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SPECIFICATION
PROCESSES FOR PRODUCING
4-SUBSTITUTED BENZOPYRAN DERIVATIVES
TECHNICAL FIELD

This invention relates to novel processes for
producing 4-substituted benzopyran derivatives useful as
medicines, agrichemicals and cosmetics, as well as
intermediates for their synthesis and processes for
producing such intermediates.

BACKGROUND ART

One of the prior art techniques known in the field
contemplated by the invention is a process for synthesizing
4-substituted benzopyran derivatives via 4-bromobenzopyran
drivatives (JPA Hei 7-188210).

According to JPA Hei 7-188210, a compound
represented by the general formula (XVIII) (the chemical
formulae embraced by the general formula (XVIII) are set
forth in the List of Chemical Formulae at the end of the
specification; all the chemical formulae referred to
hereinafter are collectively set forth in the List of
Chemical Formulae at the end of the specification) is
reacted with carbon monoxide and amine in the presence of a
palladium catalyst to give an amide form represented by the
general formula (XXVI).

A method generally known to be applicable in the
synthesis of benzopyrans is by subjecting a compound of the
general formula (D) to thermal cyclization reaction to give

a compound of the general formula (E) (see, for example,
~10D 1007
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SPECI FI CATI ON PROCESSES FOR PRODUCI NG 4- SUBSTI TUTED BENZOPYRAN DERI VATI VES
TECHNI CAL FIELD 5 This invention relates to novel processes for pzq@mqug
4-substituted benzopyran derivatives useful as nedicines, agrichem cals and
cosnetics, as well as internediates for their synthesis and processes for
produci ng such internedi ates. 10 BACKGROUND ART One of the prior art

techni ques known in the field contenplated by the invention is a process
for synthesizing 4-substituted benzopyran derivatives via 4-bronobenzopyran
drivati ves Xustralkiany -J8821d]) .Chignistny di 1y 1.0 VIHA Hel, PPL8ZBHY,- a conpound
represented by the general forrmula (XVI11) (the chem cal fornul ae enbraced
by the gen&d¥i4¥ornula (XVI11) are set forth in the List of Chenica
Forrmul ae at the end of the specification: all the_chem cal fornul ae

referred to 20 hefleikfafalgo Fmowb hhad ithe  -hatomohezapyLi@ke List of
Chemical Fornul ae at the end of the sg)eci fi cig’gﬁrﬁ IS react eég :btglcar bon
nonoxi de arfFENFELYS CHEL bt le STt PO IPROE CatERRYIR 03 €n ani de
f ted t h f | XXV ... 25 A . d Iy k
to be appl e Rt R Sy rHEL) STbr Bortamt M R e Y
d of, th I I h | |.i ' j.Qn, t [
T4 NAR 2002 I TET o A ML ik 484, PGS Tpe BB O
from o comair aynihag e BARNERE Aty | (P13 unend 2 81 2R Prochee
5-294954) . ACCH dhdld BO T dhihe o W Ferat FGLANANONE oG ve

represened by the general formula (XIl) (where ZS and Z6 which nay be the

same or di f{egmeNta repies eqikyl hyehagen aiowar end skl kitdowpy.oup) a | ower
hal oal kyl group, a 10 hal ogen atom a |ower hal oal koxy group, an am no

group) lan dylegemcaemoups Fowel rivalppalinxya any@nm, @ET0Eminem grdgxy cr bonyl
group, an optionally substituted |ower alkylsulfonyl group or an

aryl sul f onyacytanjnorgrowien a akefire qyeavrer ,a reans RO s @ikt i t uent
=N-O-N=) is condensed 15 with an acetone derivative represented by the

general f ordAHeXYcarponyW@ruly; aheE- el mPHe tHe SRt diff er ent
represent a hydrogen atom a |lower alkyl group or a substituted |ower alkyl
group or, \@@%Y%%‘R%OQ%&’F@%P ‘?%p?‘ésae%fl%”;ﬁf?%tqm%eo@r U brtaren
substituent_form ng a 20 heterocycle) in the presence e s4ch as
pyrrolidi net?%egpil\a/g' T RIS o1 ey |§/la1’-tl‘il%/ngt r%pf@g\g‘r?t e%j b@or{)%gnsgez&ner al

cbove) LT Behe oy ra U 1SRV e v T PR 2 et ng
agent such @Srmula (XIII) (where %’ and Z°® which may be the same or
different represent a hydrogen atom, a lower alkyl group or
a substituted lower alkyl group or, when taken together,
represent a polymethylene group or a substituent forming a
20 heterocycle) in the presence of a base such as pyrrolidine
to give a benzopyran derivative represented by the general
formula (XIV) (where 2°, 2°, Z’ and Z° have the same
meanings as defined above). The benzopyran derivative
(XIV) is reduced with a suitable reducing agent such as
25 sodium borohydride to give a benzopyran derivative
represented by the general formula (XV) (where 2z°, z°, 2’
and Z° have the same meanings as defined above). The

benzopyran derivative (XV) is dehydrated with a suitable
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25 sodi um borohydride to give a benzopyran derivative represented by the
general fornmula ( XV ) ( where ZS, Z6 , Z' and Ze have the sane ﬂrédW\Rﬂ@fE
as defined above). The benzopyran derivative (XV) is dehydrated with a
suitable - 2 14 MAR 2003 dehydrating agent such as p-tol uenesul fonic
acid to give a benzopyran derivative represented by the general fornula (
XVI ) ( where 25 , Z6 , Z° and ZB have the sane neani ngs as defined above).
The benzopyran derivative (XVlI) is 5 bromnated with a suitable brom nating
agent such @shpdecatiegt agghtesack, d4s dp bt oTBOLSTOPFdic detidato iive a
represented by the general fornmula (XVI1) (where Z5, Z6, Z' and Ze have the
sanme neani rigsnaspyeén nédrabvareye TéprSsdnitdd onp by opyneralefosmailare ( XVI 1)
is treated with a 10 suitabl e base such as sodi um hydroxide to give a

4br onobenzofp¥VEh tehevat Lle ZPepbbsem &l bpvehthgeasmel meenhupa &4XVI 1 1)
(where Z5, Z6, Z' and ZB have the sane neani ngs as defined above). O her
processes f@fpredueboyel he Beazbpyzepyasn déeriraatisee (0&NY) aks an
intermediate for the _general formula (XXVIl) have been reported el sewhere
(Tet r ah@dr oPreBinaEed bl azguijghbe joyeninglygtdgehpiFud®dn Progress
in Organi c Reactions and Synt heses, Shizuoka (1994)). According to

Tet r ahedr onPX¥PIRE st0 198%e " 343 . 4 gdEbDemabamzoRy %1¥9 and

trimethylsilyl acetylene are subjected_to cross: [ reactiQpn in the
oresence of “SRRTETRTSY; BYi Hae JALNCERF AP RT3 pHEAA DHOLBH S ed pall adk um and
the resulti trd l,silyl acetyl cQ u i d w ot,assi um
car bonat e iér}gdrre% hgﬁaylytt%’eg%/s\%nea%%mgg’%ol?%%ﬁggpggesﬁ%@gggy wﬁ%gf (%I‘%lrﬁl a
(XIX) set f .S C ;o i exf cetone

usi ng nbut yﬁ?t Wm%ogﬁénaggg%%ﬁln%ér(e%?gfsg(rjlit%mdé%/ t he V#%?{rru%a (XX) .
Thi's ceapounei tSo1&MHEEE ¥héh As PSbdHsh UNydedtite -t3 givdd MAR 2003 sul fate

cat al yst under a hydrogen atnosphere to give a conpound represented by the
formul a (XAyomdibeszepypan ndei svathed eteptddersioet Wy hytl i gendxalgi ve a
benzopyran derivative represented by the fornmula (XXI1). 5 According to the
20t h Synposfermoba Pt XGE EES (\mhﬁgam%/,c ZReagt iamds zAna®gntheseame Shi zuoka
(1994), 4fl uoronitrobenzene and acetyl ene represented by the general

formul a (XWeaningghmere Fofiredcslos) a nethyl group or a fluoronethyl
group) are reacted in the presence of sodium 10 hydride to give a conpound

(rje}or esent gd by tkfé“b%’ﬁeﬁ’%ﬂcef?%liaol( EQLQSUQ%r@eZQ’%HW%aWE meani ng as
benzopyPan SeHHVAL e TRRFbotn T e dities diok i senases Hammefe 2o
has the Sa”@ﬁgﬁ@ﬂ)r}%@é ﬁ?&gt %Q&p@é’f)elsléndéﬁigefencrr% g&n)%oq]p Lt'EEctLJ?e‘}%, of the

i nvention, ropar gy S are one o I mpor nt er medi‘at es

for synthesjgond; £am Hes P OHRICOFH DY, (1P 1048 &Pcﬂkda?ééhosi% descri bed
in Synthetic Communi cations, ,19, 1255-12 (1989) and USP 5, 463, 059. 20

Accordi ng tordamideréscCome k@t sBihesds ,, Shikdhdkd (984 ) @ phenol
represented by the general fornmula (H) and a substituted propargyl al cohol
represented by thHeganttnd forrmtmbiedrar deddredensd®adn Banzamsda si-n t he
presence of diethyl azodicarboxylate and triphenyl phosphine to give a 25
conpouBfl r ebikEkem ecomyound Qgehe) and orrinethydsiladc @atitane G3R
5,463,059, a conpound represented by the general fornmula (L) and a

substi t ut edFYRIEFYY | LAl ST - R BT IRRP R AThd g dhedr ATFHNARA 25 M) (where

L represents e . . .
copper(I) iodide and tetrakis(triphenylphosphine)palladium

and the resulting trimethylsilyl acetylene compound is
treated with potassium carbonate in methanol to give a

25 compound represented by the formula (XIX) set forth below.
This compound is reacted with hexafluoroacetone using n-
butyllithium to give a compound represented by the formula

(XX). This compound is reduced with a palladium-barium
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- 4 14 MAR Z003 a | eaving group such as a hal ogen atom a
trifluoroacetoxy group or an al koxycarbonyl oxy group) are reacted 1 42 MAR 2003
acetonitrile in the presence of an organic base and a catal ytic anount of a
copper salt to give a conpound 5 represented by the general fornula (N).

O her prior art techniques known in the field contenplated by the invention
are processes for synthesizing 4-substituted benzopyran derivatives via

4br onobenzopyran derivatives (XVII11) (JPA Hei 7-17965, JPA 10 Hei 7-188210
and Tetr ahesubfatet¢etslydO9mdab,a Hyrdf)gerActimalpige e tHPAyiNed a7- 17965 and
JPA Hei 7-188210, the general forrmula (P) (where Z and Zb which may be the
sane or di f¢empotnd epeesesenbed oy dden ammla (XNEY. alThis grangmurad | ower
hal oal kyl group, a hal ogen atom a |ower 15 hal oal koxy group) an am no
group, an atylzedctedrwiph sodiuwm hydoigs o @b grimnpopyragst er group) a
| ower al kyl sul fonyl group or a |ower arylsulfonyl group or, when taken

t oget her, reéerteahive nepcesented bnthaFformyka FKIhich may be the sane
or different represent_a hydrogen 20 atom a |ower alkyl group or a
substitdted al kyl%fi%\tﬁ)llzﬁ,t%’grf— t2eh TERATM e FrERS S, gl ynet hyl ene
group or a substjtuent formn heterocycle) is reacted with carbon

monoxi de andFaMHe FePEHECDS e%é‘ﬂc%yrb? & 'Ils)é‘tﬂ%}’rﬁ]?at(él%f’s"t t ¢ give an anide

f d Dby I I . ' f

Lhe synt noo L GroBE IR PR R o8 B SR ot B als (R Bt ed. at
4- iti i sh -5
12" VAR 2003 B B H R (e P R S PP Bk, BET ™

derivative f¥XidRomstiyl abkbSp F RO Wihc it | & S APREYeh Y Secyiasd tion

products occur as by-product’s during the synthesis of the benzoopyran and
very camberspdeid@sto Sgivead NEsHipdural etifissaited il trd.gebferdad urt her
problem due to their |abile nature, derivatives having acid- or

base- sensi tfyenilanc(XXI8) (wloemps Zuhhsatha pamtl meanahkyhsgdetfipned Z' and
Ze cannot be synthesized without suitable protective groups. Because of

t hese probl@peve bxt rBris 1€onpddnd uls ihesa el el rofdierh lvambenrenenttar exfiven t he
synthesis of the benzopyran. In order to produce the conpound (XXIV), the
presence of2 aPeRIPRYVERDPLTH Pake e ied &6 e denes@k HObcess

i nvol ving the for(@téi on of this con%ound as .an int gr nedi gte does not have
extensi ve 155%pbI {'BXE%¢ i ¥y PapndPretRBE BRaBROnasSi 4e58n8haP8KEAz opyr ans

that ig.described in . JPA Hei 5-294954 h l.Qng .synthesi s pathway and is
not saﬁl‘r’sf act oryd1|¢1 1fheer o uci/ lecfl}j.mﬁ%hcﬁd;soaﬁ ﬁglregfloreer%éeoﬁl ‘desired to

devel op a l%ﬁfb Fp@f y, | A Ik%sn broad range of
applicati oflés(l?é e_lfo ea @@c%#ld%%s_s%é 811%8# a’%ggaill)‘@g%o utgi ng the M tsunobu
Reaction asjglesehédestdd Nt H@Ettrte SUMEHH Gl W prdhive Py (1989) turned

out to be very inefficient (lowyield) when it was applied to the synthesis
of the 25 comga nmistioddd heudh esenthd v eldd i bddSA D, S HEBA @i ves no

exanpl e of condensati on between a di hal onet hyl -substituted propargyl
al cohol andCetrewmicatnibns, i %ol Vs o3t (diSd9 cdnd asSB U &, Q% use of
expensi ve anhydrous - 6
20 According to Synthetic Communications, 19, 1255
(1989), a phenol represented by the general formula (H) and
a substituted propargyl alcohol represented by the general
formula (J) are condensed in benzene in the presence of
diethyl azodicarboxylate and triphenylphosphine to give a
25 compound represented by the general formula (K).
According to USP 5,463,059, a compound represented by
the general formula (L) and a substituted propargyl alcohol

represented by the general formula (M) (where L represents
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14 MAR 2003 trifluoroacetic acid and 1, 8-di azabi cycl o(5. 4. 0)-7undecene.
Under these circunstances, it has been required to devel op a procegsmiroN03
produci ng 4-substituted benzopyran 5 derivatives that involves a snaller
nunber of steps, that is econom cal and which yet allows for easy
post-treatnment and purification procedures. As a result of their intensive
studies, the present inventors found very useful processes for producing 4
10 substituted benzopyran derivatives that were shorter, safe, high in
yield and whildawiatg ajdcoveddyadr aensy Haleajere ktoand apwriffilastroarepoagedur es.
DI SCLOSURE OF THE | NVENTI ON The present invention provides the follow ng
various 15 guoogucin am pridoessesbdny Xy gresyp )f @arepredudiedg i4- substi t ut ed
benzopyran derivatives represented by the general fornmula (GVI) [where Rl
and RZ whi @cetoniterile guntherputiddngreeif agp oggemiica bageér égdn aat om  an
optionally substituted | ower 20 al kyl group, an optionally substituted

| oner al ko@at@ldipic anapit oifala ycoppest isaliteda @igie & icempeangonyl group,
an optionally substituted | ower alkyl sul fonyl r{‘%roup, an optionally

subst i t Ut ed EHASERTShAY drivugeneadd dqgwidttorfV)a vitro group, a cyano
R e T
B e e &,
nitrogen at%nﬁlq?lg gvlvll%tlg%’ tal{leéylﬁ%#rt];lq’g%@uer% ,b%qn’%f%&gﬁ \ﬁquﬂﬁ %%qg%%e%lear éd ring)

or, when t a@mdRaBidiRivad &RISSARL v sSUBRIITTYeN T pENERINT.- 173 68Nd JBA Whi ch 5

may be the sane or different represent a hydrogen atom or an optionally
substitot edidioweri sddad gD uRtPahaedion Takarrsqggabher, et hstzheogar bon at om
to which they are bound, represent a pol ynethyl ene group or a substituent
form ng a Retcenaiyny do pFRAviHked 1-Han9 6183 aandd JRA &ed 1Tetl 8i8AtLA ,atheé hydr ogen
atom R5 and R6 which may be the same or different represent a hydrogen
atom or an 9geinadalfiormlsst(Rut(ethdnend” an@yf® gihdel] ray bey thee seiet he
schenmes (1), (2), (3), (4), (5) and (6) containing a_plurality_of steps as
i ndi cated 1981 SEfhenanty represpnt @ hydrogen atom, @jlgyer aikyl - (1-5);

(3% Dt 2 sblihcboth ki) o phlighn ey Ldbt® 31 9

(a-1) ;x(a; - - - (d-2) - (d-3);. (1-1) the step.of reacting a

corrpouln% ofl‘%[\)]*r?ealgée%r& ﬁr%(u&)r’m?lna a?qﬁn)o) (EW(%)éleé ?nar?gyéa n(?hgﬁ%}pbe t he sane

or differenrs f I i u u ogen an

optional | y%tslt}[:)rg)?i ut ed %O\é%wgq%ﬁu%l'Pgﬁy%rc%%%%gr%gggbdggz%Qg%m

aryl sul f onyligon sGrndemy IRyuh BE havewehe a&@ﬂ%u@@ﬂ%@@rgﬁpd@i‘i, ngHeabove)
an

with an olefin of the general formula (I111) (where R have the sane
meani ngs asateh rnedetheie) reprgisen ta ac eupetiduentt ke -geNer ak® fandngd‘a (1V)
which may be the same or different represent a hydrogen
20 atom, a lower alkyl group or a substituted alkyl group or,
when taken together, represent a polymethylene group or a
substituent forming a heterocycle) is reacted with carbon
monoxide and amine in the presence of a palladium catalyst
to give an amide form represented by the general formula
25  (Q).
However, the reaction for the synthesis of benzopyran
having a bromine-containing group introduced at 4-position

involves so many steps that cumbersome treatment procedures

- 5 -



g 14 MAR 2003 (where Y, Rl, R2, R3 and R have the sane neanin
defined above); (1-2) the step of reactlng the resulting conmpound bﬁ%ﬂWém3
general formula (1V) with a hal ogenating agent to give a 5 conmpound of the
general formula ( V) ( where Y, R, RZ, R3, R' and Hal have the sane
meani ngs as defined above); (1-3) the step of reacting the resulting
conpound of the general fornmula (V) with a base to give a conpound of the
general formula ( V1 ) ( where Y, R, Rz, R3, R and Hal have 10 the
sanme neani ngse asegeiraéd aboveartidulgr i hehestioptefmediate rgerzwpymesul ting
conpound of the general fornmula (VI) with a base to give a 4-hal obenzopyran
of the genedetrivativea(XIV))ig ahbakile corpoRryl, RB lafye ambuiis hafve t he
same neani ngs as defined above); 15 (1-5) the step of reacting the conpound
of the gen gcpomm%téompmﬂwt%a@wmdwmrm%s chnpuhdthsf t he
general fornula ( G—III)é RSRE6NH ( . ) (where R5 and R6 which may be

0

the sane orS¥REpresdhto tP%pP%%%e‘PﬁYléafhyfi‘ﬂ%g‘é‘?ﬂétWQﬁrW%rﬁﬁﬁfal ly
Prese

ZEEﬁL'sE. ot R ERoBh ﬁssfagaﬁvf%,al%hﬁq meﬁéﬁfeé’%f"f%%ﬁmrl( c'oflfer@elt forth
-1

(1) tn S FooEBAR BT APuRS orbet Wahvgs R et o ¥ have the

SElE AEan! n@és%S %ﬁéiﬂg\‘? %191‘{8%1@5? ad dfodhe °£ﬁ)é}£”%ﬂ=, of ddiee ARG r}ff”“" a

(VI II) (where e sane Ieani-ngs ‘as d above)

o2, ot f t d of
t he geﬁeral ?%@ﬁu%q %Vl(al%lf)z _Qﬁn%@pbg sYEARLL 04 P ERSuL g@gtgg;[@oun 0

reduci’hg agent to give a conpound of the

general forgpbfeétive)gtodpPs! e Becal¥e ¥ {hd¥e P¥bBYekRY Corlierniie

meani ngs as defi ned above) 5 (2-3) the step of reacting the resulting
conpound ofdifieigeneias haveaubstén Xean tdncoldiserd® Ui Vithé dAAERA AN
derivative of the general formula ( X) ( where RlL, Rz , R3 and RO have the
sane neani ngs tise deénnepyrnanyve)ln (Qedr tte prajued theactomppurd resul ting
conmpound of the 10 general fornula (X) with a hal genating agent to give a
3, 4- di hal obE&R%EDYr abheleprosence of qm@&a@un ofmparg-A9sitiferies Rl, Rz
R3 , R' and Hal have the sane neani ngs as,  defined above); (2-5) the step

of reacti nger@enF%%-h}t?‘?igt]&%r@mﬁﬁﬁ%flmﬁél‘i@%eﬂéﬁ AoTmF A, ‘{fXIt§th/ﬁth a

base to give a 4- obenzo ixéalp der |vatéve of tgm\a%neral formula (I ) (

where R1, FPT ‘?%n 20 AN TRV the i He SXLE N hed above) ;
15 applicability.

The method of synthesis of 4-halobenzopyrans that is
described in JPA Heli 5-294954 has a long synthesis pathway
and is not satisfactory in terms of yield. It has
therefore been desired to develop a synthesis pathway that

20 is short and vet has a broad range of applications. The
idea of condensing phenol and alcohol using the Mitsunobu
Reaction as described in Synthetic Communications, 19,
1255-1259 (1989) turned out to be very inefficient (low
yield) when it was applied to the synthesis of the

25 compounds of the present invention. USP 5,463,059 gives no
example of condensation between a dihalomethyl-substituted
propargyl alcohol and phenol and it involves other

difficulties such as the use of expensive anhydrous
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(3-1) the step of reacting a conpound of the general formula ( G |

where Rl, RZ , R3 and R4 have the sane 20 neani ngs as defi ned abdueMARl0H
carbon dioxide in the presence of a base to give a conmpound of the general
formula (G11) (where Rl, R2, R3 and R have the same neani ngs as defined
above) or a salt thereof; (3-2) the step of reacting the resulting conpound
of the 25 general fornmula (G I1) or salt thereof with a conpound of the
genera formula (G111) RSRGNH ( G I Il ) (where RS and R6 which nmay be the
same or di ftfrdrfddoroadetic kb iMARNAAI S-dieesdicyaloydr.4gén -dtom or an
optionally substituted | ower al kyl group) to give a 4-substituted
benzopyr an vietdoeate ve of the general fornmula (GVI) set forth above; (4-1)
the step of reacting a conpound of the general 5 formula ( G 1. ) ( where
Rl, RZ, R3 and Rhdeavdhese cHMSURSIaNess adtddrisnbeehosed)iketnt® conpound
of the general fornula (G1Va) (where RS and R6 which nmay be the sane or

di fferent dgyedsdnta PIRR/FTYPRRIABICINY dgﬁ%?§|11tyt§€b¥’ﬁ"tzn9€éﬁa|"omr

al kyl group) or a conpound of the general 10 formé)la &’ lsﬁl)psRGN t( G 1Vb

) (wher?2 RElaTEpAICSIAS Rt EHASS) & Fdtikeh &FMPske P al gr SUB)- i n t he

presence of, a base to gjve onpound of. .t he neral r gl Ynk (
where R1, RF ,ecl%lo,mF?agi, E}%{J‘éﬁ}f% %4 5%%%%%&'&?%5%%% nggrgag%gle i ned
above); (4-2),the ste f | ectq he resulting conpound of the general
formula (G dtpdlﬁiriée“r%"roi%@ |°za%4dol%sl'r'eacti on to give a 4-substituted

benzoyran der i va;p!svea He et Qﬂf‘q{r@ir{ ARdR i Wohadeks ,f eheh palegeait 20

(a-1) the step of reacting an al cohol of the general formula (G 1) (where

R3 and R hayR, difie S uRdnidigp e e igiesbatiae)ron produedmgouwrd of the
general formula (CG11) or (CI1l1) RS02C1L ( G I 1 ) 25 (R SQz2)20 (C111)
(where1R reayAseniSe@oapioenedd Ydeatibad itvese el th e rgr elprdreran sgftd .onal |y
substituted aryl group) in the presence of a base to give a conpound of the
general fonmgm (C¥A41d did whilch AR 2003Wethdiar RasYRIrerdmRRthapd t he
sanme neani ngs as defined above); (a-2) the step of reacting the conmpound of
t he gener alpuywifigatiam IRgogRdwres conpound of the general fornmula (CGV) 5
(where R1 and RZ have the sane _neani ngs as defined above) in the presence

of a base AHPTEDIREDBntH INYEMNY copper salt to give a compound of

the general formula (C VI where R, R2 nd .R4 . ni ngs
as defined above)'lfhﬁcplf%s-%’}t( tﬂév%qtelﬁj%fprsot}gl%(aec flcrllng% tfr%’gl&?é;&g%ung of tﬁe
genera!lsforrrlycl)c?ué 'é/rll) i“@é&@sé§ the end product of step (a-2) to

hal ogenati an teaciT on L&) give a conpound of the general formula ( D | | )

( where ~l R a 33380 Réo DAY FO Ao 156 E- 4B 1St 36 witfddisgaabove and Hal
represents a halogen 15 atom;
derivatives represented by the general formula (G-VI)
[where R' and R? which may be the same or different
represent a hydrogen atom, an optionally substituted lower
20 alkyl group, an optionally substituted lower alkoxy group,
an optionally substituted lower alkoxycarbonyl group, an
optionally substituted lower alkylsulfonyl group, an
optionally substituted arylsulfonyl group, a halogen atom,
a nitro group, a cyano group or NY,Y, (where Y, and Y, which
25 may be the same or different each represent a hydrogen
atom, an optionally substituted lower alkyl group, an
optionally substituted lower alkoxycarbonyl group, an acyl

group, an optionally substituted lower alkylsulfonyl group

- 7 -



(b-2) the step of subjecting the conmpound of the general fornula (QAM@ to
thermal cyclization reaction to give a 4-hlobenzopyran derivati Vih Qa
general formula (1) ( where Rl, Rz , R3 , RO and Hal have the same neanings
as 20 defined above); (d-1) the step of reacting the conpound of the
general formula (GVI), which is the end product of step (a-2), with a
conpound of the general fornmula (HI11) O=C(ORB)2 (HIIl) 25 or a conpound of
the general formula (H111) CIC=0(0R8) (H111) (where RB represents an
optional | y catlest idpit jaehd Javye rsved syl tugresu @r tls ujifoayd  genomeu od, ofvhielme gener al
formula (H1V} - 12 14 MAR 2003 ( where R1, R2 , R3 , R4 and Re have the
sanme neani rigkeas tefe ek abidve )the critraden Ateom do sblijcdcttihey e conpound
of the general formula (H1V) to thermal cyclization reaction to give a 5
conpound ofbaund .gerasr dfoxmprand-a to 1¥-memhengerdng), oRz WhRR taRkenand Rg
have the sanme neani ngs as defined above); (d-=$‘;r the step of hydrolyzing the
resul ting dOERINRE of reRee e rdalS YRR H=)=Cails it Ren2BEbR et t he
hydrol yzate to dehydrati ve condensation with a conpound of the general 10

f or mul a3 ( GMaY PerspnFames.o qifif erent, &16pneseRtd aREVIKCGS &y %k %the same
di ff t [ t hydr.o, ti |l bstituyted
2Kyl group® 18 AL S et Tour sl 8 %e: B rosmor e

[ f | : b f .
general T OMANG \I)usand Wi APUER To ArRAC TR, srpbaduGng

4- substi tut Zopyran derivatives Tepresen _

(GVI2) (Whene gl epesaificuil i ol |i00BhiEu 19580, £Brilslicd 297 OUP

or a cyano group ch may be the sane or fferen

represent adwelQgrm &t PhoRHPHHIAIR®Y afilibRt idnd ebt! ®wm & kyl group or,
when taken together with the carbon atomto which they are bound, represent
a pol yret heiedHouprdn; R°sahat Rt uanicd aiay g ahetsaimec vl @i fFansrded t hat
R3n and R4 are not both a hydrogen atom RS 25 and R6 which nay be the sane
or differentepmymaserd lydrnagoygatoat om em aptdpniadiy lsypbsthisuted ed | ower

al kyl group) by any one of the schenes (la) and (2a) containi n% a plurality
of steps asiawai caltkl iRl Mah@ny) onel f theq sighrmegos 101a) 2(0ra{B) .- ~
(la-2) ~ (la-3) -~ (1a-4() -~ (la-5): and (2a) (2a-1) -~ (2a-2) -~ (2a-3) -]
(2a-4) -~ (R-5)(7) & . ({h £optaipd ng & PIuradddyi /§ §t€8FpdSnd of the

general 5 forml l.a). (where X and Y which nmay be the sane or different
repr esent &q%@?%é gl?%lééq'sdweéé"a hal ogen atom an optionally substituted
roani nh 8% Gek el Shave et ar b oF i3 r e Behr Sl tormul a (1118) 10
(wher e R38 @yl RAA Pvs {heogaise (pagy nss (3sadets nesl spoxe)(1-s)
(3): (3-1) > (3-2);
(4): (4-1) > (4-2);
(5): (a-1) =2 (a-2) 2> (b-1) = (b-2) > (1-5); and
20 (6): (a-1) 2> (a-2) 2> (d4-1) 2> (d4-2) > (4-3);
(1-1) the step of reacting a compound of the general
formula (II) (where X and Y which may be the same or
different represent a leaving group such as a halogen atom,
an optionally substituted lower alkylsulfonyloxy group or
25 an arylsulfonyloxy group; R' and R?® have the same meanings
as defined above) with an olefin of the general formula

(III) (where R’ and R' have the same meanings as defined

above) to give a compound of the general formula (IV)

- 8 -



to give a conpound of the general fornula (IVa) (where Y, R18, R38;awk 26038
have the sane neani ngs as defined above) ; (la-2) the step of reacting the
resul ting conmpound of the general formula (l1Va) with a hal ogenati ng agent
to give a 15 conpound of the general formula ( Va ) ( where Y, R18 , R38
and R 8 have the sane neani ngs as defined above, and Hal represents a

hal ogen atom; (l1a-3) the step of reacting the resulting conpound of the
general formula (Va) with a base to give a conpound of the 20 general

fornul a (VI eyhénke¥e K, Ri8, RR3d R* haveHthehaewet heasingsneani ngs as
defined abo (%/éi% (la-4) the step of reacting the resulting conpound of the
general for thdJI%ﬁ?OWih a base to give a conpound of the general fornula
( la) ( where RI8 , R38 , R48 and Hal have the 25 sane neani ngs as defined
above); (Iath)2} Hehatepeniof cera¢hing Hehe AU HNT ARFRANDIOR HYener al
formula (la) with, carbon rmnOX| de_and a conpound of the general fornula
(G111) - 19eneral fprnvbp3( REReriEl &hale9enatingh3es th PR éhi ch nay

subst | i ecPTEREYIAI Ro1 Cif ORISR ¢ ﬁ%r%&%’%ﬁ& el oG b A K
gofft’ﬁsghégéaer?%b%% BEE S St i Slnp e Al fied LG (af?i Xg? lt

fgr Irrunlea ((al ?‘\S‘) ﬁ%ggeit:é eniztle(; %eﬁ%gﬁﬂera ofr:ﬁrlfquFéglU&%(I| a‘i 10 ( rg R38
and R'8 havgel{des FaFBriErai (@5 ﬁfftl@'eé'tb’@é’eam véQagc': Surf®owHk of the

general fornula (Villa) (where Y, R18, R38 and R48 have t he sane neani ngs

as defined ghwweal fofma@r) (Vhe chiedrofy ] reat RAg ghe r'esnt 1Ay kewpound of
the general fornmula (VIlla) with a reducing agent to give a 15 conpound of

t he gener altiorsaha eaxXings (ashdsLined &Mdve) R38 and R 8 have the same
meani ngs as defined above); (2a-3) the step of reacting the resulting
conpound of (IH&) gemerstep cvindeadt Mag Whe resbisind cgipeind ehzZdpyr an
derivative of the general fornmula (Xa) (where R18, R38 and 20 R'8 have the
sane neani rARPeRHeferadlaboVe) ;with-2)base & eﬁ)l‘tﬁ %e"a&qwqwnm ting

5 40l hal OLhoay AR aER L RO ( ﬂvéﬂ%% 3 Pt a0 & tuherel ras)

R38 and R’ ve .t he Sane peani as. 2 ove and Hal represents a
hal ogen at gln%@ (E% 53 r{‘%em%?%ln%$ re%et'ling (ihe%c?veesu’l ting conpound of the

Phe gondr al (T ormias (7550 &2f Pgﬁ%fﬁggﬁﬁﬁ%ﬁ%ﬁmh AR L Gcess
for produci g flaBalbet | twied SLrEOPMiGoxide and a compound of the
general formula (G-III)
R°R°NH (G-III)
(where R® and R® which may be the same or different
20 represent a hydrogen atom or an optionally substituted
lower alkyl group) in the presence of a metal to give a
4-substituted benzopyran derivative of the general formula
(G-VI) set forth above;
(2-1) the step of reacting a compound of the general
25 formula (III) with acetylene of the general formula (VII)
(where R® and R! have the same meanings as defined above)
to give a compound of the general formula (VIII) (where Y,

R*', R?*, R’ and R® have the same meanings as defined above):
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derivatives represented by the general formula (G VIb) (where R b
represents a | ower perfluoroal kyl group; R3b and 5 R'b which nay bhé MARZ003
same or different represent a hydrogen atom an optionally substituted

| ower al kyl group or, when taken together with the carbon atomto which
they are bound, represent a pol ynet hyl ene group, provided that R3b and R'Db
are not both a hydrogen atom R5 and R6 which nmay be 10 the sane or
different represent a hydrogen atom or an optionally substituted | ower

al kyl group)2by)apye o8eepf of heesebengsthd bye il {Zd) campdididl thepl ural ity
of steps as indicated below, nanely, (Ib) (1b-1) ~ (1b-2) -~ (I b-3) -~
(I'b-4) -~ (dénéalafidri®l42bYI{2h-d)th~a (P2dd@)ing d@dnrt3)to RAm-al) -]

(2b-5) (1b-5); (Ib-1) the step of reacting a conpound of the general

fornmul a (I1odmpohedeoX thel ¥yembirah fraymbbat OEX saiwheare N f fRineRt, rRpresent a
| eavi ng group such as a hal ogen atom 20 an optionally substituted | ower

al kyl sul f ongh@x§’ dreviep tdre same yleaninasy lasxdefised; aRoetas the sane
meani ng as defined above) with an olefin of the general fornula1§gilb)
(wher e R3bahd-RYi Bheester ghnteachinggbhasreryltiing earpeynd e a
compound of the general fornula (1Vb) (where Y, 25 R h, R3b and R b have
the sanme neSPPAHRLatoEBRimeclIAbovEih:a (haEe)tq L] ¢ RAPZRIHI™hg t he

[ ti .of t | f I I j th I 4 t
Lo hive s SAPOYRELSe ehoriendrirraly Firiuts VBl tinark dOyHERI BTN
16 14 ? : th i . def i b , d Hal
representslvpl? I?%Q’gege%#g:;%% e?rte%gf%gﬂ;?%%' rsat%gﬁ?%fi ?‘élggtgiqﬁg ?\ﬁg rggul ting

conmpound Of<ib@?g€?§/{%e{,%w@%mgvﬁ@ PedPBEL 1o Ha;%wmﬁq&%ﬂow of the

5 general forml wher e R17 R3b' R4b an al "have the sane
nmeani Nng® asgdebiaedrePAYE] ; (kfbwﬂht@%éi@@ﬁtir@c‘égm the gesdild i ng

conpound of the general fornmula (VIb) with a base to give a conpound of the
general forayhadihabodedzoperan Rleri¥dt ivdaofinthdladerdwavsl tiwrmula (XI)
(where R', R?, R?, R® and Hal have the same meanings as
defined above);
(2-5) the step of reacting the resulting compound of the
15 general formula (XI) with a base to give a 4-halobenzopyran
derivative of the general formula (I) (where R', R?, R’, R*
and Hal have the same meanings as defined above);
(3-1) the step of reacting a compound of the general
formula (G-I) (where R*, R?®, R® and R* have the same
20 meanings as defined above) with carbon dioxide in the
presence of a base to give a compound of the general
formula (G-II) (where R, R?, R® and R! have the same
meanings as defined above) or a salt thereof;
(3-2) the step of reacting the resulting compound of the
25 general formula (G-II) or salt thereof with a compound of
the genera formula (G-IITI)
R°R°NH (G-I1II)

(where R’ and R® which may be the same or different

- 10 =~



10 sanme neani ngs as defined above); (1b-5) the step of reacting thﬁ 00
resul ti ng conpound of the general forrmula (Ib) with carbon nonoxid 4&%@ @
conmpound of the general fornmula (GIl1Il1) RSRGNH ( G | | | ) 15 (where RS
and R6 which may be the sane or different represent a hydrogen atom or an
optionally substituted | ower alkyl group) in the presence of a netal to
give a 4-substituted benzopyran derivative of the general fornmula ( GVlb )
set forth above (where R, R3 ~ Rdb ~ RS and R6 have 20 the same neani ngs
as defi ned rmdyunegen€ 24-Hydrdegest &ponfor eatt opigi enalihy caudsk of tutwed gener al
formula (11b) with acetyl ene of the general formula (VMIIb) (where R3 and R
have t he samvwemramlkigt gsoue) i bedsibeve)4tsaks vietetedripmaepwfan he genera
formula (VI11b) (where Y, 25 Rl, R3 and Rq have the sane neani ngs as
defined abdlerivative-of the gererat fommlag(GHEl) esell tfolgthe apidd of the
general forpula (VIIIb) with a reducing agent to give a conpound of the
gener al forh%T%)(thgﬁﬁ%eE MheFeagtinga cqupeipd -Of 7the genepdd 2003 R4bhave

h i defined above) . ,(2b;3) th f i h
Fesult1 Rg CAIBORR CF-§ helganer b f & o 43y HRVR EhBasanto give a
b derivat i h | formila (Xb b, Rsb and 5 R"'
nave Che sdifPnEavs s et it Sebves B (S abetit HE R 9DRRThg Che
I ti | a¢ i i tt
Give o 30a DR CLSSORLACRER 7l e oL e o SR SR e O o
R b, R3b, Rabea0detial, gsélﬂft?ﬁlyd]p@ 'wéox?sc{%%@eéﬂ gbgye); (2b-5)

the step of treating the res conpound o e general fornmula (Xlb)

W th a basesiws e meréa HGhOPeATIORY  gRodlef | yRtd Veobollte tengiaél gdsrad a
(I'b) set forth above. 15 4. A process for producing 4-substituted
benzopypnan fiermyrd | yesivepr esented by the general fornula (G Vic) (where
R b represents a | ower perfluoroal kyl group; R3 and R4 which are the sane
represent a | owerR&N®Y| group or a(Gel&s)fluoroal kyl group; R5 represents a
hydr ogen at om and 20 R6 represents an optionally substituted | ower alkyl
group) by dwhere BT represephesap leptipmally)sebstitwted towexralkyy of
steps as indicated below, nanely, (lc) (1lc-1) ~ (lc-2) -~ (1c-3) -~ (1lc-4)
-~ (1 ¢c-5); HRPRLAN (he Presendy off a hage 3‘%0 9¥vR g)campopnd)obethe 5y

X and v whiSH TS TR L arE §F BHTEs dhe foprovedt okt G Y. BPSEp such:
25,2 18609 & ol dllingd AL 2, abepdonal Iy Subst ] uted | over
whore B and 1) rne e SEMEILPLE R AT RABPIR Koy Sae Bl ) |
conpound ofgdiergEenes@huiHr palw) (+d/Cind el ecyGlization reaction to
give a 4-substituted benzoyran derivative of the general
formula (G-VI) set forth above;
20 (a-1) the step of reacting an alcohol of the general
formula (C-I) (where R?® and R* have the same meanings as
defined above) with a compound of the general formula
(C-II) or (C-III)
R’S0,C1 (C-II)
25 (R’S0,),0 (C-IIT)
(where R’ represents an optionally substituted alkyl group
or an optionally substituted aryl group) in the presence of

a base to give a compound of the general formula (C-IV)

- 11 -



R b, R3 and R4 have the sane neani ngs as defined above) ; (1lc-2) the step
of reacting the resulting conpound of the general fornmula (IVc) mﬁtp R 2003
hal ogenati ng agent to give a conpound of the general formula ( Va1) kmm%ere
Y, Rb, R3 and 10 R4 have the sane neani ngs as defi ned above) and Hal
represents a hal ogen atom; (lc-3) the step of reacting the resulting
conpound of the general fornmula (Vc) with a base to give a conpound of the
general formula (Vic) (where Y, R b, R3 and R' have the 15 sanme neani ngs as
defi ned abo(ehenadRHalR’r epdeBéritaven e wpme mean)ingsl @ )defimest ep of
reacting the resulting conpound of the general formula (Vic) with a base to
gi ve a conpdbe¥edf the general formula ( lc ) ( where Rb , R3, R4 and Hal
have the 20 sane neani ngs as defined above); (lc-5) the step of reacting
the resul ti @ ednpBEnateP eheT@RAELRY FRP nePBPYRS Qf tHhe FHHT¥Honoxi de and

a conpound of the neral formula (GIl11¢c) RscRsaNH | I I.C 25,
Cabor O EormiTadTOSIR) qvobRne S P AR 1ot Ok e FgR G )

& subst 1t ut e BEh-Bpyiih KiopRYa: Foe SeReracgemda o oridned Rt et
f h ab - 4 d~AIR ~ -1 h i d of
ort above tﬂ‘g %r?%?ggewof{haaéég?/ gn& § ﬁéxﬁ%ﬁeﬁfgqqlcﬁ%aa]]e% ound o

t he generali?ornul | éne of gener formula (VIII)

(where R3 h t i S i ) i.ve a
conmpound o?ggﬂégﬁeﬁé$glb?o?%gFa£?€§+$%§n?ﬁ%€$€ﬁ{f§%5 f3§%¥ﬁ$%f|q have the
same neani ngs-as) dekhagd RLOVE) R (Afa R* hB9eStRE 8hmbrR8hhiEgshgsresul ting
conpound of the general forrmula (VIIlc) with a reducing agent to give a
conpound ofaéhenga@nevaleformula ( 1Xc ) ( where Y, Rb, R3 and R have

t he sane neani ngs as defined above); 10 (2c-3) the step of reacting the
resul til®g ctopblnthef stép génsubjectimyl the |campaourich af bdee denegiale a
benzopyran derivative of the general formula ( Xc ) ( where Rb , R3 and R
have t he safermedai hgsVas deichets ablowednd (eednct et sitgp dfaT2dadid ng t he
resul ting conpound of the 15 general formula (Xc) with a hal ogenati ng agent
to give a 3NAlegpRRbbenzBRFFEACREP VEETY @ JTOMRRUNME R dihg GSRATRY X ¢)

wh Rl b, R3 d I t j defi ned ab : (2c-5
(shere Bl FBEFLS! ave, the sare recnl g, a2, dglined oo (20,9
ith b i 4 i vAatj t f I
1n e Dess Lo Bee B HRLERER SR, AT IRYME lole SoBAled ol e

derivabisvesyfgpyesented by the general formula (GVId) 25 (where Re
represents a | ower perfluoroal kyl group; R5 represents a hydrogen atom and

R6br epresenis-2) | eMET s 86K YbE Os@bPedbi e 1Y Qiipduia |of hawe er@tano group)
by any one of the schenmes (1d) and (2 containing a plurality of - 20
14 MAR 2003formula (D-II) to thermal cyclization reaction to give a
4-hlobenzopyran derivative of the general formula (I)
(where R', R?, R’°, R’ and Hal have the same meanings as
20 defined above);
(d-1) the step of reacting the compound of the general
formula (C-VI), which is the end product of step (a-2),
with a compound of the general formula (H-IT)
0=C(OR®), (H-IT)
25 or a compound of the general formula (H-III)
C1C=0(O0R®) (H-IIT)
(where R’ represents an optionally substituted lower alkyl

group) to give a compound of the general formula (H-IV)
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steps as indicated below, nanely, (ld) (ld-1) ~ (1d-2) -~ (1d-3) - 4%1@@
-~ (1d-5); and (2d) (2d-1) ~ (2d-2) -~ (2d-3) -~ (2d-4) ~ (2d-5) (Ed- . 5
(1d-1) the step of reacting a conpound of the general formula (l11d) (where
X and Y which nmay be the sane or different represent a | eaving group such
as a hal ogen atom an optionally substituted | ower al kyl sul fonyl oxy group
or an arylsul fonyl oxy group; R b has the sane neaning as 10 defi ned above)
with an olefin of the general formula (I11d) set forth belowto give a
conpound of (whergerier &, f Rt MA*aanVE] Haveriehel semie Rledmirggd hes sane

meani ngs as defined above); (1d-2) the step of reacting the resulting
conpound ofdefind®d gleoreenl fornula (1Vd) with a hal ogenati ng agent to give
a conmpound of the general formula (Vvd) (where Y and R b have the sane

meani ngs as(dte? ) nighle apbee, ofinsubiéct bny esleat conpdndgeh thergendnall 3) the
step of reacting the resulting conpound of the 20 general fornula (Vd) with
a base to divEnalaotibolhl b9 thermghery¥tlizatiom Yaadiqmnk? JWe @b and

Hal have the sane neani ngs as defined abovez' ‘Eld-4) the step of, regcting
the resl tiFRINRGMSUNE Bhe t Benelmbr EPTMEkaI B Y\ 014Fe R'a BaseRto Rjive a 4

25 hal ob derivati f th | f I I d) .(wh R b d Hal
have t he. odi HEaRaiss LHE derienaaado0s) 25 AHE3PenaberE of reacting the

I ti f the -_21 4 NMAR 2003 | f I I d ith
Carbon monollos) oS a® koRpat mir v Trielbordra sror i (Biedyt ket o
I I o ahd; Hﬁfﬁﬁ I
al kyl gz o&%ﬁ%nﬁ@%ﬁ??gg%?bh%%g&g%%a‘g@ grourﬁbtl%eet e pr se%f:% O?vvzr

metal to giyg GeHy@bReivd UbsHaOesORN A tieTd V&S dhegenedddrd 0r mul a
(G Vid) set forth above; (2d-1) the step of reacting a conpound of the

gener ah0l0 formula (¢ldjni th acetyl ene of the general fornula (Mi1d) to
gi ve a conpound of the general formula (VIIId) (where Y and R b have the
sanme nmeani ngs as Rf&'WHMed above); (2d-2)(e¢heIBYep of treating the resulting
conmpound of the general fornmula (MI1d) with a reducing agent to give a 15
conmpound of (Whereehieraald RSr whilah (mxyl) bé whiee esamanelr RibE flewent he same

meani ngs as defined above); (2d-3) the step of reacting the resulting
conpound ofTeReRMEral hYSFogem 310W)oxiam e bty gruhs bl e dpyr an
derivative of the general formula (Xd) (where R b has the 20 sanme neani ng
as def i ned LBERR)aTRBh. GFOURL £9 CHIER 3 chet iR tHESLRANFIRYThpound of

the gener sl Lorali &, O0) ML, 8 LA POENBLNG RSP L0, OIUE A srove

3, 4- di hal obenzopyran deri vative 0 He "gener for'mi ere R b and

{_lflaa??\r/lg E% fgﬁ?ﬁﬁ%%gﬁn‘%ﬁﬁ%ﬂ@%‘é f ezgéﬁke{?%ﬁ?%éﬁgl-b?n(%d lsgtvxllrf’lltohm:at base to
give a 4hal @belwapyvad £eptysdhved By thee Gpaedadl fasd B (Iehvra)
(where R'® represents a lower perfluoroalkyl group, a nitro
group or a cyano group; R®® and R* which may be the same or
20 different represent a hydrogen atom, an optionally
substituted lower alkyl group or, when taken together with
the carbon atom to which they are bound, represent a
polymethylene group or a substituent forming a heterocycle,
provided that R and R** are not both a hydrogen atom; R°®
25 and R°® which may be the same or different represent a
hydrogen atom or an optionally substituted lower alkyl
group) by any one of the schemes (la) and (2a) containing a

plurality of steps as indicated below, namely,
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- 22 14 MAR 2003 (where Rlb and Hal have the sane neani ngs as ﬂeWEgﬁ}
above). 6. A process for producing 4-substituted benzopyran derivati
represented by the general formula (GVlie) 5 (where R e represents a
trifluoronethyl group or a pentafluoroethyl group; RS represents a hydrogen
atom Rba represents a cyanoethyl group) by any one of the schenes (1le) and
(2e) containing a plurality of steps as indicated bel ow, nanely, 10 (1le)
(le-1) -~ (le-2) -~ (le-3) -~ (le-4) ~ (le-5); and (2e) (2e-1) ~ (2e-2) ~
(2e-3) ~ (2aah) (ra{Re-B3) (1a-0le-b)(14+%) 1P t(ha-dt)ep> of lae@rtiamgda conpound
of the general formula (l1le) (where Rle has the sane neani ng as defined 15
above) W tH2a) ol=4i1) 0P t(Ra-géner a( 2463 huPa (Ra-Kd) Bet2405) bel ow to gi ve
a conmpound of the general formula (1Ve) (where Rl e has the sanme neani ng as
defi ned above); ((Xee-2); the step of reacting the resulting conpound of the
general formula (1Ve) with a hal ogenating agent to give a 20 conpound of

t he gener al( ¥aorhul 8 g \ejer ifereeaRtd h S (GRIReand r?égr?ihﬁgg%eéféfli ned above;

Hal represents a hal o]gqen atonm); (le-3) the step of reacting the resulting
conpound off ik nEtEr) fOMMgHe X Ad W thiehy & &?\‘?e 2M€offfound of the

25 | f I VI wh d Hal h h [
dof ned abeUbLeT et FEATRASTE R OroES (3 e 4o0h 8% ngCouRBuRTRr  he

| f I Vi ith b t ' S 3
Pal obenzopyPhririchya ¥ e ue TSR A Bulnsheepvtonll SR g5 1
h th ' [ b L 1.8 ti th
asul ting ChouiE brEe RSB AR BT e | Bt rREERLR 4570k e and a
conpound ofgd i GeNEESYe | AN aad G1ld1§) JPORGNGene@all forimda) ((witene RS

represents a hydrogen atom and R6d represents a cyanoethyl group) in the
presengg Of (wheémed k3>t gn@i N Batd Hh&UHSHE tinéath Hed zapydeti kel iatsdvee of the
general fornmula (G Vle) set forth above; (2e-1) the step of reacting a
conpound oftd hgigenerabmpoumil @ (1Hee Yerededr € Rmullzad IViad dwimereedni ng as
defined above) with acetylene of the general fornmula (ViId) set 15 forth
bel ow t o giR/&, aR¥€oapduRl bbvehthgesamal mganinda &% deeingdhabeve) ehas t he
sane neani ng as defined above); (2e-2) the step of treating the resulting

conpound of (3re2 hekes af teRrofll BeqAInD)the e litddi G Pyt °fo itve a
compound of 415 SSTELaly L2 M8 (28] {538 ek i 29 e s
generalof o b deds NAJ SPE, ol SV EIAURGA ol e
R** have the same meanings as defined above, and Hal
represents a halogen atom);
(1a-3) the step of reacting the resulting compound of the
general formula (Va) with a base to give a compound of the
20 general formula (VIa) (where Y, R'@, R*, R* and Hal have
the same meanings as defined above);
(la-4) the step of reacting the resulting compound of the
general formula (VIa) with a base to give a compound of the
general formula (Ia) (where R, R*®, R* and Hal have the
25 same meanings as defined above);
(Ia-5) the step of reacting the resulting compound of the
general formula (Ia) with carbon monoxide and a compound of

the general formula (G-III)

- 14 -



25 (2e-4) the step of reacting the resulting conpound of the general‘la AR 2003
formula (Xd) wth a hal ogenating agent to give a 3, 4- dlhalobenzopyr N
derivative of the general fornmula (Xle) (where Rle and Hal have the sane
meani ngs as defined - 24 14 MAR 2003 above); (2e-5) the step of treating
the resulting compound of the general fornula (Xle) with a base to give a
4hal obenzopyran derivative of the general forrmula (le) set 5 forth above.

7. A process according to scherme (3) or (4) in Process 1 for producing
4-substituted be®BiNH an deri vati Vi@ I'Epy esented by the general fornula
(GVIig) [where R19 and Rz9 which may be the sane or different represent a
hydr ogen 10 vitears Rinaongt Ronerigh sudsthe utlesl dameromldififegreouip, an
optionally substituted | ower al koxy group, an optionally substituted | ower
al koxycar baeprefenip)a swdsdean@tion aubsan aptddnadiar salbisdidutiegny| group,
an optionally substituted aryl sul fonyl group, a halogen atom a nitro 15
group , a ChPATRF FiBUPL FrIMRIYELY tiiferesenged o aviedif ind® 9dVeh& sane or
di fferent each represent a hydrogen atom an optionally substituted | ower

al kyl gPoup,~ PGt | %ﬁac%tdﬁqvcﬂﬁérveal%%ﬁwa]g (966‘“13% aryl

group, an o | 1 ustltu dIo r a oup or

optionally ¢ gj.b@ﬂlg’ g‘ﬁﬁ Oé’rﬁ/lv‘\%’reﬁ?p Iﬂ/\/ne 't ak aﬁ’c?gé*t a@?"&nh t he
nitrogen at Qm to whi ch t.he re rma 3- to 8-nenbered ring);
R39 and R d: Whi e meannlrf e(’jlasar#r,ga nddi %Wgt r epr esent a hydr ogen at om or

an opti onaII Vi h ajhey are not
both a hydro%aezlu)gﬁjﬁn% L%?%gba faRJGQ%?\.?In ?:Hr? may b éﬁsogerrghtoer% ?cerlent
represent & JdpiiRoen B PRh HodRiliealdsy tmbgénféﬁaqd ﬂo&%rlaal(wmgr oup]
by the steps of: reacting an al cohol of the general formula (C1Q) 25

14 NMAR12003 wheied R°’R32n@ el Rh@vdarige t H@mé an@aeds NS @sf Tiedd natsbadpve)
with a conpound of the general formula (G I1) or (CGII1I) RS02CL ( G | | )
(R SQ2) 20 (1© Iddve 5 (wdmyanrid ofeprhes gereral doiimedal [(WISTESt i(wineew Ky
group or an opt| onaIIy substltut ed aryl group) in the presence of a base to
give a com:R)undRof apfleR(ehaval ther aahe neanipys (apedefned RIVOwRMY: R'9 have
t he same nmeani ngs as defined above); 10 reactl ng the conpound of t he

general forlAf=? Y Ghegiten taf aFI&ﬂFddl% nesat Sompound 21 Ehgy)

wh R19 th def d a th
o 5 base. SRS HpAETEA O Raara oo gecrednd %t%"%ozt? S ¥sdound of
th | 9 ak
mantngd ac Ul S JER Fbaifita cﬁ%éﬁ%h% End 953’3@ i

(Glg) witheahpd ghoxise ifediendd esenier Hed fasp 0 give a conpound of
the general fornmula (G11g) (where R19, RZ9, R39 20 and R 9 have the same

meani ngs as( ziefi nechahong) oF aaling hare desulraag idompduaac orpamed of the
general formula (G Tlg) or salt thereof with a conpound of the general
formul a (Gddrerdl S£RSRANH (IXa) witH & base to give a benzopyran
derivative of the general formula (Xa) (where R'@, R** and
20 R** have the same meanings as defined above);
(2a-4) the step of reacting the resulting compound of the
general formula (Xa) with a halogenating agent to give a
3,4-dihalobenzopyran derivative of the general formula
(XIa) (where R*®, R® and R* have the same meanings as
25 defined above and Hal represents a halogen atom):
(2a-5) the step of treating the resulting compound of

the general formula (XIa) with a base to give a 4-

halobenzopyran derivative of the general formula (Ia) set

- 15 -



(where RS and R6 which may be the sane or different represent a hydrogen
atomor an optionally substituted | ower al kyl group) to give a COWOMWSW
t he general - 26 14 MAR 2003 formula ( GVg ) ( where RR9 , RZ9 , R39,
R49 , R5 and R6 have the sane neanings as defined above); or alternatively
reacting the conmpound of the general fornmula (G1lg) (where R19, R29, R39
and R49 have the sane neani ngs as defined above) 5 wth a conpound of the
general formula (G 1Va) (where RS and R6 which rnay be the sane or

di fferent riprigsestovde hydrogen atom or an optionally substituted | ower

al kyl group) or a compound of the general fornmula (G1Vb) R6BNCO ( G 1Vb )
10 (where R68 repmsmEs for gptidnzing 4Suhdid thittueed dserzogdyikndn group) in
the presence of a base to give a conpound of the general formula (G VQ)
(wher e R19,de2rathidGs REpRraR@eniel Ry héhee genersdndg anmarliand$-dd def i ned
above); and subjecting the conpound of the general formula (GVg) 15 to
thermal cyclWheite dh reeR¥esents. a Aloyer aeer fkuwral Hey k gradiemR ' ( Hndr (4)
in Process 1 or a process according to Process 7 for producing 4substituted
benzopyPan Ter¥RAEEH VBRY 9 B ntape T t FE FRTFRNM aI TIRFGABTEE (EGMIHOER forth
bel ow, wherein RL and R2 20 in the general formula (y VI) which y be the

Isame orI gi }‘a?té?“b'ntar} éiﬁ’é’s‘iﬂﬂljail’ lh'i}‘H? : Wfaﬁ%rﬁdo“?ﬁ: Gt I Y Ps Mst i ed
ti t.itut ,
SEEE%?;L {Z tsaﬂ%egf?fﬂﬂae@%o%' O“taffsﬂ%&%%afﬁ%%h”ﬁ:wgr V\?i”‘gﬁ 3%6%2%:’|eﬁ :
%Alﬂ% 12e591?elh§;e?ﬂt5‘g poc{lcy}h]nqux%%ne d e 5 D% P AU NYBYb

aryl sul fon group, a ogen a ro=gro a cyano group or

(where Ye anh Yo why then sy idd enentn,gagh
hydr ogen at om an%%%ﬁﬁ%u%?tll t'ut _EEHZJ?J' ® %HawﬁR‘é%%%ﬁﬁﬁer&al kyl

group, 1an Giid Giatd Yors Wit drdnd depieds etk ax psardogey] adioalpr am acyl group,

an optionally substituted | ower al kylsul fonyl group or an optionally

subst i t ut edpridrsail fyorsdbsgrionpt eat ,1oMean alalydn drogg)hdy, amyy onef ofmthe3- to
8-nmenbered ring); R3 and R4 each represent a fluoronethyl group; and RS and

R6 whi ch m@chemashd dahreanst (R ) eramritaimdmoe semluxaiyidyo@dn sdeps @s an
optionally substituted |ower alkyl group. 9. A process according to schene
(3) or (4) Indimafesdellowy gramelst.ocess according to Process 7 for

duci 4 substituted. b ivati ted by th I
Pormia (o6 G- br2n BEPRL, Tnbrerd) i THCRS. Gonbrar®toria (G Vi)
t -t gl - t af | h , RZ
opr ooit ¢ Gy AT 18 KeBee) B s RS Ao R ePeatdacht (01T Lo onbt hyl

group; and RS andXgwhich may be the same or different represent a
hydrogen atom or an optionally substituted | ower al kyl group. 10. A process

accor di ng t@sanerehd ey dfl)rd:dbtarr%c%s%ohp%@n@r of Rhecgesezggording to
Process 7 for producing 4 substituted benzopyran derivatives represented by

t he gener alfdmuhd § 16 )VI(whesst X @arid Yoehdwh waer ®entRé samehergener al
fornula (G VlI) represents a 6-trifluoromethyl group or a 6-pentafluoroethyl

group; RZ rdfifegmmts einedreogem Aeaatioy gR®upnduRh each hepogsenatam,
fl uoronet hyl group; and RS represents a hydrogen atom and R6 represents a

2- cyand®t hAn gifupnaily sulsddday:efdorl omead @dkivg snlEQpFLiokyt 6goBPn2spyr an -
28

an arylsulfonyloxy group; R™ has the same meaning as
defined above) with an olefin of the general formula (IIIb)
(where R®™ and R* have the same meanings as defined above)
to give a compound of the general formula (IVb) (where Y,
25 RY™, R™ and R* have the same meanings as defined above);
(1b-2) the step of reacting the resulting compound of the
general formula (IVb) with a halogenating agent to give a

compound of the general formula (Vb) (where Y, RY™, R® and

- 16 -



14 MAR 2003 derivatives represented by the general formula (G VIig) [where
R19 and RZ9 which nay be the sane or different represent a hydrogen atom
an optionally substituted | ower alkyl group, an optionally substftudsRd003

| ower al koxy group) 5 an optionally substituted | ower al koxycarbonyl group,
an optionally substituted | ower alkyl sul fonyl group, an optionally
substituted aryl sul fonyl group, a halogen atom a nitro group , a cyano
group or NY$Yb ( where Ya and Yb which nmay be the sane or different each
repr esent &R‘hydrvegdhel &ameomeaaringst iasndeffinedbsbivet ednfioled al kyl group,
an optionally substituted | ower al koxycarbonyl group, an acyl group, an
optional | y mapysesentsd |hadargen lgiem:f onyl group or an optionally
substituted aryl sul fonyl group or, when taken together with the nitrogen
atom to whiCHotheythe step ubading dhe Fesultdng eompoudd ofhdhe R39
and R'9 which may be the sane or different represent a hydrogen atom or an
optional | y $amEdt faanila 1 \00) KA thy o s ritevidde® eh&emPeadaed 8t both a
hydrogen atom R5 and R6 whj ch may be the sape qf differ epresent a
hydr ogeR athrﬁeoFaJar#]%“Hrﬁié)Wg?)l y("%}tﬁfﬁ&u o IRowe?ﬁ al ?(S‘/&n%?{)ulgﬁ“,’ev\her ein a
conpound represent ed by the gene f la ((GVIg) (where R19, Rz9, R39,
R'9, RS an NG r?%gel%gan%aé]e?gnignseocgga% S’fel)ded above). 12. A process

S m d
Gorr Lot Mo sCLET R S S d oI fith R SN AU SRERAY 0 che
wher ei n R19, A0dh-FR % dyind 118 @EASY abi P dWad EoVifveMd ComPR¥nRe dfaneame or

different represent a hydrogen~,atom an optionally - 29 14 MAR 2003

substi t ut edyd Qued1 a¢ dotuXH OUib ) AwHtd qa] I supst hhatedl | paee ahkoxy
group) an optionally substituted | ower al koxycarbonyl group, an optionally

subst i tot edsdwatiedings Wd oyt iggd Hhova) ;optional |y substituted

aryl sul fonyl 5 group, a halogen atom a nitro group, a cyano group or NyaYb
(where Y$ afth¥h) ithe s trary bt tdwmctsiae tdre didsdrtdmg eaotpouest eferttheg
hydrogen atom an optionally substituted |ower alkyl group, an optionally
substit ut edIeRmERl Q@%rmw’gﬂb@rb&? MO%W%@ semrd Wi o
substituted | ower al kf/l sul fonyl group or an optionally substituted

aryl sul f onyngraeRreL W@P]t%k(e‘g'%]c@et her with the nitrogen atomto which
t hey are bound, r%m}ﬁrma 3- to 8- red ring) ; R39 and R 9 each
represent a fluor yl group; Ré whi ch may be the sane or

di fferegt 1(‘5wli%?é ?SghdaRhy‘gﬁg&ggr%c%%og}eargaqpé 'f%‘adl'ﬁ/f ituted | owner

al kyl group. rocess accor ocess for produci ng

4- substi t ut,ed, REOZOPY aly dSd At P JreRIE R IRA AN heiaanahaled or mul a
(GVIm set forth below,” wherein R19 in the 20 general fornula (G VIg)

represent s boweit raltyorgraig)y | igrihg pesercepaeft af medradettoy lgigreowp; Rz9
represents a hydrogen atom R39 and R 9 each represent a fl uoronethyl
group; and R5sulsit Réatd drenmagpyomn e rsiarad iore diff ftdree e negarle Sammug a
hydrogen atom or an optionally substituted 25 |ower al kyl groyp. 14. A
process accdFdVhe) teetPrinmedy dauover(Whes®ud ng M- subst | Rutasd FenRaper an
derivatives represented by the general formula (G VIin) set forth bel ow,
wher ei ROR1othe, $Hpe megnings as defined above):

(2b-1) the step of reacting a compound of the general
formula (IIb) with acetylene of the general formula (VIIb)
(where R® and R* have the same meanings as defined above)
to give a compound of the general formula (VIIIb) (where Y,
25 R'™, R® and R* have the same meanings as defined above);
(2b-2) the step of treating the resulting compound of the
general formula (VIIIb) with a reducing agent to give a

compound of the general formula (IXb) (where Y, R, R® and

- 17 -



14 MAR 2003 general fornmula (G Vlig) represents a 6-trifluoronethyl group or
a 6-pentafluoroethyl group: Rz9 represents a hydrogen atom R39 arid: MAB200S
each represent a fluoronethyl group; and R5 represetns a hydrogen atom and
R6 represents 5 a 2-cyanoethyl group. 15. A process according to schene (5)
or (6) in Process 1 for producing 4-substituted benzopyran derivatives
represented by the general fornula (1z) set forth below [where R19 and RZ9
whi ch may be the same or different 10 represent a hydrogen atom an
optional 1y Bifbkaveutkd sawmermeskingsraspietimed ogfeovel om an optional |y
substituted | ower al koxy group , NYBYb ( where Ya and Yb which may be the
sane or diffébeRd) &hehstepr efemeagtipar henrasvifiiag epnpownad| 9f sthst it ut ed
| ower al kyl group, an optionally 15 substituted | ower al koxycarbonyl group,
an acyl groQﬁPeﬁﬁioﬁpFﬁﬁépl§I§GKSWFFBtédbﬁéﬁeFOaGRYPsﬂlP%ﬁ?PpﬁF%%p or an
optional |y substituted arylsul fonyl group or, when taken tggether with the
ni t rogen atGﬁFFBaﬁﬁVEh°Fh£99a98n8§ﬁﬁdfoﬁﬁ9lﬁofﬁ?& Svhere gRmenBer 88% i ng), a

i a 20 , [ | bst i d |
%%%%ﬁ?ﬁf%ﬁfﬁ%§%§&%§§%ﬁéa%@%awﬂqmwl%%g
| | s .
oy obt E2br i) SRR LEbeReTY B hET R OL B £ 18y LORESERA Se2cHE! PION

wth a Conpggﬂgr§i(5EgpginggbgfQEEH'Q ﬁgibgén8£i§§;£é%%tFﬁé5 (aC11)

(R SQz) zO (C-1T1 epresents an optiona strtuted | ower

al kyl - 31 3,414iNAR-BEA30PYPHA ABrefalRib0Ba! tieSybseta Yl 6rmaYA group) in
the presence of a base to give a conpound of the general formula (CIVa)

(where R hagibhe (spBReREN R aR‘Uefiderhiahere) tHe @Rl imgntihe sC@pound
of the general formula (CG1Va) with a conmpound of the general fornula

(G Vo) lowhedefRi8dantoRBY; have t he sanme neani ngs as defined above) in the
presence of a base and a nonoval ent or dival ent copper salt to give a
conpound of (2he5¢yehbeabtepr mil dre¢ating) thehsesuldimiocampome® ¢kive t he same
meani ngs as_defined above); subjecting the conpound of the general fornula
(G Vla) to HapogeRarprénfPERELRoAXLD) gViEhaacha®BuURE S1Vehd §eneral formul a
(D1 la) ere RI9 , RZ9 and. Hal have the sa ani hgs, as. defj ned
Sbove) : anthabO0ERFEbEFAY ARELEBRbBANALoPheHASREREEaSTBI AT BET b FPE) 1o

t her mal cycﬁgggﬁiggo gaction. 16. A process according to schene (5) or (6)
in Process or produci ng 4-substituted benzopyran derivatives represented

by the sgenesal Ropitbbast! ¥orSphobabifighel oub2Pstubes Sofilzopvidie general

formula (1) represents a 6 trifluoronethyl group or a 6-pentafl uoroethyl

group; RZ r@eresatives b¥giegentaliony HBeagen&fabotbrmePs e6€NIa)
fluoronethyl group; X is a bromne atom) by the steps of: 25 reacting an

al cohol of t(WeegenkPakrebmesehas(&- llajewi pbralaonpalikgl ofrbhpe; getienald
formula (G11) or (CGIlIl) RSQZCL (CG1I ) (RSQz)z0 (C111)
R*® which are the same represent a lower alkyl group or a
lower fluoroalkyl group: R’° represents a hydrogen atom and
20 R°® represents an optionally substituted lower alkyl group)
by any one of the schemes (lc) and (2c¢) containing a
plurality of steps as indicated below, namely,
(1c) (1lc-1) =2 (1c-2) =2 (1lc-3) = (1lc-4) = (1lc-5); and
(2¢) (2c-1) =2 (2c-2) = (2¢-3) =2 (2c-4) 2 (2c-5) >
25 (1c-5);
(1c-1) the step of reacting a compound of the general

formula (IIb) (where X and Y which may be the same or

different represent a leaving group such as a halogen atom,

- 18 -



- 32 14 MAR 2003 (where R represents an optionally substituted | ower
al kyl group or an optionally substituted aryl group) in the presence"éfMM?mM
base to give a conmpound of the general fornula (C-1Va) (where R has the
sanme neani ng as defined 5 above); reacting the conpound of the general
formula (G 1Va) with a 4-substituted phenol derivative of the general
formula (C-Va) (where R18 has the sane neaning as defined above) in the
presence of a base and a nonoval ent or 10 dival ent copper salt to give a
conpound of &heopehenallffosnbbaitEt &l b)oyeheatkRiSuhéeny hexy agreoueaor Ng as
defined above); subjecting the conpound of the general fornmula (GVIb) to
brom nati on aRagridasudfogylexy gveppunk’’ohashthessguacneaningnasa (D-11b)
(where Rl e has the sanme neani ng as defi ned above); and subjecting the
conpound of €@f&igedephpvedrwith o elefin oof hihengerskal Z@¥onla ebEIToh.

17. A process according to scheme (5) or (6) in Process 1 20 for producing
4- subst i t ut e§WBeRSoByramd der i haveveke repre seeretney ahdefenadlaieovedl a

(GVliz) set forth below, wherein Rl in the general foryula (GV
Fepr ecents at8 BLVFI BoPBMECHR GF olie CTERSEE Rt A M DI PYI (GhotR: Y Rz
[ ebresent s Sl ORsen £SO 3 RIS, Ming et PRIFOFE! o Bred 4ELRITL™
Ty ogen =L oFABEgT0cRE: LEBELbE PUREHAY ERg' FNEG ALY i i éha ocess
general formula (IVc) with a halogenating agent to give a
compound of the general formula (Vc) (where Y, R'™, R and
10 R* have the same meanings as defined above, and Hal
represents a halogen atom);
{lc-3) the step of reacting the resulting compound of the
general formula (Vc) with a base to give a compound of the
general formula (VIc) (where Y, R'™, R* and R*® have the
15 same meanings as defined above, and Hal represents a
halogen atom);
(1lc-4) the step of reacting the resulting compound of the
general formula (VIc) with a base to give a compound of the
general formula (Ic) (where RY™, R*, R* and Hal have the
20 same meanings as defined above);
(Ic-5) the step of reacting the resulting compound of the
general formula (Ic) with carbon monoxide and a compound of
the general formula (G-IIIc)
R*°R®*NH (G-IIIc)
25 (where R** represents a hydrogen atom and R*® represents an
optionally substituted lower alkyl group) in the presence

of a metal to give a 4-substituted benzopyran derivative of

the general formula (G-VIc) set forth above;
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14 MAR 2003 for producing 4-substituted benzopyran derivatives repMRessed
by the general formula (G Vly) set forth below, wherein RL in the general
formula (GVI) represents a 6tri.fluoronethyl group or a 6-pentafl uoroethyl
group; RZ 5 represents a hydrogen atom R3 and R4 each represent a

fl uoronet hyl group; and R5 represents a hydrogen atom and R6 represents a
2-cyanoet hyl group. 19. A process according to schene (5) or (6) in Process
1, which uses a conpound of the general formula (C1Vb) as 10 obtai ned by
reacti ng nmet2anesutienyterhdbrremcioing e generaid fafr miea geddngl where R i s
a nmethyl group with a conpound of the general fornula (C1) where R3 and R’
are each a foxrmbaethih) griup. acdtylens o sthea@mratialg farmgieennd/I1) or (6)
in Process 1, 15 which uses a conpound of the general fornula (C1Vc)
(where Tol (irkedhtsandtBRi’yhageouhy same nmeanbrasnes definedtahgve)

p-tol uenesul fonyl chloride of the general formula (G 11) where R is a
p-tolyl grotd ¥ & IR of e Tl FUMAR ((V@H)Cwéﬁ@% Yand R4
are each a fluorgmethyl,group 20 in the presence of _a_base. 21. process

accordi Ag th schenB@s} oPayE) the PF‘B‘Ee@gaE?nﬂﬁi gf tefingdcaRp¥and of the
| f | -Vl b wh Rl eh t ani def i b

That 1 obt R CHRT RN 1 SRR R oS Mot 3 iy ok

25 forth b h i ; i Rl inth

qoneral  fordaie Ly APLEAD (P TSt (R LA L eyl

group and i YSE ogsl i npahd ergr alg#o la -
34 14 M%xg%%??c&{ \Vb) o?ér?ééﬁ?al%mcf)%%%%orth be(fi{)rlv‘\=7fIlkevx/nmg'remie n T%I SHd

represents g@cph4bytndr SaiRe Reanfn@s 088 SSe ALEA hw@kd O sChene (5) or (6) in
Process 1, which uses a conpound of the general formula (D-11b) 5 (where

Rl ehasibhe sades yeane gtas sefranst alpvide tihedull tsi b tainieoindy df aienat i ng a
conpound of the general fornmula (GVlib) set forth below (where R e has the
sane neani rgersrakfforoubbol/E{c Rivith thdagenaralgifver raulkenzopginan s a
4trifluoronethyl group or a 4-pentafluoroethyl group; RZ is 10 a hgdr ogen
atom R3 aeRavakiveorh the | genemat HormtloupiXc 3 wheng dcesRactdidi ng to
schene (5) or in Process 1, which uses a 4-bronobenzopyran derivative

n

4c 6 3 4
of the gendtal P#¥e e FPH PERRIRIR 25 HREIMRA BPRYSHani ng as defi ned
b t hat, J tai ned b bj ect. of the 15 |, f |
(D1 hy set 4ErEh O ot ek et fi i R e 40 fERE Fpdbove
Bl | : . e et .
10 18 Spetal, (G (B i % SOTAINAT e s
fluoromet hyd | QI @1Pa1 Shd Pz SpPr LN dier AFAMvd bff Na{dRfe LY HdrF@ilion

reaction. The general formila (G 1) and the general formula (G V)
represent subbdpniwipety RMe RANERtoapaundl RivandhBlPamepmesgmhgs as
substantially the same group ) so do RZ and R29. The general formula (CV)
and t he gentefinddrabdee 5 (C- Vg) represent substantially the sane

conpound. The general fornulae (C-Vlie), (CGVIj) and (CVIy) represent
subst anti al (3cthk heeseppolindceating the resulting compound of

20 the general formula (XIc) with a base to give a 4-
halobenzopyran derivative of the general formula (Ic) set
forth above.

5. A process for producing 4-substituted benzopyran
derivatives represented by the general formula (G-VIA4)

25 (where R™ represents a lower perfluoroalkyl group; R®*
represents a hydrogen atom; and R® represents a lower alkyl
group which may optionally have a cyano group) by any one
of the schemes (1d) and (2d4) containing a plurality of
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON - 35 14 MAR 2003 As nenti Maremo;
above, the present invention relates to a process for producing
4-substituted benzopyran derivatives represented by the general fornula
(GVI) [where RL and Rz which may be the sane or different 5 represent a
hydrogen atom an optionally substituted | ower al kyl group, an optionally
substituted | ower al koxy group, an optionally substituted | ower

al koxycar bonyl group, an optionally substituted | ower alkyl sul fonyl group,
an optional | ytepbsast dhddcargfisbelowyl ngmely, a hal ogen atom 10 a nitro
group , a cyano group or NyaYb ( where Yg and Yb which may be the sanme or
di fferent eathdlepldsdnt 2 hdrDger 426m3)ar optdohal Py (ddoStist @néd | ower
al kyl group, an optionally substituted | ower_al koxycarbaonyl group, an acyl
group, an opf?@ha(??'%&b§¥i&%ﬁ?ﬁﬁ IBwérdaBRy & ul 3&1H) 'érd@ﬂ‘ﬁ o an

optionally substituted arylsulfonyl group or, when taken together with the
nitrogen atomto h Cﬁ)fhey are bound, may forma 3- to 8-nenbered ring)

. when t aken_t , t @ substituent =N=ON=: R3 R whi ch
Ty be.t e shha 7 HREr BEEROf orracEHRY LR LR M he SPERRbot i onal Iy
bsti t ut ed | W ith th bon at
S wii ch ¢ heb OB Bobitalr BiPegh x "GR8 ¥ MEPeh PRL S TS oo R Tuent

for h , i h t

hom B anc EEESEERE rEPEYLERE & (Ralindldroll Yo Ale X i fodl ESH,

atom or an Oaﬁ’ﬁiQ?E‘Ebﬁai!ﬂ?SEﬁBHEf@chQ&EIoﬁéi‘Yél}%PélPif 2Oy o he
, (3)) (4), plurality o

schenmes (1), (2~ (5) and (6) containing a steps as
i ndi cated behdpWarpasBh¥onylely grddp MR*2R8S (He: sére lhean{dg2is~ (1-3) -]
(1-4) -~ (1-5); (2): (2-1) ~(2-2) -~ (2-3) ~ (2-4) -~ (2-5) ~ (1-5); (3):
(3-1) -10(3-2¢fihdd: abdve) withdarR)oléf{h)of (thd)gendwel)forthuld-()IEd)
(b-2) -~I (1-5); and (6): (a-1) -~ (a-2) ~ (d-1) ~ (d-2) -~ (d-3).
Referring tosebhefdrthbbeilowt td dEve opycompoland vef i thes geapprskbrfermblat he
general formula (G VI ), exanples of the optionally substituted |ower alKkyl
group as Rl &R¥dRz(wheracluardaR] ohaveakke| sgreupeaningseds ndeHErRYl group,
a | ower perfluoroal kyl group, a |lower al kyl group having a hal ogen atom as
a substituen??ogﬁg’an a- hal oal kyl group;

(14-2) the step of reacting the resulting compound of the

15 general formula (IVd) with a halogenating agent to give a
compound of the general formula (Vd) (where Y and R* have
the same meanings as defined above, and Hal represents a
halogen atom);

(1d-3) the step of reacting the resulting compound of the

20 general formula (Vd) with a base to give a compound of the
general formula (VId) (where Y, R'™ and Hal have the same
meanings as defined above);

(1d-4) the step of reacting the resulting compound of
the general formula (VId) with a base tp give a 4-

25 halobenzopyran derivative of the general formula (Id)
(where RY™ and Hal have the same meanings as defined
above);

(Id-5) the step of reacting the resulting compound of the
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exanples of the optionally substituted | ower al koxy group as Rl aqﬂbﬁﬁ 20
i nclude a | ower al koxy group and a | ower 15 hal oal koxy group ; exa % 8}
NYaYb as Rl and RZ i nclude an am no group and an acyl am no group. Exanples
of the optionally substituted |ower alkyl group as R3 and R include a

| ower al kyl group, a substituted | ower al kyl group, a | ower fluoroalkyl
group, a 20 lower alkyl group having a hal ogen atom as a substituent, and
an a- hal oal kyl group. On the pages that follow, the practice of the present
i nvention igendeadr ifleethdlar (Jd) diifthe carbonc memesideoapddal compoaed bifie
first consisting of schenmes (1) and (2)) the 25 second being schenes (3)
and (4), aret lpenerald fogimasdi@erfddd)5) and (6). Speaking of the process
according to schenes (1) and - 37 14 MAR 2003 (2), the preferred
substituents in RARNEubstituted behzZoi®dlan derivatives of the general
formula (G VI) are exenplified by the follow ng. Preferably, Rl and RZ

whi ch may B&hege fangreRrerents & andnagare admm 2l & ogSPERTRTS 3 over

al kyl group, a |ower _hal oal kyl group, a hal ogen atom a |ower hal oal koxy
group, an aPWEE GHlAYE ShOUR G Jagr GRY 1ORELY, §ayroBp CYAROY R8P oup, an
al koxycar bqnyl _.group, an optjonal |y sybsti.tuted | ower  al kyl sul fonyl group,
an aryl sul FBn}Ih%’lé’rg%scﬁP&eoro,f \ﬁﬂé‘ﬁ%&kgﬁ 933& Reft 7 SP SFé&‘%Fﬁa substi t uent
=N-O N=. Preferably, R [ e r i tfenent .represent
a hydrogenb%?%ﬁ&%F¥gh%%%ﬁﬂ%ﬁéW%yggﬁEgg?éﬁggﬁ%loﬁé?mgﬁgyﬁeg&ggﬂ %%F when

t aken togetden i tfy ko the carbon atomto which they are bound, represent a
pol ynet hyl ené group or’ a substituent forming a heterocycle,

(2d-1) the step of reacting a compound of the general
10 formula (IId) with acetylene of the general formula (VIIAd)
to give a compound of the general formula (VIII4) (where Y
and R have the same meanings as defined above);
(2d-2) the step of treating the resulting compound of the
general formula (VIIId) with a reducing agent to give a
15 compound of the general formula (IXd) (where Y and R' have
the same meanings as defined above);
{24-3) the step of reacting the resulting compound of the
general formula (IXd) with a base to give a benzopyran
derivative of the general formula (Xd) (where R™ has the
20 same meaning as defined above);
(2d-4) the step of reacting the resulting compound of the
general formula (Xd) with a halogenating agent to give a
3,4-dihalobenzopyran derivative of the general formula
(XId) (where R™ and Hal have the same meanings as defined
25 above);
(2d-5) the step of treating the resulting compound of the
general formula (XId) with a base to give a 4-
halobenzopyran derivative of the general formula (Id)
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provided that R3 and R' are not both a hydrogen atom Preferably, RS and R6
whi ch may be the sane or different represent a hydrogen atom or an 14 MAR 2003
optionally 20 substituted |ower al kyl group. In schenes (1) and (2), the
term "hal ogen atoni neans a fluorine atom a chlorine atom a brom ne atom
or an iodine atom In schenes (1) and (2), the |ower alkyl group neans a 25
strai ght-chai ned or branched al kyl group having 1 - 4 carbon atons or a
cyclic alkyl group having 3 - 6 carbon atons; exanples include a nethyl
group, an et liyhegeoRY, amd -Halohdveyridiep samenmeanyinggr asp dednniedpr opyl

group, an - 38 14 MAR ?003 i-butyl group, a sec-butyl group, a
tert-butyl geboepela cycl opropyl group, a cyclobutyl group, a cycl opentyl
group and a cycl ohexyl group. In schenmes (1) and (2), the | ower al koxy
group neans $-a &t pxogRsscEenPFoducingndheybatisnyedr bapZARYIAR 1 - 4
carbon atons or a cyclic al koxy group having 3 - 6 carbon atons; exanples
include a ne@ﬁ§iya§#86ﬁ,r&@r@ﬁﬁﬁiﬁdggEU§Pea9ﬁnEFééoﬁ9r§P6§pﬂGavﬁebutoxy
group, an i-zropoxy gr oup, an i-buto§¥ roup, a.sec-butoxy group, a

b
tert-butoky 4FBEFS X 16 RFESEHTHhd ropetbyloFEPYRy OFr Bup, a
I t d | oh . _The. | | oal kyl R1
and o means PAREAR ARG S LR 8 OB bR anGHETeXERTC 8 BYA-RATPgten  car bon
atoms or a cyghie Al 0LGURANAT Tonpd B3 ORY bReALEMne! BhED Al
east one hydrogen atom’i s-replac y a hal'ogen”atom “exanpl es nclude a

fluoromet hyl (gequpngd é?;'cef)l WL LN, 9r BEHrai‘iEH Bk“@%@%t RY¥! iH69ERY A

fluoroethyl group, a I'uor oet hyl group, a trifluoroethyl group, a
tetrafluoroebgybwgrgaﬁelﬁ,pentafIuoroethyl group, 20 a n-fluoropropyl
group, a n-difluoropropyl group, a n trifluoropropyl group) a

n-tetraflaor gpegpyliegnqup> alapeht of |(Uer-aIr epyl 18- o)p> & Tetwxafdndr opr opyl
group, a nhept afl uoropropyl group, a n-fluorobutyl group) a ndifl uorobutyl
group, a n-trf2eludreblt)yr> gt 2ep2) a>n (2&-t3at raf [ Rer 4buty|(2g-dip,2a

n- pent af | uor obutyl group, a nhexafl uorobutyl group, a n-heptafl uorobutyl
group, a noctafl uédeb@dyl group, a n-nonafl uorobutyl group, an

i fl uoropropyl roup, an i-difl uoropropyl roup, ani - 39
P py(1ge-1)pthe step of rea%tigg agcomgound of the general

formula (IIe) (where R'® has the same meaning as defined
15 above) with an olefin of the general formula (IIId) set

forth below to give a compound of the general formula (IVe)

(where R has the same meaning as defined above);

(le-2) the step of reacting the resulting compound of the

general formula (IVe) with a halogenating agent to give a
20 compound of the general formula (Ve) (where R'® has the

same meaning as defined above; Hal represents a halogen

atom);

(le-3) the step of reacting the resulting compound of the

general formula (Ve) with a base to give a compound of the
25 general formula (VIe) (where R' and Hal have the same

meanings as defined above):

(le-4) the step of reacting the resulting compound of

the general formula (VIe) with a base to give a 4-
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14 MAR TOO3 trifluoropropyl group, an i-tetrafluoropropyl group) an'4 MAR 2003
i pent af | uor opropyl group, an i-hexafl uoropropyl group, an

i hept af | uoropropyl group, an i-fluorobutyl group, an idifluorobutyl group)
an i-trifluorobutyl group, an i 5 tetrafluorobutyl group, an

i - pent af |l uorobutyl group, an i hexafl uorobutyl group, an i-heptafluorobutyl
group, an ioctafluorobutyl group, an i-nonafl uorobutyl group, a

secfl uorobutyl group) a sec-difluorobutyl group, a sectrifluorobutyl group)
a sec-tetrad Lot badpyyr i Oddrivatife 16F PEY af dritfaab WHodmrad UXe ja

sec- hexaf |l uorobutyl group, a sec heptafl uorobutyl group) a

sec- oct af | uoripdare yR'° gandpHad Kecaothé | semehhtaniggoups detaiédf | uor obut yl
group, a tertdifluorobutyl group, a tert-trifluorobutyl group, a
terttetraflalmvwobufyl group) a tert-pentafluorobutyl group, a 15

tert-hexafl uorobutyl group, a tert-heptafluorobutyl group, a

tert-oct af | oz oblt the gsoep, of xreactinmafha creputtingraampound of the
quorocchopropyI group, a difluorocyclopropyl group, a

trifl uoPocydsRpFabyfoxreld, (Ee} ariidl | earkry dupresia aydbuyp canpound of

pent af | uor ocycl opropyl group, a fluorocycl obutyl group) a 20
di f | uor ocycHigsRerRbubormia i ¢¢ubkERY cl obutyl group, a

tetrafl uorocycl ob ..group, a pentafl uorocycl obutyl group, a

hexafluorocyzlobdgigéﬂgoupP a hgpta?gﬁBFt% zlobutyr g?oupP a

fl uorocycl opent yl ou a_difluorocycl opentyl droup cad

LT vor ooy BTSBReST EPBERsEnts o8, BT¥ErPRE aton Mtk Mrepaenente =
taf | I s .

penta Uo“}g%’&cﬂr%@@t?pe g%lggé%}&lﬁ ﬂ%%#%@élﬂ?g%ﬁ)%%é‘dﬂﬂrf&'%lﬁe a

hept af | uor o an octafluorocycl opentyl group, a

nonaf | wer ocy.cd PSR it & Obdnz Spy+aPT Ry DY lor 14 genkdrddAR o203 91 oup,

a difluorocycl ohexyl group) a trifluorocycl ohexyl group, a

tetrafl uor oaycyDhipxyedt ofexEy &bg@eni af | uor ocycl ohexyl group, a
hexaf | uor ocycl ohexyl group, a heptafluorocycl ohexyl group, an

oct af | uor ocfd-ohextthe Sstgepuptl reawiaid voraoypiwhe)offi Yreoggneral

decaf | uorocycl ohexyl group, and an undecafl uorocycl ohexyl group. The | ower
per f | uor oalfgamygtaup! Be2 R1(wirers RI° sihasi tihe - sme meepmindras cdrfined

per fluoroal kyl group having 1 - 4 carbon atons or a ¢ cIic:ferquoroaIkyI

group havi RP@ab with cagebrlendmt Bamsnarahdgam e ((MFidborssiet hyl
, t af | t hyl -h f |

o onat Bubrsty et oo AT T Fump b g e et F4 Rt | wor obut y1
, 7 | t ik - f .yl

051 S re OROR . 43 bl i

pent af | uor oc group f['uorocycl obut

nonaf | uor ocysd opprid GEQpRLRNE- S 4t onad | uaraslhoHPWE Al es

of the optionally substituted | ower kyl sul fonyl oxy group as X and Y

include a rESAENES Ut d Byl HXYW DI 0P with aa trddddiorprmidianassl|Jiamy loxy 20
group. Exanples of the arylsulfonyloxy group as X and Y include a

benzenesul fampaxd @wdHuthangereal of asmeisul fIXe) dwhegreo RIS Hae tlhoaver
hal oal koxy group as Rl and RZ neans a 25 straight-chained or branched

al koxy28r ouganeavieaning ais dgbreditalmvel: a cyclic al koxy group having 3 -
6 carbon atons, in which at | east one hydrogen atomis replaced by a

hal ogen at dri® ekhritesS FoR | WP 719 Udtoiafhdi g sigrparnd #F theq waR
Cotrat | vor GRRAT RIS GEHRBAT A0 dortinhy o SUye 2 PIARG ooy
or0up: & PALLUL BRSOl Wle Al LI CRLPAONEAL P n o
same meaning as defined above);
25 (2e-4) the step of reacting the resulting compound of the
general formula (Xd) with a halogenating agent to give a
3,4-dihalobenzopyran derivative of the general formula

(XIe) (where R'™ and Hal have the same meanings as defined
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n- hexaf | uor opr opoxy group) a n-heptafl uoropropoxy group, a n-quoagbﬁbﬁm%
group) a n-difluorobutoxy group, a ntrifluorobutoxy group, a
n-tetrafl uorobut oxy group, a npentafl uorobutoxy group, a n-hexafl uorobutoxy
group, a n 10 heptafl uorobut oxy group, a n-octafl uorobutoxy group, a n
nonaf | uor obut oxy group, an i-fluoropropoxy group, an idifl uoropropoxy
group, an i-trifluoropropoxy group) an itetrafluoropropoxy group, an
i - pent af | uor opropoxy group, an i-hexafl uoropropoxy group, an
i - hept af | uoalopv®poxy group, 15 an i-fluorobutoxy group, an i-difl uorobutoxy
group, an i trifluorobutoxy group, an i-tetrafl uorobutoxy group, an
i pent af | uor bb@it Dxytheoaperanti thexbingoteuresyl gieg pcorprund of
i hept af | uor obut oxy group, an_i-octafl uorobutoxy group) an inonafl uorobutoxy
group) a seEb¢I%%@%Eﬁ%o£9r@Péﬁp5Xé@%é%19b i besRr bR Yrbup, a
sec-trifl uorobput ox roup, .a sec. tetrafl uorobut oxy. grou a
sec-pentafI%%}%B%?%9§Y§Pguﬁ?réV§EEYﬁe%5fFH%r%%%?E%% {ﬁ?ﬁﬁ%aaﬁle) set
sec- hept.af | yor pbut oxy group, a sec-octafl uorobut oxy group, a

u%?%glgt gov

sec- nonaf | foup, a tert-fluorobutoxy group, a
tert-difl uoxobujo p ferp-tri r t oxy ,
tert-tetraffUor%bé%%géggr%ﬁg?g§1%§r§9p%%$%¥€u§$gdﬁgo&§fS#gd%fb%?ss 1

tert-hexafl f'&f019%&66519%0@péuﬂs%fﬁﬁt@&%%&?‘ﬁ%?&?t&éﬂi\%%s a

tertoctafl uorobuoxty group) a tert-nonafluorobutoxy group, a - 42 14 MAR

2003 fl uor opyst-OPERPEAY DY BHR) généi-dl USE BRYTL OPE OPDXY LFdie B° and
trifluorocyclopropoxy group, a tetrafluorocycl opropoxy group, a

pent af | uor oR¥CclyARERPHKY BEOHBe BahkUOrOoaYEFebEhOXYeffOsdnt aa hydrogen
di fl uorocycl obut oxy group, a trifluorocycl obutoxy 5 group, a

t et r af [L@or ogyah pbab oxptionaplyaspest athted otgyetvbaltkxly group, an
hexaf | uor ocycl obut oxy group, a heptafl uorocycl obutoxy group, a

f1 uor ocycl oprhionglyyoapbsiitintedolowge | apeprHxgrofDum@n eptionally
trifluorocycl opentoxy _group, a_tetrafl uorocycl opentoxy 10_grqu, a
pent af | uor oYR$ bhERE 8%y 19V 8Tip2 LRORESRF PRRY bcIEP Be D EP kNP 1%

h fl | , fl | .

nohat | uor oo AP BRLRIERY SPBAD. LT HEGHRRET oHereRy 4f bt Ldpatty

di fl £l | .
Cetrar) uor ESRFEREY5S0 4Py But ELG EPLRRE) ISt W 2 i ro
hexaflﬁ@rOC§E$§€?XQX¥yQﬁQUBro§ph@Ptﬁibﬁofﬁﬁ¥féoﬁf¥ﬁﬁySQrQHPchaﬂay be

oct af | uorocycl ohexoxy™ group, a nonafluorocycl ohexoxy group, a

decaf | uor ocygé OBENEX¥rJaQEPerant SachiNEGEDESSPE OF VoY DI Ya Péh granip.  The
acylam no group as Rl and RZ nmeans an am no group in which one of the

hydr ogen atoptipgnatsgpnt substipbbheddldwennalkyl growup, and axeigpakly aryl
groups include a formyl group, an acetyl group, a trifluoroacetyl group, a
25 propanoy$ulgs bhputadnlowennalkoxycamboryil i IPRMRNY afbuEgremi \al oyl
group, a benzoyl group, an ani soyl_ group,_ and a nitrobenzoyl group.

Exanpl es ofOPFEO%Pk%Xyé‘dPEBhWtQaOJc@W%@ Rk phuFEony y Iroup LRR 2003

T e EE TN TN i 8 ST T R

et hoxybenzy| GaERONYYs 8 O¥Re 201 2o JLk QPSR ZYE SH LAY nSY WPs bound,
may form a 3- to 8-membered ring); R and R' which may be
the same or different represent a hydrogen atom or an
optionally substituted o-haloalkyl group, provided that

25 they are not both a hydrogen atom; R® and R® which may be

the same or different represent a hydrogen atom or an
optionally substituted lower alkyl group] by the steps of:

reacting an alcohol of the general formula (C-Ig)
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5 Exanpl es of the optionally substituted | ower al kylsul fonyl group as Rl
and RZ include a nethanesul fonyl group and a trifluoronethanesulfonylFMRﬂma
group. Exanples of the arylsulfonyl group as Rl and Rz include a

benzensul fonyl group and a p-tol uenesul of nyl 10 group. Exanples of the
substituent in the optionally substituted | ower alkyl group as R3 and R4

i nclude a hal ogen atom a phenyl group, a hydroxyl group, a | ower al koxy
group optionally substituted by a hal ogen atomor a 15 phenyl group, and a
| oner al kyl twivexs ORP aptli Rifahbyestthet sbmeenehyingbahsgaar ahem aboaephenyl
group. Preferred are hal ogen atons, anong which a fluorine atomis

parti cul ar | ywitlkef@rcaopolixdngf eshef gé¢herabt formily GCHEL) tart e(dC4 oMY al kyl
20 group as R3 and R4 include a fluoronethyl group, a difluoronethyl group,
a trifluoromethyl R/SOuPL a fluoroet t§+IFFoup, a difluoroethyl group, a
trifluoroethyl group, a tetrafluoroethyl group, a pentafluoroethyl group, a
n-f 1 uor opropyl grOREO24%:h- di f1 uor oproAI)group, a n 25 trifl uoropropyl
group, a _n-tetraflugropropyl group, a n pentafl uoropropyl grou

n- hexaf | Bor ofR¥R Byr EHPregen ﬁt“aﬂﬁf&P@ﬁ#éﬁylS“@FGG[SPt&dnﬁflP‘ﬂg’r S%G’W’I

VAR 2003 1 etParitcrebiiyr LY St Fi bR S Bovobte 51 S prpsence of
h fl but.yl . - hept af | t.yl taf I

aroup, a -tk dorbutTs "BreEout] I Ut ram ey e g, (1R

|- di T uoropr apyd, grieup gsamua Sk MAVINP AN W had'hs definea

i -tetrafluoropropyl group, an 1 pentafluoropropyl group, an

i - hexaf | uor ops&pyy; group, an i heptafluoropropyl group, an i-fluorobutyl
group, an idifluorobutyl group) an i-trifluorobutyl group, an

i tetrafhgorobutyl EEasPin@Nthe RESHFSUADISAOUWNE dHMEA] Formulk (C-IVg)
hexaf | uor obutyl group) an i-heptafluorobutyl group, an i octafl uorobutyl

group, an i -wibtiafa uoombotyd of otipe Fersexcdl ubsxnuley | (CHVpP, (where R
sec-di fluorobutyl group) a sectrifluorobutyl group, a sec-tetrafl uorobutyl
group, a secpehtRf| havebthgl sgmeupcanings-hexa@éfimedbabyve hrvuphhe sec
presence of a base and a monovalent or divalent copper salt
to give a compound of the general formula (G-Ig) (where
15 RY, R¥*, R¥ and R* have the same meanings as defined
above);
reacting the compound of the general formula (G-Ig)
with carbon dioxide in the presence of a base to give a
compound of the general formula (G-IIg) (where R'9, R*, R*
20 and R* have the same meanings as defined above) or a salt
thereof;
reacting the compound of the general formula (G-IIg)
or salt thereof with a compound of the general formula
(G-III)
25 R°R°NH (G-III)
(where R® and R® which may be the same or different

represent a hydrogen atom or an optionally substituted

lower alkyl group) to give a compound of the general
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15 hept af | uorobutyl group, a sec-octafluorobutyl group, a sec
nonaf | uor obutyl group, a tert-fluorobutyl group, a tertdifluorobui@ﬂ“@ﬂ@ﬁp,
a tert-trifluorobutyl group, a terttetrafluorobutyl group, a
tert-pentafluorobutyl group, a tert-hexafl uorobutyl group) a

tert-heptafl uorobutyl group, 20 a tert-octafluorobutyl group, a

tert-nonafl uorobutyl group) a benzyl group, a nethoxynethyl group, an

et hoxymet hyl group) a trifluoromethoxynethyl group, a benzyl oxymnet hyl
group) a nefoyhthaoh@tWy) ¢(wbepe BRI, eRMy| RFf,om8t,hR° gndup® reawk ahe

met hoxycar bonyl net hyl group. 25 The | ower fluoroal kyl group as R3 and R’
means a straaghtmehningd as defihndédabbkeXy gr oupaldermgtivel® carbon at ons
in which at | east one hydrogen atomis replaced by a fluorine atom

exanpl es i nE¢ageing- thg compaunfrRoLobBef gepebadkt fFgFmetaups - B9 Hi fTheronet hyl
group, a triLIuoanegpyhggrqup, a fluoroethyl group, a difluoroethyl group,
a trifluoroBtmyR gr &ip,and Fel havaudisetsife Foudngs sentdet ings oo R)

: -f I : di fl : 5
e 1 Gor obt Byt GPBURSRA HE tRe APRGFObr EYINLE oL T LR b AR Ror opr opy
, -h l I - hept.af I
o F1'Gor obut SR ol i OB R® dPoupLr SRt ARG ISy ar oup, a
-tetrafl : 1
- hexat | uor SRt oreraEeR of AncBpEERhEL L UPIPE I e Pande sl ey
group, a NNgBgLLYOBADY! KbPbQhR: oBNtha  LURLART OPYmE L URs - 7Y
y - f py etr

i di fl uoroprop group, an trifluoropr group, an i Q?Iuoropropyl
group, an i-pentagtpepopropyl group, an lpgiypgyafl uoropropyl group, an

i - hept af | uor opropyl group, an i-fluorobutyl group) an i-difluorobutyl
group, 1@n i {whélyorRBbikplregenyp, adNoptiohadliyusapdui yhitgioupweANalkyl

i pent af | uorobutyl group, an i-hexafl uorobutyl group, an iheptafl uorobutyl
group, an igocupil| iinr bhat pregenap, ofinai b28e nbmadiwerabuypogndupf, the
sec-fluorobutyl group, a secdifluorobutyl group, a sec-trifluorobutyl
group, a segeeerall forvvlay(Gy¥olp{whesecRpenRaf | BdroBity IR gredpR” a

sec- hexafl uorobutyl group, a sec-heptafluorobutyl group, a
sec-octaflu%?ﬁ%u?%? §FBGpWe%D§%%Sn%%a@?ﬁb?%%u%@@vﬁfbdﬂyia 25

tert-fl but yl Ja tert-difl b I terttrifl t
aroup, & tert-1etParyasFRRn: Phe Srotme e of tnd e ol e
tert-h fl t: but yl ,

ort- ogeat | Lo Sharp 2 qt A SR e gBh S 00" hd & tert- nonaf I vor obut !
group. If Rg angd RrbEREESEBLoSEPSS T L4e8LReMd €4y dWhefy | akerpiqaaidier with

t he carbon atomto which they are bound, form a pol ynet hyl ene group) they
are saturatefl apptocéssgacboh@iniiots Prdc€ds bPNEdt Podwsiexenpl ified by a

cycl opropane ring, a cyclobutane ring, a cyclopentane ring, a cycl ohexane
ring and a sybsthéptedebenngpyran derivatives represented by the
general formula (G-VIh) set forth below, wherein R! and R?
20 in the general formula (G-VI) which may be the same or
different represent a hydrogen atom, an optionally
substituted lower alkyl group, an optionally substituted
lower alkoxy group, an optionally substituted lower
alkoxycarbonyl group, an optionally substituted lower
25 alkylsulfonyl group, an optionally substituted arylsulfonyl
group, a halogen atom, a nitro group, a cyano group oxr
NY,Y, (where Y, and Y, which may be the same or different

each represent a hydrogen atom, an optionally substituted
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If R3 and R4 represent substituents which, when taken together with the
carbon atomto which they are bound, 10 form a heterocycle, they arﬁ4 AR 2003
saturated spiro heterocycles having 3 - 7 carbon atons whi ch cont ai zy
hetero atom as exenplified by an azetidine ring, pyrrolidine ring) a

pi peridine ring, an oxetane ring, a tetrahydrofuran ring, a tetrahydropyran
ring, a tetrahydrothiophene ring, and a 15 tetrahydrothi opyran ring.
Preferred exanples of X are an iodine atom a brom ne atomand a
trifluoronet hawegubfikyyl gxpugr, oap. optdbraildyg swbhapitstedl Yowerl ude a
fluorine atom a chlorine atom a nethanesul fonyl oxy group, a 20

benzenesul f oajkoxycgrbopyandraup-t ahuangdubfonpl gnooptianahyythese, a
fluorine atomand a chlorine atomare particularly preferred. Wiile X and Y
may be the sanbstitdteflelewer ahbylandfpngilegabhp orf ferentiondliviere are
two preferred conmbinations of X and Y; in one conbination, X is a brom ne
atom and Y i substhtytpAeanydandhanyh greubt AEr ¥haBi hakepntogetBern P8¥i ne
atomand Y is a chlorine atom MAR 2003 Preferred exanpl es of

Rl are afiomEPrﬁePfPUoFBaﬁR?PmBFBQé,fé“ﬁ%?rB FBUR af8Ch EFRRESERGUB; anpng
oroup and . BURPEPIEGRSSt K5OG oROoR bl PEUFr P Ys0p: Sher PRHS Tho
Pt PO3sEERReR SUBELELHL 8 BBl ok oo bpesoRat g Denzonyren
substituted lower alkyl group.
9. A process according to scheme (3) or (4) in Process 1
10 or a process according to Process 7 for producing 4-
substituted benzopyran derivatives represented by the
general formula (G-VIi) set forth below, wherein R! in the
general formula (G-VI) represents a 6-trifluoromethyl group
or a 6-pentafluorocethyl group: R? represents a hydrogen
15 atom; R’ and R each represent a fluoromethyl group; and R®
and R°® which may be the same or different represent a
hydrogen atom or an optionally substituted lower alkyl
group.
10. A process according to scheme (3) or (4) in Process 1
20 or a process according to Process 7 for producing 4-
substituted benzopyran derivatives represented by the
general formula (G-VIj) set forth below, wherein R' in the
general formula (G-VI) represents a 6-trifluoromethyl group
or a 6-pentafluorocethyl group; R’ represents a hydrogen
25 atom; R’ and R! each represent a fluoromethyl group; and R®
represents a hydrogen atom and R° represents a 2-cyanoethyl
group.

11. A process for producing 4-substituted benzopyran
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It is preferred that R3 and R' are the sanme; nore 10 preferably) they both
are a lower alkyl group or a |ower fluoroal kyl group; nost preferﬂalgA ﬁﬂgy
both are a fluoromethyl group. Exanples of the optionally substit R

al kyl group as RS and R6 include a nethyl group, a benzyl group, 15 a

cycl opropyl met hyl group, an ethyl group, a 2-cyanoethyl group, a
2-fluoroethyl group and a n-propyl group. Preferably, R5 is a hydrogen atom
and R6 is an optionally substituted | ower al kyl group; nore preferably, RS
is a hydrogéeravatiasd Reépresénteehyathy| geriendl 2oomil®ned4widavi ng a
cyano group; nost preferably, R5 is a hydrogen atomand R6 is a

2- cyanoet hy[ wigepepRYr aad2Rey sshdrht mply heotthe Aamenpouddffepersent ed by t he
general formula (I1) (where X and Y have the sane neani ngs as defi ned
above; Rl 26epnes&athaveydhegennatomanamgspabonzllneshdolilted Yaveet ed
with an olefin represented by the general fornmula (I11) (where R3 and R
have t he saddkyka@rogs. aandepthenabbyveybshltuked thower solK@ dreuhe
presence of a suitable netal - 48 14 MAR 2003 catal yst, a suitable base
and a sélta%meanbPB@%éYyS%hﬁﬁhtﬁﬁ¢@al@w%ﬁmﬁ%kQ%V¢¢ﬁ9Qn¥%<ﬁﬁ5§§heﬂ§‘at a
suitable te erature to give a conpound re resented by the general fornula

( 1V) (wher@yiopgllypsubgtifuted Hower @Wé]arﬁlf‘@ép'asarhefl ned
above). The_s ltab%f cg ﬁ ¥ rei n_nean aIIa i um or
ni ckel cata?@ tO4% %x%ﬂ€$5§ Fhe %E B £ %ﬁﬂ dﬁ1or|de,

pal | adi um oariopg. bistif ! PResyl phosptyg d,;m%@d' HRAEEE! ! Snd v, which

bls(trlphenylp osph um c
tris(di benza{gl%dgge@ﬁgt Qﬁﬁ%g?g§+@éy&t bi s&ili Reszyd d deneansd: A pal | adi um

tetraki s(triphenyl phosphi adi um
[1,1 bll@(dl&if@ﬁy|@1|510§phi61@éi r@@@@@iﬁ@éé@mmlemgfyﬁe%r&iﬂylarpal I adi um

chloride, bis(acetonitrile)palladiumchloride, 15 nick acetate, nickel
chl oride, bopstiobadLyashest)tht&@l lower alkoxycarbonyl group, an acyl
group, an optionally substituted lower alkylsulfonyl group
or an optionally substituted arylsulfonyl group or, when
taken together with the nitrogen atom to which they are
15 bound, may form a 3- to 8-membered ring); R and R* which
may be the same or different represent a hydrogen atom or
an optionally substituted a-haloalkyl group, provided that
they are not both a hydrogen atom; R°® and R® which may be
the same or different represent a hydrogen atom or an
20 optionally substituted lower alkyl group], wherein a
compound represented by the general formula (G-VIg) (where
R', R*, R¥, RY, R® and R® have the same meanings as defined
above).
12. A process according to Process 11 for producing 4-
25 substituted benzopyran derivatives represented by the
general formula (G-VI1) set forth below, wherein R and R

in the general formula (G-VIg) which may be the same or

different represent a hydrogen:iatom, an optionally
A
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bi s(tri phenyl phosphi ne) ni ckel chloride, dicycl opentadienyl nickel, and

ni ckel acetoacetonate; anong these, palladiumacetate is preferred. 14 MAR2003
Exanpl es of the suitable base include diethylamne, triethylam ne,

di i sopropyl et hyl am ne, 20 sodi um hydr ogencar bonate, sodi um carbonat e,

pot assi um hydr ogencar bonat e, potassi um carbonate, di potassium

hydr ogenphosphat e, pot assi um phosphat e, sodi um hydroxi de and pot assi um
hydr oxi de; anong t hese, potassium carbonate is preferred. Exanples of the
sui t abl e quatsibTEritRedmewdrtialiail drmipideant eptdbumayllgmsumisthtuedidde,

t et rabut yl ammoni um brom de, tetrabutyl anmoni um chl ori de,

benzyl tri et hyllcarerord 1koxghlgrduge, sand dparioplaldiynstubgitd ombreidu holwear oxi de;
anong these, tetrabutylamoniumbromde is - 49 14 MAR 2003 preferred.
Exanpl es of tdl&kewicatiianysblamaup. kgl wid idnldiynrsubpslitiduted dower

N, N- di et hyl acet am de, tol uene, xylene, acetonitrile and di oxane; anon

t hese, N, Ndi rdtiyAsatidioni ldoronmr ére apdd.onad lyx ginpisd 1Gh tede agyilsasfeny
tenperature i s between roomtenperature and 130C, preferably between 75C
and 85C. ExarfA®¥ .of helqgfdt 2Py & iR §FONPand &YGSHR. ITREPr 83ul ti ng

conpound of the general fornmula (1V). is reacted with a hal ogenati ng agent
(o6, brom ndlteln GMEFeYs 2560 Yot WA TAY P FREH G db A HAFE o gi ve a
conmpound represented by the neral formula (V) g})vvhere R1L, R2 , R
Gnd bal have ST SRF SRS oML e A oot 18aRAdy Sbvstitnsca

sui tabl e sol we i nol,ude di orqﬂq : f QI r etrachl ori de,
1,2 15 dichl \(;chg'%a Llna%ne, di%cﬁg{’ éthé ) %Z]ratlﬁ utgglﬁs%%?ﬁ)}c%%e?%gﬁ% tert-butyl

al cohol, terty v 1 oF hydr 3rRANG2Re, aRd Spgtidwlaadspent anol ;
among t hese, _at ert-Yarry a coh%dﬂii;'s' prnef g??‘e . Ah'exarrplpe E%at & suitable
tenperat ype isnhatiapite (e h 188G srRngnabinbupebiean opr¢oand 1y5C. 20
The resulting conmpound of the general fornula (V) is reacted with a

sui t abl e basesdys tai taitidd b 8y 15061 MRy 18 lgradupuictrg v ehe ftpgleat tbgetbegi wa th
conpound represented by the general forrmula ( VI ) ( where Y ( Rl, RZ, R3
, RO and Hal theveritmesmatmanticghiah défeynedeabouay, mEaynfoesm af 3t-hd&o25
sui tabl e base include diethylam.nne, triethylam ne) diisopropylethylamn ne,
sodi um hydr i demeshered whndlor iRje anbthd wash (ReRTaRATYxi 3l liRyamakhyl

met hoxi de, sodi um et hoxi de, ,sodi um bi s(trinethylsilyl)am de, potassium- 50
14 MAR 2003 EXQURi et RPAsRI yIHLEH RAY &5 dhen Sc FHFHEHEE sodi um

car bonat pat assi um.hydr.ogencar bonat e) potassium carbonat e .gi gt.assi um
hydrogengﬁosﬁ?ﬁr&seﬂbﬁ B4 Oﬁﬁa(fls;?:il'é’f" ,Orgg&i 8%&?8?‘3&%8“&&31 nggsi um

hydr oxi de; ampig,> t]§§le | um hydri de and potassium carbonate are
preferred. Exanp esatlo tHe suitabl e sol vent include dichl oromet hane,

chl orof orm caybom titdcadt Addhaih? ol brecagkhane fokehiroButihgal cohol ,
tert-anyl al cohol, 3nethyl-3-pentanol, 3-ethyl-3-pentanol, tetrahydrofuran,

10 di oxane, NM-NubswituwlddmammoisraN Nediiraithiykeaceepitfedenteal bgnehand

xyl ene; anong these) toluene and tert-anyl alcohol are preferred. An
exanpl e of thgemnglafemEmpdGMim set FortbehelddC wheredq, RPY déhertils y
bet ween 30C and 60C. 15 The resulting conpound of the general formula (V)
i s reacte@ wgenRershifienwldhdSe Ty )a repiresgnéss gl Petriddugrometile
tenperature to give a conmpound represented by the general formula ( I ) (
where Rl, RZ9TqRP oA Hrdarhafied oefdydafEORRanRngE R efFemitfe@ above) .

Exanpl es of the suitable 20 hase jnglude sodi um hydride,. potassium hydride,
ot abs um t e I ARRASA dHomodt it S(1 1991t ARTASA A e ERPTIHS i
bis(trinmethylsilyl)amdes Nnge Lum.hydr i d %IE% I.ym
bi s(trinet hylijzhuﬁ') ZHnH'ng? aggepge?@ﬁ?%d. é’lréplt?sé gfaqi%hg’r}prdg errié%cr#sui tabl e
sol vent represent a hydrogen atom or an optionally substituted
25 lower alkyl group.
14. A process according to Process 11 for producing

4-substituted benzopyran derivatives represented by the

general formula (G-VIn) set forth below, wherein R in the
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25 include tetrahydrofuran, dioxane, N, N-dinethylformam de,

N, N- di net hyl aCet am de, toluene and xyl ene; anong these, toluene and14 MAR 2003
tetrahydrofuran are preferred. An exanple of the suitable tenperature is
bet ween -78C and 80C, - 51 14 MAR ?.003 preferably between -15C and -5C.
The conpound of the general forrmula (I) can also be prepared by the
follow ng schene. Nanely, a conpound represented by the general formula
(I'1) (where X, Y, Rl and 5 RZ have the sanme neani ngs as defi ned above) is
reacted w tbeneeayl Enemnépr ¢Seliigd bgprasegtacaab-ftoifilherémethylwhere R3
and R4 have the sanme neani ngs as defined above) in a suitable solvent in

t he presenc@rofpaosupt Abbentafaloraethydt greupui R4brepregants a suitabl e
copper salt and a 10 suitabl e base in an inert atnosphere at a suitable

t enper at ur eNY@rgeee atewrpBinanfeBriesashedepyessdtganElupreBefiva ( (VI |
| ) ( where Y ( Rl, RZ, R3 and R have the sane neaning; as defined
above). TheJ%QHPabRBAnBt AMCRERF/ LT RIVHRIHe AN AhS aXBRFEEEAPER or a
ni ckel éatalyst and 15 exanBIes i ncl ude pal |l adi um acetate, palladi um
chloride, palfad¥aRPELPEONITAPBRel acetate and ni ckel chlori de;

alternatively, the netal catalyst is,a ¢ lex W{th_a, l{gan as

exenpl 111 6y bR<PEPPBRENBTBREABRY e oS Naar by hedr at &) U prdfess 1

bi s(triphe h j al, | adj i . ;

tris(di ben%’i{) dgﬁﬁg*ég?éﬁe?d?g‘gﬁ%‘éﬁt%a en %P%lé%rz‘y SHenescet one) pal | adi um
tetrakis(triohpaybrbeapPynehBabbAEEEM formula (Iz? set forth below

[1, 1' bi s(di phenyl phosphi ho) f erfocene] pal | adi um chl oride, allyl palladium
chloride, biwhaget R bhid ®iPahliath mawChorkhdesadt birs@irsfeeehadi ene)ni ckel,
bi s(tri phenyl phosphi ne) ni ckel chloride, dicyclopentadienyl nickel and

ni ckel lacetpepeésantea hyxasphyes atomheasuvpabbrallgamibstctuted lower

tri phenyl phosphine, tris(o-tolyl)phosphine, 1,1 - 52 14 MAR 2003

bi s(di phenyabkpd pbiaopt ear bedngennatonbeanydpteomabhtet sles t Btwbed t hese

bi s(tri phenyl phosphi ne)pal |l adium chloride is preferred. Exanples of the
sui t abl e co%%@@rsélkoxﬁcgﬁeépa Wiphel vherpovedeand cupWbdshchr®r Peetheupr ous
brom de, 5 cwgrous i.odi_de and cuprous acet at e; annng t hese, cuprous iodide

i s preferretPMExQhpPeEtEFeRhectit BEPECHERE 7Y & AT anfhe,
triethylam ne,.dii r | et am ne odj hydr ogencar bonat e odi um
ca:bongte, %@F%gé%gggh%ﬁgﬁgéﬁﬁg?ggg%Y%? %%#g%s ﬂ%¥§ar%ﬁnﬁﬁééo%ﬁ%£#aégiun110
hvd h ) | ¢ q ; ;

yar st SABALFruBEaAeSyLY RIRSRPSIFpoRfE! STOGT | A A B IKr ol Soah |

sui tabl e sobyefbnkDEyUdELELL BhbYhatbRer ARy SiuBt oy i ngag@ d®r an

N, Ndi met hyl acet am de, tol uene, xylene, aaetonitrile and 15 di oxane; anong
these, N, N-abhteohylior sanstetuse@r &1 1 $E€TE oML exbdind co®f witen pra¥edt r ed
tenperature is between roomtenperature and 130C) preferably between 75C
and 85C. Exeopéthenfwibbk therthifmegéemcétcie hotwlhnpen tinely aaxprbouhnd,

resul ting conpound of the general formula (VII1) 20 is subjected to
reacti on urftRY EOF)dRodentat fospheered nrim@) praseheo PIreuRyuid ayaneat al yst
and a éﬁitable solvent at a suitable tenperature to]?ive a conpound

r epr eséit e heYeRREFEPRRLEHUFUPF LS ed pieTe adKoxycarhonyks and R
h th i defined ab . | f th i table 25
Catalyor | ARtR: ot RREip ke subrel il et EFet iy d iAoy D

oY e 0ol [agi . . ; L aa um bar
ol bonat o 1 B8 B 806 bRy UMb SLLLH RN PN ot} Lergb R dE] L2 55

represents a halogen atom] by the steps of:

reacting an alcohol of the general formula (C-Ia)
25 with a compound of the general formula (C-II) or (C-III)
R’S0,C1 (C-II)
(R7S0,),0 (C-II1)
(where R’ represents an optionally substituted lower alkyl
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14 MAR Z003 net hanol, ethanol, ethyl acetate and nethanol -pyridine, with 5~
pyri di ne-met hanol and ethyl acetate being preferred. An exanpl e of 1#%héAR 7003
suitable tenperature is between roomtenperature and 60C, preferably room5
tenperature. The resulting conmpound of the general fornula (1 X) is reacted
with a suitable base in a suitable solvent at a suitable tenperature to

gi ve a conpound represented by the general formula ( X ) ( where Rl, RZ ,
R3 and R4 have the sanme 10 neani ngs as defi ned above). Exanples of the

sui t abl e basgrouy wide @odpiMdnadriivdeubhsdtiantiedmarydr iggeuppotias shem
tert-butoxide, sodiumbis(trinmethylsilyl)am de and potassium

bi s(tri net hylpsidsdncariale,a Wwade pot ahgieum tcompoundx ode thei ggnprefler r ed.
Exanpl es of the suitable solvent 15 include tetrahydrofuran, dioxane,

N, N- di met hy! fiemmrialeCN Ve i (wheng & ehagi theg same meaning as defined

1, 3-di met hyl i mi dazol i di n-2-one, Nnethyl pyrrolidone, sulfol ane) tol uene and
xyl ene, withaRavediiret hyl f or mami de being preferred. An exanple of the

suitable tenperature is between -78C and 80C preferabl¥ 20 bet ween SEC and
65C. The Pesul ti ng KERFIORH &y QQBDPGERE: F FB‘PnﬂP&eFR)l ermahat S4-WWen a

hal ti t .g. b ' [ i.t abl | t it
Ferper at ur o 1 b TRRHLRE 10 SSBREAT BFTTHISLREVEN (BPREPat(X))

wh R1, 25 o2 R4 and Hal h th [ defined ab
Ecanples of B Tl (0% QB ViR AR o CoPanah AR YAtk Orgr my

carbon tetra i - dJ h i yl,..e - butyl

nmet hyl et her (bmv(\an t n%]lo(]ﬁ (%’f gdra%}{ tygl?%fa ﬂ%%l&%l‘ﬁ%%ograng%t%é??gbétsg}%)e%e%%}ﬁ
ether being peiAveEdh AMPBRPIE The! hRnRFEheELeAuIMRBLITHN € (rhebkal Ween
-78C and roomtenperature, preferably between -10C and room t enperat ure.
The resul¢i nR*cmD Wi Whdvé henges@ialmdat My dsXldefiihda r@rBlesd W th a
suitable base in a suitable solvent at a suitable tenperature to give a
conmpound r epr esent eshtjecttimggaher @ompoumdl af( the) génehelef&tmuRa , R3 , R
and Hal have the sane neani ngs as deffined above). Exanples of the suitable
base i ncl ude (Sodilan Hadhadegepatticod mealpfdondéo pdvassei gampoundr pfbithexi de,
sodi um hydr ogencar bonat e, sodi um carbonate, potagsi um hydrogencarbonate,

pot assi um calseeaed, RGeS DrhIR d(§ExEhBsph& e asbiiads ihdiepid®phat e,
sodi um hydr oxi de and pot assi u dr axi_de i th potassium hydroxi de being
preferred. ECANH é'?adﬁ'nt%e afu{gte%n?%é&%ﬁgﬁt\%i ﬁ‘BBude 15 wat er,

t et rahydyof uran, di N, i | f.ar. 1 I tam de,

t ol uene,fé;yl ene, ngmg%%’tlﬁﬁtgfﬁhgp?{]\%dgﬁ?mgﬁgrgﬁﬁ%ggggtfg%%gg hanol bei ng
preferred. Anpexs |9500fthte&¢na§uicty%l3|-§ eoRer-abekgohs between -78C and 80C,
preferably bgt weerfmr oom t enper aturelar?g 80C. %O Tﬁe resul ti ng conpound of
the general figr.milpa grdocdss c@Rridiad e aceemeoysd et (B¢ @aneratekernul a
(GVI) by a nethod that involves a carbon nonoxi de inserting crosscoupling
reacti on as & okeyproghctingn 4-kabstd¢utadrbeakzopgrancaealiyativés be specific,
t he conpound of the general 25 formula ( I ) (where R1, RZ, R3, R' and Hal
have t he sanwemrgsiendedadyddhienaéngyovteformudabi( éydedetofarthobslewupl i ng

reaction with a conpound of the general fornmula (GIIl) HNRSR6 ( G | | | )
- 55 20 (where R* in the general formula (I) represents a 6-

trifluoromethyl group or a 6-pentafluoroethyl group; R?
represents a hydrogen atom; R® and R* both represent a
fluoromethyl group; X is a bromine atom) by
the steps of:
25 reacting an alcohol of the general formula (C-Ia)
with a compound of the general formula (C-II) or (C-III)
R’S0,C1 (C-II)
(R’S0,),0 (C-I1II)
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14 MAR 2003 (where R5 and R6 have the sane neanings as defined aboyvgMARNEEr
a carbon nonoxi de gas at atnospheric or superatnospheric pressure froma CO
gas contai ner, preferably at atnospheric pressure, at a reaction 5
tenperature between -78C and 150C, preferably between roomtenperature and
130C, for a reaction tinme of from1 hour to 3 days, preferably from3 hours
to 1 day, in the presence of a zero-val ence or divalent netal catalyst such
as pal l adium nickel, copper, zinc, tin or magnesium 10 preferably) 1 - 5
mol d of zer(vhetrenkRe repréisaltentarpalgtddinablsucubatituted lower alkyl

bi s(tri phenyl phosphi ne) pal | adi um acetate, palladi um acetate and

tri phenyl praxspip ner &n s¢ptiphahly psosehi el edl dayl uradp brine)he

[ 1, 1" bi s(di phenyl phosphi no) ferrocene] pal | adi um chl ori de 15 di chl or onet hane
adduct, tetprgseicei pheaybptosphi abypad| edhpeoynd of the general

tris(di benzylideneacet one% di pal I adi um chl or of or m adduct and )
triphenylphé%ﬁﬁ?%@)(%nﬁvﬁ i SPlepenBy Mafe idec SEHge PGiapddadisufedRn6of or m
adduct in 20 a solvent such as N, N-di net hyl f or mam de, tetrahydrofuran,

di oxaneP et¥ReVehtetonitrile) toluene, benzene or water, preferably

N, N-di net hyl f 1 de, . thereby qivi 4substi t ut b ivati

epr osent od by { REEGEHEG CRer FMOTRE of S SbrE RO Rpi e fp ) R
d R6 h t ' fj S ~("'~ d

(- SpoakThe of 4 R e Cubed cpiPng R PN ARBELor e R (e )
f d [ I 5 SpHRSE I = 4 20035

Ger i vat § vest Gtk nanie L (Eefe RUChal 1A, 2ald maptind g SRR RLRT T no.

Preferably, adva@pdi R+ Mi he §8NcOEE NE SASE &a dh S 1dBPresent a
hydrogen atom an optionally 5 substituted | ower al kyl group, an optionally

substi tot edaivabsntl sOPpe Bl 4Pt 86 §PVé oaatdipsumstot Utles Javeral

al koxycar bonyl group, an optionally substituted |ower alkylsulfonyl group,
an opti onalformubst { ¢ +WEL) atwhené f Riyhagr ohe, sandahegeinat e def iméd o

group, a cyano group or 10 I~1YBYb (where Ya and Yb which nay be the sane
or differembeeeh: represent a hydrogen atom an optionally substituted

| ower al kyl group, an optionally substituted | ower al koxycarbonyl group, an

acyl group, an optikirftinguHReicenreinrd el & eanarohyiogibkd or an

ti |1 bstjtuted | sul f | wh t ak t ith
Che ni 11 ogefEalbit tBo Wi ERERNEGR ETBEIGE TRyB 18 f BT Fortes ed

i . f i B jff t
nyarbodn atdsertht oafrEa Ty EhE (Rets A S a8 EnS st B lind oS0 deg °

t hat they adﬁfjf}?édbgggnvg) hydrgaen atom Preferably, RS and R6 which may be
the sanme or different represent a hydrogen atomor an optionally

substituted | ovnersab ¥t Oi@®Uthe 2Sompbetd e StHe3)gekd 14 )sorthi186S Ot herwi se

noted, the followi ng definitions hold: the ,Lower alkyl aroup neans a
strai ght - chies fETb pl &y tigennpl hayehipdt tob weadioiomt oms or a branched or
cyelic - 5717. A process according to scheme (5) or (6) in Process 1
20 for producing 4-substituted benzopyran derivatives
represented by the general formula (G-VIz) set forth below,
wherein R' in the general formula (G-VI) represents a 6-
trifluoromethyl group or a 6-pentafluoroethyl group; R?
represents a hydrogen atom; R’ and R* each represent a
25 fluoromethyl group; and R® and R® which may be the same or
different represent a hydrogen atom or an optionally
substituted lower alkyl group.

18. A process according to scheme (5) or (6) in Process 1
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14 MAR 2003 al kyl group having 3 - 8 carbon atons; exanples include a
nmethyl group, an ethyl group, a n-propyl group, a n-butyl group, dinMARHEYI
group, a n-hexyl group) an i-propyl group, an i-butyl group, a sec-butyl
group, a tert-butyl 5 group, an i-pentyl group, a neopentyl group, a
tert-pentyl group, an i-hexyl group, a cyclopropyl group, a cycl obutyl
group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group and a
cycl ooctyl group; the hal ogen atom neans a fluorine atom a chlorine 10
atom a broffbnepabducaéngad-sutishdtated) beheopynin ~denikakivegs oup neans a
strai ght-chai ned al koxy group having 1 - 6 carbon atons or a branched or
cyclic al koxgpgeseptrdvbigtBe- ggnenpbofioamois; (exBHp) eset nEdutle ehewhoxy
group, an ethoxy groyp, a n-propoxy 15 group, a n-butoxy group, a n-pentoxy
group, a n-KBRERYNgRoul! e 9Pk \E U (Tl Reprpsgndspa & -

sec- but oxy roui, a tert-butOXﬁ group) _an |-gentox%'%gcnmn a neopgent oxy

groijpb ? tefFFLH HPE??eﬁpﬁépgr? PiQEgioﬁypﬁ?B B%U%T S %br%ﬁ@%%’dgbup, a

cycl obut_ox roup, cyc| opent ox r cl ohexox roup, a

czcloheﬁio¥§g8F8§Bngﬁdgak¥§59888¥6§9mgrgﬂg%“fﬁgyFﬁﬁgrr%P%%&?EgP%onyl gr oup

I wh | kyl ti i t r ai_ght chained

2 kol or oupt RASFRGCEBYLcSE@hB eBRcR TP m e O SRR BB A o G0 whose
| kyl [ ' ' I havi 3-8 b

al ky portlQnafr%laeg)é%kgecb_q;y&ycﬁéoﬂx@clgrér%g#ﬁroup avi ng car bon

atons, and ex es | ude a “net group, an et hoxycar bonyl
group, a n-pyopoxypabbeB¥! agE8HAing PobtRENEAl DPIYE OF PUbh Frdbess81, 14
MAR 2003 pent oxycar bonyl group, a n-hexoxycarbonyl group, an

i propoxycarvnfigh gseEPa 8Bmpolilosy CahE0GYhe B D UPormuBe et DXy agdony|
group) a tert-butoxycarbonyl group, an ipentoxycarbonyl group, a
neopentldxycabbahpkdgbgupeaat ingeméthanésuy£am pb nythl gprvdg, ofinthe

i - hexoxycar bonyl group, a cycl opropoxycarbonyl group, a cycl obutoxycarbonyl
group, a cygenpealofprmnbanyC- §Iduphere cRtlichex meprbarlbgmplupgmddp, aa

cycl ohept oxycar bonyl group and a cycl ooct oxycarbonyl group; the | ower

a: LI cyl sul f epRpouafdogiotheagenanal)| Rgmﬁl@ox‘gfﬂhm@mpﬁ hapdng” 1areg8 car bon
atons whose al kyl portion is a straight-chained al kyl group or an
aIkyIsuIfon?‘f“cﬁrBuglﬁaﬁj’ﬁ@t}35’:-L 8re¥Pbon at onms whose al kyl portion is a
branched or,gyclic_al kyl _gro nd exappl es i ud t hyl sul f ony

group, an e?ﬁw s‘h‘l P%ﬂ?%sar %ﬁ%,gr%ilﬂg g?o%%%“ﬁ?f%Lloér@uﬁl%nﬁrocess 1

I sopropy sulf 98y ngeu » cBmPYLNE SYE T PRY ! gGE oD %@g@ lS&b-uJE\yéﬁUM d

group. the arvlsulfonyl group neans an aronmatic group andpexanples

include a p’h@ﬂYfé?féQéM{:sgéoﬂalyﬁ gréepy! enhf oWl o L By reacting
p- chl or ophenyl sul fonyl group, a 20 2-furyl sulfonyl group, a 3-furylsulfonyl

group, a 2-phtebyesestdAghylr ohporddd-ohi ey | gendxaly | F@mauls €C-I1)
2-pyridyl sul fonyl group, a 3-pyridylsulfonyl group and a 4-pyridyl sul fonyl
group. Y8 awbeY¥® Rh is-lay-p—todhiclgnoap bdthhe sampoonddoff éhengeBBredch
represent a_hydrogen atom_an opfionally substituted |ower alkyl group, an
optional | y SepBeiaufedI) oveeral KodpdaRonaye ereupr BHuergmne ghvlpgrawp
optionally substituted | ower alk%IsquonyI group or an optionally - 59

14 MAR“2003*8ubRei PEEEEGPyPELRTBRS® - group or, when taken together with the

it t to.which th b f 3- 8- d .
e ooeh 2088 L OnoBrétab R e fbfalfunte {ede (BR oF (O GIIREAG 109

Y ol | 1o !
JUbsti tut ea yben; pER RCCotbofa 0P hE SR | idtinite XbBE L re g 5
8 carbon at s, (086 aldd mRUJiR 45 AEIRG Abhley TuRtt hisulbed Anayched or

cyclic al kyl group, or an aryl carbonyl group,
by reacting a compound of the general formula (C-Va) set

25 forth below (where R' has the same meaning as defined
above; R! in the general formula (C-V) is a 4-
trifluoromethyl group or a 4-pentafluorocethyl group and R?
is a hydrogen atom) with a compound of the general formula
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10 and exanples include a fornyl group) an acetyl group, a trifluoroacetyl
group, a propionyl group, a butyryl group) a valeryl group, an isobl4 MARI2003
group) an isovaleryl group, a pivaloyl group, a benzoyl group, a phthal oyl
group and a toluoyl group. 15 Wien either one of Ya and Yb is a hydrogen
atom and the other is an acyl group, NYBYb represents an acylam no group.
When both Ya and Yb are a hydrogen atom NyaYb represents an am no group.
20 If Rl) R2, R3, R4, RS or R6 represents an optionally substituted | ower
al kyl group, (an1om) @ial(lgr Sd)stgdtutieg thowsl ol K ane rg¢inufolatepicisendls! y
substituted | ower al koxycarbonyl group or an optionally substituted | ower
al kyl sul f onyla gr-auQ)ylt keroupt.i onal |y present substitute may 25 be
exenplified by a hal ogen atom a phenyl group, a hydroxy group, a nitro
group, a cyanr@.gr dupraresylaccoidiylg dgrowgheae (§)3or & 6dariboRracess, la

| ower al koxy group optionally substituted by a hal ogen atom or a phenyl
group, a | owsthichgmses B4 a@R UGB off Kpey gengaall ferayda 4Dcddbdxyl group
and NY-~Ya% Y~ and Ya which may be the sane or different each represent a
hydr ogen %ICHHWQ9neoWbrhéﬁkﬁhegﬁéwﬁ)m§apéﬂ€raﬁlQG??EQ@bBH9VeérBHB A48 aryl
group, a |lower aIkyIsqu roup or an 5 optjonally substi

aryl sul f onyl OftGdFest PX r? ’¥%§bfﬁ€PqHWQﬁ¥%éhﬁlPFBGER afBﬁWP&%Mnch
th b d 1 t ak t th th
the nit ?ogggqgt'gr#my o et peded BT v Wi e e%ﬁﬂ%nﬁ‘nerﬁ%r % and
Yf may form %eij. b W dreer £d f1' ngefw? al g llmgﬂa _¥1j {sCRrpon atons,

w th any carbon Atomon 't He ring e|n 'ona y replaced’ by a nitrogen

atom an oxy&elﬂw?&retgrlﬁulgwupato@ﬂa §Q%@nft'acfl%mltﬁ§/l' gebude am i

aziridine ring, an azetidrnering, a pyrrole ring, a pyirolidine ring, a

pyridineidi n@g) niRrdgerdadidn:dRo- ZhaRERIME Ydtl.a & 1hdhomehiyal rgahygy)a- 2H

azepine ring, an azocine ring, a 5,6-di hydro-azocine ring, a

5,6, 7, 8-tetraldy.dr eazaeidess igngordlingx azolschemel §g,) afr i($0xanoPrveesisng, a
thioxazoline ring) a piperazine ring) a norpholine ring and a

t hi onor phol | maidbngse?) aT He bardmaibealzZoply rgmo g rdyaR3 vendfRAhge gesezadt r ai ght
chai ned al kyl group having 1 - 6 carbon atons or a branched or cyclic alkyl
group havi ng £9rmugec {lson (wheme Miathamtdel same meadday @sofetimetd position
and which may further possess a substituent, and exanples include_ a

f1 uor onet hyl PSVEodhats 16 PRIGRR By SHPdsstiag A CPRBPYRE: RYI thfoup) a

1-fl uoroet hyl r ou difl et hyl 1flu r I

1,1- dlflﬁ%rg X 6§I F%HHMﬁf'fﬂ:ﬁgb 6préfb6?8ﬁpfw ef% ?py ut%@
roup, a 1,1 1 fl hutyl ; gr r roup,

g di (F:)hl or orret h“I% énrec?t?pl,éh a ?r ?‘%%ﬁg?g@{’b%‘,’% g%gupl? EW% %%%%%tﬁ%@%ug, aIo

1, 1-dichl oroqtnhwx JOHAUR 42 thGN TRy @&%@ o & ICBkakapnieRYbe@hQUp, 2a
1-chl orocycl opropyl group) a 1 5 chlorobutyl group, a 1, 1-dichlorobutyl

group, a brorpreigy R*’gLeup, haddoheanatenhyR® gn@u® arérbbtananet hyl group)
a 1bronoet hyl group, a 1, 1-di bronoethyl group, a 1-bronopropyl group, a

1, 1- di br onoprfdmdragrediyy,l @rbupr;oXodyscleopropyinegadom) &olitbewsmalut yl group,
a 1, 1-di bronmobutyl group, an 10 i odonet hyl group, a diodonethyl group, a
tr||odon%@rudcxyimﬂﬁt¥9n11€@GHEKﬁyI group, a 1, 1- di i odoet hyl group, a

li odopropyl group, a 1,1-diiodoprop %rou a _1li odocycl op rop group, a
1-i odobutyl group 3R& §eTefH#|5ﬁéﬂN¥9I &r&dpan§5thﬁ gengraRz fPEPré8ent s an

Il d | f I | | b d I
o oup, the optr JHdl ISP IgREEs g&%@ﬂ%&%ﬂﬁsfﬁ&r&eﬂé e RPPYBR by " i ogen”
atom a Phenyhe QrQHAe ARG A GRy Hl ahed o 2 o8V B30 59" 4R 53,

strai ght - chai ne gr oup
The general formula (C-V) and the general formula

25 (C-Vg) represent substantially the same compound.
The general formulae (C-VIe), (C-VIj) and (C-VIy)
represent substantially the same compound.
BEST MODE FOR CARRYING OUT THE INVENTION
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20 1 - 6 carbon atonms, a branched or cyclic alkyl group having 3 - 8 gﬁ{gﬂp
atons, a |lower al koxy group optionally substituted by a hal ogen atoﬂ AR 2003
phenyl group, a lower alkylthio group optionally substituted by a hal ogen
atom or a phenyl group, a |ower al koxycarbonyl group, a carboxyl 25 group
and NYeYf; Ye and Yf which nay be the sane or different each represent a
hydr ogen atom an optionally substituted | ower al kyl group, an optionally
substituted | ower al koxycarbonyl group, an acyl group, an optionally - 62
14 MAR 2003 subst iAtsutmech Hiomerd abopesulthenyplregeadp iaveatianykelbtenykogr oup
or, when taken together, may forma 3- to 8-nunbered ring. Exanples of the
optional | y sulstadasseddmparodidkiyig 3 -gubst idetRl dedzRPpyraol ude a net hyl
group, a fluoronmethyl group, a trifluoronethyl group, a pentafl uoroethyl

group, a bedapivatdyes aennasartad byyrtdeppeaesrypd] serowmtanéthyE ) gr oup) a
met hoxynet hyl group, an et hoxynethyl group, a benzyl oxymethyl group, a
net hyl t hi ométi\aregFfoupndaR Mué%fhyq\étmiIzﬂrett |safteo 3, dfferent

e RO DO 910 LY SRS, 004 20 AL gi0VP: 2

1met hyl t hi I d - but.yl " I f ti |1

Lrec v SRR P 200 L SRy FERPLERS s RE BRI Y,
b I , . | t I , - t hyl

o el o AP G SN PR, SRR eoforsaloct Y

preferred cagn ichatie &dBR i1 AL Y08ty ALANERAg 1RGrbapanagpt i onal |y

substituted I'ower al Kyl group; a nore preferred casé IS where RSis a

hydrogen at gpranthdifly SubdOWeited latly1$1a¥Bn9dt igedal I,_Yahﬁ&ILBgeﬁ 8Y3Mo
group, and a particularly preferred Case is where RS is a hydrogen atom and

R6 is a1@- cyangaitty lgrnaup &Tyind grdiipaeen®ivly) (heiie YA anéf el nedaxanpl e
of Rba is a lower alkyl group optionally having a cyano group; nore
preferred exsylbes tdree sane oypartictfredendr eaghameéparezeayanohgtirpbegr oup, with
a - 63 14 MAR 2003 2-cyanoet hyl group being particularly preferred.
Exanpl es of ates.omn erdlilopadilys tsuhstdduteded oiekory} kylogpoup . Reénand Rz

i nclude a nethoxy group, a triquoronethox&ﬁ%roup a benzyl oxy group

cycl opr opy| RAHEBR Yo SR ttesk L agiesu s L Y525 DONZ B0 BF OYPoupn Eﬁgﬁp?eg
"ncl ude 8. meERSE/c b SRALAIY, RSt E FOUV S SR OBY buB- HP10
benzyIOfgcaQQogﬂ 6¥¥¥Hﬁaf1§“gaﬂ§yfya*kﬁe%Qgi%%ﬁ%%99iIgroup or, when
taken together with the nitrogen atom to which they are
bound, may form a 3- to 8-membered ring) or, when taken
together, represent a substituent =N=0-N=; R’ and R* which
may be the same or different represent a hydrogen atom or
20 an optionally substituted lower alkyl group or, when taken
together with the carbon atom to which they are bound,
represent a polymethylene group or a substituent forming a
heterocycle, provided that R’ and R* are not both a
hydrogen atom; R® and R® which may be the same or different
25 represent a hydrogen atom or an optionally substituted
lower alkyl group] by any one of the schemes (1), (29, (3),
(4), (5) and (6) containing a plurality of steps as
indicated below, namely,
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group, an ethoxycarbonyl group, a n-propoxycarbonyl group and a

tert-but oxycarbonyl group. The preferred position of substitution by Rl is
in 6-position on the benzopyran ring. Preferred exanpl es of 15 R1 TidnMARIZIE3
an optionally substituted | ower al kyl group, an optionally substituted

al kyl sul fonyl group, an optionally substituted arylsulfonyl group, a nitro
group and a cyano group; anong these) |ower al kyl groups having a fluorine
atomas a substituent are preferred, with a 6 20 trifluoronethyl group and
a 6-pentaf | upyoetiwl) gboyp -2¢i Ry par8) Ol &l )pr2f eélr8Yd:; The preferred
exanple of RZ is a hydrogen atom Speaking of R3 and R4, they are
preferably the: s@Ever) mdr ¢ 2p2ef e? abky3) tfey 2odt)h —Ar é2aﬁ)oﬁt|(01neﬂ)|.y
substituted 25 a-hal oal kyl group; nost preferably, they both are a

f 1 uor omet hyl3 gr old- 1 Exangl3e)of the optionally substituted al kyl group as
R include a nethyl group, an ethyl group and a propyl - 64 14 MAR 2003
group. Exanftks ©f- lhééodﬂr@ﬁally substituted aryl group as R include a

h I toly I th
Dol yi Sgr o arkhed ephya-diodp. Pet brar di-d. “5i {A-3)p. €8yl gr oup. bei ng
5 ticularl d. Ex d NydYb, NY-~Y d
NYE?/]E :ﬁglﬁ : (%nlrhgsgr(éd&%npére}z@hiﬂ % rfcaﬁlb%;/) _ge é'g (r‘a\zyl am no groui)l agn
et hyl am no groupLFpaf di_met hyt%ogm no ‘gr tﬁrhteetd“ﬁeﬁfazlt I%rH pYoRuel o TTo NS

Ther i 1Y ol

pyrrolidinyl gro up, norp 0 group, an acet am do

group, a bep Py, e £
tertbutoxyca yﬁ% %r%'\b%ﬁé% cT‘iﬁnﬁ'{ﬁ]tert l}?lgxycar}lg%rﬂ?/ ?a?ncr)]o group, a
met hyl sul f%ﬂé%f@oﬁw,s%ﬁm@&@w RN WU & R' and R?

propyl sul f onyl am no group, an 15 isopropyl sul fonyl am no group, a

but yl subf onplEmid® frswer aam kD gttt ul £ ayweaninal griond, group, a
phenyl sul f onyl am no group, a p-tolylsul fonylam no group and a

pchl or ophenydwent f eyt undnoa tkyplipgrduy, syntdwest saliyt raonmnpanichg épr esent ed

by the 20 general forrmula (G1I11), the conpound represented by the general

formul a (Gh3logensatbomsasnaisules pitliente. anf tan Q-dorboube 1 EEIaRp;

undocunented and novel, constituents the present_invention. To give the

conmpound ofe¥ﬁ@b%ﬁe¢%lth%r¢m¢h°¥@l¥ sybshit furad elcé"éﬁ%ralr@ﬁééﬁ?ﬂ‘ﬁ%l by the

general 25 for la (C nd R4 have th meani ngs as
by

def i ned abo"i'/%) nﬁdbg r% E{“églev\?t%mée’ﬁh% ‘PXYe%’F%%%n?Ié ) general
formil 350y (INRLE, Rl A0S, Rocdiifed N ST, "EEWMNGh PR I8hE0GH.20RVE) 11

an i ner ven
amino group and an acylamino group.

Examples of the optionally substituted lower alkyl
group as R® and R! include a lower alkyl group, a
substituted lower alkyl group, a lower fluoroalkyl group, a

20 lower alkyl group having a halogen atom as a substituent,
and an a-haloalkyl group.

On the pages that follow, the practice of the present
invention is described for six different schemes grouped in
three, the first consisting of schemes (1) and (2), the

25 second being schemes (3) and (4), and the third being
schemes (5) and (6).
A, Schemes (1) and (2):
Speaking of the process according to schemes (1) and
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acetonitrile that does not affect the reaction, in the presence of ?

sui tabl e base and a catal ytic anount of a suitable copper salt at b4 MAR 2003
t enperature between -78C and roomtenperature, preferably between 0C and
room5 tenperature. Exanples of the suitable base that can be used in the
reaction include organic strong bases such as

1, 8-di azabi cycl o(5.4.0)-7-undecene and 1, 5di azabi cycl o(4. 3. 0) -5-nonene, and
tertiary am nes such as triethylamne) tributylam ne and

N, N- di i sopr op2) et hpeapraert8dwstbs il Naent s opn oplyé e hyhlzst aathed ng
preferred. Exanpples of the suitable copper base that can be used in the
reaction i nchedeopupanudesavativeshofistkeppenéral afexmula @pper (age
trifluoroacetate, cuprous chloride, cuprous brom de, cuprous iodide and
cuprous cyan¢denpihfiiedpbycthe faliewim@h as cupric chloride and cupric
brom de, with cupric chloride and cupric bronide being preferred. For

synthesis of the cBRpEERALLY . t Re apéh& avhighnBpy Pes thS $2Ee FFpound
represent ed bX the general formla §C>I%2 i s used gi an i{iﬁpﬂediate and
thi s compountt EBEFREE 2B BRRBERAAt BETEREEROREPT oYt AN IR e
invention. Tp _prepare t onpound of e gen | for &4

al cohol reprg%ﬁ%Fe§a§9a?ﬁ%Eg§§8F8r ?0?%2?%g?c§f§h(m%eg%#%§Ig%ﬁxﬁﬂ“%gﬂe t he
same neani ng defj ned. aho y.be 1 e
general for n%f:g'ﬁl()c %11) g@%ﬁg_ng%fﬁ?l ?Qlfég%nfﬁ%%#%ﬁ( %)gg%% %C?lw'l )a
(where R 1 epygagnheoap, OBh! ATRbLYcaHBSAYL UbE0uA! kil Qiokha1 P 14 MAR
2003 or an optionally substituted aryl group) either after reacting the

al cohol withsapstitabb Paweri A1RySshiLGhP1 SeLyEep! 4 deyraumvesdyed to an

al koxide or directly in a suitable solvent in the presence of a suitable
base at 1@ 5 groeupratyurehbet veren - ¥8§e tinelr | opepLesPet ad s toradetiabl vy

bet ween OC and roomtenperature. In this reaction, a suitable catalyst such
as N, N-di nretdyt+@naNnopyri di ne nay be used. The suitable solvent that can be
used in this reaction is an inert solvent that does not affect the 10
reaction, as exenpPrefenablydiRi apd & hehichinawpbepiie e3ae O¥ert - butyl

nmet hyl ether, tetrahydrofuran, dioxane, diglyne, acetone

. g
N, N- di et hyl $5F RERPRE, TRPRAPRRE h | BXSFOAPR e BPM %?n%‘fk@ﬂ’ejs‘lﬂ?]rjcpé, Wit h
t et rahydr of ur n ert-butyl thyl _ether_being 1 referred. Exanpl es of
the auttabl o iRsEEP Rt iRveY elBul)ordhe Feactieh THRITAoSTt oA
hydr i deg 5Such2s:8ehanshUih N L fifen SEALY LAY Fbdifa antbddddgim Ay dr i de) or
carbonates such as potassium carbonate ahd sodium car ate, bicarbonates
such as pot agsi v iyl EHENGRERENGE €a 200B8E1 SQEH £INE Sl 9 & G R Fe e,
organi ¢ strong bases such as 1, 8-di azabi cycl o(5.4.0)-7-undecene and
1, 5di azabi cyptre¢#a3d0ihat nRNefirl R‘eateanytabbiRSashelirégeitraedhyl am ne,
tributylam ne and N, N-diisopropyl et hyl am ne; anong these, sodi um hydri de
and triethyl am ne Brefebaptef eRY ehd Riewkbopovay bé tihe $amemy on which is

represented by the general fornula (G VI) may be synthesized by the
fol | owi ng prétEfierent.regpresent a hydrogen atom or an optionally

20 substituted lower alkyl group.
In schemes (1) and (2), the term "halogen atom" means
a fluorine atom, a chlorine atom, a bromine atom or an
iodine atom.
In schemes (1) and (2), the lower alkyl group means a
25 straight-chained or branched alkyl group having 1 - 4
carbon atoms or a cyclic alkyl group having 3 - 6 carbon
atoms; examples include a methyl group, an ethyl group, a
n-propyl group, a n-butyl group, an i-propyl group, an
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14 MAR 2003 a conpound represented by the general fornmula (G1) ( where R1,
R2 , R3 and R' have the same neanings as defined above) is reacted j RARI03
inert solvent such as hexane, toluene, diethyl ether, diisopropyl ether,
tert-butyl 5 nethyl ether, tetrahydrofuran, dioxane or tert-butanol,
preferably in tert-butyl nethyl ether, tetrahydrofuran or diethyl ether, at
a tenperature between -78C and the boiling point of the reaction m xture,
preferably between -40C and roomtenperature, with an alkali nmetal such as
10 it hi um isodty groppt as Ssek bat Ky | dxrdinp Una steht -asu et hyddup hiam
ethyllithium n-propyllithium ipropyllithium n-butyllithium

sec- butyl | i¢hclopoopykrgboty) | atdyehobwtyh @Grogmaral oyeslgepen syt hgasup

met hyl magnesi um chl ori de, net hyl magnesi um brom de, net hyl mragnesi um i odi de,
15 et hyl magaedi ancyblobéxe] etdmyd magnesi um brom de, et hyl magnesi um i odi de,
n- propyl magnesi um chl ori de, npropyl magnesi um brom de, n-propyl magnesi um

i odi de, i propyl meimesschemes| ok dnd i () opiherskpresy (ERKAXNIGROUP means

i propyl magnesi um i odi de, n-butyl magnesi um chl oride, n 20 butyl magnesi um
brom de? n-duttFahghbsthadnedi ¢, PSRRI | REEES | AW AT 1 - 4

sec- butyl magnesi um prom de, sec-butyl nesi um i aqdi de) tert-putyl magnesi um
chi or 1 o) TSATORR JERD S Arr BT bh (RUETRY OB AL Ul | TR or a

30T CuFESEE AORPTEOP D D S B i
BRI CER S T S e e Lt T

pot assi um bi%ﬁfé;ﬁ??&%éﬂﬁ} gé?%%@d@utﬁffﬁ&?é)’ & St ehut dsby Nty ! 1d thi um

or tert-butyl magnesi um ¢ then,” reaction wth carbor di oxide follows

to giveoa COPEDHPECHERY CSEMET HYcdEowerekdl gfQipula dyddddentdpere R1,
RZ , R3 5 and R4 have the sane neani ngs as defined above); subsequently,

t he conmpoungroepr &séna edybdyohdeogengradpformula (G VI) (where Rl, R2, RS,
R4, R5 and R6 have the sane neani ngs as defi ned aboveé i s obtained by
perform ng ani datThhe leeetilrlenlke woogmwuesl RIf anfeRjemsams dornul a 10
(GI1) in the usual manner. Am dation reaction typically involves reaction

with a suitabralgbhdehaired sgertranched akink FFoumdajeiF &t f ot nul a
(GI1I1) RSRGNH ( G| 11 g (where. R5 and R6 which qgé}be t he sanme or
di fferent 1%2FRYR eREAPS OFyAr SR QD BF TP HHBHDNT 3 sutFIERPY | over

al kyl group),in an,inert solvent in the presence or absence .of an .organic
bass of San FHERgaAn WALES (B oerah OC IVERET uhcty Femed B ng
agent is a ct g@ﬁg sing agents
such as hydé%%%?%éi %géﬁbf&g?%%%ﬁ%@%%b%gl [ #d%n [ so%r o%’l ca{]ar bodi i m de
and let hyl - @1 £ Bodi-6hé Yy BNGPORS OPy | 0 :60¢ Rash-dmie ©8y1 aj¥bupet ! chl or of or mat e,
et hyl chlorof ormate and i sopropyl chloroformate, with a hydrochl ori de of

1- et hyl - 3- (8126r6lé they hydesmmo pd oy )werr dochy In gisownd £ty £ hidxsefloy rat e
bei ng preferred. Exenplary organic bases include pyridine and

tri et hyl am greoupx eaptatyaf oo geetlcy bagesup ncd uskn tafBidioroe?hiIMARI 129603, sodi um

hydr oxi de, sodi um al koxi de, potassium al koxide, alkyllithium potassium
car bondfe, aoTEhveBePorRYE FFeuRotATTT Ukl repaeryl group, a n-

trifluoropropyl group, a n-tetrafluoropropyl group, a n-
pentafluoropropyl group, a n-hexafluoropropyl group, a n-
heptafluoropropyl group, a n-fluorobutyl group, a n-
difluorobutyl group, a n-trifluorobutyl group, a n-

25 tetrafluorobutyl group, a n-pentafluorobutyl group, a n-
hexafluorobutyl group, a n-heptafluorobutyl group, a n-
octafluorobutyl group, a n-nonafluorobutyl group, an i-
fluoropropyl group, an i-difluoropropyl group, an i-
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Useful reaction solvents are inert solvents such as 5 toluene, dieth k

et her, diisopropyl ether, tart-butyl nethyl ether, tetrahydrofuré% 1003

di oxane, dichl oronet hane, dichl oroethane, chl oroform and ethyl acetate) or
m xtures of solvents selected fromanong these sol vents; preferably,
tart-butyl nmethyl ether) ethyl acetate and dichl oronethane 10 are used. The
reaction tenperature is between -78C and the boiling point of the reaction
m xture, preferably between -40C and room tenperature. The conpound whi ch
i's representetk yotdigrasyEerdtody nmt a (tdErahl dondpaiopyRl grfidip, Bh i-R4 , R$
and R6 have the same 15 neani ngs as defined above) can al so be obtained by
t he fol | owipwhtafissitse:opy T oanpmumd dre pir-erset filoh dyvyo pirtog yde rogroaip ,f @nmiil-a
(GIl) ( where RL, RZ, R3 and R4 have the sane neani ngs as defi ned above)

i s react ed heptaf lverdpsopwkendgrauyeh as hdikdams;oRElolarnw,, diretihryl et her,
dii sopropyl ether, tart-butyl nmethyl ether, tetrahydrofuran or dioxane,
preferabl y drfluorotutyl gmovyl an Herdrifsiucrepntatlucmeounm, d@retihyl et her, at
a tenperature between -78C and the boiling point of the reaction m xture,
pref er abl y trinafehiongmiant $euR 25320 dmnRetafilalonghi van SR i afetlal such
as lithium_  sodium or potassium al kyllithiumsuch as _nethylli tafrlli ym

et hyl 1 t hi JRXFEIRGESPYEThi IFRUER - Adpy1HeREFIHO TR |

Ceagent SuctE S T TR DCEATHR I PN IR RS A8 of deco o
ot hy! rmgaed T GAREE S R S B e ot
brom de, n'tpfi)lp.ylhmc';%&c;r O@%m . ef‘&f&fﬂ df‘ﬁ de Pl QP dBANEIIHEEN FdHE: a sec-

i - propyl magnesi u i propyl magnesi um'i odi de, n-butyl magnesi um

chlori gg, NUKYAFMBISESHURY P&, £-du8 HdmENeRdroputsdl doup, a sec-
secbut yl magnesi um chl ori de, sec-butyl nagnesi um brom de, sec 10

but yl magnesiaptafliceobilieyl - by Jreg st v todd 1ard iy tiydr tgdeudpy,| rEgRes um
brom de or tert-butyl magnesi umiodide) or a reagent selected from anong

| i t hi um hydromkef 1okt hl dyrals . potisst uibdopchbwdyl tgraurbutaoXgadt-assi um
lithiumam de, sodium am de, potassiumamde, lithium 15 diisopropyl am de,
sodi um di i sbbfbpsrenrl gorursianent sopiopiareidyl gaxgum a tert-

bi s(trinethylsilyl)am de and potassium bis(trimnmethylsilyl)am de, preferably
reacted w t‘?ﬁ?i’i%%}%??'?‘h?xﬂm HrOoYRy ta b‘iﬁ’iﬂ'r&f‘d}f?sﬁld%ﬂr&]ﬂ"\%ﬁld&r%s@quent ly,

& %f%?g(kﬁ@i{%é’%%%%ﬁf E”‘%S« hd S t“%l .%ﬁ e R :
repr osent od Byt He G RRE SPEY B\ v R R e Roa
represents @%ﬂ%f@é‘ﬂ:idﬁ%ﬁéﬁﬁi 'éJ!EBGLﬁg) | PVBTF 18] dOd cy1@Hopy )l dritap,esul ting

conpound of the general Tornula is heated in an inert solvent such as

a sat ur at ederifiorocidl MNP0 gt 0 cardaatr afel.udo e o pyld eaaiud,,

dodecane, tridecane) tetradecane, cis-decalin or trans-decalin), an

aronat i ¢ hyarpestabhudrocycldmtamyie, googirene fiwirdooyalierimdgng, gooapal ian or
bi phenyl ), an ether-containing hydrocarbon 5 (e.g. diglynme) triglyne,
t et r agkPne dfHigresytlehyiey) grpup, a trifluorocyclobutyl group, a

tetrafluorocyclobutyl group, a pentafluorocyclobutyl group,
a hexafluorocyclobutyl group, a heptafluorocyclobutyl
group, a fluorocyclopentyl group, a difluorocyclopentyl
group, a trifluorocyclopentyl group, a

25 tetrafluorocyclopentyl group, a pentafluorocyclopentyl
group, a hexafluorocyclopentyl group, a
heptafluorocyclopentyl group, an octafluorocyclopentyl

group, a nonafluorocyclopentyl group, a fluorocyclohexyl
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sul f ol ane- cont ai ni ng hyrocarbon (e.g. sulfolane) or a mxture there?f
preferably, undecane, dodecane, cisdecalin, trans-decalin, tetralin & rMAR 2003
m xture thereof, at 100 - 300C, preferably at 160 - 250C, there is produced
a 10 4-substituted benzopyran derivative represented by the general fornula
(GVI ) ( were Rl, RZ, R3, R, R5 and R6 have the sanme neani ngs as
defined above). During this thermal cyclization reaction, a benzofuran
derivative represented by the general formula (G VII) fornms as a

by- product. ¢rotp, wasdibindrobmtlohexyl ejrovpt i@ et fiberredrec boldexybduct
4-substituted benzopyran derivative and the by-product benzofuran
derivative depewds fatgbrgfiponocyieleokexyl ogreapvemt and the reaction
tenperature; when diethylaniline, a coomon conventional solvent for the

t her mal cyclPQHFﬁﬁhUQUoﬁﬁﬁéPhéﬁylmﬁ§°@Bedaa§e¥¢£J¢Q%&ﬁYQ#PQQWWbn@rOUP-
benzopyran derijvatives were not obtained at all but_only benzofuran
derivatives %cEﬁPF%ﬁlu?ﬁECZSHﬁBQﬁHlo$r?%% g%%e?%}a#%ﬂ %N?%9¢?§Y%an al so

be obtained in salt form 8e0| e ggies of its 3 5 |ncIu

Ft i um S 5Ra88 o tpuRpBar PBSEOGRE1ERERR] SGrdtnn s Lottt itee et n 4
di It | f d of th

comer o Al RUE Ty RE PS8R REES o™, TR Do mtunr

th | f I t h 3 5~ d ~( 6

Fore ggﬂg;rgs (g; majm %G)Lé/‘b re}?erre %ﬁ%%gs%uéla%ﬁg E@%@ Whl ch ﬁgy b(e th)e

sanme or d'ff§EE8i?hBCEHQ§nédh¥9rQﬂéﬂcﬁé@ﬂbefﬁl&%%ééiﬁ§iYgﬁ&@éthéviﬁg 1 ower

al kyl group, a halogen ato an optionally substituted |ower al koxy group,

NYaYb (where-Y3 aagbdh wbbﬁb 8BYabeyt&hec SpEEr DhoEbdT1I6f ENGre&@s maepigsent a
hydrogen atom an optionally substituted 10 | ower al kyl group) an

optionallloy subetcanben howvms; abkampras bimylude oaptrifl weydmetlowp, gaoup,
optionally substituted | ower al kylsul fonyl group or an optionally
substituted arpestafbngrogtbyp orouphem 1 aheptabhetteprepyh giheumi taogen
atomto which they are bound, may forma 3- to 15 8-nenbered ring), a nitro
group, a cyaﬂongﬁéﬁbuoﬁﬁbébfloﬁﬁPPQ s@%s%T@%@E@ﬁiwﬂﬁﬁpﬁﬂmx&y%%?%@ny¢ngroup,
an optlonallg substjtuted | ower al kyl sul fonyl %g and an tionally
substi t ut ed r??gﬁf}ﬁﬂ§PbBF8ﬁpgr?ﬂBse g?oupLoR tY%)$$£%%ndaRZg as

? b QS?rFi Blrt ErPePehRLh Stk oathih; o BeTEAPLordRs %Pr%%? g%‘?'y be

) 25
oo 8wl ﬁ??F%ﬁguﬁfpﬁ%?ﬂgé%% fogroiyy | dhaper ISR STl e tch:i ned
al kyl group Qﬁ(‘:{hggaﬁd af ﬁﬁ&é@@fﬁﬁ%cpéléh@ﬁﬁﬂcg@m& Q/CI | C al kyl group

having 3 - 8 carbon atons; exanpl es include 14 MAR 2003 net hyl
group, an ethyl grex@mpies-@fopyé @bOlhaBlN-uByAlQrioup,1@vdr pentyl group,

a n-hexyl group, an i-propyl group, an i-butyl group, a sec-butyl group, a
tert-butyl gabkplsabfonpioxyl ggouppasaX nempentimciudpm a tert-pentyl
methanesulfonyloxy group and a trifluoromethanesulfonyloxy
20 group.
Examples of the arylsulfonyloxy group as X and Y
include a benzenesulfonyloxy group and a p-
" toluenesulfonyloxy group.
The lower haloalkoxy group as R' and R? means a
25 straight-chained or branched alkoxy group having 1 - 4
carbon atoms or a cyclic alkoxy group having 3 - 6 carbon
atoms, in which at least one hydrogen atom is replaced by a

halogen atom; examples include a trifluoromethoxy group, a
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5 group, an i-hexyl group, a cyclopropyl group, a cyclobutyl group, a

cycl opentyl group, a cycl ohexyl group, a cycloheptyl group and a cycl ooctyl
group; the | ~alog~en atom neans a fluorine atom a chlorine atom al brMAR2008
atomor an iodine aton 10 the dower al koxv group neans a strai ght-chained
al koxy group having 1 - 6 carbon atons or a branched or cyclic al koxy group
having 3 - 8 carbon atons; exanples include a nethoxy group, an ethoxy
group, a n-propoxy group, a n-butoxy group, a n-pentoxy group, a n-hexoxy

15 group, an filyropobhoxy aypumn a -diftlmeorapidiogxy @roep,but oxy group, a
tert-butoxy group, an i-pentoxy group, a neopentoxy group, a tert-pentoxy

group, an i-Hexddduaprarihoxy cpoiwpr ¢pdet rpfdwer oe thesyolgrosPy @ oup, a
cycl opent oxy group, a cycl ohexoxy group, a cycl oheptoxy group and a 20
cycl ooct oxy @enfRf iunrafaxal danuita rdh amiluprens areys Seud .k @ ycar bony!|
group whose al kyl portion is a straight chained al kyl group having 1 - 6
car bon at ons GrfdIPRANRNBAEF BBHTRNP grab iy tiHdEa1000RRODRT i9319WPs & Branched
or 25 cyclic alkyl group having 3 - 8 carbon atoms, and exanpl es include a

met hoxyca? boriA tHFTHP T R RBBX VLR WONA  gRSHT a4 1enoms; al9ES- &r oup,
e S e
group, a sec-h : tef.t- I royp,,_an
i-pentoxycarﬁ%#?ﬁéé%%ﬁgggé;ﬁggggﬁt5§§Eg%%ggg%gé¥§%ﬁapgﬁ%%&?-%éﬁtoxycarbonyl
group, an i - REXPULAH AUV xy0 ' Ptup 2 @ R U FARDPEREY g rGu@uPa @ -

cycl obut oxycar bonyl group, "a cyclopent oxycarbonyl group, a

cycl ohexoxy c /et 1 i rHu t Gk F Yt SUIE P a0 R GRAREN o rdbHRd 33N Grdup, a n-
cycl ooct oxycar bonyl group; the |l ower al kyl sul fonyl group neans an

al kyl sul fony el gflnigrdmmiciy group ,car o Afadm orode oxlyk whroper,t aon-i s a
strai ght-chai ned al kyl group or an al kyl sul fonyl group having 3 - 8 carbon

at ons whose aldndf Jpontatart dxgyy ayrngnc feed icrf loypaloipaoplokyl ggroapp, aand -exanpl es
i ncl ude a net hyl sul fonyl group, an ethylsul fonyl group, a 15 propyl sul fonyl

group, an i seyrfomdranrangiy @rayp . @rbut-irsfiluonpbrpresy ar¢uen an i-
i sobutyl sul fonyl group. the arylsul fonyl group and exanples inc
t ol yl sul fonylt%trqﬂ%%uodf%%’iﬁ IAFBhy |2 Aois P ta SRS Pr ORI N P O§Po u B

pyrldylSUlfoqwhé¥é¥ﬁﬁo 3S£6§Q£§“J¥ﬁﬁﬂ, %%pggheptafluoropropoxy group,

15 an i-fluorobutoxy group, an i-difluorobutoxy group, an i-
trifluorobutoxy group, an i-tetrafluorobutoxy group, an i-
pentafluorobutoxy group, an i-hexafluorobutoxy group, an i-
heptafluorobutoxy group, an i-octafluorobutoxy group, an i-
nonafluorobutoxy group, a sec-fluorobutoxy group, a sec-

20 difluorobutoxy group, a sec-trifluorobutoxy group, a sec-
tetrafluorobutoxy group, a sec-pentafluorobutoxy group, a
sec-hexafluorobutoxy group, a sec-heptafluorobutoxy group,
a sec-octafluorobutoxy group, a sec-nonafluorobutoxy group,
a tert-fluorobutoxy group, a tert-difluorobutoxy group, a

25 tert-trifluorobutoxy group, a tert-tetrafluorobutoxy group,
a tert-pentafluorobutoxy group, a tert-hexafluorobutoxy
group, a tert-heptafluorobutoxy group, a tert-
octafluorobuoxty group, a tert-nonafluorobutoxy group, a
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,aroub neans an aromatic sul fonyl lude a phenylsul fonyl group, a p

p- chl or ophenyl sul fonyl group, a 23-furylsulfonyl group, a 2 a ARI00
3-thienyl sul fonyl group, a 2 a 3-pyridylsulfonyl group and a 4 Ye1dhm &glﬁn

~~~ which may be the sane or different 25 each represent a hydrogen atom
an optionally substituted | ower al kyl group, an optionally substituted

| oner al koxycar bonyl group, an acyl group, an optionally substituted | ower
al kyl sul fonyl group or an optionally - 75 14 MAR 2003 substituted

aryl sul f onyl fdueoupcyc,l oprepdak er oupge tah €l Adivolrotclye 1optropgey  atronpt, oawhi ch
they are bound, may forma 3- to 8-nenbered ring. The s~cvl aroun as used

her ei n neans tariffdnwyio qyrdpropoay d@roppcarcbdetragloepokyecilogprbpoxd carbon 5
at ons whose al kyl portion is an optionally substituted straight-chai ned

al kyl group, 9aeuR.k@ EeMEfiucgiosys leRriopgXxy 9reupar Bof lHosesyehobutaryy|
portion is an optionally substituted branched or cyclic alkyl group, or an
aryl car bonyl 9§C8Pp, 2afdidBaRasliohutesy grogPnyR drddguogrcyglabetery

Vel ory1 " gf OUBEOR ot R AL s RSV BERPE  gfoup, o pi val oyl gr oup,

RS, Rb, "R "o SRS T RS R P SRl Py PEB SR IP G T SREE Ryl ar oup)
Touer al Koxy Sk P e Rty SR oBlp iy BaRpaRet IRk Eh LR ony
group) the 09%5 %ql%yd@fyﬁyﬁﬂgggygaéwka§§tggﬁ¥Fbeaexenplified by a hal ogen

atom a phen group, a h y group o group, a cyano group, a

cyclic alkyl t4H@URc\byed opentdx52/gRdupAt @Mt e tRalFANBrodl kAt l i BYR
optionally substituted by a hal ogen atom or a phenyl group, a | ower

al koxycardongrogipQup, p2ntafleotocyicddpeartdxMYg¥oupY~aand Yd which may be
the same or 25 different each represent a hydrogen atom) a | ower alkyl

group) a | owkexalfdaorcayviedmpengioxyp graupac gl hgptaf luarbowelogkekybgyl f ony
group or an optionally substituted aryl sul fonyl group or, when taken

t oget her wi t lITIONW ,- ang octafj uRCYTIPIPentoEye Iratpm 8o whi ch they are
bonded, may forma 3- to 8-nunbered ring. In the case where Rl, RZ, R3 ,

R , RS, ReNONRIIFOIQCHCIODEIEXY §TO0¥Rer 2afRPPTREVLAGLEXRENOJERVRL Ofh as a

5 bstit t.. - hal | kyl b ti d | e. Th

o hal oal kyl | Gi3aHoTesYeLonakoRY, ok Aod ATRYPEEFSEIoRETCHS S0 cAr bon
t b i i - t hat
Pave 1 5 8o ARG IRl AU AYERS a1 poRoRgTal 200" L

substi tuent, pex%mwé§%fﬂygfgy§d§dhg§g&9nﬁggﬁb ggoup, a difluoronethyl
I I gr

group, a trifluoromethyl group, a 1fluoroetRyl group, a 1,1-difl uoroethyl
group, a 1fl wepRraRyrdfydlbhexokyl geolipyoBapbeRyiF18688Bycdohexoxy

1f | uorocycl opropyl group, a 1-fluorobutyl group) a 1,1 15 difl uorobutyl
group, a chl group,hy ngmaflucarodiychlobesosyhgiroup, a
decafluorocyclohexoxy group, and an undecafluorocyclohexoxy
20 group.

The acylamino group as R' and R®> means an amino group
in which one of the hydrogen atoms present is replaced by
an acyl group and exemplary acyl groups include a formyl
group, an acetyl group, a trifluoroacetyl group, a

25 propanoyl group, a n-butanoyl group, an i-butanoyl group, a
pivaloyl group, a benzoyl group, an anisoyl group, and a
nitrobenzoyl group.

Examples of the alkoxycarbonyl group as R' and R?
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group, a trichloromethyl group, a 1l-chloroethyl group, a 1, 1-dichl oroethyl
group, a 1-chloropropyl group, a 1, 1chl oropropyl group, a

1-chl orocycl opropyl group, a 1chlorobutyl group, a 1,1-dichlorobutylMsnmap,
a brononet hyl 20 group, a di bronmonmethyl group, a tribromonmethyl group, a1l
bronoet hyl group, a 1, 1-di bronoethyl group, a 1-bronopropyl group, a

1, 1-di bronopropyl group, a 1-bronocyclopropyl group, a 1-bronobutyl group,
a 1, 1-di bronmobutyl group, an iodonethyl group, a diodonethyl group, a

trii odonmet hihcPbdgraupethotycadbenny| ggowpp, am dtHexly¢adweiyly | gigywnup,a a

li odopr opyl group, a 1,1-diiodopropyl group, a 1liodocycl opropyl group, a
1-i odobut yl terbupuboxyaatbdnyl ogobup y| a ghenpyloxydarbonydl g 2003 If R,
R2, R5, R6 or R represents an optionally substituted aryl sul fonyl group or
an opti onal hgthekgbenzytdanbohylr a0pup t &Rd opt hbtdhen 3 kearhomyk st i t uent
may be exenplified by a hal ogen atom a phenyl group, a hydroxy 5 group, a
nitro groupdr@iByano group, a straight-chained al kyl group having 1 - 6
carbon atons) a branched or cgclic al kyl_group having 3 - 8 carbon atons, a

| ower al5k|oxy gr or%"%‘ﬁ}%ﬂa?fy ]%%lb‘%ﬁjf‘?flfl %yst)‘ébf’_rltajrﬁ)‘a'é?fit ; ba]tQ)Yﬁh]blr a phe(r)lylt
roup, a (0] [ | r ou (0] ona ,SUDST 1L uUte a a en at om
OO oy ATkl YRS SRR SPLLORAA e S HRRILAE & TpatnSnOSu PAGR TS
NYeYf: Vi Y whi th i h t
e onen aiapedh AB4°R FBYebEobdfc PRMRe gl SATE SACh TOPT oS & ity
bstituted | tional |y 15
SUbeti Ut od | owerERMIPIIE RO oS LRI ARAL Yor APy Bl gOTAl LY 15
taken toget{iet1ud8Yal BEREEnSa1EGnPL NYFOSS €ahd | A - FSRIBH Ssu R £dE

optionally substituted | ower alkyl group as RlL and RZ include a nethyl
group, 18 flges@set hyl 20 group, a trifluoronethyl group, a pentafl uoroethyl
group) a benzyl group, a nitronethyl group, a cyclopropyl nethyl group, a

met hoxymet hyl gr dEpample €t &b xymet suybsgitugnt aibettrey |apdyiratdly gr oup, a

met hyl t hi omet hyl group, an ethylthionmethyl group, a methoxycarbonyl net hyl
group, a 25subhsettytedi hower hglkyt cmpeummasthylangr 8ipinal@dé | aor oet hyl
group, a n-propyl group, an i-propyl group, a lnethylthiopropyl group and a
n-butyl grduplogsanptes. of Phenyht 9o0ir | 2 SRIHAEX e e rd a{ r. 78

14 MAR 2003 R3 d R4 includ . et hyl , t hyl
n- pr opyl gr%ﬁ%‘?’l‘] 35‘5‘6? y‘?pnbjr%{h?ﬂl;lng ﬁ‘gﬁ)‘?bﬁ%‘%bigi%ﬁgél%n‘?l‘fﬁ‘ty%%ﬁﬁhy?

b | | 1- | d
2 o) a8 T PRt LN ELV RS ot R e Toner
al kyl gr OUpsééigﬁ@E‘Qd Ry | Qcﬂé'ﬂcg?é’n Rt Ay ! oﬂrQ%%@pr Ir B rdrred

cycl opr opyl et group,- an et group, a 2-cya group, a

2-fl uor oet hytte K RUPgEMdaforls Pr @RYhg Hitikh SXEI eSO fatddie aptional ly
substituted | ower 10 al koxy group as Rl and Rz include a nmethoxy group, a

trifl uor omgpdmokyc@rabDy prdLezyédxy group, a cycl opropyl net hoxy group, an
et hoxy group and a n-propoxy group. Exanples of the optionally substituted

| ower 15 al koxycditmmylegrotiptizs @it iorhIRY | nddaidiaut ede tlvovepc alyly|  group,
a trifluoromethoxycarbonyl group, a benzyl oxycarbonyl group, a

cycl opPBpy| MR X3 RbeRA Rjr boplude athbwgromethyl eFrowm, @

n- propoxycar bonyl group and a tert-butoxycarbonyl group. 20 Exanpl es of the
above- nent i ?ﬁ?ﬂ%fh$®“3%9%ﬁd a trifldoromethyl group, a

fluoroethyl group, a difluorocethyl group, a trifluoroethyl
group, a tetrafluoroethyl group, a pentafluoroethyl group,
a n-fluoropropyl group, a n-difluoropropyl group, a n-

25 trifluoropropyl group, a n-tetrafluoropropyl group, a n-
pentafluoropropyl group, a n-hexafluoropropyl group, a n-
heptafluoropropyl group, a n-fluorobutyl group, a n-
difluorobutyl group, a n-trifluorobutyl group, a n-
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NYeYf include an am no group, a nethylam no group, a benzyl am no group, an
et hyl am ono group, a dinethylam no group, an ethyl net hyl am no gr@gﬁywﬁ
pyrrolidinyl group, a piperidino group, a norpholino group, an acet '8@
group, a 25 benzam do group, an N nethyl acetam do group, a

t ert but oxycar bonyl ami no group) an N-nethyl -tertbutoxycarbonyl am no group, a
met hyl sul f onyl am no group, an ethyl sul fonyl am no group) a
propyl sul f onyl am no group, an - 79 14 MAR 2003 i sopropyl sul fonyl am no
group, a butyésphfonykanueg195euip, aa hspbtytsubf Byt Godp OUR)na
phenyl sul f onyl am no group, a p-tolylsul fonylam no group and a

pchl or ophenyhexbfdugkrabunglgyeonp, SaViehepakebubogettel aidilip) he mitrogen
atomto which they are bound, Ya and Yb, Y~ and Ya, or Ye and Yf may form a
3- to 8-nenbecetdfiinngobntiyihgroiipg has-R2ona¥lgardiontwi ogmsoumi tdén any car bon
atomon the ring being optionally replaced by a nitrogen atom an oxygen
atom or a sufluerapsapryl0gspupif e éxdhpleeroprepyie gwvowri ramlihe ring, an
azetidine ring, a pyrrole ring, a pyrrolidine ring, a pyridine ring, a

3, 4- di hydr o- bFLE2BRTARTPPHY, 980BP4, 306l t EeERATHROT PPECRD} NnereWing, aRni-
azocine ring, a 5,6-di hydro-azocine ring, a 5,67, 8-tetrahydroazocine ring,
an oxazol i nePfPREELYATEBTPEY%agEP e ?Pnb?h%X?ﬁiﬁ&%ﬁEﬁ?Pﬁﬂr$¥@HPa.an 1-

i i ' hol i i d a thi hol j i ng. The f d
ot 1 on of ReBtePLEPFBRBEYR 5P 80 phsFLROROBREr TS RR o i ng. |
Pr ef d i nel ' I 2 bsiituted | | k
aroup, an oprienarFyeted: BFHEG &R SPLEPPIRYoRPslh STy ©

substituted gg téFhﬁgggbugggugroapDi ﬁOiQﬁQHPaﬁfQoﬁoﬁdgﬂg Sup; Aoy

t hese, lower a groups having a fluorihe atomas a stituent are

preferrag, “héﬂa@lﬁokbbﬁkyﬂrgﬂsﬁﬁy|aﬂrPuﬁeﬁﬂgfPu&&éﬁhﬁ&%%éﬁé&ﬁﬂO@ﬁhyl group

being particularly preferred. The preferred exanpl e of is a hydrogen
atom Speaki ggtaf183randtiRi, gibey, ase DrebeafbDhyrdEt BRNE:oW®) €a ps&ter abl y,

they both are an optionally substituted - 80 14 MAR 2003 a- hal oal kyl
group; nost predbeobbiyl theypbohhsacedihfihoooouweyhydroumupa fe@npl es of the
optionally substituted |ower al kyl group as R5 and R6 include a nethyl
group, a bentyifyunoupbubyd gyoupprapyéeetayragluwemebetyketdmduryr cupsea
2-Cyanoethylpentafluorobutyl group, a sec-hexafluorobutyl group, a sec-
15 heptafluorobutyl group, a sec-octafluorobutyl group, a sec-
nonafluorobutyl group, a tert-fluorobutyl group, a tert-
difluorobutyl group, a tert-trifiuorobutyl group, a tert-
tetrafluorobutyl group, a tert-pentafluorobutyl group, a
tert-hexafluorobutyl group, a tert-heptafluorobutyl group,
20 a tert-octafluorobutyl group, a tert-nonafluorobutyl group,
a benzyl group, a methoxymethyl group, an ethoxymethyl
group, a trifluoromethoxymethyl group, a benzyloxymethyl
group, a methylthiomethyl group, an ethylthiomethyl group,
and a methoxycarbonylmethyl group.
25 The lower fluoroalkyl group as R’ and R! means a
straight-chained or branched alkoxy group having 1 - 4
carbon atoms in which at least one hydrogen atom is

replaced by a fluorine atom; examples include a
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group, a 2-fluoroethyl group and a n-propyl group. Speaking of RS and R6, a
preferred case is where RS is a hydrogen atomand R6 is an optionally
substituted | ower al kyl group; a nore preferred case is where RS isN@ %8
hydrogen atomand R6 is a | ower al kyl group optionally having a cl/é R2003
group) and a particularly preferred case is where RS is a hydrogen atom and
R6 is a 2-cyanoethyl group or a 2-cyanonethyl group. Exanples of the
optionally substituted al kyl group as 15 R include a nethyl group, an

et hyl group d&ddicergmespyl g, Bxabiflamnemetig logriompal lay substituted aryl
group as R include a phenyl group) a p-tolyl group and a pchl orophenyl
group; anong trdsaiozpmetthitly | gnpupup aarfd v nasttihyll growp .alve diifdaeroedhydi t h
a p-tolyl group being 20 particularly preferred. Speaking of R8, it
represents afT&MH.ofalisi qethydd 9rewd. & Ketrgfdyeroethyd grep®naldl y an

bstituted al kyl . Wth t hyl d t hyl bei
par t1 oul ar | y RSP RE OHNYHh STy 0 i -3 YOO BFORIAIT OGP Ba () ( wher e
Rl, R2) 3?, 4f?m% Hal have the sane N ag&g&& as _defined above) may be
synt hesi z&d R R e fu e T FOoPFEPYH S&P) €h8 compound
b bt ai i - 4 NMAR_? f t |
can be o0t % detReHbET o, B VRN AU, lp ceneral
def i ned \ . . N | , ¢
oo, def i ned BUOVERBIo it WA R OSaer EREOLAON D

bet ween 130Cand iR, Ry PR, @f ri-tA faRloveRltyRr §euLabl u at 150 -

200C. The suitable solvent to be used in the reaction™is an inert

hi gh- boi |'i ng tRaifMucTIBERRLL idratupdoes nidle tifiratbroba tyeagioan ,andnexanpl es
are sol vent naphtha, xylene, o-xylene, mxylene, p-xylene, nesitylene, 10
0- chl or at ®| upeataflcidmebeltylugreupn- ahnehekalfleaoeobadydhibmoapenaene,
dodecane, tetralin, decalin and di phenyl ether, with solvent naphtha and
o- xyl ene bei hgpiadilaanabutylc gneupnd aoh -oled agdnerabutydngiraupe @ 1-( wher e
Rl, RZ, R3, R , R5 and R6 have the sane neani ngs_as def fined 15 above)
can typi cal | popefdpenediitydd anpuponear di-6d WoreRroRY lc 8¥pYBnd adf ithe general
formula (1) khy a nethod that involves a carhon nonoxide inserting,.

cross- coupl i AgElEROPHERYL S1OMP -1 8¢ thi- &K IEHRCTORESPY LB Pas @] dat al yst .

To be SpeCIf%%tf%@idg% ﬁ%ﬁg%apgr%ﬁ%,9%%¢E@£e2%9¥ﬂhgr$£%opyl group, an

15 i-hexafluoropropyl group, an i-heptafluoropropyl group, an
i-fluorobutyl group, an i-difluorobutyl group, an i-
trifluorobutyl group, an i-tetrafluorobutyl group, an i-
pentafluorobutyl group, an i-hexafluorobutyl group, an i-
heptafluorobutyl group, an i-octafluorobutyl group, an i-

20 nonafluorobutyl group, a sec-fluorobutyl group, a sec-
difluorobutyl group, a sec-trifluorobutyl group, a sec-
tetrafluorobutyl group, a sec-pentafluorobutyl group, a
sec-hexafluorobutyl group, a sec-heptafluorobutyl group, a
sec-octafluorobutyl group, a sec-nonafluorobutyl group, a

25 tert-fluorobutyl group, a tert-difluorobutyl group, a tert-
trifluorobutyl group, a tert-tetrafluorobutyl group, a
tert-pentafluorobutyl group, a tert-hexafluorobutyl group,

a tert-heptafluorobutyl group, a tert-octafluorobutyl
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20 ( where R~, RZ, R3, R4 and Hal have the sane neani ngs as defi ned
above) is subjected to a cross-coupling reaction with a conpound dfé MAR2003
general formula (GII1l) HNRSR6 ( G | | 1 ) (where R5 and R6 have the sane
meani ngs as defined above) in 25 a carbon nonoxi de stream at atnospheric or
subat nospheric pressure froma C02 gas container, preferably at atnospheric
pressure, at a reaction tenperature between -78C and 150C, preferably

bet ween room tenperature and 130C, for a - 82 14 MAR 2003 reaction tinme
of from 1l hotup 0 ahdlaystent-eiaiahlyodfsmmyl rouwp.to 1 day, in the presence
of a zero-val ence or divalent netal catalyst such as palladium nickel,
copper, zinc, timbrR’magded’ uppesdrer abilystiltuerB sy ¢h ofwhzar czakadrence or
di val ent pal | adi um such as bi s(tri phenyl phosphi ne) pal | adi um acet at e,

pal | adi um aoegetheerardl th i {ie nyarihars Eiione, tdivd(itah pihery grteodphink) F@dmdi um
chloride, [1,1' -bis(di phenyl phosphi no)ferrocene]palladi um chloride

di chl or onetth@rrlverihylen® grovmkidiay gt mapimadsd soinrd Izididsm

tris(di benzyl i deneacet one) di pal | adi um chl or of or m adduct and

tri phenyl pHESPHI%e or7 tFIERM RS i Fefh SRR ED AV &di R IRTORFG m
adduct in a solvent such as N, N-di net hyl formam de, tetrahydrofuran, 15

di oxane, et et9: £LLMINGIINE tHind BEHARFR G HAI - B ef erabl y

N, N- di net hy| f m de, thereb ivin 4substi t.ut ed benzopyran derivative
r epr esent o ¥ THEher H1S (Bt SYCCHPRF Wilie RL, RZ, RB , R, RS
and R6 have the 3 I BES [.ne \, y [ f. the
conpound represem gglﬁtﬁhg glé r%ﬁeédgr%]u@ﬁén%gﬁ%ﬁgo%%?etzar]%snent ed

by the genefdde fid K Gl gcalso&?%&c% A WA BdALE- AR s _conmpound,

bei ng undocunent ed and nove constitutes the present invention. To give

the compoungh@f 4 heeEeRespt125 friyndr R(Z&ﬁ%ﬁatefa YU ey Reansed by

the general formula (G VI) (where R1, and Rq have the sane neani ngs
as defined rmbomey 3 s- reacdfsbiv dttones WHildAblediiase iah he taitid alom,selsvent  at
a tenperature between -78C and - 83 14 MAR 2003 the boiling point of the
reacti on mectemp)ifiesd dralry dmtvisbinme 40@ ganpyromhideamee rding,e.a and w t hout
subsequent isolation, reaction is performed with a hal ogen (preferably
bromi ne). THeridig aing vean axetpne gdnd.n a tednadydricfmran $ing.i @ert
solvent that does not affect the reaction and may be exenplified by hexane,
tol uene, di'@HEANETRRYTAR S ofy It edrrrdy dnodiophepe FEmigy| adthér |

rof .uran .an i.oxane, W th tetrahydrofuran and di ethyl ether being

h
:)(rate; grﬁgd. YR %Qg‘f}él?f’a‘éfearf ocB¥used in this reaction 10 is exenplified

by al kyl l'ithium t 4t | it Ri n-Rr LI it hi
[ E/pr opzl lithium n ut%ﬁkﬁyuaﬂﬂlsegcﬁb@uﬁhqﬁ ﬁll!nu%ogrqhteeﬁg-o 8%/;% l‘b?:?)hl:i%

al koxi des siicdin asndH a8si M drdiE iR ESu 1FRIVIBRE REde and sodi um
et hoxi de, or Gignard reagents such as 15 net hyl magnesi um chl ori de,

net hyl magnesi um trrafiaiace AridumpRgnes yminediude, aetthylbrageeaitem,cll ori de,
et hyl magnesi um brom de, et hyl magnesi um i odi de, npropyl magnesi um chl ori de,

n- pr opyl magrleksrimdramonte)a mps tdmad asagdifesiylioxyo dird®p ,i apr opyl magnesi um
chloride, i 20 propyl magnesi um brom de, i-propyl magnesi umi odi de, n

but yl n@§nesiamadna sy kapwlstmdnaud magh és innrhodueplesudfonivdmgroup ;

among these, a fluorine atom and a chlorine atom are
particularly preferred.
While X and Y may be the same or different, they are
preferably different.
25 There are two preferred combinations of X and Y; in
one combination, X is a bromine atom and Y is a chlorine
atom and in the other combination, X is an iodine atom and

Y is a chlorine atom.
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25 tert-butyl mgn~ et hyl magnesi um chl ori de, n-butyl magnesi um br om diﬁ

ni odi de, sec-butyl nagnesi um chl ori de, secbrom de, sec-butyl magnesiu MAR 2003
i odide, tertchloride, tert-butyl magnesi um brom de and asi um i odi de; anong
these, n-butyllithiumand brom de are preferred. The conpound of the
general fornmula (D-11) can al so be obtained by reacting a conpound of the
general fornula - 84 14 MAR 2003 (G- VI) (where R, R2, R3 and R4 have

t he sane neani ngs as defined above) with a hal ogen (preferably bromne) in
a suitabl e sol vent Frefidiered esmnpa cdf of Rii 48dl & boser apernf 1 eoies Htyl e

bet ween -40C and roomtenperature, preferably 5 between OC and room

t enper at ur e. gilmmps,uid ahiltercs @roar a@ml ke ayesd igrotlpi; s amongntthessenay olver

sel ected from anong al cohol s such as nethanol, ethanol, n-propyl al cohol,

i propyl al comsixfivndnaalkydl @itmips iansutpre fairaedol wisdc abimyif labzomeithydd
tert-butyl alcohol, mxtures of these alcohols 10 with inert solvents that
do not aff ectdnawp rasgkta @endiadfi uorafithiy |9retpe e i8ig Pepitdeylasiner
tert-butyl nethyl ether t etrahydrof uran and di oxane; anong these, a
mxture of t&GSARREA rrethyl ether and tert-butyl alcohol is a preferred
sol vent system The suita e tao . he d i thi,s reaction is an

al koxi de such as p% lﬁf%etr&et tgé’ %disﬂﬁﬁ%gttﬁ%%loae%gr kSO{ﬁLPf‘H

et hoxi de) mnth |un1t utOX|de bei_n referred. For synthesis of

t he conpound ré’o ctr'ec?llof}qett ed’@r?é’ryeﬁanfg %@pa (D-11)) the corrpound

represented by the e g)?&req:lrefdo n@l%c of ki fg U%et?% ?@é}t &hnedi ate and

this compound, being uridocumnent novel cons he present

invention. To give ftithg LYRPNIT N trf gz@n&‘ié" R Qi@ o GaMe);) mdreul fonat e
ester represented by the'general fornula (C1V) (where R, R3 and R have

the same1@5 PAEd1EGH1ES, Adyababeme) dmywes ee&gtle@xwubho& aheb@ker
represented by the general fornmula (CGV) (where RL and RZ have the sane
meani ngs as dafiormhlahdy ejraup ;amdste Hdreferadily ,sthleyaboabetaaei tari | e t hat
does not affect the - 85 14 MAR 2003 reaction, in the presence of a

sui t abl e basd€larmt-ameddiydll yarasipenount of a suitable copper salt at a
tenperature between -78C and roomtenperature, preferably between 0C and
room tenperature. Evanples of tthe optigped lyasubshatustedaponerudsliyin t he
reaction include organi,.c stropg bases such as

1, 8- di azabi cHVS. % ®-2 GnEec"étﬁel%ﬁ'ﬁj Cl “!?dihé’ﬂalﬂr%'o(% PENEYAS STONPe, and

ch M byt
e A R a%fpart ith WA B RO CPRYTRT e 2567 ROCBHLYR r e

Exanmppl es 10 t acqn e t he reaction
i ncl ude cuprc?gtjslga]tl ts s c § rg?q%utpa%g?at e\a é’%g’é’g’ﬁ( %)IJOGP

trifluoroacetat e, q&@rﬂyﬁbql@l ORPdes &URY@HSgOH 0@1@1@ afdpgous apdi de and
cuprous cyani de, and cupric salts such as cupric chloride and cupric

brom de, wit loplti cngirliyc saisariitae esind owetr iad kiplogirdephemogeppebeeratdlyfor
synt hesis of the conpound of the general fornmula (C-VI), the conpound
represented B tfheagbmdrapehoatuinaand-RV)is o Usewraaliyli mroupedi at e and
this compound, being undocunented and novel, constitutes the present

i nventi o#Q 2(9>p|td0¢raelﬁafr Qaviad L EMEYAR® S-oupe gensr preferabily. (R 13§ ,aan

hydrogen atom and R® is a 2-cyanoethyl group or a 2-
cyanomethyl group.
A compound represented by the general formula (II)

(where X and Y have the same meanings as defined above; R'
25 and R® have the same meanings as defined above) is reacted

with an olefin represented by the general formula (III)

(where R’ and R! have the same meanings as defined above)

in a suitable solvent in the presence of a suitable metal
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al cohol represented by the general fornmula (C1) (where R3 and R4 hﬂZeM& %}
sane neani ngs as defined above) may be reacted with a conpound of t R 2005
general formula (C1I1) or (CIlIl1) 25 RSQzZC1 ( G I |1 ) (RSQ2)20 (C111)
(where R represents an optionally substituted al kyl group or an optionally
substituted aryl group) either after - 86 14 MAR 2003 reacting the

al cohol with a suitable base in a suitable solvent to be converted to an

al koxide or directly in a suitable solvent in the presence of a suitable
base at a tenperaiydie, betyeerabl/8Gasw drmdn tanpeEta rgatmmefanabl y 5

bet ween O0C and room tenperature. In this reaction, a suitable catal yst such
as N, N-di met aninson hopysatt nendesy de irseck atemerpieatd eatsa wanittdallat can be
used in this reaction is an inert solvent that does not affect the

reacti on, as =mrgtatues by gied hwlccmnmamd dfeip;ttqmeamﬁid 1y dtheergentegratl- but yl
met hyl ether, tetrahydrofuran, di oxane, 3ym&* acet one,

N, N- di et hyl fﬁﬂmﬂdje(,l\!\l! l\mhmltmyl(adbt.aﬁl deR 2t dd Riehaye thefsaee with
tetrahydrofuran and tart-butyl nmethyl ether being preferred. Exanples of
the suitabBl e IRARIRGR A fehned abae) n (The raddighe |wq}d&aa4aéanst f al

hydri des such as pot assi um hydride, sodium hydride and lithiumh i de, or
carbonat es sHIFAPYRLE NGRS £ RSt 2 Ly %%cﬁ Jhh Ko Gt Y 5 é%‘%oonat es

gt‘?gngsbﬁilte‘;‘sé{%?”ﬁﬂ%d%ﬁc‘if@ed.%%Q%qedcf)%? F ks Lﬁ”ﬁ%“%»dqr}ﬁ%ééme I s 07 €
diﬁ&;?é&ﬁ ST QS opp it By TR B R B, ﬁ“ﬁ%%:t&[). de.
Gener al 1 of mi 4 %ﬁﬁ“&‘ﬁ%{%ﬁ’@%% AP o &L 1 wor omet byl

group (- @UZF)tﬁﬁs@th’é}%E@éﬁ R ) B d constitutes the present
i nvention. To give _ 14 VAR 2003 t he conmpound of the general formula

(HV), a conm]wxdiimf@mmehyeﬁchﬁa)gﬁmﬁldnornul a (HIV) (were Rl, Rz)
R3, R4 and R8 have the sane neani ngs as defined above) nmay be rapidly
heated to a ttenpeaki s/ ipieneelpH@SD jare) BA@dimnpr dflerldbl y bet ween 180C
and 200C, either with or without a solvent, preferably in a suitable

sol vent for m@%wmﬁﬁhxnbeﬁ%qwlﬁhmi% Arleggisieor iad 1t
super at nospheric pressure. The suitable solvent to he used in this reaction

is a high- b0|Ha} Boimht A RAGR - tffa‘{(ftﬁf‘ééowqﬂdte )aEldad Jt“Wb PdLEidsn and
b | b tyl | d t et |
Govalin bid iy %y degite ! kel Sk BHG o SRS TSRS BB For
h f | | H- h
el S A it B At 7

i nt er medi at e.p A0N0, teﬂﬁi Qﬁméémdécétﬁﬁ[ £& Daniddy aeRAl gaanHdidm
(H1V), a conpound in which R3 and R4 are a trifluoromethyl group (-

i s an undoCurgiy etk d10Me | prroratsl, amkHpNYs it ahe?GuitaiblleesRide | Nvention.
To give the conmpound of the general fornmula (H1V), a conpound represented
by the gener a@lndlordaildid B gmivere rerikithyRamiRe ,add iRoprapy lleltdhydanmdne ,
nmeani ngs as defined above) is reacted with a suitable base in a suitable
sol vent af a sahipur iVdrodenaadronatdC Aafiize tdegbegidtieng pediassigm t he

reaction mxture, preferably between -40C and room tenperature, and w thout
subsequent | SHIHIQIRNCIRRNA Sy RO EAFFIMERTRONRLE .c SHROFAF SL&BY esent ed by

t he general for
9 Anggeéphosghate potassium phosphate, sodium hydroxide

Q

and potassium hydroxide; among these, potassium carbonate
is preferred. Examples of the suitable quaternary

25 ammonium salt include tetrabutylammonium iodide,
tetrabutylammonium bromide, tetrabutylammonium chloride,
benzyltriethylammonium chloride and benzyltrimethylammonium

hydroxide; among these, tetrabutylammonium bromide is
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_ 88 _ 14 MAR 2003 OC(ORB)Z (H11) or the general fornmula (H111)
ClIC(OR8 (H111) (where Re represents an optionally substituted | owdr 8AK03
5 group). The suitable solvent to be used in this reaction is an inert
sol vent that does not affect the reaction and may be' exenplified by
hexane, toluene, diethyl ether, diisopropyl ether, tert-butyl nethyl ether,
t et rahydrof uran and di oxane, with tetrahydrofuran and diethyl ether being
10 preferred. The suitable base to be used in this reaction is exenplified
by al kyl |'i t hpwefeatiedas Eeddmplllest lwifurtheetshyiltlabillel solvenpr apgliodehi um
i-propyllithium nbutyllithium sec-butyllithiumor tert-butyllithium or
G i gnard readjedt-slimedhyd$ omptamildeng e di-dimelthyliade tab dest tiplloageresi um
brom de, nethyl magnesi um i odi de, et hyl nagnesi um chl ori de, ethyl magnesi um
bromi de, et hylydegeesiagetionditdd, len-apdo ghliorages s amonghitbesge, N, N-
npropyl magnesi um br om de) n-propyl magnesi um i odi de, i propyl magnesi um
chl oride, i-pgiswrhyd@sedianhds dif pxeTierrednr oppl fEgRedeURL] GhPdeuitable
n- but yl magnesi um chl oride, n butyl magnesi um brom de, n-but #L magnesi um

S

i odi de, secblePeEGTScuhSchdMesR TOOF BFEMpPeRaGNES GREbLSR de,
- but yI i um i qdi de, tert- | ' hl orj de, .
Cort - butyl naSREEERAN HeR SH oY DAL ORI aR oo th8s RRFE
| koxi d i um.t - ' di t hoxi d d sodi
ot hoxi do. amgls Arese vali Al BEGER 56t hyl mmonesi um brom de. are
preferred. The CO"m‘éniers% rtgﬁ%mc%%g%hh%feg%ﬂar glanE%&U!fégmu?% {1v)14sVAR
(0] rsit on of t

2003 (G VI) can be tained by “conv romthe compoun he gener al
formul a (H Virealt el wii®H @vira ingT@ %tSR%Qkigf.l BrofifejorpoEnd
represented by the general formula (H where RI, Rz, R3, R4 and Re have

the sanme;grearuidamae dlefdnied ko)l tablecaempe raitiiirea touigtial @ reagent in
a suitable solvent at a tenperature between O0C and the boiling point of the

sol vent, pr efcempouindatepmresante@d thyndeaigene rand £8@@unlao (¥F)f éehelmediol ysi s
(conversion from-COORe to -COCH); thereafter, the carboxylate is reacted
10 with a co®douRtl Ripr 8Semm@dHal hane gdreersamd grenaningsGas |defidRIR6 ( G |
Il 1) (where RS and R6 have the sane neani ngs as defined above) and a

sui tabl e reag®9velo effEmPlesh\ad dhevsudd &oilysnitn iacdyPeabl e sol vent
br ef er abl y. at O AHUIRIGERG  CDICHAZEET pFaINE G SEHEDARELER 1 gr A o

et i ned Moy S CPHPE SRR e LS SOr Tusd ot Ryina JETEyTeeEhegs Mer,
ot hanol ot BanaT e e e e TS et Rads Ry ous
I sopropanol , amadraoesHyalrRHQINg13N amondl ehesdl, 0xare -ahgnzaneoand tiel uene,

wi th et hanol being preferred. The suitable 25 reagent for use in hydrol ysis
i S a base sugireFerdrddi ummediamplde ofs atieumulitabie demppabasseutshydr oxi de,
bari um hydroxi de, |ithium carbonate, sodium carbonate or potassium
carbonate, obesiwezsi d 79i€haad BYPYE optefemally detweh -15°C and -5°C.

20 The resulting compound of the general formula (V) is
reacted with a suitable base in a suitable solvent at a
suitable temperature to give a compound represented by the
general formula (VI) (where Y, R', R?, R?’, R' and Hal have
the same meanings as defined above). Examples of the

25 suitable base include diethylamine, triethylamine,
diisopropylethylamine, sodium hydride, potassium
hydride, potassium tert-butoxide, sodium methoxide,

sodium ethoxide, sodium bis(trimethylsilyl)amide, potassium
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14 MAR 20D3 hydrobrom c acid, acetic acid or sulfuric acid, with potassium
hydr oxi de being preferred. The suitable solvent for use in dehydrat il MAR 2003
condensation is an inert solvent that does not affect the 5 reaction, as
exenplified by tetrahydrofuran, dichloronethane, chloroform carbon

tetrachl oride, acetonitrile, benzene, toluene, N, N-dinethylformam de and

di net hyl sul foxide, with tetrahydrofuran being preferred. The suitable

e L e e I TR RN

 pnenyi E’E@fﬁﬁfﬁ'ﬂ3{’3{?’%5%§%'-;%gﬁﬁgggéﬂ"@%ﬁ@?g%ig;%%%ﬁf‘ﬁq;ift g;gﬁgggw.

gggigieg,g;-cargopyégi|ﬁ$§gz§§euls grﬁiﬁr?ﬁﬁg ﬁﬁaﬁp1é§§¥%e_%d+lomjng cont
@?}é’é@ébgg £8B1bA JFQHJEB;?? e 5:;5;;%«5%%%1']‘;% ﬂé‘%ﬁf@e} %&5%

i nventi on. rm 20 "roomtenpérature ter nmeans

t enper asur ey bl ¥eoBod S afigaflle Ana FXPEDL S [ OkrSohRESyre 1 ~ and (2 )-

~xanpl e Al Preparation of rono- 2. 2- bi syt | uoronet hyl ) - 625

trifluoromepRytedied: benzanyiad® df)the suitable solvent include
1-fluorrz-2-f] _uor~.~nethyl-3-huten-2-of To a 1 M vinyl nagnesi um

brom de- t etabéyUopbue8hase| uthdoréfotn, dadbeoh fteoracickinide (10R249) was
added - 91 14 MAR QOO03 dropwi se at -30C and the m xture was stirred at

t he sane t efrpehaddvoethane] heut-buuyl helcelact i ovent xdanylk akcalaiur a3ed
aqueous sol ution of amonium chl ori de was added and, foll ow ng extraction
Wi t h hexanenebdyhasdhbegtaneh, a3 sethy Lir 2t pen bapebustebrahydreftrapdi um
chloride) the m xture was dried w th anhydrous sodi um sul fate and
concentPat el axane pol pNefime phiEormanige, it A1 mRtReacricaMEe puri fi ed by
distillation to give 1-fl uoro-2-fluoronethyl -3-buten-2-of (105 havi ng a
10 boi | i ng TR+RENST ARG XY EGRE 1 08NN HePe ¢t NWR {13 e 5 K5 | H, 1y,

. 26- 4. . | d, J=10. . . dd. .J= , 1. ,
g_S?(ﬁkfgg?%iﬁggg}?6§8£E¥%9§r%6i9 ?A%-%£%%§%55?$§%$%L&H%ﬁ%?ﬁg~%pﬁgﬁl~l_ )
-1-f I uoro- (& dch B

uoro < %@?%%gﬁéggfégrtegw%éﬁn§7ggf3§¥¥Zﬂ;C, PreEErEn?y vetween

3- br ono- 4- uoride (1.
1-fl uor o- 2-4dworgetdyrc. 3- but en-2-of (0.80 g), potassium carbonate (2.10
g), tetrabutylamoni um brom de (325 ny), palladiumacetate (56 ng) and N, N

15 The resulting compound of the general formula (VI) is
reacted with a suitable base in a suitable solvent at a
suitable temperature to give a compound represented by the
general formula (I) (where R', R?, R?, R' and Hal have the
same meanings as defined above). Examples of the suitable

20 base include sodium hydride, potassium hydride, potassium
tert-butoxide, sodium bis(trimethylsilyl)amide and
potassium bis(trimethylsilyl)amide; among these, sodium
hydride and potassium bis(trimethylsilyl)amide are
preferred. Examples of the preferred suitable solvent

25 include tetrahydrofuran, dioxane, N,N-dimethylformamide,
N,N-dimethylacetamide, toluene and xylene; among these,
toluene and tetrahydrofuran are preferred. An example of

the suitable temperature is between -78°C and 80°C,
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20 di net hyl acetam de (ZO m) was stirred under a nitrogen atnosphere at 80C
for 14 hours. To the reaction mxture) 1 N HC1 was added fol |l owed by 14 MAR 2003
extraction with a hexane/ethyl acetate mxed (1/1) solvent; the resulting
organi c | ayers were conbi ned and washed with a saturated 25 aqueous
solution of sodiumthiosulfate and a saturated aqueous sol ution of sodium
chloride; the m xture was dried with anhydrous sodi um sul fate and
concentrat ed under reduced pressure; the resulting residue was subjected to
- 92 14 MR 2003l i between col 2ffn avldr e%8€ ogr aphy (el uent; hexane/ et hyl
acetate = 10/1) to give

4-(2-chl oro-5trifl JSremanydwtemt the fdanaral fanmlendthy Ica: @lseshs en- 2-
of (1.53 g) 5 haivng a neltin foinﬁ of 61 - 62C. 1H NWVR ( CDC13)

b: 2. 76{| H, s) ,PreREred 41y 4Hhe rﬁgﬁ? wing s dhenes. Namely, 30(QOURPURY . 6. 2HZ) ,
7.42-7.51(2H, m), 7.75(1Hd,J=1.3H2). 3) L

3. 4- di br onp- AL Y rihe R hyi PHeRa (o (where X, ¥, R and

fl -2-(fl th but an- 2-of A m xt f . .
e (S o obo. S RS Shkoder: Breng Pl ARUBRELbeR ABPBRL: 51 TeaEFafs hiben. 2

-of (11.3 -anyl_al cahal (75 1 agrohet iyl :
aropui oo adui Y e M@l GTGh i ol AL il 5 30

ddi ti | 3 . ni i i . i ved
addi tional 3 poyrs gdg}éégﬁdﬁ?%gééﬁé rﬂ@éﬁ%ﬁﬁ% B %%ﬂvﬁ‘ﬁtmc;"éf%r?tf i xe

solvent (1/1) was a m xture was a saturated aqueous

solution of sqfisuBidi Gsiddit 6 RN HHIERS GO RIS sl ledin10f sodi um

chloride, dried wth anhydrous sodium sul fate and 20 concentrated under

reduced pr es%ﬁ'ﬁiﬁﬂsﬂ} V& suitable ligand, a suitable copper salt and a

3, 4-di bronp-4(2-chloro-5-trifluoronethyl phenyl)-1-fluoro-2(fluoronethyl)but
an-2-of (67. 3ytavle M&xd QXClal) inert/GrthoiiHdtamat 4 ShritaklebH, m, 25
5.90-6.20(IH, M, 7.50-7.60(2H, m, 7.80-8.20(IH M. 4)

3- (2-chl or _o-tenperfduore met hiinte e mdndmorb meindsent2id by the general
oro~~~. hvl)oxirane A m xture of 3,4-dibrono-4-(2-chloro-5 - 93 14 MAR
2003 trifl uorfsvmuda pheAT ) 1whars oZ.2-R'f | Bor direendl Rburave 2the sa@nae q),
sodi um hydride (48 ng) and toluene (10O mM) was stirred at 60C for 30

m nutes. To MIFEHRET i¥h eE4NRd abovie Hel Thes siHdePlefedale@atadyish &d th

h lethyl 5 acetate mixed solvent. (5/1), the nixt d with
Catur ot o aqUiRsts GG AP SoRATAH B G5 & AHRE LT HIRIPE sodi um.
|f ate,and d . | Ling. Esi d
Subj oot oot o CHHIEEES AR BaliHUEHS SRS 0 manI RISt AR 107 ™
trifluoromet iyl PHeqig ! *}Yi'cj?e12tac%6515(éocga%1rl%;rﬁ>éﬁeqx'crrﬁrb%:i(d%,-37 9)

having a nelting point of 54 - 55C. 1H NWR
8: 3. 96(| H, dd,albrhak Si&ly, 418 nbte Hatdllystd i29(d ohplek 2Hah a

7.56-7.57(2H, m, 7.83(IHs).
ligand, as exemplified by bis(triphenylphosphine)palladium
acetate, bis(triphenylphosphine)palladium chloride,

20 tris(dibenzylideneacetone)dipalladium,
bis(dibenzylideneacetone)palladium,
tetrakis(triphenylphosphine)palladium, [1,1'-
bis(diphenylphosphino)ferrocene]palladium chloride, allyl
palladium chloride, bis(acetonitrile)palladium chloride,

25 bis(1l,5-octadiene)nickel, bis(triphenylphosphine)nickel
chloride, dicyclopentadienyl nickel and nickel
acetoacetonate. Examples of the suitable ligand include

triphenylphosphine, tris(o-tolyl)phosphine, 1,1'-
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15 5) 4-brono-2.2-bis(fluoromethyl)-6-trifluoronethyl-2H 1~enzo~yran A

m xture of
3-(2-chloro-5trifluoronethylphenyl)bronnnethyl-2,2bis(f|uoronethyL%¢§%&ﬂgF
(9.59 g) and tetrahydrofuran (80 20 mM) was stirred at -10C and, foll g
dropwi se addition of 0.5 M potassiumbis(trinmethylsilyl)amde in toluene
(50 M), further stirred at -10C for an additional 1.5 hours. To the
reaction mxture, 2 N HCL was added, followed by extraction with a

hexane/ et hythistdiplienyd plecssiol venfextdddne 2nd hitl ey ttiideneoragaatiand ;ayer s
wer e conbi ned, washed with a saturated aqueous sol ution of sodium chloride,
dried with améydrvusss deil st sipienyl phres Rvireemalatasti wn ddrl awidie el
pressure; the resulting residue was purified by - 94 14 MAR 2003
distillatidﬁrQ%ﬁ@F@%- Examples of the suitable copper salt include

4- brono- 2, 2- bi s(fl uoronet hyl )-6trifl uoraqnet hyl - 2H 1- benzopyran, (6.0 g)

havi ng a bo? | FPRPHHI ht RIVASD. _cupreys; chigride;, QURGGRY de,

b:4.41-4. 71(4H, ).6.14(1H,s), 6.95(1Hd, J=8.6Hz),

7.50(1 H>dd, %?%‘5%.@%‘?3 ﬂ%‘i(?@%ﬁ'ﬁézﬁ%te@%’ﬁ%ﬂ% RL55 0PI N of

4-b -2.2-bis(fl hyl)-610Q trif thyl -2H 1-b .
(2l tornat | VAR O TOFSHTEA 1 n g AP 181 Corih, e ALY 1) 1
fl—uo—ronEt{H%&E)étéﬁéﬁﬁﬁfgﬁin ?(éég%ﬁ%xiéﬁfﬁe, diisopropylethylamine,

4-chloro-3-To0 enz uorrde

1-fl uoro- 2- = s 5 f . i lap ; .2 ,
cuprous iod%%ﬁ%%&%%g %%?ﬁﬁ%’ny%ﬁo@%g%anre‘ﬁ)dﬁéirﬁjng{%lg%?de ?)1.40 g)

and N, N-di ri}diyddér @b sieated 00 it dssbsm ddrsdth tndelipbtdddiagen 20

at nosphere under heating at 80C for 1.5 hours. To the reaction m xture, 2 N
HC1 antioa heydnedeiptydspiteta) epat sl wolpieydpiael,) swrimnmadoett-aidid he

i nsoluble matter was filtered off with Celite; followng extraction with a
hexane/ et hydn@&get d s am ey Giodxdadd ; (Bidng  thes e e dudite by Tanioregdreing ayer s
wer e conbi ned, washed with a saturated aqueous sol ution of sodium chloride,
dried with rrgfereed. sdikampies feff cthmdbwdimialie ralaenindaicuiviced

pressure; the resulting residue was purified by distillation to give 4 - 95
14 MAR zooztriethylamine, N,N-dimethylformamide, N,N-

2-chloro-5:trifluoronethyl phen -1-fluaro-2-fluqromnethyl 3-b n- 2- of

(a2 5 ) Chaiat o AT asr e et A3 ey AIRhe s ke HbeL )

b: 2. 705 3. 0Q 4 -4, 4H, o/ , . tsJ=0.7Hz
52,7003, Ol 4xilid AL - de iy Hilitiad s rlidithda 20 THE)
t e~~~ phenyly 'é:ie_irﬁﬁvﬂé G2 ehe prERd e Idnips il 4 OhbAWHerd Woonpf
4-(2-chl oro-5-trifluoromethyl’phenyl)-1 fluoro-2-fluoronethyl-3-butyn-2-of
(:1;]1-|5 9), Senpsdrtaeliryridhdariorm,Carbgeatelybvetgbenpybidliaed (5% .9) and
etny

Examples of the inert gas include nitrogen and argon.
The resulting compound of the general formula (VIII)
20 is subjected to reaction under a hydrogen atmosphere in the
presence of a suitable catalyst and a suitable solvent at a
suitable temperature to give a compound represented by the
general formula (IX) (where Y, R', R?, R’ and R* have the
same meanings as defined above). Examples of the suitable
25 catalyst include a Lindlar catalyst, developed Raney
nickel, barium carbonate-palladium and barium sulfate-
palladium, with 5% palladium-barium carbonate being
preferred. Examples of the suitable solvent include
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acetate (500 m) was stirred under a hydrogen atnosphere at room
tenperature for 10 days. The catalyst was filtered off fromthe reac{_ligﬁ(B
m xture; subsequent concentrating under reduced pressure gave 4-(2-c f -2@3
15 trifluoronethyl phenyl)-1-fluoro-2-fluoronethyl-3-cis-buten 2-01 (44.0
g). 1H NMR (CDC13) b:2.00-2.20(IH m, 4.24-4.52(4H m,
5.83(IH,dt,J=12.5,1. 3Hz), 6.74(1Hd,J=12.5Hz), 7.48(IH, d,JI=1Hz),

7.70(IH;s). 20 3 ) 2 . 2-bis~"~luoronethyl |

-6-trifl~oromeityan@H letiemmmapxrerthyl raodhate @nd methanol-pyridine,
4-(2-chloro-5-trifluoronethyl phenyl)-1fl uoro-2-fl uoronet hyl - 3-ci s-buten-2-0
f (8.80 g), putEssiurpymrdinatnediengl3. &80 @tharld adetadiendteiyld or mam de (60
m) was stirred at 60C for 40 mnutes. To the reaction 25 mxture) 2 N HC
was added, fdfeiRiresd. exdn fxammlevath GehEuidedls cemperatamd tisng or ganic
| ayers were conbined, washed with a saturated aqueous sol ution of sodium

bi car bonat e RRELYRIIRAR LMRATIT S AN 16 Cof PEBERLAPLYOEOOM 14 MAR 2003
chloride, dried with anhydrous sodium sulf ate and concentrated under

reduced pPesstif®P&FAYIRR 2, 2 bi s(f

I thyl)-6-trif t.hyl -2H-1-b 7.0 , 1H- NVR 13
R
6. 94(1 H d. J=8, 6He)oq 1,20 T 28{2HY 10 nde ] B W 2Rt Bk 2

4di hvdr o- 2H- n-zonyr~r hre of

2,2-bis(f|uorﬁqfﬂ - b0 2| W@ r. . wO Y Ne
(2 nl) and ch oro%%irém%ﬁéoégrd%wvéswgylﬁegg zjict -10 @lﬁb%%ﬁﬁﬁgﬂgf%
reaction m xtgife M@5 £ORRENY @t pd wHKie! R'edREER>PRAES’F ehdPe HVE same

3, 4-di brono- 2, 2- bi s(fluoronethyl )-6-trifluoronethyl-3,4 15

di hydr o- 26+ 1-nhezopys ads (ddE e d))abohie NVR HxGEpld)s B .the Suddditle Mase
5.66(1Hd,J=4.6Hz), 7.07(IHd,J=8.6Hz), 7.53(IH dd,J=8.6,1.6Hz),
7. 73(1 H, d, J=limsHn)de 2o &)unb dry Bziaje-t ot aks siiunt dryelrdfde, potassium
3, 4-di brono- 2, 2-bi s(fl uoromethyl)-6trifluoronethyl -3, 4-di hydro- 2H 1- benzopy
ran (10.72 g)tent-buwrawjpdeusatium itls @frigedinyhsidrloxandsle @@dr ) and
di oxane 25 (100 m ) was stirred at roomtenperature for 2 hours. To the
reaction mi xtRAEASSLYP P (lasimetdett s ot @ epy vabity Ratass wm fedtty|
acetate; the resulijing orgnaic |ayer e cqnbi ned, .washe i.th a
aturat ed aquetiicidd Rl Sret GHES. 1 e it $ts se A A o ARty
w t h anhydro 1 _§'HI ?]ﬂ onc t ed I I re; the
resul ti n%gregjisn ue (\i/\%rsm' su :{h&(freo oa%s'i Icfic%é[ag'éal' (ﬁéﬁgm"@ﬁ:&gﬁaﬁg@rﬁéﬁé
(el uent; hexaned &4 fvd ciped @ g/ 1), 3-AiH M A A 181 - 2- N-
bi s(fl uor orre?ﬂ?/f )-6-1 rlﬁ?ﬁor orrr“eltieg'l -7H 1-1béanzgpylr aln%%& 18~ one.
methylpyrrolidone, sulfolane, toluene and xylene, with
N,N-dimethylformamide being preferred. An example of the
suitable temperature is between -78°C and 80°C, preferably
20 between 55°C and 65°C.
The resulting compound of the general formula (X) is
reacted with a halogenating agent (e.g. bromine) in a
suitable solvent at a suitable temperature to give a
compound represented by the general formula (XI) (where R,
25 R*, R’, R' and Hal have the same meanings as defined above).
Examples of the suitable solvent include dichloromethane,
chloroform, carbon tetrachloride, 1,2-dichloroethane,

diethyl ether and tert-butyl methyl ether, with chloroform
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9)) 1H-NVR (CDC13) b:4.41-4.71(4H, nm), 6.14(1Hs)) 6.95(IH,d,J=8.6Hz),
7.50(1H,dd,J=8.6,2.0Hz)) 7.71(IHd,J=2.0H). 10 Exe~ple A3 Ntri 14 MAR 2003
| ~uor onet hxl - 2H 1- benzopy_r an- 4- car boxam d~ A mi xture of 4-brono-2, 2-bi s(f

| uoronet hyl )-6trifluoronethyl -2H 1- benzopyran (1.73 g), 2-cyanoethyl am ne
15 (1.44 g), potassiumiodide (0.86 g), triphenyl phosphine (26 ng),

pal | adi um acetate (11 ng) and N, N-di net hyl acetam de (10 m ) was stirred
under a CO at nosphere at 100C for 3 hours. To the reaction mxture, 2 N HCl
was added andntihéeptebupyfllamenyydr gshaksbeargeprefeveedd binfekampteonf To
20 the recovered crystals, ethyl acetate was added and the insoluble matter
was filteredtbef prefierteft tampemasuneshedbetvaen saBi¢ sl zapeeous sol ution
of sodiumthiosulfate and a saturated aqueous_sol ution of sodium chloride)
dried with ahRpEPEASUEEdi pFeSarpRily hagweencehfr&tand i Yesmpsalus: .

pressure; the resulting residue was recrystallized with an ethanol /water
m xed sol vent, thewggyrapyﬂﬁang compound” of the general formula (XI) is

N- (2cyan eth¥l%-2,2-bis£fluoronethyl%-G-t[ifluoronet? | - 2H 1benzopyran- 4-ca
boxam d (1788°5pd wagh a SydtpRAbrBasendli AgSLHEPLEngOpERE BF 420 -
131C. 1H NWR db) b:2.77(2H,t,J=6. 3Hz 3.47(2H J=6. 3 ,
4.53-4.82(4H?g%¥§g%?1£€WH?§?;g??1%PlFEH?J§)¢%¥E?PS§.%%PF?EEH?%éS?%,E?%}t),
7.83(1Hd,J= -9. I Mz : 36054 Pre f

( GehEFhL, SobnHIn) (87 (MeBks KT Rovk ! Bngy s HRLE el (T

2- h n-410 b uor one 2H1- bénzo~yr an- boxylic

acid (al ternghin¥enBRhAREs! 85 REERARANELHDE) SNURLARPPEBd,pT tEXa8R] €aBe 1)
2.2-bislfluoronethyl)-6-trifl uoronethyl-2H 1- benzopyran4-carboxylic acid 15

A mxture of b4sbr 9AB1dde- Boafhinunyarebly! pofassium hydride, potassium
trifluoronethyl-2H 1-benzopyran (1.72 g), potassium acetate (2.00 g),

pot assi wo i odede-pQr8&ige, bBoHARLANNYARO§EHCALLORALEY) so@alhadarborate at e
(11 ng) and N, N-di nethyl acetam de (10 m ) was stirred under a CO at nbsphere
at 120C for pof@shibumshydwopbecarhohaba, nprtassiul dhF¥nabs, added and t he
precipitating crystals were recovered by filtration. To the recovered
crystals, et@ypbodagssine hadraddapnhaaphehe. i pebhsdivnnphesphabe. f $¢dbvmd
off, the filtrate was washed with a saturated aqueous sol ution of sodium

t hi osul f at e BREr9oxidesands RPEGSA4UBONEIEBKLER onWhHED sBAF 8HF LW oY A9 X4 ed

ith hyd . sodi | f at d ted d d : th
b annyaroug, SGUbAm LAl e ROdCone oDl ALEC UKt £ oQUEed, P SIS, e
hyd b 4 . W i th ot
nydrogencer bggge a0d:paRiacortalt MRGHD vRsheR LR, dicharoaE: hane: Lo
and the precipitatinB8ngiuskehfitel erbeaoNE! efybundi | heahansy Jhe recovered

crystals were dissolved in ethyl acetate)
ethanol, with water-dioxane and ethanol being preferred.
An example of the suitable temperature is between -78°C and
80°C, preferably between room temperature and 80°C.

20 The resulting compound of the general formula (I) is
converted to a compound of the general formula (G-VI) by a
method that involves a carbon monoxide inserting cross-
coupling reaction as a key reaction that uses a metal as a
catalyst. To be specific, the compound of the general

25 formula (I) (where R', R?, R}, R*' and Hal have the same
meanings as defined above) is subjected to a cross-coupling
reaction with a compound of the general formula (G-III)

HNR°R® (G-III)
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5 dried with anhydrous nmagnesi um sul fate and concentrated under reduced
pressure; the resulting residue was recrystallized with an et hyl 14 MAR 2003
acet at e/ hexane m xed sol vent to give
2,2-bis(fluoronethyl)-6-trifluoronethyl-2H 1benzopyran-4-carboxylic acid
(1.25 g) 10 having a nelting point of 162 - 163C. 1H NWVR ( DMSO db)
6:4.56-4.85(4H, n), 6.81(IH's), 7.08(IHd,J=8.6Hz),

7.60(1 H, dd, J=8.6,2. OHz), 7.83(IHd, J=2.0Hz), 8.86(IHd,J=2.CHz),

13. 45- 13. 70( |(hn8re ¥WBMAAAd: RBQGEavdthe Iane Inddmindsy @toeefined abdve )2- bi s
(fluoroneth~~) -6 trif uoronethvl-2H 1-benzop~ran-4-c~rb~m de A m xture of
2, 2-bi s(f| uonmarirhy at-on fmamusaidet lypls 2 Athesphpytiano#- car boxylic acid
(1.55 g), thionyl chloride (0.51 m) and toluene (5 m) was stirred at 80C
20 for 5 houmssipebaEmospliaae pnassuzenwgsonoac €0t tasedoontdénereduced
pressure; to the resulting residue, a mxture of 2cyanoethylam ne (0.42 Q)
and acet oni t Prledembdy) ataftapsphediisr paessgEehaply; af geaREAONa mi xt ure of

triethylamne (2.52 g) and acetonitrile 8 m ) was added and the resulting
25 m xture mé@r@teirrar%er inedtesper- 78nCi 8B bh@@n G orPrEf ehahie PETHRER at room
tenperature for 1 hour. To the reacti,on mixture, 2 N HCl wa %geged a?dthe
preci pi t ati ng &% P@Wer m&#@d byf‘?FI 2 BERORLORhELPRC E¥crystal s
were - 100 14 fHAR ~~1~ ve et hyl cetat with, a

saturated aql®dtfs té’osutqaé’r? 'ofprf lé’hlf(’flof"dé 8PF§d%\)RA ﬁ/aagxhyﬁpoﬁgesodl um

sul fat e and_ goner etr,ahcregto%d sl BAUGRE BLEAITon Nk ETULLLBG RS LUNR WS

recrystalliz n et ano / wat er m xé

N- (2- cyanoet kel, ¢ nc, tin or magnesium,
bi s(fl uoronet yl)p) 6 tr| 'uélrlgrretlhyl 05)!3-1 bezr%zgpyrén 4car ngamlde (1.61 g)

havi ng ai¢rel tyrg @ity ,0f1 12% mchIler EdrVRa(BMBE d%) aivalent
5:2.77(2H t, J=6. 3H2), 3.47(2H,q, J=6.3H2), 10 4.53-4.82(4H, n), 6.14(1H,s),

7.11(1 H, d, J=AHAdium FHdHH aid bi=] e iphenFl phésPBink)@alTad0HR) acetate,
8.85-9.00(IH,m. MSmMz:360(M) Exanple A5 15 n
2H 1- benzopx-pai-laddamb@cetiate Amd tnipdesfylphosphine,
4- br onp- 6- pent af | uor oet hyl - 2, 2bi s(fl uor onet hyl ) - 2H 1- benzopyran (0.40 g),
bls(trlphenyWpﬁdéﬁﬁm@@ﬂmﬂnhﬂﬂnhﬁn@ﬁm@ﬁhﬁgiFESChgpriﬂe [1,1"-
bis(diphenylphosphino)ferrocenelpalladium chloride
15 dichloromethane adduct,
tetrakis(triphenylphosphine)palladium,
tris(dibenzylideneacetone)dipalladium chloroform adduct and
triphenylphosphine, and
tris(dibenzylideneacetone)dipalladium chloroform adduct in
20 a solvent such as N,N-dimethylformamide, tetrahydrofuran,
dioxane, ether, acetonitrile, toluene, benzene or water,
preferably N,N-dimethylformamide, thereby giving a 4-
substituted benzopyran derivative represented by the
general formula (G-VI) (where R, R?, R?®, RY, R® and R® have
25 the same meanings as defined above).
B. Schemes (3) and (4):
Speaking of the process according to schemes (3) and

(4), the preferred substituents in the 4-substituted
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20 cyanoet hyl am ne {0.28 g), potassiumiodide (0.17 g) and

N, N-di net hyl formam de (5 m) was stirred under a CO at nbsphere at S%f r 2
hours. To the reaction mxture, 2N HClL was added, followed by ext t4 AR(;EIB
with ethyl acetate; the extract was dried with sodium sul fate and subjected
to 25 silica gel columm chromatography (el uent; hexane/ethyl acetate = 1/1)
to give the titled conmpound (0.33 g) having a nelting point of 144 - 145C
1H NWVR (CDC13) b:2.73{2H,t,J=6.3H2)) 3.67(2H,q,J=6.3H2), - 101 14 MAR
Z003 4. 44- heiXcpyran ,der D84t isg , 06. B Gdiidtdl ormbilG3((ICHW, P =i-ebHz) |
7.47(1 H dd, J=8.6,2. OHz), 7.81(IHd,J=2.0H). MSm z:410(Mt) 5 ~ Exanpl es

f o~~chenes exdnplahied (by 1tk abal BowBind’r sPpa_rati ~n of

1-f 1 uor o- 2- f | uor onet hyl - 3-but yn-2-yl ptol_uene. SU f_Qnate An anount (6.6 Q)
of 1-fluoro-2-fl tRwrefetalyly 3-BuapdlB’ Miglclamayp-he| Uenemnd onyl chl ori de
(9.5 g) were dissolved in tetrahydrofuran (100 m); to the solution under
cool i ng w thifikeresp-reprysent yrmysergern Jtom. @n \ert ipnedd under a

ni t rogen atm)sphere After the end of the addition, the mxture was stirred

for 5 hdur SHWHE FEtyted  LoweFr A LFEl Ul (3] s‘&)“tcﬁlqjo‘é’mst% 2GR, To the
t t t dded faol] o . wth eth Th
i ract wad AR AR SERu. il %ﬁ?a%“ﬁ%gk ‘ﬁaﬁx R i or sodi um
hl orid d hyd | f d
Ceduced pr LU bAThAREY iotln L R SHAL G h NN Heifeat0oe

[iled comoiaqargees éﬁﬂé&mﬁ?%@%ﬁ&%{%ﬁﬂ%@ By e e

4.53-4. 87( 7. A Qb . e BHE )t e BHeRHS, T30 9Pyl € B2 (A)
An anount ?dfuozﬁ% of 1-f7uoro-2-%I uorilorfet%u “butyn 2 - 1027 14 MAR 2003

of wasidi sqof,¥ed(whet €t yahydlr of uBRNchldafl be tRet HemeodHt dDAf &Rt cool i ng
wth ice, 60~ oily sodiumhydride (0.48 g) was added under a nitrogen

at nospher e.eadie seapidsemt vashypdrosgead dioom 30anropttiemalddersubsdiiingced th i ce
5 and then net hanesul fonyl chloride (1.1 m) was added dropw se. The

sol uti on walsPws¥ rakey¥ cgroun, hurepininal iy ssulesipdraftad domer rai sed to room
tenperature. To the reaction m xture, etcher was added, foll owed by

ext ract i on AHRIKLEREPGRY bt HEQUD THR! SA¥hGTHS, s IRRE I Wat er and 10 a

Sodi um sul ?sii%sﬁﬁsﬁﬁ'cﬁb'eﬁ%ﬁiﬁ?ﬁ%ﬂ C%‘%%LL%%#”" e i tnaé?a«“ty.dﬁé“s

5 e S ol FR AT SR
the nitrogen atom to which they are bound, may form a 3- to
8-membered ring).

Preferably, R’ and R! which may be the same or
different represent a hydrogen atom or an optionally

20 substituted a-haloalkyl group, provided that they are not
both a hydrogen atom.

Preferably, R® and R® which may be the same or
different represent a hydrogen atom or an optionally
substituted lower alkyl group.

25 In schemes (3) and (4), unless otherwise noted, the
following definitions hold:

the lower alkyl group means a straight-chained alkyl

group having 1 - 6 carbon atoms or a branched or cyclic
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15 1H- NWR (CDC13) $:2.98(1H,s), 3.22(3H, s), 4.57-4.89(4H, n). i Fﬂ@
anmount (1.2 g) of 1-fluoro-2-fluoronethyl-3-butyn-2of and net hane bl &@
chloride (0.85 m) were dissolved in tert-butyl nmethyl ether (15 m); to
the solution under cooling with ice, triethylamne (1.5 m) was added
dropwi se 20 in a nitrogen atnosphere. After the end of the dropw se
addition, the solution was stirred for 1.5 hours under cooling with ice. To
the reaction mxture, tert-butyl nmethyl ether was added, followed by
washi ng w t hawayar gawdipa hadtingated 8queabsnsaltvhseonerémpbdsuimebtaei de. The
25 mxture was dried with anhydrous sodi um sul fate and concentrat ed under
reduced presmertaytlo gyionp,t laa Eeithlydd groapouadnEpropygl. gtekplvRa ( CERABY 1
8:2.98(1Hs), 3.22(3H, s), 4.57-4.89(4H, m - 103 14 MAR 2003 Exanpl e B3
Prepar ati on @froupf,| gonop2rtyl groywet A~Al-he8xylt gno@py| an i-propyl

Atri fl.uoronet hyl phenyl ether (A) An anmount (18.6 g) of

1-fl uoro- 2- fBﬁ@ﬂ@neﬁﬁyP:@Hﬁaﬂyﬂgoﬂpylanﬁﬁﬁahé§ﬁﬂf8ﬁaﬁﬁ apdtert-butyl

4- hydr oxybenztrifluoride (19 were dissolved_in acetonitrile (200_m

To the sot ut BERYBndEN éogqnﬁglwggpupcea BGBPPBWI]II grPye- d‘éh?ﬁFEt‘Ee{‘EYilrg)

was added under a nltrqg Hrniphere and then di yleth 2 12.3
o e Ssol GERuPn Atk ASTeL R0, £ 80 SHC) CRaePRYGE °'d$op9m YT e e
end of the dropw se _addition g sol ution _wa ﬁ% g rnlght while its
tenperature wasPai e §YG OPEQﬁN egﬁgPBfuPecy?Eg gé f re was distilled

of f under re ggggpgb% 5%0% danﬁfgeéygggb%?9 g On?xane, ;he resldue was

washed with an “aqueous sol hydroxi de, dilute

hydrochl oric acid, tﬁ@uﬁﬂﬂ.%gﬁﬁ_ﬁ!@nbﬁﬁaﬁgoaaffiuéﬂﬂné S8bHT a4 egh BHHERYS
ori

sol ution of sodiun1ch| The residue was dried weth anhydrous sodi um

sul f at e 1and aeBmENtEr direthiwedaromeducad @beaauratomhe resul ting residue was
20 distilled under reduced pressure to give the titled conpound (13.9 g).

1H NVR (CDC13) 8: 2tFe( Ldwe), adkb2y4gB6agHneahs &. 8R¢&tplkit Joifafirkd,
7.59(2H,d,J=8.6Hz). (B) An amount (24.8 g) of

1-f1 uor o- 2- f rdsoayeOrpup3 hawtiyg28 t- ¢l cprbohuehewal fonat brandhed or

4- hydr oxybenztrifluoride (16.2 g) were dissolved in acetonitrile (400 m).
To the squtPHﬁlaﬁd@#k@éalﬂﬁ@Wm AVLBE, 3capfi E2ERPBr AHEMBLhGWREPESES ny)
was added in.,a nitrogen here and thep - 104 14 MAR 2003
d||soproperPH ﬂ&ﬁﬁn% Fff ? ) 95UR; s8B| GEYOKH ﬁE@PBnl?r?TBr?E@§Yn1) was
added dropw se.  After the end of the drogggg%oaddltlon he mxiure was

stirred for 8YR8Ers WA PEYoRS g&fper afurePids °F i 968"P o ?oom Tenper at ur e.
The 5 acetonbkgahkﬁ,e Wa@s 1di b'okgdg%hpungﬁf ngHSE? Br&35Ur s 884. bu%kQW' ng

the addition o exane, the're ue was washe wat'er, an aqueous
sol uti on of §Q6u§n1@yqng|®@to§ylg&gubydagcmLFéh@oﬂylgro@gue@us bi car bonat e

and a saturated aqueous solution of sodiumchloride. The residue was dried

neopentoxy group, a tert-pentoxy group, an i-hexoxy group,
a cyclopropoxy group, a cyclobutoxy group, a cyclopentoxy

20 group, a cyclohexoxy group, a cycloheptoxy group and a
cyclooctoxy group.

the lower alkoxycarbonyl group means an

alkoxycarbonyl group whose alkyl portion is a straight-
chained alkyl group having 1 - 6 carbon atoms or an

25 alkoxycarbonyl group whose alkyl portion is a branched or
cyclic alkyl group having 3 - 8 carbon atoms, and examples
include a methoxycarbonyl group, an ethoxycarbonyl group, a

n-propoxycarbonyl group, a n-butoxycarbonyl group, a n-
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10 wi th anhydrous sodium sul fate and concentrated under reduced pressure;
the resulting residue was distilled under reduced pressure to glwq MEvE2003
titled conmpound (11.9 g). Exanple B4 Prey~aration of
5-fluoro-4-fluoronethyl-4-(415 trif |oronethyl phenox3~-2-pentynoic acid A
portion (1.32 g) of the 1-fluoro-2-fluoronethyl-3butyn-2-yl
4-trifluoronet hyl phenyl ether obtained in Exanple B3 was dissolved in
t-butyl nethyl ether (20 m); to the solution, 1.63 Mn-butyllithium(2.913
m) was adgetht2kyaiarbtylurieus, @ r-0gexgicardiongle garivtipt, hanniixt ure was
stirred for 15 m nutes. Subsequently) carbon di oxi de gas was bubbled into
t he reacti graopoxywardonyll Groupt e if-dutosydanpongdi gronpef adsecN HC1 and
extraction with ethyl acetate; the resulting organic |ayer was washed with
a 25 sat ur dudoxypeatenyslolgrtown & teodi-latoklyoairienydr igeduwi,t Anadhydr ous
sodi um sul fate and concentrated under reduced pressure to give the titled
conpound (peﬂxqﬂngxhpnxﬂ<ﬁﬂqgﬁ;<ﬁ|neOPeﬂy9xyca§bommm ZFOZPIHANVR ( CDC13)
b: 4. 70(4H, dddd, J=47.2,13.2,9.9,2. OHz), 7.31(2H,d, J=8.6Hz),

7.63(2Hd, }587'56%“ %‘Wh‘?%fr §)‘—'°I5E’arr]ﬂne i- xpxgcgrbopthgg,ogpet Ry 7

h J~ -2~ ~ Al
511 uof o- 4.5 qﬂ%”p&y@a%ﬁ“mc% o o wc&%w%wcfrﬁgwﬁnmu&. & and
triethylam ne Qg#rwe&ﬁ)dlssolved in d| %_ronetga 9 p tg t he
sol ution uﬁd@?‘§11¥5 RPNy ITHURY | 3 FYSr-SPSHRYE f 8% Wa& added

dropwi se a WAS ALt 0 el
Sdbsequentﬁ}éiyﬁﬁﬁeg f%%loﬁiiliéﬁﬁ%%bd'%)gxga %E%% tgrgﬁg re %PF

m xture, followeqpy ! He@nkOhn? alfm &guﬁen
reaction mxture, a exane et iy aceta e m xed sol vent was 1 added

and t heo r egdug hati pfigire Was Jyvd atdits Gnbs H@kylapﬁ)&ttlilb&t a¢ agueous
sol ution of sodi um hydrogencarbonate and a saturated agueous sol uti on of

sodi um chl ertdrdd,ghclr-iodvh iwieldh adkiwidrgrdsips @ @m sillkiydise 1€t ydoereapr at ed under
reduced pressure; the resulting residue was subjected to 20 silica gel

col um chr destiogr Sphy § darkon atorsnabosiey la lkydt @ogtiod/ 25 B0 give the
titled compound (1.2 g) as a colorless oil. 1H NVR (CDC13)

8: 2. 64( 2H, trapghed, or @Bﬂ(imad{kyal—@r@uw ompy exgmples include a

4. 68(4H, dddd, J=46. 2 15. 9,2.0Hz), 6.42(I.H br s), 7. 31%2H d, J=8. 6Hz),
7.63(2N, d, E‘ez?hé’ﬁzg) f(OBbYJArgré’ﬁBlmta"( G‘/Ehﬁ’glfudﬁfonyl group,

b ceorh dzp&'oﬁfgasﬁ;ﬁf@ﬂ e i L L
i 4 C
sol ution, #¥d1§3qﬁg qﬁdy u@nﬁpa% gs%%ht&ﬁ%&ﬁ%@ﬂgiabroa under a
'y

ni t rogen atnD ere a xture Was sti tes. To the
reaction m xt Ure,th% s ah@ahédafUhremataddedisoagd the

resulting mxture was stirred at -70C for 10 m nutes. To the reaction
m xture, agyoug ained ex@ngles include a phenylsulfonyl group, a
p-tolylsulfonyl group, a p-chlorophenylsulfonyl group, a
20 2-furylsulfonyl group, a 3-furylsulfonyl group, a
2-thienylsulfonyl group, a 3-thienylsulfonyl group, a
2-pyridylsulfonyl group, a 3-pyridylsulfonyl group and a
4-pyridylsulfonyl group.
Y, and Y, in NY,¥, which may be the same or different
25 each represent a hydrogen atom, an optionally substituted
lower alkyl group, an optionally substituted lower
alkoxycarbonyl group, an acyl group, an optionally

substituted lower alkylsulfonyl group or an optionally
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sol ution of ammoni um chl oride was added, followed by extraction with
hexane/ et hyl acetate (1/1); the resulting organic |ayers were washdd ¥R Hi%
1 N aqueous solution of 10 sodi um hydroxi de and a saturated agueous
solution of sodiumchloride, dried with anhydrous sulfate and concentrated
under reduced pressure; the resulting residue was subjected to silica gel
col um chromat ogr aphy (el uent; hexane/ethyl acetate = 3/2) to give the
titled conmpound (45 ng) as a 15 colorless oil. Exanple B6 Preparation of 2
2-bis ( f1l swbstohetted ydrylsiNkforiyR-gogyamost hwddn -tGikerf |ogyedrietrh izt ~
~enzopyr an- 4- car boxam de To undecane (0.8 m ) being heated under reflux, 20
N- ( 2- cyanoet hih¢ -Bitrogen- dt ém ube onet ¢ly | thiey 4are fHhamrdmmaly | frnexyd~ Zpent
ynam de (60 ng) was added and the m xture was heated under reflux for 1
hour. After chmneembpered gingder reduced pressure, the resulting residue was

subjected to silica gel colum chromatography (eluent; 25
di chl or onet hane/ et hiite sa@¥hi@reun (79 \uges disiethaaans & f3mydu e o4 o) |

whi ch was identical to the authentic sanple. conparative Exanple - 107
14 VAR 2083 Prepalsy EAeRanhl SIeYRrRatng L(1 § GHRPY GHETHS Yhos& hen_y1

i b OB W DT PO T Ty
T Rl ]
5.33(2H, d, J=45, )w%&%%??%&d%'b&ﬁf&x %) an Qriddatly ity 5) .

7.57(1 H d, J=8. 6Hz) , Htd, J=8.6, 1. 6Hz), 8. 13(IH br s) Exanple B7
React | on Was PEidORERloAsoydn FEXHDLPL Hroigh MO il Ay TRAUIRN IO S-

The sol vents used, their boiling points and the resulting yield ratios
are |isted i nafideetahpDad NOhd Blde)a | Fomly T hyroud ardds da¥tyl group, a
2,2-bis(fluoronethyl)-N(2cyanoethyl)-6-trifluoronethyl-2H 1-benzopyran-4-c
ar boxam de andrEZEktanascdiyl group, a propionyl group, a butyryl group,

N ( 2- cyanoet hyl ) - 2- (1f | uor onet hyl et henyl ) -5-tri fl uoronet hyl benzof ur an- 320
carboxani de. @ V@beryl 1gremr 2003 Seileyny Snan. Bt rgfvadke 1y p lesepp et her
N- et hyl pyrrolidone Tetralin No sol vent. Dodecane Undecane Decane

Per f | uor of | ud? EVPEPY} LFFHP uR RRPFOUM BRI BoiBh R LBiht9TaW @4 o
(A H 275 6:€bf§g§ §§b€§9 1. 20 207 7 :1

15 When either one of Y, and Y, is a hydrogen atom and
the other is an acyl group, NY,Y, represents an acylamino
group.

When both Y, and Y, are a hydrogen atom, NY,Y,
represents an amino group.

20 If R', R*, R}, R*, R® or R® represents an optionally
substituted lower alkyl group, an optionally substituted
lower alkoxy group, an optionally substituted lower
alkoxycarbonyl group or an optionally substituted lower
alkylsulfonyl group, the optionally present substituent may

25 Dbe exemplified by a halogen atom, a phenyl group, a hydroxy
group, a nitro group, a cyano group, a cyclic alkyl group
having 3 - 8 carbon atoms, a lower alkoxy group optionally

substituted by a halogen atom or a phenyl group, a lower
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200B al one21614 : 119614 : 11746 :12102.5:1 196 4:1 5 10 15 Note : The
numeral ( 200 ) in the colum of "Boiling Points" given for "No solyVvEmMAR 2003
represents the heating tenperature. Et An anount (264 ny) of
1-fluoro-2-fluoronethyl -3butyn-2-yl 4-trfluoronethyl phenyl ether was

di ssolved in diethyl ether (2 m); to the solution) 1.68 M nbutyllithium
(0.71 M) was added at OC under a nitrogen atnosphere and the m xture was
stirred for 1 hour. To the reaction m xture, propyl isocyanate (85 ng) was
added at OGahkoxybaerboxylrgroas, sai caebloRyl rgooud caperay ye Yorar hqurs.
The reaction mxture was diluted with diethyl - 109 14 MAR 2003 et her,
washed w t hwiaichtmantee tlheesamse sot ufibHfienéntsoshchn xépoeseet alried with
anhydrous sodium sul fate and concentrated under reduced pressure; the

resul ting rexddoeenagtenbj aclederoatkyl carged, cal lowex habrexvematpbiyy 1
(eluent; 5 dichloronethane/ nethanol = 100/3) to give the titled conpound
(320 ng) asgEeeD| oM e8CYbi group, NVRLOWCHCIBY kBl 8 DBYIRFL t gUeiR 33y )an
1.47-1.61(2H, m) 3.25(2H, dt J:7.3,6.6Fti 4.54-4.81(4H, m, 5.79(IH br s),
7.31(2H5d, JoBt5PR3Lily substituted aFylsultonryhrHreumePr SR T

2 2Dl o QL b Sthe LU STELAN! (OEORY - B BeD7smagy; 4

5-fluoro-4-fluoronet hyl-4-(4rrifluoromet hyl phenoxy) - N-propyl - 2- pent ynam de
was 15 disgg?xe%OFﬂ %-%icﬁ%o%oﬁ%ﬂgﬁﬁ%gﬁgy%?) and the solution was heated

under reflux for g o, NOLE S J{a‘ eEl‘?éftv%ﬂ%}l "4 %ﬁx‘é&?géer?oé‘é:cﬁﬁ“{étvﬁ?i&f‘der

reduced pressure and the resulting residue was su cted to silica gel

col um chr g u t; ney,et ce t _ . f he
[t ed 20 comphinat (4qula ot anirel ooty oo, 88 Ian 2l hpyvent 8

1.56- 1160( 25, 3, 8 mSmbaredt rTé. Snd. €8)xrirg Mad. 73( 4H fAxbdn Wb pr ),
6.99(1 H d,J=8.6Hz), 7.48(1H dd,J=8.6,2.OHz), 7.83(IHd,J=2.0Hz). 25 S
Exanpl es f owitshangscébboandtomn)on Exiaeptendlbdingid@ienally replaced
~-riuoronernyi-.~-puiyn-~~vi ~ZQO uenesul ronaze An amount (6.6 g) of

1-fl uor o- 2-¥¥ uarwirbrbgén 3abomynan diygen dvon/iR: 2a 0938l 10| atond.

p-tol uenesul fonyl chloride (9.5 g) wer e dissolved in tetrahydrofuran (100
m); to theSRetlfienexmietesobh¢hgde)am azkridne oringd sh B eRinR (2. 4
g) was added, under a nitrogen atnosphere, After the end of the addition,

gel . A 1
the 5 mixt FE"%as? sPYFFeYe{51ng: hd REC TRt 1Ein¢ Fingmpe? R FHiRg ring.
15 a 3,4-dihydro-2H-azepine ring, a 3,4,5,6-tetrahydro-2H-

azepine ring, an azocine ring, a 5,6-dihydro-azocine ring,
a 5,6,7,8-tetrahydroazocine ring, an oxazoline ring, an
isoxazoline ring, a thioxazoline ring, a piperazine ring, a
morpholine ring and a thiomorpholine ring.

20 The a-haloalkyl group as R® and R* means a straight-
chained alkyl group having 1 - 6 carbon atoms or a branched
or cyclic alkyl group having 3 - 8 carbon atoms that have 1
- 3 halogen atoms in l-position and which may further
possess a substituent, and examples include a fluoromethyl

25 group, a difluoromethyl group, a trifluoromethyl group, a
1-fluoroethyl group, a 1,l-difluoroethyl group, a 1-
fluoropropyl group, a 1,1-difluoropropyl group, a 1-
fluorocyclopropyl group, a l-fluorobutyl group, a 1,1-
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raised to roomtenperature. Water was added to the reaction m xture)
followed by extraction with ether. The extract was washed with wat elri MAR2083
sat urated aqueous sol ution of sodiumchloride, dried with anhydrous sodi um
10 sul fate and concentrated under reduced pressure. The resulting residue
was subjected to silica gel columm chronmat ography (el uent; hexane/ nethyl ene
chloride = 1/1) to give the titled conpound (11.1 g). 1H NWR (CDC13)
8:2.45(3H, s), 2.74(lH;s), 4.53-4.87(4H, m), 15 7.34(2H,d, J=8. 3Hz))

7. 83(2H, d, J&=HE BizgobuiAl Py o, la ~cirdayrondtihly U agraashy -di-dhilodometiyl

met han~~ul : ~~nate An anount (1.2 g) of 1-fluoro-2-fluoronethyl-3-butyn 2-0I
and net hanexptddmnyd ol chil cheonidr 18R rdrouwper e di -sddlorec t2F )i yrtoed, - laut vl

nmet hyl ether (15 m); to the solution under cooling with ice, triethylam ne
(1.5 m) was, bdttiech dropedlsel i greumi ta dgerhlaimopsiparle grafaper astli,ilr-i ng f or
1.5 hours under cooling with ice, tert-butyl nethyl ether was added to the
reacti on mchlexopRgHYh ESUR heh WZwediHaraddilopnapy2orovpd & dat ur at ed
aqueous sol ution of sodiumchloride. The m xture was dried w th anhydrous
sodi um Sul f%}@!&?ﬂl%hmum e bindel G (irle SHQUWP t & HEvEomedhyil | ed
conmpound (1.9 ~ 4 NAR x003 1H NVR (CDC13 2.98(1 H, s)
3.22(3H, s)9TOHIE7 8 %@mowthséxaﬁm@ cF & rﬁ—ﬂ?&#’lﬁ’"?‘%ﬁ 30 r?é‘gp

but ~ | | f
L1l U(‘iﬁorg%%m I SR et dcpamppsey (20
D 0. 96
) s adael Tifrer & 1 ?‘?%%%ﬁ“’%é‘%’%é‘i“@ineg s‘%q*.ér“iﬁ.'zﬁ’%qr"?@ T nut 65,
under cool ;q}%dﬁtm'f%r&ﬁmff | P O it W slda
S stirre

dropw se. 10 m xture wa f'or 5 'hours while its terrperature was
rai sed1bo riBmrmer @% it B o dife t3RdEe G idhig ha [@aGldadmetingtiur e,
fol | owed by extractl on with ether. The extract was washed with water and a

saturat ed apmous sduoddetiysagitaup cld ar,ildeliidrdoedthyilt lyrenpy,deods sodi um
15 sul fate and concentrated under reduced pressure. The resulting residue

was subj ectiedlamrenyl carged. ool lunr dilrasivppydp lgrous .uentl;- 30~ et hyl

acet at e/ hexane) to give the titled conpound (4.1 g). 1H NVMR (CDC13)

8: 1. 09( 3H, tioryoprapBl - 213 lrnlodm)@%mfoalp( 2md @ 1.4-56- 4. 88( 4H,

m. Exanple r4 ~-Fluoro

~-fyl ~ o~orfEtARALAL Y MR p~h orobenzenesulfon~t~ An anount (1.2 g) of

ihfl#?é%‘?'zf'1“3§°1{£ﬁ€yars§2&/%msrm A TR, SOROAS S he sol uti on
o o SRR S5l AP A 0 3
the optionally present substituent may be exemplified by a
halogen atom, a phenyl group, a hydroxy group, a nitro
group, a cyano group, a straight-chained alkyl group having
20 1 - 6 carbon atoms, a branched or cyclic alkyl group having
3 - 8 carbon atoms, a lower alkoxy group optionally
substituted by a halogen atom or a phenyl group, a lower
alkylthio group optionally substituted by a halogen atom or
a phenyl group, a lower alkoxycarbonyl group, a carboxyl
25 group and NY,)Y.; Y, and Y, which may be the same oxr
different each represent a hydrogen atom, an optionally
substituted lower alkyl group, an optionally substituted

lower alkoxycarbonyl group, an acyl group, an optionally
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14 MAR 2003 addition, the m xture was stirred for 4 hours while its
tenperature was raised to roomtenperature. A hexane/ethane m xed sol 1/ 4¥AR 2003
(1/1) was added to the reaction m xture) which was then washed with water
and a saturated 5 aqueous solution of sodiumchloride, dried with anhydrous
sodi um sul fate and concentrated under reduced pressure. The resulting

resi due was subjected to silica gel colum chromatography (el uent;
hexane/ net hyl ene chloride = 1/1) and then recrystallized from nethyl ene

chl ori de/ hexafngbd 101 thot €l VEowdre d1kyEshIFspoungrdid 219)an ity A(#IaF3)
8:2.77(I1H,s), 4.54-4.88(4H, m, 7.53(2H,d,J=8.6Hz), 7.89(2H, d, J=8.6Hz).
Examx~l e C5 ~gidwmraer 2-whewrtaket hiyd ge3:Huat y madr vt oxve ez enesid feomatmbelfedin
anount (1.2 g) of 1-fluoro-2-fluoronethyl-3-butyn 2-01 and benzenesul f onyl
chloride (1.8ipgwere dissolved in tetrahydrofuran (10 m); to the solution
under cooling with ice, 60~ oily sodiumhydride (0.48 g) was added in a

ni t rogen at nospher é&xauples tofe dral it idnaldddisubadi e doven @l&das
stirred for 4 hours while its tenperature was raised to roomtenperature. A
hexane/ et Rer S &%|Reand B 13nghade q@ide thyl rerowactd dhlursang &yyhni ch

was then washed with water and a saturated aqueous sol ution_of sodi um
chloride, driFPWR 1 P il RO in AR & AN luarasthvd: &FRrer?

Lﬁ?(‘iﬁii’gg?SZﬁ%‘#‘f@%ﬁ%@%ﬁéﬁh@%ﬁﬁ%ﬁﬁvﬁe%@?ﬁ°<~5_ve &ﬁrfpy@f%g&i;ﬂ tl e
2. - 0] ‘AL
47554, a( aH o P S A Pl B GOl cng Lhgdp 2

- Fluoro- 2-f 1 ygs; G&S%m%ﬁni’i_l;qu?p 4 n?e:trﬁuttfhiﬁnllé{q{ﬁm‘g{rbﬁﬂyl- nhen~y ethQ

(A) An amount (1 uoro- 2-fl uoromet hyl - 3-"but’yn2-
et haneswubf onadrey Brieh dindiic DXyRaRZ ! rd Tt dsdRedrichry 190e tef1e ghoifp) wed in

acetonitrile (200 m). To the solution under cooling with ice, cupric

chloride 10 diihyesktaiEanithorih tes qesigd Widerty Nigragen aAtrvEpmeietiyien,
di i sopropyl ethylamine (12.3 g) as dissolved in acetonitrile (100 m) was

added dr opw sErowy i e ni+pErapyll ojrddre, drmopwi s mddidnarp, tehd -m xture was
stirred overnight while its tenperature was raised to roomtenperature. The
15 acet oni t r inetRpkthieryopel fdummid a ety prazedilr-e and hexane was
added to the residue, which was washed wi th water, an aqueous sol ution of
sodi um hydr oxi de, dFARRI4F dtfodfi% ARt ianad, 1 Ya fvdtsl B @duhoMedadéyadt e and

a satura& d a ueous_ s Ut Len o%n}g@dlurqec | ori de,. The residue .20 dried
wi t h anhydro SRt Bul Ffat @ cORTERTT oF 8° rITeWRc Y If)‘?’é‘?é re; the

resulting restiey v jotbbiosh syt YR MPRUINL pdtpre 4 he Lt od
2-cyanoethyl group, a 2-fluoroethyl group and a n-propyl
group.
Speaking of R® and R®, a preferred case is where R’ is
20 a hydrogen atom and R® is an optionally substituted lower
alkyl group; a more preferred case is where R® is a
hydrogen atom and R® is a lower alkyl group optionally
having a cyano group, and a particularly preferred case is
where R® is a hydrogen atom and R® is a 2-cyanocethyl group
25 or a 2-cyanomethyl group.
A preferred example of R* is a lower alkyl group
optionally having a cyano group; more preferred examples

are a 2-cyanoethyl group and a 2-cyanomethyl group, with a
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1H NWVR (CDC13) 8:2.77(1H,s)) 4.52-4.79(4H, m, 25 7.32(2H, d, J=8. 6Hz),
7.59(2H,d,J=8.6Hz). (B) An anount (24.8 g) of 14 MAR 2003
1-fluoro-2-fluoronethyl -3-butyn2-yl p-toluenesul fonate and 16.2 g of
4hydr oxybenztrifluoride were dissolved in acetonitrile - 114 14 MAR 2003
(400 mM). To the solution under cooling with ice, cupric chloride dehydrate
(5 mg) was added under a nitrogen atnosphere; then, diisopropylethylam ne
(1Z.7 g) as dissolved in acetonitrile (100 mM) was added dropw se. 5 After
the end of 2heyshiopwhse gedhpiBLng Noart :uIErypSiddiash for 6 hours while
its tenperature was raised to room tenperature. e acetonitrile was
distilled of f undexamplitisest Pries sois el Griell Tie xanss victu tedlabviexr t he resi due,
whi ch was washed with water, an aqueous sol ution of sodium 10 hydroxi de,
di | ut e hydratkhdoyi graep das aRueauds RS otlhahude ba crae biomay egeop A gat ur at ed
aqueous sol ution of sodiumchloride. The residue was dried wi th anhydrous
sodi um sul feref hneronatkoxy agreupnderbercybexly gredyured the resulting
residue was distilled under reduced pressure to 15 give the titled conpound
(Z1.9 gP. E¥PLORreRYlImEEedy 19¥0%Rr RR-¢ TheF QEtin -adh @ yir-DrGROXY
atri fl ~o_r onet hy~phenv~ et her An amount (13.9 g) of
1-fl uoro-2-9¥¥ oet hyl -3 20 butyn-2-yl 4-trifluoromethyl phenyl ether was
di ssolved in a saolvent_consjsting of a qﬁxture of_tent-gz%%%anethyl et her
(100 m) and ter t25YERIeS) ¥onidre CRGLMILLYTFURE datad er cooling
with ice, pofassiumitert-butoxide (41 vas ded under. a nitr.oge
at m)sphere;%}??%g%¥$??¥%gg¥%?p aa.-=25|¥ Wi e,R b%%%f‘ﬁ(ge (as S Sh%}%ccl’a%bdgndynl
dr opwi se. th i i td t m xture was stirred
fE Al st e L R

for 30 mn nder stirring w an ed to the reaction

mi xtur gg M&&&y@@stﬁp&@fh%e%sﬂ nﬁ(‘ﬁcﬁ}ﬁlrci?ég.ébﬁrlmelt%xyca%d% 2003

saturated aqueous sol ution of so he m xture was dried with

anhydrous s@ebun) Sath f @tieoaycaISReeEnt gt s, W derprabisfRbiiasslrgrdup gi ve
the titled conmpound (18.1 g). 5 1HNWR (CDC13) 8:4.50-4.77(4H, m,

7. 29( 2H, d, J=fd Gzl er ¥~ 6O &k cadisthyHgrowxanpl e C8 ~-Br~np-2 2-bis | f 1
uoronethvl J~ - 6 -trif~~gronetl Zyl -2H ~ benzop5, ~ran 10 An anount (18.1
g) of 4-brono- 1- fTherprefétret qmstiyilos-dltsubstitutdony iy Bdr daeihyl phenyl
et her was dissolved in solvent naphtha (100 nl) and the sol ution was
refluxed fdt-ROFibbier upRicthe PRrFQIErRM T hherREeTRTEesh epaP Aol i still ed

of f unggr redyced pressure and the 15 resulting.resi distilled under

reduced”pr &5sdP€ eg@%eOPWéOPﬁgﬂgdSHBﬁﬁ&GHEe@1&9§eﬁsgik$gsgrouP' an

optionally substituted alkylsulfonyl group, an optionally
substituted arylsulfonyl group, a nitro group and a
cyano group; among these, lower alkyl groups having a
fluorine atom as a substituent are preferred, with a 6-
20 trifluoromethyl group and a 6-pentafluoroethyl group being
particularly preferred.
The preferred example of R?* is a hydrogen atom.
Speaking of R’ and R*, they are preferably the same;
more preferably, they both are an optionally substituted
25 a-haloalkyl group; most preferably, they both are a
fluoromethyl group.
Examples of the optionally substituted alkyl group as
R’ include a methyl group, an ethyl group and a propyl
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1H NVR (CDC13) b:4.41-4.71(4H, m), 6.14(1Hs), 6.95(|H, d, J=8.6Hz) 14 MAR 2003
7.50(I H,dd, J=8.6,2. OHz), 7.71(IH,d,J=2. OH) 20 Exanple C9

N- (2-cyanoet hyl | -2. 2-bi s(fl uoronethyl|-6-trifluoromethyl 2H 1- be~n~opyr an- 4-
car bot hi oam de An anount (103 ng) of

4- br ono- 2, 2- bi s(fluoronethyl )6-trifluoronethyl -2H 1- benzopyran was
dissolved in diethyl 25 ether (0.5 mM); to the solution, 1.68 M
n-butyllithium(0.18 ml) was added at -10C under a nitrogen atnosphere.
After stirrgmmg.he Bxeagilien of XHe opftaonk] 1y muHbet i teap@denidy)l eyatipde (27
ng) and tetrahydrofuran (0.6 m) were - 116 14 MAR 2003 added and the
resul ti ng rAsxtRir énedsdet ar perdnfyr g8éupi, nat pstalyDGyrSupsandeat |y, a
tetrahydrofuran solution (0.3 nl) of 2-cyanoethyl isothiocyanate (34 ng)
was added gnchlleraphenyle grasipst iamoad ftdrest heups tatlydCgrbupt la@dr @action 5
m xture, a saturated aqueous sol ution of ammoni um chl ori de was added,

fol | owed bynedttylacanaynp inteh Rtedidniedst Mdrth ehe tedyilt igr@uer deiing | ayer was
washed with 2 N HCl, a saturated aqueous solution of sodium

hydr ogebcamidifdi®@ larl v Reafigtret aqueous sol ution of sodi um chl ori de,
dried with 10 anhydrous sodi um sul fate and .concentrated under reduced

pressure; the redFHES &F dhe RROVeuiedtiogeds NepYy c M Vgés 3 Jhn:
h t h I t; dichl t hane/ di.ethyl ether = 10/1 i th
(1t ed conpPiiefes F)Am i BT AR B CRBy o PR RE 15
EXx le C1 . . .
N- Zgﬁyf- 2. %]%Dlusp('f Iauno_ertohr%]taf'u“ﬁ/l%q e Nl Eord&ﬁnﬁtﬁlﬁl-%nfbgﬁfggyr Sh- Q carbot hio

am de An a ; 3 34 ; f dd

& bromo- 2. 3 BUa(1T ey 9 A BYTE AR SE Bz o BT e

di ssol yed igrAigt W Imcdpis heio g&-o’ﬁﬂﬁ Jan laethdmided Yiriodd, b ®@nMamido
n-butyllithium(0.18 nm) was added at OC under a nitrogen atnosphere. After
stirring tRgowactdmNRedhirladeiamd 8 RiHcr®, & diegtthyl ether solution (0.3
m ) of ethyl isothiocyanate (34 ng) was added and the m xture was stirred
for 2.5 holns:cty @S- @y Tameirce gotaugn  @nx iNHme teys. -diefrat-ed wi t h di et hyl

et her, washed with a saturated aqueous sol ution of sodi um hydrogencarbonate
and a sat urtteaR R I ing ¢F P s &d merkborisprdifeay 1@mia® \@inowPan@dr ous
sodium sul fate and - 117 14 MAR 2003 concentrated under reduced

pressure; tHEVRIARIHY FENUEF W SuBRePYeS ild oay] |J1-agla1n§e [ITFEHPUmMT"
e S ST M b B e
8:1. 36(3h, =7 \ - 4. 80 ' .S,

7. 00(| |(4 d Saé‘;’ﬁ@ﬂ‘ gy%%b% ,‘fﬁi,:-’bira“[s%“P %’i’%ﬁ'ﬁd %Eé‘."glﬁz")l,%%(éﬁﬁlﬁ 5) .

F,gs~mpl e uld, @ Pid¥lyisulfonylamino group and a p-
2.2-bis(fl uoroﬁt hyl") - 6- t%i fl uorgmat hyl - ZqH- 1t§)eanpyr£n-4- ca~: hot hi oate An

amount (65 dAl)or¥pHelf Mt fondr1kinfild Watowkt hyl ) - 6
trifluoronethyl-2H 1-benzopyran was dissolved in t-butyl nethyl ether (2
m); to the sol utHan,syhiG@sisn-dfutthlel icompomnds représenitpdwby dtlded at - 70C
under a nitrogen atnosphere and the m xture was stirred for 10 m nutes.
Then, 2P retgenegrak Formild | (e 1139 e wenroudfl yrepgesendecphysdheo t he
reaction m xture, which was stirred for, 30 mnutes at -70C. To the reaction
m xture, a 9SheF%t fPEYHOUSLTD & wEiesh a5 2@midtedmedirde g@dnvddigdded,
foll owed by extractiqn with hexane/ ethyl acetate (3/1). .Th
RS 206 it

e Tesy ting
organi ¢ | ayé"P Wt WHagrur ey Geou§ C8SIHHIER *FF “$6di um
chloride, dried w th _anhydrous sodi.um sul fate and .concentrated_under
r educed p”££ﬁﬁ%§¥t%ﬂyeggﬁon. f% give %%e compound o@ %ﬁe generél

formula (G-I), a sulfonate ester represented by the general
25 formula (C-IV) (where R’, R’ and R' have the same meanings
as defined above) may be reacted with a phenol represented

by the general formula (C-V) (where R' and R®’ have the same

meanings as defined above) in an inert solvent such as
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25 resulting residue was subjected to silica gel colum chromatography
(eluent; hexane/ethyl acetate = 2/1) to give the titled conpound &%PNﬂPﬁﬁfs
a colorless oil. 1H NWR (CDC13) 8:4.26(3H, s),

4.51(2H,ddd, J=46.5,9.9,2. OHz)) - 118 14 MAR 2003

4.68(2H,ddd, J=46.8,9.9,1.6Hz)) 6.39(IHs), 7.03(IHd,J=8.6Hz),
7.48(1H,d,J=8.6Hz), 7.74(IH s). Exanple Cl12, Oethyl 2.2
~,],s~f]~uoronethyl Ji -6-trifluoromethyl-2H 15 benzopyran-4-carbot hi oate An

anount (58 n@deBénitrile that does not affect the reaction, in the
4- br ono- 2, 2- bi s(fl uoronet hyl )-6trifluoronethyl - 2H 1- benzopyran was

di ssol ved i nptebeiye oBtaysuethble(Bast)andOatdetsDytid ddmodn®oMa
n-butyllithium (0.108 mM) was added at -70C under a nitrogen atnosphere 10
and t he m xtsuktabbestopped §altlstnantemserdtere lkerdegt +T8°Gcamidonate (67
ng) was added dropwi se to the reaction m xture, which was stirred for 30

m nutes at -70@n Tempgratenet i pnefiexably, batweenriCe@nsqueous sol uti on of
anmoni um chl ori de was added, followed by extraction with 15 hexane/ et hyl
acet ate (3/ 1temmeratuselt i Byawpdani ef | thersuikrkledkdRel Wah @a%at ur at ed
aqueous solution of sodiumchloride, dried with anhydrous sodium sulfate
and concent r2¢cdsefdd? FREUERACHILRsiRElUEeLFERNIE | Tl 9% RARE Svas

subj ected to silica gel ¢olum, chr t ogr aph el uent; 20_hexane/ et hyl
acetate = 2/9§°R 3§ geaf %a??lf’:f"é&cggﬁ]:bogn%?( 1‘S Cene A1 rtess oil .

1H NWVR (CDC13)_8:.1.50(3H, 1 ,.]=1,4 4, 43-4. 76( 6H, . 6.42(1 H. s

70301 H 0, 9-BLetay oY a1 0 )28 hopne s S Pitthadily it Bl e

2H 1- benzop~ t hj I t a4 :

> o bi (11 Lot ShaE IR SHLAS: THPEOTELERRLIE A 1y, 4-aiigopropylerpylanine,

1- benzopyr angf % ak POt 8 0365 bPy BétBy1aRTn OB (Y pERraveres di ssad dd
tetrahydrofuran (5 m); to the solution, 3am nopropionitrile (0.2 m) was
added at roooFtERPEsEl taABlE NCApPet 686 HihaDSdIese anged hin rgsa!l ting

m xture was 5 stirred for 7 hours at roomtenperature. Ethyl acetate was
added to t heresationnincktde ecuphoad swktsesinctd ag tdopwpde(] ) ddatatdiCl,
aqueous sodi um bi carbonate and a saturated aqueous sol ution of sodi um
chloride. Theoppsr (i Waifivordagstatenhyurouss sadiammdrl fetmr sl
concentrated under 10 reduced pressure; the resulting residue was subjected
to silica gePreBld®m ERPHARS obPdpfe F=d @m#oﬁtqﬁﬂlég@crﬁftﬁi‘a&“tcb gi ve

t he tithgg C ound cal to .the ; th?ﬂﬂhf sanpl e.

Exanpl e *€14 %%PR@tﬁ9%g'§g g&brygigﬁhgffﬁécggﬁicuprlc bromide,
5-fluoro-4-1 ek PUeLRToPI &4 T LS QUFELY  PRSHOKY Jo iy 9t Erea.
For synthesis of the compound of the general formula
(G-I), the compound represented by the general formula
(C-IV) is used as an intermediate and this compound, being
20 undocumented and novel, constitutes the present invention.
To prepare the compound of the general formula (C-IV), an
alcohol represented by the general formula (C-I) (where R’
and R* have the same meanings as defined above) may be
reacted with a compound of the general formula (C-II) or
25 (C-III)
R’S0,C1 (C-II)
(R’S0,),0 (C-III)

(where R’ represents an optionally substituted alkyl group
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An amount (0.53 g) of 1-fluoro-2-fluoronethyl-3butyn-2-yl 14 2
4-trifluoronet hyl phenyl ether was dissolved in diethyl ether (3 m); t%mkﬂ@
sol ution under cooling with 20 ice, a hexane solution (1.4 m) of 1.69 M
n-butyl i thi umwas added dropwi se under a nitrogen atnosphere. After the
end of the dropw se addition, the m xture was stirred for 1 hour under
cooling with ice. The resulting m xture was added dropw se to a sol ution of
met hyl chloroformate (0.38 25 g) in diethyl ether (3 ml) under a nitrogen
at nosphere andan optlionglit Bubstitintedrasyilrgirogp) heibheruaEtéonr 1 hour
under cooling with ice, hexane was added, followed by washing with water
and a sat urzesdtindebhe sdcahpédnwdth-algoitablesbap® 2003 setitabplehl ori de.
The m xture was dried with anhydrous sodi um sulfate and concentrated under
reduced presedventt ke besgrpvagtedstauanvaikaxbiecerdiirestivchngel col um
chr omat ogr aphy (el uent; hexane/ nethylene chloride = 1/1) to 5 give the
titled conpsuﬁaaPé?S§°&Y¢HIHlmwﬁbﬁc%tﬁé?ng?39§o?3%9%7?b e5Basegdt 4x )
7.31(2H,d, J=8. 6Hz 7.6 Hd J=8_6 . - Exanx~l e C15 Met hyl

2 5 b1 S(ot | EOPBRERRYFR-DBEEER GOP et T TATRETANFRY PREFFRRAt e An
anount (0.2 f hy| . .

5-fl uoro-4- gﬁg%?gﬁeﬁﬁél %m? ﬁ??'}'fif%“éq%rrf% ’iﬁ 'pheInnoxtyl’)l-sz-rpeeancitylnoondt & was added
dropwi se to_Q=di o] e ) nyOMI i Lt rogen

at mosphor o. * aBTEPESEEROERC it b NNC A e LR M RO YR g et B8 e

was refluxegdsbar 37RQUER1 tABESObYFBAL Wefiafl 8hh! bEJuOEs YROER;geduced
pressure and the resulting residue was subjected to silica gel colum

chromat ogr aphyctebrent; aAOtnbetr abydent uenat hgsasenot cagivett bgetitl ed
conmpound (0.25 g). 20 1H NVR (CDC13} 8:3.90(3H, s), 4.45-4.74(4H, n),

6. 70(| H0s) , réablifbhl, dag=8x6hp)ifTed by Hibetbyl=8théz) , dBiSaprepPpL.s). 25
Met hyl 2, 2-bi s(fluoronethyl)-6-trifluoronethyl-2H 1benzopyran-4-carboxyl ate
(1.0 g) wasetihexol tedtrhukylemeth@lSehher, t bethehydrefupan, dioxane,

2, 4- bi s(4-met hoxyphenyl ) -1, 3di t hi a- 2, 4- di phosphet hane-2, 4-disul fide (1.6 Q)
was added -dlglyme:140ﬁﬁRn2®0§:Nn@éweﬁhﬁiE96ﬁéﬂ1@?nn@pﬂere and the mixture
was refluxed for 6_hours. The insqoluble matter was filtered off by addition

ofda hexgnediﬁﬁtpgﬂagﬁéawgﬂf%aﬁ@xgamgFP¥%n??lﬁf@efiV%F%tebmas cgncentrﬁped

5% “col Iﬁmgcﬁﬁﬁ%ﬁ?f%%%iﬂ%%n( bt heEERiub i ey FEMER BHPAECLT0/ 1) To give
[ 0. H: : 3 A5- 4H

m 6. 3901 HELPeesRhal] ExeBbact f thb (Rl hpTe (043¢ that) caft g2 dadal I

10 Hxanpl e Gh7+ReepandtiBh hchnab 21k%200REPAT Ihyarfdes 2sBER s

fluorom-ethyl ) -6trifluoromethy~ -2H 1-benzc, ~yran-4-carboxam de A m xture
of 4-bronp- go2abkitfnl ngaerathykpabtumi hiyaeieseahy! 1 2thiuhengapydan ¢#. 73 g),
2-cyanoet hylam ne 15 (1.44 g), potassiumiodide (0.86 g),

tri phenyl phoasphbneté86sngh, apapbhdssivmceanbengid amgd sodium

N, N-di met hyl acetam de (10 m) was stirred under a CO atnosphere at 100C for
3 hours. Tocekbonaieti bhcarkenates 2sprhiCas vieat agigibym dpividr pgepeacbpnatei ng
crystals were recovered by filtration. To 20 the recovered crystals, ethyl

acet at @ hasABAEAAHE PHEXPREBFABPERRRE: cPrIRBLF | FEEPRE BRFSS1RECR| PEr at b
Saturat od aleBoALeEBPRERERCLE Sof) ok GRIBFTHS) B | Lebh t h anhyd ous. Sod; um
sulfate andd389889E§8&8?499q85-Egggﬁgge, tertiary amines such as

triethylamine, tributylamine and N,N-diisopropylethylamine;

among these, sodium hydride and triethylamine are

25 preferred.
The compound of the invention which is represented by
the general formula (G-VI) may be synthesized by the

following procedure:
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25 pressure; the resulting residue was recrystallized with an ethanol and
wat er mi xed sol vent to give 14 MAR 2003
N- (2- cyanoet hyl ) 2, 2-bi s(fluoromethyl)-6-trifl uoronethyl - 2H 1- benzopyran-4ca
rboxam de (1.46 g) represented by the fornmula (Cl-1) and - 122 14 MAR
2003 having a nelting point of 129 - 131C. 1H NWR ( DMSO db)
8:2.77(2H,t,J=6.3Hz), 3.47(2H,q,J=6.3Hz), 4.53-4.82(4H, m, 6.14(IH s),
7.11(1 H,d, J=8.6Hz), 7.59(IH dd,J=8.6,2. OHz), 7.83(IHd,J=2.0Hz), 5
8.85-9.00(1 H mM Msancompodtd presehtadpby €hE~geRePatrafatmuda ¢6-N) ( 2

-cvao .t yl )~~, -bis ( fluoromethyl ) - 6
trifl uoronet fwhereHRri; bRhz dpxmad- B! crab xtard deamg memming?HE defined
bi s(fl uorome~y~~, -6-trifluoronethyl-2H 1-benzopyran-4 carboxylic acid

| al t er nati vagbon@hdeé freagied gar iamg inketesdlyemsosnchf aExhaphaecl7l 1 ) 2
2-Bis | fluoronethy~) -6-trifl~oronethyl-2H 1-benzo~T~a~14-car boxvlj~c acid
15 A mi xt ur e toflugnier,ofig-et hylpiedtieny o dddsopyiopyd ether, tert-butyl
trifluoronethyl-2H 1- benzopyran , potassium acetate (2.00_g

pot assi um i ofiedbydo edhed). qqq%#é%?%%ﬁ%gﬁhiﬁé°62?3n8¥,tﬁ§FrB§FGHPécéiate

S 1508 for STSEHAMNY Lo heid -PLAv Bt Gbery RAEANNASOSHAEA HRd the
pecp Lot g gl oy decouahad A Ul el gy Troegeegyerod

Chi bsul Tat e Sog 3Rt DARISE Wilel 130 hahN RIUC O R b O B weRY ME

wi th anhydrougosedifg sbhatempBfataps ey i ah edn URtes: 1 aplbiced pigssase; the
resulting residue was di ssolved in a saturated aqueous sol ution of sodium

hydr ogenc@r banahe um,123ddiuml 4rVPE 2883 unas kedywn b khdushkaeanakghane;
concentrated HO was added to the resulting aqueous |ayer to nake it acidic

and t he precmpithaflilighdingst athyadriehsi asQveredobylililthdami, on- The recovered
crystals were dissolved in ethyl acetate, dried 5 wi th anhydrous magnesi um
sul fate and erepydtlddbddmndebutydddstiipmessecebutirélisbdbmi ng testdue was

recrystallized with a solvent consisting of a m xture of ethyl acetate and
hexane, ther ®9fvdildithgum, or a Grignard reagent such as methylmagnesium

2, 2-bi s(fluoronethyl)-6trifluoronethyl-2H 1-benzopyran-4-carboxyli¢ _acid
(125 o) 10 FBIPEIBe! P RITAING i DECTLEE - alE CHAIAGRES 1B LRGLAGF Nt of

700801 HLop 1-8 By s v chtof 1, s PR aoBbs B OBl o o
5. 8601 Hd. J=3y 0 e ghd ol R0t 5 prd 3y HRELA 0208k ME 185 a5, 2neyanoet by

) -2 . 2-bis ( uoronet _ _
aor Qret hvl - 2hbp?@ﬂra%\érs%%nﬂtﬁ%m@éqxﬁn”fbga_p?lﬂibéhéé@uﬁf iodide, 1i-
y -

2,2-bis(fluoronethyl)-6-trif |uoronmeth benzopyran- 4-carboxylic acid
(1.55 g), thpaoylylr@ghsaumenidriten j-prdpyyomdaenesfbmnbromadeheated at
80C for 5 hours. The reaction m xture was concentrated under reduced
pressure; toprepyleswgnesign doddde, a-butydmegoks2opanbéohnyfiem ne (0.42 g)
and acetonitrile (5 m) was added on an ice bath; follow ng the addition of
a m xt urd® of butylmagnesium bromide, n-butylmagnesium iodide, sec-

butylmagnesium chloride, sec-butylmagnesium bromide,

sec-butylmagnesium iodide, tert-butylmagnesium chloride,

tert-butylmagnesium bromide or tert-butylmagnesium iodide,

or a reagent selected from among lithium hydride, sodium

25 hydride, potassium hydride, tert-butoxypotassium, lithium
amide, sodium amide, potassium amide, lithium
diisopropylamide, sodium diisopropylamide, potassium

diisopropylamide, sodium bis(trimethylsilyl)amide and
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25 triethylamne (2.52 g) and acetonitrile (5 m), the resulting m x{ur\R 2003
was stirred first on an ice bath for 10 mnutes, then at roomtenperature
for 1 hour. To the reaction mxture, 2 N HCl was added and the
precipitating - 124 14 MAR 2003 crystals were recovered by filtration.
The recovered crystals were dissolved in ethyl acetate, washed with a

satur ated aqueous solution of sodiumchloride, dried with anhydrous sodi um
sul fate and concentrated under reduced 5 pressure; the resulting residue
was recryst alpdtzaess i hobs( et haethy Batoll yia) aniide X qikefd nedyity treagitedl with

N- (2-cyanoet hyl ) 2, 2-bi s(fluoromethyl)-6-trifl uoronethyl -2H 1- benzopyran-4ca
rboxam de (1l.16bupyXEebtlebented tertHsatwimadresitis 2Dhlomidegyitiers nel ting
poi nt of 129 - 131C. 10 1H NVR (DMSO-d6) b:2.77(2H,t,J=6.3Hz),

3. 47(2H, q, J=6regi¢)ionl BBt . @21 dygxBld 4MdH e th MdifveH ad o B |
7.59(1H dd, J=8.6,2. OHz), 7.83(IHd,J=2.0H), 8.85-9.00(IH m. VB z:360(Mt)
15 Exanpl e CERIRIesenes dpBrike-denetmhk el & ie-Gdwnad Rri xRur R'of
2,2-bis(fluoronethyl)-6trifluoronethyl-2H 1-benzopyran-4-carboxylic acid
(0.20 g) 20 ARf thet Pargditbeusame eaPLnIR /S- 8sEBBREY 8PPHPdazol e (0. 12 g)
was added with stirring and the m xture was stirr‘ieﬁj for .1 hour. Thereafter,

2- gyanoet IhyI SHIRETEED '?é) the %?f&%‘?]‘; F SHRE FABL ST PXdd S IFIERY i r st
) ne 4§ et |
To 55 the redrimiina (e PE) TGS R oI Tt b of RIS e rng St as

added, foIIovx\@E% ) tracti g t Y. d ard4 de; jc layer
was washed wit %I%igr( %%dé%fr)?% ; %m&ﬁgl%%@%}sﬁﬁgﬁ l;{%?o%;n%qg&nd t he
resulting - 1o qatidn MER 200G r&si Gie Y@t difd Yot alild Zftheddin & raRient
consisting of a mxture of ethyl acetate and hexane, thereby giving the
titled coopoursl X0) 20nh hhdayswgl andiidr NY 10 Gt idn hadfackiehm typlikddivfy
(DVBO-d6) 8:2.77(2H,t,J=6.3Hz), 3.47(2H,q,J=6.3Hz), 4.53-4.82(4H, m,

6.14(1 H, s), T7rMdlves, dedctitn) ,witloH |4 idch bl dyriid@idz)ng agent and an
7.83(1Hd,J=2.0Hz), 8.85-9.00(IH mM. M z:360(MW) 10 Exanple C20 N ~

2- cyanoet hyl )aniipe & f therosnéndl 26 @il f(Grokoet hvl | 2H ~- benzopxr an- 4- car
boxam ' _de To an ice-cooled m xture of

2, 2-Dbi s(fl uoronmet hyB F®Hri f 1 uor omet hyl - 2H@=BEhY opyr an- 4- car boxyl i ¢ acid
(0.20 g) 15 and tetrashydrofgran_%g rri%&, N, N - carbonyl dj j m dazole (0.10 g)
was added wi tFR&%¢ (R nGngh& t HR1GR X0 PS5l et F3Pe P L EESTFNT Thereafter,

2- cyanoet byl am ne (0..05 s added and the mxture was sti.r.red fjrst
under co%?i ngr%"f#?%% 7%%YC¥1@%?R )aE%noratar} SHE ryatsl}lr%é‘;ﬁl&ru hour s.
To 20 the reaghlon 4y SRS ROl PR Al G AT RN Was
added, foll owe Eglny ex]té?ac I%l?lﬁ]%/\lit met rfﬁllene cg'hl Ol’tl (Fi}Le: t e%e%\. c layer
was washed wddsaderofingh dstgshiid heasdlorendn Wasordaaiild lrgeof f and the
resulting residue was recrystallized with a solvent consisting of a 25

m xture of et(ptederilale, anl tiexanebddrareby giving the titled conpound

(0.19 g) having a nelting point of 144 145C. 1H NWR (CDC13)
8:2.73(2H, t, J=6. 3HAhe F@VAAEind -ayFHz )is -a IFR@gent selected from among

20 commonly used condensing agents such as hydrochlorides of
dicyclohexylcarbodiimide, diisopropylcarbodiimide and 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide, and methyl
chloroformate, ethyl chloroformate and isopropyl
chloroformate, with a hydrochloride of l-ethyl-3-(3-

25 dimethylaminopropyl)carbodiimide and ethyl chloroformate
being preferred.

Exemplary organic bases include pyridine and
triethylamine. Exemplary inorganic bases include
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7.03(1H,d, J=8.6Hz)) 7.47(IH, dd, J=8.6,2.OHz), 7.81(I1Hd, J=2.0H). 714 MARZ003
veni z: 410( M+) 5 | NDUSTRI AL APPLI CABI LI TY The processes of the present
i nvention for producing 4-substituted benzopyran derivatives involve fewer
steps and feature greater conveni ence and safety than the prior art
processes; therefore, these processes have outstanding 10 practical utility
as net hods of synthesizing .internediates for the manufacture of nedicines,
agri chem caksdiamshgtirogidet, csoditim7alkox4ddARp3088s Campauxdgi@escri bed in
Pxi or Ay DocLnments ~(1) Br Zz5 O Za (XVIlIl) (D) zd -1~9 Ze a Z L/ ~ Za zb ~
0 z~ (E) O ZbkwliithiumCHpoZa€kli(iXl tarbonate, sodium carbonate and
potassium hydroxide.
Useful reaction solvents are inert solvents such as
5 toluene, diethyl ether, diisopropyl ether, tert-butyl
methyl ether, tetrahydrofuran, dioxane, dichloromethane,
dichloroethane, chloroform and ethyl acetate, or mixtures
of solvents selected from among these solvents; preferably,
tert-butyl methyl ether, ethyl acetate and dichloromethane
10 are used. The reaction temperature is between -78°C and
the boiling point of the reaction mixture, preferably
between -40°C and room temperature.
The compound which is represented by the general
formula (G-V) (where R!, R?, R?®, R*, R® and R® have the same
15 meanings as defined above) can also be obtained by the
following procedure:
a compound represented by the general formula (G-I)
(where R', R?*, R® and R* have the same meanings as defined
above) 1s reacted in an inert solvent such as hexane,
20 toluene, diethyl ether, diisopropyl ether, tert-butyl
methyl ether, tetrahydrofuran or dioxane, preferably in
tert-butyl methyl ether, tetrahydrofuran or diethyl ether,
at a temperature between -78°C and the boiling point of the
reaction mixture, preferably between -40°C and room
25 temperature, with an alkali metal such as lithium, sodium
or potassium, alkyllithium such as methyllithium,
ethyllithium, n-propyllithium, i-propyllithium, n-
butyllithium, sec-butyllithium or tert-butyllithium, or a
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Grignard reagent such as methylmagnesium chloride,
methylmagnesium bromide, methylmagnesium iodide,
ethylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium iodide, n-propylmagnesium chloride, n-

5 propylmagnesium bromide, n-propylmagnesium iodide, i-
propylmagnesium chloride, i-propylmagnesium bromide, 1-
propylmagnesium iodide, n-butylmagnesium chloride, n-
butylmagnesium bromide, n-butylmagnesium iodide, sec-
butylmagnesium chloride, sec-butylmagnesium bromide, sec-

10 butylmagnesium lodide, tert-butylmagnesium chloride, tert-
butylmagnesium bromide or tert-butylmagnesium iodide, or a
reagent selected from among lithium hydride, sodium
hydride, potassium hydride, tert-butoxypotassium, lithium
amide, sodium amide, potassium amide, lithium

15 diisopropylamide, sodium diisopropylamide, potassium
dlisopropylamide, sodium bis(trimethylsilyl)amide and
potassium bis(trimethylsilyl)amide, preferably reacted with
n-butyllithium or tert-butylmagnesium chloride;
subsequently, reaction is performed with a compound

20 represented by the general formula (G-IVa) (where R° and R®
which may be the same or different represent a hydrogen
atom or an optionally substituted lower alkyl group) or a
compound represented by the general formula (G-IVb)

R**NCO (G-1IVb)

25 (where R® represents an optionally substituted lower alkyl

group) .
If the resulting compound of the general formula

(G-V) is heated in an inert solvent such as a saturated
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hydrocarbon (e.g. decane, undecane, dodecane, tridecane,
tetradecane, cis-decalin or trans-decalin), an aromatic
hydrocarbon (e.g. toluene, xylene, dichlorobenzene,
tetralin or biphenyl), an ether-containing hydrocarbon
5 (e.g. diglyme, triglyme, tetraglyme or diphenyl ether), a
sulfolane-containing hyrocarbon (e.g. sulfolane) or a
mixture thereof, preferably, undecane, dodecane, cis-
decalin, trans-decalin, tetralin or a mixture thereof, at
100 - 300°C, preferably at 160 - 250°C, there is produced a
10 4-substituted benzopyran derivative represented by the
general formula (G-VI) (where R, R?, R, R!, R®° and R® have
the same meanings as defined above). During this thermal
cyclization reaction, a benzofuran derivative represented
by the general formula (G-VII) forms as a by-product. It
15 was found that the yield ratio between the end product
4-substituted benzopyran derivative and the by-product
benzofuran derivative depends largely upon the reaction
solvent and the reaction temperature; when diethylaniline,
a common conventional solvent for the thermal cyclization
20 reaction, was used as the reaction solvent, benzopyran
derivatives were not obtained at all but only benzofuran
derivatives occurred.
The compound of the general formula (G-II) can also
be obtained in salt form; specific examples of its salt
25 include a lithium salt, a sodium salt, a potassium salt and
a magnesium salt, with a sodium salt and a potassium salt
being preferred.

If a compound of the general formula (G-IVb) is used,
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R® in the compound of the general formula (G-VI) is a
hydrogen atom.
C. Schemes (5) and (6):
For schemes (5) and (6), preferred examples of R' and
5 R?’ which may be the same or different include a hydrogen
atom, an optionally substituted lower alkyl group, a
halogen atom, an optionally substituted lower alkoxy group,
NY,Y, (where Y, and Y, which may be the same or different
each represent a hydrogen atom, an optionally substituted
10 lower alkyl group, an optionally substituted lower
alkoxycarbonyl group, an acyl group, an optionally
substituted lower alkylsulfonyl group or an optionally
substituted arylsulfonyl group or, when taken together with
the nitrogen atom to which they are bound, may form a 3- to
15 8-membered ring), a nitro group, a cyano group, an
optionally substituted lower alkoxycarbonyl group, an
optionally substituted lower alkylsulfonyl group, and an
optionally substituted arylsulfonyl group. These groups
correspond to R and R* as defined in the general formula
20 (Iz).

Preferably, R’ and R® which may be the same or
different are a hydrogen atom or an optionally substituted
lower alkyl group.

In schemes (5) and (6), unless otherwise noted, the

25 following definitions hold:

the lower alkyl dgroup means a straight-chained alkyl

group having 1 - 6 carbon atoms or a branched or cyclic

alkyl group having 3 - 8 carbon atoms; examples include a
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methyl group, an ethyl group, a n-propyl group, a n-butyl
group, a n-pentyl group, a n-hexyl group, an i-propyl
group, an i-butyl group, a sec-butyl group, a tert-butyl
group, an i-pentyl group, a neopentyl group, a tert-pentyl
5 group, an i-hexyl group, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group and a cyclooctyl group;
the halogen atom means a fluorine atom, a chlorine
atom, a bromine atom or an iodine atom;

10 the lower alkoxXy group means a straight-chained
alkoxy group having 1 - 6 carbon atoms or a branched or
cyclic alkoxy group having 3 - 8 carbon atoms; examples
include a methoxy group, an ethoxy group, a n-propoxy
group, a n-butoxy group, a n-pentoxy group, a n-hexoxy

15 group, an i-propoxy group, an i-butoxy group, a sec-butoxy
group, a tert-butoxy group, an i-pentoxy group, a
neopentoxy group, a tert-pentoxy group, an i-hexoxy group,
a cyclopropoxy group, a cyclobutoxy group, a cyclopentoxy
group, a cyclohexoxy group, a cycloheptoxy group and a

20 cyclooctoxy group.

the lower alkoxXycarbonyl group means an
alkoxycarbonyl group whose alkyl portion is a straight-
chained alkyl group having 1 - 6 carbon atoms or an
alkoxycarbonyl group whose alkyl portion is a branched oxr

25 cyclic alkyl group having 3 - 8 carbon atoms, and examples
include a methoxycarbonyl group, an ethoxycarbonyl group, a
n-preopoxycarbonyl group, a n-butoxycarbonyl group, a n-
pentoxycarbonyl group, a n-hexoxycarbonyl group, an i-
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propoxycarbonyl group, an i-butoxycarbonyl group, a
sec-butoxycarbonyl group, a tert-butoxycarbonyl group, an
i-pentoxycarbonyl group, a neopentoxycarbonyl group, a
tert-pentoxycarbonyl group, an i-hexoxycarbonyl group, a
cyclopropoxycarbonyl group, a cyclobutoxycarbonyl group, a
cyclopentoxycarbonyl group, a cyclohexoxycarbonyl group,
a cycloheptoxycarbonyl group and a cyclooctoxycarbonyl
group;

the lower alkvlsulfonvl group means an alkylsulfonyl
group having 1 - 8 carbon atoms whose alkyl portion is
a straight-chained alkyl group or an alkylsulfonyl
group having 3 - 8 carbon atoms whose alkyl portion is a
branched or cyclic alkyl group, and examples include a
methylsulfonyl group, an ethylsulfonyl group, a
propylsulfonyl group, an isopropylsulfonyl group, a
butylsulfonyl group and an isobutylsulfonyl group.

the arylsulfonyl group means an aromatic sulfonyl

group and examples include a phenylsulfonyl group, a p-
tolylsulfonyl group, a p-chlorophenylsulfonyl group, a 2-
furylsulfonyl group, a 3-furylsulfonyl group, a 2-
thienylsulfonyl group, a 3-thienylsulfonyl group, a 2-
pyridylsulfonyl group, a 3-pyridylsulfonyl group and a 4-
pbyridylsulfonyl group.

Y, and ¥, in NY,Y, which may be the same or different
each represent a hydrogen atom, an optionally substituted
lower alkyl group, an optionally substituted lower
alkoxycarbonyl group, an acyl group, an optionally
substituted lower alkylsulfonyl group or an optionally
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substituted arylsulfonyl group or, when taken together with
the nitrogen atom to which they are bound, may form a 3- to
8-membered ring. The acyl garoup as used herein means a
formyl group or an alkylcarbonyl group having 1 - 8 carbon
atoms whose alkyl portion is an optionally substituted
straight-chained alkyl group, an alkylcarbonyl group having
3 - 8 carbon atoms whose alkyl portion is an optionally
substituted branched or cyclic alkyl group, or an
arylcarbonyl group, and examples include a formyl group, an
acetyl group, a trifluoroacetyl group, a propionyl group, a
butyryl group, a valeryl group, an isobutyryl group, an
isovaleryl group, a pivaloyl group, a benzoyl group, a
phthaloyl group and a toluoyl group.

If R', R, R}, R', R®, R®, R’ or R® represents an
optionally substituted lower alkyl group, an optionally
substituted lower alkoxy group, an optionally substituted
lower alkoxycarbonyl group or an optionally substituted
lower alkylsulfonyl group, the optionally present
substityent may be exemplified by a halogen atom, a phenyl
group, a hydroxy group, a nitro group, a cyano group, a
cyclic alkyl group having 3 - 8 carbon atoms, a lower
alkoxy group optionally substituted by a halogen atom or a
phenyl group, a lower alkoxycarbonyl group, a carboxyl
group and NY ¥,; Y, and Y, which may be the same or
different each represent a hydrogen atom, a lower alkyl
group, a lower alkoxycarbonyl group, an acyl group, a lower
alkylsulfonyl group or an optionally substituted

arylsulfonyl group or, when taken together with the
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nitrogen atom to which they are bonded, may form a 3- to
8 -numbered ring.
In the case where R', R?, R®, R*, R®, R%, R” or R®

represents a lower alkyl having a halogen atom as a

5 substituent, an a-haloalkyl group may be mentioned as an
example. The o-haloalkyl group means a straight-chained
alkyl group having 1 - 6 carbon atoms or a branched or
cyclic alkyl group having 3 - 8 carbon atoms that have 1 -
3 halogen atoms in l-position and which may further possess

10 a substituent, and examples include a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a 1-
fluoroethyl group, a 1l,1-difluoroethyl group, a 1-
fluoropropyl group, a 1l,l-difluoropropyl group, a 1-
fluorocyclopropyl group, a l-fluorobutyl group, a 1,1-

15 difluorobutyl group, a chloromethyl group, a dichloromethyl
group, a trichloromethyl group, a l-chloroethyl group, a
1,1-dichloroethyl group, a l-chloropropyl group, a 1,1-
chloropropyl group, a l-chlorocyclopropyl group, a 1-
chlorobutyl group, a 1,1-dichlorobutyl group, a bromomethyl

20 group, a dibromomethyl group, a tribromomethyl group, a 1-
bromoethyl group, a 1,l-dibromoethyl group, a l-bromopropyl
group, a 1,1l-dibromopropyl group, a l-bromocyclopropyl
group, a l-bromobutyl group, a 1l,l-dibromobutyl group, an
iodomethyl group, a diodomethyl group, a triiodomethyl

25 group, a l-iodoethyl group, a 1,l-diiodoethyl group, a 1-
iodopropyl group, a 1,l1-diiodopropyl group, a 1-
iodocyclopropyl group, a l-iodobutyl group and a 1,1-
diiodobutyl group.
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If R', R*, R’, R® or R’ represents an optionally
substituted arylsulfonyl group or an optionally substituted
aryl group, the optionally present substituent may be
exemplified by a halogen atom, a phenyl group, a hydroxy

5 group, a nitro group, a cyano group, a straight-chained
alkyl group having 1 -~ 6 carbon atoms, a branched or cyclic
alkyl group having 3 - 8 carbon atoms, a lower alkoxy group
optionally substituted by a halogen atom or a phenyl group,
a lower alkylthio group optionally substituted by a halogen

10 atom or a phenyl group, a lower alkoxycarbonyl group, a
carboxyl group and NY./)Y,; ¥, and Y, which may be the same or
different each represent a hydrogen atom, an optionally
substituted lower alkyl group, an optionally substituted
lower alkoxycarbonyl group, an acyl group, an optionally

15 substituted lower alkylsulfonyl group or an arylsulfonyl
group or, when taken together, may form a 3- to 8-numbered
ring.

Examples of the optionally substituted lower alkyl
group as R' and R? include a methyl group, a fluoromethyl

20 group, a trifluoromethyl group, a pentafluoroethyl group, a
benzyl group, a nitromethyl group, a cyclopropylmethyl
group, a methoxymethyl group, an ethoxymethyl group, a
benzyloxymethyl group, a methylthiomethyl group, an
ethylthiomethyl group, a methoxycarbonylmethyl group, a

25 dimethylaminomethyl group, an ethyl group, a 2-fluoroethyl
group, a n-propyl group, an i-propyl group, a 1-
methylthiopropyl group and a n-butyl group.

Examples of the optionally substituted lower alkyl
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group as R’ and R* include a methyl group, an ethyl group,
a n-propyl group, a n-butyl group, a fluoromethyl group, a

trifluoromethyl group, a benzyl group, a cyclopropylmethyl

group, a l-fluoroethyl group and a 1,l-difluoroethyl group.

Examples of the optionally substituted lower alkyl
group as R’ and R® include a methyl group, a benzyl group,
a cyclopropylmethyl group, an ethyl group, a 2-cyanoethyl
group, a 2~-fluoroethyl group and a n-propyl group.

Examples of the optionally substituted lower
alkoxy group as R' and R? include a methoxy group, a
trifluoromethoxy group, a benzyloxy group, a
cyclopropylmethoxy group, an ethoxy group and a n-propoxy
group.

Examples of the optionally substituted lower
alkoxycarbonyl group as R' and R? include a methoxycarbonyl
group, a trifluoromethoxycarbonyl group, a
benzyloxycarbonyl group, a cyclopropylmethoxycarbonyl
group, an ethoxycarbonyl group, a n-propoxycarbonyl group
and a tert-butoxycarbonyl group.

Examples of the above-mentioned NY,Y , NY)Y, and
NY Y. include an amino group, a methylamino group, a
benzylamino group, an ethylamiono group, a dimethylamino
group, an ethylmethylamino group, a pyrrolidinyl group, a
piperidino group, a morpholino group, an acetamido group,
benzamido group, an N-methylacetamido group, a tert-
butoxycarbonylamino group, an N-methyl-tert-
butoxycarbonylamino group, a methylsulfonylamino group, an

ethylsulfonylamino group, a propylsulfonylamino group, an
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isopropylsulfonylamino group, a butylsulfonylamino group,
an isobutylsulfonylamino group, a phenylsulfonylamino
group, a p-tolylsulfonylamino group and a p-
chlorophenylsulfonylamino group.

When taken together with the nitrogen atom to which
they are bound, Y, and Y,, ¥, and ¥,, or ¥, and Y, may form a
3- to 8-membered ring and the ring has 2 - 7 carbon atoms,
with any carbon atom on the ring being optionally replaced
by a nitrogen atom, an oxygen atom or a sulfur atom.
Specific examples include an aziridine ring, an azetidine
ring, a pyrrole ring, a pyrrolidine ring, a pyridine ring,
a 3,4-dihydro-2H-azepine ring, a 3,4,5,6-tetrahydro-2H-
azepine ring, an azocine ring, a 5,6-dlhydro-azocine ring,

a 5,6,7,8-tetrahydroazocine ring, an oxazoline ring, an

isoxazoline ring, a thioxazoline ring, a piperazine ring, a

morpholine ring and a thiomorpholine ring.

The preferred position of substitution by R' is in
6-position on the benzopyran ring.

Preferred examples of R' include an optionally

substituted lower alkyl group, an optionally substituted

alkylsulfonyl group, an optionally substituted arylsulfonyl

group, a nitro group and a cyano group; among these, lower
alkyl groups having a fluorine atom as a substituent are
preferred, with a 6-trifluoromethyl group and a 6-
pentafluoroethyl group being particularly preferred.
The preferred example of R?® is a hydrogen atom.
Speaking of R’ and R, they are preferably the same;
more preferably, they both are an optionally substituted
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o-haloalkyl group; most preferably, they both are a
fluoromethyl group.

Examples of the optionally substituted lower alkyl
group as R’ and R® include a methyl group, a benzyl group,

5 a cyclopropylmethyl group, an ethyl group, a 2-cyanoethyl
group, a 2-fluoroethyl group and a n-propyl group.

Speaking of R° and R°, a preferred case is where R® is
a hydrogen atom and R® is an optionally substituted lower
alkyl group; a more preferred case is where R® is a

10 hydrogen atom and R® is a lower alkyl group optionally
having a cyano group, and a particularly preferred case is
where R° is a hydrogen atom and R® is a 2-cyanoethyl group
or a 2-cyanomethyl group.

Examples of the optionally substituted alkyl group as

15 R’ include a methyl group, an ethyl group and a propyl
group. Examples of the optionally substituted aryl group
as R’ include a phenyl group, a p-tolyl group and a p-
chlorophenyl group; among these, a p-tolyl group and a
methyl group are preferred, with a p-tolyl group being

20 particularly preferred.

Speaking of R?, it represents an optionally
substituted lower alkyl group; it is preferably an
unsubstituted alkyl group, with a methyl group and an ethyl
group being particularly preferred.

25 The compound of the general formula (I) (where R,
R?, R’, R! and Hal have the same meanings as defined above)
may be synthesized by the following procedure. Stated

specifically, the compound can be obtained by heating a
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14 MAR 2QD3 CHzF / ~OS02R7 Rig CH F
CHzF (CG-Via) 8r RL\ \ ~CHzF O CH2F (
CHZF O CH2F {CG-VIb) R Rl (C Vgl (D

|
(C-Va) Br Rlre /| CH2F 0 CH2F (D-11b) R

io

15

20

25

{ClVa) Rzgfl OH z Rig ~~ CHzF R2g~~ O
Y) CHzF ~0B02R~ ~CH2F (C-IVa) , R

a) CHzF ~OH I CH2F (C-1a) Rie 14" Mgy 003
. 140 HRON {GMY)

I
I
1
compound of the general formula (D-II) (where R!, R?, R?, R’
and Hal have the same meanings as defined above) either
with or without a solvent, preferably in a suitable solvent
for smooth progress of the reaction, at a temperature
between 130°C and the boiling point of the solvent,
preferably at 150 - 200°C. The suitable solvent to be used
in the reaction is an inert high-boiling point solvent that
does not affect the reaction and examples are solvent
naphtha, xylene, o-xylene, m-xylene, p-xylene, mesitylene,
o-chlorotoluene, m-chlorotoluene, p-chlorotoluene, o-
dichlorobenzene, dodecane, tetralin, decalin and diphenyl
ether, with solvent naphtha and o-xylene being preferred.

A compound of the general formula (G-VI) (where R!,
R?*, R?’, R', R® and R® have the same meanings as defined
above) can typically be synthesized by conversion from the
compound of the general formula (I) by a method that
involves a carbon monoxide inserting cross-coupling
reaction as a key reaction that uses a metal as a catalyst.
To be specific, the compound of the general formula (I)
(where R, R?, R’°, R' and Hal have the same meanings as
defined above) is subjected to a cross-coupling reaction
with a compound of the general formula (G-III)

HNR°R® (G-IIT)
(where R® and R® have the same meanings as defined above) in
a carbon monoxide stream at atmospheric or subatmospheric
pressure from a CO, gas container, preferably at atmospheric
pressure, at a reaction temperature between -78°C and 150°C,
preferably between room temperature and 130°C, for a
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14 MAR 2003 List of d Lem cal

| nvention ~-. 11 CH2F CH2F --i-0S02CH3 (C-1Vb) ~0S02Tol (C-1Vc C-
RieRle ~~OH/ ~~CHF (CGVa) \ | z 0 CH2F (C-VTb) Br Br Rie CH2F /

CH2F O CH2F (D-11b) "~ OCHF 2 (19) ONRBR6 RL/ ~~Rs 4 Rf 0 R (G W)

Formul ae | ; Part 147 C ~~ounds Relteﬁhéxﬁhhe
2063 )

147 14 MAR 200 H3 RRa HRs RL/ Ra (VB) step Y (2_1) (VIIn step (2-2)
reduci ng agent R~~ Rs \ Y Ra OH step base (2-3) - X 2. R\ ~ 11 Y ()

10

15

20

25

reaction time of from 1 hour to 3 days, preferably from 3
hours to 1 day, in the presence of a zero-valence or
divalent metal catalyst such as palladium, nickel,

copper, zinc, tin or magnesium, preferably, 1 - 5 mol%

of zero-valence or divalent palladium such as
bis(triphenylphosphine)palladium acetate, palladium acetate
and triphenylphosphine, bis(triphenylphosphine)palladium
chloride, [1,1'-bis(diphenylphosphino)ferrocenelpalladium
chloride dichloromethane adduct,
tetrakis(triphenylphosphine)palladium,
tris(dibenzylideneacetone)dipalladium chloroform adduct
and triphenylphosphine, or
tris{dibenzylideneacetone)dipalladium chloroform adduct in
a solvent such as N,N-dimethylformamide, tetrahydrofuran,
dioxane, ether, acetonitrile, toluene, benzene or water,
preferably N,N-dimethylformamide, thereby giving a 4-
substituted benzopyran derivative represented by the
general formula (G-VI) (where R', R?, R?’, R*, R® and R® have
the same meanings as defined above).

For synthesis of the compound represented by the
general formula (I), the compound represented by the
general formula (D-II) is used as an intermediate and this
compound, being undocumented and novel, constitutes the
present invention. To give the compound of the general
formula (D-II), a compound represented by the general
formula (C-VI) (where R', R?, R® and R’ have the same
meanings as defined above) is reacted with a suitable base

in a suitable solvent at a temperature between -78°C and
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step " gHR3 \\/~ Ra (IIn HR3 ~/ ~Ra R~

V) (1 ~ hal ogenating agent R1
O Ra (X) step hal ogenating agent (2-4) Fbl R1 \,

~p (2

~ 0

NRSR6 Ri- 3 R%ORR (GV 1) (Xn ~e ste\\~~ Hiil H§I~ ;{QS\Rﬁar 14 MARZU@Pa

Y Hal (V) step Ease (1-3) Hal R3 1 - Ra R ~ \ Y (VI) step base (1-Q

Hal R~\ ~ " \ Rs step ~ ORa (1-5) (I) - 142 14 MAR 2003
the boiling point of the reaction mixture, preferably
between -40°C and room temperature, and without subsequent
isolation, reaction is performed with a halogen (preferably
bromine). The suitable solvent to be used in this reaction

5 1is an inert solvent that does not affect the reaction and

may be exemplified by hexane, toluene, diethyl ether,
diisopropyl ether, tert-butyl methyl ether, tetrahydrofuran
and dioxane, with tetrahydrofuran and diethyl ether being
preferred. The suitable base to be used in this reaction

10 is exemplified by alkyllithium such as methyllithium,
ethyllithium, n-propyllithium, i-propyllithium, n-
butyllithium, sec-butyllithium or tert-butyllithium,
alkoxides such as potassium t-butoxide, sodium methoxide
and sodium ethoxide, or Grignard reagents such as

15 methylmagnesium chloride, methylmagnesium bromide,
methylmagnesium iodide, ethylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium iodide, n-
propylmagnesium chloride, n-propylmagnesium bromide, n-
propylmagnesium iodide; i-propylmagnesium chloride, i-

20 propylmagnesium bromide, i-propylmagnesium iodide, n-
butylmagnesium chloride, n-butylmagnesium bromide, n-
butylmagnesium iodide, sec-butylmagnesium chloride, sec-
butylmagnesium bromide, sec-butylmagnesium iodide, tert-
butylmagnesium chloride, tert-butylmagnesium bromide and

25 tert-butylmagnesium iodide; among these, n-butyllithium and
ethylmagnesium bromide are preferred.

The compound of the general formula (D-II) can also

be obtained by reacting a compound of the general formula

- 84 -



10

15

20

25

| (c_Il) RS Ra ~ R3 Ra OH (R-SOz) 20 GSO02R (C111) (Cn V&

V) 56 O-NRSR6 0O NR RO NR5SR6 1 Ra G~ 1/ Il ~ [/ \ R201|1RSMKRCZ(]3Va)
RAR -\l RR(Gl) RORIR\ \0\R3 (GV) (GVI) 02H R5R6NH /
) RRk RaA R2 0 Ra (GII) - 143 14 MAR 2003 R~-S02C1 , (C11) or

0 (c-1>1) RBRa-~R3 R4 OHstep (a-1) OSO02R~ (C1) R OHR (c-v)
a-2) L/~ ~ORR2 Ra (CG1V) halogenation step (b-1) X RL ORa R2 Rs
(D-11) cyclization step (b-2)

(C-VI) (where R', R?’, R’ and R‘ have the same meanings as

defined above) with a halogen (preferably bromine) in a
suitable solvent in the presence of a suitable base at a
temperature between -40°C and room temperature, preferably
between 0°C and room temperature. The suitable solvent to
be used in this invention may be selected from among
alcohols such as methanol, ethanol, n-propyl alcohol, i-
propyl alcohol, n-butyl alcohol, i-butyl alcohol, sec-butyl
alcohol and tert-butyl alcohol, mixtures of these alcohols
with inert solvents that do not affect the reaction such as
diethyl ether, diisopropyl ether, tert-butyl methyl ether,
tetrahydrofuran and dioxane; among these, a mixture of
tert-butyl methyl ether and tert-butyl alcohol is a
preferred solvent system. The suitable base to be used in
this reaction is an alkoxide such as potassium tert-
butoxide, sodium methoxide or sodium ethoxide, with
potassium tert-butoxide being preferred.

For synthesis of the compound represented by the
general formula (D-II), the compound represented by the
general formula (C-VI) is used as an intermediate and this
compound, being undocumented and novel, constituents the
present invention. To give the compound of the general
formula (C-VI), a sulfonate ester represented by the
general formula (C-IV) (where R’, R® and R' have the same
meanings as defined above) may be reacted with a phenol
represented by the general formula (C-V) (where R' and R?
have the same meanings as defined above)}) in an inert

solvent such as acetonitrile that does not affect the
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XR L%~"'" \ RA Ro OR3 (I) step (1-5) ONRSRBRL ~%~/ \ Ra R2

(GVI) step (d-3) (CVI) O=C(ORB)2 (H 11) or Cl C=O OR$) (H-III) R (H MAjrznns
thermal step cyclization (d-2) OORB/~\ R 4 R. ORR (HV) - 144

14 MAR 2003 a CLAIMS 1. A process for producing 4-substituted benzopyran
derivatives represented by the general formula (GVlI) ONRBRG RL R2R3 ~~4 R
(GVl) [where R1 and Rz which may be the sane or different represent a
hydrogen atom an optionally substituted | ower al kyl group, an optionally
substituted |maeertiadrkoxin gricapreremys iocfha |spnitaidiel tatsed andwer

al koxycar bonyl group, an optionally substituted | ower alkylsul fonyl group,
an optional | yashdistl taitambunrty |efuld ewiltajpleugorperalsaddn adt amteapeiriartargr oup
, a cyano group or NyaYb ( where Y8 and Yb which may be the same or

di fferent eadtetvgnresehti Ca anyldrogan tamperasnrept boadergbivbbetveerdofGwer

al kyl group, an optlonally substituted | ower alkoxycarbonyl roup, an acyl
group, an optd3halqgm skaRReRatwe 1 okeramples af ftéhey %agﬁ, épgtonal |y
substituted aryl sul fonyl group or, when taken together with the n|trogen

atomto Wi ch’"’t’hé&F #1529 Gih EherRe atrian, 18cludleg SRgaPd Ce & tTPRG) PESPSwhen
t aken toget her re rese t 2.8 bsti tuent O and R ich may be the
same or difféY lhﬁﬁy étgﬁlgNiﬁﬁe Co i3 Iﬁh Sdbsti t ut ed
| ower al kyl 'y e t t er mnth th b m i.ch
they are boun&‘al%?aeb% S€En (n4 3’;Ugre)yr%t ne grnouﬁcegr i%&é' %Hltl%te%erﬁ"thgp\gﬁrgm ng a

heterocycl e, yrQuidadind fifd I%%fﬂﬁ%ﬂiaﬂi e 0l KON A 1sob#epylethylamine,

with N,N-diisopropylethylamine being preferred. Exampples
10 of the suitable copper salt that can be used in the
reaction include cuprous salts such as copper(I) acetate,
copper(l) trifluoroacetate, cuprous chloride, cuprous
bromide, cuprous iodide and cuprous cyanide, and cupric
salts such as cupric chloride and cupric bromide, with
15 cupric chloride and cupric bromide being preferred.
For synthesis of the compound of the general formula
(C-VI), the compound represented by the general formula
(C-IV) is used as an intermediate and this compound, being
undocumented and novel, constitutes the present invention.
20 To prepare the compound of the general formula (C-IV), an
alcohol represented by the general formula (C-I) (where R?
and R' have the same meanings as defined above) may be

reacted with a compound of the general formula (C-II) or

(C-III)
25 R’S0O,C1 (C-11)
(R’S0,),0 (C-III)

(where R’ represents an optionally substituted alkyl group

or an optionally substituted aryl group) either after
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14 MAR ?00~ hydrogen atom RS and R6 which may be the sane or different
represent a hydrogen atom or an optionally substituted | ower al kyli MARLR]
by any one of the schemes (1). (2), (3). (4), (5 and (6) containing a
plurality of steps as indicated below, nanely, (1): (1-1) -j {1-2) -I (1-3)
~ (1-4) ~(1-5); (2): (2-1) -~(2-2) -~ (2-3) ~(2-4) -~ (2-5) ~ (1-5);
(3): (3-1) ~(3-2); (4): (4-1) -~ (4-2); (5): (a-1) -~ (a-2) -~ (b-1) -
(b-2) ~ (1-5); and (6): (a-1) ~ (a-2) ~ (d-1) ~ (d-2) -~ (d-3); (1-1) the
step of rea&ekiaotgng dhepalicdholl whidhgensuditabdenbhse( lih) aRsuXtahe( where X
and Y which may be the sane or different represent a | eaving group such as
a hal ogen &odiviendn tepthico f@nverdelds tiot @he @ lkewddealky ddgrEéAyl Ry agr oup or
an aryl sul fonyl oxy group; Rl and RZ have the sane neanings as defined
above) wit Fudi-abilér iseloenthdngdher Rreeermgl & A FRitaRierkage| pF Bwhere R3
and R have the sane s as defined above | ve a conmpound_of the

' t
gener al foFﬁmﬂfﬁﬁbﬁFéﬁﬁgggg%n IZSNKR?§§D§°?W3t%ﬁPé% tyge poPXe¥RFablfere v,
Rl1, RZ,_R3 d R t ' defined ab . (1-2) th t
of ' roact | nboneere it s PR TSRO HAIOBF A ERES genth sFAT B HASEEY i th a

I e i i St 2 et L

o e oA e TNy () HBE PR EEREAT IR el
general for@dAibW is an inert solvent that does not affect the

reaction, as exemplified by diethyl ether, diisopropyl

10 ether, tert-butyl methyl ether, tetrahydrofuran, dioxane,
diglyme, acetone, N,N-dimethylformamide, N,N-
dimethylacetamide and dimethyl sulfide, with
tetrahydrofuran and tert-butyl methyl ether being
preferred. Examples of the suitable base that can be used

15 in the reaction include alkali metal hydrides such as
potassium hydride, sodium hydride and lithium hydride, or
carbonates such as potassium carbonate and sodium
carbonate, bicarbonates such as potassium hydrogencarbonate
and sodium hydrogencarbonate, organic strong bases such as

20 1,8-diazabicyclo(5.4.0)-7-undecene and 1,5~
diazabicyclo(4.3.0)-5~-nonene, tertiary amines such as
triethylamine, tributylamine and N,N-diisopropylethylamine;
among these, sodium hydride and triethylamine are
preferred.

25 Among the compounds represented by the general
formula (H-V), a compound in which R’ and R' are a
trifluoromethyl group (-CH,F) is an undocumented novel

compound and constitutes the present invention. To give
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Hal R3 R~ Ra R2- | wO Y (~~ (where Y, Rl, RZ) R3, R' and Hal have the sane
meani ngs as defined above):; (1-4) the step of reacting the resultilrgMAR 2003
conmpound of the general fornmula (VI) with a base to give a 4-hal obenzopyran
of the general formula (1) - 147 14 MAR 2003 Hal RL r\. \ R2 R3 0 Ra (1)
( where Y ( R, RZ, R3, R and Hal have the s ane neanings as defined
above); (1-5) the step of reacting the conpound of the general formula (1)
wi th carbon nonoxi de and a conpound of the general formula (GI111) R5R6NH (
G | | 1) thwheatangdumdh bR igdhamy Fornia assqme Vor, @ idoapenind epr esent a
hydrogen atom or an optionally substituted | ower alkyl group) in the
presence ofrepradeitdd g ithea gersarelt iflortmed b mza)r dwheatei RAL i RE &, t he
general formula (G VI) set forth above; (2-1) the step of reacting a
conpound ofR‘t hedg8henave f thensamd Indanindsh zxatefiiored efbaved genertts fornul a
(M1) OHR3 / ~R4 |/ (vll) (where R3 and R4 have the sane neani ngs as defi ned
above) to giamidlyxdrepiattl o a Hempenatalire hehwesn VB¢ #3ARA5PNG4 1) - 148
14 MAR 2003 ( where Y , Rl, R2 . R3 and R have the sane nmeani ngs as defined
above) ° (2rBfaxablkyi feigreanddq RgapfAe2PBstl t8H o ipbidh Pt H Yener al
formula (VII11) with a reducin%_a ent to give a cggpoun% of the %gneral
fornula.(l}% yent. pyeferably 1in a suitable solvent for smoot

progress of the reaction, either at atmospheric or
superatmospheric pressure. The suitable solvent to be used
in this reaction is a high-boiling point solvent that does
10 not affect the reaction and may be exemplified by
mesitylene, dichlorobenzene, dodecane, tetralin, decalin
and diphenyl ether, with 1,2-dichlorobenzene being
preferred.
For synthesis of the compound represented by the
15 general formula (H-V), the compound represented by the
general formula (H-IV) is used as an intermediate. Among
the compounds represented by the general formula (H-IV), a
compound in which R® and R® are a trifluoromethyl group
(-CH,F) is an undocumented novel compound and constitutes
20 the present invention. To give the compound of the general
formula (H-IV), a compound represented by the general
formula (C-VI) (where R!, R?, R® and R* have the same
meanings as defined above) is reacted with a suitable base
in a suitable solvent at a temperature between -78°C and
25 the boiling point of the reaction mixture, preferably
between -40°C and room temperature, and without subsequent
isolation, reaction is performed with a compound

represented by the general formula (H-II)
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\' YRA OH(IX) ( where Y, RL, R ( R3 and R4 have the same neani ngs as

defi ned above); (2-3) the step of reacting the resulting conpound 05 t@ﬁ?
general formula (I X) with a base to give a benzopyran derivative of éh 2003
general formula (X) R R\ R3 ~~4 R (X) (where RlL, Rz, R3 and R' have the
sanme neani ngs as defined above); (2-4) the step of reacting the resulting
conpound of the general fornmula (X) with a hal ogenating agent to give a

3, 4-di hal obenzopyran derivative of the general formula (XI) Hal RL \, Hal
R2\ R3OR4 (XI) ocldR®), 14 MAR 2003 (nwhene R1, RZ, R3 , R' and Hal
have the sane neani ngs as defined above) ; (2-5) the step of reacting the
resul ti ng cospound gbnehalg€oemalbaf ogaADIR)(XI) Wth a base to give a

4- hal obenzopyran derivative of the general formula (1) Hal Rl Rzy. ~ w R3 (
where Rl, RZ , R3 C18¢oarll Hal have the (s meani ngs as defined above);
(3-1) the step of reacting a conpound of the general formula (G1) R | 4R
R R3 ~G 1) (\hbereRR! mepré&Bening &% dpsvieortaid ys samb aisisnitreghs lasvede fa ikl
above) with carbon dioxide in the presence of a base to give a conpound of
t he generdl pooun a (The| puktaBle| polvent to be used in this reaction

is an inert solvent that does not affect the reaction and

may be exemplified by hexane, toluene, diethyl ether,

diisopropyl ether, tert-butyl methyl ether, tetrahydrofuran

and dioxane, with tetrahydrofuran and diethyl ether being

10 preferred. The suitable base to be used in this reaction
is exemplified by alkyllithium such as methyllithium,
ethyllithium, n-propyllithium, i-propyllithium, n-
butyllithium, sec-butyllithium or tert-butyllithium, or
Grignard reagents such as methylmagnesium chloride,

15 methylmagnesium bromide, methylmagnesium iodide,
ethylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium iodide, n-propylmagnesium chloride, n-
propylmagnesium bromide, n-propylmagnesium iodide, i-
propylmagnesium chloride, i-proﬁylmagnesium bromide, i-

20 propylmagnesium iodide, n-butylmagnesium chloride, n-
butylmagnesium bromide, n-butylmagnesium iodide, sec-
butylmagnesium chloride, sec-butylmagnesium bromide,
sec-butylmagnesium iodide, tert-butylmagnesium chloride,
tert-butylmagnesium bromide and tert-butylmagnesium iodide,

25 and alkoxides such as potassium t-butoxide, sodium
methoxide and sodium ethoxide; among these, n-butyllithium

and ethylmagnesium bromide are preferred.

The compound represented by the general formula
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(where R1, R2, R3 and R have the sane neani ngs as defined above) or a salt
thereof; (3-2) the step of reacting the resulting conpound of the -14 %8R 2003
14 MAR 2003 general forrmula (G11) or salt thereof with a conpound of the
genera formula (GI1I11) RBRGNH ( G | I | ) ( where RS and R6 which nay be
represent a hydrogen atomor |ower alkyl group) to give a derivative of the
general fo: (4-1) the step of reacting a fornmula (G 1) the sane or
different an optionally substituted 4-substituted benzopyran =mula (G VI)

set forth abever)ceanobedobitatinedgepecshvérRibnReréfs the (#bepouiti, oRZ, R3
and R have the sane neani ngs as defined above) with a conpound of the
general forboeagéfer®d) FOrMUNBRSRE-V - iWarhéwhel toREngndambenhi cho nisy be t he
sanme or different represent a hydrogen atomor an optionally substituted
| oner al kyl speoup)cor thecopppanddofephesgrhedabyf thauyanéGh Vbl oReaNCO
(G1Vb) (where R6' represents an optjonally substituted |ower alkyl group)
in the presEfc¥) of whebasB t Rgi Re, aR'camsoRndhayve t tee geaee dnedwinds £ G V) -
151 14 MAR 2003
5 defined above) is reacted with a suitable reagent in a
suitable solvent at a temperature between 0°C and the
boiling point of the solvent, preferably between room
temperature and 80°C, to effect hydrolysis (conversion from
-COOR? to -COOH); thereafter, the carboxylate is reacted
10 with a compound represented by the general formula (G-III)
HNR°R® (G-III)
(where R® and R® have the same meanings as defined above)
and a suitable reagent to effect dehydrative condensation
in a suitable solvent at a temperature between 0°C and
15 the boiling point of the solvent, preferably at room
temperature, thereby producing the general formula (G-VI)
(where R', R?*, R?® R’ R° and R® have the same meanings as
defined above).
The suitable solvent for use in hydrolysis is an
20 inert solvent that does not affect the reaction, as
exemplified by water, methanol, ethanol, isopropanol,
hydrous methanol, hydrous ethanol, hydrous isopropanol,
hydrous tetrahydrofuran, hydrous dioxane, benzene and
toluene, with ethanol being preferred. The suitable
25 reagent for use in hydrolysis is a base such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, barium

hydroxide, lithium carbonate, sodium carbonate or potassium

carbonate, or an acid such as hydrochloric acid,
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,SRs RR'" (GV) (where R, RZ, R3, R, R5 and R6 have the sanme neani ngs as
defi ned above) ; (4-2) the step of subjecting the resulting coan%nﬂAfﬁmfhe
general formula (GV) to thermal cyclization reaction to give a
4-substituted benzoyran derivative of the general fornmula (GVI) set forth
above; (a-1) the step of reacting an al cohol of the general formula (C1)
R3 --t--OH Rya (G- 1) (where R3 and R4 have the sane neani ngs as defined
above) with a conpound of the general formula (CI11) or (CGIl11) R SQzC1l (
Cl | ) (RnS@nordnid ld9id whegeet ik acsipt enershis fairieplaicddg! i tdubst i t ut ed
al kyl group or an optionally substituted aryl group) in the presence of a
base to gi e taas=ninpounytindxide ey grdfmmdd (G 1V) R3 ~OSOZR~- ( - 152
14 MAR 2003 (where R, R3 and R4 have the sane neani ngs as defi ned above);
(a-2) the step ofThreeantitrap tehes dorgpdurfdrofusiehd ngd@ebydiratameul a (G 1V) with
a conmpound of the general formula (GV) / R, OH (CGv) (where RL and Rz
have the samndraeEd g dss duf i et alrpdelentn thied gloesenod eif fadladdicand a
monoval ent or divalent copper salt to give a conpound of the general

f or mul a3 ( CRAACTHPN. -ARLAFMELIfdef by St yRrofuRen, R3 and R have the

sanme meani ngs as defined above b-1) the step of s Jectlng t he conmpound
of the gendARYWMALN Q?NAﬁhiﬁﬁéﬁ?Q&;tQﬂ¥QQﬂj LERGL oG e (a 2) to

hal ogenati o, £g6H M & O WilnFerfs CYBIUILNL Ofy %P%f% AR GRd ) R

dimethyl sulfoxide, with tetrahydrofuran being preferred.
The suitable reagent for use in dehydrative condensation

10 may be selected from among reagents such as N,N'-
carbonyldiimidazole, 1,3-dicyclohexylcarbodiimide, l-ethyl-
3-(3-dimethylaminopropyl)carbodiimide, 2,2'-pyridine
sulfide and triphenylphosphine, 2-ethoxy-l-ethoxycarbonyl-
1,2-dihydroquinoline, thionyl chloride, phosphorus

15 pentochloride and phosphorus oxychloride; among these,
N,N'-carbonyldiimidazole is preferred.

Examples

The following examples are provided for the purpose
of further illustrating the present invention. The term
20 "room temperature" as used hereinafter means a temperature
between 10°C and 30°C.
A, EFExamples for Schemes (1) and (2):
Example Al

25 ; -2H-1-

1) l-fluoro-2-fluoromethyl-3-buten-2-ol

To a 1 M vinylmagnesium bromide-tetrahydrofuran
solution (1 L), 1,3-difluoroacetone (105 g) was added
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(D-a> - 153 14 MAR 2003 ( where R1, Rz , R3 and R' have the sarrg
nmeani ngs as def fined above and Hal represents a hal ogen aton); (b1 )MMTZW
step of subjecting the conpound of the general forrmula (D-11) to thernal
cyclization reaction to give a 4hl obenzopyran derivative of the general
formula (1) Hal R1 R2~-83 ~0~ R4 ( where Rl, RZ, R3 , R4 and Hal have the
sane neani ngs as defined above); (d-1) the step of reacting the conpound of
the general formula (C-VI), which is the end product of step (a-2), with a
conmpound of timepgérer alt 80T and Hhe )MIGHE(ERS)ES (Hildnedrata tdersamed of
the general formula (H111) CICQ(ORe) (HTIl) (where Re represents an
optional | y stbmperatedel dwasr lahkyk . gr 8apfheorgavbien cobpoere. o t he general
formula (H1V) ~a R(Hrv) (where Rl, R2, R3, R and Re have the sane
meani ngs as @etknadedbedspougdseiuthensegpapnosipy cehl oldhevadnpdie@d of
t he general - 154 14 MAR 2003 formula (H1V) to_thermal cyclization
reaction to ghdefgllowing extraction with hexane and washing with a
5 saturated aqueous solution of sodium chloride, the mixture
was dried with anhydrous sodium sulfate and concentrated at
atmospheric pressure; the resulting residue was purified by
distillation to give 1l-fluoro-2-fluorcmethyl-3-buten-2-0l
(105 g) having a
10 boiling point of 78 - 81°C/106 mm Hg.
lH—NMR'(CDCls) 0:2.50-2.55(1H,m), 4.26-4.55(4H,m),
5.40(1H,d4d4,J=10.9,1,.3Hz), 5.56(1H,d4,J=17.5,1.3Hz),
5.91(1H,dd4,J=17.5,10.9Hz).
2) 4-(2-chloro-5-trifluoromethylphenyl)-1-fluoro-2-
15 u ~3- ns- ~2-
A mixture of 3-bromo-4-chlorcobenzotrifluoride
(1.50 g), l-fluoro-2-fluoromethyl-3-buten-2-ol (0.80 g),
potassium carbonate (2.10 g), tetrabutylammonium
bromide (325 mg), palladium acetate (56 mg) and N,N-
20 dimethylacetamide (10 ml) was stirred under a nitrogen
atmosphere at 80°C for 14 hours. To the reaction mixture,
1 N HC1l was added followed by extraction with a
hexane/ethyl acetate mixed (1/1) solvent; the resulting
organic layers were combined and washed with a saturated
25 agueous solution of sodium thiosulfate and a saturated
aqueous solution of sodium chloride; the mixture was dried

with anhydrous sodium sulfate and concentrated under

reduced pressure; the resulting residue was subjected to

- 92 -



conmpound of the general formula (HV) R(HYV) (where Rl, R2, R3, R and Re
have the same neanings as defined above); (d-3) the step of hydrol&hﬁﬂ@?%ﬁe
resul ting conpound of the general formula (HV) and then subjecting the
hydrol yzate to dehydrative condensation with a conpound of the general
formula (GI1I1) RBRGNH ( G | | |1 ) (where R5 and R6 which may be the sane
or different represent a hydrogen atomor an optionally substituted | ower

al kyl group) to give a 4-substituted benzopyran derivative of the general
formul a (G Ai)iset gédrichlabovehr@maoprapkss (€ buept oduexamge Ae shipbt it ut ed
benzopyran derivatives represented by the general fornmula (GVlia) R1
(GVla) (whectet®ta repPéiente givewdr (Pechloveoat kyl group, a nitro group
or a cyano group; R3a and R'e which nay be the same or different represent
a hydrogen ardfiuanonpthparhepyl) 155f1uoroq2- RO PODStRybst 1 tXaRs- | ower

al kyl group or, when taken together with the carbon atomto which they are
bound, reprdEAR-a- Eélyheﬁﬁyggne group or a substituent fornming a

het er oc cle, provided that R3a. a are_not both a hydrogen atom R5 and
R6 whi cR ney2b¥ngha Bakbing HP%PEr%ﬁt6¥epr@%éht a hydrogen atom or an

and (20) sortaRhRngtaCH s %%H epd-43 it st bel ow namsl v (%?)a)
EIZZ: ég :~ (é 3%“{ ?2'!’; %5) 8?5) ? ?ég”i a 52 g%gzoﬁ Z%aé%%négl(%% g’und of

t he general f9g ﬁad(élf) ﬁ£§ X (IIa) (mhere X and Y which may be the sane
or differen gyeéeh eaV|ng group such as a hal ogen atom an
optionally §yb thi b BE al Ky S oY1 P

group; R a has the sane neanlng as defi nec an dlefin of the
generahoforuju - é A ; ere R3a and R' have the sane
meani ngs as deflned above ) to glve a conpound of the general fornmula (1Va)
- 156 A mixture of 4-(2-chloro-5-trifluoromethylphenyl)-1-

Ay sul fonyl oxy

fluoro-2-fluoromethyl-3-trans-buten-2-o0l (11.3 g) and
tert-amyl alcohol (75 ml) was stirred at -10°C and, after
dropwise addition of bromine (3.88 ml), further stirred at

15 -10°C for an additional 3 hours. To the reaction mixture,
a hexane/ethyl acetate mixed solvent (1/1) was added and
the mixture was washed with a saturated aqueous solution of
sodium thiosulfate and a saturated aqueous solution of
sodium chloride, dried with anhydrous sodium sulfate and

20 concentrated under reduced pressure to give 3,4-dibromo-4-
(2-chloro-5-trifluoromethylphenyl)-1~£fluoro-2-

(fluoromethyl)butan-2-0l (17.3 g).

1H-NMR (CDC1l,) 6:2.70-3.20(1H,m), 4.57-5.10(5H,m),
25 5.90~6.20(1H,m), 7.50-7.60(2H,m), 7.80-8.20(1H,m).
4) 3-(2-chloro-5-trifluoromethylphenyl)bromomethyl-2,2-
bis(fluoromethyl)oxirane
A mixture of 3,4-dibromo-4-(2-chloro-5-
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14 MAR 2003 OHR3a Rla ~/ ~R4a \ Y (I1Va) (where Y, R18, R38 and R48 have the
sanme neani ngs as defined above); (la-2) the step of reacting the iﬁsﬁgﬁm@g
conmpound of the general formula (l1Va) with a hal ogenati ng agent t I
conpound of the general fornmula (Va) Hal OHR3a Ria / ~ ~Rda \ ~ Y Hal ()
Va (where Y) Rl) R3a and R e have the sane neani ngs as defined above, and
Hal represents a halogen atom; (la-3) the step of reacting the resulting
conmpound of the general fornula (Va) with a base to give a conpound of the
general fornurEEIWwagmeEhy R3zeRy b) 7 1 RRor ¢\ =)f Juagasret hy ) lRatgan - R38,.  Rg8
and Hal have the sane neanings as def fined above ) ; (la-4) the step of
reacting thel® el g} ngsedhpburiadnide hed §erdr ANG STHNER Y D) ™k Waf base to
give a conpound of the general formula (la) - 157 14 MAR 2003 Hal Ri a
Rsa (la) RaaStiwese & K 6REBIow Mhdimytesaye TPhéPsakeartaRrPnHd %48 8ef i ned
above); (la-5) the step of reacting the resulting conpound of the general
formul a (1a)2wW tHCtafdorMdsidki et &h B TPSIh g thdSFa&G/At o nul a

{11 orbnb 1 CHFSSBRE ECHA SHOFSE onf o) ar RS ITGITS A P e Gt
Ger vati ve 1ot e Gl eFare T o (1o R ottt SRR )
anhydrous sodium sulfate and concentrated under reduced
pressure; the resulting residue was subjected to silica gel
column chromatography to give 3-(2-chloro-5-
10 trifluoromethylphenyl)bromomethyl-2,2-
bis(fluoromethyl)oxirane (0.37 g)
having a melting point of 54 - 55°C.
1H-NMR (CDC1,) &:3.96(1H,d4d4,J=9.2,2.3Hz), 4.38-4.76(4H,m),
5.29(1H,d,J=9.2Hz), 7.56~7.57(2H,m), 7.83(1H,s).
15 5) 4-bromo-2.2-bis(fluoromethyl)-6-trifluoromethyl-2H-1~
benzopyran

A mixture of 3-(2-chloro-5-
trifluoromethylphenyl)}bromomethyl-2,2-
bis{fluoromethyl)oxirane (9.59 g) and tetrahydrofuran (80

20 ml) was stirred at -10°C and, following dropwise addition
of 0.5 M potassium bis(trimethylsilyl)amide in toluene (50
ml), further stirred at -10°C for an additional 1.5 hours.
To the reaction mixture, 2 N HCl was added, followed by
extraction with a hexane/ethyl acetate mixed solvent (1/1);

25 the resulting organic layers were combined, washed with a
saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentrated under reduced

pressure; the resulting residue was purified by
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~4a (where Rl, R3) RQ R5 and R6 have the sanme neani ngs as defined above);
(2a-1) the step of reacting a conmpound of the general formula (11a) W{h@R 03
acetylene of the general formula (VIla) HR3a ~ Rda (Vlla) (where Ré a Q
have the sane neani ngs as defined above) to give a conpound of the general
formula (Mlla) - 158 14 MAR 2003 R1 (Villa) (where Y, R18, R38 and R 8
have the sanme neani ngs as defined above): (2a-2) the step of treating the
resul ting conpound of the general formula (VIlla) with a reducing agent to
gi ve a conpddsdidflatthengdmegalvef drwboaor X3y bRk 4L R3arvmetiRad) (bea) OH
(where Y, R18, R38 and R48 have the sane neani ngs as defined above); (2a-3)
the step of tréfduiongmetdyledtl-tli-hgneopyaand (6f0tae general fornula (I Xa)
with a base to give a benzopyran derivative of the general fornula (Xa) Ria
\ ~ R3a (Xa) Rda (where R18, Re¥iagdarbeifade pAénSaf® heant nd3 4/ Mefi ned
above); (2a-4) the step of reacting the resulting conpound of the general
formul a (Xa tth a hal ogenati ng agent to give a 3, 4-di hal obenzopyran

derivatiye of, | 9888h%) 49T & 7210, s 441483903 (X1

6.95(1H,d4,J=8.6Hz), 7.50(1H,dd,J=8.6,2.0Hz),

7.71(1H,d4,J3=2.0Hz).

Example A2
P j 4- -2.2-bji -6-

10 i ~2H-1- i -bj -6-
trifluoromethyl-2H-1-benzopyran (alternative method for
preparing the end compound of Example Al)

1) 4-(2-chloro-5-trifluoromethylphenyl)-1-fluoro-2-

15 A mixture of 4-chloro-3-iodobenzotrifluoride

{(63.3 g), l-fluoro-2-fluoromethyl-3-butyn-2-0l (28.8 g),
triethylamine (26.2 g), cuprous iodide (0.38 g),
bis(triphenylphosphine)palladium chloride (1.40 g) and
N,N-dimethylformamide (100 ml) was stirred under a nitrogen

20 atmosphere under heating at 80°C for 1.5 hours. To the
reaction mixture, 2 N HCl and a hexane/ethyl acetate mixed
solvent (3/1) were added and the insoluble matter was
filtered off with Celite; following extraction with a
hexane/ethyl acetate mixed solvent (3/1), the resulting

25 organic layers were combined, washed with a saturated
agqueous solution of sodium chloride, dried with anhydrous
sodium sulfate and concentrated under reduced pressure; the
resulting residue was purified by distillation to give 4-
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Hal Rla / Hal ~R3a (Xla) ~/ \R4a (where R, R38 and R48 have the sane
nmeani ngs as defined above and Hal represents a hal ogen aton); (2a- } @%3 3
step of treating the resulting conmpound of the general fornula (XI W a
base to give a 4hal obenzopyran derivative of the general fornula (la) set
forth above. 3. A process for producing 4-substituted benzopyran
derivatives represented by the general formula (GVIb) ~s RL ;3b ~(i-VI17)
(where R represents a | ower perfluoroal kyl group; R3b and R4 which may be
the sane or €2f¢klent-beprifindramdiily boeenyat pnd - Baapy + DAl bgreubshyl ut ed
| ower al kyl group or, when taken together with the carbon atomto which

t hey are boudehutepr2seht (44 pdl giret hyl ene group, provided that R3b and R4b
are not both a hydrogen atom R5 and R6 which may be the sanme or different
represent a hydivgen bobhing E@l@bt¢fﬂ%@$y-sh%§KVﬂuﬂ@@91omer al kyl group)
by any one of the schenes %lb) and (2b) containing a glurallty of steps as
i ndi cat ed belBwWMRaheP§ls)- 1@070 3 (R 2008 - BRDY - 7ih4H)Y M)~ (1b-2) -~
(1b-3) -~ (Ib-4 %Ib 5); (2b-1) ~ (2b-2) -~ (2b-3) ~ (2ba-4) ~
(2b-5) (¥Pb-5:5 %15' §( ?ﬂeméteb Q( % thTé)%ﬁ%bnpound of the general
formula (11lDb he the same or

di fferent %} -trah-ogen—a - optional ly
substltuted an arylsulfonyloxy group; R b
has the same ®th an ol efin of the general

formia (111b) mmm@e@m weag,el{is& LR S

as defined above ) to grve a cohpoun he genera

~Rab Y (I Vb)fiﬂ@@éezyfl%%m%;&ﬁnﬁﬁ B, 18Y8, 1 hey 52918y yTe Ay f];%llaaﬁiﬂﬁxﬂ ned

above); (1b-2) the step of ing the resulting conpound of the general

fornul a1l Vipawi th eabpbegesaté ng oeytitie e A Tapai «afhtihe gener al
formula (Vb) - 161
acetate (500 ml) was stirred under a hydrogen atmosphere at

room temperature for 10 days. The catalyst was filtered
off from the reaction mixture; subsequent concentrating
under reduced pressure gave 4-(2-chloro-5-

15 trifluoromethylphenyl)-1-fluoro-2-fluoromethyl-3-cis-buten-
2-01 (44.0 g).
1H-NMR (CDC1,) 8:2.00-2.20(1H,m), 4.24-4.52(4H,m),
5.83(1H,dt,J=12.5,1.3Hz), 6.74(1H,d,J=12.5Hz),
7.48(1H,d,J=1Hz), 7.70(1H,s).

20 3) 2-bi r h -6~ i -2H-1~-ben

A mixture of 4-(2-chloro-5-trifluoromethylphenyl)-1-

fluoro-2-fluoromethyl-3-cis-buten-2-0l (8.80 g), potassium
tert-butoxide (3.50 g) and N,N-dimethylformamide (60 ml)
was stirred at 60°C for 40 minutes. To the reaction

25 mixture, 2 N HCl was added, followed by extraction with
ethyl acetate; the resulting organic layers were combined,
washed with a saturated aqueous solution of sodium

bicarbonate and a saturated aqueous solution of sodium
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14 MAR Z003 Hal OH Rab Rlb / ~ ~Rab \ ~ Hal (Vb) Y (where Y, R b, R3b and
R b have the sane neani ngs as defi ned above, and Hal representsq g el pmen
aton); (1b-3) the step of reacting the resulting conpound of the general
formula (Vb) with a base to give a conpound of the general fornmula (VIb)

Hal Rsb f~Ib / R&Ab \~\ ~ Y O (VIb) ( where Y, Rb, R3b, R4b and Hal
have the sanme neani ngs as defined above); (lb-4) the step of reacting the
resul ting conpound of the general forrmula (VIb) with a bas% to give a
conpound  ofcitile- igenerdtiddomitha anhyinds Regiam suRigte 8PER4b ( where R b,
R3b , R'b and Hal have the sane neani ngs as defined abqgve); (1b-5) the step
of reactingdriermresatidd nppdommmiigest DIES S§ERetyl IIL Pg'(lb) with carbon
nmonoxi de and a conpound of the general formula G—ngﬁ RSRE6NH Q7Gb Ly b1)
162 7 v VAR ROOSI Wik - 6R: Tl URe- Ot Y LrgY -Bs PERE ORI mE Mol Tai’s £4r ent
represent a hydrogen atomor an optionally substituted | ower al kyl group)
in the presence of a netal to give a 4substituted benzopyran derivative of
the general formula (G VIQ) set fort bove i b_ ~~' 1-V~7) O Rab
(where R b,1H3BIR REEPCRY gﬁﬂ-%’ﬁa@%&‘ﬁe’“%aw@ l#g\gﬁ?h(g!syas' ge F'ned above ) ;
(2b-1) the step of reacting a ¢ 0 fot ner-al, -f_or mgl b) with
acetyl ene of-& @%e%&%?‘?}g?)rmlé'ng()“hqg)&&qégaﬁiﬁ ~7€7I2~7) q('@\%grl-l((élrd&ab and R b
have the sane ani ngs efi above ) to give a conmpound of the general
formul a (VIT.I Higlg,oj;ag.g,g.mg).

4) 3.4—dibromo-2.2-bis(fluoromethvl)-6—trifluoromethvl—3.4—

dihvdro-2H-1-benzopyran

10 A mixture of 2,2-bis(fluoromethyl)-6-trifluoromethyl—
2H-1-benzopyran (6.68 g), bromine (2 ml) and chloroform
(150 ml) was stirred at -10°C for 20 minutes. The reaction
mixture was concentrated under reduced pressure to give
3.4—dibromo—2,2—bis(fluoromethyl)—6—trifluoromethyl—3,4—

15 dihydro-2H-1-benzopyran (10.72 a).

1H-NMR (CDCL,) 8:4.62-5.25(5H,m), 5.66(1H,d,J=4.6Hz),
7.07(1H,d4,J=8.6Hz), 7.53(1H,dd,J=8.6,1.6Hz),

7.73(1H,d4,J=1.6Hz).

20 5) 4—bromo—2.2-bis(fluoromethvl)-6-trif1uoromethvl—2H—l;

benzopyran
A mixture of 3,4-dibromo-2,2-bis(fluoromethyl)-6-

trifluoromethyl-3, 4-dihydro-2H-1-benzopyran (10.72 g). a 2
N aqueous solution of sodium hydroxide (60 ml) and dioxane
25 (100 ml) was stirred at room temperature for 2 hours. To
the reaction mixture, 2 N HCl was added, followed by
extraction with ethyl acetate; the resulting orgnaic layers

were combined, washed with a saturated aqueous solution of
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R3b Rab (VII1b) (where Y, R b, R3b and R'b have the sanme neani ngs as
defined above):; (2b-2) the step of treating the resulting conpoud MAR Hbje
general formula (VIIIb) with a reducing agent to give a conpound of the
general formula (I1Xb) - 163 14 MAR 2003 b ~\ ~3b\ ~ Y ab (I Xb) ~R OH
( where Y, RL, R3b and R4b have the sane neani ngs as def fined above);
(2b-3) the step of reacting the resulting conpound of the general formula
(I Xo) with a base to give a benzopyran derivative of the general fornula
(Xb) \ ~ O-R9FiXbFPRAF 1Gkhe fE 1R Wikdh aghd dROBShaQ8iPRe SBARBL fre@Rfings as
defined above); (2b-4) the step of reacting the resulting conmpound _of the
general for RAPECOXBR UGG MPYCRa 6§ RS0 RGCEGERE  t b1gi yesylting residue
3,4-dihalobenzop§ran derj vative of the general fornula Hal RlE i Hal ~R3b
(XP7) 0/\ RaB2EWREPS RS REp SIRAG 3 F8 1HEC 1HED e CPREMREABT ABERI h§SUGR T def i ned
above); (2b:5) th ep of treating.t resultin onpound.of the general
fornul a (XIBf&ﬁPFﬁeE%QQSQCF5a fve 04H§I38eﬁ23ﬁy éﬁrgnggagfve of the
general formula( nth_ A cess,f Ln

3= ubet 1 ut DA °BERYSBG TR A OatateveksrEsBkeaTEy PRhalbBRLRA e o1t 4

(G VTc) - 1§1} 14 MAR 2Q03 NR5cRea Rlb Rsc (G Vic) O R4c (where R b
represents Power perfluoroal kyl group; R3 and R which are the sane

represent a;kLOWeR %E@&h group or. A 4 omaf ) uerqallgy, group; RS represents a

hydr ogen at om and represents an optional’ly substi'tuted | ower alkyl

group) by agyognenofy,ihe sekenes.eb¢hnaad,(26)econpagning a plurality of
steps as indicated below, nanely, ( 1c ) ( 1lc-1) -~ ( 1lc-2 ) -3 ( 1lc-3)

-~ (lc-4)7-91(1HGaQ Je2.0ad .( 2¢c ) ( 2c-1) -3 ( 2c-2 ) -~ ( 2¢-3) -~ (
2c-4 ) -3 ( 2c-5) (lc-5);
10 Example A3
N-(2- -2.2-bi ~6-
-2H-1- -4- id
A mixture of 4-bromo-2,2-bis(fluoromethyl)-6-

trifluoromethyl-2H-1-~-benzopyran (1.73 g), 2-cyanoethylamine

15 (1.44 g), potassium iodide (0.86 g), triphenylphosphine (26
mg), palladium acetate (11l mg) and N,N~dimethylacetamide
(10 ml) was stirred under a CO atmosphere at 100°C for 3
hours. To the reaction mixture, 2 N HClL was added and the
precipitating crystals were recovered by filtration. To

20 the recovered crystals, ethyl acetate was added and the
insoluble matter was filtered off; the filtrate was washed
with a saturated aqueous solution of sodium thiosulfate and
a saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentrated under reduced

25 pressure; the resulting residue was recrystallized with an
ethanol/water mixed solvent, thereby giving N-(2-
cyanoethyl)-2,2-bis(fluoromethyl)-6-trifluoromethyl-2H-1-

benzopyran-4-carboxamide (1.46 g)
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(1c-1) the step of reacting a conpound of the general formula (lIb) Rb XY
(where X and Y which may be the sane or different represent a Ieavin? r%%ﬁ
such as a hal ogen atom an optionally substituted | ower alkyl sul fony 63W\ 03
group or an arylsul fonyl oxy group; R b has the sane neani ng as defi ned
above) with an olefin of the general formula (Illc) OH3c R (Illc) ~Rac -
165 14 MAR 2003 (where R3 and R4 have the sane neani ngs as defined
above) to give a conpound of the general fornmula (1Vc) OHRsc Rib ~/_ ~Rdc
(1Vc) Y (where Y, R b, R3 and R4hB¥#BIt RemedfbnaeBpingsohsl 48f i nkdldbove) ;
(lc-2) the steﬁ reactlng the resulting compound of the general fornula
(1Ve) with a RHFBYBnAPMRE-dgbn: 3&{779(|3\}bta30(§rr§(§@ﬁd Sf- 47 eHg&ndr4l- 3tErnul a
(Vc) Nal OHR3c Rib ~Rac Hal (Vc) & wher e R3 and R' have the
same meani ngs4aS3déf 8Ri(ABdMabobel 44AH  FAl ?ebié%%n@sJaahéﬁében aton ;

(1c-3) the step _of reacting the resultlng%conpound of the general fornula

(Vc) with a bdsé®téHglde58c8mBolHa ) of 7t B3 (§BNerar2f % Ut a {Vic) Hal Rsc

Rib / Rac V Y re Y, Rb, R3 and R' have the same neani ngs as
defi ned ab%veg g% 9kﬁﬁmﬁgppé5ents a hal ogen aton); (lc-4) the step of

reacting the &gﬁz%t Eg(ﬁo ound of the general formula (Vic) with a base to
gi ve a conpoun 14 MAR 2003 general formula (1c)

Example A4
Preparation of N-(2-cyanoethyl)-2,2-bis(fluoromethyl)-6-
-2H-1- n-4- i i -

10 i -6-tri m -2H-1- ~4-
carboxvlic acid (alternative method for preparing the end
compound of Example A3)

1) 2,2-bis(fluoromethyll)l-6-trifluoromethyl-2H-1-benzopyran-
;- l 1 i d

15 A mixture of 4-bromo-2,2-bis(fluoromethyl)-6-
trifluoromethyl-2H-1-benzopyran (1.72 g), potassium acetate
(2.00 g), potassium iodide (0.85 g), triphenylphosphine (27
mg), palladium acetate (11 mg) and N,N-dimethylacetamide
(10 ml) was stirred under a CO atmosphere at 120°C for 9

20 hours. To the reaction mixture, 2 N HCl was added and the
precipitating crystals were recovered by filtration. To
the recovered crystals, ethyl acetate was added and the
insoluble matter was filtered off; the filtrate was washed
with a saturated aqueous solution of sodium thiosulfate and

25 a saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentrated under reduced
pressure; the resulting residue was dissolved in a

saturated aqueous solution of sodium hydrogencarbonate and
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/

Hal ~Rso (lIc) ~/ \Rac (where R b, R3, R and Hal have the sane neani ngs as
defined above); (lc-5) the step of reacting the resulting compound pMAlfﬂﬁ]
general formula (lc) with carbon nonoxi de and a conpound of the genera
formula (Glllc) RSRéalVH ( G Il Ic ) (where RS represents a hydrogen atom
and Rba represents an optionally substituted |ower alkyl group) in the
presence of a netal to give a 4-substituted benzopyran derivative of the
general formula (G Vlic) set forth above; (2c-1) the step of reacting a
conpound of ashefreitlh dbehderoniethyne tir dde el tging leaugenesr al fornul a
(M11) OHR3c R4c (VII1) (where R3 and R' have the sanme neani ngs as defined
above) to gila&yer conpeteiit vRtedheigbiednladdndntia yendar i tRiacidic la@d (wher e
Y, Rb, R3 and R have the sane neanjngs as defined - 167 14 MAR FQO3
above); (2c-H)e iPrecikbtating e¥Y fitp I herars HaqPereshpdudd 1t ath@ngener al
formula (M1llc) wth a reducing agent to give a conpound of the general
fornula (I x&hwcp\m&e@ms‘gﬂf(m% dissglyedrdmfdid B¢ athe sane

meani ngs _as defi ned above); (2c-3) the step qof reactinhg the resulting
conmpound®of e Genklih an C?‘I{ﬁ’%.s( 3@ Hh splfade tad"dgi%\?é"’&nﬁé-ﬁzt&ﬂy' ran

derivative of the general fornula (Xq) <Rsc. Q. \Rac ~<Xc) (where R b, R3 and
R' have thga %C#Er rfg%%f%%‘i %Iée%%\f]f%edcrgieootifés)u, (Jf’@-zf) ﬁlry?é) st?ﬁ of reacting
agent 1o gi ve S A e e A e e AR AR D
Rib / Hal ~Rsp ¢X&)x Q-B&&imﬁﬁﬁ)-@txﬁh%%ﬁ@m woulhe same

meani ngs as deflned above):; (2c-5) the step of treating the resulting
compound of Bdizopyhédh-4-carboxylic acid (1.25 g)

10 having a melting point of 162 - 163°C.
1H-NMR (DMSO-d,) 06:4.56-4.85(4H,m), 6.81(1H,s),
7.08(1H,4,J=B.6Hz), 7.60(1H,d4d4,J=8.6,2.0Hz),
7.83(1H,4,J=2.0Hz), 8.86(1H,4,J=2.0Hz), 13.45-13.70(1H,m).
MSm/z:308(M")

15 2) N-(2-cyvanocethyl)-2.2-bis(fluoromethyl)-6-

-2H-1- -4-
A mixture of 2,2—bi§(fluoromethyl)—6-trifluoromethyl-
2H-1-benzopyran-4-carboxylic acid (1.55 g), thionyl
chloride (0.51 ml) and toluene (5 ml) was stirred at 80°C

20 for 5 hours. The reaction mixture was concentrated under
reduced pressure; to the resulting residue, a mixture of 2-
cyanoethylamine (0.42 g) and acetonitrile (5 ml) was added
over an jice bath:; further, a mixture of triethylamine (2.52
g) and acetonitrile (5 ml) was added and the resulting

25 mixture was stirred first over an ice bath for 10 minutes,
then at room temperature for 1 hour. To the reaction

mixture, 2 N HC1l was added and the precipitating crystals

were recovered by filtration. The recovered crystals were

- 100 -



14 MAR Z003 general forrmula (Xlc) with a base to give a 4hal obenzopyran
derivative of the general fornula (Ic) set forth above. 5. A process for
produci ng 4-substituted benzopyran derivatives represented by the igeNAR H03
formula (GVId) RL 2F (G VId) (where Rib represents a | ower perfluoroal kyl
group; R5~ represents a hydrogen atom and R6brepresents a | ower al kyl
group which may optionally have a cyano group) by any one of the schenes
(Id) and (2d) containing a glurallt of steps_as indicated bel ow, nanely

(1d) (1d-1) disgpdved in(eghy) acetgig) wpshed-withaadsgduayated- i‘)’iuﬁot-‘?d 2)
-~ (2d-3) ~ (2d-4) -~ (2d-5) (1d-95); (ld-1) the step of reacting_a conpound
of the gener &PLlREART &I FPEluRIEhiPFasey ERhed eWIEANAPNY ARPER ﬁ%?lB@ t he

sanme or different represent a | eaving group such as a halogen aton) an

optionally sﬁB%?FFGté&dl6ﬂ€F65F¥9F§GIFBﬁ?Fo%?d@?%@pPB?S%HI ryF%%Ifononxy

roup; R b has the sane nean as defin bov th an o] efi
genefal fornﬁFﬁuéFﬁpg)resigﬁ slﬁeﬁﬁﬁsgﬁég %?S)ﬁﬁg% P FHye %ﬁgﬁW?B 6ive a
conpound of the general fo%nula IM 2CHRSC g% 4c Y (Nd) (where Y and
R b have >t he"3% ﬁ@&ﬁﬁﬁés s I4&Pi Ned2abdsd ? ?% 3 he step of reacting

the resul ting;coppauady gfthyighaefeﬁaﬁhu{aggor Ly L v gugnat i ng

agent to give a compoun enera b CH2F /| ~
~CH2F (Vd) Yégygg%g Xd@nquglh@ye the same neani ngs as deflned above, and
Hal represents a ogen atom) [ (1d-3) the step of reacting the resulting

conpound of ﬁgelg%ngrﬁglkghgubglﬁydbfmng a bage-to give a conpound of the
general fornula
1H-NMR (DMSO-4d,) 0:2.77(2H,t,J=6.3Hz), 3.47(2H,q,J=6.3Hz),
10 4.53-4.82(4H,m), 6.14(1H,s), 7.11(1H,d,J=8.6Hz),
7.59(1H,4d4,3=8.6,2.0Hz), 7.83(1H,d,J=2.0Hz),
8.85-9.00(1H,m).
MSm/z:360(M")
Example AS
15 -(2- -6-pen - -bi -
2H-1l-be -4 -

A mixture of 4-bromo-6-pentafluorcethyl-2,2-
bis(fluoromethyl)-2H-1-benzopyran (0.40 g),
bis(triphenylphosphine)palladium chloride (28 mg), 2~

20 cyanocethylamine (0.28 g), potassium iodide (0.17 g) and
N,N-dimethylformamide (5 ml) was stirred under a CO
atmosphere at 80°C for 2 hours. To the reaction mixture, 2N
HCl was added, followed by extraction with ethyl acetate;
the extract was dried with sodium sulfate and subjected to

25 silica gel column chromatography (eluent; hexane/ethyl
acetate = 1/1) to give the titled compound (0.33 g) having
a melting point of 144 - 145°C.
1H-NMR (CDCl,) &:2.73(2H,t,J=6.3Hz), 3.67(2H,q,J=6.3Hz),
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Hal CH2F Ri
as defined

the - 170

hal obenzopy
Rsb and Hal
reacting th
nonoxi de an
) (where R5
group which
to give a 4
(G VId) set
general for
CH2F (Vi1d)

(VI11d) - 149m/Z:4194MUAR 7003 (where Y and R b have the same meanings as
e);.(2d-2) the step of treating the resulting conpound of the
AR : AR reaReig—ager b give a conpound of the

defi ned abo
gener al X or

gener al forﬁ¥I8 SI§H§

10

15

20

25

b ~~ ~CH2F (Vvid) Y (where Y) R b and Hal have the sanme neani ngs

above); (1d-4) the step of reacting the resulting conpo

d of
14 MAR ?0~~ general forrmula (VId) with a base to give*g MAR 2003

ran derivative of the general formula (1d) RL (Id) '2F (where
have the sane neani ngs as defined above); (1d-5) the step of

e resulting conpound of the general forrmula (1d) with carbon
d a conmpound of the general formula (GIl11d) RSR6bNH ( G |
4¢ dprds@ff 4Hamhydfo§B8ALHL 80 ahddREH. 6@pIRsht s a | ower al kyl

may optionally have a cyano group) in the presence of a netal
750B41M 86

bdbédSbéﬂzépyFaﬁ7ﬂéHL@gtJv f2¢ 082 heneral formul a
forth above; §2d-1) the step of reacting a conpound of the
fuBa(LH) 8y Inee
to give a conmpound of the general formula (VIIId) Rl 2F 2F

foluenesulfonate

An amount (6.6 g) of l-fluoro-2-fluoromethyl-3-butyn-
2-0l and p-toluenesulfonyl chloride (9.5 g) were dissolved
in tetrahydrofuran (100 ml); to the solution under cooling
with ice, 60% o0ily sodium hydride (2.4 g) was added under a
nitrogen atmosphere. After the end of the addition, the
mixture was stirred for 5 hours while its temperature was
raised to room temperature. To the reaction mixture, water
was added followed by extraction with ether. The extract
was washed with water and a saturated aqueous solution of
sodium chloride, dried with anhydrous sodium sulfate and
concentrated under reduced pressure. The resulting residue
was subjected to silica gel column chromatography (eluent;
hexane/methylene chloride = 1/1) to give the titled
compound (11.1 g).
1H-NMR (CDCl,) 6:2.45(3H,s), 2.74(1H,s), 4.53-4.87(4H,m),
7.34(2H,4,J=8.3Hz), 7.83(2H,d,J=8.3Hz).

Example B2

methanesulfonate

(A) An amount (1.2 g) of 1-fluoro-2-fluoromethyl-3-butyn-2-
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Rib CH2F Y OHCH2F (TXd) (where Y and R b have the same neani ngs as defined
above); (2d-3) the step of reacting the resulting conpound of thel el
formula (1 Xd) with a base to give a benzopyran derivative of the general
formula (Xd) Rlb \ CH2F (Xd) O CH2F (where R has the sanme neani ng as
defined above); (2d-4) the step of reacting the resulting conpound of the
general fornmula (Xd) with a hal ogenating agent to give a
3, 4-di hal obenzopyran derivative of the general forrmula (Xid) RL (Xl d)
(wher e R b adnavasalditssed viete iga e tmednidygs uaanddflioned )abdwethe( 2d- 5) t he
step of treating the resulting conpound of the - 172 ~ 4 NMAR 2003
gener al foﬁmﬂwﬁigﬂ(HDQﬂHI?QPM%QQ&Wki&ﬁhﬂ§:a6@%h@PdHeﬁﬂéévmaHY@éﬂﬂ#ative of
the general, formula (1d) R1L (1d)_  (where R b and Hal have the same meani ngs
as defined (Qodhfe)d) &7asaafdsceddided; arddsoosg AtBQEONeEsred TH&nzopyr an
derivatives represented hy the general fornula Vlie) NRS5Rsd Rie .CH2F O CH
F ~ 2 (whef@ M e 5as ed Y F&r SRS & Poélﬁgnf”&ftR:hu&P&et hyl
group; R5 re ent s hydr o at.o Rba repr.esen a_cyanaet.hyl group) by
any onégofapﬁgqiﬁﬁbH@%qéﬁgséﬁi}q?§e¥%88ﬁ9§@nR&gﬁa 5uW3§iF§%8P steps as
I ndi cat ed . nanel % . -1 ) .- %_ -2.) e % e: .é -3 le-4
)" (Ol o 5 Bl P ahe Sodsch Jis, phireel M) 5 Selyptiale 1
(1e-5); (leehpdMuteehad FHAId 1D FoHRHIL AR 98Rerfl formula (11e)
reactlion mixture, etcher was added, followed by extraction
with diethyl ether. The extract was washed with water and
10 a saturated aqueous solution of sodium chloride, and dried
with anhydrous sodium sulfate and concentrated under
reduced pressure. The resulting residue was subjected to
silica gel column chromatography (eluent; 30% ethyl
acetate/hexane) to give the titled compound (1.6 g).
15 1H-NMR (CDC1,) $:2.98(1H,s), 3.22(3H,s), 4.57-4.89(4H,m).
(B) An amount (1.2 g) of 1l-fluoro-2-fluoromethyl-3-butyn-2-
ol and methanesulfonyl chloride (0.85 ml) were dissolved in
tert-butyl methyl ether (15 ml): to the solution under
cooling with ice, triethylamine (1.5 ml) was added dropwise
20 in a nitrogen atmosphere. After the end of the dropwise
addition, the solution was stirred for 1.5 hours under
cooling with ice. To the reaction mixture, tert-butyl
methyl ether was added, followed by washing with water and
a saturated aqueous solution of sodium chloride. The
25 mixture was dried with anhydrous sodium sulfate and
concentrated under reduced pressure to give the titled
compound (1.9 g).
1H-NMR (CDCl,) 6:2.98(1H,s), 3.22(3H,s), 4.57-4.89(4H,m)
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Rye / Br (lle) (where Rle has the sane neani ng as defined above) with %ﬁﬂﬂ
173 14 MAR 2003 ol efin of the general formula (111d) H CHF (nld)! 2003
to give a conpound of the general fornmula (I1Ve) OH Re CHRF / ~ ~ ~CH2F Cl
(I'Ve) (where R g has the sane neani ng as defined above); (le-2) the step of
reacting the resulting conpound of the general formula (1Ve) with a

hal ogenati ng agent to give a conpound of the general formula (Ve) Hal OH

R18 CH2F / ~ ~CH2F (Ve) cl (where R e has the sane neani ng as defi ned

above; Hal reBxamphesBa hal ogen atonm); (le-3) the step of reacting the
resul ti ng conpound of _the general fornula (V@) Wt h a base to give a

L)

conpound of tHe SR « gt U - -
(where Rye and Hal have the same meani ngs as deflned above) - 174 14
MAR 2003 ( le-#jy~tfe Bt 2BE e resulting conpound of the

(A) An amount (18.6 g) of 1l-fluoro-2-fluoromethyl-3-butyn-
5 2-yl methanesulfonate and 4-hydroxybenztrifluoride (19.8 g)
were dissolved in acetonitrile (200 ml). To the solution
under cooling with ice, cupric chloride dihydrate (3 mg)
was added under a nitrogen atmosphere and then
diisopropylethylamine (12.3 g) as dissolved in acetonitrile
10 (100 ml) was added dropwise. After the end of the dropwise
addition, the solution was stirred overnight while its
temperature was raised to room temperature. The
acetonitrile was distilled off under reduced pressure and,
after addition of hexane, the residue was washed with
15 water, an aqueous solution of sodium hydroxide, dilute
hydrochloric acid, aqueous sodium bicarbonate and a
saturated aqueous solution of sodium chloride. The residue
was dried with anhydrous sodium sulfate and concentrated
under reduced pressure. The resulting residue was
20 distilled under reduced pressure to give the titled
compound (13.9 g).
1H-NMR (CDCl,) 6:2.77(1H,s), 4.52-4.80(4H,m),
7.32(2H,4,J=8.6Hz), 7.59(2H,d,J=8.6Hz).
(B) An amount (24.8 g) of l-fluoro-2-fluoromethyl-3-butyn-
25 1-yl1 p-toluenesulfonate and 4-hydroxybenztrifluoride
(16.2 g) were dissolved in acetonitrile (400 ml). To the
solution under cooling with ice, cupric chloride dihydrate
(5 mg) was added in a nitrogen atmosphere and then
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general formula (Vle) wwth a base to give a 4 hal obenzopyran derivative of
the general formula (le) RL (le) (where R e and Hal have the sanme 1eMAR 283
as defined above); (le-5) the step of reacting the resulting conpound of
the general fornula (1e) with carbon nonoxi de and a conpound of the general
formula (Gllle) RSRGBNH ( G | | le ) (where RS represents a hydrogen atom
and R6~ represents a cyanoethyl group) in the presence of a netal to give a
4substituted benzopyran derivative of the general forrmula (G Vlie) set forth
above; (2e-diiddmrepyhetiiylamiaie nglh. Tapamdiisdsdaheedeneraadte farinutia g | | e2)
Rye | (I1e2) C (where R e has the sane neaning as defined above) with
acetyl ene ofl@henhkerwasl addedndrogwidel) Gf@RRIeHED]G 4 dhe cigppvel e
conpound of the general formula (Mlle) - 175 14 MAR 2003 R1 Ile)
(where R e 3d@&itien sakie nabkt e st i acedbinme )6 haowrp)whinke siteph of
treating the resulting conpound of the general fornmula (VIIle) with a
reduci ng adeMPeFRERITR ¥ag orprell 7 1o Jenperatyiaul 418 Xe) Ri e CH2F Cl

OHCH2F (I Xe) (where R e has the sanme_neani ng. as defi ned abov%éé (2e-3) the
step of or edREF P el +ests i et REordRF geattchd RFSAAY 1383 with a

?;3? to gi Ve, A QHRSPHE LRI L Y 38 100 Al GaNe A QI Gl dd e\ G2F
with water, an aqueous solution of sodium hydroxide, dilute
hydrochloric acid, aqueous bicarbonate and a saturated
aqueous solution of sodium chloride. The residue was dried

10 with anhydrous sodium sulfate and concentrated under

reduced pressure; the resulting residue was distilled underx

reduced pressure to give the titled compound (11.9 g).

15 trifluoromethylphenoxy)-2-pentynoic acid
A portion (1.32 g) of the l-fluoro-2-fluoromethyl-3-

butyn-2-yl 4-trifluoromethylphenyl ether obtained in
Example B3 was dissolved in t-butyl methyl ether (20 ml);
to the solution, 1.63 M n-butyllithium (2.913 ml) was added

20 at -70°C under a nitrogen atmosphere and the mixture was
stirred for 15 minutes. Subsequently, carbon dioxide gas
was bubbled into the reaction mixture for 10 minutes,
followed by addition of 0.1 N HCl and extraction with ethyl
acetate; the resulting organic layer was washed with a

25 saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentrated under reduced
pressure to give the titled compound (1.45 g) as a

colorless oil.
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CH2F (where Rl has the sane neaning as defined above); (2e-4) the step of
reacting the resulting conpound of the general fornmula (Xd) with a 14 MAR 2003
hal ogenati ng agent to give a 3, 4-di hal obenzopyran derivative of the general
formula (Xle) Hal Rire / Hal \ C-CH2F Xle CH2F ( ) - 176 14 MAR 2003
(where Rl e and Hal have the sanme nmeani ngs as defined above); (2e-5) the
step of treating the resulting conpound of the general formula (Xle) with a
base to give a 4hal obenzopyran derivative of the general fornula (le) set
forth above. ITH-MMPr(CEGE,)adcar.dioidnt, adaahgsa7(3)10r2(4)9r2coHed,in claiml
for producing 4-substituted benzopyran derivatives represented by the
general formil a31 RNV @) ISRE61RA) R3D. RBERH @& M= . §Hdker & Raf ldhdiR29) whi ch may
be the sane or different represent a hydrogen atom an optionally
substituted |ExampkelB$ group, an optionally substituted | ower al koxy

group, an optionally substituted | ower al koxycarbonyl gr ptionally
substituted |BvRRAE] P 2 e VR . Wyl-%-
aryl sul f onyl
( where Y8 a < each represent a

hyirogen atom, o ercnell, SyostiLates Lover 7Lyl ottt onel 1

substi(uted | aner oo sl Loyl arou S ol bl el e

they are bo““@bo:garﬁ(ﬂ]%é’%é‘ &”isé%’lﬁmq{:‘?ﬁddf@ﬁétﬁ% g(“ﬂ) B9 Wl £hye 177
y be [ an

14 MAR 2003 nay I e sane or erent represent a hydrogen ‘atom or
optional ly sufisiutideduradal &@ikﬂn%r&ypqm?@qwe%w batoBe¥raeenqshot h a
hydrogen atom RS and R6 which may be the sane or "different represent a
hydrogeniat om@) wds pddedadtypwidstadatiact Inpweturd kids griaijedat haosteps
of : reacting an al cohol of the general fornmula (Glg) R3s --f-OH R49 (where
R39 and R4g hzme dimetlsemreomednougs aSultkdquestt gbo\3d)aminopropionitrile

(500 mg) was added to the reaction mixture, followed by
stirring at room temperature for 2 hours. To the reaction
mixture, a hexane/ethyl acetate mixed solvent (1/1) was

15 added and the resulting mixture was washed with 0.1 N HC1,
a saturated aqueous solution of sodium hydrogencarbonate
and a saturated aqueous solution of sodium chloride, dried

. with anhydrous sodium sulfate and concentrated under

reduced pressure; the resulting residue was subjected to

20 silica gel column chromatography (eluent; hexane/ethyl
acetate = 3/2) to give the titled compound (1.2 g) as a
colorless oil.
1H-NMR (CDCl,) 06:2.64(2H,t,J=6.3Hz),
3.55(2H,dt,J=6.3,5.9Hz),

25 4.68(4H,d4444,J=46.2,15.8,9.9,2.0Hz), 6.42(1H,br s),
7.31(2H,4,J=8.6Hz), 7.63(2H,d,J=8.6Hz).
(B) An amount (61 mg) of 1-fluoro-2-fluoromethyl-3-butyn-2-
vyl 4-trifluoromethylphenyl ether was dissolved in t-butyl
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wi th a conpound of the general formula (CGI11) or (CI1I11) RSQzC ( G111 )
(R SQZ2)z0 (C111) (where R represents an optionally substituted &al&WAR 2003
group or an optionally substituted aryl group) in the presence of a base to
gi ve a compound of the general fornula (C1Vg) R39 ~OSO02R R4A (where R,
R39 and R 9 have the sane neani ngs as defined above); reacting the conpound
of the general fornmula (G 1Vg) with a conpound of the general fornula
(CGVg) RisR2g/. (where R19 and RZg have the same neani ngs as defined above)
in the preseriteybfethdrasE2 anll) a tnmonidhel ssxitutarondi ValéntM n-biftyl1lilzhivkR 2003
copper salt to give a conpound of the general formula (GIlg) RLI9 ~ R39

\ ~~0 R29 R4 (133 ghl) was eadll®] a0 9, 7(R8ouaderRe hatzouhs samespbemengs as
defi ned above); reacting the conmpound of the general formula (Glg) with
carbon di ox@mé the tihexipies sine Sfinrdghsion d inawtesonpdindhs t he gener al
formula (GI11g) 02H R1L R49 (where RI9) R29) R39 and R49 have the sane

neani ngs astRFFHRRY Bhskae or2 wr¥Iee ihel defocyanadia @& Mg ko adfest the

gener al of OrI 8(S 1 L n S Hdxt B S5 WLAS AP WO goener @
minutes. To the reaction mixture, a saturated aqueous
solution of ammonium chloride was added, followed by
extraction with hexane/ethyl acetate (1/1): the resulting
organic layers were washed with a 1 N aqueous solution of

10 sodium hydroxide and a saturated aqueous solution of sodium

chloride, dried with anhydrous sulfate and concentrated
under reduced pressure; the resulting residue was subjected
to silica gel column chromatography (eluent; hexane/ethyl
acetate = 3/2) to give the titled compound (45 mg) as a

15 colorless oil.

Example R6

To undecane (0.8 ml) being heated under reflux,

20 N-(2-cyanoethyl)-5-fluoro-4-fluoromethyl-4-(4-
trifluoromethylphenoxy)-~2-pentynamide (60 mg) was added and
the mixture was heated under reflux for 1 hour. After
concentrating under reduced pressure, the resulting residue
was subjected to silica gel column chromatography (eluent;

25 dichloromethane/ethyl acetate = 10/1) to give the titled
compound (54 mg), which was identical to the authentic
sample.

Comparative Example
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RSRGNH ( G I I | ) (where RS and R6 which nmay be the sane or different
represent a hydrogen atomor an optionally substituted |ower al kyl1 4 MAR 2003
to give a conpound of the general formula (GVg) 5Rs RL (G Vg) - 179

14 MAR 2003 ( where R19 , Rig, R39, R9 , R5 and R6 have the sane

meani ngs as defined above); or alternatively reacting the conpound of the
general formula (G1g) R19 R39 RR9/ OR49 (C -1g) (where R19, R29, R39 and
R'9 have the sane neanlngs as deflned above) wi th a conpound of the general
formul a (GRrepacs RIRE £ O3 2e(RS and R6 which may be the
sanme or differ ent repr esent a hydr ogen atom or an optionally substituted

| ower al ky| Q) @FD Nz1ani Ik als oamiEepiag Okl 20 EZanAd- R68NCO (
GI1Vb ) (where R6a represents an optlonally substltuted | ower al kyl group)
in the presedeko¥anidease to gi ve a compound of the general formula (G Vg)
RsRs R1 39 (G ug)_(where R19, R29, R39 R4£ RS and have t he s%mgc

meani ngs as deflr@ﬁp%ﬁﬁﬂ%jwa%uﬁperEmﬁd as in Example B6, except t

5 the reaction solvent undecane was replaced by

diethylaniline. Only the titled compound was obtained
quantitatively.

1H-NMR (CDC1,) 6:2.78(2H,t,J=6.3Hz),
3.75(2H,4t,J=6.3,6.3Hz), 5.33(2H,d,J=46.5Hz),

10 5.91(1H,d4,J=3.6Hz), 6.20(1H,s), 6.53(1H,br s),
7.57(1H,d,J=8.6Hz), 7.64(1H,dd4,J=8.6,1.6Hz), 8.13(1H,br s)
Example B7

Reaction was performed as in Example B6 using various
reaction solvents. The solvents used, their boiling points

15 and the resulting yield ratios are listed in the following
table, in which A stands for 2,2-bis(fluoromethyl)-N-(2-
cyanoethyl)-6-trifluoromethyl-2H-1-benzopyran-4-carboxamide
and B stands for N-(2-cyanocethyl)-2-(1-
fluoromethylethenyl)-5-trifluoromethylbenzofuran-3-

20 carboxamide.
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14 MAR 2003 subjecting the conpound of the general formula (G Vg) Hg
thermal cyclization reaction. 8. A process according to schene (3) rMNﬁMM
recited in claiml or a process according to claim?7 for producing
4substituted benzopyran derivatives represented by the general formula
(GVIh) R(G~) wherein RL and R2 in the general formula (G VI) which may
be the sanme or different represent a hydrogen aton) an optionally
substituted | ower al kyl group, an optionally substituted | ower al koxy
group) an optlaiya lly substituted | ower al koxycarbonyl group, an optionally
substituted | ower al kyl sul fonyl group, an optionally substituted

aryl sul fonyl grou@oladrdi ogen atom RBoiline pobup, a Lielnbd xatip Gk:BNYeYb
(where Ya and Yb which may be the sane or different each represent a

hydr ogen at offetaragdpmeonal |y substi t2T%d | ower al kyl @rbup, an optionally
substituted | ower al koxycarbonyl group, an aryl group, an optionally
substituted etk \@dR% onyl grouﬁg an optional |4 kubstituted
aryl sul fonyl _group aqr, when, taken to etber) may forma 3- to 8-nmenbered
ring); R3 an ??eéhﬁﬁPXQﬁﬂ €a flg%?onethyl group;1afl RS and R6 whi ch

may be the s or. di fferent represe§67a.hydrogen atogror an optionally
substituted | a%ﬂﬁ( group. - 187 14 MAR 2003 A process according
to schene (3 Qor cited in clai Or a process Qcg ng to claim?7
for producrng éﬁ?ﬁﬁfuted benzopyr%%&oerrvatrves ré%rgggg%ed by the
general for (f:a\gr) 0 NRSR6 Rl /,q3¢d CHZF \ 0 CH2FR é}%VV) wherein RL in
the general formula (G VI) represents a 6-trifluoronet group or a
6- pent af | uor Qg{dudarfy oup; Rz represepdge a hydrogen atpm; R3 and R4 each
represent a fluoronethyl group; and RS and R6 which may be the sane or
different repeasaid a hydrogen atompygan optionally eubstituted | ower
al kyl group. 10. A process according to schene (3) or (4) recited in claim
1 or a proceFermtinndifigidmend ai m 7 200° produci ng 4- sulfsti t ut ed benzopyran
derivatives represented by the general formula (GVlIj) RCNR ,F 2F (G VIJ)
wherei n Rl i Patfdupaadiilonenanl a (G %é) represents q% -trrfluoronethy
group or a G-mqmdgddﬂgoet hyl group represents a ydrogen atom R and
R4 each repr : epresents hydr agen om
and R6 represents a 2- cyanoethyl group - 182 14 NAR 2003 11. A process
for producing 4- pyr- et v Vv resen t he
lgmg;gem Y20 lesh vehh VES1LART 68 CPEEH: g

general fornula

Points" given for "No solvent” represents the

5 heating temperature.
Example B8
tri -N- -2-
10 An amount (264 mg) of 1-fluoro-2-fluoromethyl-3-

butyn-2-yl 4-trfluoromethyl phenyl ether was dissolved in
diethyl ether (2 ml); to the solution, 1.68 M n-
butyllithium (0.71 ml) was added at 0°C under a nitrogen
atmosphere and the mixture was stirred for 1 hour. To the
15 reaction mixture, propyl isocyanate (85 mg) was added at
0°C and the mixture was stirred at room temperature for 5
hours. The reaction mixture was diluted with diethyl
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Rl R39 (G VIg) [where R19 and Rzg which may be the sane or different
represent a hydrogen atom an optionally substituted | ower al kyl roMR Q@?
optionally substituted | ower al koxy group, an optionally substitut'ed %

al koxycar bonyl group, an optionally substituted | ower alkyl sul fonyl group,
an optionally substituted aryl sul fonyl group, a halogen atom a nitro
group, a cyano group or NYeYb (where Yg and Yb which nmay be the sane or
different each represent a hydrogen atom an optionally substituted |ower

al kyl grouEthar optashied | Wi Bubatsatiratqdb aaruesuso 8adartieny 10fysedduman acyl
group, an optionally substituted | ower alkyl sul fonyl gc oup or an optionally

subst i t ut etEr3T k4 f FAeGrotih Anhyges Haiwn anid¥ t he ni trogen

atomto which they are bound, may forma 3- to 8- nenbered rin R39 and
RA9 which rREPHRP Jr?etesdarrﬁl%r &g lﬁ%tp%m RrFPdeR % aﬁqlarlean
optionally substrt haI ou rovr ded that t hey are nqot both a
hydr ogen at"6ii %ﬁi%é%/é%} Yy(gﬁpg it a

hyd t t Ik wh

compound ?eé;reﬁs)'{eorﬁoé‘geot%ﬁfh?‘?f Shates 9 *ﬁ?ﬁg Qﬂé’er " 9 ¥ka VR 5003 Re

NRS5R6 R39 9 R$ d R6 h th
%\éc()%ivegafﬂ%bj ect edlto t o v fon reaction.

meani ngs as I ned S su ermal cyclization reaction.

12. A procq%ﬁmﬁ@qr@d!%)te 6l gsrfhﬁltfmwm@ﬁl?mﬂ94~fl-§u@§(m%ﬁd benzopyran
derivatives represent by the general fornu GVI1) ONRBR6 R19 / |\
CH2F O CH B.RsX Az am)Jwhes & e3P, and4R29 g1 mham)gersewal(lfmruwlsa (G VIg)
whi ch may be the sanme or different represent a hydrogen atom an optionally
substi t ut edr |3aweaH & kK48 ggHRIp, A6 I(EBH anal<8y. 6s1d)st i t ut ed | ower al koxy
group, an optionally substituted | ower al koxycarbonyl group) an optionally
substi 10t e®xXampelre BXKyl sul fonyl group) an optionally substituted

aryl sul f onyl group a haI ogen atom anitro roup a cyano group or NY8Yb
(where Ya 3 Bk a2 1 AL QY i¢

hydr ogen atom an otr onal I y substr tut ed Iovver aI kyI gr oup, an optr onal |y
substi t ut eV e3¢ S e tFCeeyd  group, an opti onaI ly

substituted Iovver al ro an ot| al Ly subs |tut

ar%/I sul f onyl grow (ﬂ”}/ qmen(qiaal?@% g‘pét ﬁéLP 9:"11:@536 ;&i’jﬁb gDOS tgle
nitrogen a ]%hﬁ}i ered ring);
R39 and R’ tét(yega‘{:% represen eqﬁe’ﬁ@ rrgirh;ﬁiﬁg LPp,atlééa gie whi ch may be the
same ofs5di i/ Qvd A SEH 1 h IURERRERE QB G )a%n@tﬁh‘én@dl)ﬁt%'éBSWatsUt ed

| ower al kyl group. 13. A process according to claim 1l for producing

4- subst i t utRG thaDANBEE Y SHRIY Hd €5, T eRpuasant athebrdar iganariattufrer mul a
(GVIm 0 NR5R6 R19 CHZF O CH2F (G VIm
was concentrated under reduced pressure and the resulting

residue was subjected to silica gel column chromatography

(eluent; hexane/ethyl acetate = 3/1) to give the titled
20 compound (31 mg).

1H-NMR (CDCl,) &6:0.99(3H,t,J=7.3Hz), 1.56-1.70(2H,m),

3.37(2H,4t J=6.9,6.6Hz), 4.44-4.73(4H,m), 5.98(2H,br s),

6.99(1H,4,J=8.6Hz), 7.48(1H,dd,J=8.6,2.0Hz),

7.83(1H,d4,3=2.0Hz).

25 C. Examples for Schemes (5) and (6):

An amount (6.6 g) of 1l-fluoro-2-fluoromethyl-3-butyn-
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wherein R19 in the general fornmula (G VIig) represents a 6- trlfluororrethé]
group or a 6-pentafluoroethyl group; R29 represents a hydrogen atd 03
and R49 each represent a fluoromethyl group; and R5 and R6 which may be the
sane or different represent a hydrogen atomor an optionally substituted

| ower al kyl group. 14. A process according to claim1l for producing
4-substituted benzopyran derivatives represented by the general formula
(GVIn) HO NNCNRs / \ CHRZF\ O CHF (G ~) wherein R19 in the general
formul a (G VIgel gntgermaluesauliffidnydr eidomildegi{8up gn #ere dissolved

6- pent af | uor oet hyl group; R29 represents a hydrogen atom R39 and R49 each
represent a -ing®tralyfinggurzgol ¥o0uslonetioythgr sgputins RBApEpresding a
hydrogen atom and R6 re resents a 2-cyanoet hyl group. 15. A process

accordi ng t oWdhedCq.5)6 G qiehy readiEy hiydrddg; rhgl‘lf &0 fdﬁédééfiﬁ@ under a
4-substituted benzopyran derivatives represented by the gener al formula
(12) R H2F Hzﬁr[qm SIRFRARF 9 Afftiech they ohe Pﬁetgsrré gitdrns eFBRt

t d t bst it ut |
nal ogon o8 omSFERR MBI KA (AoRy el Or B oMoty SgPRIRSE 2 KYES L £ wher o
Ye and Yb wh be th diff h d
atom an optl%ﬁﬁ"‘% 2T NPTl K JRCGFolA SHCRRL PongPry
substituted lq Zoinky 46 ONVo 1900 RN eRY 258 i EH 8%{99“3' e

substituted Iovver orfyl” group or-an optionally substitufed

aryl sul fonyl ¢ t%%to maﬁ%t&p%&w W'dtB LheuRhkERUgHuAbRE t 0 Wwhich

they are boun may forma 3- to 8-nenbered ring), a nitro group, a cyano

group, an optsiARAtlaf %ﬂosstddluine(ém@mrdeal ke ¥aayReRYy knlya¥Busaso@ptmonal |y
substituted | ower al kyl sul fonyl group or an optionally substituted

aryl sul foomyl seldgre Hald reeeesaniated hakdegefreaueell byetbarst epsShef :
reacting an al cohol of the general fornmula (Gla) CH2ZF ~OCH ~CH2F (C-la) -
186 14 VERs2003 ng tresd wnpasndubfiechiedgénesaliter gallacobamn) or
(CGI1l) RSQzCL ( G111 ) (R SQz)z0 (C111)

chromatography (eluent; hexane/methylene chloride = 1/1) to

give the titled compound (11.1 g).

1H-NMR (CDCl,) 0:2.45(3H,s), 2.74(1H,s), 4.53-4.87(4H,m),

15 7.34(2H,d,J=8.3Hz), 7.83(2H,d,J=8.3Hz).

Example C2

An amount (1.2 g) of l-fluoro-2-fluoromethyl-3-butyn-

2-0l1 and methanesulfonyl chloride (0.85 ml) were dissolved

20 in tert-butyl methyl ether (15 ml); to the solution under
cooling with ice, triethylamine (1.5 ml) was added dropwise
in a nitrogen atmosphere. After stirring for 1.5 hours
under cooling with ice, tert-butyl methyl ether was added
to the reaction mixture, which was then washed with water

25 ’and a saturated aqueous solution of sodium chloride. The
mixture was dried with anhydrous sodium sulfate and
concentrated under reduced pressure to give the titled
compound (1.9 g).
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(where R represents an optionally substituted | ower al kyl group or an
optionally substituted aryl group) in the presence of a base to gijveMAR 2003
conpound of the general formula (C1Va) CH2F ~OSO2R~ (C-1Va) CH2F (where R
has the same neani ng as defined above); reacting the conpound of the
general formula (CG1Va) wth a compound of the general fornmula (CVg) R~ 9
R29/~ OH (C-Vg) ( where R19 and R~9 have the sane neani ngs as def fined
above ) in the presence of a base and a nonoval ent or dival ent_ copper salt
to give a cogpeMRd(obCLie genoBdILH, snnuBa22G3W 8) RE - 87248813 Rg~~ O
CH2F CG-Vla () ( where R19 and R29 have the sanme neani ngs as def fined
above ) ; sEarepléng3t he conpound of the general formula (G Vla) to

hal ogenati on reaction to give a conpound of the general fornula (D-1la) -
187 14 NARFPGOR REDVRARre—R . “frave the sane

meani ngs as defined above); and’subjecti

n the‘ 6 b na of I
fornula (D Ila) tantawvenak &9eﬁi§ét95n1TEgﬂ?¥8h£' Pé%PTﬁ %%2§3acco¥§7ng to
schenme (5) or (6 ited._i laim31 f duci - t] b
or fvat (5 bsor opr bsendsaseyvelo geRetsrvaPREracr 70t F bR R oetl %)

solution under cooling with ice, 60% oily sodium hydride

O}l s 12 )
Cf Z U Ul

(0.96 g) was added under a nitrogen atmosphere. After
stirring for 30 minutes under cooling with ice,
propanesulfonyl chloride (2.2 ml) was added dropwise. The
10 mixture was stirred for 5 hours while its temperature was
raised to room temperature. Water was added to the
reaction mixture, followed by extraction with ether. The
extract was washed with water and a saturated aqueous
solution of sodium chloride, dried with anhydrous sodium
15 sulfate and concentrated under reduced pressure. The
resulting residue was subjected to silica gel column
chromatography (eluent; 30% ethyl acetate/hexane) to give
the titled compound (4.1 g).
1H-NMR (CDCl,) 8:1.09(3H,t,J=7.3Hz), 1.87-2.02(2H,m),
20 3.25-3.31(2H,m), 4.56-4.88(4H,m).
Example C4

1—Fluoro—2-fluoromethvl—3—butvn—2-v1 D=

chlorobenzenesulfonate

An amount (1.2 g) of 1-fluoro-2-fluoromethyl-3-butyn-

25 2-0l and p-chlorobenzenesulfonyl chloride (2.1 g) were
dissolved in tetrahydrofuran (10 ml); to the solution under
cooling with ice, 60% oily sodium hydride (0.48 g) was
added under a nitrogen atmosphere. After the end of the
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(where R1 in the general formula (1) re [
¢ presents a 6trifluoroneth
?egrggg'ﬁff Lu;)lrag'; gyl tﬁrf)up; RZ represents a hydrogen atom R3 ané{ #\’%@gmor
: met hyl group; X is a bromne ato by th
r_ea(r:]tl ng an al cohol of the general forrmula (CIa) Q—IZFy~O—Ie~?:|t—ISIQS((C):TIa)
vatSO; compound of the general formula (CG11) or (CGIlIl) R SCed (CTI )
( )20 (G 111) (where R represents an optionally substituted | ower

al kyl - 188 14 MAR 2003 grou [ '
_ _ : oup or an optional l'y substi t.ut
'n Lhe pr eanpeLai, athaseixbons veas TOHIRME TN 4 IO PenePHLS R & (-1 Va)

CH2F ~OS02R~ ~CH2F (C-1Vva) (where R has th [ [
: : ! e sane.nean
above); rebatpegatheecoapotalised PRI API G S (I(is?lgvg)S \?\ﬂ Ihn:d

(CVay (wheemab éoRasne nel Sashesabur? hol Bl BTt h St Th tha o Saence
s base and s ronovalenl o e ent COpREL ol hedor e govpeuteRl he
meani ng as defined above); . - % P . efe Rle has the same
5 aqueous solution of sodium chloride, dried with anhydrous
sodium sulfate and concentrated under reduced pressure.
The resulting residue was subjected to silica gel column
chromatography (eluent; hexane/methylene chloride = 1/1)
and then recrystallized from methylene chloride/hexane to
10 give the titled compound (2.2 g).
1H-NMR (CDC1,;) 8§:2.77(1H,s), 4.54-4.88(4H,m),
7.53(2H,d,J=8.6Hz), 7.89(2H,d,J=8.6Hz).
Example C3

l-Fluoro-z—fluoromethvl—3-butvn-2—vl benzenesulfonate

15 An amount (1.2 g) of 1-fluoro-2-fluoromethyl-3-butyn-
5-0l1 and benzenesulfonyl chloride (1.8 g) were dissolved in
tetrahydrofuran (10 ml); to the solution under cooling with
ice, 60% oily sodium hydride (0.48 g) was added in a
nitrogen atmosphere. After the end of the addition, the

20 mixture was stirred for 4 hours while its temperature was
raised to room temperature. A hexane/ether mixed solvent
(1/1) was added to the reaction mixture, which was then
washed with water and a saturated aqueous solution of
sodium chloride, dried with anhydrous sodium sulfate and

25 concentrated under reduced pressure. The resulting residue
was subjected to silica gel column chromatography (eluent;
hexane/methylene chloride = 1/1) to give the titled
compound (2.2 g).
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subj ecting the conpound of the general formula (G VIb) to brom na&i C}EA&
reaction to give a conpound of the general formula (D-Ilb) Br R e ﬁ ﬁWSO
CH2F (D-11b) (where R e has the sane neani ng as defined above); and

subj ecting the conpound of the general formula (D - 189 14 MAR 2003 11Db)
to thermal cyclization reaction. 17. A process according to schene (5) or
(6) recited in claim1l for producing 4-substituted benzopyran derivatives
represented by the general formula (GViz) R(Gvlz) wherein RL in the
general fouANMR( GEYCL, ) epr2sentid & 6. t4 153 1oréStekthyl) .group or a

6- pent af | uor oet hyl group; R2 represents a hydrogen atom R3 and R4 each
represent a.5Rudr69EBHyM)gr JuS6 (2Hd GRI=IndHRE - whi ch may be the sane or
different represent a hydrogen atom or an optionally substituted | ower

al kyl groupxam®leACér ocess according to scheme (5) or (6) recited in claim
1 for producing 4-substituted benzopyran derivatives represented by the
gener al f odmillA0XG GOl LN RE F—O—¢ (G- VIy) z wherein Rl in
the general formula (GVI) represents a 6trifluoronethyl group or a

6- pent a? | udd A - pieseitt s a hydrogen atom R3 and R9 each

represent 3 éf)'z%”ewﬂ%;&ﬁ;% Pk B AISRAE90LS B RKdiagan sabormyand RO

represents 2003 19. A process
accordi ng to _sche 5 e i j | behz4$4% 1@ 05a@eound of the
gener al forzrﬁYIS"a "(eﬁﬂ(%%s%fff%&%fgg ?@r\?b\%%CI—IZZF

(19.8 g) were dissolved in acetonitrile (200 ml). To

the solution under cooling with ice, cupric chloride
10 dihydrate (3 mg) was added under a nitrogen atmosphere;
then, diisopropylethylamine (12.3 g) as dissolved in
acetonitrile (100 ml) was added dropwise. After the end of
the dropwise addition, the mixture was stirred overnight
while its temperature was raised to room temperature. The
15 acetonitrile was distilled off under reduced pressure and
hexane was added to the residue, which was washed with
water, an aqueous solution of sodium hydroxide, dilute
hydrochloric acid, aqueous sodium bicarbonate and a
saturated aqueous solution of sodium chloride. The residue
20 was dried with anhydrous sodium sulfate and concentrated
under reduced pressure; the resulting residue was distilled
under reduced pressure to give the titled compound
(13.9 g).
1H-NMR (CDC1l,) 8:2.77(1H,s), 4.52-4.79(4H,m),
25 7.32(2H,d4,J=8.6Hz), 7.59(2H,d,J=8.6Hz).
(B) An amount (24.8 g) of 1-fluoro-2-fluoromethyl-3-butyn-
2-yl p-toluenesulfonate and 16.2 g of 4-
hydroxybenztrifluoride were dissolved in acetonitrile
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as obtai ned by reacting nethanesul fonyl chloride of the general fornula
(C11) where R is a nethyl group with a conpound of the general f rl’nMARalm
C | ) where R3 and R~ are each a fluoronethyl group. 20. A proces
according to schenme (5) or (6) recitred in claiml1, which uses a conpound
of the general fornmula (G 1Vc) CH2F 1-0S02Tol CH2F (C-1Vc) (where Tol
represents a tolyl group) that is obtained by reacting p-toluenesul fonyl
chloride of the general fornmula (C11) where R is a p-tolyl group with a
compound of (4% rgeher dfo fGrengAlYiGan widesre RPLENY MYty dogacleupric
fluoronethyl group in the presence of a base. 21. A process according to
schene (5) BVl 9whde tihEdrate cf ind 1, washiadflesds ander ghpddF®Ism t he general
formula (CGVIb) CH2F O CH2F (C-VIb) (where Rle has the sanme neaning as
defi ned abF@)OIRRETS s BN Bl IRPHARIELS Y Bid®ddrid 709 ) BE gener al

f la - 1 14 NMAR 2003 (c- v, ~ OH (CV, Rl h th
sg:rermrrgani rfg11 olsd iy %%@fWXlQ%?ﬁg{ d'b]n)er‘”%ﬂ(s Pﬁﬁﬂ(\g}%ﬁ\})’seﬁs :S ©
4-trifl t hyl 4- tafl hyl d.Rz i hyd

S ony wPen AFtaR SIHE il %, drle REMle o AL Wrort B B (e e pE 7 00
-f-0OS02CH3 - SR ~ - . in T
represents Satqp;{-z{%é %A%/P%U%.W}K‘lp? olcesg?egglcecﬁagdﬁ% &gésg%ﬁe\g&?rg)%l gr ?6)
reci ted in Gl M dnp ¥l Gt diSeSTiRe CRIBGHNN o1 d W0 @SHAl 1edf BHeR bigtek! b)

CH2F O CH2F (G- VIb) (where R e has the same neaning as defined above) that
i s obtai necketuu&&@{%fw&smge aartP MRkHHE Qfad RGN At Heo r8diaueG WnaknBr Rte

[ CH2F O CH2F (D1 (where Rl e has the sane neani ng as defined above; Rl
in the - 19%s washed with water, an aqueous solution of sodium
10 hydroxide, dilute hydrochloric acid, agueous sodium
bicarbonate and a saturated aqueous solution of sodium
chloride. The residue was dried with anhydrous sodium
sulfate and concentrated under reduced pressure; the

resulting residue was distilled under reduced pressure to

15 give the titled compound (11.9 g).

An amount (13.9 g) of l1l-fluoro-2-fluoromethyl-3-

20 butyn-2-yl 4-trifluoromethylphenyl ether was dissolved in a
solvent consisting of a mixture of tert-butyl methyl ether
(100 ml) and tert-butyl alcohol (150 ml). To the solution
under cooling with ice, potassium tert-butoxide (7.1 g) was
added under a nitrogen atmosphere; after stirring for a

25 while, bromine (3 ml) was added dropwise. After the end of
the dropwise addition, the mixture was stirred for 30
minutes under stirring with ice. Hexane was added to the

reaction mixture, which was then washed with water and a
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14 MAR 2003 general formula (GVI) is a 4-trifluoromethyl group or a
4pent af | uoroet hyl group; RZ is a hydrogen atom R3 and R' are both a4 MAR2003
fl uoronet hyl group). 23. A process according to schene (5) or (6) recited
in claiml, which uses a 4-bronobenzopyran derivative of the general
formula (1q) Br CH2F 0 CH2F (D-11b) (where R e has the sane neaning as
defined above) that is obtained by subjecting a compound of the general
formula (D-11b) Br Rile CH2ZF O CH2F (1qg) (where R e has the sanme neani ng as
defined abovetatRrated Heupme dokwrinn £ madiun shd oride.f | doeomdesyare
group or a 4pentafluoroethyl group; R2 is a hydro en atom R3 and R' are
both a fl uor offt A1 iEh »en dan}%Sorﬁor?e“Ht cﬁﬂl & REdhonSeaitradsidon
reaction. - 193 AH. A@-IegAAu AS. A (
A, . Aa. Af. A3. “A’fsi% rﬁd% N%S%I—TEAW HWeAt}ileAtAtAeﬁ? Kompound
A3A AAAr_(Ai 5. A A& A AL. A5. A A AAAA.A .A.ALA@AA A A AQ@A
A A A AR A AUA{SA@AYA@ASAI Af FY. A Af. @A. A(. A. Ah. A A Au. An

ﬁ ﬁnAAA?XAé@\lﬁLﬁ’a f&%%)p@{\ i%{ £ AP0 s A D (21,4, 9=8. 6u2),

s, Ah, . AS. A5. A AN 5@AN Al.A(, . AF{. A3y. Al @Ay, . A3. AQU. Al @ A. AA
F, AF@DAaF Afp“6dg3%§%%gaga %%f\

. A AF. AQ@ A. AW.AUS AS5. AHf AS. A A, AU . AaS A@QA A f.A A
R.A,{.AHS.A@DA A

.ANy AR Y. =" .00 A
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<<<><?Z @ ACH Q. ¥ amde ] 2-1 R S L) -6 i

O~methyl 2,2-bis(fluoromethyl)-6-trifluoromethyl-2H-
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H5HSHHHHI J} xr mhc”Y] ] ] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! JJG.LMUVBNLNXNP 14 MAR 2003
PmPgPPQRRR- T7TCTVW- VWWNWWWPY* Z4Z} xsmheYmhe”Y] ] ] ca] ca] ca] ca] c™a] ca] ca] ca] c”a
] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c*a] ca] ca] c™a] ca] ca] ca] ca] cMa] ca] ca]ca] ca]ca
4Z@ZZ9[ Y\]] ™

b@Rdf ! f-fMgnhSiii|j?l 11U >m!oopCqzupkfa\W]ca]ca]ca] ca]ca]ca] ca] ca] ca] ca]
c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] c”a] ca] ca! Cqq
aqor ] r rr r s/lskegstcy et 1andadbobhid%be e iroma{a-{g))x amidd DB [1®ajngd] eeea] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal] ca! F{ S} Jdilssolved in tetrahydrofuran (5 ml); to the solution, 3-

JM F6} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
a] ca] ca] cajarereaj ) icalicajida d4]-Gajda)] owlsz wSBRIAGEIt0 Koo} wemperdtinea) ca] ca]
ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] @ax] @qua/@qo,qqn atmosphere and the resulting mixture was

?;(/%} \égi gb] erhc’\Y] ]ﬁ(;g‘] c7a] cal ca] ccg] cal ca] c”a] ca] ca] ca]Etal] (ia]a%%]t%’;ae] cﬂa] cal ca]

3 Xgrﬁfifi;]a@i«%%] it i, T
ca cal cal o e AL AfRI, fﬂﬁ@?’&ﬂ oL %}’ h%ﬁ]‘%@i} ca] ca] EZ]
ﬁ%ﬁ?iﬁﬁi%@@@ xsnﬁgbﬁﬂc;ﬁ caj cg]}chg]]h ?ﬂeca] ?il]lscg}&g] cal gg]scgl}]ﬁa] cg] gg]

ca] ca] ca] c3li0H GAlIHAl <Al S HSBIRA] ARl At Leoaledlredlt BaUR@BEXIOE (G |
AJ} xsni d_Y] ca] c"a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ta] cajerhl] Gl iRl ;C alla el ih@ r¥ésidue was subjected to
WCYS, Al O w mhc”Yni d_Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca]c
~a] ca] ca] cajicial]aza] o] cadoajre djmaatajrephy” dedhehta @RIhylenel 31 U' | #4#$SUS
%&& " q' xR ((I((((~xrmgb] Wi d_Y] ] c”a] ca] ca] c"a] ca] c”a] c”a] ca] ca] ca] ca] ca
] E:a]rcra]&ca] cﬂlfd]qml]ds%)] do] llvea]tdy ddjtdldc campod] d&Q)-33apda] whdrbawas

. S/ 7/ | ofitery uimads 4R Athis U bR EAGp SEMPWE] ca] ca] ca] ca] c”a] ca] ca] ca] ca] cha

A A I K77

]7(7:?]78551] ca] (ig| ca] cal ga] c”a] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca!

L 9<Y£5<<§ hEr> QOOT
a] ca] caJca arera]

A Ce CCCC, Df DDEI ssessiasdo K “ytoj d Y] e"[V]]c] ca] c*a] c”a] ca] ¢
a] ca] ca] ca] ca] ca]pm“ aa]nﬁﬁirﬁc" EI]OC@bC@])C%]fCQLiihﬁébCQlEQhﬁitbﬁl@kﬁgrhC@]-Ca] caj ca] ca
] c~a] c”a]l ca L$NI OOOP>PlI PUPhQQR SST! W\ VgVsV~WLW XgXyYZZ \\$\ @ """

_{ val gb] W Jductyed - ydia] 4-atf it lomjresdetalydphealyda peakea asajd Sapaakdalina) ca] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
_6_Q aabrbyds{esBucld e tdry | (Ghiml))j:/ KOkItMTBmﬁw}txpnhb\nweng\Ap]L]L@g] wvi&hc”a] ca] ca
] cna] ca]@ca] c”a] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca cad] ca c’\a ca) c”*a] ca] ca] ca]
ca] ca] €2a] dge. a hexane ‘solution (1.4 ml) of lithium
m/nnno r Witt#t<ub k kfa c™al] c”a ca caljc”alc
a] ca] cgfggf @]cag]qﬂ%qg’g‘]%ﬁ‘]?zﬂ d’a]lé@g']ug'a%)ég?ég% \é]géapgag]%ﬁ]maﬁ]é&r LAa] I:a
]ca]cal'y] y

Lol P X y%éﬂa]ﬂ%%d@wasa ad@&]t&grca]téa @éréafsaréﬁamﬁsﬁc £PEatca) cal

; %‘a&g} Cciﬂsrﬁfﬂd% n?a]%lc(a?']cg%ha] cg‘?'ca? % ﬂ]Lcg]nga]ncz’acjttl:lz]i:]eca]aca] ca] chal c
a] ca] ca] calfddd & v@fs"ﬂ FAlL alGakeRhC Rlec Abtakaak F ofo mate (O

?resv( vql gb] Xi d ZU] c] ca] ca] ca] cal] ca] caV] ca] caJc” ca] caj ca] ca] cal ca
1 c"a] cap calgalian]drd el @dHed] qal eal)C ahealc aahﬁ.'ﬁ*ogen atmosphe e

<>XyADPt | Lc{ vgl f [U d_ZU] c"a] ca] c’\a] c”a] ca] ca] ca] ca] ca] ca] c*a] ca] c™a] ca] ca]
ca] ca] ca] chalddm]aa]ldalg adicd] dajeca] agltetrakedeiapctakcaixture for 1

czF0, VY8i Xco{vqgl gb] Xi d_ZU] c] ca] ca] ca] ca] ca] ca] ca] c”a] ca] c”a] c”a] ca] c™a] c™a]
ca] cal ca] cdan} oumjdeya|arad)icd cdlthalice],c hbzahealvaa] edfled, followed by

i mMODPl *" . So} @ ~ytoj e [V]]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]c”a]ca]
ca] ca] ca] cajagliora|vwidlle ajal®ix @nda foc spdajretelic apuapus! AGINtion} p¥ql gb] X]]] c$
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$a] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c
a]J ca] ca] ca] c™a] ca] ca] ca] ca! ! FMP_ek{val d2BU-gb] X] caD<] ca] ca] ca] ca] ca] ca] ca] c
a)J ca] cal ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]cta)lca)lcabD ]Jca]caD]ca]ca]ca]ca]ca
=l v~

) O™ rx| zupkf " [ U gb] XU] ca] caU] ca] ca] ca] ca] ca] ca] cha] ca] caD] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] c*a] c”a] ca
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]irsws>DN(9 ~ytl gb] Xi d_ZU] c] ca] ca] ca] caD8] ca]ca] c a] ca] ca]ca] ca]ca]ca]c
al calca]calc a]Jcabm ca]ca]ca]ca]ca]ca]lcaV]ca]ca]caljcaljcajca 9 @ (h Wﬁﬁk N
#ilt
(zupkfa\W]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caDx] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! ()*+/;
dl LWeu] xny| w mhc”*Ykfa\ W] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caD] ca] caDl B] ca
s{JV] 4* ~yt gjeel kit adhqiD eca] ctjee ajicetiwa oad<c aldialdc aticd] eahyslroadsca] caD] ca] ¢
a] cal ca] ca] ca] ca] cal] ca]ca] ca]ca]calca]calcalca h
Lrr e =" g {sodumys $2n 19 vandh coorkden tq tEjd aindgire ajedialced] eajessues];icdbea] cal ¢
a] ca] ca] caDOb] ca] ca] cal] ca] cal] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal ca

: $DS MBS 944N LhiRg mem ected to silica gel col

f;g]( gg]g((:]a{ﬂn)é_gié‘% )} xsnhc/\xkf a\ U]Cgia] cal caU] ]%gl]é]ce%]ﬂca cal ;}aj]%a_] cla lc)alg] ca] ca]
AN R o o e v s s P \ VKT a\
)ca] ca] ca] c &3V cta’]tc]aﬁq:a]q{%ﬂ”(?a](cda 5ga%5aU] cg] \é\é] gg]ﬂcg?]cg?]cg?]cgalﬂ] gg]ﬂcg?]c

ajca

“ e oo [T ORGP 32953 38 3A 3 a8 bandn TR b s bt B VB yb] X] 1] ca] ca] ca] ca] ca
e <ol )l el RS A A ) ol ol ool cal cal calcal

; Geh<<<<<=35zmpkd &AW ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca] ca]ca]ca]cal]c
aD
] ca] ca] ca] eadtaa
Cy CCCCC/ D2Dh;
DE" EFFz0pk flnldmalann oallee]eca) ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] caD$=] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FFFFFFFFFFFGGHHI | |, J4J5J9JFJuJJJ
JISK[ KwKi LL~yt oj 1] \drfcainy] |(da]28ajadajofamedhyd] @a]fdapa:a]—da]fda]ommethyl-
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caD] ca] caD] ca] ca] ca] ca] cal]ca LLM MoM
MuM M-MVIMVMVNMOCSaH: -3 FLEa VA ca]ca]calcalc

S]ch] gg]sgg] ca! cal ca] c$a! cal ca bceal]zce%]eca(]l%a caDo ca]]ca]rcz%]lclag c%] cajcalcal S

aSu

X5X9X<X@(L rrhc ka a\ caDe] c c o c cal ca

ant | oal cald %ﬁ]%giic B SEER ¢ o) %%»f £, s dreplagecal ool
\\\ /\6/\ /\/\/\/\/\/\ Z f \

}ég][ ca] %%} c] 2] ca]%cﬂa (c% caf] ca] cai ca[ﬁi caj caJ caa ca ca] ca] c}’] %lr%gg] gg} ggﬂ

ca] Cal??l?@]ﬂ@ solvent was distil off under reduced pressure
aaaMoQTb[ bcbdbebf bgbhbl b] bkbl bpbwb| bbbyt | ga\ Wpj eU] ca] ca] cal] ca]

caD3] ca] caBHec ajesall] teialg afdsuaien BaEsc auralecaledaltoalkaalica] gellc abaaimma) cal cal c
aU] ca] ca] cal] cabbccclc=cBccchdydeeeel et eueyeef f f Kj S) Tj Xj dj #kAkHk>n{ t oj e [ V]
ca] ca] ca] cajtcajmatjariapiy d|edajesd]; ca]O@a]t@d;]craa]y@a*DE]Ja:a]lda]em]l@a] ¢@] gdjea] ca] c
a] cal] cay] ca] ca] caU] cal] ca] ca] ca >nmBnDnRmA_n" ndnpnnnnnnasl sssxs{ssssssst

t2twttttw wiehdivgled qewaud {5 #))oa] ca) ca] calU] ca] ca] ca] ca] ca] ca] cal] ca
]ca] ca caU] cal ca] cal ca] calcaD] ca]ca] ca] ca ‘L
w93y 7y MJ( %Jﬂ%{){%{%{%m’ékw% ‘]fv] al teditdb) | cj Lo ¥hi k] ca] ca ca

TR+ A TSR R e AT B DR P BT By a1 o8] ERUFda) cal cal c
a] ca] ca] caj cal.c ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal FNOS \ (Zt) 2F} zupkfa\ W

a]] ca] ca] caJcalcaJca ca] ca] ca] caj ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caD] qalMahzay] co 3 . f akéahcapcal.cal ca] cal ca

PAGA=AB2BCICq

- 5<PU)] zupk fraindtdvaancal calraaltdalasdlecal cal ca] cal ca] ca] ca] ca] ca] caJ cal ca] cal c
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cawguf GYnlL0% h& () -tyl10% h& () -1
z10% ha5 () - 10% g thydf 210%0i& (Elubrbathél() ) 6 - UglEdabromech&1¢ pH-1-10%

h& ()-f 10% h& ()-1!10% h& ()- 10% h& ()- 10% h& ()-]=v<pdEl 8 10% h& ()-16
10% h&' () - bekpyE an—4- carbtfbi&ite) (1.6, g)0Ualb&daf)lsodI2H0%n xylene

h& ()-MbrPllal 109& ()-!!10%& ()-%@0% ()- 10shsh 10shsh 10shsh!S:
10%shsh& ()(-%.5 ml); to the solution, 2,4-bis(4-methoxyphenyl)-1,3-
/}[<P@t#10%& ) - S @H#10%WNVE () - S@L0% & () - @ @10%. L& () - @D #10%& () Sly@#
10999&' () - Yithia-2 \AAGiph ertame-2sdntideapdtiye 18.609) was added
10L<10%& () | sS&- #10%/SVS& ()-!S& #10%30& () ylz[9{\: !~ Y'"#10% /el & ()- MWy
10% & ()-!,"10%j & ()-




Fo"10%(/ x/ & ()- m'109%& () -z! P 10%H& () -z }rog\=! & 109 ()- 10/ 10/

10/ <10% & () -!'x+#10%s/s/ & ()-!}+#10%/ x/ & ()-)MLO% & ()-9 14 MAR 2003
N[ <g\ =! @#10%&' ()-S!' @#10%\ & ()-S@10%& ()- @ @10% & ()-@109%& ()-9!!10%
& ()-gNS<p#3$}[ <1=

10s<10%&' ()-!V6! 10%&' ()-, 9-#10%&' ()-g!, 9-#10%0& ()-0,$' ' 10%& ()--!,%$' 110%
ee& ()--$%R26AeF= 10#10% V& ()-! #10%& ()- #10%&' ()-9! #10%JU& () -f &SZ10%
U& ()- 10 10AI\>[| }[9F= 10!'il16!10% U U& ()-!L-#10% U U& () - @#10%

U& () - @ $#10ndei’  )Riduons’ {jne@rheonaiand )the mixture wag refluxed

10! ! Synt 1090WA&' () - St 10%&' () -f! " 109&’ () - f&nﬁO%&f%%J_lO U 10 U 10 Us<10%

U& ()--"j" e §y$mgi = The insoluble matter was tered off by
Oll@ﬁ#lo%E&f )--! @#10% - &'()--@% 0% & ()- 10%e& () - 0%&'() Synf 10%&
' () - Sp$HK S W Kbk & \ReRané BAdEp (yente pEY. iR ipsed o Lvent.

filtrate was concentrated under reduced pressure and the

5 resulting residue was subjected to silica gel column
chromatography (eluent; hexane/methylene chloride = 2/1) to
give the titled compound (0.75 g).
1H-NMR (CDCl,) 6:4.26(3H,s), 4.45-4.75(4H,m), 6.39(1H,s),
7.03(1H,d,J=8.6Hz), 7.48(1H,br.d,J=8.6Hz), 7.74(1H,br.s).

10 Example C17

A mixture of 4-bromo-2,2-bis(fluoromethyl)-6-

trifluoromethyl-2H-1-benzopyran (1.73 g), 2-cyanoethylamine

15 (1.44 g), potassium iodide (0.86 g), triphenylphosphine (26
mg), palladium acetate (11 mg) and N,N-dimethylacetamide
(10 ml) was stirred under a CO atmosphere at 100°C for 3
hours. To the reaction mixture, 2 N HCl was added and the
precipitating crystals were recovered by filtration. To

20 the recovered crystals, ethyl acetate was added and the
insoluble matter was filtered off; the filtrate was washed
with a saturated aqueous solution of sodium thiosulfate and
a saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentratea under reduced

25 pressure; the resulting residue was recrystallized with an
ethanol and water mixed solvent to give N-(2-cyanoethyl)-
2,2-bis(fluoromethyl)-6-trifluoromethyl-2H-1-benzopyran-4-

carboxamide (1.46 g) represented by the formula (Cl-1) and
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10 10" <109%& ()-!,L-#10% & ()- !, L-#10%J J& ()- z&®b}"' "' { (((WT7{\: 10&;
109B&' () - z#10% 14 MAR 2003
& ()--1z#10% B} B& ()--![z#109N& () --! z#109BB& ()--! Sz#10%& ()--(())*+++}[<
1: 10BL<109B& ()-!s9-f#109BB& ()- !9-f#109BB& () -

$- #109B& () - (! $- #10UWKKE ()-( "2109B& () - ++++, , -. gH:
10BL#109B& () - T! y#10%sBsB& ()-T "109B& ()-z! "10%& ()-z| %M 0B& ()- 10B
10B. ./ P/ d//O{Y7H: 10! -S#109BB& ()- '$ 10%& ()-S $ 10%& ()-S'$

109BB& () - Sh#t0e®' @) melt#h@rpBiBE OF- 10911113110\ :

10! 1" 1098 ()-!"109XX& ()-, & ml0% U8 ()- 10B 10B

10Bs<109B& L}-NMR- $PMSO-dg) (§:2 \A2IB45)T-6-\3Hz), 3.47(2H,q,J=6.3Hz),

10! | s#109B88& )-!#10%UU&'S)-S"lO%)P&'S)-S!S"lO%UU&'(%-8!8"10%&'()-8"1096
U& ()-5' 5[ 546080t BRT&6M) .16 -14{db, s), 7.11(1H,d,J=8.61z),

7.59(1H,dd4,J=8.6,2.0Hz), 7.83(1H,d,J=2.0Hz),
5 8.85-9.00(1H,m)
MSm/z:360(M")
Example C18
Preparation of N-(2-cyanoethyl)-2.2-bis(fluoromethyl)-6-

10 i -6- -2H-1- -4-
] 13 14 (alt . thod £ . ] 3
compound of Example C17)
1) 2.2-Bis(fluoromethyl)-6-trifluoromethyl-2H-1-benzopyran-
4-carboxylic acid
15 A mixture of 4-bromo-2,2-bis(fluoromethyl)-6-

trifluoromethyl-2H-1-benzopyran (1.72 g), potassium acetate
(2.00 g), potassium iodide (0.85 g), triphenylphosphine (27
mg), palladium acetate (11 mg) and N,N-dimethylacetamide
(10 ml) was stirred under a CO atmosphere at 120°C for 9

20 hours. To the reaction mixture, 2 N HCl was added and the
precipitating crystals were recovered by filtration. To
the recovered crystals, ethyl acetate was added and the
insoluble matter was filtered off; the filtrate was washed
with a saturated aqueous solution of sodium thiosulfate and

25 a saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentrated under reduced
pressure; the resulting residue was dissolved in a

saturated agueous solution of sodium hydrogencarbonate
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& ()-3!'ss" #10%0U& () -!s' #10%&' ()-!ns' #10%JU&' ()-!s' #109%& ()-!s'#10%U ] & ()-K
7TL7M7Y798t 899gE: 10 1 AR 9
U @10%7& ()-@t @10%HHE ()-@ ! 109K ()-2z!,: 1 10%& () -zS&MLOY%&' () - i&4 %E
99:J:::k;}[9E 10
1,$"10% 47 4& ()-S',$"10% & ()-S, z#10%&' () -e!, z#109%&' ()-e!,z#10% Z Z& () -e
109K () -k;; =<<<===z[<1l: 10
10s<&10%&' ()-y810%& ()-!>y810%& ()-!, -Z"10%&' ()- !y, -Z"109%WW& () -
, $" 109 () - Bashed> R tPKAYlehlbGoh@thane; concentrated HCl was added to
, - #10%& ()-Sy!t,#10% /& ()-@10%& ()-g!'!'10% /& ()-9&MO0% & ()- 10
10K? @ @AAALheF rest1104vgl @dRicOus2 3898 &to) mhks- £#108€381i€) anti$tHa0%s/ s/ & () -
, - #10%&' ()-S!'~, -#10%/ e/ & () - SABBBBBBBC~\ : 0
10! " 10% / & precipddRtinggiony®¥ed's( werelgecogered by filtration. The
10/s<'10@6&f()-!4#10%@/0/&fS?-CDDDnEFdFGZX6~\:O

recovered crystals were dissolved in ethyl acetate, dried

5 with anhydrous magnesium sulfate and concentrated under

reduced pressure; the resulting residue was recrystallized

with a solvent consisting of a mixture of ethyl acetate and

hexane, thereby giving 2,2-bis(fluoromethyl)-6-

trifluoromethyl-2H-1-benzopyran-4-carboxylic acid (1.25 g)

10 represented by the formula (C2-1) and having a melting

point of 162 - 163°C.

1H-NMR (DMSO-d,) 0:4.56-4.85(4H,m), 6.81(1H,s),

7.08(1H,d4,J=8.6Hz), 7.60(1H,dd,J=8.6,2.0Hz),

7.83(1H,d4,J=2.0Hz), 8.86(1H,d,J=2.0Hz), 13.45-13.70(1H,m).

15 MSm/z:308(M")

2) N-(2-cyanocethyl)-2.2-bis(fluoromethyl)-6-

A mixture of 2,2-bis(fluoromethyl)-6-trifluoromethyl-

2H-1-benzopyran-4-carboxylic acid (1.55 g), thionyl

20 chloride (0.51 ml) and toluene (5 ml) was heated at 80°C
for 5 hours. The reaction mixture was concentrated under
reduced pressure; to the resulting residue, a mixture of 2-
cyanoethylamine (0.42 g) and acetonitrile (5 ml) was added
on an ice bath; following the addition of a mixture of

25 triethylamine (2.52 g) and acetonitrile (5 ml), the
resulting mixture was stirred first on an ice bath for 10
minutes, then at room temperature for 1 hour. To the
reaction mixture, 2 N HCl was added and the precipitating
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10! $! 10%00& ()- !'$! 109 ()- !'$!10% /& ()-
1,110% /& ()--,y! 10% & ()-@,y! 10%/}/ & () - G5CBGUGEEGEGVK@ 10! 110MAL M3
10/ L<&10% & ()-'6 10% & ()-'[ 6 109BB& ()-410% & () -

2109 & () - G HHI | | zX6VK@ 10! nt 109& () - S! y#10% U U& () - g! y#109%& ()-g! "10%
& ()-! "10%v& ()-&3m0% U ()- | JIKKLM[IVK@ 10!!x - #10%JU& () -

|- #1000U8' () - &Sf#10% & () -- ! &$f #10%JIUE () - - nt 10%

U& ()-S! i 109%& ()- SMVMVMVM NNO-\: 0 10! 11 yf #10080U8' ()-g'yz 10% 1 18& ()-!yz

109%RUGUE ( crpstGibsUdigne redyeh®Ed) by Addredion. The recovered

10

15

20

25

crystals were dissolved in ethyl acetate, washed with a
saturated aqueous solution of sodium chloride, dried with
anhydrous sodium sulfate and concentrated under reduced
pressure; the resulting residue was recrystallized with an
ethanol and water mixed solvent to give N-~(2-cyanoethyl)-
2,2-bis(fluoromethyl)-6-~trifluoromethyl~2H-1-benzopyran-4-
carboxamide (1.61 g) represented by the formula (C2-2) and
having a melting point of 129 - 131°C.

1H-NMR (DMSO-d4,) 8:2.77(2H,t,J=6.3Hz), 3.47(2H,q,J=6.3Hz),
4.53-4.82(4H,m), 6.14(1H,s), 7.11(1H,d,J=8.6Hz),
7.59(1H,d4,J=8.6,2.0Hz), 7.83(1H,d,J=2.0Hz),
8.85-9.00(1H,m).

MSm/z:360(M")

To an ice-cooled mixture of 2,2-bis(fluoromethyl)-6-
trifluoromethyl-2H-1-benzopyran-4-carboxylic acid (0.20 g)
and tetrahydrofuran (3 ml), N,N’'-carbonyldiimidazole (0.12
g) was added with stirring and the mixture was stirred for
1 hour. Thereafter, 2-cyanoethylamine (0.06 g) was added
and the mixture was stirred first under cooling with ice
for 1 hour, then at room temperature for 12 hours. To
the reaction mixture, an agqueous solution of potassium
carbonate was added, followed by extraction with methylene
chloride; the organic layer was washed with water and
dried; the solvent was distilled off and the resulting
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N' 109HH&' () - VWWWAKY} [ 9g\ =0 10! !'! ~9- nf' 10%x& () - ! ~9- m' 10%BxB&' () -
#1098 ()- @#"109BB&' () - @#" 10%& () - @#109B&' () - @YYYYYYY#ZbC0
10! 11 ~10%4| &' nesidllyefas (Yechtpst sl (i)ze@, Wil &qlventl@@nEdBting of a
10B° <&109B& ()-#Z_ZZ[[[3\dEbCO 10!!!~310%4| & ()-1!110%4| & ()-- 10%4| & ()-|
10%4] & () -t Mimbogw& (9f etllopl|aqhatd |and \hejafEbCFhereby giving the
10011~ " 10%4| & ()-%y10%| & ()-Y

titled compound (0.20 g) having a melting point of 135 -

136°C.

5 1H-NMR (DMSO-d,) 06:2.77(2H,t,J=6.3Hz), 3.47(2H,q,J=6.3Hz),
4.53-4.82(4H,m), 6.14(1H,s), 7.11(1H,d,J=8.6Hz),
7.59(1H4,dd4,J=8.6,2.0Hz), 7.83(1H,d,J=2.0Hz),
8.85-9.00(1H,m).

MSm/z:360(M")
10 Example C20

N-(2-cvancethvl)-6-pentafluorcethyl-2,.2-bis(fluoromethyl)-

To an ice-cooled mixture of 2,2-bis(fluoromethyl)-6-

trifluoromethyl-2H-1-benzopyran-4-carboxylic acid (0.20 g)

15 and tetrahydrofuran (3 ml), N,N’'-carbonyldiimidazole (0.10
g) was added with stirring and the mixture was stirred for
1 hour. Thereafter, 2-cyanoethylamine (0.05 g) was added
and the mixture was stirred first under cooling with ice
for 1 hour, then at room temperature for 12 hours. To

20 the reaction mixture, an agueous solution of potassium
carbonate was added, followed by extraction with methylene
chloride; the organic layer was washed with water and
dried; the solvent was distilled off and the resulting
residue was recrystallized with a solvent consisting of a

25 mixture of ethyl acetate and hexane, thereby giving the
titled compound (0.19 g) having a melting point of 144 -
145°C.
1H-NMR (CDCl,) 6:2.73(2H,t,J=6.3Hz), 3.67(2H,q,J=6.3Hz),
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10111 ~1 91L0% U& ()- 104] 104| 104|F <&10%}| & () - YF:

109% & ()-1y810%| & ()-610%| & ()-__  waa- bxY7nbCO 10!!f#109%JU& ()- f#10%

& ()- 'f#100U&' ()- f#10% ()- '!'ynm10% U
U& ()-'ym' 10%~& () - - bAbccct dheoepe} [ <1CO 10 UY9<' 10%
U& ()-!i9-f #10%8%& 7C3)(4H o) # B0A8 (B, 5141 6%A& -6)- 69 (1HL#I0UE ()-3 , G 10%
U&' () - pegere~eeW f ggECO 10
U f " 109BB& (7)--0!3idf#§'%(' =8 . f3EB 141 (1A . =8y &no9B& ) () -
7.81(1H,4,J=2.0Hz).
MSm/z:410(M")
5 INDUSTRIAL APPLICABILITY
The processes of the present invention for producing
4-substituted benzopyran derivatives involve fewer steps
and feature greater convenience and safety than the prior
art processes; therefore, these processes have outstanding
10 practical utility as methods of synthesizing intermediates

for the manufacture of medicines, agrichemicals, cosmetics,

etc.
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h& ()- 10'0 10'0 10' of <&10% o&' () - 22344 66}[9~ =1

| x| +#10YKKE DR buh G 169 OPMh& ()- " 10%h& () - yy#10%

& ()-S666666778~]; ! ! y#lO%—IH& () - y#lO%&' ()-1y#109& ()-' nMLO%& ()- 10 h
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0
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CH,F
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o\ _CHef CH,F
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R39
::_—I—'OH
R4 (C-lg)
R3¢ 1 7
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4 2 29/\ OH ( = g)
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CO,H
H‘g——/ | s H
N Wi R | R (G-IIg)
Hzg R4g (G-Ig) R2g N o) R4Q g
O~ _NR®R®
Os_ _NR°R® H
(G-IVa) 1 ~
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ltL- @10%H& () - ! dL- @10%H& () -
) - <<<<K<K<=>>~\ 1
10H 10H 10Hf s<&10%&' () - ><? @ @BAPASB} "<~\ : " |
TTO-#109& () -
)-@BCCC C1C'C.CC~\: !

10' 0ys<109% 0& ()-3: m 10% o0& ()- !|9- #10%0& () -

10'o 10'o0

I $" 109HH () - #109%& () - @ #10%& () - @#10%4&
11 #10%008&' () - @ S#10% o' 0&'( % )- Sl #10(% o(0& ()- S'( )@m(%%d\&AR(Zp&l

' $#10% 0& () - - ! $#10%00& () --#10% & () - - | #10%00& () - - #10% 0&' (
| 1M 10%\ & () - ! P&L0%l\ d\ & () -
' C5DECEF4FF} A<\ ;

|11 9B#10% \ & () - Zz#10%&! () - @2#10%\&' () - GHLO%: () - g! ~#10%\ & () gM 109%.& (

) - F HSHHHHHHRZ _ s O)my T
10%\ & ()-! }9$#100/&' ()- Z' 9$#100/&' () ZH*I Il JJKz[ 9dY
n& ()-T! #100C0RpEuNas] @

W& ()-z!i110988& ()-
U ()-!e/" 10008 ()-z!n/"10%)& ()-z!]
) - BNI NJNKNLNXN; OPnPOy; INRRD% !
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211 109008 () 2 KGLLLMVENWUBAY:
"'10%JU& () t'n' "100& ()-t!]j #10%U& (
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R1_._k CH2F
JS CH,F
R 2 (G-VIh)
o N
Y o
H1
0”7 TCHoF ,
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Os._ _NR°R®
Rw__/ | R
5 0~ TR
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Os_NR°R® o
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Us<910% U& () - mPEQQaRRAS- TzX6~\: “ 1 I n/ #10%00& ()-' ! n/ #109%& ()-'! n$#10%& () -

| $#10%00& ()- “110% & ()-z! ! 10%08& ()-z- TATST6T7TCTUW-\: 1 11§#10% h

h& ()-! f#109h& ()-!~f #109%& ()- %@ 10% h& ()- 10' 0 10' 0 14 MAR 2003
10' of  <&109% 0& () - VAN XYPY* ZwX6~\: " ! 1 s4" 109hh& ()- 210%

h& ()-1i % 10%h& ()-!1e% 10% ()-!x 10%&&& ()- | 10%h& ()-
*212223242@129[\~\ L11#10% 0\ & ()-TI X" 10%\ & ()-2z!"10%\ & ()-z&10% & ()- 10

h& ()-\N]]]~ zX6 : L kae (PR )14 Q #10%@E% () - m n#109%& ()

-1 #109%\ & () - #AuE
b~\: 111 @B#10%& ()-'~@#10 BVETCIOMRRR' (1)) 9" mm%& ()- 10\ 10\
111s, -#10% TiT& ()- !, -#10%e& ()-

O
10\ f s<&10% & () - bc@dRd; ef }[ 9~\:
, &SH10%@ () - @, &$#EPY% & () - @#10%&() @ @109\ () - @ff
) -

f17-fgMgah~ = ILLI #T0%RN& ()- S, #10% h& () - 2! , #10% 'h&'()-z' 10% h& ()- 10
10 10s< 100& () =R 55?2} K}A<e = 11115- #1%1 9$#10%

h& () -1 9$#109h& ()EFLO% & ()(Cave) L0%h&: () % J

A& ()-S k2L FI G H T UT >m\: 1111 S@ 10%& () - fl@hw/ &) - FECigoe & ()- 10
h 10 h 10 hY<: 10% h& ()-!ss-#10% ! & ()- >mmn! 00pCaz[<~\- 11111 +#10% & ()-Z

)10%&'()-!t3"'10%\&'()

Hal
CH2F /Iﬂ
CH,F Rie
(C-VIa O\ CHoF
) re’ " N0 orpe )

Br
R?

\

CH,F CH2F
O “CHF  (Iy) oA
CH,F (C-la)
CH,F

== 0802H7('

CH,F | (C-Iva) FﬂG_@_ OH
(C-Va)
ReW !
CH,F R'e
SE Il

CHeF (C-VIb) CH,F
0 CH.F (D-Hb)
Oy -NR°R®
H1 O kj'\/\
N CN
1
CH,F R N
07 “cHr (G-VI) CH,F

07 “chr  (G-Viy)
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10% & () -! #109%& () -
, &TL0% h& () -

h& () -

h& () -

h& () - 6vkvvvv%/\)\ WdE~ @l Fl I

h& ()-1310%
,H#100RE () -1,

#100@ () - &FlO%4| g()-
h& () - LyyUz{ Ko uh@s ? Y

| #109\ & () -

9% 10% h& () -
10%h&()
\ Po v

Cqqaqaqaqor]r~_@!!!!
10\ 10\ 10\f<:10% & ()-'[y6

109 ()-]rrrrs/sksde~_ @!!'!'!'L 10% h& () -
10% h& ()-10% h& ()-kssst*t]ttdE~_@!!!!
@10% h& ()- @10% h& ()-ttBuuuv6vdE~_@! rl
h& ()-+, #10% h& ()-9% 10% & () -

10% h& () - @0%
14 MAR 2003

10% h& ()-910% h& ()-!10% h& () -
10% hé& () -

10% h& ()-10% h& ()-10%

,110% h& ()-1s-10%

F'"10%

810% h& () 6_10% h&: () 4310%

) 10%}| & () - ! n#10%EE& ()- ! #10%|& (
#1098 & ()-SYZ)[}\}]}6~1 ~d~\="111g#10% o0& ()- @ g#10% {& ()- B @
10% (& ()- fls@lowg #0& ()-f 104] 104| 104 F<&100/'l& ()-cx}[:=\="111 6 10%
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CH,F (C-IVD) (C1IVo)
2 CHzF
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(CVa) /LCHQF
CH,F  (C-VIb)
Br
; Br
R'S H R'e
CH.F CH,F
07 “CH,F (D-IIb)
07 CHF 1)
O~ _NRRE
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R— | R
A 0 R4
R? (G-VI)
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10' 0 10' 0@&10% 0& ()-6 10% 0& () - IMH 8} A< _="111

| @- y#10% [ & () - S@H#10%& () -, ! @H#10%W/( V(& () -, SH10%& ()-@8#10%_L&'1(2-r%#10
058 ()-8F~ =111 11[110%H& ()-2' 10%4& () - 10 10 R 2003
10" <: 109%& ()-!d6! 10%& ()- @®- y#109%&' ()- S} <~ =111

1$" 109 () - - #10%& () - @ #10%H& () - @ 10%& () - @" 10%H () - @ 10%& () - z{\:
111 s#10%008& ()-g' 3mL0% o0& ()- 10H 10H

10Hy" <: 10944 ()-!t$" L0%-H&! ()--'s$ 108! ()--zX6{\ 115" 10%00& () -
1's"109%ZZ& (2 C ) XpaEHHIER 1 FO#1OY00& () - s#10%

& ()-g6z[ PE ° 100 100

i X )é ; b . ZX6
@10%? Q & () l@#lO%_L& ()-l@#lo%/v& ()-IXI 10%& ()-g'! 10%{(& () g
&mlO%& ()- zzX9.: 10s<" 10%& ()-'x@-f#10%H& ()- ' @-f#10%H& () -

@O 1090& () - ! e@/df' 1096Q% () - ! x%' ()- "[ngH: 10s<' 1y"10%

h&' ()-S!y" 100& ()-S10% h&' ()-z! 109%448<()- 2" YML0% h& ()- 10 10vz[ 9H;
10! S4#10%Mh& ()- 2 10% h& 04! } $#16%n& () - | SLOMN& ()- "10%
&()-@" 10%1h&() @?@BN, ~F§= OIIJ(Gﬁzj&() g£_ 0%&' ()-gl % mlo%& ()- 10 h 10

0% "8 () hlr}1g-~\ v
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step
(2-5)
Hal
1
s
¢ R | s
i TR0

- 142 -
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1 10! f1109%% ()-g! f!110%H& ()-g@10%% ()- 10: 10:
10: @<€10% & ()-!~"-#10% & ()- ybD}[9~\= 1 10!! M»% "10%& ()-! #10%&] ()MAR 2003
#1098S&' () - hg#10%G& () - d! hg#10%&' () -dhy 109%&' ()-Ds/} "<~\= 1
10! 11 sFs610%=& ()-,/#109%6& ()- !,/ #10%& ()- YL- L0%& ()-% "109%& ()-!%
"10%8G8& ()-/hopgr~bC 1 10!'!'!'s@10% & ()-@0% & ()-'nl0% & ()- 10G 10G
10&3" <&10%&' () - Fs610%&' () - 4pdEbC 1
10111's@0% & ()-310% & ()-@10% & ()-L!'10% & ()-@ 10% & ()-10% & () - HHAEbC
1 10111sS 10% & ()-@ 10% & ()-, @ 10% &LAMS 10% & () -
10% & ()-@10% & ()-H zdeEbC 1
10!'!11s,0: 1 10% & ()A @iOCess (Jor-d8arREing V- hi¥s &l {Yted HIHAPnarMV'
10% & ()-90 !"dE:/

derivatives represented by the general formula (G-VI)

Os. _NR°R®
H1
\¢
Rz——'// | S
N R®
0" ke (G-VI)

[where R' and R? which may be the same or different
represent a hydrogen atom, an optionally substituted lower
alkyl group, an optionally substituted lower alkoxy group,
an optionally substituted lower alkoxycarbonyi group, an
optionally substituted lower alkylsulfonyl group, an
optionally substituted arylsulfonyl group, a halogen atom,
a nitro group, a cyano group or NY,Y, (where Y, and Y, which
may be the same or different each represent a hydrogen
atom, an optionally substituted lower alkyl group, an
optionally substituted lower alkoxycarbonyl group, an acyl
group, an optionally substituted lower alkylsulfonyl group
or an optionally substituted arylsulfonyl group or, when
taken together with the nitrogen atom to which they are
bound, may form a 3- to 8-membered ring) or, when taken
together, represent a substituent =N=0-N=; R’ and R! which
may be the same or different represent a hydrogen atom or
an optionally substituted lower alkyl group or, when taken
together with the carbon atom to which they are bound,
represent a polymethylene group or a substituent forming a
heterocycle, provided that R® and R' are not both a
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100 10" @<&10% & ()-@:10% & ()-f8s10% & () -,

10% & ()-4110% & ()-,210% & ()-"#/ T<YrP./! f#10%&' ()-!#109%& ()-!# Mmmﬁ
"10% H& ()-!"10%h& ()-L' 10% h& ()- 10 Yt/ X “abx¥YNC8!" 10 h 10 h

hYs<: 10% h& ()-!0#10% h h& ()-m O#10%&' ()-m

yf #10%&' () -! f #1090 h& () - bnGnGg} A<NC8! *

11 #109RR&' () - - #1093 & () - T #109%&' () - Tf! 10%4GS& () -z! f1 1092?& () - zy &MLOYGES: ()
- uH [ >EFzX9. 8 10GFs<&10%G8 ()-!L-#10%&' ()- !L-#10%& () -

&$" 10%&' ( )hydrsehD %R dn) ;- -R°# 208 WhicH Gd e he same or different
10GFs<&1z#10% & () - @ ~z#10%00& ()-@"10% & ()-T',"10%00& ()-T& 10% o0& () -
10G 1OGhn} [1OHf el £ 52 Vi iddm®s8l (9tom lors-am HYdofal)ly substituted

&$:110% & ()- @&S$: ! 10%0& ()-@10% & ()-,!y!10%0& ()-, Zabcdpuj _@

10G %10%;& Jower1 G lkyD' grmp o @RE0W 81 )o:ﬁ d%®1 cuhenes (()l-)os (0% d&)() -
cs-10% -

10G } #10%& 2(4))_,| #1&1%/&1(% - oo {aining: ppaduralisy" pdyEEePs: BSY" 10%H () -) z

odY: 10 '10% & () -
indicated below, namely,

(1): (1-1) > (1-2) 2> (1-3) =2 (1-4) = (1-5);

(2): (2-1) =2 (2-2) 2> (2-3) 2> (2-4) 2 (2-5) =2 (1-5);
(3): (3-1) = (3-2);

(4): (4-1) 2> (4-2);

(5): (a-1) > (a-2) = (b-1) = (b-2) = (1-5); and

(6): (a-1) > (a-2) 2 (d-1) > (da-2) 2 (d-3);

(1-1) the step of reacting a compound of the general

R1
p X
RZ—EI
~ Y

{where X and Y which may be the same or different represent

formula (ITI)

a leaving group such as a halogen atom, an optionally
substituted lower alkylsulfonyloxy group or an
arylsulfonyloxy group; R' and R? have the same meanings as

defined above) with an olefin of the general formula (III)

\/T<HH3
~ R* ()

(where R® and R*' have the same meanings as defined above)

to give a compound of the general formula (IV)
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10G 10G 10G3s<&L0%G&' () -} #109& ()-Y'|' #109%& ()-Y' M #10%& ()- Y} [ <dY:
10G G'10% & ()--! G' 109 ()-- g#10% & () - T! ~g#10%&: () - Ts"10% 6&' () - of 5 \hRYFRS
"()-g("}[9dY: 10G & "109%& ()-!x& "10%

& ()-1& "109& ()-%t10% *& ()-\! %109 ()-\$10% & () - ghijvZn-\=

10G #10%p& () - ! #109& () -! #109%& () - %L0%& ()- 10: 10:

10: @<&10% & ()-gk?}[ 9~\= 10G s9- y#109& ()- ! 9- y#109%& () -

##10%T8 () - @ ##10% & () - @10%T& ()--! #10%& () - - ?FGHI U; xX~_= 10G ! #10%& () -
f"10%G & ()-g! f" 10%40C&" () - g@10%&' () - 108,10m 10m L<&10%r& () - X50Us} A<~ =
10G ! L- #109& ()- ! $S#109G& () - 2! RBHL09& ()1 2F° 100/@& () -

LO9B& () - | #10%RRE! () - SBI JKLX~] ¢ Hou&! ()

V#10%& ()- 'yl 109 ()-  10@-20G 1 Bs<&1096& ()-1}L-#10%& ()- 19E}[ <]

NNy (V)

(where ¥, R*, R? R’ and R* have the same meanings as
defined above);

(1-2) the step of reacting the resulting compound of the
general formula (IV) with a halogenating agent to give a

compound of the general formula (V)

R! R®
R2_f " | R’
N Hal
Y &%

(where Y, R', R?*, R?’, R' and Hal have the same meanings as

defined above);
(1-3) the step of reacting the resulting compound of the

general formula (V) with a base to give a compound of the

general formula (VI)

1 Hal RS
R
N R4
re-L | 0
~ Y (VD

(where Y, R', R?, R?, R' and Hal have the same meanings as
defined above);

(1-4) the step of reacting the resulting compound of the
general formula (VI) with a base to give a 4-halobenzopyran
of the general formula (I)
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10G ! &$: ! 10%VE' () - @ &S$: ! 10%&' () - @1 10%v& ()- @M 10%&' () - @109V ()-! #10%&' (
) - E$ }rg\= 10G ! 109B& ()- 10M 10M

10M <' 10988’ ()-1: @O%E ()-! -y#10%&' ()-! -y#109%XX& ()-( G [ }[99\ %4 MAR 2003
10G "109BB& ()- !"10%& () -

, g#109B& () -T!, g#10% B} B&' () - Tni' 109%& ()-z! ni' 109BB& () -zz[ PE: 10G 10B 10B
10Bs<&109B& ()-!}+#109BB& ()-!}+#10%& ()-)109B& ()-!x"109BB& ()- Yz[ 9PE:
10G #10%hh& ()-"10% & ()-S! " 109%hh& () S! Xy! 10% h

h& ()-z!y! 10%K& () - z%mL0% h& () - WBPE: 10!' #10% & ()-

"#10%& ()-!s' #109%h& ()-![' #10%&R)( 0% ()-)!x#10%T& ()-%-./;{\=

10! 10%4& () - &10%+& ()- 10 h 10 h2 2310% h&' () -1V810% h

h& ()-!' #10%>& () - WOUSdE{\ = R*—

O ge @

(where Y, R', R*, R?’, R' and Hal have the same meanings as
defined above);
(1-5) the step of reacting the compound of the general
formula (I) with carbon monoxide and a compound of the
general formula (G-III)

R°R°NH (G-III)
(where R° and R® which may be the same or different
represent a hydrogen atom or an optionally substituted
lower alkyl group) in the presence of a metal to give a
4-substituted benzopyran derivative of the general formula
(G-VI) set forth above;
(2-1) the step of reacting a compound of the general

formula (III) with acetylene of the general formula (VII)

(VI

(where R® and R* have the same meanings as defined above)

to give a compound of the general formula (VIII)

OH g
R! S R*
’
H2—£ |
NNy (VIO)
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10'$ 10%H&'()-3"10%H&'()-IlO%H&f()-NﬂO%H&'()-!lo%H&'()-‘Z"lO%H&'()-i,ﬁﬂFﬁmf
1014 109%& () - & 109& () -sY+ 1
10948 () -y) 1094& () -' 10%4&' () - %40%1& () - Al xnmbC 10! & 10% U&' ()- 10H 10H
10HS <&10%H& () -Y: 10%K& ()-y81l0%& ()-6T 10%& () - Ozx6nbC
10! 1 e#109%8JU&" () -! WHL109&' () -!g#10% & ()-T!g#10%JU& ()-T 10% M& ()-!
10%U& ()-9 I$19%8&"1z[PE: 10!'! 10 U 10 U 10 Us<' 10% U& ()- 1:10%
U& ()-!'2M 10%U& ()-!12M 10% & ()-!DH#109%& ()-'!3!"U' 1#| ##}"?PE. 10!!
10L10% & () ¢whiD86 R, (R, R’y#RDUWEd ))R* have the same meanings as
Lm'10% & ()-!'Lm'10% f & ()-S&10% & () - #3US$ %8/&z X6 PE
10! '} - @10%efined @HOVE) () - " 10% & () -: ! Vor" 10%t & ()-:! m10%c& ()-"! m
"10% () - &&&&&&I' q' X' bA
(2-2) the step of reacting the resulting compound of the

general formula (VIII) with a reducing agent to give a

compound of the general formula (IX)

H1
N AN
/
RLJZ\ , R3
Y R*
OH (IX)

(where ¥, R', R?, R® and R* have the same meanings as
defined above};

(2-3) the step of reacting the resulting compound of the
general formula (IX) with a base to give a benzopyran

derivative of the general formula (X)

(where R', R?, R’ and R' have the same meanings as defined
above);

(2-4) the step of reacting the resulting compound of the
general formula (X) with a halogenating agent to give a

3,4-dihalobenzopyran derivative of the general formula (XI)

) Hal
R s Hal
R2__rf l
3
N R
O (XD
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10!} S "109%/V& ()-109& ()-yl0%& ()-'yl0o%& ()- 10 10°
100 "<&10% & ()-x""" (((((xXV7bA 10!!SNIlO%&f()-!SNIlO@@[&f()-!SNIlO%Eﬁ&}é)-!S
"109KK& ()- S "10%XQ& ()- 'S "10% i & ()-())*+++++z[ PE: 10!! 10 10 14 MAR 2003
10L<10%& ()-!'n@ SH10%/NV& ()-! @ SH10%. L& () - @f#10% & () --! @f #10%/V& () -- ++
& ,;---zX9PE: 10!!~
10% o0& ()-!'#10% "' & ()-!'#109%& ()-!#109% ()-!#10%00& ()-&Y10% 0& ()--...S//0{
\:PE 10!!!Lk& N 10% 0' 0& ()-$"10% 0o& ()-!$"10%uu& () -
$"10% &' () - z¢iiOp e &RY(,) RA ZRLOMR' ahd HR&DTHAGE 11HE 1$dié \mreanings as
100111109 ()-%40% & ()- 10'o 10'o 10' 0,s<10% 0& ()-!}0"10%0& ()-U
10" 109&' () - deRDPRBAYefe); 10! 1! THI0N & ()--!, THIOW/ X/ & ()--,#10% & () -3
FV#10%/ & ()-3 1, #109%& ()-3 '!110% & ()-3u440566 6! 6"6XYNC8 10!! 10/ 10/
10/ L<10% & ((24%) g% P (£ areagirmihe (yesulting compound of the
t,@&lO%&s&f()--)!,@GIO%SS&T(2--"6.67K7777}A:NC8 10!'!

general formula (XI) with a base to give a 4-halobenzopyran

derivative of the general formula (I)

; Hal
R
PG
Rz_,:/ | N
N R

R* ey

(where R', R?, R?, R! and Hal have the same meanings as
defined above);
(3-1) the step of reacting a compound of the general

formula (G-I)

o I
R | R

S

R2 (0] 3
@

(where R', R?, R® and R' have the same meanings as defined
above) with carbon dioxide in the presence of a base to

give a compound of the general formula (G-II)

CO,H
P
M | R*
R 9 R (G

(where R!, R?, R® and R® have the same meanings as defined
above) or a salt thereof;

(3-2) the step of reacting the resulting compound of the

- 150 -



10

kSS! 109vM&' () - SS! 10%&' () - ! SS! 109/V& () - mt 109%&' () - z! nt' 109%& () - %L QY&MAR 2005 8
99:};;;2X9.8 109<&10%& ()-!j S-y#10%UCC&' ()-!S-y#10965& () - SLy#10%4&' ()-

I SSLy#10%>& () - ! LSLy#10%WWK' ()- ;;;;; T<g<<j18 109<&10

&SI 109&' ()-f!10%& ()-!!10%H& ()-110%4& ()-' mO%K ()- 10 10<<=| ==>>z[ 91 8

10! n' #109%&' () - #

10944&' () - #109&' () -! #10%H&' () -! #10%h& () -! &S! 10%&' () - f >? QOo0ad) \ =

10! &@ 0% &e¢neral Bednyla (KDH IOHr salt thereof with a compound of

10Hf 9<10%4&' () - ! xn' #10%4H& ()-! n' #10%& () - @GAABBCLCaB{\ = 10!, @

10% & () - Qtosgengra i faneld )Gyl & ()- "9

10% & ()-,10% & ()- LC*CCCC, Df DaB{\= 10! 5) 10% & ()-,' Z10% & ()-!d# 109%& ()-#
10% u& ()-!10% &R'R'NH 10% & () - f DDEEEBFFFHE{\ = 10/ F: @

10% & ()-f810% & (&-56210%&'_()-4"10%&' ()-- .

10% & () - s3uempsR @ndr Bz e ¢ praysdes the same or different

10! S"10%b&' () - SH10% & ()-z! #10% ; & ()-z& 10% & ().- 10t 10t

10t L<10% & {92 1% _@%%f}i@)&c?“id@;%&'?‘) W herigh Y jSubsTEHGRA ()

0 gl G b 31 I B dod v e
S i AL PR RAL ARSI sor comen sove

(4-1) the step of reacting a compound of the general

.
R2 O h3

(where R', R?, R’ and R* have the same meanings as defined

formula (G-I)

G

above) with a compound of the general formula (G-IVa)

o) NR5R®

Cl (G-IVa)

(where R® and R® which may be the same or different
represent a hydrogen atom or an optionally substituted
lower alkyl group) or a compound of the general formula (G-
IVb)

R**NCO (G-IVb)
(where R®*® represents an optionally substituted lower alkyl
group) in the presence of a base to give a compound of the

general formula (G-V)
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1011 9- #109& ()-!9- #109& ()-!9- #109& () - $SHL09%& ()-,! $#10% J} J& () - ,qu%@(
) - @>PFPGPHPI PUPLChQ @ 10! ! y" 10% & ()-y!y"10% ! & () -y, &ml0% h&' () -

10/ Y <10% & ()-Y: 10% & () - hQKRR SST} "< @ 10! ! | $#109hh& () - @ 10%

h& ()- @"109%h& ()- @#10% & ()-i! c#109%& ()-ivy 10%

h& ()- TTU W VdVeVf VgVz[ PE: 10!! 10 h 10 h 10 h <10% h& ()-!L-#109%& () -

It L-#10%& ()- !L-#109%hh& ()- $#10% && () - @VsV~WLW XgX{ Y: PE:

10! 1 #109% & () - S! f#109& () - S! #'10% : & ( -f'"&Qg?éEl\/El\/& ()-f

"109668& ()-f3(cl0% & () - gX?YyYSZZZZ}\ : - #109XX& (

& #109& () - $#10% & ()-, | S#100& ()-, "10% & () -- ! " 10%& ()--Zf[ WAWWS T\
10! 11 y#10%8h&h&' () - zf &10% h&' () - 1

10: L<10% & () -1 & #10%& () - ! & #10%” 'A AN D9\

10! 11 e$#10%##& () --! #10% & () B-T@109 74 #10%

\& () - @y#10%h& () - @#10% 1& () %& dagab}rg\= 10!!!'10% o0& ()- 10 h
10 h 10 h s<10% h& ()-!}L-#10% ()- !L-#10¥%h& (XO-¥110%

& ()--bybbccdd} [ <g\ =
10! 1T #10% 0&' () --!'#10%00& () --f#10% o0& () -T' f#10%0& ()-T"10% & () -z! " 10%#
#j & () - zdef GihéegzrBo\R2, 18% | RH1RY0&%A (R have# tB¥K's@ire meanings as
defined above};
(4-2) the step of subjecting the resulting compound of the
general formula (G-V) to thermal cyclization reaction to
give a 4-substituted benzoyran derivative of the general
formula (G-VI) set forth above;

(a-1) the step of reacting an alcohol of the general

formula (C-I)

=T on

i D

(where R® and R* have the same meanings as defined above)
with a compound of the general formula (C-II) or (C-III)
R’S0O,C1 (C-I1)
(R780,),0 (C-II1)
(where R’ represents an optionally substituted alkyl group
or an optionally substituted aryl group) in the presence of

a base to give a compound of the general formula (C-IV)
R
EEE——*——OSOQH7
4

R ©1v)
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PT-#10% " & () - ! -#109%&R () - &$#10% & ()--! &$#10%0&' () - - egngngogpg| gahhh~_@
10! 1{910% h& ()-#10% & ()-z! #10%h& ()-zf &A@ 0% h& ()- 10'o 10'o R 2003
10' 0<10% 0& (O)-hxiijj/k_k}[<~_@10!! )-10% h& ()-!#10%14& () - #11)(%% (29
L#109%h& ()- |1 #10% h& () - I #109%&' () - _kyl | mmmm{pez; 10!!y&m0% U& ()- 10
h 10 h 10 h s<10% h& () -
| +#109&' ()-)!j| +#10%& ()-!} | +#10%h& () - nChmmiVnnoyWseZ;
10! y"10%0U& () -!'y"10% & ()-!y"10% i & ()-!XY"10% U U& ()-y!'Y'10%)& ()-y
Y'109& () - yiosom ppR® madd! R'SHaMeANE Spmenhe¥ndafas) as @efliné@ U 10
U3L<10%

above);

(a-2) the step of reacting the compound of the general

formula (C-IV) with a compound of the general formula (C-V)

p2>” TOH
(C-V)
(where R' and R? have the same meanings as defined above)
in the presence of a base and a monovalent or divalent
copper salt to give a compound of the general formula

(C-VI)

)
AN | R?

2y 0
R R® (C-VI)

(where R', R?, R® and R’ have the same meanings as defined
above):;

(b-1) the step of subjecting the compound of the general
formula (C-VI) which is the end product of step (a-2) to
halogenation reaction to give a compound of the general

formula (D-II)

Hal
P
e | R
R % g o
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U&' ()-s#10% U&' ()- !es#10%JU& ()- pp@aqqqqqdE-=Y FZ 10% & () - @Z
10% & ()- @0% & ()-RL0% 0& ()-fl10% o0& ()-f 109% o0& ()-: qqqqqqqqu] Cbr MAR 2003
10% & ()-@ %Z 10% & ()-@FZ 10% & ()-@ FZ 10% & () - @Z

10% & () - @9qaqqqagx_>=Y , 1098& ()-FZ 10% & ()-@ FZ 10% & () - &FZ

10% & ()-@ FZ 10% & ()- @qqqSrWt|[:>=Y iS[-y 10%& ()- t'j109%& ()-T *
1 10%BQ% ()-Z 6 109$& ()- - 109$& ()- s$s109B& ()-ttttt#t u<ubuvUs
y@10%&' ()- ym10% " & ()-z ym' 109&& ()-z S& ml0% & & ()-10$10$10$
T<109%6& () - bty Vi | R?Y UR? Yaria 'REOHESe(the 94MEméakings afOHdHUSa () -

a@ 10%& ()- @10% & ()- y@10% 9%&' () - xx' y] yeyfygyhyuy| obU4

f &MLOYRIRE&HJved Cardd I X AdpBesel DSk Haldgen atom);

(b-2) the step of subjecting the compound of the general
formula (D-II) to thermal cyclization reaction to give a 4-

hlobenzopyran derivative of the general formula (I)

; Hal
R
\&
el | S
NN R?
0" e D

(where R', R?*, R’, R' and Hal have the same meanings as
defined above);
(d-1) the step of reacting the compound of the general
formula (C-VI), which is the end product of step (a-2),
with a compound of the general formula (H-II)

0=C(OR"), (H-IT)
or a compound of the general formula (H-III)

C1lC=0(OR’) (H-III)
(where R’ represents an optionally substituted lower alkyl

group) to give a compound of the general formula (H-IV)

Os_ OR®
o~ |
HLT; ( R (HJV)
RZ\ O R3

(where R', R?®, R?, R' and R® have the same meanings as

defined above):

(d-2) the step of subjecting the compound of the general
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110% & & ()- t,!109%& () - ,110% & ()-"uy_zzv{{B|||[:bUs 2z#10%&#&& ()-

yZ#10988@& () - Z" 10%&" &% () @j 7" 109804&' () @ s" 10%@#8&' () -

S"10980& ()-|||"}}~: zY8bU4 \)#10%& ()-- |)#109%8& ()-- )#10%&s$&& (4 MAR 2008

" al0%BRES ()-- }z#10% & ()--1 0z#109%& ()-; CDEFS=vU4 SL" 100898&8 () -

L"1094! 1& ()- L"10%& ()- ' SmLOYRIBRE () - 1089MR10&IVE! 1089M&

<1098 ()-=S.f|[:vU4 96 10900& ()- D$- 10%RWRE ()- " 10%&" && () - -

\"10980& ()-- f#109%8}$8&& ()-S W #10%& () - SP[{Z9, 4108%8/& L<109RIBESE' () -

0S4#10%0&' (HormIDVERORER ) ) to abhdAfdl (dydPeafilon &dgction to give a

96 109 " &&' () - bAA10&90& @ 109%R& ()-S 0@ 10% B% & () -S #1098& () -z

#1090& () - 7 SRR (OF LORSHBANREAR 6 rrAdll) ROB4EY ) - 1090&’ () - ##1096& () - -

| #1009 () - - y#10%@& () - @ y#109% & () - @ oy#10% | & () - @ U4108 10%8& () -y

y&MLOYB&: () - 1094.094.0% 38<1098& ()- e}.#10% % & ()- &

e. #10% #r & ()- &SEW | [: vU410& R#10% %8 ()OR® S" 10%& ()-S 0S"10% % & ()-S

10% & ()-y 109%& ()-y 109%& ()-y:wlc| ZOVIA10& 0#10%& ()-K ! 0#109%& ()- K

& ' 109 ()- ##10% $& () - @ e##10% #L.& ( @#10%& ()- @AWU410& ! 1098& () - y(
Y nﬁ 109 4% & () - K

9BQ [:vU410& f)1098& ()- ent 16%_@ r 0%n& ()- enf10% 1$r& ()-

Ss$109& ()-S aSs$109%m$n& () - S| ob o 10988 () - 10940940% 9<10%& ()-

ax& #109%9n& ()- e& #10% % & ()- '+ 3+#1090& (); HU{Z9bUA10& f- 10% ! & ()-

M- 10%$t& ()-- W- 10%-~ & ()-- '1098 & ()-y !"10%& ()-y

"10%& ()-yu 0&: { ) 08 () -

e#t" 109%& () - ‘[z‘%%ﬁ% % #1 /Iy &? etn%%y 13‘59(5?3.%3 (’ﬂ‘ﬁ Ja%m 10984 () - f
& SmLOYeE: ( @éﬁ%@%@ o%&() l\/D#lO%#t&() Y ?r|[:vU410&

M y#10%061& () - OH y#109%0& ()- \#10%r"| & ()- a#l0%8& () SH10%& () - @
aSH10% o () B BI0NS 1006 Gl o AR e fxS4dOB] (CorkBRRYIAIthe
9<109%9& ()- R y#10% % & ()-sr|[:vU3T0! "#10% & ()- yn #1098& () -

0" #10% $| & (Jenerd10f8BGla E-@ LOMAL RN -Sub F@TONG X Hed HTArD 15 2etidd 10!
& MLOYRIDRE () - 1094094A0% 9<1098& ()- }-#10%& ()- o0j - #10% % & () -

0- #10% Q4 & Y -dtaydt4 t il 166N d @R 15 &8L 1) -aQ@AHIOMR/R T )th@ #0RSER () -
eo#10900&' ()- | #10% & ()-_ O#10% & ()-tAP|[9bUALO! !9-" 109&<&<& ()-

}9-" 109" & (forresla 10061T)) %10%890L ()-] OWLOYBE ()-]

| $109RIBRE () - PtvUZgIQ' e#10% $r & ()-' ' NMLO%WE ()- 1089UR108IBEI08IBE.

' <109@00@& ()- V: BGes ()- e9-' 10%& Ae1Els100 [ % 109m0a& () -
0x"10% | & ()

a# 10990 & ()("Fb%{ﬁ%%(ya%% %%ﬂ%‘)‘ 1P3%H0R% ﬁl&/é%%sa#lw gﬁ(ége%in%lo% % & ()-

represent a hydrogen atom or an optionally substituted

lower alkyl group) to give a 4-substituted benzopyran
derivative of the general formula (G-VI) set forth above.
2. A process for producing 4-substituted benzopyran

derivatives represented by the general formula (G-VIa)

o) NROR®

R1a

(where R' represents a lower perfluoroalkyl group, a nitro
group or a cyano group; R*® and R*" which may be the same or
different represent a hydrogen atom, an optionally
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eL-#10% % & ()- 9% 10%.9%& ()- c>z|[:bU410! #10% $& ()-- | WHLO0%&' () -

f1098@& ()-S jf10%!& ()-S y"109%& ()-y y"109%& ()-yzF| [NA410| 10%10%1% MAR
L<1090& ()- ex4"1098& ()-s {& 10%8& ()- ##109%8& ()- @ 2003

j ##1090& ()- @, | [ NAA10! 10 } SH109 $u&! ()- SHLOYB&' ()- } SHLO%E! () -
"1092" & ()-f "1008& ()-f L' 1098& ()-, | [ NA410! 10%4.0%4.0% 39<10%4& () -

| s #10%&%I& ()- ex #10% % & ()- |} #10%%l&’ () -

yQ #10%" ! s& () -] ZONA410! 10 yf! 10%r9%& ()-S! axyf! 109& ()-S ! 10% S& ()-y

| 10%-r %-& ()subs tLHOKTRKE Y9war & e (Or Sivdsr ke tbye thied- ALAMSE ()

f $#10%$s& ()- | fS#10% %& () - y#10% s& ()-@j y#10% %& () - @

ey#109R5&! ()LhEUCARYUB\ANN0! t & aobai NRie) - &8 TIIRA./EEpEesent a
"mLO9%LYVE' () - 10sr %6 10sr %s10sr % L<10%r9%& () - exf9-#10% %&' () -

ni 7| [ : vUA10IPOXMSSPIGbAME: 520D "Ry @UDST LIS RAEmipg & heheaocycle.

#1000K" NE () - T e#1008.9@: () -.J7YOABCDP/ vUALO! f" 10969@ () - %WGL0% & _,

& ()- 10M_%/nﬁﬁ\ﬂ_%9aetﬁﬂ_‘%ﬁ%& ook, (§rev1?91'#1‘6%1$8? (1}Y doden Ftom;- R

ax' z#10% Y& BA*L% u410! #10%&& %4 19% - 1ocy () - - #10%
1% & () -f of 1 ‘“P’Ylé% & SRL 1% %F%% e?}’ese‘& BIB& ()-10 &
10 & 10 & 1<10% - o 79

0s’ #1096&’ () eif‘lcfb)éf%&“( z an @J(J)Ye@‘i}’r‘sﬁ%&éfed (1§° 2 P;‘%@O}yy& ()-&

1 1096& () - o0 0
ol " 100 $ye Jd%il S0 oi.’ﬁ% R PP T et %%%&gé&éﬁﬁ o

Ls® 109RIO&RE rall YRR desrss s@%@’@é&&e@ &Pwﬁ%&f}( -410&"/@/&
O<109RIBBE () - . LOVRWEE ()" LOVROES ()- ~100€WE& ( 0%&0/8/&& O- ,&
109R90&S& () - A@XQA@-WM EEO%TE?%F&( 1a-3) 0—> J(Q%&E#&@(blaES) 108484 () -
109FE#F& ()- & MLOYFEHF& ()- 10890R10&IDEX] " eoy} | [ 1 AA10&IDE& 109FEHFE () -

, 109%9B" 2& ()(2&), UAEHFED( X 22-2)0% FRA{I) 2>1Q%BEAREX ) ¢24-5) >
S109FE#F& ()-}| " (A41%8;"/8/& E3@0%R& ()- )@O%E# & ()-@As)@0% & ()-@

a—

(la-1) the step of reacting a compound of the general
formula (IIa)

R ta X
U (=)
Y

(where X and Y which may be the same or different
represent a leaving group such as a halogen atom, an
optionally substituted lower alkylsulfonyloxy group or an
arylsulfonyloxy group; R'™ has the same meaning as defined

above) with an olefin of the general formula (IIIa)

OH_ ..

\/kFi (1Mla)
R4a

(where R*™ and R** have the same meanings as defined above)

to give a compound of the general formula (IVa)
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, 109%E#& ()-@a, 10% F& ()-@As, 10%& ()-@[: A410898& ,) 10%E#F& ()-S
s)10% & ()-S ! F10%IE#d& ()-" ! F10%F& ()-° 3@ 0%#& ()- 14 MAR 2003
3@L0%F& ()-|[: A410898@& L<10%E#F& ()- ! 610%EH#F& ()- | " 10%E#F& () -
210%E#F& ()- @ 210%EH#& ()-@ 210% & ()-@FM\; 1089%9& A> 109%&' () -
fS10%sr"s& ()- 'ml0%r"s& ()- 10FE#F10FE#F10FE#FF10%E#F& () - :

109FE#F& ()-Meku|[:}\; 10&8& $s10%sr"s& ()- W 10%"& ()- OF 10%: s& ()-
| 10%"& ()-F 10%1s& ()-F)  10%'\& ()-{gB8})\; 10&%8&! eF L' F10% "r" & ()-
"F L' F109%&' ()- iNF L' F10%& ()-1'F L' F10%w w]$ - a4 1 109%& ()-)

1109 ()-|[:)\: 1089%8& " &109B1ess %& ()-° " 10%r"s& ()-

S, 210%sr"s& () - /&10%&r">&f() "()- =1zY810&8%8& 3
109:#R& () - - 3,810%#&'()-- y L O848 --103r"sy@$ "lesr"sY 10%r"s& () -
T<10%sr"s& ()-1v{Z9zY810&98& 310%w & ()-s S10% ()-s S10%

& ()-s!'S10%d d & ()-s d~I z10%#1& ()-M O
(where Y, R'™, R and R*® have the same meanings as defined
above) ;
(la-2) the step of reacting the resulting compound of the
general formula (IVa) with a halogenating agent to give a
compound of the general formula (Va)

Hal OHRaa

R4a

Y Fl (Va)

(where Y, R, R* and R* have the same meanings as defined
above, and Hal represents a halogen atom);

(la-3) the step of reacting the resulting compound of the

general formula (Va) with a base to give a compound of the

general formula (VIa)

R1 2 R4a
Y (Vla)

(where Y, R'™, R®™, R* and Hal have the same meanings as
defined above);

(la-4) the step of reacting the resulting compound of the
general formula (VIa) with a base to give a compound of the

general formula (Ia)
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z10%' ()-M[:zY810890&  &010%t& ()- +10%O#0& ()-M Q+10%& ()-M f @O0%
& ()- df @O0%#1& ()- f @O%!& ()- )sfY8108984& UGLOWXHYE () -- 10#10#10#
@LO%t&E ()- F<10%& ()- S 10%& ()-M|s' GLO%& ()-)OM rx|[: fY810&badARZHB 00p
& ()- 310008 %&' ()- , 310%/X#Y& ()- 3109#& ()- @FGL0% -& ()-

109VXH#Y& ()- |[:fY810898&  109XH#Y& ()- ° @LOYXH& ()- ° @LOWXHY& ()- |,
GLOWYX#Y& ()- _#109Z"& ()- THLI09H#& ()-|[:fY810898&  109%X#Y& () -

s| 100/X#Y& () -, s100& ()- | S109X#& ()- s10%"& ()- s10%" Y& ()-"|[;
fYS10898& $ 10%/X#Y& ()- Lf5Z 10% X#H& ()-m ~f5Z 10%/Y& ()-m
CY+S10% X#* & () - y+SL0% Y& (ra ' LOWNGEY& ()-"/ 6=CON [ : f YBLORIME
<109X#Y& ()- z pl 41096K#& () -1 ALOTXHIRN() - )1 410% & ()- LS, 109%#& () -
LS, 109%Y& ()-W _df ghi usf YS810&98& " & (Yray LOYX#YLOYXHYL0YXHYS
MLOYYX#Y& () -  BLOYX#Y& ()- 9! &OMUYE IR & oarxeva ()-ul[:fY810898%&
YY S 10%& ()-3 3 10%"& ()-LX 3 10% y & (BfeL Af 10%C& ()- f10% & ()-

|fy, 109 & ()-|[:fY810890& f@O0% " & ()- 10% " & ()-X 3s10% " & ()- EF
'10% " & ()- TF ' 109%&. ()-..Y S,.109® "9& ()-3(7BDJ|[:fY81088& |

@ov% " & ()(whayeg é%O%%f' ¢) Rxap 35@0%” 'E?‘?mLLTB%‘ian&n??-a?

$10% " & ()-Y _. s%fg%‘&' -Y JQXc| | [ >f YB10&W& 9510% " & ()-&

@10% " & I5EIL RPREVY () - 2x0s10% & ()-: ", 10% "~ & ()-

EEIT ) AR ot A ol A Dengomnd o e
100 (05 LSS QortB A 85Nt B S kpen o
109%& ()- 64394'&dnenal @ormula (G-III)

R°R°NH (G-III)

(where R® and R® which may be the same or different
represent a hydrogen atom or an optionally substituted
lower alkyl group) in the presence of a metal to give a 4-
substituted benzopyran derivative of the general formula
(G-VIa) set forth above
Os_NR°R®
1a
" N (G-Vla)

H4a

O

3

(where R', R, R**, R® and R® have the same meanings as
defined above);

(2a-1) the step of reacting a compound of the general

formula (IXa) with acetylene of the general formula (VIIa)

e
4a
Z " (vin)

(where R*® and R** have the same meanings as defined above)
to give a compound of the general formula (VIIIa)
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109%#& ()-aj||[:}\; 10&98& |410%& ()- .-10%& ()- S, Z10%#& ()- $109&' ()-
$10% ! & ()-) "109%*& ()-|[:}\;10898& |<10%t& ()- Of 10%/ V& ()-s %%%Ug)-s
L-10%#&' ()- $@I410%¢& ()-) " 1410% & ()-~qdCl0&W®& ' 10% & ()-010#
10#10#3410%+& () -310%#&' () -1 410%t& ()- Z10%*#& ()--7=L"h|[99qdCl0&%8& ! <
f@10%:& ()- R10% & ()- 1°10%& ()- o F &10% /& ()-Z 5F &10%&' ()-2) | @
10%<" <& ()-hv|[:qdCl08%8& ! Of @MLO%& ()- ,f@ML0%& ()- f@ML0%& ()-
f@l0% g & ()- 5 f@Lo%a& ()-) :f@M0% ()-*-50R|[:qdCl0&%8& ! 92: 10%y
?21g & ()- <92:10% & ()- 92:10%& ()- 410% & ()- Of @10% q& ()-)

Jf @L0% ! & ()-RZ bcder zY810&898& - 10%+& (PH Z,

%@ OY%#& ()--10"10"10", 2@O0% & ()- "510%A&"()-) s<10% & ()-|[:2zY8108%8& u
10%i & ()- M SI0%MVAL ()- #s10% & ()z & ()- O0Y :10%& ()-Q Y
1109 & ()-G?\r|[: zY810&WR L @#RI09%6& ()- }y#F10%#q&' ()- | y#F10% & () -
10%#& ()- K 10% & ()- ) O 0 10%C|c& () - r|['§}§%30&%/& <10%#&' () -
"510%#& ()- 3 10%#& ()-G 2:3 &&()-G y516 ()-) nOy#F10%"a& ()-}\;
10898&  910%E#&' ()-Z " 910%F& ()-Z'9' mOWE#F& ()- 10#

10#10#2s10%+& () - M yf 10%& ()-(3|[:}\; 108%8& x| 1097 ?& ()-

(where ¥, R™, R*® and R* have the same meanings as defined

above) ;
(2a-2) the step of treating the resulting compound of the
general formula (VIIIa) with a reducing agent to give a

compound of the general formula (IXa)

ia

R AN
HSa
mﬁ“ (IXa)

OH

(where Y, R™, R’ and R* have the same meanings as defined
above) ;

(2a-3) the step of reacting the resulting compound of the
general formula (IXa) with a base to give a benzopyran

derivative of the general formula (Xa)

1a
R AN

R4a

(where R, R™ and R*" have the same meanings as defined
above) ;

(2a-4) the step of reacting the resulting compound of the
general formula (Xa) with a halogenating agent to give a
3,4-dihalobenzopyran derivative of the general formula
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| 109% & ()- | 10%/& ()- R sS109E#& ()- , sS109%F& ()-)
109FE#F& ()-3"s|[:}\; 10890& ?2*10% & ()- X*10%FF& ()- y#Z10%E#& ()14 MAR 2003
M/#Z1090M & ()- | #y#Z10% & ()-) | 109FEHF& ()- |[:}\; 10898& Bk+y10/é4'r? I

3L610%FEH#F& ()- " 93YL0%FEHF& ()-- SL0WFEHF& ()- y *10% & () -

-*10% E#| & ()-|[>}\; 108988 @LOWEHF& ()- S<lOWEHF& ()- "BLOWEHF& ()-

t P310YEHS&! () G =3109& ()-GO O+y109%FE#F& ()-L'/ @yX710898@& a9109%& ()-)
MLO9R#& ()-3 R MLOY& ()- 3

$F10932#38& (’fI%iOFE#FloFE#FlOFE#Fs210%:E#F&'() RYeu~| [ : yX710898& | +
L0%R#& () - 1+ 1098 3& ()- ° y#Z 100Q#& ()- My#Z 10%& ()-1 &F

109R#& ()- F 910% & ()-|[:yX710&98& OHal 109&& ()- FIf 109B83& ()
S10982#3&' ()- 109B2#3&' ()-1 RY & (\pE HAt 109 & () - 06| [ : yX7108984&
0* 100V W& () -y : *100R#& ()-y e 2@ 10w & () -1

6@@10987?! 3& () F 1, 10982#3& () - f\ﬁ&LOﬁg@
#38& ()-1
B

U@L 0%t &! ()--1032#31032#31032#39 109@57
Ls3g10%2#& ()- F s3gl0%WNE& ()- cfn|[:fY81 SS10%t&' ()- 7 0Y
. 10948 ()-F2 Y 109& ()-F .  &LO%& ()-1 ~&l0%>& ()-F

FL0%& () - | /&0§W&Eu %@/%%v(a) the shfld fiebhin £ %slﬁe/ﬁnéh

10@#&T()-zl 0@#&T() T Y810&90&

3. GLO%!& ()abavé ngoﬁﬁﬂ(fepréygﬂﬂ-@%‘&xéiogén faf%mw&' () “F St vomove ()-
(2a-5) the step of treating the resulting compound of the
general formula (XIa) with a base to give a 4-
halobenzopyran derivative of the general formula (Ia) set
forth above.

3. A process for producing 4-substituted benzopyran

derivatives represented by the general formula (G-VIb)
Os_ NR°RE

N
g% (G-VIb)

O hdb

(where R'™ represents a lower perfluoroalkyl group; R® and
R*® which may be the same or different represent a hydrogen
atom, an optionally substituted lower alkyl group or, when
taken together with the carbon atom to which they are
bound, represent a polymethylene group, provided that R®
and R™ are not both a hydrogen atom; R° and R°® which may be
the same or different represent a hydrogen atom or an
optionally substituted lower alkyl group) by any one of the
schemes (1b) and (2b) containing a plurality of steps as
indicated below, namely,
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8&6: GN | [:fY810898& -F$ 10%% ()- !, S10%#& ()- 2 T 10%#& ()- el0%"& ()-1
4-109%¢t& () -F
4- 109%&’ () - _f nprtvwxgJ=0110#10#02@0%#& ()-L*10%¢& ()-:, 10%+& () -, 1 44MAR 2003
109%& ()-9 " <10%t& ()-F #610%t& ()- xy-oN-O  s10%& () “S109& ()-°
@O0%"' & ()- @O%& ()- 10% & ()-L &FlO% & ()-10#-247FUa|[:-0 s
c Y(10%&' ()-' bSyl0% & ()- TkSyl0% "t& ()- #10% & ()- L10% & () -
ns10% & () - ax{| [:-0 s el 10% ()- P' 10% & ()-_. b' 109®8?2& ()-
| " #109% & ()leBlo%’&ll)—) 60 bH20098 (1b-BP: =0 (1b-st 4 §M&5() - and
@0% & ()- , @O ( g 3110% " &; ~31109%" & ()- ' 109% & ()-kNA4 10" 10"
010% & () - 103}9& (3010)s 2 (\2brdd (IZE-M%%&' ‘(%bagq_)<réfyo(&b(~§5)l “BLoN-4 #y10%
&' ()- gm 10%t& (?4 Pm 10%@ @' ()- 0S-10%t& ()- S-10% & ()- %40% #

& ()-10"LAky| [ -@ByShi0% # & ()- R(m 10%& ()-  T(m 10%& () -

03" 1004&! 0% & O 0%ld&’ ()-. 010%t&’ () -
10% & ()()%“aoi% #the é)cepléécﬂﬁe%?'ff § 2&0‘2}8%?&“{‘3 ‘ﬁﬁ t %z‘%afocy#&' ()-()
y/ 10983& (), 38 Q%foé‘)() 210% # & ()- 1, G

R'R X
e
Y

(where X and Y which may be the same or different
represent a leaving group such as a halogen atom, an
optionally substituted lower alkylsulfonyloxy group or an
arylsulfonyloxy group; R has the same meaning as defined

above) with an olefin of the general formula (IIIDb)

OH 2
b
\)<H4b ( )

(where R® and R*™ have the same meanings as defined above)
to give a compound of the general formula (IVb)

OH

1b
R N R4b

v (Ivb)

(where Y, R™, R® and R™ have the same meanings as defined
above);

(1b-2) the step of reacting the resulting compound of the
éeneral formula (IVb) with a halogenating agent to give a

compound of the general formula (Vb)
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10% & ()- ,'G10%7 & ()- 2 2#y ,10%& ()-
&10% & () - 10#10#- 10#f &010%+& () -/ 10%#& () - 310%:& () - 29{Z9 2#y P14 MAR 200

f GLOW" v& ()- 5fGLOY&' ()-!fGLO%&' ()- jO 10%">& ()- 10%&' ()-) @10% & ()-
YBYXT 74 # 10 & ()-- # 10% & ()-- # 10%& ()-)!fGlO%"& ()- OF fGLO%C
C& ()--!~fGL0% & ()-8@BCOavVE# F 10%@@ ()-' -  10%i3)d& ()- w 10%*& ()-
'] 10%@* @ ()- 10" 10" 10" f <109 & ()-|[:VvV5# 910% & ()- 0109%?*L& ()-
010%@ @ ()-M 41099908 ()- M109%4) V&() - &d 09R*& ()-2)|[: vVo#

#10% #[ & ()- 109K ?*K & ()- 9w 0@10% *[ &'(p®F FO@10%@ (@ ()-F

@10%1 H& () FE 109%9*& ()-)meRi QY@ @ ()- |KOf3 109%R*& ()-w
f3 10%@* @ () - +10%@>*@ ()- T)-m  #109%@* @& ()-|[: vV5#
YOd0% & ()- f 10%*H& ()-w " f Q@ dp- f 10Q96p& ()- v/ ml0%/ (>& () -
y/ mLovd?* d& ()- #|[:vV5# 310%) 4% ()-YX 310% & ()--w - YLO%@P* @& ()-

E 1 (L10%*& ()-G | (L10%@ @ ()-G u2l (L10% & () - G# /012>0yvU4 |y 10% & ()-

57100+ GETISRA v ABogYR! (FEvaobRExpeht iodpeas a6 defined

above, and Hal represents a halogen atom);

(1b-3) the step of reacting the resulting compound of the
general formula (Vb) with a base to give a compound of the
general formula (VIb)

Hal R

R'R R

O
, (VIb)

(where Y, RY™, R®, R* and Hal have the same meanings as
defined above);

(1b-4) the step of reacting the resulting compound of the
general formula (VIb) with a base to give a compound of the

general formula (Ib)

Hal
b
: N
R (Ib)
0" L

(where R'™, R*®, R"™ and Hal have the same meanings as
defined above);

(Ib-5) the step of reacting the resulting compound of the
general formula (Ib) with carbon monoxide and a compound of
the general formula (G-IITI)

R°R®NH (G-II1)
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rr& ()- “S10%!'1& ()-m S10% E#j & ()-my 10%E#F& ()-0; BJKLMz YL?210FE#F
10FE#F10FE#F 3<10%E#F& ()-!' 109%& ()-!10%& ()- 10%& ()- 14 MAR 2003
“10%E#& ()-MYjW [ L?210F S10% & ()- | nP10%G' & ()-M *910%JJ& ()-M

0910%0&' ()-M | X910% & ()-M , & mMl0% & ()-|[:L?210F mlO%! & ()-f

2810% P"_& ()- &10%' $& ()- $F 109'D& ()- 7F 109KW& ()- YF 10%y& () -
+<HS|[: L?210F y)F 109%& ()-s 7 "nmlO%W "W ()- "ml0% & ()- 109 ()-

1096 & ()- 5nl0%"5& ()-fS y|[:L?210F =0 YL0%& ()- w YL0%& ()- ,# 109 & ()-
y/ 1096! 5& ( XwheyerRioand, B’ (WhiscH yay 1eoathe Spme| orl dAEFerent10% & ()- *@
L1099 J& ()- @,10%": & ()- d@, 109G & ()- @#10% & ()- @ G@

#10%gg& () - GRPXEEENE POWYErogenstgw gr( pn rptdongliy- substituted

&mL0% & ()-10"10"10"! YI0% & ()-R "|[[:-710" s<10% & ()- @10% & ()- Mb

yt 109% "1 & ()Lowerx glkyh greup)- ip pregepre: of 1804gtey)- tes8iveaz18— |
10%V m& ()- | 10%m & ()- | 10%m& ()- | . 10% #nm& ()-

f &10%r #nm&! @)Ubféﬁlfo’tedage[‘l.zm&an é@%)e@’aaﬁ&"’@) of %ﬁl@%&&a&) £9rPBef #ne: () -
10%r #ng& () - 310% #m%;&ge- |l 10%Dm&' () -e| | [ NA41010n #nlOm #nmilOm #m

s<10%n #m& (- ILPYosR T Fooem #n&' ()- 4y210% & ()- |'110% #m& () --
"h|[: NAA1010 Z10%E#F& ()-f Z10% F&.
@ &10%y & ()- &nLOYE#F& ()-!9% | [: NA
Ty10%E#& ()-- y10%& ()-- y10%mmF& y109%&' ()--c|[: - 410FE#F

F' <100FE#F& ()- 2! 109%FE#F& ()- yFI0WTRE () -y +10%E#4& ()- ~+10%
F& ()- +109%&' ()- &WhA410FE#F s10% & *ablo@_&m)-g 1090&' ()-g 7:
1090W&' ()-g &M0% & () - LOFE#F10FER ~AGTOFEH#F O( 1)0%' & ()- ; (10%& () -
10%4 & ()- 10%& ()- @10% & ()- s10% & (RY

sf¥ SLO9WEAIE () - (@ &10%g F& ()-
1010 " 100FE#FE () - T " L0%FE#FE () - T

(where R™, R, R", R® and R® have the same meanings as
defined above);
(2b-1) the step of reacting a compound of the general

formula (IIb) with acetylene of the general formula (VIIb)

R
/ g (VIb)

(where R® and R"™ have the same meanings as defined above)

to give a compound of the general formula (VIIIb)

OHR:ab

4 R4b
(VIIIb)

(where Y, R'™, R® and R* have the same meanings as defined
above);

(2b-2) the step of treating the resulting compound of the
general formula (VIIIb) with a reducing agent to give a
compound of the general formula (IXb)
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| RES1OFE#F10"10"10"f3f10% & ()- 310% & ()- =310%1 ]& ()- 010% & ()-
.310% & ()-d] | [: RES1OFE#F | 10% Y& ()-S , 10%ip u& ()- , 10%rY& () - A"‘ AR 2003
YL09X4Y&: ()- YLO0% Y& ()- &LO%X#Y& ()- |K|[: RESLOFE#F y)! 10% Y. ;4

y) 1 10% Y& ()-g ," 109AX#1& ()- ," 10% 4& ()- c," 10%Y& ()-

| 109%YX#Y& ()-S !"#/| obUA10 s' MLOYRE () - LOYXH#YLOYXHYLOYXH#HY 3° <10%YXH#Y& () -

, 31098 9&'() g ,310%/( Y& ()-g A9, 310%& ()-g/{&t|[:bUsl0 S10%& ()-s A 3
109 ()-S "3 10%& ()-S A+3 10%1%() S f1100R& ()- f!10%0#& ()-t>|[:bU4l0

F) " 109&R& () y' 1098& ()- 7 - 169&8 42 N 10%& ()- - 10%& () -

S1098& ()-s> nu|[:bU410 yY: GLOYRK g HOR& ()- ys610%8& () -

93- 109&& ()- F1t109&& ()- Sl + 109RS VGEYSL0 (IKBYWHYE: () - -

LOWXHY& ()-- S&@LOYX#YE () - - 10&10810&3 E) -7 <10%88& ()-q' =|[:2Y810
ELY@0%#& ()- E LY@O%] & ()- 10%X#Y& ()-Z  10%Y& ()-Z  10%XH#Y& ()-Z

00wy ()~ HRERBoi i ST Che iR IGANRSTL SFXE VR

3<10%/X# Y& %)) 830%00X#Y&: () 6 10%(X#Y&' ()- 4 109%X#Y& () -

21(?%(X#YI&' 41010 z 10%! F& ( @OYFESFE ()-  10%IE#AE () -
90£5§;E§#(Fy EKZé @éi%@ ?¥&*Q4€§§?ocy P #Li 7 1’8§0 <%zéfl((JOAFEa/th&' 0)-

1 hjrtuvwy Rg@ﬁ@%&QFEﬁEﬂaQEE#ﬁRE #Eu%ﬁ‘%EE#E&e(io “’%Yﬁéoﬁﬁéﬁ%ﬁmn5
10% '] & () 5 10%F& ()-3 OFEH#F& ()-wh: >D| | : RES101 E

derivative of the general formula (Xb)

1b
R N
3b
S ()

Rdb
(where R™, R® and R* have the same meanings as defined
above) ;
(2b-4) the step of reacting the resulting compound of the
general formula (Xb) with a halogenating agent to give a
3,4~dihalobenzopyran derivative of the general formula

Hal
R'R Hal

R%® (XIb)

R
(where R™, R®, R* and Hal have the same meanings as
defined above);
(2b-5) the step of treating the resulting compound of the
general formula (XIb) with a base to give a 4-
halobenzopyran derivative of the general formula (Ib) set
forth above.
4. A process for producing 4-substituted benzopyran
derivatives represented by the general formula (G-VIc)
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WS Yer "5& ()- ff8 10%
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@108 ()) " 109 & ()- 1051 * 5105 510k Sy 211 1608 ) @100 & ()-
& ()- 9/10%: ()- % 10%& ()- 07 Spel0%r "s& () -1 [:yX7101 1" 9/10%"
£0, e (0 o kel 00 (1B C0T anone () s
6-109% & ()-5 @109 & ()-mu kt | [: yUa10 d <109% & ()-1
TR S Sk S48 iR O

+9109 '
G10% & () - Aoy @, TS e Feregsnt %&e%gyﬁﬂgf ;b 010

: b 10" 1

[9<109%6 & ()-s 1! 10% & { Lo
o sl e rapeiens VAT oy oo

L3100 #v & 0%

2&10% i %-f%?’l?g%‘g‘{ §/§ ﬁEBS}E#‘%AQ%}?13%%???%12%&%%?? AR Y & () -5

%,()16&/&\(() 0%#378‘6@ #508? 8\:11%%4{:1&1!@9 4|1c)f B (2¢) FOM%ZL#;:QQ(% é;) | s<10% #

& ()-*|[:f °0 S 10%# & ()-yl Y 10%# & ()-s Y10% #

C@10% ¥ & Yo%}&sal@é%/lfgwﬁé%s A BALRI(OL RSIDUGRERLY (- S 10%IV08 ()-F1

Séoofsﬁ) & () ﬂ%lg(wﬂ&- ) 15 #(Oa,?&)-ljzg%zﬂ g1¢y3) Y*><1(d% #l) ):g[?)z %gf[ §‘% %d

29" 10% & i 10%¢

11098 ()(j?lggffil%?f%l@c il A)gg@a)l b’«tcldt), 7 Of;zg ‘('v 3<109% & () -
(lc-5);

(1c-1) the step of reacting a compound of the general

R'® X
o -
Y

(where X and Y which may be the same oI different

formula (IIb)

represent a leaving group such as a halogen atom, an

optionally substituted lower alkylsulfonyloxy group or an

arylsulfonyloxy group; R® has the same meaning as defined

above) with an olefin of the general formula (IIIc)

OH e
I
\)<H4C ( C)
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109% & ()-f \"F, 3

(where Y, R™, R* and R* have the same meanings as defined
above, and Hal represents a halogen atom);

(1c-3) the step of reacting the resulting compound of the
general formula (Vc) with a base to give a compound of the

general formula (Vic)

R1b R4C

v (VIc)

(where Y, R™, R™ and R* have the same meanings as defined
above, and Hal represents a halogen atom);
(1c-4) the step of reacting the resulting compound of the

general formula (VIc) with a base to give a compound of the
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(where R* represents a hydrogen atom and R*® represents an
optionally substituted lower alkyl group) in the presence
of a metal to give a 4-substituted benzopyran derivative of
the general formula (G-VIc) set forth above;

(2c-1) the step of reacting a compound of the general

formula (IIb) with acetylene of the general formula (VIIc)

OH

Rac
/ rie (Vi)

(where R*® and R*° have the same meanings as defined above)

to give a compound of the general formula (VIIIc)

HRSC

4 R4C
(Villc)

(where Y, R™, R* and R* have the same meanings as defined
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L' ymL0%t& () - - 10m #nmlom #nlon #m&10%m #m& ()- ~ <10% #n&' () - |

| #'110%m #nRPPYeS: @ 109 #& () - &wx+y7yNyzz|[[:fY811 F - 109& ()- F -
10%& ()- | 2@ 10%& ()-9 A 10%& ()-91 Y 10%! & ()-

Y! 1094& ()-£%{3*{4${ RPe| %%F?s?f re gk&@wﬁ%e(f‘?s'éf%&%%&m??‘-‘i@‘?f the

general formula (Xc) with a halogenating agent to give a

3,4-dihalobenzopyran derivative of the general formula

Hal
Rt Hal
R®  (XIc)
O R4C

(where R'™, R*, R* and Hal have the same meanings as
defined above);

(2c-5) the step of treating the resulting compound of the
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CHJF

(where R™ represents a lower perfluoroalkyl group; R*
represents a hydrogen atom; and R® represents a lower alkyl
group which may optionally have a cyano group) by any one
of the schemes (1d) and (2d) containing a plurality of
steps as indicated below, namely,
(1d4) (14-1) > (1d-2) > (14-3) =2 (1ld-4) = (1d-5); and
(2d4) (2d4-1) =2 (24-2) =2 (24-3) 2> (2d4-4) > (2a-5) >
(1d-5);

(14~1) the step of reacting a compound of the general

R'R X
T -
Y

(where X and Y which may be the same or different

formula (IId4)

represent a leaving group such as a halogen atom, an
optionally substituted lower alkylsulfonyloxy group or an
arylsulfonyloxy group; R has the same meaning as defined
above) with an olefin of the general formula (IIIQd)
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6y:, (1d-2) the step of reacting the resulting compound of the

general formula (IVd) with a halogenating agent to give a

compound of the general formula (Vd)

Hal H
CHoF

CH,F

Hal (Vd)
Y

R1b

(where Y and R'™ have the same meanings as defined above,
and Hal represents a halogen atom);

(1d-3) the step of reacting the resulting compound of the
general formula (Vd) with a base to give a compound of the

general formula (VId4d)

Hal  ohHF
ib
R CH,F

0
§ (V1d)

(where Y, R™ and Hal have the same meanings as defined
above);
(14d-4) the step of reacting the resulting compound of the
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" #$9& () *+,-./0123456789: ;

<=>? GABCDEFGEh& KB UNOPORETOVIKYA])\ ithabcdebghtpkyimepygr 4t uvwyz{| } ~
halobenzopyran derivative of the general formula (Id)

Hai
Rt

1d
CH,F )

CH,F

(where R'™ and Hal have the same meanings as defined
above);
(Id-5) the step of reacting the resulting compound of the
general formula (Id) with carbon monoxide and a compound of
the general formula (G-IIId)

R**R*°NH (G-III4)

(where R** represents a hydrogen atom and R®® represents a
lower alkyl group which may optionally have a cyano group)
in the presence of a metal to give a 4-substituted
benzopyran derivative of the general formula (G-VId) set
forth above;

(2d-1) the step of reacting a compound of the general

formula (IId) with acetylene of the general formula (VIIQ)

OH
CHF
/CHZF (VId)

to give a compound of the general formula (VIIIA)

OH
CH,F

(VIIId)
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(where Y and R™ have the same meanings as defined above);
({2d-2) the step of treating the resulting compound of the
general formula (VIIId) with a reducing agent to give a
compound of the general formula (IXd)

H1b
CH,F

vy [>enr (Xd)
OH

(where Y and R have the same meanings as defined above);
(2d-3) the step of reacting the resulting compound of the
general formula (IXd) with a base to give a benzopyran

derivative of the general formula (Xd4d)

1b
R N
CHoF (Xd)
CH,F

(where R'™ has the same meaning as defined above);
(2d-4) the step of reacting the resulting compound of the
general formula (Xd) with a halogenating agent to give a

3,4-dihalobenzopyran derivative of the general formula

(XI4)
Hal
R'2 Hal

CH.F (XId)
CH,F
(where R and Hal have the same meanings as defined

above);

(2d-5) the step of treating the resulting compound of the
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general formula (XId) with a base to give a 4-
halobenzopyran derivative of the general formula (Id)
Hal

ib
R N

cHF (19)
CH.F
(where R and Hal have the same meanings as defined
above).
6. A process for producing 4-substituted benzopyran

derivatives represented by the general formula (G-VIe)
Os_ _NR%RE

R1e
CH,F
0 cHr (G-Vie)

(where R represents a trifluoromethyl group or a
pentafluoroethyl group; R* represents a hydrogen atom; R*
represents a cyanoethyl group) by any one of the schemes
(le) and (2e) containing a plurality of steps as indicated
below, namely,
(1e) (le-1) = (le-2) =2 (le-3) > (le-4) > (le-5); and
(2e) (2e-1) > (2e-2) > (2e-3) > (2e-4) > (2e-5) =
(le-5);

(le-1) the step of reacting a compound of the general

R'e Br
o -
Cl

(where R'®* has the same meaning as defined above) with an

formula (Ile)
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olefin of the general formula (IIId)
2" (1ld)
x CH.F

to give a compound of the general formula (IVe)

OH
e CH,F
N CH,F

(Ive)

Cl
(where R' has the same meaning as defined above);
(le-2) the step of reacting the resulting compound of the
general formula (IVe) with a halogenating agent to give a

compound of the general formula (Ve)

Hal  OH
CHF

CHgF

o Hal (Ve)

H19

(where R' has the same meaning as defined above; Hal
represents a halogen atom);

(le-3) the step of reacting the resulting compound of the
general formula (Ve) with a base to give a compound of the

general formula (VIe)

Hal CH.F
18
R CH,F

0
- (Vie)

(where R*® and Hal have the same meanings as defined
above});

- 174 -



stuvwxyz{]|} ~

14 MAR 2003

(le-4) the step of reacting the resulting compound of the
general formula (VIe) with a base to give a 4-
halobenzopyran derivative of the general formula (Ie)

Hal
R1e

Ie
CHoF (Ie)

CH,F

(where R and Hal have the same meanings as defined
above);
(le-5) the step of reacting the resulting compound of the
general formula (Ie) with carbon monoxide and a compound of
the general formula (G-IITIe)

R*°R**NH (G-IIIe)
(where R* represents a hydrogen atom and R®® represents a
cyanoethyl group) in the presence of a metal to give a 4-
substituted benzopyran derivative of the general formula
(G-VIe) set forth above;

(2e-1) the step of reacting a compound of the general

R'& |
\©i (Te2)
cl

(where R has the same meaning as defined above) with

formula (IIe2)

acetylene of the general formula (VII4d)

OH
CH,F
/CHZF (VIId)

to give a compound of the general formula (VIIIe)
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1e
R N

CH.F
Cl CHJ.F
(IXe)
(where R'® has the same meaning as defined above);
(2e-3) the step of reacting the resulting compound of the
general formula (IXe) with a base to give a benzopyran

derivative of the general formula (X4)

ie

R N
[: :[ :k—CHF
oF (Xd)

CHoF

(where R has the same meaning as defined above);

(2e-4) the step of reacting the resulting compound of the
general formula (Xd) with a halogenating agent to give a
3,4~-dihalobenzopyran derivative of the general formula

(XIe)
Hal
R'& Hal

CH,F

cHp X1
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(where R'® and Hal have the same meanings as defined
above);

(2e-5) the step of treating the resulting compound of the
general formula (XIe) with a base to give a 4-
halobenzopyran derivative of the general formula (Ie) set
forth above.
7. A process according to scheme (3) or (4) recited in
claim 1 for producing 4-substituted benzopyran derivatives

represented by the general formula (G-VIg)

Oy _NR°R®
AN
R19__l\ | R
AN o pee  (G-VIg)

[where R'Y and R* which may be the same or different
represent a hydrogen atom, an optionally substituted lower
alkyl group, an optionally substituted lower alkoxy group,
an optionally substituted lower alkoxycarbonyl group, an
optionally substituted lower alkylsulfonyl group, an
optionally substituted arylsulfonyl group, a halogen atom,
a nitro group, a cyano group or NY,Y, (where ¥, and Y, which
may be the same or different each represent a hydrogen
atom, an optionally substituted lower alkyl group, an
optionally substituted lower alkoxycarbonyl group, an acyl
group, an optionally substituted lower alkylsulfonyl group
or an optionally substituted arylsulfonyl group or, when
taken together with the nitrogen atom to which they are

bound, may form a 3- to 8-membered ring); R* and R*? which
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may be the same or different represent a hydrogen atom or
an optionally substituted a-haloalkyl group, provided that
they are not both a hydrogen atom; R’ and R® which may be
the same or different represent a hydrogen atom or an
optionally substituted lower alkyl group] by the steps of:

reacting an alcohol of the general formula (C-Ig)

— I o (C-lg)

(where R*® and R** have the same meanings as defined above)
with a compound of the general formula (C-II) or (C-IIT)
R’S0,C1 (C-11)
(R7S0,),0 (C-III)
(where R’ represents an optionally substituted alkyl group
or an optionally substituted aryl group) in the presence of
a base to give a compound of the dgeneral formula (C-IVg)

R3g

::——i—-osozn7

R0 (C-IVg)

(where R’, R* and R* have the same meanings as defined
above);
reacting the compound of the general formula (C-IVg)

with a compound of the general formula (C-Vg)

-0
25\/\ OH (C-Vg)

R

(where RY and R* have the same meanings as defined above)
in the presence of a base and a monovalent or divalent
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copper salt to give a compound of the general formula

1g @\ ' l
H J
R"’gk\/\ o i

R0 (G-Ig)

(G-I9)

(where R', R*, R* and R' have the same meanings as
defined above);
reacting the compound of the general formula (G-Ig)
with carbon dioxide in the presence of a base to give a

compound of the general formula (G-IIg)

COH
o~ |
ey, A (G-Ilg)
R29/ O T

(where R', R*, R and R have the same meanings as defined
above) or a salt thereof;

reacting the compound of the general formula (G-IIg)
or salt thereof with a compound of the general formula
(G-I11)

R°R°NH (G-III)
(where R° and R°® which may be the same or different
represent a hydrogen atom or an optionally substituted
lower alkyl group) to give a compound of the general

formula (G-Vg)

Oy _NR°R®
o
R | e (GVg)
Rzg/\ i
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(where R, R?, R*, R', R° and R® have the same meanings as

defined above);

or alternatively reacting the compound of the general

Hm~Eji:l\ H R3¢
Flzg/\ ©

R (G-1g)

formula (G-Ig)

(where R', R*, R and R* have the same meanings as
defined above) with a compound of the general formula

(G-IVa)

o NRSR®

& (G-IVa)

(where R° and R® which may be the same or different
represent a hydrogen atom or an optionally substituted
lower alkyl group) or a compound of the general formula
(G-1IVb)

R®*NCO (G~1IVb)
(where R®* represents an optionally substituted lower alkyl
group) in the presence of a base to give a compound of the

general formula (G-Vg)

Os_ _NR°R®
o
", | o (GV)
R?® O g

(where R, R*, R*, R*, R® and R® have the same meanings as
defined above); and
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subjecting the compound of the general formula (G-Vg)
to thermal cyclization reaction.
8. A process according to scheme (3) or (4) recited in
claim 1 or a process according to claim 7 for producing 4-
substituted benzopyran derivatives represented by the
general formula (G-VIh)
O«__NR°R®
R1_/ | > CHoF
L7\ 0~ TCH.F
R2 (G-VIh)
wherein R' and R* in the general formula (G-VI) which may
be the same or different represent a hydrogen atom, an
optionally substituted lower alkyl group, an optionally
substituted lower alkoxy group, an optionally substituted
lower alkoxycarbonyl group, an optionally substituted lower
alkylsulfonyl group, an optionally substituted arylsulfonyl
group, a halogen atom, a nitro group, a cyanho group or
NY,Y, (where Y, and Y, which may be the same or different
each represent a hydrogen atom, an optionally substituted
lower alkyl group, an optionally substituted lower
alkoxycarbonyl group, an acyl group, an optionally
substituted lower alkylsulfonyl group or an optionally
substituted arylsulfonyl group or, when taken together, may
form a 3~ to 8-membered ring); R® and R* each represent a
fluoromethyl group; and R’ and R® which may be the same or
different represent a hydrogen atom or an optionally

substituted lower alkyl group.
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9. A process according to scheme (3) or (4) recited in
claim 1 or a process according to claim 7 for producing
4-substituted benzopyran derivatives represented by the
general formula (G-VIi)
Os_NR°R®
R‘I
CH,F

wherein R' in the general formula (G-VI) represents a
6-trifluoromethyl group or a 6-pentafluoroethyl group; R*
represents a hydrogen atom; R’ and R* each represent a
fluoromethyl group; and R® and R° which may be the same or
different represent a hydrogen atom or an optionally
substituted lower alkyl group.

10. A process according to scheme (3) or (4) recited in
claim 1 or a process according to claim 7 for producing
4-substituted benzopyran derivatives represented by the

general formula (G-VIj)

H
0] N
\/\CN

CHoF

0~ “CHF (G-VE)

wherein R' in the general formula (G-VI) represents a
6-trifluoromethyl group or a 6-pentafluoroethyl group; R?
represents a hydrogen atom; R’ and R' each represent a
fluoromethyl group; and R®° represents a hydrogen atom and
R® represents a 2-cyanoethyl group.
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11. A process for producing 4-substituted benzopyran

derivatives represented by the general formula (G-VIg)
Os_ NR°R®

=
R19—- | R3¢
S o~ "R

(G-VIg)

[where R' and R* which may be the same or different
represent a hydrogen atom, an optionally substituted lower
alkyl group, an optionally substituted lower alkoxy group,
an optionally substituted lower alkoxycarbonyl group, an
optionally substituted lower alkylsulfonyl group, an
optionally substituted arylsulfonyl group, a halogen atom,
a nitro group, a cyano group or NY,Y, (where Y, and Y, which
may be the same or different each represent a hydrogen
atom, an optionally substituted lower alkyl group, an
optionally substituted lower alkoxycarbonyl group, an acyl
group, an optionally substituted lower alkylsulfonyl group
or an optionally substituted arylsulfonyl group or, when
taken together with the nitrogen atom to which they are
bound, may form a 3- to 8-membered ring); R*® and R* which
may be the same or different represent a hydrogen atom or
an optionally substituted a-haloalkyl group, provided that
they are not both a hydrogen atom; R® and R® which may be
the same or different represent a hydrogen atom or an
optionally substituted lower alkyl group], wherein a

compound represented by the general formula (G-Vk)
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“""{l .
Rzg\/\ O R

(where R', R*, R%, R*, R® and R® have the same meanings as

(G-Vk)

defined above) is subjected to thermal cyclization
reaction.

12, A process according to claim 11 for producing
4-substituted benzopyran derivatives represented by the

general formula (G-VI1l)

Oy _NR°R®
= A
R1Q__I\_ | CHQF
H2g/ S (@) CHqF (G-VI)

wherein R'? and R*® in the general formula (G-VIg) which may
be the same or different represent a hydrogen atom, an
optionally substituted lower alkyl group, an optionally
substituted lower alkoxy group, an optionally substituted
lower alkoxycarbonyl group, an optionally substituted lower
alkylsulfonyl group, an optionally substituted arylsulfonyl
group, a halogen atom, a nitro group, a cyano group or
NY,¥, (where Y, and Y, which may be the same or different
each represent a hydrogen atom, an optionally substituted
lower alkyl group, an optionally substituted lower
alkoxycarbonyl group, an acyl group, an optionally
substituted lower alkylsulfonyl group or an optionally

substituted arylsulfonyl group or, when taken together with
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the nitrogen atom to which they are bound, may form a 3- to
8-membered ring); R%* and R** each represent a fluoromethyl
group; R® and R® which may be the same or different
represent a hydrogen atom or an optionally substituted
lower alkyl group.
13. A process according to claim 11 for producing
4-substituted benzopyran derivatives represented by the
general formula (G-VIm)

Os__NR°R®

R'9
CH,F

wherein R in the general formula (G-VIg) represents a
6-trifluoromethyl group or a 6-pentafluoroethyl groupQ R
represents a hydrogen atom; R and R*Y each represent a
fluoromethyl group; and R® and R® which may be the same or
different represent a hydrogen atom or an optionally
substituted lower alkyl group.

14. A process according to claim 11 for producing
4~substituted benzopyran derivatives represented by the

general formula (G-VIn)

H
0] N
\\//\\CN

R'Q
CH,F

wherein R' in the general formula (G-VIg) represents a
6-trifluoromethyl group or a 6-pentafluoroethyl group; R*
represents a hydrogen atom; R* and R‘' each represent a
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fluoromethyl group: and R® represetns a hydrogen atom and

R® represents a 2-cyanoethyl group.

15. A process according to scheme (5) or (6) recited in

claim 1 for producing 4-substituted benzopyran derivatives

represented by the general formula (Iz)

Hal
= A
R9— | CH,F
S
/ S 0~ TCH.F
R2S (12)

[where R' and R*® which may be the same or different
represent a hydrogen atom, an optionally substituted lower
alkyl group, a halogen atom, an optionally substituted
lower alkoxy group, NY,Y, (where Y, and Y, which may be the
same or different each represent a hydrogen atom, an
optionally substituted lower alkyl group, an optionally
substituted lower alkoxycarbonyl group, an acyl group, an
optionally substituted lower alkylsulfonyl group or an
optionally substituted arylsulfonyl group or, when taken
together with the nitrogen atom to which they are bound,
may form a 3- to 8-membered ring), a nitro group, a cyano
group, an optionally substituted lower alkoxycarbonyl
group, an optionally substituted lower alkylsulfonyl group
or an optionally substituted arylsulfonyl group; Hal
represents a halogen atom] by the steps of:

reacting an alcohol of the general formula (C-Ia)

CH.F
=== OH

CHF  (Ca)
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with a compound of the general formula (C-II) or (C-III)

R’S0,C1 (C-II)

(R’S0,),0 (C-III1)

(where R’ represents an optionally substituted lower alkyl
group or an optionally substituted aryl group) in the
presence of a base to give a compound of the general

formula (C-IVa)

CH,F
= OSO,R’

Shor (C-IVa)

(where R’ has the same meaning as defined above);

reacting the compound of the general formula (C-IVa)

with a compound of the general formula (C-Vg)

BN
Rie—- |
th\/ S OH (C-Ve)

(where R and R?* have the same meanings as defined above)
in the presence of a base and a monovalent or divalent

copper salt to give a compound of the general formula

(G-VIa)
-~ |
Ris— | CHF
S
R2S 0" CHF  (CVIp)

(where R' and R** have the same meanings as defined above);
subjecting the compound of the general formula (G-

VIa) to halogenation reaction to give a compound of the

general formula (D-IIa)
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Hal

-~ |
R! g_l\\/\j\ CHoF (D-IIa)
A 0~ “CH.F

R29

(where R, R?»* and Hal have the same meanings as defined
above); and

subjecting the compound of the general formula (D-
ITa) to thermal cyclization reaction.
16. A process according to scheme (5) or (6) recited in
claim 1 for producing 4-substituted benzopyran derivatives
represented by the general formula (Iy)

Br

H1
CH,F

0~ ScHF  (Iy)

(where R' in the general formula (I) represents a 6-
trifluoromethyl group or a 6-pentafluoroethyl group; R?
represents a hydrogen atom; R’ and R* both represent a

fluoromethyl group; X is a bromine atom) by

the steps of:

reacting an alcohol of the general formula (C-Ia)
CHoF
= OH
CHF  (Cla)
with a compound of the general formula (C-II) or (C-III)
R'SO,C1 (C-1II)
(R’S0,),0 (C-111)
(where R’ represents an optionally substituted lower alkyl
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group or an optionally substituted aryl group) in the
presence of a base to give a compound of the general

formula (C-IVa)
CH,F
= OSO,R’

CHF (C-1va)

(where R’ has the same meaning as defined above);
reacting the compound of the general formula (C-IVa)

with a 4-substituted phenol derivative of the general

R1°—©—OH
(C-Va)

(where R'® has the same meaning as defined above) in the

formula (C-Va)

presence of a base and a monovalent or divalent copper salt

to give a compound of the general formula (G-VIb)

H1e ’ I
\O\ CH,F
0~ “CH,F (C-VIb)

(where R'® has the same meaning as defined above);
subjecting the compound of the general formula (G-
VIb) to bromination reaction to give a compound of the

general formula (D-IIb)

|
\©\ CHoF
07 CHF (D-IIb)

(where R'® has the same meaning as defined above); and

subjecting the compound of the general formula (D-
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IIb) to thermal cyclization reaction.
17. A process according to scheme (5) or (6) recited in
claim 1 for producing 4-substituted benzopyran derivatives

represented by the general formula (G-VIz)
Os_ _NR°R®

CH,F

o chF (GVI2)

wherein R' in the general formula (G-VI) represents a
6-trifluoromethyl group or a 6-pentafluoroethyl group; R?
represents a hydrogen atom; R® and R* each represent a
fluoromethyl group; and R® and R® which may be the same or
different represent a hydrogen atom or an optionally
substituted lower alkyl group.

18. A process according to scheme (5) or (6) recited in
claim 1 for producing 4-substituted benzopyran derivatives

represented by the general formula (G-VIy)

H
0o N
\/\CN

CH,F

o ScnF  (GVD)

wherein R' in the general formula (G-VI) represents a 6-
trifluoromethyl group or a 6—pentafluoroetﬁyl group; R?
represents a hydrogen atom; R® and R*' each represent a
fluoromethyl group; and R° represents a hydrogen atom and
R® represents a 2-cyanoethyl group.
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19. A process according to scheme (5) or (6) in claim 1,

which uses a compound of the general formula (C-IVb)

CH,F
= 0S0,CHg

CH,F (C-IVD)

as obtained by reacting methanesulfonyl chloride of the
general formula (C-II) where R’ is a methyl group with a
compound of the general formula (C-I) where R® and R* are
each a fluoromethyl group.

20. A process according to scheme (5) or (6) recitred in
claim 1, which uses a compound of the general formula

(C-IVce)

CHoF

= 0SO,Tol

CHF (C-1Ve)
(where Tol represents a tolyl group) that is obtained by
reacting p-toluenesulfonyl chloride of the general formula
(C-II) where R’ is a p-tolyl group with a compound of the
general formula (C-I) where R’ and R' are each a
fluoromethyl group in the presence of a base.

21. A process according to scheme (5) or (6) recited in

claim 1, which uses a compound of the general formula

H1 e l l
\Q\ CH,F
0 CHoF  (C-VIb)

(where R*®* has the same meaning as defined above) that is

(C-VIb)

obtained by reacting a compound of the general formula
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(C-Va)

R“’—@—OH
(C-Va)

(where R!® has the same meaning as defined above; R' in the
general formula (C-V) is a 4-trifluoromethyl group or a
4-pentafluoroethyl group and R’ is a hydrogen atom) with a
compound of the general formula (C-IVb) or (C-IVc)

CHoF

= 0S0,CHs

CHoF (C1VD)

CHoF
== 0802T0|

CHF (C-Ive)

wherein Tol represents a p-tolyl group.

22. A process according to scheme (5) or (6) recited in

claim 1, which uses a compound of the general formula

R1e l '
\O\ CH,F
07 CHF (C-VIb)

(where R'® has the same meaning as defined above) that is

(D-IIb)

obtained by brominating a compound of the general formula

(C-VIb)

R'e l |
\Q CH,F
07 CHF  (D-IIb)

(where R'® has the same meaning as defined above; R! in the
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general formula (C-VI) is a 4-trifluoromethyl group or a 4-
pentafluoroethyl group; R* is a hydrogen atom; R’ and R* are
both a fluoromethyl group).

23. A process according to scheme (5) or (6) recited in
claim 1, which uses a 4-bromobenzopyran derivative of the

general formula (Iq)

Br

R1e | ‘
\Q\ CH,F
0" “CHF (D-TIb)

(where R!* has the same meaning as defined above) that is
obtained by subjecting a compound of the general formula
(D-IIb)

Br

R1e
CH,F

(0) CHoF )

(where R' has the same meaning as defined above; R' in the
general formula (D-II) is a 4-trifluoromethyl group or a 4-
pentafluoroethyl group; R? is a hydrogen atom; R’ and R' are
both a fluoromethyl group; X is a bromine atom) to thermal

cyclization reaction.
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