ng
non-limting exanples.

R H

2
(IXa)

where R is as defined above, using the method described above for the conversion of a
compound of formula (VIII) to yield a compound of formula (IX).

10
The R-(-)-mandelic acid salt of a compound of formula (IXa) can be generated using the
method described above for the generation of the mandelic acid salt df a compound of formula

(IX).

15 Novel compounds form a further aspect of the invention. In a further aspect the invention
therefore provides compounds of formula (I), (Ia), (II), (1), (V), (Va), (VD), (Vla), (VID),
(VIIa), (VII), (VIIIa), (IX) and (IXa) as defined above.

_Particularly preferred compounds include:

20 (IR, 285, 5R)—2-isopropy1—5-methylcyclohexyl trans-2-(3,4-
difluorophenyl)cyclopropanecarboxylate;
(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl frans- (1R, 2R)-2-(3,4-
diﬂuorophenyl)cyclobropane carboxylate;
(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl (£)-3-(3,4-difluorophenyl)-2-propenoate;

25 (E)-3-(3,4-difluorophenyl)-2-propenoic acid;



Exanple 1. This exanple illustrates the preparation of
(E)-3-(3,4-difluorophenyl)-2-propenocic acid 15 A stirred m xture of

pyri di ne Wab/®2b@) and pi peridine (0.72 kg) were heated tpCBOE)1/0134 oni C
acid (17.6 kg) was added, followed by slow addition, over 50 m nutes, of
3,4- difluorobenzal dehyde (12.0 kg). T§1e reaction mxture was stirred at
90C for a further "4 hours and 36 mnutes. Water (58.5 kg) was added and
32 Iitres of the pyridine/water mxture then was distilled out of the

react or r ed .pr ure. reaction m xture 20 was acidified to pH

1 with 3 %?ggﬁio PRhgn ﬁi‘?&’r%@nﬂyﬁ%})lo%qcfer a 40-ninute period, then cool ed

to 25C Waﬂs- BilR, Qﬁﬂzs(gmdlﬂﬂ&o pHaS DRk bSSD mrc&bsfaﬁ egi®d by filtration,

washed tw ce drochl oritc aci er_ was once w wat er
hed t hl d (34.8 08 h), th wat

(61 L) atrdns-tigh 2da,»rzr(qdadlﬂdoroph@w&mwpgropchwéonﬂl lrideThe product was then
dri ed under 4 for. 24 hour d es, affording 13.7 k
of the cf”%f’}alﬁﬁﬁgbgﬁ d‘ggfmm%en@}()gﬁgf)%mggn 1%9n mxaglr%l e illustrat gs t he °
pr epay at b‘éﬁs-@lfRﬁLi:gL&fﬂm%ﬂhbg}q § epdiepspyl- aZmﬁdE openoyl chloride. 30 A
stirred mxture o f

Iuorop enyl)-2-propenojc _acid (8.2 kg),
t ol uene @ a1 Ped- ﬂh]éro@befl)ék@? ORERP APERIIEHN ££R Je5eyERWthen t hi onyl

chl ori de éﬁg#%%]l“ Was added over 30 minutes. The reaction was stirred for a
further BTy nutes after the addition was WD 01/92200 PCT/ SE01/01240 9
conplete, then diluted with toluene (8.7kg). Excess thionyl chloride,

sul fur di oxide and hydrogen chloride were then distilled out, together
with tol B&ampleso L), under reduced pressure, yielding a solution of the

(B ( 3= i Sl b ﬂ&% i pRroximately 9 kg) in
t ol uz%e Tge&‘jgl(lrg(?{egg. ﬁ#eé‘bé)}:ﬁ%ﬁf?@%ﬁﬂ 1tlj(i‘}{]rlat er%eet ﬁg@pr eparation of
(1R, 2S, 5R) - 2-i sopr opyl - 5- net hyl cycl ohexyl

Example 1.

This example illustrates the preparation of (E)-3-(3,4-difluorophenyl)-2-propenoic acid

15 A stirred mixture of pyridine (15.5 kg) and piperidine (0.72 kg) were heated to 90°C.
Malonic acid (17.6 kg) was added, followed by slow addition, over 50 minutes, of 3,4~
difluorobenzaldehyde (12.0 kg). The reaction mixture was stirred at 90°C for a further 4
hours and 36 minutes. Water (58.5 kg) was added and 32 litres of the pyridine/water
mixture then was distilled out of the reactor under reduced pressure. The reaction mixture

20  was acidified to pH 1 with 37% hydrochloric acid (6.4 kg) over a 40-minute period, then
cooied to 25°C with strong stirring. The solids were collected by filtration, washed twice A
with 1 % hydrochloric acid (34.8 L per wash), once with water (61 L) and then deliquored
thoroughly in the filter. The product was then dried under vacuum at 40°C for 24 hours and
40 minutes, affording 13.7 kg of the crystalline product.

25

| Example 2. » _ :

This example illustrates the preparation of (E)-3-(3,4-difluorophenyl)-2-propenoyl
chloride. |

30 A stirred mixture of (E)-3-(3,4-difluorophenyl)-2-propenoic acid (8.2 kg), toluene (7.4kg)
and pyridine (0.18kg) was heated to 65°C and then thiony! chloride (7.4kg) was added over

30 minutes. The reaction was stirred for a further 2h 15 minutes after the addition was



(E)-3-(3,4-di fluorophenyl)-2-propenoate. io A solution of L-nenthol (7.1kg)
in toluene (8.5kg) was added over a 20 mnute period to the solution of
(E) - 3- (3 WMo di/$f20or ophenyl ) - 2- propenoyl chl oride (prepar edra@bSEq/Ex@AN| e 2)
and pyridine (0.18kg, 2.28 nol) stirring at 65C. The reaction m xture was
stirred at 65C for a further 4 hours and 40 mnutes after the addition was
conplete, then cooled to 25C and stirfed for a 14 hours. The solution was
diluted with toluene (16kg), washed with 5% 15 aqueous. sodi um chl ori de

(6.4kg), then 6% sodi um hydrogen carhbonate (6.47kg),..the vat.er (6. 1kg) .
The sol utcpmplemﬂleardilé@dé&lébtpmpﬁ ER7kg)- Bycess tqnb/{alﬁp%eaéflwgg? t (20 L)
under redu L . f.0xi : uRgd t he

r emai ni ng‘y&%gﬁlg%@gg%‘ger i s{;ﬁlp}eﬁ% dts)dﬁ#’ tﬁ%égger? V‘f‘@’ﬁﬁ@*& 9 1rdé%)gur e, ?g‘uf%gcgdi ng
47.3kg ofpradsiae) ytldpg aabhtibRR o2 $eiR)-323,4-fiflopioph&nyippydrenoylothinxide
(E)-3-(3,4-difluorophenyl)-2-propenoate (approx. 13.3 kg) 20 in dinethyl
sul f oxi déaPPEsemaiely fglﬁg)liﬁit%lu@}@arrpl e illustrates a nethod of preparing

di et le sul f oxoni um net hyl i de (dinmethyl (nmet hyl ene) oxo-2 6-sul fane). 25
Sodi um hydr oxi de powder (1.2kg), prepared by mlling sodi um hydroxi de

pell ets iBxampleBtary mll through a Inrn netal sieve, and

(25 2kg) TR EeprReaer of B Lo B R BT on vas
used dir gﬁ%hxi”34[}1155@0&{&19?{26&09-9“&&6-( 1R, 2S,” 5R)-2-isopropyl-5 30 .

met hyl cy exyl trans-2-(3,4-difluorophenyl)cycl opropanecar boxyl at e.
Exanpl e 5. WO 01/92200 PCT/ SE01/01240 10 This exanple illustrates a et hod

of preparjng di ne | sul Ui n hyl d . od 1
Cai e hy 1 RBEHSA %ﬁ%};%e&%ﬂi @m@%ﬁ&eﬁéﬁ'g‘?ﬁ) T e AR MG g ity B
pr epar ed 1hysdFitidd STYER94B YraiNyciopheng 8- Paldpeid] chlofids (prepaaed asihHxampled)gh a
| nrm et al sieve, and trinmethylsulfoniumiodide (4.66 g) were stirred
and pyridine (0.18kg, 2.28 mal) stirring at 65°C. The reaction mixtufe was stirred at 65°C
for a further 4 hours and 40 minutes after the addition was complete, then cooled to 25°C
and stirred for a 14 hours. The solution was diluted with toluene (16kg), washed with 5%
15 aqueous sodium chloride (6.4kg), then 6% sodium hydrogen carbonate (6.47kg), then
- water (6.1kg). The solution was dried azeotropically by distillation of the solvent (20 L)
under reduced pressure. Dimethyl sulfoxide (33.9 kg) was added and the remaining toluene
was distilled off under reduced pressure, affording 47.3kg of a solution of (1R,25,5R)-2-
isopropyl-5-methylcyclohexyl (E)-3-(3,4-difluorophenyl)-2-propenoate (approx. 13.3 kg)

]

20 in dimethyl sulfoxide.

Example 4.

This example illustrates a method of preparing dimethylsulfoxonium methylide
(dimethyl(methylene)oxo-7»6-sulfane). .

25
Sodium hydroxide powder (1.2kg), prepared by milling sodium hydroxide pellets in a
rotary mill through a 1mm metal sieve, and trimethylsulfoxonium iodide (6.2kg) were
stirred in dimethyl sulfoxide (25.2kg) under a nitrogen atmosphere at 25°C for 90 riin. The

- solution was used directly in the preparation of (1R, 2S, 5R)-2-isopropyl-5-
30  methylcyclohexyl trans-Z-(3,4-diﬂuorophenyl)cyclopropanécarboxylate.

Example 5.



in dinmethyl sulfoxide (17 m) under a nitrogen atnosphere at 20-25C for 10
mn. The solution was used directly in the preparation of (1R, 2S,

5R) - 2-i sopod op9yd2e6- net hyl cycl ohexyl PCT/SE01/01240
trans-2- (3, 4-di fl uorophenyl ) cycl opr opanecar boxyl ate. 10 Exanple 6. This
exanple illustrates the preparation of (1R 2S,

5R) - 2-i sopropyl - 5- et hyl cycl ohexyl

trans-2- (3, 4-di fl uorophenyl ) cycl opr opanecar boxyl ate A sol ution of

(1R, 2S,5R) - 2-i sopropyl - 5- et hyl cycl ohexy13, 4-di f | uor ophenyl )-2 15 (

pr openoafléisexppplexiingitagdsya 18etbod gf prepardigrismietily sy lfprigs laéth(yﬁémr oxi mately 27.9

kg) was dded with stirging over 20 mnutes to a m xture of
di net hyl éﬁ?ﬂnle gﬁ?eﬁ?ﬁl‘?@ 1SPd@)(approxi matel y 2. 6kg, prepared as descri bed

above), sodiumiodide ( (E)-3-(approximately 4.2 kg), water (approxinmately
500 g) and sodi um hydroxi de (approximately 56 g) in _dinethyl sul foxide
(27. 7 kgSodtunPCroxitiepoedet(PHome) rtepaned iy snilingrspdiging hydrexifle pellegyrin2 hours 20

d 50 m nutes, 25C, th d di tly.f h. ' f o
?QR, 28 r5n %tggﬁgg%% |a-_lgl_n%n%#aﬁpegﬁéﬁﬁggﬁhy?sqﬂfgm%np {o%f?l%r(i‘.%h %Tw%re stirred
trans- (1R, %ielx?ﬁeiﬂﬁrl‘l ERehidd Q‘MBI) %H&%iﬁsg&laﬁaggme&eﬁ apbsrglfat B) midETaspl e 7.

Thi s exanp ustrates the preparation o _
(1R, 2S, 5Ruflen wepused\direbtly @t thy prapetatiher(1R, 28, SR)-2-isopropyl-5-

trans- (1R 2R)- 2- (3, 4-di f'l nyl ) c opropanecar.boxyl ate A crude
sol ution “beltzl"}%li}ﬁ,log‘fé’ 15%53%?i‘g%ﬁf“@%?ﬁhﬁéﬁ#é’?{?ﬁ@%?% TR ?ét?’r ans- 2- (3, 4-
di f1 uor ophenyl ) cycl opr opanecar boxyl ate produced as described in exanple 6

was heated wth stirring from25C to 50C over a 1 hour period and the
t enperwat Fixampde6.mai nt ai ned 30 for a further hour. The mixture was then

Chen coordth Pranit AbsyRRTRD frdrlratBy PR, S5 SO RpoifEht-s Hedibyed e MOv
PCT/ SE01/:R%24Q3,41diflubephesa)cstlopopitCabueylaig hours and kept at 19C for 5

hours and 10 m nutes. The product <crystallised and was coll ected by
filtration, affording a crystalline solid (2.7 kg) which was shown to

conta! 1,2 kil Sk S AS A SRR BUBIARONN, g )
(1R, 28, SRyepnose fappropimbtely 8.6 kg) in dimethyl sulfoxide (approximately 27.9 kg) was
added with stirring over 20 minutes to a mixture of dimethylsulfoxonium methylide
(approximately 2.6kg, prepared as described above), sodium iodide ( (E)-3-(approximately
4.2 kg), water (approximately 500 g) and sodium hydroxide (approximately 56 g) in
dimethylsulfoxide (27.7 kg) at 25°C. The reaction mixture was stirred for a further 2 hours
20  and 50 minutes at 25°C, then used directly for the preparation of (1R,2S,5R)—2-@propyl—5—

methylcyclohexyl trans-(1R,2R)-2-(3,4-difluorophenyl)cyclopropanecarboxylate.

Example 7.
This example illustrates the preparation of (1R,2:S,5R)-2-isopropyl-5-methylcyclohexyl
25 trans-(1R,2R)-2-(3,4-difluorophenyl)cyclopropanecarboxylate

A crude solution of (1R, 25, 5R)-2-isopropy1—5-1nethylcyclohexyl trans-2-(3,4-

difluorophenyl)cyclopropanecarboxylate produced as described in example 6 was heated

with stirring from 25°C to 50°C ovef a 1 hour period and the temperature was maintained
30 for a further hour. The mixture was then cooled with stirring from 50°C to 35°C over 4

hours, kept at 35°C for 1 hour, then cooled to26°C over 4 hours, kept at 26°C for 1 hour,



5 net hyl cycl ohexyl

trans- (1S, 2S)-2-(3, 4-di fluorophenyl)cycl opropanecar boxyl ate (85 g).
Exanpl e 3vodhdxzoexanple illustrates an alternative net hodPOf/Sprigp2a4i ng
(1R 2S, 5R) - 2-i sopropyl -5- met hyl cycl ohexyl
trans-(lR,2R)-2-(3,4-dif|uorophenyl)cyqlopropanecarboxylate 10 n- Hept ane
(82.5 L) was distilled under reduced essure froma solution of (1R, 2S,
5R) - 2- isopropyl -5-net hyl cycl ohexyl

trans-2-(3, 4-difl uorophenyl)cycl opropanecarboxyl ate Kk

hept ane { pgodled jo lﬂﬂﬁgo\rﬁrﬁthw@ ané@epbrﬁéwc%&rédhq%%ﬁds%ntrwtez%@we u

peri od O]Ené/ 8*1 (i%;f 09, gﬁlen}eﬁ%glefﬁtratﬁ)%egﬁ&rd}'r% A:5s@Mink 164 PRY) whibiS QRE 0Py | -

15 net hy
trans-(1 Eﬁo%m toZohBirfta Hiktutosf(PRESYIR)-Cyisteppyianetsidyolohbatl erane( BR,2REN

added and the m xture was cooled to 0C over i fer'o% %f}a hours and 50
i nut es. 2-(Erirdifeerppher b EapTreuBr b1 42 K8 /AR T2 SOIORR wet
solid_(7 0 o}

(IR 28, stk A IR SoRp Ui GRRbR G Aol Gefibonyiate (55 9

2- (3, 4-difluorophenyl)cycl opropanecar boxyl ate (4 7 kg) and

(IR 2S, 5R) - 2- |sopropyl 5 20 net hyl cycl ohexyl
trans- ( 1Exomples. 3 4-dif| uor ophenyl ) cycl opr opanecar boxyl ate (1. 1 kg).

Exanpl e 15-@)“51?& 1240 a‘%es dnl difesiatidd BRtRd e bRYdrind (I, Eﬂoﬂ'{)'-ﬁﬁbobf@ﬁ}lis-( 1R,
2R) - 2- (3, Puoro yl') cycl opr opanecar boxyl 1 ¢ aci

(1R 2S, 5R)e&34¢}@hmemyiyﬂ azﬁ-(r}:ﬁxzm)ne@dl-dxﬂgm;ophcrrﬁmdpmpmm@omm
di f1 uorophenyl ) cycl opropanecarboxyl ate (9.6 kg, 91.8% di astereomneric
exces¥) was dissolved in ethanol (13.8 kg) and heated with stirring to

46C. 45%AgueMeg338di)uMs distleaxhale rédickd kghsuasoardadutinmest (R 215, SRRt e
period and the m xture was stirred for_a 30 further 2 hours and 27 m nutes.

Sol vent —dspprapyl-hesetbyloy¢lphexal ams-B{3.tdelurranhens) eNeRproPaneeeey 145 Eésur e,

then the m ol t il ut ° after
whi oh ¢ st S LR BBty @1% 60%)225? F a’gttugedwys t?’gn ?lgae%@&‘%’g é%‘? %sd< ‘g%erf 3 kg
each) . V\Qel%d 2P0 P4 Do Rds248ed dgstals of (1R,2S,5R)-2-isopropyl-5-

15 methylcyclohexyl trans-(1R,2R)-2-(3,4-difluorophenyl)cyclopropanecarboxylate were then

%Dl) in

added and the mixture was cooled to 0°C over a period of 5 hours and 50 minutes.
Filtration afforded the product as a crystalline solvent wet solid (7.05 kg) which was
shown to contain a mixture of (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl trans-(1R,2R)-
2-(3,4-difluorophenyl)cyclopropanecarboxylate (4.7 kg) and (1R,2S,5R)-2-isopropyl-5-
20 methylcyclohexyl trans-(15,28)-2-(3 ,4-difluorophenyl)cyclopropanecarboxylate (1.1 kg).

Example 9.
This example illustrates a method of preparing trans-(1R, 2R)-2-(3,4-
difluorophenyl)cyclopropanecarboxylic acid.
25
(1R,2S,5R)-2-~isoPropyl-5-methylcyclohexyl trans-(1R,2R)-2-(3,4-
difluorophenyl)cyclopropanecarboxylate (9.6 kg, 91.8% diastereomeric excess) was
dissolved in ethanol (13.8 kg) and heated with stirring to 46°C. 45% Aqueous sodium
hydroxide (3.1 kg) was added over a 20 minute period and the mixture was stirred for a
30 further 2 hours and 27 minutes. Solvent (28 L) was distilled out of the mixture under
reduced pressure, then the mixture was cooled to 24°C and diluted with water (29.3 kg),

after which the liberated menthol was extracted into toluene (3 washes of 3.3 kg each).



The remai ni ng aqueous material was acidified to pH 2 with 37% hydrochl oric
acid (3.3 L) and the product was extracted into toluene (8.6 kg, then 2
nore washve@on$22do0 2 kg and 4.3 kg). The conbi ned tol uene PRT/SB@iE240er €
washed with 1% hydrochloric acid (4.9 L), then diluted with further
toluene (4.2 kg) and azeotropically drlized by distillation of the solvent 5
(25 L) under reduced pressure. A final™“dilution wth tol uene (24.2kg) was
followed by distillation of the solvent under reduced pressure (10 L)
affording a solution containing trans-(1R ) ) .

2R) - 2- ( 3T @iraining agteeRy Mpisyial Wﬁ%%‘gﬁ@égﬁlb%%wlﬂb3%{’éihéfd‘€&]&1;9pﬁﬁlﬁé§éllg) 3. 45
kg) sui ,fggﬂé 3 LRI, (He2 hes of 4.2 kg and 4.3
2R)-2-(3%®P[ h?? f"@%ﬁ%‘g%eeﬁ{? cid\%‘?tgf)brlg%n&](g?a onyl m(():ﬁl%arsi %Sec? 10 %xa%npl e 10.
Thi s exalg)| Bhd tdisinediodsena ereddiodteeiwashepaithifs bydoshlricuci@ (3.9 B),(tBsm -

Co B o BT v ih oo e (12res ahq aseptropicaly asted 63 bistidlon ofthe Dolvettf® 24ded
di flupro SCaR BRXY bl AGHEL (ARRE 04 M8 Sl % fSidtRedt) | N

t ol ueér)le @?}Bﬁn@%{%&?ﬁd&?ﬁ% -15 'k 1prlepar ed as dg%g(.:ri ed_above,_gs)ﬁa t he

m xt ure dasildtioarnfisadobdnt onde Bducathpresspre (I lgrafipeding a Sklgiomesntaidided over a

period of 1 ur, d.the . m xture.wa stirred at. 70 ar_ 3. haur s, ,<Lhiyonyl
chl ori de” '("69.'@%1( &5{?'\%23@Aé%ﬁ&ﬁroaﬁ?ily%)ﬁ%aﬂ%@ e af\??/g’éy g E}C%r %gp rfémég‘l?%%t %Selgg)Z
hour's at s /QGie By fHePAbdiRtibABPLaAL(1RNDANYL(3 @bdiftbrdphdnd)By diepropascateied and
the reaction mxture was stirred for 1 hour at 70C, then cooled to 40C.
Peri odi cclddade.i ons of toluene (45 kg, 3 additions of 15 kg each) were made
duri ng distillation of solvent (approximately 60 L) fromthe m xture under
reductd pressure, then the solution of trans- (1R ,

2R) - 2- ( 3g4agibid 1r ophenyl ) cycl opr opanecar bonyl chloride (approximately 3.8

k i 25 t i t el 6 - 9L | 20C. Ex | 11.
T_ﬁ? . 2xaaams%xiﬁ?&ﬁ?%?a@éxaén%&%@rsparmge%aﬁis? ReRBAIR 2R) -2 (3 4
di I uor ohenyl heX | SRISRREGAIRAMnIGFiLe. 30

15 Pyridine (70 ml) was added to a solution of trans-(1R, 2R)-2-(3,4-
difluorophenyl)cyclopropanecarboxylic acid (approximately 3.45kg) in toluene
(approximately 12 -15 kg) prepared as described above,and the mixture was then heated to
65°C. Thionyl chloride (2.3kg) was added over a period of 1 hour and the mixture was
stirred at 70°C for 3 hours. Thionyl chloride (0.5 kg) was added and the mixture was stirred

20  a further 2 hours at 70°C. A final aliquot of thionyl chloride (0.5 kg) was added and the
reacﬁon mixture was stirred for 1 hour at 70°C, then cooled to 40°C. Périodic additions of
toluene (45 kg, 3 additions of 15 kg each) were made during distillation of solvent
(approximately 60 L) frc;m the mixture under reduced pressure, then the soluﬁon of trans-
(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarbonyl chloride (approximately 3.8 kg) in

25 toluene (approximately 6 - 9 L) was cooled to 20°C.

- Example 11.
This example illustrates a method of preparing trans-(1R, 2R)-2-(3,4-
difluorophenyl)cyclopropanecarbonyl azide.
30
A solution of frans-(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarbonyl chloride
(approximately 3.8 kg) in toluene (approximately 6 - 9 L) at 1°C was added over a period



A solution of trans-(1R, 2R)-2-(3,4-difluorophenyl)cycl opropanecar bonyl
chloride (approximately 3.8 kg) in toluene (approximately 6 - 9 L) at 1'C
was addedvovep22e0 peri od WO 01/ 92200 PCT/ SE01/ 01240 13 of PCWSRIWMUIL®S tO a
m xture of sodium azide (1.24 kg), tetrabutyl ai nnonium brom de (56 g) and
sodi um carbonate (922 g,) in water (6.2 kg), stirring at 1.5C. The m xture
was stirred at OC for 1 hour and 55 midnutes, then the aqueous |ayer was
diluted with cold water (3.8 Kkg), stirred briefly, then separated. The

t ol uene | ayer was washed once nore at OCwith 5 water (3.8 kg), then with
20% aqueaefist maditasnto almhiahirglef o8iud &ide (Ihahkg) ttrebutplan@@nfwn brdmide (&t Suse.

Exanpl e 12, Thi le ill hod of in .
r ans- ( 1R60fuss pEbaITa 02080 BB E PG iy B TSRS ut f on
of transz(gtR ol Rha%éa(éﬁisﬁ-nglgdegﬁﬁ&pmg AYfhacty Hyepivapanasavifyld wakide.s

prepared as descri e 11 was added over a period of 41 m nutes

t o t ol uek®, bl briefly, ten sepiarajeda {The dolaerkHeyeriwasuyashehbencsmere b0 Covith f ur t her

55 minutes, a 0C,. t he cooled to 20C a d F of 2

our s+ anteie8 G ik syt B8RS sl n e FS15 R S B ATICRE O Boc
After 65pmpaph&s the solution was diluted with water (34 kg) and cooled to
25C. The toluene | ayer was renoved and the aqueous | ayer was basified to
pH 12 with 45% sodi um hydroxi de (3.8 kg) and the product was then extracted
into ethyl a efate (31 kg) and washed twice with water (13.7 kg per wash),
af f or di néxamé’gﬁ u{j‘li on 20 cont ai ni ng '

t r ans- (| Rhid Skadpledlldstaitdslauasthaheiyrbpaingl rapsdpR 282 1B8,4( 2. 6 kg, 91.8%
enantiomeric excess) in ethyl acetate (29.5 L). Exanple 13. This exanple
i |1 ust r atEBoppheR sy ClopPrpyEBERS ng trans- (1R 2S)-2-(3,4 25

di f 1 uorophenyl ) cycl opr opanai ni ni uin (2R) - 2- hydr oxy- 2- phenyl et hanoat e.
R-(-)-Mandelic acid (2.26 kg) was added to a solution containin

trans- (1R, % sdutich @Sh”—tndisf(llEm@%@%djm¢mnwcmmn€®ﬂ®rw9?ﬂgq. 8%

enanti Orrgrréipgreg)ég’ Egssc)n'becf }nl PExraIm% e ?‘f W%.S7 acl:d(.ieg over a period of 41 minutes to toluene (6.0

kg) stirring at 100°C. The mixture was stirred for éfurther 55 minutes at 100°C, then

15 cooled to 20°C and added over a period of 2 hours and 15 minutes to hydrochloric acid
(3M, 18.2 kg) stirring at 80°C After 65 minutes the solution was diluted with water (34 kg)
and cooled to 25°C. The toluene layer was removed and the aqueous layer was basified to
pH 12 with 45% sodium hydroxide (3.8 kg) and the product was then extracted into ethyl
acetate (31 kg) and washed twice with water (13.7 kg per wash), affording a solution

20  containing trans-(1R,2S5)-2-(3 ,4-diﬂuofopheny1)cyclopropylamine (2.6 kg, 91.8%

enantiomeric excess) in ethyl acetate (29.5 L).

Example 13.
This example illustrates a method of preparing trans-(1R,25)-2-(3,4-
25 difluorophenyl)cyclopropanaminium (2R)-2-hydroxy-2-phenylethanoate.

R-(-)-Mandelic acid (2.26 kg) was added to a solution containing #rans-(1R,25)-2~(3,4-
difluorophenyl)cyclopropylamine (2.6 kg, 91.8% enantiomeric excess), stirring at 17°C in
ethyl acetate (45.3 L). The mixture was stirred at 25°C for 3 hours and 8 minutes, then

50 filtered and washed twice with ethyl acetate (13.8 kg total). The crystalline product was
dried at 40°C under reduced pressure for 23 hours, affording trans-(1R,25)-2-(3,4-
difluorophenyl)cyclopropanaminium (2R)-2-hydroxy-2-phenylethanoate (4.45 kg).



et hyl acetate
m nut es, then

(45.3 L). The m xture was stirred at 25C for 3 hours and 8
30 filtered and washed twice with ethyl acetate (13.8 kg

total). Weoooxpsdalline product was dried at 40C under rPRODSEW/pe@sSsure

for 23 hours,
di f1 uor ophenyl

affording trans- (1R 2S)-2-(3, 4-
) cycl opr opanani ni um ( 2R) - 2- hydr oxy- 2- phenyl et hanoat e (4. 45

kg). WD 01/92200 PCT/ SE01/01240 14 Cffaims 1. A process for the

preparation of

a conmpound of formula (I): O A 11 RC-Y (l) wherein: s R

i s phenyl substituted with one or nore halogen; Y is ORL, where RlL is a
st rai ght CHmisn al kyl , branched al kyl, cycloal kyl, or a substituted

bi cycl ohept yl

group; which conprises contacting a conpound of forrmula (11):

O R- CH=CHA pfdoe¥ fof the)prephatisherf e cRupndndroffoemals (Bef i ned above, with
di met hyl sul f oxoni unm nmet hylide in the presence of a solvent at a

t enperature of
of formula (I)
reacting a tri

-10C -. 90C. 2. A process for the preparation of a conpound
as clainmed in claim1 15 nprising the steps of, i)
met hyl sul f oxoni um sal t ithla solid netal hydr oxi de in

di nret hyl sul foxide at anbient oR ed-X enperature to produce
di met hyl sul f oxoni um net hylide; and ii) contacting conpound of formula (I1)
wi t h di net hyl sul f oxoni umm net hyl i de. i(ﬂ t he

wherein:

5 R is phenyl substituted with one or more halogen;

Y is ORI, where R1 is a straight chain alkyl, branched alkyl, cycloalkyl, or a substituted

bicycloheptyl group;

which comprises contacting a compound of formula (II):

10

O

I

R—CH—CH-C—Y
I

where R and Y are as defined above, with dimethylsﬁlfoxonium methylide in the presence

of a solvent at a temperature of -10°C - 90°C.

2. A process for the preparation of a compound of formula (I) as claimed in claim 1

15 comprising the steps of;

i) reacting a trimethylsulfoxonium salt with a solid metal hydroXide in dimethyl sulfoxide

at ambient or an elevated temperature to produce dimethylsulfoxonium methylide; and

ii) contacting compound of formula (II) with dimethylsulfoxonium methylide in the

‘presence of a solvent at a temperature of -10°C - 90°C.

20

3.A process according to claim 2 in which the metal hydroxide is sodium hydroxide. '



presence of a solvent at a tenperature of -10C - 90C. 20 3. A process
according to claim2 in which the netal hydroxide is sodi um hydroxi de. WO
01/ 92200 WRCH1/8B00/ 01240 15 4. A process accordi ng to anyPOnsE@fo1tdee
preceding clainms in which the conpound of fornula (Il) is prepared froma
conmpound of forrmula (I1l): O 11 RCHCH C-CH (lIIl) where Ris as
defined in claiml, by reaction with al%hlorinating agent in the presence
of an 5 inert solvent and a catalyst at at a tenperature of 0-200C, and
then reacting the resulting solution with YH or Y-, where Y is as defined
in clai ndlA atocess asicendingeth reyrpae 2f dhe presedipg plaweds whichthe sgmpernd| &fi m 4
in which_.a c und of formula (I11), i.s.re .wWith thionyl chloride in
t he preséﬂEﬁﬁgﬁﬂdﬁpﬁﬁ@Fégéﬁﬂ%Sﬁ%P%ﬁ@‘ﬁﬁ??%?%QTQt a tenperature of 0- 10
200C, and the resulting-solution is then reacted with YH or Y where Y is as
defined in claiml, at an elevated tenperature. 6. A process according to
any one of the preceding clains in whichh YH represents L- nenthol. 15 7. A
process according to any one of cl ai to. 6 in which a compound of
formula (111) is prepared byRﬁﬁﬂ%a n “5*@gnpound of formula (IV): 0 R
C-H  (IV) where Ris as defined in claiml, with malonic acid in the
presence of pyridine and 20 piperidipe at el evated tenperatures.

where R is as defined in claim 1, by reaction with a chlorinating agent in the presence of an
s inert solvent and a catalyst at at a temperature of 0-200°C, and then reacting the resulting

solution with YH or Y, where Y is as defined in claim 1, at an elevated temperature.

5. A process according to claim 4 in which a compound of formula (III) is reacted with
thionyl chloride in the presence of an inert solvent and pyridine at a temperature of (-
10 200°C, and the resulting solution is then reacted with YH or Y", where Y is as defined in

claim 1, at an elevated temperature.

6. A process according to any one of the preceding claims in which YH represents L-
menthol. |

15
7.A process according to any one of claims 4 to 6 in which a qompound of formula (III) is

prepared by contacting a compound of formula avy:

Q
]

R—C—H
Iv)

where R is as defined in claim 1, with malonic acid in the presence of pyridine and

20  piperidine at elevated temperatures.

8. A process for the preparation of a compound of formula (V):



8. A process for the preparation of a conpound of formula (V): WO 01/92200
PCT/ SE01/01240 16 O~11 RC-OH (V) where Ris as defined in claim1l,
conpri si mgo basrodhydrol ysis of a conpound of fornula (1). POT/SEolpnpmess
according to *claim8 wherein base hydrolysis is achieved using an al kal i
metal 5 hydroxide and solvent at 10 - 100C. 10. A process for the
preparation of a conpound of formula (1\¢I): O -~11 RGO (V) where R
is as defined in claiml1l, froma conmpound of formula (V) byreaction with
thionyl 10 chloride in the presence of solvent and a catal yst at 0-200C.
11. A process for the preparation of a co und of formula (VII): 0 11 R
CN3 (VIl) 15 where Ris as defined jn clmiml, froma conpound of
formula (VI), by reaction with an _ al i tal _azide in the presence of a
phase transfer catal yst, agueous p%t assi um xar ate and an inert solvent.
20 12. A process for the preparation o{ a conmpound of formula (VIIl): WO
01/ 92200 PCT/ SEO1/ 01240 V.

where R is as defined in claim 1, comprising base hydrolysis of a compound of formula (I).

9.A process according to claim 8 wherein base hydrolysis is achieved using an alkali metal

s hydroxide and solvent at 10 - 100°C.
10. A process for the preparation of a compound of formula (VI):
A
R—A—-— C—cl
(VD)

where R is as defined in claim 1, from a compound of formula (V) by reaction with thionyl

10  chloride in the presence of solvent and a catalyst at 0-200°C.

11. A process for the preparation of a compound of formula (VII):

o
VAN N

(VID

3

15
where R is as defined in claim lt, from a compound of formula (VI), by reaction with an
alkali metal azide in the presence of a phase transfer catalyst, aqueous potassium carbonate

and an inert solvent.

20  12. A process for the preparation of a compound of formula (VIII):



17 R_ NH3+d - (MIIl1) where Ris as defined in claim1, froma conpound of
formula (VII), by rearrangenent in toluene at el evated tenperatures, and
subsequemopnegx2dd on Wi th hydrochloric acid at 5 el evat edP¢Esp@ErER40r es. 13.
A process for the preparation of a conpound of fornmula (I1X): R NH (IX)
io where Ris as defined in claim1, by adjusting to pH 10 or nore an
aqueous solution of the salt of a conpound of fornmula (VIII). 14. A
process for the preparation of a conmpound the mandelic acid salt of a
conpound of formula (1 X) by addition of R-(-)-nmandelic acid to the
conmpound of forrmula (IX) as made 15 in claim 13, at anbient or an el evated
tenperature. 15. A process according\to any one of the preceding clains in
which R is phenyl substituted by NB€CFl uori ne atonms. 20 16. A
process according to claim15 in which Ris 3,4-difluorophenyl. 17. A
process according to any one of the preggging clainms in which Y is chiral
18. A process according to claim1l7 in which Y is L-nmenthoxy. 25 WD

01/ 92200 PCT/ SE01/01240 18 19. A process according to any one of clains

lto 18 i Rvhekd Rhs & eefinedundlzih 1 domub aofipduridsof foanola(¥d) iy sepebngemenbimound
of fornmula (la):

O (la) Y5 where Rand Y are as defjned in . claim,, by
cryst al | t@dagneoat @kVBVdc%?m?EﬂWréﬁrﬁE’hF SRERb J&adien ﬂltbrh)@é%@’l‘g& 3Fdi g to
cl ai mslgelegat@@ite(hlibetrﬂﬁrés.esm ution is carried out by extracting a

13. A process for the preparation of a compound of formula (IX):

10 where R is as defined in claim 1, by adjusting to pH 10 or more an aqueous solution of the

salt of a compound of formula (VIII).
14. A process for the preparation of a compound the mandelic acid salt of a compound of
formula (IX) by addition of R-(-)-mandelic acid to the compound of formula (IX) as made

15 inclaim 13, at ambient or an elevated temperature.

15. A process according to any one of the preceding claims in which R is phenyl

substituted by one or more fluorine atoms.
20 16. A process according to claim 15 in which R is 3,4-difluorophenyl.
17. A process according to any one of the preceding claims in which Y is chiral

18. A process according to claim 17 in which Y is L-menthoxy.

25



conmpound of forrmula (I) into heptane and then effecting crystallisation
fromthe heptane extracts. to 21. The internedi ate conpounds of fonnul ae
(ry, (ramwoowaypo (111), (V), (va), (M), (Via), (M1), (RCI/aEQ1/0134ol 1),
(VITTa), (IX) and (I Xa) above. 22. The jgnternedi ate conpounds; is (IR 2S,
5R) - 2-i sopropyl - 5- net hyl cycl ohexyl trans-2-(3, 4-

di f1 uor ophenyl ) cycl opr opanecar boxyl ate:

(1R 25, 5R) %Z@bfogg%;oa%'pgg‘gﬁgt 4 'C%C‘ g{e&é% 01830 Shichbontihind of frfhiuta (1) is

di f | uor oph
(1R 25, 5R}es§fv?¢gb0§,91% ooﬁl;iwh@xf%hmﬁw'

(B)-3-(3 uor ophenyl’) - 2- pr openoat e; 20

(E)-3-(3, 4-di fl uorophenyl)-2-propenoi c aci d;

(E)-3-(3, 4-difluorophenyl)-2-pr openoyl chloride; trans-(1R,

2R) 2- (3, 4-di f1 uor ophenyl ) cycl opropankcar boxylic acid; trans-(1R,
2R) - 2- (3, 4-di fl uorophenyl ) cycl op&gpane yl chlori de; trans- (IR

2R) - 2- (3, 4-di fl uor ophenyl ) cycl oprbpanecarbonyl azide; trans-(l

R, 2S)-2-(3

, 4-di fl uorophenyl) cycl opr opm} Yam ne; .end
trans- (1R 2S)-2-(3, 4-difl uorophenyl ) cycl opropanar ni ni um ( 2R) - 2- hydr oxy- 2-
2henyl et hanoat e

s where R and Y are as defined in claim 1, by crystallisation or by chromatrographic methods

20. A process according to claim 19 in which the resolution is carned out by extracting a
compound of formula (I) into heptane and then effecting crystallisation from the heptane
extracts.

10
21. The intermediate compounds of formulae (I), (Ia), (II), (III), (V), (Va), (VI), (VIa), (VID),
(VIla), (VILD), (ViIIa), (IX) and (IXa) above.

22. The intermediate compounds;

15 (IR, 28, 5R)-2-isopropyl-5-methylcyclohexyl trans-2-(3,4-
difluorophenyl)cyclopropanecarboxylate;
(1R,2S8,5R)-2-isopropyl-5-methylcyclohexyl trans- (1R, 2R)-2-(3,4-
difluorophenyl)cyclopropane carboxylate;
(1R,28,5R)-2-isopropyl-5-methylcyclohexyl (E)-3-(3,4-difluorophenyl)-2-propenoate;

0 (E)-3-(3,4-difluorophenyl)-2-propenoic acid;
(E)-3-(3,4-difluorophenyl)-2-propenoy! chloride;
trans-(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarboxylic acid;

‘rans-(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarbonyl chloride;
trans-(1R, 2R)-2-(3,4-difluorophenyl)cyclopropanecarbonyl azide;

x5 trans-(1R,28)-2-(3,4-difluorophenyl) cyclopropyl amine;
and trans-(1R,28)-2-(3,4-difluorophenyl)cyclopropanaminium (2R)-2-hydroxy-2-

shenylethanoate



