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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 causing ammonia
water to act on this, 2-phenylcyclopropane carboxamide is obtained (3. Am. Chem. Soc.
Vol.109, p.2311 (1987), Journal of Medicinal Chemistry Vol.20, p.771 (1977));
(i1) 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));
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cycl opropanecar boxylic acid, are. (vii) A process wherein

benzal dehydes is used as_the starting material. d derjved into
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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).
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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 numbers of steps. Moreover,
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commercially viable froma safety standpoi nt because the acid azide
i nternedi ate has expul sion properties. Also, purification is
essential WOReSPI8HZUf fi ci ent stereosel ectivity i o duri PGI/SERS07/000707
cycl opropanation, maeking this process unsuitable for comerci al
preparati on because of poor productivigy. Thus, the processes
outlined are unsuitable for comrercial production. There is a need
for a commercial process which addresses areas such as safety,

econony, Ak %Hé%qyﬂ' dly aRekdnhfe bﬁéﬂeﬁﬁmg%h@illfy'a@ﬁ@éﬁlhﬂr@fu%@l has now
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invention there is grow process for the production_of 25
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formula (1) RR CONH2 ( 1) (wherein R, R2, R3, -4 )

Thus, the processes outlined are unsuitable for commercial production. There is a 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 Hofimann rearrangement using sedium hypochlorite has been discovered. This process

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

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

R‘I
R3 R?
R4>d:NH 5

(2)
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R and * have the sane said definitions) with hypochlorite in water in
the presence of al kali metal hydroxi de of 5-30 equivalent. 10

Sui tably, WRSM¥PHEAI orite is sodium hypochlorite; and PHI/BEROVTGTI0Er
the quantity used of the hypochlorite is 1-5 nole equivalent with
respect to compound of the forrmula (1)5 In a particul ar enbodi nent
there is provided a process for the production of optically active
cycl opropyl am ne derivatives or salts thereof wherein RL, R2, R3 is

hydrogen gibdreiarid, R R or & derhitd 4 nﬁr@m@mﬂl c@ih@bkmy siassﬂtﬁtemﬂoctdyemc or
enbodi nent, there is provided is process for the prodyction of an

optical | yacéfelth %lkylzra% opienaly ﬁ‘éﬁﬁ?%ﬁﬁ‘n 0t %T&PP PRORIBAEL BiheiEyter /-
general f ggamy uﬁr a*%gl&e%fﬁérs etnccaQbo%c)ePt% § (wherein * denotes

an asyrmetrlc car n centre In an optically active 2-aryl
cycl opr opehsastarisekiyy feacting aptidadlyi aztivé wyslopeqpans embesthndige dratvetied f or nul a

gg%a,ﬁed ﬁ@ﬂ%@ﬁéﬁﬁéﬁ#Qvf‘%E@ﬁaﬁf an asymretric carbon centre) is

(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 optically active
cyclopropylamine derivatives or salts thereof wherein R', R%, R? is hydrogen atom and R*
is 3,4-difluorophenyl group.

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

NH,

F

(9)

20  {wherein * denotes an asymmetric carbon centre), wherein an optically active 2-aryl

cyclopropanecarboxylic acid derivative represented by general formula (7)
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optically active 2-aryl cycl opropane carboxyl ate ester derivative
represented by general formula (6) ( 6 ) (wherein, R5 denotes
opti onal | yWOUZBG18838 ed 1- 10C cyclic or acyclic allcyl gPEUpE2007/000707
optionally substituted 6-10C aryl group or optionally substituted
7-10C aral lcyl group, and * denotes arg asymmetric carbon centre)

whi ch is obtained by reacting the optically active styrene oxide
derivative represented by general formula (3) ( 3 ) (wherein *
denotes an asynmetric carbon centre) or gptically active hal ohydrin
derivative represented by or generz ofquf@{4) OR (4) 7 (wherein
X denotes a hal ogen atom and * :@ s*an asymmetric carbon centre)
wi t h phosphonoacetic acid ester dér¥ative represented by general -
formula (5) Re 0 -02R5 R601 £

(7)

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

CO,R5

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 asymimetric carbon centre) which is obtained by reacting the optically active styrene

oxide derivative represented by general formula (3)

0

F

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

represented by or general formula (4)




( 5) (wherein R5 or R 6 denote optionally substituted 1-10C cyclic
or acyclic al kyl group, optionally substituted 6-10C aryl group or
opti onal | yWOBG18838 ed 7- 10C aral I ryl group) in the precRERsR20GT00AZe,
and optically active 2-aryl cycl opropane carboxam de derivative
represented by obtained general fornul-a (8) ( 8) (wherein *
denotes an asymmetric carbon centre) which is obtained by reacting
the i o obtained aforesaid 2-aryl cycl opropanecarboxylic acid

derivati V@;vﬁ%énli'}@déﬂgt@é AhAbLE atbAl Jfﬁ *ad“ehbtwa@?s yWirhdiri€ 8B ehirs) v d
activator is reacted wth oxidant. There is al so rovided a process

for the pplmanh,qnpmtleﬁmdpﬁtpx:@ﬁmyhmepr@mnt@bzg&ngnal papPopane
carboxam de derivative represented by general formula (12) R7. X CONH2
* 15( 12 ) (wherein R7 denotes an apyl group substituted by 2 or
nore hal ogen atons, and * denote ngasy 5ic carbon centre)
characterized by reacting with aEE? ally active 2- aryl

cycl opropanecar boxylic acid deriv ve represented by general formula
(11) O R7Y (wherein, R7 denotes an y group substituted by 2 or
nore hal ogen atons, Y denotes carboﬁgg group activated group, and *
denotes an asynnetrlc carbon centre) which is obtained from an

opti cal | y(wietdin 8’ 8¢ Bf §dnoteyaptiopaltypaheitated bl 9Cicyclicirdcydiciallat gxoap,

5 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 formuia (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)

= <] conm,

15 (12)
(wherein R’ denotes an aryl group substituted by 2 or more halogen atoms, and * denotes

an asymmetric carbon cenire) characterized by reacting with ammonia, optically active 2-

aryl cyclopropanecarboxylic acid derivative represented by general formula (11)
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5 represented by general formula (10) ( 1) (wherein R7 denotes an
aryl group substituted by 2 or nore hal ogen atons, and * denotes an
asynmet ri cWORPBEM8RRentre) by reacting with a carboxyl i cPEGE/BER007/000707
activator. io There is also provided a process for the production of
an optically active 2-aryl cycl oproparge carboxam de derivative,
wherein the reaction is carried out by using the conpound of formula
(10) obtained by de-esterifying an optically active 2-aryl

cycl opropane carboxyl ate ester derivative represented by general
fornula (13) R7 <7C2R8 ( 1 3 ) 15(wherei nUR8 denotes optional ly
substituted 1-10C cyclic or acyclic al oup, optionally
substituted 6-10C aryl group or optFﬁnQ spstituted 7-10C aral kyl
group, and R7 and * have the same said definitions). 9 There is also
provi ded a process for the production of an optically active 2-aryl
cycl opropane carboxam de derivative, wherein the reaction is carried
out by using the conpound of fornula (1381 dbdained by reacting the
optically active styrene oxide derivative represented by general
formula (14) S( 1 4)

(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 1s
obtained from an optically active 2-aryl cyclopropanecarboxylic acid derivative

5 represented by general formula (10)

- < _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 formnla (13)

. < _CO,R8

(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).
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(wherein R7 and * have the sane said definitions) or optically active
hal ohydri n derivative represented by general formula (15) ( 1 5)
(wher ei n RYO2M3/01883xve t he sane said definitions) w th PCT/SE2007/000707
phosphonoaceti c acid ester derivative represented by general fornula
(16) 0 ROO-CO2 R8 R90" ( 1 6 ) (mherei€ RO denotes optionally
substituted 1-10C cyclic or acyclic alkyl group, optionally
substituted 6-10C aryl group or optionally substituted 7-10C aral kyl

group, ang&8iud roﬂéé’c?aﬁx%@e g&ﬁh Quc%ﬁ' gh%!éé}[lﬁ?% hOivkRepr esence

of base. There 1s a SO provi ocess A production of an
opticall yc}@bmwnecabgﬁam%ﬁwﬁmmemth@xanﬂudvas daricd auf byeusing tbbt ai n

(1R 2R)-2; ar e ve of fornmul.g (12)
using a (? léAlolﬂjlgélg:ary 1%@?32’ Lo %herc% ’B%%ﬁ IC%{ %UH%FWQ?P{(/@

formul a (d@;)vatxﬂl@pﬂﬁ@ﬁ@iﬁy genvehfor@nalaql4o provi des a process for the
production of an optically active 2-aryl cycl opropane carboxam de
derivative to obtain a (1R 2R)-2-aryl gycl opropane carboxylic WO
2008/ 018823PCT/ SE2007/ 000707 10 a 7(:I—anrl vative formula (10) using a
(1R 2R)-2-aryl cycl opropane carboxyl ate ester derivative of fornula
(13). There is also provided a process for the production of an
optically active 2-aryl cycl opropane carboxam de derivative to obtain
a (1R 2R)-2-aryl cycl opropane car boxyf&té ster derivative formula

(13) usm ederlvtlveforrrula(l '
hal ohydr | gr'h(ié%l? ﬁaéf’pﬁe ?aéne(%*) letiniioggar optigally a?%‘@r%@lqwgw g aEYe a
process fRprekdiRedWyOstnctal fbgmgfa @ optically active 2-aryl cyclopropane
car boxam de derivative, wherein 'R7 is 3, 4-difluorophenyl group.

OH

RTJ*\/X

(15)

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

10 denvative represented by general formnula (16)

o
R%O- PVCOZR
RO

(16)

(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) 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



10 The present invention also provides an optically active

2-aryl cycl opr opane car boxam de derivative represented by general
formula (IWP2RBOIBSON H 2 ( 1 7)) (wherein R denotBGI/SE20GHPITOT
group substituted by 2 or nore hal ogen atons, and * denotes 15 an
asymmetric carbon centre). In particukgr, in the optically active
2-aryl cycl opropane car boxam de derivative of formula (17), RLis a
3, 4-di fl uorophenyl group. 20 Mre particularly, the conpound of

formil a GLAMeliSatfre (fai%u?ﬂ&o?uﬁﬁgfé (1RY/BL PRESP NGRS Re ¥ ABbERatd Bsb at i ve.

The present 1 nvention des” a process ‘for preparing an optically
active amlmwlycloﬁﬁlrmpbr(é?’)derl vative frominexpensive 3,

4-di f| uor obenzene using a Hof fmann 25 re-arrangenent. In general, the
process is a safe and i nexpensive way of preparing the optically
active arﬂhe&dyﬁlb@pﬂ’o&ﬂhddqmioe@dﬂovme\pftidmhtidrsofws@ﬁ)ﬁbamacﬁw Z-atybr medi at e
in the manufacture 7{8@3{ maceuti cal.s an L,Ci

V0
2008/ (188Y3PREPPE d?ﬂ‘iﬂiw?itfb‘)‘%f@ﬁ\?gFgﬁ%&'lz%ﬁgg’ﬁlﬁ%H% cgfboxylate

formil a (edd) ddrfyafivd) folRHR r(l%%%m@ (S}-8P%ne BANPENSvafivd RERkla ?4) and (S)-
cycl opr opanatl on_process deesterification process, ation

process dalphydrinderivative @é&\ilﬁéh@e reprrtipperdhers is HIIéYlé?qq%PFPE?SS f(tfﬁhe
I nvent i O%é%(@?ﬁ%?@’r T)bo%QCél a@ﬁ%@ﬁ 'ag{l ?%c%&%i'}%hng %6 AnidE héRatiVe, WHIRIER

will cycl’opropan cess
is 3,4-difluorophenyl group.

10
The present invention also provides an optically active 2-arylcyclopropane carboxamide

derivative represented by general formula (17)

R@/Q/CONHZ

(17)

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

15 anasymmetric carbon centre).

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

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

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

carboxamide derivative.

The present invention provides a process for preparing an optically active

aminocyclopropane derivative from inexpensive 3, 4-difiuorobenzene using a Hoffinann
25 re-arrangement. In general, the process is a safe and inexpensivé way of preparing the

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

manufacture of pharmaceuticals and pesticides.



Step 1. Cycl opropanation process to In conpounds represented by
formula (14), R7 denotes an aryl group substituted by 2 or nore
hal ogen atwos00s@usszabl e val ues for R7 includes for exanplBSE2807/000707
2, 3-di fiuorophenyl group, 3,4-difluorophenyl group,
, 4-di f1 uorophenyl group, 2,3,4-trifluggophenyl group,
,4,5-trifluorophenyl group, 2,3,4,5-tetrafl uorophenyl group,
, 4,5, 6-pent af | uorophenyl group, 2, 3-dichl orophenyl group,
- di chl ameRhgRYd; -G :

1 i oat ot taRpotndt ¥ ihl (18D R} opliRlips 4 s, namey in total 1
, 5- t eveleprobanatipinpropessg?)alepstertficaiion Brobesped) emidution pyuloessyhd gy oup,

i bro ou 3..4-di by onopheny!l . grqup,. 2, 4-di.lhrqnophenyl
up, 2. SRRE SRSt PR G eishin firgedgn dept or S
, 4, 5- t etacagsr onophenyl group, 2, 3,4,5, 6-pentabrono phenyl group.

3, 4-di fl uorophenyl group is preferred. Myreover, * denotes an
asymrefric carbon centre. In other words, a 20 styrene oxide
deri vat i ve@ikips il i ﬁ%%%ﬁﬁﬁ i arbon centre. This

i nvention iJ%Fudegwggeg%%??%gﬁpsygg?i e su @?gﬁge or racem c m xture
of the conpoung of formulg (14). Prefergbly it is optically active
subst ance, nosgrprefarably i 163 0 d whose aggolute<j CO.RE
configuratﬁgﬂgéf ag;nnﬁﬂgregéarﬁﬂn géggﬁégpgz S). 25 In the %5nppuna
of formula (15), |le denotes an aryl group substituted by 2 or nore
hal ogen at onE¥ and X den&fbs a hal ogen £&bn1 Sui t abl e val ues fort3R7
include for exanple, a 2,3-difluorophenyl group, 3,4-difiuorophenyl
group, 2, ¥t@il CyelppioREsfipn grosess, 2, 3, 4- trifl uorophenyl group,
3,4,5-trifluorophenyl group, 2,3,4,5-tetrafl uorophenyl group,

, 4,5, 6-pent af | uor ophenyl group, 2, 3-dichl orophenyl group,

r

NQ DNNNWNWN

d
5
3,4
d
3,4
3,4
3-d
oup
3,4

2,3

g, gl— 2 i 13 hl br enpphpoupds @Fmsqn,ted Mg@ﬂgdt@mﬁdenpm F?th?gmup substituted by 2 or
» 2, 4T 8 r =t rhchl arophen rQup,,.

2.3 4. 5 SRPLRRE amen s piesion e B Eiaban €1 dpfheicyprogh

2,3-d

group

2,3

, 3- di br ogmpheydiftoeaphenid ghoud) D HDRREHEHy] &ilbpz,321,-iﬂiﬂﬂbfbﬁ)ﬁé’ﬂ3’r[’§ﬁﬂ¥j
rou 2,gﬁéi%&bbroanhenyldgroup, 3,4,5-tri ronng enyl group,
, 3, 4, 5- t eftPABIERBBREY B P o> Aeatinoronbend gty Sid. pheemaimrepiony.
A 3,4-dif j f 9 A&
asymmet i o nne alor R g e NS iR ES Bhep,
repredé n'EI_ éd-dichierrphenyl ol 4, Sttishlorophensi g'@uaS'Z%lf}‘rﬂ?éttcfraghtomphemyl group,
centre. | [ ctiv. st ance .or
acem o ooy oapadbebRnyCas, 38-RBal Bhink) Bie) £ e Bt ARy oo
opti cal | y24etihremophenst zmup, 2, hdribrosbpienef @oal By, 3-tribrémépte:

AV
wh abs t fi ation of tric carbon centre is (S). In
the: compotiiit SIeERBP A BPS R R Rk SRersPHy Straubrrbewl
1- 10C cycgioop typréfested. Morabiey * @hoied an ABnRdAL bartbstRstt M AR GoifG
aryl group or o hl nal Ly substituted 7- 1510C arallcyl group, and R9
denotg% a @B?P%’%8@9*5&%%?@?@&8@‘?n@G@aéyﬁﬂm@dﬁﬁcﬁbQ@Pmﬁmaﬁhwl

gr oup, opfnk,@m@nlhycmea{g bpcatly Beil@ Sutiatico B QbR it AL Lofunound of

substituted 7-10C aral _group. Suitable values for a cyclre
or acycl i frEnki4gPrsirsativ itlisiomically adivesphsence an tivgt prefermibly, it @tahy |

" n- - , | -but !
o oup, o B g AhG O B s PRSP G D 1 b o,

n- pentyl group,

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-difluorophenyl group, 3,4-difluorophenyl group, 2,4-difluorophenyl group, 2,3,4-
triffuorophenyl group, 3,4,5-triftuorophenyl group, 2,3,4,5-tetrafluorophenyl group,
2,3,4,5,6-pentafluorophenyl group, 2,3-dichlorophenyl group, 3,4-dichlorophenyl group,



20 neopentyl group, cyclopentyl group, n-hexyl group, cyclohexyl
group, n-heptyl group, cyclohexyl methyl group, n-octyl group, n-decyl
group. SuiWVappsR#2gies for an optionally substituted 6-BOGSESYVO0G0DUP
i ncl ude for exanpl e phenyl group, o-nethoxyphenyl group,

m net hoxyphenyl group, p-nmethoxy phenyb group, o-nitrophenyl group,

m ni trophenyl group, p-nitrophenyl group, o-chlorophenyl group,

m chl or ophenyl group, p-chlorophenyl 25 group, o-nethyl phenyl group,
m et hy| gheaishlogdpheiyl c?wm Bﬁﬂbﬁﬂbﬂfahaiy@gﬂmp@h sahbmofophs:@sgmp, an

optionally substituted 7-10C aral roup i nclude for exanpl e

benzyl griodfh>-telravkionenbyaderoup, &8 6-13%%%%&%&@9!113,&r%@bromophenyl

p- met hoxy, la_ I

D" Chi or ot - Ao QR BRI Mo b INRGRE Y34 B SRR by,
o- net hyl tﬂeﬂistﬂlbrgmophﬁnyhgnmp,m,héﬂmbr@n@h@nﬂ@rm hﬁlwﬁpwta@nmuphem
WO 2008/01882§§?Ta§ﬁ200 00 707 13 (pe conmpound of formula (13),

val ues of&€Hh peo OWQFéF HE from respective values in the

styrene oxi de derivative of formula (14) or a hal ohydrin derivative
represented by the formula (15 %%and car box Iate eséfr ae ivative
r epr esentMarepyerge Agioks aP@FYI"ﬁ‘I“S serpon et Feqtherorar Bs an

aryl group suRste Ileée%s&dw n@¥l fHHﬁﬁabﬁb@&%&n@E%ﬂnetf—’i@@arﬁﬁl S8net ehe
optional Iy substituted C cyclic or acyclic alkyl group,

opt i onal |ipventibs mciuqip@@nyaopm@hamve gbstapcaer rwlum@mw of thesaompaediof
7-10C 0C
cycli ca(r)?f| J&%‘)}% ]%209 gr oup& %?@r@%ﬁéﬁ@%’ “I{‘d?‘&%%%}%’%t gsra)lll

group or @Mpomth%hgse&bhlﬂuﬂetcumﬁgﬂua}mﬁ@@awnahmb cgbaugentBis (Sabl e val ue

ic for an aryl group substituted by 2 or nore hal ogen atons, include,
for exanple, a 2,3- difluorophenyl group, 3,4-difluorophenyl group,

2,4-difl Lmrmb@ipbmabmﬁnuﬁ (36£4R3 deriotel 4@ bPRRNY butghigngd, 1-10C cyclic or
, 5- trlfluorophenyl group tetrafluorophenyl
5, 6“-"?5%1?&%1?}1 W‘@pwﬂsgfﬂ@émuteé 63L06; 2} FPwR PR ajl%o%aﬁsntuted 7-

;_15C | QIORRRPYEroSlS, GHPR® gmﬂ)’cﬁ'aﬁ RbesAR R%Wétmﬂéd)}i@@c cychc or acgrchc alkyl

trichl orophen I’ "grou ,4,5-trichloro group,

5- tmmaohﬂl@aﬂp ebsfitutest @LQC ay] groap Br Gptpmﬁlhamhlsf@m@é ek arafislip,
bro h rQ h m I
oo o GBSl 3 - L MEBLGINS: 0B B arpitEnY
2,3,4,5- txﬁéﬂlﬂtgmlp;pfmghgibugmeprppyirgr&p&-ﬁaoﬁylegrp@gtgﬂomnmlngmxpyh—bgtyd)up

SU|tabIe val ue r-a 1- cI| clic I rou |nclude

B s F LR e b5} 5By |

groupg C Y&bﬁé}ﬁ}q RYupd £ en%@ gty F Ui-MédxyOERUp, cyﬁtoﬁébiyy b,rc@fa Qi»lﬁeptj'l oBeipy |
cycl obutyl group, n-pentyl neopent yl

group, t-but oup, roup,
group, ¢ b%@a&ty B 5010, 1rckd eyaupeR-geey! SR §H@b§? vaies §or, anppiiepally)
group, Cyﬁbﬁnaéag%tﬂw @ISQHHclP?byfb%%eImﬂE BhidyPiro ﬂ%d)e&xﬂa ggpﬂ 1 group,

Sui tabl e values for an” optiona substi t C ary roup
i ncl ude, meneﬂmanbﬁnefl gmupnemythogv plany! g, eedirpilenyl sroume gpnitrophenyl

th h

T G i ol S by B P roPhBL] R e
gr oupgs m@rbhm bqﬂﬁﬁ.ﬂlﬁhe@l gtmp, rﬂnwn&ﬁpmhb@vﬁp,gﬁmﬂbylpbegﬁgwr pSnﬁfaIIale

rou n} en ui tabl e va
for an op‘ﬁ ﬁqrﬂy@ pllvibudrel TaRCH aﬁkﬁﬁc’v@ﬁ%ﬁb&fﬁ&wﬂ@ €4, fFnzy
exanpl e, & @peezaiéth&me&yl @fcﬁfﬁt HPHRSRBIzy 0@ H;&p-ﬁbtﬁ@i}}h@i%@@f&wo-
group, pnethoxy enzyl group, o-nitrobenzyl m ni t r obenzy
p- ni t r obenirgbenzd, minitelsvanzynitpbengyl, o- ChIOIOBeﬂzyl group, m-0h10r0b6nzyl group, p-

chlorobenzyl group, o-methylbenzyl group, m-methylbenzyl group, p-methylbenzyl group.

4
3,4
4-d
, 3,4
3,4,
, 3-di
roup

30
In particular one or both of R® and R? are methyl group or ethyl group, and preferably
both of R® and R® are methyl group or ethyl group.



30 mchl orobenzyl group, p-chlorobenzyl group, o-nethyl benzyl group,
m net hyl benzyl group or p-nethyl benzyl group. It is generally

pref erred WR2008[Z8%28 a 3, 4-di fl uor ophenyl group and R8 PGI/SERIEVIGYI07
group. 14 Moreover, * denotes an asymetric carbon centre. In other
words, an ester derivative representedjgy the fornmula (13) contains
asymmetric carbon centres. The invention includes any optically
active substance or racem c m xture of the conmpound of fornula 5
(13). Preferably it is an optically active substance, and nost
preferably it is a COQE ound whose absol ute conflguratlon of

asymet r i dnérosmpornchet formula (13, vahRp of Tbstiwpnts B4R \orittatesfeorh adspbotive i n
deri vatl V%fafu%ﬁfne:ﬁg e@ﬁdg Iag‘n‘; (r%f %Hgl}lg)a)é@é arlllglgﬁy(ﬁgf& al t%g

mat eri al i's TAvention can be rea

to enanti mslﬁbmted\bg the foemalhi( %) aad aazba:t}@afetediw de@&ﬁ%&éﬁ@@nﬁéﬁfby\g@ﬁérme

obt ai ned aﬁ benc{a u‘gﬁnﬁlvatlv wth a-halo acetic acid

chl oride i ﬁmpﬁae ﬁb 3@8&’5&“’8? gﬁ t??rﬁ’?:ﬁ‘iy ghoHR subsitesiy Zen more dglope

styrene 0>atcd@s gl RVdinioted opfiorda0y Gt stituktel- 1008y of 8ARLL YiKaPEBYed DY
r

epoxi dati on of _an o tical a@actlve a- hal oh I n derivat fornul a
(15). 15 APEeRAIEHRS IBEFfeG ol B lewy] guowp op pptisma bsmhgmwte(dm)oa srafkyhgioep, and

Wi th a conrpeidhdledd tlBﬁél(l?g ?st{t&t@?l 1??0?@11%1%% u%lfc a a?);ao aL‘nd her eby

converted to co or mu ases
i ncl ude, ﬁ@bStléﬁ;fﬁ?ﬂ@c agh gmuga)nopmmialljamhsbnmmqm(smlkyhgoup Suitable value

e M

magnesi umdifhmmoptienyd gfdd@eS mdiﬁuorepheﬁﬁ g@bﬁﬁb%ﬂﬁﬂ@@bﬁ)ﬁbn?ﬁér@hp,@@ 419 or
al kal i %ﬁ am,de .such : | tih am de, sodium am d it hi um

di i soprop Hﬁ‘@nylr%ﬂJrPe UOTOBBFRYh GTOURM- 348, 5‘tFﬁf%ﬂ14°€Rﬁhﬁ@ﬂ£n@@hyl
di sil d
i si | azide; ,zﬁﬂéiﬁéﬂmﬂﬁ%@ﬁlﬁn?a% g;lb I%d &Ehlgﬁ)ghé}ﬂrﬁ gsah Uity '&ﬁ:’ﬁg&«gﬁhg}{%l group,

d|S|Ia2|de or the | e; an nmet al | koxi"de such a

met hoxi de 2% dhloropkayd gioyn, 2 S odiiehierplrmybsows 3.4, Hri‘nhlmoptwnﬂcgwm

| h h

[ ko, 5, 5ROk MactllbioBhUL il 0% 3 p BBl B R B R OF s Eertiobiti

ﬁsdl i Ei hi um@pc&,ﬂdéaxomzph;uyﬂl dryaly, leedl‘lbmntlto@hmym galrda%mi 3. denbxgﬁiophcfﬂgﬂ %rou
ride o ) a ali - ut Oxi al ka

metal -y e e b PYaES R g iRt Pmgpbinal i C6bS et HHH Ry of

base usedphiriyl giogp.dBmEedts Vidued forsPRLOE Sydic obﬁ@y%hb,lﬁ %réﬁ]‘? %&ﬁeofor
solvent and reaction conditions. A particular y s - ol d
mol ar r at FHRORT |85oup, ethylgrauparRiPPI &Fqup, wmnylr%@we@yclmomd lgpm;md

of  forpul a-thidhrotp, LB}t eroiDi BREBERAFRARRS B2 BRI £, n-pentyl

group, neopentyl group, cyclopentyl group, n-hexy! group, cyclohexyl group, n-heptyl
group, cyclobexylmethyl group, n-octyl group or n-decyl group, Suitable values for an
optionally substituted 6-10C aryl group include, for example, a phenyl group, o-
methoxypheny! group, m-methoxypbenyl 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-chlorobenzyl 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.



15 The quantity of compound of fornula (16) used differs dependi ng on

- speci es of solvent and reaction conditions. A particular quantity is
a 1-5 fol dVOEP018838 i o, preferably 1-3 fold nol ar rati oPQU/SEROOTAWHIBT t
to compound of forrmula (14) or (15). In general a solvent is usually
used in the reaction. Exanples includel4 for exanple, dichloronethane,
chl orof orm dichl oroet hane, benzene, toluene, diethyl ether, ethylene
gl ycol dinethyl ether, nmethyl-t-butyl ether, diisopropyl ether,
tetrahydrofuran, 1, 4-dioxane, N, N-dinethylfornanaide,

N- net hyl lid 1, 3-di met hy!l i.ni dazol i di , o
0 ot iy Moters § dehotd A STl e CrR e I SRy o 2 £er EFopy |
acet at e egpRkent&TSf ihe fd&iutr (13) itaihs ashmbidtANAbANEntRE The kfrendfie

sol vent nmay be used al one or as an adm xture thereof, and in this

case, thelnfiudespnyoppenilyiashee subsiprasfor srcemitomintas of thecempound of fomwily ent
f tol , : - iRk .
or toluen 3).%&@%’%@?}?1’:% #@klgr g}[‘?e‘c‘rn% %}.ﬁats file Eﬂ%{F;enE)% é%él%{)fé’]:l@l@ a%%mgglél%d

1, 4-di oxahe”is l1l5genera urta ues ther I on
t enper at uwkoserabaiate corEigresios of esymuetfic carbomesntang@Ro2R}).30C t o boiling
poi nt of solvent used, and a tenperature in the range of 20C 90C

Generally, the reaction time required is usually 30 mns to 24 hours.

20 On conphedgtieallpictlvh GalbBiein defivatbel ryBienttdbyhlle folfitld €15)hich is a
distillation. The rfatptgj on mi xture may. then_be added to water or
wat er i s SHHBETRETIA O TS dERUP e hereadily opiinegeloR eXArAn bYed by

addi ti,pn ' AR i ] | a
(13) ' 18y BanBfeRRRiaPfaahf atsaohbihy Py Rl i OIMANRI LD ek IY
organi ¢ stEnvertdesivativeasiti?d-hilol acetivescidetiiytidedt degiresendesfph@fiyhm abkiide.e,

di et hyl ether,. di chl oromet hang, .chl orof grm o e |jke, washin ith
nater andlEGTRIHEY SHVG RToP X5 APOTIEC BERHT HBd hagn bereaciy priamed by
further bypoGRIaHOMo LA QBLIRHAPLY-HAloh St Héﬁﬁﬁ%@?ﬁ%)ﬁgﬁggﬂa s 31;] it2§| Lde

acid used for neutralization after conpletion o
30or gani ¢ carboxylic acid such as formc acid, acetic acid, propionic

acid, frifl cetd i | .aci di.chl oroacet i.c_acid,

S Chithr ch HRPAREEGr i (e SLGRARRELS A dea i B GRBARA g Fop

f umar i (l; a(diﬁj_di,n t]mplgmnbeoﬂlﬁzisdami thtfely bd)ﬂ@ferte(atlm copipotal c_iﬂcfoﬁ:ﬁtﬂh (lle}%._or gani g -
16 carboxyl i c .aci as tartaric acid, lactic. acid, ascorbic acid,
am no aci oPIeHRE gﬁ%ﬁ%iehbaé?ﬁ lBadé‘ﬁ ifer exgioplsniorgrralithipie ompound such as '

met hanes Uht@giiehias] slbuflithilot-Baplane st PNiEinatdrde DENZ engamdl oni c
acid, p-toluenesulfonic _acid, canphor sulfonic acid or the I'ike; an
reagent such as n-butylmagnesiumchloride, methyl magnesium bromide or the like; an
26 alkaline earth metal amide or alkali metal amide such as lithium amide, sodium amide,
lithivm diisopropyl amide, magnesium diisopropyl amide, lithium hexamethy! disilazide,
sodium hexamethyl disilazide, potassinm 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, sodium

hydride, potassium hydride, calcivm hydride 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).



i norgani c acid such as hydrochloric acid, sulphuric acid, nitric

aci d, ph01@horic acid, 5carbonic acid or the Iike. Fwdrochlorrc aci d
or sul furi¥O209@188RE general |y preferred. Next, there vRGW/SE07/000707
described 2) deesterification process. R7 ,C OO2H R7. 0O2R8 (13)(10)
toStep 2. Deesterification process Thé&values of 117, R8 and * in the
conmpound of forrmula (13), including the suitable and preferred

val ues, are the sane as those nentioned above in 1) cycl opropanation
process. In the conpound of fornula (10), the val ues of substituent

coter - dorbg By Sfechpnd o praa U4l il EftelabtSRing B ORLE el |
group subgd idattiRcoRNitidndr A gﬂh@ulaﬁd]@ﬁﬁﬂ i8h QB follinblabatio ik &e® 10l -3 dsld

aryl group substituted bé@ nor e halo%en atons include, for
exanpl e, Tepla rgiqiwith gespes Fresprpoyreé abformula (iar (bYopheny!l  gr oup,
2, 4-di_fl uor ophenyl group, 2,3,4-trifluorophenyl group,

3,4,55tr|fluorophenyl group, 2,3,4,5-tetrafl uorophenyl group,

2,3,4,5, Gngeamaéfalsubsntphewlly ﬁ@:dgn ﬂwpsaacmpﬁ»- Emmbplcﬁrloﬁnémfd)r egrplo,

3,4-dichlp chl.or ophen

>3 o ¢ r eHRERaR e P s dslpte R iR SRR sty stber, cthylone

g, g g ﬁ oBtchPdileeytiiee it thglF tchudyl eﬂaeii dﬁs@rﬁp}ﬂ&&bﬁﬁﬂaﬁ?ﬁphﬁ@b I14gf;®anle,
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3,4- 25 difl uor ophenyl grou eheral |y preferred Mor eover

denot es dmtyhdyprtazpl angl th%lmtﬁaﬁﬂl@éﬁ? Vet mayhbeusie plopp picks aptadmidys deyeatc
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The inventron ny" o active s tance or racemc
m xture of the conmpound of fornula (10). 17 Preferably it is an

whose abdbrti ey BLRGt AR 2o LmRIoErE ko ruab o LR o)

15 generally preferred.

Suitable values of the reaction temperature include values selected from the range of -30°C
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, triflnorcacetic
acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid, oxalic acid, benzoic acid,

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



In this step, the conpound of formula (13) is converted to the
conpound of forrmula (10) 5 by deesterifying, and reaction conditions
of deest erw0i26M8t018823 of Conpound (13) are not restri ct edeCITSRZ00788EM7 ON
may be carried out using general deesterification conditions.

Exanpl es of conditions for deesterifidation include a process of

oxi dative elimnation of p-nethoxybenzyl ester using DDQ

(2, 3-dichloro-5, 6-di cyanobenzoqui none) and CAN (ceriumnitrate), a
process tcarbekyl avad %lcbemmythﬁfe&ﬁ@riactibabidt gecorbstagid, aminmglcid or the like; an
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process to elini n te_es roup by acid_or _al kali hydrolysis, or t he

|i ke. Fr GHATBHEC 3 ?HChGF Y@F@ 5% ﬁB’é’Eﬂf%@ﬁéﬁﬁé‘FiﬁﬂhpPﬁmﬁ jeid,
process 8RRk ORTIR% ss to
elim ?ﬁat gﬁ‘ﬁé‘)g?igra gro@g{? g:l d %%Ohba%glo?gulﬁ%k%%gg%gﬂg? ée}{rﬂ(r?tgdg and
the 15 process to elimnate ester group by alkali hydrolysis is nore
preferre aI kall nmetal hydroxide such as
l'ithium %ﬁg%ﬁtf%gh%@%é%}sea%?%& %%C ntpégm um hydr oxi de, cesium
hydroxide or the |ike; an alkaline earth nmet al hydroxide such as
magnesi um hydr oxi t he 20
like; an alkali netal c rbonate such as Iithium carfonate, sodi um

car bonat e, potassi U e, cesium-canbonat Hike. An

i norgani c acid such as hydrochloric acid, sulphurfcyacid, nitric
aci d, phosphoric acid, perchloric acid or the like are generally
preferred. 25 Suitable (@action solvents for deestdi®fication

i nclude, for exanple, water, tetrahydrofuran, 1,4-dioxane, diethyl

et heryp mgtdpyd. ﬂeeﬁgﬁﬂdau@{ﬁﬁbesst ol uene, benzene, N, Ndi net hyl f or manai de,
di met hyl sul f oxi de, di chl oronethane, chloroform acetone,

acetonitrile, butanol, propanol, ethanol, nmethanol, water and the

i ke. Th 8 ) PN in
| hee huerenteN et nate AT ALt BT 5L HERAISGE BB [
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preferre t onte 7.4 Iud t ho sel ected
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the sol vent may

30 mns to 27 hours. Qg nx%)?tlon of  the reaction
be r ennvgﬁmﬁif a&lagllgr‘?‘ii’tsfl Fhtutghby ¢ REmoE hadogeppioms: Suitable valiss of enantht er
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addi tion of acid. The conpound formul a be dbt ai n

pr ocedur &9y frdifiuossphendErow, %tdﬁﬂ@ioﬁ’#ﬁgﬂrﬂr@um ai3venifluernphergd group,
tol uene, S,Q,Eﬂqﬁfiﬂuﬁfo%ﬁa%ﬁ group OP8 ARV AR A1 group, 2,3,4,5,6-pentafluorophenyl

20 group, 2,3-dichlorophenyl group, 3,4-dichlorophenyl group, 2,4-dichlorophenyl group,

'2,3,4~t1ichlorophenyl group, 3,4,5-trichlorophenyl group, 2,3,4,5-tetrachloropheny! group,
2,3,4,5,6-pentachlorophenyl group, 2,3-dibromopheny! group, 3 ,4-dibromophenyl group,
2,4-dibromopheny! group, 2,3,4-tribromophenyl gronp, 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).



io diethyl ether, dichloronethane, chloroformor the like; washing

wi th water, concentration and the |like. The obtai ned conpound may be
further puwpDf2pDB®13823 col uim chr omat ography or crystal | i SEQT/SE2007¢60070T
may be used in the following step without treatnment. Suitable acids
used for neutralization after conpletiijgn of the reaction include, for
exanpl e, 15an organic carboxylic acid such as formc acid, acetic
acid, propionic acid, trifluoroacetic acid, chloroacetic acid,

di chl or quéfefa%lﬁ@is% opfibdy! a@ﬁ%ﬁ!}tbﬂceaﬁidqﬂos@ﬁ?éfér&bl??ti ifla c&ﬁﬁ@ﬂﬁ%@?zé d,
phthalic acid, fumaric acid, nmandelic acid or e; an optically

active om@mhl@ cenfigyaation of agseigeisoearber candrednlRs 2Bbi d, 1 actic acid,
ascorbic acid, amno acid or the like; an organic suI fonic acid -such
as met hanesul foni ¢ aci d, trifluoronethanesul fonic acid, 20

benzenes uh filds step,ald ehmywubé bffonastal(13)is convertel] totheaimasound bf fonimlagbi)d

or the like acid such dr.ochl oric acid | phuric
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description will be given of 32 am dati on_ process. CO2H

R7, CCONHExamples of conditions for deesterification include a process of oxidative ehmma’non of
p-methoxybenzyl ester using DDQ (2,3-dichloro-5,6-dicyanobenzoquinone) and CAN
(cerium nitrate), a process to eliminate benzyl ester, t-butyl ester using iodotrimethylsilane,

10  aprocess of reductive elimination of benzyl ester using palladium catalyst under a

hydrogen atmosphere, a process to eliminate t-butyl ester using TFA. (trifluoroacetic acid),
a process to eliminate ester group by acid or alkali hydrolysis, or the like. From the point
of inexpensiveness and the point that the process can be applied for most kinds of ester
group, the process to eliminate ester group by acid or alkali hydrolysis is preferred, and the

15 process to eliminate ester group by alkali hydrolysis is more preferred.

Suitable alkalis include an alkali metal hydroxide such as lithium hydroxide, sodium
hydroxide, potassium hydroxide, cesium hydroxide or the like; an alkaline earth metal
hydroxide such as magnesium hydroxide, calcium hydroxide, barium hydroxide or the
20 like; an alkali metal carbonate such as lithium carbonate, sodium carbonate, potassium
carbonate, cesium carbonate or the like. An inorganic acid such as hydrochloric acid,
sulphuric acid, nitric acid, phosphoric acid, perchloric acid or the like are generally

preferred.

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, propanol, 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

30  in particular.

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



R7 (10)(11)(12) Step 3. Am dation process 19 In the compound of
formula (11), values of substituent R7 originate fromthe ester
derivativewof2og®sat a (10). In other words, R7 may reprBGCESE20e7/00eM0Y |
group substituted by 2 or nore hal ogen atons. Suitable values for an
aryl group substituted by 2 or nore hakggen 5 atonms include a

2, 3-di fl uorophenyl group, 3,4-difluoroplienyl group,

di fi uorophenyl group, 2,3,4-trifiuorophenyl group,
trifluorophenyl group, 2,3,4,5-tetrafl uorophenyl group,

5, 6-pent af | uor ophenyl group, 2, 3-dichl orophenyl group,
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by addition of acid. The compound of formula (10) may be obtained by procedures such
as extraction with an organic solvent such as toluene, ethyl acetate, isopropyl acetate,

10 diethyl ether, dichloromethane, chloroform or the like; washing with water, concentration
and the like, The obtained compound may be further purified by column chromatography

or crystallisation, or it may be used in the following step without treatment.

Suitable acids used for neutralization after completion of the reaction include, for example,

15 an 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
carboxylic acid such as tartaric acid, lactic acid, ascorbic acid, amino acid or the like; an
organic sulfonic acid such as methanesulfonic acid, trifluoromethanesulfonic acid,

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 sulfuric acid are generally preferred.

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

0
ae<LooH e R":Q/U\Y —_— o7 /*q/CONHZ
* * + *

25 (10 {11} (12)

Step 3. Amidation process

In the compound of formula (10), the values of substituent R” and * (including the suitable

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



an activated carbonyl group activated group, and it is derived from
t he carboxylic acid activator described |later. 15 Mreover, * denotes
an asymretWpeowsaiesss centre. In other words the car boxyPCHSEN$700707
derivative of forrmula (11) contains asymretric carbon centres. The

i nvention includes any optically actiV® substance or racem c mixture
of the compound of formula (11). Preferably it is an optically active
subst ance, and nost preferably it is a conpound whose 20 absol ute
configuration of asymmetric carbon centre is (1R, 2R). In the
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racem c 1 . onpound of fornmula (12). 5 Preferably it is
an opti c%ﬁ%ﬁe%@%%ﬁit ance, and nost preferably it is a conpound

whoseisabsol ute configuration of asymetric carbon centre is (1R 2R).

The conpqund of rmula (10 be forned into th 0 und of,
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t he car baepvati@io€ tarmulb @l aehitatitiafninetic @aIboH Qehties. TROURELRM hauddle |
conpound of for quél a (12) by reacting with ammonia. Suitable

car boxy| PBY §BH@!Y actipaubitance grragemic mighregiihe penpoand of formula (11).
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chl orocarbonate ester, isopropyl chlorocarbonate ester,

chl orocarbonate butyl ester, t-butyl 15 chl orocarbonate, benzyl
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anhydri de, .anhydrous frifluorpacetic_acid,, anhydrous net hanesu] faonic
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25 atoms include a 2,3-difluorophenyl group, 3,4-difluorophenyl group, 2,4-difluorophenyl
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group, 2,3 4-trifluorophenyl group, 3,4,5-trifluorophenyl 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 gronp, 3,4,5-trichloropheny! group,
2,3,4,5-tetrachlorophenyl group, 2,3,4,5,6-pentachlorophenyl group, 2,3-dibromophenyl

3% 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 phenyl
group or the like. A 3,4-difluorophenyl group is generally preferred.



acid di-t-butyl, dinmethyl carbonate, diethyl carbonate or the I.ike,
acid chloride such as nethanesul fonyl chloride, p-tol uenesul phonyl
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phosphorus oxychl oride, acetyl chloride, propionyl chloride, pivaloyl
chl oride, benzoyl chloride, thionyl chhoride, chlorosulfuric acid,
oxal yl chloride; phosgene or the like, and a netal chloride such as
titaniumchloride, alumnumchloride, ferric chloride or the Iike may
be proposed. 25 Particular carboxylic acid activators are
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25 Particular 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
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30 The quantity used of base differs dependi ng on the species of base
used and speci es of “sol vent and reaction conditions. éoartlcul ar a
1-3 fol d nBP2P%04¥82% may be used, and 22 preferably a RCHSER097410g707
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reaction mxture_is added to water or water is added to it
potassium hydroxide, cesium hydroxide, magnesium hydroxide, calcium hydroxide or the

like, alkali metal carbonate such as Jithium carbonate, sodium 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 meta] hydride or
alkali metal hydride, alkaline earth metal hydroxide or alkali metal hydroxide, alkaline

25 earth carbonate or atkali 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



The conpound of fornula (12) is obtained using procedures such as
extraction with an 23 -organic solvent such as toluene, ethyl

acet ate, iwWOpp@yEs2hicetate ester, diethyl ether, dichl orCms2zhents)707
chloroformor the lIike, washing with water, and concentration. The
obt ai ned conpound may be further purified by col um chronat ography or
crystallisation, or it may be used in the follow ng step w thout
treatnent. 5 The conmpound of fornula (17) 10CCON H2 ( 1 7) produced
by the af@sRedilfa PNOCRESmbIEr AtiD Wﬁ're&b‘é&ﬂ@ oporidiade r#résehﬁ%ﬁfﬁg Soresaid
provi ded ‘as a further feature of the present I nvention F
(17), R feepeeéan aryl group to substituted by 2 or nmore hal ogen
atons. Suitable values for the aryl group substituted by 2 or nore
hal ogen atons include a 2, 3-difluorophenyl group, 3,4-difluorophenyl -

group, 2 Siatablieffbmmﬂﬂ’memajmga osed, inQud, fortekarfiple, drqm@@ﬂmbmg,re@mmoma gas,
3,4, 5- turlfluoro tetraflgprog roup,

>3 4 %, GTBHRA G RRER Bat i AR g

3, 4-di Ch|éﬁ§1ﬁ@ﬁ]§@é§ aﬂﬁféﬁﬁ,m&a hi%@bl@éﬁpi}ﬁlﬂﬁhagfaﬂéﬂ,pand ammonia Water is
2,3, 4- trlchlorophenyl group, - istrichbl orophenyl group,

2, 3, 4, 5- t%PFERPBESEHeny | group, 2 3, 4, 5, 6- pent achl or opheny!l group,
2, 3-di

group

2,3, 4,

t he

i bronophenyl group, 3, 4- dlbronDphenyI group, 2, 4-di bronophenyl
, 2,3,4-tribromophenyl group, 3,4,5- trlbronDphenyI group,

,3,4,5- f%%mm@mémnpﬁbmynmgaUwpnn@uaw%mﬁﬁﬁcpmmhﬁﬁmwmﬂmﬁmmmd“@ﬁmuxﬂxﬁ
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car boxam de derivative of formnul ae (17) contai ns asynmetric carbon
centres. e |nven ion inclu y optical |y active substance or
racemc ﬁ%‘?tcﬂi@éﬁ%f’ ?%o%ﬂﬁ%ﬁc}ﬁ%eré Prig) op the fpym ofpaadymppenya,ispegies of

opt i cal | ysoBRehi @ r&hst HRiondNE: pERSduiR Rl SFAP b1 }aﬂo%n% 150008 %1?
whose 25 absol ute configuration of asymetric carbon centre I's
2R) . preferably a 3-5 fold molar ratio with respect to compound represented by the aforesaud

15 formula (10).

u

Generally a solvent is usually used in the reaction. Suitable solvents include for example
dichloromethane, chloroform, dichloroethane, benzene, toluene, dicthyl ether, methyl-t-
butyl ether, diisopropyl 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 to 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
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Next, a description will be given of 4) Hofinann rearrangenent

process.
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organic solvent such as foluene, ethyl acetate, isopropyl acetate ester, diethyl ether,
dichloromethane, chloroform or the like, washing with water, and concentration. The
obtained compound may be further purified by column chromatography or crystallisation,

or it may be used in the following step without treatment.

The compound of formula (17)

R1°',<]/00NH,_

(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
substituted by 2 or more halogen atoms. Suitable valnes 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-trichloropheny! group, 3,4,5-
trichlorophenyl group, 2,3,4,5-tetrachlorophenyl group, 2,3,4,5,6-pentachlorophenyl
group, 2,3-dibromophenyl group, 3,4-dibromophenyl group, 2,4-dibromopheny! 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.

Moreover, * denotes an asymmetric carbon centre. In other words, the carboxamide
derivative of formulae (17) containg asymmefric catbon 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

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

Next, a description will be given of 4) Hofmann rearrangement process.
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(1) (2) Step 4. Hof mann rearrangenent step In the conpound of
formula (1 R, R2, R3 and R4 each independently denote h%/dro%ﬁn
atom opt i BRZPIPIEBst i t uted 1- 10C cyclic or acyclic al PEYPEQIAANTO?
optionally substituted 6- s10C aryl group or optionally substituted
7-10C aral lcyl group, and they may be 2he sane or different to each
ot her. Suitable values of an optionally substituted cyclic or acyclic
all cyl group of carbon nunber 1-10 include a nethyl group, ethyl
group, n-propyl |group, F'&1propyl group, cycl opropyl grouppin-butyl

group, s-butyl gr ogg, irirAYl group, t-butyl gr oup,ngc WIRftyl group,
n- pentyl group neR%C@N%p cycl nt gr oup i WHz
(1) @)

Step 4. Hofmann rearrangement step
In the compound of formuia (1), RY, RZ 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-buty! 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-nifrophenyl group, m-nitrophenyl group, p-nitrophenyl group, o-fluorophenyl
group, m-fivorophenyl group, p-fluorophenyl 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-trifluorophenyl 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-tribromophenyl 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-chiorobenzyl group, p-chlorobenzyl group, o-methylbenzyl group,
m-methylbenzyl group, p-methylbenzyl group and the like. Preferably any of R!, R2, R



i o group, cyclohexyl group, n-heptyl group, cycl ohexyl nmethyl group,
n-octyl group, n-decyl group and the |ike. Suitable values of an

opt i onal | ywounesi1883s ed 6- 10C aryl group include a phenyPChSEA/000707
o- met hoxyphenyl group, m nethocyphenyl group, p-inethoxy phenyl
group, o-nitrophenyl group, mnitrophepyl group, p-nitrophenyl group,
o-fl uorophenyl group, mfluorophenyl group, p-fluorophenyl group,

o- chl orophenyl group, m 15chl orophenyl group, p-chlorophenyl group,
2, 3-di Tl ugfophenyls &hﬁ&aph&yflg%hydﬂ ALRROSR f@ralﬂ* @idRubstituent except 3,4-
d|fluorophenyf group, 2, rifluorophenyl group,

tri ﬁlﬂumopmhgﬂougnmﬂwdr@ea atprs- t et r af | uor ophenyl group,

4-
4, 5-

, 3,4,5, 6-pent af | uor ophenyl group, 2, 3-di chl orophenyl group,

4-di chl orophertyl group, 2,4- dlchlorophenyl group,

3, 4- t dciMosdorpth & dyhotey Mymﬁleﬁ“uﬁcai‘ﬁdnmhhtﬁ opbihaywords,abpcompound of
3,4

oup,

4- di

4,5-

3,

,5 tetrachlorophen¥‘§$ ohgéuéﬂf@$@6' eghgpP géﬁggﬁﬂ%ﬁy%gwe
i br ogmRAROYdr r&leREPmidud of tid donp@ﬁiQP(tﬁﬂbfﬁulﬂ F]lg U]]%eferably it is optically
tribronmophenyl group, 2,3,4,5- tetrabronng gr oup

4,5, 6@@95@5&@% apdamwﬂ prgfﬁtﬂbb! it g-aperppphe M@tp conﬁguratlon of
m et hyI p S"Xrl.e Ey¢ Q@/ group and the |ike. Suitable
val ues of I ona(fni y su ed 7-10C arallcyl group include a
benzyl group, o-nethoxybenzyl group, n}nethoxybenzyl group, p- 25
met hoxybepzyl grou nit | oun, 3
p-ni t rlqv)beﬂ’z%f’ 0‘8 aogé (gg ﬁﬂe &“8 gsfﬂlt%h ‘g ﬁ%ﬁd?&rﬁ LR

p- chl or obghw o@@t&pﬁoﬁﬁ@@dmﬁdagaayfor@ﬁmg TetiEt ot @ 78d, ROBAUR! each
p- met hyl benzyl group and the |ike. Pref er%bly any
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Mbr eover A asynmetric carbon cén ot her words, the
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R 3 and each i ndependent enote a %en atom an optl ona
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group, an ey my 1e sane or to each other. Suitable
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group include a phenyl group, o-nethoxyphenyl group, m nethoxyphenyl

gr oup, p 2%%«1@9&1%&1@&% egylcmi@lp, Bﬁrﬂlﬁhl@fﬁh]@ﬂyl grgmb@pﬂ dighlerapherpt &rayp.
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gr oup, p 2,3 4cfr- mhmbplmyhmu@ 233,4 diétjentaridptophedyl groops,3-dibromophenyl
3, 4-di fl uor orop %eijbrgn Wiy dif Hor %%Bl?e% 35S 4 Fibtothophenyl group,

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

, 5-tetrafl uorophenyl group, 2,3, 4,5, 6-pentafluorophenyl group,
chIdWQﬂH@W?anroup. 3, 4-di chl or ophenyl group, PCT/SE2007/000707

chl orophenyl group, 2,3,4-trichlorophenyl group,

-trichl orophenyl group, 2,3, 4,5-t&trachl orophenyl group,

, 5, 6- pent achl or ophenyl group, 2, 3-di bronophenyl group,

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

- t 1 | fogTeRheRYtybeIial Broud Gn Indhdxyb iRl gomphenythogibetsyl group, o-

, 5-tetrab henyl, b henyl :

g1 OHERRZB0H, BYRFOPTRFY arawy b TSRS 5 ey Ay PHOIRP! giedRgand
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m et hy| bebayis bgt@ge atpmiet hyl benzyl group and the |ike. Werein
preferably any of 123, R3 and R4 is a 3,4- s difluorophenyl group, and
nore preferably, the substituent other than 3, 4-difluorophenyl group

i's hydr oggBredl @M aMRiQAEymheHRROMLBS caltredBYIH&Wdrds, 6 Rapos@Nt re. In
ot her words, the conpound rﬁﬁgesent ed by the formula (2). has

asymmet r i lepresanirdbydhpforaulaBbas sgapipiss cpiben gepdie. Rhginventiopinctudes gny
active, subs; : ] 11

R R G S L D
i s a conpobisrgtiviiysetiubsbstates, anhhog preftrhloly itof a asppomadwhose sirsbbte
centre is R, 23)..Wen oxidant is ca 0 act, there proceeds a
so-cal | edmﬁ%é%‘il'rﬁé?#ﬁfraé%?mg ecﬁgbr?fl,ce%%nedsrﬁg%fg conpound of formula (1)
is converted to the conpound of forrmula (2) while maintaining the
stereochenj stry of the asymmetri c carbon cent represented by * For
exanpl e, ¥iFR aﬁﬁ@tas&aa_%@ttg ik RS @w-?ﬁilﬁfiﬁeg?n FiEnegagEnnd the
exenph4 fi &%ﬂaﬁn@bﬁoﬁﬁﬂhkm@&@%@ﬁ&@e@m fERhd bPRdela (MAbhitenAS R ing

such as chlorine, brom ne, iodine, Nchlorosuccinimde
N- br onos ube bareathemistry ofghpayBwEatinsadeon cenirp FrpFssented b F i Fos exanple,

sul phuryl i . | ke &[&k fér' i as |lithium
hypochl Ol’slu? é@%gﬁflﬁénl%i}%gé‘h r‘llatkpéé?ypot as%%%ﬁ%%ggﬂ?%?g magnesi um
hypochl or {tfiffyorcakimxyipheyylacditie hialide apent sneh bd dbdorimmybriominey; odosed; and
chl ori ne, chl or o .succinim de,. .hypochl qrite species. or.the.like. In
Coner ol sottergpuRh SR e R infosu En BRI TR S5t dant
used dj f fighueepsiiteor 08 likgesbehlaite specidaBichus dichins bgpddhloritd, sodium
reaction solvent and reacti og?lcondi tions. In r{icul ar 1-5 fold

I
mol ar r at EORRIgIIEPURsEHILRROH Y, BRgnpsmAyRoshlprite, f3lciim hypachlogie of

respect t@elikemae Epﬂfbﬁlgse‘a‘: addWULIBHR, Wkhlord RicBRYUS e, HDodRGRE Sl ®r the
quantity used of " the aforesaid oxidant, when a hypochlorite species

is used altket egeasiabisndium byochlositis pefersdd i s determined by effective
chl ori ne 30conversion. 27 In the reaction of conpound of forrmula (1)
and oxidant, a base may be co-present in accordance with

requi eeneTiesqualiity @f oridaitersedidi Edrsatepending ot speciesef cxlapmonsad] spécidsafnul ae

1) and oxi dant._ Suitabl e .bases. jncl.ude,. for | e, an,
o hano | R SaaHE Necte Sreditans b prtinyBra A X Rt o may beused
t-butyl i {faigdferaBROMLY 1814 kbl Tae with feshdok & thEebp@ing of ERERNRL(1).

Moreover, as regards the quantity used of the aforesaid oxidant, when a hypochlorite
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species is used as the oxidant, the quantity used is determined by effective chlorine

30  conversion.
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5 such as n-butyl magnesi um chl ori de, nethyl magnesi um brom de or the
i ke, alkaline earth metal am de or alkali metal am de such as

l'i t hi um anmY@S%°%Y88%m ani de, 1ithium diisopropyl ani de, PREHEHEETWATO?
di i sopropyl am de, lithium hexamethyl disilazide, sodium hexamnethyl
di sil azi de, potassium hexanethyl disil2dzide or the like, alkali netal
al koxi de such as sodi um net hwdde, sodi um et hoxi de, sodi umt - but oxi de,
lithium nmethoxide, io lithiumethoxide, |ithiumt-butoxide,
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hydr oxi denetagliifiym hyey e, bbutylithipngbeny) hélamn%h ec HFigeAA fereen

such | dy
the | tie, SoF pHFPERIBARRE, HROUY TR ARASe Sy BRIARS pIAL BRC AMAARC el
sodi um bimetelamde 3 alkalt mstel amdp sm&lrﬂsthlﬂaum a@ndet, h@dlilmlawdﬂo tithauri
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al kal i nﬂie];ﬁhlgl&tﬁjﬂlr@ﬁlaﬁﬁgﬁ%ﬁ?ﬁsxamdMM%tﬁyMﬁhmﬂb dﬁﬂieSlk'e ]I:ﬂgmr]ﬁétdr zﬂlgﬂudeThe
quantity o ase, use i ffer ependi n n speci e ase_use

apeci es OYCl#] PEHIT RRAOFEE LRI UBNARS Feum-iripqye [bipmmehgide;

react yon JENaREhGAS Gthikd. t%ﬁﬁcﬁﬁ étabsﬁhghbwbﬁhsl oPihe URé, AkaBindea3h hethd
nol ar rati o, preferably 5-20 fold nolar ratio with respect to

conmpound Wﬂ%@?@k@h@é@ lbgdnge weqhéls lighg vl dridez sodiym hijdrde, pefrsium he
concentr Rﬁ% et 1BAG pof 5-30
w % nor partlch'{&?h elﬁr%a%\ge %?%ﬁg%l%edxéﬂdé I%ﬁgr}gﬁer al a

sol vent ilsydusidsl sugh mslﬂiimmmstdn@ud@ acdiimoriyd®eridesppitesssod h)}dm:sda, pesiwmle,

benzene. OGRIRe oSy PR AN CHRt Py U dat e 02BSiate

t et r ahy dr @tk hdithinin éb.rbcgiiafex Soium hbxbb@ht@@bﬁyélﬁ@ camehdeor the 1ike 8lkali metal
nmet hyl pyrroljdone, 1,3-clineth im dcfzol i, di_none,

cl i rnet hyteapengse yeh aglithughficar %‘@E‘bﬁ? \“PIbécaﬂéPﬂSﬂP%@é‘ﬂlH’t‘écaﬂa%q ¢ the
aci d- t - bujpel or Empltgrﬁﬁ?lanﬁfédsuﬁlbgs trielt§lamine, BNEopPQPyY BBy 1aMR¥k, DBIHA S

al one or as mxture In the case of a mxture the proportion is
5not | i mdlwblcyﬁowuadecewatoethed&epref erred. 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. Thhrenerdamtallcubi hétafehyderypidersach assodBwahbdyo3e isithespreferr®dl hour s.

10 On conpletion of the reaction the solvent nay be renoved by
distillation. The reaction m xture may be added to water or water to

it, and themubiey oF ¥isdnsed EffeRiddpddent dayspaslel dfibage used, species of solvent and

reaction conditions. In 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 usnally used in the reaction. Suitable solvents include, for example,
water, dichloromethane, chloroform, dichloroethane, benzene, toluene, diethyl ether,

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



of acid. The Conpound (2) is transferred to the aqueous |ayer, and
after having been caused to undergo |iqui-d separation and washi ng

wi th organWe 2808008838 such as tol uene, 15ethyl acetate, PEGHEAHA00707
acetate, diethyl ether, dichloronethane, chloroformor the like, the
aqueous | ayer is made basic using a bage. The Conpound of fornula (2)
i s obtained using procedures such as extraction with an organic

sol vent such as toluene, ethyl acetate, isopropyl acetate, diethyl
ether, digihppeasidease,3-aimetig ieidaxdididdae, dimkeylsuiehdd) gcatbdehacstingtile,
and concentration. Usuall on conpl etion of tKe reaction, solvent is
renoved byhdeceiptatacriiaadqidibutyhibuipecl adisdis- 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 oriitielsaivent méy be wfed alone or dshremixinice, nvlesdasaof avnkiureddtegropartion is
concentratian.w,thout the step of transfering to the aqueous |ayer.
The cénpdﬁﬁﬁnwg§Iﬂﬁ?“ﬁ@*ﬂﬂ?ﬁwﬁ@%]f ‘the formof a salt of an acid.
The conpound may be further purified by colum 25 chronat ography,
distillation or crystallisation, or it my be sgparate %Qg ggrLfied
in the fovHiRbE reactian fengrerapeniriyde dope sehctedArquythiegangg 04130t to boiling
conpl et | Qi fortdiGedt R84 anagsréfa%lyciﬁs sd168ie £18RRhEran @ of0EIH0SC, The
carboxyli'c acid such as formc acid, acetic acid, propionic acid,
trifl uor caeioh tinwokglirgoewiusilny 3¢ winsdo 3¢ haursdi chl or oaceti ¢ aci d,
trichl oroacetic acid, oxalic acid, benzoic acid, phthalic acid,
fumaric acid, mandelic acid or the like, optically active organic
car boxy!l i ©n aahpleSercdf thsrehetidnahd elant tiay bacdnaved by distiliaitm: Hihe reaciion

i d. or the like, i lfapic, MO, . . . .
2008/ 01582 5PENHBE PR OB O 26V ET 1 540 B8 SeEERE IR vaddgon
trifl uor ajpetiaanes Cbhpaind (fis trandlerfedcd ed dduatisdayig,aid afibtrHavigased f oni c

acid, canphor sulfoni¢c acid or, the like, 1norganic acid such as
hydr ochl ofengedge paderge lighd penaragion and washipgwitl peganig sela g spehcas delugae,

car boni ¢ &ﬁ}gqcethx%a% ea&&at@, 'ig?ﬁreth%wdfiéﬂi&ﬁmeﬁa& BB B6RE6Ahe Mke, the

preferred. “Surtabl'e S use ter Conpletion of the reaction
i ncl ude, daqueousiarepisepaderbasic gsingh badsi e Conpoundotionhula §2) is obtained using

met hyl I'ithiu n-butyl ljthi L t-b Llithi h | i r the
o) o el aiitiak et ol ieelen ket dob Bt cn BU e, dubtabtii)
magnesi unisairopyl dectatt, dikthyll eitfieg, dicidcaethends ehlorofomd ail thalike] evashing inktal i

nmetal am de such as lifhi ide, sqdium . .
water and concentrattion. suzaﬂr], on comﬁet'ion of the reaction, solvent is removed by

Q

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,

30 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 sulfonic
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to amde, lithiumdiisopropyl am de, magnesium dii sopropyl am de,

| 'i thi um hexanet hyl disilazide, sodium hexanethyl disilazide,

pot assi um WEORAWEXIBE di silazide or the like, alkali metBET/SERGKI0W7
such as sodi um net hoxi de, sodi um et hoxi de, sodi umt-butoxide, |ithium
met hoxi de, |ithium ethoxide, |ithiumt2dbutndde, potassiumt-butoxide
or the like, alkaline earth netal hydride or alkali netal hydride
such as lithium hydride, sodium 15 hydri de, potassium hydride,

cal ci um hydgd sudh a0 mettageduifissic asidkigifuom@eiahtsuliohialacilysingetesidfonic wlidal i
metal hydroxide such as |ithium hydroxide, sodi um hydroxide,

pot assi uniofFaeEkPes 2cideeamphongiHogieiagid ortheliles Mersamirccilsugleas bysreshipsic
hydr oxi de, &4 ngr:ﬂ)ﬁmlldi‘c? kK abik pﬂﬁ%ﬂﬁﬁ@%ﬁdn@%@ém§§éﬂ ERMERRRSiC ablﬁmrrkal |

car bonat e, um car onat e, tassi um carbonate or ‘the like

met al bi caﬂﬂuunaméamgﬂmemﬁymmfmﬁm bi car bonat e, sodi um bi car bonat e,
pot assi um 20 bi carbonate or the like, organic tertiary amne or the
li ke slich as triet hyl am ne, dii sopropyl ethylam ne, DBU

(1, 8- di azafitablechasdstusdd Hatrampriie) of thar@enar iatlude fof dsamblen®ad @rganohtmum

hydr oxi de, al kal i ne earth tal dr oxi de, .al cal bo
sal t, al keyRAEnd spahies methyll lhaaﬂpe&ﬁu@zfﬁ%m Bhea Bl &

al kal i ne gy Gﬁgﬁﬁﬁ%ag@é&%&@@ﬂ%ﬁymﬁgﬁ&%ﬁ chiRFilié, dhethyd 'ﬂd@ﬁesﬁfxﬁbrmmde or
preferred. Exanpl es Below this invention will be described in

greater déedike, a@galm@mtbetn@fél ampideepatislibsetabgnide qecheas lithiwpauidey sodivan

t |

of (28] 5angb ERIpk Byl AR it ARl icop byPRATR, Pnchal ERBREAY O
(13) - 2 c hilisitazide; §@ljuin He:ialmnadm Bisdaride) pdtassivmahedanetind dislazide o thedldkeS

| t ol d
caui val enté5 S olrage fish 3SR RELGE o Rofus ol oiBiivs
hour . ;rheilm{jl@@ﬂigﬂloklﬂymthiaﬁﬁetﬁ@ﬁdﬁ ﬁﬂﬁdmt-\baﬁ)b’tzﬁﬂ Wtish}ulhiﬁi Mtoyﬁdé‘l&' C?Tl?:l llke,
concent rat.ed. undey ressure uor.o rane
was obt ai ﬂé%lmgseaﬁﬂégﬁrag by d@@%é b F&f&éﬁzf&r@i %w’gas hiugy ‘pidgde.sadym
éHELQINBS | ny % %s&%ﬁci% calcfign ﬁﬂdrrde ér ﬂr%(lﬁ{@,: alﬂﬂmeéar%n ﬂ\ét'ﬁlzh d?eﬁ&é‘gr)

8 f&n Qr 01 - up7.27(411, .
2 Prepar a@lk@hm@fa dﬁ%ldf( sueh ap ghivm hgiraxigefspdie PO’faSSI”ﬂm hydr(mde

éq 3?’3 Ltlo 2 L?@@B?%gfr?ﬁﬁ ) e gﬁ S hg o§1d§g:%g;ﬁ%ng ﬁ¥(§r§%|dg gr fle llﬂe %ﬁcaﬁ%gl%onate

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

20  bicarbonate or the like, organic tertiary amine or the like such as triethylamine, diisopropyt
ethylamine, DBU (1,8-diazabicyclo[5,4,0Jundecene).

In general an alkali metal hydroxide, alkaline earth metal hydroxide, alkali carbonate metal
salt, aikaline earth metal carbonate, alkali metal bicarbonate allkaline 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.
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15into a reaction vessel. Triethyl phosphonoacetate (78.06 g, 1.04
nol ar equi val ents to sodi umt-butoxide) was added to the m xture with
stirring. WOr8¥&M#B3sol ution of (28)-2- (3, 4-difl uor ophBal/FE206300pHRe
(32.8 wt % solution, net 41.83 g, 267.9 nmol) was added drop-wi se to
the m xture keeping the internal tenpgpature between 60 to 80 C.
After conpletion of addition, stirring was continued for 11 hours at
80C. After cooling to room 20 tenperature, the m xture was washed

w th wat quani:p]djt he organi c layer was concentrated under reduced
pressure.. Ethyl (1R, ZaR"')r 3, 4-di fl uor gpheny1) -

1- cycl oprﬁfﬁﬁﬁ@é‘&ﬂ%ﬁ%ﬂ) IngpephieRdosERIeeS Ul t ant concentrate (net

49.11 g, rﬁhﬁ*t% %J(?/sl) 31%101%- - Hﬁlueéo%gé@l)zl ~eflo Bhet 1147Fgm§9 §%mml),

1. 26( 1H, J=7.1 1.57- 1.62(1H
1.87(1H, t@lﬁn@w%@),—so&uﬁﬂ(m@%ldw 534, 14@6 mplacgRivalegts) anflmutﬂz(% 26 232

- 6.91(2H

2R) - 2- §3 S&?@F%ﬁ%%%éﬁﬁ%'%foag? opzirﬁg’%:lgE Oxy?stAgS%}%@g, ‘&é@ ﬁ%?]vcl)
(3|22 238)wam§lalﬁi)8@nl sm)il;rawmdwelggmcdépﬁqmﬁspﬁm ?mc’f]@?m(@?gm%ﬁ?mﬁ
nmol ar eqw val ent were a a so of ethy , - 2-
3, 4- di f 19bGRsHHAE RGpenf cop R g(r)?é 6%e (48,2 W%t ol

gol uti :)n JTHIRMEh ?@gm%gc@, rsnﬁl ). The mg)xt u(rae(was heat edoa'ltjeggc
with stirrin hour s. Theresultant m xture

fo
2008/ 01883223%1 S0 Uad00 A6t Boch Rt » B B0 Baract 27 cHESUH, BDeBelr e,

t hen # ﬁn% water were added to the concentrate. The m xture was
aciditied w't %% hydrochl oric acid. The organic | ayer was separated
and concentrat ed under reduced pressure. (1R 2R)-2-

(3,4-dif|15;|oro hﬁnyl)- 1- cycl opropanecar boxylic acid was obtai ned as
resul tant BAtrate (net 52.55 g, yield: 5 98%. 111-NMVR in
(4001V111PrephtatibR)of ethyl (1R, 2R)-2-(3,4-diftuorophenyl)- 1-cyclopropanecarboxylate

Sodium t-butoxide (32.22 g, 1.25 molar equivalents) and toluene (243.0 g) were charged
15 into areaction vessel. Triethyl phosphonoacetate (78.06 g, 1.04 molar equivalents to

sodium t-butoxide) was added to the mixture with stirring. A toluene solution of (2S5)-2-

(3 A-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 concentrated

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

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

"H-NMR in (400MHz, CDCI3)

§1.22 - 1.26(1H, m), 1.26 - 1.30(3H, t, =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, g, J=7.1Hz), 6.82 - 6.91(ZH, 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- (3,4-difluorophenyl)-1-

cyclopropanecarboxylate (48.2 wt% 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
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51.33 - 1. 38(1H in) 1.64- 1.69(1H, in), 1.83 - 1.88(1H, in) 2.54
- 2.59(111 ;? - 6.93(211, m), 7.04 - 7.10(111, Exanpl e
4 PreparatV8 @(Ol?¥h 2R) - 2- (3, 4-di f | uor opheny1) - CTRE5IGh0R

1- cycl opr opanecar boxam de Thi onyl chloride (72.65g, 1.21 nolar

equi val ents) was added to the stirred3tol uene solution of (1R

2R) - 2- (3, 4-di fl uorophenyl)- 1-cycl opropanecarboxylic acid (18wm % net
100. 00g, 504.62 mmol) The m xture was stirred at 35C for 6 hours,

t hen concemdehpitedundet eeduddl predueethep tobsaa red wotegivers aldebioths on of

12?, 2R 3,.4-di fl uorophen ro ecar

G xt i BoRh e, Shmorre S5 BUTed it o DGRBS ety T o i eFvas’
equi val eglisa ed"ﬁic?donéé?@ﬁteﬂ%d@ﬂéﬁ@&@%ﬂes@@@(m QR ZOcB Agluotdphed)- Ut i on
of (1R 2R)-2-(3,4-difl uorophenyl)- cycl opropanecar bonyl chl ar,i de

obt ai ned cxtioptepansearfprdicaridywag @érl%as Fesgitant FoRFgREAIE GiRt 2985 ereld:
reacti on9§3/>5ture was allowed to stir bel ow 20 10C for 1 hour. The

mi xt ufe was’neutralized with 35% hydrochl oric acid, then the organic
| ayer vvaéHsIéMRr;at(eﬁDMHd Ur€Bed with water. The resul tant sol ution was

of (1R, ity (asabaly: Dbt pRIAT TS R R B T 0, By E AL

resul t antg & mrm()waﬂ -eri(ed, -p obtain a clear solution, and cool ed
for crystal I'i zation. Hexane was added to the sl urry, then t he
pr eci pltates were 25collected by filtration and dried to give (1R

2R) :%%nfﬂl;huor ophenyl) -1- cycl opr opanecar boxani de (net 91.12 g,
Id 9 %) H-NWVR in (4001v1liz, CDC133 51.21 - 1.27(111, m,
1 56- 1. Gaeparationipf (IR, 2R)-2-3, 440 lmoropheyyl)-di-asloprepangegrboxagie 4 pr)

0,57, 5543}l OB 81 Fo T ey o LSRR
2R) - 2- ( 3,0f(1R, fzmap(emhmﬁydl)apﬁenggemwlomrapmaarbmwma@é (18vethso, 209,008,
fna gf reS 6&?3}%{ 0]%)&3 odi %}va%g Iag §5° 8 ngrg,%c O%Qengr%fédager 9.00
15 reduced pressure to give a solution of (1R, 2R)-2~(3,4-diflucrophenyl)- 1-
cyclopropanecarbonyl chloride. To a mixture of 28% ammonia aqueous solution (122.55g,
4.00 molar equivalents), water (300.4g) and ethyl acetate (700.2g), the solution of (1R,
2R)-2-(3,4-difluorophenyl)- 1-cyclopropanecarbonyl chloride obtained above was
gradually added with stirring below 10°C. The reaction mixture was allowed to stir below
20 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 shurry of (1R, 2R)-2-(3 ,4~djﬂu0rophenyi)-
1-cyclopropanecarboxamide. The resultant shurry was heated to obtain a clear solution, and
cooled for crystallization. Hexane was added to the shuiry, then the precipitates were
25 collected by filtration and dried to give (1R, 2R)- 2-(3,4-difluorophenyl)-1-
cyclopropanecarboxamide (net 91.12 g, Yield: 92%).
TH-NMR in (400MHz, CDCI3)
§1.21 - 1.27(1H, m), 1.56 - 1.64(3H, m), 247 - 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
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into a reaction vessel and the m xture was stirred. Aqueous 12%
sodi um hypochl orite solution (29.53g, 2.25 nol equivdl ents) was added
to the sti&?’@&ﬂsé I%ﬁz?y mai nt ai ni ng the internal terrperatﬂ'%jgg]gtw%&?w
The resultant m xture was stirred at 30C for 14 hours, then at 40 C
for 2 hours. After conpletion of the r3@action, isopropyl acetate was
poured to the resultant m xture, then the organic |ayer was
separated, washed with water, and 1Oconcentrated under reduced

pr essur e. Exapmle 35) - 2- (3, 4-di fl uor ophenyl) - 1- cycl opr opanani ne was

T e T P
1. 70(211, (18)2R00 (53¢ dii@dighety ) by claprdfanecioatiriddnci m0g, 85 52 mmol) and
6.79(211, | ,..7.00.- 7.02(111, . 3 i 1. i

Set 1 vo 3 b hodadn Badronitaa ok kv G2 770 5 Tl Peeoris SR B e
general figfomubastioh AksdBldhdThe mixtll wis sfirrdd. Aghedudhe¥%edoliuntyioshlorite

3,4-difl uorophezr;‘%l group, and * denotes an asynmetric carbon centre).
2. Conpoutetition (2&:8%s dadaecl wiivalepta) wasiaddodhoribs siirred slusprpeinigaung the

represent i‘ﬁfénﬁheﬁﬁﬁraﬂrg " Rﬁﬁb%ﬁeofem{aﬁt rglijx%).re iw%s éﬂr%d%'?)so% B )[Jﬂr hours, then at

cycl opropane carBboxam de derivatl ve.
40 °C for 2 hours. After completion 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, 25)- 2-(3,4-difluorophenyl)-1-cyclopropanamine
was obtained as resultant concenirate (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
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Claims

1. Optically active 2-aryl cyclopropane carboxamide derivative represented by

general formula (17)
10~ CONH,

(17)

(wherein, R is 3,4-difluorophenyl group, and * denotes an asymmetric carbon centre).

2. Compound in accordance with Claim 1, wherein the compound represented by the
aforesaid formula (17) is (1R,2R)-2-aryl cyclopropane carboxamide derivative.



