WD 2008/ 018823PCT/ SE2007/ 000707 1 A PROCESS FOR THE PREPARATI ON OF
OPTI CALLY ACTI VE CYCLOPROPYLAM NES. The Field of the Technql % Thi s
i nventi on WRRMBALBRZY a process for the production of op'ﬁﬂ%ﬁ@ Wi ve
2-(disubstituted 5 aryl) cycl opropyl am ne derivatives and optically
active 2-(disubstituted aryl) cycl oprdpane carboxam de derivative

whi ch are useful internediates for the preparati on of pharnmaceuti cal
agents, and in particular the conpound [1S-(1a, 2a, 30

(18*, 2R*), 513)] - 3- APROCESS FOR THE PREPARATION OF OPTICALLY ACTIVE

[ 742- (3, 4-di f |l uor ophenyl) - cycl opYOIpyPRAPYIATRINES( pr opyl t hi 0) - 3H- 1, 2, 3-
triazol o 4, 5-

c] pyl i m dirfs BeMbrir flnbidoxyet hoxy) - cycl opent ane- 1, 2-diol . This
conmpound,”and 10 simTlar such conpounds, are disclosed in WO 00/34283
and WO 9975 imventioprrekites toaprvaesd Sorthe prdiduetion o @ptcallpagtivewh{disubstiutad w
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2-aryl cycl opropane-| - car eSter derivatives. 20 Exanpl es_ of
pr ocess esdlpyrimidie3 ploatichy dpxesthaspi-Fycaneptane 2vdiolp Thisqogyperesh pdbane
car boxani de..deri ' <l ' sonyl
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chloride,_ and aft oncentrating down excess .thionyl .c r.ide and
benzene uitEmPey SR piLienrd SR BFF BTG of B pdRal®hng
purified fpperebatibh b det@alatiamd, by causing ammonia water to act on
this, 2-phenylcycl opropane carboxanm de is obtained (J. Am Chem Soc.
Vol . 109, p.2311 (1987), Journal of Medicinal Chem stry Vol.20, p.771

(1977)); Bhddorddd ReAERRHyt 0 obtain optically active
3-aryl - 2-di nethylcycl opr opane-1 -carboxarai de by causi ng ammoni a

wat er to Seme prpcesies ase knavapnthiermyodustion efuptichliteactive Awticloyropaigct i ng 30
t hi onyl c j ] i cal L We . o
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Vol . 68, pofirklly 201382} arylcyclopropane-1-carboxylate ester derivatives.

20 Examples of processes for the production of optically active 2-arylcyclopropane
carboxamide derivatives, are
(i) A process wherein excess thionyl chloride is reacted with optically active 2-
phenylcyclopropane carboxylic acid in benzene solvent to form corresponding acid
chloride, and after concentrating down excess thionyl chloride and benzene under reduced

25 pressure, the acid chloride is isolated and purified by distillation, and, by cansing ammonia
water to act on this, 2-phenylcyclopropane carboxamide is obtained (J. Am. Chem. Soc.
Vol.109, p.2311 (1987), Journal of Medicinal Chemistry Vol.20, p.771 (1977));
(ii) A Process to obtain optically active 3-aryl-2-dimethylcyclopropane-1-carboxamide by
causing ammonia water to act on the corresponding acid chloride formed by reacting

30 thionyl chloride with optically active 3-aryl-2-dimethylcyclopropane-1-carboxylic acid (J.
Org. Chem. Vol.68, p.621 (2003));



2 Exanpl es of processes for the production of optically active 2-aryl

cycl opropyl am ivatives, are: (iii) A process wh I
chl or ocar b‘gﬁizgﬁgﬁﬁc&g{ ethyl ester is reacted with 2-aryl eﬂé‘?&#&%"r’f’gop{gﬂ"é

carboxylic acid to form m xed aci d anhydride, and by causing to act
sodi um azi de on this, 5 correspondi ng2acid azide is formed, and
2-aryl cyclopropylamne is obtained by Curtius rearrangenent with
this (Journal of Medicinal Chem stry Vol.20, p.771 (1977), )

W001/ 92263 xmples of propesfespioothe psoductiobefaipticallyractspbani exrlopronydamge hy |
cycl opropyl.ani ne by causing chlorine, bromne or sodium hypochlorite
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derivati opropanation after derivi ng into OE'[I cally active
ester or remimbgemers vedvbisdloustadpEMedicingl Cesmistnd¥pl e pddd il ve as the

starting i (W01 /92263); (vi) A process to obtain optically
active 2%@@??@ anyl cycl opropanecarboxyl ate derivative by

react i ng (R)oSpheneaseitiia castspordihe? 2dinbipl dyclopwipyhndnt bycedubipgact i ve
di hydr obenzof uranyl et hyl en ox%ge.der;r%at{hve %in 1the. [gsence of base
(O gani c SHEEESFODINeE SEHFRRYROBRAEP Bttt AR 2o\P8l cally aﬁt.l%ig 12002));
Exanples d?alfne HB&&%&%ﬁaﬁeol—%r@&éh%ﬁd@ﬂ&h&ﬁﬂeée&ic@@%a‘é@ﬂ@ok@kﬁ 5-3865);

yla

cycl oprop ne derivatives fromoptically active 2-aryl
cycl opropanecar boxylic acid, are: (vii) A process wherein

benzal deiyaRilshrd $7sedrot B8 pRIRbAdTG: JFREAN RlivaanigkloRiahd! O

25o0pti cal fl ctive er or e via steps, "and thereafter
opti cal | yeagiatxiyiaee Btearytivatiyed, bprespaple: car boxyl ate ester is obtai ned by

Formed i oAb g Brs iy et bRy Gep e pAR AR X0 10 e°
deri vl i V&cloprdpapsliepieberGiislihtéSoptiedly e tigedsesttor (BB MODRREB) stepsIusing
benzaldehyde derivative as the starting material (WOO01 /92263);
(vi) A process to obtain optically active 2-dihydrofuranyl cyclopropanecarboxylate
derivative by reacting phosphonoacetic acid ester derivative with optically active
dihydrobenzofuranyl ethylene oxide derivative in the presence of base (Organic Process

20 Research & Development, vol 6, p.618 (2002));

Examples of a process to produce optically active 2-aryl cyclopropylamine derivatives
from optically active 2-aryl cyclopropanecarboxylic acid, are:
(vii) A process wherein benzaldehydes is used as the starting material and derived into
25 optically active ester or amide via several steps, and thereafter optically active 2-aryl
cyclopropane carboxylate ester is obtained by cyclopropanation. This optically active
~ carboxylic acid derivative is formed into acid azide, and optically active 2-aryl

cyclopropylamine derivative is produced by Curtius rearrangement (W001/92263).



Di scl osure of the 1nvention In the process for the production of

optically active 2-arylcycl opropane carboxam des referred to in (i
above, onlvotzﬂtgmﬁ?s%ess to produce 2-phenyl cycl opr opanePQ:TéﬁEﬁ%ZQHé-’gZe 5

from 2- phenyl cycl opropane carboxylic acid is described and a process
for production for 2-(disubstituted aByl) cycl opropane car boxam de
derivative is not disclosed. Mreover, in the process (ii), there is
nmentioned the process for production only of 2,2-dinethyl-3-

phenyl cycl opr opang, car boxam de and 2, 2-di met hyl- 3-i sopropyl i dene
cycl opr o@%ﬁ%&éﬁ%&l’@@%nd a process for production of
2-(di substituted aryl) cycl opropane il)carboxam de derivative is not
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cycl opropyl ami ne fromoptically active 2, 2-di net hyl cycl opr opane
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activity ZeeidhafytShORBRRPAEIGHREXY,D AhBetBTlkFlopropane carboxamide is

mentioned, and a process for production of 2-(disubstituted aryl) cyclopropane
carboxamide derivative is not disclosed.

25
Thirdly, in a process for the production of optically active 2-arylcyclopropane carboxylate
ester derivative, in the aforesaid process (v), optically active 3,4-difluorophenyl
cyclopropanecarboxylic derivative is obtained by cyclopropanation after converting 3,4-
difluoro benzaldehyde starting material into optically active ester or amide via several

30  steps. However, it is not commercially suitable from the viewpoint of productivity and
economy. For example, the starting material is expensive, the stereoselectivity is

insufficient in the cyclopropanation and also there are many nurnbers of steps. Moreover,



Fourthly, a process to produce optically active 2-aryl

cycl opropyl am ne derivative fromoptically active 2-ar I e
car boxyl at'BO WIS & i vat i ve usi ng (vii) is not commré%cg?lﬁ%ﬁay\?{og@?ﬁ

froma safety standpoint because the acid azide internedi ate has
expul sion properties. Also, purificatifon is essential due to
insufficient stereoselectivity 113 during the cycl opropanati on,

maki ng this process unsuitable for comercial preparation because of
poor pr oduagtdcesst(yi), onlyTausxantplreofyreppeing eptically bétnedliksrdeotursayl t abl e f or
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t her eof . “arHeyPerseras caibPBras ehPgh optical purity by using a readily
avai | abl e optically active styrene oxide derivative as the starting
material . 20 An efficient process for the production of optically

active cyBduohiywpyptaaisie podncaertticeldy tofiva 2+aaflwpelaproprlpminsgienisitve donhg
sodi um hypochl ori.te.has been discover IS 4 : used
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hydr ogen atom optionally substifuted 1-10C cyclic or acyclic allcyl

group, opbdcesalof poerpsedictivited 6- 10C awl group or optionally
substituted 7- 10C aral kyl group, and * denotes an asynmetric carbon
centre) characterised by reacting optically active cycl opropane
car boxani flesgeipratiseeolineinresenitade by cgomercd! pfaduntioma Theye is 2 need for

a commercial process which addresses areas such as safety, economy, productivity and the

15 like.

An efficient process has now been discovered for the production of optically active 2-aryl
cyclopropylamine derivatives or salts thereof. The process affords high optical purity by
using a readily available optically active styrene oxide derivative as the starting material.
20  An efficient process for the production of optically active cyclopropylamine derivative by
a Hofmann rearrangement using sodium hypochlorite has been discovered. This process

can be used safely and inexpensively as-a commercial preparation method.

Thus, according o the present invention there is provided a process for the production of
235 optically active cyclopropylamine derivatives represented by general formula (2) or salts
thereof

R1
R3 R?
de::\i Hs

*

(2)




(1) (wherein Rl, R2, R3, R4 and * have the same said definitions)

wi th hypochlorite in water in the presence of alkali netal hydroxide
of 5-30 edMOVES®EES23 10 Suitably, the hypochlorite is sd§iTRf007/000707
hypochlorite; and in particular the quantity used of the hypochlorite
is 1-5 nol e equivalent with respect tg conmpound of the forrmula (1).
In a particul ar enbodi nent there is provided a process for the
production of optically active cycl opropyl am ne derivatives or salts

t hereof whgK&EiR RRIRZ IR or RBdérbid W dREIRR afthq BpashlIR4ubssituted 1-10C cyclic or
3, 4-di fl uorophenyl group. 15 In d further enbodiment, t

: here |s
provi ded #osclic 8kdeaep, prione e syhsbiutes GBI 81 sauRpt oRtigpilly %ﬂg%t#%d = awl
cycl oprop ) ' b %@Lﬁ . formula (9) or a
salt t hergdocfa Qaﬂ&l %j[ %Bﬁ’;éﬂgo\ﬁ%ﬁgs?{en?% gﬁ%}%ﬁgﬁﬁtgés)ymmt ric Ezaa bon
centre), whercerisedy epdtingaiptiyallycctiveecy2loprophnesarbaiemideadesivativisoxy| i ¢

acid d§r|¥£ﬁ$g§%5§¥g££§wh§g a_y(.l)qeneral formula (7) 6

(1)

{(wherein R! R?, R?, R* and * have the same said definitions) with hypochlorite in water in

the presence of alkali metal ‘hydroxide of 5-30 equivalent.

10 Suitably, the hypochlorite is sodium hypochlorite; and in particular the quantity used of the
hypochlorite is 1-5 mole equivalent with respect to compound of the formula (1). Ina
particular embodiment there is provided a process for the production of opfically active
cyclopropylamine derivatives or salts thereof wherein R}, R% R is hydrogen atom and R*
is 3,4-difluorophenyl group.

.15
In a further emabodiment, there is provided is a process for the production of an optically
active 2-aryl cyclopropylamine derivative represented by general formula (9) or a sait

thereof,

NH,

(9)

20 (wherein ¥ denotes an asymmetric carbon centre), wherein an optically active 2-aryl

cyclopropanecarboxylic acid derivative represented by general formula (7)



( 7 ) (wherein * denotes am asymmetric carbon centre) is obtained by
de-esterifying the optically active 2-aryl cycl opropane carboxyl at e
ester deriWarPPO1$&hr esented by general formula (6) RCTEER007/000707
(wherein, R5 denotes optionally substituted 1-10C cyclic or acyclic
all cyl group, optionally substituted & 10C aryl group or optionally
substituted 7-10C arallcyl group, and * denotes an asymmetric carbon
centre) which is obtained by reacting the optically active styrene
oxi de derivative represented by general fornula (3) ( 3 ) (wherein *
denotes an asymmetric carbon centre <aptPehl 1y active hal ohydrin
derivative represented by or gene ormula (4) OH (4) 7

(7)

(wherein * denotes an asymmetric carbon centre) is obtained by de-esterifying the
optically active 2-aryleyclopropane carboxylate ester derivative represented by general
formula (6)

CO,RS

F

(6)

(wherein, R’ denotes optionally substituted 1-10C cyclic or acyclic alkyl group, optionally
substituted 6-10C aryl group or optionally substituted 7-10C aralkyl group, and * denotes
an asymmetric carbon centre) which is obtained by reacting the optically active styrene

oxide derivative represented by general formmla (3)
0

F

10 (3)
(wherein * denotes an asymmetric carbon centre} or optically active halohydrin derivative

represented by or general formula (4)




(wherein X denotes a hal ogen atom and * denotes an asymetric carbon
centre) with phosphonoacetic acid ester derivative represented by
general foVAIPWHBEIRE0 - Fed ( 5 ) (wherein R5 or R6 CRGISTER007/000707
optionally substituted 1-10C cyclic or acyclic al kyl group,
5optionally substituted 6-10C aryl group or optionally substituted
7-10C aral kyl group) in the presence of base, and optically active
2-aryl cycl opropane carboxam de derivative represented by obtained

gener al mﬁﬁﬁ&é@x(&)ms a hal8 e)n AR A i*ichoteeAPL9 i sy IRdehire) veigl bon
centre) ich is obtained g reacting the io obtained aforesaid

2-aryl  cyphaspiraspeaetie arig 6xipt desivadverepeseniedby\esneipk IRTaRA b a aft er
being activated with carboxylic acid activator is reacted with
oxidant. There is also provided a prgcess for the production of
optically an active 2-aryl cyclo% #ne Eﬁj?@xanlde derivative
represented by general formula ( R * 7z<AONFI 2 15(
12 ) (wherein R7 denotes an aryl Poup substituted by 2 or nore

hal ogen atons, and * denotes an asym ri c carbon centre)
characterized by reacting with anmo optically active 2-aryl
cyclopropanecarboxyllc acid derivative represented by general formula
(11) (wherein R’ or R® denote optionally substitated 1-10C cyclic or acyclic alkyl group,

s  optionally substituted 6-10C aryl group or optionally substituted 7-10C aralkyl group) in
the presence of base, and optically active 2-aryl cyclopropane carboxamide derivative

represented by obtained general formula (8)

CONH,

F

(8)

(wherein * denotes an asymmetric carbon centre) which is obtained by reacting the
10 obtained aforesaid 2-aryl cyclopropanecarboxylic acid derivative with ammonia after

being activated with carboxylic acid activator is reacted with oxidant.

There is also provided a process for the production of optically an active 2-aryl

cyclopropane carboxamide derivative represented by general formula (12)
CONH
R?/,,ﬁ/ 2

15 (12)
(wherein R’ denotes an aryl group substituted by 2 or more halogen atorus, and * denotes
an asymmetric carbon centre) characterized by reacting with ammeonia, optically active 2-

aryl cyclopropanecarboxylic acid derivative represented by general formula (11)



8 0 R7Y (wherein, R7 denotes an-aryl group substituted by 2 or nore

hal ogen atons, Y denotes carbonyl group activated group, and *
denotes anv92UAE2i ¢ carbon centre) which is obtai ned HGGHRYR000707

optically active 2-aryl cycl opropanecarboxylic acid derivative 5
represented by general formula (10) 8 ( 1 0 ) (wherein R7 denotes an
aryl group substituted by 2 or nore hal ogen atons, and * denotes an
asymetric carbon centre) by reacting with a carboxylic acid
activator. io There is also provided a progess for the production of

an optically active 2-aryl cycl opropane cakboxan de derivative,
wherein the reaction is carried out y<Q§%Mg t he conpound of fornula

(10) obtained by de-esterifying an ti,cqlly Yactive 2-aryl
cycl opropane carboxyl ate ester derivativé represented by general
formula (13) R7 CO2R8

(11)

(wherein, R’ denotes an aryl group substituted by 2 or more halogen atoms, Y denotes
carbonyl group activated group, and * denotes an asymmetric carbon centre) which is
obtained from an optically active 2-aryl cyclopropanecarboxylic acid derivative

5 represented by general formula (10)

i <] _COH

(10)

(wherein R denotes an aryl group substituted by 2 or more halogen atoms, and * denotes

an asymmetric carbon centre) by reacting with a carboxylic acid activator.

10 There is also provided a process for the production of an optically active 2-aryl
cyclopropane carboxamide derivative, wherein the reaction is carried out by using the
compound of formula (10) obtained by de-esterifying an optically active 2-aryl

cyclopropane carboxylate ester derivative represented by general formula (13)

7 << COR®

(13)

15 (wherein R® denotes optionally substituted 1-10C cyclic or acyclic alkyl group, optionally
substituted 6-10C aryl group or optionally substituted 7-10C aralkyl group, and R’ and *

have the same said definitions).



(13) 15(wherein R8 denotes optiortally substituted 1-10C cyclic or

acyclic alkyl. gr optionally substituted 6-10C aryl
opti onal | y‘%é&[’)@@?#g% ed 7-10C aral kyl group, and R7 and 1%{12%?%09{0%137

sane said definitions). 9 There is also provided a process for the
production of an optically active 2-aryl cycl opropane carboxarai de
derivative, wherein the reaction is carried out by using the conpound
of fornmula (13) obtained by reacting the optically active styrene

oxi de der That isvasorpepridsenpredess forgeeyapdictibo ofrud apt{caldy active 2-adyl)

wherein R7.and * h th sai d definiti . opti.call ti
b oyl | (Y eUrRE PSP SETELE BYeBHbT oo R harked Rt G iRy
(15) (vhessndoRonatd (13)havandds ieailg Gl ghtidaly Riivd anghe wtild

phosphonoacetic acid ester derivative represented by general formula
(16) R90 depvafige mpsentedibysgeperal formula (14)

O
R7,*<l

(14)

(wherein R and * have the sams said definitions) or optically active halohydrin derivative

represented by general formula (15)

OH

S

(158)

(wherein R’ and * have the same said definitions) with phosphonoacetic acid ester

10 derivative represented by general formula (16)

o
RPO—P. _CO,R®
g 0
R

(16)

(wherein R® denotes optionally substituted 1-10C cyclic or acyclic alkyl group, optionally
substituted 6-10C aryl group or optionally substituted 7-10C aralky! group, and R¥and *
have the same said definitions) in the presence of base. There is also provided a process
15 for the production of an optically active 2-aryl cyclopropane carboxamide derivative to
obtain (1R,2R)-2-aryl cyclopropane carboxamide derivative of formula (12) using a
(1R,2R)-2-aryl cyclopropanecarboxylic acid derivative of formula (10). The present
invention also provides a process for the production of an optically active 2-aryl

cyclopropane carboxamide derivative to obtain a (1R,2R)-2-aryl cyclopropane carboxylic



(wherein RO denotes optionally substituted 1-10C cyclic or acyclic
al kyl group, optionally substituted 6-10C awl group or optionally
subst it ut SHOZ20080®82F al | cyl group, and R8 and * have t h&(JFAFRIGAPLI07
definitions) in the presence of base. There is also provided a
process 15 for the production of an opgically active 2-aryl

cycl opropane carboxam de derivative to obtain (1R 2R)-2-aryl

cycl opropane carboxam de derivative of forrmula (12) using a

(1R, 2R) - 2zarulivaNe FARREPADPEMDOKR 10 - Ailylcibdgryahe vabalyldtoeste a
(10). The present invention also provides a process for the

product i darieftivanf fopmiledi3ly active 2-aw cycl opropane carboxani de
derivative to obtain a (1R 2R)-2-aryl cycl opropane carboxylic WD
2008/ 018823PCT/ SE2007/ 000707 10 acid derivative fornul a (10? using a
(1R, 2R) - Zrhafe)ib aley ploojtied paneessaivbihe phatietiasifan ogteally activeeZ-abl f or nul a

13). Th [ I j ded . f duct i f

Opt1 cdl | FYREPPYES ST ERy Iy PP Bp e ea Uk Ay Ag-a ey ronehed celsgee

a (1R, 2Ry @ér}{rlati%’ﬁhﬁﬂ"aqP?&@in@%ﬁ%h@éﬁd@&érﬁzﬁﬁdﬁfohﬁﬁm (148 aho (Sl a

(13) using (8)-styrene oxide derivative formla }%4% and gﬁ% _

hal ohydr ihalohigdiin darivetive formurd1 D1 & parfienlydhere iarayidediaPocess I3 MB%i ded a

Process fpoédugggngf %.do&(fi%l%acﬂtre Q-QRQ 9%618]% bahe Redbb¥nide BErWatity GIeRiORANE
e i e, 7 1s 3,

car boxam eriva erein 4-di f1 uorophenyl group. 10
The pr esdnd didifremdphenyladreep. pr ovi des an optically active

2-aryl cycl opropane car boxam de derivative represented by general
formufa (17) RRo CCONFi2 (1 7) (wherein Rl denotes an aryl
group subgdelgreteidniaation afso Pryviich ah ogiallphaive 2-apidyclopgteprcesbpsanaide
asymmetric carbon centre). In particular, in the optically active
2-aryl cycdeﬁﬁ?%‘ﬁé%eﬁ?&?eg%‘(&??ﬁ@ ’é?‘?l?rétﬁve of formula (17), Rl is a
3, 4-di fl uorophenyl group. 20 Mre particularly, the conpound of
formula (17) is a (1R 2R)-2-aryl (Y CaNHe car boxam de derivative.
The present invention provides aRprec&ss for preparing an optically
active am nocycl opropane derivative frfominexpensive 3,

4-di f| uor obenzene using a Hof fmann 25 re-arrangenent. I n general, the
process is a safe and i nexpensive Wc'gylorfv)prepari ng the

(wherein R'® denotes an aryl group substituted by 2 or more halogen atoms, and * denotes

15 an asymmetric carbon centre).

In particular, in the optically active 2-arylcyclopropane carboxamide derivative of formula

(17), R is a 3,4-difluorophenyl group.

20  More particularly, the compound of formula (17) is a (1R,2R)-2-aryl cyclopropane

carboxamide derivative.

The present invention provides a process for preparing an optically active
aminocyclopropane derivative from inexpensive 3, 4-difluorobenzene using a Hoffmann
25 re-arrangement. In general, the process is a safe and inexpensive way of preparing the

optically active aminocycloprane derivative which is useful as an intermediate in the

manufacture of pharmaceuticals and pesticides.



optically active am nocycl oprane derivative which is useful as an
internediate in the manufacture of pharmaceuticals and pesti ci des.
WD 2008/ 0M8026BRATISE2007/ 000707 11 The conversi on of c@EIGEAWS/0HN07
formula (14) to (2) conprises 4 steps, nanely in total 1)

cycl opropanation process, 2) deesterifigation process, 3) am dation
process and 4) Hof mann rearrangenent process. Hereinafter, the
invention is described in detail for each process. Firstly, there
will be degg Ebﬁ%&&))Of%Mﬁlb@lB’[{@BPﬂﬁ&hﬁrU 8¢5 m r;ses%s@&%s jnamel mtotall
Cycl opropanation process io In conpounds repre ented y for 43,
R7 denot esyepprapapktien prapess. ) sedstark eltmgprgce@ar, 3premislatien prge&ss amcbﬁs.

Sui t abl e R cl d|f| h I
aroup, 5, SRR SPERERBEES KPR Brofad Sttt AP cacn
2,3, 4- trlbhmamophenyl group, 3,4, 5- tr|fluorophenyl group,

, 5-tetrafl uorophenyl group, 2,3,4,5, 6-pentafluorophenyl group,
i ¢hl orophenyl group, 3, 4-dichl orophenyl group,

[

4
-d
- di chl gu-omh eyl wgr%cﬂb"ea 156 cfcléﬁrb@h@éﬂ}ﬁb&@éﬂ group,
5-trichl ofophenyl group, 2; et rachl or ophenyl group,
4,

- di

4-

5, 6- pentﬁchloropheQ%l group, 2, 3-4i bronophenyl group, ,<1/
br omo y oup, di r onmyp yl o up, CO,R®
trib m)phengf grRAOUPDS %5 4b‘{5 Plr?{lR eﬁho?rﬁp %R?iyr group, RY

, 4, 5-tetrabronmophenyl %roup, 2,3,4,5, 6-pentabrono phenyl group

3, 4-di f 1 uor offlenyl group®% preferred. N@reover * denotes an {9
asymmetric carbon centre. In other words, a 20 styrene oxi de

derivat i vStadr @F@P@E%ﬁ@%ﬁ{(’&ﬁﬁs an asymretric carbon centre This
invention includes any optically active substance or racem c m xture
of the compound of fornmula (14). Preferably it is optically active
subst ance n ggmpawds replremdabyl iibrmula i(B)aRY cdamples atawhgwep aibstfuteddy 2 or

configuratjo f as car.bon. centr Co nd
of formul & 0( ‘gl]gejqogeﬂ? Gen # étabISHalé%F%ﬁ"r Br f’)’d g?’ﬁ‘tﬁ%a 2&75@ ﬂ%ryg
hal ogen atggowp, 3 a-rddlu?él@ﬁm@ﬁlgﬁo@, haldtesnopieayn gréup Eamﬁiﬂ\éaﬂopﬂﬁlyf SioufR/

i ncl ude f 3-di f | uorophenyl. group di f1 uor ophenyl

group, 2, 4dqe F%E‘groé’b'ﬁ’éfhﬁou@r%%rﬂ S“tQﬁ@IH’rORhPWIIgEHFPo%ﬁéM “Pepidflsrophenyl
3, 4, 5-tri fghdip! DRRRMroHe owd, 344ieh16:bhak] H889PNLAXA HHRMBA group,

15 2,3,4-trichlorophenyl group, 3,4,5-trichlorophenyl group, 2,3,4,5-tetrach10rophény1 group,

MNWNWPNhDNN
B 000 B W W W

2,3,4,5,6-pentachlorophenyl group, 2,3-dibromophenyl group, 3,4-dibromophenyl group,
2,4-dibromophenyl group, 2,3,4-tribromophenyl group, 3,4,5-tribromophenyl group,
2,3,4,5-tetrabromophenyl group, 2,3,4,5,6-pentabromo pheny! group. 3,4-diffuorophenyl
group is preferred. Moreover, * denotes an asymmetric carbon centre. In other words, a
20  styrene oxide derivative formula (14) contains an asymumetric carbon centre. This
invention includes any optically active substance or racemic mixture of the compound of
formula (14). Preferably it is optically active substance, and most preferably it is a

compound whose absolute configuration of asymmetric carbon centre is (8).

25 Inthe compound of formula (15), R? denotes an aryl group substituted by 2 or more
halogen atoms, and X denotes a halogen atom. Suitable values for R” include for example,
a 2,3-difluoropheny! group, 3,4-difluorophenyl group, 2,4-difluorophenyl group, 2,3 4-
trifluorophenyl group, 3,4,5-trifluorophenyl group, 2,3,4,5-tetrafluorophenyl group,
2,3,4,3,6-pentafluorophenyl group, 2,3-dichloropheny! group, 3,4-dichlorophenyl group,
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wwbw:b-b.hw
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5, 6- pent af | uor ophenyl group, 2, 3-dichl Qrophenyl group,

i chl orophenyl group, WD 2008/ 018823PCT/ SE2007/ 000707 12

i chl ovopbmsryds2zgr oup, 2, 3,4-trichl orophenyl group, PCTE/SE2007/000707
-trichlorophenyl group, 2,3,4,5-tetrachl orophenyl group,
5,
ib
-1

6- pent achl or ophenyl group, 2, 35di bronophenyl group,
romophenyl group, 2, 4-di bronophenyl group,
rlbronDphenyI group, 3,4,5-tribronmophenyl group,

A3 4o PR RRER B0t OuRriodorbpfleryt BrofiE I A5 LATLEAIRAY] grbugr OUP-
asymmret rix3 é,é#tktmhbemﬁhmyl glrcrupoE RS, t\’wpmd@chktrhléiehﬂl e 2i3riibreropkanyy

represented b era cont al 0S8 t

contro. e hoanRERohiet Bl AR S Pe ok BhERR move,
racem ¢ mM x5uHRoRbphdi9l @@ﬁ@@w}ﬂﬁﬂétrabﬁbnﬁ@ﬂl@m@rd@& 3 4B @petatbiyo bheriys
optically active substance, and nost preferably it is a conpound

whose ‘absBpin e drdiflaerPaRangherewr WPyt i ¢ carbon centre is (S). In

t he conpound of fornula (16), BY denotes an optionally substituted

1- 100 cyclic or acyclic alkyl group, optionally substituted 6-10C
aryl groudomovapt demédslap asyrhmetric gamben venﬁPMﬁW%ythe@ﬁMﬁdmand 12.9

denot es t| onal | bstl t I
oroup. ~ optr SR SRy ehdE A LRy pSHint flindiy Ghbdy RLEY! The
substit utmdenzmﬂ Qﬁhﬁkﬁhﬂ}%ﬁnc@l}mmve Silistaatd @ recdmie sifior ofthe-cbePoeytdsi ¢

oo vl a7 B 5 55 o e AR B )
group, s- Mﬁbhm%ﬁb& abboliie oyhfiEh Q1R of hsyRsthattic GirBoDcentry & (Shut yI  gr oup,

n- pentyl group, 20 neopentyl group, cyclopentyl group, n-hexyl group,
cyclohexyl group, n-heptyl group, cyclohexyl nmethyl group, n-octyl

group, a i ed
6- 10C ar y eﬁg‘?{’ﬁﬂ% Ql%#g Pf §'z’fn¥1ﬂtl @k%nph e&psjﬁg% %Sggh%@a%kémdnt ﬁ%l%%dht: ‘é%
1yl

group, m mlmoaﬂgﬂ@?qy, opfiamally s@smwld(ﬁxwmmulg@Rﬂﬂﬂon@i@rﬁubﬁﬁlﬁﬁ‘é
o oupys m 6t SRS En Y57 50 el sk oGROBIY it 1,906 B B RBIN: oo

group, m gk w}aﬁ&@fmylsuwmm 6-@6®nyhgfqub@nyptlcgrabylmbsﬁuteﬁé’bl(él aralkyles
for an optlona

substltuted 7-1 aral | ro clude for
exanpl e a%“%%n%‘&l G5s X %’%%%%Pg‘ﬁﬁﬁ’ﬂy"g‘)r/%gl ang *fi%swle 8
group, p- Ppgi %»9& gﬂﬁﬁ roﬁfll éé@?-{ik\ﬁ}yl gr@"!.qi\ |c§rél@;51@ﬁ}zl)g|roup, n-butyl
p- nltrobenzy chl or 8benz or obenzyl group
pchl or obegyb, sgrigyligroup, ket e ﬂmtyg 2D, cmbh@vhgfpﬁé ARty eEUB,
p-met h?/l bg%ﬁnw%gﬁﬁ cyc?lgpentyl group, n-hexyl group, cyclohexyl group, n-heptyl group,

cyclohexylmethyl group, n-octyl group, n-decyl group. Suitable values for an optionally

substituted 6-10C aryl group include for example phenyl group, o-methoxyphenyl group,
m-methoxyphenyl group, p-methoxy phenyl group, o-nitrophenyl group, m-nitrophenyl
group, p-nitrophenyl group, o-chlorophenyl group, m-chlorophenyl group, p-chlorophenyl
25 group, o-methylphenyl group, m-methylphenyl group, p-methylphenyl group. Suitable
values for an optionally substituted 7-10C aralkyl group include for example a, benzyl
group, o-methoxybenzyl group, m-methoxybenzyl group, p-methoxybenzyl group, o-
nitrobenzyl, m-nifrobenzyl, p-nitrobenzyl, o-chlorobenzyl group, m-chlorobenzyl group, p-
chlorobenzyl group, o-methylbenzyl group, m-methylbenzyl group, p-methylbenzyl group.
30 '
In particular one or both of R® and R® are methyl group or ethyl group, and preferably
both of R® and R® are methy! group or ethyl group.



WO 2008/ 018823PCT/ SE2007/ 000707 13 In the conpound of for rrul a (13),

val ues of ts R7, BY originate fromrespectiv | he
styrene OX\?@%@@}?%&\‘;‘QU ve of formula (14) or a hal ohydrlePn eri va{)(?;?/‘é

represented by the fornula (15) and carboxyl ate ester derivative
represented by general s formula (16). ¥n other words, R7 denotes an
aryl group substituted by 2 or nore hal ogen atons, and R8 denot es
optionally substituted 1-10C cyclic or acyclic al kyI group,
optionally substi tuted 6-10C aryl group or optionally substituted

Zyglolcca{)?l acyc h@ Rtfqﬁ{}ggr ougﬁw%1 ona m{L’Aoy ﬁ?%t%tlﬁmge%g’éﬁs@?mwe

group or oqahlemmahd: styenb otide déridiive dﬂ&mnﬂal(l@ lor g halobydrBudetigdtive val ue
i ncl ude,

to for an ar subst.i ed. by, 2 nor e, hal ogen at ons
for ex arrplr%prgszfn%d %y%%ﬁ #’Pﬁ‘g? g%; and F‘}/B‘?’@g”ée e%erﬁeﬁ?’?q"g STREEERIES by gensid),
2, 4- di fs| ugseRhes. Iﬂbﬂiépwo%s 3R74denbtrek fd g’ﬁ %’f@l ug&?dg%%geﬁlbﬁ%z or (1):rlljore halogen

3,4, 5- trlfluorophep 0 4, 5-1

2,3, 4, 5 6 2feps, and Eoge@m%é Wongklbalﬁvstﬂzlteﬁldl%wmilsphm{ oup,
3,4-dic

2,3, 4- tr| c or ogﬁg}ﬁgwﬁ%a%ca@ﬁgbt% % ?@%ﬁl@% gfr?]t;rli dFl'rlootgj arallfgl group, and
2,3,4,5-t & rdandiboriphahydubsirtatagd 1- 12C&y®®@cmm@1qh gmuppaimmyillygr oup,
2,3-dib 3, 4-di b dib

o oup. 2. SERRERs S BRA s o bRy e R s ot SEpRbLe Ve

2,3,4,b- t@ﬂm@m@mm@b@wmr nﬁr@ha‘log@n@td%@hﬂﬁﬁ@@r @iﬁﬁﬁﬂ@ a@roup.
SUI tabl e val ues for i yclic ar acycl ic_al kyI g](ﬁ% i ncl ude
| ey AIpuD,

for exanpl uoaog#@m)g;m@r phﬂ‘éocr‘?l%henﬂr%@}ﬁ’ 2A4-dflegggiph #-3topy!|
group, CY%ﬂ’tElﬁQ[fﬁéhyl%rr&iiPB 42501:1'th Ményggfbﬂﬁ 2?4%%E1¥Aﬂ1ﬂfdbﬂ9ﬂ gr ty'
group, t-but grou cycl obut yl , h-pe group, go

group, cyéh éﬁt}@maglﬂ@@pheﬂﬁl frewy 12, 3gd19£lpr0pbwl1 atoapyd, 4gmblmp9phnnﬁww’t

0T o) o B RE IR kel 1B RG] Bl Ha S HER AR B,
oL, Aot K st O
o oo xR AR B0 B BB eon T R %1 Dl R Bsieny  2rous,
group, m g, D&ﬂ@dﬂﬁdﬁpﬂenﬁf@«btﬁ), zp,mnte@ﬁp@h@@uényg F@up or B3 W@P&lﬁeﬁ%ﬁb

- net hyl pheny rou abl e val ues

roup, phen ou
19 or gn opllrgi“3 iaoypséw&%mﬁ? qu 2 G e¥gheyor a@fcéie plkyherpup dnclydsy for

| | .

ot oup, bk R melbBowd ckICG R AR er D frop T T SIS o,
p- ni t rvbe nzt;utyl gmwm-bmbmmy li-beytyd amup,aéamnﬂ@m@s mmw gmupuppentyl

D ot hy ! berhnpaitD el ELAGHERE Ao, bR el FHEKRS Bl 2 '
3, 4-di f | ugramp h@cldhe:g,dmﬂﬂlybgduﬁ&—cbcsyl@Em@tdilyjldeg_ﬂ(gﬂmp SHiable values for an

2008/ 0188231? (gg{l? sEu ggtﬁlte% é) 3(98 aryl group include, for example, a phenyl group, o-

methoxyphenyl group, m-methoxypheny! group, p-imethoxy phenyl group, o-nitrophenyl

25 group, m-nitrophenyl group, p-nitrophenyl group, o-chlorophenyl group, m-chlorophenyl
group, p-chlorophenyl group, o-methylphenyl group, m-methylphenyl group or p-
methylphenyl group. Suitable values for an optionally substituted 7-10C aralkyl group
include, for example, a benzyl group, o-methoxybenzyl group, m-methoxybenzyl group, p-
methoxybenzyl group, o-nitrobenzyl, m-nitrobenzyl, p-nitrobenzyl, o-chiorobenzyl group,

30 m-chlorobenzyl group, p-chlorobenzyl group, o-methylbenzyl group, m-methylbenzyl
group or p-methylbenzyl group. It is generally preferred that R is a 3,4-difluorophenyl
group and R® is an ethyl group.



14 Moreover, * denotes an asymretric carbon centre. In other words,
an ester derivative represented by the fornmula (13) contains
asynmet ri cwoandzsensseent res. The invention includes any q@IvSEa0d7400707
active substance or racem c mxture of the conpound of fornula 5
(13). Preferably it is an optically acui ve substance, and nost
preferably it is a conmpound whose absol ute configuration of
asymetric carbon centre is (1R, 2R). The optically active hal ohydrin
derivative represented by the formula (15) which is a starting
material of this invention can be readily obtained, for exanple, by

Jo enant i MOBIOFER " FERGIes BASYIRGre CATIREICBRER: HyPther YATR% £B AECTASFIVIATS ve
obtai ned (M haRG byl HuRflAFIFodlfiis Rl dufbofl cBed. BRCHEnRA!

chl ori de presence of al um numtchloride. The optically active
styrene ochidedreyyioptitillyectife fubstanrdear (adinicomixhive of dadohpowdtodiferantidy

epoxi dat i n ti.cal | y. active a-hal ohydrin derivati.ve of fornula
(5. ‘55 {BuormsBomer i Buamifly 4ol SpRar ! iin SRS i p Bamp B
with a cowhesnBsdiite onfgtkaion b6 isyniindthecabaseamee i0fiRp2®E and t her eby
converted to conmpound of formula (13). Exanples of suitable bases
include, for exanple, an organolithium conmpound such as

met hy| |1 tiphdl8R cRirPakidvt hhbRI R debivRte tirkdehicd By 1R BAMa (19 WHikp ok the
like, a Crrignard reagent such as n-butyl magnési unchlori de, mnethyl
magnesi unstitipgioéerigh ot this itveRtéon ean bpoeadily abiamedclar etampde. & ani de or

| kal i | .amid h lithi id it i i thi
G 1 copt opyrniRleEtvat el a b ot SRl feichf Sl i R e bl bR A
di si | azi denz&RMicHiPhRRXAIESMlo dbifd dcAZ G IRR RS FésdmePapii iy Chloride.
disilazide or the like; an alkali netal al koxide such as sodi um

met hoxi deThesertically eqtive siveras oxidademvative of Bxmdle (14)icemberaaddy eRixinekby
l'ithiume i i.thi - i i ife or the

i ke; an é‘g&ﬁagg? f’#en [gjéfrdwaﬁ@?%ﬁ%&%ﬁ%@%@%?%ﬁ@%?g ‘hydri de such
as |ithium hydride, sodium hydride, potassium hydride, calcium
hydride or the like, A hase. of al.kal i .nmetal -t - but oxi de,, al.kal i

ot a1 ihyapicEnerd Homme i SpelBrans [l Cret iR SeRRET SR TRR of
base used(i@) {f e ?regﬁﬁﬁ BFbAE ahERBE LOveftbd RASEpHERTLS f6RE0A £3)0f
solvent and reaction conditions. A particular quantity is a 1-5 fold

nol ar r at Exampeesfenishiybasesinlydel frpirampleats orgapalibive speppundsuebapound
of formul ﬂleﬁn%rﬂ%thi%, ﬁ-gotri‘)yﬂithium, t-butyllithiwm, phenyl lithium or the like, a Grignard

reagent such as n-butylmagnesiumchloride, methyl magnesinm bromide or the like; an

=

20 alkaline earth metal amide or alkali metal amide such as lithium amide, sodium amide,
lithium diisopropyl amide, magnesium diisopropyl amide, lithtum hexamethyl disilazide,
sodium hexamethyl disilazide, potassium hexamethyl disilazide or the like; an alkali metal
alkoxide such as sodium methoxide, sodium ethoxide, sodium-t-butoxide, lithium
methoxide, lithium ethoxide, lithium-t-butoxide, potassium-t-butoxide or the like; an

25  alkaline earth metal hydride or alkali metal hydride such as lithivm hydride, sodivm
hydride, potassium hydride, calcium bydride or the like.

A base of an alkali metal-t-butoxide, alkali metal hydride or the like is generally preferred.
30 The quantity of base used differs depending on species of base used, species of solvent and

reaction conditions. A particular quantity is a 1-5 fold molar ratio, preferably 1-3 fold

molar ratio with respect to compound of formula (14) or (15).



WO 2008/ 018823PCT/ SE2007/ 000707 15 The quantity of comrpound of
formula (16) used differs dependi ng on species of solvent and

reacti on cwodiasressss A particular quantity is a 1-5 f ol RETHEH2807/000407T O,
preferably 1-3 fold nolar ratio with respect to conpound of formula
(14) or (15). 5 1In general a solvent is usually used in the reaction.
Exanpl es include, for exanple, dichloronmethane, chloroform

di chl or oet hane, benzene, toluene, diethyl ether, ethylene glycol

di met hyl et her, nmethyl-t-butyl ether, diisopropyl ether,

t et rahydrofuran, 1,4-dioxane, N, N-dinethylformam de, .

N- et hy| (Fhe qodntidp nEconiposndipiierhyle (lﬁhumslz%ffpr@ idgpAmging on species of solvent

10di et hyl sul f.oxi de,..acet . il e, i I
acet ate 40 Epeti GRHREE § Moo REPOARITE A5 RITHRAER) HrbrerdyfORS 26
sol vent mRylatiBtic!&aH rabeseo emmandnf amitat(id)er(@reof, and in this

case, the m xed proportions thereof are not restricted. A sol vent
of tol’uene, ethylene glycol dinethylether, tetrahydrofuran or

1, 4-di ox %geﬁéaﬂa%gﬁ;@ﬁtﬁ@hwawﬁﬁefd% BRGecactiSHl Erlthslesiatives foif extingle,
reaction tenperature include val ues selected fromthe raﬁgfﬁg% -30C

to boil i rijchhepmethete, shloraderm, dichlprosiaeoengsns o iens Si5thyl e 8¢ of
20C- 90C. -2 e o [ By I i an3 @ A0 B%ank O
24 hour s.g%?%{ek%}r%]ﬁée}t]F%%ﬁg%g@ﬂeettﬂreg?g% ?ﬁgﬁﬂ,’ﬁgo S%Z%t%%ﬁyn%&%e ’r’e4m;ved by
di sti | | ati phdimEtiylbesatideN-medtylpyerohdgne; h3rdimethybigudpzoadineieer or

water is add ta i.t, and thereaftier, .t Y- i STy
addi t f%on ‘g@eﬁgh‘é@%éﬁp APARTS- %F&é?ﬁ*l%}ifeye%ﬁd ool ‘Sgﬁé’&g%’mg@t% r?é‘glg?'%c% adity
(13) may theylobsridieshdme UBé. NDhaxobeatluLEse tsad Aloas oeastmadtrii:dnrewheréofan
organi ¢ solvent such as, 25 tol uene et?é% acetatea i sopropyl acetate,
di et hyl emdap thigirashths Binet RERETioaR h5Fesf BEMObISTREY) | ke, washing with
wat er and concentration. The conpound obtai ned may be purified
further by columm chromatography or distillation. Exanples_ of the

aci d usedAfoveniofitaludne zdylens siydobdimedivbitear; tshahydrafan pe bAtdigns el ude

30or gani c_carhoxyl.i ¢ .acid such as formc acid, acetic acid, propionic
aci d, 1sm$qnargﬁ%g{eéf nleéi' acid, chloroacetic acid, dichloroacetic acid,
trichl oroacetic acid, oxalic acid, benzoic acid, phthalic acid,

fumaric agldy) TARAeL} G 2% o oSkl £58huad DR el YoRtht ¥3o06ABMC

to boiling point of solvent used, and a temperature in the range of 20°C-90°C. Generally,
the reaction time required is usually 30 mins to 24 hours.

20
On completion of the reaction, solvent may be removed by distillation. The reaction
mixture may then be added to water or water is added to it, and thereafter, it may be
neutralized by addition of an appropriate quantity of acid. The compound of formula (13}
may be obtained by using procedures such as extraction with an organic solvent such as

25 toluene, ethyl acetate, isopropyl acetate, diethyl ether, dichloromethane, chloroform or the
like, washing with water and concentration. The compound obtained may be purified

further by column chromatography or distillation.

Examples of the acid used for neutralization after completion of the reaction include
30  organic carboxylic acid such as formic acid, acetic acid, propionic acid, trifluoroacetic
acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid, oxalic acid, benzoic acid,

phthalic acid, fumaric acid, mandelic acid or the like; an optically active organic



16 carboxylic acid such as tartaric acid, lactic acid, ascorbic acid,
amno acid or the like; an organic sulfonic acid such as

met hanesulwonbus/0a&s2sl, trifl uoronet hanesul fonic acid, baRCARTIHIIHGHT C
acid, p-toluenesul fonic acid, canphor sulfonic acid or the like; an

i norgani ¢ acid such as hydrochloric aébd, sul phuric acid, nitric
aci d, phosphoric acid, 5carbonic acid or the |like. Hydrochloric acid
or sulfuric acid are generally preferred. Next, there wll be

descr i bedadpxdeesidsuch acmttainagdd, datis cid, ascdtBic@CRY] aminokcld dr'the like; an

(13) (10) ogé)%cesﬁ)ﬂt%hic [ggﬁssﬁ&r ellsflﬁéiﬁénlegu%o%{coa%eds, Trifluoromethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, camphor sulfonic acid or the like; an
inorganic acid such as hydrochloric acid, sulphuric acid, nitric acid, phosphoric acid,

5 carbonic acid or the like. Hydrochloric acid or sulfuric acid are generally preferred.

Next, there will be described 2) deesterification process.

R7 /Q/GOZRB e e R7 ’Q/COZH
* * N

(13) (10}

10 Step 2. Deesterification process

The values of R”, R® and * in the compound of formula (13), including the suitable and
preferred values, are the same as those mentioned above in 1) cyclopropaﬁation process. In
the compound of formula (10), the values of substitnent R’ including the suitable and

15 preferred values, originate from the ester derivative of formula (13). In other words, R’
denotes an aryl groop substituted by 2 or more halogen atoms. Suitable values of an aryl
group substituted by 2 or more halogen atoms include, for example, a 2,3-difluorophenyl
group, 3,4-difluorcphenyl group, 2,4-difluoropheny! group, 2,3,4-triflnorophenyl group,
3.4,5-triftuvorophenyl group, 2,3,4,5-tetrafluorophenyl group, 2,3,4,5,6-pentafluorophenyl

20 group, 2,3-dichlorophenyl group, 3,4-dichlorophenyl group, 2,4-dichlorophenyl group,
2,3,A-trichlorophenyl group, 3,4,5-trichlorophenyl group, 2,3,4,5-tetrachloropheny! group,
2,3,4,5,6-pentachloropheny! group, 2,3-dibromopheny! group, 3,4-dibromopheny! group,
2,4-dibromophenyl group, 2,3,4-tribromophenyl group, 3,4,5-tribromophenyl group,
2,3,4,5-tetrabromophenyl group or 2,3,4,5,6-pentabromophenyl group. A 3,4-

25 difluorophenyl group is generally preferred.

Moreover, * denotes an asymmetric carbon centre. In other words the carboxylic acid
derivative of formulae (10) contains asymmetric carbon centres. The invention includes

any optically active substance or racemic mixture of the compound of formula (10).



The values of R7, 12.5 and * in the conmpound of formula (13),
including the suitable and preferred values, are the sane as those
ment i oned wbaws/0ug323) cycl opropanati on process. |n the ROYRERUIE0GH7
formula (10), the values of substituent R7 including the suitable and
is preferred values, originate fromthe ester derivative of formula
(13). In other words, R7 denotes an aryl group substituted by 2 or
m)re hal ogen atons. Suitable values of an aryl group substituted by 2
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l'ithiumh &f@f@d_de, sodi um hydr oxi de, potassi um hydrOX| de, cesium
hydroxi de or the like; an alkaline earth nmetal hydroxide such as
magnesi um hydr oxi de, cal ci um hydr oxi de, bari um hydroxi de or the

25 Suitable reaction solvents for deesterification include, for example, water, tetrahydrofuran,
1,4-dioxane, diethyl ether, methyl-t-butyl ether, toluene, benzene, N,N-
dimethylformamide, dimethylsulfoxide, dichloromethane, chloroform, acetone,
acetonitrile, butanol, propanal, ethanol, methanol, water and the like. The solvent may be
used alone or as a mixture thereof, and in this case, the mixed proportions are not limited

3  in particular.

In general a solvent of toluene, tetrahydrofuran, ethanol or methanol is preferred.



20 like; an alkali metal carbonate such as |ithium carbonate, sodium
carbonate, potassium carbonate, cesium carbonate or the like. An

i nor gani c wiorwsoesks as hydrochl oric acid, sul phuric aciRCI/SER07OEN707
aci d, phosphoric acid, perchloric acid or the like are generally
preferred. 25 Suitable reaction solven{g for deesterification

i nclude, for exanple, water, tetrahydrofuran, 1,4-dioxane, diethyl
ether, nethyl-t-butyl ether, toluene, benzene, N, N

di et hyl f or mam de, di net hyl sul f oxi de, di chl oromet hane, chl orof orm
acetone, acetonitrile, butanol, propanol, ethanol, methanol, water
and the | Skigablaieactivplteroparatnegy, ihdudsiboseskisnted fomatbe range of tPORC tohimilingf

and in this 1 X kL] ot li.mted.30in

par t1 cul apomE Gt ORe Tt S SRR BTGB 7E iR i i P ety
t enper at uteiss 30 M wslz7 hdvese sel ected fromthe range of -30C to

boi | i ng poi nt of solvent used, and preferably it is 0C80C The
reaction tinme is required usually to be 30 mns to 27 hours. On
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id. Th f ' h
25 ext r acpy SRAbEEla. e BitBole{le L BOPRES bE Bllatik BY BRERML B oY
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as formc acid, acetic acid, propionic acid, trifluoroacetic acid,

chl oroacetic acid, dichloroacetic acid, hichloroacetic acid, oxalic
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li ke; an ically: | V€ ' r.hoxyl i: [ . [

aci d, ' acth gl P SEHCUEIAA AR BriabCeliCadlf o M08 o8, diR0GBAGE
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Sul fon o BePaTGREid fumpiiaasic. mnddh agikar dhediie A oRig 0 AR PERR o |
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the like. Hydrochloric _ acid and sulfuric acid are generally

pr ef er r ed OreER@igsulionigiacid puchap gethanesulfpaic gisldetﬁﬂaerosaeﬂlmsab@m@ Acify ocess.

20  benzenesulfonic acid, p-toluenesulfonic acid, camphor sulfonic acid or the like; an

inorganic acid such as hydrochloric acid, sulphuric acid, nitric acid, phosphoric acid,

carbonic acid or the like. Hydrochloric acid and sulfiric acid are generally preferred.

Next, a description will be given of 3} amidation process.

o}
o7 <} CO.H —_— &7 '<1/U\Y —_— R <] CONH,
* * *
¥ * *

”s (10) (11 (12)

Step 3. Amidation process

In the compound of formula (10), the values of substituent R’ and * (including the suijtable

and preferred values) are the same as those mentioned above in 2) deesterification process.



19 In the conmpound of forrmula (11), values of substituent R7
originate fromthe ester derivative of formula (10). In other mords
R7 may repweogeostoisns aryl group substituted by 2 or nor eedrzEEQE/000707
atons. Suitable values for an aryl group substituted by 2 or nore
hal ogen 5 atons include a 2, 3-difluordphenyl group,

3, 4-di fl uorophenyl group, 2,4-difluorophenyl group,
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group is generally preferred, 20 Mreover, * denotes an asymetric
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i ncl udes deryaténeal dammula @B} i etherwerdar anayrdenaie ariaey! growp yristigied hye2 or

conmpound "X i
cubot ancedors HEloFH] fofet Quitable LR drl b B ARG (e AE btk Een
conf i gur atémninpfudas 9Mﬂuorophmylgmu1mém difupreplfehR 212/),.2.4-dHlsomphgnylind

of formul a ) be ound of .f.0 11
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noi ety. TheumRe, Nﬁ,B@ﬁntaﬂuorophenyl group, 2,3-dichlorophenyl group, 3,4-dichloropheny!
group, 2.4-dichlorophenyl group, 2,3,4-trichlorophenyl group, 3,4,5-trichlorophenyl group,

3
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3
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e

3,4,
2,3,4,
3, 4-di
2,3, 4-
2,3,4,
2, 3-di
2,4-d
3,4,5
2

2,3,4,5-tetrachlorapheny! group, 2,3,4,5,6-pentachlorophenyl group, 2,3-dibromophenyl

30 group, 3,4-dibromopheny! group, 2,4-dibromophenyl group, 2,3,4-tribromophenyl group,
3,4,5-tribromophenyl group, 2,3,4,5-tetrabromophenyl group, 2,3,4,5,6-pentabromo phenyl
group or the like. A 3,4-difluorophenyl group is generally preferred.



10 conpound is converted to the conmpound of fornula (12) by reacting.
w th anmoni a. Suitable carboxylic acid activators include, for
exanpl e, awdetnggusmseondensati on agent such as di cycl ohexddTcameo@ddi’eol de
(DCC) and carbortyl diimdazol e; chlorocarbonic acid esters such as
met hyl chl orocarbonate ester, ethyl cfyjorocarbonate ester, propyl

chl orocarbonate ester, isopropyl chlorocarbonate ester,

chl orocarbonate butyl ester, t-butyl 15 chlorocarbonate, benzyl

chl orocarbonate or the |ike; an acid anhydride such as acetic
anhydri de, anhydrous trifluoroacetic acid, anhydrous mnethanesul fonic
aci d, anBysteouss, *t deanbles an ayettrmesubdnowihte.de ptheowordsethp pachoxylig acid

carboxylic .acid ter cies.such._as .ca i i i -t byt
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as n-butyl  magnesi chloride . es| I Li ke,
a1 kel Phe CLFDT Rt Py ook HERARRS A M AR o BB
am ge, Soajji];ydiliﬁcwjhxdﬁdrduh &tf%}umlma&éﬁcsamm, aqg;ydrmzxubé;anﬁm@anisiaﬁiﬁ atihiyérops opy| -
am de, 10 |1thium hexamethyl disilazide, saodiur xamet hy .

di si | azi deiflupromethenesy i At onihe lHean BHogibi ?FgerlsP%"é‘?s PR SARoRCar
al koxi de Siel @sitR0athidfy BLPMAES dictTiéaboratchn Xhaltke, sodihionde sadk axi de,
l'ithium methoxide, |ithiumethwdde, |ithiumt-pbutoxide,

pot assi unmethenesifery! etlonidre piiplrenesulpiamy] shlorides PipspRITHS PFRRFPICHESor

al kal i meg.al I+ sl Nid T QU RoBEYT Aedride,
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am ne ,sUCP,@sular carboxylic acid activators are chlorocarbonate ester, acid anhydride, carboxylic

acid ester, acid chloride except phosgene. In general thionyl chloride is preferred

particularly as it offers advantages from the point of handling and post-treatment after

reaction.

30 The quantity used of carboxylic acid activator differs depending on species of base used

and species of solvent and of reaction conditions. In particular a 1-3 fold molar ratio may



20 triethylam ne, diisopropyl ethylam ne, DBU

(1, 8-di azabi cycl o[ 5, 4, 0lundecene) or the |ike, basic organic sol vent
such as N, Wedbosmtgzgd f ormanmi de or the like. In particul actsrecdasoray
be an al kali metal al koxide, alkaline earth netal hydride or al kal
metal hydride, alkaline earth netal hys4yoxide or alkali netal

hydr oxi de, al kaline 25earth carbonate or alkali netal carbonate,

al kali metal bicarbonate, or organic tertiary amne. In general an

al kal i ne OX r By ' |
carth car Bo it MR ALEMAT LI TR Bl WAB oo i Ll iy B BNy
organi ¢ t érddfareyaidfammaelagiO}t he i ke is preferred. 30 The quantity used
of base differs depending on the species of base used and species of
solvent and reaction conditions. In particular a 1-3 fold nolar ratio

may be US&phendBshting &egbﬁ%sﬁlﬁi%ﬂfoﬁﬂa L0pwith ik GRlGRKLE Adid Bctivatol, aRspect
to conmpound represented by the aforesaid foiu ula.(leéz@SU|table

forms of we barmwhinacensdace with semirements Suakle basep inglnds, kMRS, an
anmoni a : .
Par 1 cul o SR RO ot kRS n Ty PRl SIS, S AIERD Bt ™
anmmoni a waitldum oatick 1keyvoGiignand teaperit sudieasertaitylynagnedien chigride, mefidn t he

formof ammnia is a ni ter the concentrati on,.of. a ni-a wat er
Loed T | EaBen B BEE S fle BB Bl R8RS iRl Gyt RS h &8
20-28 Wt Yhismaends, 8ddivin Riedcelifhafhn didbpraybarhide Y ffnedinehiseoroi®e dmide,
di ffers depending on the faorm of used annnnhﬁf,species of solvent and
reacti®n ddnupdeimethyldisjands. sodiup hexamnghyl fisagide. potassiym bexameti

used, and d&q@isé Y18 Ancali il AL R shM ds Qodih IndtRSRES boditin CABRRAUNG
represented by the aforesaid 15fornula (10). Generally a solvent is

usual | y usediumnrt-lutexides Bdiino methnide lithinsesharads, Sthivmitdutoxidsy pescainpl-&
di chl oro , l.ar.o i, di N . ENEsit.:
) o TS R ) PRS0 PR R S,
t et r ahydr Gifythids) sodived heldrideapeasshiniNaglirides dajdidm hpdridede theNike, alkaline earth

15 metal hydroxide or alkali metal hydroxide such as lithium hydroxide, sodium hydroxide,

potassium hydroxide, cesium hydroxide, magnesiom hydroxide, calcium hydroxide or the
like, alkali metal carbonate such as lithium carbonate, sodinm carbonate, potassium
carbonate or the like, alkali metal bicarbonate such as lithium bicarbonate, sodium
bicarbonate, potassium bicarbonate or the like, organic tertiary amine such as

20  triethylamine, diisopropyl ethylamine, DBU (1,8-diazabicyclo[5,4,0Jundecene) or the like,

basic organic solvent such as N,N-dimethylformamide or the like.

In particular the base may be an alkali metal alkoxide, alkaline earth metal hydride or
alkali metal hydride, alkaline earth metal hydroxide or alkali metal hydroxide, alkaline

25 earth carbonate or alkali metal carbonate, alkali metal bicarbonate, or organic tertiary
amine. In general an alkaline earth metal hydroxide or alkali metal hydroxide, alkaline
earth carbonate or alkali metal carbonate, alkali metal bicarbonate, organic tertiary amine

or the like is preferred.

30 The quantity used of base differs depending on the species of base used and species of

solvent and reaction conditions. In particular a 1-3 fold molar ratio may be used, and



20 net hyl pyrrolidone, 1,3-dinethyl imdazolidinone,

di met hyl s ' cetone acetonitrile, ethyl acetat

acetate eg%é%&kﬂ 8%getlc acid-t-butyl and the Iike. Thgwgﬁﬁggﬁ@aﬁQY
be used alone or by mxing, and in thls case, the m xing proportion
is not limted. Generally a solvent off2tol uene, ethyl acetate and

i sopropyl acetate are preferred. 25 Suitable reaction tenperatures,
include those selected fromthe range of -30C to boiling point of

sol vent use§rahice bl Sifeldamelyr ratio péth sespeeiteePrpasf t%e%tﬁg by Bye afiee B,
The reactg 8ﬂ¥5kﬂ§ required is usually 10 mins to 24 hours. 30 On
conpletion o reaction, the solvent is renoved by distillation in
accordance with requirenents and thereafter the reaction mxture is.

added to t i s adde The d of fornula (12
ot o Bl s R iR B e, o Prion T frogpe o bas
200810 88R23R6HA SRR APLAT0RAn0MBARIRorS Ok MEN PaSisir @Gniplsugne,

ethyl acetate, isopropyl acetate ester, diethyl ether,

di chl or oriSITREHa gas€ AIBIOBTadR AR gFSaty éO]IVFIP@eam%&%lﬁ “ﬁ&f:vﬁﬂﬂ H%D@rwafaﬁ“i‘é
concentr eh&ﬂn tai ned conpound may be further purified by
col um c onato rap y or crystallisation, or it may be used in the
fol |l ow ng step w t hout treatnent. The corrpound of fornmula (17)

R 1 - CCON 7 d.bv th f
conpound, ttteé rfp“[h t(rjag’f%g?%aé (WE ?ff’g%i%r &7 '% ﬁﬁc{eﬁ%§§ ?1{51%%0 V%%tﬁr used is
presem | mﬁﬂﬂﬂed’-”m pantiduder5L0 ew{ % Aay Hiluseﬂa and G281t &6 i8l gegerallspprk Brred.

substituted by 2 or nore hal ogen atons. Suitable values for the aryl
group substituted by 2 or nore hal ogen atons include a

2, 3-di f | ugHeapBgmylor %ﬁiéﬁla ﬁe&dt@ﬂefs'd@ ﬁﬁig@iﬁythe ﬂn‘iﬁl&fus%zﬂnmoma species of
d| f1 uorophenyl group, 2 4-trifluorop hen%/ 3
3, 4, 5-t r | Plgst @%ﬁezwypn gw@ﬁpnszhwamaﬂartaelr &t a@i@pﬁww prusge and

,4astr|ibhhda61ﬂjenyl group, 3,4,5- 15trichl orophenyl group,
, 4, 5-tetrachl orophenyl group, 2,3,4,5, 6-pentachl orophenyl

:2)): 2’ d| ChFPO E{’%@T 33@%@&& aﬁé%ﬁmﬁﬁ:s ec’% tﬂ&o&%oﬁ%@%gé’yﬂtec%}?ﬂﬁg raforesaid
2,3
2,3

Generally a solvent is usually used in the reaction. Suitable solvents include for example

dichloromethane, chloroform, dichloroethane, benzene, toluene, diethyl ether, methyl-t-

butyl ether, diisopropy! ether, tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide, N-
20  methylpyrrolidone, 1,3-dimethyl imidazolidinone, dimethylsulfoxide, acetone, acetonitrile,

ethyl acetate, isopropyl acetate ester and acetic acid-t-butyl and the like.

The solvent may be used alone or by mixing, and in this case, the mixing proportion is not

limited. Generally a solvent of toluene, ethyl acetate and isopropyl acetate are preferred.
25

Suitable reaction temperatures, include those selected from the range of -30°C 1o boiling

point of solvent used and preferably it is selected from the range of 0°C-60°C. The

reaction time required is usually 10 mins to 24 hours.

30 On completion of the reaction, the solvent is removed by distillation in accordance with
requirements, and thereafter the reaction mixture is added to water or water is added to it.

The compound of formula (12) is obtained using procedures such as extraction with an



group, 2, 3-di bronophenyl group, 3, 4-di bronmophenyl group,

2, 4- di br onophenyl group, 2,3, 4-tribronmophenyl group,

3,4,5-tri wonumglhessyl group, 2,3,4,5-tetrabronophenyl grraysE2007/000707
2,3,4,5,6-pentabrono phenyl group or the like. A 3,4-difluorophenyl
group is generally preferred. 20 Moreomer, * denotes an asymetric
carbon centre. In other words, the carboxam de derivative of formnul ae
(17) contains asymretric carbon centres. The invention includes any

optical | y‘f%%g'lhgr g?yg%z(%]l%(i@luﬁ{e E Fi&tﬁierqsifﬂr%ﬁ aBdtaik RGeS AIBRYBHeOf

formula ( _ y It 18 optically active substance,” and nost
pr ef er abl gichlordrsetizane orifrrofodnwh dedike Swah gl withewaton fndemmgenitstionflhe

G ven of | SyReR AR A deTi pe e B e SRS B Mt
PCT/ SE2004¢ R @{d(Bé usetidn thFoRdwing stepWithbat treatruent.
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The compound of formula (17)

R10’~<[,00NH2

(17)

produced by the aforesaid process is a novel compound, and is therefore provided as a
further feature of the present invention. In formula (17), R denotes an aryl group

10 substituted by 2 or more halogen atoms. Suitable values for the aryl group substituted by 2
or more halogen atoms include a 2,3-difluorophenyl group, 3,4-difluorophenyl group, 2,4-
difluorophenyl group, 2,3,4-trifluorophenyl group, 3,4,5-trifluorophenyl group, 2,3.4,5-
tetrafluorophenyl group, 2,3,4,5,6-pentafluoropheny! group, 2,3-dichlorophenyl group,
3,4-dichlorophenyl group, 2,4-dichlorophenyl group, 2,3,4-trichlorophenyl group, 3,4,5-

15 trichlorophenyl group, 2,3,4,5-tetrachlorophenyl group, 2,3,4,5,6-pentachlorophenyl
group, 2,3-dibromophenyl group, 3,4-dibromopheny! group, 2,4-dibromophenyl group,
2,3 A-tribromophenyl group, 3,4,5-tribromophenyl group, 2,3,4,5-tetrabromophenyl group,
23.4,5,6-pentabromo phenyl group or the like. A 3,4-difluorophenyl group is generally
preferred.

20
Moreover, * denotes an asymmetric carbon centre. In other words, the carboxamide
derivative of formulae (17) contains asymmetric carbon centres. The invention includes
any optically active substance or racemic mixture of the compound of formula (17).
Preferably it is optically active substance, and most preferably it is a compound whose

25 absolute configuration of asymmetric carbon centre is (1R, 2R).

Next, a description will be given of 4) Hofmann rearrangement process.



(1) (2) Step 4. Hofinann rearrangenent step In the conmpound of
formula (1), R, R2, R3 and R4 each i ndependently denote hydrogen
atom optiwoabdsypisabsti tuted 1-10C cyclic or acyclic alBcAVSE30000707
optionally substituted 6- s10C aryl group or optionally substituted
7-10C aral kyl group, and they may be tjhe same or different to each

ot her. Suitable values of an optionally substituted cyclic or acyclic
al kyl group of carbon nunber 1-10 include a nethyl group, ethyl
group, n-propyl group, |propyI group, cycl opropyl group ,n-butyl
group, s-butyl ¢roup, Qggyl group, t-butyl group, tyl group,
n-pentyl group, |negpen group, cycl opentyl grouplaﬁbgﬁf 10 group,
cycl ohexyl grou % OYHaup, -tyctohexy™ret hyl 20ct yl
group, n-decyl ro p and the |ike. Suitable val ues of an optionally
substituted 6-10C aryl ?roup i nclude a @)

Step 4. Hofmann rearrangement step
In the compound of formmula (1), R, R?, R? and R* each independently denote hydrogen
atom, optionally substituted 1-10C cyclic or acyclic alkyl group, optionally substituted 6-

5 10C aryl group or optionally substituted 7-10C aralkyl group, and they may be the same or
different to each other. Suitable values of an optionally substituted cyclic or acyclic alkyl
group of carbon number 1-10 include a methyl group, ethyl group, n-propyl group, i-
propyl group, cyclopropyl group, n-butyl group, s-butyl group, i-butyl group, t-butyl
group, cyclobutyl group, n-pentyl group, neopentyl group, cyclopentyl group, n-hexyl

10 group, cyclohexyl group, n-heptyl group, cyclohexylmethyl group, n-octyl group, n-decyl
group and the like. Suitable values of an optionally substituted 6-10C aryl group include a
phenyl group, o-methoxyphenyl group, m-methoxyphenyl group, p-imethoxy phenyl
group, o-nitrophenyl group, m-nitrophenyl group, p-nitrophenyl ;group, o-fluorophenyl
group, m~-fluorophenyl group, p-flucrophenyl group, o-chlorophenyl group, m-

15 chlorophenyl group, p-chlorophenyl group, 2,3-difluorophenyl group, 3,4-difluorophenyl
group, 2,4-difluorophenyl group, 2,3,4-trifluorophenyl group, 3,4,5-triflucrophenyl group,
2,3,4,5-tetrafluorophenyl group, 2,3,4,5,6-pentafluorophenyl group, 2,3-dichlorophenyl
group, 3,4-dichlorophenyl group, 2,4-dichlorophenyl group, 2,3,4-trichlorophenyl group,
3,4,5-trichlorophenyl group, 2,3,4,5-tetrachlorophenyl group, 2,3,4,5,6-pentachlorophenyl

20 group, 2,3-dibromophenyl group, 3,4-dibromophenyl group, 2,4-dibromophenyl group,
2,3 4-tribromopheny! group, 3,4,5~tribromophenyl group, 2,3,4,5-tetrabromophenyl group,
2,3,4,5,6-pentabromo phenyl group, o-methylphenyl group, m-methylphenyl group, p-
methylphenyl group and the like. Suitable values of an optionally substituted 7-10C
aralkyl group include a benzyl group, o-methoxybenzyl group, m-methoxybenzyl group, p-

25 methoxybenzyl group, o-nitrobenzyl group, m-nitrobenzyl group, p-nitrobenzyl group, o-
chlorobenzyl group, m-chlorobenzyl group, p-chlorobenzyl group, o-methylbenzyl group,
m-methylbenzyl group, p-methylbenzyl group and the like. Preferably any of RLR2 R



phenyl group, o-nethoxyphenyl group, m nethoxyphenyl group,

p-i met hoxy phenyl group, o-nitrophenyl group, n}nltrophe u

p- ni t r opheMQR0§HOH¥H  o- f | uor ophenyl group, n}fluoropheﬁ§1”ﬁ¥%U@°7“7
p- fl uorophenyl group, o-chlorophenyl group, m 15chl orophenyl group,
p- chl orophenyl group, 2,3-difluorophemgl group, 3,4-difluorophenyl
group, 2,4-difluorophenyl group, 2,3,4-trifluorophenyl group,
3,4,5-trifluorophenyl group, 2,3,4,5-tetrafluorophenyl group,

, 3, 4, 5, 6aatiah b uatifhepEnyDEewR and nidrekreftblofpb substitugnionteept 3,4-
dlchloropheny1 group, 2,4- dlchlorophenyl group,

4- 1 r | éifneioBkmEhgIouR A drogeR 29 1 | chl or ophenyl  gr oup,
4,5-tetrachl orophenyl group, 2,3,4,5, 6-pentachl orophenyl 20

up, 2, 3-dibronmophenyl group, 3,4-dibronDphenyI roup,
di
5-1
4.5

br ohimpdwa:y I demodesmn aRyBnétrtcrdatihon wgtp'tvehycbthgr\m;( 5, the compound of
ripro nyl gro 2,3, 4 tr.abr I ' .

5. cIBERELONBRG-RHBNDE oGhon 5erts: T AURSRERDRRE aff bttty active
m met hy| plgeihceddr@atemiPrmivglop fRryinp gﬁr@wrf@mﬂﬂzt ﬁe Frbfemblﬁmst@hbﬂly
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n- hexyl cyclfo roup, grou cycl ohexyl net hyl
group, n- gedupl o-ghlorgphenyl deuy) m@hbmmpmmd erdvg, pickloropBenyl &g, 231 ues for

t 2 bstit 6-1 | ,
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i e st s bt oiem o
o- chl or op IS Buorﬁi? @%@G@P Eenygg%’r-}? 2{‘% Bﬁg%@g‘ﬁg @Bdup,
2,3- difluy fﬁﬂhmﬂﬁ 81‘6913, 23:3 4 tﬁéﬁl&ﬂéﬁﬁéﬂ?fﬁﬂhﬂ 391, ttvhlorophenyl group,

2, 4- d|quoFo group
2,3, 4 23~ f:etrachlorophenyi gloup, 2 3,4,5,6-pentachlorophenyl group, 2,3-dibromophenyl

group, 3,4-dibromophenyl group, 2,4—d1bromopheny1 group, 2,3,4-tribromophenyl group,

2,3
3, 4-
2,3
2,3,
gro
2, 4-
3,4
2,3,

—

30 3,4,5-tribromophenyl group, 2,3,4,5-tetrabromopheny] group, 2,3,4,5,6-penta bromo .
phenyl group, o-methylphenyl group, m-methylphenyl group, p-methylphenyl group and
the like. Suitable values for an optionally substituted 7-10C aralkyl group include a benzyl



25 trifluorophenyl group, 3,4,5-trifluorophenyl group,
2,3,4,5-tetrafl uorophenyl group, 2,3,4,5, 6-pentafl uorophenyl group,
2, 3-di chl ovopbosreyds2yyr oup. 3, 4-di chl or ophenyl group, PCT/SE2007/000707
2, 4-di chl orophenyl group, 2,3,4-trichlorophenyl group,
3,4,5-trichlorophenyl group, 2,3, 4,5-bgtrachl orophenyl group,

2,3,4,5, 6-pent achl orophenyl group, 2, 3-dibronmophenyl group,

3,4-d
2,3,4
2,3

i bronophenyl group, 2, 4-di bronmophenyl group,

 A-tri phan ; b0 GRMthoxHQMRI sroup, o-
30 5. (S BRI Bony oy AR R %ngff’“%r%up,
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mchl orobedif rogreamﬁgmm@ﬁqi W@d@ﬁéﬁb Yo S uBLstisueE P46 thath %%PB‘&{‘?FHY

m net hyl b, -nmet hyl benzyl group and the |ike. Werein

pr ef er abl é%%t%@%ggfﬂ%%; R? and R4 is a 3,4- 5 difluorophenyl group,
and nore preferably, the substituent other than 3, 4-difl uorophenyl
group is drogep .atom__Noreover, * d e A ri on
centre. | OrNEr \%“}Oge POERENCE nﬁ&ﬁfr‘?an ?%g%eé%e(ﬁ?%ﬁWﬁe&&S% a (2)
has asynmeprek@igicsyhiaa fentar(@) haheyhmvieioteiabon centieudlsinaenyios Crobysics eay | y
active substance or racem c m xt.ure of the conpou f f.0 a

Pr ef ertibl §PUCRLLY ectiyp FTRSIFS OTATIYE MUXfE e‘imﬁianfﬁ%fs@“%‘f’%@ﬂéfﬁfe%@?
is a conpg ti\éélgﬁ&ti@@é‘aﬁ'sﬁh&, SQNbAPEeTELBIY iGF a 26MPTEI WIRsE sisbiue
centre is (1R 25). Wen oxidant is caused to act, there proceeds a
so- cal | edceubigmation plasymmegioaaron cgnfee SRR 5) conpound of fornula (1)
is converted to the conpound of forrmula (2) while maintaining the
stereochem stry of the asymretric carbon centre represented by *. For
exanmpl e, ¥iichakidentdxcaast ® 2t tHetrimoeeetis yp-called FofmimdeareensengEmnd the
exenplified b i t rifiuoroacet | <104 { :
such 45 chIBRRSof BB (L) PR Res b P nd ef By (P AlRing
N- br onos ugistirdtcBenistyy bbtle syaahaiiotabon culrp hepraskntedby i Bhe exg@fple,

sul phuryl brom de or .the |ike, ochl.orite eci ch.as lithium
hypochlorF#@PM§BHPEWFﬁWﬁEEHF%%Wgé@y %E@ﬁﬁﬁfﬁVﬁgﬁﬁF%EYF@, magnesi um
hypochl or {08l ey TP Pio RIS Halifle Afent 18h b KRoriRY bidghify, QiaaReN- and
chlorine, "N-chloro su00|n|n|cle,_hgpochlorlpe_spe0|es or the like. In
general sclfprosvdsinpoisiel Vrbremosuscipingfle N-wdosugsinimpide.suRRvmt ¢hleffdeoyi dant
used differs d | ' 3 ' ; b@%orRE. sodi
eact ibn SUPEARTAHlGR: 8 1580 pES e BB shor R HhiBPOARRL sodtun
nol ar r at heparhlpritee poissiinahybophlefity mbgmesmughypotidputeneslciwm hapgchlogite o

espect | el sESROHDR Lo b RSy BB Pl

€
like. In general sodium hypochlorite is preferred.

25 The quantity of oxidant used differs depending on species of oxidant used, species of
reaction solvent and reaction conditions. In particular a 1-5 fold molar ratio may be used
and preferably a 2-4 fold molar ratio with respect fo the compound of formula (1).
Moreaver, as regards the quantity used of the aforesaid oxidant, when a hypochlorite
species is used as the oxidant, the quantity used is determined by effective chlorine

30 conversion.



species is used as the oxidant, the quantity used is determ ned by

effective chlorine 30conversion. W) 2008/018823PCT/ SE2007/ 000707 27

I n the reawoizomsOofs2zonpound of fornmula (1) and oxi dant ,PCA/SFAHE0MTY7 be

co-present in accordance with requirenents. Base nay be added after

m xi ng the conpound of fornulae (1) apg oxidant. Suitable bases
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et hoxi de, sodi umt-butoxide, I|ithium nmethoxi dﬁ 8 &ﬁ@ﬂ

i t hi Lﬁntsnsmwb% Jepeaes chipride. prAtad FpgnesvE RRnpide o

metal  hydplde Bk 8 %ﬂéﬁ m%f ﬁhd@!@hl o8 Bitkbets A, bddilth umd&yﬂﬁmﬁl@ sodi u m
hydr i de pot assi um e, calciumhydride or the |ike, alkaline
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bonat the i | k t al

b o Bonci Bl ievite, Bt e se SuesRBr CHRRREERER B el ke pege

organic t@&'délbb’a]ﬁén Iﬁ@raﬁhmdagu&arasemﬁmhwm saﬂmﬁ@pmybotsgsmyd ani ne,

DBU (1, 8- "di azabi cycl o] 5, 4, 0]undecene) or the Jike. zo |n raI an
al kal i mebsaidpygalcism @ﬁ thedike cplkabine Rydh Beiabiaydrexideer alalis Bitfled. The
quantity %fdr sl ki &oﬁ&@%&fhxﬂ%y%xﬁi&eﬁdté‘s%mﬁfhyl@@éﬁdé@&ﬂm
speci es of” solvent an rea on conditions. particul ar t he

reacti on hgiyodide, cagsmtion byq:pmdee:dicmm hycdyoxide @nthe Bke, alkph gpetel sarbopate)| d

nolar ratio ferab I [
conpoiha. 281 abfiFath fbdhals, SoiuhS A BRE pofe iy opbhel SRS ks, Wt mcta
concent r abicgBote dubk adihfimt hlcﬁﬂbenat@ aﬁdlumr’mcrmbt)nb’e patassiuen bicarenatef 0r3h80 -

Wt % m)repartlcularl i.n the range. of, 15:25 wt . % 30.1n r
S0 vent | S SR T AT TG BTG QiR e DEha Bae

for exarrphﬁzaby@a% @]Eﬁbéc@ﬁé) pirane, chlorof orm dichl oroet hane
benzene, toluene, di'e ether, methyl-t-butyl ether,

t et rahydr of ur an, 1, 4, - d| oxane, N N-di et hyl f onnam de, N WO
2008/ 9(,188%13&3@@15512&19&{ 19191&917187dmxide such as sodium hydroxide is the preferred.

The quantity of base used differs depending on species of base used, species of solvent and
reaction conditions. Jn particular the reaction may be caused to proceed in high yield by
using a 5-30 fold molar ratio, preferably 5-20 fold molar ratio with respect to compound

25 represented by general formula (2).

In particular the concentration of the base in the reaction may be in the range of 5-30 wt %,
more particularly in the range of 15-25 wt %.

30 In general a solvent is usually used in the reaction. Suitable solvents include, for example,
water, dichloromethane, chloroform, dichloroethane, benzene, toluene, diethyl ether,

methyl-+-butyl ether, tetrahydrofuran, 1,4,-dioxane, N,N-dimethylformamide, N-



28 met hyl pyrrolidone, 1,3-dinethyl imdazolidinone,

di met hyl sul f oxi de, acetone, acetonitrile, ethyl acetate, acetic

aci d-t - butwo 2ous/bsseanol and the |ike. The sol vent nmeBRCURE2005800707
alone or as a mxture. In the case of a m xture the proportionis 5
not limted. In general, water is prehgrred. Suitable reaction
tenperatures include those selected fromthe range of -30C to boiling
poi nt of solvent used and preferably it is selected fromthe range of
20C- 60C. j t4_ ' i i tSle
10 0n corfbf S PERSIAEAR - B dkioB oo s oty ST o g el
di sti | | atetion acébite, acetircdcidnbniyl t-tutenctayd be lkdded to water or water to
it, and then the mixture is acidified by addition of acid. The
Compound (2) is transferred to the aqueous |ayer, and after having
been causpg dofreHNE8y BOudel dloing o &akRkre. n dibasesi mixhwe the poogaticcis

sol vent such as toluene, isethyl acetate, isopropyl acetate, diethyl
et her 5 dinthiigviehdn garmal, whrEbisrErHdbr the | ke, the aqueous |ayer is
made basi c using a base. The Conpound of fornula (2) is obtained

usi ng procedures such as extraction with an organic sol vent such as

t ol uene, WSiitayle reactivatempeiasirps mplpte thost selasteddfram thpirangeied30°C to boiling

di chl oronet.hane,, chl orpof arm.or,t he. | ik i ] 3
concent rali’ciuﬂr)ltrf’. S%Etgluﬁié)mgr?r%fg%#yé Ilsgeﬁb%?d gﬁ@%@%@%‘% %ﬁowg%?v%ﬁ?gi s
renoved biya@dQndingd delphigddiiomsualindo trikes 1o @apousd of fornula (2) may be

obt ai ned via procedures such as extraction with organic solvent such
as toluene, ethyl acetate, isopropyl acetate, diethyl ether,

di chl or ong}, haRBetsHbOROfALHdke bd1fert 4§ be WaEHIe0 By Wistillatidt e astdtion
concentration Wthout the step of transfering to the_aquetous I dg{o'n

The conpowirdure Zyayrheyadie toFtaisTos iaien ta ihang diam ty ity s acufified py;
The conpo . : L. ’ By,
distillat ?@%‘C{gr%% ?@%’%g‘ﬁ‘f‘f@%%Sﬁ%%!féfé‘?‘g?o?u%%@eg‘?ﬁ?ﬁa@?ﬁ?ﬁaﬁg{gﬁ% rified
in the focamaf toandaisd lighidaepaaatiod anSwiastand with oiganicgelventshehess toluene,
conpl etion t he reacti,on f or

f i ncl.ude, . I i M g
car oty | BBaAeEI L S AP o B L P ot BB B e e the
trifiuor ogeRbiflapsiithnadsdsicaisdgedhss HeiChmmnodbbioaaclet2)ds ashioked using
trichloroacetic acid, oxalic acid, benzoic aci g tit hal i @ylaCi ol[
fumari c aBfogeduserigel pcoxiastipnoYIih We%ﬁﬂk%?oiw?ﬁ%c 12 PR P8P YR
carboxyl i %ogx%b?lha%lz'tﬁﬁ GRihlPEtha! bieh18&utthab8 ChildzoBfih By the Hike WaisBind &ith,
am no aci r e |1 ke, organic sulfonic . i

water and concentration. Usnally, on completion of the reaction, solvent is removed by

20 distillation, and the compound of formula (2) may be obtained via procedures such as
extraction with organic solvent such as toluene, ethyl acetate, isopropyl acetate, diethyl
ether, dichloromethane, chloroform or the like, washing with water and concentration
without the step of transfering to the aqueous layer. The compound (2) may be obtained in
the form of a salt of an acid. The compound may be further purified by column

25  chromatography, distillation or crystallisation, or it may be separated and purified in the

form of a salt of an acid.

Suitable acids used after completion of the reaction include, for example, an organic
carboxylic acid such as formic acid, acetic acid, propionic acid, trifluoroacetic acid,

s0  chloroacetic acid, dichloroacetic acid, trichloroacetic acid, oxalic acid, benzoic acid,
phthalic acid, fumaric acid, mandelic acid or the like, optically active organic carboxylic

acid such as tartaric acid, lactic acid, ascorbic acid, amino acid or the like, organic suifonic



WO 20081018823PCT/ SE2007/ 000707 29 acid such as nethanesul fonic acid,
trifluoronethanesul fonic acid, benzenesul fonic acid, ptoluenesulfonic
acid, canphB8r8@I$8ghi ¢ acid or the |ike, inorganic aci & J(RERNL00707
hydrochl ori ¢ acid, sul phuric acid, nitric acid, phosphoric acid,
carbonic acid. Hydrochloric acid or s@furic acid are generally
preferred. S Suitable bases used after conpletion of the reaction

i nclude, for exanple, an organolithium conpound such as

met hyl | i t dviddich As Biethyhdsutfbiic aeid} trifludryinkitbtesulfonip hedyHentantulionicacid pe

i ke, Grignard reagent such as_n-butyl siym chl or.i.de t hyl .
magnesi UnOBIBIRHENBACI REMIPRESIRIE 4P RS BT HORRERe AoED B Hogtoric
metal am g1 S RudSacd, bitit i@/ Bdsoholo il Baiibhiiecid. HybiodHlotlt k@Rt 0Py |
am de, magnesi um di 1 sopropyl am de, |ithium hexanethyl disilazide,
sodi um hesdfaet gl arti gshtrally geeferpedt assi um hexanet hyl di sil azi de or the
i ke, alkali netal al koxide such as sodi um net hoxi de, sodi um

et hoxi tle, sodi umt-butoxide, |ithium nethoxide, |ithium ethoxide,
|ithi um t Skitbraiaess et sagictmpletibuoike chaction itdledd, fdrexampleadn orgarméthtitm

metal hydride or, al kal i tal hydri such.as. lithiumh i de odi um
15" bydr ) e seidmm i G, Sl Gy e b A fhSor B0
earth net ke OynAYIrESeAsudh khd-butfRiaahediyd cBstiae n8eiigh nagndshintibiomide or
hydr oxi de, sodium hydroxi de, potassium hydroxi de (S:’ um hydr oxj.de,

S,
magnesi unibayie.plialias cardl mptahamide poalkat 1¥W@eﬂﬁﬁé'%3FW§@Fn aPPEHRL e
met al sal c 1 4 hi : j PRk
car borat ¢ 3P bR R M A R Pl i PR ARSI
bi car bonatiisilazéded sadinmh hewnetrya disilazidy, petessinm pexapictwi Bisvade o5 the e,
l'i ke, organi-c tertiary amne o the.l|k e anni
di i sopr opPFas g#@ﬂé?mgﬁﬁsﬁfﬁ -3F§%%H§c§%ﬁ%?%@ﬁ%@%ﬁ%@é@@&@%ﬁﬁ?%
g?Eelr al aﬂ%ﬁirﬁﬁiethom,lalithmﬁﬂél mmﬁg@ llitlﬁlrhanimﬁi@apdtdlmshtet-ﬁbuthb mxtlhﬁl-ﬂ,l{e,
al kali carbonate petal salt, a i ne_ear t al.. carbaonat e, ..al kal i
netal bi ca&Wa}%Wﬁé&%@hﬁﬁmﬁP@%&é&ﬁ m 13’%5@ iSRE® ¢ ary
gm ne @r e RleChdifdnbamak aalcium BRArRW ok MeSiklealRdNnk @ iVdnbial B&iroxide or
escribed in greater détail by reference to Exanples. 30 However,

thi s i nvenlkplpmetad hydsexide suobiag lighiurs Ay droxige rsaéive ldaoniice gOtassypy bydroxide,
200810188 %géﬁlgﬁﬁﬁgﬁgg,/ n?a%%ZSQIZm %9d1%§ﬁg,péafci1}m hydroxide or the like, alkali carbonate

metal salt such as lithium carbonate, sodium carbonate, potassium carbonate or the like,

alkali metal bicarbonate such as lithjum bicarbonate, sodium bicarbonate, potassium
20  bicarbonate or the like, organic tertiary amine or the like such as triethylamine, diisopropyl
ethylamine, DBU (1,8-diazabicyclo[5,4,0Jundecene).

Tn general an alkali metal hydroxide, alkaline earth metal hydroxide, alkali carbonate metal
salt, alkaline earth metal carbonate, alkali metal bicarbonate alkaline earth metal

25 carbonate, organic tertiary amine are preferred.

Examples

Below this invention will be described in greater detail by reference to Examples.

30 However, this invention is not restricted only to these Examples.



Preparation of (23)-2-(3,4-difluorophenyfloxirane A m xture of
(18)-2-chloro-1-(3, 4-difluorophenyl)-1-ethanol (net 11.47 g, 59.5
mol ), tolWenesPrs223 g), sodi um hydroxi de (2.53 g, 1. RSTRIRYY/000707
equi val ents) and water (24.25 g) 5 was stirred and heated at 40C for
1 hour. The organic | ayer was separateg, washed with water, and
concentrated under reduced pressure. (29-2-(3,4-difluorophenyl)wdrane
was obtained as resultant concentrate (net 8.94 g, yield: 96%.

1H NWR i rtx%%%\/ﬁz CDC13) 62.71 - 73(1H dd, J=2.44Hz, 5 37Hz),
3.13 - 3.15( m, 3.82- 3.83(1H, m, 01 - 107.27(4H, m. Exanple
2 Prepar &reparatipn of (S)-2¢3g3- dlﬂR?L@hewlwaﬂP uor opheny1) -

e val ot SPGBy e 6 AR o as Ceed e PLiTe D TR,

vessel . Tslheideb.2p rg;nspcﬂmmdgzdmﬁteqzﬁa & ne6 g:;oiat e@nvainm)ranéqm‘texé%ﬁﬁ 8) t 0

sodi um t - but oxi was .a xture th St

sol ut iSon s S "2f8‘§i %ihef"@d&g%?&lft%} E‘Bﬁ ﬁﬁ‘fgﬁl? a@ﬁﬁpaéate ;h d?Vthl on,
net 41. 83, 8er, afilcofciitlel 1HO& r@&lﬂ@(ﬂ%ﬂééﬂﬂ: m&afz (691 dlﬁ&ozﬂph@nybemﬁaemaag
the internal tenperature between 6Q to 80 C, After conpletion of

addi t i on,obsinadrasaepuliens cerpspireia et B Of 21viekp¥0%)-at 80C. After cooling
to room Zﬁﬁw&r bz EHer Z1xture was washed with water, and the
organi c | ayer was conce’ntrat d under reduced pressure. Eth (1R,
2R) - 2- (3, ¥2.d1  ROB¢IEH HEnFL H4HL - SHBD Y- tﬁoahéﬁéHB@&ﬁ & <3 %Hg@ﬂa?‘h‘ed as
resultant,f,&,& ensrate (net 49.11 g, yield: 81%. 111-NMR in (400MHz,
CDC13)° 5 14 P26(1H, n), 1.26- 1.30(311, t, 1=7.1Hz), 1.57-
1.62(111, nm), 1.82- 1.87(111, m, 252.45 - 2.50011, m), 4.14-
4.20(211, q, J=7.1Hz), 6.82 - 6.91(211, m), 7.02 - 7.09(111, m
Exanpl e EX8P8Zati on of (1R 2R)-2- (3, 4-di fl uorophenyl) -

1-cycl Oprmgaﬁﬁ%tmmyq @mqmgtzmgutmnabmﬁaamz 190y cRpfo ik R0kl

hydr oxi de aqueous sol Ut i on equi v nts
added t o Sodiwh @%Jut@ﬁldéﬁ?e%gall zsllmlazmm‘@lené% and {giyepg Qf‘é&ér‘(ﬁ% Ckffge

cycl opr opapee Q6 il 08 moMeleqfibaldets &

270.6 mmjlngo a]%ﬁ%%)r%}f tﬁlragglséva ?%ﬁgtg?ﬁoéleg#ﬁggg léth st F&r ring for 2 hours.

The r esul foditm tbutbxirde) wassadded to the mixture with stirring. A toluene solution of (25)-2-
(3,4-difluorophenyl) oxirane (32.8 wt % solution, net 41.83 g, 267.9 mmol) was added

drop-wise to the mixture keeping the internal temperature between 60 to 80 °C. After

completion of addition, stirring was continued for 11 hours at 80°C. After cooling to room
20 temperature, the mixture was washed with water, and the organic layer was concenfrated

under reduced pressure. Ethyl (1R, 2R)-2-(3,4-difluorophenyl)- 1-cyclopropanecarboxylate

was obtained as resultant concentrate (net 49.11 g, yield: 81%).

1-NMR in (400MHz, CDCI3)

§ 1.22 - 1.26(1H, m), 1.26 - 1.30(3H, t, J=7.1Hz), 1.57 - 1.62(1H, m), 1.82 - 1.87(1H, m),
25 2.45-2.50(1H, m), 4.14 - 4.20(2H, q, I=7.1Hz), 6.82 - 6.91(2H, m), 7.02 - 7.09(1H, m)

Example 3

Preparation of (1R, 2R)-2-(3,4-difluorophenyl)- 1-cyclopropanecarboxylic acid

Methanol (322.2 g) and 30% sodium hydroxide aqueous solution (65.5 g, 1.8 molar
30 equivalents) were added to a solution of ethyl (1R, 2R)-2- (3 A-difluorophenyl)-1-

cyclopropanecarboxylate (48.2 wi% toluene solution, net 61.22 g, 270.6 mmol). The

mixture was heated at 65°C with stirring for 2 hours. The resultant mixture was



WO 2008/ 018823PCT/ SE2007/ 000707 31 concentrated under reduced
pressure, then toluene and water were added to the concentrate. The
m xt ure W¥E0aWBHIMWeed with 35% hydrochl oric acid. The SCIEERVTOYEr
was separated and concentrated under reduced pressure. (1R 2R)-2-
(3, 4-difluorophenyl)- 1- cycl opropaneglaxboxylic acid was obtai ned as
resul tant concentrate (net 52.55 g, yield: 5 98%. 1HNWR in (400MHz,
CDC13) 8 1. 33 - 1.38(111, in), 1.64- 1 69(111, m, 1.83 - 1.88(111,

m, 2.54; édlﬁ'ﬁdemedu&d ss@e Qﬁér?ﬂ;hl%ne £9d wateOdere a&'deil&ﬁ fkl, m. jo
Exanpl e 4rtgreparat|on of di f 1 uor.oph

1- cycl opcmvammiar"ﬂb@mmwaﬂrﬁcm@ﬁd Ys‘ﬁ]ll é-‘lg%d@dlio‘?l?lo’é% @c"g 1%51”:3?6‘?"‘511?3’31' was
equi val ent ) added i - 1-
oR) - 2- ( 35%2 %ﬂ*‘%‘qa OBR t%‘ w&f’r %dl” ‘ﬁggésg"lr?e O}Q%L{F’(? 02%?%01?1;16883\2 % net
100. 00g, cﬁﬁépr@@an%ﬁibdxyh&’hﬁd viax bbtaimenasestliont @encmnasﬂ@eEﬂ;SS& Wil s,

t hen concentrat ed under 15 reduced pressure to give a solution of
(1R, 2R) 98" 0@3 4-di fl uorophenyl)- 1- cycl opropanecarbonyl chloride. To
a m xt ur egQh@R3 ¥ AR, Taggous sol ution (122.55g, 4.00 nol ar

equi val ents), water (300.4g) and ethyl acet 700. ution
of (1R BR)3%-(HRAHgn) WdropbRe gy, 1@&&%@%‘6&&&&%&@ Tﬁ%?%bu “de
obt ai ned r added with stirring below 10C. The
reacti on6%9%r[§a3/g§ z]dﬁlégﬂ}![ﬁnto stir below 20 10C for 1 hour. The

m xture was neutralized with 35% hydrochloric acid, then the organic

| ayer wa separ ted and washed with water. The resultant solution was
conceltr S@otropically under reduced pressure to give a slurry

of (112, mBpardtion ,offtldl bllzytgr(s,ahﬂﬂydﬁophélmymmmpwmmbemdde The
AU SCIHNT X CORINT G A e e
R o (ST oo ?‘éﬁ%&@*‘%ﬂ?@%ly"t%‘*“?‘féa%‘r?ﬁ?é‘?“éﬁiif‘ﬁ“ﬁ et o1 12 ¢
Yi el d: 923]2})4 62 mmol) The mixture was stirfed at 35°C for 6 hours, then concentrated undcr ’
15 reduced pressure to give a solution of (1R, 2R)-2-(3 A-difluorophenyl)- 1-
cyclopropanecarbonyl chloride. To a mixture of 28% ammonia agueous solution (122.55g,
4.00 molar equivalents), water (300.4g) and ethyl acetate (700.2g), the solution of (1R,
2R)-2-(3,A-difluorophenyl)- 1-cyclopropanecarbonyl chloride obtained above was
gradually added with stirring below 10°C. The reaction mixture was allowed to stir below
5 10°C for 1 hour. The mixture was neutralized with 35% hydrochloric acid, then the organic
layer was separated and washed with water. The resultant solution was concentrated
azeotropically under reduced pressure to give a slurry of (1R, 2R)-2-(3 4-difluorophenyl)-
1-cyclopropanecarboxamide. The resultant shurry was heated to obtain a clear solution, and
cooled for crystallization, Hexane was added to the slurry, then the precipitates were
25 collected by filtration and dried to give (1R, 2R)- 2-(3 JA-difluorophenyl)-1-
cyclopropanecarboxamide (net 91.12 g, Yield: 92%).
J1.NMR in (400MHz, CDCI3)
§1.21 - 1.27(1H, m), 1.56 - 1.64(3H, m), 2.47 - 2.49(1H, m), 5.45(1H, br), 5.63(1H, br),
6.83 - 6.90(2H, m), 7.03 - 7.10(1H, m).

30



111-NMR in (400MHz, CDC13) 8 1.21 - 1.27(111, n), 1.56- 1.64(3H, n),
2 47 - 2. 49%111 m, 5.45(111, br), 5.63(111, br), 6.83 - 6.90(2H,

. 7.03 -WO24(501%23 in). 32 Exanple 5 Preparation of RUIRE2007 00707
25) 2-(3,4-difluorophenyl)-1- eyel opropanam ne
2R) - 2- (3, 4-di fl uorophenyl) - 1- cycl opr ofanecar boxar ai de (net 9. 00g,
45. 64 mmol ) and 30% sodi um hydr oxi de aqueous sol ution (54.77g, 9.00
nol ar equi val ents) were charged 5 into a reaction vessel and the
m xture Vi@gangile 65r ed. Aqueous 12% sodi um hypochlorite sol ution

29.53g, 2.25 mol d t d sl
i nt ot niRgDRAADOR AT CHh R 2l erop e by PRESHARBIE e 1 Xt ur o
was sti ”gﬂ Bh)- 30 hiBfodsph by Bcy éi&lﬁ@paﬁécaﬂ%x@ﬂ&r(n&dw&ﬁ 64%) and

conpl et i of ‘the’reaction, isopropyl acetate was poured to the

resul t ant30% sadinme hydrhmde BiNsOBs sAwtion (ﬁ‘h?/&, Qs erarieleats) Wasiehersed t h
LR SR, st (i B,
concent r adofution €29. 53 g8 9.2 mot Ie@hdaleﬁg)%as adlddd thiviR stmre(i 4Iihﬁjylflzamtaﬁ(ﬁg&he 5
m. 2, 47 NG P ECTRe R westia st JoigRpt hndtgy Hagt
33 C ai mB49 °C for 2 hours. After compleuon of the reaction, isopropyl acetate was poured to the
resultant mixture, then the organic layer was separated, washed with water, and
10 concentrated under reduced pressure. (1R, 285)- 2-(3,4-diflucrophenyl)-1-cyclopropanamine
was obtained as resultant concentrate (net 6.89 g, yield: 89%).
'H-NMR in (400MHz, CDCI3)
§0.88 - 0.93(1H, m), 1.03 - 1.08(1H, m), 1.70(2H, s), 1.79 ~ 1.84(1H, m), 2.47 - 2.51(1H,
m), 6.72 - 6.79(2H, m), 7.00 - 7.02(1H, m).

15



1. A process for the production O an optically active 2-aryl

cycl opropyl am ne derivative represented by general fornmula (9) or a
salt thereof ( 9) (wherein * denot es3¥n asymretric carbon
centre), wherei-n an optically active 2-aryl (7))

cycl opr opafle#ng boxyl i c acid derivative represented by general fornula
(7) (wherein " denotes an asymmetric carbon centre) is obtained, by

55 S R R oo AR A

ester derivatiVve represente g
represented by general formula () or a salf thereof
NHz
*
F
F
(9)

(wherein * denates an asymmefric carbon centre), wharein an optically active 2-aryl

COH

(7)

cyclopropanecarboxylic acid derivative represented by gensral formula (7)
{(whereln ¥ denotes an asymmetric carbon centre) is obfained,

by de-esterifying an optically active 2-aryleyclopropane carboxylate ester derjvative
represented hy general formula (6)

CO,R3

[

(6)

(wherein R® denotes optionally substituted 1-10G cyclic or acyclic alkyl group, optionally
substituted 6-10C aryl group or opfionally substituted 7-10C aralkyl group, and * denotes an
asymmetric carbon centre), wherein the compound of formula (8} is abtained by reacting an
oplically active styrene oxide derivative represented by general formula (3)



(wherein R6 denotes optionally substituted 1-100 cyclic or acyclic
al kyl group, optionally substituted 6-1 aryl group or optionally
substituted 7-100 aral kyl group, and * notes an asynmetric carbon
centre), wherein the conpound of formula (6) is obtained by reacting
an optically active styrene oxide derivati y& represented by general
formula (3) 34 F ( 3 ) (wherein *dénxtes™~ean asymetric carbon
centre) or optically active hal ohyderi vative represented by
general fornula (4) 011 F (4) (pmrerefn X denotes a hal ogen atom

and *denotes an asymretric carbon cenfre), with a phosphonoacetic
acid ester derivative represented by general formula (5 9 RB O -
P4.,....".CO21R8 (5) (wherein, R6 or R6 denote optionally
substituted HOC cyclic or acyclic alRByl group, optionally substituted
6- 100 aryl R |l Sstit ted?l u

the pr esen‘(‘:vgérg#{ lﬁdgéoé&oé %Hﬁ%ﬁlﬁ? greq @“ﬁ"@f‘cﬁg’ 3°?"eahab°wyd“% Rifabe "

cycl opropdﬁ@éﬁ%@lgﬁﬁsfd@rmuhdﬂ vative of fornula (7) obtained Is
activated by reaction with a carboxylic acid activator and thereafter
reacting with ammonia to give the opticaQHy active 2-aryl

cycl opropane carboxami de derivative repr sened by obtained general
formula (5) .

F
(4)

{wherein X denctes a halogen atom, and * denotes an asymmeiric carbon centre), with a
phosphonoacstic acid ester derivative represented by general farmula {6)

REO~ pvcoaﬁ5
RSO’

(5)

(wherain, R® or R® denote optionally substituted 1-10C cyclic or acyclic alkyl group, optionally
substituted 8-10C aryl group or optionally substituted 7-10C aralkyl group) in the presence of
base, and thereafter the 2-aryl cyclopropanecarkoxylic acid derivative of formula (7)
obtained Is activated by reactioh with a carboxylic acid activator and thereafter reacting with
ammonia to give the optically active 2-aryl cycloprepane carboxamide derivafive represented
by obtained general formula (8)

CONH,

F

(8)
{wherein * denotes an asymmetric carben centre), which is reacted with an oxidant to give
the compound of formula {8).



( 8 ) (wherein* denotes an asymetric carbon centre), which is
reacted wth an oxidant to give the corrpggmd of formula (9). 35 2. A
process as clainmed in Caiml, wherein the conmpound of fornula (3) is
a (S)- styrene oxide derivative, the conpound of fornmula (4) is a

(8) - hal ohy8@r i n AIPFasaes Glaimeddn Glai Rwherein-the compouns,af fasmile g3) issani(She
derivati vestpiand oxidadeivaiOe, thScdMpBld Feormula (4) is a (S)-halahydrin derivative and a

(1R, 28)-2-aryl cyclopropylamine derivative of formula (9} is prepared.



