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The present inyention relates to a novel benzopyran derivative which is
useful* as medicine. Prior Art Benzopyran derivatives having vari ous
phar macol ogi cal effects have been known.iFor exanple, various benzopyran
derivatives in which the 4-position carbon atom of a benzopyran ring is
directly linked to a nitrogeNOVEDNBENROPYRAN OBERI VAT J&p@nese Lai d- Open

Pat ent Publications No. 97974/1985, No. 47416/1986, No. '165317/1988, No.
196581/ 1988, No. 201182/1988, No. 303977/1988, No. 26578/1989, No.

38087/ 1989, Réeld2ef34heo30venyiidournal of Medicinal Chemistry, Vol. 33,
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sai d conmpounds have an ertension e and can or a
treat nent fofeRé¥ptigpswhiel. 1s usefuhnmppgnedicthzopyran derivati ves
di scl osed i npthgrafpye docunents, Cromakali mrepresented by the foll ow ng

formul a has recently been remarked as, a new kjnd of a hypqtensive dru
havi ng an ef f ect onﬁRﬂzeﬁ§ﬁﬁBIdFBb%?F%Ye§M??W%ﬁ%xﬁ%ﬁkﬁqg ?Wqﬁﬁ§9ﬁ§é%l

Besi des, derkyakcteshamewbeeh khéwd: posof i @¥ample, various benzopyran
derivatives in which the 4-position carbon atom of
a benzopyran ring is directly linked to a nitrogen atom
are disclosed in Japanese Laid-Open Patent Publications
No. 97974/1985, No. 47416/1988, No. 185317/1988,
No. 1986581/1988, No. 201182/1988, No. 303977/1888,
No. 26578/1989, No. 38087/1989, No. 129184/1990 and Journal
of Medicinal Chemistry, Vol. 33, No. 6, pp, 1529-1541, 1990.
In the above documents there is described that said
'compounds have an anti-hypertension effect and can be
used for a treatment for heart diseases.

Among the benzopyran derivatives disclosed in

the above documents, Cromakalim represented by the
following formula has recently been remarked as a new
kind of a hypotensive drug having an effect on K' channel
together with Nicorandil and Pinacidil.

Besides, derivatives in which the 4-position
carbon atom of a benzopyran ring is not directly linked to
a nitrogen atom are also disclosed in Japanese Laid-Open
Patent Publications No. 303977/1988 and No. 38087/1989,
Official Gazette of WO 90/14348, Journal of Heterocyclic
Chemistry, Vol. 11 (5), pp. 797-802, 1974 and Journal of
Medicinal Chemistry, Vol. 33, No. 6, pp. 1529-1541, 1990.



carbon atom of a benzopyran ring is not directly linked to a nitrogen atom
are al so disclosed in Japanese Lai d- Open Patent Publications No.

303977/ 1988 and No. 38087/1989, Oficial Gazette of WO 90/14346, Journal of
Het erocyclic Chem stry, Vol. 11 (5), pp.-297-802, 1974 and Journal of
Medi ci nal Chem stry, Vol. 33, No. 6, pp. 1529-1541, 1990.
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The present i ancpmdds Igawpspudaeuhagsmadeusryuab@ntthh&smﬁh‘étm of a

benzopyran depl ¥ahi,Key¥aCh 10gS of NEnEIHYBLAR! 1RYPIEn eXCEl | ent K channel

opening activities t Sim |l ar conpound Cronmakal i m and_ i n whi ch
the 4-position carbodngt BHEELTE BEHEBE?FﬁnhFVﬁgSF%dh%@ 55 EE4PYS1Y nked to a
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compound 1 epr SBe i end PERLEEP R e Benenar BT et 2 HFoRtan el o
Kl err] channelisopefti dgractilyi Linked to a nitrpgem]atom and about K
channel effect activities. As a result, they have found
that a novel benzopyran derivative to be described below,
which is disclosed in no document, has such pharmacological
activities and accomplished the present invention on the
basis of this finding.
DISCLOSURE OF THE INVENTION:
' The compoﬁnd of the present invention is a novel
compound represented by the folloWing general formula (I)
having excellent K* channel opening activities:

X_ X
S
Ra
N R, (1)
Rs R,
0 Ra
h wherein

R: represents a hydrogen atom or a hydroxyl group,

R2 and Rs represent, in common with each other or
independently, a lower alkyl group, a substituted lower
alkyl group containing a halogen atom or a lower alkoxy
group as a substituent, or, in combination, a heterocycle
containing an oxygen atom or a sulfur atom as a hetero atom;
R, and Rz do not represent a lower alkyl group simultaneously,
though,



wherei n Rlerr] represents a hydrogen atom or a hydroxyl group,
Rlerr]_and R err] represent, in conmmon with each other or independently, a
| qQuer aIkyI group, a substituted |ower al kyl group containing a hal ogen
atomor a |ower al koxy group as a substitawlent, or, in conbination, a

het er ocycl e contai ni ng an oxygen atomor a sulfur atomas a hetero atom R2
and R3 do not represRitand|Ryeremtdsdnyy aup omndnt sridduslach oltduegh,
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group, a |lower | sul fonyl group or an ar fonyl group,
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group, a car anny a su moy, res
-NR[err]Rerr], g)rér’r: Phts Tgﬁ erc?‘] . :ilﬁ 4:{[ évgﬂﬁ]reéﬁ’d ZR[rglpIr SEQ rsesent
in comon w té imﬁﬁm@emeatm, |mdhp&tdamnygﬂ, grdupdr agearyilogyoaphydr oxyl
group, a | owe l,anal |y
containing a éu@%%%% %P&gp ’szaﬁ ra ed sg}u g’le% %g%ﬂ% %P%}?'group
optional |y contearbamoel sgiein tar swﬂfamqﬂl @rowp .opfidonal | y cont ai ni ng a

substituent a cycl opl Ky S SHS ONRGNA! 1DOROHAI-BRGY dneRib kueahd B,
het er oaryl %é%%gtlonally containing a substituent, ar err R7, in

conbi nat i on, t a“he‘imd’fjé}bpﬁ%%héﬂqlﬂﬁrCGHt éF‘ﬁ‘ieﬁﬁ deg Bé’t'l tue,nt
t oget her wi t ha ehyrdtéggene edmMma a6 lgravug, R[aerlb}ve&-eaugaﬁyt gaolipdr ogen

e A i v A M
a substituent, a saturated or unsaturated lower alkyl
group optionally containing a substituent, an aryl group
'optionally containing a substituent, a cycloalkyl group
optionally containing a substituent, a heteroaryl group
optionally containing a substituent, or Rg and R, in
combination, represent a heterocycle optionally containing
a substituent together with a nitrogen atom, and Rg and Rg
represent a hydrogen atom, a lower alkyl group or an aryl
group.

In tﬁé definition of the compounds represented
by the general formula (1), a lower alkyl group means
an alkyl group having 1 to 6 carbon atoms, preferably
1 to 4 carbon atoms. Examples of such a lower alkyl group
include a methyl group, an ethyl group, an n-propyl group,
an i-propyl group, an n-butyl group, an i-butyl group,
an s-butyl group, and a t-butyl group.

A lower alkoxy group means an alkoxy group having
1 to 6 carbon atoms. Examples of such a lower alkoxy group
include a methoxy group, an ethoxy group, an n-propoxy
group, an 1-propoxy group, an n-butoxy group, an i-butoxy
group, an s-butoxy group and a t-butoxy group.

A halogen atom means chlorine, fluorine, bromine
and locdine, preferably chlorine and fluorine.



an al kyl group having 1 to 6 carbon atons, preferably 1 to 4 carbon atons.
Exanpl gs of such a Iower alkyl group include a nethyl group, an ethyl
gr.oup, an n-propyl group, an i-propyl group, an n-butyl group, an i-butyl
group, an s-butyl group, and a t-butyl gfoup. A | ower al koxy group
means an al koxy group having 1 to 6 carbon atons. Exanples of such a | ower

al koxy group includeAs aresWoxtyi te v, lare etdidsyl @roup cmnmipﬁom)xy group,
an i-propoxy gr t OXYy, B y group
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and a t-butoxy group.
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-4- Asnd sUPBhdiotheehyPVEFol kyl group containing a hal ogen atom or
a | ower al koxy group aéiglsubstltuent can be nentioned, for exanple, a

met hoxymet hyl ~ group &hd? ¢ ¥R GifethyIogddqine an OXYEET, 1O O3y cl e
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| ower al kyl sul f onyl can be nmentione for exa nmet h Isulfon
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'group, a propylsulfonyl group and a butylsulfonyl group.
As an arylsulfonyl group can be mentioned, for
example, a phenylsulfonyl group, a naphtylsulfonyl group,
a tolylsulfonyl group, a xylylsulfonyl group and a biphenyl-
sulfonyl group.
_ As a cycloalkyl group optionally containing
é substituent can be mentioned, for example, a cyclopropyl
group substftuted with a halogen atom or a lower alkyl
group, a cyclobutyl group, a cyclopentyl group and
a cyclohexyl group.
As a heteroaryl group optionally containing
a substituent can be mentioned, for example, aryl groups
containing a hetero atom such as a pyridyl group, a pyrimidinyl
group, a quinolinyl group, a pyrazinyl group, a thiazoyl group,
an oxazolyl group, an imidazoyl group, a thiadiazole group and
a tetrazolyl group.
The compound represented by the general formula (I)
can be produced, for example, by reacting a compound
represented by the general formula (II1I):



group, a cyclobutyl group, a cyclopentyl group and a cycl ohexyl group.

As a heteroaryl group optionally containing a substituent can be nentioned,
for exanple, aryl groups containing a hetero atomsuch as a pyridyl group,
a pyrimdinyl group, a quinolinyl group,-s pyrazinyl group, a thiazoyl
group, an oxazolyl group, an imdazoyl group, a thiadiazole group and a

tetrazolyl group. The conpound represented by the general formula
(1) can be produced, for exanple, by reacting a conpound represented by the
general formula (111): [err] wher ei n

Rlerr], Rlerr], R err]Rs mean as defined above, with a conpound

represented by the qﬁge A #q1V): [err] (III) wher ei n
X and Y nmean as defi ¢

wherein
R2, Rs, Rs and Rs mean as defined above, with
a compound represented by the general formula (IV):

(IV)

wherein

X and Y mean as defined above, and

L represents a halogen atom, or an eliminating group
such as -ORi10 or -SOnR;:, wherein R;o and R;; represent
a hydrogen atom, a lower alkyl group or an aryl group, and n
represents 0 or an integer of 1 or 2, in an inactive solvent
in the presence of a base.

As a base to be used herein can be mentioned,
for example, sodium hydride, sodium alkoxide, potassium
alkoxide, alkyl lithium, potassium carbonate, sodium
carbonate, potassium hydroxide or sodium hydroxide.

In addition, the compound represented by the above
general formula (I) of the present invention can also be
obtained by reacting a compound represented by the above
general formula (IXII) with a compound represented by the
general formula (V):

X=C=W (V)



L represents a hal ogen atom or an elimnating group such as -ORerr] or
-SOnRlerr], wherein Rerr] and R err], represent a hydrogen atom a | ower
alkyl group or an aryl group, and n represents 0 or an integer of 1 or 2,
in an inactive solvent in the presence afga base. As a base to be
used herein can be nentioned, for exanple, sodium hydride, sodium al koxi de,
pot assi um al koxi de, whé&yéinithi um potassi um carbonate, sodi um carbonate,
pot assi um hydr oxi de r i i de, | n addition, the conpound
represented by the a%o'?/%&gée;%gr;q %ir(erfﬂlaabo("ie)’ c?fn‘fhe present invention can
al so be obtai ned by ¥ eERRYeRLRET GIP RRNEare @teskntae ¢ ulyf urh e tamowe deRgrL3a|
formia (111)wnetdnm mm%%(ﬂ\fwa%%em eiﬁg e rEeRE X, . O L¥bouna
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Wrepresent s examXy@e e iaculifdéyaplad@ or N-R12, wherein R err]
has the sane neaniﬂgqas err oregggrr . As a conpound r epr esent ed
by the general for I (\HmRS, G & REsie . bygthe abovesgenpsral net hyl
i sot hi ocyanatfermula (I) can dllve bempbiad nedpbssdehgdriy inke aabowgcuager al
formula (1) hWned. hydr at i.ng nmpound
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represented by the gener for r]

X Y
\\C/
Rq
5 OH (VII)
5
S Rz
4] Ra
wherein

X, Y, R2, Rz, Rs and Rs mean as defined above,
sald compound represented by the general formula

(VII) obtained by reducing a compound represented by the
general formula (VI):

XQC/Y
R
o l 0 (VI)
s
~ Rz
0 Rz
wherein

X, Y, Ra, Rs, Rq and Rs mean as defined above. .

A reduction reaction is carried out by the action
of a reducing agent, for example, boron hydride such as
NaBHs, KBH4, LiBH4, NaBH3CN and LiAlH or metal hydrides

in an inactive solvent, or by catalytic reduction using
palladium carbon or Raney nickel.



wherein’ X, Y, Rerr], Rerr], Rerr] and R err] nmean as defi ned

above, sai d conpound represented by the general formula
(V1) obt ai ned by reducing a conpound represented by the gener al
formul a (V1): [err] -7- Wherein X Y.
Rlerr], Rerr], Rerr] and R err] nean as defined above. A

¥educt|on|react|on|5ﬂ(ﬁﬂhydﬁh%?ﬂh bﬁahh&oﬁcﬁbo%arrie&BaﬁtabyedEQEEE agfnt
or exanpl e e such a rr i err
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catal yti c redwhlomidsiin an inaq&aWbadouweuarbom by Rabeg anchkelid
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as paratoluenesulfonlc aC| e 'h~an 1 nactirve’sol vent,
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base. As a base taq be§ﬁ1ed here_can be nentione rgani ¢ bases such

pyri di ne andiﬂ%&ﬁ qﬂganlc bases such as pyridlne and triethylamlne
or sodium hydroxide, sodium alkoxide, potassium alkoxide,
alkyl lithium, potassium carbonate, sodium carbonate,
potassium hydroxide and sodium hydroxide.

The compound represented by the above general formula

(I) can also be obtained by reacting a compound represented

by the general formula (VIII):

QQb/DH
Ra
N (VIII)
Rs R
K2
0 R3
wherein

R2, Rz, Ra and Rs mean as defined above, with HNRsR7,
wherein Re and Ry mean as defined above, in an inactive
solvent by using a suitable condensation agent.-

As a condensation agent to be used herein can be
mentioned, for example, amido reagents such as carbonyl
di-imidazole, triphenylphosphine and 2,2'-dipyridyl
disulfide.

Moreover, the compound represented by the general
formula (I) of the present invention can also be obtained
according to concrete methods of production described in
Examples.

The compound represented by the general formula (I)
of the present invention exhibits, as apparent from Examples
to be described later, excellent K' channel opening effects
and can be used as smooth muscle relaxation drugs, namely,
as an activating component of K' channel activation drugs



or‘sodfdn1hydroxide, sodi um al koxi de, potassi um al koxi de, alkyl lithium
pot assi,um car bonate, sodi um carbonate, potassium hydroxi de and sodi um

hydr oxi de. The conpound represented by the above general formula
(I') can also be obtained by reacting a cogpound represented by the general
formula (M11): [err] wher ein Rlerr], Rerr],

Rl err] ang Rl euch asamnaand&?ms&dmabdvag mathybbﬁéﬁélbﬁ{efﬁk, mngéﬁtn—

i ve, Ln_an_inactive solvent using a
ot t abi o conaaneipBoRRedards' lGE ARG Sy 1AcARCLOBREE Sy B tueY Lsed
herein can beThénﬁdGﬁ@dStraﬁieﬂadpse ofinttle cempeund supheaentadbonyl
di -i ni dazol e, pyr rcaee@%hamip%%ugad(% 2qzfERYL ! (o LAY {1;2'3? 2nd,

Mor eover, the conpound represente énera ornu
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production descmipred/dayFxprekesably 0.007Thgo COMP NP £RELSEN b Bye t he
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and can be usedalsadminibtrastbr, r phreaténnl dadgbni aret Yon AStEsi &L i vat i ng
conponent of KefhARDELa2¢bhVEhAOPhE 0%, As a carrier of a K channel

activation drug can be used a carrier ordinarily used.

Among the compounds represented by the general

formula (I) of the present invention, the compounds

having a nitro group at the 4-position of a benzopyran

ring including the compound represented by the general

formula (II) exhibit excellent K' channel activation

effects (refer to Test Examples):

(II)

wherein

X' represents =0, =S or =N-CN, and

Y' represents -NRioR11, wherein Rjo and Rj;
represent, in common with each other or independently,
a hydrogen atom, a lower alkyl group or a lower alkyl
group substituted by a cyano group; R;, Rz and Rz mean
as defined above. Particularly, compounds wherein Rg or
R? (Rio or R1:1) 1is a hydrogen atom have strong activities.
As concrete examples of the compounds of the present
invention can be mentioned the following:



such as an anti-asthma drug, a hypotension drug, an anti- angina pectoris
drug and an incontinence curing drug. The adm nistration dose of the
cgnmpound represented by the general fornula (1) depends upon the kinds and
degrees of diseases. CGenerally, it is abput 0.0001 to 1 ny/kg/day,
preferably 0.001 to 0.1 ng/kg/day. A route of adm nistration can be
selected, as required, fromoral glm ngstration, parenteral adm nistration,
topical adnministration and the |ikelcAs a carrier of a Klerr] channel
activation drug can be ug?d a carriey ordinarily used. Anong t he
conpounds represented by The géne Myl a (1) of the present invention

t he conpounds having a nitro p at the, 4-position of a benzopyran ring

i ncluding the conpound regpr esant eeNby. e’beneral formula (11) exhibit
excel | ent K+ channel activation“effdtts (Beefer to Test Exanples):

[err] wherein X represents =0, =S or =N-CN, and Y
represents -NR[err]JoRerr], wherein R err] and R err], represent, in comon
wi th each other or independently, a hy gen .atom a |ower alkyl group or a
| ower al kyl group substituted by a cyars ﬁb@p; Rlerr], Rerr] and R err]
mean as defined above. Particularly, conpounds wherein Rlerr] or R7 (Rlerr]
or Rlerr]) is hydr ogen atom have strong activities. As concrete exanples
of the conpoud%%Iof ﬁpe prqafnt inv%gtion ca%4be ne%%ionﬁq t he fgllomﬁng:

1(1) OH Me CH2,OMe NO2 . H S NHMe
1(2) H Me CH,OMe NO2 H 0 NiMe
2 H Me CH,OMe NO2 H S NHMe
3 H Me CH20Me NO2 H N-CN NHMe
4 H Me CH20OMe NO2 H N-CN NMe,
5(1) OH CH,OMe CH,OMe NO2 H S NHMe
5(2) H CH2 OMe CH20Me NO2 H 0 NHMe
& H CH,O0Me CH, OMe NO, H S NHMe
7 H CH,oF CH,F NO- H 0 NHMe
8 H CH2F CH>F NO2 H S NHMe
S H CHaoF CHoF NO, H N-CN NHMe
10 H CH,F CHoF NO2 H 0 NHCH2CH,CN
11(1) OH -CH2CH20CH2CHz- NO2 H S NHMe
11(2) H ~CH2CH20CH2CH2 - NO2 H 0 NHMe
12 H -CH, CH, OCH2 CH2 - NO2 H S NHMe
13 H -CH2CH20CH2CH2 - NO2 H N-CN NHMe
14 H -CH2CH20CH2 CH2 - NO2, H N~CN NMe,
15 H -CH,CH,SCH2CHo - NO, H 0 NHMe
16 H 'CHaF CH2F NO2 H S NHCH, CH2 CN
17(2) H CHaF CHaF Cl €l O OH
17(3) H CH, F CH2F Cl Cl O NHMe
18 H CHaF CH2F Cl Cl s NHMe
19 H CHaF CHzF Cl Cil © NHCH2CH2CN
20 H CH.F CH.F Cl Cl S NHCH,CH,CN
21(3) H CH2F CH.F Br H 0 OH
21(4) H CHzF CHaF Br H 0 NHCH2 CH2 CN
22 H CH2F CHa2 F Br H 0 NHMe
23(1) H CH2F CHaF NO2 H 0 OEt
23(2) H CHF CHaF NH2 H 0 OEt
23(3) H CHoF CHaF I H 0 OEt
23(4) H CH2F CH.F CFs H 0 OEt
23(5) H CHaF CH.F CFs H 0 OH
23(6) H CH,oF CH.F CF3 H 0 NHMe
24 H CH2F CH2F CF3 H S NHMe
25 H CH2F CH2F CF3 H 0 NHCH,CH,CN




[err] Table 1 Ex. No. Rl err]

Rlerr]. R err] R err] R err] X Y 1(1) OH M
CH2OVE™  NC2. H S NHVEe 1(2) H M CH err] Owe
qul‘l‘] H O NHVe 2 H -1 CH err] Owe NJ err]
H S NHVe 3 H M CHerr]OM NJerr] H NOCN
NHVE 4 H M CH err] OveTablg @rfkkon.) H N-CN Nwe2 5(1)
OH CHerre] Owe. CH err] Owe NJ err] H S NHVe 5(2) H
CH err] Owe CHerrOve—NGer 1 +H—O NHvE—6 H-
CH err] Owve @v‘[oerr]ROVE qurr] H s NHVE 7 H CH2F
CH2F NO[ equ NRMe 8 RaH CRBerrKr CHYerr]F
NJ err] NHIVE CHfeTeri ‘Lhyerr TF NSerri
H NOCN NHN@S( H HC §HZF CH,FCrpF Cst PEt 0
NHCH2CH2CN 1 REr r] cH &HeFoCH] efer @H[err qupﬁ H
S NHMe err] CHzeRrt] OCH eRr:FCH er f}] - 1 ,
H O NH CH[ er [ err] Perr] [er - err]
H S NHME, | 3 g gg g-CH[er [ erer [err]GH e rfN N ﬁlrlﬂ
H NOCN NH 0(#3‘ " HCH wCH err errej rr] [erf] - errp-t
H NOCN Nw H HCH FCH[err 2 err] SgH err k- err|
H O NH (236 UH rCH err ]F oNA erh H S
NHCH{ er ] CH esal( @y 37( 2420 o e EF o Cme O 0
OH 17(3) H 31CH erm F cH,F CH[eCH 3F-7 nhibe 18
H CHerr]F 32 CH er cHEF CszF a n—§3F7 HIHIVEO 19 n~HCHL CH.CN
CHerr]F 33CHper § F CH,F C CH,€l OH NHCHRCH26N 200y H
CHerr]F 33@er H] F CH,FCl CHEl S H NHCHfzer r pCH[ er NlgRl  21( 3)
H CHerr]F 34 CH er CHEF BCH2F HHDO BH 0Q1(4) NHCH,CHheNnr]F
CHerr]F B5(1) H H CHQF NEELE CH2 CNCN22 H O:H[err]JEt
CHerr]F 38(2) H H CHQF NENeF CN H OH
. 35(3) H CHaF CH».F CN H O NHMe
36 H CH,F CH.F CN H 0 NHCH, CH,CN
37 H CH,F CH,F NO2 H O NHCH2CH2 CN
(3,4-dihydro)
38 H CHoF CH.F NO, H S NHCH, CH,CN
(3,4~dihydro)
39(2) H CHo F CH.F NH2, -HC1 H 0 NHCH, CH2CN
40 H CH,F CH,F I H ¢ NHCH, CH2CN
42(3) H CH2F Me NO2 H 0 OCH
42(4) H CH,F Me NO» H 0 NHMe
43 H CH,F Me NO, H S NHMe
44 H ‘CH2F Me NO2 H 0 NHCHa CH2CN
45 H CH, F Me NO, H S NHCH, CH,CN
46(3) H CFs Me NO, H 0 CH
46(4) H CFs3 Me NO2 H 0 NHMe
47 H CFg Me NQo H S NHMe
48 H CF3 Me NO, H 0 NHCH, CH,CN
49 H CFa Me NO2 H S NHCH, CH2CN
50(1) H CH,F CH,F n-CaqFg H ¢) OEt
50(2) H CH.F CH.F n-C4Fg H 0 OH
50(3) H CHoF CHa F n-C4Fg H 0 NHMe
51 H CHy F CH,>F n-CsFs H 0 NHCH, CH, CN
52(1) H CH,F CH,F Cl H 0 OEt
52(2) H CH2F CHaF Cl H 0 OH
52(3) H CH,F CH,F Cl H 0 NHMe
53 H CH,F CHao F Cl H 0 NHCH, CH,CN




23(1) H CHerr]F CHerr]F N err] H O OEt 23(2)

H CHerr]F CHerr]F NH2 H 0 Cet 23(3) H

CH[err]F CHerr]F I H 0 Ot 23(4) H CHerr]F
CH[err]F CF3 H 0 OEt -123(5) H CHerr]F CHerr]F
CFlerr] H 0 OH 23(6) H CHerr]F CHerr]F CFlerr]
H 0 NHVe 24 H CHe[rr]F CHerr]F CF[err] H S

NEZﬁZéiZCN H  CHelifarter, CheeptbBuctiofFber the 9%%?oﬁhd 8¢ the

Tabl e 1 (co®nesentpinvendion middrpe explaippd morepmipufely apgerding
Rlerr] X to Exam 1e§ Qﬁélbreﬁentcﬁheéthon is n@H[?ééiFicte&Iﬁér]FS

H O CE err err]F F
OH 26(3) thGﬁﬂH%@%@Pﬁes éﬁkerr]F C%err}Fs C[eLr]OS NHNb 27

H CHerr]Example @H err]F C[err]Fs NHVE 28 H
CHerr]F CH eyl F HVe,.29-41 H
CHerr]F cH hox y 2= dim th y_gNni 30(1) H
CHerr]F CH[@m@h@pyran-eigarbﬁkemﬂﬁe H O H
CHerr]F CH[err] T t H 3P62%- H CHerr]F
CHerr]F n- C[err] ePrF miﬁ urS of’’s gcﬁf 4 EEEY CHerr]F

CHerr]F Ofthpryuethyl-@-methylxfrpigyo-2H- N‘beEFPEYFfF'3 one gfflerr]F
n-g?F7 ]FF 60Sm1 ﬁf diviida &2NNdéﬁ?Eﬂygﬁbghh%FdeHwasCEFB@HFEFS g of
n-Clerr err ] err .

H Hotasstun Yagcisry) DUIOXien BPPEF niTrosgy SEFPED WiED
0 NHVE s34 rringHundéh dreeleooling €hdethpFmixthire was stibtedOfor

NHCH CH 5(1
OEt ggz;% Eﬁiﬁ%ﬁge% ( kheﬁ 1C#[ﬁir%E metEﬁlCTESEﬁlgﬁyang¥% in %}P§5(3)
CH err]F of 1! Y;Mﬁ@ampﬁhylfgmmamide wagl added to Khgpemigture gpd tH[err]F
CHerr]F  dd stirred Ht SOC for N@CHB% %]CHh%ErLQHe§7was abldeaCeberre] F

CHerr]F -NJe 0 err err
(3, 4- dlhydrd¥“ESHXt“rﬁ anéHP@rWFF WaShedCHPE rF her’. NCPeWPFer layep was
NHCH2CH2CN acidified to be hydrochloric acid and extracted with ether.

After an organic layer was washed with water and dried, the
solvent was distilled. The resultant residue was purified

CHerr]F
H

H

according to silica gel column chromatography (developing
solution, hexane:AcOEt = 3:1) to obtain 5.1 g of 3-hydroxy-
2—methoxymethyl—N,2-dimethy1—6—nitro-2H—l-benzopyran—4-
carbothioamide with a melting point of 139 - 141°C.

NMR (CDCls)6: 1.40(3H,s), 3.28(3H,d), 3.31(3H,s), 3.65(2H,s),
6.98(1H,d), 7.95(1H,dd), 7.98(1H,d).
MS m/z . 324 (M")

(2) To a mixture of 5.1 g of 3-hydroxy-2-
methoxymethyl-N,2-dimethyl~6-nitro-2H-1-benzopyran-4-
carbothiocamide, 75 ml of tetrahydrofuran and 125 ml of
methanol was added 3.0 g of sodium borohydride (NaBH,).

The mixture was stirred under ice-cooling for 2 hours and
subsequently stirred at room temperature for 24 hours.

The reaction solution was vacuum-distilled and water was
added to it and the resultant solution was extracted with
methylene chlorlide. After an organic layer was washed with



(?;,4-di'hydr0) 39(2) H CHerr]F CHerr]F NH err]-HJ err] H 0
H O

NHCH2GH2CN 40 H CHerr]F CHerr]F I

NHCH2CH2CN 42(3) H CHlerr]F Me NJ erre] H O H
42(4) H CHerr]F Me hKIngJ] H O NHMVe 43 H
CHerr]F Me NJ err] S NHVe 44 H

8EF[eriLF watdfe and drid¥] ethd solvenﬂ*waé)distillﬁ?ﬁH&C§®@H1&5§

err

CFlerr] N-mﬁ'\'\ghyl—&ti—@eérrc% 3- hydrq_yry %methox ixg(i{dfg\lnﬁ_eﬁ(hyé:[sl_{”]

Me NOj Btr¢-2H-1-béhzomyran-4-Mdvtbothiocamide. CSubselquently, Mo

Hq e(r)r] Jf\ll—%—{%%a%%?\l %%th%néﬁpé?rﬁn q:e[rqr\fa]tl\j/_ge were'\./%l\jd&eéi” .1nge”}_l

S NHCHREHPORe Bagngsulfonsddrqride and @ ady jof pyrdddmerr | lalhéar r] H

%4 50(3) CEL P4 tamt mGterFd ]vFas refldddEWilth headtidgerdrF-hehohhr H Nal\/e
r err err

51 (SH{}}% 4olvean{ae§ r‘ie Jil]ﬁedq g tu[‘ﬂ w]aﬁ lgéled to

NHCH2CH2CN 5¢d )residueHimd rif was acﬁaﬂﬁﬁédl%o bdjhydrochﬂdr1c0ac1d OEt
52(2) H rr ery c .+ H 2(3 H
GlorrF  arEekErasted vpFdthyiqnd quioriady iy greantiy Togk, s
CHerr]F Wshed witlH waer and MRGHdr rdriH e [s@Nlvent was distilled.

Her ei naf ter 1Tﬁé‘eré’§19ﬁt’£ﬁt e Of and ) Gy O TRAUIS & al&%r@i‘%x%e% PER e SO

be explained nore mnutely accqrding to Exanples. present 1 nvention is
not restrlct%Rﬂ?QPt?R%RP%%&#ﬁﬂR%X &é%ﬁﬁﬂ? #B&uﬁﬂ¥¥?ﬂ°n hexane:AcOEt =

2- Met hoxyrrethyi) Na- @t’bt@irhyéscﬁ-nig tofo-Rihelthoxyme thyletz @p\digie-thyaasoxamn de
(1) To arnxt of 4- di ¥du)2

et howyret hytt B areetiv RS ST SRR A AR PSR oo

N, N- di net hyIdﬁrlﬁa&ndelW&Cadded 2.5 g of potassiumtertiary butoxide under
nitrogen streamw th stirring under ice-cooling and the m xture was stirred
for 5 mnutes. Then, 1.7 m of nethyl isothiocyanate in 3 m of

N, N- di met hy|NMR NEGRGks Wbs ki 3tb $he 2W8& (3Hh dnd 330 (3H,s), 3.49(2H,s),

6.06(1H,s), 6.81(1H,d), 7.18(1H.brs),
7.91(1H,dd), 8.38(1H,d).
MS m/z . 292 (M)

Example 2

2-Methoxymethyl-N,2-dimethyl-6-nitro-2H-1-

benzépyran—4-carbothioamide

A mixture of 0.9 g of 3,4-dihydro-3-hydroxy-2-~
methoxymethyl-N,2-dimethyl-6-nitro-2H-1-benzopyran-4-
carbothioamide, 0.12 g of p-toluenesulfonic acid monohydrate

and 25 ml of toluene was refluxed with heating for 2 hours.
Ethyl acetate was added to the mixture. After it was
washed with water and dried, the solvent was distilled.

The resultant residue was purified according to silica gel
column chromatography (developing solution, MeOH:CH,Cls =
1:99) to obtain 600 mg of 2-methoxymethyl-N,2-dimethyl-6-
nitro-2H-1-benzopyran-4-carbothicamide with a melting point
of 146 - 148°C.



was stirred at 5[err]C for 18 hours. Ice water was added to the m xture and
It was washed with ether. A water |ayer was acidified to be hydrochloric
aci d and extracted with ether. After an organi c | ayer was washed with water
and dried, the solvent was distilled. Thae-resultant residue was purified
according to silica gel columm chromat ography (devel opi ng sol uti on,

hexane: Ac OEINMR 30ﬂ£lbdéobt&iﬂ753ﬂ G )of 332BY68HORY: 3.31(3H,s).

2- met hoxynet hyl - N, 2-di met h Q-2 zgpyrgn apbot hi oam de with
a melting point of e e ﬁ/ﬁa gbéf)?g?r'?g 8 7%8 gH&Z 3. 28(3H, d)
3.31(3H,s), 3.65(2Hs), 7. sz(m dd),679881MHd rs7,9§(2§+<ua)d)7 98( 1H, d) .
MS niz Ms 3% (Merr.] hos (M (2) To a mxture of 5.1 g of

3- hydr oxy-2- met hoxymet hyl - N, 2- dlnethyl 6-nitro-2H 1- benzopyran- 4-

carbot hioam de, 75 m of tetrahydrofuran and 125 nml of methanol was added
3.0 g of sodixampIey thdrlde (NaBH4) The m xture was stirred under

I ce-cooling for 2 tenperature for 24
hours. The reacti or er was added to it

! Lme L -
and the resultant @ggﬂgjgﬁﬂgag Qggcaad4wammdgg hylene chloride. After an

organi c | ayer was t - -
wat er and dri ed, tﬁgﬁggﬁygktgaaésglg |Ple§ ?8tg fgmﬁtgyl N2 dlmeﬁﬁgl

N- et hyl - 3, &dHRTeREsinpenaepy zanetinerybethypani ey h%?emg of 2-
nitro-2H1 - @ﬂwlaiare%@%%lalmqﬁhd@od%esemvgnphyoft eriedhpiambBe
obt ai ned benzo qoderlv t|ve merB 2 ﬁg g tolueggﬁﬂﬁfonxp
chl ori de an& piydrilgdndetyaly 59€Pfaﬁtw xFEfeused ¥ BATWREN
heati ng forfbrh@umomn¢ th@h@ohﬁ&mUrwawadlabbubﬁdtoleeomatempaﬂstaﬂded to
t he residue S | |f| hydr chI r| ed with
nmet hyl ene cﬁ?ggﬁ!eﬁﬁ%nr%%g ﬁag g@%F“&ﬁ % h388 g S? ng %?%gé and
the sol vent ands 26 oig ISIoddumedrédel t(éﬁ?ﬂresdd@beméxpurefwea aeﬁbuuedg to
silica gel with heating for 4 hours. Ice water was added to the

reaction product and it was extracted with ethyl acetate.

An organic layer was washed with water and dried, and the
solvent was distilled. The resultant residue was purified
according to silica gel column chromatography (developing
solution, MeQH:CH,Cl, = 1:98) to obtain 20 mg of N-cyano-
2-methoxymethyl-N',2~dimethyl-6-nitro~-2H~1-benzopyran-4-
amidine with a melting point of 121 - 125°C by recrystal-
lization from ethyl acetate.

NMR (CDClg)d: 1.28(3H,s), 3.02(3H,d), 3.40(3H,s),
3.58(2H,s), 6.01(1H,s), 6.90(1H,d),
7.51(1H,brs), 7.88(1H,d), 8.01(1H,dd).

MS m/z : 316 (M)

Example 4
N-Cyano~2-methoxymethyl-N',N',2-trimethyl-6-

nitro-2H-1-benzopyran-4-amidine

To a mixture of 130 mg of 2-methoxymethyl-N,2-
dimethyl-6-nitro-2H-1-benzopyran-4-carboxamide, 83 ul of
methyl iodide and S ml of dried N,N-dimethylformamide was
added 21 mg of sodium hydride (60%) with stirring under ice-
cooling and stirred at room temperature for 15 hours. Ice




col um chr omat ogr aphy (devel opi ng sol ution, hexane: AcOEt = 1:1) to obtain
680 ng.of 2-nethoxynethyl - N, 2-di net hyl - . .

nitro-2H 1- benzopyran-4-carboxam de with a nelting point of 128 -

130[err] C. NVR (CDCl [err])[err]: 1.403H-s), 2.88(3H,d), 3.30(3H s),
3.49(2H, s), 6. 06(1Hs), 6.81(IHd), 7.18(1H, brs),

7.91(1H, dd), v&138( M4 .addedntd the reac&&&n(ﬁb&hthbn amdanpl @ad

2- Met hoxymet hyl I tr
benzopyrgn 4 carbé%hloa %?/eégép %n 0£§3Péc fageg aagfwashed with
3, 4- d,hydro_guﬁyﬁ'dyylﬂried. and the solvent was distilled. The

met hoxymet hy|ré\éL@.‘l§Hr{f9tﬂé\é|id@en'wtarsop%'f"ﬁ"il%%nQ%%%Eﬁ@n? tsag%&@sogghde 0.12

of t ol uenesul foni.c aci d nonohydrate and | uene was tefl uxed
anth Eeatlng §%m§‘ ﬂ&aQEﬁH?PhXCé@&ﬁ@lﬂﬁénédé@éuﬁéoﬂhemﬁpﬁfGHeCIAfFer it

was mashed\Mnf9&%ﬂmﬁcﬁﬂﬁi®rue@ m@hefSQLm%@howaﬁe@h§§LN|ﬁdz Ebgméeﬁyhtant
(dovel opi ng Tartrc-an-Tob&neRdcrS-3- 557 Bo3omsisi n BubSrgusntLy . 105 ms

2- met hoxynet (el aNLawmsm@mHylreagantranaHelmmeotobynaané warbohhdeam de with
ENE?Lébg?3??%%Er%ﬁn1%§$(gh%8%esglﬁgFgHméftu§e3Y?§Frgfluxed with - 13-

3. 49(2Hs), 5! @@1pggﬁor617g@gpu) After the reacti@gnog0luiiidn #a93¢atiibms),

8. 25(1FU£ NEoﬁhénsed the39§3622§rﬁhk pubX2iBheadcording to silica gel
i
N AN R o RS (4o Shomtnguperstians hgame:AcoEt -

2- met hoxynet BylL)Nt?- dbretihyl40 mg of Z-methoxymethyl-N,N,2-trimethyl-6-
nitro-2H-l-benzopyran-4-carbothiocamide. Subsequently, 290
Hl of iodomethane, 104 mg of cyanamide and 8 ml of dried
tetrahydrofuran were added therein and 96 mg of sodium
hydride (60%) was added therein with stirring under ice-
cooling, and the resultant mixture was stirred at room
temperature for 15 hours. Ice water was added to the
reaction product and it was extracted with ethyl acetate.
an organic layer was washed with water and dried, and the
solvent was distilled. The resultant residue was purified
according tq silica gel column chromatography (developing
solution, hexane:AcOEt = 2:3) to obtain 125 mg of N-cyano-2-
methoxymethyl-N',N',2-trimethyl-6-nitro-2H-1-benzopyran-4-
amidine with a melting point of 143 - 1486 °C.

NMR (CDCl3)8: 1.51(3H,s), 3.03(3H,s), 3.21(3H,s),
3.32(3H,s), 3.54(2H,brs), 5.88(1H,s),
6.85(1H,d), 7.55(1H,d), 8.02(1H.,dd).

MS m/z : 330 (M")

Example 5
2,2-Bis(methoxymethyl)-N-methyl-6-nitro-2H-1-

benzopyran-4-carboxamide

(1) To a mixture of 5.1 g of 3,4-dihydro-2,2-
bis(methoxymethyl)-6-nitro-2H-1-benzopyran-3-one and 60 ml
of dried N,N-dimethylformamide was added 1.35 ml of methyl




6- ni tro- 2H 1- benzopyr an- 4- car bot hi oam de, 157 ng of 2-

chloro-I-nethyl pyridiniumiodide, 172 [err]| of triethylamne and 4 m of
dri ed tetrahydrofuran was refluxed with heating for 3 hours. The m xture
‘was cooled to roomtenperature and to s resultant m xture were added 34
ng of cyanam de and 25 ng sodi um hydride (60% and the m xture was refl uxed
wi th heati ngisothiodanste |wedemtredt e raddackamo wifth sé¢detrilos pnderct and

it t ( | th [ th t
and ari oo | et too LR €L DeuREe T ARG pRNEbtan tRREIAL 1D vater
purified accoteRhbde 0vas IQQ,%FQJeﬁhQﬁﬂimm dtiyeo XSGt Ep M S( §ELEREFI ﬁgf

sol ution, MefFgihetdd Adertder firdert cgtqtﬁ&idn a%o smﬂ: ?BerqyaBQrs,

2- met hoxynet I-N' 2-di nmeth itro-2H1-hbenzo -4- amdine with a
ol L1 ng. b0y ROHVALAT WaDHAq SRyl ARG FHE. RESHITEHT FORCCUAN acetate.
NMR ( CDO [ ergdlueisn waé.ﬁEHHHdEﬂLtH3é$&@3Hd)A.&a&@@BHa&kr was acidified

7 88(1H o). B O T ERpehet e AT and ip, was exrrpbret BILR Bhngr

N- Cyano- 2- nn&ﬂun@gﬁnhgﬁlaﬂerrﬂaswwabhad wdtty wader and dried, and the

i tro-2H 1- D%, The Ebehillef wesiahelWMPulesea o

2- met hoxymnet enzopyran car boxam

2
[err]] of nE‘%‘FﬁFPr H&gd@aﬁﬁf/@%ﬂg@f clivam ghgomareeiRPhyT r&ﬁmvaéowéggadded
23 ny oftsodsm%t%&i; %%}g(t%@gc’! fLI gligg) RS Whiain 88 ¢Oooki BYhFAe okl I ed
at roomte e, 10r (o) e

Tan vt or ek RIS TP RRE TR e 65 L e ~2E s D eBROPAEPRA 4 t h
et her. An oremrbath bysmidesvivds e delittimgiaiodmn tand @7 ed1oarfé t he sol vent

was distilled. The resultant residue was purified according to silica gel

col um chr omat ogr aphy (devel oping solution, MeOH CHerr]C[err] =
NMR (CDCls)é: 3.28(3H,d), 3. 35(6H s), 3.70(4H,s),

6.98(1H,d), 7.43(1H,dd), 8.04(1H,d).
MS m/z : 354 (M)

(2) To a mixture of 2.7 g of 3-hydroxy-2,2-
bis(methoxymethyl)-N-methyl-6-nitro-2H-1-benzopyran-4-
carbothioamide, 12 ml of tetrahydrofuran and 46 ml of
methanol was added 1.1 g of sodium borohydride (NaBH,)
with stifring under ice-cooling and stirred under ice-
cooling for'z hours and subsequently further stirred at
room temperature for 24 hours. The reaction solution was
vacuum~-distilled, water was added therein and the resultant
mixture was extracted with methylene chloride. An organilc
layer was washed with water and dried. The solvent was
distilled to obtain 1.0 g of 3,4-dihydro-3-hydroxy-2,2-
bis(methoxymethyl)-N-methyl-6-nitro-2H-1-benzopyran-4-
carbothioamide. Subsequently, to 700 mg of the obtained
benzopyran derivative were added 0.75 g of p-toluenesulfonyl
chloride and 11 ml of pyridine. The resultant mixture was
refluxed with heating for 30 minutes and the solvent was
distilled. 1Ice water was added to the residue and it
was aclidified to be hydrochloric acid and extracted with
methylene chloride. An organic layer was washed with
water and dried and the solvent was distilled. The



1:99) to obtain 130 ng of 2-nethoxynethyl-N, N, 2-tri net hyl - 6-

nitro-2H 1- benzopyran-4- car boxam de. Subsequently, 103 ng of a Lawesson's
reagent and 8 mM of benzene were added therein and the resultant m xture
was refluxed with heating for 1 hour. Afjger the reaction solution was
vacuum condensed, the residue was purified according to silica gel colum
CprgnatoﬁraﬂbﬁuﬂdQMQlﬁk?ﬂ@u%ohu%iQﬂgiheédngeééﬁﬁlné Bolyilocabgein 140 ny
o] met hoxy trime -,6- ) _

o tror o 1. GO, s BE Y e LOBBE L SRLHELOn HBOR 65T P Loy -

i odonet hane5:864 rogp @mt@yanﬁmndmgand 8,2+bods (detbdxyse thhy iir ¥fme bhy heb e
added, ther e 2 290 119, Alp o330 TUINALIZa00A20 wiBh ACHET:IRE! SO M0t bF
stirring under ice- coolin he TesultANt mxture was Stitred at room
t enper at ur e 149t ~134Por-s. Ice wat er was added to the reaction product and
it was extracted with ethyl acetate. an organic |ayer was washed with water
and dried, and the solvent was distilled. Ihe r suItanE%éesgdue was

purified ac&%ﬁﬁﬁﬁ@cﬂ@)glIlgagééﬁHcspunﬁ - B BHuf grﬁpﬁ? V&t opi ng
sol ution, hexane: AcCEt = ZBBbSKQHQbDala $8%1HyboE) N-6y8801R;4),

nethoxynethyI-N',N',2-tri I 0% 2H— epzopyran-4- amdine with a
nmelting point of 143 - 146 ﬁf&ﬁ Bdh éf%f?e??])[err]: 1.51(3H, s),
3.03(3H,s), & /(@3H, s), : 322 (M) 3.32(3H,s), 3.54(2H. brs),

5. 88(1H, s), 6.85(1H,d), 7.55(1Hd), 8.02(1Hdd). M5 nmlz

330 (M) Exanpl e 5 2, 2- Bi s(net hoxynet hyl ) - N-net hyl - 6-nitro-2H 1-
benzopyr an- £X&@Pd&Eni de (1) To a m xture of 5.1 g of

3, 4-di hydro- 2, 2- bigs @usik
of ‘dried N\-di meth )
-15- i sot hi ocyanate

O FRbRYE 851 L NOmath$1 benropysapu31one and 60 ni

A mixture of 550 mg of 3,4-dihydro-3-hydroxy-2,2-
'bis(methoxymethyl)-N-methyl—6-n1tro—2H~1-benzopyran-4—
carbothiocamide, 0.18 g of p-toluenesulfonic acid monohydrate
and 8 ml of toluene was refluxed with heating for 1.5 hours.
Toluene was added to the mixture. After it was washed with
water and dried, the solvent was distilled. The resultant
residue was purified according to silica gel column
chromatography (developing solution, MeOH:CH,;Cl, = 1:99)

~to obtain 110 mg of oily 2,2-bis{(methoxymethyl)-N-methyl-6-
nitro-2H~1-benzopyran-4-carbothioamide.

NMR (CDCl3)8: 3.25(3H,d), 3.35(6H,s), 3.58(4H,s),
5.82(1H,s), 6.85(1H,d), 7.97(1H,dd),
8.02(1H,brs), 8.34(1H,d).

MS m/z : 338 (M")

Example 7 -
2,2-Bis(fluoromethyl)-N-methyl-6-nitro-2H-1-

benzopyran-4-carboxamide

(1) To a mixture of 4.05 g of 2,2-bis(fluoromethyl)-
3,4-dilhydro-8-nitro-2H-1-benzopyran-4-one and 10 ml of
dried benzene was added 2.52 ml of trimethylsilyl cyanide
with stirring under ice-cooling. 0.82 g of zinc 1lodide




i ce-cooling. Subsequently, 2.2 g of potassiumtertiary butoxi de was added
therein. The m xture was stirred for 15 mnutes and then further stirred at
5C for 11 hours. Ice water was added therein and the resultant reaction

sol ution was washed with ether. A water Jdigpeer was acidified to be
hydrochloric acid and it was extracted with ether. An organic |ayer was
washed wi th weaeradded dthexkimrrhd hes al ivenir evas sdisttiiridedd a tTh@oabt ai ned

resi due was to.silic I col nn chr, aph

(devel opi ng %‘%dﬂéé‘g’%%gﬂ&%hﬁ“% 9%) Jbt é”oé”’&g%%“ﬁyéf‘&y-

2, 2-bi s(net ho&y‘iﬁetmyI()f Nehasihd rugs mmmmeb th@aleti(nt laindam de
mnth a nelti QM ET, [ser. 2

3. 35(6H, s), %%?ﬂégul))éar% L K el refggé%ﬁ ﬁtﬂ‘?&’f%)t ﬁgr g‘%?‘?ﬁ
VB N z legyatef ofag jadded to thepyepd duenispdudd #Bs2 amgliéfle

3- h%d: gxy- 2, gto b";’fé (H@dﬁt}g@%{fﬁt&{i@h'a)gﬂ&% @id )l gra%'GTe&er%'ét%db%%ﬁpm%%ﬁy‘iEne
car bot hi oam of . tetrahydrqfuran an

1.1 g of sodi %ijr{g%y A (%ééﬁél AXih Ve t’vtalslli‘&duﬁ’&é;ge C‘é?eé'oéwgn&r&ﬁé
stirred underan¢ethesdivant oras? diml:risll@rdd s Tihee pbeating df reshduestvasr ed at

room tenper agﬁudrelt{] £ q Zazlccgﬁ)éfjI léiq_%tal %réls%loti%l%n \p@.%{nr gggggr &?’Stl 'l ed,

wat er was ad erein e resultant M xture was ex
met hyl ene chl GF¢ Rl opin e repditd onay &H20ds :hesiaae wi (7Th 3datter oatd 1tdr 0e@9 Ehe

sol vent was thSMM;@éth @Ibel'sftfllu%r%m%ft %ﬁ ~@LRY4re-3uydhey o%y?—ag
bi s( et hoxym&*t:{%1 Nmtg{g -nitro-2 enzo&yran 4- car bot hi oam de.

Subsequent | y,¥ PR ngHOF ﬁé@ beA2dp¥r-an derivative were added
0.75 g of p- toluenesulfonyl chloride and 11 m of pyridine. The resultant

m xture was r. Wi ot ea r. 3 es.an ol.vent was

di stilled. Ic@ﬂwa ]\ﬁa?séhadtf‘GEﬂ%‘Ht ﬁié gs 833 afd i g-fﬁgzzﬁcad& fied to be
hydr ochl oric acid and extra@téd(@ﬁtHdﬁetByBemaHCBDoride. An organic | ayer
was washed wigd et er and drjgd (gtq the solvent was distilled. The

(2) A mixture of 0.93 g of 4-cyano-2,2-
bis(fluoromethyl)-6-nitro-2H-1-benzopyran, 20 ml of acetic
acid, 10 ml of water and 10 ml of concentrated sulfuric acid
was refluxed with heating for 4.5 hours. When the reaction
mixture was poured into ice water, crystals were separated
out. Said crystals were dissolved with a sodium hydrogen
carbonate solution and washed with methylene chloride. A
water layer was acidified to be hydrochloric acid and
exXxtracted with methylene chloride. An organic laver was
washed with water and dried, and the solvent was distilled
to obtain 0.83 g of 2,2-bis(fluoromethyl)-6-nitro-2H-1-
benzopyran-4-carboxylic acid with a melting point of 171 -
172 °C.

IR {(KBr) cm~t: 1698 (C=0)
MS m/z . 285 (M%)

(3) To a mixture of 0.78 g of 2,2-bis(fluoromethyl)-
6-nitro-2H-1-benzopyran-4-carboxylic acid and S ml of
tetrahydrofuran was added 0.67 g of 1,1'-carbonyldiimidazole
with stirring under ice-cooling and the mixture was stirred



-16- resultant residue was purified according to silica gel colum
chromat ogr aphy (devel opi ng solutlon MeOH: CH2Cl 2 = 5:95) to obtain 500 ng

of 2, 2-bi s(met hoxynmet hyl ) - N-net hyl - 6- ni tro- 2H 1- benzopyr an- 4- car boxani de
with a nelting point of 147 - 1490 NMp (CDCl[err])[err]: 2.94(3H d),
3.37(6H,s), 3.60(4H, s), 6. 08(1H,s), 6.35(1H brs), 6.88(1Hd),

8. 01(1H, dd) , r&r 413(t|1<b'hﬂ) 'f\@erm 7.3 ml of 3% (M ohylamid®!(thefkhanol
2, 2- Bi s( et hox

benzopyr an- 43 %gﬁ%g%} LT d%‘s‘lilg/‘5 &é‘ret,;{? Zﬁ}lﬁ & Suldgd b glgture was

3, 4-di hydr o-8thydedxyn@e2-ice~-cooling for 1 hour and then at room

bi s( et hoxyenﬁéelg%ﬁ Nypethyl - 5 r}l“%]‘{rgsr 2H 1 bgpnéeoo%yg %?3 ﬁs(l}glﬁg%\tﬁ,?é’%?’gﬁ uxeo 16

g of p-tolu onic acid nobno ate an d
with heatings®¢bation mrgddafbltteememsarghdﬁw tnti&m@anwataueettrmt@rd it was

washed with yatere gingy dr '[P‘ﬁj’o} | VPl ¢ VWaSs q'»‘a%tﬂéd %thT%tre‘?Slé.lntdant

resi due was Surlfled accord to silica colum' ¢ ronato
(devel opi ng pbrent was gbsswoucﬁ& ai ITheLE b |1’Ie>$idue

2, 2- bi s(met hmynpmyﬁedn\kar@édwdnﬁg T tg 0 Jgélemmmwmm&dwwr@pmm de.

5. 02(1h s . ERSETLoR|ne > Fibnebrtits) - ¥ e yngp 010 ¢

8.34(1H,d). &S 20 2-bis(fluod3setNflr+Nme tiSxdarfoird tho- 2H 1-benzopyran-4-

2, 2- Bi s(f 1 uog o0, m&gdymmyg ‘P“(ii‘ﬁf’ﬁf “wotdt of 178 - 178 "

benzopyran 4- car boxam d a mxture of 4.0
2,2-bis(fluoronethyl)- 3 4-di hydro-6-nitro-2H1- benzopyran 4 one and 10 ni

of dried benmane( ows1 arsied 2. &3, d)j‘ t4|g§a(t4}yld>)l | yd.2aami,ég With stirring
under ice-cooling. 0.82 g of ZI(Eﬁ'é% 10(1H dd). 8.46(1H,brs)
8.48(1H,d).
MS m/z ;298 (M")

Example 8
2,2~-Bis(fluoromethyl)~-N-methyl-6-nitro-2H-1-
benzopyran-4-~carbothiocamide
(1) A mixture of 0.08 g of 2,2- bis(fluoromethyl) ~N-
methyl-6-nitro-2H-1-benzopyran-4-carboxamide, 0.06 g of

a Lawesson' s reagent and 2 ml of benzene was refluxed

with heating for 1 hour. The solvent was distilled.

The resultant residue was purified according to silica

gel column chromatography (developing solution:CH,Cl,;)

and further recrystallized by a mixed solvent of ethyl
acetate and hexane to obtain 71 mg of 2,2-bis(fluoromethyl)-
N-methyl-6-nitro-2H~-1-benzopyran-4~carbothioamide with

a melting point of 134 - 135°C.

NMR (CDCl3)d: 3.30(3H,d), 4.60(4H,d), 5.85(1H,s),
6.98(1H,d), 7.97(1H,brs), 8.07(1H,dd),
8.37(1H,d).

MS m/z : 314 (MV)



-17- was added therein and the m xture was stirred at roomtenperature for
12 hoyrs. Further, 8 ml of pyridine and 4.41 m of phosphorus oxychloride
were added therein and the resultant m xture was refluxed with heating for
6 hours. lce water was added to the resiidue and it was acidified to be
hydrochloric acid and it was extracted with nethyl ene chloride. An organic
| ayer was webtemple th water and dried, and the solvent was distilled. The
obt ai ned resi due G Iu%n chr omat ogr aphy
(devel opi ng sol uti - . ; f

4- cyano- 2, 2- bi s(f | unkrg gdmyeyran with a nelting point
of 136 - 137[err]C [&fr, r (hd

o 97 (oH. ddb. A m%z(%ldf%ﬁ]%ﬁ d ‘2 b?lsamz-ﬁl%r@n'enf&ﬁq N m%)ca% (M

) (81t 7R 3@ Hr k- RANZP I & o - ALK 140 mg of 2-

bi tS(f I uo;I Orngélﬁ\wx)o-ﬁrlméﬁiy%rlJamﬂﬁﬁpﬁrﬁLdezg dﬁoeoﬁnla;é‘i"t 't%l%@hgiﬁiﬁtn@ 011:
wat er an concentrated su ic.acid was r ux eat.in or
hs hours. i £l bl (s ety et o el s 1xedaeh neAIrE

were separ atfeir o2ithowiss d cAAftsdml thenarea i izsnlsoad taionh wmsscdloumhy:dr ogen
carbonate s dmt | Qri r was
acidified tgllégcS Opd?%%#@?{]{ aci d{%r’ggt Qé{ rac J(} : dﬁ%s @ﬁ Péné gﬁ?églrl de. An
organi ¢ | ayey et Were \addad aﬁkﬁrdirﬁm@ndarfdjlet Héssldlt@@ﬁt miggure

distilled toynbtedsM BB v ek il ({d Y HBRIY! )‘I‘éemwtaﬁ:%rz'#a%
benzopyr an- %$$§b0§§y§§ acid wth a nelting point of 171 -

IR (KBr) cn rcand the mixgung was extract?§5wpwpeppphylene

chloride. An organic layer was washed with water and dried,

and the solvent was distilled. The obtained residue was
purified according to silica gel column chromatography
(developing solution, MeOH:CH2Cl, = 1:99). The resultant
'product was recrystallized by a mixed solvent of ethyl
acetate and hexane to obtain 21.5 mg of N-cyano-2,2-
bis(fluoromethyl)-N'-methyl-6-nitro-2H-1-benzopyran-4-
amidine with a melting point of 258 - 2861°C.

NMR (CDCl3-DMSO-dg)&: 2.96(3H,d), 4.77(4H,d), 6.20(1H,s),
_ 7.17(1H,d), 7.81(1H,d), 8.12(1H,dd).
MS m/z : 322 (M7)

Example 10
N-(2-Cyanoethyl)-2,2-bis(fluocromethyl)-6-nitro-

2H-1-benzopyran-4-carboxamide

To a mixture of 30 mg of 2,2-bis(fluoromethyl)-6-
nitro-2H-1-benzopyran-4-carboxylic acid and 2 ml of
tetrahydrofuran was added 28 mg of 1,1'-carbonyldiimidazole
with stirring under ice-cooling and the mixture was stirred
for 1 hour. Then, 0.10 ml of 2-~cyanoethylamine was added

therein, and the resultant mixture was stirred under ice-
cooling for 1 hour and subsequently at room temperature

for 12 hours. An aqueous potassium carbonate solution was
added therein and the reaction solution was extracted with
methylene chloride. An organic layer was washed with water



(3) To a m xture of 0.78 g of 2,2-bis(fluoronethyl)-

6- ni tro- 2H 1- benzopyran-4-carboxylic acid and 5 ml of tetrahydrofuran was
added 0.67 g of 1,1'-carbonyldiimdazole with stirring under ice-cooling
and the m xture was stirred fg0-1 hour. Then, 6.3 m of 40%
met hyl am ne (et hanol solution) was added therein. The resultant m xture
was stirred andedrieé;canditige ferldedowasandl 4 tidnleat. r e treagpdrta@ntr e f or

14 hours. An. S t spl RSy t in and the
m xture was e%%l?gg?eﬁgg\n ?ﬁéi‘#ﬁ%gﬂ% orlgémé)c[ﬁgiaé%r vvas&\F/\ngﬁ cfhﬁ{ ﬁh wat er
and dried, angetabesapdchexspe ©F sebtain 267He mbtafi Mo wiange thyd Jpurifi ed
according top sszfg(99&&@&:%??@%1%%%%@%;%&9@%%@@1@
MeOH: CH2Cl 2 = 1:99) to obtain O %

2,2-bis(fl uo?’bﬁ%t?\y‘P‘flRF%thrn% ‘P\ft W o144 ehzopyr an- 4- car boxani de wi th
a nelting point of 178 - 179[err]C. NVR (CDCl [err])[err]: 2.80(3Hd),

o o8 D). Rugliebbrl-cracoons Yo 80%(21{’/5&1'4 9)81(82}}%;%(1%;\3[(4}{ )

8. 46( 1H, brs)’,

Exanpl e 8 2, 2-Bi s(fl uoronet k@/12)4(l\LHrmhyl’1.615ﬁJtH,cd)2.l—l-81-15(lH dd)
benzopyr an- 4- carbothioanide (§ yure of 0.08 g of
2,2-bis(fluoronethyl)-N nethyl-6- n|tro benzopyr an- 4- car boxani de, 0.06

g of a Lawes¥®n®m4zreagent and 2 nl ¥}W7 bdhzene was refluxed with heating for
1 hour. The solvent was distilled. The resultant residue was purified
according to_silica gel columm chromat ography (devel oping

sol ution: CH ]) and further recrystallized by a m xed sol vent of
ethyl acetate and h¥xdethyb-é bt rosidimg 24 - P behig(ftamrnEt-hyl ) -

tetrahydropyran]-4-carboxamide
(1) To a mixture of 4.8 g of 3,4-dihydro-6-
nitrospiro[2H-1-benzopyran-2,4'-tetrahydropyran]-3-one
.and 60 ml of dried N,N-dimethylformamide was added 1.65 g
of methyl isothiocyanate under nitrogen stream. Then,
2.39 g of potassium tertiary butoxide was added therein
with stirring under ice-cooling and the mixture was stirred
for 1 hour and then stirred at 5°C for 17 hours. Ice water
was added to the reaction solution and it was washed with
ether. A water layer was acidified to be hydrochloric
acid and exffacted with ether. An organic layer was
washed with water and dried, and the solvent was distilled.
The obtained residue was recrystallized by a mixed solvent
- of ethyl acetate and hexane to obtain 3.8 g of 3-hydroxy-N-
methyl-6-nitrospiro-[2H-1-benzopyran-2,4'~-tetrahydropyran]-
4-carbothiocamide with a melting point of 217 - 218°C.

NMR (CDCl3-DMSO-dg)8: 1.47-2.50(4H,m), 3.17(3H,brs),
3.81(4H,dd), 7.07(1H,dd),
7.96(1H,dd), 8.03(1H,brs),
9.70(1H,brs).

MS m/z : 336 (M%)



N:neth§l-6-nitro-2F+I-benzopyran-4-carbothioanide with a nelting point of
134 - 135[err]C. NVR (CDCl [err])[err]: 3.30(3H,d), 4.60(4H,d),

5,85(1H, s), 6.98(1H,d), 7.97(1H brs), 8.07(IH, dd),
8.37(1,d). Ms mz 314 (Merr]) -21-
-19- Exanple 9 N- Cyano- 2, 2- bi s(fl uoronet hyl ) - N - net hyl - 6-

ni tro-2H 1- benzopyr &62) 4Tan difreture of 3\ Trigtaf 3-0fy Bbxyy Nofmethyl-

2,2-bi s(fluogo T hyl- . 6-ni - 2 Fk = 4- hagt_hi oam de,
140 ng of Z-écﬁ%?%%%%%%r%yﬁ%%%{m&? ?&?%e?@w&b&)ﬁﬁ{]ﬁ yl am ne and
2 m of drie@arbethhgambier ak0Garl ref | txerehydtofunan pd 02 mowfs. After

the reacti onngehihbPNwi8Sa & efl. & Oy roPNa d BIRE "8 rY1d i 1Y NefBHyy)anam de
and 38 ng of sodlun1péfé%de 55?0 wer e added therein and the resultant

m xture was YeFRugby ¢ O Mg 8 i tukss "afled t herein

and the m xtgterved exdéncies vddninetivd e wiloiddanditimgay ¢ | ayer was
sol vent_was dist,jlled.., The obtai ned
y

hed with wat d drjed d
oot due was BOPR{ FERPSEEBIEH Pt A4 19EE pol oI HRF TR 25h
(devel opi ng ®8$uvacnunMeidt i ed r |[WA fear rfas ddd) .thektedm esud ttdret pr oduct

ey ﬁ;r ngt ﬁ%?gggagi’zﬁn@%nﬁe&' wd V&Rtr Ll &4 W e GRIahA A PR d.0 obtain

bi s(f | uor oneARyPyeaAnierel #Xer 6va8 tyasingd MijehAahatarind diiefine ThHa h a

r2"3|9£5|( ga S;ﬂ niol’i;ex%’él_ﬁwﬁ.s M%i(er&l to N {GPG [erg ]GMQ-dingyrdf)%-?ﬁr L)
. i l . 4 ) - .S L) s " 4 !
7.81(1H, d), %Y%ﬁ%ﬁ¥f@tﬁ?€%é§?é%ﬁlQFOSRIr°{ZH‘l'b%ﬁﬁ9&%ﬁ%H7%o4 ~ Exanpl e 10

tetrahydropyran]-4-carbothiocamide. Subsequently, to 1.5 g
of it were added 2.1 g of p-toluenesulfonyl chloride and

60 ml of pyridine. After the mixture was refluxed with
heating for 1 hour, the solvent was distilled. Ice water
was added to the residue and the reaction solution was
acidified to be hydrochloric acid and extracted with
methylene chloride. An organic layer was washed with

water and dried, and the solvent was distilled. The residue
was purified according to silica gel column chromatography
(developing solution, MeOH:CH,Cl, = 1:99) to obtain 1.2 g of
N-methyl—s-nitrospifo[2H—1—behiopyran—2,4'—tetrahydropyran]—
4—carboxamide with a melting point of 183 - 184°C.

NMR (CDCls)d: 1.55-2.10(4H,m), 2.90(3H,d), 3.80(4H,dd),
6.00(1H,s), 6.50(1H,brd), 6.89(1H,d),
7.97(1H,dd), 8.37(1H,d).

MS m/z . 304 (M%)

Example 12

N-Methyl-6-nitrospiro[2H-1-benzopyran-2,4"'-

tetrahydropyran]-4-carbothiocamide )

A mixture of 1.86 g of 3,4-dihydro-3-hydroxy-N-
methyl-6-nitrospiro{2H-1-benzopyran-2,4'-tetrahydropyran]-
4-carbothicamide, 1.0 g of p-toluenesulfonic acid mono-
hydrate and 100 ml of toluene was refluxed with heating

for 1.5 hours. Water was added therein and the mixture



N- ( 2- Cyanoet hyl ) -2, 2- bi s(f | uor omet hyl ) - 6-ni tro-

2H 1- benzopyr an- 4- car boxam de To a m xture of 30 ng of

2,2-Dbi s(fluoronethyl)-6- nitro-2H 1-benzopyran-4-carboxylic acid and 2 n
of tetrahydrofuran was added 28 ng of 1,5, -carbonyl diimdazole wth
stirring under ice-cooling and the m xture was stirred for 1 hour. Then,

0.10 m of ZpLyanoetdyt AWt yas dfdethd ReNnerl.deand Anh@ rzanylt agl e xture
was stirred under ice- cooling for 1 hour and subse uentlﬁ&ﬁéproo%eé
i*on s added

t enper at ur e Y3% "@Sheflirand A e ANE JRe SALTRIEaMESn &St

therei n and é¢twa ettty el Aol Wd D PWES 14 aadiced iwgt tonmslilYlcangethlceliugd An
organi c | ayer, was. washe

W ter
-20- and dr?Qﬁﬁm ?&ﬁ%%éb%xﬁihﬁgiR&%P%ﬁ%ﬂ%ﬁﬁ%&&- *ﬁgﬂfggﬁF}&nf }égﬁauéowas
recrystall i zawtdin a0 X el osbIN~are thofl -at-myil t racsgtiatod 28rd ~bexaopyrencllt, di'n
26. 6 of - AL . . ] ;
2, 2- bing(f I u%%‘fzrret F;] I ;-i - nAII%]I: 51- Zﬁirﬁqbtglr%zogglfrdaenjvi-tgar (r)n)%r%lgg \I/)\A'Otlﬁtaor?el ting
poi nt of 1732231-7%%5%]0 NVR (CDCl [err]-CF[err] COOD)[err]: 2.89(2H),

3.81(2H t), 4.61(4H,d), 6.24(1 H s), 7.05(1H, d),
2;9,%5§ ﬁ,[Hé??% JNMR (R o D4S0-ds )8 : 1. %20 w35 (3n, ),

N- Met hyl - 6-ni trospi ro[ 2H 1- benzopyraa,#4t,d4d), 5.83(1H,s), 6.95(1H,d),

t et r ahydr opyr an] - 4- car boxam de To,\a 1 I f. 4.8 g of

3, 4-di hydr o- 6- nitrospiro[2F+1-benf%ﬁ?é%%géga”-%é?%gﬁéﬁgaﬁyran]-3-one and
60 m of dried N, N-di nethylfornmanm db 8&dsiBadded -1. 65 g of net hyl

| sot hi ocyangje er nitrogen streamyg T , 2.39 g of potassiumtertiary
but oxi de was adﬁgg therein with stirringpgnder i ce-cooling and the m xture
was stirred for 1 hour and then stirred at 5[ err]C for 17 hours. Ice water
was added t idipIeaction solution and it was washed with

N~Cvano-N'-methyl-86-nitrospiro[2H-1-

benzopyran-2,4'-tetrahydropyran]-4-amidine

A mixture of 200 mg of N-methyl-6-nitrospiro[2H~1-
benzopyran-2,4'-tetrahydropyran]-4-carbothiocamide, 192 mg of
2-chloro-l1-methylpyridinium iodide, 209 pl of triethylamine
and 5 ml of dried tetrahydrofuran was refluxed with heating

for 2 hours and further cooled to room temperature. 42 mg
of cyanamide and 30 mg of sodium hydride (60%) were added
therein and‘the reaction mixture was refluxed with heating
for 2 hours. Ice water was added therein and the resultant
mixture was extracted with methylene chloride. An organic
layer was washed with water and dried, and the solvent was
distilled. The obtained residue was purified according

to silica gel column chromatography (developing solution,
CH2Cl,) and recrystallized by a mixed solvent of ethyl
acetate and hexane to obtain 14 mg of N-cyano-N'-methyl-6-
nitrospiro[2H-1-benzopyran-2,4'-tetrahydropyran]-4-amidine
with a melting point of 293 - 2984 °C.

NMR (CDCl13-CD30D)6: 1.80-2.10(4H,m), 3.10(3H,s),
3.70-4.00(4H,m), 6.02(1H,s),
7.02(1H,d), 7.90(1H,d), 8.15(1H,dd).

MS m/z : 328 (M")



éther: A water layer was acidified to be hydrochloric acid and extracted
with ether. An organic |layer was washed with water and dried, and the
solvent was distilled. The obtai ned residue was recrystallized by a m xed
sol vent of ethyl acetate and hexane to % ain 3.8 g of 3-hydroxy-N

met hyl - 6- ni trospi ro-[ 2H| - benzopyr an- 2, 4-t et r ahydr opyr an] -
4- car bot hi ogy \@trha.nelting point of 217 - 218[err]C NVR
(Chdferr]- ])[err] 1.47-2. 50(4H m, 3.17(3H, brs),

3.81(4Hdd), 7.07(1Hzano-N' N'-dimethyl-8 ~nitrospige(RH-#d), 8.03(1H, brs),
9. 70(1H, brs). Ns'ﬂﬂénzo ban—z 4'—tetr§% dr
-21- (2) T&Eﬁ %

6-ni trospiro[ 2H 1- fbﬂVﬁﬁﬁU?,?f-Peﬁ aﬁyﬁfo &S0 S SCQFEB?ﬁPbEﬁ{ag 100
gi oL BEtaahNdﬁéﬁ?Uﬁyriﬁ“i MOOt@erhyﬂEbbg@@h]“ascaﬁdeﬂa@iﬁeg of os0gi oM

or ohydri de rr stirrin nder, i.c t m xture
was stlrred‘ﬁ£€ﬁ§1|<§§%:%ﬂ§4$ 0P138 H&ngNaﬁdagﬁsﬁﬂg%f?B%ﬁ??gﬁpg?ﬁture
for 24 hour ®ddite O.dsktgd @f ss@ldliumnhym&deadsom)dwithl kedlrrimgeundas added
therein and I met.u extra t .de. An
organic Iayeﬁnﬁégﬁaégﬁ?ghd %Mgﬁéﬁ%%ﬁd§% %g?g?gh Qtr§é§¥ EgﬁngQ?ﬁrFed to
obtain 1.7 g‘qgf e mqgmf,;y.drg.cg. water was added therein and the resultant

hydr oxy- Nﬂﬂﬁﬂ%ﬁuﬁé'Wéd*é%@r%%&%ﬂ‘¥1QﬁnéQB¥Ean Kn4organic la¥er was
tetrahydropx;a - 4- car.bot hi oam Subsequent | wer e added

2.1 g of p-t S ot ec?hIaS‘% dsisAd oB sa#*fsw.aﬁﬁedlmé%e@héo
Im xture was d’bafddnn(eﬂi B4 tghholfeart Nngifnelthizg.ﬁeuhitE?Epiﬁbvlﬂﬂflm&nﬂbﬁyrhge? g
ce water e resi e reactign, sol uti wa idifie
to be hydrod Iorﬂ%ﬂn‘?ﬁ;588y§?PSa§t8&rﬁffﬁmﬁ§thlgHQSSHP8?£g% inggr §ani c
| ayer was wathed hawessoat'sr readedrti edd 3admihefsbeusanevwmsrdi sddéded. The

resi due was ghuhidiired a%f,\e}ce%@ Hﬁxttﬁrﬁ' }vagaigggu% tﬁ%@%@%ﬁ’@@?ﬁy

(devel opi ng solutlon tain
.5 hours. After the reaction so utlon was vacuum-

'condensed. the residue was purified according to silica

gel column chromatography (developing solution, MeOH:CH2Cl,
= 1:99) to obtain 0.43 g of N,N-dimethyl-6-nitrospiro{2H-1-
benzopyran-2,4'-tetrahydropyran]-4-carbothioamide.
Subsequently, 1.80 g of methyl iodide, 0.28 g of cyanamide
and 20 ml of tetrahydrofuran were added therein. 0.29 g

of sodium hydride (60%) was added therein with stirring
under ice-céoling and the mixture was stirred at room
temperature for 17 hours. Ice water was added therein and
the resultant mixture was extracted with methylene chloride.
After an organic layer was washed with water and dried, the
solvent was distilled. The resultant residue was purified
according to silica gel column chromatography (developing
solution, MeOH:CH,Cl, = 1:99) to obtain 0.28 g of N-cyano-
N',N'-dimethyl-6-nitrospiro{2H-1-benzopyran-2,4'-tetrahydro-
pyran]-4-amidine with a melting point of 202 - 203°C.

NMR (CDCl3)é: 1.80-2.21(4H,m), 3.01(3H,s), 3.24(3H,s),
3.55-4.10(4H,m), 5.94(1H,s), 7.01(1H.d),
7.85(1H,d), 8.06(1H,dd).

MS m/z : 342 (MY)



N-nethyl - 6-ni trospi ro[ 2H 1- benzopyr an- 2, 4' -t etrahydropyran] - 4-carboxam de
with a nelting point of 183 - 184C. NVR (CDCl [err])[err]:
1.55-2.10(4H, M, 2.90(3H,d), 3.80(4H, dd), 6. 00( 1H, s),

+6. 50(1H, brd), 6.89(1Hd), 7.97(11H,dd), 8.37(1H,d). M5 niz

: 304 (Merr]) Exanpl e 12 TenT

N—thhyl 6- I tr %plr%[ZH-l benzopyran-2, 4' -
tetrahydropyra##LéLcarbothloan1de A mxture of 1.66 g of
3, 4- di hydr o- 3- hydr ¢kMethyl~6- nitrosplro[ZH 1-benzopyran-2,4

met hyl - 6-ni trospir , yranj -
4- car bot hi oam de, Vel %%%H£ Pafiy ket baRY Eagno- hydrate and 100 ni

of tol uene was refl(dre Qmatﬁiﬁéﬁﬁﬁn@fféroﬁ 8§ REUPs4-RAPEATREE - added therein
and the m Xtirgospirol 2H- 1 benzopyran-2,4'-tetrahydro28iopyéngxt ract ed

th t hyl hi d d d.d d dth
ety e ot 5" o 42068 pabehaSas S 1gahh oy, and, Lhe
silica gel dnhmmmh@hmdn&uogwaphﬁe(d?mhl@mhmglnglungen idvecrb&Hirgr] C [err]
= 1:99) to t It.r
tetrah;dropyng% ca?%%thﬁggigg Q% t%dg #eﬁ Qkogﬁé Qﬁ@ gggﬁfgaéferr]c
NVR (CDAl [ emd ﬁmmKﬁE¥Eﬁ¢FrF6ﬂrPt rpom5t2mp@€4mmn? foro22e3hpuyrs.

g gggit?gg EﬁnﬁSQ&Hp§%1d§n%5@%H @)1 gl of ﬁhosphorus gfychlogiﬁg(ﬁbkgd)

320 (M err] pddeg fhereipzand the m@}aﬁ@ Nasnﬁﬁlﬁ}PXBaniFBsBP?-B[-Qﬂ- 1-

for 5.5 hours. Ice water was added to the residue, and
the residue was acidified to be hydrochloric acid and
extracted with methylene chloride. An organic layer was
washed with water and dried, and the solvent was distilled.
The resultant residue was purified according to silica gel
column chromatography (developing solution: CH2Cl,;) to
obtain 0.28 g of 6-nitrospiro[2H-1-benzopyran-2,4'-
tetrahydrothiopyran]-4~carbonitrile with a melting point
of 175 - 1768°C.

NMR (CDCls)d: 1.60-3.40(8H,m), 6.42(1H,s), 6.96(1H,d),
~ 8.11(1H,dd), 8.20(1H,s).
MS m/z : 288 (M%)

(2) A mixture of 0.13 g of 8-nitrospiro[2H~1-
benzopyran-2,4°'~tetrahydrothiopyran]-4-carbonitrile, 10 ml
of acetic acid, 5 ml of water and 5 ml of concentrated
sulfuric acid was refluxed with heating for 2 hours.

When the reaction mixture was poured into ice water,
crystals were separated out. The crystals were dissolved
into a sodium hydrogencarbonate solution and washed with
methylene chloride. A water layer was acldified to be
hydrochloric acid and extracted with methylene chloride.
After an organic layer was washed with water and dried,
the solvent was distilled. The resultant residue was
crystallized by a mixed solvent of ethyl acetate and



bénzoﬁyran-2.4'-tetrahydropyran]-4-anidine A m xture of 200 ng of

N- et hyl - 6-ni trospi ro[ 2H 1-
benzopyran-2, 4' -t et rahydropyran] - 4- car bot hi oanmi de, 192 ngy of

2-chl or o- 1- met hyl pyri di nium i odi de, 209 Jerr]l of triethylamne and 5 m of
dried tetrahydrofuran was refluxed with™heating for 2 hours and further

cool ed to romug f@é Wik dﬁ@ 9 oy oY L mﬂ%s%q%?&utr& ptenaggwghhydri de

(60% were adde erel n_an reaction mxture was heat i ng
for 2 hours.2{%e W&ﬁ%ﬁhWQEQQRkRQ¥QQﬂ&W%W¢%ﬁh@xﬁﬁécré§&ﬂt&ﬁﬁhnﬁxﬂﬁﬂéiﬂﬁs

extracted wgdinetdylmme clagrigle. An organic | ayer was washed with water
and dried, and the solvent was distilled. The obtained residue was purified
according to silica gel colum chromatography (devel oping sol ution,
CHerr]Cd[err]) andR e(dBrsit adniized UB@6a (@=09d sol vent of ethyl acetate and
hexane to obtain 1 N- cyano | - 6-

nitrospiro[2H—1-beﬁ1szgg'l ran- 2, 4'-te?%gnﬁhhﬁpyran]-4-anidine with a nelting
poi nt of 293 - 294[err]C NVR (CDCl [err]-CD[err]OD)[err]:

1.80-2.10(4H m, 3.44( 3 &) mixture of 80 m of 6 ni%r?;@ 4r @ b,
6. 02(1H, s), 2(1H d) .8 T8(TH dd). Ms
m z : benzopngn;%pﬂ(ﬂqqtgphydrot 1opyran] 4 carboxylic acid -23-

lIixarrpl e 14 ZaIZd 7 it QRanEdYahydrdfiBiahy wa@ aiddeds Bior @g2bfll, 1~ 0 64 f
enzopyran ‘otetr r.an am ure go
Nemot ol - 6. i sas T S AR b Bl ¥ing undery 335008 MERE. Earhonant de.
1.05 g of nﬁthajlmimmvaajsmx'rded)ffod'r iledhohxrN- diOndt il bdr pmm de was added
0.13 g of s Iy i\n ndars .ixC n n he

m xt.ure vvasqxgétl rrrehéﬁdéj?(oo%q}%r?\ge%gtlﬁlﬁteow g’f% ‘i%ded %nggkht gfla\/\glslre dded

t herei n and Bietyrss Nasarit irnedui@ deas i@)@hcmléaigwftoﬁ at herr Andothani c

|ayer was washatbl tedilaltand il o nBue S0l yehqtesud Bbhbedubo obtain

0.65 g of N, N-di net hyl -6-nitrospiro[2H 1-benzqpyran-
2,4 -tetr ahﬁﬂ’&ﬁﬂ%ﬁ/ﬁé’m sa@ddsdh Fogredri ¢ndothg geaction

mixture was extracted with methylene chloride. An organic
layer was washed with water and dried, and the solvent was
distilled. The residue was purified according to silica
gel column chromatography (developing solution, MeOH:CH,Cl,
= 1:99) and further recrystallized by a mixed solvent of
ethyl acetate and hexane to obtain 28 mg of N-methyl-6-
nitrospiro[2H-1-benzopyran-2,4'~tetrahydrothiopyran}-4-
carboxamide’with a melting point of 208 - 209 °C.

NMR (CDClz)d: 1.62-3.34(8H,m), 2.94(3H,d), 5.98(1H,s),
6.22(1H,brs), 6.94(1H,d), 8.09(1H,dd),
8.44(1H,d).

MS m/z : 320 (M)

Example 16
N-{(2-Cyanoethyl)-2,2-bis(fluoromethyl)-6-nitro-
2H-1-benzopyran-4-carbothioamide
A mixture of 0.11 g of N-(2-cyanoethyl)-2,2-

bis{fluoromethyl)-6-nitro-2H-1-benzopyran-4-carboxamide

and 0.17 g of a Lawesson's reagent and 10 ml of benzene
was refluxed with heating for 2 hours. The solvent was
distilled and the obtained residue was purified according



of a Lawesson's reagent and 30 ml of benzene were added therein, and the
m xture was refluxed with heating for 1.5 hours. After the reaction

sol uti on was vacuum condensed, the residue was purified according to
silica gel colum chromatography (devel-ggng solution, MeOH CH err]C[err]
= 1:99) to obtain 0.43 g of N N-dinethyl-6- n|trosp|ro[2F+I-

benzopyr an- th-sibiﬁahgﬁucnnaumd Ghnnmdnﬁghaphy(ﬂﬁeﬂanmymmmemuhntibnﬁo of

hyl " i od 0 f dd d
Therai n o QR a0 < Y AIA A6 MU A e el R AL 1Y A iR
under ice- comlﬁgnamziftm@yﬂ xacrtatmanst irexhatta edrbatiang@ aguiod MNor( 27
hours. lce vgy C?#‘@kr?y d%lé‘fé@f &’%éﬁ}ﬁ'f)e%ﬂﬂi%@{fﬂ%%n%%ﬁ%%—a&t ed

wi t h et hyl ene After an organi c 'l ayer was washed w th water and
dried, the s%w%ﬁhmmm%twawfécp mﬁﬂetirré'smq dfedilfue Wd$ Burified

accordlng to silica gel columm chromat ography (devel opi ng sol ution,

N < i ot B oCRET 0T ot bt o B H e -S40

yran] 4-am dine with a nel4isa(gidit, . &ORALHE, 203[6225(CH, d )NIVR

(CDO [err])[err]: 1 80- 2. 21“1;&@& %)Ol(é'é?()ln 32 4(83-'3'57)(9%&?,4,@),

3.55-4.10(4H m), 5.94(1Hs)

8. 06( 1H, dd). M$/En g 7 : - 24-
Exampl e 15 N—thhyl 6- nltrosp|r0[2H-1 benzopyran-2, 4' -

t et rahydr ot hi opyran -4-carboxam de (1) To a mxture of 3.08 g of
3,4-dihydro-E%—%éiig%Liro[2FL1-benzopyran-2,4'-tetrahydrothiopyran]- 4- one

and 40 m of dried @enzeieh Vérso-gided ils & 1 ormd tHyB-NHm thyll -cyani-de Wit h
stirring under ice- jSn . 1.22 f AN i od| de was added therein and the
resultant mixture 3 2L S5y e for 19 hours. 6 m of
pyridine and 3.1 nl(Dbf UYhiosgpHbrUsiichicitord d-biex (f Jaddwahetthonldi—38 ,ard t he

mxture was §£{axeoomi{ N NeAl i Nhn-4-one as a starting material, 8,7-
dichloro-4-cyano-2,2-bis(fluoromethyl)-2H~-1-benzopyran with
a melting point of 98 - 88°C was obtained according to the

same method as in Example 7 (1).

NMR (CDCls)d: 4.49(2H,d), 4.50(2H,d), 6.38(1H,s),
_ 6.95(1H,s), 7.35(1H,s).
MS m/z . 289 (M)

(2) Using 6,7-dichloro-4-cyano-2,2-bis(fluoromethyl)-
2H-1-benzopyran, 6,7-dichloro-2,2-bis(fluoromethyl)-2H-1~
benzopyran-4-carboxylic acid with a melting point of 182 -

193°C was obtained according to the same method
as in Example 7 (2).

NMR (CDCl3-CDa0OD)6: 4.50(2H,d), 4.54(2H,d), 6.87(1H,s),
6.97(1H,s), 8.15(1H,s).
MS m/z : 308 (M)

(3) Using 6,7-dichloro-2,2-bis(fluoromethyl)-2H~1-
benzopyran-4-carboxylic acid, 6,7-dichloro-2,2-
bis(fluoromethyl)-N-methyl-2H-1-benzopyran-4-carboxamide



for 5.5 hours. Ice water was added to the residue, and the residue was
acidified to be hydrochloric acid and extracted with nethylene chloride. An
argani c | ayer was washed with water and dried, and the sol vent was
distilled. The resultant residue was pubiiti ed according to silica gel

col um chr omat ogr aphy (devel oping solution: CHerr]C[err]) to obtain 0.28
g of 6- nitraapﬂra{zHARIMQn@@ﬂmmabf2141-—teueabydaétbboayned]adeoadbngitriIe

with a nelti aj nt__of 176 rr])[err]

1. 60- 3.40(8ﬂ#%fﬁ‘ Qﬁ?ﬁiﬁ% %°d6a§6 EHEé?mplgcpa(g? 8. 11( 1H, dd)
8.20(1H,s). NVR nffCDCl3)d:: 2887«BH)d). 4.45(2H20)A 4. %#80RH,d).0. 13 g of
6-nitrospiro[ 2H 1- benzopyr , et t yran arbonitrile, 10
m of acetic acid, 5 ni ofsa%g%lﬁ s& %n?gq?90§h§2nt?a#%glgu%$urlc aci d was
refluxed with heating for Z-B64AE. Svhen the reaction nixture was poured
into ice watvly m/mGf ystal s weyea gepParated out. The crystals were dissol ved

I nto a sodi um hydrogencar bonate sol ution and washed w th net hyl ene
chloride. A water layer was acidified to be hydrochloric acid and extracted
wi t h net hyl @xampileoni8de. After an organic |ayer was washed with water and

dri ed, the sol vent gias lighiileed IB?S(%i%tr%xrﬁtetﬁﬁi)gﬂgm‘é"@ﬁyﬁ%ﬁt-al'ized by

a m xed sol vent of
de?H 1- benzopyr an-

-25- et hanol

2, 4" -tetrahydrot hi f ]: - vr L Q r 0 9 -
Ss1c o ?E%P%nsh?é?§CEQ6¥b e % 3?5%@&ﬂo?oﬁ§%h?ﬂg -N hQEh?i %ﬁ
(Merr]) l1-benzopyran-4- carboxamide, dichloro-2,2-

bis(fluoromethyl)-N-methyl-2H-1-benzopyran-4-carbothiocamide
with a melting point of 142 - 143°C was obtained according
to the same method as in Example 8.

'NMR (CDCl3)6: 3.22(3H,d), 4.49(2H,d), 4.52(2H,d),
5.74(1H,s), 6.96(1H,s), 7.48(1H,s),
7.87T(1H,brs).

MS m/z : 337 (M)

Example 19
6,7-Dichloro-N-(2-cyvanocethyl)-2,2-bis(fluoromethyl) -
2H—1;benzopyran-4-carboxamide
A mixture of 0.09 g of 6,7-dichloro-2,2-bis(fluoro-

methyl)-2H-1-benzopyran-4-carboxylic acid and 3 ml of

thionyl chloride was refluxed with heating for 3 hours. The
solvent was distilled. The obtained residue was dissolved
into 5 ml of methylene chloride. The resultant solution was

dropped into a mixed solution of 0.07 g of 2-
cyanoethylamine, 0.10 g of triethylamine and 2 ml of
methylene chloride under ice-cooling. Subsequently, the
reaction solution was stirred at room temperature for 1.5
hours. The solution was acidified to be hydrochloric acid
and extracted with a mixed solvent of methanol-methylene
chloride. An organic layer was washed with water and dried,
and the solvent was distilled. The obtained residue was

purified according to silica gel column chromatography



(3) To a mxture of 80 ng of 6-nitrospiro[2H 1- benzopyran-2,4

-t et rahydrot hi opyran] - 4-carboxylic acid and 7 ml of tetrahydrofuran was
added 80 ng of 1,1'- carbonyldiimdazole with stirring under ice-cooling
and the mxture was stirred for 1 hour._@g7 m of 40% net hyl am ne (nethanol

solution) was added therein and the m xture was stirred under ice-cooling

for 1 hour aQQeWQQ%pQEgF%%EMRQ%Berﬁbeﬁech?blzo =Neups) €9 asaspﬂsop@@a§81un1
carbonate solution was a herein and the reaction _m xture was, extracted

with nethyl eed @hWdﬂﬂ&@lqﬁﬁ'§Fd3ﬁP€aPS9§Fy&észmésﬁéa(ﬁ}Fﬂrﬂﬁ?E?yﬁhd2@r¥ed
and the sol verin26p rdinsiai-ldagtoxEig deewii dHeavwas 1 pihgf pednaceprumg-to silica
gel col um cHr% t ography (devel opi ng solution, MeOH CHerr]d[err] = 1:99)
and further r&€rystallized by a m xed solvent of ethyl acetate and hexane
to obtain 28 ng of N nethyl -

nitrospirof2 PWI=aN t Lghy n] 24 bgxam de with a~—
nel ting poinsmqug®§ﬁ3”£09[% %8(%ﬁ e} N% g%&% g?? ?e%?ggﬁ @%2 3 34(8H|ﬂ
2.94(3H,d), 5.98(1H,s), 4 51(2H d), Eélﬁ EPs)8-6094¢ B 4
Baanple 16 N-(2-Opanactinihis L’SS%‘%H et ?)206(“4?””

anmpl e anoet hy is uor one y nitro-
2H I- benzopyM8n® Zcar bot hi 0% déM)+ A mixture of 0.11 g of
N- ( 2- cyanoet hyl ) -2, 2-
bi s(fl uorone I -%— j tro-2H 1-benzopyran- 4-car boxam de and 0.17 g of a
Lawesson's r 10 M of benzene was refluxed with heating for 2
hours. The sol vent wagﬂmrahﬂdnadNaﬁa-p.anobmasr,.2,- bilgéfhnoromne
accordi ng to silica gel colunn
chromat ogr aphy (dev err : 1 99) and
further recrystal | yXedng 6a Tmdicploro-N-(2-cyanoethyl)-

bis(fluoromethyl)-2H~-1-benzopyran-4- carboxamide, 6,7-

dichloro-N-{2-cyanocethyl)-2,2~bis(fluoromethyl)-2H-1~

,benzopyran—4-carbothioamide with a melting point of 154 -
155°C was obtained according to the same method

as in Example 16.

NMR (CDCls)d: 2.87(2H,t), 3.97(2H,dt), 4.49(2H,d),
4.52(2H,d), 5.77(1H,s). 6.98(1H,s),
7.45(1H,s), 8.25(1H,brs).

MS m/z . 3718 (MY)

Example 21
6-Bromo-N-(2-cyancethyl)-2,2-bis(fluoromethyl)-2H-
l-benzopyran-4-carboxamide
(1) A mixture of 4.2 g of 4-cyano-2,2-bis(fluoro-

methyl)-6-nitro-2H-1-benzopyran, 9.6 g of stannous chloride

and 140 ml of ethyl alcohol was stirred with heating at 80°C
for 2 hours. After the mixture was cooled, an aqueous 2N
sodium hydroxide solution was added therein to make it
alkaline and the resultant solution was extracted with
methylene chloride. An organic layer was extracted with

an aqueous 2N hydrochloric acid solution. After the

extracted solution was made alkaline by an aqueocus 2N

sodium hydroxide, it was extracted with methylene chloride.




sol vent of ethyl acetate and hexane to obtain 42 ng of N (2-

cyanoet hyl ) -2, 2-bi s(fl uoronet hyl)-6-nitro-2H 1-benzopyran-4- carbot hi oam de
with a nelting point of 114 - 116[err]C. NVR (CDCl[err])[err]:
2.91(2H,t), 4.02(2H,dt), 4.56(2H), -29- 4.59(2Hd), 5.86(1Hs),

6. 95(1H, d), 8.04(1Hdd), 8.32(1H,d), 8.37(1H brs). M5 niz

: 353 (M) Akxanphieid7layer wa$,dridchlaid-the?-duis{en tusvasetilstil-1ddret hyl -
2H 1- benzopyran boxam, d '

6, 7-di chl or o£§ 3€B g’éf?u%?%rfgft} h@lsg'ﬁ%praoﬁ% 2I§-fJ ienr?zopy aarr11°4zdne as a
starting mat ef§ 4f Luer qme thyl) -2H-1~benzopyran.

di chl or o- 4- cyano- 2, 2- bi s(fl uoronet hyl ) - 2H 1- benzopyran with a melting point
of 98 - 99[err] C was_ obt ai ned_according to the sane nethod as _in Exanple 7
(1), NVR (BRI [ERR}5) &7 r14- S Hb(OH, B8 BHN, b)- 2% SOEHARR)
6.95(1H,s), Ms3kf4Hs). M5 nzzs (M) : 289 (M) (2) Using
6,7-dichIoro-4-cyano-2,2-bis(f|uoronethyl) 2FL1-benzopyran,

6, 7-di chl oro- 2, 2- bi s(fl uoronet hyl ) -2H 1- benzopyran 4-carboxylic acid with
a nelting point of (232 10 INB® vasomddrat etk cndrfilimige tae itdhevasae artetidhod as

in Exanple 7,(2)qec MR 466" %%@c{ﬂl&)rfitrér{’%%jcp)waswgﬁ#%""t@e’rein

6.67(1Hs),
308 (Merr])Then, the y@acthomgs®lwtiin ay ceolrd)ty floes deapeyatuze 1-

benzopyr an- 4aﬁ@rQ@XMi'&fa&ﬁdacé%ﬂbché¥ﬂ(§dté%f%n of 2.0 g of 6-amino-4-

bi s(f1uoromel hgng N rret h %f]?lll_é_n;ou?eetnhzOpyr bceanrzbo%xya}:'rgnd%vas added
therein. The reaction solution was dropped into 12 ml of
an aqueous hydrobromic acid solution of cuprous bromide
prepared in advance from 4.2 g of copper (II) sulfate
pentahydrate, 2.6 g of sodium bromide and 1.1 g of sodium
‘sulfite under ice-cooling. The resultant mixture was heated
to room temperature and stirred for 1 hour. Water was added
therein and the mixture was extracted with methylene
chloride. An organic layer was washed with an aqueous 2N
hydrochloric acid solution and an aqueous 1N sodium
hydroxide solution and dried. The solvent was distilled.
The obtained residue was purified according to silica gel
column chroﬁatography (developing solution, AcOH:hexane =
1:5) and recrystallized by a mixed solvent of ethyl acetate
and hexane to obtain 690 mg of 6-bromo-4-cyano-2,2-
bis(fluoromethyl)-2H-1-benzopyran with a melting point of
105 - 107°C.

NMR (CDCls)8: 4.55(4H,d), 6.41(1H,s), 6.75(1H,d),
7.13-7.83(2H,m) .
MS m/z : 299 (M7)

(3) Using 6-bromo-4-cyano-2,2-bis{fluoromethyl)-2H-1~
benzopyran, 6-bromo-2,2-bis(fluoromethyl)-2H-1-benzopyran-4-
carboxylic .acid with a melting point of 165 - 166 °C was
obtained according to the same method as in Example 7 (2).



-27- with a mel ting point of 141 - 142C was obtai ned according to the sane
met hod as in Exanple 7 (3). NMR (CDCl[err])[err]: 2.87(3Hd), 4.45(2H d),

4. 48(2H, d) , 5.88(1H,s), 6.26(1Hbrs), 6.91(1H, s),

7. 55(1Hs). M5 niz 321 (M) qﬁple 18

6, 7- Di chl oro- 2, 2- bi s(fl uoronet hyl)-N-nme

"benzopyrarNM‘RC am g d 7.29(1H,dd

6, 7-di chl oro- 2, 2- bi s(ﬂﬁoron&%ﬁﬁ I\]- ol n‘ﬂgl(-IZI-’I- enzo(pyran )4 car boxam de,
6, 7-di chl oro- 2, 2- d). 9.81(1K, brs

bis(fluoronaﬁ@ym)zh+nethyl-éﬂg:uwbqnzopyran-4-carboth|oanide with a nelting
point of 142 - 143[err]C was obtai ned according to the sanme nethod as in
Exanpl e 8. NMR (CDCl [err])[err]: 3.22(3Hd), 4.49(2H,d), 4.52(2Hd),
5.74(1H,s), 6.96(1H &) Uéinﬁxﬂﬁﬁﬁﬁmo 2, 2~bis(fluoromkt&?@IHZHﬁi} M5 iz

337 (Merr]) i}
6, 7- Di chl Orob?\E%?}f:ganoet goqlzmm (1fq uor 1\5 (2-cyanoethyl)-2,2
2H 1- benzopybhmiﬁl%gﬁqmﬁ&hﬁkﬁr2H 1- benan»qan1§1ganpqm§mgd@fwith

6, 7-di chl or o 7y # 5d FR 3L ©- omml) g 249 & R QItaaRetr GRIBMEY gt taci d and
3 m of thionyl chloride was refluxed wth heating for 3 hours. The sol vent

was distil| ethie T$ameRethRY aeditdXamd &ildsol ved into 5 m of nethyl ene
chloride. The resultant solution was dropped into a m xed solution of 0.07

g of 2- cya h 0.9 i | ang m, Qf | ene

chl oride un &éﬁgﬁolqw&@ubs%jéﬁﬁ{/%thg%%a@?ﬁd&ﬁ ’sc‘ﬁ'%lli(gﬁt’\%ﬁs stirred
at roomtenperature for 1.5 hours$. Gﬂﬂiﬂuﬂhui&MBM%BIabidﬁfﬁ@dlﬁbd@é,
hydrochloric acid and extracted w Jq ed sol vent of nethanol - net hyl ene
chloride. An organic |ayer was mashe \Mt wat er and dried. and the sol vent
was distill ¥ mfAe obtained resi &7 ¥t Jpurified according to silica gel

col um chr omat ogr aphy

Example 22
' 6-Bromo-2,2-bis(fluoromethyl)-N-methyl-2H-1-
benzopyran-4-carboxamide
Using 6-bromo-2,2-bis(fluoromethyl)-2H-1-benzopyran-
4-carboxylic acid, 6-bromo-2,2-bis{fluoromethyl)-N-methyl-
2H-1-benzopyran-4-~carboxamide with a melting point of 187 -

188 °C was obtained according to the same method as in
Example 7 (3).

NMR (CDCl3-CD3OD)&: 3.68(3H,s), 4.56(4H,d), 5.94(1H,s),
6.77(1H,d), 7.31(1H,dd), 7.83(1H,d).
MS m/z : 331 (M)

Example 23
2,2-Bis{fluoromethyl)-6- trifluoromethyl ~-N-
methyl-ZH—l-benquyran-4—carboxamide
(1) A mixture of 41.7 g of 2,2-bis(fluoromethyl)-6-
nitro-2H-1-benzopyran-4-carboxylic acid, 20 ml of sulfuric
acid and 300 ml of ethyl alcohol was refluxed with heating
for 6 hours. The reaction mixture was poured into ice water

and crystals separated out were filtered to obtain 42.7 g of
2,2-bis(fluoromethyl)-6-nitro-2H-1-benzopyran-4-~carboxylic
acid ethyl ester with a melting point of 96 -98°C.



-28- (devel oping solution, MeOH CH err]C[err] = 1:99) to obtain 0.09 g of
6, 7-di chl or o- N- (2- cyanoet hyl ) -2, 2- bi s(fl uor onet hyl ) - 2H 1-

benzopyran-4- carboxam de with a nelting point of 135 - 136C. NVR

(CDC [err])[err]: 2.68(2H), 3.59(2H dt)z1-4.48(2H, d),

4.51(2Hd), 5.99(1H,s), 6.70-7.08(1H nm, 6. 97(1Hs),

7.61( 1H,h|s) : m?ﬂanms )6 h?zﬁ.ghz((l\z{m[)ﬁ)].% f4.:ﬁ<(aarmlqa ,|2;1.58(4H.d) '

6, 7- Di chl oro- N- (2- cyanoet hyl ) - bi,s or thyl ),-

2H 1- benzopyr an- 4- car bot hi O%Tﬁ%ceﬁ{’s) ’ el%sdﬁ(ﬁ%}:dn » 8.07(1H,dd),

6, 7-di chl or o- N- (2- cyanoet hy8 )S2(121,4d) .

bi s(fluoro Vit )z 2H 1- ben raft-y4- car boxam de, 6, 7-
dichloro-hf?%?éggaoethyl)-Z, -dﬁgefluoronethyl)-ZH-l-
benzopyran- 4- carbot hi oam de with a nelting point of 154 - 155[err] C was

obt ai ned accordi ng (®) thei sane, 281RAE 13% rioh FDI-8 -hG tro-BiR1 -

(CDd [err] )[err;,‘]?c:( 2. 8742H,t , 3. 97(a2H, dte), zi 49(1:2H’ d), d
4.52(2H, d), BRI ARG acld ethyl ester; a8 pily) PTOINET) 1y ) |
MS mz of3@%hmiﬂd—2,Zéhﬂﬂﬂﬁiﬁﬁkomethyﬁg]ZH—l-benzopyran-4—

6- Brono- N- ( 2; hyl) -2, 2-hi s( aoronet hyl) - 2H

1- benzopyranq%y%ég%g%&%n%cd%d e'glysl e(sllé)erAwr?isxtoﬁ%t?%&e%.afc&rgfmg to the

4- cyano- 2, 2-$arg flefhad aeetity|Bxampdiet 2d- ZH)1- benzopyran, 9.6 g of stannous

chloride and 140 m of ethyl alcohol was stirred with heating at 80[err]C

for 2 hours. After the m xture was cool ed, an aqueous 2N
NMR (CDCl;)é: 1.31(3H,t), 3.0-4.0(2H,m), 4.36(2H,q),

4-55(4H'd)l‘ 6-2-6.9(3H;m)! 7.26(1H'd).
MS m/z : 283 (M)

(3) To a mixture of 4.0 g of 6-amino-2,2-
'bis(fluoromethyl)-2H-l—benzopyran—4-carboxylic acid
ethyl ester, 1.66 g of sulfuric acid and 40 ml of water
was added a mixture of 1.09 g of sodium nitrite, 10 ml of
methylene chloride and 10 ml of water under ice-cooling.
The mixture was stirred under ice-cooling for 10 minutes.
Further, to the reaction mixture was added a mixture of
2.85 g of potassium iodide and 5 ml of water, and the
mixture wasrstirred at room temperature for 1.5 hours.
To the reaction mixture solution was added water and the
resultant solution was extracted with methylene chloride.
An organic layer was washed with a 20% aqueous sodium
sulfite solution and a saturated saline solution, dried
over sodium sulfate and concentrated under reduced pressure.
The obtained residue was subjected to silica gel column
chromatography (developing solution, ethyl acetate:hexane =
10:1) to obtain 3.67 g of 2,2-bis(fluoromethyl)-6-iodo-2H-1-
benzopyran-4~carboxylic acid ethyl ester with a melting
point of 89 - 90°C.



sodi um hydroxi de sol uti on was added therein to nake it al kaline and the
resul tant solution was extracted with methyl ene chloride. An organic |ayer
was extracted with an aqueous 2N hydrochloric acid solution. After the
extracted solution was made al kaline by _an_aqueous 2N sodi um hydroxide, it
was extracted with nethyl ene chloride.

-29-  An or gaMrC (cIver; s arlisged.sman tlz;e3gql2y1e|at) ,assgicafii hhed to obtain
2.4 g of a crude product of 6-am no- Né

bi s(f1 uor omet hyl ) - 2k | - benz o RodH. sy éébéﬁ[éﬁp]?[@?#}ﬁ 4dd7( 4H, d),
6.36(1H,s), 6.28-6.94(3H m 8.8 (17 4) . : 236 (Merr]) (2) 10 n
of concentra | furic aci eated at 40[err]C and 760 ng of sodium
nitrite aC|d$§gs‘§dded t Her & qﬁyqihg the reaction solution was cooled to

roomtenperature and 20 m of an acetic acid solution of 2.0 g of

6- am no-4- cyano- 2, %4g|§g §&%9g359y9)0§ nPgeEZQQXEQnyQErﬁggﬁg ;EEEEIH

The reaction solutlon was an agqueous mc acid
sol ution of éﬂﬁkbﬁ%bﬁrﬁwm@@PﬁﬁéﬁaﬁeﬁarhoaﬁﬁéﬁcéciﬂoﬁtHYQ gsﬁerco@péé £l1)

suljf ate pent Qllffy(ifoa:fe%si%nﬁ ﬂ'li?flu%(?@'a@@tﬁﬁ:@m ﬁieléné éf%c9p93u§?ijb&'ﬁh§?| fite ;
under ice-cooling resulta eated tQ room tenperature an
stirred for H@qu'&ﬁggﬁnﬁagngd&ghmhhS%eNn N3RIDERBY A QFBPBLARSWRRt r act ed
wi t h net hyl erse:mfrle@!r wleh Aragiggnuadeayen wsmovphbed ofth ﬁﬂtﬁqye@us 2N
hydr ochl ori c I d eqQus o] d | ution and
dried. The sgﬁgéﬂgﬁﬁbggg'stgg tgﬂu$ﬂ§ %gtégﬁ g ?8§n§u§ % Url Ped
accordi ng t o tdie iregacgdlonc glixtmrehwesnaddedphymigedesopihios odfit 21n,

AcCH: hexane 4 Jap%)chqraﬁlircearcmt ahli é%ﬂyﬁyaae%%@da§a' YRBb1Rb1 €5 Wb geetate

and hexane tq obtaln 690 of 6-brond-4-cyan
bi s(f1 uor ometiyitersd PSBéﬁzGﬁ}li&ﬁ wi AR ArEBRLENgaper nvasfsepsratedrc

from the filtrate and a water layer was extracted with
_ethyl acetate. It was washed together with the obtained
organic layer with a saturated saline solution, dried over
sodium sulfate and concentrated under reduced pressure.
The obtained residue was subjected to silica gel column
chromatography (developing solution, ethyl acetate:hexane
= 10:1) to obtain 0.51 g of an oily product of 2,2-
bis(fluoromethyl)-6~-trifluoromethyl-2H-1-benzopyran-4-
carboxylic ﬁcid ethyl ester.

NMR (CDCl3)d: 1.36(3H,t), 4.31(2H,q), 4.53(4H,d),
6.63(1H,s), 6.94(1H,d), 7.47(1H,dd),
8.31(1H,d).

MS m/z : 338 (M")

(5) A mixture of 0.51 g of 2,2-bis(fluoromethyl)-6-
trifluoromethyl-2H-1-benzopyran-4-carboxylic acid ethyl
ester, 0.13 g of potassium hydroxide and 10 ml of ethyl
alcohol was stirred at room temperature for 2 hours. To
the reaction mixture was added ice water and hydrochloric
acid and crystals separated out were filtered to obtain
0.43 g of 2,2-bis(fluoromethyl)-6-trifluoromethyl-2H-1-
benzopyran-4-carboxylic acid.



NVR (CDCl[err])[err]: 4.55(4H,d), 6.41(1H,s), 6.75(1Hd),

7.13-7.83(2H M. M5 mz 299 (Merr]) (3) Using

6- br ono- 4- cyano- 2, 2- bi s(fl uoronet hyl )-2H 1- benzopyran.

6- br onmo- 2, 2- bls(fluoronethyl) 2H 1- benz@pyran-4- carboxylic acid with a

mel ting p0|nt of 165 - 166C was obtai ned according to the sanme nethod as in

Exanple 7 (MS m/z . 308 (M7) -30- NMR (CDCl[err])6:
4.58(4H,d), 6.58(1H d), 7.29(1H, dd), 8. 14( 1H, d),
9.81(1Hbrs). Ms mz 318 (M) (4) Using

6- br ono- 2, 2- bi s(f | Uéronkstimg 2-,2Hbls (fanpopreshyd) cBrbokfluerapethyl-2H-

6- br ono- N- ( -6-
bi s(fl uorone hyi; ghn¥h%enz rboxgl&ccar Oxan]aebis(ﬁluoro??F%y )0|nt of 140
- 142C was dbtidilveas omeddydi me&hwﬂezﬁaﬁrebﬁﬁzhwras 14nCERBﬂ15P@i§9 withR

(ccferr]- @[u?é” 9@ [p%’&x]t of2 1%@( 2H,1¥3)4 *c3wa3d( blthined- Qéééhiﬂﬁg to
6.04(1Hs), 6 81(1H @? (1H d). M
m z . the samg; ra] m E%éﬁ‘ﬁllé F2 (3).

6- Br ono- 2 2- bls(fluoronethyl) N- net hyl - 2H 1-

benzopyran

6- br ono- 2, 24@ﬁ§6?ﬁﬁ§ﬁ8%bthflfséﬁ9$d§ ndop It 4R 4): c8r BRI &) aci q,

6- br ono- 2, 2- bi s(f | uor onet hyl.k8NHLbibirgl), BHOS{BHndopyTaA8l4lBadBoxani de with
a nelting point of 187 - 188@Mag g@talned according to the sane nethod as

in
MS m/z : 821 (M%)

Example 24

2,2-Bis(fluoromethyl)-6-trifluoromethyl-N-

methyl-ZH—1—benzopyran—4-carb6thioamide

Using 2,2-bis(fluoromethyl)-6-trifluoromethyl-N-
methyl-2H-1-benzopyran-4-carboxamide, 2,2-bis(fluoromethyl)-
8-trifluoromethyl-N-methyl-2H-1-benzopyran-4-carbothioamide
with a melting point of 145 - 147°C was obtained according

to the same method as in Example 8.

NMR (CDCls)é: 3.25(8H,d), 4.54(4H,d), 5.77(1H,s),
" 6.93(1H,d), 7.44(1H,dd), 7.54(1H,brs),
7.66(1H,d) .
MS m/z ;337 (M)

Example 25

N-(2-Cyanocethyl)-2,2-bis(fluoromethyl)~-6-

trifluoromethyl-2H-1-benzopyran-4-carboxamide

Using 2,2-bis(fluoroemthyl)~6-trifluoromethyl-2H-1-
benzopyran-4-carboxylic acid, N-(2-cyanoethyl)-2,2-
bis(fluoromethyl)-6-trifluoromethyl-2H~1-benzopyran-4-
carboxamide with a melting point of 135 - 136°C was
obtained according to the same method as in Example 10.




Exanmple 7 (3). NVR (CDCl [err]-CD[err]0OD)[err]: 3.68(3Hs), 4.56(4Hd),
5.94(1H,s), 6.77(1Hd), 7.31(1H,dd), 7.63(1Hd). M5 nlz
331(MeH1) aamHeZS

2,2-Bi s(fluoromethyl)-6-trifluoromethyl 4%

nethyl 2H | - benzopyr an- 4- car boxam de (1) A mxture of 41.7 g of

2,2-bi s(fl uogvmretdyd); fo: nid r'm(zj_-;k Jobenz ayran-od- cay. o, d)gci d, 20 o of
sulfuric acid and 300 nm "~ of et hyl ‘al'cohol S refluxedggglgrggatlng for 6

hours. The reaction m xt ur e & L?r)edq h I{?é’rvﬁa?t el tral s
separated out were fil teredr.tsl)(cmi ady 421 B4y 10f,4d) .

2,2-bis(flu mej hyl )-6-nit 2 benzopyran 4-carboxylic acid ethyl ester
with a maltﬂ[\ lI;%?nt of 96§®3@F

-31- NMR (CDG [err])[err]: 1. 42(3H t), 4.38(2H,q), 4.58(4H, d),
6. 69(1H, s) @&é%— QQ 8 07(1H, dd), 8.92(1H,d). M5 mz
313 (M e ﬁﬂé{ Lblng 2 2- bls(fluoronethyl) 6 nitro-2H 1-
benzopyran 4 car box& ', v,- h 2-bis (¢ oriometihyil )siN-methyl-2H~
6- am no- 2, 2- bIS(f|LEHEE&%&b&ﬁaﬂﬂiébdkﬁﬁxgmﬁégl4- carboxyllc acid et hyl
ester was obtalned c t nme a 21 (1). NVR
(cDO [err])[err]: hq%#‘%%gé '&%@Qr@meg‘yﬁ(%q@% P9
4.55(4H, d), Ekﬂhdbf&éﬁ+4ﬁcaﬁbdkﬁlm¢(Ecid%ﬁtﬂxﬂ ester amBPofthlssrnum)
pentafluoropropionate, an oily product of 6-pentafluoro-
ethyl-2,2-bis(fluoromethyl)-2H~-1-benzopyran-4-carboxylic
acid ethyl ester was obtained according to the same method

as in Example'zs (4).

NMR (CDCls)8: 1.40(3H,t), 4.38(2H,q), 4.60(4H,d),

' 6.69(1H,s), 7.00(1H,d), 7.45(1H,dd),
8.30(1H,d).

MS m/z : 388 (M)

(2) Using 6-pentafluoroethyl-2,2-bis(fluoromethyl)-
2H-1-benzopyran-4-carboxylic acid ethyl ester, 6-
pentafluoroethyl -2,2-bis(fluoromethyl)-2H~-1-benzopyran-4-
carboxylic acid was obtained according to the same method as
in Example 23 (5).

MS m/z . 358 (M)

(3) Using 6-pentafluoroethyl-2,2-bis(fluoromethyl)-
2H-1-benzopyran-4-carboxylic acid, 6-pentafluorocethyl-2,2-
bis(fluoromethyl)-N-methyl-2H-1-benzopyran-4-carboxamide
with a melting point of 127 -~ 128°C was obtained according
to the same method as in Example 7 (3).

NMR (CDCls)6: 2.82(3H,d), 4.46(4H,d), 5.93(1H,s),
6.82(1H,brs), 6.92(1H,d), 7.40(1H,dd),
7.72(1H,4d).

MS m/z . 371 (MY)



(3) To a mxture of 4.0 g of 6-am no-2, 2-

bi s(flLuoronet hyl)-2H 1-benzopyran-4-carboxylic acid ethyl ester, 1.66 g of
sul furic acid and 40 M of water was added a mixture of 1.09 g of sodium
nitrite, 10 mM of nethylene chloride and;40 ml of water under ice-cooling.
The m xture was stirred under ice- coollng for 10 mnutes. Further, to the
reaction m xExa@pwaszadded a nlxture of 2.85 g of potaSS|un1|od|de and 5 m
of water, and the X 1.5 hours. To
the reaction m xtur ; a2t sol ution
was extracted with methyleaﬁ Ehbenzd@yrém-o¥gambamhfq&miMGS washed with a
20% aqueous sodi um tyaqn, dried
over sodlun1su|fate§§%ékcon€§%?%% %%Fﬁgt ?%U%c ggﬁfgégﬁﬁéﬁg#ﬂé )t ai ned
resi due was BebpEdraéd- ﬂobanOnnr@@+4t@&UMMX@Miiﬂmu&mpenﬁgfkunﬂaﬂtnykn;

sol ution, ethyh. ﬁfi@mﬁoPsaSélﬂ%{p -’h@ﬂﬂatﬁﬂ%@i%&

2, 2- bls(fluoro ﬁ - 6-1 0do- benzopyran- 4-car %ﬁlc agld et hyl ester
with a neltlﬁﬁrBBF fognide wvigh[a pelting point of 148 - 149°C was

-32-  NWR (Cogkhenell) heebrdidg 306 3thé ) sae 38 Shibdl)as 4b&Hile 8.
6.60(IH's), 6.67(1H,d), 7.02(1H, dd), 8.30(1H,d). M5 iz
394 (Merr]) (4) A mxture of 1.00 g of 2,2-bis(fluoronethyl)-6-
iodo-ZFF1-beNMprﬁaﬁlé)éarb&x&?(&ﬂaﬁ)d £15y(21esd ey , 4 BBRH, Of, pot assi um

trifluoroacetate, 1.18 g of 5 CEIF q%d§¥ ana)of ta) ‘%d%”d 10 m of
mn h i Hﬁ?

N, N- di et hyl f or mam de was stlrre under an "at’nosphere of a
nitrogen gas with renoving Tobaehe. %MSHBOIe$$ 1Ho#) 5.5 hours. To the
reaction m xggrg@/vas added ggi gty sot ution of 2N hydrochloric acid and
ethyl acetate and insolubles were filtered using Celite. An organic |ayer
was separated fromthe filtrate and a water | ayer was extracted with ethyl
acetate. |t Emampashgg together with the obtained

N-Cyano-8-pentafluorcethyl-2,2-bis(fluoromethyl)-

N'-methyl-2H-1-benzopyran-4-amidine

A mixture of 0.14 g of 6-pentafluorocethyl-2,2-
bis(fluoromethyl)-N-methyl-2H-1-benzopyran-4-carbothioamide,
0.31 g of ethyl lodide, 0.017 g of sodium hydride and 5 ml
of tetrahydrofuran was refluxed with heating for 45 minutes.
To the reaction mixture were added 0.081 g of cyanamide

and 0.017 g of sodium hydride and the resultant mixture

was refluxeé with heating for 22 hours. To the reaction
mixture was added a small amount of hydrochloric acid and
the mixture was concentrated under reduced pressure. The
resultant residue was subjected to silica gel column
chromatography (developing solution, ethyl acetate:hexane =
1:1) to obtain 0.07 g of N-cyano-6-pentafluoroethyl-2,2-
bis(fluoromethyl)-N'-methyl-2H-1-benzopyran-4-amidine with
a melting point of 178 - 179°C.

NMR (CDCl3)6: 2.88(3H.d), 4.56(4H,d), 5.88(1H,s),
6.98(1H,d), 7.12(1H,d), 7.46(1H,dd),
7.72(1H,brs).

MS m/z : 395 (M")



organic layer with a saturated saline solution, dried over sodiumsulfate
and concentrated under reduced pressure. The obtained residue was subjected
to silica gel colum chronat ography (devel opi ng sol ution, ethyl

acetate: hexane = 10:1) to obtain 0.51 g4f. an oily product of 2,2-

bi s(fl uoronethyl)-6-trifluoronethyl-2H 1-benzopyran-4- carboxylic acid

et hyl ester.Exa LRz (gﬁX][err])[err]: 1.36(3Ht), 4. 31(2H gq), 4.53(4H,d),

6. 63(1H,s), 6. H . 31(1H d). M5 'z

336 (M) (5 : > by onet hyl ) - 6-
trifluoromethyl - 2F+ﬂ1beﬂmeqamﬂthyKXHZHﬁmHUanzmyydaabhybaebbaamiﬂe13 g of
pot assi um hydr oxi d ohpol S A

tenperature for 2 ﬁ%%:{:rg ]él)'o‘y% €J§l§%eot?y%x &r\gﬁ%eg%lg e‘%hgrla/a?ﬂr and
hydrochlor|cb%@1@P¥Nﬁntﬁy@ﬁ%ﬁ@%%&ﬁﬁﬂ&ﬂhﬂj(Nn(amgwgnpﬁﬁbgﬂédsro obtain 0.43 g

of 2, 2-bi s(fhitLrBidvdd clyils féiuarﬂrﬁt&wom%m)b@@zqmsreﬁ%ﬁy@%quyl ic
aci d. VS i 8 (Merr])

(6) Using 2,22ppeXanifds ohkthyg R ting m&#ﬁnﬂfhw‘i‘izﬁ 145°c was’

1- benzopyr arblélwmémxa/éwrcamgi t 2, theisHnld werteisa Ayl inbExample 10.
trifluoronethyl-N nethyl-2H 1- benzopyran-4-carboxam de with a nelting point
of 162 - 164[err]C was obtai ned according to the sane nethod as in Exanple
7 (3). NVRIMECDE D@L ¢ 19 { er2 ] 72 RB3()3HS).,6 A 22B(@Hd Y, - 68.(249( 8h,s) ,

6.48(1H brs), 6.95(1H d), GAK MK Y, 5.80(1H,brs), 7.628361l)d).
7.52(1H,dd), 7.83(1H,d)
MS m/z . 410 (M%)

Example 30
2,2-Bis{(flucromethyl)-6-heptafluoropropyl-N-
methyl-2H-1-benzopyran-4-carboxamide
(1) Using 2,2-bis(fluoromethyl)-6-iocdo-2H-1-

benzopyran-4-carboxylic acid ethyl ester and potassium

heptafiuorobutyrate, an oily product of 2,2-

bis(fluoromethyl)-6- heptafluoropropyl -2H-1-benzopyran-~4-
carboxylic acid ethyl ester and an oily product of 2,2-
bis(fluoromethyl)-2H-~1-benzopyran-4-carboxylic acid ethyl
ester were 5btained according to the same method as in
Example 23 (4). 2,2-Bis(fluoromethyl)-6-heptafluoropropyl-
2H-1-benzopyran-4-carboxylic acid ethyl ester:

NMR (CDCls)d: 1.36(3H,t), 4.32(2H,q), 4.57(4H,d),
6.69(1H,s), 7.02(1H.d), 7.46(1H,dd),
8.29(1H,d).

MS m/z . 438 (M)

2,2-Bis{fluoromethyl)-2H-1-benzopyran-4~-carboxylic acid
ethyl ester:

NMR (CDClz)é: 1.38(3H,t), 4.34(2H,q), 4.58(4H,d),
6.58(1H,s), 6.8-7.5(3H.m), 7.94(1H,dd).
MS m/z . 288 (M%)



MS m z 321 (Merr]) Exanpl e 24
2,2-Bjs(fluoronethyl)-6-trifluoronethyl-N

net hyl - 2H 1- benzopyr an- 4- car bot hi oam de Usi ng
2,2-bis(fluoronethyl)-6-trifluoronethyl-3%

met hyl - 2H 1- benzopyr an- 4- car boxam de, 2, 2-bi s(fl uoromnethyl) -
6-trifluoronethyl - Ne 2kt sl n 2,12 hdrsA djdyrcaromée tharlhotehiheartiadd ueiricip re&piydl-t i ng

int of 145op_ 412 1S, j j t et hod [
Darm 2 o RTINS B g Wi g 5 1
6. 93(1H, d), T:IYL 14 RS LIy Rt luoropropyl-zHh-1-peggOPMray. - m z
337 (Merr])cartsayPle £0id was ob¥alifredy aRQIring 202 -thies a0 mmpicay! ) - 6-
trifluoromethyl:2H 1- benzopyran- 4- car boxam de Usi ng

2, 2-bi s(fl udtoeht %a}"-‘%f? r?oc%lIG{}r'omt hyl - 2H 1- benzopyr an- 4- car boxyl i ¢ aci d,
N- (2- cyanoet hyl ) -2, 2-

bi s(fluoro Y, -6-trifJuo[ﬁﬁQ -2H 1- benzopyran-4- carboxam de with a
mel ting porﬁﬁgd#)ﬁSS - 136[%rr]ér&as obt ai ned according to the sanme net hod
as- in Exanpl e 10. -34- NWR
(ChCl[err])[err]: 2 (ZHAS S ' AH._G)_; _
6. 08(1H, ), 6. 96(1H %}r)s@&g 928’(321%3)%,2#1%" shettil @—%eg&a ThUgg propyl
7.84(1H, d). %5 hrhenzopyransprampossdiic achdamgine 0idy product of 2,2-

6- Pent af | uorwes byl uds dndisdT ) LHupEmorS prRIgM-N2 e thy 1 - 2H-1-

1_benZOpyrE”Séhé§g§¥g§!2£§3rboxamide as in Example 7 (3).

NMR (CDCls)d: 2.94(3H,d), 4.59(4H,d), 6.02(1H,s),
6.39(1H,brs), 7.01(1H,d), 7.47(1H,dd),
7.82(1H,d).

MS m/z ;421 (M)

Example 31
2,2-Bis(fluoromethyl)-6-heptafluoropropyl-N-methyl-
2H-1-benzopyran-4-carbothicamide '

Using 2,2-bis{fluoromethyl)-6-heptaflucropropyl~-N-
methyl-2H-1-benzopyran-4-carboxamide, 2,2-bis(fluoromethyl)-

6—heptafluofbpropyer—methyl—2H—l-benzopyran-4—
carbothicamide with a melting point of 125 - 126°C was
obtained according to the same method as in Example 8.

NMR (CDClg)d: 3.24(3H,d), 4.55(4H,d), 5.82(1H,s),
6.98(1H,d), 7.42(1H,dd), 7.55(1H,brs),
7.62(1H,d).

MS m/z . 437 (M%)



(1) Using 2,2-bis(fluoronethyl)-6-iodo-2H 1- benzopyran-4-carboxylic acid
et hyl , ester and potassi um pent af | uoropropi onate, an oily product of

6- pent af-l uoro- ethyl-2,2-bis (fluoronethyl) -2H 1-benzopyran-4-carboxylic
acid ethyl ester was obtained accordi ngdgx the sane nethod as in Exanple 23
(4). NVR (CDCl [err])[err]: 1.40(3H1t), 4.38(2H,q), 4.60(4Hd),

6.69(1H,s), Exafg1e 39, 7.45(1H dd), 8.30(1H,d). M5 niz

386 (Merr]) Usi pent qu raet hyl i s(fluoronethyl)-
2H- 1- benzopyr an- 4-é%r%%%?ﬁﬁé—ggpaje§£§ﬁ—é§gé&r—éé—giEXiiiég

pent af | uor oet hyl - Xuon 7 oxpnd e [
was obt ai ned accor fgﬂ?adgyjﬁgk y

358 (Merr]) dUé]ﬁz%OZ in enta l}%f.’t()é%%{é%%%ﬁu%%g% %J)gry%nelg?h?l)
2H 1- benzopy?%%quf%#mnﬁqﬁ4QPQﬁﬁliC @ﬁﬁéhtéFﬂGbﬁQ@PﬁVWhlli

bi s(f1uoroneghyl #1dbratidwiy )21Hrsl-Mmﬁ@%ﬂrﬁlb%am-%n%wranm—t i ng
poi nt of 127 - s obt accor di tao th nmet hod as in
Exanpl e 7 (3§8rP O’F\&Wz{‘i%da rar]")e[ g point éﬁg&)35 36’%4&3}”35. 93(1H, s),
6. 82( 1Hbr s) , o6t &Pféd, aycord Y Md dihle same method as 1ﬁ.E%@hﬁld)10NB m z
371 (Merr]) -35- Exanple 27

NMR (CDCls)é: 2.70(2H,t), 3.62(2H,q), 4.58(4H,d),
8.05(1H,s), 6.80(1H,brs), 6.98(1H,d),
 7.43(1H,dd), 7.78(1H,d).
MS m/z . 480 (M")

Example 33
2,2-Bis{fluoromethyl)-N-methyl-2H-1-benzopyran-
4-carboxamide
(1) Using 2,2-bis(fluoromethyl)-2H-1-benzopyran-4-

carboxylic acid ethyl ester, 2,2-bis(fluoromethyl)-2H-1-

benzopyran-4-carboxylic acid was obtained according to

the same method as in Example 23 (5).
MS m/z 1 240 (M)

(2) Using 2,2-bis(fluoromethyl)-2H-1-benzopyran-4-
carboxylic acid, 2,2-bis(fluoromethyl)-N-methyl-2H-1-
benzopyran-4-~carboxamide with a melting point of 138 - 138°C
was obtained according to the same method as in Example 7

(3).

NMR (CDClaz)d: 2.85(3H,d), 4.49(4H,d), 5.86(1H,s),
6.11(1H,.brs), 6.7-7.5{(4H,m).
MS m/z : 253 (MV)



6- Pent af | uor oet hyl -2, 2-bi s(fl uoromet hyl ) -N-

nmet hyl,- 2H 1- benzopyr an- 4- car bot hi oam de Usi ng

6; pent af | uor oet hyl -2, 2-bi s(fl uoronet hyl ) - N-

met hyl - 2H 1- benzopyr an- 4- car boxam de, 6-qagnt afl uoroet hyl -
2, 2-bi s(fluoronethyl)-Nmethyl -2H 1-benzopyran-4- carbothioam de with a
mel ting poi ngx&hpild83a 149[err] C was obtai ned according to the sane net hod
as in ExanprE"H%l—_NWF 3.

4.56(2H, d), = 5= S 2T =t , ,
7.55(1H, brs), 7.63(B¢hedpyMhdzcarboxamid®7 (M)  Exanple 28

N- Cyano- 6- pent af | uaroet hylk -2,.2- bi s(f1 uor thylo): o AL

N - et hyl - 2H 1- ben(z)I?)f)Vﬁ%mé ﬂgal?ﬁsdé uoromeotrﬁy& m%ﬁ dr ebe&zo(y_yﬁmg 4of

6- pent af | uoroertbykyRji@-acid, an oily product of N-(2-cyanoethyl)-2,2-

bi s(fluoro = ber - 4- car Qade . f

et hyl i odi ggﬁb%t%ﬁ%gg%%%%ﬁ% Elsgr | gedp?r}-c?%%&g#ﬂ et ré%y ragsf %%g%i\%\gsd
refl uxed wi t#CPREE4IRG tOrthe santmathomh ahdn &&amrd® #Ot ure were added
0.081 g of cyanam de and 0.017 g of sodium hydride and the resultant

m xture was refl 11h h ' far 22 hours. To ¢ react,i on m xture was
added a s'nalwﬁ%ng@ﬁ&%}éhydfgﬁ%’i 'aé 'cf"%(%df’tq”?e rﬁ%e’drd‘gﬁ\faﬁs concentrated
under reduced pressure. Thesr&sUlH at, reesd-dues (@5 mubj ected to silica gel
colum chro o] phy (deve [ olution, ethyl acetate:hexane = 1:1) to
obtain 0.07qg§dgyﬁkcyanol6-%%%tg?jﬁoroethyI-2.2-

bi s(fluoronethyl)-N -nethyl-2H 1- benzopyran-4-am dine with a nelting point
of 178 - 179 giddfe 35NVR (CDC [err])ferr]: 2.88(3H d), 4.56(4H d),

5.88(1H, s), 6.98(1H ), 7. 12(1H ), 7 46(1H dd),
7.72(1H brs). M5 n&=Cyano-2 huoromethyl)-N-methyl-2H-1-

benzopyran-4-carboxamide
(1) A mixture of 0.40 g of 2,2-bis(fluoromethyl)-6-
iodo-2H-1-benzopyran-4-carboxylic acid ethyl ester, 0.11 g

of Cuprous cyanide and 3 ml of N,N-dimethylformamide was
stirred with heating at 150°C for 2 hours. To the reaction
mixture was added 2N hydrochloric acid solution. The
resultant mixture was extracted with ethyl acetate,

- washed with a saturated saline solution and dried over
sodium sulfate. It was concentrated under reduced pressure.
The obtained'residue was subjected to silica gel column
chromatography (developing solution, ethyl acetate:hexane =
3:1) to obtain 0.22 g of 8-cyano-2,2-bis(fluoromethyl-2H-1-
benzoyran-4-carboxylic acid ethyl ester with a melting point
of 115 - 117°C.

NMR (CDClg)6: 1.34(3H,t), 4.31(2H,q), 4.54(4H,d),
6.68(1H,s), 6.90(1H,d), 7.45(1H,dd),
8.33(1H,d).

MS m/z : 293 (MY)

(2) Using 6-cyano-2,2-bis(fluoromethyl)-2H-1-
benzopyran-4-carboxylic acid ethyl ester, 6-cyano-2,2-
bis{(fluoromethyl)-2H-1-benzopyran-4-carboxylic acid with



- 36- Exanple 29 N- ( 2- Cyanoet hyl ) - 6- pent af | uor oet hyl - 2, 2-

bi s(fluoronet hyl)-2H 1-benzopyr an- 4-car boxam de Usi ng
6; pent af | uor oet hyl -2, 2-bi s(fl uoronet hyl )-2H 1- benzopyran-4-carboxylic
acid, N (2-cyanoethyl)-6- -40-

pent af | uor oet hyl - 2, 2- bi s(fl uoronet hyl ) - 2H 1- benzopyran-4- carboxam de with
a nelting poantebtiddpein¥ldferrgs -was ol atawe bbeadored g cor ding tamre

thod as i 5. 72(2H), 3.65(2H, q),
21_960?4H?3)|1nt§§agy,lﬂg "j‘é)th“%gi(‘ﬁrg%‘“%r éffl@’brs 7(02()1H d), (27.9)

7.52(1H,dd), 7.83(1H,d) M5 niz : 410 (N[err]) Exanpl e 30

2,2-Bi s(fluoggngyhyl)-6-he I opropyl

nmet hyl - 2H 1- benz{l)pyran 4- cgérﬁ)x(tﬂ de (1) Usi ng

2,2-bi s(fluoronethyl)-6-iodo-2H 1- benzopyran-4-carboxylic aC|d et hyl ester

gnd(!glot assi um hept at$pqn@if:x|;§ }H-&Iy%,noa{'z CZ-IB’iégrﬂdiéﬁfoanth&la 2ab1- | .
is uor o af | yor y enzopyy an rbo | i
et hyl este;m%?l z%%yxbz?rlx% pci Hi?c’?yﬁﬂfdp c2123+ ]6 cyanop)@ 3l bﬁs(%uoro&etﬁ‘xyﬂ%
bis(fluoroneﬁhwéyhf&+ZH{ﬁﬂbﬂngunyvah«mﬂdKDdeamﬂﬂa(ﬂhﬂhhplmed&amgwemant

obt ai ned acc d i
2, 2- IBI s(fl uo(?%rr% %%%heéﬁégldﬁ ogl%f%lé&fﬁ&?{%enzo pyr an- Z? car E)loxyl e

acid ethyl e&$ein X¢mni%€txﬂqkwr])[err] 1. 36( 3H, t) 4.32(2H, q),

4.57(4H, d), 6.69(1H, s), 7.02(1H d), 7.46(1H, dd),

8.29(1H,d

2, 2- (BI s(fl)uoyi%ref%(? %451 be%rzdﬂﬁ}]ar&)él- Gar85AA 90 rabi-d HidfySlester:  NWR

(CDC [err])[err]: 1.38(3H, t)7.o&@d(,2H.,0)7. o8 GBI 4d), 7.86(1H,d),

6.58(1Hs), 6.8-7.5(3H.m, 7.94(1Hdd) " N6 nfz . 268 (Merr] )
MS m/z . 278 (M)
Example 36

6-Cyano-N-(2-cyanocethyl)-2,2-bis(fluoromethyl) -

2H-1-benzopyran-4-carboxamide

Using 6-cyano-2,2-bis(fluoromethyl)~2H-1-benzopyran-
4-carboxylic acid, 6-cyano-N-(2-cyanoethyl)-2,2-
bis(fluoromethyl)-2H~1-benzopyran-4-carboxamide with

a melting point of 170 - 172°C was obtained according
to the same method as in Example 10.

NMR (DMSO-dg)d: 2.78(2H,t), 3.47(2H,q), 4.66(4H,d),
6.14(1H,s), 7.09(1H,d), 7.72(1H,dd),
7.87(1H,d), 8.8-9.0(1H,m).

MS m/z ¢ 317 (MY)

Example 37

N-(2-Cyanoethyl-2,2~bis(fluoromethyl)-3,4-

dihydro-6-nitro-2H-1-benzopyran-4-carboxamide

A mixture of 0.33 g of N-(2-cyanoethyl)-2,2-
bis(fluoromethyl)-6-nitro-2H-1-benzopyran-4-carboxamide,
0.20 g of sodium borochydride, 20 ml of tetrahydrofuran

and 10 ml of methyl alcohol was stirred at room temperature
for 30 minutes. The reaction mixture was concentrated under



- 37- (2) Using 2,2-bis(fluoromethyl)-6-heptafl uoropropyl -

2H 1- benzopyran- 4-carboxylic acid ethyl ester, 2,2-

bi.s(fl uoronet hyl ) - 6- hept af | uor opr opyl - 2H 1- benzopyr an-4- carboxylic acid
was obtai ned according to the same nethgdq_as in Exanple 23 (5). M5 iz
408 (Merr]) (3) Using 2,2-bis(fluoromnethyl)-6-heptafl uoropropyl -

ﬁH—%%Fenzopymﬂwudbdxyduvsdﬁdiawd @N AFdeblh1prqeuelc1@f wds2added therein.
IS uor o

1) .- 6--hept af | [ - N-met hyl - 2H- 1-
benzopyr an- r%%ﬁ%ﬁ%”ﬁfdggggu%rOﬁ;gﬁél§ng%§f%d wﬁﬁé CEBKL BFETR{Err]
2.94(3H, d), drisgl Aved) magr@d(ild, sulfate and concentGale@lindes) reduced

7.01(1H, d 2(1H dd 8 421 (M
Exam()l oGy PR O the( PPreined rest dfee hg’(ﬁ‘tjsaﬁ uc?reg@re? tp_Ridiepy (M)

2H 1- benzopyﬁ%kpqﬁkﬂﬂqMﬁhﬂQQ%ﬁQ&§aphy (demgﬂﬁ@ing solution) ethyl
2, 2- bls(f|lﬂadﬁﬂﬁﬁéﬂﬁkﬁﬁnheﬂtéfhqo%%pbgﬁﬁﬁnNO 17 g of N- (2 cyanoethyl)-

nethyl 2H 1- opy.r car 2. 2-bi s(fl Uoronmet

6- heptaflqu£§? (ﬁlﬂﬂg R Zﬁ3I3bén§éBYﬂ£ﬁ néé?@o?ﬁliagﬁaéoﬁﬁfﬁna4‘
mel ti ng poi rtardfoxk2f de ha&ﬁ wamedhtiagnediagcerding toigBecsane nethod as in
Exanpl e 8. NVR (CDCl [err])[err]: 3.24(3H,d), 4.55(4Hd), 5.82(1H,s),
6.98(1H,d), 7.42(1H,dd), 7.55(1H brs), 7.62(1Hd). M5 nilz

437 (Merr] NMR (CDCls-DMSO-dg)d: 2.35(2H,dd), 2.67(2H,t), 3.54(2H,q),

3.6-4.2(1H,m), 4.55(4H,d),
6.97(1H,d), 7.9-8.2(2H,m),
8.84(1H,brs).

MS m/z : 339 (M)

Example 38
N-(2-Cyanoethyl)-2,2-bis(fluoromethyl)-3,4-dihydro-6-
nitro-2H-1-benzopyran-4-carbothiocamide
Using N-(2-cyanocethyl)-2,2-bis(fluoromethyl)-6-nitro~

2H-1-benzopyran-4-carbothioamide, N-(2-cyanoethyl)-2,2-

bis(fluoromethyl)-3,4-dihydro-6-nitro-2H-1-benzopyran-4-
carbothiocamide with a melting point of 183 - 184°C was

obtained acc?rding to the same method as in Example 37.

NMR (CDCl3-DMSO-dg)d: 2.2-3.3(4H,m), 2.8-4.7(3H,m),
4.62(4H,d), 7.04(1H,d), 8.03(1H,d),
8.10(1H,dd), 10.73(1lH,brs).

MS m/z : 355 (M")

Example 39

6-Amino-N-(2-cyanocethyl)-2,2-bis{(fluoromethyl) -

2H-1-benzopyran-4-carboxamide hydrochloride

(1) Using N-(2-cyanoethyl)-2,2-bis(fluoromethyl)-6-
nitro-2H-1-benzopyran-4-carboxamide, 0.34 g of 6-amino-N-(2-
cyano-ethyl)-2,2-bis(fluoromethyl)-2H-1-benzopyran-4-
carboxamide was obtained as an oll according to the same
method as in Example 21 (1).




-38- Exanple 32 N ( 2- Cyanoet hyl ) -2, 2-bi s(fl uoronet hyl) -6-

hept af | uor opr opyl - 2H 1- benzopyr an- 4- car boxam de Usi ng

2, 2-bi s(fl uoronet hyl)-6-heptafl uoropropyl -2H 1- benzopyr an-4-carboxylic
acid, N (2-cyanoethyl)-2,2- -49-

bi s(fl uoronet hy) 1- 6- hept af | uor opr opyl - 2H 1- benzopyr an-4- carboxam de with a
mel ting poi mvef(3%d1s)4836[2rgd Guas o q'-rleda @scandi ag 48 4ih@)sane net hod

Eptang” 0 R (LR 8 ] Qi) b

7.43(1Hdd), ™S A(4H d). M5 Mz (M") 460 (I\/[err]) Exanpl e 33

2,2-Bi s(fluoronethyl)-N nethyl-2H 1-benzopyran- 4- car boxam de
(1) Usi ng 2, 2-bi s(fluoronethyl)-2H 1-benzopyran-4- carboxylic acid ethyl
ester, 2,2-bi s(f 1 uot hethy0 )32t¢ of Heramimor-dr-(L-cxapoathyd )agi. @ -hds-

bt d SH{E 1 B8
8406“( nI\/[ee ai:;:pfﬂh&ﬂo,ﬁ@t%}b?) ng-rﬂezé'I b?‘:‘%ﬂ uor onet hylm%%e( %rﬁeﬁ?gﬁg ;n 4-

carboxyl i ¢ gty leghql IW cﬂfmsc"}ﬁlll) apaynthai erntfated
benzopyr an- %m@axmﬂe at¢id. a TRl tmrag;m rtiasofcol{a%rrsehwha@ﬁ-] C was

obt ai ned accordi ng,to the same S 3 NVR

(000 [or ) (39469 Fead g% Prugin 98" s 68 Briaminboh-(2-

6. 11( 1H, br s)cydnde thl ¥+ M§-bis(fluoromethyl) - 2H 1- benzopyran—4-
carboxamide hydrochloride with a melting point of 202 -
205 °C.

NMR (DMSO-dg)é: 2.77(2H,t), 3.45(2H,q), 4.64(4H,d),
6.11(1H,s), 7.00(1H,d), 7.18(1H,dd),
7.51(1H,d), 9.3-10.2(1H,m).

Example 40

N-(2-Cyancethyl)-2,2-bis(fluoromethyl)-6-iodo-

2H-1-benzopyran-4-carboxamide

Using 6-amino-~N-(2-cyanoethyl)-2,2-bis(fluoromethyl)-
2H-1-benzopyran-4-carboxamide hydrochloride, N-(2-
cyanoethyl)-2,2-bis(fluoromthyl)-6-iodo~2H-1-benzoyran-4-
carboxamide with a melting point of 130 - 132°C was obtained
according to the same method as in Example 23 (3).

NMR (CDCls)6: 2.87(2H,t), 3.75(2H,q), 4.68(4H,d),
8.09(1H,s), 6.76(1H,d), 6.87(1H,brs),
7.64(1H,dd), 7.92(1H,d).

MS m/z . 394 (M)

Example 41
N-(2-Cyancethyl)-6-pentafluorcethyl-2,2-
bis(fluoromethyl)-2H-1-benzopyran-4-carboxamide
Using N-(2-cyanoethyl)-2,2-bis(fluoromethyl)~-6-1odo-
2H-1-benzopyran-4-carboxamide, N-(2-cyanoethyl)-6-




MS m z 253 (Merr]) - 39-
Exanpl £ 34 N- (2- cyanoet hyl ) -2, 2-bi s(fl uor onet hyl ) - 2H 1-

benzopyr an- 4- car boxam de Usi ng

2, 2-bi s(fluoronethyl)-2H1-benzopyran-4-4garboxylic acid, an oily product
of N-(2-cyanoethyl)-2,2- bis(fluoronethyl)-2H 1-benzopyran-4-carboxam de
was obt ai ned parmarfdiveg decHylle 252+ 1RRithad rameitAyEYagp- - B6nzopiven -4 -

(CDC[err])[er Al 2H t . 3. 62(.2H. q 4. 57(4H, d .

5 oo 1n 5)  Eap siryel” ka3 € AL PRp potaipag pecgsding

6- Cyano- 2, 2- UKBOﬂkucﬁmnemwwhpdNameﬁhyExaﬁple 26 (1).

benzopyran 44caly 1l>@r)i|2de (1) A mxture of 0.40 g of

2, 2- bls(fluorone. -6- 1 0do-2H 1- benzopyran- 4- carboxyllc acid et hyl

ester, 0.11 g of Cuh JOTERethy 1aNd 23 ddineshyl)- &~ or mam de was

stirred wth heatingg@eg%?ﬁﬂﬁghL@ -karbvéxhpyge. To the reactlon m Xt ure was

added 2N hydrochl ori m xture_was extracted

with ethyl acetate, (ﬁdsﬁgh8w%ﬁhgé°§a?uféP860§§Fpﬁé -¢oPEthBh- Gl BF Pedtover

sodignlsuIfaUdeﬁzo€?ramomu&mbﬂ&badinnFeD m&ﬁucedhmbessurm(zabeaabéalned

resi due was s te | cal umm. chr ra ev in

sol ution, etﬁ&%J%ﬁ%‘%f%qhz&aﬁgayggmifet8158t§| Eﬁg H§¥r eS8t g #¥th

6- cyano- 2, 2- ag{e .u@nsivdiiey mixiure peszsyianed- farb@ﬁyhouracau eobml| ester

with a neltl P\ 11 1 r ( r] r :
4 g%ﬁé e ifte% %%% 5b¥vent\WRs FEE%LEH ib@ ﬁ%

1.34(3H,1), Hq), 4.54(4 96 1H, d)
7. 45( 1Hdd) , 1oxane and 2N gagﬁ(fglgyion were added to he re31due and

stirred at room temperature for 16 hours. When ice-water
was added to the reaction mixture, crystals were separated
out. The crystals were collected by filtration, washed with
water and dissolved in methylene chloride. It was washed
with water and dried. The solvent was evaporated off to
obtain 11.01 g of 4-bromo-2-fluoromethyl-2-methyl-6-nitro-
2H~1-~benzopyran with a melting point of 116 - 117°C.

NMR (CDClg)é: 1.48(3H,d), 4.32(2H,d), 6.06(1H,s),
6.81(1H,d), 8.00(1H,dd), 8.25(1H,d).
MS m/z +o801 (M)

(2) A mixture of 5.6 g of 4-bromo-2-fluoromethyl-2-
methyl-6-nitro-2H-1-benzopyran, 1.84 g of cuprous cyanide
and 50 ml of N,N-dimethylformamide was refluxed with heating
for 5 hours under a nitrogen atmosphere. When aqueous
HCl solution was added to the mixture under ice-cooling,
crystals were separated out. The crystals were collected
by filtration, washed with water and dissolved in methylene
chloride. After it washed with water and dried, the solvent
was evaporated off. The resultant residue was purified
with silica gel column chromatography (developing solution:
CH2Cl,) to obtain 3.27 g of 4-~cyano-2-fluoromethyl-2-methyl-
6-nitro-2H-1-benzopyran with a melting point of 169 - 171°C.



M5 iz 293 (M) (2) Using

6- cyapo- 2, 2- bi s(fl uoronet hyl )-2H 1- benzopyran-4-carboxylic acid ethyl
ester, 6-cyano-2.2- bis(fluoronethyl)-2H 1-benzopyran-4-carboxylic acid
W th -4440- a nelting point of 165 -
167[err] C was obtained according to the sane nethod as in Exanple 23 (5).

MS i z NMR 266D r1)1.54(34,d) (N.4&218,d), 6.47(1H,s),
6-cyano-2,2-5is(?%&o%%ﬁ%thyl)-2$+ %enzé%?ﬁan-z-carbofglic acid

,d
1‘ ’
6- cyano- 2. 2- bi s(f | uor onet hy§ 23 Nt -S488105py Bar- A1 EPES¥ani de wi th

a melting poustmpi 206 -: 2074&r¢M'G was obt ai ned according to the sanme

met hod as in Exanple,y (3). NWVR O-d]err errl, 2. &%u%, _
4. 66( 4H, d), 6.13(1%?%3,632“g 4-cyano- 'f149Q?d%é§xb,2'ﬂ%ﬁ%?ngd Ltro-2H-
7.86(1H,d), l-benzopyran, 2-fRBickr@ud(i 1)-meMByil-6-nitro-2H-1278 (Merr])

SIS 5, g PR A VR D of ¢ MG ARL B

6- cyano- 2, 2- bt 28 f¢ (it el ¥3ined rrceqrehiayh i ih e sadeo gightiod aci d,

6-cyano- N- (Zagysmoskdwble 27 2¢2) . _ _ _ _

bi s(fl uoronet hyl )-2H 1-benzopyr an-4-carboxam de with a nelting point of 170
- 172[err] C was obtai ned according to the sane nethod as in Exanple 10.

NMR (CDCls-DMSO-dg)d: 1.48(3H,d), 4.45(2H,d), 6.76(1H,s),
6.88(1H,d), 8.00(1H,dd),
8.72(1H,brs), 8.98(1H,d).

MS m/z : 267 (M)

(4) Using 2-fluoromethyl-2-methyl-6-nitro-2H-1-
‘benzopyran-4-carboxylic acid, 2-fluoromethyl-N,2~dimethyl-6-
nitro-2H-1-benzopyran-4-carboxamide with a melting point
of 171 - 173°C was obtained according to the same method
as in Example 7 (3).

NMR (CDC13-DMSO-dg)8: 1.46(3H,d), 2.82(3H,d), 4.37(2H,d),
6.00(1H,s), 6.80(1H,d), '
7.65-8.14(1H,m), 7.92(1H,dd),
8.40(1H,d).

MS m/z : 280 (M™)

Example 43
2-Fluoromethyl-N,2-dimethyl-6-nitro-
2H-1-benzopyran-4-carbothiocamide
Using 2-fluoromethyl-N,2-dimethyl-6-nitro-2H-1-
benzopyran-4-carboxamide, 2-fluoromethyl-N,2-dimethyl-6-

nitro-2H-1-benzopyran-4-carbothiocamide with a melting
point of 141 - 144 °C was obtained according to the same
method as in Example 8.



NNﬁ (DQBO-d[err])[err]: 2.78(2H,t), 3.47(2Hq), 4.66(4Hd),

6.14(1H,s), 7.09(1H,d), 7.72(1H, dd), 7.87(1H, d),
8-8-9.0(1HM. M5 mz 317 (Merr]) Exanpl e 37

N- (2- Cyanoet hyl - 2, 2- bi s(fl uoronet hyl)-3. As_

di hydr o- 6-ni tro- 2H- 1- benzopyr an- 4- car boxam de A m xture of 0.33 g of

N-(2- CyanoetMMR)(@D@lg)o 1.43(3H,d), 3. 15(3H d), 4. 30(2H d), _
bi s(fl uoronmethyl)-6-nitro-2 2H | - benzo Vr an- 4- car oxan de, éﬁg g of sodium

bor ohydride, 20 m of t et r ahy?if oFfr hd 23 Hid ot &4 HADohol was
stirred at roomterrperaturesfm(ﬁ()cm'nmm(ﬂmemss)actlon m xture was
concentrate -41- reduced
pressure angwg ﬁ?drochlorl%g%cﬁ% Mas added therein. The resultant m xture
was extracted with ethyl acetate, dried over magnesi um sul fate and

concentr at edg %#ﬁ; e gguced pressure. The obtained residue was subjected to
S|I|ca gel natography (devel opi ng solutlon et hyl acet at e: hexane
=-1.1) to obtain O. cmethyl-

2, 2- bls(fluororrethydlét ﬂ—@ﬂﬁ‘&-zﬁ{qiﬂér ;ﬂrabﬁmumaﬁud%arboxamde
with a nelting poin
#1371 1u0LPRRII <Rrme BB ErR L O~ Fd o)

(cba [err] DVBO-d[ e

3. 6-4. 2( 1H, ) enZomor direld - carboxylic acid, N-(2-cyarfeXHylH -d)-

gég (Nfggra?}lu%§%ﬁéﬁ%y%&?-methyl—6-nitro!¥H;Hig%ﬁaoyﬂgﬁJgiéarboxamide
N- (2- Cyanoet#ijth -2 xmebtbmmmmmms 3; 4641 1§/ dvas @btained according

ni tro-2H 1-bgh Z{:)ﬁ)é(r ,f?fﬁ)&i h o {H%;( énple 1gJsing

N- ( 2- cyanoet hyl ) - uor oret hy nitro-
2H 1- benzopyr an- 4- carbothloanlde N- ( 2- cyanoet hyl ) -2, 2-

NMR (CDCls-DMSO-dg)d: 1.48(3H,d), 2.72(2H,t), 3.58(2H,dt),
' 4.41(2H,d), 6.14(1H,s), 6.87(1H,d),
7.99(1H,dd), 8.48(1H,d),
. 8.58(1H,brs).
MS m/z : 319 (MV)

Example 45
N-(2-Cyanoethyl)-2-fluoromethyl-2-methyl-6-
nitrq-ZH—l-benzogyran—4-carbothioamide
Using N-(2-cyancethyl)-2-fluoromethyl-2-methyl-6-
nitro-2H-1-benzopyran-4-carboxamide, N-(2-cyanoethyl)-2-
fluoromethyl-2-methyl-6-nitro-2H-1-benzopyran-4-
carbothioamide was obtained as o0il according to the
same method as in Example 16.

NMR (CDCls)d: 1.47(3H,d), 2.88(2H,t). 3.98(2H,dt),
4.36(2H,d), 5.80(1H,s), 6.81(1H,d),
7.92(1H,dd), 8.23(1H,d), 8.51(1H,brt).

MS m/z : 335 (M")

Example 48
2-Trifluoromethyl-N,2-dimethyl-6-
nitro-2H-1-benzopyran-4-carboxamide




bfs(?lﬁoronethyl)-3,4-dihydro-6-nitro-2k+|-benzopyran=4- car bot hi oam de
with a nelting point of 183 - 184[err]C was obtai ned according to the sane
net hod as in Exanple 37. NVR (CDC 3- DMSO-d6) [err]: 2.2-3.3(4H m,

2.8-4.7(3H m, 4462(4H, d), 7.04(1H d), 8.03(1Hd),
8.10(1H,dd), 10.73(1H brs). Ms mz 355 (Merr]) Exanpl e
39 6- Am no- W16 2ugyagogt byt 11 v Poké Shy 1 Ul peiy N4 6-nitro-2H-1-

2H 1- benzopyr an- 4- car boxa
N (2 eyanocbRpRpPHT 3Ny 4T PrBPOhet iyt | Ut Sethy1-2-metny T d%hi tro-2i-1-
ni tro- 2H 1- benzopyran- #asaobvainedeas Oo BY gic obr bimgn tw-thhd Z3ame method

cyano- et hyl ' or, yl )-2H 1- benzopyran-4- carboxam de was
obt ai ned asggniélgkg %g§d49n?%g'the same nethod as in Exanple 21 (1).
-42- NMWR (CDCl [err])[err]: 2.59(2H,t), 3.1-3.9(4HmM, 4.48(4Hd),

5. 90( 1H, 4 7o\ M
%) % 05é4NgROTED?g%?§%_ Z(é@(égngés)s f@gfﬁzi)._s 93(F0/a (M)

(f1 uoromet hyl ) - 2H 1 - benzop§r Ak HC%?bOX%ﬂ?ﬁél%EQE added net hyl al cohol and
a smal |l anomgt mgk concentraged(Myﬁrochlorlc acid. The m xture was condensed
under reduced pressure to obtain 0.35 g of 6-am no-N-(2-
cyanoethyl)-2,2-bis(f|uoronethyl)-2FL1-benzopyran-4- car boxam de
hydrochl ori de wi t h(&)n¥kingg4pbromoo2-202f1u@0ai: thy NMR i{dNBO--enifyerr]:

g'gggiﬂ’;g 2% %SE%E gg r§n64£4gygﬁo 2~ trifluoromethyleb]ﬂééﬁ§fa8 nitro-
' ’ 2H-1- enzopyran with a melting point of 105 - 107°C was
obtained according to the same method as in Example 42 (2).

NMR (CDCls)8: 1.77(3H,s), 6.48(1H,s), 7.05(1H,d),
| 8.24(1H,dd), 8.31(1H,d).
MS m/z : 284 (M)

{3) Using 4-cyano-2-trifluoromethyl-2-methyl-6-nitro-
2H~1-benzopyran, 2-trifluoromethyl-2-methyl-6-nitro-2H-1-
benzopyran-4-carboxylic acid with a melting point of 172 -
174°C was obtained according to the same method as
in Example 7”(2).

NMR (CDCls)3: 1.73(3H,s), 6.81(1H,s), 6.90(1H,d),
8.04(1H,dd), 8.93(1H,d), 9.49(1H,brs).
MS m/z : 303 (M)

(4) Using 2-trifluoromethyl-2-methyl-6-nitro-2H-1-
benzopyran-4-carboxylic acid, 2-trifluoromethyl-N,2-
dimethyl-6-nitro-2H-1-benzopyran-4-carboxamide with a
melting point of 196 - 197°C was obtained according to the
same method as in Example 7 (3).

NMR (CDCl3)6: 1.68(3H.,s), 2.99(3H,d), 5.99(1H,s),
5.78-6.47(1H,m), 6.97(1H,d), 8.11(1H,dd),
8.45(1H,d).

MS m/z . 318 (M%)



7.51(1H d), 9.3-10.2(1H,m.  Exanple 40

N- (2- Cyanoet hyl ) -2, 2- bi s(fl uoronet hyl)-6-i odo- .

2H 1- benzopyr an- 4- car boxam de Usi ng

6- am no- N- (2- cyanoet hyl ) - 2, 2- bi s(f| uor ongthyl) -

2H 1- benzopyr an- 4- car boxam de hydrochl oride, N-(2-

cyanoet hyl ) -2 15 f4quor ont hyl ) - 6-i odo- 2H 1- benzoyran-4- carboxam de with
a nmelting porﬁém%¥'¥§0'- 32C was_ obt ai ned according to the sane nethod as -
in Exanple 23 (3). dimgt ), 3.75(2Hq),
4.68§4H,gzjj ( nitro—236#?%@hdo§?raﬁrZGé%bﬁbthﬁoﬁﬁidH,brs?,

7. 64(1H, , 7.92(1 . 394 r appl.e
N—(2-Cyanoethyl)-G-E%%#gf%ng&égﬁﬁrpﬁfﬁgy%'N'QLS&mLt%yl—g%nggro'éé—l—

bi s( f | uor onetteridopttan-Hertagppranidecakbbxafiideromethyl1tli Agdimethyl-6-

N ( 2- cyanoet hylo,- 1S thyl) =Rzl A ;
ZFL1-benzopy?éﬁ%ﬁgg§¥ﬁb§§%¥§%?qﬁﬁ(g-%égﬁgggggﬁT}gg with a melting point
-43-  pent af 190G hy 1169 °E. pias( pbeivret AGEPraing- benkBpyFane snetBPBorEni de
represented ijn Esample 29 was obtained according to the sane nethod as in
Example 26 (1). Exanple 42 2- Fl uor onet hyl - N, 2-di net hyl - 6-ni tro-2H

| - benzopyr an- 4- car boxam de (1) To 8.24 g of

2- f | uor omet hNMR2-(G&Xd1y! )-66- nilt.68<{3H- s1- ben2vpgHad) di ssekyed,dn, 100 m of

chl orof orm was added dropw Se€ 2. ¢ M, 0f b L pe Wkt hostLrri,ng,under cooling
with water, and the nixture%vgé(éyrppédsfég?ig’ﬂ fssa%bgéghgeénperature.
After the solvent was renové&d 0318048 18fmdi. oxane and 2N NaCOH sol ution were

added to thepegidue and . 332 (M)

Example 48
N-(2-Cyanocethyl)-2-trifluoromethyl-2-
methyl-6-nitro-2H-1-benzopyran-4-carboxamide
Using 2-trifluoromehtyl-2-methyl-68-nitro-2H-1-
benzopyran-4-carboxylic acid, N-(2-cyanocethyl)-2-

trifluoromethyl-2-methyl-6-nitro-2H-1-benzopyran-4-
carboxamide with a melting point of 191 - 193°C was
obtained according to the same method as in Example 10.

NMR (DMSO-dg)d: 1.72(3H,s), 2.80(2H,t), 3.50(2H,q),
6.32(1H,s), 7.20(1H,d), 8.18(1H,dd),
8.49(1H,d), 9.07(1H,brt).

MS m/z : 355 (M%)

Example 49
N-(2-Cyancethyl)-2-trifluoromethyl-2-
methyl-6-nitro-2H-1-benzopyran-4-carbothicamide
Using N-{(2-cyanocethyl)-2-trifluoromethyl-2-methyl-6-
nitro-2H-1-benzopyran-4-carboxamide, N-(2-cyanoethyl)-2-

trifluoromethyl-2-methyl-6-nitro-2H-1-benzopyran-4-
carbothiocamide was obtained as an oil according to the

same method as in Example 16.



stirred at roomtenperature for 16 hours. Wen ice-water was added to the
reactd on m xture, crystals were separated out. The crystals were coll ected
by filtration, washed with water and dissolved in nethylene chloride. It
was washed with water and dried. The SQLﬁf t was evaporated off to obtain
11.01 g of 4-brono-2-fluoronethyl-2-methyl-6-nitro- 2H 1-benzopyran with a
nel ting poi ngmRf (dd615)417(eréd @u, s \NMR (G &yl ):{.Qf’?r(]ziﬂ.ﬁ-)‘w( 3H, d),
4.32(2H,d), 6.06(1Hs), 6.81(1H QG, 8. 00(,1H %é, 8. 25(1H, d).
NB M z 301 (Merr])5-83(1H,s)  B.88 (fitktdre &HO 14 .dddr

4- brono- 2-f | uoronet hyl - 2- ngetdg/ 116-d) t ro-AH1E mrgopyran, 1.84 g of cuprous
cyani de and &g n Zof N, N- di F?Q#Prnanide was refluxed with heating for 5
hours under ‘a” ni'ttogen at nosphere.” When aqueous HCl sol ution was added to
the m xture under ice-cooling, crystals were separated out. The crystals

wer e collectggaﬁgléiéération, washed with water and di ssol ved in nethyl ene

chloride. Af hed with water and dried, the solvent was evaporated
..""'

gropetd

off. The resultant

chr omat ogr aphy (de%% /121501 1 drpsp Qe LGl obt ain 3.27 g of
-cyano- z- uor one -£- - -NlI I O- - nzopyran w a nelting
pOi nt of 169 - 171 i/ nrlTthIYre of 60.30 g o et%y F?1,2"' - 44- NVR

(CDA [err]) [ets{fldobetiSthyl) ) - 6 2R, - e rvEtphitas)-4-carboxylate, 3.50

(3) Usi ng 4 EyehaidistHlorGafoil Udlae MORE & o1, qorpRil peliaBiri b. o2

2-f1 uor onet hg | oD-ereprgds clodide-and B merdohrenene duliphoppbordcid with a

g;ﬂg ng gm( gﬁrpimﬂe?é wad 98 MRS GPLEH IR AP P 4O fidie 29ameurRt,hod as in
added another 1.75 g of nonafluorobutyl iodide, and stirred
with heating at 150°C for 5 hours. A mixture of 2N HCl and

~ethyl acetate was added to the reaction mixture, and

insoluble materials were separated off using a celite. An
organic layer was taken up, and an aqueous layer was
extracted with ethyl acetate. The organic layers were
combined, washed with saturated sodium chloride solution,
dried over sodium sulfate, and concentrated in vacuo. The
resultant residue was purified with silica gel column
chromatography (developing solution, methylene
chloride:hexane = 5:1) to obtain 0.19 g of ethyl 6-
nonafluorobutyl-2,2~bis({fluoromethyl)-2H~-1-benzopyran-4-
carboxylate as an oil.

NMR (CDCls)d6: 1.38(3H,t), 4.38(2H,q), 4.59(4H,4d),
6.68(1H,s), 7.01(1H,d), 7.48(1H,dd),
8.30(1H,d).

MS m/z : 488 (MV)

{({2) A mixture of 0.19 g of ethyl 6-nonafluorobutyl-
2,2-bis(fluoromethyl)~2H-1-benzopyran-4-carboxylate, 0.03 g
of KOH and 3 ml of ethyl alcochol was stirred at room
temperature for 1 hour. Ice water and HCl were added to
the reaction mixture, and the precipitated crystals were



NINR (CDCI[err] DMSO-d[err])[err]: 1.48(3Hd), 4.45(2H,d), 6.76(1H, s),

6. 88(1H,d), 8.00(1Hdd), 8.72(1H, brs), 8.98(1H, d).
M5 mz 267 (Merr]) (4) Using
2-fluoronet hyl - 2-net hyl - 6-ni tro-2H1- beg %zopyran-4-carboxylic aci d,

2-f1 uor onet hyl - N, 2- di met hyl - 6- ni tro- 2H I- benzopyr an- 4- car boxari de with a
mel ting DO'rEofﬁeéé@d'bﬁjgﬂf¥ﬂgé§dﬂa%oog%%hﬂﬂd039%0r b@gstﬁoha%lﬁégﬁ met hod
as in Exanpl.e dierr])[err]: 1.46(3H,d),

2.82(3H, d), ngﬁ%1§4%Dbls(ffﬁoromethfh) 2H 1- enzgpggeyﬂ4sfar§oggé1g d),
7.65-8. 14(1Kddd wi@2(alhhedd)ing point of 180 - 181°C 8.40(1Hd). MS mz
280 (M) Exanpl e 43 2- Fl uor onet hyl - N, 2-di met hyl - 6-ni tro-

2H 1- benzopyr an- 4- car bot hi oam de Usi ng

2-f1 uor onet M8 -iN2- dlnethymaﬁwark)2F+1 benzopyr an- 4- car boxam de,
2-fluoronet hyl -N, 2-di net hyl -6- nitro-2H1-benzopyran-4-carbot hi oam de with

a nelting point of 141 - 144C was obtained according to the sane nethod as
in Exanple 8. (3) Using 6-nonafluorobutyl-2,2- b4§iflmnpomethyl) -2H-

(CDCl[err])[fHHano fﬁﬂiﬁidﬂkbd%ykaﬁ3ﬂghd 46396%§thorobut l-
5.67(1H, s), 24(1Hbrs).

3L a( 1k
MS nt z qﬁ% EE§§BW&‘2H 1'benZOPyran 4 oxamlde was
N-(2_Cyanoetcm-"ﬂé1"ﬂ"’d|a“)r<‘5‘3m"‘3>ti|fl-y|a-’02301'ding‘ to the same method as in

Example 7 (3).

NMR (CDClg)d: 2.94(3H,d), 4.56(4H,d), -5.92(1H,brs),
5.98(1H,s), 6.99(1H,d), 7.45(1H,dd),
7.78(1H,d).

MS m/z : 471 (M)

Example 51
N-{2-Cyanoethyl)-6-nonafiuorobutyl-2,2-
bis(fluoromethyl)-2H-1-benzopyran-4-carboxamide
Using 6-nonafluorcbutyl-2,2-bis(fluoromethyl)-2H-1-
benzopyran-4-carboxylic acid, N-(2-cyanoethyl)-6- .
nonafluorobutyl-2,2-bis(fluoromethyl)-2H-1-benzopyran-4-
carboxamide with a melting point of 85 - 86°C was obtained

according to the same method as in Example 10.

NMR (CDClg)é: 2.69(2H,t), 3.80(2H.q), 4.55(4H,d),
6.08(1H,s), 6.83(1H,brs), 6.99(1H,d),
7.47(1H,dd), 7.81(1H.d).

MS m/z : 510 (M)

Example 52

6-Chloro-2,2-bis(fluoromethyl)-N-methyl-2H-

l-benzopyran-4-carboxamide

(1) A mixture of 0.41 g of ethyl 6-amino-2,2-
bis(fluoromethyl)-2H-1-benzopyran-4-carboxylate
hydrochloride, 0.13 g of sulfuric acid, 0.10 g of sodium
nitrite and 12 ml of H;0 was stirred under ice-cooling for 1




met hyl - 6 nitro-2H 1- benzopyr an- 4- car boxam de Usi ng

2-fluoronet hyl -2-nmet hyl -6-nitro-2H 1- benzopyran-4-carboxylic acid,

N-( 2- cyanoet hyl ) - 2-

f1 uoronet hyl - 2-met hyl - 6- ni tro- 2H 1- benzoyizan- 4- car boxam de with a nel ting
point of 165 - 167C was obtai ned according to the sane nethod as in Exanple

19.  NWR (CKddeer r [PHIVERQ AU g )n{ieitru]re w%é%@%'é’dd)d’ro WZ%QZHO'[ b mixtu
3. 58(2H, dt ), 1C2H d)., RSN Y G
7.99( 1H, dd) %fzﬂﬁ%ﬂ4%b°f cuprous chloride and 10 gl59 gogpgytr@geﬁng1

319 (M)  Exandre #e-coolingV (theby ameemi¥turd Wakosedetriewl a2- webhy! -

et A TP IER Bpogee o Thoues ac 0%
ni tr o- 2H 1- bereapiran- Added Gafcde toNth2- cpacddbhny hix2ure and extracted
(uoromet by! e $Ee dutly b-adiddaftellt AmBeneamianedo, ¢anha" 1L0AM A8 " anea

obt ai ned as oi |l accordln he sane met

(CDCI[err])[éﬁdﬁ squnqggd(ﬂpdyymggpggrﬂﬁe gogg@ggndtﬁried over sodium

g g?( iﬂ g)t B0t 9nd @ohbehdrdted in vacuo. To %2%29'335'1@9% tBug3(1H d),
5. Trffluoio) %ﬁﬁﬁiq&%ZQHQﬁﬂ;ﬁyﬂgét%NL of]%o ml of ethyl alcohol and 2 ml
nitro-2H 1- beﬁtap#kﬁurib—e&d@bmm@:d@fluxed with heating for 2 hours.

+ oromo- 2.t FR g ) TR, BOE WbnpgngEh it Balvhelo o nal e OPY AN
a volume, added water to the residue and extracted with
methylene chloride. The resultant organic layer was washed
with saturated sodium chloride solution, dried over sodium
sulfate and concentrated in vacuo. The residue thus
obtained was purified with silica gel column chromatography
(developing solution, ethyl acetate:hexane = 1:10) to
obtain 0.07 g of ethyl 6-~chloro-2,2-bis(fluoromethyl)-2H-1-
benzopyran-4-carboxylate with a melting point of 76 - 78°C:

NMR (CDClz)8: 1.37(3H,t), 4.31(2H,q), 4.54(4H.d),
6.62(1H,s), 6.81(1H,d), 7.18(1H,dd),
. 7.98(1H,d).
MS m/z : 302 (MV)

(2) A mixture of 0.07 g of ethyl 6-chloro-2,2-
bis(fluoromethyl)-2H-1-benzopyran-4-carboxylate, 0.05 g
of KOH and 3 ml of ethyl alcohol was stirred at room
temperature for 1 hour. Ice water and conc. HCl was
added to the reaction mixture and precipitated crystals
were collected by filtration to obtain 0.05 g of 8-chloro-
2,2-bis(fluoromethyl)-2H~-1-benzopyran-4-carboxylic acid with
a melting point of 151 - 152°

MS m/z : 274 (M)



benzopyran was obtained as oil according to the sanme nethod as in Exanple
42 (1). NVR (CDCl [err])[err]: 1.68(3Hs), 6.13(1H,s), 6.93(1Hd),
8.28(1H,dd), 8.34(1H,d). M5 mz 337 (Merr]) (2) Using
4-bromo-2-trifluoromethyl -2-nethyl -6-niggo- 2H 1-benzopyran,
4-cyano-2-trifluoronethyl-2-nmethyl-6-nitro- 2H 1-benzopyran with a nelting
poi nt of 105 - 107¢3wags9Rkasnef1866080b08150riH6r SREENFE] gl ps i n Exanpl e
42 (2). NgR gCDCI%grr])%%Ehk: 1.77$3H,s), 6.48(1H,s), 7.05(1H, d),

8. 24( 1H, dd) PeBZepyIpngy ¢ ylic acld, p@zchjpyo-2.2- (3) Using
4-Cyapf-2-tbﬂEKW?UOWme%hrZQHNPhythﬁin?HFD-béﬁtdpﬁ&ﬁﬁ€4&@i?b07amide g .
2-trifluoro yl_ - 2- -Q-nitra- 1- 2Qpyran-4. carboxylic id wt
a nmelting pgi{itrll: 8f mf%h&l?g&n\%vag%o%ﬁi Fleg‘?gc@o of n%bY% If?fg %ﬁ‘%rcﬁg?%od as
in Exanpl e To(2he saMRRueChCH[ esr [ Brapplé. 73(3H,s), 6.81(1H,s),

6. 90( 1H, d), 8.04(1H,dd), 8.93(1Hd), 9.49(IH brs). M5 mz
303 (M) &4) Lbing 2-trifluoronethyl-2-nethyl-6-nitro-2H 1-
benzopyr an- ¥MRa{ 8%y 6 : ackd303Hs A9} ubr BREEHyER) N, $.88(1H, brs),

di met hyl - 6-ni tro-2H 1- benzgpysang4ssar pogarigeaw th, sy et adg, poi nt of 196
- 197[err] C was obtai ned a cgr?igg o the sane nmethod as in Exanple 7 (3).
NVR (€D 3)[err]: 1.68(3HsY °%'88¢3h:d), 5. 99(1Hs),

5.78-6. 47( 1MSmpn/z6. 97( 1kd) 288. (&{ 1Hdd) | 8.45(1H,d). M5 niz
316 (Merr])

Example 53
6-Chloro—N-(2-cyan6ethyl)—2.2-
bis(fluoromethyl)-2H-1-benzopyran-4-carboxamide

Using 6—chloro—2,2—bis(flﬁoromethyl)—2H—1-benzopyran-
4~carboxylic acid, 6-chloro-N-(2-cyanocethyl)-2,2-
bis(fluoromethyl)-2H-1-benzopyran-4-carboxamide with a
melting point of 134 - 136°C was obtained according to the
same method as in Example 10. .

NMR (CDClz)d: 2.72(2H,t), 3.84(2H,q), 4.54(4H,d),
6.01(1H,s), 6.57(1H,brs), 6.82(1H,d),
. 7.18(1H,dd), 7.51(1H,d).
MS m/z ;326 (M")

Excellent activities of the compound of the present
invention on the K' channel will now be demonstrated below
by way of Test Examples.

Test Example 1

Test with Excised Aorta of Rat

The thoracic aorta was excised from a male Sprague
Dawley rat (450 to 600 g) and cut into 2 mm wide ring
preparations. Each preparation was suspended in 10 ml

of an organ bath containing a Krebs-Henseleit solution
(NaCl: 119: KCl: 4.8; CaCl,-2H,0: 2.53; KHaPO.: 1.2;
MgS04-7H20: 1.2; NaHCO3: 24.8; glucose: 10 (mM); 37°C)
under a tension of 2 g, and a mixed gas of 85% 0, and 5% CO,
was bubbled therethrough. Isometric contractions of the



-47- Exanple 47 2-Trifluoronet hyl -N, 2-di et hyl - 6-

nitro-2H 1- benzopyr an- 4- car bot hi oam de Using
2-trifluoronethyl-N,2-di methyl-6-nitro-2H 1- benzopyran-4-car boxam de,
2-trifluoronethyl-N, 2-di methyl-6- nitro- 1- benzopyr an- 4- car bot hi oam de
with a nelting point of 158 - 160[err] C Was obtai ned according to the sane

e, % RS ro SRS S, o B AP
8. 03- 8. 48( 1HEAP I MbDRARR was reaghed (dn)1l texhnplkowss, 30 mM KC1 was

N- ( 2- Cyanoet ayxa)eﬂztbr cghy@r@m&wyﬁe 2contraction The activity of
met hyl - 6-nitros2H. 1- enzog& ﬂ f? ar boxam d
[

2-trifluoromBhEgEE2CREPRY 2% 8 11%%1%@@%?{84@%%0@@1%@1&&3 d,

N- (2- cyanoet hifie) Ke1 addltﬂonowashg+a2umﬁé@Yﬁyfbﬁﬁéiﬁ&é@+d-iﬁﬂuiﬂhﬁﬁﬁtd%y
car boxam de g int of 191 - 193C was obtained according to
the same met hgeﬁtgﬁkkxgnffgsi " NWR (DMBO-d[err])[err]: 1.72(3H s),
2.80(2H,t), 3.50(2HTh%, compounds of the peSAtHYentidD (i alined in

8.18(1Hdd), the foregoing Exaﬁ%f%ﬁjéﬁév f %gégéég%QLKNCNEH%¥%1%P were S°°

(Merr]) anoet
met hyl - 6- ni tPﬁngH@i B%ﬁﬁof)%%?luﬁd%ar ﬁ%l%ﬁﬁh‘éﬁ obtainqgigns shown in

N- (2- cyanoet gb)e22t beidbwor onet hyl - 2- net hyl -
nitro-2H 1-b, DZoP¥Lan-4-c rboxam de. N-(2- cyanoethyl)-2- _ _ _
tr|fIuoronetﬁy§—2—§§¥%§$?g-nltro 2H 1- benzopyran-4- car bot hi oam de was
obtai ned as an oil Eegbrwitly Gwinde Pig Tracheal Muscle
The trachea was excised from a male Hartley
guinea pig (450 to 550 g) to make chain preparations.
The preparation was suspended in a bath containing the
same Krebs-henseleit solution as used in Test Example 1
(37°C) through which a mixed gas of 95% O, and 5% CO, was
bubbled. Isometric contractions of the preparation were
recorded under a tension of 1 g. The relaxing activity of
1 mM aminophylline on spontaneous tension being taken as
100%, a concentration of a test compound exhibiting 50%
relaxing activity (ICse) was obtained.
The same test compounds as used in Test Example 1
were used. The results obtained are shown in Table 2.

Table 2
Guinea Pig
Rat Aorta Tracheal Muscle
Ex. No. ICso ICso
(M) (M)
1(2) 5.9 x 10-8 8.8 x 108
2 1.7 x 10-8 2.9 x 10-8
3 9.7 x 10-8 2.6 x 107
7 6.0 x 10°-9 1.0 x 10-8
8 2.8 x 10-10 3.0 x 10-9
9 1.4 x 108 4.1 x 108
10 2.1 x 10-9% 5.0 x 10-9
"~ Cromakalim 1.8 x 10°7 7.9 x 10°7



saée neihod as in Exanple 16. -48- NWR
(CDCl [.err])[err]: 1.69(3H,s), 2.93(2H,t), 4.07(2H q),

5.83(1H,s), 6.83(1H,d), 8.05(1H, dd), 8. 38(1H, d),
8.76(1H,brt). MS mz 371 (Merr]do,_ Exanple 50

6- Nonaf | uor obut yl - 2, 2- bi s(fl uoronet hyl ) -

nmet hyl - 2H 1- beggogxﬁgaié garboxan1de (1) A mxture of 0.30 g of

et hyl 2, 2- bls(fluor% et hyl ) -6 odo 2H 1- benzopyr an- 4- car boxyl ate, 3.50 g
of nonaf | uoro- but yl Si shagthmpatle AGtLwhE®r, 0.32 g of cuprous
i odide and 3 m of hemadenhuépbmephwmwaglmaeiﬁ\ashétnécfleobmth heati ng
at 70[err]C fo add d _anof he 7 no uor butyl I odi de,
and stirred &A#ﬁ%%e %eﬁtg& Bf%r?i %#0 ?%o%$@g AﬂﬁfL %f 2N HCO and
et hyl acetaténﬂ§§haddédwtohthent@b&tbbnah1k4®rmz/wmd.inso]ubrﬁhmalerlals
were separat gda@hbaUstig i‘ef@'éé}? xPéﬂ?”' aé?ﬁ H4p. and an
€. e organlc

aqueous | ayer was extracted Wit acet a ayers were
conmbi ned, wadREAT¥i FRAr8aEXPased: s%%ﬁLﬁnQ#ﬂﬁ#l%kﬂ%ﬁﬂin$Qﬁ¢eQHﬁQ§Pover sodi um

su:fate ?ndea@ncefwt tRkad I'onaameermeeémt@@ttﬁ@%é’é&%ﬂ%u“f'ed with
silica ge

mm chr omat ogr aph devel opi n solutlon
chl ori de: hex§58°t g?i)m?ﬁsgﬁ?g %Pélﬂgﬁ%F£% feial reg%iration
nonaf | uor obuthirefigh- bhe( tracreakrt dymnulet 1- 'hwmmdcarprlesm&rd)maé ate as an
oil. NVR ( ] : 3 by 36 59(
6. 68( 1H, s), i %%ggh{id%ﬁ {%{.i%’%(‘i‘%f 0%?&121 Samifded} Uy 4’8’(“1 d’%"dg NS5 2
486 (Merr])was determined from the pulse. Pentobarbital for anesthesia
maintenance was continuouély administered through the venous

cannula. A mid-line incision was made on the abdomen to
expose the duodenum, and a canuula for intraduodenal
,administration was inserted thereinto. After the
postoperative convalescene of 30 tc 80 minutes, histamine
(5 to 10 pg/kg) was intravenously administered every

10 minutes. After it was confirmed that a respiratory
tract inner pressure rise reaction was stably obtained,

a test compound in the form of a 0.3% CMC suspension

was intraduodenally administered. The histamine dose was
so selected that the respiratory tract inner pressure
might rise to 20 to 40 cmH,0 after every intravenous
administration. After administration of the test compound,
intrvenous administration of histamine at 10 minutes
intervals was continued. The histamine-induced increase
in respiratory tract inner pressure after the administration
of the test compound was compared with that before the
administration.

The activity of the test compound, expressed in
terms of dose level required for 50% inhibition of the
histamine-induced increase in respiratory tract inner
pressure (EDso, mg/kg), is shown in Table 3 below.



(2) A.mxture of 0.19 g of ethyl 6-nonafl uorobutyl -

2, 2-bi.s(fluoronethyl)-2H 1- benzopyran- 4-carboxylate, 0.03 g of KOH and 3 ni
of ethyl alcohol was stirred at roomtenperature for 1 hour. Ice water and
HO were added to the reaction mxture,_gnd the precipitated crystals were
-49- collected by filtration to obtain 0.15 g of 6-nonafl uoro-

butyl -2, 2-bi s(fl uoronet hyl)-2H1-benzopyran-4-carboxylic acid with a
melting point of 180 - 181C MS Mz 7aple 58 (Merr]) (3) Using
6- nonaf | uor obutyl - 2, 2- bi s(fl uoronet hyl'J=2ZF  1- benzopyr an- 4- car boxyl i c aci d,

6- nonaf | uor obut yl - 2, 2- Ex. No. EDS? (mg/kg)
bi s(fl uoronet hyl) - N-nethyl -8 )L - benzopyran 4- car baxam de mas obt ai ned as an

oil according to the sane npthod as in Exanmple 7 &f
(ChC[err])[err]: 2.94(3H,d), 4.56(4H d), 5 92( 1H,’brs),

5.98(1H,s), 6.99(1Hd), '70quakaki 1.0-B ﬁB(lH d. MSnmz
471 (Merr]) Exanpl e 51 : N- ( 2- Cyanoet hyl ) - 6- nonaf | uor obut yl - 2, 2-
bi s(fl uoronet hyl ) -2H 1- benzopyr an- 4- car boxam de Usi ng

6- nonaf | uor obutyl - 2, 2- bi s(fl uoronet hyl )-2H 1- benzopyran- 4-carboxylic acid,

N-(2- Cyanoetmnrﬁf OF THE INVENTION IN INDUSTRY:
nonaf | uor obut'yl- ZbeS [ uor onet hyl I-benzop %ran carbox$€ mde with a

mel ting point of 850¢ d&¥% | éﬂ nédte @& %Wepﬁéoéla Vifet hod as

in Exanpl e lékcellent K* channel opening activity and are therefore
expected to make great contribution to the art, such as

medical compositions utilizing K' channel activation (e.g.,
anti-asthmatics).



EP 93 90 2526.8 (PCT/JPS3/00086)

’ .t - s - K. . - - - e e o

O RRRer TR e 2 0920 | 3 BOCH ), 8. SO B e
7.81(1H d). M5 mz 510 (Merr]) Exanple 52 ,ﬁﬁlﬁm{' I‘ m
6- Chl or o- 2, 2- bi s(fl uoromet hyl ) - N- met hy§z2H

1- benzopyr an- 4- car boxam de (1) A mxture of 0.41 g of ethyl
6- am no- 2, QLADMS( f | uor onet hyl ) - 2H 1- benzopyr an- 4- car boxyl at e hydr ochl ori de,

0.13 g of sul furi cid. 010 of sodiumnitrite a 12 .M of H20 was
stirred under icegcgg??%%Y$%9 %&rivatf&e representeduky the é%llow1ng50_

hour. The gemetadbnfoarmalae(dhs added dropwise to a mi xture of 0.30 g of
cuprous chloride and 10 m of concentrated HC under ice-cooling, then the
m xture was stirred at roomtenperature for 3 hours followed by 3 hours at
70C with heating. Added 2N HCl to the reaction mxture and extracted with
ethyl acetate. The resultagt oyganic |ayer was washed with saturated sodium
chloride solution, dried oveg~sodi um sul fate and concentrated in vacuo. To
t he residue thus obggi ned adged a m xture of 50 ml of ethyl alcohol and 2
m of sulfuric acid a : RW th heating for grhours. The reaction
m xture was conceRk n vacug to half a volunme, added water to the
resi due and extracted net tne chloride. The resultant organic |ayer
was washed with saturated sof@i unRghl oride solution, dried over sodium
sul fate and concentrated in vacuo. The residue thus obtained was purified
with silica gel colum chromatography (devel opi ng solution, ethyl
acetate: hexane = 1:10) to obtain 0.07 g of ethyl
6- chl or o- 2, 2- bi s(#h§sedRet hyl ) - 2H 1- benzopyran- 4-carboxyl ate with a
nel ting point of R§ rep3€sentiRa(£iPRL ] rbe al ) 1(2H q),
4.54(4H, d), 1 repPesent 62(1's) Fgg%%%%, ]&ﬁa?ﬁ%{f?ﬁ%dféﬁ’

R2 and R3 represent, in common with each other or

independently, a lower alkyl group, a substituted lower
alkyl group containing a halogen atom or a lower alkoxy
group as a substituent, or, in combination, a heterocycle
containing an oxygen atom or a sulfur atom as a hetero

atom; Rz and Rz do not represent a lower alkyl group
simultaneously, though,

Re and Rs represent, in common with each other
or independently, a hydrogen atom, a lower alkyl group,
a lower haloalkyl group, a halogen atom, a lower alkoxy
group, a lower haloalkoxy group, an amino group, an acyl-
amino group, a nitro group, a cyano group, an ester group,
a lower alkylsulfonyl group or an arylsulfonyl group,

X represents =0, =8 or =N-Z, wherein Z represents
a hydrogen atom, a lower alkyl group, an aryl group,

a hydroxyl group, a lower alkoxy group, a. cyano group,
a carbamoyl group or a sulfamoyl group, and

Y represents -NRgR7, -ORg or -SRe. wherein Rg and
R7 represent, in common with each other or independently,
a hydrogen atom, a hydroxyl group, a lower alkoxy group,
a cyano group, an amino group optionally containing
a substltuent, a saturated or unsaturated lower alkyl
group optionally containing a substituent, an aryl group
optionally containing a substituent, a cycloalkyl group
optionally containing a substituent, a heteroaryl group

s



7.98(1H,d). MS mz 302 (M) (2) Am .0 of

et hyl, 6-chl oro- 2, 2- bis(fluoronethyl)-2FL1-benzopyran?‘yg&WQLS X %m5!05 g
of KOH and 3 m of ethyl alcohol was stirred at roomt mﬂﬂ ﬂ ,1
hour. Ice water and conc. HCl was addeg to the reactio

precipitated crystals were collected by filtration to obtain 0.05 g of

6- ohl or o- &b @rdap(fy USSP HubRARMI A5 FRahRXHLIC 1361 d W th 2
mel ting point of 151 - 1%§[err C Mnlz . 2174 (N&Frr])

(3) Usi ng SRR LN o 1HRY G581 SndtahAneeyele apddAgiRiian canEa ic

acid, 6-chd swbtPtuent together with a nitrogen atom, and Rg and Rg

bi s(fluor - thyl - 2H 1-benzopyran- 4- carhoxam de with a lting

poi nt of %pgﬁ%ﬁﬁ;@’ WE LR S He & cwoerrdiﬁg‘yt &8s Site arﬂataﬁ'g"é' as in
Exanple 7 g33up. NVR (CDCl [err])[err]: 2.93(3H,d), 4.56(4H d),

5.88(1H, brsg), S 1a D ; )+ (1H, .

7 5401 H d)~ M8 'z benz°pyra2“87d%(r(r\35[ Sr'T ‘fe) a%xcglrzrép‘lj"g‘!"gé“ it WHerein

6- Chl or o- N- ( 2- cyahoef ¢BT9sents a hydrogen atom or a hydroxyl group,

bi s(f1uoronmet hyl)g2Hsda ez &l CarnP axsHR i i

6-chl oro-2, 2-bi s f%uor one{h I )ezél}i-rﬁt bglnrgopyr aér%? VZ11-tcharebao('lgg;/Ioinféhearcio ,
6-Ch|0r0-h}?Q@B? g%gf%&{)azigger alkyl group, a substitufed lower

bi s(f | uor caeky! grip ledbeta iy s Raxai sl o th rowe tdngeei nt of 134

i 136[6”1&'5’\@3 a(?gtg' Ql?gsgftc\%gtlz.n%g,o fn e omb na{'t?fg]x?,d f%étner%xcay Iee 10.

containing an oxygen atom as a hetero atom; R, and Rz do
not represent a lower alk&l group simultaneously, though,
R4 and Rs represent, in common with each other or
independently, a hydrogen atom, a lower haloalkyl group,
a halogen atom, an amino group, a nitro group or a cyano group,
X represents =0, =S, or =N-CN, and
Y represents -NRgR; or -ORg, wherein Rg and Rq
represent, in common with each other or independently,
a hydrogen atom, or a saturated lower alkyl group optionally
containing a substituent, and Rg represents a hydrogen atom
or a lower alkyl group.

3. A benzopyran derivative as claimed in Claim 1 wherein
Rgq or Rs represents a nitro group at the 6-position.
4. A benzopyran derivative as claimed in Claim 3 wherein

Rq or Rs represents a nitro group at the 6-position, X
represents =0, =S, or =N-CN, and Y represents -NRgRg wherein
Rg and R; represent, in common with each other or
independently, a hydrogen atom, a lower alkyl group or

a lower alkyl group substituted with a cyano group.

5. A pharmaceutical composition compfising a benzopyran
derivative represented by the following general formula (I):

I



NNR (CDC[err])[err]: 2.72(2Ht), 3.64(2Hq), 4. 54(4H d)

6.01(1H,s), 6.57(1H brs), 6.82(1H, d), eplaced
7.51(1H. d). M5 m z 326 (Merr]) Excel m mhs

t he conpound of the present invention %q t he K[err] c

denonstrated bel ow by way of Test Exanples. Test Exanpl e Test with

Exci sed Aorta of Rat The thoracic aorta was eXC|sed froma nmale
Sprague Dawl ey rat (450 to 600 g) and cut into 2 nmw de ring preparations.
Each preparation was suspended in 10 ml of an organ bath containing a
Krebs- Hensel eit solution (Mad:y 119; KA : 4.8: Cad[err]-2Herr]Q 2.53;

KH err]PO err]: 1.2; MgSO e~ 7H err] O 1.2; NaHCJ err]: 24.8; glucose: 10
(mV); 37[err] O und€R4a tensijon of 2 g, and a m xed gas of 95% (Jerr] and
5% CJ err] was bubbl ed¥h odgh. | sometric cont(ddcti ons of the

-52- preparation rded| /_nmeans of an FD pick-up. After

equi libriumwas reach | t 5 hours, 30 mM KC1 was added to cause a
ti ssue contraction. The actld?tyaﬁ a test compound to relax a lasting
contraction followi ng the KO addition was eval uated by obtaining a 50%

I nhibitory concentration (1 Cferr]). The conpounds of the present

I nvention obtained in the foregoi ng Exanpl es and, for conpari son,
Cromekal i m were us®FE& R est compounds. The results obtained are shown in

Tabl e 2 bel ow. TesR, Exeppéser’ts a hydrimsdn vatdm @it edhydrpxknaghealp Muscl e
The trachea was exgl Ser?dfﬁ rq_&lngs[e% Hart I NESA uci)rpea_,cq1 %a(C%S Oer5500r g) to
a

make chain preparatf ons.
independently, a lower alkyl group, a substituted lower

alkyl group containing a halogen atom or a lower alkoxy
group as a substituent, or, in combination, a heterocycle
containing an oxygen atom or a sulfur atom as a hetero
atom; R, and Rz do not represent a lower alkyl group
simultaneously, though,

Rs and Rs represent, in common with each other
or independently, a hydrogen atom, a lower alkyl group,.
a lower haloalkyl group, a halogen atom, a lower alkoxy
group, a lower haloalkoxy group, an amino group, an acyl-
amino group, a nitro group, a cyano group, an ester group,
a lower alkylsulfonyl group or an arylsulfonyl group,

X represents =0, =S or =N-Z, wherein Z represents
a hydrogen atom, a lower alkyl group, an aryl group,
a hydroxyl group, a lower alkoxy group, a cyano group,
a carbamoyl group or a sulfamoyl group, and

Y represents -NRgR7, -ORg or -SRg, wherein Re and
R7 represent, in common with each other or independently,
a hydrogen atom, a hydroxyl group, a lower alkoxy group,
a cyano group, an amino group optionally containing
a substituent, a saturated or unsaturated lower alkyl
group optionally containing a substituent, an aryl group
optionally containing a substituent, a cycloalkyl group
optionally contalning a substituent, a hetercaryl group
optionally containing a substituent, or Rg and Rp, in
combination, represent a heterocycle optionally containing
a substituent together with a nitrogen atom, and Rs and Rg

AR



The preparati on was suspended in a bath cont ai NiTRIY skcbi@1.5 BER REJIRAS - hensel ei t

solution as used in Test Exanple 1 (37C) through gas of 95%
Oerr] and 5% C0[err] was bubbl ed. |sonetric cont ’HMIHEHHHIQU

preparation were recorded under a tensisgn of 1 g. activity of
1 mM am nophyl | i ne on spontaneous tension being taken as 100% a

concent r at igprofsent esthﬁmmnmmhi B tiowe r5Q%dyal @tioup aat ian tay (U C[ err])

bt ai Test I
Ueed The rELUIt 5N et A B SRR, Uy 1R b WP lofaap 2 1 vere

Table 2 to 4 Qui nea Pig

Rat Aorta Tracheal Muscle Ex. No. . Iderr]

| err] 6. A pharmaceutical (q@gmposition comprigiy)g the benzopyyan
5.9 x 10[ erddrivative oS- &9( Jid &5 ¢ ]clalms 1 to 4 for the #rdatmddf esf]
29X10[er(%1 + .7 x 10[err] 2.6 x 10][err]

7 %F?S%["é‘?‘?‘je K* channel CPB@"iH[%rH desirable. g 2.8 X
10[ err] 3.0 x IO[err] 1.4 X 10[err] 4.1
X 10[err] 10 2.1 X 10[err] 5.0 X 10[ err]

Cromakal i m 1.8 x 10[err] 7.9 X 10[err]

-53- Test Exanple 3 Study on Antiasthmatic Activity A

md-line incision was nade in the neck of a nale hartley guinea pig (600 to
800g, CRJ) under anesthesia with pentobarbital (40 ng/kg, i.p.). The
trachea, the left carotid vein, and the left carotid artery were exposed,
and a cannula was inserted into each of them The inner pressure of the
respiratory tract was neasured while applying artificial respiration

e e
e T

R R \ll\



t hrough the tracheal cannula. The bl ood pressure was neasured through the

arteri.al cannula, and the heart rate was determ ned fromthe pul se.

Pent obarbi tal for anesthesia mai ntenance was continuously adm ni stered

t hrough the venous cannula. A md-line ngLsion was nmade on the abdonen to

expose the duodenum and a canuula for intraduodenal adm nistration was

inserted thereinto. After thgoRg t?EQ éﬁkﬁﬁNcﬁﬁﬁf$ﬁff ¢ of 30 to 60

m nutes, histamne (5 to 10 Ferr?g g? was | ntravenously adm ni stered every

10 minutes. ABSARACT:was confirmed that a respiratory tract inner pressure

rise reactjon was siabkyp9phal Gedivatiees seppesefitéa bherdéonm &f () 0. 3%

CMC suspensi on was i ntraduodenal |y adm ni stered. The histam ne dose was SO

selected that the respiratory tract inner pressure mght rise to 20 to 40

cnH err] 0 after every intravenous admi nistration. After adm nistration of

t he test conmpound, intrvenou§ adgi nistration of histamne at 10 m nutes

intervals was continued. The R{sTam ne-induced increase in respiratory

tract inner pressure ?Eter t
0

conpared with that be
of the histam ne-i nduce

test conpound, expresg
(EDso, ng/kg), is shown I
-54-

hejadm ni stration of the test conpound was
1 pi stration. jhe activity of the
of dose I evel required for 50% i nhibition
Rm respiratory tract inner pressure
3rbel ow.
Table 3 Ex. No.
EDyerr] (nog/kg) 1(2) 0.1 7
0.01 Cromekal im 1.0-3.0 UTILITY OF THE
| NVENTI ON | NwhiePe$TRX: represents =0, =S, =N-Z, etc. (Z represents

a lower alkyl group, etc.); Y represents a substituted

amino group, an alkoxy group, an alkylthio group, etc.,

and Ri, Ra, Rz, Rs and Rs each represents a hydrogen atom,

'a lower alkyl group, etc, are disclosed. The benzopyran
derivative exhibit XK' channel opening activities and are widely
apprlicable as antiasthmatics, antiepileptics, and the like.

This Sheet Has Been

LTI



The novel conpo I nvention have excel |l ent K[efffvﬂhannel
openi ng_ activit l H ﬂﬂrﬁﬁre expected to nmake great contribution to

t he: art such a tions utilizing K+ channel activation

(e.g., antl-asthnatlcs) CLAI MS: 55 1. A
benzopyraBLgeﬁgvatlve represented by HQ% foll ow ng general formula (1):
[err] wher ei n Rl err]

resents a hydrogen atomor a
hydroxyl @roup, A benzopyeanrienhvaRiveriepepsented, ang%%nﬁ%hl%Wiﬁgeach.
ot her or hﬂ@?ﬁ?”@%ﬁhh!a grhower al kyl group, a substituted |ower alkyl
group cong alning a halogen atomor a | ower al koxy group as a substituent,
or, in conbination, a heterocycle containing an oxygen atomor a sul fur
atom as a hetero atom R2 and Rlerr] do not represent a |ower al kyl group
si mul t aneously, though, R4 and Rs represent, in conmon with each
ot her or independently, éi yﬁrogen atom a |lower alkyl group, a |ower

hal oal kyl group,aagGalogen om a lower al koxy group, a |ower hal oal koxy
group, an am no gr oug am no group, a nikRogroup,” a cyano group,
an ester group, A Elfonyl group or aé 5ry1sulfonyr group,

X represents =0, =5 &aein Z represents e

0 Rs : L Lt i
v o ; M te x T
wherein ; @ﬁlmt - |

R: represents a hydrogen atom or a hydroxyl group.

Rz and Rz represent, in common with each other or
independently, a lower alkyl group, a substituted lower
alkyl group containing a halogen atom or a lower alkoxy
group as a substituent, or, in combination, a heterocycle
containing an oxygen atom or a sulfur atom as a hetero
atom; R2 and Rs do not represent a lower alkyl group
simultaneously, though,

R4 and Rs represent, in common with each other
or independently, a hydrogen atom, a lower alkyl group.
a lower haloalkyl group, a halogen atom, a lower alkoxy
group, a lower haloalkoxy group, an amino group, an acyl-
amino group, a nitro group, a cyanc group, an ester group,
a lower alkylsulfonyl group or an arylsulfonyl group,

X represents =0, =S or =N-Z, wherein Z represents
a hydrogen atom, a lower alkyl group, an aryl group,
a hydroxyl group, a lower alkoxy group, & Cyano group,
a carbamoyl group or a sulfamoyl group, and

Y represents -NRgRy, -ORg or -SRg, wherein Rs and
R7 represent, in common with each other or independently,
a hydrogen atom, a hydroxyl group, a lower alkoxy group,
a cyano group, an amino group optionally containing
a substituent, a saturated or unsaturated 1ower alkyl
group optionally containing a substituent, an aryl group
optionally containing a substituent. a cycloalkyl group....

optionally containing a substltuent a heteroaryl group’ et
TH\S is ihe rep\acement she

L 0EC 8%



a hydrﬂmmmllﬂm ﬂlllam al kyl group, an aryl group, a hydroxyl group, a
Iomer yano group, a carbanoyl group or a sul fanoyl group,
N dpr ésefit s -NR[err]Rlerr], -ORlerr] or -SRerr], wherein

R[err] and R[err] represent, in conmmon with each other or independently,
a hydrogen atom a hydroxyl group, a-PBwer al koxy group, a cyano group, an

am no grou ptiqQnally co I ni ng asubstltuent a saturated or
unsat ur at 85 &H@S‘q |““3Pg£}§ BpfLBRALEYeadnt ¥ nRAg2AYsBBst tRuent, an aryl

group  opicoudinayx ioant arlerplrtegeatsababltweatycla optlioaklyly goaupindpgi onal |y
cont ai ni n%

uhsty yl. gr.Qu
- 56- Optloﬁé"l S&Si 6‘#}%%3‘:@% 3%F‘t eﬁ‘llf%rg’tgeﬂ[ (?‘rtls)fn'ar"'%'cri‘dRFérrafl,d RA
conbi nat i arep resgETEs enthyal fegear adpal, e aojbweraldlkydogtraup 0 ansepyti t uent
t oget her 11311@ nitrogen atom and R err] and R err] represent a hydrogen
atom a | r -al kyl group or an aryl group. 2. A benzopyran derivative
as clai ne@+n Cd d ReN3gRITEm derivatifeems aladmeserdis G aiPdloyderaiom or a

hydroxyl group, g, repﬁﬁrfﬂs AGyArRigeln AL T ta Hyd reXFDErauph each
ot her or |ndependen}ﬂﬁ/ a |lower alkyl group, a substituted Iovver al kyl
group cont ai ni ng 32 B JEn CRRRASSD IW“H’F% %kcﬁ?rf OTheL 0%t i t uent,

or, in cormid@gérgd‘enﬁl;hetaerm@ ealqgar[t %ﬂblftﬁ an gim/_gﬂmmefnnmea- Ihet ero
atom R2 a o _not represent a.lawer a oup simul t anequsly,

t hough, AL F LR 1 ﬁafqigfq] %tay?%g%%omﬁ f?a“rei(a&fot her or

i ndependengirqup aasyalr sigesit Btwent A droyein hedmtad ket 1 ar oup, hea:dtaja)gére atom an
am no grou O4Ry =0, =S,
or =N-CN, %o%f‘a{‘ﬁ{ﬂé’ 9‘5{ ée%gantf%ln? gieﬁ?{ﬁ erritom' >ii&err] erein

Rl err] andnﬁferel}feépnés@n owemn Btbrereud ehowl LAnRIUDY | n‘d@b&%lent ly, a
hydrogen atom org §§&Uﬂié‘tﬁéﬁ'é’§@ﬁta'i‘x¥lc%ﬁé’ﬂ @Pén%@éﬁyom aming a

substituent, and err] represents a hydrogen atom or | oner al kyI group.

3. A bbREBPERARNALY} vat h%r%%e%mt%d gnlover n%lqlwelﬂé} BT r] or
Rlerr] repsaengnbged Atbho FhOapind &FSuP; PEShitPH. group or a cyano group,

X represents =0, =S, or =N-CN, and

Y represents -NRgR; or -ORg, wherein Reg and Ry
represent, in common with each other or independently,
a hydrogen atom, or a saturated lower alkyl group optionally
containing a substituent, and Rg represents a hydrogen atom
or a lower alkyl group.

3. A benzopyran derivative as claimed in Claim 1 wherein
R4 or Rs represents a nitro group at the 6-position.
4. A benzopyran derivative as claimed in Claim 3 wherein

Rq or Rs represents a nitro group at the 6-position, X
represents =0, =S, or =N-CN, and Y represents -NRgR; wherein
Rg and R; represent, in common with each other or
independently, a hydrogen atom, a lower alkyl group or

a lower alkyl group substituted with a cyano g'roup'.

5. A pharmaceutical composition comp}:isinq a benzopyran
derivative represented by the following general formula (I):

This iz
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4. A ivative as clainmed in Claim3 wherein Rerr] or
R[errhqu ﬁ%ﬁ BB E&L Emro group at the 6-position, X represents =0, =S, or
=N- CN, "ama% -NR[err]Rlerr] wherein Rs and R7 represent, in

common with each other or independently, a hydrogen atom a |ower alkyl
group or a lower alkyl group substituted with a cyano group. 5. A

phar maceuti cal caposition conprising §7benzopyran derivative represented
by the followi ng general formula (I):

57 _ [err] X erein Rl er] represents a hydrogen
atom or a hydroxyl group, x¢~ Rlerr] and Rl err] represent, in common
w th each ot her o i ndepgndently, a |ower alkyl group, a substituted

| ower  al kyl group

gpa hal ogen aton1or(f)lowpr al koxy group as
a substituent, e

i'dn, a heterocycle cont ai ni ng an oxygen

atom or a sul fur -at a helBeo atom R[err] and R err] do not
represent a | ower al Ry P R,Si nul taneously, though, R err] and
Rlerr] represent, in common withA each ot her or independently, a hydrogen
atom a |l ower alkyl group, a | ower hal oal kyl group, a hal ogen atom a

| ower al koxy group, a |l ower hal oal koxy group, an am no group, an acyl -

am no group, a mHdraeigi oup, a cyano group, an ester group, a | ower

al kyl sul fonyl group or. an aryl sul fonyl group, X represents =0, =S
or >=l|\|- Z, whgr eig lZlorreé’p"r eéﬁisga %é.’dﬁ?é}%géwg’t % aahP'S\V\B?‘y;I E?]Puar oup, an

aryl group, Rz and Rs represent, in common with each other or
independently, a lower alkyl group, a substituted lower
alkyl group containing a halogen atom orya lower alkoxy
group as a substituent, or, in combinat;on, a heterocycle
containing an oxygen atom or a sulfur atom as a hetero
atom; Rz and Rz do not represent a lower alkyl group
simultaneocusly, though,
R4 and Rs represent, in common with each other
or independently, a hydrogen atom, a lower alkyl group,
a lower haloalkyl group, a halogen atom, a lower alkoxy
group, a lower haloalkoxy group, an amino group, an acyl-
amino group, a nitro group, a cyano group, an ester group,
a lower alkylsulfonyl group or an arylsulfonyl group,
X represents =0, =3 or =N-Z, wherein Z represents
a hydrogen atom, a lower alkyl group, an aryl group,
a hydroxyl group, a lower alkoxy group, a cyano group,
a carbamoyl group or a sulfamoyl group, and
Y represents -NRgR7, -ORg or -SRg, wherein Rg and
R7 represent, in common with each other or independently,
a hydrogen atom, a hydroxyl group, a lower alkoxy group,
a cyano group, an amino group optionally containing
- a substituent, a saturated or unsaturated lower alkyl
group optionally containing a substituent, an aryl group
optionally containing a substituent, a cycloalkyl group
optionally containing a substituent, a heteroaryl group
optionally containing a substituent, or Rg and Ry, in
combination, represent a heterocycle optionally containing

a substituent together with a-nitrogen atom, and Rg and Ro
' This is the replacement sheet
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a hydroxyl group, a | ower al koxy group, a cyano group, a carbanmoyl group

or a sulf Y represents -NR[err]Rerr], -OR err]
or SR erﬂmmmmmﬂmﬂm] and Rlerr] represent, in commobn w th each
ot her or ifdependerdt!y, * a hydrogen atom a hydroxyl group, a | ower

al koxy group, a cyano group, an am no group optionally containing a
substituent. a saturated or unsaturatsgl | oner al kyl group optionally
containing a substituent, an aryl group optionally containing a

subst it UETRRTeSeYE| dahRGrogeDUptom, optliovat | glkyhigroumgpor substyl uent, a
het er oar Yhr W th@PbeRAShYYaf OBLAL PAPGyE SEDShYTURB! 0Ok BIRLT and
Rlerr], in conbi nation, represent a heterocyc optionally containing

a substit'&%n@'together with a nitrogen atom and R err] and R err]

-58- rep esentdg h%drogen at o a lower al kyl group or an aryl group or

t he benzoé)yr an derPYATTIRSBFIGRY CABPOFLELAREOBPFéSAng ghe beénzOpyran

phar neceudecavacbvpositanp onepofschgikberbeszapgeantcHer t¥ahtmenefogny one
Of G2 MPatslfeds Bheblokt " ERLHRDL SLediRG22E°alNTEE LS 1] channel opening
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NOVEL BENZOPYRAN DERIVATIVES
ABSTRACT:

Benzopyran derivatives represented by formula (I):

X R: (1)

wherein X represents =0, =S, =N-Z, etc. (Z represents

a lower alkyl group, etc.): Y represents a substituted

amino group, an alkoxy group, an aikylthio group, etc.,

and Ri1, R2, Rs, Rs and Rs each represents a hydrogen atom,

‘a lower alkyl group, etc, are disclosed. The benzopyran
derivative exhibit K' channel opening activities and are widély
applicable as antiasthmatics, antiepileptics, and the like.
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